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Cekuusa 1

ABUAALUMNOHHBLIE
N KOCMUYECKUE CUCTEMbI







COBPEMEHHOE COCTOsHHUE U IEPCIIEKTHUBbI
IMPOU3BOACTBA IBUTI'ATEJIBHBIX YCTAHOBOK
KOCMHMNYECKUX AIIITAPATOB

Puvruxosa A./1., cmyoenm,

sam_ 28 02@mail.ru

Hayunwiii pyxosooumens Conosvés B.B., kano. mexu. Hayk, 0oyeHm
Amypckuii 2ocydapcmeennulil yRusepcumem, 2. brazosewencxk, Poccus

AnHoTtanus. CoBepIIICHCTBOBAHUE U MOBBITIICHUE 3(h(hEKTUBHO-
CTH KCIIOJIb30BAHUS JBUTATENBHBIX YCTAHOBOK KOCMHUYECKOIO Ha3HAUe-
HUS SIBJIETCS BaXKHOW 3ajmadedd. DTa HEOOXOAMMOCTH 00yCIIOBIICHA
CJIO3KHOCTBIO COBPEMEHHBIX KOCMUUECKHX 337124 ¥ YBEIHMUECHUE YACTOThI
3allyCKOB KOCMHUYECKMX ammapatoB. B gaHHOW cTaTbe mpou3BencHa
OILICHKA COCTOSIHUS POU3BOACTBA JBUTATENBHBIX YCTAHOBOK Pa3IMYHBIX
KOCMHUYECKHX almnapaToB Ha MEXIyHapOAHOM YpPOBHE, BBHIIOJIHEH aHa-
JIN3 OCHOBHBIX TEXHUYECKUX XapPAKTEPUCTUK JBUTATENIECH CTpaH-IIPOU3-
BOJIMTEINICH U HAITPaBIICHUI MX COBEPIICHCTBOBaHU. B pe3ynbTare Obln
ompezeneHbl HanOoJiee XapaKTePHBIE CITOCOOBI IPOU3BOJICTBA KUIKOCT-
HBIX PaKETHBIX JBUTATENEH M MEPCIIEKTUBEI BHIYCKA allbTEPHATHBHBIX
JIBUTATEIbHBIX YCTAHOBOK, CBA3aHHBIX C HCITOJIF30BAaHUEM IUTa3MEHHEIX,
WOHHBIX, SJIEPHBIX, TBEPJOTOTLTUBHBIX U KITMHOBO3IYIITHBIX JIBUTATEIEH.

KuarodeBrble c10Ba: pakeTHBIN JBUTATENb, ABUTaTeNIbHAS YCTa-
HOBKA, aJbTePHATHBHBIE UCTOYHHUKH TOIUIMBA, KOCMUYECKHH ammapar,
pakeTa-HOCHUTEIh

BBenenne

AKTyalbHOCTH TEMBI 3aKIII0YAETCS B HEOOXOJMMOCTH H3yUYESHHSI
COCTOSTHYSI IPOU3BOJICTBA IBUTATEIBHBIX YCTAHOBOK, TaK KaK OHH SIBIISI-
FOTCS KJTFOUEBBIM DJIEMEHTOM B KOHCTPYKITUH JIETATENBHOTO armapara
Y OT HUX 3aBUCHUT MHOKECTBO ITapaMeTpOB IoJIeTa. 3a TOoCIeIHee 1ecs-
THJIeTHE 00Iee KOIMYECTBO 3aIyCKOB BO BCEM MHUpPE BO3pPOCIO B JBa
pasa, peleHne MHOTHX 33/1a4 CBS3aHO C YIYUIIEHHEM KadeCcTBa WX BBI-
TTOJTHEHUSI TIPYA TOH e CTOMMOCTH ITyCKa M TeX )K€ 3aTpaTax Ha MpOu3-
BOJICTBO KOCMHYECKHUX allapaToB U APYTUX COCTABISIOIIHX.

Lenpio mccenoBaHns ompeselieHa OIeHKa COBPEMEHHOTO CO-
CTOSIHUS U TIEPCIIEKTHB IIPOU3BO/ICTBA IBUTATEIHHBIX YCTAHOBOK KOCMHU-
YeCcKuX anmapartoB B Poccun u 3a pyOekoMm.
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IIpu oneHKEe COBPEMEHHOTO COCTOSIHHS M NEPCIEKTUB MPOU3-
BOJICTBA JIBUTATEIBHBIX YCTAHOBOK KOCMHUYECKHX allapaToB UCIIOJIB30-
BaHBI KOJMYECTBEHHBIE METOIBI cciaeqoBaHus. [[puMeHeHne cTaTuCTu-
YECKUX METOJIOB MO3BOJIMIIO OCYIIECTBUTH COOp M aHANU3 JAAHHBIX MPH
CPaBHHUTEIBHON XapaKTEPUCTUKE JKUAKOCTHBIX JBUTATENCH B pakeTax-
HocuTensix. Taxoke ObUT BBITIONHEH aHaIu3 padOT OTECUECTBEHHBIX M 3a-
PYOEKHBIX YYEHBIX, MOCBAIIEHHBIX MpoOieMaM MpPOM3BOACTBA JIBUTa-
TEJBHBIX YCTAHOBOK U COBPEMEHHOTO COCTOSIHHS KOCMHUYECKOW OTpaciiy.
WNndopmanmonHo# 6a30ii ncciegoBaHms NOCITYKWIA MaTepyuaibl Hayd-
Holi anexkTpoHHo# Onbnnoteku eLIBRARY.RU u opuunansHbix caiToB
Pockocmoca, MUDU, JAXA, Pangea Aerospace u zip.

Oo6cyxaenne

[IpoGemam paszpabotku Oonee 3h(EKTUBHBIX TBUTATEIHHBIX
YCTaHOBOK 3a CYET MOAEPHMU3ALUHN CaMOH KOHCTPYKLMH WM Marepua-
JIOB IBUTATENA U MOUCKA aJIbTEPHATUBHBIX HCTOUYHUKOB TOILIMBA MOCBS-
IIEHO MHOXECTBO pa0OT OTEYECTBEHHBIX YUCHBIX.

Oco0slit naTEpec npeacrasisaoT padots [1.B. bynara u E.E. Unb-
uHoi [ 1], K.M. XKapukoBa u M.M. Jlpons [2], A.P. BukmyueBa u A.B. Cou-
HeBa [3], P.B. AxmeTxanoBa, A.B. boraroro u I'.A. JIpsikoHoBa [4], rie
MPEUIOKEHBl BapUaHThl TEXHUYECKUX PEIICHUH ISl WCIOIB30BAHUS
Y COBEPIIIEHCTBOBAHMS Pa3IMYHBIX BUIOB JIBUTATEINEH B LENSIX YIydIle-
HUS XapaKTEPUCTHK KOCMHUYECKHX aIlapaToB U €r0 dKCILTyaTaI[HOHHBIX
cBoiicTB. B.E. XKyx u C.b. Xyk paccMoTpenu KOHIEOIUIO HOHHOTO pa-
KETHOTO ¢ y4€TOM ero pabodero Tena B BHIE BOJIOPOIA, BBIICIHIH MPO-
OJIeMBI PUMEHEHNUS TaKO! JBUTATEIBHON YCTAHOBKH U MYyTH HUX PeIlle-
Hus [5]. Taxoke A.E. Makcumenrko, P.A. Jlazopak, /[.P. Hlaitayposa mpo-
AHAIM3UPOBATN BEPOSTHOCTh BHEAPEHUS BO3AYIIHO-PEAKTUBHBIX IBH-
raremneil B pakeThl-HOCUTENH [6].

BrusiHue wcmonb3yronierocss TOMIMBA Ha IapamMeTphl JBHTa-
TEBHOW YCTAaHOBKM W TIOMCKH aJTbTEPHATHBHBIX MCTOYHUKOB OIHCAHBI
Y N3y4eHbI B TpyAaxX MHOTUX aBTOpoB. ABTOps! M.O. AHaprommH u B.A. ba-
OyK paccMOTpeNr IPUHITUIB pa3paboTKU U BHEAPEHISI HOBOTO TOTLIHBA
Ha OCHOBE MaJOpa3MepHBIX HAHOYACTHII, & TAKXKE IPON3BEIH aHATN3 He-
KOTOPBIX TTApaMETPOB TMOPUAHBIX PaKeTHBIX aBurareneii [7]. Ilepcnex-
THBBI UCTIOIB30BAHHS M XaPaKTEPUCTUKN PAKETHBIX BUTATEJICH Ha Me-
TaHoBoM ToruiuBe onpenenunu J1.B. Yapkun, B.E. Auenxo, 11.B. Buno-
KypoB, A.B. Kperunun [8]. Bapuant npumMeHeHHs TOIINBA C HECTaH-
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JTapTHBIMU KOMIIOHEHTaMH, TAKMMH KaK BOJOPO, KUCIOPOA U TPUILIET-
HBIN renuii, Obu1 yxazan B padore B.I1. [Tnoxux u A.I'. MusnoBaHoBa [9].
OneHka pe3ynbTaToB MPOEKTHOW NMpopabOTKU, CO3AaHUs U MCIIBITAHUS
XKHUIKOCTHOTO PAaKETHOTO MABHrareis, paboTalomero Ha KHUCIOpOJe
U CKI)KEHHOM MIPUPOJHOM rase Impou3BesaeHa B pabotax A.B. MBanoga,
C.B. Ky3pmuuesa, [I.C. [Iymxkapesa, O.b. TBepre [10] u I.A. Coxonosa,
[1.A. Muponosa [11].

YacTe uccnenoBaHuil MOCBSIIEHA CO3JaHUIO JIBUTATENEH, UMe-
FOLIMX OOJIBIIYIO MOIIHOCTB [0 CPABHEHHIO C YK€ CYIIECTBYIOIIUMH MO-
nensiMu. Bo3MOXKHOCTE pa3paOOTKU M CO3/1aHMsI HOBBIX M OoJiee MOII-
HBIX BEpCHUH KUAKOCTHBIX pakeTHbIX asurateneit (P11-175, P/1-193, P/I-
170/171) Ha Ga3e Hay4YHO-IPOU3BOACTBEHHOTO OOBEIMHEHHS] DHEPro-
Mai Obuta paccMoTrpeHa aBropamu U.A. ApOy3ossiM, B.K. UBaHoBbIM,
b.M. Katoprunsim [12].

PesynbTartsl

Pasznuyaror 1Ba MOHATHS «PAKETHBIIN BUTATENDY H «JIBUTATEITh-
Has ycraHoBkay. CornacHo 'OCTy 17655-89, nox pakeTHBIM JBUTATe-
JIEM TIOHUMAETCS «PEaKTUBHBIN IBUTATEIh, CO3AIONINN TATY IS TIepe-
MEIIeHHNs armapaTa ¢ IIOMOIIBIO BEIIECTB U HCTOYHUKOB SHEPTUH, HMe-
IOLIKXCS HAa nepeMelaeMoM ammapate» [13]. B cBoro ouepenp, KocMu-
yeckas JBUTarenbHas ycrtaHoBka ([IY) mpencraBmser coboit Oornee
CJIO)KHOE YCTPOHCTBO, KOTOPOE BKIIIOYAET B Ce0s, TOMUMO PaKETHOTO
IBUTATENsI, 0aKM C KOMITIOHEHTaMH TOILIMBA; CHCTEMBI aBTOHOMHOTO
YIIpaBJICHUS U PEryJIUPOBaHHUs; pa3InyHble arperaTsl [ 14].

B naugane paccmorpum pakernsie nsurarenu (Pl). Ha ocHoa-
HUU aHAJN3a ¥ CHCTEMAaTH3aINHA WH(OPMAITUH, TOCTYITHON B OTKPBITHIX
WMCTOYHUKAX, MOXHO BBIJIENHUTH CIEAYIONINE MPHU3HAKH CErMEHTAIlUU
JIBUTATEJICH:

— TI0 THITY IPUBEACHNUS B IBIKEHHE: (PU3MUECKUe, XUMHIECKHE,
JJIEKTPUYECKHE, TETJIOBEIE, A/IEPHEIC;

— IO THUIY HCIIOJB3YIOMIETOCS MPOAYKTA: KUAKOCTHBIE paKeT-
HBIE JIBUTATENH, TBEPJOTOILTUBHBIC PAKETHEIE TBUTATEIH;

— 10 00JIaCTH TIPUMEHEHUS B JIETATENBHBIX amaparax: KOCMH-
YecKHe aImaparhl, OATUTHCTHIECKIE PAKETHI U JIp.

B OompmmHCTBE KOCMHYECKHX JIETAaTENbHBIX —ammaparax,
HaIpaBJICHHBIX Ha BBIBEJIEHHE TOJIE3HOW HArpy3KH Ha OIMpPEEICHHYIO
opOHTY, UCTIONB3YIOTCS KHUIKOCTHBIE pakeTHbIe apuraTenu (JKPJ), rae
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pa60Ty BBITIOJTHAKOT )KI/II[KI/Iﬁ OKHUCIIUTCIIb U TOPHOUCE. B Ta6J'II/I]_[e ImpuBe-
ACHA CpAaBHUTCJIbHAA XapaKTCPHUCTHKA HanboJIee M3BECTHBIX KHUIKOCT-
HBIX I[BI/IFEITGJ]CIZ B paKCTax-HOCUTCIIIX.

Tabnuya 1
CpasuuTenbHas xapakrepucTuka KPJ{

Yaean- Hasae- | Koag-
Kommo- HBbIH UM- HUE B Ka-| ¢puuu-

JBura- Tsra, Macca, huu

CrpaHa| HeEHTBI MyJbC Mepe Cro-| eHT

TeJlb kH KI'

TOILIUBA (Bakyym), paHus, |pacimm-
c 0ap peHus

P/1-0124 | Poccus |RP-1/LOz| 294,3 359 520 160 -

LE-7A | Smonmst | LO2/LH2 | 1100 440 1780 121 54
RS-25 | CIODA | LO2/LH2 | 2323 455 3177 204 78
Vikas-2 | Uapus | N2Os/ | 766 293 900 58,5 13,9

CoHsN2
Vulcain 2| Espo- | LO2/LHz | 1350 434 2040 116 58,5
MEeHCKUit
Coro3s
YFE-75D | Kurait | LO2/LH2 | 87 443 265 41 80

B OonbmmMHCTBE CciydyaeB KOMIIOHEHTHI TOILIMBA OIPEICISIFOT
TeMIIepaTypy KaMephbl CTOPAHUS U, CIIEIOBATENbHO, YACIbHBIN UMITYJIbC.
Vulcain 2, RS-25 u LE-7A nomxHbl paboTaTh Ha MPOTSHKEHUH BCETO 3a-
mycka. DTO TPYIHOE JUIS BHIIOJHEHHS TpPeOOBaHME, TaK KaK TsATra Ha
ypoBHE Mopsi 00b19HO Ha 10-20 % Huke BaKyyMHOW. DTH JBHUTaTeId
paccunTaHbl Ha BBICOKYIO TATY, TIOCKOJIBKY OHH OOCCIICUMBAIOT OCHOB-
HOE JIBUKECHUE.

1o sTo¥i npuunne, B nBurarensx Vulcain 2, RS-25 u LE-7A uc-
MOJIB3YIOTCS TTOBBILLICHHBIE 3HAUCHHUSI IaBIICHUS B KAMEpe CTOPaHUsI IS
JIOCTIKEHHS He0OX0oauMoi Taru. Bricokoe gasiieHue B RS-25 o3nauaer,
YTO TOPJIOBHMHA JOBOJILHO MalIeHbKas, MPUOIU3UTENHHO 27 CM B JIua-
MeTpe, a JaHHOe 3HaueHue Kod(p¢unuenTa pacmmpenust RS-25 moxer
OBITh NCTIOJB30BAHO HE TOJIEKO MPH OOJIBIINX pa3Mepax CoIuia, HO U MpH
MaJlblX U CpeaHuX corax. [IpeBplaronue nokasaTelu pacluIupeHus,
naBieHus 1 3 ()EeKTUBHAS CHCTEMA OXJIAXKICHUS TTPUBOIAT K 3HAYUTEIb-
HOMY yI€THHOMY HMITYJIBCY, CIIOCOOCTBYIOIIEMY BBICOKOH Tsre. CTOUT
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OTMETHUTB, 4TO OOJIBIIAS Macca JBUTATENS OTPasKaeT ero CIOIb30BaHHe
Ha MUJIOTUPYEMBIX KOpaldiisix, odecrieunBast Haie)KHOCTb MUCCHH, U BO3-
MOKHOCTh MHOTOpPa30BOr0 NpuMeHeHus. [[pyrue nBurarenu npenHa-
3HAYEHBI JUIA HCIob30Banus Ha BTopoil (Vikas-2, YF-75D) u tperseit
(PO-0124) crynensax. lns Takux IOBUTaTeneil MOTPEOHOCTh B THTE
MEHBIIE, YTO BUJHO M3 TaONUUbI | MpH CpaBHEHUH 3HAYEHHUH TATH JUIS
nBurateneii nepsoit crynenu (Vulcain 2, RS-25, LE-7A). D10 cBsizaHo €
TE€M, YTO YacCTh NEPBOHAYAIBHOM MAacChl PaKETbI-HOCHTENIS TepseTcs
100 B BUE M3PacX0JOBaHHOIO TOILUIMBA, JTUOO B BHJIE BHIOPOILICHHBIX
ITyCTBIX CTYIEHEH U yCKOPUTENEH.

CKOpOCTh HCTEYEHHA Ta30B SBISETCS BaXXHBIM CBOMCTBOM
Hapsy ¢ Majod mMaccol asuratens. Huskoe naBineHue B Kamepe CIO-
coOCTBYeT HU3KOH Macce ABUraTest; Al TPEThUX CTyIeHe Macca IBU-
raTesns COCTaBJIAET YaCcTh «MEPTBOI» MacChl KOCMHUYECKOTO armnapara.

Poccuiickuii neuratens P/1-0124 ucnonps3yeT BBICOKOOUMILIECH-
HBIH KEPOCHH U >KUAKUN KUCIOPO. Yepe3 YeThIpe KaMepsl cropanus. He-
CMOTpSl Ha TO, YTO JIBUTATENlb MpPEAHA3HAYEH Il PabOThl HA TPETher
CTYIICHHU, AaBJICHHE B KaMepe OTHOCHTEJILHO BbICOKOE. KomOuHauus
KOMITOHEHTOB HACBILIAET TOIUIMBO BBICOKHM COJEP’KaHHEM KHCIOPOJa.
PJ1-0124 ucnons3yercs B «bimoke Ny, TpeTbeil cTyneHU paKeTbI-HOCH-
tenst «Cor03-2.106» «AHrapa-AS». J[Burarens MokeT ObITb NPUMEHEH
MIOBTOPHO.

Cosznanve HOBBIX U pa3BuTHe uMmetormxcs JKP/] OyneT ocHOBEI-
BaThCSl HA TOM, YTO YAENbHBIA UMILYJIbC 3aBUCUT OT TEMIIEPATYPBI Cro-
PaHMs U MOJIEKYJISIPHOM MacChl ra30B, IO3TOMY COBEPIIEHCTBOBaHHUS Oy-
IOyT UMETh TEHACHLMIO K TPUMEHEHHUIO 00Jiee JIETKUX 0TPa0OTaBILUX ra-
30B U BBICOKHMX TEMIIEpaTyp CrOpaHHs, YTO CO3AACT IOMOJHHUTEIbHYIO
Harpy3Ky Ha KaMepy CrOpaHHs U COILIO.

Tax, B HOs10pe 2022 roxa Kuraii mpoBEn ycrentHple HCITbITaHNS
JKPII YF-130 [15], npemHa3sHaueHHOTO IS TIEPBHIX CTYTIEHEH U yCKOPH-
TENEeW CBEPXTSLKENBIX pakeT-HocuTened. HoBblil KuTalickuil ABUraTellb
HAMEET JIBa COIUIA U pa3BUBAET TArY cBblle 500 T, 4YTO caenano ero Moul-
Hee poccuiickoro asurarens P/[-180, koTopslii B HacTosiee BpeMs SIBIIsI-
eTcs uaepoM B pakeroctpoeHnd. PJ[-180 pasBuBaer tary mo 423.4 T.

CoBpeMeHHbIEC paKeTHBIE IBUTATENH CIIPABIIIOTCA C 3aJadaMi
BbIBEJICHHS II0JIE3HOM Harpy3ku Ha opouty. B Hacrosimee Bpems 3Ha4u-
TEJIbHBIX U3MEHEHUM U CO3JIaHusI MPUHIMIIHaIbHO HOBBIX JKPJI nis pa-
KET-HOCHUTEJIEH He NPEABUIUTCS, TaK KAaK HBIHEIIHHE TEXHOJIOTHH U
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METOABI TPOU3BOJCTBA JOCTATOYHO XOPOIIO N3YyUCHBI U aJallTUPOBAHBI.
OpnHako, Uil BBITMOJMHEHUS U O0ECTIEYEHUS ATUTEIBHBIX KOCMUYECKUX
MHCCHH pa3padaTbIBaloTCs allbTepHATUBHBIE BUABI Y (Tabnuua 2).

Tabauya 2
IIpoexThl, HaNpaBJIeHHbIE HA Pa3pa0do0TKy aJibTepHATHBHBIX /Y
Haumenona-
Crpana Copep:xaHue nNpoexkrTa Meponpusitus
HHE MPOEeKTA

Poccust [VERA (Vol- [[IpoextupoBanue, npousBoa- B mae 2022 rona
ume-Effective (cTBO 1 skcIuTyaTanus rmia3MeH- [ObUTH ITPOBEICHBI
Rocket-pro-  HBIX 1BUTaTENEH C IETIBbIO 00EC- [yCIICIIHbIE UCTIBITa-
pulsion As-  [Me4eHUS [UTUTEIEHOTO CpOKa  [HUs ABurareis [16].
sembly) cimykOBI 3a cueT ero nutanus B aBrycre 2022 rona

OT COJTHEUHBIX OaTapel, MaHEB- |CITyTHUKH C HOBBIMHU
[PEHHOCTH Ha OpOuTE ¥ CBOJa  [[UITAa3MECHHBIMH JBHTA-
anmapaToB ¢ OpOUTEHI MocIe rensimu VERA BbIm
OKOHYAHHMSI CPOKa MX CIIY>KObI. |[Ha opoury [17].
[IpoexT uc-  |Co3naHue HOBBIX MOHHBIX pa- |B urone 2020 rona
CIIeZIoBaTeb- [KETHBIX JBUTaTeseii (MOIIHOCTHOBUIN ITPOBEICHEI TIep-
ckoro merTpa |100 kBT) B mepuoz ¢ 2025 Mo [BBIC OTHEBEIC UCIIBITA-
mveran M.B. 2030 rr. [18]. Hus npororuna NJI-
Kennpima 200 KP (mommHOCT
ot 200 Bt 10 35 xBT)
[19].

Amonns (CoBmecTHbINH [Pa3zpaboTka HOBBIX AneKTpHuye- [[IpoeKkT HaxoanuTCs
MPOEKT KOM- |CKMX MOHHBIX JBUTATENeH B CTaany pa3paboTKH.
mannu Pale [ TexHOmoruen cozpanus 6akoB
Blue u AmIOH- [HU3KOTO MABICHUS ISl TOTIINBA
CKOTO (w1t Bozwl). bak Oyzxer ABAATH-

AreHTCTBa CsL CHJIbHOIIOPHCTBIM BEILEC-

APPOKOCMUYE- TBOM Ha OCHOBE METaJJIO0pra-

CKMX Hccneno-HunIeckux kapkacoB (MOF)

BaHui (JAXA)[20].

AQUARIUS |IBuraTtenpHasi ycTaHOBKA B HOs10pe 2022 rona

B kyocare EQUULEUS, B ko-
TOpO COOpaHBI 8 BOASHBIX
(TTapoBBIX) YCKOPUTEICH.

SIIOHCKOE areHTCTBO
A3POKOCMUYECKHX HC-
cienoBanuii (JAXA)
cooOmmmto 00 ycrmer-
HOM HCIIOJIb30BaHHU

10



BOJITHOTO Tapa Jyist
repeMeIeH st KOCMU-
"ECKOro arapara
EQUULEUS, koro-
pBIiT OBLT 3aITyILeH
B paMKax JIyHHOU
Muccun Artemis I
[21].

CIOA |CoBmectnblii [Paspabotka u mponsBoiacTBo B mae 2022 rona op-
MPOEKT OT/AEIAHOBOTO IMOKOJICHUS IAEPHBIX  [FaHW3anus MuHH-
OOOpPOHHBIX  [IBHUTATENBHBIX W DHEPreTHUYe- |[CTEPCTBA 0OOPOHBI
MHHOBALMI  CKMX YCTAHOBOK MaJibix kKocMu- DIU u kommanun Ul-
CLIA (DIU) meckux anmaparoB aist Jumi-  ftra Safe Nuclear Tech-
M KOMITAaHUH  TeJTBHBIX MaHEBPEHHBIX Moné- nologies u Avalanche
Ultra Safe TOB M BOBMOXXHOCTH BbIXoAa  [Energy 3akiroumiiu
Nuclear 3a opouty JIyHBIL. KOHTPAKTHI HA JIEMOH-
Technologies CTpalunIo YCTaHOBOK
m Avalanche B 2027 romy [22].
Energy

Kuraii |CoBmecTHbIll [Co3aaHue d1EKTpUUECKON ABU- [[IpoekT HaxoauTcs
MPOEKT KUTal-raTeJIbHON YCTAaHOBKY HA HOH- [B CTAJNH pa3pabOTKH.
CKHX KOCMH- |[HOM TsAre ¢ MOIHOCTHI0 200
[MECKUX MBT, KoTOpast MO3BOIUT A0-

ArEHTCTB Opatbcst 1o Mapca 3a 39 nueit
[23]. Pacxon TomnMBa IIaHUPY-
eTCsl YMEHBIIUTD B JIECSTh pas.

EBpo- [[Ipoekt xoMm- [[IpoexTupoBanue, mpou3Boa- B HosOpe 2021 rona

meii-  [manunu Pangea [cTBO M 9KCIUTyaTanus KIMHO- B I epmanuu ObuH

ckuii  |Aerospace BO3/TyIIIHBIX PAaKETHBIX ABHUTATE-IPOBEICHBI yCIICII-

Coroz  (Urtamms) meit [24]. JlBuraTenn KOMITAaHHY [HBIC UCITBITAHUS TBU-

[O3BOJISAT YBEJIMYMTS MOJIE3HYIO [raTens [25].
Harpy3Ky 10 30% u 3pdexrus-

HOCTB ero padoTs! 10 15%,

a TakOke OHM PAcCUYUTAHBI MU-

HUMYM Ha 10 IOBTOpHBIX MpHU-

MEHEHH.

SAnonust 3aHMMaeTcs pa3pabOTKOil HE TOJIBKO albTEPHATUBHBIX
JBUTATENENd, HO M IOMCKOM aJbTEPHATHBHBIX HCTOYHHUKOB SHEPTUU
(Boma u BOASHOH map), KOTOpBIE OyAyT SKOHOMHYECKH BBITOJHBI H 9KO-
JIOTHYECKH OE30MacHBI.
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B Poccun akTUBHO MpOBOAATCS Pa3iUYHBIC UCTIBITAHUS ILIA3-
MEHHBIX [JIBUTATEJICH, HaIpaBiCHHBIC HA JOJITOCPOYHOE YICp>KaHUE
HAaHOCITyTHUKOB Ha OpOWTE ¢ MUHHMMAJILHOW 3aTpaTod TOIUIMBA W 0e€3
yBennUYeHUsI 00bEMa KOCMUYECKOT0 MyCOpa.

EBpomna — 3T0 oaHa U3 HEMHOTHX CTPaH, 3aHUMAIOIIUXCS TIPOU3-
BOJICTBOM M DJKCIUTyaTallued XMMUYECKUX PAKETHBIX IBUTATeNlel Ha
TBepJOM ToruiuBe. HecMoTps Ha 3T0, Ha JTaHHBIM MOMEHT, €BpOIEHCKHE
KOCMHUYECKHE ar€HTCTBA CYUTAIOT MEPCIEKTUBHBIM Pa3BUTUE KIMHOBO3-
JTYIIHBIX )KUJIKOCTHBIX PAKETHBIX JIBUraTENIed HA METAHE U JKUIKOM KHC-
JIOpoAe JUIsl CHUKEHUS BO3ICUCTBUSI HA OKPY>KAIOIIYIO CPETy U BO3MOXK-
HOCTH HEOJTHOKPATHOTO HMCITOJIE30BaHUS, YTOOBI MIO3BOJISIET YMEHBIITUTH
3aTpaThl HA IPOU3BOACTBO.

DIEKTPUYECKUE PAKETHBIC ABUTATEIN HA UOHHOM TAre NIJs Ho-
NETOB B TaTBbHUI KOCMOC pa3padaThIBaOT OONBITUHCTBO cTpaH. OaHAKO,
JIUIA BBIIIOJIHEHHS TAKUX KOCMHYECKUX MUCCHI HEOOXOIUMBI JBUTATEIN
MOIIHOCTEIO 0T 5 10 500 MBT. Co3nanue 1 Ha4yallo SKCILTyaTaluy Mo-
IOOHBIX ABUTATENEH 3aliMeT 15 ner. DTo BEAET K MCIIOIb30BAHUIO UME-
IOIUXCS SIIEPHBIX YCTAHOBOK U MX MOJICPHU3MPOBAHHBIX BEPCHil, TPH-
MEHEHHE KOTOPBIX MOKET Ha4aThCs YXKe uepe3 S5 IeT.

3akiouenne

1. 3HauMTenbHAS YACTh PAKETHO-KOCMHUYECKOW TEXHHMKH HC-
MOJIb3YEeT >KUAKOCTHBIE pakeTHble nBuratenu (JKPJl), rae paboty BbI-
MOJIHSIOT KUAKUHM OKHCIUTENb U TOpIoYee.

2. Ilo pe3ynbTaraM CpaBHUTEIBHON XapaKTEPUCTUKU ONpene-
JIeHO, 4To KoMIoHeHThl TorumBa JKPJl 3amaioT Temmeparypy Kamepbl
CropaHus ¥ 3HaYCHUE YAEIbHOTO UMITyJIbca. OnpeeieHHbIe COYCTaHMS
XMMHUYECKUX 3JIEMEHTOB TOIUIMBA MO3BOJIAIOT 3aaTh HYXXHbIE IHapa-
METPHI TATHU IJ151 OCHOBHOT'O IBM)KEHHUSI anapaTa B 3aBUCHMOCTH OT LIEIIH
KOCMHYECKOi Muccun. Bricokue 3HaueHus k03 (huirenTa paciupeHus
MOTYT OBITh MCIIOJB30BaHBI MPH PAa3JIMUHBIX pa3Mepax coIuia, T.€. U
OOJIBLINX, CPEAHNX U MaJIbIX.

3. IIpouzBonutenu XXPJ] OynyT cTpeMuTbCs K MPUMEHEHHIO 00-
Jiee JIETKUX OTpa0OTaBIIMX T'a30B U BHICOKUX TEMIIEpATyp CTOPaHus, 9To
MOBJIEUET 32 COOOH pa3InvHbIe MOACPHU3ALUN KOHCTPYKIUHA U MaTepH-
aJIOB KaMep CrOPaHUs U COIEIL.

4. OneHka IepcreKTUB TPOM3BOACTBA, HAIIPABICHHBIX HA pa3pa-
00TKy anbTepHaTHBHBIX /Y, yKa3plBaeT Ha TO, YTO KaXnaas U3 CTpaH
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MPOBOJUT CBOM MCCIIEOBAHMS M HCIIBITAHHS B IEPCIIEKTUBHOM IS Ce0s
HanpasieHnd. Tak, Poccust BeiOpana B kadecTBe HepcreKTuBHON Y
TTa3MEHHBIH IBUTATEeNb; SITOHUS — MOHHBIE ABUTATEN Ha BOJE U BOJIS-
HoM nape; CIIA — suepusie J1Y; EBpomneiickuit Coio3 — TBEpAOTOTIINB-
HBIE ¥ KIIMHOBO3/IYIIHBIE KUIKOCTHBIE pakeTHbIe nBuratenu. OqHaKo,
OOJIBIIMHCTBO M3 HUX CUMTAIOT HE MEHEe MEePCIEKTUBHBIM Pa3paboTKy
cobcTBeHHOM /Y Ha HOHHOM THATE.

Takum 006pa3oM, HE CMOTPSl HA MHOTOYHCIICHHBIE pa3paboTKH,
B Ommxkaiimue 10 et JKP/[ He moTepsroT CBOIO aKTyallbHOCTh, i KX MO-
JepHHU3anusi OyZeT MpoaoibKaThCs. Benmmka BeposTHOCTH Hayalla MC-
MOJIb30BaHU IBUTATENCH Ha SAEPHOM SHEPIUHU, HA CMEHY KOTOPBIM, IO
OIIEHKaM CIICIIHAINCTOB, yepe3 15-20 meT npuayT AIMeKTPUIEeCKHUe paKeT-
HBIE IBUTATENI B CUITY HX HA3KOTO pacxoja paboyero Tena, BO3MOXKHO-
CTH 3HAYHUTEJIFHO YMEHBIIUTh MacCy KOCMHYECKOTO ammapara 1 3K0Jo-
TUYHOCTH.
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Abstract. Improving and increasing the efficiency of the use of
space propulsion systems is an important task. This necessity is due to
the complexity of modern space tasks and the increase in the frequency
of launches of space apparatuses. This article evaluates the state of pro-
duction of propulsion systems of various spacecraft at the international
level, analyzes the main technical characteristics of the engines of the
producing countries and the directions of their improvement. As a result,
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the most characteristic methods of producing liquid rocket engines and
prospects for the production of alternative propulsion systems associated
with the use of plasma, ion, nuclear, solid-fuel and wedge-air engines
were identified.

Keywords: rocket engine, propulsion system, alternative fuel
sources, spacecraft, launch vehicle

17



KOHCTPYKIIMOHHBIE AKKYMYJISITOPbI B KOHTYPE
CHUCTEMBI JIEKTPOCHABKEHUS BO3JIYIIIHOI'O
CYJHA C DJIEKTPUOUIIUPOBAHHOM
PACHPEJEJEHHON CUJIOBOM YCTAHOBKOM

Juxauée U.B., Kyxosuney A.B., boopoe M.H.
DAY «'ocHUHACy, 2. Mockea

AnHotanus. COBpPEMEHHBI BEKTOp pa3BUTUA BO3IYIIHOTO
TpaHCIIOPTa 3aCTABISET MHKEHEPOB PACCMATPHUBATH BO3MOXKHOCTH HC-
MOJIB30BaHUS AJIEKTPHUUECTBA B KAUECTBE OCHOBHOI'O HCTOYHHMKA DHEp-
rur Ha OopTy. OIHON U3 CYIIECTBEHHBIX MPOOJIEM, MPENATCTBYIOMINX
ANIeKTpU(UKALMKA TPAHCIIOPTHBIX CPENCTB, SBJISETCS HEAOCTATOUYHBIN
TEXHOJIOTMYECKUH ypOBEHb IPOM3BOJCTBA CPENCTB HAKOIUIEHUS JHEP-
rud. AKTUBHBIE HCCIIEOBAHMS, HAIIPABICHHBIC Ha TIOBBIIICHUE Y QeK-
TUBHOCTH aKKyMYJIITOPOB, OOYXJAIOT K PACCMOTPEHHIO HOBBIX CXEM
mocTpoeHust 00pTOBOi cucTeMsbl AnekTpocHabkeHus (CIC) BO3IyITHBIX
cynoB (BC). B crarbe npuBeneHsl 00111e CBEJSHNS O CETOAHALIHEM CO-
CTOSHMM aKKyMYJSITOpHBIX Oatapeil (AKDB) u mpemnoxxena xoHuenry-
aJIbHAs UJes NEPCIEKTUBHON CHCTEMBI pacpeAeICHUS JIEKTPOITUTaHHS
(CP3II) ¢ akkyMynsaTOpamH, SIBISIOIIMMHUCS YacThblO KOHCTPYKLHH,
B npuMeHeHnu K BC ¢ anektpuduuupoBanHOi pacnpeaenéHHON CUilo-
Boil ycranoBkoit (PCY).

Beenenue

OpHUM U3 HanpaBJICHUH pa3BUTHA 3apyOEKHOTO aBUACTPOCHUS
B HAIlM JHU SIBISICTCA JEKTpUPHUKanus (yHKIMOHATIBHBIX CUCTEM JIe-
TaTEeNbHBIX aNlapaToB BBHUIY YXKECTOUCHHMS HKOJOIMYECKHX TpeOoBa-
Hul, npeabsaBisgeMbix MKAO. CToMMOCTh aKKyMyJIATOPOB, TPUMEHsIE-
MBIX B TPAHCIIOPTHBIX CPEICTBAX, TAKUX KAK IPY30BbIE AIEKTPOMOOHIIH
U MaJible SKcnepuMeHTanbHble BC, cHIXaeTcst BBULY IOCTOSIHHOTO CO-
BEPILLICHCTBOBAHUS TEXHOJIOTUI MPOU3BOJICTBA, IIOITOMY HHTEPEC K UC-
nosnb3oBanuio AKD B kauecTBe OCHOBHOIO OOPTOBOTO HCTOYHUKA 3JICK-
TPO3HEPruu Bo3pacraer. B hokyce BHUMaHMS HAXOAATCS METOIBI CO3/1a-
Hus TuopuaHbX (I'CY) u snexTpudunrpoBaHHBIX CHIIOBBIX YCTAHOBOK
(BCY), 0 ué™m cBUIETENHCTBYET MHOKECTBO IKCIIEPUMEHTAIHHBIX TPO-
€KTOB MHUPOBBIX HAy4YHBIX LEHTPOB, HapUMEpP, aMEPUKAHCKUI «X-57
Maxwell», eBponeiickmii «FutPrInt50», poccuiickue HUP «2nexrpo-
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net», «Mnarerpan-PC» u apyrue. Taxke akTyalabHBI COTHH NMPOEKTOB,
MpecieayIomuX Lesib pa3padoTku snekTpuueckux BC roponackoii Bo3-
IyUTHOW MoOMIBHOCTH [1].

OmHUMH 13 UEHTPaJbHBIX NpoOIeM, OrpaHWYHMBAIOLIMX BO3-
MOKHOCTh HMCIIOJIB30BAHUA 3JIEKTPUUYECTBA B KAUECTBE OCHOBHOI'O HC-
TOYHHMKA Ha OOpPTY, SBISIIOTCS HEYAOBIETBOPUTEIbHBIE MaccorabapHT-
uele nokazatend AKDB, obnagaromux HeoOXoquMO# EMKOCTBIO H 00ec-
MEYMBAOIINX 33JJaHHOE KadeCTBO AJIEKTpodHepruu B OGoproBoit COC.
K nmpumepy, macca nmorpedHoit AKB mepcriekTHBHOTO pernoHaaIbHOTO
caMoJI€Ta OLEHUBAETCA, HCXO/S U3 TEKYILIETO YPOBHS TEXHOJIOTHH, B He-
CKOJIBKO TOHH [2].

B nHacrosmee Bpems B 001aCTH IPOU3BOACTBA aKKYMYJISITOPOB
BEAyTCsl aKTUBHBIE PaOOTHI, HANIPABICHHBIC Ha MOBBILICHHE YHEPTOEM-
KOCTH, CHHKEHHE Macchl 1 00b&Ma 3aHMMAaeMOro MMM MPOCTPAHCTBA,
npuuéM paspadbotka I'CY u OCY ompenensercs TeMHamu CO3IaHHS
CPEICTB HAaKOIUIEHUS 3JIEKTpodHepruu. COrnacHo JOPOKHOM KapTe pas-
BUTHSI TEXHOJIOTHH CHJIOBBIX YCTAHOBOK, NPEICTABICHHOW KOMIIaHUEH
Safran [3], mpu ycnemHOM pemeHny OCHOBHBIX TEXHHUECKUX MpoOieM
B 00J1aCTH XpaHEeHHUs U IepeJadd SHEPTUHU OOJIBLIONH MOLITHOCTH, CBSI3aH-
HBIX ¢ 3HeproémMrocThio AKDB, BO3MOXKHOCTB peann3aliy nepBoro Kpym-
HOrabapuUTHOTO, MOJHOCTHIO AIIEKTPU(HUIMPOBAHHOTO CaMojETa IIo-
siButcs K 2040 r.

Texyumuii ypoBeHb TexHos0ruii B o6sactu npoussoacrea AKb

O (heKTUBHOCTh AKKyMYJISITOPOB OTpaHHMYEHAa XapaKTepUCTHU-
KaMH OCHOBHBIX KOMIIOHEHTOB: aHO[Ia, KaTO/a, DJIEKTPOJIUTA U cenapa-
topa. KauectBo nutuii-uonnsix AKbB 3a npowmenmue 30 geT 10CTUIIIO
BBICOKOTO ypoBHs. Hanbosnee BEpOsSTHBIM COOBITHEM NIPHU UX AajlbHEH-
IIIeM pa3BUTHH MPOTHO3UPYETCS COBepIIeHCTBOBaHME aHoa [4]. OcHOB-
HBIM MaTepuajIoM, U3 KOToporo usrorasinusaerca anoa B AKD unrepka-
JISIUOHHOTO THUTA, SBISETCS TpaduT, MPUUEM OH OOJamaer HambOoIb-
LIMMU TadapuTaM B CPaBHEHUH C APYTMMHU KOMIIOHEHTaMu. Bexynmm
HaInpaBJIEHHEM HCCIIeIOBAHUI SIBJIIETCS pa3paboTKa aHOI0B U3 KPEMHHUS
WIN C IPUMEHEHHEM YHCTOTO METAJUIMUECKOrO JINTHSA, UCIOIb30BAaHHE
KOTOPBIX paHee ObUIO OrPaHUYEHO BBUAY HECOBEPILCHCTBA TEXHOJIOTHH
W3TOTOBJICHUS U HU3KOTO YPOBHsI 0€30IMacHOCTH 3KcIuTyatanuu. Bax-
HBIMHU I[IPEUMYIIECTBAMH KPEMHHUS SIBISIOTCS BO3MOXXHOCTb XPAaHEHUS
JIUTUS B TOPA3lo MEHBIIEM 00bEME B CpaBHEHHH C rpaduToM M 00ec-
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nevyeHre BeICOKON ckopocTH 3apsina AKB. ToHkne kpeMHUEBBIE aHOABI
00J1a1a10T BBICOKOH IJIOTHOCTBIO SHEPTUH, OJHAKO OCHOBHAs Mpobiema
3aKIII0YaeTCcs B CTEIEHH PaCIIUpEeHHss KPpEeMHHsI BO BpeMsl 3apsia/pas-
psina, KoTopas Ha ABa MOPSAKA MPEBbIIIACT aHAJOTHYHBIN IMOKa3aTelb
y TpadUTOBBIX aHOAOB U BEAET K Pa3pyLICHUIO KPYITHBIX YaCTUI] KpeM-
HUS NpHU pacmiipeHnd. HecMoTpsl Ha CyIIECTBYIOLIEE PEIICHUE B BUIE
WCTIONIb30BaHMsl HAHOYACTHL, OCTAETCS MpoOjieMa MOBPEKACHUS IIO-
BEPXHOCTH KPEMHHMS, KOTOpasi OOBIYHO UMEET NAaCCUBUPYIOLIYIO MIIEHKY.
3TO MOBpEXICHNE BHI3BIBACT IOOOUHBIE XMMUYECKUE MPOLIECCH, BEAY-
1Me K ObICTPOMY CHH)KEHHIO EMKOCTH, U3-32 Yero MPHOEraroT K UCIIOIb-
30BaHMI0 KOMOWHMPOBAHHOI'O BapuaHTa: J0OABICHUIO HEOOIBIIOTO KO-
JMYECTBAa KPEeMHUs B TpaUTOBBIN aHO.

C nenplo nocTxeHus HeoOxoauMbIx xapakrepuctuk AKb pac-
CMAaTpUBAIOTCS ¥ AJIbTEPHATUBHBIE Ty TH, CPEIN KOTOPBIX BBIIEISAIOT TPU
OBICTPO Pa3BUBAIOLINECS TEXHOJIOT MU HAKOIUICHHS SIEKTPOIHEPTUH: T10-
JYTIPOBOJHUKOBBIEC TEXHUUECKUE PELICHUS C UCTIOJIb30BAHUEM TBEPAOTO
3JIEKTPOJINTA, MOHUCTOPHI U IMPOTOYHBIE OKUCIUTEIHHO-BOCCTAHOBH-
tenbHble AKB. B akkymynsaTopax ¢ )KHIKAM 3JIEKTPOJIIUTOM TpeOyeTcs
cenaparop tommuHoi okono 20-30 mxM, a must AKDB ¢ TBEpapIM 37ek-
TPOIUTOM HEOOXOAMMA TOJIIIMHA B 7 pa3 MEHbILE, YTO COOTBETCTBYET
IBYKPaTHOMY YBEJIMYEHHIO KOJIMYECTBa 3aracaeMoi sHepruu. Kpome
TOr0, XMMHYECKUI COCTaB TBEPAOTEIHHOTO 3JIEKTPOINTA MEHEE HHEp-
TEH 10 CPABHEHMIO C KUIKOCTHIO MM TeJieM. AMEPUKAHCKHE adPOKOC-
muueckue komnannu Lockheed Martin n United Technologies mposis-
nstoT Gombioit mHTEpec kK AKB ¢ OKHCIUTENThHO-BOCCTaHOBUTEIHHON
peaknuei, Ha 4YTO yKa3bIBaeT OOJIbIIOE KOJMYECTBO ATEHTOB, MOSBUB-
ITUXCS B IIOCTICTHAE TOBI [5].

Hapsiny c pelieHueM BONPOCOB MOBBIMICHHS 3HEPrOEMKOCTH
AKDB nepcrieKTHBHBIM METOJIOM CHIDKEHHSI 10JIM MCTOUYHHKOB 3JIEKTPO-
SHEPTUHU B Macce TPAHCIIOPTHOI'O CPEJCTBA SIBJIAETCS] BHEIPEHUE AKKY-
MYJISITOPOB B HECYIIYI0 KOHCTPYKIHIO TPAaHCIIOPTHOTO CPEACTBA — pas-
paboTka Tak HazpiBaeMbIX KOHCTpYKIMOHHBIX AKbB. UccnenoBarenn u3
Texnomornyeckoro yHumBepcutera Yammepca (IlIBemms) m Kopoies-
CKOTO TeXHOJIornueckoro nHerutyra (IlIBennst) cMHTE3UpOBaIl HOBBIE
BUBI YIJIEPOJHOIO BOJOKHA M MPEUIOKMIN [7] KOHLENIMIO JIEKTPO-
MOOWJISI ¢ IIeMEeHTaMH Ky30Ba, mpeacTasistonmmu codoit AKbB. Yrie-
POIHOE BOJOKHO IIPH 3TOM SIBJISIETCS] HECYILIIMM MaTepHaoM KOHCTPYK-
nun. HanGonpias sx€CTKOCTh ObUIa TOCTUTHYTa MPU HCIOJIb30BAHUU

20



CHENHMAIBHOTO CTEKJIOBOJIOKOHHOTO MIIETEHUA. AKKYMYJIATOpHAs A4eil-
Ka COJEPXKUT 3JICKTPOJ M3 YIIEPOIHOTO BOJIOKHA U 3IEKTPOI U3 (oc-
(ata MUTHS U Kene3a, pa3ieNéHHbIe CenapaTopoM U3 CTEKIOBOJIOKOH-
HOTO IUIETEHUS], IPOMUTAHHOTO 3JIEKTPOIUTOM U OTBEPKAEHHOTO B IIe-
Yy. DJICKTPOJIUT NPEACTABISIET COOO0 resieByI0 MOJMMEPHYIO MaTpHILY.
3asBiIeHO, YTO pa3paboTaHHasi KOHCTPYKLUSI HMEET BBICOKYIO IIPOYHOCTD
n xKECTKOCTh (3Hauenue moxyinst HOwra mpessimaer 75 I'Tla). Ompene-
JIeHO, 9T0 3HeproéMKkocTh AKDB, MOCTpOEHHBIX 10 TaKOH CXEME, 10 YEThI-
PEX pa3 HIWXKE, YeM Y JUTUI-UOHHBIX aKKyMYJIATOPOB, OJTHAKO HE00XO-
MO OTMETHTB, YTO TPAHCIIOPTHOE CPEJICTBO, B KOTOPOM 3HEPIHs 3ara-
CEHa B KOHCTPYKIUH, 00JIalaeT MEHBILICH Maccol 1 He TpeOyeT HaTu4us
OTAETBHOTO MIPOCTPAHCTBA I pa3MelleHus TpaguunoHHbeIX AKB.

Kontyp C9C BC

[IpuMeHeHne KOHCTPYKLHMOHHBIX AKKyMYJIATOPOB B KOHTYpE
COC naubonee axryansHo ansi BC ¢ PCY, B KOTOpOM 3JeKTpHUECKHE
JBIDKUTEH PasHEeCeHb! 10 INIOCKOCTH KPbLia, 4To, O€3yCIIOBHO, IPUBO-
IUT K He00X0IMMOCTH ()OPMHUPOBAHMS HOBBIX TPeOOBAaHHH K IMOCTpOE-
nuto ctpyktypsl CPOII BC, pasmemenuto AKB Ha 6opty u opranusa-
mun e€ kommyranuu. CPOII PCY — 3T0 COBOKYNHOCTH YCTpOWCTB,
YYacTBYIOIIMX B II€peaye IEeKTPO3HEPIUH OT HCTOYHUKOB K NPUEMHU-
KaM — anekrpudunrposanHsiM apmwxutesnsiMm BC. CPOII sBnsercs ya-
cteio COC BC u npeHa3HaueHa JUisl OCYIIECTBICHUS KOMMYTAalUU HUC-
TOYHHKOB M MPUEMHHMKOB 3JEKTPOIHEPTUH COTJIACHO NPOrpaMMe HX
(YHKLMOHUPOBAHUS, VIS PE3EPBUPOBAHMS HJIEKTPONUTAHUS PUEMHU-
KOB, @ TaKKe Ul 3aIUThl NPUEMHUKOB OT MOBPEXKICHUN pacIipenenu-
TEIbHOMN CETH.

CP3II PCY conepxur:

— pacmpenenurenbHble ycTpoiictea (PY),

— CHIJIOBYIO Y H”H(POPMAIIMOHHYIO KaOebHbIE CETH,

— BBIYHCIIUTENH,

— anmnapaTypy YIpaBIe€HUs U KOHTPOJIS,

— KOMMYTAIMOHHYIO U 3alUTHYTO ammaparypy (K3A)

— ¥ Ipyroe 00opyI0BaHME.

Ocob6ennoctrio PCY na BC gBnsieTcs npruMeHeHe MHOKECTBa
JBIDKUTENICH, KOKIBIM U3 KOTOPBIX OJDKEH OBITh 00ECIEeUYeH IIEKTPO-
SHEprueil COOTBETCTBYIOIIET0 KayecTBa. Kpome Toro, B 3aBUCUMOCTH OT
apxutekTypsl PCY u TpeboBanmil K HaIEKHOCTH, CHIIOBBIC DIIEKTPHYEC-
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KHe LEMU MOTYT pe3epBUpoBaThes, mo3tomy k CPOII PCY npenbssis-
I0TCS CTICIANIbHBIC TPEOOBAHHUS 110 MCIIOIB3YEMbIM CHIIOBBIM Ka0eIsiM.
Y I0BNETBOPEHHE YKa3aHHBIM TPEOOBAaHUSM JOKHO MPOU3BOIUTHCS
¢ y4€TOM HEOOXOJIMMOCTH ONTUMH3AIUN MacCOTa0APUTHBIX MMOKa3aTe-
neit yuactkoB kabenbHoi cetu. CPOII PCY xapakTtepusyeTcst BO3poc-
LIUM [0 CPaBHEHUIO C TPAJAULIMOHHBIMU CXEMaMU KOJMYECTBOM Iepeaa-
BacMOUW »JHEpPrHH, KOTOpOE OOYCIIaBIMBACT YyBEIWYCHHUE 3HAYCHUS
HanpsOKEHUS B CHJIOBBIX Kalessx. 3a CU€T MCIOIb30BaHMS TOBHIIICH-
HOTO HANPsDKEHMS TUTOIIAh CEYCHUS 1 Macca Kabeliel MOTyT ObITh CHU-
JKEHBl WJIM OCTaBIICHBI HeW3MeHHbIMHU. [loBhIlieHHe TpeboBaHU
k CPOII PCY 00ycnoBieHO BO3POCIIMM TETJIOBBIICIICHUEM B CHIIOBBIX
LIETIAAX, @ TAK)KE YBETTUUCHUEM OIACHOCTH HETaTUBHBIX MOCIEICTBUN TPU
BO3HUKHOBEHHUH HEINTAaTHBIX M aBAPUUHBIX CUTyaluid, B 0COOEHHOCTH
3HAUUTEIBHBIM YBEIMUYCHUEM SHEPTUU U TEMIIEPATYPhl ANEKTPUUECKOU
IYTH TIpU paboTe KOMMYTAIIMOHHOW anmapaTyphl UM BOSHHKHOBEHUHU
KOPOTKOTO 3aMbIKaHUS B YCIOBUSIX MOHM>KEHHOT'O AABICHUS BO31yXa Ha
Kkpeticepckux BeicoTax ronéra BC. [lepeuncieHHbIe TPUYMHBI BICKYT 32
co00lf BO3HHKHOBEHHUE CIENHATbHBIX TPEOOBAHUMA, IPEIbIBIIEMBIX
k CPOII PCY.

[TockonbKy nBrkHATENH, BXoAsmue B coctaB PCY, sBistoTcs
OCHOBHBIMH TIPUEMHHUKAMH DIIEKTPOIHEPTHH, IIepeAaBaeMoil depes
CPOII, 1 mpuTOM >KU3HEHHO BKHBIMU JIJIsi 0€30MAaCHOTO BBITOTHEHHS
nmonéra BC, obecrieuenne BeIcOKOT0 YpoBHA Han&xHocTH PCY sBnsercs
NEePBOCTENEHHOM 3a1a4yeil. OTHOM 13 BO3MOXKHBIX peaanu3aluil CUI0BOM
yactu CPOII PCY sBnsiercst mogBeaeHUE 3JIEKTPOIHEPTUHN K KaKIOMY
JBYOKHUTENIO, OJTHAKO KU3HECTIOCOOHOCTh TAKOTO PEIICHUs] OTpaHndeHa
XapaKkTepuCcTUKaMu (00BbEMOM TMPOCTPAHCTBA, JKECTKOCTHIO KOHCTPYK-
MU TIaHepa | 1p.) MecT yctaHoBku K3A u oOmacteil mpokmaaku co-
€IMHUTENBHBIX MPOBOJOB. Eciy muanupyeTcst mpokiagka Kabemnei mo-
BBIIIIEHHOTO HANpsDKeHHs B Kpbute BC, TO MpocTpaHCTBa ISl yCTAHOBKU
HEOOXOMMOTO KOJIMYECTBA YCTPONCTB MOXKET 0Ka3aThCsl HEAOCTATOYHO.

BaxubsiM gaxtopom mipu Beioope ctpykrypsl CPOII PCY sBs-
€TCsl BeTMYMHA Pa3BOPAYMBAIONIETO KPYTSIIET0 MOMEHTA, BO3HUKAIO-
IeT0 TPU OTKa3e IBMKHUTENS, a TaKKe BPeMs, He0OXOIMMOe IS ero
KoMIIeHcanui. Bo3mMoxHOe pelienrne COCTOUT B TOM, YTOOBI OTKITIOYATh
JIBUKHUTEIh, PACTIOJIOKEHHBIN CHMMETPHYHO OTKA3aBIIEMY JTBUKHTEIIO
OTHOCHUTENHHO CTpouTenbHOI ocu BC, 0tHOBpeMEHHO ¢ 00HapyKEHUEM
oTKa3a. B aToM cirywyae BenmumHa pa3BOpavYHBAIONIETO MOMEHTa OyneT
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MUHHMHU3UPOBaHa. 3aieficTBOBaHNEe HH()OPMALIMOHHOTO KaHajia Jisl pe-
IM3alMN YKa3aHHOTO CUMMETPHUYHOTO OTKIIIOUEHUS JBUKHUTENS BHO-
CHUT BPEMEHHYIO 3aJIepXKKy, 00yCIOBICHHYIO MPOMYCKHONH CIOCOOHOC-
THIO KaHaJla U OBICTPOACHCTBHEM BBIYHCIHUTENS, a Takke TpeOyeT Hc-
MPaBHOCTH BCEX KOMIIOHEHTOB, OTBEYAIOIINX 33 pab0TOCIIOCOOHOCTH Ka-
Haina. [Ipu 3ToM OTKIIOYeHNE MOXKET OBITh PEATM30BAHO aANNapaTHHIMU
CpeACTBaMH: AJISl TOr0 HEOOXOAUMO COEAWHHUTDH MapauIeibHO JABHKHU-
TE€JH, PacloJIOKEHHbIE CHMMETPUYHO, U 3aIIUTUTh UX €AUHBIM YCTPOM-
crBoM K3A (pucynok 1). B cimydae oOHapy>keHUsI HEUCTIPABHOCTH OJI-
HOTO W3 JIBWKUTENEH M €ro OTKIOYEHHH CHUMMETPUYHBINA IBUKUTEIH
OyZeT OTKIIOYEH aBTOMAaTH4YecKH. PacmpesaeneHue 3IEKTPOIHEPIHU
B NPEACTAaBICHHON cxeMme peanusyercs ¢ nomouipio LIPY (ueHTpains-
HOTO pacmpefenuTensHoro ycrpoiictsa). Eciu crpykrypa CPOII PCY
BkitouaeT LIPY, To LIPY 1 HCTOYHMKH 3JEKTPOIHEPTUHU AOJKHBI OBITH
3JIEKTPUYECKH PA3AETIEHBI U YCTAHOBJIEHBI B Pa3HBIX MECTaXx.

DIO, 2)(4
K3A
K3A

K3A

;

1
;

;

K3A

;

LPYy

Puc. 1. Bo3mo:kHasi cxeMa CHMMETPUYHOI0 MOAKIIOYEHUS
ajexkTponuTanus Asukuresiei () B cocrape CPIII PCY

Beuny crpykrypHoii m3beitounoctu PCY macca u rabaputhl
CPOII moryT OBITH CHMXKEHBI IO pe3yibTaTaM pacuéra Haa&KHOCTH.

K npumMepy, €Ciin 6y,Z[CT AO0Ka3aHo, UYTO IMOKAa3aTC/Ib KPUTUIHOCTHU OTKa3a
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ONpeIeIEHHOTO HAa0opa JABMXKUTENCH HE MPEBBIMIACT YCTaHOBICHHOTO
3HAUCHHUA, TO MOXKET UCIONB30BaThCs eauHblit K3A nns uenu snexTpo-
NUTaHUS TPYNObl U3 HECKOJbKUX ABMXHTeNed. COOTBETCTBYIOLIAS
cXxema MpUBEJICHA HA PUCYHKE 2.

%2650,

;

K3A

;

:

Puc. 2. Bo3moxkHas cxema 00beAMHEHH ABHKUTEJICH B IPYIHIbI
B coctase CPIII PCY

ury

Hcnonws3oBanue neHTpanu3oBaHHo cTpykTypel CPOII PCY,
MPEJICTABJICHHOW Ha PUCYHKE 2, B CITy4ae OTKa3a IBIKUTEIS] HEU30SKHO
MpUBEAET K CHIDKEHHUIO TATH, co3naBaemoii PCY, mostomy menecood-
Pa3HO pa3JelieHUe KaHalla AIEeKTPONUTAHUS KaK MUHUMYM Ha JIBa: KaHa
neBoro 6opra BC u mpaBoro. [ljis peanu3zanyu pa3aesicHuss KaHAJIOB JBH-
JKUTEIH CJeIyeT NOAKII0YaTh K KaHajlaM C YepeJOBaHUEM, KaK IPECTaB-
JIEHO HAa PUCYHKE 3: IITPUXITYHKTUPHOHN JIMHUEH MOKAa3aH YYacTOK IIeNH
pe3epBHOrO 37eKTponuTanus. HencnpaBHOCTh B OHOM W3 KaHAJIOB HE
MpUBEAET K TIOJHOW TOTEpEe TATH, a CHW)KCHUE BEIMYHMHEI TATH OyAeT
OTpaHUYEHO BO BPEMEHU 3aJIePKKOI Ha pekoHpurypanuto. Takum oOpa-
30M, ctpykrypa CPOII PCY cranoBUTCS AeleHTpaIM30BaHHOM.
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Jleebili 6opm

IMpaseili 6opm

Puc. 3. Bo3moskHas cxema pa3jieJIeHHs1 KAHAJIOB 3JICKTPONUTAHUSA
asmkureneid B CPOII PCY

Jns pa3neneHus KaHAIOB SJICKTPOIMTAHUS HEOOXOIUMO HE
TOJIBKO UCIOJIb30BaTh CHEIUAIBHBIE CXEMbl TPACCUPOBKHU, HO U IIPUMeE-
HATH annapaTHOE U MPOTrPaMMHOE PEe3epPBUPOBAHKE, B TOM UKCIIC BHIYKC-
nutenet CPOII PCY. Bpuucnutenu, BXOIAIIUE B COCTaB YCTPOUCTB
ynpasneHus 1 koHTposs CPOII PCY, nomxkHbI moy4yaTh 3JI€KTPOIUTA-
HHE HE3aBHCHUMO OT y4acTKa, KOTOPbIM OHU ynpasisitoT. [Ipu ucnonb3o-
BaHUU MTOBBIIICHHOTO HAIIPSDKEHUS B OOPTOBOM CETH BO3HUKAET HE00X0-
JUMOCTh B MOJU(PHUKAINY KOMMYTAI[OHHOW armaparypbl, COBEPIIICH-
CTBOBAaHUU H3OJSIUU CHJIOBBIX TOKOIMpOBOIAUX 31aeMeHToB CPOII
PCY, ¢usnyeckoM pa3sHECEHUH U AIEKTPUIECKOM pPa3lIEeIeHUN KOMIIO-
HeHTOB CPOII kKak ApyT OTHOCUTENBHO APYTa, TaK © OTHOCHTENBHO KOH-
CTPYKTHUBHO-CUJIOBBIX 3J1eMEHTOB Iu1anepa BC U :KU3HEHHO Ba>KHBIX IS
SKCILTyaTallu caMONETHBIX cucTeM. [Ipu nmpoknanke coeAMHUTENbHBIX
MPOBOJIOB B TIOJIBMKHBIX dJIEMEHTaX (hro3eispka WK TulaHepa HeoO0Xo-
JTUMO OOECTICYUTh 3aIUTy OT MEXaHUYECKUX BO3JeHCTBHiA (M3ru0, nc-
THUpaHUE U Jp.), U YeTO MPOBOJIa CIEAYET MOMEIIATh B THOKHUE U30JIS-
IIMOHHBIE TPYOKH WIJIM MCIIOJIB30BaTh IPYTHE CPEJCTBAa U3OIALUHU B J0-
MOJTHEHNE K OOBITHON H30JISAIHH.
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AHaJM3 BO3MOKHOCTH ABHALIMOHHOT0 IPMMEHEeHN s
KOHCTpYKInoHHbIX AKB

Cornacno I'OCT P 54073-2017 COC BC nomkHBI COCTOAT HE
MEHEE YeM M3 ABYX HE3aBUCUMBIX KaHAJIOB WM MOACUCTEM. TeXHOIOT U
KOHCTPYKIIMOHHBIX aKKyMYJISTOPOB, BBIITOJHEHHBIX B COCTABE HECYIINX
koHcTpykimit BC ¢ PCY, no3Boiut pacnpenennTs CUCTEMY T€HEPUPO-
BaHUsI IO KOHCTPYKTHBHO-CHJIOBBIM 3JIeMEHTaM (ro3eiishka U IUlaHepa,
MpUUYEM K KaXI0M 3JIEKTPUUYECKOM HArpy3Ke WIN IpyIIe Harpy3ok Mo-
XeT OBbITh MOJ00paH UCTOUHUK HEOOXOIUMOH MomHOCTH. B 3TOM ciy-
Yae JUIMHA U Macca CHJIOBOW KaOelbHON CeTH MOXKET OBITh MUHUMU3H-
pOBaHa, TEM CaMbIM PELIEHA 33Ja4a BECOBOW ONTUMU3AINH SJHEPTeTUIE-
ckoro komruiekca BC B nennom. Kpome Toro, obecrieunBaercst bomnee ruo-
Koe pe3sepBupoBanue COC, KOTOpoe MPUBOANUT K MOBBIIIEHUIO YPOBHS
HaaéxHoctu PCY.

Ha pucynke 4 npexncraBieHbl KOHIENTyallbHBIE CXEMBI IEp-
cnextuBHOU CPOIT PCY ¢ AKD B Tpaaunmonsoii hopme, a Takxke ¢ pac-
MpeeNnEHHON CUCTEMOI T'eHEepUpOBaHMs. YTJIEPOIHOE BOJOKHO CIIO-
COOHO BBITIOJHATH J1B€ (PYHKIUH OJIHOBPEMEHHO: JIETKHI KOMIIO3UTHBIN
MaTepHaj MOXKeT OBbITh UCIIOIB30BaH Ul U3TOTOBJICHHUS JJIEMEHTOB Il1a-
Hepa, B 4aCTHOCTHU, Kpbuia BC, U OJHOBPEMEHHO CIOCOOCH CITY>KUTh
B KAauecTBE JJIEKTPOJAa JUTUH-MOHHOIO aKKyMyJsiTopa. Bo3MOXHOCTB
WCIIOJIBb30BaHMs 3TOW MEPCIEKTUBHOM TEXHOJIOTUU AJS MPOU3BOJCTBA
KOHCTPYKTHBHO-CUJIOBBIX 3JIEMEHTOB KpPblJIa OTPAaHUYUBACTCSI IOy CTH-
MBIMU 3HAYCHHSAMH >KECTKOCTH W NPOYHOCTH MATEPHAIOB, KOTOpHIE
ONPEIEISIIOTCS HOPMAaTUBHBIMU JOKYMEHTaMU, B yacTHOCTH All-25. On-
HUM U3 BO3MOXXHBIX TEXHHUECKUX PELICHUH SBJISIETCS Pa3MEIICHUE aK-
KyMYJIITOPOB B MaJIOHarpy>KE€HHBIX JIeMEHTax Kpblia [7, 8].

Konctpykunonnsie AKb cMoryT 3apspKaThest Kak MyTEM MOAKIIO-
YEeHHs BHELITHETO0 NCTOYHMKA IIUTAHUS ITPU HAXOXKACHUH Ha 3eMJIE, TaK U 32
cuér 3Heprum, BeAeIstonecs npu padore PCY B pexxume reHepuposa-
HUS, HampuMmep, Ha dtane cHwkeHuss BC, mpuuém st pasMerieHus
YCTPONCTB KOHTPOJISI Ka4eCTBA BXOAHOM 3HEpruu OyJIeT MMEThCsS JocTa-
TO4YHO pocTpaHcTia. [Iporiecc 3apsina, BO3MOXKHO, OyeT Ooree d3pPeKTHB-
HBIM, ITIOCKOJIBKY TTOTEPH Ha IPOXOKICHUE CUIIOBBIX Kabereil Oy 1yT MUHHU-
MH3HUPOBaHbL. B CHily TOro, 4YT0 KOHCTPYKUMOHHBIE aKKyMYJISITOPBI KOH-
LENTyaJbHO MOTYT PacIiojiararbcsi o Bced miomaam kpeita BC, MoxHO
JOIyCTUTh MX paslelieHHe Ha CEKLMH, 0OecIeYrBaIONINe 3JIEKTPONUTa-
HHEM TpeOyeMOi MOIIHOCTH TOJIBKO OMKalIMX moTpeduTesnei, To ecTh
MOKET OBITh UCKITIOUEeHa HEOOXOAMMOCTh UCIONIB30BaHus PY.
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CP3I PCY CP3MM PCY co cTpyKTypHbiMKN AKB
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CP3M PCY CP3M PCY co cTpyKTypHbIMKN AKB

Puc. 4. KonnenryansHas cxema nepcnexktusnoii CPIII PCY

ABTopsl paboTsl [9] B 2004-M Tony onmyOnukoBanu uHpoOpMa-
LUIO O MPOTOTHIAX KOHCTPYKIUOHHBIX aKKYMYJISITOPOB U TPEATIOKHIH
JBa TIOAXOJa K peaju3auuy 3Toi xoHuenuud. OOUH MOAXO0A COCTOHUT
B pazzesieHnH (YyHKLINH MaTepranoB, IPUMEHSEMBIX ISl H3TOTOBJICHUS
takux AKDB, To ecTb 0JHM MaTepuabl UCTIOIB3YIOTCS IS BOCIIPUSTHS Me-
XaHUYECKOH Harpy3ku (IIOBEpXHOCTbH ABJISIETCS KOPIIyCOM), a ApyTHe —
JUIS1 HAKOTUIEHHS DHEPTUH 3JIEKTPOXUMHUYECKUM CIIOCOO0M. DTy KOHLIET-
LU0 Ha30BEM KOHCTpYKIMOHHBIMU AKDB pasnensHoro tuma. [dpyroit
MOJXOJ 3aKII0YAaeTCsl B MPUMEHEHUH MaTepHajoB, MpeJHa3HAYeHHBIX
JUISL OZTHOBPEMEHHOT'O BBITIONHEHHUS 3TUX (YHKIHUHA, TO €CTh HECYIIHe
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AIIEMEHTHI pacipeneneHsl o Bcemy o00béMy, — AKB coBmeménnoro
Tuna. VMccnenoBanus CyIIeCTBYIOIIMX MPOTOTHIIOB KOHCTPYKIIMOHHBIX
aKKyMYJIITOPOB, HalpaBlIeHHbIE HA PAcUET >KECTKOCTH MpH U3ruode, mo-
kazanu [10], yTo U3 yKa3aHHBIX MOJAXOJOB MPEUMYIIECTBO UMEET pas-
nenbHeld THI AKB. OHako HEKOTOphIE U3 MPENIOKEHHBIX TEXHHUE-
CKHUX peLIeHUH 00s1afatoT 0onee HU3KUMH 3HAYCHUSIMHI MOAYJICH yIpy-
TOCTH B CPAaBHEHUH C OOBIYHBIMU LWIMHAPHUUECKUMHU JINTHH-UOHHBIMU
akkymyssitopamu 18650. Kpome Toro, HabmromaeTcs npsimasi 3aBHUCH-
MOCTb MEXy KECTKOCTBIO U SHEproéMkocThio AKD 3T0oro THna: nossl-
LIeHue KECTKOCTH (M3MEHEHHE CBOMCTB KOPITyca) MPUBOAMT K yBEJIHUe-
HUIO MacChl aKKyMyJIATOpa, IPH 3TOM BO3MOKHOCTH HAaKOIUIEHUS DHEp-
THH OCTAarOTCS Ha MPEKHEM ypOBHE. PacuéTsl MpOBOANUINCH IS U30JIHU-
POBAaHHBIX aKKyMYJISITOPHBIX SY€EK, TO €CTh HE YUYHTHIBAJIACh CHCTEMA
obecrieueHusl TEIIOBOTo OanaHca.

CHmxeHne 3HepreTudeckux xapakrepuctuk AKB coBmemén-
HOTO TUIa 00YCIIOBJICHO MPUMEHEHHUEM TBEPAOTO MIEKTPOIINTA, 00a1a-
IOLIET0 HU3KOH HOHHON MMPOBOJUMOCTBIO, @ TAKXKE BRICOKHM 3JIEKTpHYE-
CKHUM COIIPOTHBIICHUEM KOJIJIEKTOPOB TOKA, KOTOPBIE OOBIYHO MPEACTaB-
JISIIOT cOOOH MEHOMETaJUT MM yTJIETKaHb B TOHKON oOosiouke. OHAKO
3T MaTepHalbl yIy4IlaloT MEXaHUIECKUE XapaKTEPUCTHKN aKKyMYyJisi-
TOpa, YTO NPUBOJUT K BO3HHUKHOBEHHIO ONTHMH3ALMOHHOM 3agauu.
B AKBD pazaenbHOro TUna 3JeKTPOXUMHUYECKUE XapaKTEPUCTUKH MaTe-
pHAaJIOB MOTYT OBITH ONTUMHU3UPOBAHBI HE3aBUCHMO OT HEOOXOANMOCTH
W3TOTOBJICHUS KECTKOTO U JErKoro kopmyca. Takum o0pa3zoM, akKymy-
JISITOPBI Pa3febHOTO THIA Beeraa OyayT UMeTh OoJiee BBICOKYIO XKECT-
KOCTb Ha U3ruo.

B pa6ore [8] oTmedaeTcs, 94To HeOOXOAMMBIE 3HAYSHHS TIPOTHO-
CTH U KECTKOCTH MOTYT OBITh JOCTUTHYTHI 33 CYET NPUMEHEHUS pacua-
JIOYHOM KOHCTPYKLHUH WJIM MCIIOJIb30BAaHUS KONbLEBOro Kpbuia. Kpome
TOTO, TIpH UHTETpannu KOHCTPYKINOHHBIX AKDB B 00mmBky BC moryT
OBITh CHIDKEHBI JHEPromoTpeOlieHHe M Macca CHCTEMBI 0OeCIeYeHus
TEIUIOBOr0 OajaHca BBUIY HaJIM4Msl KOHBEKIHMOHHOIO TEILIOOOMEHa
C OKpYyXaroueu cpenoi.

3akiroyeHue
B HacTosimiee BpeMs mepcreKkTUBa peain3alii KOHCTPYKIMOH-
HbIX AKDB B KadecTBe OCHOBHOTO HCTOYHHKA DJIEKTPOIHEPTHH HA OOPTY
BC Bugutcs orpanmueHHON JeMOHCTpaTopaMi TexHoJoruu. HecmoTtpst
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Ha TO, YTO CYIIECTBYIOIIUE MPOTOTHUIBI KOHCTPYKLIIMOHHBIX aKKyMyJIs-
TOPOB Pa3JENbHOTO THIA IPEBOCXOIAT aHAJIOTUYHBIE YCTPOWCTBA COB-
MEIIEHHOTO THIIA, U HUX OCTAIOTCSA HEPEIIEHHBIMHU O0OLIHE TPOOIIEMBI.
Mexannueckue nospexaeHuss AKb Ha ocHOBe TNTHS, KOTOPBIN HCIONb-
3yeTcs B OONBIIMHCTBE MPEIaraeMbIX KOHIETLUI, MOTYT BBI3bIBATh SIB-
JIEHUE TEIIOBOT0 pa3roHa, KOTOPbIN MpeacTaBisieT onacHoCTh [11]. AB-
TOpsI paboTsl [10] cunTaroT, 4To HEnecooOpa3HoO BKIIOYUTH B PACCMOT-
penue Metann-Bo3ayimHeie AKB ¢ BOJHBIM 3JIEKTPOINTOM, TaK KaKk OHU
HMMEIOT BBICOKYIO SHEPro€MKOCTh M HE TOIBEPKEHBI TEIJIOBOMY pas-
roHy. Pe3ynbrarel pacuéra TemnoBoi mMoaenu IUTU-kene30-hocdart-
Hoit OoptoBoii AKDB mokazanu [12], 4To Takoi akKyMyJISATOp TakXke He
MOJIBEP’KEH TEIUIOBOMY pas3roHy. Kopryc akkymynsTopa, U3rOTOBIICH-
HBIA U3 JETKUX METAIJIOB U YTIEPOIHBIX KOMIIO3UTOB, UMEET MPEIEIIbI
MIPOYHOCTH, KOTOPBIX MOXKET OKa3aThCs HEAOCTATOUHO JUISl OXKHUIAEMBIX
9KCIUTyaTallMOHHBIX HAarpy3ok. Ha qaHHbII MOMEHT B KaUECTBE BO3MOXK-
HBIX MecT pasmeuleHusi kKoHcTpyKuuoHHbIX AKDB nenecoo6pasno pac-
CMaTpUBaTh MaJOHArpy>KEHHbIE SJIEMEHTHl KOHCTPYKIMHU I1aHepa. Cy-
LIECTBYET TAKKE Psii TPYAHOCTEH, CBSI3aHHBIX C TEXHOJOTHSAMH MPOH3-
BojicTBa [13].

OxugaeMplii pyOexx HEOOXOIUMOTO YPOBHSI Pa3BUTHUSL CPEACTB
HAaKOIUIEHHUS] HEPTUH, KOTOPbIE MOTYT OBITh MHTETPUPOBAHBI B KOH-
crpykunto BC, ompenensiercs mporHo3upyeMbIM BPEMEHEM CO3IaHHS
kpynHbeix BC — 2040-2050-¢ roasl. ITosiBieHre HOBBIX TEXHOJIOTUH U3-
roToBieHus1 KOHCTpYKUMOHHBIX AKB u HOBBIX MaTepuainos, obnanaro-
LIMX BBICOKOM 3HEPro€éMKOCTBIO IIPH 00eCIeYeHNH HE00X0IMMOro 3Ha-
YeHUS! MOAYJISl YHPYrOCTH, MO3BONUT c(HOPMHPOBATH OOOCHOBAHHBIE
NPEIJIOKEHUS 10 UX aBUALIMOHHOMY NPHUMEHECHHIO.
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KOHIENUUA PE3OHAHCHOI'O JIETATEJIBHOTI'O
AIIITAPATA

Hlabynesuu B.H.., k.m.n., Hlabynesuu A.B.2
! Beoywuii nayunwiii compyonux BHUKTH, 2. Konomna,
2 Uno. npeonpunumamens, unoicenep, 2. Kykoscxuii

AnHotanus. C IOMOIIBIO TAPMOHUYECKOTO aHAJIN3a KOHEYHO-
JJIEMEHTHBIX MOJENEH, COAEPKaINX OKPYKEHHOE OJHUM MM HECKOJIb-
KHMH KOJIBI[AMH LIEHTPAIBHOE TENO0, OKa3aHa BO3MOYKHOCTB OCYIIIECTBIIE-
HHS [I0JIETOB Takke B OE3BO3IYIIHOM IIPOCTPAHCTBE 3a CYET COBMECTHBIX
PE30HAHCHBIX KOJIeOaHMI KOJIEL U Tefla, KOT/Ia YHCIIOo KoJiel OoJiee Tpex.

KirodeBsble cJI0Ba: KOHEYHO-3JIEMEHTHBIE MOJIENIN, FTAPMOHHYE-
CKHU aHaU3, pe30HaHCHBIE THKH, opMa AeHOpMUPOBAHUS

Beenenne

CoBpeMeHHBIE paKeTHBIE IBUTaTEIN XOPOIIO CIIPABIISAIOTCS C 3a-
nayeil BBIBEJCHUSI TEXHUKU HA OKOJIO3EMHYIO OPOUTY, HO COBEPLICHHO
HEMPUTOJHBI JUIsl IITUTEIbHBIX KOCMUUYECKUX MepeneToB. [loaToMy yxke
HE TEPBBIN JECATOK JIET YUCHbIE PadOTaIOT HaJ CO3/JaHUEM albTepHa-
TUBHBIX KOCMHYECKHX JIBUTATENCH, KOTOphIe MOTTIM OBl Pa3rOHSTH KO-
pabim 10 peKOpIHBIX cKopocTel. Jlo CHX TOp CUMTAeTCsl, YTO PEaKTUB-
Has TSAra — 3TO YyTh JM HE €IMHCTBEHHBI BO3MOXKHBIA CIIOCOO J1BU-
rarbcs B IIyCTOM KOCMHUYECKOM InpocTpancTse. C apyroit ctoponsi [1],
HanpuMmep, n3BecteH Apurarenb EmDrive Oputanckoro nmxenepa Pon-
xepa [llaepa. Konctpykuus EmDrive npencrasnsier coboit o ¢opme
KOHYCHOE METaJNTHYECKOE BEIPO, 3alassHHOE ¢ 000MX KOHIOB. BHyTpH
9TOr0 BeIpa PACHOJI0KEH MAarHeTpOH, MOJOOHBIH YCTaHOBICHHOMY
B MUKPOBOJHOBKE. CaM aBTOp 00BSCHSIET pabOTy CBOETO IBUTATENs Ue-
Pe3 pa3HOCTh JABJICHUS 3JEKTPOMArHUTHOTO U3ITyUCHHUS B PAa3HBIX KOH-
Lax «BeJpa» — B Y3KOM KOHIIE OHO MEHbIIIE, YEM B IINPOKOM. braroxaps
3TOMY CO3/aeTcs TAra, HalpaBJICHHAs B CTOPOHY Y3KOro KoHua. Bos-
MOKHOCTb TaKOH paOOThI BUTATEllsl HE pa3 OCMapHBaiach, HO BO BCEX
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JKCIepUMeHTax ycraHoBKa [llaepa mokassiBaeT Halu4Me TATH B MpeE.-
rojlaraeMoM HarpaBJIeHHH. B uuciie SKCnepuMeHTaTopoB, OlpoOoBaB-
mux «Beapo» Illaepa, Takue opranmsannu, kak NASA, Texauueckuit
yauBepcuter Jlpesnena m Kutaiickas akagemusi Hayk. M3o0perenue
MIPOBEPSUIN B CaMBIX pa3HBIX YCIIOBHUSX, B TOM YHCJE U B BaKyyMme, IJe
OHO TOKa3ajo Hamuuue TIru B 20 MUKPOHBIOTOHOB. DTO, KOHEUYHO,
OUYEHb MaJI0 M0 CPAaBHEHUIO C XWMHUYECKUMH pPEaKTHUBHBIMHU JBHUIaTe-
nsvu. Ho, yunteiBas to, uro nBurareins [laepa moxkeT paboTath CKOIb
YTOJIHO JI0JITO, TaK KaK He HY>KIaeTcsl B 3amace ToruBa (paboTy Marse-
TpoHa MOTYT OOecre4YrBaTh COJHEYHbIC Oarapen), MOTEHIMAIbHO OH
CIOCOOCH Pa3roHsATh KOCMHYECKHE KOpalbiau IO OrPOMHBIX CKOPOCTEid,
M3MEpPSIEMBIX B MPOLIEHTaX OT CKOPOCTH cBeTa. [IonbITKH cTpOoUTENbCTBA
U 3aITyCKa COJIHEYHBIX TapyCHUKOB B KOCMOC YK€ UMeNT MecTo — B 1993
roAy TECTHpPOBaHHE COJIHEUHOTO Mapyca Ha Kopabine «IIporpece» mpo-
Bena Poccus, a B 2010 roay ycneninsle HCOBITaHUS 110 TyTH K Benepe
ocymectBuia Snonus. Ho erie Hu o1uH KopaOIib HE UCTIOJIB30BAI [TApyc
B Ka4yeCcTBE OCHOBHOIO MCTOYHMKAa yCKOpeHHdA. CONHIE H3JIydaeT He
TOJIBKO (DOTOHBI, HO TAKXKE U DIEKTPUUECKHU 3apsUKEHHbBIC YaCTHIIBI Be-
LIECTBA: AIEKTPOHBI, IPOTOHBI M HOHBL. Bce 0HM OpMUPYIOT Tak Ha3bl-
BAaEMBII COJIHEUHBIH BETEp, €KECEKYHIHO YHOCSIIMHA C MOBEPXHOCTHU
CBETHJIa OKOJIO OJHOIO MWJIJIMOHA TOHH BemlecTBa. CONHEUYHBIH BETEp
pacnpocTpaHsieTcs Ha MUJITHAp/bl KWIOMETPOB U OTBETCTBEHEH 3a HE-
KOTOpBIC IPUPOAHBIC SIBJICHUS HA HAlleH TUIaHEeTe: TeOMarHUTHBIE OypH
1 CEBEpPHOE CUSTHHE. 3eMJId OT COJHEYHOI'O BETPa 3alHUIIAETCS C TOMO-
LIbI0 COOCTBEHHOT0 MarHUTHOTO NoJisL. [IpoekT anekrpuyeckoro napyca,
cosmannblii B 2006 romy ¢uuckuMm yuensiM [lexkoit SHxyHEHOM,
BHEIIIHE UMEET Majio O0IIEro ¢ COIHEYHBIM. DTOT JIBUTATENIb COCTOUT U3
HECKOJIbKHMX JUIMHHBIX TOHKHX TPOCOB, IIOXOKMX Ha CIIUIIBI Kosieca 0e3
o6opaa. Xots ero tsara Oynet npumepHo B 200 pa3 MeHbIIe, YeM y COJI-
HEYHOro Tmapyca, dTOT 3aumHTepecoBall EBpomeiickoe KocMuYeckoe
areHTCTBO MOTOMY, YTO DJIEKTPUUECKUH Mapyc ropaszio Mpolle CKOH-
CTPyHpOBaTh, MPOU3BECTH, PA3BEPHYTh U IKCILTyaTUPOBATh B KOCMOCE.
Kpowme Toro, ¢ momo1pio rpaBUTaliN apyc MO3BOJIAET TAKKE MyTelle-
CTBOBATh K UCTOUYHHUKY 3BE3HOTO BETPA, a HE TOJBKO OT HETr0. A Tak Kak
IJIOMIA/Ib TIOBEPXHOCTH TaKOTO Mapyca ropaszio MEHbIIIE, YEM Y COJTHEY-
HOT0, TO JJIsl acTEPOUJIOB U KOCMHYECKOIO Mycopa OH YSA3BHM KyJa
MeHblIe. Bo3MokHO, MepBble SKCIEPUMEHTaIbHbIE KOpaOian Ha dIeK-
TPUUECKOM Iapyce Mbl YBUAMM YK€ B CJIEIYIOIINE HECKOJIBKO JIET.
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KpOMC TOI'0, pa3BUBAIOTCA NPOCKTHI MOHHOIO, IMJIAa3MCHHOI'O U TCPMO-
AACPHOTO JIBUTaTEIICH U JAAaXKE ABUTaTCJIAA HA aHTUMATCPUH.

OcHoBHas YacTh

ABTOpaMu TaHHOH paboTHI npeiokeH Crocod peryiupoBaHus
PE30HAHCHBIX KOJICOAHUI M yCTPOMCTBO AJS €ro ocymecTBieHus [2],
MPaKTUIECKOE MPUMEHEHHE KOTOPBIX MOXKET MO3BOJIUTH CO3/1aTh HOBHIC
JieTaTeNbHbIe annaparsl Ui IepeMeIeHUH TaKkke B KOCMOce.

3agaueil u300peTeHus SABNACTCS BO30YXKIEHHE PE30HAHCHBIX
MEXaHMUYECKHX KojeOaHuii ©0e3 TNpHMEHEHHs YpaBHOBEILUBAIOIIEH
Macchl WM (GyHAAMEHTa IPU PETYIUPOBAHUN KOHTPOJIHPYEMBIX Mapa-
METPOB PE30HAHCHBIX KOJICOAHUI LEHTPaJbHON Macchl (IOJs) MyTeM
N00aBIeHNS TOTIOJIHUTEIBHBIX BHEIIHUX Macc (TIoJieit).

Pemenue 3amaun gocturaercst TeM, YTO B IpEAsiaracMoM CIIO-
cobe perynupoBaHUsl PE30HAHCHBIX KOJNEOaHWH, 3aKiIovarouneMcs
B TOM, YTO PE30HAHCHBIC KOJICOAHUsI LEHTPAIBHON LMIUHIPUICCKON
nnu cepuueckoit Macchl (MK GU3NUECKOTO 10JIs1), CBA3aHHOM ¢ BHEII-
Hel Maccoil (MM B3aMMHO MPOHMUKAIOLINM 0JIEM), BO30YKIAIOT IIyTeM
HNPUHYJUTEIBHOTO TEPUOAUYECKOT0 BO30YXKIEHHS, CO31aBaeMOro,
HampUMep, MEKTPOMAarHUTHBIM BHOPAaTOPOM, MPEIIOKEHO CO3/1aBaTh
JOTNIOJTHUTENbHBIE CBS3aHHBIE C IEPBBIMHU JBYMS (LIEHTPaJIbHOM U BHELI-
HE) 1 Bpalaronuecs, HalpuMep, CHHXPOHHO M OJTHOBPEMEHHO MJIH 10
OYEepEeTHOCTH MPOrPaMMBbl YIIPABJIICHUS C NEPBBIMU CHEPUUECKUE HIIH,
HanpuMep, HIIHHIPUIECKAE MAaCChl MM B3aUMHO IPOHUKAIOIINE MTOJIS.

IIpuMeHeHne NpenIoKeHHBIX COBOKYIHOCTEH CYIIECTBEHHBIX
MPHU3HAKOB MTO3BOJISIET MOJIYYUTh HOBBIM TEXHHUYECKHH PE3yJIbTaT: BO3-
OyXIaTb pPE30HAHCHbIE MEXaHWYeCKHe KoieOaHusi Oe3 NpHMEHEHUs
YpaBHOBEIIMBAIOIIEH Macchl WIM (PyHAAMEHTa IPU PEryIUpOBAHUU
KOHTPOJIMPYEMBIX IapaMeTPOB PE30HAHCHBIX KOJICOAaHUH LEHTPaIbHOM
Macchl (1ofisl) myTeM [O00aBiICHHS JOTIOJHHUTENbHBIX BPAIIAIOLIMXCS
BHEITHUX Macc (ITOJIeH).

s mpoBepKH BO3MOXKHOCTH IIPAKTUYECKOTO OCYIECTBICHUS
croco0a M ycTpoMCTBa ObUTH M3rOTOBJIEHBI KAPTOHHBIE M MEHOIUIACTO-
Bble Monenu. Kaxknas monens npexncrasisiuia co00i HaOOp CBA3aHHBIX
MEXIy COO00H IepeMbIluKaMyi KOHLIEHTPUYIHBIX KAPTOHHBIX Kpyros. Mo-
JIeTI YCTaHABJIMBAINCH B HAPYKHOE NIPHUCIIOCOOIEHHE POTOpa 3IIEKTPO-
nsuratess. [Ipu BKIIIOYEHNH OCIEAHEr0 MOJEIH pacKkpyduBanucs. [Ipu
3TOM BO BCEX CIy4asiX cpa3y yJeTaau MOJEJH ¢ YUCIIOM Kpyros Oojee 3.
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Mojenu ¢ 4uCIOM KpPYroB 0 3 MOIJIM JOJITO BpalaTbCcsl U HE OTpPHI-
BaThCA OT POTOpA.

OKCNEpUMEHTHl TOKa3aJd MPUHLIUIHAIBHYI0 BO3MOYKHOCTD
MPaKTUYECKOTO OCYIIECTBICHHS 3asBISIEMOro crocoba M YCTpOWCTBa
BO30Y)KICHHUS M PETYIUPOBAHUS PE30HAHCHBIX KOJIEOaHUH.

CymHOCTh U300peTeHHUs MOSICHAETCS pUCYHKaMH 1-6, Ha KOTO-
PBIX TIOKa3aHbl MPUHLMIHAIBHBIE CXEMBbl LWJIMHAPHYECKHX MOJIENIeH
YCTPOMCTB, coAepkKaluX HEHTPAIBHBIN AUCK U OT OAHOTO JI0 IIECTH KO-
JIen] BOKPYT HEro, JJIsi OCYIIECTBJICHHUS CIIoco0a peryInpoBaHHs pe3o-
HAHCHBIX KOJIOaHWH M pacueTHble rpad)UKu 3aBUCUMOCTEH MarHUTYX
MepeMENIEHNH OT YacTOTHI HarpyKeHHUs BEPTHKAJIIEHOW Meperpy3koi 1g
JUIS1 HEHTPAJIbHBIX Y3JI0B 3TUX MOJEIEH. AHAJIN3 TIOTy4YeHHbBIX IPpadHKOB
MOKAa3bIBAET, YTO NOOABJICHWE BHELIHMX BpAILAIOMIMXCA Koiel Oolee
TpeX MO3BOJISIET MOJIy4aTh 3HAYUTENBHBIE 1O BEIWYHMHE INOCTOSHHBIC
MarHUTYAbl PE30HAHCHBIX KOJE€0aHUH LIEHTPANbHOTO AUCKA, TI03BOJISIO-
LIME COBEPILATH MOJIETHl ATUX YCTPOUCTB. AHAIOTUYHBIC SABJICHUS MPO-
SBIISIIOTCS ¥ Ha CPEPUUCCKUX BPAIIAIOIINXCS MOJEIISX.
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Puc. 1. llenTpanbsHoe Teno, rpaduk n3MeHEHUS] MATHUTY/ABI
€ro nepeMeleHHil 10 YacToTe HATPYKEHUS! BePTHKAJIbHOI Neperpy3Koi
1g ¥ KapTHHBI epeMelleHH i Ha pe30HaHCcax
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Puc. 2. IlenTpanbHoe Te10 ¢ OAHUM KOJIBIOM, FPadUK H3MEHEHHS
MATHUTY/ABI NIepeMELIeHMIT Te1a 10 YacTOTe HATPYKeHUs BePTHKAJILHOM
neperpy3koi 1g u KapTUHBI NepeMeLeH!i HA Pe30HAHCAX
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Puc. 3. llenTpanbHoe TEJIO0 ¢ ABYMS KOJIbIAMH, rPaGuK U3MEHECHHA
MATHUTY/ABI IIepeMELICHMIT Te1a 10 YaCTOTe HATPYKeHHUS BePTHKAJILHOM
neperpyskoii 1g u KapTHHBI NepeMeLleHUI Ha pe30HaHcax
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Puc. 4. llenTpanbHoe TEJI0 ¢ TPeMs KOJIbIAMH, I'PA(HUK H3MEHEHHUS
MATHUTY/BI NIepEeMELICHMIT Tes1a 10 YaCTOTe HATPYKeHHUS BePTHKAJILHOM
neperpyskoii 1g u KapTHHBI epeMeLleHUI Ha pe30HaHCcax

D-5

Puc. 5. llenTpanbHoe TEJI0 ¢ 4eTHIPbMSA KOJbLHAMU, IPa(puKk n3MeHeHUs!
MATHUTY/ABI NIepeMELIeHMIT Tesla 10 YaCTOTe HATPYKeHUS BePTHKAJILHOM
neperpyskoii 1g u KapTHHBI NepeMeLleHUI Ha pe30HaHcax
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Puc. 6. IlenTpanbHoe Te10 ¢ NATHI0 KOAbIAMH, IPA(GUK H3MEHEHUSs
MATHUTY/ABI IIePpeMELeHHI] Tes1a 10 4YacTOTe HATPYKeHUs BePTUKATbHOI
neperpy3koii 1g u KapTUHBI epeMelleHNi Ha pe30HaHCcax

3akiouenne
[IpoBeneHHble pacyeTbl TO METOJY KOHEUHBIX 3JIEMEHTOB
¥ YNPOIIEHHBIE 3KCIIEPUMEHTHI MOKa3hIBAIOT MPUHIUIHAIBHYIO BO3-
MOXHOCTb CO3JaHUA pe3OHaHCHLIX JICTATCIIbHBIX annapaTOB, HpI/IFOII-
HBIX TaKXKe IS OCYIIECTBICHUS MOJIETOB B KOCMOCE.

Cnucok JuTeparypsl
1. https://vseonauke.com/1555641721575705135/7-kosmich-
eskih-dvigatelej-buduschego/
2. Cnoco0 perynupoBaHUs PE30HAHCHBIX KoJicOaHUU
M yCTPOUCTBO Jyu1st ero ocyniectieHus. [latent PD na n3zobperenue
Ne 2620711, 2015.

THE CONCEPT OF A RESONANT AIRCRAFT
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Abstract. With the help of harmonic analysis of finite element
models containing a central body surrounded by one or more rings, the
possibility of flying also in airless space due to joint resonant oscillations
of the rings and the body, when the number of rings is more than three,
is shown.

Keywords: finite element models, harmonic analysis, resonance
peaks, deformation form
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Abstract. Innovation is viewed as a key component of economic
company performance and is seen as essential to achieving consumer
pleasure and fulfilling their needs. At a time when businesses have si-
milar options to promote their products at little cost, it requires coming
up with a novel idea that will be put into practice to provide them a com-
petitive advantage. In order to match their asset portfolios with two im-
portant performance goals, efficiency and innovation, businesses invest
in a range of information technologies. The universalistic premise of pre-
vious research is that organizations' asset portfolios would always enable
the realization of both goals. The circumstances under which organiza-
tions' asset portfolios should be more heavily weighted toward efficiency
or innovation have received very little examination. Here, we contend
that, when assessing efficiency in the innovation process, the type of the
market in which a business competes will have a major moderating im-
pact on the relationship between asset portfolios and productive innova-
tion outputs.

Keywords: Innovation, Productivity, Efficiency, Firm, Perfor-
mance

Introduction
All areas of technological, economic, and social activity — from
research and development through investment, manufacturing, and ap-
plication — are involved in the complex phenomena known as innovation.
Efficiency and innovation go hand in hand, and this is the main problem
with managing innovation.
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The effectiveness of factors affecting inventive activities ranges
from substantially discouraging to greatly boosting them. We assess the
performance of industrial organizations using a profile that highlights the
key performance factors in research and development, manufacturing,
marketing, and management at all phases after examining the innovation
process from the viewpoint of the innovative system.

The worldwide market's business climate is always evolving.
While regulation is always changing and new technologies are always
entering the market, the importance of environmental sustainability, pro-
tection, and its connections to industry are only growing. Due to the pre-
sent global economic climate, businesses are continually forced to create
new goods and services to fulfil client demand and be responsive to it.
This is also a sign of corporate competitiveness. As a result, amid ex-
tremely volatile market conditions, a company's capacity for innovation
becomes the most crucial determinant for competitive advantage. Be-
cause of the potential for innovation, businesses continually create new
products and services that adapt to the state of the market and are in-
cluded into all of their plans, operating procedures, and organizational
frameworks. Innovation gives businesses the ability to shield themselves
from the unpredictability that the global environment inevitably creates,
which ultimately makes them more equipped to identify new possibilities
and make the most of those that already exist. Innovations are a must for
any business operating today. A company's technical output and capacity
for knowledge discovery, exchange, and application directly influence
its competitive advantage. Companies, both local and foreign, have in-
cluded innovation activities into their vision statements and regard them
as a crucial goal.

Innovation-the concept and its measurements

Innovation is a complicated process that affects all areas of tech-
nological, economic, and social activity, from research and development
through investment, manufacturing, and application. There are just two
general markers of inventive efficiency that may be examined and
roughly anticipated in the early phases. These are the required range of
applications and the technical level. The following signs are the required
range of applications and the technical level. These indications, which
are bundled into specific coefficients, relate to needs that have been iden-
tified as well as to resource availability, time constraints, and pressure
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from the marketplace. The complexity, interconnectedness, scale, and
level of technology used affect whether or not current tools and skills
will work with it or interfere with it. We require extra information for
these coefficients that was not accessible in the early stages of research
and development. The risk factor, development time, lifetime, and re-
source needs may, however, all be calculated as the innovation process
advances. Then the aforementioned coefficients should be steadily im-
proved.

The innovators will own the future. Measurement is a crucial
component of the methodical approach that organizations must take to
innovation. It pinpoints possibilities and keeps tabs on the organization's
attempts to boost innovation. Most importantly, measuring defines the
organization's value for innovation and offers a way to distribute recog-
nition and incentives for it fairly.

Some firms opt to be innovators' leaders according to their plans,
while others prefer to follow. But if you don't know when or how much
you are genuinely inventing, it might be difficult to determine if you are
a leader. An organization is on strong foundation when creativity and
new idea implementation are accurately measured. Without such mecha-
nisms, businesses are more likely to choose employees for salary raises
and promotions based on less objective criteria, such political conduct,
rather than on performance.

Essentially, to find out how much an organization is innovating,
we must measure both parts of the innovation process: ideation and im-
plementation.

Essentially, we must assess both stages of the innovation process —
ideation and implementation — to determine how much a business is in-
novating.

There are basically five steps to measure the innovation. These are

1. Compile and monitor each idea

2. Calculate the costs and advantages of each idea.

3. Measure the Effectiveness of Each Idea

4. Determine Each Idea's Added Value.

5. Establish the organization-wide innovation rate.

Productivity — the concept and its measurement
The degree of technology and the intended scope of application
are these. These are these signs, although it is challenging to quantify,
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what we mean by the phrase "productivity" is the amount of output that
can be created utilizing a specific level of inputs. There isn't even an as-
sumption of production efficiency or optimality at this level of the defi-
nition. However, given its level of technological expertise, its organiza-
tional structure, its size, and other endowments, as well as the environ-
ment in which it operates, we typically assume that the entity whose
productivity we wish to measure is "efficient” in the sense that it is using
the bare minimum level of inputs to produce a certain level of output.
Businesses can use productivity as a gauge of work effectiveness to as-
sess factors such as the quantity of labor required to perform a task or
potential organizational effectiveness-boosting measures. Professionals
may complete more work in less time by understanding productivity. Be-
cause of this, a wide range of professionals in various jobs are able to
determine their own and other professionals' productivity as well as the
productivity of whole companies.

The ratio of output value to input value is known as productivity.
The number of jobs a professional completes in a certain length of time
or the quantity of money made within that same time period is the output
value. The number of hours over which the activities occur is often the
input value. That is Productivity = total output / total input.

Relation of Innovation and Productivity

Simply, innovation may increase productivity, which translates
to increased output from the same input. The economy expands as
productivity increases because more products and services are produced.
With the same input, new concepts and technologies are created and im-
plemented, increasing the output. For consumers and businesses, inno-
vation and productivity development provide enormous advantages. The
pay of workers grows as productivity rises. They may purchase more
products and services because they have more money in their pockets.
Businesses also increase their profitability, allowing them to invest and
expand their workforce.

Finally, innovation output has a strong link with company
productivity. Innovation output (patent numbers, inventive sales) greatly
increases following R&D expenditure. The CDM model has been used
in a number of studies to examine the connection between R&D, inno-
vation, and business productivity as well as the trade.
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Importance of productivity

Making operational adjustments, such as hiring more staff or
purchasing more equipment to fulfil deadlines, is made possible by meas-
uring the productivity of your business or department. Knowing how pro-
ductive your staff is can help you determine how effective you are as a
whole, if you can meet deadlines, and whether you can accept new clients.
It might take some time and thought to determine which method of
productivity measurement is appropriate for your company.

There are a number of factors that make measuring workplace
productivity crucial. To make investment decisions, a corporation has to
understand how productive its operations are. The business may infer
from its productivity data that the decline in productivity is being brought
on by outdated equipment. As a result, management spends money up-
dating the plant. A business may assess the effectiveness of its operations
over time and make modifications by continuously evaluating productiv-
ity. Measuring productivity also gives you an opportunity to evaluate the
effectiveness of your personnel, which is a crucial consideration. For in-
stance, if a client asks your business to accommodate a difficult deliver-
able, the only way to know if you can achieve the deadline is if you are
routinely tracking the workforce's productivity. Additionally, managers
must be aware of how each particular worker is doing. This knowledge
aids them in making crucial choices that affect the effectiveness of the
workplace as a whole. Monitoring productivity is also important since it
enables management to make changes to the business. The information
acquired throughout the measurement process, for instance, can show
manufacturing delays.

Alternately, it could highlight issues with the customer lifecycle.
By realizing this, you may be able to make operational adjustments like
growing your customer service staff or purchasing new machinery for
manufacturing.

Measuring efficiency in the innovation process
through productivity
As investing in innovation is not a desirable activity as such —
the outcomes or outputs of the innovation process are what count for so-
ciety — efficiency is a key idea in innovation as well. One may even go
so far as to say that, in the end, only the impact on a nation's economic
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performance matters. Although the economic implications will not be
examined in this article, future research on innovation efficiency should
also consider this aspect. A product, process, and market-focused inno-
vation approach is one option available to businesses. Firm performance
in this sense refers to the results obtained in achieving internal and exter-
nal goals of a business by properly and successfully applying process,
market, and technology innovation techniques. Although market innova-
tion deals with the market mix and market selection in order to satisfy
a customer's buying preference, process innovation is the process of reen-
gineering and enhancing internal functioning of corporate processes. On
the other hand, product innovation entails the development of a com-
pletely new product using novel materials or the improvement of an exis-
ting product in order to satisfy customers.

Productivity and innovation efficiency are connected. When
more outputs are generated with the same quantity of inputs or when the
same output is produced with less input, productivity increases. Here,
innovation efficiency will be defined similarly: innovation efficiency is
increased when more innovation outputs are produced with the same
amount of innovation inputs or when fewer innovation inputs are re-
quired to produce the same amount of innovation outputs. The ratio of
outputs to inputs may thus be used to quantify innovation efficiency. The
ratio of outputs to inputs may thus be used to quantify innovation effi-
ciency. The proportion of company turnover resulting from new products
in the EIS composite index to inputs (education, investment in innovation,
innovation activities at the business level, etc.)

Since Griliches (1979; 1986), whose work relates research and
development to productivity results, there has been empirical study re-
lating innovation and productivity in businesses. For small and medium-
sized businesses (SMEs), the relationship between innovation and
productivity is still unclear since it might differ based on an organiza-
tion's age, size, or industry. In our study, we create new metrics of cor-
porate innovation using a novel combination of UK administrative mi-
crodata, media, and website content. This blend adds to current measures
including self-reported innovation surveys, patents, and trademarks. We
combine these data with a sizable cross-sector panel of UK SMEs to
study the relationship between innovation and productivity in a richer
and more reliable way.
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Result and Discussion

After extensive investigation into various kinds of industrial
manufacturing and service sector procedures, a few key tactics that may
be quite helpful from an Indian perspective were initially offered. To-
gether with the prospective areas of use for those tactics, a practical im-
plementation of how to use such strategies in a particular situation has
also been discovered. Information from primary and secondary sources
was combined to create the study's data set. The paper's primary sources
were various company personnel, while its secondary sources included
the internet, foreign periodicals, and books.

Economic research has long focused on the importance of inno-
vation in understanding economic success, but many issues remain. How
we gauge innovation is one of the major issues. We can only make infer-
ences about the relationships between productivity, company perfor-
mance, and the adoption of new ideas by enhancing the data we have at
the firm level.

Examine relationships between launch activity and company
productivity while accounting for firm diversity and prior IP, our find-
ings demonstrate that launch activity, particularly in the service sector,
is linked to improved SME productivity. According to the findings re-
garding the productivity of SMEs, an increase of 1 standard deviation in
the likelihood of launching a product (extensive margin) results in a 2.7%
increase in revenue productivity, while an increase in the number of
products launched (intensive margin) results in a 3.9% increase in reve-
nue productivity. As firm media events affect the underlying sample se-
lection, these results are calculated on a sample of businesses that have
received media attention. It's interesting to see that patents don't seem to
matter after product releases are taken into account in the model, while
trademarks still play a role.
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Log revenue/worker

Rev/worker growth

High-growth

episodes
1) (2) 3) 4 ) (6)

L.new product launch 0.064*** 0.000 -0.006

(0.019) (0.007) (0.005)
L2.15% depreciated PCT 0.004 0.005 -0.006* -0.006* 0.002 0.002
/ EPO/US patent count (0.007) (0.007) (0.003) (0.003) (0.002) (0.002)
L2.15% depreciated TM  0.081*%** (.08 *** 0.002 0.002 0.003 0.003
count (0.024) (0.024) (0.005) (0.005) (0.005) (0.005)
Ave pre-2009 patenting 0.072 0.070 0.009 0.009 0.029* 0.029*

(0.057) (0.058) (0.022) (0.022) (0.016) (0.016)
Firm patents pre-2009 -0.223* -0.217* 0.014 0.014 -0.019 -0.020

(0.116) (0.116) (0.043) (0.043) (0.029) (0.029)
Observations 27019 27019 27019 27019 27019 27019
R’ 0.166 0.165 0.010 0.010 0.023 0.023

Source: BSD / CH / GI / Orbis / UKIPO
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A. Small and medium enterprise technology

80 65 s 70
60 55
40
E 40 3032
S 20
15. 18.6 16.6
0 e . [ | .
Mastery of technology Percentage (%)
m Food ® Drink m Clothes Handycrafts m Creative economy m Printing m Cafes and restaurants
B. Diversification of economic ventures
Business diversity
100
80 5
—o— ()
Business expansion 80 Business segment
~—@— Percentage
(%)
8.
Product diversity Market share
C. Marketing of business products
1428
.l
Percentage (%) 1714
2429
aimk
(F) 60
85
0 10 20 30 40 50 60 70 80 90
 Distribution of goods ® Business exp Service to wp ‘made ® Product selling price ® Products according to consumer needs

D. Stability of small and medium enterprises

Financial ability
100

80
60 41

Business management ;5 Sales balance

45

8
Business location stability Ability to protect the market

52

Inventory

= (F) Percentage (%)

Examples of SMEs: (A) technological innovation, (B) business diversifica-
tion, (C) product marketing, and (D) business stability. Source: primary data.
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Launch quality, launch importance and firm revenue productiv-
ity, SMEs with events, 2014-2017.

Logrev/worker Rev/worker growth High growth episodes

1 2
A. L.total launch reports, main ~ 0.000*** -0.000%* -0.000
Topic
R? (0.000) (0.000) (0.000)
0.166 0.010 0.023
B. L.weighted launch reports, ~ 0.000 -0.000 -0.000
main topic
R? (0.000) (0.000) (0.000)
0.165 0.010 0.023
C. L.firm has important 0.168*** -0.027 -0.007
launch, main topic
R? (0.052) (0.018) (0.013)
0.166 0.010 0.023
D. L.count of important 0.218%** -0.014 -0.002
launches, main topic (0.069) (0.016) (0.014)
R? 0.166 0.010 0.023
Observations 27019 27019 27019

Source: BSD/CH/GI/Orbis/UKIPO

By examining the manufacturing and service sectors, company
age, and size, we broaden the scope of the investigation. While for man-
ufacturing enterprises new patenting is connected to poorer productivity
and historic patenting to greater productivity, explaining the initial cost
of patenting and its long-term consequences in this sector, service com-
panies drive both the effects on the product launches and trademarks.
According to the number of mentions, we discover a substantial associ-
ation between big launches and productivity. Companies that have at
least one launch have revenue productivity that is 17% higher, and each
additional important launch boosts productivity by 22%.

Conclusion
Our research demonstrates the need for improved innovation
data to capture inside firm mechanisms and behaviors. Ignoring the real-
ity that businesses make strong selections for IP-related activities might
lead to erroneous findings and poorly informed policymakers. Finally,
we think there is room for significant development in this direction,
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particularly in terms of data. Although it is challenging to measure using
conventional statistics, we think that technological progress is a major
factor in the rise in productivity. By creating new approaches to view
organizations' inventive behavior based on online scraping and natural
language processing, we provide something new to the traditional litera-
ture on innovation in firms, where we know that patents and surveys re-
main the predominant indicators. Innovative tools will enhance the meas-
urement of a number of economic concerns, hopefully directly affecting
the caliber of policymaking.
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NHHOBAIIMU U TTPOU3BOJAUTEJIBHOCTD:
MNOBBIIIEHUE THHOBAIIUOHHOM JEATEJLHOCTH
HPEINPUATHI 3A CYUET IPOU3BOJAUTEIBHOCTHU

K.T. Caxapusa, M.P. baoxan
Kagheopa unnosayuonnoeo menedsicmenma ¢ ompacusx
Poccutickuii ynusepcumem 0pyacowl napodos, Mockea, Poccus

AHHOTauus. VHHOBalMM paccMaTpPUBAIOTCS KakK KIIIOYEBOH
KOMITOHEHT 9KOHOMHYECKOH 3((PEKTHBHOCTH KOMIIAHIH 1 HEOOXOAMMBI
JUIS yIOBJIETBOPEHHS MOTPEOUTENEH U yIOBICTBOPEHHUS UX MMOTPEOHO-
cteil. B To Bpems, Koraa y npeArnpusTHi ecTh aHaJIOTHYHbIE BApUAHTHI
MPOJABIKEHUS CBOCH MPOAYKIMH C HEOOIBIINMU 3aTpaTaMu, TpeOyeTcs
OpuayMaTh HOBYIO HZCI0, KOoTopas OyIeT pealin30BaHa Ha IPaKTHKE,
9T00BI 00€CIIEUNTh UM KOHKYPEHTHOE ITPEUMyLIecTBO. UTOOBI MPUBECTH
CBOU MOPTQENN aKTHBOB B COOTBETCTBHE C ABYMS BaXXHBIMU LEISIMU
MPOU3BOJUTENBHOCTH, 3(PEKTUBHOCTHIO U WHHOBALMAMH, MPEIIpHs-
TUSI UHBECTUPYIOT B psiJl HH(POPMAIIMOHHBIX TEXHOJIOTUH. YHUBEpCAIIb-
Hasi IPeANOChUTKA NPEIBIAYIUX UCCIIEAOBAaHUN 3aKII0YAETCS B TOM, 4TO
noptdenan akTUBOB OPraHM3ALMH BCEraa MO3BOJSIOT pealn30BaTh 00e
uesn. OOCTosATENbCTBA, IPH KOTOPBIX MOPT(ETH aKTUBOB OpPraHU3aLui
JOJKHBI OBITH 00JIee OpUEHTUPOBaHbI Ha 3 (EKTUBHOCTh WM WHHOBA-
LUH, OYEHb MAJIO U3yYeHBI. 31€Ch MBI YTBEP)KIACM, YTO IIPH OLECHKE A(-
(heKTUBHOCTH MHHOBALIMOHHOT'O MPOLIECCa TUI PBIHKA, HA KOTOPOM KOH-
Kypupyet OuzHec, OyJeT UMeTb OCHOBHOE CICp)KMBAIOIIee BIMSIHUE Ha
B3aMMOCBS3b MEXIy HOPT(HENIIMU aKTUBOB M IPOU3BOAUTENBHBIMU pe-
3yJIbTaTaMU HHHOBALMH.

KiroueBble cj10Ba: HHHOBAIMH, IPOU3BOAUTEIBHOCTS, 3 hek-
TUBHOCTb, TBEPABIH, IPOU3BOAUTEIEHOCTD
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UCCJIEJJOBAHHUE BO3MOXXHOCTEM
HNPUMEHEHUWSA TEXHOJIOT'MH BJIOKYENH
JJIA HOBBIINEHUS DOO®EKTUBHOCTHU YYACTHUSA
KOMITAHUI P® B BBICOKOTEXHOJIOT MYHBIX
MEXIYHAPOJHBIX ITPOEKTAX

Heanos ILHU., acnupanm
Hayunwiii pyxosodumenwv: Andpeesa Jlapuca Onezosena,
K.I.H., OOYeHm

Poccutickuii ynusepcumem 0pyacowl Hapodos, Mockea, Poccus
Pvlili498@gmail.com

AnHoTtauus. Llenpro 1aHHO#M paboThI SIBIsSETCA HCCIEA0BaHNE
BO3MOXXHOCTEH MPUMEHEHUSI TEXHOIOTUH OJIOKYEHH B KOHTEKCTE yIpaB-
JIEHUS] BBICOKOTEXHOJIOTUYHBIM MEKAYHapOAHBIM IIpoeKToM. MeToaoMm
aHaJIN3a CyLIECTBYIOLIEH JIUTEPATYPhl IO JAHHOM TEME U pacCMOTPEHHS
(YHKIMOHAIBHBIX BO3MOXKHOCTEH TEXHOJOTUH ONOKYEHH. AKTyajb-
HOCTh JTaHHOTO HCCIIeIOBaHUsI 00YCIOBJIEHa Bce OoJiee IIMPOKUM pac-
MPOCTPaHEHHEM TEXHOJIOTHH OJOKYEHH, YMHBIX KOHTPAKTOB M pa3iny-
HBIX KpUNTOBATIOT. B nanHoii paboTe MpoBeieH aHann3 TeKyLIeH CUTY-
allMd OTHOCHUTEJIBHO PETyIMpOBaHUs OnoK4eiHH-TexHonoruid B PO, ak-
TyaJIbHOCTb ¥ BO3MOYKHOCTb BHEJJPEHUS CHCTEMBI Ha pa3IMUHbIE YPOBHU
yIpaBIeHNUS YaCTHBIX M TOCYAapCTBEHHBIX KOMIIAHUM.

KnwueBbie cioBa: ONoKuCiH, ympaBieHUE NMPOCKTAaMH, pac-
MIpEJIEIEHHBIN peecTp, CMapT-KOHTPAKT, MHHOBAIIMOHHBI MEHEKMEHT

BBenenne

Ha ceromHsniamiAi MOMEHT TeMe OJIOKUYCHH, KpUNTOBATIOT H YM-
HBIX KOHTPAKTOB yjelseTcs OOJIbIIOC BHUMAaHUE PA3JIMYHBIX CIIOCB
HaceJICHUH, IPOSBISIECT UHTEPEC TOCYAAPCTBO, UHBECTOPHI U aKITUOHEPHL.
Ha nanHbpIif MOMEHT B CHJTY HACTYMAIOIIMX U HACTYNMUBLIUX MOJUTHYE-
CKUX ¥ 3KOHOMHYECKUX OOCTOSATEILCTB, B YACTHOCTH YXOJ OT IIPUBHIY-
HBIX CXEM OIUIAThI MIOCTABOK CHIPhS M IKCIIOPTa/UMIIOPTa TOBAPOB MO-
JKET OBITH 1eJIECO00Pa3HBIM PaCCMATPUBAThH TEXHOJIOTUH JICTICHTpaIN3a-
IIUU Y TOBBIMIEHHON KpUNTOrpa(uuecKoil 3alUThl C TOYKU 3peHus Oe-
30MaCHOCTH U mojAepxku cyBepeHutera PO. Takke uHTerpauus Tex-
HOJIOTUU OJIOKYEHH B CYIIECTBYIOIINE OM3HEC-TTPOIECCH BBICOKOTEXHO-
JIOTUYHBIX KOMITAHWUH ITO3BOJIUT MOBBICUTEH 3()()EKTHBHOCTh MEXITyHA-

54



POIOHOTO COTPYAHUYECTBa, 0E30MACHOCTh U HAJEKHOCTh (PUHAHCOBOM
cucTeMbl. B mccnenoBaHuu MPOBOAMUTCS 0030p CYIIECTBYIOLIMX BO3-
MOKHOCTEW MpHUMEHEHUs! TeXHoJoruu Onokueitn B PO, paccmaTtpusa-
I0TCS TIPAaBOBBIE I HCTOPHUYECKHUE BONIPOCHI, IPOBOIUTCS aHAIN3 CYILe-
CTBYIOIIIMX MyTEH pealn3alliy MO0 BHEAPEHHUIO CUCTEMBI B Pa3IMYHbIE
o0acTu pa3BUBAKOLICHCS HUPPOBOI SKOHOMHKH, TPOBEIEH aHAIN3 UC-
CJeTOBaHM OM3HEC-MOJIEIICH C BHEIPEHHON TEXHOJIOTHEH OJIOKYEHH.

TexHonoruio OJIOKYEHH MOXKHO ONKCaTh KaK PEIIMLUPOBAH-
HYI0O U PaclpelesieHHYI0 YYaCTHUKaMHU CeTH (TOJb30BaTelsIMu) Oa3y
JTAHHBIX, TIPY MOMOIIM KOTOPOH MOXHO XpaHWTh, NIEpPEIaBaTh U OTCIIE-
JKUBaTh WH(POPMAIIMIO O COBEPIICHUU TPYIIIBI OCIEA0BATEIbHBIX OIle-
paunii (TpaH3aKIHii).

Mogens cucTeMbl, CTPYKTYPHO CX0as C OJIOKUEHHOM B €ro co-
BPEMEHHOM NOHUMAaHHUH Obljla BIEPBBIC ONKCAHA B IUCCEPTALUH KPUII-
torpadom [aBunom Yaym u3 CILIA B 1982 roxy, a B 1991 romy mare-
matuku C. Xabep u Y. Ckorr CTopHeTTa y’Ke pa3zpaboTaiu CUCTEMY,
COCTOSILIYIO U3 LETIOYKH OJIOKOB, CBI3aHHBIX MEXIy COOOH M 3aIlUILCH-
HYIO Kpunrorpaduieckum kogom [1].

IlepBass paboTa, ONUCHIBAIOILAS TEXHOJIOTHIO OJOKYEHH
(blockchain) 6p1a Hanucana aBTopom Caromu Hakamoro B 2008 rony,
WMEHHO OH CYHTAETCS CO37aTeleM TEXHOJOIHH OJOKYEeHH U pa3padoT-
YIKOM MEPBOHN KpHUIITOBaOTH OuTKouH (bitcoin) [2, 3]. B Tom ke 2008
TOAYy MUPOBOW (PMHAHCOBBIN KPU3HC BBISBUII CYLIECTBEHHBIE TPOOIEMBI
B (pyHKIIMOHMPOBAaHMM LIEHTPATN30BaHHONH OaHKOBCKOHW cucTeMsl. [lo-
MYJSIPHOCTH KPUITOBAIIOTHI KaK TEXHOJIOTHH ObUIA TOCTATOYHO HU3KOM
npuMepHo 10 2014 roaa, a 8 2017 rony npou30nUIO CHIBHOE yIOPOKa-
HUe OMTKOMHA, YTO MPUBEIO K HAIJIBIBY HOBBIX MHBECTOPOB, paHee HE
MOJIb30BABLINXCS JAHHOU TexHonoruei [4]. Ha cerogusimHuii aeHs cy-
LIECTBYET OIPOMHOE KOJIMYECTBO LIEHTPATU30BAHHBIX U JICLIEHTPAIN30-
BaHHBIX KPHUIITOBAJIIOT, OTIMYAIOIIUXCS MEXKAY COOOH M0 CTENeHu OT-
KPBITOCTH, 110 00beMaM TPAaH3aKLMUH, a TAKXKe 110 HEOOXOAUMOCTH UIEH-
Tudukanuu B cucreMe. Kpunrosanora, npuBsi3aHHas K peajbHOMY Ba-
JIOTHOMY KypCy WM OMpXKEeBBIM TOBapaM Ha3bIBAETCSA CTCHOIKOMHOM
(stablecoin). HexoTopble cTpaHbI yke BBEIH MPABOBOE PEryIHPOBAHHE
JAHHBIX MOHET M MCHOJB3YIOT TaKUE BAJIIOTHI AJISI XpaHEHHS Tocyaap-
CTBEHHBIX aKTHBOB. [lonmyssipHOCTH CTEHOIKOMHA JOCTHUIIIA TAKUX 00Be-
MOB, 4YTO KOJIMYECTBO TPaH3aKUMH CO CTEHONKOMHAMH OKa3aloch
OoJpIIe, YeM IIaTeKHoM cucteMoit mastercard B 2022 roxy [5].
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Hean

B HacTosimiee BpeMs cUTyanust Ha MUPOBOH apeHe NOATaIKHBAET
Poccuiickyto 5KOHOMHKY K TJI00aJbHBIM M IOJITOCPOYHBIM NIEpEMEHAM,
YTO HE MOXET HE OKa3aTh BIMSHHUA Ha OAHKOBCKYIO M (PHMHAHCOBYIO
cdeprl. HoBble pacmmpsironiecs: ppIHKY COBITa M B3AUMHOTO COTPYIHU-
4yecTBa TPeOYIOT 0T 0AaHKOBCKOM CHCTEMBbI HaJIS)KHOCTH, IIPOCTOTHI, ObIC-
TPOAEHCTBHA U MPO3PAYHOCTH onepanuii. MoaepHU3aus CUCTEMBI OaH-
KOBCKHX Ollepauunii (MIIH IOJIHOE IEPECTPOCHUE U CO3[aHUE C HYJIS) 103~
BosuT Poccuiickoit denepanum BBIIITH Ha HOBBIN ypPOBEHb B3aMMOJAEH-
CTBHSI CO CTpaHaMH-IAPTHEPAMU M HAZOJIO 3aKPENUTHhCS B CIHCKE
CTpaH caMbIX HAJEXHBIX SKOHOMUK MHUpa. BHyTpH cTpaHbl HHTEpecHa
MEPCIEKTHBA BHEAPCHHUS CUCTEMBI YMHBIX KOHTPAKTOB JIs1 HCKITIOUEHHS
KOppYILHHU B chepe TrocyAapCTBEHHBIX 3aKyNOK, CHIDKEHHS KOMHCCHH
JUI TIOJIb30BaTeNiell pa3jIMYHbIX CEPBUCOB, YBEIMYECHHUS ObICTpOAEH-
CTBHSI 3AILMIIEHHOCTH (PHAHCOBON CHUCTEMBI, IPEAOTBPAILIECHHS OTMbI-
BaHUsI CPEICTB.

Lenbio JaHHOTO HCCIIEAOBaHMS SBISIETCS 0030p CYIIECTBYIO-
LIMX BO3MOXXHOCTEH, Ipo0IeM BHEAPEHHS U PACCMOTPEHHE BO3MOKHBIX
JIOCTOMHCTB TEXHOJIOTUH OJIOKYEHH M YMHBIX KOHTPAKTOB KaK Ha Teppu-
Topuu P®, Tak u 3a ee mpenenamu, B KOHTEKCTE MEXIYHAPOAHOTO CO-
TpyaHudecTBa. Cucrema pacueToB LU(GPOBOH MOHETOH, 0OecrieueHHOI
30JI0TOM MOXKET cTaTh 3((HEeKTUBHBIM HHCTPYMEHTOM HOBOH LM (PPOBOI
SKOHOMMUKH [6].

TexHonorust OJOKYEHH IOMYCKaeT BO3MOXKHOCTH OTCYTCTBUS
MMOCPETHUKOB (TaKUX Kak OaHK, HapuUMep) B Mporecce ooOMeHa nHdop-
MalMel U CpeacTBaMU MEXIY KOMIAHMSMH WM BialesbluamMu nudpo-
BBIX MOHET, COXPaHsIsl [IPU 3TOM BBICOKYIO CTEIICHb 3AIIUIIEHHOCTH, I10-
CKOJIbKY HMH(pOpManusi O TPAaH3aKUUAX XPAHUTCS AELEHTPATU30BaHO
Y BCEX MOAKIIOYEHHBIX K CETH, IIPU ITOM JJIsl COBEPIIEHUSI TPAH3aKLINU
HEOOXOAMMO 0JT0OpEeHHEe OT ONPEIeIEHHOTO MPOIEHTa YYaCTHUKOB. 3a-
MHUCh O Ka)KA0i HOBOM TPaH3aKLUKHU OCTAETCS B BUJE KAIIA U B IIOCIIEAY-
IOLINX, YTO IPAKTUUECKU UCKIIFOUACT PUCK HOAJENIKU K (panbcuduka-
1y gaHHbx [7]. Ha puc. 1 nmpuBenena cxema COBEpIICHHUS TPAH3AKITUT
MEXIY BJIaeIbllaMH KOIIEIbKOB JaHHON TEXHOJIOTHH.
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r} Kam 74?{ Kom r] Kom

Yactras moxmucs 0 ||| Yactmaa mommmes 1 | [ | | UYacTHaz moamucs 2
BIazeTbIA H BIazeIBIA H BIazemBIA

Tpansakuua : Tpausakuma : Tpansakuua

Toanmcs ! Toamics : Toamics
= = HacTHbrit YacTHbrit
ACTHBI (3axpsIThIi) H (3axpsITBIH)
(3aKpaITHIi) Ko RTROY
K09 H
1 srageen 2 Baagenen 3 Bragenen
Obmmit Obmm Obmmit
(omxpprrer)  _|----o- oot (oTkpeITBI) _ b----- - (oTkpBITBIH) l ,,,,,,,,,,,,,,
e Ho:rrsepTeme e nomepszm ou nomemem

Puc. 1. Cxema padoThI HeNOYKH 0JIOKOB

MarepuaJibl 1 MeTOABI HCCJICAOBAHUS

OOuwii NpUHLIKI COBEPIICHUs TPaH3aKLIUK TEXHOJIOTUU OJIOK-
YeliH MOXKHO OIHCATh CIEAYIOMINM 00pa3oM.

Kaxnaprii Bnagenen mudpoBol BaOTHI HA OCHOBE OJIOKYEHH
umeeT | yacTHBIN (3aKPBITHIH) KITFOY AOCTYHA U | OTKPBITHIH, AOCTYIHBIH
BCEM OCTaJIbHBIM YYaCTHUKaM CETH KJIFOY, KOTOPBIH MOKET HCIIOJIB30-
BaThCs JUIA MpHeMa HUQPOBBIX JEHEKHBIX cpeAcTB. Kaml TpaH3akimuu
COZEP)KUT BCE JaHHBIC O MPEABLAYILEH TpaH3aKIUKU U CBEeHHs 00 00-
LIEM KJIIOUE BIIAJEIbIa KOLIEIbKa, C KOTOPOro MPOBOAMUTCS CIIEAYIOLIast
TpaH3aKIUsA. A TaKKe YaCTHAs MMOAIMUCH BJIAJENbLA, COCTOALIAS U3 MTO-
MUCH 3aKPBITOTO KII0Ya M KPUIITOIPadUUECKOTr0 MOATBEPKIACHHUS OT OT-
KPBITOTO KJIIOYa.

brnaromapss maHHOM IOCTaTOYHO MOHATHOM A MOJB30BATENA
CTPYKType OJIOKUEIH NPaKTHUECKH UCKIIIOYAET BO3MOKHOCTD MOAICIIKA
JAHHBIX O TPAaH3aKLMX, MOCKOJIBKY JaHHBIE XPaHATCS PacHpeacIeHHO
MEXNy BCEMM Y4acTHUKaMHU CeTH. CHIBHO yNpOLIAETCS BO3MOXKHOCTD
(bMHAHCOBOTO aHANN3a KOMIIAHUH U YBEIWYUBACTCS IPO3PAYHOCTD NPH-
HSTHS PELICHUH TON-MEHEPKMEHTA, YTO B NIEPCIEKTHBE MOXKET IpUBe-
CTHU K HOBBIIICHUIO NMPUOBUIM BBHICOKOTEXHOJOTMYHONW KOMITAHUH TpH-
MEpPHO B MojaTopa pasa [8].
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BHenpenne Takux TEXHOJIOTUH Kak OJIOKYCHH W YMHBIX KOH-
TPAKTOB B TIEPCIEKTUBE CUIHHO M3MEHHUT PHIHOYHYIO CUTYAIIUIO, B3aH-
MOJICHCTBUE MEXIy KOPIIOPALUSMH, MPHUBEICT K TMOSBICHUIO HOBBIX
CEPBHCOB U YXOy C PBIHKA CEPBUCOB-TIOCPETHUKOB. OTKa3 OT PupM I10-
CPEIHUKOB IMOCPEJICTBAM YMHBIX KOHTPAKTOB TIO3BOJIUT IOJIB30BATENSIM
Y TIPEJICTABUTEISAM YCIYT COKPATUTh TPAThl HA KOMHCCHIO, KOTOpask MO-
KeT JOXOIUTh 110 25% OT KOHEe4HOM cTouMocTH [23].

[IpumeHeHne TeXHOIOTUN OJOKUYEHH HE OTPAaHHYUBAETCS TOJb-
KO (prHAHCOBOH 00JIACTHIO, CYIIECTBYET €Ille HECKOJIBKO HAIPaBJICHUH,
IJie TaHHas TEXHOJIOTUS YKe aKTUBHO UHTETPUPYETCS B CYIIECTBYIOLIUE
ousHec-mporiecchl. OJHUM W3 TaKUX HANPABICHHUN SBISIETCS TPUMEHE-
HUE YMHBIX (smart) KOHTpakToB. CTOUT OTMETHTbH, YTO YMHBIE KOHTPAK-
THI He 0053aTeNbHO MOTYT OBITh PEaJr30BaHEI B cpeie OIOKUYeiiH, HO
MIPUMEHEHUE UMEHHO C JAHHOM TEXHOJIOTHEH JaeT OUTyTUMBIC TUTFOCHL.

OpnHuM H3 OIpeNeNieHnH, CorliacHo npoekty denepanbHOro 3a-
koHa Ne 419059-7 «O unpoBeIX (PMHAHCOBBIX aKTHBAX» CMapT — KOH-
TPaKT 3TO: JOTOBOP B 3JEKTPOHHOU (popme, NCIIOTHEHHE TIpaB U 00s13a-
TEJIHCTB IO KOTOPOMY OCYIIECTBIISIETCS ITyTEM COBEPIIICHYSI B aBTOMATH-
YeCKOM TOpsAKE MU(POBBIX TPAaH3AKIMHA B PACIPENIEIICHHOM PeecTpe
M(POBBIX TPAH3AKINHI B CTPOTO OIPENIEICHHON TaAKHUM JIOTOBOPOM I10-
CJIEJIOBATEIHHOCTH U MPHU HACTYIJICHUH OTIPEIEIICHHBIX UM 00CTOATEb-
ctB. OIHaKO JaHHOE OmpeJelieHrue OBUIO MCKIIOUEHO M3 MPOEKTa, U B
®enepaibHOM 3aKOHE TaKOTo onpeneneHus Het [9]. B @enepansHoM 3a-
koHe oT 18.03.2019 Ne 34-®3 naHbl cleqyIOMIKE MONTOKEHUS:

1. «YCIoBUsMH CAETKH MOXKET OBITH IPETYCMOTPEHO UCIIOTHE-
HUE e CTOPOHAMH BO3HUKAKIINX U3 Hee 00s3aTeNBCTB MPH HACTYTLIIe-
HUU ONPEIEIICHHBIX 00CTOSTENHCTB O€3 HAPABICHHOTO Ha WCTIOTHEHUE
00s13aTeTBCTBA OT/IENBHO BHIPAKEHHOTO JOTIOTHUTEIHHOTO BOJIEHU3BSIB-
JIEHWSI €T0 CTOPOH MyTeM IpUMEHEHHsI HHPOPMAIMOHHBIX TEXHOIOTHH,
OTIpeIeTIEHHBIX YCIOBUAMHE CIENKH...» (4. 2 cT. 309 I'K POD).

2. «JloroBop B MHCbMEHHOM (hOpME MOXKET OBITh 3aKIIOUYEH ITy-
TEM COCTaBJIEHHS OJTHOTO JOKYMEHTa (B TOM YHCJE IEKTPOHHOTO), TIO-
MMUCAaHHOTO CTOPOHAMH, WJIM OOMEHA NMHChMaMH, TelerpaMMaMH, JIIEK-
TPOHHBIMH TOKYMEHTaMH JINOO UHBIMH TAaHHBIMH. ..» (4. 2 cT. 434 'K POD).

B Poccwiickoit deaepariy Ha JaHHBIH MOMEHT B OOJIACTH CTPO-
utenbcTBa neicTByer IIpukas Munctpos Poccnu ot 14 sHBaps 2020
roga Ne 9/mp «O0 yTBep» IeHUN THUIIOBBIX YCIOBHA KOHTPAKTOB HA BEI-
MoJTHEHHE PaboT MO CTPOUTENHCTBY (PEKOHCTPYKIMH) OOBEKTa Kallu-
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TaIbHOTO CTPOUTEIHCTBA U HH()OPMALIMOHHOW KapThl TUTIOBBIX YCIIOBUH
KOHTpaKTay». JlaHHBIN TPUKa3 O3BOJISIET COCTABIATH HU(PPOBHIE YMHEIC
KOHTPAKTHI JJIsl CTPOUTEIbHO-MOHTAXKHBIX pabOT B TOpTaJIe MCIIOJIHE-
Hust koHTpakToB ([THK).

Hcnonb3oBaHne yMHBIX KOHTPAKTOB B 00JIaCTU CTPOUTENBCTBA
3a 2021 B MockoBckoii obmactu coctaBuio moutu 70% [10]. B 2022
rOAY KOJIMYECTBO YMHBIX KOHTPAKTOB MO 00JIACTH COCTaBHIIO YK€ OKOJIO
80%. OmHUM U3 PEUMYIIECTB SBIISETCS OBICTPOE BpeMs COCTAaBIICHHE
YMHOTO KOHTPAKTa, JJIsl HOATOTOBKH Ia0JIOHHOT'O KOHTpaKTa TpeOyeTcst
He O6onee 15-30 MuHyT, a 6;aronaps 3alaHHBIM B IPOrpaMMHOE oOecIie-
YeHue TpeOOBAHUAM K KOHTPAKTY, YMEHBILIAETCS! PUCK OLIMOOK MPH CO-
CTaBJIICHUM KOHTPAKTOB. lcrosnb30BaHWE AAHHOM TEXHOJOTMM I103BO-
JISIeT OTOWTH OT MHAUBHUIYaJbHON «COOPKI» TOTOBOpa K KOHBEHEPHOMY
THUITy COCTaBIEHHs KOHTPakToB [11].

Pesynbrartsl

brokueiiHy npenckKa3bpIBalOT IIUPOKOE PACIPOCTPAHEHUE Kak
B FOCYJAapCTBEHHOM, TaK U B KOMMEpPUYECKOM cekTopax [21]. MoxHo
MpEeAroaraTb, YTO y>K€ Ha JAaHHBIM MOMEHT BO3MOXKHO IOJTHOLEHHOE
WCTIOJIb30BaHKE MPOJYKTa [l KOMMEPUYECKHX LieJIeHd, OJITHAKO, Ha JIaH-
HBI MOMEHT CYILECTBYET PsiIl IPEMATCTBHM, B YACTHOCTH:

1) CnoXHOCTh BHEIPEHUS TEXHOJIOTHH.

[lepcniekTHBa NpUMEHEHHS CHUCTEM Ha OCHOBE TEXHOJOTHU
OnoKueiH Oe3ycIOBHO O4YeBHIHA AJISl BCEX CTOPOH OW3HEC - mpolecca,
HO BHEAPEHHE WHHOBAILIMOHHOM TEXHOJOI'MH YCJIOXHEHO OTCYTCTBHUEM
OMBITA IIUPOKOTO NMPUMEHEHHS JaHHON TE€XHOJIOI'MH, TIOCKOJIbKY BHEI-
PEHHE TAaKUX CIOXKHBIX CUCTEM B OPraHU3ALMOHHYIO CTPYKTYpPY BBICO-
KOTEXHOJIOTUYHBIX KOMIIAHUH TpeOyeT, KaK MpaBuIo, OOJBIIOr0 KOJIH-
4YecTBa pa3pabOTYMKOB, APXUTEKTOPOB CHUCTEMbI, CUCTEMHBIX aHAIUTH-
KOB, TeCTUPOBLIMKOB. 1103BoNINTH cebe KOMaHy BHICOKOTO YPOBHS LIS
BBINOJIHEHHUS 3aJa4 M0 pa3paboTKe ¥ BHEAPEHHUIO HOBBIX CHCTEM M pas-
JIMYHBIX CEPBUCOB C HMCHOJIb30BAHMEM OJIOKYEHH MOTYT IIOKa YTO IO
Oonpieit yactn kommannd M T-TuradTel, mpu BCEM MPH 3TOM BO3MOXK-
HOCTH T10 BHEAPEHUIO TEXHOJIOTHH B TOCYAaPCTBEHHBIN CEKTOP YIKE €CTb,
MPUMEPOM TOMY MOXKET CITY>KUTh pa3padoranHast st L{b PO 6moxdeiin-
mrarpopma Mactepueitn (Masterchain), Poccuiickas HanpoHambHas
OnokueitH-ceTs. PasButuem mnardopmbl «Mactepueitn» 3aHHMaeTcs
Accommanus ®unTex. B Acconunaruto BxonaT: bank Poccun, CoepOaHk,
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0ank BTB, Anbda-bank, ['azmpombank, bank «Otkpeituey, Hamwmo-
HaibHas cucteMa raTexxHeix kapt KWBU 6ank, bank AK BAPC,
PHKO IInatexusiit nentp, «Tunpkop¢ 6ank» u Paiiddaiizendank, ac-
couuupoBanubie wicHbl: bunbank, CKb-bank, CoBrxombank, Ilpom-
cBa3p0ank, [TAO «MTC», Mb UunHoBaiuu, Poctenexkom u Brermko-
HombOank (BOB).

2) OrpaHn4eHus] BO3MOXKHOCTEH W T'paHHLBl TPUMEHEHHS CH-
CTEMBI.

HecMoTps Ha KaKyILIyl0cs TOHATHOCT M IPOCTOTY OJIOKYEHH —
JOCTaTOYHO CJIOXKHAS AJIs1 pa3pabOTKH TEXHOJIOTHSI, YTO HAKIaJbIBACT
OTpE/IETIEHHBIE CI0KHOCTH B TIOHUMAaHUM €€ BO3MO>KHOCTEH KaK MOJb-
30BaTeNiel, Tak U KOHTPOJUPYIOUIMX opraHoB. [Ipu BHeApEeHNU TeXHO-
JIOTHH B OPTraHU3alMOHHYIO CTPYKTYPY HEOOXOAMMO co31aTh HH(pOpMa-
LUOHHYIO 0a3y ¢ ONMMCAHHBIMHU TPEOOBAHUSAMHU, apXUTEKTYPOH U MoJie-
JIBIO CUCTEMBI B BUJIE CXeM. Takxke M0 BO3MOKHOCTH MaKCHUMaJbHO J10-
HECTH MOJIb30BATEIISIM CUCTEMBI HEOOXOIUMBIE CBEJICHHS [UIs YCIICLIHOM
u 3¢ dexTuBHON pabOTHI, BO3SMOKHO NMPOBECTH 00YYAIOLINE CEMHUHAPHI
IUIS COTPYIHUKOB, TOATOTOBUTH HHCTPYKIIUH.

3) CnoXHOCTH B IOATOTOBKE KaJIPOB.

[HocrosHHO MeHsIomMecs: TpeOOBaHHUS PhIHKA MPUBOISAT K pac-
TYLIEMY Ul Pa3BUTHA CHCTEMBI KOJIMYECTBY CIICLHAIMCTOB B 00JIacTH
OnokueiiH, a Taoke paspadorku 110, ero npoBepok, cepTudukaruii, ana-
JM3a U ydeTa HOBBIX TpeOoBaHMi. J[aHHYI0 mMpoOieMy HeJb3sl Ha3BaTh
HOBOMU, Ha Poccuiickom WT-pplHKE crienuanucToB IeUIUT KaapOB
HabronaeTcs y)xe He OJUH JIECATOK jeT. s pemeHus: JaHHOW Mmpo-
6nemsbl 1aboparopus omokueitn Coepbanka u CoepYHnusepcuret B 2022
TOAy 3allyCTHIM 00pa30BaTElIbHYI0 MPOrpaMMy IO JACLEHTPAIH30BaH-
HBbIM (prHAHCAM.

4) IOpumudeckne aCeKTHl.

CyneOHoii u mpaBoBoH cuctemMe PO nipecTouT eie 10cTaTouHo
TPYAOEMKHE MPOLECCH anpoOalyy, TECTAPOBAHUS, BBOAA U BHEIPEHUS
CHCTEM KOHTPOJISl, aHAJIM3a M CUCTEM yueTa JaHHOH OTPOCIIH, IPEACTOUT
COCTABJICHHE TEXHUYECKHUX PErIaMeHTOB, TpeOOBaHMH, BBOJ HOBBIX
OIIpeleNICHNH U MPaBUII JUIS TOJIHOLEHHOTO YPErYJIMPOBaHUS aCIIEKTOB
TEXHOJIOTHH OJOKYEHH M YMHBIX KOHTPAKTOB B IOPUANYECKOH IIOCKO-
ctu. B 2021 npaButenscTBo PO yTBEepanino ucnois3oBaHue TUIATGHOPMBI
Macrepueiin i1 oOMeHa NaHHBIMHM B XOJ€ SKCIEpUMEHTa Lu(ppoBOi
sxoHOMUKH.[25] B utone 2022 roma 6puta peanm3oBana miatdhopma Ma-
crepueiiH 2.0 ¢ omyOIMKOBaHHON TEXHUYECKOH TOKYMEHTAIHEH.
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5) Omnpenenenue OU3HEC-MMOTPEOHOCTEN U TOTOBHOCTH OM3HEcCa
K U3MEHEHUSIM.

[lepen nmoaHOMAacITAOHBIM BHEIPEHUEM TEXHOJIOTMH HEOOXO-
MO YETKO OTPEAEIUTh ee 00JacT NpUMEHEHHs 1 OU3Hec-oTpeOHO-
CTH, KOTOpBIE OYAyT yIOBIETBOPATHCS. [l amekBaTHOTO pacipesene-
HUSl PECYpCOB Ha pa3pabOTKy M BHEIPEHHUH CHCTEMBI MMEET CMBICI
MpeaBapUTEIbHO MPOAHATU3UPOBATh CUTYALUIO Y 3apyOeKHBIX KOJUIET
IO PBIHKY, IPOKOHCYJILTUPOBATHCS C pa3paboTyrkaMu OJIOKYEHH pere-
Hull. BHeapeHue 010K4eiH KOCHETCS OOJBIIOTO KOJIMYECTBA KOMITAHU I
PasHOro ypoBHS, 4TO MOTpeOyeT BIOKEHUI KaK YeJIOBEUECKHUX PECYPCOB,
TaK ¥ (pUHAHCOBBIX, BPEMECHHBIX.

6) CI0XHOCTH MEXIYHAapOIHOTO PEryINpOBaHHUS.

Ucnonp3oBanue O6JOKYEHH B KOPIOPATHBHBIX CETIX MEKAyHa-
POIHOTO YpOBHS TpeOyeT OMpeaeICHHOTO COOTBETCTBISI HOPMaTHBHO —
MpaBOBOH 0a3bl B ABYX PAa3IMUYHBIX CTpaHax. JlaHHas cuTyarus, o MHe-
HUIO aBTOPa, MOXKET PEIINTHCS CO3aHNEM MEXKTyHAPOTHBIX TPYIIIT U KO-
MHUCCHH TIO PEryJIMPOBAHUIO M CTAHIIAPTHU3ANNN CTPAHAMH, B3aMMOICH-
CTBHE U COTPYJHUYECTBO MEXTy KOTOPHIMH YK€ CYIIECTBYET B KAKUX —
TO Apyrux cepax (MMHopT raza/HedTH, TOBApOB MUPOKOTO MOTpedIIe-
HUSA U T.J.).

7) IIpoGmembr 00beIMHEHUS PA3TUIHBIX OJOKYEHH CHCTEM.

Ha nmaHHBII MOMEHT YK€ CYIIECTBYET OOIBIIOE KOJIUIECTBO
ONMOKYeWH-ceTel, U JIMIIb HEKOTOPhle M3 HUX CIIOCOOHBI WHTETPHPO-
BaThCS C JAPYTUMH CceTsAMHU. Poccuiickumu 3Kkcriepramu ObUTH pazpabo-
TaHbl MeToguueckue pekomenganuu MP 159.5.001 — 2020 «IIporokon
oOMeHa COOOIIEHUSIMU MEXTy paclpeneIEHHBIMI PeecTpaMu C JIeTCH-
TPAIM30BAaHHBIM MOJTBEPKIACHUEM IEPECHUTIAEMBIX COOOIIeHHI».[22]
JlaHHBIE MEeTOIMYECKHE YKa3aHU [TO3BOJISIOT CO3/IaTh KOHCOPITUYMHYIO
CeTh M3 PA3IMYHBIX KOPIOPATUBHBIX OJIOKYEeHOB. Ecnu k ceTn xodeT
MTOIKITIOYNTCS HOBBIH YYACTHHK, TO €My HEOOXOAMMO CO3/IaTh «MOCT) —
MporpaMMHoOe o0ecrieueHne, o0ecIieynBaroIee B3anMoIeHCTBIE MapIIl-
PYTH3HPYIOIIEH U KOPIIOPATUBHON CETH, a TAKXKE Y3l MapIIPyTUIHPY-
FOLLIEH CETH.

Jlnst co3maHms ceTH OJIOKYEHH, e HeoOX0auMa BO3MOKHOCTh
KOHTPOJIS ¥ TIOBBIIIIEHUS yPOBH OBICTPOIECHCTBHS 1 00ecTiedeHus 00ITb-
IIeT0 TOBEpUs MEXIYy YYaCTHHKAMH CIENIKHM JydIlle BCEeTO IMOAXOJSAT
OJIOKUEHH 3aKpBITOrO THMA. BIIOKYEHH 3aKphITOTO THMA — TaKOW THII
Omox4eliHa, Ipy KOTOPOM BCE YYACTHUKH CJIENKH JTOJDKHBI OBITH IPHUTIa-
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LICHBI B CETh, MPEKAE YeM OHH CMOTYT CTaTh €ro 4acThio. TpaH3aKIuu
B JIaHHOM CJIy4ae BHIHBI TOJBKO YYAaCTHUKAM CETH, YIPABIATH K€ CHU-
CTEMOI MOTYT KaK BCE IO3€Phl, TaK U ONpPEeNICHHbIE CTOPOHBI, TPYIIIBI
nnn. Bo3MoOXHO co3aHue yYaCTHUKOB C pa3HBIMHU YPOBHSIMH JIOCTYTIA,
YTO MO3BOJISIET IPUHATH yYaCTUE B IAHHOH CETH KOHTPOIUPYIOLIETO Op-
raHa, KOTOPBIA MOXKET ynpaBisaTbes rpymnmnoi aun [13]. Ocobenno nep-
CIEKTUBHBIM SIBIISIETCS BO3MOXKHOCTH HCIOJIB30BaHUsI TEXHOJOTHU
OJIOKYEHH B IEMOYKax IOCTaBOK. [IprMeHEeHHEe TEeXHOJOIMH MOXKET
KpaifHe CUJIbHO O0JIErYUTh MPOLIECC B3aUMOACHCTBHS MEXKAY ITpoBaiie-
paMHu MOCTAaBOK PAa3IMUYHOTO YPOBHS M MPOU3BOJUTEISIMHU, KOTJa HEOO-
XOAMM KOHTPOJIb BBITPY3KH TOBapa, CKIaIUPOBAHUS U ABTOMATHIECKOTO
yHpaBJIeHHUs! JOTUCTHYECKIMH IPOLIECCAMHU.

Hcnonp3oBaHue TEXHOJIOTHH OJIOKYEHHA 3aKpHITOTO THIIA MO-
KET HATH IPUMEHEHHE B KOPIIOPATUBHBIX CETSIX IJIsI CIIEIYIOLIMX LIENeit:

— OIUIATHI TOCTABOK;

— MCIIOJIHEHUS 0053aTeIIbCTB;

— UCKJIIOYEHHUSI U KpaHero yMEHbLICHUS! KOPPYILUOHHON CO-
CTaBJISTIOIIEH;

— MOBBILLICHUS JOBEPHS MEXIY YUACTHUKAMH CETH IPOJIAX U MO-
CTaBOK;

— CHIW)KEHUSI Harpy3KH Ha OyXTaJITepUIO YYaCTHUKOB CIEIIKHU;

— YMCHBIIIEHUS BPEMEHHU COCTABJICHUS IOTOBOPOB.

B OnokueiiHe OTKpPBHITOrO THIA IOJIB30BaTENb JIOOOro Kiacca
MOJKET BHOCHUTb, YHTaTh, & TAKXKE Y4aCTBOBATh B LIETIOUKE TPAH3AKLIMH.
OCHOBHBIM IOCTOMHCTBOM JIaHHOTO ITOATHIIA SBJISIETCS TOJIHAS pacipe-
JIEJIEHHOCTD (ELeHTPaIN30BaHHOCTh) pabOThl CUCTEMBI, TaK KaK Kax-
IbIi YyYAaCTHUK CETH MMeeT paBHble nIpaBa. lIpumepom Takoro tuma
ONOKYelHA SBISIOTCS KPUNTOBAIIOTH. VHTEpecHOW Bapuammen sBIIs-
eTcst OJIoK4YeitH TpeOyIOMMiA pa3penieHnst Ha YTeHNe, HO He 3aIUCh, YTO
OKa3aJloch yIOOHBIM B cepe CTpaxoBaHMs AJsl aBTOMAaTU4ECKOro 3a-
ITycKa BO3MEIIEHHS IIPH BBHITIOJTHEHUH yCIOBHIA CMapT KOHTpakTa [24].

Oocy:xneHue
B cuctemax GokueitH nMeeTcss BO3MOKHOCTD TIPOBEICHHUS aHO-
HUMHOT'O TOJIOCOBaHMS 0€3 BO3MOXKHOCTH IOJIEIKH T0JI0Ca M aBTOMa-
TU3UPOBAHHOTO MPOLECCa BHIHECEHHUS UTOTOBOTO PELICHUs C IPUMEHe-
HHUEM TEXHOJIOTMH YMHBIX KOHTPAKTOB. B TakoM crieHapun u3HayalbHO
3aJ0K€Ha BO3MOXKHOCTh BBIHECEHHUS! DPELICHUS Ha OCHOBE aHajIu3a
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pE3yNBTaTOB TOJIOCOBAHMS MPU MOMOIIM CHUCTEM NPUHATHS pELIeHUN
(CIIIIP), y4HTHIBArOIIETO KOJIMYECTBO YYACTHHKOB, CTaTyC TOJIOCYIO-
LIET0 B CUCTEME, ero (PYHKIIMOHAIBHBIE BO3MOXXHOCTH B CHCTEME, TIpaBa
JOCTyTIA.

B cospemennsix CIIIIP cymiecTByeT nmepcrnekTuBa BO3MOKHO-
CTH HCIIONB30BaHUS OJIOKYEHH CeTel, I/ie UMEeeTCsl ONpeAeTICHHBINA Bec
Ka)KI0T0 U3 YY4aCTHUKOB CETH, YTO TO3BOJISIET CO3/1aTh CAMOOPTaHU3YIO-
LIYIOCA HEPAPXUUECKYIO CTPYKTYPY, HA OCHOBE KOTOPBIX MOTYT IIPHUHU-
MAaThCsl PELIEHMS] Pa3JIMYHOTO YPOBHS C 3apaHee IPONHCAHHBIMU U KPHUII-
Torpad)uuecKy 3allUIIEHHBIMH YCIOBUSIMH UCIIOJIHEHHS.

3akuouenne

AHanu3 CyIIeCTBYIOIIMX HCCIENOBAaHUM MOKA3bIBAET, YTO HC-
MOJIb30BaHUE WHCTPYMEHTOB OJIOKYEHH SIBJISIETCS TMEPCHEKTHBHBIM
HanpaBJIeHHEM [J1s1 OBbILICHHUS 3P PEKTUBHOCTH KOPIOPATUBHOTO YII-
paBneHus [14].

Ha nanHBIi MOMEHT OCHOBHBIM HEIOCTATKOM M OCOOEHHO-
CTBIO YMHBIX KOHTPAKTOB ABJIAETCS CIOKHOCTH IpoIiecca N3MEHEHUs
KOHTpPAaKTa, BHECEHUE MPaBOK U T.1. CrenuanucTsl pa3HbIX CTPaH pa-
00TalOT HaJl YNPOILEHUEM Ipoliecca BHECEHNU U3BMEHEHUH, B 0COOEH-
HOCTH YCHJIMSI HampaBJIeHbl Ha pa3pabOTKy Takoro MmporpaMMHOIO
KOJa, KOTOPBIH I03BOJIST OBl BHOCUTH U3MEHEHHUS B KOHTPAKT IpHU 00-
CTOATENBCTBAX, KOTOPHIC paHee He ObLIM OMUCAHBI B yCIOBUAX KOH-
TpakTa. Ha 1aHHBI MOMEHT BpEeMEHHU CTAHOBHUTCS OYEBUAHA HEOOXO-
JUMOCTb BHEAPEHUS TEXHOJIOTUH OJIOKYEHH B caMble pa3iIdvHbIC OT-
paciu MpOMBINIIIEHHOCTH, QUHAHCOBYIO cepy, chepy rocy1apCcTBeH-
HOTO peryiupoBanus. OnucanHble B pa00Te aCEKThl BHEIPEHUS TEX-
HOJIOTMH OJIOKYEHH M yMHBIX KOHTPAKTOB MO3BOJISIIOT IIPEAIIOIO0KHTD,
YTO MIPU TPAMOTHOM, CHCTEMAaTH3NPOBAHHOH paboTe, OCHOBAHHOM KakK
Ha MEXIyHapOAHOM COTPYIHHUYECTBE, TaK M IPU MOMOLIN rocynap-
CTBEHHOM MOIIEPKKH, BHEIPEHUE U pa3paboTka OJOKYEHH ceTel s
noBeIEHUS 3P PeKTuBHOCTH yuacTusa PO B MexayHApOIHBIX BBICO-
KOTEXHOJOTHYHBIX IIPOEKTaxX BIIOJHE OCYILIECTBMMA U NEPCIEKTUBHA
B Omkalime 1ecATUIICTHS.
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EXPLORING THE POSSIBILITIES
OF APPLYING BLOCKCHAIN TECHNOLOGY
TO INCREASE THE EFFICIENCY OF RUSSIAN
COMPANIES PARTICIPATION IN HIGH-TECH
INTERNATIONAL PROJECTS

Ivanov P.1.
RUDN University, Moscow, Russia

Abstract. The purpose of this paper is to explore the applica-
tion of blockchain technology in the context of managing a high-tech
international project. By analyzing the existing literature on this topic
and considering the functionality of blockchain technology. The rele-
vance of this study is due to the increasing spread of blockchain tech-
nology, smart contracts and various cryptocurrencies. In this paper,
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the analysis of the current situation regarding the regulation of block-
chain-technology in the Russian Federation, the relevance and possi-
bility of implementing the system at various levels of private and pub-
lic companies.

Key words: blockchain, project management, distributed regis-
try, smart contract, innovation management
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AHAJIN3 OTKPBITBIX BA3 JAHHBIX 29I
JIJIsI OEHKA MEHTAJIBHOM 3ATPY3KH
COTPYJHUKOB UHHOBAIIMOHHBIX KOPIIOPALIMI
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AHHOTauus. MeHTabHas 3arpy3Ka, TaKKe M3BECTHAs KaK KO-
THATHBHASI Harpy3Ka, OTHOCUTCS K YCHIJIMIO, KOTOPOE HEOOXOIUMO IS
BBITIOJIHEHHUS 3aJa4u WM 00paboTku mHpopManuu. OHa MOXKET OBITH
n3MepeHa ¢ IoMoLIbI0 3neKkTpos3HLedanorpadun (331'), koTopas 3amnu-
CBIBAET AIEKTPUUECKYIO0 aKTUBHOCTH Mo3ra. basa ganueix 991" coxep-
JKUT 3alUCH CUTHAJIOB MO3ra, KOTOPBIE MOTYT OBITh HCIONb30BaHbI AJIS
aHaJ M3a MEHTAJbHOM 3arpy3kud M IpyTruxX IoKasareield KOTHUTHBHOU
¢GyHKIMH. DTOT METOA MOXET OBITh WCHOJNB30BAaH IJISi UCCIICAOBAHMS
MICUXUYECKOTO 340POBbsI, KOTHUTUBHBIX HAPYLICHUH, TOBEACHUS U IPH-
HATHUS PELICHUM.

KaoueBbie cioBa: snekrposHuedanorpamma, 0aza IaHHBIX,
YaCTOTHBIC TUAMAa30HbI, JUArHOCTHUKA 3MMJIETICHH, IPOrpaMMHOe obec-
neyeHune

BBenenne
OnHuUM U3 CYLIECTBYIOLIUX MEXAaHU3MOB OIIEHKH MEHTAIbHOU
3arpy3KH SBISIFOTCS] METOIbI PU3HUOTIOTHUECKOT0 MOHUTOpUHTA. OHH Oa-
3UPYIOTCS Ha H3MEPEHUH TapaMeTpOB (PU3NOIOTHIECKUX (DYHKITHH, Ta-
KHX KaK 4acTOTa CePJIEYHBIX COKPAIeHHH, N3MEHEHHS AIEKTPO3HIIe(a-
JIOTpaMMbl, U3MEHEHHS pa3Mepa 3pauykoB U Apyrue. OTU METOHAbI HC-
TOJIL3YIOTCS JIJIS1 ONIPEIEIICHUS] YPOBHS HANPSDKEHUSI U YTOMIICHUSI.

OcHoBHast yacThb
Onexrposrnedanorpamma (33I°) — 3TO MeTON MCCIIENOBaHUS
MO3TOBOIl aKTMBHOCTH, OCHOBAaHHBIM Ha PETHUCTPALUHU INIEKTPUIECKUX
MOTEHIUAJIOB, TEHEPUPYEMBIX TOJIOBHBIM MO3roM. st monyyenus: 99T
UCIIOJIB3YETCS AIEKTPOAHAS CHCTEMa, KOTOpasl pa3MeIaeTcsl Ha TOJI0BE
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HanueHTa. JJIEKTPOABl PErHCTPUPYIOT SIEKTPUUYECKUE CHUTHAIIBI, TeHe-
pHpyeMBIE MO3TOM B IIpOIecce ero PYHKIIMOHMPOBAHUSL.

HccnenoBanne mpoBOAUTCA B TIOKOE, PU 3aKPBITBIX M OTKPHI-
THIX TJIa3aX, BO BpeMsl BBIIIOJHEHUS 3aJJaHUH WIN NIPU CTUMYJISILUH T1a-
LMEHTa 3ByKOM, CBETOM WM JAPYTrUMH cpeicTBamu. Pesynabrarer OO
MO3BOJIAIOT OLECHUTH (YHKUMOHAIBHOE COCTOSHUE TOJIOBHOTO MO3Ta,
OOHAPYXHUTh HATMYNE MATOJIOTHYECKUX N3MEHEHHH B €ro padoTe U BbI-
Oparb ONTUMAJIbHYIO TAKTUKY JICUCHUSI.

00T sBnsiercss 6e30macHON, HEBpEAHOW 1 0€3001e3HEHHOH TIPO-
LEeLypOii, KOTOpast MOJKET OBITh MMPOBEICHA KAK Y B3POCIbIX, TaK U Y JETEH.

151 TMarHoCTUKY SIUIIETICUH € TOMOIIbI0 D3I MpoBOIAT dIEK-
TposHLedanorpadpuueckoe ucciaenoBanue. Bo Bpems 3Toil mpouesypsl
Ha TOJIOBY IMAallMEHTa HAaJeBaeTCsl HaOOp AJIEKTPOAOB, KOTOPHIE pEru-
CTPHUPYIOT 3JIEKTPUUECKYIO0 aKTUBHOCTD MO3Ta.

3areM NauueHTy MpeIJIaraioT BBIMOJIHHUTH 3aJaHHs, KOTOPBIE
MOTYT BBI3BaTh 3MWJICNTUYECKUE MPUCTYIHI, Takue Kak (GoTocBeToBast
CTUMYJISILIMA WIN TUIEpBEHTWILUS. Bo Bpems 3TUX COOBITHI MO3T MO-
XKET MPOSIBIIATh HEPETYJSIPHYIO aKTUBHOCTD, OTPAXKAIOLIYIO STHJIETITH-
YEeCKHE IPUCTYTIBI.

Ilepen npoenennem 3317 HeoOXOMUMO NaTh MAlUEHTY WH-
CTPYKLUH O TOM, YTO €My CJIEAyeT YyBCTBOBaTh ce0s1 KOM(OPTHO, HE
IBUTaTbCs U HE TOBOPUTH BO BPEMS HCCIIEIOBAHUS, YTOOBI MOJyYUTh
HanOoJiee TOYHbIC PE3YIbTAThI.

Ecnu B pe3ynbrare ucciaenoBaHUS BBIABISIETCS SMMIICTICHUS, TO
3TO IOMOTAEeT ONpenenuTh GOopMY U XapakTep 3a00JIeBaHUs U HA3HAYUTD
Hauboee 3phEeKTUBHOE JIeUeHHE.

Kaxk npaBuno, nokazarenu 931 roJoBHOr0 M0O3ra ONUCHIBAIOTCS
B BU/I€ YACTOTHBIX HAIIa30HOB!

» llemsTa-putm (0,5-4 ['1) — HU3KOYACTOTHBIA PUTM, KOTOPOH
mpeobiagaeTr B TIyOOKOM CHE;

» Tera-put™m (4-8 I'11) — puTM, XapaKTEepHBIH TSI TITyOOKOTO Me-
JUTATUBHOTO COCTOSIHUS, pEOEPHOro CTaJuM CHA M ICHXOINAaTOJIOruye-
CKHX COCTOSTHHIA;

* Ampda-putm (8-13 I'r) — puT™M, XapaKTepHBINA UII COCTOSHUS
MTOKOSI ¥ PacciIaOIeHus;

* bera-put™m (14-30 I'r) — puT™, XapakTEpHBIH T aKTHBHOTO
MBILUICHNS, KOHLIEHTPAlUH BHUMAHHUSI, & TAK)KE CTPECCOBBIX U TPEBOXK-
HBIX COCTOSIHHIA;
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* lamma-putm (6omnee 30 I'm) — puTM, XapakTepHBIA ISl BBICO-
KOH KOHIIEHTpAIl1 BHUMAHUS U CO3HATEIILHOTO KOHTPOJISL.

IToMuMO 3TOr0, OLIEHUBAIOTCSI M IPyTHE apaMeTphl: aMIUIUTy1a
(BemmuuHa KoyeOaHUI TOKA), AJUTEIBHOCTh BOJH, JIATEHTHOCTH (BpeMs
MEXY CTUMYJIOM U TIOSIBJICHUEM PEaKkIMy B MO3Te), aCHMMETPHsI (OTIIH-
YHs B aKTUBHOCTH MO3TOBBIX MONyHIapuii) u T. A. KoMOMHAIMs pa3HbIX
MapaMeTpoOB U PUTMOB MOKET YKa3bIBaTh Ha ONpPEAEICHHBIE COCTOSHUS
MO3ra, HampuMep, HAIMYKEe SMWICHTHYECKOH aKTUBHOCTH, OpTaHHue-
CKUX HapyIICHUH, UHTEIJIEKTYIbHBIX CIOCOOHOCTEH H T. 1.

Jis nuarnocTuky snuiencuu no D21 mpoBosTCs cleayromye
IIary:

* Peructpanusa 33I'. DnekTpopl ycTaHaBIMBAIOT Ha TOJIOBE Ma-
LUEHTA, YTOOBI 3apETHCTPUPOBATH AIEKTPUIECKYIO aKTUBHOCThH MO3Ta.

* Unentudukanus snunentuOpMHBIX pa3paaoB. Bo Bpems pe-
THECTPallMd MOTYT TOSIBUTBHCS JMICHTH(QOPMHBIE pa3psibl, KOTOpPHIC
BBITJIAAT KaK NMEPUOTUUECKUE U3MEHEHUSI DIIEKTPUUECKOW aKTHUBHOCTH
Mo3ra. DTH pa3psAbl MOTYT MPUCYTCTBOBATH BO BPEMsI IPHUCTYIIOB JITH-
JIETICUY WJIH TIOSIBJISITHCS. BHE TIPUCTYTIOB.

* Kimaccudukanust snunentuOpMHBIX pa3psiioB. DMHIEITH-
(hopMHBIE pa3psibl KIACCUDUITUPYIOTCS TOAPOOHEE Ha OCHOBE UX (op-
MBI, YaCTOTHI M PACHOJIOKEHUS Ha TosioBe. HekoTopbie THITBI pa3psaoB
CBSI3aHBI C OMpEICICHHBIMU THITAMH STTHIICTICHH.

* Onpenenenue 3MEKTPOKIMHUYECKON Koppemstuuu. Ecnu anu-
nenTuOPMHBIN pa3psi]] COBIAAAET BO BPEMEHH € KITMHUYECKUM MTPUCTY-
IIOM, TO 3TO HA3BIBAETCS AJICKTPOKIMHUYECKON KOppesuuen. ITo moj-
TBEPIKAAET JUAarHO3 AMJICTICHH.

* OueHka pe3ynbTatoB. Pesynpratel D01 aHanu3upyroTcs Bpa-
90M, KOTOPBI MOXET OMPEJCTUTh HAJTMUUe SIHUIICTICUH U €€ THII, a TaK-
e PEKOMEH/I0BATh JICUCHHE.

bazer mannabix 901" — 310 Kowteknuu maHHbX DI, comepika-
mye WHPOPMAIMIO O PETHCTPUPOBAHHM 3JICKTPOIHIIC(aTOrpaMMbl
(33I). ba3zer gaunbx 21" UCMIONB3YIOTCS IS pa3IMYHBIX 3a/1a4, TAKUX
KaK JIMarHOCTHKA DITWICIICHU, UCCIIEIOBaHUE MO3TOBOW aKTHBHOCTH
1 pa3pab0TKa KOTHUTUBHBIX HHTEpdeiicor [1, 2].

Cy1iecTByeT MHOXeCTBO 0a3 aHHbIX DI, HEKOTOpPhIE U3 KOTO-
PBIX SIBISIOTCS. OTKPBITBIMU U JJOCTYITHBI JUIsSi CBOOOHOT'O MCIIOJIh30Ba-
HUS U CKAuMBaHMS, HAIIPUMED:

o PhysioNet — koyekius 0a3 qaHHBIX (PU3HOIOTUYSCKUX CHUT-
HaJIoB, BKItouas D01
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o EEGBase — 6a3a mannsix 29I, comepxaiiasi 3JeKTPOIHIIS-
(hastorpaMMBbI 3I0POBBIX JIFOJICH U MAIUSHTOB C Pa3IMYHBIMU 3200JIeBa-
HHSIMU.

e BCI Competition — KOJJICKITUS TAHHBIX, UCTIOIb3yeMast JJIst
pa3pabOTKH KOTHUTHBHBIX HHTEP(HEHCOB.

e OpenMIIR — 06a3a maHHBIX, copepKaias MHOTOYHCICHHbBIE
nataceTsl OOI', mony4YeHHbIE B pe3ysbTaTe MCCICAOBAHUI MY3BIKAIIb-
HOT'O BOCHPHATHS U UMITPOBH3AIIHY.

e eegrepository — oTKpbITast 6aza nanapIx D01, comepxarmas
JaHHBIE 00 ANIEKTPOIHIEATOTpaMME U IPYTUX (HU3NOIOTHIECKHUX I10-
Ka3aTesX.

Hcnonws3oBanue Takux 0a3 JaHHBIX [TO3BOJISAET YIYUIIUTh Kade-
CTBO UCCIIEZIOBaHUH, CHU3UTH BpEMs U 3aTpaThl Ha cOOp MaHHBIX U I1O-
BBICHTh TOUHOCTH JJUATHOCTUKH.

B 6azax gansbix D01 comeprkarcst 3amUCH AIEKTPUIECKON aK-
TUBHOCTH MO3Ta B BUJIe TPaA(UKOB, KOTOPHIE OBUIH MOJIYYEHBI C TIOMO-
mpio nekTpodHnedanorpadgun. Kpome toro, 6a3pl TaHHBIX MOTYT CO-
nepxath HHOOPMAIUIO O KIMHUYECKAX XapaKTePUCTHKAX MalMeHTOB
(Bo3pacT, o, TMarHo3), a Takxe o crocobax o0pabOTKY 1 aHATN3a JJaH-
HbIX. HexoTopblie 6a3bl JaHHBIX MOTYT TaKKe COIEPKaTh WHHOPMAITIIO
0 COOBITHSAX (HAIPUMEp, MHUICTITUIECKIE MTPHUITAIKN), KOTOPhIE MOTYT
OBITh CBSI3aHBI C U3MEHEHHMSMH B JJIEKTPUYECKON aKTHBHOCTH MO3Ta.
OTH JaHHBIE MOTYT OBITH MCIIONB30BaHBI ISl HCCIIEOBAHUS HE TOIBKO
HOPMAaJTbHOM, HO M TMATOJOTHYECKON aKTHBHOCTH MO3Ta, a TaKXKe I
pa3pabOTKH HOBBIX METOJIOB TUATHOCTHUKH U JICUEHUS Pa3IUIHbIX 3200-
JeBaHuH [3, 4].

Jns otkpeitus daiinoB u3 6a3sl qaHHBX I3 HE0OX0AUMO HC-
MOJIE30BaTh CIENHATN3NPOBAHHOE TPOTPaMMHOE obecriedueHne st 00-
pabotkn u amanmm3a OOI'-maHHBIX. HekoTopple M3 Takux IMporpamMm
BKJIIOUAOT B ceOs:

e EEGLAB

e BrainVision Analyzer

e EDFbrowser

e FieldTrip

EEGLAB — 310 OecruraTHOe HporpaMMHOE oOecIiedeHue s
aHanm3a deKTpodHIedanorpaMmsl (3317), KOTOpPOE MO3BOJISET paccur-
THIBaTh ¥ AaHAJIM3UPOBATH BPEMEHHBIE, YACTOTHBIC U TPOCTPAHCTBEHHBIC
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xapakTepucTukd OO 1 BBIABICHUS CHEUM(PUUECKUX COCTOSHUM
MO3Ta ¥ MOCTPOCHUS MO3TOBBIX KapT.

Uto0s!I ucnonb3oBath EEGLAB, HE00X0AMMO BBITOIHUTE ClIE-
JIYIOLIUE IIary:

e VYcranoButh MATLAB. EEGLAB npennazHaueH uisi uc-
moJjp3oBanus ¢ nakeroM MATLAB.

e VYcraHoButs EEGLAB. IIporpaMMmy MOXHO 3arpys3uth ¢ odu-
nuansHoro caiita EEGLAB.

e 3arpy3uth naHHbIe. [aHHBIE MOXXHO 3arpy3uth B (popma-
te .dat, .edf, .bdf u apyrux popmarax.

e [lpenBapurensHas oOpaborka nanHeix. EEGLAB mpeno-
cTaBisgeT QYHKIUH sl (PUIBTPAINH TaHHBIX, BEIYUCICHUS KOMIIOHEHT
WHJIUBUYAIbHBIX U CPEIHUX MO3TOBBIX MATTEPHOB.

e Anamm3 ganHbix. EEGLAB mpenmocraBnser GyHKIMH A
aHanu3a JaHHbIX, Takue kak [IFEEG, mokasbiBaromiye pa3inyuus B aKTUB-
HOCTH MO3Ta B 3aBUCUMOCTH OT BPEMEHH M OOIIUX YacTOT.

e Busyanuzaunus nansaeix. EEGLAB npenocTtaBisieT MHOXKe-
CTBO MHCTPYMEHTOB JJIsl BU3yalM3alliy JaHHBIX, TAKUX KaK KOJbIIEBas
KapTa, TOJIOBHAs KapTa U MHOTHE JpyTHE.

B niemom, EEGLAB — 3T0 MOIIHBEIH ¥ yTOOHBII HHCTPYMEHT A5
aHanm3a gaHHbIX D3I ¥ MOHMMAaHUS COCTOSHHM MO3Ta.

BrainVision Analyzer — 310 mporpammHoe obecriedeHue s
aHanmm3a NaHHBIX diekTpodHiedanorpaduu (O31) W OpPyrux THUIIOB
HEHPOPU3NOTOTUIECKHIX TaHHBIX.

[Ipeumyiuectna:

o I[lwupokuii HaOOp GYHKIWHA I aHaATW3a, BKIIOYas oOpa-
OOTKY CHTHAJIOB, JMIOXH, CHEKTPaJbHBIA aHAM3 W TOMOTPadUIECKHMA
MAIIITUHT.

o [lomnepxxka pa3nmuaHbIX (OPMATOB JaHHBIX.

e lmeeTcst BOSMOXXHOCTH aBTOMAaTHIECKOH 00pabOTKHM JaHHBIX
M CTaTHCTHUYECKOI'O aHAJIH3A.

o [lomp3oBaTenbCKUit HHTEPPEIC MPOCT B UCTIOIL30BAHU.

Henocratku:

e Bricokas cTOMMOCTH MPOTPaAMMHOTO OOSCIICUCHHSI.

e He Bce (pyHKIIMU TOCTYITHBI JIS1 HEKOTOPHIX THITOB TaHHBIX.

e Tpebyercs HaBBIK PabOTHI C IPOTPAMMO ¥ TIOHUMAHHE Me-
TOJIOJIOTUH aHAJIN3a HEHPOPHU3UOIOTHUECKUX TaHHBIX.
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EDFbrowser — 3T0 OecmiatHas mporpaMma Ajisi IpocMoTpa U
aHanu3a GU3UOIOTUIECKUX AaHHBIX, TakuX kKak D3I, OKT', OMI u npy-
T'HX 3amnuceil OMOIOTHYECKUX CUT'HAJIOB.

Ocnosuble ocodennoct EDFbrowser:

e [IpocMOTp HECKOJNBKHMX KaHAJOB JaHHBIX OJHOBPEMEHHO,
YTO MO3BOJIAET OBICTPO OLEHUTH COOTHOLICHHE MEXKIY Pa3IHYHBIMH
CUTHaJIaMH.

e B03MOXHOCTh MacITaOMPOBaHUs JAaHHBIX, YIyYLICHUS Ka-
YecTBa CUTHANA WU (PUiIbTpaLluy LTyMOB.

e ABTOMaTHYECKOE PACHO3HABAaHHE apTe(aKTOB M MOMEX Ha
3aIUCSIX CUTHAJIOB.

e Bo03MOXHOCTh 3KCIIOPTHPOBATH AaHHbIE B (opmaTtel CSV,
ASCII, EDF u EDF+.

e BcTpoeHHBIE HHCTPYMEHTBI AJIs1 U3MEPEHUSI BPEMEHHbBIX WH-
TEpBaJIOB, aHAIN3A CTATUCTUKH U CO3JaHUs Tpa(rKOB.

o [Ipocroii naTepdelic 1 UHTYUTUBHO MOHITHBIE HACTPOWKH,
YTO JieJIaeT MPOrpaMMy AOCTYIHOM AJISl UCTIIONIb30BaHMS KaK HAuWHAIo-
LIMM, TaK U OTIBITHBIM HCCIIEIOBATEIISIM.

FieldTrip — sT0o otkpeiThIi mHCTpyMeHTapuiik MATLAB ans
aHaJIM3a JAHHBIX AJIEKTPO(PHU3MOIOTHUECKUX M MarHuTo3HIedasorpa-
¢uuecknx (EEG / MEQG) nccnenoBannii Mo3ra.

Ocobennocts FieldTrip 3akmodaercs B ero THOKON apXHUTEK-
Type, KOTOpasi HO3BOJIET MOIb30BATENSIM JIETKO aJalTUPOBAaTh aHAIN3 K
CBOEMY KOHKPETHOMY HCCJeIOBaHUIO. bubnmoreka comep>KuT MHOXKe-
cTBO (DyHKITHI [IJIs TpeABaApUTENHEHOM 00pabOTKH TaHHBIX, CTATUCTHYE-
CKOTO aHaM3a W BU3yalmu3amuu pe3ynbTatoB. Kpome Toro, FieldTrip
nMeeT OO0JNBIIoe COOOIIEeCTBO MOIb30BaTeNe U pa3paboOTINKOB, KOTO-
pble 0OMEHMBAIOTCS] HAPAOOTKAMH M COBETAMHU ISl YIIyUIIEHUS] HHCTPY-
MeHTa [5, 6].

BrIBOIBI
baspr nanabix O30 (anmekTposHuedanorpaMm) CTaHOBITCS BCE
OoJiee MOMyJIIPHBIMU B HAYYHOM MUpE. DTOT THII 0a3 JaHHBIX cCOOMpaeT
nHPOpPMAUIO 00 AMEKTPUUECKOW aKTHBHOCTH MO3Td M HMCHOJIb3YeTCS
JUIS UCCIIE0BAHUS aKTUBHOCTH MO3T'a B OIPEIENIEHHBIX KOHTEKCTAX, Ta-
KHX KaK KOTHUTHBHBIE 3a/1a4H, TI00bIe (hOPMBI TOBEJICHUS U HACTPOCHHS.
OHM UCTIONB3YIOTCA BO MHOTHX OONACTSIX HAyKH U MEAULIUHBL:
B HEHpOHAyKe M IICHUXOJOTMH JUId HU3Y4YEHHS MO3TOBOH aKTUBHOCTH
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U CcOCOOHOCTH MO3ra oOpabaThiBaTh MH(GOPMALIUIO, B MEAULIUHE JUIS
JUAarHOCTUKU HEBPOJIOTHUECKUX 3a00JIeBaHUM, TAaKUX KaK SIUIICTICHA
U JIeTpecchsl, a TaK)Ke B IPOMBIIUIEHHOCTH U TEXHOJIOTUHU JUIA TU3aiiHa
UHTEP(ENCOB YEeTOBEK-MAaIlHH.

OpHa u3 caMbIX MOMYJAPHBIX 0a3 qanHbIX D01 — 310 6a3a gaH-
Heix EEG Motor Movement/Imagery Dataset, koTopasi conepxur 3a-
MUCH MO3TOBOM aKTMBHOCTH BO BPEMS BBINOJHEHUS JBMKEHUHN U MIpe.-
cTaBJieHus IBMKeHNH. OHa UCTIONB3yeTcs B TaKMX 00JacTsaX, Kak OHo-
MEAUIMHCKOE MHXEHEPHOEe JEI0 U peaduinTanus NauueHToB C Hapy-
LIEHUEM JBHUTaTEIbHBIX (PYHKIHH.

B Hacrosimee BpeMs uccienoBanusi 6a3 maHHbIX OO cTaHo-
BATCS Bce OoJiee JOCTYNHBIMH OJarofapsi pocTy TEXHOJIOIMH U CHUKe-
HHUIO CTOMMOCTH 000pyIOBaHHUS. DTO OTKPHIBAET HOBBIE BO3MOKHOCTH
JUTS UCCIIEZIOBATENbCKUX TPYIII IO BCEMY MUDY.

3akiaouenue

NuHoBanmoHHOE pa3BUTHE B 007acCTH HEWPOTEXHOIOTHH U
O0I'-TeXHONOTHH, TaKNX KaK aHaJIN3 JAHHBIX MO3TOBOM aKTHBHOCTH,
MOJKET IIPUBECTH K CO3JIaHHIO HOBBIX HHCTPYMEHTOB U METOJIOB B 00JIa-
CTH MEIWIUHBI, TICUXOJIOTHH, CIIOPTUBHOW TPEHHPOBKH U OOydYEHUS.
OnHUM U3 TaKUX MHCTPYMEHTOB sBJsieTcsl Oa3a maHHbIX D01, KoTOpas
MOJKET OBITh NCTIONB30BaHA /IS XPAaHSHHS U aHaN3a TaHHBIX MO3TOBOM
AKTUBHOCTH.

MeHTanbHas 3arpy3Ka, Wi KOTHUTUBHAs Harpy3ka, OTHOCHUTCS
K YCHITUSIM, KOTOPBIC YeJIOBEK IPHIIAraeT s BHITOTHEHMS 3a/1a4H, Tpe-
Oyrolieil MTOHUMAaHHS, PEIIeHUs TPOOJIeM WIIH MPUHSTHA perteHui. Mc-
nonb3oBaHue D3I B coueTaHuU ¢ MEpaMu MEHTAJIbHOM 3arpy3Ku MOKET
MMOMOYb MCCIIEAOBATENSIM MOHATH, KaK MO3T ()YHKIIMOHUPYET TPH BHI-
MTOJTHEHUH CIIOXHBIX 32/1a4 M KaK 3TO CBsI3aHO C 3P PEeKTUBHOCTHIO U pe-
3yJbTaTaMH.

Ucnonw3oBanue 6a3 nanupix 21" B codeTaHnu ¢ MepaMu MeH-
TaJbHOM 3arpy3KH MOXKET IIOMOYb B OTPEACIICHHH ONTUMAIBHBIX yCIIO-
BUU A BBIIOJIHEHUS 3a7a4, YIYYIIEHWs OOY4YeHUS W TPEHHUPOBKH,
a TaKke pa3paOdO0TKN HOBBIX TEXHOIIOTHH, OCHOBaHHBIX Ha MO3TOBOM aK-
TrBHOCTH. Hampumep, pa3paboTka TEXHOJOTHH, KOTOPBIE MOTYT aBTO-
MaTHYECKH aHAIM3HPOBATh MO3TOBYIO aKTUBHOCTH W OMPEAEISATH YPO-
BEHb MEHTAJHHOMN 3arpy3Kd YeIOBeKa, MOXET MMOMOYb B ONITHUMHU3AIINU
MPOM3BOAUTEIHHOCTH W TPEIOTBPAIICHHN HETaTUBHBIX TOCIEICTBUH,
CBSI3aHHBIX C IEPETPY3KOH MO3Ta.
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ANALYSIS OF OPEN EEG DATABASES
FOR ASSESSING THE MENTAL LOAD OF EMPLOYEES
OF INNOVATIVE CORPORATIONS

Tolmanova V.V.
Andrikov D.A.
RUDN University, Moscow, Russia

Abstract. Mental load, also known as cognitive load, refers to
the effort required to complete a task or process information. It can be
measured using electroencephalography (EEG), which records the elec-
trical activity of the brain. The EEG database contains records of brain
signals that can be used to analyze mental loading and other indicators
of cognitive function. This method can be used to investigate mental
health, cognitive impairment, behavior and decision making.

Key words: electroencephalogram, database, frequency ranges,
diagnosis of epilepsy, software
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AJITOPUTM U METOJIUKA YIIPABJIEHUS
TPAHCIIOPTHBIM CPEACTBOM
B YCJIOBUSX KOH®JIUKTHOMU CUTYAIIUA

Anopuxos /Im.A.

Jlenapmamenm MexaHuxu u npoyeccos ynpaeieHus,
Poccutickuii ynusepcumem opyacowt Hapooos, Mockea, Poccus
andrikov-dman@rudn.ru

AnHoTtauus. CtaThs MOCBSILEHA YIPABICHUIO TPAHCIOPTHBIM
CPEICTBOM, OCHOBHBIM IOKa3aTeNleM SABISAETCS MEPEXO0] OT «PaBHOBE-
CHS» K [IUKJIY», TaK HA3bIBAEMOMY MOTEPIO YCTOMYUBOCTH. PsAaoM nsme-
HSIIOIINXCS TApaMETPOB ABHXEHUS, OyIyT MOBEPXHOCTh TOPMOXKEHHUS,
oleparop M ynpasisAtouii MOMEHT. CTaHJapTHBIE TIOAXOAbI YIpaBe-
HUS YSI3BUMBI K KJIIOUEBOMY CBOMCTBY MapajlieNbHBIX BBIYMCICHUH —
€CTECTBEHHAs MOJIEPKKAa KOHCTPYKTUBHBIX NPOLIECCOB.

KurodeBble cioBa: TpaHCIOPTHOE CPENCTBO, YCTONYHMBOCT,
paBHOBecHE

AKTyaJIbHOCTb pa0doThI

B ycroitunBoM cocTosHnu cuctemMa « TpaHCTIOPTHOE CPENCTBO —
Bremmnsist cpena — Oneparop» (aanee — « TC-BC-O») moxeT nmoacTpau-
BaThCsI K OMACHBIM JOPOKHBIM CUTYalUsIM, B pe3yJbTaTe ONepaTop Mpu-
HUMAET pelIeHHE 110 3apaHee MPOCYNTAHHBIM, XOPOIIO ONITUMU3UPOBAH-
HBIM aIropuT™MaM. B Takux cuTyanusix puck NpoucCIeCTBUA MUHUMAIICH.

Ha mpakTtuke ucnonb3oBaHUE MHTEIUICKTYaJIbHBIX CHUCTEM YII-
paBieHus HeoOxoaumo, koraa cuctema « TC-BC-O» okaspiBaeTcs B He-
YCTOHYMBOM COCTOSIHMM. Kak npaBmiio, omacHble COCTOSHUS IpocMart-
PHUBAIOTCS Xa0TUYECKUMH IPOIIECCaMHU, KOTOPBIE CII0KHO MPOTHO3HPY-
I0TCS M CIOXHO MOJAAI0TCA aHanu3y. JIMHaMuKa TakKuX MPOLECCOB 3a-
MMyTaHa ¥ MPUOIIKEHA K CTOXaCTUYECKHIM ITPOIECCaM.

[InanoMepHBIi 1 paBHOMEPHBIN POCT CMEHSIFOT OOJIBIINE CKAUKH
aMIUTMTYJBl W TIeprofa KoJeOaHWH mapaMeTpoB CUCTEMBI. B cBs3m
C OTUM, Y CHCTEMBI OyJIET «KOPUIOP» BO3MOXKHBIX aIrOPUTMOB IIPUHS-
THS pENICHUs, KOTOPhIE PEIIeHbl C TOMOIIBI0 COCTOSHUS BHEIIHEH
cpensl (MTOKPHITHE, HEOIATONPHUSITHBIE METEOPOJIOTHYECKUE YCIOBHS U
T. .). JI71s ommcaHust TaKUX «TPYIHBIX» CUCTEM MPUMEHUM 3 (HEeKTHB-
HBII MaTEMaTHYECKUH armapar, a TaKkke MpaKkTHKa KaTacTpod U XaoTH-
yecKou nuHamMukH [1].
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C nozunun o01Ie TEOpHH CHCTEM TEPMHUH «KaTtacTpoday o3Ha-
YaeT CKauKooOpa3HOEe M3MEHEHHE COCTOSIHUE HCCIIEILyeMOW CHCTEMBI
MpY HE3HAYUTEIHHOM H3MEHEHHH apaMeTPOB, €€ ONMICHIBAIOIIMX.

Ilo mpakTuke aHanM3 MPOTHO3HPOBAHUS IIMPOKO NPUMEHUM
MPEISIOKEHHBI XaKeHOM — CHHEPreTHYECKUN CUCTEeMaTHIECKUN aHau3,
OTIpEeNSIONIMI Tepexo/] OT Xa0TUIECKUH mapaMeTpoB K nopsaky. On-
HAKO MPUMEHUTENBHO K TEKyLIeW 3aJaue oOpaTHBIN Mepexo] «OT Io-
psizKa K Xxaocy». Xaoc B HalleM ciiyyae OyZeT IpH yCIOBHU:

1) 3HAUUTEIHHOM MNOBBIILIEHUH TOPMOXKEHUS (IpU JHOOBIX Ha-
YaJIbHBIX YCIOBHUSX TPACKTOPUH JBMKEHHS TPAHCIIOPTHOTO CPEJICTBA);

2) MHOBEHHOM II€PEXOC C OAHOM MOBEPXHOCTH, C OOJBIINM
K03 PUIIMEHTOM CLEIUIEHHS, K MOBEPXHOCTH C XYALIMM KO3 dHULIHEH-
TOM CILICTUICHUS;

3) MrHOBEHHBIN HA0OP CKOPOCTH, YTO MO3BOJISIET OLICHUTD 1 BHE-
CTH KOPPEKTUPOBKH B AITOPUTM NPUHATHUS PEILICHHUS;

4) MTHOBEHHOM CHM)KEHHUH YITIOBBIX CKOPOCTEH 1 KIIFOUEBBIX Ia-
paMeTpOB JIBUKSHHS;

5) BO3MOKHBIE OTKIIOHEHHS OT MPOJIOIBHOTO JIBIKSHUSI.

Aerpagaums

paBHOBeCHe

aTTpakTop

MapameTp COCTOAHMA CUCTEMDI

Bpems

Puc. 1. Cuenapuii xaoTusauumu
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B Tekymielt 3amade mpu KOHTPOJE ABMKEHUS HAJ TPaHCIOPT-
HBIM CpEICTBOM OYEHb Ba)XKHBIM SIBIISIETCA MEPEXOA OT «PABHOBECHS
K IUKITY», TaK Ha3blBaeMas yTepsi KOHTPOJsl ABMXeHus. B Teopun xao-
TUYECKOW AUHAMHKH (KaTtacTpod) BELACISIIOT HOTEPH YCTOMYMBOCTH CO-
CTOSIHHS paBHOBECHsI — pUC. 2. BEIOpaHbI OCHOBHBIE PABHOBECHS — «MSAT-
Koey. JTO CBA3aHO C NapaMeTpHu3alen 3aJaun.

«MArKaa»

v

MapameTp COCTOAHMA CUCTEMDI

\/ \ Bpems

Puc. 2. Msarkas norepsi ycToi4MBOCTH

IIpu MsArKo# moTepe yCTOMYMBOCTH OIpPENEIsIeTCS HEKOTOPBIN
KoJieOaTeNIbHBI PEeXUM C Bo3pacTaroiied ammuTyaoil. [Ipumenu-
TEJNBHO K YHPaBJICHUIO TPAHCHOPTHBIM CPEACTBOM 0ojiee MHTEPECHBIM
SBIISIETCS. BTOPOM B NIOTEpH YCTOHUMBOCTH — TpyOast. [Ipu atom cu-
cTeMa yXOJHT C YCTOUMBOI'O PEKMMa CKadka (pHc. 2) U MepecKaKuBaeT
Ha JPyTOH peXUM ABHIKEHUS — IEPEXOJT OT OJJHOTO MOKPBITHUS K IPYTOMY.

Auaroputm ynpasiaenust TC
BexTopHbIii moOKa3aTrenb B paccMaTpUBAEMOM BapUaHTE KOH-
(NUKTHON CUTyallMy 3aJaH B BUAE OCHOBHBIX IOKa3aTeNeH sl clemy-
IOLIUX OOBEKTOB!

JA:(JAI’JAZ’J/B)’ Jn:(Jmaanans)’ ()

Krnaccuueckass IocTaHOBKa 33Ja4d OLEHKH YCTOMYMBOCTH
TPaHCHOPTHOIO CpeAcTBa oTpaxkeHa B ¢opmynax 1-4: mokaszarenun TC
1 KPUTEPHH ONTHMHU3ALNN UMEIOT CIETYIOIINN BUA:
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T
J a1 = [(Q, =Q.4,)* dt — min @)
: 4.

0

KypcoBasi crabunusaius TC (TouHee A0mycTUMast KypcoBasi He-
YCTOWYMBOCTh Ha WHTEPBAJIC BPEMECHHU (2‘0, T)), rne Q2 2000 - Paspe-

LIEHHas BEJIWYMHA YIJIOBOTO YCKOPEHMs, M TJAE THUIHMYHBIC 3HAYEHUS
Hayana ¥ OKOHYaHUsl pobacTHoro MHTepBaia ympasienus ABC t=0,
T=0.15 coOTBETCTBEHHO;

J ,, =V (1)) > min — npogoneHOe 3aMe/IeHNE 3)
94
T
J 3= J’ V2dt — min — MMHUMAJIbHBIHA 3aHOC 4)
y
q,
; A

0

YnyuieHue TeKyIero nojaxoaa B HeoOX0JUMOCTH pacydera Iie-
soro Habopa Mmokasarenei (yroy HoBopoTa, oMepeyHoe YCKOPEHUE, T0-
MEPEYHBIA CHOC U TakK Jajiee).

MMmenHo u3-3a 4yBCTBUTEIBHOCTH K MEPBOHAYAIBHBIM MOKa3a-
TensIM TPYAHBIM sBJsieTcsl oueHka noBeaeHust cucrteMbl «TC-BC-O»
B YCJIOBUSX HECTaOWJILHOW BHEIIHEH cpensl [2]. B Toxe Bpems B cu-
CTEME MOXXHO BBIJICIIUTh COCTOSIHUS, K KOTOPBIM OJIM3KH TPACKTOPUHU
JIBUKCHHS CUCTEMBI (TI0]] JBMYKEHUEM CHUCTEMbI TIOHUMAETCS HE TOJLKO
JIBIDKEHUE TPAHCIOPTHOIO CPEACTBA, HO M H3MEHEHHE MapamMeTpoB
CpeZbl M OTIepaTopa).

Tak kak cucTeMa onpenescHa B yCTOMYUBOM COCTOSIHUHU, TO aT-
TPaKTOP SIBJIIETCS HEKOTOPAsi TOUKa (Pa30BOTr0 MPOCTPAHCTBA, OMUCHIBA-
IOILIETO TMHAMUKY OBMkeHUs cucteMbl « TC-BC-Ov.

Ecnu e mapameTpbl HAXOAUTCA B HEYIIPABISIEMOM COCTOSIHUE,
TO €€ TPAaCeKTOPHsI MOXKET IMPUTITUBATHCS K TaK HA3bIBAEMOMY «CTpaH-
HOMY arTpakTopy». OnucaHHbI MOABU ATTPAKTOPA OYEHb UYBCTBUTE-
JIEH HAYaJIbHBIM JTaHHBIM.
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Puc. 3. I'paduueckoe n3o0paskeHne KpUTEPUsi ONTHMH3AIUM 3a1a4H

Kopumop 6e3omacHoctu popmupyrores 3a cuet 10-15% norry-
CTHMOTO OTKJIOHCHUS JIBIDKEHUS KOJieca C IPOCKAIb3bIBAHUEM.

ATTpakTOp OYIEeT MOBEPXHOCTh KOMIICHCAIIMA BO3MYIICHHS —
TO4YKa (BO MHOTOMEPHOM CJTy4and Habop KOOPAHUHAT, CICIOBATEIHLHO T10-
BEPXHOCTb) YCTOWYMBOTO JIBIKEHUS TPEOYyEeMOTo MMOCTaBICHHON 3a/1a4H.

[To uToram MoenupoBaHus BUIHO, 4yTO iepexoabl TC u3 cocro-
SIHUS B TIOJIOKCHHE XapaKTePU3yTCS MTHOBEHHBIMH H3MEHEHHUSIMU 3Ha-
YEHHI yTJIa TIOBOPOTa U KIIFOUEBOTO MapaMeTpa — JaBJICHUS B TOPMO3-
Holl cucteMme [3, 4]. B To e BpeMs B UCCIeAyEeMOM CUCTEME MOYKHO Olie-
HUTbh COCTOSIHMS — aTTPaKTOpa, K KOTOPHIM CTATHUBACTCS TPACKTOPHS
JIBIOKCHUSI CUCTEMBI (TI07] IBIDKEHHUEM CHCTEMBI OyJIeM CUUTATh JBYIKE-
HUE HE TOJBHKO TPAHCIIOPTHOTO CPEICTBA, HO U U3MEHEHHSI TTapaMeTPOB
BHEITHEW CPeJIbl U OTleparopa).

OneHka NapaMeTpoB aJIrOpuTMAa
ITo uroram mozenupoBaHus nokazansl nepexoabl TC U3 oxHOTO
YCTOWYMBOTO COCTOSHHS B IPYrO€ YCTOWYNBOE COCTOSIHHE (OHU OIHCHI-
BAIOTCS MOHOYYAaCTKaMH BPEMEHHBIX PSIOB), TAKKE OHU XapaKTepH3Y-
IOT Pe3KMMHU CMEHAaMH 3HAUYeHHH YIja MOBOPOTAa W JABJICHHS B TOp-

85



Mo3Ho# cucteme. TC Bener ceOsi B 7TOT MOMEHT KaK HEyCTOMYHMBAsI CU-
cTeMa, coBeplIaiomias «(pa3oBbIid» Mepexoa K HOBOW 00IacTH JOITyCTH-
MBIX 3HA4€HHUH (CKOPOCTb, CHJa AABJICHUS B TOPMO3HBIX LWIMHIAPAX,
YTOJI IOBOPOTA PYJIsl, 3HAU€HHE AaTYNKOB MPOAOIBLHOTO U ITOTIEPEYHOTO
YCKOpPEHUH U Ap.).

Texymume nonoxxeHne OyAeT SBJIATHCS BEPIIMHAMHU OMMCAHHOTO
panee rpada. Ilepexonpl cucTeMbl U3 OJHOTO COCTOSHHA B APYroe OMu-
caHbl peOpamu rpaga.

TpaHcriopTHOE CPEACTBO MOXKET B TEKYILIEM IOJOKEHHH BECTH
ce0s1 KaKk HeyCTOMUYMBas cucTeMa, Jenaromas «(pa3oBbli» CKaYOKK HO-
BOM 00J1acTH pa3peleHHbIX 3HAaUeHUH (CKOpOCTh pasroHa). Takoe onu-
CaHre MO3BOJIACT CHEUUAIBHBIM MaTEMaTHYECKUM HHCTPYMEHTOM Olle-
HUTH BEKTOP COCTOSIHUSI.

Ilepexon metacuctemsl «TC-BC-O» B pekUM «CTpaHHOTO aT-
TPaKTOPa» 03HauaeT BOZHUKHOBEHHE CI0KHBIX HETIEPUOIUIECKUX KOJIe-
0aHuil, KOTOpbIE OYEHb UyBCTBUTENBHBI K HE3HAUUTEIbHBIM H3MEHE-
HUSIM HAa4aJbHBIX YCIOBUH — YTOJI IOBOPOTA PYJIs, AaBJICHUE B TOPMO3-
HOH cucTeMe, yrioBble CKOpocTu Koiéc u ap. [S]. Ecau cuctema Haxo-
JUTCSI B HEYCTOWYMBOM COCTOSIHHM, TO €€ TPACKTOPUH MOTYT IPUTSTH-
BaThCS K TaK Ha3bIBAEMOMY «CTPAHHOMY aTTPaKTOPY».

B 3T0i1 cBs3M ABE NMpPAaKTUYECKH MIACHTUYHBIE TPACKTOPHUU CO
BpPEMEHEM II€PECTalOT ObITh CXOXHMMHU (CHCTeMa HaxOAWUTCS Ha dase
IBYX COCTOSIHUIT). DTO MPeryCMOTPEHO HEBO3MOXKHOCTH TOYHOI'O OLle-
HUBaHUS COCTOSHHUSI CUCTEMBI («3deKT 6ab0uKm» — OECKOHETHO HE3HA-
YUTEIBHO BO3MYILECHUS [TOKa3aTeleld BHELIHEN Cpeibl).

s KOJIMYECTBEHHOM OLICHKU ONpPENENsieM CKOPOCTH JIEBOTO U
npasoro koneca. PopManuzyeM KpuTepur ONTUMU3ALIN TEKYIIEeH 3a1a4u.

|V-Va|<b, (&)

rae Vi — CKopocTbh NMPaBOro MEpPBOro Koyuec, Vi — CKOPOCTh Jie-
BOTO TIEPBOTO KOJIeC, b- KO3 PHUIIMEHT MOTPENTHOCTH CTaOITH3aIIHH.

B nannbix nokazarensx T — 3agaHabIil ”HTEpBAI pOOACTHOTO pe-
IYJIMpOBaHUA (MEHBILUI, 4eM BpeMsl peakLuy BOOUTEN), 11— 3agaHHas
BEJIMYMHA BPEMEHHU MPOTHO3a 3aME/JICHHS.

3akiouenue
Jlis mporHO3MpyeMOl OIICHKH CTa0MIIN3aIlliu CUCTeMBI «Bou-
Tens — TpancnopTHoe cpenctBo — Cpenay NpejioKeH alrOpUTM, MO3-
BOJISIFOIIIUE OIEHUBATh PEKOMEHIaTEILHBIC YIIPABICHUE CTA0MIIN3aIINH.

86



CHpOeKTI/IpOBaHa CXEMa, TIO3BOJIAIOmIasl OLCHUTh CTCIICHb pPHUCKaA
n CTpaHHBIf’I aTTPAKTOP. 3T0 MOACIb 3aBHCHMaA OT BHEIIIHCH CpCabl
1 YUUTBIBACT ITOKA3aTCIIN OmIepaTopa.
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ALGORITHM AND METHODOLOGY
OF VEHICLE MANAGEMENT IN A CONFLICT SITUATION

Andrikov D.

Department Mechanical and control process,
RUDN Upniversity, Moscow, Russia
andrikov-dman@rudn.ru

Abstract. The article is devoted to driving a vehicle, the main
indicator is the transition from "equilibrium" to a cycle, the so-called loss
of stability. A number of changing motion parameters will be the braking
surface, the operator and the control moment. Standard management
approaches are vulnerable to the key property of parallel computing — the
natural support of constructive processes.

Keywords: vehicle, stability, equilibrium
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TECHNICAL AND ECONOMIC STUDY AND PRESENTATION
OF TEST RESULTS OF MEDIA COOLING SYSTEM
IN YAZD COMBINED CYCLE POWER PLANT

Abdolhossein Gharehsheikh Bayat, PhD student
RUDN University, Moscow, Russia
abdollhosein.65@googlemail.com

Abstract. Increasing electricity consumption in Iran and the
need to increase the production of power plants is inevitable. Due to the
increase in the number of gas power generation units in Iran, their opti-
mal operation is important and it is necessary to localize the systems to
increase capacity. The production capacity of the gas turbine is inversely
related to the inlet temperature to the compressor and with increasing the
inlet temperature, the power of the units decreases.

Due to the hot and dry climate of Iran, this issue is of special
importance. Therefore, systems have been developed to reduce the inlet
air temperature of gas turbines that are used. In this evaluation, the cool-
ing turbine inlet air cooling systems and the cooling system implemented
in Yazd power plant are evaluated in a specialized method. The cooling
system used in Yazd power plant, according to technical and economic
evaluations, is the evaporative type of wet media, which has increased
the power by at least 14% in gas turbines.

Key words: Gas turbines, inlet air cooling, output power in-
crease, media cooling system, efficiency

Introduction

The electricity industry is an infrastructure industry whose sur-
vival depends on the optimal production of electricity by power plants.
The operation of gas turbines that are used to generate electricity in
power plants is affected by ambient temperature and with increasing tem-
perature, their production capacity decreases. Therefore, in the warm
months of the year, which are mainly in summer, the necessity of using
compressor inlet air cooling methods is determined. One of the simplest
methods in this regard is the evaporative cooling system (media), which
increases the humidity by passing air through a humid environment (me-
dia), which ultimately leads to an increase in gas turbine power from 10
to 20%.
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Introduction of gas turbine cycle cooling system
and requirements

Gas turbine includes a compressor to compress air direct to the
combustion chamber, which finally after combustion, the resulting gas
flow is directed to the turbine with high pressure and temperature [1].

Turbines have a constant capacity and their output power is pro-
portional to the mass flow rate of the inlet gases to the turbine. Because
the compressor has a constant capacity due to the rotational speed and
volume flow to it, its volume capacity also remains constant and it is not
possible to increase it. Therefore, the mass flow of air entering the gas
turbine varies according to the specific mass of the air, which means that
it depends on the temperature and relative humidity of the ambient air
[2]. The efficiency of the gas turbine is critically limited due to the im-
portance of the temperature factor. Especially in hot and dry areas, this
will happen due to the inverse ratio of output power with ambient air
temperature [3]. Decreasing the temperature increases the density of the
air and accordingly increases the mass flow rate of the air. This air be-
havior increases the output power and efficiency of the gas turbine by
0.7% for each degree of reduction of the inlet air temperature [4, 5]. In
general, the cooling methods of the air entering the gas turbines can be
divided into six groups [6]:

* Fogging

* Evaporator or humid environment

* Cold wet compression cooling

* Warm wet compression cooling

» Compression cooling with cold storage

* Absorption cooling system

How to choose the evaporative cooling system (media) for Yazd
power plant is based on the Evaporative Cooling Degree Hour (ECDH).
According to Equation (1), ECDH is the amount of temperature decrease
that occurs over a period of time by the intake air cooling system. There-
fore, it can be calculated as follows during the year [7]:

ECDH =Y AHi x ATi (Degree.Hours) (1)

ATi is the amount of temperature decrease in time interval 7 and
AHi is the amount of hours in time interval i. Using this index, the amount
of ECDH can be determined during a year.

In calculating the ECDH value, it is important to determine the
minimum allowable bubble output from the cooling system. Since in
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modern gas turbines the inlet air speed reaches gas turbines up to Mach
0.8, so it is possible to reduce the static air temperature to 5 ° C at the
compressor inlet and the risk of ice formation in the inlet air and on non-
rotating surfaces intensifies. In this project, the minimum inlet tempera-
ture to the compressor is assumed to be 12 °C. The higher the ECDH
index, the higher the efficiency at the peak temperature point. As shown
in Figure 1, the cooling index in the six hot months of the year is in a
suitable range for the southwestern region of the country. And the shorter
the time (higher temperature increase), the higher this indicator goes and
the suitability of the media system for the power plant. Finally, due to
the acceptability of the ECDH index and according to Figure 2, the per-
centage of increase in efficiency at the peak temperature point by media
method has the highest possible rate in the country map [7].
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Fig. 1. The amount of cooling potential of six hot months of the year
by media method
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Fig. 2. Percentage of efficiency increase at the peak temperature point
of the media method

Fundamentals of media system and its mechanism of operation

This system has been implemented for the first time in our coun-
try for Mitsubishi -MW 701D model units. Cooling operation in evapo-
rative systems, including media, is based on water evaporation and air
heat absorption. The heat will be transferred from the ambient air to the
water. Figure 3 shows how the media system works.

The system includes a frame cooler (location for the entire cool-
ing system), media plates (media pads), water distribution piping, circu-
lating pump, control valves, water storage tank and blower system. The
mechanism of action is that the water is pumped by the circulating pump
from outside the cooler frame from the bottom tank of the cooler to the
water-distributor collector on top of the cooler and then distributed by
gravity between the media plates.
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After passing and wetting the media surfaces, water collects at
the bottom of the cooler and drains into the storage tank. The air entering
the compressor also passes through the media plates and evaporates the
existing water to the point of saturation. The velocity of the air passing
through these plates should not be higher than a certain limit because at
high speeds, water droplets may separate from the surfaces and cause
damage to the compressor blades by entering the compressor and causing
crushing. In order to prevent droplets from escaping after the evaporator
system, the cooled air passes through the drip tray plates to absorb pos-
sible water droplets.

Evaporative Mist Eliminator

Media Filters
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Fig. 3. Overview of media cooling system

The main components of the media system can be categorized as
follows:
* Frame cooler
Mitsubishi MW-701D units have air inlet to the compressor
from four sides, two of which provide the maximum amount of inlet air
to the filter area. Therefore, the evaporative cooling system is located on
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its two main sides and the other two sides to install the valve as bypass
opening valves in winter. The frame cooler of the mentioned units has
two separate levels (floors), each floor has a separate water distribution
system and media plates. In the previous designs, the coolers have
a larger surface for air to enter, but in this design, the design has been
done by optimizing the dimensions in order to prevent the phenomenon
of freezing.

» Water distribution system

At the top of each floor of the cooler is a water distribution sys-
tem where water is pumped to that point and then gravitationally flows
onto the system pads that act as intermediaries for heat exchange with
the inlet air. The location of the water distribution system is shown in
Figure 4.
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Fig. 4. Frame coolers installed in the air inlet path
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Warm air ' ’ Cold air

Fig. 5. Media screens and airflow path

* Media pages (media pads)

Media sheets are made of fiber (refractory glass fibers) and are
made of corrugated, which is shown in Figure 5. A set of these plates
together form a media evaporative cooler that is in the form of a honey-
comb. These surfaces have properties similar to those of wicks in fluid
suction, and water is dispersed on the media surface. These types of
plates, in addition to the important characteristic of non-flammability,
are more efficient cellulose type.

* Mist eliminator

For the cooling system, a mechanism is provided to prevent
drops and any other fluid from escaping into the filter compartment. The
drip system is made of polypropylene, which will not allow droplets with
a diameter of more than 30 microns to pass. The droplets will hit the drip
wall and will be transferred to the drain system due to the force of gravity,
which is shown in Figure 6.
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SIZES

Length (L) 487, 607, 727 £ 3716
Wiceh (W 12 178" and 25 1/8" + 3716
(Standard, all others are side wrimmied)

Depth (1) § 28" +3/16" - 07

Fig. 6. View of a Mist eliminator with its dimensions
and installation angle

The evaporative cooling point is adjustable based on the ambient
temperature on the air conditioner controller. The cooler will be active at
temperatures above this point. The working point should not be set at low
temperatures because if the system reduces the temperature too much, as
mentioned, there will be a possibility of freezing. If the ambient temper-
ature drops below zero, the entire evaporator system is drained to prevent
the effects of freezing. Freezing causes cracks in the surfaces of media
pages. The most important advantages of the media system are the fol-
lowing [8]:

* Increase power and improve turbine efficiency so that it can be
optimized with the same amount of fuel consumption.

* Fast return on investment in a way that makes it more econom-
ical than installing new gas units.
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* Low investment, maintenance costs

* Simplicity of system and equipment

* Damping of fluid flow turbulences

* Reduce the emission of nitrogen and carbon oxides.

This system also has the following disadvantages:

* Air velocity should be low when passing media surfaces

* In areas with high humidity, there is a limit to the increase in
power.

* In conventional evaporative systems, due to the low efficiency
and high reduction of air pressure drop, maximum cooling is never done.

Technical and economic evaluation of using Media inlet air
cooling system

The operation that takes place on air in evaporative cooling sys-
tems is to cool the air only with humidification, which is an adiabatic
change. During this process, the humid temperature of the air remains
constant. Figure 7 shows this process schematically in a psychometric
diagram.

1. The initial condition: TDB2<TDB1

2. Final conditions: w2>w1, Rm2>Rm1

3. Adiabatic saturation conditions: h2=hl
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Fig. 7. Cooling of the air in the media system on a psychrometric diagram
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The humidification efficiency of the system is defined by the fol-

lowing equation [9]:
_Tpp1—Tpp2 _ Wr—W1
Nhumidifying =

Tppi—Twp Wa—W;

Where Tpp is the dry air temperature and Ty, is the humid air
temperature and W is the specific humidity. The amount of water re-
quired by the system is also obtained from the following equation:
Myater = Mair X (W2 — W)

In the recent relation, the mass flow of dry air is in the input
conditions. Taking into account the design conditions, the maximum
power recovery in the conditions of the Yazd power plant site is obtained
as follows:

At temperature Tpp; and the relative humidity ¢: = 20%, the

kg
kg dry air’

In the best conditions and assuming the maximum efficiency for
the evaporative cooling system, the lowest achievable temperature is the
wet bubble ambient temperature, therefore Tpp, = Typq = 17.86 °C
and the relative humidity @, = 100%, the amount of specific humidity

. _ kg
will be equal w, = 0.015568 Ppp———

Therefore Aw = 0.007104 —9
kg dry air

Considering that the mass flow rate of the air entering the com-

amount of specific humidity will be equal w; = 0.008464

pressor in the design conditions is 406 KTg, [10] the required water flow
rate:
My qater= 0.007104 x 406 = 2.88 Ks_g

Due to the fact that the site of power plant is located at an altitude
of 1530 meters above sea level and by including altitude correction tables
and output power diagrams according to the input temperature for GE-
F9 units of Yazd power plant, the amount of recovered power will be as
follows:

The output power of the gas turbine at the design point is P; =
79.13 MW and after the media system is put into operation, it will be P,
=90.18 MW, so the maximum recyclable power is equal to 90.18 -79.13
=11.05 MW and in terms of equal percentage becomes:

(11.05/79.13)*100 = 13.96%.
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Performance testing and analysis of results

According to the system performance test in an 18- day period
in the warm season and the highest temperature in the study area, the
results of Table 1 were obtained. As can be seen, as a result of using the
media system, the air inlet temperature to the compressor decreased, the
relative humidity of the inlet air increased and the amount of production
capacity also increased significantly. Also, the effects of temperature on
the production capacity are shown in Figures 8 and 9.
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Fig. 8. Increase in media output power capacity
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Fig. 9. The amount of temperature and power changes due
to the media system
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Table 1

Media system performance results

Ambient Compres- Compres- RH RH P P after
temp. sor temp. sor  before after before (MW)
°0) before temp.after (%) (%) (MW)

0 0

41.6 38.2 22 8 96 956 108 [NNI2ENNNBO%
42 35.9 20.8 7 94 97 109.5 PNI2EN20%
24 3635 213 10 95 97 108.7 TN 2N
43.9 40.3 24 12 98 94 107 N3N NBR%
425 39.3 22.9 11 9% 95 107.c N2 N38%
41.9 40 244 12 9 942 107 NI2RWNB6%
434 40.3 234 10 95 93.7 107.3 NI36N N45%
40 36 217 115 96  97.5 108.8 IS NG
42.8 40.1 22 10 95 937 108 DNERISE%
443 413 22.1 9 94 912 108 [PNIGRINIRE%
43.9 43.2 214 16 94 90.5 107.3 NIGRNHRG6Y%
41.9 41 21 16 9 94 108 [N N209%
40.5 37 23 16 98 97 107.8 NI0RM N
38.5 35 23 32 94 975 108 [0 H0RY%
39.5 36.2 21 22 98 962 108.6 NI2EANN20%

According to Figure 8, which is taken from the data related to
one of the hot season days from the operation unit, the amount of output
power from 00:00 to 22:00 is listed. While the media system is in orbit,
the amount of power increase is significant that the total power increase
during the hot hours of the day is more than the output power in the rest
of the day and night. As can be seen in Figure 9, the gas turbine equations
mentioned in the introduction are true, and with any decrease in the inlet
air temperature to the compressor, the turbine output capacity increases.

Conclusion

According to the research, it is observed that changes in inlet air
temperature have a great impact on the performance and output power
capacity of the gas cycle. In order to increase the production capacity of
gas units, the cooling system of evaporative media can be used. Due to
the performance of this system and the reduction of the compressor inlet
air temperature, the production capacity of the gas turbine cycle increases.
Also, the cost of using the media system is much lower compared to the
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costs required for the construction of a new gasturbine cycle unit and
makes it profitable.
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AnHotamus. Poct morpebnenust 3nexTposneprun B Upane
¥ HEOOXOJUMOCTh YBEIIMYCHUS MPOU3BOJCTBA IICKTPOCTAHIIMNA HEH3-
OCKHBI. B CBSI3M C yBenMUEHNEM KOJIMYECTBA Ta30BbIX AIICKTPOCTAHITHMA
B MpaHe BakHA UX ONTUMAIbHAS IKCIUTyaTalys ¥ HEOOXOAMMO JIOKAIH-
30BaTh CHUCTEMbl ISl YBEJIWYEHHUS MOIIHOCTH. [Ipom3BOIUTENBHOCTH
I'TY oGpartHo mporopInoHaabHa TEMIIEpaType Ha BXOJIE B KOMIIPECCOP
U C YBEJIMYCHUEM TEMIIEPaTyphl Ha BXO/I€ MOITHOCTb arperaToB CHIXKa-
etcs. M3-3a xapkoro u cyxoro kinuMara MpaHa 3TOT BOIIpoC UMEET 0CO-
0oe 3naueHue. [loaTomy ObuM pa3pabOTaHBI CUCTEMBI JJISi CHUKCHHS
TEMIIEpaTyphl BO3AyXa Ha BXOJC B HCIIOJIb3yEMbIC Ta30BbIe TYPOUHBI
B 37011 o11eHKE CHCTEMBI OXJIaXKACHUS BO3AyXa Ha BXOAE B OXJaXKIAI0-
Iy TYpOUHY U CHUCTEMA OXJIAXICHUS, peai30BaHHAs Ha DJIEKTPOCTaH-
i B Mesze, OLEHMBAIOTCS M0 CIEIMATH3UPOBAaHHOMY MeTory. CH-
cTeMa OXJIAXICHHS, MCTIOIb3yeMasi Ha SJIeKTPOCTAHIMH Me3s, 1o Tex-
HUKO-?KOHOMHYECKUM pacyeTaM, SIBISCTCA HCHAPUTEIbHBIM THUIIOM
BIIQXKHBIX Mea, 4To MO3BOJIMIIO MTOBBICUTH MOIITHOCTH T'a30BBIX TYPOUH
He MeHee ueM Ha 14%.

Kuarouessle ciioBa: ['a30Bbie TypOHHBI, OXJIAXKIEHUE BXOTHOTO
BO3/yXa, TOBBIIICHNE BBIXOJHONH MOIIIHOCTH, CHCTEMa OXJIaXKIeHus Me-
nua, KITJT
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AnHoTauus. M3ydenue wucnonszoBanus ¢eppara (VI) ans
OYHMCTKU BOJABI U CTOYHBIX BOJ B MOCJIEAHEE BpeMs ObLJIO XOPOILIO U3Y-
4yeHo. OJJHaKO CYIIECTBYIOT €llle Pa3HOTIAacHsl ¥ OeJible MSATHA [0 BEIOOPY
MaTepHajoB JAJsl OCYIIECTBICHHS mpouecca. B pabore mpexacrasieH
KpaTkuii 0030p JIHUTEpaTypbl, KacalolIEHCs MapaMeTpOB 3IEKTPOXUMH-
YeCKOTo mpolecca moiydeHus ¢peppara Harpus. [IpeacraBneHa moaeinb
AJIEKTPOJIN3HON SYeHKH, KOTOpasi OTBEYaeT 3ampocaM Iporecca U Bbl-
OpaH MaTepuai 1yisi e€ H3rOTOBJICHUSI.

KaroueBble cjioBa: GeppaT HATPHS, SNEKTPOXUMHUUECKUI TPO-
Lecc, 3JEKTPOIU3HAS YCTAaHOBKA, aHOJ

Beenenue

OuncTKa BOJBI U CTOYHBIX BOJ — HEOOXOAMMBIE MPOLIECCHI IS
KHU3HEIESITEIbHOCTH YEJIOBEKa, MPOU3BOJACTBA, CEIbCKOTO XO3SICTBA.
Koarynsimmsa, Xumuueckoe OKHUCIEHHE W AE3MHQEKIHUs CUYUTAIOTCS
HaunOoJee BaKHBIMH IPOLIECCAMHU OYUCTKU Boabl. Koarysius 3akiroua-
€TCs B CIMIAHUM B3BELICHHBIX YaCTHIL C 00pa3oBaHueM 0oJiee KPYITHbBIX
Y4acTUll. OTU KPYIIHBbIE YaCTHLbI JOJDKHBI ObITH YAaJIE€HBI C IOMOIIBIO
Mpo1eccoB ocaxieHus win guiubTpaunu. [esundexuus neodxoanma
IUIS. YHUYTOXKEHUSI BPEIHBIX MUKPOOPTaHU3MOB, MHOTAA JUISl yIaJICHUS
WM YMEHBIICHHS MaxXydux coefuHeHui [1]. BBumy BricOKHX 00beMOB
3arpsi3HEHHs BOABI M BHICOKUX CTAHAAPTOB OYMCTKH BOABI HEOOXOANMO
UCTIONIb30BaHUE XUMHMYECKHX COCOUHEHHUH, 00JajalomuX CIOCOOHO-
CTBIO 00€33apaXHBaTh BOJY, pa3jiaraTth B BOAE OpraHMYECKUE U Heopra-
HUYECKHUE 3arps3HEHNS M CIOCOOHOCTBIO YIANSTh U3 BObI B3BCILICHHbIC
YaCTHIIBI ¥ TSDKENbIe MeTautbl. Takum BemecTBoM sBisieTcs geppat (VI),
SIBJISTFOIIUICS CUIIBHBIM OKHUCIIUTEIIEM, B KUCJIBIX YCIIOBUSX IPEBOCXOS-
M B O4HCTKE BOAbI 030H. Mcnonmbp3oBanue deppara (VI) B kauecTBe
MHOT'O(QYHKLIIMOHAJIIBHOTO COEIUHEHHUS AaeT HECKOJIBKO MPEUMYIIECTB,
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T. €. CHI)KCHHE CTOMMOCTH 00pabOTKH 3a CYET TOTO, YTO OH JEHCTBYET
KaK OKHCJIUTENb U KOaryJIsiHT B OJHOM yCTPOICTBE U HE MTPOU3BOJUT I10-
OOYHBIX MTPOAYKTOB.

Eme ogaum npenMyiecTBoM rcnonb3oBanus deppara (VI) ss-
JII€TCsl BO3MOKHOCTB IIPOM3BOJICTBA BEIIECTBA B MaJIOM KOJIMYECTBE 110
HEOOXOOUMOCTH W BO3MOYKHOCTH MPOBEACHHUS MpoLecca IONMyYeHHS
(eppara HEMOCPEACTBEHHO B MECTE IMOCIECIYIOUIEr0 HCIOIb30BAHMS.
3TO MOMOXKET PEelIUTh NPOOJIEMBI C TPAHCIIOPTUPOBKON M XpaHEHHEM
XMMHUYECKUX BELIECTB JAJIsl OYMCTKH BOABI sl HEOONBLIMX U OTIAJICH-
HBIX HACEJICHHBIX ITyHKTOB.

st Takux 1eneii Hanboee MpUBJIEKaTEIbHBIM CIIOCOOOM SIBIIS-
eTcs AIEKTPOXUMHUYECKoe monyyeHue ¢eppara Hatpus [2]. Jna ocy-
LIECTBJICHUS Ipoliecca He0OX0IMMO HaJMYUe KaToda U PacxorLyeMoro
aHoia, MeMOpaHbl, IETOYHOTO AIEKTPOJINTA, UICTOUHHKA TOKA U 3JICeK-
TPOIU3HON TUEHUKH.

OCHOBHO# MPUHLMII 3JIEKTPOXUMHUYECKOTO MPON3BOICTBA TIOKa-
3aH B ypaBHeHusx 1-4 [3].
Anonnas peakuus: Fe + 80H™ —» Fe0%™ + 4H,0 + 6e (1)
Karonnas peaxuus: 3H,0 — 3H, + 60H™ — 6e (2)
O6ume peakunu: Fe + 20H™ — FeO;~ + 3H, + H,0 (3)

FeOf~ + 2Na* — Na,FeO, (4)

Lenpro pabOTEHI SABISETCS BHIOOP MAaTEPHAIIOB IS AJICKTPOXUMHU-
YecKoro moiydyeHus (eppata W pa3paboOTKa MOJICITU SICKTPOIMU3HON
STUEHKH.

Marepuas katoaa u anona. Karox u anom — o0s3aTenbHbIE
SJIEMEHTHI B 3JIEKTPOXUMHUUECKOM Tpolecce. AHOJ SBISAETCS UCTOUHH-
KOM JKelne3a npu noiyuenun gpeppata (VI), moaromy ero ¢popma u coctas
BBI3BIBAIOT 00JbLION HHTepec. DopMa aHOAA T0JKHA OBITH BEIOpaHa Ta-
KUM 00pa3oM, 4TOOBI 00ecTIeYnTh HanOOIBIIYIO IUIOIIAAb IOBEPXHOCTH.
B kauecTBe aHOAA KaK MPaBHUJIO BEIOMPAIOT CTANBHYIO IUIaCTHHY. Jleru-
PYIOLIME 3JIEMEHTHI CTIH OKa3bIBAIOT BIHMSHUE HA BBIXOJ 10 TOKY (ep-
para. Taxxe BaKHBIM IIOKa3aTelieM SBISIETCS COAEp)KaHHE YIIIEpoJa.
B pabotax [4, 5] moka3aHo, 4TO cofiep>kaHUe YIIIEPO1a U BBIXOJ 110 TOKY
UMEET NPSMYI0 3aBHCUMOCTh. Takke CTajbHbIC IUIACTHHBI SBISIOTCS
pacrpocTpaHEHHBIM MaTEepUaIOM B MPOMBIIUICHHOCTH, YTO YIPOLIAET
U yACUICBISET MPOLIECC.
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B ycnoBusix cunTe3a ¢eppaToB MOBEPXHOCTH KEJIE30CoaepKa-
LIEr0 aHOAA MOKPBITAa OKCUAHBIM CJIOEM, KOTOPBIH C YBEIIMUCHUEM JJTH-
TEJIBHOCTH AJIEKTPOJIN3a MIEPEKPBIBACT MY TH MOTOKA 3JIEKTPOHOB U OCTa-
HaBJIMBAET AJIEKTPOIUTHYECKUN TIPOLIECC, BBI3bIBAs TACCUBALIUIO aHOIA.
YactuuHast gerpaganysi OKCUJHOM TUICHKH MOBBIILACT IPOU3BOANUTENb-
HOCTB IIpoliecca CuHTe3a hepparos.

Karon ne sBnsiercss pacxoxyeMblM MaTepHaloM, HO OH TOXe
YpEe3BBIYAHHO BaXKEH B 3JICKTPOXHUMHUYECKOM Mporecce. VI3BeCTHBI ONbI-
THI C MCIOJIb30BAaHMEM B KaUECTBE KaTo/1a HEP>KaBeIOIEeH cTaiu, 6e10ro
W Ceporo YyryHa TUTaHa, MeJiy, HuKems. CyIecTByIOT paboThI C HCIIOIb-
30BaHMEM IUIATUHBI B KAUECTBE KAaTOa, OAHAKO TaKOW BaApUAHT HE SBIIS-
eTcs SKOHOMHYHBIM. Karon, kak M aHo., HOJKEH OBITh BBIIOJIHEH U3
JIETKOZIOCTYTTHOTO MaTeprana i UMEeTb HU3KYIO CTOUMOCTb.

Pasmep u popma kaToaa B 6osibIIeii cTeeHN 00YCIIOBIICHBI KOH-
CTPYKLMEH 3JEKTPOIM3HON yCTaHOBKH. B Hamiem ciydae kaTox Impen-
CTaBJsIeT COOOH KBaApaTHYIO IJIACTHUHY C YIIKOM Ul KPEIUICHUs Mpo-
BOJA.

Memopana. Oeppat Hatpusi oOpa3yercs B MpUaHOHOW 0Oma-
CTH, U HEOOXOMMO OT/AEIHUTE €€ OT KaTOAHOW 001aCTH U TOOOYHBIX MPO-
JIYKTOB, 00pa3yoLMXcsl B MPUKATOAHON obnacTu. s 3Tux meien uc-
NoJb3yeTcss MeMOpaHa, KOTopasi IMOMEIIAeTCsl B PaMKy, BCTaBJIIEMYIO
B 123 B KOPILyCe 3JIEKTPOIM3Epa MEXIy KaToJloM U aHoioM. MeMOpaHa
OOBIYHO COCTOUT U3 CIOMCTOW MOJMUMEPHOH CTPYKTYpHI, OHA IPOILyC-
KaeT MOHbI HATPHs, HO HE MPOITyCKaeT eppaT-HuOHBbI.

Tun 3jexrponura. OgHUM U3 OCHOBHBIX (DaKTOPOB, KOTOPBIE
BIUSIIOT Ha DIIEKTPOXUMHUYECKUH cuHTe3 epparta (VI), aBrisercs cocTas
3JIEKTPOJIUTA U €r0 KOHLEHTpaLusl. THIl 3JIEKTPOJINTA BIUSIET HAa PACTBO-
peHue KeJe3a B OKCOTUIPOKCUIHOM CJI0€, HOKPBIBAIOIIEM [TOBEPXHOCTb
aHOZa, U PACTBOPUMOCTh IPOIYKTOB pacnana. Haubonee npusniexatens-
HBIMH 3JIEKTPOJIUTAMH cUHTatoTcsl ruapokcun Hatpus (NaOH) u run-
poxcun kanmust (KOH) [3, 6]. [Ipenpinymuie uccieaoBaHus moKa3aid, YT0
uAeanbHble KOHLEHTPALMK 3JIEKTPOJINTA Ul 3JIEKTporeHepauuu Qep-
pata coctaBmstoT oT 10 7o 16 M NaOH nnu KOH. ABtops! [6] cienann
BBIBOABI, uTO ucnosb3oBanne KOH nosblmaer Beixox mo ¢eppary Ha
18,2% mo cpaBHeHHIO BbIX0AOM (eppara npHu ucnoiabzoBaHuu NaOH.
Opnako B 0030pHO# padoTe [3] TOBOPHUTCS O TOM, YTO AIIEKTPOJIHT
NaOH sBnsieTcst HanboIee MOy IISIPHBIM.
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DyekTpoU3HAsA siveiika. Sueiika IS 3IEKTPOXUMHUUYECKOTO
MPOIIECCa MOXKET BBITJISJIETh PA3INYHO B 3aBUCUMOCTH OT 0COOEHHOCTEH
mporiecca u ey npuMeHeHns. OTHaKO ONpeeIIIonuM (pakTopoM st
BCEX IPOLIECCOB SIBISIETCS YMEpPEHHAs 1LeHA KOMIIOHEHTOB U KOpIyca
siuefiku, ymoOCTBO M HAJEKHOCTh JKCIUTyaTallid, a TaKkKe MPOCTOTa
Y JTaKOHUYHBIN JU3alH.

Hamu paspaGoTaHa MoOzAenb BIIEKTPOIM3HOW SUYEHKHU, KOTOpas
OTpaxkaeT yIA0OHYH0 KOHCTPYKIIUIO, KOTOPYIO JIETKO UCIIOJIB30BaTh Ha Me-
CT€ IMOCIEYIOIIEro NpUMeHeHus deppara HaTpus. MoJiels sTYeiiku pas-
padorana B nporpamme KOMITAC-3D u npencrasieHa Ha pucyHke 1.
[Ipouecc nonpazymMeBaeT NpOTEKAHUE B 3aKPBITON YCTAHOBKE C pa3Bee-
HUEM Ta30B U3 aHOJTHOW M KAaTOMHOW 00JacTeH, Uit 3TOTO MPEeayCMOT-
peHa kpsiika (puc. 2). B sdelike npeaycMOTpeHbI a3bl 7S ABYX aHO-
JIOB, IBYX KAaTOJIOB U IBYX MeMOpaH (puc. 3), B pe3yJIbTaTe MoIy4aeTcs
JIBE KaTOJHBIE OOJIACTH M OJHA aHOTHAS MEXIy KaToaHbpiMu. Cymmap-
HBII 00bEM KaTOJHBIX 00JlacTel paBeH 00beMy aHOHOW obmacTn. Me-
JKAJIEKTPOTHBIC 3a30Pbl BEIOPAHBI MEHUMATBHO HEOOXOAUMEIE TSI TIPO-
TEKaHUS PEIUPKYIISIUN U CHUKEHUS pab0vero HaIPsHKEHUS B MEKIIICK-
TPOJHOM TIPOMEKYTKE. TakKe MPeTyCMOTPEHBI BXOIHBIE U BBIXOHBIC
OTBEPCTHS TSI IPOBEICHSI PEIUPKYIIAINHN 3JIEKTPOIUTA M OOKOBas Ta-
HeNb JJIs KPETJICHHsI HAaCOCOB, KOTOphIE OyIyT OCYIIECTBIATh IiepeMe-
IIVBaHKUE JJICKTPONMTa. BrIBeleH KaHam W3 aHOJHOW obOnacTw uisl 3a-
6opa momyuuBmierocs gpeppara HaTpus. B KpbIIIKe MperyCcMOTPEHBI OT-
BEPCTHS ISl CMEHBI pacXxoayemoro aHoza. [ lmanupyercs nedats ssueiiku
Ha 3D npuntepe miactukoM ABS. JIaHHBIN ITACTUK XUMUYECKH CTOCK
B IIEITIOYHON CpeJie 1 UMEeT HU3KYIO YCaIKy IIPH TIedaTH.
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Puc. 1. Moaesas srueiiku AJ1s 3JIEKTPOXHMHYECKOT0
nojy4enus geppara HaTpus

Puc. 2. Moaesib KPBIIIKH STYEHKH 1711 3JIEKTPOXUMHYECKOT0
nojy4enus geppara HaTpus
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Puc. 3. Bua cBepxy Ha 3J1eKTPOJIM3HYIO STYEHKY

Ilnanbl HA KaJbHelIIYI0 padoTy

B nanpHelinmieM mnmaHWpyeTCs TPOBEACHUE SKCIIEPUMEHTOB
C IPUMEHEHHUEM Pa3HbBIX BUIOB aHOOB IS H3yUYeHUsI cOcTaBa U (pOpMBI
aHoJIa Ha BBIXOJ (eppara, a TakKe aHAIU3 IKOHOMHYECKOH dPPeKTUB-
HOCTH UCTIOJBh30BaHUS JAaHHBIX BUJOB aHOJIOB, OICHUTH BIUSHHE KOH-
LEHTPAIUN JICKTPOJIUTA M CKOPOCTU PEIUPKYISIIIMA HA TPOU3BOJIH-
TENBHOCTh U cTaOMIIBHOCTH Ipouecca. Heo0XxoanmMo oneHnuTh dKCITya-
TaI[MOHHBIE PAaCcXObl Ha MPOU3BOJICTBO M IIPUMEHEHHE (eppara Ha Me-
CTe IS OYMCTKHA CTOYHBIX BOj. HeoOXoaumo Takke yduThIBaTh CTOU-
MOCTB 3JIEKTPOJINTA, CTOMMOCTb JJIEKTPOIHEPTHH, KOMITJIEKTYFOIIIUX JJIS
YCTaHOBKH. B 3aBUCHMOCTH OT Ka)/I0T0 3JI€MEHTa JIOJIKHA OBITh IIPOBE-
JIeHa OIICHKA YCJIOBUH paOOTHI.
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REVIEW OF THE TECHNOLOGICAL PROCESS
OF THE ELECTROCHEMICAL SYNTHESIS
OF SODIUM FERRATE

Petkova A.P., Sharafutdinova G.R.
St. Petersburg Mining University, St. Petersburg, Russia
grsharafutdinova@yandex.ru

Abstract. The study of the use of ferrate (VI) for water and
wastewater treatment has been well studied recently. However, there are
still disagreements and gaps in the choice of materials for the process.
The paper presents a brief review of the literature on the parameters of
the electrochemical process for obtaining sodium ferrate. A model of an
electrolysis cell is presented that meets the requirements of the process
and the material for its manufacture is selected.

Key words: sodium ferrate, electrochemical process, electroly-
sis plant, anode
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MPUMECEN IIPU PAOUHUPOBAHUHU PACILIABOB
MEJHBIX IOMOB
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AnHotanus. [IpoBeneHsl 3KCIEpUMEHTAIBHBIE HCCIIETOBAHMS
nporecca pahUHUPOBAaHUS pacIuiaBa MEAHOTO JIoMa IyTeM 00yBa ma-
pOBO3IyIIHONW cMechlo. [IpoBesieHa OlleHKa MHTEHCHUBHOCTH NEpexoaa
B razoBylo (pa3y LIMHKa, CBHHLA U 0JIOBA B IIPOLecCe OKUCIUTEIBHOM pa-
¢unupyromeld mwiaBku Menu. OOpabOTKON 3KCTIEpPUMEHTANbHBIX JaH-
HBIX MOJTy4eHBbI (POPMYJIBI Ui pacdeTa CKOPOCTH M3MEHEHHUsS! KOHLICH-
Tpauuii LMHKa, 0JI0Ba M CBMHIIA B 00beMe MeIHOTO paciuiaBa. HaiineHsl
pacyeTHbIEC 3HAYEHHs KOHCTAaHT CKOPOCTEHN OKHUCIIEHHS pacIylaBOB MeIU
1 uX paQUHUPOBAHUS OT IPUMECEH LIMHKA, 0JIOBA M CBUHIIA IPH 00TyBKe
napoBO3AYIIHOM cMechlo. [lokazana Bricokast 3 PeKTUBHOCTL 00 TyBKH
pacriuiaBa napora3oBbIMH CMECSIMU ITPU papUHUPYIOMIEH HHAYKIIMOHHON
IIJTaBKE MEIHBIX JIOMOB, COIEPKAINX IPUMECH INHKA, CBUHLIA U 0JIOBA,
paspaboTaHa QU3UKO-XUMHUYECKast MOJIENIb TAHHOTO MpoLecca.

KutoueBsble cy10Ba: MEHBIN JIOM, IPUMECH, OKHCIUTEIBHOE pa-
(¢uHMpOBaHNE, TAPOBO3AYILIHAS CMEChH

BBenenue

OHUM U3 OCHOBHBIX BHJIOB IIMXTHI, UCTIONB3YEMOU MPHU BBI-
IJIaBKE CIUIABOB HA OCHOBE MEJH, SIBJISIETCS MeIHbIHN oM [1-2]. Tlpume-
HEHUE JIOMOB ITPY MTPOU3BOICTBE MEIHBIX CIIABOB 00YCIIOBIICHO CTPEM-
JICHUEM CHU)KEHUS CE0ECTOMMOCTH TOTOBOM MPOAYKIIUY 32 CUST HU3KOU
cToMMOCTH JIOMOB [1]. OHAKO MEHBIN JIOM COACPKUT MPUMECH Kee3a,
cepbl, IMHKA, CBUHIIA, OJIOBO, CYPbMBbI U JAp., KOHUEHTPALMH KOTOPBIX
HU3MEHSIIOTCA B IIMPOKUX MpejieiaX B 3aBUCUMOCTU OT COPTHOCTH ChIPhS
[3-4]. TlocnenHee mpenomnpenenser HEOOXOUMOCTh MTPUMEHEHUS TeX-
HOJIOTUYECKOW OMNepaluu OKUCIUTEIBHOTO padUHUPOBAHUS MEIHOTO
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paciuiaBa [5-6] 06ayBOM MapoBO3AYIIHONW cMechio. [103TOMy BEIsBIIE-
HUE MEXaHM3Ma yJaJeHHs IpUMecel n3 paciuiaBa UMeeT IPUHIUIHAIb-
HOE 3HaueHHeE AJIsl HauboJiee paluoOHANBHON OpraHU3alud paQUHUPYIO-
ey MIaBKH.

B 37011 cBsI3M NpeAcTaBIIsIETCS BAXKHBIM pa3padoTKa QU3NKO-XU-
MHUYECKOW MOJeNN HCIIapEHHS IpUMecel IPH OKUCIIUTETILHOM papuHuU-
POBaHUM PaCIIaBOB MEAHBIX JOMOB MapOBO3IYIIHBIMH cMecsiMH (00-
IyB) C OLICHKOH BKJIaJa mpolecca ucnapeHus B oouuii pahuHUPOBOY-
HBII mpo1iecc.

MartepuaJibl 1 METOABI

Jis mocTrKeHUs! Lien MCCiIeJoBaHusl B paboTe ObUIM MOCTaB-
JICHBI CIICAYIOILINE 3a1auH:

— HOJY4YEHHE IKCIEPUMEHTAIBHBIX JAHHBIX O NMOBEACHUU MpHU-
Mecel B IIpoLiecce OKUCIUTENbHOTO paduHIpoBaHus (001yBa) paciuia-
BOB MEJIHBIX JIOMOB;

— Ha OCHOBaHUH ITOJIyYEHHBIX JaHHBIX pa3padoTKa (PU3NKO-XH-
MUYECKON MOJIENIN UCTIApEHUs] IPUMECEN U3 PACIIIIaBOB MEIHBIX JIOMOB.

OKCIepUMEHTHI POBOIWIN Ha MHAYKIHOHHON neun WJIK-0,8
¢ Maccoil caaku Menu 1200 Kr W MJIOWIAJBI0 TOBEPXHOCTU BAaHHBI
0,785 M. TInaBKy IMXTHI BeIHU MO ApeBecHbIM yriem. [Tocie npommasa
LINXTHI C MOBEPXHOCTH BaHHBI IIEUN yAJSUIN IIJIaK U IPOU3BOAUIIM pa-
¢uHMpOBaHME pacIuiaBa 00IyBOM MAPOBO3AYLIHON CMECHIO B TEUCHHE
6 gacoB. /|y HCcKITIOUEHs] HEPaBHOBECHOTO MEPEOKHUCIICHUS MEAU U 00-
pa3oBaHUs Ha MOBEPXHOCTH MEIHOTO paciljlaBa IUIEHKH OKCUITHOHN (a3bl
B KQ4€CTBE TyThs HCIIOJIb30BAIH APOBO3AYIIHYIO CMECH C OTHOIIEHUEM
nap:Bo3ayx = 3:1. Pacxox myThs coctaBnan 60-70 m*/uac. 3a u3MeHe-
HUEM COCTaBa MEJHOIO pacIulaBa CIEANIN IyTeM MEPUOAUYECKOTO OT-
6opa mpob ¢ mocnenyrmuM ux anaau3oM. [lepen paznuBKod MeTasnna
B CJIMTKH [IPOU3BOJMIIHN €ro packucienue muratypoit Cu-P u Cu-Si.

B kauecTBe 00BEKTOB HCCIICAOBAHMS BHIOpAIH MPUMECH IIHKA,
0JIOBa ¥ CBUHIIA, YIIPYTOCTh NapOB KOTOPBIX B METAIUIMUECKON WU OK-
cUIHOU (opMe mpH TemIepaTypax papUHUPOBAHUS OTHOCHTEIHLHO Be-
JIMKa, a KOHCTAHTHl paBHOBECUs peakuuu okucienusa [Me] + [O] =
[MeO] cy1ecTBEeHHO OTINYAIOTCS.

IMony4eHHbIe pe3yabTAThHI U JUCKYCCHS
Ha ocHoBannu numeromuxcst GU3nKo-XMMAYECKUX JaHHBIX [7-9]
C KJIACCMYECKUX MO3UIUN TEOPUHU Ta30B IMPOBENIU OLECHKY MHTCHCHUB-
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HOCTH U (hopM mepexosa B ra3oByio a3y IIHKA, CBUHIIA U 0JIOBA B MIPO-
Lecce OKUCIUTENbHON paduHupyroel miaBku Meau. CKOpocTh nepe-
XO/a IPUMEcei METaJUIOB B ra30BYIO (a3y OLCHUBAIN B COOTBETCTBUH
C aHAINTHYECKOH 3aBHCUMOCTBIO BUA:

dCy/dt = -(S/mcu)- [ki —keu]- Ci, ()

rae Ci — KOHLEHTpalus NpUMECH B YEpHOBOM Menu, %o;

S — cBO6OIHAS MOBEPXHOCTh PACILIABA, CM’;

ki= P°yi\N(Mi/T)/17,4 — KOHCTAaHTA CKOPOCTH HCITAPEHHS B YPaB-
Henuu Jlanrmiopa;

Mcy — Macca YepHOBOW MeIy, T;

Kcu =Pcuo'V(Mco/T)/17,4 — KOHCTaHTA CKOPOCTH HCIAPCHHS
Meau B ypaBHeHHHU JlaHTMIOpa;

Pi° — naBneHue mapa Haj paciuiaBOM YHCTOW MpUMeECH B HanOo-
Jiee JIETKO Hcmapsmomeics GopMe (MeTaul WM OKCHI MeTauja Mpu-
Mmecn), [1a;

¥i— Ko3QPULIHEeHT, XapaKTepU3YIOIINH OO IpUMecH B hopMe,
KOTOpasi B HanOoJIbIIeH Mepe OTBEYAET 3a UCHApeHHE, OTH. €I

OueHka mpoiecca HCIapeHus MTHKA

OO0paboTKOI 3KCIEPUMEHTAIBHBIX JaHHBIX YCTAHOBJICHO, YTO
CKOPOCTh M3MEHCHHS KOHIICHTpAIMU I[MHKa B 00BEME MEIHOr0 pac-
IJIaBa 3a CYET €ro MUCIAPSHHS OTIMCHIBACTCS BRIPAKCHHEM:

dCzy/dt = -(S/mcu): [kzn — keu]-Can, 2

rae kzn = kza%/(Ci01/Cio1°) sBiIsIeTCS KOAPPUITMEHTOM, OTpaXKaF0-
MM U3MEHEHHE CKOPOCTU MCIApEHUs IMHKA B 3aBUCUMOCTH OT HaChI-
IICHUS MEIHOTO PacIuiaBa KUCIOPOAOM, a Kz," — mpeaenbHbIM 3Haue-
HUeM ko3 duiueHTa kz,, OTBEHAONIUM YCIOBUSM PAaBHOBECHS METall-
JITYECKOTO PaCIuIaBa C €ro OKCUIOM.

WuTerpuposanue (2) AaeT ypaBHEHHE, OTPAKAIOIIEE U3MCHEHHUE
OTHOCHTEIBHON KOHIICHTPAIIMH I[MHKA B METHOM pPacIUiaBe B MPOIECCEe
OKHUCITUTEIILHOTO PAaQUHUPOBAHUS U €T0 MPSMON BO3TOHKU:

In(Cz/Czn”y=-S/mcu {(kzn*-kcw)tH(kznko)In[ 1-otexp(-kot) J(1-0))}, (3)

rae o = (1-Cjo)”/Cror);

Czn 11 Cz,"— TeKyIas ¥ MCXOJHAS KOHIEHTPAIMS IIMHKA B pac-
IJIaBe MEI;

Ciop’ 1 Cjof° — HauanbHAS ¥ TIPEIETBHO OCTUTAEMAas TIPH JAHHOI
TEeMIIEpaType KOHIICHTPAIUN KUCIOPOAa B MEHOM pacIuiaBe,
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S/mcy — yaensHast MOBEPXHOCTh paciliaBa;

ko — KOHCTaHTa CKOPOCTH HACBILICHUS! MEIHOTO pacijiaBa KHc-
JIOPOZAOM.

Ha puc. 1 (a) npencraBneHo cpaBHEHHE PacUETHBIX 3HAUYCHHIH,
MOJYYECHHBIX TPU UCIIOJIB30BaHUN ypaBHEHUS (3) M dKCHEPHUMEHTaIb-
HBIX MaKpOKMHETHYECKHUX 3aBUCUMOCTEN MOBEJEHNS LIMHKA B IIPOLIECCE
OKHCJIMTENILHOTO paMHUPOBAHHS PACILIABA MEIH.
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IUHKAa

0.4

KOHICHTPpAIUSA

B paciiaBe Me/u.
£
a

OTtHoOCHTEIBLHAA

CBHMHIIA
B paciiiaBe Me/lH.

OTHOCHTEIbHASA
KOHUEHTPaIus

0,4 R \ \’)
0,2

0,4
0,2

0 T T '

0 1 2 3 4 5 6
Bpems, uac.

B paciiaBe Meau.

OTHOCHTEIbHASA
KOHIIEHTPAIHS 0JI0BA

Puc. 1. CpaBHeHHe pacyeTHBIX MAKPOKHHETHYCCKUX JAHHBIX HCIIAPEHHSA
H1HKA (a), cBuHLA (0) U 0J10Ba (B) U3 MeHOI0 PacijiaBa B pouecce
pPa@UHUPOBAHHUSA € IKCIICPUMEHTAILHBIMYU JAHHBIMH: PacyeT NMpoBeeH
NPH OBEPXHOCTH PACILIABA, OTKPBHITOM MOJHOCTHIO (@) U HANOJIOBUHY (O);
OCTaJIbHbIE JIMHUU — JKCIIEPUMEHTAIbHBIC JAHHbIE
Ouenka npouecca ucnapeHusi CBUHIA.
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O0paboTKO#l SKCIIEPUMEHTABHBIX JaHHBIX YCTaHOBJICHO, YTO
W3MEHEHHE OTHOCUTENILHON KOHIEHTPALUH CBUHIIA 33 CUET €ro ucmape-
HUS U3 pacillaBa MEAH B Ipolecce padhUHUPOBAHHS ITOCIEIHETO OMUCHI-
BaeTCs BBIPAKCHUEM:

In(Cpy/ Cpbo):—(S/ mcy)(Mpoo/Mcy) {(—kcu)t‘i‘PpboO(\/(Mpbo/ T)/17,14)x
XB/T1HB-(){t-[ 1/koPy]in {(1+By)-aByexp(-kot)/[(1+By)-afy], “4)

rie P’pyo — aBieHune mapa okcuna cBuHIa, Ia;

o=(1-Cjo1"/Cior°),

B=Kp-(Proz)'"?,

Y=Mpp/(Mpp+Mo) = 0,928.

Pesynbrar cpaBHUTENBHOrO aHanu3a (puc. 1 (0)) skcrmepumeH-
TaNbHBIX U PACUETHBIX JaHHBIX MMOKA3bIBAET, YTO B OCHOBHOM paUHH-
pOBaHHE MEIHOTO paciijiaBa OT CBHHIIA OCYIIECTBIISIETCS IIyTEM €ro Hc-
napeHus B GopMe MeTaia U OKCUAA.

Ouenka npouecca ucnapeHus 0J0Ba

Y CTaHOBJIEHO, YTO MPOLECC yIAIECHHUS 0JIOBA U3 MEIHOTO pac-
masa (puc. 1 (B)) onpenenseTcst BO3TOHKOM €ro OKCHa, OMUCHIBAEMOTO
BbIp&)KEHHEM BHJA!

InCsn/Csn’ = -(S/mcy)[ksno— keu]t, ®)

Bripaxkenue (5) oTpaskaeT U3MEHEHHE OTHOCUTEIHHON KOHICH-
TpaLuy 0J0Ba B 00BbeMe METHOTO PacIljiaBa B MPOLECCE €ro OKUCIUTEIb-
HOTO paduHUpoBaHus, B KoTopoM Cs, M Cs,’ — OTBEHalOT TeKyIeh
W Ha4aIbHOW KOHIIGHTPAIMH 0JIOBA B PaCIUIaBe MelH, a Ksno M Kcu — KOH-
CTaHTBl CKOPOCTH MCTIAPEHUS OKCHJIA OJIOBA U MEIH.

B Tabmn. 1 npeacraBieHbl pacueTHbIEC 3HAYSHHSI KOHCTAHT CKOPO-
cTell okucieHus pacmiaBoB Menu (ko) 1 ux padhUHUPOBAHHA OT MIPUMe-
ceii IHKa, 0JI0Ba M CBHHLA NP 00yBKE MapOBO3AYIIHONH CMECHIO.

Kak BuaHo u3 Tabn. 1, 3HaUeHUs BEJIMYMH KOHCTAHT, XapakKTe-
PHU3YIOLIMX MIPSIMOM NIepexo.l MpUMEcei B Ta30BYIO (as3y, yMEHBIIAIOTCS
B psany kzn> ksa> kpy. I[Ipn 3TOM mIepeBoz B ra3oByIo ¢a3y HHUHKa POUC-
XOAWT B BUJE MeTalla, CBUHIIA — B BHJE METaJIa U OKCHJA, 0JIOBa —
B BUJI€ OKCUJA.
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Tabnuya 1
KoHcTanThI cKOpPOCTH OKHCJICHHA U PAQUHNPOBAHUS PACILIABOB MEIH
NMAPOBO3AYLIHOM CMeChI0

ki, r/cm?-gac ko Kzn Ksn keb

3HayeHus 0,077 1202,8 155,31 34,01

B pesynbrare 001yBKH pacIulaBOB MeIU MAapOBO3AYLIHON cMe-
CBIO B Mpolecce MHAYKIMOHHOW TUIABKU M HACBIIICHUS METallla KHUCIIO-
poaom (~0,5-0,6 %, puc. 2) u3BneUeHue MpuMece B ra3oByro a3zy coc-
taBuio: 90 % Zn, 50 % Pb u 75 % Sn. CokpanieHue JIMTENbHOCTH 00-
nyBku a0 1 yaca cHmkaet 3 dekt pahuHUPOBaHU paciliaBa OT TEX Ke
npumeceit 10 35-40%.

0,08
L\ —_ |
= Pb
= < 0,06 e
E \
=I5
3 = 0,04 4 =——
o E .'3

0,02 4 o——— —o0—

0 S
0,2 0,3 0,4 0,5 0,6

[Olcus %o

Puc. 2. U3menenne cogepaxanns npuMeceil B MeIHOM paciliaBe
B 3ABHCHMOCTH OT cTeneHH ero okucjenHocTu npu 1513 K n Pox=15 klla

Onenky 3¢ GeKTHBHOCTH 00IyBKH pacrilaBa MeIu MpH paduHU-
PYIOLIEM IeperuiaBe MEIHBIX KOHLIEHTPATOB MPOBOAMIIM Ha OCHOBE pe-
3yJIBTaTOB 0aTaHCOBOTO paclpeiefieHHs] MeTalTiueckon ¢a3pl (Meau)
M0 OCHOBHBIM HPOIYKTaM OIBITHO-IPOMBIIUICHHON IUIABKU CBIPHS
(tabn. 2). Texnonorus papuHUPYIOMIEH MIaBKM KOHLIEHTPATOB BKJIIO-
Yajia IB€ OCHOBHBIE CTaJIMU: TEPEIJIaB ChIPbS MOJ CIOEM APEBECHOTO
yrist 1 001yB IOBEPXHOCTH paciliaBa Mmapora3oBoil cmecklo. [Ipu sTom
KaXI0M U3 CTaAMi MpeIIIecTBOBANIA OlEpaLsl CHATHS IIIIaKa.
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Kak BumHO U3 Tab1. 2, U3BICUCHUIO MeH B CITUTOK (28380 KT —
94,6 %) npu padpuHUpYIOIIEH TIIaBKe KOHIEHTPATOB COMYTCTBYIOT BO3-
BpaTHbIe (OOOPOTHBIA HITAK, «OOJOTO», BBIJIOMKH) M O€3BO3BpATHHIC
(HeBsI3Ka — «yrap») moTepu Metaia. o BO3BpaTHBIX MOTEPh METalIa
no TexHojaoruu cocrasisietr 1073 kr (3,57 %), nons 6e3BO3BpaTHBIX IO-
Tepb MeTamia — 549 xr (1,83 %). Obmast Macca 000pOTHOTO LIJIaKa CO-
craBiseT 1801 xr, B Heil cogepxkutcs 1,97 % meTanna MUXTHL.

Tabauya 2
Pacnpenesnenue Meu Mo NPoAyKTaM IJIaBKU KOHIIEHTPATOB

«booTo»,| O6opoTHbIii nu1ak, kr (%)| He-
Konuenrpar, | Cautkn,
Kr (%) Kr (%) BRI, |y o BHTBHBI Hocae Bi3Ka,
Kr (%) padunup-un | Kr (%)

30000 28380 | 320+162

(100 %) (94,6 %) | (1,6 %) 863 938 " %‘;9%
UTOI'o 28862 (96, 2 %) 591 (1,97 %) o

BrIBOIBI

B pesynbraTe 3KCIEpUMEHTAIbHBIX HCCIEIOBAaHMN IpolEecca
OKUCTIMTEIbHOHN padHMHUPYIOIIEH IaBKK MEJHOTO JIOMa IIPOBEACHA OLICH-
Ka MHTEHCHBHOCTH Tepexo/ia B ra30ByI0 (azy IMHKA, CBHHIIA H 0JIOBA.

[Homyuens! hopMyIIbl Uil pacyeTa CKOPOCTH U3MEHEHHUS KOHIICH-
Tpaluii IMHKA, 0JI0Ba U CBUHIIA B PacIljiaBe, pa3padboTana (HPU3HKO-XMMHUUe-
CKast MOZIENb TAaHHOT O IIporiecca. HaliieHsl pacueTHbIe 3HaUEHUs] KOHCTAHT
CKOpOCTEH OKHCIICHHUS pacIulaBOB MEIU U MX paMHUPOBAHUS OT IPHUMECEH
LIMHKA, 0JIOBA M CBUHIIA NPY 001yBKE MAPOBO3AYIIHOH CMECHIO.

B menom, ¢ ydetoM noTteps MeTajia ¢ 0OOPOTHBIMHU IITAKAMHU
W Yrapom, CTENeHb H3BJICUCHHS METaUIMUECKON (a3bl KOHIEHTPATOB
B paciiiaB Ipu padUHHUPYIOLIEM IeperiaBe coctaBisier 96,2 %; mpu
3TOM H3BJICUCHHE METAIMYECKON (pa3bl KOHIEHTPATOB B CIMTOK CO-
craBisiet 94,6 %.

[loxa3zana Bricokast 3eKTUBHOCTH OOIyBKH paciuiaBa mapora-
30BBIMH CMECSIMU NPH pahUHUPYIOLIEH MHAYKIIMOHHOH IIIaBKE MEIHBIX
JIOMOB, COZEPKAIIMX MPUMECH IIMHKA, CBHHLA U OJIOBA.
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Abstract. Experimental studies of the process of refining the
copper scrap melt by blowing with a steam-air mixture have been carried
out. The intensity of the transition to the gas phase of zinc, lead and tin
in the process of oxidative refining smelting of copper is estimated. By
processing experimental data, formulas were obtained for calculating the
rate of change in the concentrations of zinc, tin and lead in the volume of
the copper melt. Calculated values of the rate constants of oxidation of
copper melts and their refining from zinc, tin and lead impurities during
blowing with a steam-air mixture are found. The high efficiency of blo-
wing the melt with steam-gas mixtures during refining induction melting
of copper scrap containing zinc, lead and tin impurities is shown, a phy-
sicochemical model of this process is developed.

Keywords: copper scrap, impurities, oxidative refining, steam-
air mixture
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OIIEHKA BPAKA ITPU MEXAHUYECKOMN OBPABOTKE
3ATOTOBOK BCJIIEACTBUE U3HOCA UHCTPYMEHTA
NOCPEACTBOM MMHUTAIIMOHHOT'O MOJAEJIUPOBAHUA

Kosanee A.A., kano. mexu. Hayk, 0oyeHm,
kovalevarta@gmail.com

Kupnuuee M.B., cmyoenm xagedpsr mexunonoeuu
mawunocmpoenus (MT-3)
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Kagheopa mexnonoecuu mawunocmpoenus (MT-3),
Mockosckuti cocy0apcmeentblil mexHUYecKull yHusepcumem
um. H.3. baymana, Mockea, Poccus

AHHOTauus. B Hacrosmeil craTthbe paccMaTpuUBacTCsl OLIEHKA
U croco0 yMEHBIIEHHs 0] Opaka, CBSI3aHHOTO C U3HOCOM PEXKYIIETO
WHCTPYMEHTA, NP M3TOTOBJICHUH OTBETCTBEHHBIX JETajled U3 TUTAHO-
BBIX CIJIABOB HA y4acTKe MexaHnueckoi 00paboTku. Ha ocHoBanuu pac-
94ETOB CTOMKOCTH MHCTPYMEHTA M IOCTPOCHHS MMHUTAIIMOHHON MOJIEITH
ydacTKa MEXaHM4YeCKOH O0OpabOTKM JeTanedl NPeUIOKEH alrOpHTM
YMEHBIICHUS] KOJIMYECTBa Opaka, BBI3BAHHBIH OTKAa30M PEXKYIIEro HH-
CTPYMEHTA.

KioueBble ¢j10Ba: NMUTAlMOHHOE MOJCINPOBAHHE, THCKPET-
HO-COOBITHIHHOE MOJICTTMPOBAHUE, ONPE/ICIICHNE CTOMKOCTH HHCTPYMEH-
ta, AnyLogic

Bgenenue

[Tpu MexaHnvyeckoit 00paboTKe 3arOTOBOK HEM30EKHO TOSBIIE-
HUe Opaka, BEIWYMHY KOTOPOro LEelecOoO00pa3HO OLIEHMBATh Ha 3TaIle
TEXHOJOTMYECKOI MOrOTOBKU MMPOU3BOCTBA, YTO SIBJISIETCS] KOMILIEKC-
HOMW 3ajaueil, BBUOY OOJIBLIOr0 KOJMYECTBAa (PAKTOPOB, BIMSIOLIMX Ha
nosiiieHne Opaka. OTHaKO, BBIJENNB OMH M3 BU0B Opaka, B YaCTHOCTH
BCJIECTBHE U3HOCA MHCTPYMEHTA, BO3MOKHO NPEIBAPUTEIHHO OLICHUTD
€ro BEJIMYMHY IIOCPEACTBOM CPEICTB HMUTALMOHHOTO MOZEIHPOBAHUS,
OCHOBBIBAsICh Ha JAHHBIX O CTOMKOCTH MHCTPYMEHTA, PEeXHMax oOpa-
OOTKH 1 OIepanysax TEXHOJOTHUECKOIo IpolLecca.

Henbio paboTHI ABISETCS CHIKEHHE JOIN Opaka OT M3HOCA UH-
CTpYMEHTa Ha 3Tare TEXHOJIOTMYECKOW IMOATOTOBKM IPOU3BOACTBA 32
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CUCT OLICHKH CTOMKOCTH HUHCTPYMCHTA C MOMOMLIBIO CPEACTB MMUTAIU-
OHHOI'O MOJACIIMPOBAHUA.

Pacuer croiikocTn HHCTpyMeHTA

C 1enbio HEMOCPEACTBEHHOTO YMEHBIICHHUS AOJIU Opaka BCIlea-
CTBHE HM3HOCAa MHCTPYMEHTa HEOOXOIUMO MPUMEHEHHWE MHCTPYMEHTOB
¢ OoJIBIIIeH CTOMKOCTBIO, UTO, OJTHAKO, TPEOYET JIOTMOIHUTEIIEHOTO 000C-
HOBaHUS: IOMUMO OLIEHKH CTOHKOCTH HEOOXOIUMO Y4eCTb BpeMs oOpa-
OOTKM 3aroTOBOK Ha Pa3JIMUHBIX CTAaHKaX PacCMaTpHUBAEMOI0 Y4acTKa,
a TaKKe CTOMMOCTb CaMOro MHCTpyMeHTa. MoJenupoBaHue mpoiecca
00pabOTKH Ha y4acTKe MO3BOJISIET U3MEHSTh MEPEMEHHBIE U UCTIOJIB30-
BaTh OJHY MOZEJb JUIS MOJMyYeHHs HEOOXOIUMBIX JaHHBIX, IPUMEHSI
pas3InvHble HHCTPYMEHTHI.

ITon OpakoM NOHUMAETCsl MPOAYKLMS, HE COOTBETCTBYIOILIAS
NpeIbsBICHHBIM TPEOOBAHHUAM H/WIIM UMEIOLIAs IPOU3BOACTBEHHBIE Jie-
¢dexTsl. CymecTByeT MHOXECTBO MPUYMH, BBI3BIBAIOLIMX IOSIBICHHUE
Opaka, oIHaKO B JaHHOW paboTe pacCMOTpEHa TOJIBKO OJHA M3 HHUX —
Opak OT M3HOCAa MHCTPYMEHTA, BBI3BAHHBIM €r0 MEpeXoIoM IO HCTeue-
HHUH ONPENEICHHOTO BPEMEHU B HEI'OJHOE COCTOSHHE, TO €CTh MPEBbI-
LICHUEeM 3HAa4YeHHsl ero CTOHKocTH. Takum 00pa3oM, 4eM BBIIIE CTOM-
KOCTb MHCTPYMEHTa, TEM JI0JIbIlIE HHCTPYMEHT criocoOeH oOpadaThIBaTh
3aroTOBKH O€3 MOsSBICHHS Opaka.

CymiecTByeT HECKOJIBKO METOAOB pacdyera CTOMKOCTH MHCTPY-
MeHTa [2].

Ta0daM4YHBIH METOJ, OCHOBAHHBIA HA HOPMAaTUBAaX PEXXUMAX pe-
3aHUs, PEKOMEHIYETCsl CIOJIb30BaTh B MIPOU3BOJICTBEHHBIX YCIIOBHAX
IPU OTCYTCTBUH BBIYUCIUTENFHON TEXHHUKH, a TAKXKE B MPOCKTHBIX Op-
TaHU3ALMSIX IPU IPOCKTHPOBAHUU HOBBIX TEXHOJIOIMYECKUX MPOLIECCOB
W3rOTOBJICHUS M3eNuii 0€3 BBICOKHUX 3KCIUTyaTallHOHHbBIX TPeOOBaHUIl.

C noMouIpi0 aHAJIMTHYECKOI0 METOJAa pacyeT CTOMKOCTH HH-
CTPYMEHTa IIPOBOJUTCS MO MOLIHOCTH, 3aTPayrBaeMO Ha MpoLecC pe-
3aHusl, C MOCIEAYIOIIEH TPOBEPKON IPOUHOCTH PEXKYILET0 HHCTPYMEHTA
1 3ar0TOBKH. MeToll MOXKET OBITh HCIIOIBb30BaH, €CIIM HET OTPAaHUYECHUH
B BBIOOPE MOZETH CTAaHKA U €T0 XapaKTEPUCTHK, & aHAINTHYECKHE 3aBH-
CHUMOCTH TI0 OIIPEIENICHHIO MT0Ia4H U CKOPOCTH PE3aHUsl UMEIOT J10CTa-
TOYHYIO TOYHOCTb PacueTa.

I'padoanasmTnyeckuii MeTo] 3aKIIOYacTCid B IOCTPOCHUU
rpaduKa «JIMHHUSA CTaHKa — JIMHUS pe3la» U TpeOyeT AOBOJIBHO TPYHAO-
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E€MKUX BBIYUCICHUHA JUIS TIOCTPOCHHS, MMO3TOMY €ro HCIOJIh30BaHHE
B ITPOU3BOICTBEHHBIX YCIOBHSX 3aTPyIHCHO.

CyIIHOCTh MAIIMHHOTO METO/1A € HCMOJIb30BAHHEM KOMIBI0-
TePOB M CHENUATBHBIX MPOrPAMMHBIX CpeJ 3aKIF0YaeTCsl B UCIOIb-
30BaHUU TEOPETUYECKUX 3aBHCUMOCTEH IO ONpEACICHUIO TTapaMEeTPOB
Mpoliecca pe3aHusi, pexxuma 00padOTKH, TapaMeTPOB KauyecTBa MOBEPX-
HOCTHOTO CJIOSl U TOYHOCTH 00pabOTKH, a TaK)KE B BEIYUCIICHUU YKOHO-
MHUYECKH 000CHOBAHHOTO peXUMa 00pa0OTKH B MTPOrpaMMHON Cpejie.

[IpoGiiemaTika paccMaTpuBaeMOil TeMBI B JaHHOH pabote pe-
manach Ha IpuMepe ydacTka mo oopadoTke neranu «OootiMay. Mapi-
PYTHBI TEXHOJOTHYECKHUU IPOIECC M3TOTOBJICHUS NETAlld MPHUBEICH
B Tabimie 1.

Tabnuya 1
MapwpymHuwiii mexnono2uyeckuii npoyecc
Ne HaunmeHoBaHMe onepauunu
005 Tokapnas ¢ UITY
010 Tokapnas ¢ UITY
015 KoopnunaTtHO-pacTouHas
020 CaepauibHO-(pe3epHO-pacToyHast
030 TokapHO-BUHTOpE3HAs
035 TokapHO-BUHTOpE3HAs
040 KonTpons
045 Hukenuposanue
050 Tepmuueckast 00paboTKa
055 KonTpons
060 Tokapnas ¢ UITY
065 CoOopka
070 KoopaunaTtHO-pacTouHas
075 KoopaunaatHo-nmmmoBagbpHas
080 KoopauaaTHO-nmmnoBaspHas
085 MapkupoBanue
090 KonTpons

Pa3smep maptum 3aroToBOK, €IMHOBPEMEHHO 3allyCKaeMOM
B mpon3BoacTBO — 100 mt. LlITyyHoe BpeMst 00pabOTKHM AeTany 1o rpyn-
nam 000pyJ0BaHUs MIPECTABICHO B Ta0mUIE 2.
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Tabauya 2
LImyunoe spems obpabomxu no epynnam obopyoosarus

I'pynna odopynoBanus IlITy4Hnoe Bpemsi, MUH
Tokapnas ¢ UITY 75,19
ToxapHO-BUHTOpE3HAs 11,15
KoopanHaTHO-pacTouHas 16,99
CaepnuibHO-(hpe3epHO-pacTouHast 70,12
KoopanaatHo-nmmdosagpHas 22,23

Ha ocHoBaHMM AaHHBIX TaOIWIBI 2 CIEIyeT, YTO HA Y4acTKe
npeoOnagaet jge3BuitHas 00paboTKa AeTand. B cOBOKYIHOCTH ¢ TPYAHO-
o0pabaTbiBaeMBbIM MaTEpHAaJIOM JETald — TUTaHOBBIM criaBoM BT20,
MPOJOJKUTENIEHOCTh 00pabOTKH 00yCIIaBIMBAET OBICTPBIN HU3HOC PEXKY-
LIET0 HHCTPYMEHTA.

B nanHO# paboTe 00BEKTOM HcCIeJOBaHMs BRIOpaHa TOKapHas
obpaboTka Ha oneparusax 030-035, sBusroreiics mocneaHe YUCTOBOM
JIe3BUIHOM 00pa0OTKOM AeTallu epe]] HAHECEHUEM OKPBITHSL.

CTOMKOCTB Pe3L0B paccunTaHa 1o MalmHHOMY MeTony B.®. besb-
SI3bIYHOTO. [IaHHYTO0 METOJIMKY BO3MOKHO IIPUMEHSTH B YCIIOBUSIX COBPEMEH-
HOTO TIPOM3BOJICTBA, MCMONB3Ys CHELHAIBHBIE MPOrPAMMHBIE CPEIbI UL
OIEpUPOBaHKs OONBIINM KOITHMYECTBOM IapaMeTPOB, MO3BOJISIIOINM IOy~
4aTh OOJIee TOCTOBEPHBIE PE3YJIBTAThI 110 CPABHEHUIO C IPYTUMHU METOAAMHU
pacuera.

MeTtomuka pacyeTa PeKMMOB PE3aHUs M CTOMKOCTH MHCTPYMEHTa
B.®. be3psa3praHOro moapodHo onwmcaHa B uctounnke [2]. Ha pucynke 1
NpecTaBlieHa CXeMa pacyeTa OIMCHIBAEMOTO METO/IA.

a ; ¢ ¢

odameiboemozo (Boucmba uHcmpyMesmansHo20 leomempus Pa3mepe
nepuana Mamepuaa UHCMpYMEHMa 30z0mobxu

l I |
!

Onpedenerue cmodkocmu

pesua

Puc. 1. Cxema pacyera cTOHKOCTH HHCTPYMEHTA
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C nmomonpio 6a3 JaHHBIX M CHENUATIBHBIX CIPABOYHUKOB OIpEre-
JIeHbl HeoOXOOUMBbIe 3HA4YeHHS! CBOWCTB 00padaThIBAEMOro MaTepuaia
(BT20) [3; 2, Tabn. 1.2]: mpemen TeKydecTH; TEIUIOMPOBOAHOCTD; yCIbHAS
00BEMHAsI TEMIOEMKOCTh; MOJYJIb YHPYTOCTH; CONPOTHBJICHUE ILIacTHYIC-
CKOMY CIIBHTY; TEMIIEPATYPOIPOBOJHOCTH; IIPeIe MPOYHOCTH U KO3 PHUIIU-
€HT TEMIIEPATypPHOTO JIMHEWHOTO PACILIMPEHUSL.

Kpome Toro, mmst pacyera CTOMKOCTH HEOOXOAMMBI 3HAYCHHUS
CBOMCTB MHCTPYMEHTAILHOTO MaTepHaia: TEIUIONPOBOJHOCTb, IIPEAEII IPOY-
HOCTH Ha CXaTue, JomycTumast (acka u3Hoca 1o 3aaHel OBEPXHOCTH WH-
CTpyMEHTA.

B kauecTBe MaTrepuana HHCTpyMeHTa B [2, Tabu. 1.3] st oOpaboTku
TUTaHoBoro ciwiaBa BT20 mpeuioxkeHsl K pacCMOTPEHHIO TBEPABIA CILIaB
BKS u OpicTpopesxymas crains P18. 3naueHns nepeduncieHHbIX XapakTepu-
CTHK JIJI5l MaTepUAaJIOB MIPEICTABICHBI B TAONHIIC 3.

Tabnuya 3
Xapaxmepucmuku UHCIpYMeHMAbHbLIX MAMEPUAIO8
XapakTepucruka BKS8 P18
Ap, Jlx/m3 - °C 54,47 [2, Tabm. 1.4] 38,55 [2, Tabm. 1.4]
o, Mlla 1666 [4] 1421 [6]
A,y MM 0,1 [5, Tabm. 2.6] 0,1 [5, Tabm. 2.6]

C nomorrsio nporpamMmbl CoroPlus® ToolGuide ot Sandvik mst
00paboOTKN JAeTaly BHIOpaHBI CIEIYIONIMEe HHCTPYMEHTHI: JeprKaBKa
DCLNR 2525M 12 [7] n pexymas miactuHa CNGM120408F-HGR
7125 [8] co cnepyromumu 3HaYCHUSIMH HEOOXOJUMBIX IJIsl pacyera yr-
JOB W TmapaMeTpoB pexymied kpomku: « — 0°(0pap) ; y —
—6°(—=0,1pan) ; ¢ — 95°(1,65pan) ; ¢; — 5°(0,087 pan) ; 1 —
—6°(—0,1pan); r — 0,8 mMm; p; — 30° (0,523 pax). Pa3meps! 3aro-
TOBKH: ¥56x21 MM.

CTOHKOCTh HHCTPYMEHTA ONPENEIISIeTCs 10 €€ 3aBUCUMOCTH OT
cKopocTH pe3anus no gopmyne (2) ¢ yuerom dopmydst (3):

(41— cinN073y7 1
K-(=siny) "7  EREEEoR ?)

U= (Z-a(1+x+z)371_zlpfl
d-l
=00t 3)
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TIe

K = Dy - a7 p2 (jL_z B ) @)
Z=C1.Cy1.T.(;_p)x1 (5)

a, — TOJNIIMHA cpe3a; by — mmpHHa cpe3a; f — YTroi 3a0CTpeHHs
pesna;

& — YroJ IpY BEpILMHE Pe3La; Cq, C, X, X1, Y, Y1, Z, Z1 — BEIUYHHBI,
3aBUCAIIME OT CBOMCTB 00pabaThIBaEMOro M HHCTPYMEHTAIBHOTO MaTepra-
JIOB.

Beruncienust u moabop koaddurieHToB 1o popmyiam (2)-(5) mpo-
BelICHbl B HWIKEGHEPHOW MareMaTH4ecKOW MporpamMme-00ecrieueHH!
MathCAD v.14. 3nauenus BEIOpaHHBIX K03 ()HULIEHTOB y1sl MaTepuaa pes-
LIOB NPEZACTABJICHBI B Ta0MIIE 4:

Tabnuya 4
3HaveHus NO00PaHHBIX KOI(PHULHEHTOB
Koy uumenr c i X X1 y Yi z zi
BKS8 09 1 01 | 01 0,2 0,1 01 ] 09 |08
P18 09 | 01 | 01 0,2 0,1 01 109 |08

IIpn 06paboTKe 3aroTOBOK C BBIOpaHHOW CKOpOCTHIO pesanus (30
m/mMuH) it Mateprana BKS croiikocts cocraBisier T = 38 MUH, a [yist Ma-
tepuana P18 — 29 muH. Ilo dopmyne (3) paccunraHo Bpems pe3aHust s
OJTHOM 3arOTOBKH:

t_rr-d-l 6
31405621 ,
~702-30000 oo MuA 7)

J1a pacyeTa KOIMUYECTBa 3ar0TOBOK, 00padaThiBaeMbIX 0€3 CMEHBI
WHCTpyMeHTa, Ui MaTepuana BK8 npumensinace gpopmymna (8):

N=== 38 = 61,789 8
Tt 0615 (8)
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[Nony4yeHHoe 3HaueHHE O3HAYaeT BBHIOJIHEHUE TPEOOBAHMIA 1O
HEOOXOOUMON TOYHOCTH U IIEPOXOBATOCTH IOBEPXHOCTU IpH 00Opa-
00TKe 61 3aroTOBKH, IIPH 3TOM clienyromas OyaeT OpakoBaHHOW. AHa-
JIOTUYHBIE pacueTsl IPOBEAEHBI il MaTepuana P18:

N—T— 29 = 47,154 9
~t 0615 ©)

B COBOKYITHOCTU C HH(l)OpMaHHefI O TCXHOJIOTMYCCKOM IIpO-
necce 06pa6OTKI/I 3aroTOBOK Ha YYaCTKC (HOCHCHOB&TCHLHOCTB orepa-
LII/Iﬁ n ux ,I[J'II/ITCIILHOCTB) pacCUNTaHHbIC 3HAYCHUA N sBnstOTCSA ncxona-
HBIMH JaHHBIMH JJIs pa3pa60TKH I/IMPIT&LII/IOHHOﬁ MOZACIIN y4aCTKa.

MogesmpoBanue 00padoTKH 3ar0TOBOK

HmuTaronHas MOJIENb CO3/JaBaeMOT0 y9acTKa OCHOBaHa Ha pa-
00Te areHTOB 1 HAOOPOB PECYPCOB, OTBEYAIOIINX 32 3arOTOBKH, 00pada-
THIBaeMbIE Ha y4acTke, U 00opyaoBaHue (0OpabaThIBaroIee U TpaHC-
MMOPTHOE) COOTBETCTBEHHO, IIOATOMY B KAYECTBE UCXOIHBIX JaHHBIX IS
pa3paboTKu He0OX0AMMa ITAHUPOBKA YYacTKa M TEXHOJIOTHIECKHE ITPO-
IIECChl U3TOTOBJICHUS JAeTajeil Ha 3ToM ydactke. Cama MMUTAIIIOHHAS
MOJIEJh SIBJISETCS CXEMOU, MPEICTABIISAIONIEH U3 ce0st HA0Op COSAMHEH-
HBIX MEXIy co00# OJIOKOB, ONPEEISIONUX MOBEICHUE areHTOB U pe-
cypcos [9].

Jis MonenupoBaHusi Opaka BCIENCTBUE W3HOCA MHCTPYMEHTA
TpeOyeTcs KOIMIECTBO 3ar0TOBOK /N, 00padaThIBaeMbIX 3a IIEPUO/T CTOM-
KOCTH, U BBOJI B CXEMY Y4acTKa OJIOKOB, IIPEIICTABICHHBIX HA PHC. 2.

OutputB Move9 Delay1
v

Puc. 2. MonesinpoBanne Opaka 0T H3HOCA MHHCTPYMEHTA
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brox «OutputB» pazgenser moTok 3aroToBOK Ha 2 MyTH: 1O
BEPXHEMY IIyTH NMPOXOIAT 3arOTOBKH, NMPOUIEANINE KOHTPOIb, O HIX-
HEMY — OTOpaKOBaHHBIC M3-32 H3HOCA MHCTpyMEHTa. Pa3znenenue 3aro-
TOBOK 33/1aHO MPH MIOMOIIY IEPEMEHHOMN — CUETYHMKA MPOLIEAIINX 3ar0-
ToBOK «Count».

[laHnHast nepeMeHHasi OTCUUTBIBAET KOJIMUYECTBO 3ar0TOBOK, TIPO-
meamux yepes 010k «OutputBy», u mpu HAKOIJIEHUH TOCTATOYHOTO KO-
nmudectBa 3arotoBok N (uis BK8 — 61 mt., s P18 — 47 m.), crnemyto-
LIYIO HAaIPaBJIsET BHU3 110 Pa3BETBIICHUIO.

Pe3ernr, ucnonn3yemslii mpu 00pabOTKe, MOKET OBITH HE HOBBIM,
MO3TOMY HavyaJbHOE 3HaUCHHE NMEPEMEHHOM JOJKHO OBITH 3aJ1aHO CITy-
JaiiHeIM 00pa3oM U HaxoauThes B nHTepBaie ot 0 1o N. HayansHoe 3Ha-
YeHHe NTepEMEHHOM 3aaeTcs B pasaene «HavganpHoe 3HaueHue» BBele-
HueM Java-kona:

Math.random()*(N+1)+1. (10)

Cam mpouecc oTcenBaHHs Opaka CMOJETUPOBAH YCIOBHUEM
B BHJe Java-kona, nporrcaHHbM B O010ke «OutputBy»:

count%N!=0. (12)

JlaHHBIN KOZ IPOBEPSIET OCTATOK JI0 JAEJIEHUS TEKYLIEro 3Hade-
Hus nepeMeHHol «Count» Ha uucio N u cpaBHuBaet ero ¢ 0. Eciu me-
peMeHHast KpaTHa NN, pe3el] 3aTynuics U TpeOyeT 3aMEHBI, a CIIeAyIOoIas
3aroTOBKA MOJIYYUTCS] OpaKOBaHHOM.

ITo pe3ynpTaram MoaenHpOBaHHUS 00PaOOTKH Pe3LOM U3 MaTe-
puana BKS8, ¢ yuetom cnyuaiiHoro 3HaueHust nepemeHHon «County, ko-
JTUYeCcTBO OpaKOBaHHEIX AeTajeil OyeT BapbupoBaThes oT 1 1o 2. AHa-
JIOTUYHOE KOJIMYECTBO JeTanel mpu oOpaboTke pesrom u3 P18 — 2-3.
VY4uTBIBasi CTOMMOCTh PE3LIOB, IPUMEHSIEMbIX Ha (UHUIIHON ONepaluu
00pabOTKM OTBETCTBEHHOM JI€TaNIN M3 TUTAaHOBOTO ciutaBa (P18 — ot 150
1o 300 py6neit, BK8 — ot 250 mo 400 [10]), a Tak:ke CTOMMOCTh MaTepH-
ama 3arotoBku (1750 pyOueii/kr), mpeanoyTHTEIhHEE NCTIOTB30BATh Pe-
3el U3 TBepaoro cruasa BKS.

3akiroyeHue
[TomaroByto ociaenoBaTeN-HOCTh JAHHOM paOOTHI MOXKHO CBe-
CTH K METOAMKE IO OLICHKE M CHI)XKEHHUIO YPOBHA Opaka, CBSA3aHHOIO
C OTKa30M PeXyIIero HHCTpyMeHTa (puc. 3).
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Puc. 3. MeTtoanka OneHKH M CHH2KeHHsl OpaKa OT H3HOCA HHCTPYMEHTA

HOHy‘lCHHBIﬁ AJITOPUTM MPUTOACH AJI MIPOTrHO3UPOBAHUS YPOB-
Hs1 6pa1<a n B1>160pa HCO6XO,I[I/IMOF0 HWHCTPYMCHTAJILHOI'O MaTCpuajia Ha
JTane TEXHOJIOTHYECKON NOoATrOTOBKHU MPOU3BOACTBA, YTO MMO3BOJIMUT I10-
BBICUTBH KaUCCTBO NPUHHUMACMBIX TCXHOJOTUICCKUX pemeHHﬁ.
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Abstract. This article discusses the assessment and method of
reducing the proportion of defects associated with the wear of the cutting
tool in the manufacture of critical parts made of titanium alloys at the
machining site. Based on the calculations of tool durability and the con-
struction of a simulation model of the machining area of parts, an algo-
rithm is proposed to reduce the number of defects caused by the failure
of the cutting tool.
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AHAJIN3 TEXHOJOI'NMYHOCTH
KOHCTPYKIMH U3JAEJNA MAIIMHOCTPOEHU A
KAK OKCIHHEPTHAS CUCTEMA

Iloopes H.B.
Hprymckuii HayuoHanbHulil UCC1e008amenbeKull
mexHuueckuii ynugepcumem, Upkymck, Poccus

AnHoTtanus. B maHHOW craThe paccMmarpuBaeTcs pa3paboTka
HOBOI METOJIUKU OLIEHKH TEXHOJIOTMYHOCTH KOHCTPYKLMH U3AENU Ma-
LIIMHOCTPOCHUSI HA OCHOBE 3KCIIEPTHOM cucTeMbl. B xoze BhINOTHEHUS
WCCIIEIOBAHUS JAHHOTO BOIMpPOCa OBUT BBINOJTHEH aHanmm3 oneHku TKU
Ha COBPEMEHHOM TPOM3BOJICTBE, BBIABIIEHA MPOOIEMa OIIEHKH, TTPE]I0-
JKeHa KOHIEMIUI MeToAuKH. B pesynprare Obuta popmann3oBaHa WH-
(dopMarus OIEHKN KavYeCTBEHHOW M KonudecTBeHHOW oneHku TKU,
ObLTa pa3paboTaHa KOHIICTIIINS 3KCIIEPTHON CUCTEMBI, a TaK)Ke TIOKa3aHa
KOHIIETIHS BHIBOJA PE3YIbTATOB B BUJE « T€XHOJIOTHUECKUX PEKOMEH-
JAIHif» TEXHOJIOTY IO TOJITOTOBKE MPOU3BOACTBE MPH 3aITyCKe HOBOTO
HA3JEIINS.

KarodeBrble ciioBa: TEXHOJOTHYHOCTh KOHCTPYKIIMU H3JEIIVS,
0a3a naHHBIX, 0a3a 3HAHWIA, JKCIIEPTHAs CHCTEMA, KOJIMYECTBEHHAs
ounenka TKU, kauectBenHas onenka TKU, Teopus MHOKECTB

Beenenue

Ha coBpeMeHHOM IPON3BOACTBE YK€ TaHHBIM JaBHO LAPCTBYET
nudpoBas 3M0Xa W3TOTOBJICHUS NPOAYKUUH. VICHONB3YIOTCS CTaHKH
C YHCIIOBBIM IPOTpaMMHEIM yripaBienueM (UI1Y), BceBo3mokHbIe TH]-
POBbIE HO3ULMOHEPHI, POOOTHI, ABTOMAaTU3UPOBAHHBIE CTAHUMU H T...
KoncTpykTopckast TOKyMEHTaMsI BBICTYIAET B POJIM 3IEKTPOHHOIN MO-
JIeNT U3JIeNnsl, B KOTOPO# 3aI0)kKeHa BCsl HeoOXxoauMast nHbopMarus oo
n3genuu. Taxxe A 3allycKa HOBOTO M3JENHS HA 3Tare MOATOTOBKH
[IPOM3BOJCTBA BBIIOIHACTCS TaKas MPOLEAYpa KaK OLIEHKA TEXHOJIOTHY-
Hoctu KoHCTpyKimu uzaenus (TKH), To ects ciocoOHOCT M3aenus u3-
TOTaBJIUBATHCS HAa JAaHHOM BHJIE IIPOU3BO/CTBA C HAUMEHBIINMH 3aTpa-
Tamu [1]. YuuTeIBas, 9T0 COBPEMEHHOE MPOU3BOJCTBO UMEET B CBOCH
OCHOBe IM(POBEIE JaHHBIE, JIOTUYHO, YTO  oneHKy TKU crnexyeT BbI-
HOJIHSTH C IOMOIBI0 aBTOMAaTU3HPOBAHHBIX CUCTEM, UTO, K COXKAJICHHIO,
JI0 CHUX TIOp HE BBINOJIHSETCSL.
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IIpoananu3upoBaB, kak BelmosnHsAeTcs oneHka TKW Ha coBpe-
MEHHOM aBHALlMOHHOM NPEANPHUATUH, ObLIO BBISABICHO, YTO aHAIIU3 KO-
nudecTBeHHOU oneHKH TKU BbInonHsSEeTCS pa3TUYHBIMU OTJEIaMH MIPO-
M3BOJICTBA, YTO CKa3bIBAETCS HA BPEMEHH OLIEHKHU U 3aIlycKa MPOU3BOI-
ctBa. Taxoke 1y oneHku kadectBeHHOW TKU nmpuBnekaroTcss TEXHONIOTH
¢ OOJBIINM OMBITOM M KBaNu(UKAIMEH, YTO TOXKE CKa3bIBACTCsl Ha Bpe-
MEHU ¥ ce0eCTOMMOCTH M3TOTOBJICHHS n3enus [2].

B cBs3M cO BCceM CKa3aHHBIM BBIIIE BBIBUTAETCS b MCCJIe-
HOBAHUS: C NHOMOWBIO INEKMPOHHOU MOOenU U3oenus ciedyem GblnoJ-
HUMb hopmanuzayuio HeooXoOUMoU uHgopmayuy 01 OYeHKU Koauye-
cmeennou u xavecmegennot TKU, a maxoce cnpoekmuposams HOBYIO
memoouxy oyenku TKHU 6 eude sxcnepmuotl cucmemsl, eoe pe3yibmam
0ydem omobpadcamvcs 8 ude MexHONO0SUHEeCKUX PEKOMEHOAYULl mex-
HO02Y N0020MOBKU NPOU3BOOCHEA.

dopMmupoBanue KOHUenuun Mmetoauku ounenkn TKHU

YroOr! ananu3 TKU BeImomHsIICS 0OJHUM PaOOTHHKOM, IPUYEM
TaKUM, KOTOPOMY HE HaJ0 UMETh OrpoMHbIN onbIT aHanu3a TKU cre-
IyeT yUTH OoT mpuHLHMIA olleHKU KauecTBeHHOU TKU Ha ocHOBe aTiiacoB
11exoB, (hopMann30BaTh UX B mudpoByto nHhopMmaruto. Taxxe He0OXO0-
IMMO CHCTEMAaTH3UPOBaTh, popMan3oBaTh B HU(PPOBYIO HH(OpMALIHIO
BCEe HEOOXOMMBIE MTOKa3aTe I, KO3 PUIUEeHTHI U pacyeTHbIE (YOPMYIIBI,
KOTOpBbIe HEOOXOIMMBI I pacuera Koiuvecmegennou oyenxu TKH.
UToOBI HUCKIIIOUUTH YEIOBEUECKUH (PAKTOp, ClIeAyeT aBTOMAaTHU3UPOBATh
JAHHBIA BBIYUCIUTENBHBIN IPOIIECC METOAMKH B BUE 0a3 JaHHBIX U 0a3
3HaHui. To ecTh B 6a3y darHbix HEOOXOAUMO BHECTH BCE HEOOXOAMMEBIE
JlaHHbIe A pacyeTa KonuuecTBeHHOM oneHkn TKU, a Takke atiacel
TEXHOJIOTHYHOCTH THIIOBBIX KOHCTPYKTHBHBIX 3JIEMEHTOB H3IEINus,
a Bce (hopMyIIbI, B3aMMOCBSI3H (hOPMAU30BaTh B 6a3y 3HaHui. J{ns nan-
HOW 33724 ONTUMAJIBHO MOAXOIST IKCHEPMHble CUCHEMbl, KOTOPbIE
MOTYT aBTOMAaTH3MPOBAaHO (HAa OCHOBE HCXOIHBIX JAHHBIX H3IEIIHS
B BHJE T€OMETPUYECKONW MH(OPMALUN O KOHCTPYKTHUBHBIX 3JIEMEHTAX
n3nenus) BeIMONHATH aHanmn3 TKU u BbImaBaTe pe3ynbTaT TEXHOJOTY
B BUJI€ TEXHOJOTMYECKUX PEKOMEHIAIMNA. YIIPOIIEHHO OJI0K-CXemMa Me-
TOJIMKY IOKa3aHa Ha PUCYHKe 1.
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(\ PEKOMEHIAIUN )

Puc. 1. YnpoueHHas 0J10K-cxeMa METOTUKHA

®opmupoBanue ¢ppeiiMoB 623 TaHHBIX

Jnst paboTel SKCHEPTHON cHCTeMbl Hanboiee paluOHAIBHBINA
Croco0 XpaHEHHUs! 3HaHUH SABJISETCS MPOAYKIHOHHOHN (pelimMoBas Mo-
Jlenb 3HaHWM, Tak Kak B JAHHOM MOJENM JaHHBIE XpaHATCA B BHJIE
TaOJIHII, YTO OUYEHb YJOOHO U CTPYKTYPUPOBAHO, TAKXKE B JAHHBIX Tal-
JMIAX MOKHO 33/1aTh B3aMMOCBSA3HM MEXIY TaOJIMIaMu, TO ecTh (pei-
Mamu. Tak kak y Hac oueHka TKW nmenutcs Ha ABa Tuma, TO ClIedyeT
¢dopmanu3oBaTh WHPOPMALHUIO U KAUECTBEHHOW M KOJIMYECTBEHHOM
ouenku TKU [3].

Jna ouenkn kauectBeHHOW TKU Bo3bMeM THIIOBOH KOHCTPYK-
TUBHBIN 3JIEMEHT (hpe3epOBaHHON AeTalld — 3TO TEXHOJIIOTHYECKUE Kap-
MaHbl, KOTOPbIE CIIy>KaT Aj1s 00JIerdeH sl AeTalu, JIMOO A1l OTIpeieieH-
HBIX 3aJa4, 3aJaHHbIX KOHCTPYKTOPOM (CM. PUCYHOK 2).
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Puc. 2. CeyeHue KapMaHa C €ro reoMeTpU4eCKHMH XapaKTepUCTHKAMHU

[Ipoananu3upoBaB atiackl, KOTOPBIMHU TMOJIE3YIOTCS TEXHOJIOTH
MOJATrOTOBKH MPOU3BOJICTBA AJISl OLICHKH, BELSICHUIOCH, YTO JaHHBIN KOH-
CTPYKTUBHBIN JIEMEHT JICTAJIH SIBJISICTCS TEXHOJIOTUYHBIM, IIPU YCIIOBHH,
YTO BCE PaJUyCHBIC MEPEXOMbl SBIAIOTCS THUIOBBIMH, TO €CTh UMEIOT
OJIMH pa3Mep, a TakKe, 4TO Manka yria pasHa >90°. Takke 3akpbITas
Maska yria (<90°) MoKeT OBITh TEXHOJOTHYHOMN, €CIIM Ha PajgHyCHOM
nepexose OyleT TEeXHOIOTHUECKHH BBICTYII, KOTOPBIA 00pa3yercs mpu
(dbpe3epoBanum Ppe3oit octporo yria 6opra kapmana [4, 5, 6]. JlanHyro
nHpOpMaIHIO clieayeT popMann3oBarh B Buae (peiima (cM. Tabauiy 1).

Tabnuya 1
®peiim kayecTBeHHOI oneHKH TKU KOHCTPYKTHBHOIO
3JIeMeHTAa U3JeJIusl

C0T BHI0B KOHCTPYKTHBHBIX
3JIECMEHTOB

3HaveHHe CJI0TA

TurnoBsle pagnychl KapMaHa ra/ ke

Ra* “ X Rb
CTHUIIOBBIC PA/INYChl KapMaHa Tpebyeren sumomums
THUOBBRIC PALKNYCHBIE

nepexonsl
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OTKpBITast Maska \@:v '

TexHonoruuso

3a1<p},ITa;1 MaJika

Yeryn

3aKpbITast MajKa ¢ yCTyIIOM

TexHonoruyso

TunoBkie BHEITHIE paanycbl

HeTunossie BHyTpeHHNE Py Ch

()0“
Maixka 90°

TexHonornyHo

HpI/I noATrOTOBKE MPOU3BOACTBA JIs1 IICPBOTO HpI/I6J'II/I)K€HI/ISI uc-
MOJIB3YIOT CIACAYIOIINEC PACUCTHBIC KOJITMYCCTBCHHBIC ITOKA3aTCIIN [7]
1. TPYAOCMKOCTH U3TOTOBJICHUA U3ICITNUA TH, H/‘{aC;
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2. MaTepuasoeMKOCTb Mg, KT;

3. TexHolormyeckas cedbecTouMocTh u3rotosneHus Ci, pyo.;

4. xo3(dunment ucronszoBanus marepuana (KMM).

[Ipoananu3upoBas aUTEPATYpPy aBTOPOB, U3YUYHB (POPMYIIBI pac-
4eTa TPYAOEMKOCTH, MaTePHAIOEMKOCTH, TEXHOJIIOTHIECKON cebecTou-

MOCTH U KO3 duureHTa ucnoias3zoanus Mmatepuaia (KHUUM) [ 7], npuxo-
M
JIIM K BBIBOAY, YTO BCE BCIIOMOTATEIbHBIE TAOIUIBI TOKCKA, M—”; K K5
a

TabNMIa KBAJIUTETa TOYHOCTH CleyeT (GopMaIn30BaTh B 0a3y JaHHBIX
MOWCKA TAaHHBIX KO3 PHUIUEHTOB, a POpMyJIbI pacueTa JaHHBIX KOJIHYe-
CTBEHHBIX MTApaMETPOB B 0a3y 3HAHH.

B KoHeuHOM wHTOre moiydaeMm 3aKOHUEHHYIO 0a3zy IaHHBIX

OLIEHKHU KaueCTBeHHOI U konmdecTtBeHHOM TKW ¢ BXOAAIIMMHU B HETO

o M,
(peiiMamu oncka K03 PuIreHToB o K,;; K;, KBanurera TOYHOCTH U
a

¢peiimoMm kadecTBeHHOH onleHKH TKU KOHCTpYKTHBHOTO 3JIEMEHTa H3-
nenus (CM. pUCYHOK 3).

Dpeiim Km ®peiim nokasareeii kauecrsennoii TKU

@peiiM KBAJINTETA TOYHOCTH ®peiim Kt 1 Kt

TR

Puc. 3. baza nannbeix Mmeroauku anaan3za TKH

®opmupoBanue 0a3bl 3HAHUH
baza 3Hanuii Oyner cocrosite U3 rpaduyeckoil MHPOpPMAIUN
B3aMMOCBSI3€H, KOTOPHIC HYXKHBI ISl pacueTa Metoauku aHanuza TKU
B aBTOMAaTH3UPOBAHHOM PEKUME Ha OCHOBE (hOpMYJI TUTEPaTypsl [ 7] mo-
ncka Ty; Ms; C, Cxema 06a3bl 3HAHUI MPE/ICTAaBICHA HA PUCYHKE 4.
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Puc. 4. Cxema 0a3pI 3HaHHi MeToauku aHaan3a TKU

LIBeTHBIMU CTpeNKaMH MOKa3aHa CBsI3b MEXIy OJOKOM HCXOJ-
HBIX JaHHBIX HHPOPMAIIMOHHON MOAETH U3AeIHs. YepHBIMH CTpETIKaMH
MOKa3aHbl B3aMMOCBSI3M MEXKAY CJIOTaMH (peiimMa, KOTOpbIC IOJIKHBI
OBITH HaWJEHBI SKCIIEPTHONH CHUCTEMOW C MOMOIIBI0 MaTEeMaTHUYECKOTO
anmapara MeTouku. CHHHE CTPEJIKH BU3YAIIM3UPYIOT IIepeaady pe3yiib-
TATOB pacyeTa B MOJYJIb BBIBOJIA Pe3yJibTaTa « [eXHOJOrHYEeCKHEe PEKO-
MeHIauun». B 1aHHOM MOzyIie TEeXHOJIOTy MOArOTOBKM NPOU3BOICTBA
OyzeT TmoKa3zaH pe3ysibTaT KadyeCTBEHHOM M KOJWYECTBEHHOW OIEHKU
TKU KOHCTPYKTHBHOTO 3JIEMEHTA U3EIHUs B 3aBUCMOCTH OT UCXOIHBIX
JaHHBIX U YKOHOMUYECKUX MapaMeTPOB KOHKPETHOTO THIA MPOU3BOJ-
cTBa (CM. PUCYHOK 5).
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Puc. 5. MoayJib pe3yJibTATOB pacyera
«TexHoJI0THYECKHE PEKOMEHTANMMI

MartemaTH4yecKoe NMpeAcTaBJIeHre MONCKA
HYKHBIX IapaMeTpoB B 0a3e TaHHbBIX
CornacHO pUCYHKY | YepHBIMM CTpeJKaMU MOKa3aHbl B3auMO-
CBSI3M MeXOy QpeiiMamMu 0a3bl JaHHBIX, KOTOPBIA JIOJDKHBI OBITH
HalIeHbl METOIOM MOHUCKA B 3aBUCUMOCTH OT MCXOJHBIX MOJENN U3JIe-
nusi. JIaHHBIM MOMCK MO>KHO BBITNIOJHHUTE € MOMOIIBIO CIEAYIOIINX Mpe-

. . M
obpazoBanuii. [IpeacraBum cebe, 4TO AIEMEHTHl 3HAYCHUN M—” Ooynem

a

0003HavaTe OYKBOH «a», a anemMentsl Ky Oynem o6o3Havats OyKBOii b.
IlepBbrii uHIEKC mocne OykB OyIeT O3Ha4aTh HOMEp CTPOKH,
a BTOpoil — HOoMep cronbua. Muaekc n o0o3HayaeT HOMEpP CTPOKU
B (peiimMe B 3aBUCUMOCTH OT KOJIWYeCTBa HHPOpMayu (cM. Tabnuity 2).
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Tabnuya 2
IIpeo6pa3oBanHublii ppeiim

M

U
— Ku
M,
a1 by,
aza by,
asq bs,
an,l bn,z

M
[pencTaBum, 9TO BCE 3MEMEHTBI CTOJIONA M—” 310 MHOXKECTBO A (1):
a

A= {a1,1; az1; A3,1; - an,l} (1)

r7Ie 1 — HOMep CTPOKH B (ppeiime
CrienoBatensHo, cronber Ky MOXHO MPeACTaBUTh MHOKECTBOM
B (2):

B = {b1,2; bz,z; b3,2; bn,Z} 2)

Opeiim  kodppunmenta Ky, 4eTKO MOKa3bIBa€T OTHOLICHHUE
M N
MEXIy M—" n kodpduuuentom K, 31eMeHT mepBOH CTPOKH IMEPBOTO
a

CTOJI0IIa CTPOr0 UMEET OTHOIIIEHHUE K AIEMEHTY TIEPBOM CTPOKU BTOPOTO
cToN0Ia M TaK Janee, TO €CTh MMEETCS MEPECCUCHHE MEXKy MHOMKE-
ctBoM A u B. Ilpu nepecedeHnn AByX MHOXKECTB 00pa3yeTcsi MHOXe-
ctBO Q, cocrosimee U MoAMHOKeCTB Cp JI1 KOTOPOTO CIPABEIUBO CIIC-
nytoniee BelpakeHue (3):

AUB = Q{Cy; C5;C5;5 ... G} 3)

TJIe N — HOMEP CTPOKHU B (petime

[MommuoxecTBa C, COCTOAT M3 JIEMEHTOB MIEPBOTO U BTOPOTO
cTonbua ¢peiiMa, HO JUIT KOHKPETHOH CTPOKH, TO €CTh WHACKC n B 000-
3HaueHnH MHOXecTBa C MOKa3bIBaeT KOHKPETHYIO CTPOKY BO (pelime,
TO ecthb Cq = {a1,1F b1,2}; C, = {a2,1;b2,2}; C; = {a3,1; b3,2}, TO €CTh
CHpaBeUINBO CIIEAYIOIIee BhIpaxeHue (4)
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Cp = {an,l; bn,Z} (4)

r7ie n — HOMep CTPOKHU (peiima

JlaHHOe BRIpasKeHHE TIOKA3BIBAET, YTO MEPBBII 3JI€MEHT MHOXKe-
CTBA Ay 1 ABIAETCA UCXOAHBIM OOBEKTOM, a JIIEMEHT by, , ABIAETCS MO-
HCKOBBIM 00bEKTOM. TO €CTh MaT. anmnapaT METOUKH BBIMOTHSET MOKCK
3IIEMEHTA Ay, 1 U, HAXOJA €ro B ONpPEEIEeHHON cTpoke (peiima, como-
cTaBJsieT co cronoukoMm kodddunmenta Ky B 3T0i ke cTpoke dpeiima
U BBIAACT pe3yJbTaT HykHOro Kodddurmenta K.

3akaouenue

B pesynbrate mpomenaHHO# paboThl ObUIa (QopmamuzoBaHa
1 chopMUpOBaHa HOBAsI METOIMKA OIICHKH TEXHOJIOTMYHOCTH KOHCTPYK-
LMY MalIMHOCTpoeHusl Ha ocHoBe 3D Moxenu uznenus. lannas meto-
JIUKa SBIIAETCS SKCIEPTHOM CUCTEMOMN OLICHKHU U BBIIAET PE3yJbTaT TeX-
HOJIOTY MOJATOTOBKU MPOU3BOJICTBA B BUJE TEXHOJIOTHYECKUX PEKOMEH-
nanui. J[aHHbIE TEXHOJIOTHYECKUE PEKOMEHALUU BBITIOJIHEHBl B BHUJIE
aHaJIM3a KOJWYECTBEHHON M KauecTBeHHOM orenku TKU B aBTOMaTH3M-
pOBaHHOM pexume. JlaHHasg METOAMKA MO3BOJIUT CYIIECTBEHHO COKpa-
TUTH IIUKJI TIOJITOTOBKH U OTPaOOTKH HOBOTO M3/IENH Ha 3amycK. Takxke
C TIOMOIIIBIO TAHHOW METOJUKU OOJbIlIe HE TpeOyeTCsl MPUBIEKATh CIie-
LUAJINCTA ¢ OOJBIINM OIBITOM oLeHKN KauecTBeHHON TKU. Best HeoO-
X0 uMast “HGOpMAIIHs C aTIacoB, HOPMAaTUBHBIX JOKYMEHTOB, CTaHAap-
toB npeanpustuii, [OCToB Oyner ¢opmanuzoBaHa B 0a3y JaHHBIX
omeHkn kadectBeHHOM TKW w BbImaBaTh TEXHONOTY HH(DOPMAINIO
0 TEXHOJIOTMYHOCTH JIN0O HE TEXHOJIOTUIHOCTH JJAHHOTO KOHCTPYKTHB-
HOTO DIIEMEHTA KOHCTPYKIIUY U3/IeJHsl. B0 mpo1IeMOHCTpHpPOBaHO Ma-
TEMaTHYECKOe MPEeJICTABICHUE ITOMCKA HY>KHOTO TTapaMeTpa B 0a3bl JaH-
HBIX METOJUKHU Ha OCHOBE TEOPUHU MHOXKECTB. CllelyeT CIIPOEKTUPOBAThH
MaTeMaTHYEeCKUH aImapar pacyera BCeil SKCIIEPTHON CHCTEMBI Ha Clie-
IYIOIIEM JTare MCCIIeIOBaHMS.
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ANALYSIS OF MANUFACTURABILITY OF THE DESIGN
OF ENGINEERING PRODUCTS AS AN EXPERT SYSTEM

Podrez N.V.
Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. This article discusses the development of a new
method for assessing the manufacturability of the design of a mechanical
engineering product based on a digital model of the product. In the course
of the study of this issue, an analysis of the evaluation of TCI in modern
production was carried out, the problem of evaluation was identified, and
the concept of the methodology was proposed. As a result, the
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information for assessing the qualitative and quantitative assessment of
TCI was formalized, the concept of an expert system was developed, and
the concept of outputting the results in the form of "Technological re-
commendations" to the technologist for preparing production when
launching a new product was shown.

Keywords: manufacturability of product design, database,
knowledge base, expert system, quantitative assessment of MPD, quali-
tative assessment of MPD, set theory
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INDUSTRIAL TECHNIQUES OF CORROSION PREVENTION
IN ALUMINUM ALLOYS
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Abstract. The primary purpose of this research is to determine
the acceptable way of corrosion control of aluminum and its alloys. To
this end, the authors have attempted to make a critical review on the tech-
niques of corrosion control in different industries. The mechanism of alu-
minum corrosion was also described. Moreover, the effect of different
corrosive environments on aluminum alloys was also studies and finally
the appearance signs related to the defects of this destructive phenome-
non were reported. This report can be useful for students of material and
mechanical engineering, as well as industrialists in various fields.

Keywords: Aluminum alloys; Corrosion; Corrosion resistance;
Prevention techniques; Practical solution

Introduction

Corrosion is a phenomenon of metal destruction under chemical,
electrochemical, or physicochemical influence of the environment. The
main cause of this phenomenon is the thermodynamic instability of me-
tals against the materials are in contact with them. In principle, the stan-
dard electrode potential of aluminum is less than that of most alloys used
in industry. Therefore, an oxide protective film is formed on the surface
of aluminum (or aluminum-based alloys) samples in air at room temper-
ature within 0.0001 seconds. The corrosion resistance of aluminum al-
loys is often determined by the mass loss of a sample interacting with an
aggressive medium. However, this only makes sense when the aluminum
is dissolved in the medium and reacted with it. Figure 1 shows the surface
of a sample of aluminum alloy 6061, which was interacted with an ag-
gressive medium for 12 hours [1].

Direct control methods allow the observation of corrosion on
slits cut from the examined samples or products and quantitative mea-
surements of the damage degree by optical devices with high resolution.
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These include methods of microsurveys, among which the metallo-
graphic method is the most widely used in construction and mechanical
engineering. In brief, this method is based on determining the type of
corrosion, the form of corrosion damage, the distribution of corrosion
damage in metals, alloys, and protective metal coatings by comparison
with the corresponding typical forms, as well as measuring the depth of
corrosion damage on a metallographic slate [2].

Fig. 1. Damaged surface of aluminum 6061 by corrosive environment [1]

Indirect methods of control are based on the correlation between
the degree of intercrystallite metal samples damage and one of their
physical parameters measured in the process of control. They include:
the sounding height method; method of determining mechanical proper-
ties; weight method; electrical resistance method; method of resonant vi-
brations; ultrasonic method; electromagnetic method; capillary method;
radiography method, and others. These methods are described in detail
in [3]. Insufficient attention to the risk of corrosion can be very dange-
rous. Especially road construction machines that are actively used in
dusty, humid, and high-elevation conditions, etc., are subject to severe
corrosion damage. For example, the power of an internal combustion en-
gine, the inner surface of the cylinders of which is affected by corrosion,
is reduced by 20-25%, and oil consumption increases by 50-80% [4]. In
this regard, in the production phase, it is necessary to be able to detect
the likelihood of this destructive factor and prevent it or reduce the scale
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of the consequences. This article gives a brief overview of corrosion pre-
vention methods in aluminum alloys.

Classification of aluminum alloys

Aluminum alloys are alloys which have mass fraction is alumi-
num as the main. As a rule, the alloying elements in them are Mg, Mn,
Zn, Cu, and Si; also less common are Ti, Zr, Be, and Li. Aluminum alloys
are classified and identified along various lines:

e by categories (depending on the method of processing) —
wrought (structural) and cast;

e by classes — hardenable by tungsten (cold plastic defor-
mation) or heat treatment;

e Dby chemical composition — by quantity and content of alloy-
ing elements and impurities;

e by alloying systems — by combinations of major and minor
alloying elements;

e Dby series — by the main alloying elements (Cu, Si, Mg, Zn,
Mn, Sn, and Fe, etc.).

Wrought alloys are used for die machining more often in the hot
state. This can be such types of metal processing as rolling, stamping,
pressing, forging, and drawing [5]. The international system of notation
of wrought alloys took as a basis the American system, was developed
in the middle of the 20th century. According to it, each alloy has its own
number consisting of four digits. In this regard, the classification is given
in Table 1.

Table 1
Classification of wrought aluminum alloys

Series Main alloying Heat treatment 60,2, Oyrs

element hardening (MPa)

1xxx - - 70, 175
2XXX Cu + 170, 250
3xxx Mn - 140, 280
4xxx Si depends on alloys 140, 340
5xxx Mg - 140, 380
6xxx Mg+Si + 150, 380
TXXX /n + 180, 620
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8xxx another | depends on alloys | 280, 560
9xxxX reserve series

Different mechanisms of corrosion phenomenon are demon-
strated in Figure 2. Depending on the material structure, corrosion can
develop along grain boundaries (Intergranular Corrosion: IGC, Figure 2
and item No. 7) or on heavily deformed areas. Examples of IGC are well
described in Ref No. 6 and 7. Pitting corrosion (Figure 2 and item No. 6)
only occurs in the presence of electrolyte (water or moisture). Aluminum
is prone to pitting in environments with a pH value of around 8. This
includes almost all natural environments such as fresh water, seawater,
and moist air. Also, the pitting pattern in aluminum alloys is depicted in
simplified form in Figure 3.

1 - uniform 2 - irregular 3 - selective
4 - stain 5 - ulcer 6 - pitting

DR PR
7 -intergranular g _gtrass corrosion 9 - subsurface
cracking

Fig. 2. Schematic of corrosion mechanisms in aluminum alloys [5]

6 OH @ /® 32H,

Fig. 3. Pitting pattern in aluminum alloys [6]
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It is a fact that different aluminum alloys have different re-
sistance to general corrosion. The most common aluminum alloys, 6060
and 6063, containing no more than 0.1% copper, are highly resistant to
general corrosion and can be used without protective coatings in most
operating conditions. In addition, aluminum alloys containing >0.5%
copper show significantly less corrosion resistance. Therefore, they
should not be used without protective coatings in environments with a
high chloride content (e.g., near roads where salt is used or near sea-
coasts) [7]. Powder-coated window and door elements made of alloys
6060 and 6063 can suffer thread corrosion. In order to prevent this type
of corrosion, the copper content of the aluminum alloy should not exceed
0.1% [8]. It is found that chemical stripping of the aluminum surface
layer in an amount of at least 2 g/m? before chromate surface preparation
gives the painted aluminum a high resistance to thread corrosion. Figure
4 illustrates an industrial example for thread corrosion of painted alumi-
num alloy.

Fig. 4. Thread corrosion of painted aluminum [9]

Stress corrosion cracking is a rare type of corrosion. It occurs
mainly in high-strength alloys such as 2000 (AlCu), 7000 (AlZn), and
5000 (AIMg) series when the magnesium content is greater than 4%. This
occurs when the metal is subjected to prolonged tensile stresses in the
presence of a corrosive environment [10]. Intergranular corrosion affects
the grain boundaries of the metal, but not the grains themselves. The
6000 series alloys (e.g., 6060 and 6063) are resistant to intergranular cor-
rosion. The formation of a recrystallized structure (with large grain size)
in the profiles and the high silicon and copper content can contribute to
this type of corrosion. Manganese and chromium are added to aluminum
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alloys to prevent or minimize recrystallization. IGC is particularly char-
acteristic of the 7000 series alloys. Here, it is associated with MgZn pre-
cipitates, which are very anodic compared to aluminum and therefore
subject to corrosion [7,11]. Figure 5 presents IGC in Al-Mg-Si alloy.

Fig. 5. Intergranular corrosion in Al-Mg-Si alloy [7]

Subsurface corrosion is a type of corrosion that extends under
the surface of the metal along one or more planes (see Figure 6). This
type of corrosion occurs mainly in rolled products made of high-strength
alloys of the 2000, 5000, and 7000 series.

Fig. 6. Subsurface corrosion

Cast alloys are used to make aluminum castings using techno-
logical methods such as sand casting, and die casting, etc. Cast alloys
have a much higher alloying element content (e.g., silicon up to 17%).
A three-digit notation system is used for cast alloys, followed by a "de-
cimal fraction". The decimal .0 in all cases refers to the limits of cast
alloys. Moreover, decimals .1 and .2 refer to the chemical composition
of the finished ingots [12]. In this regard, Table 2 presents classification
of cast aluminum alloys.

149



Heat-strengthened alloys include cast alloys of the 2xx, 3xx and
7xx series. Alloys of 5000 series (AIMg) with magnesium content over
2.5% and, to a lesser extent, alloys of 6000 are used for the manufacture
of welded (riveted) hulls of sea and river transport vessels, especially
rolled and pressed semi-finished products operating at temperatures up
to 150°C [13].

Table 2

Classification of cast aluminum alloys
Series Main alloying element
I1xx.x -
2XX.X Cu
3xx.X Si/Cut+Mg
4xx.X Si
SXX.X Mg
6XX.X reserve series
7XX.X /n
8XxX.X Sn
9xX.X reserve series

Effects of various aggressive environments on aluminum alloys
Corrosion of metals in water depends on the chemical composi-
tion of the water. The corrosion resistance of aluminum in water is most
affected by the presence of chlorides and heavy metals in the water. In
natural fresh water and drinking water, aluminum may be subject to pit-
ting. However, with regular drying and cleaning, the risk of corrosion
damage under these conditions is minimal. Aluminum alloys with a high
copper content (known as "duralyes") are not normally used for conditions
in water. When these alloys are unavoidable under such conditions, they
must be provided with reliable corrosion protection, such as solid coloring.
However, low or high pH values (less than 4 and greater than 9) cause
dissolution of the oxide film and rapid corrosion of the aluminum.

Influence of halogens as an aggressive environment
on aluminum behavior
Aluminum reacts well with simple substances. For example,
with halogens (except fluorine), aluminum can form iodide, chloride, or
aluminum bromide [6]:
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2A1+ 3Cl2 — 2AI-Cls (1)
With other nonmetals, such as fluorine, sulfur, nitrogen, and car-
bon, etc., aluminum can only react when heated.

Interaction of aluminum with alkalis
Aluminum reacts with alkalis to form aluminates (complex com-
pounds extensively used in the paper and textile industries). Both hy-
droxide and aluminum oxide react [6]:

Al(OH); + NaOH = Na[Al(OH)4]) )
2Al + 2NaOH + 6H,0 = 2Na[Al(OH)s] + 3H: 3)
ALO; + 2NaOH + 3H,O = 2Na[Al(OH)4] ()

Aluminum reacts calmly with aggressive acids, without ignition
[14].

Effect of hydrochloric acid as an aggressive medium
on aluminum behavior

If the aluminum sample is placed in hydrochloric acid, a slow
reaction will begin — firstly the oxide film will dissolve, but then it will
accelerate. Aluminum dissolves in hydrochloric acid and releasing hy-

drogen. The reaction produces aluminum chloride [6]:
Al0s + 6HCI = 2AI-Cls + 3H-0 (5)
2Al+ 6HCI — 2Al1-Cls + 3H: (6)

Prevention methods
In this section, several methods of improving the anti-corrosion
properties of aluminum alloys, which have scientific evidence, were dis-
cussed.

Anodizing electrolyte for aluminum and its alloys

Sulfuric acid is known as aluminum anodizing electrolyte (con-
taining 300-380 g/l sulfuric acid). However, to obtain quality films in
this electrolyte it is necessary to cool it (to -5 °C) and maintain high volt-
age (up to 65 V) [15, 16]. Two organic additives, namely 10-methyl-9-
(p-aminophenyl)-acridinium iodide (or chloride) and N,N1-bis(o-bromo-
benzoyl)-phenylsulfinamide, are introduced into the sulfuric acid elec-
trolyte of anodizing at the following component ratios: 180-240 g/L sul-
furic acid, 10-methyl-9-(p-aminophenyl)-acridinium iodide(chloride),
0.5-1.5, and N,NI1-bis(o-bromobenzoyl)-phenylsulfinamide, 0.3-1.0.
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During anodizing, additives are adsorbed by the growing anodic oxide
layer and inhibit the corrosion cracking of the film and metal both during
anodizing and during operation of the anodized parts. The increase of the
protective effect is especially noticeable in the presence of chloride ions
in the corrosive environment. A decrease in the concentration of addi-
tives in the electrolyte leads to weakening of the protective effect of ox-
ide coatings. Moreover, the upper concentration limit is due to the solu-
bility of additives [17]. Tests carried out on samples of alloy 5006
showed that in all cases oxide layers obtained in the proposed electrolyte
had a higher protective effect than when anodizing in standard electrolyte
[18]. In addition, the drip proof time increased significantly and the pro-
tective effect of the oxide film on samples tested in the salt fog chamber
increased.

Composition for protection of aluminum alloys against
atmospheric corrosion

A Russian patent has been described a specific composition of
the substance applied to samples of aluminum alloys for protection
against corrosive effects [19]. The composition contains aliphatic sar-
cosic acid salt, trialkoxysilane, and alkylphosphate based on the follow-
ing ratio, wt.%: aliphatic sarcosic acid salt 4.0 - 6.0, trialkoxysilane 2.0 -
4.0, alkylphosphate 1.0 - 3.0, and the rest is water.

Corrosion inhibition of aluminum alloys by low-soluble
vanadates
The method of using bismuth orthovanadate (less than 0.01
mol/L) in the composition of AD 0 and AMC alloys is very common [20],
which provides resistance to pitting and atmospheric corrosion. Moreo-
ver, BiVO4 can also be used as a pigment for paintwork materials [21].

Conclusion

In this paper, several practical and well-known ways to improve
the corrosion resistance properties of aluminum alloys was studied.
There are many more methods. However, from scientific viewpoint, only
those that have proven themselves in industry, and/or have received na-
tional/international scientific recognition (i.e., issued patents, and deve-
loped methods, etc.) were the focus of this critical report. Among the
proposed techniques, the BiVO4 compound is the simplest method to
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prevent corrosion in aluminum alloys. This statement is based on eco-
nomic and availability considerations. In particular, it can be purchased
in the form of paint or varnish.
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Abstract. This article discusses the destructive phenomenon of
fatigue in metals and its factors, such as surface roughness and cracks.
The article highlights the importance of inducing Compressive Residual
Stress (CRS) on the surface to prevent or delay fatigue failure. The most
used technique for creating CRS is Shot Peening (SP) treatment invol-
ving throwing spherical balls on the surface of the material to induce
plastic deformation. The article explains the process parameters of SP
treatment and their influence on the resulting residual stress layer. Fur-
thermore, the article presents SP impact on the mechanical, material,
metallurgical, and fatigue properties of low-alloy steel.

Keywords: Shot peening treatment, Plastic deformation, Com-
pressive residual stresses, Grain size, Fatigue

Introduction

Fatigue phenomenon means that material fails earlier than ex-
pected due to repeated loading and unloading cycles. Several factors can
contribute to fatigue, including surface roughness, cracks, stress concen-
tration, and other destructive phenomena like corrosion. Surface irregu-
lating, i.e., roughness, can act as a stress concentrator and significantly
reduce the fatigue life of a component [1]. However, there are various
methods to control surface roughness such as optimization of manufac-
turing process parameters [2]. Also, there are various treatments that can
help prevent or delay fatigue failure. In this regard, one of the well-
known techniques is to induce surface CRS through SP treatment [3].
Although, this treatment leads to arise surface roughness (recently, some
scientists have attempted to overcome this problem by removing a thin
layer from the top surface of the component [4]). On the other hand, CRS
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is a type of stress that opposes the tensile stresses generated during cyclic
loading, thus reducing the likelihood of crack initiation and propagation
[5]. In addition to the above-mentioned factors, which can affect fatigue
life, we can mention material properties, loading conditions, and envi-
ronment. To create compressive residual stress, there are several tech-
niques available, such as shot peening, rolling, laser shock peening, and
ultrasonic impact treatment. In real, some of these techniques are pre-
sented to overcome the harmful effect of SP on the surface, i.e., rough-
ness. Nevertheless, SP is the most popular technique for various reasons.
Firstly, it can be applied to a wide range of materials, including metals,
ceramics, and polymers. Secondly, it is a relatively simple and fast pro-
cess, allowing for large-scale production. Thirdly, it can improve not
only the fatigue life but also the corrosion resistance and wear resistance
of the material. And most importantly, the low price of its implementa-
tion. Therefore, in addition to a brief introduction of SP treatment, the
authors have attempted to discuss the effective parameters of this process
on improving the mechanical and material properties of metals. Finally,
based on the literature review and relative knowledge of the process, the
future research direction is described.

Shot peening treatment
SP is a process of imparting a CRS layer on a metal surface by
bombarding it with small spherical particles, called shots (see Figure 1).
The SP process parameters include coverage and intensity, which are
controlled by various variables such as shot diameter, shot velocity, and
pressure etc.
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Fig. 1. Schematic illustration of air blast SP equipment [6]

In this regard, coverage refers to the percentage of the surface
area that is impacted by the shots (e.g., 200% coverage means that the
surface is shotted twice). This parameter is directly related to the distance
between the shots, the angle of incidence, and the shot size. Moreover,
intensity refers to the energy imparted by the shots to the surface, which
determines the depth and magnitude of the residual stress layer. Intensity
is influenced by various factors, including shot diameter, shot velocity,
pressure, and shot material. The relationship between different variables
and process parameters (i.e., coverage and intensity) is complex.
However, the following are some general trends:

— Shot diameter: Increasing the shot diameter increases the cov-
erage but decreases the intensity. This is because larger shots have more
mass and momentum, resulting in a wider coverage area but lower inten-
sity.

— Shot velocity: Increasing the shot velocity increases both the
coverage and intensity. This is because higher velocity shots have more
kinetic energy, resulting in a larger coverage area and greater intensity.

— Pressure: Increasing the pressure increases both the coverage
and intensity. Higher pressure results in a greater force being applied to
the surface, resulting in a larger coverage area and higher intensity.
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— Shot material: The material of the shot also affects the cover-
age and intensity. Harder shots, such as steel, result in higher intensity
but lower coverage, while softer shots, such as glass beads, result in
higher coverage but lower intensity.

In summary, SP treatment and the relationship between its pa-
rameters are very complex, and many scientists have tried to optimize
the SP process parameters considering different conditions [7, 8]. It
should be noted that the optimal process parameters depend on the appli-
cation and the desired outcome, such as fatigue properties.

Influence of SP treatment on the material characteristics
of metallic materials

The results obtained in different studies show that SP process
leads to enhance corrosion resistance [9, 10]. But some recent research
indicate that this effect may not be significant and the test results on a
specific material and under specific conditions cannot be generalized to
other cases. Lee et al. have stated that shot-peened specimens exhibited
the lowest corrosion resistance compared to other specimens studied,
while ultrasonically peened specimens showed equal or better corrosion
resistance [11]. These differences were mainly attributed to the surface
roughness produced by each peening treatment. On the other hand, SP
can improve the efficiency of treated layers through induced CRS fields
and modified microstructures, which enhance corrosion properties (i.e.,
corrosion resistance and rate) and microhardness. Moreover, Xu et al.
have reported that by using steel shots, the surface roughness increases
with Almen intensity [12]. Nevertheless, ceramic shots produced a sig-
nificantly lower roughness value than steel shots, despite having the
same intensity and coverage (100%). Increasing the coverage from 100
to 200% with ceramic shots resulted in an improvement in the roughness
parameter, but roughness alone is not a reliable indicator of surface flaws
such as folds and minor fractures that may be present in shot peening
treatment [13].

Influence of SP treatment on the metallurgical features
of metallic materials
The alteration of microstructures of peened specimens during the
SP process is influenced by various parameters such as shot intensity, air
pressure, and exposure time. To increase the exposure time, treating the
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surface with multiple passes is a viable method. Figure 2 demonstrates
the impact of single and double shot peening on microstructures. The
untreated specimen shows uniform grain size across the cross-section
(Figure 2.a). However, after both single and double shot peening treat-
ments, the grain size near the surface and at the surface becomes slightly
finer, as indicated in Figure 2.b and Figure 2.c, respectively, within
a depth range of 180 um. In addition, the depth of the grain refinement
zone is almost the same for both single and double SP processes. This
refinement of the grain near the surface increases the material's surface
hardness, which, in turn, enhances the fatigue resistance of the material
[14]. The shot intensity also influences the microstructures of metallic
surfaces. Lower peening intensity results in a smoother surface, leading
to less surface roughness, which is crucial in the fatigue cycle of compo-
nents [15].

Coyerage of 0%

Fig. 2. Comparison of grain size for carburized 18CrNiMo specimens
subjected to different SP treatment, including a) no treatment,
b) single treatment (100% coverage), and c) double treatment
(200% coverage) [14]

Maleki et al. have investigated the impact of SP process param-
eters on the surface grain size of carbon steels [16]. They considered
three groups of steels, including AISI 1045, 1050, and 1060 under dif-
ferent SP treatment like Conventional Shot Peening (CSP) and Severe
Shot Peening (SSP). Finally, they showed their achievements by using
ANN technique based on the laboratory results as a contour in Figure 3.
In addition to surface properties, they also paid special attention to grain
size in depth. From Figure 3(a), considering the Almen intensity more
than 18, the nano structure is created on the surface. In addition, all the
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cases investigated in this article showed that the nanostructure will con-
tinue up to a depth of 50 microns, and in some cases this depth has been
reported up to 200 microns.
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Fig. 3. Influence of SP process parameters on grain size in various carbon
steels: a) surface grain size and b) depth grain size [16]

Influence of SP treatment on the mechanical properties
of metallic materials
As the SP treatment affects the material and metallurgical prop-
erties of metals (sections 3 & 4), it is expected to directly affect the me-
chanical properties. On the other hand, one of the advantages of this treat-
ment is creating CRS on the surface and subsurface of the metal parts.
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Therefore, comparing the tensile test results with the samples without
shot peening treatment, it is expected that more force is needed to break
the specimen, in addition to overcoming the compressive stress in the
part, it can bring it to the stage of yielding and ultimately failure. Lu et
al. have studied this issue [17]. They reported that this type of treatment
has little effect on the behavior of metallic materials in the elastic region
(i.e., linear relationship between stress and strain) and ultimately the elas-
tic modulus, which can be ignored. However, the laboratory results
showed that the yield stress increases slightly. But static strength (i.e.,
ultimate tensile strength: UTS) and plastic deformation (i.e., displace-
ment to failure) are significantly improved.

Influence of SP treatment on the fatigue behavior
of metallic materials

A lot of research has been done in the field of shot peening with
the aim of increasing the service life of mechanical parts exposed to cy-
clic loads, in other words, improving fatigue properties [18-21]. In this
regard, the report of some researchers indicates that the fatigue strength
of metal materials has increased several times. Although this value de-
pends on many factors, however, up to 8 times improvement in fatigue
endurance limit has been observed. Some researchers have claimed that
always by increasing Alman intensity and coverage in SP treatment, de-
spite the increase of CRS on the surface and fine nano-scale grain size,
the fatigue life does not increase linearly or continuously. In other words,
micro/nano cracks may be formed on subsurface, which leads to a reduc-
tion in the fatigue life of the part compared to the previous state [3]. They
called this process as Over Shot Peening (OSP) treatment. Figure 4 pre-
sents stress-life (S-N) diagrams related to parts made of CK50 and sub-
jected to CSP, SSP, and OSP treatments. In this figure, the black data
represents results of fatigue tests for non-treated specimens. The blue
data represents the fatigue test results on shot peened samples with 100%
coverage (i.e., CSP). Other colors correspond to the severe shot peened
samples, and the difference is in Alman intensity or coverage. However,
it is clearly evident that the fatigue properties of severe shot peened spec-
imens are far better than those of conventionally shot peened and even
non-treated specimens. In addition, data for over shot peened samples are
illustrated in orange color. As can be seen in this figure, the fatigue prop-
erties of over shot peened samples are much weaker than the fatigue
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properties of severe shot peened samples. Also, its fatigue properties are
close to the fatigue properties of conventional shot peened samples. The
main reason for this issue is the creation of micro/nano cracks in the sub-
surface, which does not need to germinate and create an initial crack un-
der cyclic loading, but only the crack growth stage is required for failure.
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Fig. 4. S-N curves as fatigue properties of shot peened CKS0 specimens [3]

In addition to fatigue tests, crack growth rate in notched and non-
notched samples has also been investigated under the influence of differ-
ent types of shot peening treatments [22]. In addition to academic re-
search, the effect of this treatment on industrial parts has also attracted
the attention of scientists [23]. Ma et al. have reported that the residual
stress caused by shot peening in the root of the gear tooth made of mar-
tensitic 20Cr2Ni4 can significantly increase the fatigue strength of the
component [24]. In studies for other steels, particularly for AISI 4340
low alloy steel [25-26], it is claimed that SP treatment can significantly,
about double, improve the fatigue characteristics. Recently, scholars an-
nounced that additional surface treatments to decrease the surface rough-
ness of the shot peened samples like reshot peening or removing the
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surface layer including the primary crack on the nano scale, such as abra-
sive grinding and electropolishing are also recommended [21].

Conclusion

Shot peening is one of the well-known cold working, which in
addition to creating compressive residual stress on the surface, also leads
to refine the grain size. As a result, this treatment leads to the improve-
ment of the material, metallurgical, mechanical, and fatigue properties of
metallic materials. SP process also increases surface roughness. How-
ever, the effects of surface roughness compared to compressive residual
stress and surface nanostructure on fatigue life are far less. Therefore,
despite the negative effect of surface roughness, shot peening results in
improved fatigue properties. On the other, the researchers showed that in
the first cycles of fatigue loading, the compressive residual stress is re-
leased and this delay in fatigue failure is mostly due to the change of
structure and transformation of grain size from micron to nano scale on
the surface and subsurface. Hence, in order to further improve the fatigue
properties, the importance of the nanostructure is greater than the com-
pressive residual stress. Accordingly, the authors are trying to focus their
future research plan on combining different treatments and shot peening
with the aim of making the grain size of the surface smaller than ago and
then improving the fatigue strength. Also, they plan to consider shot pa-
rameters, including material, hardness, size, etc. in their research.
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Abstract. This paper emphasizes the significance of Industrial
Vibration Detection (IVD) techniques in improving the monitoring and
maintenance of Combined Cycle Power Plants (CCPPs). Vibration has a
significant impact on the performance of turbines and generators, resul-
ting in increased maintenance, decreased efficiency, and catastrophic
failure. The paper investigates the use of various IVD technologies such
as accelerometers, eddy current proximity transducers, blade tip timing,
and laser doppler vibrometers in CCPPs, as well as their benefits and
drawbacks. Finally, it showed that using IVD techniques in conjunction
with advanced maintenance methods can improve the overall perfor-
mance and profitability of CCPPs.

Keywords: Combined cycle power plant; Gas turbine; Failure;
Vibration detection; Sensors

Introduction

CCPP is a type of power generation system that generates elec-
tricity by combining two different thermodynamic cycles. It is an effi-
cient and environmentally friendly technology that is powered by natural
gas but can also use coal or biomass as fuel [1]. In fact, the gas turbine
cycle and the Rankine cycle are the two thermodynamic cycles that are
combined in a CCPP. In this way, the gas turbine cycle generates elec-
tricity by burning fuel in a gas turbine, which drives a generator to pro-
duce electricity. Furthermore, the gas turbine exhaust gases are used to
generate steam in a Heat Recovery Steam Generator (HRSG), as part of
the Rankine cycle [2]. The main components of a CCPP are a gas turbine,
a heat recovery steam generator, a steam turbine, a condenser, a cooling
tower, and an electrical generator. Fuel combustion powers the gas tur-
bine to produce hot gases, which are captured by a heat exchanger to
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generate steam for the steam turbine, producing more electricity. The
condensed water is returned to the HRSG to repeat the process, while the
cooling tower cools the water. The electrical generator converts mechan-
ical energy into electrical energy. This power plant is efficient, flexible,
and environmentally friendly [3]. The gas turbine is an essential compo-
nent of a CCPP because it generates the initial electricity that powers the
entire system. Regular maintenance and inspection are crucial parts of
ensuring a gas turbine's proper performance. This entails inspecting var-
ious components of the turbine, such as blades, combustion chamber, and
compressor, to ensure that they are in proper functioning and free of da-
mage or wear. On the other hand, regular maintenance can help prevent
unanticipated downtime and reduce the probability of costly repairs [4].
The proper operation of a gas turbine is critical for achieving maximum
performance in a CCPP. Any imbalances or problems with the gas tur-
bine can have an impact on the entire power plant's operation, resulting
in lower efficiency and output [5]. Figure 1 depicts the Kirkuk power
plant's gas turbine, which failed due to vibration.

Fig. 1. The gas turbine damaged by vibrations caused by two different
factors, including (a) steam flow fluctuations, and (b) rubbing

This paper's main contribution is to introduce various industrial
techniques for detecting vibration in gas turbines and to provide a com-
prehensive overview of the various methods and technologies available
for monitoring and measuring vibration in these systems. Moreover, the
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paper discusses the benefits and drawbacks of each technique. The re-
mainder of this paper is structured as follows: Section 2 describes the
main causes of vibration occurrence in CCPPs. Section 3 describes the
methods widely used for vibration detection in various industries, partic-
ularly power generation. In Section 4, problems, and solutions for vibra-
tion detection in CCPPs are discussed. And the final section dedicated to
the conclusions, which include a summary of the paper's main points.

Causes of vibration in CCPPs

Internal faults, natural disasters, or human error can be consid-
ered as the main reasons that can lead to catastrophic gas turbine failure
in CCPPs. The primary cause of mechanical breakdown is vibration,
which is caused by shaft unbalance, critical speed, rubbing, steam flow
fluctuations, and shorted turns. Understanding these issues and their un-
derlying causes can help with gas turbine design and maintenance, en-
suring reliable electricity generation, and avoiding failures.

Shaft unbalancing

In rotary machines, including those used in CCPPs, two common
sources of vibration are unbalance and misalignment, which can cause
excessive vibration, noise, and wear. In fact, unbalance and misalign-
ment in a CCPP can damage bearings, shafts, couplings, and other com-
ponents, resulting in increased maintenance costs and downtime, which
can reduce machine efficiency by increasing power consumption and de-
creasing output. Sudhakar and Sekhar have studied coupling misalign-
ment, its effects, distinguishing factors, and rotor system monitoring [6].
They also emphasize misalignment detection using motor current signa-
tures, thermography, noise, and artificial neural networks. The authors
detected misalignment using model- and signal-based approaches. Due
to rotary machine shaft misalignment, coupling preload forces induce
system vibration [7, 8]. Experimental results indicate that unbalanced
and misaligned machines waste 15% more energy compared to healthy
machines [9]. Hence, minimizing high-energy vibrations like unbalance
and misalignment reduces machine power usage by 10-15% [10]. More-
over, bearing misalignment drastically alters protective film thickness
circumferentially and axially [11]. Pigott has claimed that a 0.0002-ra-
dian misalignment reduced bearing load capacity by 40% [12].
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Critical speed

Critical speed can cause vibration, system inefficiency, and fail-
ure in CCPPs. At this speed, vibration increases and can lead to compo-
nent failure, higher maintenance costs, and reliability issues. To prevent
this, machines and components must be designed to operate safely below
their critical speeds, and regular vibration analysis can help to detect and
avoid critical speed resonances. Sinha et al. have employed Short-Time
Fourier Transform (STFT) on vibration data from rundown and start-up
operations to find critical speeds [13]. The vibration data showed that
even with new rotors and blades with low pressure (LP), the system's key
speeds stayed the same. Bachschmid et al. have used vibrations, rota-
tional speed, and critical speed to find the rotor motion stability thresh-
olds for two machines [14]. If the machine's dynamic response, rotor, and
base have different critical speeds, instability with spiraling, stability,
and limit cycles are all possible. Critical speed reduction and fracture
geometry factors make the vibration response stronger, which means the
rotor is broken [15]. Cracks generate rotor asymmetry, local flexibility,
and excitation load [16]. Chaos, extra transient vibration components,
and at least two impulse-like excitations per cycle can determine frac-
tured rotor vibration signals [17].

Rubbing

Rubbing occurs when two rotating components or parts encoun-
ter each other, resulting in friction and wear. Rubbing damages machine
parts like bearings and seals, causing increased vibration and wear. This
leads to sudden failure and costly repairs. Ignoring rubbing can result in
serious issues, including catastrophic failure, Figure 1(b). Vibration
monitoring, performing visual inspections, and performing non-destruc-
tive testing are all examples of identification. Rotary equipment align-
ment and balancing can help reduce the risk of rubbing. Furthermore,
regular lubrication and lubrication system monitoring help prevent rub-
bing by reducing friction between rotating components. Edwards et al.
have investigated the rotor torsional vibration rub effect [18]. They found
that torsion affects rotor system reactions and should be considered in
models of rub phenomena in rotating machinery. Moreover, Ehrich has
found that heat effects from rubbing can self-excite rotor dynamics [19].
He argued that by considering dry friction in the context of the stator and
the rotor system's dynamics, whirl can be minimized by keeping the rotor
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and stator's independent natural frequencies distinct. A stiff rotor should
be paired with a soft stator part that may rub. Wang et al. have investi-
gated theoretically and empirically how the sudden blade loss and rub-
bing impacts affect rotor system dynamics [20]. When angular velocities
exceed critical speeds, the rotor suddenly becomes unbalanced.

Steam flow fluctuations

Steam flow fluctuations have several impacts on the rotary ma-
chines used in CCPPs, such as increasing system vibration and destruc-
tive phenomena like wear. Therefore, changes in steam flow can cause
variations in turbine output, lowering the power plant's overall effi-
ciency. Furthermore, changes in the flow of steam can cause changes in
the loads on the turbine blades, leading to increased vibration levels in
the machine, Figure 1(a). In this regard, control valves, pressure regula-
tors, and other monitoring systems can be considered as useful methods
to reduce the possibility of steam flow fluctuation. Domnick et al. have
discovered that turbine inlet valves waste a significant amount of energy,
resulting in pressure variations, dynamic forces, and vibrations [21].
Moreover, flow-induced valve head vibration mechanisms have been in-
vestigated numerically and experimentally [22]. According to Widel
[23], because pressure fluctuation is the greatest, this unsteady flow may
excite the axial acoustic resonance mode and damage the valve. Wang
and Liu have used field measurement and Detached Eddy Simulation
(DES) to investigate valve spindle vibration [24]. They performed modal
analysis to estimate high-frequency acoustic modes of valve chamber.

Shorted turns

A "shorted-turn condition" occurs when a generator or motor's
windings short out, causing increased current, temperature, and vibration.
Shorted-turn rotors are caused by rotor unbalance affected by the current
field difference (thermal sensitivity), rotor and stator vibration generated
by an unbalanced magnetic force, a higher field current required at
a given load than previously seen, and higher operating temperatures [25].
In this case, the stop-start cycles are known as shorted turns. The passage
of time worsens short-turn problems. Shorted turns increase winding cur-
rent, which increases temperatures and damages insulation. Current and
temperature monitoring, visual inspections, and non-destructive testing
are the best ways to prevent short turns. In this regard, vibration analysis
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also detects shorted turn-induced vibration variations, enabling early di-
agnosis and maintenance. Lee et al. have conducted a shorted-turn detec-
tion test in the generator of a Pyungtack CCPP petrol turbine [26]. An
on-line shorted-turn diagnosis device and a persistent flux probe were
used in the testing. The on-line flux probe test locates and counts prob-
lems precisely, making it more reliable and distinct than off-line diagno-
sis. To maximize shorted turn sensitivity in any rotor slot, the flux probe
signals should be monitored under various load conditions (i.e., from no
load to full load) [27].

Industrial vibration detection technologies
The process of measuring vibration to perform predictive and
preventive maintenance on rotary machines can be divided into two parts.
The first step is to collect raw vibration data using various sensors such
as optical sensors, accelerometers, proximity probes, and others. The
data is then analyzed using signal processing tools in the second step of
the process. Figure 2 illustrates different methods for vibration detection.

Magnetic Field (coil) Sensing Coil

&

Piezoelectric
Sensor Plate

Magnetic Field TAcceleratlon

(eddy currents) Eddy Currents
(a) (b)

Fig. 2. Vibration detection sensors: (a) the working basis
of an eddy-current displacement sensor, as well as a comparable
model [28], and (b) principle of an accelerometer [29]

Eddy current proximity transducers
Eddy current proximity transducers are used to monitor the dis-
placement of rotating machinery like turbines and generators in power
plants. A probe made of a nonmagnetic metal and a coil made of copper
wire with a ferrite core material make up the transducer. The probe
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detects changes in the magnetic field caused by a target object's proxim-
ity, while the coil creates an alternating magnetic field that induces eddy
currents in the object. These currents generate a magnetic field that op-
poses the coil's field, and the probe detects the resulting changes, con-
verting them into an electrical signal. Some of the advantages of Eddy
current sensors for vibration monitoring in CCPPs are: (1) high accuracy
for detecting small displacement changes; (2) reliability in harsh envi-
ronments; (3) suitability for high-speed machinery; and (4) no moving
parts, reducing the risk of failure. However, the sensor has some limita-
tions, like: (1) a limited sensing range; (2) single direction detection (ra-
dial); and (3) the requirement for calibration for accurate measurements,
which is time-consuming and requires specialized equipment [28].

Accelerometer sensor

Power plants often use accelerometers to monitor the vibration
of rotating machinery like turbines, pumps, and motors. An accelerome-
ter structure typically consists of a mass, a spring, and a sensing element.
The spring connects the mass to the sensing element, and the entire as-
sembly is attached to the object being measured. When the object vi-
brates, the mass vibrates as well, causing changes in the mass's relative
position to the sensing element. The sensing element, which is typically
a piezoelectric crystal or a capacitive sensing element, measures these
changes in position. In other words, when a piezoelectric accelerometer
vibrates, the mass generates an electrical charge, which is detected by the
piezoelectric crystal. Accelerometers are installed strategically on the
machine, such as near the bearings or the shaft, and measure the acceler-
ation caused by machine vibration, which can indicate issues such as un-
balance, misalignment, or bearing wear. Accelerometers offer ad-
vantages for vibration monitoring in power plants, such as: (1) high ac-
curacy across a wide frequency range; (2) the ability to detect high and
low levels of vibration; and (3) easy installation in various machine lo-
cations. But it has limitations like: (1) temperature changes may affect
accuracy; (2) measuring acceleration only in the mounted direction; and
(3) calibration is necessary for accurate measurements [18].

Blade tip timing
Blade Tip Timing (BTT) is commonly used in power plants to
monitor the vibration of blades in gas turbine. A BTT system typically
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consists of a series of sensors mounted around the turbine rotor periphery
that measure the time it takes for the blade tips to rotate past the sensors.
Each blade has a unique vibration sign that is determined by the shape
and stiffness of the blade as well as the rotational speed. In addition, op-
tical sensors mounted on the stator or casing surrounding the rotor are
commonly used in BTT systems. The passing blade tip interrupts the
light beam emitted by these sensors. BTT can also be used to monitor the
rotor's balance and detect any unbalance that could cause excessive vi-
bration. Some of the advantages of BTT can be regarded as follows:
(1) BTT can provide very accurate measurements of blade vibration;
(2) they are non-intrusive, requiring no changes to the turbine blades or
rotor; (3) BTT can detect both high and low vibration frequencies; and
(4) BTT can monitor blade vibration in real time. However, BTT has
some limitations, such as the fact that (1) it can only measure the vibra-
tion of the blade tips and cannot provide information on the vibration of
the rest of the blade or rotor; and (2) calibration is required for BTT sys-
tems to ensure accurate measurements [30]. In summary, a schematic of
this technique is shown in Figure 3.

Blade tip

probes

Fig. 3. A simple schematic of blade tip timing system [30]

Laser doppler vibrometer

The Laser Doppler Vibrometer (LDV) is a non-contact vibration
measurement technique used in power plants and also in various indus-
tries. The LDV is a high-precision instrument capable of detecting ex-
tremely small vibrations. An LDV system typically consists of a laser
source, an optical beam splitter, and a photodetector. The laser emits
a light beam that is split in two by the optical splitter. One beam is aimed
at the vibrating surface, while the other is focused on a reference surface.
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The two beams are reflected to the photodetector, where they interfere,
resulting in an interference pattern. The LDV operates by measuring the
frequency shift in the interference pattern caused by surface vibration.
The photodetector detects variations in reflected light frequency when
the surface vibrates. The LDV measures vibration amplitude and fre-
quency, allowing real-time monitoring of rotating machines. LDV ad-
vantages include: (1) non-contact measurement; (2) high sensitivity to
small vibrations; (3) detection of high and low frequencies; and (4) real-
time monitoring of rotating machinery. But the sensor has limitations,
including: (1) a limited measurement range; (2) a high cost to purchase
and maintain; and (3) a complex setup and specialized expertise needed
to operate in some applications [30]. The overall implementation of this
technique is presented in Figure 4.

Beam Measuring  Beam Lens Blade
splitter 1~ beam splitter 2
L - O <> /[
aser
Reference V ) \
beam Bragg
cell
) 1 Beam
Mirror | splitter 3

\
Photo
detector

Fig. 4. A simplified structure of laser doppler vibrometer [30]

4. Conclusion

According to the findings of the current research, there is no sin-
gle "best" vibration detection method for use in CCPPs, as each method
has its own advantages and limitations. However, the best vibration de-
tection method for CCPPs is determined by several factors, including the
equipment being monitored, the frequency range of vibration being
measured, and the environmental conditions present. As a result, deter-
mining of the technique to be used to detect the vibration varies from
case to case. But besides that, accelerometers are a popular choice due to
their versatility, high sensitivity, and wide frequency range, whereas
eddy current proximity transducers can measure axial and radial

175



vibrations with high accuracy. Although blade tip timing and laser dop-
pler vibrometer provide high-resolution measurements of blade vibra-
tions, they may not be practical for routine monitoring. Finally, the au-
thors' experience in industry suggests that a combination of methods may
be needed to provide a comprehensive picture of vibration levels and
trends over time.
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Abstract. The current article examines the impact of bolt manu-
facturing methods on the performance of bolted fasteners. Moreover, the
article also emphasizes the importance of considering the static and fa-
tigue strength of bolts in bolted connection design. Therefore, the authors
have attempted to compare the performance of bolts produced by diffe-
rent machining methods. In other words, this study intends to provide
insights into the most effective production methods to improve bolted
connection reliability and prevent accidents caused by bolted connection
failure.

Keywords: Bolted connection failures; Bolts manufacturing
methods; Fatigue strength of bolts; Static strength of bolts; Machining

Introduction

Separable connections using bolts and nuts have been used for
a long time in various industries, even in human daily life. Also, they
have evolved significantly in this direction and are now widely used in
modern and hi-tech products. Bolts are used to join steel beams and com-
ponents in building construction, to connect various parts of aircraft and
spacecraft in the aerospace industry, including wings, fuselages, and en-
gines. In addition, most of the connections of supports and pipes to the
walls of petrochemical sites are bolted joints [1, 2], and in some cases,
welding is also used on the bolt connection. Also, bolts are commonly
used in the automotive industry to connect engine blocks, transmission
housing, and suspension systems [3]. Bolted connections are preferred
over welding or riveting for several reasons. They are flexible, allowing
for easy disassembly and reassembly, making them suitable for applica-
tions requiring maintenance. Additionally, they are easy to install and
maintain, requiring no specialized equipment or skilled labor. Bolted
connections are typically less expensive than welded or riveted
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connections, especially for large-scale projects, and they do not generate
heat, which eliminates the risk of distortion or warping [4]. Despite all
the advantages mentioned above, this connection is not without draw-
backs. The presence of a large number of stress concentrators reduces
fatigue strength, and this is true for all threaded connections [5]. Another
disadvantage is the higher metal consumption of bolted joints compared
to the welded joints. The main reasons for the failure of bolted connec-
tions are crushing, wear, cracks, destruction of the bolt head and self-
unscrewing, which, in general, is typical for all types of threaded con-
nections [6, 7]. These failures lead to a significant deterioration in the
performance of the structure or mechanism, loss of tightness of the seals,
the appearance of large dynamic loads on the structure, and an increase
in the cost of their monitoring and flaw detection [8]. Spontaneous rela-
xation of a threaded connection as a result of dynamic loads and vibration
is one of the causes of early wear and failure of parts and assemblies
connected by a threaded connection [4]. Engineers and designers in se-
veral areas of mechanical engineering are working on an important task:
maintaining the stability of a threaded connection under high levels of
vibration and stress. For this, additional devices are used, such as lock
washer, pins, and others [8]. Another direction in increasing the durabi-
lity, and hence the economic profitability of structures is the develop-
ment of new methods for the production of elements of bolted joints, as
well as the improvement of their design [9]. Bolted connection failures
can result in serious accidents and injuries, and various factors such as
inadequate preload, fatigue, corrosion, and inadequate tightening torque
can contribute to such failures. Based on industrial experiences and ob-
servations, it can be said that regular inspection and maintenance, the use
of corrosion-resistant materials, and proper tightening methods are es-
sential to prevent failures and ensure the safety and reliability of bolted
connections. Recent studies have investigated the failure modes and
mechanisms of bolted connections under different loading conditions. In
this regard, scholars have found that the failure modes of bolted connec-
tions are highly dependent on the loading conditions, and fatigue is the
most common cause of failure. They recommended the use of fatigue-
resistant materials and designs and regular inspection and maintenance
to prevent failures [10]. Another cause of failure is improper tightening,
which can result in either over-tightening, causing the bolt to yield or
break, or under-tightening, causing the bolted connection to loosen and
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fail under cyclic loading. Based on incidents recorded in history, several

catastrophic accidents have been attributed to the failure of bolted joints.

For example, the collapse of the Hyatt Regency Hotel walkway in Kansas

City, Missouri, in 1981, was caused by the failure of a bolted connection

in the suspended walkway. This accident resulted in 114 fatalities and

more than 200 injuries. To address the issue of bolted connection failures,

in the present paper, the authors were explored different production meth-

ods for bolts to improve their performance. In other hand, the main aim of
this manuscript is to compare the performance of bolts related to different
production methods by machining, including turning operation, hot rolling,
and cold rolling.

Bolt production methods

To date, three main methods have been established for the pro-
duction of bolts:

1- Cold stamping: This method involves feeding a wire through
a die and applying pressure to shape it into a bolt. This method is often
used for mass production and is cost-effective.

2- Hot Forging: This method involves heating a metal bar and
then forging it into a bolt shape. This method can produce bolts with
higher strength than cold stamping but is more expensive and time-con-
suming.

3- Machining: This method involves removing material from
a metal bar to create the shape of a bolt. This method is often used for
specialized or custom bolts.

Each method of bolt production has its advantages and disad-
vantages, and the appropriate method will depend on the specific appli-
cation and requirements of the bolt.

Manufacturing by turning operation

Both type of starting material (hexagonal or cylindrical rod, and
metal properties) and the level of accuracy of the workpiece affect the
stages and methods of processing [11]. In addition, the choice of pro-
cessing method, tools, time, and cost can be influenced by the starting
material type and the required level of accuracy. Some materials may
require specific processing methods while the level of accuracy needed
may dictate more precise methods. Additionally, the selection of pro-
cessing tools, time required, and cost of manufacturing can all be

181



impacted by the choice of starting material and the level of required ac-
curacy. Hot-rolled blanks are less precise, making it impossible to accu-
rately center the final product on a turret or CNC lathe. The following
processes make up the technological process of turning a bolt from
a cold-rolled hexagonal rod [12]. The technological process of turning
a bolt from a cold-rolled hexagonal rod involves several steps. First, the
hexagonal rod is cut to the appropriate length and centered in a lathe us-
ing a chuck or collet. Next, the rough turning process begins to remove
excess material from the rod. Then, the threads are cut onto the bolt using
a threading tool. Afterward, the bolt is finished using a finishing tool that
produces a smooth surface finish. Finally, the bolt is inspected to ensure
that it meets the required specifications. Throughout the entire process,
precision measuring tools may be used to verify the dimensions of the
bolt. By following these steps, a cold-rolled hexagonal rod can be trans-
formed into a fully practical bolt.

Manufacturing by cold stamping

Carbon steel bolts are generally produced by cold forming. The
production process begins by placing a certain rod of wire in an oven for
30 hours. Then, it's time to wash with water after soaking in sulfuric acid to
remove rust. Furthermore, steel is then treated with phosphate, a special
chemical, to prevent corrosion before forming. Before being sent to the press
station, the workpieces are coated with grease. Moreover, the stamping pro-
cess is carried out at room temperature. It consists in rolling steel wire
through various molds. The first step is rolling to straighten and lengthen the
wire rod, then cutting into the desired parts with excess length [13]. The al-
lowance is necessary for forming the head as shown in Figure 1.

D

0 1 2 3
Fig. 1. The sequence of processing the blank for manufacturing
a bolt by stamping
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Each billet passes through a press that forms a perfectly round
cylinder. Then a series of presses smoothly forms the head according to
the given type of product. In this regard, the process of forming a hexa-
gon is as follows:

A slight protrusion is made (step 0 in Fig. 1);
Then an internal punching is formed (step 1 in Fig. 1);
The next shape rounds the workpiece (step 2) in Fig. 1;

— And the last prints 6 faces (step 3 in Fig. 1).

This is followed by the threading step. To simplify the screwing
of nuts, the cutting machine bevels the edge. Also, cold stamping is used
to create threads. The rollers apply the thread quickly and under high
pressure.

Hot stamping manufacturing

Hot stamping is a manufacturing process that heats a metal blank
and presses it into a die to create a desired shape, resulting in increased
strength and hardness. The process involves the redistribution of metal
within the stamp, and the metal in the center undergoes a process called
precipitation hardening, forming small particles that strengthen the ma-
terial. Redistribution of material during the hot stamping process results
in excess metal, known as flash, which is extruded from the die's edge.
In open dies, the flash must be removed through secondary processing,
while closed dies prevent flash from forming, resulting in flashless
stamping. Flashless stamping leads to a smoother surface finish and re-
duce the need for secondary processing. In addition to the advantages of
increased strength and hardness, hot stamping also offers other benefits
over other metal forming processes. For example, the high temperatures
used in the process can help to eliminate impurities and other defects in
the metal, resulting in a part with superior quality and performance. Ad-
ditionally, the process can be used with a variety of metals, including
steel, aluminum, and titanium, making it a versatile choice for many dif-
ferent manufacturing applications.

The technical process of manufacturing a bolt using hot stamping
begins with cleaning and cutting blanks [14]. The working cycle of this
method in bolt production is shown in Figure 2. Then the blanks undergo
a series of operations, including heating to 1000 degrees with an inductor,
shaping the part head with an impact press, chamfering on a milling ma-
chine, and thread cutting on an automatic machine, to produce strong and
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reliable fasteners. To ensure high corrosion resistance, the bolts are gal-
vanized, which involves washing the parts in hot water, chemically
cleaning the surface with hydrochloric acid, neutralizing any remaining
acid with water, and immersing the parts in a heated zinc solution. In
chemical galvanization, a layer of zinc is deposited on the part in an elec-
trolyte solution. The finished bolts are then polished, and any mechanical
defects are eliminated. Hot stamping provides high strength characte-ris-
tics of finished hardware.

indentation forging flash
Fig. 2. The steps of bolt production by hot stamping method:

a) cutting the workpiece on press scissors, b) heating of workpieces in heating
furnaces, ¢) workpiece draft (on the left — workpiece before draft), d) stamping
in an open stamp, e) trimming the flash and piercing the hole, and f) cleaning
the surface of the forging from scale in the shot blasting drum

Influence of bolt production methods on the connection strength
and durability

Bolted connections perform their tasks regardless of the type of
bolt production. However, the quality, shape, and dimensions of the bolt
can be affected by various factors during the forging and stamping pro-
cesses. These factors include the shape of the tool, the materials of the
workpiece and tooling, the speed of molding, and the temperature of
punching. Temperature can affect the shape, tool wear, stress and strain
conditions, material damage, product quality, technological strength, and
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labor intensity. While deformation is not affected by forging temperature.
In addition, stresses in hot forging are significantly lower than in cold
working. Studies have found that the optimal stamping temperature is
1100 degrees, but for small bolt head dimensions, cold stamping can be
used to reduce labor intensity. In such cases, alternative stamping meth-
ods or multi-junction stamping can improve product quality [15, 16]. The
strength and durability of fasteners can also be increased by a special
mode of heating rolled products with high-frequency currents before cold
stamping, which makes it possible to exclude turning from the techno-
logical process. Rolled steel prepared according to this scheme has a uni-
form finely dispersed structure without a decarburized layer with an al-
most complete absence of scale, and also better withstands various loads
[17]. A noticeable factor influencing the material structure is the heating
of parts during hot and cold forging. For example, in the certain climatic
conditions [18], the impact strength of bolts manufactured by hot die
forging did not meet the established characteristics, and therefore the task
was set to improve the bolt manufacturing technology to obtain mechan-
ical properties. During the analysis of the causes of low toughness, the
following factors were identified that adversely affect the performance
within the existing technological process for manufacturing bolts:

— The structure of the needles obtained by hot stamping of bolts
and not eliminated during heat treatment;

— Quality and geometric dimensions of the test specimens;

— The presence of non-metallic inclusions in steel.

All the disadvantages of this method were eliminated by chang-
ing the steel grade to a better one, as well as by adding alloying compo-
nents, tempering and hardening modes were adjusted, and most im-
portantly, to eliminate the problem of increased brittleness, it was pro-
posed to use the cold stamping method.

Static strength
The static strength of a bolt refers to its ability to withstand
a static load without experiencing permanent deformation or failure. The
static strength of a bolt can be calculated using the following equation:

F = Ag * 0y (D

where F is the static strength of the bolt in Newtons (N), 4; is
the tensile stress area of the bolt in square millimeters (mm?), g, is the
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tensile strength of the bolt material in megapascals (MPa). Moreover,
tensile stress area of the bolt is calculated as follows:

Ag = (m/4) = (d — 0.9382/n)? 2)

in which d represent the nominal diameter of the bolt in milli-
meters (mm) and n is the thread pitch of the bolt in millimeters (mm).
The static strength of bolts has been extensively studied by researchers
in recent years. Researchers have explored the use of new materials, such
as high-strength alloys and composites, to improve bolt performance.
These materials can offer higher tensile strength, better corrosion re-
sistance, and other desirable properties that can enhance bolt perfor-
mance in challenging environments [19].

Fatigue strength

Fatigue strength of bolts refers to the ability of a bolt to resist
fatigue failure, which is a type of failure that occurs after repeated loa-
ding cycles [20-22]. This failure occurs when the material of the bolt
undergoes cyclic stress and strain, leading to the development of cracks
that can propagate and eventually cause the bolt to fail. Fatigue strength
is an important consideration in the design of bolted connections, as fai-
lure can have catastrophic consequences in some applications, such as in
aerospace and structural engineering. The durability of a bolt can be cal-
culated in terms of fatigue strength using the following equation:

S =Kp*Kg* K¢ x (1/Sy;) *+/(a/m) (3)

in which: § = fatigue strength, K = fatigue strength reduction
factor, K = size factor, K; = temperature factor, S,,;= tensile strength,
a = stress concentration factor, © = constant (= 3.14).

As it is known, the above equation includes many influential pa-
rameters, so by using this relationship, a very good and accurate appro-
ximation of the fatigue strength of the part can be obtained. Moreover,
scholars have conducted various studies to investigate the fatigue behav-
ior of bolts due to different loading conditions. For example, they studied
the fatigue behavior of bolts with different surface finishes under varia-
ble amplitude loading. They found that the fatigue life of bolts was sig-
nificantly affected by the surface finish, and they proposed a new
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parameter to describe the surface finish influence on the fatigue behavior
of bolts [23].

Conclusions

The choice of manufacturing method for bolted connections can
affect their performance. In some cases, an incorrectly chosen production
method can lead to an increased failure rate. Today, turning production
is not profitable for mass production, due to low speed and increased
requirements for the accuracy of workpieces, although products are often
not inferior in performance to bolted connections made using stamping.
However, the differences between hot and cold stamping are not very
large, due to increased stresses, as well as the risk of formation of unde-
sirable structures in the fastener metal, more and more enterprises are
switching to the cold stamping method. The static strength of a bolt is a
critical factor in bolted connection design, and it can be calculated using
the provided equation in the present report. Researchers have made sig-
nificant strides in recent years to improve bolt performance by exploring
the use of new materials and designs. Also, the use of high-strength al-
loys and composites can enhance bolt performance in challenging envi-
ronments and provide higher tensile strength and better corrosion re-
sistance. In addition, a special attention has been paid to the fatigue
strength of the bolted connections. Finally, it can be stated that each ma-
nufacturing method has its advantages and disadvantages, and the choice
of an appropriate method depends on the application requirements and
desired properties of the bolted connections. However, until now, the ef-
fects of process parameters in each production method have not been in-
vestigated on bolt strength under static and cyclic loads. Therefore, the
future research direction of the authors will focus on this issue.

References

1. Farrahi G.H., Chamani M., Kashyzadeh K.R., Mostafazade A.,
Mahmoudi A.H., Afshin H. Failure analysis of bolt connections in fired
heater of a petrochemical unit. Engineering Failure Analysis 2018; 92,
327-342.

2. Farrahi G.H., Fallah A., Kashyzadeh K.R. Fracture tough-
ness evaluation of 1.4841 bolt subjected to simultaneous effects of creep
and hydrogen embrittlement phenomena using small punch test: A case
study in a superheater of a petrochemical unit. Engineering Failure Ana-
lysis, 2023; 144, 106956.

187



3. Salmon C.G., Johnson J.E., Malhas F. Steel Structures: De-
sign and Behavior 5th ed. Pearson. 2008; 896.

4. Shigley J.E., Budynas R.G. Mechanical Engineering Design.
10th ed. McGraw Hill. 2015; 1105.

5. Juvinall R.C., Marshek K.M. Fundamentals of machine com-
ponent design 5th ed. Hoboken, NJ: John Wiley & Sons. 2011; 928.

6. GOST 1759.0-87 Bolts, screws, studs and nuts. Specifica-
tions: introduction date 01.01.1989. — Moscow: Standartinform, 2006. 17 p.

7. Khalidov S.I., Bogatyrev T.S., Abubakarov M.A. Threaded
connection of increased vibration resistance. Science and Business:
Ways of Development 2019; 5(95); 12—14.

8. Farfel M1, Konyashin D.Y. Influence of the operation mode
of structures on the technical condition of bolted joints. Bulletin of NIC
Construction 2018; 3(18), 136-148.

9. Dunaev V.V. Study of the possibility of increasing the dura-
bility and reliability of countersunk bolted connections. Assembling in
mechanical engineering, instrument making 2019; 12; 541-548.

10. Zhang W., He Y., Liu Y. Failure modes and mechanisms of
bolted connections under different loading conditions. International
Journal of Mechanical Sciences 2020; 166, 105254.

11. Birger I.A., losilevich G.B. Threaded and flange connections.
M.: Mashinostroenie, 1990; 388.

12. Beletsky D.G. Handbook of a universal turner. Moscow:
Mashinostroenie, 2007; 560.

13. Belan A.K., Savochkina L.V., Belan O.A. Applied mechanics
of the process of cold stamping of terminal bolts using transverse extru-
sion. Actual problems of modern science, technology and education
2011; 2(69), 182-185.

14. Kashkarova K.R. Analysis of the manufacturing technology
of track bolts by hot die forging. International Scientific and Practical
Conference. DI. Mendeleev, dedicated to the 90th anniversary of Profes-
sor Magarila, R.Z.: Conference materials, Tyumen, November 25-27,
2021 / Ed. editor A.N. Khalin. Volume 2. - Tyumen: Tyumen Industrial
University, 2022; 2, 63—67.

15. Gasanov A.I. Comprehensive analysis of the process of
stamping heads of fasteners. Bulletin of the Tula State University. Tech-
nical science 2022; 7, 364-366.

188



16. Reshetnikova E.S., Kadoshnikov V.1. Study of the multi-pass
process of volumetric forging of flange bolts. Forging and stamping pro-
duction. Processing of materials by pressure 2014; 8, 18-20.

17. Kozinov D.Y., Filippov A.A., Pachurin G.V. Economical
preparation of structural and mechanical characteristics of rolled prod-
ucts for cold stamping of automotive bolts. Automotive industry: design,
design, calculation and repair technologies and production: Proceedings
of the V All-Russian Scientific and Practical Conference, Izhevsk, April
29-30, 2021. — Izhevsk: Publishing house of UIR 1zhGTU named after
M.T. Kalashnikov, 2021; 191-197.

18. Bazykov A.R. Improving the technology of manufacturing
bolts for rail joints by cold stamping in order to obtain the necessary me-
chanical properties. Magnitogorsk rolling Practice 2018: Proceedings of
the III Youth Scientific and Practical Conference, Magnitogorsk, June
05-08, 2018. Edited by Korchunov, A.G. — Magnitogorsk: Magnitogorsk
State Technical University. G.I. Nosova, 2018; 104-106.

19. Al-Mershed A., Alsaleh M.A., Khan F. Finite element analy-
sis of bolted connections with different types of gaskets. Journal of Loss
Prevention in the Process Industries 2018; 53, 145-152.

20. Kashyzadeh K.R. Effects of axial and multiaxial variable am-
plitude loading conditions on the fatigue life assessment of automotive
steering knuckle. Journal of Failure Analysis and Prevention 2020; 20(2),
455-463.

21. Kashyzadeh R.K., Souri K., Gharehsheikh B.A., Safavi J.R.,
Ahmad M. Fatigue life analysis of automotive cast iron knuckle under
constant and variable amplitude loading conditions. Applied Mechanics
2022; 3(2), 517-532.

22. Abdollahnia H., Alizadeh E.M.H., Kashyzadeh R.K. Multi-
axial fatigue life assessment of integral concrete bridge with a real-scale
and complicated geometry due to the simultaneous effects of temperature
variations and sea waves clash. Journal of Marine Science and Engineer-
ing 2021; 9(12), 1433.

23. Pertuz A., Diaz C.S., Gonzdlez E.QO. Static and fatigue beha-
viour of continuous fiber reinforced thermoplastic composites manufac-
tured by fused deposition modelling technique. International Journal of
Fatigue 2019; 130. 105275.

189
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AnnoTtauus. Lenpio paboTel SBISETCS MONyYEeHHE METOIUKU
U TEXHUYECKUX CPENCTB VI MPOBEIEHHUS BXOAHOIO KOHTPOJIS XUMHUeE-
CKHX HCTOYHHMKOB TOKa Ha NpUMEpPE CyNEepKOHIEHCAaTopoB. B craThe
MPUBOJUTCA 3KCIEPUMEHTAIBHBIA METOJ ONpPEECIEHUS OCHOBHBIX Xa-
PaKTEPHUCTUK HAKOIIUTENIEH IyTEM MPOBEAEHHUS KOHTPOJIUPYEMBIX LIUK-
JIOB 3apszia-paspsaga B aBTOMATU3HPOBAHHOM PEXHME C HCIOJIB30Ba-
HUEM HECKOJBKHX MOJIENEN CyNEepKOHAEHCATOPOB Pa3IMYHOrO IMpPOM3-
BozcTBa. [l mpoBeaeHus ncciiefoBaHui OblT pa3padoTaH U MPOTECTHU-
POBaH cHenraIn3uPOBaHHbIA MPOrpaMMHO-aNNapaTHeIi KomIuiekc. 11o-
Jy4EHHBIE B X0J1€ U3MEPEHUN B pacu€TOB PE3yJIbTATHI CBUAETENBCTBYIOT
0 HeOOXOANMOCTH MPOBENICHHUS BXOIHOT'O KOHTPOJISI M SKCIIEPUMEHTAIIb-
HBIX UCTIBITAHUH CYNEPKOHICHCATOPOB, IPUMEHSEMBIX B BHICOKOHAIEK-
HBIX CUCTEMax 3JICKTPOIUTAHUSI.

KioueBbie cjioBa: BXOTHOH KOHTPOJb, XMMHUYECKHUE HCTOY-
HUKH TOKa, CYIIEPKOHIEHCATOPHI, CUCTEMA 3JIEKTPOIIUTAHUS, KOMILJIEKC
JUISl aHaJIM3a U IMarHOCTHKH, aBTOMATH3alMs M3MEPEHHH, BHICOKOHA-
neskHOe 000pYyIOBaHKE, TPOM3BOJACTBO PAAMO3IEKTPOHHOHN aNnaparypsl

BBenenne

HecmoTpst Ha BBICOKHI YPOBEHB Pa3BUTHS AJIEKTPOHUKH 32 TI0-
CIIETHUE JECATUIETHS, COBPEMEHHas TPOMBIIUIEHHOCTh HYXIaeTcs
B OCBOEHUH HOBBIX BRICOKOTEXHOIJIOTUYHBIX PEIICHUN IS CO3MaHus d-
(DEKTUBHBIX CHCTEM D3JIEKTPOCHAOXEHHS W HAKOIUTENIeH DHEPTruu s
00OpyOBaHMSI BBICOKOW HAIEKHOCTH. PasznmudHbie 00nacTH HayKd
Y TEXHUKH BCE Yallle CTAJKUBAIOTCS C 33/[a4aMU, TPEOYIOIUMH pruMe-
HEHUS TOYHBIX M CTaOWIIBHBIX YCTPOUMCTB. B CBSI3W ¢ 3TUM BO3HWKAET
mpo0OiieMa OIeHKH KadecTBa W3JENMH IyTeM WCCIEIOBAaHUS CBOICTB
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Y XapaKTEPUCTHK OTJIEIBHBIX 3JICKTPOHHBIX y3JI0B M KOMIIOHEHTOB B pe-
QIBHBIX YCIOBHUAX dKCILTyaTarmu. OJHUM W3 OCHOBHBIX CIIOCOOOB TOJI-
TBEPKJICHUS MCIIPABHOCTH 3JIEMEHTOB M YCTPOUCTB SBJSCTCS BXOTHOU
KOHTPOITb.

AKTyaNbHOCTh IPOBEACHUS BXOAHOTO KOHTPOJISI COCTOHT B TOM,
YTO TMPOU3BOJICTBO PAJAUOIIECKTPOHHOMN amlmapaTypbl TEPIUT 3HAYUTEIb-
HBIE U3IEPKKH OT JIe(hEKTHBIX MATEPUATIOB U KOMITJICKTYOIIUX, UCITOIb-
3yeMbIX B u3aenusax. Kak npaBuio, 3Ti neeKThl HelpencKa3yemMo mpo-
SIBIIIIOT ce0s1 B TOTOBOM MPOJYKIIMH, YTO CKa3bIBaeTCS Ha €€ HAJAEKHO-
CTH M TEXHWYECKHX rokazarensx [1]. Cratuctuka 0TKa3oB 000pyI0Ba-
HUS TaKXKe CBUACTEIHCTBYET O TOM, YTO OCHOBHOW IIPUIHHOMN HEUCTIPaB-
HOCTEH SBJISIFOTCSI HEKaYECTBEHHBIE KOMIUIEKTYIOIIHE.

J11s BBICOKOTOYHBIX YCTPOHCTB U CUCTEM 0COOOTO Ha3HAYCHHS
OTKIIOHCHHE PEAbHBIX 3HAUYEHWH MapaMeTpOB OT PACUETHBIX MOXKET
MPUBECTU K CEPhE3HBIM HAPYIICHUSM B WX (DYHKIIMOHHPOBAaHUHU. DTO
TaKk)Ke O3HAYaeT, YTO WCIOJIH30BAHHE HEKAYECTBEHHBIX AIIEKTPOHHBIX
KOMITOHEHTOB TTOBBIIIIAET PHCKY BOSHUKHOBEHUS aBAPUITHBIX CUTYaIIUH,
YTO BeAET 3HAYUTEIHLHOMY MaTepHuaJbHOMY yIIepOy u cO3[aeT yrpo3y
JUTS )KU3HU M 3JI0POBbS YellOBeKa. BX0OAHOI KOHTPOJIH SBISETCS AOTOI-
HUTEILHOW IPOBEPKON KOMITOHEHTOB TIepe/T MX HCIIOIb30BaHNUEM B TTPO-
W3BOJICTBE, IIPU KOTOPOU OTCIIEKUBAIOTCS OCHOBHBIE TTapaMETPHI, OTpe-
JEISIONNE UX padOTOCTIOCOOHOCTh M HAJE)KHOCTD B IIEIEBOM YCTPOH-
ctBe. HamexHOCTh sBISieTCSl BaXHBIM (DAKTOPOM B TPOSKTHPOBAHHH
JONTOBEYHBIX CHCTEM, OCOOEHHO Ha paHHEW cTaiud pa3paboTKH Mpo-
nykra [2]. Takxke KOHTPOIIb TapaMeTPOB TpeOyeTcs OCie JITUTEIEHOTO
XpaHeHUs SJEKTPOHHBIX KOMIIOHEHTOB, COIPOBOXKIAIOIIETOCS CTape-
Huem [3].

ba3oBEIM KOMIIOHEHTOM JIOOOTO aBTOHOMHOTO YCTpPOMCTBA,
00ecreunBaroNINM HAKOTUIEHUE JIEKTPUIECKON SHEPTHH, SIBISIOTCS XH-
MUYECKHe UCTOYHHUKH TOKa. OHU MPUMEHSFOTCS B Ka4eCTBE BTOPUIHOTO
WCTOYHHKA DJIEKTPOIHEPTHH, TO3BOJISS YCTPOICTBAM Ha TPOTSKEHUH
OTIPENIETICHHOTO BpPEeMEHU (YHKIIMOHUPOBATh NMPH OTCYTCTBUU OCHOB-
HBIX (TIEPBUYHBIX) WCTOYHHKOB TOKA. OJTH HAKOMHTEIH COBMECTHO
C DHEPromnpeodpas3yoIUMHU IEMEHTaMH 00pa3yIoT CHCTEMY JJIEKTpO-
nutaaust (COII) 1 Bo MHOTOM OIIPENENIIOT HaJle)KHOCTb, CTAOMIBHOCTh
Y DKCIUTyaTallMOHHBIE XapaKTePUCTUKH yCTpoiicTB. Kak u apyrue ot-
BETCTBEHHBIE Y3IIbI SJIEKTPOHHOH ammmaparypbl, ICTOYHUKHA TOKa HEe00-
XOJMMO TIPOBEPSITh Ha COOTBETCTBHE CBOMM HOMHUHAIBHBIM XapakKTe-
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pUCTHKaM, 3asBJICHHBIM porn3BoauTeneM [4]. s aToro Tpedyercs pas-
paboTaTh COOTBETCTBYIOIINE CPEJCTBA M METO/IbI, TIO3BOJISFOIIUE TIOTY-
YaTh U aHAJIU3UPOBATh OCHOBHBIC AJICKTPUUYECKUE ApaMETPhl XUMUYE-
CKUX UCTOYHUKOB TOKa B pa0OYMX YCIOBHSX.

B cratse npezacraBneH pa3pabOTaHHBINA MPOrpaMMHO-aNIapaT-
HBII KOMIUIEKC IJIsl aHAIHM3a U TUArHOCTUKU XUMUYECKUX UCTOYHUKOB
TOKa, KOTOPBIA TO3BOJIIET OMNPEACNIUTh PpPeajbHbIE XapaKTEPUCTUKU
HAaKOIUTEJEH MyTeM U3MEPEHUS HANPSXKEHUS IIPU UX 3apsijie U pa3psiae.
OnuceIBaeTCS METOJUKA MPOBENICHUS aBTOMAaTU3UPOBAHHBIX HUCCIEHO-
BaHMM HaKOMUTENEH Ha mMpUMepe MPOBEIECHHOTO SKCIEPUMEHTa 10 IO-
JMy4eHUIO W CPaBHEHMIO TOKazareneil cymepkonaeHcatopoB (CK) pasz-
JINYHBIX TMpou3BoauTenei. Mcrnonb3ys NoaydeHHbIE pe3yabTaThl IPOBE-
JEHHOT'O 3KCIEPUMEHTA U PACUETHBIC 3HAUCHUS IPUBOAUTCS CPABHEHUE
peanbHBIX U 3asBJICHHBIX XapaKTepucTuk Tectupyembix CK.

CocTaB TEXHHYECKOI'0 KOMILIEKca
s SKCHEepHUMEHTaIbHOTO HMCCIEJOBAaHMs IPOLIECCOB 3apsaia
n paspsaga CK ucnonp3oBaics crnienuaibHO pa3pabOTaHHBIN Iporpam-
MHO-aImapaTHeIA KoMmIueke (puc. 1).

Puc. 1. IIporpaMMHo-annapaTHbIii KOMILIEKC JIs1 AHAJIH3A
u quarHoctuku CK
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JlaHHBI! KOMITJICKC MPEACTaBIsIeT Co00i 1ab0paTOPHBIN MPOTO-
TUI YCTPOHCTBA, B OCHOBE KOTOPOTO JIEKHUT MHUKPOKOHTposuiep Arduino
Nano. mest cpaBHUTENBHO HEOONBLIYIO CTOMMOCTb, HCIOJB3YEMBIN
MHUKPOKOHTPOJUIEP 00JaaeT JOCTATOYHON BBIYMCIMTENHLHONW MOLIHO-
CTBIO U HE00X0AMMOH nepudepueit 1y peann3aniy Ha ero 0a3e MakeT-
HOro o6Opasua. BaKHBIM NPEeUMYILECTBOM TaKOT0 TEXHHYECKOTO pelle-
HUS SIBJISIETCS YNPOIIEHHBIN Mpolecc pa3paboTKH NPOrpaMMHOM 4acTH
KOMIUIeKca Oyiarozaps HaJMUMIO OOJIBIIOTO KOJIWYecTBa OMOIHOTEK,
MPeoCTaBIsieMbIX coolmmecTBoM Arduino Ui paboThl ¢ pa3IHYHBIMU
ycTpoiicTBamu [5].

[Tony4yeHnue 3HaYCHUH HAMPSKEHUST TECTUPYEMBIX HCTOYHHKOB
TOKa obecrieyuBaeTcsi MoaysieM 16-OuTHOro aHajuoro-uudpoBoro mpe-
obpazoBarens ADS1115, 6xarogaps yeMy HocTUTaeTcs BBICOKAs TOY-
HOCTb M3MepeHHi. JIpyruM NpenMymecTBOM MCIIOIb30BaHUS BHEIIHEH
mnatel AL siBisieTcs BeICOKast CKOPOCTH ONMPOca, KOTOPYIO HE MOXKET
obecnieunts BcTpoeHHbIH Moaynb AL B Arduino Nano. Takxke ucnosnb-
3yemas mnara ALl uMeeT BHYTpEHHUN UCTOYHUK OMOPHOrO HaIpsiKe-
HUSL, IPOrPaMMUPYEMYIO YaCTOTY AUCKPETU3ALMY, HACTPAUBAEMBIN KO-
3¢ GULMEHT yCUJIEHHUS! M BCTPOCHHBIH KOMIIapaTop, YTO HEOOXOIMMO
JUISl pealiu3aliy IporpaMMHO-alIapaTHOro KoMiiekca. [is ranppanu-
YeCcKOW pasBsi3ku mu}poBex curHanoB mexay ALl u MukpokoHTpOII-
nepoM ucnoib3yercs ycrporictBo ADUMI250ARWZ ¢upmsr Analog
Devices, koTopoe M03BOJISIET PELINTE Cpa3y TPH 3a1a4H: MOBBILICHHUE 00-
el MOMEXOYCTOHYMBOCTH HM3AETHS, 3aluTa HU(PPOBBIX YCTPOMHCTB
C MJIBIM BXOJIHBIM CONPOTHBICHUEM OT MOBBILICHHOI'O HANPSKECHUS U
CONPSKEHUE LIENeH ¢ pa3HBIMHU YPOBHAMH HampsDKeHus [6].

s konTponst paspsga CK  ucnonb3yercss 3JIEKTpOHHAs
Harpy3ka, Omaromapsi Kotopoit peryiupoBanne Toka CK ocymiecTBis-
eTcst ipu oMoty peoctara. 3apsan CK mpoucxomuT mpu moMomy cra-
OMIM3MPOBAHHOTO MCTOYHMKA NUTAHUS, IIOCTPOEHHOTO Ha MUKPOCXEMeE
LM25968S. Jlanub1ii MOIyJIb 00€CIIEYrBAET BOSMOXKHOCTD PETYIIHPOBKHU
KaK BBIXOAHOTO HampspkeHus (ot 1,25 B 1o 30 B), tak u Toka (ot 0 A 1o
3 A), umeet HU3KHN ypoBeHb Tyibcanuii (10 50 MB) u Beicokmit KI1{
(o 92%). J1511 IOBBILIIEHUS] BXOAHOTO COIIPOTHUBIICHUS C LIETbIO IPEAOT-
BpameHus paspsaa CK Ha n3MepeHHyIo IeTh B yCTPOUCTBO OBLT 100aB-
JIeH WHCTPYMEHTaNbHbIN ycunutens AD623. Mcmonp3oBaHne Takoro
YCHJIMTEINS TI03BOJISIET YMEHBIIUTh IOIPEIIHOCTh U3MEPEHUN (pakThye-
ckoii emkxoctu CK.

193



BaxxHoil XapaKTepUCTUKOW JTFOOOT0 MCTOYHUKA TOKA SIBIISETCS
SKBHUBAJICHTHOE TocienoBarenbHoe conporusieHue (ESR). Jlnsa uzme-
PEHHUS JaHHOM BETTMYUHBI OBbLT MCTIONIBb30BaH MIULTHOMMETP YR 1035+,

[Tony4yennsie B X0/A€ U3MEPEHUM 3HAUCHUS] KOHTPOIHPYEMBIX
BEITMYMH O0TOOpaxKaroTCs Ha AUCILICE, PACTIOIOKEHHOM B CAMOM yCTPOUA-
CTBE, a TaKXKe MEepealoTcs Ha MEePCOHANBHBIA KOMIBIOTEP MO HMHTEP-
¢eticy UART. Ilepenannpic Ha KOMITBIOTEP MOJIB30BATENS TAHHBIC KC-
noptupytotcs B Excel u npencraBisrorcs B Bujie rpauKoOB 3aBUCHMO-
CTH MaJICHUS HANPSXKEHUS OT BpeMeHU. JlaHHOe pelieHue IBIsIeTCs Po-
CTBHIM W HATJISIHBIM CITOCOOOM OTOOPaXKEHUs PEe3yJbTaTOB U3MEPEHUH.
Jlamee mo moirydeHHBIM TpadUKaM IyTeM HECIOXHBIX BBIYUCICHHIMA
MOXKHO OIpeNeNnuTh (hakThdecKyro eMkocTh uccieayembix CK. Takum
o0pazoM, JIst TF0OOTO XMMHUYECKOTO UCTOYHHUKA TOKA ITPU TIOMOIIH OTTH-
CaHHOT0 KOMILJIEKCA MOKHO OMPEJICIUTh XapaKTep ero 3apsia u pa3psna,
BBIYUCIIUTD YJECKTPUUYECKYI0 EMKOCTh U CAENATh BHIBOJ O COOTBETCTBUU
CK cBoemy Ha3HauY€HUIO B KOHKPETHOM YCTPOUCTBE.

Merton nccien0BaHus U AHAJIN3 Pe3yJIbTATOB IKCIIePUMEHTA

Haubonee nocroBepHbId croco® MPOM3BECTH BXOJHOH KOH-
Tpoub kadecTBa CK 3akmrouaercs B HOJTHOM (PUKCALIMU TApaMETPOB pas-
psia ¥ 3apsiaa B TEUCHHE MPOAOJDKUTENBHOTO BpeMeHU. Takoi crocob
OIpe/IETIEHNS TaPAMETPOB HA3bIBAETCSA HUKIMYECKOM BOJIBTAMIIEPOMET-
puell u SBIAETCS OAHUM M3 OCHOBHBIX METOAOB MOTEHIMOAWHAMUYE-
CKHX JJIEKTPOXUMHUYECKUX W3MEPEHHH B JJEKTpoXuMuu. M3MmepeHus
MOKHO MPOBOJUTH HEOJHOKPATHO, (UKCHPYS HM3MEHEHHE 3HAUYCHUH
C TeueHHeM BpeMeHH. Pa3psia O0JbIIMMHU TOKaMH MOBBIIIAET MOITHOCTD,
OJTHaKO MPH 3TOM MOXKET TEPATHCS 3HaUUTEIbHAsI 4aCTh SHEPTUH HA CO-
MIPOTUBIICHUAX JJIEKTPOIUTA M 3JIEKTPOAOB, a ABoMHON cnoil CK He
ycneeT pa3psaauTbes 1o KoHna [7]. IlostoMy 3apsan u paspsan CK nene-
co00pa3HO MPOBOIUTH NPU HEOONBLINX 3HAYCHUAX TOKA.

Ha puc.2 npeacrasnens! rpaguky 3apsiia 1 pa3psiia HECKOIBKHX
CK onnHakoBOH €MKOCTH, NOJTy4YEeHHBIE [IPU TOMOIIX pa3padOTaHHOTO
MIpOrpaMMHO-aNnapaTHOro Kkomiiekca. 3apsan u paspsan CK npoussoau-
JIUCh TIPY MTOCTOSTHHBIX 3HAUYEHUAX TOKa, paBHBIX 560 MA 1 300 MA co-
OTBETCTBEHHO. [laHHBIE 3HaUCHMS OBUTM ONPEAEIECHBI B X0 SKCIEPH-
MEHTOB OIBITHBIM ITyTEM ISl ITOJydeHus1 HanboJsee JINHEHHOW 3aBHCHU-
MoctH HanpsbkeHus: CK ot BpeMeHu B TeueHue Bcero nukia. Iloctpoe-
HUE Tpa(UKOB OCYILECTBISUIOCH Ha OCHOBE PE3YJIbTAaTOB H3MEPEHHUH
HanpsHKEHUs!, IPOBOAMMBIX C IEPHUOJIOM B OJIHY CEKYHIY.
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Puc. 2. I'paduxu 3apsina u paspsaga Heckoiabkux CK

Ha monyueHHbIX rpadukax MOXHO BBIACIUTE TPH XapaKTEPHBIX
yJacTKa:

e HayYaJbHBIA y4yacTOK, COOTBETCTBYIOUMM 3apany CK Toxkom
paBHBIM 560 MA 10 HOMHUHAJIBHOT'O 3HaU€HUs HanpspkeHus 2,7 B;

® YYacTOK C PaBHOMEPHBIM IaJ€HHEM HampsLKEHHsI, 0ToOpa-
YaroImui npouecc nojgHoro paspsaa CK Ha mepeMeHHyI0 Harpysky To-
koM 300 MA;

e KOHEYHBIM y4acTok, cooTBeTcTBYrOmuUi paspsay CK na pe-
3UCTOP (AATYMK TOKA) IEPEMEHHON Harpy3KH, 4TO CBSI3aHO ¢ OCOOEHHO-
CTSIMHM CXEMOTEXHUYECKON peanu3alii KOMILIEKca.

s mpoBeeHNst 3KCIIEPUMEHTA B PEAIbHBIX YCIOBHAX 3KCILTY-
atauun ObUH BbIOpansl CK pasHbIX Mozeneil 01MHaKOBOM eMKOCTH HO-
MuHasoM 50 @. IIpencraBieHHbIE pe3yabTATHI AT KAXKI0M MOAETH SIB-
JIAIOTCS CPEJHUM 3HAUYECHHEM, MOIYYEHHBIM IPH HCCIEIOBAaHHH TPEX
onnHakoBbix CK. B Tabnuue | mpuBeneHsl OCHOBHBIE pacyeTHBIC Hapa-
metpsl CK.
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Tabnuya 1
Pacuernsie napamerpsl CK

IpouszBogu- Pe- Wurth Maxwell . Pana- Corn.ell Kyo-
... Techno- Vishay . | Dubi- cera
TeJIb nukc Elektronik . sonic .
logies lier @ AVX
Tpaspana, - 5, 300 300 300 300 300 300
(MA)
t3apsna, (c) | 451 475 473 475 418 @ 527 434

Q, (MA-4) 37,58 39,58 39,41 | 39,58 34,83 4391 | 36,16

E, (MA-g) 0,0533 0,00518 | 0,0544 0,053 0’249 0,0606 0,0506

Oneprus, (J) 191,7 186,6 196 1923 1774 2183 @ 1823

daxTiyeckas 52,59 51,20 53,78 | 52,75 48,66 59,88 @ 50,02
€MKOCTb, (F)
3asABICHHOE
ESR, (MOM) 20 10 15 15 25 15
Usmepennoe
ESR, (MOM)  ©° 111 103 118 64 134 103

UToOBI yIOBICTBOPUTH TPEOOBAHUSM TEXHUYECKOTO 3aJaHWs,
HEOoOXOJMMO Ha 3Tamne MPOCKTUPOBAHUS PaTUOAICKTPOHHOHN armapa-
Typs! onpenenuts Hanbonee nmoaxoxasmue CK ams CIOII. C sToi# nemnbro
OBUTH HCCIICIOBAaHBI PEaNbHBIC MapaMeTPhl HECKOJIBKUX 3apyOeKHBIX
u ogHoro oteuecTBeHHOro CK. W3 mpeacTaBneHHBIX B TAOIUIE TTPOU3-
BoaMTENeH ObUTH BEIOpanb! creaytomnpe monenn: SKF-50-2V7 denukc,
850617022002 Wurth Elektronik, BCAP0050 P270 X01 Maxwell Tech-
nologies, MAL222551008E3 Vishay, 667-EEC-HLOE506 Panasonic,
DGHS506Q2R7 Cornell Dubilier u SCCV40B506SRB Kyocera AVX.
CrouT OTMETHUTH, 9TO eMKOCTh BEIOpaHHBIX CK 3aBUCHT Kak OT yCIIOBHIA
Y BpEMEHH XPaHEHUs, TaK U OT TEXHOJIOTUIECKHX (DAKTOPOB UX TPOU3-
BOJICTBA.

K Baxuelimum napamerpam CK MOXHO OTHECTH (aKTHUYECKYIO
€MKOCTh W 3KBUBAJICHTHOE TocienoBarenbHoe corportusieHne (ESR)
[8]. ITockonbKy onHUMM M3 cylecTBeHHbIX HepocTaTkoB CK sBnsercs
HU3KHE 3HAYCHUS HaIpsDKEeHUs, s moBeimeHust MomrHoctH CK mon-
KIIIOYArOT TocienoBarenbHo. [Ipu sTom Oomnblioe BIUsSHEE HA OOIIYIO
HaJEKHOCTh OKa3bIBAIOT Pa3dpoc EMKOCTH W COMPOTUBICHUN YTEYKH
CK, mockonbKy HalpspKEHUS] Ha HUX OYIyT OTIMYAThCS.
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3nauenne ESR Bo MHOrom ompenenser snepronorpeOicHHe
u apdexruBHocTs CK. Bricokoe 3nauenne ESR yxynmaer npousBoau-
TEJIBHOCTH U3-3a OTEPh PACCEUBAIOINICS MOIIIHOCTH. B ciyuasix, eciu
paspabatreiBaeMasi anmaparypa padoTaeT ¢ OONbLIIMMU TOKaMH 3apsiia-
paspsizia, paccenBaeMoe TEIUIO0 MOYKET BbI3BaTh 3HAUUTEIHHOE MOBBIIIIE-
HHUE TeMIIepaTypsl, 4To mosiauser Ha pabory COII, BbI30BET ycKopeH-
Hyto gerpagamuto CK, a Takke MOKET HapyIIMTh TEIUIOBOM pPEXUM
ycTpoiicTtBa, B koTopoM 3Tu CK npumenstorcs. Poct temnepartypsl Ha
kaxzaple 10 rpaxycoB OTHOCHTENLHO HOMUHAIBHON TEMIIEPATyphl CHU-
xaeT cpok ciryx0b1 CK B 2-3 paza [9].

IIpoBeneHHbIE NCOBITAHUS MOKA3aIH, YTO pEalbHBIC TEXHHUYE-
CKHE XapaKTepUCTUKH Bcex uccnexyeMbix CK oTmuuaroTest oT cBOUX HO-
MUHAJIBHBIX 3HaueHUHA. OJTHAKO CIEAyEeT yUUTHIBaTh, YTO JUIA KAKI0H MO-
JIETM IMEETCSI ONIPEACIICHHBIN Tana3oH JOIYCTUMBIX OTKJIOHEHHH OT yKa-
3aHHOTO HOMMHAJIA, TA€ HaXOIATCS BCE JIEUCTBUTENBHBIE 3HAYECHUS Hapa-
MeTpoB ucnpaBHbeix CK. B cBs3M ¢ 3TMM HECMOTPS Ha UMEIOIUECS OTKIIO-
HEHUsI TIOJIyYeHHBbIE B X0/ SKCIIepHMeHTa 3HaueHust napamerpoB CK mo-
MaJaloT B YKa3aHHBIN JUATIa30H U MOTYT CUUTATHCS JOITYCTUMBIMU.

Haubonee Tounbim CK 13 mpeocTaBIieHHBIX MOJIEIEH SBISIETCS
obpazern; pupmer Kyocera AVX. HanbomnbIiee OTKIIOHEHHE OT 3asBIICH-
HBIX MIPOM3BOJUTENIEM TEXHUYECKUX XapakrepucTHk nokaszan CK ¢up-
Mbl Cornell Dubilier. I3 3TOro MOXHO 3aKJIIOYMTH, YTO IJIS BHICOKOHA-
néxHoro obopyznosanus U COIl, TpeOyromuX NOCTOSHHOTO JTUTEIBHOTO
MOAJCPKAHUE 3aJaHHOTO YPOBHS HANpPSDKEHMS, HauOosiee IMpenrnoyuTH-
tenpHO ucnonb3oBath CK ¢upmbr Kyocera AVX. OngHako 3TOT BBIBOI
CIIpaBeUINB JHIIb A7 OTAENBHBIX CK, B3MTHIX K CpaBHEHHIO, U HE UMEET
OTHOIIIEHHSI KO BCEM JIMHEMKaM JaHHBIX ITpou3BoauTenel. Tem He MeHee,
OIMCaHHBIM METOIl C HCIONB30BAaHUEM IIPOrPAMMHO-AIIAPATHOIO KOM-
TUIEKCa MOYKET OBITh IPAMEHEH I TIPOBEACHHSI Oosiee OOIIMPHBIX HUCCTIe-
JOBaHWH C WCHONb30BaHMEeM Oonpiioii BeiOOpkn CK kakmoil mozenw.
Hawnbonee npennouTuTensHO BCe e MPUMEHSTh AaHHBIA METOA M pa3pa-
OOTaHHBIM NTPOrpaMMHO-AIIAPATHBIA KOMIUIEKC UL HPOBENECHHS BXOI-
HOT'O KOHTPOJISI XUMUYECKUX UCTOYHHUKOB TOKA IIEpe]] HEMOCPEACTBEHHBIM
UX yIoTpeOIeHHEM B POU3BOJICTBE PaIO3ICKTPOHHON aIllIapaTyphl.

BriBoabI
BxoHO# KOHTPOITE KOMILIEKTYIOIINX ¥ MAaTEPHAIIOB TTO3BOJISIET
MIPOM3BOAMTENSIM aIapaTypbl BBITBUTh HEJOCTATKH, CBOWCTBEHHBIE
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KOMITOHEHTaM TOT'0 MJIM MHOTO MOCTABIIUKA, 3apaHee MPUHATh He00X0-
JUMBIE MEpBI JUIS TOBBIIIEHUS HAJEKHOCTH KOMIIOHEHTOB €IIe JI0 BO3-
MOKHOT'0 OTKa3a amnmapaTypsl. HecMoTpst Ha Hamm4Me BBIXOAHOTO KOH-
TPOJIs IPOAYKLINH Ha IPOM3BO/ICTBE MIEKTPOU3IEIHH, B alllIapaTypy Mo-
TYT MONACTh Ne(pEeKTHbIE KOMIIOHEHTHI. [103TOMy Tak Ba)XKHO MPOU3BO-
IUTH BXOIHOW KOHTPOIIB ISt 000PYA0BaHHS BEICOKOH HAJCKHOCTH.

B pamkax paGoTsl ObLT pa3paboTaH MPOrpaMMHO-aNNapaTHBIN
KOMIUIEKC 17151 aHanu3a 1 quarHocTuk CK, KOTOphIi MO>KHO IPUMEHSATh
JUIA TIPOBEJEHMSI BXOJHOTO KOHTPOJIS M 9KCIIEPUMEHTANBHBIX HCIIBITA-
HUHM XUMAYECKHUX UCTOYHUKOB TOKa. C ero moMoupo ObUTH POBECHBI
M3MEpEHMs 3apsja U paspsja Heckonbkux Monened CK omauHakoBOro
HOMUHaJIa, Ha OCHOBE KOTOPBIX ObliIa paccuuTaHa (paKTHUECKasi EeMKOCTb
CK. [danHBIl nmporpaMMHO-aNIapaTHBI KOMIUIEKC MO3BOJISIET S dek-
THBHO U TOYHO MPOM3BOANTE BXOJHOM KOHTpoJb napamerpos CK. Oto
MO3BOJINT YMEHBIIUTH PUCK BBIXO/A U3 CTPOS CHCTEM JIEKTPOTIUTAHUS
BBICOKOHA/IEKHOHU ammapartypsl, noctpoeHHoi Ha CK, npomeamux ao-
MyCKOBOW KOHTPOJIb Ha pa3padOTaHHOM KOMILJIEKCE.

B Oyaymem nnanupyercs pa3padoTaTh yCOBEPIIEHCTBOBAHHYIO
BEPCHIO INPENCTABICHHOIO MPOrpaMMHO-ANNapaTHOrO KOMILIEKca, KO-
Topas OyJeT BKIIOYaTh CIEAYIOUINE MOAN(DUKAIIIH:

* yBeJHYEHHE 3apSIAHOTO U Pa3psIHOrO TOKA UIs1 HCCJIeN0-
BaHHUs cTeneHHu Aerpaaanuu napamerpoB CK B TedeHme QMTeNb-
HOT'0 BpeMeHH HapaloTKu;

* 3aMeHa JJIEKTPOHHOI HATPY3KHM HAa NMPOrpaMMHpPYeMYIo,
KOTOpasi Mo3BOJMT paspexkaTb CK mocTOAHHBIM TOKOM, MOCTOSIH-
HOM MOIIHOCTBIO M IOCTOSIHHBIM CONPOTHBJICHHUEM

e nepexoj ¢ miargopmsl Arduino na STM32 nuis yBeaude-
HHS CKOPOCTH U TOYHOCTH PadoThI KOMILIEKCA.

[ToMuMO epeyrCIeHHBIX aNapaTHBIX yIy4IleHHH HeoOX0oau-
MO pa3paboTaTh NPOrpaMMHBIE AITOPUTMBI 1715 O0Jiee TOUHON JUarHoc-
THKH 1 aHAJIN3a Pa3INYHbIX XUMHUYECKUX UICTOYHHUKOB TOKA, a TAKXKeE AJIs
MOBBIILICHHUS CTEIICHN aBTOMAaTH3alUHU NPOLIECCOB U3MEPEHUs (aKTHue-
CKHX IapaMeTpoB HCCIEAYeMBIX 3J1eMeHTOB. (CTaThsi NOATrOTOBICHA
B paMKax BbInosnHeHus pabotst FEWM-2023-0014.
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Abstract. The purpose of this work is to obtain a methodology
and technical means for conducting input control of chemical current
sources using the example of supercapacitors. The article presents an ex-
perimental method for determining the main characteristics of storage
devices by conducting controlled charge-discharge cycles in an auto-
mated mode using several models of supercapacitors of various produc-
tion. A specialized software and hardware complex was developed and
tested for the research. The results obtained in the course of measure-
ments and calculations indicate the need for input quality control and
experimental testing of supercapacitors used in highly reliable power
supply systems.

Keywords: incoming quality control, chemical sources of
electric current, supercapacitors, power-supply system, chemical power-
supply, complex for analysis and diagnostics, automation of measure-
ments, highly reliable equipment, production of the radio-electronic
equipment
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Abstract. The main aim of this pre-research is to know the dif-
ferent aspects of cancer treatment by radiation therapy. For this purpose,
a small team consisting of medical, technology, and engineering disci-
plines was gathered. After understanding the function of this treatment
as well as the process of prescribing it for the patient and other factors,
the future research directions of this group were determined. Neverthe-
less, the master plan of the supervisor of this international group is the
technical development of this cancer treatment and its mechanization
more than before in order to increase efficiency, minimize the time re-
quired for programming specific to each patient's condition, and ulti-
mately improves accuracy.

Keywords: Cancer; Cancer treatment; Radiotherapy; CT; Radi-
ation intensity; Treatment sessions

Nomenclature
Phrase Abbreviation
Gray Gy
computerized tomography CT
linear transfer energy LTE
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external beam radiotherapy EBRT
Three-dimensional conformal radiation ther- | 3DCRT
apy

Intensity-Modulated radiation therapy IMRT
Image-guided radiation therapy IGRT
Stereotactic body radiotherapy SBRT
Volumetric modulated arc therapy VMAT

Introduction

Cancer, as the second cause of death in the world, is the result of
the unlimited proliferation of differentiated cells. In general, there is
a balance between the death of cells and their proliferation in a healthy
human body. On the other hand, if the rate of cell proliferation in a part
of the body exceeds cell death, then it causes a person to suffer from
a special disease called cancer. Cancer treatment (e.g., chemotherapy,
radiotherapy, gene therapy, and surgery, etc.) has made significant pro-
gress and changes in the last hundred years, which has made many can-
cers curable. In the meantime, one of the most important and effective
methods of cancer treatment is radiotherapy. In this type of treatment,
radiation is used as a physical factor affecting the division and differen-
tiation of cells, which causes the destruction of cancer cells by affecting
the genetic content and other vital parts of cell function. However, one
of the significant cancers is the effect of radiation on the body's normal
cells. This issue has led scientists to have a special focus on this cancer
treatment and very extensive studies have been conducted and are still
ongoing, which is indicated by the number of articles published in this
field recently. In this review, the function of radiotherapy in destroying
cancer cells, the types of radiation used in radiotherapy, the types of
methods and techniques used in this treatment, and the special character-
istics of each of them were discussed. Moreover, one of the most used
devices in radiotherapy and its features were discussed and the future
research path was presented in order to improve the performance of this
treatment method and the effect of its parameters.

Radiotherapy
Radiotherapy is one of the most important and effective methods
of cancer treatment. Medical statistics show that about 50% of people
with cancer receive different regimens of radiotherapy during their
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treatment [1]. However, some sources have reported this amount as about
67% [2]. In any case, these numbers indicate the high importance of this
method in the treatment of patients. Radiotherapy can be prescribed as a
unique treatment for the patient. However, in most cases, this technique
is recommended to the patient as an adjuvant treatment along with other
methods such as chemotherapy and surgery [1, 3].

Mechanism of cancer treatment by radiotherapy

In general, the goal of all types of cancer treatment methods is to
stop the innumerable division of cells, and this goal can be followed by
various paths. The high-energy radiation emitted in this method can af-
fect the division of cancer cells in two ways [2]:

1- It can lead to direct damage to the genetic content or DNA
and other important molecules of the cell. As a result, the ability of the
genetic content to multiply and replicate is lost, and in this way, the pro-
liferation of cancer cells can be prevented.

2- High-energy radiation can cause the production of free radi-
cals. In fact, free radicals are produced naturally in some cellular reac-
tions, and the cell can cancel the effect of these radicals by using sub-
stances called antioxidants. But excessive and abnormal production of
these free radicals causes the destruction of cancer cells. Therefore, rad-
icals play an important role in preventing cancer and their presence in the
body is essential.

Apart from the above, one of the biggest weaknesses of this treat-
ment method is that high-energy radiation can also affect the normal cells
of the body and lead to dysfunction of these cells in the body [2-4]. The
effect of this negative property increases, especially on cells in the body
that divide frequently [2]. However, the ability of normal cells to repair
this damage is greater than cancer cells [3]. In general, in a normal and
healthy cell, there are specific mechanisms for pathology and repair of
genetic content whereas cancer cells are more sensitive to high-energy
rays. Therefore, radiotherapy is usually held in the form of multiple ses-
sions, so that in the intervals between sessions, the natural cells can com-
plete their repair process. Meanwhile, cancer cells with a disorder in the
repair process, lack this important cellular ability. Finally, multiple dam-
ages resulting from radiotherapy accumulate in the cancer cell and lead
to cell death [4]. One of the well-known criteria used to evaluate the ef-
fectiveness of radiotherapy is the change in tumor volume. In other words,
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the tumor is measured in the first and last session of radiotherapy, and
the amount of tumor volume change is reported as a percentage [5]. For
this purpose, the following equation is used:

Vtumor,after TP — Vtumor,before TP

AViumor (%) = x 100

Vtumor,before TP (1)

Figure 1 shows the changes in tumor volume before and after
performing radiotherapy [5]. As it is clear from this figure, the tumor
volume has decreased by about 22%. However, the tumor is there and
can grow back. Therefore, this treatment has been auxiliary, and the pa-
tient must also undergo other treatments such as chemotherapy and sur-

gery.
(a) (b)

Volumegimuiationday=1.54 cC Volume, gt gay=1.20 cC

Fig. 1. Reduction of tumor volume by radiotherapy:
(a) tumor volume before radiotherapy and (b) tumor volume
after performing radiotherapy [5]

The basic principles of prescribing radiotherapy

Another type of radiotherapy is prescribed for quick relief of tu-
mor symptoms such as pain, bleeding, etc., which is called palliative ra-
diotherapy. In this case, usually greater intensity is received by the pa-
tient during fewer sessions. The remarkable thing about this method is
that the patients who undergo this treatment must have at least one month
of life expectancy [1]. The measurement unit of the radiated ray is (Gy),
which is equivalent to one joule of absorbed energy per kilogram of
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tissue. The total intensity prescribed for a patient depends on the location
of the tumor and its size, and in general, the stage of disease progression
in the body. Moreover, this intensity is divided into several sessions to
minimize damage to normal cells, side effects, and tissue toxicity due to
radiation [1]. The number of these sessions depends on different param-
eters. Usually, for a number of malignancies, the intensity and number
of sessions have been suggested by specialist doctors and device manu-
facturers, which are used as a catalog or as a first hypothesis for prescrib-
ing based on other parameters (Table 1) [6].

Table 1
The intensity and number of sessions proposed
for different malignancies [6]
Tvpe of cancer Treatment radiotherapy Palliative radiotherapy
P Intensity (Gy)| Sessions No. |Intensity (Gy)| Sessions No.
50 25 .
Chest 40 15 Inapplicable
Lung .
(stage 1 & 2) 54-60 3-8 Inapplicable
Lung
(stage 3) 60 30 30 10
45 25
Rectum 50 30 25 5
70 35 .
Prostate 60 30 Inapplicable
Mary 50 25 30 10
Head and neck 70 35 8 1

Simulation session

As stated in the previous sections, the goal of radiotherapy is to
destroy cancer cells with minimal damage to normal cells. To achieve
this goal, one of the most important points that must be observed during
radiotherapy is not to move the radiation site and produce a special treat-
ment plan for each patient. The individual characteristics of the patient
also have an effect on this treatment plan. Therefore, the first step before
starting radiotherapy is to prepare clear and specific images of the tumor
and determine its exact location, which is done in a session called
a simulation session [7]. To this end, the most common imaging method
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is Computerized Tomography scan, abbreviated as CT scan. In this
method, a suitable 3D image is created by taking a large number of flat
images of the tumor and combining them. The general purpose of hold-
ing a simulation session is to discover the best position for the patient
and repeat this position in all treatment sessions.

Side effects of radiotherapy

Despite the advances in radiotherapy techniques and the reduc-
tion of side effects caused by radiation, patients are still affected by the
complications of this treatment method. Side effects can be divided into
two categories: early or acute side effects and late side effects. Early side
effects usually appear during radiotherapy, a few hours or weeks after the
treatment [8]. These side effects are less worrying and disappear faster.
However, late side effects can generally appear after months and even
years after the completion of radiotherapy. These side effects are usually
harder to get rid of and reduce the quality of life of patients after recovery.
Examples of this type of side effects include skin, heart, lung, digestive,
etc. [8, 9]. In addition to the above, we can refer to secondary cancers that
occur after primary cancer treatment as the dangerous side effects caused
by radiation. Although secondary malignancies can also be caused by
chemotherapy, radiation therapy also plays an important role in their oc-
currence. Secondary cancers have two peaks. The first peak point for the
occurrence of these malignancies is three years after the end of radiothe-
rapy, which leads to blood problems. The second peak usually occurs after
ten years and leads to the creation and development of other tumors [10,
11]. In this regard, some cancers that can be treated by radiotherapy and
some secondary malignancies after that are listed in Table 2 [10]:

Table 2
A list of primary cancers treated by radiotherapy and the problems
of secondary cancers [10]

Primary cancer Secondary cancer
Hodgkin's lymphoma Chest, thyroid, stomach
Breast Cancer Lung, chest, blood
Testicular cancers Blood, pelvis

Cervical cancers Blood, rectum
Childhood cancers Thyroid, chest, blood

206



Accordingly, secondary malignancies are mostly related to blood
conflicts and chest conflicts, which indicates the greater sensitivity of
these two tissues to radiation. In addition to physical complications, it
has been reported that about 80% of patients experience fatigue as an
early complication after radiotherapy [12]. One of the causes of fatigue
is anemia in the patient, which should be treated. Moreover, other causes
of'this problem, such as hypothyroidism or malabsorption of vitamin B12
should also be investigated [1, 12].

Different rays used in radiotherapy

The rays used in radiotherapy include two groups. The first
group is electromagnetic rays, which are usually introduced with X-rays
and gamma rays, and are considered the most common rays in cancer
treatment [2]. These rays are also called ionizing rays because they have
the ability to break the bonds between atoms. It is difficult to distinguish
between X-rays and gamma rays, but as one of the debatable differences,
X-rays are produced by the movement of electrons by devices and actu-
ally originate from electrons. This is despite the fact that gamma rays
originate from the nucleus and originate from the decay of the nucleus of
radioactive materials, such as cesium and radium [3]. Most radiotherapy
devices use photons for treatment. Also, these rays can penetrate deeply
into the body. The second group of rays used in radiotherapy are particles,
including electrons, protons, and neutrons [3]. Unlike photon rays, elec-
tron rays are special for skin or tumors close to the surface of the body
because this type of rays cannot penetrate deep into the body. With the
advancement of science in the field of radiation containing particles, pro-
ton rays have been used, which, in addition to penetrating deeper into the
body, cause maximum energy deposition in cancer cells. It also causes
minimal damage to healthy and natural tissues. In some cases, the tumor
containing cancer cells is located in important parts of the body, which,
in addition to treating cancer, preserving normal and healthy parts is also
very important, e.g., when tumors are placed next to vital organs such as
the spinal cord. As a result, due to the unique characteristics of proton
rays, the use of these rays is highly practical [3]. Finally, radiation con-
taining particles, due to having a higher LTE than photon rays, injects
more energy into the genetic content of cancer cells, which can cause
more damage to the tumor during the same time.
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Types of radiotherapy techniques

In general, there are two methods to deliver radiotherapy rays to
the tumor. In the first method, which is called EBRT, the beam is irradi-
ated to the designated place from outside through a radiotherapy device
(the most common type of radiotherapy). The second method is internal
radiotherapy, which is also called brachytherapy. In this method, radio-
active sources are placed inside special grains and reach the tumor site
through intravenous injection and leave their effect on it [3]. Since the
future goal of this research group is to develop the first method, a brief
description of external radiotherapy techniques was discussed as follows:

3DCRT

At the beginning of the radiotherapy treatment, two-dimensional
images were prepared, and as a result of examining these images, the
rays were sent to the tumor unidirectionally from one side. While with
3DCRT, three-dimensional images of the tumor can be prepared and the
exact location of the tumor as well as the vital organs around the tumor
can be identified. Therefore, the rays are sent to the tumor from several
directions [13].

IMRT

In this technique, the device creates rays in an irregular shape
that has the least collision with natural tissues and still matches the shape
and size of the tumor. One ray can be divided into more micro-rays and
the intensity of each micro-ray can be adjusted individually, which
makes the radiotherapy hit tumors that have complex shapes, and it is
also possible to send variable intensity of radiation to the tumor [14]. As
a result, we can reduce the intensity received by healthy tissues and in-
crease the intensity received by the tumor [15].

IGRT

As mentioned, one of the most important factors affecting the
effectiveness of radiotherapy is the stability of the radiation site during
treatment sessions. With the help of the simulation session and the body
fixing devices, the body position can be repeated during the sessions. But
the internal movements of body organs such as breathing or filling and
emptying of the bladder can also change the location of the tumor during
treatment sessions. So, it can be said that there is always a risk of
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changing the location of the tumor and radiation to healthy organs and
tissues. The above technique is used to increase the accuracy of the radi-
ation site and prevent radiation effects on natural organs. IGRT can pre-
vent unwanted radiation to organs due to body movements. As a result,
the accuracy of radiation has increased. In summary, this technique is
used as a confirmation of the repetition of radiation in the place where
the radiation is needed, and it also prevents the occurrence of errors in
radiotherapy [15]. Before starting a radiotherapy session, according to
the image that is prepared of the patient's current condition and compar-
ing it with the image prepared on the simulation day, the patient's condi-
tion may be modified many times to reach the desired and repeatable
condition.

SBRT

In some cases, cancerous tumors are small tumors in specific lo-
cations. This technique provides the ability for treatment to send very
high intensity to tumors in a single session and cause them to quickly
disappear or reduce their volume. Due to the high intensity of radiation,
the healthy tissues around the tumor will definitely be damaged, which
can be ignored due to the small volume of the target tissue in this tech-
nique [3]. This technique also helps when people with cancer have an
underlying disease or are unable to undergo surgery to remove tumors
for some reason, to get relatively similar results to surgery, as well as life
expectancy and quality of life [16].

VMAT
The main basis of this technique is to expose the patient to rays
from a rotating radiation source, which causes very coherent and more
precise rays to be radiated to all parts of the tumor and the patient re-
ceives the radiation as a full 360 degrees angle. One of the other useful
features of this technique is the reduction of treatment time and can
greatly help the treatment process [14].

Summary and specifying the direction
of the group's future research
Following the above literature review, several points are note-
worthy. The most important of them is cancer diagnosis and based on
that, choosing the right type of radiotherapy technique. To this end, all
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the individual characteristics of the patient and the characteristics of
his/her disease should be considered, and the best decision should be
made to choose the treatment method [16]. In addition, the accuracy of
measuring the tumor volume and diagnosing its exact location is very
important. However, it is necessary to keep the radiation side to the dam-
aged tissue caused by cancer cells constant during the treatment period.
But this subject is not 100% and it is necessary to edit the settings of the
device in each session. Therefore, combination of several radiotherapy
techniques will work best in cancer treatment. Hence, various directions
for future research are of interest to this research team:

1- Development of smart image processing program to measure
tumor volume and determining the exact three-dimensional coordinates
of the tumor along with adjacent tissues. To this end, for future research,
a specific cancer is considered, and different CT images are obtained
from different patients. MATLAB coding along with different types of
image filtration are used for tumor detection and measurement. Finally,
the numerical achievements will be compared with the interpretation of
CT results by doctors so that the smart program can be developed. The
authors believe that if automated CT can be performed at the end of each
radiotherapy session and with the help of data extraction by this hypoth-
esis, simulation and patient program can be updated, it can have a much
greater impact on cancer treatment. In addition, writing the patient's pro-
gram by the doctor is very time-consuming, and by using this smart pro-
gram, this time can be reduced and the patient's treatment can be started
earlier.

2- Presenting a modern algorithm to determine the number of
radiotherapy sessions and its intensity according to individual parameters
and disease characteristics. First, it is necessary to collect the parameters
involved in the patient's treatment plan. For example, in the personal pa-
rameters, it is possible to refer to the gender of the patient, age of the
patient, underlying diseases, food or drug allergies, use of certain drugs,
etc. In the features of the disease, one can pay attention to the type of
cancer, its location, tumor size, geometry and shape of the tumor, etc.
Furthermore, various engineering techniques are used to determine the
relationship between these parameters and the intensity and number of
radiotherapy sessions.

3- In order to reduce the time of adjusting the treatment plan for
the patient, it is necessary to use the results obtained for other patients
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and in other words, they can be generalized for the new patient. For this
purpose, it is necessary to specify the effect of each of the parameters
mentioned in the previous item on the modification of the program as a
percentage. This can be done by collecting various treatment data and
applying data mining techniques.

The items described above are not the only research ideas of this
team, but these items are in order of priority for further research and due
to the prevention of disclosure of information before their registration,
the authors cannot give more details about their future research.
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AHHoTauus. MonenupoBanrne OMONCKYCCTBEHHOM MEUEHH SIB-
JSieTCsl IePCIIEKTUBHOM HayYHOUW 00JIaCThIO, KOTOpast MOXET MPUBECTH
K co3maHuio Oosee 3 (EeKTUBHBIX METOJIOB JCUeHHUs 3a00JIeBaHUN Tie-
YCHU U YMEHBIICHHUIO PUCKA OTTOPXKEHUSI IIPU TpaHCIUIaHTauu. JTa 00-
JacTh HAXOAWTCS HA CTAAWU UCCIECAOBAHUHN, U €€ JOCTHKEHHUS MOTYT
YIIy4IIUTh TOHUMaHUe (DU3HONIOTHMYECKUX MPOIECCOB B IEYEHHU, UTO
TaK>Ke MOXKET IMIPUBECTH K pa3paboOTKe HOBBIX METOAOB JieueHus. OTHaKO
JUTS YCTICIITHOTO TMPUMEHEHUsT OMOVMCKYCCTBEHHOM TeUeHH B MEIHIINH-
CKOM TpaKkTHKe HEOOXOAWMO TPOAOIDKATh HAyYHBIE HCCIIEIOBAHUS
Y TIPOBOJIUTH TECTHUPOBAHHS Ha OOJBIIIOM YMCIIEe TAIMEHTOB. B 1enowm,
MOJICJIMPOBaHHE OMOUCKYCCTBEHHOW MEYEeHH NPEICTaBISET OONBIION
MOTEHIIHAN TSl YIyJIISHUS JiedeHusI 3a00JIeBaHUN MEYeHH U MOXKET
MMETh 3HAYNTENbHBIA BKIIA]] B MEJUIIMHCKYIO HAYKY.

KarodeBrble cioBa: OMOWMCKYCCTBEHHAs Te€UeHb, MOJCIHPOBA-
HUE, pOOaCTHOCTb, TApPaMETPHI YIIPABIEHUS, ONTUMHU3AIINS

Beenenue

buonckyccTBeHHas TiedeHb — 3TO YCTPOHCTBO, pa3paboTaHHOE
JUTS 3aMEeHBI (DYHKITHH TTeYeHN Y TTAI[UEHTOB C TSKEIIOW MeYeHOYHOH He-
JOCTaTOYHOCTHI0. OHA ABJISETCS MPOTOTUIIOM HACTOSIIEH IIEYEHU U CO-
CTOMT U3 TKAHEH WM KJIETOK, KOTOPhIE MOT'YT BBIIOIHATH (DYHKIMH IIe-
YeHH, BKIIo4Yasi 00paboTKy n (pUIBTpaIii0 TOKCHHOB, CHHTE3 OEJIKOB,
ydacTHe B IIpOLecCe IUINEBAPEHHs] U MHOTOe Ipyroe. OTH KIETKH,
OOBIYHO TIEUEHOYHBIE, MOTYT BHIpaOaThIBATH HEOOXOIWMBIE ISl Opra-
HHU3Ma BEILECTBA, TAKHE KaK OEJKH, JKeJIdb, [NII0KO3y U Apyrue. buounc-
KyCCTBEHHAs II€4YEHb SIBJISIETCS AJIbTEPHATUBON OOBIYHOM IIEUYCHH U MO-
KET UCII0JIb30BAThCS AJIsl BPEMEHHOW MOMOIIM NAIIEHTaM B OKUAaHUH
JIOHOPCKO# TIeUeHN WITH KaK JOIOTHEHHE K JieueHuto [1, 2].
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OcHoOBHAasI 4YaCTh
PobacTHas cucTeMa 1JIsl MeYeHH

HckyccTBeHHas TICUEHb SIBIISICTCS] OHUM U3 HAHOOJIee MepCIeK-
TUBHBIX HCKYCCTBEHHBIX OPraHOB, MNPETHA3HAYCHHBIX IS 3aMEHBI
(GyHKIIMM ecTecTBeHHOU reyeHn. OHa MOXKET BBIOIHATH (YHKIIMH 00-
MEHa BEIIEeCTB, IETOKCUKAIIMKA M CHHTE3a OCJIKOB, YTO CAEIANI0 €€ MpHU-
BJICKATENbHOM albTePHATUBON TPAHCIUIAHTAUU IeueHU. OJTHAKO OTHOU
Y3 TIIABHBIX MPOOJEeM MCKYCCTBEHHOH IMEYECHU SIBISICTCS €€ HEHaIekK-
HOCTb, U3-32 UET0 YCTPOUCTBO MOXKET BHIXOAUTH U3 CTPOS, UTO MIPUBOIUT
K CEpbE3HBIM MOCJIEICTBUAM IS 3A0POBBS MALIUEHTA.

st Toro 4toObl pemmTh 3Ty npodiemy, pazpadoTana podact-
Hasi CHUCTEMa aNrOpUTMOB (YHKIIMOHUPOBAHHS OMOCOBMECTHMBIX YC-
TPOWCTB UCKYCCTBEHHOH MMEYEHU. DTa CHCTEMA BKIIFOUAET B CeOs1 psifl ai-
TOPUTMOB, KOTOPbIE MO3BOJISIIOT CIEIUTH 332 COCTOSIHUEM YCTPOUCTBA,
KOHTPOJINPOBATh €ro paboTy U MPEeAOTBPALIATh OTKA3bI.

OnvH U3 OCHOBHBIX alrOPUTMOB (DYHKIIMOHUPOBAHUS OHOCOB-
MECTHUMBIX YCTPOMCTB MCKYCCTBEHHOH IMEUEHU — ATO AJITOPUTM KOH-
TPOJIA 32 Ka4eCcTBOM KpoBU. C MOMOUIBIO CIIEHUATIbHBIX JATYUKOB U CH-
CTE€MbI MOHUTOPHUHTA aJITOPUTM ONPEEIsIeT KOHLEHTPAIUIO Pa3InYHbIX
KOMIIOHEHTOB KPOBU BHYTPHU YCTPOMCTBA U MPUHUMAET COOTBETCTBYIO-
LIUE MEPHI.

Jpyroil BaXHBIA alrOpUTM — 3TO AITOPUTM ABTOMATHUYECKOU
IMAaTHOCTHKH HenucnpaBHOCTeld. OH MO3BOISIET aBTOMAaTUYECKH O0HAPY-
JKUBATh HEUCIIPABHOCTH U PUHUMAThH MEPHI JJIS X YCTPaHEHUS, YTOOBI
MPEeIOTBPATUTh OTKAa3 YCTPOHCTBA.

Takxke Ha yCTpOHCTBaX MCKYCCTBEHHOH INEYEHU yCTaHABJIMBA-
FOTCS AITOPUTMEI, KOHTPOIUPYIOIIHE padoTy HacOCa, CHCTEMBI OUUCTKH
Y YPOBHS KHCJIOPOJa BHYTPU YCTpOHCTBa. Bece 3T anropuTmel mo3Bo-
JISIOT OMOCOBMECTHMEIM yCTPOWCTBAM HCKYCCTBEHHOH IE€YEHU CTaTh
0oJee HaIS)KHBIMHU B 0€30TTaCHBIMH JIJIS TTAITUEHTOB [3, 4].

IHapameTps! ynpasiieHusi 0MUOUCKYCCTBEHHOI NeYeHH

ITapameTtpsl ympaBieHHsi OMOMCKYCCTBEHHON IEUYEHBIO BKIIIO-
YaloT:

1) O6veM U CKOPOCTh MPOTEKaHMS KPOBH YEpe3 yCTPOHCTBO:
VYrpaBieHne CKOpOCTbI0 U 00BEMOM MPOTEKAHUSI KPOBH yepe3 Ououc-
KyCCTBEHHYIO II€UCHb SIBJISCTCS BaXHbIM napamerpoM. Kak mpasuio,
00BEeM KpOBU B MalMEHTE, KOTOPHIH MPOXOIUT Yepe3 OMOMCKYCCTBEH-
HYIO NleueHb, cocTasisieT 10% ot olmiero oobema KpoBH.
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2) KoHueHTpauus TriOK03bl U Apyrux meradonutoB: Heobxo-
MO KOHTPOJHMPOBATh YPOBEHb TIIOKO3BI U APYTHX METaOOJIUTOB, Ta-
KHX KaK aMUHOKHCJIOTHI MU MOYEBHHA B KPOBH, YTOOBI MOJACPKUBATDH
HOpMaJIbHbIE YPOBHU MeTabO0IM3Ma B OpraHU3Me.

3) YmpaBneHue npoueccoM JeTOKCHKauuu: bruonckyccTBeHHas
MeYeHb MOXET YAAIATh TOKCHHBI, TAKUE KaK aMMHaK U OMIMpYOHH, U3
KpOBU. DTOT MPOLECC TOJDKEH OBITh KOHTPOJIUPYEMBIM M O€30MacHBIM
JUISL OpraHU3Ma.

4) YnpasneHue npoueccoM cHHTe3a Oenika: buonckyccTBeHHas
neYeHb JO0JDKHA BBINOJHATH (QyHKUMIO cuHTe3a Oenka. HeoOxomnmo
KOHTPOJIMPOBATh 3TOT IMPOLECC, YTOOBI MOINAEPKUBATh HOPMAaJIbHBIN
YpPOBEHB Oellka B KPOBH M IPEJOTBPALIATE OTPHLIATEIILHBIE IIOCIEACTBHSL.

5) MonutopuHr mnpouecca (YHKIHOHUPOBAHUS YCTPOWCTBA:
BaxHo KOHTponHMpoBaTh pabOTy OMOMCKYCCTBEHHOW I€YEHH, YTOOBI
o0ecreynTs ero cTadMIbHYI0 paboTy U NPEeIOTBPATUTH MOTEHIMATIBHOE
noBpexaeHue. Hexkoropsle mapaMeTpsl, KOTOPbIE HEOOXOAUMO MOHHUTO-
PHTB, BKIIIOYAIOT TEMIIEPATypy, JaBICHUE H CKOPOCTh IOTOKA KpoBu, pH
U Ta3bl KPOBH.

MaremaTn4yeckas MOJeJb HCKYCCTBEHHOM NeYeHn

Maremartudeckast MoJiellb UcKyccTBeHHOM nieuenu (MII) moxer
WCTIOJIb30BaThCs AJIS1 OMUCAHUS ee (PyHKIMK U ONTHMU3ALNH IIpoliecca.
Omna BkJto4aeT B ceds PU3NIECKUe U XUMHUUECKUE MTPOLIECCHI, IIPOUCXO-
JSIIME B CUCTEME, a TakKe (PU3MOIOrHYecKre napaMeTphl, CBI3aHHbIE
¢ GyHKIHUSAMH TIe9eHH [5].

Mozenbs MOKET BKIIIOYATh CIEeIYIOLIIE TapaMeTphl:

1) O6beM NCKYCCTBEHHOM MeYeHH

2) [MapameTtpsl KpoBH (TUTa3MEHHBINH 00hEM, KOHIIEHTPAIIUN aM-
MHaKa ¥ IPYTuX TOKCHHOB, IJIa3MEHHBIN 0€I0K)

3) ®uszndeckue CBOMCTBA KOMIIOHEHTOB CHCTEMBI, TaKHe Kak
CKOPOCTB ITOTOKA KPOBH, KOAPPHUIMEHT TpaHCepTa MacChl

4) XumuuecKue peaky, IPOUCXOISIINE MEKAY KPOBBIO U HC-
KYCCTBEHHOH II€UECHBIO

5) Ilapametpsl, CBS3aHHBIE C peTeHepaIiel TKaHel edeHu (Ta-
KM€ KaK CKOpPOCTh MU (y3UH U IIIOTHOCTH KIETOK).

215



MonenupoBaHHue MOXKET UCIIOIB30BAThCS I ONITUMHU3AINH pa-
6011 UI1, onpeneneHusi ONTUMANBHBIX 103 JIEKAPCTB U PEKUMOB Tepa-
UM, a TAKXKe IJ151 pa3paOOTKH HOBBIX TEXHOJIOTUH U KOHCTpyKmid NUI1.

Taxoke U1 MOCTPOSHUST MaTeMaTHUECKON MOJIENIN MTeYeHH He00-
XOAMMO YUYHUTHIBATh €€ aHATOMHYECKYIO CTPYKTYpPY, (pHU3HOIOTHUECKHIE
(GYHKIMHT 1 0COOCHHOCTH METa0OIMYECKUX MPOLIECCOB, MPOUCXOSIINX
B HEll.

MopennpoBanue 1Jisi ONTHMH3ALNA PadOThI
HCKYCCTBEHHOM MmeyeHun

HckyccTBeHHAs! ME€YEHb UCIONB3YeTCs U MOAACPKKH (YHK-
LU TIeYeH! y TalKUeHTOB ¢ OCTPHIM MM XPOHHUUYECKUM 3a00JIeBaHUEM.
Omna MOXeT OBITh UCIIONB30BaHA B KAYECTBE BPEMEHHOM MEPBI 110 TPaHC-
TUTAaHTALWY [I€YEHN WK U ATUTEIbHON NOANEPKKY (QYHKINN TeYeHH.
Onnako, onTUMu3anus paboThl UCKYCCTBEHHON MEYEHU MOXKET IOTpe-
0oBaTh co31aHUsI MOAEIel A OLeHKH 3((EKTUBHOCTH U Ioadopa om-
THUMaJIbHBIX TTAPAMETPOB.

MopenmupoBaHre HCKYCCTBEHHOW II€YE€HH MOKET BKIIOYATh
B ce0s1 pa3paboTKy MaTeMaTHYeCKUX MOjieTielt oOMeHa BemecTs, 1uddy-
3uH, PUIBTPALIUHU U TPAHCTIOPTA BELIECTB B IEYEHU. DT MOJEIN MOTYT
OBITh HCIIOJIB30BAHBI ISl ONIPEEICHNUs ONTHMAIBHBIX MTapaMeTPOB pa-
OOTBI MCKYCCTBEHHOW TEYEHH, TAKHX KaK CKOPOCTh MOTOKA TUIa3MBI,
KOHIICHTpAIHs KHCIopoaa, pH 1 KOHIEHTpaIys JIeKapCTBEHHBIX TIpeTia-
paroB.

Kpome Toro, ucroiap30BaHne KOMIBIOTEPHOTO MOJICIUPOBAHHS
MOKET IOMOYb B OIPEACICHHH ONTUMAJIbHONW KOHCTPYKIIMH HCKYC-
CTBEHHOM NEYEHH, BKIFOUasi KOH(GUTypauio HUTEH U IJI0Ia s OOMeHa
Ha MOBEPXHOCTH MaTepHaia sl ONTHMAIBHOH 3P ()EeKTHBHOCTH.

JlpyruMm moaxoa0oM K ONTUMH3AIIN paboThl HCKYCCTBEHHOM I1e-
YeHH SBJISIETCS WCIIOJIb30BAaHNE MHTEIUIEKTYaJIbHBIX CHCTEM KOHTPOJIS.
DTH CHCTEMBI MOTYT MCIIOJIB30BAaThCS JJISI aBTOMATHYECKOTO PETYIIHPO-
BaHMS MapamMeTpoB pabOTHl MCKYCCTBEHHOW I€UYEHH B PEaIbHOM Bpe-
MEHHU Ha OCHOBE JaHHBIX 00 W3MEHEHHH IOKa3aTenel (GyHKIUN TTeYeHH
y MalyeHTa.

B nienom, ncronp3oBaHne MOJICTUPOBAHMS M OIITUMU3AIIAN JUTS
pabOTHI HCKYCCTBEHHOM TIEYEHH MOXKET IOMOYb YCOBEPIICHCTBOBATH €€
3()PEeKTHBHOCTH M TTOBBICHTH €€ 3HAUCHHUE B JICUCHUH TTAITUEHTOB ¢ 3200-
JIEBaHUSMH TIedeHu [6, 7].

216



IlocTpoenne MaTeMaTH4YeCKOW MOAEIH TTeYeHH

IleueHpb — 3TO OAMH U3 CaMbIX Ba)KHBIX OPTaHOB YEJIOBEKA, OTBE-
YaOLINi 32 MHOTHE OMOXUMHUYECKHE MPOLIECCH, TAKUE KaK METa00IH3M
1 00e3BpeKMBaHIE TOKCUHOB.

IlocTpoeHnne MaTeMaTHYECKOW MOAEIH MIEYEHU MTO3BOJISAET JIyd-
1€ MOHATH €¢ (PYHKUMOHUPOBAHUE U PEAKLIMIO HA N3MEHEHUS] BHELITHUX
YCIIOBHI, TAKUX KaK BBEIECHUE JIEKAPCTBEHHBIX IIPEMapaToB.

Maremarndeckass MOJIENb IIEYEHU MOXKET OBITh MOCTPOEHA Ha
OCHOBe cucTeMbl Au(pdepeHInanbHbIX YpaBHEHUH, OIMCHIBAIOLINX MIPO-
Heccbl 0OMeHa BEIIECTB U TPAHCIIOPTHPOBKY BELIECTB B IEYCHHU.

Hpyroil moaxon K MOCTPOEHUI0 MAaTEMaTHYECKOM MOJENH Tie-
YEHH NPEANoIaracT UCIOIb30BaHUE METOAA MAaTEMATHIECKOTO MOEIH-
pOBaHHA Ha OCHOBE MeXaHu3Ma. B 3ToM noaxozae MoJenb IpeaCcTaBIIseT
co0Ol COBOKYIMHOCTh MEXaHHU3MOB, ACHCTBYIOIIMX BHYTPH KIIETOK Iie-
YEHH, TAKUX KaK padoTa (hepMEHTOB U TPAHCIIOPTHBIE MEXaHU3MBI.

MaremaTndeckie MOJENN IMEYEHH HMEIT HIMPOKHM CIEKTP
MPUMEHEHUS, OT pa3pabOTKU HOBBIX JEKAPCTB U OLICHKU UX 3()(HeKTHB-
HOCTH 10 MOJETUPOBaHUS OOJe3HEH NeUeHH U MOMCKa JIyUYIIuX CIIOCO-
00B HX JieueHus [ 8, 9].

JAuddepeHunanbHoe ypaBHeHHe 1JIs1 IOCTPOEHHUS MO/IeJIU NeYeHH
JuddepennumansHoe ypaBHEHHE A1 MOJCIUPOBaHUS (PyHKIM-
OHUPOBAHHUS TIEYCHN MOXKET OBITh 3aIMCAHO B BUIE!

dL/dt = Qin - Qout,

rae L — KonmdecTBo HEKOTOPOro BellecTBa (HAampHMep, TIIio-
KO3BI) B TedeHH, t — BpeMs, Qin — CKOPOCTh MOCTYIUICHHUS BEIIECTBA
B Te4eHb, Qout — CKOpPOCTh BBIBEICHHS BEIIECTBA U3 TICUYCHH.

D70 ypaBHEHHE ONMCHIBACT U3MEHEHNE KOJIMYECTBA BenecTa L
B [ICYCHU BO BPEMEHH, a TAK)KE 3aBUCHMOCTH 3TOT0 H3MEHEHHS OT BXO-
TSIIIAX ¥ HCXOISIINX ITOTOKOB. BXos1I1ie moTOKN MOTYT OBITh CBSI3aHBI
C MHIIEBBIM NTPUEMOM H MHIIEBapEHUEM, a UCXOAAIINE ¢ MeTaboInye-
CKHMMH ITPOIIECCaMH U BBIJICICHHEM IPOIYKTOB OOMEHa.

Jns Gonee TOYHOW MOJIETH MEYSHN MOTYT MCIOJIB30BAThCS 0~
MOJTHUTENBHBIC TIepEeMEHHBIE, TAKHE KaK KOHICHTPAIM MHCYJINHA I
TOpPMOHA POCTa, KOTOPBIE MOTYT BIUATH HAa CKOPOCTH OOMEHA BEIIECTB
B reuenu [10].
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BrIBOIBI

1. Mopaenb KOMIIEKCHas, CIOKHAS
2. Mogenb 00ecneuuT NpOeKTUPOBAHNE MPOTPAMMHOTO H all-
MapaTHOTO 00BEKTa (pealln3alum).

Host

neseld mpubOpPOCTPOCHUE HEOOXOIUMO coOpaTh TpeboBa-

HUE TI0 OMOCOBMECTUMOCTH, TIPOBECTH aHAIM3 PEECTpa 3aperucTpUpoO-
BaHHBIX MenuIMHCKUX uznenuii (FDA).

Hanpuwmep:
YcrpoiicTBo Kpartkoe onucanne
K201039 [IpencraBnsier co0oi NMporpaMMHYIO IIaTGOpMy, MpeaHa3Ha-

HepaFat-Al [4eHHYyIO JUI aBTOMaTHYECKOTO aHajIW3a HaOOpOB JTaHHBIX Mar-
HUTHO-pe3oHaHcHOW ToMorpadun (MPT) ¢ nenbio momydeHus
oneHKM 00beMHOI1 Jjomu xupa B nedenu nanuenTa (VLFF).

DEN200055 |MaTemnektyanbHblii sHA0CKONHYecknit Moaysis GI Genius™ -

GI Genius  [3T0 nepBast Ha pbIHKE aBTOMAaTH3MPOBAaHHAs CHCTEMa OOHapyKe-
HYSI [TOJIMIIOB C UCTIOJIb30BaHHEM HCKYCCTBEHHOT'O HHTEIJICKTA.
https://www.medtronic.com/covidien/en-
us/products/gastrointestinal-artificial-intelligence/gi-genius-
intelligent-endoscopy.html

K203225 MHOTOCIONHBIN CITUPAIBHBIN KOMITBIOTEPHBIH TOMOTpad Juis

Aquilion BCET0 TeJa, COCTOSAINN U3 MOpTalia, KYIIETKH U KOHCOJIH, WC-

ONE (TSX-|nomns3yemoii 1iist 00pab0OTKM M 0TOOPAKEHHST TaHHBIX.

306A/3) https://global.medical.canon/products/computed-tomogra-

V10.4 With|phy/aquilion one genesis technology

Spectral

Imaging

System

K173420 Pannomuueckue 1aHHble NOTEHUUAIBHO MOTYT BBISIBUThH Xapak-

Radiomics |TepucTHKH 3a0051€BaHNMH, KOTOPbIE HEBO3MOXHO OLICHUTH HEBO-

App V1.0 Opy’KeHHBIM Ina3oM. lleHTpanbHas runoresa pagHOMHKH 3a-

KJIFOYAeTCsl B TOM, YTO OTJIMYUTEIIBHBIC alrOPUTMBI BH3yalH3a-
LA KOJIMYECTBEHHO OLICHUBAKOT COCTOSIHUE 3a00JICBaHUI U TeM
CaMbIM MPEAOCTABIIAIOT LIEHHYI HHGOPMALIUIO JUIS TIEPCOHAIH-
3UPOBaHHOW MEIUIIMHEL

[MTaker mataab
https://www.mathworks.com/matlabcentral/fileexchange/51948-
radiomics

e Pammomuxka https://www.radiomics.io/
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K172385 [lopTaTUBHEIN yIBTPa3ByKOBOI CKaHED
Clarius Ultra-|https://clarius.com/

sound System
K170747 [IpocToii 1 JOCTYIHBII TPOCMOTP U300paKEHNH

Syngo Appli- |https://www.siemens-healthineers.com/medical-imaging-it/ad-
cation Soft- |vanced-visualization-solutions/syngo-fastview

ware
K170069 AmCAD 53T0 nporpaMMHO€e yCTPONCTBO, IPEAHA3HAYEHHOE IS
AMCAD-UV |konm4ecTBeHHOH OLIEHK! 1 KITacCH(UKAIK TaHHBIX 00 HHTCHCHB-
HOCTH yJIbTPa3ByKOBOT'O U3IIy4CHUSI, IIOJTyYEHHBIX C TIOMOIIBIO YITb-
TPa3BYKOBBIX CHCTEM M OTOOpaXKEHHS IyJbCHPYIOIIMX CHTHAJIIOB
C [IBETOBOW KOJIMPOBKOH C MOHM>KEHHBIM YPOBHEM IITyMa.
https://www.amcadbiomed.com/product/future detail/2
K161625 [IporpammHOe obecrniedenue st 00pabOTKHM M300pakeHUH
PixelShine |oOecnieunBaeT noydeHne 4eTKUX U ecTecTBeHHbIX KT-m300pa-
YKSHUH Oyarozapst riryOokoMy 00ydeHHIO.
https://www.fujifilm.com/ru/ru/healthcare/x-ray/fct/fet-pix-
elshine/clinical

3akaouenue

Ha ceromusmianii neHb ocTaeTcs MpoOIeMoi HEXBaTKa JTOHOP-
CKUX OPraHOB, B YACTHOCTH IEYCHH. JTa MPOoOJIeMa HOCUT TTI00ATBHBIH
XapakTep, ¥ OJHUM U3 CIIOCOOOB €€ PEIICHHUS SBISICTCS OMOUCKYCCTBCH-
Has nieueHb. OTHaKO HEOOXOAMMO OTMETHUTh, YTO MOJISITUPOBAHUE OHO-
HCKYCCTBEHHOM IMEUEHU celuac HaXOAMUTCS Ha CTAIuU HUCCICAOBAHMM,
U JI0 €€ MPaKTUYECKOT0 MPUMEHEHUS B KITIMHUYECKOM TPAKTUKE OCTAETCS
JONTUW MyTh. B panmpHeiem, A yCIenrHoro BHEIPEHUsT OMOUCKYC-
CTBEHHOHN TICUEHH B TPAKTUKY MEIUIIMHCKOTO JICUYCHUS, HEOOXOIUMO
MPOJIOJKATh HAayYHbIE MCCICAOBAHMS W TECTUPOBAHMS HA KPYIHBIX
TpymIax manueHToB. B 1emom, mpubopocTpoeHue Ui HCKYCCTBEHHOM
MIEYCHU SIBIISETCS CIOKHOM M MHOTOTPaHHOHM 3ajnayeil, BKIIIOYarolen
B ce0sI HCIIOJIb30BaHUE PA3IMYHBIX TEXHOJIOTUN U MeTOI0B. FIMeHHO T0-
3TOMY pa3paboTKa MCKYCCTBEHHOH IEUEHH SBISETCS BaYKHBIM Harpas-
JICHUEM B MEIULIMHCKOM HAyKe, U MOKET MOMOYb B JICUCHUU MHOTHUX 3a-
OoJIeBaHUI [TEYEHU.
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AN APPROACH TO MODELING A BIO-ARTIFICIAL LIVER
FOR INSTRUMENTATION ISSUES

Ganshin A.S.
Andrikov D.A.
RUDN University, Moscow, Russia

Abstract. Modeling of bio-artificial liver is a promising scien-
tific field that can lead to the creation of more effective methods of trea-
ting liver diseases and reducing the risk of rejection during transplanta-
tion. This area is at the research stage, and its achievements may improve
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the understanding of physiological processes in the liver, which may also
lead to the development of new treatments. However, for the successful
application of bio-artificial liver in medical practice, it is necessary to
continue scientific research and conduct testing on a large number of pa-
tients. In general, modeling of bio-artificial liver represents a great po-
tential for improving the treatment of liver diseases and may have a sig-
nificant contribution to medical science.
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OIEHKA ITOBEPXHOCTHBIX OCTATOYHBIX
HANPS)KEHUM ITPU TOYEHUHA KAPOITPOYHBIX
MATEPHAJIOB

Kunvmemosa JI.P.,

Xaouynnun C.X., K.m.H., OoyeHm

Yepumckuii ynusepcumem nayku u mexunonocutl, Y¢ha, Poccus
kilmetovalr@gmail.com

AHHOTaIIHﬂ. B cratbe MpeACTAaBJICHBI PE3YyJIbTAaThl UCCIICAOBA-
HUA 3aBUCUMOCTH (I)OpMI/IpOBaHI/IH OCTAaTOYHBIX HaHpSDKeHI/Iﬁ Ipu TOYC-
HUU KapOIPOYHBIX MATCPHUAJIOB.

KxamoueBble ciaoBa: JKapOompOYHbIC MATCpHUaAJIbl, OCTATOYHBIC
HAIPsAKCHUA, IIPOUECCC pC3aHusd, PCIKUMBI PE3aHUA

BBenenune

Pa3BuTHE aBUALIMOHHOTO JBUTATENIECTPOCHUS HEPA3PBIBHO CBSI-
3aHO C Pa3pabOTKOI M BHEAPEHUEM B TIPOM3BOJICTBO HOBBIX KapOIpPOU-
HBIX MaTEPHAJIOB JIJIS ICTANICH TOPSIYEro TPaKTa Ira30TypOMHHBIX JIBHUTa-
teneit (['T/L), a Takke ¢ CO31aHNEM HOBBIX TEXHOJIOTHYESCKHUX MPOIIECCOB
ux nonydenus [1]. B nepByro ouepeas 3T0 OTHOCHUTCS K JKapOIPOYHBIM
MaTepuanam, IpeHa3HauYCHHBIM ISl U3TOTOBJICHUS pa00YMX M COILIO-
BbIX JonmaTtok ['TJ[, Tak Kak MX >XapoNpOuHbIE CBOICTBA BO MHOI'OM
OTIPENICTSAIOT TEMIIEPATypy T'a3a Ha BXOJIE B Ta30BYI0 TYpOUHY U, COOT-
BETCTBEHHO, OCHOBHBIC XapaKTEPUCTHKH TYPOUHBI: MOITHOCTh, PECypc,
pacxo]i TOIIMBA, YKOJIOTHYHOCTH U 1Ip. [2].

OO0ecrieyeHre W TIOBBIINICHUE 3a/IaHHOTO AKCILTYaTaIllHOHHOTO
pecypca aeTalel SBISETCS OCHOBHOW 3a/ayeil ajisi KOHCTPYKTOPOB U
TexHoNIoroB. [Ipu sKcIUTyaTaiud MOBEPXHOCTHBIE CIOM OKAa3bIBAIOTCA
Hau0oJiee HArpyKCHHBIMH U TIOJIBEPTalOTCS aKTUBHOMY BO3JICHCTBHIO
BHEIIIHEH Cpelbl BCIEICTBUE YETO MPOUCXOIUT UX paspyuieHue [3].

HccnenoBanne BBIIOIHEHO NPH NOAAEpkke MUHHCTEPCTBA HAYKU U BBICLIETO
obpazosanust Poccuiickoit @enepannu B pamkax ['ocynapcTBeHHOTO 3a/aHus
«HccnenoBanme (HU3NKO-XUMHIECKUX W MEXaHHUECKHX IIPOLIECCOB MpHU (op-
M0OOpPa30BaHUM M YIPOYHEHUH JeTalel Uil aBUAKOCMUYECKON U TPaHCIIOPT-
Ho TexHukm» Ne FEUE-2023-0006.
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OnHMM M3 OCHOBHBIX NapaMeTpoB KadecTBa MOBEPXHOCTHOIO
CIIOSI SIBJISIFOTCSL OCTaTOYHBIE HATIPSHKCHUSI.

OcTaTOYHBIMH MPUHATO HA3BIBATh HANPSHKEHUS, HAOII0AaeMble
B MaTepHualie Py OTCYTCTBHM BHEIIHUX BO3JCHCTBUH (CHIIOBBIX U TEI-
noBbIxX) [4]. CornacHo knaccudukarnmu H.H. /laBuieHkoBa octaTouHble
HaNpsDKEHUS! JeNATCA Ha CIEAYIOLINE BUIBL:

— HanpsHKEeHH IEPBOrO PO/ia, yPaBHOBEIINBAIOIIUECS B IIpeie-
Jax obnactel, pa3Mepsl KOTOPBIX OJHOTO MOpsAKa C pa3MepaMH Tela;

— HanpsDKEHUS] BTOPOTO PoJia, YPaBHOBELIMBAIOLINECS B 00be-
Max, pa3Mepbl KOTOPBIX OJJHOTO MOPsAKA C pa3MEPaMU 3€PEH;

— HanpsbKEeHHS TPETHET0 poJia, YPaBHOBELIMBAIOLIHECS B 00be-
Max OAHOTO MOpsAKa C pa3MepaMM 3JIEMEHTapHOM KpHCTaJIIN4EeCKON
SIYCUKHU.

Ilpu neiicTBUM 3KCIUTyaTalMOHHBIX HAarpy30K IMOBEPXHOCTHBIN
CJIOH OKa3bIBACTCS TAK)KE B HEOJIATOMPHUATHBIX yCIIOBHSIX, TOCKOJIBKY pa-
0ourie HanpsHKEHUS HAKIAABIBAIOTCS C TEXHOJIOTHYECKUMHU OCTaTOY-
HBIMH HaIIPSDKEHUSIMU. DTO MPUBOIUT K MPUHIUITHATHHBIM H3MEHEHUSIM
HaNpsHKEHHOCTH B TIOBEPXHOCTHOM CJIOE, PE3KO BO3PACTAIOT PE3yJIbTH-
pYIOIIMe HAIPsDKEHUS, JEHCTBYIOIIHNE B MPOIIECCE IKCIUTYaTalUH, TI0JI-
HOCTBIO MEHSIETCI JITI0pa pacrpeAeNIeHus HAPsDKEHUH 110 CEYSHHIO Jie-
tanu. [losBIeHne OCTAaTOYHBIX HANIPSHKEHUH CBA3aHO C YCIOBUSMH U3TO-
TOBJICHUS JAETaJCH.

IlenecooOpa3HO, TEXHOIOTUIECKHIH TPOIIeCC U3TOTOBICHUS Jie-
Tajei opraHU30BBIBATH TAKUM 00pa30M, 4TOOBI HAa YYacTKax JETaiew,
MTOIBEPTAIOIINXCS TIPU IKCIUTyaTallii HanOoMbInel aedopmaniu, ObLTr
CO3aHbI CXXUMAIOIINE OCTATOYHBIE HANPSDKEHHs, HAIPUMEp, C MTOMO-
IIHI0 TEPMHYECKUX, MEXaHUIECKHIX, TEPMOMEXaHUIECKHIX H CIEIHallb-
HBIX METOI0B 00Pa0OTKH.

OpnanM 13 croco6oB GpopMupoBaHus TPeOyeMOTo YPOBHS OCTa-
TOYHBIX HANPSHKEHUH SIBISIETCS BIUSHUE Ha HUX TIOCPEICTBOM BapbHPO-
BaHUS PEKMMOB PE3aHMsI Ha dTalle TEXHOIOTUIECKON ITOATOTOBKH IIPO-
W3BOJICTBA.

TexHOMOTHYECKHE MPOIECCHl M3TOTOBICHUS JETallel TOIDKHBI
MPOEKTHPOBATHCS TAKUM 00pa30M, 9TOOBI BO3HUKAIOIIHE B IIOBEPXHOCT-
HOM CJIO€ OCTaTOYHBIE HAIPSDKEHUS HE OKa3bIBAM OTPHUIATEIEHOTO
BIUSHUS Ha HAJEKHOCTH pabOTHI JeTajeil B 3aJaHHBIX yCIOBHSIX JKC-
TUTyaTalny.
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@DopMHpOBaHMe OCTATOYHBIX HANIPSIAKEHHI
Mexanu3m 00pa3oBaHHsS OCTaTOYHBIX HANPSIKEHUH COCTOUT
(puc. 1) B TOM, 4TO IIpH MEepEeMELICHIH Pe3lia B HANIPABJICHUH [TO1a9u S,
BCIIEICTBUE TEPHHUS MEXIY 3aJHEH MOBEPXHOCTBIO HMHCTPYMEHTA U
BHOBb 00pa3yeMoil MOBEPXHOCTHIO, BEPXHUE CIIOW TMOCIEeIHEH moaBep-
raloTcsl MIACTHUECKON NeOopMaluy PacTsDKEHH, a CIIOW MeTalia, Jie-
JKaIllue HIDKE, pacTATUBAIOTCA YIPYTO.

Crpyxka
u
Soma HCTPYMEHT
CTPYXKKOOOpazoBaHus S
3aroToBKa (%
0] "/
3a/1Hss1 IOBEPXHOCTD +) o
PEXYIIEro HHCTPYMEH 12 <
=

Puc. 1. Cxema cTpy:kkoo0pa3oBanus ¢ ¢opMupoBaHuemM
OCTATOYHBIX HANPSKEHU I

[Tocne mpoxoskaeHus: pe3la yHOpyro pacTsSHyTble BHYTPEHHHE
CIIOM CTPEMSATCS] BEPHYTHCS B MPEXKHEE MOJOKEHNUE, HO 3TOMY IPEIIsT-
CTBYIOT BEpXHHE CJIOM, MPETEpIEBIINE HEOOPaTUMYIO IUIACTHYECKYIO
nedopmanmo. B pesynbTare BEpXHHE CIOM OKa3bIBAIOTCS CHKATHIMHU,
a BHYTPEHHHE — YACTHYHO pacTsHyThIC [S].

®dakTopamMH BBI3BIBAIOIINE OCTATOYHBIC HAMPSHKEHUS TIPH TIPO-
Lecce pe3aHus SIBISIOTCA IacTH4eckas JeopMarys Ipu CHII0OBOM BO3-
NEMCTBUH U HarpeBaHNE TIOBEPXHOCTHBIX CIIOEB [6].

ITpu pe3zanuu moj ACHCTBHEM CHJI MMPOUCXOIUT AeHOpMHUpPOBa-
HUE U pa3pylieHue oOpadaTbiBaeMOro MaTepraia, CONpOBOXKIAIOIIEeCs
psnoM QU3NKO-XMMUYECKUX SIBICHUI:
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— B Ae(hopMUpOBaHHOM 00BbEME BO3HHUKAET CIOKHOHATPSIKEH-
HOE COCTOSIHUE MaTepHalia, IMEIOT MECTO YIIPYTHe U IIaCTUYECKHE Jie-
(hopmanum, MPOUCXOIUT XPYTIKOE U BsI3Koe paspymenue. Ha oopadoran-
HOM MOBEPXHOCTH 00pa3yloTCs MIEPOXOBATOCTH, TEKCTypa M CTPYKTypa
MOBEPXHOCTHOTO CJIOS AETAIH, a TAK)KE U3MEHSIOTCS TEIUIO(PH3NUECKHIE
U 3JEKTPO(YU3NIECKUE CBOMCTBA;

— B 30HE pPE3aHHs BO3HHMKAET HEOJHOPOAHOE TEMIIEpaTypHOE
nosie. Mimeet MECTO ClI0)KHask CXeMa PaclpoOCTPaHEHUs TEMJIOBBIX MTOTO-
KOB, U CO3JaI0TCSl OCOOBIE YCIIOBHS TEIIONEPEIaun MEKAY HHCTPYMEH-
TOM, CTPY’KKOH U IOBEPXHOCTHBIM CJI0EM JIE€TaJIH;

— TpeHHe B 00J1aCTH KOHTAKTa HHCTPYMEHTA M MaTepHaja 3aro-
TOBKH ITPOUCXOJUT IpH OOJBIIMX AaBICHUAX U TEMIepaTypax.

Kpome toro, Ha ¢popMupoBaHHE OCTATOUHBIX HANPSIKCHUH OKa-
3BIBAIOT BJIMSHHE T€OMETPUUECKUE TapaMeTphl TaKue KaK KaHaBKH, IIPO-
TOYKH, OTBEPCTHS, SBISIOIINECS KOHLEHTPATOpaMH HaNPsLKEHUH, U BBI-
3BIBAIOT MOSIBICHUE MUKPOTpEIuH. CIOXHBIN NpomIb AeTany noapa-
3yMeEBaeT MOSBICHHE KOHLIEHTPATOPOB HANPSIKCHUH.

Mertoauka ucciiei0BaHUs
st nccnenoBanys ObLIM M3TOTOBIIEHBI Ba 00pa3La HUIMHIPH-
yeckor (popmel (prc.2) U3 xKapompodHOTo AehOpMUPYEMOTo CIiaBa Ha
HukeneBoi ocHoe XH73MBTIO.
DU3UKO-MEXaHNYECKUE U XUMHYECKHE CBOICTBA CILIaBa Mpes-
craBiieHBI B Tabmme 1 u 2 [7].

Tabnuya 1
Du3nKo-MexaHu4ecKue cBoiicTBa
dusnko-mexannyeckue cpoiicrea npu 290 °K
E,
Or Ma | O M | HBMIa | & o | 8% | o |
750 1250 285 — 341 14 14 212 0,31
Tabnuya 2

XHUMHYeCKHI COCTAB KapPONPOUYHBIX cIIaBoB (%)

C Si [Mn[s [P Cr | Ni | Al | Ti | Fe | Mo
He Ootee
0,05 [021 0,22 10,004 0,009 (13,53 |Ocr. |1,59 2,6 |1.44 2,94
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JlaHHBII KapONPOYHBIH CIUTaB MPUMEHSIETCS [T H3TOTOBICHUS
KPETEXHBIX JIeTajeh, TaOUPUHTOB, IUCKOB, pAOOTAOIIHMX MTPH TEMIIepa-
Type o 750-800°C [8].

Puc. 2. Bua o6pa3uos 1iist Hecie10BaHUA

ITepBrie 0Opaserr ObUT 00pPabOTaH TOYEHUEM CO CKOPOCTHIO pe-
3aHus —25M/MuUH, ogadeil pexxyuiero uacrpymenta — 0,05 Mm/006.

Bropoii oOpazer ObUT TOABEPTHYT TEPMOOOPAOOTKE — OTHKHUTY
IPU PEKOMEH/IYEMBIX PEKUMaX.

C 1enbio onpeeNeHus MOBEPXHOCTHBIX OCTATOYHBIX HaIpsKe-
HHIA, COTIacHO MeTony /laBuieHKOBa, ObLIM BBIPE3aHBbI INTACTUHBI U3 00-
pa3LoB IS TPABJICHHUSI.

DTOT METOJ] ONpe/eNeHHs] OCTATOYHBIX HANPSDKEHUI OCHOBaH
Ha TOM, 4TO C [IOBEPXHOCTH 00PAs3IIOB B CIICIHAIBHBIX YCTAHOBKAX AJICK-
TPOXHUMHUYECKHM CIIOCOOOM YIAJSFOTCS HANPsHKEHHBIC TIOBEPXHOCTHBIC
ciou. [Ipu TpaBieHHH M3MepsIOTCs neopManuy odpasna, onpenens-
eTCs TOJIIIMHA yAICHHOTO cJosl. OCcTaTOYHbIe HANPSHKSHUSI PaCCUUTHI-
BaloTCs 1o (hopMysIaM TEOpUH ynpyrocta [9].

HecMoTpst Ha HETOCTATOK 3TOTO METO/IA — Pa3pyLICHUS TOTOBOM
JeTajau, OH ObLI BEIOpaH U3-3a ero 00paboTaHHOCTH, IPOCTOTHI.

Pe3yabTatsl ncejegoBanus
3aBHUCHMOCTh OCTAaTOYHBIX HAIPSKEHUH 10 TITyOWHE 3aJleTaHus
MOCIie TOUYEHUS U TepMOOOPabOTKH MPEICTaBICHBI HIDKE Ha PUCYHKE 3
"1 4 COOTBETCTBEHHO.
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Puc. 3. 3aBHCHMOCTB 0CTATOYHBIX HANPS:KEHUH OT IUIyOMHBI 3aJ1eTaHHA;
o0pa3zen 00padoTaH MO CEPUITHOMY PeKUMY

[Tocne mexanndeckoil 0OpabOTKM HAOMIOAAIOTCS HANPSIKCHUS
cxarus nopsaka -500 MITa va rmy6une 0,002...0,02 MM nociae MexaHu-
4yeckoil 00paboTku. Jlanee OHM MOCTENIEHHO CHMXKAIOTCSI M Ha TIyOuHe
0,2 MM oka3zeiBatoTcsi Ha ypoBHe -80 Mlla. Yposens IIOH (-518 MIla)
COOTBETCTBYET HEKOTOPBIM 3KCTPEMAIbHBIM 3HAYCHHUSIM.

anpsizkerysi, MITa

0,001 0,01 0.1 1
T'yOuna 3aneranud, MM

Puc. 4. 3aBUCHMOCTB 0CTATOYHBIX HATIPSI’KEHMIA OT IJIyOMHBI 3aJ1eraHus
nocJjie TepMooOpPadOTKH IS CHATHS HANIPSKEHHIT
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CornacHO 3aBHCHMOCTH MOXXHO BHUIETb, YTO OTXKUI TPHUBEI
K IPaKTHYECKH ITOJIHOMY CHATHIO OCTATOYHBIX HANpsDKEHUH B 00NacTH
HanOoJiee WHTEHCUBHOTO Hakjemna, Ha riayoune 0,01 mm. B cpeanunx
CJIOSIX OCTATOYHBIE HANIPSYKEHUS CKATHsI MOHU3WINCh YaCTUYHO B CPe-
HeM 10 -50 Mma.

BoiBoabl

B xopne skcreprMeHTa yCTaHOBJICHO, YTO NMPH TOUYEHHH Kapo-
MPOYHOr0 MaTepuaysa Ha pexumax pesanus (V=25 m/mun, S$=0,05
MM/00) Ha MOBEPXHOCTH 00pa3ia chOPMHUPOBAINCH HANPSHKCHUS CKa-
THUS, KOTOPBIH MO3BOJISIFOT MOBBICUTH MPENeN BBIHOCIWBOCTH JACTalEH,
9T0 0COOEHHO BaKHO NMPH 3KCILTyaTalluy AeTaleil, paboTalomux npH Tsi-
JKEJbIX, TMHAMUYECKUX ycnoBusix [10].

ITocne npoBeAEHHOTO OTKUra MPOU30IIIIO TPAKTUYECKHU ITOJTHOE
CHSITHE TTIOBEPXHOCTHBIX OCTATOUHBIX HAIPSKEHUH.

MoxHO caenaTb BBIBOJA O TOM, 4TO (JOPMHPOBAHHE HEOOXOIH-
MBIX TTOBEPXHOCTHBIX OCTAaTOYHBIX HANPSIKCHUH BO3MOKHO BapbUPYs
PEeKUMaMU pe3aHusl IPU MEXaHUIECKOH 00paboTKe.
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EVALUATION OF SURFACE RESIDUAL STRESSES
IN TURNING HEAT-RESISTANT MATERIALS

Kilmetova Liliia
Khadiullin Salavat, PhD
Ufa University of Science and Technology, Ufa, Russia

Abstract. The article presents the results of a study of the de-
pendence of the formation of residual stresses in the turning of heat-re-
sistant materials.

Key words: high-strength materials, residual stresses, cutting
process, cutting modes
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Cekuusa 5

CTPOUTENBLCTBO







CBOMCTBA BETOHA
C PA3JINUHBIMU HAHOMATEPUAJIAMU

Yyoun A.B., Xapumonoe A.A., Xauxun I1.C.
Poccutickuii ynusepcumem 0pyacowl Hapodos, Mockea, Poccus
sashachudin@gmail.com

AHHOTanus. B naHHOU craTthe MccneayeTcs, Kak H3MEHSFOTCS
CBO¥CcTBa OeToHa MpH 100aBNeHNH HaHo4YacTHIl. L{enb maHHo# cTaThn —
paccka3aTth O JOCTH)KECHHUAX 3a pyOekoM B 00J1aCTH METOJOB, HAIpaB-
JICHHBIX Ha yIy4llleHHe KadecTBa TpaaulMoHHOTO OeToHa. JlobaBieHne
HAHOYACTHII, TAKHX KaK: HAHOJUOKCH/IBI KPEMHHS M aIFOMHUHHS, HAaHO-
METaKaoJINH, YTIepOoIHbIe HAHOTPYOKH, HAHOANOKCH/I TUTAHA | T.]., JIe-
MOHCTPUPYET yOeUTeNbHbIC I0Ka3aTeIbCTBA MOBBIIIEHNS KauecTBa Oe-
TOHA, YTO CIIOCOOCTBYET CO3JJAHUI0 HHYPACTPYKTYPBI H TOIATOCPOYHOMY
MOHHUTOPHHTY. HaHOOETOH — 3TO MEepCIIeKTHBHBINA MaTepHa, paciups-
0NN TPAHUIIBI TPAJUIIMOHHOTO CTPOUTEIBCTBA, EMOHCTPHPYIOIINIT
MOBBIIICHHYIO MPOYHOCTh Ha C)KaTHE U M3TUO C MCIOJIb30BaHHEM dJie-
MEHTapHBIX COoeMHEeHMH. Bo BpeMst n3ydeHus crateil 3apyOeKHBIX aB-
TOPOB OBLTO BBISBICHO YBEITHMYEHHE MPOYHOCTH HA cxarne oT 20% 1o
63% mpu 3aMeHe LIeMeHTa Pa3lnYHBIMH HaHOMaTepualaM{d B Pa3HOM
MPOLEHTHOM COOTHOIICHUH U MMPOYHOCTH Ha U3rub oT 16% no 47%.

KiioueBble cjioBa: HaHOOCTOH, HAHOMETAKAOJIHMH, HAHOJHOK-
CHJ KPEMHHS, HAaHOIMUOKCH] TUTaHA, HAaHOAWOKCHUJ AJIOMUHHMS, yTIie-
POJHBIE HAHOTPYOKHM, HAHOIEIUTION03a, CXKATHE, U3rH0, COBPEMEHHBIE
HaHOMaTEPHAIIBI

Beenenne

bnaromaps npuMeHEHHI0O HAHOTEXHOJIOTMH CTPOUTEIBCTBO BbI-
XOJUT Ha HOBBIH YPOBEHB B IPOU3BOJCTBE. BEICOKOTEXHOIOTUYHEIE Ma-
TepHaJbl CTAHYT OCHOBOM CTPOHUTEIHHON OTpaciu B ONMKauIve aecs-
TuieTua. OCHOBHBIMU CTPOUTENBHBIME MaTepUalaMi, B IPOU3BOACTBE
KOTOPBIX B HAacTOsIIee BpeMsl HauboJiee NIMPOKO UCIOJIB3YIOTCS HaHO-
TEXHOJIOTHUYECKHE MOIXO/IbI, SIBISIOTCS: IIEMEHTHI U OETOHBI; KEPaMHUKa,
M30JLUOHHBIE MATEPUAIIbI; CTEKIIO; apMaTypa; HaHOAPEBECUHA.

Haubonee pacnpocTpaHEHHBIM TPaJULHUOHHBIM MaTepHAaJIOM,
HEOOXOIUMBIM JUISl CTPOMTENbCTBA MH(PACTPYKTYPBI, SBISETCS CMEChH
LIEMEHTAa, MEJIKOIO 3allOJIHUTENsS, KPYIHOIO 3allOjHUTENS U BOJBIL,
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W3BECTHAs Kak 0eToH. BeTOH — 3TO mopUCTOE BEIECTBO, Al KOTOPOTO
HEOOXOIMMO HCCIIEAOBATh €T0 JOITOBEYHOCTD, TPAKTUYHOCTh, MEXaHH-
YeCKHe XapaKTEPUCTUKA U MUKPOCTPYKTypHBIe (aktopsl [1]. ITocnen-
HUE TEXHOJIOTMYECKUE JOCTMKEHHSA NPUBEIM K YIYUIIEHUIO pAna
CBOWCTB OETOHA MO CPAaBHEHUIO C TPAAWIMOHHBIM OeToHOM. B dacTHO-
CTH, YMEHBIIICHHE COOTHOLIECHHS BOJA-IIEMEHT (B/11) [2] BIOCIEACTBUH
CIOCOOCTBOBAJIO YBEIUYEHHUIO Mpo4yHOCTH 1emeHTa [3]. Kpome Ttoro,
MPOLIEHTHOE COOTHOIIEHHE CMECH MPOJIEMOHCTPUPOBATIO ONITUMAIBHOE
COCTOSTHHE OJlarojiapsi COYeTaHul0 HaHO/100aBoKk [4-6]. B HaHOOeTOHE
KCIIOJIb3YIOTCS COCTABJISIONIME HaHOMaTepuabl [ 7-13], KoTopble 3HAUU-
TEJIHHO YIYUIIAOT CTPYKTYPY MOJETH YIIAKOBKU B OOBEMHBIX XapaKTe-
puctukax. Ilomumo yimydineHus: CBOMCTB OeTOHA, HAHOYACTHUIIBI BBICTY-
MaroT B Ka4eCTBE OTIIMYHOIO HanoyHuTENd. Llens qaHHo# cTaThu — co-
00muTh 000 BCeX JOCTHXEHUAX B 001acTH OE€TOHA, YCHICHHOTO HaHO-
YacTUI[AMH, KOTOPBIN TEMOHCTPUPYET XapaKTEPUCTUKU HA CXKATUE U U3-
ruo6 [14].

Ha npotshxennn Bceid cTaThi HAHOMAaTEPUAIBl IPHHOCSIT OTPOM-
HYIO TOJIb3Y CTPOUTENLHOW OTpacii. B dWacTHOCTH, HaHOMaTepHaIbI
B IIeMEHTe U OeTOoHe, Takue Kak HaHO-T10,, HaHo-Al,O3, HAaHOMETaKao-
niH, HaHO-S10,, HaHoryMHEI [ 15-17] u yrnepoaasie HanoTpyOku (YHT),
yIy4Iuim odue xapakrepucTiki [ 18]. Heorremnemoii yacTeio 3Toro
SBIISIIOTCS CBOWMCTBA HAIOJHUTENS, KOTOPBIE CIOCOOCTBYIOT yBEJIM4e-
Huto ponrosedHoctd [19]. Kpome Toro, ObLIO MpPOIEMOHCTPHPOBAHO,
YTO HAaHOMATEePHAJIbl YIyUIIal0T MUKPOCTPYKTYpPHBIE OCOOCHHOCTH, KO-
TOpbIE HE U3YyYalOTCs B TPAJUIMOHHON CTPOUTEIBHON MH)KEHEPHUH, HO
SIBJIAIOTCS OCHOBHBIM aHPOM JAJI1 COBPEMEHHBIX HCCIEe0BaHUM. Tia-
TEJIbHOE U3yUEHHUE NMPEABIAYIINX UCCIEI0BAaHUN MPOINBAET HEKOTOPBIN
CBET Ha 3Ty 00JIaCTh, HO HEOOXOIUM AeTalbHBIN aHau3. [laHHas cTaTbs
HalpaBjieHa Ha Pa3BUTHE UCIOIb30BAHUSA HAHOMATEPUATIOB JJIS MOBBI-
LIEHUS IPOYHOCTH OETOHA Ha M3THO U CXKATHE.

IIpo4yHOCTH Ha c:kaATHE HAHOOETOHA,
HM3rOTOBJIEHHOI0 C HCI0JIb30BAHUEM HAHOMATEPHAJIOB
MHorouyuciieHHbIe HaHOMAaTepUaIbl OBUTA BKITFOUEHBI B COCTaB
0eToHa ¢ MOMEHTa Pa3BUTHS HAHOTEXHOJOTUH B CTPOUTEIHHON WHY-
cTpuu. Hanomarepuaisl MOTYT OBITH HCIIOJNIB30BaHBI IS yITyYIICHHUS
JONTOBEYHOCTH ¥ IKCILTyaTallHOHHBIX XapaKTepucTUK O6erora. O0Cyx-
JIEHUE HAHOMATEpPHUAJIOB, TAKMX KAK HAHOMETAKAOJWH, HAHOJIHUOKCH[
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KPEMHUS, HAHOJAMOKCH] aTFOMHUHUS, HaHOANOKCcH ] TuTana, YHT u Ha-
HOLIEJITIONI034, & TAK)KE UX MCIOJIh30BAHUE BO BCEX THIAX OETOHA, OymeT
0osee MOIPOOHO PACCMOTPEHO B JAHHOM IOAPA3JENie C TOYKU 3PCHUS
X MEXaHUYECKUX CBOMCTB.

Hanomerakaonun

HanomeTakaonuH 3HAYUTENFHO MOBBICHI MPOYHOCTH LIEMEHT-
HBIX MaTepUalioB Ha C)KaTHE, COIVIACHO HECKOJIbKUM HCCIEeIOBaHUIM
[22-24]. CornacHo 00mMpPHOMY 0030pY JIUTEPATYphl, J0OABICHUE HYX-
HOT'O KOJMYECTBA HAHOMETAKAOJIMHA B LIEMEHTHBIE MaTE€pPHajbl MOBbI-
IaeT uX NpovyHOCTh Ha cxkatue [32, 33]. Koraa xonnuecTBo HaHOMETa-
KaoJIMHA B LIEMEHTHOM MaTepHajie MPEBHIIIACT ONTUMAIBHBINA YPOBEHB,
MIPOYHOCTH OETOHA Ha CKATUE CHUXKACTCA.

Mesxay TeM, CIMIIKOM OOJIBIIOE KOJINYECTBO HAHOMETAKa0InHa
BBI3BIBACT ca00CTh Mek(pa3HON MEPEeXOAHON 30HB U YMEHBILIEHHE KO-
JIMYECTBAa KOHTAKTHBIX TOYEK, KOTOPbIE JEHCTBYIOT KaK MECTa CBSI3bIBa-
HUs Mexny dactuiiamu neMenta [31, 34]. JlobaBneHne HaHOMETaKao-
JHA B OETOH MOBBIIIAET €r0 MPOYHOCTH HA CHKATHE.

HecMoTps Ha TO, UTO XapaKTEPUCTUKH CMELIAHHBIX TPOIIOPLIHA,
TaKue KaK COOTHOILIECHHE BOAA/LIEMEHT U COoJepKaHue HAHOMETaKaoJINHa,
a TaK)Ke YCJIOBHS TBEpACHHUS OIAMHAKOBBI, ONTUMAJIBLHOE COAEp’KaHHE
HaHOMETAKAOJIMHA, COTJIACHO JIUTepaTypHOMY 0030py, HE OIMHAKOBO.

B pesynbraTte HE0OXOAMMO MPOBECTH OOJBIIE HCCIEIOBAHUI
1 u3y4nTh [20], 9TOOBI JTydIlle TOHATH pa3NuIHble IPPEKTH HAHOMETA-
KaoJIMHA Ha MPOYHOCTh OETOHA WJIM pacTBOpa Ha cxarue. Kpome Toro,
HEKOTOpBIE PE3YJIbTaThl MPOTHUBOpEUMBHI. IIpodHOCTH Ha CkaTHe Le-
MEHTHOTO PacTBOpPa, IPUTOTOBICHHOIO HA OCHOBE LIUIAKA BO3AYLIHOTO
OXJIQXKJCHHUS, MOCTETIEHHO CHIDKANACh NPU YBEIUYEHHH COJAEPKaHUS
HaHoMeTakaonwHa [31]. B 28 nHel mpodHOCT Ha C)KaTHE PacTBOpa, Co-
nepkamiero 8% HaHOMETaKaoJMHa, Obljla HE3HAUMTENIBHO HIKE, YeM
y KoHTpoNsHOTO pacTtBopa. [1lo nanasiMm Hopxacpu u mp. [21], moGasie-
HUE HaHOMETaKaoJIMHA B CBEPXBBICOKOA((EKTUBHBIA OETOH C MPOYHO-
cThi0 Ha cxkatre 150 MIla B 28 nHel He yaydlImiIo paHHIOK NPOYHOCTh
Ha cxatue. X0Ts CBepXBbICOK03((eKTHBHBIN OeToH ¢ 1% HaHOMeTaka-
OJIMHAa MMEJ MaKCUMAaJbHYI0 IPOYHOCTh HA C)KaTWe, OHa OblIa He-
CKOJIBKO HMXE, YeM y KOHTPOJBHOTO CBEPXBBICOKOd((eKTHBHOTO Oe-
ToHa. /[oGaBieHNe HAHOMETAKAOJIMHA HE MOBJIMJIO Ha PAHHIOK CTa-
OMIBHOCTH CBepxBhICOKOd(PekTnBHOTO OeToHa [35-37]. bomee Toro,
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C YBEJIIMYCHHUEM KOJIMYECTBA HAHOMETAKAOIMHA B CBEPXBBICOKOA(PQEK-
TUBHOM OE€TOHE MPOYHOCTh MaTepHaia MpH CKATHH CHIXKanach [38].
[Ipu yBenmuennn conepaxanus HaHoMmeTakaoianHa 10 10% mpoyHocTs Ha
c)KaTHe MoBbIanach Ha 63%, a Ipyu TalbHENIIEM YBETMUEHUN COAEPIKa-
HUSI HAHOMETaKaoJIMHA MEXaHUYECKHE XapaKTEPUCTUKH YXyIaInch [39].

Hanonmoxcny kpemuus

UYepes 28 aHel mpovHOCTH Ha CxkaTHE OETOHA, coaepkaiero 3%
HaHOJITMOKCH]T KpEMHUSI, TOBBICKIachk Ha 20% 110 cpaBHEHUIO ¢ 6a30BOI
mpovYHOCThIO Oerona [28]. Uepe3 90 u 365 nHell WCHBITaHUS Ha MPOY-
HOCTb MPHU CKATUH BBISIBUIM aHAJIOTUYHYIO KapTUHY.

Kommounueiii HaHOqHOKCH KpemHaus pazmepoM 40-50 HM 3¢-
(hDEKTUBHO YBEIMYMIIA IPOYHOCTD Ha CIKATHE BEICOKOA(PHEKTUBHOTO Oe-
ToHa ¢ 3% HaHoAMOKCcHIOM KpemHus 10 33,25% B Teuenue 24 4. 3to
MOBBIIICHHUE TPOYHOCTH COOTBETCTBYET MPOUHOCTH Ha cxaTtue 40 MIla.
Kpome toro, npounocts Ha u3ru6 mnpesbicuia 13,5% vepes 7 nueii [25].
beton ¢ 3% HaHOOUMOKCUAOM KPEMHHUS B KAU€CTBE 3aMEHbI 3aMEHUTEIS
LIEMEHTa TPOJIEMOHCTPHPOBAIl 0OJIee BHICOKYIO MTPOYHOCTHh Ha CHKATHE
1 OoJiee JIIMTENBHBIN CPOK CiTykO0bI. [[pouHOCTE Ha C)KaTHE TIPU UCITOITh-
30BaHuU 3% HaHOAMOKCHIA KpeMHUs yBenuumiack Ha 31,42% no cpas-
HEHUIO C ATAJIOHHBIM OeTOHOM [26]. HaHommoKcH T KpeMHHUS IMEET KOJl-
JIOUJTHBIA BUJI C pa3MepoM 15 HM, U IIIOmaab MOBEPXHOCTH, OCOOCHHO
YaCTHIl HAHOJAMOKCUIA KPEMHHS, HAPSMYIO BIUSET HA MPOYHOCTH Oe-
TOHA Ha cxkatue. YacTuIbl HAHOIUOKCHIA KPEMHUS C YAECIbHOH IUIOIIa-
JIbIO TIOBEPXHOCTH 51,4 M*/T HauMeHee GIarONPHUATHBI IS TTIOBBIITCHUS
MPOYHOCTH Ha ckatue. COOTHOIIEHHE BOJa/0ETOH TaKKe BIMSET HA
MPOYHOCTH OETOHA C HAHOJUOKCHIOM KpeMHUs1. Y ieabHoe KOJTMIeCTBO
3aMEHBl HAHOAMOKCHUIa KPEMHHUS CBA3AHO C PEaKTUBHOCTHIO U YPOBHEM
HAKOIUICHUS YaCTUI] HaHOAMOKcHaa KpeMHus [27]. OObruHbIN OeTOH (CO-
CTOSIHUE CEPHOKHUCIIOTHOTO JTOkK/s) ¢ cooTHOIIeHueM 0,3 Boaa/OeToH 3a-
MEHUJ [IeMEHTHBIA MaTepual Ha 2%-6%, 4TO yBeIUYUIO IPOYHOCTh Ha
cxarue Ha 15% [29]. OObr4HEI OeTOH ¢ oTHOIIEHUEM Boja/6eToH 0,36
C 3aMEHOM IleMeHTHOoro mMarepuana ot 1% 1o 2,5% mnokas3slBaeT yBeNlu-
YeHHe MPOYHOCTH Ha cxkatue 10 20,25% npu 3amene 2% U CHIKEHUE
MIPOYHOCTH Ha cxkaTue Ha 5% npu 3amene 2,5%, 4To NOATBEPKIAET OIl-
THMAaJBHYIO 3aMEHY HaHOIMOKcH1a kpeMHus Ha 2% [40]. [IpounocTs Ha
cxarue 0OBIYHOTO OeToHa yBenmuuuBaercs ¢ 1,75% mo 7,2% npu coor-
Homenun Bona/uement 0,3, 0,4 u 0,45 u conepkaHUM HAHOAWOKCHIA
kpemHuus 0,5%, 0,75% u 1% B xauecTBe 3aMeHbI LiemeHTa [30].
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CornacHo HcCIeJ0BaHHIO, 1036l HAHOAMOKCH A KpeMHUs 10 3%
MOTYT YIy4YIIUTh MEXaHMYECKHE XapaKTEePUCTUKH, MOTEHIHAIBHO 3a
CUeT MyLII0JIAHOBOW aKTUBHOCTH, YTOUHEHHS CTPYKTYPBI ITOp U 3P deKTa
3anojHeHus. [IpoyHOCTb NpH C:KaTHH yBETUUUBAETCS [0 MEPE pOCTa CO-
JeprKaHusl HAHOTMOKCUAA KpeMHHUs, AocTrurast 33% mpH 10Jie HAaHOAUOK-
cunia kpemHus 3%.

[TpouHOCTh Ha CXKaTHE YBEIMYMBANACH 10 2% 3aMeIeHUs HaHO-
JMOKCHUIa KPEMHHUSI, a 3aTeM 3HaYUTEIbHO CHUXKajlack. BeneacTaue mo-
BBIIICHHOW THIpaTalliyd MOJ JeHCTBUEM HAaHOJHOKCHAA KPEMHUS,
Habmronaercs Gojee 3HaunrTenbHoe norpebienne Ca(OH), Ha paHHHX
cragusix (1-7 nHel TBepAeHUs ). DTOT pe3yabTaT OIaronpusTcTByeT 2%-
HOMY 3aMEIICHHIO HAaHOAMOKCHIA KPEMHHS B IIeMEHTe Mo Becy. B pe-
3yJIbTaTe MyNLOoJaHOBOW peakunu Hanoanokcu kpemuusi 1 CH oGpasy-
IOTCSI XOPOILIO YIUIOTHEHHBIE MPOAYKTHI THAPATALUH, KOTOPBIE TOKPHI-
BalOT HETUIPATUPOBAHHBIN LIEMEHT U 3aMEJISIFOT CKOPOCTh FHpaTaltu.
Kpome TOro, mpoayKTsl rHApaTaldi 3aKyIOPUBAIOT MOPHI B LIEMEHTE,
YMEHBIIIAs! KOJIMYECTBO BOJIBI, KOTOPAsi MOKET AOCTHYb OE3BOJHBIX Yac-
THUI] LIEMEHTA, U CHHXAasl IPOYHOCTH BbIIIE 2% 3aMEeHbl HAHOAMOKCHIA
KpemHus [45].

Hanonmoxcnx Tutana
BonpmmHCTBO MccnenoBaTenel COrflacICh C TEM, YTO HC-
MI0JIb30BAaHUE YACTHI] HAHOAMOKCUAA TUTaHAa MOXET B HEKOTOpPOU cTe-

MIEHHU OBBICUTH MMPOYHOCTH OETOHA HA CKAaTHE.
Hanouactuust TiO; co cpeaaum quaMeTpom 15 HM ncnosabp30Ba-
JIUCH B YETHIPEX paznuuHbIX kKonuuectBax 0,25%, 0,75%, 1,25% u 1,75%
0 BeCy IIeMEHTa ¢ COOTHoIIeHueM Boa/nemert 0,5 [46]. Conepxanue
0,75% HaHOAMOKCHIA THUTaHA YBEJIWYMBAET MPOYHOCTH PACTBOpa Ha
cxarue Ha 19,33% uepes 28 nuelt. [IpoYHOCTH CHMXKAACh IO MEPE yBe-
JWYEHUS] COACPKAHUS HAHOJUOKCUZA TUTAHA; CIEAOBATEIbHO, ONTH-
MaJbHOE COJAEpXKaHUE HaHOAMOKCcHAA TuTaHa coctamiseT 0,75% [41].
B 10%, 20% u 30% ¢pakuusx A 3aMeHbl [IeMEHTa UCTIOb30Bajlach
HeoOpaboTaHHast yepHas 3051a pucoBoil mwenyxu. [Ipu qobasiaeHuu 103
HaHoauokcunaa tutana 0,5%, 1,0% u 1,5% B cMenIaHHbINi HEMEHT Npoy-
HOCTh Ha cxkatue yBeauumiack 10 13,22% [42]. CornacHo aaHHbIM JIu
u np. [43], mpoyHOCTH Ha cxkaTHe OeToHa, coaepxkamiero 20% yeryueit
3obl (JI3), MokeT ObITh yBenuueHa Ha 18% mpu ucnonb3oBanuu 3%
HaHOJIMOKCH/IA TUTaHA. BBIIO 00HAPYKEHO, YTO HAHOAWOKCHUJ THTaHA
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B 03¢ 3% B HanOOMbIIICH CTEIIEHH MOBBIIIACT IIPOYHOCTh Ha CKATHE Ca-
MOYIUIOTHSIOIIETOoCS O€TOHAa M OTHOIIeHueM Macchl k macce 0,4. Uc-
MOJIb30BAaHUE HAHOYACTHI] B KAYECTBE I[EMEHTUPYIOLIUX MaTepHaIOB
YBEJIMYWIO TPOYHOCTh OeToHa Ha cxkatue. [locie 28 nHei TBepaeHUs
MPOYHOCTh OETOHA HA CKAaTHE MOXKET yBeTUUUThes 10 22,71% mpu 3a-
MeHe 2% IIeMEeHTa YacTUIaMU HAaHOJUOKCHJAa THUTaHA (10 CPAaBHEHUIO
¢ 00buHBIM OeToHOM). HaHomuokcua TutaHa ObLI BBEJACH B 0Opa3Ilbl
C BOJUTACTOHUTOM (MUHEPAJ U3 KJacca CHIIMKATOB, IPUPOIHBIN CUITHKAT
KaJIBITH ); TPOYHOCTH HA CKaTHE CHAavyalla YBEeIUIMiIach, a 3aTeM CHU3U-
nack. JIydmum coderanvieM ObUTO 4% HaHOIUOKCHU/IA THTaHA Oe3 BOJUIA-
cronura [44, 47].

CorracHO HCCIIeIOBAaHMIO, ONTHMAajbHAs J03a HAHOAUOKCHIA
TUTaHa COCTaBIsAET 3%, YTO MOBBILIAET MPOYHOCTH Ha cxkaTue 10 23%;
OJIHAKO YBEJIMYEHUE KOHLIEHTPALIMY HAHOIMOKCHIa TUTAHA CHUYKAET Me-
XaHWYECKUE XapPaKTEPUCTHUKH.

[Ipu ucnonap30BaHUK HAHOPA3MEPHOTO NHUOKCHUIA TUTAHA PY-
TWIHHONH MOIU(UKAIMU MOXHO CO3[aTh OCTOHBI C CaMOOYHIIAIOIIH-
MUCS TIOBEpXHOCTAMU. [loMIMO caMOOUMINEHUs y TAaHHOTO Marepuaia
OyIyT U IpyTrue XapaKTePUCTUKH, TAKUE KaK: yCTOMYNBOCTh K KUCIIOTaM
M 1IIe7109aM, MacIOCTOMKOCTb, CTOMKOCTh K BO3JEHCTBUIO KIMMaTHYe-
CKUX (PaKTOPOB U UCTUPAHHUIO.

Hanoauoxcua aaioMHHUS

BonpmmHCTBO HMCcegoBaTelneii COrIacHINCh C TEM, YTO HC-
MOJIb30BAHUE YACTULl HAHOAMOKCHUIA aJTIOMUHUAS MOXKET YIYUYIIUTh Iie-
MEHTHBIE KOMIIO3UTHI U IPOYHOCTh Ha CHKATHE.

bruto oOHapyxeHo, uTo 1% 3aMeHbl HAaHOAMOKCHA ATFOMUHUS
o0ecrieunBaeT HAMITYUIIyI0 paHHIOK MPOYHOCTh. Yepes 28 mHeil mocie
OTBEPKIACHUS NPOYHOCTh Ha cxaTtue npu (0%-HoW 3amMeHe cocTaBuja
13,69 Mlla; nobaBneHrie HAHOJUOKCH/IA ATIOMUHISI TIPUBEIIO K yBEIH-
yeHuto Ha 20%, 15% u 36%, COOTBETCTBEHHO, B TO BpeMsl Kak 5%-Has
3aMeHa o0ecrievria JIyUYIIylo MPOYHOCTh Ha CyKaTHe yepes 28 aueii [48].
[IpouHocTh Ha CxkaTHe OETOHHBIX KYOMKOB ObLiIa YBEIHUYEHA ITyTEM BBe-
JICHHsI HAHOJAMOKCHIA AFOMHUHUS B MAaTpPHILYy; NIPOYHOCTh Ha CXKATHE
KOMIIO3UTOB yBenuuuiach Ha 33,14% B 28 nHel, Korja 1011 HAHOAUOK-
cujia amoMuHus coctapiisuia 1% ot Beca niemenTa [49].

CormnacHo HccaeAOBAHUIO, ONTUMANIbHASI KOHUEHTPALMS HAHO-
JUOKCUA AIFOMUHMS cocTaBisia 5%, mpu KOTOpOU IPOYHOCTh Ha CKa-
THE yBeIUM4YnBaiach Ha 36%.
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YriepoaHbsie HAHOTPYOKH

CornacHo OOJBIIMHCTBY HCCIIEAOBAHHM, TPOUYHOCTh Ha CKAaTHE
LEMEHTHOT'O MaTepHaia MOXKET ObITh yBeTUUeHa B HEKOTOPOH CTEIICHH
C TMOMOILBIO YACTHL YTJIEPOTHBIX HAHOTPYOOK.

[TpouHocTh OeTOHA Ha CxkaTHE yBeNU4MiIachk 10 26,7% mpu uc-
MOJIb30BaHUM (YHKIMOHAIN3UPOBAHHOH MHOTOCTEHHOH YTIJIepOAHOM
HaHOTpYOKHu BMecTo 0,045% nemeHTta. YriaepoaHble HAHOTPYOKH B Lie-
MEHTE YJIy4lIaeT >KECTKOCTb T'efis, Aesiasi KOMIIO3UT 0ojiee IPOYHBIM.

Hanonemwnonosa

CornacHo OOJNBIIMHCTBY MCCIEAOBAHHUN, TPOUYHOCTD HA CKATHE
LEMEHTHOT'O MaTepHaia MOXKET ObITh yBeTUUeHa B HEKOTOPOH CTEIICHH
C TIOMOILBIO YaCTHUL HAHOLEJIITFOJIO3bI.

[Ipounoctes Ha cxartue OETOHA C COAEpPKAHUEM LIEIIIIOJIO3BI
0,05% u 0,10% yBenuuunace Ha 26% u 17%, cooTBeTCTBEHHO. B 0TNIH-
yue oT 3Toro, komouHaiuu ¢ 0,20% u 0,30% HaHOLEITIOI03b! 0Ka3aau
MEHEE 3aMETHOE BIIMSHUE, yBeIUYUBIINCH Ha 11% u 3%. Bnusuue Ha-
HOLIGJIJTIOJIO3Bl HA KMHETHKY THApATallMM W XapaKTEPUCTHKHU THApaTa
MOJKET OBITh CBSI3aHO ¢ OoJiee BBICOKOM MPOYHOCTHIO HA CXKATUE B NPU-
CyTCTBUM HaHoueTono03bl [50]. Pe3ynprarel mMoOKa3pIBalOT, 4TO 00-
pasibl PACTBOPOB C HAHOLIEIUIIOIO3b] YIIyUIIalOT IPOYHOCTh HA CKATHE
nocne 7 nuel TBepaeHus. J{odasnenne 0,2% u 1% HaHOLIEIUTIONO3HI ITO-
BBIIIAET MPOYHOCTh MaTepuana Ha 10% u 17%, coorBeTcTBEHHO. bonee
ToTrO0, Hcrons3oBanue 0,2% u 1% HaHOIEIUTIOIO36I YMEHBIIAET 00beM
LIEMEHTA [IPU COXPAaHEHUU MTPOYHOCTH Ha cxaTue [S1].

ITpu onTumanbHOM no3e HaHoueutoa03b 0,1% mpoyHocTh Ha
cxatue yBenuuusaercst 10 17%, B To BpeMs Kak OoJibliee KOIUIECTBO
HaHOLEJUTIOJI03b] CHIKAET MEXaHUYECKHE XapaKTEPUCTHUKH.

Bornee BbicOKast MPOYHOCTh Ha C)KAaTHE B MPUCYTCTBHUU LIEIUIIO-
JIO3HBIX HUTEH MOXKET OBbITh CBS3aHa C BIMSHHEM HAHOLEJUIIOIO3bI Ha
KUHETHUKY THApaTaluy U CBOKCTBA ruipatoB. COrfacHO UCCIeJ0BaHUIM
[51], ruapodunbHas ¥ TUTPOCKOTMYHAS HAHOIIEIUTOJIO3a MOXET T00aB-
JSITh OOJIBILIE BOJBI B LIEMEHTHYIO MAaTPUILy Ul MOBBIMICHHUS CTEIIEHU
TUApaTalyy U yIydIIeHUS MEXaHUYECKUX XapaKTePUCTHUK.

3akiroyeHue
PazBuTHe paHHEl MPOYHOCTH OETOHA YCHUIIMBAETCS 33 CUET BBE-
JICHUS HAHOMAaTepHaJIOB, KOTOPBIE MOJOXKHUTENBHO BIMAIOT Ha MEXaHU-
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YeCcKHE CBOICTBA LIEMEHTHBIX MaTepHalloB. YIIydllIEeHHE IPOYHOCTH Ha
u3rub M CKaTHEe MOXKHO HaONIOAaTh MpPU MEPBOHAYAIBHON OLIEHKE Ha
OuYeHb paHHeH cTagud. B xoxe 3To# cTaThi OBIJIO yCTaHOBJIEHO, YTO MLl
noJaHoBbIN 3¢ ekt 3anoaHenus, 3GGEeKT HyKIeauu U Pa3BUTHE MO-
CTHKOB KaTaJIM3UPYIOT MEXaHU3M YIIPOUYHEHHS HAHOMaTepHaioB. MuHe-
paJIbHBIE YaCTHUIIBI C BEICOKOI MOBEPXHOCTHIO B IEMEHTHBIX CMECSAX TPe-
Oy1oT OoJibllle BOABI WM MJIACTU(PHUKATOPOB, YTOOBI CAENAaTh OETOH 00-
pabatpiBaeMbIM. CorylacHO OOLIMPHOHM JUTEpaType, ONTHMAIbHOE CO-
Jiep)KaHle HaHOMeTakaosmHa cocTaBigeT 10%, 4To MOBBIMIAET MPOY-
HOCTB Ha ckaTue Ha 63% u Ha u3rud Ha 46,8%. OHAKO MIPH MTOCTETICH-
HOM YBEIMUYEHUH KOHLEHTPAllMd HAHOMETAKAOINHA MPOUCXOAUT KOM-
MIPOMUCC, TaK KaK MEXaHMYECKHE XapaKTEepUCTHKHU yxyamatorcs. Co-
IJIACHO TAHHOMY UCCIIEOBAHUIO, 1036l HAHOAUOKCHA KpeMHHUA 10 2%
MOTYT YIy4IIUTh IPOYHOCTH MpH CkaTtuu Ha 20,25% U npodHOCTH NMpHU
n3rude Ha 34,6% npu coaepkaHUM HAHOTUOKCUAA KpeMHHUs 4%. Xapak-
TEPUCTHKH HAHOIMOKCHAA KPEMHHsS KaK aKTHBAaTOpa TaKkKe CIIOco0-
CTBYIOT MpoLiecCy THApaTanuu. Eciau 103a HAHOANOKCUAAa KPEMHUS IIpe-
BbIIIaeT 2%, MPOYHOCTh Ha CKaTHE U U3TN0 MOXKET CHU3UThCS. C Ipyroi
CTOPOHBI, YBEJIMYEHUE KOJIMYECTBA HAHOJANOKCH/A TUTAHA B MaTepHae
MOBBIIIAET MPOYHOCTH Ha CxkaTHe 10 23% u mpodHoCTh Ha u3rud 110 47%,
a ucnons3oBanue TiO, cHMKaeT 3arps3HeHUE Bo3lyxa. HaHoamokcun
QIIOMHMHHUSA B KOHLUEHTpauu 1% yBennumI MpoYHOCTh Ha CKAaTHE U U3-
rub Ha 46% u 16,7%, COOTBETCTBEHHO, IPH 3aMeHe Ha 3%. DTu npupo-
CTBI OOBSICHAIOTCS HA pUCYHKaX | u 2.

50
40
30
20
10 ’

2% of 2% of 0.05% of 0.5% of 1% of 10% of
nanosilica  nanotitanium  nanocellulose carbon nanoalumina nanometakaolin
dioxide nanotubes

Puc. 1. YBennueHne NpoYHOCTH HA CKATHE
Ha IBaaANATh BoceMb aHeil (%) [31, 40, 49, 50]
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3% of 0.4% of 0.2% of 4% of 10% of 3% of
nanoalumina carbon nanocellulose nanosilica  panometakaolin nanotitanium
nanotubes dioxide

Puc. 2. YBeuuenue nNpoYHOCTH NIpH H3rubde
Ha IBaaAuAaTh BoceMb aHeii (%) [31, 43, 50]

IIpu cpaBHeHHH O€TOHa ¢ HAaHOMETAKAOJWHOM CO BCEMHU IIie-
CTBI0 HaHOMAaTepHalaMH (HAHOMETAKAOJHWH, HAHOJIUOKCH]l KPEMHUS,
HAaHOJIMOKCH]I THUTAaHA, HAHOIWOKCHU] AJIFOMUHUS, YTJICPOJHBIC HAaHO-
TpYOKH M HAHOIICIUTIOJIO3a) IPOYHOCTh Ha CKATUE W U3TUO YBEIUYHBA-
ercs Ha 63% 1 36% COOTBETCTBEHHO.

BuiBoabl

['maBHBIM pe3yIbTaTOM MTPOBEJCHHOTO aHaIK3a paboT 3apyOexk-
HBIX YYEHBIX, CIEIyeT CUUTATh, UTO CYIIECTBYET OOJBIIOE KOIUIECTBO
Pa3IUYHBIX HAHOYACTHIL], KOTOPhIE JAAI0T CYLIECTBEHHBIE BO3MOXHOCTH
TS YIYUIICHUS Pa3IUYHbIX CBOMCTB CTPOUTENBHBIX MATEPUATIOB, B TOM
gucine 6eTona. Hanboiee pacipocTpaH€HHBIME YaCcTUIIAMH JIJIs1 HaHOOe-
TOHA, B YACTHOCTH /151 TOBBIIICHUS €TI0 POYHOCTH UCIIONIb3YETCsI HAHO-
JIUOKCUJ aTIOMUHUA. UTO MOATBEPKACHO MHOTOUHUCICHHBIMH HCCIIE0-
BAHMSIMU U YKa3bIBaeT HA MEPCIEKTHUBHOCTb 3TOrO HANpaBIICHUS, MPHU
pa3paboTKe HOBBIX CTPOUTEIHHBIX MATEPHAJIOB, YIIydIIeHHE (DU3HMKO-
MEXaHUYECKUX CBOMCTB, TAKUX KaK OETOH U JIp.
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Abstract. This article examines how the properties of concrete
change when nanoparticles are added. The purpose of this article is to
report on international advances in methods aimed at improving the qua-
lity of traditional concrete. The addition of nanoparticles such as: silicon
and aluminum nanodioxides, nanometakaolin, carbon nanotubes, tita-
nium nanodioxide, etc., shows strong evidence to improve the quality of
concrete, which contributes to infrastructure and long-term monitoring.
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Nanoconcrete is a promising material that extends the boundaries of tra-
ditional construction, demonstrating increased compressive and flexural
strength using elemental compounds. During the study of articles of fo-
reign authors it was found an increase in compressive strength from 20%
to 63% when replacing cement with different nanomaterials in different
percentages and flexural strength from 16% to 47%.

Key words: nanoconcrete, nanomethakaolin, nanosilica, nano-
titanium dioxide, nanoaluminum dioxide, carbon nanotubes, nanocellu-
lose, compression, bending, modern nanomaterials
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UCCJIEJJOBAHUE COBMECTHOM PABOThI
CBETOITPO3PAYHOI'O IVIEHOYHOI'O ITOKPBITUA
N OIIOPHOI'O KOHTYPA N3 CTEKJIOIIVIACTUKA
HA IMTPUMEPE KOHCTPYKIIMU TYHHEJIBHOI'O THITA

Ilnacynoea M. A., x.m.H., doyenm,
Tumodghees A.C., Kosans T.E., Yemanoe K11
Cubupckuii @edepanvrulii Yuusepcumem, e. Kpacnosipck, Poccus

AHHoOTaums. M3yyeHne coBMECTHOH paboOTBI CBETOIPO3pay-
HOH T€HKHN NOoKpbITUA PTopomacT-40 1 OOPHOrO KOHTYpa U3 CTEK-
JIOTJIACTUKA Ha MPUMeEpPe KOHCTPYKIIMU TOHHEIBHOTO THIA TS CEBEP-
HBIX TEpPUTOPHHA. B cTaThe paccMOTPEHBI OCHOBHBIE TEXHUYECKHE Xa-
PaKTEpUCTUKN MaTEpUaIOB, UCIOJIb3YEMbIX B KOHCTPYKIUHU, HX CpaB-
HEHUE C TPaAULIMOHHBIMH, IPUMEHSAEMBIMHY IIPH CTPOUTEIBCTBE, a TaAK-
e ONKcaHa METOAMKa BbIOOpa Hambolsiee palMOHAIBHOTO BapuaHTa
pEIIeHUS] KOHCTPYKLUUH — TYHHEJS, COCTOSIIEr0 M3 JIOMaHHBIX apoK
NpsIMOYTOJIBHOTO ceueHus. PaccMoTpeHne npuMeHeHnss HOBOM KOMOH-
HalM{ MaTepUaIOB MOXET OBITh MOJIE3HBIM AJIS1 Pa3paOOTKU M ONTH-
MHU3alUH KOHCTPYKLMH aBTOTPAaHCHOPTHOTO HAa3HAYEHHUS B YCIOBHUAX
Kpaiinero cesepa.

KiroueBble ci10Ba: TyHHENbHAs KOHCTPYKLUS, CTEKJIOIIACTHK,
IJICHOYHOE MOKphITHE, (proporuacTa-40, Kpaiinuii cesep, ETFE

Beenenue

Pa3BuTHIO TpaHCHOPTHON HHPPACTPYKTYPHI B CEBEPHBIX PErUO-
Hax 4acTO MPETSATCTBYIOT CypOBBIE MOTOHBIE YCIOBHUS, 0COOCHHO B 3UM-
HHue Mecspbl. CHEXXHbIE 3aHOCHI, O0JIEIGHEHNE U CHIIBHBIN BETEP MOTYT
HapywWHUTh GYHKIUOHUPOBAHUE AaBTOMOOMIBHBIX JAOPOT, YTO MPUBOIUT
K 3HAYUTEJbHBIM 3KOHOMHYECKHMM MOTEPSM U CO3/aeT Yrpo3y Ul
xu3Hu moaei. [lorpedHOCTS B Haze:xkHOM U 3D (PEKTHBHOM pelIeHun
JUIS 3aIIUTHl aBTOMOOMIIBHBIX IOPOT OOy IMI1a K pACCMOTPEHHUIO U aHa-
JM3y BO3MOKHOCTH HCIIOJIB30BAHUS CIICIMAIBbHBIX TYHHEJIBHBIX KOH-
CTPYKLIMIA.

B mocnemame roapl pacteT cpoc Ha Oosiee yCTONYHUBBIE U KO-
HOMUYHBIE PEIICHUsS IIPU CTPOUTEIHCTBE BBICOKOIPOU3BOAMUTEIIBHBIX
MIPO3PaYHbIX TYHHENbHBIX KOHCTPYKIMH. OJHUM U3 TaKUX PEIICHUH SIB-
JISIeTCSl UCIIOJIB30BaHUE MATEpPUAIOB U3 apMUPOBAHHOTO CTEKJIOBOJIOK-
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HoM miactuka (FRP). Komnosutel FRP Bce wamie ucnons3yrorcs B Ka-
YeCTBE CTPOUTENBHOIO MaTepHasa u3-3a UX BBICOKOTO OTHOLIEHMSI TPOY-
HOCTH K BECy, KOPPO3UOHHOHN CTOMKOCTH M AONTOBEYHOCTH. Takxke Bce
OoybIIMK MHTEPEC BBI3BIBAET KOMOMHAIMS MPO3PayHOro IUICHOYHOTO
nokpeitus u3 ¢ropornacta-40 (F-40) u cTekI0mIacTUKOBON HeCyIeH
KOHCTPYKIUH.

IIpu mpoeKkTUpOBaHUM TYHHEIBHON KOHCTPYKLINH TOJIKHBI YUH-
THIBATHCS Pa3IUUHbIe (PAKTOPHI, TAKME KaK MECTHBIN KIIMMAT, TeOMETpH-
YecKHe MapaMeTphl JOPOKHOTO y4acTKa, a TaKXKe THIl 3KCILTyaTHupye-
MBIX TPAHCIIOPTHBIX cpeAcTB. [ obecnieuenus cTabMIIbHOCTH U I0JITO-
BEYHOCTH CTEKJIOIUIACTHK C HCIOIB30BaHHEM MOKpBITUS F-40 momkeH
OBITH CIIPOCKTHPOBAH M CMOHTHUPOBAH B COOTBETCTBUHU C YCTaHOBIICH-
HBIMH TEXHUYECKUMH CTaHAAPTAMH.

B 370ii cTaThe OyAeT paccMaTpUBATHCS MEPCHIEKTHBAa COBMECT-
HOT'O HCIIOJIb30BaHus KoMno3uToB FRP 1 cBeTonpo3payHoro mokpsITHs
F-40 B cTpoutensCTBE TyHHEIEW U MX MPEUMYILECTBA Mepe] TpaauLU-
OHHBIMHU MaTepHaaMH.

AKTYaJILHOCTh NPUMeHsIeMbIX KOHCTPYKTHBHBIX pelleHui

IIpoexTsl cTpouTeNbCTBA TYHHEJIEH B PErHOHAaX KpaiHero ce-
BEPa, XapaKTEPHU3YIOIIMXCS CypOBBIMH ITOTOJHBIMH YCIIOBHSMH U Orpa-
HUYEHHBIMH PECYPCaMU, MIPEICTABISIOT COOOH cepbe3HbIe IPOOIEMBI.

[IpumeneHue TpaAUIMOHHBIX MAaTEPHAIOB HECYIIUX KOHCTPYK-
LUH, TAKMX KaK METAJUT WM JEPEBO, SBISETCS CIIOPHBIM, TaK KaK UX UC-
MOJIb30BaHUE B CEBEPHBIX PErMOHAX MMEET CBOM HENOCTATKM: KaK H3-
BECTHO, «IIOHIKEHHBIE TEMIIEPATyPhl BHI3bIBAIOT yMEHBILICHHUE [TaCTHY-
HOCTH METaJlIa, yBEJIMYMBAETCS BEIMUMHA MIPeeia TeKYYeCTH, U Iepe-
IPY3KH BBI3BIBAIOT PE3KHH POCT YPOBHS MAKCHMAJIbHBIX HAIPSIKECHUI,
YTO MPUBOIUT K ONACHOCTH Pa3pyLIEHUs 3JIEMEHTa METAJUIOKOHCTPYK-
MU B MeCTaxX KOHIEHTpaIuy HarnpsbkeHui» [1]. Takke B ceBepHBIX pe-
TMOHAX XapaKTEPHO BBICOKOE COIEPKaHHE COJIEH U BJIard B BO3AYXE, 4TO
MOJKET BbI3BaTh OBICTPOE pa3pyLICHHE METAUIMUYECKUX KOHCTPYKLUH
n3-3a koppo3un. [Ipu 3ToM TpedyeTcs NCIONB30BaTh ClICIUAIbHbIE Me-
TaJJIbl WJIM MTOKPBITUS [UI aHTHUKOPPO3UOHHON 3aILUTHI, YTO YBEJINYH-
BaeT CTOMMOCTb U CIIOKHOCTh CTPOUTENBCTBA. UTO KacaeTcst IpeBECUHBI,
TO OHA MMEET TBEPAYIO CTPYKTYPY M MEHbILIEE KOJIMYECTBO BJIAru, 4TO
JeaeT ee MeHee THOKOM M Ooyiee CKIIOHHOW K TPEUTHHAM M JIOMKOCTH.
OTO MOXET NPUBECTH K CHIKEHHIO MPOYHOCTH M JOJITOBEYHOCTU
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JICPEBSIHHBIX KOHCTPYKIMHA, 9TO OCOOEHHO OMAacHO B YCIJIOBUSAX CHETO-
MaJa U CUJIBHBIX BETPOB.

Ecnu cpaBHMBaTh CTEKIIONIACTUKOBYIO U METAIUTMUECKYIO KOH-
CTPYKLHH, TO 110 CPABHEHHUIO CO CTaJIbI0, KOMIIO3HUT MPEBOCXOIUT AOCTa-
TOYHO OOJIBIIMM MOAYJIEM YHPYTOCTH, MPEBBILIAIONINN aHATIOTHYHBIE
XapaKTEepUCTUKH M3JEINN U3 MeTajllla IpUMEPHO B 4 pasa. Eme oqaum
(akTopoM OyzeT MPOUYHOCTHON MOTEHIHAN YAETbHOH npoyHocTH, B 10
pa3 IPEBBIAOLINI CTAIbHBIE 3JIEMEHTHI.

Kpome TOro, creknomnacTuk «o0nasaeT 3HaYUTEIbHBIMU pe-
HMMYILECTBAMH 110 CPABHEHUIO € IpeBECHHON. B oTimuue ot nepesa, mpo-
(Wb U3 CTEKIOBOJIOKHA He 1e(hOPMHUPYETCs, HE THUET U HE pacliafgaeTcs
OT BO3ACHUCTBUSA BJIark. Y CTOMYMB K BO3JEMCTBHIO HACEKOMBIX, TNIECEHH
u rpubka. He Hy>xqaercst B 00paboTKe crieuaaIbHBIMU MOKPHITUSIMEY [2].

CrnenyeT TakKe y4YHUTBHIBATh, YTO HE BCE THIBI INOKPBITHA MPH-
TOJHBI ISl UCIOJIB30BaHMS B pacCMaTpUBAacMbIX yCIOBMSX. Tak, IIH-
POKO HCHONB3YEMBIil B CTPOUTEIBCTBE MPOGIINCT, B KAYECTBE MMOKPHITUS
He Oyaet o0iafars 10CTaTOYHBIMU JUIsI HOPMAJIbHOTO (DyHKIIMOHHUPOBA-
HUS cBOMcTBaMH. B XOJIOIHBIX yCIOBUSX Ha MOBEPXHOCTH MpogncTa
MOJKET CKaIUIMBaTbCA KOHJIEHCAT, OCOOCHHO MpPHU 3KCIUTyaTallud KOH-
CTPYKLWH Ha TPAHCIIOPTHOM Maructpaiu. Eiie o1HUM HET0CTaTKOM SIB-
JISIeTCS CTI0KHOCTh MOHTAa B YCJIOBUSAX CHIIBHBIX MOPO30B, YTO IPHBO-
IUT K YBETUYEHHUIO CTOMMOCTH, BPEMEHH YCTAaHOBKU M CHHKECHUIO Kaye-
CTBa MOHTa>KHBIX IIPOLIECCOB.

Takum 00pa3oM, HOSABISIETCS HEOOXOAUMOCTb PACCMOTPEHUS
MaTepHajoB HeCyIIeH KOHCTPYKLMH U ITOKPHITHUS, 00J1a1al0IIUX IPEBOC-
XOZHBIMU MEXaHUYECKHMU, TEIIOBBIMU U 3JICKTPUUECKUMH CBOMCTBAMH,
MPUTOAHBIMU B CYPOBBIX yCIOBHSIX.

CTeKIIOIIaCTHK TPEACTABISAET COOO0 JIETKUIl ¥ MPOYHBINA MaTe-
pHai, yCTOWYMBBIM K KOPPO3UH U yJIbTPadHOIETOBBIM JIydaM. JTO OT-
JIMYHBIA TEIJION30JIATOP, OTIMYHO MOAXOASIIMHA JUIS HCIIOJIb30BAHUS
B MOrojHsIx yciousx CesepHbix mupor. Kpome Toro, ero ruOkocTb
U CIIOCOOHOCTh K (POPMOBAHHMIO IO3BOJISIIOT M3TOTABIMBATH CIIOXKHBIE
(opMBI, UTO A€TaeT €ro WACAIbHBIM JUIS UCIIOIb30BAHUS B CTPOUTEIIb-
CTBE TYHHEJICH.

®roporutact-40, ¢ Ipyroi CTOPOHBI, MPENCTaBIIeT COO0H Tep-
MOIIJTACTHYHYIO IJIEHKY, KOTOpast 00Ja1aeT NPeBOCXOIHON yCTOWIHUBO-
CTBIO K 3KCTPEMaJIbHBIM TEMIIEPATYpPaM, XUMUYECKUM BEILIECTBAM U yJIb-
TpauoaeToBbM TyuyaMm. OH TakKe yCTOHUYUB K pa3pbiBaM U IIPOKOJIAM,
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YTO SIBISIETCS OONBLINM NPEUMYILIECTBOM MO CPABHEHHIO C IPYTUMH Ma-
TepuanaMu, TAKUMH KakK Mpo¢uIucT uin nonukapoonat. Kpome toro, ero
BBICOKAsl MPO3pPAavyHOCTH IMO3BOJIIET NMPOHHUKATH €CTECTBEHHOMY CBETY,
YMEHbIIass TOTPEOHOCTh B HMCKYCCTBEHHOM OCBELICHUH W TPUBOIS
K 3KOHOMHUH 3HEPI'HH, €ro BBICOKAas MEXaHW4ecKas MPOYHOCTh U THO-
KOCTh JETal0T MaTepHall MPUTOJHBIM JUIsl UCIIOJIb30BaHUSA B NMPOEKTaX
CTPOUTENLCTBA TYHHETEH.

KomMOuHMpOBaHHBII CTEKIOMIACTUK B KaY€CTBE HECYLIMX 3JIe-
MEHTOB M TOKpbITHE U3 (proporutacT-40 oOpa3yloT psl YHUKAJIBHBIX
CBOMCTB. Jlerkuil u NMpoyHBIN XapakTep TUX MATEPHATIOB B COUETAHUHU
C UX CHOCOOHOCTBIO IPOTUBOCTOSATH SKCTPEMATILHBIM MOTOAHBIM YCIIO-
BHSAM M arpeCCUBHBIM BEILIECTBAM JA€NAacT UX WACATbHBIMU I HCIIOJIb-
30BaHMS NPU CTPOUTEILCTBE TYHHEJIEH, KOTOPBIC SIBIAIOTCS (PYHKIHO-
HaJIbHBIMH U yCTOMYUBBIMH.

IIpenmymectBa komno3utoB FRP B ctpouTenscTBe TyHHENEH:

1. Manslil yaenbHbIN Bec: KOMITO3UTHBIE MaTepraiisl FRP Hamuoro
Jierye TpaJuLHOHHBIX CTPOMTEIBHBIX MAaTEPHANIOB, TAKMX KaK CTallb WM
0eToH. DTO YMEHbBIIAET BeC KOHCTPYKLMU TYHHEJIsI, YTO MOXKET IPUBECTH
K 9KOHOMHH CPE/ICTB BO BPEMsI CTPOUTEINEHO-MOHTaKHBIX PadoT.

2. KopposuoHnHast cTolkocTh: komno3utsl FRP obnamator Beico-
KOH YCTOHYHMBOCTBIO K KOPPO3HH, UTO SBISIETCS CEPhe3HOU MpoOiIeMoit
IPU CTPOUTEIBCTBE TyHHENEH. DTO yMEHbIIaeT NOTPEOHOCTh B TEXHU-
YEeCKOM 00CITy>)KHUBAaHUH U NIPOAJIEBAET CPOK CIIY>KOBI TYHHEIIS.

3. Bricokoe oTHOIIEHHE MPOYHOCTHU K Becy: Bbicokoe oTHOMIE-
HHUE IPOYHOCTH K Becy komno3uToB FRP o3naudaer, uto onn Moryt obec-
MEYNTh HEOOXOOUMYIO CTPYKTYPHYIO MOJAEPKKY IPU MEHbIIEH IUIo-
LIaJ1 TIONEPEYHOr0 CEUYEHUs], YTO IPUBOAUT K CHIDKEHHIO Pacxoa Ma-
TEPUAJIOB U CTOMMOCTH.

4. NonroeeuHoctb: Komno3utel FRP nuMerotT anurenbHbIA Cpok
CJIy>KObI ¥ HE IOJBEPIKEHBI YCTAJIOCTHOMY WM XPYIKOMY Pa3pyLlIEHHIO.
OT0 AeNaeT ux UAeabHBIM MaTEPHAJIOM VIS HCIIOIb30BAaHUS B CYPOBBIX
YCIIOBUSIX.

B xopme mpoBoauMbIx MccienoBannii [3] Ha KOHCTPYKIHAX C UC-
MOJIb30BaHUEM IPO3PAYHOTO INIEHOYHOro NOKphITH F-40 ynanock orne-
HUTh MEXAHUYECKUE CBOMCTBA, TEPMHUUECKYIO CTAOMIBHOCTh U OIITHYE-
CKHE XapaKTEPUCTUKU KOHCTPYKLUH B Pa3JINYHBIX YCIOBHSX.

[Ipeamnonaraercs, 9To codeTaHne IICHOYHOTO MOKPHITHS F-40
U CTEKJIOIJIACTUKOBOM ONOPHOM KOHCTPYKIHMH OOECIEUYHUT BBICOKYIO
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MEXaHWYECKYI0 IPOYHOCTh M TEPMOCTOMKOCTh. [l1eHOuHOE MOKpBITHE
F-40 taxxke neMOHCTpHpYET OTIMYHYIO IPO3pPavyHOCTh, YCTOMYMBOCTh
K yIbTPa(QHOIETOBOMY U3TYUYECHHUIO U aTMOC(EPOCTONKOCTD, B TO BpeMs
KaK OIOpHAasg KOHCTPYKLHMSI M3 CTEKJIOIUIACTHKA 00Jjajana BBICOKOM
MIPOYHOCTHIO M KOPPO3UOHHOM CTOMKOCTBIO.

CoueTaHue 3TUX JIBYX MaTepHUaloB 00ECTIEUHBACT MPEBOCXO.I-
Hble MEXaHUUYECKUE CBOMCTBA. Pe3ynbTaThl TaHHOTO HCCIETOBaHHUS MO-
T'YT OBITh TIOJIE3HBI HHXCHEPAM U apXUTEKTOpaM IpHU MPOCKTHUPOBAHUN
U CTPOUTENBCTBE MPO3PAYHBIX TYHHEIBHBIX KOHCTpYKIMiL. [Ipumep mpo-
€KTa I0Ka3aH Ha pUCYyHKe 1.

Hcnonp3oBanue cTekomiacTuka u gropomiacra-40 B mpoekTax
CTPOUTENBCTBA TYHHENIEH B KpallHUX CEBEPHBIX PErvMoOHax SABISETCS
BECbMa aKTyaJIbHbIM, IOCKOJIBKY CIIPOC Ha HH(PPACTPYKTYPY B 3THX pe-

TMOHAaxX IMpOA0JIKACT paCTH.

Puc. 1. MopeJb TYHHEIBHOIO COOPYKeHH S
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Puc. 2. Ilonepeunslii pa3pe3 TYHHEIbHOIO COOPY:KeHHS

[enn n ux pemreHue

[lepBocTeneHHOM LENbIO MPHU NPOESKTUPOBAHUHU OMHCHIBAEMOTO
TYHHEJIBHOTO COOPY>KEHHUS SIBIISIETCS onpeieneHue Hanoosee 3 QpeKTus-
HOTO BapHaHTa KOHCTPYKTHBHOTO PEIIEHHs, KOTOPBI YJOBIECTBOPUT
Bce TpeOoBaHUs MO 0E30MaCHOCTH, HKCIUTYyaTalMOHHOW HAaleKHOCTH H
SKOHOMHYECKOH 1en1ecoo0pa3HOCTH. DTO BKIIIOYAET B ceds HccienoBa-
HHUE pa3InYHbIX (OPM KOHCTPYKIHMHU U TEXHOJOTHUH, a TaKkxke ydeT ¢ak-
TOPOB, TaKMX KaK T'€0JIOTHs] MECTHOCTH, KIMMAaTUYECKUE YCIOBHSI, J0-
CTYIIHOCTh TPAaHCHOPTHBIX CPEICTB M Jpyrue orpaHuyeHus. BakHo
y4ecTb, YTOOBI BBIOpaHHBIA BapHaHT KOHCTPYKLHMH COOTBETCTBOBAJ
BCEM JICHCTBYIOIIMM HOpMaM M ctaHzapram. Ha pucynke 2 npuBeneHbl
pasMepsl B COOTBETCTBUU C HOPMaMH, UCIIOIb3YEMBIMH IPU MTPOEKTHPO-
BaHUH aBTOTPAHCIOPTHBIX COOPYXKEHUH [4].

[IpoekTrpoBaHue TYHHETBHOTO COOPYKEHHUS TPeOyeT BHICOKON
TEXHUYECKOW KOMIICTEHIMH, TIyOOKOro NMOHMMaHMs BceX (PaKTOpPOB,
BIMSIOLIMX Ha ero 3()()EeKTUBHOCTh U OE30MaCHOCTh, & TAKKE HABBHIKOB
WCTIOJIb30BaHMs COBPEMEHHBIX IPOrPaMMHBIX KOMIUIEKCOB AJIS pacdera.

PerrenneM nmocTaBIeHHBIX 3a/1a4 SIBISETCS IPOBEIEHHUE HCCIIe-
JIOBaHUM M CpaBHEHHE PA3JIMYHBIX BapPUAHTOB KOHCTPYKTHBHBIX pellie-
HUHM 1O cTeneHu uX 3¢Q¢GEeKTHBHOCTH, OLEHKA MEXaHHYECKUX CBOICTB
CTEKJIOIJIACTHKA, KaK HECYILETo 3JI€MEHTa, U IUIEHKU ITOKPBITHS (HTOPO-
iacT-40, uccieoBaHue BIMSHUS YCIOBUI AKCIUTyaTallud U KIMMAaTH-
4ecKHX (PAaKTOPOB HA AJIUTEIBHOCTH CPOKA CITyKObI TOHHEIBHBIX COOPY-
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XKeHul, pa3paboTka Hambosnee 3(PPEKTUBHOTO BapHaHTa KOHCTPYKTHUB-
HOTO PEIICHUS B MPAKTUKE CTPOUTEIHCTBA TOHHEIBHBIX COOPY>KEHHH.

s peanuzanuy BhIICyKa3aHHBIX PELICHU HEOOXOAUMO MpH-
MEHEHHUE YUCICHHBIX PAaCUeTOB B MPOIPaMMHOM O0ECIIEYEHUH LIS MIPO-
EKTHPOBaHUsI, YTOOBI BEIOpATh HaNOOIEe BHITOJHYIO U CTAOMIIBHYIO KOH-
CTPYKLHMIO Uil TyHHens. VcciemoBaHue AOMKHO MPOBOAUTHCS C MC-
MOJIb30BaHUEM KOMMEPUYECKH JOCTYIHOTO MIPOTPAMMHOI0 00€CTICUeHHS
JUIS aHaJIM3a METOJIOM KOHEYHBIX JIEMEHTOB. PacueTHas KOHCTPYKLUS
JOJKHA OBITH IPUTOIHA 7SI MOJICTIMPOBAHMS [TOBEICHHUS CTEKIIOMIIACTH-
KOBOT'O TYHHEJIS TP PA3IUUHBIX HATPY3Kax M yCIOBHUSX, BKIIOYAs JIBU-
KECHUE TPYHTA, U3MEHEHHUS TEMIIEpaTypbl U U3MECHEHHSI JaBJICHHUS.

Hcnonb30BaHuEe YUCIICHHBIX PACUeTOB B MPOrPaMMHOM oOecTie-
YCHUH [T IPOEKTUPOBAHUS SBJISIETCS] LIEHHBIM HHCTPYMEHTOM ISl BBI-
0opa HaIe)KHBIX U HanOoJee paluOHAIBHBIX KOHCTPYKTUBHBIX PEILICHHM.
Takast MOz€eIb MO3BOJISIET ONPEAENUTH ONTHMAIBbHYIO TOJIIMHY, Cede-
HHUE U GOPMY OCHOBHBIX HECYIIMX KOHCTPYKIIHH.

Heo0xoaumbl HEOAHOKpATHBIE UCCIIEAOBAHUSA, YTOOBI TOATBED-
JUTh 3TH AOBOJBI U JIy4llle TIOHATH [TOBEJCHNUE CTEKJIOMIACTUKA B TyH-
HEJIbHBIX KOHCTPYKLUSX B YCIIOBHSAX CEBEPHBIX LIUPOT.

Br10op onTuManbHOrO BapuaHTa KOHCTPYKUMU. [1si cpaBHEHUs
paccMaTpuBaroTcs 1Be GOPMBI apOK — KPyroBast ¥ JIoMaHas, OHH IIpHUBe-
JIEHBI Ha PUCYHKax 3, 4.

5900

o®°

Puc. 3. Kpyrosas apka
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Puc. 4. Jlomanas apka

Ilockonpky B paccMaTpyBacMOM KIMMAaTH4ECKOM paioHe
HanOoJbIIAas HATPy3Ka HA KOHCTPYKUHUIO OyJEeT MPUXOIUTCS OT CHEro-
BOT'0 BO3/ICHCTBHUS, CPaBHEHHE OY/AET B NEPBYIO OUEpeab NPOBOAUTHCS B
OTHOLICHUH NPUJIOKEHUSI CHETOBBIX HArPY30K K 00EMM BapHaHTaM apoK.

B cootserctBum ¢ CII 20.13330.2016 «Harpysku u BO3aeii-
cTBHUA» [5], cHeropas HarpysKa K 34aHHUSIM CO CBOAYATHIMU U OJM3KHUMU
K HUM I10 OYEPTaHMIO OKPBITHSAMHU NPUKIAABIBACTCS KaK pacrpeiesieH-
Has 1o napaboe. {1 cBOI4aThIX MOBEPXHOCTEH KPyTOBOTO OUEPTAHUS
3Ha4YeHus K03 PureHTa GopMsl |L BEIYUCISIOTCS B TOYKAX C YKIOHOM
60°u 30°. g cBoguaThIX MOKPHITUI HEKPYTOBOT'O OUEPTaHUS 3HAYCHHUS
ko3 durmenta GopMbl | BEIYUCISIIOTCS B KAXKA0H TOUKE, a IpU 3Haue-
HUM yria 060, k03¢ PUIMEHT paBeH HYJII0, COOTBETCTBEHHO, HArpy3Ka
YUUTHIBAaTbCA HE OYyIeT.

Tak Kak HWKHSAS Y9acTh JOMaHOHM apku 00pas3yeT yroJ, MpeBbI-
maromuii 60° (cM. puUCyHOK 4), IO CPaBHEHHUIO C KPYrOBOH apkoii,
HanOoJIbIIAs MPOYHOCTH M BOZHUKHOBEHHE MEHBLIMX MPOrHOOB OymyT
o0ecreyeHbl UIMEHHO y JIOMaHHOW 3a4€T 3HAUYMTEIBHOTO COKPAILCHHUS
KOJINYECTBA CHEXXHOT'O IIOKPOBA, CKAIJIMBAEMOI'0 Ha IOBEPXHOCTH KOH-
CTPYKLUH.

CrnenyonmmM CpaBHUTEIbHBIM (DAKTOPOM SIBIISETCS CI0KHOCTh
BO3BeIeHUs KOHCTpYKuuii. Kpyrosas ¢opma apku obecrnieunBaet Oosee
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a¢PeKTUBHOE pacipeesieHHe Beca, YeM TYHHENb ¢ IoMaHoH apkoit. Ox-
HAaKO MPOLIECC CTPOUTENBCTBA aPOUHBIX TyHHENIEH KpyroBoil hopMbl SIB-
nsietrcst 6oJiee CIOXKHBIM M TPYAOSMKHM.

[lepBbIM IIaroM B CTPOUTENILCTBE SIBISICTCS CO3MaHHE (DOPMBI,
KOTOpasi MpeACTaBisieT co00l BPEMEHHYI0 KOHCTPYKIHMIO, UCTIONb3Yye-
MYIO JUIS TTOJAEPKAHMS apKH BO BpeMs ee ycTaHOBKU. CpaBHHUBAs Mpo-
CTOTY BO3BEJCHHUS KPYrOBBIX M JOMAaHHBIX apOYHBIX TyHHEJEH, CTaHO-
BUTCSI SICHO, YTO TYHHEJIM M3 JIOMaHHBIX apOK CTPOHUTH MPOILE, OHU MO-
T'YT OBITH TIOCTPOEHBI C HCIIOJIB30BaHUEM ITPOCTHIX TEXHOJIOTUH U HE Tpe-
OYIOT UCTIONIB30BAHUS CHEUUAIBHBIX MEXaHU3MOB, UTO JIEJIAeT MPOLECC
CTpoUTENbCTBa OoJiee OBICTPBHIM M MEHEE CIIOXHBIM, B TO BpeMs, Kak
apoyHbIE TYHHEJIN KPyroBoil hopmbl TpeOyIoT O0Jiee TPyI0eMKOro Mpo-
1ecca CTPOMTENbCTBA, YTO 3aTPYAHICT X CO3AaHUE.

CTOMMOCTh CTPOMTENBCTBA TYHHEIBHOH KOHCTPYKLIHH C HC-
MOJIb30BaHUEM CTEKJIOIUIACTHKA B Ka4eCTBE HECYILEro JEMEHTa C I0-
kpoiteM F-40, BeposiTHO, OyZeT BbIlIE, YeM IPU MCIOIb30BAHUM Tpa-
JULUOHHBIX CTPOUTENBHBIX MAaTEPUANIOB, TAKUX KaK OCTOH WM CTajlb.
OnHako 3TO pelieHue npepiaraetr psii NperMyILIecTB, B TOM yucie 60-
Jiee HU3KHE 3aTpaThl Ha AJIEKTPOIHEPTHIO, CHIDKEHHE 3aTpaT Ha TEXHU-
4yeckoe 00cyXKuBaHue 1 0oJiee INTEeNbHbIN cpok cirykO0b1. Kpome Toro,
WCTIOJIb30BaHUE HOBOM KOMOMHAIMKM MaTEpHajOB MOXKET 00eCHeydTb
YHHUKaJIbHYIO BU3YaJIbHYIO IPUBIIEKATEIBHOCTD, YTO ITOBBICHT 3CTETHUYC-
CKYIO0 LIEHHOCTb KOHCTPYKLHMH TYHHEJIS U IOCIIOCOOCTBYET ero oouien
¢yHKUnOHANBbHOCTH. OHAKO CTOUT y4yecTh HanOoJee BHITOJHBIN Bapu-
AHT KOHCTPYKLHH C LIEJIbIO SKOHOMUH CPEICTB IIPU CTPOUTEIHCTBE.

Jlomanas opma apok UMeeT psili HPEUMYILLECTB 10 CPAaBHEHHUIO
¢ Kpyrioil. Bo-mepBeIx, ToMaHas apka obnagaer 6oiee HU3KHMH 3aTpa-
TaMH Ha MaTepuabl, Tak Kak TpeOyeTcsl MeHblIee KOJTUUYECTBO MaTepu-
JIOB A €€ IMOCTPOMKH. BO-BTOPBIX, MO3BONSET yMEHBIINTH BpEeMs
CTPOUTENBCTBA TYHHEIS, TaK KaK B IPOLIECCE CTPOUTEIHCTBA MOXKET
OBITH 3a71€HCTBOBAHO MEHBIIIE paboUeil CUIIBI U CPEACTB MEXaHU3ALIH.

[Tpu BBIOOpE TOTIEPEYHOTO CEUSHHSI CTEP)KHEH CTEKIIOTUTaCTHKO-
BOM KOHCTPYKLUMH IpPENIOYTEHHE OTHAeTCs MPSMOYTojbHOM (opme,
HEXXENHU KPYTJIOH. 3a CuéT ee TeOMEeTPUIECKUX U MEXaHNIECKUX CBOIMCTB
COOpy>KeHHe TpruoOpeTaeT OOBITYI0 TPOTHOCTD.

Pe3ynpTaThl YMCICHHBIX UCCIIEAOBAaHUN TAK)KE TOBOPAT O TOM,
YTO TYHHEJIbHOE COOPY)KEHHE M3 CTEKJIOIJIACTUKOBOIO KapKaca B BUIE
apoK JIOMaHOH (QOPMBI C NPSAMOYTOJbHBIM IIONEPEYHBIM CCUECHHEM
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CTCp)KHefI SIBJISIETCS Haubolee BBIT'OAHBIM BApHUAHTOM JII MPOCKTHUPO-
BaHMS 332 CYCT CBOCH TEXHOJOTHYHOCTH.

3akuouenne

CTpouTEeNbCTBO TYHHENIBHBIX KOHCTPYKLIUH IS 3aIIUTHI CEBEp-
HBIX aBTOMarucTpajei ¢ UCIOJIb30BaHUEM HECYIIEro KapKaca U3 CTeK-
JIOTUTaCTHKa ¢ MOKpbITHeM F-40 sBnsieTcs MHOrOOOEIIAIOIUM perie-
HHEM, KOTOpOe IpeAsiaraeT psia NPEeUMYILECTB, BKIIOYAs YIyqLICHHYIO
(YHKIMOHAIBHOCTh, CHM)KEHHE 3aTpaT Ha BJIEKTPOSHEPIHI0 U TMOBBI-
LICHHYIO IOJITOBEYHOCTh. DTH MaTepHalibl 00J1aJal0T XOPOLIUMHU TEXHH-
YECKHMH XapaKTEPUCTHKAaMH, KOTOPbIE 00E€CIEeUUBAIOT JOJITOBEYHOCTD
W CTOHMKOCTH K BO3JICHCTBUIO BHEIIHUX (PAKTOPOB, YTO SIBISIETCS OCO-
OeHHO BakHBIM B ycnoBusax Kpaitnero Cesepa.

Taxast TEXHOJIOTHS CTPOUTENILCTBA TYHHEIEH TOMOXKET CHU3UTD
TPYZAO3aTpaThl HA CTPOUTEILCTBO U YCKOPUTH JAaHHBINA MPOLIECC, UTO SIB-
JsieTCsl BaXKHBIM (PAKTOPOM MPH paboTe B YCIOBHUSIX OTPaHUUEHHOTO Bpe-
Menu. Kpome Toro, 3Tn MaTepuanbsl MOTYT UCIIOJIB30BATHCS IS pa3iny-
HBIX THIIOB TYHHEJIEH, BKJIIOYAs JKEJIEC3HOIOPOKHbBIE 1 aBTOMOOUIIbHbIC
TYHHEJIH.

Tem He MeHee, BaKHO YUUTHIBATh SKOHOMHUUECKUE U IKOJIOTHYe-
CKHE TOCJEACTBHSI 3TOr0 PEUICHUS! U MPOJOJKATh OLICHUBATh €ro 3(-
(DEKTUBHOCTD M OCYIIECTBUMOCTb C TECUEHHEM BPEMEHH.

Ha ocHOBaHMM IIPOBEIEHHOIO aHaNIM3a MpU BbIOOpe Hamboee
pauroHanbHOW (HOPMBI KOHCTPYKIHH TOHHENS, MOXHO CKa3aTh O TOM,
YTO UCIOJIb30BAHKE JIOMaHON (POPMBI aPOK SIBISIETCS] ONTUMAIIBHBIM pe-
LIEHUEM NPH CTPOUTENHCTBE, OCOOEHHO €CJIM Peub UAET O KOHCTPYK-
LUSIX, KOTOpbIe HaxosaTcs B pailoHax Kpaiinero ceBepa. Jlomansle apku
00ecTeurBalOT BBICOKYIO IIPOYHOCTh M YCTOWYMBOCTh K Harpy3Kam, Ta-
KOH THII KOHCTPYKLHH SIBJISIETCS SKOHOMUYHBIM H [TO3BOJISIET COKPATUTh
3aTpaThl HA MaTepHaiIbl U COOPKY.

B nenom, ucnonp3oBanue mieHOYHOro mokpeitusd F-40 u ctek-
JIOTUTACTUKOBOW ONOPHOM KOHCTPYKLUHU SIBISETCS IEPCIEKTUBHBIM
1 5 (peKTHBHBIM CTTOCOOOM CTPOUTENHCTBA TYHHENEH B ycnoBusix Kpaii-
Hero CeBepa, YTO MOXET IPHUBECTH K YJIYUIIEHHIO MH(QPACTPYKTYPHI
B 3TOM PETHOHE.

Osxugaercsi, 4TO B CBSI3M C PACTYIIUM CIIPOCOM Ha HAAEKHYIO
U YCTOWYMBYIO TPAHCIOPTHYIO HH(PACTPYKTYPY, UCIOIb30BAaHUE CTEK-
JorutacTuka ¢ nokpeitueM F-40 B kauecTBe Hecylell KOHCTPYKIMU AJIs
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TYHHEJIbHBIX KOHCTPYKIMH OyAeT AOCTaTOYHO OBICTPO HaOMpaTh MOIy-
JsipHOCTh. B Oyayiiem, BO3MOXKHO, MOSIBSITCSL HOBBIE TEXHOJIOTHH JJIS
MOBBIIIEHNS TPOU3BOANTEIBHOCTH U HAIEKHOCTH 3TOTO PEIICHUS.
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RESEARCH OF THE JOINT WORK OF A TRANSLUCENT
FILM COATING AND A FIBERGLASS SUPPORT CONTOUR
ON THE EXAMPLE OF A TUNNEL-TYPE STRUCTURE

Plyasunova M.A, Timofeev A.S.,
Koval T.E., Usmanov K.P.
Siberian Federal University, Krasnoyarsk, Russia

Abstract. The study of the joint work of the translucent film of
the Fluoroplast-40 coating and the fiberglass support contour on the
example of a tunnel-type structure for the northern territories. The article
discusses the main technical characteristics of the materials used in the
construction, their comparison with the traditional ones used in construc-
tion, also describes the methodology for choosing the most rational
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solution to the design — a tunnel consisting of broken arches of rectangu-
lar cross-section. Consideration of the use of a new combination of ma-
terials can be useful for the development and optimization of structures
for motor transport purposes in the conditions of the Far North.

Keywords: tunnel construction, fiberglass, film coating, fluoro-
plast-40, Far North, ETFE
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OINNTUMAJIBHOE YITPABJIEHUE BOJAMUA
KOPOTKOI'O IPUTOKA PEKU TUT'P

Xmuw Bucam Xagheo, acnupanm

Cunuuenxo E.K.", k.m.n., doyenm,

Jlenapmamenm cmpoumenscmaa,

Poccutickuii ynusepcumem 0pyacowl Hapodos, Mockea, Poccus
sinichenko-ek@rudn.ru

Annortauus. Pexa bonpimoii 3a6 — MexxayHapoHas peka, pas-
nensiemast Mpakom u Typuueid. IlnanupoBanue OacceliHa peKd MO3BO-
JIIET BBISIBUTH B3aUMOJICHCTBHS BOJONOIB30BATENEHN, KOTOPhIE KOHKY-
PHUPYIOT 3a BOLY BHYTpPH pedHoro Oacceiina. K Gacceiiny ObLia mpume-
HEHa MOJIeNb IUIAHUPOBAHMUS aHallM3a M OLEHKH BOJHBIX PECYpPCOB
(WEAP) nns onpezneneHusi ONTHUMAaJbHOM CHCTEMbI IJIAHUPOBAHMS
(GZR) 1 nnaHMpOBaHMsI ONITUMAIILHOM ONepalliOHHON TTONIUTHKH.

OcHoBHas nipo0ieMa NpU TaKOM IUIAHWPOBAHHUU 3aKJIIOYAETCs
B TOM, KaK CHCTeMa yJIOBIeTBOpseT Oynyue norpedHocTH B Boge. [1o
3TOH NPUYMHE ONTHUMAIbHBIE €KEMECSYHBIC PACX0bl BOIBI OBLIH CMO-
JENNPOBaHEI ¢ Ucnob3oBaHneM Moaenn WEAP nponuisix jer.

KroueBrble cioBa: Oaccelin peku bonpmoii 3ar, HexBaTka Bo-
Ibl, UI3MEHEHHE KJIMMaTta, TpaHCTpaHUYHbIE BOJOCOOpHBIE OacceiiHsbl,
BOJHBIE PECYPCHI

HexBatka Bo/IbI CTAHOBHTCSI CEphE3HOU TTpobieMoii B Mpake u3-
3a pacTyILEro CIpoca Ha BOLY CO CTOPOHBI BCEIIOTIIOIAIOIINX CEKTOPOB
[1:669]. 3MeHeHue KiIMMaTa, aKTUBU3AIIHS CENHCKOX03IMCTBEHHOM J1e-
STEJBHOCTH, a TAK)KE MOTPeOIeHUE BOIBI B IPOMBIIIIIEHHBIX U OBITOBBIX
LEJISIX SIBJISIIOTCS TIIaBHBIMU (DaKTOpPaMH, YCYT'YOJISIOIIUME OCTPOTY Jie-
(urTa BOABI.

Oxkono 40 % HaceneHus mMupa NpoKUBAET B 263 TpaHCTpaHNY-
HBIX BOJOCOOPHBIX OacceiiHax, 0COOCHHO B T€X, KOTOPBIC OXBAaTHIBAIOT
nBe win Oonee crpanbl. [looBMHA 3€MHOM MOBEPXHOCTH HOKPHITA
STUMH TPAHCTPAaHUYHBIMU OacceiiHaMu U, 10 OLeHKaM, cocTaisieT 60%
rI100aJhHOTO CTOKA IIpecHoi Boabl [3:1289].

YnpaBneHue BOAHBIMU pecypcaMd TPAHCTPAHUYHOT'O COTPYA-
HUYECTBA JKEeJIATeJIbHO, HO MOXET OBITh 3aTPYJHEHO, YacTO M3-3a HesiC-
HBIX M OCIIapUBaeMbIX IIpaB coOCTBEHHOCTH. C pOCTOM HaceJeHus Iuia-
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HETHl YBEINYHMBACTCS MOTPEOHOCTh B BOZAE, YCHUIIMBACTCS JaBlICHHE Ha
OrpaHHYEHHbIE BOAHBIE pecypcebl. Oxkupaercs, uto k 2050 roay Hacene-
HHUe Mupa AocTUTHET 9,9 Muunapa yenosek. M3-3a TecHoro npupocra
HaCeJICHUSI K M3MEHEHHIO KIIMMaTa 3TO MOXKET NMPHUBECTH K 3HAYNTEIb-
HOMY U BBICOKOMY JaBJICHHIO Ha JAOCTYIIHOCTh BOJHBIX pecypcoB. Cy-
LIECTBYET HEONPEAEICHHOCTh B OTHOIIEHWM TOYHOTO YHUCIA JIIOJEH,
MPOXKUBAIOIINX Ha 3eMJie B ONpkaliiee AecsTHIIETHE, HO HaceJIeHue Oy-
JIET MPOJOJHKATh PACTH, YTO MOBIHAIET HA TOCTYIHOCTD BOJBI [9:159].

CornacHo CTaTHUCTHYECKHM JaHHBIM MUHHCTEpCTBa IIAHUPO-
BaHMsI, B PErMOHE TPEX NMPOBUHLMKA Mpaka, B IpOBUHLIMK DpOuiib, KOTO-
pas ABJIsSI€TCS CTONULEH pernoHa, HaOIIOJAeTcss 3HAYUTEIBHBIA POCT
HaceneHus. CornacHo cTaTHCTHKE DpOuis, MoTpeOHOCTh B BOJIE BO3pac-
TeT BTpoe. [loaToMy HOBBIN cTpaTernueckuii mal aist GZRB nmeer Baxk-
Hoe 3HaueHue. [IpuHuMas 3To BO BHUMaHKE, B JaHHOM HCCIIeI0BaHHUU OY-
JIeT TpeIJIoKeHa CYIIeCTBEHHas OCHOBA AJIsl pa3BUTHs OacceiiHa peku
Bonbmoit 326 (GZRB) Ha cnenyromue 33 roga no 2050 roxa [4: 1250].

BonHbie pecypcbl DpOwiisi MOJBEPrainch HEKOTOPBIM PHCKAM
U yrpo3aMm, CpPeIH KOTOPHIX: OTCYTCTBHE PETYIMPOBAHUS UCIIOIb30BAHUS
MOJ3EMHBIX BOJI, YBEIWYCHHE MOTPEOJICHUS BOABI BBEPX MO TEUCHHIO OT
pekH, KoTopasi oopasyercsi B Typiyn, 4TO IPUBOAUT K CHHUXKEHHIO TIPH-
TOKa BHU3 10 TeueHuto B Kypaucrane, oxxuiaeMoe Bo3IeHCTBUE H3MEHE-
HUS KJIMMaTa Ha PEeYHOM 0acceliH MOXKET HaHECTH yIepO peke, ObICTpo-
pacTyilee HaceJICHUE BEJET K ObICTpopacTyIuM TpeboBanusm [6: 508].

l'oposoit crok 3P cocraBmser okomo 13,3 mupa ky0. M
(13300 M ™M?). OgHAKO M3-32 OTCYTCTBHS CTPAaTETHYECKHX MPOEKTOB
B IpeJiesiax peyHoro dacceliHa NpaBUTEILCTBO HE TOIYYMIIO 3HAUUTEIb-
HBIX BBITOJ OT CTOKa BOJBI U3 3TOHM peku. CKOpOCTh PEYHOTO CTOKA 3H-
Moit — 6oree 2500 M3/cek, MOTOMY YTO CE30H J0XKJCH, 3TO MOXKET BbI-
3BaTh HaBOAHEHUs B 3TOM paiione. Jletom pacxon — 50 m* /cex. DToT
MOKa3aTeNb MOXET HETaTHMBHO IMOBIMSATh HA OKPYXKAIOUIYIO Cpeay,
HanpUMep, YXYALIUTh KayecTBa BOJBI M3-32 OTCYTCTBHUSI IPOEKTOB IO
OYHMCTKE CTOYHBIX BOJ B TOpPOJax, PacloJIOKEHHBIX B HpeAeiax 3TOro
Oaccetina [8: 38].

Pexa Bonpmioit 3a0 siBiseTcss OOHUM M3 KPYHHBIX MPUTOKOB
peku Turp. OHa TeueT B 390 KM BHM3 110 TEUEHUIO OT CBOETO MCTOKA U3
Typuuu. B rugporpaguueckoii cxeme CeBeproro Mpaka npeodnanator
YeThlpe KPYMHbIE PEKH C OOIIMM HampaBiICHHEM TEUCHHS C CEBEpO-
BOCTOKa Ha roro-3anan (puc. 1).
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Puc. 1. Kapra npuroka Turpa B Upake

YeTsIpe pekH ¢ ceBepa Ha Ior, Takue kKak Xalyp, bonbmioit 3a0,
Maunsriit 326 u Cupsan, Bnanatot B Turp 3a npenenamu rpaauibl Mpaka.
OTH YeThipe OCHOBHBIC PEKH M HEKOTOPBIC M3 WX OCHOBHBIX NMPHUTOKOB
OepyT Hauaso B Typuuu (XaOyp u Bonbmoit 3a0) nnu Upane (Mainsiit
3a0 u Cupsan). [1aTeIii, MeHbIIMIT peuHOU Oacceitn, 6acceitH Anxanm,
MOJIHOCTBIO HaxonuTcsl Ha Tepputopun Mpaka. [Inanupyemas na I'3P
TpeThs KpynHas BojoxpaHuiuinHas namba bexme e nocrpoena. Ha ca-
MOM JIeJie 3Ta IJI0THHA cTpomnack B 1984-x romax. Beck OacceitH pexu
nMeer Iwiomans 26306 KMz; 9TO CaMbIii BaKHBIA PEUHOM OacceiiH
B MIPOBUHLIMHN DpOUJb, TaK KaK OH OXBaThIBaeT 1/3 Bcero cesepa Teppu-
Topuu nipoBuHIMH Mpaka, Bkitoyas ropoa Opowib. B tabmmme 1 moka-
3aHbI IUIOMIAIb U IPOTIOpLIHHY OacceiiHa Ha peTHOHATBHOM U HallHOHAIb-
HOM YPOBHSIX.
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B nenom I'3P nuraercs 4eTbIpbMs MaruCTpaJbHBIMU PyKaBaMHU.
T'onosoii crok o I'3P cocrasisier 6onee 13,3 mupa kyO.

Takum 00pa3oM, KaIblii peyHoil OacceiiH BKIIIOYaeT TPH OC-
HOBHBIE THAPOJIOTHYECKHIE 30HBI:

1. BbICOKOTOpHasi 30Ha (IKBHBAJCHTHAs TE€OJOTMYECKOH «Ha-
JBUTOBOI 30HE») C OrpaHMYEHHBIM 3aI1aCOM TPYHTOBBIX BOJ, HO 0OJIb-
MM KOJHMYECTBOM OCAJKOB W 3HAUMTENBHBIM 3allacoM CHera. OTOT
paiioH MasloHaceJIeH (JJake YacTUIHO HeoOuTaeM u3-3a nmpodiem ¢ 6e30-
MAaCHOCTBIO) M XapaKTEPU3yeTCs] KPYTHIMH CKIOHAMH M Y3KUMH JIOJH-
HaMH;

2. Oonee WM MEHEE aTTECTOBAaHHAs 30HA, JPEHHUPYIOLIas Oc-
HOBHBIE KapCTOBO-TPELIMHHBIE BOJOHOCHBIE TOPU30HTHI perruoHa. B pe-
nbede npeod1aAaloT BEITSIHYTHIE TOPHBIE XPEOThI, KOTOPBIE YacTo Mepe-
CEeKaroTCs PeKaMH uepe3 y3Kue MPOMEXYTKH, CO3Jalolue yA00HbIe Me-
CTa Uil CTPOMTENbCTBA IUIOTUH. C THIPOIIOTHYECKOW TOYKM 3pPEHHUS
paiioH oueHb HEOTHOPOAECH, C TAKUMH SIBJICHUSIMH, KaK KAHbOHBI, CyXHE
JOTIUHEL, C APYTOH, U OOIBIIHE POIHUKH (IeOUT HECKOIBKO M/C B Teue-
HHUE T0/1a), KOTOPBIE MUTAIOTCS KPYNMHBIMH IOA3EMHBIMH KapCTOBBIMH
CHCTEMaMU;

3. HHU3MEHHBIE PaBHUHBI ¢ THUNHYHON BbICOTOUW OT 300 M Hajg
ypoBHeM Mopsi. PalioH mpencraBnseT co00il YaCTUYHO CEIIbCKOXO3Si-
CTBEHHBIC YTOAbS, YaCTHYHO 3POJUPOBAHHBIC «OECIUIOAHBIC 3EMIIN
W BKJIIOYAET B ce0s1 KaK ryCTOHaceneHHbIe (BOKpYT cToiuibl KP Dpouns),
TaK ¥ MaJIOHACEJICHHBIE PaliOHBI.

3HauynTeNbHAs YaCTh PABHUHBI CJIOKEHA BHICOKOIPOYKTUBHBIM
0axTHapCKUM BOJOHOCHBIM FOPU30HTOM, YACTUYHO MEPEKPHITHIM (DIIr0-
BUAIBHBIMH OTJIOKEHMSIMA W TeppacaMH WIH MEHee MPOHHLIAECMBIMU
ciosiMu. Pecypcsl MoA3eMHBIX BOJ, B OCHOBHOM XOpOIIETO KauecTBa, HO
OTpaHWYCHHBIC U3-3a Majoro koimuvectsa ocaakos (300-500 mm/rox),
WHTEHCHBHO HCHOJIB3YIOTCSI HECKOJIBKHMHU ThICAYaMU TITyOOKMX CKBa-
XHH. BOJNBIIMHCTBO HU3MEHHBIX MIPUTOKOB MPEACTABISIIOT COO0H Ce30H-
HBIE I0JIUHBI, 0€3 IIOCTOSITHHOTO 0a30BOro CTOKAa B 3aCYILJIMBBIC CE30HBI,
KaK MOKa3aHo Ha pHC. 2, a eXKEeMECSYHBIN CTOK AJI IATH cyObacceliHOB
MoKa3aH B Tabnuie 3.
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Puc. 2. Kapra BbicoT paiiona ucciaenosanmii I'3Pb

Tabauya 3

I'onoBoii n mecstunblii peuHoii ctok st I'3Pb

SB1 |Cpemnmiti rox | 2700 23 80 CEHTS0Pb
Cyxoii rox 1900 23 20 HIOHb — aBr.
CB2 |Cpennuii rox 8700 73 220 CEeHTA0pb
Cyxoii rox 5700 73 150 CEHTS0Pb
CBb3 |Cpennuiiron | 9000 75 230 CEHTS0Pb
Cyxoli rog 5900 75 150 aBIyCT
Cb4 |Cpennuii rox 8900 75 220 CEeHTA0pb
Cyxoli rog 5900 75 150 aBrycT
Cb5 |Cpennuiiron | 9300 80 230 CEeHTS0pb
Cyxoli rog 6200 80 160 aBrycT

Bacceiin Obu1 pazaenieH Ha IB€ OCHOBHBIC 00JIACTH: PABHUHHYIO
4acTh, BKJIIOYAIOIIYI0 PaBHUHY JpOUib, U TOPHYIO 00JIaCTh B CEBEPHOM
gacTd OacceifHa. PaBHUHBI W Npenropbs XapakTepusyroTcs Oolee

265



IJIOCKUMU TIOYBAMH, MO3BOJISIOIIMMU JIErYe BO3JCIBIBATH 3EMIII0, YEM
ropueie paiionbl. Ocanku o0bdHO TIpeBbImaoT 700 MM B TOX U Aaxe
MeHnble 350 MM B camMOii 3aCyIUIMBON YacTU HEAANEKO OT ropoja Ip-
Oms. depMephl 4acTo CaXKarOT TYMEHb, YTOOBI OTPAHUYUTH MIOTEPH yPO-
’Kasl B CIy4yae OrPAaHUYCHHBIX JOXKICH.

B cooTBeTCcTBHY C pa3znuyHBIMU (PAKTOpPaMHU, BKITFOUYAs OJIM30CTh
K peKe, OCHOBHBIM TOPOJICKUM LIEHTPaM U KOJUYECTBY OCAJKOB, MBI BbI-
JieJsieM TOPHYI0, MECTHOCTb.

B ropHBEIX paiioHax dYepemyroTcs Jieca, MacTOWINA, MaxOTHBIC
3€MIJIA U OpOLLIAEMbIe TOJUHEL. [[peBecHBI MOKPOB FOPHBIX CKJIOHOB pe-
ruoHa gocturaet BEICOTEI OT 600 1o 2000 M ¥ B OCHOBHOM COCTOHT U3
IyOOBBIX PEIKONECU M HEKOTOPBIX TYyOOBBIX JIECOB, YACPKUBAIOIIAX
JIEPEBBSl CPEIHETO pa3Mepa, YacTo C PaCKUIUCTON KpoHOUl. OHU ABIIS-
FOTCSI OCHOBHBIM HCTOYHUKOM JIOXO/Ia U HEOOXOIUMBI JJIs1 CPEACTB K CY-
IIECTBOBAHUIO TOPHOTO HAacelleHUs (MeNKuX depmepoB). JKHUBOTHOBOIBI
pEruoHa 3aHUMAIOTCS OTTOHHBIM YKMBOTHOBOJICTBOM, IIEPETOHSSI CBOIO
TPYMITy OBEIl U KO3 Ha BEICOKOTOPHEIE NTACTOMINA JIETOM M Ha PaBHHUHBI
3umoii. KonmndectBo ocankoB (6onee 900 MM/TO) TIO3BOJISAET BHIPAIIN-
BaTh MINEHUITY (M SIYMEHB) B JIOK/UIUBBIX YCIOBHSX, & OPOIIEHHE OBO-
e U CaJioB COCPEIOTOYECHO Ha HEOOIBINX YYACTKAX B JIOJIMHAX Y T10-
CTOSIHHBIX HICTOYHUKOB U PEK.

Ha puc. 3 moka3aHbl rpaHUIBI KITUMATHYECKUX CEITHCKOXO035H-
CTBEHHBIX PalOHOB M CyOpernoHOB B OacceitHe pexu bompimoii 3a0, pas-
JIeJIEHHBbIC Ha OCHOBHBIC PETHOHBI: TOPHEIN paifoH, U3 KOTOPOTO TTOCTPO-
eHa OOJIbIIIast 9acTh BOJIBI, OH CYMTAETCS TOKUTUBBIM PaiiOHOM, TOPHBIH
paiioH, Ha HEM PACIIONIO’KEHA OOJIBINAs YaCTh 3€MElTb, ITPeTHA3HAYCHHBIX
JUTSL CEITbCKOTO XO03SICTBA, ¥ 3eMJTH C pABHUHAMH, SIBJISIFOIIAECS HIDKHEH
4acThI0 peyHoro OacceifHa, OAHOTO W3 PalOHOB MPOU3BOJCTBA CEMSH
(TIIeHHIIa U TIMEHB ).
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CornacHo cO60py JaHHBIX, OOJNBIIMHCTBO AOMOXO03SHCTB (77%)
MOJYYal0T MUTHEBYIO BOAY 1O TpyOam. J[pyruM OCHOBHBIM HCTOYHHUKOM
MUTHEBOM BOJBI SBISIOTCA aBTOLMCTEpHBI. ['opon DpOuib moiydaeT
40 % opocHUTEeIbHOM BOIBI M3 KOJIIOJLEB, B TO BpEMs KaK B TOPHOH MeCT-
HOCTH OCHOBHBIC 3a00pBI JJISl MHUTHEBBIX L€ MOCTYMAIOT, MPEKIC
BCET0, U3 MOBEPXHOCTHBIX U POAHUKOBBIX pecypcoB. Boma Hacenenuem
nmoutd He orutaynBaercs: (10000 muHApOB) B MeCAIl U 32 IOM TIOJIKIIIO-
gyeHus (200 m?) (okoio 83%). MyHHIIMIIANBHBIE 31aHUS, TAKHE KaK, 00JIb-
HUIIBI, IIKOJIBI, TAKXKE HE IUIATAT 3a BOAY. bojblas 4acTb MMEIOLIHUXCS
3aracoB BOAbI B paiioHe, mpeBblmatonias 80 MponeHToB, HCIOIb30Ba-
nach Ui opomenusa. Kpome Toro, ypoBeHb 3)(heKTHBHOCTH HCHOIB30-
BaHUsI BOABI B PETHOHE OTHOCUTEIIBHO HU30K, 00bIYHO OT 37% 10 53%.
Kak nokaspiBaeT 3T0 HccienoBaHUe, BOJHAS TOJUTHKA B HMPOBHHIUH
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OpOuib 1okHA OyNEeT YAYUIIUTh YIIPABJICHUE CIIPOCOM M MPEIIOKE-
HUEM, a TAKXKE BBIJICIUTH OOJIBIIIE PECYPCOB ISl pa3BUTHUS MECTHBIX TEX-
HOJIOTHH OIpecHEeHMUsI.

Munumanensbiil pacxon ans I'3P B manoBoanoit apryct 2001 .
cocraBun 51 m*/cex Ha BojoMepHol ctannuu Kamak. Mcnonbs3oBaHue
BOJIBI B TPOMBIIIUICHHOCTH TIPOBUHIIMY DPOWITh, KaK IPABUIIO, IIPOUCXO-
JTUT U3 TIO/I36MHBIX BO/ U SIBJIIETCS] BRICOKHMM H3-3a COUeTaHusl ()aKTOPOB,
BKJIIOYAsl yCTapEBIINE TEXHOJIOTMUECKHUE TIPOLECCHI, TNIOXHE METOIBI pe-
LUPKYJSIIUM U TOBTOPHOTO MCHOJB30BaHUA, a TAKXKE HEYIOBIECTBOPU-
TEJIbHYI0 OYUCTKY CTOYHBIX BOJ. DPPEKTUBHOCTh HCIIOIE30BAHUS BOJIBI
BO BCEX MPOMBIIUICHHBIX IEIIAX TOJKHA OBITH ONITUMU3UPOBAHA, a 0CO-
3HAHWE BOJIBI KaK E(UITUTHOTO pecypca MOOMPSThCS.

B uccnenopanun Mol ucnonszoBanu WEAP nisa npencraBneHus
MIPUTOKOB, YIaCTKOB CIIPOCa, PE3€PBYAPOB, JINHUH 1epenadn (0TBOAOB),
00paTHBIX TOTOKOB, IPUOBLIEH U YOBITKOB, a TAKXKE JJI1 MOICTTHPOBAHHS
BJIMSIHUSL 3TUX KOMIIOHEHTOB CUCTEMBI Ha TIOCTABKHU K y4acTKaM CIpoca,
puc. 4.
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PazpaboTka aelicTByrOIIEH 1 HAJACKHOW MOJICIH CUCTEM BOJIO-
CHA0EHHUSI U CENbCKOro X03siicTBa 1151 GZRB siBasieTcs 3aKIII0YUTEb-
HBIM KOMIIOHEHTOM aHAJIUTUYECKOTO Moaxona. JJis HacTpOMKHU U KOH-
(urypanuu Moeu HCIIOIb30BaICs MEPHO Pa3padOTKU MOJICIHU C UC-
M0JIb30BaHueEM uctopuueckux gaHHbIX ¢ 2000 no 2016 roxa. Ilocne Toro,
kak Mmogens GZRB WEAP 0Oblna oTkannOpoBaHa 1 IpoOBEpEHa 10 OTHO-
LIEHUIO K UCTOPUYECKOMY MEPUOJY, OHA UCIIOIB3YETCS ISl IPOTHO3H-
POBaHUS TIPU PA3IUYHBIX TPEIIOI0KESHHUIX 00 UCIOIB30BAaHUH PECYp-
COB M KIINMaTe.

[Ipu ananusze paccmaTpuBaiCs NMEPCHEKTUBHBIN [JIAHOBBIN Iie-
puox ¢ 2016 mo 2050 rox. ['ogoBasi mOoTpeOHOCTH B BOAE AJIS CEIBCKOTO
xo3sHcTBa — 3500 M*/ra, a paccunTaHHBIE OPOIIAEMBIE 3MJIH B IPOBUH-
mu Dpowmib Ha 2015 rog — 117110 ra. GZRB BrutrouaeT B ce0s IEHTPHI
crpoca ropoja DpOuite U ONMH3IIekKAIUX paiOHOB U MoIpaioHoB. Enu-
HBII 00BEKT CIPOCa TAKXKE HCIIONIB3YETCS AJIS MPEACTABICHUS OBITOBOTO
WCTIONIb30BaHMYsI BOJIBL, TE MBI ITpenonaraeM, 9ro (99745 ra) vaxoasarcs
MOJT aKTUBHEIM OpOIIeHHEM, ucronb3ys (506 miuH M°) B roa. ['ogoBoe
nmoTpedIeHre BOIbI sl OBITOBBIX HYXKJ Ha TyIry HaceneHus — 179 m>,
r0JI0Bas MOTPeOHOCTH B Bojie Juist oporreHus 3500 M3, oHa HCTIONB3yeTCs
WEAP.

Tabruya 4
IMoka3biBaeT yeabHbIe IOTPEGHOCTH B BO/E /151 OPOLIEHUS
r I'onoBasi noTpedHOCTH T'onoBasi mnoTpedHOCTH
on e T'on .
B OpOCHTEJIbHOM Bose (M°) B OpOCUTEJIbHOM Boje (M°)
2015 3500 2035 3200
2020 3400 2040 3150
2025 3300 2045 3100
2030 4300 205 3050

Bomnpoc o ToM, yMeHbl1aeTcs a1 konuuecTtBo ocaakoB B GZRB
B IIEJIOM, IITUPOKO 00CYKIAJICS, B YACTHOCTH, ITOCIIE TIEPHUO/1a UCKITFOUH-
TenpHOM 3acyxu ¢ 1989 u 1999 no 2001 ron, BeI3BaBILICH 3HAUUTEIBHOE
HCTOIICHHE BOJHBIX pecypcoB. OHAKO KJIaCTEPhl 3aCYILIUBBIX JIET SB-
JIIOTCSI HOPMAJIbHBIM CTaTUCTUYECKUM SIBICHHUEM B PETMOHAaX C BHICO-
KOH M3MEHYHMBOCTBIO KIIMMaTa M HE 00SI3aTENILHO SIBJISIOTCS MPU3HAKOM
M3MEHEHUS KJIMMaTa, KaK TI0Ka3aHo B Ta0JHIe 5 U Ha puc. 5.
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Paccmotpum 3,4% kak HOpMaNbHBIN cay4ail Ko puuueHTa ro-
JIOBOTO IIPHpOCTa HaceJdeHNnsd. Bo-nepBrIX, MOAENb 3arycKanach Kak Te-
KyIllas CUTyalysl, KOTOpasi Ha3bIBaeTCs 3TAJOHHBIM ClieHapueM. Brixon-
HBIM pe3yJIbTaTOM SBISIETCS BOAOCHAOXKEHHE, KOTOPOE HE MOXKET IIO-
KpBITh oTpeOHOCTH B mepuos ¢ 2046 o 2050 ronsl B aBrycrte U ceH-
T0pe. DTO yKa3bIBaeT Ha TO, YTO OACCEHH CTAIKUBACTCS ¢ MPodieMaMmu,
CBSI3aHHBIMH C BOJHBIMH PECYpCaMt U MX AOCTYMHOCTHIO. Takum oOpa-
30M, TNPaBUTEIBCTBO AOJDKHO TIIATENBHO NMPOAyMaTh M pa3padoTaTh
CTpaTEerMUuEeCKHi MyiaH i Oyayuiero nokosneHus. HeynosnerBopeHHas
noTpeOHOCTh B BOAE, 0011ast TOTPEOHOCTD B BOAE JJIS CEIBCKOTO XO0351H-
CTBa U OBITOBBIX HYX]I B aBT'yCTE U CEHTS0pe MprBEACHBI B Ta0uUIE 6.
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BonocHaOxxeHus: HEIOCTaTOYHO TSI TIOKPBITUS U YIOBIETBOPE-
HUS OTPEOHOCTH B 3aCyILIMBBIC MECHIBI (aBTYyCT U CEHTSIOPH), KOTa
MOTPEOHOCTh B BOJIC OYEHb BEIHKA W JIOCTUTACT MAaKCUMyMa OKOIIO
37 moa M3 B 2050 romy.

[Camet Demand [~ ([Fiion <] [Cobic Meter <]

R Bl v = - Fotemwen =]

[Seiecied Vears 5736) =] ™ Percent of Time Exceeded

Puc. 6. ABrycr u ceHTs10pBb 2046-2050 rr. HEY/10B1€TBOPEHHBIEC
JAeM. Uit Arpu. B JIoM. HCII0JIb30BaHHE BOJbI

CueHapuii OBICTPOTO POCTa HACETICHHUS SBJISIETCS] OJHOM U3 BO3-
MOKHOCTEH, KOTOpBIE MOTYT MPOM30UTH B Oynymiem. Jlist 3Toro creHa-
pust ro0BOH K03()(DUIIMEHT POCTa PaCCUUTHIBACTCS KAK BBICOKHN KO3(-
¢unmeHt 5%. B atom ciayuae nacenenue B 2050 r. cocraBuio 061 10 MiH
YeJIOBEK MOCJie BHECEHUs BCeX NaHHBIX. B pesyibraTe BogocHaOXeHUe
HE MOKET MOKPBITH crpoc B niepuof ¢ 2032 no 2050 roxg kak B aBrycre,
Tak U B ceHTsa0pe [7: 1195].
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B sTOM crieHapuM 3K0JI0rH9YeCKHe CTOKH PACCUUTHIBAIOTCA C yue-
TOM MECSYHOTO PEYHOro cToka 50 M*/ceK AJisl HWKHEro TEUCHHUS] PEKU
Turp. OTo npeanaraercs B Ka4eCTBE MUHUMAJIBHOTO CTOKA PEKU B CyXOH
ce3oH. Cuenapuii SEF sBnseTcst onHOM U3 BO3MOXKHOCTEHN, KOTOPBIE MO-
TYT IPOU30MTH B OyaymieM. st 3Toro cueHapus rofoBoi koadduiu-
€HT POCTa PaCCYUTHIBACTCS Kak mpeanaraeMblil 3,4% u BBICOKHH KO-
¢umment 5%. Ilocie BBoma BcexX NaHHBIX, TPEOYEMBIX MPOrPaMMHBIM
o0ecrieyeHneM, 3alyCcK MOJIENN YYUTHIBAET OyAyIINA POCT HACEICHUS
st oboux crierapueB SR u SHP. BogocHaOxeHre He MOXKET MTOKPBITh
copoc B Teyenue 2030-2050 ronos. CienoBatensHO, HaJO0 pa3padoTaTh
cTparernueckuii mian, HaunHas ¢ 2021 rofa, TIIaTeNnbpHO Tt Oy IyIIero
MOKOJIEHUS, HEYTOBJIETBOPEHHOT'O CIIPOCa Ha BOJY B aBT'yCTe M CEHTIOpE,

Kak IIOKa3aHo Ha puc. 7-8.
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Puc. 7. AnnocTpupyer Hey10BJIeTBOPEHHOE KOJIUYECTBO BObI
¢ 2032 no 2050 rr.
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Puc. 8. luarpamma HeyznoBjieTBopenHoro cnpoca ais SHPG,
00s3aTeIbHBIA IKOJTOTHYECKHI MOTOK
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Pesynbrar nnsa tpex cuenapueB (SR, SHPG u SEF) npogemon-
CTPHUPOBAH HIKE Ha puc. 9-11 B TOMOIIHEHNE K CPAaBHEHUIO TPEX BhIIIE-
MIPUBEICHHBIX CLIEHAPHEB.
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Puc. 9. luarpamma Hey0BJIETBOPEHHOT0 cipoca HAa SR,
00s3aTeIbHBIA IKOTOTHYECKHI MOTOK
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Puc. 10. Iluarpamma BogonorpedeHust 0 CEKTOPAM BOJONOTPeOJICHHA
(ceabxo3. u 1om.) 11 SHPG, u 00s13aTeJIbHBIN CTOK OKPY:KAIOLIEH Cpebl
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Puc. 11. Tad1mua HeyA0BJIETBOPEHHOI'0 CIIPOCA A5 TPEX ClleHAPHEB
(SR, SHPG u SEF), 06s13aTesIbHBII Pacxo/ OKPY:Kaoliei cpeabl
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Tabnuya 9
Cuenapnii SR nutocTpupyer cekropsl (Apr. u Jlom.)
B CJIy4yae MeCSIYHOIro aBeH. OKp. pacxoa 50 muH m*

Cuenapnii CP CexkTop OBITOBOTO
(MecHYHBII MP. pacxo oKpyxkawmiei cpeant S0 m3/cek.)

T'ox / T'onoBoii 00beM BOABI, MJTH M>
2021 | 2025|2030 | 2035 | 2040|2045 | 2050
[ToTpebHOCTH B BOJIE 364 |373.6]405.6]458.62 |514.1|621.6]|666.9
Bonocnabxenne 364 [373.6/405.6| 452.3 |502.7| 594 | 632
HeynosnerBopeHHast 0 0 0 632 | 114 | 27.6 | 349
BOJIA

Cuenapuii SHPG Cekrop BriToBoro
(eskeMecsiuHbli p. Okpyxarommuii pacxoa 50 m%)

T'ox / T'onoBoii 00beM BOABI, MJTH M>
2021 | 2025|2030 | 2035 | 2040 | 2045 | 2050
[MoTpeOHOCTH B BOAC 396 1435.6(510.7| 615 | 738 | 942 | 1082
Bonocnabxenne 395.9431.5]500.4| 573.3 |676.6| 845 |954.5
HeynosnerBopeHHast 0.1 | 41 | 103 | 41.7 | 614 | 97 |127.5
BOJIA

Bonpmas yacts Mpaka B HacTosmee BpeMsi UMEET OTpaHUYEH-
HBIA TOCTYN K UCTOYHHKAM YUCTOH BoAbl. Cepbe3Hble pUCKHU AJIS OKPY-
YKaroIlen cpesbl ¥ 340POBbs, CBSI3aHHBIE C 3arpsI3HEHHON BOJIOM, HEMpa-
BUWJIBHBIM OOpaIlleHNEeM C TBEPIABIMH OTXOAAaMHU M yJAJIEHHEM CTOYHBIX
BOJI, yTPOXKAIOT YBEIMUUTH HArPY3Ky Ha B 0€3 TOro MeperpyKeHHYI0 CH-
cTeMy 3ApaBooxpaHenus [5: 1273].

Kpome Toro, kKoHIIEHTpanus 5KOHOMUYECKON U COLTUAIBHON Jie-
ATEJBHOCTH B KPYHHBIX TOPOJCKMX LEeHTpax Mpaka Takxke mnpuBena
K MpeodIaJaHnio MAIO0OCTYKUBaEMbIX PAliOHOB B KPYIHBIX UPAKCKUX
ropoaax. Ilotepu Boabl B cucreMax BOJOCHAOXEHHUSI M UCIIOJIb3YyeMbIe
TexHoNoruu Hed(dekTuBHBI M HekBanM(UIMpoBaHBL. B pacuere Ha
IyLIy HAaceJCHHUs BOJOCHA0XEHNE CTAHOBUTCS O0JIee KECTKIM.

IIpaBuTenscTBaM HEOOXOAUMO BHEAPUTH CTPATETHYECKOE TUIaHH-
POBaHHE, KOTOPOE MOKET MOBBICUTH 3()(EKTUBHOCTD BOJOMNOIB30BAHMSA U
VIYYLIATH paclpeieSieHHe OrPaHUYCHHBIX PECYPCOB MEXIY CEIbCKOXO-
39HCTBEHHBIMH, IPOMBIIUICHHBIMU U MECTHBIMH parioHamu [5: 1270].

Taxum 00pa3oM, MIaHUPyeTCs pe3epB ist Oy IyLIEro UCIOIb30-
BaHMs BOJBL. YIIpaBJeHUE M pa3paboTKa J0JTOCPOYHOTO CTpaTeruiec-
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koro miana g GZRB ouens Baxusl a1t Mpaka u npoBUHIUE DpOnib
13-32 POCTa aHOMAJILHOTO HACEJICHUS.
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OPTIMAL MANAGEMENT OF THE WATERS
OF A SHORT TRIBUTARY OF THE TIGRIS RIVER

Hmeesh wisam Hafed, PhD student
Sinichenko E.K.", Associate Professor,
Department of Civil Engineering,
RUDN University, Moscow, Russia
sinichenko-ek@rudn.ru

Abstract. The Bolshoy Zab River is an international river shared
by Iraq and Turkey. River basin planning makes it possible to identify
the interactions of water users who compete for water within the river
basin. The Water Resources Analysis and Assessment Planning (WEAP)
model was applied to the basin to determine the optimal planning system
(GZR) and plan the optimal operational policy.
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The main problem with such planning is how the system meets
future water needs. For this reason, the optimal monthly water consump-
tion was modeled using the WEAP model of previous years.

Keywords: Bolshoy Zag River basin, water scarcity, climate
change, transboundary catchment basins, water resources
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NPUMEHEHUE T'EHEPATUBHBIX MOJIEJIEN
IJIYBOKOI'O OBYYEHUS ITPU TIPOEKTUPOBAHUHN
3JJAHUI 1 COOPY KEHUI

Kanyxun A.C., cmyoenm
Poccutickuii ynusepcumem opyacovt Hapooos, Mockea, Poccust
kanukhin.a@yandex.ru

AHHoOTanus. B 1aHHOH CTaThe UCCIENYIOTCS BOZMOKHOCTH HC-
MOJIb30BAaHUs TEHEPATUBHBIX MOJIENIeH B 00J1aCTH POEKTUPOBAHHUS 00b-
€KTOB KalUTaJIbHOTO CTPOUTENBCTBA U UX MHTEPbEpOB. B craTke npen-
CTaBJICHBI IPAaKTUYECKHE U TEOPETUUECKHE METOJbI UCCICIOBAHUS A
TECTHPOBAaHMS HECKOJBKUX MOJeJiel, BKItodas A y3HoHHbIE TeHepa-
TUBHBIE MOJETH U S3BIKOBBIC T€HEPATUBHBIC MOAEIH-TPAaHC(HOPMEPEI.
PesynpTathl pa3aenceHsl Ha TPU IPYNIBL paboTa ¢ U300paKEHUSIMH, pa-
00Ta ¢ TEKCTOM M HallMCaHue nporpamm. B craThe mokazaHo, 4TO reHe-
paTuBHBIC MOJENTH MOTYT YHPOCTUTb U YCKOPUThH paboTy AM3aliHEpOB.
B nenom, pe3ynbTaThl CBUAETENBCTBYIOT O TOM, YTO T'€HEPATHBHBIE MO-
JIed MOTYT OBITh 3()()EKTHBHO HCIIOIB30BaHbI TS 3a/1a4, HEe TPeOyro-
LIUX BBICOKOW TOYHOCTH.

KiroueBsblie cinoBa: U, npoextupoBaHue, TeHepaTUBHBIE MO-
nenu, aup¢ysuonasie mogenu, ChatGPT, nHeilpoHHBIE ceTH, apXUTEK-
TYPHBIH 00JIHK

Beenenue

PaboTa mpoeKTHPOBIIMKOB — MHOTOrpaHHas cdepa IesiTeIbHO-
CTH, coueTarollas B ce0e camble pa3anyHble BUABI onepanuid. CoBpeMeH-
HbIE HEHPOHHBIE CETH, @ IMEHHO FeHEPaTUBHBIC MOJIENH I'TyOOKOro 00y-
YEHUS! MOTYT CYIIECTBEHHO M3MEHHUTh MHOTHE OTPACIH, B TOM YHCIE
U CTpOUTENIbHYI0. ['eHepaTUBHOI Ha3bIBaeTCs Takas MOJEJb IIyOOKOIro
00y4eHHs, LIeJIbI0 KOTOPOH SABJISIETCSl CO3/1aHHE HOBOTO HA OCHOBE JaH-
HBIX, Ha KOTOPBIX MoJIenb o0y4anacs [ 1]. [lox Mmogensio moHNMaeTcs He-
KOTOpBI 1mabaoH, (HOPMATH3UPYIOUIMHA B3aMMOCBSI3b MEXIY BBOIOM
1 BeIBOZIOM [2]. C Toukm 3peHus pabouerr obmacTu riaybokoe oOydeHne
paccMaTpuBaeTcsl Kak IOAMHOXECTBO MAaIIMHHOTO oOyudeHus u WU,
U TI0O3TOMY €0 MOXKHO paccMaTpuBath Kak pynkmuto MU, kotopast umu-
THPYET 00pabOTKy MaHHBIX YEIOBEYECKHM MO3TOM [3].
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ean padoTsl

Ilens maHHOW cTaThU: MOKa3aTh BO3MOKHOCTU HCIOJIB30BaHUS
TeHEPAaTUBHBIX MOJEJEeH I YIPOIIEHUS U yCKOpeHHs paboThl Jroaei
Bcex npogeccuil, CBA3aHHBIX C IPOESKTUPOBAHUEM OOBEKTOB KallUTallb-
HOTO CTPOMTENBCTBA M UX 00YCTPOWCTBOM: apXUTEKTOPOB, HHKEHEPOB-
MIPOEKTUPOBLIVKOB, TU3alHEPOB HHTEPHEPA U CPEMBI, TPAIOCTPOUTENEH
u T.1. B nanpHeimeM 11 mpocToThl 0003HaUEHHs Kpyra 3TUX mpodec-
cUil MBI OyJIeM HCIONB30BATh CJIOBO "MPOEKTHPOBIIUKHU'", TTOCKOIBKY
paccMaTpuBaeMble HAMU MIPUMEPHI B Pa3HON CTENEHU UMEIOT OTHOLIe-
HUS KO BCEM NEPEUHCICHHBIM.

MarepuaJibl 1 METOABI

B crarbe ucnonp3yroTcs npakTu4eckue (TeCTUPOBAHUE HECKOIIb-
KHUX MOZEJEH B YacTH CIIOCOOHOCTHU PELIaTh 3a7aydl, IOCTABICHHBIC TIe-
pea MPOEKTUPOBIIUKOM) U TEOpeTUYECKHE (BHICOKOYPOBHEBBIN aHAIN3
MOJIYYECHHBIX PE3YJIbTATOB U CpaBHEHME (DYHKIMOHAJTA Pa3HBIX FeHepa-
TUBHBIX MOZEJIeH) METOAbI ucciaenoBanus. B cooTBeTcTBUM ¢ paccMmart-
PUBAaEMBIMH aclieKTaMH pabOoTHI pE3yNbTaThl pa3esIeHbl Ha TPU TPYIIIIBL:
paboTy ¢ H300paskeHUSIMU TIPH MTOMOIIHN TUPQPY3HOHHBIX TeHEPATUBHBIX
MoJenei, paboTy ¢ TEKCTOM C UCIOJIb30BAHUEM S3BIKOBBIX T'€HEPaTHB-
HBIX MoJesel-TpaHchOpPMEPOB M HAIMCAHUE HPOrpaMM IPH ITOMOILU
nocneaHux. B aToit paboTe He paccMaTpUBAIOTCS aTOPUTMBI CO3/1aHUS
1 00y4eHUs] HEHPOHHBIX CETEH, a NI MPUBOASITCS CIIOCOOBI TPUMEHE-
HUSI TOTOBBIX OOyUYEHHBIX MOJENEH, KOTOphle MOXKET UCIOIb30BaTh Pi-
JIOBO¥1 TOJTb30BaTENb 03 CrieHaNbHbBIX 3HAaHUH. boliee HU3KOYpOBHEBBIE
aCTeKThl B YacTU pabOTHI MCMONB3YEMBIX S3BIKOBBIX MOJENeil mpuBe-
JIeHBI B pabote [4], B 9acTu paboThl A Py3HOHHBIX MOAemei [S].

Pe3yabTathbl

1. Pabora c rpaduveckumMu n300paKeHUIMH.

Kitro4eBBIM pe3ynbTaTOM TBOpUYECTBA NMPOCKTUPOBIIUKA SIBIIS-
etcst rpaduueckas uHpopmanmsa. Huddysnonnsie Text-to-Image (mpe-
o0pa3yrolure TeKCTOBBIH 3arpoc B n300pakeHue) u Image-to-Image (wc-
TTOJIBE3YIOMIHE B KAYECTBE 3a1Ipoca / 9acTH 3ampoca APyroe H300paxxKeHne)
MOJIEJIH MTO3BOJISIIOT CO31aBaTh H300paKEeHHsI HUYeM He XyXkKe poQeccH-
OHAJIBHBIX PEHAEPOB 332 CYMTAHHBIC CEKYH/BI, 0€3 HEOOXOAUMOCTH MO-
JeTTMPOBAHUSL.
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1.1. MidJourney

MidJourney sBnsieTcss oqHOH U3 Hanbosee TMOMYJISIPHBIX MOJe-
Jiel TeHepanuy n300pakeHuil. B HacTosmee BpeMsi MPOEKT HaXOJUTCS
Ha cTaguu pazpadotku Open-Beta, mosTomy B3anMoaeicTBrE MOIB30Ba-
TeNs ¢ HeWPOCEThIO0 OCYLIECTBISCTCS TONBKO MMOCPEICTBOM KaHajla WK
yar-00Ta Ha couuanbHoi matdopme Discord. s ero ucmnoap30BaHus
HEOO0XOIUMO OTIIPABUTH B UaT KOMaHAy "/imagine" U HanmucaTh TEKCT 3a-
mpoca Ha aHMIMHACKOM s3bike. [lpW  craHmapTHBIX — HacTpoikax
MidJourney Bbiact 4 pa3HbIX H300paKEHUS, KaXKI0€ U3 KOTOPBIX MOX-
HO YBEJIMYHTH WM CO3/aTh HA €r0 OCHOBE JIPYroe IMoXoXKee U300paxke-
HUe. Bun pesynbrara peryiaupyercsi TEKCTOBBIM 3alpOCOM, KOTOPBIH Mo-
MHUMO OITMCAaHUSI M300paKEHUs] MOXKET COAEpKaThb pPa3iMyHbIC Mapa-
METpHI [6].

JanHas Mozenb OTIMYAeTCsl BHICOKOW MPOCTOTOW MCIIOJIB30Ba-
HUSL: OHA XOPOIIO CHPABIISIETCS C 3aIPOCOM B BHJIE KAKOTO-JIN00 OTPHIBKA
13 OOBIYHOTO TEKCTa, MOKET [IOMOYb IMPOEKTUPOBIIUKY OBICTPO IMOJTY-
YUTh KPacUBOE M300paKeHHE, KOTOPOE MOXKHO MCIOJIb30BaTh KaK HPHU
KOMMYHHKALIUM C 3aKa34YMKOM, TaK ¥ IpHU Mpollecce TeHepaluu HICH,
HamnpuMep, A1l U3yUeHUs pasInuHbIX (OpM U marTepHoB. PaccmoTpum
HECKOJIBKO NMPUMEPOB B3aumozeicTeus ¢ MidJourney mist usydenus e€
TEKYLIUX BO3MOKHOCTEH.

1) Cozoanue apxumexmypnoz2o o01uKka

B nopsiake skcnepuMeHTa ObLIO HCCIEJOBAHO BIMSHUE TEKCTa
3aImpoca Ha pe3yJIbTaT MpU MOUCKE apXUTEKTYpHOTro 00JIMKa COBPEMEH-
HOT0 MHOT03TaXkHOTO0 311auus (puc. 1). Kak 6b010 BBIsICHEHO, Midjourney
BUJNT pa3inyue B TeKcTe. Tak, B IepBOM ciydae OTAaHO NPEANOYTCHUE
OoJiee neTanbHOMY ONMCAHMIO BHEITHETO BUAA 31aHus. Bo BTOpoM — 1o-
OaBnena uHdopManua 00 00bEKTE: TO MOCTPOUKH, MECTOIOJIOKEHHUE,
KOTOpasi OTPa3uiIach HE TOJIBKO Ha MPEJICTABICHUN CaMoro 3AaHusl, HO U
Ha okpy>xatomuii GpoH. [ToMmumo 3Toro, mporpamMmma HOHUMAET, HACKOJIb-
KO JIOJDKHO OBITH OKpAIIEHO 3[aHHE: B IIEPBOM - IIBETHBIE BCTABKHU, BO
BTOpPOM — Bce 31aHue. OJHaKO KOJIMYECTBO ITAXKEH B 3AaHUSX MOJETb
OTpa3uia JULIb NPUOIU3ZUTEIHHO.
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3anpoc: A nine-storey gray 3anpoc: A  twenty-five-storey 3anpoc: a  twenty-five-storey
building with coloured inserts and building in bright colours with building in bright colours with
panoramic windows from the spacious balconies, built in 2012 spacious balconies, in high-tech
developer LevelGroup, in a in high-tech style, located in style, located in Moscow, built by
modern style, with an iron front Moscow, built by the developer developer LevelGroup.

door and a spacious hall. LevelGroup.

Puc. 1 CpaBHeHue pe3yJbTaToOB 110 3aNIPOCaM
¢ He3HAYUTEJILHBIMH OTJIHYHAMHU

2) Cpasnenue wu3odparicenus, co30aHHO20 C NOMOUIBIO
MidJourney c peanvnvim 061uKOM 30anusn

Jns monmyyenus: Gojiee MOJHOTO MPEACTABICHUS O BO3MOXKHO-
CTSIX paccMaTpuBaeMol MoJeNi ObUTO HEOOXOANMO MPOTECTUPOBATH €&
Ha peasibHOM npoekTte. C 3TOi 1enblo, U3 MOACHUTEIBHOM 3alUCKU pa3-
JIeNla apXUTEKTYPHBIX PEILICHUH 0 HEKOMY OOBEKTY OBLIO B3SITO OIUCA-
HUE BHEIIHEro 00JMKa 34aHusl, BKIIOYas UCIIOJIb30BaHHBIE MaTepHAIbI.
C nomouipto Helpocetn ChatGPT (paccmaTtpuBaercst B craTbe MO3/IHEE)
TEKCT OB MEepPeBEACH U COKPALIEH C MUHUMAJIbHBIMUA CMBICIIOBBIMH I10-
tepsmu. [locne yero on ObLT BBeNIEH B KadecTBe 3amnpoca B MidJourney.
Pesynbrar npencrasneH Ha puc. 2.

Peayabtat U3o6paxenue pacapa U3 npoekra

Cynologylbuilding S SaanvelKHono

- 3anpoc: The dog shelter building will be a single-story, heated
structure that includes administrative and household rooms as
well as kennels with dog runs. <...> The exterior walls will be made

- of sandwich panels with a thickness of 150 mm, using PUZZLETON

w facade cassettes and Primepanel linear panels in RAL Classic

Y 1001 "Beige", RAL Classic 6021 "Pale Green", and RAL Classic

@, 9003 "Signal White" colors. The roof will be a pitched roof made of
sandwich panels...

Puc. 2. CpaBHeHHe CreHEPHPOBAHHOIO H300paKeHNUs
¢ GaKTHYECKHM MPOEKTOM
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3) Peoakmuposanue u3odparcenui

C nomourpsio MidJourney MOXKHO «pelakTHPOBATh» M300paxke-
HUS TOPOJICKOH 3acTpoiiku. HelipoceTb MOXKET HUCIONBb30BaTh UCXOTHOE
M300pakKCHUE U HAa €r0 OCHOBE CTCHEPHPOBATH MOX0XKEe C yUETOM yKa-
3aHHOIO B 3aIPOCE, OJJHAKO PEIAKTUPOBAHUE OTIEIBHBIX YaCTeH UCXOI-
HOT0 M300pakeHus: 0e3 ero MOJHOTO "MepeoCMbICIICHUs" HE TPEICTaB-
JISIETCSI BO3MOXHBIM (puc. 3).

Pesynstat WUcxoaHoe nzobpaxeHue
~ oy =

3anpoc: <ccblnka Ha usobpaxeHnue> Add here a modern playground.

Puc. 3. PenaktupoBanue nu3o0paskeHust

1.2 Dalle-2

Mogens Dalle-2, nponykr OpenAl, B otnmnune ot MidJourney
nagT OoJiee peaTMCTUYHBIC H300paXXeHHs 31aHuH (CM. puc. 4) IO COCTO-
SHUI0O Ha MOMEHT HalHCaHUs CTaTbu, ONHAKO Ooyiee TpeOoBaTeNIbHA
K TEKCTY 3ampoca, TpedyeT OoJiee CTpOroro CTHIs, XyKe BOCIIPUHUMAET
€CTECTBEHHBIH TeKcT-onucaHue. B3amMoneiicTBue ¢ HEHpOCEThIO OCy-
LIECTBIISIETCS TOCPEACTBOM caiita. B ornuune ot MidJourney y Dalle-2
CYLIECTBYET BO3MOKHOCTb PEJAKTUPOBATh OTACIbHBIE YaCTH N300paxe-
HUSL.

3anpoc: A photo of a nine-storey gray building with coloured inserts and panoramic windows from the
developer LevelGroup, in a modern style, with an iron front door and spacious hall.
Pesyabrar

FI

Puc. 4 I'enepanus uzodpakenus ¢ nomourbio Dalle-2
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Hanpumep, mis noGaBnenust OacceiiHa K M300pakeHHIO YacT-
HOTO JioMa, TpeOyeTcsl BHIACIUTD HY>KHYIO 00JIacTh MACKOM, TIOCIIE Yero
3TOT y4acToK OyzAeT mpeoOpa3oBaH B COOTBETCTBUH C TEKCTOM 3ampoca
(puc. 5). Tem He MeHee, 3Ta QpyHKIHA padOTaeT HE BO BCEX CIyYasX.

3anpoc: A big swimming pool.
Pesyabtat

Puc. 5 PenakTupoBaHue oT/1eIbHBIX YacTell N300paeHns
nocpeacrsom Dalle-2

1.3 Stable Diffusion

Stable Diffusion (SD) siBisieTcst open-source MOJIENbIO, C TIOMO-
LIbI0 KOTOPOH MOXKHO T€HEPHPOBaTh M300pakeHHsI HE TOJIBKO Ha cep-
Bepe, HO U Ha COOCTBEHHOM KoMIibioTepe. OHAaKO 3aIyCcK 3TOH MoJenn
TpeOyeT Oonblie KBanu(pUKaKu 1 MeHee y100eH s PsI0BOTO MOJIb30-
Barens. B craTee HE paccMaTpUBaIOTCS BOZMOKHOCTH HEMPOCETH B Ya-
CTH CO3/aHUs WIM PEAAKTUPOBAHMS HM300paKeHHH, a aKLEHTHUPYETCs
BHUMaHue Ha ocoOeHHocTsX. MccnenoBatenu n3 Ctendopackoro yHu-
BepcuTeTa pa3padoTanu psj HeOONBIINX MojeNe [7], KoTopble MOXKHO
WCTIONIBb30BaTh AJIsl PEAaKTUPOBAaHHUS H300pakKeHUH B Ka4eCTBE pacIIupe-
Hust K SD. [IpuHiun paboTs! 3THX MoJeNel 3aKII04aeTcsl B TOM, 4YTO OHU
W3BJICKAIOT YaCTh HEBUIMMOH HH(popMaLuu u3 ¢pororpaduu, HaIpUMep,
TOJIBKO KOHTYpHI 00bekToB Win “NormalMap” (kapTy HOpMaiel) u3 uc-
XOAHOro nM300paxeHnus. BrocnencTBum 3Ta 4acTh HHPOPMALIUH CTAHO-
BUTCSI HEM3MEHAEMOW OCHOBOH C031aBaeMOro M300pakeHHsI, KOTopas
MO3BOJISIET KAYECTBEHHO PEOAKTHPOBATh M300PaXKCHUS U NOOMBATHCS
KOHKPETHBIX pe3yNbTatoB (puc. 6-7). PaspadboTunku SD BriIrOumIn Bo3-
MO>KHOCTb YCTaHOBKH 3TOT'0 PacIIMpPEHHs BMECTE CO CBOEI OpUTHHAIb-
HOH MOJIEIBIO.
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Pa6ota moaeneit U3 Pa6ora Stable Diffusion
pacwmpenua ConrolNet

3anpoc:
A baroque
building in a city
+ street, a high
quality, detailed
and professional
image

WcxopHoe u3obpaxeHne

Moaenb contrcl-mlsd-fpl

3anpoc:
A modern
building in a city
+ street, a high
quality, detailed
and professional
image

Moaenb control-normal-fp16

Puc. 6. PenaktnpoBanue 3KkcTepbepa 31aHHS € HCIOJIb30BAHHEM
TEKCTOBOI'0 3aIPOCA M M3BJICYCHHBIX U3 HCXOAHOT0 M300PasKeHHs TAHHBIX

Pa6ota Stable Diffusion

3anpoc:
Neoclassical
apartment, a high
quality, detailed =
and professional
image, interior,
cinematic

Pa6oTta MmoaeAn U3
pacwupenus ConrolNet

3anpoc:
5 + Modern
apartment, a high
quality, detailed =
Moaenb controlmisd-fpl6  and professional
image, interior,
cinematic

Puc. 7. PenaktupoBanne HHTEphepa ¢ HCIOJb30BAHHEM TEKCTOBOI0
3anpoca ¥ U3BJICYCHHBIX M3 HCXOJHOI0 N300paKeHnsl KOHTYPOB

2. Pabora ¢ TexcTOBOIl MHpOpManuei

BornbInast 4acTe 3a7a4 NPOEKTHPOBIIUKA CBsI3aHA C B3aUMOJICH-
CTBHEM C TEKCTOBOH 1 TabnuuHo# nHpopmanmeir. CoBpeMEHHBIE S3BIKO-
BbI€ TEHEPATUBHBIE MOJENH CIIOCOOHBI pelaTb HEKOTOphIE U3 HUX.
Haunbonee momynspHOH M3 NOCTYIMHBIX HAa MOMEHT HAIMCaHUS STOH
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crateu sBisiercs apxutekrypa GPT-3.5 (Generative Pre-trained Trans-
former 3.5) [8].

B nos6pe 2022 rona 6w 3amymen yat-60tT ChatGPT — Bapuant
si3p1k0BOM Monenu GPT3.5, nonoaHuTeNbHO HaTpEeHUPOBAHHBIN Ha pe-
LIEHHE KOHKPETHBIX 33134 OCPECTBOM Anasora, a B Mmapte 2023 uepe3
API crana Taxxe gocTymHa Mosienb gpt-3.5-turbo, aHamoruyHast UCTIOb-
3yemoii B yat-6ote [9]. CropoHHUMH pa3zpaboTUrKaMu ObUIO pazpabo-
TaHO pacmupeHue ans Opaysepa Chrome «GPT for Sheets™ and
Docs™) naroriee BO3MOXKHOCTH PSZIOBOMY IIOJIB30BATENI0 HCIIONB30-
BaTh BO3MOKHOCTH MOJICJIM B TEKCTOBOM M TaOJMYHOM OHJIAMH PelaKToO-
pax ot Google, mogoouom Microsoft Word u Microsoft Excel cooTBet-
cTBeHHO. B naHHO# pabore paccMOTpeHBI MPHUMEpPHI B3aUMOJCHCTBUS
¢ 0003HaYEHHOM S3BIKOBOW MOJAEIBIO MOCPEICTBOM ATOTO PACIIMPEHUS
Ha IIpUMepe pa3padOTaHHOM TaOIHIIBI C BEAOMOCTBIO 00BEMOB padoT 0
peanbHOMY OOBEKTY.

3agaya Ne 1: 3aMEHUTDH ONpPEENEHHBIN TEKCT B HAMMEHOBAaHUU
nosuuuu BOPa npu nomouwm Heiipocetu. [IpencraBum, uto Ham moTpe-
00BaJIOCH OTPa3UTh B TAOJHUIIE M3MEHEHHE OTHE3aLIUTHOTO MaTepHhaja
MeTaJIIIMYecKnX KOHCTpyKImi kapkaca ¢ «COII-1» na «O3K-01». dns
YCIIOKHEHUS 3a/1a41 TPEATIONONKHIM, YTO HEOOXOJUMOCTh 3aMEHbI MaTe-
pHana 3aBUCHT OT IIMPHUHBI CEYCHUS TPYObl: MaTepral OrHe3allIuThI Tpe-
OyeTcsl MOMEHSTH TOJIBKO B CITy4ae, €CIIH IUPUHA TONEPEUYHOr0 CEUSHUS
KBaJpaTHOH TpyObI coctasisieT 6onee 100 Mm.

Juns pemenus 3agaun Obuta ucronszoBana GyHkuus «=GPT()»,
B KOTOPOH MEPBBIM M €AMHCTBEHHBIM 00S3aTEILHBIM MapaMeTpOM st
BBOJIa SIBIAETCSl TEKCT 3ampoca. B HameMm cirydyae Mbl oOparmaemcst
K A4YeHKe ¢ TeKCTOM 3aJaHus. B kauecTBe BTOpOro apryMmeHTa QyHKLIUU
IUISl BBITIOJIHEHHSL 3TOTO 3aJaHMsl BHIOMpAaeM TEKCT M3 APYTOd SUYEUKH,
B KOTOPOH HaXOJHUTCS TEKCT IS peJakTHpoBaHus (puc. 8).

ITo pe3ynbpTaTam BBIIOIHEHUS 3aJaHHsI CTENIEHb BO3MOXHOCTHU
WCTIOJIb30BaHMS SI3BbIKOBBIX MOJIETICH ISl PEeLICHUs MPAKTHUECKUX 3a1a4
MoJOOHOTO PoJa MOXHO TPH3HATH OTPaHUYCHHO-TIPUMEHHUMOH, MO-
CKOJIbKY YCIIOBHE 3a7layll B YACTH W3MEHEHHUSI MaTepHaia TOJIbKO B CIy-
Yae, Korja mupuHa ceueHus meree 100 MM, BBITIONHSIOCH HE BCETA.

3agaya Ne 2: IIpoBepuTh COOTBETCTBHE MTOrOBOTO 3HAUEHUS
B Tabumnie BOPa 3anucannoii popmyiie pacu€ra. 3auacTyro pu pyqdHoM
noJcuére BeAOMOCTe 00bEMOB pabOT BO3HUKAIOT OMIMOKH, CBSI3aHHBIC
C PasIMYUSAMH MEXIy CTOJNOLIOM C HMTOTOBBHIM 3HaueHHEM OOBEMOB
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u QopMyIIoii, Mo KOTOpPOH BENCsS pacyér. Pyunas mpoBepka Bpemssa-
TpaTHa, a arTOPUTMU3HUPOBATh MPOLECC MOACUETa CIIOKHAS 3a/1a4a, Mo-
CKOJIBKY B CTOJIOIE C ()OPMYyJIaMH 4acTO BCTPEUAIOTCS pa3lUuHbIe OYyK-
BeHHbIe 3HaKu. C momomrsio pynkuuit «=GPT()» Obu10 3a1aHO ycioBHe,
M0 KOTOpPOMY JIsl CTONIONa ¢ GOpPMYJION pacyeTa Npou3BeIeHO apudme-
THYecKkoe BbruucieHue ¢ nmomornbo moaenu ChatGPT (puc. 9). [Noiy-
YEeHHBIE PE3YJbTAThl COBIAAAIN C IEHCTBUTENBFHOCTBIO M 00JaAamn J10-
CTaTOYHOH TOYHOCTBIO JAJISI BHIMOJIHEHUS IPOBEPOK, HO HEJOCTATOUHON
JUTSL OCYILECTBIICHUS pacuEToB.

H32 - =6PT( c32)
V\ DYHKUMA AR
ale c 0 E G H
oThip Ld fo1 nonyumwe TercT. MameHn MCXOAHBIN TEKCT, Nocne 3
TeKCT 3anpoca  |npoutenvn scex npasun. Mpaswuna: 1)Ecaw Hanucano
(3ananme ps MK) "03K 01": peisean Hexombii Terer 663 wamenenwi. 2) Ecan
A an 5 TeKCTE MAGT peus e NP0 TpYGbI AW NP0 TpYBEI WHPHIION
nonepeunoro ceuerun menbiue 100 (anpumep 80x4):
Sempoicmiso semanmecrozo xapraca BuiBeAw HexoAMLIA TekcT. 3)ECTW & TeKCTe MABT ped, npo
0 |3 ey Tpy6L1 WpHOi Nonepeuroro cedenna Gonuue 100
(Hanpumep 120x5) u B Tekcre Hanwcaro "COLL-1": ckonmpyit
Tekct ana rexcr, 3amenn & Hem "COLL-1" Ha "03K-01" w sbisean. 4)
Ecnu 8 TekcTe HeT ynomuHanuii "COLL-1" unu "03K-01"
| PEAGKTUPOBAHUAL, | wcxommuii Tencr Ges wamenewmi. 5) Mapiw croek,
L1 wanpumep " Cp-2" PonHb OCTaTLCA 623 MsMEHRHME
XOLIIbIA TCICT, w4
5 g |Eeoduan emareusie symse samuymise ( Pocw=3. Li () x p
i no FOCT 30245-2003 (xe/mi)/1000
"~ spyba keaapassax 18058 (c1oiisu Ci-1)
(LoBus.= 22.4411.3) - woxpatiie O3K-01 10 Podi= 22,44 * 4148/ 1000 | TPY6A xBazpaTHaz 180x8 (ctofikmr C1-1)  (Lobmr..=
£l R0 (romusa cios &=1.Tanw, pacsox a2 UTOrOBbII TEKCTW22: 4473 - mokpsrme O3K-01 xo R0 (zomummma c10x
2,726r/22) mo rpysry T 021 (1 ernofi) [T, pacxan 2,72xr/a2) To TpyRTy T® 021
moxpaTs 2Masi0 [IP115 (2e09). [10cAe 06PABOTKU |1 cnoit), moxpsrs swamsio TId115 (2enox)
- 1pyba pa 50 -
IpYDR KBAIpAIHDL 14015 (LoGuw. 0.524 Podm=(13,6+34,25+4,79)%2 ~ .
52.641.m): - pacuopku P-4: L1~ 253 i - 1375 0.69/1000 - Tpyba kpazparmas 140x5 (Lofmr..= 52,64m.M): -
33 crofisut Cr-2: 12.- 27,3310 - HOKpaiTHe v [ 31%20.69/1000 pacriopar P-4: L1.= 25,31m.m - croftkn CT-2: L2.=
COIIL-1 210 R90 (ommmia ctos 5=18un. Lren 33920.69/1000 27,33m.x - nokpsimie O3K-01 20 R99 (Tommmma ciox
acxolt 8,64K1/M2) T - &=18MM, pacxon §,64xr/M2) 7

Puc. 8 Ilpumep 3anpoca AJisi BbINOJIHEHHS 32/1a4H 110 3aMeHe MaTepuaJia
B TEKCTe M0 33JJAaHHOMY YCJIOBHIO

H6 - =6PT( s
A B c D E F G H
[TekcT 3anpoca (3apanve aaa UM, Act as a calculater. You will be given a
Podu= Li () 1 p maths expression. You should calculate
5 |11 Apvamypa F'OCT 34028-2016 (x ‘/’7;\///_7000 z it and output the result without any
“ b text. Use "," as a decimal separator.
Round to hundreths.

-012 AS00C (L=11629,13 mM ocHoBHAS _ NE
3 N a 7[ . N 10,33 Pobnr=(9436,78+1135,15-1

apyaTypa Bepiseil 1t HIvKKeit o, T 33 057.20)x0,888/1000

ofpanmomas apyaTypa) 10,98
; - 08 A240 (1=1495 mu mowrepanmaomme| o Pobir=149520,395/1000

rkcaTopsi) 0,59
8 12| |Bemon no rOCT 26633 2015 Voouy. (43) = S(u2) x hix)

1476
9 - Beron x1. B20 W8 F1150 M3 Vobmr.= 492,0x0,3
0 147,60
10 - Beronras mozroTosxa k1. B7.5 a3 [|47.61 Vobmy= 476,10x0.1 47,61
0 as| [Prevensersyuonnan sevopana Teuoszacm| - 1067, Soouy. (12) = S(u2) x
3 M2

Evri - 7 2(c10m) Sobr 35x2_||1e76,7
10 1g| |Hewermonecianan cmaexa G=s0ss0 | MLy o Vaony. (43) = Stau2) x hw)

M200 Voo, (3)=476.10%0.05 )}23,81 )

. . . Pesyabrat no ¢popmyne
Wroroeble 06bEMbI MaTepuana CronbeL, ¢ popMyAOi pacuéta

Puc. 9. IIpumep ocyuiecTBjeHus MpoBepkH GopmyJt noacuéra 00bEMOB
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3. Hanucanune nporpamMmsl ¢ noMmombio ChatGPT

Paznuunble mporpaMMbl criocOOHBI aBTOMAaTHU3UPOBATh U YCKO-
PATH paboTy MPOEKTUPOBIIUKA, HO UX CO3JaHue TpeOyeT HaBBIKOB IPO-
rpammupoBanusa. ChatGPT mo3Bossier mucaTh KOA Ha pa3HBIX SI3bIKAX
nporpamMmmupoBanusi. Paccmorpum ucnonszoBanue ChatGPT na mpu-
Mepe HaMcaHusl MPOrpaMMBI 7Sl BRIYMCIICHUS TpeOyeMOH JUTHHBI aHKe-
poBku 1o dopmyne 10.1 u3 [10] Ha s3pike VBA uist ucnosiap3oBaHus
B AutoCAD. [Iy11 KOHTpOJIA MPaBUIBHOCTH U pabOTOCIIOCOOHOCTH KOJA
3aJlaHle J1aBaJOCh YacTAMHU Ha aHIVIMHCKOM s3blke. VI3HauanbHBINA 3a-
mpoc u pe3ynbTaT cM. Ha puc. 10. Ha nepBrlii 3anpoc ObLT HanMCaH KOJ
u3 15 crpok. [locrenenno kox ycnoxusuics, ChatGPT gaBanuck 3ampocsl
nepenucaTh Koj, 100aBUB CHHCKH COOTBETCTBUSI C TaOJIMYHBIMU JaH-
HBIMH TI0 apMmarype u 6etony. MtoroBsiit kon cogepsxan 105 cTpok, Ko-
HEYHBII BUJ IpOrpamMMbl CM. Ha puc. 11.

Act as a programmer. Write me a VBA code for AutoCAD that will have a function that will
calculate the length of anchoring. The function will have following parameters: Rs; As;
Rbond; us. It will ask user to fill in arguments and then will calculate the result using the
following formula Rs * As / (Rbond*us).

Sure, here's a VBA code for AutoCAD that will calculate the length of anchoring based on i

the parameters provided:

vbnet (] Copy code

CalculateLengthOfAnchoring()

» lengthOfAnchori

1(InputBox(
(InputBox(
(InputBox(
InputBox(

lengthOfAnchoring = Rs * Asn / (Rbond * us)

MsgBox & lengthOfAnchoring

Puc. 10. Ucnoan3zoBanne ChatGPT nnst HanucaHusi MPOrpaMMbI
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AutoCAD X AutoCAD

Choose a class of reinforcement: A240, A300, A400, -OK Enter the diameter of the reinforcement (mm):
AS500, A540, A600, AB00, A1000,

Cancel Cancel

[As0dl

Choose a concrete class: B10, B15, B20, B25, B30, B35, -OK
B40, B45, B50, B55, B60

The length of anchoring is: 49,7 cm

Cancel

&= |
Puc. 11. Pa6ora nanucannoii ChatGPT nporpammsi

O6cyxaenne

B wactu pabotsl ¢ m3o0pakenusamMu MU emé nonro He cMOXeT
cosfaBath yepTexu i BIM-monenu, mockonbKy uX pa3padoTKa sSBIIs-
€TCsl KOMILIEKCHOM, TPYIHO MOAJAI0IIENCs aBTOMAaTU3aluHY 3a/1a4ei, T.K.
OCHOBHOM 0COOEHHOCTBIO YepTeKa SBJISIETCS] €ro TOYHOCTh. B TO Bpems
KaK pe3yJbTaT paboThl CYLIECTBYIOIIMX MOZEJEH SBISETCS He TONBKO HE
TOYHBIM (MOJEH HE MO3BOJIIOT CO3AaBaTh YEPTEX M B MaciiTtade), HO U
HE PEITUIMPYEMBIM (Ha OIUH M TOT K€ 3alpoC B pa3HOE BpeMs MOJEIb
BBIJAET Pa3HbIC PE3yNbTAThl), B TOW YacTH padOThI, KOTOpasi He TpedyeT
TOYHOCTH, HalpuMep, pa3paboTka peHIepoB IUIAHUPYEMOTO 3JaHus/KOH-
CTPYKLHMH TIPH B3aUMOJICHCTBHUH C 3aKa3YMKOM Ha dTarle pa3padOTKH KOH-
LenTa WK Ha paHHEeH cTagun pa3padoTKU NPOEKTHOM JOKYMEHTALUH Cy-
LIECTBYIONINE MOJEIN MOTYT 3HAUUTEIBHO YCKOPUTH M OJHOBPEMEHHO
C 9THM YJIYYIIUTh Ka9€CTBO IPUHUMAEMBIX IPOEKTHBIX PEIICHUH.

Kacaemo paboThI C TEKCTOM OCHOBHOM MPOOJIEMOi SIBIAETCS He-
JOCTAaTOYHAsI TOYHOCTD BBITIOJHEHHA 3a/1a4, BO MHOI'OM CBS3aHHAs C OT-
HOCHUTENBHO IIOXOM CTENEeHbI0 HaTpeHHpoBaHHOCTU Mojenu GPT-3.5-
Turbo npu paboTe ¢ pyCCKUM S3bIKOM, CBSI3aHHBIE ¢ 0COOCHHOCTSIMH TO-
KeHn3auuu kupuiuniel [11]. B yactn HanucaHus mporpaMm MOAETb X0-
poLIO CHpaBiseTcs C MOCTABICHHOM 3aladyel, OJHAKO SIBISETCS JIUIIb
WHCTPYMEHTOM JJIsl palbOThI, MMOCKOJIBKY HEOOXOIUMO MOHHMaHHE 00-
IeH JIOTMKY IPOrpaMMUPOBaHMS AJIS1 COCTABIIEHUS TPaMOTHOT'O 3a1poca.

B Omwkaiimme roasl B3aMMOACHCTBHE C MOJENSMH, OCHOBaH-
HBIMH Ha HEHPOHHBIX CETAX, IUIOTHO BOWIAET B PYTUHY MHOTHX CHELH-
anpHOCTeH, a Prompt Engineering (ymeHue ¢opMynupoBaTh 3ampochl
IUI. HEWPOHHBIX CeTed) cTaHeT 0e3yCIOBHOW YacThI0 KOMITBIOTEPHOMN
TPaMOTHOCTH B CBSI3H C TIOSBJICHUEM €€ BO MHOTUX BaKaHCHUSX.
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APPLICATION OF DEEP GENERATIVE MODELS
IN THE DESIGN OF BUILDINGS AND STRUCTURES

Kanukhin A., student
RUDN University, Moscow, Russia
kanukhin.a@yandex.ru

Abstract. This article explores the possibilities of using ge-
nerative models in the design of capital construction facilities and their
interiors. The article presents practical and theoretical research methods
for testing several models, including diffusion generative models and
generative transformers-based language models. The results are divided
into three groups: working with images, working with text and writing
programs. The article shows that generative models can simplify and
speed up the work of designers. However, the accuracy of the models
needs to be improved. In general, the results indicate that generative mo-
dels can be effectively used for tasks that do not require high accuracy.

Keywords: Al, architectural design, generative models, diffu-
sion models, ChatGPT, neural networks, architectural appearance
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METOAbI OHEHKHA ’ KUBYYECTHU N HAJEKHOCTH
YHPYI'OINTACTUYECKUX CUCTEM IIPU ITPEJIEJIBHBIX
YPOBHSIX CEUCMHUYECKOI'O BO3JEMCTBUSA

Aitdoemupos K.P., k.m.H., doyerm,

T'acanoe P.I'., cm. npenooasamens

Jlacecmanckuil 20cy0apcmeeH bl MeXHUYeCKUll YHUusepcumen,
Maxauxana, Poccus

ruslan.gasanovich@mail.ru

Annotanuu. Hess. [enbro nanHOM cTaThu SBISIETCS Pa3padoTKu
METOJIUKU pacdeTa >KUBYYCCTH U HAJIS)KHOCTH COOPYKECHUH ¢ aeduim-
TOM CEHCMOCTOHKOCTH C YYE€TOM Pa3BUTHS TUIACTUIECKUX AeopMaruii
IpU celicMuYecKoM BozaeicTBurd. Meroa. Metos uccieioBaHus OCHO-
BaH Ha aHAJIN3E 3/IaHUH, HAXOAIIMXCS Ha CTAJIUHU pa3pylIcHUS U 00pa-
30BaHMS TUIACTUYECKUX IIAPHUPOB MPU BO3ICUCTBUH MaKCHUMAJIbLHOTO
pacueTHOro 3emierpsaceHus. Pesyabrat. J{Js CylecTBYIONNX METOI0B
pacdera 3IaHU# Ha CEiCMUYECKOE BO3ICHCTBUY ObLiIa OIyYeHA MOICITh
pPacyYeTHOr0 BO3ACUCTBUS Ha YIIPYTOIIaCTUYECKUE MHOTOMACCOBBIC CH-
CTEMBI U TMPEIIOKEHA ANMPOKCUMUPYIOIIAs 3aBUCUMOCTD AJIsi MaKCH-
MaJIbHOTO YPOBHS ceiicMuueckoro Bo3aeiicTeus. BeiBoa. [Ipeanaracmas
MOJIETb ABJSETCS HanOoJiee palMoOHAILHOM JIJIS pacueTa 3aHui Ha MaK-
CUMAaJIbHBIC PACUCTHBIC 3EMIICTPSCEHUS U O00ECICUMBAET KHUBYYECCTh
Y HaJICKHOCTh MPU 00pa30BaHUH IIACTHYECKUX IAPHUPOB.

KiroueBble ci10Ba: JKUBYYECTh, YNPYTOIUIACTHUECKASI CUCTEMA,
MHOTOMACCOBasg CUCTEMa, HaJIeKHOCTb, MPEICIbHBIA ypOBEHb, MaKCH-
MaJILHOE ITepEMEIICHIE, TUTACTUICCKUM IIAPHUP, 00pa30BaHUE TPEIIUH

3anaun onpeeNcHAs PeaKIuy (IIePeMEeIECHHsI, CKOPOCTH, YCKO-
pPEHUs1) MHOTOATAXXHBIX 3JIaHUH U COOPYXKEHUH MPHU 3eMIICTPSICECHUIX
yalnie BCEro CBOMAATCS K PacueTy KOHCOJBHBIX CHUCTEM C N-CTEHNCHSIMU
cBOOOMIBI HA BBIHYKICHHEIC KOJIeOaHUsI, BO30yXKIaeMble KHHEMAaTHYC-
CKH 32 CUET MepeMEIICHUs TPYHTA, KaK 3TO MOKa3aHo Ha pucyHke 1. [Ipu
3TOM pa3iauydaeTca TpU MOAX0Ja K aHanu3y peakuuu. OHU OTIUYAIOTCA
(hopMoii ipeIcTaBIeHU CEHCMIYECKUX KOJICOaHHId TPYHTOB, IIEIBIO pe-
maeMoi 3aaun 1 00bEMOM MPEACTABIAEMON UCXOJHON HH(OpMAIUH.
[TepBbIit MeTOA — 3TO TaK Ha3bIBAEMBIN CriEKTpanbHbIA MeToq [1, 3]. s
JIUHEWHBIX CHCTEM C KOHEYHBIM YHCIIOM CTeTeHel CBOOOIBI B Hayale
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METOJIOM CIIEKTPOB PEAKINM OMPEAETAI0T MAaKCUMAIbHBIE PEAKIUH 110
KaXXZI0i U3 I1aBHBIX (hopM KosneOaHni. 3aTeM MaKCUMAaJIbHYIO PEaKIHIO
COOTBETCTBYIOIIETO YPOBHS HaXOAAT U3BIECUECHHEM KBaJAPATHOTO KOPHA
W3 CYMMBI KBaJpaToOB peakiuy N0 KaXI01 TIaBHOH Gopme. Dta mpore-
nypa SIBIsIeTCA HECKONBKO YIPOIIEHHOM, IEHCTBUTENbHAS pEaKLIUs MO-
KET UMETh 3aMETHOE OTKIOHEHHE OT MPEICKa3yeMOM.

Crnenyronuii METO TaKKe OCHOBAaH Ha IIPEJICTaBICHUHU CEHCMU-
YeCKHX KoJeOaHHii IPyHTOB B BUJIE PEANbHON MIIH HICKYCCTBEHHOH aKce-
neporpammsl[4, 5, 16]. Ilpu 3TOM peakiuio cOOpy>KeHUSI HaXOAAT UHTE-
TPUPOBAHUEM BO BPEMEHHM HCXOJHON cHCTeMbl IudQepeHIrnanbHbIX
ypaBHeHUH. B ciydae peanbHOM akceneporpammsl [2, 22, 25] peakuus
COOpY>KEHHUS OLIEHUBAETCS [0 OJHOU 3allHCH, & IPH CMOAETHUPOBAaHHBIX
Ha IIK HmCKycCTBEHHBIX akceleporpammax IpeICTaBIAeTCs BO3MOXK-
HOCTb OLICHUTh BEPOATHOCTHOE PACTIPENEICHHE PEAKLIUHU 110 MHOKECTBY
BO3JECHCTBHUH, OTINYAIOINXCA XapAKTEPUCTHKAMH HEKOTOPBIX MTapaMeT-
POB KoJIeOaHUi, TO €CTh NOIYYUTh BEPOSATHOCTHBIE PACHIPEACICHNUS BbI-
XOAHBIX TAPAMETPOB.

IIpenmyIiecTBO METOAA MOILIATOBOTO MHTETPUPOBAHUS 3aKIIIO-
9aeTcsl B €ro IHPOKOH MIPUMEHUMOCTH JUIS CIIOKHBIX PACUETHBIX MO/Ie-
JIe COOpY’>KEHMH, a TaKKe B Clydae HEIMHEWHBIX U YIpyromiacTuye-
ckux xonebanutii [7, 8, 18]. HegocTarkoMm ero sBiisieTcst 00IBIION pacxo
MAIIMHHOTO BPEMEHH [0 IOJIyYCHHs BEPOSITHOCTHBIX PACHpEACICHUI
peaKuuu ¢ JOCTaTOYHOIH 00eCIIeYeHHOCTEIO.

Tperuit MeTOn — 3TO METOH CIly4alHBIX KOJICOaHWI, KOTOPBIN
MO3BOJISET MOIYYUTh aHATUTUYECKUE OLIEHKH BEPOSTHOCTHBIX XapaKTe-
PHUCTHUK peakuuu coopyskeHus. OHHU 3aBUCST OT AUHAMUYECKHUX XapaKTe-
PHUCTHK COOPY>KEHHSI M BEPOSITHOCTHOTO ONKCAHMA KOJeOaHUs TPYHTOB
IIPY 3€MJIETPSICEHUH.

PaccMOTpHM KOHCOJIBHYIO MOJIENIb COOPYXKEHHSI M NPenroso-
MM, YTO MacChl COCPEJOTOUYECHBI B YPOBHSX KECTKUX NEPEKPHITUH, KaK
3TO MOKA3aHO Ha PUCYHKE 1.
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Puc. 1. Pacuernass fMHaMI4ecKasi MOJieJIb COOPY KEHHUs, IPeCTABICHHASA
B BH/I¢ KOHCOJIbHOI'0 CTEP:KHSA € COCPEI0TOYEeHHBIMU MACCAMH

I[J'ISI CUCTEMBI C N CTCIICHAMHU CBO60)_U>I MaTpUuIHOC YpaBHCHUC
JII/IHefIHLIX CeﬁCMH‘{GCKI/IX KOJ'IC63HPII>1 " €ro pCuICHucC I1aHO B pa60TaX
[10, 14, 20]:

MU” + CU’ + KU = —M{1}Z" (¢), (1.1)

rae M, C, K — cooTBeTCTBEHHO MaTpuIla Macc JeMII(pUPOBAHUS
H JKECTKOCTCH;

U, U’,U" -BeKTOpHI TEpEMEIICHHU, CKOPOCTEH M YCKOPCHHIA
Macc;

Z''(t)-yckopeHue rnepeMeIeH s IpyHTOB OCHOBAHUSI [IPH 3eMJIe-
TPSICEHUH;

{1}-eAMHUYHBIA BEKTOP-CTONIOEII.

[lepexons B (1.1) ot reomerpuueckux koopanHat Uk 00001eH-
HBIM - Y B hopme U=DY, a Taxke yMHOKUB 00€ yactu ypaBHeHHs (1.1)
Ha TPaHCTIOHUPOBaHHBIH BekTop P, MOJTyyaeM ypaBHEHHE PABHOBECHS
B 0000IIEHHBIX MTEPEMEIICHUIX:
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O'MOY"+ @'COY+ P'KOY=-®" M{1}Z'(t), (1.2)

rae Y — BeKTop 0000LIeHHBIX NepeMelieHni, ®- MaTpuma cTo-
0e1r BEKTOPOB COOCTBEHHEIX (hopM KoneOanuit @ (@1, ¢2,...Pn).

C y4eToM ycJIOBHiA OPTOTOHAJIBHOCTH MO OTHOLICHUIO K Mart-
pure macc M:

OTKDO=0?% P'MD=1 (1.3)
3nech () — quaroHanbHas MaTPHIIA YaCTOT COOCTBEHHBIX KOJIe-
Oanuii; 1-enMHWUYHAS MATpPUIIA.
C yuerom (1.3) ypaBuenue (1.2) mpuHumaet BUI
V'+®"T COY' +Q’Yy=-®"M{1}Z'(1). (1.4)
[Ipenmonaras, 4To ycIOBHE OPTOTOHATBHOCTH MPUMEHUM H K

MaTpHulle 3aTyxaHus, cucrema ypaBHeHud (1.4) pasgensercs Ha
NypaBHEHHUH B TTIABHBIX KOOPAMHATAX

"0 + 250y, (D) + 0fy; () = —FKZ" V), (1.5)

roei=1,2, ..., n.

3nech & — KodpPULMEHT 3aTyXaHusl (T0JI1 KPUTHUECKOTO 3aTy-
XaHus) 1715 i-0i opMBI KoJIeOaHui;

F;Z" (t)-060011eHHOE YCKOPEHHE KOJIeOAHHi TPYHTOB.
[TepeMereHue K-ToM Macchl Uk(t) ONPEIENISIOT B BUIE

u () = X1 yi (O oix (1.6)

KommoneHTa BekTopa COOCTBEHHBIX (HOPM ;) HaXOAWM B BHAE [6]
@ik = sinKp, (1.7)

T/I€ |L;0TIpeAeIsaeTCs] U3 YaCTHOTO YPaBHEHUS N-0i CTENCHH
mon,.n 0 n-1,n-1 —
Cl2mx™ — C)_ 2" ' x4+ +(-1) =0 (1.8)
3nmech Cp'— YUCIO COYCTAaHUH M3 N IO M; X = COS|;.
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CoOCTBEHHYIO YaCTOTY, COOTBETCTBYIOIIYIO i-TOM (opme Koie-
OaHUi OpenesNsoT U3 YCIOBHUS:

2Ky
wf =75 (1 — cospy), (1.9)

rae K,— ’eCTKOCTh CUCTEMBI Ha k-TOM YPOBHE.
Benmuuuny Finpu 3ToM HaxoadT B BUzC

F, = Zie1Sinkiy (1.10)

YR, sin?Kyy’

Pemenue ypaBuenus (1.5) monydaem mpu moMoIIyd MHTErpaia
Hroamens. Ilpu HyneBBIX HaYaJIbHBIX YCIOBUSIX

yi(t) = —%fot Z"(t)e flwl(t ~ Dsin w;(t —t)dr, (1.11)
L
y;"'(t) = —w;F; f(f Z"(1)e Syt — D sinw;(t —1)dr .
(1.12)
Wnrterpuposanue (1.11) 1 (1.12) 00bIYHO MPOU3BOAAT C UCTIONb-
30BaHHEM.
Jist oleHKu ceficMU4ecKoi peakuy 1 HaAeKHOCTH JaKe yIpy-
T'HX CHCTEM MBI UMEEM JIOBOJIHO CIIOKHBIE aHANUTHUECKUE BBIPAKCHUSI.
Jns ynpyroiacTH4ecKuX MHOTOMAacCOBBIX CHCTEM 3a/1a4M OLECHKH
Ha/Ie)KHOCTH MOTYT OBITh PEILICHBI TOIBKO METOIOM CTATHCTHUECKHUX MC-
neiTanuii Ha OBM [2,4]. TeM He MeHee, aHATUTUUECKUE METO bl OLICHKU
Ha/I)KHOCTH HMEIOT OIpeJesIeHHbIe MPEUMYIIECTBa Mepes YUCIICH-
HBIMH, 0COOEHHO €CJIH PeUb UIET O BRICOKHX YPOBHSX HAJECKHOCTH, TAK
KaK IpU NPUMEHEHUH YMCIIEHHBIX METOJOB 37ech Tpebyercsi 0obInoe
4yHuCIo peanu3auuii 3aaauun Ha [1K.
s cpaBHEHHSI BapUAHTOB KOHCTPYKTHBHOTO PELICHHUS 30aHUI
U COOPYKCHHH, NPOCKTUPYEMBIX AJISl CTPOUTEILCTBA B CEHCMUYECKUX
paiionax, oueHKH 3P PEeKTUBHOCTH M 00JIACTEH PalOHATIBHOTO IPUMeE-
HEHUS TEX WU WHBIX CUCTEM CEHCMO3AIUTHI 110 KPUTEPHUIO HalIeKHO-
CTH, a TaKXe JJIS MPeBAPUTEIBHBIX OIIEHOK HAJIe)KHOCTH CUCTEM IPH
CEeHCMHMYECKUX HArpy3Kax, OINPENeICHHBIX M0 HOpMaM MPOEKTHPOBA-
HUsl, PUOJIMKEHHBIE METOMBI pacueTa HaJIeKHOCTH YIpPYTOILIACTHYe-
CKUX CHCTEM SIBIITIOTCS HE3aMEHUMBIMH.
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Huxe HaMu paccMOTpeH TakKe pacueT HaJeKHOCTH aJalTHB-
HBIX CHCTEM CEMCMO3AIINUThI, KaK XPYNKO BBIKIIOYAIOLUIUMHUCS JIEMEH-
TaMH, TaK U YIpYrolacTHYeCKUMH CBA3AMHU. OIpesieneHbl yBsI3aHHbIC
C HOpMaMH IPOEKTUPOBAHUS PacUeTHBIE CEHCMUUECKIE HArPy3KH, obec-
nednBaromue 3QpPeKTuBHBIC IEPEX0Ibl CUCTEMBI B OJIarONpPHUSTHBIE CO-
CTOSIHUSA IPU pealu3alyy aJanTUBHBIX CBOWCTB.

N3BecTHO, YTO MpH MPaKTUYECKHUX pacdeTax COOpPYKEHUH Ha
celicMMUYECKUE BO3JIENCTBHSA CIIEAYyET MPUIEPKUBATHCS OCHOBHBIX ITOJIO-
sxeruit ceona rpasui CI114.13330.2018 «CtpouTensCTBa B CEHCMUYECKUX
paiioHax». Ho B HeM He IpuBeIeHa METOIMKA OLIEHKH Ha/IC)KHOCTH 3/1aHUN
U COOPY>KEHHH, KOTOpast SIBJSIETCS HEOOXOAMMOM JUIsl OIpeeNIeHUsI COOT-
BETCTBUS HAZIXKHOCTH 00BEKTa HOPMATUBHOW MM ONTUMAJIBHOM.

W3BecTHO, UTO ceficMUYecKre BO3ACHCTBUS MOTYT OBITh Ipea-
CTaBJICHbI B BUJIC MHOXECTBa CIIEKTpoB peakuuu Dy [4,19], roe oruda-
IoLIas1 CIEKTPOB COOTBETCTBYET rpaduky Pi[5,15]. dns nodydeHust MHO-
YKECTBA CPETHEKBAAPATUUECKUX CHEKTPOB peakuuu dg[Ti; Tj] Bocmomns-
3yeMcsl IOXOI0M, TIPEIOKEHHBIM B padore [1].

VYauTeiBas, 4To K03)HUIUEHT ITMHAMUYHOCTH €CTh OTHOLICHUE
HOPMHPOBAHHBIX 3HaUCHUN ycKopeHus koiebanus cuctemsl i (T;) c me-
pHOAOM cOOCTBEHHBIX KojieOanuii T; K yCKOpEHHIO KoyileOaHuil TPyHTOB
Vip, TIPH BO3JEHCTBUM 3eMIETPSCEHUS C MHTEHCHBHOCTBIO 1 Gynem
UMETH

B(T) = §(T)/¥rp = 0y(T:)/ Oy, (1.13)

rae: oy(T;) —CpenHeKBaApaTUIECKOE 3HAUYCHHUE YCKOPEHHUS CH-

CTEMBI;

o'..

yrp — CPCAHCKBAAPATUYICCKOC 3HAUCHNUC YCKOPCHUHN KoJIeOaHus

TPYHTOB.
[Tpubnm:xeHHO MOXKHO IPUHSATH [41]

Oyep = Ag/[2In (2t/T;]", (1.14)

rae: A — Ko UIMEeHT, 3HaYeHUSI KOTOPOTO MPUHUMAIOTCS T10
[3, 7, 8] B 3aBUCUMOCTHU OT PaCU€THON CEHCMUYHOCTH;

t — 3 peKTUBHAS TIPOIOIKUTEILHOCTh CEHCMUYECKOTO BO3ICH-
CTBUSL TPEOCTABISIEMOr0 B BHJIE CTAlMOHAPHOTO CIY4YailHOTO MpO-
1ecca;
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T; — npeoOnanarouuii mepuos ceiicMU4YecKux KojeOaHui rpyH-
TOB;

g — YCKOPEHHE CHIIBI TSKECTH.

CpenHekBaipaTHYHOE 3HAYEHUE ceHcMHYecKod peakuuu (yc-
KOpEHHsI) CHCTEMBI C mepuonoM T; mpu ceHCMHYECKOM BO3JCHCTBUH
¢ mpeobnanaromuM nepuogom T; ompexaensieM B BUIE:

o;; = AgBi;/[2In (2t/T;]" (1.15)

rae fij — pacueTHbId KOO(QOUUMEHT IMHAMUYHOCTH JUIS i-TOH
CHCTEMBI TIPH j-TOM BO3JCHUCTBHH.
B paGorte [6] kpuBbIe f3;; aNPOKCUMHUPOBAHEI B BUJIE

Bij = 6i;Bi (1.16)

rae: B; — ko3 puIreHT TMHAMUYHOCTH IS i-TOM cUCTEMBI [2];
6;j — GyHKIMS anIIPOKCHMALIMH CIIEKTPA yIPYTOM PEaKIuu UMe-
OIlast BUJ:

0;j =a+(c—a)Ty/T;,upuT; <T; (1.17)
0;; =T;j/T; ,upuT; > T;.

3neck a=1/Pmax [9]. KoaddurueHT ¢ mo ycinoBuio anmpokcuma-
UM IPUHUMAETCS PABHBIM €IWHUIIE.
IIpu mposenennn pacdyeroB ¢ mpumenenuem IIK 6;; ymoGHo

NpeaACTaBUTh B BUJC!:

6y = [a -+ (c = T/ In(Ty = T) + (T/Tn(T; = Tysign(T; = T)),
(1.18)
rae 1 (T) u sign (T) —equan4HbIC QYHKINU:

1 ppuT=0
(M=o {:pMT <0
1 opuT >0

sign (T) = 0 npuT =0
—1npuT < 0
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Taxum 06pazom, 1o rpadukam Ko3pPUINESHTOB TUHAMUYIHOCTH
WM TI0 PETMOHANBHBIM TpadrkaM i MO BBIIEHPUBEACHHON METOIMKE
MOTYT OBITh OIpEEIeHbl CPEAHEKBAAPATUIECKIE 3HAUCHUSI CeicMuue-
CKOW peaK1H JIMHEHHBIX CUCTEM AJISl OLICHKH UX HaJCKHOCTH.

IIpu pacuere ceificmuueckux Harpysok no CII [11, 23] B xon-
CTPYKUMSAX 3JaHUN U COOPYKEHUIl yuuThIBaeTcsi 00pa3oBaHUE TPEIINH
U TacTuieckux aedopmanuid. s 3Toro celicMuyeckue Harpy3Ku, co-
OTBETCTBYIOIIME yHpyroi Mojeny [12, 21] yMHOXKArOT Ha MOHM>KAIOIIUI
kodpdumment K;. Paxrnuecku K; ects koaddunment nepexoma ot
YIPYTOTo CIEKTPa peakiuyd K HOPMUPOBAHHOMY HEYIPYTOMY CIEKTPY
peaKuuu, ¥ UrpaeT poib 00paTHON BETMUUHBI KO3 PHUINEHTa TTOAATIN-
BOCTH [

u=1/K;. (1.19)

3aBucuMocTh «CHila - mepeMenieH’e» JUisl yrnpyromjaacThye-
CKUX CHCTEM NPHUOIMKEHHO OMUCHIBAIOT OMIMHEIHOM AnarpaMmoii (pu-
CYHOK 2), T/ie TiepBasi JIMHEHAs 4acTh, COOTBETCTBYET YIIPyroi pabore
CHCTEMBI, a BTOpasi- yIpyromiacTHyeckoi padore.

SMAX == mmemcccccccc e cc e ————————

Cuia

|
|
|
|
I
|
|
|
L

Yy y' Ymax
Ilepememenne

Puc. 2. 3aBucumocts «CHila-nepeMenieHue»
AJI yNPYTrOIUIACTHYEeCKOH CHCTEMbI
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[Ipu 3TOM KO03()(UIHEHT MOAATIMBOCTH YHIPYTOM CHIIBI Smax,
COOTBETCTBYIOIIYI0 MaKCUMAJIILHOMY TEPEMEIICHUIO Ymax, K CHIIE — S,
OTHOCSIIYIOCS K 3aJJaHHON BEJIMUMHE MEpEeMEIeHHs — y (PUCYHOK 2).

t = Smax/S = Ymax/Y'. (1.20)

Kak mokazano B pabotax [15,21], MakcUMaTbHBIC TIEPEMEIIICHUS
YIPYTUX U YOPYTOIIACTUYECKUX CUCTEM MIPUMEPHO OJUHAKOBBI ITPU OT-
HOIIIEHUM )ecTkoctelt 1 = €y /Cy = 0,2.

CpaBHEHHE MaKCUMAJIbHBIX MEPEMEIICHUN YyIPYruX U HEYIpy-
TUX CHCTEM C MPHOIM3UTEIHHO OJUHAKOBBIMHU YAaCTOTAMH COOCTBEHHBIX
KoJeOaHWi M TapaMeTpaMy 3aTyXaHUs MOKa3bIBAeT, YTO OHU OJIM3KH,
Korna ko3 puIreHTs TOJATIUBOCTH HE MpeBbIIaoT 4-5. Takum oOpa-
30M, IIpeIebHbIC YPOBHU PEAKIIUY YIPYTOMIACTUYECKUX CUCTEM MOTYT
OBITH OTIPENICIICHBI AOIMyCKasi pABEHCTBO MX MAaKCUMAJIBHBIX ITepeMerie-
HUU K MAKCUMAJIbHBIM MEPEMEIICHUSIM YIIPYTUX CUCTEM.

B nopmax ctpoutensctBa [17,19] mng 3maHuil ¢ meTtaminye-
CKHMU | kele300eToHHbIME Kapkacamu Ki MeHsieTcs B unTepBae 0,22-
0,4.

ITo pucyHky 2 myTeM HECIOXHBIX F€OMETPUUYECCKUX BBIKJIAIOK
MOXHO ONPENEIUTh 3HAYCHUE PEaKIIMH CUCTEMBI — Sy, COOTBETCTBYIO-
hIee ee nepexoay U3 yrupyrou craguu B ynpyromiacTHUECKyI0 CTaIulo:

S, =SA—ur)/(1-7) (1.21)
rne: u x r<1; S = Spuax/u
CootsercTBenHO Yy = S, /w§,

I7Ie Wy — 9aCTOTa COOCTBEHHBIX KOJIeOaHUH CUCTEMBI B COCTOS-
HUH yIpyroi paboTEL.
MaxkcuMmanbHO€e IepeMEIEHNE YIPYTOMIacTHYECKOW CUCTEMBI

Ymax = Smax/a)g = Sﬂ/w(z) (1.22)

[pu 3HaueHusx yu onpepeneHHBIX MO (1.19), Y Oyamer mpe-
JETBHBIM YPOBHEM NIEPEMEILCHUH yIIPYTOIIaCTUIECKON CUCTEMBI.

303



ONEeMEHTHI CEHCMO3alIUThl BBOAATCS B KOHCTPYKTHUBHYIO CH-
CTeMy 3JIaHUI ¥ COOPY>KEHHH 1Jisl oOecieueH sl afanTaluy 1 JOCTIKe-
HUS BBICOKHX YpOBHEH HanexxHocTH. Kak ObII0 OKa3aHO BBIIIE, KHUBY-
4ecTb U HaJIS)KHOCTh 31aHNH, PACCYMTaHHBIX HA HOPMAaTHBHEIE HATPY3KH,
npy mpeolragaronmx nepruogax BO3ACHCTBUN OMU3KUX K IEPHOAaM UX
cOOCTBEHHBIX KOJeOaHMH, Kak MpaBuiio, He obecneunBaercs. [losTomy
B JJaHHOH paboTe MCCIEeqYIOTCSl BOIPOCH 00ECIEYeHUsT BHICOKUX YPOB-
HEel HaJeKHOCTH 3JIJaHUI ITyTeM BBEJCHHS B UX CTPYKTYpYy 2JIEMEHTOB
ceiicMo3amuThl. {11 TOro 4To0bl OLIEHUTDH, KaK 3alpPOEKTHPOBATH ATU
9JIEMEHTHI ¥ KaK KOHCTPYKTHBHO PELIUTH CUCTEMY CEHCMO3AIUTHI, TPO-
BEJICHBI PAJl pACUETOB, PE3YJIBTaThl KOTOPHIX AAHBI HIXE. PaccMOTpeHbI
BEPOATHOCTH COCTOSHUH CHCTEMBI C XPYNKO BBIKJIIOUYAIOUIMMHUCA dJIe-
MEHTaMH TpU MNPENEIbHOM pacdeTHOM HarpysKe, COOTBETCTBYIOILEH
HavanpHOU cucteMme 1o Metoguke CII [23, 24]. Ora ke Harpy3ka npu-
HUMAETCsI M Ka4eCTBe NpeAeIbHOM 1 sl THOKOW yHnpyrol KOHEYHOH CH-
CTEMBIL.

Takum oOpazom, IlpeanoxenHas B JaHHOM pasfielie METOJUKa
MO3BOJISIET MPOM3BECTH OLEHKY HaJISKHOCTH CHUCTEM C Pa3HBIMU BapH-
aHTaMH KOHCTPYKTHBHOT'O pEIEHHsS W BBIOPATh 10 KPUTEPUIO MAKCH-
MyMa JKHBYUYECTH U HAJCKHOCTH JYUILIYIO U3 HUX, a TAKXKE ONPEIeIIUTh
BEPOSITHOCTU OTKA30B CYLIECTBYIOLIMX 3JaHUN ¢ Ae)UIUTOM celcMo-
CTOMKOCTH ISl OLCHKH CEHICMUYECKOT0 PHCKA.
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METHODS FOR ASSESSING THE SURVIVABILITY
AND RELIABILITY OF ELASTIC-PLASTIC SYSTEMS
AT LIMITING LEVELS OF SEISMIC IMPACT

Aidemirov K.R., Gasanov R.G.
Daghestan State Technical University, Makhachkala, Russia

Abstract. Aim. The purpose of this article is to develop a meth-
odology for calculating the survivability and reliability of structures with
a deficiency of seismic resistance, taking into account the development
of plastic deformations under seismic impact. Method. The research
method is based on the analysis of buildings that are at the stage of de-
struction and the formation of plastic hinges under the influence of the
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maximum design earthquake. Result. For the existing methods of calcu-
lating buildings for seismic impact, a model of the calculated impact on
elastic-plastic multi-mass systems was obtained and an approximating
dependence for the maximum level of seismic impact was proposed.

Conclusion. The proposed model is the most rational for design-
ing buildings for maximum design earthquakes and provides survivabil-
ity and reliability in the formation of plastic hinges.

Keywords: survivability, elastoplastic system, multi-mass sys-
tem, reliability, limit level, maximum displacement, plastic hinge, cra-
cking
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Abstract. A reticulated shell is one of the conventional long-
span space structures, prone to progressive collapse under a severe earth-
quake because of its unique single-layer feature. Single-layer reticulated
shell structures are widely used, but their stability performance is not
ideal. Moreover, they are sensitive to structural damage and imperfec-
tions, while the existing conventional design methods of increasing the
cross-section, strengthening corrosion protection, and densifying the
structural grid are not economical. The main objective of this paper is to
understand the impact of reticulated shells in construction and its chal-
lenges to identify ways in which reticulated shells can be improved for
more common use in construction. mesh load-bearing shells have be-
come quite often used as the main frame for high-rise buildings, due to
their structural efficiency and unique geometry, which make it possible
to embody the most extraordinary architectural solutions both in the
shape of the building itself and in its layout.

Keywords: reticulated shells, structures, hyperbolic paraboloid,
structural grid, spatial structures

Introduction

Thin shells, as well as long-span structures, spatial grids,
tensegrity systems, and tall buildings, among other systems, are related
to “special structures” [1]. Shells are form-resisting structures, as they
mainly resist loads because of their form rather than the amount of their
material (cross-section). Because of their special qualities, shells are used
wherever high efficiency is required, such as to cover long spans with
high resistance and minimum material [2]. Felix Candela fomented the
surge in popularity of shell structures in the 1950s, and his works
launched the modern shell era by attracting the attention of architects and
structural engineers [1]. In 1951 Candela built an 11 m span and 15 mm
thickness hyperbolic paraboloid shell in Mexico [3—5], which was an
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innovative project at this time. Candela’s built hyperbolic paraboloid
shells show that was possible to minimize workforce and material re-
sources [6]. Despite this, the widespread building of thin reinforced con-
crete shells ended abruptly at the end of the 1960s [7], and many times
the use of large span shell structures has lost its popularity compared to
the peak of their construction in the 1950-1960s [8].

The first reticulated shells in the world were used by the Russian
engineer and inventor Vladimir Shukhov. It was he who in 1922 designed
and built a 150-meter hyperboloid tower on Shabolovka in Moscow. The
inventor had a landmark - the Eiffel Tower with a height of 325 m and a
mass of 7300 tons. Shukhov managed to reduce the consumption of metal
per unit height of the structure by 14 times relative to the tower in Paris.
However, despite the Russian origin of reticulated shells, today they are
rarely used in Russia. One of the latest objects built was a radio and tel-
evision tower in Moscow on the territory of the Oktyabrsky Radio Center,
while in Europe, America, and Asia, buildings and structures for various
purposes are being actively erected using reticulated shells - the British
Museum and the Gerkin skyscraper in London, mesh domes of scientific
centers in Canada, the opera house in Beijing, etc.

Reticulated metal constructions were first demonstrated at the
All-Russian Industrial and Art Exhibition held in Nizhny Novgorod in
1896 — a showcase of Russia's achievements in crafts and industry [9].

Shukhov's pavilions and some exhibition objects were erected,
all of them using reticulated shells. Shukhov had an excellent opportunity
to demonstrate his new reticulated building constructions to specialists
around the world [10]. This impressive series of structures consisted of
four pavilions with hanging covers covering a total area of about 10,160
m?* and four pavilions with netted (convex) covers with a total covering
an area of 16,910 m?. This row was rounded off by a grid structure of the
latest type — a water tower in the form of a hyperboloid. The world's first
hyperboloid structure, the famous water tower (see Figure 1), was trans-
ported to the village of Polibino in late 1896 after the Exhibition and
remained there until recently.
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Fig. 1. The world's first mesh hyperboloid tower:
a) at the All-Russian Exhibition in 1896; b) currently

At the dawn of the industry, reticulated shells were used in their
simplest geometric forms - geodesic domes. This was due to the relative
simplicity in the calculation of individual structural elements. The first
geodesic domes were designed by Richard Fuller in the 1940s last cen-
tury. Fuller decomposed the dome structure into triangles, the sides of
which are located on geodesic lines connecting two points on a curved
surface. This design made it possible to cover the maximum possible
space using the least amount of building materials. The works of
R. Fuller brought results: the world community drew attention to a new
promising type of structures, which made it possible to create several
interesting projects in the following decades, including:

Fig. 2. Exhibition pavilion USA Fig. 3. St. Louis, USA.
"Expo-67" in Montreal Geodesic dome "Klimatron",
(height 62 m, diameter 76 m). used as a greenhouse
1967 of the botanical garden

(height 21 m, diameter 53 m).
Made in aluminum structures.
1960
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A new vector for the development of the industry was set rela-
tively recently, in connection with the improvement and widespread in-
troduction of computer technology.

The emergence of new computer-aided design systems (CAD)
and programmable machine tools (CNC) made it possible to go beyond
the simplest configurations of reticulated shells, to build not only geo-
desic domes but also to give objects a variety of shapes. Huge amounts
of data can now be processed automatically, and many structural ele-
ments of the same type, which nevertheless differ in a small range of
parameters, can be created in a semi-automatic mode using CNC with
minimal human intervention.

The hyperbolic paraboloid (hypar) has been known in mathemat-
ics since the 17th century and first appeared in architecture at the end of
the 19th century [3]. Mathematically synclastic surfaces have positive
Gaussian curvature K, while the anticlastic (hyperbolic) surfaces have
negative curvature K. Both synclastic and anticlastic surfaces are of dou-
ble curvature. Double curvature surfaces, if properly restrained, can work
only as membranes, irrespective of the applied loads. This singularity can
be seen by comparing the failure of cylindrical and spherical vaults under
vertical loads; the first will fail in bending, the second in tension.

Fig. 4. An example of projects of reticulated shells
of arbitrary configurations

The hyperbolic paraboloid is a twice-ruled surface of negative
Gaussian curvature [11] and is categorized as an anticlastic surface [12].
This anticlastic ruled surface could be generated by straight lines. There-
fore, this shell-shaped structure is simpler to build [13, 14]. It is im-
portant to consider that the hyperbolic paraboloid shell may be stable in
the most critical range due to negative Gaussian curvature since there are
also fibers in tension that stabilize the shell [15].

The research [16, 17] proposed a system of calculation equations
for the application, including equilibrium equations, and physical and
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geometric equations in non-orthogonal curvilinear coordinates, which
can be used if the middle surface of the shell is not specified in the lines
of curvature. These systems for shells in lines of curvature become iden-
tical. However, the calculation equations for shells with analytical mid-
dle surfaces given in non-orthogonal curvilinear coordinates were ap-
plied only to calculate straight [18] and developing [19] helicoids.

The range of shells specified in the lines of curvature for which
analytical solutions have been obtained to determine the parameters of
the stress-strain state is much wider.

Geometry definition of the hyperbolic paraboloid (hypar) shell.
A hyperbolic paraboloid is a surface whose general equation in Cartesian
coordinates (x, y, z) satisfies the equation: z = (x/a)? — (y/b)? z=
(x/a). According to [11], the explicit (canonical) equation of a hyperbolic
paraboloid has the following form:

xZ yZ

Z= "0 p>0,q>0. @)

The formula (1) shows that hyperbolic paraboloids can be gen-
erated by the translation of a mobile parabola y? = —2qz along a fixed
parabola x? = 2pz or vice versa [11].

The use of space-rod structures is not a new technology: con-
struction with their use has more than half a century of history. Reticu-
lated shells were most often used in industrial construction, where it was
required to cover spans of more than 30—40 m with minimal metal costs.

Reticulated shells are not the only option for the construction of
spatial structures, however, the inherent properties of such structures set
them apart from the rest. A detailed monograph on the types and applica-
bility of load-bearing structures and a description of their overall perfor-
mance in the static formulation has been discussed [20].

Even though the scientific and technical literature describes
many examples of the use of thin shells in the form of canonical surfaces,
such as a paraboloid of revolution [21], a one-sheeted hyperboloid of
revolution [22], a conoid [21, 23], an ellipsoid of revolution [21], an el-
liptical paraboloid [24], conical surfaces [25], etc., architects are increas-
ingly using thin-walled and single-layer steel reticulated shells in the
form of analytically unspecified surfaces. This is facilitated by the wide-
spread use of numerical methods for defining surfaces and the
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development of numerical methods for calculating shells using the FEM.
In these cases, it is required to specify the middle surfaces of shells using
reference points, in contrast to the analytical task of surfaces [26].

A lot of experience has been accumulated in the field of calcula-
tion, design, and construction of shells of a simple canonical form, but
these shells can no longer satisfy all the needs of society. The construc-
tion of buildings and structures with large spans or complex geometric
shapes is an indicator of the high level of achievements in building sci-
ence [27]. The purpose of this paper is to study the impact of reticulated
shells in construction, to identify the disadvantages and advantages of
reticulated shells, and a general study to enable easy access to infor-
mation for researchers.

Properties of mesh shells

A characteristic feature of reticulated shells is the absence of
load-bearing structures in the form of various columns, beams, and ceil-
ings. The structure is self-supporting and, in most cases, has higher load-
bearing properties compared to other types of structures. This is due to
the uniform distribution of loads on all the rods of the structure, which
virtually eliminates brittle fractures. Structures based on a geodesic dome,
in addition to high bearing properties, also have good aerodynamic per-
formance, which expands the range of their application.

The assembly of reticulated shells is carried out in a faster time
and requires an order of magnitude fewer labor resources compared to
traditional structures. Installation does not require special construction
equipment, equipment, and fixtures - the main working tool is a wrench.

Membrane materials are often used to cover dome structures. The
membrane is a high-tech, universal coating. Such coatings are convenient
for transportation and installation, compact, and non-flammable. In the
harsh Russian climate, it is possible to use insulated membranes. In addi-
tion to membranes, steel sheets, sandwiches, etc. cut in triangles can be
used for coating. They are fastened together with bolted and riveted joints.

The glazing of shells has received the wide application. Such a
coating is the most attractive from an architectural and aesthetic point of
view, however, the use of glass as a building envelope always leads to
an increase in cost and an increase in metal consumption due to a de-
crease in the tolerances for movement of structural elements and settle-
ment.
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A reticulated shell structure is a basic type of large spatial struc-
ture. And it is widely used in engineering due to its attractive architec-
tural performance and good load-bearing capacity. Because the mem-
brane force is the main resistance force of the reticulated shell structures
under loads, the stability behavior of this type of structure is a controlling
factor in the analysis and design. The stability behavior includes static
stability and dynamic stability. In the past decades, the static stability of
the reticulated shell structures has been extensively studied, and a lot of
research results have been got [28-31].

Due to its aesthetic beauty, lightweight, high ductility, good re-
cycling capacity, as well as easy assembly, the reticulated shell, a popular
type of space structure, has been tremendously improved during recent
decades. The reticulated shell is commonly applied in exhibition halls,
rail stations, airports, and sports gymnasia such as large-scale public
buildings. The collapse of such structures in an event of a severe earth-
quake may result in serious casualties and property loss. The correct pre-
diction of the dynamic response of reticulated shells has recently become
a subject of great significance for researchers.

In past studies, the conventional Prandtl-Reuss material model,
in which the elastic-perfectly plastic stress—strain relations are derived
according to the von Mises yield criterion and the relevant flow rule [32],
is frequently exploited to characterize the material behavior in numerical
simulation of dynamic response for these structures. However, the mem-
bers of reticulated shells are imposed by three-dimensional loading cy-
clically and the plasticity of the material develops so severely that the
effects of damage accumulation on material properties should be consid-
ered. Therefore, it is expected to propose a constitutive model consider-
ing material damage for circular steel tubes of reticulated shells.

Buckling analyses of several reticulated shell structures are car-
ried out using both an approximate equivalent shell analysis and a dis-
crete analysis which is essentially exact [33].

Single-layer reticulated shells have been widely used in struc-
tures for their lightweight, aesthetics, and ability to span large spaces [34].
Based on the configuration of reticulation, traditional single-layer retic-
ulated shells can be classified as radial ribbed, Schwedler, Lamella, Kie-
witt, geodesic, three-way latticed, two-way latticed, etc., ref. [35]. How-
ever, these traditional single-layer reticulated shells have significant sta-
bility issues under external loads (including wind loads), compared with
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other common structural types. The stability performance of single-layer
reticulated shells was found to be closely related to structural imperfec-
tion and damage.

In practice, most spatial structures have a supporting frame
called, a “substructure”. During an earthquake, the effects of seismic
ground motions act on the base of these substructures, and then these
effects are transmitted up into the main reticulated shell structure. In this
respect, an accurate and realistic investigation of the behavior of earth-
quake-resistant spatial structures would be achieved if the reticulated
shell structure and the supporting frame (substructure) are considered as
an integral whole. To date, there are only a few papers published con-
cerning this issue [36-38].

Problems of Design of Buildings and Structures Using
Reticulated Shells

Reticulated shells are load-bearing building structures that are
made of metals, composite materials, or wood. Today, the shells are rel-
evant for the world's progressive architecture in the style of deconstruc-
tivism and "hi-tech". The advantage of mesh shells is the ability to cover
large spans or achieve a unique shape and architectural expressiveness
of building elements — facades and roofs.

One of the reasons why reticulated shells are not so often de-
signed is the complex modeling of structures in computational systems.
It is important to consider the geometric and physical nonlinearity in the
operation of shells under the action of loads to obtain the most reliable
picture and the stability of spatial structures [39]. To date, the issue of
studying methods for modeling reticulated shells with the help of soft-
ware and computer systems is relevant. To do this, it is necessary to con-
sider the main modern methods of shell modeling - discrete and continual.

In the discrete model, ribs are represented as shells, beams, or
3D finite elements. Today, with the help of the model, those problems
can be successfully solved in which restrictions are imposed on critical
forces or moments. The reason is the computing capabilities of modern
computers. Finite element modeling software packages — ANSYS,
NASTRAN, ABAQUS, etc. —allow you to use programming to generate
mesh models. Another way is to develop a model in visual programmable
editors, for example, in Rhinoceros 3D, which also allows you to create
models of any shape with the help of programming and subsequently
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export them to calculation systems. These programs help in a short time
to determine the degree of influence of the network structure parameters
on the critical force or moment.

The continuum model of the retina is characterized by often-
spaced ribs. This system is conditionally replaced by a solid shell, the
stiffness of which takes an average value. It depends on the layout and
stiffness of the generating ribs. When using the continuum model, the
reticulated shell is described by the traditional equations of orthotropic
shells. In this case, the issue of constructing a correct mathematical
model of a continuum shell with the most accurate geometric and physi-
cal properties of a real shell is relevant [40].

The disadvantages of reticulated shells with star-shaped nodal
details are the use of only thin-sheet roofing material; the need to arrange
a warm roof and suspended ceiling in heated rooms. Due to the method
of fastening the panels of the roofing material, which are fastened with
screws directly through the panel to the frame rods with some overlap,
further maintenance, and repair of the reticulated shell is difficult, while
tightness is achieved by smearing the joints with waterproofing mastics,
which increases the complexity of manufacturing the shell and reduces
its reliability from leaks. The used cross-sectional profiles of the frame
rods do not provide for the possibility of attaching rigid roof panels,
which greatly complicates the manufacture of translucent coatings or the
arrangement of translucent openings [41].

Construction of computational models of mesh shells

The load-bearing capacity of a reticulated shell is influenced by
two main factors: the shape of the shell itself and the shape of the ele-
ments forming it. The change in the shape of the formations in the mesh
directly affects the critical loads, internal stresses, and natural frequen-
cies of oscillation.

All research in the field of reticulated structures can be classified
into one of two directions: research based on a discrete computational
model and research based on a continuum computational model [42]. The
works belonging to each of these two directions successfully comple-
ment each other.

Following the discrete computational model the reticulated shell
is considered a spatial rod system. As the number of nodes and rods in-
creases, the difficulty of numerical implementation of such a scheme
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significantly increases. These circumstances have led to the development
of various approaches to the calculation of complex rod systems based
on discrete models. Among them, the most effective methods are the su-
per element method, the substructure method, the "condensation"
method, the generalized unknown method, and the discrete finite element
method, making it possible to lower the order of the solving system of
equations and considered [43 - 49].

The continuum model is used to calculate mesh shells when the
distance between nodes is quite small compared to the size of the system.
Some equivalent continuous shell is taken as the calculation model. In
this case, an important question is the question of building a correct
mathematical model of the continuum shell, whose characteristics repre-
sent the geometrical and physical properties of the real lattice system as
accurately as possible.

Both approaches to the task of computational reticulated shell
models have certain advantages and disadvantages. The application of the
discrete mesh shell model is necessary when the mesh step is highly sparse
and when the continuum model does not allow to obtain of correct results.

An advantage of the continuum model over the discrete model is
the possibility of using the theory of differential equations and differen-
tial geometry, which facilitates problem formulation and solution. In ob-
taining a solution based on a continuum model, the accuracy of the re-
sults depends on the density of the reticulated and the nature of external
influences. The area of applicability of such a computational model is
quite wide.

Discussion

The widespread use of reticulated shells is constrained by the
difficulties of designing, modeling, and calculating such structures. It is
necessary to introduce into the educational process new and typical soft-
ware systems and related disciplines for the national engineering school
to obtain in-depth knowledge in the field of programming and mathemat-
ical analysis. The training of new highly specialized engineering person-
nel will make it possible to put into practice the ideas of domestic archi-
tects, whose work is already highly rated at international competitions
and forums.

Discrete and continuum models act as complementary methods
for modeling reticulated shells. The discrete model shows reliable results
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with a sparse reticulated size or a small number of finite elements. The
continuum model is more suitable for a densified grid and allows using the
theory of differential equations to simplify the solution of the problem.

Conclusion

The purely geometrical shape of the hyperbolic paraboloid is rel-
atively easy to work with, both from structural analysis and design view-
point. However, the effects of the bending stresses that are generated for
the given geometry must be considered. These bending stresses should
be dealt with rationally by adjusting the curvatures of the shell instead of
increasing the cross-section [14].

Due to the difficulty in modeling and constructing reticulated
shell structures, this shell type has become few in the world.

The unified stable bearing capacity of the modified structure al-
lows engineers to consider its structural performance when choosing a
model with high accuracy and thus make more effective model selection
decisions.
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HCCJIEJOBAHUE CETYATBIX OBOJIOYEK
JJIs1 KOHCTPYKIIMA

Kaiic Kaiic A6oynpaxman Anu’,

Tynuxoea E.M.

Jlenapmamenm cmpoumenvcmaa,

Poccutickuii ynusepcumem 0pyacowl Hapodos, Mockea, Poccus
*qaiseng(@gmail.com

Annorauus. Ceruartas 0000uka — OAHA U3 TPaIULIMOHHBIX
JUIMHHOTIPOJIETHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIMH, CKIOHHAs K IO-
CTETIEHHOMY Pa3pyLICHHUIO NPU CHUJIBHOM 3€MIIETPACEHUM H3-3a CBOEU
YHHUKaJIbHOIM 0JJHOCIIOMHON oco0eHHOCTH. OHOCIIONHBIE ceTuaThie 000-
JIOUKH LIMPOKO MCIIOJIB3YIOTCS, HO UX XapaKTEPUCTUKH YCTOMYMBOCTHU
HE uealbHbl. bojee Toro, OHM YyBCTBUTEIBHBI K CTPYKTYPHBIM IIOBpE-
XKICHUSAM U HEJIOCTaTKaM, a CyIIECTBYIOIINE TPAAUIMOHHBIE METOMABI
MIPOEKTUPOBAHUS, TAKUE KAK YBEIIMYEHHE NTONIEPEYHOT0 CEUEHHUS, YCHIIe-
HUE AHTUKOPPO3MIHOM 3aIWUTHl U YIJIOTHEHHE CTPYKTYpPHOW CETKH,
HE3KOHOMUYHBI. OCHOBHOM ENbI0 NaHHOH paOOTHI SBJISETCS MMOHUMa-
HUE BIUSHHA CETYATHIX 000JI0YEK B CTPOUTEILCTBE U €ro MPOoOIeM IS
OIpeneNieHHs MyTel YIy4dlIeHUs CeTYaThIX 000I0UeK il Oonee mupo-
KOTO MCIOJb30BaHMsI B cTpouTesnbcTBe. CeTuaThie HECyIHe 000JI0UKH
CTaJIM JOBOJILHO YaCTO MCIIOJIB30BATHCS B KAUYECTBE OCHOBHOT'O KapKaca
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BBICOTHBIX 3aHUH, Onaronapsi CBoei KOHCTPYKTUBHOU 3P PEeKTUBHOCTH
W YHUKaJbHOH F€OMETPHH, MO3BOJISIONIEH BOIIONIATH caMble HEOOBIY-
HBIC apXUTEKTYPHBIE pelIeHHs Kak B JOpME CaMOro 37jaHusl, TaK U B €T0
IJTAHUPOBKE.

KaoueBble ciioBa: ceryarsie 000J0YKH, CTPYKTYPBI, THIIEPOO-
JMYECKUH Mapaboion, KOHCTPYKIMOHHAs pelIeTKa, MPOCTPaHCTBEH-
HBIE COOPYKEHUS
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AHAJIN3 IPUMEHEHUSI KOHOUTHBIX IOBEPXHOCTEM
B CTPOUTEJIBCTBE

Bazypuna F0.A., cmyoenm
Jlenapmamenm cmpoumenvcmaa,
Poccutickuii ynusepcumem opyaicovt napooos, Mockea, Poccus

AHHOTanus. 3a nocieaHue ABaALATH JIET, C POCTOM TEXHOJIO-
T, 3HaYUTENBHO BO3POCIIO YUCIIO 3/1aHUI, BO3BEACHHBIX B CTHJIE MTapa-
METPUYECKOH apXUTEKTYphl. DTOT CTWIIb CTaJl BaXKHBIM HaIlpaBJICHUEM
B MUPOBOW apXUTEKType, COUETAIOINI B ceOe 3HaHUS U3 Pa3IUIHBIX OT-
pacneii, Takux Kak (u3nKa, CKyJIbITypa, Onosiorus, MateMaTika. B ma-
paMETPUUECKON apXUTEKTYPE aKTUBHO MCIIOJIb3YIOTCS TOBEPXHOCTH AJIS
(dhopMHupOBaHUs 30aHNH, COOPYKEHUH U KOHCTPYKUMH. Pemenue Bompo-
COB ITOCTPOEHHUS U pacyeTa SBISIOTCS KIFOUYEBOH 3a1a4eil COBpeMEHHOU
nmxeHepur. CTaThsl MOCBsMIEHa 0030pY KOHOMIHBIX TOBEPXHOCTEH.
OmnucaHbl BUABI KOHOMIIOB M MX MaTeMaTHyeckue (pyHKIHMHU, UCTIONIB30-
BaHUE B cTpouTenbeTBe. [IpuBeeHs MpUMeEpHl pealn30BaHHBIX IPOEK-
TOB ¢ KOHCTPYKLHSAMH, B KOTOPBIX HCIIOJNB30BAHbI JAHHbIE JTMHEHHBIC
MTOBEPXHOCTH.

KutoueBsble cji0Ba: TMHEHHBIE TOBEPXHOCTH, KOHOMI, KOHOW/-
HbIE TOBEPXHOCTH, apaMeTpUUeCKasi ApXUTEKTYpa, CTPOUTEIBCTBO

Beenenue

3HaYUTENBHBIA POCT MHTEpEca K MPOEKTUPOBAHUIO OOBEKTOB
C HeCTaHIAPTHBIMHU (OPMaMH, HEOTPAHUUIEHHBIMH paMKaMH1 CTaHIapTOB
CTPOUTENBCTBA, AAET ITOYBY Ul HOBBIX MCCIIEOBAHUM PA3TUUHBIX aHa-
JUTUYECKUX MOBEPXHOCTEH, UX CBOMCTB M AaJbHEHILEro NMPUMEHEHNS,
YTO JieTIaeT BEIOPAHHYIO IS UCCIIEIOBAaHUS TeMY aKTyalbHOM [1].

Lenp paboThbl — IpuBJICUEHNE BHUMAHUS K HOTCHIUATY UCIIOJIb-
30BaHMs KOHOUAAJIBHBIX IOBEPXHOCTEH B apXUTEKTYPE U CTPOUTENHCTBE,
MPOMJUTIOCTPUPOBATD LENIECO00Pa3HOCTh UX MPUMEHEHHS B IPOEKTUPO-
BaHUM T'OPOJCKOM apXUTEKTYPHI.

JIuneliHas NOBEPXHOCTh — 3TO HEMPEPHIBHOE MHOKECTBO MOCIIE-
JOBATEJIbHBIX MOJIOKEHUH MPSIMOM JIMHUK B IPOCTPAHCTBE, IIEpeMela-
FOLLIEHCA IO ONPEAEIICHHOMY 3aKOHY. Takue NOBEPXHOCTH MOKHO HalTH
B Pa3JIMUYHBIX 00JacTAX HAYKU, HAIIPUMED, B TEOMETPUH, MEXaHHKE, OII-
THKE, Te0JIOTHH, OMOJIOTHH U Ap. [2-4].
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B nannoii craTthe paccMaTpUBalOTCS KOHOU B U MX BOILIOIICHUE
B apXUTEKTYpE U CTPOUTEIHCTBE.

Konoun — 310 oHa u3 moBepxHoctelt KaTtanana, y koTopoit 00-
pa3yroline nepecekaroT (PMKCUPOBAHHYIO MPSIMYIO - OCh KOHOHJIA U KPH-
BOJIMHEHHYIO o0pasytomryro. [loBepxHocts Karanana- Buj nuHeH4YaToi
MMOBEPXHOCTH, MPSIMOJMHEHHBIC 00pa3yIoIIe KOTOPOW MapaslieibHBI
OJIHOM U TOM %€ IJIOCKOCTHU nmapaienu3Ma. lHaue ropops, KOHOUA — 3TO
MTOBEPXHOCTh, KOTOPast 00pa3yeTcs MyTeM MepeMeIeHus TPSIMOTMHEH-
HOW 00pa3yrolieil BAOIbh HEMEePECEKAIONINXCS HANPABIISIONINX MPSIMO-
JMHEHHOHN U KpUBOJIMHEHHON (OpMBL. B HEKOTOPBIX HCTOYHUKAX MOXKHO
HaWTU Apyroe Ha3BaHUE KOHOUJOB- KIMHOBUHBIE IOBEPXHOCTH [5].

[IpstMoi KOHOUT — KOHOH]I, Y KOTOPOTO OCh KOHOH 1A, PUKCHPO-
BaHHAs IpsiMasi, IEPIEHAUKYJISIpHA IUIOCKOCTH MapaienusMma. A. Ilaynu
BIIEPBBIC HCIOIB30BA TAKyIO IMOBEPXHOCTh B CBOEH paboTe, Mo3TOMy
aApXUTEKTOPBI HHOT A HA3bIBAIOT €€ «IOBEPXHOCTHIO ["aynu» [6].

KoHouzas! npencTapisioT UHTEPEC A7 MHOTUX HAYYHBIX UCCIIE-
JIOBaHMI 332 CUET CBOMX (PM3UYECKHUX, IPTOHOMUYECKMX U HKOHOMHUYE-
CKHX XapaKTepUCTHK. Tak KOHOWIHBIE IIOBEPXHOCTU MOXHO BCTPETUTH
B a3pOJIMHAMUKE, (hU3HKE, MaTeMaTHKe, OMOJIOTHH, KOCMIYECKOW MHKe-
Hepuu U 11p. B nepuog ¢ 2010 no HacTosiiee BpeMsa MOKHO HAUTH MHO-
JKECTBO WCCIIEIOBAHUI CBS3aHHBIX C W3YYEHHEM CBONCTB KOHOMHBIX
MTOBEPXHOCTEH, COOCTBEHHBIX KOJIEOAaHWH W TMHAMUYECKHX 3a/1a4, CBS-
3aHHBIX C HUMH [7].

Pu3nvecKue CBOMCTBAa KOHOUAA

OpHuM U3 Haubolee YacTo BCTPEUYAIOLIUXCS CIIydaeB PUMEHe-
HUSl KOHOMZIOB B apXUTEKTYpE M CTPOUTEIBCTBE SABISIETCS CO3/AaHHE
KPBIII 37aHUI, 3TO OOYCJIOBJIEHO CHUMMETPHUYHOCTHIO KOHOMIAJIBHBIX
(Guryp OTHOCHTEIBHO OCH KOHOMIA, CHMMETPHUYHOCTb OTHOCHTEJIEHO
ocu obpasyromeit [8].

IToBepXHOCTh KOHOMIA UMEET PA3INUHYI0 KPUBHU3HY B Pa3HBIX
Toukax. HaubosnpIuas KpUBU3HA 1OCTUTAETCA IPU MaKCHUMAJIBHOM ya-
JICHUU OT OCH KOHOWJA, MUHUMAaJbHAs NPH NPUOIMKEHHH K MPSIMOI
HaNpaBJIAIOLIEH, YTO TaKXKe TIOMOTAET apXUTEKTOPaM CO3JaBaTh Pa3HO-
obpazusie hopmsr [9].

OProHOMUYIHOCTH (OPM, KOHCTPYKIIMH C HCIIOIIb30BaHUEM KO-
HOUJAJBHBIX ITOBEPXHOCTEH, HAIpUMEp, IIEAOBBIX KPBIII, O3BOJISET
IPaMOTHO NEPEPACHPEAEITh TEIJIOBYI0 SHEPTUI0 U COJHEYHBIH CBET
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0e3 mpaMoro nomnagaHnusa nyqeﬁ BHYTPb 34aHU. Taxoe KOHCTPYKTHBHOC
PCHICHUC MOXCT OBITh IOJIE3HO IpU MPOCKTUPOBAHUN KAPTUHHBIX TaJIC-
peﬁ, rac 0co00e BHUMAaHHUE YACTACTCA MONaAaHUIO COJIHCYHBIX nyqeﬁ
B ITIOMCIICHUC.

MexaHnJyecKHe CBOHCTBA KOHOH/IOB

MexaHHYeCKHEe CBOMCTBAa KOHOHAA OYEHb CHIIBHO 3aBHUCIT OT
MaTepuaia BO3BOJMMON KOHCTPYKLIHMU U T€OMETPUUECKUX MapaMeTpOB
MOBEPXHOCTH, TAKUX KaK PaJuyC KPUBHU3HBI, MOKphIBacMas ILUIONIAb,
TOJIIIMHA 000JIOYKHY | Jip. MHKEeHEephl U apXUTEKTOPHI UCTIONB3YIOT KO-
HOUJABI AJIA CO3[JAHUS KECTKUX M MPOUYHBIX KOHCTPYKIUH, TAKUX Kak
KPBIIHY, KyHojia, 6maromaps uX CHOCOOHOCTH BBIICPKHUBATH OOJBIITHE
Harpy3Kd IMPU MUHUMAIIBHOH AeQopManuy ¥ MaKCUMAIIbHOW yCTOWYH-
Boctu [10].

I'pamoTHO TIOAOOpaHHBIA MaTepyai IS U3JIENUN U TapaMeTpsl
caMOi KOHOWAANBHOW ()OPMBI 3HAYUTEITHHO MOTYT MOBBICHTH IPOY-
HOCTh ¥ YCTOWYMBOCTh KOHCTPYKIIHU.

brnaromapsi paBHOMEpPHOMY IEPECEUCHHUIO Y3JIOB NEpeCeUeHUs
o0pa3ymoleil ¢ HanpaBJISIOIIUMU JHHASIMHA UCTIOJIB30BAHUE PETYIISp-
HBIX KOHOMJIOB MOXKET JIOMOJHUTEIHHO TIOBBICHTD UX HECYIIYIO CIIOCO0-
HOCTb W YIPOCTHTH OPTaHU3ALMIO Y3JIOBBIX COEIWHEHWH 3JIEMEHTOB
KOHCTPYKITHH.

AHaIuTHYecKOe 3a/JaHie KOHOU/AA B POCTPaHCTBE

B 3aBrcuMocTH OT (hOpMBI HAIIPABISAIOMIEH KPUBOW, OPUEHTHPO-
BaHHOCTH B IPOCTPAHCTBE OCH KOHOMJA M B3aUMHOTO PACIOI0KEHUS
HaNpaBJIAIOMIKX U 00Pa3yIOIUX MOXKHO ITOJIyYUTh Pa3iIM4YHbIE OBEPX-
HOCTH. Tak MPUHATO BBIIEJATH CIEAYIOIINE BUABI KOHOWIOB: KOHOUZ
C HaNpaBJISIONIEH OKPYKHOCTHIO, TapaOOIMYECKIA KOHOH], TIETTHONW KO-
HOWJI, PSIMOI KOHOMJT C HAIIPaBJISFOIIei Tapadooid, 0ch KOTOPOH mapai-
JienbHA OCH KOHOMa, KoHoua IImrokkepa, KoHM4Yeckas: KpoMka Y oJuIuca,
koHou L{uH/Iepa, SBOEBEHTHBIA KOHOH, PAMOi rerukous [11].

OO0mee mapamMeTpuieckoe ypaBHEHHE KOHOWIAILHOW MOBEpPX-
HOCTH mMeeT Bun [12]:

x = x(u,v) = xoh(v) + u[f (v) — xoh(v)]

y=y@W,v) = yoh() + u[g(v) — yoh(v)]
z=2z(w) =h(),
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T7€ 3a TOUKY IepecedeHns KoopAuHaTHBIX ocell Ox, Oy u Oz
NpUHSATA TOYKAa IepecedeHus] (PUKCUPOBAHHOW IIOCKOCTH Mapajie-
mu3Ma P u ocn xoHomma AB, nnockocTs P mpHHATE 332 KOOpAMHATHYIO
iockocTh (z=0), BBEJICH HANPaBIIAIOIMI BeKTOp npsimoit AB: {Xo, yo, 1},
a ypaBHeHHe HampasJsttomei kpuBoii C npunsTo B Buae r(v)={f(v), g(v),
h(v)}[13].

[Ipu momomy mnapaMeTpUUEcKUX YpaBHEHHH KOHOWA TaKKe
MOJKHO 33/1aTh CIEAYIOLUIMM 00pa3oM

x =xw,v) =ucos(v) + af (v) y = y(u,v)usin(v) + Bf(v) z
=z(v) =yf()

rae {o P y]-eIMHUYHBIN BEKTOp, 33JaI0LINK HalpaBJIeHUE OCH
koopauHart; f(v)-Hexoropas ¢ynkuus. Eciam npunsars 0=p=0, a y=1, To
MOJYyYHM NPSIMON KOHOU, @ €CJIN K 3TOMY YCJIOBHIO 100aBuTh f(V)= av,
TO MOJY4YUM NpsIMOM renuxouny [14].

IIpennonoxus, uto mpsmas AB coBmagaer ¢ KOOpAMHAaTHOM
ocbto Oz, a kpuBas C JIeXHT B INIOCKOCTH X=1, T11e 1 paccTtosHue oT ocu
KOHOMJA /10 TUIOCKOCTH KPUBOJMHEWHOMN Hampasisomen C, 3aqaHHoi
ypaBHeHueM C= f(z), Torna KOHOMAATBHYIO HTOBEPXHOCTH MOXKHO 33/1aTh
B sBHOU (opme y=xf(z)/l [15]. [Ipu momcTaHOBKE B 3TO YpaBHEHHE pa3-
TUYHBIX 3HaYeHUH C MOXKHO TOJyYUTH Pa3ln4Hble BUIbl KOHOMIHBIX
noBepxHOCcTel. Tak Mmpu 3a1aHUM MPSIMOTO CHHYCOUAATBHOTO KOHOUIA
B siIBHOH (opme B Mathcad MOXKHO MOITyYUTh:

AX,y) = I_—IX(a-cos(%j + c)
7

a=2 ¢c=4 n=5b=10 =1 a=1 c=10n=10 b=15 1=15
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s 03HaKOMIICHUS IPUBEJEM HEKOTOPHIE APYTHE SIBHBIC ypaB-
HEHUS KOHOUJIOB:
Konoup Ilmrokkepa:

2-axy,
2 2

ZAX,y) =

TAC a — NpOU3BOJIbHAA KOHCTAHTA.

[Tapabonnveckuii KOHOUA:

—X:C 4-y2
Axy) = —| 1 - =
a d

r7ie ¢ — KOOpIMHATa BEPIIMHBI Mapaboiibl, a — KOOpAUHATA TI0
ocH X, d — mupruHa KOHOUA.
Konounp ¢ HanpaBistonie OKpy’HOCTBIO:

' )
X 2 2
7Ax,y) :=—l(afff\]a -y

b

TAc a —paamyc HaHpaBJ'ISIIOI.LICfI OKPY>KHOCTH, f— pacCToAHUC OT
BCPIIMHBI OKPYKHOCTH, nemameﬁ B ITOCKOCTH X=] (paCCTOHHI/Ie MCKOY
HaHpaBJ’IHIOH_[I/IMI/I).

Hcropus nenonb3oBaHusA KOHOWIA M IPUMeEPBI

bnaronapst apxuTekTopam, KOTOpbI€ CTapajich A0OUTHCS yHU-
KaJbHOT'O BHEILIHET0 BU/Ia JJ1sl CBOUX paboT, B UCTOPUH AOCTATOYHO IPH-
MEpPOB HCIT0JIb30BaHUs KOHOUIHBIX MOBepXxHOcTel. K camoil paHHel no-
cTpoiike MOKHO oTHecTu LepkoBb Can-Kapno amne Kyarpo ®onane
B Pume, rae npu cTpouTenscTBe (acaga MUCIONB30BaIaCh KOHOMIHAS
¢dopma. ABTOPOM 3TOr0 MaMsATHHKA apXUTEKTyphl 17 Beka sBiseTcs
®panuecko boppomunu.

Konounnnsie 000J104YKH TaKkKe HAIUIA CBOE MPUMEHEHHE B MPO-
MbluieHHOCTH. B mepuog 1950-1960 rogoB oHM aKTUBHO UCIOJIB30Ba-
muck Bo ®pannnn, Utannu, crpanax Boctounod Espomnel u CCCP ans
MOKPBITUHA MPOMBIIUIEHHBIX 31aHUI PoJIeTOM 110 60 M.
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PaGotsl AnTOHMO ["ayam SBISAIOTCS ONHUMH M3 CaMBIX U3BECT-
HBIX B Mupe [16]. Kak yke yrmoMuHaIO0Ch paHee OH IepBEIM pa3padoTai
U NIPUMEHUI MOBEPXHOCTh KOHOMAA B KAYECTBE MEPEKPBITUSA MPUXOJI-
ckoi mkonsl npu MckynurensHoM xpame Cssitoro Cemeiicta B 1909-
1910 romax (puc. 1). 910 HEOONBIIOE CTPOCHUE 3AJI0KUIO OCHOBY IS
JAbHEHIIEro MPOEKTUPOBAHUS CO3JaHNUs TTOAOOHBIX SIIEMEHTOB.

Ucnanckuit apxurexkrop C. KanatpaBa npumeHni pazpaboTKu
A. T'aynu B cBoei ckynbnType «BomHay (puc. 2), KoTopas pacnoioxeHa
pAAOM ¢ My3eeM HcKyccTBa Menoyca Ha Tepputopuu FOxHOro Mero-
quctckoro yHuBepcurera B Texace. Takas ke 3amyMka Oblia BOILIO-
meHa uyTh nozanee C. Kanatpapoii B 250-MeTpoBOI IBIKYIIEHCS KOM-
no3uumuu u3 Tpyo «Crena Haumny, pacnonosxeHHo# B ApuHax.

Puc. 1. IIpuxoackas mkoJia Puc. 2. Cxyasnrypa «BoaHa»

npu xpame CBsiToro C. Kanarpasa
CemeiicTBa [https://www.dreamstime.com/
[https://krovlirussia.ru/rubriki/m photos -images.html]

aterialy-i-texnologii/]

Puc. 3. Onumnuiickmii Puc. 4. Mys3eii
craauoH B Mionxene I'yrrenxeiima B AGy-/{a6u
[https://www.go2munich.ru/ [https://pajournal.com.ua/ru/
olimpijskij-stadion-myunhen- news/v-2026-godu-
olympiastadion-munchen/] guggenhajma/|
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B cepenune 20 Beka, 6maronapsi pa3BUTHIO TEXHOJIOTHIA CTPOH-
TENbCTBA, IPOU3BOACTBY HOBBIX MAaTEPHUAIOB, a TAKXKE MOJC HA TaKHe
APXUTEKTYpHBIC CTWIM KaK JEKOHCTPYKTHBHU3M, SKCIPECCHOHU3M U
MMOCTMO/ICPHI3M, KOHOUIHAs (popMa Havasia MmoJb30BaThCsl TOMYJISIPHO-
cThl0. Bomnbllioe KOIUYEeCTBO apXUTEKTOPOB BAOXHOBIISIIOCH HOBBIMH,
HEOOBIYHBIMU (POPMAaMH, YTO TOCITYXKHIIO TOSBICHHIO YKCIPECCUBHBIX
npoekToB. Takue coopykeHust kKak OIUMIOUNCKUN cTaAuoH B MIOHXEHE
(puc. 3), re xoHOUAHAS (hopMa TIOICPIKUBACTCS KOHCTPYKIIUEH U3 BU-
CAYUX CTAIBHBIX TPOCOB, KOTOPHIE COCTABIIAIOT MACCUB B BUJIE IEPEKPHI-
THUH-000JI0YEK, a TaKKe KOHIEePTHEIH 3an Multihalle B Manrelime, ctanm
noctmkenueM apxurekropa @pas OTTO, 33 UTO TOT MOCMEPTHO CTAaJ Ja-
ypeatoM [IpuTiKepoBCcKOil NpeMuu.

Puc. 5 Jom Krons I'peropn
[http://www.midcenturia.com/ 2011/01/architect-jules-
gregory-house_08.html]

Crnenyronym, He MEHee IpKUM IpUMepoM ciIy uT Myseit ['yr-
reaxeiima B AOy-/labu (puc. 4). KoHOUMpanbHble U Ipyrue 000JI0YKH I10-
KPBITHI CTaJIBHBIMU JINCTAMH, COCTaBISAIONIHE (aca 3aaHus, Onaroaaps
YeMy OHO OTPaXKaeT CBET U CO3aET OUTYLIIEHUE «TaHITYIOLIE» apXUTEK-
TYpBIL.

brarogapst cBoeMy 3cTeTHYECKOMY BULY M 3KCILTYyaTallMOHHBIM
XapaKTepUCTUKaM, INPOIYCKAHUIO CBETA, ONTUMAJIBHOMY ECTECTBEH-
HOMY YJIQJICHUIO Ta30B M 3aJbIMJIEHUIN U3 MOKPBIBAEMBIX IMPOCTPAHCTB
LIeJOBbIE KPBIIIN HA OCHOBE KOHOMAHBIX (HOPM CTaJIl UCTIONB30BATHCS B
HEOONBIINX OOIIECTBEHHBIX 3[JaHUSIX U B YACTHOM T'Pa’KIaHCKOM CTPOH-
tenbeTBe. Tak B 1966 rogy B Hunepinanaax 0bU10 HOCTPOEHO HECKOJIBKO
JIECSITKOB 3/1aHUH C AEPEBAHHBIMU ILIEAOBBIMA KOHOUJAMH, KOTOPBIE HC-
MOJIB3YIOTCS MO celt IeHb, Apxutekrop XKionb ['peropu Bo3sen 1iist ceds
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YacTHBI IOM C TOKPHITHEM HA OCHOBE CHHYCOMJAIBFHOTO KOHOMIA
B Jlambepsmie, Hero-/xxepeu, CIIA (puc. 5).

Taxum 06pa3oM KOHOUIBI HCIIOIB3YIOTCS B ApXUTEKTYPE U CTPO-
UTENBCTBE KaK CIOCO0 CO3/1aHMs OPTaHMUYECKHX IUIaBHBIX (POpM, KOTO-
pBIe XOPOILIO MOAXOIAT ISl OKPYXAaroWed cpenbl U QYHKIUH 3AaHUSL
WA COOPYKEHUSI.

B Poccun npumepoM UCTIONB30BaHUsl KOHOMTHON TTOBEPXHOCTH
CIy’)KUT 37aHue aBTOBOK3aia B T. Coud, aBTOPCTBO AapXHUTEKTOpa
B.M. Mopo3zosa. KoHonn ucrnosbs3yercst B KauecTBe 0(popMIIeHHs KPBILLIH.

3akilouenue

C HOBBIMM TEXHOJIOTUSIMU M MaTepHalaMU, KOHOUJANbHBIE O-
BEPXHOCTH CTaHOBATCS BCe Ooyiee BOCTPEOOBAHBI B CaMBIX Pa3IHYHBIX
cthepax Hamrel xu3HA. OHU UMEIOT OOJIBIION MOTEHITUAI JUTS ATbHEH-
LIUX UCCIEIOBAHUN U IPUMEHEHHS B HOBBIX MIEPCIEKTUBHBIX IPOCKTAX.
Kpyr ux npumeHeHus: 04eHb UPOK, OHU MOTYT HalTU CBOE MIPUMEHE-
HUE OT apXUTEKTYPhl H CTPOUTEIHCTBA O OMOJIOTUN U MHKPOIIIEKTPO-
HUKH. C UX MOMOIIBI0O MOKHO CO3JaBaTh YCTOMYUBBIEC, IPOYHbBIC U JIET-
KHe KOHCTPYKITUH, OTBEUAIOIINe Hy)KHbIM TpeOoBaHusIM. braromaps um
CO3/aI0TCA MHTEPECHBIE apXUTEKTypHBIE POPMBI U feTanu. X reomer-
pudeckas ¢hopMa MOXKET MPUAATH 3TAHUI0 BEITHMYECTBEHHBIN U TPUBJIE-
KaTEJIbHBIA BU/I.

B nenoM, KOHOUIBI CTAHOBATCS BAYKHEUIITNM AJIEMEHTOM COBpe-
MEHHOU apXUTEKTYpPhl, KOTOPHIE MOMOTAIOT CO3/1aBaTh apT-O0BEKTHI,
3IaHUs, COYETAloNMe B cebe BHICOKHME TEXHHYECKHE XapaKTEPUCTHKU
1 3CTETUYECKOE 3HAUYCHUE.
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Abstract. Over the past twenty years, with the growth of tech-
nology, the number of buildings erected in the style of parametric archi-
tecture has increased significantly. This style has become an important
trend in world architecture, combining knowledge from various fields
such as physics, sculpture, biology, mathematics. In parametric architec-
ture, surfaces are actively used to form buildings, structures and struc-
tures. Solving the issues of construction and calculation are the key task
of modern engineering. The article is devoted to the review of conoid
surfaces. The types of conoids and their mathematical functions, use in
construction are described. Examples of implemented projects with
structures in which these linear surfaces are used are given.

Keywords: linear surfaces, conoid, conoid surfaces, parametric
architecture, construction
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ONPEJAEJIEHUE HAIIPAKEHHO-AE®OPMHUPOBAHHOI'O
COCTOSIHUSA CTEPXKHS C YYETOM ®U3NUYECKOI
HEJMHEHHOCTH 110 JE®@OPMHUPOBAHHOM CXEME

Kapcanoea B.P., cmyoenm
Jlenapmamenm cmpoumenscmaa,
Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus

AnnoTtauus. Llenb: nccnenoBars HanpsHKeHHO-1e(OPMHUPOBAH-
HOE COCTOSIHUSI CTEP KHS MOJ] Pa3IMYHBIMU Harpy3kaMu ¢ y4eToM (Qu3H-
YEeCKOIl M reOMEeTPHYECKON HEIMHEHHOCTH, Pa3padoTaTh AITOPUTM U €T0
peanu3anmio Ha s3bIKe mporpaMMupoBanus Python aiis Takoro pacyera.

MeTozpl: YUCIEHHBIM METOJ| PEIIEHUs CHUCTEMBbl YpaBHEHUM —
METOJ KOHEYHBIX pa3HOCTEH, mporpammupoBanue Ha Python.

Pe3ynbraTel: Mpon3BeNeHbl YHCIEHHBIE SKCIIEPUMEHTHI, MOJIe-
Jupymome padoTy MojA Harpy3KodH METaIMYECKOIO CTEPKHS, IMOJTy-
YEeHBI 3HAUCHHS HANPSHKEHUH U NTEpEMENIEHUH y37I0B CTEPKHS, ITOCTPO-
eHbI rpadUKu paclpeieIeHus] HaPSHKSHUH 10 CEYCHUIO CTEPKHS MPH
MIPOXO>KACHUH LIUKIIOB pacueTa, rpa MKy IepeMeIIeHIH Y3710B M0 JJTHHE
CTEPIKHS IPU NPOXOXKIECHUH LMKIOB pacyera, MOCTPOCHHI Ipaduku, oT-
pakaromue xapakrep paboTbl MaTepuaia (JTMHEHHbIN/ HeNMHEHHBIN B He-
CKOJIbKUX MPHUBEICHHBIX IPUMEPAX).

BriBozb!: pazpaboTaH anropuT™ U €ro peanu3aius A1l HeJTMHEH-
HOTO pacueTa CKaTo-U3ru0aeMbIX 3JEMEHTOB, IPOBEACHBI YHCICHHBIC
9KCIEPUMEHTHI, IPUBEACHBI TECTOBBIE IPUMEPHI, PE3yIbTAThl HATJIAJHBI
1 XOPOLIO COTIACYIOTCS C TEOpPHEH.

KaroueBble cioBa: ¢usnveckas HETUHEHHOCTb, F€OMETpHYE-
CKasi HeIMHEHHOCTh, pacueT No eGOpMUPOBAHHOM CXeMe, SI3BIK NPO-
rpammupoBanus Python, HampsskeHHO-IeQOpPMUPOBAHHOE COCTOSHHE,
METOJ KOHEYHBIX Pa3HOCTEH

BBenenue

B mpakTHke CTPOUTENBEHBIX PACUETOB YaCcTO BOSHUKAET HEOOXO M-
MOCTh y4eTa (PU3MUECKOM HENMHEHHOCTH Marepuaia, Mpu OOJNBIINX Ha-
rpy3Kax, 3aCTaBJISIONINX AJIEMEHT paboTtark B 3aynpyroil oonmactu. Taxke
3a4acTyr0 TpeOyeTcs MPOBOAWUTH pacdeT Mo Je(HOPMHUPOBAHHOW CXEME,
C YYETOM BO3HHUKAIOLIMX B MPOLIECCE HArPY>KEHUs IIepeMEeLICHUNA. DT BO-
MIPOCHI SBJISIFOTCS AKTyaIbHBIMU B COBPEMEHHOM CTPOUTEIBHON MEXaHUKE.
MHorue uccie0BaTely MOCBAIIAIT CBOM Pa00ThI 3ToM Teme [1-5].
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[TpoBepka KOHCTPYKIHMH Ha MPOYHOCTH BBIMOJIHACTCS MO HEZe-
(dbopMupoBaHHOI cxeme coopykeHus. [IpoBepka ycTOWYMBOCTH BBIMOJI-
HsietTes no aedopmupoBaHHOi cxeme. O0a pacyera enaloT He3aBUCHMO
Ipyr ot Apyra. bonee TOYHBIM cunTaeTcs pacy€T Coopy>KeHUH 1o aedop-
MHUPOBAaHHOMY COCTOSTHHIO, HAa3bIBa€MBIH «1e(OPMALMOHHBIM pacdé-
TOM» MJIM pacdéToM 1o AedopMupoBaHHON pacu€THON cxeme. PaboTh
[6-8] mOCBAIIEHBI TEME MAaTEMAaTHUYECKOTO MOJEIUPOBAHUS MTOBEICHHUS
KOHCTPYKLUH ITPY HEJTMHEHHOM pacyere.

[Ipy HeMMHEHHOM pacyeTe NPUHATO CUUTATh, YTO CXEMa U3Me-
HsieMa BO BpeMeHH. BHyTpeHHUE CHIIbl ONPEAETSIOTCS U3 YCIOBUN paB-
HOBECHSI COOPY’KEHHUS B 1e(hOPMHUPOBAHHOM COCTOSIHUH, KOTOPOE B CBOIO
oyepenb caMo 3aBUCHT OT BHYTPEHHUX CHII. B3anmM03aBHCHMOCTB 3THX
BEJIMYHMH TpeOyeT MUKINYECKOro pacdyera M MOLIaroBOro ypaBHUBAHUS
BO3HHUKAIOIINX YCHIIUH.

Heas. Llens nccnenoBanus — pa3padboTaTh aJropuTM pacyera
CXKaTO-M3TNOAEMBIX 3JIEMEHTOB METAJUINYECKUX KOHCTPYKINH, TIPOU3BE-
CTH YHCJICHHBIE SKCIEPUMEHTHI [0 pacyeTy YacTHBIX CIIy4aceB, OLCHUTh
Pe3yAbTaThl U UX COOTBETCTBHUE TEOPHUH.

Mertoapl. 3agaya pemaercsi Npy MOMOIIM METOAa KOHEYHBIX
pasHOCTel — YHUBEPCAIBHOTO M IIPOCTOrO YHCIEHHOTO METO/a, IpUMe-
HSIEMOTO B CTPOUTEIILHON MEXaHUKE.

O0paboTka OONBIIOTO KONWYECTBA JAHHBIX MPHU pacdere o0y-
CJIOBJIUBACT NMPUMEHSIEMbIM METO: pean3amnus pacueTa Ha sI3bIKE Mpo-
rpammupoBanus Python.

Pacyer nuknuden. YeM Oombllie MUKIIOB TPOIIEHO, TEM TOUHEE
pacder. O6paboTKa OONBIIOTO KOJIMYECTBA JAHHBIX MPH pacdere 00y-
CJIOBJIMBAET NMPUMEHSAEMBIH METOA: peanu3alys pacueTa Ha S3bIKE IMpPO-
rpammupoBanus Python. st npoBepku agekBaTHOCTH Pe3yIbTaToB ObLIO
BBIIIOJITHEHO HECKOJIBKO pacdyeToB. BHeIHWe ycHimus MpUHSTHI pa3ind-
HBIMH B K&XKJIOM cirydae. beut paccunran amomuanessiid (E=70000 Mlla,
G=27000 Mma, v=0,33) TIIpyTOK HpsAMOYTOIBHOrO cedeHms 12x12 mm?
uHOoM 2000 MM ¢ KECTKOH 3aJelTKO JIeBOTO KOHIa. B nmanHo# paboTe
npuHATa TouHOCTH 107 I[UKIBI OYAyT TOBTOPATHCA MOKA PA3HUIA
MEXIYy BHEIIHUMH M BHYTPEHHUMH yCHIHMAMH OONbLIEC MPUHATOTO 3HA-
YeHUSI.
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Puc. 1. PacueTHast cxema

ITpumep 1: cTrepkeHpb ObLUT pacCUMTaH KaK LEHTPATbHO-CKATHIMN.
[Ipunoxenusie ycmms — mpooiibHas cuia, paBHas 500 H. [Ipeamona-
raercs, 4To CTepKeHb OyJeT paboTaTh B 30HE JIMHEHHBIX AedopMamuil.
[To mmHE cTepkeHb OBLT pa3duTa Ha 4 cerMeHTa, KaXI0e CeUeHUe pas-
OuTO Ha 6 CErMEHTOB I10 BBICOTE CM. PUCYHOK 1.

[Tpumep 2: cTepskeHb ObLT pacCuUTaH Kak n3rubdaemslid. [1puio-
JKEHHBIE YCHIINS — TOUeqHas cwia, paBHas 10 H, mpunoxeHHast monepex
CTEPIKHS K CBOOOJTHOMY KOHITY cTepxHsl. [1o JumHe cTepikeHb Obuia pas-
Outa Ha 50 cerMeHTOB, KaX0e ceueHne pa3ouTo Ha 120 cerMeHTOB 1Mo
BbIcOTe. HyMmeparusi cerMeHTOB aHaJOrHMYHA MEePBOMY pacudeTy — CM.
puc. 1. IIpenamnonaraercs, 4To cTep)KeHb OYJIET paboTaTh B 30HE JIMHEH-
HBIX Jedopmanuii. Pacyer Taxke mpon3BOAMIICS KaK IPOBEPOUHBIM.

Pacuer 1 u pacder 2 ObUTH PON3BEICHBI 1711 BEPUDUKAIINH ME-
TO/a U CBEPKH 3HAYEHU MepeMEeIeHN U yCUIUI cO 3HaYeHUsAMH, I10-
JTy4eHHBIMU METO/IaMHU COITPOTHBIICHUS MaTEPHAIIOB.

[Tpumep 3: mpUIIOKEHHBIE YCHIINSA — CTEPKEHb OBIIT pacCUnTaH
Kak ckaTto-usrubaemelil. [Ipogonbhas cuna, paBHas 200 H (cxaTsiit
CTepKeHb) ; mornepeyHas cuna, papHast 10 H. [lo amuHe cTepxenp Obuia
pa3duta Ha 4 CerMEHTOB, KOKAOE CEYCHHE pa3doHUTO Ha 6 cerMeHTa 1o
BBICOTE — cM. puc. 1. IIpeamomnaraercs, 9ro crep:xeHb OyaeT padoTaTh
B 30He Tuactuieckux aedopmarmii. [IpuBeeHHBI TIpUMED SBISETCS
peanu3zanyeil ajaropuTMa pacuera C)KaTO-H3TH0aeMOro CTEpXKHs CO-
rimacHo [1].
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Pesyabrartel. Ha pucynkax 2-3 npeacraBieHsl pe3yabTaThl s
npumepa 1, a UMeHHO rpadUKy 3aBUCUMOCTH HANpSHKEHUH W OTHOCH-
TeNbHBIX aAedopMannii, a Takke TpaQuKH MEepeMelIeHHH Mo AJIHHE
crepxHs B Touke 4,0,0 — cMm. puc. 1, Touka HaXOTUTCS Y CBOOOIHOTO
KOHIIa CTEPKHSI.

W3mMeHeHne HanpAXeHHOro COCTOSHUA B Touke 4, 0, 0

35 4 — XapakTepucTvka MaTepuana
+  TouKi HanpAXeHHO-AeOPMUPOEIHHOTO COCTORKMNS
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OTHOCHTENEHAR AedOPMAUNA, £ le-5
Puc. 2. Pacuer 1. 3MeHeHne HANIPSIAKEHHOT0 COCTOSTHUS
B TouKe 4, 0, 0 npu yBeTM4eHNH HATPY3KH
MepeMelerHns ceYyeHnin CTEPXHA BAONb FOPU30HTANbHOM OCK
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Puc. 3. Pacuer 1. Ilepemelnenns cedeHHil CTep:KHs BAOJIb OCH X
MO VIMHE CTEPKHS
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IlomyueHHbIE pe3ynbTaThl COOTBETCTBYIOT 3HAUEHUAM IIPH pac-
gere o GopMynaM corpoTUBIeHUs MaTepuaios [9-10]:

e 1pu ycioBusx nepsoro pacueta xi=PL/FE, =P/F rae xi — ne-
peMelieHne BAONIb OCH X, O — BHyTpeHHee HampsbkeHue, P — BHemHee
yeunue, L — anuna crepxs, F — miomans ceuenns, E — moayns FOHra.
[Ipu P=500 H, makcumanbHOe mepemertiene y3iaoB crepxHs xi=0,099 mm,
pacripesieNieHre HaNpsKEHUH TI0 BBICOTE CEYEHUsS] paBHOMEPHOE, PaBHOE
3,47 H/MM?, 9TO COOTBETCTBYET pe3y/IbTaTaM MPECTABIEHHOTO pacyeTa
(cMm. puc. 2, puc. 3).

Ha pucynkax 4, 5, 6 npuBeieHbI pe3yabTaThl, MOIYYEHHBIE IS
npuMmepa 2, a UMEHHO rpadUKy 3aBUCUMOCTH HANpSHKEHUH M OTHOCH-
TenbHBIX Aedopmanmii B Touke 0,0,0 (Touka HaXOaUTCA B 33JIeNKe), Tpa-
(UK BEpTUKAIBHBIX TIEPEMEIEHHH MO UIMHE CTEPXKHSI, a TaKKe rpaduk
pacnpeneneHusl HanpsKeHU 1o BeIcoTe cedeHus. CedeHue HaxoauTes
B 3a/ICJIKE.

W3meHeHne HanpAXeHHoro cocTosHns B Touke 0, 0, 0

01— XapakTepucTvka MaTepuana
+ TouKk HanpAXExHO-1eOPMUPOEIHHOrD COCTORKNS

KacaTensHsill MOAYNL YNPYrocTh

(5 5 3

8
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Puc. 4. Pacuer 2. 3MeHeHne HANIPSIAKEHHOT0 COCTOSTHUS
B Touke 0, 0, 0
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BEPY“KBHBHHE NepeMelleHnn, NU, MM
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e mpu ycioBusx Broporo pacuera nu=(L"3/2-PL"3/6)EI,
d=M*y/l , Toe nu — nepeMenieHue BIOIb OCH y, | — MOMEHT UHepUuu ce-
YCeHUS, Y — KOOPAMHATA TOYKHM OTHOCHUTEIBHO IIEHTpa TsKecTd. Ilpm
P=10 H, makcumanpHO€ mepeMelieHne y3ioB crepkasa nu=220,45 MM,
pacrpenencHie HaMpPsHKCHUH M0 BBICOTE CEUCHUS] HEPaBHOMEPHO, MaK-
CHMaJIbHOE HaTpsKEHHe B ceueHuu paBHO 69,44 H/mm?. Tlo mpescTas-
nenHoMmy pacuery nu=223,31 mm, §=68,31 H/mMm* (cM. puc. 5, puc. 6).
OTHOCHUTENbHAS TOTPEITHOCTH ONpeiesieHus nepeMenienuit — 1,16%, me-
pemernienuit — 1,6%.

Ha pucynkax 7-9 npezacraBiieHbl pe3ylbTaThl pacdeTa Ajsl MpH-
Mmepa 3. [lomyyenHsle rpadMKy XOPOIIO WILTIOCTPUPYIOT HEIMHEHHOCTh
paboThl 3JeMeHTa 0] YBEeJIMYMBAOIIEHCs HArpy3koi mo aedopmupo-
BaHHOW CXeMe.

Tpertuii pacuer ObIT BBIOJHEH MPH OTHOCHTENHHO OOJBIINX
BHEIIHUX YCHJINAX. 3aBUCUMOCTD HANpPSDKEHUM OT OTHOCHUTENBHBIX Jie-
(dbopmaruii He nuHelHa (cM. puc. 7). [Ipu pacuere ObUIO MIPONICHO He-
CKOJIbKO IMKJIOB. [loyueHHbIe IepeMelieHus TP NPOXOKICHUN KaxK-
JI0ro uKiIa cM. puc. 8. Tak Kak JeHCTBYeT CXKMMAIOILAs CHila U MOMEHT,
pacrpeneneHie HanpspKEHUH 10 BBICOTE HEPaBHOMEPHO MPU KaXKIOM
nukne (cMm. puc. 9). HanpsokeHHOE COCTOSIHUE CTEP)KHSI CTPEMHTBCS K
PaBHOBECHIO: Pa3HUIA MEXIYy BHEIIHMM U BHYTPEHHUM YCHJIMSIMHU
YMEHBILAETCSl HEIMHEWHO MPU MPOXoJie IMKIOB (cM. Tabm. 1). Ito 00y-
CJIOBJICHO HEJIMHEWHBIM n3MeHeHneM Moy FOnra. B npeacrasiennomM
pacuere Mozenpb FOHra B34T, Kak IPOU3BO/IHAS 3aBUCUMOCTH HAIPsIKe-
HUI OT OTHOCHTENILHBIX Tepemeniennii. KacarenbHbie k rpaduky 3aBu-
CHUMOCTH HAIIPSKEHUH OT OTHOCHUTEINIBHBIX NIEPEMELLEHUI CM. puc. 7.

Ha pucynke 7 nas rpauk 3aBUCUMOCTH HAPsDKEHUH OT aedop-
Malui [IpU BO3pAaCTaHUU HArpy3Ku, HAIJIAHO IOKA3aH y4acTOK JIMHEH-
HOU pa0OTHl B HauaJle YHCICHHOTO 3KCIIEPUMEHTA, JaibHEHIIas Heln-
HeiHas paboTa B IUIACTHYECKOH CTAJANHU C YUETOM XapaKTEPUCTHK MaTe-
puana.
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W3meHeHne HanpAXeHHOro CoCTORHNUS B Touke 4, 0, 0
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Puc. 7. Pacuer 3. I3MeHeHne HANPSZKEHHOTO COCTOSTHUS
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Ha puc. 8 nokazaHsl HeCKOIBKO KOH(UTYpaLHid 1eOpMHUPOBaH-

HOIr'O 11oJ I[efICTBHCM HarpyskKu CTCpPIKHA IMPU YBCINMYCHUHN KOJIUYCCTBA
IUKJIOB pacyeTa.
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Pucynok 9 mokasbiBaeT rpaduKy HaNpsDKEHUH B CEUCHUH TPH
YBEIMUYEHUH KOJMYECTBA IIUKJIOB pacueTa. XOpOIlIo BUIHBI yUYaCTKH, Ha
KOTOPBIX MMPOUCXOAUT TEYEHUE METAIIA.

HanpseHHoe COCTOAHWE B CeYeHnn Ned

—— CocTonnme nokon
1 umkn
2 unkn

4 3 umkn

4 unkn

5 umkn

6 unkn

7 unkn

8 umkn

-2

KOOPAWHATE! TOYKN NO ERICOTE CEYeHMR, Y, MM
=}

-4

—300 200  -100 0 100 200 300
Hanpamxeswe, 0, Himm2

Puc. 9. Pacuer 3. Hanps:keHHOoe cocTosiHNe B ceueHuH Ne 4

B tabnune 1 mpuBoasSTCS TaHHBIS U1 BOCBMH ITUKJIOB pacueTa,
MOKAa3bIBAIOIINE U3MEHEHUE BHEIIIHUX U BHYTPEHHUX YCUJIUIL.

Tabnuya 1
Pacuer 3. U3MeHeHHs1 pA3HOCTH BHEIIHUX U BHYTPEHHUX YCHJIHIA,
MOMEHTOB B ceueHHH Ne 4

P1-P inner M1-M inner

HauaJjo 500 0.00E+00
2 UK 2.84e-14 6.37¢+04
3 muka 1.71e+01 5.04t+04

4 UK 2.35¢+01 2.98e+04
5 muka -2.82e+01 1.31e+04
6 UK 2.75¢+01 2.86e+03
7 IUKJI 9.47¢+00 2.15e+02
8 muka 1.98e-01 1.43e+00
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O0cyxnenusi U BbIBOAbI. B pabore ObUTM MpOW3BEAEHBI YHC-
JICHHBIE HKCIEPUMEHTHI [0 PacyeTy aJIOMUHUEBOTO CTEP)KHS, IEPBBIC
IBa pacueTa — BepU(UKAIMOHHBIE Ul MPOBEPKU ANTOPUTMA, B HHUX
CTep)KeHb paboTaeT B YNpyrou craguu. Pe3ymbTaTel pacyeToB JE€MOH-
CTPUPYIOT OJU3KOE COBMNAACHUE C Pe3yJbTaTaMH, MOITYYCHHBIMH IO
¢dopmynam conpomara. beuto mpoaHanu3upoBaHO HANPSHKEHHO-AEPOop-
MHUPOBAHHOE COCTOSHHE CTEP>KHs, padOTaIoOIIEero B IEpBOM IpUMeEpe —
Ha C)KaTHe, BO BTOPOM MpuMepe — Ha u3rud. PazpaboraHHbIi 1 peannzo-
BaHHBII aNTOpUTM NPHUTOJACH ISl pacueTa CXKaTblX, M3TH0AaeMBIX H
CKaTO-U3rn0AEMBIX FIIEMEHTOB.

Tpetuii nmpumep COAECPKUT pacueT CKATO-U3rMOAEMOro crep-
HS Ha OOJIBILIYIO HATPY3KY, BBI3BIBAIOIIYIO HEJMHEHHYIO paboTy mMare-
puana, o nedpopmMupoBaHHOl cxeme. [Ipy nmpoxoxaeHuH IMKIOB pac-
YeTa MOXXHO HaOJII0JaTh MOCTENIEHHOE YBEIHYEHUE 30H MeTasuia, pabo-
TAlOLIEr0 B CTAJUU TEKYyYECTH, YTO COOTBETCTBYET TEOPETHUYECKHUM
MPEACTABICHUSIM O padoTe TAKOro JIEMEHTA.
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DETERMINATION OF THE STRESS-STRAIN STATE
OF THE ROD, TAKING INTO ACCOUNT THE PHYSICAL
AND GEOMETRICAL NONLINEARITY

Karsanova V.R., student
Department of Civil Engineering,
RUDN University, Moscow, Russia

Abstract. Objective: to investigate the stress-strain state of the
rod under various loads, taking into account physical and geometric non-
linearity, to develop an algorithm and its implementation in the Python
programming language for such a calculation. Methods: numerical
method for solving a system of equations — finite difference method, Py-
thon programming Results: numerical experiments have been performed
simulating the work under load of a metal rod, values of stresses and dis-
placements of rod nodes have been obtained, stress distribution graphs
along the cross section of the rod during the passage of calculation cycles
have been constructed, graphs of node movements along the length of the
rod during the passage of calculation cycles have been constructed,
graphs reflecting the nature of the material (linear/nonlinear in several
examples given). Conclusions: an algorithm and its implementation for
the nonlinear calculation of compressed-bendable elements have been de-
veloped, numerical experiments have been carried out, test examples are
given, the results are clear and agree well with the theory.

Keywords: physical nonlinearity, geometrical nonlinearity, de-
formed scheme, Python, stress-strain state, finite difference method.
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COMPUTATIONAL EXPERIMENT ON HELICOIDS
STRESS-STRAIN STATE

Saha Soumyadeep, Student

Abdun Noor Al Amin, Student

Department of Civil Engineering, Academy of Engineering,
RUDN University, Moscow, Russia

Abstract. In recent years, researchers have turned their attention
to the stress-strain behaviour of helicoids. The stress and strain behaviour
of helicoids is an active area of research that has implications for a wide
range of fields, including material science, engineering, and biology. In
this paper, there are computational experiment, stress-strain analysis is
conducted on two types of helicoids, namely Right and Pseudo deve-
lopable helicoids. The finite element method is utilized to simulate the
behaviour of these helicoids under different boundary conditions. The
results show that both types of helicoids exhibit non-linear deformation
and stress distribution, with the Pseudo developable helicoids exhibiting
greater deformations and stress concentrations. The study provides in-
sights into the mechanical behaviour of these types of helicoids and can
aid in the design and optimization of helicoid-based structures for
various applications in practical engineering tasks and for further re-
search.

Keywords: Right helicoid - Pseudo developable helicoid -
Computational analysis - Stress-Strain - Modal analysis

Introduction

Helicoid is a lofted/ruled surface which is formed by straight
lines that revolves at a constant angular speed around and at a constant
angle with a fixed axis, at the same time vertically moves along the same
axis at a constant rate. Basically, helicoid is any solid or surface shape
like screw thread. The helicoid has a wide variety of shapes, depending
on the pitch, the proximity of the lines and the points, and whether the
pairs of points connected. Generally, there are five types of ruled heli-
coids [1]: Right; Oblique; Developable; Pseudo-developable; Convolute.
Right (closed-right) and Pseudo developable (open-right) helicoids are
considered as a special type of Oblique and Convolute helicoids res-
pectively.
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According to the Encyclopaedia of Analytical Surfaces [1]
a right helicoid is a ruled surface described by straight line that intersect
the axis of helicoid at a right angle, rotates at a constant angular velocity
around the axis and simultaneously moves at transitionally at a constant
speed along the same axis. the velocities of this movements are
proportional.

Parametric equation of right helicoid is

x(r,v)=rxcosv
y(r,v)=rxsinv
z(r,v)=cxv

where 7, v are coordinate lines; ¢ is the displacement of
a generatrix straight line after its rotation at one radian.

Accordingly same encyclopaedia of Analytical Surfaces [1] the
pseudo developable helicoid is formed by projection of constant step
tangent t the helix on a plane perpendicular to the axis of helix. The
surface is a perpendicular case of convolute helicoid.

Parametric equation of pseudo developable helicoid is

x (r,v)=a x cos (v) — r X sin(v)
y(r,v)=axsin(v)+r x cos(v)
z(r,v)=cxv

where a is the shortest distance in a straight line from an axis Oz;
where 7, v are coordinate lines; c¢ is the displacement of a generatrix
straight line after its rotation at one radian.

a D

Fig 1. Perspective view of right (a) & pseudo developable (b) helicoids
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Table 1

General differentiation of right and pseudo developable helicoids

Geometrical .
. . . . Practical
Type of characteristics Differences in characte- | Speciality
helicoids | Gaussian | Middle [forming process . .
ristics
curvature |curvature
Right K<0 H=0 | The generatrix |Most general| The only
intersects the type ruled mini-
axis of the Structure |mal surface;
helicoid at 90° Can be built particular
without inner| 35¢ of
hole Oblique
helicoid
Pseudo K<0 H#0 | The generatrix | Gereratrix | particular
develo- never intersects | lies on xy |case of Con-
pable the axis of the | plane and | volute heli-
helicoids (the |perpendicular coid
generatrix is to Z-axis
tangent to the |Not available
interior without inner
cylinder) but it hole
can be flattened
on a plane

There have been found several papers about numeric and
analytic-numeric approach of stress-strain state of the oblique helicoids
[2], the right [3-5], developable [6-11], convolute [12] and pseudo-
developable [7], as well as for automatic modelling of such shells [13],
but computational experiment on helicoid under different boundary
conditions are few. The purpose of this paper is to analyze the stress and
strain response of two most different types of helicoids (right and pseudo
developable) and to show which type is more effective for the practical
tasks.

Method and materials
Both Right (Fig 1.a) and Pseudo developable (Fig 1.b) structures
are parameterized in accordance with IBC (International building code)
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for civil engineering. The geometric property of ramp and physical
property of materials are shown in table 2 & 3 respectively. The design
and analysis has been done with the help of CSI ETABS 20 based on
finite element analysis.

The structures have been divided into four stories (three meter
each) to identify displacement accurately.

Sty

|

|

: 1
A z

|

. ]

Fig 2. Elevation of right (a) and pseudo developable (b) helicoid

[
S

Stress-strain, stability, max story displacement, maximum
bending moments along with deflection of both the structures have been
analysed under different boundary conditions.

First boundary condition: clamped linear edges at the end and
outer (exterior) helical curves; free inner (interior) helical curve.

Second boundary condition: clamped linear edges at the end and
inner (interior) helical curves; free outer (exterior) helical curve.

Types of simulations were performed:

1. Structural analysis

2. Non-linear dynamic analysis (seismic load)

3. Modal analysis

Types of structural checking were considered:

1. Gravity load check

2. Lateral load check

3. Stability check

4. Deflection check

5. Maximum stress-strain check

6. Maximum bending moment check
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Geometric characteristic of models

Parameters Values Unit
Interior radius 4 m
Exterior radius 8 m

Hitch height 3 m

Depth of the section 0.2 m
Inclination angle 6.67 0

Table 2

Table 3
Physical characteristic of materials
Concrete grade M25
Parameters Values Unit
Unit weight/volume 24.9926 KN/m3
Modulus of elasticity (E) 25000 MPa
Poison's ration 0.2 -
Co-efficient of thermal expansion 0.000013 /C
Shear modulus 10416.67 MPa
Reinforcement grade HYSD500
Parameters Values Unit
Unit weight/volume 76.9729 KN/m3
Modulus of elasticity (E) 200000 MPa
Co-efficient of thermal expansion 0.0000117 /C
Min yield strength 500 MPa
Max yield strength 545 MPa

* In purpose of design and analysis Indian standard code
IS:456(2000) for concrete structure , [S:875 part 11(1987) for design load
& 1S:1893 (Part 1), 2002 for seismic (zone V) has been considered. Super
imposed load and live load are considered as 1.5 KN/m? & 3KN/m?
respectively. Slab thickness 200 mm, comprises of M25 grade concrete

and HYSD500 steel bar.
Results:

Here first and second tests were conducted on both types of
helicoids based on first (clamped exterior) and second (clamped interior)

boundary conditions respectively.

3.1. Test results based on first boundary condition:



Blue line represents displacements in global X and red line
represents displacement in global Y direction in the below graphs.
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Fig 3. Modal displacement
Maximum Story Displacement Maximum Story Displacement
=
-
-
o
=% = W = o P P e o s o 0 D
Displacement, mm 2 LR EETIE T
Right Pseudo developable
Fig 4. Seismic displacement (X-dir)
Maximum Story Displacement Maximum Story Displacement
e
e
Displacement, mm Displacement, mm

Right Pseudo developable
Fig 5. Seismic displacement (Y-dir)
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Table 4

Numerical difference between two helicoids under first condition

Category Parameter Unit Right Pseudo
Ux Max mm 27.926 62.513
Min mm -14.859 | -38.903

. Max mm 22.068 42.322
Nodal displacement Uy Min m 53847 | -32.996

Uz Max mm 2.01 0.868
Min mm -77.724 | -102.93

Top Max | Mpa 30.89 16.04

Shell stress Min Mpa -21.74 -17.27

Bot | Max | Mpa 18.01 21.95

tom | Min Mpa -25.10 -18.91

Mx Max | KNm | 67.097 105.82

Min | KNm | -119.60 | -40.83

Moments My Ma}x KNm 87.69 40.46
Min | KNm | -158.31 | -69.017

Mz Max | KNm | 138.32 21.161
Min | KNm | -25.018 | -46.872

Support reaction Fz | Max KN 514.31 277.57
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3.2. Test results based on second boundary condition

Maximum Story Displacement

Right

Maximum Story Displacement

Displacement, mm

Pseudo developable

Fig 6. Modal displacement
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Displacement, mm
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Fig 7. Seismic displacement (X-dir)
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Disolacement. mm
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sz

Maximum Story Displacement

Displacement, mm

Pseudo developable

Fig 8. Seismic displacement (Y-dir)
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Table 5
Numerical difference between two helicoids under second condition

Category Parameter Unit Right Pseudo
Nodal displacement Ux max mm 74.675 51.969
min mm -41.519 -63.549
Uy max mm 40.114 27.463
min mm -70.52 -81.964

Uz max mm 7.193 4.014

min mm -107.938 -22.89

Top max Mpa 38.62 10.19

Shell stress min Mpa -14.44 -14.42
Botto max Mpa 1547 1591

m min Mpa -40.53 -16.9

Mx max KNm | 116.638 80.894

min KNm | -161.532 -21.58
max KNm 47.473 139.79

Moments MY [ “min | KNm | -168.066 | -58.86
Mz max | KNm | 130.1345 75.994

min | KNm | -54.143 -81.765

Support reaction Fz Max KN 405.72 193.959

Based on the result data of displacement, stress-strain and
support reactions we come to a certain conclusion.

Conclusion

1. From the graph it is shown that modal displacements of top
are slightly larger when the helicoids are clamped externally but it is
opposite while seismic displacement, means the divergence percentage
of displacement is slightly lesser when it is clamped internally.

2. Although similar preference goes for nodal displacement Ux
and Uy also, divergence is lesser for test II (clamped internally) but on
contrary Uz is much lesser for test I (clamped internally).

3. Interms of shell stress, Pseudo developable is preferable than
right helicoid as test I shows better result and less divergence value.

4. Divergence value of support reactions are almost similar for
both the cases but it is show that vertical reactions are lesser for Pseudo
developable helicoid.

It is recommended to take care of special attention at top (at
beginning) to prevent from deflection. Expertise can provide extra
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torsion reinforcement as it is most deflection prone zone. To provide
more stability and resistance designer may provide lateral support at top.
Special attention needs to be paid according to stress strain of each case
depending upon environmental condition and engineers approval to
make a structure optimise.
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BBIYUMCJIUTEJIBHBIA DKCIIEPUMEHT
O HANTIPAKEHHO-AE®@OPMHUPOBAHHOMY
COCTOSAHMIO TEJIMKONJ10B

Caxa Cymaoun, cmyoenm,

Ao60oyn Hyp Anb Amun, cmyoenm,

Henapmamenm cmpoumenbcmea, UHICEHEPHASI aKA0eMus,
Poccutickuii ynusepcumem opyaicovt Hapodos, Mockea, Poccus

AHHoTauus. B mocnennHue roxmpl mccienoBaTenu 0OOpaTHIIN
CBOE BHUMaHKE Ha MOBEJCHUE FeTMKONI0B P HaNpshKeHUH-Aedopma-
uun. [loBeneHne reIMKOuAOB NPU HANPsDKEHHHM U JeQOpManuu sBIs-
eTcs aKTUBHOM 00J1aCThI0 HCCIEOBAaHUM, KOTOpasi UMEET 3HAaUCHUE IS
LIMPOKOT0 CHEKTpa 00nacTel, BKIIIOYas MaTepUanoBeleHUE, HHKEHe-
puto u Ononoruto. B manHO# paboTe MPOBOANTCS BHIYHCIUTEIHHBIN SKC-
MIEPUMEHT, aHAJIN3 HaNPsDKEHHO-1e(OPMHUPOBAHHOTO COCTOSHUS IIPOBO-
JUTCS HA IBYyX THUIAX IeJINKOMJIOB, 8 UMEHHO Ha IPAaBUWIIBHBIX U IICEBJIO-
PAaCKpBIBAIOLIMXCS TeIUKOUAaX. MeTo KOHEUHBIX 3JIEMEHTOB HCIIOJIb-
3yeTcs Ul MOAEIMPOBAHMS ITOBEIEHUS 3TUX TEJIMKOUIOB MPH Pa3iny-
HBIX TPAaHUYHBIX YCIOBUAX. Pe3ynbpTaTsl HOKa3bIBatoOT, 4To 00a THIIA re-
JIMKOUOB IEMOHCTPHPYIOT HEJIMHEHHYIO IedOopMaliio U pacrpenerne-
HUE HaNPsDKCHUH, [IPU 3TOM IICEBAOPACKPHIBAIOIINECS T'€IUKOUABI Jie-
MOHCTPUPYIOT Oosbline nehOopMalui U KOHLIEHTPALMKU HAIPSDKCHHUH.
HccnenoBanue naer npeacTaBleHUE O MEXaHHYECKOM ITOBEICHUU ITHX
THUIIOB I'€JIMKOUI0B M MOXKET IOMOYb B IPOEKTUPOBAHHUH U ONITUMU3ALIUH
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KOHCTPYKIMII Ha OCHOBE TEIMKOWIOB JUISl Pa3INYHBIX MPUMEHEHUI
B NMPAKTUYECKUX MHKEHEPHBIX 3a7adax M AJs JaJbHEHIINX Mcclea0Ba-
HUH.

Kuouessle cioBa: IlpaBunsnsiil renukons * IlceBaopackpsl-
BaroLuiics renukous ¢ BeraucaurensHelil aHanu3 * HampspkeHue-ne-
¢dopmanus « MoganbHbIN aHATTN3
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HEOJUTCOAEPKAIIUE TPEIIEJIBI XOTBIHELIKOI'O
MECTOPOXAEHMSI (OPJIOBCKAS OBJIACTD):
OINEHKA COPBIHIMOHHBIX ITOKA3ATEJIEU

Pacckazoe A.A., npoheccop, doxmop 2.-m. H.

Kapenuna H.JI.", acnupanm

Heitnexo A.@., acnupaum

Hocaesa O.B.

Poccutickuii ynusepcumem opyaicovt Hapooos, Mockea, Poccus
*1142220044@pfur.ru

AnHoTauus. CTaThsl MOCBSIIEHA W3YYEHHIO T'EOJIOTHYECKOTO
CTPOEHHS LIEOJINTCOACPKAIINX TPENENIOB XOTHIHELIKOTO MECTOPOXK/Ie-
HUS, TEHE3UCY U OIIeHKE (PMIIbTPAlMOHHBIX U IPOYHOCTHBIX ApaMeTPOB,
npu O0XKWTE MX B Pa3lUYHBIX TEMIEPATypHBIX WHTEpBalaX, ¢ LEIbI0
YIIy4dlIeHUs] COpOLMOHHBIX ToKa3aTenei. OneHKka CTaOMIBHOCTH LIEO-
JUTCOJICPKALINX TPenesoB XOTHIHEKOT0 MECTOPOXKICHUS U BIHSHUS
TEPMHUYECKOH 00pabOTKH HA COPOLIMOHHYIO AKTUBHOCTD TTIMHUCTBIX MH-
HEPAJIOB BBIMOJIHSUIMCH MIPH TOMOILIM METOIUKHU OTPEACICHUSI EMKOCTH
katuoHHoro oomena (EKO) mo metony agcopOunu METHICHOBOTO TOITY-
6oro B 1aboparopun pyaHsix Mectopoxxaenuniit UI'EM PAH.

Pe3ynbpTaThl nccne10BaHU MO3BOJISIOT CAETATh BBIBOJ, YTO OII-
TUMalIbHON TeMIIepaTypoH, NpPH KOTOPOH TpaHyJbl OyAYyT COXpaHSTh
CBOIO (hOpPMY, BBICOKHE COpPOIIMOHHBIE IIOKA3aTeNH, a TAKXKE HE pa3pyLia-
I0TCSI B BOJIHOM cpene, siBisieTcs Temrepatypa 550 °C.

KirodeBbie cioBa: XOTBIHEIKOE MECTOPOXKICHHUE, LEOIUTCO-
JepKalie MOpoabl, Tpemesbl, COPOLHOHHBIE CBOMCTBA, HMPUPOIHBINA
CcOpOeHT

Beenenue

[leonuT ABNIsAETCS LIEHHBIM HEPYIHBIM CBIPHEM U HCTIONIB3YETCS
BO MHOTHX OTPacysiX MPOMBIIUIEHHOCTH, TAKHX KaK HeTeXUMHUsl, arpo-
MIPOMBIIIUIEHHOCTh M CTPOUTENBCTBO, M NMPENOTBPAIIECHUS M BOCCTa-
HOBJICHUS OKPY’KaIOLIEN cpenbl OT 3arps3Henuil [1, 2, 3] u apyrux.

XOTBIHEIIKOE MECTOPOKIEHHUE TPETMETIOB PACIOIOXKEHO Ha 3a-
nage OpioBcKo#t obmacTu, B 72 KM K ceBepo-3anaay ot ropoja Oper.
MecTopoXIeHHEe COCTOMT M3 TPEX YYacTKOB, HacTosmas padoTa mpo-
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BOAMIACK 10 ydacTKy O6pasnoBckuid. OTIHYUTENEHON YePTON JaHHOTO
MECTOPOXACHUS SBISIETCA TO, YTO MOJE3HBIM KOMIIOHEHTOM CUHTAETCSA
CyMMa MHHEpAJOB TPYMIBI LEOJINTa, CMEKTHTA U ONaJl-KpUCTOOAIHTA.
Nx cymmapHoe conepskanue gocturaet 90%.

[eonuTcoaepxaliue Tpenenasbl JAHHOTO MECTOPOKACHNS UMEIOT
0cafouHbIi rere3uc. x popMupoBaHue MPOUCXOIUIIO 32 CUET JUareHe-
TUYECKOT0 MPeoOpa30oBaHUsl TEPUTEHHO-KPEMHHUCTBIX OCAaJKOB B BEpPX-
HEM Melly. B TeKTOHHMYEeCKOM M1aHe MECTOPOKACHHE PUYPOUEHO K IIEH-
TpanbHOH yacTu Pycckoit minatdopmel.

MartepuaJibl 1 METOABI

Marepuanom Ui MCCIeIOBaHUH MOCTYXHIN TPHUPOJHBIE 00-
pasipl neonuTconepkamux TpenenoB OOpa3loBCKOrO ydacTKa, OTO-
OpaHHBIE HA MECTOPOKACHHH.

B na6oparopun UT'EM PAH npoBoaunach oleHKa CTaOHIBHO-
CTH TIPEACTABICHHBIX 0OpAa3lOB NPH Pa3IMYHBIX TEMIIEpaTypax ¢ Ho-
MOIIBIO METOJMKH OTIpeiesIeHHsI eMKOCTH KatnoHHoro oomena (EKO).

I'eonornueckoe cTpoeHne paiiloHa MECTOPOXKAECHUS U €ro TeHe-
3WC aHAJM3UPOBAINCH, B TOM YHCIE, C HCIIOIB30BaHUEM KapTorpadude-
CKHX MaTepuasos [4].

OcHoBHbIE pe3yJIbTaThl HCCIeI0BAHUM

B TekTOHMYECKOM IJIaHE MECTOPOXKACHHE MPUYPOUCHO K LIEH-
TpasbHOH yacTu Pycckoii mmaTdopMel, B CTPOSHUH KOTOPOH MPUHUMAIOT
y4acTHe MOPObl ABYX CTPYKTYPHBIX 3TaXKeH - Ha JUCIOLUPOBAHHBIX J10-
KEMOPHUICKHX OTIOXKEeHUAX BOPOHEKCKOro KpUCTANTMIECKOTO MacCcuBa
HECOTJIACHO 3aJIeraroT HOPOAbI 0CaJOYHOI0 KOMILIEKCa Male030iCKOro
1 Me3030iickoro Bo3pacrta. B crpoennu paiioHa MECTOPOXXKIEHUSI OCHOB-
HYIO POJIb UTPAIOT MOPOJIBI, IPEJICTABICHHBIE TEPPUTEHHBIMHA OPOAAMHU
J€BOHCKOH, FOPCKOW M MEJIOBOW CHCTEM, IOBCEMECTHO Pa3BUTHI YETBEP-
TH4HBIe OTiOXeHus. Ilanmeo3oiickue moponsl MOrpysKaroTcs Ha CEBEp
U MafarT MOHOKJIMHAIBHO CO CPEAHUM YKJIOHOM | M Ha 1 KM, Ha HUX
HECOTTIACHO 3aJIETal0T ME3030MCKHE OTJIOKEHHUS, XapaKTepPH3YIOLIHEcs
CIIOKOMHBIM 3aJIETaHUEM C KpallHe MaJIbIMH yIJIlaMU HakJIoHa [4].

Tpenens! XOTHIHELIKOTO MECTOPOKACHUS OTHOCSATCS K BEPXHEMY
OTJIEITy MEITOBON CUCTEMEI (pHC. 1), UMEIOT CyOTOPHU30HTAIILHOE 3aJlera-
HHUE ¥ UMEIOT IIHPOKOE paclpoCcTpaHeHHe 1o Beel miomaan OprioBecKoi
obmactu. [IpencraBustroT co00if TUTACTOOOPA3HYIO 3aleKb, MOITHOCTHIO
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okojo 20 m. Hmkuss rpaHuna 3aJic’Ku UMCCT POBHYIO IMOBCPXHOCTH
1 COIIaCHOC 3aJICTaHUC C MOACTUIAIOIUMH IMTOPOAaMU.

Puc. 1. I'eostornueckoe crpoeHne paioHa 0Cafi0vHOr0 4exJia
XOTBIHEIKOT0 MeCTOPO:KAeHUS [4]
VYcnoBHble 0603HadeHus: 14 MenoBast cuctema: 1 — KOHBSIKCKHN
U CAHTOHCKHUH sIpychl. Tpeneinsl U ONOKH; 2 — TypOHCKHUH sipyc. benblil mucuunit
Mel; 3 — anpOCKH M CeHOMaHCKHH sipychl. KBapiieBbie nmecku;
4 — BayaHm>XWHCKHH, TOTEPUBCKUI 1 OappeMckuii sipychl. [lecuaHo-rMHNCTEIE
OTJIOXKEHHS C KOHKPELUAMU CHIEPUTA; 5—6 I0pCcKas CUCTeMa:

5 — KeJIoBeHCKuit sipyc. [ TMHBI ¢ KOHKpEHUsSIMH cuaepuTa; 6 — 6aTcKui sipyc.
IMecku ¢ mpocosmMu T7MH; 7 — IEBOHCKAsl CHCTEMa, (haMEHCKHH sIpyc.
W3BecTHSKN, TOTOMUTBI, MEPIEIN.

KpachabiM MapkepoM yka3aH LEHTP MECTOPOKACHUS

Tenesuc. CornacHo COBPEMEHHBIM MpPEACTaBICHUSIM [5], 1eo-
JUTHl XOTBIHELIKOTO MECTOPOXKAEHHsI 00pa30BaIMCh OCaJOYHBIM 00pa-
30M, ITyTeM HAKOIUICHHUS B MOPCKHX TEPPUTCHHBIX U KAPOOHATHBIX OTJIO-
KEHUSX, TJ€ OHHU MPUCYTCTBYIOT CPEIN Pa3IMYHbIX (MPEUMYLIECTBEHHO
TJIMHUCTBIX) (aluii 0caakoB. PsiioM aBTOpOB TI0Ka3bIBACTCS JUATCHETH-
Yyeckas mpUpojia TakKuX 1eouToB [6]. OOs3aTeNbHBIC YCIOBUS IS MX
HAKOIUIEHHMS - LIEN0YHAs cpefia ¢ HanmuuueM katuonoB K™ u Na' B 3axo-
POHEHHBIX 0CaJKaX MOPCKOM BOJBI; MPUCYTCTBUE B CPENIE BHICOKOPEAK-
LHUOHHOTO OMOreHHOro aMopHOro KpemHe3éMa (KpeMHHCThIE TyOKH
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W JUATOMHTOBBIE BOAOPOCIH); HACBHIIICHHOCTh TJIMHUCTHIX YacTHUI]
aMIOMOCHIMKATHBIMH refismu (A1),

I'maporeognHamuyeckas 00CTaHOBKA, OiaronpusTHas aist Gop-
MHUPOBAHUS LEOIUTCOACPIKAIINX TOPOJL STOrO THIIA — CIIOKOWHBIE MOP-
ckue matdopMeHHble 0acceiiHbI 1 KOHTHHEHTABHBIE 03€pa B YCIOBHUIX
TYMHUIHOTO WJIM HOJYyapUAHOTO KIMMaTa, B KOTOPbIE PEYHBIMHU IOTO-
KaMU ¢ CYIIM MHTEHCHBHO MOCTyMNaeT OnoreHHslid Marepruan. OCHOBHOM
WCTOYHUK EOIUTCOACPIKAIIETO BEIIECTBA - ATIOMOCUINKATHBIE TTOPO/IBI
U MX KOpbI BBIBETpHBaHUA [6].

Oyenka cmadbunbHOCMU Yeoaumcooepaicawux mpenenog Xomuol-
Heyko2o mecmopodicoerusi. OCHOBHOE T0JIE3HOE CBOMCTBO LIEOJIUTOCO-
JeprKaliixX MOpoJ, ONpelesoniee UX IUPOKOEe MPUMEHEHHE B MpO-
MBILIIJICHHOCTH — BBICOKHE COPOLIMOHHBIE CBOMCTBA, Oiarogapst KOTO-
PBIM OHH HCIIOJIB3YIOTCS B KauecTBe 3((GEKTUBHOTO MPUPOAHOTO COP-
OeHTa (HanpuMmep, B OYUCTKE MUTHEBBIX U CTOYHBIX BOJ OT TSXKEIBIX Me-
TayoB [7], B copOLMOHHON OYMCTKE KATHOHHBIX OPTaHMYECKUX COEAN-
HeHuit). OCHOBHBIC MUHEPAIIbI, 00JIaAal0lIe ITUMH CBOIICTBAMH - 1I€0-
JIUT ¥ MOHTMOPWIIIOHUT. OHU cIOCOOHBI JIETKO Ha0yxaTh B BOJIE, KpOME
TOro, 006J1a1a10T BEICOKOH KATHOHOOOMEHHOH €MKOCTBIO, YTO MO3BOJISET
paccMaTpuBaTh MX Kak 3(dexkTuBHbIN npupoaHblid copdent. CtaOuiib-
HOCTh TaK K€ OTHOCHUTCS K Han0oJiee BaXKHBIM ITOKa3aTesIeM sl IpuMe-
HEHMA UX B IPOMBILIICHHOCTH.

OpHoii 3 Hambonee BaXKHBIX 00JacTel MPUMEHEHUs! JaHHBIX
MOPOJ MOTJIO OBl CTaTh UX UCIOJIB30BaHNUE B KAUECTBE MEPCIEKTUBHOTO
MaTepHaia sl CO3AaHMsI MPOHUIAEMbIX COPOLIMOHHBIX OaphepoB KpyI-
HBIX IPOMBIIUICHHBIX TPEATPUATHI WIN T TOA3EMHBIX 3aXOPOHEHUH.

OCHOBHOH TIPOOJIEMO TIEOIUTCOAEPIKAIINX TPETEIOB XOThI-
HEIIKOTO MECTOPOXKAEHUS SIBIISICTCS TO, YTO €r0 IPaHyJbl pa3pyLlaloTCs
B BOZIHOM cpefie, a GHIBTPhI 3aUIMBAIOTCS, YTO MPUBOAMT K IIpEeKparLe-
HUIO QUIbTpaUry pacTBopa. i npenoTBpalueHus paspyLmeHuii 1 cTa-
OUIM3aLuy UX IPOYHOCTH, IPOBOAMICS OOXKUI IPUPOIHBIX TPAHYII.

Hwxe mnpuBozmsaTcst pe3ysbTaTbl HCCIENOBAHUI IO OLICHKE
CTa0MJIBHOCTH LEONUTCOACP)KAIIUX TpemnesoB OpIIOBCKOIo ydacTka.
PaboTb! MpOBOAMINCH IO METOAMKAM, PEKOMEHIOBAHHBIM POCCHICKUM
craamaprom 'OCT 21283-93.

Lenp paboT — OLIEHUTH BIUSHIE TEPMUYIECKONW 00pabOTKH U3Me-
HEHMS COPOLIMOHHOW aKTUBHOCTH M NMPOYHOCTHBIX CBOHCTB OOOXIKEH-
HOTO Tpemnena (B YaCTHOCTH, MUHEPAJIOB IPYIIIBI CMEKTHTA U 1IC0JINTA)
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Y BBISIBIICHHE ONITUMAJILHON TEMIIEPATyPhI U1l COXPAHEHHUS €T0 MOJIOKH-
TEJbHBIX CBOMCTB.

C 37011 1eTpI0 OBLIM aHATU3UPOBAHBI TPaHyJIbl pazMepoM 1-3 MM,
MOJyYEHHBIE METOAOM O0KUTa 00pa3LoB NPUPOAHBIX LICOIUTCOACPKa-
LIMX OPOJ, 0ToOpaHHbIe Ha OOpPa3OBCKOM yyacTKe XOTHIHELIKOTO Me-
cropoxkaeHusi. O0XUT MPOBOAMIICS B TEUEHHE 2 YaCOB MPH TEMIIEpary-
pax 450°, 550°, 750° u 900°C.

Oyenka 6nuanusi mepmudeckou o6pabomku Ha copOYUOHHYIO
AKMUBHOCMb Yeonumcooepaicauux mpenenos. Kak moxasainy paHee Bbl-
MTOJIHEHHBIE MUHEPAJIOTHYECKHUE HCCIIEIOBaHMs, OCHOBHBIMH MUHEpa-
JIaMH, BXOJALIMMH B COCTaB TPEMEJIOB XOTBIHELIKOTO MECTOPOXKACHUS
1 00Ja1al0UMH BEICOKOH CIIOCOOHOCTBIO K KATHOHHOMY OOMEHY, SIB-
JISIIOTCA LHEONUT (KITMHONTHIONUT) 1 MOHTMOPWIIIOHHT. 17151 KaXKIoro u3
3TUX MHHEPAJIOB ObUIM MPUMEHEHBI PAa3IMYHBIC METOIBI ONpEACICHUS
eMKOoCcTH KaTnoHHOro oomeHa (EKO) — miss MOHMOPHIIOHUT-COAEpKa-
mpx 00pasIoB MO METOAY aJACOpOINH MeTHIeHOBoro roixyooro (MI),
a JUI EOJUTOBBIX — METOJOM COPOLMHU XJIOpHUIa AMMOHHSL.

Meton MI' (puc. 2) OCHOBaH Ha ONpeJeIeHUH KOJIMYeCTBa Me-
TUJIEHOBOTO T0JIy00ro, azcopOupoBaBiuerocs Ha 1 T MIMHBI: MOJIEKYJIbI
METHJICHOBOT'O FOJIy00r0o UMEIOT OOJIBIION pa3Mep, a B peakuu KaTHOH-
HOro 0OMeHa MOT'YT IIPUHUMATh YYaCTHE JIMILIb MOJIEKYJIbI, Pa3Mepbl KO-
TOPBIX HE MPEBBIIAIOT Pa3Mep KaHAJIOB B CTPYKTYPE LICOJIUTOBBIX MU-
HEPaoB.

Puc. 2. JkcnepuMeHTHI MO ONpe/ieJIeHHI0 eMKOCTH KATHOHHOTO 00MeHa
MOHTMOPHJ/IJIOHMTA METOA0M METHJIEHOBOI0 ro1y0oro
(MHTEHCHMBHOCTDH LIBETA CBSA3aHA C COPOLIMOHHBIMU CBOICTBAMM)
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W3 Tabmuisl 1 BUAHO, YTO MPUPOIHBIE 00pa3Ibl IEOIUTCOIC-
KaIUX MOpoja 00JIaaarT Hanbosee BhicokuMH 3HaueHusMu EKO - 19
Mr*3kB/100 rp. C noBbILIEeHHEM TEMIIEpaTyphl 00KUTa, B CBSI3H C IETUA-
poxcunmzanueir mMoutMopwiuionuta, EKO monTMOpmiioHuTa pesko
yMeHbIaeTcs, a pu Temmeparype 900°C MOHTMOPHILIOHUT TIOMHOCTHIO
TepsieT CBOIO copOImoHHyto criocooHocTh (EKO=0).

Tabnuya 1
OnpegeneHue eMKOCTH KATHOHHOIO 00MEHA 0 aicopouun
METUJIEHOBOT0 I0J1y00ro

TeMnepaT);pa Hagecka ¢ yueTom O0Bem EKO, mr*>1s/100rp
o0xura, T°C | BJIaKHOCTH, TP. | KPACHTEJIsA, MJI
Wcxonnsrii 0,3003 6,5 19
450 0,6016 10 14
550 0,6005 7,5 10,5
750 0,6019 3,5 5
950 0,6017 0 0

Omnpenenenne EKO nns MuHepasioB TpymIbl LIEOJNUTa U MOHT-
MOPHJUIOHHTA BO3MOXKHO TaKK€ METOAOM COPOLIMH XJIOpHAa aMMOHUS,
B CBSI3U C 3TUM HmKenpuseaeHHble 3HaueHus: EKO Obutn nosydeHs! mo
CyMMe 3THX ABYX MUHepasioB. B Tabnuie 2 npencTaBieHbl pe3yabTaThl
n3mepennit EKO neonura 6e3 yuera MOHTMOpHIIIOHUTA. OYEBHIHO, YTO
MpU TeX ke NapamMeTpax TepMHUUYECKol 00pabOTKH, LIEOTUT BEAET celds
AHaJIOTMYHO MOHTMOPWUJIOHUTY — €r0 CHOCOOHOCTB K COPOIMU PE3KO
YMEHBILIAETCS C MOBBILIEHUEM TEMIIepaTypsl U npu Temmeparype 900°C
EKO neonuta=0. O10T (hakT 00bsAcHsETCS aMopdu3anueil MUHEpaIoB
IIpU HarpEBaHUM.

Tabnuya 2
OnpegeneHne eMKOCTH KATHOHHOIO 00MEHA Le0IuTA
10 a1COPOLMH XJIOPHIA AMMOHHSA

Temneparypa o6xura, T'C |  EKO, mr*sxs/100r
Wcxonubrii 141
450 96
550 77
750 11
900 0
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B pe3ynbrate npoBeaeHHBIX padOT MOXKHO CIENaTh 3aKJIIOYCHUE,
YTO UCXOJHBIC TPAHYJIbI, KOTOPBIC HE TPOXOAWIN TEPMHUECKYIO 00pa-
0OTKY, TOKa3bIBAIOT JIYUIIIUE PE3YJIbTATHI IO COPOIMH, OJJHAKO OBICTPO
paspymiarTcs B BOJHOU cpene (puc. 3). OnTuMaibHON TeMIlepaTypoi,
MPU KOTOPO# TpaHyIibl OyIyT COXPAHATH CBOIO GOPMY U JOBOJBHO BbI-
COKHe COpOIMOHHBIC MMOKa3aTeNH, aBisercs Temmneparypa 550°C (puc. 3).

Puc. 3. IIpupoansie (1) u 060x:KeHHBIE (2) TPaHY.JIBI
L[eOTHTCOep Kallero Tpenea B BOJHOI cpese

3akuouenne

B pamkax u3ydeHus MEOJUTCOJIEPIKAIINUX TPEIEIOB OblIa Mpo-
BEZICHA Hay4HO-HCCIIe0BaTeNbCKas paboTa Mo OLEHKE CTaOMIBHOCTH U
COpOLIMOHHBIX CBOMCTB XOTHIHELKUX TpemesoB. B pesynsrare mpose-
JCHHBIX I/ICCJIG,Z[OBaHI/Iﬁ MOKHO CACJIaTh CIACAYIOMINC BBIBObI:

1. Ha 6a3e u3y4yeHus: reojJorndeckux 0cOOEHHOCTEH CTPOCHUS
1 COCTaBa LNCOJIUTCOACPIKAIIUX TPETICIIOB MMOKA3aHO, UYTO OHU OTHOCATCA
K 0CaJOYHOMY THUITY O6p330BaHI/I$I, l'IpI/I‘IéM ux (bOpMI/IpOBaHI/Ie mpoxo-
JAWJIO B CTaIUX JUAarcHe3a nNpru aHaJIOTUYHBIX (baI_[I/IaJ'ILHI:IX YCIIOBUAX.

2. Uccnenoanue 00pa3ioB MEOTUTCOACPKAIUX TPETICIOB MIPH
MTOMOIIM METOAMKH OTIPENIeTICHHS eMKOCTH KaTnoHHOTo oomena (EKO)
o0 ME€Toay a,[[COp6LII/II/I MCETHIICHOBOTI'O I‘OJ'Iy6OI‘O HUHAUKATOPOB IIO3BO-
JIMJIO BBIAACHUTB, YTO ONTUMAJIbHasA TEMIIECpaTypa o0kura OCOJIUTOBBIX
rpaHyJ, MpU KOTOPOH OHHM COXPAaHSIOT CBOM COpPOLIMOHHBIC CBOWCTBA,
a Takke He paspyIlaloTcs B BOAHOI cpene, cootserctByeT T 550°C.
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3. IlpoBenéHHbIE UCCIIEOBAHNS UMEIOT BAXKHOE MPAKTHUECKOE
3Ha4YeHMeE, T.K. IPU JATBHEHIIEM HCIOIb30BaHNH U3yYaeMBbIX TPEIIEIOB
B KauecTBe OaphepoB-(QMIBTPOB I COXPAaHEHHUS UX MPOYHOCTHBIX U
COpOLIMOHHBIX CBOMCTB HEOOXOAMMO MPEABAPUTENBHO MOABEPTHYTH HX
TEPMUYECKOM 00paOOTKH MPH yKa3aHHOW TeMIIEpaType.
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ZEOLITE-CONTAINING TRIPOLI
OF KHOTINETSK DEPOSIT (OREL DIST.):
EVALUATION OF SORPTION INDICATORS

A.A. Rasskasov', N.D. Karelina', P.E. Belousov’, O.V. Nosayeva’
'RUDN University, Moscow, Russia

’Institute of Geology of Ore Deposits, Petrography,

Mineralogy and Geochemistry of the Russian Academy of Sciences,
Moscow, Russia

Abstract. The article focuses on the geological structure of zeo-
lite-containing tripoli from the Khotynetsk deposit, as well as the genesis
and evaluation of filtration and strength parameters when fired at various
temperatures to improve sorption performance. The stability of zeolite-
containing tripoli, as well as the effect of heat treatment on the sorption
activity of clay minerals, were measured in the IGEM RAS laboratory
using the method of methylene blue adsorption. According to the fin-
dings, the optimal temperature at which the granules retain their shape,
have high sorption rates, and do not degrade in the aquatic environment
is 550 °C.

Keywords: Khotynetsk deposit, zeolite-containing rocks, tripoli,
sorption properties, natural sorbent
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VIK 470.5

U3YYEHME PYJIHBIX METACOMATHUTOB Y ®EJbLCKOI'O
BO3PACTA BUIITHEBCKOI'O MEJHOKOJIYEJAHHOTI'O
MECTOPOXIEHUA

®@ponos H.C.", cmyoenm 2 kypca mazucmpamypu,

3eonapes A.E2, k.2.-m.1., Ooyenm

! Poccuiickuii ynusepcumem opyaic6r napooos, Mockea, Poccus
Boponeaicckuii 2ocyoapcmeennwiii ynugepcumem, Boponeoic, Poccus
froloff-vania20l@yandex.ru

Hayunwiii pyxosodumens: k.H., doyenm Kapenuna Enena Buxmoposna

AnHoTanus. VccnenoBanue pyAHbIX METaCOMaTUTOB BuiiHes-
CKOTO MEIHOKOIYEJAaHHOTO MECTOPOKIEHMS IMO3BOJWIO BBIIBUTH HMX
CTPYKTYpY M COCTaB, a TAKXX€ OLIEHUTh UX T€OJIOTHYECKOE MPOUCXOKAC-
Hue. Butn npuMeHeHsl pa3IyHble METOIBI aHANIN3a, BKIIIOYAst ONTHYE-
CKYI0 MU DJIEKTPOHHYIO MHUKPOCKOIIMIO, PEHTI'€HOBCKYIO AU(PPAKLUIO
W XUMUYECKUH aHaiu3. Pe3yapTaThl MHOTHX HUCCIEIOBAHUS YKA3bIBAIOT
Ha HAJINYHE METACOMAaTUYECKHUX MPOLIECCOB B MECTOPOKACHNUH, YTO MO-
JKeT MPUBECTH K 3HAYUTEIBHOMY YBEIMUYCHHUIO €0 SKOHOMHUYECKOH 3¢-
¢dextuBHOCTU. MCccnenoBanue pynHBIX METaCOMAaTHTOB BHIIHEBCKOTO
MEIHOKOJIYEAAHHOTO MECTOPOKICHUS TO3BOJIMIIO ONPEAETUTH UX XUMHU-
YECKHI COCTaB, CTPYKTYPY U TEKCTYPY, a TAKKE BBIIBUTH IPOIIECCHI ME-
TaCOMAaTUYECKOI0 PEBPAIECHUS, IPOUCXOAIINE B MECTOPOXKICHHUH.

KiroueBsle cjioBa: METaCOMaTHTHI, METHOKOTYEJaHHBIE MECTO-
POXKIECHHSA, OINTHYECKAas MHUKPOCKOIUS, 3JIEKTPOHHAs MHUKPOCKOIMS,
PEHTreHOBCKas AU(PaKIKs, XUMUYECKHN aHaJIH3

BBenenue

MenHokom4e fTaHHbIE MECTOPOXKICHUS SABIISIOTCS OJTHUMU U3 Ca-
MBIX KPYIIHBIX U BaXKHBIX MECTOPOKICHUN Meau B Mupe. OHU pacmono-
JKEHBI B PA3NMUYHBIX CTpaHax, Bkmovas Poccutro, Unnu, CILIA, Kanany,
ABgctpanuto, Ilepy, Mekcuky u npyrue.

Menp, noObiBaeMasi U3 MEIHOKOIYEIAHHBIX MECTOPOXKICHUH,
SIBIIIETCS. OJTHAM W3 HanOosiee BOCTPeOOBAaHHBIX METAJUIOB B MUpE Oia-
rojiapsi CBOMM YHHUKaJbHBIM CBOMCTBaM, TAKUM KaK BBICOKAs 3JIEKTPO-
MTPOBOIHOCTH U TEPMUYECKasl CTAOMIBHOCTh. Melb HCITOIB3YETCS B IIPO-
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W3BOJICTBE PA3NIMUHBIX M3/CIMH, BKIIOYas MPOBOJA U Kabenu, TpyOsl,
JIUCTOBOM MeTallll, MOHETHI, SJIEKTPOHHbIE KOMIIOHEHTHI 1 MHOTHE ApY-
THe U3JeNNs.

Jns noObluM Meau M3 METHOKOMYETAHHBIX MECTOPOXKICHHN
MPUMEHSIOTCS PA3JIMYHBIE TEXHOJIOTHM U METOJBI, BKIIIOYasl OTKPHITHIC
U TIO/I3€MHbBIE TOPHBIE PA0OTHI, THAPOMETAILTYPIrHUECKIE METOIBI U APY-
rue. OnHaKo, 100bYa MEOHM TAaKKEe MOYKET UMETh 3HAUMTENbHbIC Hera-
THBHBIE BO3JIEMCTBHS Ha OKPY’KAIOIIYIO CPEIy, TAKHE KaK 3arps3HEHHE
BOJIBI U TIOYBBI, Pa3pyLIEHUE SKOCUCTEM U Ipyrue npobiemst [1].

BakHO OTMETUTB, UTO MEAHOKOIYETAHHBIE MECTOPOXKICHNUS SB-
JIAIOTCS BaXKHBIM HMCTOYHMKOM MEAW AJSA MPOMBIIIIEHHOCTH U 3KOHO-
MHUKH MHOTHX CTpPaH, HO UX 10OBIYa TOJKHA IPOBOJUTHCS C YUETOM cOa-
JAHCUPOBAHHOTO MOAXO0Ja K OXpaHe OKpY’Kalolied cpelsl U obecrede-
HUS yCTOHUMBOro pa3BuTus. OIHAKO, HECMOTPSI Ha OONBLION MHTEPEC
K 3THM MECTOPOXACHHUSIM, MEXaHU3MbI UX (DOPMHUPOBAHUS IO CUX IOP
OCTAIOTCS HEJOCTATOUYHO U3yYCHHBIMHU.

MeToabl M OpraHu3anMs UccaeI0BAHUS

Jnis jocTwKeHusl Halleid Lear Mbl HCIOJIB30BaIH CIEIYIOLIHE
METOABI UCCIICOBAHNU:

Jns DOCTHKEHMS LeNM MCCIIEA0BaHUs ObLIH IPHMEHEHBI pa3-
JIMYHBIE METOJIbl aHAJIM3a, BKIIFOYasi ONTUYECKYIO U JIEKTPOHHYIO MHK-
POCKOIHIO, PEHTT€HOBCKYIO THU(PPAKINIO U XUMUYECKHI aHAIU3.

OO0pasipl MeTacoMaTUTOB OBbLIIM COOpPaHBl HA MECTOPOKACHUH,
a 3aTeM OTIIPABJICHBI B JTaOOPATOPHIO ISl JAanbHeimero aHanu3a. Onru-
YyecKask MUKPOCKONHMS Oblila HCIIONIb30BaHA [UIS M3YYEHHS TEKCTYPbI
U CTPYKTYPBI METaCOMATUTOB, a JIEKTPOHHAS MUKPOCKOTINS — JUIs Ootee
JETATBHOTO M3YYeHHS MUKPOCTPYKTYPHI 00pa3oB. PeHTreHoBCKas u-
(hpaxiys OblIa NCTIOTB30BaHA JTST MICHTU(PUKAIIIN MUHEPAIOB B 00pas-
ax, a XAMUYECKUI aHAJIM3 - VIS ONIPEAEICHHS HX XUMUYECKOT0 COCTaBa.

Llenpr0 JaHHOTO MCCIIEIOBAHMS SBISCTCS N3yUCHUE PYIHBIX Me-
TAaCOMaTHTOB BHIIHEBCKOTO MEIHOKOIYETAaHHOTO MECTOPOXKIACHHUS H
BBISIBJICHHE HX CTPYKTYPBI, COCTaBa U F'€0JIOTHIECKOTO IPOHCXOXKICHHS.

Pe3yabTaThl ncciefoOBaHUS U MX 00CYxKAeHHE
UzydeHne pymHBIX METaCOMAaTHTOB 3H(PETBCKOr0 BO3pacTa Ha
BumiHeBckOM MEIHOKOIYEIAaHHOM MECTOPOXKICHHH HMEET BBICOKYIO
aKTYaJIbHOCTh B HACTOALIEE BPEMsl, IIOCKOJIBKY 3TO MOXET J1aTh HOBBIE
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3HaHUSI 0 (POPMHUPOBAHUY U PA3BUTHU METHOKOIUCTAHHBIX MECTOPOIK-
JICHUH B 11EJI0M, & TAK)KE MIPUBECTH K OTKPBITHIO HOBBIX MECTOPOIKICHHIA
menu [2].

MeTacoMaTHThI PEICTABISAIOT cO00M MUHEpalIbHBIE 00pa3oBa-
HUSI, KOTOPBIC 00Pa3yIOTCs B Pe3yabTaTe XUMUUCCKOW PEAKIMH MEXTY
PYIHBIME TTOpOAaMu U Grongamu. M3ydyeHne MeTacoMaTHTOB Ha Buii-
HEBCKOM MECTOPOXKJICHUH MOXKET TO3BOJIUTh ONPEACTUTh, KAKUE THIThI
PYIHBIX TOPOJ U (ITFOUIOB YYAaCTBOBAIM B Mpolecce 00pa3soBaHus Me-
CTOPOXKICHUS, U KaKUE YCIOBUS ObLTH HEOOXOMUMBI I 00pa3oBaHUs
MEJU B PYIHBIX TIOPOAAX.

Kpome Toro, uzyueHne METaCOMATHTOB MOXET MOMOYb YIIyu-
NIUTh 3PPEKTUBHOCTH MPOLECCOB A0OBIUN MEIH, MyTeM ONPEICIICHHS
HanboJiee MEePCIIEKTUBHBIX 30H IS JOOBIUM U yIYUIICHHUS TEXHOJIOTHI
oborarieHus pya.

Jlnis opraHu3anyy UCCleA0BaHus 0e3 MOe3IKU Ha PYAHUK ObLTH
YCTaHOBJICHBI KOHTAKTHI C TIPEICTABUTENISIMU MECTOPOXKICHHSI i OpPraHu-
30BaHa OTMpaBKa 00pPa3OB METACOMATUTOB B JIAOOPATOPHIO TS aHa-
nu3a. JlanbHel1nee uecine0BaHie MPOBOIUIOCH C HCTIOJIb30BAHHUEM CO-
BPEMEHHOTO 000PYIOBAHHUS U JTA0OPATOPHBIX METOJIOB aHAITN3A.

Pe3ynomamut uccnedosanusn

Pe3ynpTaThl MccnenoBaHUS METaCOMAaTUTOB Ha BumrHeBckom
MEIHOKOITYEIAHHOM MECTOPOXKICHUN YKa3bIBAIOT HAa CIIOXHBIM Xapak-
TEp UX CTPYKTYpbl U cocTaBa. Hanmmume NMUPOKCEHOB, IUIArHOKIA30B,
IpaHaToB M 3UA0TOB B 00pa3lax yKa3bIBaeT Ha MIMPOKUI AUana30H MU-
HEPAIbHBIX COCTABOB, KOTOPHIE MOTJIM Y4aCTBOBATh B IIPOLIECCE METACO-
MaTH4yecKkoro mnpespauieHusi. OOHapy>KeHHE MUHEpPAIOB MEIH, TaKHX
KaK XaJbKOMUPUT M OOPHMT, SIBIISICTCA BaXKHBIM ITOKAa3aTelIeM IPUCYT-
CTBHA MeIu B oOpasiax.

TekcTypa MeTacOMaTUTOB, BBISIBICHHAS IPU MOMOIIM ONTHYE-
CKOW MHKPOCKOIIMH, YKa3bIBAE€T Ha CJIOXKHBIC [IPOLIECCHl METACOMAaTHYE-
CKOT'O HPEBpAIIECHUs, KOTOPble MPOUCXOAWIN B Pe3ylibTaTre AEHCTBUS
THAPOTEPMAIbHBIX PACTBOPOB. JTO CBHIETEILCTBYET O TOM, YTO MEZb
ObuIa NepeMeleHa U CKOHLIEHTPUPOBAaHA B PYJHBIX [I0POJaX B Pe3yJiib-
TaTe XMMUYECKOM peakLuu ¢ QUIronaaMu.

B nenom, pe3ynbTaThl HCCIEI0OBaHUS METACOMAaTUTOB Ha Bum-
HEBCKOM MEIHOKOJIYEIaHHOM MECTOPOXKAEHHH I03BOJIIIOT IOJIyYUTh
HOBBIE 3HaHUs O mpoueccax (HOpMUPOBAHUST METHOKOTUYEIAHHBIX MEC-
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TOPOXKICHUH U MOTYT OBITh UCTIOIB30BAHBI JUIS YIyUIIICHUS TEXHOJIOTUI
JOOBIYM MEIIU U OIIPENICICHUs HauboJee MepCIeKTUBHBIX 30H JUIS J0-
ObIUH.

Oobcyrrcoenue pe3yromamos uccieo06anus

PesynbTaThl ucClieIOBaHUS MOTYT OBITH HCIIOJNIB30BAHBI IS
JATBHEUIIIET0 U3y4eHUs MEXaHU3MOB (DOPMUPOBAHUS METHOKOTUEIAH-
HBIX MECTOPOXICHUH 1 ONTUMH3AINH UX JKCIUTyaTaluu. MeracoMmaru-
YEeCKHE TPOIIECCHI, BHISBICHHBIE B MECTOPOXKJICHHUH, MOTYT OBITH HC-
MOJIL30BAHBI JIJIS TMOBBIMIEHUS () ()EKTUBHOCTU JOOBIYHA MEIU U yBEIH-
YeHHs ee 3armacoB. KpoMe Toro, pe3ynbTaThl UCCIIE0BaHUS MOTYT OBIThH
MPUMEHEHBI B IPYTHX 00JaCTAX T€0JIOTHUH, BKITIOYAs H3yUSHHE MPOIiec-
COB METacOMaTHYECKOTO MpeBpalieHus 1 (OpMUPOBAaHUS PYAHBIX Me-
cropoxaeHui [3].

Ha ocHoBe pe3ynpTaToB HCCIEIOBAaHUS MOXHO PEKOMEHI0BATh
WCIIONIb30BaHUE METOJIOB METacOMATHUECKOH 00pabOTKU MpH T0OBIue
Mean u3 BUITHEBCKOTO MEIHOKOIYETAHHOTO MECTOPOXKICHHSI. DTH Me-
TOJIBI IO3BOJIST OBBICUTH 3()(PEKTHBHOCTH TOOBIYH U YBEITHYUTH 3aMaChl
MeJIM B MECTOPOKIeHHH. Takke peKOMeH IyeTCs TajbHenIee n3ydeHnue
METaCOMAaTHYECKHUX TMPOIECCOB, IMPOUCXOASIINX B MECTOPOXICHHUH,
C TETBI0 ONITUMU3AINH JOOBIYH U MOBBIIICHUS e 3(PPEeKTHBHOCTH.

3akiouenne

HccnenoBanne pyaHbIX METACOMAaTUTOB BUIIHEBCKOrO MenHO-
KOJTYEZAHHOTO MECTOPOKIACHUS SBISAETCS BaKHBIM IIarOM B U3yYEHUH
Te0JOTMYECKUX MPOLECCOB, MPOUCXOIAMINX B PYIHBIX MECTOPOXKIE-
HusX. lodydeHHble pe3yabTaThl MOATBEPKAAIOT CIOXKHYIO CTPYKTYpPY
U TEKCTypy METacCOMATUTOB, a TaK)K€ XMMHUYECKUH COCTaB, BKIIIOYAIO-
muii B ce0s MeTHbIE MUHEPaTbl, TAKUE KaK XaJbKOMUPUT U OopHUT. On-
TUYECKasi MUKPOCKOITHS IO3BOJIMIIA YCTAHOBHUTE, YTO METACOMATUTHI 00-
Pa30BAINCh B PE3yJIbTaTe METACOMATHYECKOTO MPEBPAILECHUS MO ACH-
CTBHEM THAPOTEPMAIILHBIX PACTBOPOB.

[Tony4yeHHbIe JaHHBIE MOTYT OBITH HCIIOJIB30BAHBI AJISI ONTHMU-
3alUM TEXHOJOTHH AOOBIYM MEOH W MOBBIEHUS 3PPEKTUBHOCTH dKC-
IUTyaTallud MecTopokIeHus. OnpeneseHne MUHEpaJbHOrO COCTaBa
U CTPYKTYpBI METACOMATHTOB MOKET IIOMOYb B IUIAHUPOBAHUH TOOBIYH
PYZbI, OTIpeieIeHNH ONTUMAaIbHBIX METOJJ0B O0OTallIeHUs! U BBIOOPE CO-
OTBETCTBYIOIUX 000pyAoBaHus [4].
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Kpome Toro, pe3ynbTaTbl 3TOTO UCCIEIOBAHUS MOTYT OBITH MC-
M0JIb30BaHbl B JAJIBHEHIINX HCCIENOBAaHUAX METAaCOMaTHUECKUX IPO-
LIECCOB, YTO MOKET MIOMOYB JIYUIIE TOHATh MPOUCXOKIECHUE MEAHOKOII-
YEeJaHHBIX MECTOPOXIEHHH U TMOBBICUTH 3P(PEKTUBHOCTH MX JOOBIYU
B Oynymem. Takxe gaHHBIE MOTYT OBITH MOJIE3HBI ISl pa3pabOTKH HO-
BBIX METOJIOB O0OTAIECHUS U ITepepadOTKH METHOH PyIbL.

Taxum 00pazoMm, pe3ynbTaThl HCCIEI0BaHUS PYAHBIX METacoMa-
TUTOB BHIIHEBCKOTO MEIHOKOIUYEAAHHOTO MECTOPOXKICHUS HMEIOT
OOJIBIIYIO 3HAYMMOCTB JIJIsl HAYYHOT'O COOOIIECTBA U MPOMBIIIICHHOCTH,
U MOTYT OBITh HCIIOJIB30BAaHbI Ui ONTUMH3ALMN TPOLECCOB AOOBIUU
U TepepabOTKU MEAHOM PYHBL, a TAKXKE B JAalIbHEHIINX HCCIEIOBAHUIAX
METaCcOMaTHUYECKHX MPOLIECCOB.
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Abstract. The study of ore metasomatites of the Vishnevsky
copper-crusted deposit made it possible to identify their structure and
composition, as well as to assess their geological origin. Various methods
of analysis were applied, including optical and electron microscopy,
X-ray diffraction and chemical analysis. The results of the study indicate
the presence of metasomatic processes in the deposit, which can lead to
a significant increase in its economic efficiency. The study of ore meta-
somatites of the Vishnevsky copper-crusted deposit made it possible to
determine their chemical composition, structure and texture, as well as to
identify the processes of metasomatic transformation occurring in the de-
posit.

Keywords: metasomatites, copper-crusted deposits, optical mi-
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JIOKAIIUA 'EOAKTUBHBIX 30H HEOTET'A3OHOCHBIX
PAHOHOB CPEJHEI'O IIPUOBLS 11O PE3YJIbBTATAM
DOPAKTAJIBHOI'O MOJAEJMPOBAHUA
JIMHEAMEHTHO-BJIOKOBBIX CTPYKTYP

Kpaeuyoe B.B., k.m.H., doyenm

Jlenapmamenm mexaHuxu u npoyeccos ynpaeieHus,
Huowcenepnas akademus

Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus

Annortauus. B nauane XXI Beka ctano ¢opMupoBaTbCS MEK-
JUCLMIIMHAPHOE HalpaBlICHHWE — JTMHEAMEHTOJIOTHs, B paMKaxX KOTO-
POro MPOBOJHUTCS BCECTOPOHHEE M3YyUYEHHE PAa3HOMACIITAOHBIX JHMHEH-
HBIX 00pa30BaHMi 3eMJIHM U TUIAaHET 3€MHOM TPYIIBI C LEIbI0 UCCIEN0-
BaHUS MX POJM M 3HAYEHHUS B Pa3BUTHHU MaHeT. C NOABIEHUEM KOCMH-
YECKUX CHUMKOB I'€0JIOTH TIOJTYYMIIN YHUKAJIbHYI0 HHPOPMAILIHIO, TI03BO-
JSIIOILYI0 pa3paboTKy Pa3HOPAHTOBBIX MOJENEH Treosoro-reodusnyec-
KO cpenpl OT O0IIEero K yacTHOMY. B cTaThe Ha KOHKPETHBIX PUMEPax
pPaccMOTpPEHBI BO3MOKHOCTH BBISBIICHUSI T€OAKTUBHBIX 30H B pailoHax
HedTerazogo0buM ¢ MPUMEHEHHEM CHUCTEMHOI'0 METOJa MOJETUpPOBa-
HUSl JIMHEAMEHTHO-OJIOKOBBIX CTPYKTYpP Ha OCHOBE YHHBEPCAJIHLHOI'O
npruHOMIA GPaKTATBHONW AETMMOCTH HArpy>KaeMbIX TBEPABIX TENl U T€0-
cpel IpH ACCTPYKLHH.

Kiouessle cioBa: dpakTanibHOE MOJAEINPOBAHUE, TEOAMHAMU-
YEeCKHE aKTHBHBIC 30HBI, INHEAMEHTHI, OJIOKH

Beenenue

ITo coBpeMeHHBIM B3IIIAaM, 3eMHasi Kopa MpeCcTaBisieT co0oi
HE CIUIOIIHYIO CPeAy, a AUCKPETHYIO CUCTEMY OJIOKOB, U KakK JII000H CH-
HEPreTUYECKUil AUCKPETHBIA aHCaMOib, 00JIagaeT CBOWCTBAMHU Hepap-
XUYHOCTH ¥ camonofo6us. Oco3HaHUe ITUX BAXKHEHIINX CBOMCTB OIpe-
nenwio OypHbI mporpecc reo(U3UKH, TeOMEXaHWKH, a B IOCJICAHEE
BpeMs U T€0JIOTMH, IMEHHO KaK TOYHBIX HAayK, a TAKXKe B3aUMHOE COIH-
KECHUE TOAXO0J0B, IPUMEHSIEMBIX B HayKaxX O 3emJjie U B MHXCHEPHBIX
TUCIAIUINHAX — He(PTIHOM WHXUHHPUHTE, TOPHOM fene u T. A. [1].
CucremaTr3anus ¥ CHHTE3 3HAHUH B 3TOH MEXIUCIUILTHHAPHON 00Ia-
CTH CHOCOOCTBOBAJl Pa3BUTHUIO HAYYHO-NPUKIATHOIO HANPABICHUS Ha
CTBIKE€ COBPEMEHHOH U HOBEMIIEH T€OJUHAMUKH C IPYTUMU HAYKaMH —
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YYEHHsI 0 TEOJUHAMHUYECKH AKTHUBHBIX (MJIM COKpAIIEHHO — I'€OaKTHB-
HBIX) 30Hax (I'A3), nmpencTaBnsiomux co00i y4acTKH 3 MHOI KOPBI, pa3-
JUYHBIE IO 00bEMY, KOHQUIYpaluHl U IUIOMIAAH, aKTHBHBIE HA COBpE-
MEHHOM JTare HEOTEKTOHMUYECKOTO Pa3BUTHUS, XapaKTEPU3YIOIIHECS T10-
HUKEHHOM MPOYHOCTBIO, MOBBIIIEHHON TPEIIMHOBATOCTBIO, IPOHUIIAE-
MOCTBIO U, KaK CIEICTBUE, IPOSBICHUSAMHU Pa3pbIBHOM TEKTOHUKH, CEH-
CMHYHOCTH H IPYTHX aHOManueoopasytoumx npoueccos. ['A3 o0ycios-
JIEHbI TEKTOHUYECKUM I10JIEM HANPSHKEHUH BO B3aUMOJICHCTBUY C TeO(H-
3UYECKUMH, T€OXUMUYECKUMH, TUAPOTr€OJOTHIECKUMHA U APYTUMH IIO-
JISIMU, a TaKXKe [UIaHETapHON TMHEAMEHTHON TPEUIMHOBATOCTBIO.

JInHEaMeHTBI M X CHCTEMBI MPOSIBJIAIOT HA 36MHOM MOBEPXHO-
CTH NTyOMHHBIA CTPYKTYPHBIH KapKac JuTocepsl, 00pa3yoT NpaBUilb-
HYIO T€OMETPUUECKYIO CETKY, KOTOpas SBISETCS MEPBUYHON OCOOCHHO-
CTBIO 36MHOM KOpBI [2], CITy’KaT BEIpaKEHUEM €€ MHOTOIIOPSIAKOBOM BOJI-
HOBOI1 camoopranuzauuu 1 (paxraiapaoit npupoas! [3]. Kak mokaszanu
WCCIICIOBAHNUS, B y3JlaX IepeCceyeHus IMHEaMEHTOB IPOUCXOJUT MaKCH-
MaJIbHOE HaKOIUICHHE (pa3psaKa) TEeKTOHMYECKOH SHEpPTuu, a caMu JIH-
HEaMEHTBI CIIy’KaT KaHajJaMHy IepepacnpeneieHus nociennen. Jlnxea-
MEHTHO-T€0IMHAMUYECKUI TOAXO] SBIAETCS OOHUM U3 3(PPEKTUBHBIX
METOJI0B HccenenoBaHuid I'A3 Ha OCHOBE CICTEMHOTO aHaJIM3a.

Heab ucciienoBanuii

H3yueHne reosoro-reopu3nIecKux yCiIOBHH M MPHUPOJHO-TEX-
HUYECKUX cUCTeM HedrerazoHocHbIX paiioHoB Cpexnero IIpno0Obs B ux
B3aUMOJICIICTBIH C aHOMAIMEOOPa3yOIUMHU poLeccaMt ISl odecreye-
HUSI 9KOJIOTO-T€OJMHAMUYECKON O€30MaCHOCTH U PalliOHAIBHOTO MPUPO-
nonosb30BaHus. COBEpILICHCTBOBAHUE ABTOPCKOM METOIUKH (paKTaib-
HOTO MOJENUPOBAHUS JIMHEAMEHTHO-OMOKOBBIX CTPYKTYp AJIS CO3IaHUS
00BbEMHON MOZEIIH Fe0CPeabl, CHCTEMHOI'O BBISIBJIEHHUS] U KOMIJICKCHOTO
aHanmm3a ['A3 c npuMeHeHreM TUCTaHIIMOHHBIX METOAOB 1 TeonH(pOopMa-
LUOHHBIX TEXHOJIOTUH.

MartepuaJibl M METOABI
CrpykrypHOE nemmudpupoBaHie — OAUH U3 METOAOB M3ydeHUS
TUCKPETHBIX OCOOCHHOCTEW 3eMHOU KOPBI M TEKTOHUYECKOTO CTPOCHUS
TEPPUTOPHI TT0 N300pAKEHUIO €€ TTOBEPXHOCTH Ha a9POKOCMOCHUMKAX
u Torniorpadudecknx kaprax. OOBEKTOM HCCIEIOBAHUS TIPH AemH(pH-
pPOBaHMU SIBISIOTCS JIMHEAMEHTHI W MeTaTpenHoBaTocTb. 1log Tepmu-
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HOM METaTpeLIMHOBATOCTh MOHUMAETCS «...COBOKYITHOCTh BCEX JIMHEH-
HBIX 3JIEMEHTOB penbeda U PACTUTEIBHOTO MMOKPOBA, OTPAKAIOIIUX Pa3-
HBbIC AU3BIOHKTUBHBIE HapyIIeHUs» [4]. DTH ABa TEpMUHA UMEIOT OMIH3-
KO€ 3Hau€HHE U [T0/Ipa3yMeBaIOT COOTBETCTBUE Pa3oMa UIIH Pa3ioMHON
30HBI B 36MHOI KOpE MPSMOJIMHEITHO OpraHM30BaHHOMY COYETaHUIO dJie-
MEHTOB JaHmagTa, XapaKTePHbIX 17151 JAHHOW MPUPOIHO-KIMMaTHYeC-
Koi1 30HBI. bonee monpoOHO 3TH U Apyriue METOIUYECKHEe OCOOCHHOCTH
paccMoTpeHsI B pabdoTax [5, 6, 7].

3aKOHOMEPHBIE COOTHOLIEHHSI OPUEHTUPOBKH JIMHEAMEHTOB I10
yeteipeM HampasieHusM (C-FO u 3-B — oproronansnas cucrema, CB
n C3 — nuaroHanbHas CHCTEMa) U KMHEMAaTUKU COOTBETCTBYIOIIMX UM
CTPYKTYP YKa3bIBalOT Ha TO, 4TO ()OPMHUPOBAHHE IMHEAMEHTHBIX CUCTEM
MIPOUCXOANT B YCIOBHUAX MMITYJIbCHOTO MEPHOAMYECKOTO BO3ACHCTBUSA
M0JIel TEKTOHUYECKUX HANPSHKEHUH 1 eOpMariiid, T.e. CeTh INHEAMEH-
TOB OTBEYAET CBOCOOPA3HOM CTpecc-ceTH, B KOTOPOH SIBHO MPOCMATpH-
BaeTCsl Hepapxusl JUCKPETHBIX MOPAIKOBBIX ypoBHEH [8]. I'naBHbIE H-
HHUH COCTaBIISIIOT CUCTEMY |-ro mopsiika, 3aJaloLlyl0 HallpaBJICHUS CH-
cTeMaM ceTu 0oJiee BBICOKHUX HOPSIAKOB. MeHsieTcsl JIUIIb [Iar YepeoBa-
HUSl OTHENbHBIX JIMHEWHBIX AJIEMEHTOB CEeTH. MHOTUMH aBTOpaMHU
[9,10,11 u op.] yCTaHOBIIEHO, YTO IIar AEIUMOCTH 3JIEMEHTOB 3€MHOMN
KOPBI ¥ pa3Mepbl 0JIOKOB HE IPOU3BOJIBHEL, a IAaI0T HEKOTOPBIN JUCKPET-
HBIH PAJl, B KOTOPOM OTHOIIIEHHE pPa3MePOB KOMITAKTHEIX (a = b = ¢) 6110-
KOB N-T'0 NOPSIIKA K pa3Mepy cocenHuX 010koB nopsinka (n+ 1) u (n- 1)
YAOBJIETBOPSIET HEKOTOPOMY ()yHOAMEHTaJbHOMY COOTHOLICHHIO —
YHHUBEPCAJIbHOMY IMPHUHLMIY (PAKTANbHOW IEJIUMOCTH Harpy>KaembIX
TBEPIBIX TEJI M F€OCPEA IPU AECTPYKLUHU

(I‘(n - l)/Ln) =A=3.

B xone comocraBieHHUsl Pe3yJIbTATOB KOMILIEKCHBIX T'€OJIOTO-
reopU3NUECKNX, TeOOIUHAMHUYECKUX HAOIIOAEHHH M JHMHEAMEHTHOI'O
aHajgM3a C METOJAaMH TEKTOHO(PH3MYECKOTO MOJICIUPOBAHUS MHOIO-
KpaTHO MOJTBEPKIICHA 3aKOHOMEPHOCTh IMHEAMEHTHO-0JIOKOBOW AETH-
MOCTH 3€MHOU KOpBI M OCAIOYHOTO 4exya C (hpakTalbHOW pa3MepHO-
CTBIO, OM3KOM K 3. B pe3ynpraTte MHOTOYHCICHHBIX M3MEPEHUH Oompe-
IeneHo 9 paHroB JIMHEAMEHTHO-OJIOKOBBIX CTPYKTYp C IHara3oHOM
CpeIHUX 3HA4YE€HHUI pa3MepoB CTOPOHBI OJOKAa M JIMHEAMEHTa (IJIMHBI
Y IIAPHHBI) 10 KaXKJIOMY PaHTy, IIPEICTaBICHHBIX B padoTax [5, 6, 7].
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Kax mokazany MHOTOJIETHHME HCCIENOBaHU, EPBOOUYEPETHBIM
METOANYECKUM IPABHUIIOM MpPU CTPYKTYPHOM ACUIM(PPUPOBAHUM SIBIIS-
eTCsl IPUHLHUI OT «OOIIETO K YaCTHOMY», U3 KOTOPOTO JIOTHUECKH BhITE-
KaeT TpeOOBaHHE PaCCMOTPEHHUSI HCXOAHBIX MaTepHaJioB JIFOOOH 3aJaH-
HOW TEPPUTOPHUH MOCIEA0BATEIBHO CHaYajda B 0030pHO-PETOHATBHOM,
3aTeM B PETHOHAJILHOM M 30HAIBHOM, & B 3aBEPILCHNH, B JJOKAIBHOM (-
Jiee B IeTalbHOM) MaciuTabax. Ha xaxxnom maciraOHOM ypOBHE BBIE-
JIeTCs, KaK IMPaBUilo, MO 2-3 paHra 30H JINHEAMEHTOB OPTOTOHAJIBHOH U
JUaroHAILHOW CUCTEM ONpEIEIeHHON Pa3MEPHOCTH (AJTUHBI U LIUPHHBI)
W CTPOTO 3aJIaHHOT0 a3uMyTa NpocTupanus (puc. 1).

Puc. 1. Cxema nocyiea0BaTeIbHOT0 CHCTEMHOT0 PAHKUPOBAHMS
30H JIMHEAMEHTOB OPTOTrOHAJILHON 1 IHATOHAJIBLHOM CHCTEM TEPPUTOPUH
3anagno-Cubupckoii mntel: A) I u II panra; B) III u IV panra.
KpacHbIM KOHTYPOM O0TMe4eHbI He(pTHbIE MeCTOPOKACHUS,
JKeJITBIM LIBETOM ¢ KOPMYHEBBIM KOHTYPOM — He(pTerazoBble
H He(hTera3oKOHACHCATHBIE; KEJITHIM HBETOM —
ra3oBble U rA30KOH/ACHCATHBIC

[epBblif mar MoAETUPOBAHUSA IPH OMIPEICTICHUN UCXOTHON 00B-
eMHO pasmepHocTu ['A3 miaHetapHOro paHra TpedyeT cephe3HOH J0-
Ka3aTeJIbHOU 0a3bl reos1oro-reopu3ndeckoi HHPOPMAIIH MPEKAE BCETO
0 IITyOMHHBIX PETIEPHBIX TOPU30HTAX, TAK KAK OT 3TOT'0 3aBUCHT KOPPEKT-
HOCTb MOCJEAYIOUIeH reOMETpU3alMU JTMHEAMEHTHO-0JIOKOBBIX CTPYK-
Typ Oonee Bbicokoro panra. Ha puc. la obpamator Ha ce0s BHUMaHHE
0COOEHHOCTH Pa3MEIICHUs] MECTOPOXKICHUH yrieBogoponos. Kak Bua-
HO, TOJABJISIONIEEe OOJIBIIMHCTBO HE(PTIHBIX MECTOPOKICHUN (MaKCH-
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MaJIbHasl TIOTHOCTH 3aIlacoB) pacroyiaraeTcs B TPaHMIaX LIMPOTHON
30HBI IUHEAMEHTOB | paHra, a aHaJIOTMYHAasl 30Ha IMHEAMEHTOB CEBEPO-
3aMagHoOro HampaBJieHHs U 30Ha nuHeaMeHToB III paHra ceBepo-BocToU-
HOW OPHEHTHPOBKH Pa3ACiAIOT MECTOPOXKACHUS HAa HeTAHbIE 1 He(Te-
ra3oBble, He(h)Tera30KOHACHCATHBIE, TA30BbIE, TA30KOHACHCATHBIE.

[upoTHyO 30HY pa3Hblie aBTOpsI [ 12, 13 1 Ap.] CBS3BIBAIOT C T.H.
TpaHccnOUPCKUM CyHEepIMHEaMEHTOM IUIAHETAPHOTO paHra MpOTSKeH-
HOCTBIO OoJiee 4 ThIC. KM M MOJIHOCTBIO MEPECEKAI0MINM KakK 3anaaHo-
Cubupckyto wimTty, Tak 1 Cubupckyio miatgopmy. 30Ha NpHypodeHa
K KpUTHUYECKOW NapaieNH, MpoxXoasaiien Baonb 61-62° c.u1.; oHa pacmo-
JIO’KE€HA 0 OCH T0ACA, B IPEJENIaX KOTOPOro YBETHUEHHUE IIIOIIAN 3EM-
HOT0 3JUTUIICOUA NTPH 3aMEUIEHUN BPALIEHUsI 3EMIIN JOCTUTaeT MaKCH-
MyMa (10 13,5 Thic. KM%), 4TO CONPOBOKIAETCS PACTSHKEHUAMM H TTy-
OMHHBIMH pa3pbIBaMU 36MHOU KOpHI [12].

ba3oBble pa3MepHOCTH U FPaHUIIBI 3TOI 30HBI OTMEUEHHI B PEITb-
ede noBepxHocTH Moxo. B reomuHaMuueckoM OTHOLIEHUH, IO MHEHHIO
B.®. [Topypymmna (2002), 3amagao-CuOMpCKyIO TIUTY C 3amaja Ha BO-
CTOK IepeceKaeT cyOomupoTHas XaHTel-MaHcuiickas 30Ha cxartus, B CO-
cTaBe KOTOpoW BeIAensiercs moa3oHa CHOMpCKuX YBasioB (CTPyKTypa
CXKaTHsL CO CIIBUTOBON KOMIOHeHTOH) n O0b-Baxckas mon3ona oTHoCcH-
TEJNBHOTO pacTshKeHusl. B coBpeMeHHOM pelnbede 3¢MHOI TOBEPXHOCTH
OO0p-Baxckas moi3oHa 3axaTa M1y CaMbIM MPOTSHKEHHBIM [IHPOTHBIM
OTpe3KOM 10JHHBI p. OOb 1 MapansieIbHON eMy, TAaKOH XKe 110 JUTHHE, F0K-
HOH rpanuneii CHOMpckux YBajoB. Mexay 3TUMH peliepHBIMU JIMHEa-
MEHTaM{ PACKUHYJIUCH OOIIMPHBIE 110 TUIOMAAN TUIOCKUE 03epHO-00I10T-
uele nanamadTel Cypryrckoro Ilonecks, pacnoiokeHHbIE CTPOro B Ipa-
HHULAX BO0cOOpa MpaBbIX NPUTOKOB p. OO 1 OTpakaroIre COBPEMEHHOE
cTyneHenogooHoe (3-X WieHHOe) MOrpyKeHHE TEPPUTOPHU C CeBepa Ha
tor. [lIuprna 30861 Konebnercs B uHTEpBaie 210-215 kM, 4T0 OAHO3HAYHO
OIIPEAENACTCS 10 TONOrpadUIECcKON KapTe U CITy>KUT OOBEKTUBHBIM apry-
MEHTOM IIPH ONPE/ICJICHUH LIPHHBI 30H JIMHEaMeHTOB | paHra.

30Ha TMHeaMeHTOB | paHra ceBepo-3anagHoil OpUEHTUPOBKH, BbI-
JeJIeHHAasl TI0 COBOKYITHOCTH XapaKTEPHBIX NeIIM(POBOUYHBIX MIPU3HAKOB
COBPEMEHHOTI'0 penbeda U THAPOCEeTH, Hallllla HOATBEPKICHNE Ha HOBOH
CXeMe TEeKTOHHYECKOro paioHupoBanHus QyHmameHta 3anagHo-Cubup-
CKOM TUTUTHI [ 15], T/Ie 0OHAa KOHTPONHPYET pa3MelieHne odIacTeil repIH-
CKOHM CKJIaI4aTOCTH a Ha Te0JIOTHYECKOM pa3pese €l 0TBedaeT KpyHHas
MEKOJIOKOBas 30Ha, MPOSIBIICHHAS B apXeH-NPOTEPO30HCKOM (hyHIaMeH-
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Te, UMeroIIas 3-X WICHHOE CTPOSHHE C TPU3HaKaMH pu(ToreHesa B LeH-
TpanbHOK wacth Komrtoropckoro mporu0a, coBmaiaromieidl ¢ MEpHIHO-
HalbHOM 30HOH uHeamenToB I1I panra (puc. 2). Panee 31ech sxe ObUT BBI-
neneH T.H. TpanceBpoasuaTckuil pasnom [16], pazaensromuit, o MHEHHUIO
aBTOpa, IBE Pa3HOBO3PACTHBIX POBUHIINH Mae030HCKOT0 (PyHIaMeHTa.

Tt Kapasisiecsisli aumukamiopit  Xyaoccii
3 TIIEYPILERIA MONOK T o i 1 more Flpsot yaosciicuas g
. ey P cian M i, Joma neanavisit Ulipororo HpioGee g F Anewoiaposcionn oy
e »

Puc. 2. I'eostornyeckasi MojieJib IIUPOTHOIO
ceficMoreosiornyeckoro npopuas I-1
[no oannvim A.B. Cmynaxosoti u op., 2015]

Ha puc. 1a, 6 ocoOblii HHTEpEC TPEACTABISAET CaMbIi KPYIHBIH
y3en nepeceueHust 30H JrHeameToB I-III paHros B neHTpanbHON yacTu
3anagHo-CuOUpCcKoOl MIUTHL B paiioHe pa3BuToi HedTenoOsun Cpen-
Hero [Ipno0bs. ['panuiel y3ia, moaTBep KJarOIIUe ero ryOnHHOE Tpo-
UCXOKAEHUe, TpeacTasieHsl B padote [17]. PaccmarpuBas mpobnemy
HePTEra30HOCHOCTH OTJIOKEHUH OOIBIINX TTyOHH, aBTOPHI IPUBIECKAIOT
FE€OXVMMHWYECKUE JAHHBIE COAEP)KaHUS MHUKPOIJIEMEHTOB, B 4aCTHOCTH
BaHA/IMEBBIX NOP(QUPUHOB B OPraHUYECKOM BEILECTBE MOPOJ OaKEeHOB-
CKOW CBUTBI M HE(TAX JJIsl OLEHKH UX TEPMUYECKOro NpeoOpa3oBaHusl.
OTH MUKPO3JIEMEHTHI HanboJ1ee IMOABMKHBI M OTPAXKal0T MUTPALIMOHHBIN
MOTEeHIHAN (QIIIOUA0B, IPH ATOM UX paciipelesCHHE 10 IIIOLIaIy KpaiiHe
HEPABHOMEPHO U U3MEHSETCA OT UX IMOJTHOIO OTCYTCTBUSA 10 BECbMA BBI-
cokux 3HaueHuil. Ha puc. 3 npencrasieHa 30Ha ¢ aHOMaIbHO BBICOKUM
COJIEp’KaHUEM 3TUX MHKPO3JIEMEHTOB, COBNAJAIOIIAs C pacCMaTpHUBae-
MBIM Yy3JIOM IepecedeHHs JInHeaMeHToB. [Ipu 3ToM oTUeT/IHBO mpocie-
XKHUBACTCSI CTPYKTYPHBIN KOHTPOJIb paclpelesieHHsI MUKPO3JIEMEHTOB 110
30He nuHeameHToB Il paHra, 9To CBHIETENLCTBYET O €€ COBPEMEHHOMN
reolMHaMUYeCKO akTMBHOCTH. Ha mpoTHBOMONOXKHBIX (iaHrax 3Toi
30HBI U pacCMaTPUBAEMOT0 y3Jia BbIENICHbI yHUKanbHbIe CaMOTIOPCKOE
U BelHranypckoe MecTopoxaeHust A JanbHeumen getanuzanus ['A3
1 WUTIOCTPALMH UX HPUKIaJHOTO 3HAYCHUS.
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Puc. 3. Cpennee IIpnoone. Cxema pacripeeeHusi CoAepKaHMs
BaHaaueBbIX nNoppupuHoB (Vp) B OB nopoa 6a:keHOBCKOH CBUTHI
[no oannviv C.A. [lynanosoii u B.JI. Lllycmepa, 2018]

B y3Jie nepeceueHusi JuHeameHToB I - II1 panros.

CHHHM KOHTYPOM BbIIeJIEHbI TPAHHUIIBI JTHIEH3HOHHBIX YYACTKOB
Camoriopckoro (Ha 0re) 1 Boiaranmypckoro (Ha ceBepe) MeCTOpPOKICHHIT

JeTanu3zaius TMHEMEHTHO-O0JIOKOBOI MOJIENIN MIPEICTaBICHA Ha
npumepe Tepputopur CaMOTIOPCKOTO I'€OJUHAMUYECKOTO TMOJIUTOHA,
IJie 10 pe3ylbTaTaM MOBTOPHOro HuBenupoBanus Il kiacca TOYHOCTH,
I'HCC u rpaBuMeTpruecKuX HaOIIOAEHUH ¢ UCIOIb30BAHMEM I'€0JIOr0-
MIPOMBICIOBBIX TOKA3aTeNEH, COCTaBIICHA KapTa MyJIbJ OCEIaHUs 3€MHOI
MTOBEPXHOCTH, OOYCIIOBIICHHBIX B OCHOBHOM CHWXCHHEM ILIACTOBOTO
JaBJieHus u (GOPMHUPOBAHHEM HECTAOWILHOW THAPOIMHAMHYECKON CH-
cremsl [18]. Ha puc.4 nokasana cxema COIOCTaBJICHUS JIOKaJbHOU JH-
HEMEHTHO-0JI0KOBOY MOJIeNH ¢ 3TOH KapToi. Kak BHIHO, B IIEIOM OTMeE-
YaeTCsl BBICOKAsl CTENEHb COBMAJCHUS JIOKAIbHBIX Y3JIOB MEPECCUCHUS
nmuHeameHToB (["’A3) m MyIbJ OocemaHus, 4TO MO3BOJISIET UCTIOIH30BATh
JTAHHBIA METOJ MOJCTUPOBAHMS IMHEAMEHTHO-0JIOKOBBIX CTPYKTYP TIPH
MPOEKTUPOBAHUU F€OJUHAMUYECKUX OTUTOHOB.
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v A

Puc. 4. Camotinopckmii reoTMHAMIYECKUIH TTOJTHATOH.
CxeMa cOnoCTaBJIeHHS JIOKAJIBLHON JHHEAMEHTHO-0JIOKOBOI MoIeIn
€ KapToii MyJIb/l OCeJaHUsl 3eMHOM MOBEPXHOCTH

Briaramypckoe He(hTera3okoHAEHCATHOE MECTOPOKICHHUE OTIIH-
YaeTCs CII0KHBIM MHOTOIUTACTOBBIM MEITKOOJIOKOBEIM CTPOCHHEM C MHO-
TOYHMCICHHBIMU Pa3pbIBHBIMU HAPYIIEHUSAMY OT ()yHJITAMEHTA JI0 36MHOH
MOBEPXHOCTH, TJI€ OTMEUCHBI MOBBIIICHHBIE CKOPOCTHU COBPEMEHHBIX
BEPTUKAJBHBIX JBUKEHUNW W MPOSABICHUS aHOMAJIbHOM T€OJMHAMUKHU
HeJp, C KOTOPBIMH CBSI3aHAa aBapUHHOCTh OOBEKTOB MPOMBICIOBOM HH-
¢dpactpykrypel. Ha atoM yuactke KonToropckuii akTHBHU3UpPOBAaHHBIN
JKeno0 W cBsi3aHHAsi ¢ HUM 30HA JinHeaMeHToB [II panra mepumuonab-
HOU OpPUEHTUPOBKH MEPECEKAOTCS ¢ APYTUMHU KPYMHEHIIUMU 30HAMHU
nmuHeameHToB [-111 paHTOB, YTO MPUBOIUT K YCHIICHUIO PA3HOTITYOMHHBIX
MIPUPOTHO-TEXHOTEHHBIX T€OMEXAaHMYECKUX M TEIO(PH3UIECKUX Tpo-
LIECCOB B HEApax, KOTOPhIC Pa3BUBATHCS HE PAaBHOMEPHO IO BCEH IIIO-
a1 MECTOPOXKJICHNUS, a JIOKAJIU30BATHCS B OMPEACICHHBIX Y3KUX 30HAX
pasrpy3Kud JHMHUTHUPYIONIUX AUHAMUYECKUX TPAJUCHTOB HM3MEHEHUS
IJIOTHOCTHU TOPHBIX MOPO/JI, KOTOPHIC HAJEKHO U3MEPSIIOTCS 1O JaHHBIM
rpaBUMETPUYCCKIX HAOIIOACHUH.
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Puc. 5. Boiaranypckoe MecTopoxxieHue:

A — cxeMa CONOCTaBJICHHH Y3712 nepecedeHust 1uHeameHToB I-1I1 panros
€ KAPTOil JIOKATbHBIX AHOMAJIHI CHIIBI THKECTH Agror (00=2.00 2/ch’,
d=8.0xm); b — ¢ KapToii 0TKA30B MPOMBICJI0BOIi HHPPACTPYKTYPHI
[no oannvim A.U. Kanenuyxozo u 3.J1. Kuma, 2012]

Ha puc. 5A y3en nepeceuenust nuaeamenTos I-1I1 panros mpak-
TUYECKH TOJTHOCTBHIO COBMAJAET C OTPULIATEIBHON aHOMAINEN CUIIBI TS-
kecTu (nuamerpoM okojio 40 KM) Haa MPOAYKTHBHOM yacThio BeiHra-
ITypCKOTO MECTOPOXKJECHUS. BHYTpH aHOMamuu KOMIUIEKCOM METOIOB
re0MHAMUYECKOI0 MOHUTOPHUHIA BBISBIEHO 3HAYUTEIBHOE YUCIIO AU3b-
IOHKTHBHBIX HapylleHU#l pazHoW opueHTHpoBKH [19]. Ha 3eMHoil mo-
BEPXHOCTH 3Ta aHOMAJUs OTYETIMBO NPOSBICHA B IICHTPOOSKHOM pH-
CYHKE THJIPOCETH, YTO YKa3bIBa€T Ha MOJIOJIO€ TEKTOHUYECKOE MOAHATHE
rOJIOLEHOBOTO BO3pacTa, OTMEUEHHOE KPyroMm, KOTOpheli Ha puc. 5b
OXBaTBIBACT OOJIBIIMHCTBO MECT OTKAa30B MPOMBICIOBOH MH(PACTPYK-
Typbl. Bce 3T0 yKka3bIBaeT Ha BBICOKYIO CTETEHb SKOJIOTO-Fe€0JMHAMUYE-
CKOM OMacHOCTH NoApabaTHIBAEMOIl TEPPUTOPHUH, B TPAHUIAX KOTOPOH
PacmoyOokKeH BaXTOBBIM MTOCETIOK ¢ HACEIEHUEM OKOJIO 7 THICSY YETIOBEK.

Pe3yabTarhl 1 HX 00Cy:KI€HUE
OcHoBHOE BHUMaHKE ObUTO 00paIeHO Ha BOZMOKHOCTH IIpUMe-
HCHUS TIPHHIMIA CHCTEMHO-HEPApXUYECKOT0 PAHKUPOBAaHHS JIMHEa-
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MEHTHO-0JIOKOBBIX CTPYKTYp Ha OCHOBE (PPaKTaJIbHOTO IMMOAXOJA, pPac-
KPBITHE KOTOPBIX MPOJAEMOHCTPUPOBAJIO, IO MHEHHUIO aBTOPA, Psi IPUH-
IUITHAGHBIX TIPEHMYIIECTB, MO3BOJIIONUX HAa Pa3HBIX MacIITaOHBIX
YPOBHSX UCCIICZIOBATH CTPYKTYPY Ne(hOPMAIMOHHBIX MPOILIECCOB B COIO-
CTaBJICHUU C Pa3HOITyOWHHBIMU T€OJE3NYCCKUMH, TCOJOTHUYCCKUMHU,
reo(hM3MYECKUMHU B TEOXUMHUYSCKUMU TAHHBIMU B TIEIISIX U3YUCHHS aHO-
MaJbHBIX T€OJUHAMUYECKUX SIBJCHUM U BO3HHUKAIOIIUX MPU STOM IPH-
POIHO-TEXHOTCHHBIX OMACHOCTEH.

PazpaboranHble MHOTOYPOBHEBBIC (DPAKTAILHBIC THHEAMEHTHO-
OJIOKOBBIE MOJICIIM CTPOTO YBSI3aHbI C ()aKTUIECKUMU MaTepUaTaMHu, OT-
paxaroT CONpPSKEHHOCTh M HETPOTHBOPEYUBOCTh MHTEPIIPETAIIUU T'€O-
JIOTO-TeO(U3NIECKUX JAaHHBIX U CIIOCOOCTBYIOT OOBEKTUBHOMY M KOM-
IJICKCHOMY M3YYEHUIO HEAp M 3eMHOM MOBEpXHOCTH. B cBOIO ouepensp,
3TO MO3BOJISET MPU HEOOXOAMMOCTH HCITIOJIL30BaTh UMECIOIIUICS Mate-
MaTHUYECKHUU aImapar U METOIbI (PPaKTaIbHOTO MOJCIHPOBAHHS, YTO
JIOJDKHO 00ECIICYHTD TIEPeX0/] K TadbHEHIIeH aBTOMAaTU3aIUU OTIepaIui
cOOpKH, aHaIM3a U WHTEPIPETAIUU OONBIINX NaHHBIX, K UX KOJIWYEC-
TBEHHBIM OIICHKaM U IIPOTHO3aM.

B MeronmonormdueckoM OTHOIICHHM CHCTEMHO-HUEPAPXUUECKUI
MOAXOJA OTBEYACT MEKAUCUUILUTMHAPHBIM TEHIACHIUSM Pa3BUTHUSI HAYK
0 3emile, OTHOCUTCS K cepe WHHOBAIMOHHBIX TEXHOJIOTHH 3KOJIOTrO-
MPOMBINIUICHHOMW 0€30MaCHOCTH TIPUPOIOTIONIE30BaHuUS, PACITHPSCT BO3-
MOXHOCTH MPUMEHEHUS METOAOB JTUCTAHIIMOHHOTO 30HIUPOBAHMS
1 TpeOyeT AanpHemel anpooanuu, 4To 0COOEHHO aKTYalnbHO IS TPY/I-
HOJOCTYIHBIX TEPPUTOPUH, B YACTHOCTU apKTHUUECKOro cexropa Poc-
cuiickoit denepanuu.

BrIBOaBI

OnbIT IpUMEHEHHSI METOJ1a (PPaKTATHLHOTO MOJICIIMPOBAHUS JIN-
HEAMEHTHO-0JIOKOBBIX CTPYKTYpP IOKAa3bIBA€T, YTO €r0 CUCTEMHOE HC-
MOJIL30BAaHUE YK€ Ha PAHHUX CTAJAMAX HCCICIOBAHUN MOXeT dddek-
THUBHO, C KOHKPETHOHN CTEIEHBIO JIOCTOBEPHOCTH, 0€3 OONBIIUX 3aTpaT
BPEMEHU U CPENICTB, PEIIUTD 3a/1auy KaUeCTBEHHOU OIICHKU I'€0JUHAMU-
YECKUX YCJIOBHUH U JOKAIBHOT'O MPOTrHO3a COBPEMEHHBIX TEKTOHUYECKUX
JIBIKCHUH, & TAK)KE ONTHMU3HPOBATH BRIOOP YYACTKOB IIOCTAHOBKHU TPY-
JI03aTpaTHBIX Teoyioro-reodusmuecknx u OypoBsix padot. [Ipemioxken-
HBII METOIUYECKUI TOIX0/T IPOBEICHHUS OIICHKU T'€0JUHAMUYECKOM aK-
TUBHOCTU MOXET YCIICIIHO IPUMEHSITHCS B Pa3IMYHBIX POCCUMCKUX U 3a-
PyOEKHBIX PETHOHAX.
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LOCATION OF GEOACTIVE ZONES OF OIL
AND GAS BEARING AREAS OF THE MIDDLE OB REGION
BASED ON THE RESULTS OF FRACTAL MODELING
OF LINEAMENT-BLOCK STRUCTURES

Kravtsov V. V.
Department of Mechanics and Control Processes,
Academy of Engineering.
RUDN University, Moscow, Russia
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Abstract. At the beginning of the XXI century, an interdiscipli-
nary direction began to form — lineamentology, within the framework of
which a comprehensive study of multi-scale linear formations of the
Earth and the planets of the Earth group is carried out in order to study
their role and significance in the development of planets. With the advent
of satellite images, geologists have received unique information that al-
lows the development of multi-rank models of the geological and geo-
physical environment from the general to the particular. The article ex-
amines the possibilities of identifying geoactive zones in oil and gas pro-
duction areas using a systematic method of modeling lineament-block
structures based on the universal principle of fractal divisibility of loaded
solids and geomediums during destruction.

Keywords: fractal modeling geodynamic active zones, linea-
ments, blocks

388



CPABHUTEJIBHbINA AHAJIN3 PA3PE30B
BOJHO-JIEJHUKOBBIX OTJIO)KEHU HA BAJITUMCKOM
IMATE 1 OCOBEHHOCTU UX TEHE3UCA

Pacckazos A.A.', 0.2.-m.n., npogeccop,

T'opbamoe E.C3 k.e-m.n.,

Kupvak C.K.,

Konecnuxos C.@.2, k.c.n.

! Poccuiickuii ynusepcumem opyaicovl Hapooos, Mockea, Poccus
rasskazo@yandex.ru,; kiryak.semen@yandex.ru

2 Huemumym usuru 3emmu um. O.FO. Ilmuoma PAH,
Mocksa, Poccus

e.s.gor@mail.ru

3 Mockoeckuii 2ocydapcmeennblil yHusepcumen 2eo0e3uu
u kapmoepaghuu, Mockea, Poccus

sfkol@yandex.ru

Annoraunusi. Ha bantuiickoMm muTe BBIACISIOT ABA OCHOBHBIX
TUIA JICTHUKOBBIX OTJIOXKCHHUM: MOPEHHBIE OTJIOXKEHUS U BOAHO-JICIHU-
KOBBIC OTJIOKEHMsI. MOpPEHHBIE OTIIOKEHUS 00pa30BAIUCH MPU MTEPEIBU-
KCHHUH JICTHUKA. BOIHO-JIETHUKOBEIE 00pa3yIOTCS B JICTHUKOBBIX 03€-
pax ¥ BOJIOTOKAX B IMEPHOJ] TasHYsI JieqHIKa. B XuOMHCKOM TOpHOM Mac-
CHBE OIMCAHBI JIBa Pa3pe3a, BCKPHIBAIOLIUX CKIOH «KYKHCBYMCKOM MO-
PEHHOU TPSIbL, (IIFOBHOTIISAIMAIBHYIO Teppacy B qoiuHe p. Kykuciiok.
AKTyanbHOCTh IPOBEICHHOTO HCCIEIOBAHUA OINpENEseTcd TEM, 4YTO
OHO J]a€T BO3MOXKHOCTh HE TOJIbKO YTOYHHUTH YCIIOBUS (DOPMUPOBAHUS
YETBEPTHUYHBIX OTJIOKEHUI XUOWH, HO M BBIIEIHUTH OJHY U3 0COOCHHO-
CTel reHe3uca 03epHO-JCAHUKOBBIX OTIIOKEHUN Ha banTuiickom mure —
CUJIbHOE BJIMSHHUE MECTHBIX KIMMATHUYECKUX YCIOBUM M JIETTHUKOBBIX
mpoueccoB B mpomioM. lloaydeHHble pe3ynbTaTsl MOTYT HCIONB30-
BaTbCsl JJIs1 YTOUHEHUS PECYPCHOTO MOTEHIMAIa BOAHO-JIETHUKOBBIX OT-
JIO)KEHUM B Ka4eCTBE MCTOYHUKA MECYaHO-TPABUMHBIX CTPOUTEIBHBIX
MaTepHaloB.

KuroueBble ci10Ba: 03epHO-JICTHUKOBBIE OTIIOXKEHHUSI, MOPEHHAs
rpana, banTuiickuil UT, CTPOUTENbHBIE TIECKU, TOPHBIH MAaccHB XH-
ounbl, Konbckuii moryocTpos
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Beenenne

XubuHCKUI MaccuB pacriojiokeH Ha KoibckoM MoiryocTpoBe
B Mypmanckoii obnactu Poccun u npencrasmnsiet coboii crienuduaeckuit
KOMILIEKC TOpHBIX mopox (puc. 1). I'eonornyeckuii Bo3pact maccuBa
npuMepHO 390 MUJITMOHOB JIET.

XnOWHBI UMEIOT Ty TOHUYECKOE MPOUCXOKACHHUE, B CBA3H C YEM
B MAacCHUB CJIO’KEH IIEJIOYHBIMH MHTPY3UBHBIMU MOPOJAMH JIEBOHCKOIO
BO3PAcTa CO CIIOKHOW KOHIIEHTPUYECKOH 30HAIBHOCTBIO (pHC. 2). YHH-
KaJbHBIM SIBISETCSI U MUHEpalbHOE OorarcTBO XHOMHCKOTO MaccHBa.
3nech 00HapYKEHO U pa3padaTbiBaeTCs KpyIHeHIee B MUPE MECTOPOXK-
JCHUE anaTUT-HeQEeTMHOBBIX Py (PocdaTHOE CHIphE), TATAHOBBIX PYI,
a TaKKe BCTPEUAIOTCA pEelKHE U IICHHbIE MUHEpaJbl HUOOWS, TaHTaJIa,
LUPKOHMS, MOJINOIEHa U MHOKECTBO JIPYTHUX.

Puc. 1. CxemaTnyeckast kapta XuOMHCKOr0 MacCHBA
H 00J1aCTh HCCIICI0BAHNSA
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Puc. 2. KocmMuyeckuii CHUMOK paiioHa uccjieqoBanmi (A)
M cXeMa YeTBepTUYHBIX oTJ10:KeHuil (b) [1]
OparmeHTHl: A — PacrnionoxeHue pa3pe3oB (II0Ka3aHbl 3BE37[09KaMH)

B paiione XubuH. b — KpynnomacmtabHas reosornueckas cxema paioHa.
IToxazano 3Be3noukamu: I — kykucBymckas MopeHHas rpsiia (KOxubre
Xubunsr), paspe3 Tupsac; Il — pazpe3 «CHexuHsbIit». 1 —4 — ycnoBHbIE

o0o3HaueHus Kk cxeme b: 1 — noueTBepTHYHBIE KOPEHHBIE TOPO/IBL,
MEPEKPBITHIE YEXJIOM ITFOBUANBHO-KOJTIOBUANIBHBIX OTIOXKEHUN; 2 — 4 —
MO3/IHEIUIEHCTOLEH-TOJIOLICHOBBIE OTJIOKEHUS: 2 — BalyHHAs CyllecuaHas
MOp€EHA, 3 — CIOUCThIE NECUaHO-TPABUHHO-TATIEUHBIE OTJIOKEHUS
03€pHO-ALTIOBUAILHOTO T€HE3UCa, 4 — MECKU 03€PHOrO
WY QJTIOBUAIIBHOTO TeHE3Uca

JlemHUKOBBIE OTJIOXKEHHUS TOAPA3ACIAIOTCA Ha JIEIHUKOBEIC
(TmAumansHbIe, MM MOPEHA) U BOAHO-JICHUKOBBIE. JIeTHUKOBBIE BO3HU-
KaloT MyTEM OcelaHusl Ha JIOXKe JISAHUKA 00JIOMOYHOT0 MaTepuaa, Ie-
PEHOCHMOTO B €ro Toiiie. BogHo-eIHUKOBEBIE OTIOXKEHUS 00pa3yroTCs
BHYTPH U O KpasM JICAHUKOB M3 OTCOPTUPOBAHHOTO W TEPEOTIIOKEH-
HOTO TalbIMH BOAAMH MOPEHHOro Mmarepuana. Cpenu HUX pasjindyaioT
JIeTHUKOBO-PEYHbIE WIH (IIIOBUOTIISLUAIBHBIE OTIOXKEHHUS — OTIIOXKE-
HUS TIOTOKOB TalbIX BOJ (KOCOCIOHCTBIE MECKH, I'PaBHH, T'aJCUHHKH)
U O03EPHO-JICAHUKOBBIE (JIMMHO-TJIALUANIBHBIE) OTJIOXKEHUS BHYTPH-
Y TIPUJIETHUKOBBIX 03EPHBIX BOJOEMOB [2].
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OIOBUOTIIAUATIBHBIE OTIIOXKEHHUS! — 3TO TPYHTBI, KOTOpBIE 00-
pasyloTcsl B pe3ysbTaTe BhIHOCA 00JIOMOYHOIO MaTepHaia U3 JSJHUKOB
MOTOKaMH TasbIX BoJ. Kak mpaBuio, (IroBHOIISIUAIBHBIE OTIA0KEHUS
MPEACTaBIAIOT cO00M CIOMCThIE 00pa30BaHuUsl, COCTOSIINE U3 Pa3iiny-
HBIX TPaHyJIOMETPUYECKUX (paKLUil: TECOK, TpaBHii, aleBPHUT, TJIUHA,
KOTOpbIe 00pa3oBaMCh MpPU Pa3JIMUHBIX THUAPABINYECKUX YCIOBHAX
U CKOPOCTSX IMOTOKa. TOJIIMHA CIIOEB MOXET BapbHpPOBATHCSA OT HE-
CKOJIBKMX MHJUIMMETPOB JJO MHOTHX METPOB.

JluMHOTIIAIMANBHBIE OTJIOKEHHS MPEACTABISIIOT co00ii ocanoy-
HBIE HAKOIUICHHS, KOTOpBIE ObLIIM 00pa30BaHbl B pe3yiIbTaTe OTI0KEHUS
MaTepHaja B O3€PHBIX YCIOBHUSIX B HENOCPEACTBEHHOM OJIM30CTH K Jiea-
HUKaM B MPOLECcCe UX ABIKCHHS M KoJeOaHHid. DTOT MaTepuanl MOXeT
COCTOSITh U3 PAa3NUYHBIX BUIOB IJIMHBI, aJeBpUTa, IECKa, rpaBus U 00-
JIOMKOB CKaJIbHBIX 1TOpoJ. OTI0XKEHHUsI OOBIYHO UMEIOT MOPUCTYIO CTPYK-
Typy ¥ MOTYT ObITb OOHApy>KE€HBI B IPUOPEKHBIX 30HAX U BOJIM3H JIeA-
HUKOBBIX J0JMH. OHM MHOT/IA COJIEpKAT OCTAHKH )KUBOTHBIX U PACTCHUH,
KOTOpBIC UM B pETMOHE B IepHo (OPMUPOBaHUS OTIOKEHUH. OTI0-
KEHUSI MOTYT OBITh HCIIOJIb30BAHBI 11 HOHUMAHUS KIIMMATHUIECKUX W3-
MEHEHUH B IPOLIUIOM U JJIsl U3yUCHHS HCTOPUH HaJICOHTOJIOTHIECKUX U3-
MEHEHHUH B peruoxe [3].

I'eHe3uC IMMHOTISIIUANBHBIX OTIOKEHHUH CBA3aH C pa3InYHbIMU
mpoleccamMu, KOTOpbIe MMPOUCXOIAT B 03€pHOM cpene U B ee OacceiiHe.
OCHOBHBIMH OCOOCHHOCTSIMH T'€HE31Ca JIMMHOTIISILMAIBHBIX OTJI0XKECHUI
SIBIISTFOTCAL

1. Boanas cpena: IMMHOTIIALUATBHBIE OTIOXKEHUS 00pa3yoTCs
B 03€pHOM BOJHOM Cpefie, B KOTOPOH MPOUCXOIAT Pa3InIHble OMOIOTH-
YEeCKHE U XMMUYECKHUE MTPOLIECCHI.

2. IOCTYITIHOCTh OCaJKOB: TEPPUTOPHSL, KOTOPAsi 3aHUMAETCSI IIPO-
LeccoM 00pa30BaHUsl JIMMHOIVISLMAIBHBIX OCAIKOB, HYXKIAETCSl B IPH-
TOKE BOJIbI M OCAJJKOB, TAKUX KaK IJIMHBI U MbIJICBUJHbBIE OTIIOXKCHUS.

3. Ilpormeccrl B TeueHHE BPEMEHH: MPOIECC 00pa30BaHMSI M-
HOIUILIMAJIBHBIX OCAJKOB MOXKET MPOJOJDKATHCS Ha MPOTSHKEHUM JUIH-
TEJIBHOTO BPEMEHH, YTO MOKET IPUBECTU K MOSABJICHUIO CJIOEB Pa3jiny-
HBIX OTJIOKEHHUI U MOPOJ.

4. JlokanbHOCTb: TEHE3UC JIMMHOIIIANAIBHBIX OTIOXKEHUH CBSI-
3aH C KOHKPETHOM 03€pHOI cpefioi U TEpPUTOPHUEI, HA KOTOPOIl OH HaXo-
OUTCS. DTO O3HAYAET, YTO 3aJICKH JIMMHOTILIIHUAIBHBIX OTJIOKEHUH MO-
T'YT OBITh YHUKAIBHBIMH IO CBOEMY COCTaBy U CTPYKType [4].
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5. @aKTOpbI IKOJIOTMYECKOTO BO3AEHCTBUS: Mpolecc oOpa3oBa-
HUS JTIUMHOTJIALMANBHBIX OCaJKOB MOXET IOJBEPraThCsl IKOJOTHYE-
CKOMY BO3JIEHCTBHIO, TAKOMY KaK U3MEHEHHS KIMMAaTa, paCTUTEIBHOTO
MOKpoBa. OTH (PaKTOPBI MOTYT BIUATH KaK HA COCTaB OTJIIOXKEHUI, Tak
U Ha UX CTPYKTYpY.

Iesan padoThI — IPOBECTH CPABHUTENBHBIN aHAIHU3 (IIOBHUOTIIS-
UUATBHBIX ¥ JTUMHOTISIUAIBHBIX OTJIOKEHUH, JaTh UM 0000IIArONIy 10
XapaKTEePHUCTHUKY, a TAKXKe BBIICIUTH HanOoJjee 3HaYMMble TeHETHUECKHIE
OTIINYHS.

MartepuaJjbl 1 METOABI HCCJIETOBAHMIA

OCHOBHBIMU M3YYEHHBIMU MaTepHallaMU MOCITYXUIH T€0JIOTH-
YEeCKHe KapThl U CXEMbI, TIPU ITOMOIIM KOTOPBIX OBUIM BBIOpaHBI TEp-
crieKTuBHBIE OOHaxeHus1. [locne BbIOOpa KOTOPBIX OBUIO MPOU3BEACHO
nemngpprupoBaHue CHUMKOB, YTO MO3BOJIMIIO COCTABUTH CXEMBI YETBEP-
TUYHBIX OTJIIOXKEHUN HCCIeyeMoro paiona (puc. 2, ¢pparment b). Uet-
BEPTUYHBIC OTJIOXKECHHSI U3YUYAINCh B KapbepHBIX pa3pe3ax IyTeM Je-
TaJdbHBIX (poTOrpaduii U 3apUCOBOK WM IOCIE JAETATBHON PAaCUHCTKU.
CocraBmsuch o01mue pa3pessl U UX MOAPOOHBIE OMHUCAHMS, B KOTOPBIX
OTpaXAJIKUCh YCJIOBHSI 3aJIETaHUs, MOILHOCTb, COCTaB U TEKCTypa ocal-
KOB. bbUTH MpoaHanM3upOBaHbl CETMMEHTAIIMOHHBIE 00CTAHOBKH ITYTEM
M3YYEHUS TEKCTYPHBIX OCOOCHHOCTEH OTIIOKEHHIA.

Iony4yennsble pe3yabTaThl. OnucaHne H3yYeHHBIX pa3pe3on

1. Pazpes y npodunakropus « Tupsacy. Mecromnonoxenne bai-
TUHCKUHN TINT, TOPHBIH MaccuB XuOuHkI (puc. 3). BeicoTa Haj ypoBHEM
Mops 340 M. B oOHaxeHHusIx Ha TeppuTopun npodunakropust « Tupsac»
H3y4Y€HO CTPOEHHE MPOKCHUMAIBHOTO CKIIOHA MOPEHHOMW Ipsijibl, 00pa3o-
BaBLICHCS] B paHHEBAIJANCKOE BPeMs B PE3yJIbTaTe AJIUTEIbHOW OCTa-
HOBKH $I3bIKa IIOKPOBHOT'O JIEAHHUKA, BTOPTLIETOCS B BHYTPUTOPHYIO KOT-
nouHy XubuH [5]. CBepXy BHH3 110 pa3pe3y OTMEUaeTCsl TOCTETIEHHBIN
MEepexol YACTUYHO NIEPEMBITONH MOPEHBI BO (DIIOBUOTIISINATIBHbIE OTIIO-
XKEHHUS CO CIOSIMHM M JIMH3aMH JIMMHOIIIIMAJIBHBIX OCalIKoB (puc. 4).
Pa3pes nmeer cnemytormiee crpoerue (Ciou 1, 5 — GIrOBHOTIIAIINATEHOTO
reHe3uca, OCTaJIbHbIE — IUMHUYECKHUE).
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Puc. 3. O6na:kenue Ha TeppuTopun npoduiaaxropus «Tupsac»
MOPEHHOI rpsibI

N 9 © °°°a“’»bo.°°u-‘
ORI oy 0’

te'o!

Puc. 4. [leranbHas 3apucoBKa 00HAKeHUS
JIMMHO- H (p1I0BHOIIANNANBHBIX OTJIO:KeHHH pa3pe3a Tupsac.
1 -6 — cocras oT/103KeHHIT: 1 — rane4HO-rpaBUiiHO-TIeCYAHbII
HECJIOUCTBI MaTepuaJ, 2 — IPaBHii ¢ KPYNMHO3ePHUCTHIM MECKOM,
3 — KPYITHO3ePHHUCTHIN NMECOK, 4 — CpeTHE3ePHUCTHIN MECOK,
5 — MesIKo3epHUCTBIN NecoK, 6 — anesput. Hludpo! B kpyxkax (1-7) —

CJIOH M MAYKH CJI0€B, OIIMCAHHBIC B TCKCTE

394



Croit 1 — HeCIOUCThIN 0KEeNIe3HEHHBIN raleuyHO-TPaBUIHO-TIEeC-
YaHbBII MaTepual, KOTOPbIM CBEpXY BHHU3 MO pa3pe3y MEPEXOANT B Ipa-
BHUHHO-IIECYAHBIE 1 TIECUAHBIE OTJIOKEHUS C IMH3aMH KPYITHO3EPHUCTBIX
MeckoB. B HmHEW yacTh ClOS - MENKO3EpHUCTHIN MECOK MOLIHOCTh
ciost Bapeupyetcs oT 55 no 75 cm. B OB vactu oOHa)XeHHsI CIIOH BbI-
KJIMHUBAETCH.

Cnoit 2 — cpeaHe3epHUCTBIN ECOK JMMHHYECKOTO TeHe3Hca
C TOHKMMH TIPOCIIOSIMU aJIEBpUTOB obuiel momHocTeio 3040 cm, ne-
(OopMHUPOBaHHBIM B BEpXHEH 4acTH €JI0sl ¢ 00pa30BaHUEM PETYISPHBIX
W30KJIMHATIBHBIX, CKATBIX U BeepOOOpa3HbIX aHTHKIMHAIIBHBIX CKIaJOK
JHOo# 8—10 cm n maroM 10-20 cM, OIPOKUHYTHIX 110 BOCCTAHHIO CIIOS
Ha C3, ¥ MHMPOKUX CHHKIMHAJIBHBIX CKIamoK. CKJIagky IJIaBHO 3aTy-
XaloT K MOJOoUIBE U 0e3 pa3MbIBa MEPEKPHIBAIOTCS TOMOTEHHBIMH I1€C-
KaMH CO cJ1a00 Pa3IMuuMOi HapYIIIEHHOH CIIONCTOCThIO. BricTynaromiue
rpeOHU aHTUKIMHAIBHBIX CKIIAJIOK He cpe3aHbl. [lecok B HIDKHEH yacTi
CJIOSI UMEET HEHapYIICHHYIO CIa00CMELICHHYIO HapalieiIbHO-BOJIHH-
cTyto ciouctocTh. B FOB uacTu ciost ckiagku pe3ko 3aTyxaroT, a CJI0H-
CTOCTb CTAHOBHUTCSI CyOTOPH30HTAJIBHOM.

Croii 3 — aneBpuT co ciabocMmerenHoi Ha C3 BOJHHUCTOH CIto-
HUCTOCTHI0. MorHocTh ¢i1og oT 30 1o 40 cMm.

Croii 4 — mpocioi CpeHE3EPHUCTBIX TECKOB ¢ KOCOBOJIHUCTON
CJIONCTOCTBIO, KOTOPBIE 3aMELIAIOTCS aleBpUTaMy. MOIIHOCThH CIOS
10-15 cm.

Cnoit 5 — rpaBeNUCThIA MECOK C KPYMHO3EPHUCTBHIM IECKOM
moIiHocThio 10—15 cMm.

Crnoit 6 — MENKO-CpEeJHE3EPHUCTHIA TIECOK C BOJHUCTOM CIOUC-
TocThi0. C BOCTOKA Ha 3amaj1 001ast MOIIHOCTE CIIOS BappupyeTcs ot 10
1o 15 cm.

Croii 7 — METTKO-CpeTHE3ePHICTHIN ECOK CO CMEIEHHON BOJI-
HUCTOH CIIOMCTOCTBIO M CIIOKHBIMHU Aedopmanusmu. OOmIast MOIIHOCTb
cnost 50-60 cm.

2. Cnenytommii 00BbEKT UCCIEAOBAHUHN — pa3pe3 YeTBEPTHUHBIX
OTJIOKEHUH (ITIOBHOTISIIAANBHON Teppackl B foiuHe p. Kykuciiok 6mm3
uupka «CHEXHBII», BCKPHITHIA ACHCTBYIOIIMM KapbepoM IO A00bIue
MecyaHo-TPaBUHHON CMecH B CTPOMTENBHBIX LelsX (puc. 5). Mecrormo-
noxenue bantuiickuiéi muT, TopHBId MaccuB XuOHHBL. BbicoTa Han
ypoBHeM Mopst 450 m. Pasmep kapbepa 300x800 M.
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Puc. 5. O6naxkenue QIIOBHOIISIIHATIBHBIX M 03€PHBIX OTJIOKEHMI
pa3pe3a CHeXHBIH

Puc. 6. leranbHast 3apucoBKa 00HasKeHUsI (II0BHOTISIIUAIBHBIX
W 03epPHBIX OTJIO:KeHUH pa3pe3a CHeKHBIN:

1 — 6 — cocTaB oTNOXKEHUH: | — rajJeyHO-rpaBUHHO-TIECYaHbIIl HECTONCTBIN
Marepuall, 2 — rpaBUi ¢ KPYIHO3EPHHUCTHIM MECKOM, 3 — KPYITHO3EPHUCTHIN
TIECOK, 4 — CpPeAHE3EPHUCTHIH MECOK, 5 — MEITKO3EPHUCTHIH TIECOK,

6 — aneBput. Lindpst B kpyxkax (1-2) — cJI0M 1 Ma4KH CIIOEB,
OIHCaHHBIE B TEKCTE
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Crnoit 1 — crokeH OKaTaHHBIMHU TPABUITHO-TAJICYHBIMH OTJIOXKE-
HUSIMU, C BKJIFOUEHUSMH HEOOJBITUX BATYHOB M MECUYAHBIM 3aMIOJTHUTE-
JIeM, OTJIOKEHHS C1a00 COPTUPOBAHHBIC, MECTAMU C BBIPAXKEHHOH ropH-
30HTaJIBHOM CIOMCTOCTBIO, YTO MO3BOJISIET OTHECTH UX K (PIIFOBUOTIISIIN-
ANbHBIM OTJIOKEHUSIM. MolHocTh cnosi Bapbupyetcs ot 50 1o 200 cm
(puc. 6).

Crnoif 2 — B BEpXHEM 4YacTH CJIOSI MOXHO BBIAEIUTH KPYITHO-
Y CPEHE3ePHUCTHIN MECOK C HeOOBIINM HATMYUEM TajdbKu. B HukHEH
JICBOW M MIPaBOH YaCTAX MOKHO TAKXKE BBIJICIIUTH PUTMUYHOE ITepeciian-
BaHHE TOHKO3EPHHUCTHIX MIECKOB U aJIEBPUTOB CO CMELICHHOW BOJIHUCTON
CIIOMCTOCTBIO (PA0B TeUeHHIT), 00pa30BaBIINECs B PE3yIbTaTe OCEAAHUS
W3 B3BECH IECYaHO-aJIEBPUTOBOrO MaTepuaia. Takum oOpas3om, ciou-
CTOCTb 3JIECh SIBIISIETCS PE3YJIbTaTOM OTBECHOI'O OCEIaHMs, YTO Xapak-
TepHO A5 o3epa. Hannuue padu TedeHus u caaObIX BOJHEHHUH YKa3bl-
BaeT HAa HAKOIUICHHE OTJIIOXEHHUI B MEIKOBOIHOM 30HE 03epHOro Oac-
ceitra. CIoit HapyIieH TpeMsi CyOBEpTHKAIBHBIME pa3phIBAMHU, OTINYA-
IOIUMHUCS TIPSIMOJIMHEHHOCTEIO W HE3HAYUTEIHLHBIMUA CMEIECHUSMI.
B Tonmuy MHOTO yTIIOBBIX HECOTTIACHH (pe3ybTaT 3pO3HH), T.€. CIION HU-
JKeJlexarlel TONIIN YTHIKAIOTCS TI0J] OCTPBIM YTJIOM B CJIOHM BBIIIIENIEkKa-
meit tommm. llecok B HIDKHEH 4YacTH €O Ha OTJENBHBIX y4YacTKax
MMEET BOJIHUCTYIO CIIOUCTOCTh. CIIOMCTOCTh OTIIOKEHUH CIIa0OHAKIIOH-
Has B HAIIPaBIIEHUN OT KOPEHHOTO CKJIIOHA K OCH JIOJIMHBI (C BOCTOKA Ha
3aman). MomrHocTs ciost — 1o 200 cum (puc. 7).

Puc. 7. PaspeiBHBIC HApYLIEHHUS B CJI0¢ 2 U3 PUCYHKA 6
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HNnaTepnperanust pe3yJbTaToB

BcekpeiThie B KaphepHBIX pa3pe3ax H3ydeHHoro paiioHa ban-
TUICKOTO IUTA, O3€PHBIE OTIOXKEHHUS PEACTaBICHbl OJHUM THIIOM 00-
pa3oBaHMsl, OTBEYAIOIINX MaJIbIM IPOTOYHBIM BHYTPHJICIHUKOBEIM BO-
noemaMm. OOpa3oBaHusl TEHETHYECKOTO THIA BKIIOYAIOT B ceOs Mano-
MOIIIHBIE ITPOCIION U JIUH3BI 03EPHBIX OCAAKOB BO (MIIFOBHOTIISIIAAIBHBIX
W MOpEHHBIX KomIuiekcax [5]. Hanbomnee xapakTepHas uepra cocTaBa
3THX OTJIOXKEHHUH — MpeoliaaHne NeCKOB U aleBPUTOB, MIOYTH HOJTHOE
OTCYTCTBHE TJIMHUCTHIX Pa3HOCTEH, MOJHOE OTCYTCTBUE OPTaHUKH, TOH-
Kasl ICHTOYHAs CIIOMCTOCTh, IIMPOKOE Pa3BUTHE BOJIHHUCTBIX U KOCOBOJI-
HUCTBIX TEKCTYp, OTCYTCTBHE APOINCTOYHOB, YKa3bIBAIOIINX Ha MAIYIO
ryOuHy OacceliHOB CEMMEHTAINH U aKTHBHOCTh JIOHHBIX TeUSHWUIA [6].
O3epHbIe OTI0KEHHUS 3TOTO THIIA 3a4aCTyI0 UMEIOT HaKJIOHHYIO 00JIeKa-
IOLIYIO CIIOMCTOCTB, YTO OOYCIIOBJICHO CIIOKHBIM Pelnbe)OM B MEPHOA
ocaJKOHaKoIIeHs. JlaHHBII THII HAKOIUIEHU OTMEUYEH B pa3pesax
Tupsac u nupka CHEXHBIN.

BriBoabI

1. U3ydyeHO CTpoe€HHE NPOKCUMAIILHOTO CKIIOHA MOpPEHHOU
TpsIbI, 00pa30BaBIIEiiCs B paHHEBAIAANCKOE BpeMsi, B pe3yIbTaTe -
TEJIHHON OCTAaHOBKH S3bIKA TIOKPOBHOTO JIEHUKA, BTOPTIIETOCS B MEX-
TOPHYIO KOTJIOBUHY XuOuH. CBepXy BHH3 10 pa3pe3y OTMedaeTcs Io-
CTETICHHBII TePEX0/] YaCTUIHO TIEPEMBITON MOPEHBI BO (DIIFOBHOTIISIIH-
aJbHBIE OTJI0KEHHS CO CIOSMH M JMH3aMH JIMMHOIISIIIHAIBHBIX OCAJIKOB.

2. ®opMupoBaHHUE TEPPACHI CIIOKEHHOU CBEPXY (PIFOBHOTIISIIN-
IBHBIMH, & CHHU3Y O3€PHO-JICTHUKOBHIMH OTJIOKEHUSMH TPOUCXOIUT
MO BO3JIEVCTBUEM PA3INIHBIX (PAKTOPOB, BKITIOYAsI H3MEHEHUS yPOBHS
BOJIBI, OCAJIOYHBIX MporieccoB. CHavaa mpoucxXouT 00pa3oBaHHe JINM-
HOTJISIIIUATBHBIX OTIIOKEHHH B O3€PHBIX YCIOBHUSAX, a 3aTE€M C yBEJIHUe-
HUEM CKOPOCTEH BOJHBIX MMOTOKOB — (MIFOBHOTIIALUAIBHBIX OTIIOKEHUH
B MTPOTOYHBIX 0OCTAHOBKAX.

3. OaoBHOIIALKAIBHBIE OTI0KEHNS OOBIYHO COCTOAT U3 IIECKA,
TpaBUs M KaMHEH, a IMMHOTJIANAATBHBIE — U3 TIECKA, aJIEBPUTA U TIIMHEI.
PasnuuHOE cTpoeHue pa3pe3oB MOPEHHOH Tpsiibl U (PIFOBHOTISAINAIE-
HOM Teppachkl 00YCIOBIEHO Pa3IMYHBIMU MIPOIIECCAMH M YCIOBHUSAMHU UX
o0Opa3oBaHMs.

4. BrlgenieHa oiHa U3 0COOEHHOCTEH reHe3rca BOAHO-IEIHUKO-
BBIX OTJIOKCHHMH Ha BalTHHCKOM IIUTE - CHMIBHOE BIMSHHE MECTHBIX
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KIIMMATHYECKUX YCIIOBUHM U JISAHUKOBEIX MPOIECCOB B mponuioM. OHU
TaK)Ke MOTYT UCTIOJIB30BaThCS JJIs OMIPEICIICHUS TEPCIICKTHBHBIX T€0JI0-
THYECKUX OOBEKTOB U PECYPCOB.

5. CpaBHeHHE pa3pe30B MOPEH U (IIFOBUO-IIMMHOTIISIIIHATBHBIX
OTJIOKCHHUI MOXXET UMETh MPaKTHYECKOEe NMPUMECHECHUE TPU U3yYCHUU
Y PEKOHCTPYKIIMU UCTOPHH KJIMMaTa U JIaHAmadToB peruoHa. Hampumep,
aHaIIM3 Pa3pe30B MOXKET MOMOYb OMPEJENIUTh, KaKhe KIUMATHYECKUE
yCJIOBUS OBUTM B TIPOIIJIOM U KaK OHU BJIHSUTM Ha (pOpMHUPOBaHUE TEO0JIO-
THYECKUX CTPYKTYP.

6. V3y4eHHBIEC OTIIOKEHUS SIBJISIOTCS BaXXHBIMU PECYPCaMHU IS
MOOBIYM TIeCcKa, TPaBUS M KaMHEW, ¥ UCIOIB3YIOTCS B PA3IHUYHBIX TPO-
MBIIUICHHBIX OTPAcisAX, TAKUX KaK CTPOUTENBCTBO, JOPOKHOE CTPOH-
TEJIHCTBO, MPOU3BOJICTBO OETOHA.
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Abstract. There are two main types of glacial deposits on the
Baltic Shield: moraine deposits and water-glacial deposits. Moraine de-
posits were formed during the movement of the glacier. Glacial waters
are formed in glacial lakes and watercourses during the melting of the
glacier. Two sections are described in the Khibiny mountain range, re-
vealing the slope of the "Kukisvum" moraine ridge, a fluvioglacial ter-
race in the valley of the Kukisjok river. The relevance of the study is
determined by the fact that it made it possible not only to clarify the con-
ditions for the formation of quaternary deposits Khibin, but also to high-
light one of the features of the genesis of lake-glacial deposits on the Bal-
tic Shield — the strong influence of local climatic conditions and glacial
processes in the past. The results obtained can be used to clarify the re-
source potential of water-glacial deposits as a source of sand-gravel
building materials.

Keywords: lake-glacial deposits, moraine ridge, Baltic Shield,
construction sands, Khibiny mountain range, Kola Peninsula
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NPUMEHEHHME KJJACTEPHOT'O AHAJIM3A
JJIs1 BBIAEJIEHUS IEPCIIEKTUBHBIX YYACTKOB
HA XPOMUTOBOE OPYJAEHEHUE B ITPEJEJIAX
BOMKAPO-CBIHBUHCKOI'O MACCHBA

Trauenko Makcum Anexcanoposuu, acnupanm
Kapenuna Enena Buxkmopogna, x. 2.-m. H., 00yeHm
Poccuiickuii ynusepcumem opyoicovl Hapooos, Mocksa, Poccus

1142220994@pfur.ru

AHHoTanus. B craThe onuceIBaeTcsl MPUMEHEHUE KIACTEPHOTO
aHaJIn3a MpY UHTEPIPETALNN JaHHBIX, TOJYyUYEHHBIX C HCIIOJIB30BAHUEM
METOJ1a TIMTOXUMHUYECKUX TOUCKOB IO TIOTOKaM paccestHus Ha Bolikapo-
ChIHBMHCKOW IUIOIAAM, AJIsl BBIAENICHUS HauOoiee IepCreKTUBHBIX
YYacTKOB JUIS TIOCTAHOBKHU JaJbHEHIIINX TOMCKOBBIX paboT. Ilo pe3ynbra-
TaMm HcCIeAOoBaHus B mperenax Bolikapo-ChIHBHHCKOTO O(QHOIUTOBOTO
MacCHBa BBIACICH aHOMAJIBHBIN yJacTOK OJ1aronpHATHBIN IS BHISIBICHUS
XPOMHUTOBOT'O OPYJEHEHU € TNITATHHOWAMU KUMIIEPCACKOrO THITA.

Kiouessblie cioBa: Bolikapo-ChIHBMHCKMIM MacCHB, KJIacTep-
HBIH aHaNM3, TOTOKU paccesHusi, OPHOTUTHI, XPOMHUTHI, MIaTHHOUIBL,
KUMIIEpCalCKUi THIT

Beenenue

3a mociueHUE rojbl HEU3MEHHO PACTET HHTEPEC K OCBOCHUIO MH-
HepaJIbHOU ChIpheBOH 0a3bl paiioHOB KpaifHero cesepa.

HecMotpst Ha To, uTO Paitnzcko-Bolikapckas MUHepareHu4ecKast
30Ha SBJISIETCS] ONHOW M3 HauboJjiee HHTEPECHBIX U MOTEHIHAIBHO Iep-
crekTuBHbIX B [lonsipHO-YpalibckoM ceKTope YpanbCKOM CKiIaadaTou
CHCTEMBI B OTHOILEHHU TAaKHUX TOJIE3HBIX nckonaembix kak Cr, Fe, Cu,
Au, Pt, Pd, Os, Ir, Mo, e€ n3y4eHHOCTh Ha JaHHBII MOMEHT BEChMa Clia-
0as1. PakTH4YEeCKN JOCTATOYHO HHTEHCHUBHO NPOBOAMIMCH TOJBKO ITOHC-
KOBBIE U [IOMCKOBO-OLICHOUHBIE PA0OTHI HA XPOMUTHI B CEBEPHOU YacTH
Boiikapo-CeiHpHHCKOTO MaccuBa. VI3y4eHHOCTh OCTabHOMN YacTH TLIO-
Ay HaXoAUTcsa Ha ypoBHE 60-x Hayana 70-x rogos.

B cBete paccmoTpenus Bomnpoca obecnieuennss MCh ctpansl 3a-
[acaMu CTpaTerHYeCcKUX METaJUIOB, BOBIEUEHHE pecypcHOi Oa3bl [Ipu-
nossipHoro u IlonsspHoro Ypaiia B 5KOHOMUKY NPOMBILUIEHHOTO Ypajia
MO3BOJIUT PEIIUTH [TOCTABICHHYIO 3a/1a4y.
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He.]]l/l H 321291 UCCJIC¢A0BAaHUA

L[CJ'IBIO pa6OTBI SBIISACTCS BBIACIICHUC Hanboee MEPCIICKTUBHBIX
Y4aCTKOB Ha HCCHeﬂyeMOﬁ rmiaomanu, 1mo pe3dyjbTaTaM HUHTCPIIPECTALIUA
AAaHHBIX IO JIUTOTCOXUMHNYCCKOMY 0Hp06OBaHI/IIO MO0 MOTOKaM pacced-
HUA C IPUMCHCHUCM COBPCMCHHBIX I'€COCTATUCTUICCKUX KOMILUICKCOB HUC-
CJICOOBAHMA, a4 TAKIXKEC 10 MOMCKOBBIM KPUTCPUAM U MIPpU3HAKaAM, I 110-
CTaHOBKH ,I[aJ'ILHefII.HPIX ITOMCKOBBIX pa60T I10 BBISIBJICHUIO KOMITJIICKCHBIX
MCCTOpO)K,Z[eHI/If/i XpomMa C IIaTUHOuAaMun KHMHCpcaﬁCKOFO THIIA.

OcHOBHbBIC pelIacMbIC 3a1aun:

— BBIAIBJICHHUC T'COXUMUNYCCKU OJHOPOJHBIX rmoma;[eﬁ, OTBC€YAaro-
MUX MUHCPArcHUYCCKUM 30HAM;

— ONpPCACIICHUC BHYTPH 3TUX 30H aHOMAJIbHBIX 3HAYCHUH 3JIe-
MCHTOB,

— BBIACJIICHUC YYACTKOB, XAPAKTCPUIYIOIINXCA aHOMaJIbHBIMU
COACPIKAHUAMU DJICMCHTOB, KOTOPBHIC MOTCHIUAJIBHO MEPCIICKTHBHLI HA
MMPOMBIIIVICHHOC OPYACHCHUC C MPUMCHCHHUCM MAarMaTOr¢HHBIX, CTPYK-
TYPHBIX, q)OpMaLII/IOHHBIX " OpoY. KPUTCPUCB, a4 TAKIKEC MUHCPAJIOTHYC-
CKUX W IPOY. MPAMbBIX 1 KOCBCHHBIX IPHU3HAKOB.

MeTtoanka uccjieI0BaHUA

MeTopuka uccie0BaHus BKItOYala B cebst 00paboTKy v UHTEp-
MPETalUI0 CTATUCTHYSCKUMHU METOJIAMHU JaHHBIX JIMTOXUMHUYECKOTO
onpoOOBaHMsI IO IOTOKAM PACCESHUS, IMOJYYCHHBIX METOJOM MOIYKO-
JIUYECTBEHHOTO crekTpanbHoro aHanmza (IIKCA).

Ananumuueckue uccreooganusi. IIpoObl aHATU3UPOBATICH METO-
nom TIKCA na 31 snement, Bkarouas Au, Pt, Pd. OGiee konnuecTBo
po6 coctaBuio 4 939 mTyk.

Cmamucmuuexue memoosvl obpabomxu oannvix. 1lomoOHBIN
MacCUB HH(POPMAIIUN XapaKTepU3yeT OOIMUPHYIO TEPPUTOPHIO, KOTOPAS
K TOMY K€ OTHOCHUTCS K Pa3JIUYHBIM CTPYKTYPHO-(OPMAITMOHHBIM U MH-
HEpareHNYeCKUM 30HaM, IMIO3TOMY OUYeHb CIIOXeH B aHamuze. [lotpebo-
BaJIOCh OOBEIMHEHHE COJIEPKAaHUI B HEKOTOPBIE TPYIIIBI, KOTOPEIE OT-
paxkanu Obl OOBEKTUBHYIO KapTHUHY ITOBEICHUS DIIEMEHTOB, HE 3aBHUCS-
Y10 OT paHee U3BECTHBIX MIUHEPAreHNIeCKHUX 30H, a TAKXKe PYAHBIX 10-
JIeH, y3IJI0B U T.J.

1. Ha mepBoM sTame uccieaoBaHusi ObLIa MPOBEIEHA TPYIITH-
POBKa TIO CXOXKEMY ITOBEICHHUIO COICPKAHUN XUMHUYECKHX HIIEMEHTOB.
s ot 1ieneit ObUT MpUMEHEH KIIaCcTepHBIN aHamu3 [1].
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CyIHOCTh MCIIONB3yEeMOT0 METO/Ia 3aKioyaeTcsi B Habope pas-
JYHBIX aJITOPUTMOB KJIaccU(pHUKALKH, KOTAa HE0O0X0AUMO KiacCu(UIIH-
poBaTh "ropsl" HHGOpMALKK K IPUTOIHBIM IS JanbHelel oopadoTku
IpyHIaM.

B oTnnune or MHOTHX APYTrUX CTaTHCTUYECKUX MPOLETYp, Me-
TOJIBI KJIACTEPHOT'O aHAJIM3a UCIIOJIb3YIOTCS B OOJNIBIIMHCTBE CIIy4acB TO-
r71a, KOT/1a HE UMEETCsl KaKUX-TTM00 anpuopHuix TUNIOTE3 OTHOCUTENIBHO
KJIACCOB U aHAJIN3 HAXOJAUTCS B ONUCATEIBbHON CTaINU HCCIIET0BaHMSL.

BrinmonHeHne Ki1acTepHOTO aHaNM3a MO3BOJISIET BBLAECTUTH IPYII-
b, B COCTaBE KOTOPHIX HEKOTOPHIE 3JIEMEHTHI OTJINYAIOTCA MOBBIIIECH-
HBIMHU CPETHUMU COACPKaHUAMHU OTHOCHTEIILHO CPEIHUX IO OOIIEH BhI-
Oopke. [Ipyrue ke IMEIOT 3HAYECHUS HA YPOBHE KIapKOBBIX.

2. Ha Bropom 3Tamne BHYTPH KaXXJIOTo KJIacTepa Ui 3JEMEHTOB
C BBICOKHMH CPETHUMHU COJICPKAHUSIMHU OTHOCHTEIBHO OOIIUX CPETHUX
3HAYEHUH BBIUUCISIFOTCSI MUHUMAJIBHO aHOMAJIbHBIE M BBICOKO aHOMAaJIb-
HbIe 3HauYeHus. 3a (OHOBOE 3HAUEHHE NMPUHHMMAETCs MeauaHa. MuHH-
MaJIbHO aHOMaJIbHOE BeIuHcisieTcs o gpopmyne Ca; = Cx + 29, a BBICOKO
anoManbpHOe — Ca, = Cx + 39, rme Cx — (oHOBOE 3HAUCHHE DJIEMEHTA
(MeamnaHa), 6 — cTaHIAPTHOE OTKIOHEHHE.

Pe3yabTaThl Hccae10BaHUS

B pesynbraTe mpoBeAEHHOTO KJIACTEPHOTO aHANN3a, B IIPeJiesiax
HCCIIeTyeMO TIIOMIa 1, ObLIO BBICTICHO 5 KinactepoB (Tabm. 1):

Knactep Ne 1 — Cr-Ni-Co reoxuMHuYecKuii Kiacrep;

Kunactep Ne 2 — Cu-V reoxumudeckuii kinacrep;

Knactep Ne 3 — knmactep reoXMMHYECKOTO «IIyMay;

Knacrep Ne 4 — Pb-Au-W reoxuMudeckuii Kiactep;

Kinactep Ne 5 — Mo(Cu)-Zn(Pb)-P reoxumuueckuii kinacrep.
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Tabnuya 1

Cpemme COACPKAHUA XUMHNYECKHUX JIEMEHTOB 110 KjacTepam

Yucno K. Nel Ko Ne2 | K. Ne3 | K. Ned | Kir. Ne5

BBIOOPKH | 1187 185 1532 1752 283
Cr_[Cp. con., % |FEEIBOSN 552108 | 1255738 | 37,0314 | 48,3781
Mo [Cp. com, % | 0,040438 | 0,216216 | 0,503916 | 0,481164
Pb [Cp. con., % | 0,577928 | 0,989189 | 0,757180
Ag [Cp. con, % | 0,000842 | 0,124324 | 0,024151 | 0,030822
Co [Cp. con., % 41,2486 | 37,2722 | 23,8476
Ni _|Cp. con, % 19,1514 | 34,2448 | 11,5331
Ba [Cp. com, % | 0,245998 | 0,956757 | 1,443211 2,791519
Mn [Cp. con, % | 12,81719 | 12,47027 | 10,37794 | 10,19007
vV [Cp.con, % | 6,63100 14,13708 | 13,91895 | 10,37102
Sn_[Cp. con, % | 1,790227 2,487633
Cu_[Cp. con., % | 424853 532507 | 5,12614 | 6,20495
Zn [Cp. con, % | 0,921651 | 0,945946 | 0,596606 | 0,726598
P [Cp.con, %] 0,121314 | 0,913514 | 0,785901 | 0,928653
W [Cp. coxn., % | 0,000000 0,000653 | 0,000000 | 0,000000
La [Cp. com, % | 0,379949 | 0,778378 | 0,811358 1,621908
Ga [Cp. con, % | 0,074979 | 0,935135 | 0,710183 0,681979
Zr |Cp.con,% | 441533 | 8,78919 | 9,06070 11,86572
Sc_[Cp. con., % | 5,48526 9,65470 | 9,03311 | 9,73852
Bi [Cp. con, % | 0,008425 | 0,091892 | 0,121410 | 0,119863
Y [Cp.con., %] 0,013479 | 0,372973 | 0,312010
Yb [Cp. con., % | 0,091828 | 0,691892 | 0,665796 | 1,249429
B [Cp. com, % | 1,497051 | 2,140541 | 2,021540
Nb [Cp. con., % | 0,001685 | 0,016216 | 0,071802
Be [Cp. com, % | 0,027801 | 0,389189 | 0,405352 | 1,185502

Pacripenenenue kimacTepoB, B II€JIOM, HOCHT CyOMepHIUaHAIb-
HBII XapakTep U IPOCICKUBACTCS BJIOJIb IPOCTUPAHUSI OCHOBHBIX CTPYK-
TYp U T€OJIOTHYECKIX KOMILIEKCOB 3T0# yactu [lonmsipaoro Ypana (puc. 1).
[IpocTpaHCcTBEHHO, KIIACTEPHI MOMATAIOT B MUHEPAr€eHUUECKHUE 30HBI, OT-
BEUaloIlKe, B LEJIOM, UX TCOXUMUYECKON CIeIUaTN3aIUH.
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YcnoBHble 0603HaYeHUA
KNACTEP

Cr-Co-Ni klaster

Cu-V-Sc Klaster

Background klaster

Pb-W-Ba-Sn klaster

Mo-Ag-Zn-Pb-Cu-Au klaster

OeCcee

Puc. 1. PaiionnpoBanne Boiikapo-CbIHBHHCKOI M101ATH
(r0xxHas yacThb [ossipHoro Ypasa) mo pesyJibTaramM KJIACTEPHOI0 AHAIN3A
Ha reojormdeckoii ocuoBe (iuct Q-41 I'TI-1000/3. Konanaiin O.A., 2001)

Cr-Ni-Co reoxumuueckuii knacrep (Kiacrep Nel) mpencrasien
HaOOpOM 3JIEMEHTOB, B KOTOPOM XPOM, KOOAJbT U HUKEIb UMEIOT Cpea-
HHUE coAepkaHus B 4-5 pa3 OTIMYAIOMINECS OTHOCUTEIBHO APYTHX Kia-
CTepoB (pHcC. 2), a TaK )K€ BHICOKOAHOMAJIbHBIMHU cofepkanusMu Pt u Pd.

405



Catoq Box & Whisker Pt CR 10 3 Catoa Box & Wrisker Plot NI 10 3 Catoq Box & Wnisker Pt €0 10 ¢

450 |
= o w| ==

0] 100]

cRi0a
NL103
o104

Puc. 2. Xumnyeckue 3JieMeHTHI,
xapakTtepusyiomue Kiaacrep Ne 1 (Cr-Ni-Co)

OcnoBHast BeIOOpKa mpo0 momagaeT B rpaHuibl Boiikapckoii
C®3, a nmeHHo B npeaens! Paiinscko-Boiikapckoro koMIiekca anbnu-
HOTUIHBIX YJIBTPa0a3uTOB, MPEACTABICHHBIX AYHHT-TapLOYyprHTOBON
U rapuOypruToBoii acconuanuen, 1 BOCTOUHYI0 yacTb Kapmopckoro ay-
HUUT-BEPIUT-KIMHOMUPOKCEHUT-rab0poBoro komiuiekca (puc. 3). Ma-
Jasi yacTh Mpod Ha ceBepo-3amaje MPOCTPAHCTBEHHO MOMAAaeT B Ipe-
nensl JlemBunckoit Cd3, a Ha BOoCcTOKe B mpeneisl MajaoypallbcKoro
BIIIT Boiikapckoit CD3. D10 00BsICHAETCS CKOpee BCero HaTMYueM MO-
PEHHBIX OTJIIOKEHUH YIBTPAOCHOBHOTO COCTABA, T. K. PU3UKO-MEXaHUYe-
CKUH NEPEHOC OCYIIECTBISETCA B MIPEeNax MEPBBIX KUIOMETPOB. JaH-
Has 4acTh KJIacTepa HE pacCMaTpUBAETCS.

YcnosHble 06o3HaueHns
© ot Kinem

Puc. 3. Coornomenue Cr-Ni-Co reoxuMu4ecKkoro Kjiacrepa
(Knacrep Ne 1) u reosiorum uccjieyeMoro paiiona
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ITo muneparennueckoii 3oHanbHOCTH Cr-Co-Ni kmactep coot-
BercTByeT Paitmsko-Boiikapckoit Cr-Cu-Ti MuHepareHHMYecKod 30HE
n o0beauHseT Bolikapo-CeIHBHHCKUI XpOMHUTOBBIHN pyIHBINA PaOH U BO-
CTOYHYIO YacTb Kapmopckoil miaTHHO-3070TO-MEIHOPYAHYIO PYAOHOC-
HYIO 30HY, KOTOPBIE B CBOIO OYepeNb AeATCs Ha XoinuHcko - [lafiep-
CKUM pyaHbIi y3en, Ilorypeiickuili XpoMUTOBBIN pynHbIA y3end, JlanTa-
MaNCKUN XPOMUTOBBIN PyIHBINA y3€ll.

VY IBTPaOCHOBHBIE U OCHOBHBIE TIOPOJBI PaiN3CKO-BOMKAPCKOTO
U K3PIIOPCKOT0 KOMIUIEKCOB CJIAraloT €IUHYI0 KPYIIHYIO U JOCTaTOYHO
MIOJIOTYIO HAJIBUTOBYIO TUTACTHHY, IIMPHHA BBIX0/1a KOTOPOH COCTaBIISIET
B cpeaHeM 18-20 kM Ha ceBepe (XOUIMHCKUM OJIOK, TOTypeicKuii 6J10K);
14 kM B cpeHeii yacTH (JanTamaickuil 6J0K), Cykasich K 10Ty A0 2-4 KM.
[InactuHa npeacTaBiseT coO0M CIOXKHYIO CKIaa4aTo-HaJBUTOBYIO CTPYK-
Typy. SlmepHast yacTh CKJIaIKU CIOKeHa rapiuOyprutaMy M, B MEHBILEH
CTEINEHH, TYHUTaMHU paln3CKO-BOMKapCKOro KOMIUIEKCA, TOrga Kak Ha
KPBUIBSIX TIOCIEIOBATEIbHO OOHAXKAIOTCS MHUPOKCEHUTHl W Tab0poHIbI
K3pILIOpCcKOro KoMIutekca. [lafenue KpblibeB Ha I0r0-BOCTOK, YITIBI ajie-
HUsE 0KoJio 70°. VIMeroTcs CyIeCTBEHHbIE OTINYHS B COCTaBE, CTPOCHUH,
CTENEeHU MeTaMop(r3Ma MeTa0a3UTOB 3ala HON OJIOCH (KPBUIBEB) «I10-
JIOCYATOr0» KIPIIOPCKOTO KOMIUIEKCA OTHOCUTEIBHO BOCTOYHBIX.

Bolikapo-CpIHBUHCKMI MaccHB, MPOTSHKEHHOCTBI0 okono 200
KM, TIPH MHApHUHE OT 2 10 18 KM ClloKeH rapulOypruTaMu, JyHUTaMU
U OJINBUH-aHTUTOPUTOBBIMH NTOPOJAMHU — BoWKkapuTamu. [IMpOKCEHUTHI,
CEpIICHTUHUTHI U APYTHE TUIEePOa3nuThl, Pa3BUTHIC B KPAEBBIX 30HAX Mac-
CHBAa, BCTPEYAIOTCS B PE3KO MOJYMHEHHBIX KOJIMYECTBaX [2].

IIpocTpaHCTBEHHOE pa3MELIEHHE XPOMHUTOB Ha TEPPUTOPUHU
PYJIHOTO paliOHa ONPEIEINAETCS UX TEHETHUECKON CBSI3BIO C ATbITMHOTHII-
HBIMH yJIbTa0a3uTaMu, IO3TOMY BCE M3BECTHBIE MECTOPOXKACHUS U Py-
JIOTIPOSIBIIEHUS] XpOMa OTHOCSITCSI K KUMIIEPCACKOMY THUILY U JOKAJIU3Y-
I0TCsI B yNIbTpabasuTax.

BonbIMHCTBO M3BECTHBIX K HACTOSILIEMY BPEMEHH PYAHBIX 00b-
€KTOB BBISBJIEHBI 10 cepeauHbl 70-X rogoB npouioro croynetus. FOxHas
4acTh MacCUBa J0 CUX MOP NMPaKTHUYECKH HE 0XBadeHA MMOMCKOBBIMU pa-
00TaMu Ha XPOMUTBI.

IIpu ananuTuueckold 0OpabOTKe Pe3yNbTaTOB AHAIU30B IMPOO,
nonaBmux B Cr-Co-Ni kiactep, BHUMaHHE aKLIEHTUPOBAJIOCH HA KOH-
KpPETHBIE 3a7a4yM, PELICHHEe KOTOPBIX MOIJIO Obl HAWTH MPaKTHYECKOE
MPUMEHEHHUE [IPU AaJbHEHIINX OUCKaX:
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— BBISIBJICHUE aHOMaJBHBIX mosieii Cr, KOTOpble MOTJIH OBl BbIBE-
CTH Ha HOBBIE OOBEKTHI XPOMOBOT'O OPYACHEHHUS;

— OIIEHKA MOTEHLUaNa IUIATHHOWJOB B COCTABE XPOMOBBIX Y.
U XpoMmcozepKaux noposa Bolikapo-CeIHBMHCKOTO XpOMUTOBOTO PYA-
HOTO paiioHa.

Ecnu XxpoMUTOHOCHBIE T€Na MOABEPTAIOTCS IPEHUPOBAHUIO UITH
PYOHBIA MaTepuaa TpaHchopMupyercs (U3HKO-MEXaHUIECKUM ITyTeM
BHU3 10 CKJIOHY (70 1-1,5kM 1 He nanee), mocTynasi B IOHMY pydbs, TO
B ayumoBun koHuenrpupyercs Cr, Ni, Co. Ha ormenpHBIX yudacTkax
C JaHHOW acconuareit okaseiBaetrcs Pt, Au, Pd, Pb, Cu B paznuunbix
COUYETAHHAX U YPOBHEM KOHIIEHTpauni. Ecnu py1onposiBIeHUS U MyHK-
Thl MUHEpPAIU3al XPOMUTOB paclioylaratoTcsl Ha BOAOPA3AeIe WIH Ha
CKJIOHE MAacCHBa, Tlle TUAPOCETh OTCYTCTBYET WJIM OHAa OTCTOUT Ooiiee
gyeM Ha 1-1,5kM, TO Takue pyAHbIe OOBEKTHI B IOTOKaX HE MPOSBIISIOTCA.

B pesynbTare craructudeckoil 00paboTKH JaHHBIX OBLIO MOJTY-
4yeHo ¢oHoBoe 3HaueHue st Cr paBHoe 0,389 %, 4TO B 11€7IOM COOTBET-
CTBYET KJIapKOBOMY Jisi ruriep6asutoB [3], a takxe 1 Co — 0,066 %,
Ni— 0,052 %.

B noTokax paccesiHUsI TeOXUMUYECKas aCCOLMALUS XMMUYECKUX
aJeMeHTOB Hem3MeHHO npescTasneHa Cr, Co, Ni. Bepxuwuii npexen s
Cr paseH 1,25 % u 00ycJI0BJI€H OrpaHUYEHUEM I10 ONPEICIICHIIO MaKCH-
ManbHBIX coxepxkanuit merogoMm [IKCA. Cr, Co, Ni B couetanuu c Pt
u Pd B moTokax xapakrepr3yroTcs BEICOKOAHOMAIbHBIMH 3HAYEHUSIMH.

B npeznenax knacrepa HaOMogaeTCs yBEIMUCHUE KOHIICHTPALINIA
Co B moTokax ¢ ceBepa Ha for. Ni, B CBOIO O4epellb, KOHIEHTPUPYETCs
B IIOTOKaX B LICHTpalbHOU yacTu Boiikapckoro mMaccusa.

AHxomanbsHbIe TOTOKH Pt 11 Pd dhukcupyroTcst B MPUKOHTAKTOBBIX
30HaX Paln3KO-BOMKapCKOro KOMILIEKCa C KEPLIIOPCKUM, KaK C 3amaja,
TaK ¥ Ha BOCTOKE.

B nanHOM KI1acTepe 1o pesyipTaTaM MHTEpIIpeTaluy ObUIO BbI-
SIBJICHO HECKOJIPKO aHOMAJIbHBIX 30H. B 4acTHOCTH, aHOMaJIbHBIN y4a-
cTok (puc. 4) miomasaso okoro 150 KM, MPEACTaBIAIOMNNA TIEPBOOYE-
pEeAHOI MHTEpEC C TOUKH 3pEHUS JAIBHEHIINX IIOUCKOB HA OpYJICHEHNE
MPOMBIIIUIEHHOTO TUIIA.
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YcnosHble 06o3HaueHns
PT
0,000000- 22,890000
@ 22890001 - 32000000
@ 32000001 - £1.000000
@ 1000001 - 150.000000
PD
0,000000 - 7,000000
O 7.000001-10,100000
O 10.100001 - 13.200000
O 13,200001 - 40000000
AU
0,0000- 00280
@ 00281- 0020

@ ooci- 1290
CR103
0000000~ 800,000000
@ 500000001~ 1050,000000
@ 1050.000001 - 1250 000000
NL10_3
8,000000 - 430,000000
@ 430,000001-543,000000
P
€o_10.4
20,000000 - 205,000000
@ 205,000001- 259,000000
@ 259,000001- 400000000

Puc. 4. AHomaabHbII yuyacTok B npeneiax Cr-Co-Ni kiacrepa

AHOManbHBIM Yy4acTOK pacIioiokeH B MexAypeube pp. Jlarop-
taerapt u bon. Jlaropra u npuypoueH k JlaropTHHCKOMY pyAHOMY TIOJIO,
B cocTaBe XOMIHMHCKO - [laliepckoro pyHOro y3ia, U XapakTepusyercs
MPEUMYIIECTBEHHO TpeMsl BEICOKOoaHOManbHBIMU oTokamu Cr. Ni u Co
B TIOTOKaX MPOSBJICHEI ¢1a00, TOTOKU Ni (PMKCUPYIOTCS Ha FOTE y4acTKa.
Au B OTOKaX HAXOIUTCS B TIOJJYMHEHHOM KOJMYECTBE M MPOTHKEHHBIX
MOTOKOB HE obOpa3zyeT. Ckopee BCEro MpHUypOUYEHO K XPOMHUTOHOCHBIM
JIyHHTOBBIM TIOPOJIaM, T/ie 00HAPYKUBAETCS B HOJLYJISIX XPOMHTOB.

Kpome Toro, BRISABISAIOTCS KOHTPACTHBIE aHOMaJIbHBIE TOTOKU Pt
u Pd, KoTopbIe 06pas3yloT aHOMAaNbHEIE TIOTOKH TLIOmaabio 32 u 10 kM’
CO CpellHEM COZIepKaHUEM COOTBETCTBEHHO 32 U 18 MI/T.

HcTouHMKOM City’KaT OPOABI JyHUT-TapuOypruTOBOH accouuna-
WU PaM3CKOr0-BOMKAPCKOTO KOMILIEKCA M HUXKHSS YacTh TyHHT-BEP-
JIUT-KIMHOTIMPOKCEHUTOBOTO KEPIIOPCKOro Komiutekca. Hamo otme-
TUTh, YTO aHOMaJIbHBIE TOTOKHU Pt 1 Pd, B iesioM, mpuypoueHs! K rpaHu-
11aM MEXJy Pain3CKOr0-BOMKAPCKUM KOMIUIEKCOM M KEPIIOPCKUM KOM-
TJIEKCOM.

ITo reoxuMHYECKUM JTAHHBIM XPOMOBBIE MTPOsiBIIeHYsI JIaropTHH-
ckoro PII moxHO oTHecTH K Pt comepxkaiium.
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Takum 00pa3om, pe3yabTaThl UCCIENIOBAHUI MOKAa3bIBAIOT, YTO
B npeaenax Cr-Co-Ni kimactepa MepcreKTUBHBIM YYacTKOM JUIS HOCTa-
HOBKH JalbHEHINX padoT Mo BBIABICHUIO KOMIUIEKCHBIX MECTOPOXKIC-
Hu#l Cr ¢ MIaTHHOMIAMHU KHMIIEPCAaCKOTO TUIA SIBISIETCS aHOMAJIbHBIN
y4acTok B npeaenax Jlaroprunckoro PII.

PesynbTathl HcciieqoBaHHSA

1. B mpenenax nzy4aeMoil IuIomagy Mo pe3ynbraTtaM KiacTep-
HOT'0 aHaJIM3a YETKO BBISBIAETCA 4 30HBI, OTIINYAIOIINXCS 110 CBOEH reo-
XUMHUYECKON CIIEMaNn3aliy, B Ipe/leNax KOTOPbIX BBIIEISIETCA IpyMna
3JIEMEHTOB, XapaKTepU3YIOIAsACs MOBBIIIEHHBIMU CPEIHUMH COZIEpXkKa-
HUSMU.

2. PacnpeneneHue KiacTepoB HOCHT CyOMepHIMaHaIbHBIA Xa-
pakTep M MPOCIIEKUBAETCS BIOIb MPOCTHUPAHUS OCHOBHBIX CTPYKTYP
U TeOJIOTUYECKHX KOMIUIEKCOB 3Toi wactu [lomapHoro Ypama. Ilpo-
CTPAaHCTBEHHO KJIAacTephl B LIEJIOM MONAAA0T B MUHEPAareHU4eCKHE 30HbI
1 OTBEYAIOT UX F€OXUMHUUYECKON CTIeaIN3allu.

3. Cr-Co-Ni reoxumuueckuii knactep (Kmacrep Nel) momagaer
B rpanunbl Boiikapckoit CP3 n obbveaunsier Bolikapo-ChIHBHHCKUN
XPOMUTOBBIA pyAHBINA palloH U BOCTOYHYIO YacTh Kapiopckoil miaTuHo-
30JI0TO-MEAHOPYHYIO PyIOHOCHYIO 30HY.

4. BeouBiieH aHoManbHBIA ydacTok, B npenenax Cr-Co-Ni reo-
XMMHYECKOTO KJIacTepa, IIOmabio okono 150 kM?, mpeacTaBisiommii
MEepBOOYEPETHON MHTEPEC AJS MOCTAHOBKM JATbHEUIINX PaboT MO BHI-
SIBIICHUIO KOMIUIEKCHBIX MECTOPOKACHUN XpoMa C TUNIATHHOUAAMH KUM-
nepcaickoro Tuma.
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APPLICATION OF CLUSTER ANALYSIS TO IDENTIFY
PERSPECTIVE AREAS FOR CHROMITE MINERALIZATION
WITHIN THE VOIKAR-SYNYA MASSIF

Tkachenko Maksim,
Karelina V. Elena
Academy of Engineering, RUDN University, Moscow, Russia

Abstract. The article describes the application of cluster analysis
in the interpretation of data obtained using the method of lithochemical
searches by dispertion trains in the Voikaro-Synya area in order to iden-
tify the most perspective areas for further prospecting. Based on the re-
sults of the study, within the Voikaro-Synya ophiolite massif, an anoma-
lous area was identified that is favorable for identifying chromite miner-
alization of the Kimpersai-type with PGEs.

Keywords: The Voykar-Synya massif, cluster analysis, disper-
tion trains, ophiolotes, chromites, platinoids, Kimpersai type

411






Cekuua 7

APXUTEKTYPA
N NPOMbILWNEHHbIN OU3AWNH







HPEIINOCHIIKHA PA3BUTHS TEPPUTOPUI
N ®OPMHUPOBAHUA OFBEKTOB HEXXKHUJIOT'O
HA3ZHAYEHMUA B YCJIOBUAX JOJTOCPOYHOI'O
INPOI'HO3UPOBAHMUA

Maxkynuna FO.B., acnupanm

Henapmamenm apxumexmypbl, UHIICEHEPHAS AKAOEMUSL,
Poccuiickuii ynusepcumem opyoicovl Hapooos, Mocksa, Poccus
Mocobrapxumexmypa, Mockosckas obaracmy, 2. Ilodonbck

AnHotanus. IIporHozupoBaHue COLMANTBHO-9KOHOMHYECKOTO
Pa3BUTHS MPHU3BAHO HE TOJBKO OOBEKTUBHO KOHCTATHPOBATH (pakThye-
CKO€ COCTOSIHME TOKa3aTelie, HO M OLICHUTb CUJIbHBIE U CIadble CTO-
POHBI TIEPCIIEKTUBHOTO Pa3BUTHsI MOCKOBCKOM 00IacTH B Takux oOia-
CTSX Kak cdepa yciyr, IpOU3BOACTBO, HAyKa, KAUeCTBO JKU3HH. YIIyd-
LICHUE JAaHHBIX MOKa3aTelieil HampsAMYIO BIMSET Ha TAKOM MOKas3areib
Kak JeMorpadusi, 1 MOXKET SIBJIATHCS €r0 CTUMYJIHUPYIOMINM (aKTOPOM.

O0o3HaueHne BEKTOpa Pa3BUTHS, IMOUCK ONTHMANBHBIX peLle-
HUM C HOMOIIbI0 MaKpOCOLMAJIOTHYECKOr0 M CHCTEMHOTO IOIXOI0B
OIIpeJesnsieT BO3MOXKHBIE IIyTH Pa3BUTUS TEPPUTOPUN U OOBEKTOB.

IIpoBeneHHBIN aHATU3 1A€T BO3MOXHOCTD OIIpeaesieHHs Hanbo-
Jiee BaXKHBIX Liesed 1 mpobieM GyHKIHOHUPOBaHUS MOCKOBCKOM 00na-
CTH, KakK LIEJOH CUCTEMBI AJISI IPUHATHS BO3MOXKHBIX aJIbTEPHATUBHBIX
peLIeHNUH, IPUMEHEHHUS MPOLELYp COTIACOBAHUS LIENeH, MEPONPHUITUI
U PECypcoB Ui BEIOOpA ONTUMAJIbHBIX BAPHAHTOB.

KiroueBble cjioBa: JOITOCPOYHBIA MPOrHO3, COLUAIBHO-3KO-
HOMUYECKOT'0 KO€ IJIAHWPOBaHKE, peyHKIIMOHAIN3ALUS, TpaHC(HOpMU-
PYEMOCTb, aJallTUBHOCTh, MAKPOCOLUAIOTHYECKUH MTOAX0, CHCTEMHBIN
MOJIXO0.

JIBHIKeHHe BpeMeHH, OTPa:KeHHOe B 10JITOCPOYHOM MPOrHO3e

Kak 061 MBI cTapanuch «He 3a00THTHCS O 3aBTpAITHEM JHE, H00
3aBTpAIIHUHN JIeHb 1T03a00TUTCS caM 0 cebey», Kak Obl He IIOOWIH CIOp-
NPU3bI, HEOKUIAHHOCTH M TOJIOBOJIOMKH, HAM OYECHb Ba)KHO OBITH yBe-
PEHHBIMH B 3aBTPALIHEM JIHE, I MECsIIe, a JIydIe — mape JeT. B Hop-
MaTUBHOM TIPAKTHUKE 3TO HA3BIBACTCS CPEJHECPOUYHBIM ITPOTHO30M.
[IpenmnonaraTs U CTPOUTH IUIAHEI JIET, CKa)KEM, Ha MATHAALATD BIEPET —
3TO MPOTHO3 JOJITOCPOYHBIN, KOTOPBIN pa3pabaThIBaeTcs M yTBEpIKIa-
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ercst B coorBeTcTBUM ¢ DenepanbHbIMU 3aKOHAMU, 2 UMEHHO bromker-
HbIM KoaekcoM Poccuiickoit denepannu «O CTpaTeTHYecKOM TLIaHUPO-
BaHuu B Poccutickoit @deneparumy» [2], 3akoOHaMU perHOHOB U o0iacTei
0 CTPATErnYeCKOM IUIAHUPOBAHUM COIUAIBHO-3KOHOMHYECKOTO Pa3BU-
TUS HA CPEIHECPOYHBIN (JIBa TO1a) U JOJATOCPOYHBIN (JABEHAIATh — Y-
THIPHANATS JIET) MIEPUO/IBL.

PaccmoTtpum cypoByto peaibHOCTh. JIefcTBYyIONM 10 MOMEHTA
BCTYIUIEHHUS B CHIIy TlocTaHOBIIeHHeM [IpaBuTenscTBa MocKkoBCKO# 00-
nmactu oT 26.12.2022 Nel444/47 «O0 yTBepKOEHHH NPOTHO3a COLU-
AITBHO-3KOHOMUYECKOTO pa3BUTH MOCKOBCKOU 001aCTH Ha IOJITOCPOY-
HbI iepuon 1o 2036 roga» [3] gonrocpounsiii mporHos a0 2030 roaa,
YTBEpKACHHBIM mocTaHoBieHUueM IlpaButensctBa oT 25.12.2018
Ne 1015/45 otmeneH. J[onrocpoyHOCTh B YCIOBUSAX CYIIECTBYIOIIEH pe-
AIBHOCTH MTOTPeOOBaIa HOBOM TPAKTOBKH, IIEPEOCMBICIICHUS, JOTIOTHH-
TEJbHBIX UCCIEIOBAHUHI U JaXKe OTMEHBI MTPEeAbIAYIIEro Nporuo3a. Exe-
TFOJIHOE BHECEHUE U3MEHEHUN B TAKHE IIPOTHO3BI SIBJSIETCS BIOJIHE MIPE-
CKa3yeMOH, 3paBOi MPAKTUKOU peasiuid.

LemssMu TaKOTO CTPATETHUYECKOTO TUIAHMPOBAHUS SIBIISTFOTCS TaK-
xe obecriedeHre A HEKTHBHOTO UCTIONB30BaHHS PECYPCOB IS JTIOCTHKE-
HUS TeTied W peav3anny 33734 COIMaIbHO-9KOHOMIYECKOTO Pa3BHUTHS
1 obecrieyeHrs HallMOHAJIBHOM 0e30macHOCTH. B KOHTEKCTe HanpaBiIeHus
APXHUTEKTYPHI U TPAIOCTPOUTENBCTBA, PECYPC — TO B MEPBYIO OUepelpb
3eMJIst, 0003HaUeHHAsT HEKUMU TEPPUTOPHATBLHBIME TpaHuIlaMu. To ecTh
TEPPUTOPHS/yIaCTOK OCBOSHHUS TIO Pa3MeIeHNe OOBEKTa WITH 31aHusl.

Cosznanvie yCa0BUHN JIsl yCTOMYUBOTO OOSCTICUSHUS CTpaTernde-
CKOT0 TUTAHUPOBAHUS MIPEJCTABIISET COO0M pa3paboTKy 1 BHEIPCHHUE TEX
WM WHBIX HOPMAaTUBHO-ITPABOBEIX JOKYMEHTOB, 00OCCIICUHBAIOIINX Ta-
KOBBIC YCIIOBUSL.

PesynbpTaTom Takoi paboOThI JOKHO CTATh MOBKIIEHUE 3 dek-
TUBHOCTH TOCYJapCTBEHHONW MaKpOIKOHOMHUYECKOW TTOTUTUKH, (OPMHU-
pOBaHUE OPUEHTUPOB AJII MHBECTOPOB MPU MPHUHITHHU JOJTOCPOUHBIX
WHBECTULIMOHHBIX PEIICHUH.

OnHoM U3 3a1a4 rOCYAapCTBEHHOHN MONUTUKU B cepe cTpaTe-
TUYECKOT0 MJIAHUPOBAHUS SIBJISICTCS OPraHU3alUsl HAyYHO-METOI0JIOT U~
YECKOT0, WH(POPMAIIMOHHO-aHATUTHYECKOTO O0CCIICUCHHsI CTpaTernye-
CKOT'O IJTaHUPOBAHUA.

OCHOBHBIMHU HaIPaBJICHUSIMHU TOCYAaPCTBEHHOH IOJUTUKY B che-
€ CTPaTETUUECKOTO TUIAHUPOBAHUS, B TOM YHUCIIE SIBIISIIOTCSL: Ocyujecmare-
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HUe Ha CUCMEMHOU OCHOBe HAYYHbIX uUccne0oBanul 6 cd)epe cmpamecude-
CKO2O nlanuposarusl, ¢ yd4enmom BHCAPCHUA COBPECMCHHBIX MCTOA0B IIPO-
THO3UPOBaHUsA, MOACIIUPOBAHNS, THAUKATUBHOI'O INIAHUPOBAHUS, OanaH-
COBBIX PAaCYCTOB U I/IH(i)OpMaLII/IOHHI:IX TCXHOJIOT I/II71, a TaKIKC pa3sBUTUA CU-
CTCMbl MOHUTOPHHI'A U KOHTPOJIA IMTPOUECCOB, COBCPIICHCTBOBAHUSA HOP-
MaTI/IBHO—HpaBOBOﬁ 0a3kl CTPaTCTUYCCKOTO IIJIAaHUPOBAHUA.

IIporuo3 ucnoJyib30BaHusI TEPPUTOPHI M 00HEKTOB HEKUJIOTO
Ha3HAYeHHs HA OCHOBAHUH /I0JITOCPOYHOIO0 MPOTrHO3a
MockoBckoii 001acTH

[TormpobyeM npoaHaIM3UPOBaTh MPOTHO3 COIMATbHO-IKOHOMU-
YEeCKOTO Pa3BUTHs Ha mpuMepe MOCKOBCKOI 00J1acTH Ha TOJTOCPOYHBIH
nepuop 10 2036 roxa B chepe 00bEKTOB, KOTOPHIE SBJISUTUCH OB BO3-
MOKHBIMH U151 IPEI0CTaBIeHUs pabouux MecT B cpepax MpOU3BOACTBA
U ycIIyT. DT0 00BEKTHI, KIacCUPULUUPYIOIIHECS KaK 00bEKThI HEKUIIOTO
Ha3HAYCHMUSI.

BaxnelmM mnokaszaresieM TEMIIOB NEPCHEKTHBHOIO Pa3BUTHSL,
OYEBUIHBIM U HATJISIAHBIM JJI1 OOBIBATENISI BCET/IA SIBJSTIOCH CTPOUTEIBCTBO
0OBEKTOB JKUJIOTO U HEKHUJIOTO Ha3HAYEHMs, Pa3BUTHE MHPPACTPYKTYPHI,
a TaKoKe UX KaYeCTBEHHBIE KPUTEPHH H JIa’Ke BU3YAIIbHBIC XapaKTEPUCTHKY,
KOTOpbIE BCErna MACHTH(OULIMPYIOTCS C TaKUMH CJIOBaMH, KaK CTaOMIb-
HOCTh, PAaBHOBECHE U OaJlaHC C €€ CIOCOOHOCTRIO (DYHKITMOHHPOBAThH Oe3
W3MEHEHHH, 4TO KpaifHe BaKHO U1l 0OBEKTOB JKUJIOr0 Ha3HAYCHHS.

A BOT CIOCOOHOCTD aJanTayu, TpaHchopMauun 1 pedyHKINO-
HaJIM3alMd ACCOLMMPYIOTCS C TEMIIaMH IPOU3BOACTBEHHOTO pOCTa
U OBICTPOTO pearupoBaHUsl HA SKOHOMHUYECKHE PEand CETrOTHSIIHETO
TIHS ACCOLIMUPYETCs C 00BEKTaMHU HEXXHIIOT0 Ha3HAUCHHUSL.

B03MOKHOCTB 1 CIIOCOOHOCTH TAKOTO OBICTPOTO pearupoBaHUs
KpaifHe Ba)KHa M HaNpsMYIO BIUSIET Ha YCTOMUYMBOCThH U MCUXOJIOTHYE-
CKYIO CTaOMIIBHOCTD KaXX/I0TO YEJIOBEKa.

s mpoBeeHrs1 aHAJTMTUIECKOW PaboThl 00paTHUMCS K TOKa3a-
TeNAM TIPUJIOXKEHUS K TocTaHoBieHuto [IpaBurensctBa MO ot
26.12.2022 [3] TakuM Kak:

— neMorpaguyecKie oKa3aTesn

— POMBILIJIEHHOE [TPON3BOJCTBO

— CEIBbCKOE X03IHUCTBO

— Hay4YHas U Hay4YHO-TeXHUYECKas ACATEIbHOCTh

— MaJioe U CpeAHee MpeIIpuHIMAaTETECTBO
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— BHEIIHEIKOHOMUYECKAsI IEATENBHOCTD

— UHBECTHLIUU

— CTPOUTEIBCTBO

— TOpOAICKasl Cpesla M KauecTBO KU3HU

— (uHAHCHI

— TPy ¥ 3apa0oTHas IJ1aTa, B YaCTH YUCICHHOCTH TPYIOBBIX pe-
CYPCOB B Pa3lIM4HBIX chepax AeaTeIbHOCTH

— TOPTOBJISL U YCIIyTH

— KyJbTypa U TYPHU3M.

JanHble moKa3aTeny BHIOpaHBI C LENbI0 MPOBEACHUS aHATUTH-
YEeCKHUX HMCCIEeJOBaHUM, HANPABICHHBIX HA W3yYeHHE TEPPUTOPHUI TOX
00BbEKTaMH HEKUIIOTO HA3HAUCHHS, a TAKXKE CAMUX 00BEKTOB HEKUIIOTO
Ha3HAuCHHMS, HAOJIHEHHBIX Pa3IHYHBIMU (QYHKIHUSIMH, LETbI0 KOTOPBIX
SBIISIETCSL Pa3BUTHE SKOHOMHUKHU CTPaHBl U CTUMYJIMPOBaHUE pocTa Ona-
TOCOCTOSTHUSI HaCEJIEHUSI.

OTMedy, 4TO TOIATOCPOYHBIN MPOrHO3 (hopMupyeTcs B 2 00s13a-
TENbHBIX (OCHOBHBIX) BapuaHTax: 0a30BOM U KOHCEPBAaTHBHOM.

ba30BbIil BapuaHT JOATOCPOYHOTO MPOrHO3a XapaKTEPU3YET OC-
HOBHBIE TCHIICHIMH W TapaMeTphl Pa3BUTHS SKOHOMHUKH B YCIIOBHUSX
KOHCEPBATUBHOI'O N3MEHEHUS BHEIIHUX YCIOBHM.

KoHcepBaTHBHBIN BapuaHT JOITOCPOYHOrO MPOrHO3a pa3padaThl-
BAeTCsl HA OCHOBE KOHCEPBATHBHBIX OLIEHOK TEMIIOB SKOHOMHUYECKOTO PO-
CTa C y4ETOM BO3MOKHOCTH YXYIIIICHVS BHEITHEAKOHOMUYECKHX YCIIOBHH.

MockoBckast 00J1aCTh — BTOPOM 110 YHCIEHHOCTH CyOBeKT Poc-
cuiickoii Dexeparyin, B KOTOPOM TIpokuBaeT Oonee 5 % HacelncHHS
crpanbl. Jlons ropoackoro HaceneHust cocraBisieT 81,5 % ot obmieit
YUCIICHHOCTH HaceleHus, ceabckoro — 18,5 %. (c. 20 IlocTaHoBieHue
npaBuTenbCTBa MOCKOBCKOM 00macTh ot 26.12.2022 Nel1444/47).

Ilocnenuue 5 ner HaOmOaeTcsi CHU)KEHHE POXKIAEMOCTH.
Haunnasa ¢ 2025 ronma, ¢ yueToM Mep rOCyJapCTBEHHOW MOJAEPIKKH,
YCIIEIIHO TPUHSTHIX Mep 1o 0opnOe ¢ nmanaemueid 2019, BHeApeHUIO U
MPOABKEHHUIO HOBBIX TEXHOJIOTHIA U KOMIUIEKCA MEPOIIPUATHH BeICHUS
0epEeMEHHOCTH OKHIAeTCs TIOCTEIICHHOE YBEMUEHHE POKIAEMOCTH.

Bricokuil ypoBeHb MUTPAIIHOHHOIN aKTHBHOCTH Ha TEPPUTOPUHU
MoOCKOBCKOH 00JIaCTH TaKXe CIy>KUT (PakTOpOM NPHUBIICUEHHUS TPYHO-
BBIX PECYPCOB C IIEJIbIO BBIMOJIHEHHUS CTPATErHYECKHX MPHOPUTETOB
MPOCTPAHCTBEHHOTO Pa3BUTHsI MOCKOBCKOH 001acTH, (GOpMUPYIOIINX
TOYKH POCTa 3KOHOMHKH (Tab. 1).
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Tabnuya 1
Jemorpaduyeckue moxa3aresim YHCJIEHHOCTH MOCTOSTHHOTO HACETeHUS
TPYAOCNOCOOHOr0 Bo3pacra [3]

2036
(KOHCEepBATHBHBIII)
YuCIIeHHOCTh MOCTOSHHOTO HACEJIEHHS TPY/I0CIIOCOOHOTO BO3pacTa

(TBIC. YETIOBEK)

2020 2022 2036 (0a3oBbIiT)

44448 | 4651,7 | 5434,8 | 5431,8
OO0t koapdurmeHT poxmaaemoctu (Ha 1000 yeT0BEK HACETICHMS)
103 | 9.1 | 8,6 | 8,5

OO0t koapdummenT cmeprHocTH (Ha 1000 YeToBEK HaCETICHMS)
145 | 12,9 | 10,6 | 11,3
Koo dpunment murpammonnoro npupocta (Ha 1000 genoBek HaceJIeHus)
66,6 | 106,7 | 97,2 | 96,7

MockoBckast 061acTh 00J1a1a€T MOLTHBIM SKOHOMHYECKUM, (PH-
HAaHCOBBIM U COIMAIBHBIM TOTEHIIMAIOM, KOTOPBIA chopMupoBancs
Onmaromapsi BBITOJHOMY SKOHOMHKO-TEOTPapHUECKOMY TOJIOKEHHIO
BOJIN3M CTOJMIBL, XOPOIIO PAa3BUTOW TPAHCIIOPTHOW CETH W HAIUYHIO
BBICOKOKBAJIM(HLIMPOBAHHBIX TPYIOBBIX pecypcoB. [3] He 3ps panee, 1o
14 suBaps 1929 roma MockoBckasi 00yacTh Ha3bIBajach L{eHTpanpHO-
[IpoMmbinuieHHOM 0067aCThIO U eniIach Ha 10 MPOMBIIIUICHHBIX U CEIlb-
CKOXO3SHCTBEHHBIX OKPYTOB.

MockoBckast 0051acTh TMANpYeT cpenu cyonpekToB Poccuiickoit
denepanmu M0 KOJTMYECTBY CO3AaHHBIX HA €€ TEPPUTOPHU OCOOBIX IKO-
HOMHYECKHX 30H B TAKUX TOPOJICKUX OKpyrax kak Jlomonenoso, yOHa,
Kammpa, Ctynuno, @psasuHo.

[lepcnekTUBBI pa3BUTUS HAYYHOU U HAYUYHO-TEXHUYECKOM Nes-
TEJIbHOCTH, MPOU3BOJCTBO MPOTYKIIMH BBICOKOTEXHOJIOTMUYHBIX U Hay-
KOEMKHX OTpaciieil, 0co00e BHUMaHUE, OKa3bIBAEMOE YHMCIEHHOCTH 3a-
HATBHIX B c(hepe Majoro u CpelHero NpeAnpuHIMATEIbCTBA, aKTHBU3a-
L1l BHEIIHEIKOHOMUYECKON AEATEIbHOCTH, MIPOTHO3UPYIOT UX 3HAUU-
TelbHBIN pocT kK 2036 roxy (Tadmn. 2).
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Tabnuya 2
IpousBoacrBennas 6aza [3]

2020 2022 2036 (6a30BbIii) 2036 y
(KOHCepBATHBHBIN)
WHpexc mpoMBIIIIICHHOTO IMTPOU3BOJICTBA (IIPOIICHT K MPEABITYIIEMY TOITY)
109.7 | 101,6 | 108,5 | 106,8

Wupexc mpon3BoICTBA MTPOAYKIINHU CEITHCKOTO XO035HCTBA
(TIPOLIEHT K MPEIBIAYIIIEMY TOJTY)
980 | 1031 | 101,3 | 101,2
Hayunast u HayYHO-TEXHUUYECKAs IESTEINbHOCTD. JOJIsI POIyKIIUH
BBICOKOTEXHOJIOTMYHBIX M HAYKOEMKHX OTpacieil (IIpoLeHT)

213 | 249 | 29,6 | 29,0
YucIEeHHOCTD 3aHATHIX B C(bepe MaJIOTO U CPECAHECTO MPCANPUHUMATCIILCTBA
(1000 venoBek)

14117 | 14521 | 1612,1 | 1610,9

BHeIHesKOHOMUYECKast JeATeIbHOCTh. TeMIl pocTa
(TIpOLIEHT K MPEBIAYIIEMY TOJTY)
91,0 | 931 | 106,2 | 103,0

CoxpaHeHue U YBETHUSHHE HHICKCA (GHU3UUECKOro 00bemMa 000-
pOTa PO3HUYHOMN U ONTOBOM TOPTOBJIH, OKa3aHUE TUIATHBIX YCIYT Hace-
JICHUIO TIPOTHO3UPYET CTAOMIU3AIMIO U YIIYUIIICHHE TOPOJCKON CPEeIbl,
a CJIeZIOBATEIbHO, ¥ KAUeCTBa CAMOW KU3HH, TOCPEICTBOM, B TOM YHCIIC,
TEMIIOB POCTAa MHBECTHIUH, MPUOBIIM OPraHU3aIlii, YBEIUUCHHUS 3apa-
OOTHOM TUTATHI.

Cdepa ycayr miaHupyeT ABYKPATHOE YBEIWYCHUE TYPUCTHYC-
CKOT0 MOTOKa B MOCKOBCKYI0 0071acTh (Tadm. 3).

Tabauya 3
Cdepa yeayr [3]
2020 2022 2036 (0a30BbIii) 2036 .
(KOHCEepBATHBHBIII)

Wunexcel Gusmaeckoro o0beMa 000poTa pOSHHIHOMN/OIITOBO
TOPTOBJIA/OKa3aHUS TUTATHBIX YCITYT HACCIICHUIO
(TIpOLIEHT K MPEIBIAYIIEMY TOJTY)
100,0/108,8/84,9] 86,0/79,2/103,0 [104,4/105,9/103,7] 102,05/105,2/103,2
Typuctrieckuiif noTok B MOCKOBCKYIO 001aCTh (THIC. Yedl.)
11480,0 | 163900 | 325172 | 308914
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PaccmoTpenne TeppuTOpUANBbHOTO MOTEHIHada MOCKOBCKON
00JIacTH, aHaJIM3 MCHOJIB30BaHUs CYIIECTBYIOLIMX OOBEKTOB B JIOJTO-
CPOYHOH MEPCHEKTHUBE SBIISIOTCS 3aJI0TOM MIPUHATHUS BEPHBIX PEILICHU,
CIOCOOCTBYIOINX OCYILECTBICHHUIO 3asBJICHHBIX CTPATEINYECKUX LeIer
W TOATBEPKIECHUIO MPOTHO3UPYEMBIX MoKazaTenei. Tabmuma 4 ykasbl-
BaeT Ha POCT TaKHUX MOKa3aTeNel, Kak MHBECTULIMH, KaueCcTBa TOPOJICKOI
cpensbl, 3apaboTHOM matbl. OctaeTcsi CTaOMIIBHBIM 00BEM SKHITUIIHOTO
CTPOUTEIBLCTBA.

Tabnuya 4
KauectBo xu3nmu [3]
2020 | 2022 | 2036 (6a3oBbiii)) | 2036 (KOHCepBATHBHBIi)
Temn pocTta MHBECTHIMH (ITPOLEHT K MPEIbIAYIIEMY TOY)
90,9 | 1051 ] 105,5 | 105,0
OOBEeM >KWIIMIITHOTO CTPOUTENHCTBA (IPOLICHT K NPEIBLAYIEMY TOY)
9040,3 | 14000,0 | 9000,0 | 8800,0
KauecTBo ropoJickoii cpeipl (ITPOICHT)
30 | 11,0 ] 44,0 | 44,0

@unancel. TeMt pocta NpUOBIIM OpraHu3ai
(TIpOLIEHT K MPEBIAYIIEMY TOTY)
1159 | 108,5 | 110,2 | 108,1
Temn pocTa peanbHO 3apabOTHOMN IIATHI TPYJOCIIOCOOHOTO HACETICHUS
(TIPOLIEHT K IpeAbLIyHIEMY TOTY)
1018 | 947 | 103,1 | 102,6

AHan3upys IepCIEKTUBBI PA3BUTHS M BO3MOKHBIC HAIPABJICHHS
nepeieM K ClieIyIoieMy 3Tary, STally H3y4eHHs BHIOpaHHBIX U HE0OXO-
JUMBIX HaM TI0Ka3aTeNel ¢ y4eTOM NPUMEHEHNsI HayYHBIX ITOAXO0B.

Iloaxons! K mepcneKTHBAM U BO3MOKHBIM HATIPABJICHHUAM
OCBOCHHUSI TEPPUTOPHIi M TeHACHIMIT Pa3BUTHA 00beKTOB
HesKHI0ro Ha3HaveHust [loaMockoBHOTO pernona

g n3yueHus nokasaTesiel MPOrHO3UPOBAHUS C LENBIO CO3/a-
HUS U 00ecrieueHHsl YCIOBHH Pa3BUTHsI yKa3aHHBIX HapaBJICHUH TpPH-
MEHUMBI TAKHE MOIXObI KAK MAKPOCOHMOJIOTHYEeCKHIi M CHCTEMHBII.

AHanu3 NpOrHo3MpOBaHUs CIYXKHUT B NIEPBYIO OUEPEb UHTEpE-
cam oOmiectBa. O01IECTBO, KaK CAMHBIA OPTaHU3M, COCTOUT 3 3JIEMEH-
TOB, BBIIOJHAIOLIHNX OTpeie/IeHHbIe (YHKLINH, KOTOpPBIE HAPaBJICHbI HA
obecriedeHue ero HeI0CTHOCTU U yCTOHUUBOCTH.
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[Ipoueccsl B oO0IIecTBe Takke MOuexaT aHanuzy. [locpen-
CTBOM TE€OpUI KOH(IMKTHOTO MOAX0Aa U (PYHKIIMOHATIM3MA OCYIIECTB-
JISIeTCS MAKPOCOLMOJIOTHYECKHH TOAXO0/] K aHAIN3Yy 0OIIecTBa.

PaccmoTpenne 1oArocpoyHOro Nporuo3a MMeeT oA coboi Mak-
CHUMaJIbHO IPO3PAvHYI0 TPAKTOBKY IOKa3aTeleil, 3aBHCUMOCTEH MoKa3a-
teneil. [IpumeHenne KOHQIMKTHOTO MOAX0Aa, paHee chopMyTUPOBaH-
Horo P. lapennopdowm, JI. Kozepom yka3piBaeT Ha MEXaHU3MBI, BBIBO-
Jsimge oouiecTBo U3 paBHoBecHa. O030p JaHHOTO MOJX0/a NPU U3yde-
HUHM JOJTOCPOYHOTO NPOTHO32 B paMKaxX pa3BUTHS MPHOPUTETHBIX
HanpaBJICHUH B 9YaCTH IPaJOCTPOUTENBCTBA U APXUTEKTYPHBIX O0BEKTOB
SBIISIETCS. MAKCHUMAJILHO OYEBHIHBIM U XapaKTEPHBIM.

PaccmoTpum Hambonee MpUMEHHMbIE OCHOBHBIC MOJOXKEHUS
KOH(IJIUKTHOTO MOJIX0/a!

— JloOble pecypcbl B 001IeCTBE OrpaHMYEHbI, CJel10Ba-
TeJBbHO, pacnpeae/siOTCsl HepaBHOMePHO. B KoHTekcTe nccnenona-
HUSL MBI TOBOPDHUM O 3€MEJBHBIX YYacTKaX, MMEIOMIUX KOOPAWHATEHI,
0 HAcCeNICHHBIX MYHKTaX, MIMEIOLINX YCTaHOBIICHHbIC TpaHULbI. JlaHHBIN
pecypc — KOHCTaHTa.

— KoH(MKTBI BeayT K peopraHu3aniu 0O0IIeCTBEHHOIO
yerpoiictBa. KoHQUIMKT Hcmonp30BaHUsl pecypca, B HalleM CiIydae
«TEPPUTOPUM», Ha CETONHSIIHUMN JIeHb CBUICTENHbCTBYET O HEOOXOIH-
MOCTH TpaHC(HOPMALUI U aJalTUBHOCTH.

WntepecHa u Onuska paccmarpruBaemoii Teme Teopust JI. Kozepa
0 TOM, 4TO Onarojapsi KOH(QIUKTY CHCTEMa CTaHOBUTCS yCTOWYHMBOIA,
IUTsl 3TOTO KOHQUIUKT HAJ0 HAIpaBJIATh IO HY)KHOMY pYCIy, KOHIHUKT —
€CTECTBEHHOE COCTOsTHHE o01ecTBa. PaccMoTpenne camoro KoH(IMKTa
KaK €CTECTBEHHOT'O IpoIiecca, MPUHATHE ONEPEKAIONINX PEMLIEHU — 3a-
JIOT IPOTPECCUBHOTO Pa3BUTHSI.

[TpumepoM Teopur OpraHUYecKOr KOH(IMKTHOCTH MOXKET SIB-
JAThCSA Kak J1000e upe3BhlYaiiHOE NPOUCIIECTBHE, Oyab TO MOXKap,
HaBogHeHue. llpemsTcTBHEM, CHMOCOOCTBYIOIIMM MPOSIBICHUIO KOH-
(IUKTHOCTH TaKKe MOXET OBITh M JOJATOCPOYHO OOpPa30BHIBAIOIIUECS
9KOHOMHUYECKHE, IPAJOCTPOUTENBHBIE, SKOJIOTUYECKIE HEPEIIEHHBIE BO-
MPOCHI, TPEOYIOIINE CTPATETUUECKUX PEIICHHUH.

Paccmotpum npumMep. BaskHbIM XapakTepHBIM (PaKTOpOM COBpe-
MEHHOCTU ObLIa M OCTAETCsl SKOJIOTMUECKasi M MPOTHUBOIOXKapHast 0e3-
onacHocTb. OJHAKO BO3HMKHOBEHHE MOXapOoB OOJIBIION IUIOMIANN HE
MOXET ocTaTbcsi Oe3 BHMMaHHs. Beab OrpoMHBIC 3aHUS CKJIAaIOB
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Y TOPTOBBIX IIEHTPOB MPSIMO IPONOPIMOHAIBHEI NPEACTABISIEMBIM pa-
004nM MecTaMm, a CIeJ0BaTeNbHO, BIUAIOT Ha IOJTOCPOYHBIE TPOTHO3L.
[lepen cobcTBEHHUKAaMH U apeHIATOPaMHU CTOUT OCTpasl 3ajada MaKCH-
MaJbHO ONEPATHUBHOIO OCBOEHUS TEPPUTOPHUU Ul TOJTOBPEMEHHOTO
CTa0MJIBHOTO U YCTOWYHMBOTO MPEAOCTABICHUS Pa00YHX MECT U CTHMY-
JIMpoBaHus Ou3Heca.

CypoBasi peabHOCTh BHOCHT KOPPEKTUBBI, KOTOPbIE HE MOTYT
OCTaBHUTH 0€3 BHUMaHUS 3aCTPONIIMKOB, peAcTaBuTeNel ousneca. Bos-
HUKHOBEHHE I10KapOB 00BEKTOB HEXXMWIOTO Ha3HAYEHUS (CKIIal0B, TOP-
TOBBIX LEHTPOB) Ha TEPPUTOPUU 00JaCTH HE TOJNBKO HAHOCHT KOJOC-
calbHBIN yIepO 3acTpOMIINKY, HO U IMIIaeT paboyuX MECT HaceJICHHE.

B kauectBe mnpumepa mnpuBeny ngaHHble «KoMCOMOJIBCKOM
MpaBIbD O MOXKapax KPyHMHBIX HEXHMIBIX 00bekToB Ha 2020-2022 rofpl.

— 14 teICS4 KBagpaTHEIX MeTpoB 02.02.2023 ckiag BTOPCHIPHA
Haxa6uno [6];

— 55 thICs4 KkBagpaTHEIX MeTpoB 03.08.2022 pacnpenenurens-
HBIH cki1aa Mapketivieiica «O3om», r. Mctpa [6];

— 7 ThIcsi4 KBagpaTHbIX MeTpoB 09.12.2022 TII «Mera Xumkuy,
r. Xumku [6];

— 2 TeICAYM KBaApaTHBIX MeTpoB 29.06.2022 - aHrap ¢ muHaAMU
Ha Kamupckom mocce [6];

— 55 thICs4 KBagpaTHEIX MeTpoB 09.10.2017 — TOproBeIii HEHTP
«Cunauka» Ha 65-m kM MKA/] [6];

— 1 TeIcsua kBagpaTHbeIX MeTpoB 10.07.2017 roma — TOproBeIi
uentp «PMO» na JImurpoBckoM mocce [6].

OOpatuMmcsi K COCTaBISIIOMIEH MaKpOCOLMOJIOTMYECKOTO IO~
X0a — QYHKLIMOHAIN3MY, KOTOPBIN aKIIEHTUPYETCs Ha MEXaHU3Max CO-
XpaHeHus oduectBa. To ecTh MU HATUYUH MOJTOOHBIX BOIPOCOB HEOO-
XOJMMO CO3/IaHUE HEKOEro MEXaHU3Ma JIJIsl pelIeHus 3aauu.

OcHoBHBIE HAen (YHKIMOHANM3Ma OBbUTH C(HOPMYIHPOBAHBI
I'. Cnencepowm, 3. Hropkreiimom, T. Tlapconcom, P. Mepronom. P. Mep-
TOH CUHTACT, YTO AJIEMEHTHI COLMAILHON CHCTEMBI HEe 0053aTENIbHO BBI-
MOJHSIIOT [TO3UTUBHBIE AJIS1 BCEH CUCTEMBI (PYHKIIMH, T.€. OHU MOT'YT IpH-
YHHATH cucTeMe Bped. Kpome Toro, He Bce (DyHKUIUHM SIEMEHTOB CH-
cTeMbl oueBUAHBL Takum o0pazom, P.MepToH BBen noHsATHA JUC]YHK-
LU U CKPBITHIX (JIATEHTHBIX) QYHKLUH.

AanTUBHOCTH TEPPUTOPHIA, CIIOCOOHOCTH TpaHCHOPMHUPYEMO-
CTH 3aCTPOHKH, METO/IbI OTIEPATUBHON BHOCTH U TPaHC(HOPMHUPYEMOCTH,
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XapaKTEePUCTUKU (KPUTEPUH, MTOKA3aTENIN, OCOOCHHOCTH) — 3TO UMCHHO
Ta CKpbITas PYHKIUS, KOTOpasi HE BCET/a OUYCBUIHA.

AJTanTHBHOCTH TEPPUTOPHUH, TPAHCPOPMUPYEMOCTH 3aCTPOMKH,
pedyHKIMOHAIN3AIMS IPOCTPAHCTB MOTYT OBITH OJTHUM W3 BapHUAHTOB
pEIICHUs CIOXHBIX 3a/1a4, YCIOBUS KOTOPBIX MPOJUKTOBAHBI COOBITH-
SIMH TJTI00aTHbHOTO XapakTepa.

[Tepeitnem K pacCMOTPEHUIO CUCTEMHOTO MOJIX0/1A JJIs BBISBIIC-
HUS HaNpaBJICHUH OCBOCHHS TEPPUTOPHIA U TCHICHIMN Pa3BUTHS O0B-
€KTOB HEXXHUJIOr0 Ha3HauYeHUs MOCKOBCKOI 00JIACTH.

B wactu TepputopuanbHOi COCTABMISIONICH CUCTEMHBIN MOAXO0/
JIaeT BO3MOXXHOCTh HCCIIEIOBAaHUS O0BEKTA 10 OTHOIICHHUIO K TOPOJY,
okpyry, obnactu. Eme B 1929 r. X. @peiiep B kauecTBe XapakTepHOU
(YHKITMHM COBPEMEHHBIX TEXHUYCCKMX HAyK Ha3BajJ TEHACHIIUIO K «CH-
CTEMATUKE» U «B3aUMHOMY MPOPACTAHHUIO OTACIBHBIX TEXHUYECKHUX
CPEIICTB U METOJIOB C LIENBIO CO3[JaHUs CIUIOITHON CETH OBIAJCHUS MpHU-
POIIOiD». DTOT CUCTEMHBIN acIeKT COJIEPIKUTCS Takke B Te3ucax d. Gon
Fottne-OTTnunuenenbia o CIJICTCHUN OTICIBHBIX TEXHUYSCKUX J0-
CTHKCHUM B €IMHOE IBIXKCHUE TEXHUKH, O PsIIe HEMPEPBIBHOCTH, O MY-
TalUAX KaK B3aMMOCBS3H BCEX TEXHUYECKHUX MPOOJIEM U UX «COOCTBEH-
HOTO CYIIIECTBOBAHUS», O BHIBSJCHHUHU APYT U3 IPYyra U «PrTHAINH TTPO-
Os1eM», 0 eTUHON CHCTEME TTOCTAHOBKH TEXHUYECKHX MPOOJIEM H O Me-
TOIOJIOTHYECKOM eIUHCTBE. «Heo0X0oaMMOCTh CUCTEMHOM WHTETpaiuu
CHEIMaTbHBIX TEXHUYECKUX obnactel, — noauepkuBaeT X. JIGHK, — OT-
Meuasi CKIIOHHOCTE K 000OIIEHUSAM TEXHOJIOI'OB, CIICLIMAIMCTOB B 00J1a-
CTH HayKH O IJIAHUPOBAHHUU M SKOHOMHUCTOB, «B OCOOCHHOCTH, HAIIPH-
Mep, B cepe pernOHATBLHOTO INIAHUPOBAHMS, T/I€ TUITAHUPOBAHKUE CTPO-
WUTENIbCTBA, HHPPACTPYKTYpa, TPAHCIIOPTHBIE CUCTEMBI U T.J. JOJKHBI
OBITh B3aUMHO COTJIACOBAHBI, WJIM B BOMPOCAX OXPaHbl OKPYKAIOIICH
CpeIIbl, CBS3aHHBIX C HEOOXOJUMOCTHIO CUCTEMHOM 3KOJIOTHIECKON UH-
Terpatum» [5].

KiroueBoli B paccMOTpeHUH SIBISIETCS B3aUMOCBSI3aHHOCTD ac-
MEKTOB MOAX0/Ia, ¥ BKIIIOYAET B ceOs:

— CHUCTEMHO-3JIEMEHTHBIN aHAJIU3 - aHAW3 MOACHUCTEM Ipajo-
CTPOUTENBHOU CUCTEMBI, KOTOPYIO MOXXHO OIPEACIUTh, KaK COBOKYII-
HOCTh MPOCTPAHCTBEHHO-OPTaHU30BAHHBIX MAaTEPUANIBHBIX AJIEMEHTOB
(Tepputopuii, 31aHUN, COOPYKEHUI) COBMECTHO C MPHUPOIHOMN cpenon
JKU3HEJCATECILHOCTH YEIIOBEKA, BKIIIOYAIONIUX B €€0S KOMIIOHEHTHI
W DJIEMEHTHI, HUMEIONINE pa3u4HOe (YHKIIMOHAIBHOE Ha3HAYCHUE:
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arpapHoe, arpapHo-IIpOM3BOJICTBEHHOE, CHIPbEBOE, PECYPCHOE, MPOU3-
BOJICTBEHHOE, KOMMYHHUKAIlMOHHOE, COLIMAIbHOE.

— CHCTEMHO-CTPYKTYPHBIM aHaJIN3 pacKphIBAET BHYTPEHHIONO
OpPTaHH3alrI0 CHUCTEMBI, CII0cO0 B3aMMOIEHCTBUS €€ KOMIIOHEHTOB.
B rpamocTponTenbHBIX CHCTEMAX B3aHMOJEHCTBHE KOMIIOHEHTOB OCY-
LIECTBIAETCS Yepe3 cBs3u. Hannuue cBsizell B cUCTEMEe TOBOPHT O TOM,
YTO MOJCUCTEMA, SIEMEHT, KOMIIOHEHT paboTaloT HE B TIOJTHOM PEXUME,
HO IIPY 3TOM UMEIOT MOJIOKUTENIbHBIE PE3YIbTaThl IpU paboTe Bcei cu-
CTEMBI B LIETIOM.

— CHUCTeMHO-(YHKUMOHAJIBHBIA aHalM3 MOKAa3bIBaeT, KaKHe
(YHKLMY BBHIIIOJHSET cucTeMa u oOpasytomue e€ anemenTsl. Hanpumep,
HSKOHOMMYECKas [TOJICCTEMAa rOpoa, OKpyra, 00JIacTy BEIIIOJIHSIET aaarl-
TUpyIomue (QYyHKIUU [0 OTHOLICHUIO K W3MEHSIOIUMCS TapaMeTpam
BHEIIHEHW U BHYTPEHHEH Cpeapbl.

— CHUCTEMHO-KOMMYHMKAIIIOHHBIN aHAJIN3 PACKPHIBAET B3anMO-
CBA3b JAHHOW CHCTEMBI C APYTHMMH, KaK 110 TOPU3OHTANIN, TaK U IO BEp-
TUKamu. ['pagocTpouTeNnbHbIE CUCTEMBI SBISIOTCS OTKPBITHIMH CHCTE-
MaMHU, B OTpefielieHNe BHEITHUX CBsA3e He0OX0quMO i yuéTta (haKTo-
POB BO3JICHCTBHSI HA CHCTEMY.

— CHCTEMHO-UHTETPUPYIOIINI aHaJN3 TIOKa3bIBAET MEXaHU3MEI,
(hakTOpHI COXpaHEeHHS, COBEPIIICHCTBOBAHMSI M Pa3BUTHUS CHCTEMEL. | pa-
JOCTPOUTENHHBIE CHCTEMBI OTHOCATCSI K YHCITYy CaMOPETYIUPYIOIIHXCS,
OJTHOM M3 OCHOBHBIX II€JIEH KOTOPHIX SBJISIETCS CAMOCOXPaHEHHE.

— CHCTEMHO-UCTOPHYECKUH aHaIN3 OTBEYAET Ha BOIIPOC O TOM,
KaK, KaKUM 00pa3oM BO3HHUKIIA CHCTEMa, KAaKUE ATAITBI B CBOEM Pa3BUTHH
MIPOXOIMIIA, KAKOBBI €€ HCTOPUIECKHUE TIEPCIIEKTHUBEI.

— CHCTEeMHO-3CTETHUECKUN aHAIIN3 PACKPHIBAET SKOJIOTHIO KYJITh-
TYpbI TOPO/ia, COBEPIICHHO HOBBIM KPUTEPHUH OIEHKH CHCTEMBI, KOTa
KyJIbTypa ropojia CTAHOBUTCS KAY€CTBEHHBIM ITOKa3aTeIeM CUCTEMHI [5].

OnHUM U3 OCHOBHBIX aCIIEKTOB CHCTEMHOTO aHAJIH3a CIIOKHBIX
TPagOCTPOUTENHHBIX CHCTEM, BKITIOUAIONINX B €051 CHCTEMHBIE KOHIIETI-
[IUU Pa3BUTHSA TEPPUTOPHIA, SIBISETCS CHIKECHHE NeicTBUA (pakTopa He-
OTIPEIeIEHHOCTH MyTEM MPOTHO3MPOBAHUS W MHOTOBapUAHTHOTO JOJ-
TOCPOYHOTO ITaHUpOoBaHUs. C y4eTOM IPUHUMAEMBIX PEIICHNH BEIETCS
pa3paboTKa MPOEKTHOW JOKYMEHTAlNH, YTOYHEHNE, a TAK)Ke BHECEHHE
W3MEHEHUIl B HOPMaTHUBHO-IIPAaBOBbIe JOKYMEHTH. OnTuMHU3aIus mpu-
HATHUS PEIICHNH B YacTH PeQyHKIMOHATU3AIUN TEPPUTOPHIA, BO3MOXK-
HOCTH TpaHC(hOpMaIuii 3AaHWH B YCIOBHSIX DPBHIHOYHONW 3IKOHOMHUKH,
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(haKTOpOB, NPOJUKTOBAHHBIX BPEMEHEM, UpE3BbIYaiHBIX CUTYaLUi Oy Iy T
CIOCOOCTBOBATH JIOCTIKEHUIO TOKa3aTesieil TOJATOCPOYHOro IMPOrHO3a,
CTUMYJUPOBATh Pa3BUTHE SKOHOMHKH. CaM 1o cede mpoliecc pa3padoTKu
JOKYMEHTOB TEPPUTOPHATBHOTO IUIAHUPOBAHHUS SIBIISIETCSI TIEPMaHEHT-
HBIM. B yCIIOBUSIX yBelMueHHsI TEMIIOB Pa3BUTHS, AKTUBHOM PaOOTHI Hax
CO37JaHUEM HCKYCCTBEHHOTO HMHTEJUIEKTa, HEMPEPHIBHOCTH IPaJOCTPOU-
TEeJIFHBIX U3MEHEHUI 00s3aTeNbHa Kak Ha YPOBHE pa3paOdOTKH U yTBEp-
KIICHUS TPAJOCTPOUTENIFHBIX JOKYMEHTOB, TaK M Ha 3TAIlaX OCBOCHUS JIIO-
00ro 3eMeNbHOTO yYacTKa, a TAKKe TePPUTOPHATIBHON U (PYHKIIMOHAIIb-
Holi 30H. To ecTh OT 00IIEro K YaCTHOMY. AHATU3UPYS U CHHTE3UPYS CO-
BPEMEHHBIE METO/IBI HCIIOIb30BAHUS TEPPUTOPHIA 1 CTPOUTENIBCTBA.

PaccmarpuBaemblii JOITOCPOYHBI IPOTHO3 JaeT BO3MOKHOCTh
orpeneneHus Hanbosee BaKHBIX Lenei u nmpobieM (yHKIHOHATBHOTO
30HUPOBAHUS TePPUTOPUH MOCKOBCKOI 00JIACTH, KaK IIEJIOW CUCTEMBI
JUTSL TIPUHSATHSI OTIEPATUBHBIX U aJIbTEPHATHBHBIX PEIICHUH, TIPUMEHEHHSI
ONTUMANTBHBIX MTPOIEAYP COTJIACOBAHUS, 4 TAKKE MEPOTIPUATHIA H PECYP-
COB IS UX OCYIIECTBIICHMUSI.

Tak, HanpuMep, COTIacHO CTaTUCTUKE MOCOOIapXUTEKTYPHI OT
26.01.2023 nHa nmomio oOpameHHid 3a yCIyrod BHECCHHMS H3MEHEHHH
B [IpaBUJIa 3eMJICTIONB30BAHMUS U 3aCTPOHKH C LIETIBIO pa3MeIeHus 00b-
eKTOB OHM3HEca, B TOM YHCJE TOPTOBBIX M NMPOU3BOACTBEHHBIX MPUXO-
autcst 60 % obpamenuii. [I[porao3upyercst yBenMdeHne Takux ooparie-
HUi B 1Ba pa3a. CieqoBaTenbHO, BOMPOC O TOBBILICHUN TEMIIOB Pa3BH-
TUSI TEPPUTOPHH, €€ peYHKINOHATU3ANN Ha CETOAHSIIHUHN SBISIETCS
Oosiee yeMm akTyanbHbIM. OmepaTHBHOE pearupoBaHHE W BOBJIICUCHHE
B MPOLIECC OPTaHOB UCTIOJHUTEIBHOMN BIACTH C LENbI0 BHECCHUS H3Me-
HEHUH B HOPMATHUBHO-TIPABOBBIC AKThI, TOKYMEHTBHI TEPPUTOPHATBHOTO
TUTAHUPOBAHUS U TPAIOCTPOUTEIHHOTO 30HUPOBAHUS TaK)Ke CIIOCOOHBI
YBEJIMYUTH [TOKA3aTEIH COUUATBHO-9KOHOMHUECKOTO Pa3BUTHSL.

BriBox

[IpumMeHeHne MaKpOCOLMONIOTHYECKOTO U CUCTEMHOI'O MOJIXO-
JIOB [P UCCIEAOBAHUU JOATOCPOYHOTO MPOrHO3a COIIUATBHO-DKOHOMHU-
YEeCKOTro pa3BUTHsI MOCKOBCKOW 00JIACTH B paMKaX U3y4eHUs U MTPOTHO-
3UPOBAHUS MEPOIPUSITUN PA3BUTHS IPAIOCTPOUTEIBHOIO CEKTOPa KO-
HOMHKH 0003Ha4aeT OCHOBHBIE HAITPABJICHUS U TPEOOBaHUS, HEOOXO U~
MBIC JIJISl pELICHUS 3a7a4 B TOM YHCIIE€ CTPATETHYECKOro IJIaHUPOBaHa,
a UMEHHO B peajn3aluy HallMOHAIBHBIX IPOEKTOB.
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AHanm3upys MoKazaTeiy J0JIT0CPOYHOr0 IPOTHO3a, MBI BUTUM,
YTO HEU3MEHHBIM TI0Ka3aTelIeM B HEM SIBJISICTCS TEPPHUTOPHS, KOTOpas
3aKIJII0YEHA B TPAHMIIBI HACEIIEHHBIX ITYHKTOB, 00JIaCTEH, TEPPUTOPHAIIB-
HBIX W (YHKIIMOHAIBHBIX 30H, a TaKXXE OTPAHUYCHA PA3IUYHBIMH 30-
HaMU C OCOOBIMHU YCIOBHSIMHU BO3MOKHOTO HUCIIOJB30BAHUS TEPPUTOPUI
1 OOBEKTOB.

3amaueil CTaOMILHOTO Pa3BUTHUS SIBISIETCS OaJlaHC UCIIOJIL30Ba-
HUS TEPPUTOPUH B YCIOBHUAX IKOHOMUYECKOTO POCTA C YUETOM YBEIINYe-
HUS TIPOU3BOJICTBEHHOMN, B TOM YHCIIE MPOMBIIIICHHON, CEIIbCKOXO3sIi-
CTBEHHOW, HAYYHO-TEXHUYECKOU 0a3bl, Pa3BUTHS MAJIOTO M CPETHETO OU3-
Heca, BHEITHEIKOHOMHUYECKOTO pocTa. To ecTh BO3MOXKHOCT peyHKIIH-
OHAJIM3ALUU TEPPUTOPHIA, ATaNITHBHOCTh U CITOCOOHOCTH K TpaHCc(hopma-
1Y 37IAaHAH U COOPYKEHHM, PACIIONIOKEHHBIX HA TEPPUTOPHSIX, SBIISFOTCS
TEM MEXaHHU3MOM, CTIOCOOHBIM 33/1aTh HOBBIH BEKTOp pa3BUTHIO (puc. 1).

LONrocpoyHbIN NPOorHo3 Ha 2036 roa

Ka4yecTBO XU3HU TEPPUTOPUA - koHcTaHTa,
nemMorpadmyeckue nokasarenu orpaHu4YeHHas rpaHuLamMmm
npousBoAcTBeHHas 6a3a HaceneHHbIX NYHKTOB,
cchepa ycnyr OKpyros, obnacrteun

Puc. 1. Ananu3 nokasareJsiei J0JIr0CPOYHOI0 NPOrHO3a

Crnucok JuTepaTypsl

1. Vka3 [Ipesunenta PO ot 8 HosOps 2021 1. N 633 «O06 yTBep-
skaeHur OCHOB TOCYIapPCTBEHHOM MONUTHKH B cepe CTPaTernyecKoro
1aHupoBanus B Poccuiickoit ®eneparymy.

2. @enepanbHblii 3akoH OT 28 nexadbps 2010r. N 390-03
«O 6e3omacHocTi» 1 0T 28 uioHs 2014 1. N 172-®3 «O crpareruue-
CKOM IIaHupoBaHuu B Poccuiickoit deneparum».

3. IloctaHoBneHue HpaBUTEILCTBA MOCKOBCKOH 007acTH OT
26.12.2022 Ne 1444/47 «O0 yTBep>KACHUH MPOTHO3a COLATIBHO-IKOHO-
MHUYECKOTO pa3BUTHSI MOCKOBCKOI 00JIacTH Ha JOITOCPOYHBII MepHO
10 2036 roga».
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4. HammonanbHble npoekThl: «be3onacHble KayecTBEHHBIE J10-
porm», «Masnoe u cpeaHee NpeANPUHAMATENBCTBO U MOIAEPKKA WHAN-
BUAYaJIbHON NMpeANpPUHUMATEILCKOW HHULMATUBEDY, «lIpon3BoanTens-
HOCTh TpyHa», «MexayHapogHas KOOMepalus M 3KCIOpT», «DKOJIo-
rus», « Typu3M 1 HHIYCTpPUS TOCTEIPHUMCTBAY.

5. Jlenx X. Pa3mblnuieHus o coBpeMeHHOU TexHuke. M. : Ac-
nekt IIpecc, 1996. — C. 55-56.
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Makunina Iuliia
Department of Architecture, Academy of Engineering,
RUDN University, Moscow, Russia

Abstract. Forecasting of socio-economic development serves
not only to objectively state the actual state of indicators, but also as-
sesses the strengths and weaknesses of the prospective development of
the Moscow region in such areas as services, manufacturing, science,
quality of life. The improvement of these indicators directly affects such
an indicator as demography, and may be its stimulating factor.

The designation of the vector of development, the search for op-
timal solutions using macrosociological and systemic approaches deter-
mines the possible ways of development of territories and objects.

The conducted analysis makes it possible to determine the most
important goals and problems of the functioning of the Moscow region
as a whole system for making possible alternative solutions, applying
procedures for coordinating goals, activities and resources to select opti-
mal options.

Keywords: long-term forecast, strategic planning, refunctional-
ization, transformability, adaptability (responsibility), macrosocialogical
approach, systemic approach
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MNPUHIUAII KOMIUVIEKCHOI'O PAZBUTHUA
APXUTEKTYPHOM CPEJBI MAJIBIX TOPOJIOB
HEHTPAJIBHOU POCCHUHA

TI'pubkoe A.A., achupaum

Jlenapmamenm apxumexmypol, UHIICEHEPHAS AKAOEMUS,
Poccutickuii ynusepcumem opyawcovt napooos, Mockea, Poccusi;
JMaHOWagmuwlil apxumexmop-epadocmpoumens 2 Kamezopuu
000 «Cmpotinpoexmy, Mockea, Poccus
gribkov.aleksei96@yandex.ru

AnHOTanus. B HacTosmield cratbe mpeacTaBiIeH MaTepual
0 MpeAJIaracMoOM TMPUHIUIIE KOMIUIEKCHOTO Pa3BUTHUSI apXUTEKTYpPHOU
cpensl Manbix TopoaoB llenTpansHoii Poccun. Pa3paborka BbIieonu-
CaHHOTO MPUHIIUIA OCYLIECTBIISICTCS Yepe3 IpejiaraeéMble MEpOIpusi-
THUSI U UHCTPYMEHT MPAKTHUUECKON peanu3aliu Pa3BUTHUSI apXUTEKTYp-
HOW cpellbl MyHUIIMIIATbHBIX OOpa3oBanmii LleHTpanbpHOTO (enepals-
Horo okpyra Poccuiickoit denepanuu, YUCICHHOCTh KOTOPHIX HE Ipe-
BhImaeT 50 ThIC. YCIOBEK.

[TomyyeHHble pe3yabTaThl aHATN3a MPEANIOCHUIOK BO3HUKHOBEHUS
paccMaTpruBacMOro PUHITUIA U TEOPETHUECKOTO 000CHOBAHUS TPEICTaB-
JISIFOT UHTEPEC B apXUTEKTYPHO-TPAIOCTPOUTENLHOM coodriectBe. Kom-
TUIEKCHOE Pa3BUTHE apXUTEKTYPHOH Cpe/ibl — IEPCIIeKTHBA e¢ KoMpopTa.

KuoueBble ci10Ba: MpUHIUI KOMILICKCHOTO Pa3BUTHS, apXu-
TEKTYpHBIE 00BEKTHI, apXUTEKTypHAs cpeja, Maible Topoaa, Llenrpans-
Hast Poccust, GpoHT yiuIlbl, KpacHbIE IMHUH, KpyT W TTeHa, xuiast 30Ha,
0O0IIeCTBEHHO-JIE]IOBas 30HAa, 30HA TPaHCHOPTHON WH(GPACTPYKTYPHI,
3TaXKHOCTh 3/1aHUN, TPOEKTHI IUTAHUPOBKU TEPPUTOPUIA

Beenenue

Ha cerogusitauii neHb popMUpoBaHHEM KOM(POPTHON apXUTEK-
TYpHOUM cpeabl 3aHMMAIOTCS CHELUATNCTBl Pa3iM4YHBbIX HalpaBIeHHUH,
I'pamoctpoutenn u ypoaHuctsl GOpMHUPYIOT (POHT YIMLBI, apXUTEK-
TOPBI, pECTaBPaTOPhI Pa3padaThIBAIOT Pa3IMUHbIC OOBEKTHI MO (PyHKLIHU-
OHaJy, IUIAaHUPOBKE, CTHIIIO U T.JA., UHTETPUPYS UX B CYLIECTBYIOLIYIO
ApXUTEKTYPHYIO CPELy.

HemanoBaxHoii cocTaBisiiomei it co3ganus KoM(OPTHOH ap-
XUTEKTYPHOH Cpelibl ABISETCS KOMIUIEKCHOE PAa3BUTHE apXUTEKTYPHOH
Cpeabl U apXUTEKTYPHBIX OOBEKTOB B YACTHOCTH B TPaHULAX MYHHLIHU-
nanbHBIX 00pa3oBanuii Poccuu [2].
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Ilenbro HacTOSIIEH CTaTHU SBISETCS BBISIBICHUE TPEANIOCHIIOK,
TeopeTnyeckoe 00OCHOBaHHE M pa3padOTKa MPHUHLMIA KOMIUIEKCHOTO
Pa3BUTHUS apXUTEKTYPHOM Cpesibl B BUJIE TUIIOTETHYECKON MOAEIH.

O0BbeKT HccIef0BaHUS — Pa3BUTHE APXUTEKTYPHOU CpeJIbl.

IIpenmer mccienoBaHusl — MPOLECC KOMIJIEKCHOTO Pa3BUTHUSA
aApXUTEKTYPHOH cpeabl.

IIpennocblIKH BO3HMKHOBEHHS MPHHIAINA KOMIIJIEKCHOTO
Pa3BHUTHSI APXUTEKTYPHOM cpe/ibl B MAJIBIX TOPOI0B
HenTpanbhoii Poccun

KomdopT B cenpckoM HITH TOPOACKOM MOCETICHUSIX AJIs1 Hacelie-
HUS OBUT Beeria 0e3yCIIOBHO BaKEH U CYUTAIICS IPUOPUTETHBHIM HalpaB-
JICHHWEM JUTA JalbHeUnX ucciienoBanuii. Bonpoc dopmupoBanus koMm-
(OPTHOM apXUTEKTYPHOW Cpellbl Ha CETOAHSIIHMEN ACHb OCTaeTCs OT-
KpBITBIM. MHOTHE HCCIeN0BaTeNN pacCMaTpUBAIOT ONPEEIEHHBIN Psf
BOIIPOCOB B YACTH aHAlM3a BIMSAHHUS apXUTEKTYphl HA ICHXO3MOIIMO-
HaJbHOE COCTOSIHHE Y€JIOBEKa, ero HaCTpOeHHe, moseaeHue (6, 7].

B.A. ®ummH — pojoHavaTbHUK HAyYHOTO TEPMUHA «aBTOMATHSA
Cakka[». ABTOMATUS CaKKaj — 3TO CBOMCTBO IJIA30/[BUIATEILHOTO arma-
para 4esoBeKa COBepIIaTh ObICTPhIC ABMKEHUS T71a3 HEMPOU3BOIILHO B OII-
peleneHHOM pUTME B OOJPCTBYIOIIEM COCTOSIHUM TPHU HATMYHMU U OTCYT-
CTBUU 3PUTEITLHBIX 00BEKTOB M BO BPEMsl TAPaIOKCATTLHOM CTauK CHa [4].

[IpuHLIKTT aBTOMAaTHH CaKKaJ 3aKJII0YaeTcs B IPUBJICUCHUN BHU-
MaHHs HaONIOJAIOIETO B YepPTe apXUTEKTYPHOU cpenbl U (puKcayu ero
BHUMAaHUS Ha Pa3IMYHBIX aPXUTEKTYPHBIX 00BEKTAX, SIEMEHTAaX, BbI3bI-
BAIOIIUX MOJIOKUTEIHHOE IMOLMHU I HETaTHBHOE TICUX03MOIIMOHAIIb-
HOE COCTOsIHME y Habmoaatoniero. [Ipomie roBopsi, mapaMeTpsl aBTOMa-
THH CaKKaJ MOJLYJINPYIOTCSI KOHKPETHOU CUTyaluei.

TeopeTndeckoe 000CHOBaHUE MPUHIMIIA KOMIIJIEKCHOTO Pa3BUTHSA
APXMTEKTYPHOI cpelbl MaJbIX ropoaos IlenTpanabHoii Poccun

Onwmpascs Ha pacCMOTPEHHbIE IPEANOCHUTKA CO3aHMs IPUHIIMTIA
KOMIUIEKCHOTO Pa3BUTHSI apXWUTEKTYPHOM cpeabl MaibIX ropojos Llen-
TpanbHOH Poccru, aBTOPOM HACTOSIIET0 UCCIIEA0BAHNS IIPEJIAratoTCsL:

1. Ompenenenue psija MeporpuaTUil GopMupoBaHust KOMPOPT-
HOH apXUTEKTYpHOH CpEJIbl;

2. ®opMupOBaHHE WHCTPYMEHTa MPAKTUUYECKON peann3anuu
KOMIIJIEKCHOT'O Pa3BUTHS ApPXUTEKTYPHOU CpEMbL;

3. Pa3paboTka NpUHIMIA KOMIUIEKCHOTO Pa3BUTHS apXUTCK-
TYPHOU Cpepbl.
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Tabnuya 1

IIpennaraemasi cucreMa NpUEMOB H METOJ0B KOMILUIEKCHOTO PA3BUTHS

APXUTEKTYPHOI cpefibl MaJbIX ropoaos Ilenrpanabnoii Poccnn
4yepe3 HHCTPYMEHThI COOTBETCTBYIOLIEH JOKYMEHTAMHA

U KOHTPOJIUPYIOIIUX OPraHoB

Homep cxe-
Heo0xomu- | KoHTpoumn- |MaTH4YHOrO
IIpenaarae- | Ilpennarae- .
Ne o L Mble Mepo- pyoouuii | oTo0paike-
MBIl IpUeM | MbIil MeTOJ
NPUSITHS | OPraH BJACTH HUS
MeTo/a
Pacrionoxxe- |IlogroroBka
HUE B TPaHU- |JOKYMEHTa-
ax JIMHHHI WM 110 TIjIa-
1 1 Pucynoxk 1
rpajloCcTpOU- |HUPOBKE TEP-
TEJIBHOTO Pe- |PUTOPUU
rymuposanus |(IIMT, IIIIT)
I'panoctpon- IToaroroska
genLHLIe oco- CoSmoneie JOKyMEHTa-
| |oenHocTH PR LUK TEPPUTO-
bopwuposa- HE}IIHLHOFO PHAIILHOTO
Hus pponTa IJIaHUPOBa-
YJIULBI Oamanca
HUS U TPajio-
B KOHTEKCTE J—— o Pucynoxk 2
dJiemenTa HOFI,“O 30HUPO o
nnanuposou- |70 (relfe HCIIOHATE -
HOIf CTPYK- 3 HOM BJIaCTH
. PaATBHBIN
M mwian MO,
CTII, 1133)
Teppuropu-
anpHO-1U1anu- |[[0AroToBKa PHOVHOK 3
POBOYHBIN AOKyMEHTA- y
PasButne METO/I MM 110 I1Ia-
2 MOOMITEHOM o HUPOBKE Tep-
HHPPACTPYK- yHKHHf" puTopuu p 4
TypBI HaJIbHBIN (HMT, HHT), HUCYHOK
MeToa JIOKyMEHTOB
Texunomoru- |I1J1, IIC/, P
AL TCA, PIT Pucynok 5

YEeCKHH METOJT
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IIpennarae-
MBI IpHEeM

IMpeanarae-
MBI METOI

Heo0xoau-
MbI€e MEpO-
NPUATHS

KonTponu-
pyrommii
OpraH BJIACTH

Homep cxe-
MATH4YHOI'O
oTodpake-
HUA
MeToaa

ApXUTEKTYp-
HBIE 0COOEH-
HOCTH BHJIO-
HM3MCHCHHUS
00BEKTOB

CoOmroienre
YPOBHS 3TaX-
HOCTH XUJIBIX
00BEKTOB

INoxroroska
JIOKYMEHTa-
g0zt

IO IJIaHU-
POBKE Teppu-
topun (IIMT,
MIIT), noxy-
menToB [1]],
nca, pa

CoOmroienre
KOJIOPUCTHYE-
cKoro 0Oa-
nmaHca ¢aca-
HBIX pelle-
HUH

Iloaroroska
JIOKyMEHTOB
ATP II,
ICI, P

Oprans! uc-
MOJIHUTEIHLHON
BIIACTH

Pucynox 6

Pucynox 7

Sovoer,

Abwrony s,

AP ey S
Sovekn

lavss

robrekyo

KpacHas anHma

ras.  Tp-p

Bea. las.

ras. Bea.

Np. sacte

To-p ras.

Puc. 1. 'pagocTpouTtensHbie 0c00eHHOCTH ()OPMHUPOBAHHUS
¢ponTa yauusl. PacnosioxkeHue B rpaHMIAX JUHUMA
IPaoCTPOMTEJLHOIO peryjimpoBanus [5]
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ABTOpOM HACTOSIIECH CTaThH MpeJIaracTcsi pa3ielieHue MeTo-
JIOB pa3BUTHUS apXUTEKTYPHOM Cpelbl Ha TPaJOCTPOUTEIILHBIC U apXu-
TEKTYpHbIE 0COOEHHOCTH.

Ha pucynke 1 npencraBiieH oMH U3 IPUEMOB B paMKax Ipajo-
CTPOHTENIBHBIX ocoOeHHOocTed. [lepBoHaYanbpHas 3agava co3IaHus rpa-
MOTHOH W KOMQOpPTHOH cpeapl — (pOpMUpPOBaHHE (PPOHTA 3aCTPOHKH
ynui. J{71st 5Toro HeoOX0JMMO BHECEHHE M3MEHEHHI HOPMAaTHBHO-IIPa-
BOBOi 0a3bl B YaCTH YCTAHOBJICHHS KPACHBIX JIMHHH, TOPSIKA MOATO-
TOBKH aKTOB KPACHBIX JIMHUH B COCTaBE YTBEP)KAAEeMOH YacTH MOATO-
TOBKHM JIOKYMEHTALIMH 110 IUTAHUPOBKE TEPPUTOPHUH.

KUAAGR XKUAAS OBLWECTBEHHO
204 s0rA Agones

YAWYHO-AOPOXHAS CETh YAMHHO-AOPOXHAS CETh

KUAAR
30HA

KUAAR
30HA

YAWMHO-AQPOXHAS CETh YAMYHO-AOPOXHAS CETh

30HA
OBWECTBEHHO KUAAS TPAHCNOPTHOM
30HA WH®PACTPYKTYPbI

30HA (BOK3AAB)

Puc. 2. I'pagocTpoutensubie ocodeHHOCTH (hopMupoBanus GpoHTa
yauubl. Coduroaenue GyHKINOHAIBHOIO 0AJAHCA B KOHTEKCTE 3JIEMEeHTa
IUIAHUPOBOYHOM CTPYKTYpPHI. PazpaGoTka aBTopa HacTosilIel cTaTbu

Ha pucynke 2 nmpeacTaBiieH BTOpOi pueM B paMKax IpaiocTpo-
UTENBHBIX 0ocobeHHocTel. Heobxoauma neperuiaHupoBKa MIaHuPOBOY-
HBIX CTPYKTYp apXUTEKTypHOU cpensl. [Ipennaraercs oTnenenne ;Kuinoi
30HBI (pa3MelleHNe KWIbIX 3JaHU{, TPUIErarmux o0BeKTOB HHppa-
CTPYKTYpBI — UTPOBBIE IUIOIIA/IKU, BOPKAYT, Ul BBITYJA co0aK U T.A.),
0O0ILIECTBEHHO-/ICTIOBON 30HBI (COCPEOTOYCHUE COLMANBHON (PyHKIMU:
TOProBJIsl, 00pa3oBaHue, allTeYHbIE ITYHKTHI, TyHKTHI BBIJA4X TOBAPOB U
T.J1.), 30HBI PEKpEallMOHHOr0 Ha3HaYeHus (MapKH, CKBEPHI, ajuIeH U T.1.)
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W 30HBI TPAHCTIOPTHOH MHQPACTPYKTYpHI (pa3MelieHne B CONPSHKCHUH
C OCHOBHBIMM MarucTpajsiMM ropoia ¢ IeJIbl0 MaKCHMaIbHOTO UCKIIIO-
YeHUS IBUKEHUSI OOIIECTBEHHOTO TPAHCIIOPTA B )KUJIOH 30HE).

Puc. 3. 'pagocTponTtensHbie 0c00eHHOCTH ()OPMHUPOBAHHUS
¢ponTa yiuusl. PazBurne ModnabHoON HHPPACTPYKTYpPHI.
TeppuTopHaIBLHO-TUNIAHNPOBOYHBIIH MeTOx [3]

V<V<V<V

Meme

Puc. 4. 'pagocTpouTtenbHble 0c00eHHOCTH (POPMHUPOBAHHUS
¢ponTa yimuusl. PazBurne MoouabHoN HHPPACTPYKTYPHI.
DYHKINOHAILHBIT MeTox [3]
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Puc. 5. I'pagocTponTtensHbie 0c00eHHOCTH (OPMHUPOBAHHUS
¢ponTa yiuusl. PazBurne Mo0nIbHON HHPPACTPYKTYPHI.
TexHoaornueckuii MeTon [3]

KUAQE SAAHNE
Vs BTAKER

KUAOE IAAHME . KMADE IAAHME
9 oTAKER - ? STAXEN

IR

: QN‘ — U@

Puc. 6. ApxuteKkTypHbIe 0CO0EHHOCTH BHIOU3MEHEHHsI 00HEKTOB.
Co0aro1eHre YPOBHA ITAKHOCTH KIIIBIX 00bEKTOB.
Pa3paboTka aBTOpa HACTOSIIIEH CTATHHU
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TTEPBUYHBIE TIBETA KPYT UTTEHA
CIHOWTTBIF TIBETA TTAJIATPA TAPMOITHYITHIX COYRTATIHHA I[RETOR

HETATHBHBIE UBETOBbLIE PELHEHW A
KHUITBIX 3AAHUH

TAPMOHHUHLIE UBETOBBIE PEIUEHHA
KWBIX 3IAHUN

Puc. 7. ApxuteKkTypHbIe 0CO0EHHOCTH BHIOU3MEHEHHSI 00HEKTOB.
CobuoaeHne KOJIOPHCTHYECKOTo faiaHca acagHbIX pelIeHmii.
Pa3paGoTka aBTopa HacTOsIElH CTATHU

Ha pucynkax 6, 7 mpencTtaBieHbl IPUEMBI B paMKaX apXUTEK-
TYpHBIX OCOOCHHOCTEH BHAOM3MEHEHHS AapXUTEKTYPHBIX OOBEKTOB.
HeoOxomumo ycTaHOBJIEHHE TPaJOCTPOUTENBHBIX PErJaMeHTOB IO
STaKHOCTH U KOJIOPUCTHUKE MPU pa3padOTKe NPOESKTOB MHOTO(YHKIHO-
HaJIBHBIX KOMIUIEKCOB B IIENIAX CO3JaHNUs FTApMOHHUN €AUHCTBA CPEABI.
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Pa3pa0oTka runmoreTH4eckoil Moae/ M NPUHIUNA KOMIIEKCHOT O
Pa3BHUTHS APXHTEKTYPHOM cpe/ibl B paMKaxX ()OpMHUPOBAHHS
KOMGQOPTHOH apXUTEeKTYPHOH cpelbl

Ha ocHOBe nM3y4eHHBIX MPEANOChUIOK U TEOPETHUECKH 000CHO-
BAaHHOTO MPUHLINIIA KOMIIJIEKCHOTO Pa3BUTHS apXUTEKTYPHOH CpeNibl aB-
TOPOM HACTOSIILIETO MCCIIEAOBaHMS pa3paboTaHa TMIOTETUYECKas MO-
JIeNb IPUHIUIIA.

Hoarorons:

(TIMT, TITIT)

=
B
&
&
S
]
£

O POCCUI

KOM®OPTHOM
0/10B LEHT

KOHTPOUPYIOUIHI! OPFAH KIACTI

MAJIBLX OPOAOB LEHT

YPOBIY FTLOCTIE A0UALX 0G3KT08

TIPHHIHIT KOMILIEKCHOTO PASBHTHS APXHTEKTYPHOM CPEJIBI

Puc. 8. 'unorern4eckasi MoeJb NPUHIUNA KOMILIEKCHOTO Pa3BUTHS
apXUTEeKTYpPHOI cpeabl. 'pagocTpouTebHbBIC H APXHTEKTYPHbIE
0CO0CHHOCTH Pa3padOoTKU NPHHIHUIIA C IIOMOIIbI0 KOHTPOJIHPYIOLIEro
annapara rocyiapcTBeHHOM BJIaCTH.

Pa3paborka aBTOpa HacTosIIIEH CTATHH

3akuouenne

ABTOpPOM HaCTOSILETO UCCIIEI0BaHMS BBISIBICHBI IPENIOCHUIKH,
TEOPETUYEeCKH 0OOCHOBAH MPUHLIUI KOMILIEKCHOTO Pa3BHTHUS apXUTEK-
TYpHOM cpenpbl.

B marepuane mpencTaBieHbl pe3ynbTaThl B BUJE TMIIOTETHYE-
CKOM MOJENH BBILIEONUCAHHOTO MPUHIUIA Yepe3 IPaJOCTPOUTENBHBIE
ocoOeHHocTH (hopMuUpoBaHUS (HPOHTA YIHIBI APXUTEKTYPHOU CpEIbl
W apXUTEKTypHbIE OCOOCHHOCTH BHUIOM3MEHEHHS apXUTEKTYPHBIX 00b-
€KTOB.

IlomyueHHble pe3ynbTaThl HACTOSIIETO HWCCIEAOBAaHUS Tpea-
CTaBJISIIOT MHTEPEC B apXUTEKTypPHO-TPAJOCTPOUTEIIEHOM COOOIIECTBE.
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KommnexcHoe pa3BUTHE apXUTEKTYPHOU Cpeibl, BKIIOUYAIOIIEE apXUTEK-
TypHBIE OOBEKTHI — MIEPCIIEKTUBA KOM(POPTa TOPOJICKON CPEIIBL.

[ peanu3aluy BBIICONMCAHHBIX PELICHUH O KOMILIEKCHOM
Pa3BUTUU apXHUTEKTypHOW Cpeasl TpeOyeTcss BHECEHWE W3MEHEHUH
B CPOK He mo3Hee, 4eM 3a 90 mHel co aHs yTBEPKISHUS IPOSKTOB IIa-
HUPOBKH TeppuTOopuii [1].
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Abstract. This article presents material on the proposed princi-
ple of integrated development of the architectural environment of small
towns in Central Russia. The development of the above principle is car-
ried out through the proposed activities and tool for practical implemen-
tation of the development of the architectural environment of municipa-
lities in the Central Federal District of the Russian Federation, the num-
ber of which does not exceed 50 thousand people.

The results of the analysis of the prerequisites for the emergence
of the considered principle and theoretical justification are of interest to
the architectural and urban planning community. Integrated development
of the architectural environment - the prospect of its comfort.

Keywords: The principle of integrated development, architec-
tural objects, architectural environment, small towns, Central Russia,
street frontage, red lines, Itten circle, residential area, public and business
area, transport infrastructure zone, the number of floors of buildings, ter-
ritory planning projects.
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COBPEMEHHBIE TEHJIEHIIMA U NEPCIIEKTHUBBI
PA3BUTHS APXUTEKTYPBI MHOTODTAKHBIX
JEPEBSIHHBIX 3IAHUM

Buap H., cmyoenm

Cynmanosa A.", mazucmp apxumexmypol, cm. npenooasament
Jlenapmamenm apxumexmypol, UHICEHEPHAS AKAOEMUS,
Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus
“sultanovs36@mail.ru

AnHotanus. CoBpeMEHHBIE TEHACHUUH B IPOEKTUPOBAHUU
MHOT03TaXHBIX 3JaHUH HalLlEJIEHbl HA COKpAIIEHUE YITIEPOAHOTO Clena
U Tiepexoja Ha SKOJIOTHYECKHEe MaTepuaisl. [IpeBecuHa crana MOTeHLH-
AJIbHBIM PEILICHUEM, TOCKOJIBKY SIBISIETCS] BO30OOHOBISIEMBIM CTPOUTEIb-
HBIM MaTepHajioM, JIerye BO3BOANUTCS MU yTwin3upyercs. Llensro uccrne-
JIOBaHUsl ABJISIETCS BBISIBJICHUE apXUTEKTYpPHBIX OCOOCHHOCTEH M OIpe-
JIEJIEHNE MEPCIEKTUB B MPOEKTUPOBAHUN MHOTOITAXKHBIX JKWIIBIX 371a-
HUH € UCTIOJIB30BAaHNEM JIpeBecHHBl. [IpoBelieH cpaBHUTEIbHBIN aHAIN3
MIPOEKTOB CYLIECTBYIOUINX IEPEBAHHBIX MHOTO3TaXHBIX 3AaHui. Jlo-
CTIDKCHHS B 00JIaCTH MHXKCHEPHBIX M3MIEJIMN U3 IPEBECHUHBI, TAKHX KaK
nornepevHo-cioucras apesecuna (CLT), yaydmmnm cTpyKTypHYIO cTa-
OUJIBHOCTH M OTHECTOMKOCTH JIEPEBSHHBIX KOHCTPYKIHM, cliesiaB uX 00-
nee 0e30macHBIMU M KOHKYPEHTOCIOCOOHBIMH 110 CPaBHEHHIO C Tpajau-
LUOHHBIMH CTPOUTEJILHBIMU MaTeprallaMH, TAKUMH KaK OCTOH U CTalb.

KnroueBble cioBa: apeBecrHa, SKOJIOTHsI, JEPEBsIHHbIE MHOTO-
STaXKHBIE 3/IaHUS, APXUTEKTypa MHOTOITAKHBIX JCPEBSIHHBIX 3IaHUI,
JICpEBSIHHBIE 3[JaHUSI U COOPYKEHUS, JIePEBSIHHbIE KOHCTPYKIINH, I10TIe-
PEUYHO-CIIONCTAast APEBECHHA.

Beenenue
BricoTHOE epeBSHHOE CTPOUTEIBCTBO SIBISIETCS OBICTPOPACTY-
el TeHeHINeN B CTPOUTEIHHON OTpaciu 01aroapsi CBOeMy yCTONUIH-
BOMY M DKOJIOI'MYECKH YHCTOMY Xapakrepy. IlepBble nepeBsHHBIE qOMa
B HICTOPHH YEJIOBEUECTBA MOSBUIIUCH B JIECSITOM THICSIUEIIECTHH /10 HaIEH
opel. B Poccun ocHOBOM AepeBsIHHOrO 304ecTBa SIBJISETCS OpeBeHYa-
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THIA cpy0. B OpoH30BOM Beke cpyObl ObUTH Tak:Ke 3HAKOMBI HApOAaM
Boctounoit u CeBepHoit EBpomnbl. PacnpocTtpanenne XBoiHOro Jeca
CIOCOOCTBOBAJIO PA3BUTHIO CPYOHOM TEXHOJIOTHUH CTPOUTENbCTRA [1].

KpynHble nepeBsHHbBIE COOPYXKEHUS MOSBISIFOTCS U B MEPHOJ
panHeil antnuHocTH. [Ipexxae Bcero, 3To XpaMbl U OOLIECTBEHHBIE 3/1a-
Hus. [IpumepoM Takoro coopykeHus sBIseTCs XpaM ANOJUIOHA, KOTO-
pBIH HEe coXpaHWiIcA 10 Hammx aHeill. XpaMm AnomnoHa B TepMoce, na-
TUpyeMslil npumepHo 640-630 r. 1o H.3. HwxHss 9acTh cTeH Oblia cie-
JlaHa U3 KaMHS U CITy>KWJIa [OKOJIEM AJis1 HeoOpaOotaHHO# kimagku. Ko-
JIOHHBI, TIEPEKPBITHUE U KpbIIa ObUTH JIEpeBSIHHBIMH, KPOBJIA ObLIa MO-
KpbITa uyepenuueid. AHTaOJeMeHT Toxke ObUT AepeBsiHHBIM. Brocnen-
CTBHH XapaKTEPHBIE YEPTHI IEPEBSIHHBIX XPaMOB IIEPEHECITHCH HA apXH-
TEKTypy KaMEHHBIX COOPYKEHUH IPEBHUX I'PEKOB.

INonasnsromiee 6OIBIIMHCTBO 34aHKi B ApeBHeM Kutae u Sno-
HUM OBLIM ITOCTPOEHBI U3 JiepeBa. OTO ObLIO CBA3aHO ¢ OOJIBIINM KOJIH-
YECTBOM JIECOB B PErvOHE, KIIMMAaTUYECKUMH OCOOEHHOCTSIMU M BBICO-
KOIl BEpOSATHOCTBIO CTUXUIHBIX OCICTBUH (HApUMEp, 3eMIICTPSICEHUM
B SIMOHMM), IPY KOTOPBIX AEPEBSIHHBIE KOHCTPYKIMU XOPOIIO 3apeKo-
MeHpoBanu cedq. Kak B Kurae, Tak 1 B SImoHMM 3AaHUS CTPOMIIUCH
C MCIIOJIb30BAaHUEM PEEUHO-0aIOUHOM CUCTEMBI U NIPEATIONaraiy pasie-
JICHHE Ha HECYIIYIO U 3alOJIHSIONIYIO YacTH [2].

B konue XIX — nayane XX Beka HAUMHAETCS HOBBIU 3Tall pas-
BUTHSL ACPEBSHHOM apXUTEKTYyphl. DTOT MEPHOA OTIMYACTCS CTpEeMIIe-
HHEM HCKYCCTBEHHO YJIyYIIUTh KOHCTPYKTUBHBIE CBOWCTBA MPUPOIHOTO
Marepuana. Ha HoBoM sTane opUruHaibHBIN MaTepruall U3 HaTYPaJIbHOTO
nepeBa ObUI YCOBEPILEHCTBOBAH Ul PELICHUS] COBPEMEHHBIX apXHUTEK-
TYPHBIX U KOHCTPYKTUBHBIX 33Ja4. OTO NPUBOAMT K MOSBICHUIO HOBBIX
CTPOMTEJILHBIX MaTepHaJIOB U3 iepeBa: KieeHas apesecuna, OSB, npesec-
HOCTpY»euHas mmra, Opyc LVL, nonepeuno-kneensiii 6pyc (CLT) u T.1.

bnarogapst noctikeHUsAM B 0071aCTH WH)KEHEPHBIX M3ACIHN W3
JpEBECHHBI, TAKUX Kak momnepeyHo-ciaoucrtas apesecuna (CLT) u kiee-
Hell 6pyc (Glulam), mosiBunace BO3MOXXHOCTh MPOEKTUPOBATH MHOTO-
STaXKHBIE 3[aHMA, UCIOJb3Ys APEBECHHY B KayeCTBE OCHOBHOI'O KOH-
CTPYKTUBHOIrO MaTepuaia. OgHaKo MoxapHas 0e30MacHOCTh OCTaeTCs
IJIaBHOM MpOOJIeMOil, HOCKOJIBKY APEBECHHA SBISETCS TOPIOYMM MaTe-
puanomM. {1 pemenus 3Toro Bornpoca OblIM pa3paboTaHbl U BHEAPEHBI
pas3iuvHble METOIbl YCHJICHHUS IOKapHOW Oe30MacHOCTH, TakHe Kak,
HarnpUMep, COBPEMEHHBIE CUCTEMBI TOXKAPOTYIICHHSI, pa3AeiICHUE OTHS
Ha OTCEKHU, OTHECTOMKHE OTAEIOYHbIC MaTepHabl T /.
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Lenp uccnenoBaHusi — BBISIBUTH apXUTEKTypHBIE OCOOCHHOCTH
U ONPEJEIIUTD MEPCIEKTUBBI B TPOEKTUPOBAHUN MHOTO3TAXKHBIX KHUIIBIX
3/1aHUI C UCTIOJIB30BAaHUEM JPEBECUHBI.

B crarbe npoBenen 0030p COBpEMEHHOH JUTEpaTyphl MO HC-
MOJIb30BAaHUIO JPEBECUHBI B IPOEKTUPOBAHUH M CTPOUTEIHCTBE MHOIO-
STaXHBIX 31aHuN. McTouHNKY HH(OPMALIUU BKIIOYAIOT PELIEeH3UPYeMbIe
KypHaJIbl, KHUTH M OHJIaliH-pecypchl. B pe3ynbrare CpaBHUTEIBHOTO
aHaJIN3a ApXUTEKTYPHBIX MPOEKTOB MHOTO3TAXHBIX 3[JaHUH C HUCIIOIB30-
BaHHEM JPEBECHHBI BBISBIEHB 0COOCHHOCTH M COBPEMEHHBIE TEHJIEH-
LMY B IPOEKTHPOBAHUN MHOT'O3TaKHBIX 3[JaHUH U3 JPEBECUHBI.

CTpouTeNbCTBO AEBATHITAKHOTO JIepeBIHHOro Aoma Stadthaus
B Jlonnone B 2009 rony o3HaMEHOBAJIO Hayallo COBPEMEHHOIO 3Tara
Pa3BHUTHUSA apXUTEKTYPBl MHOTOATAKHBIX A€PEBSHHBIX 31aHui. Hecymas
KoHcTpyKuust 3nanus Stadthaus B Jlonnone Oblia Bo3BeieHa U3 aHeNeH
CLT 3a 27 nueii. B crpoutenscTBe yuacTBoBanu 4 pabouux, HE PHUBJIE-
Kas OaleHHbIH KpaH. Ha cTpouTenscTBO Beero 3aanus yuuio 49 Henens.
Beuto moacumTaHo, YTO Ha BO3BEICHHE aHAJOTMYHOTO >Kesie300€TOH-
Horo 31aHus notpedyercst 72 Henenu. OOIIas CTOMMOCTh CTPOUTENb-
CTBa 3/1aHHSI CHU)KAETCS 32 CUET CKOPOCTH CTPOUTENILCTBA, CHIDKEHHS 3a-
TpaT Ha NOJBbEMHBIE TPAHCIIOPTHBIE CPEACTBA, TPYA03aTPaThl paboUuX,
ycTpoicTBa pyHIaMeHTa U T.J.

[Tanens CLT siBAsieTCS OCHOBHBIM CTPOMUTEIBHBIM MaTEpUAIOM
OOJIBIIIMHCTBA MHOTO3TaKHBIX AE€PEBAHHBIX 3AaHuil. [lnura cocrout n3
JOCOK (J1amernieit), CI0KEHHBIX MEPIEeHANKYIISPHO APYT APYTY, CKIEEH-
HBIX 1ox BbICOKMM naBiieHneM. CLT wamne Bcero u3rotraBiMBaeTcs U3
eJIM, HO TaK)Ke UCTIONbB3YIOTCS U IPyTUe BUABI XBOMHBIX IOPOA, HAIPH-
Mep, COCHa, TMCTBeHHHIA U muxTa'’. Jlamenu MpUKIeHBaloTCs K J0CKE
C MCHOJIb30BaHMEM TOJINYPETAHOBBIX KJI€EB, HE COAepKaInX (hopMalib-
JeTU/1a, UM MEeJTaMUHOBBIX KJIEEBBIX CHCTEM ¢ KilaccoM smuccuu E1 (co-
neprkaHue GopManbieruia Hike ectecTBeHHOro (ona). OH ObLT U300-
peTeH B 'epMaHny M HCIIONIB30BANICA B HEMELIKMX KPOBEJIBHBIX CUCTEMAX
B cepeanHe 1970-x romoB, 3aMaTeHTOBAaH Kak CTPOUTENBHBINA MaTepHai
Bo ®panunu B 1985 romy, a koMMepueckoe NMPOU3BOJACTBO HAYalIOCh
B cepenune 1990-x romos. [lepBbie 3maHus U3 3TOTO MaTepuaia ObLTH
noctpoens B [Betinapuu (1993), 'epmanuu (1995) u Asctpuu (1998).

CTpouTeNnbCTBY 3MaHWN BBICOTOH B JIEBATh W Oojiee dTaxken
MpeIecTBOBaa CI0KHAs UCCIIeI0BaTeNIbCKasi padoTa Mo OLEHKE BO3-
MOKHOCTEH Takoro CTpPOUTENbCTBA. B HacTosiee BpeMsi OCHOBHBIMH
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LIEHTPaMH 0 U3yUYEHUIO0 BO3MO>KHOCTEN HMCIIOJIb30BaHUS COBPEMEHHBIX
MaTepUaoB Ha OCHOBE JPEBECUHBI B MHOTO3TaXXHOM JIEPEBSIHHOM CTpPO-
UTENBCTBE ABIIOTCA: TexHuueckuit yausepcuret ['pana (ABctpus), rae
WCCJIEIOBAHNS MAacCHBHBIX JEPEBAHHBIX MaHenel mposoasrca ¢ 1990
roja; YauBepcurer mrara Operos; YHusepcurer bpurtanckoi Komywm-
0un; a TaxKe KOMIIAHUH, IPOU3BOSIIIE MaTepHaibl HA OCHOBE JpeBe-
cusbl: Structurlam, Structurecraft, Westernarchrib u np. Ilocne oduru-
anpHOro ytBepkJeHuss CLT B kauecTBe CTpOMTEIBHOrO MaTepuaia
B ABctpuu B 1998 rony, B 1999 rony B I'panie Ha 6aze Texnuueckoro
YHHBEpCUTETA OBbIII OTKPBIT LEHTP CTPOUTEIBHBIX TEXHOJIOTHH, T/Ie Ta-
HEJIM, CKJICEHHBIE KPECT-HAKpEeCT, ObUTH MPOTECTUPOBAHBI B KAUYECTBE
HECYIIUX KOHCTPYKTHUBHBIX 3JIeMEHTOB. COIJIACHO pe3ysbTaTaM 3THX
UCTIBITAHUH, UCIOIB30BAaHUE 3TOr0 MaTepHaia ObLIO Takke 0100peHO
B 'epmanuu B 2000 r. [3]. C Tex mop na"enu CLT BeIIIM Ha PBIHOK
CTPOUTENBHBIX MaTepHalIOB, 1€ OHH CTPEMUTEIILHO HAOUPAIOT MOITY-
JIIPHOCTH, @ B 2005 romy X akTUBHO HCIOJIB30BAJIN IIPU CTPOUTENILCTBE
onuMiuiickux o0wvexToB B Typuue (Mtamus). O0beM MpoOM3BOACTBA
CLT B Espone B 2016 roay coctasun 670 Teic. M° (B 2008 Tomy 3TOT
ToKas3aTenb cocTapisi1 215 Toic. M*). C MOMEHTa CTPOUTENHCTBA 31AHHUSA
Stadthaus o BceMy Mupy cTpoHTCSl Bce OONbIIE MHOTO3TaXXKHBIX JAepe-
BSIHHBIX 3[JaHUM, BBICOTa KOTOPBIX MpeBbimaeT 10 sTaxe.

B pesynbrare cpaBHUTENIBHOTO aHaIM3a ObLIIM BBISIBICHBI apXH-
TEKTYpHbIE 0COOEHHOCTH B MPOECKTUPOBAHUH MHOTOSTaKHBIX JCPEBSH-
HBIX 3/TaHHI:

— unmepvepvl He3 KOJIOHH: M3/CNHS U3 UCKYCCTBEHHOH JApeBe-
cunbl, Takue kak CLT u Glulam, 1ocTato4Ho mpo4HbI, 4TOOKI TIOJAEP-
JKUBATh MHTEPhEPHl 0€3 KOJOHH, NPEAOCTABIISISI apXUTEKTOpaM OoJIbIe
cBOOO/IBI B OpraHr3alliy MPOCTPAHCTBA;

— bonvuiue OKHA: B BBICOTHBIX ICPEBAHHBIX 3AaHUIX YacTO yCTa-
HOBJICHBI OOJIBIINE OKHA, YePE3 KOTOPBIE MPOHUKAET ECTECTBEHHBIN CBET
U OTKPBIBAIOTCS MOTPSICAIOIINE BUABI;

— celicMOCmOotiKue KOHCMPYKYUu: KOHCTPYKLUH, UCIIONIb3yeMBbIC
B BBICOTHBIX J€PEBSHHBIX 3AaHUIX 00ECHEUYNBAIOT CTAOMIBHOCTD U YC-
TOWYMBOCTD K 3EMJICTPSICCHUSIM U BETPY;

— acmemuyeckue c8oUcmaa: pacipoCTpaHeHbl B BEICOTHBIX JIe-
PEBSIHHBIX KOHCTPYKLHUSAX, KOTOPhIE MAaKCHMAJbHO HCIONB3YIOT JIeT-
KOCTb ¥ BO3/YIIHOCTh JIEPEeBa U CO3JAI0T OLIyLIeHUE pocTopa [4].
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[TpoexTrpoBaHHE MHOTOATAXHBIX 3[aHUH U3 IPEBECHHBI HMEET
psi OrpaHMYEHUH U TPOOIIEM B 00JIACTH MTOXKapHOH O€30IaCHOCTH M3-32
TOPIOYECTH APEBECUHBI U MOBBIIIEHHOTO PUCKA PACTIPOCTPAHEHHS OTHS
B BBICOTHBIX 3JaHMAX. 711 YMEHBLICHUS! PUCKOB OBUTH pa3padOTaHbI
CIIEAYIOIINE METOBI 3aIUTHI OT MOXKAPOB:

— cobnro0enue cmpoumenbHblX HOpM: TIEPBOH INHNUEH 3alUThI
OT TOKapa B BBICOTHBIX JEPEBSHHBIX 3AaHUSAX SBISETCS COONIONICHHE
CTPOUTENBHBIX HOPM, ONPEACISIONINX MUHUMAIbHBIE TPEOOBAHUS T10-
XKapHOH Oe30MacHOCTH K CTPOMTENIHBIM MaTepualiaM, pPacCTOSHUIM
pas3zeseHus OrHS M CUCTeMaM IOKapOTyILCHHUS;

- 02H€3Clu4umelﬁ CoOCmas u 02HeCcmouKoCmb: JUIA ITIOBBIIICHUA
OTHECTOWKOCTH BBICOTHBIX JIE€PEBSHHBIX 3JaHHHA MOKHO HCIIOJIB30BaTh
OTHE3aLIUTHBIC W OTHECTOWKUE MAaTepHalbl, HAIpUMEp, TUICOKAPTOH
UCTIONB3YIOT B KAUECTBE OTHE3AIIUTHOTO MaTepuaa sl HOKPBITHA Jie-
PEBSIHHOM KOHCTPYKLMH, a TAaK)K€ MOKHO HCIOJIb30BaTh OTHEYIIOPHOE
CTEKJIO B OKHAX;

— NOXCAPHAS CUSHATUZAYUS U CUCEMbL OOHAPYICEHUs: HATCK-
Has MOYKapHasi CUTHAJIM3ALMUS M CHCTEMa OOHAPYKEHUSI IMEIOT PeIlaro-
IIee 3Ha4YeHHe ISl paHHET0 OOHApYKEHHS M0XKAPOB B BBICOTHBIX Jiepe-
BSHHBIX 3aHUSX. JIeTeKTOPBI IbIMa, TETUIOBBIEC TATYUKU U CTAaHIIUH Pyd-
HOH MOYKapHOW CHTHAIM3AIUHI MOTYT OBITh YCTAHOBIICHBI IO BCEMY 3/1a-
HHIO, YTOOBI MPEIYNPEUTD JKUIIBIIOB U MHUIUHPOBATH IIJIaH Pearnpo-
BaHMS Ha IOKap B 30aHUH.

— cucmembl NONCAPOMYULeHUsL: CUCTEMBI TTOXKAPOTYIIEHUS (-
(EKTUBHBI TP KOHTPOJIE M TYIICHHHU ITTO’KapOB B BBHICOTHBIX JEPEBSH-
HBIX 37aHHUAX. Pa30pheI3ruBaTe MOTyT IPHUBOAUTHCS B ACHCTBUE JaT-
YUKaMH TEIUIA WIN {bIMa WM BPYYHYIO KMIIBIIAMH WU TTOKAPHBIMH.

— noocapobezonacHvle nu@mol: TAPTH UTPAIOT PEIIAIOIITYTO
pOJIb B 3BaKyallM BBICOTHBIX JICPEBSIHHBIX 3[JaHUH BO BpeMs IOXKapa.
[oxxapobe3omacHbie TUGTH CKOHCTPYHPOBAHBI TAKUM 00pa3oM, YTOOBI
ocTaBaThcs PabOTOCIIOCOOHBIMHU BO BpeMsI ITOXkKapa, TIO3BOJISIS KHUJIbLIAM
0€301MacHO IBAKYHPOBATHCS U3 3TaHMUS.

— NPOMUBONONCAPHOE pa3deieHue U OMceKaemMocns: TIPOTUBO-
MOKapHOE pa3/eNICHHe U OTCEKAaeMOCTh MMEIOT pEIIaroliee 3HaYCHUE
JUISL OTPAaHUYEHHS PACTIPOCTPAHEHNS OTHS B BEICOTHBIX JA€PEBSHHBIX 371a-
HusAX. CTEHBI U IOTOJIKU MOTYT OBITh CKOHCTPYHPOBAHBEI TAKUM 00pa3oMm,
9T00BI 00ECTIeYNTh OTHECTOHKOCTh, @ IPOTHBOIIOKapHBIE IBEPH MOTYT
OBITh YCTQHOBIICHBI JJIS PA3IeTICHUS IPOTUBOIIOKAPHBIX OTCEKOB.
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— NoJICapHvle eCMHUYbL: TIOKAPHBIC JISCTHUIIBI 00CCTICUNBAIOT
0e30MacHbIN U 3aIMUIICHHBIN MyTh JUIS 3BaKyallly KUJIBLOB U3 3JaHUS
BO BpeMsi noxkapa. [loxapHble TECTHUIBI OTJICICHBI OT OCTAILHOM YacTu
3IaHUSl OTHECTOWKUMHU CTEHAMH U JIBEPhMHU, 00OPYIOBAHBI MOKAPHON
CUTHAJIM3ale U OCBEUICHUEM.

— asaputiHoe océewjeHue: aBapuiHOE OCBEIEHUE HEO0XO0IUMO
JUtst 0€30IaCHOM ABaKyaIlly KWIBIIOB U3 3[IaHKsI BO BpeMs 1moxapa. ABa-
pUHHOE OCBEIICHHE IUTACTCS OT PE3EPBHOTO HCTOYHMKA MUTAHUA
Y TIpeIHa3HAYCHO JUIsl MO IePKaHus pabOTOCIIOCOOHOCTH BO BPEMS OT-
KJIFOUEHUS 3JIEKTPOIHEPTUU.

— ocHecmotikas 00IUYOBKA: OOIUIIOBKA TAKKE MOXET OBITh U3-
TOTOBJIEHA U3 OTHECTOWKHAX MaTepPHaJIOB, YTOOBI IIPEIOTBPATUTH PACTIPO-
CTpPaHEHHE OTHsI 110 BHEUTHEHN CTOpPOHE 31aHus [S].

YTunmmzanus JepeBSHHBIX MHOTOSTaXKHBIX 3/IaHUHN SBISETCS
CJIOKHOM 3aj1aueit, 0 MpruYrHE OOJBITNX Pa3MEPOB U Beca KOHCTPYKITHIA.
OpHaKo CyIIECTBYET HECKOJBKO BapHUAHTOB YTHIIHM3AIMH JCPEBIHHBIX
3TaHUM:

1. Bmopuunas nepepabomxa: JIpeBeCHy MOXHO mepepadaThl-
BaTh M UCIOJIL30BATh B KAUECTBE CHIPHS AJI1 HOBBIX CTPOUTEIBHBIX MTPO-
€KTOB WJIU JUIsl CO3J[aHHS TaKUX MPOYKTOB, KaK IIeTa WIA MyJIb4a.

2. CHoc: JlepeBsHHBIC 3/1aHUST MOTYT OBITh CHECEHBI, a TIPUTO/-
HBI€ ISl HCIIOJIb30BaHUsI MaTepHalbl, TAKHE KaK JBEPU U OKHA, COXpa-
HEHBI U UCIIOJIb30BaHbI TOBTOPHO.

3. Jlexoncmpykyus: JIeKOHCTPYKIHS BKITIOYAET B Ce0sI TIIATENb-
HBIA JIEMOHTaX 3/IaHUs, JUIA COXPAaHEHHs] MaTePHAIIOB ISl TOBTOPHOTO
WCTIONB30BaHMsI. DTOT MPOIECC YacTo 0oJiee SKOIOTHYEH, YeM CHOC, TT0-
CKOJIbKY TIPUBOJUT K MEHBIIIEMY KOJIHUYECTBY OTXOJIOB M BEIOPOCOB.

4. IloemopHoe ucnonvzoganue: JlepeBSHHbIE 30aHUSI TaKKe
MO’KHO UCIIOJIh30BaTh MOBTOPHO, IEPENPO(UIMPOBAB UX JIJIsl HOBBIX IIe-
e [6].

B 3zaxnrouenue ciaeayer OTMETUTh, YTO MOMYJISIPHOCTh IPOEKTOB
MHOTO3TaXXHBIX JICPEBSHHBIX 37aHUN BHOBbH BO3pOCIA B paMKax IPoO-
rpaMMBbI YCTOHYHMBOTO pa3BUTHA. Jl[peBecuHa cTana MmomysipHbIM BEIOO-
POM 17151 BEICOTHOTO CTPOUTENHLCTBA.

B 10 Bpems kak UCIONIb30BaHUE IPEBECUHBI JIsl IPOSKTOB MHO-
TFO3TAXHBIX 3JaHUI KOTJa-TO CUUTAJIOCh HOBOM U HKCIIEPUMEHTAIBHOU
KOHIIETIINEH, COBPEMEHHbBIE IOCTHKECHHS B 00JIACTH TEXHOJIOTHIA U Me-
TOJIOB CTPOUTEILCTBA CIIENAH €€ 0oJiee )KU3HECITOCOOHBIM BapUaHTOM.
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JocTtrxeHus: B 00JacTH WH)KEHEPHBIX M3JEJIMH U3 IPEBECHHBI, TaKUX
Kak monepeyHo-ciouctas apeBecrHa (CLT), ymydmmnu cTpyKTYpHYIO
CTaOMIIBHOCTD M OTHECTOMKOCTH JEPEBSIHHBIX KOHCTPYKLMWI, CAENaB HX
Oornee 6€30MaCHBIMU U KOHKYPEHTOCIIOCOOHBIMH 110 CPABHEHHIO C TPaIu-
LUUOHHBIMHU CTPOUTEIBHBIMHI MaTepuajiaMu, TAKUMH KaKk OETOH U CTaJb.

OpnnHako, HECMOTPS Ha 3TU JOCTUKEHHUS, MO-TIPEKHEMY CYIIIe-
CTBYIOT IPOOJIEMBI, CBSI3aHHBIE C BBHICOTHBIM JI€PEBSIHHBIM CTPOUTEIb-
crBoM. O1HOH M3 TTIaBHBIX MPOOJIEM SIBIIAETCS OXKapHast 0€301acHOCTb,
U 110 MEPE TOTO, KaK JIEPEBSHHBIE 3/JaHHs CTAHOBSATCS BBIIIE, PUCK BO3-
HUKHOBEHHsI IIOXkapa Bo3pacTaeT. HeoOXoauMo TIIATENTbHO YUUTHIBAT
HOPMBI TI0)KapHOH O€30MacHOCTH M CTPOUTEIbHBIC HOPMBI U MpaBHJIa,
9TOOBI TAPAHTUPOBATH OE€30IACHOCTH 3IAHUH AJIS1 UX OOUTaTeNeH.

HecmoTtpst Ha 3TH mpoOiieMbl, TOTCHIUATBHBIE TPEUMYILECTBA
BBICOTHOT'O JICPEBSHHOIO CTPOUTENHCTBA CIMIIKOM BEJIHKH, YTOOBI UX
WUTHOpUpOBaTh. lpeBecrHa sBISIETCS BO30OHOBISIEMBIM M yCTOWYHMBBIM
pecypcoM, UTo AenaeT ee 0oJee 3KOJIOTHYHBIM BapHAHTOM, Y€M Tpajau-
LUOHHBIC CTPOUTEIbHbIE MaTepuanbsl. Kpome Toro, on nerde OeToHa
W CTally, 4TO AejaeT ero 6ojuee 3p(HeKTUBHBIM U SKOHOMUYHBIM BapHUaH-
TOM JJI51 BBICOTHOTO CTPOHUTENbCTBA.

BricoTHOE IepeBIHHOE CTPOUTENBCTBO — 3TO MHOT000EIIAIOIAs
aJIbTEepHATUBA TPAIWLMOHHBIM CTPOMTEJBHBIM Marepuanam. Ilo mepe
JaTbHEUIIEro COBEPIICHCTBOBAHMUS TEXHOJIOTHIM X METOAOB CTPOUTEIIb-
CTBa BIIOJIHE BEPOSITHO, YTO JCPEBSHHbIE KOHCTPYKIMU OYIOyT UIpaTh
Bce OoJiee BayKHYIO POJIb B CTPOUTENBLCTBE BBICOTHBIX 3AaHuil. C pa3Bu-
THEM TEXHOJIOTHH W pa3paboTKON M3AENUil U3 MCKYCCTBEHHOW JIpeBe-
CHHBI CTAHOBUTCS BO3MOXKHBIM CTPOUTH 00Jiee BEICOKHE M IPOYHBIE 312~
HUS C UCIIOJIb30BaHUEM ApeBecuHbl. OHAKO MO-NPEKHEMY CYIIECTBYET
HEOOXOIUMOCTD B JalIbHEHIINX UCCICAOBAHUAX, YTOOBI B ITOJTHOH Mepe
peanr30BaTh MOTEHIMAT JPEBECUHBI B BBICOTHOM CTPOUTEIBCTBE.
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MODERN TRENDS AND PROSPECTS
FOR THE DEVELOPMENT OF THE ARCHITECTURE
OF MULTISTORY WOODEN BUILDINGS

Viar N., student

Sultanova A.", Master of Architecture, Senior Lecturer
Department of Architecture, Academy of Engineering,
RUDN University, Moscow, Russia
“sultanovs36@mail.ru

Abstract. Modern trends in the design of multi-storey buildings
are aimed at reducing the carbon footprint and the transition to environ-
mentally friendly materials. Wood has become a potential solution as it
is a renewable building material and is easier to build and recycle. The
purpose of the study is to identify architectural features and determine
the prospects for the design of multi-storey residential buildings using
wood. A comparative analysis of the projects of existing wooden multi-
storey buildings was carried out. Advances in engineered wood products
such as cross-laminated timber (CLT) have improved the structural sta-
bility and fire resistance of wood structures, making them safer and more
competitive than traditional building materials such as concrete and steel.

Keywords: wood, ecology, wooden multi-storey buildings, ar-
chitecture of multi-storey wooden buildings, wooden buildings and
structures, wooden structures, cross-laminated wood.
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YCTOUUYHUBOE PA3BBUTHUE U I'PAXKJIAHCKOE YUACTHE
" UX BJIUSHUE HA APXUTEKTYPHOE KWIBE
B IPOEKTAX PEKOHCTPYKIIMU B CUPUHA
IMOCJIE BOMHBI

Anu Anu, achupanm
Poccutickuii ynusepcumem opyaicovt Hapooos, Poccus, Mockea
ali.yahia.ali9@gmail.com

AHHOTanus. bonblyo yacTe Uccae0BaHMi 10 TEME YCTONYH-
BOM apXUTEKTYPHl OTINYAET COCPEAOTOUCHHOCTh Ha IKOJOTUYECKUX ac-
IEKTaX, C Yer0 U HAUMHACTCS M/ CTaThH, 3aKIIFOYAIOIIASCSI B TOM, YTO
collMalibHas COCTABJISIIOIIAS YCTOMYMBOW apXUTEKTYphl HEAOCTATOUYHO
M3yYCHA B UCCIICIOBAHUSAX, OCOOCHHO B TIEPUOJI PEKOHCTPYKIIHS MOCIIE
BOUIH M CTHXUIHBIX OCJCTBUIA, HECMOTPS Ha €€ BAXHOCTbh, KoTopas (o-
KyCUpYETCS Ha HACEJICHUU U Ha ero Y4acTUu B (QOPMHUPOBAHUU U TIPOCK-
TUPOBAHUU OKPYXKAIOLIEH CPEIbI.

B cBeTe 3TOrO LIETH KCCIENOBAHUS OMPEACIACTCA MyTEM U3Y-

YEHHS CIIOCOOOB aKTHBH3AIMK COIUAIIEHOTO M3MEPEHUsl yCTOHYMBOM
ApPXUTEKTYpPbl, B OCHOBHOM 3a CUET y4acCTHUs JKUTEICH B COOTBETCTBYIO-
LIEM POEKTUPOBAHUU AJIS1 KAXKJOTO PErHOHA.

s atoro Oputa pazpaboTaHa TEOPETHYECKAsT OCHOBA COIHANTb-
HOT'O U3MEPEHUS YCTONUHUBON apXUTEKTYPHI U €€ KOMIIOHEHTOB, a TAKXKE
FPAKIAHCKOIO YYaCTHs U €r0 METOAOJIOTUM B MPOEKTaX PEKOHCTPYKLIUH.

3aTeM MpoaHANM3UPYUTE P MEKIYHAPOAHBIX OMBITOB B 3TOU
00JTacTH ¥ TONyYUTE HEKOTOPHIE Pe3yJbTaThl, COBMECTHMEIE C MECT-
HbIMU ycnoBusiMu B Cupun.

KiroueBble cjioBa: apXUTEKTYPHBIN IU3alH — PEKOHCTPYKIIMS —
YCTOWYHBOCTB — COLMAbHAS COCTABJISIONIAS — TPAYXKITAHCKOE YIacTHe

BBenenne

Mup cBUAETENHCTBYET O HAOOpE PACTyIINX U3MEHEHUH IeHb 32
JTHEM, OT KyJIbTypHOU ¥ SKOHOMHUYECKOH OTKPBITOCTH, CBSI3aHHOM C TJI0-
Oanmuzarueit, WHGOPMAIIMOHHOW M KOMMYHHKAIIHOHHOW PEBOIOIHEH
Y TIOJIY9€HHBIMH TIOTPEOUTENECKUMH MOJIETISIMH, C TTOMOIIBIO KOTOPBIX
IIEHHOCTH YeJI0BEKA U €0 PO CHU3WIINCH, OCOOEHHO B TIOJIEBBIX YCIIO-
BHSX apXUTEKTYPHI U ypOaHU3Ma, a TAKKE C ITUMHU U3MEHEHUSIMHE U UATH
B HOTY C PacTYIIMMH, U3MEHSIONINMHCI U OyIyIUMH TOTPEOHOCTAMU
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OOILIECTB B CBETE KPU3UCOB U O€/ICTBUI, €CTECTBEHHBIX U YEJIOBEUECKHUX,
OXBAaTBIBAIOLINX MHUP, HEOOXOAMMOCTh BHEIPEHUS YCTOWUYHMBOW MOJENN
IUISL apXUTEKTYPHOU U apXuTeKTypHOU u [Ipouecc ropoackoro nuzaiina
YBEJIMYMBACTCS C YEIIOBEKOM M MapTHEW B HEM, «IIOTOMY YTO Tropona
1 ’KHU3Hb, KOTOPBIE TPOUCXOST BHYTPH HUX, IPEACTABIISIIOT COOOM KITIOY
K JOCTHXXEHHUIO YCTOHYHNBOTO PA3BUTHUS

OTcroz1a BOZHUKAIOT MHOTHE MTPOOJIEMBI, CTOSIIINE TIepe]] HAIlIN-
MH TOpOJaMH W >KWIBIMH MaccHBaMH Ha apXHTEKTYPHO-IPaJ0CTPOH-
TEJIBHOM YpPOBHE, W IJISi TOTO, YTOOBI MPOTHBOCTOSTH 3THM BBI30BaM
1 00eceynTh YCTOHUMBBIN porpece B OyAyIIeM U YIy4ILIUTh SKOJIOTH-
YeCKHe, SKOHOMHUECKUE U COLMANIBHBIC YCIOBHSI B KHWJIBIX MHUKpPOpaio-
HaX, MbI IOJDKHBI CHaYaIa Ha4aTh C IPU3HABAs 3TH MPOOJIEMBI U BBI3OBEL,
0COOEHHO B HE3aKOHHBIX JKHJIBIX MACCHBAX, KOTOPBIE MPEACTABIAIOT CO-
0011 camyio OoJbIIyIO IPOOJIEMY Ha BCEX YPOBHSX, a TaKKe B paMKax
3a7a4 PEKOHCTPYKIMHU KMIIBIX MACCHBOB, MOJIBEPIIIUXCS CTUXUIHBIM
0eICTBUSM M BOWHAM, B KOTOPBIX JKUTEJIM MOTYT BHECTH 3HAYUTEIbHBIN
BKJIa]] B TIOMCK 9KOJIOTMYECKH, SKOHOMUYECKHU U COILIMAIBHO YCTONYMBEIC
pemIeHus il HUX, OCOOGHHO C YYETOM TOT'0, YTO OOJIBIIOE KOJINYECTBO
eIMHUI] )KWIIbS B MUpPE CTPOUTCS U MPOEKTHUPYETCS MECTHBIMH JKHTE-
JSIMU O€3 IOMOIIM APXUTEKTOPOB HIIH ITAHUPOBIINKOB HIIH JIa)Ke MECT-
HBIX ¥ HallMOHAJIBHBIX BJIACTEH, 9TO O3HAYaeT, YTO STO HACEJICHUE BCE
Yarie CTAaHOBSITCS CTPOUTEISIMH U TU3aiiHepaMu.

Hacrosmue >kutenu CBOMX TOpOJI0B, OHH PEIIalOT CBOM JKMJIUII-
HBIE TIPOOJIEMBI Yepe3 3TH COOOIIEeCTBa, MOCTPOSHHBIE C HCIIOJIB30Ba-
HHEM MECTHBIX TeXHOJIOTHH M YCHITUI, TOCKOJIBKY OHH THOKH B YIOBIIE-
TBOPEHUHU CBOUX IMOTPEOHOCTEH 1 TpeOOBaHUH.

OT10 momyepkuBaeT 3(PQGEKTUBHYIO POJb SHEPTUH W yCHIIUHA
HACeJICHHs1, KOTOPBIE MOTYT MHOTO€ C/IENaTh, €CIIU UX MPaBWIBHO chop-
MYJIMPOBATh U HAIIPABHTh.

Hean

— W3ydeHue coualbHOrO U3MEPEHUS KaK HEOThEMJIEMOM YacTH
KOHLIETILINH yCTOWYMBOI apXUTEKTYPbI U BBISIBIICHHE €€ PA3IMUHBIX KOM-
MIOHEHTOB.

— BrIsiBieHHE TEXHOJIOIUH IPaXKIaHCKOTO Y4acTHs X METOA0JIO-
I'uid, pa3paboTaHHBIX APXUTEKTOPAMH U TPaJOCTPOUTENISIMHU AJIs1 00JIer-
YEeHUs [IPOLecca BOBJICUEHUS HACETICHUS U aKTUBU3ALMK POJIM I'PaskKAaH-
CKOT0 O0IIecTBAa ¥ MECTHOM BJIACTH, 3a CUET Ka4eCTBEHHOI'O Pa3BUTHS,
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AOCTUTHYTOI'O 3TUM IIPOLICCCOM B OOHOBJICHHEIX JKHIIBIX KOMILJIICKCax,
nin B pa60Ta C HC3aKOHHBIMHU H Cﬂy‘{aﬁHLIMI/I KHUIIUITHBIMHA KOMIIJICK-
caMU, WJIN B PCKOHCTPYKIHU U BOCCTAHOBJICHUH KUJIbIX MAaCCHUBOB, IO~
BCPIIIUXCA CTHXUHHBIM 6€I[CTBI/I}IM HIIH TI0CJIC BOMHBI.

- OHpe,I[CJIeHI/Ie (baKTOpOB, BJIMAIOIINUX HAa NPUMCHCHUC MCTOJa
IrpaKaAaHCKOr'o y4aCTus UJI BO3MOXKHOCTHU €0 aKTUBU3allhuU Ha MCCTax.

- I/I3y‘-ICHI/Ie BJIMAHUSA TPAKAAHCKOTO YHaCTUA HA APXUTCKTYPHOC
1 TOPOACKOC MPOCKTUPOBAHUC U (bOpMI/IpOBaHI/IC.

MartepuaJibl 1 METOABI

Byzaer paccmoTpeHa rpymnmna 5KCEpUMEHTOB U3 Pa3HbIX PETHo-
HOB MHpa, KaXIbIH M3 KOTOPBIX HCIHOIB3YET OJHY M3 METOJO0JIOTHI
Y TIOJINTUK TPAYKAAHCKOT0 YUaCTHsI, C LEJBIO IIPOJIUTh CBET HA 3TOT OMBIT
U MECTa €ro yCIIeXOB M HEyJay, a TaKXe BBIICHUTb METOHA, KOTOPBII
HaunOoJiee CIocO0eH AOCTUYb HAMTYUIINX PE3YJIbTaTOB, a TAKXKE Y3HATD
BITUSTHHE.

IIponecc yd4acTust B apXUTEKTYpPHOM U TOPOACKOM MPOEKTHPO-
BaHUH U (HOPMHUPOBAHUH, KOTOPBIH OTIMYACTCS OT OJHOTO OMBITA K IPY-
roMy.

OTH 5KCIIEPUMEHTHI BAPBUPYIOTCS OT HAIIPABJIEHHOCTH Ha pelle-
HHE NPOo0JIEM C HECTaHAAPTHBIMU TEPPUTOPHAMH, CTPOUTEIHCTBO HOBBIX
XKHUJIBIX MAacCHBOB WM COXPAHEHHE JXMUJIBIX MAacCHBOB apXeoyoruye-
CKOTO W HCTOPUYECKOTO XapaKTepa, a TaKKe Pa3lINYaloTCsl MPOCTPaH-
CTBEHHBIH, COLMAIIBHBIN U KYJIbTYPHBIA KOHTEKCT 3THX 3KCIIEPUMEHTOB.

1. Omsit ropoga I'onpuyk B Typrun, 1999 r.:

IIpoeKT pEeKOHCTPYKLMHM OJHOTO M3 PaliOHOB ropoja, MocTpa-
naBmIero ot 3emuerpscerns B 1999 rony, ¢puHancupyercs BeceMupHbIM
OaHKOM.

IIpoekT HampaBiieH Ha CTPOUTENILCTBO IOCTOSIHHOTO JKUJIbS U
OKa3aHUE TICUXOJIOTHUECKON MOANEPKKH MOCTPAAABILINM OT 3eMJICTPs-
CeHusl.

B nauae BcemupHbIit 6aHK, KOTOPHBIH SIBISIETCS (PUHAHCHCTOM,
MOJYEPKHYJI BaKHOCTh Y4aCTHsI BCEX CETMEHTOB MECTHOI'O COOOIIIECTRA,
3aTPOHYTHIX IPOEKTOM, M COTPYIHHUYECTBA MEXAY MPaBUTEILCTBAMH,
HETIPaBUTEIbCTBEHHBIMI OPraHU3alMsIMH U MECTHBIM COOOILECTBOM,
HauduHas ¢ nepBoro 3rana. [1o3ToMy ObUIO MPOBEAECHO COLUATIBLHO-IKO-
HOMHUYECKOE U AeMorpaduieckoe 00cae10BaHue PEruoHa, a TAkKe Mpo-
BEICHBl MHTEPBBIO C LIEHTPAIbHBIMH M MECTHBIMH OpPTaHAMH BJACTH,
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MIPOEKTUPOBLINKAMH, aPXUTEKTOPAMH U JKUTENISAMU MOCTPAJABIIMX OT
3eMJIETPACEHHSI TOPOIOB VIS ONPEICTICHNs MX MTOTPEOHOCTEH 1 YassHUH.

OpnHako M3-3a HEXBAaTKU BPEMEHH WM CPEJICTB U OTCYTCTBHUSA
Ha/JIeKaIIero IUTAaHUPOBAHUS 3Ta cTpaTerus He Obuia cobroneHa. Yya-
CTHE JKUTEJIEH BBIIIJIO 33 PAMKHM CUMBOJIMYECKOT0 YYacTHs, TaK KaK MHO-
rHe 3aMeyYaHMsl JKUTeJIeW O MpOoeKTe He ObUIM YYTEHBL. YTO MPHBEJIO
K HECOOTBETCTBYIOIIUM KYJIBTYpPE PETHOHA MTPOEKTaM, TAKUM Kak oop-
MJIEHHE TyaJIeTOB B 3allaJHOM CTHJIE, U MAJIBIM pa3MepaM KHIIuIa 88—
75 KBaApaTHBIX METPOB, YTO HE COOTBETCTBYET OONBLIOMY pa3Mepy ce-
MBH, 0COOEHHO MOCJie JleMOorpapuuecKiux U3MEHEHHH, PON30LIEeAIINX
HOCJIE 3€MIIETPSCEHHUS.

2. Omnsit ropoga Kaccens B 'epmanuu 1981 r.:

Apxutextop Moxannec OMBerpeH CpOeKTHPOBAT THOKYIO MO-
JeNb JKWIbS, COCTOALIYI0 W3 OCHOBHOT'O, HEPETYJIHPYEMOro OJoKa M
Habopa JOMOJIHUTENFHBIX JIEMEHTOB (KOMHATAa, Teppaca, HapKoBKa, 110-
KOJIBHBIM 3TaXK) B COOTBETCTBHU C JKEJIAHHEM KHMJIbLIOB M SKOHOMHYE-
CKUM MOTEHIINAIIOM, 3aTEM MPOBEI MacTeP-KJIACC M0 KUTENH, YepPe3 KO-
TOPBIX UM OOBSCHUIN MPOEKT, rAe oH JKurenpb - 3TO mpouecc BbIOOpa
9THUX JJIEMEHTOB U J100aBJIEHUS UX K 0a30BOMY MPOEKTY JAJIsl CO3IaHUS
CBOEH COOCTBEHHOI €MHHUIIBI JKUJIbsI, U KOKIBIH U3 3THX J100aBIEHHBIX
3JIEMEHTOB UMEET JAOTOJHUTEIbHYIO MaTepPUAIbHYIO LIECHHOCTb.

ALSGAMGS FOLUHEN

ZUSATSELEHERTE

Puc. 1. Baok xuioit mogenu Johannes olivegren, Wohnen in Kasse,
Donche-schone aussicht, Kassel, Germany, 1981, (pp: 20-21).

BnustHue npouecca yyacTusi Ha apXUTEKTYPHBIN JU3aiH U Qop-
MHUPOBaHHUE MPOSIBIAETCS O TPEM OCSAM:
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OyHKIMOHATBHBIE OTHOIIEHUS: JloOaBieHne apXUTEKTYpPHOTO
srIeMeHTa (KOMHATHI WJIH OallkOHa) BIHMSIET Ha POCTPAHCTBO U (DyHKLH-
OHANbHBIC OTHOIICHHS B TIPE/IENax OJHOTO 3TaXa, T. €. HA TOPHU30HTAIIb-
HOM ypoBHe JloOaBieHue Bcero sTaxa (LIOKOJBHOTO 3Ta)ka) BIUSAET Ha
MPOCTPAHCTBO U (DYHKIMOHAIBHBIC OTHOILLIECHUS MEXY Pa3HbIe YPOBHH
W 3JIEMEHTHI BEPTHKAJIBHOTO MEPexoa.

- O0bemHOe oOpa3oBaHME: N0OaBIICHHE APXUTEKTYpPHBIX 3JIe-
MEHTOB K OCHOBHOMY JKWJIOMY OJIOKY AaeT 0ObeMHbIE 00pa3oBaHus, KO-
TOpBIE OTJIMYAIOTCS OT OJTHOM >KUIION MOJIENN K JIPYTOM.

Juzaiin dacaga: KOTOPHIA OTIMYAETCS OT OHON MOAEIH K APY-
TOH B 3aBUCHMOCTH OT 3JIEMEHTOB, 10OaBJICHHBIX TOPU30HTAIBHO U BEP-
TUKAJIBbHO, KOTOPBIE IAIOT Pa3InYHbIE BBICTYIIBI M OTBEPCTHUSI.

2 Obergeschod Sehnits

Puc. 2. [Inans! xxuabix 10M0B U acaasl, Johannes olivegren

PesynbTartsl

1. Omsit ropoga I'ompuyk B Typuuu, 1999 r.:

OTOT OIBIT OrPaHUYUBAETCS STANOM HH(POPMHUPOBAHHS MOCTPA-
JIABILIETO HACEJICHHS O IUIaHaX U pelleHUAX 0e3 Cephe3HOro OTHOLICHHS
K X MHEHHIO U 0€3 IPeI0CTaBICHHU UM BO3MOKHOCTH HO-HACTOAIIEMY
Y4acTBOBATh B IPOLIECCE MPOEKTUPOBAHMSI, UYTO HETATUBHO CKa3aJI0Ch Ha
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KOHEYHOM pPe3yJbTaTe MPOEKTa, KaK 3TO C/AeTaa MOJUTHKA yUacTHsl. TaK.
3TO0 HE OTBeyaeT MOTPeOHOCTIM OOIIECTBA, TOTOMY YTO UX HOTPEOHO-
CTH HE OBUIM YYTEHBI, © Y HUX HE OBUIO BO3MOXXHOCTH UX BBIPa3UTh,
a ICHHOCTH CIPaBEJIMBOCTU U PaBEHCTBA HE ObLIM JOCTUTHYTHI IIPU y4a-
CTUH NPECTAaBUTEINICH BCeX CII0EB O0IIECTBA, KAK 3TO MOXKET HPOSIBIATHCS
B HEKOTOPBIX CEMBSX, MOMYyYUBIIMX KBAapTHPbI HEOONBLION IMJIOMIAAH,
1 OHU HE UCIIOB30BAIN SHEPTHIO OOIIECTBA U HE CTIOCOOCTBOBAJIH CO3/1a-
HHUIO BO3MOXKHOCTEH I OOIIEHMSI MeXIy wieHamu oOmectBa. Crienu-
¢uKa pernoHa U ero KyJbTypa He ObUTM YYTE€HBI IPH NPOEKTHPOBAHUH,
YTO HE COM3MEPHUMO C MECTHBIM 00pa30M KU3HH U KyJIbTYPOH, U B PE3yJib-
TaTe BBILICTIEPEUHUCIICHHOTO HE CIIOCOOCTBOBAJIO OLIYIICHUIO COTIPUYACT-
HOCTH JKUTENEH K MECTy, B KOTOPOM OHH HBYT, TaK Kak OOJBLIMHCTBO
JKUTEJIEW TIOKWHYJIM CBOM I0Ma U MepeeXay B APyrue paioHBL

2. Omsit ropoga Kaccens B 'epmanum 1981 r.:

OTOT OMBIT SABJSETCS OJHUM U3 HOBATOPCKHX OIBITOB PabOTHI
C JKUTENIIMU HaJ| CO3JaHUEM HX JIOMOB, KOTOPBIM MOKa3bIBAE€T BO3MOXK-
HOCTb, TEXHUKY W TIPEIENBl 3TOTO YYacTHs, KOTOPOE MPOUCXOIUT MOJ
HaOMI0JICHUEM apXUTEKTOPa, TAK YTO KOHEUHBIN pe3ysIbTaT KOHTPOJIHUPY-
eTcsl C TOYKH 3peHUs Tu3aiiHa. (yHKIHMOHATBHOCTD U 3CTETUYHOCTD, IPH
3TOM OTBeYasi HOTPEOHOCTSM >KHJIbLIOB U YUUTHIBAsI HX BO3MOXKHOCTH.

Pexomenpanuu

— lonnep:xanue O6ananca MeXAy SKOJTOTHYECKHUMU, SKOHOMUYE-
CKHUMH U COLMATBHBIMA COOOPaKEHUSMU JJIS1 JOCTHXKEHUS YCTOMUMBON
APXHUTEKTYPBI.

— CocpenoToueHNuEe BHUMaHMS HA YEJIOBEYECKOM, COLMAIBHOM
U KyJbTYPHOM H3MEPEHHSIX apXUTEKTYPbl U Ba)KHOCTH POJIM apXUTEK-
TYPHBIX M TPaJOCTPOUTENBHBIX 00pa30BaHUM B )KU3HU YEJIOBEKA U COLIU-
QIBHBIX OTHOLICHUSX.

— Heo0xomumMocTh M3MEHHUTH MBILIUICHHE NPOCKTUPOBIIUKOB,
IUTAHUPOBIIUKOB W JIUL, NPUHUMAIOMIMX PELICHUs, I BOBJICUCHUS
IPaXJaHCKOTO OOIIECTBa B MPOLECC APXUTEKTYPHOI'O M TOPOJCKOTO
MIPOEKTUPOBAHUS.

— IIpenocraBiieHre NOANEPKKHU U KPEAUTOB HACETICHUIO Ha Oia-
rOyCTPOMCTBO, 0COOCHHO B PEILICHUU NPOOIEMbl KOJUIEKTUBHBIX MIPaBO-
HapylIeHNH B palioHe.

—TouHas 1 TpogyMaHHAs TOATOTOBKA IPOTrPaMM I'PasKAaHCKOTO
Y4acTHA B ApXUTEKTYPHO-TPalOCTPOUTEIEHOM ITPOSKTUPOBAHMH KHITBIX
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MacCHBOB, OIpEACICHNE METOAMKH Y4acTHs, KOTrJa MPOHCXOAMUT IMpo-
LECC YYacTHsl, KTO SBJSIETCS YYACTHUKAMH M KaKOBBI MIPEJEIbl UX yda-
CTHs1, MHTETPAlMA 3TUX IJIaHBl U TIPOTPaMMBI B paMKaX PerHOHAIBHBIX
Y HAMOHAJIBHBIX TUIAHOB U MPOTPaMM IO JKMJIBIO MOJUTHUKOB.

— CoTpyAHHUYECTBO MEKAY Pa3IMYHBIMH CTOPOHAMH, BKIIIOUAS
OpTaHbl BIACTH, CIICLUAIUCTOB, ApXUTEKTOPOB U MECTHOE COOOIIECTBO
Ha paHHEH CTaJuH MOATOTOBKH KWIMLIHBIX IPOEKTOB Al TOCTHKEHUS
HaWIyYIIuX Pe3yJIbTaToB.

— Hcnonb3oBanue MeXJyHapOIHOTO OIbITa, 0COOEHHO TOTO, KO-
TOPBII COOTBETCTBYET MECTHBIM TPEOOBAHUSIM, U TOTO, UTO OBLIIO JOCTHT-
HYTO Oarozapsi 5TOMy OIIBITY, KOTOPBII CMOT MHOTOT'O TOOMTHCSI B 00a-
CTU TPaXKJAHCKOTO Y4acTusi, 0COOCHHO B PeadMINTALUH KOJUICKTUBHBIX
HapyILIeHUH U TPYII00, KOTOPBIE CUIIBHO MTOCTPaalii MOCIIE BOMHBL

— OOecnieyenne ruOKOCTH AM3aliHA C TOUYKH 3peHHs (PyHKIHO-
HAJILHOCTH W JIW3aiiHa, MO3BOJISIOIEEe MOAU(DHUIMPOBATD KUJIbIE €IU-
HUIIBI B COOTBETCTBHH C MEHSIOIIMMHUCS OTPEOHOCTSIMHU HACENICHHUS.

VYuutpiBaiiTe 0€30MaCHOCTb, COLUHUAIBHYIO KOH(QHUACHIHATIb-
HOCTh M MECTHYIO KYJBTYPY, a TAaKXK€ MOJACPKUBANTE COUATBHBIE OT-
HOLICHUSI MEXAY KUTEISIMUA M MIPOCTPAHCTBEHHYIO MICHTHYHOCTh MPH
MPOEKTUPOBAHHUH JKUJIBIX COOOIIECTB.

3akiouenue

N3yuuB KOHIENIUIO IPAKIAHCKOTO YYACTUS U U3YUYUB PAJT MEXK-
JYHApOIHBIX OIBITOB, OOJBIIMHCTBO U3 KOTOPHIX MOKA3bIBAIOT MOJIOKH-
TEJbHBIE PE3yIbTaThl B OTHOLLEHUU YUACTHUS KUTENEH, Mbl TAK)KE HAXO-
UM HEKOTOPBIE SKCIIEPUMEHTHI, KOTOPBIE HE JOCTHUTIIH HEOOXOIUMOTO
ycnexa, ¥ 3TO IPUBOUT HAC K BEIBOJTY, YTO YUACTHE KHUTETEH, HECMOTPS
Ha €ro Ba)KHOCTb, HE SABJIIETCA €IUHCTBEHHBIM KJIIOYOM K JOCTHKEHUIO
YCTOWYHMBON apXUTEKTYPhI, U OHO HE MOXKET ObITh. JKUTEIN y4acTBYIOT
B MPOEKTUPOBAHWU BCEX THUIIOB 3J[aHHI W MPOCTPAHCTB, M y4acTHE HE
03HAYaET, YTO KUTEIN OAMHOKU B MPOESKTHOM PEIIEHUH, YTO 3TO POJIb
apXUTEKTOpA.

[Iporpammsbl yuacTus, BELIOOp COOTBETCTBYIOIIEH METOMIOJIOTHA
JUIS MECTHBIX YCIIOBHH, YCTaHOBJICHHE OTPaHHMYEHUI U PYKOBOJCTBO
y4acTHEM HaCEeICHUS.
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Abstract. Most of the studies on the topic of sustainable archi-
tecture are distinguished by focus on environmental aspects, which be-
gins the idea of an article, which consists in the fact that the social com-
ponent of sustainable architecture is not sufficiently studied in research,
especially during the period of war and natural disasters, despite its im-
portance, which is, which Focus on the population and on its participa-
tion in the formation and design of the environment.

In the light of this, the purpose of the study is determined by
studying ways to activate the social measurement of sustainable archi-
tecture, mainly due to the participation of residents in the appropriate
design for each region.

For this, the theoretical basis of the social measurement of sus-
tainable architecture and its components was developed, as well as civil
participation and its methodologies in reconstruction projects.

Then analyze a number of international experiments in this area
and get some results compatible with local conditions in Syria.

Keywords: Architectural Design - Reconstruction - Sustainabil-
ity - Social Dimension - Civic Participation
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HCTOPUA BOSBHUKHOBEHUA
APXUTEKTYPHOI'O OPHAMEHTA

bympumoes IO.b., acnupanm

Conosvesa A.B.*, k.neo.n., doyenm

Llenapmamenm apxumexmypol, UHIICEHEPHAS AKAOEeMUS,
Poccutickuii ynusepcumem opyacowt Hapooos, Mockea, Poccust
*solovyeva_anv@rudn.ru

AHHoOTanus. B nanHOl cTaThe paccMaTpUBaeTCs UCTOPHS BO3-
HUKHOBEHMSI NEPBBIX apXUTEKTYpHBIX OopHaMeHTOB JlpeBHero Ermumra,
3aJI0’KUBIINX OCHOBY AJIS JaJIbHEHUILETO UX PAa3BUTHUS.

Ienbro HalIEro UCCIEAOBAHUS SABISIETCA U3YUEHNE UCTOPHUH 3a-
POKIEHHS apXUTEKTYPHOTO OpHaMeHTa Ha npumepe JpesHero Erumnra
1 JAJBHEHIIEro €ro BIUSHUS HAa MUPOBOE MCKYCCTBO M apXHUTEKTypy.
B crarbe ObUTM HCIIONB30BAHBI CPABHUTEIBHBIE METOABI HCCIIEOBAHMS:
H3yueHHe M aHalU3 OTeYECTBEHHOM M 3apyOeXHOW Hay4HOW JuTepa-
TYpbI 110 TaHHOW TEMaTHKe.

B pesynbrare mpoBEIEHHOTO HCCIENOBaHMUs Obula BBISBICHA
[JIABEHCTBYIOIAs COCTABIISIIOIIAs ETUIIETCKOTO OPHAMEHTA — €T0 PACTH-
TeJbHAs 4acTh B BHJE LIBETKA JOTOCA M YKa3aHbl KOHKPETHBIE JETaNH,
CTaBIIME IPOo0OpPa3oM OPHAMEHTOB B UCKyccTBe peBHel I 'perun.

KuroueBsble ci10Ba: apXUTEKTypHBIM opHameHT, [[peBHuii Eru-
net, ®ussl, Kapnak, Jlykcop, IBETOK JIOTOCa, OpHAMEHTHKA, UCTOPHS
pasBUTHs OpHaMeHTa, [[peBHss ['penust, cuMMeTpuuHOE H300pakeHUE

BBenenue

[epexo U3 TPEXMEPHOTO U300paKEHUS B IByXMEPHOE MO3BO-
JIUJIO PaCIIMPUTh TBOPYSCKUE TPAHHUIIBI YeIOBeKa. J[ByxmepHOe n3o0pa-
JKCHUE B UCKYCCTBE HAYaIOCh C OPHAMEHTA, KOTOPBIA M3HAYaIbHO BBIPa-
JKaJICS B HACKAJBHBIX PUCYHKAX ¥ TEOMETPHUYECKHUX PUCYHKAX MPEIMETOB
ObITa B TIepuoA naneoiuTa. VccnemoBareny noiararT, 9To BO BpeMeHa
MAJICONIUTa OPHAMEHT HE HOCHII «yKpalllaTelbCKHit» xapaktep. Ckopee
370 ObLIa PyHKIHS 00epera. CUMBOIIAMU 0003HAYAIUCH PA3IMYHbIEC CTH-
XHH, MECTHOCTH (TOPBI, JIeca, MOJIs), COJIHIIE U JIyHa (JIBYKEHHE COJIHIA).

Pacturteabnsblii opuament JIpesHero Erunra
3HAYUTENBHOE PA3BUTHE OPHAMEHT MOIY4YWJ B mnepuoj Jlpes-
Hero Erumra, korga mpuoOpen 4eTKylo CTPYKTYpY, HO NPH 3TOM He
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MOTEPSUT CMBICIIOBON Harpy3ku. Kaxias TuHYS MMela TECHYIO B3arMO-
CBSI3b C MPHUPOJIOH. MHOTHE 3IEMEHTHI N300pakaeMbIX PACTEHHUM, KH-
BOTHBIX, KPUCTAJUIOB OBUTH JIOJyMaHbI YEJIOBEKOM, HO HHUKOT/Ia HE Te-
PSUTH CXOZCTBA CO CBOMM TpooOpa3oM — mpupoioii. imenno B [IpeBHeM
Erunre Obl1 co37aH OpHAMEHT, KOTOPBIM 3aJI0KWJI OCHOBBI OPHAMEH-
TUKH Ui danpHeimero pa3sutud B pesHell I'pennn, Ipesnem Pume
U TIOSIBJICHUSI apa0ecoK.

OCHOBHO¥ TeMOH pacTUTENLHOTO OpHaMeHTa B Erurire ObL1 11Be-
TOK JIOTOCA, & TAKXKe Nanupyca. MO>KHO JUIIb JOTaIbIBATHCS, YTO U300-
paKEeHHE KOHKPETHOTO PACTCHHS 3aBHCENO0 OT MECTOPACIIOIOKEHUS
B Erunre. 310 MOria ObITH OOJIOTHUCTAst MECTHOCTh AENBTHI peku Hwun
(B TakoM ciy4ae 3TO OBUI IBETOK JIOTOca), MO0 Ooliee 3acynuimBast
yacTh ErunTa (B TakoM ciydae 3To pacTteHus mamupyca) (puc. 1).

N3ob6pakeHne 10T0Cca MOKHO YBHJIETH B TIPOEKITUHU CBEPXY («PO-
3eTKa») u cOOKy (puc. 2).

Puc. 1. Erunerckmnii opHamMeHT:
cjieBa — IBETOK JIOTOCA, CIIPABA — PACTEHUE Manupyca
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893

Puc. 2. Erunerckuii oppament. I{BeTok noToca
(mpoeKIHUs CBEPXY — «PO3eTKA»)
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893
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Ectp Takxke BapuaHT COBMEIICHMS BYX MPOCKIUN HA OJAHOM
n3o0pakenun. Macrepa JlpeBHero Erumnra coBepImiy IpophiB B CO3HA-
HUU, CO3]IaB OPHAMEHT, KOTOPHIA HE KOMMUPOBAT N300pakeHUe, a BUIO-
M3MEHSII TaKUM 00pa3oM, 4TO CYTh €r0 HE TepsuIach, a MATEMATHYSCKUE
3aKOHBI, 3aKOHBl CHMMETPHUH, TTO3BOJISLIU CAENATh €r0 MOUCTUHE KPACH-
BbIM. /[0 €TUNTSH TaKOrO HE yIaBalloCh HUKOMY U3 Jtonei. [1o kpaiinei
Mepe, Hay4YHBIX JIOKa3aTelbCTB 3ToMy HeT. [lo m300paxeHusM opHa-
MeHTa B /[peBHeM Erumnre MOXHO MOHSTH, YTO Ka)a0€ W300pakeHue
VMMEJI0 CBOM KOMITO3UIIMOHHbBIE TTApaMeTPhl, KOTOPBIE OBUIH ITOTYMHEHBI
oOmuM mpaBwiaM. TakuM 00pa3oM, CTHIIUCTHKA ETHIIETCKOTO OpHa-
MEHTa 3aMETHO OTJIMYaeTcs OT M300pa)KeHHid MPOIUIBIX 3M0X. Pactu-
TeNbHBIM opHaMeHT B J[peBHeM Erumnte momy4us 3HaueHHE, KOTOPOTO
panee He O0buT0. J[0 osiBIIeHUs nckyccTBa J{peBHero Erumnra vame Bcero
WCTIONB30BAIA M300paKCHUE KUBOTHBIX. PacTeHUs HE MPEeNCTaBIISLIH
WHTEpeca M CYUTAIICh YKpallleHHeM, UX MOXKHO Ha0III01aTh Ha HEKOTO-
peIx peametax OviTa. IMenno B [IpeBHeM Ermmnre pactenus ObuH Te-
PEOCMBICIIEHBI, UX 3HaYEHUS OBLIM HACTOJHKO BEIHMKH, YTO HEKOTOPHIC
VMMENH CaKpPaIIbHBIA CMBICI, HAIIPUMED, IIBETOK JIOTOCA.

HN300paxkeHue HBETKA JIOTOCA
Ha opHaMeHTax /IpeBHero Erunra

IIpoBenem Oosnee neTaIbHBIN aHATU3 OPHAMEHTA B BUAE LIBETKA
JI0TOCA, KOTOPBIM HanboJiee 4acTo BCTPEUACTCSA B ETHUIETCKUX M300pa-
XKEHUAX. DTOT uBeTOK B Erunre nmen 60xecTBEHHOE 3HAaUE€HUE, CHMBO-
Iu3UpoBan nepepoxaeHue. CymecTBOBaJIO MHOXECTBO IPEIIONIOKeE-
HHUM, KaKoe UMEHHO pacTeHhe n300pakeHo. VM3HauanbHO IpeBHerpeue-
ckuil ucropuk I'epogor I'anukapuacckuii B kaure «Mcropus — Kuaura
BTOpas. EBTepna» npeanonoxui, 4to mpoodpa3oM CIIyKuJ CheJOOHbIH
IBETOK JIOTOCA — JIOTOC OPEXOHOCHKIH (nelumbium speciosum): «Korma
peKa BBICTYyIaeT U3 OEperoB M 3aJIUBaeT PaBHUHY, Ha BOJE BHIPACTAIOT
B OOJTBITIOM KOJIMYECTBE JINJIMH, Ha3bIBaeMble y eTUNTsH "1oTocom". OHU
Cpe3aloT WX, CyLIaT Ha COJHIIE, IIOTOM pa30MBalOT MAKOIOJOOHBIE ce-
MeEHa, 100BIBAEMBIE U3 CEPEINHBI JIOTOCA, M IPUTOTOBIISAIOT TECTO, KOTO-
poe nekyT Ha orHe. KopeHb 3TOro pacTeHusl Takke CbeJOOCH U UMEET
JIOBOJIbHO IPUSTHBIA CIaJKOBATBIA BKYC, OH KPYTJbIM M BEIHMYHUHOIO
¢ si6moko» [1]. Omuako, nelumbium speciosum He mpouspactan B Erumn-
te. Hacroammm npooGpa3zom jioToca, n300paKEHHOTO Ha E€rHIIETCKOM
OpHaMeHTe, ABJIsIeTCs cBsieHHoe 11 Erunra pacrenne Nymphaea lotus
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(puc. 2). OO stom ckazano Y.I'. 'ynuepom B kuure «The Grammar of
the lotusy, omyonukoBanso# B 1891 romy nsnarenscteom Low [2].

Puc. 2. Nymphaea lotus (Tiger Lotus) — Bua AByI0JbHOT0 PACTEHUS PoOaa
Kysmmnka (Nymphaea) cemeiictBa Kysmmnnkossie (Nymphaeaceae)
Hcmounux pomo URL: https.//worldoffloweringplants.com/nymphaea-lotus-
tiger-lotus-white-egyptian-lotus/ (0ama oopawenus 27.02.2023)

Anons Purns B cBoelt kHure «Bompockl CTUIIS: OCHOBBI HCTOPUU
HayKu 00 OpHAMEHTaxX» TaKke 00 ATOM YIOMHHAeT W yKa3blBaeT Ha
CXOJICTBO JIMHUM JICTIECTKOB UMEHHO 3TOro pactenus [3, p. 55]. OcHoB-
HOW MHTEpEC, IO MHCHHUIO aBTOPa KHUTH, B H300paKCHUH IIBETCHUS pac-
TEHUS, HO €CTh TaKXKe M300paKeHHE JIMCTHEB U OyTOHOB JIoTOCa. B op-
HaMEHTaX 9acTO MOXKHO YBUETH YepeIOBaHUC B H300pakeHNH OyTOHA
M I[BETKA JIOTOCA.

OpnamenTt /[peBHero Ernnra — ocHoBa JIs1 pa3BUTHS
opHamenTa JIpeBHeii I'penun

JIuct notoca UMEET KOHTYp C pacIENMHON MEXAy CaMHM JIH-
cToM U ctebiieM, Asons Purns npeanonaraer, 4To0 UMEHHO 3TOT KOHTYD
Obu1 3anMcTBOBaH JpesHeii [ penneii B n300paskeHUH JTUCTOB IUTIOIIA Ha
CBOMX OpHaMEHTax, YTO TaKXKe MMOATBEP)KIAaeT MHEHHE HCKYCCTBOBEIOB
0 TOM, YTO UMEHHO OpHaMeHT JlpeBHero Erunra sBnseTcst OCHOBOM I
Pa3BUTHUS OPHAMEHTHKH B MOCIEAYIONIMX BpEMEHaxX U cTpaHax [3, p. 55]
(puc. 3, puc. 4).
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Puc. 3. Erunerckmnii opHameHT:
cJieBa — JIMCT JI0TOCA, CIIPpaBa — GyTOH J10TOCA
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893
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Puc. 4. I'peueckuii opuamenT. Jlucr mioma
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893

Ha nmpumepe nzoOpaykeHHs LBETYILETO JIOTOCA C CUMBOJIMYE-
CKOW Ayrou cBEpXy, KOTOpas Kak Obl 0000IIaeT LBETOK, MBI MOXEM
HaOJI0IaTh B3aUMOCBS3b OPHAMEHTA U CKYJNBITYpHI [3, p. 60] (puc. 5).
Jannyto runote3y Bbickazan Y.I'. 'yauep, mpeamonoxus, 4TO U3Ha-
YaJbHO CKYJBITOPBI MBITATHCH W300pa3uTh (OpMy LBETEHHS JIOTOCA
1 ObUIM BBIHY>K/ICHBI TOAYEPKHYTh (DOPMY LIBETKa BepXHel ayroii [3, p. 60].
WHaue TeXHWYECKH HE MOIYyYMIIOCH OBl M300pa’keHHE LIBETKa B BHJC
ckynenTyphl. Takoil mpuem n300paskeHus HBETKA MEPEHsIT OPHAMEHT.

§ AZ (& 2
Puc. 5. Erunerckmii opHameHT:
cjieBa — H300pa:keHue LBETYLIEro JIOTOCA ¢ CUMBOJIMYECKO Jyroi
CBepxy, CIIPaBa — KaluTeIb B BU/E LIBETYLIEro JI0T0Ca

Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893
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OpHaMeHT He OTpaHHMYUBAJICS TNTIOCKUMH yYacTKaMH CTEH U pac-
MPOCTPaHsIICA Ha KOJIOHHBI, KOTOPbIE N3HAYAIBHO SIBIISUTUCH OOBIYHBIMH
cronbamu (crenamu). CrycTss HEKOTOpPOE BpeMsl KOJOHHBI CTalH HC-
MOJIb30BATHCS B BUE OMOP LIS apXUTpaBa U abaka cTaja MepexoqHbIM
3JIEMEHTOM AJ1s1 3Toro. I1oCKONIbKY KOJIOHHA W3HAYAIBHO SIBJSUIACh Ca-
MOCTOSATEJIEHBIM 3JIEMEHTOM, HE 33/ICHCTBOBAaHHBIM B OIIOPE KPOBIIH, TO
oopmisnack oHa Kak 3aKOHYCHHBIN 3JieMeHT. Kanurens, Kak 3aBepiia-
Iol1as 9acTh KOJIOHHBI, MPAaKTUUECKU BCEraa nMmena n3o0paxeHue 1Be-
TYILETO JIOTOCA, YTO MOBTOPSUIOCH (hOPMOH KanuTenu (puc. 5).

N3BecTHBI Takke Kanuresu B Gpopme OyTOHOB JoToca. Bee 3Ha-
YUMBIE BEITSHYTBIE apXUTEKTYPHBIE 21eMeHTHI B [[peBHeM Erunre nmenu
OpHaMEHTAJILHOE 3aBEPIICHHE, YTO YKa3bIBAIO Ha HEOOXOIUMOCTh aKIIeH-
TUPOBAHMS C TOMOIIBIO XyJOKECTBEHHON BBIPa3UTEIbHOCTH.

CymiecTByeT Takxe ele OAUH BUA U300pakeHHsI LIBETCHHUS JIO-
TOCa, KOTOPBII COCTOUT U3 TPEX YaCTel, COCTUHSIOLINXCS B €IMHOM Op-
HamenTe (puc. 6). JJoOaBUIMCH HOBBIE SIEMEHTHL: «BaJIFOTa» (3aKpyTiie-
HUS 110 OOKaM IIBETKA), «KaIlIim» (JBe CHMMETPUYHbIE (YOPMBI, HAIOMH-
HaloOIlMe KaIUld BOJBI, TOHKOH YacThiO €/1Ba KaCalOIIMECs «BATIOTHD»)
U «BeepooOpa3HbIe JIHUCTHS», HAXOIAIINECS Ha BEPIIMHE [BETKA (MIOCITy-
KWK OCHOBOHM AJi1 pa3BUTHsI OpHAMEHTa MajabMeTThl B JlpeBHeil ['pe-
un) (puc. 7).

Puc. 6. Ernnercknii opuament. llBerenne Jioroca
B KOMOMHUPOBAHHOM BH/I€e (ErMNeTCKAas NAJIbMeTTa)
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893
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Puc. 7. I'peveckuii OpHAMEHT NATBMETTHI
Hcmounux pomo.: H.®@. Jlopeny Opramenm écex epemen u cmueti /
Oxemo, 2010 — 296 c.

Cy1iecTByeT MHOXKECTBO TEOPHH, UTO «BAJIIOTA» ETHIETCKOIO
OpHaMeHTa Morjia OBITh MPOOOPA30M «BAJIOTHD) HOHHYECKOTO OpAepa,
YTO ele pa3 MOATBEp)KAaeT (akT OrpOMHEHINEro BKIJIaJa HCKYCCTBa
pesnero Erumnra B MUpOBOE HCKYCCTBO.

3akiouenue

Eruntsne w300penu HOBBIM BHJ] OPHAMEHTA, B KOTOPOM 3Jc-
MEHTbl PUTMHUYHO MOBTOPSIOTCA Ha JUIMHHBIX Y3KHX MOBEPXHOCTSX
(marmpumep ¢puzax). CTOUT OTMETHTH TEHICHIIMIO K COBEPIICHCTBOBA-
HUIO, TPUBHECEHUIO HOBBIX JIEMEHTOB, KOMOMHUPOBAHHIO PA3IIMYHBIMU
MOTHBaMH ¥ U300paKEHUSIMU B OJTHOM OpHaMeHTe. Tak, Harpumep, ObL1
CO3[1aH T€OMETPUUYECKUM OpPHAMEHT, B KOTOPOM MPUCYTCTBYET PacTH-
TeJbHas TeMaTuka (puc. 8). OqHaKo, paCTeHUS B JAHHOM OpHAMEHTE UT-
paeT BTOPOCTENEHHYIO POJib, OTAaBasl [JIaBHYIO POJIb T€OMETPUH.

Puc. 8. Ernnerckuii reomeTpu4ecKuii OpHAMEHT (CIIMPAJICeBUIHBINH)
Hcmounux pomo: Riegl, Alois Stilfragen: Grundlegungen zu einer Geschichte
der Ornamentik. Berlin: Georg Siemens, 1893
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Ecmu B3sTH BCE HUCKYCCTBO I[peBHCFO EFI/IHTa, TO MOXXHO 3aM€-
TUTH, YTO OHU HC CTPCMUJIUCH K YKPAIATCIbCTBY, a CTApaJIUCh IEPCAaATh
CBOU UCH, YYBCTBA U BOCIIPUATUC MHUPA C TIOMOLIbIO I/I306paBI/ITCJ'H>HOFO
HCKYCCTBaA. DTa 0COOEHHOCTh CTABUT ETUITIH HA OIHY U3 CaMBbIX BBICO-
KHUX CTaZLI/Iﬁ Pa3BUTUA KYJIBTYPBI B CBOC BPCMH. OHHU CMOI'JIH IOHATH pas-
HUITY MCXKAY YKpaIIaTeJIbCTBOM U CMBICIIOBOI1 Harpy31<oﬁ OpHAaMCHTA.
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Abstract. This article discusses the emergence of the first archi-
tectural ornaments of Ancient Egypt, which laid at the core for further
development.

The purpose of our research is to study the history of the origin
of architectural ornament on the example of Ancient Egypt. The research
shows the influence of Egyptian ornament on world art and architecture.
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The article used comparative research methods: study and analysis of
domestic and foreign scientific literature on this topic.

An important direction in Egyptian ornament is the plant theme.
The lotus flower is the main motif. The research shows specific details
of the Egyptian ornament, which are prototypes of ornaments of ancient
Greek art.

Keywords: Architectural Ornament, Ancient Egypt, Thebes,
Karnak, Luxor, lotus flower, Ancient Greece, symmetry ornament

465
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TECHNOLOGY IN FUTURE ARCHITECTURAL DESIGN
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Abstract. The purpose of reconstructing the evaluation system
of BIM technology in futuristic architecture is to find out some sugges-
tions about the evaluation system of futuristic architecture suitable for
the current era. The methods used in the article are literature survey, ma-
terial analysis and comparative research. Results: Applying BIM tech-
nology to futuristic architecture is undoubtedly the best solution for ar-
chitects. After comparing several existing evaluation systems at home
and abroad, we can sort out some principles of architectural evaluation
systems. Conclusion: The visualization and coordination of BIM tech-
nology are indispensable in futuristic architecture. The reconstruction of
the futuristic building evaluation system needs to be based on the three
principles of planning existing buildings, introducing artificial intelli-
gence, and improving energy efficiency.

Key words: evaluation system; futuristic architecture; BIM; ar-
chitecture; design principles

The development history and trend
of futuristic architecture

In 1914, the Italian architect Sant'Elia published the "Manifesto
of Futurist Architecture". He tried to interpret the new urban image of
futuristic ideals through painting: "The tall and straight buildings made
of concrete, steel, and glass that look like machines are connected into
a huge whole through various bridging bridges and passages, spreading
everywhere. In the 1920s, the Vesnin brothers of the Soviet Union, as
avant-garde architects, designed the competition proposal for the Mos-
cow Labor Palace and the Pravda Building. And V. Tatlin, a representa-
tive architect of the Soviet Constructivist movement, designed the Third
International Memorial Tower. Their architectural designs have broken
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the traditional architectural aesthetic model with rich passion and crea-
tivity, and created architectural forms that represent the future. This kind
of architectural concept was very advanced at that time, even today when
the architectural migration technology and prefabricated building tech-
nology have been greatly developed, such a concept is amazing enough.

The 1960s was the year with the fastest development of futuristic
architecture. The society is in a golden age of vigorous development, and
a large number of technologies are constantly emerging, which seem to
be able to solve all the problems faced by human beings at any time.
Against this background, a group of architects with active thinking and
lofty aspirations emerged. Its representatives include the "Archigram"
movement in Britain and the "Metabolism" movement in Japan. "Archi-
gram" was established in 1961. A group of young British architects with
Peter Cook as the core broke the moral dogma of modern architecture,
and used technology to maximize the imagination of future architecture
and cities. Their works are widely publicized through publications and
exhibitions. For example, in 1964, Peter Cook proposed the concept of
"insert city" that broke the traditional architectural model. The units are
inserted according to the needs to form a three-dimensional city that can
grow and change. The "Metabolism" movement is composed of young
architects such as Kenzo Tange and Kisho Kurokawa in Japan [2]. They
borrowed the concepts of metabolism, circulation, and mutation from bi-
ology, and proposed some ideas for the city of Tokyo in 2000 according
to the living space limitations of the Japanese archipelago [3]. Different
from the purely ideal future city concept of the British "Archigram", the
future city concept of "Metabolism" is more inclined to solve the practi-
cal problems that puzzle them now. As Kisho Kurokawa said: "The sig-
nificance of the future city proposal does not lie in whether the proposal
can exist or whether it can realize technical issues, but in that it prompts
today's contradictions and foresees future thinking" [2]. Taking today's
architecture as an example From the perspective of practitioners, alt-
hough there are many disadvantages in the architecture of that era. But |
have to say that it was a splendid architectural era.

From the 1920s to the present, the whole world is undergoing
rapid changes, and the gradual maturity of computer technology has led
to the rapid arrival of globalization and informatization. Information can
spread to every corner of the world at high speed, and the convergence
of material and culture is also reflected in the field of architecture. Often
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a new concept will soon blossom and bear fruit everywhere. But from
my personal point of view, today's architectural concepts have not un-
dergone earth-shaking changes compared with a hundred years ago. The
arrival of the information age has only accelerated the speed of architects'
works. Population and resources are already the shackles on the necks of
human beings, so I think the development trend of futuristic architecture
is green architecture. However, the development of green buildings re-
quires a sound green building evaluation system as an important tech-
nical support. At this stage, many countries in the world already have
their own green building evaluation system. With the development of
technology, various evaluation systems are constantly improving, and
new versions are gradually released. Due to the strong regional nature of
green buildings and the influence of different climates, resources, geo-
graphical locations and living habits, it is impossible to have an interna-
tional unified standard around the world. Every country and region is
looking for and developing a green building evaluation system suitable
for its own country and region.

BIM Technology Applied in Futuristic Architecture

Judging from the development trend of today's architecture,
computer-aided technology has a strong "lethal" effect on the construc-
tion field, and BIM technology is the most important of computer-aided
technology. Building Information Modeling, BIM concept was first pro-
posed by Professor Chuck M. Eastman in the United States. Later, Jerry
Laiserin defined the concept of BIM in more detail: "The construction pro-
cess and facility management are represented in digital form, and at the
same time, the information exchange and interoperability of the construc-
tion process and facility management are carried out in digital form" [7].

The application of BIM can make the degree of integration of
construction projects reach a new high, the production efficiency can be
significantly improved, and the engineering cost can be reduced at the
same time. These advantages will be reflected in the entire life cycle of
the engineering project. With the huge potential benefits, BIM is quietly
changing the way project participants collaborate with each other. Vari-
ous construction units have established BIM research groups, hoping to
not fall behind in the information technology revolution. All walks of life
also have a unique definition of BIM: Autodesk defines BIM as "com-
putable digital information" created and used in the process of building
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design and construction, which automatically manages these digital in-
formation through program systems, and makes it Derived files can be
correlated and consistent [11]; Compared with other contemporary build-
ings, BIM can play a better role in the design of futuristic buildings.

The first point is visualization. As mentioned above, futuristic
architecture is always full of passion and creativity in architectural form.
Its architectural form is often difficult to describe only in words, so using
BIM technology, the geometric properties and other information of these
building components can be represented in a visual way. In the design
stage, the architect can use the three-dimensional way to complete the
architectural design and present the results directly to the owner. In the
construction phase, construction personnel can use the BIM model to
simulate the construction process, simplify complex construction draw-
ings, and improve the accuracy of building construction. In the operation
and maintenance phase, managers can also use the BIM model to visually
manage space and equipment assets.The second point is coordination.
BIM can integrate information from different disciplines into one model,
which helps project participants communicate and coordinate, and dis-
cover current problems. The coordination function of BIM is reflected in
the following aspects: different professional design coordination, con-
struction schedule coordination, engineering quantity estimation and cost
budget coordination, and operation and maintenance coordination. For
example, using a 3D architectural model during design, you can check
for conflicts and contradictions in pipelines and equipment, and discover
design defects in advance.

BIM technology is an information model technology based on
a huge database. The planning, design, construction, operation and main-
tenance of construction projects can be simulated and analyzed through
computer virtual technology, making the whole process of construction
projects monitorable and controllable, thereby reducing costs, shortening
construction periods, and ensuring construction quality, so as to achieve
refined management in a true sense. Therefore, the application of BIM
technology in futuristic buildings is undoubtedly the best solution for
current architectural designers.

Reconstructed green building evaluation system
For futuristic architecture, green architecture is not only the trend
of future development but also the key to make it stand out among many
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buildings. With the support of BIM technology, how to construct the
evaluation system of futuristic buildings in green buildings is particularly
important. The evaluation system construction of green building is a sys-
tematic project, covering many aspects. Take LEED in the United States,
BREEM in the United Kingdom, ESGB in China, and IRIIS in Russia as
examples.

LEED in the United States mainly examines and judges the im-
pact of buildings on the environment from 8 aspects: integrated design,
location and transportation, sustainable site design, effective use of water
resources, energy and environment, resources and materials, indoor air
quality, and innovative design. There are several judgment clauses in
each aspect. LEED certification is applicable to almost all building types
and evaluations at different building stages. Its certification system (V4)
includes the following 5 categories: LEED BD+C: applicable to newly
built or renovated buildings; LEED ID+C: applicable to Evaluation of
interior decoration; LEED O+M: Applicable to the evaluation of the im-
provement of the operation and maintenance performance of existing
buildings; LEED ND: Applied to the evaluation of community planning
and development; LEED HOMES: Applied to residential evaluation. The
content of BREEAM indicators in the UK can be divided into four cate-
gories: global content, regional content, indoor environment content, and
use management content, mainly from management, health and comfort,
energy, transportation, water resources, materials, waste, and land use.
10 indicators of ecology, pollution, and innovation are used to evaluate
the built environment, and each indicator has a number of corresponding
provisions. Its evaluation system is divided into the following four cate-
gories: Master planning, used for community evaluation; New construc-
tion, used for evaluation of new residential buildings, office buildings,
commercial buildings, medical buildings, etc.; In-use, used for residen-
tial buildings Evaluation of other existing public buildings; Refurbish-
ment and fit-out, applicable to the evaluation of renovation of various
buildings. China's ESGB emphasizes the principle of adapting measures
to local conditions in the evaluation content, and comprehensively eval-
uates the performance of energy saving, land saving, water saving, ma-
terial saving, and environmental protection during the entire life cycle of
the building in combination with the characteristics of the climate, envi-
ronment, and resources of the building's location, including seven parts:
land saving and outdoor environment, energy saving and energy utili-
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zation, water saving and water resource utilization, material saving and
material resource utilization, indoor environmental quality, construction
management, and operation management. The evaluation of the design
stage does not involve construction management and operations manage-
ment. ESGB is applicable to the evaluation of all kinds of civil buildings,
the main evaluation objects are residential buildings and public buildings,
and it is not suitable for the evaluation of industrial buildings and com-
munity or municipal engineering. Russia's IRIIS conducts a comprehen-
sive evaluation from three aspects: economy and management, life and
quality, and ecology and climate, including the perspectives of invest-
ment income of buildings, experience of serving people, and ecosystem
protection. Compared with the evaluation systems of other countries,
IRIIS focuses more on the impact of construction on the surrounding
community environment. In addition, the index of increasing employ-
ment rate for local residents has been added to the evaluation system.

People need to rediscover the relationship between man and na-
ture, starting from a friendly attitude towards nature, from the production
of building materials to the design, construction, use, maintenance, and
dismantling of the entire life cycle of the building, so as to consume the
least energy and produce the least amount of energy. It is an evaluation
system with the characteristics of the post-industrialization era, with
waste and greenhouse gases as the core, and the maximum use of natural
resources as the highest standard and criterion. And fully pay attention
to the role of artificial intelligence in the entire building construction pro-
cess, from building design to construction to maintenance, let artificial
intelligence fully participate. Therefore, the evaluation system of BIM
technology in futuristic architectural design should have three points that
need to be rebuilt.

The first point is to plan the existing buildings. Starting from the
planning system of green buildings, the existing buildings are utilized to
the maximum extent. By retaining the external shape of the existing
building and changing the internal function of the existing building, the
maximum effect of resource saving is achieved. Demolition and recon-
struction is always the most resource-wasting form, and the functional
transformation of old buildings emerging from European and American
countries not only retains local cultural characteristics, but is also the
most energy-efficient and environmentally friendly green building de-
velopment method in principle. In addition, for the futuristic ancient
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buildings that are still in Russia today, the principle of "repairing the old
as the old" should be adhered to. For these "cultural relics" of the old era,
the renovation of the interior and exterior of the building should be min-
imized, but the load-bearing structure should be reinforced on the basis
of the original building structure.

The second point is the introduction of artificial intelligence. Af-
ter the futuristic architecture combines BIM technology, it also needs to
introduce contemporary artificial intelligence technology as one of the
parameter indicators. It is very necessary to use new technologies rea-
sonably, such as ChatGPT, which is very popular recently, can be trained
in a targeted manner, and then make it a professional construction ope-
ration management software. VR/AR+BIM+AI, combined with con-
struction and operation data resources, can continuously improve the de-
sign, upgrade the iterative planning prototype, and meet the owner's of-
fice and living needs. At the same time, it can also realize the intelligent
operation and maintenance management and control of the building, re-
alize the effective digital management of the space, assets, equipment
and facilities in the building, and have the functions of operation, detec-
tion, early warning, analysis, and command.

The third point is to improve energy efficiency. The architectural
design concept has changed from linear design to circular design. That
is, the main building materials can be recycled and reused. For example,
wooden materials and prefabricated building materials in buildings can
be recycled to improve energy efficiency inside buildings. Combining
the green building standards of all countries in the world and Russia,
there must be clear data requirements on energy efficiency. For example,
the electricity consumption standards of green buildings should be at
a lower level than that of general buildings of the same level, that is, in
public lighting, air conditioning, hot water and other uses. In terms of
electricity, the comprehensive power consumption density should be
30% lower than the regional standard.

Conclusion
Based on the above analysis, I believe that the fundamental prin-
ciple for evaluating future green buildings is to live in harmony with na-
ture. A good building should have three levels of dialogue. One is to be
able to communicate with the environment and respond to the impact of
the surrounding environment; the other is to be able to communicate with
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the society, with humanistic quality and care; the third is to be able to
communicate with the times and respond to the themes of environmental
protection and artificial intelligence. Since the development of BIM tech-
nology in the early 20th century, it has inevitably lagged behind in the
evaluation system of futuristic architecture. Therefore, the purpose of re-
constructing the futuristic architectural BIM technology scoring system
is to find suggestions for the futuristic architectural scoring system suit-
able for the current era. After comparing the existing green building eval-
uation systems (such as LEED in the United States, BREEM in the
United Kingdom, ESGB in China, and IRIIS in Russia), it is not difficult
to find that due to differences in the history of building development,
social and economic development levels, and climate regions in various
countries, each the evaluation methods are also different. Diversified fea-
tures. They have different evaluation index frameworks and index
weights, and they all have supportive policies and incentives with ethnic
characteristics. Therefore, futuristic architecture has the advantages of
visualization and coordination after combining BIM technology, but it
must also be based on the regional characteristics and actual conditions
of Russia. Based on the three principles of ensuring existing building
planning, introducing artificial intelligence, and improving energy effi-
ciency, the evaluation index system suitable for future buildings is re-
constructed.
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MNPOEKTUPOBAHUSA OBBEKTOB APXUTEKTYPbI
JJIs1 COXPAHEHUA ITAMSTH HA TEPPUTOPUSX,

CBSA3AHHBIX C BOOPY>KEHHBIMU KOH®JINKTAMU

T'omec Jlonec A.B., acnupaum
Pyxosooumens: Onee Bumanvesuy buxk, x.apx.,
Henapmamenm apxumexmypbl, UHIICEHEPHAS AKAOEMUs,

Poccutickuii ynusepcumem 0pyacowl napodos, Mockea, Poccus
1042205102@pfur.ru

Annoranus. [Iponecc, HauaTsiii B koH1le 2016 rona ¢ moamnuca-
HUA MUpHOro CorjamieHus, IMOJOXWI KOHEI BOOPY>KEHHOMY KOH-
¢nukTy, nmuBniemycs 6osee 60 set. B paMkax 3Toro mporiecca ObuH
pa3paboTaHbl apXUTEKTYPHBIC MIPOCKTHI, HAPABJICHHBIC HA UHIUBUIY-
QJIBHOE U KOJUICKTUBHOE BO3MEIIICHHUE yIIiep0Oa )KepTBaM, pEUHTETPALIUI0
OBIBIIMX YYACTHHKOB OOCBBIX JCHCTBUI M 00CCIICUCHHE XOPOIICH JKU3-
HHM MECTHBIX OOIIHH.

B 371011 cTaThe aBTOP aHAIM3UPYET HEKOTOPBIC METOIBI, HEO0XO-
JTUMbIE TS (hOPMYTUPOBAHUS apXUTEKTYPhl Ha 3THUYECKUX TEPPHUTO-
PHUSX B TIOCJIEBOCHHBIN MEPHO/I, C YIETOM COIIMOKYIBTYPHBIX, YKOHOMHU-
YECKUX U SKOJIOTHUYECKUX YCIIOBHIA, OT TEOPETUIECKOTO 0030pa KOHIIET-
MU U aHallKi3a A0 TEMaTUYECKOTO UCCIEIOBaHUSI, BCE B paMKax peaiu-
3allMd  aCIUPAHTCKOM JHCCEepTallid B POCCHICKON yHHMBEpCUTETE
npyx0a HapoJIOB.

KuioueBble ciioBa: apXutekTypa Ui MaMATH, YCTOWYHUBOCTS,
MECTHBIE MaTepuaibl, STHUYECKUE TPYIIbI, MOACPHU3ALMS, KYIbTYp-
HBIH LICHTP, IIOCIEBOCHHBIN NIEPUOJL, MY3€H IAMITU

OyHIaMEHTANBHBIM H3MEPEHUEM apXHUTEKTYPHI ABISETCS Ia-
MSITh, KOTOpast CO37]aeT OCHOBY JUIsI CBA3H MPOLJIOT0O C HACTOSILUM U OY-
aymmM. Takum o0pa3oM, MamsITh HANPSIMYIO CBSI3aHA C apXUTEKTYPOH,
MOTOMY YTO, HE 3HAs, I'/le MbI ObUIH, MBI IOHSTHS HE UMEEM, Ky/a HJIEM,
y HaC HET HUKAKMX OPUEHTUPOB'. B apXuTeKType ecTh MOTEHIMA, 3a-
KIIIOYAIOIIMACS B €€ CHOCOOHOCTH TMepelaBaTh MaMsTh HapOJOB.
B »TOM TekcTe apXHTEKTypa paccMaTpUBaeTCsa Kak MOJE3HOE CPEACTBO

1 «Te, KTO HE MOXKET BCIIOMHHTH IIPOIIIOE, OOPEUCHEI TIOBTOPSITH €ro» — MOMyJIsIpHAas
¢pa3za Xopxe Ortoctuna Huxonaca Pyuca ne Canrasus! (1863—1952). Ucnanckuit ¢u-
J10co(), TIO3T U NMUCATEh HA AaHTTIHHCKOM SI3BIKE.
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JUISL CO3JIaHMsI 3MOIIMOHAIBHBIX CBA3EH C MPOCTPAHCTBOM U C MECTOM,
TS COXPaHEHUsI U MPOOYKIEHNSI KOHKPETHBIX MEPEXKUTKOB, CBSI3aHHBIX
C MPOILLTBIMU BpeMEHaMH, BOCIIOMUHAHUSMH U IPE0OPa30BaHUSIMHU B OT-
HOILICHUU COCTOSHHS STHHYECKHX TeppuTopuil B KomymOuu, KoTopbie
MOCTPaAaId OT BOOPYKEHHBIX KOHPIUKTOB. APXUTEKTYpa 00Ja1aeT mo-
TEHIIUAJIOM IIPUJATh IPOCTPAHCTBY OTTEHOK IPUCYTCTBUS U OTCYTCTBUSI.

s 0011ero moHMMaHus TEKYILETo COCTOSIHUS TPOOIeMbI HE00-
XOJMMO PAacCMOTPETh aCHEKTHI, KOTOPhIE OHA OXBATHIBAET (CM. puc. 1),
3aTe€M pacCMOTPETh BKJIAJ ¥ OTIBIT HA HALIMOHAJIEHOM M MEKIYHAPOIHOM
YPOBHSX, a TaK’K€ BMECTE C aHAJIM30M TEMAaTHYECKOTO HCCIEJOBAHUSA,
npoBeneHHOro B KorymMOuu Ha mosmyropoacKoii ¥ CeNbCKON TEPPUTOPHH.
AHanu3 METOI0B U ACHCTBUMN, TPUMEHSIEMBIX B IPEAIOKEHUSAX Ha CEIb-
CKHX M 9THUYECKUX TEPPUTOPHSIX.

% METOAONOMMYECKAA
) AWATPAMMA

WCTOPUMECKIAV KOPEHD
COLIMOKYNbTYPHbI KOPEHD
CENLCKWM KOPEHL

KOPEHb NPOEKTA
3KONOrM4ECKMN KOPEHD

COLMATTBHO-3KOHOMUYECKIAV
KOPEHB

NONUTUYECKMIA KOPEHD

(LK RN BON N N

Puc. 4. Cxema MeT0/10/10TMH AaHAJIM32 MPODJIEM
Cxema asmopa

2 Cxema MeTomojlorud B3sTa M3 https:/la.network/planos-vivos-la-arquitectura-se-
desde-la-comunidad/?platform=hootsuite, rie 0OBSICHIIOTCS aCHEKTHI, KOTOPBIE CIICAYET
YYUTBIBATh IIPU AHAJIU3E STHUYECKOM TEPPUTOPUU.
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Hcmopuueckoe u nonumuueckoe usmepeHue: Anamus mpo-
Hecca HaCHIIUs, KOTOpOMY TOABEPTIach OOLIMHA, SBJISIETCS IEPBHIM IIa-
TOM K TIOHUMaHHIO 3TaroB U, TaKUM 00pa3oM, K MOMCKy Hanbosee npu-
€MJIEMOT'0 PELIEHMs], NMPEATAraéMoro B COOTBETCTBHH C PEalbHOCTHIO.
Hctopuueckuii GpakTop cBs3aH C PsAOM MOJTUTUUESCKUX PELICHUI, KOTO-
pble Ha IPOTSHKEHUH BCEH HCTOPUU IPUBOJMIIH K MOJYMHEHHIO dTHUYC-
CKUX U KPECTBSIHCKMX OOIIMH K MEPEMEIIEHUIO0 CO CBOMX TEPPUTOPUH,
MHOT/Ia BILUIOTH JI0 HAPYIIEHHUS TIPaB YeJ0BeKa THX STHHUECKHX TPYIIT.,

Ilpocmpancmeennoe uszuueckoe usmepenue: Paccmorpenue
Te0JIOKalUU My3€s1 BaXXHO, TOCKOJIBKY OHO IO3BOJISIET paclo3HATh TEp-
putopuro [1], MOHATH, HAXOAUTCS M OHA HA TOPOJCKON MIIM CENbCKON
TEPPUTOPHH, B CITydae UCCICIOBAHUS apXUTEKTYPHBI 00BEKT U ero ¢u-
3MYECKUH KOHTEKCT COAEPKAT pa3IMyHbIe XapaKTePUCTUKHU, TAKHE KaK:
pacroyioKeHre B MPOMEKYTOUHON TOUKE MEXKIy BaKHBIMH TOPTOBBIMHU
W TPAHCIIOPTHBIMHU MYTSIMH, BEAYILIUMH K My3€r0. Takke BaKHO yUUTHI-
BaTh Ha HAIIMOHAJIHHOM YPOBHE LIEHTPAIU3ALHMIO IIKOJ, OONbHUL, Tap-
KOB, MOP(OJIOTHH, TTEMIEXOAHON CUCTEMBI.

Ikonozuueckuii acnexm: C 3KOJIOTUYECKON TOYKH 3pEHUS TO-
HSITHO, YTO OOTaTCTBO MOYBHI OBLIO HanOoOJee MPUBJIEKATEIbHBIM (aK-
TOPOM ISl POJOJDKEHHST KOH(UIMKTA Ha CEJIbCKOW TEPPUTOPHH, MO-
3TOMY Oyaydu reorpadmuecKy pacioOKEHHBIMU B LIEHTPAJILHOH H Tie-
PEXOTHOHN 30HE, STHUYECKHE TPYIIbI, HACEISIOUINE 3Ty TEPPUTOPHIO,
CTpajany OT HAaCHJIbCTBEHHOTO MEPEMELICHUsI U MOAYUHEHHUS CO CTO-
ponnl apyrux PBCK-AH*.

Couyuoxynemypnoe uzmepenue: CounanbHas CTPYKTypa 3THX
TPYII MIPOUCXOAUT OT OOJIBIION KOUEBOH KOPEHHOM I'PYIIbI, HACETISB-
et KomymOuio 3a101ro 10 HCHaHCKOW KOJIOHHU3ALWH, 3Ta TPYIIa, 1M0-
JIyuMBIIas Ha3BaHHMe ApaBak’, TyTeIIeCTBOBAIA [0 TEPPUTOPUM BCEr/Ia
B HampaBJIeHHH BOJHI (peku, Oepera, Mops U 03epa) u3-3a CBOCH IKOHO-
MHUYECKOW OpraHu3aluy. 3aHUMAIOTCSI OXOTOH U PHIOATIKON, HO B OCHOB-
HOM H3-3a TOTO, YTO JKUBYT B MpHUOpEXHBIX paiioHax. Ilocne xomoHu-

3 Mexnayrapomroe YBKB OOH kak opraHm3anms, 3allHINAONTas KOPEHHbIE HApOJIHI,
paboTaeT Haj yKpeIUICHHEeM COOOIIECTB ¥ OPTaHU3aUH ITHIYECKUX OOIIHWH, CTPagao-
IMX OT HapyIIeHui npas yenoBeka B Koxymoun.

4 PBCK-AH: PeBomomuoHHbIE BOOPYKEHHBIE CHTbI KomyMOuu — Apmus Haposa, 3T0
naptr3ansl Komymoun.

5 ApaBaku — 9T0 COOOIIECTBO KOPEHHBIX HAPOJIOB, MPOKUBAOITHX B IOkHON AMeprke
n Kapnbckom Gacceiine.
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3alUM B pyKax UCHaHLEB OHU OBLUTH MOJBEPrHYTHI POLIECCY Mopadoiie-
HUS, 4TO NPHUBENO K UX BPEMEHHOMY paccelieHHIo [2], B HacTosIee
BpEMsI 3TH TPYIIIBL, KaK MPaBHIIO, pAaCcIOIaraloTcs B LIEHTPE JKYHIJIEH,
rZle Y HUX €CTh JOCTYI K )KHUBOTHBIM JJISI OXOTHI, OJU30CTh K BOJHBIM
HCTOYHHUKAM U €r0 CBATBHIM MECTaM SIBISETCS OCHOBHOM YacThIO €ro Koc-
Morosun’,

BaxHo noHuMarp, 4To OOJBIIMHCTBO UX TEPPUTOPHUIl SBISIOTCS
OCHOBHBIMH TOYKaMU JUIsl HE3aKOHHBIX BOOPYXECHHBIX (POPMHUPOBAHHMH,
MOCKOJIBKY TOCPENN JKYHTTIEW MOYKHO MEPEBUTaThCA CKPBITHO, HE MIPH-
BJI€Kasi BHUMAHUsI IOJMIUY WM OPTaHOB HALIMOHAJIbHOW 0€30MacHOCTH.

CrneznctBreM MPUCYTCTBHS BOOPY>KEHHBIX TPYIII B 3TUX MECTax
SBIISIETCS TO, YTO OHU HAXOIATCA B SMULEHTPE KOH(IIMKTA, TIOCKOJIBKY,
KOTI'Jla BOOPY’KEHHBIE CHJIBI aTaKyIOT 9TH HE3aKOHHBIE I'PYIIIbBI, OHU Jie-
JIAIOT ATO HA YKa3aHHBIX TEPPUTOPHUAX, IIE MPOKMUBAIOT STHUYECKHE
rpynmnsl [3].

Teoperuyeckuii MOAX0A M ACHEKTHI

br10 cO31aHO MHOXKECTBO MOJIXOA0B K TOHUMAHHUIO KOHIICTIITUN
ApPXUTEKTYPHI MAMATH, U OHA OyJIET pacCCMOTpPEHa B ATOU CTaThe C pa3-
HBIX CTOPOH.

Qunocoghckuit acnexkm: i1 ApuctoTens 3HaHUE IPOUCXOAUT
W3 YyBCTBEHHBIX BIiedariieHWi. [IATh 4yBCTB ONpeAensioT mapaMeTphl
HaBUTAIIUY 10 TPYOOH KapTe pealbHOCTH. 3HAHHE IPUXOIUT K BaM uepe3
yyBcTBa [4]. [leno B TOM, UTO NaMsITh HAXOAUTCS B TOM K€ MECTE IYIIIH,
YTO M BOOOpaKeHHE, HO Pa3HUIIA MEXKTy HUMU B TOM, YTO Y TIAMSITH €CTh
0COOBIIl MHTPENEeHT — BpeMsi. DTo ocTtaBisieT Ham Gopmyny: CeHcop-
Hble BrewarneHus + Bpemsa = Ilamsate [5]. D10 paccyxkaeHne odeHb
CBOEBPEMEHHO TEPETUIECTACT MAMATh C HEeMaTePHAILHBIMHU HJEalIlaMH ap-
XUTEKTYPBHI.

Couyuonocuueckuit acnexkm: 1laMiITh — 5TO MOUCK CTPATErHi,
KOTOpPBIE TIO3BOJISIOT OOMIECTBY Y3HATH, KEM OHU SIBIISIFOTCSI, JUIS JOCTH-
KEHHsI PEIIeHUs TMPOOJIEMbl MPEEeMCTBEHHOCTH W HIEHTHYHOCTH IIO

¢ Bce unpeiickre MUQBI 0 POMCXOXKIEHAA MUPA COIEPKAT PACCKA3 O BEJMKOM ITyTEIIe-
CTBHUH C BOCTOKA M O CBSIICHHBIX KaHO?, TPUTSHYTHIX BBEPX MO MOJIOYHOH peKe IMIraHT-
CKMMH aHAKOHJAMH, JUIsl JIFOJCH, )KUBYLINX CEroiHs B Jiecax [IupamapaHbl, MUp IpH-
POJIBI IPOHU3aH CMbICIOM. Kaxxplili kKaMeHb 1 BOZIOIIA ] MIMEET CBOKO HCTOPHUIO. PacTeHus
1 KMUBOTHBIE — 3TO JPYTHe MPOSBICHHS TOHU e TyXOBHOH cymHocTH. https://batenka.ru/
aesthetics/reading/davis3/.
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OTHOWICHUIO K OyAyIleMy U MPOLIIOMY BPEMEHHU. DTO OCHOBHASI JIMHHUS
MBILIJICHHUS TOTO, KTO XOYeT COXPaHUTh MaMsTh. lIpernenent, KOTopblit
ocTaBiseT Xanb0Bakc [6], — 3TO €ro HCCIeI0OBaHUEe U Pa3BUTHE KOHIIET-
LIUH KOJUIGKTUBHOW MaMATH, OH TOBOPHUT, YTO KOJJICKTHBHAS MAaMSTh —
3TO COLMAIBHBIN MPOLECC PEKOHCTPYKIUH MPOILIOTo, M BCE YTO OBLIO
MEPEKUTO ONPEICICHHON IPyIIoi, COOOIIIECTBOM.

st 3TOrO0 aBTOpa MPOCTPAHCTBO MPHUIAET CTAOMIBHOCTD, T03-
BOJISIS KUTENIO MOYYBCTBOBATh, YTO BEIIN COXPAHSIOTCS U HE TEPSAIOTCS,
MOJYEPKHUBAs 3aT€M, YTO TO MPOCTPAHCTBO, 3aHUMAEMOE APXUTEKTYP-
HBIM OOBEKTOM, CBSI3bIBAET BOCIHOMHHAHHE C IMPOILUIBIM BPEMEHEM H
¢ Oymymmum [7].

Apxumexmypuwoiii acnekm: Korjga eno I0OXOAWT A0 MaMATH
U apXUTEKTYpHl, BXKHO MPOBEPHUTH TEKYILEE COCTOSHHE OOBEKTa, 3TO
CBSI3aHO C XapakTepoM B3aMMOACWUCTBHUS IIOJEH, KOTOPOE BO3ZHUKAET
B pe3yJbTaTe MOCTOSIHHOTO COMIOCTABJICHUS C YKa3aHHBIM KOMIIOHEHTOM.
Paznple 101 GOPMHUPYIOT COBMECTHOE BOCIIPHSITHE, UMES IOCTYT K O1-
HUM H TeM Xe MPOCTPAHCTBAM U MECTaM, 4yepe3 KOTOpble OHU OOBITHO
MPOXOJAT B CBOEH NMOBCETHEBHOW JKU3HHW, U OTCIOJIa HAYMHACTCS BO3-
MOJKHBI aHAJIN3 WX Ka4yecTBa JKU3HU.

C apyroii cropoHsl, Xoce Mopaiec npeacrasisieT Ooee mupo-
KYIO0 BEPCHIO OIpEJIeIICHUs] TTaMSTH, OT/aBasi MPEIIOYTeHHE BOCTIOMHU-
HaHUAM: «IDTO PUTYPHI, KOTOPBIE MPEJICTAIOT IEepPel HaMH, B OCHOBHOM,
B BHUJIC HE3aBEPIICHHOTO U (pparMEeHTapHOTO MHUpPA BCETO TOTO, YEM SIB-
JII€TCS TOPOJI U €r0 apXUTEKTypa» [8].

BoccTraHoBneHrne pocTpaHCTBa Tpareuu — 3TO MaTepramn3a-
1Sl BOCTIOMUHAHWA. DMOIIMOHAIBHAS TPUBS3aHHOCTh T€X, Ubsl KHU3Hb
OKa3anack MO yrpo30i, IpUIaeT 3TOMY MECTY JOMOIHUTENHHYIO IIeH-
HOCTb. BOT mouemy TpeOyercss MpUMEHEHHEe CHMBOINYECKOTO S3bIKa,
MPOCTPAHCTBA MPHOOPETAOT CMBICH OJjaromapsi AEHCTBUSM dYellOBEeKa
B HEM, HO, KOT/Ia OHH CTaHOBATCS Y€M-TO HEOIMCYEeMbIM, 3TO TpeOyeT
mporiecca KOaUpoBaHus. B 3Tux ciaydasx CBA3b apXUTEKTYPhI U TaMSITH
OUYEeHb TECHA, & «CHIPbEM) SBIISTIOTCS OIIYIIEHHS 1 BOCTIOMUHAHUSA [9].

[TornMaHue maMsITH C TOYKH 3pSHHS KOHIIEINH genius loci, Tre
31aHHE SIBJISIETCS BMECTWIIMILEM BOCIIOMUHAHUN, HCTOPUI U 3HAUCHU,
KOTOpBIE OKUBJISIOT 37aHHWE, B TOM CMBICIE HEOOXOJMMO BOCCO3IATh
SMOLIMOHAIFHOE, YTOOBI OIBITATHCS MBICIIEHHO PEKOHCTPYHUPOBATH yKe
HE KXy CTEHY W KaXKIblii KaMEHb, a MCTHHHBIN CMBICT 3[aHUS U
HACTOSAIIIas IEHHOCTh apXuTeKTypsI [10].
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Hcmopuueckuii acnexkm: B TOHMMaHUU 3TOTO acleKTa BaKHO
npusHaTh Bkian Llleserana TogopoBa, KOTOPBIH TOBOPHT, YTO 3a0bIBa-
HHUE — 3TO €CTECTBEHHBIN MPOLIECC, YUUTHIBAS, YTO HaM, JIFOJSIM, 1aeTCs
0eCKOHEYHOE KOJIMYECTBO MH(OpPMAIMM, 3aCTaBisisi HAC BBIOMPAThH TO,
YTO 3anIoOMHMWIOCH [11]. BoT mouemy pa3yMHO TrOBOpPHUTbH, UTO MaMSATh —
3TO OT(GUIBTPOBAHHOE U PEKOHCTPYHUpPOBaHHOE mpolrioe. OH BBIHOCUT
Ha 00CYXJICHHE TEOPETUUECKOE KOJTMYECTBO aKTOB, HAMIPABICHHBIX MPO-
THB YEJIOBEUECTBA BO MM MAaTPUOTH3Ma M BIACTH B UCTOPHUH, OH JAET
MOHATH, YTO HEOOXOAMMO KPUTHYECKH B3IJIIHYTh Ha COOCTBEHHOE MPO-
LIUIOE, TTOKA OHO CyIeCTBYyeT. HyHO MOIXOAUTH KO BCEMY B I'pa</aH-
CKOM M 0OBEKTHBHOM JiyXe . DTO CTaBMT HAC MEpesl BOIPOCOM O TOM,
KaK CJIEyeT CIPaBIAThCA C TPaBMaMH MPOILIOro, IMEHHO TakK Kakaas
TpyIa U coobuecmeo MOTYT CAENaTh BEIOOP B MOJIB3Y Pa3BUTHS 300PO-
BOH MJIEHTUYHOCTH.

MeTtonos10THsl M TeMAaTHYeCKOe HCCIeI0BaHUe

ApXHTeKTypa MaMATH U STalbl BMELIATENbCTBA HA TIOCIEBOCH-
HOU TeppuTopru AHApeac XIOCCeH, KOTOPHIN B cBoei pabore «Bokpyr
NaMATH ¥ HPOCTPAHCTBAY® MOAPOOHO OMUCHIBAET PA3IMYHbIE MOIXOIbI
K TOMY, YTO IPEACTABISET COOOH apXUTEKTypa namsTu B I epmanuu mo-
cie HanucTckoro Xomokocta [12], atot noaxon Annpeaca X. Ilepene-
CEH Ha COBPEMEHHBIN ITAJIOH, KOTOPHIN CBS3BIBAET €r0 JUTEPATYypPHBIE
MPOU3BENEHHS C MPOEKIUel My3est Ha naMAaTh o FOxxHolt Adpuke, nmes
B BUJY BpeMs1, KOT/1a [TOCTIE Pa3InYHbIX MacCOBBIX YOUHCTB U BOOPY KEH-
HBIX KOHQIUKTOB B 1991 roay ObLT 0OBSBICH KOHEI] anapTeI/Iz[ag, HacJie-
e Anzapeaca XblOcCE€Ha CErofiHsl CTAaHOBHUTCS BHIUMBIM B My3ee red
location B ropoake Hrro-Bpaiiton B Ilopt-Onuzaber, FOxnas Adpuka.

7 Genius loci, ['eHuif MecTa WM TyX MeCTa, BEIPAKEHHE IPHMEHAMO K YEJIOBEKY, PEB-
HOCTHO 00€eperamieMy HeOBTOPUMYI0 aTMochepy MecTa.

8 B momckax yTpaueHHOTo Gy IyIero 5To COOpHHK cTaTel HeMenkoro ¢gunocoda, B Ko-
TOPOM OH Pa3MBIIUIET O BPEMEHH, [TaMSTH, HAIMOHATGHON HICHTHIHOCTH M HCTOpHYE-
CKHUX TPaBMaX C TOYKHU 3PEHUSI HEMEIIKOTO JiefIa.

® Cuctema pacosoii cerperanmu B FOxnol Adpuke u Hamubuanore meifcTBoBana mo
1992 roma. Dta cucTeMa pacoBOM Cerperamyy 3aKiF04aiach B CO3IAHUU OTAEIBHBIX
MECT, KaK KWIbIX, TaK U y4eOHBIX HJIM Pa3BICKATENbHBIX, I Pa3INYHBIX PAcOBBIX
TPYHII, B UCKITIOYUTEILHOM TIpaBe JIUI ¢ OeIoi KoXkel ToJI0coBaTh U B 3aIpeTe OpakoB
WITN JJaXKe CEKCYAIIbHBIX OTHOIICHUH MeXy OSITBIMH H YePHBIMH.
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Myseii u nycmoe npocmpancmeo

Xroccen npusHaeT Jlanuans JIOEHCKUHIA OTHUM U3 HEMHOTHX
ApXUTEKTOPOB, MPU3HABIIKX [IEHHOCTh MYCTOTO MPOCTPAHCTBA, ITO ITy-
CTOE MPOCTPAHCTBO CTPEMUTCS CHOPMYIHPOBATH B3aUMOCBS3b MEMKILY
MEPESIKUTHIM MPOCTPAHCTBOM U MEPESIKUTHIM BPEMEHEM, 3TO OBUIO J0-
CTUTHYTO Oiarojapsi B3auMOJICHCTBHIO IBYX JINHHUH, OJJHA — MpsMasi, HO
(parMeHTHpOBaHHAs, a JApyras — W3BHJIHCTAs, HO MPOAOJDKAIOIIAsICS
OECKOHEYHO, yKa3aHHasl IPOJIOJIbHAS OCh, KOTOPasi MHOTOKPAaTHO Iepe-
CEeKaeT 3Ur3aroo0pasHbIe CTPYKTYPHI 31aHHs, IEPEBOTUTCS KaK IYCTOTHI,
TaK Ha3bIBAJl apXUTEKTOPOM JIMOSHCKUHIOM.

Puc. 6. ApXHUTEKTYpHBIN IJIaH, B KOTOPOM NPOMEKYTKH
W 3Ur3aroodpasHas (opMa 04eBHIHBI, BHI3LIBAIOT BOCIIOMHHAHMS
U pa3MBbILLIEHHS B My3ee
Cevinka: http.//marionbarbe.canalblog.com
/archives/2010/11/09/19562941.html

OTHUM MyCTOTaM yJaeTcs OTChUIaTh K OTCYTCTBYIOILEMY, TEM,
KTO CTpajaj B TO BpeMs U KOTO CETOJIHS YK€ HET U K UCTOPHH, KOTOpast
Obula mpepBaHa KOHQUIMKTOM, 3Ta MYCTOTa B MPOCTPAHCTBE SBISETCS
TOYKOH Mepexosa, rAe BO3MOKHO OTPaKEHUE TEMH, KTO JKUBET B 9TOM
npoctpanctBe. B mpeacrasnenuu npoekta RED LOCATION apxutek-
Top Jxo Hospo cocraBisatoT auszaiiH ¢ Hyns U3 12 pkaBbIX SIIMKOB,
B KOTOPBIX XpaHATCS NaMaTHbIE Bemu o 0osax B FOxHo#i Adpuke [13],
SIIIUKA HaXOAATCA B IJIaBHOM IOMEILIEHHWH, apXUTEKTOp IepeMeInacT
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MyCTOE MPOCTPAHCTBO, O KOTOPOM TOBOPHUT XBIOCCEH, Onaromaps pac-
CTOSIHHIO MEXK]TY SIIIIUKaMHU.

Myzeii red location uMeeT BO3MOKHOCTB UCCIIEAOBATh HCTOPH-
YECKYIO MaMsATh M KOJUIEKTUBHO BOCCO3/IaBaTh MPOILIOE, U TAKUM 00pa-
30M MOJIOJIBIC JIFOIA OTKPBIBAKOT [T 0l MPOIILIOE W MMOHUMAIOT Oy Y-
miee.

My3eii oTBedaeT Ha psiJl BOIPOCOB, KOTOPHIE, B TPOTUBHOM CITy-
4ae, ObUTO OBl HEJIETKO MOHATh. B3pociibie, KOTOphIE HIMEIOT OTHOIIIEHUE
K UCTOPUSIM, TaK)K€ OTKPBIBAIOT YacTh ce0sl, KOT1a BO BpeMs IKCKYPCHUHU
M0 MY3€H0 PacCKa3bIBalOT CBOM COOCTBEHHBIE OMoOrpaduu Ha CTEHaX,
I[BETaX U TEKCTypax.

Puc. 7. U300paxkeHne uHTepbepa My3esl, I/ie ADXUTEKTOP CO3/1aeT
MePEropoaKu Me:KIy KOHTellHepaMu, YTOOBI AaTh MECTO ISl MaMATH
M Pa3sMbIILICHUI
Ccuinka: https://aasarchitecture.com/2012/10/red-location-museum-by-noero-
wolff-architects/

BrlmeckazanHoe OTpa)kaeT BO3MOXKHOCTh OCBOOOAWTH pasyM
Jutst my3es. KaBanar [14], KOTOpBIit OTMETHIL, YTO My3€H BOILIOLIAIOT TPU
(OpMBI CHMBOJIMYECKOTO IPOCTPAHCTBA!

* 00ecreunBarOT POPMATLHOE B UHTEIUICKTYAIEHOM CMEICIIE

* IPEIOCTABIISAIOT «COLMATIBHBIC TIPOCTPAHCTBA»

* IPEJOCTABISIOT «IIPOCTPAHCTBA MEUTHI»
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Yro kacaercsl cOUMalbHBIX MpocTpaHcTB, KaBaHa [14] o0bsic-
HSET, 4TO 3TO IPOCTPAHCTBA, C KOTOPBIMHU JIIOJU B3aMMOAECHCTBYIOT
HE3aBHCHUMO OT XapakTepa BbICTaBOK. [Ipu mocemeHnu My3es yKpems-
I0TCS CBSI3M MEXTY TIOAbMU. «HacTh 3TOM CBSI3M YKpEIUIAETCS 3a CUeT
00OMEHa OIBITOM IOCELICHUS U, B YaCTHOCTH, 32 CUET 0OMEHa JIMYHBIM
1 KOJIJIEKTUBHBIM OIIBITOM, a TaKK€ BOCTIOMUHAHUSIMI».

Nmenno cuna namatu B mysee Red Location mo3BosnsieT mocetu-
TeJISIM y3HaThb eule Oomnpiue. Koraa moan cTalkuBaloTCsi CO CBOMMH HMO-
UMM, OHH, KaK IIPaBUIIO, HEJIETKO 3a0bIBatoT. My3eu namsTi — 3T0 Me-
CTa, I/Ie BCTPEYAlOTCSl BOCIIOMUHAHUS U UCTOPUH, M 3TO MOXET OBITH
SMOLIMOHAIBHBIM IIepeknBaHueM. Kpome Toro, 1pyroi BaXXHOH MOTEH-
nUanbHON posbio Myses red location siBiseTcst ero BaKHast poJib B CO-
neicTBuM appukaHuzauuy odmecTsa. [Ipu3sHanneM npodieMaTHaHOCTH
SIBJIACTCS MOAXOM K apXUTEKTYPHOMY MPEIOKEHHUIO.

3akiouenne

B namem ciydae, KOTOpBI OCTaBUJI HaM HaclleAne KOIyMOMii-
CKOro KOH(JIMKTa Ha MPOTSHKEHUHU MAECSATUIICTHH, apXUTEKTypa HECeT
STUYECKHUI JIOJT 10 CO3JaHMIO U COXPAHEHHIO IaMATH, MECT IIPUMHUpE-
HUs. MBI, Kak cTpaHa, elle He cAeJaad 3TOro pemuTeabHo. B coorBet-
CTBHM C HaIlIed TpaauLUed Mbl HOCTYNHJIM MHA4YEe W PEIIWIN CTEpPETh
1 MUHUMH3HPOBATH OOJIb THICSY KEPTB KOH(IIUKTA.

B cooTBeTcTBUM € 3TUMH ONPEAEICHUSIMA MBI BUANM, YTO UAES
NaMsITU B apXUTEKTYpE BBITEKAET HE TOIBKO U3 UK BOCTIOMUHAHHS HIIH
3a0BeHus1, HO, CKOpEE, U3 UAEOIOTHYECKOI0 U MHOTOMEPHOT'O COCTOSTHHUS,
KOTOPOE TOBOPUT HaM O HEOAHOPOIHOM CTPYKTYPE, B OTHOLIEHUH KOTO-
POTO NOIDKEH OBITH TOAHST HOBBIHM OAXOM K apXuTeKkType. C 3TOl ToOuKn
3peHuss Mbl MOTJIM Obl paboTaTh C apXUTEKTYPOH, KOTOpas ynpaBisieT
MECTOM, KaK CTUMYJIOM [UI CO3AaHUsI apXUTEKTYPHOH HOBU3HBI U3 CO-
UANBHON JUHAMUKH, KOTOpas oOpabaThiBaeTCsl B MPOCTpaHCTBE (IMy-
CTOM M 3aII0JIHEHHOM), IIPH YCJIOBHH, YTO 3TO HOBOE IPOCTPAHCTBO I10-
CTPOEHO BMECTE C IaMSTbIO, HO IIPEXJE BCET0, YTO NMAMSITh — 3TO TO, YTO
CBOWCTBEHHO OOIIECTBAM, a HE CTOJIBKO MECTaM.

Takum 00pa3om, HOBbIE TPOCTPAHCTBA, CO3J]aBaeMble Ha ITOU
TEPPUTOPHUH, TOJDKHBL, 0€3 COMHEHHsI, IMETh MOHATHE MaMATH C COLU-
aJbHOM M KyJbTYPHOM MPOEKLUUEH, MPOCLUPYEMON HA apXUTEKTypPHOE
MPOU3BENEHHE U CO3EPLAHMS, B UCTOPUUECKUI KOHTEKCT, apXUTEK-
TypHOE IPOU3BEICHNE BCETAa FOBOPUT O HACTOSAIIEM C MPOEKLHUEeH Ha
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Oyayiiee HECMOTPS Ha TO, YTO HE3aBHCHUMO OT TOT'O, OIMPAETCS JU OH
Ha HEKOTOPBIE NCTOPUUECKUE TIEPEMEHHBIE MPOIIUIOTO WU HET.

B xonkperHoM ciyuae KoaymOnn MOXHO yTBEpXIaTh, UTO Ta-
MSATBh — 3TO CPEACTBO, MTO3BOJIAIONIEE MOUYBCTBOBATH MPUHAIEHKHOCTh
K MECTy W JBUraThbcs B OyZyliee, apXUTEKTypa 00s3aHa MaTepUuaIn3o-
BaTh NAMSTh, YTOOBI MBI HE 3a0bIBaJI CBOE MPOILLIOE.

BaxHO yUHUTBHIBATE, YTO POJIb APXUTEKTYPBI B COUETAHUH C APY-
MMM AUCHUIUIMHAMY, TAKUMH KaK 9KOHOMHUKA, COIIMOJIOTHs, ECTECTBEH-
HbIE HAYKH, MOXKET B 3HAUUTEIBHON CTENEHN YCWINTH MOJIOKUTEIBHOE
BIIUSTHUE apXUTEKTYPHOIO IPOEKTA HA TEPPUTOPHIO.
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Abstract. Colombia is going through a transition process that
began at the end of 2016 with the signing of the Peace Agreement, which
put an end to an armed conflict that had lasted for more than 60 years.
As part of this process, architectural designs have been developed aimed
at the individual and collective improvement of victims, the reintegration
of ex-combatants and the good life of local communities.

In this article, the author analyzes some necessary methods for
the formulation of architecture in post-war ethnic territories, taking into
consideration the sociocultural, economic, and environmental conditions,
from a theoretical review of concepts and analysis to a case study, all
within the Framework of the doctoral thesis at the Peoples' Friendship
University of Russia

Keywords: Architecture for memory, sustainability, local mate-
rials, ethnic groups, modernization, cultural center, post-war period, mu-
seum of memory
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Abstract. Although today the issue of sustainability has attracted
the attention of architects and urban planners, but a brief observation of
contemporary architecture shows that in practice, buildings rely on the
power of technology to meet human needs, and the capabilities of climate
and environment in meeting human needs have been neglected in the
construction of buildings. While the traditional architecture of Iran in
ancient times has always brought thermal comfort to its residents. The
coordination of building principles with climatic conditions has resulted
in environmental comfort, saving energy and controlling environmental
conditions.Therefore, reinterpretation of these features can be used in
contemporary architecture as rich patterns of past architecture. The issue
raised here is the capacities of native architecture for use in modern
architecture. This research, with descriptive and analytical method With
a practical purpose and with the method of qualitative and quantitative
inference, a field analysis of native houses in the hot and dry climate of
Iran (a case study on the houses of Yazd city) was carried out, and data
collection was done with the help of library studies and field
observation.The findings of the research show that in many cases, native
housing patterns of hot and dry climates have a significant effect on
improving the thermal comfort of building users.

Keywords: principles of architecture, traditional housing, Hot
and dry climate,Thermal comfort of the building, Traditional architec-
ture of Yazd
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INTRODUCTION

The traditional architecture of Iran has unique features that,
while paying attention to the environment, also responds to the climatic
needs of each region, which is abundantly visible in kot and dry climate
regions. In this regard, it is possible to improve the architecture of today's
buildings by knowing and examining the principles of traditional
architecture and the characteristics that are suitable and compatible with
the climate. In this research, first, the principles of traditional housing
design in hot and dry climates are examined and then, according to the
studies conducted and the qualitative investigation of the architectural
features of this climate, the effective factors in the thermal comfort of
people will be deduced through the structural principles of traditional
architecture.

The purpose of this research, Understanding the design strate-
gies of indigenous housing in hot and dry areas that meet the needs of
contemporary housing in relation to the thermal behavior of the building
and investigating the effect of the shape of the building in hot and dry
areas on the issue of thermal comfort in the building.

The research hypothesis is based on the principle that the
principles of native housing design criteria in thermal comfort the users
of the space is effective, in this regard, the main question of this research
is how the principles and characteristics of native housing in a hot and
dry climate can be effective in the thermal comfort of the users of the
building? The findings of the research can lead to providing solutions for
the revival of past architecture in contemporary housing in relation to the
climate and environmental conditions and improving the quality of
design in contemporary housing architecture.

HOT AND DRY CLIMATE

Hot and dry climate is one of the conditions affecting
architecture. Climatic features in this region: lack of water, extreme heat
in summer along with sand storms at some times of the year and wind
blowing in different directions as well as extreme cold in winter. The
main indicator of architecture in this climate is introversion. In a hot and
dry climate that has strong storms and high heat in summer and extreme
cold in winter, harmony with the environment and nature is necessary. In
these areas Due to strong sunlight in summer and extreme cold in winter,
the location of the building should be in south and southeast direction to
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receive more energy in winter season. Also the use of wind deflectors in
Hot and dry climate plays an important role in energy management. In
fact, wind deflectors do the work of suction [1].

PRINCIPLES OF TRADITIONAL IRANIAN ARCHITECTURE
IN HOT AND DRY CLIMATE (YAZD)

In the hot and dry climate of Iran, native cities have a compact
and dense structure and the houses have interconnected walls that the
boundary between them is unrecognizable. The orientation of the
building largely depends on the general orientation of the city. The main
goal in choosing the direction of the building in a hot and dry climate is
to minimize the intensity of the sun in the summer and reduce the daily
temperature in the interior of the building. Another goal is to maximize
the intensity of the sun in winter, and the north-south direction is
preferred [2].

Pic. 1. Dense urban structure in the traditional region of Yazd

Central courtyard: In hot and dry climates, the central courtyard
is the central focus of houses and is considered a social space with an
environmental approach. In Yazd and other cities of the central plateau
of Iran, in the front of the courtyard where there is maximum shade,
a large open hall is designed, which is usually directly or indirectly
connected to the wind turbine. Large rooms behind this hall and Small
rooms are located on the other two or three sides of the courtyard. The
temperature at the bottom of the central courtyard is cooler than at the
top and around the building. With the coming of night, the warm air of
the yard rises and is gradually replaced by the cool night air in the lower
part of the yard. The cool air is stored in the thin layers of the courtyard
bodies and then it is transferred to the spaces and rooms around the
courtyard. In the morning, the air in the central courtyard warms up
slowly and remains cold until the radiation the sun shines directly on the
yard.The hot wind that passes over the house during the day, doesn’t
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enter into the yard and only creates blind spots in the yard. The floor of
the courtyard was paved with square bricks and water and broom were
used to clean it, which made the courtyard cool [3].

Pic. 2. The performance of the central courtyard

Openings: In hot and dry climates, large windows are less used,
especially if they are not prevented from penetrating the interior space
by sunshades or proper orientation of the building. Small windows are
located in the upper part of the walls and almost under the ceiling. In a
hot and dry climate, the outer walls of the central courtyard houses do
not have many windows, because only one side of them faces a narrow
alley and the other side is the neighboring wall. There are many doors
and windows in the inner walls facing the courtyard. Cross-ventilation is
done by these windows, and wind deflectors also help to ventilate the
interior air [4].

SE T

Pic. 3. Windows in the central courtyard

The ceilings: The roof is more exposed to the sun's radiation and
heat than the walls of the house. The hemispherical cover of the arch has
a convex and non-uniform surface that adjusts the sun's radiation in
different directions at different hours of the day by its curved surface.
The hemispherical cover of the arch has a convex and non-uniform
surface that adjusts the sun's radiation in different directions at different
hours of the day by its curved surface. And as a result, it reduces the
temperature of the ceiling. The angle of the sun's rays hitting the domed
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and arched roofs is different from one point to another, and part of its
surface remains in the shade in the morning and evening [5].

Pic. 4. Roofs of houses in Yazd

Wind deflectors: Wind deflector is a part of the body of
buildings in hot and dry areas of Iran, which has an effective role in
regulating the temperature and bringing the temperature of the living
space to the level of human comfort by directing the wind flow and using
the clean energy of nature [6]. In the wind deflector, pleasant wind enters
from one direction and exits in the back direction due to negative
pressure and suction of warm air inside. Also in the path of some
windbreaks There was a niche or closet that had a wooden door to control
the wind, which functioned as today's refrigerators [7].

Pic. 5. Performance of wind deflectors

Walls: Bulky walls are important elements of native houses in
hot and dry climates, which have an average thickness of about one meter.
Concrete and brick are not good thermal insulators, but they have the
property of storing heat and transfer it slowly to the interior of the building.
by using this Characteristically, the building can be designed to absorb
heat during the day and release it at night when the house needs it [8].

Native materials: Native buildings were always built with
available materials. In hot and dry climates, mud was generally used to
build walls. Other materials used to build massive walls were stone, brick
and clay. These materials are important factors in hot and dry climate.
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which have thermal resistance and high heat capacity and absorption of
the sun through external surfaces [9].

Color: Color is considered to be a very important and controlling
factor in the walls and ceiling, which has the maximum reception and
absorption of solar energy. Bright colors on the external surfaces are very
effective in reducing the daily temperature of the building and increase
the heating capacity and provide the comfort of the residents at night [10].

The advantages of having a central courtyard in the traditional
and native architecture of Iran in a hot and dry climate can be categorized
as follows: (Table 1).

Table 1
Evaluation of the benefits of native housing in hot and dry climates

Effective building Benefits
elements

o A natural space collector of light, wind, water
and plants

Central courtyard o Cooling and purifying the air before it enters
the internal parts of the building

Effect on ambient o Creating a gentle breeze due to the emergence

temperature of the chimney phenomenon in the central
courtyard

e Absorbing and accumulating cool air during
the night and purifying and directing it to the
openings of the interior spaces

e Breeze, reducing building air pressure and
constant ventilation of indoor spaces

o Natural ventilation by building many windows
in the inner walls facing the yard

Openings o Small windows located in the upper part of the
windows facing the sun to control the heat inside
Indoor air conditioning | the building

o Preventing the phenomenon of greenhouses in
indoor spaces through the small dimensions of
the openings and also the wicker curtains of the
openings
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The ceilings

Effective on the
comfort zone of the
building

o The distribution of sunlight on a wider surface
of the roof by choosing domed roofs

o [ncreasing the height of the internal ceiling
due to the dome shape for the exit of hot air from
the building

o [ncreasing the speed of air flow and creating
climatic comfort by constructing a dome roof

wind deflectors

Effective in receiving
and absorbing energy

o A natural space collector of light, wind, water
and plants

o Placing the wind deflector in the direction of
the favorable wind to create coolness in the
indoor spaces

o The operation of natural ventilation by the
windbreaker (pulling cool air into the building
and removing polluted and hot air outside the
building)

Walls

Effect on thermal
behavior based on the
comfort of indoor
spaces

o Using thick walls due to its thermal advantage
(retaining heat during the day)

o Creating minimum temperature fluctuations in
indoor spaces by building thick walls

o Absorption of heat without raising the
temperature by thick walls

o Using high walls to shade the building and
reduce high temperature

Native materials

o Minimum energy consumption in the extraction
of materials and no need for transportation of
materials due to its natural origin

o Creating suitable thermal, acoustic and

Eﬂ?“ on solar structural conditions by choosing local materials
radiation e Zero pollution in the production of materials

e Zero fossil energy consumption

o Increasing the use of bright colors on external
Color surfaces to reduce the daytime temperature

Effective in receiving
and absorbing energy

o Increasing stability and thermal capacity and
providing comfort at night by using light colors
on the facade

o Using whitewash and plastering on the
exterior to prevent receiving solar energy
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In order to evaluate the advantages of native housing in hot and
dry climate, the criteria obtained in case examples are examined. The
study samples include 8 houses in Yazd city, whose selection index was
samples with more frequency. The selected species were selected
according to (Table 2) from the comparison of typologies examined in
Yazd houses.

Table 2
Investigated typologies in Yazd houses
Selected Icourtyard- Icourtyard- | 2 courtyard- | lcourtyard-
examples | 4Sides 3Sides 4Sides 2 Sides

m

i

Considering that the degree of index of each criterion in terms of
design quality is different in each residence, a scoring system has been
used to extract the design criteria more precisely. The scoring system of
the items is based on the global livability literature, which means that For
each component a score in 3 levels poor, good and very Well considered.
In this way, the scoring of the criteria is 3, 5, 7 respectively from the least
to the most. Point 3 is the lowest level of validity of the criterion in any
inspected house and number 7 is the highest level of validity of each
criterion.
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Table 3

Analysis of the examined criteria in study samples
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Chart].uantitative chart of the examined criteria in the study samples

RESULTS

The percentage of scores of the linear diagram obtained from the
study samples shows the effective role of the mentioned factors in the
thermal comfort of the space users.

e The design criteria in all samples are compatible with each
other in terms of the use of air flow and connection with the environment.

e In the use of native materials, the construction of native
housing is completely in accordance with native materials, and energy
consumption has been saved through the use of native materials.

e The thickness of the walls has led to the control of heat
exchange during the day and the control of the internal temperature at

497



night, also the high walls have led to the depletion of the outside air
temperature through shading on the walls of the central courtyard.

e Natural ventilation by wind deflectors causes cool air to enter
the building and warm air from the interior spaces to the outside of the
building and cools the interior spaces.

e Due to the dome shape of the roofs during the day, the hot air
is pulled up and pushed out, also the shading of the roofs through the
curved shape has controlled the temperature.

e The dimensions of the windows and their introversion towards
the central courtyard, as well as their placement on the fronts facing the
light, control the heat inside the building.

e The use of bright colors on external surfaces plays an effective
role in preventing the building from not receiving solar energy.

e The central courtyard plays an effective role in conditioning
the air and thermal comfort of the residents through vegetation and
evaporative cooling caused by the pond.

CONCLUSION

The results of this research can be used for housing designers in
relation to issues related to native architectural criteria and its adaptation
in contemporary housing design; The physical criteria of native housing
in the hot and dry climate of Iran, which is related to the shape and
function of the building in relation to the thermal behavior of the building,
includes introversion and the existence of a central courtyard, the correct
and appropriate use of materials in the construction of buildings and
special construction methods, which these criteria through creating
higher thermal comfort, preventing energy exchange between indoor and
outdoor space, using renewable energy in heating and cooling indoor
spaces, creating a sense of peace and security,Bringing humans closer to
nature, zero pollution and zero fossil energy consumption in the pro-
duction of materials, reducing unnecessary transportation and energy
transfers and preventing the occurrence of greenhouse phenomena in
indoor spaces to create sustainability in buildings,have paid attention.
Now, according to the investigations, it can be said that the hypothesis
has been proven and the principles of The characteristics of native
housing in a hot and dry climate are effective in the thermal comfort of
the building, by applying the valuable principles and criteria of the rich
architecture of the past in contemporary architecture, it can be used as
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anew form of architectural housing in creating a connection with the past
architecture in responding to the environment and creating Sustainable
housing should be useful and effective, and it should lead to the revival
of native housing architecture in contemporary architecture and the
comfort of building users.
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AnHoTanus. B cTaTee paccMaTpHUBAaIOTCS OCHOBHBIC XapaKTe-
PUCTUKM MOHYMEHTAJIbHO-ICKOPATUBHON CKYJIBOTYPhI, U pa3IUYHbIC
YPOBHH BOCTIPUATHS TUIACTUKY 3puTeneM. Llenbio Hamei paOoThI SIBIIs-
€TCsl BBISIBJICHHE 3HAYMMOCTH pa3Mepa, NeTalu3aluu, IBETa U MaTepu-
aja CKyJbITYpPbl, OTHOCUTEIBHO aPXUTEKTYPHOTO MPOCTPAHCTBA U OC-
HOBHBIX IIPUHIIMIIOB MPOCTPAHCTBEHHOUM CTPYKTYpHL. B pesynbrarte uc-
CJI€IOBaHUS YCTAHOBJICHO, YTO BOCHPUATHE APXUTEKTYPHOH IUIACTHKHU
(hopMupyeTCs B 3aBUCHMOCTH OT Pa3MepOB MIPOCTPAHCTBA APXUTEKTYP-
HOU CpeJibl.

KuroueBble ci10Ba: MOHYMEHTAJIbHO-ICKOPaTUBHAS [LJIACTHKA,
CKYJBITYpa, apXUTEKTYPa, YPOBEHb BOCIPUSITHS, CHHTE3 apXUTEKTYPbI
Y CKYJIBIITYPBI, BHEIIHUH OOJIMK COOPYKESHHS

Uccnenys cuHTE3 NCKYCCTB, B YACTHOCTH aPXUTEKTYPHI 1 MOHY-
MEHTAJBHO IEKOPATUBHOW CKYJBITYPHI, BBISBICHBI MPOOIEMBbI B3aUMO-
CBSI3M JIBYX BBIIIEYKa3aHHBIX MapauIelbHBIX UCKyccTB. OqHON U3 TIpo-
OJIeM SIBIISICTCSI COOTHOIIICHHE 00HEMOB M WICHEHUH apXUTEKTYPHOTO CO-
OPYXKCHUS C JCKOPATUBHOMN IIACTUKOM M CTENCHD JIETATM3AINN CKYJITb-
NITYpHOTO 00pasa, C TOUKH 3PEHUS BOCIIPHUATHUS 3PUTENSL. DTO KacaeTcs U
PEATUCTUYHON CKYJBITYPBI, KOTOPAsk TOKE HYXJACTCS B YCTAHOBJICHUN
OIIPE/ICIICHHOTO YPOBHSI BOCIIPUATHS B OOIIEM TEKTOHHUYECKOM CTPOE CO-
opykeHus1. Mcromb3ys pa3iuiHble BRIPA3UTENbHBIC CPEICTBA U CIieIU(pU-
YEeCKUI SI3BIK, CKYJBNTYpHAs TUIACTHKA MPHOOpETaeT 3MONUOHAIBHYIO
Harpy3Ky B Tpeeliax CHHTE3a ¢ apXHUTeKTypol. «HesaBucumo oT Toro,
SIBTSICTCSI JIM TIPOU3BE/ICHUE MCKYCCTBA PEATUCTUUSCKHM MM a0CTpPaKT-
HBIM, TOJIEKO COJICPYKaHUE MPOU3BEACHHS UCKYCCTBA MOXKET OTPE/ICIHUTh,
KaKas T0JbKHA OBITh BRIOpaHa MOJIENb U KaK OHa JTOJDKHA OBITh TTIOTYMHEHA
OpTaHU3aINX H300paKEHUS WITH KOMITO3UIHN [1].
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B uckyccTBe cKynbITYpHl, KOTOPOE CTAHOBUTCS BaXKHBIM y4acT-
HUKOM MpOLIECCca CO3JaHUsl apXUTEKTypHO-IIPOCTPAHCTBEHHOTO 00pasa,
BKJIIOUCHHOTO B OKPYXKAIOLIYIO CPEIy, JOBOJIBFHO OOJIBIIYIO POJIb UTPAET
KOMITO3ULIMOHHOE MOJICJIMPOBAaHHE B XYAOKECTBEHHOM 00Opase 31aHus.
B cBsI3u ¢ 3THM MOHYMEHTAJILHO-AEKOPATUBHAS [UIACTHUKA OTPAXKAET B Xy-
JIO’KECTBEHHBIX 00pa3ax peabHbIi MUP MOACIUPYET €ro Mo-CBOEMY, IOJIb-
3ysiCh OCOOBIMHU CPEACTBAMH M CIIoco0amu. «B Mpon3BeneHus! HCKycCTBa
CHJIBI, KOTOPBIE HaXOJATCSl B PABHOBECHH, OCTAOTCS BUIAUMBIMH U B 3TOM
3aKJII0YAETCS] IPUUMHA, T0YEMY TaKUe HETTOIBIKHBIE BHIbI HICKYCCTBA, KaK
CKYJIBIITYpa H KUBOITUCH, MOTYT ITE€PEIATh XKHU3Hb, OIHYIO ASHCTBUD [1].
OOBIYHO 3aMBICEI CKYJBIITOPA i apXUTEKTOPA BHIPAXKEH B CUMBOJIMYECKHX
o0pazax W ajieropuyeckux (urypax, M ux mactuyeckas ¢opma crpe-
MUTCS K MPEAEIBHOM JJAKOHUYHOCTH, 33 CUET MOBBIIICHHS Ka4eCTBa JEKO-
PaTUBHBIX 2JIEMEHTOB M PACKPBIBAIOIINMCS BOBMOKHOCTSIM.

CymecTByeT Macca UCCIEI0OBaHUN U HayYHBIX KCIIEPUMEHTOB
M0 TEeME 3PUTEJIFHOTO M SMOLMOHAIBHOTO BOCHPHUSTHS apXUTEKTYPHOTO
COOpYEHHS, TJIe MOHYMEHTAJIbHO-1EKOPAaTUBHAS IJIACTUKA UMEET YeT-
KOE MECTO U BBIPAKEHHBIA YPOBEHb JCKOPATUBHOI'O BOCIPHUATHUS Ha (a-
caJie 3/1aHusl, U COOTBETCTBEHHO JETAJIMPOBKA IUIACTHYECKUX 00BEMOB
3aBHCHUT OT PAcCTOSIHUSI BOCHPHSTHS 00beKkTa 3puteneM. «Bocmpustue
€CTb BBICOKOM30MpATEbHBIN MPOLECC HE TOJIBKO B CMBICIIE KOHLIEHTpa-
LUHM Ha TOM, YTO MPUBJIEKAE€T BHUMaHUE, HO M B CMBICIIE CIIoco0a pac-
cMaTpuBaHU 00beKTa U oOpamieHus ¢ Hum» [ 1]. «lenbro 3peHus sBis-
€TCs MOCTHXKEHUE OKPY>KAIOLIEr0 MUPa, BCETO 0OBEMITIOIIET0 OKPY>Kato-
LIEr0 MUPA, a HE TOJIBKO TOW €ro 4acTH, KOTOpas CIly4yaiHO OKa3aaach
nepen rmazamm» [2].

PaccmorpuM o0miue crnocoObl ONMpeAeneHnsl CKYJIbNTYPHBIX
(GYHKUMI U XapakTep BBUIBIECHHUS YPOBHS AEKOPAaTUBHOTO BOCHIPHUSTHS
ITacTUKU. {1 3TOro He0OX0MMO YCTaHOBUTH OCHOBHBIE 3aKOHOMEp-
HOCTH B3aMMOCBS3M (acaZoB 34aHUM W Pa3NWYHBIX BHIOB MOHYMEH-
TaJIbHO-AEKOPATUBHOM CKyJIbNTYpbl. OCHOBHbBIE NMPUHLMUIIBI IPOCTPAH-
CTBEHHOH CTPYKTYPBI U Pa3MEPOB apXUTEKTYPHOTO IPOCTPAHCTBA OIpe-
JIEJWIT U KCCIIEN0BaI U3BECTHBIN apxutektop A.B. KpaleHnHHUKOB, KO-
TOpble 0003HAYMINCH KaK 000O0IIeHHass MOZEb, COCTOSIIAsI U3 COLH-
QJIBHO-TIPOCTPAHCTBEHHBIX KOMIUIEKCOB, MacIiTad KOTOPBIX (OpMUpy-
€TCS OTHOCHUTEJBHO ONPENENIECHHOI0 SIpa WK OPUEHTHPA.

A.B. KpalllecHUHHUKOB BBIICNISIET TaKW€ TEPPUTOPUAIbHBIE
YYaCTKH, KaK «MUKPOIIPOCTPAHCTBO — MECTO HAXOXKACHHUE YEJIOBEKa WU

501



TPYIIBI JIIOACH, OTpaHMYEHHOE YCIOBHSMH NEPCOHAIBFHOTO OOIICHHUS.
Pasmepsr MukponpoctpancTsa konebmrores ot 1 1o 10 metpos, Gopmu-
pYeTcsl BOKpYT CKaMbU B MapKe, OCTAaHOBKM aBTOOyca, BXOJa B KHUJIOH
JIOM U T.I. Me30npoCcTpaHCTBO — y4aCTOK TEPPUTOPUH, BKIFOYAIOIIUI
HECKOJIBKO ME30MPOCTPAHCTB, 00BETUHEHHBIX YCIOBUSIMHU COLIMATBHOTO
KOHTpOJIA. MecTaMi ME30IpOCTPAHCTB SBISIOTCS IMOJIAHA B Mapke, Ie-
LIeXOHas TUIOLIAb, )KUIOH 1Bop. Pasmepsl Me3onmpocTpancTBa Koieo-
motcst ot 10 1o 100 MeTpoB. MakponpocTpaHCTBO — y4acTOK TEPPUTO-
PHH, BKIIOYAIOUIMHA HECKOJBKO ME30NMPOCTPAHCTB, 00BbEIUHEHHBIX IIe-
IEXOHOW CBs3bI0. [IprMepamMyu MakpoONpOCTPaHCTB SIBIAIOTCA TOPOJ-
CKOW MapK, MemexoaHas 30Ha OOIIECTBEHHOTrO IIEHTPa, MeKMaru-
CTpajibHas TEPPUTOPHS B COBPEMEHHOMN KWIJIOH 3aCTpOIKE WM KBapTall
B HUCTOPHYECKOM 4yacTH ropoaa. PazMepsl Makpo-pocTpaHCTBa KoJie-
omorcs ot 100 7o 1000 metpoB» [3].

109..000m
8)

Puc. 1. Kpamennnnnkos A.B. JKuible kBapTaibl:
yue0. mocodue /s AapXUTEKTOPOB U CTPOMTEJIeil ciel. By30B
https://vk.com/album-58080947 180857584
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OCHOBHBIE NPUHLUIBI 3PUTENBHOTO U 3MOIMOHAJIBHOIO BOC-
NpUATHS ONpeneNnus u uccienosan P. Apuxeiim, KoTopeie 0003HaYH-
JIUCh KaK MPUIUCBIBAHUE «YEMY-TO» ONPEAECIECHHOIO MECTA B CHCTEME:
PacmoiokKeHNs B IPOCTPAHCTBE, CTETIEHU SIPKOCTH, BEIMYUHBI PacCTOA-
Hus [1].

3pUTENBHOE BOCIPUATHE B TPAKTOBKE ApHXelWMa — aKTHBHBIH,
JUHAMUYECKHUil mpouecc. 3peHne He MOXKET ObITh H3MEPEHO B CTaTHue-
CKHX, KOJMYECTBEHHBIX €IMHUIIAX — CAHTUMETpPAMH, JIMHON BOJIH U
T. JI., IOCKOJIbKY OHO BKJIFOYAET B ce0s KaK BaXKHEHIIN, CyIIeCTBEeHHBIN
9JIEMEHT HalpshKeHHe, AMHaMUYecKoe COOTHolIeHne cuil. «Kaxnas Bu-
3yasibHast MOJIeNIb AMHAMHUYHA... JIfo0ast TMHHA, HAPHCOBaHHAS Ha JINCTE
Oymaru, siro0ast HaurnpocTteias popma, BEUICTITICHHAS U3 KyCKa TIIMHBL,
noJ00HBI KaMHIO, OpolIeHHOMY B TIpyd. Bee 3T0 — HapymieHne nokos,
MOOWIIH3aIVsI POCTPAHCTBA. 3PEHUE €CTh BOCTIpUATHE JeicTBrs [1].

Ha ocHOBe HaHHBIX NMPOCTPAaHCTBEHHON CTPYKTYpBI, KOTOpBIE
MOJPA3ENIIOTCS Ha pa3ii4Hble MO MacuTadaM TEPPUTOPHU, MOKHO
BBIIETINTh HECKOJIBKO TPYNI apXUTEKTYPHO-CKYJIBITYPHOTO CHHTE3a
C YYETOM CITOCOOOB XYI0’KECTBEHHOHN (DOPMYITUPOBKH, TAKUX KaK CKYIIh-
ntypHas popma, CTEeTeHb JIeTATH3aluY U YPOBEHb BOCIIpHUATHS. B 3aBu-
CUMOCTH OT CITOCOOOB XYI0KECTBEHHOW (hOPMYIUPOBKH, YTBEpKIa-
I0TCSI YPOBHHU BOCIIPHUATHS MOHYMEHTAIBHO-/IEKOPATUBHON TUTACTHKH Ha
COOTBETCTBYIOIINX BUIaX APXUTEKTYPHBIX IIPOCTPAHCTB.

Tabnuya 1

Bux
npocTpancTBennoro Cryanirrop/
KOMILTeKea Vposent BocnipusiTist | Buant nuactnkn |Hassanme o6hexra IlaacTuka Pasmep Obnekr | Apxurekrop

«Mckyceraennas
Bhicokuii yposers cpexa/ Artificial

1. | Muxponpoctpanctso BocnpHATHA Pesbed-nanno Environment» 130 mx2.5 m.| Tapk Recycle Group

Cpemnii yposens «Southpark
2. B BOCIHPHATHA Penbed-nanno Seafood»

3.5 | Pecropan | Kur Jikemiym

Huskuii ypobeis Bospoxienne

3. B BocnpHsTHs Benwarouas crarys Adpiin 49 Tanepess | /Mbep TyaaGin

503



BricOkOMy ypOBHIO BOCHpPHATHS COOTBETCTBYET CKYJIBITYpa
I MOHYMEHTAJIBHO-AEKOpPaTUBHASA IUIACTHKA, KOTOpas BOCHPHUHUMA-
eTcs ¢ OJMM3KOro PacCTOSHUS B apXUTEKTYPHOM IPOCTpaHCTBE OT 1 10
10 metpoB. st JaHHOTO BHJA CKYJIBNTYPbI BaXKHBI BBICOKOE KA4eCTBO
CKYJIBIITYPHI, CIOKHOCTh IJIACTUYECKOr0 00beMa M JAeTaln3alus, akK-
THBHOE NIPUMEHEHNUE 1IBETA U TEKCTYP.

CpenHeMy YpOBHIO BOCIIPHSITHSA COOTBETCTBYET CKYJIBIITYpa UIIH
MOHYMEHTAJIbHO-EKOPAaTUBHAsl IUIACTUKA, KOTOpas BOCIPHUHHUMAETCS
¢ paccrostaus ot 10 mo 100 meTpoB. [l JaHHOTO BHJA CKYJBINTYpPHI
CBOMCTBEHHO CHIKEHHE KadecTBa CKYJIBNTYpPHI, IPUMUTUBU3ALUSA T1JIa-
CTHYECKOTO 00beMa M CHIDKCHHAs IeTallu3alllsl, aKTUBHOE IPUMEHEHHE
LBETA U TEKCTYP.

HuzkoMy ypoBHIO BOCHPHSTHSA COOTBETCTBYET CKYJIBITYpa WIH
MOHYMEHTAIIBHO-IEKOPAaTUBHAsl IUIACTUKA, KOTOpas BOCIPHUHHUMAETCS
¢ paccrostaud oT 100 mo 1000 mMeTpos. Iy TaHHOTO BHJA CKYJIBITYPEI
CBOMCTBEHHO CHI)KEHHE KadyeCTBa CKYJBITYpHI, 3HAUUTENbHAS PUMH-
TUBU3ALMA IJIACTUIECKOT0 00beMa 1 3HAYNTEIbHAS CHIKCHHAS JeTaIn-
3anus. L[BeT M TekcTypa He BIMAIOT Ha XapakTep U 00pa3 IUIaCTHKH, Ha
JAHHOM YPOBHE BOCIIPHUSITHS.

3akioueHue
B pesynpTaTe Hamiero McCieOBaHUS BBISBICHO, YTO CPEACTBA
BBIPQXCHHS U XapaKTep MOHYMEHTAIbHO-ICKOPATHBHON IJIACTHKH, 3a-
BHCSAT OT YPOBHS BOCIIPHUSITHSA CKYJIBITYPHI 3pUTeNeM. B 3aBiucUMOCTH OT
pa3MepoB apXUTEKTYPHOTO MPOCTPAHCTBA U OCHOBHBIX MPUHIIAIIOB IIPO-
CTPaHCTBEHHOH CTPYKTYPBHI, OIpe/ieieHa 3HAYMMOCTh pa3Mepa, JeTau-
3aIyy, IIBETa U MaTepralia CKyJIbITYPHL.
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Terekhina E.

Department of Architecture, Academy of Engineering,
RUDN University, Moscow, Russia

Abstract. The article discusses the main characteristics of mo-
numental and decorative sculpture, and the different levels of perception
of plasticity by the viewer. The significance of the size, detail, color and
material of the sculpture is revealed in relation to the architectural space
and the basic principles of the spatial structure. As a result of the study,
it was revealed that the perception of architectural plasticity is formed
depending on the size of the architectural environment.

Keywords: monumental and decorative plastic; sculpture; basic
principles of the use of monumental and decorative plastics; synthesis of
architecture and sculpture; the appearance of the building
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PETPOCIIEKTUBHBIN AHAJIN3 PAZBUTHUSA
APXUTEKTYPHOI'O ®OPMHUPOBAHUSA
AKUIbIX TOMOB B I'AHE

Kuccu FOoxcun Heiizep®, acnupanm

Xanune Hean, cmapwuil npenooagamenv, KaHoO.apXx.H.
Jlenapmamenm apxumexmypol, UHICEHEPHASL AKAOEMUS,
Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus
“kissineizer@gmail.com

AHHOTamus. B naHHON cTaThe M3NOXKEH PETPOCHEKTUBHBIN
aHaJIN3 Pa3BUTHUS ApPXUTEKTYPHOTO (hOPMUPOBAHUS KUJIBIX TOMOB B ['a-
He. [ 1aBHOI 1enbI0 paboThI CTANO OIMPENEIUTh BHICOKOKAYECTBEHHYHO
TPAAUIIMOHHYIO apXUTEKTYPY B BUJIE KUJIBIX JOMOB, MAaTEPUAJIOB U CHM-
BOJIMYECKUX OPHAMEHTOB ['aHBI U €€ BIUSHUE HA COBPEMEHHYIO apXH-
TEKTYpy CTpaHbl. PaccMOTpeHa UCTOpUSI TOKOJIOHUATBHOM, KOJIOHUAIb-
HOW ¥ TIOCT-KOJIOHHATIbHON apXUTEKTYPHI, €€ BIMSHUE HAa pa3BUTHE Gop-
MHUPOBAHUS KUIBIX 10MOB B ["ane. CTaThsd packpoeT TPaaUIIMOHHYIO ap-
XUTEKTYpy B ['aHe, BKIIIOUas €€ TUIbL, MATEPUAIIBI U CTUJIb HOCTPOCHHUS,
a TaKXe eBPOIEUCKYIO apXUTEKTYPY.

KuiroueBble ci10Ba: peTpOCIEKTUBHBIN aHANIN3, apXUTEKTYPHOE
(hopMupoBaHUEe, KOJOHU3ANYS, BIUSHIE KOJOHU3AIMU Ha Pa3BUTHE ap-
XUTEKTYPBI, )KUJIbIE JOMA, TUIIbI KUJIbS, Pa3BUTHUE KIIIBIX 3aCTPOCK

Beenenue

Kunas apxurexktypa B ['onn-Kocre, 'aHa, ¢ ucropuueckoro
MPOILIOTO COCTOMT U3 TPAJULMOHHBIX 3[JaHUN Pa3TUYHBIX KOHCTPYK-
uuil. C onHOW CTOPOHBI, €BPONEHCKHE, a3HaTCKUE U OJIMKHEBOCTOUYHbIE
TUIIOJIOTUN TaKUE€ KaK 3aMKH, KPEHOCTH, AOPOTH, >KEJIE3HBbIE JOpPOTH,
LEPKBH, LIKOJIbI, OOIBHULIBL, XKHUJIbIE 30aHUs U T.A. KooHn3amms crpansl
(1843) ycropwina gusudeckoe pa3BUTHE CTpaHbl. Hampumep, ctponTteis-
cTBO rybepHaTopoMm I'yrrucbeprom, reone3ucToMm, raBaHud lakopan,
cpemHed mkonmsl AumMoTa u OonpHHIEI Koprme By 3HameHyer coOoi
BaKHBI TOBOPOTHBIM MOMEHT B COLIMATIbBHO-3KOHOMHYECKOM Pa3BUTHH
cTpaHsI [8].

o toro, xak eBporeiisr 3axBatiin [ 'ona-KocT (HpiHe n3BecT-
HBIH Kak ['aHa), 00IbIIas 9acTh JOMOB ObLIa TOCTPOEHA U3 MECTHBIX Ma-
TepUasIoB. DTU J0Ma ObUTH IOCTPOEHBI B COOTBETCTBUH C TPAIULIMOHHOM
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TexHoJoruen. ['aHCKue ceMbU B OCHOBHOM YNPAaBIISLTUCH PACIIUPEHHOM
ceMeiHo# cucteMoil. [1oaTOMYy apXHTEKTYpHBIH CTUIL OOJNBITUHCTBA
JIOMOB OBLI IOCTPOEH B CTUJIC BHYTPEHHETO ABOPA, H3BECTHOTO B HAPOJIE
KaK «MHOTOKBapTHUPHBIE I0Ma». B OCHOBHOM 3TO OBUIA OJTHO3TAXKHBIC
3nanus [7]. OgHako cUTyalus W3MEHHWIACh BO BPEMs KOJIOHU3ALUU
U MOCT-KOJIOHU3aluu. BHenpeHue HOBOro CTUIISL CTPOUTENBCTBA U HC-
MOJIb30BaHUE HOBBIX MaTEPHAIIOB OKa3aJI0 OOJIBIIOE BIMUSHUE HA TPaIu-
LHUOHHYIO apXUTEKTYpPY CTPAHBI.

Henp uccneqoBanus — u3ydeHUe CTapor TPAIUIIMOHHON apXu-
TEKTYPBl U APXUTEKTYPhI IepUOAa KOJIOHU3ALUHA U MOCT-KOJIOHU3ALNU
Y TaKXK€ €€ BKIJIIOUECHUE B COBPEMEHHYIO apXUTEKTYpy ['aHBbI.

JoxononnanpHas 'ana

Jo npubsIiTus eBpomnelines B ['aHy Ha TpagULIMOHHYIO apXUTEK-
Typy ['aHbl B OCHOBHOM BIUSUIM pa3Mep CEMbH WM TPYIIIBI B TOCENE-
HUY, PETUTHO3HBIE BEPOBAHMS, a TAKXKE KIMMAaTUYECKHE yCI0BHs. boib-
LIMHCTBO JIOKOJIOHMANbHBIX 3[aHUH B OCHOBHOM OBUIM CIETaHbl W3
TJIUHBI U YKOPEHEHBI ¢ TIOMOLIBbIO MANbMOBBIX BeTBEW. 37aHus ObLIH
CIIPOEKTUPOBAHBI B CTUJIE MHOTOKBAapTUPHBIX JOMOB WM C BHYTPEHHUM
JIBOPOM. DTO TIO3BOJISUIO BCEM WJIEHAM ONPEEICHHON IMHUY )KHUTh B OJ1-
HOM U TOM ke Komiuiekce. [Ipoekt noma OblT HampasieH Ha UCIIOJIB30-
BaHUE OOLIMHHOW KyJBTYpBI JIIOJCH W HMOIJNEPKKY CO3/AaHHSI CHCTEMBI
pacmmpenHoi cembn [11, 1].

I'muaoOuTHBIE AoMa oOJafany KaueCTBEHHOW NPOXJIANoil
B JKapKOM TPOIMYECKOM KJIMMaTe, a TPaJWLMOHHOE 3/laHHE AIIAHTH,
HanpuMep, BHeceHO B cniicok Beemuproro Hacneans FOHECKO wus-3a
€ro BIIEUATJIAIONIEH KOHCTPYKINH, IU3aiiHa, YUCTOTHI M Komdopra [12].

ruslic. sTResT

Puc. 1. MuoroxkpapTupHsie afoma [15]
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TpaguUUOHHBIN CTHJIb
TpaauLIMOHHBIN CTUIIL APXUTEKTYPHI B ['aHEe MOXKHO pa3AeIuTh
Ha TPU KaTErOpPUH B 3aBUCUMOCTH OT UCIIOJIb3yEMbIX MaTEpHalIOB, [eo-
rpaUYecKoro IMOJIOKEHHUS, & TaKKE COCTOSHHS 3[aHUS U TPaTULMiA
HapoJa.

o Cmunw IOxcnoii mpaouyuu

WsBecTHas kak Benukas nuBuan3ainus AIIaHTH ObLIa BJOXHOB-
JIeHa BEJIMKUM KOpoJieBCTBOM AmaHTH B ['aHe. Tak 1okHbIEe paliOHBI
["anHbI pUHSIIM HOBYIO pa3pabOTKy AIIAHTH, UCTIONB3YS WX COOCTBEH-
HBIA TPAJAWIMOHHBIN MaTepuan. OTH JOMa IOCTPOCHHI C HCIOIB30Ba-
HUEM: TUICTHS ¥ Ma3HU, CTEH ‘aTamnkame’, BRICYIICHHBIX Ha COJHIIE KHp-
MMUYHBIX CTEH, KOTOPhIE OBLIN JTOCTYITHBI TOPOXKAHAM B 3aBUCHMOCTH OT
YPOBHSI 3HAHUH O 3MaHUSIX U MX CHOCOOHOCTU CTPOHWTH. JTH J0Ma
00BIYHO CTpOATCA B JOPME KOJBLEBOTO WM KBagpaTHOTo Osioka [13].

Puc. 2. 3nanue aTankaMe U3 MJIeTHS U Ma3HH [2, 13]

o CegepHblil mpaouyuoOHHbLIL CIMUTL

B 30Hax caBaHH MHOTO COJIOMEHHBIX TpaB. [loaTomy cyxas co-
JIOMa CTAaHOBHTCS JIOMa CTAaHOBHTCSI HanOoJiee pacpoCTpaHEHHBIM Ma-
TEPUAJIOM JJIsl CTPOUTENLCTBA. BOMBIIMHCTBO 3aHNI TOCTPOEHBI JTHOO
MOJIHOCTBIO U3 CyXOU COJOMBI, IMOO YaCTUYHO M3 IJIMHBI, @ COJIOMA UC-
MOJIb30BaHa AJIs1 CO3/1aHUs KPBIIIU. 30Ha CaBaHH, PACIIOIIOKEHHAs B ce-
BEPHOM YacTH CTPaHBl, XapaKTEPU3YeTCs KUTEISIMH MYCYJIbMaHCKOTO
apabckoro npoucxoxxaeHus. [losTomy OONBIIMHCTBO 3TUX 3[aHUH IO-
CTPOEHO B BUJIE KYIIOJla U UIMEET Kpyriyro opmy [9].
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Puc. 3. ApxurekTypHBbIii cTHIb ceBepHoii ['anbl [10]

o Cmub 30anus Awmanmu

V Amantn, miemenn B ['aHe, ObLI 0COOBIH crmoco0 100aBUTH
CUMBOJIMYECKHE MTPUXHU K 3MaHUI0. DTU CHUMBOJIBI B3ATHI U3 TPAIUIH-
OHHBIX CHMBOJIOB [ aHbI, KOTOpPBIC MOYKHO HAWTH, B TOM YHCJIC, HA HAIU-
OHAJBHBIX OPHAMEHTAX, TAKUX Kak TkaHb KeHte. PacmonosxeHHbIC BO-
KpYT BHYTPEHHHX JIBOPOB 37[aHMUs OBLIH TIOCTPOCHBI U3 JepeBa, bamOyka
Y TNTMHSHOM IITYKATYPKH U IEPBOHAYATIBHO UMEITH COTIOMEHHBIC KPBIIIIH.
YHHKaTbHBIC ICKOPATHBHBIC Oapenbe(bl, YKPAIIAIOIINE CTCHBI, OTIHYA-
FOTCSI CMEJIOCTBIO U U300paXkaroT camble pasHOOOpa3Hbie MOTHBEL. Pac-
MPOCTPaHEHHBIC (POPMBI BKITFOUAIOT CIIUPATIbHBIC M apabeCKOBBIC IETAH
C N300pKCHUAMH YKUBOTHBIX, IITUI] U PACTCHUH, CBSI3aHHBIX C TPAIHIIHU-
OHHBIMHU CHMBOJIaMH «ATUHKpay. Kak 1 B ciiyyae ¢ ApyruMHy TPaJaUIU-
OHHBIMH BHJIAMH HCKYCCTBA ACaHTE, 3TH PUCYHKH HE MPOCTO JEKOpa-
THUBHBIE, HO U 00/1a1al0T CUMBOJIMYECKUM 3HAYEHHUEM, CBI3aHHBIM C HJIe-
SMH U BEPOBaHMSMHU HAPOJa acaHTe, MEPEAAIONIMMHUCS U3 MOKOJICHUS
B IoKkoJieHwme [12].
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Puc. 4. CumBoJibI aquHKpa, Tkanu KeHre, cTHib 31anne Amante [12, 14]
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Pa3BuTHe k11011 32CTPOIKH BO BpeMs KOJOHH3AINH
Kononuzanus BHecna HEKOTOpbIE U3MEHEHHUS B CTUIIb JOMOB,
¢ BBeeHHEeM (OPTOB U 3aMKOB JaTYaHAMH, aHTJIMYaHAMH U TIOPTYTallb-
LaMH B Ka4eCTBE CBOMX JOMOB JJIsl pa0OTOPrOBIIM TOTO BpEMEHH. 3aMOK
Ocy, nocTpoeHHbIN faT4yaHaMu B AKKpe rae-to B 1661 roxy, ucmoins3o-
BaJICS B KauecTBe JoMa Juts ipesuseHTa [anst 1o 2008 rozaa, korma Oblia
MOCTPOEHA HOBasl MIPE3UCHTCKAs PE3UACHIMS. DTO OBLIO YETHIPEXITAK-
Hoe 37aHue. [lpyrue pasiuuHble eBpONEHCKUE XKUJIble IoMa ObUTH I10-
CTPOEHBI BO BpeMs KOJOHHM3alWW OpPUTAaHIIAMH, KOTOPBIE MPOXHUBAIH
B OCHOBHOM B AKKpe. HecMoTpst Ha To, 4TO ropo/ eriie He ObUT CTOIHLIEH,
ero OJM30CTh K MOPIO Jiejajia ero NOAXOJIIIUM IS mocenenus. Joma
MIPY TaKOH MOCTPOiiKe 0OBIYHO COCTABIISUTH OT OIHOTO JI0 ABYX STaXKei.
Camble paHHHE TAMATHUKH apXUTEKTYPBI Ha TeppUTOpUH ["aHbI —
YKpEIUIEHN:, BO3BEACHHBIE €BPONEHCKIMU 3aBoeBaTesaMu B X V-XVII Be-
Kax. JTO MOPTYTAIBECKUIA 3aMOK DJIBMHHA C YepTaMH PEHECCAHCHOM apXH-
TekTypbl (1482), romnanackuii @opt Amep B Akkpe (1605), @opr Keiin-
Kocr (1655), opamxessiii popt B Cekonau (okomno 1700) u apyrue [5].

Puc. 5. 3amok Jabmuna, 3amok Ocy, 3amok Keiin-koct [4]

Kononuzanus crpansl B 1843 yckopuna u e€ duszuueckoe pas-
BUTHE. MHOXECTBO JKMJIBIX IOMOB OBLIO MOCTPOCHO €BPONEHCKUMU ap-
XUTEKTOPAMH, XOTS ¥ C TIOMOUIBIO MECTHBIX CTPOSIINX, IpUYeM Oblia
3ajelicTBOBaHa padoyas chiia Co CTOPOHBI ocieqHux. Kpome Toro, ObI-
JIM MCHOJIBb30BaHbl €BPOIEHCKIE CTaHAapThl MaTepuanos. J[Boper OblI
nocTpoeH B 1925 roay aHrnmuuaHamMM 4epe3 HEKOTOPOE BpeMs Iocie
TpeTbe AHIIO-AIIAaHTHHCKON BOMHBI B 1874 romy, Korja aHriin4yaHe
pa3pylIiin IepBOHAYaNbHBIN BOpPEL, MOCTPOEHHBIH AcaHTecoM [5].
OTO pe3uJCHIMS BETUKOr0 KOposs KoposieBcTBa AmanTu B ['ane. XoTs
BOKPYT HETO MTPOU3O0ILIIN OTPOMHBIE N3MEHEHUS.
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Puc. 6. IBopenn Manxus B Kymacu (Manhyia Palace) [4]
IMocT-KOJIOHUATIBLHBIH

Ilocne 3aBoeBaHus cTpaHOil He3aBUCUMOCTH B 1957 r. mmpoko
Pa3BEpHYJIHCh CTPOUTEIbHBIE PadOTHl B KPYMHBIX Topojax. Mcnomnb3o-
BaJIMCh HOBEWIINE CTPOUTEIbHBIC MaTepHuaibl (OETOH, CTEKIIO, aIIOMH-
HUHM M Tp.), POJIb CTPOUTEIHCTBA BO3pacTaeT (MPH TEXHUYECKOH MOA-
nepxxke CCCP B Akkpe ObUT CO3[1aH JOMOCTPOHUTENbHBIN 3aBo). CTpo-
ATCSl KPYIHbIE aJMHHUCTPATUBHBIE M OOILECTBEHHBIE 3AaHUs, CO3/a-
I0TCS JKUJIbIE MUKPOPANHOHBI C TOPrOBBIMU LIEHTPAaMH, IIKOJIAMHU U JIET-
CKUMH cajamu [3].

CoBpemenHas AKKpa
(HyBoPuu: APXUTEKTYPA CYIIEP-PUY)

C TeueHuem BpEMCHU AKKpa nepenuia OT UCIoJIb30BaHUA MCCT-
HBIX CTHICH U MaTcpUuajioB B CTPOUTCIBCTBE JOMOB K 3apy6e)KHLIM I10-
cTpoiikaM HOBOro tuna. Hampumep, ObUT IPUHAT MEHEE UCTIONb3YEeMBbIH
paHee ypOBEHb 3aCTPOIMKH 3AaHUH € )KUIIBIMU IOMaMH CPEIHEN 3TaXKHO-
ctu. Hanmune HOBBIX MaTepuaioB U UCHOJIb30BAHUC BBICOKOTCXHOJIO-
THYHBIX MCTOAOB B CTPOUTCIILCTBC IMPOJIOKWIN IYTb K JUHAMHU3MY
B CTPOUTCIIBHOM CEKTOPC I'aHEBL

B COBpeMeHHOﬁ APXUTCKTYPC I'aHbl CCroJHA COYCTAKOTCA Tpa-
JUITMOHHBIC CUMBOJIBI 1 COBPEMCHHBIC MaTCpUaJibl IJIs1 CTPOUTCIILCTBA
HCKOTOPBIX 06H_IGCTBCHHLIX SﬂaHHﬁ. HpI/IMCPOM 9TOIr0 MOKCT MOCIYy-
*kuth 1oMm @narcradda mis npesuaenta ansl. @opma 3maHust Obuia
BJOXHOBJICHA 3010TBIM Ta6ypeTOM Hapoaa AmanTtH. 210 OJHO H3 Ca-
MBIX BaXXHBIX NPEICTaBICHUN O 00KECTBEHHOH mpupoae Kopois. 31a-
HHUC COCTOUT U3 YCTBIPECX KOPIYCOB, COCAUHAIOMINXCS CBCPXY BO3AYIII-
HBbIM MOCTOM.

3,Z[aHI/I€ B OCHOBHOM COCTOMT M3 cTaiu U ctekna. CTeko mc-
MOJIB3YCTCd B KAa4YCCTBC KIIMMAaTHIECKOMN 3aBCChI, KOTOPAs IMOKPBIBACT
BCC 31aHUC. OTH TIaBHBIC JIMHUH KOHTPAaCTUPYIOT C OYCHb OPTOIO-
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HaabHBIM, OYEHBb 3€MJIMCTBIM 3TaHUEM 3a HUM. DTO 3JJaHUE COCTOUT M3
4 cnoes. OHU SBJISIOTCS HACTOSIIMMU PE3UJCHIMAMA U OPUCAMHU TIpe-
3UICHTa U MPUJAIOT 3IaHUI0 €r0 KOPUYHEBATHIA 1BET [6]. DTO 31aHue
Y MHOTHE JpYTrHe Npe/ICTABISAIOT, KaK TPAIUIIMOHHASI U COBPEMEHHAs ap-
XUTEKTYpa MOTYT OOBEIUHUTHCS ISl CTAHOBJICHUS HOBOHW 3pBI B 3TOH

cepe.

Puc. 7. lom ®aarcradda s npesngenta I'anb [6]
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PAGUKA APXUTEKTYPbI U CTPOUTEAbHbBIX MATEPUAAOB MCCAEAOBAHUA

Mepuoa 13 sex - 14 Bek Nepuoa 14 sek - 17 sek. Nepuoa 17 sek - 20 Bex MOCKOAOHH3AUMA A0 H.3

Mlapios 40 NPWGLTHA @8pONEACKOMD. SO | 10 NEPHOR PCUBET WAIEHA AcaNTe  ix | K 1874 roay
npiNoss  esponericiom T

20ve. I
B0 AMOPE. NOCIDOCHIOM M)  WOCTHMX| juaxs TOPIOGAN MOAY
NATOpHANOS. 10 N030ANNO ek . peadOIO

‘ONPEEAGKHOR AHIH XM B OZHOM ™ 10 Gein nepos.
o

pac
foMs B CIDOWTEAMOM  Cextope. Bl

KAK | NOCTPORKM GOPTHS I AU, 106 YBEMHATH
noTO 1opeon

oo
WUcnonb3aBaHbl MaTepuanos

BuiBoabl

1. B Xome Hay4yHOTO HCCIEIOBaHUS B MEPBYIO o4yepenb ObLIN
BBISIBJICHBI HCTOPUYECKUIN 3Tall apXUTEKTYPBl U THIIBI JOMOB, KOTOpPBIE
CyLIECTBOBAJH B | 'aHe 10 KOJOHHU3ALUHU €BPONEHIIAMHE, THITBI UCTIONIB3Y-
€MBIX MaTepHaIoOB U UX AOCTYIHOCTS 110 LIEHE; SKOHOMUYECKHE U COLU-
aJbHBIC IPEUMYIIECTBA MATEPUAIIOB, B TOM YHUCIIE OJIaronpusTHOCTb JUIS
KJIMMaTa; METOJl CTPOUTENbCTBAa JOMOB, €ro NPEUMYILECTBa U HENO-
CTaTKH.
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2. BO-BTOpBIX, OBUTH PACKPBITHI U3MCHEHUS, MPOU3OIICAIINE
B CTUJIC apXUTEKTYPHOU (hOPMBI, B TUIIAX MATEPHAIIOB, HCITOIB3YEMBIX
B CTPOUTEILCTBE BO BPEMsI KOJOHU3AIHH.

3. B-TpeThux, MOSIBICHHE HOBBIX CTPOUTEIBHBIX MATEPHATIOB
MPUBENO K M3MEHEHHIO BHEIITHETO BH/Ia OCeNieHuH B ['aHe, ¥ XOTs CTpo-
UTEIBCTBO HE TAKMM MPOCTHIM, OHO CJenano ero 6ojee Oe30MmacHbIM,
YeM ITPU UCTIONB30BaHUK MECTHBIX MaTepuanoB. HapoaHas apxurektypa
ACCOIMUPYETCA C MHOTOYMCICHHBIME TpeumyiinecTBamMu. OjHako eé
BHEJIPCHHUE B pa3pabOTKy YCTOHUMBBIX 3[JaHUI HE OBUTO JOJKHBIM 00pa-
30M OLICHEHO.

4. C mpyro#t CTOpOHBI, HECMOTPsl Ha oOecreueHue 3apyOex-
HBIMH MaTepHaJaM{ JIETKOCTH M O€30MacCHOCTH TPH CTPOHUTENHCTBE,
B COBPEMCHHOM MHPE MX CTOMMOCTBH MPOCTO 3alllKajiuBacT. [1oaTomy,
OYEBHTHO, YTO HEOOXOaUMA Pa3pabOTKa MECTHBIX MATEPUANIOB, a TAKXKE
WCTIOJIb30BaHKUE TPAJAUIIHOHHBIX AU3aHHOB B COYCTAHUH C COBPEMEHHOM
ApXHUTEKTYPOH (C TOUKH 3PSHUS CTHJIIS U MPOYHOCTH ), 00CCIICUNBAFOIIUX
W7CaNbHbIA BHEIIHUM BU]T U JIOJTOBEYHOCTh BMECTE C COXPAaHCHUEM Tpa-
TULAH.
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Abstract. This article presents a retrospective analysis of the de-
velopment of the architectural formation of residential buildings in
Ghana. The main goal of the work was to identify high-quality traditional
architectures in the form of buildings, materials and ornamental symbols
of Ghana and its incorporation in the modern architecture of the country.
The history of pre-colonial, colonial and post-colonial architecture and
their influence on the development of the formation of residential build-
ings in Ghana are considered. The article will cover traditional architec-
ture in Ghana, including their types, materials and style of construction,
as well as European architecture.

Keywords: retrospective analysis, architectural formation, colo-
nization, effects of colonization on architectural development, residential
houses, types of houses, development
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COBPEMEHHBIE METO/Ibl OBCJIEJOBAHU OFBbEKTOB
KYJbTYPHOI'O HACJIEAUSA

Tiwonenesa I1.B., cmyoenm

Jlenapmamenm apxumexmypol, UHICEHEPHAS AKAOEMUS,
Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus
yuleneva_polina@mail.ru

AHHOTauus. PaccmarpuBaioTcsi COBpEMEHHBIE TEXHOJIOTHMYE-
CKHE YCTaHOBKH JUIsl HPOBEICHUS OOCNEOBaHUN OOBEKTOB KYNIbTYp-
HOTO HacJleausl, X MPenMyIecTBa U HelocTaTKi. Br1Oop B monb3y cra-
PBIX WIM COBPEMEHHBIX METOIOB 00CIeNOBaHMHA MPOU3BOAMTCS HA OC-
HOBE CPaBHEHUS IMOJHOTHI PE3yJbTaTOB BU3YaJIbHOTO OCMOTpPA IBYMS
Metoaamu. Llenpto paboThl sBHsieTcss 0030p COBPEMEHHBIX METOAOB 00-
ClIeIOBaHMsI OOBEKTOB KyJIbTYpHOI'O Hacjenus U aHauu3 ux 3((GexTus-
HocTH. [y JOCTHKeHMsT JaHHOW Lenu ObuH c(OPMYIHPOBAHbI CIIEAY-
IOLIME 3a/1a91: U3YYUTh COBPEMEHHbIE Hepa3pyIlaloIinue METOAbI 00ce-
JOBaHUS OOBEKTOB KyJIbTYpHOTO HACIIENUs; MPOAHATU3UPOBATH OTYET
0 JIETaJbHOM 00CIIeIOBaHUH NAMSATHUKA aPXUTEKTYPBI; TIPOBECTH CaMO-
CTOSITENIFHOE BU3yalbHOE 00CIIeIoBaHHE O0BEKTa KYJIbTYPHOTO Hacle-
WS ¥ IPOAHATM3UPOBATh pe3yibTaT. CorslacHO pe3ysbTaTaM HUCCIIeNo-
BaHUs, Harbolee MOTHY0 HH(YOPMAITHIO 00 00BEKTE MOYKHO MOTYIHUTH,
UCTIONIb3YS COBPEMEHHBIE YCTaHOBKH.

KiioueBble ciioBa: BU3yaslbHOE OOCIEIOBaHHE; MHCTPYMEH-
TaJbHOE 00CIIe10BaHNe; 00BEKT KyJIbTYPHOTO HACIIEIHS; COBPEMEHHBIC
TEXHHYECKUE YCTAHOBKH; PEKOHCTPYKIHUS; HEepaspyLIAIOIMINEe METOIbI
o0cnenoBaHus

Beenenue

Ha ceronusmnmnii feHs 00BEKTaM KyJIbTypHOI'O Hacieaus yne-
nsieTcsi orpoMHoe BHUMaHue. COIacHO AAaHHBIM €IUHON MEXBEIOM-
CTBEHHOH TOCYAapCTBEHHON WH(OPMAIIIOHHO-CTATUCTUYECKON CHCTe-
™Mbl 32 2021 rox B peectp Obuto BkitoueHo 97977 obwekroB [1]. s
BKJIIOUYEHUS B peecTp Ha 00BEKTE KyJIbTYpPHOI'O HacieAHs HEOOXOANMO
IIPOBECTU T'OCYAAPCTBEHHYIO HCTOPUKO-KYIbTYPHYIO SKCIepTH3y. JlaH-
Hasi IPOLEeAYpa COCTOUT U3 PAJa MEPOIIPUATHH A71s1 000CHOBAHUS BKIIIO-
4eHus1 00BEKTa B PEECTP, ONPEACIICHHUS KaTETOPUU UCTOPUKO-KYIbTYp-
HOTO 3HAueHHWsA OOBEKTAa; YCTaHOBIEHMS TPeOOBaHMU K TIPajoOCTPOH-
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TCJIIbHBIM PCIJIaMCHTAM B I'paHUIIAX TeppI/ITopI/Iﬁ 30H OXpaHbI 00BEKTa
KYJbTYPHOTO HACJICAUs, B I'paHULlaX TCPPUTOPUN OOCTOIIPUMECUATCIIb-
HOI'0O MECTa, obecrieucHus COXpPAaHHOCTHU 00BEKTOB KYyJbTYPHOTO HacCJIe-
AW, BKIIFOYCHHBIX B pECCTP, U APYTHUC. OI[HI/IM nu3 MepOHpHHTI/Iﬁ, IMpOBO-
JHUMBIX Ha 00BeKTaxX KYJbTYPHOTO Hacjieaud € LCJIbIO obecrieueHus Ux
COXpaHHOCTH U }.Ia.]'leeﬁH.[efI 0e30MmacHoOM OKCIUTyaTalluu, ABJIACTCH 00-
CJICJOBAaHUC.

CyiecTByOlIMe METOABI 00C/Ie10BAHNS

Obcredosanue 30anuil (COOpysiceHutl) — KOMILICKC MEPOIPHS-
TUH TI0 ONpEeeNICHHIO U OlleHKe (PaKTHUECKUX 3HAUEHUH KOHTPOJIHpYe-
MBIX IApPaMETPOB I'PYHTOB OCHOBAHUS, CTPOUTEIBHBIX KOHCTPYKIIHH,
WH)KEHEepHOro obecneueHus (060pynoBaHus, TpyOONPOBOIOB, IEKTPH-
YEeCKHUX CeTed W Jp.), XapaKTepU3yIIX paboToCIocOOHOCTE 00BEKTa
00CIeIOBaHUs U OIPEIENSIOMNX BO3MOKHOCTh €r0 JalbHEeHIIel dKc-
TUTyaTallud, PEKOHCTPYKIMHM WM HEOOXOJMMOCTh BOCCTaHOBIICHUS,
YCHUJICHUS, PEMOHTA, W BKJIIOYAIOIINKA B ceOsi oOciegoBaHHe TeXHUYE-
CKOTO COCTOSIHUS 3JIaHHA (COOPY>KEHHS), TEIUIOTEXHUYECKUX U aKyCTH-
YECKHUX CBOICTB KOHCTPYKLHH, CHCTEM HHKEHEPHOTO oOecneueHus 00b-
eKTa, 33 HCKIIIOYEHNEM TEXHOIOTHIEeCKOro 000pyaoBaHusi[2].

Beinensror Tpu 3tama 00CiIeI0BaHUS: NOATOTOBUTEIBHBIC pa-
0OTBI, IpeIBApUTENBEHOE (BU3YaTIbHOE) U JICTAIBHOEC (MHCTPYMEHTAIb-
Hoe). Ha sTame moAroToBUTENbHBIX PadOT MPOUCXOIUT O3HAKOMIICHHE
¢ 00BEKTOM, €ro 00bEMHO-TNIAHUPOBOYHBIM PEILICHUEM, UCTOPUEH, pa-
Hee TPOBOANMBIMU PEKOHCTPYKLIHMOHHBIME paboTaMu. BuzyansHoe 00-
ClIeZIOBaHUE MPOBOJAT C LEIBI0 NPEIBAPUTEILHON OLIGHKM TEXHHYeE-
CKOTO COCTOSIHUS 110 BHEUTHUM Aedektam. B mporecce npoBeneHus Bu-
3yaJIbHOTO 00CIIeJ0BaHMsI IPOU3BOAAT U3MEPEHUS (HapUMeEp: pa3Mephbl
TPELINH, CMEUICHNE 3JIEMEHTOB U Jp.) U AenaroT GoTtodpukcanunio. Bro-
CIICIICTBUY M3TOTABJIMBACTCS TEXHHYECKAs JTOKYMEHTAIHsl CO CXEMaMHu
U BEIOMOCTAMH Ae(eKToB ¢ (hukcanment MecT U xapakrepa. Ecnu Buzy-
albHOE 00CIeJOBaHNE HE 1AET MOJHOM KapTUHBI COCTOSIHUS 00BEKTa, TO
MPOBOJAT AeTanbHOe obcienoBanre. OHO BKJIIOYAET B ceds ompenene-
HHE HEOOXOIMMBIX F€OMETPHUECKUX MapaMeTpOB 3/1aHHs, HHCTPYMECH-
TaNbHOE OIpeeNICHHE TapaMeTpOB eEeKTOB U MOBPEKIACHUH; onpee-
JICHUE pealbHBIX SKCILTyaTal[MOHHBIX HArPy30K U BO3JCHCTBHMN, BOCTIPH-
HUMaEeMBIX 00CIIelyeMBbIMH KOHCTPYKLUSIMHU C YUETOM BIHsHHS Jedop-
MalMii TPYHTOBOIO OCHOBAHHS, OMNpEIeNICHHE pPEaJbHOW pacueTHOM
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CXEMBI 3[aHUS U €T0 OTIEIBHBIX KOHCTPYKIUH; ONpEIeICHUE pacueT-
HBIX YCUJIMH B HECYIIMX KOHCTPYKIIUAX, BOCHIPUHUMAIOIINX 3KCILTyaTa-
IIMOHHBIC HATPY3KH; pacyeT HecyIel CnoCOOHOCTH KOHCTPYKITUH 110 pe-
3ynbTaTtam oOcienoBanus. Tak Kak B HAIlleM CiIy4ae pedb UAeT 00 00b-
€KTaX, HECYIINX UCTOPHUYECKYIO IICHHOCTb, JTF000C MHCTPYMEHTAILHOE
BMEIIATEILCTBO JOJDKHO OBITH Hepa3pymIaromummM [3].

Ha maHHBIIT MOMEHT BBIICISIOT CICAYIONINE METOJBI HEPA3Py-
LIAIOUIETO KOHTPOJIS:

—  YIbpTpa3BYKOBOU U aKyCTHUECKUH METO/T (OIICHKA IIEIOCTHO-
cTH 00beKTa, 0OHApYKEHHE yTeueK, NePEeKTOB);

— Meron MarHUTHBIX 4acTwil (TIO3BOJISIET OOHAPYKHUTH pPa3-
PBIBBI M TPEIIUHBI B )KEIIE30COACPKANUX MATEpUANIaX ),

— Merox KOHTPOJIS TPOHUKAIOIIMMHE BEIIeCTBaMU (Ompeene-
HUE HAJIMYUS TPEUIVH U MYCTOT, TOPUCTOCTH MaTepraa);

— BuxpetokoBsiii MeTo]] (OOHApYXKEHUE TPEIIWH, U3MEPEHHUE
TOJIIIMHBI MAaTEPUANIA; TIOAXOAUT MPEUMYIIIECTBEHHO JUTsl MEXaHUIECKHX
KOHCTPYKLHH);

— Bubpomuaranoctuueckuii MeTon (OTCICKUBAHUE CUTHATYPHI
BHOpanuii KOHCTPYKIINN);

— DNeKTpudecKuil MeTo (OTpeie]ICHHe MIOTHOCTH MaTepurana,
CTETICHH TTOJTUMEPHU3aIINH, TOJIIINHBI MATEPHAJIOB U TIOKPHITHI);

— TemnnoBoit merox (ompeneieHre KOPPO3UOHHBIX TOBPEXK/IE-
HUH, OTIIOKEHUH, ITyCTOT, BKIFOUCHHIA );

— PanmmanuonHsnii MeTop (BbIsIBIeHHE Ne(EKTOB Marepuala,
MTOCTOPOHHHX TPEAMETOB B KOHCTPYKIIMH, POBEPKA HA KOPPO3HIO).

— BusyanbeHblil MeTO.

CoBpeMeHHbIE Hepa3pylIalOIIie TEXHHYECKHEe YCTAHOBKH
A5 IpoBeeHUs 00cjIe0BaHNA
Pa3BuTHE TEXHOIOTUI MPHUBEJIO K MOSBICHUIO HOBBIX METOJIOB
HEpa3pyLIAOIIEro KOHTPOJISI M YCOBEPLICHCTBOBAIO CTapble METOMBI,
MyTEM MOSABJICHUS HOBBIX TEXHUUYECKUX YCTaHOBOK. B Tabnune 1 npuse-
JCHbl MPHUMEPHl COBPEMEHHBIX AaHAIOTOB IEPBBIX TEXHUYECKUX YC-
TPOWCTB /ISl Hepa3pyIIaroIero oocienoBanus [4].
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Tabnuya 1
IlepBble TeXHMYECKNE YCTAHOBKH /1JIs MPOBEIEHUA 00C/I€I0BAHUSA
| UX aHAJIOTH

CoBpemMeHHbIE
IlepBbie ycTAaHOBKH Haznauenne
YCTAHOBKH
Onrtnueckuii HUBenp  [Jlazepusiid HuBenup Leica|Onpenenenne ycaaku
Lino L6R ¢dynmamenra
OTaJIOHHBLII MOJIOTOK Y IbTpa3ByKOBOM OnpeneneHyue NPOYHOCTU
K.I1. Kamkaposa Tectep 6etoHa Pundit 0eToHa B KOHCTPYKLIMIX
C YIJIOBBIM MacITadbom;
[Tpubop Tnna KM
3yOnIto, MOJIOTOK, Y IbTpa3ByKOBOM ['myOuna TpemuH B Oe-
THEeKa edexrockorn TOHE M KaMEHHOH KJlaJiKe
YK-10IIMC
Ly, nuHeiika, OneKTpOHHBIA MUKpo-  ([[IupuHa packpsITHs Tpe-
ITAaHT€HIUPKYJIb ckorn Taijia LIVH
Pyunoii Bubporpad BP-1 [Oxodusuka-110A [TapameTps! BUOpariu
KOHCTPYKIHH
Onrtnueckas nedexro-  |AKycTuueckas ycTaHoBKa|PacrozHaBaHue Opo/,
CKOIIHS Sylvamatic by CBS-CBT [BbLsiBIICHHE TOPOKOB Jpe-
BECHHBI, BIIQ)KHOCTb, 00-
Hapy>XCHUE CHHEBBI U
CHWIEH B ApEBECUHE
BusyanbHbI 0CMOTP HazemHbli1 1a3epHBINA OnpenencHue BUAUMBIX
KOHCTPYKLIUH ckanep Leica RTC360  |moBpexnenuii u nedex-
TOB KOHCTPYKIHUH

[TpuBenenHsle ycTpoiicTBa B Tadbmuue 1 B ctonbue «CoBpemeH-
HBIE YCTAaHOBKW) HE SIBISIFOTCS €AMHCTBEHHBIMHU HCIIONB3yEMBIMHU yCTa-
HOBKaMHU.

HecmoTps Ha mosiBiIeHHE pa3IMyHOTO COBPEMEHHOT0 000pyI0-
BaHUsI 17151 HEpa3pyILIaroIero o0cae10BaHusl MHOTHE KOMITAHUH BCE €1Ie
WCTIONB3YIOT CTaphble TEXHOIOTUHU. DTO BBI3BAHO TEM, YTO COBPEMEHHEIE
YCTaHOBKH MMEIOT Psii HEAOCTaTKOB, HAlpUMEp, TpeOOBaHKE BBHICOKOM
KBaJH(UKaUK COTPYIHHUKA, MPOBOAALIETO oOcienoBanue. Psa mpe-
UMYIIECTB U HEIOCTATKOB COBPEMEHHBIX YCTAHOBOK M3 TaOnuubl 1 amst
MPOBEIEHHS Hepa3pyLIaoIero 00cae10BaHus MPUBEICH B Ta0IUIE 2.
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Tabnuya 2

IIpenmynecTBa H HEOCTATKH COBPEMEHHBIX YCTAHOBOK
JJ151 Hepa3pyuaouiero 06cie10BaHus

CoBpeMeHHbIE
IIpenmymecrBa HenocraTkn
YCTAHOBKH
JlazepHblii HUBENUD (- OOJIBIIAS [UTMHA PUCYEMBIX - BBICOKasi CTOUMOCTb
Leica Lino LOR II0CKOCTEN - XpaHEHHUE U IIepeMe-
- TOYHOCTh U3MEPEHUI LICHUE B CIIEUAIbHON
- IPOCTOTA UCHOIb30BAHUS YIaKOBKe
- BO3MO>KHOCTH PabOThI He- - paboTa OT aKKyMyJIsi-
CKOJIBKHX Y€JIOBEK I10 II0Ka3a-  [Topa
HUSIM OJJTHOTO TIprbopa
YIIBTPa3sBYKOBOM |- IIMPOKUM CIIEKTP UCCIEAYE- |- BBICOKAsk CTOUMOCTb
Tectep OeToHa MBIX XapaKTEPUCTHK - BBICOKasl KBITU(HKA-
Pundit - TOYHOCTh U3MEPEHUI LUsI COTPYIHUKA
-BBIBOJI PE3YJIbTATOB U3MEPEHUH |- paboTa OT aKKyMYyJIs-
Ha [IK TOpa
- BO3MOYKHOCTb HCIIOJIb30BaHHUS
IUIs pa3JINYHBIX MaTE€pPHaIoB
(xoHKpeTHO y npubopa Pundit)
YIIbTpa3BYKOBOH |- onpezeneHne GU3HYeCKUX U |- BEICOKAs CTOUMOCTD
nedeKTocKor MEXaHWYECKUX XapaKTepHCTHK |- BBICOKAs KBaHpuka-
YK-10IIMC Marepurana 0e3 B3sTus o0pasua |Iusi COTpyAHHKA

- TOYHOCTh U3MEPEHUN
- bopMupoBanme oT4yeTa B BHIIE
YHCIIOBOM TaOJIHIIBI

- paboTa OT aKKyMyJIsi-
TOopa

DIEKTPOHHBIA MUK-
pockor Taijia

- TOYHOCTh U3MEPEHUN
- MPOCTOTAa HACTPOUKH U CHSTHUS
MOKa3aHuH

-BBICOKas CTOMMOCTDb

Oxopusuka-110A

- TOYHOCTh U3MEPEHUN
- BBIBOJ P€3YJIbTATOB U3MEPE-
Hui Ha I1K

- BBICOKasi CTOUMOCTb
- paboTa OT aKKyMyJIsi-
Topa

ONTHKO-3JIEKTPOH-
Hasl yCTaHOBKa
PAUL Wood
Scanning System

- TOYHOCTh U3MEPEHUI

- OOJIBIION CIIEKTp UCCIIENOBaH-
HBIX XapaKTEePUCTUK

- HCCJICIOBAaHNE BHYTPEHHEN
CTPYKTYPBI U 1e(heKTOB

- BBICOKasi CTOUMOCTb
- BBICOKasl KBJTU(HKa-
LIS COTPYTHUKA

- paboTa OT aKKyMyJIsi-
TOopa

- CTallMOHApHOE

YCTpOHCTBO
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HaszemHBbIi 1a3ep- |- TOYHOCTH U3MEPEHUH - BBICOKAsl CTOMMOCTb
HBII ckaHep Leica |- MccienoBanue TPy IHOAOCTYII- |- BEICOKAsI KBATU(HKA-
RTC360 HBIX MECT LUsI COTPYIHUKA

- BBISIBJICHUE TPEIUH - paboTa OT aKKyMyJIsi-
- BeiBog 3D mozmenn Ha ITK [5]  |topa

Hcxons n3 NaHHBIX, IPUBEACHHBIX B TA0IUIE 2, OCHOBHBIMHU He-
JOCTaTKaMHU COBPEMEHHBIX YCTPOMCTB ISl Hepa3pyIlaloero oocueno-
BaHUs 00BEKTOB SABJSIOTCS JOPOTOBU3HA, MOTPEOHOCTD B 3IEKTPOIHTA-
HUH 1 BBICOKasl KBAJTM(HUKALIUS COTPYAHUKA, paOOTAIOLIETO C TPHOOPOM.

BuzyaabHoe o0cieroBanne 00beKTa KyJIbTYPHOTO HACIeIHSA

Bruto mpou3BesicHO BU3yallbHOE OOCIIEIOBAaHUE O0BEKTA KYIb-
TypHOTO Hacnmeaus «Ycanapba CyXxaHOBOY, PACIIOIOKEHHOTO B JICPECBHU
CyxanoBo MocKkoBcKo# obmacTu.

HNndopmanus o0 oobekTe:

Iepuoo eosnuxnosenus: XVII-XIX Beka (1805-1824 1r.)

Mecmononosicenue: MockoBckast 0051acTh, JICHUHCKMIA paiioH,
nepeHs CyxaHOBO

Kpamxasa ucmopuueckas cnpasxa: B noneTpoBcKHe BpeMeHa
3/1ech OblIa IfapcKas BOTYMHA, B KOTOPYIO BXowiH JepeBHH CyXaHOBO,
JlonmatuHo u bo6poBo, BonkoHnckuMm ycaanba mocranack B Hadane XIX
BEKa, U y>Ke M0J1 PyKOBOACTBOM KHATHHU Exatepuns! BoikoHckol cTpo-
WJICSI COXPaHUBIIMICS TBOPIIOBO-NIAPKOBEIN aHcaMOub. Han co3manuem
ITOMECThSI, HAJBOPHBIX IIOCTPOCK U MapKa TPYIUIHCH TeTepOypreKue ap-
XUTEKTOPbI, UMEBIIIHE OTHOLLICHUE K UMIIEPATOPCKOMY IBOPY.

Obvexmul 6 cocmage ycadvowi:

— Tocnoackuili 1OM C HIECTUKOJIOHHBIM MOPTUKOM HOHHYE-
CKOTO OpJiepa THUIUYEH I PYCCKOHN ycajmeOHOW apXUTEKTYphl Hadaia
XIX Bexa.

— VYcemaapHUIA KHsI3ed BoKoHCKUX

— CyxaHOBCKHI ITapK

yTpadeHbl: MaBUIbOH «DPMUTAXK», KaTalbHAS TOPKa, COUHKCHI
Y TIPUCTaHb Y MPY/a, 0OEITUCK C IBYTIABBIM OPJIOM

coxpaHeHsl: beceaka «Xpam Beneps», Ckynbnrypa «/leByiika
¢ KyBIIMHOMY», O THOApOYHBIN MOCTHK, [lom mpuuTa (1820-e rossr)

Cocmosnue Ha cecoonAwHul 0ens: [1o coctostamio Ha 2013 rox
TOCHOJICKAH JOM 3aHUMAET YAaCTHBINA JETCKUU JIULIEN.
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IIpu6opsl, ncnoab3yemMble P NMPOBeIeHUN 00C/IeJOBAHNSA:
¢oroanmnapat, TMHEHKa, INTaHTCHIUPKYJIb, IIYTI.
[IpenBaputenbHbIe pe3yabTaThl IPOBEIESHHOTO BU3YaIbHOTO 00-
CJIeIOBaHMs CBEJICHBI B TaOHILy 3.

Tabruya 3

AHaJu3 BU3yaJabHOT0 0cMOTpa Y caab0bl CyXaHOBO

O0BeKT

Onucanne noBpexIeHni

IIpenBapurenbHas
OLICHKA MOBPEXKICHUI

KyxoHHBII
¢mrens

(puc. 1)

JlecTpyKuus OT/IEIOYHBIX CIOEB
¢acana (puc. 2)

HesnaunTenbHBIE

UacTh IOKOIIST MEXaHIMYECKH ITOBPEK-
IleHa, TOKPBITa MXOM. BO3MOKHEI 110-
BPSXKICHUS KAMEHHOM Kiaaku (puc. 3)

SHAYNTEILHBIE

oM
VIIPABJISIO-
INEY

(puc. 4)

Tperuna B CTEHE ¢ TAPKOBOM CTOPOHBI
0 BCEU BBICOTE 37aHusl (C BO3MOXKHBIM
MPOIO/KEHUEM B (DYHIAMEHTE) IIUPH-
HOW packpsITus 6onee 50 mum (puc. 5)

Kputnueckue

Tpemuna B crene (pasblii TOper) Mo
BCEH BBICOTE 3/IaHMsl ITUPHHON PACKPBI-
tus 6oaee 50 MM

Kputnueckue

JlecTpyKLUs 3JI€MEHTOB KUPIUYHON
KJIQJIKH

Kputnueckue

Mexannueckue MOBPCIKACHUS LTOKOJIA
3JaHHA

SHAYNTEILHBIE

Tpemuna B ctene (JIEBBIH TOpel) JUIHH-
HO0 560 MM IIUPHHON PACKPBITHS HE
6oxnee 30 MM

3HAYNTEILHBIE

Tpemuna B ctene (JI€BBIH TOpeIr) 110
Bcel BbICOTE | 3Taxka MMPHHOI pac-
KpbITHs He 6oiiee 50 MM

Kputnueckue

OOpy1IeHHe JIECTHUIBI BXOIHON
TPy

Mao3HaunTeIbHEIC

Tpemuna B crene (BxoxHOH dacan)
JUITMHHOO 360 MM IIUPUHON PaCKPBITHS
He 6onee 30 MM C IOCIIEAYIOIUM Je-
CTPYKLMS KUPIIMYHON KJIQJKK HaJ

JABCPHBIM ITPOCMOM

Kputnueckue
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Poronpma-  |[lecTpyKIws OT/IEIOYHBIX 0B Ha (ha- |HesnaunTenpHbIC
Yebmans-  |cajie U acaJHbIX dIIeMEHTax
HHULa MexaHUYECKUE TOBPEKICHIS IOKONS, (3HAYUTCIBHBIC
(puc. 6) TIOKPBITHE MXOM (puc. 7)
JlecTpyKuysa KUpIUYHON Kiaaku B Me- [He3nauurtenbHbie
CTax MOBPEXJAEHUS OTAEIIOUHBIX

Hcxons w3 MOMYYEHHBIX PpE3yJabTaTOB, BUAHO, YTO OOBEKT
«Ycanpba CyxaHoBO» HyXHaercs B pectaBpanuu. [IpoBeneHHBIH
OCMOTp MOKa3aJl, YTO B KPUTHYECKOM COCTOSIHUM HaxoauTcs Jlom ynpas-
JIAIOILET0, HO TOYHOE 3aK/II0UEHHE MOXKHO CIENIATh JIHUIIb TP IIPOBEE-
HUH JETANBHOTO (MHCTPYMEHTAJIBHOT0) OCMOTA.

Puc. 4. Bua ¢ napkoBoii CTOPOHBI Puc. 5.
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Puc. 6. Bua ¢ napkoBoii CTOPpOHBI Puc. 7.

B kauecTBe BHU3yalbHOIO OCMOTpA, IPOBEIECHHOTO COBPEMEH-
HBIMH YCTaHOBKaMHM, paccMOTpuM JleTaibHOe OOCIeIOBaHUE CTPOH-
TENbHBIX KOHCTPYKIHMHA 34aHUH 00BEKTa KyJIbTYpHOTO Hacienus
«Ycanpba byTuHa», MpoBeIeHHOE HAYYHO-HCCIIEAOBATEIbCKUM U MIPO-
EKTHO-YEPTEKHBIM yupexaenueM «Benuyp». B nannom oOcnenoBanun
WCTIOJIb30BAJIUCH YCTPOMCTBA, CPEAN HUX — YJIBTPa3BYKOBOU TOJNIIMHO-
meTp A1207, nazepHas pynerka Leica DISTO D8 u ap. [6].

B xozne ananu3za ABYX pe3yJsbTaToB 00CIENOBaHUI BHIHO, YTO
BU3yallbHOE 00CIEeI0OBaHUE C MPUMEHEHHEM COBPEMEHHBIX NPHOOPOB
naet Oojiee MIMPOKUH CHEKTp MH(opMauuu, HalpuMep, TOYHbIE rada-
PUTHI 31aHHA U pa3Mep MOBPEKICHUN Ha HEM.

3akiouenne

OOBeKTBHl KyJIBTYpHOTO HACJIEAMs NPEACTABISIOT OTPOMHYIO
LEHHOCTh, TaK KaK OHH SBISIOTCS MAMITHUKOM apXUTEKTYPHI U OCsi3ae-
MO YacTHIed HCTOpUM Hawel poanHel. Ha cerogHsimHmil neHs paspa-
00TaHO MHOXKECTBO HEPa3pyLIAIOLINX METOAOB 00CIEIOBaHUS U KOH-
TPOJA KOHCTPYKUMHU. st 3THX METONOB pa3pabOTaHbl U yCOBEpLICH-
CTBOBAaHBl pa3JIM4YHbIE TEXHOJOTMUYECKHE YCTaHOBKH. COBpEMEHHBIE
YCTaHOBKH IMO3BOJISIIOT MIPY MHUHAMAJIEHOM KOJIMUECTBE MCCIIEIOBAHUI
MOJYYUTh MaKCUMaJIbHYI0 MH(pOpMauuio 00 00BbEKTe, HO UX HCIIOJb-
3YIOT PEIKO, B CHIIy IOPOTOBU3HBI.

YroOr!I nenath 00cieJ0BaHIEe MAKCUMAIBHO AE€TAIBHBIM, HO TIPH
9TOM CHHU3HUTh SKOHOMHUYECKHUE MTOKA3aTeNHN, CTOUT UCIIOIb30BaTh TEXHU-
YEeCKHE yCTaHOBKH, IIO3BOJISIOLINE ONpPENesITh HauOoIblIee YUCIIO0 He-
00XO0ANMBIX XapaKTepUCTUK. Taxske, U1 CHIDKEHHS 3aTpaT Ha BBICOKO-
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TEXHHUYHOC O60py;[0BaHI/Ie, CTOUT KOM6I/IHI/IpOBaTI> €ro UCIoJb30BaHUC
COBMCCTHO C TpaJUITMOHHBIMHA an6opaMH.

CrnHcok JuTepaTypsbl

1. Enunast mMexxBenoMcTBeHHas: MH(OPMALMOHHO-CTaTHCTHYC-
CKasl cucTeMa
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3. TOCT P 55567-2013. HaunonaneHsiii cranaapt Poccuii-
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HUYECKUX UCCIIEIOBAaHMI Ha 00BEKTax KyJIbTypHOro Haciueaus. [lamst-
HUKHU UCTOPHHU U KyJIbTYpbl. O01I1e TpeOoBaHHUS.

4. DnextponHas 6ubnmorexa CankT-IleTepOyprckoro yHuBep-
cUTeTa  BBICOKMX  TexHoioruid.  https:/tehlib.com/ispy-taniya-i-
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MODERN METHODS OF SURVEYS
OF CULTURAL HERITAGE OBJECTS

Tyuleneva P.V., student

Department of Architecture, Academy of Engineering,
RUDN University, Moscow, Russia
tyuleneva_polina@mail.ru

Abstract. Modern technological installations for conducting
surveys of cultural heritage objects, their advantages and disadvantages
are considered. The choice in favor of old or modern methods of exami-
nation is made on the basis of a comparison of the completeness of the
results of visual inspection by two methods. The aim of the work is to
review modern methods of surveying cultural heritage sites and analyze
their effectiveness. To achieve this goal, the following tasks were formu-
lated: to study modern non-destructive methods for examining cultural
heritage objects; analyze a report on a detailed survey of an architectural
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monument; conduct an independent visual inspection of the cultural he-
ritage site and analyze the result. According to the results of the study,
the most complete information about the object can be obtained using
modern installations.

Keywords: visual examination; instrumental examination; ob-
ject of cultural heritage; modern technical installations; reconstruction;
non-destructive examination methods
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NPUMEHEHME I'/INHbI
KAK 3KOJIOTHYECKOI'O MATEPHAUJIA,
INPUMEPBI U OCHOBHBIE XAPAKTEPUCTUKHN

T'omec Jlonec A.B., acnupaum

Pyxosooumens: bux Onee Bumanvesuy, K.apx.H.,
Llenapmamenm apxumexmypol, UHICEHEPHAS AKAOEMUS,
Poccuiickuii ynusepcumem opyoicovl Hapodos, Mocksa, Poccus

1042205102@pfur.ru

AHHOTanuUs. ApPXHWTEKTypa TpaJWIMOHHAs 3aHWMaeT o0coboe
MECTO B UCTOPHH apXUTeKTyphl. OHA OTpakaeT XapakTep reorpadudec-
KOH Cpelbl, CONMAThbHO-IKOHOMHYECKAE OCOOCHHOCTH OOIIECTBA, BKYCHI
1 OBITOBBIC IPUBBIYKY HAaceNeHNs. J|oM BRITTISIUT KaK >KUBOM 1 THOKHMIA Op-
TaHW3M, OH ITOCTOSTHHO U3MEHSACTCS B COOTBETCTBUH C JKU3HBIO CEMBH.

B mmpe cymiectByeT OONBIION PETHOH, OXBaTHIBAIOIIWN HEC-
KOJIBKO CTPaH C TPOIIMYECKUM KIIMMATOM, KOTOPBIE UMEIOT TPaTUIHOH-
HYIO0 apXUTEKTYPY U MHOXKECTBO JPEBHUX KYIBTYp, KOTOPbIE BEKAMH CO-
CYIIIECTBOBAJIM B TaPMOHHH C PKYHIJISIMH, TPUCTIOCAOIUBASCH K KITH-
MaTy " reorpa(uuecKoMy MOJI0KEHHIO, UCTIONb3Ys MECTHBIE MaTepHAIEI,
pa3pabaThiBasi KOHCTPYKTHBHBIE METOJIbI, XapaKTePHBIE IJIsI OKPYKak0-
e cpepl, JOOMBasICh yCTOMYUBOTO pa3BUTHA. OTHAKO PUHATO CUH-
TaTh, YTO WX 3HAHHS MPOTHBOIOJIOKHBI MPOTPECCY W MOJIEPHU3AIINH.
U teneps Bce Gombiiie naeli COBPEMEHHOCTH M TII00ATH3aIH OXBATHIBAIOT
pa3nu4IHbBIe COOOIECTBA, OTTANKHABAS UX OT TPAJAUIMOHHBIX 3HAHUH.

HMenHO 110 3T0i MIpUYWHE IENBI0 NCCIICJOBAHNUS SBIISETCS pac-
LIUPEHUE 3TOM YacTU TPAAULHUOHHOM apXUTEKTYphl, aHAJIU3 HAay4HOU
JTUTEPATypPHl, , CHHTE3UPOBAHUE B TOM 00pa3Ile apXUTEKTyPHBIX 00BEK-
TOB TI0 BCEMY MUY, OIPENEICHNE PEeaTn30BaHHOTO KOHCTPYKTHBHOTO
METOJIa, HACTOSIIUNA TEKCT MPEACTABISACT DS KOHKPETHBIX ITaHHBIX
Y KpUTEPHUEB U CTPOUTENHCTBA C TIIMHOW, HAYWHAs OT cOopa U CUcTe-
MaTHU3aIUH TPAIUIIHOHHOTO CTPOUTEIHFHOTO OMBITA, 3aKaHYMBAs UCCIIe-
JOBaHUSIMH, CIEJTAHHBIMH O COBPEMEHHOM CTPYKTYPHOM JW3aifHE U HC-
MTOJTE30BaHUM TOOABOK JIJIS TyUIe TPOYHOCTH.

KiioueBble ciioBa: yCTOWYMBOCTH, CTPOUTENHCTBO M3 TIIMHEI,
caMaH, apXUTEKTYpHOE Haclene, BETPSHbIC OalTHI
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BBenenne

CTpouTeNnbCTBO € UCHOIB30BAHUEM MPUPOIHBIX PECYPCOB pas3-
BHUBAJIOCh HA OCHOBE HAClIeJOBAaHUS 3HAHUHN, KaK U BCE TPAIULUOHHBIC
3HAHUS, COCTOSIINE U3 MPOSBICHUS JOTHYECKUX OTBETOB Ha MECTHBIC
MOTPEOHOCTH, a TAKXKE Ha YCIOBUS U PECYPCHI, MPpearaeMbie IPUPOJI-
HOI cpenoit. BMecTe ¢ TeM HEIOCTAaTOK TPAIULMOHHBIX 3HAHUM 3aKIII0-
4aeTcs B TOM, YTO, TOCKOJIBKY OHU MEPEIAIOTCs B YCTHOH (hopMe U uepes
OTIBIT U3 OJAHOTO ITOKOJIEHUS B IPYTO€, PEIKO UMEIOTCS JOKYMEHTBI, [103-
BOJISIFOLIME X XapaKTepU30BaTh U PACIIPOCTPAHSITH.

Hwxe npuBeneH 0030p HECKOIBKUX POCCUICKUX U 3apyOEKHBIX
HAyYHBIX IyOIHUKAINN, B KOTOPHIX YTBEPKIAETCS, YTO 3€MIICTIONH30Ba-
HUE, UCTIBITAHHOE B MPOIIUIOM, COJIEPKUT MHOXKECTBO (pyHKITHH, TIpe-
JIararolInX pa3inyHble apXUTEKTYPHBIE PEIICHUS], 10KA3aI0 CBOIO YHU-
BEpCALHOCTh Ha TPOTSHKEHUH BEKOB B paboTax, KOTOPHIE TEIePh SBIIs-
FOTCSI YaCThIO BCEMUPHOT'0 HACIEMS, MTOJO0KUTENBHO BIUSIOT HA YCTOM-
YUBOCTh OKPY’KAIOIIEH Cpelibl, MMOCKOJIBbKY OHM SIBIISIIOTCS MaTepHal,
MTPOU3BOAIINN MUHUMAIIbHBIE BRIOPOCH! YTIIEpOaa, OHU MTOMOTAI0T CO-
KpPaTUTh SKOHOMHUYECKHE PACXO/IBI.

BaxxHo mocraBuTh ce0sl B IEHTP MPOOIEMBI U MPEIIOKUTh pe-
IIeHHe. IPOTpecc 03HAYaeT He TO, YTOOBI HAYaTh C HYJISA U CIeTaTh YTO-
TO JPYTOE, a TO, YTOOBI OCHOBBIBATHCS HA 3HAHUSX, UIMEIOIUX IPEBHIOI0
IIEHHOCTh, ¥ PelIaTh COBPEMEHHBIE MPOOJIEMBI CYIIECTBOBAHHUS B YCIIO-
BHSAX M3MEHEHUS KJIIMMaTa C MIOMOIIBI0 HHHOBAIIMOHHBIX PEIIeHHUH, OT-
paXKarIUX MOCTOSHHOE YBAKEHHE U CBSI3b C TIPUPOIOH.

Pe3yabTaThl HCCIeJOBAHUS M MX aHAJIU3

CTpoHTENbCTBO C HCIOIB30BaHUEM 3EMIISTHOTO MaTepuraa ObuIo
CHIEaHO C TEYCHUEM BPEMEHHU M BO BCEM MHpE, TIOCKOJBKY 00nanaroT
THICSIUETIETHEN Tpaguleld, KOTopas COMPOBOXKAAET MOYTH BCE KYJIb-
Typbl BO BCE 3MOXH YenoBeuecTBa. YacTh 3TOro BEIMKOI0 MaTepUallb-
Horo OorarcTsa OblIa BKIIOYEHA B OOJBLION CIIMCOK BCEMUPHOTO Hace-
st apxutekTypsl Ha 3emie OOH [1], nig nmpoBeneHus 3TOro crmucka
ObUTH IPUHATHI BO BHUMaHKE | — TUIIONOTHS 1 METO/BI CTPOUTENHCTBA,
Il — Texymee cocrosnue umyinectsa, III — Yrpos3sl coGcTBeHHOCTH
u IV — Ilpuopurets! neiicTBuil, BKIIOUEHB 00BEKTOB MOCTPOCHHBIX Ha
3eMIie, BapbUpyeTCS MEKAY IPOOHHULIAMH, KWIMIIAMH, CTEHAMH, LIEPK-
BSMH, IO TOBOJY JATHHOAMEPHKAHCKOTO OMbITA OHU INPOJBHUHYIUCH
B HMCCIICAOBAHHUAX C MOMEHTA OLIEHKUM U WACHTH(PHUKALUHN JTOKOTYMOO-
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BOT'O HacJleIus U €ro HMBUIM3ALMH, HALIUIA Yepe3 CTPOUTENBCTBO C INIH-
HOU MyTh K MOHUMAHHUIO TPOLLIOTO U 00pa3a KU3HHU HAINX MPEIKOB.

B tedenue noutu 6onee Tpex AECATUIETHI ObUT MOCTPOCH BaXK-
HBIH KOHIETITYaIbHBIA apXUB, KOTOPBIN MTO3BOJISIET HOOLIPATH MPAKTUKY
3TOH apXUTEKTYPHI, U, CIOCOOCTBYET YCTOMUYMBOMY Pa3BUTHIO, CTPOU-
TEIBCTBO C 3€MJIIHBIM MaTepHajoM NEPEOLIEHNBAETCS B paMKax Y CTOM-
YUBOW M HKOJOTUYECKON apXUTEKTYpHl, HEPa3pbIBHO CBA3aHHOU C KOH-
LEMUUSMH COOTBETCTBYIOIMX TEXHOJOTUH, 3HEprodeKTHBHOCTH,
KyJbTYpHBIE TpaJuLUH, SKOJIOTWYECKHI cien U T.4. B coorBercTBUU
C 3TUM KOHIIENTYyaJIbHBIM [TOJIXOJIOM €r0 COBPEMEHHBIE APXUTEKTYPHBIE
MPAaKTUKU CTAHOBSTCA Bce O0Jiee M3BECTHBIMU BO BCEM MUPE, B KOTOPBIX
YTBEPKACHNUE 3€MJISTHOTO MaTepuaa Kak CTPOUTENBHOTO MPOSBISAETCS
BO MHOXKECTBE (YHKUHMOHAIBHBIX M 3CTETUYECKHUX pPELICHUH 0e3 KOoH-
KPETHOTO Teorpaduueckoro MeCTOMOIOKEHHUSI.

HcTopus 3eMisiHOT0 MaTepuajia B MUpe

[IpoucxoxkeHre rIuHbBl KaK CTPOUTEIBHOTO MaTepuana Teps-
etcst Bo BpemeHu. Ecte pyunsl 3qanuit okosno 5000 r. 10 H. 3., ¥ 3TO ap-
XUTEKTYpHOE Haclieaue ObLTo HaiieHo Ha BocToke, B Azun, B CeBepHOI
Adpuxke, EBpornie u, 6omee mo3aHue npumMepsl, Ha AMEPUKaHCKOM KOH-
THHEHTE.

OOBEKTHI, BXOJAIINE B CTUCOK 00BEKTOB BCEMHPHOTO HACIIE/IHS,
B OCHOBHOM, OTHOCSITCS K JBYM T'pyIIIaM: apXeOoJIOTHYECKUM 00BEKTaM
Y UCTOPHYECKUM TOpoaaM. Bbl MokeTe 00HAPYKUTh MHOTO Pa3IMYHBIX
CTHJIEl W apXUTEKTYpPHBIX METOJIOB, KOTOpPHIE OBUIA HCIIOJIb30BaHBI
B CTPOUTENBCTBE 31aHui. OMHUM U3 HUX sBiseTcs: Tylnoy — 3To 00Ib-
LI0€ 3aKPBITOE U YKPEIUICHHOE 3eMIIIHOE 3/1aHHE, Yallle BCETro MpsiMO-
YTOJBHOHN WM KPYTJIOH KOH(HUTYpaIiH, ¢ OYSHb TOJICTEIMH HECYIIIUMU
CTeHaMHU U3 yTpamMOOBaHHOHN 3€MJIM BBICOTOW OT TpPEeX IO ISATH 3Taxen
1 BMecTUMOCTBIO 10 800 uenoBek. MeHblLIne BHYTPEHHHUE 31aHHSI YACTO
OKpY>KE€HBI ’TUMHU OI'POMHEIMY TIeprU(ePUIHBIMHA CTE€HAMHU, KOTOPBIE MO-
TYT COAEPKAaTh KOPUIOPHI, CKIAJIbI, KOOI M KHIIbIE TOMEIICHHUS, BCS
CTPYKTYypa HalTOMHHAET HEOOIBIIION YKPEIUIEHHBIA TOPO/.

Orta nepeBHsi, 00pa30BaHHAs HECKOJIBKUMU 3[JAHUSIMUA B KPYTJIBIX,
MPSIMOYTONBHBIX U YETBIPEXYTOJBHBIX (hOPMaX, HMMEET YKPCIUICHHBIC
BHEITHHUE CTPYKTYPhI, KOTOPBIC 00pa3yr0TCsl IyTeM YIUIOTHCHHS 3EMITH,
CMEIIIaHHOW ¢ KaMHeM, 0aMOYKOM, JEpEBOM M APYTUMHU JOCTYITHBIMH
MaTepuaiaMu, 4ToObl CPOPMHUPOBATH CTEHBI TOJIIMHON 10 6 QyTOB
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(1,8 m). BetBu, monocku aepeBa n 0aMOyKOBYIO ILEMy 4YacTo pasme-
LIAIOT Ha CTEHE B KAUECTBE AOTIONHUTEILHOTO apMUpOBaHus. B pe3yib-
TaTe MoJIy4aeTCsl XOPOILIO OCBELIEHHOE, TIPOBETPUBAEMOE, BETPO- U CEM-
CMOCTOIKOE 3/1aHuE, TEMI0e 3UMOM U IpoXxjaaHoe JeToM. Tynoy, Kak
ynoMmuHan MuHopy Yana [2], B cBoeil cTaThe, JaeT LIEHHBIE YPOKH MPO-
EKTHPOBaHUS B OTHOLICHHWH MACCHUBHBIX CHUCTEM OXJaXKACHUS, Tpeao-
cTaBisieT OOJBIIOW MOTEHIMAN ISl IPUMEHEHUSI B COBPEMEHHON apXu-
TEKTYpe.

Puc. 1. ®ym3sinbckue Ty10y — 00beKT BcemupHoro Hacaeans FOHECKO

OTOT KOMIUIEKC 3IaHUN IpenjaraeT 3HaTh, KaKUe XapaKTepu-
CTUKH 3eMJISTHOTO MaTepHuaa MO3BOJIUIN €My OCTaThCsl B TCUCHUE JJTH-
TEIBHOTO BPEMEHH U MPOJOJDKATH >KUTh C HECKOIBKUMU CEMBIMHU
B Kurae.

XapakTepuCTHKH 3eMJISIHOT0 MaTepHaJia
3eMisI-rTUHAHBIA 6eToH. OH SBIISETCS YacThIO 3TOrO OOJIBIIOTO
ceMercTBa OETOHOB, OOILEr0 TEpMHUHA JAJIsl CTPOUTENBFHOTO MaTepHara,
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COCTOAIIECTO U3 arperaToB, arlIOMCPHUPOBAHHBIX CBA3YIOIIUM BCIICCTBOM
[3] Ot TpaHyJIMPOBAHHBIC MATCpHUAJIbl UMCIHOT CXOACTBO B MOBCACHUU
n CHC]_[I/I(l)I/I‘-IeCKI/IX CBOICTBaXx. I/I3y‘lCHI/Ie 1 3HAHHUC TCXHUYCCKUX XapaK-
TCPUCTUK CBIPbA 3CMIIN HCO6XO,I[I/IMO AJIL XOpOUICTO ﬂHBaﬁHa 3aaHUA.
OHH II03BOJISIOT B ITOJIHOH MCpPC HCIOJB30BaTh BO3MOXKHOCTHU Semnu
B CTPATCru4cCKOM BLI60p€ pcajn3anuu U NIOHUMATh SABJICHUS, KOTOPBIC
MOTYT NPUBECTHU K NOCICAYIOINUM MAaTOJIOTHUAM.

I'nuna

3TO PBIXJIBIA MaTepHall, BOSHUKAIOLIHNIA B pe3yJIbTaTe TpaHc(op-
MaIllii OCHOBHOW POAMTEIHCKOW MOPOABI. DTO 00yCIOBIEHO OoJiee WITN
MEHEe OJHOBPEMEHHBIM B3aWMOJCHCTBHEM KIMMAaTUYECKUX (PAKTOPOB
(comune, BeTep, 10XAb, MOPO3), OMoJgorndeckux areHToB ((hiaopa u ¢a-
YHa), MUTPALH BELIECTB (dYepe3 10K Ab, UCTIapEHUE, TPYHTOBBIC HITH HO-
BEPXHOCTHBIEC BOABI) U XUMUYECKUX U (PU3NIECKUX U3MEHEHHH. BrIOOD
THTA 3€MJIM AJI CTPOMUTENBCTBA MMEET peEllarollee 3HaueHHe, HE BCe
3eMJIM MOAXOMAAT VIS 3TOr0, M 3TO 3aBUCHT OT MCIIOJIB30BAHUS U THII
rimHbL [103TOMY HE0OX0IMMO 3HATH KOHKPETHBIN COCTAB ITOYBHI, YTOOKI
MMETh BO3MOXKHOCTh aHAJTM3UPOBATH €€ XapaKTEPUCTHKH U IPH HEOO0XO-
JTUMOCTH M3MEHATh ux. Kak mpaBuito, 00JbIoe copep kaHne OTHOTO U3
KOMITOHEHTOB 3aTPYyIHSET €ro HCIIOJIb30BAHUE WU OIACHO, TTOITOMY
B2)KHO HAWTHU 3€MJIIO C MOJXOSIIUMHU MTPOMOPIIUSMHI KaMEHUCTOTO Ma-
tepuana [4]. [louBsl, MOAXOAAIINE TSI CTPOUTENHCTBA, OOBIYHO PACITO-
JIO’)KEHBI B MPOMEXKYTOUYHOM CJIO€, TAKXKE Ha3bIBAEMOM «TOPU30HT By,
MexXay rmyouHoi 50 caHTUMETPOB U 2 MEeTpa, OHH OOBIYHO HE COAEPKaT
OpPraHMYECKOro BelecTBa. Bo BHEIMIHEM cI0€ 3eMJIM HAXOIUTCS CaMoe
BBICOKOE COJIEpXKaHWE OPTaHMYECKOrO BEHIeCTBa (OCTATKU XKHBOTHOTO
U PacTUTENBHOTO MPOMCXOXIEHHS), YTO JeaeT HEeBO3MOXHBIM yCTa-
HOBJIEHHE OyIyIIEero MOBEACHHS 3eMIIM, CTaBsl O] YTPO3y €€ J0Ir0BeY-
HOCTb M IPOYHOCTH B KAUECTBE MaTepHaia /Uil CTpOUTEIbCcTBAa. Kpome
TOTO, XKEJATENBbHO UCKIIOUNTH IT0YBY, COJIEPIKAIIYIO0 PACTBOPUMBIE COJIH,
KOTOpBIE ITPU KOHTAKTE C BOJOH MOTYT IEPEMECTUTHCS B pa3HbIE YacTH
Macchl, BBI3bIBas ocaabiIeHue CTPYKTYPbI WM HOBEPXHOCTHBIC BBIIBE-
TaHus (MakcuMyM 2 %).

AKycTHYeCKHe CBOICTBA
XoTs Bce elle TOBOJIBHO IUIOXO JOKYMEHTHPOBAHO, aKyCTHUE-
CKHE CBOICTBAa 3€MJIM CUUTAIOTCS XOPOIIMMH. 3eMIIsHas OTJEIKa,
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IOBOJILHO Tpy0asi, o0JiajaeT yIOBICTBOPUTEIHHONW aOCOPOIMOHHON
CIOCOOHOCTBIO U TIOATOMY MPUHOCHT 3aMEYATEIbHYIO0 aKyCTHUECKYIO
KOPPEKIHI0. DTO SIBICHUE YCHIMBACTCS JJIsl HU3KHX YacTOT yBEJHUe-
HUEM TOJIIHHBI MaTepraia. 3emiis, Oaroaapsi CBoel BBICOKOH MIOTHO-
CTH, YAyYIIaeT 3BYKOU3OJSIMIO CTCH.

MeperHoiiHo-
AKKYMYNATUBHDIN

BbimbiBaHuA

Hakonnexus

FTOPU3OHTDLI

MarepuHckan
nopoaa

Puc. 2. Cxema cTpoeHus1 NOYBEHHOT0 MPopuIst

Baxneiimumu cBoiicTBaMU rpyHTOB, HAIIPABICHHBIMU Ha UX UC-
M0JIb30BAHUE B CTPOUTENBCTBE, SBISIOTCS:

a) B BeIOOpE: TpaHyIOMETPUYECKUI COCTaB, TUIACTUYHOCTb, BTSI-
TUBaHUE U TIOPUCTOCTb.

0) Ilpu KOHTpOJIe HCHOJHEHHSI: BJAXKHOCTHL U CTeNeHb
YILIOTHEHUSI.

IloBenenne nmpu nosxape
HeoOpaboTtannas 3emJsi, Kak MUHEPAJbHBIH MaTepuani, Takoh
KaK KaMEHb U IIECMEHTHBIH OETOH, Heropiovas 1 kinaccupunupyercs Al
1o eBporneickoMy cranaapty, M0 no ¢panmy3ckoMy ctanaapty. Eciu
€ro cMemaTh ¢ OOJIBIIMM KOJIWYECTBOM BoJIOKHA Ha 1 % oOT ero o6bema
WA Macchl, B 3aBUCUMOCTH OT TOTO, YTO SIBJsIETCSl HanboJee Hebiaro-
MPUATHBIM CIIy4aeM, CJIeIyeT MPOBECTH PEaKLUIO Ha OTHEBBIE UCIIBITA-
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HUs. BooO1ie ToBopsi, KOHCTPYKIIMU U3 CHIPOH 3eMiK 00J1aaloT X0po-
el ycToHunBOCThIO K Hell. Hanpumep, meperopoaka U3 cxaTtoro 3eM-
JISTHOTO OJIOKa TOJNIMHON 9,5 CM COOTBETCTBYET KPUTEPHUSM THAPOHU30-
JIAUHN U TPOTUBOIIOKAPHOHN U30JISALUH B TeUeHUE 45 MUH.

YyBCcTBUTEIbHBIE Ka4yecTBA

ChIpbe 3eMIIN IPU3HAHO 32 HEOCTIOPUMBIE ICTETUYECKHE U TaK-
TUJIbHBIE KA4eCTBa, B TOM 4uciie Ojarofaps UX yJIaBiIHBaIOLIEMYy CBET
[TOBEPXHOCTHOMY 3€pHY U TEIJIbIM, €ECTECTBEHHBIM TOHAM.

B mupe cymiecTByIOT pa3Hble BUIbI HPUMEHEHHS TJIMHBI, 00bsC-
HEHHE KaXJO0Tr0 U3 HUX OyAeT paciIipeHo.

- Caman

CamaH — cJ0B0O, KOTOPO€ MPOUCXOAUT OT apadCKOTro «alb-TyO»,
npeacTaBisieT co0oi HeoOO¥OKEHHBIN KHUPIUY, CTPOUTEIBbHBIA MaTe-
pHaj, U3rOTOBJICHHBIN U3 INIMHSIHON Macchl (IJIMHBI U IECKa), WHOTA
CMELIaHHOW € COJIOMOH, c(hOPMOBAaHHBIN B KUPIIMYHYIO GOPMY U BBICY-
LICHHBIN Ha COJHLIE.

Hcnonb3oBanue npecc-GpopM WU SALUIMKOB IPaBUILHON FeOMeT-
pUHM CIIOCOOCTBYET, C OAHOM CTOPOHBI, YBEIMYEHHIO CKOPOCTH KOH-
CTPYKTUBHOI'O IIPOM3BOJICTBA, HO, IPEX/E BCErO, HAMPSIMYIO BIMSET HA
YBEJIMUEHHUE CONIPOTUBIICHUS! KOHCTPYKLHUH, 3TO IPOSBUIOCH B BO3MOXK-
HOCTSIX U3rOTOBJIEHUS 00Jiee BEICOKMX M CIOXKHBIX KOHCTpYKuuid. Ilpo-
uecc GopMoBaHus MO3BOJISIET MOAACPKHUBATH KOHTPOJIb KayecTBa AeTa-
nei mo gopme, pazmepam U rpy30M0AbEMHOCTH, a TAKXKe 00JIerdaeT ux
OCHACTKY U 3aIIIPaHHE B CTBIKAX CTEH, YTO MO3BOJISIET COXPAHUTD YCTOM-
YHBbIE 3/1aHNUA Ha IPOTSKCHUN BEKOB.

Caman oOmajgaeT ONpeAeiCHHBIMH TEIUIOBBIMH CBOWCTBAaMHU,
MO3BOJISIET CO3AaTh KOM(OPT B I0OME, TaK KaK JIETOM OCBEXKAET, a B 3UM-
Hee BpeMs 3TH JIOMa COXPAHSIOT TEIJI0. MBI JOJKHBI TAK)Ke TPUHUMATh
BO BHUMAaHHUE JPyTHE aclEKThl, KOTOPbIE UMEIOT O0JIbIIOE 3HAUCHHE, Ta-
KM€ KaK, HallpuMep, BEC 3TUX CaMaHOB HAaMHOT'O OoJibllle, YeM Yy OObIY-
HOTO KMpIHYa UK OJI0Ka; 4TO MPUBOAUT K TOMY, YTO BO BpeMsl 3eMile-
TPACEHHS OH pa3pyllIaeTcs ropas3no ObICTpee, TAKKE UMEET TEHACHINIO
MPEICTABIATh U3MEHEHHS B YCTOHYNBOCTH 3/1aHUS.
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Puc. 3. Ctpontenscrio B caman u I'opox Apr-3 bam B Upane

Iu6am, Hemen

Topon I1In6am B Memene, npo3sasHbIii « MaHX3TTEHOM MYCTHIHI,
YaCTMYHO MOCTpOoeH 13 camaHa. C 3eMiieil 1 CBOMMHU pyKaMH B KadyecTBE
€IMHCTBEHHBIX HTHCTPYMEHTOB KAMEHILIMKH TOpPOAa MOCTPOUIIN 3/1aHHS BbI-
coToit 29 M. CTeHbI IMEIOT «IUIOMIBD, OHU LIMPE Y OCHOBAHUS, YEM HABEPXY —
a OTBepCTHs O0JIee MHOTOUMCIICHHBI U IHUPE K KPBILIE 31aHMUH.

TexHuKa, B OCHOBHOM, COCTOHUT U3 CTPOUTENBCTBA IIIMHIHBIX 0110~
KOB, OHM BapbUPYIOTCSI B COOTBETCTBHH C MECTHOM TpaMLMEH, KOTOpPbIE
CYIIaTCsl Ha COJHIE W BIOCJIEACTBUH MO3BOJIIFOT CTPOUTH HECYIUE KOH-
CTPYKLIMH CTE€H, apOK, CBOJOB MM KYIIOJIOB ITyTEM MEPEKPHITUS HUTEH.

Apr-3 bam (~ <) Ha iepcuckoM si3bike, Llutanens bama) Gbut
caMbIM OOJIBIINM 3JaHHEM B MUPE, CACTaHHBIM U3 (POPMOBAHHOMN TJIMHBI,
coueTaroniell B cede Takue METOJbl, Kak camaH U Tpsa3b [10]. OH ObLT
pacnonoxeH B bame, ropone B npoBuHumu KepmaH, Ha 10ro-BoCTOKE
Upana. Hapsigy ¢ ero okpecTHOCTSIME OH cuuTaercst 00bekToM Beemup-
Horo Hacnenuss FOHECKO. OrpoMHas nurajens, pacrojoXeHHas Ha
[enkoBoM myTH, Ob11a MOcTpoeHa A0 500 roga n0 Hale HpHI.

KonauuuonupoBanue

B nononHeHHe K CMOTPOBBIM OaliHsAM M OOraTo yKpamieHHOMH
BEpIIMHE CTEH Ha JIMHUHM TOPU30HTA KPEHOCTHU CIICIYET BBIICIHTh «BET-
POYJIOBHTENM» WM «BETpsHBIE OammHM» (mepcuickuii: badgir »Sab).
DTO CTPYKTYPBI, KOTOPBIC BBICTYIAIOT U3 3[[aHUi, YTOOBI TONMATh BETEP
Y HaIlPaBUTh €ro BHYTPb. VIHOT1a BO3AyX MPOXOAMI Yepe3 NPyl C BOAOM
B 3JIaHUH, YTOOBI OXJIQJUTh €T0 U YAAJIHUTH MbUTh. Pa3IMYHbIC THITBI «BET-
PSIHBIX OallleH» MCHOJIB30BAJIKMCH B Pa3HBIX 3MaHusAX. Hampumep, cymie-
CTBYIOT YETBIPEXIIOJIOCHBIC BETPSIHBIC OalTHU JUIsl OOJIBLIMX 3AaHUMA, KO-
TOpBIEC CIOCOOHBI YJIaBIIMBAThH BETEP C Pa3HBIX CTOPOH, a I HEOOBIIHX
3aHuil ecTh 0JJHOCTOpOHHUE OamrHu [11].
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3emaaedur

3TO TEXHOJOTHS CTPOUTENHCTBA CTEH U3 IPECCOBAHHOM MOYBHI.
SBnsieTcs OAHUM U3 JPEBHUX METOAOB CTPOUTENBCTBA C MCIOJIbH30Ba-
HUEM IPUPOAHOTO MOTEHLIMAIA I U3TOTOBJIEHHUS YCTOHYUBOTO CTPOH-
TEJNBHOTO MaTeprana, ObUT U3BECTEH Ha KOHTHHEHTAaX MUPa KaK OAMH W3
TPaJULHOHHBIX METOJOB CTPOUTENLCTBA CTEH, Aaxe B Accupuu ObUTH
HalIeHbl OCHOBBI 3TOM TeXHUKH, Aatupyemsle 5000 r. 1o H. 3. B apxeo-
JIOTHYECKHX 30HaxX KynbTyp SHiao u JlyHmans, pacnonoxeHHbix B Ku-
Tae, ObIIO 3aCBHICTEIHCTBOBAHO UCIIOJIB30BAHUE YTPaMOOBaHHOH 3eM-
mu. [loma SH1mao ObUIH OCTPOEHBI B SII0XY HEOIUTA-OPOH3bI HEAIEKO
ot XKenroro Gacceiina. M3-3a HEOOXOIUMOCTH 3TUX KpaiiHE KOUYEBBIX
HapOJIOB MIEPECENUTCSI, B 3TOM IPOLIECCE OHU BBIPBUIH OKPYIIIYIO MPSIMO-
YTOJIBHYIO SIMY TITyOMHOH B HECKOJBKO (yTOB. 3aTeM MX yTpaMOOBay,
a HaJl HUIMU COTKaJIM PEIlEeTKY. 3aTeM ero OIUTYKaTypHJH Ipssbio. [lon
TaKxe Obl1 yTpaMOoBaH. bl 100aBIEHBI CTPYKTYPHBIE Y37IbI IS IO
JEPKKH KPBIIHU. 3aTeM ero MOKPBIIH COJIOMOH co cTeOIsIMu mpoca. Me-
Oenu ObLIO Mayio: HErNTyOOKHH KaMUH TOcepeiuHe ¢ TadypeToM, CKa-
MeiiKa BIOJIb CTEHBI M MaTepyaras KpoBath. I [poayKTel nutanus u npen-
METHI Pa3MELIATINCh WK OABELIMBAINCEH K CTEHAM, YACTUYHO 32 MpeJie-
JIaMU Tapaxa Jajsl 5)KUBOTHBIX [§].

Puc. 4. U3meHeHHe CTPYKTYPHI KWL B 310Xy HEOJIUTA-0POH3BI
B Oacceiine ZKenroii pexkn
@opmvt u popmel cmapwvix 0omos: (A) bes cmern; (B) kxonodesnwiii nonyoom
¢ nuskumu cmenamu, (C) nazemuoe cmpoumenscmeo, (D) newepnoe
arcunuwge; (E) 0sopey; (F1) enunsanas cmena ¢ 0epe@aHHbIM KAPKACOM,
(F2) ympambosannas semnanas cmena, (F3) epsazesas mpasa,
VA0dHCeHHAs: cMeuwanHou cmenot; (F4) caman
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3nanus u3 3emiieOuTa TaKKe BCTpevatoTcs o Bcemy Cpeansem-
HOMODBIO U Ha ToM xe mupote B Upane, [lakucrane, Unaun u Kurae.
[ToBTOpHOE OTKPHITHE YTPaMOOBaHHON 3eMJIM B KaYECTBE YCTOWIMBOTO
CTPOUTEIBHOIO MaTepHalla MPUBEJIO K €€ HCIOIb30BaHUIO B ABCTpaInu
u Ha tore Coequnennpix [1ItaToB ¢ Havama 1970-x ronos [7]. Ceroans
yTpamMOOBaHHasi 3eMJI TOJIy4YaeT MOBBIIICHHBI WHTEPEC, MOCKOJIBKY
YCTOMYMBBIE METOABI CTPOUTEIILCTBA CTAHOBSITCS Bce OoJiee BaXKHBIMHU.
B JlatuHckoi AMepuke, HanmpuMep, ObUIN YCTaHOBJIEHBI CTPOUTEIBHBIE
CTaHJApPTHI IS JIIOJIeH, HE MMEIOIUX 3BaHUN apXUTEKTOpa WU MHXKe-
HEpa, 3TO aKTUBU3UPOBAJIO HCIOJIb30BAHUE TJIMHBI U 0aMOyKa, 4TO CIIO-
cOOCTBOBAJIO JOCTYMY K JKMIIBIO JUIS JTFOJIEH U3 CETIbCKUX TEPPUTOPHSIX,
KOTOpbIE HE UMEIOT JOCTaTOYHO JIEHET JUIs HaiiMa npodeccroHnana.

Baxapexe

baxapeke — 3T0 TEXHUKA CTPOUTEIBCTBA C [NIMHOM, T/1€ UCTIONb-
3yeTcs paJl NEPEITIETEHNH, TOKPBITBIX CMECBIO IPSA3H, 3TH IEPEIUIETEHUS
OOBIYHO U3 Pa3JINYHBIX MAaTEPHAJIOB, TAKMX KaK: A€PEBO, TPOCTHHK, Oam-
OyK.

CMech COCTOUT U3 NMEPEMEIINBAHNS IIMHBI C BOJIOM M COIOMOH
WIA KaKUM-JIMOO MOJOOHBIM BOJIOKHOM, CO3JAIOIIMM KOHCHUCTEHIIHIO
MEXJIy MJIACTUKOM M BHCKO30i, 3Ta CMeCh IIOMEIIAETCSl HA CTPYKTYDY,
KOTOpas paboTaeT Kak ckeneT. BojgokHa o0ecriednBaroT O0IBIIYIO CILIO-
YEHHOCTh U NMPENOTBPAIIAIOT MOSBJICHUE CIUIIKOM OOJBIIOrO KOJIHYe-
CTBa TPEIIUH U NaJICHUE OCKOJIKOB CO CTEHBI.

OTOT METOJI peaIn30BaH Il yCTAHOBKH Pa3/IEIUTEIbHBIX CTEH,
MOCKOJIBKY OHU OOBIYHO HE HCIIOJIBb3YIOTCSI KOHCTPYKTHBHO, OTHAKO OHH
MOTYT OBITh YCHJICHBI CTPYKTYPHBIM KapKacoM, KOTOPBIA MOKET BBIIIOJI-
HATH (PYHKIHIO CONIPOTHUBIICHUS BEPTHKAJIBHBIM HAaIPy3KaM.

Baok u3 cxkaroro rpynra CEB

Texuuka CEB (Compressed earth block) siBnsiercst pe3ynbraToM
YIUIOTHEHUS 3€MJIH, CO3/1aBasi COCTOSTHHE BEIECTBA, KOTOPOE, UMEs J0-
CTAQTOYHYIO BJIQYKHOCTh, MOXKET COXPAHSITHCS B KOMITAaKTHOH (popme, 3a-
TEM uYepe3 Py4HOH Ipecc BCe ITU YAaCTHIBI PACHPEISIIIOTCS, CO3aBast
TaKUM 00pa3oM YIUIOTHEHHBIH 3eMJISSHOW KHUPITUY, JJIsl €r0 pa3paboTKu
B OOJIBIIMHCTBE CIIy4aeB UCIIONB3YETCs py4YHAsi MAIlMHA, XOTS BbI MO-
’KETE UCIIOJH30BaTh HEKOTOPHIC BapUallMM MEXaHUYECKHX MAIMH, dTH
MAIIMHBI BHITIOJHSIOT (DYHKIIMIO IPUIaHUS (POPMBI KUpPITHYA.
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CMech MOXKET OBITh U3 Pa3HBIX KOMOWHUPOBAHHBIX MaTCPHAJIOB,
HO HanOoJee pacpocTpaHeHHOH OyIeT MpocestHHAs 3eMJIsl U B HEKOTO-
PBIX CITydasx CMEIIaHHAasi ¢ OYeHb HU3KUM TIPOIIEHTOM IIEMEHTA, 3TO OT
3 o He 6onee 10 %, ogHaKo, 4TOOBI 1OOPAThCS IO ATOTO, IPUACTCS Je-
JIaTh pa3IMYHbIC TECThI, HO OJHUM W3 CaMbIX BaXKHBIX OYJET cKaTue
U KallWUBIPHOCTB; HO YTOOBI IPOBEPHUTH €r0 padoTy, ero MpUaeTcs Mpo-
aHAIIM3UPOBATh B JIaboparopun. OCHOBHBIE HOPMBI M CTaHIAPTHI CTAIH
pe3yNbTaTOM OOIIMPHBIX UcClieoBaHu (Tabmuia 1) [6], 6maromaps ko-
TOPBIM 3TH CTaHAAPTHI TEIeph CIYKaT OCHOBOU s (hOPMYITUPOBOK
9KOJIOTHYECKHX IPOEKTOB, KOTOPBIE COKpAILAIOT BHIOPOCH yriepona
U CIIOCOOCTBYIOT YCTOMYMBOMY Pa3BUTHUIO CTpaH EBpOIbI, KOTOPEIE MO-
CBATWJIM BCE MCCIECIOBAHMS STOMY THITy UCIBITAHUM, BKIto4Yas HoByro
3enanano u Opannuro, Lentpansayro Amepuky, IOxnyto Amepuky
n CIIA Hapsgy ¢ HEKOTOPBIMH CTpaHAMU aQpUKaHCKOTO KOHTHHEHTA.

Tabnuya 1
OcCHOBHBIC HOPMBI M CTAHJAAPTHI CTAJIM Pe3yJbTATOM O0IINPHBIX
HCCJIeI0BaHMil, Ta0/INLA U lepeBo/] aBTOpa

Tpedyemoe
CONPOTHBJIE-
Crangapr| Crpana | Ton Bri6opka Hue (MIla)
JKCIEPUMEHTA HACBI-
CyX | mieH-
HbIH
BTC pasneneH Ha 2, yno-
ADHOP JKCHHBI EMEHTHBIM pac- > 1
XP TBOPOM TOJIIIUHOH 1 cMm,
P 13-901 Ppanuua | 2017 I/IJ'II/IpTOT, KOTOpBIH Oyzner 2 3
Komy. UCIIONIB30BaThCs B paboTe
(cocraB u mMarepuai).
HMX C 3 -
508 Mexcuxa | 2015 BTC, B ropu3oHTanbHOM 6
MOJIOKEHHH.
B. 9
ABHT BTC pa3nenen Ha 2, yca-
HBP 8491 | bpazunust | 2012 | »eH LeMEHTHOH macToit - 2
C- TOJIIMHON 3 MM.
NMAC BTC, B ropu3oHTanbHOM
14.7.8 CIIA ]2009 ’ 2.1 2.1
D. MOJIOKEHHH.
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YHE Becy BTC nimm monmoBuHa 1.3
41410 Wcnanus | 2008 | BTC, B ropu3zoHTansHOM 3
n. IIOJIOKSHHH. 5

BTC pasneneH Ha 2, yino-
JKEHHBIM EMEHTHBIM pac-

HTIL Komym- TBOPOM TOJIINHOHN 1 cM 2 !
5324 OTYM= | 5004 | TBOPOM TOJILIMIOM 1 CM, 4
F oust WK TOT, KOTOPBIN Oyier 6 3
: HCTIOJB30BaTHCS B paboTte
(cocTaB u Marepuan).
HUC 1795 Wams | 2002 Becs BTC, B ropu3oHTaIb- - 2
G. HOM ITOJIO)KEHHUH. 3.5

BrIBOIBI

I'nuna siBRsieTCS OYEHb MPOYHBIM CTPOUTEIBHBIM MaTEpPHAIOM,
0 YEM CBHJETEJIBCTBYET HACIEIUE, KOTOPOE MO BCEMY MHUPY COXpaHH-
JIOCh 10 HAlllUX JHEW B yAWBHUTENBHOM COCTOSHHUM ILienocTHocTH. [lo
3TOH MPUYMHE MPEACTABISIET OOIBIION HHTEPEC €0 BOZMOKHOE IPHMe-
HEHME KaK JUI1 KOHCEPBAllMK U PECTaBpallii 00bEKTOB, H3HAYAIBHO I10-
CTPOEHHBIX M3 TJIMHUCTBIX MaTepUaNIOB, TAK U JIJIsl HOBBIX apXUTEKTYp-
HBIX 00beKkTOB. Kak M3BEeCTHO, pa3nuyHbIE HA3€MHBIE METOJBI CTPOH-
TEIbCTBA ABJISAIOTCS MOJHOCTBIO YCTOMUMBBIMU C 3KOJIOTHYECKOH, KO-
HOMHUYECKOW M COLMOKYJIBTYPHOH TOYEK 3peHHUs. DTO OYCHb OOTraThIi
MaTepHa, C KOTOPBIM JIETKO 00pamarbesi, KOTOPbI COBMECTHM C 00JIb-
LIMHCTBOM KOHCTPYKTUBHBIX CUCTEM M KOTOPBII YpaBHOBEIINBAET TEM-
nepatypy nomemenuid. Kpome toro, 6arogaps ux NpuroJHOCTH MOKHO
YBEJIMYUTh WM YMEHBIIUTH UX JOITOBEYHOCTh, MEXaHUUECKYIO B 3aBU-
CUMOCTH OT TpeOyeMOro HCHONb30BaHHA. [ JIMHBI IIMPOKO MPHUMEHS-
IOTCSI B TPOMBIIIEHHOCTH (B MPOU3BOJICTBE KEPAMUUECKON TTUTKH, OT-
HEYINOPOB, TOHKON KepaMukH, (hapdopa-(asHCOBBIX U CAHTEXHUIECKUX
W3JENHii), CTPOUTEIbCTBE (TIPOU3BOJICTBO KUPIIMYA, KEpaM3UTa U Ap.
CTpOWMaTepHajIoB), sl OBITOBBIX HYX[, B KOCMETHUKE U KaK MaTepual
JUTSL XyTO’)KECTBEHHBIX paboT (Jierka).

MosxeM NoKa3aTh BIMSHNE UCIOIb30BAHMS ITIMHBI HA MPOTSDKE-
HUH BCEH HCTOPUU APXUTEKTYPBI, HOJIOKUTEIBHO BIHSISI HA YCTOHYUBYIO
ApXUTEKTYPY, HOCPEACTBOM aHAIN3a METOAOB CTPOUTEIILCTBA U3 TIIMHBL,
HUCTOPUYECKUX aCTIEKTOB 3[aHUI U OCHOBHBIX HOPM M CTaHAAPTOB. YUH-
THIBasl 3TU PE3YJbTaThl, UCIIOJIb30BAaHUE IJIMHBI B apXUTEKType Oyaer
HUMETh pelIarollee 3HaueHWe. ['JmHa B CTpoMTENnbCTBE OyneT HMMETh
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MHOXCCTBO NPCUMYIICCTB B IPOCTPAHCTBCHHOM OTHOLICHWU HA TCPpHU-
TOpUAX C OTPAHUYCHHBIM OOCTYIIOM K JPYTI'UM TCXHOJIOTHUAM U KOTOPLBIC
Tpe6yIOT CPOYHBIX apXUTCKTYPHBIX PCHICHUAX.
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THE USE OF CLAY AS AN ECOLOGICAL MATERIAL,
EXAMPLES AND MAIN CHARACTERISTICS

Gomez Lopez Angie Vanesa

Department of Architecture, Academy of Engineering,
RUDN University, Moscow, Russia
0422051102@pfur.ru

Abstract. Traditional architecture occupies a special place in the
history of architecture. It reflects the nature of the geographical environ-
ment, socio-economic characteristics of society, tastes and everyday ha-
bits of the population. The house looks like a living and flexible organism,
it is constantly changing in accordance with the life of the family.

There is a large region in the world, covering several countries
with a tropical climate, which have many ancient cultures and traditional
architecture, which have coexisted for centuries in harmony with the jun-
gle, adapting to the climate and geographical location, using local mate-
rials, developing constructive methods characteristic of the environment,
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achieving sustainable development. However, it is generally believed
that their knowledge is the opposite of progress and modernization. And
now more and more ideas of modernity and globalization are embracing
various communities, pushing them away from traditional knowledge.

It is for this reason that the purpose of this study is to expand this
part of traditional architecture, to read various studies in different places
around the world, to synthesize architectural objects around the world in
this sample, to determine the implemented constructive method, this text
presents a number of specific data and criteria for construction with land,
starting from both the collection and systematization of traditional con-
struction experience as from research done on modern structural design
and the use of additives for better strength.

Keywords: sustainability, clay construction, adobe, architec-
tural heritage, wind towers
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IBOJIIOLHUA POPMUPOBAHUA MY3EEB
N NX APXUTEKTYPHBIE OCOBEHHOCTH (I-XIX BB.)

Conoevesa A.B., k.neo.n., doyenm

solovyeva_anv@pfur.ru

Ayn B.JK., acnupanm

Henapmamenm apxumexmypbl, UHIICEHEPHAS AKAOEMUSL,
Poccuiickuii ynusepcumem opyoicovl Hapooos, Mocksa, Poccus

1042215036@pfur.ru

AnHoTanus. J[aHHAas CTaThs IPEACTaBIAET COOOH KpaTKUH UC-
TOPUYECKHUI 0030p BOBHUKHOBEHHS My3€€B C TIEPBBIX JIET 10 XX B. U X
aApXUTEKTYpHBIE 0coOeHHOCTH. Llenpro ncciaenoBanmst SBISETCS H3yde-
HUE JBOJIOIMH APXUTEKTYPBI MY3€€B U UX apXUTEKTYPHBIX OCOOCHHO-
creil. 3agaya — BbISIBICHHE 3aKOHOMEPHOCTEH (POpMUpPOBaHUS My3eHHON
ApPXUTEKTYpPbl HA OCHOBE Pa3BUTUS UJEU CO3AAHUS MYy3esl.

MeToasl uccienoBaHus 3aKI0YAIOTCS B UCIIOJIB30BAHUU HCTO-
PUKO-apXUTEKTYpHOTO aHAJIM3a U CHHTE3a, JJIS 4ero ObLIO BRIOPAHO He-
CKOJIBKO M3BECTHBIX MYy3€€B U IPOBE/ICH CPAaBHUTEIbHBIA XPOHOIOTHYE-
CKHM aHaIu3.

B pesynbprare nccnemoBaHus Mbl MOXKEM CI€TIAaTh BBIBOJ — apXH-
TEKTypa My3€eB HE OTIMYAETCS TOCIEeIOBATEIFHOCTHIO U MMPEEMCTBEH-
HOCTBIO Ha IPOTSKEHUU BCEH CBOEH TOJIrOM UCTOPUH.

KaroueBsble ciioBa: My3en, HCTOPHUS My3€eB, apXUTEKTypa My-
3€€B, HBOIIOINS MY3€EB.

CIoBO «My3€i» 4acTO acCOLMUPYETCS CO 3AaHUEM, HO B ca-
MOM HadaJle UCTOPHH MOSBJICHHUS MY3€eB 3TO MOHATHE 0003HAYajo
KOJUIEKIIMIO MIPeIMETOB (IKCIIOHATOB) 10 UCKYCCTBY U Hayke. Ha ca-
MOM JieJie, B JPEBHErPEUYEeCKOM A3bIKe TepMHuH «Myceon» (My3eil)
03HaYaN CBAIIEHHOE MECTO — «XpaM My3bl'» [1]. CaM My3eii ObL1 onu-
caH KaK MecTo JUIsl u3ydeHus u cOopa apredakToB M KOJUIEKIHUI 00-
raThIX JIIOJAEH NI yUpeKIeHnH UcKkyccTBa, a ¢ X VIII Beka yxe BkiTtO-
qaeT B ce0d 31aHue.

1 My3b1 — 6oruHY B ApeBHErpedecKkoi MUGOIOTHH, HodepH 6ora 3eBca 1 MHEMOCHHE, TI0-
KPOBHUTENBHUIIBI HICKYCCTB, JINTEPATypPhl, HICTOPHH M HayK. My3aM HOCBSIIAINCH XPaMBI, KO-
TOpBIE HA3BIBAINCH «MyCEHOHAMID) - OT 3TOTO CJIOBA H IPOH3OIILIO CIIOBO «MY3ei».
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Crapeiimuii B Mupe My3eit 0611 ioctpoeH 2500 et Ha3af B rie-
puoa Heo BaBUIIOHCKOM MMIEpUH, HO TOJBKO B 1925 roxy ero oTkpbul
apxeonor Jleonapn Bymnu [3]. Myseii Ounuransau-Hannsr (540 r. 1o
H.3.) HAXOIWJICS B IITAaTe Y, PACIONI0KEHHOM B COBPEMEHHOMN MPOBUH-
nuu [lu Kap B Mpake, 1 npeacraBisit co00# KBaapar, pa3ieieHHbIN, KaK
OyATO, HA MaJIEHBKHE M OOJIbIINE KOMHATHI, 00pa3yIolInue CBOETO poAa

nabupuHT (puc. 1, 2).

H R

Puc. 1. Pyunsi, noka3siBaioniue,
YTO OCTAJIOCH OT MYy3est JHHUT A b/IU
Hcmounux:
https://www.middleeasteye.net/sites/
default/files/2021-02-2

Puc. 2. [Inan TemeHoca Ypa
B HOBOBABUWJIOHCKHUI1 IepHOJ
(apanrTupoBaHo U3 paboTsl Bym
u Mannoysna, 1962)
Hcmounux:

https://cnx.org/resources/2df0f390b3
adedbc0f4865d16544e6a96fc57b11/

Figured.jpg

Opnako, B XV Beke BO3HMKJIA UJES CO3/IaHUSA YACTHBIX IPO-
CTPAHCTB I BBICTABOK B CYIIECTBYIOIIMX ABOpLaX, Takux Kak [lamamnio
Menuuu (Pukkapau), KoTopslit OTKpbUIcs okoi0 1440 rona Bo dnopen-
un (pucyHok 3) [2].

Iozxe B XVI-XVII Beke My3en OblTH HE TOJIBKO BO ABOPLAX,
HO U B PE3UJCHIMSIX MPaBUTENIEH, TOJIMTUKOB, YUEHBIX, Bpadeil. Hanpu-
Mep, B MionxeHckoit Pesunennun (B ['epmanun), mocrpoennoit B 1385
rojJy, OBUIO CO3[ITaHO CHEIHMATbHOE MECTO JJs mokaza (Mexmy 1569—
1571 ronamm), KOTOpOE Ha3BaIH «AHTHKBApUYM». ITO OBUIO COOpYKe-
HHUE IJIMHON 66 M, CTEHKH KOTOPOTO OBLIM MOKPBITHI Y30paMH U Kpac-

KaMH, ¢ HUIIaMu U mHTycamu (pucyHok 4) [2]. Konenn XVII Beka
03HaMEHOBAJICS IEPEXOAOM OT CIELHAIbHO CIPOEKTUPOBAHHBIX YaCT-
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HBIX TOMEIICHHH K OOIIECTBEHHBIM 3IaHHUSIM, TAKUM KaK YHUBEPCUTETHI
u akagemuu (Hanpumep: bepramo, Mrtamus), epKBH MM MOHACTHIPH
(mammpumep: ab0aTcTBO be3aHCOH — cTapeimuii 00IIeCTBEHHBIH My3ei
B0 ®pannun) [2].

Puc. 3. Tanamuo Meauuun Puc. 4. AHTHKBapuyM
(Puxkapam) Hemounux:
Hcmounux: https://www.tury.ru/img.php?gid=3

https://www.artesvelata.it/ 15691&pid=2123960&v=1200

wp-content/uploads/2021/05/
Michelozzo-Palazzo-Medici-
arte-svelata.jpg

B XVIII Beke My3eii ctan 00BEKTOM H3YUYEHHUS M OCO3HAHHOTO
MpoeKkTupoBaHus. B 3To Bpems B Poccun nosBuiioch MOHUMAaHUE My3est
KaK KyJIbTYPHOT'O YUpeXIEHHS — JaKe, €CIIM MOKHO ObLIO HAWTH CyIie-
CTBOBaBIIMN paHee My3eH, Hampumep, OpyxeiiHas nmanata B Kpemie
WM pyu3HULA XpaMa Bacuust biaskenHoro B 16 Beke; HO 9TH KOJJIEKIIUU
OBbUTM YaCTHBIMHU M HE TpeIHa3HAYINCh JUIA NTOKa3a MIMPOKOH myOnrke
[2]. Takum 00pa3oM, ABYMsI IEPBBIMU MY3€sSMH, TOCTPOSHHBIMH CIELIU-
QJIBHO IJIS1 TOTO, YTOOBI OBITH My3€eM JUIA LIMPOKOTO M0Ka3a, SIBISIFOTCS
Kyncrkamepa (1714) (pucyHok 5) u 'ocynapctBennsiit Opmurax (1764,
a g0 1917 r. — Wmnepatopckuii Dpmurtax). XoTs oba Myses Obuin
B CTHJIE OapOKKO, UX apXUTEKTypHBIE IJIAHbI PA3INYaIHCh.

B Jlonnone B 1753-1759 ronax Obl1 ocHOBaH bpurtanckuii my-
3ell B apXUTEKTYpHOM cTuiie ['pedeckoro Bo3poxaeHHs (PUCYHOK 0),
MPUHSB YETHIPEXYTOJIbHBIA MJIaH C YETHIPbMS KPBUIBSIMH. DTOT CTHIb
MOJYYHJI LIMPOKOE PACHPOCTPAHEHHE M CTajl IOMYJISIPHBIM B KOHIIE
XVIII Bexka [3].
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Puc. 5. Kyncrkamepa Puc. 6. Bpuranckuii my3ei

Hcemounuk: Hemounux:
https://mvk.yanao.ru/upload/iblock/ https://'www.euromag.ru/storage/
7d2/Kunstkamera_SPB.jpg c/2014/01/20/1390163252 20688
1 89.jpg

Apxurektypa XIX Beka pa3BuBasiach B yCIOBHAX, KOTJIa B KaX-
JIOM CTpaHe CMEHa CTHJIEH MPOMCXOIUIIa IO COOCTBEHHBIM 3aKOHAM, HE
BBIJICJISIIOTCS] 3aKOHOMEPHOCTH, KOTOpPBIE OBUIN XapaKTEepHbI A7l pa3Bu-
THS CTWIEH B MPOLUIOM. BBl CBOEro poja XyJOXKECTBEHHBIM yNaaok,
BO3HUKIIHUH U3-3a CMELIEHNS CTWIECBBIX KAHOHOB U HallMOHAJIBHBIX Tpa-
UL, OJJHAKO MPH 3TOM OTMEYaIN Pa3BUTHE TEXHOJIOTHH, HCIIOJIB30-
BaHHE COBPEMEHHBIX MaTEPHAJIOB U MOsIBIICHHE HOBBIX popM. B 3TOT I1e-
pHOJ 3aBepIIMIACH CTapas 3M0Xa B Pa3BUTUM MHPOBOIO 304ECTBA
W HayaJlach HOBAasi, KOTOpas 0OyCIOBHJIA HOBBIE IIyTH Pa3BUTHS U 3aKO-
HoMepHOcTH. XIX Bek cTan BEKOM YCTaHOBJIEHUS apXUTEKTYPHOU THUIIO-
norun. ®paniysckuil TeopeTuk u apxutektop JKan-Hukonsa-Jlyn [ro-
paH pa3padboTan COOCTBEHHYIO YHUBEPCATIBHYIO METOIUKY apXUTEKTYP-
HOTO MPOEKTUPOBAHUS IJIs BCEX TUIIOB 3/1aHWI, OCHOBAaHHYIO Ha MO-
IyJBHOM CeTKe U3 MONO0OHBIX KBaApaToB. Takas paluoHalIbHas cUCTEMa
MO3BOJISJIA €My COCTABIISITh TUIIOBBIE YEPTEKH IUIAHOB, (acagoB U pas-
PE30B 3aHHUI CaMOro pa3HOro Ha3HadeHHusa. OH MPeI0KII IUIaH, BKITFO-
Yaromui: 4 Kpbljla OIMHAKOBOW JUIMHBI, KaX0€ C OTAEIBHBIM BXOAOM,
pacroyioKeHHbIe B KBaJpare, B KOTOPHIM OBUTM BIHMCaHBI I'PEUYECKUI
KpecT U POTOH/A (B KaUECTBE MOLYJILHOT'O 3JIEMEHTa My3€i{HOTO 31aHusl)
B LIGHTpE KpecTa (PUCYHOK 7). DTOT MPOEKT IJIaHa CTaJl STAJIOHOM JJIst
odopmiienus myseeB B XIX Beke [ 1], uTo nokazano Ha npumepe «I ur-
TOTEKU» U My3esl AJIbTEC, IOCTPOCHHBIX B TOM ke roay- B 1830, B I'ep-
MaHWH, B HEOKJIACCHYECKOM cTmIe. UeThIpeXKpbuIblii Tu1aH B «InunTo-
Teke» chopMUPOBaN JIMHEHHBIA MyTh (pUCYHOK 8). I[IpsMoyromsHBIN
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IIaH My3es AJIbTec 00pamIleH IByMsl ABOPaMH, BOKPYT KOTOPBIX pacIio-
JIO’KEHBI TIOCTIEIOBATEIILHO TAJIEPEH, CBA3AHHBIC C POTOHION (PUCYHOK
9). Taxxke HEOOXOAMMO 3aMETUTh, YTO BXOJ BEJAET MPSAMO K POTOHJC
(mox BmoxHoBenueM ot [lanteona B Pume). Ilo muenuto IleB3nepa
(1902-1983 1T.) My3eit Anbprec mo3BOIIII POTOH/IE CTAaTh H3ITIOOICHHBIM
MOTHBOM My3eeB [2].

B Sl Ll Frtotire

Y Salh de R
G Codr dh Aot
H. Privis parizdiirns

LAl i D W Wn Al Mo kbEEELE L

Puc. 7. Ilnan, npennos;xxenublii Jlropanom (1802-05 rr.)
Hcmounux: https://www.archaiologia.gr/
wp-content/uploads/2014/09/Skotinioti_Volos Museum_2.jpg

i

araseves

Puc. 8. [lnan I'nunrorexa Puc. 9. IInan Craporo mysest
Hemounux: HUcmounux:
https://live.staticflickr.com/2713/  https://img-fotki.yandex.ru/get/5500/
4340853944 _1b45¢39808 b.jpg anilow.f3/0_6b7fa_a2e8004 XL.jpg

547



B Poccun konuyecTBO My3eeB yBeIHUMIIOCH 0 Oosee yem 150
My3eeB. OCHOBHOM NPHUHIMII B ApXUTEKType MPHUBEN AU3AMHEPOB K 3a-
HWMCTBOBaHHIO (POPM IPEBHEPYCCKOTO 3014€CTBA 1 MOTHBOB, HAIIPUMED,
B 'ocynapcrBennoii TpetbsakoBckoii ranepee (1856) u B 'ocynapcrBen-
HOM HcTopryeckoM Mysee (1872) (pucyHok 10). MoKHO yBUAETH, 4TO
[Honurexunueckuit myseir (1872) cnpoeKTHpOBaH MOA APXUTEKTYpPY
PYCCKOTO BO3POXKJCHHS: COUETaHUE BU3AHTUHCKUX IEMEHTOB U JIONET-
poBckoil apxurekTypbl (pucynok 11). Torma kak ['ocynmapcTBeHHBII
Pycckuii myseii (1895) B Canxt-IletepOypre o0pa3oBaH YeTHIPbMS
JIBOpLIAMH, TPEACTABISAIONIMMHA PETPOCIIEKTUBHYIO ITAHOpaMy pyCCKON
apxXuTeKTypbl: 0apokko (CTpOraHOBCKMH ABOpEL) W HEOKIACCHLIU3M
(MpamopHsbIii ABOper] 1 MuxainoBCKuii 1Bopel). MUXalIoBCKUI 1BO-
pel, HarpuMep, SBJIseTCs MEAEBPOM KiIaccuiueckol snoxu [4]. Uro ka-
CaeTcs IUIaHa My3esl, TO MOHATHO, YTO KaKJ10€ 3AaHNEe IPUHUMAJO pas-
HBIE MPOEKTHI, IFIAHUPOBKY U GOpMY.

Puc. 10. I'ocynapcTBeHHbIH Puc. 11. Ilonurexunyeckuii
ucropuyeckui myseii (1872) my3eii (1872)
Hcemounux: Hcemounux:

https://i.pinimg.com/originals/14/  https://archello.s3.eu-central-1.ama-
c5/06/14c5065bbcd765d8fe2b4bae  zonaws.com/images/2020/04/17/DS
5e9df804.jpg C-4806-1--.1587100214.9028.jpg

B XIX Beke, My3eu Hauaau JEIUTHCS HA CIICUATU3UPOBAHHBIC!
XYJIO’)KECTBEHHBIC, 3THOTrpa(UUecKue, UCTOPUUECKUE, BOCHHBIE, €CTe-
CTBEHHO-UCTOPUYECKUE U TEXHOJOTHYECKUE MY3€H, OCHOBBIBASCH Ha
0COOEHHOCTAX CBOMX KoJuleKIui. KonndyecTBo My3eeB pe3Ko BO3POCIIO
B XIX Beke, C HEBEPOSITHBIM JTUANIa30HOM OXBAU€HHBIX TEM U MTPEAMETOB.
DTOT NEepUOJl HA3BIBAIOT 30JOTHIM BEKOM MY3€€B, IJle MOXKHO OBLIO
HalTH MHOTO pPa3HBIX CTWJICH, TAKMX KaK: PEHECCAaHC, IPEUYEeCKHii, Oa-
POKKO, HEOKJIACCUYECKUN, BU3AHTUHUCKUNA U PYCCKUUM CTUJIb, OCHOBAH-
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HBI Ha NCIIOJIB30BaHUM TPAJUIIMHA PyCCKOTO HAIIMOHAIBHOTO 30]4€CTBA
JOTIETPOBCKOTO BPEMEHH U PyCCKOTO HAPOIHOTO UCKYCCTBA, & TAKXKE ac-
COLIMUPYEMBIX C HUMH 3JIEMEHTOB BU3aHTUMCKON apXUTEKTYPBHI.

Yro KacaeTcs apXUTEKTYpPbl, TO HE ObUTO TUIIMYHOTO IJIaHa WU
Iu3aiiHa, KOTOPBIM MOXKHO OBLIO OBl NMPUMEHUTH KO BCEM MYy3esiM,
MO’KHO OBLIIO HAMTH MHOTO Pa3HBIX CTUJIEH, TAKUX KaK: PEHECCaHC, rpe-
YecKui, 0apOKKO, HEOKIIACCUYECKUH, BU3AHTUHCKUI U PYCCKUI CTHIIb,
OCHOBaHHBIN Ha HCIOJIB30BAHUU TPAJAULUN PYCCKOTO HALMOHAIBHOTO
30]Y€CTBa AONETPOBCKOrO BPEMEHHU U PYCCKOI0 HAPOIHOTO MCKYCCTBA,
a TaKXXe acCOIMMPYEMBIX C HUMH 3JIEMEHTOB BH3aHTHHCKON apXHUTEK-
Typsbl. 3MeHeHus B QyHKUUAX, CTHIISIX U MaTepHajlax MOBJIHSIN Ha BECh
00JINK My3eHHOH apXUTEKTYPHI U €€ 3BOJIOLHIO.

3akuouenne

MokHO cienaTh BBIBOJ, YTO Ha MPOTSKEHUN MHOTUX BEKOB IIIJIO
pasBUTHE MY3€€B HCXOHs M3 ONpEAEIeHHBIX 0COOEHHOCTEH BpPEMEHH,
MOJINTHKH, PA3HOM CUCTEMBI MBIIICHUS U KOMIUIEKca KynbTyp. M3Ha-
YaJbHO CJIIOBO My3€l 03HAYaJI0 KaKyr0-TH00 KOJJIEKIHIO, HO CO BpeMe-
HEM 3TO MOHATHE CTAN0 0003HAYaTh JOMA U 3/1aHHsI, B KOTOPBIX HAXOU-
JIMCH DKCIIOHATHI, BEb OCHOBHOMW LIEJBIO OBIIO CO3JJaHNuEe MECT JJIsl TO-
Ka3a. B cOBpeMEHHOM NOHMMaHUM MY3€H — 3TO YUPEXKJICHHS, KOTOPHIE
3aHMMAIOTCS U3YYEHUEM M XPAHEHNUEM NaMSTHUKOB KyJIbTYpBI, a TAKKE
MIPOCBETUTEIBCKUMHU LIETSIMHU.

C XV no XVII Bek MBI BUAUM, YTO MYy3€H pa3MELIANNCh B 3/1a-
HUSX, B KOTOPBIX BO3HUKAJIN pa3IMYHbIE TUIIBI IPOCTPAHCTBA IS CO3/1a-
HUSL CHEU(UIECKOTO «IKCIHO3MLHUOHHOTO MPOCTPAHCTBA». APXUTEK-
Typa 3TUX MECT OTHOCHJIACh B OCHOBHOM K apXHUTEKType 310X1 Bo3poik-
JICHMsI, B MEHBIIIEH CTENIEHU K IPEYECKOMY U PUMCKOMY CTUJISIM, 3aMETHO,
YTO B HEKOTOPBIX MY3CHHBIX IJIAHUPOBKAX MPOCTPAHCTBO OBUIO HEIO-
CTaTOYHO TMOKMM WIIM HE YUUTHIBAJIOCH BOOOILE.

B XVIII Beke mpou3onuid TOTaIbHbIE U3MEHEHHUSI, KOTJa My3€U
CTaJu OOBEKTOM apXUTEKTYPHOTO M3YUYEHHUS U Kaxasi CTpaHa BbIpabo-
Taja CBOM apXUTEKTYPHBIN CTHIIb. B 3TOT neproa o0pa3zoBaych Xpambl-
MY3€H WIN JIBOPLBI-MY3€H, KOTOpble OOBIYHO CTPOMIIUCH B MOJpakaHUE
IPEYECKUM XpaMaM: C TPEYTOJIbHBIMHI KOJIOHHAMH, BBICTPOCHHBIMH B JIU-
HUIO U YKPAIIEHHBIMU KJIACCUUYECKUMH THPSIMH.

ITo3xe, B 9MOXYy COBPEMEHHOH apXWUTEKTYpPbl, K apXUTEKType
My3€€eB MOJOLUIN C APYrod TOUkH 3peHus. Tonbko Kk Hauany XIX Beka
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MOSBUJIACH APXUTEKTYpHAas! THUIIOJIOTHS CO CBOOOIHBIM CTHIIEM BO BHEII-
Hell W BHyTpeHHell miuaHupoBke. Kpome TOro, MOXHO 3aMETHTh, YTO
B HEKOTOPBIX 3[JaHMUAX NMPUCYTCTBYIOT OTIOJIOCKH MPOILIOro — KIacCH-
yeckre (HPOHTOHBI, PUMCKHE MHUJLICTPBI, KyIojia U APYTHe 3JEMEHTHI,
BJIOXHOBIIeHHBIE apxuTekTypoi X VIII Beka.

Crnucok JuTepaTypsl

1. Ju Iackyane I'. Anexcanapuiickuii Mmy3eii: Mug u Mmogens. Ot
YacTHOTO K ITyOJIMYHOMY: IPUPOAHBIE KOJUTEKINK 1 My3ed. 2005. 1-12.

2. Hopyu K. My3eliHoe pOCTPaHCTBO, TJI€ apXUTEKTypa BCTpe-
gaercs ¢ MyseesenenueM. Jlonnon n Heo-Hopk: Pytiemk, 2016. ISBN
978-1-4724-3901-7.

3. Akanemus Xana: Cmupk, bputanckuii Mmy3eil. [ D1eKTpOHHBIN
pecypc]. URL-anmpec: https://www. xanakanemus. org/humanities/be-
coming-modern/victorian-art-architecture/early-victorian/a/smirke-the-
british-museum (xara o6pamenwus: 08.05.2022).

4. IIporynku no Pycckomy mysero. Cankr - [lerepOypr. Hacts 1 //
2017. https://architectstyle. livejournal. com/71054. html (mara oGparme-
Hus: 19.06.2022).

THE EVOLUTION OF FORMATION OF MUSEUMS
AND THEIR ARCHITECTURAL FEATURES (I-XIX centuries)

Solovieva A.
Aoun'V.

Abstract. This article is a brief historical overview of the emer-
gence of museums from the first years to the XX century. and their ar-
chitectural features. The purpose of the study is to study the evolution of
the architecture of museums and their architectural features. The task is
to identify the patterns of formation of museum architecture based on the
development of the idea of creating a museum. The research methods
consist in the use of historical and architectural analysis and synthesis,
for which several well-known museums were selected and a comparative
chronological analysis was carried out. As a result of the research, we
can conclude that the architecture of museums does not differ in con-
sistency and continuity throughout its long history.
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HNPUHIUII ®OPMUPOBAHUSA
AKNJI0T'O KOMILIEKCA B BOJIBIIUX 'OPOJAX
HA ITPUMEPE I'OPOJJA MOCKBA

Kamnoiiu A.M., cmyoenm

arsenekampoyi@mail.ru

Hayunwiii pyxosooumens: Yaiixo /].C., k.neo.u., doyenm
Jlenapmamenm apxumexmypol, UHICEHEPHAS AKAOEMUS,
Poccutickuii ynusepcumem opyaicovt Hapoodos, Mockea, Poccus

AnHoTanms. B cTtaThe npeacTaBiieHbl 0COOEHHOCTH (HOPMUPO-
BaHUS KUJIOTO KOMIUIEKca Ha yiauuax Mocksel. KpynHeie ropona ry-
CTOHACEJICHBI U 3aHITHl TOPTOBBIMU U JCIIOBBIMH ITIOCTPOHKAMH, a TaK-
K€ 3aIOJHEHBI )KUIJIBIMUA KOMILIeKCaMU. BonbIIMHCTBO Jt0el peano-
YUTAIOT UTh B LIEHTPAJbHOM 4yacTu ropoaa. IMeHHO MO3TOMy ypo-
BEHb OpPraHU3alUU KUJIBIX MOCTPOCK UMEET OTPOMHOE 3HAUCHHE, TAK
KaK OT 3TOr'0 3aBUCHUT YAOOCTBO PacIOJIOKEHHUs, OOJUK IEHTPATLHOM
4acTu ropoja.

KuroueBble ¢/10Ba: Kujible KOMIUIEKCHI, CTPOUTEIBCTBO

CrtpoutenbHas 0Tpacib UTPACT BAXKHYIO POJIb B 9KOHOMHUKE JIIO-
Ooti crpanbl. lloBbIIIeHNE KayecTBa PEKOHCTPYKIIMU OOBEKTOB, KaIlu-
TaJbHOTO PEMOHTAa U CTPOUTENbCTBA, MPEAOTBpAIICHUE PUCKOB IJIA
OKPY>KaloIlel CpeJibl, 30POBbS M XKU3HU JIIOACH U KUIHUIIHOTO CTPOU-
TEIHCTBA TPEOYIOT OT MPEJCTABUTENCH OTpPaciu OOJBIIIONH OTBETCTBEH-
HOCTH. B 3HAuMTEIBHOU CTETIEHH YPOBEHb CTPOUTENHCTBA U Pa3BUTHUS
MOXET OBITh MCIOJB30BaH B KAUSCTBE MMOKA3aTeNIsI IKOHOMHUISCKON CH-
TyalyH, a CJIeIOBATEIbHO, MOXKET OBITh MCIIOJIb30BaH B KAUECTBE MOKA-
3aTelis YPOBHS KU3HU HACEICHUSL.

Ha Ttakoe momnoxeHwe nen B OTpacivd MOMHUMO OOBEKTHBHBIX
MPUYUH MOBJIMSIIN U CyOBEKTUBHBIE (PAKTOPHI, MPEKIEC BCETO HECOBEP-
LICHCTBO JIEUCTBYIOILIEIO 3aKOHOAATeNbCTBA [1].

CTpouTENbCTBO ABISETCS OJHON U3 BAXKHEUILIUX COCTABIIAIOIINX
HaI[MOHATBHON YKOHOMUKH CTPaHbI, KOTOpasi TpeOyeT YeTKOW OpraHu3a-
MU TPOU3BOJCTBEHHBIX MPOLECCOB IMPHU BO3BEACHUM CTPOUTEIBHBIX
00BeKkTOB. MHOTHE yYacTHUKU (MHBECTOPHI, 3aKA3UUKH, MOIPSITIHNKH
Y T.J1.) BOBJICYCHBI B 3TH MPOIECCH. AKTyanbHOCTh JaHHOH paboTHI 3a-
KIIFOYaeTCs B TOM, UTO JUIsl YCIIEUTHONW CTPOUTENBHON paboTHI B COBpe-
MEHHBIX YCJIOBUSX HEOOXOMMO pelIaTh OIMpPEeICHHBIA THM 3ajad,
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KOTOpBIE HampsIMyIO CBS3aHBI ¢ (pakTopamu, 0OeCeUNBAIOIIUMH OpTa-
HU3ALUIO U YIPaBIEHUE CTPOUTENBHBIM MPOU3BOJCTBOM, & TaKKE €ro
(DMHAHCOBYIO YCTOHYUBOCTD.

[Ipobnema cocTOUT B TOM, UTO IEPHUOJT BO3BEACHUSI SIBIIIETCS OJ1-
HUM U3 KJIIOYEBBIX (DaKTOPOB KM3HEHHOTO LUKJIa 00BEKTa CTPOUTEIh-
CTBa, MOSTOMY HEOOXOIUMO MPABUIILHO MOAXOIUTH K BHIOOPY MeTona
OpraHu3aly CTPOUTEIBHBIX padoT.

Opranuzanust CTPOUTEIBHOIO IPOU3BOACTBA MPEATOIAracT
MPEIOCTABIICHUE LEJIEBBIX PELICHUH 10 00ECTIEYeHNIO HCIIOTHEHUS 0051-
3aTeNbCTB 110 TOroBopaM. To €CTh BBOJ X B HKCILUTyaTallHIO B YCTAHOB-
JICHHBIE CPOKH U C 33JaHHBIM Ka4eCTBOM, MIPU COONIOJICHUN WHTEPECOB
Y4aCTHUKOB CTPOUTENBCTBA. B opranusanuu CTpouTEIsHOIO IPOU3BOI-
CTBa Y4YacTBYIOT:

— KJIMEHTHI,

— au3aiHepsl,

— HoJpsAHas OpraHu3aLus,

— TPaHCIIOPTHHKH,

— MOCTaBIIMKH,

— KOMIIaHUU-pa3paboTuuku [2, 75 c.].

B nepuoze 1970-1980 rr. B CCCP ctan BpemeHeM pa3padOTKu
MHOTO3TaXXHBIX KHJIBIX JOMOB/KOMIUIEKCOB C Pa3BUTON CUCTEMOM COLIU-
aJIbHO-OBITOBOTO OOCIYXHBaHUS, B COCTAB KOTOPOH OBLIM BKIIIOUEHBI:
neyeOHbIe, Y4eOHO-BOCIUTATENbHBIE, KYJIbTYpHO-IIPOCBETHTEIBHBIC,
CIIOPTUBHBIE YUPEKIEHHU. MUHYCOM CTall0 OTCYTCTBUE KOMIUIEKCHOTO
MOJX0/1a, YTO BBIPa3HJIOCH B COANaHCUPOBAHHOCTH 3aCTPOMKH IO pas-
JINYHBIM MTOKa3atessM [4].

Puc. 1. «Jom-koMMyHa» koMILIeKc 30aHuii B ChipoMATHHKAX, I. MOCKBa
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PaccMoTpuM mpuMep MOCTPOMKH KHUIIOTO KOMIUIEKCA B IIEHTPE
ropoja Mockga. B cTpyKType KHI0T0 KOMITJICKCa B IICHTPAILHOM YaCTH
ropoja MockBa 00BIYHO BBIJICNSIOT CIEAYONUE (DYHKITMOHAIBHEIE 30-
HBIL: J)KWIast (KBApTUPHI, TPUKBAPTHPHBIC TPOCTPAHCTBA), esoBas (oduc-
HBIC TTOMEIIEHUS, rIHaIbl 0aHKOB), OOIIECTBEHHAS, KOTOpPas B CBOIO
ouepeqh MOAPA3JCNICTCS Ha TOPrOBYIO, COIMAEHO-OBITOBYIO, Yy4eO-
HYI0, IOCYTOBYIO, CIIOPTUBHYIO, peKpealioHHyo yactu. Eciu nmpoananm-
3UPOBaTh (PYHKIIMOHAIBLHO-IPOCTPAHCTBEHHYIO CPEMTY JKHITBIX KOMIUICK-
COB KPYITHBIX TOPOJIOB, TaKMX Kak MOCKBa, MO)KHO OTMETHTb, YTO JIyd-
MM METOJIOM TTOCTPOUKH SIBJISIETCS MHOTOYPOBHEBOE (PYHKITMOHAITBLHOE
3oHMpoBaHue. OHO TMOApa3yMeBaeT pa3MelleHHe MapKOBOK Ha HIDKHUX
ATaXKaX, TAKKe MOCTPOWKA HEKOTOPHIX OOIIECTBEHHBIX YUPEKICHUN Ha
HIKHUX SIpycax, BEPXHUH SIPYyC OCTABISETCS IO KHJIbIE TTOMEIICHUS.
CreneHpb HCMONIB30BaHUS OOIMIECTBEHHOTO OOCIYKHBAHUS, a TAKXKE YPO-
BEHB €T0 Pa3BUTHUS U THITOJIOTHSI TOMEIIEHUI OYIyT pa3inyaThCs B 3aBH-
CHUMOCTH OT YPOBHS KOM(OPTHOCTH JKUIIOTO KOMITIeKca [3].

[Ipu dopmMupoBaHUH KHUIOTO KOMILIEKCa B OONBIINX TOpojax
Ba)KHO MTOCTPOUTH PA3HOYPOBHEBOE MPOCTPAHCTBO.

[lox mepBeIM ypoBHEM OOBIYHO IMOAPA3YMEBAIOT ABOP KOM-
IJIeKCa, B KOTOPOM KOMMYHUIIUPYIOT BCE €ro JKATeNd. B HeM 0OBI9HO
OTCYTCTBYIOT KaKMe—ITM00 00CITy>KUBAIOIIHE DIIEMEHTHI. 3aTeM CIEIyT0-
W YPOBEHB MPEACTaBIeH 00IIECTBEHHBIM IIPOCTPAHCTBOM, B KOTOPOM
pa3MenieHbl 00BeKTHl OOIIECTBEHHOTO cripoca kuTeneil. TpeTuit ypo-
BEHb 3aKJIOUaeT B ceOe OOBEKTHl HEPETYISIPHOTO CIIPOCa HaCEIeHUS
Y CBsI3aHHBIE C HUIMU B3aUMOJIeicTBHA (paiioHHbIe IEHTpHI). [locienauit
YpOBEHB TIpeAcTaBisieT co00il B3aMMOIEWCTBHE UYEIOBEKa C pPas3iiid-
HBIMH KPYITHBIMH SJIEMEHTaMH TOPO/Ia: IIEHTPOM, TOPOJACKIMH ITapKaMH,
YHUKATBHBIMH 3/IaHUSIMU U TIpOYee.
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Puc.2. 4-21 — sraxeit KK «N’ice Loft» r. MockBa

JIBOp — 3TO MPOCTPaHCTBO, B KOTOPOM cOOUpaETCs ONpeaesicH-
Has rpynna Jirojaed, o0beIMHEHHAas MECTOM X pa3MelneHus. Bo qBope
YEJIOBEK JOKECH YyBCTBOBATh CE0sl 3allIUIIEHO U PACCMaTPHUBACTCS KaK
KBapTast win YpOaH-0110Kk. OH OKpPYKEH JKUJIBIMHU ITOMEIIEHUSIMHE, DTaXK-
HOCTh KOTOPBIX COM3MEpPHMA C Pa3MEpOM YEIOBEK M IIMPUHOW JBOpA.
CpenHsist 3TaXKHOCTh JJOMOB COCTABJISIET OT TSATH JI0 JCBSATH dTaXKeH.

Bo BTOpOM ypoBHE chopMHpOBaHO OOLIECTBEHHOE MPOCTpPaH-
CTBO, KOTOPOE COCIUHSET MEXKIY COOO0M pa3IryHbIe KBAPTAIIbI, & TAKKE
TPaHCTIOPTHYIO cucteMy. llepBbie 3Takm J0MOB, (hacagbl KOTOPBIX
HMMEIOT BBIXOJ B 3Ty 30HY, OT/AAI0TCS 1O 00BEKTHI 00CITy)KUBaHUS HACe-
nenust. Kak v Ha mepBoM ypoBHE, 3/1eCh HET BOZMOXKHOCTH IS ITPOe3/ia
MaIllFH, 30Ha pacCUMTaHa Ha BEJO-TIEIIEXOAHOEe IBUXEHHE. ABTOCTO-
STHKH PACITOJIOKEHBI B MHOTOYPOBHEBBIX IOJ3EMHBIX M Ha3eMHBIX CO-
OpYKEHUSX.

Jannas 30Ha QopMHpyeTCs OCPEICTBOM O3eJIeHEeHHUS u 001a-
TOpaKWBaHUSI TEPPUTOPHH, YTO OOECTICUNBAET HEKYIO 30HY OT/IbIXA.

Takum o6pa3zom, GOpMUPOBAHUE KIIIOW CPEIbI B KPYITHBIX T'0-
poJax, Takux Kak MockBa He0OX0JUMO MPOBOJUTH Ha Pa3HBIX YPOBHSIX,
KKIBIH U3 KOTOPBIX 00eCTIeuuT KOM(OPTHOE MTPOKUBAHKE JTIFOICH 1 UX
KOMMYHHUKAIAI0 MeXAy coboil. To, B KakoM MecTe JKUBET YeOBEK,
obecrnednBaeT ero COCTOSTHIUE U JIF00OBH K KU3HU B IeHTpe ropona. OH
BBICTyIaeT KaK 3HAYMMBIN AJIEMEHT TOPOJCKOW CTPYKTYPHI B (HhOpMHU-
pYyeT HOBYIO Cpely JKM3HHU YeJIOBeKa B KPYIHBIX moceneHusx. Mudpa-
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CTPYKTYpa SIBISCTCS Ba>KHBIM aKTHBOM >KU3HHU B TAKOM OOJIBILIOM TOPOJIE,
kKak MockBa. B Takux 31aH1sIX 00BIYHO BECh MEPBBIH 3TaXK CAACTCS KOM-
MaHMAM, 3[1€Ch MOXKET ITOCEIUTHCS JTF000N TUIT KOMITAHUH (JIETCKHE LIeH-
TpPBI, Mara3uHel, CaJIOHBl KPacoTbl, LIBETOYHBI MarasuH, JETCKUH caf,
kade, moYTa, MyHKT BHIIAYM 3aKa30B, aNTeKa, MMOJUKIMHHUKA, JeTcKas
CIIOPTUBHAS CEKIMs, 300Mara3uH, MarasuH JIETCKUX TOBapOB, MarasuH
KaHTOBapOB U KOMITBIOTEPHBIH KITy0).
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THE PRINCIPLE OF THE FORMATION OF A RESIDENTIAL
COMPLEX IN LARGE CITIES ON THE EXAMPLE
OF THE CITY OF MOSCOW

Abstract. The article presents the features of the formation of
a residential complex on the streets of Moscow. Large cities are densely
populated and occupied by commercial and business buildings, as well
as filled with residential complexes. Most people prefer to live in the
central part of the city. That is why the level of organization of residential
buildings is of great importance, since the convenience of the location,
the appearance of the central part of the city depends on it.

Keywords: housing complex, construction
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PASPABOTKA METOJANKHU OINEHKU KAYECTBA ’KU3HHU
1 YKOJIOTMYECKOMN Y@ ®EKTUBHOCTH 3JAHUI
B YCJIIOBUAX KIIMMATA ITAJTECTHUHBI

Xananu Maxmyo U. M., acnupanm

Konecnuxos A. A, doyenm, K.H.

Jlenapmamenm apxumexmypbl, UHIICEHEPHAS aKademus,
Poccuiickuii ynusepcumem opyasicowvl Hapooos, Mockea, Poccus

AHnHoTauus. B craThe paccMoTpeHa TeMaTHKa pa3padOTKH afie-
KBaTHOM METOAMKHM OLIEHU Ka4yecTBA JKU3HU U IKOJIOTMYECKOW OLIEHKHU
s dexTrBHOCTH 30aHui 11 Hacenenus [lanectunsl. Taxoke mokasaHo,
4yTO JUIsl Knumarta [lanecTHHbl XapakTepeH KOHTUHEHTAJIbHBIA KIMMaT
C YEThIpbMSI OCHOBHBIMU KJIMMAaTHYECKUMH XapaKTEPUCTHKAMHU: BBICO-
KW THEBHOW M FOJI0BOM TEMIIEPATYPHBIN TUana3oH, KOPOTKHE EPEXOI-
HBIE CE30HBI BECHBI M OCEHH, YMEHBIICHHOE KOIUYECTBO OCAIKOB U (hakK-
TUYECKOE OTCYTCTBHE OTHOCUTEIBHOM BIaXKHOCTH. B pe3ymnbTare npose-
JEHHBIX UCCJIEJOBAHNI MIOKAa3aHO, YTO MPUMEHEHNE HHTETPUPOBAHHOTO
METO/Aa KauyecTBa XM3HU M HKOJOTMYECKOH OLEHKH 3(deKTuBHOCTH
3naHuil U1 HaceneHus IlamecTuHBl B paMKax KOTOpPOH B CTaHAAapT
BREEAM wuHTErpupOBaHbl KpUTEPUU COOTBETCTBUS KAPKOMY KIIUMAaTy
U KpUTEPHH NHBECTUPOBAHMS [TO3BOJISIET ONPEACIIUTE PEHTHHT KaXI0r0
pErHoHa MO MOKA3aTeNo dKOJIOTHYECKOTO0 COCTOSIHUSA C LENbI0 HalpaB-
JIeHNs1 PUHAHCOBBIX PECYpCOB Ha Pa3pabOTKy MPUPOAOOXPAHHBIX MPO-
rpamM, IIO3TOMY HCCIIEIOBaHUS pabOThl UMEIOT NPAKTHUECKYIO 3HAUH-
MOCTb.

KioueBbie ciioBa: pa3paboTka, METOAMKA, KauecTBa >KHU3HHU,
AKOJIOTHYEeCKON AP deKTUBHOCTD 3MaHMid, [lanmecTuHa

BBenenne

CocTosiHuE OKpY’KaIoLIEH cpenbl SIBISETCS BaXKHBIM IIOKa3aTe-
neM koMmdopTta xureneir. COBpeMEHHbIE METOIbl OIIEHKH JJIEMEHTOB
OKpY’KaroIIel cpeibl B CUCTEMax U3MEPEHHUs KauecTBa KU3HU KHUTEJICH
HYXJal0Tcs B coBeplueHcTBoBaHMH [1]. IlokazaHo, yTo OCHOBHAs Mpo-
OreMa B TIPaBIIILHOW OIICHKE KAa4eCTBA KU3HU IO SKOJOTHYECKOU CO-
CTaBIIAIONIEH XapaKTEPUCTHK 3TaHUHN IS )KUTEIEH 3aKIIF0YaeTCsS B TOM,
YTO MECTHas TeMIleparypa W OTHOCHTENbHAS BIIAKHOCTH HAIMPSMYIO
BIUSIIOT HA KOHCTPYKTHBHBIE U (POpMOOOpa3yromue XapaKTepUCTHKH
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BO3BOAMMBIX 3[aHWN Ha paHHUX CTaIUsIX cTpouTenbcTBa. He MeHee
BaYKHBIM ABJISIETCA BIUSHUE KiMMaTa [lanecTuHbl Ha Ka4ecTBO U TOJTO-
BEYHOCTh MOHOJIMTHBIX >KEJIe300€TOHHBIX 3[aHUH M COOPYXCHUH, Xa-
PaKTEPU3YIOLIMXCSI OCOOBIMHU YCIOBHSIMH KapPKOT'O M CYXOro KiIUMara
B OOJIBIIIMHCTBE CE30HOB, IOATOMY OCOOCHHOCTH Pa3padOTKH METOIUKH
OLIEHKM KayecTBA JKU3HU U JKOJIOTMYECKOW I(PPEKTUBHOCTH 3IaHHUN
c yuetoM kinmara [lanecTuHsl Hy>kaal0TCs B A€TaIbHON TpopaboTke [2].
Pa3zpaboTka HOBOW METOJOJIOTHH OLEHKH 3KOJOTMYECKOTO COCTOSHHS
CTpaHBbI SBJISIETCS OYEHb aKTyaJbHOM, TaK KaK JaHHOE HalpaBJIEHUE Tpe-
OyeT BBISBJICHHS PallOHOB CTpaHbl, HAXOSIINXCS B HAMXY/ILIEM COCTO-
SIHUH, C LIeJIbI0 HAaNlpaBJeHUs (PUHAHCOBBIX PECYPCOB Ha pelIeHHE Mpo-
OJeMbl, OCHOBAaHHOM Ha OLICHKE Ka4eCTBA KU3HH C yUETOM TEKYIIUX IKO-
JIOTHYECKHX YCIOBHH, U151 00eCTIedeHus CTaOMIBHOTO COLIMATILHOTO pa3-
Butus [lanectunckoro rocyaapcrsa [3, 4].

Llenv cmambu — uccnenoBaTh NpoOIeMbl pa3pabOTKU OTeye-
CTBEHHOW METOJIUKH KayeCTBa KU3HHU U SKOJIOTHUECKON OLEHKH (P deK-
TUBHOCTH 31aHuil 1 [lanecTUHEL.

Memoowl uccnedosanusn BKIIOYAIOT KOMIUIEKC METOI0JIOTHYE-
CKOTO aIlnapaTa CUCTeMaTH3alK1, 0000IEHN U aHaIK3a HAyYHOH U UC-
CJIEIOBATEIbCKOM JTUTEPATyphl IO TEMATHKE MU3YUYEHUS KauecTBa KU3HU
1 DKOJIOTMYECKOH OLeHKH 3¢ (eKTUBHOCTHU 3aaHuil i [lanecTuHsl.

Oo6cyxaenne

OreHKa Ka4ecTBa )KU3HU BayKHA B COIIOCTABJICHUH C LIEISAMU Oy-
IYIIETO Pa3BUTHUS SKOJIOTUYECKON M COLMANIBbHO-I)KOHOMUYECKOH MOJH-
TuKH [5]. IloCKONBKY HOHSITHE «KAaueCTBO KU3HW» SBJISIETCS COLUOIOT Y-
YECKOM KaTeropueil, OMMCHIBAIOIIECH YIOBICTBOPEHUE MaTepUaIbHBIX
U KyJIBTYPHBIX OTPEOHOCTEH JTI0/IEH, TOKa3aTeIn, KOTOpbIe paccMaTpH-
BalOT y4Y€HblEe IPU OLIEHKE KayecTBa >KU3HH, BECbMa Pa3HOOOpa3HBI.
BaxxHbIM acreKTOM KadecTBa HM3HHM JIFOJEH SBISIOTCS] SKOJIOTHUECKHUE
[IOKAa3aTely KWIbIX 3JaHUN U COOPYKEHUM.

CornacHo mpaBujaM, yCTaHOBJIECHHBIM yueHbIM Bragumupom
Kénnenom B ero knaccudukanum Knumara, kaumar [lanecTuHsl o tem-
NEpaTYpPHOMY PEXHUMY XapakTepusyeTcsa Kak cyOTponuueckuil. [loutu
Bce reorpadsl U KIMMATOJIOTH JENAT TeppuTopHio IlanecTuHsl Ha TpH
KIIMMATHYECKUX PETHOHA, 2 IMEHHO [2]:

- TOPHBIN KIMMaTU4YEeCKUNA PETHOH;

- CTETIHOM KJIMMaTHYEeCKUI PETHOH,;
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- yCTBIHHBIN KIIMMAaTHYEeCKUI PETHOH.

Juns [NanecTuHbl XapakTepeH KOHTUHEHTAIBHBIA KIMMAT C 4e-
THIPHMSI OCHOBHBIMH KIIMMaTHYECKUMH XapaKTepUCTUKaMU [4]:

- BBICOKHMI THEBHOM M FOJIOBOM TEMIIEpaTypHBI Juana3oH;

- KOPOTKHE TEPEXOAHBIE CE30HBI BECHBI U OCEHH;

- YMEHBILIEHHOE KOJIMYECTBO OCA/IKOB;

- (hakTHUECKOE OTCYTCTBHE OTHOCUTEIBHOM BIaKHOCTH.

B uenom, knumar B Ilanectune npeactaBisieT coO0i coueTanne
XKapKOTO CyXOro KIMMaTa C BBICOKOH HMHTEHCUBHOCTBHIO COJHEYHOU
SHEPTUH, BBICOKOH BIaXHOCTBIO U MEpenajaMu TEMIEpaTyp He TOJIBKO
B TE€UEHHUE T0Ja, HO U MEXIY OTHEM M HOYBIO, YTO CHJIHHO BJIMACT Ha
CBOHCTBa OETOHA Ha BCEX JTalax.

B ycnoBusx jxapKoro cCyxoro KiuMaTa MPHPOAHO-KIUMAaTH4e-
cKue (aKTOPbl OKa3bIBAIOT HETATHBHOE BIUSHHUE HA CTPOUTEIILHYIO OT-
pacib B LIEJIOM, OCOOEHHO Ha CTPOHMTENBCTBO MOHOJUTHBIX jKene300e-
TOHHBIX KOHCTPYKIMH, TJ€ )KapKUH CyXOH KIIMMaT CUJIBHO BIIUSET HA BCE
3TaIlbl MOATOTOBKU K CTPOUTEIHCTBY MOHOJIMTHBIX O€TOHHBIX KOHCTPYK-
LU 1 7Kene300€TOHHBIX COOPYKEHUH.

Nmenno noatomy mipu pazpabotke MetonoB QOL u oLieHKe 3K0-
noruyeckoi 3¢ dpexTuBHOCTH 31aHui B [lanecTiHe HEOOXOAUMO YUHUTHI-
BaTh CTAHAAPTHl CTPOUTEIBHOW OTPACIH IO 3KOJIOTHYECKUM Iapamer-
pam. CoBpeMeHHBIE MUPOBBIE CTaHAAPTHI S3KOJIOTHUECKON 3 PeKkTuBHO-
CTH CTPOMTEIBHOIN OTpaciu B OCHOBHOM OTHOCSTCS K 9KOJIOTHYECKUM,
SHEPTeTHYECKUM M SKOHOMUYECKUM IOKA3aTeNsIM TaK Ha3bIBAEMBIX «3€-
JICHBIX 3JaHUN», KOTOpbIe ObLIM pa3padoTaHbl KaKk JOOPOBOJIbHBIE PEli-
TUHI'OBBIE CHCTEMBI cepTU(uKanuy. [IBymMs BeAyIIUMH IPUMEPAMH SIB-
nstorcst BREEAM B Benmuko6putannu u LEED B CHIA [6-8].LEED
(The Leadership in Energy & Environmental Design) — 310 106poBOIh-
Hasi peHTHHIOBasl CUCTEMa ISl CTPOUTENILHON OTPaciy, NpeAHa3HaueH-
Hasl U OCYILECTBIICHHS IIEpeX0/ia K MPOEKTUPOBAHUIO, CTPOUTEIBCTBY
W JKCIUTyaTalUd TAaKUX 30aHUI IyTeM IPEeNOCTaBICHHS IPOCKTHOM
1 DTO peHTHHTOBAas U CepTUPUKAIIMOHHAS cucTeMa, pa3padoranHas Co-
BeToM 110 Koorundeckomy ctpoutenscTBy CILUIA (USGBC) B 1993 rony
B KAaueCTBE CTaHIAPTA AJISl OLIEHKU 3HEProd(PeKTUBHOCTH U YCTONUH-
BOCTH 3/1aHUM.

Crangapt LEED cocrout u3 mectu pa3menos [6]:

1) obecniedeHune IKOJIOTHIECKON YCTOHIMBOCTH MMPOEKTOB (TIPH-
JIETaloIas TEPPUTOPHS);

558



2) 3¢ peKTUBHOCTD NCTIONB30BAaHHS BOIHBIX PECYPCOB;

3) sueprocbepexenue u armochepa;

4) matepuaisl 1 pecypcHas 0a3za;

5) KauecTBO BHYTPEHHEIO BO3yXa U CPEIIbI;

6) HOBBIE CTPATETUH B MPOECKTE M HHHOBALHUH.

Pelitunrosas cucreMa BREEAM xapakTtepusyetcs METOI0JI0-
rued, KoTopas AaeT 0ajulbl MO HECKOJIBKUM pa3aeiaM, OTHOCSIIUMCS
K pa3lM4HbIM acreKTaM Oe30MacHOCTH >KU3HEAEATENbHOCTH, BO3JEH-
CTBHA Ha OKPYKalollylo cpeny u kompopra. [Ipumenenue 3toro cras-
JapTa UMEeT NMPaKTHYeCKOe 3HAUE€HHE JUIS TaHHOTO MCCIEeI0BaHUs, TaK
KaK IT03BOJISICT paH)KUPOBATh KaXKAbIi paiioH [lanecTuHsl o skonoruye-
CKUM TIOKa3aTeJsIM U BBIICIATH (PMHAHCOBBIC PECYPCHl Ha pa3paboOTKy
HKOJIOTHYECKHUX MpOrpaMM. banibl yMHOXal0TCSI 1 CYMMHPYIOTCS C Be-
COBBIMH KO3 PHULIUEHTAMH, KOTOPBIE OTPa)XaloT WX 3HAYUMOCTH LIS
ydacTKa 3aCTPOMKH, H, COOTBETCTBEHHO, MPeoOpas3yIoTCs B OaILIbL.

Ouenka BREEAM mnpoBonuTCs B COOTBETCTBUHU CO CIEAYIO-
LIMMHU KPUTEPUSIMU

— YnpasneHue: BBOJ B 3KCIUTyaTallHIO M MOCJIEAYIOIIEe yIpaB-
JieHne 1711 00ecrieyeHrsl ONTUMAaIbHOW PabOThl CHCTEMBI; YIPABJICHHUE
MPOLIECCOM CTPOUTENILCTBA C TOUKU 3peHHUS 3P (HEKTUBHOCTH UCIIOJIB30-
BaHUsI PECYPCOB, PHEPronoTPeOJieHUs M 3arpsS3HEHUs] OKpYIKarollei
Cpelpl; MPeJOCTaBICHUE PEKOMEHAAINI HETEXHUYECKUM I0JIb30BaTe-
JSIM 31aHUS UIA TIOHMMaHMS U 3QQEKTUBHON IKCIUTyaTallud CHCTEMbI
3aHUA.

— 310pOBBE U COLMAIBHOE OJIaronoryyne: JOCTYI K A0CTaTOY-
HOMY THEBHOMY CBETy, oOecliedeHue BHIa M3 OKOH Ul OTAbIXa IJas3,
KOM(OPTHBIE TEMIIEPAaTyPHbIE YCIOBHs, HEOOX0AUMasl aKyCTHKa, Kaue-
CTBO BO3yXa U BOJBI B IOMEILEHUSX, €CTECTBEHHAsI BEHTHWIALMS U Ka-
YECTBO OCBEIICHUS.

—IIpenoTBpaleHue 3arpsi3HEHNs OKPYKAIOLIEH CPEebl: UCIIONb-
30BaHME XJIaJareHTOB U IPENOTBPALLCHHE YTEUeK, NPEeJOTBpaIlCHUE
CTOKa JIMBHEBBIX BOJ, NPENOTBPALICHNE BEIOPOCOB MAPHUKOBBIX Ia30B,
MPEIOTBPAIIECHUE 3arPsA3HEHNS €CTECTBEHHBIX BOAHBIX IyTEH CTOKaMH
3IaHU{, KOHTPOJIb BHEIIHETO OCBELIEHHUS M LTyMOBOT'O 3arps3HEHHUS.

— DHepreTuka: cHIxeHue BEIOpocoB CO,, CBI3aHHBIX C TIOTPeO-
JICHWEM 3HEPruH, cHIKeHHe BeIOpocoB CO» U 3arps3HEHHs BO3IyXa 3a
CUET BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUH, HCIIOIb30BaHUE MPHOOPOB
ydeTa 3HEPrHH, Hapy>KHOE OCBEILEHHE, MEPbI MO MOBBILICHUIO SHEPTO-
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3¢ PEKTUBHOCTH, COTHEUHBIE BOJOHArpeBaTed, MUHUMHU3ALUS TTOTEPh
Teria, SHepro3HeKTUBHBIE TPAHCTIOPTHBIE CUCTEMBI (JTH(THI, ScKana-
TOPBI), UCTIOJIb30BaHHUE ABIMOXOJIOB.

— Dd¢dexTuBHOE ympaBieHHE 3aCTPOCHHBIMH TEPPUTOPHIMU
U OKpY’KarolleH cpefioi: MOOLpEeHne 1 MUHIMH3alHs TOBTOPHOTO HC-
MIOJIb30BaHUS 3EMIIN.

— Tpancnopt: gocTyn K 00IIeCTBEHHOMY TPaHCIOPTY; Oe301mac-
Has cpeAa sl HEeINX U BeJIOCUIIEHBIX MPOTYJIOK; OJIM30CTh K COLMAIIb-
HOW MH(pacTpyKType (LIKOJIBI, IETCKUE Callbl, 30HbI OT/AbIXa); MAKCH-
MaJbHOE MCIIONB30BAHNE MApKOBOYHBIX MECT; MPOJyMaHHas IUIaHU-
POBKa, CHIDKAIOIAs HEOOXOOMMOCTb BOXKICHHS aBTOMOOWIIS; IMpeno-
cTaBJieHHE pabOTHI U3 I0Ma; KapThl ¥ HH(pOpMaIHS.

— BonocHabOxeHne: MUHUMH3aLKs WCIONB30BaHUS MUTHEBOU
BOJBI JJIsl CAHUTAPHBIX LIE€JIeH; CUETYNKU BOIBI; KOHTPOJb YTECUEK; IO-
BTOPHOE UCTIOJIb30BaHUE BOJIBI; COOP M HCIIOIB30BAHHUE T0KACBOM BOBI.

— Martepuansl: HCIOIB30BAHUE CTPOUTENBHBIX MAaTEpPHAIOB
C HHU3KHM YPOBHEM BO3/ACHCTBHS Ha OKPY’KAIOIIYI0 CPEAy B TCUCHHE
BCETO0 XKM3HEHHOT'O LIMKJIA 3aHusl; TOBTOPHOE UCIOIb30BaHUE MaTepra-
JI0B; cepTH(UKALIUS OCHOBHBIX MaTEPHUAIOB; COOTBETCTBYIONIAS 3aUTa
OTKPBITHIX TUIOIIAI0K U JTaHAMAPTHOTO AU3alHA.

— OTX0IBl: NMOBTOPHOE HCIOJIBb30BAHHE MaTEpUaJIOB; Iepepa-
00TKa OBITOBBIX OTXOJIOB; YTHIIN3AIUs CTPOUTEIBHBIX OTX010B [9-10].

Hcxons u3 xapkoro knumara [lanectunst, s [lanectiunsl Bax-
HO pa3paboTaTh aJaNTUPOBAHHYIO HALIMOHAJIBHYIO METOJOJIOTHUIO OLIEH-
KM Ka4yecTBa XW3HH U 3KoJorudeckoil sddexkruBHOCTH 3maHmiA. [1oa-
TOMY B paMKaXx MCCIIEJIOBaHHUS B TAHHOW paboTe OblIa pa3zpadoTaHa yco-
BEPLICHCTBOBAaHHASI TAJIECTUHCKASL HALMOHAJIbHASI METOIOJIOT S OLICHKH
Ka4ecTBa XHU3HU U 3KOJIOTHYECKON 3PPEeKTUBHOCTH 30aHUH ITyTE€M WH-
Terpauyy KpUTEpUEB MPUTOAHOCTH AJIS )KapKOTro KIIMMAaTa U MHBECTHLIN-
oHHBIX KputepueB B kputepun BREEAM. IlanectuHckue Kputrepuu
MPUTOAHOCTH JUIS )KapKOro KIMMaTa CIIeAyIOIIHUE:

— MuHUMH3UpYHTE IPOHUKHOBEHUE TEIUIA B TIOMELICHHUE: MH-
HUMM3HUPYHTE pa3Mepbl OKOH, 3aTCHEHNE, KOMIAaKTHas popMa 30aHusl.

— ObecnednTh €CTECTBEHHYIO BEHTHUIIALIMIO ITyTE€M OTBOJA TeIl-
JIOTO, BJIAKHOTO BO3AyXa IO NEPEnasioM AABJICHUS: PACIOJIOXKECHUE
U pa3Mep COOTBETCTBYIOIIMX OTBEPCTUH, CO3AaHHE JONOIHHUTEIIBHBIX
BO31YXOBOZOB U LIAXT.
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— ObecnieynTh JONOIHUTENBFHOE OXJIAKICHUE 32 CUET MIPOCKTH-
POBaHUs BHYTPEHHHX JBOPOB M BETPSHBIX LIAXT, MOJ3EMHBIX BO3IYXO-
BOJIOB, O3EJICHEHMS U TIOJINBA.

HHBecTUIIMOHHBIE KPUTEPUH OLIEHKN KauecTBa KU3HU U IKOJIO-
rUYecKoi 3QQPEKTUBHOCTH 3JaHUN Ui MajJeCTHHLEB YYUTHIBAIOT (H-
HAHCOBBII pacyeT HMHBECTUIMOHHBIX 3aTpaT, BKIIOYas BCE HAJIOTH
1 cOOpBI, CBA3aHHBIE C KAUECTBOM >KU3HHU M 3KOJIOTHUYECKOH 3 (eKTHB-
HOCTBIO 37aHu# A7 najecTuHueB. OOmIas CTOMMOCTb 34aHUSL M CTPOU-
TEJIbHBIX IEMEHTOB PaCCUUTHIBAETCS] B COOTBETCTBUM C YpPAaBHEHHUEM 1:

Cqery = €1 + (B1=1(Cqi X Ra) — Vy.2) (1)

T/ie T — pacueTHBIN Mepuo;

Cq(m)— oOmme 3aTpatsl (110 HauaabHOMY rofy T = 0) 3a pacyer-
HBII Iepuox;

C; — HavYaJbHbIC HHBECTULIMOHHBIC 3aTPaThI JIs1 OCYILIECTBICHHUS
Mep IO MOBBIMEHUIO 3HEProdPPEKTUBHOCTH 30aHui 1uist xutenei [la-
JIECTUHBI;

Cq,i - TOIOBask CTOMMOCTh OCYLIECTBJIEHHSI MEP 10 TOBBIIIEHUIO
9HeprodGHEeKTUBHOCTH 3AaHUM 11t >kuteneil IlamecTuHbl B TeueHUe
pacyeTHOro roja;

V¢ r — KOHEYHOE 3HAYEHHE CTOMMOCTH OCYIIECTBIEHHUS MEp 10
MOBBIILICHHUIO SHEProdPPEKTUBHOCTH 30aHNi s xutened [lanecTuHsl
B KOHIIE PacyeTHOTO Meproia (IMCKOHTHPOBAHHOE K HAYaIbHOMY TOIY
©=0);

R4- cTaBKa AMCKOHTUPOBAHUS PacYETHOTO rojia, pacCUUTHIBaE-
Mas 1o popmyne 2:

Ra@) = () @)

1+R,/100

T€ p — KOJIMYECTBO JIET OT HAYAJIbHOTO MEPHUO/A;

Rr — cTaBka JUCKOHTHPOBAHHA, CKOPPEKTHPOBAHHAS HA TIOKa3a-
TeNb YPOBHS HHQIAINY;

CraBka AMCKOHTHUPOBAHU, UCTIONb3yeMasi B MAKPOSKOHOMUYE-
CKUX U ()MHAHCOBBIX pacyeTax, ONpeleseTcs Mocie aHalu3a YyBCTBU-
TEJNBHOCTH K Pa3IMYHBIM IPOLEHTHBIM cTaBkaM. HeoOxomumo paccuu-
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TaTb OKOHYATCJIbHBIC 3HAUCHHUA AJId 3JICMCHTOB 34aHUsS, CPOK CJ'Iy)K6I>I
KOTOPBIX IPCBBIMIACT paC‘leTHLIfI nepuoa. KpOMC TOro, MpoOBOAUTCA
aHaJIN3 YYBCTBUTCIBHOCTU K CTPYKTYPC 3aTpaT Ha CTPOUTCILCTBO 344~
HUA U MHKCHCPHBIX CUCTEM U aHAJIN3 YYBCTBUTCIILHOCTHU K IPOTHO3aM
ICH Ha 3HCProOHOCUTCIIH, KOTOpLIﬁ H€O6XOI[I/IMO MMPOBECTHU IJid BCEX
BHCPFOHOCHTCHCﬁ, HWHTCHCHUBHO UCIIOJb3yCMbIX B 3[JaHUU.

Takum 06p8.30M, MMPUMCHCHUC KOMILIICKCHOM METOJHUKH OLICHKH
KayeCTBa )KU3HU U SKOJIOTMYECKON 3(1)(1)CKTI/IBHOCTI/I 3,I[aHI/Iﬁ JJIs1 HACCJIC-
Hus [TanecTuHbI 6y):[eT HUMCTb MPAKTUYCCKOC 3HAUYCHUEC JII JaHHOTO UC-
CJICAOBAHHUA, TaK KaK IMO3BOJIUT PAHXKXUPOBATH Ka)KI[BIfI paﬁOH 110 ITOKa-
3aTCIIAM 3KOJIOTMYCCKOI'0 COCTOSAHUA C LCJIBbIO HAITPABJICHUS (bHHaHCO—
BBIX PECYPCOB HA Pa3BUTUC 3KOJIOTHUCCKUX ITPOTrpaMM.

IIpyMeHeHHe HHTETPUPOBAHHOIO METOa KAYeCTBA KU3HH
W IKOJIOTHYeCKO# OneHKH 3PPeKTHBHOCTH 3JaAHUH 1151 HACeJICHUS
IHanecTunsl ¢ npuMenenneM crangapta BREEAM

Onepeoaghpexmuenocmy: Ilanectrina MeeT OrpaHUYCHHBINA 10-
CTYH K SHEpropecypcaM M CTaJKHUBAETCS C YacThIMU Nepe0osSMHU B IO-
naye 3J1eKTposHepruu. HecMoTpsi Ha HEKOTOpBIE YCHIIHS 110 IPOABHIKE-
HUIO UCIIOJIb30BAHUS COJTHEUHOH SHEPTUH U 3HEProdPPEeKTUBHBIX NPH-
00poB, HEOOXOAUMO ceNaTh ropas3io OoJbIle AJIS HMOBBILICHUS YHEP-
roa¢deKTUBHOCTH 3/IaHUH 1 HHPpAcTpyKTyphl. Pelitiar: Cpennuii.

Shpexmuenocmov ucnonvzosanusi 600vl.: 1lanecTuHa crajkupa-
€TCs CO 3HAYUTENbHBIM 1e(UIUTOM BOABI U UMEET OTPaHHMUYCHHBIH 10-
CTYH K YHCTBHIM BOIHBIM pecypcam. [Iponmaranaupyrorcs Takue yCToiuu-
BbI€ NPAKTUKU, KaK cOOp HOXKIEBOM BOIBI, YTHIU3ALMA CEPOH BOJBI
U CHCTEMBbI KaleJIbHOr0 OPOLICHHUS, HO MHOT'O€ €IlIe IPEACTOUT CAeIaTh
JUIsl 5KOHOMUU BOJBI U YJIy4YILIEHUsl AOCTyNa K YUCTON Bozae. PelTuHr:
Cpennuii.

300posve u bnazononyuue: llanecTuHa CTaIKUBAETCS C CEPhE3-
HBIMU IpoOieMamMu B OOJNAacTH 3APABOOXPAHEHUS H3-3a 3arpsS3HEHUS
BO3AyXa U OTPAaHWYEHHOIO JNOCTYNAa K MEIULMHCKUM YUPEKICHUSIM.
Bbutn npeAnpuHATH yCHIHA 10 Pa3BUTHIO 3€JIEHBIX 30H B TOPOACKUX
paiioHax M yJIy4LICHUIO KadecTBa BO31yXa, HO AJISl PELICHUs 3TUX MPO-
61emM HEOOXOIMMO cAenaTh emle Oomnpie. Peiituar: CpemHuii.

Tpancnopm: TpancnioptHas nHppacTpykTypa [lanectursr orpa-
HUYEHA U 3a4acTyi0 He3((EKTHBHA, YTO IPUBOIUT K 3aTOPaM U 3arpsis-
HEHMIO Bo3ayxa. B Hacrosiee BpeMs NpenNpUHUMAIOTCS YCHIIMS IO
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Pa3BUTHIO YCTOMYMBOIO TPAaHCIOPTA, TaKWE KaK BEJIOCHIIETHBIE [0O-
POXKH M YCOBEPILICHCTBOBAHUE OOIECTBEHHOTO TPAHCIIOPTA, HO AJIS pe-
LICHUS] ATUX NpoOJIeM HEoOXOAMMO clenaTh eme Oompuie. PedTuHr:
Cpennuii.

Ynpaenenue omxooamu: IlanectiHa CTaJKUBaeTCs CO 3HAYM-
TEJBbHBIMU IIpo0IeMaMHu B 00J1aCTH yIIPaBICHUSI OTXOJaMH, C HeaJeKBaT-
HOW MHQPACTPYKTYPOH M OTrpaHMYEHHBIMH NMPOrpaMMaMH IO Iepepa-
00oTKe 0TX0IOB. B Hacrosmiee Bpems mpennpuHUMAIOTCS YCHIIUS TIO
MPOJBIKEHUIO COKPALICHUS! OTXOIOB U MX HepepaboTKH, HO MHOTOE
elle MPeACTOUT CHAENaTh AJIS YIIyYlIeHUs] NPAKTUKU yIPaBIeHUS OTXO-
namu. Peiitunr: CpenHui.

3emnenonvzosanue u sxono2us: IlamectrHa obnamaeT OOraTsimM
MPUPOJIHBIM HacieaueM, Bkimodas Mepteoe Mope u peky Mopnan, HO
CTaJIKUBAETCS] C CEPbE3HBIMU MPOOIEeMaMH H3-3a HEYCTOWYHMBOM Mpak-
THUKH 3€MJIENONb30BaHus. [lepeBrinac ckoTa, 4pe3MepHOE UCTOIb30Ba-
HHUE BOJHBIX PECYPCOB M HE3aKOHHbIE IOCEIICHUS SIBIAIOTCS] OCHOBHBIMH
npobjeMamMu, KOTOpble HEOOXOAUMO PEIIUTh UL COXPAHEHHS IPUPO-
HoH cpenpl. Peittunr: ITnoxoi.

Hcxons u3 aTUX KpUTEpHEB, peUTHHT [lanecTHHBI O cTaHAapTy
BREEAM O6yzer cienyromum:

OuneproaddexruBHocTh: CpeaHss

O hexTUBHOCTH UCTIONIB30BaHMs BoIbI: CpeqHsis

3nopoBwe u Omarononyuune: CpemHuit

Tpancnopt: Cpeanuii

VYnpasnenue orxonamu: CpegHuit

3emienonbp30Banue U 3konorus: [lmoxo

OO6mwuit perituar [amectunst: Cpenauit

OTOT peHTHHI NOAYEPKHUBAET HEOOXOOUMOCTh 3HAYUTEIHHOTO
YIIy4IIEHUs] IPAKTUKH 3€MJICTIONB30BAHUS U SKOJIOTHH, a TAKXKe Nallb-
HeHmmx ycunuii B o0nactu sHeprodddexruBHOCTH, BO103(DPEeKTHBHO-
CTH, YIPABJIECHUS OTXOAAaMH, 37J0POBBSI U OJIarONOIy4us, a TAKXKe YCTOH-
YMBOT'O TPAHCIIOPTA.

3akjouenue
B crathe npuBOIATCS HCCICMOBAHMS MO MPOOJIIEMATHKE pa3pa-
0OTKe aJeKBaTHOH METOAUKHU OLIEHH KayeCcTBa KU3HHU U DKOJIOTMYECKON
otteHkH 3pexTrBHOCTH 3MaHmiA 1 HaceneHus [lanectunsl. M3ydeHsr
0COOCHHOCTU KIMMAaTHYCCKUX XapaKTEPUCTHK llaecTHHBI, MOKa3aHo,
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YTO AJIS1 €r0 TEPPUTOPUH BBIJEIAIOT TPHU KIMMATHUECKUX PETHOHA: TOp-
HBIH, CTENTHOM U MyCTHIHHBIN. Takxke mokasaHo, 4ro i [lanectuns! xa-
pakTepeH KOHTUHEHTAIbHBIN KJIMMAT C YETBIPbMsI OCHOBHBIMU KIIUMAaTH-
YECKUMH XapaKTEpUCTHKaMH: BBICOKMN THEBHOM M TOJOBOM TeMmIepa-
TYpHBIM JUamna3oH, KOPOTKUE IMEPEXOAHBIE CE30HBI BECHBI M OCEHH,
YMEHBIIEHHOE KOJIWYECTBO OCAAKOB M (PaKTHUECKOE OTCYTCTBUE OTHO-
CUTENbHON BIAXHOCTU. B pe3ynbrare NpoBEIEHHBIX HCCIEN0BaHUM 10-
Ka3aHo, YTO NMPUMEHEHNE MHTEIPUPOBAHHOIO METO/1a Ka4eCTBA KU3HU
W SKOJIOTHUECKON OLleHKH 3(h(HEeKTUBHOCTU 3/1aHUM 1711 Hacenenus [la-
JIECTHHBI ¢ TpuMeHeHreM ctadapra BREEAM no3BonseT onpenennurs
PEUTHHT KaXI0T0 PEruoHa MO MOKAa3aTeN0 3KOJIOTMUECKOr0 COCTOSHUS
C LIEJIBIO HAIIpaBJIeHUs! (UHAHCOBBIX PECYPCOB Ha pa3pabOTKy MPUPOAO-
OXPaHHBIX MIPOTPaMM, MOITOMY HCCIICAOBaHMS pabOThl UIMEIOT MPAKTH-
YECKYIO0 3HAUUMOCTb.
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DEVELOPMENT OF A METHODOLOGY TO ASSESS
THE QUALITY OF LIFE AND ENVIRONMENTAL
PERFORMANCE OF BUILDINGS IN A PALESTINIAN
CLIMATE

Abstract. The article deals with the development of an adequate
methodology for the assessment of the quality of life and the ecological
assessment of the efficiency of the population of Palestine. It is also
shown that the climate of Palestine is characterized by a continental
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climate with four main climatic characteristics: a high daily and annual
temperature range, short transitional seasons of spring and autumn, a re-
duced amount of precipitation and the actual absence of relative humidity.
As a result of the conducted studies, it is shown that the application of
the As a result of the research, it has been shown that the use of an inte-
grated method of quality of life and environmental assessment of the ef-
fectiveness of buildings for the population of Palestine, within the frame-
work of which the BREEAM standard integrates the hot climate compli-
ance criteria and investment criteria, makes it possible to determine the
rating of each region in terms of the ecological state in order to direct
financial resources for the development environmental programs, so re-
search work is of practical importance.

Keywords: development, methodology, quality of life, ecologi-
cal efficiency, completed, Palestine
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YCTOMYUBOCTH APXUTEKTYPHI U IU3ANHA
M CITIOCOBBI HOBBIINEHUA EE BOCTPEBOBAHHOCTH

Llypoe A.A., cmyoenm

Tepexuna E.C.", cm. npenooasamens

Jlenapmamenm apxumexmypol, UHICEHEPHAS AKAOEMUS,
Poccutickuii ynusepcumem opyaicovt Hapodos, Mockea, Poccus
“terekhina-es@rudn.ru

AnHoTanus. B cTatbe paccmaTrpuBaeTcsa TeMa MOBBIILIEHUS BOC-
TpeOOBaHHOCTH MPHUHIUIIOB YCTOWYMBOM apXWUTEKTyphl M [U3aiiHa,
a Takke (PaKTOPBI, MPEISATCTBYIOIIUE UX PACTIPOCTPAHEHHIO.

Ilens — uccnenoBaHue MPUEMOB, 3a CUET KOTOPBIX MOYKHO JI0-
OUTHCS TOBBILICHUS BOCTPEOOBAHHOCTH B OOLIECTBE, 4 TAKXKE BBISBIIC-
HUE aHAJIOTMYHBIX MPAKTUK MOMYJIAPU3ALUN B MUDE.

B pesynbrare npoBeneHHON pabOThl OBUIM ONpENesICHbBl OCHOB-
HbIE TPUHLUIBI YCTOMYMBOH apXUTEKTYpPhI KaK 3JeMEHTa TI100abHOTO
MOHATHUSL — YCTOWYMBOIO Pa3BUTHS; MPOAHAIU3UPOBAHBI U NPHUBEICHBI
MIPUEMBI U IPAKTUKH MOMYJIAPU3aLNH, CIEIaHbl BEIBOBI: MOMYJIIPU3ALIUSL
Cpeay HAaceNEeHUs CIeJ0BaHMsI OCHOBHBIM MPUHIIUIIAM YCTOMUNBON apXu-
TEKTYpHI OyAET CrIocOOCTBOBATH MTPOJIBIKEHUIO YCTOMYMBBIX TEXHOJIOT M.

KurodeBsble cjioBa: yCTOHYMBOE pa3BUTHE, YCTOWUMBAs apXH-
TEKTypa, MPUHLIUIIEI YCTOWYNBONW apXUTEKTYPBbl, SKOJIOTHSI, COL[UAIEHO-
HSKOHOMHYECKHE TPOOIIEMBI

Beenenne

YcroitunBast apXUTEKTypa SIBISICTCS 3JIEMEHTOM Oosiee riio0alb-
HOTO MOHATHS — YCTOWYMBOTO PA3BUTHSL, TOITOMY ITPUHLIUIIBI €€ CO3-/1a-
HUS COTJIacyIOTCS C 3aJI0)KEHHBIMH Ha BceMupHOI Komuccnuu 1o okpy-
XKarolei cpeae u pazBuTHio win komucenu bpynarnang (WCED) [1].
Komuccust onpenenuna “YcroitunBoe passutue” [puc. 1] kak yaosie-
TBOpEHHE MOTPEOHOCTEH HBIHEIIHEro MOKOJIeHHs Oe3 yiiepOa i BO3-
MOKHOCTH Oy TyITHX MOKOJICHHH YAOBJIETBOPSITH CBOM COOCTBEHHBIE T10-
TPEOHOCTH. DTO — Pa3BUTHE «IIPOIOIDKAIOIIEECS («CaMOZOCTaTOYHOEY ),
KOTOpO€ HE MPOTHBOPEUYMUT AAJbHEMIIEMY CYIIECTBOBAHHIO YeJIOBEUe-
CTBa U PAa3BUTHIO €r0 B TApMOHMYHOM HAIIpaBJICHUH. A 3HAUUT, yCTOM-
YyrBasg apXUTEKTypa Mpexnae Bcero OyAeT OJMHAKOBO BocTpeOOBaHa
JIIOABMU PA3HBIX NOKOJICHHI C Pa3HBIMH MMOTPEOHOCTSIMH U LIECHHOCTSIMH.
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[TpuHIMITEL YCTOMYUBOCTH apXUTEKTYPhI M TU3aiiHa Ha4aIn BO3-
HUKaTh Ha (OHE BBIIBICHHS NMpoOIeM, ¢ KOTOPHIMH MPUXOAUTCS CTaj-
KHBaThCS YeNOBEKY NOCTHHAYCTPHAJIbHOM smoxu. Takumu riodaib-
HBIMH BONPOCAaMH MOXKHO Ha3BaTh KPUTHUYECKYIO SKOJIOTHYECKYIO 00-
CTaHOBKY, COLIMAJIbHOE U SKOHOMHYECKOE HEPABEHCTBO Pa3IMYHBIX
TPYII HACENICHHUS.

MOHO BBIIENIUTh HECKOIBKO OCHOBHBIX MPHHIMIIOB yCTOWYH-
BOM apXUTEKTYpHI:

® MHHUMH3aLHKS IUIOLIaI1 3eMJIH O CTPOUTENIBCTBO. [Jist co-
XpaHEHUS SKOJIOTHH UCIIOJIb30BaHKE TEPPUTOPHUI MOCIEe CHOCA CTApBIX
MPOMBIIIEHHBIX HITH KHJIBIX CTPOEHHI; CTPOUTENBCTBO «BBBICHY — IIPH-
OPHTET, TOUCHYHAS 3aCTPOKKA TONBKO U YaCTHOTO CEKTOpA.

® JICIIOJIb30BAHUE COBPEMEHHBIX 3KOJIOTHYECKUX, HE BPEIHBIX
JUISL YelIOBEKa CTPOUTEIBHBIX MAaTepHajIoB, U, B IIEPBYIO O4Yepeab, IPH-
MEHECHUE «BO30OHOBISIEMBIX CTPOUTEIBHBIX PECYpCOB», CAENarh IO-
TpeOJeHNEe «HEBO30OHOBISIEMBIX PECYPCOBY» MHUHHMAIIBHBIM WM HH-
YTOXKHBIM.

e SHEprodPeKTUBHOCT, — IUIAHUPOBKA 31aHHN (cucTema
OCTEKJICHUSI, BEHTWJISIIIMSA ), y4ET KIMMAaTHUECKUX YCIOBUH U OCOOEHHO-
creil MecTHOTO penbeda, cucremMa yTerIeHUs 31aHNH, a TAKIKE UCTIONb-
30BaHUE COBPEMEHHBIX «IKOJIOTHYECKUX» FCHEPATOPOB SHEPTHH — COJI-
HeyHble OaTapen (MIaHeNN), BETPOBBIC TEHEPATOPHI, TEIUIOBBIC HACOCHI,
o0mIas mesp BCEro 3TOr0 — MHUHUMHU3AIMS MOTPEOICHUS SHEPTUH VIS
NP KaHKsl KOM(OpTa B 31aHHH.

® AJaNTHBHOCTH APXUTEKTYPHl — HEOOXOANMO Ha CTaJHH MPO-
eKTHPOBAHUS YYUTHIBATH BO3MOKHOCTH JUISI TPaHC(OPMANUH 31aHHS
NPU Pa3BUTHH TOPOJIOB WM MPOLIECTBUU BPEMEHHU (HAIrpuMmep, TpaHC-
(hopMarus MPOMBIIIUIEHHBIX 31aHu# ((haOpUKH, CKIAAbI U T. [.) B XKHUIIbIE
3JJaHUs, My3€H, MECTa OOIIECTBEHHOTO J0CYTa.

C OJHOI CTOPOHBI, YCTOHYMBEIE PEIICHHsS OPHEHTUPOBAHBI HA
MHHUMH3AIHIO HETATUBHOTO BIMSHUS Ha OKPY’KAfOLIYIO Cpeay U yIryd-
IeHne O0IMX XapaKTepucTHK 3aaHus. OCHOBHAS IENb — MOTPEOIATh
MHHUMAaJIBHOE KOJIMYECTBO HEBO30OHOBISIEMBIX PECYpPCOB, COKPAIIATh
OTXO[IbI, Pa3BUBaTh (PYHKINOHAIBHYIO cpexy. Ho ycroitunBoCcTh 03Ha-
9aeT HE TOJBKO SKOJOTUYHOCTH: B TAaKUX 3aHHUAX CO3JAETCS BO3MOXK-
HOCTb MHTETPALMH JIIOACH C OTPaHUYEHHBIMI BO3MOXKHOCTSIMH B paboTy
Y TIOBCETHEBHYIO JKU3Hb.
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OnHaKko CyIMIECTBYIOT MPOOJIEMbI TPUMEHEHUS 0003HAYCHHBIX
METOJIOB B HEOOXOJIUMBIX JUIS “yCTOHYMBOM JKM3HK® 00BbeMax. JTo
03HAYyaeT, YTO CYIIECTBYIOT NPEMATCTBUS U HAa YPOBHE MaTECPUAILHOTO
BOIUIOIICHUS, U HAa YPOBHE IMOHMMAaHUS W TPUHATHS JTAHHON TEMBI
JIFOJIbMU.

* WnHoBayum
* YnpaeneHue puckammn
* 3KkcnaHeusa

IKOHOMMYECKOEe
passutue

* 3aHATOCTb HaceneHus

* MMoebiweHune KeannpUKaymn

* BusHec-aTMKa YecTHbIV MN306mnbHbINA
Mup mup

Ycroiiumsoe
passuTue

. CouuanbHbii
Cobnrogerune npas nporpecc ﬂprO,D,H bt gnA

Jyenoeexka
- KUNbA MUP
HEECTULUMUN B

HEeKOMMep4YecKkue
opraHuzayum

CoxpaHeHue ynctoro sozgyxa u
soabl
* «Hyneebie» oTxoap!

* 3Konoruuyeckoe npaeocygue

* 3ppasooxpaHeHue
* KoHTponb HagMzMeHeHMeM Kaumata
* CoxpaHeHnue 6nopazHoobpazus

Puc. 1. CocraBasiiomue YcroiiuuBoro pazsurusi WWW

AKTyaJIbHOCTh

Juzaiin u apxurekTypa — HauOomee OJIM3KHE K MMOBCEIHEBHOM
JKU3HU JIIOJICH BUBI UCKyCCTBa M HaykH. [loaToMy OHM OBICTpO pearu-
PYIOT Ha BO3HHUKAIOIIUE MPOOJIEMbI U aJalTHPYIOTCS JJIS MX PEIICHUS.
B XXI Beke Bo3pacTaroT KOH(IUKTHI, CBSI3aHHEBIE C HEPABEHCTBOM IpPaB
Pa3IUYHBIX CPYII HACEIEHUS U COLUATIBHBIX KJIACCOB, MPOTPECCUPYIOT
AKOJIOTHYECKHE TTpooOsieMbl. Kak cnencTeue, apXuTeKTypa U Tu3aiiH BOC-
MPUHUMAIOT HOBbIE TPeOOBaHUS M U3MEHSIOTCS. HO B MaHHBI MOMEHT
TEMITbI pa3pacTaHUs YKa3aHHBIX HETaTUBHBIX (JaKTOPOB MPEBOCXOISAT
TEMIIbl BHEJIPEHUS] YCTOMYMBBIX TEXHOJOTUM, & PEIICHHUS] COBPEMEHHBIX
MOKOJICHWI 4YaIlle BCEro IMPEMSITCTBYIOT BO3MOXHOCTSAM OyAyIIHX.
HmenHO Mo3TOMYy HEOOXOIMMO HaXOUTh HOBEIE CIIOCOOBI MTOBHIIIICHUS
aKTYaJbHOCTH YCTOMYMBOM apXUTEKTYphl U AW3aiHA U CIIPOCA HA HUX.
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B cBs13u ¢ 3TUM OCHOBHOM 3a7jaueil UCCIET0BAaHU SBISIETCS BBISIBICHUE
MPHUEMOB, 33 CYET KOTOPBIX MOXKHO TOOUTHCS MOBBILIEHHUS BOCTPeOOBaH-
HOCTH YCTOMUYMBOM apXUTEKTYPHI.

I[IpobemaTuka

B crpoutenbHoi nHAYCTpHH ITpeobiaagaeT TeHASHINs 0e30TBET-
CTBCHHOI'O (TO €CThb, HC YUUTBIBAIOIIICTO HOCJ'ICI[CTBI/Iﬁ W BJIUSAHUA HA CO-
CTOSAHUC cpezlm) CTPOUTCIILCTBA. HpOCKTHBIC 3aaavuu peHIaroTCsa € y4de-
TOM aKTYaJIbHBIX TOJIBKO Ha CGFOI[H}I]_HHI/II;’I JCHb ueneﬁ, HO HC paccMar-
pUuBarOT riao0aabHbIE BOIIPOCHI 3KOJIOTMU U COLUAJIbHBIC HpO6J’ICMLI.
BoapmmHCTBO CTPOUTCIIbHBIX U APXHUTCKTYPHBIX KOMIIAaHHUHA HE TOTOBO
HECTU OTBETCTBEHHOCTb 3a COCTOSIHHE OKpYKAlOUIEH Cpelbl uepe3 He-
CKOJIBKO JCCATKOB JICT, OCTAaBJIAA DKOJIOI'MYCCKUC HpO6J’I6MBI 6y,[[y1_lII/IM
IIOKOJICHHUAM.

TpaauLIMOHHBIX MOAXOJOB K MOMYJSPU3alUKd YCTOMYMBOU ap-
XUTEKTYPHI U AU3aiiHa, HalpuMep, THPOPMUPOBAHKE HACETICHHUS O Hera-
TUBHOM 3JKOJIOTHYCCKOM BJIUSAHHUU, C KOTOPBIMU CTAJIKHUBACTCA 36MJ1$[,
OKa3bIBACTCA HCAOCTATOYHO U MO3TOMY HCO6XO,I[I/IMO 0003HAYUTH KOH-
KpCETHBIC CII0COOBI MIPUMCHCHUSA YCTOﬁqHBBIX TEXHOJIOTHH B peaﬂBHOfI
KHN3HU moz[eﬁ: AJIsL 3TOTO aBTOP CTaBUT npoGHeMy HaXO0XKXACHHA HOBBIX
MyTeil NPOABMXEHUS YCTOMUMBBIX NPAKTUK B CTPOUTENBHOU Cpene.

eau u 3agaun
B pamkax naHHOU cTaThu aBTOp PaCCMOTPUT HPUEMEI, 32 CUET
KOTOPBIX MOYHO JTOOUTHCS TOBBIICHUS BOCTPEOOBAaHHOCTH yCTONYNBOM
ApXUTEKTYphl M au3aiiHa B oOmiecTBe. byayT HaliilcHbl aHAJOTHYHBIC
MPAKTUKH TOMYJIIPU3AIUH B IPYTHX chepax KU3HU U MPETYCMOTPECHBI
BO3MO>KHOCTH MX IPUMECHECHHUS B apXUTEKTYPHO-AU3AHEPCKOU cpee.

I'mnmoTe3a

Cpenu criekTpa MpensaTCTBYOIMUX (PaKTOPOB MOKHO BBIJICIIUTh
JIBE€ OCHOBHBIC IPYIIIIBI 110 X UCXOIHBIM puurHaM. [lepBast rpyrima BbI-
3BaHa HU3KOH MH(POPMHUPOBAHHOCTHIO HACEJICHUS O ClIOC00ax MprMeHe-
HUSl YCTOMYUBBIX TEXHOJOTUI B apXUTEKTYPHBIX U JU3AWH-PEHICHUSX,
BTOpasi — OTCYTCTBUEM BHITOMIBI (TO €CTh, OIYTHMOTO MaTEPUAITEHOTO
MOBOJIA) JUTSl M3MEHEHHUs1 00pa3a ku3HU (TOTPeOJIeHNs, TIPOU3BOJICTBA,
TpeOOBaHMI K Ka4eCTBY BO3BEJICHHBIX 3/IaHUH WU CO3JIaHHBIX OOBEK-
TOB) JUTSI TPEO0IIAAAFOIIETO OONBITUHCTBA JTFOICH.
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ABTOp TpeArnoaraer, 4To, 00paTUBIINCH K HA3BAaHHBIM MTPUYH-
HaM ¥ peIIWB MPOTHBOPEYUSl BHYTPH HUX, HHAYCTPUU CTPOUTEIILCTBA
W IU3aifHa CMOTYT ClieslaTh yCTOWYHMBEIE TEXHOJIOTUH Oojee BOCTpeOo-
BaHHBIMH B OOILECTBE U aKTyaJM3UPOBATH HX HCIOIb30BAHHE.

Penrenus 1 BLIBOJbI

[IpoBens Hale nccneI0BaHUE, MBI MOXKEM CAENIaTh CeIyIOIIne
BBIBOJBL:

Ha ceronmusmamii 1eHs ©MeETCsl HeloCTaTOK MH(OPMAaLUH O pe-
AJIbHBIX BO3MOYKHOCTSIX UCIIOJIb30BAHUS YCTONYMBBIX TPUHIIUIIOB.

Lpeonooicennvl peuterus:

® TIpUBJICUCHHUE MPOCBETUTEIBCKUX U 00pa30BaATEIBHBIX KOM-
TTaHUM:

IIpuMepoM MOXKET MOCTYKHUTh aKIUs «3€IeHbIE TEXHOIOTHI» [2],
KoTopas aelictByer B @unnsaauu ¢ 2012. OOIIecTBeHHOCTh BOBJICYCHA
B pa3palbOTKy U BHIITOJIHEHHE PA3IMYHbIX SKO-IIporpamMm. Bocniuranue ot-
BETCTBEHHOT'O OTHOIIEHUS K OKPY)KaIOLIEMy MHUpPY Ha4dMHAETCS eIle
B IIKOJIaX U JETCKUX cafax. B ganpHelIeM, BBIPOCIIMMH OKOJCHUAMU
HKOJIOTMYECKHE M300PETeHUs MM METObl OYAyT NPHHUMATHCS B PHO-
PHUTETHOM TIOPSIZIKE, B TOM YHMCIIE U B 00JIACTH apXUTEKTYPhI U AU3aiiHA.

MaccoBoe obmectBenHoe MepomnpusaTtre “Grasscycling” [3]
(«nepepaboTka Tpasbl») B Heto-Jxepcu, CILIA ObL10 IpoBEneHO ¢ 1e-
JIBIO IPOIEMOHCTPUPOBATE IPAKJaHaM, YTO MaTE€PUAIIbl MOT'YT OBITh HC-
MOJIb30BaHBI TIOBTOPHO U, K TOMY €, TpUHEeCTH NpuobLb. [lepenocs sty
aKIHUIO Ha CTPOHUTENBHYIO chepy, MOKHO ITOKa3aTh apXUTEKTOpaM U UX
KIIMEHTaM, YTO repepadoTaHHbIE CTPOUTEIbHBIE OTXOAbI MOT'YT BEPHYTh
4acTh 3aTPadCHHBIX Ha CTPOUTENBCTBO cpelcTB. Kak ciencrBue, Takas
MpaKTHKa OyIeT MPUMEHSThCS JaIlle.

ApxuTekTopam, Iu3aifHepaM 1 UX KIHEHTaM TaKXe MOTYT Ipe/I-
JIaraThCsl OPOIIIOPHI C OTIMCAHUEM ATbTEPHATUBHBIX SKOJIOTUYHBIX MaTe-
pHAJIOB, KOTOPBIE MOJHOIIEHHO 3aMEHST HMPUBBIYHBIE TI0 HEOOXOTUMBIM
MTOKA3aTEISIM.

Henocrarok MmoTUBaIUM 1151 IEpexXoaa
HA YCTOHYMBBIE TEXHOJIOTHH
IIpeonooicenvl pewtenus:
e cjenaTh TEXHOJOTHH 0OoJiee OCTYHMHBIMU (DUHAHCOBO WIIU
KOMIICHCUPOBATh YaCTh 3aTPAUCHHBIX CPEICTB:
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«Y CTOMYUBOCTE» TIEPECTAHET OBITh JOPOXKE, UYeM TPUBBIYHAS
HaM apXUTEKTypa B CBSI3U C W300PETCHUEM HOBBIX BHJIOB IMOJyUYCHUS
SHepruu (peanu3aiys MPUHIKIA YHEProdhHEeKTUBHOCTH — MUHUMU3A-
LUl SHEPromoOTPEOJICHUST Ha TO/IepKaHue KOM(OPTHBIX YCIIOBUH 311a-
HUS WK JKUJIOTO KOMIUIEKCA, MCIIOJIb30BaHUE BETPOTEHEPATOPOB, COJI-
HEYHBIX MMaHEJCH, TeIUIOBBIX HACOCOB) U HOBBIX MaTEPUANIOB (WM CIIO-
co0OB TepepaboTKU y)Ke M3BECTHBIX). Hampumep, HEKOTOpbIC MaTepu-
aJIbl TIEPEOCMBICIIMBAIOTCS KaK BHUJBI TOILIMBA — OTXOJBI JIepeBOOOpa-
0oTku (111ema, Kopa, XBOs1) ¥ MHIIEBbIe 0TX0bl. M3 Mycopa moiyyaercs
OTJIMYHBIN Onoras, 6MOOCH3UH ¥ OHoaAM3eNb [4].

INepepaboTka CTPOUTENBHBIX OTXOIOB (METAIIIA, PEBECUHEI) 1103~
BOJIUT 3aKa34yMKy (Kak KPYIMHOMY 3aCTPOHIIHKY, TaK M YaCTHOMY JIHILY)
KOMITCHCUPOBATh YaCTh 3aTPAYCHHBIX Ha BO3BE/ICHUE 3/TAaHUS CPE/ICTB.

Hcnons3oBaHue HATOTOBBIX JIBTOT B PErYJIHPOBAHUN COCTOSIHUS
OKpYXarollel cpeibl TaKKe UrpaeT HeMayr poJib: Harmpumep, B ['ep-
MaHHH «3€JICHBICY» TEXHOJOTHH 00J1arafoTCs MOHMKESHHBIM HAJI0roM [5].

o [IpemnoXuTh MECTHBIC PEIICHHUS, K KOTOPBIM €CTh JIOBEPHE:

MecTHBIE yCTONYMBEIC MTPOU3BOACTBA CTPOUTEIBHBIX MaTepHa-
JIOB HE TIOJYYarOT 3a4acTyl0 BHUMAHHS, B TO BpeMs KakK MEPEBO3KH Ha
JAIbHUE PACCTOSIHUS M HEKAUECTBCHHBIC CTPOHUTEIbHBIC MaTepUAIIBI
HETaTUBHO BIIMSIOT HAa 3KOJOTHIO W BIIOCJICJCTBUH OTpPA3sATCs Ha O
KeTe 3aKka3uuka. [IpeioskeHne HaJeKHBIX MECTHBIX IMPOU3BOJICTB KaK
AIBTEPHATUBHI TO3BOJIUT TIOJHITH KAUECTBO PE3yJIbTaTa U MOMYJISPH3H-
pOBaTh MOIOOHKIC PEIICHUS.

o [IpuMeHATh THOKHE PEIICHHUS, KOTOPBIC ITO3BOJISIOT COKOHO-
MUTb B OyayIIeM:

CTa0bWIbHOW apXHUTEKType IMO3BOJIACT OBITh (DYHKIIMOHATBHAS
Y IICHHOCTHAast cB0OOoa. [locTpoiiku mim 0OBEKTHI JIOJDKHBI OBITh IICH-
HOCTHO JIOJITOBEYHBIMHU: HE TEPSATh aKTyaJTbHOCTB ITOJT BIUSTHUEM BESHUT
MOJIbI ¥l HE CO3JIaBaThCs ISl YIOBICTBOPEHUSI CHIOMUHYTHBIX TEYCHUH,
KOTOPBIC TaK ke OBICTPO MOTEPSIOT CMBICI, KaK HaOpaau KOraa-To Imo-
MyJIIPHOCTh. DYHKIIMOHAIILHOUW CBOOOIE CITYKHUT aAalTUBHOCTD TUTaHU-
POBOK M KOHCTPYKIIMM 3/aHUS — MOJXOJ, KOTJIa BO3MOXKHOCTU MJIst
TpaHcOopManny 3aHUS 3aKIaIBIBAIOTCS YXKE Ha CTAINH MPOCSKTUPOBA-
HUS HOBOTO 00BekTa. Ecnmu 3Th kputepun OyIyT COONIONEHBI, TO HE
HYKHO OyJIeT epecTpanBarh 3/IaHue, JAe/aTh KAIUTAIbHYIO CMEHY TIIa-
HUPOBKH WIIM, B Cllyyae AW3aiiHa, BHIOPACHIBATH HEHYXKHBIM OOJIBIIE
MPEIMET: 3TO SKOJIOTMYHOE M SKOHOMHYECKHU BBITOJTHOE PEIICHHE.
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B my3see «I"apaxx» B MockoBckoM Ilapke ['opskoro maxe mocie
MPUOCTAaHOBKU PabOTHI €T0 OCHOBHON (DYHKIHHU — My3€HHOH, BHYTPEH-
HHUE TPOCTPAHCTBAa CMOTJIM MEPeoOOPYAOBaTh MO/ aKTyalbHbIE O0IIe-
CTBEHHBIC HYXIIbI: TEIEPh TaM HaXOAMTCS OMOIMOTEeKa U MecTa JAJIs pa-
60Tb1. OHO TaK)Ke WHKITIO3UBHO, PETYJISIPHO Ha TUIOLIAIKE My3€esl IPOX0-
JAT 3aHATHA M 9KCKYPCHM AJIS JIIOJEH ¢ OrpaHUYEHHBIMH BO3MOYHO-
ctsmu. U, oOparasich K ICTOPUH €0 TOCTPOHKH, OCHOBOU My3es TIOCITy-
JKHJI PEeCTOpaH, KOTOPHIA mepecTtaid (yHKIMOHHPOBATh. DTO 3[aHUE
YCTOMYHUBO, MOTOMY YTO OYyAET aKTyalbHO €Ie HU OAWH JIECITOK JIET.

3akJiouenue

ApxuTekTypa, KOTOpasi He OCTaBJISIeT HETAaTHBHOTO BIUSTHUS HA
MIPUPOJTYy U B TO K€ BPEeMs aJJaITHPYETCs K HY)KJAaM OOIIEeCTBA Ha KaxkK-
JIOM €ro dTare, CTAHOBUTCSI BHEBPEMEHHOM U ycToiunBoi. OHa HE Bpe-
JUT OYIyIIUM TTOKOJICHHUSIM W TIO3BOJISET HE TPATHTh CPEICTBA U pe-
CYpCBHI Ha BO3BEJICHUE HOBBIX 3/IaHUN. B cTaThe OBLIN MIPUBEICHBI HEKO-
TOPBIEC IPUMEPHI PAKTUK, KOTOPHIC MOYKHO MIEPEHECTH B CPEJLy APXUTEK-
TYpBI ¥ IW3aliHA U aKTyaJU3uPOBATh BHEJAPCHUE YCTOWYUBBIX PEIICHUN
B Oyy1em.
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Annotation. The article discusses the topic of increasing the de-
mand for the principles of sustainable architecture and design, as well as
factors preventing their spread. The purpose is to study the techniques by
which it is possible to achieve an increase in demand in society, as well
as to identify similar practices of popularization in the world. As a result
of the work carried out, the basic principles of sustainable architecture as
an element of the global concept of sustainable development were de-
fined; popularization techniques and practices were analyzed and pre-
sented, conclusions were made: popularization among the population of
following the basic principles of sustainable architecture will contribute
to the promotion of sustainable technologies. Keywords sustainable de-
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ture, ecology, socio-economic problems.
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