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O6mas xapaxrepHcTHKa paGoTsl

AxryanbHocrh _Tembl, Cpean Pa3MuHBIX HOBEHLIMX BBHICOKOYYBCTBHTENBHEIX W
NpPEeLM3HOHHBIX METONOB aHAIN3a TOHKOC/OHHas xpoMatorpadus (TCX) mo cux mop 3anumaet
OHO M3 BaXHBIX MECT B KayeCTBEHHOM H MNOJYKOIMYECTBEHHOM aHANN3E CHHTETHYECKMX M
npupogHbix cmeced. B npaxtuke TCX naeHTHUKAUMA pa3feNeHHBIX KOMIIOHEHTOB 0ObIYHO
TMPOBOANTCA C UCTIONB30BAHHUEM PA3NIMYHBIX ONTHYECKHX, XUMHUUYECKHX METOHOB M BEJNMYHH Ry,
He OTJIMYAIOWMXCA BBICOKOW CENEKTMBHOCTBIO, YYBCTBHUTEJIBHOCTHIO M HH(OPMAaTHBHOCTSIO.
Topasno Gonee 3¢ypekTHBHBIM NOAXOAOM IS MAEHTH(HMKALMK KOMIIOHEHTOB pasfeNeHHBIX C
ucnons3oBanueM TCX sBnseTcs TNpPHMEHEHHE Macc-CrIEKTPOMETPHM C JeCOPOLIHOHHBIMK
METOAAMYM  MOHHM3ALMM, B  YaCTHOCTH, €  MAaTpHYHO-aKTMBMpPOBaHHOM  NasepHoOM
necopbuueit/nonnzauneii (MAJIIH).

OnHako Tako# NOAXOA TAKKe He JIMLICH HeAOCTATKOB, KOTOPKIE XapaKTepHs! i1 060nX 3THX
metonoB. Eciu mis Monexyn aHanMTOB IpOLECCH! NPOTOHUPOBAHUS WIM AENpPOTOHHPOBAHHSA B
yenoBuax MAJIIY satpynHens:, 3¢¢dekTHBHOCT, MOHH3aLMM 3HAYMTENLHO CHWkaeTcs. Ciona
OTHOCATCA HEMONAPHEIE M CNAbONONAPHBIE COCAWHCHHMA KaK TPHPOTHOTO IPOHCXOXKACHHA
(HampuMep, CIIMPTHI W aMHHBI), TaK W CHHTETHYeCKHe (HampuMep, GHONOTHYECKH aKTHBHbIC
reTePOLIMKIIMYECKHE COSAHHEHHA) H MHOTHE JpYTHE.

Eme oxHoif npoGnemolt ABNSETCA TO, UTO pasfelieHHe COeNMHEeHMH ¢ ucnos3oBaHHeM TCX
TNIPHBOJIMT K 3HAYMTEJILHOMY CHWXXCHHIO KOHLEHTpPALMM aHANATa Ha MOBEPXHOCTH afAcopOeHTa.
HocTatouno 3dGHeKTHBHEIM PEIEHHEM BCEX YyKa3aHHbIX NpobieM MoxeT GBITH NPHMEHEHHE
JepvBaTH3almu. IIpH 3TOM peakiys JOMKHA NMPOBOAMTECA HEMOCPEACTBEHHO Ha IUIACTHHE A
TCX nocne xpomarorpaduyeckoro pasfenenns KoMIoHenToB. HauGojiee ONTHMaIbHBIM
TIOAXOZIOM B TAKOM CJIyuae sBSETCA XUMUYeCcKass MOOU(HKaLus, HalpaBJieHHas Ha BBEACHHE B
MONEKYIy HeTEKTUPYEMOTO M MACHTH(HLUMPYEMOTO COERMHEHMs OCTaTka ¢ (PUKCHPOBAHHBIM
3apAfoM, KOTOpsI# Gyner obecneynBarts Jerkyko aecopumio gepusara B yenosusx MAJIJIVL.

CnemyeT nNORYEPKHYTh, 4YTO M3BECTHO KpaiiHe Mano myOnukaiumi, IOCBSIIEHHBIX
AepHBATH3AIMM O Hyx 1 koMGunupoBanHoro meroga TCX/MAJITU. Heo6xoqumo oT™METHTS,
yro pa3paboTka METONOB TOCTXpOMATOrpaduuYecKod AepuUBATH3ALMM,  OCHOBAHHLIX Ha
BBE/ICHUH (PHKCHPOBAHHOTO 3apAla B MOJIEKYJY aHAINTA HMEET NEPCIIEKTHBL NIPUMEHEHHS He
Toneko B TaHpeme TCX/ MAJIIW, wo w s coweranum TCX ¢ gpyrumm “markumn”
HecOpOLIMOHHBIME  Macg-CIIEKTPOMETPHYECKHMHY METOABMH TakMMH, Harpumep, kak DART

(«npsaMolt aHaK3 B PeXHME peabHOTO BPEMEHH)),



Lenu w 3amaum  paGorbl - paspaboTka 3(eKTHBHBIX METOAMK AETEKTHPOBAHMA M

MREHTH(HKALMH CHUHTETHYECKMX M TNPUPOAHBIX OPraHHYECKMX COCAMHEHMH B CMecsx ¢
ucnions3osanueM coderanus TCX u Mmacc-cnextpomerpun MAJIIY; paspaGotka HOBOTO
noaxona AJIA aHaIM3a 3TUM METOAOM (B OH-JIAMHOBOM pPEeXHME) IUIOXO HOHMZHPYIOIMXCS
BELLECTB.

Hayunan nosuina pa6orsl. [TosryueHHEIe pe3y/ibTaTHl B paMKax QaHHON paGoThl ABNAIOTCA
HOBLIMH. Pa3paGoTaHbl M ONTHMH3MPOBAHbI TOAXOABI Ayisl perucTpanus Macc-cnexktpos MAJIIU
HenocpeacrseHHo ¢ maactid TCX B oHnallHOBOM pexxume AU LUMPOKOTO KPYra COEAUHEHHIA.
Brnepsble npemioxkeHa KOMIO3MTHAs Marpulia, obecrneumBaiolias AecopOLMI0 H MOHM3ALUIO
aHanuToB u3 copbenra TCX mpu mx amanusze MetogoM MAJIU. Ona no3sonsger yBeqHuHuTh
KOHUGHTPALMIO aHaluTa Ha TIOBEPXHOCTH ancopbeHTa X TeM CaMhiM  TOBBICHTb
YYBCTBHTENbHOCTb aHaNM3a. Bnepsble mpeanoxkeH o6wwmi noaxoa W paspaboTaHsl METOAMKM
ans  XuMudeckod Mogmdukauum  (gepuBaTH3auMu) cnab0 M HEMONAPHBIX AHAMTOB
HemocpeacTBeHHO Ha nnactuHax A TCX. IMokasaHo, uto ocobenHo 3pdeKTHBHEIM ABNgETCA
MCTIONB30BAHUE PEArCHTOB, TO3BOJSIOIMX BBOAWTH B AHAIAT OCTATOK C (YUKCHPOBAHHBIM
3apsIoM.

Ilpaxruyeckas 3HaunMocTh padorsl. IIpoBeacHHbIE HCCIEAOBAHUS PACIUMPAIOT TPAHMLIbI
npuMeHeHus komOunuposansoro Metoga TCX/MAJIOW npu aHanuse OpraHMuecKHX
COe/IMHEHMY, COKPAllaloT OrpaHMYeHMs JTHX IBYX METONOB, YTO MOTHBHpYeT BHEApPEHHME
pa3paboTaHHO! METOZOIOrHH B XMMHUYECKHE H aHANHUTHYECKHE NaGopaTopu.

Anpofauns paborel. Pesynbratst paGorst moxnaaeBanuce Ha: VI MexaynapoaHo#
KOH(EpEHUMH 110 KCTIONB30BAHMIO DH3MKO-XUMHUECKHX METOAOB MPH OTKPLITHH M pazpabortke
nekapcTBeHnsix cpenacts (3arpe6, Xopsatus, 2017), VII Bcepoccuiickodt xoudepenumn c
MeXAyHapoaHsIM yyactMeM "Macc-cniektpomeTpus U e npukiaagusle npo6nemsr” (Mockea,
Poccus, 2017), MexayHapoaHo#t HayuHol KOH(epeHLMS CTYJEHTOB, aCTIMPAHTOB M MOJIOABIX
yuenbix «JloMoHocor-2016» (Mocksa, Pocens, 2016) u zp.

Iy6anxaunn, Tlo Matepnanam Aucceprauun omyGamkosaHo 5 crateit B pedepupyemsix
XypHaiax, KoTopbie Bxoaar B nepeuens BAK, 1 7 Teaucos noxnanos Ha koHdepeHuumsx.

O6nem u_cTpyKTYpa amccepraunn. Jluccepraumonnas pabora ob6vemom 120 crpanni
MAUIMHONMCHOrO TeKCTAa  COCTOMT M3 BBedeHMdA, 0030pa AMTEPaTypHBIX  JaHHBIX,
9KCNEPUMEHTANBHON HacTH, O06CYXIeHMA MONYYEHHBIX pe3yNbTATOB, BBIBOAOB H CHHCKa
LUMTHPYEMOM IUTEpaTypsl, KOTOPLIA Brmoyaer 114 ucrounnka. Conepxur 7 cxem, 10 Tabmuu, 31

PHCYHOK.



OcHoBHOE conepxkaHue AWCCEPTaHONHON paborThl

Bo BBexeHHH 060CHOBaHa AKTYAJIBHOCTh TEMBI pa60'l'bl, C(l]OpMyﬂHpOBaHbI €C LCIH M

3ada4y, NoKalaHa Hay4Hasd HOBH3HA H NPAaKTHYECCKAA 3HAYUMOCTD.

B 0G3ope AHTEPaTYPLI OMKMCAHB! NMEIOLIMECH CBSACHUS O MOAXONAX, MPUMEHACMBIX NPH
komOuuuposanun TCX c¢ Macc-cnexrpometpuei MAJIJIM, ¥ BO3HHKAIOIMX MNpPH 3TOM
npobnemax, a TaKKe O MONOJHMTENBHBIX NpPHEMAaX XUMHHYECKON MOIHM(HKALMK aHAIHTOB,

HCIOJIB3YEMBIX B KQXJIOM H3 3THX OBYX MCTOAAX.

B oxcmepHMeHTANbHOW uACTH NEPEYHCNEHHl BCE HCCIENOBAHHHIE OPraHHYECKHE
COCIVHEHNS, PEAreHTHl ¥ MATEPHAIIB!, TIPHBEAEHR! JKCTIEPHMEHTANTBHEIE YCTPOHCTBA H CIOCOGE!
TONYYeHNs CTIEKTPATbHOM HHPOPMALIHH, a TAKKE OMHCAHB! METOAMKY 06pabOTKH XpOMAaTOrpaMM

¥ TIOCT-XpoMaTorpaduueckoi JepHBaTH3aLHH aHAJIHTOB.
O6cyxaenne pe3yjbTaToB

1. Pa3paGoTka xoMGHHHPOBAHHBIX MATPHI A aHAJNH3A OPraHAYECKHX COEAHHCHHIH
meronom TCX-MAJIIN.

B otoit wactu paGorel npu paszpaboTke oGmmX npuHUMNOB coyeTanud TCX M Mace-
cnektpoMetpun  MAJIIML B kauecTBe MOHENbHBIX coeguHeHmit ObumH  BHIOpaHnl N-
FETCPOLMKIIMYECKHE COCNMHEHNS, CHHTE3NpOBaHHbIE Ha kadenpe opranwyeckoit xumnu PYIH
(Cxema 1).

[TpenBapuTENLHBIMU 3KCIIEPHMEHTaMH GBINO YCTAHOBIEHO, YTG M3 BYX THIIOB aCOPGEHTOB
(cunvkaresns ¥ OKCHA amoMuHua) [ riacTiH TCX nuwe nepseiii o6ecneyrBan HaxeKHYIO
1ecopOLHMIO/HOHM3AIIMIO MCCIE0BAHHEIX BELIECTB B TNPHCYTCTBHH OPFAHHYECKHX MATPHL|
(HABA, DHB, IAA un AT). Ilpn aToM B Macc-criekTpax HaGJI0JalH NUKA KaTHOHMPOBAHHBIX W
NPOTOHAPOBAHHEIX MOJIEKY/T AHATUTOB. [LTACTHHEI ke ¢ COPGHHOHHBIM CTIOEM OKCHIA AMIOMUHHS
OKa3aJIHCh HE MPHTOAHB! ATA NoNMyueHns cnektpos MAJIIY, NOCKONBKY HHKAaKHX CHTHANOB CO
3HAYMMBIM COOTHOWEHMeM curHa/myM (S/N) oGnapyxeno He 6xin0. TToaToMy B HOCCAYIOWMX
HCCIIEIOBAHMAX HCTIONB30BANHCE ML TuTacTHHbl TCX Ha OCHOBE CHUTHKAreNs, '

Brino 0GHapykeHo, 4T0 PH HAHECEHHH PacTBOPOB OPraHMYECKHX MATPHI[ HETIOCPEICTREHHO
Ha 30HE! (NIATHa) TIOUPOBAHHA AHATHTOB C TIOMOIIBIO MIMPHLA WK CTISNHATEHOTO PaCTIbUIATEIH,
NPOMCXOAUT TOBTOPHOE «XpOMaTOrpa@HpoBaHHIO» AHAIHTA (B KavuecTBe TIOJBHKHOH taszsl
BBICTYIaJl paCTBOPHUTEIIb, B KOTOPOM HAHOCHJIACh MaTpHLa), 4TO conposoxmaefci pasMEIRaHHEM

€ro MATHa ¥ HEPaBHOMEPHOH COKpHCTaIM3auuelt ¢ Marpuueit. Oth npobnemsr MOryT OBITH



YCTpaHeHs! NIPH MCTOIb30BaHUH GepacTBOpHOro criocoba HaHeceHHs MaTpuLbl. Ocobbiit HHTEpeC
3a€ch MpeCTaBIseT UCNOIb30BaHNe rPUdens KkapaHaalla, KOTOPHIM, KaK CNeyeT U3 HECKOIBKUX
JIUTEPATYPHBIX MCTOYHHMKOB, MOXHO JIETKO M MPOCTO oGpaGaThiBaTh 3NIOMPOBAHHOE MATHO, B
HaluX 3KCNepuMeHTax amoupoBanHsie maTHa Ha TCX, cogepxatuue ancopOupoBaHHEIN aHANMT,
BU3yanusupoBanuch B Yd-cBeTe U O6GBOAWINCH MATKMM TIpaduTOBBIM  KapaHAALIOM.

JlononHUTENBHO HA NIATHO HAHOCHIACH rpaduTOBas CeTKa.
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Cxema 1. CTpykTyphl coeaunenuit, uccnegosanusix MetogoM TCX/MAJIIN.

TNpu  wcrons3oBanud  rpagura N9 NOBEPXHOCTHO-aKTMBMPOBAHHOM  NasepHOl
necopbuun/uonmsauuu (TIAJIOM) moxHo 60 OXuMuaTh 00pa3soBaHMA TOJBKO ANAYKTOB C
KaTHOHaMH Hatpusa [M+Na]* u xanus (M+K]*, xoTopsie MOTyT GRITH CEACTBHEM NMPUCYTCTBHA B -
PacTBOPMTENSX HE3HAYMTENBHBIX KOJIMYECTB 3THX KATHOHOB, HO He MoHoB [M+H]*, nockonbky B
CHCTEME HEeT UCTOYHMKA NPOTOHOB. BO MHOIMX cnyuasdx 3T0 AEKCTBMTENBHO TaK, M MO HATHYHIO
Hy6reToB TaknX KaTHOHM3HUPOBAHHBIX MOHOB MOXHO YBEPEHHO OMNpEAENAIOTCA MOMEKYNAPHBIE
maccel. Ho mHOrza B crektpax perMcTpupylOTCS MHKH HE TONBKO KATHOHHPOBAHHBIX, HO M
TIPOTOHMPOBAHHBIX Mojiekyn [M+H]'. B0o3MOXHO OHM SBNAIOTCA Pe3ynbTATOM MPUCYTCTBHSA

HEOpIraHMHeCKOM KHCIIOTH! B 2QHAIMTE HITH CHJIRHOJBHBLIX TPYIII HA IOBEPXHOCTH COpOeHTA.



ITpu mnepexoje k perucrpaiun  mace-criektpos MAJIJIM  cmeceit  reteponMkinyeckux
coemuennii pasgenennpx Ha mwiactuiax TCX (yrunauerar—rexcan 3:2) Obuio oGHApYKEHO, UTO
coorHotenns S/N 3HaUNTEALHO YXYAIWIOCH. BeposThOH npruuntoi o1oro dakra sBisercs 1o,
uyro wonmsaums B MAJIJIM npoucxommr na nosepxnoct TCX, B TO BpemA Kak aHaiuT
pacnpeienseTcs B TOJIIMHE €10si COPOEHTa, W ero KOHLEHTPAlMs Ha TOBEPXHOCTH copOeHTa
cumkaerest. Jiis peuenus o1oif npo6iemMsr Geu10 penieno HanHocuTh rpadut Ha mactuy TCX B
BHJIC €TI0 JIACTIEPCHH B IJiMliepuHe. Bhicokast MoJispHOCTD IIMIIEPHHA TIPAKTHYECCKH HE T103BOJISET
emy «asurathes» 1o miactude TCX, o1Hako ero mpucyTCTBHE NO3BOJSET IKCTPArMpoBaTh
AHAIUT U3 C10s copOeHTa, yBEJIMUMBAs €ro KOHUEHTPALMIO Ha MoBepxHOCTH. Mcnonb3oBanue
3TOTO TMOJIX0/IA TI03BOJIWIIO CYLIECCTBEHHO YIIYUILINThH PErHCTPUpPYeMbie Macc-criekKTphl. Kak v npu
MCTIONIb30BAHHM YHCTOrO rpauTa, B Macc-CHEKTPax B OCHOBHOM HaOIOJAIMCh NMHKH HOHOB-

QULYKTOB ¢ KaTHOHaMM HaTpus M kanns [M+Na]* u [M+K]" (Puc. 1).
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Puc. 1. Macc-cniextp MAJIJIM Gpomcozepxkaiuero coeannenns (2); nonyden ¢ miactua TCX
N0CJIe pa3/Ie/IeHHsi H C MCTIOTb30BAaHHEM B KaUeCTBE MATPHIIBI PacTBOPA rpaduT-TIIHIEPHH.

2. Honnble KNAKOCTH Kak MaTpuubl st MAJIIH,

Jlpyro# onpoGoBaHHbIH HAMH MOIXOJL, TIO3BOJISIOMIMA YBEJIMYHTh KOHIEHTPALMIO aHAJINTA B
NPUIIOBEPXHOCTHOM CJIOE, COCTOSI B MCIOJIL30BAHWHM B KAYECTBE MATPHIL, HOHHBIX JKHKOCTEH
(MK), xotopmie, kak W B ciydae TIMIepHHa, He Tnepememaiores 1o miactune TCX wu we
PasMBLIBAIOT TATHO AHAINTA, AHAIW3 TIOJNYYEHHBIX JAHHBIX T0KA3al, 9TO B MAacC-CrEKTpax

MAJIJIM 3aperucTpupoBaHHBIX € MCHOJb30BaHMeM B kadecTBe Matpuipl MK, nabmoaanuch



IIUKH TIPOTOHUPOBAHHBIX MOJIEKYJT M HOHOB-a/U1yKTOB C kKaTHOHaMu HaTpus M kanus [M+Na]' u
[M+K]" (puc. 2).
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Puc. 2. Macc-cnextp MAJIJIN coepnnenns (2) nomyuen ¢ actud TCX nocene pasgenenns u
€ MCTIOL30BAHAEM JKHAKOKpUCTaMyeckoi matpuitl DHB-6ytnnamun.

Crietytommit oTan Hauero MCCieJ0BaHus COCTOSI B JaibHEHIIEM YIyHIICHHH METOIUKH
anaimla cMmeceit oprannueckux coeaunennii metrogom TCX/MAIJIJIM.  Jns atoro namu Guino
101006pano HECKOIBLKO MOJIE/ILHBIX CMECeH CHHTETHYECKHX reTepOLNKINYECKUX COeAMHEHHH N3
BhILICTIPHUBEICHHON cepun. Bee onmn Guim paszenenst ¢ nomomsio TCX. Bo Beex cmyuasx nam
yaaiocs 3apeructpuponarh Macc-criektpsl MAJIJIA coenmnenuit, BXoasumx B cocras cMeceit.
Onnako npu  Macc-crieKTpoMeTpuueckoM Mouutopuare maactid  TCX  Mbl  oGHapy)uin
OTCYTCTBHMC KaKOH-THOO 3aBMCUMOCTH MHTEHCHMBHOCTH Macc-CriekTpa OT MecTa 00aydenus
mitna. JleficrBuTebHO, M3HAYAILHO MBI NIPEANOJIATAIH, YTO CyMMApHBIH MOHHBIH TOK M BBIXO/
XAPAKTEPUCTHYECKMX MOHOB OyIyT 3aBUCETh OT KOHLEHTPALMK COCAMHCHHS HA NJACTHHE: T.C.
npu NpuGIMKEHUN K LIGHTPY MSTHA YBEJIHYMBATBLCS, @ HA €r0 KPasX YMEHbLIIATLCA, U, B LEJIOM,
MMETh  BMJ[ KJJACCHYECKOTO TaycCOBOTrO —pacrpefencHus (MokeT ObITh € HEKOTOPBIMH
uckakenmsimu),  HaGmiomaemas ke  KapTMHA CYHIECTBEHHO OTAMYANACH OT  0XKMIAAEMOI:
MHTCHCHBHOCTH  TMKOB  MOHOB M0  3aBMCeNa OT  MPEANoIaracMoro  pacrpejesieHus
KOHIEHTpaln aHanToB Ha riactiHe TCX M M3MeHsIach XaoTHYECKH. DTO CBA3AHO, BUANMO, €
HEOHOPOAHOCTBIO (JOPMUPYEMOTO cliosi rpaduTa (B Ciydyae JMCTEpPCHU rpadura B rINLEPHHE)

HJIH TICEBJI0KHJIKOTO CJI0S (B CJ1iyvqae HOHHBIX )I(MIIKOCTCﬁ).



Jlns ycrpanenusi  Takoil  (JMKCHPYEMOH  HEOJHOPOJHOCTH  Mbl  BIEPBBIE  [IPE/IOKHIH
UCHOJIBL30BATL  KOMIIO3UTHYIO  MATPHILY, COCTABJICHHYIO M3  TPAJAMIMOHHON OpraHuyeckoii
marpuitel s MAJIJIM m wactuu rpadmra, aucnepruposannbix B ranuepune. C uesbio 6osee
HAIISIHOM BU3YATIM3AIMN Mbl PEKOHCTPYHPOBAJIM XPOMATOI PAMMBI I1yTEM CKaHMPOBAHUSI HOHOB,
XapakTEePUCTHUYECKUX U1 KOHKPETHBIX COCJAMHCHMH, BJIOJIL BCEi 00JaCTH  HIIOMPOBAHMS
coeamnenuit. Kak npasuiio, npakTHUYeCKH Uil BCEX BELIECTB XAPAKTEPUCTHUHBIMM M Hanbosiee
MHTCHCHBHBIMM OBUIM ITHKH., COOTBETCTBYIOIIME MPOTOHUPOBanHO# Monekyre [M+H]", no »
HEKOTOPBIX CJIy4asX CaMbIM MHTCHCHBHBIM MOI' OBITB NMK COAMMPOBAHHOIO AUIYKTa, Kak,
Hanpumep, B ciaydae coeaunenus 3 (monst m/z 330 u m/z 346, puc. 3). IloayueHnbie Takum
00pa3oM  XpoOMaTorpamMMbl  OKa3aJMCh  CYHICCTBEHHO OJMKe K O0XKMIAEMOMY TayCCOBOMY

pacnpenenennio (Puc. 4).
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Puc. 3. Macc-cniexrpsl MAJIJIN coeunennii (2), (3) u (4). 3aperucTpupoBaHHbIe C MJIACTHH
TCX nocne ux paszjenenus u ucnons3oBanus Marpuitbl DHB-rpadur-riaunuepun.



B uenom, mace~cnexrpet MAJIJIM n xpomarorpammel (puc. 3.4) yaaaoch nogyunTh 1ouTH Juis
BCCX M3YUCHHBIX CMECCH, OJHAKO PErucTpanus TaKuX Macc-cnexrpos tpebosaia 00sbILOM
yHepruu nasepa. Jluus npu uenoin30BaHnK B Kauectse MaTpuiibl emecd DHB-rpadur-rannepun

u TAA-rpadmt-rimuepun y1a10¢h 3aperuncTpupoBaTh CIEKTPbl ¢ XOPOIIMM cooTHOMIEHHEM S/N.
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HC. 4. PCKOHCTPYMPOBAHHAA XPOMATOIPAMMA, 3apCruCTpupoBannas ¢ 1iacTuH 1ocJ1¢

|
pas/e/cHus TPEXKOMIOHEHTHON CMECH M MCIOJIb30BaHus KoMOMHMpoBannoi marpunsl DHB-
rpaguT-ranLepuH.



3. THocr-xpomatorpaguueckas gepuBaruzaunss npn  awannse TCX-MAJIIH
THAPOKCHJICOAEPKALHX COeANHEHMI,

B nponomkeHne paGoTh! Mbl BIEPBbIE HCCICAOBANM BOIMOXHOCTH NPHMEHEHMs LeNeBOH
- ilepUBaTH3ALMK HemocpeAcTBeHHo Ha mnactuHke TCX mocne amomposaHus cMecH (Toct-
XpoMatorpadHueckas AepuBaTH3auMA) 1A NOCNEAylowied OHNalHOBOM perHCTpaLM Macc-
cnektpoB  MAJIZIM  momuduuupoBaHHEIX  pasfeNieHHBIX KoMIOHeHTOB. Llemsio  aTHx
HCCJIE/IOBAHMH ABIIANIOCH HE MOJy4eHWE IPOH3BOMHBIX VIS BU3YaAlH3ALUH MATEH Ha TUIACTHHKE, a
yBEJIHYEHHE 3((eKTHBHOCTH HOHH3ALMH TTPOH3BOLHOTO, TIONYYEHHS CTPYKTYPHO! MH(opMauny
06 aHanuTax ¥ B NEpCreKTHBE IS KOJIMYECTBEHHOTO X onpeaeneHus. [0 HALIKX MecenoBaHui
paboTE! Takoro XapakTepa HHKEM He NIPOBOAHIINCE.

HawuGonbmmii HHTEpEC NPEACTABNANO BBEACHHE B MOJIEKYNY aHANM{Ta IPYNNbl ¢ KOBAJICHTO*
CBA3aHHBIM 3apanoM. Kax u3BecTHO, Ny Takol AepUBATH3ALUMH HENOJIIPHBIE U C1AGOMONAPHBIE
COCMHEHNA, HemoAjaloumuecs mnpaMoMy aHamusy wmetogoM MAJIJIM, npespamatorca B
coneoOpasHble IPOH3BOAHBIE, 0GECTIEYHBAIOLIME 3HAYHTENBHYIO 3(deKTHBHOCTS MOHH3ALKHY NOA
aeHicteuem MAJIZIM win maxe ee Ge3sMaTPHYHOTO BapuaHTa, MOCKONBKY OHH COLEPXKAT yxke
TOTOBBI# KATHOH, JIErko AECOPOHPYIOUMACA B ITHX MACC-CIIEKTPOMETPHHYECKHX YCIOBHAX. XOTH
perucTpupyeMble mpH 3ToM Macc-cniekTpbl MAJIIM comepXaT TONBKO KATHOHHBIE YacTH
TIPOM3BOMHBIX, MX MAcCCOBBIE YMCNA (C YYETOM WHKPEMEHTa BBOAMMON MAacChl peareHta AN
JepUBATH3ALMK) TIO3BOJIAIOT MOTYUHTh BAKHEHILYIO HHGOPMALHIO O BEIIECTBE — MOJIEKYIIIPHYIO
maccy. IleneBas pmepuBaTH3aUMs MOXET NOATBEPAMTs HAIMYME B MONEKYNEe KOHKDETHBIX
(YHKIMOHANBHEIX TPYNN M B obwmeM ciayyae HOGEITS BaxHYI MHPOPMALMIO O CTPYKTYpe
WCCACAYEMOTO COSAMHEHWS, B JACTHOSTH, TMPH JOTIONHMTENLHOM MCTIONB3OBAHWH TaHAEMHON
Macc-CIeKTPOMETPHH,

TTepeiMu o6bekTamMyu Hallero uccaeaoBanus Grimn pasnnuHbie cupthl ¥ eronsr (Cxema 2).
ITockomeKy 3TO HEMONAPHBIE MK CTAGONONAPHBIE COSAMHEHNA, TO, KaK M 0XKHAANOCH, UX Macc-
cnextpsl MAJIIM, 3apeructpupoBanHble ¢ miacthH TCX ¢ MCMONB30BaHMEM BeeX
0npo6OBaHHEIX MaTPUYHBIX COENMHEHUN H KOMIIO3UTHBIX MaTPHLl Ha HX OCHOBE, HE CONEPKAIH
CKOJIBKO=JTHG0 3HAYNMBIX IIHKOB HOHOB, COOTBETCTBYIOIIHUX aHAIUTAM.

Jns  fepuBaTHM3aLM¥ COEAMHEHMH, CONEPXALMX TIHAPOKCHIBHYI0 TIpYNIy, HamH ObUIO
MNpPEUIOKEHO HCTONB30BATh HX aMIMPOBaHHE 3-GPOMIIPONHOHHIXIIOPHAOM B NPHUCYTCTBHH
nUpUANHa 0 o0pa3oBaHMs 4ETBEPTHUHON aMMOHHMEBOH CONM. DTOT THIT JEepHUBATH3ALMA
THAPOKCHJI-COIEpKAIMX COenHerHuH Gpil paspaboran panee 8 MHXC PAH nna anammsor
metonoM Macc-cnektpometpun MAJIZIU [Borisov R.S., Zhilyaev D.I., Polovkov N.Yu., Zaikin

V.G. // Rapid Commun, Mass Spectrom. 2014, 28. P2231-2236].
11



' \
H3,Cis—OH H,;,C)y—OH ( A\ o
15 16

v 18
Ho Q F F
L & &
19 OH a oH F OH
20 21 22
a H Br
a OH 25 Ho
23 24

H Ho, OH OH
a |: J |

HO'

38

! !

40
Cxema 2. CTpyKTYPht cipTOB U QEHOOB, HCIIOMB30BAHHBIX M4 TOCT-XpoMaTorpadudeckoi
AepuBatusaunn 8 TCX/MAJIZIN.

Tupuamy B DaHHOM peaxuuy ABNAETCA KATANU3ATOPOM aUMIMPOBAHMSA, HO JAOMOSHHUTENBHO
cnocoGeH npeTepnesarTh KBATEPHUIALMIO 32 CYET KOHLEBOH GpoMaunbpHOl rpynmsl. PopManbHO
3Ta peakums ABAAETCA ABYXCTAAMIHHOM, 0fHaKO, Kak GbIIO NOKA3aHO, 3TOT MPOLECC MOKET GBITH
npeAcTaBIeH Kak ogrocranuitubii (Cxema 3).

Taxoif npouecc OTBeuaeT MOYTH BCEM KPHUTEPUAM, MNPEOBABIAEMbIM HAMM K PEakuuu

AepusaTH3aumy, nposoaumMolt B copGenre ang TCX in situ B coueranun ¢ MAJIIH. Peakums

12



npoTeKaeT GHICTPO W KONWYECTBEHHO NpPW KOMHaTHOW Temmepatype, a mpefen oGHapyXeHHs
coeauHeHNH, MOIMHLIMPOBAHHEIX TAKUM 06Pa3oM, JOCTHraeT HAHOrPaMMOBBIX YPOBHEH,
[o)

AIIH.IIIPOB“"V Ksmtpmuu&? —/_—<0
Br O0—R R OH . /.

O\I‘Cnuupumauuﬂ
N -/_< ATHAHPOBRNHE

Cxema 3. BepoaTHbIE TIyTH peakUyH AePHBATH3aLHH CITHPTOB CMECHIO 3+
GpPOMIPONAOHUAXAOPHAA U MUPUAKHA.
Jins onpemeNicHUA TIIONIOXKEHHS TMATEH KOMNOHEeHTOB Ha mnactmHe TCX mnapannensuo

HCTIONB30BATIH  KOHTPONBHYIO IUIACTHHY, BHM3YaNM3alMIO NATEH Ha KOTOpOH IpOBOIMIM
CTaHZapTHBIMH METOJaMH.

TlepsoHayanbHO mpeAnoXeHHBIA NOAXOX OBLT OMpoGOBaH Ha TPHUMeEPe HHIMBHUAYATLHBIX
JHHEHHBIX CIUPTOB = rekcagekaHona (15) u atixosanona (16). Vix pacteopsl ObITH HAHECEHH! HA
nnactuiy TCX 6e3 nocnenyrowero xpoMarorpaduposanus. [Tocne BEICYIIMBaHMA PACTBOPHTENA
TOJTy9eHHBIE ATHA cUpToB 6buTH 06paboTaHbl nocae0BaTENEHO 3-GPOMIIPOTHOHHIXIOPHUIOM
H MUPHAMHOM. 3aTeM IUIACTMHKH TNOMEINANHCh B MAacC-CIIEKTPOMETP, TIE PErHCTPHpPOBA/IHCH
macc-cnektpet MAJIAM  mpowsBogHBIX ¢ WCNONb3OBaHWEM rpaduToBOM  «MATpUUBD.
IMonyyenHsle Macc-CIEKTPbl COAEPXKATH NUKH KAaTHOHHBIX wacTelf coiel, 06pa3oBaBLINXCA B
pe3ynsTaTe NpoBeCHNA AepPHBATH3ALMH, ,

TlapannensHo peakuun ACPUBATH3AUMH B PAilNUYHBIX YCNOBHAX nposommwiu “off-line”
BHAIaX JUIA MHKPOCHWHTE3a, 8 NPOAYKTH HAHOCHJIMCH Ha CTaHAAPTHEIE CTANLHBIE MHIICHH I
MAIJIZT! nns perucTpanumy UX Macc-criekTpoB. ITocneHue okasanuch NOMHOCTEIO HACHTHYHBIMI
CreKTpaM, 3aperucTpupoBaHHbiM ¢ TacThH TCX. B To e BpeMa MHTEHCHBHOCTH CIIEKTDOB,
nonyyeHHeix ¢ nuacthH TCX, Gbina Hyxke, YeM IpH HMCTONB30BAHMM CTaHOAPTHOM MHINEHH.
JToro M CcNeNOBaNO OXHAATh, TAK Kak BELIECTBO INpH HaHeceHMH Ha mmactuHy TCX
PacnpeiefAETCA HE TOJBKO 110 NMOBEPXHOCTH, HO M IO TOJIUMHE CJIOS CHIHKATENsd, TEM CaMbIM
pe3K0 YMCHbUIAA KOHUEHTPALMIO aHAJIHTa Ha IIOBEPXHOCTH aacopGeHTa. UyBCTBHTENBHOCTH
Merona TCX/MAJIIU eme Goneilie magaeT mocne IMOWPOBAHMA AHAIKTOB B Pe3ysbTaTe

CHWXCHHH HMX KOHUCHTpaUMH B  TIPUIIOBEPXHOCTHOM  CJIOE. llanee HPCMO)KCHHLIF!
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JePUBATH3AUMOHHBIM 1OAX0A 6BIT ONpo6OBaH Ha COeJMHEHUAX, HAHECEHHBIX HA IUIACTHHBI AN
TCX wu noaseprumxcs XxpoMaTorpagupoBaHHIo.

Ha cnenyromeM stame paGoThl K B3MTHIM BBILIE MOAEbHBIM aHamuTaM ObINK 10GaBNCHBI
npupoasusie Tepnetonst (bapreson (17) u menron (18)). BeuecTBa HaHOCHNIM Ha NMAACTHHBI LIS
TCX B nnauBuOoyanbHOM BUZE, NMOC/E 4ero xpoMarorpaduposanu ¢ MCMONB30BAHMEM paja
HauGonee pacmpOCTpPaHEHHBIX paCTBOpHMTENEH: ITHIAuUETaT, rekcaH, XnopodopM, MeTaHoOm.
Jloxanu3auuio THAPOKCHIICOAEPKAIIMK AHANMTOB MOC/E XpoMmaTorpadupoBaHua 3Liech ¥ Aajee
OCYLUECTBJISUIM C MCHOJIb30BaHMEM KOHTponpHOM mactuuel TCX, kxoTopyio o6paGaTsiBann
pacTBOPOM AHUCOBOrO anberniaa B MeTaHoje ¢ HobaBieHMeM YKCYCHOM M CepHOMt KMCIIOT ¢
ToCNedyIOMIMM HarpeBaHMeM MacTHHBI Ilocie OMpefeneHuUs TONOKEHHA aHANTHTOB Ha
KOHTPONbHOM  INPOI/MOMPOBAHHON  IUIACTHHE B COOTBETCTBYIOLUIME MeCTa  OCHOBHOM
aHAIUTHYECKON XpOMAaTorpaMMbl HAHOCHWIHCH pPEareHThl, HeoOXoguMble AnA NPOBEHCHHA
NepUBaTH3ALMM C BBEAeHHEM (PUKCHPOBAHHOTO 3apsfa U rpaduroBas Marpuua. Bo Bcex ciayyanx
6K 3aperucTpupoBansl Macc-cnekTpsl MAJIZIU coOTBETCTBYIOWIMX MPOM3BOAHBIX, Ka4ECTRO
(cooTHowenune S/N) KOTOPBIX, K COXANEHMIO, OKA3aIOCh He BIOJIHE YNOBIETBOPUTENbHBIM, Jlna
yNyMIEHHs] Ka4eCTBA CTIEKTPOB GbU10 pElEHO MPUMEHHTh pa3paboTaHHBIe HAMM KOMIO3UTHBIE
MaTpulibl Ha OCHOBe riMuepuHa, rpadurta u TpaguumonHoro ans MAJIAM marpuuHoro
COEIMHEHNA, TAKOM MOAXOA MO3BOJNM/I 3HAYMTE/IBHO YNYYILMTh KAayeCTBO MONYHAEMBIX Macc-
crnektpoB, OTMmeTnM, ut0 Haubosee MOAXOMAIIMM OPraHMHECKMM KOMIOHEHTOM B TAaKMX
MaTpuuax okasaics antpauentpuon (AT).

Ha cnenyromem atame Gsiu nogoGpaHbl ycrnoBHA AN XPOMaTOTpaduueckoro pasgeneHus
cMecedt psama rugpoxcuncogepxkamux coeanHeHnit. B uactHocty npu TCX 6bum pasgenena
MoJleNbHas CMech, cocToswan u3 siikosanona (16), dapuesona (17) u menrona (18). Kaxapiit
pa3neneHHbl KOMNOHEHT OBbUT NMPOAESPUBATH3UPOBAH, M [UIS CHHTE3MPOBAHHBIX MPOU3BOIHBIX
6L ycnewHo 3apeructpuposann cnekTpst MAJIIH.

IpeanoxeHHbli NOAXOA OKazaacs NPUMEHMMBIM M MpH aHanuse cmecedt ¢enonos. B
YaCTHOCTH, [14 CMeCH TraiOreH-3aMelieHHsIX (eHoMoB OblaM nogobpanbl ycnoBMsa HX
xpomaTorpaguieckoro pasfeNieHus, NpoBeAcHa AEpHBATH3ALMA in-situ M 3aperucTpPUPOBAHBI
BbICOKOKauecTBeHHbIe Macc-cnekTpsl MAJIU npowussogusix ¢ maactur gna TCX (puc. S).
BronHe ynoBneTBOpUTENbHOM BHIMIAAeNa Takke rpadmueckas xpomarorpamMma 3Tol cMmecH,

TIOCTPOEHHAS N0 XAPAKTEPHCTHUECKHM MOHAM pa3fie/IeHHbIX KOMIIOHEHTOB (pHC. 6).

14
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Puc. 5. Toukocnoitnas xpomarorpamma cmecu u wmace-criektpst MAJIAWM tpomykTos
aepuBatusaunn (23, 21, 24) (nepuBarusanms nposeaeHa nocie paszaenenus Ha minactuae TCX).
Macc-criekTppl 3aperucTpupoBaHbl ¢ HCHOJIL30BaHHEM KOMOMHMPOBAHHOM MAaTpHlbl COCTaBa:
AT-rpadur-rauuepuH.
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Puc. 6. Xpomarorpamma, nocTpoeHHas 1o XxapakTepucTHieckum nonam (m/z 346, 329 u 306)
¢ mnactui TCX mnocne pasjeieHuss TPEXKOMIOHEHTHON cMecH coeauHeHni (23, 21, 24) ¢
nocieayomei AepuBarusauneit 3-6poMnponHOHHIXIOPHAOM M nupuanHom (maTpuisl AT-
rpaduT-rauuepun).

TIMockonbky pasHooGpasubie coefHeHHs (JEeHOJNIBHOTO THIA SBISIIOTCS  TIOCTOSTHHBIMH

o0bekTaMM aHaiaM3a M3-3a MX NOTEHUMAJILHOW OMAacHOCTM VIS 3[40POBbS HesIOBeka, OLLIM
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MCCJIE/I0BAHBI BO3MOYKHOCTH OITMCBIBAEMOTO TIOJX0/@ K aHA/IM3y W ApYruX (heHosoB (Harpumep
perunost (39) u Tokodepon (40)). Mbr nokasanu, uro komOunaums TCX/macc-crniekTpoMerpus
MAJIJIN B couerannu ¢ npeiaracMbiM JCPUBATH3ALMOHHBIM [IPAHIIATIOM MOAXOAMT JUTS
pasjiesicHus, ACTEKTHPOBAHMS M MIACHTH(MKAIMK B CMECH, HANpUMEp, TAKHUX (PEHOJIOB Kak
Oucenon (25) (ucnonb3yercs B NPOM3BOACTBE IUlacTMace), Tpukioszan (27) (mpoko
NPUMEHSIETCS KaK aHTHOAKTepHATLHOE W TIPOTHBOTPUOKOBOE CPE/ICTBO), @ TAKXKE TMPOMBILILIEHHO

3navuMbli HoHWwdenon (26) — (puc.7).
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Puc. 7. Toukocnoinas Xpomatorpamma cmecu u macc-cnektpbl MAJIJIM npoaykros
JiepuBaTH3alMK coeannennn 27 - a; 26 — by 25 - ¢ (aepuBaTH3aLMA TIPOBEICHA 1I0CTE pa3Jie/IeHus
na wiactunke TCX). Macc-criekTpsl 3aperucTpHpoBaHbl ¢ UCTIOJIL30BAHMEM KOMOMHUPOBAHHOM!
marpuiel coctaBa: AT-rpadur-rinuuepmn.

OGparuM BHMMaHHe Ha NPOJAYKT jepuBatHzauuu Guedenona (25), comepxaiero ase OH-
rpynnel. HaumGonee  BeposTHO, uTO B JIAHHOM  cllydac MOAM(HMKALMKH € BBEJACHHEM
(PMKCHPOBAHHOTO 3apsja nojasepraioTes 06e TMAPOKCHILHBIC TPYINIbl, @ MPOAYKT sABIAETCS
ABOHHOM conblo. K cokanennto, nockosbky metoj macc-cnekrpomerpun MAJIJIM o6biuno ne
TM03BOJISICT  JICTEKTHPOBATL  JIBYX3aPSIHBIC MOHBI, B 3aPErHCTPHPOBAHHOM  CTICKTPE MBI

ecrecTBeHHo  ero  He Habmopamm.  Oxnako 10JIY4CH BbICOKOKAYECTBEHHBIN CIEKTp
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OHO3apANHOTO MOHA, B koTopoM BTopas OH-rpynna okasanach npocto auunaupoBaHHOW 6e3
COMYTCTBYIOMIEH KBATEPHU3AUUYM TUPUIHHA,

BaxupiMM  NpUpOAHBIMM  COEAMHEHMAME, COAepXawMMH oaHy OH-rpynmy, sBnsioTca
PACTHTE/IbHEIE M KHBOTHBIE CTEPHHbI, 8 TaKXKe€ HEKOTOPHIE CTEPOM/b!, HAIPUMEP, TECTOCTEPOH.
H3BecTHO, uTO OZHMM M3 PaclpoCTPaHEHHBIX METOZOB MX onpedeneHus see ewe ocraercs TCX.
Tlpumenenne xuMudeckod mogudukauuy CTEPHHOB B skHMpax 63 MX IpeABAPHTENHHOIO
pazfiesieHHs KakuM-Tn6o MeTOZOM M mocneayroumit ananus MetonoM MAJIJY 3arpyaseH, Tak
Kak cozepxawmecs B o6pasuax CBOGOAHbIE >KHPHBIE KHC/IOThI NPOSBIAIOT 3HAYUTENbHBIN
«MaTpHUHBbI) 3deKT, YTO CHWKAIOT 3)(EKTUBHOCTL HOHM3ALMH CHHTE3MPYEMBIX JEPUBATOB
win  BooGmie ee wMHrHOMpyeT. OfHako, MCMOJNB30BAHHE KOMOGHMHHMPOBAHHOTO METOAA
TCX/MAJIITA B xOMIIIEKCE ¢ PACCMATPHBAEMEIM [PHBATH3ALMOHHBIM NIPUHLMIIOM TI03BOJISET
o6o#TH 370 orpaHuyeHHUe, Tak KaK B ycnoBuax TCX »HpHble KUCTOTH OTAEAAIOTCA OT CTEPHUHOB.
Hamu O6sumn mopmoGpansl xpomatorpaduueckue YCNOBHA pasfesieHMs MOMENBHBIX CMecei
Haubonee pacnpoCTPaHEHHBIX CTEPOHAHBIX COMPTOB M MPOBEJEHA ASPHBATH3ALMS KOMIIOHEHTOB
OMMCaHHBIM Bhile criocobom. Bee 3aperucrpupoBanubie Macc-crniextphi MAJIJIH otnuyanuch
BBICOKOH XapakTepHCTHHMHOCTHIO M XOpOWMM cooTHOIeHHeM S/N. IToxazaHo, 4TO ONMMCAHHBIM
METOAOM MOXHO [ETEKTHPOBaTb M aHaNM3upoBarth Aaxe MuHOpHble OH-conepxaiye
KOMIIOHEHTBI CMeceif.

Cnenyet Taike 3aMETHTh, UTO B C/iydae CTEPOMOHBIX AHMOJIOB, KaK M IJA PACCMOTPEHHOTO
BhlIE GHCEeHONa, YAASTCA 3aperMCTPUPOBATh TONLKO OAHO3APAMHbIE KaTHMOHL Brtopas OH-
rpynia B HUX TPOCTO MOABEPTHYTA AUMIMPOBAHHMIO 3-GpOMIIPONMOHMIXIIOPHAOM 6e3
tiapannensHo# KBaTepHM3auMel nupuamHa. B cnyyae cTEpOMAHBIX TPHOJIOB PETUCTPUPYEMBIE
macc-ciekTpst MAJII mpou3sBOAHBIX TaKKe COOTBETCTBYIOT MOHOCONSM C NPHMECHIO
NPOAYKTOB NOMOJHUTENBHOTO aLIMPOBaHuA O4HOH iy Asyx OH-rpymn.

4, Jepusaruzaumsai ¥ ananu3 Metogom TCX/MAJIAU nepsMUHBLIX AIMHHOB H O-
AMHHOKHCIIOT.

Eme oaun npueMm, BnepBbie TNpEANOKEHHBIM HAMH [T - [OCT-XpoMaToraduueckok
AepuBatH3alMM Ha mnactuHe mna TCX, GBI paspaboTaH HaMu JUIS Ciydas COEAMHEHHMH,
coaepxallMX MNePBUYHYI0 aMUHO-TPYINNY (NEpBHYHBIE AMMHBI, 0-AMHHOKHCIOTHL M NENTHIBL).
TIpn BBIGOpE COOTBETCTBYIOLUEH DEAKUMM YUMTHIBANMCH ClEAyiOIMHe TPeGOBAHMS: peaKiHsi
JODKHA TNPOTeKaTh GBICTPO M KONMHYECTBEHHO, XEMATENBHO NPH KOMHATHOM TeMIepatype, a
CHHTE3NPYEMBIE NPOH3BOAHBIE AODKHBI 06n1amaTh MaKCHMMAIBHO BBICOKOM 3((EeXTHBHOCTHIO
HoHuzauun B ycnosuix MAJIJU.  Ucexoas u3 ocofeHHocTedf MeTosa’ TOHKOCHOMHOM

xpomatorpaduy, kenaTenbHo OBUIO Taloke, 4TOOB! OOpasyromMecs IPOM3BOLHbIE GBI
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OKpalUEHHBIMH, DTO YCNOBHE HeoGX0oAMMO, ANA TOro 4ToGbl MMETh BO3MOXHOCTb HaHOCHThb
Marpuily, HEOOXOAMMYIO JUIS PETMCTPAlMH MacC-CIEKTPOB, HEMOCPEACTBEHHO HA IIACTHHY W
JIOKAJIM30BaTh NATHO VI PETMCTPALM Macc-CriekTpa Ge3 HMCTo/ib30BaHUA AOMONHHUTENBHON
KOHTPOJbHOM MIaCTHHEI,

Crnenyer OTMETHTB, 4TO HCTIONIb3yeMble B CTaHAapTHOM mpakTuke TCX xumpyeckne npuemsi
JS BU3YaIH3alMH MATEH aMHHOB HEBO3MOXHO TIPHMEHATD B ciyyae codetanns TCX/MAJIIH,
TaK KaK MCNONB3yeMble NPH 3TOM pEareHThl, Kak MpaBHIIO, 3HAYMTENLHO BHIOW3MEHSIOT
CTPYKTYpY OUpefeseMblX COCAWHEHWHM, 4TO HempeackasyeMbiM 06pasoM CKas3kIBaeTCA Ha
3(pexTHBHOCTH HOHM3AUWM M Xapaktepe Macc-cnektpa. Tak, Hanpumep, NpPOH3BORHBIE
aMHHOKHCIIOT, pasfeNieHHBIX Ha IUIACTHHKE M IS BH3YATH3ALMM NATEH MOAW(HLMPOBAHHBIX
CTaHAapPTHOM CTOCOGOM C HCTIONB30BAHHEM HWHIHAPHHA, HE CMOCOOHBI MOHM3UPOBATECA NPH
MAJIAW.  Kpome Toro, Takue peakudu Moryt O6nokuposaThb WIM MOAMGUUMPOBATH
GdyHKUMOHANBHEIE TPYNNB, MOAXOAAIME M9 XUMMYECKOM Moaudukauuu, 4T0 CHenaer
TIpoBeACHME NOCNEAYIOLIEH LeneBOH e puBaTH3aLUK GECCMBICIEHHBIM,

Ora uacTh paGoTHI TpOBEJEHA C HCIONB30BAHUEM MEPBHYHBIX AMHHOB M AMHHOKHCIIOT,
TIpUBeIeHHBIX Ha cxeMe 4. Cpel HHMX HaXONATCA MEpPBHYHbIE aMUHEBI, HEKOTOpbIE U3 KOTOPBIX
o6nagaloT GHONOruMecKoH aKTHBHOCTBIO, @ TakKe NPAKTUYECKH BCe OCHOBHBIC AMMHOKHCTIOTSI,

KauecTBeHHbI# ¥ KONMYECTBEHHBI aHanu3 BLIGPAHHBIX HAMM aMHMHOKWCIOT SBJAETCH
aKTYaJIbHBIM eIl ¥ MOTOMY, YTO OHM 334acTyl0 ABJAIOTCH OCHOBHBIMHM KOMIOHEHTAMH MHOTHX
nexapcTs Wi GHoNornyecku-akTuBHeIX notGasox (BAJD).

i fmepvBaTH3aLWM TNEPBHYHBIX aMHHOB M aMMHOKHCIOT C BBEJEHHWEM KOBAJIEHTHO-
CBA3aHHOTO 3apsna B Hawmx skcrnepamentax ¢ TCX/MAJIOH 6uin uiGpan rexcadropdocdar
Tpuc(2,6-aumetokcudennmmerinnd (1), oxasaBlwniica BecbMa 3QQEKTHBHLIM peareHToM A
ananusa mMetogom MAJIY [Tomonesn A.TL., Crpuxkesckas I A., Cmonanna M.C., Bensesa
M.A., HUsanosa O.M., Kopuiyn B.A., Vcrurnoe A.B., Muxypa W.B., ®opmanosckuii A.A.,
Bopucor P.C // Macc-cnextpomerpus, 2015, 12, C253-258]. Dra peakumus npoTekaer 3a cHeT
TOTO, YTO COOTBETCTBYIOLUMIA KATHOH pearupyeT C TNEPBHYHBIMH aMHHaMH TIyTEM
HyKJIeOQHNBHOrO 3aMEINEHHs ABYX METOKCH-TPYIN B OPTO-TOJIOXEHMH OeH30JNIBHBIX KOJNeL
(Cxema 5).

Jlanubl¥f nepUBaTH3ALHOHHBINA TIOAXOH COOTBETCTBYET BCEM TpeOOBAHWAM, MpEAbABNAEMBIM
HaMH K peakuusaM, UCTONs3yeMeIM NpH aHamnse MetogoM TCX/MAJIIH: BeicoKas CKOpOCTSH
peaxkuyH, OTCYTCTBHE HEOGXOMMMOCTH TEpPMHMYECKOTO BO3AEHCTEMA, BhICOKas 3QEKTHBHOCTD

HOHHU3aLMH MPOU3BOAHBIX B ycioBuax MAJIIYL.
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B naHHOM Cyuae 0YeHb BOXHBIM SBJAETCS TO, YTO I0JIy4aEMBble NPOM3BOJHBIE OKPALICHBI, 3
3TO He TpebyeT UCIOJB30BAHUS KOHTPONBHOM MIACTHHKH Ui JONOJHMTENLHON BU3yanH3alMK
nonoxeHus pasaeneHHblx Ha TCX xoMnoHeHToB. Elie OAHMM NONOXKHUTENBHBIM MOMEHTOM
ABNAETCA LEACBOrO BBIBEAEHHE CUTHaIa M3 00NACTH MATPHYHBIX LIYMOB, TaK KaK BBOJMMBIH

tparmesT uMeeT GonbLIOH HHKPEMEHT Macchl (359 Jla).
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Cxema 4. [Tlepsuunble aMUHbl 1 aMUHOKHMCOTHI, UccenoBaHuple MeTonom TCX/MAJIIU ¢
NocT-xpoMarorpaguyecko JepuBaTH3anue.
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Cxema 5. [IpunuunuansHas cxema MOAK(MKaNMH aMHHO-TPpynn (Ha npuMepe o-
AMMHOKHCIOT).

Kak ¥ B npegslfymux 3KCNEPHMMEHTaX, PacTBOPbI NEPBHUHBIX AMHHOB HIM aMMHOKHCIOT

ObUIM HaHeCeHBl Ha XpoMarorpaduyeckue IUTACTHHKM CHauana 6e3 MOCnenyroliero
xpomatorpauposanus. Ilociie BBICYLIMBaHMS PacTBOPHTENS OHM OBUIM JEPHBATU3HPOBaHbI
nocnenosareNsHol 0GpaGorkoii pacTsopamu peareHTa 1 M TpUITHIAMHHA B ALETOHHTPHIIE,
NpUYeM MATHA NEPUBATHIUPOBAHHBIX AHANWTOB OBUIM LIBETHHIMM M XOpoINo moriomamu Y®-
M3NyyeHue.
Taxum o6paszom, He ObUIO HEOOXOAUMOCTH B MCIONB30BAHMU NONOMHUTENBHOM KOHTPOJBHOH
onactukd TCX mig nokanusauyMy aHalM3MPYEMbIX BELICCTB HA OCHOBHON aHAINTUYECKOM
nnacrunke.  [iactusku  TCX  nomewanuch B Macc-cnextpometrp MAJIOH,  rae
PErUCTPUPOBAINCH CMEKTPbl (B KAYECTBE MATPHUBI MCIOb3OBAINCH YXKE NPHUTOTOBIECHHBIMH
HamMM KOMOWHMpOBaHHble MaTpuubl). IJOJyueHHBIE MAacC-CMEKTPBl  COONEPXKATM  IHKH,
COOTBETCTBYIONIME KATHOHAM CHHTE3MPOBAHHBIX TMPOM3BOJAHBIX C BBEJECHHBIM 3apHKECHHBIM
0CTarkoM (MHKpEeMEeHT yBenuueHus Maccel 359[0a).

3arem u3 Habopa BeILUETIPUBEAEHHBIX COENUHERHUH GbLTH COGpaHbl MOACTbHbIE CMECH (KaK And
MEepBUYHBIX aMMHOB TaK U Il aMUHOKKMCIIOT) M NMoo6paHbl YClIoBHsS X XpoMaTorpaduueckoro
pasneneHus. 3areM MOCne BLICYWMBAHWA DJI0eHTAa OblIa NpOBENCHa JEPHUBATH3aUMs IO
NpUBEAECHHON CxeMe M 3aperucTpupoBaHbl Macc-cnekTpbl MAJIJM (B kauecTBe MaTpuup!
MCNONL30BANNCH KOMOMHMPOBaHHbIE MaTpULb). B pesynsrare OblIM 3aperuCTpUpPOBAHBI Mace
CNEKTPbl NPOU3BOIHBIX BCEX AMHUHOB U AMUHOKHUCIIOT.

BaxH0o OTMETHTb, YTO OCOGEHHOCTBIO MACC-CNEKTPOB NPOM3BOAHbIX AMUHOKHMCIIOT ABIAETCSH
TO, YTO HapAly C HE3HAYMTENbHHIMM MMKAMH LENEBBIX KaTHOHOB HaOMIOHalOTCA Taoke Gonee
MHTCHCUBHbIE NuKH, uMelomue Ha 44 Jla MeHbuyio Maccy. COBEpIIEHHO OYEBMIHO, YTO OHM
BO3HHMKAIOT NPH AEKapOOKCHNIMPOBAHNY NPOU3BOAHBIX BO3MOXHO IO/ BO3AEHCTBUEM JIA3€PHOTO
M3/1yueHus UCTouHMKa oHoB MAJIIU (cxema 6).

JleHCTBHTENEHO, HA MPOLIECC ASKaPOOKCHANPOBAHUS ABHO HE BIMAET IPUCYTCTBHE COPOEHTA U
MATPHLib], TOCKO/BKY NPU PErHCTPALIMK CTIEKTPA NPOM3BOJAHOr0 6€3 MATPULII C METAMIMUECKOH

MHUIEHH TAKKe (PUKCHpPYeTCs IIPEUMYIIECTBEHHO NUK 1ekapOOKCUIHPOBAHHOTO KATHOHA.
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Cxema 6. TTpouece aekapOOKCHIMPOBAHMS TPOU3BOAHBIX (-AMHHOKHCIIOTHI C
rekcaropocharom Tpuc(2,6-aumerokcudenn)metrniams (1) noa Bo3aeiicTBUEM J1a3epHOTO
u3jIyueHns B uctounnke nonos MAJIJIN.

Kpome ToOro, B crekTpe, 3aperMCTPMPOBAHHOM C  MCIOJIB30BAHMEM  HMOHM3AlMH
HNIEKTPOpACTIbUICHHS, HA060POT JOMHHHPYET MUK 0XKMIAEMOTO KATHOHA M cIabblif MUK NPOLYKTa
ero gexapboxcunuposanus. Xapakrep peructpupyembix Macc-criektpos  MAJIJIM - i

MPON3BOAHBIX AMMHOKHCIIOT MOXKHO BHIAETH HA PHC. 7,8

o 419 [Knt|

00 600 700 -h

420 [Kur|

Py o |

Puc. 8. Toukocnoiinas xpomarorpamma cmecu wn macc-criektpsl MAJIJIM npoaykros
aepupatusaumun 73 — a; 64 — B m 71 - 6 (aepuBarmsaums nposeaeHa pereHtom 1 M
TPHITHIIAMHHOM T10¢csie pasjenceuns Ha ractuike TCX). Macc-cniekTpbl 3aperucTpHpoBaHbl €
MCTI0NIL30BaHNEM KOMOMHMPOBAaHHON MaTpulbl cocTaBa: AT-rpadmr-raviepus.
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Puc. 8. Xpomarorpamma, nocTpoeHHas 1no xapakrepuctuiyeckum nonam (m/z519, 420 u
470) ¢ nnactun TCX nocrnie pasaenenus TpeXKOMIIOHEHTHOM cMeck 73, 64 1 71 ¢ nocnenyiomen
JiepuBaTH3ame pearentoM 1 1 TpuaTHIIaMUHOM (MaTpuia AT-rpadur-rinuepun).

Bee npou3BoJHBIC XapaKTePH3YIOTCS BLICOKOH d((ekTHBHOCTBIO HOHM3aLMK (GonbluMe
Be/MUMHLL - otHOmeHMt  S/N),  4To  CBMICTENBCTBYET O  BBLICOKOH — UYBCTBHTENIBHOCTH
pa3paboTaHHOro HAMM METOJA NPU AHAIN3E COCJMHCHHUH, COJACPKALINX TEPBHUYHYIO AMHHO-
rpynity. Ha Haun B3risjy, JaHHbIH METO/L IPEACTABIISAETCS MEPCHEKTHBHBIM NP HCCIICJOBAHUHN HE
TOJILKO AMHHOB B AMHHOKHMCIIOT, HO W OJIMTOTICTITHIOB, COJCPXKALIMX aMUHO-TPYTIITY HA KOHIE
uenu WK Ha kouie GOKOBOH LENM Kak, HanpuMep, B ciiydae octaTka ausnna, K coxanenuio,
MeTOJL B Bapuante Macc-criektpomerpun MAJIJIM me ypacres wenonpsoBats B ciyvae
HOJIMAMHHOB, PACCMATPUBACMBIC TTPOU3BOJIHBIC KOTOPBIX SABJISIOTCS MHOTO3APSAHBIMA COJIEBBIMH
COC/IMHCHUAMH, TIOCKOJIBKY ITOT MAacc-CrieKTPOMETPHYCCKHH MeTO 00BIYHO OrpaHHYHBACTCH
perueTpalmei ToJIbKO MOHOKATHOHOB. O/HAKO, MOXKHO HAAEATLCA, YTO ONMUCAHHBIA NPUHLMI
JICPHBATH3AIMH MOXKHO GyJIeT HCII0JIB30BaTh, HAanpuMep, B o(uialiHOBOM pexxuMe NpH aHaJIn3e
W30JIMPOBAHHBIX W MOAM(pHIMpoBanHbIX Ha 1wiacTuHke TCX  anaiuToB METOJOM Macc-

CIHCKTPOMCTPHH C HOHHM3aLMeH ICKTPOPACHBUICHHCM,

Brisosni
1. Bnepseie pa3paboran MHHOBALMOHHBIK TOJAXO0J K MCCICA0BAHNIO CMECEH OpraHMYecKHX
coejmuenuit  komOunmposanueiM - MetojoM  TCX  wm  macc-cnexrpomerpun MAJIJIA ¢
MCTIOJIL30BAHHEM LEJICHANPABJICHHO TT0CT-XpoMaTorpaduueckoi JIepuBaTH3AIMK pa3/IeNIeHHbIX
KOMIOHEHTOB. METO/l J1aeT BO3MOKHOCTH OMNPEJAEATE MOJICKY/IAPHBIC MacChl MOCNEAHMX,
YCTAHABIMBATE HATAYUE KOHKPETHBIX (DYHKIMOHAIBHBIX TIPYII, [O1y4aTh HHOOPMALHMIO O

CTPYKTYpE.
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2. C ucrionp3oBaHMEM CHHTETHMECKMX a30TCOACPKAIMX TETEPOLMKIMYECKHX COeRMHEHHH
JETaNbHO M3YHeHbl NPHHUMIBI NpUMEHeHHs rpaduTa M MOHHBIX >XHAKOCTEH B KayecTe
"maTpuubl" npu perucTpauun Macc-cnektpos MAJIIM BewecTs, pasmeneHHBIX C INOMOLUbIO
TCX.

3. Bnepebie paspaboTaHa KOMIO3MLMOHHAA MaTpHUa Ha OCHOBE CYCHEH3WM rpagura B
raunepute n Tpagunmonnoli Marpuist (HABA, DHB, AT u 1A A), 6naronaps xotopo# yaaetcs
yCTpanuTh pasmbiBanue maTHa Ha TCX, ofecrieumts Conee paBHOMEpHOE pacnpepesneHue
aHANMTA 110 MATHY, SKCTPAarHpOBaTh ZHAMMUT M3 TOJLUM afCOpPOEHTa Ha €ro NOBEPXHOCTh, TEM
caMblM  yBeJIMUMBas HYBCTBUTEJNLHOCT, Imp¥  HccnegoBaHmax  metogmoM  TCX/macc-
crextpoMetpuu MAJIZINL

4, Bnepeele npONEMOHCTPMpOBAHA  BO3MOXKHOCTb M Bbicokas  d(ddexruBHOCTD
KCMONB30BAaHMA  MOCT-XpoMartorpaguyeckoil  pepusatusaumm Ha miactike TCX ¢
o6pa3oBanHeM coneo6GpasHbIX MPOU3BOAHBIX, NPUTOXHBIX IUIS COUETAHMA MAacC-CHEKTPOMETPHH
MAJIU n TCX. Oco6eHHO 3T0 MOAXOA NMEPCHEKTHBEH MPH aHAIM3e Ca60MOHM3MPYIOMUXCA
coeguHeHUH, Takmx kak cnupThl, Ha npumepe cnmproB ¥ ()EHONOB pPasNM4YHOrO CTPOECHHSA
[OKa3aHo, 4To Moaupuxauus OH-rpynmer anwiMpoBaHHeM 3-GpOMONpPONHOHMIIXIOPHAOM C
TapaenbHOM  KBaTepHM3auMel NMpWAMHA TNOBBIAeT  3(QeKTHBHOCT  MOHM3ALMH
OnpefeNsieMbIX KOMIOHEHTOB B ycnosuax MAJIAW u npuromeH nd KavecTBEHHOTO M
TNOJIYKONIMMECTBEHHOTO @HANM3a CJOXKHBIX CMecelf Kak CHHTETMYECKOro, Tak M NpPHPOXHOTO
TIPOMCXOXACHHUS.

5. Bmepsole JuA  MCCNENOBAaHMA AMHHOB M aMMHOKMCIOT (NENTHOOB) METOHOM
TCX/MAJIIY, coBMelIeHHOM ¢ TNOCT-XpoMaTorpauueckoli AepuBaTH3aLMel, NPELIOKEHO
HCTIONB30BATH rexcadropdocdar Tpuc(2,6-aumerokcudenun)Metuning. B ciyyae coenuHenuii ¢
NEpBUYHON aMHHO-rpynnoii o6pasyloTcs MPOM3BOAHBIE, obecreuuBaoliee KpaHHE BBICOKYIO
spexruBHOCTS HOHM3auuu npu MAJIAN.
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