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ITpeducrosue pedaxktopu nepesoda

Xpomaroepagus e nacrosujee spems asinerca nauboree wupo-
KO ucnoassyemoim anaautuygeckum merodom. OHa akTUBHO npume-
HACTCA 8 HAYUHOLIX UCCAE008AHUAX, 8 DA3AUYHBLX OTPACASX NPO-
MOLUACHHOCTU, 8 MeOuyuHe, a TaKxe O0AsL KOHTPOAS OKpyxcarousert
cpedol. Hccaedys coctas pasHooOpa3Hblx CAOXHHbLX cmecell, Xpo-
maroepadus 6vlnoAHseT OOHY u3 sascHelwux 3a0a4 XUMUYECKOLU
Hayku, o kortopoi zosopua ewe M. B. Jlomonocos 8 «Crose o
noavse xumuus. «K ToyHomy u nodpobHOMY NO3HAHUIO KAKOU-AUOO
sewju, — nucas on 8 1751 e.,— QOAHHO 3HATL 4aCTU, KOTOpbLE
OHYI0 cocrasanroT. H xoTs 6 HblHewHue 8exa U306peTeHHble MUKPO-
CKONbL CUAY 3PEHUs Haulezo TaK YyseAuduiu, 4To 8 e0sa s8udumoil
nolAUKKe 8eCbMA MHO2Ue 4aCTU SICHO PACNO3HAT6 MONCHO, OOHAKO
CUM NOAe3Hble UHCTPYMEHT6L CAYHCAT TOALKO K  UCCAe008AHUIO
OpeanuuecKux 56 4acrel, KAKOBbL CYTb 8eCbMA TOHKUe U Hesudu-
Mble NPOCToIM 2AQ30M ny3vipvku U TpybouKu, cocrasisroujue
TBepdble 4aCTU OHUBOTHBLLX 4 PACTYULUX Bew,ecT8; a Tex 4acTuy,
U3 KOTOPbLX COCTOAT CMEULaHHble maTepuu, ocobAu80 3peHuro npeod-
crasute He moeyT. H noromy nosHawue OHbIX TOALKO uepe3 Xu-
muro oxo0ute QONHCHO.

Bascneimu ocobennocramu xpomaroepaguu, oTKpelToll 8 Hauase
nawezo crosetus M. C. LlseTom, A8AA10TCA Bb6ICOKASL CeNeKTUB-
HOCTb, GOAbUWIASL HYBCTBUTEALHOCTL U YHUBEPCAAbHOCTb. Xpomaro-
epagua npumerHuma OAf UCCAe008QHUSA NPAKTUYECKU BCeX 6e-
wiecrs: 2azoobpasuelx, sudxkux u teepdeix. Heobviuailno wupox u
KpYye anaiuaupyemolx 3Tum meTo0oM O0OBEKTO8 — OT NOAUMEPOS,
nuwjegolx npodyKTo8, MUKPOOPeaHu3mO8, OeiKos, HedTu, meTaa-
208, pyd 0o armocgepor naaner COAHEHHOU cuCTembl U COCTABA
AYHHO20 2PYHTA.

Xpomaroepagus, Takum o6pa3om, BHOCUT BaxXcHbli 8KAaD 8
peulenue 00HO20 U3 BAXCHEUWUX HANDABAEGHUIl XUMU4ECKOU Ha-
yku — anaaurudeckoli xumuu. Hosoe «xpomaroepaguueckoe 3pe-
HUe» XUMUKQ NO380AUAO COeAQTb MHO20 BAXCHbLX OTKpPulTUl. B ua-
cTHOCTU, ceviue Oecatu Hobeaesckux npemuti 66i40 npucyxcoexso
3a uccae0o8anus, 8 KOTOPbLX AKTUBHO UCNOAb308AAUCH XPOMATO-
epaguyeckue merodel.

JAs 8bLNOAHEHUS XPOMUTO2PAPUUECKO20 AHAAU3A NPUMEHAETCS
crandaptHoe, Kommepuecku OocTynHoe obopydosanue, npuvem
npoyecc aHaAu3a KAK 8 NPOMbLULAEHHOCTU HQ NOTOKe, TAK U 8
ycaosusx aaboparopuu 4acTo nposoourcs 8 ABTOMATUHECKOM pe-
scume.



lIpeducrosue pedaxropa nepesoda 6

Beictpoe passutue xpomarozpaguueckux merodos, uxozoa 8
TeqyeHue 8Ce20 HECKOAbKUX AT, nPpusoOUT K CYU,eCTBEHHOMY u3me-
HEHUID UCNOAb3YEMbIX HA NPAKTUKe MeT0008 U K  U3MEHEHUto
MeTOOUK, NpUMEHAEeMblX 8 QHAAU3e Xumudeckux coedunenutl onpe-
Oesennoeo kaacca. IToatomy OA1 aHAAUTUKA-XpOMATO2pagucra,
noxcaryl, 8 6osvuleil mepe, wem 0asn paboraroujeco 8 Opyezoii 06-
AQCTU QHAAUTUYECKOU XUMUU, HEOOX00UMO BHUMATEAbHO CAeOUTb
30 nosieaeHuem u NPAKTUYECKUM UCNOAb308AHUEM HOB8bLX MeT0008
U QHaAUTUYeCKUX npuemos 8 xpomarozpaduu. Baxcnyro poas 8
3TOM HANPABAEHUL XPOMATO2PAPUCTY MO2YT OKA3ATb MOHO2pa-
duu, 8 KOTOPBIX DPACCMATPUBAETCS NPUAOIKHCEHUE MeTO0a K aHAAu-
TUYECKOMY UCCAeO08AHUIO BAXCHeUWUX KAQACCO8 XUMUHECKUX CO-
eduneHuil. _

Hsyxromuas mornoepagus <«Xpomaroepagusa» nod pedaxyued
3. Xegrmana, svimedwas HedasHo 3a pybexcom 4eTgepToim uU30a-
HUueM, ABAAETCA YEHHbIM DPYKOBOOCTBOM, OCOOEHHO no Xpomaroepa-
duyeckomy anaauly BaxcHelx epynn xumudeckux coedunenud. Ile-
pesedeHHan Ha PYCCKULL A3bIK 4ACTb KHU2U, 8 KOTOPYH BOWAU
NOAHOCTb10 2-1i Tom u 00Ha 2aasa u3 1-20 Toma, oxsarsvléaer 8adx-
Hble Kaaccbl coeduHenuli, npedcrasaisroujue uuTepec 0As OuOXU-
muu, meduyunst, GapmayesTueckol npPoMeLUACHHOCTU, CeAbCKO20
X03:iicT8A, XUMUYECKOL NPOMbIUAEHHOCTU u Opyeux orpaciell
HapodHo2o xo3siicTsa.

OtdenvHble 21a86L KHU2L HANUCAHOL UCCAEO08ATEAAMU, SABAAIO-
WUMUCS NPUBHAHHBIMU asTopuTeTamu 8 OauHot obaacru. Heco-
MHEHHO, OOCTOUHCTBOM KHU2U SABASETCA TO, HYTO Xpomarozpaguue-
ckoe onpedeserue OTOeAbHBLX KAACCO8 COeOUHEHUL PACCMOTPEeHO
C npusnederuem pPA3AUYHBIX — XPOMATO2PAPUYECKUX 1 INEKTPOMU-
2PAYUOHHBLX METOO08.

Codeprcanue KHuzu npedCTABASET UHTepec OAS UWUPOKO20 Kpy-
2a 4uTaTeneli-aHAAUTUKOB8 U B8CeX CHeYUAAUCTO8, UCHOAbIYOULUX
xpomaroepaguueckue merodel 8 cseoeli pabore. Mol Hadeemcs, 4TO
nepesod knueuw 3. Xegrmana Ha pycckuil aseix  6yder cnocob-
€TB808ATL NOBBIULEHUID 3P PEeKTUBHOCTU NPAKTUHECKOL paboTbl MHO-
2UX XUMUKO8 U QHAAUTUKO8 U ChOCOOCTB808ATL OaabHeiiulemy pac-
Luupeguro obaacTeli NPUMEHEHUS U PA3BUTUIO XPOMATO2PAPULEcKUX
Mmerodos.

B. Bepesxun



Ilpeducarosue

Hacroawas kuuea npedcrasaser coboli uergeproe usodanue
Kaaccuyeckoeo tpyda no xpomaroepaguu, seinyckaemoeo nod pe-
Odaxyueil dpuxa Xeprmana. [Ipeducrosus k npedoldyujum usoa-
Huam, nepgoe u3 Koropulx 8oliso 8 cger 20 aer Hasad, 6oiau Ha-
nucansl sedyuwjumu uccaredosaresamy 8 dannol obractu. S He npu-
HAOAeHY K UX YUCAY, XOTA U UMEA HEeKOTOpoe OTHOUleHue K Xpo-
maroepaguu.

Bcrnomunaro ceoto nepsyro ecrpeuy c¢ Jlazaro Llexmelicrepom —
00HUM U3 BbL0QIOULUXCA OCHOBONOAONHUKOE MeTO0Q Xpomaroepa-
¢uu, cocronswyiocs npumepro 8 1940 2. 8o spems o0HO20 u3 e2o
nepselx eusuros 8 bepxau (s8o3moscHo, 3ro 6biao soobuje e2o
nepsce nocewjenue bepxau). B 310 epems ucrex cpox moeil pabo-
toL y luavbepra Howorona Jlerouca 8 KauecTée e20 acCUCTEHTA.
Jvrouc npedcrasunr mens Llexmelictepy u npu 3TOM 8bIPA3UL He-
noddesbHoe socxuujerue xpomaroepaguyeckum merodom pasdesne-
HUsA 8euwjecTs, KOTOpbli, KaK OH MHe cKa3aa, Obla OTKPLIT MHO20
AeT HA3a0 PYCCKUM YHeHbiM ¢ AeeKo3anomunarowjelica pamuruert
Lger. 3a 200 uaru dsa 0o aroii ecrpeun mol ¢ Jlvroucom npeonpu-
HAAU NONLITKY YCOBEPUIEHCTB08AT6 MeTO0 pal3deneHus 6AU3KOPOD-
CTBEHHbLX PedKO3eMEeNbHbIX INEMEHTO8, L NOITOMY HAC 4pe3soblyali-
HO 3aunTepecosano 8ce, 4To pacckasdar Ham Llexmeticrep o xpoma-
Tozpaguu.

Moe caedyrouee conpuxkocroseHue c¢ xpomaroepaguedi npouso-
wao Auws cnycrsa 0sa eoda. Bo spems soiinel s paborar 8 iabo-
paropuu meraarrypeun Hukazckoeo ynusepcurera. Ilepedo muol
crosaa 3adaua paspaboTaTs NPOMLILUAEHHbLE MmeTo0 8bl0eseHUs
To20a euie HOBO2O 3NEMEHTA NAYTOHUS, NPUCYTCTBOBABULEZO 8 He-
BHAYUTENbHBLX KOAUHECTBAX 8 CMeCU YPAHQ U BbLCOKOPAOUOAKTUS-
HbIX npodyKkTO8 eeo0 pacnada, npu4uem TeXHOAO02UHECKAs CxXema
doaxcna Gviaa npedycmarpusars OUCTAHYUOHHOE YNpasiexue npo-
yeccom. Bcnomuus csou becedo. ¢ LlexmeiicTepom, s srkAtouUA
KOAOHOYHYIO XPOMATO2PA(UI0O HA HeOop2aHuueckux copbenTax 8
YUCAO PA3AUUHbLX MeTO008 pa3deserHus, KOTopsle npedCcTOAAO uc-
caedosats paborasuwiell co mHOU epynne xumurxos. OOHako Takol
nodxo0 He 8bldepicans KOHKYPeHUYUl €O CTOPOHbL 60iee NOHATHOZ0
8 TO 8peMs meToda co0CarcOeHus.

Tem He menee 8ce20 AUWb Hepe3 HECKOAbKO AET Mol 8HO8b
00parusuce K merody xpomaroepaguu, u Ha 3TOT pas HAc oXudas
norpacarouutl ycnex. [las pasdesenus TPAHCNAYTOHUEBbIX 3/1eMeH-
TO8, KATUOHbL KOTOPLIX NPEUMYULECTBEHHO Tpex3apadHsl, u 0as
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I peducrosue 8

ux ordeneHus OT DPeGKO3eMeAbHbIX 3NEMEHTO8 MbL UCNOAL30BAAU
KOAOHOUHYIO Xpomarozpaguio HA OP2AHUYECKUX UOHOOOMEHHbLX
cmorax. JIuuno Oaa MeHs pe3yabTATbL ITUX IKCNEPUMEHTO8 UMEAlU
0co60e 3HaueHUe, NOCKOAbKY OTKPbLEAAU BO3MONCHOCTs ybeduTs 0a-
e CKenTuxKos 8 CnpasediusoCTi «AKTUHOUOHOU KOHYyenyuu» pac-
NOAOXNCEHUS TPAHCYPAHOBLLX INEMEHTO8 8 nepuoduueckoil tab-
auye.

Ecrecrsenno, mou 3amerku o xpomaroepaguiu KacaroTcs eeco-
MQ 4QCTHOL npobaemovl 8 CTpeMUTeAbHO pa3pocuielics obaacTu uc-
cAe008aHULl — 00AACTU, 8CECTOPOHHE NPedCTABAEHHOU 8 3TOM HO-
som uszdanuu kuueu. Habop cospemennovix meTodos u cnocobos
xpomaroepagui cToAb pasHoobpaseH, a OUAna3ox ux UCNOAb308a-
HUA 8 pa3audHblx obaacTax xumuu, buoxumuu u 8 Opyeux ciepax
0eATeAbHOCTI CTOAbL WUPOK, 4TO UX HEBO3MONCHO OTPA3UTL 8 npe-
ducaosuu. Hekoropoe npedcTasiexnue 06 3TOM MONHO COCTABUTS,
83enanys Ha coldepocanue KHueu. Ilpedcrasiaennsie 30ecv 0630pol
HANUCAHBL  BBICOKOKBAAUPUYUPOBAHHBIMIL.  CREYUAAUCTAMU,  YTO
obecnequsaer WUPOKULL OXBAT PA3AUYHBLX ACHEKTO8 pPACCMATPU-
saemolx npobrem.

Jro Hoseliuee usdanue KHucu no xpomaroepaguu 6yder c¢ pa-
00CTbI0 BCTpEueHo 8cemu uccaedosaressmu, pabora KOTOPbLX CE5-
3anHa ¢ pasleseHuem DA3AUYHLLX BEU4LECT8, @ TAKNHE NOCAYNUT
XOpowum cnpasodruKom u 0as 6osee WUPOKO20 Kpyaa 4urare-
sel.

Taenn T. Cubope

Bepkan, Kanudoprus
Hiob 1982 T.



ITocssaujaerca Bpueutre

IIpeducrosue pedakTopa amepuKanHcKo2o U30aHuA

B 1954 2. npu noddepxcke oTdesa acnupaHTypsl MUHUCTEPCTEQ
ceavckoeo xossaicrea CLHIA s wawanr wurarTs Kypc xpomarozpaguu
0asn paboTarowux 8 patione BawuneTona cneyuaiucTos, u c Teéx
nop mens He nOKUOAAQ MbICAb O3HAKOMUTL OOAee WUPOKYo ayou-
TOpUIO ¢ Teopuetll u NPAKTUKOL xpomaroepauu u 3aeKTpogopesa.
IIpekpacto co3nasas, 4To. 0OUH 4es08eK He 8 COCTOAHUU B8b.6pATb
camble BaXCHble QCNEKTol. npobaeMm, paCCMATPUBAEMbLX 8 BeCbMQ
o6uwupHoil AuTepatype no. 3TUM 80NPOCAM, 5 oépanmcn 3a no-
MOWLIO K HEKOTODbLM Haubosee u36eCTHOLM 6 c60eli ob6aacTu cne-
yuaaucram no xpomaroepadmu u asexkTpogopesy, u 8 pesyabrare
Hawux KOAAeKTUBHoLX ycuasuti 8 1961 e. sviusra 8 ceer nepsas
KHuza nod Ha3sauem «Xpomaroepazﬁuﬁ» BbLCprlu pocr. 06"6ema
AUTEPATYPbL, Q. TAKKHe XOPOWUil npuem, OKA3AHH6LL nepsomy us-
danuto KHuau, nobyQuau MeHs 8bINYCTUTL 8TOPOE usdanue 6 1967 e.
«Xpomaroepagusn» 6Goira srosb nepepaborana & 1975 e., nocse
TO20 KAK NPOUSOUIAO CAUAHUE KHUXCHO20 uU30aTeAbCTEA «Renhold
Publishing Corporation», onybauxosasuiezo nepebte 63a usdanuﬂ
KHueu, ¢ uzdareascrsom «Van Nostrands.

H gor crosa npuuiao spems nepecmorpers Marepua/z ‘¢ noau-
uuu COBPEMEHHO20 COCTOAHUA NPOGAEM, CBA3AHHLIX C xpomarozpa-
ueli u asexrpogopesom. Odnaxo nocrcoxlbrcy 3a nepuod c 1975 e.
NPOU3OUIAL Cepbe3Hble USMEHERUR 6 ITOL 06AACTU, (4 TaKKe 8 CUNY
TO20, 4TO Tenepb nybAuKayuro «Xpoznaroepaqbuu» ocyu;ecm/mer
usdareascreo «Elsevier Scientific Publtshmg Company», mue Xo-
TeA0Ch, 4T0OBL ITO ObiNa HOBAA KHUea, a He nepepaébrarmoe us-
danue. B nodeorosxe aToll kHueu, coxpanuswieil yoaunsui gopmar
npedoldyujux u30aHuUll, NPUHAAL Y4ACTUE AUULL HECKOALKO MOUX
NPeHHUX coasTopos. S nONLITAACS HA KOHKPETHbLX npumepax npo-
0eMOHCTPUPOBATL UCNOAb306AHUE HAUOONEE COBPEMEHHbLX 1 BadC-
HblX MeT0008 pa3deseHus 8elyecTs U N0 B03MOMCHOCTI UCKAIOYUTb
OnuUCaHUe Yie YCTOABWUXCA UL YycTapesuiux merodos. IToaazaro,
4TO HOBOMY KOAAEKTUBY ABTOPO8 YyOaaoCh 8 HOBOM c8eTe npedcTa-
8uTH obaacTu ux uccaedosanull. »

Mou ¢ynxyuu xax pedaxTopa usz0anus cOCTOAAL 8 TOM, 4TOObBL
onpedeauTo CTPYKTYPY KHU2U, npusieds K ee HANUCAHUN U3BECT-
Heliwux 8 ceoeli obaacTu npenodasareireii u uccaedosaresedi, no-
c08erosars, Kaxue MOMEHTbL CAedyeT OTPA3uT6 UAL ONYCTUTbL 8
TOl uAu uHOil 2rase, a 3arem 6blPabOTATL HEKYID NPUEMAEMYIO
0as yuebrUKQ opmy U3AOHEHUR MATepuaisd, KOTOpas emecTe ¢
Tem no3goausa 6ol coxpanuts undusuOYaLbHOCTL TOYEK 3peHus
kascdozo u3 astopos. B obujem, s cderanr sce, uro 66140 803MON-
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IIpeducaosue x pycckomy usdanuto 10

Ho npu pabote ¢ A100bMU, KOTOpble 06.4a0ar0T secoma c80e0bpas-
HbLM XAPAKTepoM it NO npasy 20pOATCS C80UMU OOCTUNCEHUAMU.
A upe3seltaiiHO NPUBHATEAEH MOUM COABTOPAM He TOALKO 3a UX
AudHbll 8KAa0 8 3TY KHUZY, HO u 3a NOMOWL 8 ee pedaxkTuposa-
Huu,

Apux Xeprman
Opunpa, Kaaugpopuus

IIpeducarosue K pycckomy usdanuro

JT10 uerseproe usdarue KHuU2U, KOTOPAR K HACTOAWEMY 8peme-
Hu npuobpeaa penyTayuro HACTOAGHO20 CNPABOYHUKA NO XPOMATO-
epaguu. 9Yro Kacaerca npedoidyujeco u30aHUA, TO OHO COCTOUT U3
dsyx uacreil, 00Ha U3 KOTOPbLX NOCBAW,EHA Teopul u annaparyp-
HOMY oOhopmaerutd MeTO008 pa3deneHus B8ewCCT8, a BTOPAS —
npakruseckomy npusoxceruro xpomarozpagur. lockoarvky nepsas
4acTo N0 C80emYy COOEPHAHUIO 80 MHO20M OybaupyeT yxce onybau-
xosannole 8 Coserckom Corode Kuueu, uddaresocrso «Mup» pe-
WuN0 BKANOHUTG 8 HACTOAWee u3danue TOABKO MOK B800HYIO 2aQ-
8Y U3 3TOL 4ACTU; 8TOPAA YACTb NPUBEOEHA NOAHOCTHIO.

Koneuno, atobomy asropy xoresoce 6bi, 4T0b6L €20 KHuU2a Oo-
waa 0o wupoKoil ayouTopul, 1 NOITOMY emy O4HeHb NPUATHO YBU-
detv c8or0 pabory nepesederHoli Ha Opyeue sazviku. Ocoboe ydo-
804b6CTBUE, KOTOPOE S UCNbITHLBAI0, NPEOCTABAASL HUTATEAAM
pycckuii nepegod Krueu, 00Yca08AeHO euje 0B8YMA NPUYUHAMU.
Bo-nepsoix, csoum nossieHuem 8 HAYLHOM apCeHAne XPOMATO2PA-
¢ua obaszana Poccuu, u nostomy npedcTasiieTca BnOAHe ecTe-
CTBEHHbIM, HTOObL COBeTCKUE YHeHble noAy4usu euje Gosee 2aybo-
Koe u 8CeCTOpOHHee npedcTasaeHue O COBPEMEHHOM COCTOAHUL
uccaedosaruli 8 3roil obaactu. Bo-8Topelx, nossieHuto 3To20 he-
pesoda cnocobcTeosans oOuH U3 U3BECTHELULUX COBETCKUX Xpoma-
To2pagucTos-npakTuxos — npogeccop B. I'. bepe3kuH.

Koeda nawu coserckue xoanrecu 6ydyr wurarts 3TYy KHUY, OHU,
HEeCOMHEHHO, ewje pas OCO3HAIT U ePAHOUO3HOCTb TeX BepullH,
KoTopulx QocTue MeT00, NPEeONONCeHHoLl PYCCKUM OOTAHUKOM
M. C. Lserom sceco 80 ser Ha3a0, u cB0e 3AKOHHOE MECTO HA
nepeOHem Kpae TeopeTUHeCKUX U NPUKAAGOHbLX UCCAe008AHUL
8 obaacTu xpomarozpaduu.

Apux Xedptman

Opunpa, Kanudopuus
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O630op MeTOAOB Xpomarorpaduu
U 3jeKTpodopesa

Apux XebT™man

1.1. Knaccudpukaunus

Xpomarorpacus u a;ieKTpodope3 — Ba HanboJee BaXKHHIX AHO-
(epeHUHaNbHbIX MHTPALMOHHBIX McToaa [ 1—3].

BosbmMHCTBO XHMHYECKHX NPOLECCOB, B TOM YHCJE H XHMHYE-
CKUH aHaJiu3, BKJIIOYAIOT CTAJUI0 pa3fiesleHuss CcMecell Ha UHAHBH-
JIyajibHble KOMIIOHEHTHI, HanpuMep (HUIbTPaIHIO, 3KCTPAKIHIO, mepe-
TOHKY HJH 3jekTposus. JluddepennuaibHble MUTPALHOHHBIE METO-
Ibl NPUMEHSIOTCS JUJISl pa3jesieHUs cMecell NyTeM NPHHYIHTEeJIbHOIO
nepeMelleHUs] HX KOMIOHEHTOB B Pa3/HYHble YYAaCTKH CHCTEMHI.

Ha puc. 1.1 npencraBieHa cxema pasfeseHHss CMeCH TpeX KOM-
nouentos (A, b u B), mepBoHayaJbHO 3aHUMaBLUEH NPSIMOYTrOJb-
HYI0 30HYy, NIyTeM ee INepeMelleHusi HanpaBo. Ecim MUrpauuoHHHIH
NyTh AOCTATOYHO BEJHK MO CPAaBHEHHIO C LUIUPHHON HCXOAFOH 30HHI
obpasua (puc. 1.1,a), Hawbosee mOABHKHBIA KoMmoHeHT A moJ-
HOCTBIO OTHEJHTCS OT MeHee NOABHUXKHOIO KOMIIOHeHTa b, KOTOpHIH
B CBOIO Ouepellb «OOrOHHT» Haubojee MeIJIEHHO mepeMellaloiiuiics
koMmnoHeHT B. OfHako ec/u WIHpPMHA HCXOAHOH 30HH o6pasua co-
H3MepHMa C JJHHOH MHrpauuoHHoro nmytu (puc. 1.1,6), ot cmecu
OTJEJHUTCH TOJbKO HEKOTOpOe KOJHuYecTBO HauboJsiee M HauMeHee
MOABHKHBIX KOMIIOHEHTOB (COOTBeTCTBeHHO A # B), a KOMIIOHEHT
b BooGmie He ynactcs BhAGNHTb. Eciim cMech nomaercsi B CHCTEMY
HenpepnBHO (pHuc. 1.1,8), B YHCTOM BHIE YAACTCS MNOJYYHTb JHIIb
He6O0JIbIIOe KOJIHUECTBO KOMIIOHeHTa A, a KOMIIOHeHTH b u B B 3T0M
cJyuae BBILEJHTb HEBO3MOXKHO.

B cooTBeTCTBMH C H3JIOXXEHHBIM DPasJiHYaloT TPU THNA AHbde-
pPeHUMAJBHBIX MHTPAllMOHHBIX MeTOHOB. Eciu HeoOXOAHMO BhHIZe-
JIUTh KOMIIOHEHTBl CMeCH B BUJe HHAMBHMAYaJbHBIX BEUIECTB, BLIOH-
paloT METOA MHUrpallMu M3 Y3KO#H 30HH (puc. 1.1,a), a B anaauru-
YeCKHX LeJsX MOXHO HCII0Jb30BaTb MHIPALHIO W3 LIMPOKOH 30HBI
(puc. 1.1,6), T. e. GpoHTaNbHBI aHANH3™, B Jaxe MHTPALUIO NpHU

* D10T MeToj OOCLIYHO HA3bIBAIOT HMIYJbCHEIM (POHTAIbHEIM (cat. STHOS-
ckui M. H., TI'asues I. A. B xu.: l'agzoas xpomatorpadusi. — M.: Hayka, 1964,
c. 79), a MeTOA, M€l KOTOPOro npeAcTaBieHa Ha puc. 1.1,8,— dponranbHbM (cM.,
Hanpumep, Illai I'. TeopetduecKHe OCHOBH XpoMaTorpaduu rasos.— M.: UJI,
1963). — ITpun. ped.
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HEenpephIBHOH moOJaye CMECH BelIecTB, HJIH METOJ HelpepLIBHOTO
notoka (puc. 1.1,8) [4]. duddepenunanbuas MUrpauus m3 LIKPO-
KON 30HBl NIPHMEHSIeTCSl, B YaCTHOCTH, NPH IPOBEJEHHH aHaJIHu3a
6e/KOB CBIBODOTKH METOAOM 3JieKTpodopesa ¢ MOABHKHON IpaHH-
HeHd, a MeTOoJA HeNpephHBHOrO MOTOKa — NPH OIpEAEJEeHHH COCTaBa
PacTBOPEHHBIX B BOJE COJIeH ¢ NOMOLIbIO HOHOOOMEHHOH Xpomaro-
rpapuu. OnHako o6a 3THX MeToJa aHaJ H3a K HACTOSIIUEMY Bpe-
MEHH YCTapejH, U NO3TOMY MBI PAacCMOTPHM TOJIbKO 30HAaJbHbIE

A NN 7
Ysxan —_ ik \\\\\ 7 a
J0HA HHIH N
B 5 A
uporas 7, /// 7 6
Jora I b
5 A
b—B —
. 3 G
Hen;;}e%/zﬁuu —> 7 %// 7 G
—
HNexodrnoe 5 A=
cocrmoanue B—>

Kowewroe cocrrosnue
Hanpaenenue muepayiuil

Puc. 1.1. Cxema Ougpeperyuarbrol muepayuyu Tpex KOMNOHEHTO8 CMECU.

Ecau ucxodnas sona obpasya O0ocTarouno y3kas (a), KOMNOHEHTbL NOAHOCTb!0 pa3fensnror-

ca, npu 6oaee wupokol ucxodHoi 3oxe (6) obaacTu pacnpedeseHus KOMNOHEHTO8 nepexkpbl-

earorca. Ipu Henpepoisnom nortoke obpasya (8) 8 uucrom 8ude MONCHO NOAYYUTb TOALKO
Hauboree nodBuNCHbLL KOMNOHEHT A.

METOIBl, T. €. OCHOBAHHble Ha MHIPAllHH BELIECTB H3 Y3KHX 30H,
NpHYEM OCHOBHOE BHHMaHHe yAeJHM COBPEMEHHON Xxpomartorpaduu
¥ 30HHOMY 3JeKkTpodopesy, a Takue MeTOJH, Kak, HalmpuMep, 30-
HaJbHAasi OYMCTKAa H 30HAJEHOe YJbTpalleHTpHbyrupoBaHHe, BOOO-
1le MCKJYHM H3 PAaCCMOTPEHHS.

Huddepennuanpuas MUrpalus BeIECTB U3 Y3KOH 30HHI IpOHC-
XOIMUT MoJj AeHcTBHEM HeKOH IBMXKYIIeH cHJIb. B xpomarorpaduu
TakKo#l CHJIOH SIBJASETCS NOTOK XHAKOCTH HWJIH Tas3a, U IO 3TOMY
NpH3HAKy XpoMaTorpadHueckHe MeToJbl llesecoo6pasHo pasjesuTh
Ha 1OBa Kjacca: xuakoctHylo ()KX) u rasoByio xpomarorpaduio
(I'X). B auekrpodopese ABHXKYIIEH CHJIOH sBJSeTCS BHELIHEE
aJekTpuyeckoe mnoJse. Pasjensembie BellecTBa IepeMellalOTCss B
onpeneneHHOH cpele, OGBIYHO CTAaGHJIH30BAHHOM pacTBOPe 3JIEKT-
posnuta. Xpomarorpaduueckoe pasjiejieHHe NPOBOJUTCH B KHAKOH
UM TBEpHAOH cpele, T. €. NPOTeKaeT B ABYX(pas3HOH cHCTEME, B KO-
TOpO# noABHKHasA (a3a (XKHAKOCTb HJIH ra3) INepeMellaercss OTHO-
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CHTEJNBHO XKHAKOH MM TBepHO# HemoABHKHOH ¢asbl. B coorser-
CTBHH C NIPUPOAOI MOABHXKHOH M HENOABMXKHOH (a3 pasinyaior
cleflylollMe THIBI XpomaTtorpaduu*: xuaxko-xkuaxoctHyio (FKXKX),
wunako-tBepaodasuyio (PKTX), raso-xkupkocrayio (I'DKX) u raso-
tBepaodasnyo (I'TX).

BsaumozeiicTBue pasfesisieMbIX BEIIECTB C HENMOABHXKHOH (aszoi
B TOH HJIM MHOMH CTeNeHH NpPensiTCTByeT HX CBOOOJHOMY Iepemelle-
HHIO ¢ TOTOKOM KHJIKOCTH WJH rasa M, KaKk CJeICTBHE, CHHXKaeT
CKOpocTb #X JBHKeHHsi. MHorna HOBOJBHO TPYAHO OIpPENEIHTb
MeXaHH3M B3aUMOJeHCTBHS BelleCcTBa C HENOABHKHOH (asoi,
# MO3TOMY /51 0003HA4YeHHS TAaKHX NPOLECCOB HCIOJNb3YIOT pac-
IIBIBYATBIA TEPMHH «COpPOLMSA», a HENOABHXHYIO a3y Ha3bBAIOT
«copbeHToM». B mpouecce xpomarorpaduueckoro pasjeJieHHsI MoO-
JIeKyJIbl BellecTB MHOTOKPATHO MPOXOAAT 3Tambl COpPOLHH U Je-
copOLuH, T. €. CKOPOCTb HX NepeMelleHHs] OTHOCHTEJNbHO HEeMOABHXK-
HOU (a3pl MOCTOSTHHO MeHsleTC OT HyJs A0 CKOPOCTH NOTOKAa rasa
HJIM KHAKOCTH. DTOT AMHAMHUYECKHH mpoliecc M JIEKHT B OCHOBe
xpoMarorpaduyeckoro pasfeneHus. B pamkax yIpOLIeHHOH «Ta-
peJOYHOH MOAEeJH» ero ONHCAHHe IOAYHMHSIETCS TeM Ke 3aKOHaM,
4TO W (pAKUHOHHAS IeperoHkKa, u MepoH ero 3¢ ¢HeKTHBHOCTH $IB-
JsieTcsl BHICOTA, SKBHBAaJIeHTHas TeopeTHyeckoi Tapeake (BITT).

Tepmun «xeMocopOUHS» HCIOJb3yeTCsl HEKOTOPHIMH aBTOpPaMH
Anst o603HAueHHs chnelu(pUUeCKUX B3aUMOJEHCTBHH BellecTBa ¢
cop6eHTOM, TaKHX, KaK HOHHBII 0OMeH, OKHCJIHTENbHO-BOCCTAHOBH-
TeJIbHBle Ipoliecchl, 06pa3oBaHHe KOMIVIEKCOB H T. 1. Tak, HampH-
Mep, NIpH XpomartorpapuyeckoM .pasjeseHun ojJe@UHOB Ha copOeH-
Tax, NPOTNUTaHHBIX HHUTPATOM cepebpa, HMeeT MECTO XeMocopOuus,
obycaoBneHHass 00pa3oBaHHeM Tt-KOMILJIEKCOB.

Teeparie HemoaBHKHBIE (asbl yAepKHBAIOT KOMIOHEHTHI CMeCH
B pesyJbTare aacopOuuH, abcopOUUHM U APYTHX THIOB B3aMMOJEii-
CTBHS, a XHJKHe HeNOJBHXKHble (a3bl COPOHDPYIOT HX, BHICTymas,
KaK NpaBHJO, B poJiM pacTBopuTess. Ilpu npoBenennu snekTpodo-
pesa H MHOTHX THIIOB XpoMarorpauueckoro pasiesieHHs Helo-
JBHXKHOCTb XXHAKOH (aspl 0ObIYHO obeclneyuBaeTcd NyTeM COpOIHH
Ha WHEPTHOM TBEPAOM HOCHTEJEe — TaK Ha3BIBAeMOM MNOMJIOXKKE.
B mpouecce rasoBoil min XHUAKOCTHOH XpomaTorpaduu paspense-
Mble BEIIeCTBA PaclnpelessiioTC MeXAYy NOABHXKHOU (asoit u He-
TOABHKHOA KHAKOCTbIO. COrfacHO OOLIENPHHATOH cXeMe KJIAacCH-

* B coserckolt HayuHO#l JMTepaType XHIKO-TBepHOda3Hy xpomaTorpaduio
Ha3bIBAIOT TaKkXe XKHAKO-aACOPOUHOHHOH, a Traso-TBepAodasHy — raso-aacop6-
unoHHOA (cM., Hanpumep, Kuceses A. B., fAwun 1. H. Apcopbuuonnas rasosas
H JKMAKOCTHast xpomaTorpadus. — M.: Xumus, 1979).

OTmeTuM TakXe, 4TO B MHOCTPAHHOH H COBETCKON JIHTEpPaType BCe Halle BMe-
CTO TEPMHMHA «ra30-XKHAKOCTHAs XPOMarTorpadusa» HCIOJb3YETCS TEPMHH «raso-
XKUAKOTBepAO(DasHas XpomaTorpadus», 4YTO NO3BOJSET OTPAa3nTh BCE OCHOBHHE
thashl, NPHHEMAIOIIKE y4yacTHe B xpomartorpaduueckom mpouecce. — [Tpum. nepes.



Taasa 1 14

¢ukauuy xpoMarorpadHyecKux INPOLECCOB, NOCTPOCHHOH B COOT-
BETCTBUHM C NPHHIHIOM IIpOLEcCa pa3jesleHHsl, Pa3jHYaloT aacopo-
LIHOHHYIO, paclpelesHTeNbHYI0, HOHOOOMEHHYIO, BHITECHHTEJbHYIO,
apdunHyl0 M ApyrHe THIB XpomartorpaduH, XOoTs OOBIYHO ocylle-
CTBJISIETCS OJHOBPEMEHHO HECKOJBKO H3 YKa3aHHBIX IPOLECCOB.
dakTHueCcKH Ha3BaHHUs MHOI'MX XpOMAaTorpadHueckKHx M 3JIEeKT-
podopeTHuecKHX METONOB OTPaXKalOT He MeXaHM3M npollecca, a
xapakrep (as wuau crnocob pasienenns. DykBasibHOe BocCnpHsiTHE
TaKHUX Ha3BaHHH OUYeHb YacTO BBOAHUT B 386JIy)KJleHHe Ha4YHHAKUIHX
HccJlefloBaTe e, 1 MO3TOMY HEOAHOKPATHO NpeAJaarajoch 3aMEHHTb
TAaKOro poja Has3BaHHsi Ha Oosee uHpopmatuBHble. OJHAKO mO-
CKOJIbKY OOJIBIIHHCTBO HpPEANPHHATHIX ¢ OJaruMu HaMepeHHIMH
NONBITOK YNPa3AHUTb MNOMyJspPHHlE Ha3BaHUsS MNOTEPIEJO Heyjgauy,
npexcrasJsiercss 6oJiee pa3yMHBIM paclindpoOBaTh HX, YeM BBOIHTH
HOBble [5]. Beib B KOHILle KOHIIOB JaXKe TEPMHH «XpoMmarorpadus»
MOXKHO NpPH3HAThb HENOAXOAAIIUM, MOCKOJBKY METOIBl pa3feseHHst
3TOrO KJjacca He UMEIOT HH4ero oOlIero ¢ «HalHCaHHEM B IBETe».

1.2. Kosionounasi xpomarorpagus

Boo61ie roBopsi, KOJOHOUHYIO XpoMaTtorpaduio cjaemnoBajo Obl
Ha3blBaTh KUJKOCTHON KOJIOHOYHOH Xxpomartorpadueil, urobwl oT-
JIHYHTb ee OT ra3oBOH, KOTOpas TaKiKe NPOBOAUTCA Ha KOJOHKAX.
OnHako, NMOCKOJNBKY B Ta3oBoil XpoMaTorpadHu HHOEe anmaparyp-
Hoe odopMieHHe NPUHIUIHAJBHO MCKJIIOYEHO, TEPMUH <«KOJOHOU-
Hasg xpomarorpadus» cayXHT AJs 0003HayeHHss METONOB XpoMa-
Torpauy Ha KOJIOHKaX, B KOTOPHIX MOJABHMKHOH (asoil sBjasieTCs
xKuakoctb. Henomsuxnuylo ¢asy, Koropasi mpejictaBisier coboit 60-
Jiee WJIM MEHee TOHKOH3MeJbYeHHOe TBepJoe BeleCTBO, YNaKOBHI-
BAaIOT B OIpEJeJeHHOro BHAa TPyOKy. B mosyuennyio B pe3syJabra-
Te KOJIOHKY BBOJAT obOpasell, # B TOM e HanpaBJieHHH NOAaloT
pacTBopUTENb. B ONTHMAasbHEIX YCJIOBHSIX KOMIIOHEHTH CMECH me-
peHocATCA NOJABMKHOH (Da30il (3/1I0€HTOM) € Pa3IUYHOH CKOPOCTHIO,
KOTOpasi 3aBHCHT OT HMX OTHOCHTEJbHOTO CPOJCTBA K HENOABHKHOH
u noaBuxkHOH dasam (puc. 1.2).

Ecau TpyOKa HM3roToBJieHa M3 NPO3PAuyHOTO MaTepHana, a XoM-
NOHEHThl CMeCH OKpallleHbl, ABHXKEHHe XPOMAaTOrpadHuecKHX 30H,
HJIH TNIOJIOC, BHOJIb KOJIOHKM MOXHO HalJI0JaTh HENOCPEACTBEHHO
(puc. 1.2,a). Ha sape xpomarorpadun 3KCNepUMEHTATOpP IO OKOH-
YaHHM pasjiefieHusl H3BJIeKasl HOCHTEe1b M3 KOJOHKH, paspesals ero
Ha 30HBI H OTHEJIBHO 3KCTPArupoBajl KaxJoe BeLleCTBO, HCIOJb3ys
MHOTAa AJisi OOHApykeHHsl 30H Y@-ocBelleHHe WM COOTBETCTBYIO-
mue LBeTHble peakuud. B Hacrosiee Bpems Takasi nmpouenypa us-
BJICUEHHsl BELIECTB W3 KOJOHKHM HCNOJb3YETCS TOJAbKO NPH NIpPHME-
HEHUH TaK HAa3biBAeMBIX «CYXHX KOJOHOK», NPEACTaBJSIOIHX CO-
Goli HarnoJiHeHHble COPGEHTOM TOHKOCTEHHBIE MJIaCTMAaccoBhe TPy6-
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Ku B (opMe Kosn6acoK, KOTOpble MOXKHO JIerKO pa3pe3aTh Ha 30HHI
0 OKOHYAHHM pasfejeHus. B obuem ciaydae paspemapuias cno-
COOGHOCTb - KOJIOHKH ONpefessieTcst ee IJIHHOH, a eMKOCTb — BHYT-
peHHHM aMaMeTpoM. B yxe 3a0biTOM BapHaHTe IpenapaTHBHOH
XpOMAaTOrpa(Huu HCIOJNb30BAJIHCh KOJIOHKH, COOpaHHBIE H3 OTHAE]b-
HBIX CCeKUHH ¢ II0CJeI0BATEeNbHO YMEHBIIAIOIUMCH BHYTPEHHHM
JAHaMeTpoM (COCTaBHBbIE KOJIOHKH).

7]
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Puc. 1.2. H3o6paxcenue xpomaroepamme. uau 3aeKTpodopezpammet.

C nOTOKOM 3At0eHTa uau nod OelicTéuem 3NEKTPUHECKO20 NOAR KOmnoHeHTor A, B u B uc-
x00HOLL cmecu (0) nepemeusaroTCa 8 HANPABAEHUU, YKA3AHHOM CTpeiskod. ITonyuenwnas Kap-
TUHQ 83GUMHO20 DACNONONEHUR 30H npedcTasaser coboil XPOMATOZPAMMY UAU 3NEKTpogope-
2passy (a), KOTOpble C NOMOUbIO CKAHUPYIOULe20 YCTPOLUCT8A MONCHO u306pasurs 2paguuecKu
(6). B npossurenvhol uau 2a3080ii xpomarozpaguu pe3yroTars. OGHAPYICEHUR KOMNOKEHTOB
cmecu Ha @oix00e u3 KOAOHKU npedCcTasasioT 8 esude COOTBETCT8YOWeill Kpusoi, KOTOpyro
Takxme Has3wvl8atOT xpomarozpammol. Kpusas, nocTpoeHnas 8 KOOPOUHATAX KOHUEHTPAUUS KOM-
nonenTa — 8pems, npoureduwiee ¢ Havasa pasdenenus, 06vem 3410aTA UAU PACCTOAHUE OT CTAp-
Ta, npedcrasaser coboil ceputo nuxkos (Ougpdepenyuarsrnas kpusas). Ecau xe no opdunare
OTKAQObIBAIOT CYMMAPHOE KOAUHECTBO OOHADYNCEHHbIX K OQHHOMY MOMEHTY KOMNOHEHTO8, TO
nONYHAIOT UMEIOWYIO CTYNEHHATYIO POPMY UHTE2PANbHYIO KPUBYIO.

B coBpeMeHHO! KOJIOHOYHOH XpoMaTorpaduu BHITEKAIOUIHH H3
KOJOHKH PacTBOp (3JI0aT) NPONYCKAIOT depe3 COOTBETCTBYIOLIHH
IeTEeKTOp, a 3aTeM C MOMOILbIO aBTOMAaTHYECKOro KOJIJIEKTOpa HJIH
BPYUHYIO COOHpAIOT B BHAe OTHAEJbHBIX (pakuuil. Pesyabrats 00-
HapyXKeHHWsl BeleCTB B 3J10aTe NPEACTABJSIOT B BHJE XPOMAaTO-
rpammel (puc. 1.2,6).

IMupuHa xpomartorpaguyecKux 30H HJH COOTBETCTBEHHO IOJY-
IIHpHHA TMHKA HAa XpoMaTorpaMMme U OTBeyalollHii eMy o0beM 3J10a-
Ta — HHBIMHM CJIOBaMH, paspellarmllas CNoCOOHOCTb KOJIOHKH — 3a-
BHCAT OT MHOrHX (akropoB. HekoTophle M3 HHX, WU3BECTHHIE NOX
cobupaTeJpbHBIM TEPMHHOM «AH(GY3HA», CMOCOOGCTBYIOT pa3MblBa-
HUI0O M NIepeKphIBaHHIO XpoMmaTtorpadudeckux 30H. Uro6bl yMeHb-
LWIHTh BJIHSIHHE AHPQY3HH U T€M CaMBIM TNOBBICHTb pa3pellaoilyio
CMOCOGHOCTb KOJIOHKH, HCIIOJIb3YIOT MEJIKO3eDHHCThie OXHOPOAHBIE
copGenTtnl. OJlHaKO, NOCKOJIbKY THAPOAHHAMHYECKOE CONPOTHBJEHHE
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MEJKHX YacTHL cop6eHTa IOTOKY JXHAKOCTH JAOBOJBHO BBICOKO,
3JII0BHT HeOOXOAMMO TNOAABaTh Ha KOJOHKY moji AasjienueM. Ilo-
3TOMY TaKO# MeTOH BHICOKO3()(eKTHBHON KHIKOCTHOH XpoMarorpa-
¢un (BI)KX) m3BecTeH TakxkKe NOJ HA3BAHHEM <«XKHAKOCTHAs Xpo-
marorpacust BrlcOKOro aasnenus» [6—13].

YacTtuipl copbeHTa MOryT OBITh MEJKONOPHCTBIMH H HEOJHOPOA-
HBIMH 110 ¢opMe M pa3Mepam (Hanpumep, cuiaukarenp [14]) uan
npenctaBisATh co6oil cdepuueckne saupa (IWApHKH), MOKDPHITHE
COpOIHOHHEIM CJIOEM, TNOJYYeHHBIM nyTeM ajcopbumu Jsubo, yTO
6ojiee NpPEANOYTHTEIBHO, C IOMOIIBIO COOTBETCTBYIOMIEH . XHMHYE-
CKOl peakuuu (XHMHUYecKH cBsizaHuble ¢aswl [15]). Kosouku, Ha-
HNOJIHEHHblE TaKUMH cepHYECKHMHM YaCTHLUAMH C IIOBEPXHOCTHOIO-
PHCTHIM cJioeM, 06/1a1ai0T Goabluell 3¢ (EeKTHBHOCTbIO, HO, MEHbILET
€MKOCTBIO II0 CDaBHEHHIO C KOJIOHKaMH, COAepKallUMHU i 06'beMHO-
nopuctele uactuunl. MHorma yayumienus paspensouieil, cnocob-
HOCTH KOJIOHKH JOCTHTalOT NyTeM IPOTrpaMMHPYeMOro H3MeHEHHS
JaBJEHHsI WM CKOPOCTH IOTOKa pactBopuTens. Jnsi obHapykeHHA
H KOJIMYECTBEHHOTO ONpeNlesieHHs BellleCTB B 3J10aTe CJAyKaT pas-
JuuHble JerekTopel [16]. M3 uncia neTeKTOpOB, NPHMEHSEMBIX B
B3)KX, naubosee yHuBepcaJbHH AuddepeHunanbuble pedpaxro-
MeTpbl (NO3BOJIAIONIHE H3MEPATh DPas3HOCTh KO3 HIHEHTOB npe-
JIOMJIEHHHSsI 3JI0EHTa M 3J10aTa) M TPOTOUHBIE IETEKTOPHI, OGBIUHO
HCIOJIb3yeMble B ra3oBoii xpomarorpaguu. Ilpumenenne VYO- u
HNK:cnekrpodoToMeTpoB OrpaHHUYEHO TEMH CJAydYasiMH, KOrJla MoJie-
KyJbl aHaJU3HPYEMBIX BELIECTB COJEP2KAT XPOMOGOpPHBIE T'PYINIH,
06J1aCTh MOTJIOLLEHHS KOTOPHIX He NepeKphBaercs ¢ 06JACTbIO TO-
TJIOLIeHHsl 3JIOEHTA. ‘

B xpomartorpacduu (1 A0 HEKOTOPOH CTeNeHH H B 3jeKTpodope-
3e) oOpa3sen 4YacTo'TIOABEPralOT HEKOH XUMHUeckoil ~‘06paboTke
C Llebl0 MOJNYYHTb GoJiee NMPOCTYIO CMeChb BEIIECTB, YBEJHUUTh ee
pPacTBOPHMOCTb, H3MEHHTb JIETYYeCTb KOMIIOHEHTOB, YJYYLIHTh HX
pasjeseHue MJH. yBEJHYHTb YYBCTBHTEJbHOCTb ONpejesenus. Ilo-
clejHee JOCTHUTaercsi, HalpuMep, NyTeM NpeBpalleHHs] BEIECTB B
dayopecuupyomue npou3sojHsle [17]. Bribop Meroma Takoi 06-
paboTKn ompefefsieTcss CJeAyOUHMH TPeOGOBaHHAMH: peaklust
J0J2XKHa ObITb KOJHMYECTBEHHOIH, He NaBaTb NOGOYHBEIX NMPOAYKTOB H
He Tpe6oBaTb Upe3MepHOro H3ObITKa peareHToB. B HEKOTOPHIX aB-
TOMATHYECKHX aHaJU3aTOpax NmpelyCMOTPeHa XHMHuuecKas MOAUDHU-
Kallis COeJHHEeHHH, BBHIXOAALIMX H3 KOJOHKH, T. €. 3/I0aT MOABEp-
raeTcs omnpefleJleHHOH XHMHYeCKOH 06paboTKe, B pe3ysabTaTe KOTO-
poii ob6pasyloTcss OKpalleHHhle HJIH (JIyopecuupylollde NPOU3BOJ-
Hble aHaJIU3UPYEeMBblX BelleCTB.

. HsBecten Takoil BapuaHT KOJIOHOYHOH - XpomaTorpaduu, B KO-
TOPOM 3JIIOEHT NEPEMEINAeTCsl [0 KOJNOHKe NOJA AefiCTBHEM: LEHTpO-
GexHoit cunbt [18], a He nasnenuss. B aToM ciyyae KonoHKa mpej-
craBaisieT co00# CBOEro POAa 30HaJNbHBIA POTODP LEHTPHQYTH, BAOIDL
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Puc. 1.3. IIpubop das paduansnoli Kororourol xpomarozpaguu (xpo:
maroyentpugyea) [18] (¢ paspeuienus asropos).

a — npoBoabroe ceuenue; 6 — 8ud ceepxy; 1 — ceruarsli KOxYyx KOAOHKU; 2 —
urorp; 3 — copbent; 4 — Tpybka ¢ oTéepcTusmu Oas nodawu IN0EHTa; 5 — po- -
TOp, H@ KOTOpOM Kpenurcs KOAOHKa; 6 — no0don ¢ orgodom daa cbopa 3ar0ara.

OCH KOTOPOro pacmoJjioxkeHa Tpyb6Ka ¢ OTBEPCTHSIMH IJs BBOAa 06-
pasna # nomauu pacrBopurened (puc. 1.3). Ilpu BpamieHHH LeHT-
pHYrH TNPOHCXOAHT 3JNIOHPOBAHHE BEIlECTB B HANpaBJEHHH OT
LeHTpa K nepudepuu KosJoHKH. PaspensieMble BelliecTBa 06pasyioT
LUUJIHHAPHYECKHE 30HBI, AHAMEeTP KOTOPHIX BO3pacTaer 0 Mepe Io-
CTYNJIEHHs] PacTBOPHUTEJS, ¥ B KOHEYHOM HTOTe HNOCTHTAIOT MOBEpX-
HOCTH KOJIOHKH. DJII0aT CTeKaeT B CHEHHAaJbHBI MOAIOH, M €ro
Jajilee MOXHO co6paTb B BHAE OTHENbHBIX ¢pakuui. OnucaHHbBIN
cnoco6 pasiesieHHsl BeIECTB He CJeAyeT MyTaTh C HCIOJb3yeMBIM
B npubope «Centri-chrom», pa6ouuM 3/7€eMeHTOM KOTOPOro sIBJISIET-
¢ Habop KOPOTKHX KOJNOHOK, PAacCHONOKEHHBIX NepneHAHKYAApHO:
ocw BpajueHHsT MeHTpudyru. S L
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BroiTecHuTeNbHAsA XpoMaTorpadHs OCHOBaHa Ha NPUMEHEHHH B
‘)KaueCTBe 3JII0EHTA TAKOr0 PAacTBOPHUTENs, CPOACTBO KOTOPOro K
cop6eHTy BhIE, YeM y JI060ro H3 KOMIIOHEHTOB pa3fiesisieMOH
cMecH. Tako#l 3JIIOEHT BbITECHsIET Bce paHee COPOHPOBaHHBIE KOM-
JIOHEHTBI, KOTOpble B CBOIO Ouepelb BHITECHAIOT JAPYr ApPyra H B
pe3ysbTaTe BBIXOAAT W3 KOJIOHKH B NOpPSiJKEe YBEeJHYEHHsI HX CPOI-
cTBa K HemoABHXKHOH (pase. UToObl n3bexaTb NepPeKPHIBAHHS 30H
pasfensieMblX BellecTB, B HCXOAHYIO CMeCb BBOIAT JONOJIHHTENb-
Hble BBITECHHTEJH, KOTOPHIE 10 CBOEMY CPOJACTBY K COPOEHTY 3aHH-
MaloT NMPOMEXYTOUHOEe INOJIOKEHHe MeXAYy KaXXAbIMH [ABYyMs HaH-
6osiee GIM3KHMH II0 3TOMY NapaMeTpy KoMmmoHeHTaMH. Takod wme-
TOA pasJieleHHsl NOJYYHJ Ha3BaHHE BLITECHHTEJIbHOH XpoMaTorpa-
QUM ¢ HOCHTEJIEM.

Pasfenenne MeToNOM NpPOSBUTENbHOH XpoMaTtorpadHu mnpoBoO-
JaT aubo B OJHOM M TOH XKe CHCTeMe pacTBOpHTesel (H30KpaTH-
yecKH# pexuM), Ju60 B CHCTEMax C IOCTENEHHO BO3pacTalollei
amoupymoleil cnocobHocThio. B mocneaneM ciydae cKOpOCTb pas-
JleJieHdsl BO3pacTaer, a XpoMarorpagHyecKue 30HHl, HMeEBLIHE BHI-
TAHYTHIH «XBOCT» HJIH Pa3MBIThIi (POHT, CTaHOBATCHA OoJjiee CHM-
MeTpHUHBIMH. VI3MeHeHHe cocTaBa 3J/1I0eHTAa MOXeT OLITb JHCKpET-
HBIM (CTyNeHYaToe 3JIOHPOBAaHHE) MWJH IIOCTENEHHBIM (IPaJHeHT-
Hoe 3JilonpoBanHe). Ecim 3a ofuMH mpHeM He YHaeTcsi HOJHOCTHIO
paslesuTb KaKHe-TO KOMIIOHEHTHl, TO 3TO MOXKHO OCYUIECTBHTb C
IOMOUIBI0 TaK Ha3bIBaeMOH «pelHKJHYecKoH» xpomartorpaduy,
T. e. NIPONycKas 3JI0aT yepe3 KOJOHKY NOBTOPHO M TaKHM 00pa3oM
yBeJHYHBas €e NJHHY.

B pacnpepenuresbHOH XpoMmMarorpaduH HCMHOJB3YIOT JABa Ya-
CTHYHO CMeIIHBAIOUKXCs pacTBopHuTesA. OObYHO GoJiee MOJsIPHBIN
‘PACTBOPHTENb CJAYXKHT HENOABHKHOH ¢as3oii. B obpamienHo-¢aso-
BOH pacmpefesuTeJbHOH XpoMarorpaduu OoJiee mossipHOH SIBISET-
csl TOABUXKHas (pada, NpuYeM ecJH NOBEPXHOCTb COpOEHTa HENOJSIpHa,
TO TOKPHIBATb €r0 CJ0eM HEeNOJSPHOrO pPAacTBODHTENsS YKe He
HYXHO. DTHM MeTOAOM YacToO yHaeTcsi paslejHTb TaKHe CPaBHHU-
TeJIbHO HeNOoJsIpHBle BellecTBa, KOTOpPble He NOAJAIOTCSI pasjelie-
HHIO B YCJOBHAX OOBIYHOH pacnpeleJuTeNbHOH XpomaTtorpaduu.
B MeroZe IPOTHBOTOYHOrO paclpefeseHHsi NPOBOAUTCS, KAaK Ipa-
BMJIO, TIO3TANHOE, a He HelpepbiBHOE paclpefieleHHe BellleCTB MeX-
Iy ABYMsl YaCTHYHO CMELIMBAIOLIUMHCSA pacTBOpHTeJsIMH. Ero co-
BpeMeHHBIi BapHaHT — KallelbHasg NPOTHBOTOYHAsl Xpomartorpacdus
{19, 20]i— npexacraBasier coGoii HenpepbIBHBIA mpolecc, OTJIHYAl0-
MIHHCSA OT pachpefesUTeNIbHOH XpoMartorpad®uu TOJLKO TEM, UTO
HeNoABHXXHAs (asza He 3aKpeljeHa Ha TBEpPJOM HOCHTEJeE.

B oTinuHe OT NPHMEHSEMLIX B Daclpeles]HTEeJbHOH XpOMaTo-
Tpadpuu copOeHTOB, KOTOpHe AJsi obecneyeHHss ux HauGouee 3¢-
«(EeKTHBHOrO KOHTAKTa C HENOABHXKHOH (ta3oif HeoOXOAMMO OUYEHb
IJIOTHO YNAKOBaTb B KOJIOHKE, HOHOOOMEHHHKH # THAPOQUJLHEE
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reju, crnocoGHBIE CYIIECTBEHHO H3MeHsTh CBOH o0beM, TpeGyoT
HEeIIOTHOM ynakoBKH. MOHOOOMEHHWKH MpeACTaBJsAIT cOO0H moJu-
Mepbl ry6uaToil CTPYKTYpHl, cojepiKallue HOHOTeHHble rpynnbl [21,
22]. Onu 06paTUMO CBSI3BIEAIOT MOHBl NIPOTHBOIOJIOXKHOIO 3HAaKa H
TakuM 00pa3oM IpEnsiTCTBYIOT SJIOHPOBAaHHIO Inociaefnux. Eme
CPaBHUTEJIbHO HELAaBHO POJb HOHOOOMEHHHKOB BBHINOJHSAJIH B OCHOB-
HOM NPHUPOJAHBIE HJU NOJYCHHTETHYECKHe MaTepHaJbl, B HacTOslee
JKe BpeMs IIMPOKOe paclnpocTpaHeHHe, 0COGEHHO B HEOTPAHHUECKOM
aHaJuse, TOJYYHJIH CHHTETHUECKHE HOHOOOMEHHBle CMOJIB (HOHH-
Te) [23]. Kak W KHCJOTBI MM OCHOBAHHSl, MOHHMTHl JEJATCH Ha
CHJIbHBle M cJabvle. Hanpumep, CyabGhONONHKHCIOTH SIBJIAIOTCS
CHJILHOKHCJIOTHBIMM KaTHOHHTAMH, a CMOJBI, comepKallue KapOoK-
CHJIbHBIE TPYINNbl, — CTa60KHCIOTHEIMH; TIOJHMEepbl, NMpeiCTaBJIsAM0-
e co00H MHOroaTOMHBEIE YeTBEPTHUHBIE aMMOHHEBbie OCHOBAHHS,
OTHOCATCS K YHCJY CHJIBHOOCHOBHBIX AHHOHHTOB, a NOJHAMHHBI —
K caa00ocHOBHBIM. Cpenu 00JagaloliuX HOHOOOMEHHBIMH CBOH-
CTBaMH IPOH3BOIHBIX IIEJJIOJNO03B], HCIOJNb3yeMBIX, B YaCTHOCTH,
npu pasfeneHun 6enKoB (cM. pasf. 3.2.2), MOXKHO OTMETHTb Kap-
GOKCUMETHJI-, AHITHIAMHHOITHJI- H 3NMUXJOPTHAPHHTPHITAHOIAMH-
Houeaa03y (coorserctBenno CM-, DEAE- u ECTEOLA-nenio-
J103Y).

B nonoo6meHHO# xpoMaTorpaduu 3/10eHTaMH OOBIUHO CJyKaT
6ydepHble pacTBOPHI, pasJjHuapllvecs BeJlMdMHOHM pH, nonHON cu-
J0i1, a TaKxke CHOCOGHOCTbIO K .00pa30BaHHI0 KOMIJIEKCOB. JIHrau-
JooOMeHHasi xpomatorpadus ocHOBaHAa Ha OOPa30BAHHH KOMILIEK-
COB pa3fienseMblX BeUlecTB ¢ KOMOHAMU HOHHTa (HampuMep, ¢ HOHa-
MH METaJJIOB, CBSI3AHHBIMH ¢ (PYHKUHOHAJbHBIMH TPyNNaMH KaTHO-
HuTa). KOMIIOHEHTH aHAJNH3UPYEeMOH CMeCH 3JIIOHPYIOTCS ¢ TAaKOro
MOAM(DHIUPOBAHHOTO MOHHTA B IOPSAKE YyMeHbUIEHUS KOHCTAHT
HeCTOHKOCTH UX KOMIUIeKCcOB. IlyreM 06paboTKH MOHHTOB IOAXOMISI-
LUMH OPTaHMYECKHMH COeJHHEHUSIMH HOHHON NPUPOMABI MOJYYalOT
cop6eHTH ¢ IHApOoGOGHOH NOBEPXHOCTBIO, NpPUMEHsieMble B TaK Ha-
3blBa€MOH MOH-NIAPHOH XpoMaTorpaduu, KOTOPYIO MOXKHO paccMar-
puBaThb KaK BapHaHT OOpallleHHO-()a30BOHl pacnpenesUTeNbHOM
xpomarorpaduu. Jlo6aBleHne B NMOJBHKHYIO BOAHYIO (asy IHKJO-
JEeKCTPHHOB, NMOBEPXHOCTHO-aKTHBHBIX BelIECTB H JAPYTHX MHIEJ-
J000pa3yoUINX COeJHHEHHH B NPHHIWIE N03BOJSIET OCYILECTBISTH
xpomarorpacduueckoe pasjeseHHe HEPACTBOPHMBIX B BOJIE BELIECTB
B TNPHCYTCTBHH BOJOPACTBOPHMHX («mnceBmodasHasy JKX). Muusa
H TNONOOHBIE UM COENMHEHHS MOXKHO TaKXKe HCIO0Jb30BaTh IS I0-
KPHITHSI THAPO(OOHOA HEMOJBHXKHOH (asbl ¢ LeJIbl0 NpHAATH el
HOHOOOMeHHble CBOMCTBA («MBLIbHasl» Xxpomarorpacdwus). HMonHoi
xpomarorpaduei™ (cM. 4.2, pasx. 14.6) HasBam Takoél Meron pas-

* Bosee moApOGHO METOX HOHHOM XpPOMAaTOrpadMH H3NOXKeH B MOHOTpaduu:
Ppury Owx., T'vepde M., ITorand K. HoHHas xpoMatorpadus. — M.: Mup, 1984,
c. 222. — ITpum. peo.
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AeJIeHHA MyTeM HOHHOro o6MeHa, B KOTOPDOM Ilepell H3MepeHHEM
3JIEKTPOIIPOBOLHOCTH 3JII0AaT IpPONYCKAIOT Yepe3 elle OJHY HOHO-
OOMEHHYI0 KOJIOHKY ¢ TeM, 4TOObl yAaauTb Oydep. DT0 HasBaHHE
yXe caMo mo cefe BecbMa HeOIpelesNeHHO, KpPOMe TOro, Tak xKe
Ha3blBalOT METOAMKY OJHOHOHHOI'O AETEeKTHPOBAHHUSA, IPHMEHSEMYIO
B XpoMaTtoMacc-cneKrpomerpuu (cM. pasia. 1.4), uro eme OGosblue
YCHJIHBaeT NyTaHUL.

Hosellt metox pasnesneHnsi GenKOB B COOTBETCTBHH €O 3HAaue-
LHSAMHM HX H303JEKTPpHUeCKHX Touek (pl) HasbiBaeTcsi XpoMaTogo-
KycupoBaHneM. BesloK HaHOCAT Ha KOJOHKY C HOHOOOMEHHHKOM Ha
OCHOBe araposbl M 3JI0MPYIOT Oy(depHBIM pacTBOPOM CJIOKHOTO
cocraBa (nmoaubydepom), pH xoroporo MeHbile pl OGenka.
Ilpy sToM B KOJIOHKe aBTOMAaTHYecKH (OpMHpPYeTCs JIHHEeHHBIH
rpaguent pH, u Gesok Kouueurpupyercs B Toil obaactu, rie pH
Oydepa paBeH pl/ Geaka, T. €. IpolecC aHAJOIHYeH H303JeKTpHue-
cKoMy ¢oKycHpoBaHuiO (cM. pasz. 1.5). KomnoneHTsl cMecu Ge.-
KOB 3JIIOMPYeTCsl C KOJIOHKH B NOPsiiKe yMeHblleHHs ux pl.

Xpomarorpacdusi BBICATHBAHUS SIBJISIETCS YCTapeBLIMM METOAOM
BblJesleHHs1 OeJKOB NyTeM MX OCa)KJeHHs Ha HOHOOOMEHHHKaX.
Henonnele coefiuHeHHss MOXKHO OTJeJHTb OT HOHOB € IOMOLIBIO
METOZOB 3aNa3JblBaHHSl MOHOB HJIM HCKJIIOUEHHS HOHOB. B mepsBom
MeTOJle HCIOJb3YIOTCSI HOHHTHI, COAepIKalllie OJHOBPEMEHHO Ka-
THOHHBIE M 2HHOHHblE TPYNNHMPOBKH (TaK HasblBaeMble CTPYKTYDHI
THIA «3Mesl B KJIeTKe»), a BO BTOPOM — HOCHTeJIH, aAcopOupyoLue
TOJIbKO HEHOHHBbIE COeIHHEHHS.

B 3KCKJ/I03HOHHOH XpoMarorpaduu HeNMOABHXKHOH ¢asolt cay-
2KaT rejeoOpasHble HEHOHHBlE NOJHMMepbl, H30HpPATENbHO YIAEpPKHU-
Balolllyie TaKue MOJIEKYJbl, KOTOPble CIHOCOOHBI NMPOHHKHYTH B NOPHL
rejs. DTOT MeTOJA pa3feNeHHs] BELIeCTB HHOTAA HA3bIBAIOT TIeJib-
puapTpanueis uaun xpomarorpadued Ha MOJEKyJSPHBIX cutax. Ta-
KHe TepMHHBl abGCOJIOTHO HeNpHeMJEeMBbl, IIOCKOJBKY CO3LaeTcCsl BIle-
YaT/eHHue, 4YTO HOCHTE/]b YAepXKHBaeT MPeHUMYLIECTBEHHO O6OJibliHe
MOJIeKyJ/Ibl. TepMHH «reJIbIpOHHKaWpIlasi Xpomatorpadusi» Jyuire
‘OTpaxaer CyTb Npolecca, ONHAKO II0 HEKOTOPHIM INpHYHHAM €ero
HCNOJNB3YIOT TOJbKO /s 0003HAUeHHs] XpoMaTorpaduu Ha THAPO-
(oOHBIX TOJIMMEPHBIX COPOEHTaX B CHCTEMaX OPraHHYECKHX pact-
Boputeseii. K cyacTbio, Bce GoJiblilee pacnpOCTPAHEHHE MOJIyYaeT
Ha3BaHHe «reslb-XpoMaTorpadus», KOTOpoe He NOJAYEPKUBAET IIPHH-
LUN pasfiejieHHst U TO3TOMY uMeeT oOWIMH Xxapakrep [24, 26].

InapoduibHble reqn NPeACTaBJISAIOT cO00H CIINTHIE (LEKCTPaH)
WK JIHHeHHBle (arapo3a) mosaucaxapuibl JHOO CHHTETHYECKHe
TIOJIMMepHl (HanmpuMep, MOJIHAKPHJIAMHI) C H3BECTHBIM pPa3MepoM
TIOp, ONpeAesAIIINM HHTepBal (PaKUHOHHPOBAHHS BOLOPACTBOPH-
MBIX MOJIeKYJ. T'mapodoCHEle renn, npelHasHAauYeHHble AJsi (pak-
LHOHHPOBAHHSA JIHNOQHIbHBIX COCHHEHH B OPTaHHUECKHX pacT-
BOPHUTEJIAX, MO CBOEH MNPHPOJE ABJAIOTCA INOJHMEPAMH YIJIEBOLO-
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pomoB (Hanpumep, noauctupon). O6a Tuma rejefi MNPHIrOZHB He
TOJIBKO JJISl Pa3felieHHsl, HO U JJSI OLEHKH MOJIEKYyJsPHOH Macchl
KOMIIOHEHTOB INOJHAHCIEpPCHBIX cMecell. Haxomsar npuMeHenHe Tak-
JKe HeOpraHWYecKHe TeslH — IOPHUCTOE CTEKJIO U NOPHCTHIA CHJIHKA-
rejib, KOTOpPble B OTJIMYHE OT MOJHCAXaPHIOB MOTLYT OBIThH HCIOJb-
30BaHbl B KOJIOHKax aasi BO)KX. MsBecTHbl npou3BOJHbBIE JEKCTPa-
Ha, o6Jafaloiye OXHOBPEMEHHO TUADPOPHIbHBIMH U JIHNOQHJIBHBI-
MH CBOHCTBaMH, T. €. cocoGHbBle Ha0yXxaTb He TOJbKO B BOJAE, HO H
B OpraHMYecKUX pactBopuressx. as Takux resjefi xapaKTepHO
HECKOJIbKO MEXaHH3MOB COPOLMH pacTBOPEHHBIX BelllecTB. B uacT-
HOCTH, ONMpeReJIeHHBIH BKJaJ BHOCAT THAPO(OOHbIe B3aUMONEHCTBHSA.
MouneKypl reJisi MOTYT TaKXKe (COJePXaTh HOHOT€HHBIE TPYIIHL:
CHJIBHOKHCAYIO cyabdonponuabaylo (SP), cnabokuciayio kapO6oKcH-
meTuabHyi0 (CM), CHIBHOOCHOBHYIO THITHJI- (2-OKCHIPOMHUJ) AMHHO-
stuabHyl0 (QAE) wuam  c1aG00CHOBHYIO — JHITHJIAMHHOATHJIBHYIO
(DEAE).

Addunnas xpomarorpadus [27—31]: npeactaBasier coboit
OJuH u3 HauboJiee crneuudHUUECKUX METOJOB BbIAEJNEHHUS peaKIHOH-
HOCIIOCOOHBIX COeJHHEHHH, B YaCTHOCTH (epMEHTOB, U JAaxe TaKHX
HaJMOJIEKYJNSIPHBIX arperarcB, Kak Bupychl. CopGeHTOM B 3TOM
cJlyyae CJYXKHT Ieslb THIIA araposbl, K KOTOPOMY KOBAJIEHTHO IIpH-
COeJHHeH NOAXOAALIMH JHraHi, HanpuMmep cy6cTpat ¢epMmeHra.
Korga pacTBop, coiepallluii BbIAeJsieMOe BeLIeCTBO (CKakKeM,
¢depMeHT), NpPOoNmyCcKaloT 4epe3 KOJOHKY C COOTBETCTBYIOLIHM o6pa-
30M NPUTOTOBJEHHBIM COPGEHTOM, B3aUMOMAEHCTBHE 3TOrO BeLIECTBA
C 3aKpelvleHHHIM Ha copOeHTe JHUraHAoM (B AaHHOM cJydae dep-
MEHTa ¢ cyOCTpaToM) NIPHUBOJIUT K €ro yAEpPKHBAaHHIO H, CJIeJOBa-
TeJIbHO, K KOHIEeHTpHpoBaHHIO. ITocKoJMbKYy copOuHsi HOCHT oOpaTu-
MBbIfi XapakTep, 3TO BEILECTBO MOXKHO 3aTeM 3JIIOHPOBATh C KOJIOH-
Ki. ‘ONHH M3 BapHaHTOB 3TOr0 IpHeMa, KOTOPHIH, CTPOro roBops,
y2e He OTHOCHTCA K 06JacTd xpomartorpaduy, 3aKjmyaercs B TOM,
4TO MMMOOHJIH30BAHHBIH Ha reje (epMEeHT CJIYXKHT /IS HelpephiB-
HOro npeBpallleHHs PacTBOPEHHOro B NOABHXKHOH ¢ase cyberpara.
Pasnenenne no meroay addurHON Xpomartorpadum MoxKeT OBITb
OCHOBAHO Ha pPAa3JIMYHOrO pojJa chnelH(HUYECKHX B3aHMOAEHCTBHAX,
TaKHX, KaK CBsi3biBaHHe (pepMeHTa C MHFHOMTODOM, FOPMOHA C pe-
LIeNITOPOM, aHTHIEHA C AHTHTEJOM, a TaKXe PMMOPHAM3ALHS MOJHHY-
KJICOTHJOB. DTOT METOJ IO03BOJISIET BBIAEJATh Haxe LieJble KICTKH.

1.3. T1nockocTHast xpomarorpadus

B msockocTHO# XpomaTtorpaduu  MHrpalHOHHON Ccpefoil AJA
paszesisieMblX BEILECTB CJYXKHT COPOEHT, MMeoUHil dopMmy JucTa
uiu menku :[32—36]. Ins 0603HAauYeHHss 3TOTO MeTola cJjeayer
u3beraTb TEPMHHA <«IUIOCKOC/IOMHAs XpoMaTOrpadusi», MOCKOMbKY
OH He OTpa)KaeT B JOJNXKHOI Mepe TOro oOGCTOATENBCTBA, YTO B
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GoJIbIIHHCTBE CJyyaeB cJoii copbeHTa TpeAcTaBAseT coboi mio-
CKOCTb, T. €, UMeeT JBa H3MepeHHs. B cBoe BpeMs LIMPOKOE INpPH-
MeHeHHe ToJyunsia xpomartorpacdusi Ha (GHJIBTPOBAJbHOH Oymare
(6ymaxHasi xpomarorpacdusi), OAHAKO BIOCJEACTBHH BHISICHHJIOCD,
4TO, MCIOJIb3Ysl TOHKOH3MeJbUeHHble COPOEHTHl, MOXHO IOJydaTb
0oJiee KOMIAKTHble 30HBI 3a MeHbllee BpeMs. B mepBoHauajJbHOM
BapHaHTe, Ha3blBaeMOM XpoMartorpaduedl B He3aKpelJEHHOM cJoe,
HOpOWOK copbeHTa MPOCTO HAHOCHJAM HAa MNOYTH TOPHU3OHTAJNbHYIO
NIOBEPXHOCTb CTEKJNSHHOH NJacTHHKH. B HacToslllee BpeMs 06a 3THX
MeTOAA B 3HAYHUTEJbHOH CTENEHH YCTYIHJIH CBOM IMO3HMIHH TOHKO-
ciaoinoit xpomarorpadun (TCX), KoTopas OT/IHYUAETCsl TEM, YTO
cJoii copbeHTa (uYaule Bcero CHJIMKareJas ¢ pa3MepoM YacTHI
250 MKM) NpoYHO cBs3aH (OOBIYHO C NOMOIIBIO THICA) C MONJOXK-
KOH M3 CTekJa, IJacTMacchl WM ajJloMHHHeBOH (oJabru. Ilpume-
HSIIOTCSA TaKXKe IJIaCTHHKH, NOJYydYeHHBle NyTeM cleKaHus copOeHTa
Ha TOBEPXHOCTH cTeksaa .[37]. I[IpeuMyliecTBO TakKHX MJIACTHHOK
3aKJIIOYAeTCsl B TOM, YTO NIOCJI€ COOTBETCTBYIOLEH pereHepaluu HX
MOXKHO HCIIOJIb30BaTh MOBTOPHO. [IacTHHKM Ha OCHOBE CTEKJIOBO-
JIOKHa HMeloT ToproBylo mapky «Instant Thin-Layer Chromatog-
raphy» (ITLC). CopGeHTBl m/is TOHKOCJOHHOH rejib-XpoMaTorpa-
(GHM HAaHOCAT Ha NOMJOXKKY, He N00aBJsisi K HHM CBS3YIOILEro, Io-
3TOMY YTOJ HAaKJOHA TaKHX MJAaCTHHOK K IOPH30HTAJbHOH mMOBEpX-
HOCTH JOJIKeH ObITb He 6oJibllle, YeM 3TO HeoOXOAMMO IJsl HHCXO-
As1ero 3110HpoBaHusA. [1JacTHHKU ¢ 3aKpeMJIEHHBIM CJI0OeM OOBIYHO
pacnoJsiaralotT BepPTHKAJbHO, M NOJBHXKHas (asa NoJHHMAaeTcs IO
cJo10 copbeHTa moA AeHCTBHEM KANHUJJSPHBIX CHJI.

B Tex cayuasx, xorga xpoMaTtorpapuuecKMM MAaTepHaoM $B-
JAI0TCS ToJHucaxapuanl (6ymara, [JeKCTpAHOBBII Tejdb W T. I.),
pOJIb HEMOABHMKHON (a3pl B [eMCTBUTEJNBHOCTH BHINOJHSAET BOAA,
T. €. peajusyercs NIPHHLHI paclnpeleuTeJbHOH XpoMmarorpaduu.
HMnorpa B TCX uCIONB3YIOT MarepHasbl, COPOLUHOHHBIE CBOWCTBA
KOTOPHBIX ONpeJeJeHHHM 00pasoM MEHSIOTCs B HalpaBJEHHH OT
OJHOrO Kpasi NJaCTHHKH K JpYyroMy (rpagHeHTHBIE CJOH). DTO Ka-
caercs Takxe OymaxHoH xpoMarorpadguu (HampuMep, MOXKHO CO-
3nath rpaauest pH).

Ecaun pasieneHue npoBOAMTCS B aHAJHTHYECKHX Lejsix, o6pas-
Il HaHOCAT B BHJE NATeH (CTapTOBble NSITHA), PaclOJIOXEHHBIX
Ha HEKOTODOM PACCTOSIHHH OT OZHOTO Kpasi NPSMOYIOJIbHOTO JIHCTa
WIH TJaCTHHKH; €CJH e pasjie/leHHe NPOBOAMTCS B INpelnapaTHB-
HBIX Leqsx, o6pasubl HAHOCAT BAOJb CTAPTOBON JIMHHH B BHIE TO-
JIOCOK, NapaJ/leJibHbIX Kpaio JHucTa. B mocriennem cayuae jaas Ha-
HeceHHs o0paslla YyacTO HCIOJb3YIOT clellHajibHble IIPUCIOCOBJEHUS
(HanpuMmep, aBTOMaTHUeCKMi anmaukarop). Hanocurs BemiecTso
Ha TOHKOCJOHHYIO IJIACTHHKY MOXHO TakK¥Ke NyTeM KOHIEHCAUMH
Gbpakuui, nosyyaeMblXx Ipu rasoxpomatorpaduueckoM pasjele-
HAH, MM M3 Harperoro narpoHa ¢ o6pasuom (Tepmodpakrorpa-
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¢usi). XpoMaTorpaMMBbl 3JMIOUPYIOT M 3aKPBITHIX cocylax (Kamepax).
Jluct GyMaru uiaM NJIACTHHKY NOMELIaloT B KaMepy TakuM 00pasom,
y1o6H TOT Kpa#, BOJH3M OT KOTOPOTO HAaHECEHO BellecTBO, OblI
NOrpyxeH B pacTBopHTesb. [Ipu ABHMKEHHH 3JI0eHTa obpasyercs
rpaHula MeXAy CMOYEHHOH M HeCMOYEHHOH NOBEPXHOCTbIO cOpPOeH-
Ta ((QpPOHT pacTBOpHTeNs), KOTOpas IepeMellaeTcs NapajJiesibHO
CTAapTOBOH JIHHUH M B KOHEYHOM HTOre JOCTHraeT NPOTHBOIOJOXK-
HOH CTOPOHBl XpomartorpaMMmel. JIuct uIbTpOBaJbHOH OyMmaru
MOXeT HMeTh (OpMy LHJIHHApPA MJIH KOJblla, a CJOH MOPOIIKOOO-
pasHoro copbeHta MOXKeT CbiTh HaHeCeH Ha IOBEPXHOCTb MNaJOYKH
(xpomapon, xpomato6ap) WJIH Ha BHYTPEHHIOIO NOBEPXHOCTb TPYO-
xu. JIns IJIOCKOCTHOH XpoMartorpaduu HCNOJB3YIOTCS Jda)e BO-
JIOKHUCTBIEe COPOEHTHl (HANpUMep, LIeJK).

O[HO H3 NPEUMYLIECTB IJIOCKOCTHOH XpOMaTorpaduu COCTOHT
B TOM, YTO XpoMmatorpa¢upoBaTh MOXHO OJHOBPEMEHHO HECKOJbKO
06pasloB, YTO 3KOHOMHT BpeMs H MNO3BOJSIET B paMKax OJHOro
IKCIePUMEHTa CPAaBHHBATb CBOHCTBA Da3/IMUHBIX npenaparoB. Pas-
peliallyio CI0COOHOCTE MOXHO YBeJHYHTb, 00eCleyuB HempephiB-
HOe JBHXKEHHE DacTBOpUTENsi B cjoe copOeHTa (NPOTOYHOE 3JMIOH-
poBanue) HJH TOBTOPAS XpoMmatorpadHpoBaHHe HECKOJbKO pa3
(nporpamMmupoBaHHOe MHOTOKpaTHOe 3JionpoBanue). Obpasen, Ha-
HeceHHblH BOJIH3H OJHOIO H3 YIJIOB KBAaAPAaTHOH MJACTHHKH, MOXHO
NOCJIeA0BATEJIbHO 3JI0HPOBATh B ABYX B3aHMHO IePNEHAHKYJISAPHBIX
HampaBJieHHAX (AByMepHas xpomarorpacdus).

B kpyrosoii xpomatorpacuu 3JI0HpOBaHHE OCYLIECTBJsSeTCS B
HanpaBJ/IeHHH OT LieHTpa K nepugepun caosi copberra. Obpaszen
HaHOCAT B BHJAE AYTH HJH KOJiblla BOKPYr IEHTPa XPOMAaTorpam-
MBI, KyJa 3aTeM NOJai0T pacTBOpPHTeNb. [loyueHHbIE ¢ MOMOLIBIO
3TOr0 MeTORAa XpoMarorpauyeckue 30HB NpPEACTABJIAIOT 000
KOHUEHTPHYECKHEe NYTH HJH OKDYXKHOCTH, PacloJOXeHHble Ha pas-
JIHYHOM yJaJIeHHH OT HeHTpaJbHoro nstHa. Ecau xpomarorpagu-
pOBaHHe B IJIOCKOM cJoe cOpOeHTa OCYLIeCTBJSIETCS TAaKUM e 00-
PasoM, KakK B KJACCHYeCKOH KOJIOHOYHOH Xpomatorpacduu, Meron
HeNPepHBHOIO 3/I0MPOBAHHSI COOTBETCTBYET NPOCTOMY 3JIIOHPOBA-
HHIO ¢ KOJIOHKH, MHOTOKpPaTHOe 3JIIOHDPOBaHHEe — XpoMmaTtorpaduu C
NMOBTOPSAIOIIMMCSL IIMKJIOM, a pajHajbHOe 3JIOHPOBAHHE — LEHTPH-
¢yxHOH KOoJOHOYHOH xpomartorpaduu. Cienyer OTMETHTb, YTO NOJ
JefcTBHEeM IeHTPOGEXKHOH CHJIBI CKOPOCTb PafHaJbHOTLO 3JIOHPOBA-
HHSl IUVIOCKHX XpOMAaTOrpaMM yBeJIHYHBAeTCS; JI CO3JaHHA TaKOH
CHJIBl MCHOJB3YIOT NpHcnocobenue THna goHorpada.

C yMenblieHHeM CBOGOJLHOTO MPOCTPAHCTBA HaJ CJI0eM copbeH-
Ta BO3PACTaeT CKOPOCTb 3JIOMPOBAHHMS, a KapTHHA pasfiesieHHS
CTaHOBHTCA 6ojiee 4eTKOH M BOCIIPOH3BOAHMOH. DTO JOCTHTAaeTcsi B
XpoMaTorpauyecKux Kamepax clelHaJbHOH KOHCTPYKUHH (HAmpH-
Mep, B KaMepax THIa «CaHABHY» MJin KaMepax Bpennepa — Huznep-
Bu3epa). BricokoaddekruBnas TCX [38] obecneunBaer BHICOKYIG
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CKOPOCTb, YyBCTBHTEJBHOCTb H BOCIPOH3BOAHMOCTb aHa/lH3a MpH
YCJOBHH CTPOroro coOJIIOJeHHSl IOCTOSIHCTBA CKOPOCTH 3JIIOHPOBa-
HHSL M COCTaBa HENOJABHMXKHOH M rasoBoil ¢asnl. Ma3BecTeH Takxe
meron, TCX ¢ mporpaMMHPOBAaHHBIM H3MeHEHMEM <COCTaBa I1apoB
NOABHXKHON (pa3bl BAOJb MOBEPXHOCTH CJIOsi cOpOEHTa.

O6pasey,
ty ho Yo tg 1y Tg tg byt by by Pacmeopumerns
T3 T T 1T T T Y
RS ':‘\: 'I\," . ':) n’v‘. ‘I\) ll\) Cmapm
Hanpassernue
spawierus

Cocyder dnst . -,
coopa gparyul .

Puc. 1.4. Pasdesenue KOMNOHEHTOB CMeCU 8 HENPEPbLIBHOM NOTOKE pacTeopa
EN obpasya. Coe

Obpasey HenpepsisHo nodaerca Ha medaenHo epawjaroujuiica auct bymazu yusundpuueckod

popmet, , Opouiaemslil . HUCXOOAUWUM NOTOKOM 3al0eHTa. HHOusudyasbHble KOMNOHEHToL CMECLE

(A, b u B) obpasyror npu 3tom nosocet. Ecau 6o. obpasey xpomarozpagpuposaiu Ha He-

nodsuxcHom Aucte bymazu, TO 8 MOMEHTbL 8pemeHu ty—t; 30Hb6L 3AHUMAAL ObL NOAOKCERUS,

0603HAUEHRblE 3AAUNCAMU BHYTPU 3QUUTPUXO0BAHKbIX noaoc. CTexkarowuil ¢ 6ymaau 3awoar
: nonadaer 8 cneyuanrsHslie CTAYUOHAPHbLE cocydol O cbopa pparyud.

Jns oOuapyxeHust GeCUBETHBIX BeLIeCTB Ha OYMaxKHBIX HJIR
TOHKOCJIOHHBIX XPOMATOPAMMax HCHOJB3YIOT METOABl Hepaspy-
mapuiero KoHtposas (Hampumep, ¥ ®@-o6syueHHe HJIM BHIAEPIKHBA-
HHe B aTMocdepe, HaCHIIEHHOH mapaMu uoAa), a Takxke o6paboT-
Ky (B 4acTHOCTH, ONPBICKHBaHHe) XpoMarorpaMm 6oJiee HJIH MeHee
cnenuduueckuMu OOGHAPYXKHBAIOUUMH peareHTaMu. o uau mocne
o6HapyXKeHHsl 30H NPHCYTCTBYIOLIME B HHX BeleCTBA MOKHO cO-
OTBeTCTBYIOIIMM 00pas3oM 3J10MPOBaTb W JaJjiee HCIOJb30BaTh, Ha-
npAMEp, A KOJHYSCTBEHHOIO aHaJH3a. o

Tlorsomamomue cBeT HAH (GJIyopeCcCUHpPYIOLIHe 30HB MOXKHO 06-
HapyXHBATh NPHU NOMOILHM aBTOMATHYECKOrO CKaHHUDYIOIIEro MEHCH-
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ToMeTpa [34], KOTOpHIl IO3BOJIIET NPEACTABUTH Pe3yJbTaThl aHa-
J¥3a B BUJE COOTBETCTBYIOILEH KpHBOH (cM., Hampumep, puc. 1.2,6).
AnajioruyHeiM 006pa3oM MOXKHO 06pa6oTaTb XpOMAaTOIPaMMBI, CO-
JflepxKalide pafuOAKTHBHBIE 30HBl. PaamoakTHBHBIC BellecTBa 00-
HAapYXHUBAIOT TaKKe, HCIONb3Yys MeToJ pajHoaBTOrpadHHu, CyTh
KOTOPOTO 3aKJI4aeTcs B TOM, YTO Ha (ororpaduyecKoid IJIEHKE,
TPHIKATOH SMYJIbCHOHHBIM CJIOEM K NOBEDXHOCTH XPOMATOTPaAMMEBI,
SKCIOHUPYIOTCSI YYaCTKH, COOTBETCTBYIOIIHE PaJMOAKTHBHHIM 30-
nam. Ilocse 06pa6GoTKH TaKOH IVIEHKH MOJYdYalOT TOUYHYIO KOIHIO
XpOMaTOrpaMMbl, Ha KOTOPOH PagMOaKTHBHblE 30HBH IPEACTaBJEHBI
TeMHBIMH mATHamu. Jlasi o6Hapy:KeHHsT OHOJIOTHYECKH aKTHBHBIX
BELeCTB, HANpHUMep aHTHOHOTHKOB, HCIIOJNB3YIOT UYBCTBHTEJIbHLIE
K 3THM BelleCTBAM MHKpoopranusMmhl (6uoastorpacdusa). Ecau xpo-
MaTOrpaMMbl HMEIOT HHJIHHApHUYecKylo (opmy (caoit copbeHTa Ha-
HeceH Ha MOBEPXHOCTb NAJIOYKH HJIH ‘Ha BHYTPEHHIOIO NOBEPXHOCTb
TpyOKH), MX MOXKHO IPONYCTHTb Uepe3 KPYroBylO Ieub H O6Hapy-
JKHUTb MCIApPSIOIIMEcs: BellecTBa, HCIOJb3ysl AETEKTOPHl, IpHMEeHse-
Mble B Ta30BOH xpomarorpaduH.

MeTtomom KHAKOCTHOH Xpomarorpaduu 3a OAMH NpHEM OOBLIYHO
pasmessioT JHIIb OrpaHHYeHHoe KosaudecTBO o6pasua. Ecanm xe
cOpOEHTOM CJYXHT MeLJIEHHO BpalllaloIluics IHJIHHAD H3 XpoMa-
Torpaduyeckoii 6ymard, pasfesNeHHe MOXHO IPOBOJIUTH B HeIpe-
peiBHOM pexkume [40] (cMm. puc. 1.4). 3 HenoABHIKHOTO anmJIHKa-
TOpa, PacNoJ0oKEHHOro BOIN3H BepXHEH KPOMKH LMJIHHAPA, PACTBOP
aHanau3upyeMoro obpasiia HempephBHO NOAAIOT Ha Oymary, opo-
IIaeMyl0 HHCXOASIIIMM II0TOKOM 3JjioeHTa. Crekalomuit mo Oymare
pPacTBODHTENb, JOCTHIHYB €e HHIXKHEro Kpasl, CKalblBaeT B HeENO-
IBUKHBIE cocylbl. Beibop noaxonsiledl CKOpPOCTH BpalleHHS LH-
JIMHApPA OTHOCHTEJNbHO KOJJNeKTopa o6ecneyHBaerT yeTKoe (ppakIHoO-
HHpOBaHHe cMecH BewlecTB. IlpeacraBiedHoe Ha puc. 1.4 pasgene-
HHEe KOMIIOHEHTOB CMECH Ha HEeCKOJbKO <IIOTOKOB» SBJISETCS pe-
3yJbTATOM CJIOXKEHHS ABYX CHJ, OJHA M3 KOTOPHIX CTPEMHTCS Iepe-
MECTHTb BeleCTBO B TOPH30HTAJBHOM HalpaBJeHHH (00ycC/IOoBJIEHA
BpallleHHeM Oymaru), a Apyras — B BEDTHKaJbHOM (HUCXOASLIHMH
IOTOK pPacTBODHTEJN).

1.4. TazoBast xpoMarorpacdus

Jlnst xpomartorpaduueckoro pasjeseHHs JETYUHX COeJHHEHHH B
KayecTBe HENOJBMKHOH (ha3bl MCHNOJb3YeTCs HHEPTHBHIA ra3-HOCH-
Tedb (KaK NPaBHJIO, a30T HJIH TeJIHH), KOTOPHIH NOCJ/eL0BaTeNTbHO
IPOXOJHT yepe3 YCTPOHCTBO AJs BBOAAa 00pasla, TepMocTaTHpYe-
MYIO JIIMHHYIO M TOHKYIO KOJIOHKY ¢ COpPOEHTOM M, HaKOHel, yepe3
netekrtop [41—44]. Peructpupyemasi caMONHCIeM KpuUBasi H3MeHe-
HHSl CHTHaja JeTeKTopa Ha3biBaeTcl XxpoMarorpammoil. OHa co-
CTOUT u3 Habopa NHKOB (pHC. 1.2), MO MONOXKEHHIO KOTOPHIX OTHO-
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CHTEJIbHO MOMeHTa BBoAa o6pasma (T.e. IO BPEMeHH yIepXHBaHUS
BELIECTBA) MOXKHO HASHTH(PHUUHPOBATH KOMIOHEHTH CMECH, a 1o
HX IJIOIIAaJH — OLEHHTh KOJHYeCTBa 3THX KOMIIOHEHTOB.

MHorue BellecTBa, 'pa3jaramollnecss NPH BHICOKHX TEMIeEpary-
pax, MOXHO XpomarorpadupoBaTb B BHAe HX YCTOMUMBHIX JIETYYHX
npousBoaubix. CoorBercTByIOUiass o6paboTka obpasna MOXkKeT OBITh
NpoBefieHa 10 ero BBeleHHs B XpoMmarorpad u/H mocje ero BBeie-
HHUsSl B clellHaJbHOe yCTPOHCTBO (HAarpeBaTesb, DEAKIMOHHYIO Ka-
Mepy, MHPOJHU3aTOp ‘U T. I.), ABJsIONIEECS COCTABHON YacTbIO XpO-
matorpada. OGpasusl BBOAAT B NOTOK rasa-HocuTess JHGO Hemo-
CPEACTBEHHO NyTeM BIPBICKHBAHHS W3 IUNpHLIA Yepe3 OTBEPCTHE,
3aKphITOe PE3HHOBOH NPOK/IAAKOH, JHOO € NMOMOIUBIO ClelHabHOR
NeTJH, KOTOPYIO NMpeJBapHTEe/]bHO 3aNOJHAIOT o006pasloM, a 3aTem
NOJKJIOYAOT K cHcTeMe. B kKanuanspHodl rasoBoH xpomarorpaduu
(CM. HHXKe) HCHOJB3YIOT ClelHajbHble J03aTOPHl, MO3BOJISIOLIHE
YMEHBUIHTb KOJHYECTBO INOCTYMNAIOIIero Ha KOJIOHKY BelllecTBa.

B raso-:kuakocTHOH Xpomartorpaduu HOCHTEJNSMH HENOABHKHOMN
¢daspl cayxarT AHATOMOBblE 3€MJIH W APYTHe TOHKOH3MeJbUeNHbIEe
TYyrolmjiaBKHe MaTepHaJsbl, KOTOPbleé YacTO <«Ae3aKTHBHPYIOT», T. €.
NPOMBIBAIOT KHCJIOTOH HJH L1eJ04bl0 JHO0 CHJIAHH3UPYIOT, UYTOOH
HCKJIIOYHTb BO3MOXHOCTb aACcOPOLMH Ha HX ITIOBEPXHOCTH pasfe-
JseMblX BellecTB. HocuTesb NOKDPBIBAIOT cJloeM HEMOABHXKHOH (a-
3bl, TpeACTaBAAOLER c000#i BBICOKOKHIALLYK X ALKOCTb (0OBIYHO
CHHTeTHYeCKHH MOJIMMep), H NPHTOTOBJEHHBIM TakUM 006pasoM cop-
6eHTOM 3aMOJHAIOT CTeK/SHHble HJIH MeTajsudyeckue TpyOku (Ha-
CaflouHble KOJIOHKH), KOTOpble B 3aBHCHMOCTH OT HX [JIHHBI H
pasMepoB TepMOcTaTa MOIYT ObLITb H30THYTHl WJIH HMeTb (opmy
CIIHpaJy.

Pab6ouyio TeMnmepaTypy KOJOHKH MOXKHO IIOAJEp>KHBaTh I10-
CTOSIHHOH (M30T€pMHUYECKHH PEeXHM) HJH IIOCTENIEHHO YBEeJHYHBATh
(nporpammupoBaHue TeMmnepaTyphl), YTOOBI COKPATHTb BpeMsl BHI-
X0Ja MaJONOABHXKHBIX BELLeCTB. DTH DeXKHMBI pa3leseHHs aHaJlo-
TMYHB TIDHMEHSIEeMBIM B 2KHMIKOCTHOH XpoMmaTorpaduum H3oKpaTHye-
CKOMY W TpaJHeHTHOMY 3JIOMpPOBaHHI0. KpHTepHeM NpPHUrOZHOCTH
copbeHTa JJs pelleHHs KOHKDPETHONl 3a1ayd SIBASETCs OTCYTCTBHE
«(ona» npu paboyell TemmnepaType KOJOHKH, KOTOpasi MOXKET
jpocrurath 400°C, T. e. HOCTaTOYHAs TEPMOCTAGUILHOCTH KOJIOHKH.
B raso-tBepmodasnoit xpomartorpaduu pasnejeHHe 4acTO MPOBOAST
NpH HU3KHX TeMmIllepaTtypax, B KaudecTBe COPOEHTOB B 3TOM MeETOJe
HCMOJIb3YIOTCS NPHPOAHBIE, CHHTETHYECKHE H MOJYCHHTETHYECKHe
MaTepuaJbl.

3ameHa OOBIYHBIX HACaJOYHbIX KOJOHOK Ha TMOJble («OTKPHI-
Thle») KanMJ/sipHble TPYOKH, BHYTPEHHHE CTEHKH KOTOPHIX IMOKPHITHL
cnoeM copbeHTa '(OTKPHIThHIe KaNHJJSPHbIE KOJNOHKH), NPUBOAHT K
3HAYHTEJbHOMY YBeJHYeHHIO 3(p(deKTHBHOCTH pasfenenusi. Hemo-
JABHXHYIO XHAKYI0 (asy 1160 HelocpeACTBEHHO HAHOCAT Ha BHYT-
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PEHHIOI0 MOBEPXHOCTb MeETaJJIHUYeCKHX HJH CTEKJISHHBIX Kanuiis-
poB, JHOO 3Ty IOBEPXHOCTb MNpeABapUTEJbHO MOAH(DHUHPYIOT Ta-
KuM o6pasoM, yToObl 06pasoBajicsi CJ0OH HOPHCTOrO HOCHTEIS.
B nepBoM ciaydae mosy4aloT Tak Ha3blBaeMble OTKDBIThie KalluJ-
JIsipHBble KOJIOHKH ¢ HemopucThiM cioeM (OHC-koJOHKH), a Bo BTO-
POM — OTKpBITHIE KaMHJISAPHbIE KOJOHKH ¢ nopucThiM caoeM (OIIC-
KoJMoHKH). KOJIOHKH BTOPOro THNa HMeEIT OOJIbIIYI0 €MKOCTb, HO
MeHbIYI0 3G (PEeKTHBHOCTh MO CPABHEHHID C COOTBETCTBYIOLIHMH
KoJIOHKamu mnepBoro Tuma. Hacamounble KanuiJsipHble KOJOHKH
TaKXe MOrytr o0JafiaTb BBICOKOH 3¢ (peKTUBHOCTbIO, OJHAKO ras Ha
HHUX HeoOXOAHMO NOAaBaThb NOA OOJbIIHM AaBJIEHHEM.

HnTerpajbible eTeKTOPH THIA 3BAHOMeTpa JlXKaHKa, NPHHIHI
paboThl KOTOPHIX 3aKJI0YaeTcs B H3MepeHHH o0beMa BHIXOAALILTO
M3 KOJIOHKHM ras3a, K HacToslleMy BpPeMeHH BHIULIH H3 ymoTpeoliJie-
HUsI, a HauboJiee LINPOKOe pACHPOCTPAHEHHe TOJYYHJIH YHHBEp-
ca/lbHble [eTeKTOpbl — IJ1aMeHHO-MOHH3aLMOHHBIH H  JIeTEKTOp IO
TENJIONPOBOAHOCTH (KatapoMmerp). Kpome Toro, cyuiecTByIOT cesek-
THBHBle JAeTeKTOopbl. Hampumep, nerekTop mo 3axBaTy 3JI€KTPOHOB
HCIOJb3yeTcsl AN OOHApYXKEeHHSl COeJHUHEHHH, B COCTaB KOTOPBIX
BXONSAT aTOMbl (B YaCTHOCTH, aTOMBl TaJiOr€HOB), CPOJACTBO KOTO-
PBIX K 3JIEKTPOHY BHILIE, YeM y HOHH30BAHHOTO ra3a-HOCHUTEJS, a
TepMOHOHHBIA AETEKTOp NpUMEHsieTcs JJs oOHapyxkeHus ¢ocdop-
‘OpraHH4ecKux CoelHHeHHH.

Haunb6onee addekTuBHOE coueTaHue BO3MOXKHOCTEH TEXHHKH
pasfeseHusl U HAEHTH(GHKAUMH BelleCTB JOCTHTHYTO nyTeM oOberu-
HeHUs1 B OJHY CHCTeMYy Tra3oBOTO Xpomartorpada W Macc-CHeKTpo-
MeTpa. Takas cHcTeMa Ha3bIBA€TCS XPOMaTOMAacC-CIEKTPOMETPOM,
4 COOTBETCTBYIOLUMI MeTOJ aHaJu3a — XpOMaTOMacC-CeKTPOMeT-
pueii. Macc-cnektpomerp crnocobeH paGoraTh B pexuMe o6HApy-
JKEHHSl KaKOro-To OJZHOTO HOHA MJH OJHOBPEMEHHO HECKOJbKHX
HOHOB, B YaCTHOCTH ()parMeHTOB MoJseKyJa. C MOMOIIbI0 KOMIBIOTE-
pa MOXKHO MOCTPOHTb KPHMBYIO 3JIIOHPOBAHHS 3THX HOHOB, a TaKXKe
ONpeae]HTh COCTaB aHAJIH3HPYeMOro o6pasia M OIEHHTb KOJHYe-
CTBO Ka)k[0ro KOMIIOHEHTA, JaXe ecJH OHH He IOJHOCThbIO pasje-
JIMJINCD.

1.5. Daektpodopes

Meton pasne/neHHsi, OCHOBaHHBI Ha MHIDAllMH 3apSKEHHBIX
YacTHIL H3 Y3KOH 30HBI B CTaOHJIH30BAHHOM 3JIEKTDOJIHTE, ObLI Ha-
3BaH 30HHbIM 3JeKTPodope3oM, YTOOB ero MOXKHO OBbIJIO OTJHYHUTH
or 6oJiee CTaporo MeTOAa — MHIPALHHM M3 LIHPOKOH 30HBI B «CBO-
‘00HOM» pPacTBOpE 3JIEKTPOJHTA, T. €. 3JeKTpodopesa ¢ MOABHIK-
HOU rpaHuued (cMm. puc. 1.1). Ilpeasnaranuch TakHe Ha3BaHHS 3TO-
ro MeTofa, Kak «HOoHOdopes», «<uoHOorpadusa», «karadopes», «3JeKT-
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poxpomarorpadusi» M T. I., OJHAKO, NMOCKOJbKY HH OZHO M3 3THX
Ha3BaHUH He cTajo OGLIENPHUHATHIM, a CTapbli Meroh GoJiblie He
HCIOJIb3yeTcsl, B JAajbHeHIleM Mbl OydeM Ha3BIBaTb 3JeKTpodope-
30M BCIO COBOKYNHOCTb COBPEMEHHBIX 3JE€KTPOMHUIDALHOHHBIX Me-
ToJ0B i[ 33, 34, 45—49].

DJIeKTPOJHT MOXKHO CTAOHIU3HUPOBATh B BEPTHKAJBHOH KOJIOHKE
IyTEM CO3/laHHS IPajiHeHTa ero IJIOTHOCTH B HampaBJEeHHH OT BepX-
Hero KOHIla KOJIOHKH K HHXXHEMY, OJHAaKO OOLIYHO HENOJBHXHOCTb
3JIeKTpoJiuTa obecnedynBaercsl B pe3yJbTare ero abcopOUuH pasyany-
HEIMH TNPUPOJIHBIMM HJIH CHHTETHUECKUMH NoJuMepaMu. B coot-
BETCTBHHM C NPUPOJOH HOCHTE]S pasjMyaloT MeTOAHl 3JeKTpodope-
3a Ha Oymare, memOpaHax M3 aLeTHJUEJNII0N03E, B resix arapa
HIM KpaxMmaJsa, NOJMaKPUIaMHIHOM rejie M T. I. DJIeKTpodoperH-
yeCcKHe METOJAbl MOXKHO TaKKe KjaaccHHUUpOBaTh 1o crnocoly pas-
JeJIeHHsl WM N0 THUNY NpHMeHseMOH ammaparypsl (Hampumep, Ko-
JIOHOYHBIA M TOHKOCJIOHHBIN 3JieKTpodopes).

AueKTpoopeTHYeCKOMY pa3fieJIeHHIO BellleCTB MellaeT Ux AHO-
¢ysus. Cpena, B KOTOPOH MHIPHPYIOT MOJIEKYJbl, caMa no cebe B
KakoHi-To Mepe npenstcTByeT AUPOY3HH, OLHAKO ellle B OoJblueit
CTENEeHH MOXKHO IOJAaBHTb 3TOT 3((PeKT U OJHOBPEMEHHO YBeJH-
YHTb NOJABHUKHOCTb CPaBHHUTEJNbHO HEOOJBIIMX MOJIEKYJ C ITOMOLIBIO
BLICOKOTO HamnpsikeHHs1 (BBICOKOBOJBTHBHIH 3JiekTpodope3). B me-
KOTOpBHIX CJyyasix TeJiH BBINOJHAIOT poJjb cuT. Hampumep, B moJsH-
aKpHUJaMHAHOM reje B IIPUCYTCTBHM JOAeUHMJCYyJbdaTa HaTPUS
pasjelieHHe INpeJABApPHUTENbHO AEHTYDHPOBAHHBIX G6EJKOB NPOHCXO-
JHT B COOTBETCTBHH € pa3MepaMu MX MoJekyJa. IIpm nposeneHun
aJiekTpodopesa B IPaJHEHTHOM reje pasjelseMble BellecTBa MHT-
PHPYIOT B HanpaBjleHUH YMeHblIeHHs AuaMerpa Iop rejs, u mo-
3TOMY C YBeJHUeHHeM PACCTOSIHHUSI OT CTapTa 3aJepKHUBAIOTCS BCe
6oJiee MeJKHe MOJIEKYJHI.

Has snaekTpodopesa MOKHO HCNOJAB30BaTh OAUH OydepHblit
pacTBOp ONpeJeJIeHHOTO COCTaBa («HempephHBHHI» Oydep) Jaubo
cUcTeMy H3 ABYX OydepHBIX pacTBOpPOB («CTymneHUaTHlil» Oydep).
B mnocnenHem cayuae co6CTBeHHO pasjeseHHI0 o6paslna Ha KOM-
MOHEHTHl MNpeAlIeCTBYeT CTaJusl €ero KOHUEHTPUPOBAaHHS B BHAE
Y3KOH CTapTOBOH 30HBI Ha rpaHHlle pa3fiena O6ydepoB (cTyneHua-
THIHl anekTpodopes). Ecau pasaenenne mpoBoaurcsi B TpybKax c
NoJHAKPHIAMHJAHBIM rejeM, oOpasymloliuecs 30HBI HMelOT (opMy
JuckoB. B ycaoBusix usoraxodopesa [50] murpupyiomue BellecTBa
00pa3yioT coNpHKacalolhecs APYr ¢ APYroM 30HBI, KOTOpble pac-
NIOJIOXKEHBl MeXKJy JHIAHPYIOIUMM H 3aMBIKAIOIUM 3JIEKTPOJIHTOM.
UroObl 3TH 30HBI HE CONPHKacaluch, B HCXOAHYIO cMecb n06aB-
JSIOT BellleCTBA-«pas3fe/HTeNu»  (spacers), KOTOpble MO CBOEt
9JIeKTPO(OPETHUECKOH NOABHKHOCTH 33HUMAIOT INPOMEXKYTOYHOE
N0JIOXKEeHHe MeXJy AByMs HauboJjiee GJH3KMMH 1O 3TOMY NapaMer-
py xomnoHentaMmu cmecH. Takum oOpasom, usoraxotpopes B ompe-
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Ie/eHHOM CMBICJIE aHAJIOTHYEH BLITECHHTEJBHOH XpoMarorpadud,
a BelIeCTBa-«Pa3AeJNUTENIH» MO CYLIECTBY BBHINMOJNHAIT Ty Ke poJb,
YTO M JONOJIHHTEJbHbIE BLITECHHTENH B METOJE BBHITECHHTEJIbHOR
xpomarorpaduu ¢ HocuteseMm (cM. pasg. 1.2). DreKTpodoKycHpO-
BaHHe (H303JeKTpuueckoe (OKyCHDOBAaHHE) NPOBOAAT B TPaJHEH-
tTe pH, KoTopmi dopMHpyeTcss NpPH NPONYCKAHHH 3JIEKTPHYECKOro
TOKa uepe3 ctaGuin30BaHHBIN Gydep, cofepxamui cMech amdou-
TOB. Murpupyss B Takoil cpeze, O6eJKu H Apyrue amdoTepHHE CO-
ellHHeHHs] B KOHEYHOM HTOre MOCTHraloT Takoil obJaactH, rae pH
PaBeH MX H303JEKTPHUeCKOH# TOYKe, H 00pasyloT OYeHb Yy3KHE
30HHl i[51].

IlnockocTHON 3JiekTpodope3 mMeeT Te Ke NpeuMyllecrBa, 4To
U TJOCKOCTHAas xpoMmarorpadus, T. e. NMO3BOJSET Ha OAHOH 3JI€KT-
podoperpamme CpaBHHBATh ONHOBPEMEHHO HeCKOJbKO 00pas3loB.
MeTtonom anektpodopesa MOKHO, KaK M B JBYMepHOH OyMaxKHOIF
HJIH TOHKOCJOHHOH XxpoMarcrpaduu, pasfensTh BelllecTBa B ABYX
HanpaBJeHUAX, B YacTHOCTH B Oydepax ¢ pas3jHYHBIM 3HAUEHHEM
pH. BosMoxeH ¥ Apyrofi BapHaHT, KOrja AJs pa3fesieHusl B IBYX
B3aMMHO NEPHeHIUKYJISIPHBIX HAaNpaBJeHHAX HCIOJIb3YIOT Passini-
Hble Hocuresqn. Hanpumep, cHauaja mnpoBoAAT 3JjekTpodopes B
Y3KOil NOJIOCKE arapo3HOro reJis, B KOTOPOM IIOABHXKHOCTb MOJIe-
KyJ onpefnessieTcsi MX 3apsioM, a 3aTeM — B IJIACTHHKe arapo3Ho-
rO reJjisi, B KOTODOM BelllecTBa pa3feJsloTcs B COOTBETCTBHU C pas-
MepaMu uX MoJeKys. Cnoco6bl KayeCTBEHHOTO M KOJHYECTBEHHOTO
aHajHu3a 3JeKTpodoperpaMMm CXOAHBI C HCIOJb3yeMBIMH B OyMaiK-
HOH M TOHKOCJOHHOH xpomarorpacduu. bBeakun MOXKHO O6GHapyXH-
BaThb TaKXe C IIOMOLIbI0 MOHOCHEUH(HYECKHX aHTHTeJ (UMMYHO-
¢dukcamnus).

B merome uMMyHO3JeKTpodopesa Njs ONpeIesNeHHs TOJ0XKe-
HHSl HHAHMBHIAYyaJbHHIX GeJKOB Ha 3JeKTpodoperpaMme NPHMEHSIOT
pPeaKUHIO NpPEUUIHTAlHM C AHTHCHLIBODOTKOH, IOMEILIEHHO! BHIOJb
HanpaBJeHusi MHrpauud. Bosee sddekTuBHOro pasneneHHs Kom-
IIOHEHTOB MOXKHO JOOHTbCS C IOMOIIBI0O MeTOAAa MNEPEKPEeCTHOro
HMMYHO3JeKTpodopesa, cyTb KOTOPOrO CBOJHUTCS K CJELYIOUIEMY.
Y3KyI0 NOJIOCKY rejisi ¢ pa3fieleHHbIMH B OJHOM HAlpaBJEHHH aH-
THTEHAMH IePEHOCAT Ha IUVIaCTHHKY C TeJieM, COAEpXkKallluM aHTH-
TeJla, U NPOBOAAT MOIOJHHUTEJbHHIH 3JeKTpodope3 B NEpPNEeHIHKY-
JasipHoM Hanpasyennd. OOpasyiollyecs npH 3TOM 30HBl MpPEIUIH-
Taluyu UMeloT GOPMY paKeT, BEICOTY KOTOPHIX MOXKHO HCIIOJIb30BaTh
JJIsi OLIEHKH KOJMYeCTBa aHTHreHa (MeTOABl 3JeKTPOUMMYHOTECTH-
POBAHHS U «PaKeTHOro» sJeKkTpocopesa).

Bricokoii paspemaomieii cnocoOHOCTBIO 06JaafaeT Takke KOM-
OMHMPOBAHHBIA MeTOJ, JABYMEPHOTO pasfiesieHHs BEIEeCTB, MNpef-
CTaBJIAIOHH c000# coueTanne GyMaXKHOH XpomaTorpaduu B OJHOM
HanpaBJeHHH W 3JeKTpodopesa Ha Oymare —B ApyroM. Jas mnpe-
NapaTHBHOrO Pa3ie/eHHs] BELIeCTB MOXHO HCIOJb30BaTh Henpe-
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Puc. 1.5. Henpepeoigrolii ssekTpogopes.

-06pasey, HenpepulBHO nodaeTca 8 00HY TO4KY, PACNOAOHCEHHYIO 80Au3U BepxHe2o Kpas (puabT-

iposaabrou Gymazu. I100 OelicTéuem 3NEKTPUHECKO20 NOAA npoucxodur pasdeserHue obpasya

Ha KomnouenTsl (A, B u B) 8 20pU3OHTANbHOM HANPABAEHUU, @ HUCXO0OAULULL NOTOK 3MEKTPO-

aura nepevewjaer ux 8 6epPTUKAAbHOM Hanpasaenuu. KomnoneHTo. cmecu o06pasyroT noaocol,
KOTOpbie 8 KOHEe4HOM uroze OocTu2aloT cocydos dasn cb6opa ppakyuil.

pHIBHBHIN 3JekTpodope3 Ha OyMare HJAH B IJIaCTHHKe C TeJeM.
Ilpunuun storo Meroma, Ha3bIBaeMOro Takxe 3JeKTpodopesoM B
cBOOGOIHOM IOTOKe, siceH u3 puc. 1.5.

1.6. BriBoamr

XpoMmaTtorpadus, no-BHAHMOMY, siBJIsieTcsl HanboJiee yHHBEpCaJib-
HBIM METOAOM pa3sfeseHusi BemectB. OHa nmpUMeHHMa JAJs pasfele-
HHUsl cMecell JI0OBIX pPaCTBOPDUMBIX MJIH JIETYUYHX COeJAHHeHHH. BH-
60p TOr0 HJIM MHOTO MeTOAAa XpoMaTorpaduu 3aBHCHUT OT MPHUPOABI
4 KoJauuectBa o0pasua, Lledu pasjejeHHsl, OT ONBITHOCTH KCIEpH-
MEHTaTOpa, a TaKXe OT TOro, KakKuM 0o0OpyIOBaHHEM OH pachnoJa-
raer M Kak CKOpo HeoOXOAMMO IIDOBECTH pasjesieHHe.

EnnncTBeHHBIM XpoMaTtorpaduuyecKHM METOAOM pas/eJeHHs
IJI0X0 PacCTBOPSIOIIMXCA Ta3oB fBJsSETCS rasoBasi xpomatorpadus,
mipHyeM ee raso-TBepAO(asHbIi BapHaHT YacTO NPeANOYTHTeNbHee
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I)KX (cM. ra. 15). Ipyrue razoobpasHble BellecTBa, TakKHe, Kak:
YIJIeBOAOPOAH, Jyullle Bcero pasgenuts npu nomoumu IDKX. Meron:
rasoBoii xpomarorpaduu NpHMEHHM U MJsl pasfeseHHs HeJNeTYYHX:
COeNMHEHHH, €CJH HX MOXKHO NpeBpPaTHTb B cTaOH/bHbIe JeTyuHe
npousBojHbie. HecMOTpss Ha TO YTO CYIIECTBYIOT NPHOGOPHI, IM0O3BO-
JsIolIMe pasaensTh OOJIbIIHE KOJHUYECTBA BeleCTB, ra3oBas Xpo-
mMaTtorpadusi He OTHOCHTCS K UYHCJY COBEpIICHHBIX NpenapaTHBHbIX.
MeTo0B. OCHOBHBIMH JOCTOMHCTBAMH 3TOTO MeTOZA SABJAIOTCHA
CPaBHHUTEJBHO BBHICOKAasi CKOPOCTb aHA/IH3a H BO3MOXKHOCTb aBTOMa--
TH3MPOBATb MpOILlecC, a TVIaBHBIH HENOCTATOK —— BBHICOKAsi CTOHMOCTh.
o6opynoBanusi. B cuay mnocsnenHero o6crosiTesnbcTBa (PUHAHCHPOBA-
HHe 3TOH 06J1aCTH HCCJEOBaHHI OCYLIECTBJASIIOT B OCHOBHOM Hed-
TenepepabarbiBalone (GUPMbI, KOTOpPHle MOryT MO3BOJHTbL cele:
HecTH OOJIbUIHE PACXOAHI.

Teopernueckn JiIoOble PacTBOPHMBble BellleCTBA MOXKHO pasfe-
JUTb ¢ TIOMOILBIO TMOAXOJSILIEr0 METOLA KHAKOCTHOH XpoMarorpa-
¢un. MoHoo6MeHHass xpoMaTorpadusi H 3/eKTpodope3 NPUMEHHMBI
B TeX CJydYasx, KOTAa COeIUHEHHS MMEIOT HOHHBIH XapaKTep HJIH CO-
Jepxar HOoHoreHHble rpynnel. O6JsacTh NPHMEHEHHsi TIeJflb-XpOMa-
Torpadun orpaHHYeHa COEJHHEHHSMH C OTHOCHTEJbHO BBICOKOH MO-
JekynspHoii maccoit (103—10® manbToH). Apxcop6UHMOHHAs W pac-
npejfejauTeNbHas xpomarorpadHusi HCNONb3YIOTCH AJS pa3feseHHsT
BELleCTB €O CpefHeH MoJeKyasipHo# Mmacco#t (102—10% panbron),
U NO3TOMY 3TH METOABl NIPEACTABJSIOT OCOOBIH HHTEepec AJSA XHUMH-
KOB-OpraHukoB. He6oJbline KoJHYecTBa BeLIECTB MOXKHO pasfe-
JHUTb C IOMOIUBIO DPA3JHYHBIX METONOB IJIOCKOCTHOM XpoMarorpa-
¢un. IIpenmyliecTBOM NOCJAEAHHX SIBJSETCS BO3MOXKHOCTb aHa/IH3a
ONHOBPEMEHHO HECKOJbKHX 00pa3loB, a TaKkKe HH3Kas CTOUMOCTb.
o60pyaoBaHus. MeTOIBl NJIOCKOCTHOH XpoMaTtorpaduy OTJIHYAIOTCS
OYeHb INPOCTHIM aNmapatypHbIM odOpMJEHHEM, OJHAKO TpeOyioT
OT 3KCIIepHMEeHTaTopa OlpeleseHHBIX HaBHIKOB. PaspaboraHo He-
CKOJIbKO BapHaHTOB NpenapaTHBHON IJIOCKOCTHOH xpomarorpacduu
H KOJIHYECTBEHHOrO aHaJH3a XpOMAaTOrpaMM, OJHAKO OHH B H3Be-
CTHOH cTeneHu HecoBepileHHb. CoBpeMeHHasi KOJIOHOYHAsi XpOMaro-
rpadus obJafaer TeMH Ke JOCTOHHCTBAMH H HENIOCTAaTKaMH, 4TO
U rasoBasi xpomatorpacus, OIHAKO B OTJHYHE OT MOCJAedHel ee
MOXHO DEKOMEHJOBaTh He TOJbKO /ISl aHA/NH3a, HO W AJs Mpemna-
DPaTHBHOTO BLIJIEJIEHHSI BeLIECTB, OCOOEHHO €CJH 3TH BellecTBa He-
JOCTAaTOYHO TEPMOCTOHKH, Pa3jaraloTCs Ha CBETY HJIM JIETKO OKHC-
JSIOTCS.

[ToaBHKHOCTL OpPraHHYECKHX MOJIEKYJ B XpPOMAaTOrpaHueckKoi
CHCTEMe, HECOMHEHHO, 3aBHCHT OT HX CTPYKTYpPH M CBsi3aHa ¢ Mpo-
neccaMu <op6uMH H JecopObuuH. B  OTHENBHBIX cayuyafgx MOKHO
YCTAHOBUTb CBSI3b MeXIY CTPYKTYPOH M NOABHMKHOCTBIO MOJIEKYJI,
uto obJeryaer uAeHTH(UKaUHIO coefuHeHHHd. OmHAKO caMmMu 1o
cebe xpomatorpaduyeckHe JaHHble He [HAIOT HHKAKMX OCHOBaHHIL
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JJIs CKOJIbKO-HHOYJb HaJeXHbIX BHIBOJOB O CTPYKType coefHHe-
Hu#. CHenaTh TakHe BBIBOZB IO3BOJISIIOT PE3YJbTAaThl MPSMOTO
CpaBHeHHs1 XpomarorpaduyecKux CBOMCTB aHaJU3HPyeMOro Bellle-
CTBa W NOAxojsulero cranfapra. OgHaKo, Jaxe ecJIH COeNHHEHHS
HMEIOT OJMHAKOBYI0O XDOMATOrpadHyecKylo NOJBHXKHOCTb, YTBEPXK-
JAaTb, YTO OHH MJAEHTHYHH, IO MeHblleH Mepe PHCKOBaHHO. DTO OT-
HIOIb He O3HayaeT, 4YTO Xpomatorpaduyeckue H 3JeKTpodopeTHye-
CKHe MeTOAB MaJjouHGopMaTHBHE. OHH INO3BOJSAIOT JAOCTATOYHO
fipocTo W OBICTPO OXapaKTEepPH30BaTb HCCJeLyeMble COeIHHEeHHS,
HanpuMmep ONpeJeNHTb CTelleHb NMOJHMEPH3alUH C NMOMOIIBbIO refb-
Xpomartorpaduu WIH YCTAHOBHTb H303JIEKTPHUECKYIO TOUYKY C IO-
MOLIBI0O MeTOJa H303JEeKTPUUECKOTr0 (HOKYCHPOBAHHS.

B xauectBe BBOZHOr0 Kypca xpomarorpaduu mjisi HaUHHAIOMIUX
MOXKHO PEKOMEHAOBaTb PSS Y4eOHUKOB, ONY6GJHKOBAaHHHX B IO-
cnennee gecsituierne [52—55]. Cratbu 00630pHOrO Xapakrepa,
npejHasHauyeHHble AJA TeX, KTO yXe 3HAKOM C METOLOM XpOMarto-
rpaduy, NepHOAHYECKH NeyaTaloTcs B Pa3JHYHBIX KHHrax [56—
58] wu xkypHaaax |[59, 60]. Ocobyio LEeHHOCTb MJsI HCCaefoBaTeseil
npeacraBasiior 6ubnuorpadus kypHanos «Analytical Chemistry»
[59] u «Journal of Chromatography» [60], a Takxe pedepaTus-
Hble XypHaJbl. Merogam xpomarorpaguu u 3JjekTpodopesa LesH-
'KOM TNOCBSILIEHB HECKOJbKO COODHHKOB C MaTepHajaMH CHMIO3HY-
MoB [61, 62] u cmennanusupoBaHHBE XKypHaJawi [60, 63—68].

O630pHl N0 OTAEJBHHIM pasjesnaM xpoMmatorpacuu myOJaHKYOTCS
JOCTAaTOYHO YacTO, TEM He MeHee CYLIeCTBYeT psii BOIPOCOB, HO-
{I0JTHHTEJIBHOE OCBelleHHe KOTOPHIX Oblo Obl Becbma moJie3Ho. He-
KOTOpBHIE U3 3THX BONPOCOB, 3aCJYXKHBAIOUIUX, HA Hall B3IJAK, 0CO-
«60r0 BHUMAaHHUsA, CHOPMYIHPOBAHBl HHXKE.

Cucrematuueckuil opeanudeckuil 1 HeopeaHuueckull aHAAU3bL.
Henaneko 1o BpeMs, Korfa aHaJHTHYeCKHe CXeMbl HAEHTH(HKaALUH
HOHOB M MOJIEKYJ, KOTOpble HCIIOJNb30BAJUCh M INPOAOJKAIOT MC-
TIOJIb30BAThCH JJIs1 00YUEHHs CTYIEHTOB, YCTYNST MECTO palHOHaJb-
HOMY NPHMEHEHHIO B [IeJaroruyecKoil NpakTHKe TAKHX XpOMaTorpa-
¢uueckux MerojHuk, kak TCX.

Homenkxaarypa. Heo6XoauM KPHTHUECKHH aHAIu3 NPUMEHSEMBIX
B XpoMmarorpapuu TepMHHOB. B0O3MOXHO, 3TO II0O3BOJHT JOCTHYb
xoTs 6bl HEKOTOpO# yHHpuKauuu [5, 69].

Hcropus cosepuwencrgoeanus xpomaroepaguyeckozo obopydo-
8anus, VIHTEpeCcHO MpOCJaequTh, KK COBEPUIEHCTBOBAaJach XpOMAaToO-
rpaduyeckas anmnapartypa. Kak, HauaB ¢ npHcnocoOJeHHH, mpen-
Ha3HauYeHHBIX COBepUIEHHO AJiAg JAPYrux Lesaeid (Hampumep, ¢ rpebe-
HOK H CYIIHJIOK JJIi BOJOC, KOTOpHIE ‘BOLLIH B OOHXOX B OyMaxKHOH
xpomartorpacdun), xpomarorpaducThl co3Janu Takoe CJI0XHoe 0060-
PyZAOBaHHe, KaK NOJHOCTBIO aBTOMaTH3HpoBaHHas cucrema TCX
(Chromatape) u cucrema 06paGOTKH JaHHBIX XpOMAaTOMAacC-CHEKT-
POMETDHH.
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IlIpumenenue xpomarozpaguu e pasiuunblx O06AACTAX, TAKHX,
KaK KJIHHHYeCKasi XHMHs, cylebOHasi SKCNepTH3a H JAHCTAHLHOHHBIA
aHanu3 (Hampumep, CJAeXKeHHe 3a TIPOIleCCaMH, CBSI3aHHBIMHM C HC-
NOJb30BaHHEM paJHOAKTHBHBIX NpenapaToB, WJIH ONpeJesieHHe CO-
CTaBa BHe3eMHBIX 0OBEKTOB).

IlepcnexkTusel pazsurus pasiudnblx TUnog xpomaroepaguu. He-
CMOTpPSL Ha TO 4YTO B CO3ZaHHH OGoJiee crelHGHYHBIX CcOPOEHTOB
(mo cpaBHeHHIO ¢ mpeNJIoKeHHBIMH B cBoe BpeMs Ilosunrom [70])
JOCTHTHYTHl 3HauuTeJbHEIE YCIeXH, Io-BHAUMOMY, ap@pUHHasA Xpo-
Matorpagus GyAeT NMPOJOJNKATh Pa3BHBATHCHA. DHICTPHIMH TeMIaMH
6yner, mo-BHAMMOMY, COBEDLIEHCTBOBATbCS W NpenapaTrusHas xpo-
maroepagus (Hanpumep, ueHTpudyxHas [18], mnporuBOoTOYHAsS
[19, 20] u Tak HasbiBaemas «duun-¢JonHas» xpomarorpadusa®
[71]). IIuporomacmrabHoe HCHIOJb30OBaHHE XpoMarorpacuu (Ha-
npHMep, s YTHJIH3aLUH CJHEJAOBBIX KOJIHUECTB TNpHUMeceH HJH
OUHCTKH JIeKapCTBEHHBIX mnpemapaTtoB) mnorpebyer pa3pabOTKH HO-
BbIX, 6oJlee paLlHOHAJNBHBIX NPOLECCOB HENPEPHIBHOI'O pasjeseHHs.
OruyerninBo HabJlOJaeTcsi TeHJEHUHs K IOJHOH aBTOMAaTH3aLMH
KayeCTBEHHOr0 M KOJMYECTBEHHOI'O aHaJHM3a 3J0aToB (HCIOJB30-
BaHHE MHKDOIIPOLECCOPOB). Y3Ke NPENNPHHATO HECKOJbKO IOMBI-
TOK CKOHCTPYHPOBAaTb YHHBEDCAJIbHBIA HETEKTOp A/ KHAKOCTHOH
xpomarorpaduu.

BoamoxHocTu ras3oBoii xpoMartorpaduu MOryT ObITb 3HAUHTENb-
HO pacllHpeHbl B pe3yJbTaTe BBeJEHHS B NPAKTHKY HCCJIELOBaHHH
CBepXKPHTHYECKOH ((JIouaHOH) rasoBoi xpomarorpaduu [72] u
JpYrHUX MeTOLOB, 00ecleuyHBalOUIUX CEJeKTHBHOCTb IOABHKHOH da-
3pl. MHorooG6eIlaomuIM METOAOM pasjesleHHs BelleCTB C OYeHb
6oJsbLIOH MOJIEKYJsIpHOR Maccoll sBJseTcs (¢palHOHHPOBaHHe B
noJjie NOTOKa. JTOT Ipolecc POACTBEH XpoMaTtorpaduu, B KOTOPOH
JJIs CEeJIEKTHBHOTO YAEpPXKHBAHHSA BEleCTB HCIOJb3YeTCs BHEIIHee
nosne** [73]. EcrecTBeHHO, HeJb3s HCKJIIOYHTb, YTO XPOMAaTOrpa-
¢usi u(uau) snekrpodopes OyLyT B KOHIE KOHILOB BHITECHEHBI Ka-
KHM-TO HOBBIM METOJOM pasjiesieHHsl, OXHAKO 3TO BPAL JIH ITPOU30ii-
et B 0603pHMOM OyAyLIEM.

* CyTp MeToja CBOAMTCS K TOMY, YTO KOJIOHKY C COpPGEHTOM, Ha KOTOPHIi
HaHeCeHa aHaJM3UpyeMasi CMechb BelleCTB, MONepeMEeHHO NPOMLIBAIOT TO NOJISAPHHIM,
TO HeMOJIIPHBIM PacTBOPHTesNeM (HalpHMep, B MOCJeAOBATENbHOCTH: BOJa, TeNTaH,
METaHOJ, XJODHCTHIH MeTHJeH), T. €. IOCJeNOBaTeNbHO SKCTPATHPYIOT BellecTBA
Pas/HyHOM MOJISPHOCTH, NPHYEM IPH 3aMeHe PACTBODHTENS MEHSIOT HalpaBJeHHe
[IOTOKa H KOJIOHKY, Ha KOTOpOHi NMPOHMCXOAHT Hocjeayiollee GoJsiee IOJIHOE pasje-
JieHHe 5KCTParMpoBaHHBIX BellecTB. — [Ipum. nepes.

** ABTODOM OJHOrO M3 IepPBHIX BAapHaHTOB TAKOLO MeTOAa XpoMartorpaduu
saaserca B. IN. Ymxkos (ABt. csua. CCCP 231204, Brosur. uso6p. Ne 35, 1969),
KOTOPHI TPeJJIOXHJ OCYIIeCTBHTb XpOMaTorpadHueckoe pasjejieHHe H30TONOB B
rpaBHTALlHOHHOM IOJIe UeHTPHDyru. — [Ipum. ped.
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[naBa 2

AMHHOKHCJOTBI U OJIMTOMNENTH/IbI

Tomac Kacrep, Anouc Hunepsusep

2.1. Beenenue

Kak cjefyer u3 HasBaHusl IJiaBbl, B HEA PAaCCMOTPEHB METO/bi
pasle/ieHHs] aMHHOKHCJOT M OJIMIOINENTHIOB, NpHueM o0co6oe BHHU-
MaHHe yAEeNEHO IOCTeIHHM JOCTHXKEHHSM B 3TOH 00/1acTH, a TaK-
e CPaBHUTEJIbHO HOBBHIM MeTOAMKaM. MerTo/bl, He NpeTepleBline
CYILECTBEHHBIX M3MEHEHHI CO BPEMEHH BBIXOJA B CBET IIOCJENHEro
u3fanus 3Toil kuuru [1], au60 BoOOIIe He YHNOMSHYTH (3JE€KTPO-
¢dopes u TCX), au60 TONBKO AOMOJHEHH (HOHOOOMEHHas XpOMaro-
rpacus). [IpuMeHeHne paccMaTpUBaeMbIX METONOB B KJIHHHYECKOH
XUMHH o6CyXjaaercss B HeIaBHO OMyOJHKOBaHHON KHure Dpemepa
u ap. [2].

2.2. Monoo6menHasi xpoMarorpadus

2.2.1. Amunokucaorel u oauzonentudsl

Meron aHanu3a aMHHOKHCJOT C IOMOLIbI0O HOHOOGMEHHOH Xpo-
marorpaduun 6asupyercs Ha paborax llreiitna u Mypa [3—5], ko-
TOpHIE CHCTEMATHYECKH M3ydasau Npo6JeMBl, CBSI3aHHbIE C pasjeJe-
HHEM M KOJIMYECTBEHHBIM OmpejeseHHeM Haubojiee pacHpoCTpaHeH-
HBIX aMHHOKHCIOT. B 1958 r. atu aBTOpH :[5] mpensoxuau aBToma-
THYECKYI0 CHCTEMY, TMO3BOJISIOILYIO IPOBOAUTD IOJHHIM aHAJH3 aMH-
HOKHCJIOT 3a 24 u. B panbHefimeM 3Ta CHCTeMa HEONHOKPATHO MO-
IuGUIHPOBaNach C LEJbI0 YBEJHYEHHS CKOPOCTH M UYYBCTBHTEJb-
HOCTH aHasau3a. B Hacrosillee BpeMsl mpejes oGHApyXKEeHHSI aMHHO-
KHCJIOT COCTaBJISIET HECKOJIbKO NMHKOMOJIEH, a JJIHTEJbHOCTh aHaJH-
3a paBHa ~90 muH. Cienyer, 0OJHaKO, OTMETHTb, YTO HH OJHA U3
COBPEMEHHBIX CHCTEM He JaeT TaKOro BBICOKOTO pa3spelleHHs, Kak
cucreMa, npejasoxenHas Mypom u mp. [5]. VYmeHbuienue paspe-
Iwapoluei crnoco6HOCTH, KOTOPOe SIBJASETCS CJAEACTBHEM YBENHUEHHS
CKODOCTH Da3fieJleHHsl, 3aTPYJAHSET MJIH Jaxe JejJaeT HEBO3MOXK-
HBIM OMNpeJeseHHe MaJopaclpOCTPaHEHHBIX aMHHOKHCJIOT.

Co BpeMeHH BHIXOfa TPETbEro H3NAHHS 3TOH KHHIH METOLH
HOHOOGMEHHOR XpoMaTorpaduy NpeTeplesd JHIIbL He3HaYUTeJbHblC

37
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4] AMUHOKUCAOTBL U OAUCONENTUOBE

HU3MeHEeHHus, ¥ BCe JOCTHXKEHHS B 3TOH 00JACTH CBSI3aHBl TOJIBKO
C TEeXHHYECKMMH YycoBeplleHcTBOBaHUsIMH. [loaToMy B HacToslleH
riaBe Mbl He OyneM pacCMaTpHBAaTh METOAHKY IpeABapUTe]bHOH
o6paboTku 06pa3uoB, o6CcykaaTb TpPeOOBaHMS, HPEABbABIAAEMblE K
BHYTPpEHHUM CTaHJapTaM, cMmoJsaMm, OydepHLIM pacTBopaMm, a Tak-
Ke pa3bupaTh KOHCTPYKUHIO [eTEeKTODOB M MeTOAHKH Iposeie-
HHSI PacyeToB M cocTaBjeHust nporpamMM. CBeJeHHsi MO 3THM BO-
npocaM MOXHO NOYEPHHYTb B TpeTbeM u3AaHuu Kuuru [1]. 3aech
e MBI JIMIIb B OOUIMX YyepTaxX KOCHeMCSl HOBBIX pabGoT B 3TOH 006-
sactd. CCHUIKM Ha HEKOTOpble NOsIBUBIIHMECS 3a IOCJeJHHe TOAH
cTaThbd MO HOHOOOMeHHOH XpoMaTorpaduud aMHHOKHCJOT M TMeENTH-
JOB npuBefeHbl B Taba. 2.1.

2.2.2. Paszdeaenue amuHoKucA0T, Ounentudos
u oauzonenTudos

B 1966 r. Tommen u np. [38, 39] npemsoxuiu MeTom OTAeJe-
HHS IENTHJ0B OT AMHHOKHCJOT, OCHOBAHHBIH Ha HOHOOGMEHHOM
xpomartorpaduu WX KOMIUIEKCOB C HOHamu MeIHu. Beaen sa aTHMH
NepPBbIMH MCCJE0BAHHAMH TOSIBUIHCH PabGOTH, MNOCBSILIEHHBIE HC-
NOJIb30BAHUIO JAHHOTO MeTOAa JJISl aHajii3a pas/MYHbIX OGHOJIOrH-

Gly
100
N Gl
% Y2 ape §
: =
N 450 B
S Glys Gly, é
j \ /\ Glys 425
Jd/ JA\/\
20 40 60 80 00 720 mn

Puc. 2.1. Pasdenenue oaucocauyunogerx xomnaexcoe medu(ll) na DEAE-cega-
dexce A-25 [47] (c paspewerus asropog).

yeckux o0pasuos, Hanpumep cycsua [40], coipa [41, 42, 46], apox-
xefl [42], ceiBopoTku [43] n Moun [43—45]. Menuble KOMIIEKCH
AMHMHOKHCJIOT 3JIIOMPYIOT ¢ aHHOHOOOMEHHOH KosJoHKH npu pH 8, a
npy NocJeayiolieM NPOMbBIBAHHH KOJIOHKH KHCJIBIM GydepHbiM pa-
CTBOPOM TOJIy4aloT (hpakuUuio MeNnTHAO0B, NpsiMoe O6HapyXKeHHe
KOTOPBIX, OJIHaKO, HEBO3MOXKHO B CHJY UpPe3BHYafHO HH3KOH yCTOli-
YHBOCTH MeJAHBIX KoMmaekccB npu pH<7.
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ITOT HEAOCTATOK MeTOAAa YAaJoch npeojoseTb HuupepBusepy u
Ap. [44, 45], xoTopble HCNOJb30BAJH OAMH pabounit GydepHHbIil
pactBop ¢ pH 8 u xBe kosoukun ¢ DEAE-cedpanmekcom A-25 u c
DEAE-cedpanekcom A-50. Ha nepBoli KOJOHKE aMHHOKHCJIOTBI OT-
JeJISiIK OT MEeNTHAOB, a2 Ha BTOPOH — JUNENTHABI OT OJIHTONENTHIOB.
ABTOpH NPEANOJIONKHJIU TaKXKe, YTO C MOMOIUBIO INPeNJIOKEHHOrO
HMH METOJa MOXKHO OTHENHTb TPH- W TeTPANENTHAbl OT NEeHTamem-
THAOB WU GoJsiee IJIMHHBIX OJIUrONENTHJOB. V3yueHHe BJIHSIHHSL HOH-

s 8 8 8 8 ©§ g
T Y § 3 3 Y 3
S 8 s 8 R ¥ 8
3
B
i
N
&
4l ( |
50 40 g 20 00

Homep gparxyuu

Puc. 2.2. dparyuonuposanue xomnaexcos medu(ll) c¢ npodyxramu eudpoiusa
kazeuna na DEAE-cepadexce A-25 [47] (c paspewenus asTopos).

HOH cusbl, pH, KosuuecTBa cBs3aHHBIX ¢ ceafieKCOM HOHOB MeIH
¥ KOHLeHTpauuu obpasia Ha pa3pellarollylo ClocO6HOCTb KOJOHOK
7l03BOJIMJIO 3HAYHMTEJBHO YJAYUYIIHTb METONHKY OTAEJEeHHs NeNTHIOB
oT GOJBIIUX KOJMYECTB aMHUHOKHCJOT, a TaKie OCYLIeCTBHTb pas-
neneHne cmecn nentupos [46]. Ha puc. 2.1 nokasana xpomaro-
rpaMMma, NoJyueHHas NpH pa3feJieHHH OJIMTONeNTHIOB C PA3JHYHOH
qunoit nenu Ha DEAE-cedanmekce A-25. Crynenuaroe yBeJqHuYeHHE
HOHHOH cuJibl 3Jjioupyomiero 6ydepHoro pacrBopa (6opaTt HartpHsd,
pH 8,5, ¢ mo6aBKo#i xJopuja HATpHs) MO3BOJSIET NOJHOCTBIO pas-
JIe.1UTh CMeCh, COCTOSAILYIO H3 NATH KOMIOHEHTOB. BriAenuTh rekca-
[VilUHH He YAaJ0Ch BCJEACTBHE €ro aHOMAaJbHOrO NoBemeHHus. IIpu-
MeHHMOCTb 3TOH CXeMbl NpPOBEpeHa Ha npuMepe pasfejeHust ¢ep-
MEHTaTHBHOrO T'HAPOJH3aTa Ka3eHHa (TaK Ha3bIBAEMOro aMHHO30-
Ja), ¥3 KOTOpPOro AHaJH30M OBIIM NPeABAaPHTENbHO yHAAJEHH AJHH-
Hble menTHAbl (pHc. 2.2). Kak BHIACHHJIOCH, MHOTHE KOMIOHEHTHI
CMECH, KOTOPHIM Ha XpOMAaTorpaMMe COOTBETCTBYIOT JE€CSTb IHKOB,
yAepKHUBAIOTCS Ha MOHHTE CHJIbHee, yeM JII0OOH U3 HCCJAefOBaHHBIX
MO1eJbHBIX NenTuRoB. Ilo MHEHHIO aBTOPOB, 3TO OGYC/IOBJIEHO BHI-
COKHUM COJiepXKaHHeM KHCJIBIX aMHHOKHCJOT B NENTHAAX aMHHO30J1a.



43 Amunorucaorsl u oaruzonentudos

2.3. BricokosddekTHBHAS KEIAKOCTHAA
xpoMaTorpagusi aMHHOKHCJIOT H MENTHIO0B

AncopbuuonHasi xpoMarorpacHs aMHHOKHCJOT Ha HENMOJSpPHBIX
HENMOJBUKHBIX (pa3ax, BnepBble NPeAJOXEHHAsE B COPOKOBHIX TOAaXx,
B IIEPHOJ, MOCJe MATHAECATHIX FOLOB B KaKOH-TO CTENEHH yTpaTHJa
CBO€ 3HaueHHe B CBSI3H ¢ pa3paboTKOi MeTofa HOHOOOMEHHOH Xpo-
marorpadun. OfHAKO pa3BHTHE BBHICOKO3((HEKTUBHOH XHIKOCTHOH
xpomarorpadpun (BD)KX) BHOBL nmpolOyanso uHTepec K 3TuM ¢a-
saMm. CpaBuuBast merofbl BI)KX, noHoo6MeHHOH H ra3oBoHl xpoma-
Torpauu NPUMEHHTEJbHO K Pasfej]eHHI0 aMHHOKHCJOT, cielyeT
UMeTb B BHAY, UTO aBTOMaTHuYeckoe 06opynoBaHHE LJA HOHOOOMCH-
HOI1 XxpoMartorpauu AOPOro M NMPHIOAHO TOJbKO AJISI aHAJH3a aMH-
HOKHCJIOT*, nmpuyeM IosiHOe pasfesnendHe 20 MPHPOJAHBIX aMHHOKHC-
JoT 3aHuMaer okoJo 60 MuH, A/ rasoxpomarorpaguueckoro aHa-
Jnu3a HeobxonuMa npeABapuTesbHass MOAHGHKALUHS aMHHOKHCJOT
C HeJIbI0 NMOJIYYEHHS HX JIeTYYHX IPOH3BOJHBIX, UTO BO3MOXKHO Aa-
JeKo He BO Bcex cayuasx. Opnako meron B3)KX saBasercs BecbMa
ruOKUM M C NOMOUIbIO CPaBHHTEJNbHO HEAOPOro o6OpYyHOBaHHS TMO-
3BOJISIET pellaTb pasHooOpasHble NpobJeMbl, CBSI3aHHBIE ¢ H3yde-
HHeM pa3JMYHbIX BelllecTB. B uyactHocTH, 20 aMHHOKHCJIOT MOXKHO
pasze/luTh JaHHBIM MeTONOM MeHee ueM 3a 40 mMuH. B pesysbrare
MHOTOYHC/JIEHHBIX CHCTEMAaTHYECKHX HCCJefOBaHHH copGeHToB ycra-
HOBJIEHO, 4TO XMMHYECKH CBsi3aHHble ()a3bl SBJAIOTCH HAWJIYYIIHMH
JJil aHa/JH3a aMHHOKHCJOT H IeNTHIOB.

2.3.1. [IetexTope:

Takoil yHHBepcaJbHBIA NETEKTOP, KAKHM XOTeNOCh GBI paclosa-
ratb HCCJIEJ0BaTe/NsIM, B HacTosllee BpeMs ellle He paspaboTaH,
n meron BI)KX ne pacnosaraer npu6opoM, KOTOPHIH NO CBOMM
BO3MOXKHOCTAM Obl1 Obl 3KBHBAJEHTEH NPHMEHAEMBIM B Tra3oBOH
xpoMarorpaduu neTeKTopaM N0 TeMJIONPOBOJHOCTH M MJAMEHHO-
HOHH3AaLMOHHBIM N€TeKTOpaM. B 3ToM pasgmene GyayT omucaubl fe-
TEKTOPBI, Haubosee LIMPOKO HCHOJb3yeMble [Iasi OOHapyXKeHHS
aMHHOKHCJIOT M nenthios. Dosee noxpobuyio undopmauuio o mnpe-
MMYILECTBAaX, OTPAHHYEHHSX M XapPaKTEDHCTHKAX PAa3JHYHBIX CH-
cTeM OOHapyKeHHsi MOXKHO HaliTm B paborax [48, 49].

* B nocneanHe ronw ¢upma Pharmacia (Llseuns) nanazuna BHITYCK Cpas-
HHTE/IbHO JIEIIEBOH aBTOMATHYECKOR CHCTEMH GHICTPOro  pasjesenus 6eqKoB
(FPLC-cucTeMH), KOTOPYIO B NpHHIHIE MOXHO HMCNOJBb30BAaTh H AJS paszenenus
AMHHOKHCIOT. — [Tpum. nepes. '
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2.3.1.1. ¥ avTpaguoserossie OeTeKTOpbL

Y-aereKkTophl, mosyYuBlIne HanOoJee IIHPOKOEe pacnpocTpaHe-
HYe, NMO3BOJISIIOT C BBICOKON YYBCTBHUTENLHOCTbIO OOHApYXKHUBAaTh Be-
HiecTBa, morJoulamoiue cset B obaactu ot 190 xo 600 M (mpexmen
06HApYKEHHST COCTABJSIET HECKOJbKO HAHOrPaMMOB), H 00J1afaloT
JOCTATOYHON ¢TaOH/IBbHOCTBIO 110 OTHOLUEHHIO K H3MEHEHHAM CKO-
poCTH NOTOKa 3Ji0ata u TeMmnepartypbl. llupokuil Auanason usme-
penuit (okoso 10%) pmaeT BO3MOXKHOCTb ONMPENENATh KaK OOJbLIHE,
TaK M CJeJ0oBble KOJHYECTBA BEILECTB B OJHOM 3KCIepHMEHTe. Y-
CIeKTPOGOTOMETPH NO3BOJSAIOT NPOBOJAUTh H3MepeHHsi 60 B Mak-
CHMYyMe I[IOJIOCH MOIVIOLIeHHs, JUGO NpH AJHHE BOJHB, o6ecrnedu-

X
N .
3 4
'§ -
wl- 8%
e
SH
< gob S8 P 8 16 @
°. 0 4
i 9 78
5, 2 z
20— ¥ ; / 24
21
é,, n 92 2
) 0 b 13 15 7
: ]
i -]
* JU
| 1 L1 1 | | ] | | | 1 | | J
0 4 8 12 16 20 24 28 32 MUH

Puc. 2.3. Pasdeaenue merodom BI)XX na yavrpacgep-ODS geruaruoeudantou-
HOBbLX nPOu3soOnbLx amunokucaor [54) (¢ paspeuwsenus asropos).
Bygepnoiii pacrgop A: 5% Terpaeudpogpypana 6 4,2 mM ykcycHod xucaore naroc NaOH do
pH 5,16; 6ygepreui pacreop b: 10% rterpazudpodpypana 8 ayeTorurpune; CKOPOCT6 NOTOKA:
1,3 ma[mun; Temneparypa: 45°C; npoba; 1—2 HmOab Kaxdo2o npouseodroeo. Hoenrupuyu-
posansl heHurTuo2uOAHTOUROBble npou3sodHbie caedyroujux coedunenuid: 1 — yucreurosod
KUCAOTB; 2 — acnapazurosoli KUcAOTbl, 3 — S-KapbOKCUMETUAYUCTeURA; 4 — 2AyTamunosoll
KucaoTbl; 5 — acnapaz2una; 6 — cepura; 7 — 2ayTamuna; 8 — Tpeonuna; 9 —eauyuna; 10—
2ucrtuduna; 11 — meTuorurcyrspona; 12 — aranuna; 13 — oxcunpoauna; 14 — rtuposuna; 15—
S-meruayucreuna; 16 — nporuna; 17 — meTuorura; 18 — saruna; 19 — apeuruna; 20 — TpUnTO-
dana; 21 — ernunaranuna; 22 — usonreiyuna; 23 — g-gpenunrruokapbamourruduna; 24 — neti-
yuna; 25 — Hopaeliyuna.

BalOlllel MaKCHMAJbHYIO ceJeKTHBHOCTb. HoBHIH Tum aerekropa ¢
¢GUKCHPOBAaHHOH AJMHOM BOJMHBI 215 HM BHIMycKaeT ¢upma Pharma-
cia. HekoToprle HeTeKTOpH pPErHCTPHPYIOT <CHEKTP IOTJIOLIEHHS
BelllecTBa IIPH OCTAHOBKe NOTOKa, MPOXOAALIEro yepe3 H3MepH-
TeJIbHYI0 siyefiky. C NOMOIIbIO yCTPOHCTB I/l GBICTPOrO CKaHHPO-
Banus [60—53] MoxHO O6blo OBl MOJNYYHTb MAKCHMyM HHpOpMa-
HUY O CHEeKTPaJbHBIX XapaKTepPUCTHKAX aHaJU3UPYEeMBIX COeluHe-
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HHH, a COOTBETCTBYIOLIMH MeTOA Mor Obl CJIYXHTb aJbTe€DHATHBOH
HJIM 110 MeHbILUell Mepe JONOJHEHHeM K MeTOAy XpOoMaToMacc-CIeKT-
pometpun. ITogoOHble MpuUOOPH MOKa He BBIIYCKAKTCA®, OMHAKO
MOXKHO HAaJesThCs, UTO OHH BOHAYT B NpPAKTHKY HCCJ€JOBaHUS B
KayecTBe MHOTOLEJIEBBIX CHCTEM JeTeKTHDPOBAHHS.

B paGore [54] omnmcaHO pasjesieHHe THAPOJH3aTa MNOJHIENTH-
0B Ha KoJIoHKe ¢ Yyabrpacep-ODS. AMHHOKHCJIOTH IpejiBapH-
TeJIbHO IIpeBpalliaji B (EeHHJITHOTHAAHTOMHOBLIE NMPOH3BOJHbIE, KO-
TOpble B 3JI0aTe OOHapyXHBaJH IO MNOMIOILEHHIO Inpu 254 HM.
W3 npeacraBieHHOH Ha pHC. 2.3 THNHYHOH XPOMAaTOrpaMMBl BHJIHO,
410 BCe 25 KOMIIOHEHTOB CMECH XODPOULIO pasjessaloTcs 3a 32 MHH.

2.3.1.2. Dayopumerpuueckue 0eTeKxTopbl

OuyopuMeTpH, M3MepAIIIHUe 3SHEePrHI0 H3JydYeHHs BO36YKIeH-
Hbeix Y®-cBeTOM MOJIEKYJ pPacTBOPEHHOro BellecTBa, 0KasaJjuch
OuYeHb YYBCTBHTENbHBIMH U CEJEKTHBHBIMU JeTeKTopaMu AJjs BI)KX.
B Tex cayuasix, Koria cam no cebe oGpasen He (Jayopecuupyer,
MOXHO JO WJIM HOCJe pasjeseHHs o6pasna Ha KOJIOHKE MOJy4YUTh
COOTBETCTBYIOLI[I€ €r0 NpPOH3BOJAHBIE. UyBCTBUTENBHOCTb (JyOpH-
meTpoB MoxeT B 100 pas npeBhlIaTh YYBCTBHTEJIbHOCTh ¥ P-JeTeK-
TOpPOB, OJHAKO [HJ/si HEepBbIX XapakTepeH OoJiee Y3KHI JIHHEHHHBIH
JuanasoH uamepeHuit (104).

OueHb NepCcNeKTHBHbIM fIBJAAETCA (JYOPHMETP C Ja3epHbIM
Bo30yxkaeHHeM [55], KOTOpHIl B IpHHLMIE NO3BOJSET NPOBOAUTH
aHaJ/u3 BellecTBa B KOJMYECTBE HECKOJbKHX NMHKorpammoB. Ha puc.
2.4 npuBeleH NpuUMep pasjieseHHSI aMHHOKHCJIOT B BHJE HX NIPOM3-
BOJIHBIX, NOJIyYEHHBIX B IPELKOJOHOYHOM peaKTOpe B pe3yJibTare
ajuBlielics 1 MuH 06paGOTKH HCXOLHOH CMecH o-(pTaseBbIM aJibjle-
runoM [56]. Ilpenen ob6HapyKeHHs 3THX NPOM3BOAHBIX OOBIYHBIM
¢/IyopHMETPHUECKHM JAETEKTOPOM cocTaBjsfeT B cpeldHeM 40 mr.

2.3.1.8. JaekTpoxumuueckue 0eTeKTOpbL

BemectBa, o6Gnajgampiiue cnocoOOHOCTbIO OKHCJATLCS HJM BOC-
CTaHaBJHBAThCA NOJ AEHCTBHEM 3JIGKTPHUYECKOTO TOKa, MOXKHO 06-
HapyXMBaTb C NOMOIULbIO 3JIEKTPOXHMHYECKHX JAETEKTOPOB, KOTOpPHIE
PEerucTpHPYIOT 3aBHCHMOCTb BEJHYHHBI TOKA MeEXKAY MNOJSIPH3yeMbIM
3/€KTPOAOM M 3JIEKTPOAOM CPaBHEHHs OT NPHJIOKEHHOro HampsiKe-
Husi. JleTeKTOpbl TAaKOro THMAa MOKa ellle TOJbKO HAYHHAKIT paspa-
6aTHIBaThCS, U NI0O3TOMY MHOrue npobJjeMhl elle XAYT CBOEro OKOH-
yaresJbHOTrO pellleHHs. TeM He MeHee TakHe NPHOODPH NpeACTaBJs-

* BHIYCK JeTeKTOPOB, MO3BOJAIIIHX NMOMYYaTh TPeXMEPHble XPOMATOTPaMMHI

(BpeMsl — JJIHHA BOJIHE — IIOIJIOLleHHe), y2Ke HaslaxeH ¢upmamu Hewlett Packard
u LKB. — ITpum. nepes.
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Puc. 2.4. Pasdesenue merodom BIKX npoussoduvix amumoKuCAOT, MOAYYEHHOLE
06pa6oTKOL aMUHOKUCAOT raresoim arvbOezudom [56] (¢ paspewenus asTopos).

Koaonka: 150X5 mm (8Hyrp. Quamerp); Henodsuscrnas ¢pasza: muxpocur Cg 0,02 M nodsusc-
naa ¢asa: pacreop ayerara Harpus (pH 5) — rerpazudpogypan — meranor, cTyncuuaroe 2pa-
OuUeHTHOe 3AUPOBAHUE; CKOPOCTL NOTOKA: 2 MA/MUK; OOHApYyXdceHiue: no (hayopecyeryul.
Hoenrugpuyuposare. npoussodnsie caredyroujux coedunenui: 1 — acnapazunosol KUcAOTol; 2 —
TPEeoHUHA; 3 — cepura; 4 — 2AYTAMUHOBOL KUCAOTbL, 5 — 2AuUlUHA; 6 — QAQHUHA; 7 — TUPO3U-
Ha; 8 — sanuna; 9 — yucreuna; 10— 2uctuduna; 11 — meTuoHuna; 12 — eayramuna; 13 —
uzoneliyuna; 14 — aeiyuna; 15 —penunanranuna; 16— apeununa; 17 — Tpuntogpana; 18 — am-
Muana.

IOTCSl BeCcbMa MEePCIEeKTHBHLIMHU, IOCKOJbKY HCIOJb3YeMBIl B HHX
NPHHIMI OGHApy2KeHHs BEILeCTB MOXET 00ecHeuMTb BBICOKYIO HyB-
CTBHTEJNLHOCTh U HIMPOKUH AHanas3oH naMmepeHui. PesynbraTthl npea-
NPHHATBIX K HACTOSIlEeMY BPEMEHH HCCJEJOBaHMI YKa3blBAIOT Ha
TO, UTO 3JIEKTPOXHMHUECKHe JeTeKTOphl 06/1a1al0T, Kak NpaBHJO,
6oJibliiefi YYBCTBUTEJNbHOCTbIO, HO MEHbIIEH CEJEKTHBHOCThIO, YeM
¢bayopuMeTpruuecKue. '

2.3.14. Macc-cnekTpomerpel

Macc-cnekTpoMeTp YIOBJETBOPSieT B NPHHIHIIE BCEM OCHOBHBIM
Tpe6oBaHUAM, NpeLbaBAsSeMbM K deTekTopam A BI)KX, a nmen-
HO: OH yHHBepcaJjeH, o6/afilaeT BHICOKOH UYBCTBHTE/bHOCTBHIO, Xa-
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paKrepusyercs ILHDOKHM J1ana3oHOM H3MepeHHH M cTabH/IeH no
‘OTHOLIEHHIO K M3MeHeHUsIM TeMneparyphbl. OJHaKO XHAKOCTHOH Xpo-
martorpad MeHee MNPHIOAEH AJS HCIOJB30BAHMA B COYETAHHH C
Macc-cneKTpOMeTpoM, yeM ra3oBblil. CepbesHble 3aTpyAHEeHHS, BO3HH-
Kalollye INPH KOHCTPYHPOBAHHH TAaKOH KOMOHHHPOBAHHOH CHCTEMBI,
CBfI3aHBI, KaK MIPaBHJO, C XapaKTepoM NOABHKHOH (a3bl, CKOPOCTbIO
TNOTOKa U HU3KOH JeTydyecTbio 06pa3unoB. OAHH H3 BO3MOXKHEIX CIIO-
€c060B pelleHHs1 3THX NpobJeM 3akK/ao4yaercs B TOM, YTOOH XpoMa-
'gm]‘patp H Macc-CHeKTpoMeTp paboTaju B aBTOHOMHOM pexume [57,
58].

Hauunas ¢ 1974 r. u3yyeHO HECKOJIBKO BapHAHTOB COYETAHHS
JKHAKOCTHOH XpomaTtorpaduum ¢ Macc-cnmeKrpomerpuei '[59—72].
‘O630psl Ha 3Ty TeMmy ony6/ukoBaHsl Makdannenom [73], ApmuHo
n T'momonom [74], Kenanepom u Imunom [75]. OxHako, HecMoOT-
psi Ha rpoMajHble yCUJMS, NpeANpPHHHMaeMble B 3TOM HallpaBJIeHHH,
B HacTosllee BpeMsl IOCTYNHBI TOJbKO JABa THUNIA YCTPOHCTB, 00b-
e[UHAIIMX B OAHY CHCTEMY XKHIAKOCTHOH Xpomarorpad u macc-
crnekrpomerp. B omHom u3 Hux, npemjoxeHHom MakJladdepru u
JZp. [61], amoar u noxBuKHas (asza U3 KOJOHKH MOCTYNAIOT HENO-
CpeJNCTBEHHO B CNEKTPOMETP M NOJABHXKHas (pa3a HCNOJb3yeTcs OA-
HOBPEMEHHO B KauyecTBe rasza-peareHra AJs XHMHYECKOH HOHH3AIMH.
B 3TOM OTHOCHTEJNHHO HEAOPOrOM H HECJOXHOM YCTPOHMCTBE MOHH-
331K OCYIIECTBJsETCS TaKHM METOJOM, KOTODHIH HanboJjee IPHro-
IleH IS TPYAHOJIETYYHX H TeDMHUYECKH HeCTOHKUX coeauHeHui. On-
HAKO HH3Kas JeTydyecTb OOGBIYHO HCIOJNB3YeMBIX pacTBOpDHUTEJei
(ocob6enno B BIO)KX Ha obpalueHHbIX ¢pasax) orpaHUYHBAaeT NpH-
MEeHeHHe 3TOr0 MeTola.

OCHOBHOH JleTa/Ibl0 BTOPOTO YCTPOHCTBA SABJISETCS JBHKYILLASICS
JieHTa, Ha MOBEepPXHOCTb KOTOpOIl momaercs 3Jjwoar [63]. Ilocae uc-
TlapeHusl pacTBopuTess oOpasel NMepeBOAAT B rasoBylo ¢asy c Io-
MOIIbI0 METOJOB 3JIEKTPOHHOTO VAapa HJIH XHMHUYECKOH HOHH3alHH
U aHAJU3UDPYIOT™.

Poab COeAMHUTEbHOrO 3BE€HA MeXIY MHKPOKOJOHKOH M Macc-
CMEeKTPOMETPOM MOKET BBINMOJHATh CKOHCTPYHpOBaHHBIH Takeyuu u
Ap. [69] crpyitHblii cenapatop. B aTom ycrpoiictBe mpu cKopocTax
TOTOKAa MOPsiAKA HECKOJbKHX MHKPOJHTPOB B MHHYTY NOABHIKHAs
«pasa BHOBb BBEICTYyNaeT B DOJIM ra3a-peareHTa, NPUBOJSLIETO K XH-

* TIpocToit H YyBCTBHTENBHBIH ABYXCTyNeHua1lk'ii MeTON «XpoMartorpaduyecko-
O MarHUTOQOHa» Obla mpennoxen DBepeskunbiM, CaBuHOBBIM M SlwuuHEIM [Berez-
kin V. G., Savinov I. M., Yashin Ga. I, J. Chromatogr., 150, 200 (1978)]. Ha
TIepBOM CTafMH JeTeKTHPOBAHHs 3JIOGHT HeNPephIBHO HAHOCHTCS Ha ABHIKYILYIOCH
MeTaJ/UIHYecKylo JieHTy. HeseTyune anaju3HpyeMble BelilecTBa OCTAIOTCS Ha JIEHTe,
a pacTRopuTenb Mcnapsiercs. Ha BTOpofi CTafHH JieHTa C aHAJM3HDYEMBIMH Belle-
-CTBAMH MPOMNYCKAaeTCsl Yepe3 NeTeKTOp (HampHMep, Macc-CIEKTPOMeTP), KOTODHI
#Cnosb3yeTess MJiA KauyeCTBEHHOTO H KOJIMYECTBEHHOTO OIIpeJeJIeHHs] XPOMaTorpa-
<pUYeCKH pasfie/ieHHbIX BemlecTs. — [Tpum. ped.
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Mmuueckoil nonusamuu. CuefyeT OTMEeTHTb, YTO B TaKOi CHCTeMe
Bo3MOxkHOCTH BI)KX orpaHuyeHsl B CBSI3H C HEOOXOUMMOCTbIO pa-
60TaTh JMLIb C MOAXOASIIUMHU /S Macc-CIEeKTPDOMETPHUH pacTBOpPH-
TeJIIMH H C ONpEe/eJeHHbBM KOJHYecTBOM o6pasua.

Kaprep u Ap. :[76] npesnoxuan nepcrneKTHBHYIO METOAHKY BBO-
Ja aHaJH3UDPyeMBbIX BEleCTB B Macc-clekrpomerp. PaspaboraHHoe
MMH YCTPOHCTBO NpeACTaBJseT co60i MOAMGMHUAPOBAHHBIN NPOTOY-
HBIH 3KCTPAKTOP, B KOTOPOM BeIlIECTBA H3BJIEKAIOTCA M3 2J10aTa CO-
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Puc. 2.5. Macc-cnekrpor apeunutna (a) u meTuoHura (6), noayuenwsle macc-cnek-
TpOMETpuell NONONUTEALHO 3APAHCEHHbLX UOHO8 8 coveTanuu ¢ BI)KX [66] (c pas-
pewenus agTopos).

ModsuscHas hasa: mypasbvuHas KUCAOTA; CKOPOCT6 nOTOKA: 0,5 MA[MUH; KOHUEHTpayus amu-
HoKkucaoT: 50 me[a; o6vem npoboi: 20 mka.

OTBETCTBYIOUIMM OpPraHMYECKHM PAacTBOPHUTEJEM H IIOCJIe HCIapeHHust
TocJIelHero Ha ABMIXKYILelcS JieHTe MONafaloT B MacC-CIEKTPOMETP.
Takoe ycTpo#iCTBO N0O3BOJIieT HCNOJb30BaTh pPasHOOGpasHEle IO-
IBHXKHBle (a3bl, B TOM UYHCJE H coJepiKalllie HeopraHuyeckue Gy-
(depHBIE PACTBOPHI.

Jas 6picTporo ucnapeHus agaioata bBaskau u Ap. [66] ucnosb-
30Bajii KHCJIOPOJHO-BOAOPOAHOE MJaMs. DTHMH aBTOpaMH YycCTa-
HOBJIEHO, YTO JJISl aHa/u3a OGHOJIOTHUECKHX IpenapaTtoB Tpebyercs
1—10 Hr BemiecTBa NpPH YCJOBHM 3alUCH IIOJHOTO Macc-CIeKTpa M
meHee 1 Hr npu oOGHapyKeHHH 3JI0aTa IO 3apaHee BbHIODAHHBIM B
Macc-creKTpe HOHAM. ABTOpHI HCHOJb30BAJH 3Ty METOLHKY IS
Macc-CNeKTPOMEeTPHYECKOro aHa/ju3a aMHHOKHCIOT. IlosnyueHHble
CMEeKTPBl OYeHb NPOCTHl M COJEpPKAaT B OCHOBHOM IIHKH, OTBeualo-
Iie TNPOTOHHPOBAHHBIM MOJIEKYJspHEIM uoHaM MH* (puc. 2.5).
HckioueHne cOCTaBJSIOT JHIIb JU3HH U THCTHAKH, B Macc-CleKTpax
KOTOpPBIX HMHTEHCHBHOCTb NHKOB MH* cocras/sier cooTBeTCTBEHHO
60 u 80%. OrpannueHHasi hparMeHTalusi MOJEKYJ I103BOJISIET OTJIHU-~
YUTH TJIYTAMUHOBYIO KHCJOTY OT JIM3MHA, OJHAKO JIEHUMH H H30Jei-
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IMH Hepas3/IMYUMBbl. XapakTepHoe I/ AAHHOTO NpHMepa CHUIKEHHE
npenesna o6HAapyXKeHHSl BELIECTBA MO CPAaBHEHMIO C OOBIYHEIM METO-
IOM XMMHYeCKOH HOHH3alUMH OOYCJIOBJEHO 3HAUHUTEJbHBIM CHHIKE-
HHeM ypOBHS (oHa.

Ta6auua 2.2. OTHOCHTENbHAsE YYBCTBHTEJBHOCTb aHAJIH3a AMHHOKHCJOT
MeTOAOM JXHIAKOCTHOH Xpomarorpaduu B COYETaHHH C Macc-CmeKTpoMeTpuell [66}

OTHOCHTENb-

Mouanekyasp- Hasl HHTeH-

TUN aMHHOKHCJIOT AmMunokuciora Hasl mMacca CHBHOCTb MNH-

ka MH+a
Anudarnueckue Taunus 75 100
Ananun 89 130
Baaun 117 210
Hsoneituun 131 233
Jlefuun 131 240
Hpoﬂﬂﬂ 115 249
I'napoxcuicoaepxaline Cepun 105 66
TpeoHuH 119 114
Jlnkap6onoBrle M aMHABl | AcraparuHoBas KHCJOTa 133 41
Acnaparun 132 65
[nyTaMHHOBas KHCJOTA 147 93
Cayramun 146 31
OcHoBHEIE Jlusun 146 38
[uctunun 155 68
Aprunun 174 73
ApomatHueckne DenuiananuH 165 136
Tuposun 181 49
I'puntodan 204 66
Cepyconepxatiue ucrenn 121 13
MeTuoHuH 149 15

3a 100 npHHSATA HHTCHCHBHOCTL MHKAa, OTBEYAIOLLETO TICeBAOMOJICKYJIIPHOMY HONY TJB-
LHHa.

B ra6u. 2.2 npuBelleHs BeJMYHHB OTHOCHTEJNbHOH UyBCTBHTEJIb-
HOCTH oOOHapyxeHus 20 aMHHOKHCJIOT, NpeNCTaBJAONIHE COGOM
yCpelHEeHHble 3HAY€HHs] MHTErpaJbHOH HWHTEHCHMBHOCTH nuKoB MH+
Ha HeCKOJNbKHX Macc-XpoMaTtorpaMmmax. YCTaHOBJEHO, YTO B yCJ/O-
BHAX CHEMKH IIOJIHOTO MAacC-CIIeKTpa mpefesl o6HapyKeHUus: aprilHy-
Ha W MeTHOHHMHA cocTaBJsier coorBercTBeHHo 0,5 u 2,5 Hr (oTHOIUe-
HYUe CHTHAJ/IIyM PaBHO 2), a NpH JETEKTHPOBAHUM 10 3apaHee Bbi-
OpaHHbIM B CIEKTPEe MOHAM 3TOT Mpeles] MOXKHO CHU3HTH B 10 pas.

Hesnnepno u xp. [77] wmcnonb3oBaiu KUAKOCTHYI XpOMAro-
rpaduio B COYETaHHH C MacC-CNEKTPOMETPHYECKHM METOLOM [oJe-
BOH JlecopOUHH JJIsl aHa/nu3a cMecell OJIHTONENTHAOB THNOTAJaMy-
ca, cofepxkamux oT 3 10 31 aMHHOKHCJOTHOTO ocTaTKa. B omucan-
HOM BapHaHTe Xpomarorpad M Macc-cmeKTpomerp paboTa/u B aB-
TOHOMHOM DEeXKHMe, XOTsl 3J1I0aT MOXHO aHaJH3uPOBaTb H HeNo-
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CPEACTBEHHO C IOMOIIBIO METOHa IoJeBOM Jecopbuuu. AHaaua:
OJIUTONEeNTHA0B METOLOM XKHMAKOCTHOH XpoMmatorpaduu ONMHUCAH Tak-
ke B paGore [78]. IlpuBeneHHble MpHMEpPHl HJIIOCTPHPYIOT HOBHIE-
METOABl H3YYeHHUsl CTPYKTYPhl HHIMBHAYaJbHBIX NMENTHAOB H OIpe-
IeJeHusl X COLepIKaHHs.

B 3aknioueHue He06XOAUMO OTMETHTb, YTO, HECMOTPS Ha AOCTHI-
HyTble yCNleXH, MHOXKECTBO BCE e€llle HepelleHHBIX npobJem orpa-
HuunBaer npuMeHenne BIJKX B coueraHuH c macc-cneKTpoMeTpHueil.
Macc-cnekrpomerp Obl1 Gbl IOYTH HAEAJbHBIM HETEKTOPOM  LJsi-
JKMJIKOCTHOH XpomaTorpaduu, OLHAKO BbICOKAss CTOHMOCTb H CJIOXK-
HOCTb 3KCIJyaTaluud npubopa OTHIOAb He CHOCOOCTBYIOT pacllupe-
HHIO Kpyra ero HoTeHLHaJbHbIX norpeburesneil. OCHOBHbIE XapaKTe--
PUCTHKH ONHCAHHBIX THIIOB JETEKTOPOB INpHBeNeHb B Taba. 2.3.

2.8.2. Paszdesernuie amuHOKUCAOT

Meronuka aHa/au3a CBOGOAHBIX aMHHOKHCJOT onucaHa Illycre--
pom [79]. Ha xkoJoHke, 3anosnHeHHO# Juxpocopbom NH, (pasmep
YacTHL, O MKM), HCHOJIb3Ysl IPaueHTHOe 3JI0HPOBaHHE CMEChIO alle-
TOHHTPUJ — ocdaTHuit 6ydepHbiit pacTBop, oH 3a 30 MHH pasfe-
Jua oKoJo 20 aMHHOKHCJOT, BXOISILIMX B COCTaB PacTBOPOB MJis
BHyTpHBeHHOro BBefleHust. OGHapyKeHHe CBOGOMHBIX aMHHOKHCJIOT
HNPOBOJHJIOCH MO UX morjomeHuto npu 200 HM, a UX HIEHTH(DHKA--
LM — 10 BpeMeHH yJAepKuUBaHUSA. UTOOB NMOATBEPAHTL OTHECEHMEe:
NIHKOB, CNEKTPHI NMOTJVIOLUIEHHS] BCeX BBIAEJNEHHBIX KOMIOHEHTOB CPaB-:
HHIBAJKCh CO CMEeKTpaMH YHUCTBIX NPenapaToB aMHHOKHCJIOT. B aToi
cTaThe, KaK U B paboTax, NOCBAIIEHHBIX aHaJH3y aMUHOKHCJOT B
BH/€ HX INIPOM3BOJHBIX, COAEPXKUTCS YTBepKIEHHe, YTO KapTHHA:
pasleseHHs OYeHb CHJIbHO 3aBUCHUT OT TEMIIepaTyphl  KOJOHKH,
a Takxke OT ycJoBuii ee skcniayarauxu. CorsnacHo paHHeiM Hlycre-
pa, cHuxeHue 3G(GEKTUBHOCTH KOJOHKH MOXKET NPHBECTH K TOMY,
YTO acmaparuHy, rJyTaMHHY M DJIHLHHY Ha XpomMarorpamme Gyner
COOTBETCTBOBATh OAMH NHK. ABTOpH pabor [54, 80] ucciemosann
BJIHSIHME DAa3JHUHBIX (AKTOPOB Ha BpeMs yIepKUBAaHHS KOMIIOHEH-
TOB CMECH M Ha paapellialollyl0 CIOCOGHOCTh KOJOHKH Gojee He-
TaJbHO.

BrimeonncauHell METOA aHanu3a CBOGOAHBIX aMHHOKHCJOT 3KO-
HOMHT BpeMsSl H TPYA HCCJefoBaTesst W siBJsieTcss GoJiee CTPOTHM,
yeM MeTOJbl, OCHOBaHHBEIE Ha NMOJYYEHHH NPOH3BOJAHBIX AMHHOKHCJOT
HJH Ha UX 3KCTPAKUUH, OJHAKO YYyBCTBHTEJILHOCTb €ro SIBHO HeJo-
CTaToOYHa JJs oOHapyKeHUst HeGOJbIINX KOJHYECTB aMHHOKUCJ/IOT B
610/IOTHUECKUX TNpernapaTrax. VIMeHHO NMO3TOMY aMHHOKHCJIOTH ya-
Ile BCEro Onpele/siloT B BHAE HX METHJITHOTHAAHTOMHOBBHIX [81],
denuarnornnanronHoBoix (PTI) [82], numernsaMuHOHadTaMHH-
cyibdonunbHblx (nancuapHbX, uau JHC) [83], 2,4-munutpode-
HunpHbIX ((JH®) [84], 2,4,6-TpuHHTPOGEH30JCYNbGOHUIBHBIX.
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[85], dayopeckamuHoBbX [86] U Apyrux npoussoaHHIX. B Tab.. 2.4
NpPHBEJEHBl CCBIIKH Ha pAX onyO6JMKOBAHHBIX B TNOCJERHEe BpeMs
paboT, B KOTOPHIX ONHCaHO pasjieJleHHe DAa3JIMYHBIX IPOU3BOLHBIX
aMHHOKHCJIOT*,

Has naeHTHOHKALHMH aMHHOKHC/JOT HauboJjlee WHPOKO HCIMOJb-
sytorca ux ®TI-npoussoannie. B pabore [54] omucaHo pasnesneHue
aBaanatu natu OTI-aMHHOKHCJIOT TpajHEHTHBIM 3JIOHPOBaHHEM
Ha KoJoHKe ¢ yabrpachep-ODS (puc. 2.3). Kak nokasweiBamoT faH-
Hble 3TOH paboThl, paspeluarllas CI0COOHOCTb KOJIOHKH CHJIbHO 3a-
BUCUT OT pH W MOHHOH CcHJBI 3JII0EHTA, CKOPOCTH IIOTOKA, a TaKke
OT TeMIepaTyphl NpeABapHTEJbHOH H OCHOBHOH KOJOHOK. [To 3To0il
NpHYHHE YacTO TPYAHO YCTAHOBHTb TOYHOE IOJIOXKEHHE NMHKOB, OT-
Beyaromux @TI-npou3BOAHEIM OCHOBHBIX M KHCJBIX aMHHOKHUCJOT.
Jaxe He3HauuTeJbHOe H3MeHeHHe pH CHJIBHO CKa3biBaeTcst Ha Bpe-
menn ynaepxkuBausg @TI-Asp u ®TI-Glu, a ®TI-His u ®TI-Arg
MOTYT IDH 3TOM 3JIIOHpOBaTbcsl OfHOBpemeHHo. C yBennuyennem pH
or 3,5 no 6,0 ymenblaeTcs BpeMsl ylepXXHBaHUS NPOH3BOAHBIX KHC-
JBIX U OCHOBHBIX aMHHOKHCJ/IOT, TOTAA KaK yBeJHuYeHHe KOHIEHTpa-
OMH aleTAT-HOHOB NpPH INOCTOSIHHOM 3HaueHuH pH npuBomut Kk
YMeHbLIEHHIO BpeMeHH yAep:KuBaHHs ToJbKO PTI-npousBonHbX oc-
HOBHBIX aMHHOKHCJ/IOT. YCTaHOBJIEHO TaKXKe, YTO ONTHMaJbHOE pas-
pellenye nuKoB, orBeyaromux GTI-npon3BoAHBIM METHOHUHA, BaJU-
Ha, JU3MHAa M M30JIeHIMHA, AOCTUraercs MpH CKOPOCTH TOTOKA
1,3 ma/mun. IloaHelii ananu3 3anumaer 32 MuH, K03ppHUMEHT Ba-
puanuu cocrasiasier ot 0,3 paa ®TI-anuna go 2,9 pas OTI-(S-
KapOOKCHMETHJI) IICTeHHa (MpHBeJeHHble 3HAUeHHs INOJIyYyeHBl Io
pesyJbTaTaM 27 ONBITOB).

B Ta6a. 2.5 cyMMUpPOBaHbl pe3y/bTaThl OTHOCHTEJNLHO HELABHO
ony6/JHKOBaHHBIX paboT, MOCBslIEeHHBIX pasfenenunto OTI-mpous-
BOAHBIX aMUHOKHCJIOT meTofoM BI)KX. CeenmeHuss o Gosee paHHUX
ny6auKauusix colepxkarcsi B KpaTkom o63ope :[117]. IlanHble, npu-
BeJeHHble B Tab./. 2.5, NOKa3pBAIOT, 4TO HanboJbllee paclpocTpa-
HeHHe B HacTosiliee BpeMs NMOJYYHJH XHMHYECKH NPHBHTHIE YI/€BO-
nopoiHble ¢asbl. B Jaureparype OTCYTCTBYIOT AaHHble 00 HCIO.Ib-
30BAHHH MUKDPOKOJIOHOK**, XOTS1 MO CBOHM XapaKTePUCTHKAM OHH
NPEBOCXOJAT MJHM MO KpaliHelf mepe He yCTymalOT KOJOHKaM, BHYT-
peHHUIl IuaMeTp KOTODHIX paBeH Hau npesbiaer 4 mm [118]. Cro-

* MeToaHKa MOJHOTO pasfieseHnst 23 MOHO- M AMAAHCHANPOU3BOAHBIX 20 pac-
npoctpaneHiblx aMHHOKHCAOT MetoaoM BI)KX onucana B paGore: Levina N. B.,
Nazimov V., J. Chromatogr., 286, 207 (1984). [Ipofo/MXHTEJIbHOCTL pa3peJieHust
26 mun, npegesa o6Hapy:KeHusi 100 mmoab (TMpH Hcrnoab3oBaHHH Y P-neTekTopa,
254 um). — [Tpum. peo.

** B CCCP pa3pa6GoTaH H HPOH3BOAHTCS KHAKOCTHEIA xpoMaTorpad «Mman-
XpOM» € KaNWJJISPHBIMH MHKDOHAacaZOYHBIMH KOJNOHKaMH. OG30pHl MO KOJIOHKaM
9TOro THUna cM. B cratbax: besenexuti b. I'., I'ankuna 3. C., Maavyes B. I'.—
JKypuan BXO um. [I. M. MenneneeBa, 1983, 28, c. 43; Novotny M., Anal. Chem.,
53, 1294A (1981). — ITpum. ped.
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co0bl 3aMoJIHEHHsA OUeHb AJHHHBIX HacaloYHBIX MHKPOKOJIOHOK H3-
BECTHBI, IPHYEM TaKHe KOJIOHKH HOJIKHbl HMETb 3HAYHTEJNbHO GOJIb-
lee YHCJIO TEOPeTHYECKHX TapeJOK MO CPaBHEHHIO C OGHLIYHBIMH,
HOCKOJIbKY 3((})EeKTHBHOCTL KOJIOHKH JHHEHHO BO3pacTaeT C YBeJH-
YyeHHeM €e JJHHBL. Ellle 0JHMM NpenMyllecTBOM MHKDOKOJIOHOK $B-
Jasetcsi 6oJee Hu3Kas 0o6beMHasi CKOPOCTb NMOTOKA, UTO CYIIECTBEHHO
CHH2KAeT CTOMMOCTb OJHOTO aHaJju3a (HanpuMmep, IPH 3aMeHe KO-
JIOHKH C BHYTPEHHHM AHMaMeTpoM 4,6 MM Ha KOJIOHKY, BHYTpPEeHHHH
JHaMeTp KOTOpOH paBeH | MM, CTOUMOCTb aHa/Iu3a MOXKET CHH3UTb-
csi B 20 pa3). Ckorr [119] npuiien K BBIBOAY, YTO MHKPOKOJIOHKH,
No-BUAMMOMY, MpeANouTHTEe]bHee OOBIYHBIX, TaK KakK obecrneynBaioT
6ricTpoe M 3¢ ¢deKTUBHOe pasjesieHHe NPH HHU3KOH CKOPOCTH MOTO-
Ka. MHKDOKOJIOHKH HCIOJB3yIOTCS B HAacTosillee BpeMsi JOBOJIbHO
peiKo 1O CJAeLyIOlUM INPHYHHAM: BO-NIEPBBIX, OHH CTaJUH HOCTYIHBI
JIUIIb HEeJaBHO, BO-BTOPHIX, AJIi X COEIHHEHHS C NETeKTOpaMH U
HHXXEKTOpaMH Tpe6yIoTcs clelyajbHble NepexofHUKH H, B TPEThUX,
3anoJiHeHHe TaKUX KOJIOHOK copOeHTOM IpeicTaBJsieT coboit J0-
BOJILHO cJI0XKHYIO npoueaypy. IIposenennoe 'oardpencenom u Oun-
BepoM [117] cpaBHeHHe XapaKTePUCTHK KOJIOHOK C Pa3JIMYHBIM BHYT-
PeHHHM JHaMeTPOM MO0Ka3aJo, YTO NPH COOTBETCTBYIOLIEM H3MeHe-
HUM YCJOBUH XpoMaTorpaupoBaHHs MOXKHO JOOUTbCS OAMHAKOBOI
3¢ ¢peKTUBHOCTH pas3fesieHHs] Ha KOJOHKaX € BHYTPEHHHM JAHaAMET-
pom ot 3 1o 1,5 Mm.

2.3.3. PasOesenue 3HAHTUOMEPOB AMUHOKUCAOT

Pasnenenne 3HAHTHOMEPOB aMHHOKHCJOT NpPEACTABJSIET HE TOJb-
KO TEOpeTHYeCKUi HHTepec B CBf3H C H3yueHHeM MeXaHH3Ma B3aH-
MOJEHCTBHSI XHPaJbHBIX MOJIEKYJ, HO U HMeeT NpaKTHUECKOe 3Ha-
yeHHe KaK MeTOJ aHaau3a OHOJIOTHYECKHX O0O6BeKTOB H cmocob
OlLIEHKH CTEelNleHH paleMH3alMH CHHTETHUECKHX aMHHOKHCJIOT I Moll-
TunoB. ['azoBast xpomarorpadus nosBoJisieT pasfAessiTh SHAHTIIOMe-
pPBl aMHHOKHMCJOT TOJBLKO B BUJe HX NMPou3BOAHBIX [120] (cm. pa3n.
2.4.1.3), npuueM npenapaTHBHOe pasjie/ieHHe CONpPSXKEHO CO 3Hauu-
TeJbHBIMH TPYAHOCTAMHU. [T03TOMY nmpeAnpHUHUMANUCh MHOTOUYHCJENH-
Hble TOMBITKH Pa3ieJUTh CMECb SHAHTHOMEDOB, HCIOJb3YyS METOL
JKHUAKOCTHOH xpomarorpaduu [121, 122]. Cymecrsyer asa noaxona
K pemeHuio 31ofi 3agaux. OMMH U3 HUX CBOJAHUTCH K IPEBPALIEHIIIO
SHAHTHOMEPOB B OuMacTepeoMepbl A0 HX pasiesnenus [123], a Bro-
poit, HauboJiee 4aCTO HCIOJb3YeMbIli B HacTosllee BpeMs, 3aKJIO-
yaeTcs B TOM, YTO JuacTepeoMepnl 00pasyloTcs B Ipoliecce Xpoma-
tTorpagupoBaHUsl B pe3y/bTaTe B3aUMOAEHCTBHA 3HAHTHOMEDOB C
ONTHYECKH AKTUBHBIM peareHTOM, NPHCYTCTBYIOWIMM Ju60 B mo-
JIBHKHOH, TH60 B HEMOABUIKHOH ¢ase.

B 1972 r. Cuaiinep u np. [124] npuMeHHIn B KauecTBe XHpaJb-
HOH HeMmoJABHKHOH (a3l aMUHOKHCJOTH, IPUBUTHE K MNOJHMEDHBIM
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cepuuecKkuM YacTHIaM, a B [OJBHXKHYIO (a3y BBeJH MOHBl MeTaJ-
aoB (Zn?*t unu Cu?t). BaaumopneficTBue 3THX HOHOB C KOBaJIEHTHO
CBI3aHHBIMH aMUHOKUCJOTaMH INpHBeNO K 06pa3soBaHUIO KOMILJIEK-
€OB, 06/1alAI0IIHX CTEPEOCeJeKTUBHOCTHIO MO OTHOLIEHHIO K D- uan
L-amunokucaoram [1256—129]. B pa6orax [130—133] onucans
aHaJIOTHYHblE METONUKH pa3fie/leHHss CMeCH 3HaHTHOMepoB, HO 6e3
UCII0JIb30BaHUsl HOHOB MeTaJaoB [130—133].

Bo3MoxeH U aJbTepPHATUBHBIH NOJAXOA K pasjiesleHHI0 3HaHTHO-
MepOB: aciMMeTpHUecKull peareHT H00aBJSIOT K NOABHXKHOH da-
3e [134—140]. TakuMu peareHTaMH MOTYT CJYXXHTb DasJHYHBIE
KOMIIJIEKCH HOHOB MeraJ/sioB. Hampumep, aBTopnl pabotsl [140]
npelJaraloT NpOBOAUThL pa3jie/leHHe aMHHOKHCJOT B BHAE UX KOMII-
JeKcoB ¢ L-acmaprunuukiorexcunamuiamensio (1), koropbie MoxHO
o6HapyXKuBaTh B 3J10aTe no norgomenuio npu 230 HMm. B taba. 2.6

Ta6auua 2.6. KoadduuucHtol emxoctd (k') 3HAHTHOMEPOB HEKOTOPBIX
AMHHOKHCJIOT H ceJeKTHBHOCTb [a=k"(D)/k’(L)] ux pasnenenus
B TNPHCYTCTBHH KOMIJeKca L-acmapTuiuukjaorekcunamuaa u Men (II) [140]

k’(L)]k’(D)’ o |k'(L)]k'(D)! « lk’(L)Ik’(D)| «

AMUHOKHCIOTA KOHUCHTpPauus L-acnap-runuuxnorel(cnnamuaa. MM

1,0 l 0,25 I 0,1
Iponun 0,24|1,1214,46|0,55(1,42 2,58I 2,171 3,0 1,38
Basun 0,41(0,82(2,0 {1,07|1,52|1,42] 1,83| 2,17(1,18
Hopsanun 0,56/0,89|1,59|1,14(1,43(1,25( 1,74 2,0 [1,15
Iuctenn 0,76|1,15({1,561|1,81]2,43|1,34| — — | -
MeTHOHHH 1,4112,06|1,4612,5213,2911,30| 3,7 | 4,4 |1,19
3,4-InokcudeHunanaHuy 1,7812,33|1,313,2113,90(1,22| 5,67 6,86, 1,21
Usoneiiuun 1,7613,7612,1412,66|5,0 | 1,75} 4,5 | 7,0 [1,55
Jleduun 2,35(13,88|1,65(3,23|4,63|1,43| 5,19| 6,81|1,31
Hopueiiuun 2,4714,23|1,71(3,67|5,4011,47| 5,13| 6,76{1,32
Tuposun 3,03|14,5 |1,48(5,02(6,98(1,39| 7,03| 8,86|1,26
ODTHOHHH (S-aruaromo- |4,65|6,64|1,43|7,14|9,43|1,32(10,7 12,8 11,2
LHCTEHH) .

npuBeseHbl KO3 UUUEHTE €MKOCTH H CEJEKTHBHOCTH 3TOrQ peareH-
Ta N0 OTHOWIEHHIO K 3HAHTHOMEPaM HEKOTOPbIX aMHHOKMCJIOT. Hc-
nosb3ys L-2-uzonponun-4-okTuaaustuaesrpuaMueuubk (1), Jluna-
Hepy u Ap. [139] ynanoch pa3fenuTh cMech BCeX OGBLIYHBIX aMHHO-
KHCJOT, KpOMe MpOoJuHA. B oTiMune OT aBTOPOB APYrux paboT
JIMHIHED M COTp. NIPOBOAMJIM pasfieleHHe NaHCHJAbHBIX NPOU3BOJ-
HBIX aMHHOKHcJOT. B pabore [139] paccmarpuBaercsi Takxe BJIHSI-
Hue pH, MOHHOH cHJIBI M NMPUPOABl HOHOB MeTamios (Ni2+, Cd2+,
Cu®*, Hg?t u Zn?*) Ha xpomarorpaduyeckue XapaKTePHCTHKH
SHAHTHOMEDOB.

Xap u I'mn-AB [136] pasmenunn cBOGOIHBIE aMHHOKHCJOTH Ha
HMOHOOOMEHHOH CMOJIe, HCII0Jb30BaB B KauyecTBE XHPaJbHOH J06aB-
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Puc. 2.6. Bausanue xupanrsnoii 0o6asku k 3it0exwTy Ha pasdeasetue D- u L-snanruo-
MEpo8 QMUHOKUCAOT MeToOOM aueardoobmennod BI)KX [136] (¢ paspewenus -
asTopos).

Kosonka: 12X0,2 cm (8Hyrp. Ouamerp); wnenodsuxcnas paza: Karuonur dyppym DC-4A; Tem-
neparypa: 75°C; nodsusxcrnan ¢asa: 0,05 M pacreop ayerara narpus (pH 5,5), codepocaujuil
4 MM CuSO, u 8 MM L-npoauna (a), D-nporuna (6) usru DL-npoauna (8); cKopocTs noroka:
10 mal4; dasrenue 20 MIla; ob6Hapyxcerue: no ayopecyeryuu (nocae peakyuu co Gra.resnim
aavdeaudom), Hoentuguyuposanst caedyrowjue coedunenun: I = yucreunosas Kucaora; 2 —
L-cepun; 3 — D-cepun; 4 — L-sarun; 5 — D-8arun; 6 — L-usoneiyun; 7 — D-usoneiiyun; 8 —
L-tupo3un; 9 — D-tuposun; 10 — L-gpenuraranun; 11 — D-chenuraranun.
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KM K NOABHMXHOH ¢ase mposunmens(II). Ha puc. 2.6 npuseneHb
Xpomartorpammsl, noaydenssle ¢ L-, D- u DL-npoaunom. Mi3aMeHeHne
XHPaJbHOCTH aCHMMMETPHYECKOTO DeareHTa IPHBOAUT K H3MEHEHHIO
NocJ/Ie10BaTE€/JbHOCTH 3JIOUDOBAHUSA 3HAHTHOMEDOB, B IIPDUCYTCTBHH
JKe palleMHyecKoro nposuHa pasjeneHusi DL-map He mpoucxonur.
Uro6el NpoBecTH KOJHYECTBEHHOe ONpeleseHHe aMHHOKHCJOT, CO-
JepKaHne KOTOPBIX H3MepsieTcsl MHKOMOJAMH, HX NOocJe pa3ieseHus
obpabaTbiBaqn B MONOJHUTENBHON KOJOHKE (TajJeBbIM aJbJeTH-
nom. IlpeumymiecTBo 3TOro peareHra 3akKJ/alyaeTcsi B TOM, UTO OH
He B3aHMOJEHCTBYeT C INPOJHMHOM, TOTAa KaK ¢ aMHHOKHCJIOTaMH,
COJlepXalllUMH TNEepPBHYHBIE AMHHOTPYNNE, o06pa3yeT HHTEHCHBHO
dayopecunpyomye NpoAyKTH.

PasfeneHnio 5SHaHTHOMEPOB aMHHOKHCJIOT METOJOM KOJIOHOYHOM
xpomarorpadun mocesilieH 063op Ay6Gepta :[141]. ABTOp OTMeua-
€T, 4TO B aHAJHTHYECKHX LessaX 6ojiee BCero yJ100HBI METOLHKH, OC-
HOBaHHbIe Ha NoGaBJieHUH aCHMMETPHUYECKOr0 peareHTa B NOJBHK-
Hylo ¢asy. Jlepebpy u ap. [127] ynmanoch NMONHOCTBIO pa3fesHTh
aMHHOKHCJIOTBI, HCIOMNBb3Ysl NMOPHCTHIE Te/lM Ha OCHOBE aKpH/IaMuia
C TPHBHTHIMH OCTaTKaMH L-a-aMUHOKHCJIOT, 06pa3yioliiMH KOMI-
JIeKChl ¢ HOHaMH MeTaJsyoB. ApTopel \[127] paccMmoTpenu BJHsSHME
CTPYKTYDHI IeJisl, KHHeTHKH XKHJIKOCTHOrO 06MeHa, a TaKxKe NPHPOJBI
H{OHOB MeTaJ/ljla U XHPaJbHOIO NMPHBHTOrO KOMIOHEHTa Ha XpOMaro-
rpaHyecKHe XapaKTepHCTHKH 3HAaHTHOMEPOB aMHHOKHCJIOT.

2.34. Pa3desernue oruzonentudos

I'naBHoe TpeGoBaHHe, NpeAbsiBAsSieMOe K METOJAMKAM XpOMaTo-
rpaduyeckoro aHaju3a NEeNTHAOB, 3aKJKYaeTcs B TOM, YTOGB OHH
N03BOJISANIM pa3fe/siTb OJM3KOpOACTBeHHbE aHasord. ITo Tpamuuuu
pasjesieHHe .OJUTONENTHAOB NPOBOAAT METOAOM HOHOOGMEHHONH HJsH
TOHKOCJIOIHO! xpomartorpaduu. OgHako pa3paboTaHHBIN NO3LHEe
meror BI)KX mosBossieT clefuTh 32 XOAOM peakUHiH, KOHTPOJHPO-
BaTh YHCTOTY CHHTETHYECKHX INENTHIOB, U3ydaTb NyTH MeTabosu3-
Ma, a TaKxXKe OCYILIecTBJSATb NpenapaTHBHOe pasjesieHHe cMeceil.
B cuny mnoasipHOCTH He3alMIIEHHBIX NMENTHAOB HX pasflesleHHe Ha
CHJIMKaresje CONpPSXKEHO CO 3HAYUTEJbHBIMH TPYAHOCTAMH [142—
144], mosToMy yamie BCero MeNTHAB pa3fessiloT B BHJE HX NPOU3-
BOJHBIX.

BBenenue B npakTuky ob6pamenHo-¢asosoit BI)KX sHauntesbHO
paclupUI0 BO3MOXKHOCTH METONOB pasfie/ieHHSl M BBIAEJNEHUS OJIH-
ronentuaoB [145—156]. Ynep:xkuBaHHe pasfensieMblXx o6pasuoB Ha
Tako#i ¢aze 3aBHCUT OT CHJBl HX THAPOGOOHBIX B3aUMOAEHCTBHH €O
CBSI3aHHBIMH C HOCHTEJSIMH AJIKHIbHBIMH OCTAaTKAMH: C YBeJHUEHIeM
ruapodo6HOCTH aHaJU3HPYEMOrO COEINHHEHHS BO3pacTaeT BpeMs
ero ynepxusanus [145]. I1pucyTcTBHe NOJNSPHBIX pacTBOpUTENEH
(HanpuMep, CMUPTOB) B 3JI0EHTE MJHM NOJAPHHIX (DYHKIHOHAJIBHBIX
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Irpynn B MoJIeKyJax pasfesseMblX COeJHHeHHH CHHXKaeT Ko3dhu-
LHeHT eMKocTd nocsaelHux. Ilentuasl, cogepxaliie oCTaTKH KUC/IBIX
HJIM OCHOBHBEIX aMHHOKHCJIOT (HecylllHe IIOJIHBIH 3JeKTpHYeCKUi 3a-
psan), cjaabo ylepXKuUBalOTCA Ha 00palleHHO-(a30BHIX KOJIOHKaX.
B HekOTOpBIX TeOpeTHYeCKHX M 3KCIepHMeHTaJbHBIX paboTax pac-
CMOTpEeHO BJIMsIHME CIBHMIa BTODHYHBIX paBHOBeCHH, HampUMep H3-
meHeHus: pH u o6pasoBaHHs MOHHBIX Nap, Ha pa3pelIaIONUIyIO CIO-
co6HOCTh KOJIOHOK :[154, 157—160] u nokasaHo, 4To AJs pasjeJe-
HYs TNeNTHAOB HauboJsiee NPEANOUYTHTEJNbHE TaKHe METOAMKH, B KO-
TOpBIX IHApodo6HEIE UJaM THAPOGUILHBIE NPOTHBOHOHB N06GaBJIs-
I0TC K 3JII0EHTYy NPH HH3KHX 3HaueHuax pH. B pa6ore [154] usy-
YeHO BJIMSIHHE PAas3JIHUHBIX NepdTOpalKaHOBHIX KHCJOT, MCIOJb3ye-
MBbIX B KauecTBe HOH-NIApHbIX JIUNO(HIbHBIX PeareHToB, Ha YyIepiKH-
BalHe HeMOZM(HUMPOBAHHHIX TreKca- W TeNTaKOo3aleNTHAOB Ha
ODS-cunukarese, YCTaHOBJEHO, YTO IpU Iiepexofe OT TPHDTODPYK-
CycHOI K nep(TOpAeKaHOBOH KHCJOTe BpeMs yHepXKHUBaHUA (a
HHOTJIa U CeJIEKTHBHOCTb) MOCTENEHHO BO3PaCTaeT.

XeHkoK u Ap. [160] uccienoBann BAMsiHHE COJIell TeTpaaJKuJI-
H aJKUJaMMOHHS, a TaKxkKe HEOPraHHUeCKHX coJlell Ha BpeMs yIep-
JKUBaHUSI NMENTUAOB, COAEpKAallUX OT JABYX A0 HATH aMHHOKHCJOT-
HEIX OCTaTKOB, Ha u-60HAanak-ankuiadeHuapHOH dase. [TonyueHHble
pesyabTaTtel (Taba. 2.7 u 2.8) nmokasbBalOT, YTO HeOOJIbIIHE CHJIb-
HOCOJIbBATHpYeMble KaTHOHBI MeTaJJoB (TabJ. 2.8) u conu aMMOHHU$
(taba. 2.7) BAUSAIOT HA XPOMAaTOrpa(HUeCKyO NOABUKHOCTD NENTHIOB
aHasoruyHbIM o6pasoM. Ilpu mepexone oT coseit aMMOHHSA K COMSIM

Ta6auua 2.7. Bausiune cosell TerpaasiikunaMmonus (R4NOAc), ucnosabsyembix
B KauecTBe HOH-IIAPHBIX PEareHTOB, HA BPEMS YAEDPXKHUBAHHUS OJIMTONENTHAOB
B ycaoBuax BI)KX2 [160]

Bpems ynep>KHBaHHS, MHH
Tlentun
R=H R=CHj3 R=CHs; | R=C;H, R=C4Hy

Leu—Trp—Met—Arg 2,8 3,0 3,06 (3,5 2,7
Leu—Trp—Met—Arg— 5,7 6,8 6,5 8,7 4,0
—Phe

Gly—Phe 2,4 2.4 2,6 2,7 ; 2,05
Gly—Gly—Tyr 2,0 2,0 2,2 1,8, 2,053 1,7
Met—Arg—Phe 2,6 2,7 2,8 3,0 1,7
Gly—Leu—Tyr 2,4 2,5 2,8 2,7 2,1
Arg—Phe—Ala 2.3 2,3 2,6 2,1, 2,76 1,8

2Koq0HKa: 300X4 MM; HeMOABHXXHas dasa: p-6onpanmak ankuadeHHs, pa3Mep YACTHIX
10 Mkm; nomBHxKHas ¢asza: 2 MM pacTBOp peareHta B CMecH MeTaHoa — Boma (1:1) pH 4;
CKOpOCTb MOTOKa: 1,5 MJ/MHH.

[MenTHay OTBeyaloT ABa MHKA.
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TaG6auua 2.8. BiusHHe HOHOB MeTa/JOB HAa BpeMs
yaepKHuBaHHSA oJuronentunos? [160]

Amurokucaoter u oauzonentudse

BpeMsi ynepKHBaHHSA, MHH

Mentuzn Lit Na* | k* | cst | mg?t | ca?t
Leu—Trp—Met—Arg 2,9 [ 2,9 (3,0 (3,4]28] 3,2
Leu—Trp—Met—Arg—Phe 4,7 | 4,7 | 4,8 | 4,8 | 45| 49
Gly—Pho 22 | 202 |235| 25 | 2.2 | 2’5
Gly—Gly—Tyr 21 | 21 |23 | 204 | 2.2 | 203
Met—Arg—Phe 2,6 | 2,6 2,7 28] 261/ 3,0
Gly—Leu—Tyr 2,3 2,3 12,56 2,7 2,3 2,5
Arg—Phe—Ala 2,3 | 2,2 |2,45| 2,8 2,3 )| 2,6

3ycnoBHs PAa3NeJCHHA CM. B NPHMEYaHHWH K TaGu. 2.7.

TeTpanponuaaMMOHUS HabJI0faeTcss HEKOTOPOe yBeJHuYeHHe BpeMe-
HU yJepKHMBaHHS, OAHAKO I'MAPOGOOHbIe KATHOHBI C AJHHHBIMH HJH
0GBEMUCTHIMH YTJIEBOLODOAHBIMH OCTaTKaMH (MOHBI TeTpabyTHIaM-
MOHHSI MJH HOJEeLHJaMMOHHSI) BBI3BIBAIOT 3HAYHTEJbHOE yMeHbllle-
HHe BpeMeHu yaepxuBaHus. [To mMHeHnmio aBTopoB [160], 3T 30-
dekTbl 06ycJIOBJIEHB, C OJHOH CTODOHH, M3MeHeHHeM Ko3adduiueH-
TOB pacnpefieJleHHs HOHHBIX Nap MeXXAy NOJABHXKHOH H HeNMOJBHXK-
HOH (asamu, a ¢ Apyroil — AMHAMHYECKMMH HOHOOOMEHHBIMH B3aH-
MOJeACTBHAMH KATHOHHBIX PeareHToB.

Ta6auua 2.9. Bpems ynep:xuBaHHSI NENTHAOB

Ha KOJIOHKe ¢ 6uo-pag ODS?2 [161]

Bpemsa ynep-
JKHBaHHSA, MHH

Bpemsa ynep-
JKHBAHHS, MHH!

CoenuHenuc CoenuHeHHe
pH 7,4 | pH 2,1 pH 7,4 | pH 2.1
1. Tpurauuuu 2,0 [ 3,0 ||14. Llepyaeun 34,2 | 42,2:
2. Tlentaananun 4,6 | 8,1 [|15. Okcurouun 36,4 | 37,9
3. HuBajun 6,9 | 14,5 |{16. ®parment 12-15 36,5 | 42,4
4. JIUMEeTHOHHH 10,5 | 21,0 racTpuHa

5. TupoanGepun 11,5 | 11,2 || 17. HefipoTensun 39,0 | 48,0
6. Tadrcun 11,7 | 12,0 || 18. dusanaemun 41,0 | 43,0!
7. TpHTHPO3HH 19,5 | 29,7 || 19. Tpudenunananuu 41,6 | 49,5
8. [Met] snkedanun 27,5 | 38,0 ||20. JlroanGepuu 42,8 | 49,5
9. Tpuaeiunn 28,0 | 36,8 |[2]1. a-Menanorponuu 46,2 | 46,2
10. [Leu]snkedannn 29,3 | 42,0 |[22. Bpanukuuun 48,0 | 45,0
11. Hurpunrodan 31,6 | 44,3 ||23. IMenTna, poncTseH- 53,0 | 44,00

12. Axrnorensun II 32,2 | 47,5 HBIH 3JIeIOU3UHY
13. a-dunopduu 32,3 | 47,7 || 24. Tmokaron 53,6 | 60,0
25. ComarocraTHH 57,5 | 55,0:

2 YcnoBHs pa3lesieHHs CM. B MOAMHCH K DHC. 2.8.
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JIun u #p. ([156] usyunau xpomarorpaduueckue cBOHCTBA AUMENTH-
OB, COREPKALUIMX OCTATKH KHCJABIX HJIH OCHOBHBIX aMHHOKHCJIOT.
'DTH coeluHEeHHS, KaK M HeHTpaJbHble NHIENTHAB, B COCTaB KOTO-
pbIX BXOAST OCTATKH AaMMHOKHCJOT THNA CepHHA, NPOJHHA H TPEOo-
‘HHHa, cj1abo yJAepXHBAaIOTCA Ha KOJOHKax ¢ obpalieHHoO# ¢as3sofi,

Kucosie P YTO CO3JaeT  ONpeleseHHbe

dur enmudsr Gunermmdsr TPYAHOCTH INPH HX pasesieHHH.
ITosToMy yci0BHSI, B KOTOPHIX
OOBIYHO TNPOBOJSAT pasjelieHHe
2 HeHTpaJbHBIX NENTHIOB, B JAaH-
HOM cJyyae He MOAXOAAT. B ka-
1z yecTBe IOBEPXHOCTHO-aKTHBHBIX
BelllecTB, GJaronpHsITCTBYIOIHX
aHaJHu3y cMecel KHCJBIX, OCHOB-
HbBIX M HeHTpaJbHBIX JHIEeNTH-
noB, aBrtopbl [156] BnIGpanu
F.e. ajqHdaTHyeCKHe KapO6OHOBHIE
55{ kucaotel. M3 puc. 2.7, roe noka-

5

10

3aHO pasjejieHue 14 AUNENTHIOB
1 [ Pa3NYHOH TOJISIPHOCTH, cueny-
] €T, YTO B 3THUX YCJOBHUSIX OCHOB-
Hble JHIEeNTHABl XOpPOUIO OTAess-
IOTCS  OT KHCJHX M HeHTpaJb-
Heix. Ecnu 6bl moaBuxkHas (asa
v v v N npeNCTaBsNa co6oii mpocToit
LI o0 BOJHBIH pacTBOpUTENb, T. €. He
7podsr colepxaJjla HMOH-IApHBIX  pea-
I'eHTOB, OCHOBHbIE H KHCJbIE COe-
Puc. 2.7. Pazdenenue Ounentudos me- HHHEHHS yIepKHBAJHCh 6bl caa-
T0dom BI)KX [156] (c paspewenus Oee. YBesnueHHe Ko3(pHLHEH-
asropos). TOB €MKOCTH OCHOBHBIX JHIIEIl-
Henodsuxrnas ¢hasa: g-éoﬂaan’arc Cis; no- THIAOB MOXXHO 06’bHCHI/ITb 3JEeKT-
Osuxcnan ¢pasa: 5%-Hewi (no obwvemy) pac- -
‘T60p Gyranosa 6 80de, codepxaujed 0,038% pocTaTH4YeCKHMH B3aUMOIEHCT-
oxrauceol 4 0002 mewratosol KUCITU  puAMM My aHHOHOM TOBEDX-
wue  coedunenus: 1 — Asp—Asp; 2 — HOCTHO-aKTHBHOM KapOOHOBO
Glu—Glu; 3 — Asp—Leu; 4 — Ala—Ala; o
5 — Val—Ala: 6 — Glu—Leu; 7 — Ser—Ser; KHCJIOTHI H NPOTOHHDPOBAHHOH
g va Vel o pacieonuae, I GMUHOTDYNDOR  AWNENTHIOE.
13 — Arg—Val; 14— Lys—Lys; 15— His—Phe. ~C IDYrOH CTOPOHBHI, 3JEKTPOCTa-
THYECKOE OTTAaJKHBAaHHE MeXIy
5THM aHHOHOM M KapOOKCHJIBHBIMH TIPYNNaMH aMHHOKHCJIOTHBIX
OCTAaTKOB CHHUXKAeT BpeMs YyAepKHUBAHUS KHCJBIX AHUIENTHIOB.
Ananus nentugos MetoioM BI)KX Buirssgen 6l 3HAUHTEJLHO
TIpolle, ecid 66l OTHOCHUTEJbHOE BpeMs YAEePKUBallUsS NenTHAA MOXK-
HO OBLJIO NpeicKa3aThb HCXOAsS M3 ero CTPYKTyphl. Peulenuio 3Toil
3ajaun mocssimieHa pabora {[161], aBTOp KOTOpO#l YyCTaHOBHJ, YTG

BpeMs yhepXKHBaHUSI OJINTOMEPOB aMHHOKHCJIOT NPAKTHYECKH JIH-
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HEeAHO BO3pacTaeT C yBeJHUYEHHeM IJHMHH Lenu nentuaa. CienoBa-r
TeJIbHO, HAKJOH 3TOH NpPAMOH OTpa)KaeT BKJaJ OTAEJbHOIO aMHHO-
KHCJIOTHOTO OCTaTKa B yAepXHBaHHe NENTHAA, a OTPE30K, OTCeKae-
MBIl Ha OCH OpJMHAT, OTBeYaeT BKJIaRy KOHUeBHX rpynm. Ilyrem 06--
paGoTKH COOTBETCTBYIOIIMX KPHUBHIX C HCIOJb30BAHHEM METOAA JIH--
HeitHO! perpeccin MuHK paccuurtas Ko3)(HIHEHTH YyAEepPKHBaHHS
octaTkoB 20 OOBIYHBIX aMHHOKHCJOT M 3aTeM BHIYMCJIHJ BpeMeHat
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Puc. 2.8. Koppeaayuonnas 3agucumocto mexly 3KCNepUMEHTAAbHOIMU U PACYET--
HbLMU BeAudUHaMU 8pemeru yodepicusanus nenTudos, npusedennvix 8 TGb6A. 10.9-
[161] (¢ paspewenus asropos).

Merod pasdesenus: BI)KX; Henodsuscnas ¢pasa: 6uo-pad ODS; Temneparypa: KOMHATHAS;
nodsusxcran ¢asa: 0,1 M NaClO, u ayeronurpuns, aunednoui epaduent or 0 do 60% ayero-'
rutpusa; 6pems hpopmuposanus epaduentra: 80 mun. a— pH 7,4 (craprosvui 6ygeproul:
pacreéop codepmar 5 mM ¢pocdpara); 6 — pH 2,1 (craprossii 6Gygepnoii pacreop codepran’
0,1 ¢ocgpoproil kucaorer). Haiidernoie 3Havenus Ko3ggpuyuentos xoppeasyuu: 0,996 (a) u:

yIdepXKHBaHHSl NMENTHAOB, KOTODHE, COMVIACHO ONpeAe/eHHIO, PaBHBI
cymme K03 (HIHEHTOB yAepXKHBaHHS aMHHOKHCJOTHBIX OCTaTKOB H'
KOHIEBBIX I'PYMNN IJIOC BPeMs 3JIOHPOBaHHUSA HEYJIePKHBAEMbIX KOM-
noHenroB. Puc. 2.8 nokasbiBaer, 4T0 pacueTHLIC BEJHYHHB BPEMEHH:
yAepXUBaHHSl MPAKTHYECKU COBNAJalOT C HalIeHHEIMH dKCIE€pPUMEH-
TaJbHO (Ko3dduuueHT koppeasuuu paeeH 0,996). Muuk cpasHuI
TaKXKe NOJIyyeHHble HM BeJMUHHB BpeMeHH YAepXUBaHHS C NpUBe--
neHHbIMH B paGore O’Xapa u Haiica [152] (cM. ta6a. 2.10). Uro-
6bl BHECTH NONpPaBKY, YYHTHIBAIOILYIO Da3JiMYui B XapakTepe rpa-
IMEHTOB H B CKOPOCTAX HX ¢opMHpOBaHHS, MHHK IOCTPOHJ KOppe--
JSLHOHHYIO 3aBHCHMOCTb MEXJAY BpPEeMEHeM YJepKHBAHHS OJHrOMeE-
poB (eHHJIaNaHMHA B MCIOJb30BAHHOM MM CHCTEME M B CUCTEME,.
npumernenHoit O’Xapa u Haificom. TaHreHc yryia Hak/OHa IOJyYeH-
HoOll KpuBo# paBHsica 0,836, u KpuBag mepecekana OCb OpAMHAT B
TOUYKE, COOTBETCTBYIOIIeHl —12 MUH. YMHOXKas pacCUUTaHHbIE BHIIIe:
CNMHCAaHHBIM CNMOCOGOM BeJHYMHBI BPEMEHH YIepXHBaHHS MNeNlTHAOB:
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Ha 0,836 u BbluMTAast U3 3TOrO NpousBeleHus 12 MuH, MHHK TOJYYHI
mpeanosaraeMble BeJHYHHBl BPDEMEHH YJeDXXHBaHHS, KOTOPbiEe MpH-
BefieHsl B Ta6.1. 2.10. [IpuHuMas Bo BHHMaHMe pas3/iHYHE B YCJIOBH-
X XpoMarorpaupoBaHHs, HCIOJNb30BaHHBIX B paborax [161] u
[152] (pasnuuHBle KOJIOHKH, Da3JjMYHble MOABHXKHBIE (Da3bl M pas-

Ta6anua 2.10. CpaBHeHHe BBIYHCJIEHHBIX 3HAYEHHH BPEMEHH
YAepKHBAHUA TNENTHIOB C HaHJEHHBIMH 3KCIePHMEHTaJbHO

Bpems ynepxHBa-
Yucao HHSA, MHH OwubKa,
Coenunenne OCTATKOB [ naccyyraH- | hakTHuec- MHH
Hoe [161] | xoe? [152]

[Met] ankedanun 5 18,4 19,0 —0,6
‘[Leu] ankedanun 5 20,9 22,0 —1,1
-OparMenr 5-10 AKTI'® 6 11,9 17,0 —5,1
Dparment 34-39 AKTT - 6 27,0 31,0 —4.0
‘®parment 4-10 AKTI 7 12,4 20,5 —38,1
‘®parmest 4-11 AKTT 8 33,1 30,0 3,1
Anrunorensun 11 8 27,4 23,0 4.4
‘®parment 4-11 Bemecrsa P 8 33,1 30,0 3,1
‘OKCHTOUMH 9 27,4 23,0 4.4
[Arg] Bazonpeccun 9 9,0 14,0 —5,0
[Lys| Basonpeccun 9 10,2 13,0 —2,8
[Arg] BasoTouun 9 7,2 12,0 —4.8
BewecrBo P 11 33,3 29,0 —4.3
-a-MeJlaHOLMTCTHMYJIHPYIOILH{ TOPMOH 13 27,3 26,0 1,3
Helipotenaun 13 28,9 24 .5 4,4
CoMaToCTaTHH 14 25,5 32,0 —6,5
Bom6Gesun 14 22,6 26,0 —3,4
TacTpun-1 17 26,8 28,5 —1,7
dparment 18-39 AKTT 22 20,2 30,5 —10,3
«bparment 1-24 AKTI 24 34,9 21,5 13,4
MenuTTHH 25 61,3 46,0 15,3
‘Tokarox 29 39,7 36,0 3,7
.B-dunopdun 31 41,5 34,0 7,5

a
CopGent: runepcua ODS; 3/0€HTHI: aleTOHHTPHA M ¢ocdaTHHA Gydep, rpaaHenTHoe
3JIIOHpOBaHHe,

6 AKTT — agpeHOKOPTHKOTPOMNHBIX rOPMOH.

JIHYHBIE pEeXHMbl I'PafHEHTHOTO 3JIOHPOBAHHS), CJAENyeT NPH3HATb,
YTO pacyeTHble M JKCIepHMEHTaJbHble BEJHUHHBl BDEMEHH YIEpXKH-
BaHHs COIJIAcylOTCs AOCTaTOYHO Xopowo. Takum o6pas3oM, NosyyeH-
Hble pe3ysbTaThl YKa3blBAIOT Ha TO, YTO NPEAINOCHIIKH, M0JI0XKEeHHbIe
B OCHOBY MeTOIa pacuera, ClpaBelJMBH JJs NMENTHAOB, COAepiKa-
‘KX BIJIOTh 40 20 aMUHOKHCJOTHBEIX OCTaTKOB.

Iasi npoBefeHust GHOJOTHYECKHX HCCJEJOBAHHH HEOGXOLHMBI
©GoJblike (DOpsAKa rpaMMa) KOJHYeCTBa MeNTHAOB BBICOKOH YHCTO-
‘Tel. B mpomioM s OUHCTKH MENTHAOB NPHMEHSJIH HMOHOOOMEHHYIG
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H Ipyrue THIBl KHAKOCTHOH XpoMartorpapuu — MeTOAH, KOTOphe
Tpe6yIOT 3HAYUTEJIbHOIO BpeMeHH H 06J1afaloT HU3KOH 3¢ (PeKTHBHO-
ctbio. [Tosnnee Kynbmann [142] u T'a6Gpuean u ap. [143] nmposenn
paszejieHne IPaMMOBBIX HaBeCOK IOJHOCTbIO 3aIUMINEHHbIX MeNTH-
noB metofnoM BI)KX Ha cuaukarene. Bumon u ap. [153] npumenu-
JU IJs OYHCTKH HeMONM(HUHPOBAHHEIX IENTHAOB MeTOX obpalieH-
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Puc. 2.9. [Ipenaparusnas ouuctka 1 e terpanentuda Leu(Gly)s merodom BI)KX
[153] (c paspewerus asropos).

Kosonka: narpon 30X5,7 cm; nenodsuxcHnas ¢asa: npen. naxk-500 Cis, pasmep uacruy, 75 mxm;
nodsusxcnas ¢asza: 800a — meranos — TpudpTopyKcycnas kucaora (1900 : 100 : 1); pH: 2,3;
CcKOpoCTb notoka: 100 ma/mun.

Ho-¢a3oBoit BO)KX B MOMM3THIEHOBHIX NAaTPOHAX C OKTaJEllMJICH-
JaukareneM. Ha puc. 2.9 npuBeneHa xpomatorpamMma oOTpaxaollas
pesyabrathl ouncTkH 1 r nentuna Leu(Gly)s Ha Tako#t mpenaparus-
Hol KosoHKe. UTOOBl yJAy4IIHTh pa3pelieHHe, GppaKIHIO peXxpoMaTo-
rpadupoBann 5 pa3. CornacHo NaHHHIM aHAJHUTHYECKOH XpoMaTo-
rpadpuH ¥ aMHHOKHCJIOTHOTO aHaJjM3a, NoJIyueHHbe ¢pakuun 6—9
colepxanau ToJabKO yucThlii Terpamentun Leu(Gly)s. Kak BhscHu-
JIOCb, YBeJHYeHHe 3arpy3Ku KOJIOHKM oO6pasunoMm, BHJIOTh 10 10 T,
NpakTHYeCKH He CKasblBaeTC Ha pa3pelleHHH Xpomarorpaduuec-
KHX THKOB, a KOJIHYECTBO Heo6paTHMO cOpOHpPYEeMHBIX Ha KOJIOHKE
BellecTB He mpeBnimaer 5%. Ha ocHOBaHMM MOJYYEHHBIX pe3yJbTa-
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TOB aBTOPHl NPHILJIH K BHIBOAY, YTO B NPHHUHUINE BO3MOXHA OHICT-
pas M 3¢¢deKTHBHAS OYHCTKA HEMOAHGHIMPOBAHHHIX MNENTHIAOB B
KoJinuectBe 10 10 r ¢ XOpPOWIKUM BBIXOLOM.

B Ta6a. 2.11 npuBeneHH cBeleHHSI O HEKOTODHIX ONyGJHKOBaH-
HBIX B mepuox ¢ 1978 mo 1980 r. paGorax, kacawwmuxcs BIKX
NenTHAOB.

2.4. TazoBasi xpomatorpadus

B nocnennee necaruierne rasosas xpomarorpadus mpuobpena
6o/blIOE 3HAaYEHHE B KauyecTBe aJbTEPHATHBHL METOLY HOHOOGMEH-
Hoii xpomarorpaduu. K npeummyuiecTBam rasoBoil xpomartorpaduu
OTHOCATCH:

a) BBICOKAas YYBCTBUTEJbHOCTb (IPH HCIOJb30BAHHH IJIaMEHHO-
HOHH3aLlMOHHOTO JeTeKTopa Ipefen oOHapyxXKeHHS BellecTBa CO-
craBasieT | NmMOJIb, a €caM AETEKTOPOM CJYXKHT Macc-CIeKTPOMETP,
npejea o6HapyxKeHHsl COCTaBJseT MeHee 1 IMOJb) ;

6) OoJsiee HHU3Kash CTOMMOCTb OOOpPYAOBaHUSI IO CPABHEHHIO CO
CTaHJapTHOM aBTOMAaTHYECKOH CHCTeMOH AJs HOHOOOMEHHOH Xpo-
marorpacduy;

B) BbICOKasl CKODOCTb aHAaJH3a;

r) BO3MOXKHOCTb Bei6Opa crnoco6a o6HapyKeHust (IJ1aMeHHO-HO-
HH3aUMOHHBIH, a30THBIH HJIH (OCHODHBIH HeTeKTOp, 3JEeKTPOHO3a-
XBaTHBIA JIeTEKTOP U Macc-CIeKTPOMETp);

J1) BO3MOXKHOCTh HCHOJIB30BaHUsl Ta3oBOro xpomarorpada Bo
MHOTUX APYTHX aHAJHTHUYECKHX MeTOJaX.

B To xe BpeMs Hajuuue B MOJIEKyJaX aMHHOKHCJOT ¥ NENTHAOB
TaKHX pasJyIMYHbIX (GYHKUMOHAJBHBIX TIpYINN, KaK KapOoKcHJbHaf,
cyabdruapuabHas, UMUAa30JabHAsA, TYaHHIHHOBAS, HHIOJNbHAS, aMH-
HO-, UMHHO- U OKCHUTDYIIIIa, BecbMa 3aTpyJHsieT pa3paboTKy eluHOH
yHUBepcaJbHOH MeTOJAHKH, obecneunBarollledl BOCIPOH3BOAHUMOE, KO-
JINUECTBEHHOE U OJHOBDEeMeHHOe NpeBpallleHHe BCeX aMHHOKHCJIOT B
Jeryuyre U crabuJbHble NPOU3BOJAHBLIE, NPUTOJAHBIE LJIA pasjeseHus
MeToloM rasoBoii xpomatorpaduu. IlepeuncieHHBIM Tpe6oBaHHAM
He YJIOBJIETBOPSieT HM OJHA M3 pa3pabGoTaHHHX K HAcTOALlEMY Bpe-
MeHu MeroAuk. Takum o6pa3oM, razoBas xpomatorpadus He §IBJs-
eTcsl PYTHHHBIM METOJOM ONpeJeJieHHss aMHHOKHCJIOT M IeNTHMOB,
XOTs OHa NpeJcTaBJjsierT cob6oit ype3BbIYaHHO NOJE3HBIH H YYBCTBH-
TeJIbHBIA METOJ cleuasbHOro aHanusa. C IoMoIIbo 3TON0 MEeTOAa —
0cO0EHHO B COYETaHHH C Macc-CIeKTPOMETDHEH H MeTOAaMH, OCHO-
BaHHBIMH Ha HCNOJb30BaHHH CTAOMJIBHBIX HM30TOIOB, — MOXHO, Ha-
[puMep, CIeIUTh 3a IPeBPAIICHHAMH ONpPeNeJeHHOro YyHCc/la aMHHO-
KMCJIOT, U3y4aTh IyTH HX MeTa60/1H3Ma, Pa3feNaTh ONTHYECKHE H30-
Mephl. DT 06/1aCTH NPHMEHEHHsI ra30BOM XpoMarorpapuu paccMoT-
pennl B 063opax [179—181] u [2, 182].
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24.1. I'azosas xpomaroepagus amuHOKUCAOT

2.4.1.1. Ouuctka npenaparos

[TockoabKy HauboJiee IIHPOKO HCNOJb3yeMbIH IJIaMeHHO-HOHH3a-
LMOHHBIH NeTeKTOp HeceJeKTHBEH, OHOJIOTHYeCKHe 00pasubl nepef,
HX TIpeBpallleHHeM B COOTBETCTBYIOIIME IPOM3BOAHbLIE HEOGXOAHMO
ounirate. Meron Iloknunrrona [183], mépBoHauaJbHO NpelHa3Ha-
YeHHBIH JJISl ONpeJeseHuss aMHHOKUCJIOT B MOPCKOH BOZE, IPHMEHHM
U IS aHaJu3a MHOTHX OGHoJjiorudeckux mpenaparoB. C nesbio moJy-
yeHHs 60JbLIOH NMOBEPXHOCTH ob6pasel JHODHIU3YIOT H B BUIE CyC-
NeH3HH B CYXOM JAH3THJIOBOM 3(dHDE HAHOCAT Ha KoJOHKY (400X
X25 MMm) c mayskcom 50W-X12 (100—200 mewr) B H*-¢dopme. [a-
Jlee aMHHOKHCJIOTHl SKCTPAarupyloT B BHJEe THAPOXJOPHAOB BOXHHEIM
aTaHoJoM, noakucaeHHeM g0 pH 1,3 nmyrem no6assenus HCI. Dxc-
TpPaKT BBICYILIMBAIOT B BaKyyMe, OCTaTOK PacTBOPSIOT B BOAE, NOJY-
YeHHBIH pacTBOp, ecau HeoO6XOAHMO, NMPOMBIBAIOT XJOPOPOpPMOM C
TeM, YTOGH YAAJUTh MeIIAIoMHe aHaJIu3y MUTMEHTH U KapOOHOBbIE
KucjaoTel. Ilocse aTOro cMech OYHIIAIOT METOLOM KaTHOHOOGMEH-
HOH XpoMaTorpa@muu; HaHOCAT Ha KOJIOHKY C CyJb()OMOJUCTHPOJIOM
H 3JI0MPYIOT 2 M pacTBOPOM IHAPOKCHIA aMMOHHS.

Uto6el ypanutTh 6eJoK M3 NJa3Mbl KpPOBH, K HocjaegHeir no6a.-
asioT mukpar [184] uam ayuime (uro6bl H36exaTh MOTEPH OCHOB-
HBIX aMHMHOKHCJIOT) cyJbdocaJuuuoBylo Kuciaoty [185], cmeck
¢bunpTpyior, He colepxkaliuii 6eqKOB (pUABLTPAT OUMIAIOT METOAOM
KaTHOHOOOMeHHOH xpomarorpaduu Ha KoJioHKe (508 mm) c may-
skcoM AGS50W-X8. MeToankH O4YMCTKH 06pasloB MOUYHM Ilepej] pas-
IesieHHeM ¥ KOJHYECTBEHHbIM ONpefeJleHHeM B HeM aMHHOKHCJIOT H
MeNnTHAOB ONKcaHu B paborax [2, 182]. '

24.1.2. Iloayuenue npousgooHsLx

M3-3a onHOBpDEMEHHOro HaJMUUS B MOJeEKyJaX aMHHOKHCJIOT
KapOOKCHJIbHOH H aMHHOTPYINE 3TH COeIMHEHHs OTJIHMYAIOTCH Ma-
JIOH JIeTyyecTblo, 1 YyToOBl OOpaser GBI NPHToJAeH IJs ra3oxpoma-
Torpaduyeckoro aHajausa, Heo6X0AMMO MOJAH(GHIHPOBATL yKasaH-
HBle (YHKIMOHAJbHBIE rpynnel. MeToX NOJyYeHHs INPOU3BOLHEIX
IoJKeH OBITh TaKuM, YTOOH NpeBpalleHHe MOJSPHLIX TPYHI He co-
NPOBOXKAAJIOCh paspylleHHeM CTPYKTypwl MoJsekyJas®*. B 1956 r.

* TloJyueHHe TPOM3BOIAHBIX M rasoBasi XpoMaTorpadusi aMHHOKHCJIOT pac-
cMoTpenbl B KHure: Cynozosa E. B., Tpy6rukos B. H., Cakodunckuii K. H. Tazo-
Basi Xpomarorpadusi amuuHokucaor. — M.: Hayka, 1976. OG6umue BOmpocH moJy-
ueHHsi TIPOM3BOAHBIX JJIs1 rasoxpomartorpadHyecKoro aHajamsa oOCYyXHalOTCA B
knure: bepeakun B. I'. XuMuueckHe MeTOAB B ra3oBoil xpoMmarorpaguu. — M.:
Xumns, 1980 u Berezkin B. G., Chemical Methods in Gas Chromatography,
Argsterdam, Elsevier, 1983 (pacuimpeHHoe H [ONMONHEHHOe wu3naHue).— ITpum.
peo.
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Xanrep u ap. [186] npemsoxuiau MeTox razoxpomarorpadpuyeckoro
aHa/u3a, OCHOBAHHBIl Ha ONpefeJeHHH aJbJerHJ0B, 06pa3yoIuXCs
NpH B3aUMOJEHCTBHH aMHHOKHMCJIOT C HHHTHADHHOM, DTH asbleru-
OBl MOXHO TaKKe IOJYYHTb H C NOMOLIBIO APYTHX peareHToB. AMu-
HOKHCJIOTHl MOXKHO TaKiKe XpoMmaTorpagupoBaTh B BUAE aMUHOCIUP-
TOB, aMHHOB, HUTPUJIOB H T. A. ([181]. Haubosee moaxonsmumMu ais
rasoxpomaTorpaduueckoro aHa/ju3a SBJIAIOTCS, OJHAKO, TaKHe Npo-
M3BOJHBIE, B KOTOPBIX COXpPaHEHH! BCe (pYHKIIHOHAJNbHBIE TPYIINbI, HO
HX NOJISIPHOCTb yMeHbllleHa B pe3ysabTaTe MoAubHKauuu. B sure-
paType omucaHO GOJIbIIOE YHCJIO TAKHX MPOM3BOJHBIX, a MOAPOGHBIE
METOLMKH HX IOJyYeHHs NaHBl B IPEBOCXOAHOM pyKoBoAacTBe KHamnna
[187]. B nacrosiee BpeMss HauGoJjee 4acTO HCIOJb3YIOTCS TPHMe-
THJICHJIMJIbHBIE POM3BOJIHBIE H CJIOXKHBIE 3(QHPH aUHIaMUHOKHCJIOT.

2.4.1.3. Tpumeruscurussrsle npou3sooHsLe

3a nepBbIM coobLleHHeM 00 H3yUeHHH TPUMETHJICHJIHJbLHBLY. IPO-
M3BOJHBIX aMHHOKHCJOT, nosiBuBIIMMcs B 1960 r. [188], nocaenosa-
JI0 MX cHcTeMaTHueckoe ucciaenosaHue [189, 190]. Tpynuocry, ¢ Ko-
TOPBIMH NPHUXOJAHUTCS CTAJKHBATHCA NDH NMOJYYEHUH STHX NPOMU3BOA-
HBIX, 00yCJIOBJIeHBI B OCHOBHOM HH3KOH DeaKUHOHHOH cHoco6HO-
CTbI0 aMHHOTPYNN U HECTAOMJILHOCTBIO 0O0pa3yIOIUXCS TPUMETHJI-
CHJIa32HOB, KOTOpbleé BeCbMa UYBCTBHTEJNbHBl K CJEJOBBIM KOJHYe-
crBaM BoAbl. CornacHo nauHeiM I'epke u cotp. ![191, 192], Bomy
Jyyle BCEero yAaJsiTb B HECKOJBKO IIPHEMOB IIyTEM €€ a3e0TPOIHOM
OTFOHKH C JAuxJopMeraHoM. CJl0XKHOCTh NpeBpallleHUss aMHHOTPYII
B CHJIHJIbHblE IPOM3BOJHbIE, B pe3yJibTaTe KOTOPOro obpasyercs Ha-
60p MPOAYKTOB, CTUMYJHPOBaJa H3yueHHe NeHCTBHUS pa3HOO6GpasHbIX
CHJIMJIUPYIOLUINX areHTOB B PA3JIHUHBIX YCJOBHSX. ¥ CTAaHOBJIEHO, YTO
B 3aBHCHMOCTH OT YCJOBUH peakIUH HEKOTOpPhle aMHHOKHCJIOTHI,
a HMEHHO TJIMLHH, ®-aMHHOKHUCJOTH, aprHHUH, THCTHAHH M TPUITO-
¢aH, maoT Ha XpoMarorpamMmax ABoiHHe mnuku [189, 190, 192].
I'myramuHOBasi KucJoTa mMoxKeT 06pa3oBaTh 2-MHPPOJUAOH-5-Kap6o-
HOBYIO KHUCJOTY. XpaHeHHe TPHMETHJ/ICHJIHJIbHBIX POH3BOAHBIX aAMH-
HOKHCJIOT B HPUCYTCTBHM CHJMJIHPYIOLIHX areHTOB B IJIOTHO 3aKpHI-
TOH TocyJe HOMXKHO Obio 6b ofecnmeyuTb HX YCTOHUHMBOCTB MO
MeHblleli Mepe B TeueHue Hejeau [191, 192], oxnako H3BecTHO,
YTO KOHIIEHTPAIUsl HPOM3BOAHBIX FHCTHAMHA CYIIECTBEHHO YMeHbIla-
ercs yxe uepe3 2 y [194], a apruHuH, y-aMUHOMACJSIHYIO KHCJIOTY,
LUUTPYJJIHH, TJYTaMUH, THCTHIHH, CYJb()OKCHI METHOHHHA M TaypHH
BoOOIlle HEBO3MOXHO IPeBpPaTHTh B CTaGHJIbHbIE IPOHU3BOJHEIE
[183]. ITosTomMy, KaK NOKa3blBaeT Hall ONBLIT, TPUMETHJICHJIU/Ib-
HBlE COeJHHeHHs CjeldyeT XxpoMarorpadupoBaTh HENOCPEACTBEHHO
mocJie OXJIaXIEHHUS PeaKIHMOHHOH CMeCH.

KpaTkoe onucaHne HeCKOJIbKHX Da3JIHUHBIX METOMOB TPHMETHJI-
CHJIHJHPOBaHUs NpuBeleHO B Tabj. 2.12, a moapo6HO Bce 3TH Me-



71 AMUHOKUCAOTbL U 0AuzOnenTudsbl

Ta6auua 2.12. MeToabl MNOJyYeHHS TPHMETHJCHJHJIBHBIX NPOH3BOAHBIX

AMHHOKHCJIOT

AMHHOKHCIIOTHI Pearent?d Ter;:.eggry- Bpemst J]:;;ga
JTio6bie BSTFA—MeCN 150 2,54 192°
Jlio6bie BSTFA—MeCN 125 15 mun 194°
JIo6uie BSA—TMCS—Py 60 12—14 4 195
JlioGbie TMSDEA Kunsyesne |1 u 196
JTo6bie MSA 25 nav 60—100(5 mun 197
JlioGbie MSTFA—CF3;COOH 25 Ilo pac- 198

TBOpEHHS
JlioGeie MSTFA—TMCS— 120 1y 199
—MeCN

Cepycojiepxariue BSTFA 150 5 MuH 200
TavnuH, musul, apruind] BSTFA—MeCN 135 15 mun  [190, 201
Tpunrodasn, 1. CH,O0—NaOH 40 15 4 202
TPHITAMHHBI 2. BSTFA 25
3-MeTHJ/ITHCTHARH BSTFA—MeCN 150 2,54 203
IiyramusoBas kuciaora |BSTFA — — 204

2BSTFA — 6UC(TPHMETHJICHNNI) TPHdTOPaLeTaMHL, BSA — GHC(TPHMCTHJICHJIHI)aLET-

amun, TMCS — TpumeTtnaxyaopcunad, TMSDEA — TPpHMETHJICHAHJOUITHIAMHH, MSA — N-Mme-
TUA-N-TpuMeTHACHAHAaueTaMul, MSTFA — N-meTHs-N-TpHMETHIACHANATPHGTOPAaNETAMHUL.

TOABl omucaHel B pykoBoiacTBe Knamma [187]. ITo-Bunumomy, Hau-
Gosiblllee pacnpocTpaHeHHe MOJIYYHJ MeTOJ NMOJNY4YeHHsS] TPHMETHJICH-
JIMJIOBHIX 3¢GUpOB, Nnpenyoxennwil I'epke u corp. 191, 192].

Bopnublit pactsop, conepxamunii 0,5—6 Mr aMHHOKHCJIOT, yapHBalOT B CHJa-
HH30BaHHOM npo6Gupke B ToKe azora npu 70°C. Crnefsl BOAH yoaJsilOT a3e0TPOI-
HOM OTrOHKOH ¢ auxjopmeraHoM (2X0,5 mu), 3arem nobasisior 250 MKJI auero-
HUTDHUJIA, COJepIKallero BHYTPeHHHe CTaHAapTH, H 250 MKJ GHC(TPHMETHJICH-
JIHJT) aueTaMua Ha | Mr KaX/[Ao# aMHHOKHCJIOTH. ITpOGHPKY 3aKpHIBAIOT 3aBHHUH-
Batolllelicss Npo6KOH, CHaGXKeHHOH NpPOKJIaAKOH H3 TNOJHTeTPadTOPITHJIEHA, O3BY-
yuBalT | MHH, BHAepxKHBaWOT 2,5 u npu 150 °C, oxsaxAal0T H CMech XpoMarorpa-
¢upylor. Ecin MeTOOHKa B TOYHOCTH BHINOJHEHA, Ha XpOMaTorpamMme, MOJydeH-
HOH NpH DAaBHBIX BECOBBIX KOJHYeCTBaX CTaHAAPTOB, NJOILIaj¥ IHKOB, OTBEYalo-
WHX [H- U TPH (TPHMETHJICHJIHI) TJIHLHKHY, JOJKHB OTHOCHTCS Kak 1:15, a jpas
COOTBETCTBYIOI[MX TPOH3BOJHEIX TIJYTaMHHOBOH KHCJOTH YKa3aHHOE OTHOLIEHHE
JNO/KHO ObITe paBHO 10, cMech [OJIXKHA COAepPkaTb TOJNBKO TETPANpPOM3BOAHHE
JIH3HHA, TIpHYeM IIJIOMIaJAb COOTBETCTBYIOUIEro IHKa AOJNXKHa OBITh NPHMEPHO BABOE
6oJibllle MUIOIIAAK MHKa, OTBeYallero teTpa (TPHMeTHJICHINI) APTHHUHY.

Jns razoxpomarorpauueckoro pasje/eHHsI TPHUMETHJCHJIHIb-
HBIX NPOM3BOJHBIX HCIOJB3YIOT TOJbKO HEMOJSIPHBIE XKHAKHE (hasHl.
Uro6bl npeJoTBPAaTHTb pa3joxkeHHe 006pas3loB B HHXKEKTOpE, HX
Jyyllle BCEro BBOJUTb HEMOCPENCTBEHHO B KOJIOHKY. B Tta6a. 2.13
NpHBEefeHbl BEIpaXKeHHbBIe B MeTHJIeHOBHIX elnHunax (ME) sHauenus
OTHOCHTENbHOH NOABUIKHOCTH TPUMETHJCHJIMJIbHHIX  IPOU3BOLHBIX
aMHHOKHCJIOT Ha JABYX KOJIOHKAaX ¢ Pa3/IHYHBIMH NOJABHXXHBIMH (ha-



Ta6auua 2.13. OrHocHTeJbHAass XpoMmaTorpadHueckas IOIBHKXHOCTb

TPHMETHJICHJIHJIBHHIX NDOU3BOAHBIX AMHHOKHCJIOT,

BHIPaXKeHHas B METHJIEHOBHX efuHHIax (ME)2

AmunoKucaoTa ME oV-17 ME OV-1 AME
N-Anerundenunnananun 19,33 17,90 1,43
N-Aueruarpunrtodan® 26,00 24,18 1,82
Ananun 11,25 11,05 0,20
B-Ananun 12,30 11,90 0,40
a-AMHHOMAC/IAHAS KHCJOTa 12,00 11,77 0,23
y-AMHHOMaCAsHAs KHCJIOTaA 15,57 15,46 0,11
a-AMHHOH3OMACJAHAS KHCJOTA 11,60 11,48 0,12
B-AMuHOM3OMACHSHAS KHCJOTA 12,48 12,16 0,32
14,76 14,74 0,02
Aprusunn® 16,40 16,32 0,08
Acnaparun® 18,00 16,87 1,13
AcnmaparuHoBasi KHCJIOTa 15,88 15,41 0,47
Hurpyanus 19,03 18,36 0,67
Hucraruonun 22,84 22,35 0,49
IlucrenHoBast KuCJIOTa® 20,67 19,69 0,98
Increun 16,19 15,65 0,54
Lucruu 23,95 23,12 0,83
3,4-Iuokcudennnananuu 21,63 21,24 0,39
1,4- JUMETHITHCTH AHH 19,59 17,35 2,24
JlbenkoseBast KucaoTa 25,60 24,58 1,02
T'nyramuHOBas KucjoTa 16,89 16,29 0,60
Tnyramun® 18,87 17,73 1,14
Tnauuun 11,52 11,11 0,41
13,21 13,18 0,03
Iuctuavn 20,98 19,14 1,84
18,00
ToMouucTHH 26,38 25,63 0,75
4-OKCHIIM3UH 18,55 18,90 —0,35
20,58 21,19 —0,61
4-OKCHIIPOJIHH 15,63 15,46 0,17
5-Okcurpunrodan 26,01 24,60 1,41
Uzonefuun 13,14 13,06 0,08
Kunypennn 23,57 21,86 1,71
JlauTHOHMH 21,57 21,33 0,42
Jleituun 12,91 12,84 0,07
Jlusun 19,26 19,56 —0,30
Metuonun 16,17 15,30 0,87
1-MeTuarucTuius 21,06 17,64 3,42
3-MeTH/IrHCTHAMH 20,40 17,24 3,16
OpuuTHH 18,21 18,53 —0,32
denunananuu 17,24 16,25 0,99
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Ilpodosxcenue Tabauye 2.13

AMMHOKHCJI0TA MEOV-I? ME CV-1 AME
TTuneKoNHHOBAsT KUCJIOTA 14,07 13,67 0,40
Ipoaun 13,50 13,02 0,48
Capko3uH 11,73 11,43 0,30
Cepun 14,10 13,80 0,30
2-THOrHCTHAHH 23,85 22,51 1,34
Tpeonun 13,97 14,04 —0,07
Tpuntodan 23,77 22,15 1,62
Tuposux 20,19 19,52 0,67
Banun 12,44 12,34 0,10

3Konouka: nupekc, 1,8 MX6,35 MM; HENOABHKHas dasa: 3% OV-1 mau OV-17 Ha XpoO-
moccp6e WHP, pasmep wuactun 80—100 Mew; ra3-HOCHTeNb: TeJHA, CKOPOCTb IOTOKaZ
80 MJ/MHH; TeMmIepaTypa: NpOrpaMMHpOBaHHOe yBeJHyeHHe oT 100 no 325°C co CKOPOCTbIO
10 °C/muH; nas coenuHenu#t ¢ ME<I12,0 HayaabHas TeMmepatypa 70 °C [201].
BTOpHUHBIT MHK Ha OGEHX KOJOHKaXx.
BRTopHUHHLIA NHK Ha KOJAOHKe ¢ OV-17.

3amu: 3% OV-1 wmu 3% OV-17 na xpomocop6e WHP. Kak mnoxa-
3BIBAIOT NOJy4YeHHBIE JaHHbIE, COCAMHEHHS, B MOJIEKyJax KOTODHX
HMeeTcs CHCTeMa JAeJOKaJHM30BAHHBIX 7i-3JEKTPOHOB, CHJbHEe yHaep-
xkuBalorcss Ha ¢asze OV-17, comepxkameit peHunpHble octatku. O6
3TOM, B YaCTHOCTH, OBOPAT BeJHYHHB NpDHBENEHHOH B TabJuuie
AME (AME=MEoy.17 —MEov.1 ). Bricokne 3nagenuss AME xapak-
TePHBI JII1 apOMAaTHYeCKHX aMHHOKHCJIOT — FHCTHJAWHA, KHUHYpPEHHU-
Ha, (eHuJaJaHMHA, THPO3HWHA U TpUNTODaHa, a TaKkKe s aMHIOB
M Kap6aMuJ0B — acmaparuHa, rayTaMHHa H LUTPYIJauHA. B To Xxe
BpeMsl I/ anudaTHYeCKHX aMHHOKHMCJIOT H aMHHOKHCJOT, COepKa-
IIHX THAPOKCHJBHYIO HJIU JOMOJHHUTENbHYIO aMHHOTpYINy, MOJyue-
HBl Hu3kue 3HaueHus AME. JlusaMellleHHEe 0 aMHHOTPYIINE COERH~
HEHHMs YAePKUBAIOTCS 3HAYUTENbHO CHJIbHEE, YeM MOHONPOH3BOAHHIE,
H3-3a X OoJiee BHICOKOH MOJIEKYJADHOH Macchl (cp., Hampumep,
B-anaHuH, B-aMHHOM30MAC/SHYIO KHCJOTY, TVIHIHH M 4-OKCHJIH3HH
B Ta6a. 2.13). Bmecre ¢ Tem yBequyeHHe 3¢h(EKTHBHOCTH 3KpaHH-
pPOBaHHS aMHHOTPYNIH], 00YCJOBJIEHHOE HAaJIHYHEM ABYX TPHUMETHJI-
CHJIMJIBHBIX OCTAaTKOB, CONPSXKEHO C yMeHblleHHeM BenuuuHsl AME.
ITo 3Toit Xe NpUYHHE TPEOHHH, B MOJIEKYJe KOTOPOTO COAEPIKUTCS
Goslee 5KpaHHPOBaHHAs BTOPHYHAs TMADOKCHJbHAs TpyNNa, xapak-
Tepusyerca 6osee HU3KUM 3HaueHHneM AME, yem cepuH, B MoJekyJe
KOTOPOTO MMeeTcsl NepBHYHAas THAPOKCHJbHAs rpynna. Bsenenue
THAPOKCHJBHBIX I'PYNI B MOJEKYJY aMHHOKHCJOTH IIPUBOAUT K yBe-
JMYEHHIO MOJIEKYJNSPHOH MacChl TPHMETHJICHJIMJIBHBIX IPOH3BOAHBIX
H, CJEef0BaTesNbHO, HX HHIEKCOB yAepXKHBaHHS, OJHAKO BeJMYHHA
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AME npu stom yMmeHbumiaercs (cp. ¢peHHsIaNaHUH, THPO3HH U 3,4-1H-
OKCH(EeHHnJaJaHUH, IPOJIMH U 4-OKCHIIPOJIHH).

I'epke u cotp. [191] ucnoansoBamu cmecs OV-7 u OV-22 (2:1),
KOTOpYIO Mo3aHee 3aMeHusau Ha ¢asy OV-11, comepxaunyio npumep-
HO TaKoe Ke KOJIMYeCTBO MeTUJ - H deHHJcHIHKOHA (659 meruicu-
auKoHa U 35Y denuncuaukona) [192]. Ha puc. 2.10 B kauyecrse

| 6
8 4
1 r P
k)
MB 3 “1]7 %
2 || 7%
3 21
19
20)
Lhuuu
L JL | 1 | 1 1 1
110 154 244 285°C
0 22 40 57 mun

Puc. 2.10. Pa3lenerue cmecu TPUMETUACUAUAGHOIX NPOU3BOOHbIX AMUHOKUCAOT Me-
Todom 2a3080ii xpomaroepaduu [191] (c paspewenus asTopos).

Koaotka: 6 mX2 mm; Henodsuxnas ¢pasa: 10% OV-11 Ha cyneakonopre, pasmep Hacruy
100—120 mew; 2a3-HocCuTeab: a30T; CKOPOCTb NOTOKA: 20 MA[MUH; HA4AAbHAA TeMneparypa:
110 °C; npoepammuposanroe ysesuwenue Temneparyps. 0o 154 °C co ckopocroto 2 °C[smun, 3a-
rem 0o 285°C co ckopocteto 5 °Clmun; Temneparypa unxcexropa; 275 °C; Temneparypa oOerex-
ropa: 300 °C. HOentuguyuposare. credyrouyue coedurerus: 1 — aranuw; 2 -— Queauqun; 3 —
8anrun; 4 — nedyun; 5 — usoneiyun; 6 — TpueAuyun; 7 -— npoaun; 8 — CepuH; 9 — TPEOHUH;
10 — okcunpoaun; 11 — acnapazuro8as Kucaora; 12 — METUOHUK; [3 — 2AYTAMUHOGAN KUCLOTA:
14 — ¢penunaranun; 15 — apeunun; 16 — Au3un; 17 — Tupo3un; 18 — euctuduw; 19 — 8HYTPeH-
Huil crandapr; 20 — Tpunroghan; 21 — YUCTUH.

npuMepa NpHBEJeHa xpoMmaTorpaMma TrHAposusara Genaka. Ms-za
GOJbILIOH JJHHE HCHOJb30BAHHOH KOJIOHKH (6 M IpH BHYTpeHHeM
nraMeTpe 2 MM) KOJTHYECTBEHHO 3JIIOMPOBATh NMPOHU3BOAHbBIE THCTHIH-
Ha He yfmaercs. PaslesieHHe NPOHW3BOAHBIX METHOHHHA, IVIyTaMUHO-
BOH KHCJOTH, (heHH/IaNaHHHA, aprHHHHA, JU3UHA, THPO3HHA, THCTH-
nuHa, TpunrodaHa U LUCTEHHA PeKOMeHAyeTcs NPOBOAUTH Ha Go.see
KOPOTKOIi KOJIOHKe (2 M IIpH BHyTpeHHeM AuaMmerpe 4 MM) IpH NpoO-
rpaMmupoBaHuu Temnepatypsl (5 mun npn 190 °C, 3arem yBeanue-
Hue Temnepatypsl 10 265 °C co ckopoctbio 5 °C/mMuH).

24.14. 3¢upsl ayuramMurHoOKUCAOT

-MHorue MeTOJHKH IOJYYeHHS NPOU3BOJAHBIX AMHHOKHCJOT BKJIIO-
yaloT 3TepudUKaIHI0 KapOOKCHJIbHBIX rpynm. XoTs caMu mo ceGe
5(HupHl HEKOTOPHIX AMHHOKHCJIOT JOCTATOYHO JIETYUH M HX MOXKHO
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HeIoCpeJCTBEHHO aHa/lM3MPOBaTh METOAOM Tra3o0BOH XpomaTorpa-
¢un [205], HamGosbluee pacnpocTpaHeHHE TMOJYYHJIa MeETOAMKA
aHa/{H3a NPOM3BOAHLIX AMHHOKHCJOT, TIOJYYEeHHBIX B pe3yJbTaTe
sTepudUKauun KapOOKCHJIBbHOH IPYNNBl M aUUJHPOBaHHS aMHHO-
rpynnsl. drepudHKaUHUIO, KaK NPABUJIO, MNPOBOASAT B aGCOJIOTHOM
CIHpTe, CORepKauleM KaTaJHTHYECKHe KOJHYECTBA CHUJbHOH KHCJO-
Tol, yame Bcero HCI [206]. B 3Tux e measix MOXKHO Takxke HC-
noJb30BaTh THOHUAXJMOPHA [207], mumernacyabdur [208] u Kucawle
HOHOOGMeHHble cMOJIb. HemocTaToOK nHMa3oMeTaHa KaK METHJHpYIO-
Iero peareHTa 3aKJIOYaeTcs B TOM, YTO yJaJieHHe ero u3GbiTKa Iy-
TeM YNapHBaHHS CONPOBOXKIAAeTCS IOTepeH NpPOAYKTOB pPEaKIMH
BCJIEJICTBHE OYeHb BBICOKOH JIeTyYyeCTH METHJIOBBIX 3(HPOB HEKOTO-
pbIX aMuHOKHCJOT. IloaToMy Oblin HM3yueHB 3(QHUPH BHICIUMX CIOHP-
TOB — IPOMHJIOBOro, 6yTHJI0BOro 1 ajaujaosoro (cm. [187], c.263).
ITocko/IbBKY aMHHOKHCJIOTH HEDACTBOPDHMBI B BHICUIHX CIMPTaXx, CHa-
yaja IoJyyaloT UX MeTHJOBble 3(QHDPBI, KOTOpble 3aTeM NyTeM peak-
MK mepesTepHUKAUKH NpPeBPallaloT B 3GHPH BHICIIMX CHHPTOB.
So¢upbl 06LIYHO AUMIUDPYIOT AHTHAPHAAMH KHCJOT B THUXJODMETaHe,
sTUJaleTaTe HJH aneTOHHTpHJe, CJlelyeT NOAYEPKHYThb, UTO 3TEPH-
¢ukauus Bcerga AOJIXKHA IpeAlIeCTBOBATH  AlMJIMPOBAHHUIO, TIO-
ckonbKy O- u N-anuanpou3BOAHblE HEYCTOHUYHBHI B YCJOBHSIX 3Te-
pudukauuu. BiusHne 3amecTHTe el Ha XapaKTePHCTHKH YIepKHBa-
Hust 3¢upoB N-alnuaaMHHOKHCJOT H3ydueHo B paborax [209, 210].
YcraHoBJeHO, YTO HanboJjee NOAXOAAILMMH JJIs rasoxpomarorpadu-
YeCKOro aHaJu3a sIBJISAIOTCS alleTHJ-, IPONHOHUI- H TPpudTOpaneTu-
NpPOU3BOJAHbIE 3THJIOBOrO, NPOMHUJIOBOro U O6yTHJIOBOro 3GuUpPOB aMH-
HOKUuCJOT. PTOpHPOBAHHBIE IPON3BOJHEIE OCOGEHHO YAOOHBI IPH HC-
NOJIb30BAHHH JETEKTOPa IO 3aXBaTy 3JEKTPOHOB H Macc-CIEKTpPO-
METPHUYECKOTO MeTOJa XMMHUYECKOH HOHH3allMH OTPHIATENbHBIMH HO-
Hamu. CoryiacHO JaHHBIM pa6oThl [211], KeTeKTOp MO 3aXBaTy 3J€KT-
POHOB TO3BOJIIET OGHAPYXKUTh NMPOHU3BOAHBIE IUCTEHHA U METHOHH-
Ha B KOJIMYecTBe COOTBeTCTBeHHO 2 w | nr. B mocjenHne ronn Hau-
6osblllee pacnpocTpaHeHHe MOJYYHJIM NpousBoiHble N-TpudTopare-
THJ-H-GYTHI0BOTO 3dupa, BlepBrle BBeJeHHble B aHAJUTHUYECKYIO
npaktuky I'epke [212]. Ilpu monyueHuu H-6GyTHJIOBHIX 3GHPOB OT-
nagaer HeoOXOAMMOCTb INepedTepH(PHKAIUH, NMOCKOJbKY aMHHOKHC-
JIOTBl MOXHO TNpPEBPATHTb B yKa3aHHBIe 3(HPH HEMNOCPEACTBEHHO
NMyTeM WX B3aHMOMAEHCTBHSI cO cmupraMu. s stepuduKanum Bcex
aMHHOKHCJIOT, 32 MCKJIOYEHHeM H3oJeHlHa, AOCTaToyHO 15-Mmu-
HYTHOTO HarpeBaHus cmecu, copepxkaueir 3M HCI, npu 100 °C.
drepudukanus H3ojeinnHa 3akaHuuBaercss yepes 35 muH [213].
C moMouIp0 CHJIHJHPOBAHHS GYTHJIOBHIX 3()HPOB aMHHOKHCJIOT
yCTaHOBJIEHO, UTO 3TepHUKalLys NPOTeKaeT He ¢ KOJHYECTBEHHHIM
BeixogoM [214]. Tlocienyioulee u3yueHne peakuuu NOKasajo, uTO
15-MuHyTHOEe HarpeBaHHe 6yTraHoJga, comep:xamiero 2,7 M HCI, npu
150 nan 100 °C npuBomuT K 06pasoBaHUIO COOTBETCTBEHHO GoJee
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2 1 0,2 MoJas Bojbl. Takoro KoJiMuecTsa BOALI HOCTATOYHO AJISI TOTO,
4TOOBl CyIleCTBEHHO CIABHMHYTb pDaBHOBECHE€ B CTOPOHY HCXOJIHOM
aMHHOKHCJIOTHI.

TpudropaueruibHbie NPOU3BOAHbIE OYTUJIOBHIX 3()HPOB aMHHO-
KHCJIOT NOJY4YaloT N0 caeayomei meroauke i[213]. PactBop o6pas-
1a, cogepxkKaluil BHYTPEHHHH CTAaHAAPT, yIapHBAIOT J0OCyXa B pe-
aAKIMOHHOH MHKponpoOupke B Toke asora mpu 100°C. Ha 100 Mkr
aMHHOKUCJIOT. fo6asasior 150 Mka 3 M HCI B r-6Gyranose. Cmech
03BYyYHBAaIOT He MeHee 15 ¢, BoimepxkuBalor 15 mMuH npu 100 °C u
panee ynapusaior npu 100 °C B Toke azora. Ciefbl BOABI YAQJAIOT
a3e0TPONHOH OTrOHKOH ¢ AuxjopmeraHom (150 mxkia). K cyxomy
ocTaTKy R00aBJSAIOT AUXJIOPMETaH M aHTHAPHI TPUGDTOPYKCYCHOH
KHCJIOTH U3 pacyera 60 MKa pactBopuretss u 20 MKJ peareHra Ha
100 MKr aMHHOKHCJOT. PeakIMOHHBI COCYA 3aKphIBalOT 3aBHHYHU-
Balolelics NMpo6KoH, cHaGXeHHOH MPOKJIaAKOH H3 MoJuterpadTop-
3TUJeHa, W HarpeBaioT 5 muH npu 150 °C. HenocpencrserHo mocie
OXJaxJeHHs cMecb XpomaTtorpadpupyior. B pabore [215] onucana
MeTOJMKa OJHOBPEMEHHOro G6JIOKHDOBAHHMS KapOGOKCHJbHBIX H (e-
HOJBHBIX rpynn o6paboTKOH cMecblo (TODHPOBAHHOIO CIHPTA H
(GTOPHPOBAHHOrO AHTHADHAA XKHPHOH KHCJOTH. ABTOPB paboThHl
[216] npeanoxXuaum ORHOCTAAHHHYIO MOAM(PHKAIHIO IJYyTaMHHOBOM
U y-aMHHOMAacCJSIHOH KHCJIOT C HCIOJb30BaHMEM NEeHTahTOpPNpPONHUO-
HOBOrO aHrujpHAia u rekcagroprponaHoJa. B Hauleli na6opatopuu
NPOU3BOJHHE KaK aMHHOKHCJOT, TaK H OJIHTONENTHJAOB MOJYYaloT,
HarpeBas o6pasunt 20 mun npu 100°C B cMecH TpHDTOPYKCYCHOM
KUCJIOTH .U TpudropaTanoaa [217].

B 1961 r. IxoHcoH u Ap. [218]onucanu pasjenenue N-amerHi-
H-aMUJIOBBIX 3(HPOB 35 aMHHOKHCJOT METOLOM Tra30BOH XpOMaTo-
rpaduu Ha MOJNHITHJEHIJINKONEBOH (ase. OJHAKO 3TOT METOA HeJlb-
351 DEKOMEHJOBaTb MAJs ONpefeJNeHHS aMHHOKHCJOT, IOCKOJbKY
N-aueTu/JbHEIM NPOHU3BOAHSIM Ha XpOMaTorpaMMe OTBEYaloT LIHPO-
Kue MHKU. BrocsencTBuu GbljI0 NPeANPUHSATO HHTEHCUBHOE H3YyUeHHe
pasHoo6pa3HbIX MOJSAPHBIX M HemoJspHbX a3 [219—225] ¢ ueasio
BHISIBUTH ONTUMAaJIbHBEIE YCJIOBUS pasfieneHus. Kak BHsACHHIOCH, Hau-
Jy4lIero pasfiesieHuss CMecH NpOH3BOAHBIX 20 OOGBIYHBIX aMHHOKMC-
JIOT, BXOISILIHX B-cocTaB 0€JKOB, MOXHO [OCTHYb, HCIOJb3Yys CH-
CTeEMY M3 JBYX KOJIOHOK, BBEIEHHYI0O B AHAJUTHYECKYIO NPaKTHKY
T'epke u xap. [226]. Ha nepBoit xosoHKe, conepxauein 0,659 anu-
AMHATA 3TUJIEHIVINKOJIS Ha XxpoMocopbe W, pasjensiioTcs Bce coelnHe-
HHS, 32 HCKJIIOYEHHEM NPOU3BOAHBIX THCTHAMHA, LUCTEHHA H apTHHHU-
Ha. Pasnesenve 3THX NPOM3BOAHBIX NPOBOJSAT Ha cMelIaHHOH ¢a-
ze: 109 OV-210 u 2% OV-17 (no macce) Ha rasoxpome Q.

IMockoabKy TpUbTOpalLeTHAbHEIE NMPOH3BOJHbIE MeHee CTaGHJIb-
HBI, UeM, HalpHUMep, alleTHJbHBEIE, H NOCKOJBKY HAa KOJOHKE MOXKeT
NpPOXoauTh pasioxerue O- u S-TpudTOpaLETHIHPOBAHHBIX COeNMHe-
Hui, O UX pasle/eHus CJedyeT HCIO0Jb30BaThb TOJBKO HEMoJsp-
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Hele ¢as3el. Ocob6eHHO 6LICTPO TepsfeT OAMH AHUJIbHHIN OCTAaTOK IHa-
LMJIbHOE NPOH3BOAHOE THCTHAMHA. UTOOH NpPeAOTBPATHTL 3Ty pe-
aKUHUI0, OLHOBPEMEHHO C 06pa3luoM B KOJOHKY BBOJASAT COOTBETCT-
ByOlIHA aHruapun [224, 227]. Ecau pactBop o6pasuma COLEPKHT
HU3LIHE CHHPTHl, MPUCYTCTBHE renTadTOPMaC/SHON KHCAOTH MOXKeET
NpUBECTH K HeXeJsaTeJbHOMY 06pa30BaHHIO «XBOCTOB» Yy XpPOMaro-

20
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§

g

L 21 23

3 2zl 2

= 25
[ e ,
:/‘00' 1 10°C/mun 1 ~ 35 mun z50° 1 1

5 9 5 20 MUH

Puc. 2.11. Pa3sdeaenue cmecu N-ayeTur-wH-nponusossix 3¢pupos aMuUHOKUCAOT Me-
ToO0om ea308oii xpomarozpaguu [229] (c paspewenus asropos).

Kosonka: crexanannar, 76X0,6 cm (8HYTp. Quamerp 2 mm); nenodsusxcxas ¢pasza: 0,31% xapbo-
sakca 20 M, 0,28% cunapa-5CP u 0,06% sexcana ra xpomocopbe WAW, pasmep wacruy [20—
140 mew; 2a3-HocuTenb: 2enuil; CKOPOCTb NOTOKA: 25 MA[/MUH; NPOZPAMMUDOSBAHUE Temnepa-
Typor: 1 mun npu 100 °C, nodvem remneparyper 0o 215°C co cxopocrsro 10 °C/mun, 6ovicTpoe
Yyseauuernue temneparypol 0o 250 °C u u3orepmuueckuil pexcum 6 TeweHue 10 Mun; Temnepa-
Typa unscexropa: 250 °C; Temneparypa Oerexropa: 275°C. Kasdomy nuxky na xpomarozpam-
Me oreeuaer 5 HMOAbL NPOU3BOOHO20 CAeQYrOWUX AMUHOKUCAOT: 1 — 2-QMUHOU3OMACAAHOL KUC-
A0THL; 2 — QAQHUKA; 3 — 2-QMUHOMACAAHOL KUCAOTbL; 4 — 8asuna; 5 — 2auyuna; 6 — usoned-
yuna; 7 — nedyuna; 8 — Hopaeldyurna (BRYTperrul CTandapr); 9 — npoauna; 10 — TpeoHuxa;
11 — 4-amunomacannol Kucaorel; 12 — cepuna; 13 — acnapazuna; 14 — meTuonuna; 15— yu-
creuna; 16 — penunaranuna; 17 — oxcunporura; 18 — aayramuna; 19— 2-amunoadununosod
Kucaorel; 20 — Tupo3una; 21 — opHutuna; 22 — 2uctuluna; 23 — au3una; 24 — apeununa; 25 —
Tpuntohana.

rpaduuecknx nukos. B 3TOM ciyyae, a Takxe TpH BBeIeHHH GOJb-
IIMX KOJHYecTB pacTBopa ob6pasna (oxoso 100 MkJ) kKauecTBO pas-
IeseHHsT MOXHO IOBBICHTb C ITOMOLIbIO TIpelJoxXeHHoro LlymBaub-
ToM u Ap. [211] «knanmana Aas pacTBOpHTeNsi». DTO Npucnocobie-
HHe NpEeNsiTCTByeT NMPOHUKAHHIO PAaCTBODHTeNell H peareHTOB B XpO-
MaTorpaduyeckyio KOJIOHKY, NO3BOJISIET KOHIEHTPHPOBATb PacTBO-
pbl 06pasioB Nepell aHAaJU30M, a TaKXe CBOAUT K MHHHMYMY IOTe-
PH KOMIIOHEHTOB cMecH B Xofle 3Toi cTafuH. CCHUIKH Ha psil pabor,
MOCBSIIIEHHBIX NOJIYYEHHIO MPOH3BOAHBIX aMHHOKHCJOT M MCIOJb30-
BaHUIO Pa3/IMUHBIX (a3 A/ UX rasoxpomarorpaduyeckoro aHaJju3a,
npuBenens B Taba. 2.14. Ha puc. 2.11 nokasana HenasHo ony6/uKo-
BaHHasi XpoMaTorpaMma, NoJyueHHasi IpH pasle/eHHH CMeCH Ipo-
M3BOIHBIX AMHHOKHCJOT Ha CMeIIaHHOH MNoJsipHO#t daze [229].
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2.4.1.5. Pazdeserue snantTuomepos

Xpomatorpadusi ONTHYECKHX H30MePOB (0OCOGEHHO 3SHAHTHOME-
poB) mpeiAcTaBJ/isieT 0CcOObIH HHTepeC KaK METOJ ONpelesieHUs CTele-
HH paueMHu3alud aMUHOKHCJIOT B XOJAe NEeNTHIHONO CHHTe3a W aHa-
Ju3a MPUPOAHBIX NMENTHAOB, COAEPKAIIHX OCTATKH D-aMHHOKHCJIOT.
Has razoxpomartorpaduyeckoro pasfeseHHs TaKHX M30MepoB JHGO
HCIIO/b3YIOT ONTHYECKH AKTHBHYIO HENOABHXKHYIO ¢asy, Ju6o B Mo-
JIeKyJIbl aHaJIM3UPYeMBbIX MPOM3BOJAHLIX BBOAAT BTOPOH acHMMETpH-
YeCcKHil LEHTP M MOJYYalT TaKuM 06pa3oM Naphl AHACTEPEOMEpPOB.

24.1.5.1. Pa3desenue Ha onTu4ecKy aKTUBHbLLX
HenodsuscHoLX ha3ax

Pasnenenne 5HaHTHOMEPOB Ha XHpaJbHOH (¢ase TeopeTHUECKH
BO3MOXKHO, OJHAKO OCYILECTBUTb €ro Ha IPaKTHKe MOXKHO TOJBKO B
TOM cJyyae, eCJH pas3jHuiHe BO BPeMEHH YIepXHBAHHS H30MepOB
JDOCTAaTOUHO BEJHKO, NMOCKOJBKY JHIUb IDH TAaKOM YCJOBHH MJIHHY
KOJIOHKH MOXHO YMEHBIUHTh JO pa3yMHBIX pa3mepoB. B 1966 r.
I'nn-AB u ap. 236, 237] coobuiunn o mepBoM YCIELIHOM pasieJe-
Huu 3HaHTHOMepoB. OHHM XxpomarorpadupoBanu psi 3¢pupoB N-Tpu-
¢TOpaueTHNAMHHOKHCIOT HAa CTOMETPOBOH CTEKASHHOH KamMJLIsAp-
HOH KOJIOHKe, coJepiKalleli B KauecTBe HENOJABHIXHOH (pashl IUKJIO-
rekcunoBblil apup L-(N-rpudropauernn)Banuia-L-sanuna. M yna-
JIOCh TaKKe JOCTATOYHO XOPOIUO pasfesIuTh SHAHTHOMEpH Tper-Gy-
THJA0BOTO 3dupa N-rpudTopamerusasaHiHa Ha KOJOHKe AJHHOH 2 M
[238]. IMocnenylomas pab6oTa BHIOJHEHa B OCHOBHOM Ha (¢asax
TpexX THUIOB:

e = 9 ®” @ Ro9 w
CF{-C~NH-CH=C-O~(CH,)~CH3 CFJ-C-NH-CH-g-m—CH-g-OR Ro—g—cu-un-c -m-cn-g -OR
o)

aupel TpUdbTOpaUETHIAMH-  S(PHPEI TPUPTOpaUETHIAN- 3HPBHI KapGOHHIGHCAMHHO-
HOKHCJIOT MENnTHAOB KHCJIOT

[TpumeHeHue anmenTHAHbIX (a3 okasajock OCOGEHHO  ycrell-
HBIM IIpU paslesleHHH 3HAHTHOMEPOB (-aMHHOKHCJOT, B TOM uMcJie
IMKJIOTeKCHJAOBLIX 3 HPOB ciaeldyomuXx N-TpudTOpaneTHINPOH3BOI-
HbIx aunentupoB: L-Val—L-Val 222, 238—241], L-Phe—L-Leu
[221, 222, 242, 243], L-Val —L-Leu [224], L-Leu— L-Val [245],
L-Nle—L-Nle [246], Nva—L-Nva [246, 247], L-Abu—L-Abu
[246]. Mayuenne BaMsAHHSA CTPYKTYpPH HeNOABHIKHOH (a3bl u pasie-
JIIEMBIX SHAHTHOMEPOB Ha OTHOCHTEJbHOE BpeMsl YIEepPKHBAHHS IO-
CJIeIHUX T03BOJIMJIO Pa3paboTaTh «TPEXTOUEUHYIO» MOJEJb B3aHMO-
IeHCTBUS ONTHYECKHX H30MepoB ¢ ¢asoil. CorsacHo 3To#t Momesi,
BIepBrie NoctyaupoBanHoll I'mi-Asom n ®eit6ymom [238], sHau-
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THOMEPH 06pasyioT BOLOPOAHHIE CBSI3H C MOJIEKYJaMH XHPaJbHOH
HeNnoABMXHOH ¢a3pl. Takue KOMIJEKCH JOJXHH IPEACTaBJATh CO-
60t KOHGOpMAaUUOHHEIE CTEPEOM3OMEpH, M NO3TOMY (H3HYECKHE
cpoiictBa D—L- 1 L—L-KOMI/IEKCOB JOMKHH pasauyathes. Onna-
KO pe3y/bTaThl CHEKTPaJbHBIX HCCJelOBaHHH, a HMEHHO JaHHBIE
SIMP 'H u '3C, nocTaBuJIH NOJK COMHeHHe 060CHOBAHHOCTb 3TOH MO-
nenu. Jloumioanep u corp. [[248, 249] ob6pamaioT BHHMaHHE, YTO

s
7

s 9 5
10
13
4 ¢ 12 %
- ) 6 Vi
9
n
| 20 . 30 mun
1
0 8 L n 130 50 70 90°c

Puc. 2.12. Pa3denenue 3nanTuomepos usonponunrogslx 3sgupos N-nenragropnpo-
NUOHUANPOU3BOOHBIX ~ AMUHMOKUCAOT —meTo0OM 2a3080ii xpomarozpaguu [252]
(¢ paspewerus asTopos).

Kononka: crekaannas Kanuarapuas, 20 mX0,28 mm; HenodsuscHas pasza: xupacua-Val; e2as-
Hocureas: 6000p00, usboiTounoe Oasrenue 38 klla; npozpammuposanue Temneparypel. Ha-
uarvnas temneparypa 35 °C, 6oicTpoe yseauuenue 00 82 °C, usorepmuuecxuil pexum 8 Teue-
Hue 4 mun, nodvem remneparypel 0o 195 °C co ckopoctoro 4 °CImun u usorepmuvecKull pexcum
8 TeueHue 20 mur; Temneparypa uxdxcexkTopa u derexropa: 250 °C. Hoentugpuyuposarsl cre-
Oyroujue coedurenusn: | — aranun; 2 — 8aAUR; 3 — TPEOHUH; 4 — Q-U30NEUUUH; 5 — SAUYUR;
6 — usoneliyun; 7 — npoaun; 8 — nedyun; 9 — cepun; 10 — acnapazunosas kucaora; 11 — yu-
cTeun; 12 — merTuoHun; 13 — henunraranun; 14 — aayramunosas xucaora; 15 — Tuposun; 16 —
oprurun; 17 — ausurn; 18 — N-3Tokcuxkapborunseuctudun (modugukayus no aromy asora
umudasonsenoeo Koavya);, 19— apeurun; 20— Tpuntogan.

BaXHBIM (HaKTOPOM, ONpENeNSIOIHM T'eOMeTPHIO MOJIEKYJbl BOKPYT
yyacTKa CBSI3bIBaHHUSA, siBAsieTcsi OoJjiee BBICOKAas MO CPaBHEHUIO C
OpAMHapHOH KpaTHOCTh aMuAHOH cBsf3H. K ToMmy ke mosayyeHo y6e-
LUTEJbHOE CBHIETEIbCTBO TOTO, YTO KapOGOHHJBHBIH aTOM KHCJIOPO-
Ja NMenTHAHOM TrpyNnbl HaXOAUTCS CKODee BCEro B TPAHC-TIOJIOXKe-
HUH N0 OTHOIIEHHI0 K aMHAHOMY aToMy Bonopona. Iloatomy cyure-
CTBOBaHHE MHOTMX M3 INpPeJJIOXKEHHBIX <TDEXTOUEUHBIX» CTPYKTYP
BeCcbMa MaJIOBEPOSITHO WJM Jaxe BooOGlle HeBO3MOXKHO. CreKTpaJib-
Hble NaHHble .[248] yKas3bBalOT Ha TO, YTO CYUIECTBYET JIHUIL OXHH
OTBETCTBEHHBIH 3a 06pa3oBaHue JHACTePEOMEPHOTO KOMIJIeKca yua-
CTOK B3aMMOJEHCTBHS, a UMEHHO TOJbKO aMuaHas NH-rpynma mo-
)eT 06pa3oBaTh BOJOPOAHYIO CBA3b ¢ KapOOHUJIOM CJIOXKHO3(DHPHOMH
rpynnsl HemoABHKHON ¢daswl {247].

BoabimuHacTBO paBor B 3TOH 06/aCTH BHINOJHEHO C HCHOJIB30-
BaHMeM XUJKUX (a3 co CpPaBHUTEJLHO HH3KOH MOJIEKYJSIpHOH Mac-
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coii. Takue a3nl 06/1aKa10T CAEAYIOIUMHE HEJOCTATKaMH: OHH BHI-
MEBIBAIOTCS U3 KOJIOHKH, CKJIOHHH K Da3JioXeHHIO H BeCbMa HeyCTOH-
YMBB NMPH BBHICOKMX TeMnepatypax. ®paHk u Ap. [250] mpoBomuiaH
paszesieHHe Ha IOJHCHINKOHE C TIPHBHTHIMH N-NponnoHua-L-Baaui-
TpeT-6yTHIaMUIHBIME OocTaTKaMu. Ha sroii ¢dase, sauuleHHol yka-
3aHHBIX HeIOCTaTKOB, aBTopaM [250] yaasoch pasfenuTsh GOJbLIYIO
yacTh SHAHTHOMEDPOB AMHHOKHCJOT, BXOJALIMX B cOCTaB O6eJKOB,

Ta6auna 2.15. OrHeceHHe XpoMmarorpauyeCKHX ITHKOB
(cM. pmc. 2.13)

",‘,‘,?,:? JHunenten l;[,:‘,::p Hunentan ‘33:‘;” Hunentuxn
1 Gly—Gly 18 Gly—L-Ser 35 L-Ser—L-Met
2 L-Val—Gly 19 L-Ala—L-Asn 36 Gly—L-Met
3 Gly—L-Leu 20 Gly—L-Thr 37 L-Phe—L-Val
4 L-Leu—Gl 21 Gly—L-Phe 38 L-Val—L-Phe
4 L-Ala—L-Ala L-Phe—Gly 39 | DL-Leu—DL-Phe
5 Gly—L-Ser 22 Gly—L-Glu 40 Gly—L-Glu
6 Gly—L-Thr 23 Gly—L-Val 41 | DL-Leu—DL-Phe
7 L-Ala—L-Val L-Leu—L-Leu 42 L-Ser—L-Phe
8 L-Ala—L-Leu 24 Gly—L-Leu 43 Gly—L-Phe
9 L-Ala—L-Ile 25 L-Ala—L-Asp 44 L-His—L-Ala
L-Leu—L-Ala 26 Gly—L-Ile 45 L-Ala—L-His
10 o-L-Asp—Gly L-Ala—L-Asn 46 L-Met—L-Met
11 Gly—L-Met 27 L-Leu—L-Ser 47 L-Ala—L-Tyr
L-Met—Gly 28 L-Ala—L-Met 48 L-Tyr—L-Ala
12 Gly—L-Asp 29 L-Met—L-Ala 49 L-Tyr—Gly
13 Gly—L-Ile 30 L-Ala—L-Glu 50 L-Trp—Gly
14 L-Val—L-Val 31 L-Phe—L-Ala 51 L-Met—L-Phe
L-Ser—L-Ala 32 L-Ala—L-Phe 52 L-His—L-Ser
15 DL-Ala—DL-Ser 33 | y-L-Glu—L-Leu 53 Gly—L-His
16 DL-Ala—DL-Ser 34 Gly—L-Asp 54 L-Phe—L-Phe
17 L-Ala—L-Thr L-His—Gly 55 L-Trp—L-Ala

npu temnepatype ot 70 mo 240°C. Onu Takxe paspaGotanu Me-
TOJ aMHHOKHCJIOTHOTO aHaJ/IH3a, Ha3BaHHBIH «9HAHTHOMEPHOE Meue-
uue» [251, 252]. Ha puc. 2.12 mpuseseHa xpomaTorpamma CMecH
snautuomMepoB 20 amuHoKucaor. CoorBeTcTBylOmKe D-amMuHOKHCIO-
Thl OblIM Jo6aBJeHbl K 00pasly CBIBODOTKH JO CTaIUH OUHCTKH H
MCIIO/b30BaHbl B KayecTBe BHYTPEHHUX CTaHAapTOB.

2.4.1.5.2. Pasdesernue duacrepeomepos

Pasnenuth 3HaHTHOMEDE aMHHOKHCJIOT B BHIE NHacTeDEOMEPOB
BIEpBHE ynajnoch Befiramny u ap. |[253]. Cravana aTH aBTOpH
H3yyasH pasjiesieHHe MeTHJOBHIX 3(pHpoB N-TpudTOpauneTHANPOH3-
BOMHLIX AunentHaoB L-Ala—L-Phe u L-Ala—D-Phe Ha aByxmerpo-
BOH HacaloOYyHOHA KOJIOHKE C CHJIMKOHOBOH HEMOABHKHOH (hasoi,



Trasa 2 82

a 3areM pasjie/ieHHe Nap AHACTePEOMepOB DA TAaKUX Ke IIPOH3-
BONHBIX JMNENTHAOB HAa KaNWJJADHBIX KOJOHKax [254, 255]. Ha
HCIIOJb30BaHHBIX HEMNOABHXHHIX (ha3ax BpeMs ylepxuBaHusi LD- u
DL-n3omepos, Kak npasuJo, 6oablie, yeM LL- u DD-u3omepos [256,
257], u nonsipuble da3nl THNA KapboBakca NpeANOYTHTENbHEE HEIo-
aspHbXx [258, 259]. CO/MXKXeHHOCTh NBYX aCHMMETPHYECKHX ILEHT-
pOB B MOJIeKyJaX AHacTepeoMepoB 6J1arONpPHSTCTBYET pa3pellieHHI0
Xxpomatorpaduueckux nukos. Tak, Hampumep, camble JyuyllHe pe-
3yJabTaThl OBIIH NMOJNYUeHB NpU pasieneHud 3¢upo N-tpudropaie-
THJIAMHHOKHCJIOT H 3,3-AnMernabyranona-2 [[2569—261], 6yranona-2
[257, 258, 261—271] u oxkraHOoma-2 [263], a TakkKe METHJIOBHIX
3¢pupoB N-TpudTopauerns-L-nposunamunokucaor [259, 272—274].
Beiirann n ap. [275] usyyanu pasmenenue D- u L-amuHOKHCJIOT B
BHIe IUNENTHIOB, COAEPKAaILHX BMECTO OCTAaTKa NPOJMHA OCTATKH
ajlaHNHa, BaJIMHAa, JeHLHHA, U30JeHlHHa, MEeTHOHHHA HJIH (eHH.-
ajlaHuHa. JIomoJHHTEJNBHYI0 HHPOPMALHIO MOXHO NOYEPNHYTh B 00-
3ope Kousba [276], nanucanHom eme B 1971 r., HO o cux mOp He
YTpaTHBLIEM CBOeH aKTyaJbHOCTH.

Bectiin u ap. [[259] npoBeau cucTeMaTHYeCKOe HCCJeJOBaHUE
BJUAHUS CTPYKTYpbl AHacTepeoMepoB 3)HUPOB M aMHAOB aMHHOKHC-
JOT Ha uX pasfdeseHue. B paborte i[261] ommcana Meronuka raso-
xpomarorpaduyeckoro aHajaH3a MJ0XO MOAJAIOUIUXCH pPa3feseHHIO
paueMaToB acnapardiHOBOH KHCJOTHI, TPHNTO(AaHAa M aMHHOKHCJOT,
colepKalux I'MAPOKCHJbHYIO HJAM cyJbdrulipHiabHylo rpynmy. Jra
Ke MeTOAHKa Obla HCIOJIb30BaHA AJS ONpefleseHHs] aMHHOKHCJOT
B MeTeopHTax [268, 269, 272], AnA OLEHKM ONTHYECKOH YHCTOTHI
meueHHbIX “C aMHHOKHCJOT ([277], a TakXKe JJIs1 YCTaHOBJIEHUST KOH-
¢urypanuu aa40-u30JeHuMHA, NPUCYTCTBYIOLIEr0 B IJla3Meé KPOBU
60s1bHBIX KeToauuao3oMm [270]. B pabore [278] onucaHo pasjeleHue
aMHHOKHCJOT B BuJe HX 3,3-IUMeTUJ-2-0yTHJOBHIX 3QHPOB Ha Ha-
cafgouHblx KosoHKax. Onruyeckas yucrota 14 mosyueHHBIX Auacre-
peomepoB coorBeTcTBoBaja 93% u OoJsee; HCK/IIOUEHHE COCTaBHJIH
JULIb acHapardHOBasi KUCJOTAa M NPOJIMH, ONTHYECKas YHUCTOTA KO-
TOPBIX cocTaBJisijia cooTBercTBeHHO 70 1 82%.

2.4.2. I'azosasn xpomaroepagpus nentudos

ITenTuabl, mog06HO aMHHOKHCJOTAM, 00/1afal0T BLICOKOH NOJSD-
HOCTHIO M HM3KOH JIeTY4eCTblo, H NO3TOMY METOJOM ra30BOH Xpo-
Marorpaduu X MOXKHO Pas3AeJHUTb TOJBKO B BHJE COOTBETCTBYIOIIHX
npou3BoAHBIX. ITOCKO/IBKY cOOCTBEHHO TIa30BOH Xpomarorpadui
MEeNnTHAOB MOCBSIIEHO JHIIb HeCKOJbKO paboT, HpHYeM OCHOBHOE
BHHMaHHe B HHX YJeJEeHO MaccC-CIeKTPOMETDHH H XpoMmaromacc-
CIIEKTPOMETPHH, 3TOT MeTOA GoJjiee moApobHO o6cyxKAaeTcss B pasi.
2.5.1.2, a 31ecp MBI OrPaHHYUMCS ONHCAaHHEM MPOHU3BOLHBIX AHIEN-
THAOB U PACCMOTPHM HEKOTOpble NMpoOJieMbl, CBS3aHHBIE C MX pas-
IeJleHHeM.



83 Amunokucaorel u oauzonenTudol

2.4.2.1. IIpou3sodnsie nentudos

Pa6ora Beiiranaa u jp. [253] mosoxuia HauaJo LIHPOKOMY
HCIIOJIb30BAHHIO I'a30BOH XpoMaTorpaduu AJs aHaJH3a NMENnTHAOB B
Bufle uX N-TpudTOpaLeTHIHDPOBAHHBIX METHJOBHIX :[254, 255, 272,
279—285] nau 6yTHN0BHX ‘[286] a¢upoB. Ecan nmentunel paspens-
10T B BuJle HX N-neHTaTOpHPONHOHUINEHTAdTOPIPONUIOBLIX 3H-
POB, TO AJS UX OOHApyXeHHS MOXKHO IDHMEHSITb OYeHb UYBCTBH-
TeJIbHBIH JIeTeKTOp 110 3aXBaTy 3JeKTpoHOB. I[IpeumyiuectBo merH-
JoBHX 3¢upoB N-renTadTopOyTHANENTHAOB MO CPAaBHEHHIO C COOT-
BETCTBYIOIIUMH TPHUPTOPALETHINPOH3BOLHBIME 3aKJIIOYAETCSI B TOM,
YTO IJISi METHJOBBIX 3(pHpPOB XapaKTePHO MeHblliee BPeMs yXEPHKH-
BaHus 1[287]. B paGore ([288] omucaHo pasjeneHHe METHJOBHIX
a¢upoB N-aleTHJANENTHROB H CIOJHA METHJIHDOBAHHBIX NENTHIOB,
OIHAKO TaKHe NMPOH3BOJAHbIE OTHOCHTEJbHO HH3KO JIeTy4YH. XpoMaro-
rpaduyeckoe nosefieHne psna N-3aMellleHHbBIX NPOU3BOAHBIX TPUIEN-
tuaa HoN—Val—Ile—Ala—OMe paccmorpeHo B pabore [289].

MerunsoBble 3GHpH NENTHAOB MOXKHO INOJYYHTb B pe3yJbTaTe
06pa6oTKH HX alUJINPOM3BOJAHBIX AHA30METAHOM, IyTeM HX MCYep-
nbiBaomiero metusnposanus [290], a Takxke 06pa6OTKH THOHHJXJIO-
pHIOM B MeTaHoJe MK MeraHoibHoM pacrBopom HCI [282, 291].
B nocnennem cayvyae aTepuduKauus CONPOBOXKAAETCS YaCTHUHBIM
paculenyeHueM nentuaHbX cBsaseit [[292]. Tpudropauneruanpoanue
NEeNTHAOB CJAENYyeT NPOBOAMTH NPH 3HAUUTENbHO GoJiee HH3KOH TeM-
neparype, 4eM COOTBETCTBYIOLIYI0 06paGOTKy aMHHOKHCJIOT [293,
294], MM HCNIOJB30BATh B 3THX IIeJAX BMECTO aHTHAPHIAA TPHDTOPYK-
CYCHOH KHCJIOTHl €e METHJIOBBHIHl 3(HD M NPOBOAHTH PEAKLHIO B Me-
TaHoJle B NPHCYTCTBMH TPHITHJIAMHHA B KayecTBe KaTaJsH3aTopa
[253]. TlepeueHp HEKOTODPHIX NMPOH3BOAHLIX NENTHAOB M NOAPOOGHHE
METOJMKH MX TMOJIyueHHs NpHBeJeHb B pykoBoicTBe Knanma [187].

24.2.2. Pasdeaenue nentudos

B cuny Toro 4ro mentuibl o6/amarT OoJblied MOJIEKYyJspHOH
maccoit u 6oJsiee MOJISAPHBI, YeM aMHHOKHCJIOTH], HX ra30XpoMarorpa-
¢duueckuil aHaIu3 ABJSAETCS CJOXKHOH 3afaueil. B HacTosilee BpeMs
STHM METOAOM aHaJHU3UDPYIOT NMEeNTHIBl, COAepKaliue He 6o.lee ns-
TH aMUHOKHCJOTHBIX OCTaTKoB. Pa3esneHne MenTUAOB NPOBOAAT Ha
KOJIOHKaX C HeNoJIIPHBIMM HENOABHXHBIMH  (asamu -(Hanpumep,
1—59% SE-30, SE-52, OV-1, OV-17 nau OV-101 [276]), npuuem
CTEKJIsiHHBIE KaNuJaJspHble KOJOHKU NpeANoyYTHTeNbHee HacaJOuHbIX,
NOCKOJbKY o6Jsanaior 6osee BBHICOKOH paspemapouieid cnocobHo-
cthio. O6HapyxeHO, yTo H0oGaBJjieHHe HeGOJBLUIOr0 KOJHYECTBA BhI-
COKOToJIIpHOH a3k, HampuMep NOJHITHJIEHIJIHKOJAS, 6Jaronpusar-
CTBYeT OTHAeJNIeHHIO IHNENTHAOB OT TPHMNENTHNOB. BeinuuHb Bpeme-
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HU yZAepKHBaHHA NPOU3BOAHBIX pAfa AUNENTHAOB NPHBEJEHH B pa-
Gote [276].

B pa6ore [295] onmucaHo pasje/ieHHe TPHMETHJCHJIHJIBHBIX NpPO-
M3BOIHBIX AHNENTHAOB Ha KBapUeEBOH KaNHJJISDPHOH KOJOHKe, MO-
kpoiToil paszoit SP-2100 (puc. 2.13). Ilas oTHeceHHs Xpomarorpa-
¢uUeCKUX NMHKOB HCMOJBb30BAaHBE BEJHUHHbl BPEMEHH YAEPXXHBaHHA
HHIUBHIAYaJbHBIX KOMIIOHEHTOB, HaHJeHHbIEe B OTJEJbHBIX JKCIEepH-

0 15 20 25 MUH
L | ! 1 Il | |

100 160 230 A

Puc. 2.13. Paslenetue TPpuMeTUACUAUAbHBLX NPOU3BOOHbLXY Ounentudos -merodom
2a3080i xpomaroepagpuu [295] (¢ paspewenus asTopos).

Koaowka: ksapyesas kanunnspras, 12 mX0,2 mm; HenodsudxrHas ¢pasa; SP-2100; 2a3-nocu-

Tens: 2eaud, uzboirounoe Oasaenue 75 Klla; npozpammuposanue TemnepaTypol: yseauuexue

Temneparypo. or 100 6o 160°C co ckopocrero 4°Clmun u or 160 do 230°C co ckopocrovto

6 °C/mun, 3arem u3oTepmuueckuil pewcum 8 TeweHue 15 MUH; TeMNeparypa UHMEKTOpa u dec-

Texropa: 250 °C. Kawdomy nuxky na xpomarozpamme orsewaer 0,1—I ne Ounentuda. Otnece-
Hue nuxos cm. 8 Taba. 10.15.

MeHTaX. DTa MeToJuKa pasfeseHus TI0Je3Ha NPH YCTAHOBJIEHHH
NepBUYHOH CTPYKTYpHl NENTHIOB NYyTEM HX pAaCIIENJEHHA C T0-
MOILIBIO JHNENTHAHIAMHHONENTHAA3B C MNOCJICAYIOUHM XpOMaTo-
MacC-CIIeKTPOMETPHYSCKUM aHaJIM30M IPOJLYKTOB PEaKIIHH.

2.5. Macc-cnekTpoMeTpust

Macc-cneKkrpoMeTpusi BHec/Ja CYILIECTBEHHBIH BKJaJ B pa3BHTHE
Pa3JHYHLIX 06JacTedl aHAJHTHYECKOH XHMHH H K HacCTOSILIEMY Bpe-
MeHH 3aBoeBajla NPOYHble NO3HIMH B KauecTBe MOIIHOrO HHCTPY-
MEHTaJIbHOTO MEeTOJa aHa/nu3a. JTOT METOXA OTJIHYAeTCs YHHBEp-
CallbHOCTBIO, BBLICOKOH YYBCTBHTENBHOCTHIO (mpeles oGHApykKeHHs
BEHIeCTB COCTABJIeT HECKOJIbKO NHKOIDaMMOB), IO3BOJISIET OMpele-
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JIATb MOJIEKYy/ISIpHHE MacChl COeAHHEHHH, a TaKxe, 0COOeHHO B coye-
Tanun ¢ UK-, YO- unu JIMP-cnekrpockonuel, noJyyaTh LEHHYIO
HHPOPMALUIO O CTPYKTYpe HUCCAEAYyeMbIX COeNVHEHUH.

I'oBopst 06 MCIOJB30BaHHH Macc-CIEKTPOMETPHH JJIA aHaJjH3a
aMHHOKHCJIOT ¥ IEeNTHAOB, HeOGXOAMMO YYHUTHIBATb BaXKHYI0 0COGeH-
HOCTb METOZa, 3aKJIOYaIoUIylocss B TOM, YTO B.0OIIEeM cjyyae HOHH-
3alMU MOJIEKYyJ JOJIKHO IpelllecTBOBaTh HclNapeHHe obpasua. JTo
Tpe6oBaHHe, OTHOCSIIeecs] B NMEPBYIO Ouepelb K HOHM3ALUH 3JIEKT-
POHHBIM yIapoM, a TaKxKe B KaKOH-TO CTENEHH U K XUMHUYECKOH HO-
HHM3alMH, 3HAUHTEJbHO CyXKaeT 06J1aCTh MPHMEHEHHsT MacC-CIEKTpPO-
MeTpuu. TepMosaGuJbHEIE M HeJIETYYHEe BElllecTBAa MOXKHO IlepeBec-
TH B ra3oBylo ¢asy ¢ NoMoOlIbI0 Aecopbuuu nojeMm uiax 6ombapau-
POBKH GBICTPBIMH aTOMaMH, OJHAKO, IOCKOJbKY CIIOCOOOB COUETaHHUS
TaKHX BapHAHTOB Macc-CIEKTDOMETPHH ¢ xpoMaTorpadueil nmoka e
CyLlecTByeT, 3TH W aHaJOTHYHBIE MM MeTOLBl HOHH3AaLHH B paMKax
IaHHOH KHMTH He paccMaTpuBaloTCs. DTa IJaBa INOCBSLIEHa IIpe-
HMYILIECTBEHHO XpOMAaTOMacc-CIEeKTPOMETPHH, U II03TOMY MEI Orpa-
HHYUMCSI 0OCYXKIeHHEM HCIOJb30BaHUS 3JIEKTPOHHOTO ylIapa M XH-
MHYECKON HOHH3aliH, a AJS 3HAaKOMCTBA C APYTHMH METORAMH HO-
HH3alMH OTCHIIaeM uyHTaTeldss K o63opam ([296, 297].

2.5.1. Xpomaromacc-cnexkrpomerpus

Macc-cnieKTpoMeTp $IBJSETC OYeHb YYBCTBHTEJIbHBIM M CeJeK-
THBHBIM [€TEKTODOM, KOTODBIH B IDHHIMIE NPHTONeH AJS aHa/jau3a
J106bIX BellecTB, NOANAIOMHUXCS pa3fleleHHI0 METOAOM ra30BOH Xpo-
marorpaduu. ITpumenenuio xpomaToMacc-cieKTpPOMETPHH B aHaJIH-
THYECKOH XHMHH TOCBsIIeH 0630p [298], a pas/HuHbIe TeXHHYECKHE
aCMeKThl COYeTaHHS ra30BOH XpoMaTorpaduu ¢ Macc-CleKTPOMETPOM
paccMoTpeHbl B 0630pe [299].

2.5.1.1. Amunoxucaoret

B 1973 r. ITepeiipa u ap. [300] onucanu MeTOAHKY ONpeleseHust
AMHHOKHCJIOT B 3KCTPaKTaXx MOYB METOAOM XPOMAaToMacc-CHEeKTPO-
MeTpUH. DTHM Ke aBTOpaM YJAajJoch IPOBECTH KOJHYECTBEHHBIH
aHasnu3 12 amMuHOKMCJOT B 6HOJOrMYecKHX KuAKocTax ([301], uc-
TI0JIb3YsT COOTBETCTBYIOIIHE BHYTPEHHHE CTaHAApThl; OOGHapyXKeHHe
AMHHOKHCJIOT NPOBOAMJIOCH MO ONpefleJeHHBIM NIHKaM B Macc-CNeKT-
pe. BriocaiencTBuM GBIJIO MOKA3aHO, YTO JAJs1 OOHADYXKEHHUSI H KOJIHye-
CTBEHHOH OLleHKH aMHHOKHCJOT B GHOJIOTHYeCKHX NpelnapaTtax MOX-
HO HCIOJIb30BaTh UX TPUMETHJCHJIH/bHEIE NPOH3BOAHBIE [302—304].
Ony6/IMKOBaHO TaKxke cooblLIeHHe O MPUMEHEHHHU BHIIIEYKa3aHHOIo
MeToJa OOHapy:XeHHs [JIsi OJHOBDPEMEHHOTrO ONpeJNeJeHHs TPHUIITO-
¢daHa, TPUNTAMHHA, HHIOJHJ-3-YKCYCHOH KHCJOTHI, CEPOTOHHHA H
5-OKCHHHIOMHI-3-YKCYCHOH KHCJIOTH B Mo3sre Kpeic [305]. Iaab-
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HefillMe Hcc/eL0BaHHSA NMOKA3aJH, 4YTO JJIS MaccC-CIeKTPOMETPUUECKO-
ro aHa/JM3a TPHUMETHJ/ICHJIUJIbHBIX NMPOU3BOAHBIX NPHTOAEH METOX XH-
MHYECKO#l HOHH3aLHH, IPHYEM Ha/JIHYHe B MacC-CleKTpe HHTEHCHBHO-
ro nceBJOMOJIEKyJisipHOro noHa MH* ynpomaer HAeHTHOHKALHUIO
aMHHOKHCJOT H ONpelle/leHHe YhcJa TPHMETHJCHJIHJIbHEIX Tpynn
[306]. PesyabTaThl 3TOl M psifa APYrux paboT, B KOTOPHIX HCMOJb-
30BaJIUCh Pa3JIHYHble ra3bl-peareHTH (B YaCTHOCTH, U306yTaH U aM-
muak) [307—310], mokasaju, 4YTO Macc-CIeKTpHl, IOJYYeHHHE C
NOMOIIBI0 METOJa XHMHYECKOH HOHH3alUH, KaK MpaBHJO, MpOIle CO-
OTBETCTBYIOUIMX CHEKTPOB 3JEKTPOHHOrO yJAapa u I1o3toMy GoJee
YAO6HBl AJ51 UAEHTH(HKALUH U KOJHYECTBEHHOrO OIpeJleseHHs Be-
mecTB. ABTopbl pa6orsl [311] H3yuHsM CHEKTPHI XMMHYECKOH HOHH-
3ali¥ HEKOTOPHIX «,0-AHAaMHHOKHCJIOT, ©-aMHHOKHCJOT, UMKJ/IHYeC-
KHX H alUKJIHYeCKHX o-aMHHOKHCJIOT, a TaKXXe HX METHJOBbIX d¢H-
pOB, NOJy4YEHHBIE NPH B3aUMOJAEHCTBHH 3THX BEIIECTB C HOHAaMH
CHt;s, 1 HallsIK KOPPEJISIIHOHHYIO 3aBUCHMOCTb MEXKJY KOJUYECTBOM
H cTabuJbHOCTbIO 06pa3yIoIuXCcs HOHOB.

Konnuus u Cammep ([312] npemyoXuIu METOAHKY OGHapy:KeHHS
rJyTaMHHa (B BHJE NHPOIVIyTaMaTa) H IMIyTaMUHOBOI KHCJIOTH B 6HO-
JIOTHYeCcKHX XKHUAKOCcTsX. s aHanu3a OBLIM HCHOJb30BaHbl N-TpH-
¢TOpanerua-#-6yTHI0BLEIE 3(GHPH, KOTOPHIE B YCJOBHAX 3JEKTPOH-
HOro yxapa JaloT OrpaHHueHHbi Ha6op ¢parmeHToB. JleTeKTHpO-
BaHHe ¢(parmMeHTOB, 06pasylolUXcsA NpH pacnafe HOHOB HO a-CBSA3H,
HO3BOJISIeT HAaJeXHO MIAeHTHOHUUPOBATh YKa3aHHble AMHHOKHCJO-
Thl. Bckope nocne ony6aukoBanust pa6or Ilepeiiper u corp. [300,
301] nosiBuaKCh cOOOUIEHHS O NMPEeANPHUHSATHIX NONBITKAX ONpejeJe-
HHsI aMHHOKHCJOT B npenaparax kposu ([313, 314], a Takxe KOJH-
YeCTBEHHOTO aHaJM3a aMHHOKHCJIOT M OJIMIONENTHAOB Ha YPOBHE
demtomoneit [315] u nuxomodaeir [316]. IlepBoHauasbHO BHYTpEH-
HHUMH CTAHJapTaMH CJYXKHJIH H30MEPH aMHHOKHCJOT — HOpPJIEHIVH,
8-okcusediuMH M 5-aMHHOBajepuaHoBass kucjora [317], omHako
BIOCJIEICTBHH 0Ka3aJoch, 4TO AJs 3TOro 6ojiee NMPHUIOJHB aMHHO-
xkucjaorbl, meueHHole 2H, 13C, 15N nu '80. Ccuiikun Ha psp pabort,
B KOTOPBIX HJI KOJUYECTBEHHOTO aHa/M3a U HCCJEeNOBAaHUS MeTa-
6o/1M3Ma HallId NpUMeHeHHe MeyeHble aMHHOKHCJIOTH, NpPHUBEIEHbI
B Ttab.1. 2.16.

Ilpn ompeneseHHH cojepxKaHust S-MeTuJ-L-uucrenHa B remMorJio-
6uHe B KauecTBe BHyTpPeHHero cranmapra Obu1 Bel6paH D-usomep
artoit amuHokucyaoTh [339]. Kpocan u Pamcaen [340] npumennau
METOJ XpOMaToMacc-CIEKTPOMETpPHY B BapuaHTe OGHApYKeHHS MO
BbI6paHHBIM B MacC-CIIeKTpe HOHaM Uil ONpellesieHHsI YDOBHsI TH-
pPOKCHHaleTaTa B OpraHusMe JoIel ¢ HOpMaJbHOH (QYyHKIMeH LIuTO-
BHJHOI XKejie3bl M TOJIYUMJH 3HAaueHHs, KOTODble OKa3aJUcCh Cylle-
CTBEHHO MeHblle ONyOJHMKOBAaHHBIX paHee. DTHM Xe METOAOM G6blLIO
onpelnesneHo COfiepxKaHue B GHOJIOTHUECKHX XKHAKOCTAX TPHHOATHPO-
HuHa u 3,3'-nuuonrnponnna [341]. Mepdu u Jleit [[338] npennoxu-
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Ta6auua 2.16. MeueHble aMHHOKHCJOTH, HCIOJb30OBaHHEE B KaueCTBe
BHYTPEHHHX CTaHAapTOB B XpOMAaTOMAacC-CNeKTPOMETPHH

Hsoton O6aactb npnmeneﬂuna Jlutepatypa
’H OrnpeseneHne ¢ennsasanusa u Tuposnna (MC) 318—321
2H Aunanus kposu (XH—MC) 313
2H Onpenencuue anuaraunuoB (MC) 322
’H Onpeacacuue tpunrogpana (I'X — MC) 323
2H AMHHOKHCJIOTHEI aHanu3 GeJkoB M mHcyanHa (I'X— MC) | 324
2H HsyucHue Merabosu3Ma o-MeTHJ-3,4-IHOKCH(peHHNaNaHUHa | 325

(XM — MC)
2H Onpenesenne y-amuHomacasHoi kucaorsl (X — MC) 326
2H OnpenesieHue rayraMuHOBOil Kuciots B Bofe (X — OBH) | 327
13C (Ia\npeﬂcneﬂue aMHHOKHCJIOT B Iasme kpoBn (I'X — XM — | 328
C)
13C Ounpegenenne denunananuia (X — MC) 329
13C OnpejesieHye TJIMLHHA B TKaHAX TFOJOBHOrO MO3ra 330
SN HMsyuenne merabonnsma aMHHOKHCJIOT 331
15N OnpejejieHne aMHHOKHCJIOT Ha ypPOBHE HaHOMOJei 332
N OrnpeleneHne aMUHOKHC/IOT B KDOBH 313
15N OL(l:eHKa nyJja aMHHOKHCJIOT H cKopoctd HX o6mena (X — | 333, 334
MC)
5N Oupenenenne amunokucaor (I'’X — XH — MC) 335
5N Oupeacacnue aMmuHoKHeJI0T (MC oTpHuATe/IbHBIX HOHOB) 336
15N OueHKa nyJia TVIHIIHHA H CKOPOCTH OOMeHa 337
15N Onpefllenenne aMHHOKHCJIOT B miasme KpoBu (XM — MC) 328
15N OmnpefiesieHHe TIVIHIMHA B TKAHAX TOJIOBHOTO MO3ra 330
180 CHHTe3 aMHHOKHCJIOT JJIS MacC-CIeKTPOMETPHH 338

a

B c¢xoOkax ykasan Meron aHaausza: MC — macc-cnektpomerpusi, XH — XHMHuyeckas
#oHHusauns, [X —rasosas xpomaTtorpadus, OBH — oGHapyxeiue no BbHIGPaHHOMY B Macc-
CIICKTPC HOIlY.

JIH M3SILIHBIA CIocOo0 moJyuyeHusi MeueHHBX %0 aMHHOKHCJIOT, KOTO-
pble MOTYT CJyXHTb BHYTPEHHHMH CTaHAapTaMH A/ Macc-CIeKTpo-
merpuu. OnucaHHasi MeTOAMKAa H30TONHOro o6MeHa 3aKJIOYaercsl B
cjenyomem: pactBop 1—4 Mr amuHokucaorel B 0,1—0,2 ma moxn-
kucaeHHolt Hy'80 HarpeBaloT B TeUeHHe HECKOJbKHX JHeH mpu 60—
70 °C. Takum 06pa3oM yZHajnoch NOJYYUTh 18 MeueHBIXx aMHHOKHC-
JIOT, IPHYeM B YKa3aHHBIX YCJOBHSX BKJIIOUEHHE METKH COCTaBJIAJIO
6osce 90% u He CONMPOBOXKIAJIOCH palleMH3aLHed AMHHOKHCJOT.

JlefiTepupOBaHHbBIE aHAJOTH AMHHOKHCJOT OBIIM BHIODAHBl B Ka-
yecTBe BHYTPEHHHX CTAHIapTOB B HelaBHO oOmy6JuKOBaHHOM Pad-
TepoM H Ip. [324] MeTole aMMHOKHCJOTHOrO aHa/iu3a OesKa Ha
XpoMaroMacc-ceKTpoMeTpe, cHabGxeHHOM KommbioTepoM. [loxpo6-
Hasi MeTOAMKA 3TOr0 aHaJu3a NpuBelleHa HUXKe.

K 50 Mkr Genka noGaBasad 16 nefiTepHpOBaHHRIX aMHHOKHCJAOT (mo 50—

100 mxr kaxpoi) m 100—200 mxa 6 M HCI, comepxameit 0,5% ¢enona (mo
06beMy); cMmech BhAepxHBaan 20 u B BakyyMe npu 110°C, ynapusanu u ocTaTok
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BLICYIIHBAJIK B BaKyyM-3KCHKaTope. K IosyyeHHoMmy octaTky Ao6aBisid 10%-Hbli
PacTBOp aleTHJIXJOPHAA B H-OyTaHose U3 pacyera 150 Mks pactsopa Ha 100 MKr
AMHHOKHCJOT, CMeCh 3alauBajii B aMIyjy, 03ByuHBaJH | MHMH B BOJAsiHOH OaHe
¥ BblAepkHBaid 15*1 MuH B Macasnoit Gane npu 100=2°C. Ilo oxoHuaHHH
3TepHHKALMUE aMIyJy BCKPHIBAJH, CONEPXKHMOe IePeHOCHJH B YHCTYH CTeKJsH-
Hyl0 NpPOGUPKY, ynmapHBaJH B TOKe a3oTa NPH KOMHATHOH TeMIlepaType, CJelbl
BOAB yIANsiJH a3e0TPONHOH OTrOHKOH ¢ jauxJopmeraHoMm (200 MKa cyxoro pac-
TBOpUTENs Ha o6pasell). AUMJIHPOBaHHe NPOBOAHJIH 00pabOTKOH aHTHAPHAOM TpH-
¢dropykcycHoit kHcaoTH (20 MK Ha 100 Mkr amuHOKHCIOT) B 60 MK auxJopMe-
TaHa, coaepxaulero 2,6-au-rper-GyTHI-n-Kpe3os. AMIYJy C pPeakUHOHHOH CMechio

10

Cuna noswoeo WOHHOZ0 MoK

i |
100 200 300
Cnexmpst ‘

Puc. 2.14. Xpomaroepamma 2udpoausara uxcyauxa, K KoTopomy dobasiendt Oeil-
Tepuposatnsie amunorucaore: [324] (¢ paspewenus asTopos).

Kosonka: nupexcosas cnuparstnas, 3,7 mX4 mm (6HyTp. Ouamerp); HenoOsuxcHas ¢pasa:
3% OV-17 na xpomocopbe W HP, pasamep uactuy 80—100 mews; 2a3-HOCUTEANb: 2eAuti; CKOPOCTb
noroxka: 30 ma[mur; npoepammuposanue Temneparypel: or 90 8o 200 °C co ckopocTero 3 °Clmun;
OderexTop: macc-cnekTpomerp (Temneparypa ucToO4HUKa uoHos8: 260 °C; 3Hepeus INCKTPOHOB:
22,5 3B; epemsn cvemxu 001020 cnexkTpa 8 Ouanaszone mlz or 0 do 410; 5 c). HdenTuguyupo-
sansl N-tpughropayerusrnpoussodusie H-6yTunroseix 3¢hupos credyrouux amuroxkucaor: 1 —
aranuna; 2 — TpeoHuHa; 3 — cepuna u 2auyuna; 4 — earuna; 5 — usonredyuna u sedyuna;
6 — npoaura; 7 — acnapazunoBoli KUcaoTel, 8 — enuraranuna; 9 — ruposuna; 10 — eayramu-
HoBoil Kucaorby; 11 — ausuna; 12 — apeunuda.

BCKPBHIBaJIH HENOCPEACTBEHHO MNepeJ XPOMaTOMacC-CNeKTPOMETPHYECKHM aHaJH30M
(o6pasubl MOXKHO XpPaHUTb B TeueHHe HecKoJbKHX nHell mpu 0—4 °C). XpomaTtorpa-
¢dHpoBaHHe MPOBOAMJH Ha CNHPaJbHON MHPEKCOBOH KOJOHKe 3,7 MX4 MM (BHYTpeH-
HHH JQuaMmeTp), 3anmoJHeHHO# xpoMocop6om WPH (80—100 mew) c 3% OV-17.
Ha pmuc. 2.14 noka3aHa xpomartorpaMma, nojydyeHHasi IpH pa3fielleHHH THAPO-
JIH3aTa MHCyJHHa. ABTOpH paGoThl [324] CHAJM NOJIHBIE MacC-CIEKTPH BCEX KOM-
TIOHEHTOB U IO XapaKTepHOMY AJfl KaXK[0H aMHHOKHCJIOTH (parMeHTy ONpelelHH
H30TONHHE OTHOLIEeHHA. [/l KOJHYECTBEHHOTO aHa/lM3a OHH HCIOJb30BAJH LEJHi
Ha6op BHYTPEHHHX CTaHAApTOB. DTOT METOJ, ONPOGOBAHHEI! Ha NpHMepe HHCYJ/HHa,
JlaeT pe3yJbTaThl, KOTOPHE XOPOLIO COrJIACYIOTCS C H3BECTHHIMH NAHHEIMH O CO-
CTaBe YKa3aHHOro 6ejka M C pe3yJbTaTaMH aMHHOKHCJIOTHOTO aHAJH3a, BHIIOJHEH-
HOTo napaJJjiejbHO MO TPaAHIHOHHOH CXeMe METOAOM HOHOOGMEHHON XpoMaTtorpa-

¢un.
2.5.1.2. Oauzonentudst

Kak ¥ aMHHOKHCJIOTH, HNENTHAb MOXKHO aHAJH3HPOBATb METO-
J0M ra3oBOH XpoMmaTorpaduu TOJbKO MOCJE WX NpeBpalleHus B 60-
Jee JieTyuHe Ipou3BOoAHBE. IToCKONBKY OCHOBHBIE MpPOGJEMBI, BO3-
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HHKalollue NpH aHa/u3e NeNnTHIO0B, 00YyCJIOBJIEHB HX CPaBHHTEJNbHO
6oJIbIIOH MOJIEKYJSIPHOH Maccol H B3aUMOJEHCTBHEM MNOJSIPHHIX
GyHKIHOHAJBHBIX TPYNN C HENMOJABMIKHOM (ha3oH, 3alUTHBIE T'PYNIH
IOJIXHB 00/1aflaTh BEICOKOH TEepMOCTaOHJBHOCTHIO U HE CJIHLIKOM
CHJIbHO YBEJHUYMBATh MOJIEKY/spHYI0O Maccy nentuga. K Hacrosie-
My BpeMeHH pa3pab0oTaHbl MeTOAH ra3oBOH Xpomartorpaduu u xpo-
MaTOMacC-CIeKTPOMETPHH AH-, TPH- M TETPANeNTHAOB, OJHAKO aHa-
JIU3 TENTHAOB, COAEPIKAIIUX OCTATKH apruHHHA, acmapardHa H IJay-
TaMHHa, BCe elle MpPEeACTaBJAIoT co60i BecbMa CJOXKHYIO 3ajauy.

B npuHunune macc-cneKTpOMETPHS IO3BOJSIET ONpeNessiTh INO-
C/Ie0BaTeJbHOCTh AMHHOKHCJOTHBIX OCTaTKOB B IOJHNENTHAAX.
C onucaHHeM COOTBETCTBYIOIIMX BAPHAHTOB 3TOr0 MeTOHA, B 4acT-
HOCTH cHoco6oB BBofa o6Gpasuna HemocpeJCTBEHHO B HOHHBIH HC-
TCUHHK, METONOB JecopOruu 1mojem, OOMOapIHPOBKH TSXKEJTbIMH
aToOMaMH U PEerMcTPalMH MeTacTaGHJbHBIX HOHOB, YHTATElb MOXKET
MO3HAKOMUTbCS B paborax [[296, 342—345]. 3mech xKe MbI paccMOT-
PHM TOJILKO METOJ, XpOMaTOMacc-CIeKTPOMETPHH.

CyliecTByIOT IBa NIOJAXOAA K ONpeJesIeHHI0 NMepPBUYHON MOCIeNo-
BaTEeJbHOCTH HENTHAOB C IOMOIIBI0O XPOMAaTOMacc-CIeKTPOMETPHH.
IlepBHIl W3 HUX 3aKJIOYaeTcst B TOM, YTO NENTHJ IOABEPraioT CTYy-
neHyaTol Aerpajauuu no damany |[346, 347] u NpOBOAAT HAEHTHU-
¢ukanuio ob6pasyomuxcs ¢GeHHITHOTHAAHTOUHOBBIX IPOH3BOJHBIX
N-KOHIEBEIX aMHHOKHCJIOT I[324], T. €. B 3TOM cJlyuae Macc-CIeKTpo-
METPY OTBOAMTCS pOJIb aHaJuTHYecKoro npubopa. [pyroit moaxox
npefycMaTpUBaeT YaCTHYHBIH INPOTEHHOJH3 MNeNTHAa (YacTo MOX
JeACTBHEM IHIENTHAUJIAMHHONENTHIA3b), ONpele/eHHe CTPYKTYPH
(parMeHTOB METOJOM MacC-CIIeKTPOMETDHH, BBIsIBIE€HHE MNepPEKpHI-
BAIOLIUXCS YYACTKOB U NMOCJEAYIOUIYI0 PeKOHCTPYKIHIO MOC/ef0Ba-
TeJbHOCTH HCXOJAHOTO NenTuaa. DTOT MeToJ, NMepBOHAYaJbHO pac-
CMaTpUBAaBIIMHCSH B KauecTBe aJlbTEPHATHBBI OOLIENPHHSTHIM METO-
IaM ONpefeseHHs] CTPYKTYPbl, MOXKET CJYXKHTb XOPOLIUM HOIOJIHe-
HHeM Noc/aefHHX. Tak, HanpuMmep, METOAOM MaccC-CIEKTPOMETPHH
MOXHO ONpeJesATh YaCTHUHble aMHHOKHCJOTHBIE NOCJEeL0BaTENbHO-
CTH, YCTAaHOBJIEHHE KOTOPBIX IO ‘METOAY DAMaHa CONpSIKEHG C TeMH
UM MHBIMH TPYAHOCTSIMH, U Hao6opor. Takoll nmoxxon GbII HCHOJb-
30BaH, B YAaCTHOCTH, NIPH CTPYKTYDPHOM aHaju3e MoHesJHHa [348],
a Takxe B pabote [349].

Uro6el pa3paboTaTb METOAHKY HIAEHTH(HKAUHH BCEX YeThIpex-
COT BO3MOKHBIX HUNENTHAOB IO UX Macc-cnekrpaM, Kpyru u [Tusa-
HOo [350] m3yunaum KapTHHB (parMeHTalUH TPHMETHJCHIHJIbHBIX
IIPOU3BOJHBIX OKOJIO ABYXcOT aunentupaoB [350] u Gosee uem mada
COpPOKAa M3 HHUX CPaBHHJM MacC-CIEKTPHl XHMHUECKOH HOHM3alHUH H
aJneKTpoHHOro ynaapa [351, 352]. Kak BBIsICHHJIOCH, IPH 3JE€KTPOH-
HOM ynape obpasyercs GoJiblie (p)parMeHTOB, YeM IIPH XHMHYECKOH
HOHHM3aLlUH, H, KaK cjaefctBhe, noH (M+—15) obpasyercs ¢ oueHb
HH3KMM BBIXOJOM (cM. pHC. 2.15), 4TO CyIeCTBEeHHO 3aTpPy[LHSET Oll-
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Puc. 2.15. Cnektpol xumuueckoil uonusayuu (a) u 3nexkrporrozo yoapa (6) dunen-
ruda Me3Si—Ala—GIn—O0SiMe; [352] (¢ paspewenus asTopos).

a) 2as-peacent: usobyran, Oaeaenue napos 6,67 mlla; cura TOKa: 50 MKA; 3Hepeun uono8:

150 3B; yckoparoujee nanpascenue: 3,5 kB; 6) cura TOoKa uonusayuu: 50 mKkA; 3Hepeul 3neK-

Tponos: 70 3B; yckoparowee ranpaxcerue: 3,5 kB. O6pa3yb. 86008T 8 macc-cneKTpomerp Aubo
nenocpeocreenno, aubo nocae paszfesenus HA 2a3080M xpomarozpade.
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peleseHHe MOJIEKYJSDHOH MacChl COeJHHEHUs, €CJIH ero KOJHYEeCT-
Bo He mpesbimaer 0,1 HMONb. B oriuune OoT MerojAa 3J€KTPOHHOrO
yAapa MeTod XHMHYeCKOH HOHM3alMH NMO3BOJISET OJHO3HAYHO HAEH-
THQUINPOBATh AaHANH3HPyeMOe COeJHHEHHE, NOCKOJbKY B COOTBET-
CTBYIOIIEM MacC-CIeKTPe NMPHCYTCTBYIOT TPH AOCTATOYHO HHTEHCHB-
HBIX MHKa, OTBeYAIOlHe XapaKTePHCTHUECKHM HOHAM:

R R
MeSSi-NH-CI§$-NH—CH~§—OSiMe3
0 o

[-pacusenne-
Hue

Me;3Si-NH=CHR" (M+1)” M-15)"

B kavectBe npumepa Ha puc. 2.15 mokasaHbBl MacC-CIEKTpPHl HH-
nentuna Me;Si—Ala—GIn—OSiMe;, nosyueHHble METOJaMH 3JIEKT-
POHHOTO yJAapa W XMMHYeCKOH HOHH3anuH. 3HaueHHS Macc HOHOB,
obpasyomuxcs OpH P-pacuUieNIeHHH TPUMETHJCHJHJBHBIX IPOHU3-
BOJIHBLIX Pa3JIMUHBIX NUNENTHAOB, NpHBeldeHH B Taba. 2.17. Mcxoas
H3 3THX BEJHYHH M MOJIEKYJSDHOH MaccChl AHINENTHAA, MOXHO BHI-
YHCJIUTh, KaKOH aMHUHOKHCJOTHBHIH OCTaTOK siBasieTcsi C-KOHIEBBIM,
H TaKuM 06pa3oM YCTaHOBHTb CTPYKTYpY NeNTHAA.

3efidepr u ap. [353] Ha npuMepe MeTHNOBHIX 3dupoB 120 neHra-
¢GTOPIPONHOHHIAUIENTH/OB IOKa3aJ/i, YTO, HCIOJb3Ys Fa30BYyI0 XpO-
MaTOrpa@uio B COYETAHHH C MacC-CIEeKTPOMETPHUECCKYM METOLOM
XMMHUECKOH HOHH3AaIWH HJH 3JEeKTPOHHOro YyAapa, MOXHO pasje-
JATb pa3HooOpasHble CMeCH TAKHX NPOH3BOAHBIX M HAEHTH(HIHPO-
BaThb HX KOMIIOHEHTH.. B psAfe cayuaeB ynajaoch oCyLIeCTBHTb Macc-
CIIEKTPOMETPHYECKUI aHAJIH3 OJIHTONENTHAOB, COAEpXKALIUX 10 ce-
MH aMHHOKHCJIOTHHIX ocraTkoB. CJelyer, OZHAKO, OTMETHTb, UYTO
BCEe BHILIEYNOMSIHYThle NPOU3BOJHBIE NENTHIOB 00/1afaloT JOBOJBLHO
HHM3KOH JieTyduecTblo. DTO 06YCJOBJEHO HAaJHYHEM B HX MOJEKyJaax
HesamumeHHblx NH-rpynn, xotopble cmocoGHB yyacTBOBaTb B 00-
pa3oBaHHU BOJOPOMAHBIX cBsi3el. BoJiee JieTyune nmpousBOAHBIE MOXK-
HO MOJY4HTb, MPOBEJs HCUepNbIBaOIlee METHJIHPOBaHHE NMENTHROB
[187, 357] uau BoccTaHOBJieHHE N-alETHNENTHAOB A0 COOTBETCT-
BYIOIIHMX MOJMAaMUHOCIHPTOB H INoCJelylollee TPHMEeTHJICHIHINPOBA-
HHe THAPOKCHJBbHHIX rpynn [355, 356]. B mocnennem cayuae oGpa-
3yIOTCSl IPOM3BOJHBIE, JIETYUeCTh KOTOPHIX JaxKe BhIlle, YeM y CIoJ-
Ha METHJIMPOBAHHBIX NenTHIoB. Eciu e B KauecTBe 3aIUTHOR
rpynnbl BMECTO aleTHJbHOTO OCTaTKa HCIOJb30BaTh remradroply-
THDHJIbHBIH, TO C MIOMOIIBIO YKa3aHHOH METOAHKH MOXHO IOJYYHThb
HauGoJiee JIeTyuHe M3 BCEX M3BECTHHIX B HAcTosflllee BPeMs IPOHU3-
BOAHBIX nentunos [357—362].
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Ta6nnua 2.17. Honbl, ncnoabsyemble AJs HAeHTHOHKAUHH TPUMETHJCHAHIBHHX
NPOH3BOAHHBIX AHNENTHAOB

Macca, KOTOpylo He-
06X0AHMO MNpHOGaBHTL
Macca uoHa, obpa- K Macce HoHa, 06-
3yloLerocsi mpH pasyioulerocs npu
Avmoxcaomt ocrarox | plackerIenn o | pacwenncmn no | Macca, wota
TOK SIBISIETCH JIYYUTH BEJHUYHHY
N-KOHIEBBIM (M+1), ccamn ocra-
TOK SIBJSIETCS
C-KOoHUEBHIM
Glye | 102 175
Ala 116 189
Abu 13C 203
Pro 142 215
Val 144 217
Leu 158 231
Ile 158 231
Met 176 249
Phe 192 265 91
Ser 204 277
Thr 218 291
Asn 231 304
Asp 6 305
Gln 245 318
Glu 246 319
His 254 327 154
Cys (CoH4NH,)® 263 336
Cys (CH,CONH,) 277 350
Cys (CH,COOH) 278 351
Tyr 280 353 179
Orn 303 376
Trp 303 376 202
Lys 317 390
Arg 142 (uHTeHCHBHHI 490
HK)
417 (cnabuit muk)

a
JunenTHAbl, coaep:kaiiHe B KayecTBe C-KOHUEBbIX ocTaTkW Abu, Ala, Arg, Gln, Glu,
Gly, Met Han Lys, 06pa3yioT AMKETONHNEPa3HHEI.

. 6N-K0Hueaoﬁ OCTaTOK ASp LHKJH3yeTCsl ¢ o6pa3oBaHHeM ISATHUYJIEHHOrO HMHAA; YTOOL:
H2liTH Maccy MCeBAOMOJeKyJaspHoro HoHa (M+1)+, K BeaHuHHe, oTBeyawueii C-KOHIEBOMY
OCTAaTKy, cjaefyeT NMpHOGaBHUTb 158.

BCoraacho COBPEMEHHbIM MJaHHbIM, Gojiee yeM B 90% MOJeKYyJN TPHMETHJCHIHJbHBIR
OCTATOK CBfI3aH He C @-, a C &-aMHHOrpynmoi.

®pank u Hesunepuo [363] onucanaum HOBBEIE MeTOA BOCCTaHOBJE-
HUSl OJIMTONENTHA0B 60paHoM. [lJIsi yCTaHOBJIEHHS NIEPBHYHOH CTPYK-
TypHl 00pasylolluxcs NPH 3TOM aMHHOCOHDPTOB [OCTATOYHO BCETO
Jqumip 10—100 HEMoab BeurectBa [364]. MoauduuupoBaHHEI BapH-
aHT METOAMKH XPOMAaTOMacC-CIEKTPOMETPHYECKOTO aHa/u3a, NpeiJo-
xkenHo#t Hoo u ap. [358, 362], 6bla ucnosnszoan Creiinepom u Hu-
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nepsusepom [365] Aast onpesie/ieHus ONMIONENTHAOB B Moue. UToGH!
HCKJIIOUHTh BO3MOXKHOCTb paclllellJieHHs] NeNTHAHBIX CBA3eH Ha cra-
nuu stepudukanuu, Kk meranosy sMecto HCl 106aBasin THOHHJXIO-
puUA, a 4ToGbl NOJyYyaeMmble Macc-cleKTpel Obliv GoJee MHpoOpMa-
THBHBIMH, JUJI1 BOCCTAHOBJIEHMS! IPOHM3BOAHBIX NENTHAOB Hapaly C

MmMB 5 10 13
7
4
2
g
6 i
3 J
7
8

Z »NL.J*

uv‘ 48 mun
1l | | |
700 200 280 °C

Puc. 2.16. Anaaus nentudog mowu merodom xpomaromacc-cnexrpomerpuu [365F
(¢ paspewenus asTopos).

Kononka: crexaandasn kanuanaprasn, 25 mX0,28 um; nenodsuxnas ¢pasa: SE-30; za3-nocutens:
2eauti, usboirounoe Oasaenue 0,12 MIla; npoepammuposarue Temnepatypsl: 3 mun npu 100 °C
u nocredyroujee Yyeeauuenue temneparypo. 0o 300°C co ckopocroro 4 °CImun; Temneparypa
uniekrTopa: 300 °C; Temneparypa UOHU3AUUOHHOL Kamepol: 215°C; TOk uonusayuu: 50 MKA;
3nepaus uonos: 20 3B; ckopocTe cwvemku macc-cnektpa: 10 m/z 8 cekynOy.
1 — Gly—Pro; 2 — ausun; 3 — peruraranun; 4 — Pro—Hyp; 5 — euctudun; 6 — TUpo3un; 7 —
Pro—Hyp; 8— Gly—Hyp—Gly; 9— Glu—Hyp; 10— Gly—Pro—Hyp; 11 — Phe—Hyp; 12 —
Gly—Hyp—Hyp; 13 — Gly—Pro—Hyp—Gly.

LiAlH, ucnonn3oBanu LiAl?H,. Ha puc. 2.16 nokasaHo pasieneHne
NEeNTHAHBIX KOMIIOHEHTOB MOYH, a Ha pHuc. 2.17 npuBefeHH Macc-
CIIEKTPHl 3JIEKTPOHHOTO yAapa THAPHPOBAHHOIO M AeHTepHPOBaHHOTO
npoussonHoro terpanentufia Gly—Pro—Pro(4OH)—Gly. MoJaeky-
JIIpHBIE MACChl COCJIHHEHHH HaHIeHb METOJOM XHMHYECKOH HOHH3a-
nuu (B KayecTBe rasa-peareHTa HMCIOJb30BaH H300yTaH).
Hackonbko HaM H3BeCTHO, BO BCeX 3KCIIEPHMEHTax IO XpPOMaTo-
Macc-CIeKTPOMETPHH  OJIMTONeNTHAOB IPOBOAMIH  OGHApyKeHHe
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Puc. 2.17. Macc-cnexkrper xumuyveckoli uorusayuu deirepuposantozo (a) u 2udpu-

posannoeo (6) npoussodnozo rterpanenruda Gly—Pro—Pro(40H)—Gly [365]

€ paspewerus asTopos). Ycaosus paboTe. 2a308020 xpomarozpaga u macc-
cnekTpomerpa cm. 8 nodnucu k puc. 2.16.

TOJIbKO KaTHOHOB, XOTs Obljo OBl JIOTHUHEE HPOBOJANTb OOHApyXKeHHe
He KaTHOHOB, a aHHOHOB, OCOOEHHO €CJH COEIHHEHHe COJAEpPXKHT
MHOTO aTOMOB raJIOTeHOB. BBe/lleHHe B NMPaKTHKY HCCIeNOBAaHHH Me-
TOZA HMIYJbCHOH XHMHYECKOH HOHH3AIHH IOJOXKHTEJIbHHIMH H OT-
pHLaTeJbHBIMH HOHAMH, NpejJsioxeHHoro XaHToM u Ap. [366], mos-
BOJIMJIO OBl HE TOJBKO IOBHICHTh UYBCTBHTEJBHOCTb MAacCC-CIEKTDO-
MeTPHYECKOro aHa/M3a, HO M HCIOJb30BaTh MNpeHMyllecTBa O6OHX
€noco60B HOHH3ALHUH MOJEKY.JI.
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Beaku

Huxkosac Kanumnysnac

3.1. Beenenue

IlpumeHeHne xpoMatorpadHyecKux H 3JeKTpodopeTHuecKux Me-
TONOB JJs pa3fieieHus 6eJKOB B NOCJAEAHHE IBAALATb JeT 0Ka3aso
OTPOMHOE BJIMSIHHE Ha pa3BUTHe cOBpeMeHHOH Guoxumuu. ITockoib-
Ky Gesiku 06/1aJalOT PA3JHYHBIMH OHOJIOTHYECKH BaXXHHIMH (YHK-
UUSIMH (TakuMH, KakK (pepMeHTaTHBHEIE, TOPMOHAJIbHEIE, PEryJsTop-
Hble, MMMYHOXHMHYECKHE U Ap.), XpoMmaTorpadus H sjekrpodopes c
ycIieXoM IPUMEHSIOTCS B HCCJEJ0BATEJbCKUX H KJIMHHYECKHX LeJAX
B CaMBbIX Pa3HYHBIX 00/1acTAX 6MOJOTHH H MEIULHHEL

ITpuctynas k pasjeneHnio 6eJKOB, HEOGXOAUMO TILATEJNbHO MO-
no6pats pH, monnylo cuay, TeMneparypy, 3JeKTPOJHT H HOCHTEJb,
TIOCKOJIbKY OT NePEUHCJIEHHBIX YCI0BUH 3aBHCAT HH3UKO-XHMHUECKUE
K 6uoslorHyecKHe CBOHCTBa KaXXJAOro orienbpHoro Geaka. ®opmupo-
BaHHE BBHICIIHX CTPYKTYp (T. €. BTOPHUHOH, TPETHYHOH H YeTBEpPTHY-
HOH), a TakXe HaAMOJIEKYJSADHBIX arperatoB OOYCJIOBJEHO HOHHBI-
MH H ruapodo6GHEIMH B3auMOJeHCTBUSAMU U 06pa3oBaHueM BOLODOX-
HBIX CBfi3ell. DTH Ke B3aHMOJeHCTBUS ONpeleiSIOT U NpoLecC pasze-
Jnenus. OueBUJHO, YCIOBHA XpOMaTorpapuu AOJNKHE GHTh TaKHMHU,
4ToObl BBIJEJEHHBIH NPOAYKT COXPaHHJ OlpejejieHHble NpeACTaBJIs-
IOILlHe HHTepeC CBOHCTBA, KaKOBBIE, KaK NPAaBHUIO0, CBSA3aHHLI CCOXpa-
HeHHEM ero HaTHBHOTO COCTOSIHHSI M OHOJIOTMYeCKOH aKTHBHOCTH.
B To ke BpeMms A4 onpejesieHHsl (pU3HYECKHUX CBOACTB CYyGbeAHHHUIL
6enKa yacTo ero HeoOXOAUMO AEHATypPHPOBATh H € 3TOH LEJBIO NMOJ-
BeprHyTh KecTKoH oOpaboTkKe (Hampumep, MOYEBHHOH MJH THIAPO-
XJOPHIOM T'YaHHAMHA) C NOCJAeNyloleld XUMHUecKoi Moxubukanuei
(HanpuMep, paculenuTh AUCYJIbGHUAHBIE CBS3H M 6JIOKHPOBATH CYJibd-
ruApHJIbHBle rpynne). TakuMm o6pa3oM, KOHKpeTHas 3ajaya ompe-
JensieT BhIGOp Merona pasfeneHusi 6eakoB. CielnyerT Takxe OTMe-
TUTb, UTO B IIpolecce pasjfie/leHHSI HAaTHBHBIX GeJKOB Yy4YacTBYIOT
¢yHKUHOHA/NBHbIE TPYINbl, pacCloJOXKeHHbe Ha noBepxHoctH. On-
HakKo eclH GeJIKH IOJHOCTBIO WM HacCTHYHO HEHATypPHPOBAHHI, MO-
ABJISIIOTCSl HOBBHIE I'PYNIBl, paHee CKPHITHIE BHYTPH MaKPOMOJIEKYJIH,
KOTOpBHIE MOTYT M3MEHHUTb He TOJBKO CHJY, HO M NPHPOAY B3aHMO-
HelicTBus Genka ¢ copbeHToM. B pesyabprare nmpu xpomarorpaduye-
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CKOM pasjiesieHHu 6eJKOB HeOOXOAMMO peIIHTh PSR crenupHYECKHX
BOIIPOCOB.

Heo6xonumbiM ycioBHeM pasfienieHusi GeJKOB sIBJsIeTCH HX pac-
TBOPUMOCTb B HCNOJb3yeMoM OydepHOM pactBOope. ITUM 06CTOS-
TeJIbCTBOM YacTO IIpeHeOperaloT, 1 BO MHOTHX CJyYasx B pe3yJbTaTe
aHaJU3UPYeTCs TOJBKO pacTBopuMas dYacTb obpasna. ITocKoJbKy
pacTBOPUMOCTb MHOTHX 6eJKOB 3aBHCHT OT pH u uMOHHOH cuim, ee
XapaKTepHCTHKA 0COGEHHO BaKHa, eciu OeJKOBYIO CMeCh XpOMAaTo-
rpadupyor B rpaguenre pH uau noHHOH cuael, OcobeHHO Harasn-
HO BJIMAHHE€ DPACTBOPHMOCTU IPOCJ/IE2KHBAETCSHA npH NpOBEACHHH
ssekTpodopesa B MOJHAKPHJIAMHIHOM reJse: arperupoBaHHbIA MaTe-
pHaj He MOXKeT BOHTH B reJib U OCTaeTCsl Ha cTapre.

Jpyrum crnenuduyeckuM BONPOCAM, BO3HHKAIOUIUM IIPH COIO-
cTaBJieHHH XpoMmaTorpaduyeckux cBOHCTB 6eJKOB H MaJbIX MoJe-
KyJI, SIBJISIETCSI BOIIPOC O BHYTPEHHHX cTaHAaprax. B xpomarorpadun
MaJblX MOJIEKYJ [aHHBIH BOIPOC pelleH JOCTAaTOYHO OIpelesIeHHO.
XoTsi HEKOTOpble OuullleHHble GeJKH M HWCHNOJb3YIOTCS B KayecTBe
BHYTPEHHHX CTaHIApTOB MOJIEKYJSPHOH Macchl B resib-XpoMaTorpa-
¢un u npu snekTpodopese B NONHAKPHIAMHAHOM rejie, OHU HE MO-
IyT paccMaTpHBATbC KaK YHHBepCaJbHbBlEe CTAHAAPThl, MOCKOJBKY
NpeAnoJiaraeTcsi, YTo MOJIEKYJbl TaKHX 6€JKOB B HaTHBHOM COCTOS-
HUH uMeloT cdepuueckyio GopMmy, a B AeHaTypDHPOBAaHHOM — (opMy
NOJIHOCTBIO Pa3BEPHYTOH CNHpaJd, a NPUMEHHTEJbHO K IeJoMy pA-
Iy 6enkoB, 0COOGEHHO K IJIMKONPOTEHAaM, 3TO NpPEANOJIOXKEeHHE MO-
J)KeT OKa3aThCs HecocTosiTeJbHBIM. Takum o6pas3oM, HMeoliyecs
«CTaHJapThl» IPUMEHUMBl He BO BCeX CJyyasx.

ITpu xpomarorpadum u ajexTpodpopese 6GelKOB HCNONb30BaHHE
OpraHHYecKHX pPacTBODHTeNEH HCKJYaeTcs U3-3a UX HEeHATypHpYIO-
HIero HeficTBHS, B pe3yJbTaTe KOTOPOro 6esiKH NepexoAsiT B Hepac-
TBOpUMOe cocTosiHie. ITofo6HOe HeficTBHE MOTYT OKa3hlBaTb H He-
KOTOpHle opraHuueckue coepuHenus. Ilosromy mnpm pasgeneHuu
6e1K0B HeOOXOAMM TIIATeJNbHBIH BBIOOD CEJEKTHBHBIX BOAHBIX 6y-
¢epHBIx cucreM. OQHAaKO HeOGXONMMOCTb COJIIOOH/IM3aLuN GEJIKOB,
B 0COGEHHOCTH TeX M3 HHX, KOTOPhle acCOLMHMPOBAHHI ¢ GHOJIOTHYEC:
KHMH MeMmMOpaHaMmu, NpHBeJa K BBENEHHIO JETEPreHTOB — KaK HOH-
HbIX, TaK ¥ HEHOHHBIX, a TaKXXe TaKHX DeareHTOB, KaK MOYEBHHA H
THAPOXJOPHA TyaHHIHHA, KOTOPHE Pa3phIBAIOT BOJOPOJAHBIE CBA3H
U TNpendaTcTBYIOT I'HApoGO6GHEIM B3auMofeicTBusaM. Jlaxe Gyayun
IeHaTypHDOBAHHBIMH, MHOrMe O€JKH OCTAlOTCS pacTBODHMBIMH B
OPHCYTCTBUM 3THX COeAMHEHHH, 0COGEHHO mocje pacllenyeHHs IH-
CyIb()HUAHBIX CBSA3€H AHTHOTPETHOJOM HJH MepKalTOITaHOJIOM.
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3.2. Xpomarorpadusi 6esKOB

3.2.1. I'eav-xpomaroepagus

Teopuss m MeromoJsiorus rejb-xpomarorpacduu noipo6Ho 06CyX-
naercsl B psile 0630poB ¥ KHUT {[1—9]*. DTOT MeTox Mo3BoJsieT pas-
IessitTb GeJKH B COOTBETCTBHH C pa3MepaMu HX MoJieKy.. IlepBeimu
€ KOJIOHKH 3JIIOMPYIOTCSl caMble 60JIbIIHE MOJIEKYJBl, B TO BpeMs Kak
MOJIEKYJIBl MeHblIero pasmepa, crnocobHple J1uPPYyHAUPOBATh B NOPHI
MaTpHIbl, 3aN0JHEHHBIE XKHIKOH (a3oH, ylepKHUBAIOTCA Ha KOJIOHKE.
Pasmep mop marpuusl rejsi onpeje/isieT AHAaNa3oH MOJEKYJSPHBIX
MacC MaKpOMOJIEeKYJl, CHOCOOHBIX NMPOHHKATh B YaCTHUBI Ieqst U BHI-
XOAUTb M3 HUX. s dpakuuoHnpoBaHHsi GeJKOB IPHTOAHBI pasJuy-
Hble NOJHAKPHJIaMHAHBIE, arapo3Hble H JeKCTPAaHOBbIE IeJlH.

C moMmeHTa pa3paloTKH 3TOr0 MeTOJa resb-xpomarorpadus Hau-
6oJsiee YacTO HCIOJb3yeTCs /IS NpenapaTHBHOrO (ppaKUHOHHPOBAHUSA
6esKOB, IpH4YeM OOBIYHO KaK NepBH aTan pasieneHus. [10CKOIbKY
paspeliaoomas cnoco6HOCTb 3TOr0 MeTOAa HH3Ka, xpoMmarorpaduie-
ckie (GpakIuM MOTYT COJAepXKaTb HECKOJbKO KOMIIOHEHTOB M He0O-
XOAHUMO JAaJjibHeillllee pa3fie/ieHHe APYTHMH crnoco6aMHu. AHamu3 cMe-
CH 'HEH3BECTHOIO COCTaBa IepBOHAYa/bHO NPOBOAAT Ha reJieBoH Mar-
pHLe C IIKPOKHM JAuanasoHoM (ppakIHOHHPOBaHHS, COOHpPAIOT (pak-
110, COAEPXKALIYI0O HHTEPECYIOIuH 6e/0K, H pasle/sioT ee Ha reje
¢ Gosiee Y3KHM Iuana3oHoM (GpaKUHOHHMDOBAHHUA. BuijeseHHyIO B pe-
3ysabTaTe (paKuuIO pasfessioT Aajee METOAOM HOHOOOMEHHOH Xpo-
marorpaduu M 3JeKTpodopesa.

Jpyroii o6JsacTelo NpUMeHEHHS reJb-xpoMatorpadpuu B 6HOXH-
MHH sIBJISIETCSl OTJeJieHHe 0e/JKOB OT HH3KOMOJIEKYJSPHBIX Mellalo-
HIMX aHa/u3y NpHMeceH, HAaNpDHMeD aMHHOKHCJOT, CaxapoB, CTePOHU-
JIOB HJIH peareHTOB, HCIOJb3yeMBIX AJISi XHMHYeCKoH Moaudukanuu
6enka. MeTtonom rejb-xpoMaTtorpadHuu yalle BCEro yAajsIoT peareH-
Thl, MpefHa3HaueHHble [J5i BBeJeHHS B GeJOK paluOaKTHBHOH H
¢dayopecueHTHOi MeToK. Iesib-xpomartorpadus MNO3BOJSET TaKxke
6rictpee H sddexTuBHee, yeM AHAJH3, OCYIIECTBHTL 006eCCO/HBa-
HMe uJu cMeHy Gydepa, TpeGyeMble B olpelejeHHbIX cXeMax ¢Gpak-
UMOHHPOBaHHA, a TaKXe yJAajleHHe KODAaKTOPOB H MHTHOUTOPOB, HC-
N0JIb3YEMBIX NPH M3YYeHHH KUHETHKH (DepMeHTAaTHBHBIX peakuui.
Kpome Toro, ¢ NoMoILbIO 3TOTO METOAA MOXKHO H3y4YaTh CBSI3bIBaHHE
6eJIKOB ¢ HU3KOMOJIEKY/ISIDHBIMUH COeIHHEHHSIMH, HallpHMep JieKapcT-
BEHHBIMU BelLeCTBaMH, HOHaMH MeTasioB M KpacureasamHu [10]. Ko-
atd¢unueHT pacnpefenedns Kg HeKoero «CTaHAapTHOro» GeJjka ¢ u3-

* CM. TakXe caelyiomue MoHorpaduu: beaenexud B. I'., Buaenwyux JI. 3.
Xpomartorpadus nonumepos. — M.: Xumus, 1978, 344 c.; )KuakocTHast KOJIOHOU-
Hast xpomarorpadus. B 3-x tomax. Ilep. c aura./Ilon pen. 3. He#na, K. Maueka,
S1. Iueka. — M.: Mup, 1978; Kremmer T., Boross L., Gel Chromatography, Buda-
pest, Akademiai Kiado, 1979. — ITpun. peo.
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BECTHOH MOJIEKYJ/ISIpHOH MaccOH MOXKHO HCHOJIb30BAaTh HJISi OLEHKH
MOJIEKYJISIPHOH Macchl 0esIKOB, MMeIIUX nojfo6Hyo ¢opmy. ITopar
[11] noxkasau, uro Kg'/* uw MW'Y2 (MW — monexkyasipHass wMacca)
CBsI3aHBl JIHHEHHO!N 3aBHCHMOCTbIO. YpaBHEHHe OCHOBAHO Ha Mpen-
HOJIOKEHHH, 4TO NOpHl TeJisi HMeIT pasjnuHylo ¢opMy (cdhepuuec-
Ky10, BOPOHKOOOpa3Hy10 HJH Lieseobpas3Hyio) U uTo 3(pdeKTHBHEIM
pPaJuycoM MaKpOMOJIEKYJIBl SIBJSIETCS PAfAHyC BpalleHus. DTa MO1eab
B TeueHHe HeCKOJbKHX JIeT N03BOJIs/a C yCIIeXOM NPOBOJAUTL UHTEp-
NpeTanuio pe3ysbTaToB rejb-xpoMarorpaduu. ABropnl pabor [12,
13] npoBoauau o6paboTKy pe3yabTaTOB NPU NOMOILH CJEAYIOLIEro
BBIDAXKEHHUS:

erfc? K, =a4-bIgR, (3.1)

rae Kqp— Ko3puuueHT goctynHocTH (KoapduuueHT 06BEMHOTO
pacnpegnenenus); a u b — kKoadbduuuenT perpeccuu; Rs— paguyc
Crokca (unu MW?V3); erfc~!— o6paTHas BeJMYHHA JOMNOJHEHHS
¢GyHKIHH OlHOOK.

dra MofZesbp NpeAmnosaraeT copaBefJHBOCTb rayccoBa pacmpe-
neneHus AJsi 3G QPEeKTHBHBIX pafuycoB IMop reasi U 3¢p¢dHeKTHBHOTO
panuyca MoJieKyJbl OeslKa, KOTODHIH HAEHTHYeH T'HAPOXUHaMHYec-
KoMy pamuycy Crtokca. Ecam NpUHATH <«JOTHCTHYECKOE» paclpene-
JIeHiHe pa3MepoB NOp, TO NMPHMEHHMO CJeAylollee BHIpaKeHHe:

Ko =111+ (MW/c)?] (3.2)

rne MW — MonekysnsipHas Mmacca, a ¢ ¥ b — 3MIHpHUecKHe MOCTO-
siHHble. DTO BHIpaXKEHHe MOXKHO JHHeapusoBaTb [14], ucnosssys
rpaduk 3aBHCHMOCTH JoruTa Koo oT IgMW: :

jorut Kq,=a-+blg MW (3.3)

rne
gorutr Y =In[Y/(1=Y)] 3.4)

Jlorut-npeo6pasoBanus u obpaTHas QYHKUHUA OIHOOK MPHBOAAT
K 3HauuTeJbHOH BapuabesbHOCTH AMCHEPCHH, TaK YTO HEOGXOAHMO
HCIOJIb30BaTh B3BellleHHYI0 perpeccuio [15]. B cayuae cratucruue-
cKkoro kKiay6ka (pasBepHyThie GesikH) 3¢ (heKTHBHBIH pajuyc Bpalle-
Husl (Rg) mpuHHMaeTcs NPONOPLUHOHAJBHLIM KBaJipaTHOMY KODHIO
M3 MOJIeKyJsipHO# Macchl (R mpomopuuoHasen MWO5) [11].

OueHKy MOJIEKYJSIPDHOH MacChl MOXHO BBIMOJIHATb TOJBKO AJA
OYHILEHHBIX 6€JKOB, HCKJIOYEHHe COCTABJAIOT JHIIb Te (QepMEeHTHI,
KOTOpble MOXHO ONpeJe/uThb B HCClAellyeMblX (PpaKUUAX NPH NOMO-
I GHOJIOTHYECKHX TecTOB. DbiCTpas aHaJMTHUECKas relib-XpoMa-
Torpadus 6eJKOB U NENTHAOB H aHAIHU3 HX MOJEKYJSIPHO-MacCOBOro
pacnpejiesenus onucanbl nouapo6uo Kamumnynacom u Kennn [16—
18] u Coca [19].
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3.2.2. HoHoobmerHHas xpomaToepagdus

Honoo6mennyto xpomartorpacduio 6e.axoB [20] BBHINOJNHSIOT Ha
HOHOOOMEHHHKAX, UMEIOUNX THAPO(UJbHYI0 MaTpHLY, HampuMep
Ha Ie/ioJ103¢ U HeKcTpaHe. AHHOHOOOMeHHHKH, oco6eHHo DEAE-
nesnono3y 1 DEAE-cepanekc, HCIONB3YIOT Yalle, yeM KaTHOHOOG-
meHHHKH Tuna GM-nensionossl. MoHOOGMEHHUKH Ha OCHOBE ILEJIJIIO-
JIO3Bl MMEIOT OTKPBITYIO CETYaTYI0 CTPYKTypy C HOHH30BaHHBIMH
LEHTpaMH, JIETKOAOCTYNHBIMH AJ51 6esKoB. UHC/IO HOHHBIX CBfA3el,
o6pasyromuxcsd MexAy oOMeHHHKOM U GeJKOM, 3aBUCHT He TOJIbKO
OT HCNIOJIb3yEMOTO MaTepHaJa, HO TakxKe B 6osbLIol crenenu ot pH
M MOHHOH cHJbl 6ydepa. DTH HOHHbIE Naphl NOCTOSTHHO AUCCOLMHDY-
10T # 006pa3yloTcs BHOBb., TaK KaK HOHBI 3JI0EHTAa KOHKYpPHPYIOT 3a
HeHTpbl o6MeHa. OOMEHHUKH, NDUTOAHBIE HJs (DPaKIHMOHMPOBAHHS
6e/IKOB, HMEIOT HHU3KYIO IIOTHOCTh 3aPSIAOB, I03TOMY YHCJIO HOHHBIX
CBsI3el MEeXJy HOHHTOM H OTAEJNbHBIMH MOJIeKyJaMu GelKa He CTOJb
BE€JUKO, yT0OBI BOOGIIJ.e BOCIPENATCTBOBATb NPOABHKEHHIO IIOCJIE-
HUX BIOJIb KOJIOHKH. XOTSI MOHHBIE CBSI3U IOCTOSIHHO JHCCOUMHDPYIOT
n obpasylorcs BHOBb, B Hauaje XpomatorpadupoBaHus 6esOK CBs-
3bIBaeTcsi ¢ HOHOOOMEHHHKOM U He 3JIoHpyeTcsl ¢ KOoJOoHKH. OfHaKo
KOTla KOHLEHTpalusi HeOOJbLUIMX KOHKYPHpYIOLIMX HOHOB Oydepa
BO3pacTaeT A0 TAKOTO YPOBHS, YTO BCe CBSI3H ONHOBDEMEHHO pas-
pbiBaloTcs, 6eJIOK HauMHaeT JBHraTbCsl BHH3 IO KoJoHKe. Ecam B
npouecce pasfesNeHHs HCNOJNb3YIOT IPajHeHT HOHHOH CHJBI, 6eloK,
nepeMellaloMicd B CTapTOBOH 30He MeAJeHHee, ueM Oyodep,
3JIOHPYETCS UM IPH yBeJHYEHHH KOHIEHTPalUHH HOHOB. TakuMm 00-
pasoM, 3JioHpyolas cnoco6HoCTb 6y(depHOro pacTBopa NOCTOSTHHO
yBeJIMYMBAEeTCsl M MaKpOMOJIEKyJa IepeMeliaeTcsi Bce OhicTpee u
6victpee. CKOpPOCTb ee IepeMellleHHsi CTAaHOBHTCS CPaBHMMOH co
CKODOCTBIO JIBUXKEHHS JKMJIKOCTH, KOTJa B 3JI0€HTe NOCTHraeTcsl Ta-
Kas KOHIIEHTpalus coJid, Kotopas 3¢ deKTHBHO NpPensTCTBYyeT B3au-
MOJEHCTBHIO MOJIeKyJbl Oenka ¢ o6MeHHHKOM. BaxxHoe 3HayeHHe B
KaXJJOM OTHEJbHOM cJiydae HMeeT NpoduJab rpafueHTa: yro6Ghl yBe-
JUYHTh pa3pellleHHe NHKOB B ONpeJesIeHHBX YYacTKaXx XpOMaro-
rpaMMBbl, HCIIOJIb3YEeMbIH TPaJHeHT HOJIKeH ObITh CPaBHUTEJNBHO HO-
JIOTHM, HO B TO XXe BpeMsl NOCTaTOYHO KPYTHIM B JPYTHX yYacTKax,
uyTo6Bl 136eKaTh YIUHDEHHS [THKOB.

PasMephl MoJieKysl G€JIKOB TaKiKe BJHSIOT Ha IIHPUHY XPOMATo-
rpaduueckux NMuKoB. MoJseKy/bl 6eJKOB C OYeHb BBHICOKOH MOJIEKY-
JSpHOH Maccol, 4acTo cOCTosLike H3 6OJBLIOrO uHcaa cyObefHHHUII,
MOTYT CBSI3BIBaTbCsl ¢ OOMEHHHKOM Da3/MYHBIMH YYacTKaMH, H, IlO-
CKOJIbKY KaXXIbli M3 TaKuX YYaCTKOB CONEPXKHT HECKOJBbKO HOHHBIX
LEHTPOB, CHJa B3aNMOJAEHCTBUS MOXKeT ObITh pasjnuHoi. B mpouec-
ce nepeMelneHusi 6eJKa BAOJb KOJOHKH BO B3aHMOJeHCTBHE ¢ 06-
MEHHHKOM B pasjIHuYHBIE MOMEHThl BDEMEHH OKa3hlBalOTCSl 3ajelcT-
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BOBaHHbIMH pa3/IMUHBIE yYyacTKH GesKa, YTO cnoco6CTBYyeT yliupe-
HMIO XpoMarorpapuyecKoi 30HH.

CBoiicTBa HEKOTOPHIX HOHOOGMEHHHMKOB M MX MCNOJb30BaHHE IO-
Ipo6HO ob6cyxpalorcst B o63opax [20—22]. Kap6okcumeTHnaieo-
go3a (CM-uennionosza), CM-cedpanekc, ¢ochoueanaonosa (P-uea-
J10J103a), cyJibboMeTnianeatonosa (SM-ueinonosa) u cyabdonpo-
nuncedanekc (SP-cedpamekc) — THNHUHBIE KATHOHOOOMEHHHKH, NPH-
rofusle NJisi GpakIMOHHPOBAHUS OCHOBHBIX GesnkoB. K umcay aHuo-
HOOGMEHHHKOB OTHOCSATCS aMHHO3THALELIoN03a (AE-nennonosa),
nusTHaaMuHosTUAne/I0003a (DEAE-uenmionosa), DEAE-ceda-
JIeKC, ECTEOLA-nenntomn03a, TPHITHJIaMHUHOITHJIIEJIII0JI03a
(TEAE-uemmionosa) u 2-okcunponunamuHocedpagmekc (QAE-ceda-
Jekc) [20]. KucaoTHO-OCHOBHAasi €MKOCTb 3THX HOHOOOMEHHHKOB CO-
craBaser 0,1—4,5 M3KB./r; HCKJIIOUEHHEM SIBJISIETCS JHUIb P-mesio-
J103a, KHCJIOTHO-OCHOBHAsi €MKOCTb KOTOpPOH pocruraer 7,4 MIKB.[T.
HoHoo6GMeHHUKH NensT Ha cubHble, HanpuMep QAE, SP, u ciabuie,
Hanpumep DEAE, CM.

Paspenenne 6enkoB Ha KaTHOHOOOMEHHHKAax IpPOBOAAT B 1—
10 MM aperaTHOM, UMTPATHOM MJH TIJHLHHOBOM Oydepe aubo B
pacTBope amerata aMMOHHS (JeTyuas coJb). Ecam xe pasmenenue
BeleTC Ha aHHOHOOOMeHHHMKax, HcmoJabsyloT Tpuc-HCI, Tpuc-doc-
¢datHb U docaTHb Oydepnl, a TaKXKe pacTBOp Kap6oHaTa aMMoO-
Hust (Jeryuass cosp). JlJs mosyueHHs rpajueHTa HOHHOH CHJB K
6ydepHeiM pacTBopam job6aBasior conu, HanpuMmep NaCl nau KCl,
He obsapnawonue O6ydepHoit emKocThio. Ecan xpomartorpaduio mpo-
BOASIT B rpanueHte pH, To nmpu pasmeseHHH Ha aHHOHOOGMEHHHU-
kax pH ymeHblualor, a npu pasfieleHHH Ha KaTHOHOOOMEHHHKaX —
yBeJaHuuBaloT. B o6oux ciayyasx MOHHas CHJa BO3PacTaer.

XopolmuM NpakTHYECKHM DPYKOBOACTBOM IO HOHOOOMEHHOH Xpo-
Mmarorpaduu siBisiercst Kuura Ilerepcona [20].

3.2.3. Appunnas xpomarozpagpus

B mocaenHue necats jet Meron adduHHOA XpomaTorpadpuu [23—
27] wurpaer BaXHYIO pOJib IIPH BbIAEJEHHH OHOJIOTHYECKH aKTHBHBIX
GenkoB. B 3ToM MeToJe KOJIOHKM 3aNlOJIHSIOT HEpAacTBOPUMBIM HO-
CHTeNeM, C KOTOPBIM KOBAJIEHTHO CBfI3aHHl JIMraHAmI, o6Jafamoliye
CPOACTBOM K BhiJensieMoMy 6esKy (Tak Ha3biBaemble adduHHBIE
auranas). Koraa pacTBop cMecH pa3/MYHBIX BEINECTB IPOXOXUT
yepe3 TaKylo KOJIOHKY, Ha Hell cop6upyeTcsi JIMIIb HHTEPeCYIOUIui
HccsiefioBaTelist 6eJ0K, a Bce OCTajlbHble COeJMHEeHHsT BBIMBIBAIOTCS.
Cop6GHpOBaHHEIH Ha KoJIOHKe 6esJIoOK BBIAEJSOT, Ju60 Hapylias
B3aHMOJIeHCTBUE MAKPOMOJIEKYJb ¢ UMMOOGHJIHN30BAHHBIM JIMTAHIOM,
an6o BO3JelcTBYSl Ha Hero KOHKYPHDYIOUIMM JIHTaHAOM, NPHUCYTCT-
BylomuM B agawoupymomem O6ydepe, Takoro poxa cnenudbuueckue
B3aUMOJECHCTBHS BO3HHKAIOT MEXAY (pepMEHTaMM M HX HHrHOUTOpa-
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MH MJIH KOpaKTOpaMH, aHTHreHaMH H aHTHTeJaMH, TOPMOHAMH H
peuenTopaMy, JEeKTHHAMH U IVIMKONPOTeHAaMH, MaJbIMH MOJIEKyJia-
MH M TPaHCHOPTHDYIOIIMMH HJIH CBA3LIBAIOIMMH HX OeJKaMH.

XoTs cyliecTByeT MHOI'O METOJ0B KOBaJIEHTHOTO CBSI3bIBAHHUS JIH-
raija ¢ NOJIMMEDPHbBIM HOCHTeJeM, HauboJiblllee pacnpocTpaHeHHe
HOJIYYUJI METOJ, OCHOBAHHBIH Ha aKTHBALMH HOCHTENs] GPOMIIMaHOM
[28]. AKkTuBHDOBaHHHIH HOCHTEJb, HAaIPHMEp arapo3a HMJH IOJHaK-
pHJIaMHJ, BCTylaeT B PeakUHMIO ¢ aMuHHOrpynnamu Juraspaa. Hacro,
yTOOB! 06/IEr4HTh KOMIJIEKCO06pa30BaHHe ¢ GOMBLUIHMH MOJIEKYJaMHi
HJIM MaJIbIMU JIMTaHAHBIMH TPYNNaMH, MEXAy HOCHTeJeM H JINTaH-
JIOM BCTPaHBAIOT YIVIEBOAOPOAHYIO Lenb AJuHOH no 10 aTtoMoB yr-
aepopa [29—30]. Ilpu BHIGOpe JuraHza <cJaefyeT YYHTHIBaTh €ro
CPOJACTBO K BBIAeJNsieMOMY O6eJiKy, Cnoco6 CBS3blBaHMS, KOHLEHTpa-
LHIO JIUTAHAa, THIl H30TepPMBbl COPOLHUH U BJHSIHHE TeMIIepaTypHI.

ITocsie Toro kak Ge/IOK CBSi3aH C JIMTAHAOM H NpPHMecH yjaJe-
Hbl, IPOBOAAT clenyuduyeckoe UM HecnenupHueckoe 3J0MPOBaHHE
cop6upoBaHHON MakpoMoJekyJan. Hecnenuduueckne MeTOAB 3JI0H-
pOBaHHs NpeAyCMaTPHBAIOT H3MeHeHHe MOHHOH cuJbl, pH, nuanekrt-
pHuecKoi npoHHLaeMocTH OydepHoro pacrBopa Ju60 BBeleHHE Je-
HaTYpHpYIOLIUX areHTOB, HalDUMED MOYEBHHBl HJM THAPOXJOpHIA
ryaHuauHa. Bce 3TH MeToJbl HampaBJeHB Ha yMeHblIeHHEe CPOACTBA
6enka K Juraiiy B pe3yJibTaTe KOH(pOPMAIHOHHBIX H3MEHEHHMH IOo-
caennero. Ilpennonaraercs, 4To nocje Takoit 06paboTku 6GesloK co-
XpaHseT crnoco6HOCTb peHaTypupoBaTb. Cneuuduyeckue MeTOIbI
3JIIOMPOBaHKA OOBLIYHO BKJIOYAIOT KOHKYPEHIHIO KaKOro-ro Apyroro
Juraifia unu 6enxa, NoLoOGHOTO BHIAEASEMOMY, 3a LEHTD CBA3bIBa-
HHS.

Oco6niit BuA ad¢uHHOH XpoMmaTorpaduu BKJIOYAET HCIOJb30-
BaHHe THAPOPOOHLIX B3aMMOLEHCTBHI MeXAY HNOCTYNHBIMH FHApO-
¢ob6HbIMU HeHTpaMu 6eska U THAPO(GOGHEIMH JHraHAAMH Ha HOCHTE-
Jge [31—34]. B atom cayuae mecopOuusi NPOUCXOJAHUT NPH yMeHblile-
HUY MOHHOH CHJH M yBeJuueHuu pH u/u npH 2/J0HPOBAaHHH PacTBO-
paMH 3THJIEHTJIHKOJSA H JeTepPreHTOB.

3.2.4. Adcopbyuonnas xpomarozpagpus

IMpu ucnonp3oBanuu Merofa ancopOUHOHHOK XxpoMarorpaduu
IJs pasjejeHuss 6esKoB Haubojee NMpHEMJCMBIMH ancopOeHTaMHu
OKa3anuchb pasjuyHble Moiudukauuu ¢ocdhara xajabuus, B ocobeH-
HocTH okcuanarut [35—38]. HemocratkoM aToro merona siBisieTcst
noJydyeHue pa3MBITBIX XpOMaTorpamm, uto oO6yCJOBJE€HO Xapakre-
pPoM H30TepMbl agcop6uuu. KpuBasi 3aBHCHMOCTH KoJIHYecTBa afcop-
6upoBaHHOro GejKa OT ero KOHIEHTpAalWu B NOJABHKHOH (aze ume-
eT pe3Kud H3JoM BOJH3HM Hachllammed KOHUeHTpauun 6eaka B
noxsuxHOH dase. ITo mepe npoaBuxKeHus: 6esKa BHU3 MO KOJIOHKE
«XBOCT», Cojepxamuil He6GoJsbllIOE KOJHYECTBO BellleCTBa, yAEPXKH-
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Baercsl CHJIbHee, YeM OCHOBHOH NHK. IToaTOoMy Hcmo/ib3oBaHHE HHU3-
KHX HayaJbHBIX KOHLEHTpPaUHUi# MOXeT yJyUIIHTb pasfeseHHe, ecJau
Geskd afcOpOUPYIOTCS He CJHIIKOM CHJBHO.

3.2.5. BoicokoadppexTusnas scudxkocTHas xpomarozpapus

IlepBrle paGoThl Mo ObICTPOMY XpoMmaTorpadHuecKoMy pasgesie-
HUIO0 GeJKOB OBbLJIH IIPOBELEHBbl C McIoJb3oBaHueM cedanekcos G-25
u G-50 (cwuteix mekcrpanoB) [16—18]. ITosaHee OblIH MOJyYeHbI
HOBble CODOEHTHI, HE Paspyllaloluecss IPH BBHICOKHX CKOPOCTHAX IO-
TOKa 3J10eHTa H obsajaiomye 6osbumoi eMkocTeio [39]. K umcay
TaKHX COPOEHTOB OTHOCHATCS CHJIHMKareab M CTeKJa ¢ KOHTPOJHpYe-
MBIM pasMepoM NOD, a TaKxke CTeKJa U CHJIHKareJb C NMPUBUTHIMH
¢asamu [40—44]. O6b1uHO U cKOpOcTAx noTokKa ot 0,5 1o 1 ma/MuH
npouecc pasjejeHus 6enkoB 3aHHMaeT MeHee 20 MuH.

B KauecTBe HOHOOGMEHHHKOB NPHMEHSIOT KOBAJEHTHO H HEKOBa-
JIEHTHO CBSI3aHHble HeNOABHXKHBIE asbl [45] M MaKpONMOPHCThHIE
rufpoduabHbie moaumepn [46]. Addurnyro BIJKX mpoBomsar Ha
CBSI3aHHBIX CO cnenudHYEeCKHMH JMraHaaMH Hocurensx [47]. He-
COMHEHHO, 3TOT MeTOJ (paKUHOHHDOBaHHS OyJeT HaxXoAUTb Bce
6osiee IIHPOKOe NPHMEHEHHE B KJIHMHHYECKHX H aHAJHUTHYECKHX Jia-
6oparopusix.

3.3. duaexkrpodope3 6eJKOB

3.3.1. O6was kraccugpurayus merodos

daexkrpodope3oM Ha3bIBAOT (PH3HUECKHH Npouecc pasfeseHHs
3apsKEHHBIX YaCTHI[ B JEKTPHUECKOM I0Jie NOCTOSTHHOrO TOKa. 3a-
pALbBl Ha NOBEPXHOCTH 6€JKOB BO3HHKAIOT BCJEACTBHE HOHH3AIMH
KapOOKCUJbHEIX, aMHHO-, HMHIA30JbHbX, (GEHOKCH- H Cyabdru-
PUJBHBIX TPYNI, a TakKXe IPH CBS3BIBAHHH HOHOB. MHOrouHucJjen-
Hble MeTOABl 3JeKTpodope3a, MpelHa3HauYeHHHE JJs pasjeseHus
6eskOB, KNacCHOHUHUPYIOT B 3aBHCHMOCTH OT THIA 3JIEKTPOJHTHYEC-
KON CHCTeMHl, THIA HOCHTeJS H Na)e KOHCTPYKUHH annapartyphl u
cnocoba o6HapyKeHus*.

B 3aBHCHMOCTH OT THNA 3JIEKTPOJHTHYECKHX CHCTEM pasjuya-
10T a) 30HHBIA 3JeKTpodope3 NpH NOCTOSTHHOM 3HaueHuH pH, uam
npocTo 3JekTpodopes [48—57]; 6) u303aeKTpHUecKoe HOKyCHPOBa-
Hue B rpanuenre pH [58—64]; B) uzoTraxodopes ¢ BEeAYIHMH 1 3a-

* Bosee moxapobHO MeToAH asekTpodopesa obcyxpaworcs B KH.: laass 3.,
Medvewn I'., Bepeykeu JI. dnektpodopes B pasjielieHHH GHOJIOTHUECKHX MaKpPOMO-
qekya. Ilep. ¢ aura. — M.: Mup, 1982. — ITpunm. ped.
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MBIKAOluMI HOHaMmu [58, 61, 62, 65]; r) MHorodasHbi 30HHEI
3JIEKTpOdopes (XHCK-3meKTpodopes) [66, 67].

Crabunusupyiomas cpeia npHu aJiekTpodopese u60 MpOSBJASET
€lBa 3aMETHble CBOMCTBA MOJIEKYJNSIDHOTO CHTa (Hampumep, cpena,
IIpuMeHseMasl I/ CO3JaHus TpajMeHTa IJOTHOCTH [68], aumerar
Leamono3sl [69] u araposa [51]), aHGO 3HAUMTENBHO TOPMO3HT

MHIpALHIO MOJIeKYysn  (Ha-

(Zonmepos- | npuMep, cpefa, npHMeHse-
| eruact csue Masi JJis  3JeKkTpodopesa
N B KpaxmauapHOM [54, 70]
. W NOJIMaKPUJIaMHIHOM Treje
[66, 67, 70, 71]). Crabu-
I Anamasamop I JIM3alHA 30HBI HDU 3JIEKT-
D
@omoymio-  PO(OPETHIECKOM  paslie-
JIGHHH MOXHO JOCTHYb, HC-
HoJIb3ysl HeHCTBHE KamHJ+
| Paccesrue JSIPHBIX CHJl JH6O MeXxaHH-
yecKkoe BpallleHHe B clle-
I[HaJbHOM yCTpOHCTBe. DTH
- o + METOAbl ~ HM3BECTHH  KakK
v : ssekTpodopes B cBoGOA-
/ ‘ HoM mortoke [72], B cBo-
/ 6onHolt 30He [73], c «bec-

KOHEUHOH JIEHTOH» XHUIKO-

CTH [74] ¥ B HempepLIBHOM

noroke [75]. B 3aBucumo-

asep CTH OT pa3MepoB H (HOPMHI

cTabuJIH3UpYIOIlel Cpelnl

pasanyalT 3JekTpodopes

B KOJIOHKe, O0JIOKe, 1.Jja-

uc. 3. Metoo asepuoeo saetpoboPeTi:  criuax i Tomow croe

A " [49, 54, 55]. 3OTm xe Ha-

3BaHusl INpPHMEHUMHl H K

IBYMEPHOMY Tesb-3JeKTpodopesy [76], K KOTOpOMy OTHOCATCH

TaKXe HMMyHossaekTpodopes [53, 56, 57] u HMMYHO3JEKTPOPOKY-

cupoBaHue [77], TakK Kak OHH BKJIOYAIOT HMMYHOXH(POY3HIO BO
BTOPOM HATpaBJEHHH. ' ‘

Hpyrue, B 0CHOBHOM NpuOOpHBEIE, METOAB! CB3aHHI €O CIOCO6OM
Oob6HapyXKeHUsl pas3/ie/leHHbIX BeLeCTB H ONpe/eseHHs UX 371eKTpodo-
pernueckoil moxBuxHocTH. Tak, B Merofe paccesiHus cBera [78]
CKOPOCTb JBHXKEHHS YaCTHI[ ONPeAEesAIOT N0 AOMJIEPOBCKOMY CMelle~
HHMIO YacTOThl CBeTa, PacCEeMBAEMOTO ITHMU YacTHLAMH, a B 3JEKT-
podopese TPAHC [79] nuas noJjyyeHus KHHETHUECKHX XapaKTepH-
CTHK, 10 KOTOPBIM MOXXHO OLEHHTb (M3NKO-XHMHYECKHE XapaKTepH-
CTHKH MOJIEKYJI, IPOBOASIT MHOTOKpAaTHOE ONTHYeCKoe CKaHHDOBAaHHe
paszieJIeHHBIX BEIEeCTB.
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3.3.2. IlpubopslL da8 anaruTu4ecKoeo 34eKTpopopesa

OcHoBH MeTOJa 3JeKTpodope3a ¢ NOABHKHOH rpaHHulel, npen-
HasHaUYeHHOTO AJs OIpefeseHHsl 3JIeKTPO(POPETHUECKOH MOABUIKHO-
cru GesKoB, paccMoTpeHHl B paborax /[80, 81]. B Hacrosiee BpeMs
3TOT METOJ He IpUMEHsieTcs H NPEACTaBJSET TOJbKO HCTOPHYECKHH
HHTepec.

Merton Js1azepHOTO 3J1eKTPO(OPETHUECKOTO CBeTOpaccessHus Obli
Beefied B 1971 r. Bapom u @uasiirepom [82]. dtoT MeTOX, B KOTO-
pom oOGbelHHEHB H3MepeHHe CKOPOCTH Ha ocHoBe addekra [lomne-
pa u aJjekrpotdope3 B cBOOOAHOM PacTBOPE, MO3BOJAET ONpPEACJHUTh
MOJIBUXKHOCTb OTHOCHTEJIbHO YHCTBIX 6EJIKOB BCEro 3a HeCKOJBbKO ce-
KyHI «(puc. 3.1). Vlepren [83] ckoHcTpyupoBas npubop, No3BoJsio-
LIMA YCTPAHUTh KOHBEKLHIO 30HBI 6ejKa B CBOGOAHOM pacTBope my-
TeM BpaleHHs TOPU3OHTAJbHOH KBapueBoH TPyOKH, B KOTOPOH mpo-
BOJST 3JeKkTpodope3 BOKPYr ee MpOAOJbHOH ocH (puc. 3.2). Pasne-
JsieMble 30Hbl HAO6J/110JaI0T NMyTeM ONTHYECKOro CKaHHUDOBAaHHS 3TOH
Tpy6ku. Kauumnynac [79] npu u3yyeHHH KHHETHKH 3JeKTpodope-
32 NMPUMEHHJ] TPaJHeHTHl IJIOTHOCTH B BEPTHKAJbHHIX KBaplEBHIX
KOJIOHKax C INOCJeAyIOllMM MHOTOKpPaTHHIM CKaHHpPOBaHHeM (pHC.
3.3). B ckoncrpynpoBaHHoM XoHHHroM M Ap. [84]| mpubGope nas
aHaJIUTUUYECKOTO 3JieKTpodope3a B CBOGOAHOM MOTOKe cTabuinsa-
IUS JOCTHUraeTcs NMPH NMOMOIIM KaNHJJISPHOTO 3a30pa MexAy mJac-
THHAaMH, KOTOpble HaXOASTCS B BLICOKOBOJBLTHOM  3JIEKTPHUYECKOM
noJie, NepneHAHKyJIsIpHOM JlaMHMHapHOMY NOTOKYy Oydepa (puc. 3.4).
Kosnun [85] mnpuMeHHsJ OCTPOyMHBIH MeTOX CTaOW/IM3aUHH 30H B
anekTpodopese ¢ «GeCKOHEUHOH JIEHTOH» KHUAKOCTH: NOJ HeHCTBHEM
3JIEKTPOMArHATHEIX CHJI XKHAKOCTh BpalllaeTcsi B KOJbLUEBOH suefi-
Ke, B TO BpeMs KakK 3apsiXXeHHble YaCTHIIbl JBHXKYTCH B 3JIEKTpHUe-
CKOM ToJie 1o cnupanu (puc. 3.5).

3.3.3. Annaparypa 012 asarutuseckozo pazdesenus
HQ HOCUTEARX PA3AUYHOZO TUNQ

Tunel anmapatypsl, NpHMeHsieMOH NpPH 3JeKTpodope3e HA TAKHUX
HOCHTeNAX, Kak Oymara, MemMOpaHBl U3 aueTaTa LeJJIIOJN03bl, arapo-
3a, KpaxMaJ H TOJHaKPDHJIaMHAHLIHA resb, oueHb NpocTh (puc.3.6).
Bymara u meMO6paHbl H3 auerata LEJJION03bl IOJAEPKHBAIOTCS
JBYMsl CTepXKHSIMH, arapo3od M rejeM Kpaxmajia NOKDHIBAIOT CTEK-
JITHHbIE IJIACTHHKH, a NOJHAKPHJIaMUJHBIA rejib NMOMEIIaloT B CTeK-
JsIHHBIe TPYOKM HJH MeXAy AByMsl njactuHKamu. O6paseln HaHo-
CAT Ha HOCHTeJNb, KOTOPBIH KOHTakTHpyeT ¢ OydepHBIMH pacTBopa-
MH, HaXOASIIHMHCA B COCYAax C NOJIOXKHTEJbHBIM H OTpPHUATEJb-
HBIM 3JeKTpofaMu. Ilocse anekTpodopernueckoro pasuesieHdsi KOM-
NOHEHThl MOXKHO CHeJaTh BUAMMBIMH NPHM NOMOIIH crenudHYecCKHX
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Puc. 3.6. Cxemo. npubopos 0 34eKTpodopesa HA PAZAUYHLIX HOCUTENRX.

a — kpaxmanvroul 2eab; 6 — Oymaza (8bLCOK0B0NLTHBIUL 3neKTpogopes); 8 — bymaza, ayerar
KeAanton03bL UAL @2ap0o3a; 2 — NOAUAKPUAAMUOHbIL 2enb 8 TpYOKe (CTepicHe); O — noauakpun-
amudnol eenb 8 610Ke.

METOJ0B OKpalluBaHUs, HMMYyHOAUGGYy3uu, aBTopanguorpadHu U Ap.
Baaromaps cBoefi npocToTe 3TH MeTOAB HalVIK IIHPOKOE NMPHMEHe-
HHe B OMOJIOTHYECKHX H KJIHHHYECKHX J1a60paToOpHSAX.

3.3.4. Annaparypa 023 npenapaTusrozo pasdenenus
8 JtudKux cpedax

KoHcTpykuun annapaToB JJsi penapaTHBHOTO H aHAJHTHYECKO-
ro pasfieieHHsl HUYeM NPHHUIHUINHAJBHO HE Pa3jHYaloTcs, TOJbKO al-
mapaTel IepBOr0 THIIA, €CTeCTBEHHO, MMeEIOT 6Goabwuil o6beM H
cHa62KeHHBl yCTpoHcTBaMH I/ 3¢p(GEKTHBHOro oxJaxieHusa u cbopa
¢pakuuii. IlpenapaTuBublit sjaekrpodopes B KHUAKOH cpelle MOXKHO
[POBOJHTL KaK B HeNpEepHBHOM, TaK M B NEPHOJIHYECKOM peXKHMe.
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B HenmpepeIBHOM peXHMe OCYIIeCTBJSAIOT, HalpHMep, 3JeKTpodo-

e3 B ceobonHoM noroke [72] u CTA®JIO-anekrpodopes [86].
pynHOMaciuTa6HeIH 3JekTpodope3 6elKOB MOXKHO TaKKe Helpe-
PLIBHO NPOBOJNUTDL B ABYX BePTHKAJbHBIX KOHIEHTPHUECKHX UHJIHMHA-
pax (puc. 3.7). HapyxHblii UHJIMHAD Bpalaercs, 4To66 ob6ecneyuTb
cTabuau3anuIo NepeMelllaloNINXcs BBepX 3apsiKeHHbIX yactuu. Co-
CYABl C 3JIKTPOAAMH PacCIOJOXKEeHb INepneHAHKYJAspHO HampaBsJe-
HHIO TIOTOKA, H NI03TOMY 3JIeKTPHUeCKOe MoJie OTKJOHfeT pasjelse-
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Puc. 3.7. Cxema npubopa 9 npenapatusroz0 npoTOYHO20 3AeKTpodopesa.

Mble BelLecTBa, KOTOpHIE 3aTeM uepe3 OTBEPCTHS B BEPXHEH 4YacTH
amnmapara IocTyNnaloT B cOCyAH A/ c6opa dpakuui.

Crabunusanusi pasfejsieMblX KOMIOHEHTOB Npu paboTe B mepuo-
JIHYECKOM pexXHMe JOCTHIaeTcCsl IPH IOMOILH rpajiieHTa HeKOero Be-
mectBa (caxaposbl, ¢puKoJIa M JAp.), KOTOPOE CONpPHKACaeTcsi ¢
9JIEKTPOJIMTOM, HaXOASLIMMCS B 3JEKTPOAHBIX cocylax (puc. 3.8).
I'panuenT nmjotHocTH GOPMHUPYIOT HaJ CJOeM KOHLEHTPHPOBAHHOIO
pacTBopa BellleCTBA, HCIIOJNb3YEeMOro AJIsl CO3JaHUs rpajgueHTa. DTOT
CJIOH BHINOJIHSET POJb CBOETO POAa Npokaanku. OXJaKAeHHe ocy-
LIecTBJSeTCS M CHapyxXu (BoAsHas py6allka), ¥ U3HYTPH (OXJaxK-
Jaolni UHIMHAD) LHPKYJIUpYIOIlel BOXOH, TeMllepatypa KOTOpOMH
cocraBasier 4°C. TakuMm o6pa3oM, NONmepeyHOe CeyeHHe KOJOHKH
umeer GopMy KOJbLa, oxyaxjaaemoro ¢ obeux cropoH. Ilo okoHua-
HUH sJeKTpodopesa ppakuuu or6UpaloT, BEIIyCKasi COLEPIKUMOE KO-
JIOHKH Yepe3 OTBepCTHE B ee HHIXKHeH YaCTH WJIM BBICACHIBASl €ro MPH
IIOMOILIM Hacoca uYepe3 KamWJJASpHYI TPyOKy B LEHTDe OXJjaxkaa-
folero uuauHapa [87].
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3.3.5. DaekTposruTuneckue cucTemol

UeTnlpe BLIIIEYNOMSHYTHIE 3JIEKTPOJIMTHYECKHE CHCTEMH (pasf.
3.3.1) npuMeHSIOT HE TOJBKO AJSl 3JIEKTPOPOPETHUECKOrO pasjele-
Husi 6eJIKOB, HO TaK¥e C LeJbl0 0XapaKTepH30BaTh 0esKkH, T. €. Oll-
PENEeJHTh H303JEKTPHUECKYIO TOUKY, MOJIEKYJSPHYIO Maccy H CyM-
MapHbIH 3JIEKTDHYECKMA 3apsiil NPH NaHHBIX 3HaueHHsX pH u won-
HOH CHJIHL.

h ©
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Puc. 38. Cxema Tunu4no2o npubopa Oas npenaparusnozo 3AeKTpogiopesa 8 epa-
duenTe nAOTHOCTU.

3aBuCHMOCTb NMOJABHXHOCTH Oeska oT pH ompegessier ero nose-
JleHHe B mpouecce 3JeKTpodopesa, OCyLIecTBAsIEMOr0 OXHHM H3 ONH-
caHHHIX MeToHoB. Ecau npu 3aganHom 3HaueHuu pH cymma Bcex
NOJIOXKHTEJbHBIX 3apAJ0B paBHa CyMMe BCeX OTPHLATENbHBIX 3aps-
0B 1 OOWIHK# 3apsk, cJeROBaTeJbHO, PaBeH HyJ10, 6€J0K HaXOAUTCs
B CBOeH H303JeKTpHuecKoil Touke. IIpu sn1060oM [Apyrom 3HayeHHH
pH o6wmu#i 3apsn 6enka oTiHYaeTcss OT HYJs, H B 3aBHCHMOCTH OT
3HaKa 3apsfa 6esloK mepeMeliaercss K OTPHLIATENbHOMY HJH MOJO-
XuTenbHOMY 3sekTpony. Ilomb6upasi coorBercTBylomue 6ydepHble
pacTBOpPH, MOXHO H06UTbCS TOro, yroObl OesKH NepeMellajJuch C
Pa3JHYHON CKOPOCTbIO HpH AaHHLIX 3HaueHHsX pH (30HHBIN 3JeKT-
podope3 npu nocrosiHHoM 3HaueHuun pH), wmoram pacnoJararbcs
Ipyr 3a ADYrOM B IOCJIEIO0BAaTEJbHOCTH, ONpeleseMol X MOABHXK-
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HocTsiMH (HM30Taxodopes), i GOKYyCHPOBAJHCh B HX H303JIEKTpUYe-
CKMX TOUKax (Mu303JeKTpuueckoe (pokycupoBanue). O6befuHss me-
peuHC/eHHble BbIIe METOAB B ABYMEDHOM 3JeKTpodope3e, MOXKHO
3HAUHTEJbHO YJYYIUHTb paspellaoulyio cnoco6Hoctb. I1pu pasnene-
HUH GeJIKOB, MOJIEKYJIBl KOTOPHIX HMEIOT Pa3JIHYHbIe pa3Mephl, MOXK-
HO, KpOMe TOro, HCMOJIb30BATh MOJIEKYJISIPHO-CHTOBLIE CBOKCTBA IIO-
pucteix rejeii. Ecnu 6enkn o6paboTaTh HOHHBIM JE€TepreHTOM, Ha-
npuMep AoJeuuJcyabdaTom HaTpHs, To 0Opa3ylOTC KOMILIEKCH,
JUIST KOTOPBIX XapaKTePHO NOCTOSIHCTBO OTHOILEHHS 3apsfa K Macce
BXOASILIET0 B HX cocTaB 0esiKa, YTO NO3BOJISIET NPOBECTH pasjesie-
HHe Oe/NKOB HCKJ/IOYHTEJbHO B COOTBETCTBHH C Da3MepaMH HX MO-
JIeKYJI.

3.3.6. 3onunbll snexTpogopes npu nocToaHHom 3Hauernuu pH

TepMuHOM «30HHEIH 3JeKTpodope3 IpH NOCTOSHHOM 3HAaYeHHH
pH» HaswBaloT MeTol pasje/ieHHs] NPH OAMHAaKOBOM 3Hauennu pH
BO Bceil 3JIEKTPOJIUTHUECKOH CHCTeMe, T. €. B pe3epByapax € aHOJ-
HEIM M KaTOAHBIM Oydepamu, B 30He pa3fieleHust H B o6pa3ue (puc.

pH pH
N [ T |
A+B+C N
¢ T
& 1 6 7
B X T+
A +
— —_ — -
1+ 16 7 +|ls 7
Havansras Koweynas
cmadus cmadus

Puc. 3.9. Pacnoaoxenue 301 Ha pA3AU4HbIX CTAOUAX 30HHO20 3NEKTPOdopesa
(A4B+-C — komnonenter o6pasya).

3.9). B mpouecce anexrpodopesa pH Takxke He MeHserca. Ilo-
CKOJIbKY OOlIHe BeJIHYHUHB 3apSifioB GENKOB H, CJIeLOBATEJbHO, HX
aJekTpodopeTnyecKue MOABHXKHOCTH INpH 3aflaHHOM 3HaueHHH pH
3HAYHTE/JbHO pa3juuaroTcs, OeJKH Jydlle BCEro pasfesiTb HMEHHO
B TaKHX cucreMax. 30HHBHIH 3jeKTpodope3 MpeAnoYTHTEIbHEE MpO-
BOAMThH B IleJOYHHIX OydepHBEIX pacTBOpax, TakK Kak GOJIBIIHHCTBO
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6e/IKOB MAaKCHMaJ/bHO 3apsXeHo NpPH BHICOKHX 3HaueHusix pH. B pa-
6ote [67] omucaH psii peKOMeHAyeMbIX Gy(epHbIX CHCTEM C TOYHO
YCTaHOBJIEHHHIMHM BeJHWuYHHaMH pH, HOHHOH cHJIBI U NPOBOLHMOCTH.
Itu OydepHbie pacTBOPH MOXKHO HCIOJNB30BaTh B Ananasone pH or
2,5 no 11 c narepBanamu B 0,5 en. pH.

HocurensiMu B naHHOM ciyyae yalle BCETo CJYXKaT aierar meJ-
J10J103bl [26] u renu arapossl [4]. Paspemaiomas cnoco6HocTh Ta-
KHX CHCTEM OuYeHb HM3Ka H3-3a upe3MepHoro Auc¢dysHoHHOro pas-
MbiBaHusi 30H. IIpuMeHeHHe B KauecTBe HOCHTENsI KPaxMaJbHOrO
WJIH TOJHAKPHJIaMHAHOTO TeJisi 3HAaUYMTEJbHO MOBHILIAET pa3pelao-
IyI0 cIOCOOHOCTb Mpexkae Bcero 6sarofaps MOJEKYJsIPHO-CHTOBO-
my sddekry. MiMmyHoaaekTpodopes [56] sBasercsa ofHON U3 pas-
HOBMJHOCTeH 30HHOro 3JeKTpodope3a INpH MOCTOSHHOM 3HAYEHHH
pH: mocne pasgenenus Geaxku AuPOYHAMPYIOT HaBCTpeuy crenucu-
YeCKMM aHTHTeJaM M HX B3aUMOJeHCTBHE NPHUBOAUT K 06pa30BaHUIO
Ayr HMMyHonpeuunurauuu. IToJyKoJHueCTBEHHYIO OLEHKY KaXXIOro
aHTHT€HHOTO KOMIIOHEHTAa MOKHO BBINOJIHUTH METOAOM 3JIEKTPOHM-
mMyHonudpdysun [57]. Iocne pasneneHnss METOZOM 30HHOTO 3JIEKT-
podopesa aHTHUTeHHBle G6€JKH 3JeKTPO(POPETHYECKH MUIPHDPYIOT B
HanpaBJleHHH, NepNeHAUKYJ/ISPHOM IpeXKHeMy NyTH, B TeJib, COAEp-
Xalluil paBHOMEPHO paclpefielleHHble aHTUTesaa. Bricora o6pasyio-
IIHXCSl NMKOB NPELHNHTALMUN SIBJSETCH MEpOH OTHOCHTEJbHOH KOH-
LleHTpauuu 6eJIKOB B CMECH.

3.3.7. Haoraxogopes

H3soraxogpopes — meTon pasleseHHsi O6eJKOB Ha psj HOCJENO-
BaTeJbHBIX 30H B COOTBETCTBHHM C MX 3JeKTpodopeTHuecKOH mo-
IBHKHOCTBIO [58, 61, 62, 65]. Ilom meificTBHeM NOCTOSIHHOTO TOKa
30HBl 6e/KOB pachoJaraloTcs HeNmoCcpeiCTBEHHO Jpyr 3a Apyrom,
KakK OBl CK/JIaABIBAIOTC B «CTONKY». B NPHCYTCTBUH NIPOTHBOMOHOB
TaKue CTONKHM M3 30H OesKa, UMEIOIIMX pasJHuHbBle 3HaueHus pH,
o6pa3yloTcsi MeXJy BeAyLWIMMH M 3aMBIKalomumu uoHaMmH. CKo-
poCTb, C KOTOpPOH IepeMellaloTcss 30HBI GejKa, H pacnpeleseHue
KOHLEHTpauyuil HOHOB MeXJAy HX TDaHHIAMH ONpefeJsIioTCs KOH-
neHTpanued BeAyIIHX HOHOB. OOGbACHAETCA 3TO CJeLYIOIHM: CKO-
poCTb, C KOTOPOH MHIPHPYeT 3aMbIKalOIIHil HOH, 3aBHCHT OT CKO-
pPOCTH MHI'pAlUu BeAylIero HOHA, T. € HOH C caMoH MaJio# cober-
BEHHOH IOJBHKHOCTBIO NepeMeliaeTcsi C TaKOH Ke CKOpPOCThbIO, KaK
U HOH C CaMOH BBICOKOH NONBHXKHOCTbIO, BCJEACTBHE YyBeJIHYEHHSA
rpajieHTa HampsXKeHHsl B HamnpaBjeHnHd, oOpaTHOM HalpaBJIEHHIO
Murpanuu. BHYTpH cTONKH G6GeJKH KOHIEHTPHDPYIOTCH B Y3KHX 30-
Hax, TaK KaK KOHIEHTpalHusd HOHOB Ha KaXAOH CTOPOHE IBHKYIIEH-
csi rpaHuUB ¢(uKcHpoBaHa coraacHo npurununy Kouabpayma [65].
Pasgnesnenne 30H 6ejKa JOCTHraercs IpH NOMOILU pasfiesuTeselt
(«cnmeficepoB»), T. €. BellecTB, HOHbBl KOTOPHIX 06/1afalOT NPOMEXY-



121 Beaku

TOYHOH 1O CPaBHEHMIO C HCCJIeJyeMbIMH MOHAMH NOJBHIKHOCTBIO.
B kauectBe «cmeficepoB» IJs H3oTaxodopesa ycnelHo NPHMEHSIOT-
csi amoaursl [58].

Kak cxemarnuecku mokasaHo Ha puc. 3.10, o6pasen 6esnka mno-
MelaloT MeX1y BepXHell u HUKHelt OydepHBHIMH cucTeMaMmHu. Bepx-
Huil 6ydep (dasza anpda) comepKHUT 3aMBIKAWOLIHA HOH (KOMIIO-
HeHT /) u npoTHBOHOH (KoMmmoHeHT 6). Huxnuit 6ydep (dpasa Gera)
COAEpKUT BeAyIIHH HOH (KOMIOHEHT 2) U NPOTHBOHOH (KOMIIO-
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Puc. 3.10. Pacnoaoscenue 304 Ha pasauutelx cradusx uszoraxogpopesa (A+B-C —
KomnouenToL 06pasya; 1 — samoikaroujul uox, 2 — sedyuyuil uoH, 6 — NPOTUBOUOHK).

HeHT 6). Komnonentom I MoxeT ObITb OJHO3apAAHBIH HOH ciabo-
ro 3JeKTPOJHUTa, a KOMIOHEHTOM 2 — J000H OLHO-, ABYX- MJIH MHO-
rosapsiiHbIi HOH caa6oro ajnekrpoaura. O6uiuit 115 Bcex a3 Kom-
MOHEHT 6 MOXKeT ObLITh HOHOM KaK CHJBHOTO, TaK M ¢J1aboro 3JjiekrT-
poaura. O6paser, pacTBOPAIOT B HUXXHeM OydepHOM pacTBope BMe-
CTe CO «CmeficepaMu», €CJH TaKOBble HCNOJb3YIoTcs. UTobbl He TOp-
MO3UTh MHrpanuu 6esKOB, B KauecTBe HOCHTe/S OOBIYHO BHIGHpAIOT
MoJIMaKpUJIaMUAHBIA resib ¢ HH3KOH KoHueHTpaunueid. Ilpu ycranos-
JICHHH DPaBHOBECHsl IocJe IPHJIOXKEHHs 3JEeKTPHYECKOro IoJIsS Bce
KOMIIOHEHTHl 06pasla pacno/araloTcs B BHAE CTONKH 30H MeXAYy
¢azamu Gera u g3era. ITa CTONKA CJIOEB MHUIDHPYET KaK JABHXKY-
muiica rpagueHT pH nocrosnHoi mupuHb. ®asbl ajanha u nA3era
HEEHTHYHBI IO COCTABY, HO UX MOXHO Daclno3HaTb, NOCKOJbKY (asa
A3eTa oOpasyercss BHYTDH TeJileBOH MAaTpPHLB, TIJe NOABHXHOCTH
KOMIOHEHTOB I M 6 MOTrYT HECKOJIbKO OTJMYAThCS OT MX IOABHIKHO-
creil B cBo6oaHOM pacTBope. M3oTaxodopes B cBoem HauboJiee pac-
NPOCTPAHEHHOM BHJAE HCIOJBb3YeTCsl B JHCK-dJeKTpodopese Ha cra-
IMH KOHIeHTpHpOBaHusi o6pasua [66, 67].
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3.3.8. Muoeoghasreiii 30HHbLI 3aeKTPOPOpes
(Ouck-anexrpoghopes)

MHorodasHblil 30HHBEIH 3J1eKTpodope3 BKJIOYAET TPH CTALUHU:
a) KoHUeHTpHpoBaHHe ((doKycupoBaHHE) B cioe, 6) pacthoKycupo-
BaHHe H B) coOcTBeHHO pasjiesieHne [67]. Bech mpouecc mpeacrab-
Jsier co60if NporpaMMHpyeMylo IOCJ/eJ0BaTeJbHOCTb CTadHi, KOTO-
prle ompefensioTcs BHIGpDAaHHBIMM TPaHHYHBIMH YCJOBHAMH (pHC.
3.11). IlepBas craaus — KoHueHTpupoBaHue ((okycupoBaHHE) IPO-
BOJAUTCA TaK Xe, KaK U Ipu u3oraxodopese, HO 6e3 «cmercepoB».
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Puc. 3.11. Pacnoaosicenue 30K HQ pasaudnolx cTadusx OUCK-3AeKTpopopesa.

Ha cragun pachoxycupoBaHHst 30HBEI MEpPeXOAAT H3 KOHLUEHTPHPYIO-
mero ress B pasfeaswomuil. B pasjensiomeM reje KOMIOHEHTH
NOJBEPraloTcs «NPOCEHBAHHIO», H, CIEAOBATENbHO, HX MOXBHXKHOCTD
yMeHblllaeTcsl U3-3a 0oJiee BHICOKOH KOHIEHTPAUMH aKpHJAaMuia.
STo pe3Ko HapyllaerT CTaUMOHApHHIE YCJOBHS, KOTOpHle OIpeeJis-
IOT CyLIecTBOBAHHE CTOIKM 30H IpPH u30Taxodopese. Paspensromuti
reJb roToBAT B pasjensiouieM 6ydpepHom pacrBope (¢dasa ramma),
KOTOPBIH COAEPKHUT KOMIIOHEHT 3 u npoTuBonoH 6, pH paszensiomie-
ro reas goJkeH oraudyatbest ot pH ¢aswl Gera (npum murpapuu K
aHony ObiTb GoJee BbicokuM). ITo mepe Toro kak ¢asa Gera MHIpH-
pyeT B pasjensioliuii rejb, co3fnaercs HoBas ¢asza—uaambaa. Ilo
Mepe MHepeMellleHus JBHXKylleHcs rpaHunel (1am6aa/raMmma) Kom-
noHeHT I ¢a3wl A3eTa BCTYNaeT B pas3fefsiolluil rejb, ero NoABHXK-
HOCTh CTAHOBHTCS 60Jibllle MOJBHKHOCTH 6eKOB, 1 KOMIOHeHT I Ha:
yyHaeT ABUraThCAd BNepeld HuX. TakuMm o6pasoM, MOSBJAsSETCH HO-
Basi (asa mu M HOBasl ABMXKYyulascs rpaHuua (mu/nambna), uepes
KOTODYIO IPOXOAAT BCe 30HH GesikoB. OHH pasfeJsiloTcs B COOTBET-
CTBHHM C MX MHIMBUAYaJbHBIMH CKODOCTSIMH, ONpEJe/IieMbIMH BeJH-
yuHO# pH ¢asel nH, NPOBOAMMOCTBIO M BEJHUYHHOH NPHJIOKEHHOrO
HanpsikeHus. BblcOKOMY paspellleHHIO IPH TaKoM pasjejeHHH Ge-
KOB cNmocOOCTBYIOT HECKOJbKO (pakTopoB: a) y3Kas CTaproBasi 30-
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Ha, ofpasywulasici B pesyJbTaTe KOHIEHTPUPOBaHHs; 6) cjaaboe
pasMbIBaHue 30H 3a cyeT Au¢pGysuu Gnarofaps MajoMy pasMepy
Nop pasjeiiolero rejis; B) pasjesleHHe MOJIEKYJ INPOHCXOAHT He
TOJIbKO 110 3apsiiaM, HO H MO pasMmepaM (rejb HrpaeT poJb CBOEroO
poxra :cma). ﬂeﬁCTBHTeJIbHO, €CJIH HCIIOJIb30BaTh Ire€Jib ¢ H3BECTHHIM

;{maiwepom Op, TO MOXKEO ONpENe/HTb pa3Mepbl GEJKOBBIX MOJIEKYJ
[88].
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Puc. 3.12. Cxema onpedesenus nodsuscrocTu beaxa Ry oTHocuteasno cTandapra
(xpacurens, Ry=1) npu pasauunoix xonyenrpayusx axpusamuda (T, %).

Tpagux sasucumocru Ig Ry or T; Kp— xoapuyuent ydepacusanus 6eaxa, kKoTopelli onpede-
AR0T 2pagunecku.

3.3.9. SaexrTpoghoperuueckoe ydepacusanue
8 NOAUAKPUAAMUOHBLX 2eN0X

[Tonoxenue ¢ponra (rpaHuubl nu/mam6aa) npu MHorodasHoMm
30HHOM 3JeKTpodope3se MOXKHO HabMIOJaTh BH3YaJbHO, €CJHH HC-
NoJb30BaThb KpAacHUTeNH. BesHuHHA OTHOCHTENBHONH NOABHXHOCTH
R; ompenensieTcss Kak OTHOLIEHHE PACCTOSIHUSA, NPOHAEHHOrO 30HOM
6Gesnka, K paccTosiHuIO, mpoliieHHoMy KpacuteneM. KoaddunueHTH
ynepxuBanusi Kr HeCKONBKHX GEJKOB MOXKHO ONpEeNeSHTb OLHOBpE-
MEHHO, €CJIi IPUTOTOBHUTD TeJIH C Pa3JHYHOH KOHLEHTpaluei akpuJ-
amuna (7, %), HO ¢ NOCTOSIHHEIM OTHOCHTENbHBIM COJEpKaHHEM
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cupBatomero pearedra (C, %). C 3Toft uenpio s KaxAOro Be-
LIecTBAa HYXXHO IIOCTPOHUTb 3aBUCHMOCTb Ig Ry or T (puc. 3.12). Be-
JUYNHA TaHreHca yrya HakJOHa IOJYy4YeHHOH NPSMOH COOTBETCTBY-
eT Koaduiuenty yaepxuauus Kg. Touka nepeceueHus ¢ ocbio op-
JHHAT XapaKTepH3yeT OTHOCHTEJbHYI0 CBOGOAHYIO NMOIABHIKHOCTL Y.
dTu IBa napaMmeTpa ONpENEJNsIOT COOTBETCTBEHHO pasMep MOJIEKY-
Jbl U ee cyMMapHbi 3apsai. Mcmosnb3oBaB B KauecTBe CTaHZApTOB

psAX r06yJsipHBIX GesIKOB H3BECTHOTO MOJIEKYJsIpHOro pajuyca R,
MOKHO IIOCTPOUTb 3aBHUCHMOCTb Kg OT R, KoTOpasi B KOODAHWHATaX

YKz—R omucuBaercs mpsiMoit. dta KaJuOpOBOYHAs KpHBasi NO3BO-
JseT N0 HalfleHHOMY 3HaueHHI0 Kr OLEHUTb paguyc MOJIEKYJH He-
H3BecTHOro ryoby/sipHoro 6GejKa M, CJlelOBaTeJbHO, €ro MOJIEKY-
JaspHylo maccy [88]. JluneiiHoe cooTHomeHue Mexny Kr U MoJeky-
JISIPHOH MaccOH MOXKHO TaKxKe NMOJYyYHTh M AJ51 Pa3BEPHYTHIX GeJKOB
B (hopMe cTaTHCTHYECKOro Kay6ka (Hampumep, B pacTBOpe AOLELHJ-
cynntara Hatpusi). [lpu anekrpodopese B mOJHAKPHIAMHAHOM reje
B NPHCYTCTBHH HOJeUuJCYydbdhaTa HATPUS ONPENeNsIOT MOJIEKYJsp-
HYI0 Maccy IHCCOHMHMDOBAHHBIX CyGbeJMHHI, 2 HE HATHBHOTO 6eJ-
ka. Orclofa cJiefyer, YTo 4HCIO cyGbeqUHHIL B MoJieKyJe Geska
MOXHO OLIEHHTb, CONOCTABJISISI JaHHbIE 3JIeKTpodope3a B NMOJHAKPHII-
aMHUIHOM rejie B IIPHCYTCTBHH H B OTCYTCTBHE JOAeuuJcyJbdara
HaTpHus.

3.4. N303s1eKTpuueckoe GoKycHpOBaHUE

H3oanekrpuueckoit Toukoit (p/) Geska HaseBaloT BeauunHy pH,
NpH KOTODOH ero cyMMapHHI 3apsifi paBeH Hyiaio. M3oasnekrpuuec-
Koe (OKyCHpPOBaHHE BKJIOHAaeT 3JeKTDOQOpPETHUEeCKYyI0 MHTpauHio
6enka B ycaoBusax rpajauenta pH, koropas npomonxkaercs KO Tex
ilop, moka 6eJIOK He AOCTHDHeT Takoli o6Jactd, rae pH paeen p/
6enka. CymmapHbil 3apsaj 6esKa CTaHOBUTCA PaBHHIM HYJIO, H Oe-
JIOK KOHLEHTPHPYeTCcH B 3TOi 06J1acTH B BHAE Y3KOH 30HHL. Jlio6oe
nepemenieHue 6esnka u3-3a AucdPysuH B CTOPOHY OT 3TOH 30HH Be-
IeT K BOCCTAHOBJIEHHIO €ro 3JeKTDHUeCKoro 3apsiia H, cJefoBa-
TeJbHO, K 3JeKTpodopeTHiecKkoi MHrpauuu B o6paTHOM HampasJe-
Hud. MTak, npu usosjekrpuyeckoM (HOKyCHPOBAHHH 3JEKTPOPOpeTH-
YyeCKHil MaccolmepeHOC U 30HajbHas Au(Qy3uss COBMeCTHO 00yCJIOB-
JIUBAIOT CTALHOHAPHOCTHL Npouecca. benku (okycupyoTcs B pasianu-
HBIX o6Jsactsax rpaguenta pH, ecau ux sHadeHus pl pasjuuHsl, ¥ Ta-
KuM o6Gpasom pasuenstorcs (puc. 3.13). Kpome Toro, p/ koHkper-
HBIX GEJKOB MOXKHO ONpEeJeJHTh HelNOoCPeACTBEHHO NyTeM H3Mepe-
Husg pH B 3oHax ¢okycmpoBaHus. B KauecTBe cpeabl AJs H30-
3JIEKTPHYECKOr0 (OKYCHPOBAHUS NMPUMEHSAIOT IPaJHEHTH IJOTHOCTH
H NOJHaKpHIaMHIHBIE HJIH I'DaHY/JMPOBAHHLIE TeJIH.
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Ipaguent pH cosnaioT nyTeM NpHJIOXKEHHS IMOCTOSIHHOTO 3JEKT-
PHUECKOro HoJsi K cMecH aMdoJuTOB-HOcuTesed (aM(pOTEpHHX cO-
elVHEHHH HHU3KOH MOJIEKYJSApHOH Macchl ¢ OJH3KHMH 3HAYSHHSIMH
pI). Camu aMQONHTHI-HOCHTENH (OKYCHPYIOTCS, T. €. «BBICTpPaHBa-
JOTCSI» BJIOJIb SJIEKTPHUYECKOrO HOJIST OT aHojda K KaToAy B NMOpsAKe
BO3pacTaHus 3HayeHHH pl, popMupys TakuM ob6pasom rpagueHt pH
u obecneunBasi LOCTAaTOUHYI0O O6ydepHYyI0O eMKOCTb H NPOBOAMMOCTh
pactBopa. Tak KaK cyMMapHbIA 3apsAi GeJKa 3aBHCHT OT 3HaYEHUR

, pH 1 pH
e
2z
wrss
] [T T
Havansnas Homeyrnas
cmadus cmadus

Puc. 3.13. Pacnosoxcerue 301 HA PA3AUYHBLX CTAOUAX U303NEKTPOPOKYCUPOBAHUR.

pH okpyxaiomeii cpennl, 6e/10K, NOMeLIeHHbIH B JI060e MECTO rpa-
Iduenra pH, mpuo6Gperaer mo/OXHTEJbHEIH HJIM OTPHLATEJbHH# 3a-
psAl u OGyJeT MHUIDHPOBAaTh II0 HANpAaBJEHHIO K 3JEKTPOAY NPOTH-
BOIIOJIOXXHOR MOJISIPHOCTH O TeX MOpP, NOKa He HOCTHTHeT 00JacTH,
rie pH paBen p/ Genka. Takum o6pa3oMm, IDH H303JEKTDPHUECKOM
(G OKycHpOBaHHH HeT He0OXOAMMOCTH BBOAHTb o6pasel B BHAE OY€Hb
Y3KOH 30HHI.

B craumuoHapHBIX YCJOBHSIX IUHPHHA 30HH (OKycHpyeMmoro Gei-
Ka 3aBHCHT OT Ko3pdunuentra npuddysun D, HanpsKeHHOCTH 3JIEKT-
puueckoro moass E u mapamerpa 3/JeKTPOQOKYCHPOBAHHS p, KOTO-
pHIi B CBOIO Odepefb 3aBHCHT OT KDYTH3HH rpaaunenta pH
[d(pH)/dx] u nakaoHa kpuBoi pH—moaBuxkHOCTh  Geska
[dM/d(pH)] nprm pH=pl, rae M — saekrpodopernueckas Imo-
IBUXKHOCTb, a X — paccrosiiue [93]. CTaHmapTHOe OTKJIOHEHHE ¢ B
3oHe I"aycca ompenensieTcss BhpaKeHHEM

o = (D/pE)Y2 (3.5)
rage
p=—[dM/d (pH)][d (pH)/dx] (3.6)
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YpaBHeHHe 3.5 NMOKa3bIBaeT, 4YTO NPU MaJbX 3HaueHusix D
6osbiuinx 3HaueHHsiXx dM/d(pH), o6elYHO XapaKTepHBIX AJsi GEJNKOB,
BEJIMUHHBl ¢ OYAyT HeGOJBLUIMMH H NMO3TOMY 30HBI GYAYT YETKO Co-
KycupoBaHbl. Elle 6o/ibLiero cy:eHHs 30H MOXKHO HOGHUTHCS MyTeM
yBeJHueHHs KpPyTH3HLI rpaauenta pH, T. e. d(pH)/dx, u ysenuue-
HHs HanpsiXXeHHocTH noJs E. OfHaKo yBeJHuYeHHe HanpsKeHHOCTH
IoJIs HeXeJaTeJbHO M3-3a2 BhIJEJEHHS JKOyJeBa TelJa, KOTOpoe
BbI3bIBaeT KOHBEKIMOHHBIE BO3MYLIEHHS Ha NMyTH MUTrpauuu Geska,
He TOBOPsI y2Ke 0 BO3MOXKHOH JeHaTypauuu 6eska.

H3zoanexTpudeckoe ¢(oKycupoBaHHe obGJafiaeT HauBBICIUEH pas-
pewamwleil cnoco6HOCTbIO, KOTAa-1u060 JOCTHraBlIeHCcs IpH pasje-
Jenun GenkoB mo 3apsaam [58—64, 92]. ST1oT Merox mo3BoJseT
pasfenuTo OesKH, BeJIHUYMHBl p/ KOTODHIX pasjiMyaloTcsi BCEro Ha
0,01 en. pH. Muorna pas Takoro pasfiesieHHsi GHIBA€T HOCTAaTOYHO
pasauuus MexAy JAByMfA CTPYKTypaMH Ha OJHY 3apsiXKeHHYIO rpym-
ny. Ilpu nomolu mMeroxa H303/1€KTPODOKYCHPOBAHHS MOXKHO TaKkKe
00HapyXHTb ApyrHe pas/juyusg B 3apsafax, KOTOpHE, CTPOro rOBO-
pf, He CBS3aHBl C MAaKPOCKONHYECKOH HEroMOreHHOCTbIO SeJsKOB.
Bor HekoTophle u3 (pakTopoB, 06yCJ0OBIUBAIOLIHX TaKHE Pa3JIHUHA:
NOCTTPAHCAALMOHHAs MOAM(DHKALMA NEePBUHYHOH CTPYKTYypH (HampH-
Mep, Je3aMHAHPOBAaHHE), CBA3LIBAHHE JIMTAHJOB, XMMHYeCcKast MOLM-
¢uKanyd, BapHaluu B HeOGGJIKOBBIX KOMIOHEHTaX, HalpHMep JIHIH-
Jax, YyrJeBofax M JpPYrHX NPOCTETHYECKHX IpyNNax, acConHanusi H
OHCCOLMALKSA, H3MeHEHHS OKHCJHTEJbHO-BOCCTAHOBHTENBHOIO CO-
cTosiHUA MeTrajodpepMeHToB. Ecau npu aHajau3e KapTHHBL M30-
9J1eKTPO()OKYCHPOBAHHS HME€Tb B BHAY 3TH (DAKTOPH], TO MOJYyYeH-
Hble JaHHble MOTYT NPHOGPECTH JONOJHHTENbHYIO LEHHOCTb, IIO-
CKOJIbKY B NPHHIIHIIE OHH IIO3BOJISIOT OOHApPYXKHTb MHKPOTreTEpOreH-
HOCTb GEJIKOBBEIX CTPYKTYP. B Hacrosiliee BpeMsi METOA H303JEKTPH-
4eCKOro (JOKyCHpPOBaHHSI NPHMEHSIOT B COUETAHHH C JPYTHMMH 3JIeKT-
poOpeTHIECKHMH METOJaMH, HallpHMep B COYETaHHH C 3JeKTpodo-
pe3oM B MOJIHAKPUJIAMHUIHOM resie B IPUCYTCTBHH JOAELHJCYab(aTa
HaTpHUs, AJIS TMOJNYyYeHHs] ABYMEPHBIX KapT pasje/sieMblX KOMIOHEH-
TOB. B 0AHOM HampaB/IeHHH NPOU3BOAAT pasfiesieHHe 6eJKOB B CO-
OTBETCTBHHM CO 3HAUEHUSIMM UX pl, a B JPYroM — B COOTBETCTBHH C
pa3MepaMH HX MOJIEKYJ, T. €. B COOTBETCTBHH C MX MOJIEKYJISIDHBIMH
maccamu. IIpy momoinu 3THX METOHNOB MOXKHO OXapaKTepH30BaThb
cMecH, cofepxkaiue Thicsiun GenkoB [94]. Eme HeckosnbpKo JeT TO-
My HasajJ pasjejeHHe C TAKHM BLICOKHM DaspelleHHeM OBLJIO MPOCTO
HEMBICJIUMO, @ B HacToOsilllee BpeMS 3TOT METOJ aHa/JH3a HaXOMHT
Bce GoJsiee LIHPOKOEe H Bce GoJsiee ycHellHOe NpPUMEHEHHE B Pa3JiHy-
HBIX OHOXMMHYECKHX HCCJENOBAHUSAX.
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JIUIHIbI

Apuuc Kykcuc

4.1. BBenenue

Hocruxernuss B o6aactH xpomarorpaduu NO3BOJHAH K HAacCTOS-
HieMy BpeMeHH MNOJYYHThb OOLIMPHYI0 HH)OpPMALHUIO O CTPOEHHH I
cBOHCTBaX pa3HOOOpa3HBIX NpeACTaBUTeNeH KJacca JUNuIoB. B pe-
3yJbTaTe NPOCTOE YBJEeYeHHEe NEePepoc/o 3a NMOCAeIHHE AEeCSATHIETHS
B HCTUHHBIH HHTepPeC K XHMHH H OHOXMMHH 3THX COeJMHEeHHH. DTOT
HHTepeC OCHOBBIBAeTCS Ha NOHMMAaHHM TOro ¢akra, YTO JIMMUIBI UT-
paloT BaXXHyl0 DOJb B NOAJAEPXKAHHM OHOJOTHYECKOH CTPYKTYpPH H
¢yHKuuu. B HacTosillee BpeMsi MHorue JabopaTOPDHH 3aHUMAIOTCS
M3yyeHHEeM 3THX COeJHHEHHH KaK Ha TKAaHEBOM, TaK M Ha KJIETOUHOM
H CYOKJEeTOYHOM YpOBHfIX. B CBSI3M ¢ 5THM BO3HHKJA HeOGXOIH-
MOCTb CO3JaHHSI MeTOJOB KOJIHYECTBEHHOIO aHaJu3a MHKpPONpoo,
KOTOpBIE CORepKaT JHUIHAb B KOHIEHTPALWH, YaCTO HaxoAsuelics B
JuanasoHe IpeleJbHOH UYYBCTBUTENbHOCTH OOJIBIIMHCTBA aHAJMTH-
yeckux cucreMm. IlosToMy nocienHue pa3paGoTkH B o6aacTH Xpo-
marorpaduu JHUNUAOB CBSI3aHBl C YBeJHYEHHEM UYyBCTBHTEJBHOCTH
aHa/J{3a M MOBBILIEHHEM TOUHOCTH METOJ0B 00paboTKH 3KCIEepHMEeH-
TaJbHBIX JaHHBIX. O6e nenn B 3HAUHTEIbHOH cTeneHu ObLIH JOCTHI-
HyTHl Gusiarogaps cosfanuio cucrem IDKX u B3)KX, xoHTposupye-
MBIX MHKpPONIPOLIECCOPAMM, YTO NMO3BOJIHKJIO NOJHOCTbIO peaju30BaTb
paspeluanulyo c1ocoO6HOCTL STHX METOJOB.

TCX n I')KX sBasiioTess B HacTosillee BpeMsi HauboJsiee oOlie-
NMPUHSATBIMH PYTHHHBIMH MeTOJaMH, B To BpeMdA Kak BI)KX ycnelu-
HO IpHMeHsieTcsl B TeX CJaydyasx, KOrja BO3MOXHO COYeTaHHe Xo-
pollero pas3pelleHHs] C YYBCTBUTEJbHBIM OOHapyXKeHHEM.

Uncsno paboT, NOCBSAIIEHHBIX HCNOJb30BAHHIO STHX XpOMarorpa-
¢uyecKux MeTONOB JIIsl aHa/u3a JMNHAOB, CTOJb BEJHKO, 4TO B
paMKax OJHOHM IJaBbl 1aTh JNOCTATOYHO NOJIHBEIE WX 0630p He mpen-
CTaBJsieTcsl BO3MOXHbBIM. [103TOMy MBI OrpaHHuYMMCS JIHIIb ONHCAHH-
eM HanboJjiee yAAUHBIX DYTHHHBIX METOAMK KOJHUYECTBEHHOI'O aHaJH-
32 pasJMYHBIX IVIHIEePO- M CUHroJMNUAOB, a TaKXe CBOOOAHBIX
XKHUDHBIX KMCJOT M NpPOCTarJaHAHHOB IOJy4YaeMbX M3 NPHPONHBIX
HcTOYHHUKOB. IIpH o6cyXIeHHH MeTON0B aHa/H3a ONHCAHHHIX 00BEK-
TOB MH 6yleM cchlIaTbcs Ha paboTH, Kacarolluecs NOCTHXKEHHR
COOTBETCTBYIOIIEr0 METOAA MJIH ero THNHYHBIX Npuiaoxenu#. Orna-

130
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Basi JaHb aBrOopaM Gosiee paHHUX paboT, OMyOJHKOBAaHHBIX JO pac-
cMmaTpuBaeMoro 3jech nepuoja (1975—1980 rr.), Mbl BKJIIOUHJIH He-
KOTOpbIE€ U3 3THX PaboT B CIHCOK JHUTEPATYPHI.

IeranbHoe paccMOTpeHHe JIPYTHX acleKTOB Xpomarorpadu JH-
fIMJ0B YHTATeJIb MOXKET HalTH B 0630pax, NMOCBALIEHHBIX KOHKDET-
HbIM XpomaTorpaduueckum Merojam (Hampumep, TCX [1—4], KX
[5—7], B9)KX [8—9]), kuurax [10—13] u 0630pHHIX ctaThsix 6o-
Jee obuiero xapakrepa [14—18].

4.2. IlonyueHue 3KCTPaAKTOB JIHIIHJOB

4.2.1. 9kcrpakyus sunudos us TKarnel

CyuiecTByeT ABa OCHOBHBIX DYTHHHBIX MeETOLA, MO3BOJSIOMUIHX
KOJIMYECTBEHHO 3KCTPAaTHPOBATh JIHNHAbI NPAKTHYECKH BCeX KJaac-
COB KakK M3 caMOH TKaHH, TaK U U3 ee QpaKuUuil.

B HauboJsiee monyJssipHOM MeTOAe, npelJsoxeHHoMm Pouauem u Ap.
[19], skcTpakuuio NPOBOAAT cMechlo Xjaopodopm — meranon (2:1)
M3 pacueTa ABaJuaTh 4acTefl 3KCTparupylomled CMecH Ha OLHY
YacTh TKaHH. DTOT MeTOJ NO3BOJIAET NOJYYUTh AOCTATOYHO BBICOKHH
BBIXOJ HEATpaJbHbIX JHINHAOB, AHALMJITIHIEPOPOCHOTHIHIAOB H
churromunuaos. Jlusodhochosunuasl nNepexonAAT B PAcCTBOP JHIIb
YacTH4YHO, a OoJsiee MosspHBIE KHUCJABIE HOCPONNNUALI MOTYT TEPATh-
csi MpH NpPOMBIBKaX 3KCTPaKTa pacTBOpaMHu coJeil u Bojoi [20].
OpnHako nyreM NpoBeldeHHsS NOBTODHBIX 3KCTPAKUMH H OrpaHHYEHHS
NPOMBIBOK BBIXOJ JIH30JHMIHAOB MOXHO IOBBICUTb JO KOJIHYECTBEH-
Horo [21, 22].

Bropas, Hanbosee momyJ/isipHas MeTOAMKA SKCTPAKUHH JHIHIOB
npensnoxena Biaem u afiepom [23]. DTH aBTOPH NpeAaaraior Co-
J06HIM3HPOBATh JUIOHAB CMeChIO XJopodopm — meraHoa (1:1) us
pacuera ABe YacTH CMecH Ha OJHY dacTb TKaHH. OIHaKoO B 3TOM
ciyyae, KaK M IIPH KCTpakuuu no Meroauke QPonya u Ap., B xode
foc/JelyIOUuX NPOMBIBOK 3KCTpakra BoOJOH HaubGoJsee NOJspHbIE
gucaple ocoaunuasl 1 Au30(GOCHOMUNUAB EPEXOASAT B BOILHYIO
¢asy u, Takum obpasoM, Tepsiorcs. IlpenmyliecTBa U HeLOCTaTKH
STHX METOJOB 3KCTPakKuuW MNojpo6HO ob6cyxpaloTcs B paborax
Heabcona [20] u Llanepa u Hurrou [24]. IlocnenHue aBTOpHI CUH-
TalOT leaecoo0pa3HbIM BBECTH CTAaAHI0O OYHMCTKH NEPBHYHBIX JKCT-
PaKToB.

Ckorry u Ap. [25] yZhajoch MOBBICHTb BBHIXOZ NOJISPHBIX JIMIH-
JOB, 3aMeHHB CMeCb XJOpPOGhOpPM — METAaHOJ Ha CMeCh XJIOpO-
¢opm — 2%-HBIH pacTBOp YKCYCHOM KHCJIOTH B MeTaHose, a Apryp
# llenraBu [26] npuMeHUJH B TexX e LeJsX CMeCh XJI0pohopM —
MeraHoi — 1 M consHas kucaora (4:2:3). He uckiaoueHno, uro
{IpH 3TOM IJa3MaJioreHbl OyAyT NMOTepsiHbl, IOCKOJBKY H3BECTHO,
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YTO OHH PaspylIaTCs BO BpeMs 3KCTPAKUHH NONHGPOCHOHHO3UTOB.
Hanst 6osiee MOMHOrO BbIAEJNEHHS NMOCJIEAHHX B CHCTEMY XJI0podopM—
MeTaHoJ 106aBasau pa3baBjeHHYIO cCOMAHYIO Kucaory [27]. XaH-
coH u Jlecrep [28] mokasaju, 4To csaabolleNOUHBIE CMECH, HaMpH-
Mep 3TaHOoJ — BOJA MJIM 3TAHOJ — BOJAA — AUSTHJOBBIH 3QHp, Npu
NOBBILIEHHBIX TeMIepaTypax 3(G(peKTHBHO 3KCTPAarupyioT MHHO3HTCO-
Iepxamue ¢ochoJUNUAL U3 HHTAKTHBIX KJETOK JPOXKiKell.

IIpocTarman uHel U JApyrHe OKHMCJEHHBIE JXHUPHBIE KHCJOTH 3(-
(eKTHBHO 3KCTParupyiorT IUITHJIOBHIM 3()HpPOM, IOCJIE Yero pacTBOp
MNOAKHUCJAIOT pa30aBJeHHOH JHUMOHHOH HJI MYypPaBbHHOIl KHCJOTOMH
[29, 30]. I1pu ucnosnb30BaHMH OpPraHHYECKHX KHCJIOT OTHAaZaeTr He-
06X0AHMOCTb B MHOTOKDATHOIl POMLIBKE 9KCTPAKTOB BOJOIl H, cJe-
JOBaTebHO, CBOAUTCA K MHUHHMYMY BEDOSITHOCTb IIOTEPH MOJSPHBIX
npocrarjgaiauHos. MuH u corp. [31] H3BJeKaau npocTarJaHIuHbL
n3 1 M docharnoro 6ydepnoro pacrsopa (pH 3,0) cmechio Gen-
301 — puxqaopmerad (9:1). Ilefic-Accuak u ap. [32] ucmoas3so-
BaJH CHCTEMY XJ0PO(GOpM — METaHOJ KaK HayaJbHYI0 SKCTParupy-
IOLlyI0 CMecb [AJ51 BblA€JeHHs INIPOCTarJaHAMHOB H3 TOMOICHATOR
TKaHel.

OTdpunbTpoBaHHbIA NEPBUYHBIA JHIOMAHBIH KCTPAKT MOXKET CO-
nepxatb oT 25 fo 75Y% HeaunuaHbX npumeceil. OJHaKO METaHOJb-
HO-XJIOPOOPMHEI!l 3KCTPAKT MOXKHO B 3HAUHTEJbHOH CTeNeHH OCBO-
6GOIUTH OT BELLECTB HEJHNIUAHOH NMPUPOALI C MOMOILILIO XpOMATOrpa-
(1K Ha KOJMOHKe ¢ AeKcTpaHoBbIM renem :[33]. Kputuueckuit anainz
3TOI Ipouenyphl MpoBefieH B 0630pe [34].

B Hactoslee BpeMs He CYILECTBYeT IIPOCTHIX M HaJEXKHBIX CHO-
c060B BblJeJIeHHs] FaHIVIMO3UAOB M3 3KCTPAKTOB TKaHeH, a B OCHO-
Be GOJIBIUMHCTBA CYLIECTBYIOMIUX JeXHUT MeToauka Posya u corpyn-
HHKOB, B COOTBETCTBHH C KOTOPOH BCe JIMIHABI 3KCTParHpyloT cMe-
cblo XJ10podhOpM — MeTaHOJ, 3aTeM FAHIVIHO3UAbl NIEPEBOASIT B BOJ-
Hyl0o a3y U TOJIyueHHBIH BOAHBIH pacTBOp AuaJau3yloT. Panpmenn u
ITennok [35] paccMoTpesn MHOXKeCTBO MOJAHUGHKANHHA NOJOGHBIX
PYTHHHBIX TNIpOLEAYP H NpPeNJOXKHJIM YCOBEpLICHCTBOBAHHYIO MpO-
CTYI0 METOIHKY SKCTPaKLUHH raHranosufioB. OHa OcHOBaHa Ha cy-
LIECTBYIOUIMX CMOc0o6aX 3KCTPAKUHM M BKIOYAeT CTAaAuI0 AHAJIN3a
NpOTHB KapbOoBakca HJM HCNOJb30BaHHe (GuIbTPOB ¢upmbl  Milli-
pore.

®uanunc u [Ipuserr [36] omucann HOBHIT METOX KOJHYECTBEH-
HOM 3KCTpaKUMH JHNHAOB H3 TKaHH MO3ra €Mechblo Xxjaopodopm —
MeTaHOJ, KOTOPBIl HCKJIOUaeT 3Tal BTOPHYHOH OYHCTKU JHNHAHOTE®
DKCTpakTa Cc NOMOLIbIO XpOMAaTorpaHu Ha HeKCTPAaHOBBIX TeJsisiX
WJH IPOMBIBKY BOZLOH OpraHM4ecKoro sKcrpakra. Heaunuanee se-
1iecTBa, KOTOphle OOBIYHO 3arpsi3HAIOT MeTaHOJIbHO-XJ10POGhODMHELL
3KCTPAKT, NpeJBapPUTEJIbHO SKCTParupylor pasbasiennoit 0,25% -Hoi
YKCYyCHOH KucaoToH. B pesysbrare mocjelyoiiei sKCTpakuuu o6pa-
GoTaHHON TakuM o6pa3om TKaHH 40 o6beMaMu cmecH xa0podopm —
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MeTaHoJ yJaercs BBIACIHTb npuMepHo 979% aunugos. B cokpaiuen-
HOM BapHaHTe NIPOBOMSIT TPETbIO IKCTPAKIHIO, B pe3yJ/bTaTe KOTO-
poit mosyuatot eute 1% nuMOMAOB, U Ha 3TOM BCS NpOleAypa 3aKaH-
yuBaercs. B o6bIUHOM BapuaHTe OCTATOK JIMNHAOB BHIE/SIOT 06pa-
6orkoit Tkauu 1 M HCI c nocaenymomumu ABYMs 3KCTPaKUUAMH —
cHauana 40 o6bemamu cMmecH xJopodopMm ——3TaHOaA {l:2), 3aTtem
40 o6pemamu MeraHosa. ONUCAHHBIM METOAOM YAAJOCh MOJNHOCTHIO
9KCTParupoBaTh JHUIKAb, B TOM YHCJAC W TaHIVIMO3MABl U3 TKAHH
MO3ra CBHHBM, IIDHYEM 3KCTPAKT HE COJepx<as BEeLIeCTB HeJHIH[-
HOM NPHPOAHL.

IIpu sKcTpakuuu JUIOMAOB M3 TKaHeil pacTeHHH THAPOJHTHYEC-
Kue ¢epmeHTH, B yactHocTH docdoaunasy D, ciaenyer meHatypupo-
BaTb HarpeBaHueM. ITox aefictBuem 3THX epMEHTOB B NPHCYTCTBHU
BoAbl U3 (pocaTuanaxosuHa obpasytorcsd dochaTHaHas KUCAOTA U
xonuH :[37, 38], a mpH 3KCTPAKUHM CBeXeH TKaHH METAHOJOM HJIH
3TaHoJoM — ochaTHAuAMeTaHoa U (ochaTHAMISITAHOA COOTBETCT-
BeHHO [38,39]. Onnako ®uanunc ullpuserr [40] axcrparuposa.n
JUNUALl U3 He3pesabix 6060B 6e3 kakux-nmubo ocnoxHenuit. Mx me-
TOJ BKJIIOYAJI NIpeBapUTe/bHYI0 06paboTKy He3dpesabix 6060B Temjaoi
0,25%-Hoil yKCyCHO# KHCJIOTOH ¢ mOCJenylolel 3KCTpakuuei cve-
CbIO XJIOPOOPM — MeTaHOJ. DTa METOAHKA AaeT BO3MOXKHOCTb MOJ-
HOCTbIO BBIAEJHTb JIUNUAB, BKJIIOYas CHJbHOMNOJSPHBIE T'JIHKOJHIIN-
Ibl, HE COAepKalllie NPHMECH HEJUNHAHBIX COeAMHEeHHH.

PesysnbraToM AefCTBUSA JIMIOJHTHYECKHX (epMEeHTOB, BEHICBO6OXK-
JamoLuxcs nocje rubenn Kiaetok [41, 42] mam ux paspyuleHus 3a-
MopaxuBanuem [43], sBseTCs NOBBIILIEHHE KOJHYECTBA CBOOOMHBIX
JKHPHBIX KHCJIOT ¥ /K30 0chOo/UINAOB B IKCTPaKTe TKaHH. 3aMopa-
’KHBaHHe U pa3MesbyeHHe TKaHU NPH TeMiepaType cyxoroJpna [41,
44], No-BHAHMOMY, CHHXKAIOT CKODOCTb JIMNOJH3a W 06pa3oBaHUs
CBOGOJHBIX KUPHBIX KHCJOT. TeM He MeHee mpejioxXeHHass Puaaun-
com u IlpuBerrom [40] o6paGoTka pacTuTeNbHBIX TKaHel pa3baB-
JIEHHOH YKCYyCHOH KHCJIOTOH MOXeT OKa3aTbCs BecbMa IOJIe3HOI U
NPU 9KCTPAKUMU JHUNKUAOB H3 XKUBOTHBIX TKaHEH.

4.2.2. darouposanue aunudos ¢ adcopbenTos

[Tpu npemapaTHBHOM BbIJENEHHH OTHEJbHble TPYNNBl JHIHIOB
0OBIYHO 3JIOUPYIOT C alJcopOeHTa TOH CHCTEMOH pacTBOpHTeNeH, KO-
TOpAas HCIOJb30BaJach IJs HX XpoMaTorpaduueckoro pasjeseHIis.
ITockoapky Takoit mpolecc M3BJIeUeHHSI BelllecTBa OGLIYHO Npenyc-
MaTpHBaeT yAaJjeHHe pacTBODUTeNs NyTeM HCNapeHHus, TO He Bce
CHCTEMbl PacTBODHUTENEH ONMHAKOBO YROGHHEI B 3THX CJy4asiX.

Bce HefiTpasbHBle JMOMJAB MOXKHO 3JIIOHPOBATh C CHJHKArels
XJ0podOopMOM, COAepKallHM HEKOTOPOe KOJHYECTBO METaHoJaa. ATy
CHCTEMY HCIOJIb3YIOT HauOoJee dacro [16, 42], a uucThiii XJOpoO-
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dopm [45], mustunoseiit apup [46], cmecn AMITHIOBHIA 3up —
meraHoa (4:1) [16] u xaopodopm — meranon (9:1) [45. 47]
NPUMEHSIIOT B 3aBHCHMOCTH OT NPHPOAB! BBIAEJEHHOrO HEHTpaJbHO-
ro JUIuja.

JuanuarauuepuHbl MOXKHO 9KCTParkpoBaTh CMEChIO XJI0podhopM —
meraHosa — Boga — 28 % -Hulii pactBop ammuaka (100:50:6:1)
[48], ans BBIAEJEHHS TaHIVIHO3HIOB NPUMEHSIOT CMEChb METAHOJ —
xjopodopm — (2:1) [49]. [1pu BeIReneHHH (HOCHONUTHAOB OGBIUHO
MCIOJIb3YIOT CHCTEMY XJIOPOGhOPM — METAHOJ — YKCYCHAsl KHCA0Ta—
Boja B coorHomeHuax 50:39:1:10 [50], 25:15:4:2 [51] uau
49:49:2:1 [28], a Takxke cucreMy XJ0podhopM — METaHOJI — My-
paBpuHas kucaora (1:1:2) ([52]. IIpu snoupoBaHHH HEHTpPaJbHBIX
¥ NOJSPHBIX JIHMUAOB C CHJIHKare/si, IPONHUTAHHOrO KapOGOHATOM
HaTpHs, alleTaTOM MAarHus, LiaBeJeBOd MM OGOPHOH KHCJIOTOH, HH-
KaKux JOMOJHHUTENbHBIX 3aTPYAHEHHH He BO3HHKAeT. A NPH HCIOJb-
30BaHHM CHJIHKareJ/isl, IPONHTAHHOIO HUTPATOM cepebpa, K 3JIOUpY-
IOLIUM pAaCTBOPUTENSAM HeoOXOAUMO H0OaBHTb HECKOJBKO Kamelb
pasbassennoit (1,5 M) constHOH KHCJIOTHI, YTOOB OCAJUTH COJH Ce-
pe6pa [53].

4.2.3. Mepor npedocroposcrocTu, Heobxodumele npu paboTte
¢ o6pasyamu aunudos

ITockonbKy 60JIBIIHHCTBO JHMIHAOB COJAEPXKHT KHUPHBIE KHCJOTHI
c OfHOH U 6GoJjee NBOHHBIMH CBS3fIMH, OIpeleJeHHble Mephl Mpen-
OCTOPOKHOCTH NpH pabore ¢ 06pasloOM H NpH €ro XpaHeHUH CJely-
er cobaonarth, ¢ TeM 4TOOH H36exaTh ayTOOKHCAeHHs. Ero MoxHO
CBECTH K MHHHMYMY, ecau paboTaTh C pacTBOPHUTE/SIMH, H3 KOTO-
pbIX NpeJBApHUTEJNbHO YHaJeH KHCJIOPOA, H BCE MaHHUNYJSLHU C
npo6oi BHIOJNHATL B aTMocthepe asora [42]. OunineHHBlE SKCTpaK-
Tbl JUIUAOB CJeJyeT XpPaHUTb B IJIOTHO 3aKpPHITHIX (hlaKOHaxX IpH
Hu3kuxX temneparypax (—20°C u HHKe) B NPHCYTCTBHM HHEPTHBIX
pacTBOpHTeJell ¥ rasoB M He CJAHIIKOM J10Jro [48,54]. MoxHo
NPHMEHATh aHTHOKCHAAHTHI, Hampumep 2,6-au-rper-6yTHJI-n-Kpe3od,
KOTOpLIi1 maxe B KoHueHTpauuu MmeHee 0,009 sddexTnBHO npen-
OTBpAIllaeT OKUCJ/HTEJbHOE paclieNyieHHe HeHaChIIEeHHBIX JIHIHIOB
[65]. DTOT aHTHOKCHAAHT JIerKo YAaJHTh XpoMmaTorpaduueckn [34],
OJHaKO cJjelyeT NOMHHTh, uTo npu I'DKX Ha GosblUMHCTBE HOCHTe-
Jiefl ero BpeMsl 3JIOMPOBAHUs COBNALaeT C BpeMEHEM 3JIIOHPOBaHHUS
metnamupucrara [48].

Cieqyer TaKe YuYHThIBaTh, uTo Aaxe npu —20°C npu aau-
TEJbHOM XpaHeHHH o6paslbl TKaHell MOr'yT NOA AelicTBHeM ¢epMeH-
ToB pacuienisaTtbes [43]. M HakoHen, B o6pa3ubl He JOJIKHBI NONa-
JaTh JIMNUAB U ApYyrHe IPHMECH H3 PacTBODHTe/eH, peareHTOB HJH
HCIOJIb3yeMoro o60pya0oBaHHUs.
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4.3. Pa3jesenue JUNHAOB PasjIMUHBIX KJIacCOB

Bce XHBOTHble U pacTHTe/JbHblE TKAaHU COMEPIKAT TaKHe CJIOXK-
Hble CMECH JIHMHAOB, YTO BHIJEJUTh U HJEHTH(HUINDPOBATL BCE KOM-
TIOHEHTHl 3THX CMeceHl KaKHM-i160 OJHHM aHaJHTHYECKHM METOIOM
NpaKTHYECKH HEBO3MOXHO, M HOCTHYb 3TOH LEJH MOXKHO, TOJbKO
06belHHAS HEeCKOJNbKO MeToJoB. IlpeasapurenbHoe pasjeseHue Ju-
MUAOB Ha T'PYNIB], COCTOSIIHE M3 COEIHHEHHI ABYX HJIH TPEX XOpO-
10 0XapaKTepH30BAaHHBIX KJaccoB, obJieryaer InocJjeiyiollee pas-
[CJIeHHe CMeCH Ha HHIMBHAyaJsbHBlE KOMIIOHEHTHI. DTOT IpHEM ceii-
yac UIMPOKO HCIOJB3YeTCs B Tex CJydasX, Korjaa HccJeloBaTelsb
pacrnoJjiaraer LOCTATOYHBIM 3aacOM BpeMeHH U JOCTaTOYHBIM AJIs
NPOBEleHUs] TAKOro MOCJENOBaTebHOTO aHaJH3a KOJHYECTBOM Be-
1ecTsa. B Hacrosee BpeMs CyILIeCTBYyeT HECKOJIBKO OUeHb XOPOIIHX
CHCTEM, BKJIOYAIOUMIUX KOJOHOUHYIO M TOHKOCJOHHYIO XpoMarorpa-
(GHI0, KOTOPbIE MO3BOJSIOT BHIIOJHHUTD 3TOT aHAJH3.

4.3.1. PasOeseHue nOAAPHOLX U HENOAAPHBLY AUNUAOB

Paszjesnenne MOJSIPHBIX M HEMOJSPHBIX JHUNUAOB OOBIYHO BHINOJI-
HSIIOT METOJOM aJcOopOUUOHHON MMM pacHpelesauTelbHOH XpOMaTo-
rpaduu. [Ipu atom, Kak npasuio, GochoNunuAb OTAENSAIOT OT HEHT-
paJbHBIX JIMIUJO0B M CBOOOJAHBIX XKUPHBEIX KHCJOT. Ecin B HCXOAHOH
CMeCH IPHCYTCTBYIOT IVIHKOJHNHAB, UX 0OHApYyXHBAalOT BO (DpaKLH-
X, coJlepKalluX JHIHAL 1POMEXYTOUHOH NOJNSIPHOCTH.

4.3.1.1. Koaonounas xpomaroepagpus

Jnsi npeiBapuTe/]bHOTO OTAEJEHHS IePBHYHOrO 3SKCTpPaKTa JH-
NUA0B B HacTosilee BpeMsi HaubGoJsiee 4acTO HCIOJb3YETCS XpoMma-
Torpacdus Ha KOJIOHKax ¢ KpPeMHHEBOH KHCJOTOH mo meroly Beprer-
pema [56] u Paysepaccoasr. [57,58]. HelirpaibHble munuab npH
9TOM 3JIOMPYIOT € KOJIOHKH XJ0PO(OPMOM, TVIHKOJHIHIAB — aLeTo-
HOM, a (ochOoSUNUAB — METAHOJIOM. ITOT METOX AOCTAaTOYHO 3¢(-
(eKTUBeH NpH pasjieleHNH JUNHAOB NEePBHYHOIO SKCTPAKTa TKaHel
pacrenuit [59—61], MukpoopranuamoB [62—64] u XKUBOTHBIX [65—
71]. ITo3nHee B HEKOTOPHIX, OCOOBIX, CJAydYasiX B Hero GbIIN BHECEHbI
He3HayHTeJbHble H3MeHeHHs. Tak, MVIMKOJHMIHAB OBLIO Npemsoxke-
HO [72, 73] saioMpoBaTh CMeChbIO aneToH — MetaHoa (9:1), a He
alleTOHOM, a TPHIVIHLEPHAb — rekcanom [74,75]. Pysuwu np. [76]
u Hapnou u ap. [77] anoupoBanu ¢ochosunuabl cMecblo XJ0po-
¢opm — meranoan (1:9) Bmecto meraHosa. MHoruM aBTOpam yna-
BaJIOCh NOJIYYUTb OYHIIEHHYIO aleTOHOBYIO (hpaKUHIO MJIMKOJHMHULOB
[78—83]. Asropnl pabor [84, 85] BhIAeasAIH (paKIHIO MJaa3Malo-
FeHOB M3 NEPBHYHBIX 3KCTPAKTOB JIMIHAOB Ha MHKPOKOJIOHKAX C
KpeMHHeBOH Kucjaoroil. Ilpoueaypa BbIfeNeHHS TVIHKOJHIHIOB C [19-
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MOLUBIO XpoMaTorpaduu Ha KoJIOHKe ¢ (JIOPU3UJIOM JEeTaJbHO OIH-
caHa B pabote [12].

Jpyrum pacnpocTpaHeHHBIM METOLOM pasJeseHHs HEMOJSPHBIX
M NOJIADHBIX JHOUJAOB SBJASeTCs aHHMOHOOOMeHHasi xpomatorpadus
Ha DEAE- umn TEAE-uenmonose. Poysep c coasr. [57, 58] u Henb-
coH [20] meranpbHO M3YYHJIHM NPAaKTHUYECKHE ACNEKThl aHHOHOOOMEH-
HOH Xpomarorpauy JHNHAOB, B YaCTHOCTH METOLHUKY 3aNOJHEHHS
KOJIOHKH U Bbl6opa pactBopHuTtens. OHHM NOKa3aJju, YTO HeHTpaJibHble
JIMOHIAB MOXKHO 3JIIOMPOBATh XJOPO(OPMOM, a XOJHHCOAepiKallue
¢dochosunuasl, 1epe6po3uLLl, INMHKOCHAJIOJUIHAB — CMEChIO XJOPO-
¢opm — meranon (9:1). Cmecelo xsmopodpopm — meranon (2:1),
conepxauieii 1%-Hy YKCYCHYIO KHCJOTY, 3JIOUPYIOT docdhaThHanI-
3TAHOJIAMHUHBI, a YKCYCHOH KHCJ0TOH — ochatuauncepus. Has
3/I0MPOBAHHSl KHCJBIX (OChHOIUINAOB HCIONB3YIOT CMECh XJODO-
dopm — MetaHos (4:1), comepxamyio 0,1 M aMMOHHHA-aueTaTHBI
6vdep. Ppakuuio HepaMUANONUTEKCO3HA0B MOXKHO MOJYYHTh JOCTa-
TOUHO YHCTOMW, €CJH NPOBECTH 3JIOHPOBaHHE CMEChIO XJ0pohopm —
mertaHoa (2:1), a 3arem ymaauTb ¢GocHaTHAUIXONHHB U CHHUHIO-
miteanHbl. OnucaHHLIH METON HCIOJNB30BaH BO MHOIMX paboTax, Kak
copemennbix [86, 87], Tak u Gosee paunux [12].

OueHb xopollee pa3fesieHHe MaJblX KOJHYECTB NMOJSAPHBIX U He-
NoASIPHBIX JUIHLOB YAaJoch ocyliecTBUTh MetogoM BI)KX Ha 006-
paueHHoii {{89] n HopMaJsbHO#t [88] dase. [IpenapaTusBHblii Bapu-
aHT IaHHOTO MeToAa omucaH B pabore [90].

4.3.1.2. Toukocaolinas xpomaroepadus

He6oabiine o6pasibl JAUNHLOB AOCTATOYHO YAOOHO pasnelsThb
Ha moasipHblie u HenossipHsle merogom TCX i[14—17, 91]. B cucre-
Max pacrBopuTenei, npeaHasHadeHHpx s TCX dochoaunnuos,
HeliTpaJbHble JIMIHAB MHTPHPYIOT NPAKTHUECKH ¢ (PPOHTOM pacTBoO-
puTe/s, a B 3JIOMPYIOLIMX CHCTeMax, Hcrnoasdyemblx agas TCX
HeliTpaJbHBIX JHNHAO0B, (HOCHONUNUAB U APYrHe NOJIsIpHbIE JIMIMHIAbL
ocTaloTcs Ha crapre. VMHTepecyloline HccaeloBaTesss COEAMHEHHUS
nocjae NpoBeNeHHss XpomMaTorpaduu MOXKHO 3JIIOMPOBAThb € ancop-
GeHTa mMoAXoAsimiedl cmecblo pactBopureseil. OObYHO J106ast 3J110H-
pviomas cucrema, npurofanas ansg TCX noasipHeIX JUMHIA0B, MPHIOA-
Ha TakxkKe AJA 3JI0MPOBaHHs HEHTpPaJbHBIX JHIHAOB, HO He Hao0o-
potr. Ha npakrtuke njs an0HpoBaHusl ¢ ancopOeHTa BEIGHpAIOT Ta-
KVIO CHCTEMY pacTBOpUTeJielf, KOMIIOHEHTE KOTODO# GoJiee JIETYUH.
Henoasipuple JUNHABI Yallle BCEro 3JIOHPYIOT CJAEAYIOLIMMH CHCTe-
MaMH pacTBoOpHTeJseil: xJopodopm — MeTaHon —Boga  (65:25:4)
[92, 93] u xaopodopm — meraHon — 28%-Hbiit pacTBOp amMMuaKa
(13:7:1) [34, 58], a moasipHble NUIHAb — CMECSIMH JIETKHH MeTpo-
JefiHpli 3up — AUSTHIOBBIH 3GHup (B COOTHOUIEHMH OT 7:3 10
9:1) [58, 94], serkuil nerpoJeiinblii 3pup — AUITHNOBEIN dPUD —
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ykcycHaa kucsaora (80:20:1) [51, 95], renTaH — H30MPONUJIOBLIH
a¢up — ykcycHas kuciora (60:40:3) [96].

Oxnako TCX He sBJASETCA caMblM NOAXOASILUIUM METOAOM H3BJe-
YeHHS| TJMKOJHUNHAOB M3 MEePBHUHOrO 3KCTPAKTa JHMNMAOB. B cucre-
max pacrsopureneil fast TCX HeATpasbHBIX JHUNHUIOB TJIXKOJIHIH b
oCTalTCA Ha cTapre, a B cuctemax pacrBopureaei aas TCX nossp-
HBEIX JIMNMAOB OHM MHUTPHPYIOT BMECTe C COCJHHEHHSIMH, BXOAAIIUMH
B rpynny docdosununos. Tem He meHee Burueso u lzanerra [97]
yAaJ0Ch MOJYYHTh OYHILEHHYIO (PPAKIMIO TajakTONHIMAOB U3 Mep-
BUYHOTO 3KcTpakra JunuaoB c¢ nomompto TCX. B paborax Puuie-
pa c cotp. [98, 99] MOKHO HalTH ONHUCAHHE PA3JUYHBIX CHCTEM MJIS
TCX rauKoJunuaoB U raunepodocholnnuaoB.

4.3.2. Boidenenue HenoaspHelx AuUnud08 pPA3AUUHBLY KAACCOB

HefirpanbHble qunuiabl U cBOOOJHBIE KHPHBIE KHCJIOTHI MOXKHO
pasleqnTb Ha COeJHHeHUs, MPUHAAJeKalIue K Pa3/IHYHbIM Kjaccam,
C MOMOLIbI0 MOAHGHKAUUH XpoMaTorpadHyecKHX CHCTEM, IpelHa-
3HAYEHHBIX JJISl pa3flesieHds] HeNoJIApHbBIX M MOJSPHBIX JIHIHIOB.
O6biudo B 3THX nensx npuMeHstor TCX, ofHaKO AOCTAaTOYHO YaCTO
MCIIOJB3YIOT U aACOPGIIMOHHYIO, M PacHpelesHTebHYI0O KOJOHOUHYIO
xpomarorpaduu, ocobeHHo ecau TpebyeTcsi pas3feuTb GoJbliHe
KOJIHYeCTBA BelleCTBaA.

4.3.2.1. Kosonournas xpomaroepagus

Pasnesnenne HeATpasJbHBIX JIMIHAOB Ha COeNHMHEHUs, NpHHAAJe-
JKallue K pasiuyHbIM KJjaccaM, AOCTHTraeTcs: 06bIYHO ¢ NOMOIIBIO af-
cOpOUMOHHON KOJIOHOYHOH Xpomartorpacduu Ha Takux afcopbeHrax,
KaK KpeMHHeBas KucJoTa uJaM ¢uopusua. B pabore [100] nmoxpo6-
HO ONHUCAaHO pa3fiesieHHe HeATPaJbHBIX JHUIHAOB Ha KOJOHKAaX C 3TH-
MU copbeHTaMM W OTMeueHbl HeKOTOphble HeGOosbLIMe DasJHuHs, KO-
TOpPHIE MOXHO HCIO0Jb30BaTb HA NPAKTHKE, B XPOMATOrpaHUECKHX
CBOHCTBaxX KpeMHHeBOH KHCJAOTH H ¢aopusuna. [1pu pasmenennu Ha
(popusnsIe ¥ KPeMHHEBOI KHCJIOTe OYePeHOCTDb 3JIOHPOBaHHS pas-
JUYHBIX KJ14CCOB HEHTpPaJ/bHBIX JIMIHMAOB NDHMEPHO OAMHAKOBa, HO
BpeMs yJepKHBaHUsl MOHOAUETHJINTHLEDHHOB U CBOGOAHBIX MKHPHBIX
KHCJIOT Ha KOJIOHKax ¢ (hJIOpPU3UJOM HECKOJbKO GOJblle, ueM Ha KO-
JIOHKaX C KPeMHHeBOH KucJOTOH. Mcrmosb3ys rpalueHTHOE 3JIOUPO-
Banue (JNHHeHHBIH I'DafHEHT AHITHJIOBOTO 3GbHpa B reKCcaHe), HEeHT-
pa/bHBle JIMOHAB MOXHO Dasfe/IHThb Ha COENUHEHHS THNA YIJeBO-
noponoB (100%-ueit rekcan), adupsl xosecrepuHa M Bocku (1%-
HBIA MU3THJOBBIE 3QUp B rekcaHe), Tpuauuarauuepussl (5% -Hui
JUSTHIOBHH 3(Hup), CBOGOAHBEIE XKUDPHBIE KUCAOTH (18%-HBIl AH3TH-
JoBHIl 3Hup), cBoGOAHBIH Xomectepud  (15%-HBIH  AUSTHJIOBHI
3¢up), auauuarauuepussl (15%-nblit KMaTHAOBLIN 30HP) M MOHO-
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annaraunepunsl (100%-Hblit usTHaOBLIE 3¢up). Ilpu xpomarorpa-
(UM Ha KpeMHHEBOH KHCJIOTe CJOXKHBle 3()HPHl XOJecTepHHA 3JII0U-
pytorcss BMecTe ¢ BockaMu [101], ofHaKO MX MOXKHO pasje/uTh Ha
KOJIOHKe c okcuaom MarHus [102, 103]. Bpems ymepxuBaHus Ha
KO.JOHKe C KPeMHHeBOH KHCJIOTOH CBOGOJLHOrO XoJecTepuHa OJIH3KO
K BpeMeHHM yAepxKuBaHusl X-1,2-IHalNU/TJIHIIEDHHOB, YTO MOXKET
NPHBOJAHTb K YacCTHYHOMY IIepeKpPLIBAHHIO 30H, COOTBETCTBYIOLIHX
3THM coefnHenuaM. [Toaromy ux nasbHefillee pa3feseHne NPOBOLST
Ha KOJIOHKE ¢ KPEMHHEBOH KHCJIOTOH, cojepxamieli 60pHYIO KHCJAOTY
[104]. Ilpoctble 3¢GHpHI raHlepUHA HEZOCTATOYHO OTJIMYAKOTCS MO
NOJIAPHOCTH OT COOTBETCTBYIOIIHX CJOXKHEIX 3(HpPOB, YTOGH HX
MOXHO OBIJIO DasfeNHTb MeTOAOM aAcOpOIHOHHON Xpomarorpaduu
[105]. HanpotuB, ciaoxHble 3GupBl X0JecTepuHa M TPHAUHUJIJIHIE-
PHHBl pa3fenauTb Jerko. CioxHble 3¢QUPH XOJECTepHHA 3JIOHPYIOT
30%-HbIM pacTBopoM GeH30/1a B reKCaHe, a TPHALHJIIHUEPUHB —
100%-ueIM Genzosom [106]. Bocku M TpHALMJITJIHIEPHHB MOXKHO
pasfenuTb, HCHOJbB3Yys IDafMeHTHOE 3JIIOMPOBaHKHe  JHITHJOBBLIM
3(HPOM B JIETKOM NeTPOoJeHHOM 3(Hpe, Ha KOJOHKE C KpeMHHEeBOH
KHCJIOTOH, NpeABapHTeJbHO Ae3aKTHBHPOoBaHHOH 10%-HBIM pacTBo-
poM BOABI B oprannyeckoM pactBopurtese [107]. IIpu xpomartorpa-
$HH CN0XKHBIX 3DHPOB MOJMXO0JA HA KOJOHKE C KPEMHHEBOH KHCJO-
tToit B pabore [108] Obl10 nmpuMeHeHO ABYXCTaAHiHOE 3JIIOHPOBa-
HHe — CHayaJjla T'eKCaHOM, 3aTeM [UITHJIOBHIM 3¢upoM (IpafueHT
ot 0 1o 259%) B rekcaHe.

Xors amcop6uuvOHHas Xxpomatorpadus M0O3BOJAST Pa3fesuThb
JUNHAB Ha (pakUuH, COCTOsLIME H3 COeJWHEHHH ¢ OJUHAKOBBIM
YHCJIOM H THNOM TNOJSDHBIX T'PYNN, Ha pasfiejleHHe BJUSIOT TaK¥Ke
ILJWHA LENU U CTeNeHb HAaCHIIIEHHOCTH OCTaTKa XHPHOH KHCJIOTHI,
TPHCYTCTBYIOIIEH B MOJeKyJe Junuaa. Tak, Ha KoJOHKE ¢ KpeMHHue-
BOil KHCJOTOH MOXHO pa3fesHThb CHHTeTHUYeCKHe TPHALUJIJIHIEPH-
HbBI, COflepKalllie OCTATKH XHPHBIX KHCJOT C KODOTKHMH U IJIMHHBI-
mu nensmu [19], a TakxKe TPHALMITIMLEPHHE MOJIOYHOTO XKHPa,
KOTODHIE COLEPIKAT KHUDPHble KHCJOTH C KODOTKOH M JJIHHHOH LENbIo
{110, 111].

Haunnyuniee paspesieHHe TPHALMJIJIHIEDHHOB MOJIOUHOIO XKHpa,
colepXauiX XKHPHble KHCJOTHl Pa3/HYHON AJHHBI, GHIJIO MOJNYYEHO
1Ipy rPaJIHEHTHOM 3JIIOHPOBAHNH AMITHIOBBIM 3pHpoM (0—9% -HbIv
pactBopoM B rekcane) [112, 113]. IlpucyrcTBHe HeHacCHIIEHHBIX
cBSI3eil B MOJIEKYJe TPHALHMJTIHLEDPHHOB NPHBOAMT K YBeJHUYEHHIO
BpEMEHH YHepXKHBaHHA Npd XpomaTrorpaduu Ha KOJOHKax C KpeM-
HMEBOH KHCJOTOH, mpuuem 3TOT 3¢hdekT 6osee CHIBHO BhIpaXKeH
IpY 3JIOMPOBAHUM MeHee NOJNSPHBIMH pacTBopHTensMH. Tak, HanpH-
Mep, CKBaJeH MOXKeT 3JI0HPOBaThCcH Nocje ckBasnana [114], a He-
HachllleHHble 3(QHPHl XOJECTepPHHA — NOC/Ie HachlleHHbIX [115].

MOoHO- ¥ IMaNUATIHUEPUHB H30MEPU3YIOTCS IpH XpoMaTtorpaduu
Ha afgcopOUHOHHBIX KOJIOHKAX, OJHAKO M30MEPH3alHI0 MOXKHO mpe-
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JIOTBPATUTh, NponutaB ajgcopbeHT GopHOH Kucjoro#t (109 mno mac-
ce) {104, 116].

[TpucyrcTBHe B ocTaTKax XHDHBIX KHCJOT AONOJNHHTEBHBEIX KHC-
JIOpPOACOAepKAIMX (YHKIMOHANBHEIX TPYNN 3HAUMTEJIbHO YBEJHUH-
BaeT UX CPOJACTBO K aJAcOpOeHTy, UTO NO3BOJISIET pa3leJsiTh OKHC-
JIeHHBIE XXHDHble KHCJOTHI U He3aMellleHHble KHUPHble KHCJAOTH (T. €.
He cofepiKalllie KaKHX-IH60 APyrux GyHKIHOHAJBHBEIX TPYII, KpOMe
Kap6okcuiabHoit). Tak, Hanpumep, MeTH/a0BbE 5(HUPH CTeapPHHOBOH
H NMaJbMHTHHOBOH KHCJIOT 3JI0HPYIOTCS GeH30JI0M, cofepxamum 59%
OU3THJI0BOTO 3)Hpa, B TO BpeMs KaK JUIS 3JIOMPOBAHUS CTEapHHO-
BOH M OKCHIIaJIbMHTHHOBOH KucJoT Tpebyerca 40%-HET pacTBOp
sTuHJaunerata B OeH30Jie, METAHOJA HJH AHITHJIOBBIH 3bup [117,
118]. B mpyrux cayuyasix ruJlpOKCHJIHPOBAaHHBIE ¥ He3aMellleHHble
JKUPHBIE KHCJOTHl YIaeTcsl pa3fesUTb IPagUeHTHBIM 3JIOHPOBaHHEM
OU3THIOBBIM 3dupoM B rekcane [119, 120]. B pabore [121] wme-
THJIOKCHIIAJbMUTAT 3JIIOHPOBAJIM CMEChIO AHITHJIOBOIO 3dupa ¢ rek-
caHom U MeraHosoMm (10:5:1).

KoJ/0HKM ¢ KpeMHHEBOH KHCJOTOH 4acTO NPHMEHSIOT AJA pasfie-
JeHHsl NPOCTarJaHAHHOB B COOTBETCTBHH C COJAEpXKaHHEM aTOMOB
KHCJOpOoJa B HX MoJsekyJjax. Ilns xpomarorpacduu npocrarjaHiu-
HOB KaK CBOOOJHBIX KHPHBIX KHCJIOT PEKOMEHAYETCSl HCIOJb30BaTh
cusukarenn, npoMbiThili Kucsoroit [122]. Ilpu pabore ¢ ¢aopusu-
JioM HeoOXOoAuMa IpelBapuTeJbHasi NPOMBIBKAa copOeHTa TemJok
kucaoroi [123]. CBoGoAHbIE KHDHBIE KHCJOTH TaKkKe Das[ensioT
rpajiieHTHLIM 2JIOHPOBAaHHEM, HAaNpUMeD yBeJHYHBash KOHIEHTPalLHIO
sTHJaunerata B rekcade [124], uukJjorekcane [125] uau GeHsose
[126, 127] unu yBesnynBast KOHIEHTPALHIO METAHO/NA B CMECH STHJI-
anerat — 6exsos [122] uau B xsmopocdopme [129, 130]. Hcnoansy-
IOT TakXe CTyneHyaroe sJioupoBanue. IIpu aTOM B 3aBHCHMOCTH OT
HCTOUHHKA NPOCTATJAaHAMHOB MOXKHO NOJYYHTb (PakKIHUH, COLEpHKa-
wue PGA,;, PGA,, PGB, u PGB, (mpun 3J10MpOBaHHH CMeECHIO
stunanerar — 6enson, 3:7), PGE,, PGE, u PGE; (npu amoupo-
BaHMM CMeCblo 3THsaneTat — 6eH30J, 3:2); THAPOKCHIHPOBaHHbIE B
nonoxennu 19 PGA,, PGA,, PGB, PGF,, u PGF,, (npu amawoupo-
BaHHMH CMeCblO 3THJaleTaT — GeH3o0J, 4:1), a Takxke GoJjee moJsip-
Hble COefnHeHHs (IpHU 3JIOHPOBAHMM CMEChIO STHJALETAT — METa-
Hos, 1:1). CxonHoe pa3fieseHHe MOXKHO NMOJYYHTb, NPOBOJS 3JIIOH-
posaune PGA, PGE u PGF (u 19-okcu-PG) cooTBeTcTBeHHO cMe-
caimMu  xJopodopMm — mertaHoa (49:1),  xsopodopm — MeTaHOJ
(96 : 5) u xnopodopm — meraHoa (9:1).

[Ipu pasgesneHuyu MeTHJIOBBIX 3(QHDPOB NMPOCTATrJNAHAHHOB HCIOJb-
3YIOT TaKHe 3JIOUDYIOLIHe CHCTeMbl, KaK 3THJaunerat — 6eH30J
M 3THJALETAT — METaHOJ, B psifie ClyuyaeB He3HAYHTENbHO MOAH(HU-
uupoBaHHble. XpoMaTorpaduelt Ha KOJOHKe ¢ KDEMHHEBOH KHCJIOTOM
BHIIeJeHb MeTaGosuTel npocrarnaiania PGF,, u3 mopcko#i cBuH-
ky [133], PGF,, u3 kpoauka [134] u PGF, u3 kpeicw [131].
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banc6ax u JlaB [123] onucanau GbicTpylo NpOUEAYDY BbiIAEJEHUS
npocraraaiauioB PGA, PGE u PGF Ha MHKDOKOJIOHKE ¢ IpejBa-
pHTE/JbHO NPOMBITEIM KHCJAOTOH ¢Jopusuiom. CorsacHo 3TOH mpo-
uenype, HefiTpaJbHble JUIHABI 3JIOUPYIOT C KOJOHKH CMeChio OeH-
304 — arunaunerar (3:2), PGA u PGF — cmechio GeH30J1 — 3THII-
aneratr — MeraHos (30:20:1), PGE —cmecbio 6eH30J1 — 3THJIALE-
tat — MetaHoa (15:10:1), a PGF —cmechio  6GeH30a — aTHAlle-
Tar — MeraHoa1 (3:2:1). B pa6ore [135] s.iompoBanue mpocta-
IJIaHAHHOB M HX aHAJOroB NPU XpoMmaTorpaduH Ha KOJIOHKE C KpeM-
HHEBOW KHCJOTOH NPOBOAUJH CMECSMH AUITHJOBHIA 3¢up — GeH30.1
(7 : 3), atunanerar — meranos (9:1), a TpomGokcaH B, anouposa-
JII METaHOJIOM.

Xpomarorpadueli Ha KOJIOHKE C KPeMHHEBOH KHCJOTOH MOKHO
OTAEJNHUTb TPHALHUIIVIHIEDHHBI, COAEpXKallue OCTaTKH 3noKcH- [136],
kero- [137], okcu- [138] n anusokcunpousBoAHbx [139] KupHBIX
KIC.JI0T OT TPHALUJIVIMIIEDHHOB, B COCTaBe KOTOPEIX HMEIOTCA OCTaT-
Kil He3aMelIeHHBIX KHDHBLIX KHCJOT, @ TaKKe OUHCTHTh CJOXKHBIE
5()UpHl rJMLepHHa, o6pa3oBaBlIMec B Pe3yJbTaTe ayTOOKHCJEHHS
[137, 138]. Ha Ko/JloHKax ¢ KpeMHHEBOH KHCJIOTOH HJIH (GJIOPH3UIOM
BpeMsl yIAepxKHBaHHS NIPOCTHIX 3GHPOB TJHLEPHHA, COJAepKallUX
OCTaTKH OKHCJEHHBIX XXMPHBIX KHCJOT, 6oJibllle, 4eM Yy COOTBETCT-
ByIOIMX 5(UPOB He3aMelleHHBIX JXUPHEIX KHCJIOT.

Okcup ajloOMHHHSI pPelKO NPHMEHSIOT B KauecTBe afcopbeHTa
IS KOJIOHOYHO! Xpomarorpaduu HeHTpaJbHBIX JIHIHJOB, NOCKOJb-
Ky Ha HeM MOXeT INPOHCXOAUTb T'MJPOJIH3 CJIO0XKHEIX 3(hHPOB TIJH-
uepuHa. OfHako aBTOpH paboThl [13] mucnonb30Basu OKCHI aJIOMHU-
HHsl /ST KOJIOHOYHOI XpoMaTorpaduu pPTYTHOALETATHHIX afAyKTOB.
YrieBoLOPOLHbIE COEJUHEHHS JIETKO DJIOUPYIOTCS C TaKOH KOJOHKH
rexcaHoMm [141].

FnaBHEIM HelOCTAaTKOM afcOpOIHOHHOH KOJOHOYHOH XpOoMaTo-
rpadun JUNHAOB SBJASIETCS CJAOXKHOCTH OOHapyXKeHHs BeLIecTB B
amoare. O6biyHO xpoMaTorpaduyeckue Gpakuuu ynapuBaioT HOCY-
Xa W B3BELIHBAIOT WJIK ONPENEJSIOT cocTaB aaoata Metogom TCX.
HenpepriBHoe o6HapyKeHHe KOMIOHEHTOB CMECH B [IOCTYMalolleM H3
KOJIOHKH 3Jj10ate 6bljo 6B MpelnouTHTeJbHEe, OMHAKO ero yJaaercs
OCYLIECTBHTh JHIIL B CYMTAHHBIX caydasx [142, 143]*.

4.3.2.2. Tonkocaolinas xpomarozpagpus

C nomompio TCX Ha cuiuKarensix pas3iHUHBIX THIOB YJaeTcs
JOCTHYb IPAKTHUECKH TAKOIo XK€ pa3JejieHHus HEﬁTpaJIbeIX JIUIIH-
JJOB Ha OTAeJbHble KJacCChbl, KAK H Ha KOJIOHK2aX C CpJIOpHSPIJIOM

* HauGosee HHPOPMATHBHBIM U YHHBEPCAJbHEIM SIBJSIETCS!, MO-BUHAHMOMY, THG-
PUIHEI METOA, B KOTOPOM KHJAKOCTHOH XpomaTorpad o6belHHeH C Macc-CeKTpo-
meTpoM (cM., HanpuMep, Arpino P. J., Guichon G., Anal. Chem.,, 51, 682A (1979);
Games D. E., Adv. Chromatogr., 21, 1 (1983). — [Tpun. ped.
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uin KpeMmHueBo#l kKucmotoil. IlpemapatuBnyilo TCX wacto npume-
HAIOT BMECTO KOJIOHOYHOI Xxpomartorpatuu [14, 17], mockoJbKy
TCX uMeer psii, IpeHMYLIeCTB: Jiyylllee paspellleHHe, 3HAUUTENbHO
60MbIIYI0O CKOPOCTb 3JIOMpPOBaHHs, 6oJjiee 3(¢eKTHBHOe oOHapyxKe-
HHe TPHMECHBIX KOMIIOHEHTOB CMeCH, a TaKxke MAOCTYNHOCTb BCeX
xpoMaTtorpadupyemMblx BellecTB B IpOLeCCe XpoMaTorpadupoBaHus
W mocJse ero 3aBepuieHusi. Bo MHOrHx JabopaTopusix AJs paspedie-
HUS CJIOXKHBIX cMecell HeHTpaJIbHBIX JIHNHAOB H CBOOOJHEIX XKHPHBIX
KHCJIOT O CHX MOp TOJb3YIOTCS CHCTeMOH TneTpoJiedHBIl 3dup
(ppakuuss ¢ 1. kun, 60—70°C) — nusTHAOBBIEL 3dHP — YKCycHAs
xucaora (90:10:1 uau 35:15:1), npeanoxensoli MaHronbaom 4
Maunuucom [144].

IlosgHee MHOrwe wuccnefoBaTteNd MOAM(DHLUHPOBANU CHCTEMY,
3aMeHsis NeTpoJefHbldl 3pup Ha H-NEHTaH, H-TeKCaH WJH H-TeNTaH,
a YKCYCHYIO KHCJOTYy —Ha MYPaBbHHYIO, OAHAKO CYLIECTBEHHO
YJAYYIIHTh pa3pelleHHe WM He ylaBajoch. B Takux cucreMax, uc-
MOJIb3yeMbIX AJisi (PaKLUHOHUPOBAHHSI HEHTPAJBHBIX JIMMHJOB, MO-
HOQUWITJIHIEPHHB W (QOCHOJHUNHAB OCTAIOTCS Ha CTapTe, B TO
BpeMsl KaK HauMeHee MOJIILHbIE YIJeBOJOPOABI MUTPUPYIOT BOJIH3H
¢poHTa pacTBOpHTENs, a OoJjiee WM MEHee MOJHOCTbIO pa3iensior-
¢sl JIUMHABL C NPOMEXYTOYHOH MOJISPHOCTBIO. B paccMOTpeHHOH BhI-
ule cucreme HaOJmofaeTcs ciaeAylOLlas O4YepefHOCTb 3JIOHPOBAHHUS
HeATpaJIbHBIX JIHNMHAOB: YIVIEBOJOPOABI, CJOXHBIE 3(HPHl XOJecTe-
puHa, MeTHJOBBEe 3(HPH KHPHBIX KHCJOT, TPHALHJITJIHIEPHHH,
CcBOOOJHbIe 2KHUPHble KHCJOTH, MAHAUMJAMJIHLEDHHB M CBOGOAHBIH
xosecrepun [145]. lllapad u ap. [146] ycnemwHo pasgensiiu caox-
Hble cMecH HeHTpasbHBIX JunuaoB MetrogoM TCX mo Tako# cxeme:
CHayaJjla 3JIOMPOBaHHe IPOBOAMJHM TIEKCAaHOM JO IIPOJABHIKEHHS
¢poHTA pacTBOPHTENs IO OTMeTKH 19 cM OT cTapToBOIil JHHUH, HOC-
Jle yero rekca saMeHsiin Ha Oensos. Korza ¢poHT pacrBoputens
nepeMentajcs eile Ha 19 cM, NJacTHHKY U3 OeH30J1a NEPEHOCHJH B
CHCTEMY reKCaH — JUITHJIOBBI 3(up — yKcycHas KHCJIOTa
(70:30:1), rae moc/e NpoXoXKAeHHS (POHTOM PaCTBOPHTENS 9 CM
3aKaHuYWBaJu ajaloupoBanue. Ha mosnyuenHo#t B pesyabraTe xpoma-
Torpamme HabJIOfAJHCh pasfiefleHHble 30HB CKBaJieHa, CJOMXKHBIX
2(UpOB XOJNeCTepPHHAa, BOCKOB, AHOJOBHIX 3()HPOB M METHJOBHIX
3QupOB, aleTOHHAOB NPOCTHIX 3(PHPOB IVIHLIEDPHHA, XKUPHBEIX KHCJIOT,
XOJleCTepPHHA M AMALMJITJIHIEPHHOB.

Ban mep Bycce u mp. [147] mpeanoxunu nposogutrs TCX B
cucreMe xs0poopM — MeTaHOJ — BOa — YKCYCHag KHCJIOTa
(10:10:1:1) po mocTHXKeHHST (POHTOM DACTBODHTENS OTMETKH
1 cm oT Mecta HaHeceHHsi o0pasua, a 3aTeM Da3fessiTb HEHTPasb-
#ible JIMOHABI B CHCTeME T[EKCaH — AUSTHJIOBBIH 3dHp — yKcycHas
kucaora (240:50:3). 1,3- u 1,2-[Inaunaribuepussl  yjpaercs a¢-
({EeKTHBHO OTAEJIHTb OT XOJIECTEPHHA B CHCTEMaX JH3THJOBHIH
shup — nsookran (4:1) [148], xaopodpopm — aueron — meranoa
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(96:4:1) [66, 149], a Takxke NIpOBOAA pasjeleHHe cHavajla B
cucreme xaopodopMm — MeTaHON — Bofa (65:25:4), a 3aTem B
cucreMe xjopodopm —rekcan (3:1) [150]. Maunua u gp. [151]
H Oo u Hltymng [152] pasmeaunn MOHO-, IH- B TPHALHJIJIHIEDHU-
HBl H XKHPHBIE KHCJOTHI B CHCTEMe JHITHJIOBBIA 3(QuD — GEH30J —
aTaHoOJ — yKcycHast kucsora (400:500:20:1).

IlponuTka cujnKareiss 6opataMu INpeNnsTCTByeT H30MepH3aluk
MOHO- H JHALHMJTJIHLEPHHOB, a TaKXe yJydllaeT pasjesieHHe HX
usomepoB [153]. Tak, u3omMepHble MOHOALHJIJIHUEPHHBl MOXKHO
pasmesuTb Ha CHJHKAreJeBHIX IJIACTHHKAX, NPONHTAaHHBIX b—
10%-ubIM GopaTHbIM GydepoMm, B CHCTEME XJI0POYOPM — alleTOH
(24:1). st OYHCTKH 2-MOHOALHMJIIVIMLIEPHHOB Obljla HCIOJb30BaHa
6osee cJioXKHasl cUCTeMa PacTBOpHTeNeH: XJ0pOopopM — aleTOH —
MeTaHoJ — yKcycHasg Kucaora (170:25:5:1) [154]. Penkonen
[155] paspmenssn HeHTpasbHBle JIMNHABL DPa3JHYHBIX KJAccoB Ha
niactuHkax, nponutaHubx 0,1 M GopatueiM OydepoM, B cucreme
xJopodopm — metaHoa — 3,5 M pactBop amMHaka (65:35:8), a
JIam6 u pp. [156] Hcnosb20Baju B aHAJOTHYHBIX LEJNSAX CHCTEMY
reKCaH — JUATHIOBLIH 3dup — yKcycHass Kucjaora (75:25:2).

Ho6asnsiss B cucreMy pacroputeseit ania TCX tpumernnbopar,
MOXKHO MPeJOTBPATHTh H3OMEPH3aLHI0 alHJArJIHIepHHOB [157].
MsoMepusauun MOHO- H AHALMJTJIHLEPHHOB Ha IJIACTHHKAX C CH-
JIHKarejeM Ipolle Bcero u3bexaTb, €CIM NPOBOAHTb XPOMAaTOrpa-
¢bupoBaHHe He CAMUX ALMJIITHLIEPHHOB, a COOTBETCTBYIOLIUX IIPOU3-
BOAHBIX. MOHO- M JHALMJTHLIEPHHB MOXHO NEPEBECTH B alleTaThi
U TpeT-OyTHIJHMETHICHINI0Bbe 3(upe. O0a 3THX THIA NPOH3-
BOJIHBIX JIOCTATOYHO CTaGHJIbHBI B YCJOBHSIX XpoMaTorpaduu, H HX
MOXKHO OTJAEJHTb OT JPYFHX HEHTPAJbHBIX JIHNHAOB B :PAa3JHUYHBIX
cucremax pacrBopuresei aas TCX atux saunugos [16]. Anerats
MOHO- M JAHAUHJIVIHLEDPHHOB IO XpoMaTorpadHuecKHM CBOHCTBaAM
CXOMHBI C TPHALMJIIMJIHIEPHHAMH, COLEPKAIUUMH OCTATKH KOPOTKO-
LEeNOYeyHbIX KHUPHBIX KUCJOT. TPHAUMIIIHLEPHHH M alleTaThl AHa-
IHJITJHIEPHHOB, B COCTaB KOTOPBIX BXOASIT OCTAaTKH KOPOTKOLEINO-
YeUHBIX KHDHBIX KHCJIOT, MOXHO OTJA€/JHTb OT COOTBETCTBYIOIIUX
TPH- ¥ AHALMJIMVIHIEDHHOB, cOJepXKall¥uX OCTATKH AJHHHOLENOYed-
HBIX KHDHBIX KHCJOT, B CHCTeMe NEeTPOJIeHHBId 3GHP — AHUITHJIOBHIi
abup (4:1) [158—160]. Yayumute paspelleHHe TpHALHJIIHLEDH-
HOB, COJEpKaIIUX KOPOTKHE U MAJHHHBIE AlHJbHBIE OCTATKH, MOXK-
HO, NpHMMEHAs ABE CHCTEMBbl 3JIIOEHTOB: MNETPOJeHHBIH 3¢up — AU-
STHJIOBBIN 2(pHp — yKcycHast kucjora (80:20:1) u guusomponuJo-
BHl aHp — yKcycHas kucjaora (24:1). Brauase mpoBomaT aBy-
KpaTHoOe 3JIoHpoBaHHe (mo 18 cM Kaxjaoe) nepBoi cHcTeMoil, nocJe
yero 3Jji0eHT MeHsI0T. Korsia ¢poHT BTOPOH cHCTeMBI pacTBOpHTE-
Jeit mpoiifer 2 cM, 3JI0HpPOBaHHe 3aKaHyuBaloT [161].

ABropnl pabothl [162] ounmiasn kap6oHaThl l-MoHoauuarIHIe-
puHoB ¥ 3-MoHoanusrjuuepunHoB meromom TCX, ucnoabsys B ka-
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gecTBe pactBopurens 1,2-muxsnopatad. [Ipy TCX ankuia- u anke-
HUJIIPOM3BOAHBIX AUMJITJIHIEPHHOB B GOJIBIIMHCTBE ONHCAHHBIX BBI-
{le CHCTEM 3TH COEJIUHEHHS He OTJeJSIOTCS OT COOTBETCTBYIOIIHX
auuarauuepusos. B pabore [16]i paccMOoTpeHbl TNPHIOJHBIE AJS
TaKOro pasie/ieHUs] CHCTeMbl pacTBopuTeseidl. TpHALMITIHIEPHHBI
U HX AJKHJIOBble 3(HUPBHl MOXKHO IOJHOCTBIO pPa3AeJUTb B CHCTEME
reKcaH — IH3THIOBHIH adup (19:1) [163].

Xopouee paspellleHHe aueTaTOB 1-a/KHJ-2-aUUITIHLIEPHHOB,
aneraroB l-ankeH-1-ui-2-aluJarauuepuHoB U 1,2-IHALHITIHIEPHHOB
OBLJIO TOJIYYEHO NPH Pas3jeeHUH STHX COeJHHEHHH MeTOHOM MABY-
craguiinoit TCX cmawaja B cucTeMe TeKCaH — JU3THJIOBHIH 3GHD
(1:1), 3atem B Toayose [164, 165] (unmu B cucreMe G6GeH30Jd —
TeKCaH — AMITHIOBHIH 3)Up — yKcycHas kucaota (45:50:5:1)
Jubo B GeHsose [166]).

AnkeHunauun-, ajKuJaUUI- ¥ AHALMJITJIUIEDPHHBl pa3fensiorT
merofom TCX He TOJBKO B BHIE alleTaToB, HO H B BHJAE APYTHX
fIDOH3BOIHBIX, HANpPHMEp TpeT-OyTHJIIUMETHJICHIHIOBEX 3(hHPOB
[167]. XomecTepuH MOXKHO OTAEJNHTb OT AHAUMJTJIMLEDPHHOB H aJ-
wugauuaraunepusos nocpencrBom TCX B cucreMe ximopodopm —
MeTaHoJ — yKcycHass kuciaora (98:2:1) [163]. Takoro ke pe-
3yJbTaTa MOMXHO LOCTHYb IyTeM pasJeseHHs] [peJBapUTENbHO
ALETHJIHPOBAHHBIX KOMIIOHEHTOB CMECH B CHCTEMe TelTaH — H30mpo-
TIHJIOBBIA 3(up — yKcycHas Kucaota (15:15:1) [16]. TIlpnuem
Pa3iesieHHe HX aHAJOrOB C NPOCTOH 3(HPHOH CBA3BIO MOXHO Ipen-
OTBPaTHTh, ecau npoBoAuTb TCX B cHCcTeMe rekcaH — NUITHJIOBHIA
a¢up — 28%-ueiit pacTBop ammuaxka (40:60:1) [163].

WM3oMepHBEIe MOHOAJNKHJTJIHIEPHHBL JIETKO Pa3fAesiOTCS METOAOM
TCX Ha nJacTHHKax ¢ cuiukaresaem, nponutaHHbiM 109%-Heim 6o-
paTHeiM OydepoM B cucreMme xJopodopm — auertoH (24:1) [153].
Tlpu atom crenpyer ydyuTHIBaTh TOT (aKT, 4TO B 3TOH CHCTEME NpO-
CTHle aJKUJIOBBle 5GUpPHI IVIKLEPUHOB MHUTPHDYIOT OBICTpEE COOTBET-
CTBYIOLIMX MOHO- W JWauUWJIrIHUepuHoB [168]. Ha maactunkax
CHJIHKAreJsl, NPONUTAaHHOrO 60paTHBIM Oy(HepoM, MOKHO MOJYYHTh
xopoluee pasfejeHue 1,3- w 1,2-ankunaunuaraunepusos. Ha mna-
CTHHKaX CHJIMKAaresisl, TPOMUTAHHOI'O PAcCTBOPOM COJIH MBILIbIKOBOM
KHCJIOTHI, TIPH 3JIOMPOBAHHH CHCTEMOH 3TaHOJ — xyopodopm (1:9)
OUEpeHOCTh 3JNIOHPOBaHHs 1,3- W 1,2-aJKHIaLUNTJIHLEDHHOB Me-
userca Ha obpartuyio [163]. Pasnmenenne 1- u 2-MoHOaNKHIATIHIE-
“PHHOB MOXHO TPOBOAMTH M Ha NJIACTHHKAX C CHJHKArejeMm, He CO-
Jep¥kaleM HUKaKuX N06aBOK, €CJH HCI0Jb30BaTh 12-KOMNOHEHT-
nywo amoupyioumylo cucreMy Kynna [169]. Kucable pactsoputens,
BHI3BIBAIOIIHE H30MEPH3ALHI0O CJIOXKHBIX 3(HUPOB TIJHLEpHHA, He
0Ka3bIBAlOT aHAJIOTHYHOTO BJHMSHHUS HA €ro NpocThie 3(QupHL.

JKupHBle KHCJOTHL ¢ JONOJHHTENBHBIMH (YHKIHOHAJIbHBIMH
rPyNNaMHu, HamnpHMep THADOKCHJbHHIMHM, W 3(HPH TJIHIEPHHOB R
TaKHX KHCJOT MMEIOT MEeHbIIYI0 XpoMaTorpaduuecKyio moJBUKHOCTh
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N0 CPaBHEHMIO ¢ COOTBETCTBYIOLIMMH JXHPHBIMH KHCJIOTaMH, He CO-
JAepXkalllUMH YKa3aHHBIX rpynn, u 3¢HpaMu [JHIEPHHA U 3THX
KuCJI0T. Tlo3TOMY 3IOKCH-, KeTOo-, OKCH- M AHOKCHIIDOH3BOIHBIE Me-
THJIOBOTO 3(QHpa CTeapUHOBOH KHCJOTH MOXHO OTAENHUTb OT COOT-
BETCTBYIOILEro 3¢Hpa CTeapHHOBOH KHCJOTH, He COAep¥Kallero ne-
peuncaenusix rpynn [170, 171].

YHoBleTBOpHUTENbHOE pa3pellleHHe MKHUPHBIX KHCJIOT M HX 2-OK-
CHIPOM3BOJHBIX GbLT0 mMosyueHo npu TCX B cucreMe neTposedHbli
3¢up — NUSTHIOBHI 3¢up — yKcycHass kucjgora (80:20:1 nam
90:10:1) [172]. TTo3HUHOKHBIEe H30MEPHl MOHO- M AHOKCHIIDOH3-
BOJHBIX XHDHBIX KHCJIOT MOXHO pasfeiutb Metojgom TCX B cu-
cTeMe JAUITHJIOBBIA 3¢up —rekcan (4:1) [173]. Mauyma u ap.
[174] nposenn mpenapatuBHoe pasjeneHne 9- u 13-oKcHcTeapaTos
npu nomomu TCX B cucreMax [AHSTHJIOBBI 3(HUD — neTposieiiHbiit
abup (l:1) wuam rexkcaH — AUSTHIOBHIH adup (3:2). 71peo- n
apurpo-V13oMepbl BHUHHAJIbHBIX JHOKCHIQHDOB MOXKHO pasle/HuTh
Ha CHJIHKarese, MPONUTaHHOM Gopuoil Kucmaorod [175]. Hpyrue
NpHUMepBbl pa3jieJleHuss paccMaTtpuBalorcs B pasf. 4.4.1.

JKupHble KHCJIOTBI MOXKHO TaKxXe Pa3iesJHTb B COOTBETCTBHH C
ux anunoii uenu. Kpucrmancen u ap. [176] ouncTuan 3pyKoBylo
kucjory ¢ nomouiplo TCX B cucreme merposieHHBIH 3PHp —AUITU-
70BBIT 3¢pup — yKcycHasi kucaora (113:20:1), a Jluucduag u Aap.
[177] Beimennnu HOBYIO XKUPHYIO KHCJOTY ¢ AJHH0H Henu 30 yrie-
POIHBIX aTOMOB H3 MOpcKoH ry6xku mocpenctBom TCX B cucreme
rekcaH — JU3THIOBHIH 3¢dup (19:1). MukoseBbe KHCJIOTH — KHC-
JIOTHl C JOCTAaTOYHO GOJbIICH MOJIEKYJSIDHOH MaccoH, coxeprKalliue
PUJIPOKCHJIbHYIO T'PYIIYy B INMOJOXEHHW 3 M JJHHHOLENOYEUHBIH aJ-
KWJIbHBIH 3aMECTHTE/b B MOJIOXKEHUH 2, JIerKO OTAeNSIOTCS OT 06blu-
HBIX JXKHDHBIX KHCJIOT H MHKOJIEBBIX KHCJOT ¢ KapOOHHJBHOII, Kap-
6OKCUJIBHOH W METHJIbHOH TpynnaMu C IOMOLIbIO  JABYCTaAUHHOM
TCX. CHayasa 3JI0MPOBaHHE NPOBOAAT B CHCTEMEe NETpPOJeHHEL
s¢up — aueron (7:3); Korfa (POHT PACTBOPHTEJS NEPEMECTHTCS
Ha paccTosiHHE 8 cM, 3Ty CHCTEMY MEHSIOT Ha CMecCb MNeTpOoJieiHblik
3¢up — AusTHAOBEIH 3¢up (17:3) u naloT QPOHTY pacTBOPHTENS
no#itu 1o ormetku 15 cm [178].

CiloKHble CMeCH MHKOJIEBBIX KHCJOT PasfefsioT METOJIOM MABY-
mepuoii TCX, npu 3TOM HamujyulllHe pe3ysabTaThl MAalOT TPeXKparT-
HOe 3JIIOMDOBaHHE CMeCblo NeTPOoJIeHHHH 3¢pHp —aueton (19:1) B
ONHOM HaNpaBJeHHH M NocJefylollee ONHOKPATHOE 3JIIOHPOBAaHHE
CMeCbIO TeX e KOMIIOHEHTOB, HO B3SITHIX B COOTHOIIeHHH 99:1, =
ApyroM HampasJeHHH. [Ipu pasfe/eHHH ONHCAaHHBIM METOAOM Me-
TAHOJIbHBIX 3KCTPAKTOB Da3JHYHBIX OaKTepHH, COIEepKAIIMX MHKO-
JieBble KHCJIOTHI, MOJIy4eHbl paspellieHHble 30Hbl METHJIOBHIX 3(QHPOB
MHKOJIEBOH, METOKCHMHKOJIEBOH, KeTOMHKOJIEBOH, ®-KapGOKCHMHKO-
JIeBOM, HETMJPOKCHJIHDOBAHHHIX JKHPHBIX KHCJIOT, a TakKxXe 30Hb
pAijia HeH3BeCTHHIX JunuaoB [178].
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OTpejieHHe OKHCJIEHHBIX XKHPHBIX KHCJIOT OT HEOKHCJEHHBIX TIpel--
cTaBjsieT 0coGHIH MHTEpeC NMpH BbIAEJEHHH NpocTariaHiuHOB. I'puH
u Camyssabcon [179], a Takxke Angepcon [180] paspaborann mas:
3TOTO pa3JIMYHblEe SJIOHPYIOLINE CHCTEMHEl. DTH H APyTHE CHCTEMBHI,.
pa3paboTaHHble NO31Hee, paccMaTpuBalTcss B 003ope [lanusibca
[122]. Pasnenenue mpocrarJaHAHMHOB, NPHHAJJIEXKAIIHX K DasHy-
Hbim rpynnam, nanpumep PGE,, PGF, u PGFp, yame Bcero mpo-
BOJSAT 3JIIOMPOBAHHEM CMeCbio GeH30/ — NMOKCAH — YKCyCHash KHC-
Jorta (20:20:1). Ilpu stom coenuHeHus, cojepxKallue TPH THAPO-
Kcuabhble rpynnsl (PGF), uMeror Mmenbllylo xpomarorpaduueckyio:
MOJBHIKHOCTb, YeM COEJHHEHHUS ¢ NBYMS THAPOKCHJIbHBIMH Ipynmna-
mu u oaHo# kerorpymnoid (PGE,). ITocsennne B CcBOIO ouepenb.
nMeroT GoJibllee CpPOJACTBO K HENMOABHIKHOH (pase, yeM HpoCTarJaH-
OHHBI ¢ OXHOM OoKcH- M opHo#l Kerorpynmoét (PGA u PGB). Uucao
IBOIHBIX CBSI3eHd B MOJIeKyJle HE OKa3blBaeT CYLIeCTBEHHOTO BJIHSHUS
Ha OYyepefHOCTb SJIOHDOBAaHHS B pacCMaTpHBaeMOH CcHCTeMe.
Ilpun ucnonb3oBaHuu cCHCTEMBl XJ0PO(OPM — METAHOJ — YKCyCHas
kucaora (ot 18:1:1 mo 8:1:1) MOoxHO ¢ ycmexoMm pasienHTb
GONBIIMHCTBO NPOCTarJaHAMHOB M HMX METHJOBHIX 3dupos [18I,.
182]. C momompio TCX B yKasaHHBIX CHCTeMax pacTBOPHTEJEN.
MOKHO BBIAEJHTb NPOCTArJaHAMHBL H3 OTHOCHTEJIBHO TIPyOHIX 3KC-
TPaKTOB JHIUAOB. B 3THX cuCTeMax NpoCTarJaHJHHbl JHOO MHUCpH-
PYIOT NpPaKTHUYeCKH C (POHTOM pacCTBOPUTENsI, JHOO OCTAOTCSH.
6au3Ko K crapty. Ilpocrarnanavusl rpynnsl A u rpynnsl B ue pas-
JIeJSIIOTCS Ha CHJHKarese, He colepikallieM J00aBOK, OIHAKO Ha:
NJaCTHHKAX CHJIMKare/s, NPONUTAaHHOro xJopujaom xxkejesa (III),
PGA; u PGB, Jerko pasmesgiorcsi B CHCTEMe AHITHJIOBHIH 3hup —
yKcycHasi kucjgora —rekcan (30:1:19) [183]. Has pasaenenust
NPOCTarJianiiiHOB ¢ Pa3JHYHOH JUIMHOH Ilenu aBTOPHI paboThl [184]
NPUMEHUJIH JBYKPAaTHOE 3JIOHPOBaHHE CMEChI0 XJ0poopm — Mera-
HOJ — yKCycHasi KucaoTa—Boja (450:40:5:4). B  nocaemee
BpeMs 3Ta CHCTEMa PaCTBOPUTEJIEH HCHOJIb3yeTcsl O4YeHb yacTo [29,
186—191].

PasjenieHne NpPOCTAarJaHAMHOB B BHAE CBOGOMHBIX KHCJOT M
X METHJOBBIX 3(pHpPOB OblI0 ocyuecTsiaeHo [192] B cucreva:
sTHaneTaT — GeH30J1 — MypaBbHHas kuciora (25:25:1) (PGA.S
M 3THJanerar — 6eH30J — MypaBbHHAsi  KHCJOTa (80:20:1)
(PGE,). [MHanwmaabc [122] cocraBus tabuauuny 3HaueHuil R; 1si
GOJIbLIOTO YHCJAA MeTa0OJIHTOB NPHPOAHBIX H CHHTETHUECKHX TipO-
crarnagauHoB (TCX npoBoiuan B pacCMOTPEHHBLIX BhILIE CHCTE-
max). Jlanetuna u Kyarpekacac [193] coobmuiu 06 oueHb xopo-
HieM pasfeNeHHH apaxHAOHOBOH KucJOTH, 12-L-okcn-5,8,10,14-3iiko-
3aTeTPaeHOBOH KHCJOTHI, 12-L-okcu-5,8,10-rentagexarpuerosofi
KHCJIOTHI, TpoMOokcana By u ¢ochartuanoit kucmorol npu TCX B
cHCTeMe 3THJAlleTaT — yKCycHasg KHCJOTa — TPHUMETHJNEHTaH —
poma (9:2:5:10). Bce apyrue cochoaunuasl B 3ToM cayyae
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«ocTaloTcss Ha crapre. Buk u ap. [194] BelAeanan MOCPeACTBOM
TCX B cucreme xjnopodopM — ykcycHasi kucaora (50:1) mukinye-
CKYI0O XKHDHYIO OKCHKHCJIOTYy M3 3KCTpPaKTa ceMsH JbHa. XamGepr
u ap.:[195], a takxe I'padd u np. [191] ananusupoBasn METONOM
‘TCX nponyKThl peaklUHH LHKJIOOKCHTeHAa3bl A0 M MOCJe OYHCTKH
Ha KOJIOHKaX ¢ KpeMHHeBOH KHcJoTOH. PasjeneHne mpoBOJAHJIH HA
NJaCTHHKAX B CHCTeMaX 2THJalleTaT — TPUMETUJIIEHTaH — NeTpo-
JieliHbl# 3up — ykcycnas kucaora (500:500:200:3) u stuiane-
TaT — TPUMETHJ/INEHTaH — yKcycHasi Kucaora (500 :500:3) npu 4°C.
Tamunbron u To6uac [196] u I'padd u mp. [191] nmpumenuan B
TeX e IeJsiX CMeChb H30MpONHUJOBBI 3¢up — 6yTaHOH-2 — yKcyc-
Hast Kkucyora (50:40:1), a Hyrrepen u Xasenbxod [197] ulpadd
¥ COTPYAHHKH — CMeCb 3THJALEeTaT — yKcycHass Kuciaorta (100:1).
Manyna u ap. [174] paspenunu 9- u 13-0KCHHNEPOKCHABI, HCIOJIb-
30BaB B KayeCTBe 3JI0€HTA CMeCh H300KTaH — AMITUJIOBBIH 3pUp —
ykcycHast kucaora (50:50:1). MerunoBble 3GHpPH XKHUPHBIX KHCJIOT
U JUMETHJIaleTaNd ¢ TOH Ke JJMHOH IeNH MOXKHO pa3feJHTb ABY-
CTaNUAHBIM 3JIIOMPOBAaHHEM — CHayasa 1,2-IHXJOPITAaHOM, a 3aTeM
CMeChI0 JUITHIOBHIA adup — Boma (200:1) [198].

[IpucyTcTBHE OKHCJEHHBIX XKHPHBIX KHCJIOT B MOJEKyJax auuJ-
TJIHLEPHHOB yMEHBbIIAeT XpOoMaTorpaHyeckylo IOABHXKHOCTb 3THX
COEJIHHEHHI N0 CPABHEHHIO C AlHJTJHLEPHHAMH, COAepKallHuMH
HEeOKHCJIeHHBle XHupHBle Kucaotel [199]. Mukonafiuak u CMHT
[200], a Takxe CmuT u ap. [201] ucmosb3oBasu cMechb MeTpOJEH-
Hbl 3¢up — ausTHIaOBHHE 3¢up (2:3) ana TCX cJA0KHBIX TpH-
5(HUPOB TJIHIEPHHOB, COMEPKAIUMX JO0 TPeX THIPOKCHJIBHBIX TPYII
[202] B kaxmoit Moaekyse, a Takxke I/ HX aleTOKCHIIPOU3BOA-
HbIX. Slumcuorsiy u ap. [202] paspmenusnn TpuadupH TUIHIEpHHA U
OOBIYHBIX JKHPHBIX KHCJIOT H 3IOKCH- M OKCHIIDOH3BOJHHBIX 3THX
kucyaor MeronoM TCX B cHcTeMe neTposieHHbIH 3(HUp — AU THIOBBII
3¢up — yKcycHast kucyora (35:15:1).

Merox TCX 6bl1 HCNONB30BaH MJSI  BHIAEJNEHHS] OKCHAJIKHJIA-
nuraunepuos [203, 204]. IMonuanuITIHUEPHHBI, HJIH 3CTOJHIHI,
cojepxaiide OGoJiee Tpex CJAOXKHOI(HDHBIX TPyNm, IJIOXO pasie-
astores npu nomomu TCX. Oxgnako aBTopsl paboThl [[205] pasge-
JISITH TPHALMJITVIMIIEPHHICTONMAB NMYTeM MHOTOKPATHOIO 3JIIOHPO-
Banusi. [e#tn-Ban u ap. [206] moBTOpHO ompenenunu xpomarorpa-
DHUeCKYI0 TNOABHIXHOCTb CHHTETHYECKHX  IOJHAIHJITJIHLEPHHOB
npu TCX Ha mIacTHHKAxX ¢ CHJIMKarejeM IIDH MHOTOKDATHOM 3JIIOH-
poBaHuu 6ensonoM. Cpenn KCCaeNOBAHHBIX 3CTOMHIAOB HAHGOJBIIYIO
TIOABHKHOCTb HMeJ TeTPAUMJIJIHIEDHH, 332 HHM CcJeI0BaJy IeHTa-
UUJI- M rekcauuaraulepunsl. Ouepeanoctb smonpoBanus npu TCX
Ha IJIACTHHKAX C CHJIHKareJeMm 0Kasajlach CXONHOH C TaKOBOH NpH
B3)KX Ha KoJOHKax ¢ COpOEHTOM WU-NIOPACHJ: C YBeJHYEHHEM YHC-
Jla alHJIbHBIX TPYNI CKOPOCTb MHIPAllHH COEIHHEHHS 3aMejJsaach,
A TPH YBENHYEHHH IJIHMHBI LEeNH MOBHIIAJACS.
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ConepxkaHue TPHBEPHOJIHHA B 3MOKCHAHPOBAHHBIX MacJaXx MOX-
HO ompefeauTb ¢ nomowpbio TCX, ogHako ata npoleaypa AOBOJbHO
anurenbHas [207].

Otro u Uynr [208] meromom TCX pasmensijii mpHpPOAHBIE MO-
110-, AU- ¥ TPHALMITJIULEPUHb ¥ ux 2-N-alujariuiepuHel Ha nJa-
CTHHKAX CHJHKarejss HJauHOH 45 cm. CHauaja 3JI0HpOBaHde INpo-
BOJUJIH B CHCTeMe XJOpPO(OpM — alleTOH — YKCyCHasi  KHCJI0Ta
(47:2:1); xorma GpOHT pacTBOPHTENS NePEMECTHTCS Ha paccTos-
HHe 25 CM, 3Ty CHCTEMY 3aMeHSJH Ha CMeCh IUSTHJOBHIH 3pHp —
nerpoJiefineiéi adup (1:9) u naBanu GPOHTY pacTBOPHUTE]S HOUTH
10 orMeTkH 40 cM. Bo Bcex omblTax NpHPOJAHBIE ALHJITJIHLIEPHHBE
MHTPHPOBaJu 3HAYHTeJbHO OblcTpee CoOTBeTCTByOWHX 2-N-anui-
FJIHLIEPHHOB.

®uapc u np. [209] pasmenssiy TPHAUMJTIHUEPHHBI NPHPOJLHBIX
JKHDHBIX KHCJOT H HX aHAaJIOTOB, COJepKalluX CHHTETHYECKHE JKHp-
Hble KHCJOTH (Hanpumep, 4-6eH3HJOKCHOEH30aT U APYTHE apOMAaTH-
yeckHe KucaoTh), meronoM TCX B cucreme nerposiefiHbIl apup — nu-
3THJIOBHI 3¢Hp — yKcycHast Kuciora (70:30:1). Asropwi [210] mpu-
MeHuau TCX pas pasfaesneHHss CHHTETHYECKHUX MNCEBAOTPUALMJITIU-
IIlepHHOB (TPuUC-rOMOALMJINPOU3BOJIHBIX IUKJIONEHTAaHTPHOMO0B-1,2,3).

4.3.3. Boilesenue ¢pocgporunudos pasiuyHolx KAACCOB

®pakuuio ¢pocdoaunuI0B, NOJYyUYEeHHYIO B pe3yJbTaTe Npeisapu-
TeJIbHOTO pasjesleHHsl JIMIOHAHOrO 3KCTPaKTa, MOXKHO JaJjee pasfe-
JUTh Ha (ochOoNUNHAb, MPHHALJEXKAIlUe K Pas3JHYHBIM KHCJIOTaM,
KOJIOHOYHOH MJIM TOHKOCJOHHOH xpomarorpacueit. OpHako AIs%
3TOH llesIM He Bce XpoMarorpadHuyecKue CHCTEMBI OAMHAKOBO MNpH-
rOAHbl, NO3TOMYy CJEAYyeT YYHTHIBAaTb 3((EKTHBHOCTb pa3jesieHHS,
BBIXOJL HYXHOrO KOMIIOHEHTa WJH yAOOCTBO €ro U3BJEUEHHS MOC/e
xpoMarorpaduu npu Bei6Ope TOH HJIH HHOH CHCTEMBHI.

4.3.3.1. Kosronounas xpomaroepagpus

Ancop6unoHHas KOJIOHOYHAast XpoMaTorpadus He BCeria I03BO-
J5ieT JOCTHYb IIOJIHOTO pa3fie/leHHsl BceX KJaaccoB (ochounumoB.
OnHako ee yCIeUIHO MOXHO NPHMEHSITb IPH BBAEJEHHH (ocdosiu-
MUJOB OMNpENeJeHHOro KJacca H3 CMecH, Te 3TH (ochoaunu sl
npeo6/afaoT, a TakKxkKe NJs OYHCTKH CHHTETHUYeCKHX ¢ocdosumy-
noB. Hefirpaabubie ¢ochonunuisl 3QpGeKTHBHO paspessiioTcs Ha
KOJIOHKax ¢ KpeMHHeBOH Kucaortoit [57]. Ilpu atom cocharuaum-
XOJIMHBl 3JIOHPYIOT CMEeChbI0 XJ10podopM — meranosn (4:1), coxep-
Kamei 1% Boxabl, a cOUHTOMHENHH — CMEChIO TEX e KOMIOHEHTOB,
copepxaeit 1,5% Boael. Jas 3m0upoBaHus JTH30(OCHaTHIHIXOTH-
lla U NPOAYKTOB €r0 OKHCJEHHS HCIHOJb3YIOT METaHOJ ¢ 29 BOAHI
KKoJI0HKM ¢ KpeMHHEBOH KHCJIOTOH TaKXe MOXHO INPHUMEHSTb AJs
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BblAesIeRust  (ochaTHAMIITAHONAMHHA  [3JIIOHPOBAHHE TNPOBOAAT
cMmecblo  xJopodopMm — MmeraHoa (4:1)] u  docdharuauicepuna
(3/10MPYIOT METaHOJIOM), €CJIH aAcOpOeHT npelaBapHTeJbHO 06pa-
6otratb ammuakom [211]. JleranbHo 3TOT 3KCIEDHMEHT OOCYXKJAEH
B 0630pe [58]. Ucnoab3ys cxoAHbie 3JIOHPYIOLIME CHCTEMBI, MOXK-
HO IMOJYYHTb OUYHLIeHHble (PAKUMH KapAHOJHNHHA, (POochHOTHIAUI-
3TanoJaMMHa u ¢ocdaTuinicepuHa, ¢ochaTuauanHoduTa, docda-
TH,ELHJIXOJI:PIIHa, cHHIOMHENIHHA, a TaKxe JauM3o0docdaTHANIXONHHA
[105, 212].

Kpoydopn u ¥Yamuc [213] npumenuan xpomarorpaduio Ha Ko-
JIOHKaxX ¢ KPeMHHEBOH KHCJOTOH AJNS pasfeneHust ¢pocdatHIuaxo-
JuHa H cHUHrOMHeNHHa [37I0MPOBAaHHE TIPOBOJAT CMECBIO XJOPO-
¢dopm — metanosn (6:1, 3:1 u 1:1)]. Ilpu aa0UpOBaHHH CMECHIO
xaopodopm — Metanos (3:1) yhaercs BBIAEJIUTb YHUCTHIH (ocda-
THAWJXOJHH, a CMECbIO TeX e pacTBOpHTeJell B COOTHOLUIEHHH
8:1— docharuaunsranonamut. HelitpanbHele u Kucable ¢ocdoau-
nuabl OblH 2(P(heKTHBHO pasfeseHbl Ha KOJOHKax C KpeMHHeBOH
KHCJOTOH NpPH MCHOJb30BAHHH T'PAAUEHTHOrO 3JIOMPOBaHHS (CTY-
NeHyaThli TIpajiMeHT MeTaHoJa B XxJopodpopme) [214—216].
Tlpu srom Kapauonunud u GochaTHAMITIULEPHH JIIOUDYIOTCH 25—
50%-HpIM pacTBOpPOM MeTaHoJa B XJopodopme ([216], cdocdarn-
aunstaHonaMuH — 80% -HBIM pacTBOpoM MeTaHosla B XJopodopme,
a ¢ocharupunxonud u chuaromuesus — 100%-HpIM MeTaHOJOM
[214]. B paGore [217] KOJIOHKM ¢ KPeMHHEBOH KHCJIOTOH OBLIH HC-
TI0JIb30BAHBI AJ1S1 IPEeNapaTHRHOrO BBEIAEJNEHHS JIH30JIUNHAOB. B aToM
clyyae CMecblo XJ0po(opM — MeTaHoJ — BojAa (25:75:4) saiou-
poBanu 1-O-ankua- u 1-O-apuaranuepodocdosTaHOMaAMUH, a4 CMEChI
xaopoopm — MeTaHOJ — 2 H. pacTBOp amMMmuaka (25:75:4) —
auzodocharuannxonun u chuaroMmuesunsl. Yakpabapru u Kopana
[218] nmpuMeHHJH KOJOHKH C TeM e aICcOp6EeHTOM MJsi OUYHCTKH
cuHTeTHYeckux (hocdoUINAOB, colepKallMX CBETOYYBCTBHUTEJNbHBIE
rpynnsl (Hanpumep, 4-asuio-2-HutpodenusnbHyio rpynny). Crood-
¢desb u Muxasanc [219] u Cryne-Cekanmuk u gp. [220] ounmann
pochOMUNUAB, aUUJIbHblE OCTAaTKH KOTODLIX COJAEpKaJH COOTBET-
CTBEHHO (JyopecleHTHYI0 (OCTaTOK aHTpalleHa) WJIH CIHHOBYIO
(HUTPOKCHJIbHBIC TPYMNIIBI) METKY.

OKcHI aNOMHMHHS PeNKO HCIOJNb3yeTcss B KauecTBe ajcopGeHTa
IJis1 KOJIOHOYHOH XpoMarorpa®uu CJIOXKHBIX JIHIHAOB, NOCKOJBKY
OH o0OJiafiaer cBOHCTBaMH OCHOBaHuWA. Hekuciable JumHABI MOXHO
‘pasfesiaTh Ha KOJOHKAX C 3THM HOCHTEJeM, NPOBOJAS 3JIOMPOBaHHE
CMeCbi0 XJ0pOGOPM — METAHOJ NPH COOTHOLIEHHH PacTBOPUTEJEH
1:1[67] unu 2:1 [221]. MoHOhOCHOHHOSHTH FNIOUPYIOT CMECHIO
sTaHoN — XJopodopM —Boda (5:2:2) [222]. Ilpu xpomarorpa-
UM KHCJBIX JIHIHAOB HEOOXOAMMO AOOGABJSATH B 3JIOEHT COJH aM-
Mouus [223].
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Hexoroprie ¢ochosunuasl MOXKHO INONYYHTb B OTHOCHTEJIbHO
YHCTOM BHAE c TnoMmolubio xpomartorpaduun Ha DEAE- u TEAE-uen-
J0J103aX. DJIIOHPOBAHHE TNLOBOJAT JEASHOH YKCYCHOH KHCJIOTOH
4 cMecsiMH xJ0pocdopM — mMeTaHos [57, 58]. DTor MeTon ILHPOKO
IpUMeHsieTcst AJIsl NpeXBapHTebHOrO BbIIEJNEHHSI Pa3JHYHBIX TPYII
docooamununos [20, 76, 224]. CorsacHO OPHUrHHAJBHOH METOAHKE,
¢ochaTuANNITAHOJAMHHEBl JIIOHPYIOT CMeCcblo XJao0podopM — Mera-
Hosl (7:3), a hochaTHAMICEPHH — YKCYCHOH KHCJIOTOH. PyHu H Ap.
[76] ucnmonvzoBanu DEAE-uennionosy B aueratHo#l ¢opme a7s
BblAeJeHHs ¢GochaTHAHNIXOJUHA U COhHHrOMHEJNHHA. YKa3aHHBIE
dochonununsl 3110UPOBATH cMecbio xJ0podhopm — MeTtaHoa (4:1),
a jJpyrue Kucjasle (ochoaunuibl, GocaTHAHINHOZUT U (ocorau-
UepHH — cMecbio  xJ0podopMm — MeTaHoT — 28 % -HbIlf pacTBop aM-
muaka — 0,056 M auneratr ammonus (180:120:9:3,46). Oxkano c¢
coTp. [224—226] onuca/nu aHaJOTHYHYIO METOIMKY, COIVIACHO KO-
TOopoi Qocharuauaxonud H  pochaTUAUIITAHONAMUH 3JIOHPYIOT
METaHOJIOM, (ochaTHAHICEPHH — YKCYCHOH KHCJOTOH, a docdatu-
JHUIUHO3UT U (GOCHOTJIHLUEpPHH — CMEChbI0 XJopodopMa ¢ METaHOJOM
(2:1), HaceeHHOH pacTBOPOM aMMHaka, cofepxamum 50 MM
aneratra aMmMmonus. Kpoydopa u ¥Yannc [213] npHMeHHIH KOJOHKH
¢ DEAE-uenn0s1030# At pasfeseHHst XOJHH- H 3TAHOJaMHHCOAEp-
XKalux (ochoJHNHAOB: OHH NPOBOAMJH 3JdloHpoBaHHe (ocdaTu-
JHJIXOJHHA ¥ COUHTOMHENHMHA CMeCbl0 XJOPO(GOPM — METAHOJ
(12:1), a dochaTnIuI3TaHONAMHHOB — CMeCbl0  xJopodopM —
meranon (9:1 u 4:3). PochaTuAUIXOMMH U JH30DOCHATHIHIXO-
JiuH ObTH pasfeseHbl M ouyulleHb Ha cedanexkce LH-20 ¢ ucnosb-
30BaHHEM I'PaJHEHTHOrO JIIOMPOBAHUS CMEChI0 XJ0podhopM — Mera-
#oa [227]. Ilaxr [228] ounman nonudocHOHHOZHTH ¢ MNOMOUIBIO
XpomaTtorpaun Ha KOJIOHKaxX cO CTEKJSHHBIMU IIapHKaMH, COJAep-
JKaUlMMH UMMOOHJIH30BAHHBIH HEOMHUIVH.

[Tocnensue poctuxenus B obaactu BI)KX  dochoaunugos
NPOAEMOHCTPHPOBaNH OOJIbIIHE BO3MOMKHOCTH KOJOHOK C KDEMHHE-
BOH KHCJIOTOH H 3((HEKTHBHOCTb MPOBOAMMOIO Ha HHX Pas3jeJeHHs.
OnHako KoJHMYecTBa BeUleCTB, KOTOpble MOXKHO pasfeNHuTb C IO-
MOLbIO 3TOrO METOAA, CPABHUTEJbHO MaJibl, NOITOMY BpPSIL JH OH
HalifleT IpakTHYeCKOe NPHMEHEHHe,

IOnranBana u mp. [229] pasmeamnu ¢ nomompio BI)KX na
xosnoHKe ¢ MHKpormakoM SI-100 docdaruaunsranosamun, docpa-
TUJUJICEPHH, 3TAHOJAMHHHBE IIJIa3MOreHbl B (opMe AubpeHHIamu-
JIOB, HCNOJb3ysi JJIS 3JIOMPOBAaHHA CMeChb JHXJOPMETAH — MeTa-
#on— 15 M pactBop ammuaka (92:8:1 u 80:15:3). OGuapyxe-
aue npoBounu mpu 280 HM. [lospuee IOwmramsana u ap. [230]
CMOIJIM [IOCHTbCS XOPOLUIEro pe3yJsbTaTa IPH Pa3feseHHH CcOHHro-
MHEJIHHOB M (ochHaTHAUIXOJHHOB Ha KOJNOHKax ¢ CHJHKareseM,
HCIIONIb3Ysl JJISi 3JIOHPOBAHUS CMeCh AIeTOHHTPHJ — METaHOJ —
Boja (65:21:14); obuapyxenue nposoaunu npu 210 um. Kuyuu
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u ap. [231], a Takxe Peitnn u Ilapau [232] pasmensan docoun-
nubl ¢ MOMOLIBIO aHaJOrHuHbiXx Bapuantop BI)KX ¢ Hcmosb3oBa-
HHEM IJIaMeHHO-HOHH3aLHOHHOTO JerekTopa. B pabore [232] co-
obmaercsa 06 ycrnemHOM pasjeseHHH (GpaKUHH (ochOoNHIHAOB HA
JUNHAB, NPHHAjJexalllue KO BCeM KJiaccaM, Ha KOJIOHKe ¢ Kopa-
cunom 11 pnuno# 180 cM; anoHpPOBaHHE NMPOBOAHIH CMEChIO XJIOPO-
¢opm — MeraHoJa — pacTBop ammuaka (500:359:70). Hauayuwee
COOTHOLIEHHEe KOMIIOHEHTOB [IJSl pasjeseHHsl ¢ochaTHIUIXOJIHHA H
cuHromMuesnHa OblJI0 BHIOPAHO ¢ MOMOUIBIO YacTO HCIOJb3yeMOro
B aHAJHTHYECKOH XMMHMH CHMILIEKCHOro merofa [233] Kak crartH-
CTHYECKOTO INpHeMa OThICKaHHSI ontuMyMma. bogee sddexrnsroe
pasjeseHHe yacTo BCTpeyamomuxces ¢pochonunuaoB GbJIO JOCTHTHY-
To MetogoM B3IJKX Ha kKosoHKe ¢ auxpocopbom Si-60 ¢ mcmosb3o-
BaHMEM TDafHEHTHOIO 3JIIOHPOBAHHS CMECbI0 H-T€KCaH — Ipomna-
HONM-2 —Boja (rpagueHt 6:8:0,75—6:8:1,4) u oOHapyXeHUS
npu 200 um [234, 235]. OnHako npu 3TOM He pasfensiorcs ¢oc-
(aTHAMIXOJHHB H JJAHHHOLENOUYeYHble couHromuenuHsl. Ouepen-
HOCTb 3JIIOMDOBAHHSl JIHNIUJAOB M3 3KCTPAKTOB MeMOpaH TpoMOOuH-
TOB yesJoBeKa Oblia caelyoulefi: xonectepuH, QocaTHAHAST KHC-
JoTa, ¢docharuaunsTanosaMud,  Ju3opochaTHAHAITAHONAMHUH,
¢ocharuauauno3uT, dpocharuauacepyut, bochaTHAUIXOMNH U IJIHH-
HollenovyeyHble C(HHUHrOMHEJHHBI, JH30(pOChHATHAUNXOJIHH, KOPOTKO-
nenoyeyHsle C(hHHIOMHENHHBL.

Barom u pp. [236] TakKe HCIOJB30BAIM KOJIOHKH C JIHXPOCOP-
6om Si-60 pnsi pasmenenuss ¢docoaunugos Ha 10—12 dpakuuii.
B kauecTBe pPacTBOPHTEJS HCIOJb30BaJH CMeCh XJ0pPOGOPM — Npo-
naHoJ — yKCycHasi kKucjaora—Boxa (20:22:1:2, 40:22:2:7 a
10:22:1:2). JerektupoBaHue Oblo o6JjeryeHo GJaromapsi Hc-
NOJIb30BAaHUIO paJHOaKTHBHOTO ¢ocdopa. PanuoakTHBHOCTH H3Me-
PSJIH HENpepBBHO C NMOMOILLIO NPOTOYHOH siyeHKH. Bruin pasmese-
Hbl (B NOpsAAKe YMEHbLICHHSI BPEMEHH YJepXKHBaHHs) CJeLyIoLlHe
BemlecTBa: (ocdartuiHasg KHcJa0Ta, JAHGbOCHAaTHAHITIHLEPHH, (oc-
datunuasTaHoNaMuH, ¢dochaTHANITIHLEDHH, Ju3odochaTuauIITa-
HoJlaMHH, (ocdhaTtHauIcepHH, GocHaTHANIHHO3HT, ¢GochaTUuaHIXO-
JIMH, CGHHTOMHeNHH, AHPocHaTHAHIHHO3HT. DTH pe3yJbTaThl He-
MOHCTpPHPYIOT O6oJjbinylo 3¢ dekTHBHOCTE BI)KX mpu pasmenennn
¢dochoMUNHAOB 1O CPaBHEHHIO ¢ OOBIYHOH Xpomarorpadueil na
KOJIOHKaX ¢ KpeMHHeBol kucaoroH. IIpn BIKX ¢ ucmosbsosanunem
rpajHeHTHOrO 3JIOMPOBAHHSl KPHTHYECKHM (DAKTOPOM SIBJISIETCSE
CKOPOCTh ITOTOKA, KOTOpasi JOJIXKHA ObITb JOCTAaTOYHO BHICOKOI,
uyro6Hl He HapyliaJcsl IPajHeHT, HO B TO Ke BPEMS He CJHUIKOM
BBHICOKOHM, 4TOOBl He YyXyZAllaJoch ‘paspeuienue. FcnosbsoBanue
panuoakTHBHOrO (ocdopa B KauecTBe «METKH» MO3BOJHIO OGHapy-
XHUTb B HCXOJHOM 3KCTpakTe (PocGhOJHNHUAOB MHHODHBIE KOMIIOHEH-
THI, KOTOpble He ObliH O0OHapyXeHBl B HCXOXHOM 3KCTpakre ¢ocdo-
JIHOHUOB C NOMOLIBbIO OOLIYHBIX METONOB JeTeKTHpoBaHHs. Heunpen-
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TH(HIYPOBAHHBIE KOMIOHEHTHI MOXHO PasJeIMTh MyTeM INOJyIpe-
napatuBHoit BO)KX, cobupasi ppakuuu u nmpoBOAA HAEHTH(HKAIHIO
MOJIyYeHHBIX COeANHEHHH.

I'pocc u Coben [237] omucanu crnoco6 OGLICTPOrO pasfeseHus
OOBIYHBIX IVIHIEPOHOCHONMUNUAOB H JH30POCHONHUNUIOB ¢ NOMOILLIO
H30KpaTHueckoro BapuaHta BI)KX c merekTHpoBaHHEM IO MOIJIO-
ulenulo B Y®-o6sactu. DIOHPOBaHHE NPOBOJHIM CMEChIO aleTOHHU-
Tpusa — MetaHonm — Bojga (200:50:17). OmHako NpH HCIOJNb30OBA-
HHH 3TOH CMeCH B KauecTBe 3JI0EHTa H KATHOHOOOMEHHOH KOJIOHKH
Barman PXS 10/25 SCX ¢ocharunuiacepur u pocharuanasTatona-
MHH He pa3fe/sIoTCs, MOCKOJBKY B 3TOM cJaydae Habuarojaercss 006-
pasoBaHWe OYEHb JJHHHBIX «XBOCTOB» Yy NMHKOB. Ilpu xpomarorpa-
¢un Ha KoJoHKe ¢ mopacusiom (Waters Associates, Milford, USA)
B CHCTEMe aleTOHHTPHJ — MeTaHoJ — Boja (65:21:4) docdaTu-
JMJI3TAHOJIAMHH HMEET OYeHb KOPOTKOe BpeMsi yAepxuBanus [238].

4.3.3.2. Toxukocaoiinas xpomaroepagpus

Hns TCX ocHOBHBIX THNOB (OCHOJHUNHAOB XKUBOTHHIX M PACTH-
TeJbHBIX TKaHEH B KauecTBe pacTBOpHTesell HanboJsiee WIHPOKO HC-
1I0JIb3YIOTCS CMecH XJopodopMa, MeTaHoJia U BOAH C Jo6aBleHHeM
YKCYCHOH KHCJOTH uau 6e3 Hee M pacTBOpa aMMHAaKa; 3TH CHCTEMH
BnepBble Obuin onucanbl Ckuncku u Bapknaem {94] u Paysepom u
ap. [58]. Xopouwefi cucremoil Takoro tHna Ajs ogHomepHoit TCX
SIBJIETCH CMechb  XJOPOGOpPM — METaHOJ — YKCYCHasi KHCJIOTa —
Boma (25:15:4:2) B coueTaHWH ¢ CHJIHKarejeM, IPOMHTAHHBIM
0,001 M kap6ouatom HaTpusi [239]. B aTofi cHCTeMe UOJHOCTHIO
pasgensitorest pocdaTuauasTaHonaMul, ocdaruguiaceput, docda-
THIHJIMHO3HT, (HoCHaTUAUIXONHH, CHUHTOMHENHH H Ju3odochaTH-
JHJIXOJMHH. DTa cucreMa 4yacto ucnosbsyercss 8 TCX AJis1 KauyecTBeH-
HOTO W KOJMYECTBEHHOTO aHasnu3a oObYHBIX (ochonununos [240—
246]. HefirpanbHble JHOHAbL, alHJTJIHIEDPHHBI, CTEPHHBI, 3(HPHI
CTePHHOB, BOCKa H YIJIeBOJAOPOAbl MHIPHPYIOT ¢ (GPOHTOM pacTBo-
purens. MuHOpHBIe KHC/AbBe (QOCOONHIHAB, KapAHOJTHIHH, (ocda-
THIHas KHcaoTa, 6uc-pochaTunHas KHUCJAOTA U NPOAYKTH: MX Je3-
AUUJHPOBAHHSI HENOCTATOYHO XOPOLIO PasmeNsioTCs B MAHHOH CH-
cTeMe, TOCKOJIbKY OHH TaKxe MHTPHPYIOT ¢ (POHTOM pacTBOpHTE-
Jisi; AJI HX PasjesieHHs Jiydile HCIOJb30BaTb CMeCh XJIOPOhOpM —
MEeTaHOJ — YKCYCHasi KucjaoTa —Bofa (50:35:4:2) [247—250].
Ora cucreMa INO3BOJSIET NOJYYHTh pas3pelleHHble 30HBI (ochaTH-
JHJI3TAaHOJAaMHHa, (ochaTUAUITIHIEPHHA, JH30-6uc-pochaTHaHOM
KHCJIOTHI, chunromuennna, dochaTuaunaxonnia u ¢ocharuauice-
puHa BMecTe ¢ pocHaTHAHIHHOZUTOM.

B pa6ore [251] Obta ucmosb3oBaHa CMech XJ0podopM — Me-
TaHOJ — yKCycHas KucjaoTa —Boja (17:25:15:6) mi1s ouncTkH
CHHTETHYECKOTO (ochaTHAHIXONNHE, COMEPKALIEr0 MUPEHIeKa-
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HOWJIbHYIO TPYNNY B SA-2-NOJIOXKEHHH MOJIEKYJH, a Ta e CMeCh
C COOTHOLIEHHeM KOMIOHEeHTOB 53:25:2:3 Oria mpuMeHeHa AJA
pasneneHns cMecH JH30(ocHONUNUAOB H CBOGOJHBIX XKHPHLIX KHC-
Jor [252].

Kucable cuctembl pactBoputesel, Haubojee 4acTo NpHMeEHse-
Mbple ansg oxHomepHo#l TCX, o6blUHO cocTosiT H3 xJopodopma —
alleToHa — MEeTaHOJIa — YKCYCHOH  KHCJIOTHl— BOJBl B  COOTHOLIE-
Husix 10:4:2:2:1 [51, 1566, 253—255] u 40:15:13:12:8 [256,
257]. B paGorax [258, 259] atu cucreMbl ucnosb3oBanu anas TCX
MOHO-, U JAH- U TPUGDOCHOMHOZHTOB M ADPYTHX COeAMHeHHH. JIun
u Ap. [166] seimenunn dochatunuaxosun u ¢ocdatuauasTaHONA-
MHH, BKJIOYas NJa3MalioreHbl, MeTozoM mnpemapatuBHoii TCX B
cHCTeMe XJIOpO(OpPM — aLleTOH — YKCyCHast KHCJIOTa — BOJa
(25:15:4:1). UucToTy BHAeJEHHBIX COENMHEHHH B 3TOi pabore
nposepssin TCX B cucreme XxJ0poOpM — aLeTOH — METAHON —
YKCyCcHast KucjioTa —Boja (8:6:2:2:1).

B paGore [260] omuchiBaeTcst HOBasi KHcJas CHCTeEMa pacTBO-
pureneit ansa oxnomepHoit TCX, a MMEHHO: H300KTaH — 3THJAlle-
TaT — yKkcycHast kucqora (16:3:1). Iasa pasnenenuss ¢ochartuani-
xoauHa, docharunununosura, GochomonoMernnsTanonamusa Hu-
mwuxapa 1 Kuro [261] npuMeHuJIn ABYKpaTHOe 3JIOMPOBaHHE: CHa-
4aja CMeChbio XJOpo(OpM — aleTOH — METAHOJ — BOJAA — YKCyCHast
kucaora (50:50:25:5:2), sateM cMecblo XJ0pPO(hOpPM — MeTa-
HOJ — YKCycHas Kucjaotra —Bofa (18:15:3:1).

MruHopHBe KHucable (0ochHONUNUAB MOXHO aHaJH3HPOBATH TakK-
ke MertogoM TCX B MeHee HOJISIPHBIX SJIIOMPYIOLIMX CHCTEMAX, CO-
JepKalluX MeEHbIIWe KOJHYecTBa METaHOJa M BOJAB, HAaNpUMEp:
xJopotdopMm — MeTaHoa —Bojaa (40:10:1) [262, 263]. Cucrema
xJa0opodopM — MeTaHOJT — Bofa (65:25:4) u cxomuble ¢ Hell [212,
253] nomxomAT AN pasjesieHHs CMeCH HEHTPaJbHBIX JIMIHAOB C
HauboJsiee 4acTO BCTpeyalOMUMHUCH (PochONUNUAAMH BCEX KJACCOB..
B coueranuu ¢ niacTHHKaMH CHJHKaress, NPHTOTOBJEHHBIMH C CH-
JIUKATOM MAarHusi (BMeCTO cyJibdara KajblHA) B KaUECTBE CBS3YI)-
Liero BellecTBa, 3Ta 3JIOUpyIOLlass cucTeMa o4yeHb 3G dexkTHBHA H
IIHPOKO Hcmosb3yercss npu ofHomepHoii TCX B KOJHYECTBEHHOM
aHanuse [262—264] u B npenapatuBHOM BapuaHte TCX [265,
266]. Ona Takxe npuMensiercs aias TCX mnasmasoreHoBeix docdo-
aununos [267, 268]. dtu ¢docdonunuabl HeCTAGHABHBL B KHCJBIX
pacTBOPHUTENSAX M MOTYT pasjaratbCsl IPH SJIOHPOBAHUM M ymapH-
BaHuu. MeroroM TCX ¢ ucrnosb30BaHHEM 3TOH CHCTEMBI HJISI 3JIOH-
POBaHHSI MOXHO pasfeuTh Ju30hocHaTuAHNXONUH, CHUHTOMHENUH,
tdochaTuauaxoius ¢ QochaTHAMIHHOIUTOM, ¢ocdhaTHaUIITaHONA-
MHuH ¢ ¢ocharuauicepuHoM, GhochaTHANINIHIEPUH ¢ KapAHOJHIIH-
HOM W ¢ochaTHAHOH KHCJOTOH, HeHTpaJbHble Junuasl. Crexyer
OTMETHTb, YTO B TaKOH cHCTeMe THO3(hHpHBle aHajoru ¢Qocdaru-
JUAX0NHHA W (GochaTHAHISTAHOJAMHHA MHUIPHPYIOT HaMHOro OHI-
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CcTpee COOTBETCTBYIOLIUX (ochaTHAUIXOJHHA U (OChAaTHAHIITAHO-
samuHa [269]. B paGorax [54, 270] omucaHo mpenapaTHBHOE pas-
neqaeHne pochaTuaUAXONHHA U APYTHX GochOJHUNHAOB HA NMJACTHH-
Kax co cjoeM copbGeHTa TOJILHHON 2 MM B CHCTeMe XJ0pOopopM —
MeTaHoJ1 — nerpoJieiiHeiit apup —Boma (8:8:6:1).

[MpekpacHoro pasgejenuss GocPoNHIHAOB TNPH OLHOMEPHOMH
TCX MOXKHO AOCTHIHYTb, HCIOJb3ys B KayecTBe 3JIIOGHTAa CMeCh
xnopodopm — meranoa — 28%-ubli  pactBop ammuaka (13:7:1
uap 13:5:1) [253]. Dra (ucTeMa LIHPOKO HCHOJb3yeTCss B KOJH-
YeCTBEHHOM M KaueCTBEHHOM aHaJ/Ju3ax OOBYHBIX (DOCHOIHIHAOB
merogom TCX [271—276]. ConepKaHHe MeTaHOJa B CHCTEME CY-
LI[eCTBEHHO BJIUSIET Ha XpOMAaTOrpadHyecKylo MOJBHIKHOCTb KHCJBIX
dochonunuuos [277]. Tak, B cHCTeMEe C OTHOCHTEJIbHO HH3KHM
cojepKaHueM MeTaHoJa [xjJopodopm — MeraHoT — 28% -HBIl pa-
ctBop ammuaka (13:7:1)] docharunuiacepus u ¢ochaTHAHIUHO-
3HT MHTPHPYIOT MemJseHHee dochatuaunxonnna [253], B To Bpemd
KaK B CHCTEME€ H3 TeX e KOMIIOHEHTOB, HO ¢ 06oJsiee BBICOKHM
cojepKaHneM MeTaHosa |xmopodopm — meraHoa — 28 % -HbliA pa-
crBop ammuaka (13:17:1)] ykKasanHble COeZHHEHHSI MHIPHPYIOT
3HayuTeJbHO OblcTpee docdarunuaxonuna [253]. I[MomobHble aaiou-
pylollye CHCTeMbl HCNOMBb3YIOTCsi B ofHoMepHOH TCX B OoCHOBHOM
JJIsi OTAENeHUs] XOJIHH- W 3TaHOJaMHHCOAepKalux (ochoNHNHAOB
ot ApyrHX ¢(ochoNHNUAOB, OJHAKO B 3TOH CHCTEMe MOXHO TaKxe
pasJesNuTb CMecH KHCABIX (ocONHIHAOB, TaKHX, KaK KapIHUOJH-
NHH, UUTHAMHAH(OChAT AMaUUJArIHLepHHA, (ochaTHAUITIUHIEPHH,
¢docharnauanHo3ut, GocdaruauacepuH narc pochaTuaHas KHCAOTA.

B nBymeproit TCX HanGosee 4acTo NPHMEHSIOTCS CMECH XJOPO-
dopm — MeraHoJ — 14 H. pactBop aMMuaka (13:7:1) uiau xJopo-
¢opM — MeTaHOJN — 7 H. pacTBOp aMMHakKa —Boxa (26:14:1:1).
Hcnonbsylor u apyrue BapHaHThHl, HanpUMep XJOpOHOpPM — MeTa-
HOJM — 14 H. pacTBop amMHaka (75:25:4) [278, 279] u xmopo-
¢opMm — meranos —7 H. pacTtBop ammuaka (65:20:4) [1, 280,
281]. IlpeumyiiecTBO OCHOBHOH CHCTEMBI pacTBOpHTeJell 3aKJIo-
4qaeTcsi B TOM, YTO OHA He BbI3bIBAeT DAa3JIOXKEHHs aJKeHUJAlUJb-
HBIX OPOHM3BOAHBIX (hocaTHAMIXONHHA U (ochaTHIUIITAHONAMHHA
(nmasmMaJioreHOB) NpH BBICYIUIHBAHHH XPOMAaTOTPaMM.

Butnenno u Hsanerra [97] cosmanu cucTteMy OAZHOMEPHOI Bbl-
cokoadpdekrtuBroit TCX (B3TCX), xoropas mo3BOJSIET IONHOCTHIO
PasJieINTb OCHOBHbIE T'aJIAKTOJHIHKAB, HEHTpaJbHble JIUMHAL U (oc-
<donunuael, BcTpeualolluecs B Mo3sre. PasiesneHue mNpoOBOAHJIH Ha
TOTOBHIX IJIACTHHKAaX B CHCTEME MeTHJalleTaT — IPONaHoJ-1 — xJo-
podopm — Metanoa — 0,5% -HbIi BOAHBIH pPacTBOp XJOPHAA KaJHs
(25:25:25:10:9). Bbiiu mosiyueHbl pa3pelieHHble 30HBI, COOTBET-
CTByIOUIME C(HHTOMHENHHY, PochaTHAHIXONHHY, (ocdaTHrUICEpPH-
#y, (ochatuauanHo3uTy, PochaTHAHON KHCJIOTE ¢ AHALHJIIJIHIE-
puHOM, (ochaTHAHISTAHONAMHHY, CyJdbpaTHaaM, LepaMHAAM H
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HEeATpa/NbHBIM JMNHAAM (BellecTBa YyKas3aHbl B INOpsiAKe oOdepen-
Hocth 3yonpoBaHus). CyabdaTtuaam u llepaMHAAM COOTBETCTBYIOT
o fABe IOJOCH, HAEHTHYHBIE C NOJOCAMH, KOTODHIe HAIOT HezaMme-
LleHHble ¥ THADPOKCHIHPOBAHHBIE XKHPHBIE KHCJIOTHL.

Cxonnas cucrema BIOTCX 6nina ucnonb3oBana lllepma u Tau-
croyHom [282]. Taucroyn u ap. [283] onpenennnn 3HayeHHs Xpo-
Martorpaduyeckux mnojBHKHOCTe# (ochoJUNUAOB B Pas3JHUYHBIX
cucremax g5 B3TCX Ha roTtoBmix niactuHkax. [IpekpacHoe pas-
Hesenune ¢ochatuaunxonuna, pochaTuiuasTaHoraMuHa, ¢ocdaru-
AujcepuHa u QocdartupuauHosuta U Ju30PoCcHATHAMIXONHHA H
c(UHTOMHe/HHA OBIJIO TNOJYYEHO B CHCTeMe XJ0podopMm — Mera-
Hosl — nponaHos-2 — 0,25%-Hblli BOAHBIA pacTBOpP XJOpHAa Ka-
ausg — tpuatuaamMud (30:9:25:6:18). Tpustunamun obaajgaer
Tako#l Ke ajoHpyloUell cnocoOGHOCTBbIO, KaK H 3THJALETAT.

Merox BIOTCX mnosBoJisieT ocyllecTBHTb ObICTpOe pasjeseHHe
C BBICOKOH 3()(EKTHBHOCTBHIO U MEHBUIHMH KOJIHUECTBAMM BEIECTBA,
yeM B oOblyHOM BapuaHrte. OmHako miactHHKH Ajs BITCX cawuui-
KOM JOpOTH, YTOObl 3TOT METOA MOXHO OBIIO NMPUMEHSITh AJIs npe-
NapaTHUBHBEIX LeJsell, 1 5TO IVIaBHBIH €ro HeJOCTaTOK.

Pasnuuuss B cKOpocTsiXx MUrpauuu ¢ocGoJHNHAOB HAWIYUYLIHM
o6pa3oM uCHmoJAb3yIOTCS B JAByMepHoM BapHaHte TCX ¢ mByms
KOMILJIEMEHTapHBIMH CHCTEMAaMH pacTBOpHTeNel, omucaHHom Pay-
3epom u Ap. [253], a Takxke Ckuncku u Bapknaem [94]. Haubo-
Jiee YHAYHBIMH OKa3aJHChb KOMOHHAUMH OCHOBHOM M KHCJIOH HJIH
OCHOBHOH M HEHTpPaJIbHOH 3JIIOHPYIOLIHX CHCTeM (XOTSl NPHMEHSIOT-
csl TaKXKe KOMOMHALMH ABYX KHCJBIX WJIH KHCJOH W HEHTpaJbHOK
cucreM). OueHb xopolliee pa3pelieHHe MOJYy4YaeTcss MPH HCIOJb30-
BaHUHM OCHOBHOH cHcTeMBl xJopodopm — MmeraHoJa — 289 -Hblil pa-
cTBop amMMHaka (13:7:1) B nepBoM HamnpaBJeHHH H KHCJIOH CH-
cTeMBl  XJ0poOpM — aneTOH — MEeTaHOJ — YKCyCHass  KHcJoTa —
Boga (10:4:2:2:1) —Bo BrOopoM [253]. 3ra cucreMa OueHb
YacTo HCIOJb3yeTcss KaK JJsi KaueCTBEHHOro, TakK M JJIsI KOJIHue-
CTBEHHOro aHa/ju3a (ocOJHNUAOB IKHBOTHBIX TKaHEH MeTOIOM
TCX (254, 259, 283—288]. Humnxapa u Kurto [261] momnduuu-
pOBaJIi ONHCAaHHYI0O METOAMKY, 3aMEHHB 3JIOHPYIOUIYI0 CHCTEMY
nast mpoBefienuss TCX Bo BTOpPOM HampaBJeHHH Ha CMeChb XJIOpO-
¢opM — aleToH — MeTaHOJ — yKCycHas Kuciaota—Boga (40:20:
:30:3:1) u npUMeHWIH ee IJs1 pas3jesieHHs NEPBHUHOrO JIHMH[-
Horo skcrpakra. Penkonen wu jap. [1], a Takxe aBTOpH pabor
[280, 289, 290] ucmosb3oBasu cMech XJI0pOHOPM — METAHOI — aM-
Muak (65:20:4) pas TCX B nepBoM HampaBJIeHHH BMECTO COOT-
BETCTBYIOIIEH CHCTEMbl B ONHCAHHOH Bhllle MeTOAHMKe. B paGorax
[291—295] cxoaHoe paszeeHne OBLIO TNOJYYEeHO B TOM cJyuae,
KOrJla BO BTOPOH 3JIIOMDPYIOIIEH CHCTeMe OTCYTCTBOBaJ alleTOH.

Heckonbko syullee paspeiieHHe (GochOJUNHIOB NyTeEM ABY-
Mmepuoit TCX nosyyaercst npu 3JMI0HPOBAHHH OCHOBHOM CMECHIO XJIO-
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podhopm — MeTaHoT — BoAa — 28% -Hbli pactBop aMMHakKa
(70:30:3:2) B mepBOM HanpaBJEHHH H HEHUTPAJLHOH CMECHIO XJIO-
podpopm — meranoa —Boga (13:7:1) —Bo BrOopom [296]. Heo6-
XOOMMO OTMETHTb, YTO Ha XpOMarorpammax, IOJYydYeHHLHIX B pe-
syabrate ABymMepHo# TCX B ONHMCAaHHBIX BBILE CHCTEMAax, 30HHI
¢docharunuarauuepuia u QochaTHAUIITAHOJAMHHA YacTo Inepe-
KpBIBAIOTCS, NMO3TOMY KOJHYECTBEHHAs OLEHKAa 3THX COeJMHEHHH
3aTpylHEHa WJIH HEBO3MOXHA.

ITooptuyc u mp. [297] npemnoxunn no6asaste 0,4 M GopHyto
KHCJIOTY K aACOpPGEeHTYy M INPOBOJHTh Xpomartorpaduio B NEepPBOM
HanpaBJIeHHH B CHCTEMe XJ0opodopM — MeTaHoa — Boja — 28% -Hulil
pactBop ammuaka (70:30:3:2), a Bo BTOPOM HamnpaBJeHHH —
B cHucreMe xjgopodopm — MeraHoa —Bojga (13:7:1). Kapruna
PACIOJIOXKEHHsI ONpeaeseHHBX GochoNUNUIOB HAa TaKHX XpOMAaToO-
rpammax oueHb CXOJHa ¢ HabJ/i0faeMOll NpH BBHIIOJHEHHH ABY-
meproit TCX no Paysepy ua ap. [296], ¢ Toif suub pa3HuueH, 4TO
dochaTHANNUHO3UT U PochaTHAHICEPHH PACIIOJOXKEHbB B 00paTHOM
nopsake, a pocharuauararLepus 6oJiee yeTKo otheseH ot ¢docda-
THAMJIITAHONaMHHA. ITO 00YC/JOBJAEHO NPHUCYTCTBHEM B CHJIMKAare-
Jie GOpHOH KHCJOTH, KOoTOopass o6pasyeT KOMILIEKCH C COeNHHEHHS-
MH, HMEIOIIUMH BHIHHAJbHblE T'HJPOKCHJIbHBIE TPYNIEl, YTO B CBOIO
ouepelb BHI3BIBAET 3aJePXKKy IBHXKeHHS coeluHeHuit [278, 298].
B nocneanee Bpemsi paspadoTaHa yCOBepIIEHCTBOBAHHAs CHUCTEMA,
no3Bosigiomlas pasfetsiTb THAPOKCHIHPOBAHHBIE W HETHAPOKCHJIHU-
poBanuble rauuepodocdoaunuas |81, 299, 300].

HOBymepuass TCX Ha mnaacTHHKaX, IPONHTAHHBIX KapOGOHATOM
HATPHS, C HCNIOJIB30BAHHEM AJISL JI0MPOBAHHS CHCTEM XJI0pPOHOPM —
meranon — 28%-HEIfi pacTBOp aMMHaka —BoJa (26:14:2:1) u
xJ0poopM — MeTaHOJ — OYTaHOJI — YKCyCHasl KHCJIOTa — BOJA
(18:12:8:4:3) mas nepBoro W BTOPOrO HAaMpaBJEHHH COOTBET-
cTBeHHO Oblna mpensnoxena Yo u ap. [301] B kauectBe merona
paspenenust cmeceil GocoaUNHAOB, coAepKaluX JH30hoChHONHIH-
Obl. DTa cHCTeMa TaKxke Hallja ofllee NpUMeHeHHe (OJHAKO ee
HeJOCTATOK 3aKJ/I0Uaercss B TOM, UTO TPYAHO YIaJHuTb GyTaHo).

Cucrema ans asymepHor TCX Ha mJacTHHKAX, NPONHTAHHBIX
auneraToM MarHus, ondcana XocrteriepoM u ap. [302, 303].
ITIpu sToM B KayecTBe 3/1I0€HTa JJig XpomaTtorpaduu B mepBoM Ha-
OpaBJEeHUH HCIOJNb3YIOT CMech XJOpo(hopM — MeTaHoa — 289 -Hbli
pacTBop ammuaka —pona (120:60:4:3), a an1s xpomarorpacpun
BO  BTOPOM HaNpaBJeHHH — XJI0pO(HOPM — aUETOH — MeTaHOJI —
yKcycHasi KucaoTa —Boja (6:8:2:2:1).

HMs-3a konebanuit aTMOCEPHOH BJIAXKHOCTH aHaIu3 Pocdhoau-
nunoB ¢ nomoubio ABymepHod TCX He mo3BoJseT MONYYHTH XOPO-
IiMe pe3yJbTaTbl KOMIOHEHTOB HCCJeAyeMoro o6pasua. S$IBHH H
3yrpa [304] mpeasoxuin npoctoii u OBLICTPHI  METOA, KOTOpHIH,
@0 WX MHEHHIO, No3BoJsfeT Hu3bexaTb 3Toil npobaeMbl. HoBoBBege-
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HHUe 3aKJ/l04aeTcs B OCHOBHOM B YMEHbIIEHHHM DacCTOsiHHs, NPOXO-
JUMOrO pacTBOpUTesieM (hcnosb3oBaHHe mjacTHHOK 10X 10 cwm),
H BhiGope Gosiee 3bGeKkTHBHON 3noupyloueil cucteMbl. Onu mpen-
JlaraloT HCNOJb30BaTh JJs1 XpoMarorpaduu B NepBOM HampasJe-
HHH CMeCb XJ0podopM — MeraHoT — 40%-Hblit  MeTHaAaMuH (26:
:12:13), a Bo BTOPOM HanpaBJeHUH NPOBOAHMTb ABYKPATHOE 3JIOH-
pOBaHHe: CHayaja CMEChblO IHSTHJOBHIH 3(PHP — YKCYyCHasg KHCJIOTa
(19:1), sarem cmecbi0 Xa0poOpM — alleTOH — METAHOJ — YKCyC-
Hag Kucaota—Boxa (10:4:2:3:1). Takoii MeTrop NO3BOJUJI aB-
TOpaMm HOOGHTBCS OYEHb XOPOIUEro pa3pellieHHsl 30H, COOTBETCTBYIO-
mux QochatuauanHO3UTY, (ochaTuauacepusy, dochaTHIHON KHC-
Jote, cpUHrOMHUeNHuHy, Ju30(hochaTHIUIXOIHHY, PochaTHAHIXONHU-
Hy, JausodocdaruguastaHosaMuny, pocaTuauI3TaHOJaMHHYy, Kap-
JuonunuHy. dTa MeToAuKa Obllla Takxke onpo6oBaHa B APYrHX Ja-
GopaTopusix U moayuusa ojobpenue [258].

duoupyiolaa cucreMa xjaopodopm — Metanoa — 40%-Helit me-
THJIaMHH — Bojda (65:31:5:5) Onuwia mpeasnoxeHa [etueM u Ap.
[2305] u Afix6eprom u nap. [306] B kauyecTBe 3JI0€HTa JMJIsI XPOMO-
Torpadun Bo BTOpOM HamnpasJeHHH. Ilisi xpomaTtorpaduu B nepBoM
HanpaBJ/IeHHH MHCNOJb30Bajachb CMeCb XJ0POGOPM — METaHOJ —
yKCcycHasi Kucaora— Boja (52:20:7:3). Ilpu atom mocie xpoma-
torpadun B NMepBOM HaNpaBJeHHWH IJACTHHKY 3JIOHPOBAJH AHITH-
JIOBBIM 3(GHpPOM HJIM aleTOHOM. ABTOpHl cO06IIalOT 06 OYeHb XOpo-
ieM pasJieJleHHH ¢ HNOMOLIbIO 3TOr0 METOJA CMEeCH, COCTOsLel H3
KapAHOJHUIHHA, (ochaTHAMATIHLEpHHA, (ocPaTHAHON KHCJOTHI,
docharununsraHonamuta, ¢ocpatuaua-N,N-1uMeTHIdTaHONAMIIHA,
¢docharuauaxonnna, gocharuguiacepuna, GocpaTHAUINHO3UTA, JHU-
3odocharuaunsTaHonaMuta, JausodochaTuauaxoanHa, chHHroMue-
JuHa. McnoJsb3yloTcss u JApyrdie KOMOHMHAllWH OCHOBHBIX H KHCJLIX
cHCcTeM pacTBopHTeseH: xjJopodopMm — MeraHoa — 7 M pactBop aMm-
muaka (90:54:11) (mepBoe HampaBJieHHe), XxJopodopM — MeTa-
HOJ — yKcycHasi Kucaota—Boja (90:40:12:1) (Bropoe Hampas-
Jgenue). Takas aJaioHpylLlas cucTeMa NPHMEHsJach NpPH IByMep-
Ho#t TCX Ha nJjacTHHKAaX CHJAHKareJs, NponHTaHHHX 29 oCHOBHOro
KapbonaTta maruusa [212]. Ipyrue cucteMel: XJopodopM— mera-
Hool — 28%-HBlt pacTBOp amMMuaka —Boja (50:35:3:3) (mepoe
HamnpasJeHHe), XJ0pPOQOPM — METAaHOJ — YKCYyCHasi KHCJIOTa — BO-
nda (50:25:8:4) (Bropoe ranpasaenune) [307]; xmopodopm — me-
Tanos — 28Y%-Hblit pacTBop amMuaka (65:25:2) (nmepBoe nampas-
JleHue), XJ10p0(hOpPM — MeTaHOJ — YCKycHast KHCJIOTa — BOZA
(85:15:10:3) (BTopoe Hanpasjenue) [39, 308]; xsopocdopm —
meraHoaq — 28%-Hblit pacTBop amMmuaka (13:5:1) (mepBoe Ha-
npaBJieHHe), XJ0popOpPM — METAaHOJ — YKCYCHasi KHCJIOTa — BOAa
(81:10:45:5) (Bropoe HampaBaenne) [309]. OcHoBHas cucreMa
ucnoJsb3yercss raaBHbIM o6pasom pasi TCX Bo BTOpoM HampasJe-
HHH. Tak, npuMeHeHHe 3JIoHpylomled cMmecH xaopodopm — mera-
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HOJT — yKcycHas kucaora (50:25:8) mas TCX B nepsoM Hampas-
JIEHHH, a CcMecH XJopodopm — MeTaHosa — 28% -HEII pacTBOp aM--
muaka (13:7:1) paa TCX B ApyroM HamnpaB/ieHHH NO3BOJSET
NOJIHOCTBIO  OTAEJHTh  N-uH3onponuadocHaTHINIITAHONAMUH OT
apyrux raunepodocoonununos |[310—313]. He#irpanbras cucrema
xJ0podopM — MeTaHOJT — Bofa (65:25:4) (mepsoe Hampabjenre)
OOBIYHO HCNOJIb3YeTCsT B KOMOMHAlMM C CHCTeMOH TeTparuapody-
paH — NUMETOKCHMETaH — METaHOJ — 2 H. aMMHaK B COOTHOIIECHHH
10:5:5:1 (Bropoe Hanpasienue) [314, 315].

IOBymepuasi TCX ¢ uMCICAb30BaHHEM TpeX 3JIOUPYIOMIMX cMeceft
onucana Yanmauom u PobGeprconom [316] u UYanmanom [317].
CorsiacHo 3TO#i MeToaHKe, pa3fesieHHe NPOBOAAT B TPH 3Tama: cHa-
yaJia NJIACTHHKY 3JIOHPYIOT XJ0podOpMOM, 3aTeM B TOM XKe Ha-
MpaBJIeHHH — CMeCbl0  XJ0podopM — MeTaHOA— 7 H. aMMHak
(65:30:4) u, nakoHel, B IepNEHIHUKYJSIPHOM HaNpaBJIEHHH —
CMecbio XJ10p0GHOPM — MeTaHOJ — YKCYCHasi KHCJIOTA — BOAA
(170:25:25:4). C noMombio Tako#d mpouenype ynrajnoch addek-
THBHO pasfenuTh (ocHaTUAUIXOMUH, GochaTHAUAITAHOIAMHUH I
tochaTuaHy0 KHCJIOTY.

[TpoBenenue pBymeproii TCX B ABYX KHCJIBIX CHCTEMax [xJo-
podopM — aleToOH — MeTaHOJ — YKCyCHass  KHCJIOTa — Boja  (25:
:10:5:5:2) u xJopodhopM — MeTaHOT — YKCyCHAsi KHCJIOTAa — BO-
da (25:15:4:2)] nosBossieT mOJYYHTb XOpollee pasneseHne cHuH-
romMmuesnuHa, ¢ocdarnauaxonuna, dochaTuauanHO3HTa, (HochaTh-
IuicepuHa, cdochaTuAHIITaHOJAMHHA W KapAuoJaunuHa. Backos-
ckuil u TepexoBa [319] npumennnu asymepuyro BITCX nns pas-
JeseHust cMmecedl ¢dochonunuioB, coiepxkamwux dochatuguariauie-
puH. [lpu 3TOM yHOBJIETBODRTENbHOE pa3pelleHHe BCeX KOMIOHEH-
TOB OBIIO HOJYYEHO NMPH JIIOHPOBAHHU CMECBIO XJOPO(OpM — MeTa-
Ho1 — 6enson — 28%-Helt  pacrBop ammmaka (65:30:10:6) B
NepBOM HaNpaBJieHHH, a 32TeM CMecblo XJ0podOpM — MeTaHOJT —
6en3os1 — aleToH — yKCycHass Kucjaora —Boaa (70:30:10:5:4:
: 1) —Bo BTOpOoM. McnosnbsoBanune GeH3ona B MepBOH cHCTeMe H
6eH30J1a ¢ alleTOHOM — BO BTODPOH yJsyullaeT pasfiesleHHe, a TaKxKe
¢GopMy nsATeH NO CPAaBHEHHWIO C OOBIYHBIMH CHCTEMAaMM XJIODPO-
¢GopM — METaHOJ — aMMHaK HJIH  XJIOPO(OPM — MeTaHOJM — yKCyc-
Hasl KHCJ0Ta — BOJA.

Anxunauun-, ajJkeHHJAUHI- W AHALHATIHIEPOGDOCHONMIUAL HE-
pasjessiloTc HU B ORHOHM W3 oNHCaHHBIX Bhile cucteM TCX Kak B
OJHOMEpDHOM, TaK M B JAByMepHOM BapuHante. OIHAKO MOXHO JO-
GUTbCSl YAaCTHYHOTO PasfesieHHsi KOMIIOHEHTOB, eCJld Nepel Xpoma-
Torpadueil BO BTOPOM HanpaBJjeHHH 06paboTaTh MJACTHHKY KHCJO-
toil: Hanpumep, TCX B mepBOM HaNpaBJEHHH NPOBOJAHTH B CHCTEME:
xnopoopm — meranos — 28%-Hblli pacTBOp amMHaka (65:25:4),.
3ateM o6paforaTh IUIACTHEKY NapaMH COJSHOH KHCJOTH, mocJje:
uyero npoBogutb TCX BO BTOPOM HAmpaBJEHHH B. CHCTEMe XJI0pO--
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dopm — Meranos — 28%-ubiit pacTBop ammuaka (50:25:6) [320].
Takas npoueaypa Hauia IUMPOKOe NPHMeHEHHe IPH KayeCTBEHHOM
¥ KOJHMYECTBEHHOM aHaJIH3e 3KCTPAKTOB JHNHAOB Mosra [49, 321].
ITosnnee Xoppokc m Can [322] npenJioxuium METOAHKY, KOTOpas
cellyac sBJsieTcsl OJHOH u3 Haubojee HCIOJNb3YeMBIX NPH IpOBeE-
nennn asymepHoit TCX cdochonunumos [323, 324]. CormacHo 3Toii
MeTOJiMKe, B IIepBOM HampaBJeHHH NPOBOAAT Xpomarorpaduio B
cucreMe xmopodopm — Meranosa — 15 H. ammuak (26:13:2) u o0-
pabaThHBAIOT TJIACTHHB NapaMH COJSHOH KHCJIOTH AJs paclien-
JieHust mpoctoit adupHOH cBs3du B miasMadsoreHax. JHas TCX Bo
BTOPOM HaNpaBJeHHH HCIOJb3YIOT CMEChb XJ0pOGOPM — METaHOJ —
aneToH — yKcycHas Kucjora — 0,1 M pacrBop aumerara aMMoHHA
(26:10:11:7:2), dToT MeTox WIHPOKO NpHMeHsJcs B paborax
[323, 324].

AnKeHHIbHBEIE TPOH3BOAHBIE MOXHO NPEBPATHTh B COOTBETCTBYIO-
me Jausopocoaunuabl 06paboTKOH NJIACTHHOK  XJOPHAOM PTY-
Tu (II) nocane npoesenuss TCX B nepsom HampasiaeHun [291].
B pesysabrate Takoii 06paboTKu yAaeTcs OTAENHTb JH30pocho-
JINMHB], MOJYYeHHBEe W3 MJIa3MaJIoreHOB, OT HEMOIH(HUHPOBAHHBIX
JAMalua- H aJKuaaunuiaraunnepodocponununos. MuauBHAyaJbHBIE
n1a3MaJioreHbl H He3amelleHHble (OCHONHIHIAB MOXHO Da3fe/HThb
TI0cJIe MX TpeABapHTeJbHOro AedocopuinpoBanus (pasa. 4.3.2.2.).
Jasa paspenenus ¢ochaTHAUAXOINHA H  2-aMHHO3THJIGOCHONUIIH-
o8 ucrnoab3yloT TCX B cucreme xyi0podopM — yKCycCHasi KHCJIOTa —
MeraHoam — Bofa (375:125:25:11) [325].

Cucremn s o6erunoit TCX, Kak mpaBHJIO, He MO3BOJSIOT pas-
JenuTb GocoHO- H (ocHOJHUNHAN; AN 3TOH LeJH NPHUMEHSIOT
CHCTeMBl PacTBOpHTeJiell ¢ BBICOKHM cofgepxkaHuem (85—92%)
xJopodopMa H yKcycHo# KucaoThl [325, 326]. Ilpm atom docdo-
HOJIMMIIHJBl MHTPHDYIOT OBICTpEe, YeM COOTBeTcTBylouue ¢docdarH-
AWJI3TaHOJaMUHBl B GochaTHANAXOAHHE. Jlis paszesneHus Hesa-
MellleHHBIX (ochaTHAMIX0NHHA U (pocHaTHAHAITAHOJAMHHA U CO-
otBercTBYlOIUX 1-N- u 2-N-anunpHblx aHasoroB cepuHa O3TT H
Uynr [208] mcnosb3oBaiu cMech XJI0poOpM — METaHOJ — BOAA
(65:25:4), onHako pasgeneHue ObLIO HacTHYHBIM. B ob6eux pac-
CMOTPEHHBIX CHCTeMaX He3aMelleHHble ¢ocdhaTuIl MHTPHPOBAJH
CO CKOpOCTBbIO MeHblleHl, yeM 1-N-nmaJbMHUTOWINDPOU3BOAHBIZ, HO
Gouibieil, yem 2-N-JHHOJNEUINIPOU3BOJHEIE.

Macon u ap. [327] u Pyun u gmp. [76] wucnosab3oBasu Tpex-
KDaTHOe 3JI0MPOBaHHE CMecbl0 XJ0pOhOpM — MeTaHON—8 M awm-
muak (130:70:7) nas pasmesieHHs HACBIIEHHBIX M HEHACBHILIEHHBIX
.aHasioroB ¢ochaTHAWIXONHHA U (QocaTHAHArIHIEepHHA. XpoMa-
torpaduio NPOBOAMJIH mocje 00pabGOTKH HEeHACHILIEHHBIX COeAHHe-
nuit aerarom prytH (II).

B mocsnienHee Bpemsi 6OJiblIOE BHHMaHHe NPHBJEKIA TOHKOCJOMH-
Hasi XxpomMarorpadus Ha XpoMapoiax KaK MeTOJ, KOJHYECTBEHHOro
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aHaju3a JIMIHAOB DPasjHuYHBIX KiaccoB [2—4]. Akman u Boesona:
[328] pasmenunu cranpaprtHele cMecH  (QOCHOJHIHAOB H3 CEMSH:
Mac/JHYHHX KyJbTYp Ha XpoMapofax Imocje yHajeHHsl HeHTpaJib-
HBIX JIHIHAOB C NOMOIIBIO 3KCTPAKUHH HEHTpPAJ/bHBIX JHIHAOB ale-
toHoM u TCX B cucreMe xa0podopM — METaHOJ — YKCyCHast KHCJIO-
ta—Bojaa (60:30:9:3). INocpenctBom TCX na xpomapomax Ta-
ryun u Ap. [330] ymasoch mOJMYYHTb OYHIEHHBIE NpenapaThl Hau-
6osiee wacTo BeTpevalomuxcst dochonunugos. B KauecTse 3J10€HTOB
OHH MCIIOJIb30BaJj cMecH XJopodopM — MeraHos — Boga (80:35:
:3) mam xja0podopM — MeTaHOJ — YKCycHasi Kucjora—Boaa (80:
:15:10:4). Xepciaod [329] ¢ moMoliblo TakoH e NPOLEAYpbL
pasgenausn ochaTuAUAXOINH U (HochaTHAHISITAHOTAMHUH.

4.3.4. Boilesenue 2auxoiunudos pasAudHbLX KAACCO8

TAHKOMUNUAB, NOJyYeHHble B  pe3yJbTaTe NpPeABAPHTENbHOrO
GbpaKUHOHUPOBAHHS NMEPBHYHOTO IKCTPAKTA JIHIHIOB, MOXHO Hajee
Pa3messiTb ¢ IOMOIILbI0 aAcOPOLMOHHON MJIM KOJOHOYHOH XpOMaro-
rpajpun. Haubosee 3pPeKTHBHHIME METONAMH pa3feseHHs pasHo-
o6pasublx coeauHeHud 3Toit rpymnel sgsasiorcss TCX u BIXKX,
ofHaKo oObYHAs afcOpOLHOHHAS M pacHpejesuTeNbHAasT XPOMAaTO-
rpaduu B OTAENBHBIX CIydasX AOCTAaTOYHO 3(()EKTUBHHIL.

4.34.1. KoaoHounas xpomarozpagusn

Poysep u np. [331] npumeHunn KOJOHKH C (JIODH3HIOM IS
pasfenenus uepe6po3ugoB, cyjbdaToB LepeOpPO3HAOB W LiepaMu-
JOB. DTH TJIMKOJHMIUAB 3JIOHPOBAJH CMEChI0 XJ0pO(pOpM — MeTa-
HOJl — OMMETOKCHIIPONIaH B COOTHOWeHHWH 14:6:1 (ucpeGposunb:
H ux cyabdars) u 19:1:1 (uepamuzan). Bopbek u Mapuuertn
[332] nokasanu, YTO KOJOHKH ¢ KPEMHHEBOH KHCJOTOH NPHMEHHMBI
I pasliesleHHs] SKCTPAKTOB JIMNHIOB pPacTeHHHA. DJIOHpOBaHUE
cMmecbio xnopodopm — aneton (1:1) mosBossier MOMYYUTH HpPaKIHU
MOHO- W JWrajJaKTO3HJAHAUHITIHUEPHHOB H  CYJb)OJHIHAOB, a
3JIIOHPOBaHHE UHCTHIM aleTOHOM — (pakuuio cyabdartunos. Caiito
u Xakomopu [333] BBIIENHJIH aLETHIHPOBAHHBIE TJIHKOJHIMAL HA
KOJIOHKaX C TeM e HOCHTeJNeM, HO B KauecTBe 3Jjl0eHTa Oblja BHI-
6pana cmecb 1,2-muxsnopsrad— aneron (1:1). Opnrako caenyer
OTMETHTb, YTO MHOTHE HCCJelOBaTelH HCIOJb3YIOT ONHCAHHLIE CH-
CTeMHBl CKOpee JJii KOHLEHTPHPOBAHHUSl ONpEeNENeHHbIX TJIHKOJHIIH-
JOB, 4eM JJIsi TOJYYeHHS HX B 4yHcTOM Buie [334—336].

TFennepman u ap. [59] mpUMeHHIH KOJOHKH C KPEMHHEBOH KHcC-
JIOTOH 17151 BBIAGJEHHS MOHOTAJaKTO3HJJHAUMJITIHIEDHHOB U3 MXa;
B KauecTBe 3JI0eHTa Oblla B3fiTa CMeChb alETOH — XJI0poopM —
Boja (15:30:1). Ilerepc u corp. [337, 338] xpomartorpadueir na
TOM J>Ke HOCHTeJle NMPOBOAM/IH OYHCTKY IJIIOKOLepeOGpO3HI0B H3 ce-
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JIe3eHKH  [3/110eHT — cMech XJopodpopm — MmeraHosn (19:1)], a
Yuncon u coasropbl [60] BbAeNsIM PaCTHUTENbHBlE TJIMKOJHIH-
Ibl  [37110eHT — cMech xsopodopm — meraHoa (19:1)]. Xupabas-
wu [339] ynanoch ocyiiecTBUTb 3G ¢GeKTHBHOE (PpaKLHOHHPOBAHHE
TJIMKOJIUIIHAOB Ha KOJIOHKE CO CMeLUaHHBIM HOCHTeJeM KpeMHHeBas
KHCJ0Ta — rudJo-cynepuesnb (B cOOTHomeHuu 2:1). Daouposanue
NPOBOJMIH CMECBIO XJIOPO(OPM — METaHOJ, TMOCTENEeHHO YBEJHYH-
Basi KOHUeHTpauuio nocjiennero (ot 9:1 mo 2:3). B pesyJabrare
SblIO MOJyYeHO NATb (paKUUi, pas3HYaAIOIIMUXCST MO MOJSPHOCTH
(or MeHee NOJADHOrO TIJIOKO3W/ILepaMuaa [0 6ojee NOJSPHOTO
ranrauosufa GM;). Ilpu satonpoBanuu cMmecbio xJopodopM — Me-
TaHOJ — Bofa (65:25:4) KOJOHOK ¢ KPDEMHHEBOH KHCJIOTOH MOKHO
TaKxXe pasjiequTb ranrauosuisl [340, 341]. Ynaercs moJaydutb Tpu
<dpaknuu, coxepxaiuue rauraunos3uasl GM;, GD; u GM; coorBert-
ctBeHHO. OcTrasbpHble TaHIVIHO3HAB SJIOHDYIOT TOH K€ CMeChblo, HO
C COOTHOLIeHHeM KOMNOHeHTOB 60:35: 8.

Hapacumxan u Mioppeit [342] ucnonb3oBajun MeTOAMKY BaHca
n Cyunu [72] B Mmozucdukauuun Horecsapana u ap. [343] nas pas-
JleJleHHsT Ha KOJIOHKe ¢ KPeMHHeBOH KHCJIOTOH HeHTpasbHBIX TIVIH-
KOC(HUHIOJUNUAOB U TaHIVIMO3HAOB TKaHH JIETKHX UeJOBeKa.

Marer-Jlana u Muxaabcku [344] onmcaau npocTofi MeTox BHI-
Jenenns remarosuga NeuNGl-Lac-Cer u3 3pHTpOLUTOB JOLIAJH;
COrJIaCHO 3TOMY MeTOAY, aJMKBOTYy rpy6oi (paKuUuH TaHIVIMO3UI0B
Mocjie MSICKOrO OKHCJIEHHS NepHOAAaTOM BOCCTAHABJHBAIOT 60p-
THAPHIOM HaTpHs, cojepxamuM TpUTHH. [losyueHHBle coeayuHeHHUs
HCIIOJIb3YIOT B KauecTBe MapKepoB IPH KOJOHOYHOH XpoMaTorpa-
¢un. [aHrIMO3HABI HAHOCAT Ha KOJOHKY C KDEMHHEBOH KHCJOTOM
Y TPOBOASAT CTYNEHYaTOe 3JIOMPOBAHHE PACTBOPHUTENSMH C yBeJH-
yuBaloueiics noaspHoctbio. OcHoBHOM raHriano3us — NeuNGl-Lac-
‘Cer aJI0HpYIOT cMecbio xJopodopM — MeTaHon — Boja (60:35:8).
Ilpu 3TOM BBIXOJ HDAHHOrO TaHIVIHO3HAA OKa3bIBAeTCH JOCTATOUHO
BRICOKUM. [lo-BHAMMOMY, onHcaHHas Npolefypa NpHMEHHMa [/
pasAeseHHs caaboMOJNSIPHBIX TAHTJIHO3HAOB M HeHTPAJbHBEIX JIHIH-
ZJoB 06e3 HCIOJb30BAHHS MHOTOKPAaTHOTO 3JIIOMPOBaHHS.

Aupo u pmp. [345]monyunsin xopolluee HmpenapaTHBHOE pasjele-
HHe HeHATpaJIbHBIX TJIMKOJHMIHIOB 3DHTPOIHUTOB YesJOBeKa XpoMaTo-
rpadueil Ha KOJOHKax ¢ IIOJIHOCTbIO MOPHUCTHIMH C(epHYecKHMH
yacTHIaMu cHauKareas (stpobuac, Ilatron Lab., Tokyo, Japan).
.Hcnonb30Banue JIMHEHHOrO TpaJHEHTHOrO 3JIOHPOBAHHS CMEChIO
xjnopodopm — MetaHoa — Bojga (ot 166:32:1 pmo 110:84:6) mo-
3BOJIUJIO MOJNYYHThb MO ABe ('paKUHU KaxkKAOro M3 IH-, TPH- H TeTpa-
reKCO3HJILEPAaMUIO0B, a TaKxKe IJsg IVIOGO3HAOB M 1aparao603uioB.
Takoe (QpakUHOHMDOBaHHe NPOHCXOAUT OJjarojapsi pas3jaHYHAM B
JUTHHE LEeNM KHUPHBIX KHCJIOT W a30TCOJepKalluX 3aMecTHTesNed B
caxape. ¥aHo u Jp. [346] mMcrmosb30BajJu KOJOHKH ¢ STPOOGHACOM
QNS JanbHefllero pasfieieHHsl (QpaKUMH raHIVIHO3HIOB, INOJYYeH-
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HblX B pedysabrate xpomarorpadum Ha DEAE-cedanmekce. Kosmonky
¢ ATPOOMACOM mepel HaHECEHHEM INPOMBIBAJM CHayaja CMeChio
xjopodopm — MeraHom — 2,5 M pactBop ammuaka (3:6:1), a
3aTeM cMecblo xsnopodopm — MeTaHoN — BoAa (3:6:1) mas ynaje-
HHSl npuMecedf. DJIIOHpPOBaHHe NPOBOAMJM B JBa 3Tamna: cHayaja
cMecblo xyopodopm — MeraHon (17:3) asaouposBanu cyiabdaTHAH,
3areM cMmecblo Xxjaopodopm — meranosn (1:2) — uncTHe rasriaHo-
3UJBL.

Cynsykun u np. [347] npumeHsiig SITpOOHAC IJsl OTAENEHHS
aLEeTHIHPOBAHHBLIX TIVIOGOTPHO3HJLEPAMHAOB OT AalleTHJIHPOBAHHBIX
JIAKTOTPHO3UJILlEPaMHUAOB. [lepBhie 3JI0HPOBANH  CMEChIO JHXJOP-
sTaH — aueTrod (4:1), BTOpble — CMECBIO TeX Ke KOMIOHEHTOB, HO
B COOTHOLIEHHH 7 : 3.

Honoo6mennasi xpomarorpadust Ha DEAE-uenmonose sBasercs
93¢ (}eKTHBHBIM aJbTEPHATHBHBIM METOJOM  pasfesieHusl CJOXKHBIX
cMecedt unupos [20, 58]. ITpocThle JUNHABL, 32 HCKJIIOUEHHEM CBO-
GONHBEIX KHUDHBIX KHCJIOT, MOXKHO 3JIIOHPOBaThb XJ0podopMOM, Xo-
JHHCOAepxKalye (GOoChOTHINIE — CMEChI0  XJI0pO(OPM — MeTaHO
(9:1), docharugunsTaHONAMUHEL H AH- M IOJHIEKCO3HJLEPaMH-
Jbl — CMECBIO TeX K€ KOMIIOHEHTOB, HO B COOTHoOUIeHuH 1: 1.

HanGonee nonyJsipHBIMH SIBJASIIOTCS METOLMKH, onucaHHble Poy-
3epoM H np. [58] u Huxoncom u xkeitmcom [348]. B nacrosimee
BpeMs CYLIeCTBYeT MHOXKeCTBO MOAH(HKAUMH 3THX METONMK, NpH-
YeM HEKOTODHle M3 HHX IO3BOJISAIOT 3HAYHTEJNbHO H3MEHHTb pasie-
Jgenne [349—351]. Merox HOHOOOMeHHOH Xxpomarorpadum Ha
DEAE-uennionose Hallesg npHMEHEHHe IPH aHaJu3e TJIHKOJIHUIHIOB
TkaHel [86, 349—354]. HeiiTpanbHble W KHCJIBIE TJIMKOC(UHTOJH-
NuABl pasfensiorT Takxe xpomartorpacueit Ha DEAE-cedpanekce
[355—358]. Bpemep u mp. [350] mnns kpynHoMaclwiTaGHOro BhIAEJe-
HHUs TaHIVIMO3HAOB PEKOMEHAYIOT METOIHKY, B OCHOBe KOTOpOH
Jexur xpomarorpadus na DEAE-cedpanekce A-25. Xpomarorpaduio
NPOBOISIT HO CJAeAYIOlleH cxeMme: IOCJe HaHeCeHHs] NMPOOBI KOJIOHKY
NPOMBIBAIOT CMEChbI0 XJopodopM — MeraHod—Boda (15:30:4).
ITocsie 2TOro raHrJIMO3HABI AJIOHPYIOT CMECBIO XJI0pPOhOpM — Me-
tanon1— 0,8 M pactBop anerara unarpus (15:30:4). daa maJo-
MacwTabHOro BbINEJEHHS TaHMJIHO3HAOB M3 IJIa3Mbl DEKOMEH-
Ayercsa cJjelyollas NmpoleAypa: cHauala NPOBOAAT pachpelesieHHe
BELIECTB MeXAYy AByMs (asaMH CMecbl0 XJOPO(GOpM — METaHOJ]
(1:1—2:1) u Bopmo#, a 3ateM — BI)KX na obpauenHHoii ¢ase
c ucnojb3oBaHueM mnaTtpoHoB cen-mak C;g (Waters Associates,
CIIA); raHrIHO3uIBl 3JIOHPYIOT MeraHosoM. VBamopu u Harau
[359] u ®puaman u np. [351] cpaBHHIM pas3/iHYHBIE AHHOHOOG-
MEHHHKH Ha OCHOBe cedajeKkca MO HX CIHOCOOHOCTH pasieNsTh raH-
rauosuas. Haumnyumnm okasancs DEAE-coeposun; na mem ypa-
BaJIoCh NPOBECTH XOpollee pasjesieHHe MOHO-, IH-, TPH-, TeTpa- H
MeHTacHaJOraHIJIHO3HA0B.
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BoabmwnHcTBO pasmenennii merogoM B3I)KX mnposoausoch Ha
nepe6po3uax M MNOJHreKCO3HJIepe6po3niax, IpeABaPUTEIbHO
criojHa O6eH30MJHPOBaHHHIX, 4TOOB O0O6JEeryuTb HX AEeTEeKTHPOBa-
HHE ¢ moMmolbio Y®-cnektpockonud. Makkaoep u dsanc [360}
NPHTOTOBMJM Npenaparsl GeH30HIHPOBAHHBIX Lepe6PO3HAOB H pas-
Je/NHJIH TaKKe NPOM3BOAHBIE, COAEPKAlllMe THAPOKCHIHPOBAHHBIE
M HerHAPOKCHJIHMDOBaHHbIE XKHDHBIE KHCJOTH, ¢ nomolibio BI)KX
Ha KOJIOHKe ¢ COpPOEHTOM 3HNaKC (MeJVIHKYJSPHBIH CHJIHKarelb,
¢upma Du Pont); B kauecrBe aaioeHTa Hcrnosb3oBaau 0,13% -Hbil
pacTBOp MeTaHOJa B NeHTaHe. DTH aBTOPHl BBIAEJNHJH YHCTHE Mep-
6eH30H/ITaNaKTO3UALepaMUAB K3 IPyboro xJa0podopMHO-METaHOJb~
HOTO 3KCTpPaKTa MoO3ra B3DPOCJIOro XHBOTHOTO NyTeM XpoMaTorpa-
¢un Ha TOM XKe KOJIOHKE ¢ HCHOJb3oBaHHeM 7Y -Horo pactBopa
STHJIalleTaTa B rekcaHe B KauecTBe siaioeHTa. CyabdaTHAb He
BJHAJHM Ha pasfiesieHHe. DeH30HMIHpOBaHHBIE TVIMKO3HJ- H TajakTo-
3uJILepaMU/E pa3lelsiJii Ha KOJOHKe ¢ copbeHToM MHKponak NHp
(anm0entT — 1,5%-HBIl pacTBOp TeHTaHOJa-2 B LHKJONEHTaHe).
IOnranBana u ap. [361] onucanm ycJOBHS NpOBeAEHHS XPOMATo-
rpaduuecKoro KOJHYECTBEHHEOrO aHaJju3a NepGeH30HJIHPOBAHHMIX
llepaMH0B, COAEpPXKaLIUX He3aMelLleHHble W THAPOKCHJIHPOBaHHHIE
JKHpHBle KHCIO0TH B KojaHuectBe 0,5—10 nHmosedi. Llepamuaer pas-
JeNslJii Ha KOJIOHKe C COpPOeHTOM 3HNAKC <€ HCIOJb30BaHHEM B
KayecTBe 3JIOEHTa JAHOKCaHa B rekcaHe (rPajMeHT KOHUEHTPalHK
Auokcana 2,8—5,5%) mam sTHManerara B rekcaHe (TpafHeHT KOH-
ueHTpanun stuaanerara 2—7%).

dBaHc n Makkawoep [362] m Yuabman u Makkiaoep [363]
NPHMEHHJIH KOJIOHKY ¢ COpPOEHTOM 3HNaKc /s pasfesieHus nepGeH-
30MJIbHBIX NPOU3BOAHBIX MOHO-, AM-, TPH- U TeTpalepamMuioB MNJa3-
mbl. HanGonee addekTuBHO pasjiesieHHe NPH HCIOJb30BAHUH TpajiH-
€HTHOTO 3JIIOHPOBAaHMA (JNHHEHHBIH rpafueHT sTHAaunerata 2—179%
B rekcane). Te xe aBropnl |[[364] mo3fHee omucasd METOLHKY KO-
JIMUECTBEHHOrO aHajn3a NnepOeH30MIHPOBAHHBIX NMPOH3BOLHBIX IJIH-
KOCHUHTOJMIHAOB B MUKOMOJBHBIX KOJHYECTBaX C HCNOJIb30BaHHEM
B3)KX Ha kosoHKe c copbeHroM 3umakc. B pa6ore npumeHnsiioch
rpagueHTHoe anoupoBaHue (1—209% nwokcaHa B rekcaHe) u oGHa-
pyxeHue no noryoulenuio npu 230 HM. BelIM pasfesneHsl MOMHTEKCO-
3MALUEpPaMUAbl, COAepxKallue A0 YeThipeX YIJEeBOAHBLIX OCTaTKOB.
Cynsyku u Ap. [347] noayunin xopoiuee pasfeneHune O-aumerus-N-
n-HUTPOGEH30U/INPOU3BOAHEIX HEHTPAJbHBIX INIHKOC(UHIOIMIKHAOB
Mmerofom B3IJKX c¢ ucnonb3oBaHHeM TIPafMEHTHOrO 3JIOHPOBAHUSE
[rpamuenT KoHueHTpanuu u3onponanona 1—5% B cmecn rekcan —
auxjoparaH (2:1)]. Barana6e u Apao [365] He MPOBOAMJIH XHMH-
yeckod mMomuduKanuu o6pasia nepej HaHeceHHeM Ha KOJIOHKY. OHm
TaKkKe MCMOJNb30BAIH I'PAJUEHTHOE SJIOHPOBaHHe (3JIOHpYIOLIas
cucTeMa NMpoNaHoJ-2 — reKcaH — BOAa).

Bpemep u np. [350] omucaau MeTOA KOJHYECTBEHHOTO aHaJH3a
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MOHOCHAJIOTAHIVIMO3UAOB B BHAE NepOEH30MJbHEIX NPOH3BOIHHIX C
nomombio BI)KX. Xpomatorpaduio mnpoBOAMIM HA KOJOHKAX C
cop6ertom muxpocdep SI 4000, KoTophle 3JIOHPOBAJNH PAaCTBOPaMH
JMOKCaHa B FeKCaHe [HCINOJIb30BaJICS JUHEHHBIH rpagHeHT KOHIIEHT-
pauun nuoxkcaHa 7—23Y%, Bpemsi co3jaHHs rpajaueHta 18 muH].
QO6HapyxeHue no noryomeruo Npu 230 HM AaJ0 BOSMOXKHOCTh aHa-
Ju3upoBath A0 50 mmogeii o6pasua. Beln npoBeleH NOJHBIA aHaMu3
1 M1 nna3Mel KPOBH U NOJIyueHB! paspellleHHble NHKH, COOTBETCTBY-
sompe GM,;, GM,, GM; u GM, (yxasaHbl B mopsjKe BHIXOZa C KO-
Jaouku). IIpoBenenue BI)KX mosmcuanoraHriHO3HAOB OKasaso,
yTo nep6eH30uJbHBle Npou3BOJAHEle (GD; MHrpHPYIOT MelJeHHee,
YyeM COOTBETCTByloLlue npousBoiHble GM;, m nosTomMy He MelaioT
onpepeseHuto kKoaudectBa GM;. Cxonumm o6pasom GD;, u GDyp
MHUTpHpOBaJu MeJJeHHee, ueM GDj3, u He MelaJju aHaJu3y MOHO-
cuajoraHrano3uoB. BensouanpoBanHbiM GD;, u GD;, cooTBercrT-
BOBaJ He ONMH MUK, a MHOXKECTBEHHbIe HJIH aCUMMeTPUYHbIEe ILHPO-
KHe MUKH.

4.3.4.2. Toukocaolinas xpomaroepapus

Ons TCX raukoJunujoB B KayecTBe PacTBOPHTENEH HCIOJb3Y-
I0TCS TJaBHBIM 00pasoM aleTOH, NUPUAMH M TeTparuipodypan
[314, 366]. DTu pacTBOpHTEJH CJyXKaT HOHODAMH 3JEKTPOHOB H
©06pasyioT BOJOPOLHBIE CBSI3M C MHOTOYHCJEHHBIMH T'HAPOKCHJBHEI-
MH TpPyNNaMH IJIHKOJHUNUAOB. Tak, MOXHO 3pGhEeKTHBHO OTHAEJNHTh
MOHO- H JUTaJaKTO3WJAHALMIIVIHIEPUHB OT JAPYTHX JHIHAOB C
momouibto TCX B cucreme ameroH — 6eH3on —Boaa (91:30:8)
[367, 368]. Dta cucrema ucno/ab30Basach AJs NPeNapaTHBHOTO BHI-
JeJIeHHs] 3THX IVIKKOJMIMIOB, MpUYeM Haujayuylllee pa3pelieHHe Gbl-
JIO TIOJIyU€HO NPH HCNOJb30BAHHU CHJIMKare/s, MPOMNHTAHHOTO CYJb-
¢arom ammonus [369]. Ipyroit xopoluleil cucremoit A paspele-
HUSl PaCTUTEJbHBIX TVIHKOJMIUAOB SBJSETCS CMech XJopodopm —
alleTOH — MeTaHOJ — yKcycHass  kKucaora (146:50:3:1) [370].
B sT0it cucreme MOXKHO pasfenuth 6-O-anuanpousBOmHBIE MOHOTa-
JIaKTO3UJIMAUMJTINIEPHHOB U TJIIOKO3HABI CTEPUHOB, KOTOPHIE OT-
IeJSIIOTCA OT 2-MOHOAQUUJIIMIEPHHOB U He3aMelleHHBIX KHPHBIX
KUCJIOT. MOHOraNaKTO3UAAMALMITIHIEDHHEl XOPOIIO OTAEJSIOTCS
oT N-anuadochaTuauasTaHOJaMUHA U JAPYTHUX NOJSPHBIX JUIHUIOB,
KOTOpble OCTAIOTCSl Ha CTapTe. YBeJHUeHHe COAEpKaHHUs aleTOHa B
cucreme XJopodopm — aueroH —Boxa (15:30:1) npuBoxuT K yBe-
JIMYEHHIO IIOJBHIKHOCTH IOJSPHBIX JIMNHUAOB, NO3TOMY, HCIOJNb3YS
3Ty CHCTEMY, MOXHO Da3leJUTh MOHOra/JaKTO3HJLEPaAMUA, MOHO-
Ta/1aKTO3UJIMOHOALK/ITJIHIEPUHB], JUTaJaKTO3UJLUAIUIITIHIEDHHB H
M IUrajakTO3uJMOHoauuarauuepuHsl. IIpekpacHoe pasneneHue riu-
KOJIUINJIOB PACTeHHH OblJIO MOJYYEHO IPH HCIOJb30BAHUM JPYTHX
cucreM, ucrnoandyeMuix A1 TCX ¢dochonunuaos, a UMEHHO: XJIOpPO-
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¢opm — mMeraHon — 28% -HEII pacTBOp aMMmuaka — BOJa C COOTHO-
IIeHHeM KoMNoHeHToB 24:14:2:1 [370], 160:20:7:4 u 800:100:
15:7 [371]. [ns BHKeNeHHS MOHOraJaKTO3WJAHALHJTIHIEPHHE
HCNOJb30BaJach CHCTeMa XJopo(dOopM — MeTaHOJ — aMMHaK — 2
nponunamuH (130:70:10:1) [371—373]. CxomHble KapTHHH pas-
JeJleHus TVIMKOJHNHAOB MOXHO HOJYYHTh ¢ momompbio TCX Heko-
TOPBHIX 00Jiee NMPOCTHIX 3JIOHPYIOIHX cucTeM [72, 374, 375]. Tmo-
KO3MJI- H TaJaKTO3W/ILepaMUIbl MHUTPHDPYIOT BMeCTe, OLHAKO 3TH
BellleCTBA MOryT OBITh pasfiesleHbl Ha CHJHKareje, NPONHTAaHHOM
6opHoit Kucaoroi [298, 376].

MHorokpatHoe 3/10HpOBaHHe YAAuyHO BHIODAHHBIMH CHCTEMaMH
pacTBopHTesel N03BOJSET 3aMEeTHO YJYYIIHTb pasjesieHHe TJIMKOJH-
nuaoB. CoracHO OAHOH H3 TAaKHX METOJMK, YCIEIIHO NMpUMeHseMOH
NpH pasfelleHHH TIVIHKOJIMIHAOB XKHBOTHHIX TKaHel, BHayaJje NMpOBO-
Iar TCX Ha niacTHHKe cHJIMKaress B CHCTeMe aleTOH — NHPHIUMH—
xaopopopm —Boma (40:60:5:4), mamT NJAaCTHHKE BBICOXHYTb,
nocjie 4yero B TOM K€ HaNpaBJ/IeHHH 3JIOHPYIOT NOCJeA0BaTe/NbHO
cMecsIMH JAMSTHJOBHIN 5(Up — NHPUAHH — 3TaHOM — 2 M pactBop
ammuaka (65:30:8:2) u DUSTHUNOBHIH 3¢hHD — YKCYCHasi KHCJOTa
(100:3) [347]. Bo Bpemsa TCX B mepBOil cuCTeMe MHIPHPYIOT TOb-
KO HeHTpaJsibHBlE JIUIUAB U MVIHKOJHNUABL, a (ochOIUNNAbl OCTAIOT-
csl Ha crapre. B mpouecce BTOpPOro 3/J1I0HPOBaHUS C MJACTHHKH Bbi-
MBEIBAalOTCH HeHTpaJ/bHble JHNHUAB, B TO BpeMs KaK INIHKOJHUIHALI
OCTaIOTCs CBA3AHHBIMH C HemoJBHXKHOH ¢dasoit. [Ipu ucrnoap3oBanun
NocJenHel 3/I0UPYIOIIell CMecH yAaNAITCc cBOOOAHbIE XK PHBIE KHE-
JIOThl, MHUTPHpYIOIlHe C NMOABHXKHOH ¢a3oil. B aToit cucreme Helir-
pasbHble JUNHAB UMEIT 00JblIyI0 XpoMaTorpaduyeckyio MOABHK-
HOCTb, YeM MOHOTEKCO3HJlepaMuIbl, a Bce (ochoIuNuibl ABUTraAIOT-
csl MeJlJIeHHee TeTpareKcosu/uepaMunoB. [Ipu ucnosb3oBaHHH omu-
CAHHOH METOJHKH yJaeTcss JOCTHYb OYeHb XOpOLIero pasfeseHus
LepaMH0B, MOHOI'E€KCO3HJLePaMHIOB, CyJbdaTHAOB, AUIeKCO3HUIe-
paMHIOB, ICHXO3HHA, TPUTEKCO3H/ILIepaMUI0B, N-aleTHIreKCO3aMHH-
LIepaMUAOTPUIeKCO3UA0B, KapAHOMHIKHHA. B NXaHHOM cJayuae TJIHKO-
JIMIUJH Pa3fessioTcs B OCHOBHOM BCJEACTBHE pa3jiMuHi B cOAep-
XKaHHUM MOHOTEKCO3HAHBIX 3BEHbEB, a COUHIONHNUAB — O.1aronaps
pasnuyusaM B AJHHE YIJIeBOAOPOJLHOM IIeNH H YHCJie THAPOKCHIbHBIX
rpyna B cuHroduHosoM ocHoBaHuu [377]. Llepe6Gpo3unbl u cyib-
¢baTuaE MOXKHO pa3fesuTh NyTeM ABYKPATHOIO 3JIOMPOBAHUA cMe-
cbi0 xJ0podopM — MeTaHOJa — BoAa (720:125:14) [378].

CanueporaukoMunuAE pacturenbHoro [379] u  Mukpo6HOro
[380] mpomcxoxIeHHst XOpOLIO pa3feNAIOTCH B CHCTEMax XJOpO-
¢opM — MeTaHOT — Bofa U XJopodopm — Bofa — aueton  [370].
Haxe cmecu Gosiee ClOXKHBIX 6aKTepHaJbHBIX TIJIHKOJHIHIOB, Ta-
KHX, Kak raunepodocdopHIaurioKOo3HIAHaUMITHIePHHBl CTpen-
TOKOKKOB, JIeTKO pasnessiorcsi ¢ nomoipio TCX B cucreMe xsopo-
¢opm — meraHom — Boja (65:35:8) [381]. Tamano m HMumusyka
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[382] ucmoab3oBanu 3JIOHPYIOIIHE CMECH XJI0PO(HOM — METaHOJ —
Boja (65:25:4), xaopodpopm — meraHoa — 28% -Hblil pacTBOp aM-
muaka—Boga (60:35:1:7), xJs0opo¢popM — aneToH — MEeTaHOJ —
yKcycHas kucaotra —Bojxa (10:4:2:2:1) gas pasneneHus rajnak-
TO3MJILLEPaMHUJIOB, JIAKTO3HJILIEp AMHAOB, GbOSe;-uepamMunos,
GbOSe;-uepamunoB 1 GM;. Canr u Cyuan [383] paspenunu cmech
raukosuiachunroaununos GL., GL3, GLs u TpurekcosuuepaMmuuos
B cucTteMe XJopogopm — MeraHosa — BoAa (50:21:3). dns seinese-
Hus ¢ocdoraukonununa us Acholeplasma B pabore [64] ucmosb3o-
BaHa cucreMa xJaopocdopm — MmetraHoa (9:1). Taukonunupgbl H3
6blUbHX CIEPMAaTO30HJAOB pa3feJsiyH B CHCTeMe XJopodopm —me-
taHosm —Boga (40:10:1) [71]. Bosee cnoxHble HeHTpajbHBIE Iie-
PaMHIOOJNHIOCaXapuikl, COAepKallne oT 5 J0 8 MOHOcaxapHAHBIX
OCTaTKOB, yI0GHO pa3fesaTh NOCJE NMEPeBOa HX B MOJHOCTBHIO alle-
THIHPOBaHHyI0 ¢opmy [384].

CouHroNMIUAB U TaHMJIMO3HABI, COAEpPIKALIHE CHAJIOBYIO KHCJIO-
Ty, 00biyHO pasgeasior TCX B cucTemMax nponaHoa — BOAa H XJIO-
podopm — BoJa — MeTaHOJ C J00aBJeHHEM aMMHuakKa uiad Ge3 Hero
[385—387]. Cucrema mnponaHoan—Boja (7:3) [385] oxasamack
poctaToyHo 3¢ ¢dekTuBHOH B cayuyae TCX 1LecTH TaHINVIHO3HIOB, CO-
CTOSILHX M3 TETPareKCO3WJLEPaMHUAOB, CBA3aHHLIX C OZHOI HJIH He-
CKOJIbKMMH MOJIEKYyJlaMH CHAJIOBOH KHCJOTH. B paborax [388, 389]
¢pakuuo raHrVIHO3HAOB H3 TKAHH MOJIOUHOH JKeJe3bl KOpPOBHl pas-
nensin Merogom TCX B cucreme mponanod-1 — 28%-Hulil pacTBOp
ammuaka —Boaa (14:61:1). Ilpu sToM OblaM NOJyYeHH paspe-
meHHble 30HH GMj3, GM,; 1 GM, (yKa3aHHE B NMOPSIIKE YMEHbIIEHUS
X XxpoMartorpaduyeckodi noasHxKHocTH). [Jlaf npenapaTHBHOA
TCX wucnosassyior cmech xJopodopm — meraros — 28Y%-Hblit pac-
TBOp aMMHaka — BoJa (60:35:7:3) [389]. dra cucrema npumens-
Jach Takxe JAJS NpenapaTHBHOTO BblJeJEHUs TaHTJIHO3UIOB H3 KJje-
TOYHOH JIMHMH KapUHHOMBl MOJIOUHOH 2xkese3nl Kpeic [390]. Cwmur
[391] u CeenunepxonbMm u ap. [376] pasmensiin rJMKOJHNHAB B CH-
creMe xJopotdopMm — meTaHON — BoAa (65:25:4). Onucanue apy-
rux cucrem pacrBopuredsei aasg TCX yrieBoacomepKalux JUNUAOB
yHTaTeN b MOXKET HaliTH B paborax [11, 99].

Seippun u mp. [392] u Anno u ap. [393] nokasaau, yto rau-
IVIHO3UAB MOXHO 3Q¢eKTuBHO pasfensts ¢ nomombio TCX wu
B3TCX B cucreme xsopopopm — Metanosa — 0,02% -Heiii  BOAHBIA
pacTBop xJopuaa Kaabuus (60:35:8) wuam B cucreme XJopo-
¢opm — meraHosm — 2,5 H. pactBop aMMmuaka (60:35:8). MBamopu
i1 Harau [359] ¢pakunoHMpoBasu raHrJHO3uJbl MO3ra uejoBeKa H
JKHMBOTHHIX. B KauecrBe amoedta A TCX B naHHBIX pa6oTax Hc-
T0JIb30BANH CMECH XJ0podopM — MeTaHOJ — 2,5 H. pacTBOp aMMHa-
Kka (60:40:9), xnopodopm — MeraHoa — Boja (65:35:8), xaopo-
dopm — Meranos — 0,25 % -Hblil pacTBOp Xaopuja Kanusa (60:35:8).
Kom6unupoBanne xpomatorpadgpuu Ha Kojowvke ¢ DEAE-ceda-
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nekcoM ¢ mociaenytomeii TCX no3Bosunsno aBTopam 3Toit paGoOThHl BHI-
JIeMTh NO KpaiHefi mepe 25 HeMAEHTH)UIMPOBAHHBIX TaHIVIHO3H-
OB (HapsiLy C y2Ke H3BeCTHHIMH COEJMHEHHSIMH).

Hefitc u ap. [394] npuMeHHIM SJIOHPYIOILYIO CHCTEMY XJOPO-
¢opm — meranoa — 0,02%-Hulfi BOAHBIA pPacTBOP XJOPHAA KaJsbIHsS
(6:4:1) nns TCX raHraHo3uIOB H3 HeHpasbHBIX ONMYXOJeH 4Yeso
BeKa M KJETOK ABYX IVIMOM, BBHIpallleHHBIX B KyabType. OueHb xo-
polllee pasfie/ieHHe T'aHIVIHO3HAOB, NPHHAAJNEXKAUIUX K MOAKJIaccaMm
GQ, GTib, GDyp, GDya, GD3, GM;, GM; 1 GM;, 6bLIO NOJYYEHO
NpPH HCNOJNb30BAaHHH TOTOBBIX IUIACTHHOK cHJHKareas. O6pasimbl
OYHIIEHHBIX TaHIVIHO3HJOB OblLIM moayuyeHH ¢ nmomombio TCX B cu-
cremMe XJopodopm — MeTaHON — Bofa — 28% -HBlll pacTBOp amMMmua-
Ka (60:35:7:1) Ha nJjacTHHKax C TOJIMMHOH CJIOS CHJIHMKaress
0,5 MmM.

IIBapuman [395] paspmensis raHMVIHO3UAB TaKXKe Ha TOTOBBIX
NJIaCTHHKAaX CHJHMKarejas B CHCTeMe XJOpOdhOpM — MeTaHOJ — BOZAA
(60:35:8), comepxkameit 20 Mr xmopua Kaapuus Ha 100 mMa pac-
tBoputeasi. duaa TCX HeHATpasnbHBIX TIVIMKOCGHHHTOJUIHAOB OH HC-
M0JIb30BaJ B KauyecTBe 3JIOEHTa CMeCh XJOPOpOpM — METaHOJ —
Boaa (65:25:4). IlosoxeHHe pasfesNuBUINXCH KOMIOHEHTOB Ha
NJIaCTHHKAaX OMNpeJesisijii C NOMOLIbI0 aBTopajguorpacduu (TpUTHI
BBOAMJH B OCTaTOK LiepaMHja B MOJIEKyJax TaHIJIHO3HAa, HeHT-
pPaNbHBIX TVIHKOCQUHIOJIMNHAOB M CHHUHIOMHENHHOB C NOMOLIBIO
[*H]-60oprunpuna B npucyrcTBun Pd B KauecTBe Karaausartopa).

Hcnoap3ys mBymepuyio TCX, MOXHO YJYYIIHTb pasfeleHue
TJIHKOJIMMUAOB H 6oJiee NOJNHO OCBOGOAMTHLCS OT BO3MOXKHBIX NpHMe-
ceii. Xopoulee pasjesneHne Lepe6poO3HA0OB, COAEpKALIUX He3aMe-
IIEeHHbIe JXKHPHble KHCJIOTHI, 11epe6pPO3UI0B, COAEPXKAIIHX THAPOKCH-
JHPOBAaHHbIE KMDHBlE KHCJIOTH, I'eKCO3HJIEPaMHAOB, Cy/JbdaTHAOB
¢ He3aMEIUEeHHbIMH XXHPHBIMH KHCJIOTaMH, CyJb()aTHZOB C THAPO-
KCHJIMPOBAHHBIMH JKHDHBIMH KHCJOTaMH, FaHIVIMO3HAOB, MOHOraJjakK-
TO3UJAHALMITIHIEPUHOB, IUrajJaKTO3HIAHALUATHIEPHHOB U
CyJb(ONHIHAOB MOXKHO NOJNYYHTb NPH HCIOJb30BAHHH CJEAYIOLIHX
CHCTEM pacTBOpHUTeJell: XJopodopM — MeTaHON — Bofa (65:25:4)
(nmepBoe HampaBieHHE) H H-6YyTaHOJ — YKCyCHasi KHCJOTa— BOJa
(3:1:1) (BTOpoe HampaBJeHHe); xJaopodopm — meTaHoa — 28Y%-
HBIA pacTBOp ammuaka (13:7:1) (mepBoe HampaBjeHHE), XJOpO-
¢topM — aneToH — METaHOJ — YKCyCHasi Kucjora —Boda (10:4:2:
2:1) (Bropoe HampasJjenue) [58].

Tpeit [314] n Kapau u Jlpiouc [86] npumeHunn ABYyMepHYyIO
TCX pasi pasgeneHHs TVIMKOCOHHTOJNHIHAOB LIMTOBHAHOH JKeJe3hl.
B KauecTBe 3J10eHTa GBHIJIM HCHOJb30BaHH CMeCH XJopodopm — Me-
TaHon —Boaa (65:24:4) (mepBoe HampaBJeHHe), Terparuapody-
paH — MeTHJa/1b — MeTaHoJd —4 M pactBop ammuaka (10:5:4:1)
(BTOpOE HampaBJeHHe). Bbln nosyyeHsl paspelleHHbIe 30HE MOHO-,
[H- M TPUTeKCO3U/LEePaMHAOB, aMHHOTJIHKOJHIHAA M CcyabdaTuaa.
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Oxaum [396] pasnenua ranrauosuan TCX c mcnoab3oBanueM ABY-
KPaTHOTO SJIIOHDOBaHMSI: B NEPBOM HaNpaBJeHHH CMeChIO XJOpO-
¢opm — meraHo1 — 28%-Hblft pacTBOp aMMmuaka—Boaa (60:40:
3:6), a Bo BTOPOM — cMecbio nponaHos-1— 28%-ublii pacTBOp
ammuaka —Bofa (15:1:5) wmam xJopodopM — MeTaHOJA — BOA2
(60:40:9). DTH MeTOAB OKa3aJuUCh OYEHb IIOJE3HBIMH OJ5 Npef-
BapUTENbHOH HAEHTHGOHKALMH MaJHX KOJHYECTB FaHIVIHO3UAOB (4—
5 MKT cHaJIOBOf KHCJOTH Ha NATHO).

44. PaszpeneHue cMecedl JIUNHUAOB Ha MHAMBHUAYaJbHblEe
COEJIUHEHHS

IIpu o6CyXAEHHH UMEIOUIHXCSl B HACTOslllee BPeMs NAaHHBIX JIO-
6oe pasfeneHue BHYTPH OIpeJeJeHHOro Kjaacca JHIHAOB MH Gyaem
paccmMaTpuBaTh Kak pasjieleHHe WHAHBHAYaJbHBIX COEIMHEHHH, XO-
csl OTHeJbHble KOMIIOHEHTHl He BCerjga MoryT OBHITb IIOJYYeHHl B Ka-
KO#-H00 0NHOH XpoMaTtorpaHuyecKoi CHCTEMe HJIM Aaxe NPH coye-
TaHHH HECKOJbKHX CHCTEM. [lJist pasjeneHus XKHPHBIX KHCIOT, a TaK-
e UX 3(UpPOB M aMHJOB B Ipelesnax BCero Kjaacca JHIHLOB HauGo-
Jgee 3¢¢dEeKTHBHBIMHE H3 JOCTYNHHEIX cefilyac METONOB SBJSIOTCS CJe-
nytomne: TCX Ha HOCHTeNsX, colepxKailux HOH cepebpa, I')KX Ha
KUIKHX noasipHbX ¢aszax, BA)KX Ha kosnoHkax ¢ o6pameHnHo#n da-
30i1. B GosabummHcTBe ciayyaeB 3(p¢GeKTHBHOCTb pa3jesieHHs 3HauH-
TeJIbHO YBeJHUYHBAaeTCs, €CJH pasfiessieMHBe COefAHHEHHs NpelBapH-
TeJbHO NPEBPAaTHTb B MX MeHee TOJSDHBIE U TEPMHUECKH Gosee
ycTOHYHBHIE NPOH3BOJHBIE.

4.4.1. )Xupnste Kucaotel

JKupuble Kuca0TH 06byHO pasfenstoT I'DKX Ha xuakux moasip-
HEX ¢pasax mocje HX NpeBpalleHHss B MeTHJIOBHe 3¢upuH. OpHako
s HAEHTH(HUKALUH HEeH3BEeCTHHIX XKHPHBEIX KHCJOT yHoOHee NMepBO-
HayaJbHO Pa3feJHTh HX Ha IPYNNB], OAHHAKOBBIE IO CTENEHH HeHa-
CHILIEHHOCTH H reoMeTpHYeCKOH KoH(pHrypamuu. Takoe pasgenenue
OCYLIECTBJISIOT Pa3jHYHLIMH XPOMAaTOrpaHueCKHMH METORAaMH, HO
B ocHoBHOM TCX Ha HOcuTensX, COAepKalluX HOHBl cepebpa.

4.4.1.1. Xpomaroepagus na HOCUTEARX,
codepoxcaujux uoHbL cepebpa

XpoMarorpagus Ha HOCHTENSX, COAEpKALINX HOHH cepe6pa, Hc-
NOJb3YeTCs AJsl pasfiesieHHs] XKHUPHBIX KHCJIOT B KOMOHHAUHH C KO-
JoHoyHOH xpoMmarorpadueit [397], BO)KX [398] u ocobenno ¢ TCX
[399[. MeTon ocHOBaH Ha TOM, 4TO MeXJAy HOHaMH cepe6pa M ABOH-
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HBIMH CBfI3fIMH B YIJIeBOJAOPOAHOMH Lenu o6pasyercss KOMIIEKC ¢ 06-
paTHMBIM nepeHocoM 3apspa [400, 401]. Bapper c corp. [399] u
Hanan u Anpepcon [402] nokasanu, uto TCX Ha HOcHTensX, co-
JlepKallux HUTpAT cepebpa, sBasercs 3QPEKTHBHBIM METOAOM JJIs
¢paKUMOHHPOBAHHA cMecell 3(DHPOB KHPHBIX KHUCJIOT B COOTBETCT-
BHH C YHMCJOM [BOHHBIX CBs3ed B MosekyJe., OQHAaKO BOCIPOH3BO-
JAUMble Pe3y/bTaThl MOJYYaIOTCSl TOMBKO NIPH OTHOCHTEJNbHOH BJaXK-
HOCTH, paBHOl 42—449,. Brixox 3pHpPOB ¢ BHICOKOH CTEIEHbIO He-
HachilleHHOCTH (5—6 NBOHBIX CBsi3eil) cocraBjsier npuMepHo 809%:;
NMOTepH NMPOHCXOAAT B OCHOBHOM HM3-3a OKHCJeHHs. Xpomarorpadueii
Ha HOCHTeJfX, COEpIKAIIHX HOHH cepeGpa, MOXHO pasfiensiTh Tak-
K€ YUC- M TPAHC-H30Mephl H MO3HLHOHHBIe H3oMephl [399, 402, 403].

Mununkue # ap. [404] ucnosbp3oBann TCX Ha HocHTedsix ¢
HoHaMHU cepebpa AJs AasbHefilero (ppakUHOHHPOBAHUS MUKOJIEBHIX
KHCJIOT, KOTOpble OblIIH FOMOreHHB! 10 AaHHBIM ancopluuonHoit TCX,
a Pao u np. [405] Bblmensiin B npenapaTHBHBIX KOJHUECTBAX KHUP-
Hble KHCJOTBl C AJHHHOH OOKOBOH LeNbIO, HCIOJb3ysl B KauyecTBe
3/110€HTa CMeCh IeKCaH — AHM3TUJIOBLIH aup (4:1). Mannos [406]
{IDENJIOKUJ AJsI pa3feJeHHs] METHJOBBIX 3(HPOB KHPHBIX KHCJOT
MCIOJb30BaTh B KauecTBe copGeHTa CHJHKareab, NPONHTAHHHIM
cyabpamaToM cepe6pa. DTo NO3BOJSET NOJY4YaThb NPH NPOSBAEHHH
6oJiee MHTEHCHBHO OKpalleHHble 30Hbl, YeM INPH HCIOJb30BaHHH
TOJIbKO CHJIHKaress. DJII0OMPOBAHHE B 5TOM CJyyae OCYILECTBJSETCS
CMEeCbl0 H-TeKCAaH — NeTPOoJIeHHBIH 3(PHp — AUITHJIOBBIA 3PHP — YK-
cycHast kucaora (35:12:2:1) npu temneparype 12—15°C. Cyub-
¢aMHHOBasT KMCJOTA He BJHUSIET HA pa3fesieHHe JUMHAOB.

Hns pasneneHyuss MOJMHEHACHIEHHBIX JXKHPHBIX KHCJIOT MCIOJb-
3yioT ajcop6uuonnyo [397] unu pacmpenenutenbhyio [398] koso-
HOYHYIO XpOoMaTorpadHuio Ha HOCHTeJSX C HOHaMmu cepeOpa, TaK Kak
BBIXOJ JKHPHBIX KHCJOT B 3TOM CJyuyae YBeJHUHBAETCs BCJELCTBHE
yMEeHbILIEHHSI OKHCJEeHHS NMepoKcHAaMH. Ilns pasgesneHHs HacHILEH-
HbIX H HEHAaCBILEHHbIX XUPHBIX KHCa0T HeBpue [397] mpensnoxui
MCIIOJIb30BaTh XpoMaTorpaguio Ha KOJOHKAX C KPEMHHEBOH KHCJIO-
TO#, MPONMHTaHHOI HUTpaToM cepe6pa. Henocratok Takux KoJo-
HOK — uX HenoJsroBeyHocTh [407, 408]. TeM He MeHee BO MHOTHX
cJyyasX OHH HaXOASIT NpaKTHUeCcKoe mpHMeHeHue. HeBuan u ap.
[409] ucnmonb3oBanu Kojonku ¢ HocuTeneM AgNOz— yHHCHI AJS
OTAEeJIeHHs] METHJIOBOTO 3(GHpa YuC-BAaKIEHOBOH KHCJIOTHI OT CJICIO-
BbIX NpHMecell APYrHX MeTHJIOBHIX 2(HPOB. DIIOMPOBaHHE NPOBOLH-
au 15%-HeIM pacTBOpoM GeH3osa B NeTpoJiefHOM 3dHpe, 3aTeM
50%-HpIM pacTBOpoM GeH30Ja B NETPOJIEHHOM 3(Hpe H, HAKOHEL,
JLUSTHJIOBEIM 3¢QHpOM, npuyeM 66 blIast 4acTh YUC-BaKLEHOBOH KHC-
JoThl aaoupoBanack 50%-HBIM pacTBopoM GeH3osia B NETPOJIEHHOM
acdupe. IlockonbKy HHTpAaT cepeGpa OrpaHHYEHHO pacTBOpseTCs B
pacTBopuTeNsx, npuMeHsieMbx aas BI)KX, KosnoHkH, coaepxalue
HOCHTEJIM C HUTpPATOM cepeGpa, NPHIOAHbl AJs pPabOTH IO MeHbllei
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Mepe B TeueHHE [ABYX MecsleB IPH €XeJIHeBHOM HCIOJb30BAHHH
[398]. Osunmaep u Xammepc [398] moxasanu, uto BI)KX Ha ko-
JIOHKAaX, COAEPIKAIIHX HOCHTeNH C HOHaMHu cepeGpa, NMpeACTaBiser
c060i1 OLICTPBIl MpenapaTHBHLII METON NpelBapUTEJIbHOTO pa3jee-
HHSI BHICOKOHEHACHIIEHHBIX JKHPHBIX KHUCJAOT ¢ 3—6 1BOMHBIMH CBsi-
3siMu. Pasjenenye npoBOAHIM Ha HocuTese maprucua 10, conepxa-
mem 5% (mo Mmacce) HuTparta cepe6pa; B KauecTBe 3JIOCHTa HC-
nosb3oBann 4%-Hblil pacTBOp alUETOHHTPUJIA B H-rekcaHe. Auero-
HHTPHJl KOHKYyPHPYeT ¢ HOHaMu cepe6pa 3a yYaCTKH CBf3bIBaHHA, C
KOTOPHIMH OH oOpasyer kommiekc (1:1), u, TakuM oGpasoMm, OKa-
3BIBAET CHJIbHOE BJIHSHHE Ha 3JI0MPOBaHHE HEHACHIIEHHBIX XKHPHBIX
kucaor [410]. |

Panee JIam u pymka [411] mokasaau, uto n-6poMdeHnarumo-
Boie 9(UPBl KHUPHBIX KHCJIOT NPEKPACHO Pa3Ae]floTCs C MOMOLIbIO
B3)KX Ha HOCHTeJsX, NPONMTAHHBIX HHTpPAaTOM cepebpa, mpuueM
BO3MOXKHO pasfieJieHHe Jaxe yuc- U TPaHc-u30MepoB. Tparc-Hzome-
Pbl 3JIIOUPYIOTCS PaHbllle, YeM COOTBETCTBYIOLIME 4UC-H30MEpHI.

Ansnod u np. [412] usyyasu BO3MOKHOCTb NDHMEHEHHs paclpe-
Jle/IUTEJNbHON XpoMaTorpacuy Ha cMoJaX, COAepKallHuX HOHH cepel-
pa, ISl pasfeseHHs H30MepOB 3(pHPOB OKTafdeKalHeHOBOH KHCJIOTHL,
BBLIO yCTaHOBJIEHO, YTO BpeMsi, KOTOpOe HeOOXOAHMO IJIs 3JI0HPO-
BaNus METHJIOBOrO 3(upa YUC,Yuc-0KTaLeKaJHEeHOBOH KHCJIOTH C
KOJIOHKH, COZlepKalllell B KaueCTBE HOCHTeNs CYJb()OHHEBYIO KHCJO-
Ty, HaCBILEHHYI0 HOHaMu cepeGpa, ropasjio MeHblle BPEMCHH IMpH
HCII0JIb30BAHHU CMOJIBI CO CTENEHbIO HacHIlleHus cepeGpom 60—90 %.
oT TeopernHueckoil. CMecH METHJOBBIX 3UPOB YUC,TPAHC-, TPAHC,
TPAHC-, TPAHC,YUC- N YuC,yuc-0KTaneka-12,15-1ueHoBBIX KHCIOT G-
JIM pasjiesieHbl B BaJALaTh NIPHEMOB Ha KOJIOHKE CO CTENEeHbIO HaChl-
weHust cepe6poM, paBHoit 91%. Annod u dmken [413] ucnons3oBa-
JIM NPHHLHAIN pachpelesNuTCeabHOl Xpomarorpaduu Ha cMoaIax, copep”
Xalux HOHBl cepebpa, AJAs pasleseHHs CMECH CJOXKHHIX 3(QHDPOB
HaCBILIEHHBIX, MOHO-, M-, TDH- H TETPAEHOBHIX JXHPHBIX KHCJIOT Ha
koJsioHKe ¢ XN-1010 (Rohm & Haas). OxHako HCIOJb30BaTh 3TOT
NPUHUMI AJIs pa3fiesieHHss cMecell JKHPHBIX KHCJIOT M cMecell Tpua-
LLHJITJIHLEPHHOB 0Ka3anoch HeBOo3MOXKHBIM. Cooflianocs o pasjene-
HHH H30MEPOB CJOXHBIX 3(DHPOB MOHO- M JHEHOBBIX MKHUDHBIX KHC-
JIOT Ha HachllleHHOH cepe6pOM KPYNHONOPHCTOH KAaTHOHOOOMEHHOMR
cmoue [414]. Pasnenenne H3oMepoB 3HPOB MOHOEHOBBIX JKHUPHBIX
KHCJIOT MOXHO JIerko nposecTH npH Haauyuu 10—20 r o6pasua, a
L5l BbLAGJIEHHST 3(DHPOB YUC, JUC-THEHOBBIX H YUC,YUC, UC-TPUEHOBBIX
XKHDHBIX KHCJOT TpeOyeTcsl JJIMTEJbHOE BpeMsl 3JIOHPOBAHHSA H
6oJblIOe KOJHYECTBO MEeTaHo/a; (GopMa MOJYYAIOUHXCS NMPH 3TOM
NMHKOB Jafneka OT HAeanbHo#. Jlo6aBieHHe K 3JI0EHTY rekcaHa-}
3HAUUTEJbHO YCKODPSIET 3JMI0MPOBaHHe 6s1arogapsi KOHKypEeHUHH reK-
ceHa-1 ¢ cepe6poM 3a yuacTKH cBsi3bIBaHHs [415].

lodunn [416] nns pasneneHHs MEeTHJIOBHIX 3(HDOB KHPHHX
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KHCJIOT M HX H30MepOB 00beAMHHJ MeTOJ XpoMaTorpadHu Ha Kpyn-
HOMOPHCTHIX HOHHOOOMEHHBIX CMOJaX, COAeDIKAaUHX HOHHI cepebpa,
¢ B3)KX. dDnonpoBanne MeTHJIOBOrO 3¢Hpa JHHOJEBOH KHCJIOTH C
KOJIOHKH M, CJIe[0BaTeJbHO, GLICTPOE pa3feseHHe NHEHOB YJyuylla-
JIMCb NP HarpeBaHMH KOJOHKH OT 25 g0 70°C; B KauecTBe 3JI0€HTa
NPHMEHSJIH MeTaHoJ. [/is pa3jesieHHss METHJIOBBIX 3(DHPOB JKHPHBIX
KHCJIOT, COJiePXKaIlHXCSA B MacJje H3 ceMsH NOACOoJHeYHHKa, Mopaper
u jap. [417] wucnoab3oBanM XpOMapoAbl, NpPONUTaHHBIE HUTpa-
ToM cepe6pa. B o63ope Illodpunna [418] onmucanHsl BO3MOXKHOCTH
pasfesieHHss TFeOMeTPHYECKHX HM30MepOB METHJIOBHIX 3(HPOB HeHa-
CHII[eHHBIX XKHPHBIX KHCJOT C NOMOLIbIO POTHBOTOYHOrO pacnpene-
genust, TCX Ha HocHTe/asiX ¢ HOHAMH cepebpa M KOJIOHOYHOH XpoMa-
Torpaguu Ha cMoJsiax, COAep¥KalllhX HOHb cepebpa.

TFanacc u np. [419] oGuapyxumau, yto GypaHCOmepiKalLlHe IKUP-
HBIe KHCJOTHL 06/1anaoT GoJblloi BeJUYHHOH Ry B ciayuae pasjele-
HHSl X Ha HOCHTeasX ¢ HOHaMu cepe6pa Meronom TCX. HMx meru-
JI0Bble 3()HPH MHTPHDPYIOT BMeCTE C METHJOBBLIMH 3(pHpPaMH HacChl-
UIeHHRIX H MOHOEHOBBIX JXHPHBIX KHCJIOT; 3JIIOMPOBAHHE INPOBOIST
CMecCbl0 rekcaH — AuATHJIOBbIH adup (3:1). Heo6xomumo orme-
THTb, 4TO OKCH-4UC-eHHHOBBIe KHCJOTH JIErKO IpeBpallaiTcs B
KHCJIOTHI, cojepxKauiie GypaHOBOe KOJbLO NPH 06paboTKe 11eJ0Ybl0

WM B XOIe XpoMaTorpaduu Ha HOCHTEJSX, COLEpPIKALIUX HOHBI Ce-
pe6pa [420].

4.4.1.2. T'a30-xudxocThAA XpOMATOSPAPUA

KX — nauGosee 3pPeKTHBHHII METOL PpasieseHHsT CJOKHBIX
cMecell PUPOAHBIX XKHPHBIX KHCJIOT; NIPH 3TOM CYLIECTBYIOT KOppe-
JAIHH MEXJY BPeMeHeM YAeDXKHBAHHS H CTPYKTYPOH XKHPHOH KHC-
qaorel [421, 422]. OnHako MPHCYTCTBHE B CMeCSX NPHPOAHBIX XKHD-
HBIX KHCJIOT GOJIbIIOTO YHCJA H30MEPOB He M03BOJIseT IPOBECTH NOJI-
HYI0 HAEHTHGHKALHUIO pas3fe/eHHbIX COeJHHeHHil, 3a HCKIUeHHeM
npocreiimux cmeceil. [IpeaBapuresnbHas xpomarorpadus Ha HOCHTe-
NIX, coepiKalux HoHbl cepeGpa [423], unu npenapatuHas KX
[424] sHauuTenabHO 0OJEryaloT WAEHTH(OHKALMIO 6OJBLIMHCTBA Pa3-
JIeIeHHBIX JKHPHBIX KHCJOT. Taxoe npeaBapHTeJbHOE pa3fieleHHuc
JIOJIKHO GBITb BKJIOYEHO B PEryJsiPHO HCIOJNb3yeMYIO METOJHKY
pasfiesieHHs U cxeMmy HaeHTHGHKauu, JKUpHBE KHCIOTH C JJMHHEI-
MH H KOPOTKHMH LeNAMH, a TaKxke He3aMelleHHble H OKHCJEHHBHIEC
KHpPHble KHCJOTH 9((EKTHBHO pa3nensioTcsi ajfcopOUHOHHOH Xpo-
marorpadueit u xpomartorpadueil Ha HOCHTEJNSIX, COLEPHKALLNX HOHBI
cepebpa. Mpentnduranusa 6yner 6osee MOJHOH, eCan HCIOJb30BaTh
I'X B coyeranuu ¢ macc-crnekrpomerpueii [425].

B o630pax, nocesuiesHeix I'DKX, M0OXHO HaHTH onHcaHHe MeToO-
JIHK, 4YacTO TPHMeHsIeMBIX JJIS CHCTeMAaTHYeCKOro pasjiesieHHs 3THX
£OCJMHEHHUH, H CXeMbl HIeHTH(HKALHY NPHPOJHBIX H CHHTETHUECKHX
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XKHPHHIX KucaoT [15, 17, 426], a Takke peKOMEHAAUMH MO IPHroO-
TOBJIEHHIO METHJIOBHIX 3(GHPOB XKHDHHIX KHCJOT. B pabGore dMkeHa
[427] xpaTko omHcaHBl OCHOBHEIE METOMbI, HCIOJb3yeMble NPH aHa-
JiH3e MEUYEHHBIX paJHOAKTHBHBIMH H30TONAMH XKHPHBIX KHCJIOT, B
yacTHOCTH MeTof paxuo-IDKX.

JKupHBIE KHCJIOTHl C KOPOTKMMH LENSIMH MOXHO DasfensTb Me-
ToaoM I'DKX, Hcmosnb3yss pasjnuHble XHAKHe (asbl, oboramnieHHble
HEeJIETYYHMH OPraHMYeCKMMHM MJH HEOPraHHYeCKHMH KHCJIOTaMH
[5, 7] (mns GnokupoBaHHSI MeCT COPOLHH HAa HOCHTEJe H MaTepHase
NoMI0XKKH). AkMan [422] mokasad, 4TO IJ1s1 HOCTHXKEHHs aleKBart-
HOrO pasjesIeHHs H 3JIOHPOBAHHS CBOOOAHBIX XKHPHBIX KHCJOT C
KosoHOK IDKX Heo6x0omuMO J06GaBAsiTh MYPaBbHHYIO KHCJOTY B
rasz-HoCHTeNb. DTepUPHKALHUS XKHPHBIX KHUCJIOT C KODOTKHMH Iemns-
MH 3HAUHTEJNbHO YJayylllaeT UX XpoMaTtorpaduyeckue XxapakTepHCTH-
KH, He BJIMssl IIPH 3TOM Ha OuYepefHOCTb 3JIoHpoBaHHus. IlocaenHsis
3aBHCHT OT MOJIEKYJSIPHOH Macchl coequHeHuss (Gojiee HH3KOMOJe-
KyJISIpHBIE 3JIIOHPYIOTCS NMepBLIMHU). s pasneneHus u upeHTHdHKa-
IIMH NPOCTHIX 3(HPOB XKHUDPHBIX KHCJOT C KODOTKHMH LENSIMU B CJIOXK-
HBEIX CMECsiX MOXHO HCIOJIb30BaTh KaK OObIUHbIE HacajouHble [428],.
TaK M Kanumiasipuele [429] xononku. Amec u Xaken [430] merass-
HO M3YYHJIH B3aHMOCBSI3b CTPYKTYPHl H BPEMEHH yA€pKHBaHHs aJ-
KHJbHBIX H M30QJKHJbHBIX 3(HPOB HACHIEHHBIX H HEHACHILEHHbIX
JKHDHBIX KHCJIOT ¢ KOPOTKHMH nensMu npu [DKX na pasnuunbix
MOJAPHBIX U HENOJSPHBIX (pa3ax.

JKupHBle KHCJIOTH], NosnyyeHHBle ¢ nmoMoulpio TCX Ha HOcHTeNsx,
colepKallux HOHH cepebpa, MOXHO pasfienuTh npu momomu I'HKX
Ha KOPOTKOILleNOYeyHble, C LeNsMH CPefHell JJIMHE, NJIMHHOIENoYey-
Hble H LuKJIHYeckHe. CMecH XKHDHBIX KHCJIOT ¢ AJHMHHBIMH LeNsMH
O6GBIYHO MJIOXO Pas3fesioTcs, 3a HCKJIIOUEHHEM IIPOCTEHIIHX cMecel
[7, 431]. HderanbHoe o6CyKAeHHE METONHKH DasjieleHHs HOpPMalb-
HbIX, Pa3BeTBJI€HHBIX MOHOMETHJI-, Da3BETBJEHHHIX NMOJHMETHJI- B
LHKJIHYECKUX KHPHBIX KHCJIOT C KOPOTKHMH LENsIMH ¥ LeNsIMH Cpel-
HeH NJIMHBI Ha NOJSAPHHEIX W HEMOJSPHBIX KOJIOHKaX MOXKHO HaHTH B
pa6orax Kykcuca [15], Jlu Ken He [17] u Aweca u np. [432]. Pas-
AesleHHe 3(UPOB Pa3BETBICHHBIX MOHOMETHJI- M He3aMeIleHHBIX KU~
HBIX KHCJIOT C OJHHM H TeM 2Ke YHCJIOM aTOMOB yIJIEPOJa 3aBHCHT
OT IIOJIOKEHHSI MeCTa OTBETBJIEHHS, a TaKxke OT IPHCYTCTBHS H30-,
aHTeu3o- H HeousomepoB [422]. Xpomartorpaduueckoe noBejeHue
3GHUPOB XKHUDPHBIX KHCJOT C ABYMSI U GoJiee METHJIbHBIMH 3aMeCTHTe-
JISIMH B YIJIEBOJOPOJAHO! LENH ONMHCHIBAETCS ¢ MOMOINbBIO KOHIEMIHR
aJIUTUBHOCTH (QyHKUHOHAJIbHBIX 3HAYeHHll AMuHH nenn [432].

O(upH LHKINYECKHX XHPHEIX KHCJOT 3TO B OCHOBHOM 3(HpHI
IHKJIONPONIAHOBBIX KHCJOT. Bee mpupoaneie ¢opmul siBasiiorces yuc-
M30MepaMy; OHM HMEIOT HEMHOro GOJiblllee BpeMsl yA€PKUBAHUS, UeM
Tpaxc-popMEl, mojyuaeMbie CHHTeTHuecKH [433]. Ipyrue xuphbie
KHCJIOTH C IIMKJHYECKOH CTPYKTYPO# SIBJSIOTCS aJIHIHKJIHYECKHMM
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KUPHBIMH KucaotaMu [434]. Owuma u Apura [435] ucnoabsoBanu
KX nns mpeHTudukauuu 11-nMKIOreKCUunyHaeKaHoBOH H 13-1HK-
JIOTEKCHIATPHAEKAHOBOH KHCJOT M3 aUUAO(DHIbHBIX TepMO(HIbHBIX
6akrepuit, a [macc ¢ cotp. [419, 436] — nns npeHTuURauuu ¢Qy-
paHCOoepKaluX KHUPHBIX KHCJIOT U3 CMecel JIMNHIO0B PHIG.

HeHacolleHHble KHPHble KHCJIOTH OOGBIYHO BHAauaje pasfedsior
No YHCJy ABOHHBIX CBsizeil B MoJieKyJe ¢ moMouipio TCX Ha HocuTe-
JIIX, CONEpKalluX HHTpAT cepe6pa, a 3aTeM H3YyYaloT MeETOAOM
KX ¢pakuum MOHO-, AM-, TPH-, TeTpa-, MeHTa- H IeKCaeHOBBIX
JKMPHBIX KHCJOT 10 oTxesabHocTH. ONHAKO H3-3a HENMOJIHOTO pasie-
senuss MerogoM TCX (BcaexacTBue pas3nuuuii B AJHHe LleNH M HaJH-
4Us MO3HUUOHHBIX H30MEDPOB) Kaxpaas (ppakuus COLEPKHT KUDHBIE
KHCJIOTHI HECKOJIbKHX THIOB (C YHCJOM JABOHHBIX CBsI3eH, OT/IHYalO-
fuXcad Ha eNUHHNY). yuc- u Tparc-VisoMepbl MOXKHO pa3AeNHUThb
TCX Ha HocuTensix ¢ HUTpaToM cepeGpa [437, 438]; Takoe pasne-
JIeHHe MOXKHO TaKXKe OCylLlecTBHTh ¢ moMmombio IDKX, ncmoabsys
onpenesNieHHBlEe HEeNOABHKHHE (asbl. Tak, MeTH/IOBHE 3(QHDPHI OJEH-
HOBO H 3JaMAMHOBOH KHCJIOT (TaK Ke KaK M METHJOBHE 3(UPHI
JIPYTHX HACHIIEHHBIX H HeHacheHHBIX Cjg-)KUPHBIX KHCJIOT) MOX-
HO pasjesuThb Ha NOCTAaTOYHO [JJIHMHHBIX KoJIoHKax (6 M) c¢ 15%
OV-275 [439].

MoHo0-, 14- 1 TOJIHEHOBEIE XXUPHbIE KHUCJIOTH, KaK NMpPaBuJo, pas-
JleJIIIOT Ha OOBIYHBIX KOJIOHKax mJst [DKX, conmepxxamux mnoJssipHble
xkunkue pasn (10% EGSS-X, 10% DEGS, 10% EGS) uau HekoTo-
pble HenoJsipHble XkuaKue dasbl (10% anuesona L). [TogoGHble pasae-
JIeHHs. OOBIUHO TNPOBOJST NPH NOCTOSIHHOH TeMmnepartype ~ 200°C,
XOTSl B HEKOTOPHIX CJyuyasix HCIOJb3YIOT 6oJiee BEICOKHE TeMIeparty-
psl (220°C) [15, 17].

ILlnanoankuncunokcan (cunap-10C) siBisieTcsi MpUMEPOM XKHI-
Kol (a3bl ¢ 6oJiee BHICOKOH TepMHUECKOH yCTOHYHBOCTBIO, NPH HC-
MO0JIb30BAHUH KOTOPOH yuC- W TPAHC-U30Mephl pas3nejsiioTcs 3HAUH-
TeJbHO JIyyllle, yeM NpH NPHMEHEHHH NOJHI(QUPHBIX XHAKHX (a3
[440, 441]. IlpuponHble yuc- U TPAHC-MOHOEHOBblE U NOJHEHOBHIE
JKHPHBIE KHCJIOTH 3¢dexkTuBHO pasfensiiorcs Mertonom KX Ha
CTEKJISTHHBIX KaNHJIsPHBIX KOJOHKaxX [444, 445].

Ddupbl MOJUEHOBBIX XXHDHBIX KHCJOT UMEIOT BpeMsl YAep:KHBa-
Hisi OOJiblllee, YeM BPeMs yJepKHBaHHSI COOTBETCTBYIOUIHX MOHO- H
JIHEHOBHIX AHAJIOTOB C TEM K€ YHCJIOM YIJIEPOOHBIX aToMoB. Mertu-
JIOBhle 3(GHPB  TPHUPOAHBIX YUC, YUC-OKTATeKaJHEHOBLIX KHCJAOT C
ABOMHLIMH CBfI3AMIl, Pa3/eJeHHBIMH NIBYMSI METHJEHOBLIMH 3BEHbS-
MH, NIpH XxpoMartorpadui Ha MOJSPHLIX M HENOJISPHBIX KOJIOHKAaX
NIPOSABJSIOT YHHKAJbLHEIC PA3JIMYUA B 3HAYeHUsX 3(PheKTUBHONA AJH-
gl uend (DLL) B 3aBHCHMOCTH OT IIOJIOXKEHHsI ABOUHOI CBSI3H NpPH
KX ¢ ucnmosb3oBaHHEM  HOJISIPHBIX H HEMOJISIPHBIX KHAKHX (a3
[446]. TlomMuMo He3aMeu[CHHBIX |,4-IHEHOBBIX KHPHBIX KHCJOT C
HeCONPSXKEeHHBIMH JBOMHBIMHM CBA3fIMH CYIIECTBYIOT NPHPOJHbIE H
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CHHTeTHYecKHe 1,3-IHeHOBBble KHUDHBlE KHCJIOTHL C CONPSXKEHHBIMH
JBOHHBIMH cBs3siMu. Hasnune cONpsiKeHHBIX JBOHHHIX CBfi3eH 3Ha-
YHTEJbHO YBEJHUHBAET BPeMs YAEDXKHUBAHHS IO CPABHEHHIO C Bpe-
MEeHEM YIepXKHBaHUS H30MEPOB C HECONPSKEHHLIMH JBOHHBIMH CBf-
3amu npu [DKX Kak Ha NONAPHHIX, TAK U HA HEMOJISPHBIX KOJIOHKAX.
3uauenus DL gns psga MeTHJIOBHIX 3QHPOB YuC, YUC- U TPAHC,
TPaHC-OKTaleKaJlHeHOBBIX KMCJOT NpHBeieHbl B paGorax [446, 447].
TIoNHOCTBIO YUC-H30MEDPHl HMEIOT HaHMEHbIIHE, a MOJTHOCTLIO TPAHC-
1H30Mepbl — HauGosblike BpeMeHa yaepxkuBanus npu I'DKX kak Ha
NOJSIPHBIX, TAK K Ha HENOJSIPHBIX KOJOHKaX. McKaloueHue cocTabs-
10T H30Mephl C CONPSIKEHHBIMU IBOHHBIMH CBSI3MH (NPH HCIOJbB30-
BaHuH B KauecTBe XkuAKoH (a3l DEGS), a Takxke n3oMmepH ¢ JBOH-
HBIMH CBfI3SIMH, DPa3[eJeHHBIMH OLHUM METHJIEHOBHIM 3BEHOM.

IIpu wcrmosib30BaHUM B KauecTBe KHAKOH (aswl anmesoHa L
YUC, YUuc-coeJVHEHHS SJIOUPYIOTCS PaHbllle COOTBETCTBYIOIIHX TPAKC,
rparc-uzomepoB, a npu [HKX na XE-60 nabaronaercs o6paTHblil 1o-
PALOK.

MeTunoBrle 3¢HpPH NPOCTHIX NJIHHHOLENOYEUHBIX aleTHJIEHOBBIX
JKHPHBIX KHCJOT, BhAensemble MeTonoM TCX Ha HocHTesnsx, coiep-
JKaluX HOHBl cepefpa, OKa3bIBAIOTCS 3arpsi3HEHHBIMH 0JIe(HHOBHI-
MH XKHPHBIMH KHCJIOTaMM CO CPABHHUMOM CTeNeHbl0 HEHACHIIEHHOCTH.
I')KX Ha OGBIYHBIX HACaJOYHBIX KOJOHKAaxX IPH HCIOJb30BaHHH IO-
JISIPHBIX M HENOJISIPHBIX XKHAKHX (a3 saBjasieTcsi 3¢ (PEeKTHBHBIM MeTO-
LOM TpeNBapHTEJbHOH HIEHTHOHKAUUM alUEeTHJEHOBHIX MXKHPHBIX
KHCJIOT (NIpH HAJHYHH COOTBETCTBYIOIUMX CTAHAApPTHHEIX COENHHe-
uuit). DPUPH NJIHHHOLENOUEUHBIX KHPHBIX KHCJOT aleTHJIEHOBOTo
psla XapakTepusywoTcs OOJbIIHM BpeMeHeM YIepXKHBaHHS, UeM
3¢HUpPH COOTBETCTBYIOUINX 0J1e(HHOBEIX KHCJOT, OJHAKO Ha NpaKTH-
Ke HCIOJb30BaTb 3TO pasjHyHe BO BpPeMeHax y/JepIKHBaHHS, KakK
fIpaBHJIO, HEe yHaeTcsl M3-3a HAJHYHS NO3HLHOHHBIX H30MEpPOB, BHO-
CSLIMX HESICHOCTb B KapTHHY XpOMaTorpadHueckoro pasiejeHHus.
B paGote [448] coobimaercst 0 3HaueHusax DAL njis aueTHseHOBHIX
U yuc-one(HHOBHIX YHAEKaHOBHIX KHcaoT npu KX Ha Takux xun-
xux (asax, kak anue3on L, DEGS u cunap-10C. Jlue Ken Ue [449]
U3YyUHJI XpoMaTtorpauuyeckue XapakKTepPUCTHKH METHJIOBHIX 3(HpPOB
H30MEPHBIX YHACUHHOBBIX M YUC-yHIelLeHOBLIX KucaoT npu I'DKX Ha
TIOJNSAPHBIX H HENOJIAPHBIX XUAKHX (pasax. YcraHoJjeHo, uto FFAP,
kapboBakc 20 M u XE-60 Gonee sppextuBubl, uem DEGS, a OV-101
u E-30 cpaBHuMBbl ¢ anue3oHoM L. 3nauennss DML aas psaga Meru-
JIOBHIX 3()HPOB OKTaNeKaJHHHOBLIX JKHDHBIX KHCJIOT C TPOMHBIMH
CBSI35IMH, Da3feseHHBIMH [BYMSI METHJEHOBHIMH 3BEHbSIMH, MOXKHO
Hafith B pa6ore [450], B KOTOpOil, B YacCTHOCTH, YKa3hIBAETCS, UTO
cunap-10C — nannyymas xkunkas ¢Gasa MjIs pasgeseHus H30MepoB
TaKHX KHCJOT. DTa XHuAKas (asza okazajacb HanGosee 3p(HeKTHB-
Ho# mpu IDKX MeTunoBEX 3HPOB OKTafeKaJHHHOBHIX KHCJOT C
TPOHHBIMH CBSI3SIMH, Pa3JeIeHHbBIMH TPeMsl METHJIEHOBHIMH 3BeHbS-
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MH, H METUJIOBBIX 3()HPOB COOTBETCTBYIOIIHX YUC, YlC-OKTaneKaaue-
HOBHIX KHCJIOT, a TakKe TIO3HLHOHHEIX H30MepoB 3(upOB aleTHJIE-
HOBBIX M oneduHOBHIX KucjaoT [451]. ABTopnl psima Apyrux paGor
[452, 453] oTMeualoT, 4TO BKJAaJ OAHOIH TPOHHOH CBS3H B 3HaueHHE
OTHOCHTEJbHOTO BpPEMEHH YIepXKHBAaHHS COH3MEDHM C BKJIAAOM
Tpex ABOHHBIX cBsdell. IToBesenuro npu I'DKX »KHpPHBIX KHCJOT C
pPa3/IMYHBIM NOJIOXKEHHEM ABOHHBIX H TPOHHBIX CBsi3eH NMOCBslLeH 06-
3op [17].

D¢dupe MHKOJIEBBIX KHCJIOT, He Pa3jesioluecss ¢ MOMOLIBIO af-
cop6uuonnoit TCX, GbIIH BEIIENEHB H3 CMeCH M (PPaKIHOHHPOBAHbE
nocpeactBoM KX Ha KOJOHKax ¢ HemoJsipHO# XKHUAKOI ason
[454, 455]. Takaru u np. [456] paspmenunu aduphl xosecTepHHa W
JKUPHBIX KHCJIOT IO MOJIEKYJISIPHOH Macce H CTelNeHH HeHacChllleHHO-
CTH Ha KOJIOHKax ¢ XUJKOH ¢asoi cunap-10C, npUMeHHUB MeTOJ, B
KOTOPOM HCIOJIb3YyeTcs rpafueHT Temnepatyphl (240—270°C). Bu-
JIM TaKXe ycTaHoBJeHbl 3HaueHuss DLl nas spupoB xoJsecTepuHa
H XHDHBIX KHCJOT C AJHHOH nenu 14—22 yriepoiHbBIX atoMma, He
cojepxanleit uau comepxaieii 1o 6 nBoiHbIx cBs3eil. Kénur u DBe-
Heke [457] coobuiunu o pasnenennn ¢ nomoiubio KX snanTHOMEp-
Hex O-tpudropaneTHabHBX H O-TPUMETHJCHIHIBHBIX NPOH3BOI-
HBIX 2-OKCHKapOOHOBHIX KHMCJIOT M Pa3BETBJIEHHBIX KapOOHOBBIX KHC-
JIOT B BHAe JHacTepeoMepHHIX 3¢HpoB (4 )-3-MeTua-2-6yTaHONA
Ha kanwuisipHbeiXx kKosioHkax ¢ SE-30. B paGore Gnuin pasgeseHby
9HAHTHOMEDHbIe 2-OKCUNIAJbMHTATH], 2-OKCUMEDUCTATH H 2-OKCHJa-
ypaTH, a TakXe MHOXKeCTBO OKCHKapOOHOBHIX KHCJOT ¢ (oJiee KO-
porkumu nensamu, ['DKX TpudTopauneTHIbHEIX H TPUMETHICHIHIbHBEIX
NIPOM3BOJHBIX STHX COENMHEHHMH IO3BOJIMJA HOJYYHThb GoJjiee BBICO-
KHH BBIXOJ KOMIIOHEHTOB C yJyulleHHOH (OopMOil NMHKa HA XpOMaTo-
rpamme.

4.4.1.8. BoicokoaghpexTusnan #udKocTHAA
xpomarozpagpus

B nocnennue ropsl ony6JaHKOBaHO GOJIBLIOE YHCJIO0 METORHK pas~
JeJIeHHsT XKUPHBIX Kucjor ¢ nomoupio BIKX. ITockoabky o6Hapy-
JKeHHe 10 MorJoleHuo B Y®-061acTu cnekTpa He MO3BOJSIET YJO-
BHTb MaJjible KOJHYECTBA XKUPHBIX KHCJOT, GblaM pa3paGoTaHbl Me-
TOAB! MOJIYYEHHsI IPOHU3BOAHBIX C CHJBHBIM IOrJiolleHHeM B ¥ ®-06-
JIACTH; 9TO II03BOJIMJIO 3HAUYHTEJNbHO INIOBBICHTH YPOBEHb paGoT B
atoit o6aactu [458—461]. Cpeau TakuX NPOH3BOAHHIX HauGosee
YacTO HCHONBb3YIOT (eHanunoBele [441, 460], HuTpOGEH3HIOBEE
[460] u 2-HacdrauunoBbie [462] adups. OfHAKO NPUMEHSIOT TaKKe
pedpakromerpuueckuit [8, 9] u nmiameHHO-MOHH3auHOHHBIH [398]
neTeKTophl. Pasnesnenne npoBoasT OGHYHO Ha KOJIOHKAaX ¢ obpa-
meHHON ¢(asoit [458—462], ofHAKO HMCIONB3YIOTCS M aACOPOIHOH-
HBle KOJIOHKH [463].
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OuyeHb XOpollee pasfejeHHe METHJOBHIX 3(QHPOB XXHDHHIX KHC-
JIOC U3 NMeyeBH TPECKH GBLIO MOJyYyeHO Ha KOJIOHKax ¢ cOpOGeHTOM
suxpocop6 10 RP-18 npu amonpoBanuu anerorutpuiom [398]. dro
pasje/NeHHe OCHOBAHO HAa PasJH4YHH B KO3((HIHEHTAaX pacnpenese-
HHS MHDPHBIX KHCJIOT, NO3TOMY HaG6JI0Aan0Ch NepeKpPhiBaHHE 30H
9(QHUpPOB, HMEIOLUIHNX COOTBETCTBYIOIIHE KO2()(HUHEHTH pacrnpenele-
aus. [Tuku co6upanu M aHanuaupoBasu ¢ nomombio I'DKX. Ha aroit
XOJIOHKE MOXKHO TaKXe pasfelsiTb YUC- U TPAHC-H30MepPbl XKHPHBIX
KucaoT. B paGorax [461, 464, 465] Takue nm3oMepnl GBLIH pasjele-
#o MetogoM B3IJKX ¢ ucnosbzoBannem 90—80% -Horo BoaHOroO
pacTBOopa MeTaHosa AJs 3JioMpoBaHus. Ilpu aTom yuc-uzomepn
3JIIOHPOBAJINCh MEPBBIMH, YTO OOBSCHAGTCS HAJHUYHEM CTePHYECKHX
NpensiTCTBHH NPH B3aUMOAEHCTBHH MOJIEKYJ 3JII0EHTa C ABOHHBIMH
CBSI3IMH KapOGOHOBBIX KHCJOT. X0Tsl n-6poMdbeHanusoBrle 3QupH
18:3(w3)- u 18:3(wb)-kucaor pasgensiorcs nocpeacrsom BIKX
[464], Takas xpoMaTorpaduueckas CHCTeMa MaJONPHTOAHA [Jis
pasjiesieHuss NO3UIHOHHBIX H30MepoB. B pabote [462] Hadraummio-
Bble 3QUDPBl XKXHPHBIX KHCJIOT C KODOTKHMH LeNsAMH pasfelsiii Ha
KOJIOHKe ¢ o6pamenHoit ¢asoil Cig JHX0COP6G MyTeM rpagHeHTHOrO
SJIIOHPOBAHUSl BOJAHBIM AlLETOHHTPHJIOM (BHINYKJBIH IpafueHT oT 38
J0 759 ameTOHHTpHJA).

Yopren [465] ans pasneseHHsT METHJOBBIX 3(HPOB OJEHHOBOI
¥ 3JauIUHOBOH KHCJOT HCIOJb30BaJ KOJOHKH C HOCHTeJieM -0G0H-
nanak Cjs mMopacHs, 3JI0HPOBAHHE CMECbI0 METaHOJ — BojAa U ped-
pakToMeTpuueckoe petekrupoBanue. Ha kononke ¢ Cys mopacumom
Ulopunn [466] pasmenus 3pHPH KHUPHBHIX KHCJOT IO AJIMHE LENH
H CTelMeHH HEHACHILIEHHOCTH, HCNOJb3ysi B KauecTBe 3JII0EHTa BOJ-
HBIH alleTOHUTPHJ, a Ha KOJOHKax ¢ 6onaanakoM C;g mopacua (mua-
MeTp 4YacTHll 37—75 MKM) C BOJHBIM aleTOHHTPHJIOM — aJIUKBOTHI,
conepxamue 200 Mr apupos xkupHbeix kuca0T. Hlodunny [467] yaa-
JIOCb Pa3fesuTb Yuc- U TParc-u3oMepH B TeueHue 1 u. Jlsmu ['pyw-
Ka [411] pasmensiyn yuc- 1 TPAHC-U30MEDHl KUPHBIX KUCJIOT B (Op-
Me (eHAUHUJIOBLIX 3(HPOB, YTO MO3BOJIMJIO NPOBOLHTb NETEKTHDPOBA-
HHe 1o norJouieHnio B Y®-obmactH.

Bainn n np. [468] amanu3upoBanu cBOGOAHBIE JKHDHBIE KHCJIO-
TbLI, 9KCTPArupyeMble H3 MaprapuHa, Ha KoJIOHKe ¢ o0palieHHoll ¢a-
30t Fatty Acid Column (Waters Associates) ¢ gnamerpom uacTuir
10 mMxM. JKupHble KHCJIOTHl 3JIOHPOBAJHM CMECbIO TeTparuapody-
paH — aueTOHHTPHJI — Boda (5:7:9), coaepaxkaweit 0,1 % -Hpiil pac-
TBOP YKCYCHOH KHCJOTH (3Ta moGaBKa yJiyulraer (OpPMY NHKOB),
CHelHaJbHO pa3pa0OTaHHOH AJsT pa3feieHys] 3THX COeJHHEHHI.
ABTOpH HCIOMB30BAH PePPaKTOMETPHUECKOE IeTeKTHpOBaHue, Bpe-
MA aHagausa coctasistio 50 MuH. Bblio onpeieseHo COOTHOUIEHHE
Yuc- B TPAHC-H30MEPOB OKTANELUEHOBHIX KHCJOT, BOCEMb XKHPHBHIX
XHCJOT OBIM OmpenesieHbl KosuuecTBeHHO. OXHAKO HA JaHHOH Ko-
JIOHKe He pasfe/sdjHch NaJbMHHOBAasi W JHHO3dJaHAuHOBas 18:2,
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A9 (tpanc), 12 (rpanc) -kucaorsl. Kononku ¢ o6paiientost gpasoii Jin-
xpocop6 xu6ap-II RP-8 (muamerp wactui 10 MKM) B COYETaHHH C
3JIOMPYIOLIe CMecblo TeTParuipodypaH — aleTOHHTPHJ — BOAA
(3:67:30), comepxameit 0,1% yKCyCHOH KHCJOTHI, ABJIAITCA JIy4-
el cHCTeMOil s pasjesieHus OJH3KHX IO CBOHCTBAM KapGOHOBBIX
KUCJOT. B mocjenHee BpeMs NDHMEHSIIOT IPENKOJIOHKH C NOpacH-
JOM A /5 HacheHHs MOABHXKHOH (a3bpl COEIHMHEHHSMH KpeMHHud,
YTO MO3BOJIAET NPOAJHTb BPEMS JKU3HH KOJIOHKH. Y CTaHOB.IEHO, YTO
HCIOMb30BaHHe YHCTOrO TeTparuapodypaHa B KaueCcTBe KOMIIOHEHTA
MOABHKHOM (asbl yXyAllaeT pasjesqeHnHe NuKoB. B sakiiouenne
cJefyeT OTMETHTb, YTO C IOMOIIbIO XpOMAaTOrpaduu Ha KOJOHKE
RP-8 ne ynaetca pasgenuts 18:2,A9(yuc),12(tparc)- u 18:2,
A9 (tpanc), 12 (yuc) ->kKupHbIe KUCJIOTHI.

4.4.2. Oxucaennole sCupHble KUCAOT6L U NPOCTASAQHOUHbL

[IpocrarysaHfuHBl U OKHCJIEHHblE (KHDHBIE KHCJOTH CXORHOR
NOJISIPHOCTH, NOJIyuYeHHBIe aJCcOpOIHOHHONH XpoMaTtorpadueil, MOXKHO
najnee QpaxkiHOHHPOBATh [0 MOJNYYEHHs HHAMBUAYAJbHBIX CO€IHHe-
nuit meronamu TCX Ha HOCHTeN X, COMEpKAIUX HOHBL cepebpa,
IDKX u B3O)KX. Hnst 5To# LesH KHPHBlE KHCJOTH, KaK NpaBHJIO,
MOIUGULHPYIOT, HO B HEKOTOPHIX CJayuyasx XpoMmarorpagHs OKHC-
JIeHHBIX XKHPHBIX KHCJOT B CBOGOAHOH (opMe MO3BOJISIET MONYUYHTh
OYeHb XOpOLIHe Pe3yJbTaThl.

4.4.2.1. Xpomaroepagus Ha HOCUTEARX,
codepacaujux wonsl cepebpa

HeHacolmeHHble 3MOKCHKHCJIOTH MOXKHO Das3fes]HTb Ha Hachl-
IIeHHble, MOHO- U nueHoBBle TCX Ha HOCHTENSX, COAEPKALUUX HOHBI
cepedbpa B cucreMe 06eH30J — XJOPOHOPM — AUSTHJIOBHI 3GHUP
(25:25:1). Onsa xpomarorpadiu HCNOAb3YIOT 3(DUPH 3THX KICJIOT
[469]. Dbupsl OKCHKapGOHOBBIX KHCJOT Pa3JIHYHON CTENeHH HeHa-
CHILIEHHOCTH pa3fessiioTcst B cMecH 6eH30J — XJ10popOopM — AHITH-
JgoBbl aup (10:10:3) [469] uan GeHsosm — NHITHIOBHIL 3QUP
(1:1) [470]. Ha cunukaresne, MpONHTaHHOM HHTpPATOM cepedpa H
60pHOIT KHCJIOTOH, MOXKHO pa3fesuTh 3(HpPbl OKCUKUCJIOT 110 CTENEH
HEHAaCHIILEHHOCTH M B COOTBETCTBHH C TPEO- WJIH 3PUTPO-KOHGHTYpa-
uHell BHUMHAJIbHON [VIHKOJbHOH rpynnel [471].

Metonom TCX Ha HOcHTeNAX, COAEPIKAILUX HOHH cepebpa, MOXK-
HO pa3zessiTh (PPaKUHH NPOCTATJIAHAHHOB Ha MHAUBHAYaJbHbIE KOM-
MOHEHTHl MO UHCJY ABOHHBIX CBfideH, MOCTYNHBIX I/ KOMIJIEKCO00-
pasoBaHHs ¢ HoHaMu cepeGpa. PamBens u Jdauuaasc [472] u [da-
HHaJbC [122] cocTaBuaM TabJHIy OTHOCHTEJNbHEIX CKOPOCTEll MHIrpa-
HHH AJsi GOJBIIOrO yHMcJa pasanuyHbIX npocrarnaHfuHoB npu TCX
Ha YKa3aHHBIX HOCHTENSX B Da3/MYHHIX 3JIOHPYIOUINX CHCTEMaX.
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VkasbiBaercsi, B 4aCTHOCTH, YTO MOXKHO IOJIYYHTb IIOJTHOE pasjefie--
wue PGE,, PGE,, PGE; PGFig, pGFIb-, PGF2a+pGF2{3, PGF;3.+
+PGF33, PGA+PGA,+4-PGB,, PGB, npu ucnoJbn30BaHHH B Kaye-
CTBE MOABHXKHOH a3sl cMmecH THaanerat — 2,2,4-TpUMeTHJINEH--
TaH — YKCYyCHas KHCJOTa — 3TaHoJd —Boja (22:2:6:7:20); PGE,,.
PGE,;, PGF,4+PGF; PGFy,+PGFy, PGA+4PGB,, PGA,,
pGB2, MEPGEl, MEPGEQ, MEPGEla, MePGEgg, MEPGA1—|—
-+MePGA; npu Hcmosb30BaHHH B KauecTBe NOJABHXKHOI (asbl cMe-
cH 3THaalleraT — 2,2,4-TPUMETHJINEHTAaH—YKCYCHAasi KHCJIOTa—BOAa.
(9:5:2:10); PGE,, PGE,, PGF,,+PGF,4, PGF2,+PGFs5, PGA4-
+PGB,, PGA;+PGB,;, MePGE,, MePGE,;, MePGE,, MePGE;q,.
MePGA;+MePGA; B cucreMe XJ0podopM — MeTaHOJ — YKCYyCHas:
kuciora (18:1:1); PGE,, PGE,, PGF,,+PGF5, PGF;,+PGFjp,
PGA,+PGB;, PGA;+4PGB,;, MePGE;, MePGE;, MePGE,q,
MePGE,,, MePGE,,, MePGA;+MePGA; B cucreme xa0popopm —
MeTaHoJ — yKcycHas kucaota (8:1:1) u MePGE;, MePGE,,
MePGE3;, MePGE;,, MePGE,q, MePGE,, B cucTeMe aTusauerar —
MmeTtaHos —Boga (4:1:1).

TCX Ha HocHTessX, COAepIKAIUX HOHBI cepebpa, NpUMeHseTcs
TaK¥Xe /S paslesieHHss HEKOTOPBIX MeTab0JUTOB NPOCTAaT/aHIHHOB:
[122]. Tak, npu ucnoNb30BAaHMH B KayeCTBe NOABMKHOH (asnl cMe-
CH aTHnauerar — 2,2,4-TpUMeETHJNEHTaH — YKCYCHAsl KHCJI0Ta — BO-
na (10:3:1:10) pasgenstor PGE; B cmecu 11a,15-nnoxcu-9-oxco-
npoct-5-eHoBo#i  Kucjaotoit, PGE,, 1la,15-1H0KCONPOCTAaHOBOH |
11a-0kcu-9,15-1noKcONpoCT-5-eHOBOH KHCJI0TaMH. DBoJiee TOro, mpH
HCMOJb30BAHUH B KauyecTBe MOJBMKHOH (a3bl cMecH 3THjaneraTr —
2,2,4-TpUMeTHJIIEHTaH — YKCycHass Kucjaora—Bopa (11:3:2:10)
MOXHO pasnenautb 5a,7a,11,15-TeTpaoKCUTETPAHOPIPOCTAHOBYIO KHC-
Joty ¢ 5a,7a,11,16-TeTpaoKCHTETPAHOPNIPOCTAHOBON  KHCJIOTOH H
5a,7a,11,15-TerpaokcuHopnpoct-9-eHoBylo Kuciaory ¢ 5a,7a,11,16-
TETPAOKCHTETPAHOPNPOCT-9-eHOBOH KucaoTOH. Ias 3TuX ueneil cu-
JIHKAreJb NMPOMUTHIBAIOT HUTPATOM cepebpa, sn6o no6aBisist mocsaen-
HHH B CYCNEH3HI0 AJs 3aJHBKH NJACTHHOK, JUGO NOrpyxas roro-
Bbl€ IJIaCTHHKU B pacTBop 5—20Y% -Horo HuTpaTa cepebpa.

OaHako ryiaBHOH MpoGJieMON OcTaercss 3JI0MPOBaHHe NPOCTa-
TVIAaHJUHOB C CHJIHKareJs, 0cCOGEHHO B CyOHAHOTPAaMMOBBIX KOJIHYe-
ctBax. Brixon meHee 50% B gaHHOM cjyyae CYHTAETCS HEMJIOXHM
pesynbtratoM. ITOCKO/MBbKY MeTH/IOBBlEe 3(DUPHI OGHIYHO JTIOHPYIOTCS
¢ Gosiee BBHICOKHMH BBIXOJAaMH, Ye€M CBOOOJHbBle XKHPHble KHCJIOTHI,
IPH KOJMYECTBEHHOM aHaJii3e IpeANOYTHTEeJbHEE HCIOJb30BATh
a¢upel. TCX Ha HOCHTeNAX, COAEPKAIIUX HOHB cepebpa, MO3BOJISET
nojHocteio paspeauts HHT u 12-HETE, omnnako npu stom PGE,
Murpupyor Bmecre ¢ TXB..

MertuaoBble 3¢HpB NPOCTATJIAHAHHOB DPa3feJsOT TaKke C I0-
MOIILI0O HOHOOOMEHHO# Xpomarorpaduu Ha cMmoje ambepsut-15
(Rohm & Haas) B npucyTcTBHH cojeil cepebpa. B atom cayuae
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‘PGE, smonpyior 95%-upM 3TaHosnoM, a PGE; — 59%-HbIM ILHKJIO-
:TeKCeHOM B 959% -HoM 3TaHose [129]. CxonHas mpoueaypa Gulia Hc-
TI0JIb30BaHa Aas pasgeneHuss PGAy u 5-rpanc-PGA; [473]. Meputt
-u BpoHCOH [474] npuMeHHJIM KOJIOHKH C MEJKOAHCIEPCHBIMH KaTHO-
‘HOOOMeHHHKaMH, o6paboTaHHEIMH HOHaMH cepebpa, ans BI)KX
J-HUTPO(EHHIALHIOBbIX 3(HPOB HEKOTOPBHIX NPOCTAIVIaHJHHOB.

4.4.2.2. I'azo-scudkocThas xpomarozpagusn

Tynaok [475] u Tyanok m Masypek [476] paspaGoranu cxe-
‘My HAeHTH(pUKaLHH GOJBLIMHCTBA H30MEpDHBIX OKCHCTEapaToB C
nomomibio IDKX Ha Tpex xuakux ¢asax: EGS, QF-1 u SE-30.
‘B xauecTBe CTaHZApTOB HCIONb30BANHCH 12-0KCH-, allETOKCH- U OK-
cocTeapaTsl, NOJNyyeHHble H3 THAPOJH30BAHHOIO KACTOPOBOTO MacJja.
‘O’Bparien u Poysep [477] pasnenusnn Bce H30MEPHBIE METHJOKCH-
nanpmutathl nytem IDKX na xunxux dasax EGS, DEGS u anue-
30H L, a amerokcunanbmutatel —Ha EGS. Kapaccon u Ilawep
[478] omucanu meToauKy XpoMaTorpaduueckoro pasiesieHHss U aHa-
.JIH3a 2-OKCHKHCJOT H HX NPOH3BOAHBIX (B Pas3iHYHBIX KOHpUrypa-
UMsAX) C HUCNOJb30BaHHEM B KaueCTBe HENOJABHKHOH ¢daswl 3% -Horo
‘OV-1. 3navenus DL pis HEKOTOPLIX KETOKHCJOT H POJCTBEHHBIX
‘COeIMHEHHI, NMOJIyYeHHbIX B pe3yJbTaTe XUMHUECKHX IPeBpalleHHil
"HEKOTOPBIX IPUPOAHBIX XKHUPHBIX KHCJIOT, IPUBeLeHH B pabGote [479].

Byn u np. [480] coo6uwuan o pasjeseHHH NMOJHOKCHMETHJOBBIX
.3¢pupoB TpuMeTHIcHAUIbHBIX (TMC) npou3BOAHEIX XHPHBIX KHCJIOT
‘¢ momotipio Kanuaasipgoir [DKX (HemonBuxHasi ¢asza amuesoH L).
By yacTHYHO pasjesieHbl METHJOBbIE 3(UDPHl TPEO- ¥ 3PUTPO-U30-
MepoB 9,10-1HOKCHCTEAPHHOBHIX KHCJIOT, a TaKXKe MeTUJIOBhIE 3(HUPHI
nuacrepeoMepHbx 9,10,12-Tpuokcucreapunosoit u 9,10,12,13-rerpa-
-OKCHCTEeapHHOBOH KHCJOT. Byn [481] Takike mokasas, 4yTO MOXKHO
MCNO/Ib30BaTh HAcalOYHble KOJOHKH [JIsl pa3felieHHsT U30MPONHJIH-
JEHOBBIX IIPOM3BOJHBIX JHOKCHOJIEHHOBOH H AHOKCH3JaHAHHOBOI
kucaor. Ha kosonke ¢ EGSS-X nsonponuinieHoBEIe 11POH3BOAHbIE
BOCbMH JIHACTEPEOMEPOB, NOJYUEHHBIX B Pe3yJbTaTe 'MIPOKCHIHDPO-
BaHHUS JIMHOJIEBOH KHCJOTBI, Pa3feJsIoTCS YaCTHYHO C MOSIBJIEHHEM
5 MHKOB Ha Xxpomarorpamme. M3sonponununieHTpudTOpaLeTHIbHbIE
TPOU3BOAHbBIE YeThipeX JHACTePeOMepPHBIX TPHOKCHKAaPOOHOBBIX KHC-
JIOT, TIOJYYEHHLIX B pe€3y/bTaTe OKHCJIEHUs NepMaHraHaTOM B lie-
JIOYHOH cpeje PHLHMHOJEBOH H PHIHHO3JAUJHHOBOI KHCJOT, pasie-
asorcs [DKX noJKocTbio, ¥ N0Jy4aloTCs yeThipe NMUKA.

Heckosnbko rpynn ucciefoBaTesnel JeTajbHO U3YYHJIH XPOMAToO-
rpaduyeckoe noeeneHue npocrarsaifnHos npu [DKX; pesyabraTh
aTHX paboT oGeyxpaiworcs B o63opax [122, 482, 483]. [Npu ucnosb-
30BaHHM NJAaMEHHO-HOHU3aLHOHHOrO HeTEeKTOpa COeAUHEHHs THIa
PGF o6buHo pasgensitor B BuAe MeTHJ0BHX 3¢upoB TMC-nmpous-
JBOJHBIX MJIH aleTOKCcHnpou3BoAHBX. OnHako mas PGE K Hacros-
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HeMy BpEMEHH He HafileHO IIOAXOASLINX NPOH3BOAHLIX. Bo nabexa-
HHe NEerHipaTaldH H o06pa3oBaHHA JBOHHOrO MHKAa B pe3yJ/bTaTe
OKcHMHMpOBaHHUs npocrarnauanebl PGE-psna nepeBoAsT B coeluHe-
uua tuna PGA u PGF, koTopble 3aTeM COOTBETCTBYIOUIHM 00pa3oM
MOAM(UUHPYIOT ¥ TOABEpraoT xpomarorpadun [484]. Uyscrsu-
TeJIbHOCTb 0GHAPYKEHHS MOBbILIAETCS NPH NPUMEHEHHH 3JIeKTPOHHO-
3axBaTHoro nerekropa. Tak, IOBenau u cotp. [485, 486] cmorin
npoanaausuposats npocrarnanauasl PGE; u PGE,; B Bune 6pomcu-
AuJbHBIX TpousBoAHbIXx PGB; m PGB, coorBeTcTBEHHO B cyOHaHO-
rpaMMOBHIX KOJIHYECTBAX, HCIOJb3Ysl 2JE€KTPOHHO-3aXBATHBIH 1eTeK-
Top. C NOMOIUBIO 3JEKTPOHHO-3aXBATHOTO JETEKTOPa MOXKHO aHaJjH-
3MpOBaTh IHKOrpaMmoBhie KojuyecTBa TMC-npOH3BOAHBIX NEHTa-
dTop6ensunoBnix 3pupos PGFq, [487, 488] u oxcumoB neHTadTop-
6eH3nJIOBHX 3¢HupoB npocrarjannuHoB D u E [489, 490].

Ckpuncka u Byrkyc [491] omucanu MeTOAB NMPHTOTOBJNEHHS W
HCNOJIb30BaHHs neHTadTopOen3nnoBux 3¢pupos PGE;, PGE,, PGF,.
n PGFy,. B pesynbrate moaudukamuu komnonentos cmecd PGE; u
PGE; npespamatorcs B TMC-apupst PGB; u PGBy, a PGF, u
PGF;, o6pasylor npocto TMC-3¢pupn PGF,, u PGF,,. CxonHoe
MOJHGHUIHPOBaHHE IO3BOJISET NPOBOAUTh AHAJNH3 NPOCTATJIAHIHHOB
rpynn A u B B BuJe cOOTBETCTBYIOLIMX NMPOM3BOAHBEIX. Pasnesnenue
NpPOBOASAT Ha OOBIYHBIX KOJIOHKaX, comepxkamux 3% QF-1. B kaue-
CTBE rasa-HOCHTeJSI NPUMEHSIOT cMechb aproH — merad (19:1), ne-
TEeKTHDOBaHHE NPOBOAAT C NMOMOIIbIO AETEKTOpa IO 3aXBaTy 3JeKT-
POHOB (¢ ucnoJsb3oBaHHeM u3oromna $3Ni). B cayuae tpudropaue:
THIbHBIX [122, 486] u rentadTopGyTHpHIABbHEIX [492, 493] mpous-
BOAHBIX MNOJYYalOTCS IPOTUBODEUHBLHIE pE3yJbTaThl, NMO-BHIHUMOMY,,
BCJIECTBHE HECTAGUJILHOCTH 3THUX COelHHeHHH. BoJbIIHHCTBO Ombl--
TOB M0 pasjeneHHIo npocrarJaHanHoB MertogoB I'DKX mnposoautcs
Ha kosoHKax ¢ 19% SE-30 npu temneparype 190—230°C, ognako
HHOTJ2a HCIOJIb3YIOT MeHee MOoJsApHble nonusdupusee ¢ase (DMCS).
Hannsasc [122] coGpan o6luupHBI MaTepHasa 10 MOAGOPY XpoMa-
TOrpauYecKUX YCJNOBHH AJs aHaJHW3a NEPBHUHBIX NpPOCTArJaHIu-
HOB B (hopMe aleTaToB, METOKCHMOB aueratoB, TMC-acupos u me-
TokcnMoB TMC-atupos.

Hyrrepen [494] coo6uiua o npHMeHeHHH GOprHApana HaTPUS
M LHHKA B COJIAHOH KHCJIOTe AJISI TOJIHOTO BOCCTAHOBJIEHHS IPOCTa-
rJIaHAHHOB B YrJIeBOZOPOABL. IIpenMyllecTBO TAaKOro paculensieHHs
COCTOHT B TOM, 4TO NPOAYKTH AETHApaTalUH coequHenuii Tuna PGE
HJIH JIAKTOHOB Da3/HYHBIX NPOCTArJIaHAMHOB B KOHEYHOM MTOre BCe
NpeBpaIlaTcs B OLHH H TOT JKe THN XVUMHYECKHX COeIHHEHHIl.

IMefic-Accnak u Byand [495] ucnosbsoBanu w-Gytunbopar anis
cneunpuyeckodl MOAM(PHKALMH BHIHHAJIbHBIX OKCHIPYII MpoOCTa-
raanauHoB E u F ¢ mesnbio Hx mocnenywoumero paspeneHus c mno-
mombio I'DKX. IlpuMeHeHHe NMepCHIHIBHBIX NPOH3BOAHBIX PGFoq
NO3BOJISIET INOBHICHTb 4YYBCTBHTEJBHOCTb OGHapyxeHus [496], a
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Tper-Gy THIAUMETU/ICHIHIbHbIE NPOU3BOJAHBIE YAOGHB NPH HCIOJb-
:30BaHHM Macc-crekTpoMerpun [497].

IIpuMeHeHne KanMJJISPHBIX KOJIOHOK, [IO-BHAMMOMY, NOBLICHT HH-
tepec Kk IDKX Kak Merony HccienoBaHusi mpocrarsianauHos. [Ipu-
iBeJleM HEKOTOPble NPHMEepPHl YCNEelHOr0 HCI0Ib30BaHUSI 3TOTO METO-
na. Purayn u np. [498] noayuuiu oueHb XOpoLIHe Pe3ysibTaThl NPH
pasgenenuu 11-anu-PGF,,, 13,14- -AMTHIPO- -PGFqy, 11-3n18-PGF,q H
15-anu- -PGF;, 3a 6 MuH Ha 20- -METPOBOH KOJIOHKE C TNOJIMCHJIOKCA-
‘HoM npu Temneparype 235°C. Maxkaoyd u ap. [499], ucnoabsys
KanuJJ/sipHbIE KOJOHKHM C IOJHCHUJIOKCAHOM, pasielHJH CJI0XKHBIE
CMeCH IpOCTarJIaHlMHOB, B TOM YHcJe cMecH, conepxaumue TMC-
s¢pupel PGFy, PGF,g, 13,14-nurnapo-PGF,p, 15-3nu-PGFaq, 15-
anu-PGF 1, PGF3y, 5-Tpanc-PGF,y, 15-ket0-PGF, 1 PGF,,. ®uti-
natpuk [500] omucan MeTOAMKY pasjiesieHHsi NPOCTArJaHAHHOB H
“TPOMOOKCaHOB ¢ nomoublo kKanuaasproi IHKX.

Ilpocrarnanpuuel tuna E miaoxo paspeasiiorcss metomoMm IDKX,
‘I0O3TOMY MX 2HAJH3UDPYIOT B BHIEe OKCHMOB HJH NpEBpallaioT B CO-
-OTBETCTBYIOIHe Npocrarianaunsl Thna B. Huxosns n Fannu [484]
pa3paboTajiu METOLB OLHOBPEMEHHEIX METHJIHDPOBAHHUS U CHJIIIUPO-
Banua PGE; u PGE,, a tTakxe MeTOAZUKY NpeBpallleHHs HX B COOT-
-ercTBylomue PGB; u PGB, ¢ ucnons3oBanuem cmecu TMC-umupa-
.30J1a U NHIEPHOHHA.

Haun6onee s pexTiBHON KOMOUHANMEH METOAOB HAEHTH)HKALUH
H KOJIHYECTBEHHOrO ONpejesleHHs] MHAWBHAYaJbHBIX NpPOCTarJaHiH-
HOB ABJseTcs coyeranne I'DKX n Macc-cneKTpOMeTpHH ¢ LeTeKTHDO-
BaHHEM II0 BHIODAHHOMY HOHY H C HCIIOJIb30BAHHEM COOTBETCTBYIO-

AMUX CTaOHJIbHBIX H30TONHOMEUYEHHBIX BHYTPEHHHUX CTaHAApTOB
[501—503].

4.4.2.3. BoeicokoappexTusran scudKOCTHAS xpomaroepapus

JKunko-:)KuIKOCTHAs xpoMaTtorpadus Takke siBasercs sddek-
THBHBIM METOJOM pa3fiesieHHsl cMecell OKHCJEHHBIX XXHPHBIX KHCJOT
M NpoCTarjaHAMHOB Ha MHAHBHAya/lbHble coefuHeHus. OnHaxo
GOJIBIIHHCTBO 3THX COeJHHEHH!l He 06saflaeT CylleCTBEHHBIM IOIJIO-
uleHueM B o6saactu 220 HM, MO3TOMY HX HEOOXOAHUMO NpeABapHUTe/b-
HO TpeBpamaTh B NPOHU3BOAHBIE, morjomamwiue B Yd-o6aacry.

B pa6ote [504] MeTus0Bble 3PHPH HAPOKCHIHDOBAHHBIX JKHP-
HBIX KHCJIOT, IOJNydYeHHBle IPH CBOGOAHOPAAMKAJBbHOM OKHCJIEHHH
TOJIHHEHACHIeHHBIX (pochaTHANNXOJHHOB, Pasfessald C IOMOIIbIO
B3)XX Ha kosoHke ¢ nopacuioM (auamerp 10 mxM, Waters Asso-
ciates). B xauectBe mnoxBuxkHOH ¢aspl ucnoabsosanu 0,5%-Hbli
pacTBOp 3TaHOJA B reKcaHe; MeTHJOBble 3(PHPHI THAPOKCHIHPOBAH-
HBIX JKHDPHBIX KHCJOT JeTeKTHPOBAJH IO INOIVIOMIEHHIO B 06/1aCTH
235 um. Ilpn ananuse cBOGOAHBIX THAPOKCHIHPOBAHHBIX XKHPHBIX
{KHCJIOT B KauecTBe INOJBHKHOH (paspl HCIOJAb30BaJH CMeCh YKCYyC-
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Has KHCJ0Ta — nponanos-2—rekcad (1:16:983). IIpoaykTh okwue-
JIeHHs] apaxuAOHOBOM KHCJOTHl KHCJIOPOJOM BO3[yXa OYHINAJH IIO-
cpencteoM BI)KX mo cxomHoit Meroxuke [505, 506]. ®@urunarpuk
[507] pasmeasn npocrarnanaunel PGFyo, PGE; u PGD, B dopme
n-HATPO(EHALHIOBLIX 3(HPOB, HCHONb3ys [AEeTEeKTHPOBaHHe MO IO-
raoweHuio B Y®-o6aactu. Meputt u Bponcon [474, 508] npoBoau-
Ju B3O)KX n-HuTpodeHanua0BLHX 3pHPOB Ha KOJOHKE C HOHOOOMEH-
HOl cMOJI0H, 06paGoTaHHOl Co/IsIMU cepebpa.

Ocrepausr u ap. [509] BolGpann n-HUTPOGEH3UIOBBIE 3(DHDHI
PGE,, PGFy, u PGA, B KauecTBe NMPOM3BOAHBIX, IOIVIOLIAIOUIHX B
Y®-o6aacti, H HCMOJb30BAJIH HX AJs XpoMaTorpaHu Ha KOJOHKe
,C 3UMAKCOM. YKa3aHHble COelHHeHHs aaoupoBanau 319%-HBIM pacrt-
BopoM mnpomnaHosna uau 30%-HBIM BOAHBIM PacTBOPOM MeTaHOJa.
«ClielyeT OTMETUTb, YTO TAaKHe DACTBODHTENH HeJb3s HCIOJb30BAThb
Jis smonpoBanus PGle, mMOocKoJAbKY B 3TOM cjyyae HPH XpOMaro-
rpaduH Ha KOJIOHKAaX C CHJMKarejeM HJH oOpalleHHOH ¢a3oH
{510] oH cnonTanHo npespamaercs B 6-0kco-PGFq.

Typxk u ap. [511] ucnonb3osann ¢ayopecueHTHbE 4-6DOMMETHII-
7-METOKCHKYMapHHOBbIE TPOU3BOHBIE IPOCTAIIAHAMHOB H TPOMGOK-
cana aas B3)KX. B enHHCTBEHHOM TpPOBEIEHHOM 3KCIepHMEHTe
‘SBIJI0 JOCTHCHYTO moJjiHoe pasnesneHne PGD,, PGE,, PGF,,, 6-keTo-
PGF,q 1 TpoMGokcana By; ncnonb3oBaoch rpaiieHTHOE 3JI0HPOBa-
HHUe ABYMsl CMeCSMH pacTBOpHTesel: XJ10popOpM — H300KTAH — Me-
Tanon (35:65:1) u xnopopopm — MeraHos (80:1). Ecam uccae-
JlOBaTeJb He HMeeT JOCTaTOYHOrO KOJIMYecTBa MaTepuaja HJIH He-
‘BO3MOKHO TOJIyueHHe NPOU3BOJAHBIX, 06HapyKeHUe MO NOTJIOMIEHHIO
B o6aacti meHee 220 HM NO3BOJIsIeT NOJYYHTh yAOBJIETBOPUTEIbHbIE
pesybTaTH.

YoptoH u ap. [512] onucanu metonuky ouuctku PGE; ot PGE,,
13,14-puruapo-PGE,; u 1npyrux poACTBEHHBIX IIPOCTArJaHLHHOB C
nomoubio BO)KX. Onu ncnosnb3oBaau KOJOHKY AJS1 XpomaTtorpaduu
2kupHbix kucjor (Fatty Acid Column, Waters Associates) u amou-
PYIOLIYIO CHCTEMY BOJa — aLeTOHUTPUJ — GEH30J — YKCyCHas KHC-
Jiora (767 :230:2: 1) B KauecTBe NOABHKHOH dasbl. M=Tonuka Yop-
TOHa u Jp. [513] ocHOBaHa Ha HCMNONb30BAHUH CLHHTHJISIHOHHOTO
‘CYeTYHKA CIIeKTPO(OTOMETPHH, UTO CO3LAET JONOMHUTENbHBIE TPYAHO-
€TH B paboTe, K TOMY e BpeMsl yAePKHBAHIISI B ONICAHHOM aBTOpaMH
ciyuae upeamepro Beauko (1 u). Xuna [514] coobuua o Tom, uto
eMy yaanoch otaenuts npocrauukand (PGFly) or mpoaykTtos run-
poOJIM3a 3TOro coeinHenust — 6-okconpocraraauauia PGF,, a tak-
e OT IplMeceil APYrHX NPOCTArJaHAHIIOB HA IIPUTOTOBJIEHHOH B
JabopaToOpHH KOJNOHKe ¢ oOpalleHHOl (asoil. DAlONpoBaHHe MPOBO-
JHJIM cMecblo Boaa — MeTaHoa (1:2), comep:xaweil 2,5 r/an 6GopHO#
KHCJiOTH 1 3,8 r/n 6ypHlL.

Bunanna u ap. [515] uayumsau BKAam pasjHyHBIX KOMIIOHEHTOB
ONHCAHHOIl CHCTeMBl M NPHIUIIK K BBIBOAY, UTO NPUCYTCTBHE METAHO-
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Ja B 3JIIOEHTEe NPHUBOAUT K 06pasoBaHHI0 MeTHiakerased. Hamnuuue
STHX COeJHHEHHH NPOSBHJIOCH B BHAE OTAENbHBIX MHKOB Ha XpoMa-
TOrpaMMe M OCJIOXKHMJIO aHA/IM3. ABTODH NpeNJaralT HCIOJb30-
BaTb BMecTo MeTaHosna 20Y% -Hblfi BOAHBIH PAacTBOp aLETOHHTPHJA B.
6ycepe, conepxamem 0,009 M Gopuyro kucaory u 0,004 M Gypy
(pH 9,3). Pexomennyercsi TakkKe KoJoHKa ¢ p-Gonpanakom Cis.

HNnasima u np. [516] paspennan 6-keto-PGF,,, PGF,,, PGF,,
PGE;, PGA;4-PGB;, PGA;4-PGB,; ¢ nomompsio BO)KX [cucrema
BOJla — aleTOHHTPHJ — TeTparujpodypan (35:15:1), obHapyxke-
HHe 1O morJyoleHHIo B Y®-o6aactu]. Bpems ananusa cocraBuio
10 muH. DTa MeToAMKAa NDHTOAHA TaKXke JJIf aHaJH3a TPOMOOKca-
Ha By (skBHBaseHTeH TpOoMOGOKCaHy Aj) H JIEHKOTPHEHOB B MSATKHX.
ycmj)mmx npu HeiitpanpnoM pH (BMecro menouHoil cpexnt) [514,
515].

Bar Posnauns u np. [517] onucanu npouecc BO)KX, ¢ nomoursio
KOTOPOr0 yJaeTcs NMOJHOCTbIO Pa3feJHTb BCe OCHOBHblE NMPOAYKTHI,
obpasylouiyecss NpH NeHCTBHU LHKJIOOKCHI€Ha3bl H JIHIOKCHI€HA3HL
Ha apaxuJOHOBYIO KHCJIOTY. DBIIH HOJHOCTBHIO pasfesieHsl HEMOMH-
¢uuupoBansse 6-keto-PGF,q, TpoMGokcan By, PGF;, PGE,, PGD,,
HHF u 12-HETE. ABTOpBI HCIIOIB30BAJIH KOJIOHKY C YJbTpachepom:
ODS (mmametp uactun 5 MrMm, Altex Scientific, CIIIA), metextupo-
BaHHe IO TOIJIOWIEeHHI0 B o6smacTH 192 HM M rpagHeHTHOe 3JIOHPO-
BaHHe (rpafueHT KOHUeHTpauuu aueroHurpusaa 30,5—959% 8 Box-
HO# ¢ocdopHoit kucaote, pH 2,0). Coobiaercs Takxe 0 YaCTHYHOM:
pasjiesieHHd HeMOAH(HLUHPOBAHHBIX NPOCTAIVIaHAHHOB C IOMOLIbIO
oGpaieHnHo-hasosoit B9)KX [518, 519].

Xanceny n BykxeiiBy [520] ynasnoch moJyuuTb OueHb xopoliee
pasnenenue npocrarnanguioB PGE u PGF, B ¢dopme cBoGOAHBIX
JKHPHBIX KHCJOT Ha cedagekce LH-20 B cucreme 1,2-quxjopstan —
rental — mMetanoa (25:25:2). BuIH NMOJNHOCTLIO pasieieHB! Npo-
crarnauguael PGA, 15-keromzurunapo-PGE, PGE,, 15-kero-PGE,,
15-ketoaurnapo-PGF,, 15-keto-PGF,o, u PGF,,. B Takoii cucreme
He pasgensiorcst quruapo-PGE; u PGE,, ogHako ux MoxHO pasje-
JuTh B cucteMe 1,2-puxsopatan — MetaHos (50:1).

BoJsblnne Hazexibl BoajarawoTcss Ha KomOuHaunuio BI)KX n
Macc-CeKTPOMETPHH, KOTOpasi, BO3MOXKHO, HaijeT B OyAyllieM LIH-
pOKOe NpHMeHeHHe AJs HAEHTH(GHKAUHWH H KOJHYECTBEHHOIO aHalH-
3a MHAMBHAYyaJbHbIX NPOCTAIJIaHAHHOB, KaK B CBOE BPeMsl 3TO NpO-
usow1o ¢ I'X u macc-cnekrpomerpueii [521].

4.4.3. HeiiTpaarsHble ayuseauyepurol

Ilo cTemeHH HEHaCHIIEHHOCTH HEHTpaJbHBIE aLHUJTIHLEPHHB:
MOXHO pasgzeasth c¢ nomoupbio TCX Ha HOcHTensX, COAepKallHX
uoHH cepebpa, u ¢pakuHoHupoBath ¢ nomomnio KX mo moxeky-
JsipHOIt Macce, a npH o6paienHo-pasosoit BO)KX npoucxonut pas-
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JeJeHHe 10 060HM yKa3aHHBIM mapamerpaM. He moJaHocTbio 3aMme-
AlleHHble alUMJTJIHIEPUHE OOBIYHO NpeABAPHTEJbHO NpEeBpallaiT B
.COOTBETCTBYIOIIHE NPOH3BOAHLIE, KOTOPLIE 3aT€M MOJABEPraioT Xpo-
MarorpaduH.

4.4.3.1. Xpomarozpadus Ha nHocuTeAnX,
codepacaujux uornsl cepebpa

XpoMartorpadus Ha HOCHTeJSIX, COAEPXKallHX HOHH cepeGpa (B
GosplinHcTBe cayyaeB TCX), — OMHH H3 OCHOBHBIX METOLOB pa3jeJe-
HMs alWJITVIMIEPHHOB Ha HHAHBHAyaJbHble coeluHeHus. Hampumep,
TPHALMJIIMLEDHHBI, BBIe/IeHHbIe C NMOMOUIbIO OOBIYHOH ancopOLH-
QHHOM XpoMaTorpaduH, MOXHO Aajee (QPaKIHOHHPOBATH IO COAEP-
XKaHHUIO ABOHMHBIX CcBsizeil B MoJiekyJse ¢ nomombio TCX Ha HocuTe-
JIIX ¢ HoHaMmHu cepeGpa [53, 522].

ITyrem xpomartorpadus cMecH NPHPOAHBIX TPHALHJTVIHLEDHHOB
Ha cuiaukarene, cofepxamem 10—209% Hutpata cepebpa, B CHcTe-
‘Max QUITHUJIOBHIA 3¢Hp, GeH30s — ANasTHAOBHIH adup (9:1) [522],
reKcaH — JAH3THJOBHIH 3¢pHp (7:3) uaum xu0poopM — MeTaHOJ
(47:3) [53] ymaercst mosyuuTh no ABanuatH ¢pakuuit. Oauroexo-
BhlEe TPHALHJTJHLUEDPHHBl TaKXe MOXHO yCIEIIHO pasjesuTh Ha Ta-
KOM HOCHTeJie MPH HCIoJb30BaHHH 1—2%-HOoro pacTBopa MeTaHoJa
8 xaopodopme [53, 523]. B atom cayuae nosHHEHACHIEHHEIE TPHA-
LUJITJIHIEPHHBl OCTAIOTCS MPAaKTHYECKH HA CTapTe, OAHAKO HX MOX-
HO pa3jeJUTh MyTeM JAOMOJHHTEIbHOrO 3JI0HPOBaHUS 5% -HbIM pacT-
BopoM MeraHosna B xsopodopme. OnNHCaHHBIH MeTOA NO3BOJSIET
pasnensiTh TPHALMJIJIMLEDPHHB, COAepiKalHe HachileHHbe (0),
MoHoeHOBBIE (1), nueHoBBe (2) M TpHeHOBHE (3) KHPHBIE KHCJIOTHI
Ha coeauHeHHust caepylomux Ttunos: 000, 001, 011, 002, 111, 012,
112, 022, 003, 122, 013, 222, 113, 023, 123, 223, 033, 233, 033,
133, 233, 333 [522].

Takarn u MraGamn [524] onncanum MeToauKy, B KOTOPOH Hc-
NoJb3yeTcsl ABYKPAaTHOe 3JIOMDOBaHHE CMeCAMH XJ0podhopMm — Me-
taHoa (97:3) uau GeHson — xJopodopm (9:1), a Taxxke Tpexkpar-
Hoe 3JIIOHPOBaHHe CMecblo XJopodopm — Meranosn (19:1). C mo-
MOLIbIO TaKOro 3JI0MPOBaHHs aBTOpPaM YAaJo0Ch MOJYUYHTb XOpoliee
pasjiesieHHe TPHAIMJIMJHLEPHHOB HA HOCITESN, COAEPIKALLHX HOHBI
cepe6pa. OlHaKO MHOTOKPAaTHOE 3JIOHPOBAHHUC CXOAHBIMHU C OMICaH-
HbIMH BbIIE HJIH OTJIHYHBIMH CMECSIMH PacTBOpPHUTeNeH He UMeeT IlH-
pokoro npumenenus [525, 526].

TpuauuaranIepuHel, cofepKallie KHPHBIE KHCJAOTH, OTJIHYHBIE
'OT PacCMOTpeHHHIX Bhllie (OoKcH- [522], smokcu- [5627] u ketoxmuc-
JIoThl [528]), Takue MOXKHO YCHELIHO DasAejdTh HA MHAMBUIYAJb-
HBlE COEIHHEHHST Ha HOCHTeNsX C HoHaMmu cepebpa. OfHAKO #Js 3TO-
T0 TpebyrTcsa Gosiee MONAPHEIE MIOHPYIOLIHE CHCTEMbI, YeM NIpUMeE-
HsieMble B ciayuae OOBIYHBIX TPHaUHMJraHuepuHoB [529]. B paGote
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[527] rtpmaumaraunepHHB, COAepXKallMe 3MOKCHAHPOBAHHBIE XKHP-
HBl€ KHCJIOTH, Pa3fensid B CHCTeMe OeH30J — AMWITHJOBLLT 3hup:
(3:1), a TpHaUMJrIHIEPHHD], cOAEPKalllHe OKCHKHCJIOTH, I'aHCTOyH
u Kypenun pasgensnu B AnstuiaoBoM 3dupe [528]. Anasorn Tpu-
allUJITJIHIIEPHHOB C OJHOH 1/ 6oJiee NPOCTHIMH 3(UPHBIMH CBA3SIMH
BMECTO CJI0XKHO3(MHPHBIX MOXHO TaKiKe pPaslesuTh Ha TAKHX HOCH-
TeJISIX, IPHUEM B TeX XK€ CHCTeMaX, B KOTOPHIX Pasje/sioT TPHALMJI-
rauiepunsl [163, 531]. MIHTepecHO OTMETHTb, YTO LHKJIONPONEHOBLIE:
JKUDHBiE KHCJOTBl pearupyioT ¢ HUTpaToM cepebpa ¢ o6pa3oBaHHeM
HECKOJIbKUX NPoAYKTOB [530].

Xpomarorpadusi Ha HOCHTeJSIX, COAepKallHX HOHH cepedpa, Hc-
0JIb3yeTCs TakxKe JJs pasnenenus sn-1,2(2,3)- unu sn-1,3-guanui-
rJIMLEePHHOB. ¥ 106HOH cHCTeMOH 1Js pa3feseHuss CBOGOAHBIX Sn-1,2-
OUALUIIVIMIEPHHOB SIBJSIETC CMecb XJopogopMm —3taHoa (93:7).
ITpu TCX B 3TO# cucTeMe YyKa3aHHble [HALHJATIHLEPUHBl MOXHO
pasfenuTh Ha coeqHHeHHs cienyromux tumos: 00, 01, 11, 02, 12, 03
u 04, rme 0—4 mOKa3BIBAIOT YHCJO ABOMHBIX CBfI3eil B MOJEKYJe
[632, 533]. TlockonbKy (ppaKUMOHHPOBAHUE 3aBHCHT OT OOLIero ylicja
JBOHHBIX CBsI3eH M MX paclpelesieHHs B OCTAaTKe XKHPHOH KHCJOTHI,
HaxoJsleHcss B MOJOXKEHHH 1 HaH 2 MoJeKyJ/bl TJUlUepHHA, B pe-
syabrate TCX MoxKHO NOJyYyuTh 60Jiee OQHOH (paKUHH, KOTOPHIE
OyAyT colepxkaTh COEAMHEHHS C ONMHAKOBOH CTeNeHbI0 HeHAaChILeH-
HoCTH. JIHAlHATJHLEPHHB], COAepKallue YUC- U TPAHC-MOHOCHOBBIE
KHCJIOTHl, MOXXHO DPa3hesHTb, HCNOJb3YsT GOJBILIMHCTBO 3JIOHPYIO-
mux cuctem [534]. [Tepen npoBenennem TCX pexoMeHayeTcst MOAH-
¢unupoBaTh CBOGOAHBIE QHAUMJINIHLUEPHHE, TaK KaK OHH MOTYT
H30MepHU30BaThCS NPH XpPOMAaToOrpaduu Ha HOCHTENAX, COAepIKalluX
MoHbl cepebpa. Mcmonbaytores auetunsHble [535, 536], Tper-GyTua-
JUMeTHJICHAHAbHBE [537] u HHorza HectaGuabHble TMC-npousson-
Heie [471, 538].

Xpomartorpadueii Ha HOCHTEJIdX NAHHOIO THIA MOXHO pasje-
JIUTh alleTaThl AHALMJITIULEPHHOB Ha HHAUBHAYAJbHbIE COEAMHEHHS,
KaK HacbllleHHble, TaK U coaepIKalire 10 12 nBoiHBIX cBsizeil. MHO-
rue IO3HIHOHHblE H30MEeDbl TaKxKe pa3/lessloTCsl ¢ NOMOLLbIO 3TOrC:
metona [539]. Ymaercsi noCTHYb paspelleHHs, CXOLHOIO C ONMHCaH-
HBIM BBILIE JJisi CBOGOAHBIX AH- U TPHALMJTIULEPHHOB. AlleTaThl Ha-
CBHILIEHHBIX LHALUATIHLEPUHOB H AHAUHMATIHLEPHHBl, COLeprKaliHe
JI0 yeTbIpeXx ABOHHBIX CBsI3eH, XODOLIO pasfessoTcs B CHCTEME XJIO-
pojopm — Meranoa (99:1) [540, 541]. OnHako cMecu GoJjiee HeHa-
CBHILIEHHBIX AHALMJIMJIHIEDHHOB MOXKHO pasjeldTb JHUIIb B GoJee
MOJIAPHBIX 3JIIOHPYIOLIMX CMecfX, TaKUX, KaK CMeCh XJOpPo(popM —
meranoa (19:1) [539]. C nomompbio TCX B moZOGHBIX CHCTEMax.
MOXHO ¢paknuoHHpoBaTth !,3-AMALUITIHLEPHHB H HX IDOH3BOLHBIE.
Auetatsl sn-1,2-1HauMATIHIIEPHHOB, MOJyYeHHble H3 (ocdaTHAHI-
XOJIMHA JIerOYHOH TKaHH OBIIM pasfiejeHbl Ha HOCHTeJe, CO-
JepiKamieM HOHBI cepe6Gpa, NyTeM [BYXCTaAUHHOrO 3JIIOMPOBaHHS
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cMecblo xmopodopM — metanoa (19:1) u xamopodopmom [542, 543].
AneraTsl ajikeH-l-unanuia- ¥ adKHIALHATVIHIEPHHOB MOXKHO pasfe-
JISTh Ha WHAMBUAYaJbHBlE COEAMHEHHS] IO CTENEHH HEeHaCHILIeHHO-
CTHM Ha HOCHTEJe, COLepKalleM HOHH cepebpa, B cHcTeMe GeH30J —
xaopodopm (9:1) [164, 544] uam xnopopopm — MmetaHoa (49:1)
[5645]. AueraThl HachllleHHBIX aJIKeH-1-HJTMJHIEDHHOB MHIPHDYIOT
MelJeHHee, YeM aleTaThbl HAacCBILEHHBIX AJKHJIALUJTJIHIEPUHOB,
BCJIECTBHE «TOPMO3s11ero» sdpdexra ABOHHON CBA3H B aJKeH-1-Hb-
HOM ocTaTKe. AleTaTsl ANALUITIHLEPHHOB HMEIOT XpoMarorpaguye-
CKYIO TOJBHKHOCTb, CPEAHIOI MEXKAY NOIABHKHOCTSIMH TJIHIEPHAOB
¢ npoctoli a(upHOA CBA3BLIO M TJIHLEPHIOB, COJAEPIKAWHX OCTAaTKU
JKUDHBIX KHCJIOT TOH K€ CTeneHH HeHachlleHHOCTH [537].

MoHoaNKaM- ¥ MOHOAUMJIVIMIEDHHBI, HaCHILIEeHHblE H HMeIOl[He
J0 ABYX ABOHHBIX CBsi3eil, MOXHO pasnenautb nyreM TCX B cucreme
xnopopopM — mertaHoan (9:1) [166, 546, 547], a HachHIEHHBE H
MOHOHEeHAaCHIIIeHHble 2-MeTOKCHaMKHITIHLEPHHb — B cucTeMe 2,2,4-
TPpHUMeTHJINEeHTaHsTHIaneTaT — MetaHoa (50:40:7). Hdas ananusa
MOHOQUMJ/ITJIMIEPHHOB JIyyllle HCIOJb30BaTh CaMH MOHOALHJIVIHIIE-
PUHBI, YEM COOTBETCTBYIOILHE KHDHble KHCJIOTH, TaK KaKk MEHee Be-
POSITHO 3arpsi3HeHHe 006pa3LoOB NOCTOPOHHUMH MOHOAUMJIVIHIEDH-
HaMH, yeM CBOGONHBIMH XKUPHBIMH KHCJOTaMH.

HenaBHo 6BlI0 MOKa3aHO, YTO XPOMapOAbl, NTPONUTAHHBIE HUTPA-
TOM cepefpa, MOXKHO HCIIOJNb30BATh [JIsl Pa3jieseHHsT U KOJUUeCTBEeH-
HOr0 aHaJH3a CHHTETHYECKHX TPHUIAJbMUTOWJ-, TPHOJEOHJ- H TPH-
JuHoneounrauueputoB [549]. Xpomarorpaduio npoBOAHIH B CHCTE-
Me 6eH30s1 — AHITHJIOBHIH 3up (49:1). Cmur u ap. [550] ucnoan-
30BaJqH 6eH301 B KauecTBe NOABHXKHON ¢assl pias BI)KX Ha Ho-
CHTEJIX, COepKAalUX HOHBl cepebpa, cMeceil TPHALMJIMVIHLEDPHHOB
(BK/II0Yas NO3ULMOHHBIE H30MEPHl 2-HeHacHIeHHBIEe-],3-HackleH-
Hble W |-HeHachlleHHble-2,3-HacklllleHHble) (TPHALUJTIHLEPUHEl 1e-
TeKTHpPOBaJMH pedpaxromerpuuecku). Hocurenp maptucun 5 umeer
ONTHMAaJbHOE COfepiKaHHe HUTpaTa cepebpa—5%.

4.4.3.2. I'azo-scudrocTHan xpomaroepadus

I')KX —onun u3 nanbosee 3phexTHBHBIX METOLOB pasjieseHus
cMecell HeHTpaJbHBIX JIMIHIOB Ha MHAUBHUAYaJbHBlE COeIHHEHHS,
B nannoM ciryuae mpoMCXOAMT pasjesieHHe IO HECKOJbKHM mapa-
MeTpaM: MOJIEKYJ/IsIDHOI Macce, CTeeHH HeHACHILIEHHOCTH, a B HEKO-
TOPHIX CJYy4asiX — FeoMeTPHYecKol H3oMepuH. DPPEKTUBHOCTL 3TO-
O MeTola 3HAYHUTEJbHO BO3pacTaeT NPH KOMOHHHDOBAaHHH €ro ¢
TCX na HocHTeNsX, COAepKALIUX HOHH cepebpa.

Tprauuarauuepunsl ¢ AJHHHBIMH LENsMH, BblAeJeHHble afcop6-
LHOHHO# XpoMaTtorpadued, MOXKHO fajiee Pa3eNHUTb 110 MOJIEKYJIsip-
HOM Macce (oflieMy KOJHYECTBY aTOMOB YIJepoja) ¢ NOMOIIbIO
)XKX na xoporkux [(30—50)<0,24 cM] KoJIOHKaX, COAepIKalIKX
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1—39% HemossgpHO# Xuako# das3el (MeTHJ- HJIH (DEHHJICHJIOKCAH) C
HcnmoJb30BaHHWeM rpaaueHta TeMmmepatypw 200—300°C (2—4°Cf
mul) [91, 199, 551]. Takas mnpoumeaypa BHICOKOTEMINIEPATypPHOI:
KX crana pyTHHHO# NpH aHaju3e NMPHPOLHBIX XKHPOB H Macel
[6, 16, 199, 552]. [TpuMeHeHHe NJIMHHBIX KOJOHOK YJydyllaeT pasje-
JIeHHe, OAHAKO NMPH 3TOM YMEHbILIAETCS BHIXOJ AJHHHOLENOYEYHHIX
rJIHIEPHA0B 10 CPaBHEHHIO ¢ KopoTkouenoueunsiMu [6, 199]. Tpu-
AUMJTJIHIEPUHE C KOPOTKHMH LENsSIMH XOPOLIO Da3lessioTcs C IO-
Mompio BeicokoTemnepaTypHolt [DKX Ha OOGBIUHBIX KOJIOHKaX
(180 cm<0,25 cM), comepiKallHX YKa3aHHble BHIILE KHAKHe (pas3bp
[160]. TpuauuarauuepuHsl pasfensioT TakikKe NOCPEACTBOM KamHJ-
asiproit I')KX [553—b557], onHako Ha 20-MeTPOBBIX KOJIOHKAX OTHO-
CHTEJIbHBIH BHIXOJT BHICOKOMOJIEKYJISIPHBIX TPHALHUJTJIHIEPHHOB HOC-
TATOYHO MaJ; B JaHHOM CJyyae TakKxe TpebyeTcss NMpHMeHEHHe BO-
JIopona B KauecTBe rasa-Hocurens [553, 555]. B To xe BpeMs Ha
KaNUWIISPHBIX KOJIOHKAX HJIHHON 4—6 M ¢ HCNOJb30BAHHEM TesHST
[554] uam Bonmopoma [556] B kauecTBe rasoB-HOCHTeJeH yAaNOCh
MOJIYYUTh OUYeHb XOpOLINe pPe3yJbTaThl pasjiesieHusl H BEICOKHE BBIXO-
Ibl AIMJTJHLEPHHOB KaK C KOPOTKHMH, TaK H C IJMHHBIMH LENSMH
(ucnmosb3oBanu rpapueHT TeMmnepatypsl 280—350°C). B paGore
[551] 610 MoONyYeHO NMOJIHOE pa3fieseHHe TPHALHUJTIHLEPHHOB, OT-
JHYAOIHXCS Ha OJHO MeTHJEHOBOe 3BeHO, Ha KODOTKHX KaNHJJIsp-
HBIX KOJIOHKAaX, HO paspelleHHe JHIIb HE3HAYMTEJbHO OTJIHYaJNOCh
OT TOJIyYEHHOTO paHee Ha KOPOTKHX HACaZOYHBIX KOJOHKaXx.
Mouceitnn u 1p. [554] onpo6oBanu KOPOTKHE KaNHJ/JAspHbIE KO-
JIOHKH TPH Pa3JHYHBIX YCJIOBHSIX XpoMaTorpaduu HeHTpaJbHBIX
anuaraunepusos. I'po6 u ap. [555] coobmuan o pasneneHun 60ib-
IIOH TPyNnbl cMecedl TPHALMJIJIMIEPUHOB Ha KaNMJJISAPHOH KOJIOHKE
¢ OV-1 gnunoit 14 M ¢ ucnosb30BaHHEM BOLOPOJA B KayecTBe rasa-
Hocurens (muanasoH temnepatyphl 240—340°C). IIpoGH B rekcaHe
BBOAMJIH Ha KOJIOHKY npu teMmnepatype 60°C. I'’KX na xanuansp-
HBIX KOJIOHKaX J[laeT BO3MOXHOCTb TNOJYYHTh GOsablIyl0 HHpopMa-
uuio, yeM I')KX Ha OGLIYHBIX HAacaLOYHBIX KOJIOHKAX, XOTSI KOJIOHKH
NepBoro THNA H He MNO3BOJSIOT Pa3leNHTb TPHALHJTJIHLEPHHBI C
ONUHAKOBBHIM YHCJIOM aTOMOB yrjepopa. IlepcHiHIHPOBAaHHBIE KO-
JIOHKH, TOKPHITbIE HENOJISIPHOH CHJIHMKOHOBOH CMAasKOH, MOXHO HC-
noJb30BaTh OoJjiee roja mocje TNpPOBENEHHS COTeH aHa u30B. [Ipm
xpomartorpaduH NPHPOAHBIX TPHAHHMJTIHLEPHHOB KaK Ha KaNUAJasap-
HBIX, TaK H Ha HacaJlOYHbIX KOJIOHKax HabJiojaeTcsl YIIHDEHHe NH-
KOB BCJIeACTBHe 6oJjlee PaHHEro BBIXOJZA C KOJIOHKH HeHaCHIleHHBIX
COeAHHEeHNH N0 CPABHEHHIO C HACHILIEHHBIMH C TEM JKe UHCJIOM yrJe-
pomHBIX aToMOB. IIpH 3TOM He mocTHraercsi pasjeseHHust HeHaChIlleH-
HBIX M HacCbILIeHHBIX TPHAIMJIVIHLEPUHOB. YIIHPEHHe NUKOB He Ha-
6nogaercs, ecid ob6pasel, OblJl NpefBapHTEJbHO NPOrHAPHPOBAH
[199]. TunpupoBanue Takke HCNONB3YIOT AJS NPELOTBPALIEHHS
ﬁgg«ngggrlmro pacumenjieHHss BBICOKOHEHACHILEHHBIX COeAHHEeHHHA
, .
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JenatenpHo BHauase npoBonuTh TCX Ha HocuTensiX, comepKa-
AIMX HOHH cepebpa, a 3ateM — VKX nn1s pasnesneHust TpHALHITIU-
LIEPUHOB OJHHAKOBOH CTeNeHH HEHACHIEHHOCTH N0 YHCJY aTOMOB
yraepona [558]. IIpucyTcTBHE OCTATKOB XXKHDPHBIX KHCJOT C Pa3BeTB-
JIEHHO# 1IeNbl0 B MOJIEKyJe TPHALMJTJIHLEPHHA NPUBOAHT K YME€Hb-
LIEHHIO BPEMEHHU yAepXKUBAaHUS 3THX COeJHHEHHH, a TaKxkKe YLIHPEeHHIO
NHKOB M IOSIBJEHHIO «Ijeyeii» y nukoB [559]. Tpuauuarinuepussl,
B COCTaB KOTODHIX BXOASIT XKHPHbIE KHCJOTHI C LIHKJONEHTaHOBHIM
KOJIbLIOM, SJIIOUPYIOTCS 3HAUMTEJIbHO I103XKe HX aHaJoroB, CORepiKa-
LIMX XKHPHBIE KHCJIOTH C NPSIMOH LeNblo; 3TO MOXeT ObITb HCIOJb-
30BaHO NPH pasieeHUH NOJOGHBIX coequHeHuit [559].

C nomompio KX MOXKHO Jilerko pasfesuTh TPHALHUJITIHIEPHHEI,
cOlepXKallne auneToKCHKucaoTsl [560]. TpuauuarauuepuHsl, coaep-
JKalHe 3MOKCHKUCIOTHE, MOXKHO ()paKIHOHHPOBATh IOCPEICTBOM
I'’KX kak B HeMOIH(HUUIHPOBAHHOM COCTOSIHHH, Tak U B BHAe 1,2-
JMOKCOJIaHOBBIX MNpOu3BOAHBIX [561]. 1,3-IIHOKCco/NaHOBEIE NPOH3-
BOJHBlE, NOJIyyaeMble KOHAEHCALHell 3SMOKCHTPHALMJIIIHIEPHHOB C
HUKJONEHTAHOM B IDUCYTCTBHH TpHdTOpHAA 60pa, TEPMHUUYECKH yC-
TOHUMBH, Grarofaps 4eMy MOIKHO OLHOBPEMEHHO NPOBOJAHThL pasie-
JieHwe HeMOTUQUIHEPOBAHHBIX TPHANWITINIEPUHOB H WX NPOU3-
BoaHHX. Caenyer oTMeTHTb, uTo acronuan npu I[)KX B cran-
JlapTHHX YCJOBHSIX OCTAlOTCS CBSI3aHHBHIMH C HENOABHXKHOH a3o#
[199, 560].

I'’)KX Moxer OBITb HCIOJb30BaHa JJst pPa3feieHHsl aJKHJIallUJI-
TJIMIEPHHOB IO MOJIeKyJ/asipHO# Macce [562]. ITockosabKy 3TH JunH-
LBl COZepXAaT Ha OJHH KapOOHHMJIBbHBIH aTOM KHCJOPOLAa MeHbIIe,
‘OHH HMEIOT MeHbllee BpeMs BbIX0Ja, YeM COOTBETCTBYIOLIHe TpHa-
LHJATJIMLEPHHB], IPUMEPHO PaBHOe BPEMEHH BhIX04a TPHALUJTJIHIE-
PUHOB, COLEPKAILHX HA OJHO METHJEHOBOE 3BEHO MEHbILE, YeM CO-
OTBETCTBYIOIIVE AaJKHJIAHALMITIHIEDHHE. Pasnenenue ankuinua-
LUJITIMIEDHHOB Ha HHAMBHAYaJbHblE COEJMHEHHSI CPaBHHMO C IO-
Jy4aeMbIMH JJIS TPHAUHJTJIHUEPUHOB C JJIHHHBIMH LensMu, MuHnu-
BHAyaJbHbEe TPH3aMeIleHHble AJKHIANUITIHIEPHHB C OXHHAKOBLIM
YHCJIOM aTOMOB YIJIepofa, HO COAepxKallMe pa3HOe KOJHYECTBO
‘O-anKHABHBIX TPYNI, HMEIOT pasJHYHble BpeMeHa BhIXoxa. B o6uiem
ciyyae po6aBjeHHe ORHOH NpPOCTOH 3(DHPHOH CBSI3U PAaBHOCHJbHO
YMeHblIEHHIO JJIMHB LleNH Ha OXHO METHJEHOBOE 3BeHO. Tak, aduphl
TJIMLEpHHA, HMellHe 48 aTOMOB yrjieposa, aJMIoHPYIOTCS B CAENYIO-
ieM nopsAKe: TPHIAABMHUTHI-, 1,2-AUNATBMHTHI-3-N2JbMHUTOHI-,
1-manpMuTHA-2,3-ANNAJBMHTORI- H TPHNAJbMHTOHJIVIHLEPUHB [6].
Kax u B ciayyae tpuauunrauuepusos, npu KX ankunanuirauie-
PHHOB, COJep2KalllUX pa3BeTBJEHHble HJIH HEHACHIIEHHbIE KUPHHIE
KHCJIOTHI, IPOUCXOAUT YIIMPeHHe NHKOB, a TAK¥KE NOSBJSIOTCS «IlJe-
YH» y 3THX NHKOB, €CJAH KOHIEHTpalMs pPa3BeTBJEHHHIX TPHAIUJ-
TJIHLIEPHHOB J0CTATOYHO BeJHKa [563].

TpuanuariuuepuHbl ¢ KOPOTKHMH LENSIMH MOXHO PasfessTh Mo



Trasa 4 188

CTENeHH HEHACHIIEHHOCTH U COAEep:KaHHI0O aTOMOB yIJepoaa C Io-
mompbio I'D)KX mpu ymepeHHBIX TeMIepaTypax Ha TOHKOH IJIEHKe
HenoJsisipHo# ¢aspl. Tak, TpHALMJIIHIEPHHE], COAepKALHeCTd B JTUC-
THJIJISIT€ KOPOBbErO MOJIOUHOTO KHpa, ObLJIH pasjiesieHb Ha 60JblIoe
YHCJ0 HHAMBUAYaAJNbHBIX coefuHeHuit mnocpencrsoMm IDKX Ha 3%
EGSS-X [160] u cunap-5CP [564]. IIpu aToM Habmoganace cloxHas
KapTHHA pas3leseHHsl CO MHOXECTBOM YaCTHYHO IepeKPHIBAIOLIUXCS
nuKoB., Takoe nepekphiBaHHe OGYCJOBJEHO IPUCYTCTBHEM B INpoGe:
BBICOKOH KOHLIEHTPalUHU MacJgHOH, KaNPOHOBOH U KaNpUJIOBOH KHC-
JIOT, KOTOpble NOCTATOYHO NMOJSIPHBI, YTOOBI NPOSIBUTb CHJIBHOE CPOL-
CTBO K IIOJIIPHON XHAKOH (asze.

Takaru u Hrabamu [524] cooluiuau o NONBITKE pasjeeHHst
TPHALWINIMLIEPHHOB II0 CTENEHH HEHACHILEHHOCTH H YHCJAY aTOMOB
yraepona Ha KoJioHKe ¢ cuiaapoM-10C. XoTsi TeMmmepaTypHHI pe-
JKHM, IIPH KOTOPOM NPOBOAMJHM XpoMaTorpagHio, HaxXoAHJCA B Ipe-
JIeJbHO AUNYCTHMOM JJ1s1 NaHHOH KOJIOHKH AManasoHe, GBLIC MOJY-
YeHO XOpollee pa3jesieHHe TPHALHUJTJIHIEDHHOB, CONEPKALUX OT
OHOH N0 YeTHIpEX ABOHHBIX CB3ell B OCTATKaX XKHUPHBIX KHCJOT
u coctosuux H3 36—54 atomoB yriepona. [lonyueHHele B 3TOH pa-
60Te JaHHble CBHAETEJIbCTBYIOT B N0JIb3Y TOTO, YTO HA KANWJJISDHBIX
KOJIOHKaX ¢ HeNoJBMKHOH (a3oit Tuna cunap-10C MOXHO NOJYUHUTL
NoJIHOe pasjesieHHe TPHALMJIJIHIEDHHOB IO CTeNeHH HeHachIIleH-
HOCTH M YHCJIY aTOMOB YIJIepOfa B OCTATKaX XKHPHBIX KHCJIOT.

I'’)KX mnosBosasier paspeauts sn-1,2(2,3)- u 1,3-nuanunarauuepu-
HBl, a TaKXe HX aJKHJALWJbHblE, ajJKeH-l-HIauUJbHBIE aHAJNOTH W
NHANKUITAHLEpHHB. Ha KODOTKHX KOJIOHKAax ¢ HEMOJSPHOH XKHAKOM
¢asoil, npuMeHseMOH [Js pasfeneHus] TPHALUJIVINIEDPHHOB, MOX-
HO pa3jessiTb TPHMETHJCHIHIbHEIE [565, 566], Tper-GyTHaIHMETHII-
cunuabHble [537, 567] m ameruabHble [536, 568] npousBoaHble, 2
TaKKe CBOOOAHbBIE AHM3aMEIlEeHHblEe aJKHJIALMITIHLIEPHHB [566] no
YHCJIYy aTOMOB yriepofa B MoJekyje. OAHAaKO Ha TaKHX KOJIOHKax
IJIOXO pPAa3feJsIloTCS NMO3MIHOHHBIE H30Mepbl  alleTOIVIHIEPHHOB
[569], 6yTuporauuepunoB [570, 571] u aueTaToB AMaLUITIHLEDH-
HoB [16]. ITocko/bKYy TakHe COeIMHEHHS MMeIOT HeGOJbILIYIO MoJe-
KyJsIpHYIO MacCy, HX pasjie/ieHHe NPOBOJST NIPH TeMIepaType HHXKe
300°C.

Jlonunmxep n Hukudopos [572] coobuuau 06 ananuze TMC-
sabupeB 1,2- u 1,3-ananuariauuepuHoB ¢ nomouipio KX, kotopyio
NpPOBOAMJY B AHanasoHe temneparyp ot 240 no 300°C Ha 12-meTpo-
BBIX KOJIOHKAaX c XHAKoH ¢asoit SE-30 u ¢ ucnosb30BaHHEM BOAOPO-
Ja B KauecTBe rasa-Hocurens. [lono6HO TpuaLMJITIHIEDHHAM, HEHA-
CHIlEHHblE AMALHMJIVIHIEDHHB HMEIOT BpeMS BHIXOAA C KOJIOHKH,
HECKOJIbKO MeHblllee YeM BpPeMsl BBHIXOHA COOTBETCTBYIOLIHX HAacCHI-
IIEHHBIX aHAJIOroB, YTO IIPUBOAUT K HEGOJBbIIOMY VIUHDEHHIO MHKOB
1 00pa30BaHHIO Y HUX «IJeyeii». Ha KoJOHKax ¢ HEMOJNSIPHOHA KU~
Ko# ¢a3oil He ynaeTcs pa3fe/IUTh HaCHILIEHHBIE M HEHaCHILUlEHHBIE
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auauuarauuepussl. [1oaToMy Heo6X0AHMO NpeABaPHTENbHO NMPOBO-
aute TCX Ha HocuTessiX, CORep:KaumHX HOHH cepebpa, ¢ LeJbic:
paspesieHust AMALMJTIHIEDHHOB N0 CTENeHH HeHACHhIeHHOCTH [536].
Coueranne takoit TCX ¢ I'DKX aueTHJIbHBIX NPOH3BOJHBEIX IIHPOKGC:
NpUMeHsieTcs AJs pasfielieHHust AHALUITIHIEPHHOB, NOJYYEeHHBIX H3-
AHaLHITIHIEPUHCOAepKauX dpocdonununor [536, 542, 543, 573—
577]. Cnexyer OoTMeTHTb, YTO NHKH, cooTBercTByromue TMC-adu-
paM, MOXKHO pasfensTb TaKKe Ha KOPOTKHX KOJOHKAaX C HemoJsp-:
Hoit xuakod ¢dasolt, ITuku TMC-3¢pHpoB QHALKITIHLEPHHOB Iepe-
KDPBHIBAIOTCSl C NHKaMH, COOTBETCTBYIOIIHMHM NHaJKHJ/IIJIHIEPHHAM,.
HMEIOUIMM B IIeNId Ha JlBA METHJIEHOBHIX 3BeHa MeHbllle, OAHAKO NPH
3TOM aJIKHJIAUUJINJIHIEPHHBl XOPOIIO OTAEAITCS OT AHALHJIVIHUIE-
puHoB [545, 578]. [ast pasneneHHil TaKoro THNA YAOOHHB aleTH/b-
Hble POM3BOJAHEBIE, MOCKOJBKY CMECH AHAJNKHJI-, aJKHJIaluiI- U JHa-
HUJITTHLIEPUHOB HIH AHALMII-, aJKHJIALUI U aJK-1-eHuJanuarauiepu--
HOB JIETKO pasfesIsiioTcss B BHAe aleTaToB. Kak v B cayyae TpHaLUI-
rauueprHoB, npu IDKX nuanuiaravuepHHoB He Ha6JI04aeTCs 3HAUU-
TEJIbHOrO pasMBIBAHHS 30H, YTO NPOSBJIAETCS Ha XpOMaTorpaMMe B:
BHJE Y3KHX IHKOB. PaspellieHHe MOXHO yBeJIHYUTh NyTeM IIPOBeje-
HUsl IpeBapUTEJbHOrO rHApHpoBaHus [16].

Ha o6niunbix KosoHkax anas [DKX, comepKauiux TOHKHE IJIEHKH:
nonsipHo# XuAKo# ¢asbl (3% ), Tako#, KaK STHIEHIIMKOJIbCYKIIMHAT
[679], uuknorekcanauMmeruncykuunar [580] u cumap-5CP [581],.
MOXHO JOCTAaTOYHO 3P (PEeKTHBHO pa3fessTh HEHACHILEHHbIE H HACHI-
LIeHHble JHALUJITJIHIEPHHBl H COOTBETCTBYIOIIHE UM aJKHJIAUHJITIH-
nepuHsl B popme TMC-a¢pupoB. Ha Taxux KOMOHKax GbIIO AOCTHI-
HYTO pasjejieHHe AHALHJATIHIEDHHOB, B COCTAB KOTOPBIX BXOASAT
JKMDHBIe KUCJOTH ¢ 16 H 18 atroMamu yriepona, Kak HacCHILEHHBIX,.
TaK H COXepKAIIMX N0 Tpex ABOHHBIX cBsiseil. He pasmenssuch.
aumb TMC-a¢upel 0JI€OHJIHHONEHI- H AHJIHHONEHTIMIEPHHBI, &
TMC-30upbl CTeapOHJIIHHONIEONI- U TUOJEOHJITIHIEPHHOB, TaK XKe
Kak l-cTeapou-2-JHHOJEOHI- U 1-NaJbMHUTOHI-2-apaxuLOHOHJ-SN--
rJIMLePHHB! OBIH pasjiesieHbl Jullb yacTHyHo [6]. He ynamoch Tak-
e pasfeJHTb SHAHTHOMepDHl H NMO3HLHOHHBIE H30MepH, TaKue, Kak
TMC-3¢upsl  1-o€0ua-2-THHONEOUI- H 1-JIHHONEOUI-2-0JI€OUI-SH--
TJIMLEPUHOB.

Haiiep nu Knondenraiin [5682] moayunan xopoluee paspelueHue
HAaCHILEHHBIX M HEHACHIEHHBIX AHALHJTIHLEPHHOB B BHAe TMC-
npousBogHbix ¢ nomouiplo I'DKX Ha xosnonke ¢ 10%-HBHIM cHia-
poM-10C mpu nocrosHHo#l TeMneparype. Ha KosOHKe auaMeTpom
3 MM H JJHHOH 2,5 M GBIIO NOJYYEeHO MOJHOE paspelleHHe NMHKOB;
COOTBETCTBYIOIIUX AHALMJINIHIEDHHAM CTPYKTYpH 32:0—38:4. On-
HAKO coeAHHeHHs ¢ Gopmysoit 40:6 He 3JI0OMPOBANHCh C KOJOHKH.

HraGamn u Takaru [541] mosyunau oueHb Xxopollee pasneleHue
NHAUUITIALEePHHOB, HaYHHasd OT AMNAJbMHTAT- H KOHYas AHJIHHO--
JleHoaTriuuepyHamy, ¢ noMombio I'DKX Ha 1,5-MeTpoBBIX KOJIOHKAX,,
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cogepxamux 3% cuaapa-10C u ¢ HCHOJAb30OBAHHEM TCpagHeHTa
temnepatyp 180—270°C. ([lunauunrauuepuHbl MOABEPrajd XpoMa-
torpaduu B dopme TMC-npousBosHEIX.) DTH aBTOPHl CPaBHHUBAJU
xpoMartorpaduueckoe mnosejleHHe aunetatoB H TMC-npoH3BOAHBIX
JHALMATJIHIEPHHOB NIPH HCIOJb30BAHHH PA3JIHYHBIX THIOB XHIKUX
¢as: cunap-5CP, cunap-7GP, cunap-10C u OV-275 (conepxkanue
x)unkoit pasel 3—5Y% ). Haunyuimee paspenenne TMC-npoussos-
HBIX AWALMINJIHLEPHHOB, NOJYYaeMbBIX U3 HaHGoOJee 4acTo BCTpeya-
IOLMXCSl PACTHTEJNbHBIX Maces H NPHPOAHBIX XKHPOB, OBLIO MOJyye-
Ho npu I'’)KX Ha KonoHKax c xkuakoi ¢asoit SP-2330 npu nocrosH-
Hoit Temneparype (250—270°C) [583]. B HeKOTOpHIX ciyuasx HC-
nosnb3oBaHe TMC-NpOH3BOAHLIX NO3BOJSAET Pa3feJUTb MO3UIHOH-
Hble M30Mephl, KOTOpble He yJAaeTcs pa3fesJuTbh B GOpMe aleTaTos.
MoHoauunrauuepuss B ¢opMe ameratoB [555, 584], usonponu-
JUIEHOBHIX NMPOH3BOAHBIX [585], TpuMeruacuiuabueix [552, 586] u
Tper-CyTHIAHMETHIACHIHIbHEX [567] apupoB Jerko paspensiorcs
Ha OOBIYHBIX HEMOJISIPHBIX KOJIOHKaX IO MOJIEKYJsipHOH Macce. Mo-
HOALUJ- H MOHOAJKHJINJIMIEDHHE MOXHO AOCTAaTOYHO 3¢ (eKTHBHO
pasnennts B popme TMC-adupos [584], aueraros [584], Tpudtop-
aueratoB [546] u M30NpPONMHIHAEHOBHIX NMPOH3BOAHBIX [585].
PasnesnTh MOHOAIMJITIHIEPHHB C XOPOLIHMH BHIXOJAMH Ha HH-
JUBHAYaJbHBIE COEJHHEHHS MOXKHO € NMOMOLIbIO XpoMarorpaduu Ha
KOJIOHKaX C TaKHMH TOJISIPHBIMH HENOABHXHBIMH (as3amy, Kak
EGSS-X u cunap-5CP. Ha xononkax ¢ EGSS-X moHoauunrauuepu-
Hbl pasfensioT oGbYHO B ¢opme aueratos [584], TMC-3dupos
[540] u nsonmpomunuAeHOBHIX NPOM3BOAHBIX [585, 587, 588], a Ha
KOJIOHKaxX c HemoABHxKHOH (a3oit cunap-5CP —B ¢opme aneratoB
[584] uan TMC-apupoB [584]. Cnenyer oTMeTHTb, YTO XKHAKAs da-
3a cunap-5CP mMeer GOJbIIYIO TEPMHUUECKYIO YCTOHYHBOCTb, UEM
Ipyrue xXujikHe ¢asbl, H n103TOMy GoJiee NpeANOYTHTENbHA AJS pa-
6OTHI DU NOBHILIEHHBIX TeMnepatypax. OueHb xopoulee pasje/eHne
MOHOAUMWIIVIMLEPUHOB B ¢opMe aueratoB uian TMC-npou3BOIHBIX
[0 CTENEHH HEHACBILEHHOCTH M MOJIEKYISIPHOH Macce MOXKHO MOJy-
YMTh NpPH HCIOJb30BAHHM B KauecTBe XKHAKOH ¢asel cunapa-10C
[541]; nocnennuii naxce Gosee TepPMIIYECKH YCTOHYHB, 4YeM CH-
aap-5CP. ITockosbKy B MOJIeKyJle MOHOALHJ/ITJIHLEPHHOB H HX NpO-
H3BOAHBIX COAEPIKHUTCS JIHUb OJHH OCTAaTOK XKHPHOM KHCJOTHI, TO
npu I'DKX 3Tu coepnHeHus BeayT ceGsi CXOLHO C METHJIOBBIMH 3(QH-
paMH cBOOOAHBIX KHPHBIX KHCJIOT M HX NPOM3BOJAHBIX. ALleTaThl H
TMC-3¢upel MOHOAQJKHUJI- H MOHOAQJKEHHJTJHLEPHHOB, a TaKXkKe
MeTaHGOPaThl MOHOAJKHJIIHLEPHHOB [528, 590] Jserko pasnensior-
cst no anuHe nenu [166] u no crenenu HeHacwheHHocTH [584, 589].
IMonpo6uoe paccmorpenune VKX ankeHHs-, alKul- 0 aUUJITJIHLEDH-
HOB Ha KOJIOHKaXx ¢ NOJISIPHOI (a30if MOXKHO HaliTh B paGore [16].
C nomombio KX M0oxkHO pasjensiTe mpocThie 3QHPHl TVIHIEPH-
Ha, UMeIolle 3aMecTHTeNH B anudartuueckoi uenu [203, 204, 591].
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B paGorax [204, 591] 1-(9/10-okcu)oxrasenua- u 1-(11/12-okcu)-
ankuarsauuepussl B dopme TMC-, TMC/u3onponuanieHOBHX H alle-
TaT/H30NPONHJIHIEHOBHX NPOH3BOAHBIX pasfenasiu Ha 183-cantu-
meTpoBhIX KosioHKax ¢ 10% EGGS-X npu temneparype 200°C. A Ha
KosnoHkax ¢ 109 SP-1000 Guiiu paspeneHsl passiuudbie 1-O-(2-ok-
cuangua)- 1 1-O-(2-KeToaJKHJI) IVIHIEPHHBL B HOpMe aleTaT/H30mpo-
MHIUIEHOBBIX NPOM3BOAHBIX [203]. ANKHaA- M 2-METOKCHAJKHIITJIH-
LIepHHBl pasfensiii Ha KoJoHKax ¢ 1%-HeM anue3oHoMm L, comep-
x)amum 0,1% mnoausTuneHraukoass npu temneparype 218°C u Ha
xosoHkax ¢ 1% EGS npu teMmnepatype 194°C [548]. Henachien-
HBlEe COEJHWHEHHS HMejH MeHblilee BpeMs yaepxkuBaHus npu IDKX
Ha KOJIOHKaX ¢ XHAKOH ¢asoit amme3oH L, a npu ucnosib3oBaHUH
kosoHoK ¢ EGS HaGuionanace obparHas kaptuHa. Ha 190-canTu-
meTpoBHX KosoHKax ¢ 18% HI-EFF-2BP (EGS) 6w pasnesneHbr
yeTelpe H30Mepa, 06pas3oBaBlUHecs B pe3y/bTaTe KaTaJH3HPyeMOH
KHCJIOTON peakKuuu nukausauuu 1-O-yuc-ankeH-1-un-sn-riuiepuHa,
yuc-2-anKua-5-okcu-1,3-1M0Kcana, TpaHc-2-aakui-5-okcH-1,3-1uoK-
caHa, yuc-2-ankuia-4-okcuMeTHsa-1,3-A1M0KCaHa H TPAHC-2-aNKuHI-4-
okcuMeTu-1,3-n1uokcana [592]. Ha ko/soHKax C TaKUMH KUAKHMH
¢asamu, kak SE-30, EGSS-X u EGS, moxHo oTpeauts 1-S-ankun-
TJIHIEPHHBI OT COOTBETCTBYIOIIUX 1-O-aNKHUIrIHIEepHHOB (OJs Xpo-
Marorpaguu HCNONb3YIOT H30NPONHJIHIEHOBBE IIPOH3BOAHBIE YKa-
3aHHBIX coenunenuit) [593].

Ortre u YUyHnr [208] coobmunu o pasgeneHun cmecer 2-N-anui-
cepuHojioB B ¢opme TMC-apupor ¢ momompio I'DKX Ha kosoHKaX:
¢ 1% OV-1 npu nocrosinnoit temneparype (210°C). B paGote [594] .
pasnensiii BOCKM Ha MHAHMBHAyaJbHble coenuHenus nytem [DKX Ha.
KOJIOHKax ¢ 5% cunapa-10C npu temnepartype 200—260 °C.

4.4.3.3. BeicokoappdpexTusnan scudkocthas xpomaroepadus

Eue 5 1967 r. Hukemio u [Tpuserty [595] ynasnoch moayuuTs xo-
polliee pasje/ieHHe TPHALMJTJIHIEPHHOB Ha HHIHBHAYaJbHbEIE COEIH--
HeHHsl ¢ NOMOIlbI0 06GpamieHHo-(Ga30Boi XxpoMaTorpaduu Ha KOJOH-
KaX C CHJIaHH3HPOBAaHHBIM leJuTOM. B nocaepyiomux paborax:
[596—599] B kauecTBe HOcHTeNs AJst 0GpalieHHO-pa30BOH XpoMa-
Torpaduu TPHALMJIIJIHIEDHHOB CTaJ NDUMEHSTHCS OKCHAJIKOKCHIIDO--
nuiacedanexkc. YcoBeplIeHCTBOBAHHBIH MeTON pasfesieHuss TPHAIlHJI-
TJIMIEPHHOB Ha KOJIOHKaX C 3TUM HOCHTeJieM GBI onucad JIHHAKBH--
ctoM H ap. [600]. DTum aBTOpaM ynasoCh MOJYYHTH XOpoOlIee pas-
JeJieHHe TPHAUMJNIHLEPHHOB, cOfepKaumux oT 9 1o 54 aToMoB yr--
Jiepoja, HCHoJb3yss TpalueHTHOEe 3JIOMPOBaHHe [JHMHEHHBIA rpa-
JHEeHT, CO3JaHHLIH H3 JBYX cCMecell pacTBOpHTeseH: H30NPONaHOM —-
XJ0pOOpM — refnTaH — BOAA (115:15:2:35) u renraH — aie--
ToH—Boja (5:15:1)]. B atom cayuae HeHachHlleHHble TPHALHJI-
TJIMUEPHHBI HMEJIH BpeMs yAePIKHBAHHS, MeHbllee yeM BpeMs YAep--
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JKHBaHUSI COOTBETCTBYIOILMX HACHILEHHBIX COeLHHEHHMH (M paBHOe
BPEMEHH BBIXOZA COOTBETCTBYIOIIMX HACHIIIEHHBIX TPHALUJITJIHLEDPH-
HOB, COJEPIKALIHX BMECTO KaxKAOH ABOWHOH CBA3M Ha | uin 2 MeTH-
JIEHOBHIX 3BeHAa MeHblile).

Kypcren u Coépaas [601, 602] Ha Takux Ke KOJOHKax pasje-
Juan 1,2-nuanui-3-TpuMeTHICH/IUI-SA-TJIHIEePHHBl, HCIOJb30BaB B
KayecTBe OSJIIOEHTAa CMecb aleTOH — Boja—rentad (87:13:10).
C uenblo NpelOTBPALIEHHs THAPOJH3a NPOCTOH 3(pHUPHOH CBA3H B
antoeHT nobaBasau 19% nupununa. Ilpu pasmeneHuu cmecu 1,2-nu-
alUI-SA-TVIMIEPHUHOB, MOJYYEHHBIX H3 (OChHaTHAUIXONUHOB INEYEHH
KpPHICH, Ha XpoMarorpaMMe INOSIBJASJIMCh [ABa IVIaBHBIX NHKA, COOT-
BETCTBYIOILIMX AMAUMJITIHIEpHHAM ¢ popmyaamu 32:1, 34:2, 36:3
u 32:0, 34:1, 36:2 kaxnawf, a TakxKe ABa MUHOPHBIX NMHKA, COOT-
BETCTBYIOILUX cOequHeHUAM c (opmynaamu 38:6 u 32:2, 34:3,
34:4. I'naBHBI HeNOCTATOK ONHCAHHBIX NPOLEAYP 3aKJIOyaercs B
TOM, YTO OHH 3aHHMAlOT MHOrO BpeMeHH (HampuMep, XpoMaTorpa-
¢$hus TpHALUJITIHLEPHHOB, cofepxamux oT 9 10 54 aToMOB yriepo-
Ja, TpebyeT 20 4) ¥ JOCTaTOYHO YTOMHTEJNbHBI.

BricTpoe pasjieseHHe TPHALM/TNJIHIEDHHOB IO CTENEHH HEHAaCHI-
LIEHHOCTH M JJIHHe LEeNH OCTaTKOB XKHDHBIX KHCJOT OBLJIO AOCTHUIHY-
To ¢ nomoiubio BI)KX Ha Kosonkax ¢ p-60onnanakoM Cig C HCIOJb-
30BaHHEM CMeCH aleTOHHTPHJI — aueToH (2:1) B KayecTBe 3JIIOEHTA
[603]. B ciyuae HachliieHHBIX TPHAUMITVIHLEPHHOB ObIIA MOJyYeHa
JIHHeHHass 3aBHCHMOCTb MEXAY YHCJOM aToOMOB YrJjepoaa W Jiora-
pudMoM vaepxKuBaeMoro o6bema (Takas 3aBUCHMOCTb Oblja paHee
OTMeyeHa B cjlyyae paclpefielluTeJbHO! XpoMaTorpadut Ha O6bIYHBIX
KoJsoHkax [596]). lo6GaBieHue KaxA0# ABOHHON CBSI3H B MOJIEKYJY
HEHACHIUIEHHOTO TPHALMJIIJINIEPHHA YMEHbIIAeT 3HaueHUue yAepKu-
BaeMoro o0beMa [0 BEJHYHHB, COOTBETCTBYIOILEH HACBHILEHHOMY
TpHAUMITINLEPHHY, COLepKallleMy Ha JBe MeTHJIEHOBble TI'pYIHIIbI
Menblie. [TosyueHHble B pesyabTaTe XpomaTtorpaduu Gpakiuuu 6ulaH
npoaHaansupoBausl MetrogoM [JKX. Buuio ycraHoB/ieHO, YTO TpH-
aUHJATIIIEPUHBl 3THX (pakuuiil comepxkart ot 32 10 52 aTOMOB yrJe-
poia. Ilpn ucrmonb3oBaHHM METAHOJCOLEPXKALLEro PacTBOPUTENS
yiaercsl AOCTHYb UYACTHYHOrO pasjeseHHs TPHALUJTJIHLEPHHOB C
OIIIHAKOBBIM YHCJIOM AaTOMOB YIJIepOJa, B TOM YHCJEe YACTHYHOrO
pasneneHyust TPHNAJbMUTOUI- U TPUOJEOHTJIHIEPHHOB.

IIpun xpomartorpauu TPUCTEAPOMJITJULUEPHHOB U TJIHLEPUIOB,
€O1epKalKUX Jpyrue BBHICIIHE HACHILEHHBIE XXUPHBIE KHCJIOTH, BO3-
HliKaeT npobJyema pacTBopuMocTH. MHOr1a Takue cOoelNHEHHs BhNa-
Jlal0T B 0CaJOK NpH BBeleHHH NMpoObl. B kauecTBe mpumepa pasge-
JIEHUS] TPHALMJIIMJIHIEDHHOB NPUPOAHBIX MaceJ MOXHO NPUBECTH
paboTy, B KOTOPOH aHaJU3HPOBAJH JJUHAB coeBoro Macja.Ha xpo-
mMarorpaMMe OBIIM NOJYYEHBl CEMb-BOCEMb NHKOB, COOTBETCTBYIO-
IIHX TPHALMJATJIHLEPHHAM C 54 aToMaMu yrjepofa H 2—8 ABOHHBI-
MH  CBSI3IMH B MOJIEKyJe, TpPHALHUJIJIHIEPHHAM, COAEpIKAILUM
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52 atoMa yriepona u 1—6 HNBOHHBEIX CBfA3eH, a TaKxke TPHAIMJIIIH-
uepuHaM ¢ 50 atomMaMu yrsepofa, HACHIUEHHBIM H HMEIOUWHM [0
IBYX JBOHHBIX CBsi3€H.

B 1975 r. Ileit u ap. [604] mnpoxeMoHCTPUPOBANH 3(p(HEKTHB-
HOCTb O6palleHHO-()a3oBofl pachnpelenuTeNbHON XpoMmaTorpaduu
KaK MeTojla pasjejieHHs TPHALMJIMIHIEDHHOB C HCIOJb30BAHHEM
609% -HOro BOLHOrO pacTBOpa MeTaHoJia B KauecTBe 3JjioeHTta. [lo3n-
Hee Besapn u Osgpaoro [605] omucanu addekTHBHYIO NpPOLELYDY
pasnesieHysi IPUPOIHBIX TPHALMINIHIEDPHHOB C IOMOIIbIO H30KPATH-
yeckoit B9)KX B cucreMe ameToHuTpua — anetoH (43 :58). B pesyasn-
TaTe pasieJeHHsl TPHAUMJIIHUEPHHOB apaXHCOBOTO Macja GhLIO
NOJIyYyeHO BoceMb (pakiuil, KOTOphe OBIIH COOGPAHBl U HAEHTH(PHLIH-
POBaHBl KaK TPHALUJIVIHIEPHHB C 0006UIeHHBIME KO3(p(hHLHEHTaMU
pacnpejesieHHs, paCCYHTAHHBIMH C YUETOM AONYLIEHHS, YTO ABOHHAs
CBsI3b SKBHBAJIEHTHA yMEHbUIEHHIO JJHHBI LIEIH OCTAaTKa HachlIleH-
HOH JXMPHOH KHCJIOTHl Ha JBa aToMa yraepoia (ABa MeTHJIEHOBHIX
3BeHa). MckiloueHue cocTaBuja mocjefHsIss (ppakuus, NJsi KOTOpOi
noJyyanacb popmyJaa 55:02 Bmecro 56. [IpucyTcTBHE OKCH- M 3MOK-
CHTPYII 3HAYHTENbHO yMeHbLIAeT BpeMs ylep:xkuBaHus [603, 606].
Tak, TPHBEPHOHJITJIHLEPHHBI SJMIOHPYIOTCS C KOJOHKH rOpa3fo paHb-
e He3aMelleHHBIX TpHauuarauinepunos [606]. Tpuauuirauuepu-
HBl, COAepKallne THAPOKCHIUPOBAHHBIE XKHDHBIE KHCJOTH, TaKHe,
KaK PUIUHOJIeBast KHCJIOTA, UMEIOT BPeMsl BHIX0/d, HECKOJIbKO MeHb-
wee, yeM caMu TpHauuarauiepunsl [603]. Hanuune TpoiiHo¥ cBsA3H
H LMKJIONDONEHHUJBHOH IPYNNbl BHI3BIBAET NPHMEPHO TaKoe XKe H3-
MeHEHHe 3Ha4YeHHs BPeMEHH BBIX0JAd, KaK M HaJH4He JBOHHBIX CBS-
3eit [603].

IMoanauuarauuepuHbl, WM 3CTOJHABL, CoJepikKallHe ONHH, 1Ba
HJIH TPH OCTAaTKa MOHOTHAPOKCHJIHPOBAHHBIX XKUDPHBIX KHUCJIOT, MOXK-
HO pasfejuTh ¢ nomouibio BI)KX Ha HopMasnbHOH M oGpalleHHOMH
¢dase [206]. B oGoux cayyasix MepBHIMH 3JIOMPYIOTCS TPUALMJIIJIH-
LepUHE], a 3aTeM TeTpa-, eHTa- W reKCaTpHaALH/ITJINLEPHHBL. Mox-
HO faJjlee MPOBOJAHTb Pa3fiesieHHe KaxKJAOH M3 MOJYYeHHBIX (pakiuuil
10 CTeNeHW HEeHACHIEHHOCTH H COJAEPXKAaHHI0O aTOMOB yIJepoja.

Pasjenenne mpoBoxusioch Ha KoOJOHKe ¢ u-6ovpanakom Cig
(300X7,8 MM) mpu CKOpPOCTH INOJAYu 3JI0eHTa (aUEeTOHHTPUI —
ageroH, 2:1) 1 ma/mun [206]. Ias paspmeneHuss TpuauwHArIHie-
PHHOB HCIOJIL30BaJach TaKKe cleluanbHas KosjoHka Triacylglyce-
rol column (Waters Associates); ycaoBusi xpomartorpadupoBanusi
cleflyIollHe: CKOPOCTb NORAYU 3JI0OeHTA 2 MJI/MHH, 3JI0€HT alleTo-
HUTpUJA — TeTparuapodypan (3:1).

Ancop6uunonnyo BO)KX npoBoauau Ha KOJIOHKE C W-MOPACHIOM
[3110eHTOM CaTyKH/Ia CMeCh H300KTaH — AUITHJIOBHIH 3(HP — YKCyC-
Hasg kucjaora (98:2:1), ckopocth momauu 3JwoeHTa 1 mi/muH].
B3)KX Ha xosoHKax ¢ u-6onnanakoM Cyg u Triacylglycerol column
llaeT NPHMEPHO OJMHaKOBHE pe3y/bTaThl. Ha KojoOHKe ¢ p-mopacu-
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JIOM JOCTHTaeTCs NIPHMEPHO TaKoe XKe pasjieneHne MOoJHALHJTIHIEe-
PHHOB pa3JIMYHHIX (paKuUHui, NpHYEM NOJHALMJITIHLEDHHBI, COAEp-
JKaliye XHPHBE KHCJIOTH C JJHHHOH IeNnblo, HMEIT 6oJbllee Bpe-
Msi ypepxkuBaHusg. OfHaKO NPOQHIb 3JIIOHPOBAHHS, NOJyYaembli
npu xpomartorpapHu Ha KOJIOHKe ¢ u-opacuyaoM, o6paTer HabJo-
IaeMOMy IpH Xxpomarorpaduy Ha KoJOHKax ¢ pu-GoupamakoM Cig i
Triacylglycerol column. [Ipun xpomarorpatuu Ha NOCJefHHX ABYX
KOJIOHKaxX TNOJIHALMJIIHIEPUHB C OAMHAKOBHIM YHCJIOM alMJbHBIX
OCTaTKOB, HO coJepxkaiuue 6ojiee [JHHHbIE H MeHee HaChIIIeHHHE
JKHUDHBIE KHCJIOTHI, HMEIOT MeHblilee BpeMs yaepKuBaHus. Beulectsa,
aJqioupylomuecss nepBeiMu ¢ Triacylglycerol column, anoupyoTcs
NOCJEeJHUMH C KOJIOHKH ¢ p-TmopacuioM. B paGore [607] meranbHo
o6GCyKAaeTcsl BJAHSIHHE JJIHHE LN H CTeNEeHH HEHACHILEHHOCTH OC-
TaTKOB KHDHHIX KHCJOT Ha XpoMatorpacduyeckoe IHOBelJeHHE TpPH-
anuarauuepunoB npu BO)KX. B macrosuee BpemMs Tpebyercsi pas-~
pabotka metonuku BI)KX pna Gojee CI0XKHBIX 3CTONHIAOB, COAEP-
JKalHUX cBOGOJHbIE THAPOKCHIbHEE I'PYIIIHL.

@annon u Mumuny [608] ¢ momousio BI)KX dpakunonunpona-
JU TPHALMJTJIHIEPHHBI TJEl, COLepIKaliHe COPOHHOBYIO KHCJOTY.
Taxue TpHALMINIHIEPHHB], pPa3/IuYaIOUINECs JHIIb IBYMSI METHJEHO-
BEIMH 3BEHbSIMH, JIETKO Pa3neNsioTcss C INOMOILIbI0 aAcopOUHOHHOMR
xpoMarorpauu Ha KoJoHKe ¢ 3op6akc-cun  (Du Pont). Ddupm
COpOHHOBON KHCJIOTH moryomaioT B Y®-o6iacti, yto obJjeruaer
JeTeKTHPOBAHHe.

4.44. llepamudot

IIpuponnble cBoGOAHBIE LlepaMU/Bl, IOJyyaeMble H3 NPHPOAHBIX
chUHroAUNUAOB, pasnensior ¢ nomoubio TCX Ha HOcHTeNsIX, COAEp-
JKalluX HOHBI cepefpa, Ha (QpakIHK C OJHHAKOBOH CTeNneHbIO HeHa-
CHIIIEHHOCTH, a ¢ nomouplo KX — no mosekynsipHo#i macce. Me-
Ton B3)KX mosBoJisieT mpoBecTH pasjieieHHe N0 0GOUM YKa3aHHBIM
napaMerpaM. Ilepen mnposenennem B3I)KX uepamunbl npeasapu-
TeJbHO (PaKUHOHHPYIOT C NOMOLIbI0 aACOPOLUHOHHOH XpoOMaTorpa-
¢HM 1Mo cojepXKaHHIO B MOJIEKyJie THAPOKCHJbHBIX TPYNI, a 3aTeM
NepeBOAAT B COOTBETCTBYIOIINE NIPOH3BOAHHEIE.

4.44.1. Adcopbyuonnas xpomarozpagpus

Kapacon u Ilamep [609] npoBennm perajabHOe HCCJAEI0BaHHE
nepamunoB MetonoM TCX. Monekyna liepaMHia MOXKeT COAEpPXKaThb
oT 2 po 14 oxcurpynn (ZBe-TPH B OCTaTKe aMHHOCIHPTa M 0O OA-
HOH — B OCTaTKe XKHPHOH KHUCJIOTH). [lo yHcay U pacmosoXeHHIo
NPUCYTCTBYIOIMX OKCHIPYNN LepaMHJbl MOXKHO pa3felsiTbh C IO-
Moubio TCX Ha cusuKaresie WJIH CHJAHKArese, NIPONUTAaHHOM TaKHMB
BellleCTBaMH, KakK TeTpaGopaT WJIH apCeHUT HaTpus, o6pasyloliuMb
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KOMIJIEKCHI C JHOJICOAEPXKaIUUMH coelnHeHusaMH. CHInKaresb, npo-
TIHTaHHBA GOpaTOM HATpHs, MOXHO TaKXe HCNOJb30BaThb HJIS BHI-
JIeJIeHHs] IIePaMHUI0B, COJePKAIHX TPAHC-ABOHHYIO CBf3b B MOJIOXKeE-
HuH 4 anudparuyeckoit menu amuHocnupra. [Tpu TCX Ha TakoM cu-
JIMKareJe HachILEeHHbIE LlepaMHbl MUTDUPYIOT ObICTpPee HeHaChIlEeH-
#bix. [Ipuunna 3Toro siBjieHHs He BhiscHeHa [610].

Ha GosbuioM 4YHcsie CHHTeTHYeCKHX nepamupoB KapJscon u Ila-
wep [609] mokasanH, 4TO Ha MJACTHHKAX CHJIMKAress, COAEPKALIUX
ApCEHHT, UCIOJb3Ysl CHCTeMy xJopodopMm — MeraHoa (19:1), uepa-
MHUIBl MOXKHO Pa3[eUuTh Ha YeThipe (GpPaKUUH: THOKCHAMHHOCIHPT—
HesaMellleHHAsi XKHDHAsl KHCJIOTA H TPHOKCHAMHHOCHHPT — HIPOK-
CHJIMPOBaHHAsA XHPHas KucsaoTa. [TepBele IBe (ppakuuH MOKHO Ha-
Jiee pas3fesisaTh Ha colepiKallyve M He COAepiKalllie TPAHC-ABOHHYIO
CBSI3b B NoJioXeHHU 4 anudaTHyeckofl LleNH aMHHOCIHpTA HA IJjac-
THHKAaX CHJIHKaress, NPONHTAaHHBIX COJISIMH GOPHO#M KHCJOTHL. [loc-
THraeTcsi pasjejieHHe H 2-alleTOKCHH30MEPOB, 3a HCKJIOYEHHEM Iie-
PaMHIOB, COAEpKAIIUX TPHOKCHaMHHOCIHPT. OQHAKO NOJHOCTBHIO
alEeTHIHPOBAHHbIE NMPOU3BOAHBIE B TAKOH CHCTeMe He Da3lelifioTcs.
Kak npaBuso, uepaMHAbl C TPHOKCHAMHHOCIHPTAMH MHTPHPYIOT
MeJlJIeHHee LiepaMHIOB C AHOKCHaMHHOCHHpPTaMH. Ilig cooTBeTcT-
BYIOLIMX NOJHOCTBIO allETHIHPOBAHHBIX NMPOM3BOJHBIX HabJIonaercs
o6GpatHas kapTuHa. llepaMuabl ¢ KOPOTKMMH M JJIHHHBIMH LIENSMH
MOXKHO Pa3flesIAiTh Ha CHJIHMKareje B CHCTEMe XJ0PO(GOPM — MeTaHOJ
(9:1); npu 3TOM coefuHeHHs ¢ 6oJee NJHHHOH LeNbIO JBHTAIOTCH
ObicTpee. B 3TOM ciyuae gocturaercs NMoJIHOe pa3fesieHHe LiepaMu-
OB C JUIHHO! LENH XKUPHOH KHCJIOTH 18—24 aToma yraepopa. Aue-
THIHPOBaHHE He YyXyAllaeT paspelleHHs. PasneneHue Takux uepa-
MHJOB MOXHO TaKKe BBINOJHUTb Ha KOJIOHKAaX C KPeMHHEBOH KHCJIO-
Toit [611]. Byopc u I'mupsip [612] wucnosb3oBaan CMech XJ0OPO-
¢opm — MmeraHoan (9:1) B kauecTBe MOABMKHOH (as3wl mas ¢pak-
LHOHHPOBAHHS LePaMHAOB Ha IJIACTHHKAX CHJIMKaress, NPONHTaH-
HBIX COJIsIMU GOpHO# KHCJIOTH, a Basnano u ap. [613] npoBeau oun-
CTKYy lLepaMHAOB Ha OOBIYHBIX INUIACTHHKAX CHJIHKAressi B CHCTEMe
Genson — auetod (1:1). Baunam u Panun [614] Hamnau 3HaveHus
R; nns romosornuHbix amMunoB DL-2-okcukuciaor u DL-cdurrosu-
HOB. DTH aBTOPHl COOOIIAIOT, YTO OBLIO MOJYUYEHO XOpollee pasnese-
HMe COeHHEHHH ¢ pa3HYHON NJHHOH LENH B CHCTeMe XJ0pohopM —
MeraHoJ — Boja (155:25:28).

4.4.4.2. Xpomaroepagus Ha HOCUTeAAX,
codepacawux uonsl cepebpa

LlepaMuel, cojepialline OAHHAKOBOE YHCJO OKCHIPYII, MOXKHO
(DpaKUHOHHPOBATb IO YHCJAY ABOHHBIX CBs3eHl B OCTAaTKe KHUPHOH
KHCJIOTHI, @ TaKXKe II0 YHCJY YUC-ABOMHBIX CBS3eHl B Lend aMuHO-
€MHPTa HA NJIAaCTHHKAaX, NPONHTAHHBIX HHTpaTOM cepebpa [615—
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617]. IlpucyTcTBHe TpaHC-ZBOMHHIX CBs3ell He BJHSET HA pasfele-
nue. IlpoBenenye npeABapHTENbHOrO ALETHIMPOBAHHS OKCHIPYII B
MoJIeKyJle llepaMHuJa YKCYCHBIM aHTHAPHJOM B NHPHAHHE NO3BOJISIET
noJsiyyaTh Hauayuyuine pesyJabTathl. HaunGosnee addexTuBHOH 310U~
pylomell cHcTeMOH OKasajacb cMech XJjopodhopM — GeH30J — ale-
ToH (8:2:1) [615, 616].

YBenuyeHHe yHCJa JBOHHBIX CBsi3ell B MOJIEKyJje IepaMHia
yMeHbLIAeT ee XpoMaTorpaduyeckyio IOABHIKHOCTb. TpPeXKpaTHBHIM
3JIIOHPOBaHHEM CMechbl0 xJopocdopM — MeTaHosa (19:1) moxHO pas-
JeJHTb CcBOOOAHBIE IepaMHABl Ha HHAMBHIYaJbHEE COELHHEHHS.
Ilpu ucnoawszoBanuu pass TCX Tper-6yTUNIHMETHICHIRIBHBIX 3(HU-
POB LlepaMHJO0B ylaeTcs JOCTHYb XOPOLIEro pas3jeseHHst 3STHX COelH-
HeHHII 110 CTeNeHH HeHachllleHHoCTH [556]. Tper-ByTunnumernscu-
JINJIbHBIE TIPOH3BOJHBIE HMEIOT BHICOKYIO XHMHUYECKYIO CTaGHJIBHOCTE
H TO03BOJIAIOT NOJyYaThb HAea/]bHble KapTHHB ()parMeHTalUH INpH
Macc-CIeKTPOMETpPHH.

Jsis mpenapaTHBHOTO pa3fieeHHsl Tper-GyTHIAUMEeTHJICHIHIb-
HBIX TIPOM3BOJAHBIX E€PaMHAOB NPHPOLHBIX CHHHIOMHENHHOB HCINOJIb-
gyercss TCX Ha niacTHHKax cunukarens G, copepxkamero 209 Hu-
Tpara cepebpa, Npu 3JIOMPOBAHHM CHayasa xJ0pohoOpMOM, a 3aTeM
cMmecblo xJopodopMm — Metanoa (200:3). Pasnenenne ocHOBaHO Ha
TOM, 4TO LiepaMHIBl PA3JIHYAIOTCS MO CTENEHH HEeHACHILEHHOCTH KakK
aMHHOCIHPTA, TAK M XKHUPHOH KHCJOTHI.

4.4.4.3. 'azo-omudKoCTHAA XpOMATOZPAPUSA

Ilepamunbl, npeaBapuTesbHO (GPaKIHOHHPOBAHHBIE C HMOMOIIbIO
TCX, MOXKHO pa3jle/NuTh Ha HHAHBHIYaJbHble COELHHEHHS BBICOKO-
temnepatyproii I)KX B ycnoBusax, ucnosnbayembix pas IDKX nmna-
nuarauuepuHoB. llepamuabl nogBepraloT XpomMaTtorpaguu Kak B
cBoGopHoii ¢opme [617], Tak u B dpopme TMC-apupoB [566, 615,
618—620], auneraroB [566], mpoCTEIX MOJHOCTbIO METHJIOBHIX 3dHu-
poB [621]. Pasnenenne ocymiecTBisieTcsl O OXHOMY NapaMeTpy —
no pjuHe anudaruueckoi uenu. B pabore [615] TMC-npouspoa-
Hble [epaMHI0B pasjensiu Ha U-06Da3HbIX CTEKJSHHBIX KOJIOHKaXx
(1,2 MX3 Mmm), comepxauux 1% OV-1 npu temneparype 270°C.
CxopHoe pasneneHue GBLIO MOJY4eHO HAa KOPOTKHX (50 cMX2 MM)
KOJIOHKaX C NOJISIPHOH KHAKOH (a30i, HCIOJb3yeMBIX IJs Dpasje-
JIEHUST TPHAUMJITJINLEPHHOB. Mcnonb3oBanue rpajHeHTa TeMIepaTyp
YBeJHYHBAeT BBIXOJ BBHICOKOMOJIEKYJSIPHBIX KOMIIOHEHTOB, He YXyI-
was paspelreHus. Ha ykasaHHBIX KOJIOHKax yjaercs JAOCTHYb XO-
poluero paspelueHusi u cBOGOAHEIX uepamMunos [617].

Kacnappunu u np. [619] paspennnu u 3110MPOBANH ¢ BHICOKHM
BrixoioM TMC- u rentadTopOyTHPHINPOH3BOJAHEE LiePAMHAOB, CO-
Jepxaiue 2-oxcukucaoto. I)KX nmpoBoauan Ha KOJNOHKax AJHHOHA
2,7—3,6 M, copepxamux 1% SE-30. Beln ucnonb3oBaH IpajHeHT
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TeMnepaTyps (CKOpPOCTh CO3faHHs rpanuenta 2°C/MuH), HauuHas
¢ 250°C (mnsa rentagpropbyrupartoB) u 270°C (ans TMC-a¢pupos).
[TpekpacHoe pasfiesieHHe LEePaMHAOB OblJIO MOJYYEHO NPH HCHOJb-
30BaHHH TpPeT-GYTHAAMMETHICHIHIbHBIX IPOH3BOAHBIX, HMEIOIIHX
XOpollHe CBOMicTBAa mas Macc-cmekTpockonuu [622]. Pasnenenue
TMC- u 7peT-6yTHNAMMETHICHIHIbHBIX IPOM3BOAHBIX LEPAMHIOB
3HAYUTENbHO YJIYUIIAETCs IIPH HCNOJb30BAHHH KANHJJISIPHHIX KOJIO-
HOK HJHHOH b—15 M, cOZepiKallMX HeNoJSPHYI0 XHAKYI0 ¢asy
[623]. B aTHX yca0BHSAX ZOCTHraeTcst NPAKTHYECKH MOJHOE pasfedne-
HHe LlepaMHAOB, B COCTAaB KOTODHX BXOJSIT OCTATKH HACHIEHHHEIX H
MOHOHEHACHILIEHHBIX JKUPHBIX KHCJIOT M3 24 aTOMOB yriepojaa.

4.4.4.4. BoicokoagppexTusnan stuOKOCTHAR Xpomarozpagus

Cyruta u ap. [624] momoGpann ycaoBusi GeH30MJIMPOBAHHS Ile-
PaMHIOB, COJEepKalHX OOBIYHBIE H THAPOKCHIUDOBAHHBIE JKHDHEIE
KHCJIOTHI, H HOKa3aJH, YTO 3TH IIPOH3BOAHBIE MOXHO HCIIOJIb30BATb
oas 3¢ ($eKTHBHOTO M YyBCTBHTEJNBHOI'O aHa/ausa MeTofoM B3IJKX
Ha KoJsioHKe ¢ sunakcom (Du Pont) npu smouposanun 0,05% -HbIM
pPacTBOPOM MeTaHOJa B H-TIeHTaHe HJaH 2,5%-HBIM PacTBOPOM 3TH-
jgauerara B rekcane. Misamopu m Mosep [625] ucnosb3oBanu cxoa-
Hylo cucremy BO)KX nisi ananusa nepaMuioB B Moue NpH GOJE3HH,
dapGepa. [Tosxxe MBamopu u ap. [626] paspennnu GeH3ou/bHbIE
NPOH3BOJHbIE LEPAMHU0B, COAEPKALINX THAPOKCUIHPOBAHHEE H He-
rUIPOKCHJIMPOBAHHBIE JKHPHBIE KHCJIOTH, HCIOJb3Ys B KayecTBe
3JII0EHTOB CMeCH rekcaHa u atujanerara (94:6, 95:5, 97:3). Co-
o6uianoch O pasjejeHHH HHAHBHAYaJbHBIX LEPAMUIOB B BHAE OeH-
30MJ- U HHUTPOGEH30UANPOU3BOAHHIX ¢ momoulpio BI)KX Ha obpa-
1eHHO! (a3e Ha KOJMIOHKAaX ¢ OKCHAOM KpeMHHs [627]. HeMoaudu-
IHPOBAHHBIE LEepaMHuAbl, MNOJy4YeHHble M3 CHHUHTOMUENHHOB, GbLIR
pasgenensl Ha 10 coenHHeHHIl Ha KOJOHKe ¢ o6pauieHHOH (asoii;
pasjeneHde OBIJIO OCHOBAHO TIJaBHBIM 006pasoM Ha PasjIHYHAX B
MOJIEKYJIIDHOH Macce M CTeNeHH HEHACHILEHHOCTH, NpHueM Goje2
KODOTKOIeNOoYeyHble H MeHee HacChlIleHHBle LepaMHIbI 3JI0HPOBa-
auch paublie. llepamunbl, comepxalive KupHbe KHCJIOTH € OLHOI
ABOHHOH CBfI3bIO, 3JI0MPOBAJHCh BMeCTe C LiepaMHJaMH, COAEpIKa-
IIMMH HacCBlIlEHHble JXKHDHBIE KHCJOTH, HMEIOIIHMH Ha TPH aroMa
yraepoia Menpiie. OfHAKO 5TH COeIAHHEHHSI MOXKHO pasieHTb C
HCIIOJIb30BaHHEM METOJO0B XpoMaTorpadun Ha HOCHUTENsIX, COAEpPKa-
IHX HOHBI cepe6pa, ¥ obpaienHo-pa3oBoit BI)KX [628].

4.4.5. T'auyepogocorunuder u chunzomuesrursl

Faunepodocdonunuasl u chUHrOMHENnHB yaoOHEee BCEro aHa-
JIU3UPOBATb IIOCJ€ YAaJeHHs] MOJSIPDHBIX <TOJIOBOK» (epMeHTaTHB-
HbBIMH HJIH XHMHYeCKHMH MeToAaMHu. Hampumep, dochopuaxonuno-
Basg YacTb XOJHHCOAepKaIHUX (GOoCHONTUNUAOB MOXKeT OHITh JIErKo
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ynaneHa ¢ nomompio ¢ochomunaser C [544, 629]. dtor depment
MoxkeT OBITh TaK¥Ke HCIOJb30BaH anas AedocopuanpoBaHus ¢oc-
¢darununsTaHonaMuHa H ¢docharunuiacepuna [630], xors sTa pe-
aKuHsl NPOXOJHT C MeHblIeH CKOPOCTbIO, 4eM B cayuae docaTuaui-
xosrHa, PepMeHTAaTHBHBHIH THIPOJH3 MOXHO HCIOJb30BaTb TaKxkKe
H AJs aHaju3a aJKHJIalWi- U ajKeH-l-Hiauurannepodochonunu-
noB [544, 631]. HefiTpanbHble JUNHABL, NOJyYaeMble H3 hocomunu-
JI0B, aHAJH3UPYIOT, KaK ONHCAHO BHIe B pa3h. 4.4.3.

O[HaKO MOXHO pasjeisTb H HASHTH(HHIHPOBATh HaTHBHHIE (oOC-
doaunuael ¥ ¢GochHONUIUAB C XHMHYECKH MOAHGHIHDPOBAHHLIMH
NOJIAPHBIMH TpyNNaMH, He npH6eras K DacUlENIEHHIO MOJIEKYJIBl
docdonununa, ¢ nocnenyoOUNM aHAJH30M COCTABISIOIHX €€ KOM-
NOHEHTOB.

4.4.5.1. Xpomaroepagus Ha HOCUTENAX,
codepacawyux UOHbL cepebpa

HatuBuble ¢ochaTHaAuAXONMHHE, (OCHaTHAUNITAHONAMHHE H
ocaTHAHIHHO3HTH MOKHO Pa3[eNUTh HA HHAUBHAYaJbHBIE COEIH-
HEHHUS 10 CONEPXKAHHIO B MOJIeKyJie ABOHHHIX cBs3ell MetonoM TCX
Ha HOCHTEJNAX, COLEpKAIIHX HOHBI cepebpa. Tak, pocharuauaxoun-
Hbl U (ochaTHAUIITAHONAMUHE MOTYT OBITh Da3fiesieHHl Ha (pak-
Luy, cogepxauiue Gochoaunuasl ¢ OCTaTKaMH HACHIEHHBIX, MOHO-,
IH-, TPH- U TeTPAEHOBLIX XKHUPHBIX KHCJOT, NpHYeM (ochaTuAHIITA-
HOJIAMHHEI COJEPXKAT OOBIYHO H ()PaKIUIO reKCAEHOBHRIX COEJHHEHHI
[632, 633]. B ykasaHHBIX paboTax aJs Takoro ¢pakIMOHHPOBAHHS
HCIOJIb30BAJNH CHCTEMY XJ0po(OpM — MeTaHOT — Boja (60:35:4).
B cxopHoli amioupylouedi cucteMe XJ10podopM — MeTaHOJ — BOAA
(65:35:5) dochaTHAUIMHO3HTH Pa3ensiin Ha GpaKIHK HACHIEH-
HEIX, MOHO-, 1H-, TPHU- U TETPAEHOBHIX coeanHeHuit [634]. OnHako B
3TOM cJyuae He Ha6J/104an0Ch NOJHOIO Pa3fesleHHsl COOTBETCTBYIO-
OIUX JHANMJTIHLEPHHOB. Tak, He pa3felsIuCh aJKHJIAlUI-, ajKe-
HuJalI- 1 AMauuarannepodochonunuas [1]. Harusuble docdari-
OHJXOJUHH U ¢GochaTHANINIHIEPUHBI MOXKHO pa3JejuTh Ha UHAH-
BHAya/abHble coeauHeHHsi Merogom TCX B cucreme XJaopodopm —
MeTaHoJ — Boja (65:25:4) [635, 636]. [luMeTHJOBHE 3()HDHI
dochaTuAHBIX KHCJOT Jerko pasfensiiorcsi mnocpeactBom TCX Ha
HOCHTEJAX C HOHaMH cepefpa IO CONEPKAHHIO IBOHHEIX CBsizell u
HX pacnoJioxeHuio B MoJsekyje [155]. CMecu Takux CoeqHHEHHH,
cofepxaluux A0 12 NBOHHBIX CBSI3€ll, MOXHO Pa3/le/IUTh B CHCTEME
xjopodopm — MeraHoa — Boga (90:10: 1) [539].

Has nenelt mocnenywomeit HAeHTHOUKAUMH HHAHBHIYAJbHBIX
dochaTHAHBIX KHCJIOT NMOJYYaJH HX JHMETHJOBHE 3QUDPH myTeM 06-
paboTku jpuasomeTaHoM. JIpyrue raunepopochONUIHAB MOTYT
6LITb TpeBpalleHbl B ¢ocdaTHaHbE KHCIOTH MHAPOAH30M (ocdonn-
nasoft D [637]. InasomeraHosns mo3BOJISIET NOJYYaTh JHMETHJIO-
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Bhle 3¢HpH  (ochaTHAHEIX KHCIOT NpsaMo H3 ¢ocdaTuauacepHHa
[638]. Mua3oMeTHaHpOBaHHE TaKxkKe NMPEACTABJSET COO0H MOAXOAsA-
WK crnoco6 3amuTh GochaTHLIX TPYNN B aJKHJIALMJI- HIH aJKEHH-
aanuaraunepodocharax. ITonspusie rpynnel GochaTHARISTAHOMN-
aMHHOB MOXHO JOCTaTOYHO 3(Q(EeKTHBHO 3aLHTUTb TyTeM N-IHHHT-
podeHunupoBanus ¢ocharuauasTaHonaMuaa [639].

TCX Ha HocHTeNSIX C HOHaAMM cepeb6pa IO3BOJsIET PasleNHTb
JHMETHJIOBBEIE 3)HUDPH PochaTHAHBIX KHCJIOT B COOTBETCTBHH C YHC-
JIoM, reoMeTpHed M MOJIOXKEHHeM JBOHMHBIX CBfidel; I/ 3TOH IesH
HCIIOJIb3YIOT 3JIIOHPYIOUIYI0O cMech XJ0podopM — MeraHoa (49:1).
Jaa pasgeneHuss AMHUTPOMEHHJINPOH3BOAHBIX (PochaTHAHISITAHOM-
amMuHa ¥ QochaTHIUICEPUHA HCHOJb3YIOT NPOTHBOTOYHOE paclpe-
nenenne [640]. C 3Toil 1eabi0 KapGOKCHIbHYIO IPYNIY METHIHPYIOT
NyTeM KpaTKOBPeMeHHOH 06paGoTKH AuasoMeTaHoM. JuHHTpode-
HuadochatuauasTaHonaMuubl [641] n puHuTpOodenundochaTHaRg-
cepuHbl [640] paspmensitorcst B pacnpelesUTeIbHON CHCTeMe MeXAy
netTposiedHbM  3¢upoM U 85%-HBIM BOAHBIM DAacTBOPOM 3TaHOJA.
®ochaTHAMIHHOSHTH MOKHO Pa3NeNUTh Ha HHAUBHAYaJbHbEE COENH-
HeHus ¢ noMoinipio TCX Ha HocuTeNsX, COAEpKAIIUX HOHH cepebpa,
nocJie aleTHJHPOBAHUS WHO3HUTHOH YacTH I/l YMEHbIIEHHS MHOJSIp-
HOCTH MoJiekynabl [642]. MoaudbuuupoBanHbsle $HochaTHIHIHHOZUTHL
MOXHO pasjie/iuTh Ha (ppakuMH HaACHILEHHBIX H MOHO-, M-, TPH-,
TeTpa- U IOJHEHOBBIX COefHHEHHH B cHCTeMe XJOPOo(dOopM — aueTos
(3:1ul:1).

ITockosbKY HacbhllleHHBle © MOHOEHOBBIE (hOCchHATHAHIHHO3HTH He
pasnensioTcss 5THM METOJOM, HX INOJABEPralT OKHCJIEHHIO CMECHIo
IepMaHraHaTa ¢ nepHofaroM, a 3ateM nposoaat TCX pnas sejese-
HHSl CMecH HachLleHHBIX ¢ocdaruaununosutos [643]. oy u Bor-
THHO [644] u BorrurHo [645] ¢dpakuuoHHpOBaNH NOJHHEHACHIIIEH-
Hple (OC(aTHAHAXOMNHB H (ochaTuAnIITAHOTAMUHB METOJI0M
TCX B cucreMe xsopodopM — MeraHosa — l-nponanon — 0,5%-uas
ykcycHass kucsmota (55:30:5:7). OcoGeHHOCTb 3TOM METONHKH 3a-
KJII0oYaJach B TOM, 4TO XpoMaTorpaHuio NpOBOAMIM NIPH TeMIepary-
pe —10°C B Teuenne 14—16 u pusa dpochaTHANIXONNHA U IPU TEM-
nepatype 4°C B Teuenne 11—12 u jpas dpochaTuanisTaHOIAMHHA.

Hns paspenenus ¢ochaTHARIXOJHHOB U (PochaTHAHAITAHOM-
aMHHOB Ha MHAMBH/JYyaJibHblE COHHEHHs NIPHUMEHSIOT TaKXKe XpoMa-
ponbl, MPONHTaHHBIE HHTpaToM cepeGpa [646]. Xpomarorpaduio
NPOBOASIT B CHCTeMe XJopodopM — MeTaHoJ — Bozxa (65:25:3).

4.4.5.2. BoicokosgppexTusnan oscudxocThas xpomarozpagus

B onHONl W3 mepBHIX YyCHEWHBIX paGoT MO (pPaKUMOHHPOBAHHIO
¢GochaTHAHIXOINHOB METOJOM XKHAKOCTHO!H XpoMarorpaduu Kuur
n Knemenrc [647] paspmensiiu NMPOAYKTH NPHCOEAMHEHHsS aleTaTa
p1yTH (II) K HeHachileHHBIM oCcHaTHANIXONHHAM H OHOBPEMEHHO
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OTHENSJIH HX OT HachIEHHBIX (GochaTHAUIXOJHNHOB Ha KOJOHKE C
cedanekcom LH-20. ABTOpH HCIOJNB30BaNH TIpajHEHTHOE 3JIOHUPO-
BaHHe cMecblo xJopodopm — meranoa (l:1), comepxkameit 0,01—
0,1% mensiHO# YKCYCHOH KHCJOTH. DBIJIH BbIZe/NEHEl YeThIPe BHIa
¢ocharuannXoIHHOB, BHX0J BeulectBa coctaBua 65—909%, a Boc-
NPOH3BOLMMOCTb Pe3y/abTaToB — okoso 10%. ApBuicon [648] mpo-
BeJl pasfieleHHe HeMOAH(UUUPOBAHHBIX  (OCHATHAUIXOJHNHOB H3
SIMYHOTO XKeJTKa Ha aJKHJIHMPOBAHHBIX NPOHU3BOJAHBIX cedajekca c
HCIO/Nb30BAHHEM B KayecTBe 3JI0€HTAa CMeCH MeTaHOJ — BOJA.

OxHaKo ONHCaHHblE METOABl 3aHMMAaJH MHOrO BpPEMEHH H He
Bcerfa OBUIH AOCTAaTOUHO 3(p¢exkTHBHBIMU, ['opasno Gwicrpee u 3¢-
(ekTHBHEe NPOBOAMUTL pasfeseHue ¢ nmomombio BI)KX. HekoTophie
cMecH ¢ochaTHAMIXOIHHOB H CHUHrOMHUENHHOB MOXKHO pasesuTb
ancopouuonHoit BO)KX. Tak, atTum Metonom G6bliH pasfeneHs 1,2-
AMNalbMUTOMN M 1,2-AMm0K030-13"-yuc-eHonaraniepHH-3-pocdopui-
XOJIMHBL ¥ C(UHTOMHEJHHBl C KODOTKHMH U IJHHHBIMH LensaMu [234]
Crnocodsl 60see 9(pPeKTHBHOrO pasjeseHus Gojee CJAOXKHHIX cMecel
meToaoM obpalleHHO-(pa3oBoii BO)KX Ha KosoHKaX ¢ p-60HAaNaKOM
Cys u Fatty Acid Column onucaust IToptepom u np. [649]. Huas
xpoMarorpaduu Ha KoJIOHKe ¢ p-6oHpanak Cis B KauecTBe 3JII0EHTA
{CNO0.Ib30BANU CMech xJopodopm — Boga — MmertaHoa (1:1:10), a B
cnyuae Fatty Acid Column — cmech x10podopM — BOfa — METaHOJI
(10:19:70). IerexkTHpoBaHHEe OCYLIECTBJSJIH € NMOMOIIbIO pedpax-
tomeTpa. TakuM MeToaOM GblIM (paKUHOHHPOBAHBHI CHHTETHUECKHE
¢ochaTHANNXONNHB HA COEAHHEHHS CO 3HAaYeHUAMH 3¢ (eKTHBHOro
colepxaHus yraepona oT 28 no 36 u ¢ 1—4 ABOHHBIMU CBS3SIMHU
B MoJsiekyJse. Db deKTHBHOE COfepKaHHe aTOMOB yIJepoaa ompeje-
JasieTcd Kak ofliee YHC/I0 aTOMOB YIVIEDOJa MHHYC YHCJO JBOHHBIX
cBssell B MoJsekyse ¢ocharupuaxonnsa. Cmech (ochaTHAUAXOMHU-
HOB SIHYHOTO 2KeJITKa Oblja pasfiesieHa ¢ IIOMOLIbI0 ONHCAHHOTO Me-
TOLA Ha OCHOBHBIE KOMIIOHEHTHI €O cjexylomumu dopmynamu: 16:0,
18:1, 16:0, 18:2, 18:0, 18:2 u 18:0, 18:1. Cxomueim o6pa-
3om Kpoydopa u ap. [650] pasnmenunan pocdaTHAHAXOJIUHE COH Ha
MHAMBHAYaJbHble COENHWHEHHs1 TIOCPeACTBOM oObpalieHHO-(a30Boi
B3J)KX na kononke ¢ n-6onnanakom Cjg H TpagHeHTHBIM 3JIIOHPOBa-
HieM (91—95% MeraHoma — Bopma), OGHapyKeHHE I[POBELEHO
no norjolleHuo npu 206 HM. PaspellleHHble NHKH COLepKasii
KOMIIOHEHTBl, COOTBETCTBYIOILHE COEIMHEHHSM CO  CJIEAYIONli-
MH 3HayeHUsIMH 3(@PEKTHBHOrO COJepXKaHHs aTOMOB YIJIepoAaa:
18:3, 18:3, 18:2, 18:3, 18:2, 18:2, 16:2, 18:2, 18:1 18:2 u
18:0 18:2. JlaHHBIH MeTOX HCIOJIb30BAJH TaKXKe MJS BHIAEJIECHHS
JLUIHHONEOHAPOCHATHAUIXONMHOB H3 CMeCH C APYruMu Qocdatu-
AUJIXOJHHAMHU COM H HX NOCJEAYIOIEH OYHCTKH.

Oxucnennble ¢popmbl 18:2 18:2 ¢docdaTuaunX0NHHOB, KOTOPHIE
‘00HapyXuBaJK MO NOIVIOWEHHIO NpH 234 HM, uMesaH GoJjibluee Bpe-
Ms YAepIKHUBaHHSA, 4YeM HX He3aMelll€HHble aHaJIOTH.
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[Toptep u corp. [504] mpumenunnu BI)KX na obpamienHolt dase
A5l pasfiesieHusl NPOAYKTOB OKHCJIeHHS 1-najbMHTOHUJI-2-JTHHOJNEOH -
(ochaTHAHIXONHHA C HCIONb30BAHHEM CHCTEMBI PACTBODHTEJNEH Me-
TaHoJa — Boja — xjgopodpopm  (10:1:1). TIpoaykTel OKHCJeHUS
1-creaponn-2-apaxugoHouapochaTHANIXONHHA ObIM pasfieJieH B
cUcTeMe pacTBOPHTeNEll MeTaHoJ — Bojaa — xJopodopm (50:6:5)
Ha TakKo¥ ke KOJIOHKe ¢ obpauieHHoR ¢a3oit Cis.

IMatTon u ap. [88] coobunau 0 pasjgejeHHH CMECH BCEX OCHOB-
HBIX BHIOB ryHnepodochonunuao Ha 30—35 HHAUBHAYAJbHBIX
COeIHHEHHH ¢ TOMOIIbIO 00palieHHoi-¢ha3oBoii BA)KX Ha komoHKax
c yabrpachepom ODS (Altex Scientific) npu smonpoBanuu cMechio
MeTaHoJ — Bona — anetonutpusa (181:14:5), conepxameir 20 MM
xonuHxymopuna. CpaBHHMBIE Pe3yJbTAaTH pas3fesneHHs (ochaTHanI-
X0JIMHOB Obliu mosyueHst CMutoMm u IOHranBasna [89] Ha Kosnonkax
¢ HykJeocuaoM-5-Cis TPH SJIOHPOBAHHHM CMechio MeTaHOM— 1 MM
tdochatuniit 6ydpep (pH 7,4) (19:1). B oboux ciayusasx neTeKTHpo-
BaHHe MPOBOAMJIM IO MOrJyouleHio npu 205 Hm.

4.4.6. T rukoaunudel

[Couxonunuael, BKAOYas MOJHIeKCO3HILEPaMHUIbl, MOXKHO pa3fie-
JITb Ha MHAMBUIYyaJbHEIE cOeJUHeHHs1 ¢ momompio I'DKX Ha Hocu-
TeJsX, COAepKaUlUX HOHBI cepebpa. I'JIMKOJMMNHIE C KOPOTKHMH H
JJAUHHBIMH LENSIMH MOXHO YaCTHYHO Pa3fesUTh NMOCPEACTBOM KH/-
KO-JKHAKOCTHOH M afcopO6IHOHHON XpoMaTorpaduu.

4.4.6.1. Xpomaroepagpus Ha HOCUTEAAX,
codepacauyux LoHbl cepebpa

B HacTOsilee BpeMst He H3BeCTHA HH OJHAa XHMHUECKasl pPeakuus,
B TOM YHCJEe KaTaJusupyeMmasi ¢epMeHTaMH, B XOfe KOTOpO# H36u-
paTeJIbHO THAPOJH30BaJiach Obl TVIHKO3UAHAS CBSI3b B INIMKO3HJIHA-
LH/ATJIMIEPHHAX HJIH TJIHKO3WJLEePaMHJaX, OITOMY Hesb3s OCylle-
CTBHTb AHAaJIU3 STHX COeJHHEHHI MyTeM pacLIemJeHHs HaTHBHOI
MOJICKYJIbl H IOCJIEeLYIOUIEro ONpefeJeH s COCTABSAIOIINX ee KOMIO-
nentoB. OAHAKO CMECH HAaTHBHBIX IVIHKOJNHIUAOB Pa3JHYHBIX KJac-
COB MOTyT OBITb pasjiesieHbl Ha (PAaKUHH WJIH HHAWUBHAyaJbHBE CO-
ejunenus ¢ nomompio TCX Ha HocHTenssx ¢ uoHaMu cepebpa. Tak,
MOIIOraJlaKTO3HJIAHALMITIHIEPHHB ObIJIM pasjiesieHbl C NOMOIIbIO
3TOr0 MeTO/la Ha OTJAeJbHble ()PAKIHH, COLEpKallhe COCJHHEHHS C
PasJHYHBIM YHCJIOM IBOHHHIX cBsidelt (oT 1 mo 6); B xauecTBe cHcre-
MLl pacTBOpHUTesel 6blia B3siTa CMeCh XJOPOHOPM — MeTaHOJI — BO-
na (60:21:4) [651, 652]. Dra ke cucreMa OblJIa HCIOJb30BAHA
3ubepueM u ap. [6563] mas npemapatusHoii TCX Ha HOCHTensiX,
NPONMHUTAHHEIX HHUTPATOM cepebpa, C 1LeNbl0 IOJNYYEeHHS HHIMBH-
AyaJbHBIX MOHOTANAaKTO3HJ- M AHraJaKTO3HJIAHALUIIJIHIEPHHOB.
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Pasznesnenne ysyyiianoch, eClH NpPeABapHTENbHO NPOBOAUIHN alleTH-
JIHpOBaHHe CBOGOAHBIX OKCHrpynn., AHeTHJIbHHE NPOH3BOJHLIE pas-
JeJsH B cMecH xjaopodopm — Mmeradoa (197:3) [655].

[Tosgnee 3uGepu u ap. [635] pasmenuyan Ha MHAHBHAYaJbHbE
COeIMHEHHs CMeCb INIMKOJIMNHIOB H3 MeMOpaH XJOPONJacToB H TH-
J1aKoHJ0B. ABTOpH ucnoab3oBaau s TCX Ha HocHTensx, conep-
2KalllUX HOHHl cepe6pa, cjelylOLlHe CHCTEMbl pacTBOpHTeJeH: XJo-
podopm — MeTaHoa — Boja (60:21:4) paa paspeieHUs MOHora-
JIaKTO3HJIJHALMITIHIEPHHOB; XJI0pOpOpM — MeTaHoa — BOAa
(65:35:4) nns pasaeseHus JUTaJaKTO3HJIAHALMIITIHIEDPHHOB; XJI0-
podopM — MeTaHoJ — yKcycHasi Kucaora — Boga (50:25:4:4) nas
pasfesneHHs TPUraJaKTO3HIAHALHAIVIHIEDHHOB H XJ0pohopM — Me-
TAHOJ — YKCyCHasi KHcJoTa —Bona (25:15:4:2) nns pasgesneHus
TETParaJakTO3H/IAHALUITIHIEPHHOB; AJsl pPa3fe/ieHusi CyJIb(pOXUHO-
BO3HJIJHAIMATVIHLIEDHHOB HCIIOJb30BAJH CHCTEMY XJIOPO(pOpPM — Me-
TaHOJM —BoAa (65:25:4). Cop6eHT NpPUrOTaBJHBAIH CJEAYIOLIUM
06pa3oM: NMJIACTHHKH, NpelBapUTEJbHO MOKPHITHE KH3eJbreaem G,
TPONHTHIBAJIH HUTPATOM cepebpa, onpbickuBasi X 10%-HEIM pacTBo-
pom AgNOj; B aneronurpuie (u3 pacuera 10 mMa pactsopa Ha mia-
CTHHKY pasmepoM 20)X20 cM), 3aTeM akTHBHDOBaJH He MeHee 3 4
npu 130°C. Paspesnenue npoBoxuau npu 4°C. B pesyabrate GhlIO
flIOJy4eHO NpeKpacHoe pasjeseHHe COeJHHEHHH, copepxkamux ot 0
o 6 NBOHHHEIX cBs3eil.

4.4.6.2. I'azo-scudkocTran xpomaroepagpus

B pa6ore [656] BEICOKOTeMmepatypHylo I')KX TMC-npoussoxn-
HbIX MOHO- M AMra/JaKTO3W/IAHALHJIIVIHUEPHHOB (IOcJae HX IpejBa-
PHTE/JIbHOIO THADHPOBAHHSA) HCIOJb30BAJNH AJs Pa3feleHHs COenH-
HEeHHH, OTVIMYAIOLINXCS IO MOJIEKYJSIPHOH Macce, NPHYEM YCJOBHS
pasjeseHusi ObIH Te K€, YTO M AJIS1 pasfeseHHs TPHALH/IIHLEePH-
#oB. Kykcuc [617] u Buabsimc u ap. [368], Takxke Hcmosb3ys Me-
ton IDKX, monyunnu cxonHoe paspesenve TMC-3¢HPOB MOHO- H
JIHUranakTo3HIAHALHUITIHIEDUHOB 6e3 NpeiBapHTeNbHOr0 THAPHPO-
BaHHs 3THX MVIHKOJHIIHAOB.

HaTtuBHble MOHOr/IMKO3UJILEpaMHAB (llepeGPO3UAEI) IOABepra-
au BbicokoTeMilepatypHoit I'DKX nocne monuduxanun cBOoGOLHBIX
OKCHTPYNI FeKCO3 U aju(aTHYECKHX OCTAaTKOB U o6pasoBanuss TMC-
aupoB. Pasjesenne yKa3aHHBIX [VIHKO3HAOB NPOHCXOAHJO ORHO-
BPEMEHHO MO JJMHE LENH M 0 YHUCTY OKCHTPYNN B OCTAaTKax AJHH-
HOLEMOYEYHbIX OCHOBAHHI M XKUPHBIX KUCI0T. OJHAKO CHTHAJB Je-
TEKTOPOB, Boclipoussenennble [DKX-camMonucueM, GHIJIH AOCTAaTOYHO
CJAO0XKHbBl U He NOANABajJuCh HHTEpHNpeTanuH Oe3 IPHUBJIEYUEHHS pe-
3yJbTATOB Macc-crekTpomerpun [657, 658].

CxoaHble pesysbraThl GbIM moaydeHsl Kykcucom [617], xoto-
PHIA MOKa3aJj, YTO MOHO- M JUIVIHKO3HWJIepaMuisl B ¢popme TMC-
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NPOU3BOAHBIX MOTYT GBITh JIETKO pasje/ieHbl B COOTBETCTBHH C YMC-
JOM aToMOB yrjepoja. B Tecre Ha ‘paspemalollylo CHOCOGHOCTH
xpoMmarorpauueckoii CHCTeMBl OBIIH TNOJYYEHB, IIO-BHAHMOMY,
NpaBUJIbHEIE 3HAYEHHUS BPeMeH YAePXKHBAHUA AJS TVINKO3HJLEPaMH-
IOB, COMEPKAaIUHUX N0 LIECTH TeKCO3HAHBIX €IHHHI, TaK JXe KaK H
JJIsi COOTBETCTBYIOLIMX NPOAYKTOB pacnafa (mHpoJH3a).

4.4.6.3. BoicokoappexTusnan aiudKocTHAs xpomarozpaus

Yceaosus BO)KX, Br6paHHble ¢ Ieabl0 0OHApyXKEeHHs NMPOHU3BOA-
HBIX Pa3JHYHBIX TVIMKOJMHNHAOB (o6HapyxxeHHe NepGeH30HIbHBIX
NpoH3BoAHLIX Npu 230 HM), NMO3BOJAIOT NPOBECTH NOJHOE pasjese-
HHE TOJIbKO JIMIIHJOB Pa3HYHBIX Kja1accoB. OJlHAKO HEKOTOpHeE Coe-
JHHEHHs], OTJHYAIOIINecs 0 AJHHE UeNH BXOASIIUX B HUX OCTATKOB
JKHDHBIX KHCJIOT, MOXKHO YaCTHYHO pa3leJuTb B 3THX YCJIOBHSX.

Honaka u Kumumoro [659] omucann MeTOAHKY pasiesieHHss
TVIIOKO- M rajiakrouepe6posnnoB ¢ nomousio BO)KX Ha KosoHKe ¢
chepucop6om (amamerp uactHy 5—10 MKM) ¢ HCIOJIb30BaHHEM
rpaguenTHoro ajoupoBanusi (0,56—10%-Hul pacTBop mpomaHosa-2
B I'eKCaHe) M JeTeKTHPOBaHHEM IO morJyolueHHio npu 230 M. [au-
KOJIMMTHJB! IPeBAaPUTEJ]bHO He OYHINAJH H MOJBEPrajJH XpoMarorpa-
¢un B Buie 6eH3oaToB. JlaHHBIH METOA MO3BOJISJ Pa3fessTh Lepe-
6po3uiabl M CyJab(aTHIB, COAepKallHe THAPOKCHAHPOBAHHHIE W
HEerHAPOKCHJINDOBaHHBIE JKHPHBIe KHCJOTH. Ha rpaguke sasucu-
MOCTb BPEMEHH YAEDXKHUBAHHUS TOMOJIOTHYHBIX COEIUHEHHH OT YHCHIa
aTOMOB YIJIepojla B OCTaTKe JKHPHOH KHCJIOTH BHpaxaJsach mpsMoii
JguHuell. dra cucrema BI)KX Gbima MOBOJBHO YCNEUIHO MPHMEHEHA
1751 pa3fienenus nepe6posun-lll-cynbdparunos [660].

C nomompio BOKX MoxHO mocTHub Cy6GhpPaKUHOHHPOBAHUS
FaHIJIHO3HIOB, O YeM CBHIETeJbCTBYeT HaJIMUHe «IJIeYell» y IHKOB,
coorsercTBylomux GHs u GM; [382]. XoTss 3TH «mieuu» Moryr
ObITb Pe3yJbTAaTOM HENOJIHOIO GEeH30HJIHPOBAHHS HJM pacnajga mpo-
IYKTOB, KOJIMYECTBEHHAs OLeHKa KOMIIOHEHTOB PeaKLHOHHOIH CMech
He TOJATBEepXKJAaeT 3TOro nmpeinosoxeHus. bosee BeposiTHO, 4TO 3TH
«IJIeYH» OTPaKAIOT MOJEKYJNSIPHYIO reTepOreHHOCTb. [T0Ka3aHo, uto
pas/iMuMus B COCTaBe XKHPHHIX KHCJAOT GM; BHIBHIBAIOT M3MeHEHHS B
XpomartorpauyeckoM NOBEAEHHH 3THX coefuHeHHH npu TCX. GM,
u3 onyxoan mosra npu TCX paspmensitoTcss Ha aBe (pakuuH, 4ToO
NPOMCXOIHT BCJEACTBHE PasJIMUUl B OCTAaTKAaxX AJHMHHOLENOYEUHBIX
Egéz]n Ca4) 1 kopoTkouenoueynnlX (Cig u Cig) KHPHBIX KHCJOT

1].

[Tono6Hoe siBaeHue Habuaropanock W mass GMz; u3 neueHu yeso-
Beka, KoTopule pasaensiorcss npu TCX BeiencTBHe pasauuuii B co-
cTaBe XHMDHBIX KHCJOT [374]. [lns OmHCAaHHBEIX ciyduaeB Ha XpoMa-
TOrpaMMax BepXHss I0Jioca OTBEYaeT IVIaBHHIM 06pPa30M TaHIVIHO-
3u7aM C OOBLIYHBIMH XKHDHBIMH KHCJIOTaMH C JJIMHHOH IeNblo, B TO



Taasa 4 204

'BPeMsi KaK HHXKHsIsI 10J10Ca — CMECH TaHIVIHO3HAOB C FHAPOKCH/INDO-
BaHHBIMH JKHDHBIMH KHCJIOTAMH H He3aMelIeHHBIMH XXHDHBIMH KHC-
JIOTaMH ¢ KOPOTKO# 1enpio. CXoAHble faHHbIE GBI NMOJydYeHbl U AJis
GD;-raHrHo03ua0B H3 [VIa3HOro HepBa Ghika [662].

4.5. Onpepenenue o01Iero cocTaBa JIMIUI0B

Llenplo xpoMmartorpaduu JUNHUAOB fIBJSAIOTCA pa3feseHHe JIHIH-
OB Pa3JIMYHBIX KJ1acCOB M MOCJeAyollee INOoJyyeHHe HHAMBHILYaJb-
HBIX COEAMHEHHH C LebI0 HX HASHTHMHKAUUH H KOJHYECTBEHHOIO
aHanu3a. B xoje M3yueHHus JHIHAOB C MOMOLILIO XpoMartorpadpuye-
CKHX MeTOJ0B BBISICHWJIOCh, YTO MHOTHE ODraHM3MBHl, TKaHH, KJIETKH
4 cyOKJIeTOUHble KOMIIOHEHTH HMEIOT XapaKTepPHBIH COCTaB JHIHAOB,
KOTODBIH MOXKHO ONpeNeJHTb, He NpH6eras K NOJHOMY pasiesIeHHIo
4 TNOJIYYeHHIO HHAMBHAYAJNbHBIX coelHHeHui. KoanyecTBeHHBI aHa-
JIH3 JIHIHAO0B, NOJYYEHHBIX B pe3yJbTaTe YacCTHYHOIO pasfeseHHs
TIepBUYHOTO 3KCTPaKTa, 4acTo fBJSETCS AOCTATOYHBIM AJIsl YCTAaHOB-
JIEHHS] HCTOYHHUKA, H3 KOTOPOro ObIH BBJEJEHbl 5TH JHNHAB, U BH-
SICHEHHs, C KaKHM MeTaboJIMYecKHM COCTOsSIHHeM (HOPMaJIbHBIM HJIH
aHOMaJbHBIM) CBSI3aH JaHHBIH COCTaB 3THX coefuHeHHH. IIpakTHuye-
CKH BCe xpomaTorpacuueckHe MeTOAB MOrYT ObITb IPHMEHHMBbl AJsS
BLINOJIHEHHS] 3TOH 3ajauyH, oOfAHAKO 6oJiee NMpPeANOUYTHTENbHH Te, KO-
TOpBIE cOYeTaloT ObicTpoe pasaeneHue ¢ 3b(PeKTHBHOH KOJHYIECTBEH-
‘HOH oleHKOH. Taxoll MOAXOA HMeeT IIMPOKOe NPHMEHEHHE — OT
onpe/ieJIeHHsl NMOJHOTO COCTaBa JIMMHUAOB IJIa3MHl JI0 XapaKTEPHCTHKH
UHAMBHAYaJMbHBIX JUNHAOB GaKTepui,, OCHOBAHHON Ha aHalH3e Me-
THJIOBBIX 3(GUPOB XKHPHBIX KHCJAOT 3THX JIHIHAOB HJH NPOAYKTOB
LIIPOJIM3a NOCJIeJHHUX.

4.5.1. Toukocaolinas xpomaroepagus

,ZIJIH ue.neﬁ KaYe€CTBEHHOro aHaJii3a JIMMHAOB NE€DPBUYHOI'O 3KCT-
pakra Haubosee moJie3HbM siBasieTcss Meron TCX. OpHako TakuMm
METOJOM [ axe C MOMOIIbI0O CAMBIX TIIATE/IbHO Pa3paboTaHHBIX MpPO-
Helyp He yAaeTcs OCYLIECTBHTb KOJHYECTBEHHYIO OLEHKY (hpakuui
aununoB. TpaHcMeTHNHPOBaHKMEe 3QUPOB pa3/IHUHBIX XKUPHBIX KHCJIOT
¢ NOCJeIyIOIUM KOJHYEeCTBEHHBIM AaHa/JH30M METHJOBHX 3(UPOB
KUPHBIX KHCJIOT MetonoM KX naer ynoBseTBOpHUTENbHBEIE pe3yJib-
TaThl, HO aHaJ/JM3 3aHHMaeT MHOro BpeMeHu [45, 663—668]. dtor
METOJ LIHPOKO NPHUMEHSIOT [/ KOJHYECTBEHHOH OLIEHKH COOTHOLIe-
HYS TVIHLEPOJIMIIHUAOB B Pa3/jHYHHIX (PPaKIUAX, MOJYYEHHBIX C IO-
mompio TCX, a Takxke AJasi pajibHeHIIell XapaKTePUCTHKH COCTaBa
3THX ¢paxuuil, Ony6aMKOBaHB MHOrOYHCJEHHble paboThl, B KOTO-
PbIX yKa3aHHble METOAB ObLIM HCIOJb30BaHBl [Jsl aHAJH3a JIHIH-
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z0B uesoBeka [668, 669] u xuBoTHHX [670—672], a Takxe Ans
XapaKTepPUCTHKH JHNMHIOB PA3JHYHHIX TKaHeH, opraHoB [673, 674]
u cy6kieTouHbX ppakuuit [656, 675—677].

[IpekpacHasi MeTOJAHKa ONpedeseHHs OOIero cocraBa JIMIHIOB
171a3MBl HJIM CBIBOPOTKHM ¢ Hcnosb3oBaHHeM TCX BkJoyaer ABYX-
CTYIEHYATOE 3JI0HpPOBaHHE CHayajla CMEChbI0 HNeTPOJIEHHBIH 3pHup —
ausTunoBeiit a¢up (9:1) u 3aTeM cMecblo NETPOJEHHBIH 3QHUD —
JUSTHAOBBI 3¢Hup — yKcycHass kucjora (400:100:1) B onHoMm u
TOM XKe HalpaB/eHHH (3JI0MPOBAHHE BTOPOIl CHCTEMOH HAYHHAIOT
f0cJIe IPOXO0XKAEHHST GPOHTOM pacTBODHTE/A NEPBOH CHCTEMBI S CM).
B sToM cayuae mojisipHBE JIMIHIBL, OCTAIOLINECS HAa CTapTe, COCTOST
TIOYTH MOJHOCTBIO U3 Gocdonununos [678, 679]. Conepxanue adu-
POB XOJIECTEPHHA, TPHALMJITIHIEDPHHOB, CBOGOAHBEIX XKHPHBIX KHCJIOT
H XO0JIeCTepHHa, a Takxe (GOCHOJHUIHAOB ONpelessiiv KapOOHH3a-
yHel ¢ mocaenyouiel neicuromerpueii [680, 681].

[Tonne u np. [682] onucanu MeTox MHKpPOaHaJlH3a JHIHAOB MO3-
ra, ocHoBaHHBIH Ha AByMepHO# TCX, ¢ Hcnosb30BaHHEM MHOrOKpar-
HOTO 3JIOHpOoBaHUA. IlepBHUHBIH 3KCTPAKT JIMIHAOB CHauaja IOA-
seprasim TCX B cucreme xjaopodopM — MetaHoa —Bojaa (35:15:2),
4TO MO3BOJISIJIO Pa3[euTh JHIHAB HA (pakiyy, colepKaliue coe-
JHHEHHsI pas3iHYHBIX KiaccoB. OMHaKO HCKIIOYEHHE COCTaBJSIH
tdochaTUuIUIXONHHB, ¢GochaTuanICepHHY H (OCchaTHAHIHHOIHTH,
obpasyoomye oJHY (pakuui. DTO XKe OTHOCHTCS M K CMeCH raH-
TJMO3HAOB M TNIPOTEOJHIHIOB, KOTOPble TaKkKe COCTaBJSIOT OLHY
¢pakuuio. [Tocnenyomas xpomarorpacdus Bo BTOPOM HanpaBJjieHHH
B IBYX 3JIOHDYIOIIHX CHCTeMax: xjopodopMm — meranon (1:4), a
3ateM xJopodopm — MeraHosn (2:1) H, HaxkoHell, NOBTODHAs Xpo-
Martorpadusi B 1epBOM HaNpaBJeHUH B cHcTeMe XxJopodopm — MeTa-
Hon (2:1) nosBoasiza pa3fesNuThb OCTaJbHbBIE KOMIOHEHTH. Pasje-
JIEHHBI€ 30HBI HA XpOMAaTorpaMMme OKpalUHBaJ# MOJOM H IPOBOAHIH
KOJIMYECTBEHHYIO OLIEHKY C IOMOIIbIO XHMHUYECKHX MeToJ0B. Takoe
ONpefeneHre MOXKHO NPOBOJAHTb, He HpeBpamias ¢ocdar B Heopra-
Huueckuit dochop [683, 684]. IlIlupoko npakTHKyeTcss KapGOHH3a-
Uusi JUOHAOB C Mocaepylomed aencuromerpuein [681, 685, 686],
©JHAKO MEeTOAHbl TpeGyIoT cTanaaprusauun [687, 688].

Butrman u ap. [689] paspaboranu meton TCX mist aHanusa Ju-
fIHI0B KPOBH, MOJIOKa, IMYHOTO XKeJNTKAa W APYTHX TKaHeH, NpHBO-
JALHMN K GBICTPOMY M BOCIIPOH3BOJHMOMY pasieseHHIo, ocae KOTo-
pOro MOXKHO Cpa3y INPOBECTH KOJHYECTBEHHYIO OLEHKY METOAOM
JEHCHTOMETPHH. ABTODHI HCIOJIb30BaJHM [ABYXCTYNEHYATOE pasjene-
HiHe: cHayaja B CHCTeMe XJOpohOopM — MeTaHOJ — YKCycHasi KUCJIO-
Ta (98:2:1) no HmocTmkeHHS (POHTOM PacTBOPHUTENS OTMETKH
16 cM, 3aTeM B cHCTeMe TIeKCaH — JH3TUJOBHI 3QHpP — YKCYyCcHas
kuciaora (470:30:1) nmo mpoxoxpeHust pactsoputenem 20 cu. ITe-
pex xapOOHH3alHel NIACTHHKY morpyxanu B 3% -HBIl pacTBop ale-
wata MenH B 8 %-Hoit ¢pochopHoit KucaoTe Ha 3 c.
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Cerypa u I'otTo [690] onmucanu MeTOX BBHIAEJEHHS M KOJHUECT-
BEHHOTO ONlpefie/leHHs] OPraHHYeCKHX COeAMHEHHH ¢ moMouipio TCX
Ha XpoMaTorpa)uuecKHX IJIaCTHHKAaX, TePMHUYECKM 06pabOTaHHBHIX
B NMPHCYTCTBHH OMKapOGOHAaTa aMMOHHS, B pe3yJbTaTe 4Yero 3TH IlJa-
CTHHKH CTaHOBSTCH (JYOPeCLeHTHBMH, DTOT METOH OblJI HCIIOJAb30-
BaH JJIl aHaJH3a JIHNHAOB B MHUKPOJHTPOBHIX KOJHYECTBAX IJa3MBL
[691, 692]. Henasno Cerypa u HaBappo [693] o6Hapyxumu, uto
HarpeBaHHe XpoMaTorpadHyecKHX INIaCTHHOK B mpHcyTcTBUH SiCly
BbI3LIBAET 00pasoBaHHe (JIyOPeCUEHTHEIX NMPOH3BOAHBIX BCEX KJjac-
COB COEIHHEHHH C GOJbIIOH BOCIHPOH3BOAMMOCTBIO H AaeT (JIyopo-
(OpHl, YyCTOHYHBEIE B TEUEHHE MeECSIIEB.

Bo3MoxHOCTb KJacCH(HKAUUH MHKPOOPraHH3MOB Ha OCHOBe HX
JHIHAHOTO coctraBa [694] sHauuTenbHO pacuMpuiach Gaaroaaps
NPHMEHEHHIO TAKHX YYBCTBHTE/bHBIX aHAJMTHUYECKHX METOJOB, KaK
TCX n I'’KX. AHanu3 MeTaHONH3aTOB GaKTepHH, COAEpPIKALIMX MHU-
KOJIEBYIO KHCJIOTY, ¢ moMomblo TCX no3BoJMs MOJYYHTb XOPOIUHE
pesyJbTaThl aHajJH3a OOIIEro COAePXKaHHS MHKOJEBOH KHCJOTH B
5THX OpraHuaMax. MHHHHUKHH H Ap. [178] mpoBepu/in BO3MOXKHOCTD
npumenenuss TCX pasa uenelt knaccudukanuu GakTepHil, comepxa-
IIMX MHKOJIeBble KHcJoTH. McnonbsoBanue ognomepHoit TCX B cu-
cTeMe NeTPOJIeHHHH 3(pHup — AUaTHAOBHH 3dup (17:3) He npano
YIOBJIETBOPHTEJBbHBIX Pe3yJbTATOB, OJHAKO C IIOMOLIbIO JABYMEpHOil
TCX ypanoch pa3fenHTb MHKOJATH U3 PAa3jIHYHBIX BHAOB MHKOOaK-
Tepuil. ABTODE HCIO/NIb30BAJIH JIOHPOBAHHE CMECHIO NETPOJIEHHBIR
a¢up — aneror (19:1) B nepBoM HanmpaBJIeHHH H CMECHIO TOJNYOJ —
anetoH (99:1 mo 97 : 3) — BO BTOpOM.

Haun6onee ypauHblil MeTOJ KOJHYECTBEHHOrO ONpejeseHHs JH-
nuLO0B, pasneneHHux ¢ nomomplo TCX, npensnoxen OkyMmypa ¢ coTp.
[3, 695, 696], KoTOpble HCNOJBL30OBANK KBapleBble CTEPXKHH, Ha KO-
Topble OBl HaHeceH CHJHKareJab. Takas cHcTeMa, HMewollass B Ha-
cTosiliee BpeMsi KoMMepueckoe Ha3BaHue sitpockaH TCX/ITHMI-cu-
cteMbl, coyeraeT Meron TCX ¢ aBTOMaTHYeCKMM KOJHYECTBEHHBIM
ompejiesieHHeM, KOTOPHIH OCHOBAH Ha NPHHIUIE [JaMeHHO-HOHH3a-
LMOHHOTO JeTeKTHPOBaHHs, Hcnosab3dyemoro B IDKX.

MHorne paGoThl [0 pa3feJeHHIO JHIH/OB, BHINOJHSEMblE C IO-
Moubio 06byHO# TCX, MOryT OBITh BBHIIOJHEHBl Ha NAaTEHTOBAHHBIX
CTEePKHEBBIX HOCHTEJSIX — XpOMapojJax, H B 3TOM CJ1yuydae BO3MOXHO
JNeTeKTHPOBaHHE BCEX JIMNMHAOB INOCPEACTBOM IJaMeHHO-HOHH3allH-
OHHOro JeTeKTopa. XpoMapoAbl MOXKHO NPONHTaTh HUTPATOM cepel-
pa uiH GOPHOH KHCJIOTOH, YTOOH YJIYy4LIHTh pasfeleHune OTAEJIbHBIX
coequnenuil. PasneseHne HeHTpaJbHBIX JHIOUAOB U rauuepogocdo-
JIUNHAOB MO CTENEHH HEHACHILUIEHHOCTH NO03BOJsET MOJYyYHTh Gosee
noapo6HyI0 MH(POPMAIHIO O COCTaBe JHMHAOB NEPBHYHOTO IKCTPaK-
Ta.

KosanuectBo HaHocuMoro o6pasma AJs TAKOro aHajHu3a COCTaB-
asier 2—20 MKr B 1—2 Mka pactBopa. HeliTpanbHble JIHIHAB MOXK-
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HO pas3fenATh B CJEAYIOUIHX CHCTeMax: NEeTPOJIEHHBEIH 3¢up — Au-
STHJIOBHR 3¢up — MypaBbHHas kucaora (97:3:1) [697, 698]; 1,2-
JHXJ0P3TaH — XJ0podopM — yKcycHass Kucaora (920:80:1) [699
JierKuii netpoJieiinblil apup — AuaTHAOBHI a¢up (17:3) [700, 701];
JIerKuil neTposieliHbli 3¢Up — NHSTHIOBHH 3P — MypaBbHHAsA KHC-
qora (850:150:1) [699]; kpome TOro, MOXXHO HMPOBOAHTb MHOrO-
KpaTHOE 3JMI0MPOBaHHE CMeChbIO reKcaH — yKcycHas Kucaora (100: 1),
a 3areM CMeCbI0  TeKCaH — yKCyCHas KHCJOTa — IpPONaHOM-2
(200:2:1) [702] nau cMechiO JIETKHH NETPOJNIEHHBIH 3GHP — AHITH-
JIOBHIH 3Qup — yKcycHas kucaota (175:25:2) [703]. Ilpu xpoma-
Torpaduu B ITHX cHcTeMax (GOCQOJHNHAB OCTAIOTCS Ha cTapTe.
B pa6otax [704, 705] HeiliTpajbHbBIe JHNHAB OTAENSIH OT HocdoH-
NHIOB B CMECH JIETKHH NeTpoJiedHBIH 3()HD — AHITHIOBHIA 3Qup —
ykcycHas kucsora (90:10:1). B paGore [706] moasepraau pas-
JejeHuio MunuAbel 30 BHAOB APOXKKeH; HeATpaJbHble JIHNUAHL, BKJIIO-
yasi [JIMKOJHIHAB H3 MHKDPOOPraHH3MOB, Pa3feNsii B CMECH XJO-
podopM — MeraHoa — Boaa (40 :10:1).

Onpeznenende OTHoUWeHus ¢ochaTHAUAXONHHA (JELHTHHA) K
courromuennny (JI/C) mosBossierT nmosyuatb HHQOpPMalLH® O pPa3BH-
THH IJIOAA BO BpeMsi 6epeMeHHOCTH M ¢ OOJIbLIOH CTeNeHbIO0 HaleX-
HOCTH CY[HTb O 3aBepLIEHHH Pa3BHTHS Jerkux. Tak, [JIIOHK u coTp.
[707] paspmensnun ¢ochomunuabl B cCHcTeMe XJ0PodOPM — MeTa-
Hoa —Bozia (65:25:4) m KapGOHH3MPOBAJH BellECTBA pa3jesHB-
wuxcsi 30H cepHo#l kucaoroll. Cefiuac cymecTBYIOT MOAH(HKALHH
nepBOHAYaJbHON METOAHKH, Kacalouiuecsi B TOM YHCJIe H ompejeJe-
#us oTHowenus JI/C [708, 709]. McnoabsyeTcs TaKxkKe XxpoMaTorpa-
¢usa Ha xpomapoxax [710].

B HenaBHo omyGinkoBaHHOM 0630pe AxMaHa [4] paccMoTpeHbl
BO3MOXKHOCTH SITPOCKAH-CHCTEMBl H ee IPHMEHEHHEe [Js aHa/1u3a
JIMNIHJOB B KJIHHHKe H HCCJeL0BaTeJbCKOH paborTe.

.
,

4.5.2. I'azo-mcudkocThas xpomaroepagpus

BricokoremnepatypHass IDKX — Xopoinii MeToJ KaueCTBEHHOH
@ KOJIHYECTBEHHOH OIleHKH OOILIEero CoCTaBa JIMIHIOB IEePBHYHOIO
sKcTpakTa. Hacto o6blYHBIE NPHPOAHBEIE CBOGOAHEIE XXKHPHBIE KHCJIO-
THl U HX MOHO-, AH- U TPHU3(QHUDHI C IVIMUEPHHOM CHJIbHO OTJIHYAIOTCH
110 MOJIEKYJ/IIDHOI Macce MeXJy co6oii, a TakKe OT CBOOOLHOrO XO-
JiecTepHHa M ero 3(HpoB ¢ XKHPHBIMH KucjaoTaMu. [lostomy Ha oc-
HOBaHHH pa3/IM4HH B MOJIEKYJNSIDHOH Macce MOXKHO IOJYyYHTb, 34
HEMHOTHMH HCKJIIOYEHHSIMH, 3(]deKTUBHOe pasfesieHHe HellTpasib-
HBIX JIUNHAOB, B TOM YHCJE IOJYYEHHBIX NOCJE TPHMETHJICHIUIHPO-
BaHHs CBOGOAHBIX OKCH- W KapGokcurpynn [566, 711]. BoabuuncT-
BO NEePBHYHBIX 3KCTPAKTOB JIHIHUAOB U3 NPHPOAHBIX HCTOUYHHKOB 060-
ralieHbl HOHHBIMH JIHIHAaMH, TaKHMH, KaK TIVHIepodochaTub],
C(UHTOMHNHABL U TJIHKOJHINUAEL, KoTopble noaseprator KX sauub
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nocje NpeJBapHTENbHOTO OTILENJEHHS OCTaTKOB docdopHOil H cHa-
JIOBOIM KHCJOT. DTO MOXKHO ClesNaTh C IOMOLIbI0 (epMEHTATHBHHEIX
[566] mim xumuueckux [711, 712] MeTomOB, OAHAKO He Bceria
CTPOro ajfieKBaTHO.

Xots crangaptasie MetToguku [DKX npuMeHHMB K GOJNBUIHHCTBY.
NpUPOJHBIX cMecell JIMIHKAOB, HanOOJbIIKHA mporpecc B 3TOH o6ia-
CTH NOCTHTHYT B CJyuae aHaJu3a JHMIHIOB IEPBHYHOIO 3KCTPaAKTa
nmnasmel [713—718] H OTAeJbHBIX KJAacCOB JIHNONPOTEHHOB [714,
719]. D10 oObsACHsETC YHAYHBIM pacnpefesNeHHeM KOMIOHEHTOB
CMeCH IO HX MOJIEKYJSIPHBIM MaccaM K HX OTHOCHTEJbHBIM COJEepKa-
HueM B cMecn. HanGonee ycnemHoe pasgeneHue JHIHAOB NEePBHY-
Horo akctpakra MetoaoM I'DKX G6bIIO MOJyueHO Ha KODOTKHX Hemo-
JIIPHBIX KOJIOHKaX ¢ CHJIOKCAaHOM, NePBOHAYaJIbHO HCIOJb30BaBIIUX-
csl AJA pasjfieleHMss NPHPOAHBIX TpHamuiarauuepuHo [551]. Ho-
BOJIbHO YAOGHBIMH [JIsi TAKOTO POJa pasieseHHHl OKa3aJHCh KOJOH-
KM U3 HepxkaBelouleil craiau uju crekasHHble (ot 30 mo 50 cm mau-
HOH u BHyTpeHHHM auamerpoMm ot 0,2 no 0,3 MM), 3anosHeHHbBlE 1—
3% MeTHJCHIOKCAHA HJIH JKBHUBAJEHTHBIMH CHJIHKOHOBBIMH MOJIH-
MepaMu IJs1 BbhicOKoTeMnepaTypHoil I'DKX, HaHeceHHHIMH Ha BHYT-
PEeHHHH HHepTHHIH HOcHTeJb. KOJIOHKH NpeABapHTE]bHO BLIIEDPIKH-
BaJi B TeueHne 2—3 u npu TeMneparype 350°C u npoBepsiid UX Ha
cnoco6HOCTh HeoGpaTHMO copOupoBaTh BellecTBa. B 3aBucuMocThn
OT COCTaBa JIMIHJOB HCIOJb30BaJH JHHEHHBIA IPafleHT TeMIepary-
pel B npegenax 175—350°C (co ckOpoCTbIO HapacTaHHS TeMmepa-
Typbl 4—8°C/mun). Mertox I')KX TakXe LIHMPOKO NPHUMEHsSIETCS NpH
aHa/M3e cMeceil HeATpasJbHBIX JHMNHAOB IJaasMbl [721—723].

B nocneanee BpeMsi ans I')KX snunuaoB cranu npuMeHATb Ka-
nuIsipHble KOJMOHKU [554, 556]. Haumyuiiee pasnenesue ¢ mpakTu-
YeCKH KOJIMYECTBEHHBIM BBIXOJOM OBLIO IOJYYEHO C MOMOIIbIO
KX Ha KanuaaspHBHIX KOJOHKAax NJHHOM 5 M IIPH HCIOJNb30BaHHU
B KayecTBe r'a3a-HOCHTeNs BOJAOPOAa. B 3Tux ycsaoBuax 6bl10 moJy-
YEeHO INOJIHOe pasjesleHHe TJIHLEPOJHIHIOB Ha HHAHBHAYaJbHBIE
COeIMHEHHs], OTJIHUAIOLINECS HA OJHO METHJIEHOBOE 3BEHO, a TaKkKe
WX HEKOTOPBIX HACHILEHHBIX M HEHACHIIIEHHBIX romoJioroB. Cienyet
oTMeTHTb, uTO npH I')KX Ha KosoHKax anauHOil 15 M HaGiaromaercs
3aMeTHOe paculelJieHHe TPHAUHMJTVIMIEPUHOB C JJIHHHBIMH IENsSMi
[724] u adpupoB xonecrepuna [725].

4.5.3. Beicokosppextusnas xcudkocTHas xpomarozpapus

CucreMa c o6panieHHoH $a30# 51 KHUIKO-XKHIKOCTHOTO XpoMa-
TOrpagHyecKoro pasfeseHHs JHIUA0B NePBUYHOrO 3KCTPaKTa Gblia
onucana Xupiem [726] B 1963 r. [ToanHee Gniia paspaGorana me-
TOAHKa ¢ cedaeKcoM, KasaBluasics nepcnekTuBHoi [599, 648]. He-
CMOTpPSl Ha 6oJIbLIHE YCIeXH, NOCTHTHYTHEe B 3TOH 06/aCTH B HEKO-
ropeix JaGopatopusx [601, 602], He ynanock npeonosieTb SKCnepH-
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MeHTaJIbHble TPYAHOCTH IDH NPHMEHEHHH 3THX METONOB, a TaKXKe
IJUTENbHOCTh aHaJM3a U IJI0XYI0 BOCHPOH3BOAMMOCTb.

Cuctemu apcop6uunonnoii BO)KX u o6pamento-dpasosoit BA)KX.
B HacTosilllee BpeMs KaxKyTcd HAEaNbHBIMH JJs Leaeldl aHaiu3a 06-
LIEro COCTaBa JIHIHJAOB NEPBHYHBIX 3KCTPAKTOB H3 GOJBLUIMHCTBA:
HcTOuHHKOB, OfHAaKO O CHX NOP B 3TOH 00/IaCTH CAeJaHO HEMHOrO.
HyHkaH u ap. [727] omucanu pasjeneHune cMmeceil cBOGOLHOrO Xo-
JeCTepHHa M Pas3jHYHBIX 3(HPOB XOJecTepHHa ¢ MOMOLIbI 06pa-
neHHo-azoBoit BO)KX Ha KOJIOHKe ¢ MCIOJb30BaHHEM B KayecTBe:
IIOABHKHON (paskl CcMecH NpomnaHoJa-2— anetoHHTpusa (11:1 uim
5:2). Iloab3yscs TeM ke MeromoM, CMuT u ap. [728] nonyunan
XapaKkTepHble KAPTHHH! COCTaBa HeATPasbHbIX JHUIHIOB NJIa3Mbl 310-
POBHIX KpDHIC M KpHIC, GONbHBIX AHabeToM. B pesysabTare xpomaro-
rpadun NepBHYHBIX SKCTPAKTOB JIHNMHAOB H3 TKaHel KpHIC KaxAOro:
THIA ORJIM NOJIyYeHB H OXapakTepu3oBaHbl 13 ¢pakuuit, Bk/IrOUas
pasjuyHble MOAGPAaKIUHKY TPHALUJITJIHIEDHHOB H 3(HPOB X0JeCcTepH-
Ha. ®ochonunuasl naa3Mbl, NO-BHAUMOMY, 3JIOHPOBAJHCh HAMHOTC
paHblle OCHOBHBIX JIMMHJOB, B pPe3yJibTaTe Yero He GBIIM KOJHYECT-
BeHHO onpefenenbl. Jas BI)KX ncnonb3oBanu KOJOHKY ¢ 30p6ak--
com OD (2,5 cmX4,5 MM, auamerp uactun 5 MM, Du Pont) wu
Y®-nerexTop, H3MepSIOUKA MoraoueHne npu 215 HM. djrouposa-
HHE NIPOBOJMJHM CMEChI0O NPONMAHOM-2 — aUeTOHUTPUI (5:2) mpH cKo-
POCTH NoJAayH 3j10eHTa | MJ/MHH (OTHOCHTEJbHOE CTaHIaPTHOE OT-
KJIOHEHHe cOCTaBasAN0 4—8Y% B 3aBHCHMOCTH OT KOJIHYECTBAa PacT-:
BOPEHHOTO BeIleCTBA H pa3MepOB IHKa).

Yoynex u Mapeu [729] cpaBHHIM pe3ysbTaThl pasfeseHHs Ol-
HOro M TOro xe o6pasua HeHTPaJbHBIX JUNHAOB MeTonaMH BI)KX
u KX, HOas pasneneHusi 3¢GUpPOB XOJeCTepPHHA U KHUPHBIX KHUCJOT
¢ ajuHOM menu 14—20 aToOMOB yr/epoja HCIOJb30BAJNHU KOJOHKY
¢ o6pauienHoit ¢asoit (cenapon SI VSIL, UCCP). Ilockoabky adu-
pBl JHIOHAOB ca1aGo mnorjomalnT B Y@-064acTH, JHIIb HEMHOTHE
CHCTeMBbl PAaCTBOPHTeNeH MOXKHO HCIIOJNb30BaThb B 3TOM cjayuae, O6-
JacTb NPHMeHeHHs1 pedpakToMeTpa TaKxe orpaHuueHa. Ilostomy
ObIIM TMPEANPHHATHL MHOTOYHCJEHHbIE MONBITKH Pa3paboTKH APYTrHX.
J1eTeKTOPOB,

dpaan u ap. [730] npensoXuiu HCHOMb30BaTh AJS PasjesieHus
NEePBHYHBIX 3KCTPAKTOB JHNHAOB cuctemy B3I)KX B coueranunm c
Macc-CNeKTPOCKONHeEl /151 HAeHTH()HKAINH U KOJHYECTBEHHOH OLEH-
KM IHKOB ¢ IOcCJeAylomedl o6paGoTKOH HAaHHHIX C IOMOIIbIC
KoMmnbloTepa. ITpomexyTounass cucrema aasi coenuHenusi BO)KX ¢
Macc-CeKTPOMETPOM OCHOBaHa Ha NPHHIHUNEe GeCKOHEYHOH LemnH, B
KOTOPOH B KauyecTBe TPAHCIOPTHOTO YCTPOHCTBA HCIOJb3YeTCs
neTsisi chenvaJbHOH KOHCTPyKuuH. Ilocne ypaneHuss pacrBopu-
Tesis o0pasel, TPAHCIHOPTHPYeTCH C IOMOLIbIO NMETIH B PeakTop,
rae ob6pasen ynapupaercs (€CJTH OH COREPIKUT JIETyYHe BelIeCTBa)
WJH TpeBpallaeTcss B YIJeBOLOPOAH (B CJyyae HEJETYUHX COelUHe-
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#iHfi) H BBOAMTCA B Macc-CHEKTPOMETD C NOMOIIbIO Ira3a-HOCHTeJs.
Ora cucreMa Gbljla IpOBepeHa Ha MOJAEJbHHIX COeJHHEHHWSX, HMeEIo-
(IIHX CXORHBbIE C JHIHKAAMH CBOHCTBA, H OKasajacb JOCTAaTOYHO NO-
.JIe3HOH.

KoMnton u Ilapam [731] npemsoxuiau HCHONB30BaTb CHCTEMY
B3)KX B coueTaHHH C YHHBEPCAJbHBLIM HETEKTODOM IJIHLEDPOJIHIIH-
JI0B, B OCHOBE KOTOPOrO JIEKHT KOJIOPHMETPHYECKOe OIpeleJieHHe
«(opMmanbaerua (AJas onpedesNeHHs MOCJTEAHEro aBTOPH CO3AAJH
“YyYBCTBUTEJbHBIH DEAKTHB).

4.6. BeiBoan!

0O630p paboT NocJaeJHHX JIeT 10 XpPOMaTorpapHyeckKuM MeToAaM
:aHaJM3a JUINHAOB NOKa3biBaeT, KAKOH OOJIbILIOH NPOrpecc JOCTHTHYT
:B 3TOM 06J1aCTH, HECMOTPSI Ha OrpaHHYEHHBlE YCIIEXH B METOLOJIO-
THH. 3aMeTHO yBeJHYHJIOCh pa3HooGpasue o0pasloB, aHAJH3UpYe-
‘MBIX C IpHBJIEUEHHEM pa3JHYHBIX XpPOMAaTOrpadHyecKuX MeETOHOB.
B To ke BpeMs He NPOH3OILJIO 3HAYHTENbHBIX H3MEHEHHH B TEXHHKe
xpomarorpauueckoro ananusa. OcHoBHBIM pocThHxkeHHeM IDKX
6bLJI0O BBEJEHHE CTEKJSHHBIX KaNWIJASPHHX H OCOGEHHO THOKHX
KBapleBbIX KOJOHOK, KOTODBIE CHeJajHu CHCTeMy GoJiee NPHUIOLHOMH
,IJIS. [OJIrOBPEMEHHOH PyTHHHOHN paboThL.

HauGonbminM HOCTHKEHHEM SIBJASIOTCS Pa3BHTHE H NPHMEHEHHe
‘meTofos BI)KX pas ananusa JIMNHAOB, OJHAKO OCTajach Hepas-
;/pelleHHo! 3afiaya CO3JaHHsl YHHBEPCAJbHOTO YYBCTBHTEJNBHOTO Je-
~TekTopa. HauGonbiiee pasBurHe B cBsI3W € pa3pabOTKON CHCTEM
.B3)KX moayunsnu MeTOonH xpoMatorpauy MajoJieTyuHX H TepMHu-
‘YeCKH HEYCTOHYHBBHIX IMOJISIPDHBIX H BBICOKOMOJIEKYJSIDHEIX COeIHHe-
.Hu#. OfHaKo ycmexu B pa3paboTke cuctembl BD)KX crnenyer pac-
cMaTpHuBaTh CKOpee Kak [ONOJHSIOIINe, a He KOHKypHDYHOIlHe C
-cucremamu I')KX. Tak, B Tex cayusax, Korga GblIM IpHUMeHEHH 06a
MeToza, aHauH3 ¢ nomobio I')KX Gein1 Gosiee GLICTPHIM IO CpaBHe-
.Hu0 ¢ BO)KX. 310 06bsAcHseTCS pasjiHuueM B CBOHCTBAaX MOABHK-
HBEIX (a3, U NO3TOMY HeT OCHOBAHHMH CYUMTaTb, YTO Takasi GLICTPOTA
.aHaJju3a cMoxeT GbiTh JocTurHyta B Metonxe BI)KX. Bosee Toro,
meron I'DKX uMeeT npenMyuiecTBO H B BHICOKOYYBCTBHTEJNbHOM Je-
TEKTHPOBAHUH JIHIHAOB C NOMOLIbIO BOAOPOAHOrO NJAMEHHO-HOHH-
3annoHHOrO jereKropa. OnHako misa ananausa I')KX ocraercs nepe-
IIeHHOH mnpo6seMa NOJYYEeHHS JEeTyYyHX NPOU3BOLHBIX NMOJNSPHBIX H
“TePMHMYECKH HEYCTOHYMBHIX HJIM HMEIOLINX BBLICOKYIO TeMIepaTypy
KUIIEHHUS JIHITHAOB.

Ycnexu B ob6aactn BOTCX MeHee 3HAuHTEeNbHB, XOTH MOXKHO
IPHBECTH NPUMEPH! YCIEIIHOro pasjiejeHusi C HOMOLIbIO 5TOTO METO-
Ia HEKOTODHIX TPYJHO pasfelisieMbIX CMece.

OzxHako, HeCMOTPSl Ha YyKa3aHHble NOCTHKEHHs, B HacTosllee
'BPEMsl HH OJMH OTAEJbHO B3fITHIH XpoMaTorpaduuecKHi MeTOX He
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MOXeT GBITb YHHBEPCAJbHBIM MJIl aHaJHTHYECKOTO HJH Ipemnapa-
THBHOTO pasieneHusi Junupos. Ilostomy Heo6XoauMo paspabaThl-
BaTb B OJau:kaiumieM OyAylieM aHaJHTHYECKHE CHCTEMBI, BKJIOYalO--
HiHe HECKOJbKO B3aHMHO JONOJHSIOUIUX APYr APyra MerojoB. 3To,.
No-BUAUMOMY, 6yayT cucteMbl, oobeaunsiomue KX uan BO)XKX c
Macc-CIIeKTpOMeTpHeH, MOCKOJbKY KaxKAHH H3 yKa3aHHBIX XpoMma-
TorpauuecKux MeToJ0B B OTAENbHOCTH HE B COCTOSIHHH CHPaBHTbCS
¢ 3ajaueil HIEHTHOUKALMH U KOJHYECTBEHHOH OIEHKH IIPH aHajaH3e:
CJIOXKHBIX CMecell JIMMHO0B.

BBeneHue B NpPaKTHKy aBTOMAaTH3HDOBAHHBIX CHCTEM XpoMaTo-
rpatduyeckoro aHanusa, BKJIIO4Yasg 00pPabOTKY IOJYYEHHBEIX JaHHBIX.
¢ IOMOIIBI0 KOMIIbIOTEPa, NMPHBEJO K 3HAYUTENLHOH 3KOHOMHH Bpe-
MEHH ¥ YBEJHYEHHIO TOYHOCTH 06paboTKH AaHHHBIX. Takum o6pasowm,
IMaBHBIMH CTaJHsIMH XpomaTtorpaduyeckoro aHaausa, HauboJee
CHJIBHO Pa3/MYyaloIlMMHCA Y PasHHIX aBTOPOB, B HacTosilllee BPEMS.
OCTAIOTCSI METOJbl IPHrOTOBJEHHA M XpaHeHHs obpasua.
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Teprnennl

Ponneit Kporbio, Po6epT K. Ponaabn

5.1. Beeneunne

K TepmeHaM, COCTaBJSIOIIHM OAHY M3 CaMbIX OOJIbIIHX [Py
NPUPOIHBEIX COeAMHEHHH, OTHOCATCH BeCcbMa pas3HOOOpasHHE MO
CBOEMY CTPOEHHIO BellecTBa, KOTOpHE 00/1afaloT Pas3JHYHBIMH XPO-
MatorpaduyecKHMH CBOHCTBAMH, NPHYEM 3TO Pa3JHUHe IPOCJEKH-
BaeTcs He TOJbKO NpH Ilepexoje OT OZHOrO KJjacca BellecTBa K
IpyroMy, Ho H B Ipeesax OJHOTO H TOro ke Kjacca. [IpuBoaumMbiit
B 3TOH [JlaBe MaTepHaJ BNOJHE MOXHO GBJIO Gbl CrPYNIHPOBAaTh B
COOTBETCTBHH C XpoMartorpaduuyecKMMH CBOHCTBAaMH HJIH BaXKHeH-
IIMMH METOAAMH DasfesieHHss pacCMaTpPHBaeMBIX COeLUHEHHH, OfHa-
KO MBI DELIHJIH IPHIEepIKHBATbCS CXEMBl H3JI0XKEHHS, NPHHATOH B
NpedBAYIINX H3NaHUAX, T. €. B PaMKax OTAEJbHHIX Pa3[ejioB ONH-
ChIBaTh pa3jesieHHe OJH3KODOACTBEHHBIX COEAVHEHHH, MOJIEKYJBl
KOTOPBIX IOCTPOEHHBl H3 OAHHAKOBOTO YHCJIa H30NPEHOHIHEIX 3BEHbEB,
NIOCKOJIbKY TaKoH MOAXON o6Jeryaer YHUTATENI0 NOHUCK HEOGXOMM-
Moil nHopManuKu 0 XxpoMarorpadHIecKHX CBOACTBAX ONpeleNeHHBIX
KJ1acCOB TepNeHOB., B CBsi3u c 9THM ciefyeT OTMETHTb, YTO, HECMOT-
psi Ha CyllecTBEHHHle Da3jHUHs HEKOTOPHBIX (PH3UUECKHX XapakTe-
PHCTHK (B YacCTHOCTH, BeJHYWH JaBJeHHS T1apoB) TepIEHOB,
NpHHAJJIeXalUX K Pas3jHYHBIM KJaccaM, OnpeleJieHHble XpOMaTo-
rpadHyecKkHe cBOHCTBA OJNHM3KHX CTPYKTYDHHIX aHaJoroB (Hampu-
Mep, psAlla HeNnpeleNbHBIX MOHO-, CECKBH- H JIHTEPIIEHOB) u mpobJie-
MBI, CBSI3aHHBIE C MX pa3jejieHHeM, OYeHb CXO0XKH. MEI NMONMHITaNHCh
CBECTH K MHHHUMYMY BO3MOXHOCTb NOBTOPEHHH, IIO3TOMY B HEKOTO-
PBEIX CIydasix Ty HJIH HHYI0O HHGOpManuio 06 HHTEpEeCyIOIeM YHTa-
TeJNsl COefHHEHHH CJelyeT UCKAaTh B pasfesax, IIOCBSIIEHHHEIX OIH-
CaHHIO XpoMaTorpadHyecKuX CBOACTB CTPYKTYPHHIX aHAJIOrOB TaKO-
ro coenunenus. M3onpeHonnnnie BuTaMunb (A, E u K) paccmorpe-
HBl KaXXABIH B OTAEJNbHOCTH; CBeIeHUs O BUTAMHHAX rpynnsl D gaHul
B pasn. 5.3. ITockoabKy ¢ochOpUINpPOBaHHEIE H TJIHKO3HJIHPOBaH-
Hble TepleHBl 10 XpoMaTorpa¢HYecKHM CBOHCTBaM CYILECTBEHHO
OTJIMYAIOTCS OT CBOMX INPEAIIEeCTBEHHHKOB, 3THM COEIHHEHUSM IO-
CBSILCHH OTJeJibHBEIe Dasfesbl. MepoTepneHb, B TOM 4YHCJe TepIies
HOBHle alKaJOHABl, B AAHHOH IJlaBe He PacCMaTPHBAIOTCH.
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[Ipu HamucaHUH 3TOH TIJIaBbl HCTOYHHKAMH HHPOPMALHH Ham
CHYXKHUJIUW TJaBHEIM 06pasoM paboTe, ONyGJHKOBaHHbBE IOC]e
1975 r. B cuay orpaHHyeHHOro oGbema IJaBbl B Hee 0Ka3aJoCh He-
BO3MOXKHBIM BKJIOUHTb 3HAYHUTEJbHYIO 4YacTb CBEJEHHH, colepxKa-
1UXCS B aHAJOTHYHON rjaBe NMPeABbIAYLIero U3fanus KHuru. s guc-
Ja GoJiee paHHHX pabOT LUTHPYIOTCS NPEMMYIIECTBCHHO TaKHe, B
KOTOPBIX NpelJiOKeHbl LIHPOKO HCIOJb3yeMble B HacTosiliee BpeMsi
METOJbl MJH COJEepKaTCs IOJie3Hble TalbJjHuyHBle AaHHble. UHca0
nyGaHKal i, MOCBALIEHHBIX XpOMAaTOrpaguu TepIeHOB, CTOJb BeJH-
KO, YUTO HX HEBO3MOXKHO CKOJIbKO-HMOYAb NOJHO OCBETHTb B pPaMKax
OJIHOi1 IJIaBBl, MO3TOMY MBI OrpaHHYH/MNCH OMHCaHUeM OOLINX MeTOo-
IOB H KOHKDETHBIX NMPHMEPOB HX NPHMEHeHHs, Y[eJHB 0co60e BHH-
MaHHe aHaJUTHUeCKO# W mpenapatuBHOH BI)KX, nosyuusumieill B
nocjefHue rojbl OYeHb LIKPOKOE PacHpoCTPaHeHHe B KayecTBe Me-
TOAA aHaJH3a TePIEeHOB M APYTHX NMPUPOAHBEIX coeiuHeHHit [1—4].
[TockospKy B GOJIBLIMHCTBE CJydyaeB MeTOABI pasjieieHHs TepIeHOB
HMEeIOT HeNOoCpeACTBeHHOe OTHOIIeHHe K OGHOJIOTHH (HanmpuMep, Me-
TOAB! ONpefiesIeHUs] TePNEHOBBIX COeAHHEHHH B GHOJIOTHYECKHX XKHJA-
KOCTAX U TKaHSX U MeTOJbl OUHCTKU TEPIIEHOB NPH H3yUYeHHH UX Me-
TabosH3Ma), B JaHHOH IJiaBe OTNAHO NpEAINOYTEHHE BONPOCAM HC-
NOJb30BAHUA XpoMaTorpaduy HMeHHO B 3TOH 06/1acTH HcciefoBa-
uuii. Madopmanuio obuiero xapakrepa o XpoMarorpaduu TeprneHoB
MOXHO HaHTH B NpeABbIAYLIMX H3LaHUAX '9TOH KHHUTH, a TakXe B
cripaBoyHuKe [5].

5.2. I'eMuTrepneHsl, MeBaJIOHOBAsl KUCJIOTA
U POACTBEHHbIE COeJIMHEHHUS

C 3apmaueii xpoMatorpaHyeckoro BHIJEJEHHS MEBaJOHOBOM
KHCJIOTBl HJIM ee JIJAKTOHA 4acTO CTAaJKHUBAIOTCS NPH NOJyYeHHH H30-
TOMHO MEYeHHHBIX CyOCTPAaTOB, HEOOXOAMMBIX /Il U3YUeHHs] OHOCHH-
Te3a H30MpeHOoHaoB [6], a Takxke Npu OGHAPYIKEHHU H ONpee/eHHH
AKTHBHOCTH 3-0KCH-3-MeTHJrNyTapuia-KoA-peniyKkTasbl — KJI0Y4EBOro
peryasTopHoro ¢epMeHTa B LeNH MeTaboJHYeCKHX IpeBpalleHui
u30onpeHono0B [7]. MeToauKa onpeje/eHHsi aKTHBHOCTH 3TOrO (ep-
MeHTa BKJIIOUaeT CTaAHI0 OTAENEHHS NMPOAYKTa peaklUHH oT cybcTpa-
Ta, T. €. CTAAHIO OT/AEJIEHUs MEeBaJIOHOBOH KHCJOTH (B BHJE ee JaK-
TOHa) OT 3-oKcH-3-Meruaraytapun-KoA. ias 3TOro npensioKeHo
HEeCKOJIbKO NpPOCTHIX BapuHaHTOB Meroga TCX, B TOM uHcie pasfe-
JIEHHEe Ha CHJIHKareJe B cHCTeMe aleToH — OeHson (1:1) u B npy-
rux pactBoputensx [7—11] na cynepcen-CaSO, (3:1) [12] u Ha
neamonose [8]. ITockonbKy G6GOJbIIOE KOJHYECTBO COJIEH, IPHUCYT-
CTBYIOIHX B aHAJH3HPYyeMBbIX CMeCsX, MellldeT pa3/ieJieHHI0, B He-
KOTODHIX MEeTOAHKaX IpelyCMOTPeHa NpeJBapuTesbHasi SKCTPaKIHs
JaKTOHa MeBaAOHOBOH KHCJOTH H 3-OKCH-3-MeTHaATJAyTapuiI-KoA
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s¢upom [8, 13], oxHako B 3TOM cilyyae JJIs OLEHKH KOJHYECTBA
BellleCTB B HCXOLHYIO CMeCb HeOOXOAMMO J00aBJsATh BHyTPEHHHE
craugaprtsl [14, 15]. MHorna axkcTpakiuio He NPOBOMAAT, a IPOCTO
0cBOBOXKAAIOTCA OT GEJKOB H MOJYYEHHHIH pacTBOpP HEMOCPEACTBEH-
HO HaHocsT Ha ajcop6eHTt [9, 16]. Paspaboran Takxke mnpocToi
ONHOCTAAUMHBIA METOJ BBIJeJIeHUsl JJAKTOHA MEBaJIOHOBOH KHCJOTHI,
OCHOBAaHHBIH Ha CEJIEKTHBHOM SKCTPAaKLUHH 3TOr0 COeJHHEHHs
Gensosom [7]. Jpyro#t GBICTPEII MeTOA OTHAeNEHHs] JAaKTOHa Me-
BAJOHOBOH KHCJOTH OT 3-OKCH-3-MeTH/arayTapua-KoA sakmiouaercs
B TOM, 4TO CMeCb HAaHOCSIT Ha (HUJIbTPOBAJBHYIO GyMary H NpOBOJST
BOCXOJslIee 3JI0HpoBaHue ToayosnoM [17].

K uncay ObICTPBIX MeTOAOB OOGHApYXKEHHSI H KOJHYECTBEHHOrO
onpeJeseHUsi MeBaJOHOBOH KHCJOTHl M ee M30TOINHO MeYeHHBIX aHa-
JqoroB oTHocHTcs Takxke I'DKX Ha pasiHyHbIX MONH3(GHDHBIX HEMOA-
BHXHBIX ¢aszax [18]. MeBasOHOBYIO KHCJIOTy MOXKHO XpoMarorpa-
¢upoBaTh nu60 B Bule ee JakToHa [19], n1ubo B BHIE METHIOBOTO
a¢upa [20] mau TpuMeTHIACHIMNbHOrO npoussopHoro [21]. Caeny-
€T, OJIHAaKO, OTMETHTh, uTO B ycaoBusx I)KX mernnmeBasoHat noa-
BepKeH rujponausy [22].

OunmaloT H30TONHO MeyeHHbBIe MEBaJIOHAaTH METOJOM KOJIOHOY-
Ho#t xpomarorpadun Ha ueaure — HoSO, B xsopodopme [6, 10],
cTOJb XKe 3(p¢deKTHBHA B JaHHOM cJiyyae U HOHOOOMEHHass XpoMaro-
rpadus Ha payskce-1 [23—25]. TTockoabky yacTo GbiBaeT HEOGXO-
JHMO OTAEJHTb MEBAJOHOBYIO KHCJIOTY OT HEHOHHHIX BEILEeCTB HJIH
ee JIAKTOH OT 3apsI)KEHHBIX MOJIEKYJ, MeTOAbl HOHHOro o6meHa, MHo-
BHAMMOMY, NOJyYaT IIHPOKOe pacnpocTpaHeHHe. MeBaloHOBast KHC-
JIOTa JIETKO IpeBpamiaercss B JakToH npu HarpeBanuu B 0,1 M HCI
npu 37°C B Teuenne 30 mMuH [26], ogHAaKO 3Ta peakuuss MOXKeT
CONPOBOXKAATbCS AerujpaTauuei, B pesyJjbTaTe KOTOPOH obpasyer-
csl MOGOYHBIH NMPOAYKT — JIAKTOH A2-3-1€30KCHMEBAJIOHOBOH KHCJIO-
Tl [27]. UHCTOTYy MeBaJIOHOBOH KHCJIOTHI YacTO OLEHHBAIOT C IO-
MOILbIO XpoMmartorpaduu Ha 6ymare, B 4aCTHOCTH Ha 6ymare BaTMaH
Ne 3 MM B cucreme nponasods-1 — konn. NH,OH —Boga (6:3:1)
[5, 17].

I'emuTtepneHoBble CHHDPTH — M30NMEHTEHOJ, 3-MeTHAGYTEH-2-041-1
H 2-MeTHA6YTeH-3-0J1-2 — MOKHO JIETKO pa3fenuTb ¢ nomoupio TCX
Ha cop6GeHTax, CO/epKaluX HOHH cepebpa (HampuMep, Ha CHJIHMKa-
rene G, comepxaueM 25% AgNO;, B stunauerare) [28], a Takxe
C moMmomblo pa3nuuHbix BapuantoB IDKX [29, 30]. Kak B aHanuTu-
YeCKHUX LeJAX, TaK U B [eJsiX NPEeNapaTHBHOrO BhIAENEHHS 3THX
CIHPTOB, BEPOSITHO, IPUIOAHA KOJIOHOYHAsE XpoMaTtorpadus HU3KOTO
LaBJIEHHSI Ha CHJMKareje ¢ NPUBUTHIMH OKTAAELHJbHBIMH OCTATKa-
mMu [31]. OTaenuTh reMHTEPIEHOBBE CIUPTH OT HX BHICIIKUX aHAJO-
roB MOXHO TaKxke, HCIOJAb3ysl obpameHHo-¢aszoBylo TCX Ha cuau-
?gge%%,] NPONUTAHHOM CHJHMKOHOBBIM HJIH MHHEpPaJIbHBIM MacjioM

, .
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Hsonpen (2-metun6yranuen-1,3) o6HapyKeH CpeaM JETYYHX
COeMHEeHHH, Bhe/IIeMblX Pa3JHYHBIMH BLICIUIHMH pacTeHUsiMH [34,
35]. dto razoo6pa3Hoe NpUPOLHOE COeNHHEHHe, 06pasyouleecs TaK-
JKe NpH MHPOJIH3e HATypaJbHOro Kayuyka [36], MOXKHO Jierko oTae-
.ilgl;‘i: ot apyrux uzomepoB CsHg ¢ momompio I')KX Ha TeHakce-GC

5.3. MoHoTepneHkl

5.3.1. 'azo-smcudKocThas xpomarozpagpus

MoHoTepIeHBl SBJISIOTCS JIETYYHMH COEIHHEHHSMH H II03TOMY
BIIOJIHE NPHTOAHB M5l aHanu3a meronoM I'DKX; pasnenenne cmeceit
MOHOTEpIIEHOB, B YaCTHOCTH 3(QHDHBIX MaceJ CJO0XKHOrO COCTaBa,
STHM METOLOM XOpollo oTpaboTaHo B Hacrosulee BpeMs [38—44]
M NpHMeHsieTCsi B NPOMBbIIIEHHOM Macmurabe [45]. HauGosee mep-
CIEKTHBHBIM METOJOM pasfieJieHHs H HAeHTH()HKALHH MOHOTEPNEHOB
SIBJISETCS XPOMaTOMAacC-CMeKTPOMETPHs, NO3BOJSIOIlAas B paMKax
OIHOTO 3KCIEDHMEHTA ONpPEJeJIHTb XaPaKTEPHCTHKH YAepIKHBaHHS
KOMIIOHEHTOB CMECH M NOJYYHTb HX MacC-CIHeKTphl, IpHYeM IO YyB-
CTBHTEJBHOCTH 3TOT METOJ aHaJH3a CYIIEeCTBEHHO IPEBOCXOMAHUT JIIO-
6oit npyroii [46—48]. HUcnonbzoBanue DBM ana o6paboTku AaH-
HBIX I'a30-XKHJKOCTHOH Xpomarorpaduu M Macc-CIeKTPOMETpHH, a
TaKXe J1J15 IOUCKAa COOTBETCTBYIoeHd HH(popMauuH B 6aHKe JHTepa-
TYPHBIX JaHHBIX CyLIECTBEHHO YCKODHJIO NMPOLEAYpPY HACHTH(OHKALUH
MOHOTEpPIIEHOB, C KOTOPOH NPHXOAHTCS 4YacTO CTAJKHBATbCSl NPH
XeMOCHCTEMaTHYeCKHX HCCJEOBAHMSIX M NPH aHaju3e cMmeceil Ay-
wHcTeix BewectB [49, 50]. K HacrosimieMy BpeMeHH H3yueHO 6OJb-
1oe KoJH4ecTBO 3(QHPHHIX MaceJs, COJAepXKallluX MOHOTEpIEeHHl, H
BO MHOTHMX CaHyyasix onpeieJieH ux cocras [46, 51, 52].

MonorepneHsl BecbMa CKJIOHHBl K Pa3JIOXKEHHIO Kak B Ipolecce
BbIIEJNEHHs] 3THX COeAHHEeHHH, TaK H NPH NOCJAEAYyIOLIeM HX XpoMa-
TorpadMyecKOM HCCJIELOBAHNM, YTO HEOOGXOAMMO YUHUTHIBATH IIpU
aHanuse pesysabraTtoB [38, 53, 54]*. HauGosee oGIWHUM METOLOM
BblJeJIeHHS JIETYYHX Maces H3 GHOJOrMYeCKHX TKaHeH SIBJIseTCs Ie-
peronka c BoAsiHbiM mapoM [38]. B Tex ke ciayuasx, Koraa Heo6xo-
JHMO CBECTH K MHHHMYMY BO3MOXHOCTb NECTPYKIHH BBIAeJNs€MHX
COeIMHEeHHH, Jiyulle HCNOJb30BAaTh SKCTPAKIHIO PaCTBOPHUTENSIMH
[54]. Cnenyer, oaHako, OTMETHTb, YTO 06paGoOTKa PacTBOPHTENSIMH
(6es mocsenylomeit ¢pakunoHHON neperonku [54, 55]) maer, kak
NpaBHJO, CyMMAapHHH JHOUAHLIA 3KCTPAKT, KOTODHIH Nepej aHaJH-

—_—

~ * BumsHHe TBEPAOro HOCHTeJsl Ha aHAJOTHYHbIE XapaKTePHCTHKH XpPOMaTorpa-
(HuecKoil MeTOAMKH CHCTeMaTHYECKH paccMOTpeHO B Kuure: bepesxun B. I., Ila-
xomos B. II., Cakodeinckuii K. H. TBepAbe HOCHTeNH B ra3oBOil XpoMaTorpaduu. —
M.: Xumus, 1975. — [1pum. peo.
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som MertonoM [DKX Heo6X0LMMO OYHCTHTb, HallpUMEpP, C IIOMOLIbIO
kosoHoyHO# xpomartorpaduu, TCX u T. n. Paspa6oTann pasiHuHble
NPHUCIOCOGMEHHUS], TTO3BOJIsIOLINE BOOGIE HCKIIOUHTh CTAfHIO NMpen-
BapHTEJLHOTO BhilesNeHus: MoHoTeprneHos [38, 56—58]. Hanpumep,
aHaJM3HpyeMbl o6pasell (OGBIYHO pPaACTHTENbHOH TKaHH) BBOIAT
HEMOCPEeACTBEHHO B HATPETHIH HHXKEKTOp Xpomarorpada, rae coberT-
BEHHO M NPOHUCXOAHT HCIIapeHHe BCeX JIETYYHX KOMIOHeHTOB. Takas
METOAMKAa OCOGEHHO IOJie3HA NPH NPOBeJeHUH aHaJH30B 00JIbILIOrO
yncsaa 06pasuoB, OJHAKO B CHJAY TOrO, YTO CaM MeETOA HaKJajbl-
BaeT OMNpeleJieHHble OrPaHHYEHHST Ha KOJHYECTBO HCNOJb3yeMOro
npernapata, pe3yJbTaThl aHajlu3a He BCeria JOCTATOYHO HHGOpPMa-
THBHBI.

[Tpu mpoBefeHHH aHaju3a MOHOTepneHOB MeToJoMm IDKX Moxer
BO3HHKHYTb p$Ji Pa3JHYHBIX Npo6JeM, B YAaCTHOCTH B HHXKEKTOpe
[38, 39], na tBeprom HocuTese [39, 59] unu B XKUAKOH dasze MOryT
MPOHCXOJUTh H30MeDPH3aLHus, JerHipaTalus U MOoJHMepPH3aLHUS ITHX
coenuHeHHii. Hampumep, CHIHKOHOBOe MacJjo CIOCOGCTBYET pasiio-
xeHHI0 cabuHeHa [60], a cnupTOBO-aMHHHBE Qa3bl MOryT HHAYLH-
poBaTh €HOJH3alUMI0 M30MeHTOHa [61]. BeposiTHOCTb pasmoxeHHs
COelMHEHHH, MCKaXKAWOIIero pe3yJbTaThl aHaJNH3a, MOXKHO CYIIECT-
BEHHO YMEHbUIUTb, €CJIH CHH3UTh TEMIEPATYPy HHXKEKTOpa JO MHHH-
MaJibHO HeoOXOAHMOM JJisi MOJIHOTO HcnapeHus o6pasua, a Takke
€CJIH HCIIOJIb30BATh NMOJHOCTBIO CTEKJSHHYIO CHCTEMY, BBOAHTh 06pa-
3ell HeNOCPeACTBEHHO B KOJIOHKY M IPHMEHSITb CHJIaHH3UPOBaHHLIE
TBepJble HOCHTEJH. Takue MepH NpefoCTOPOXKHOCTH B 3TOH 06J1acTH
HCCJIeI0BaHU CUHTAIOTCS NMOuTH cTaHpapTHeIMH [38, 39]. INpu ana-
JIUTHYECKOR paGoTe pasjiokeHHe 06pasloB B MJaMEHHO-HOHH3aIH-
OHHOM JIeTEeKTOpe WJH B JeTeKTOpe IO TEeNJONPOBOLHOCTH PeLKO
BhI3bIBaeT GEeCNOKOHCTBO, ONHAKO NPH NpenapaTHBHOM pa3ieseHHH
BEIleCTB MX JECTPYKLHSI B siuefiKe TEMJONPOBOJAHOCTH MOXKET OKa-
3aThCsl cepbe3Hoit npoGaeMoii [62].

Cpenu MHOXKeCTBa MOJISIPHBIX M HEMOJISPHBIX HEMOABHKHEIX (a3,
UCIIOJIb3YeMBIX IJISi Pa3fie/ieHHss MOHOTepNeHOB, HauGoJjiee YHHBEp-
CaJIbHBIMH SIBJSIOTCS, TO-BHAHMOMY, KapOGOBAKCH (MOJHITHJIEHIJIH-
koan) [38, 39, 42] (ra6a. 5.1). [das nuneHTHGUKALHUH MOHOTEPNEHOB
06BIYHO JOCTAaTOYHO CPaBHHTb OTHOCHTE/bHbBIE XaPaKTEPHCTHKH HX
YAepXHBaHUS Ha JABYX HJH GOJblIeM uHc/ae cOPpGEHTOB Pas3jHYHOM
NOJISIPHOCTH, W II03TOMY aHaJHu3 cMecell Ha KapGoOBaKce 4acTo IIpo-
BOJSIT OJJHOBDEMEHHO C aHaJIM30M Ha HenosaspHoi#l dase, Hanmpumep,
anuesoHe (mapaduHOBasi cMa3Ka) MJIH CHJIMKOHOBOM Macie [38, 39,
60,63—69] (tabua.5.1). AnbTepHAaTHBHBIA MOAXOA K aHAJNH3y COEMH-
HEHHH OJIHOTO H TOrO e KJacca 3aKJI0Yaercsl B ONpeJeJeHHH Xpo-
MaTorpadHuecKHX XapaKTEPUCTHK CEDHH HX IPOM3BOAHLIX, HANpH-
Mep TPHMETHJICHJHJbHEIX NPOH3BOAHBIX M alleTaTOB MOHOTEPNEHO-
BhIX cnupToB [70]. B 3aBHCHMOCTH OT KOHKPETHOH 3a/layH SKCHEpH-
MEHTa BeCbMa IOJIE3HBIMH MOTYT OKa3aThCsl H APYrHe HENOJBHIKHEIE



Ta6auua 5.1. OrHOCHTeJbHBIe OObeMbl yAepikuBaHus (VR) MoHoTepreHoB
Ha KoJionkax 3 mMX3,2 MM ¢ 10% SE-30 (A) uau kapGosakca 20 M (B)
Ha rasoxpome Q, 100—200 mem, NpH CKOPOCTH NOTOKAa rasa-HOCHTEJsS
35 ma/mun u temmeparype 130°C (A) uau 165°C (B)

(VR ,/V;aM(boPH) X108 (VR'Ivl}(QaMdaopbl)x 108
CoenuHeHHe < n CoenuHenne =y %)
g g £ g
3 s 3 3
3 5 3 3
~ b x X
a-Tyiien 375 109 || M3onuHOKaMpoH 1126 1073
Tpuuukien 392 104 Bopreoa 1126 1490
a-TTuHen 404 111 MeHTOJN 1143 1173
Kamopen 434 148 HsonnHokaMpeos 1182 1561
o-denxen 443 147 TepnuneH-4-o0a 1184 1111
CabuHen 4602 197 MupTtenann 1224 1331
B-TTunen 465 188 |[HeonszomenTton 1224 1161
Mupuen 490 242  ||rpanc-Jduruapokap-| 1241 1223
a-Qesnanapen 530 251 BOH
A3-Kapen 551 233 ||yuc-Durunporap- 1286 1341
a-Tepnuuen 559 272 ||BOH
n-1{uMen 563 448 Heonurunpoxkap- — 1527
yuc-Ouumen 567 350 BEOJI
JIumonen 597 303 Jurunpokapseod 1249 1663
rparc-Onumen 602 391 Hsopuruapokap- —_ 1837
1,8-Iluneon 605 402 BEOJI
v-Tepnunen 673 422 Heonsoauruapokap- — 1999
Tparc-CaGHHEeHTHA - 694 695 BEOJI
par H3omenToa 1241 1279
denxoH 763 691 a-Tepnuueon 1241 1415
JIuxamnoon 767 807 ||MupTteHoN 1278 1945
TeprnunoJen 775 484 Tparc-BepGenon 1310 1701
yuc-CabuHeHrHapaT 808 894 rpaxc-Tluneputon 1318 1626
3-Usotyiion 833 720 ||Tparnc-Kapseon 1392 2148
3-Tyiion 869 b 757 L{uTponeson 1428 1614
®enxon 882 1007 ||Hepoux 1441 1868
3-Ty#sanon 939 1229 yuc-Kapseou 1453 2384
Lutponennans 967 747 ||Hepass 1486 1409
Kamdopa 1000 1060 || [Tyneron 1526 1392
3-Heoryitsanon 1004 1160 ||{Kapson 1531 1775
3-H3oryiinHon 1004 1291 Tepanunon 1608 2138
MenToH 1030 819 ||[Tuneputon 1628 1788
HsomenTon 1085 888 ||I'epanunans 1690 1630
Uso6opueon 1089 1359 ||Tumon 1886 6673
3-Heomnsoryitsinon 1093 1390 ||Kapsakpoxn 1967 7114
MenTodypan 1102 844 ||n-Ment-1-en-9-on 2016 3103
YMGennynon 1102 1318 ||n-Llumen-7-on 2265 5214
Heomenton 1122 1043  ||[Iuneputenon 2437 3267

4 Cabunen B 3THX YCJOBHSIX HEe pa3Jjiaraercs.
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dasnt [39], B ToM umcae HUTpuabl [60], apomaTuyeckHe mpOCThIe
noausupwe [71, 72] u chaoxuble noauspupn [73—76]. Onu-
caHo GoJiee UIECTHAECATH XMAKHMX (a3, NPUIOJHBIX JJIsI aHa/u3a
MoHoTepnesoB [77]. B uactHocTH, aBTOp paboTh [39], uTo6Hl KOC-
THYb pasfesieHHsl OYeHb OJH3KHX [0 CBOHM XPOMaTorpadHyecKHM
CBOMCTBAM I1ap MOHOTEPNEHOB, HCIOJb30BaJ CMellaHHble XKHIKHE
¢asnl. Cpen HEMOABHKHBIX (a3, CDABHUTEJIBHO HEJaBHO BOIUEAIIHX
B aHaJUTHYECKYIO NPaKTHKY, MOXKHO OTMeTHTh TeHakc-GC [78] w
rpaguTHpPOBaHHYI0 JlaMNoBYIo caxy [79]. ['uapupoBanue o6pasua B
uixkekrope [80] um mporpammupoBaHHe AaBieHusi [81] sBasioTcs
MOJIE3HBIMH BCIOMOraTeJbHBIMH IIPHEMaMH, AOMNOJHSIOMIUMH KJjac-
CHYeCKH# aHaju3 MOHOTepneHOB MetojaoM I)KX.

Jnst mpenapaTHBHOrO BBIAEJNEHHS MOHOTEPIEHOB NpeANOYTH-
TeJbHBl MOJIHOCThIO CTEKJISIHHBbIE cucTeMBl. I1O0CKOJbKY aHajiu3upye-
Mble BEIIEeCTBA MOTYT pasjarathCs B KaTapoMeTpe IpenapaTHBHOTO
xpoMarorpaca, Mbl HCIIOJIb3yeM CTeKJSHHBIH Je/HTeJb II0TOKa 3JI0-
aTa, KOTODHIH II03BOJISIET HANPaBUTh B JleTeKTOp (B HalleM ciyyae
MJIaMeHHO-HOHU3AUMOHHBIN) JHIb uacTh adwara (2—59%). Kax
BBISICHHJIOCH, II0 CBOHM BO3MOXKHOCTSIM TaKasl cHCTeMa OGHapyxe-
¥si 3HAUUTEJNbHO MPEBOCXOJHT JAETEKTOP N0 TENJOIPOBOILHOCTH.
B cymHocTH J06ble HEMOABUHXKHBIE a3kl U TBepJble HOCHTENH, NPH-
MeHsieMble B aHAJHTHYECKOll NpaKTHKe, NPHUTOAHBI M AJs Ipenapa-
THBHOH pabGoTel. JloCTaTOYHO JIMIIL YBEJHYHTb JHAMETP KOJIOHKH H
HCIOJMB30BATh HOCHTEJNH C HECKOJIbKO OOJbIIHM pPasMepoM YacTHIL
(350—-80 mew BMecto 80—100 mem). UTo6r B aBTOMAaTHUECKOM pe-
KHMe pa6GoThl o6ecnedyuTh YETKYI0 BOCIPOM3BOLHMOCTb pe3yJbTa-
TOB, pasfesieHHe NPOBOAST, KaK NMPaBHJIO, B H30TEPMHUYECKHX YCJIO-
BusiX. [ToaToMy yacTo xesaTe/lbHO NPOBECTH NIpeABAPUTENbHO (pak-
IIHOHHpOBaHHe 06pa3lla B COOTBETCTBHU C TeMIIepaTypaMH KHIIEHHS
HWJIH XMMHYECKHMH CBOHCTBAMH €ro KOMIIOHEHTOB (HampHMep, OThe-
JUITb HeNpefeJbHblE MOHOTEPIEHBl OT HeNpeleJbHBIX CECKBHTEpIe-
HOB HJH oiedHHB OT cnupTOB). UTOGH OCYyIIEeCTBUTh TaKOe NpenBa-
puTeJbHOEe (PpaKUUOHHPOBAHUE, ABJAOLIEeCH NMOJe3HOH npouenypoi
H NPH aHAJIMTHYECKHX HCCNEIOBAHHSX, MOXKHO IIPOBECTH pasfele-
HHe METOLOM KOJIOHOYHOH XpomatorpadHu HIu GppakiHOHHYIO lepe-
FOHKY HJIM K€ INOJIyYHTb JIerKopasjesjuMble NPOU3BOLHLIE, KOTODHIE
HECJIOJKHO pereHepHpOBaTb N0 HCXOIHBIX COENHHEHHiH (HampuMmep,
TeprneHOBbIe CIHPTHI NpeBpauwaT B 2,4-THHUTPOGEH30aTH, KOTOPLIE
nocse OTAeJEeHHsl OT APYTHX KOMIOHEHTOB ruAposusyiot) [82—88].

OueHb MOLIHBIM HHCTPYMEHTOM HCCJENOBaHHS OHOXUMHUYECKHX
npeBpalleHUH MeueHbIX COeJHHEHHH, B YaCTHOCTH TEPIEHOB, OKa3a-
JlaCh CHCTeMa, B paMKax KOTOpOH oOGbelHHeHBl XpomaTorpad u cuer-
YUK pafgnoakTHBHOCTH [89—92]. CoBnaneHue NHKa pafiHOAKTHBHO-
CTH € XpoMaTorpadHyecKHM IIHMKOM, OTBEUAIOUIMM OTpees eHHOMY
TepleHy, MOXHO paccMaTpUBaTh KakK yKa3aHHe Ha HAEHTHYHOCThb
MEUEHOro ¥ HeMeYeHOro COeIHHEHHH, OJHAaKO Takasl uieHTH(duxa-
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LS, Y4acTO BeCbMa NOJIe3Hasi NPH NpPeABaPUTEbHLIX HCCIEJOBAHUIX
HJIH TPOBEJEHHH PYTHHHBIX aHAJH30B, NOJKHA OBITh NOATBEPXKAEHA
He3aBHCHMBIM METOJOM, JIy4lle BCEro myTeM IOJYYeHHS COOTBETCT-
BYIOLIUX NPOHM3BOJAHBIX M HX INEePEKPHUCTAJNJIH3AaLHU [0 NOCTOSHHOM
yaenpHo#l akTuBHOCTH [93, 94]. M3BecTHBI Takxe MeTORMKH ¢ep-
MEeHTAaTHBHOTO aHaJ/ih3a, OCHOBaHHBle Ha Hcnogb3oBaHuH [DKX u
HeMeuyeHHBIX CyO6CTpaToB, NPHYEM B 3TOM CJydae HAEHTHPHKAIHIO
COeJIHHEHHH NPOBOAAT C MOMOLIbIO Macc-ceKTpoMerpuu [95].

Kak nokasanu ucciaegoanus, I')KX ocoGeHHo mosie3Ha npu pas-
IeNeHHH M30MepHBIX MOHOTepneHoB [61, 96—100] u, ciaexoBarenb-
HO, UMeeT 6o0JbIIOE 3HAYEHHe NPH NPOBEJEHHH CTEPEOXHMHYECKOro
a”auusza [100—102]. B uacTHoCTH, Ha KOJIOHKE C IVIHKOJEBOH He-
NOABMKHON (a3oit, comepxauteir 30% AgNOs, ynamoch pasgenuthb
IIecTh NO3HLHOHHBIX H30MepoB rn-MeHTeHa [100], a Ha KoJioHKe ¢
kap6oBakcoM 400 — yeTrIpe guacTepeoMepHbx MeHToMa [61]*. H30-
MepBl MEHTOJIa MOXKHO TakKxXe pa3fleJHTb B BHIE HX TPUMETHJICH-
JUIbHBIX npon3BojaHbXx Ha SE-30 [103]. 'azoxpomarorpaduueckoe
pasjesieHHe paleMaToB INPOBOAAT IOCJE HX IpeABapHUTENbHOTO
npeBpaleHusi B AuacrepeoMmepnl. Tak, HanpuMmep, (=)-MeHTOH
MOXHO pa3[eJHTb Ha ONTHYECKHE AHTHNOLHL B BHJAE NPOH3BOJIHOTO
(+)-BunHoi#t kucaorh [104], (=4)-MeraHon u (Z=)-GopHeoa —
B BHAe MX auertua-D-rioko3unoB [105], a (4)-kambpopy — B BuIe
kerans D-(—)6yranaunona-2,3 [106, 107]. Opyroit noaxox K moJay-
YeHHI0 AHACTEPEOMEPOB 3aKJI0YaeTcsi B HCHOJb30BAHHH ONTHYECKH
AaKTHBHBIX HeNOJABIKHBIX (a3 [108]. OmnucaHo Takxke pasneieHue
pauemMaToB Ha OGbLIYHBIX HemoABHMKHBIX (pasax [109]. Cytb artoro
METOa CBOAUTCS K TOMY, UTO OJHOBDEMEHHO C palleMaToM B KOJIOH-
Ky BBOJAT JIETYYUH acHMMETPHUYECKHUI peareHr.

ITockoabKy OCHOBHOH 3ajaueli Xpomatorpaduu MOHOTEpPIEHOB
SIBISIeTCsI pasjieJieHHe OYeHb CIOXKHBIX CMeced Ha HMHAMBHAYaJbHBIE
KOMIIOHEHTHl, BO MHOTHX 006JaCTAX HCCJAeNOBaHHH OOLIYHBIE Haca-
JIOUHBEIE KOJIOHKH OBICTPO BHITECHAIOTCH 6oJjee 3(PGhEeKTHBHBIMH OT-
KPHITHIMH KaNWJJISPHBIMH KoJoHKaMH ¢ HemopucteiM (OHC) wunu
nopucteiM (OIIC) ciuoem [66, 69, 110—115]. OHC-K0JOHKH OUYeHb
JIEFKO TeperpysuTb — 3HauutenbHo Jerye, yeM OIIC-kosoHKH, mO-
3TOMY NpH paboTe ¢ KOJOHKaMH IIE€PBOro THIA HEOOXOAMMO HCIOJIb-
30BaTh CHelnHajbHble JJO3UPYIOLUHE YCTPOHCTBA JJs BBOAAa obpasua,
B craphix MOIesnsix TaKUX HHXKEKTOPOB BEICOKO- M HHU3KOKHIISIINE
TeprneHbl MOTJH pasfensitbesi. COBpeMeHHBlE BIHYCKHbIE YCTPOHCTBA
NPaKTHYECKH JIHMIIEHBl 3TOTO HEJOCTAaTKa, MAJS HHX XapaKTePHBI
BecbMa pa3HOOGpa3Hble peXKHMBbl JO3HPOBaHHS H BBOJA 06pasioB.

* HenaBHO NpeiJIOXKEHO HCNOJB30BaTh B KayecTBe HENMOABHXKHBIX JKHIKHX
¢as pacnaBu (pacTBOpH) KPHCTAJJIOTHAPATOB, B KOTOPHIX MOXeT GHTb pPacTBO-
pen u Hutpar cepebpa (bepeskun B. I, Buxroposa E. H.— JIAH CCCP, 1983,
271, c. 1412). HenoxsuXHble ¢a3el 3TOro THNA, NO-BHAHMOMY, ILe/eco06pa3HO
[IPUMEHSITb U [/l Pa3fesieHHs: TepneHoB. — [Tpum. ped.
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Korna nosiBaTcs B MNpojaxe KBaplieBble KamHJJISPHBE KOJOHKH,
HMeIoLIMe Pas/MUHY0 [JIHHY M pa3HooGpasHble NOKpHTHS [116,
117], xanuniusipHas rasoBast xpomartorpadus, BeposiTHO, 3aiiMeT Be-
Zyliee MOJIOXKEHHE CPelH aHaJHTHYECKHX MeTONOB. PpakIHOHHPO-
BaHHe cMecefl MOHOTEPIEHOB IIPOBOLUTCA Ha KOJIOHKax MJHHOH
BmioTs fo 300 M [118], oxHaKo BO MHOTHX cJyyasix BIIOJIHE NPHEM-
JeMoe paslieseHHe nbecneynBaloT GoJee KOPOTKHe KoJoHKH [119].

5.3.2. Toukocaoiinas xpomaroepagus

TCX 06bIYHO HCHOJB3YIOT AJS1 MOJYNpeNnapaTHBHOrO pa3jeseHus
cMeceil MOHOTEPIIEHOB Ilepel MX ra30-)KHAKOCTHBIM XpoMartorpagu-
yeckHM aHanauzoM [120—122], mast GLICTPOrO KauecTBEHHOro aHa-
ausa 3¢upHbx Macen [44, 123—125], B kauecTBe CpeacTBa KOHTPO-
Jsi 33 XOAOM peaKUHil HJIH pasjeseHHs BellecTB METOAOM XKMIKO-
cTHO# xpomarorpadum [126, 127], a Takxke B KauecTBe MeTOAa
aHa/u3a H30TONHO MeYeHHBIX coenuHeHHii [128—130]. B nocaexn-
HEeM cJyyYae K CMecH H00aBJSIOT BHYTPEHHHe CTaHAapThl, YTOGHI
CBECTH K MHHHMYMY BO3MOXKHOCTb NOTE€DPH MeUYeHbIX MOHOTEPNEHOB
BCJIECTBHEe MX McnapeHus. Bompochl, kacawmuecsi couetanus TCX
¢ IpYrHMH xpoMarorpadHyecKMMH MeTOLAaMH, NOAPOGHO obcyxpa-
IoTcsi B pa6ote [131].

Cpenu MHOXeCTBa aficOpOeHTOB, HCnOJab3yeMuix aias TCX MoHo-
TeprneHoB, HaHGoJiee YHHBEDCAJbHBLIM SIBJSIETCS CHJHKaresab. Kuc-
JIOPOJCOZEpXKalnHe MOHOTEePNEeHb OOBIYHO XpOMaTorpadHpyioT B
cuCTeMax rekcaH — stHjanerat [132], ecan Ke aHaJH3UpYIOTCA
MOHOTEpIEHOBBEIE YIJIeBOJOPOAbl, TO B NPHUCYTCTBHH Jaxe He(OJb-
IIOro KOJHYeCTBA 3THJALEeTaTa BCe KOMIOHEHTHl 3JIIOHPYIOTCS B BH-
Je onHo# 30HB. HemocraTok cusukaressi Kak agcopGeHTa 3aKJioya-
eTcsl B TOM, YTO pa3jie/leHHe MOHOTEDIEHOB MOXKET CONPOBOXKAAThCS
o6pa3oBaHHeM NoGOuYHHIX mpoxykToB [133, 134], Tak, nampumep,
Q-TePNHHEH MOXKeT OKHCJSATbCA [0 n-LHMeHa, a CaGHHEH MOXKeT
H30MepH30BaTbCsl ¢ 00pPa30BaHHEM CMECH q-TyleHa M n-MeHTajue-
HOB. BeposITHOCTL TAaKOro poaa mpeBpalleHHi MOXKHO CYIIECTBEHHD
YMEHbIIHTb, €CJH NPH NPHTOTOBJEHHUH TeJs BMECTO BOJLl HCIIOJb-
30BaTh pa3baBjeHHbBlE DacTBOPHl  LIeJOYeH HJH €CJHH [POBECTH
npejBapHTEbHOE 3JIOHPOBAHHE IVIACTHHOK C LIEJbI0 YAaJeHus HpPH-
Meceil H Jle3aKTHBALMH KaTaJHTHYECKHX LEHTPOB aacopGenTta. B me-
KOTOPHIX CJIy4yasX CHJIHKAresb Je3aKTHBHPYIOT MOJHUITHIEHIJHKOIEM
[135]. YacTo GoJiee BHICOKOTO pa3pelIeHHs] MOXKHO JOCTHYb NyTeM
XpoMatorpadMpoBaHHsI MOHOTEPIEHOBHIX CNHPTOB B BHIE HX TpPH-
METHJICHJIMJIbHBEIX NPOHU3BOAHEIX, ALETATOB HJHM JIHHHUTPOGEH30aTOB
[136—138]. TCX BecbMa moJieaHa npH KOHGOPMAIMOHHOM aHaJH3e
MOHOTEDPIEHOBHX CNHPTOB M KeToHOB [102, 139]. dT1oT Meroa 6bLI
HeaBHO HCNOJIb30BAH A/ Pa3jiesIeHUs] ONTHYECKHX AHTHIONOB OK-
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cuma (=)-peHxoHa yepe3 aHacTepeoMepHble (—)-METHJIOKCHMETH-
JoBbie 3¢upel [140].

XopoUIMM MEeTOLOM pasjeieHHss MOHOLMKJIHYECKHX H 0COGEHHO
anubatuueckux TepneHoB siBasercs TCX Ha cHiIHMKarese, NPONHTAH-
HOM HuTpaToM cepebpa [141]. Tak, HanpuMep, C MOMOLIbIO XpoMa-
Torpauy Ha CHJHKaresje, NponmuTaHHOM 6—8%-HBIM pacTBopoM
HHTpaTta cepeGpa, B rekcaHe uau 6eH30je MOKHO OT[EJHUTb cabUHEeH
OT B-muHeHa U a-TyHeH oT a-nuHeHa [136, 142], a B cucteme aup —
uukjaorekcad (1:99) MOXKHO OTAENIHTb y-TEPIHHEH OT o-TEepPHHHEHA,
a a-TeprHHeH oT JuMoHeHa [142]. B GoJiee moJsipHBIX pacTBOPHTE-
JISIX JIETKO MOAAAIOTCS pas3fesleHHi0 YUC — TPAHC-H30MEPHl MOHOTEP-
neHoBbIX cnupToB [28, 137]. B cBsI3W ¢ TeM YTO MJIacCTHHKH, COREp-
X)auipe HUTPAT cepebpa, CBETOUYBCTBUTEJbHBl H HMEIOT OTpaHUYeH-
HBI CPOK XpaHeHHUsl, OblJIH IPEAIPHHATHl ITONBITKH 3aMEHUTb HOHHI
cepebpa Ha HOHBI ADYyrHX METaJJIOB, TaK¥Xe CIHOCOOHBIX 06pa3oBHI-
BaTbh n-KOMIJIEKCHl C HEHACHILEHHBIMH coeluHeHHsiMu [143, 144],
ONHAKO TNpeNJOXKEeHHBle MEeTOJHKH 006JafaloT He3HayHTeJbHBIMH
npeumyuiectsamu. Ob6pamenHo-pasosass TCX, npumeHnsieMass rias-
HBIM 00pa3oM [Jis pasjieJieHHsl TepHeHOB C Pa3JIMUHOH AJIHHOH Lie-
nu [145], 6buta Mcnosnb3oBaHa sl pas3fieieHHss MOHOTEPIEHOBBIX
cupToB [132].

Jnsa o6HapyxeHHsT MOHOTEDPNEHOB M HX BBICIIHX aHAJIOTOB HA
TOHKOCJIOHHBIX IIJIACTHHKAX NPHMEHSIOT pa3HooOpa3Hble peareHTHI,
B TOM YHCJie HOJ, KOHIEHTDHPOBAHHYIO CEPHYIO KHCIOTY, PacTBOD
BaHHJIMHA B CepHOH KucjoTe, pochoMoanbreHOBYI0 H (POCHOBOJIb-
(hpamMoOBYIO KHCJOTHI, a TaKKe XJOPHJABI 0JIOBA, MHIIbIKA H CYPbMBHI
[146—148]. Kpome TOro, ¢ NmOMOIUBIO COOTBETCTBYIOLIHX DPeaKLHi
MOXHO HeINOoCPeACTBEHHO Ha IJIAaCTHHKE MOJyYaTb OKpallleHHble NMpo-
H3BOJHble aHAJIU3UPYEMbIX COeIMHEHHH KakK 10 HayaJa 3JIIOHPOBa-
Hust [126], Tak ¥ MO OKOHYAHHM 3JIOHPOBaHHUsS (HanpuMep, NpeBpa-
aTh OKCOCOEJHHEHHs1 B AMHHTpPodeHmaruapasons) [123]. B Ha-
cTosllllee BpeMsi paspaboTaH Psfi METOJOB OOHAapyKeHHS TepIEeHOB,
He NPHBOASIIUX K pasioxeHHuio teprneHoB [149, 150]. HauGosbuiee
pacnpocTpaHeHHe NOJYYHJIO HCNOJb30BaHHe (JYOPeCHEeHTHHIX Kpa-
cUTesel, TaKuX, Kak AuXJopdayopecuent U poaamMuH. Lluknuueckue
H HEKOTOpBIE KHCJODOJCOAep:Kaliye MOHOTEPIeHH TYyIIAT HHIYLH-
poBaHHyO Y®-06ayueHueM (JIYOpCCUEHIHIO, YTO IO3BOJISIET OTJIH-
YUTb UX OT APYIHX cOeAHHeHHH. BoJbIIHHCTBO MOHOTEPNEHOB MOXK-
HO CMBITh C CHJIHKaressi CyXUM IHITHJOBBIM 3(GHPOM, NPH 3TOM
(bJyopecleHTHBIH KpacuTesb OCTaeTCsl CBSI3aHHBIM C HOCHTEJIEM.

5.3.3. Koaonounas xpomarozpagus

XoTsi KOJIOHOYHAsi XpoMmMarorpadusi WHPOKO HCNOJb3yeTcsl NPH
pasfesedny TeprneHoB [151], mpuMeHuMOCTh JaHHOrO MeToAa AJS
pasjie/leHHs] MOHOTEPNEHOB OrpaHHueHa U3-3a UX JIETYYeCTH H, CJe-
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JOBaTeJbHO, BO3MOXHOCTH IIOTePH BellleCTBAa INPH KOHLEHTPHPO-
BaHHH 3J110aTOB. TeM He MeHee IpenapaTHBHOH KOJOHOYHOH XpoMa-
Torpaguel, KaKk NpaBHJO, LIHPOKO IOJNb3YIOTCS JJIs (pPaKUHOHHDPO-
BAaHUSI NpenapaToB 3(QHUPHBIX Maces Nepeil HX aHAJIH30M METOAOM
IDKX [82—88]. ¥riesomopoasl xpoMaTorpadupyloT Ha CHIHMKarese
HWJIH OKCHAe AaJIIOMHHHUS, JIOHDYST HX NEHTAaHOM HJH TFeKCaHoM,
a JJis pasjieseHHs] KHCJIOPOJCO/epKalliX MOHOTEPIIEHOB Ha OTAE/b-
Hble KJAacChl (3(Hpbl, KETOHBI, CIUPTHl H T. N.) NPHUMEHSIOT CTYIEH-
yaToe 3JI0HPOBaHHE NEHTAHOM, COJEPIKAIIUM PasjHYHOE KOJHYECT-
BO IUXJOpPMeTaHa WJIH QU3THAOBOro sgupa. C moMouipi0 KOJOHOU-
HOl xpomaTtorpadHu Ha OKCHAe aJIOMHHHS, COAEPXKAIleM HHTpaT
ceptiépa, OCYILECTBJIEHO (pPaKUHOHHDOBaHHe MOHOTepneHoB [81,
152].

B3J)KX, kak u oO6BIYHAsA KOJIOHOYHasi xpomarorpadus, G6blia
HCIOJIb30BaHA MAJISI NpelBapHTEJbHOrO (pakuUHOHHPOBaHHS 3dup-
HEIX Maces nepel ux aHaausoMm meronoMm IDKX [153], a B oTnens-
HBIX CJy4YasiXx M AJs NpenapaTHBHOTO H TNOJYIpPenapaTHBHOIO BbI-
nenenus BemecTB [154, 155]. [lo cux nop o6JjacTb aHaJHUTHYECKOrO
NpHMeHEeHHs] 3TOr0 MeToJa OrpaHHYeHa MOHOTepIIeHaMH, COmepiKa-
IHMH XpOMOGOpHEIE TPYNIEL, T. €. TAKHMH COeIHHEHHSIMH, KOTOpble
MOXHO OOHapyxuBaThb Y®P-merektropamu [156—160]. HauGosee
MHorooGelammeil 06aacTbi0 Hcnoab3oBaHusg BI)KX aBasercs, Be-
POSITHO, pa3fiejleHHe TepMOJaGU/IbHBIX TePNeHOB, ¢ TPYAOM IOALa-
fomuxcs aHanusdy ¢ nomompbio I')KX. Onucano paspenenue cmeceit
MOHOTepMeHOB Ha cuiukaresne [156, 159], Ha cuaukarese ¢ npu-
BHTBLIMM OKTaJelHJbHEIMH ocTaTkamu [157, 159], a Takxke Ha He-
KOTOpBIX COpOEHTax, HCMOJIb3yeMHX B reJb-xpomarorpaduu [157,
158]. B pa6ote [161] omucano paspmesneHne annpaTHYECKHX TepIie-
HOB Ha CHJIMKareje, NMOKPHITOM HHTpaToM Taaausi [161]. Hurpar
Ta/lJlisi MeHee PacTBOPHM, yeM HHTPAT cepeGpa, YTO MO3BOJISIET
NPOBOJHTh pasiesjieHHe B GoJsee MOJsAPHHIX pacrtBopurtenasx. C mo-
Momipio BO)KX Ha Mesnko3epHHCTOM CHJHKarese OBIO OCyLlecTBJe-
HO pa3jiesieHHe Psiia MOHOTEPNEHOBBIX KHCJIOT B Buie ux (+)-1-
(1-radTun)stunamunos [162]. DToT MeTOx pas3jae/eHUs MPeACTaBIIS-
€Tcsi BeCbMa NEepCHEeKTHBHBIM, MOCKOJbKY AHAcTePeOMepPH MOHOTEp-
MEHOB HMEIOT CPaBHHTEJbHO BLICOKYIO MOJIEKYJISIDHYIO Maccy H TO-

STOMY MOryT OKa3aTbC HENPDUTOAHBLIMH MJd aHaJaH3a MeTOoAOM
KX.

5.4. CecKBHTEpIIEHH!

MHorue H3 BBIIIEONHCAHHBIX METONOB pa3feseHHss MOHOTepIie-
HOB B PaBHO CTeNeHH NDHMEHHMBI H K CECKBHTEPIIEHAM, MOCKOJbKY
xpomaTorpaduyeckne CBOHCTBA 3THX JABYX KJAcCOB COeIHMHEHHH, 3a
HCKJIIOUeHHEM OYeBHJAHBIX pAa3JMUHil [HaNa30HOB TeMIepaTyp
KuneHHsi, BecbMa cxonunl [39, 40]. Ilockoabky s¢upHBHE Mac-



Ta6auna 5.2. XapaKTepHCTHKH yAepKUBaHHA (MORH(HUHPOBaHHHE
uHAekcH KoBaya) ceckBHTepNIeHOB Ha KOJIOHKaX ¢ amHe3oHom L (A)
H kap6osakcom 20 M (B)e

Hunekc Hanexc
< @ < %)
« « CoenuHeHune « ©
I I x »
39 5o g9 39
Ky6e6en 1368 — || 6-Cenunen 1504,9 | 1728,5
a-Unanren 1401,5| 1538,5 ||y-Myyponen 1505,7 | 1725
B-Daemen 1410 — ||y-Amopoden 1506,4 | 1724
a-Boyp6onen 1410 —  ||a-Xumauanen 1508 1704,5
a-Konaen 1410,2] 1551,3 ||a-Amopden 1509,5 | 1724,5
LInkaocaTHBeH 1411,9| 1549  |'Lluzaen 1511,6 | 1706,3
JIoHTHUHKIEH 1417,1] 1554 B-Bucabouen 1512,9 | 1745,5
Lluknoxonakampen 2417,8| 1555,4 || B-Kypkymen 1513,6 | 1756
B-BoypGonen 1418,3 | 15%6,5 || a-Llunra6epen — | 1738
B-®apnesen 1429,2| 1668 Basenuen 1525,6 | 1760
Catnsen 1434,7| 1594,5 ||B-Xumauasnen 1529,7 | 1752,5
Kynepen 1446,6| 1606 B-Cenunen 1530,2 | 1766,5
Kaproduanen 1451,7| 1655,5
Touruponen 1464 | 1643 | V-Ducadoren 1831,3 | 1765,5
Hsocatusen 1464,4 | 1639 |la-Myyponen 1531,3 | 1725,5
Kanapen 1466 1655,5 a-TTuposerusen 1533,9 | 1817
a-Lenpen 1473,4| 1640
a-Cennnen 1534,5 —_
Tyfioncen 1476,1| 1684,2
e-Byarapen 1533 —
v-Kypkymen 1481,9| —
8-Kanunen 1546,4 | 1784
B-Llenpen. 1482,4| 1670
v-Kanunen 1554,9 | 1792,3
a-Kypkymen 1483 | 1787,5
Cemuna-4(14),7(11)- | 1572 | 1816,3
e-Myypouen 1484,8| 1713,8 ||auen
Xymysen 1487,2| 1719 Ceanna-3,7(11)-nuen | 1580 —
Cenuna-4(14),7-nuen | 1491,9( 1694 B-Berusenen 1583 1885

2 Taganua BOCNPOM3BeneHa H3 paGoThl [175] ¢ paspemeHus aBTopoB. IToxpoGHoe onm-
CanHe 3KCNEPHMEHTAJbHbIX YCJIOBHH, a TaKXe 3HaueHHs HHIEKCOB, NMOJydYeHHble NpPH pa3fe-
JIeHMH YKa3aHHbIX COefHHEHHMH Ha HPYTrHX XHAKHX ¢da3ax, CM. B OpDHTHHale.
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Ja Hapsiy C MOHOTepIeHaMH COJepxKaT, Kak INPaBHJIO, H CECKBH-
TepIeHbl, aHANU3UPOBaTh HX NMPHXOAHTCA BMecTe. Kak H MOHOTep-
MeHbl, CECKBHUTEPNEHbl BeChbMa CKJIOHHBI K MeperpynnupoBKaM, Ka-
TaJM3HPYEMBIM HarpeBaHHeM H JeHcTBHeM Kuciaor [163—167], uto
ocJoXHseT HX Boiaenenue [168, 169] u ananus, B gacTHOCTH pa3-
nJenenne merogom I'DKX. B cmiy Toro 4To mpHPOAHBIX CECKBHTEp-
IIEHOB M3BECTHO 3HAYUTEJbHO O6OJblle, YeM MOHOTEDIEHOB, MNpH-
YeM CYLIeCTBYeT MHOXKECTBO PYNI POACTBEHHHIX T€OMETPHYECKHX
H30MEpPOB M CTEPEOH30OMEpOB, 3aJaua pa3feeHUs H HIAeHTHPHKALHH
OTHOCHTCS K YHCJIy BeCbMa TPYAHBIX.

5.4.1. I'azo-omcudxocTrhas xpomaroepadus

Qu3MuecKHe CBOHCTBAa  CECKBHTEPNEHOBHIX  YIJIEBOJOPOZOB
HJeaJbHO COOTBETCTBYIOT TPeOyeMbIM A1 Pa3fieleHUs] U BhbiAEJNeHHs
MetogoM IJKX. BnpoueM, aHaju3 CJAOXHBIX CMeceii TepNeHOB He
JIMIIEH H TPYAHOCTEH, CBSI3aHHBIX C BHIIIEYNOMSAHYTOH BO3MOXKHO-
CTBIO MX Pa3J/IOXKEHHsl, a TaKXKe C TeM, 4TO Ha GOJBbLIMHCTBE KOJO-
HOK JHamna3oHbl BPEMEHH YAEp2XKHBAHHA CECKBHUTEPDIICEHOB H KHCJIO-
poAcCoJepKallkuX  MOHOTeDNeHOB IepekpmBaioTcs [38, 39, 82].
YcnelHoe pa3jeieHHe alHKJIHMYECKHX, MOHOUHKIHYECKHX, GHIUKIIH-
YeCKHX H TPHIHKJIHIECKHX CECKBHTEPNEHOBHIX YIJeBOJOPOAOB Obl-
JIO OCYILIECTBJIEHO Ha BeCbMa DPa3HOOGPa3HbIX MOJISIPHBIX M HeMNo-.
JAspHbIX XKuAkux (azax [170—174], u Ha OCHOBaHHM NOJYYEHHBIX
pe3y/bTaToB Gblia coctaBiaeHa [175] o6wmnpHasi Tabauua xapax-
TEPUCTHK YAEPKHBAaHHS STHX coeluHeHuii (taba. 5.2). CpasHu-.
TeJbHO MeHbIlle BHHMaHHS HCCJIENOBATeNH YAEJSIOT ra30-XKHIKOCT-
HOHl xpomaTorpaduu KHCJIOPOACOAEPIKAIIHX cecKBHTepneHoB [39],
XOTS 3TOT METOJA H OKasaJ/ICs BIIOJIHE NPUTOAHBIM IJIsi pa3iesieHus,
HanpuMep, CECKBHTEPNEHOB, NPHHAAJEKAUUX K TPyNIe 3jeMoJa H
sBrecMosa [39], TPUKOTEKaHOBHIX MHUTOTOKCHHOB M HX TPHUMETHJI-
CHJIMJIbHBIX Tpou3BomHBIX [176], dypaHoceckBuTepnenoB [177—
180], a TakxKe COEIHHEHHH, OTHOCSILIMXCS K HEKOTOPHIM HPYrHM
cTpykTypHbiM TuHnam [181, 182]. Ha kosonkax c¢ mnosnsdupHOR
HeNOoJBHKHOH ()a30if M C CHJIMKOHOBBIM MacjoM OBbIIH pa3feJsieHH
pasHooOpa3Hble reoMeTpHYecKHe H3oMephl ¢hapHesona [183] u
I0BeHHJbHOro ropmona [184]. I')KX (B coueraHHM ¢ MCIOJb30Ba-
HHeM IJIaMeHHO-HOHH3ALHOHHOIO [AeTeKTOpa ~MJIM JeTeKTopa IIo
3aXBaTy 3JEKTPOHOB) JIEXXHT B OCHOBE Da3JHUHEIX METOAOB Ompe-
Jenenus abcuu3oBoii KucaoTe [185—188].

Ouenb moJiesHsiM pomnosHeHHeM K Merony I'JKX ceckBurepme-
HOB fIBJIsieTCsl pa3fiesieHHe 3THX COeIMHEHMH B BHJAE NPOAYKTOB HX
neruapupoBanus [189, 190] mam ruppupoBanus [175, 191] (coot-
BETCTBYIOIIIME pEaKIHH MOTrYT GBITh NPOBENEHBH HENOCPEACTBEHHO
B HHKEKTOpDEe rasoBoro xpomarorpada). Bpejlenue B NpakTHKY HC-
CJIeIOBAaHHA XPOMAaTOMAacCC-CNIEKTPOMETPHH CYLIECTBEHHO PacCIUHpH-
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JIO BO3MOXKHOCTH XpPOMaTOrpaHuyeckoro aHajJH3a CeCKBHTEPIIEHOB
[192—195], u B HacTosiliee BpPeMsi 3TOT METOJ LIMPOKO HCIOJb3Y-
ercsl IJis omnpefeseHHss abCIH30BOH KHCJIOTH M ee MeTabOJHTOB
[196—201]. Cucrema, obbennHsiomas ras3oBHi XxpoMmartorpad u
CUETUYHK pPaJHOAKTHBHOCTH, HallJa NPHMeHeHHe NPH HU3yueHHH OHO-
CHHTe3a M30MepHHX (apHe30J0B [202].

5.4.2. Tonkocrolinas 1 KOAOHOYHAS XpomaTozpagpus

Cunukaresb sBjsieTcss HanGoJsee HMIMPOKO HCIOJb3yeMBIM aACop-
6eHTOM JJIsT TOHKOCJOHHOH M KOJIOHOYHOH XpoMaTorpaguu CecKBH-
TepneHoB. [TocienHuil MeTon NpHMeHsIeTCS B OCHOBHOM [/l OTHeJle-
HHUSl CECKBHUTEDIEHOBBIX YIVIEBOLOPOLOB OT KHCJIOPOACOAEPIKAIIUX
coellHeHHH (HampuMep, OT KHCJIODOJACOAepKaIlHX MOHOTEPIEHOB),
KOTOpHIe MeLIaloT IIOCJEeAYIOIEeMY TIa30-XKHAKOCTHOMY XpOMAaTo-
rpaduueckomy ananusy [192, 194, 203, 204]. Ha cunukarese mpo-
BOAMJIOCH Tak¥Ke XpoMartorpadupoBaHHe  KHCJIOPOJICOIepKaIIHX
CECKBHTEPIEHOB, B TOM uHcJe cnupToB [205—208], keTOHOB M aJib-
aerunoB [209, 210], pasauuHbIX JakTOHOB [211—215], coenuHeHui
¢ dypaHoBeM mukaoM [179, 193, 216] u abcuu30BOH  KHCJOTHI
{187, 188]. CmecH cecKBHTepNEHOBLIX YI/eBOLOPOAOB OBIIH pasfe-
JIeHBl C NOMOIIbI0 TOHKOCJOHHOA [172, 217] u KomoHouHOH [172,
218] xpomartorpaduu Ha CHJIHKareje, IPONHTAaHHOM pacTBOPOM
cepebpa. DTa MeTOAMKA NPHMEHHMa H AJs Pa3jeseHHs] H30MepHHIX
ceckBUTepNeHOBHIX cnupToB [28]. CeckBHTepNeHb HECKOJBKHX TH-
1I0B MOXXHO aHAa/JH3HPOBAaThb METOAOM aJCOPOLMOHHOH XpoMarorpa-
¢HuM Ha KOJIOHKaxX C OKCHIOM aJIOMHHHS (KaK B NPHCYTCTBHH, TaK
U B OTCYTCTBHe HuTpara cepebpa) [178,219, 220], a nasi paznesnenus
TIOJIIPHBIX MPOH3BOAHBIX, TAKHX, KaK JIAKTOHBI KHCJOT, B COCTaB MO-
JIEKYJl KOTOPHIX BXOAMT HECKOJBKO KHCJIOPOJACOAEpKalmHuX GYHK-
LHOHAJNBHEIX rpynn, Gonee 3¢bdeKTHBHON sBJsSeTCS pacnpenesu-
TeJibHAasi KOJIOHOUHAasi xpomatorpadus (Hanpumep, Ha LEJJIIONO03€)
[221, 222].

B3)KX Ha cunukaresne Obljla HCNOJNb30BaHA MJs1 pa3lesleHus
CECKBHTEDIIEHOBBIX JIAaKTOHOB [223, 224], ¢ypaHOcecKBHTepNEHOB
[225] u u30MepoB ceckBHTEpPNEHOBHIX CnupTOB [226—228]. MHoro-
o6ellalolUM METOLOM Ppa3lesieHHs] reOMeTPHYECKHX H30MEpOB fB-
JasieTcsi xpoMaTtorpadusi Ha HOHOOOMeHHHIX cmosnax B Agt-dopme
[229] u ma cuaukarene, cojepxameM Hurpar cepebpa [230].
T'enb-xpomaTorpadust MO3BOJISIET Pa3JENUTh AlHKJIHYECKHe, GHIINK-
JIHYECKHEe M TPHUHKJIHYECKHEe CEeCKBHTEpNEeHOBble YIJIEBOJAOPOABI H
CIIHPTH B COOTBETCTBHH ¢ pa3MepaMu HxX Mouekya [158]. Cecksu-
TepIeHOBLEe CIUPTH MOXKHO JIerKO OTHEJHTb OT TepHeHOBHIX CIHD-
TOB JADYTHX KJAacCoB C NOMOIIbIO 06palieHHo-(Ga30Bo#i KCIOHOUHOH
xpoMaTtorpaduu HH3KOTO JIaBJIEHHS Ha CHJIHKareje C NMPUBUTBIMH
okrageunabHeIME ocraTkamu [31]. BO)KX (o6Griunas pacnpenenn-
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TeJbHasi, o6palleHHO-¢$a30Bass U HOHOOOMeHHast) COCTaBJsIeT OCHO-
By psla YYBCTBHUTEJbHBIX MeTOJOB GLICTPOro onpefeseHHs abGcuu-
30BoOi1 KHCJIOTH [185, 231—235].

5.5. Jutepnens

5.5.1. I'aso-smcudkocrnas xpomaroepaus

Co BpeMeHH onmy6saHKOBaHHs paboT (B TOM 4HcJe PaGOTH Ir-
JHUHTOHA W Ap. [236]), mMpoAeMOHCTPUPOBABLIKX NpHroAHOCTh [DKX
JUISl aHaJM3a JUTEPIEHOBBIX COeNHHEHHH, 3STOT MeTOA HallleJ
HMIMPOKOe NpHMeHeHHe B AaHHOI o6nacTH. C nomompio I'DKX Mox-
HO JIETKO pa3hesuTh AlHKJIHYECKHEe JHTepPIEeHOBBIE YIJIEeBOLOPOLHI
[237, 238], unkanueckne osneduHbl THna snabaana [239], numapaHa
[172, 240], abuarana [241—243] n kaypaHa [244], a TakXe alHK-
JHYECKHEe IHTEePIEeHOBble KHCJOTHl (K HX YHCJIY OTHOCSTCS (UTaHO-
Basl KHCJIOTAa W ee NPOM3BOAHbIE) [245, 246] u pasyiHuHblEe CMOJA-
Hble KHCJOTHl (HX OOBIYHO aHAJU3HPYIOT B BHIE METHJIOBHIX HJIH
TPUMETHJICUJIHNJOBEIX 3(HpoB) [247—251]. XapakTepHCTHKH YZAep-
KHBAHHUS METHJIOBBIX H TPHUMETHJCHJIWJIOBBIX 3(GHPOB CMOJS-
HbIX KHCJOT INpHBeleHH B paborax [250—253]. MsyueHa Takxke
BO3MOXKHOCTb aHaJiM3a 3THX KHcJO0T MerogoM [DKX B Bume npyrux
CJIOXHBIX 3¢upoB [254]. Becbma 6sH3KHe NO CBOMM XpoMaTorpa-
¢uyeckuM CBOHCTBaM JIeBONHMAapOBYI0O M MNAJYCTPOBYID KHCJOTHI
yAaJoCh pa3fesuTb B BHAE HX METHJOBBIX MJIH TpeT-6yTHUJIOBHIX
3(¢HpOB HA KOJIOHKe C LHaHCHJIMKOHOM. B paborax [238, 240, 255]
ONMHCAHO pa3fesieHHe He3allHLIeHHbIX JUTEPIEeHOBHIX CIHPTOB, OJ-
HAKO YacCTo Jiyyllle X NPeIBAapUTE]bHO NEePEBECTH B alleTaThl WJIH
TPUMETHJCHIH/IbHEIE NpoH3BoAHble [238, 251]. Pasnmenenue aurep-
IIEHOUJOB INPOBOASAT, KakK NPaBWJO, Ha HacaJOYHBIX KOJOHKax C
HH3KOH CTeNeHbIO 3arpy3kd HenoJsipHoi (ammeson L, SE-30) uam
noJisipHofl (mosua¢up) XKUAKOH ¢asoi, 4ToOb MOXKHO OBbLIO CHH-
3UTh pabouyio TeMIlepaTypy M TaKUM oOpa3oM CBECTH K MHHUMYMY
BO3MOXKHOCTb H3oMepu3auuu |[38], npuueM TBepABIA HOCHTEJb
JOJIXKeH OBITh INOJHOCTBIO J€3aKTHBHDPOBAaH (HampuMep, CHJIAHH3a-
nuel), B NDOTHBHOM cjydYae H30MepH3allWsi Bce DaBHO HeuzbexkHa
[250, 256]. JdureprneHsl CKIOHHB TakKke K DPa3JIOXKEHHIO BO BpeMs
neperoHkH [257]. CpaBHHTeNbHO HeJaBHO AJsI aHaJH3a AHTepIe-
HOBBIX YTIJIEBOJOPOJAOB H KHCJOT OBIIM HCIOJb30BAHBI METOABl Ka-
nunasipHoit IDKX (kak Ha TOJSIPHBIX, TaK M HAa HENOJSIPHBIX
daszax) m xpomaTtomacc-cnekTpomeTpun [238, 245, 246, 257—261].

B cBsi3u ¢ TeM 4TO uyHCIO OOHapyXKeHHBIX NPHPOAHBIX Tru6Oe-
PeJVIHHOB NPOJOJIKaeT BO3pPacTaTh (B HAcToOslee BPEMS H3BECTHO
okosio 50 Takux coeauHeHuit [262]), Bo3HHKaeT HeOOXOAHMMOCTb BO
Bce Gosee u GoJiee COBepIIEHHHIX aHAJHTHUECKHX METOAaX pasfe-
JIeHHs!, MJeHTHOUKAIH! U KOJHYECTBEHHOTO OIpeJeseHUs] 3THX IH-
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TepHNeHOBBIX CTHMYJATOPOB pocra pacreHuit [263]. Ilpumenenue
ra3oBoli xpomaTtorpauu H XpOMaTOMacc-CIeKTPOMETPHH IJsi aHa-
Ju3a ru60epesyiIMHOB pPacCMaTpPUBAETCs B IPEBOCXOJHOM 0630pe
IacknHa 1 Makmuaiana [264]. OueHb YyBCTBHTEJbHBIH METON aHa-
Ju3a rub66epesyiMHOB B BHJe HX TPH(PTOpaLeTaTOB OCHOBAaH Ha HC-
nonb3oBanun I')KX u jperekTopa mo 3axBaTy 3JEKTPOHOB (mpened
o6HapyXeHHsl COCTaBJisieT HEeCKOJbKO HaHorpammoB) [265]. I'aso-
KHAKOCTHAsl pajnoxpomartorpadHs Hallla LIHPOKOE NpHMEHeHHe
npH H3yyeHHH MeTtabosnuama ru66epennnHoB [266—268].

5.5.2. Touxocaoiinas xpomaroepagus

TCX Ha cuauKarese, OKCHAe aJIOMHHHS M KH3€JbIype LIHPOKO
HCNIOJIb3YeTCsl [JIs NpefBapHTeNbHOro (pakIHOHHPOBAHHS KHCJIO-
POACOMEPKALIUX IUTEPIEHOB INPH NPOBEAEHHH HX CTPYKTYPHBIX
HCCJIEIOBAHUA W H3yYyeHHH OHOCHHTe3a 3THX coeluHeHHH. OmHCaHbI
METOJHKH Da3fieJleHHs] CMOJSHHIX KHcaoT [269, 270], adupos repa-
HUJIrepaHHeBOH KHCJIOTH [271], AMTepmeHOBHIX CIHPTOB [272—275]
H JUTEPNEeHOHOB ¢ GOJIBLUIMM YHCJIOM KHCJIOPOJACOAEPKAUIUX (yHK-
uuoHasnbHHIX rpynn [276—279]. C nomompio TCX Ha cunukarene
MOXKHO JIETKO pasleJHTh CMeCh IpeAlIeCTBEHHHKOB TIHO0epein-
fla — KaypeHa, KaypeHOJa, KaypeHaJss M KaypeHOBOH KHCJOTHI
[280].

JurepneHoBble YIJeBOLOPOAH! SBJSIIOTCS OCOGEHHO MOAXOASIIH-
Mu o6beKTaMHu Aas pasneiieHuss merofom TCX Ha cuiaukarese, npo-
MUTaHHOM PacTBOpPOM HHTpara cepeGpa. CoriiacHO MeTOAHKe, NMpel-
JoxeHHo#t PoGuncoHoM u Becrom [281], cmech xpomarorpagupyiot
Ha KOMGHHHDOBaHHBIX CHJIHKAareJeBBIX NJACTHHKAX, YaCTHYHO NpoO-
MUTaHHBIX HHUTpaToM cepebpa. O6pasubl HaHOCAT Ha cJof, He co-
Lepxaluit HUTpaTa cepebpa, M SJIOMPYIOT CMeCbl0 TIeKCaH —
6eHzoa (7:3). Ilpu 3TOM nossipHBle COEAHHEHHs OCTAIOTCS Ha CTap-
Te, MAaKpOLMKJIHYECKHH NuTepneH Ka3beH 3ajlepXKHUBaeTcs Ha rpa-
HHIle pasfena JIBYX CJIOeB, a APYrue MOJHLHKJIHYECKHE NHTEPIEHO-
Bble YIJIEBOZOPOAH (CaHAapakonuMapajineH, KaypeH, GHyepeH, Tpa-
xun06aH) C pasJUYHONR CKOPOCTHIO MHUTPHPYIOT B CJIOe, COLEpKa-
mem HuTpaT cepe6pa. Meromom TCX Ha copGeHTax, comepKallux
conu cepebpa, MOXHO TaKXe pDa3fleJUTh AUHKJIHUECKHE NHTEPIEHb!
[238], nutepnenosrie cnupthl [33] B kucaoTH [282]. O6pamenHo-da-
3oBasi TCX mo3BOJISET OTAEJIHTb AUTEPNEHOMAB OT APYLHX aHaJo-
roB H30MpeHa, HMeloIHX 6ojiee MJMHHHYIO HIH 6ojiee KOPOTKYIO
yraesonoponuyio uens [32, 33].

TCX sBasieTcss BaXKHBIM aHAJIUTHYECKHM METOJIOM H3yUeHHs
ru66epesI/IHHOB, OTJHYAIOIHMCA BBICOKOH CKODOCTbIO H UYBCTBH-
TesibHOCTBIO (mpenen ob6HapyxeHusi coctaBasier 0,1 mkr). B 3Toi
06J1aCTH MCCJIeIOBAaHMH HAXONHT IpPHMEHeHHe KakK ancopGIHOHHAS
[283, 284], Tak n pacnpenenurennHas [283, 285, 286] xpomarorpa-
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¢us1, npuyeM yacTo 3TH METOJbl HCIOJb3YIOT B COYETAHHH C aHaJIH-
30M M30TONHO MeuyeHHbIX coefuHeHuit [287]. ITapel ru66epesinHOB,
MOJIEKYJIBI KOTOPHIX Pa3JjiMyaloTCs JIMLIb HaJHYHEeM HJIH OTCYTCTBH-
€M ABOHHOH CBSI3H, yAAJOCh PasfejHTb B BHIE HUX n-HUTPOGEH3HUJIO-
BHIX 3(upoB Ha copOeHTe, NPONHUTAHHOM PAaCTBOPOM COJIH cepebpa
[288]. dTa oueHb uyBcTBHTeNBHAS MeTOAHKa (mpenesn oGHapyKeHHUs
cocraBnasger 10 Hr) npuroaHa AJsi pasfielieHHsT TaKUX OJH3KHX MO
CBOMM XpoMaTtorpacduuyeckuM cBOHCTBaM nap ru66epesJIHHOB, Kak
GA4—GA7, GAl—GAa H GAs—GAQ().

5.5.3. Koaonournasn xpomaroepagpusn

Kosonounasi xpomarorpadust Ha CHJHKareje WJIH OKCHJIE aJio-
MHHHSI COCTaBJISIET OCHOBY CTaHJAPTHOH HpoULeNyphl OYHCTKH IIpak-
THYECKH BCeX THIIOB AHTePNeHOHI0B [274, 275, 279, 281, 289—294].
Xpomarorpadusi Ha KOJOHKax C CHJIHKarejeM, NIPOINHTaHHBIM pacT-
BOpOM HHTpaTa cepeGpa, M Xpomartorpadus B peXHMe TI'DaJHEHT-
HOTO 3JIIOHPOBAaHHUS ABJASIOTCA 3(P(EeKTHBHEIMH MeTOoAaMH (pakiuo-
HHDOBaHHUS KHCJOPOJACONepKalluX AuTepneHoB [295, 296] u autep-
NeHOBHIX yraeBomoponaoB [281]. Onucana TakXe HOHOOOMEHHas! Xpo-
Martorpadust CMOJSIHBHIX KHCJOT [297], npeacraBisiomasi coboit
YAOOHBIH MeTOX MX OTAeJNeHHs OT POACTBEHHBIX NPHPOJHHBIX COeNU-
HeHHUH, KOTOpHle MOTYT MellaTh 'a30-KHAKOCTHOMY XpoMartorpadu-
YeCKOMY aHaJIH3y METHJOBHIX 3(HPOB 3THX KHcjaoT. OG6pameHHO-
¢aszoBass B3)KX Obia ucrmosnb3oBaHa AJs  pasjelieHHsT AUTepIie-
HOMJOB C GOJIbIIMM YHCJIOM aTOMOB KHCJOpOAa B MoJekyJae [298—
300].

Jlns npenBapuTesbHON OYHCTKH I'H66epesIIMHOB NMPHUTOAHBL pas-
JIMYHBIE BapHAHTHl KOJOHOYHOH Xpomarorpaduu, B TOM YHCJEe XpO-
MaTtorpadust Ha CMecH ApeBecHoro yrisi M ueaura [301] wan Ha Bu-
Hunanuppoaugone [302], remp-xpomarorpacus [303], HoHOOGMeH-
Hasi xpomartorpadus [304], a Takxe aacopbuuonnas [305] u pac-
npexenurensvHas [306] xpomartorpacdus Ha KpPEeMHHEBO# KHCJOTE.
B3)XX sBasiercst 3¢ (heKTHBHEIM METONOM pasleieHHsl pacTHTeNb-
HbIX ropmMoHOB [307—309], ocoGeHHO YROGHEIM MJIsi aHaJNH3a Kak
caMux ru66epesyIHHOB, TaK U HX NPOHU3BOAHLHIX. B OCHOBe OueHb
yno6HOro Merojna pasjesieHHs POACTBEHHHIX Tru66epesJyiUHOB, pas-
JMYAIOMHXCS CTeNeHbl0 HacHIUEeHHOCTH, JexuT BI)KX wux n-Hur-
poGeH3nnoBbix 3¢upoB [310]. STH NMPOH3BOAHBIE HMEIOT NOCTATOYHO
BBHICOKMH KO3(GhHIHEHT MOJSIPHOrO MOTJIOLieHHs,, yTO objeruaer ux
obHapyxeHue. BricokuMu ko3¢ dUIHEHTaMH MOJISIPHOrO IOrJIOlLe-
Husl o6snanalor Takxke n-6poMdeHanUNNPOH3BONHEE H GEH3HIOBHE
adupbl ru66epesIHHOB; NEPBHIE MOXKHO pa3fieIuTh MeTOAOM o6pa-
menHo-¢asoBoft BA)KX [311], Broprie — Ha cunukarene [312]. Pas-
JelleHHe He3alHIIEeHHHIX ru66epensMHOB OBIJIO NPOBENEHO Ha KO-
JOHKaX c cuiukarejem [312] u c o6pamenneiMH dasamu [313].
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Cucrema B3I)KX B coueTaHUHM ¢ NPOTOYHEIM CUYETUHKOM paAHOAK-
THBHOCTH II03BOJISIET NPOBOAHTb aHaJH3 MeyeHbIX Tru66epesIHHOB
[314]. MeTtonuku aHanuTHuecKoii u npenapaTtuBHoii BO)KX ru6Ge-
peJUTHHOB NOAPO6HO o6cyxaatoTes B o63ope [312].

5.6. CecteporepmeHs

CecrepoTepneHbl — rpynna coeJHHeHHH, MOJEKyJs KOTOpPHX
MOCTPOEHBl M3 NSITH H3ONPEHOHIHBIX 3BEHbEB, — CPABHUTEJIbHO He-
JIaBHO TNONMOJIHHJIM CeMeHCTBO TepmneHoB. B uccienoBartenbckofl pa-
60oTe peNKO NPHUXOAHUTCS CTAJKHBATBbCS C 3THMH COEJHHEHHSIMH, B
MOJIEKYJlaX KOTODBIX COAepKHTCS 25 aTOMOB Yrjepojia, XOTs He-
CKOJIBKO MX THIIMYHBIX TNPEACTAaBHUTENEH BCTPeualoTcs B OHJIOTHYe-
CKHX 00beKTax (HampuMmep, B BRICLINX W HU3LIHMX PACTEHUSX, a TaKKe
B HacekoMmbix). CylecTByeT MO MeHblIell Mepe IIeCTb pas3HYHbIX
CTPYKTYPHBIX THIOB CECTEPOTEPNEHOB H MHOXKECTBO IPOH3BOA-
HBIX, B TOM YHcJe ¢ OOJBIIMM UYHCJOM aTOMOB KHcjaopoma. OrcyT-
CTBHE KaKHX-JHOO CHCTEMaTHYECKHX IONBITOK ONpeNeNHTb, Ha-
CKOJIbKO IIHPOKO PacCHpOCTPaHeHbl CEeCTepOTepHeHb B NPHPOAE, OT-
qactu 06yCJOBJEHO 'pa3HooOpasueM XpomarorpaduuyecKux CBOHCTB
3THX coefuHeHHH. Bce, YTO H3BECTHO K HACTOsAIEMY BpPEMEHH O
xpomaTorpaduyecKux CBOHCTBAX CECTEPOTEPIEHOB, OMHCAaHO B 006-
mem o6G3ope [315, 316], mocBsilleHHOM 3TOMY KJiacCy TepIEHOB.
Ins pasmeneHusi cecTepoTepleHOB NMPHTOAHBEL, KaK NPaBHJO, Te XKe
MeTOAbl aACOpPOLMOHHON M pacHpelesNHTeNbHOH XpomaTorpadus,
KOTOpbl€ HCIOJb3YIOTCS M AJsl pa3liesieHUs AH- U TPUTEPIIEHOB.

5.7. TputepneHsl

5.7.1. I'azo-scudrocThas xpomaroepagus

Metonvuka aHaju3a TputepneHos ¢ momombio KX B Hacros-
Iiee BpeMsi NOCTAaTOYHO oTpabGoTaHa; OHA allaJOrHYHa HCNOJb3ye-
MOH JJisi pasfesieHHsi OYeHb MOXOXHX Ha HHX COeIHHEHHWH Ipymnst
crepounoB (ria. 6). MkekaBa [317] cBesmr B Tab/Hly XapaKTepHUCTH-
KH yIepXKHBaHHS MHOTOUHCJIEHHBIX TDHUTEPNIEHOB (B TOM YuCJIe He-
KOTOpHIX canoreHHHoB) Ha SE-30 u oLleHHT BIHSHHE pa3JIHYHBIX
3aMecTHTeJiell Ha 3TH XapakTepHCTHKH. JLJs TOro 4yTo6bl yJIY4LIUTh
pa3iesieHHe U YMEHbLUINTh BEPOSITHOCTb TEPMHYECKOrO Pas3JIOXKeHHS
NOJSIPHBIX TPHUTEepIeHOB B Ipolecce XpomatorpadupoBaHus, HX
0o6LIYHO aHAJH3UPYIOT B BHIE NPOM3BOAHEIX. Kak H pOJNCTBEHHHE
IUTepNeHbl, TPUTEPIIEHOBEIE KHCJIOTH aHAJH3NPYIOT B BHAE METHJO-
BHIX 3GHUpPOB, a cnupThl (0COOEHHO MOJHMCIHPTH) — B BHIE TPHUMe-
THJICHJKJIBHBIX TNPOH3BOAHBIX HJIH 3GQHPOB HH3MWIHX KapOOHOBHIX
KHCJIOT (YKCycHOM, macasiHoi u T.1.) [317—321]. dna paznenenus
CJIOXKHBIX 3(HPOB TPUTEPIEHOBLIX CIHPTOB W BHICUIMX XKHPHBIX KHC-
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JIOT GBI MCIOJb30BAaHH HENOJBHKHblE (Da3kl Ha OCHOBE CHJIHKO-
HoBoro macsa [321]. HesauuuieHHele TpUTEPNEHOBblE MOHOOKCHCOE-
AWHeHUusT XpomartorpadupoBaju KaK Ha HeNOJSPHOM CHJIMKOHOBOM
MacJe, TaK H Ha NOJADHBIX nojausadupuerx ¢asax [317, 318, 322,
323]. Merox I')XX mHpoKo HCIOJNB30BaJNH NPU pas3fiesleHUH TPHTep-
MEHOB, M3BJEKaeMBbIX H3 He(TH UM JPYrHX IeOJIOTHUYECKHX OOBLEKTOB
{324, 325]. CnocoGHOCTb BBICOKOCEJEKTHBHBIX CHJIHKOHOBHIX (a3
«pacro3HaTbh» OYeHb TOHKHE CTPYKTYpDHBle Da3/IM4Ms TPHTEPIEHOB
[323, 326] nosBoasier npeamnosoxurh, yto I'DKX MOXeT CIyXHTb
METOJOM CTEPEOXHMHYECKOro aHaju3a 3TOH IPYHNbl COeIHHEHHH.

5.7.2. Tonkocaolinas xpomaroepagus

JIuc6oa [327] ompenmenus 3HayeHHs: XpoMmartorpadHueckoll mon-
BHXKHOCTH MHOTHX TeTpa- U NEHTALMKJIHYECKHX TPHTEPIEHOB H TPH-
TepIEHOBBIX I'NIMKO3HIOB Ha TJACTHHKAaX C CHJIMKAarejeM B DasJiuy-
HBIX CHCTeMax pacTBOpHTeJseH, a aBTOpH paboThl [328] cBenn B Tab-
JIMILY JaHHBIE O TOABHIKHOCTH OKOJIO 30 TPHTEPIEHOB B TOHKOM
cioe okcuna aniomuHus. C nomompio TCX MOXKHO JIErKO pasie-
JIUTh COeHHEHHS] B COOTBETCTBHH C NPHPONOH HX (DYHKIHOHAJIBHBIX
rpynn. dTOT MeTOJ NPHrofleH TakxkKe JJs pas3feseHHs] 3IHMEepHBIX
TPUTEpNEeHOBHIX cnupTOoB [328] M MO3BOJISET JIETKO OTAEJNHTb CKBa-
JIeH OT COOTBETCTBYIOMHX 2,3-0KcHia H 2,3-1Hosia ¥ OT €ro npef-
IIeCTBEeHHHKA — npeckBaJsieHosa [329, 333]. Ilonsipuble TpHTepmeHbI
paszensiin Ju60 HeNocpeldCTBEHHO, 3JIOHPYS NOJSPHBIMH PacTBO-
pPHUTENsAMH, JH60 NpeNBapHTEIbHO NEePEBONUJIH B MeHee IOJSDHHE
npousBojHue [331, 332].

Ias pasmeneHus TPUTEPIIEHOB HIMPOKO Hcmosb3oBajgack TCX
Ha CHJIMKaresje, MPONHTAaHHOM pacTBOpoM HHTpara cepebpa. C mo-
MOIIBIO 3TOr0 MeToAa OHBIJIH pa3feseHB CMeCH He3allHIIeHHBIX TPH-
TepneHoBHX cnuproB [333, 334], a Takxke ux auerartos [329, 333],
GensoaroB [335] ¥ TPHUMETHJICHIHIbHBIX NMpou3BoaHHIX [336]. dtoT
METOJ IMoJie3eH M MpPH pa3fesieHHH TPHTEPIEeHOB M 3(UHPOB TPHTEp-
TIEHOBBIX KHCJIOT.

BaxHyio posib B aHajiu3e TPHTEPNEHOB HrpaloT DeaKIHH, OCYy-
IIecTBJsieMble HENOCPEeJCTBEHHO Ha XpoMartorpaduuyeckoil mia-
CTHHKe KaK 10, TaK M mocie smoupoBaHus [327, 337], u cnenudu-
YyecKHe peareHTH JJIs ONPHICKHBAHHS Xpomarorpamm [327, 338].
ITonsipHble TpHTepNeHB], TaKHe, KaK COs-CaloOreHoJ H KyKypOHTa-
IHHBI, OBIIM pasfeseHH Ha Lestosnose [338, 339].

5.7.3. Koaonounas xpomaroepagus

Kosonounass xpomatorpadus Ha cunukarene [333, 340, 341]
WJIH Ha OKCHIe aNIOMHHHS [342] siBasieTcs OXHON M3 OGIIEMPHHSATHIX
cTafuil mpolecca BhJENEHHS TPUTEPNEHOB H3 CMeced APYTHX JIHIH-
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0B M (QpaKIHOHHPOBAHUS TPUTEPIEHOB DAa3JIHYHBIX KJIACCOB. DTOT
METOJl, a TakK¥Xe KOJIOHOUHass xpomatorpadusi Ha copbeHTax, co-
JIepxkamux conu cepe6bpa [343], 6blIM C yceXoM HCIOJb30BAHH IJISA
pa3fesneHHss NPaKTHYECKH BCEX THUIOB TPUTEPNEHOB, B TOM YHCJIE
H CHJIbHONOJSIDHBIX [344, 345].

HepnaBHo ansi paspesieHHs] PasjHYHBIX TPHTEPNEHOB, BKJIOYAs
KETOHbI, KHUCJIOThl, MOHO- M TMOJHCIUDPTH, GblJIa TNpUBJEUEHA aHaJH-
THueckasi ¥ npenaparuBHas BO)KX [346—352]. o cux nop B 60Jb-
LWIHHCTBE 3KCIEPHMEHTOB HCIIONb30BaJH afCOpPOLHOHHYIO XpOMAaTo-
rpadHIo, XOTsI CMeCH KaK MNOJSPHBIX, TaK U HEMOJSIPHBIX COeLHHe-
HUH XOpOoLIO pasjefsiiorcss ¢ INoMoWbl obpameHHo-¢ha30Bok
B3)KX [350, 341]. BO)KX saBnsiercs MHOrooGellalollHM MeTOLOM
pasfesieHHs] TPHTEPIEHOB, OCOGEHHO HX MOJSDHEIX INPOH3BOJAHBIX,
TaKHX, KaK JUMOHOUAH [352] u cos-camoreHonw [349, 351], koro-
pHle Heserko aHanusupoBath IDKX.

5.8. TerpaTepnenst

BricokoHeHacHIIlleHHble TeTpaTepleHbl, o0HapyXeHHble B BhIC-
IINX pacTeHuAX, rpubax, (pOTOCHHTe3HPYIOIIHX OaKTepHsIX H BOHO-
pocisix, o6BIYHO BXOJST B COCTaB CJOXKHBIX cMeceil (OTOCHHTE3H-
pPYIOIIHX NHIMeHTOB. DTH TaK HasblBaeMble IHIMEHTH XJOpOmJjac-
TOB NPeACTaBJAIT cO60f HHTEHCHBHO OKpallleHHble COeNHEHHSs, YTO
H TOCJYXKHJO I'VIaBHOH NMPHYHHOH HX BbIGOpa B KauecTBe OG'bEKTOB,
Ha KOTOpHIX BIepBble OblJ NPONEMOHCTPHPOBAH HNPUHUMI XpOMAaTo-
rpaduuyeckoro paspejeHus. DpakUHOHHPOBAHHE TepPIEHOB 3TOIL
TPyNnbl NPOBOAHJIOCH Ha CaMBIX Pa3HOOOGpa3HHIX copGeHTax, B TOM
yucjie U TAKHX JOCTATOYHO DacCHpPOCTPaHEHHHIX, KaK CHJIHKaresb,
OKCHJ aJIOMHHHS, KapOOHATBl IHHKAa M KaJbllhs, OKCHI MarHus,
THIPOKCHJ, KaJbLusl, LeJJII0JI03a H caxapo3a. DJI0eHTaMH OOGBIYHO
CHYKHJIH CMECH YIJIeBOJODOAOB, COxepxKallne G6oJiee NOJSPHBIA
pacTBOpHUTENb, HAallpUMep AUSTHJOBHIA 3(QHp, aleTOH, METaHOJ HJIH
nPONaHoJI.

'5.8.1. BouicokoadppexTusnan scudKocTHas xpomaroepapus

Boublve ycnexu AOCTUTHYTH B o6JiacTu Hcrnosab3oBaHusi BA)KX
IJIsl pas3fieieHusl MUTMEHTOB XJOPOIJIAcTOB H APYTHX PaCTHTENbHBIX
nurMeHToB (cM. Takxke 4. 2, ra. 10). Baaromapsi BHICOKOH CKOpO-
CTH 3KCIIEPHMEHTa W XOpollefl BOCMPOH3BOAHMOCTH pe3yJbTaTOB'
B3)KX mouTH BhITECHHJa JLpyrHe Meroabn xpomarorpaduu. Ilpu
pasiesieHHH Ha KOJOHKAaxX C MeJKORHCIEePCHHM cHHKarejeMm [353]
3JII0EHTOM OGBIYHO CJIYXKHT T'eKCaH, colepxallMii mponaHos-1 [354]
uau nponanot-2 [355]. C momompio xpomaTtorpaduu Ha KOJIOHKe C
p-naptucusiom 10 B cHcTeMe Jerkuit neTpojedHbll 3¢up — ane-
TOH — JHUMEeTHIACYIb(OKCHA — AudTHAaMuH  (300:93:6:1)  moxHO
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pasieuTb CMeCb (-KapoTHHa, (eopUTHHA M XJIOPOQHIIOB a u b,
a B cucTeMe Jerkufi mneTpoJefiHBI 3(Hp — aleTOH — MeTaHOoJa —
aumetuicyabpokcua (30:40:27:3) MOXHO OTAENHTb XJOPOYHII C
oT ¢eodopbuna a [356]. Cuaukaresb HCHONb30BAJMH TaKXe AJS
paslelleHHss NMHUTMEHTOB XJOPOIJIACTOB, BBHIAEJNEHHHIX M3 MYTaHTOB
Tabaka. PasjeseHde NPOBOAMJIH METOAOM BBICOKOCKOPOCTHOH Xpo-
marorpauu HH3KOTO AaBJEHHS B CHCTEMaX, COAepKallMX renTaH,
auaTHaoBbA 3¢up ¥ aueron [357]. CorsacHo nanHBEIM [357)], Takoi
BapHaHT xpomaTtorpaduu fABJsSETCS NPEBOCXOAHHIM MpenapaTHBHEIM
METOJOM.

ITpu paspeneHHH paCTHTEJNbHBIX NHIMEHTOB GELIA C ycmexoMm
npuMeHeHa u obpaineHHo-¢pasoBass BO)KX. Haubonee noaxomsmum
cop6GeHTOM AJ151 pasfieleHHsl 3THX JHUNOGHIBHBIX COENHHEHHH SIBJIS-
€rcsl, NMO-BUAUMOMY, CHJMKareab, 06pabOTaHHHIH OKTaleluJCH/Ia-
Hom (ODS), a amoenTom — BonHbIH MeraHoa [358, 359]. Ha ko-
Jouke ¢ 1%-noit ODS-nepmacasoit Ha 3umakce (Du Pont)
B 95%-HOM BOJHOM MeTaHOJe MOXKHO OTHAENHTb (PHTOEH OT B-Kapo-
THHa ¥ peruHosa [360]. Omucana TakXe Xpomarorpacdusi pasiuy-
HbIX KapOTHHOB B AalETOHHTPHJIe. JIHKONMHH M a- M P-KapOTHHBL
OblH BblJeNeHbl M3 TOMaTOB IIPH XpOMAaTorpadUpOBaHHH Ha KOJIOH-
Ke c maprucuioM 5 ODS (Cys) (Whatman), a B kauectse aJioeH-
Ta Gbl1 ucmonb3oBaH 8% -Hell pacTBOp xJ0podopMa B aAlleTOHHT-
puie [361]. AnamorHyHbIM 006pa3soM Ha KOJIOHKe co cdeprcopGom
ODS 6bly10 OCyIIecTBJIEHO pasjieieHHe CMeCH, CofepKallei a-, B-
V-KapoTHHbI, JIMKONEH M pas/iHyHble AHTepnesn [362]. B paGore
[363] cymmupoBaHbl naHHBe 06 Hcmosb3oBaHuH BI)KX nast pasge-
JIeHHS KapOTHHOMJHBIX NHUIMEHTOB M NPOBEJeHO CPaBHEHHE Xapak-
TepucTHk MeronoB BIJ)KX, TCX u Gymaxuoli xpomarorpaduu
(cM. Taba. 5.3).

HurepecHsiM BapnaHTOM Metofia BI)KX sBiasiercsa ueHTpudyx-
Has xpomartorpacdus, B KOTOPO#H ABHIKEHHe 3JIOeHTa uepe3 COpOEHT
o6ecrneunBaeTcsi BHICOKOH CKOPOCTbIO BpallleHHs] KOJIOHOK. Pasjere-
HHe cMecel, colepxauux BIJIOTh 40 0,5 Mr Ka)kaoro KOMIIOHEHTA,
Ha MeJKOIMCIIEPCHOM CHJIMKareje WJIH OKCHAE MarHHus B CHCTeMe
Jerkuit nerposefinsii 3¢up — MeTaHosm 3aHuMaer 2—6 MuH [364].

TFenb-xpomarorpacdus Ha cedanekce LH-20 B cucreme xJjopo-
¢dopM — MeTaHON —TreKcaH OKasajacb 0CO06eHHO 3((eKTHBHHIM
METOZOM BHIIeJIeHUS KapPOTHHOHIOB M3 HX CMeCH CO CTePOMAAMH
[365, 366]. Ons oTAeneHHst KaPOTHHOB OT PAaCTHTEJbHBHIX 6eJKOB H
OT APYTHX MHIMEHTOB MOXHO MCIOJIb30BAaTh HOHOOOMEHHYIO XpoMa-
Torpaduio Ha DEAE-nennonoze B 0,5 M pactBope XJopuaa Har-
pus [367]. B pabore [368] onucan MOAH(GHIHPOBAHHLIA BapHaHT
OGLIUHOrO MeToJa aHaju3a KapOTHHOB H KCAaHTOGMHJJIOB, mpenyc-
MaTpHBAIOUIMHA MNepHOAHYECKOe OOHOBJIEHHE CMecH cHiHKareas 60
u xafidnocynepuena [368]. Bpems pasneneHus Ha HOBOH KOJIOHKE
cocraBaser 30 MUH, IpHYEM ee MOXKHO HCIOJb30BaTb YETHIPEKAEHL.



Ta6auua 5.3. Paspesnenne kaporunounos [363]

TCX Ha cu-

JIHKareJjie B
CHCTeMe

Kpyrosas
6yMaxHas
XxpoMmaTorpas
GHus B CHCTe-

agg;g:ﬂ— ME alleTOH —
TeKCan
CoenuHeHnne R . e - -
e |55 285 & =
5EE| 552 |85 2 | o | £ | &
B, e-Kaporuu 4.2 0 0 2 |0,71 0 | 0,706
B, B-Kaporun 4,2 0 0 2 10,71 0 | 0,706
B, ¥-Kaporun 4,6 0 0 2 | 0,64 0 | 0,556
Jlukonex 5,0 0 2 |0,57 0 {0,356
2,2’-Tnoa 8,0 40 | 0,67 0 | 0,856
Jliotenn 9,5 40 | 0,61 o | 0,776
3eakcaHTHH 9,7 40 | 0,61 0 | 0,636
Heomotenn B 12,4
Heosotenn A 13,1
TTosIHOCTBIO TPaHC-MOTEHH 14,0 60 |0,70| 10 | 0,708
Heoalorenn U 14,8 60 |0,62| 10 | 0,558
Heomotenn V 15,4 60 | 0,52 10 | 0,40®
HeoGaxkrepuopy6epun A 14,1 60 | 0,61 30 | 0,558
IMonHocTsio Tpanc-Gakrepuo- | 14,6 60 | 0,41 30 | 0,508
py6epun
Heo6axkTtepuopy6epun U 15,1 3 30 | 0,408
Heo6akrepuopy6Gepun V 16,0 3 30 | 0,408
Heo6akrepuopyGepun W 16,3 3 30 | 0,408
3’-O¢dup moteuna, snumep 1 17,5 1 40 | 0,54 5 | 0,578
3’-D¢dup mioteuna, snumep 2 | 17,9 1 40 | 0,54 5 | 0,578
AypokcanturH, anumep 1 25,5 1 40 [ 0,20 | 20 | 0,70®
Aypokcautus, anuMep 2 25,9 1 40 10,20 20 | 0,70®
Heoxpowm, anumep 1 17,5 3 60 | 0,63 20 (0,80
Heoxpowm, anumep 2 17,8 3 60 | 0,63 20 | 0,808
MoHo-yuc-Heoxpom 18,4 3 60 | 0,60 20 | 0,708

AKomonka: 250X4,6 MM; copGeHnT:

BBymara — misiixep-uioanb Ne 287 (nponuTaHHas CHJIHKarejem).

pasMep w€acTHIL 5 MKM; HaBJIeHHe
2,069 MITa; saweHT: 0,1% MeTaHONa B reKCaHe; CKOPOCTb MOTokKa: 1,4 MJ/MHH.

Bymara — masitxep-moaap Ne 288 (nponuMTaHHas OKCHIAOM aJIOMHHHS).
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5.8.2. Tonkocrolinas xpomaroepagus

Xa#ipsocyneplies Hallel NPHMeHeHHe M B TOHKOCJIOHHOH Xpo-
martorpaduu. CMech 3TOro cop6eHTa C OKCHAOM MarHus H cyJuabda-
TOM KaJibllusi 06pasyeT NPOYHBIE CJOH, 3JIOMPOBaHHEe Ha KOTOPHIX
MOKHO NPOBOJHUTH C BBHICOKOH CKOPOCTBbIO. PasjeseHHe HemoJsspHBIX
KapoOTHHOB Ha TaKHUX CJOSX IIPOTeKaeT € XOPOLIHM paspelleHHeM
[369]. Ha Takux cjosiXx MOXKHO, HapHMep, 3a ONMH IIpHEM pasje-
JINTh BCE KapOTHHOHABR MODKOBH. XpomatorpadHueckuii aHaJu3
OMCMEHTOB XJIOpomJaacToB nepua Capsicum BKIIOYAET JABe CTaLHH:
CHayaJla Ha IVIaCTHHKAaX C LeJJIIOJNO30H pasfensiioT XJ0pPOHINE H
KCaHTOQHU/JB, a 3aTeM CMech KapOTHHOB XpoMaTorpadupymoT Ha
TOHKOM CJI0oe OKCHAa Marnus u xa#daocynepuena [370]. Ha caosx
H3 OKCHIA MarHus 3JIOHDOBAHHE MOXKHO BECTH JIETKHM IeTpoJel-
HbIM 3¢upoM. TCX Ha 3TOM copbeHTe B coueTaHuu ¢ Y D-neTekTHPO-
BaHHEM COCTABJISIET OCHOBY METOAA KOJIHUECTBEHHOTrO ONpeleJeHHs
a- u PB-kaporuHoB B Ouomacce [371]. Hdas o6GHapyxkeHus HeGoJb-
IIMX KOJHYEeCTB B-KapOTHHA NpEeAJIOXKEH MeTOX XpoMaTorpaduu B
TOHKOM cJioe, C(HOPMHDOBAHHOM H3 CMecH KapOoHaTa KaJbllud,
OKCHJIa MarHHs W THIDPOKCHIA KaJblUs, B CHCTEME aleTOH — Jier-
Kuil nerposeliHblii 3¢up — xaopodopm  (5:5:4) [372]. Ilposenen
CpPaBHUTEJbHBIH aHaau3 3G ¢GeKTHBHOCTH pasjeseHHs] I'JIABHBIX ITHT-
MEHTOB Ha CJIOSIX U3 KYKyPY3HOI'O KpaxmaJia, LeJJII0J035 H MHKpPO-
KPHCTaJIJIHYECKOH LeJII0N03bl. B cHcTeMe rentaH — sTHianerat —
MPONaHOJ NOJHOE pasfiesieHHe GBIJIO JOCTHTHYTO Ha CJIOSIX H3 Kpax-
mada [373].

PacTuTesnbHble NUIMEHTH XpOMaTOrpaHUpyiOT TakXkKe B TOHKOM
cnoe cuaukareas [374], onHako aTOoT copbeHT, mo-BHAMMOMY, GoJjee
MOAXOAUT AJsi BbIAEJNEHHs BceH TPyNNEl NHTMEHTOB XJOPOIJIACTOB,
yeM IJ151 UX pasjesieHHs Ha WHAMBH/YyaJbHble KOMIOHEHTH. Tak,
HampuMep, Ha cujuKarese, cogepxameM 109% cyanbara ammoHus,
MOXKHO JIHIIb OTAENHTh KapPOTHHH H (eopHUTHHH OT XJIOPODUIIOB,
a paslleNuTh KaPOTHHH IPaKTHYECKH He yjaaercs. Mcrmonb3ys BeICO-
KOCKODOCTHOH BHIEOJEHCHTOMETP, AHAJOTHYHBIH NPHMEHSIEeMOMY
B TCX aMHHOKHCJIOT, MOXHO OII€HHBAaThb KOJHYECTBO BellleCTBA B
KaXXJIOM XpoMartorpadHyeckoM MsiTHe, NDHYEM pe3yJbTaThl TAKOTO
aHaau3a G6JH3KH K MOJYYeHHBIM OOBIYHBIMH CIIEKTPOMETPHYECKUMH
meronaMu. IlpoBons sJionpoBaHMe cMecsiMH Tper-GyTaHOJ — GeH-
3oa (1:9) wm rTper-6yranon — nenraH — aneron (1:18:1), aBropam
paboth [377] ynanoch GBLICTPO H JOCTAaTOYHO JIETKO OTAENHTH XJIO-
POGHUIIB U UX NPOM3BOAHBIE OT KEJTHIX KapOTHHOUIHBIX MHIMEH-
TOB. B cHcTemMe puXJ0OpMeTaH — 3THJALETAT — AUITHIOBHH 3(uD
(8:2:1) Oblma MOMHOCTBIO pasnesneHa CMeCh 3€aKCAHTHHA, JIIOTEHHa
u nusdupa mortenHa [377]. MuauBuAya/ibHble KOMIOHEHTH 3JIIOH-
poBanM ¢ CHJIMKaresass 3TaHOJOM W ONpelessiiH HX (OTOMETpPH-
yecku. XpoMartorpacduueckasi IOJBHKHOCTh aCTAKCAHTHHA M KaHTaK-



Ta6uuua 5.4. OTHOCHTeJbHBHIE BpeMeHa YAepKHBAHHSA
THAPHPOBAHHEIX KapOTHHOHIOB H DPOJCTBEHHHX COeAHHEHHil
B ycaoBusix I'DKX [381]

OTHOCHTeJIbHOe BpeMs YNEPKHBaHHHA A

HU30TePMHYECKHRA nporpaMMHpOBaHHE

CoenuHeHue PexuM TeMmepaTypsl

SE-52 ov-17 SE-52 OV-17

Iepannanunanoon

duroa

Tepanusrepannon

CkBaJseH

XoJecran

XonecrepuH

SprocrepuH

CTHrMacTepHH

JlanocTepuH

Jlukonepcex

IIponyKTH rHAPHPOBAHHSA:
peTHHOJIA
peTHHaJs
KpOLeTHHA
JHUMETHJIKDOLETHHA
JH3THJKPOLETHHA
6uKCHHA
MeTHJIOHKCHHA
B-amo-10’-kapoThHaasn
asadpuHa
MeTHJa3adpHHA
CKBaJIeHa
4,4’-nuanogpuroena
4,4'-nuanodutodayena
4,4’-nuano-G-kapoTHHA
4,4’-nnanoHefipocnopuHa
B-ano-8’-kapoTHHaus
3,4-nernapo-fB-ano-8’-kapoTHHANS
B-amo-8’-kapoTHHOEBOA KHCJIOTH
MeTHJIOBOro sdupa f-ano-8’-kaporu-
HOeBOH KHCJIOTHI
stunoBoro  spupa P-ano-8’-kaporn-
HOEBO# KHCJIOTHI
B-ano-4’-kaporHHans
JIHKOTNlepceHa
¢duroena
durodayena
C-xapoTtuna
HefipocrniopHHa
JIMKONHHA
Y-KapoTHHA
B-3eakapoThHa
B-kaporuna
Q-KapoTHHA
Aeruapo-f-kaporuna
KapOTHHHHA
9CXHHHHEHOHA
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Ipodorscenue taba. 54

OTHOCHTENbHOE BPeMs yAepKHBaHHA

H30TePMHUYECKHR nporpaMMHpOBaHHE
Coenunenue PexXHM TeMNnepaTypbl

SE-52 | OV-17 | SE52 ov-17
KaHTAKCaHTHHA 2,85 3,01 5,90 3,66
B-KapoTHHOHZ 2,69 2,55 5,33 3,09
TOpY/NapoOAHHA 1,07 1,26 4,23 2,58
KanKCaHTHHA 1,87 1,49 5,13 2,81
acTanuHa 1,70 1,46 5,79 3,00
KPHNTOKCaHTHHA 1,27 1,43 4,14 2,5
alleTHJIKPUITOKCAHTHHA 1,23 1,76 4,10 2,93
TPHMETHJICHJIHJIKPHITOKCAaHTHHA 1,47 1,82 4,12 2,54
H30KPHNTOKCAHTHHA 1,20 1,40 3,92 2,93
aleTHIN30KPHNTOKCAHTHNA 1,21 1,74 3,78 2,44
TPHMeTHJICHIHIH30KPHITOKCAHTHAA 1,43 1,80 4,07 2,51
3eaKCaHTHHA 1,68 2,21 4,68 3,30
JHaleTHA3eaKCaHTHHA 1,63 1,93 5,04 2,98
4 (TPUMETHJICHJINN) 3eaKCaHTHHA 1,66 1,91 5,07 3,05
H303eaKCaHTHHA 1,48 1,90 4,16 2,59
LHAleTHIH303€aKCaHTHHA 1,54 1,64 4,31 2,47
Jti (TPHMETHJICHJINI ) H303eaKCauTHHA 1,58 1,58 4,35 2,53
JHMETOKCH3eaKCaHTHHA 2,02 2,68 5,15 3,44
JMMETOKCHH303€aKCAHTHHA 1,23 1,46 4,02 2,37
(YKOKCaHTHHA 2,24 2,56 6,24 3,42

6,35 6,87 7,54 5,32

JleKanpeHo-f-kapoTHHA

Bpemst yzep:xuBaHHs, MHH

CkBaJnen 0,70 2,48 5,50 11,50
Nepruapo-p-kapoTun 5,13 16,65 20,95 27,09

2B u3oTepMHuyecKoM pexHume (275°C) CTaHHAPTOM CJYXHA NePrHAPO-B-KapoTHH, a B
YCJIOBHSX NPOrpaMMHPOBaHHS TeMmepaTypnl (3 mMuH npu 225°C, 3aTeM yBeJHuyeHHe TeMuepa-
TYpnl z0 300 °C co ckopocThbio 3 °C/MHH) — CKBaJeH.

caHTHHa M3 NepbeB ¢GuaMuHro Ha cuaydose UV-254 B cucreme
IHUXJOpMeTaH — AMITHIOBHE 3¢dup (9:1) xapakrepusyercss 3Haue-
HusAMHU R; coorBercTBenHo 0,6 u 0,7 [378].

HnrepecHoit mogudukauueit merona TCX siBasieTcs o6pameHHO-
¢dasoass TCX [379]. Ha xumuuecku cBsizannoit ¢aze C;3 (ODS)
B CHCTeMe MeTaHOoJ — aueToH —Bojaa (20:4:3) Obura paspmeneHa
CMeChb NHUTMEHTOB XJIOPOIJIACTOB LINMKHATA, COjepiKallasi HEOKCaH-
THH, XJ0pPOHMIb @ ub, KapOTUH, BHOJAKCAHTHH U JIOTEHWHH. DTHM
e MeToJO0M OBUIM pa3jieseHBl KapOTHHOHAbI IHTPycoBHX [380].

5.8.3. I'azo-scudrocThas xpomarocpapus

OrpannuenHoe npuMeHenne IDKX mas aHannsa TeTpaTepleHOB
06yCJIOBJIEHO HEYCTOHYHBOCTBIO 3THX BBICOKOHEHACHIIIEHHBIX COe-
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nuHenu#. JIMIIb TeTpaTepleHhl C HECONPSKEHHBIMH JBOHHBIMH
CBA3fMH JOCTaTOYHO CTaOMJbHHl IIPH TeMIlepaType, HeoGXOLHMOIi
AJis XpoMaTorpa(uyeckoro pasjeseHHss TaKHX OTHOCHTENBbHO GOJib-
wHX Mosekysa. TerpaTepmeHbl C CONPSKEHHBIMH JBOMHBIMU CBSI35i-
MH Ilepejl BBOJOM B XpoMartorpad THAPHPYIOT, IPHYEM YacTO BO3-
HHKaeT HeO6XOAMMOCTb 3aIHTHTb OKCHI'DYMNMNbI; IJs 3TOH LeIH HX
aleTHIMPYIOT MJIH CHAMIHPYIOT. HemocTaTok 3ToH MeTOAHKH 3a-
KJI0YyaeTcs B TOM, YTO IIPH THADHPOBAHHH HCYe3alOT pPasJ/IHYHs
MeXAy yuc- H Tpanc-usoMepaMu. XpomartorpaduueckHe CBOHCTBa
NPOAYKTOB THADHPOBAHHS KapOTHHOHAOB MOAPOGHO H3YyYeHH B pa-
6orax [381, 382] (Taba. 5.4.).

5.9. ITosmunpeHobl

HHTepec K JJHMHHOLENOYEYHBIM IOJHIPEHOJaM, TaKHM, Kak
YHIEKaNpeHoJ W NOJHXOJbl (IPeHOJBl, colepxkaliue oT 16 mo 22
H30NPEHOBLIX 3BEHbEB), 0OYCJIOBJIEH IVIaBHBIM 06pa3oM TOH pOJIbIO,
KOTOPYIO HTpaloT COOTBETCTBYIOIIHe NpeHHJIpocdaTsl B GHOCHHTE3e
CJI0XKHBIX NOJHCAaXapumoB W raukonporennon |383—385]. B Heko-
TOPHIX PaCTeHHSAX NPHCYTCTBYET TAKKe OTHOCHTENLHO GOJIbLIOE KOJMH-
4ecTBO IMOJIHIPEHOJNOB ¢ 6Gojiee KOPOTKOH YIJIeBOLOPOAHOH LENbIO
(HanpuMmep, GeTyJanpeHoJbl H (HKAINPEHONB, COJepKalllHe COOT-
BeTcTBeHHO 6—8 1 10—13 musomnpeHoBux 3BeHbeB) [383, 386]. Coe-
IHHEeHHsl, NPHHAAJeXalllie K PAas3HBIM TpyNIaM, pPasjHYyaloTCs He
TOJIbKO MJIHHOH Lelld, HO M OTHOCHTEJNbHBIM COJAepXKaHHEM YUC- H
Tpanc-IBOHHBIX cBsi3eil. Hekoroprle nosnumpeHoss (Hampumep, no-
JIUXOJIbI) TOCTPOEHBI M3 HACHIIEHHBIX (-H30NPEHOBHIX 3BEHbEB, a
Ipyrue COLepKaT ajlHjbHble 3BeHbsl. IloJiMnpeHOJIB], BHAeJeHHbIE
H3 OJIHOTO MCTOYHHKA, NMPEJCTaBJAIOT cO60H, KaK NPaBHJIO, CMeCh
aHaJIOrOB, a He reOMeTPHYeCKHX H30MepoB. OHH BCTpeyaloTcs Kak
B cBoGonHO! (opMe, Tak U B Bule 3¢pHpoB u Gosee MOJSPHBIX NPO-
H3BOAHBIX — ¢ochaToB u raukodoctaros (cMm. pasa. 5.10 u 5.11).

5.9.1. I'azo-oicudkocTHas xpomaroepagdus

[MonunpenunaneraTsl, NepPrupoNoONHIPeHHIaleTaTsl H COOTBET-
CTBYIOILHE YIJIEBOLODPOAL Da3felsiii Ha KOJOHKaxX C IIeJIUTOM, CO-
nepxamum 1% SE-30 [387, 388]. Ins npeHunauneraToB H3 OLHOTO
HCTOYHHMKA XapakTepHa JIHHEHHAsT 3aBHCHMOCTb MeXJy WYHCJIOM
H30IIPEHOBBIX 3B€HbEB H JIOFapH(pMOM BDEMCHH YA€p2KHBaHUs, 4YTO
CBH/IETEJLCTBYeT 00 HMIEHTHYHOM DAacHONOXeHHH M OAHHAKOBOMH
KOH(MHrypalluH ABOMHBIX CBsi3efl B MOJIEKYJaX 3THX COENMHEHHH

[388]

5.9.2. Tonkocaotinas xpomaroepagus

TCX naubosiee yacTo nmpuUMeHsIeTCsl AJS1 Pa3fieseHHsi TOMOJIOrHY-
HBIX TMOJHNPEHOJIOB. XOTs B GOJNBLIMHCTBE CJIyyaeB CH/IHKare/b He
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oTBeuaer TpeGOBaHHSIM, NPEABSBASEMBIM K COpPOEHTY 1Js1 aHaJH3a
cMecell TOJNHIPEHOJIOB (HCKJIIOYEHHE COCTABJSIOT OuY€Hb IPOCThie
cMecu [389, 390]), Tem ne menee TCX Ha cuaHKarese siBJseTcs IO-
JIE3HBIM BCIIOMOTATeJbHEIM METOIOM, HO3BOJSIOLMM OTHENHTh IO-
JIUIPEHOJIBl OT MX HHU3IUHX aHaJoroB (HamnpuMep, OT repaHHUJrepa-
HHOJIa MJIM TIPECKBAJjeHoJa), a TaKXKe OT COOTBETCTBYIOIIUX aJjble-
THIOB, KHCJOT, (ochaToB M aHTHIPOINPOH3BOAHBIX, KOTOphle 06pa-
3yI0Tcsd Kak NOoOOYHble NPOAYKTH B XOJle SKCIIEDUMEHTOB IPH H3Y-
yeHuy GuocuHTeda coexuHeHud [391—393]. [oMoJsioruuHble MOJH-
MpeHOJIBl ‘MOXKHO 3(b(}eKTHBHO pasie]uTb C NOMOLLbI0 00palleHHo-(ha-
3oBoii TCX Ha Ku3esabrype, mponuTaHHoM napadunom [394, 395],
i Ha obpaboraHHOi TakuM ke obpasom wLessaono3e [393] B cu-
cTeMe aleToH — Boja. DTOT MeTol OBl C YCIEeXOM HCIOJb30BaH
IJIsi pasjiesleHHs: pasHooGpasHbIX nosunpeHosno [393, 396—401].
YCTaHOBJ/IEHO, YTO 3aBUCHMOCTb Ry IOJIMIPEHOJIOB H3 OXHOIO HCTOY-
HHKa OT JJIMHBl MX LN ONHCHIBAeTCS INpSIMOH, HAKJIOH KOTOpPOH
H3MeHsieTCsl NPH Iepexole OT OJHOH CEepPHH TOMOJIOrOB K APYroi
[394, 395]. C momomeio obpainenHo-¢asosoiit TCX ynanoce pasnue-
JUTb HEKOTOPBle reOMeTpHYeCKHe MH30MepHl MOJHIpeHoJoB [397,
399]. drtor MeTOx NPHUMEHHM TaKxke HAJs pa3feleHHs] H30NPEHOBBHIX
aHasoroB y6uxuHoHa [402]. Jas o6Hapy:eHHs HOJIHIPEHOJOB
IpeaJoKeH psifi PeareHTOB, H3 KOTOPBIX HauboJiee 4acTO HUCIONb3Y-
IOT HOJ M CMeChb aHHCOBOTO asbJerHia C cepHOH KucaoTof [393,
394].

5.9.3. Koaonounas xpomaroepagus

MeTofuKY BhIfieNeHUs] ITOJHIPEHOJNOB H HX CJIOXKHBIX 3GHPOB
BKJIIOYAIOT CTafMI0 NpPEJBAPUTENbHON OUHCTKH 3THX COeJHHEHHH OT
JUIONIOB XpoMaTtorpaduell Ha KOJOHKAxX C OKCHAOM aJIIOMHHUS B
CHCTeMaX aJKaH — AM3THJOBHIH a¢pup [394, 403, 404]. Hasa dpak-
UHOHHPOBAHUS TaKHX CMeceif B KauyecTBe cOpOeHTa HCIOJB3YIOT
TaKXe KpeMHHeBY10 KucaoTy H cedanekc LH-20 [389].

UucTble MOJHNPEHOJB H3 MX cMecell GbIIM BbIJEJIEHH C IO-
MOIIbI0O KOJIOHOYHOH Xpomartorpaduu Ha HOCHTese, NPONHTAHHOM
napadunom [405]. 3HauuresbHO OoJiee BBICOKOH paspeliarouiei
crnocoOHocTho obsnanaer okcH (Cis) ankoxcumponuiacedpaneke (Jau-
nunekc-5000). Ha KosoHkax ¢ 3THM cOpGEHTOM B pasJjIMYHBIX pe-
JKMMaxX 3JI0OMPOBAaHHs CHCTEMaMH alleTOH — BOJa YAaJoCh C KOJIH-
YeCTBEHHbIM BBIXOJOM DPa3Je/]HTb cMecH GeTy/lanpeHoJoB, (HKamnpe-
HOJIOB H JIOJIMXOJIOB HAa HHAYBHAyaJbHble KOMIOHeHTH [406].

HenaBHo nna pasiesneHHss TOJNHIpeHONOB Oblla NpUMEHeHa
B3)KX Ha xosoHKax ¢ mopucthiM nosnumepoM [393] u ¢ p-6onpana-
koM C;s [404, 407]. Ha o6pauienHoit ¢ase GblIH MOJHOCTHIO pas-
AeneHbl H0aHuX0abl [407] U cMechb FOMOJIOTHYHBIX IOJIUIIPEHOJNOB H3
MOXKeBe/IbHHKA, CcofepxKamux or 14 mo 21 u3onpeHOBOro 3BeHa
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[404]. TeomeTpHyeckHe H30OMephl NOJMIPEHOJOB, BEPOSITHO, MOXKHO
pasgenuTb B BHAE HX alleTaTOB Ha copOeHTe, COIEpIKaIlEM COJb
cepebpa [229].

5.10. ®octhopunvpoBaHHEIE TEPNEHH

C BBesenneM ocraTkoB ¢ocdopHO#l uian nupodpocdopHoit Kucao-
Thl B MOJIEKYJIbl TePIEHOUAOB OHHM NPEBPaLlalOTCs B HOHHBIE COEIH-
HeHHus,, o06/afaiollne COBepPLIEHHO APYTHMH XPOMAaTOrpaduyecKHMH
cBofictBamu. CreneHb BIHSHHSA ¢ochaTHOR IPYNNel Ha 3TH CBOHCT-
Ba 3aBHCHT OT MOJIEKYJSIDHOH MacChl M NMOJSIPHOCTH HCXOJHOTO Tep-
nena. Tak, HanmpuMep, 3TOT 3P ¢eKT Har/s[Hee BCEro NPOSBJASETCS
npu GocGopHIHPOBAHHH TeMHUTEPNIEHOB H 3HAUHTEJbHO cjabee MpH
dochopuIHPOBAHHH NOJNMIDPEHOJOBBIX CIHHPTOB. MHorue mnpHpoA-
Hele ¢ochopHINpOBaHHEIE TepIeHH ABJSIOTCS nHpodocdaTaMu
aJUIMJIOBLHIX CHOHPTOB (HampuMep, repaHuoJia, apHe30sa) HJIH LHUK-
JONponuaKapO6uHONOB (NpeckBajseoHa M npeduroedona). ITH
9(upHl ype3BEIYaHHO YYBCTBHTEJBHHEl K JEHCTBHIO KHCJOT M HarpeBa-
HHIO, N0O3TOMY NpPH paboTe ¢ HUMH CJefyeT cobJIONaTh ONpeleeH-
Hble MepHl npefocTopoxkHocTH. OfHaKoO Hekortopre ¢ochopuanpo-
BaHHHIe TepNEHOUAB! HOCTATOYHO YCTOHYHBHEI K HEeHCTBHIO KHCJIOT.
K ux uucay OTHOCATCS HachIleHHBIE COeNMHEHHsl, HampuMmep ¢oc-
domeBasionatr unu GopHuAnNUHpodochaT, a TakkKe H30NEHTEHHUJIIIH-
podocharel (romMoaJssHIbHEIE NPOH3BOJAHEIE) H JoJsHxoJdochaTh
(coenvHeHMsl, MOJIEKYJNbl KOTOPBIX IIOCTPOEHHI M3 HaCHIIIEHHBIX
0-H30NPEeHOBHIX 3BeHbeB). B obsacTu uccaenoBanust ¢ochopuanpo-
BaHHBIX TEepPIEHOHIOB K MeToJy XpoMmarorpaduu npuberaioT rias-
HEIM 06pa3oM B Tex CJydYasix, Korja HeoOXOIHMO OTIeJHTb TepIe-
HuAnupodocdaThl OT COOTBETCTBYIOIIHX MOHOpocdaTtoB (c sTof
npo6JyieMOll NPHXOAMTCS CTAJKHBATbCS IIPH MNOJyuyeHHH cyberpa-
TOB), HUJU NPH NpoBeleHHH (HPaKIHOHHPOBAHHS TeplNeHHINHpodoc-
¢aToB, pas3nHYaOIIUXCS [JIMHON YIJeBOLOPOAHOH Lenu (Takoro
pona 3ajaud OOGLIYHO BO3HHKAIOT B XOfe HCCJeNOBaHHs GHOCHHTE3a
COOTBETCTBYIOUIUX COENUHEHHH, a TaKXe IPH BbIAEeJIeHHH OHOCHH-
TETHYECKHX Npenaparos).

5.10.1. Bymasxcran xpomarozpadus

B cuny cBoeit nonsipHocTH (QochHOPHIHPOBAHHBIE TEPIEHH
BNOJIHE TPHIOAHBI JJIs pas3jieJleHHsl NMPH NOMOILH OyMaxkHo# Xpo-
matorpaduu. Xopouee pasgeneHne ¢ocHOPHUIHPOBAHHHIX TEMHTEP-
nenoB (dochatoB u mupodochaToB MeBaJOHOBOH KHCJOTH, H30-
NeHTeHOJa M JMMeTHJIaJJIHIoBoro cnupra) u ¢ochatoB TepreHo-
BBIX CIIHPTOB ¢ GOJiee BLICOKOM MOJIEKYJISIPHOH Maccoi OblJIO JOCTHI-
HYTO C NOMOLIbI0 XpomaTorpadun Ha Gymare Batvan Ne 1 wuam
3MM B pexume BOCXOASIIIEr0 MJIH HHCXOASIIEro 3JI0HPOBAHHSA
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BOJHO-CIIHPTOBEIMH CMECSIMH, COJEPKAaUUMH KHCJIOTY HJIH OCHOBA-
HHe (B LIeJIOYHON cpefe xpoMartorpadupyioT coelHHEeHHs, He CTOH-
kue B Kucaoii cpenie) [408—413]. B paborax [412—414] npusenensl
BeJquuuHbl R; psina ¢ochOopHINPOBAHHBIX TEPHEHOUJOB B pPasjiny-
HBIX CHCTeMax pacTBopHTesneH. 'JlaBHEIM HefocTaTKOM OyMaiKHOM
xpomarorpaduH ABAseTCH HU3Kasg eMKOCTb copOeHTa, YTO OrpaHu-
ygBaeT 006J1aCTh NDUMEHEHHS 3TOrO MeTOJa — ero HCIOJBb3YIOT M0
CyIleCTBY JIHIb B aHAJUTHYECKHX LeJsX.

5.10.2. Tonxocaotinas xpomaroepagpus

CpaBHUTEeNBHO YyCTOHuMBBIE (OCHOPUIHPOBAHHBIE TePNEHOHLI
MOXHO XxpoMartorpacdupoBaTbh Ha cuiHkarese G B cHcTeMax XJOpO-
¢opm — MeraHos —Boaa [409—411, 415—417]. Urobn cBecTH
K MHHHMYMY BO3MOXHOCTb pacllelyleHUs] HeCTaOUJIbHBIX aJlJIHJIO-
BbIX nupodochaToB, NPH NMPUTOTOBJIEHHH CJoeB copOeHTa BMeECTO
BOAbI HCIOJBb3yWT 6ydepHblit pacrsop, Hanpumep 0,1 M docdar
ammonusi ¢ pH 6,5—7,0 [205, 418]. TloaBHXKHOCTb TepHEHHJINHPO-
dochatoB Ha Takux «3abydepeHHBIX» ca0sAX cuiankarenss H B cu-
creme XjJopodopm — MeTaHoN —Boga (6:4:1) xapaktepuayercs
caepyomuMu 3HaueHusimu Rj: Cs 0,07, Cy9 0,15, Ci50,29, Cg 0,41,
Cy5 0,52, C300,60, C400,68. Anasoruunasi cucremMa pacTBOpHTeJNeH
Gblia MCIOJIB30BaHA MPH Pa3fesleHHH CMEeCH DEeTHHOHJ- M PETHHHII-
¢docdaros [419]. JlabuapHble nupodocdaTel xpomarorpadupyloT
Tak)e B CHCTeMax IpomaHoJ-1—THAPOKCHI aMMOHHS — Boja
[393, 4201 u xn0pocdopmM — MeTaHOJ — FHAPOKCHI aMMOHHS — BOJa
[421], cocTaB KOTOPHIX 3aBHCHT OT OTHOCHTEJNBHOH IOJNSPHOCTH
pasmensieMblx coefiuHeHHi. Hanpumep, nns pasneseHus cMmecH
tdocdaroB Cyo-mpeHosia (repaHusrepaHuosa) Obljia HCIOJIb30BaHA
cHcTeMa NpomaHoJ-1 — ruApokcua aMMoHus —Boaa (6:3:1) [296];
HafileHHble 3HaueHUs Ry TpH-, MHPO- U MOHOdochHaTOB paBHHl CO-
oteercTBeHHo 0,17, 0,35 u 0,52. ®ochopuarupoBaHHble TepNEeHOHIBI
MOIKHO Da3fessiTh M Ha leJoso3e. ATOT copOeHT M cuankareap H
OGLIYHO 3HauuTeNbHO OoJiee MPHrOAHBI AJs1 pa3feseHHs] HeycToil-
UMBBIX COeJHHeHHH, uem cuaukarenp G [422—424]. CrabuabHble
nupodocharTsl 6bIMM pasfeneHbl Ha CHJIHKaresje B CHCTeMeE IHH30-
6yTHIKETOH — yKCycHast Kucjora — Bozxa (8:5:1) [425].

5.10.8. Koaonournas xposiatoepagpus

IIpenBapurensHoe GpakiuuoHupoBaHne  GhochOpHIHPOBAHHBIX
NpPEHOJIOB GBIIO OCYIIEeCTBJIEHO Ha KOJOHKAaX C KPEeMHHEBON KHCIO-
Tolt [392, 415, 422, 423]. ®ochaTel MPEHONOB MOXKHO JIETKO OTHe-
JUTh OT nupodocdaToB ¢ MOMOLIBIO XpomMaTorpadHu Ha CHJIHKare-
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Je B CHCTeMeé [pONaHo/-1—rHApOKCHA aMMOHus — Boja [296,
426, 427].

Honoobmennyo xpomatorpaduio Ha DEAE-uenaionose [408,
410, 411, 417, 419, 427, 428] unn nHa DEAE-cepanexce [30, 400]
4acTO HCNOJb3YIOT OJs OTAeNeHHs ¢ocdaTtoB 0T nupodocdatos,
a B HEKOTOPBIX ciyyasiX W JJisi pasiesneHus mnupodocdatos [412,
514]. B 3aBucuMocTH OT pacTBOpUMOCTH (hochOpHIHPOBAHHBLIX MHpe-
HOJIOB XpoMaTorpaduio NpoBOAAT B BOAHBIX MJH METAaHOJbHBIX
CHCTeMax B peXHuMe TDaAHeHTHOro 3JIOHPOBAHHS pPacTBOpPaMH Kap-
6onara, 6ukapbonara, (opmMHara WM auerata aMMoHus. Hspenka
npumeHnsailoT Takxe rpanuentel KCI [429] u K,HPO, [412], xors
3TH COJIM B OTJIM4YHME OT NePeyHCJeHHBIX Bbillle HEBO3MOXHO yaa-
JUTb JuoduAH3anHedl (3TO OGCTOATENbCTBO OCOGEHHO BaXKHO yyH-
THIBaTb IIPH IOJyYeHHH MeueHHIX (ochOpHIHPOBAaHHEIX cybceTpa-
toB). C nomombio HoHOOOMeHHO! Xxpomarorpacdun Ha DEAE-ceda-
aekce A-25 B rpajHeHTe KOHIEHTPALMH JErKOJHODHIHU3YEeMOit
cosu — 6uKkap6oHaTa TPHITHJIAMMOHHS — OBIJIH OUYHLIEHBE pa3Ho-
ob6pasHble (ochopunHpOBaHHEIEe CyOCTpPaThl, HCIOJNb3yeMble IpH
u3yueHuu GHocuHTe3a TepneHoB [430].

Pasnenenne TepnenusndocchaTtoB U TepneHunanupodocdatos
NPOBOJAT U Ha jgayskce-1. Ha 3ToM HOHHUTe B rpajueHTe H3 CHCTEM
(hopMHAT aMMOHHS — MYpaBbHHAs KHCJIOTAa OBUIM pasfesieHbl ¢oc-
(hopuIHpOBaHHBIE NPOU3BOAHbIE MEBAaJOHOBOH KHCJOTBI U H30IeEH-
TeHosa [431—433], onHako B cuay HH3Koro 3HauyeHus pH saioenra
3Ta CHCTeMa HeNpHrofiHa AJsg XpomaTorpadupoBaHHs KHCJIOTOJa-
O6UJIbHBIX aJJIMJIBHBIX NPOU3BOAHBIX [408, 434]. K uncay moaxons-
IIUX A8 TaKHX COEAMHEHHH SJI0€HTOB OTHOCATCS CIHPTOBBIE pact-
BOpHl THAPOKCHAA aMMOHHs [433], pacTBopbl (opmuaTa aMMOHHS
B MetaHose [205, 435] u BOAHBIe PacTBOPHl XJOpHAA JIHTHS NPH
pH 8 [436]. Ha nayskce ymanoch pasfequTb NO3HIHOHHBIE H30-
Mepbsl — nupodocdatel dapHesosa H Hepoauponaa [205]. Pocdopu-
JIHPOBAHHbIE NPEHOJIBl C Pa3JHYHOH NJHHOH LleNu pasfensioT TaK-
JKe C NOMOIIbIO reflb-Xxpomartorpaduu Ha cedanekce G-25 [425] u Ha
cebanekce LH-20 [437]. B kauecTBe aJbTePHATHBHOIO MeTOJa
¢pakHOHUPOBAHUSL TepneHujdochaToB, NO-BUAHUMOMY, HaHIeT
npuMeHeHHe W XpoMaTorpacdusi Ha TNOJHCTHPOJBHBIX cMmosax [438].
O6paiienno-dazosass BO)KX Obl1a ucnosb3oBaHa [Jsi BbIAEJEHHUS
perunundocdara [439]. IIpu nonyuennu cdochopunupoBaHHHX cy6-
CTpPaTOB cJleAyeT NPHHMMAaThb BO BHHMaHHe, 4TO obpasywollHecs
B Xole (hepMeHTAaTUBHHIX peakllHii HeopraHHueckue ¢ochaTsl MOTYT
MelLlaTh NMOCJeAyloLlefl OYHCTKe IesneBoro npoaykra [436, 440].
IIpexBaputensHass o6paGoTka peaKIHOHHOR CMecH HeOpraHuue-
ckoii nupodocdara3oil no3BossieT H30ABUTHCST OT HEOPTraHHYECKOro
nupodocdara [441], a HeopraHuueckHe ¢ochaTbl MOKHO yAAJHTH
W3 HEeOYMIIEeHHBIX NpenapaToB N0 CTaAHH HX KOJOHOYHOH XpOMaro-
rpacdun [427, 436].
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5.11. I'muKo3uaMpOBaHHbIe TepleHbl

Heo6xoaumocTs xpoMaTorpaupOBaHHsl CAMHX TePHEHHJTJIHKO-
3UJ0B OTMAajaeT, eCJd C NOMOILBIO THAPOJH3a 3THX COeJHHEeHUH
MOXHO MOJYYHTb CTAaOHJbHBlE U JIETKO pasje/HMble arJHKOHBl H
IpH 3TOM He TepsieTcsl CTPYKTypHast MHGopmauus (B 4acCTHOCTH,
HHpOpMaNHs O NOJOXKEHUH (YHKUHOHAABHOH TPYIBl, y4acTBYIO-
niel B 06pa30BaHUH TJIHKO3HAHOH CBSI3H C YIVIEBOAHBIM OCTaTKOM).
IIpu uccnenoBaHMM HPHUAOHAOB H CEKOHPHAOHIAOB, COCTABJSIOLIHX
o1Hy U3 HaubGosee OOIIHPHBIX T'PYNN TepIEHHTJIHKO3MAOB, THAPO-
JIM3, KaK NPaBHJIO, He NPHMEHSIIOT, NOCKOJbKY arJIHKOHBI NPEJACTaB-
JSI0T co6oil nabuibHble Auanbaeruanl [442, 443]. K uucay necra-
OGUJIBHEIX COENMHEHHH OTHOCATCS M HEKOTODble arJHKOHBl TPHTepIe-
HOMJHBIX CalMOHMHOB (HanpuMmep, camoreHuH) [444]. B rtakux cay-
yasix MPUXOAUTCS NMpuberaTb K XpomarorpadupoBaHuio JHO0 caMUX
FJIMKO3UIO0B, JHGO HX MeHee TOJSPHBIX NMPOH3BOAHBIX, NOJYYEHHBIX,
HampuMep, NyTeM aleTHJIHPOBAHHSA HJM cHauaupoBaHuda. Ilocaeno-
BaTeJbHOE XpoMaTorpadupoBaHHe He3alUIIEHHBIX TePIEeHHUJITHKO-
3HIOB, a 3aTeM HX NPOHM3BOJAHBEIX 4acTO sBJ/sieTcsl Haubosee spdek-
THBHBIM METOAOM BbIfEJNEHHS MHAMBHAYAJbHBHIX KOMIIOHEHTOB H3
CJ0XHBIX cMecel [443—450]. MeTonuKH BBIIEJIEHHS U XpoMaTorpa-
¢uyeckue cBOACTBA HPHAOHMIHBIX TJVIIOKO3HJOB OMHCAHBI COOTBETCT-
BeHHO B 0030pax [443, 442]. Brlnesnenuo TpHUTepNeHOMAHBIX calo-
HHHOB INOCBsLleHa paGora [444].

5.11.1. I'azo-cudkocTHas xpomarozpadusn

Meron I')KX Hamen npuMeHeHHe IIPH aHaJu3e MPaKTHYECKH
BCEX TIJIMKO3HAOB, KOTOPble MOXKHO IpPEBPATHTh B JNOCTAaTOYHO Jie-
TyuHe NMPOU3BOAHBIe [451]. Pa3nesneHne TPHMETHICHINIOBEIX 3(GHPOB
HDHIOUIHBIX W CEKOUPHUAOWUAHBIX INIMKO3HAOB ¢ momouipio KX u
HX Macc-CNeKTPOMeTPHYeCKHMH aHa/Ju3 omnucaHel B paboTe [452].
Pasnenenue Takux coeJHHEHHH IPOBOASIT, KaK NMPaBHJIO, Ha KOJOH-
Kax C HHU3KOH CTeNmeHbI0 MOKPLITHS HOcHTeJsl (asaMu THIA CHJHU-
KOHOBoro Macsaa (Hampumep, SE-30) [452—454]. Bo3smoxHOCTb
npuMeHenusi [DKX nnsi aHanusza APYruX THIOOB MOHOTEpPIEHHJITJIH-
KO3HIOB NpojaeMoHcTpHpoBaHa B pabore [105] Ha npumepe pasne-
JIEHUs] CIIOJHA AalleTHJIHPOBAHHBIX IIPOU3BOIHBIX (=)-MEHTHJ- H
(&£)-60pHun-B-D-rnoko3unos Ha (aszax, COmep:KAaMUX CHIHKOHO-
Boe macyo. C momompbio IDKX 6ol paszneneHn Takxke ru6Gepes-
JuH-O-TJII0KO3UABl B BHIE CIOJHA TPHMETHJCHIHIHPOBAHHBIX
NPOU3BOJHEIX /U B BHJE NPOM3BOAHBIX, B KOTOPHIX THAPOKCHJbHbIE
IPYNNBl 3allHIIEeHBl TPHMETHJICHIMJIBHEIMH OCTaTKaMH, a KapGoK-
CHJIbHBIe — MeTHIbHBIME [264, 455]. [Tocsennuit npumep cBHAETENb-
CTByeT 0 TOM, uto Meton [DKX npuroneH u mis pasneneHus Tepre-
HWJITJIMKO3WJOB, 06JalalOllHX CPaBHUTEJIbHO BHICOKOH MOJEKYJIsp-
HOH Maccoi.
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5.11.2. Tonxocaotinan xpomaroepagus

Ananntnueckass n npenapatusHas TCX (B GOJIbIIKHCTBE CJy-
yaeB Ha CHJHKareje) LIHPOKO HCMOJb3yeTCs B KayecTBe MeToxa
pasjefleHHss KaK He3allHLIeHHBIX HPUAOHAHBIX H CEKOHPHUIOHIHBIX
IVIIOKO3HJIOB, TaK M HX NPOHM3BOAHBIX [442, 443, 447, 448]. Pasne-
JeHHe CMeCH TeTpaaleTaTOB HPHIAOHIHBIX IVIIOKO3HAOB, MOJIEKYJIbI
KOTOPHIX DPas3JjM4aloTCs JIMLIb YHCJIOM JABOHHBIX CBs3el, OBLJIO ocy-
leCTBJIEHO Ha CHJHKarese, cojepxameM 179% Hutparta cepebpa
[456]. OTum meTonOM OBIIH pasfiesleHbl TakKxXKe JADPYrHe THIBI MOHO-
TepINeHMITHKO3UN0B [457], KpoMe TOro, OH NMPUTOAEH W JJIsI pasie-
JeHusl JHacTepeoMepoB, HampuMmep fB-D-riokosumos MeHTONa H
HeomeHTona [458]. C nomompio TCX Ha cuiMkarese MOXHO pasie-
JIUTb CMeCH He3allHIeHHBIX H alleTHIHPOBAHHBIX IrH66GepesJIHHIJIH-
KO3uI0B [254, 459], a TakXkKe TPHTEPNEHHJIJIHKO3HIAB H HX CJI0XK-
Hble adupnl [327, 460]. T'nUKO3UIHPOBaHHbIE TeTpaTepHeHH (Kapo-
THHOM/IBI) H alleTaThl 3THX [VIHKO3WAOB OblIM pa3jefieHbl Ha KH-
seaprype [461]. TCX Ha cuaukarese M Ha Ku3eabrype OOGBIYHO HC-
NOJMB3YIOT MNPH BBIAEJEHHH TNojaunpeHusacdocdatos, comepKamux
yrieBoAHEe ocTaTKH [399, 416, 462-—464].

5.11.3. KoaoHounas xpomaroepagusn

KosioHouHast xpoMaTtorpagust sBJisieTcsi XOpOILO OTpaGOTaHHbIM
MeTOJIOM MpeNapaTHBHOIO BBIAENEHHSI HPHAOMAHBIX H CEKOHPHIO-
MIHBIX TJIIOKO3UJO0B [443] H ApYrHX MOHOTEpPIEHHJIIHKO3HIOB [446,
465]. Mpunounnnoie H CEKOHPHUAOHAHBIE IVIIOKO3HIAB XpomaTorpadi-
PyIOT Ha KH3eJbrype, MOJHMAMHJeE, LEJJII0N03e, CHIHKAaTe MarHus,
cedbanekce LH-20, Ha pasHoo6pa3HbIX aHHOHHMTAaX (NPH BbIAEJEHHH
CoelHHEHHN KHCJOTHOH NPHPOAH) M Ha cuaHKarede [443]. Ilocaen-
Huil copGeHT HallleJ TaKiKe NPHMeHeHHe NpPH (PaKUHOHHPOBAHHH
MPOH3BOAHBIX MOHOTEPNEHH/IIOKO3HA0B [443, 448, 449]. Hpuno-
HIHbIE M CEKOHPHIOMAHBIE TVIIOKO3HABl OBIJIM pasfie/leHBl TaKXKe
¢ nomombio BO)KX Ha p-6onnanake C,s [466].

PasnuuHble METOAMKH KOJIOHOUHOH Xpomartorpaduu HCIOJb3Y-
J0TCsi AJisi NpeIBapHTENbHOrO (PaKIHOHHPOBAHHS JHTEPIIEHOBHIX
ranko3uaoB [467, 468] n ru66epennunriaoxkosunos [264, 469}, npu-
yeM B NocjelHeM ciydae oco6eHHO 3¢ (eKTHBHON SBJSETCS HOHO-
o6mennas xpomarorpadus [304]. Xopouero paszeneHHs: IVIHKO3H-
JYPOBAHHLIX THO6EPeJIHHOB MOXHO AOCTHYb H ¢ momoinbio BIJKX
[469]. dTuM MeTOIOM Bce yallle MOJb3YIOTCS NPH (pPaKIHOHHPOBA-
HUH TPHUTEPNEHOUAHBIX IVIMKO3HAOB [470] M PONCTBEHHBIX CaNOHH-
HoB [471, 472]. Ina OYMCTKH CaAlOHHHOB NPHMEHSIOT TakKe OOblu-
HYI0 KOJIOHOYHYIO XpoMaTorpadHio Ha cuiukarene[473,474], okcuae
anomuHus [475], cMecH JapeBecHoro yrasi ¢ ueautom [476], mo-
nuamune [477] u DEAE-cedanexce [478]. KaporuHouaHble TJIHKO-
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3HIbl OBLIM pasfiesieHbl Ha KOJIOHKaxX C LEJJIOJNO30H, a COOTBETCT-
BYIOILIlMe alleTaThl — Ha KOJIOHKaX ¢ OKCHAOM ajiomunus [461]. [Tpo-
H3BOJHble MNOJHUNpeHuAbochaToB, COREPKAUIUX YIIeBOAHbIE OCTAT-
KM, o6byHO xpoMarorpadupyior Ha DEAE-nenmonoze [392, 399,
479—482] nnu na cedanekce LH-20 [415, 479, 482, 483]. Meronom
obpamenHo-¢aszoBoit BO)KX Onln1 BhAeseH MaHHO3UJIPeTHHHJOC-
dar [439].

5.114. Bymaocnas xpomaroepagus u Opyesue meroodsl

HecmoTpss Ha TO 4YTO B CBSI3H C pacliHpeHHeM 006JacTH NpuMe-
Henusi TCX OymakHasi xpomarorpadusi Kak MeTOJA aHaJH3a Tep-
HNEeHUJITJIMKO3WAOB B 3HAUMTENbHOl Mepe yTpPaTH/Ja CBOH MO3HLHH,
ee 0 CHX IOp HCIOJBb3YIOT JUIS pasfesleHHss U XapaKTePHCTHKH
HDUAOUIHBIX TJIIOKO3UAOB [442, 484] u nonunpenundocdaToB caxa-
poB [485—487]. MpupouaHsle TJIOKO3HAB OOBIYHO HAEHTH(DHLHDPY-
10T ¢ NOMOILBIO JByMepHOH OGymaxHoH xpomartorpaduu [488].

dddexkTuBHEIM cnoco6oM pasjesieHHsi cMecell HPHIOHIHBIX H
CEKOHPHIOHAHBIX TVIIOKO3UJO0B SIBJISIETCS] MNPOTHBOTOYHOE pacrpefe-
Jgenue [489—491]. YcoBeplieHCTBOBAaHHBIH BapHAHT 3TOrO KJACCH-
YeCKOro MeTOJa — KalleJbHasi NPOTHBOTOYHAast xpomarorpadus —
UIHPOKO NpHMeHsieTcsl NPH pasjesieHHH IJHKo3unoB [492, 493], oco-
6eHHO upHAOHAOB [494] u camoHuHOB [495—499].

5.12. TepneHoOUHblE BUTAMHHBI
5.12.1. Buramun A

OrpoMHBIil HHTEepeC K BUTaMHHY A H ero NpOH3BOAHBIM 06YCJ/IOB-
JIeH He TOJIbKO er0 (PYHKIHOHAJbHOH POJIBIO B 3PHTEJBHOM Mpollec-
ce, HO Takxke H TeM, YTO Ha OCHOBE ero aHaJoroB MOryT GBITh CO3-
JaHbl 3(Q(eKTHBHBIE JIeKapDCTBeHHBle MpenapaTthl, MNO3BOJSIOLIHE
NPOBOAUTh NPOGUIAKTHKY U JiedeHHe pPaKa H KOXHHIX 3a6ojeBa-
Hufl. [TOCKOJNIbKY HCCJI€0BAHHSI CHCTEMBI (DOTOpELENLHH CONpsixKe-
HBl C MCIOJB30BAHHEM pAa3JIMUHBIX YUC-DETHHOMIOB, 3HAYHTEJbHbEIE
ycuausi OblIM HanpaBJeHBl Ha Pa3paboTKy METONOB pasiesieHHs H
OuHCTKH 3THX u3oMmepoB [500—503]. XapakTepHOH 0COGEHHOCTHIO
BCeX INPOM3BOJHBLIX BHTaMHHA A SBJseETCS HX 4Ype3BblyaliHas Ja-
OUJIbHOCTb: OHHM OYeHb YYBCTBHTEJNbHBl K BO3JAEHCTBHIO BO3/1yXa,
Tenja ¥ CBeTa, MO3TOMY B JAaHHOM CJydyae TPaZHIIHOHHBIE METOABI
xpomaTtorpaduu NPHUrOAHHE JHIIb AJS PYTHHHBIX aHaiau3oB. C cob-
JIOJeHHeM OCOOBIX Mep IPedOCTOPOXKHOCTH 3TH COeAHHEHHS MOXK-
HO XpomaTtorpacdupoBaTh Ha MJACTHHKAX C CHJHKAarejeM B CHCTe-
Max [IH3THJIOBBIA 3(up — yriaesomopox [504, 505]. OG6biuHO mua-
CTHHKHU HeoOXOAMMO aKTHBHDOBaTh, BbAep:KHBasg HX 30—60 MuH
npu 110—120°C, u npoBOAuTb pasjiesieHHe B TemHOTe [506] mpu



T'rasa 5 262

TeMIlepaType HUXKe KOMHATHOH. BBeleHUe aHTHOKCHAAHTOB IO3BO-
JsieT B 3HAYHTENbHOIN CTeNeHH NpeAOTBPAaTHUTh OKHCJIEHHe aHaJH3U-
pyeMbIX coeXuHeHHH. B uyacTHocTH, mepen 3JIOHPOBAaHHEM IJIACTHH-
KH MOXKHO ONPBICKHBaTb pacTBOpoM 2,6-AH-Tper-6yTHJ-n-Kpe3oJsa
[507]. DTOT aHTHOKCHAAHT He MellaeT OOHAPYXKEHHUIO PETHHOUAOB IO
HX IOrJouleHHo npH 366 HM, NOCKOJBKY €ro mnoJjoca NOrJOLeHHs
pacnosioxkeHa B 6oJiee KOPOTKOBOJHOBOH ob6sacta (Huxke 300 HM).
B pa6ore [507] onncaHo pasjesneHHe NPOM3BOAHBIX BHTaMuHa A
c nomompio TCX Ha cuiukaresle B CHCTeMe &LETOH — JIETKHH MeT-
poaeiinblit a¢pup (9:41) npm 8°C. Haiimens cienyiolne 3Haue-
Hust Rj: perununnaiasmurar 0,71, perununauerat 0,54, peTHHa/lb
0,40, perunon 0,26, peruHoeBasi kucjora 0,21. BrIXxox yka3aHHBIX
coenvHeHH# coctaBua 75—94Y%.

TepmHueckass HeCTOHKOCTb M HHM3Kasi JeTyuecTb pETHHOHAOB
OCJIOXKHSIIOT HX pasllelleHHe C IIOMOIIbI0 Ta3oBOH XxpomaTtorpaduu
[508]. OueBunHO, YTO B NAHHOM CJyyae BCe KOHTAKTHPYIOLIHE C
aHaJM3NPyeMBIMH BelllecTBaMH JleTajd XpoMmarorpada JOJKHbBI
6biTh BHINOJIHEHB M3 cTeksaa. Haunyuiiee pasneneHde 3pupoB pe-
THHOEBOH KHCJOTH OBLTIO AOCTHTHYTO Ha KOJIOHKaX C HH3KOH CTe-
NeHblo MOKPBITHA HocHTens ¢dasoit SE-30, kotopast ob61ajfaeT HEKO-
TOPBIMH NpeuMylllecTBaMu nepexn xuakuMu ¢dazamu XE-52 u QF-1.
Ha xononke, cogepxkameit 3% SE-30 na xpomocopbe WHP (Su-
pelco, 80—100 mew), B usoTepmuueckoMm pexume (230°C) yaa-
JICCh DA3/eNUTh NOJHOCTBIO TPaHC- U 13-yuc-u30Mepbl METHJPETH-
Hata. [DKX B couetraHuu ¢ Macc-CHEKTPOMETpHell N03BOJsieT o0Ha-
PYXHTb yKa3aHHbIE BellleCTBA NPH HX KOHIEHTPAIlHH B KPOBH Ye€JO-
Beka o 1 Hr/ma [509].

Kononounas xpomarorpadus, sIBAAIOILASCS, HECOMHEHHO, HaH-
Goslee pacnpoCTPAHEHHBIM METOAOM pasfiesieHUusl COeNMHEeHW# rpyf-
nbl BHTaMHHa A, ofecrneuHBaeT BBICOKOE paspellleHHe NPH MHHH-
MajLHOH BEPOSATHOCTH pacliellyieHHs] aHaJH3HPYEeMBIX BeEIeCTB.
Cpeay MHOTHX HCIIOJb30BAHHBIX B 3THX LEJSIX THIOB COPGEHTOB
nepBoe MeCTO IIpHHAJJIEXHT CHIHKareaw. HMHorxa npuMeHSIOT
TaKxKe LIeJOYHOH OKCHA aMioMuHHS [504]; B YacTHOCTH, Ha 3TOM
copbenTe NPOBOAAT aHAJH3 CMecell, COLepKAaUIMX IIOMHMO peTH-
HOUAOB KapoTHHH M KcaHTHHH [510]. C momolbio xpoMaTorpaduu
Ha upesute 345 BrekcaHe, HaCHIILEHHOM TOJU3THJICHIVIHKOAeM 400 u
cojeprKalleM aHTHOKCHAAHTH, YJaeTcsi  OTHEJHTb IOJHOCTbIO
Tpaxc-petuHos ot ero 9,13-au-yuc-usomepa, oaHako 9-yuc- u 13-
yuc-u3omepH B 3TOH cHcTeMe He pasfessioorcs [511].

B cBs3u co cTpemurenbHbIM pas3ButHeM BI)KX kopeHHBIM 0Gpa-
30M HM3MEHMJICS XapaKTep METOAMKH aHajlH3a COeRMHEHUH TIPYIIb
sutamuna A. Biarogapsi cBoMM HeOCHOPHMBIM NpPEMMYLIECTBAM —
BBICOKO# CKOPOCTH, BBICOKOH YYBCTBHTEJIbHOCTH H BBICOKOH paspe-
maromed cnocob6HocT — BO)KX Kk HacTosiiemMy BpeMeHH NpPaKTH-
YEeCKH BBITECHHJIA BCe OCTaJIbHble METOIBl pa3leseHHs] PETHHOHIOB.
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Ancopbunonnas B3JKX mnosBoJisieT 0CBOGOAHTBHCSI OT NMpHMeCH Ka-
poTuHOMAOB [512], BBLAENHTb BCe reOMeTpHYECKHE H30Mephl BHTa-
MuHa A u ero adupoB [513—516] u3 GHOJOrHYECKHX KHAKOCTEH
[615] u numeBbIX NMPoAYKTOB [517] WM OCyLIECTBHTH IpenapaTus-
HOoe pasjeseHHe 3THX coefuHeHHi 513, 516]. O6pamenHo-¢dasoBas
B3)KX B paBHOH CTelleHH NPHIOJHA Kak JAJsi aHauau3a Guosioruue-
ckuX xuakocreit [518—520] u muueBelXx npoAykToB [521—525],
TaK W IJIs pas/ieleHHs NMPOU3BOJAHBIX BHTaMHHa A [526, 527]. Dodu-
Pbl PETHHOJA ¥ HEHACHIIEHHBIX JKHPHBIX KHCJOT JIErKO pa3iesHThb
Ha obpauieHHO# ¢a3e B cucTeMe, comeprKalllell MeTaHOJBHBIH pacT-
BOp HHUTpaTa cepebpa [527].

Ha xkomonkax ¢ mukpo-nak- CH-10 Butamun A Jierko otnedsi-
ercsi oT ButaMuHoB Dy u E [528]. AncopbunonHasi xpomarorpagus
Ha copbeHTe MuUKpo-mak (b MKM) B CHCTeMe TeKCaH — JIHOKCaH
[I03BOJISIET Pa3leJUThb BCE YUC/TPAHC- U CUH[QHTU-U30MEPBI OKCHMA
peruHaJsi, obpasywooumuecss npu o6paboTke 3pUTENbHBIX NUIMEHTOB
rugpoxkcuaamuaoM [505, 529]. Ilaptucun okasajicsi oco6eHHO NOA-
XonsiIMM copGeHTOM JIJIs1 pasjie/leHHs PeTHHOEBBIX KHCJOT u 3dHu-
poB. MsoMepHble pDeTHHATH MOXKHO pas3iesNHTb Ha KOJOHKax C map-
tucusioMm 10 ODS-2 B cucreme aneroHutpuna — 1% -Hblil BomHBI
pactBop auerata ammonus (3:2) [530, 531] uau auxJI0pMeTaH —
ykcycHast kucaota (199:1) [532]. [asi KoJoHOK ¢ obpallleHHOH
tazoil maprucua ODS xapakTepHa MeHblIasi CKOPOCTb NOTOKA 3JIO-
€HTa, YeM JJ51 KOJOHOK ¢ nmaprucuiaom (10 MrMm) uau cdhepucopbom
ODS (5 mMrm) [532]. Bce yuc/Tpanc-u3omMepsl MeTHJAPeETHHOATa
MOXKHO paslenautb Ha naptucuie ODS-2 B cucreme rentaH — ate-
TOHHTPHJ — AUMeTHaCcyabbokeun [533].

Ins1 onpeneneHust coelHHeHWH Tpynnsl BHTaMHHa A B pasniuy-
HBIX COPTaX MaprapHHa HCIOJAb3YIOT XpoMaTorpacHuio Ha JHXpOCop-
6e Si60 B cucreme rentaH — auusonponuyoBeiii a¢up (19:1). Ilo-
CKOJIbKY TJIHIEPUIBI, TOKODEpOJIbl, JEUUTHHB W [pYTHe MOJsipHbIe
coefiuHeHHs COpPOMPYIOTCS Ha KOJOHKEe, B Hee MOXHO BBOIHTb He-
OUMIIEHHbIE MpenapaThl, MPHUeM pEereHepHpOBaTh KOJOHKY Heo0Xo-
auMo Jutib nocsae 20—50 anaausoB [534]. Ha stom xe copbeHre
TIpOBEe/leHO OlNpeflesieHHe peTHHoJa B CHIBOPOTKe KpoBu [535], a
TakXe pasfie/ieHre aHaJIorOB PeTHHOEBOH KHCJOTH H HX MeTabosu-
TOB B CHCTEMax TeKCaH — TeTparuapodypaH -— yKCycHasi KHCJO-
Ta (980:15:6) nam rexcaH — MeTHJI6€H30aT — MPONHOHOBAsT KHCJO-
Ta (1750:250:7) [536]. C nomouiplo obpamieHHO-(ha30Boil XpoMma-
Torpatuu Ha nuxpocopbe (10 Mmkm) B 90%-HOM BOJHOM MeTaHOJE
NPOBOASAT aHaJ U3 MOJOKA M IEeTCKHX MHUTaTeNbHBIX cMmecel [537],
a B cucteMe MeraHoJ —Boja (99:1) paszaenstioT KapoOTHHBI

yuc/tpanc-Vi3omepsl peTHHAsI U PETHHOJA MOXHO JIerko pas-
NeJUTb Ha KOJOHKe C 30pDakc-CHJIOM B CHCTEMax JIHITHJIOBBIA
aup — rekcaH, 3THJaLeTaT — FeKCaH HWJIH STHJIALETaT — IHXJIOp-
seraH —rekcaH. Tlo mawHbM pabor [538, 539], aTa kKosoOHKa oco-
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6enHO yno6Ha AJs pasfeseHHs NPOAYKTOB (JOTOM3OMEpH3aLHH pe-
THHana (37110eHT — 12%-HEIll pacTBOpP AHMITHIOBOrO 3GHpPa B Trek-
caHe), H Ha HeHl MOXKHO pa3leNuThb uYeThipe H30Mepa DeTHHOJa B
NPHCYTCTBHH COOTBETCTBYIOHIMX H30MepoB peTHHajs. Hsomepn pe-
THHaJIsi U 3-LeTHAPOPETHHAJsI XpoMaTorpaUpoBaJu Ha -NOPaCH-
Je. B pexxume H30KpaTHUecKOro aa0HpoBaHus 2% -HBIM pacTBOPOM
IHU3TUJIOBOrO 3(upa B JEerKkoM IeTpojeldHOM 3dupe pas3nessior
9-yuc-, 11-yuc-, 13-yuc- u nonHocTeio Tpanc-usoMeps [540], a npnm
KOHLleHTpaluuu AuaTunoBoro abupa 6—8Y ormensitor 11-yuc-peru-
HaJb oT 11-yuc-3-neruapoperunans [541].

CucreMy H3 ABYX KOJIOHOK C obOpauieHHo# (a3ofl HCno/b30Ba-
JIH JJIsT OXHOBPEMEHHOI'O OlpejesieHHsl aleraTa BUTaMHHa A (uau
IPYTHX COeIHHEeHHH rpynnsl BUTamuHa A), BuramuHa D, U anerara
ButramMuHa E. [IlpeBocxonHble pe3ysabTaThi OBIJIM TOJYYeHB MPU
pasfesleHHH YKa3aHHBIX COEJHHEHHH Ha II0C/IeJOBAaTENbHO COEelHU-
HEHHBIX KOJIOHKAaX ¢ (eHHI-u-60HnanakoM H p-60HAanmakom Cs
B pexXXHMe I'DaJIHEHTHOrO 3JIOHDOBAHUS CMeChI0O MeTaHOJa M BOJHI,
npHyeM JJIMTENbHOCTb aHalu3a cocTaBuaa 50 MuH [542]. dtoT
METOI TNPHUrofieH W IJs aHaiu3a Yuc/Tpanc-u30MepoB pETHHOEBOH
KHCJIOTHl (npenen o6HapyxkeHHs okogo 1 Hr) [543].

H3yuena Takxke BO3MOXKHOCTb INpPHMEHEHHs TIeJb-XpOMaTorpa-
$uu 14 pas3feneHHs COeJHHEHHH TIpYIIBI BUTaMHHA A. DTOT METOL
oKa3aJjcss OocoOeHHO MOJie3eH B TeX ciaydasX, Koria HeoOXOAHMO
OTIENUTh PETHHOUAB! OT GOJBIIMX KOJHYECTB NPYTHX JHIO(HUIBHBIX
BELeCTB, NPHCYTCTBYIOLIHX, HalnpHMep, B MaprapuHax 4 JPYrHX
NHLIEeBBHIX npoaykrax [544—546]. C nomomblo xpoMaTorpadumn
HHU3KOro naBjienus Ha cedpanmekce LH-20 B cucremax xaopodopm —
Jlerkuft nerposiefHBIH 3HP MOXKHO JOCTHYb XODOIUEro pasfieseHHs
CcMeCH, colepKallleli DeTHHOJ, ero CJ0XKHble 3()UPH, peTHHaJb, pe-
THHOEBble KHCJOTHl H 3(UPHl 3THX KHCJOT, OJHAKO [OaHHBIH reib,
NO-BHIUMOMY, HENPHroNeH IJs pasleJieHuss Yuc/Tpanc-u3oMepoB
[546, 547]. B aToii obsmacTH HCCIeNOBAaHHH Halljla NPHUMeHeHHE R
BhICOKO3(heKTHBHAS Tenb-Xxpomartorpadus. Xurauu reib 3010 Obli
HCIIOJIb30BaH /151 ONpejesieHHs BuUTaMuHa A H f-KapoTHHa B XKH-
pax u maciae [548], a mocienoBaTeSbHO COEJHHEHHBIE KOJIOHKH
¢ p-ctuparenem (100 A) u p-Gonpamakom €i3— NSl OTHAeseHHS
peTHHOsa OT B-KapoTuHa [544].

5.12.2. Buramun E

Tepmun «BuramuH E» B 1eHCTBHTEeJBHOCTH OTHOCHTCS K IpyI-
ne ¥3 BOCbMH INIPHDOAHBIX (DEHOJIOB, H3BECTHHIX MOJ Ha3BaHHAMM
TOKo(deposibl U TOKOTpHeHOJH. UeTbipe TOKodeposaa, B cocTaB MoO-
JIEKYJl KOTOPHIX BXOAMT HacChllleHHass H30NPEeHOHJHAas Helb, OTJIH-
YalTcs APYr OT APYra YHUCJIOM H IOJIOXKeHHeM MEeTHJIbHBIX DYt
B apoMaTHyeckoM KoJblie. ITockosnbKy OHOJIOTHYECKAaA aKTHBHOCTH
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3THX COEJIHHEHHH HEeONMHAKOBAa, Ba’KHO NPOBECTH MeXJy HHMH pa3-
auune. TIpexxHHe METONHMKH KOJODHMETPHYECKOro aHaJjH3a BHTaMH-
Ha E 6o HecmenudHuHb, MpHYEM HaJeXKHOCTb Pe3yJbTaTOB ONpe-
IeJislach TIIATEJbHOCTBIO OYHCTKH IIpelapaTta OT NPHMECH BOCCTa-
HoBuTenell [549—551]. Onpenenenuio BHTaMHHa E noceswmen psam
0630poB [551—559].

CoenvHeHust Ipynnsl BUTaMuHa E cpaBHHTeNbHO CcTaGUJIbHBI, MO-
9TOMYy HX XpoMmaTtorpaduueckoe pasjejieHHe NpeAcTaBJsieT COOOIE
JIOBOJIHO IPOCTYIO NpOLEeAYypy U TpebyeT cobJi0jeHHsT MHHHMaJbHO-
HeOGXONHMBIX Mep NMpPeNOCTOPOKHOCTH. DTH BellleCTBAa 3KCTparupy-
I0T OOBLIYHBIMH OPraHHYECKHMH pPacTBOPHTENSMH (TeKCaHOM, AHITH-
JIOBBIM 3(HPOM, IUXJOPMETAHOM), a 3aTe€M NYTeM I'HAPOJHTHYECKOHR:
06pa6GOTKH CHIPOTO 3KCTPAaKTa MOJY4YaloT COAepXKaIlylo BHTaMHH E
($pakUHI0O HEOMBIJISIEMBIX JIHIHIOB, KOTOPble MOXHO JIETKO pasje-
JIUTh C MOMOIIBLIO PA3JHYHBIX XpoMaTorpadruecKux MeTojoB. Ennn-
CTBEHHOE Cepbe3HOe OCJIOKHeHHe BO3HMKaeT IPH aHaJjIu3e NHLIEeBBIXs
[POAYKTOB, COAEPKALIUX CJHOXKHbe 3hHpbH BHTaMuHa A. B sToMm
clyyae SIBHO HeoOXOZHMMO HcuepHbIBalolllee OMblIeHHe 00pasua,
IIOCKOJIbKY NpPHMeCh YKa3aHHBIX 3(GHpPOB MelLIlaeT xpoMarorpaduu,.
a caM PETHHOJ JIETKO OT[IeNsIeTCs] OT TOKO(epOoIoB.

TCX Hamaa HPOKOe MPHUMEHEHHe B KayeCTBe METOAA ONpele-
JieHusi BUTaMHHA E BO MHOrMX pas3JiHYHBIX BeIECTBAX: IPOAYKTAX
NHUTaHUs, TKaHSX XXHUBOTHBIX M (apMaleBTHYECKHX Ipenaparax
[651, 560—562]. BosblHHCTBO TOKOGEPOJOB MOXKHO JIETKO pasje-
JIHTb Ha NJIaCTHHKAaX C CHJIHKarejeM B CHCT€MaX TIeKCaH — THJ~-
anerat (37:3) [563], uukJIOreKcaH — IUSTHJIOBHH 3bup (4:1).
[564] mnu B nuxjaopmeraHe [565]. C momolipio 3TOr0 MeToaa:
HeJb3sl, ONHAKO, Pa3JeJHUTb MO3HIHOHHBIE M30MEDPH — B- H y-TOKO-
depos [563].

Tokodepossl 0GHAapyKHBAlOT B BHAE COOTBETCTBYIOINHX XHHO-
HOB [565]. Peakuusi OKHCJIeHHsI NMPOTEKaeT JIErko, mpuueM oGpasy-
IolllHecs] OKpallleHHble 30HBI MPHTOAHBI JJIS1 KOJHYECTBEHHOrO OIlpe-
NeJIeHHs] BEIleCTB C NMOMOLIbI0 METOAOB AeHCHTOMeTpHH ![562]. DTy
peakIHI0 NPOBOASAT NyTeM ONPLICKHBAHHs IJACTHHOK pacTBOPOM
TPHXJIOPYKCYCHOH KHCJIOTHI, colepxkaiueli noHn Ce*t, ¢ mocienyio-
meH HefiTpanu3alued KHCJIOTH napamMu ammuaka [562] wau 2,6-
JIHUXJI0p-n-6eH30XHHOH-4-X10paMuHOM (peareHToM ['HGG6ca) [566]
Janbo NMpOCTO myTeM HarpeBaHMsl IJIACTHHOK Ha Bo3ayxe npu 110 °C,
B TeyeHue 18 uy [567]. Camu mo ce6e NMPOAYKTHl OKHCJIEHHS MOKHO
xpomartorpacdupoBaTh Ha CHJHKaresne B GeH30Je WJIH B CHCTeMe:
JIETKHH TeTpoJiefHbIll 5QHD — NUITUIOBHHA 3pHp — aneron (94:5:1)
[568].

O6pamenno-pasoBass xpomartorpadus B TOHKOM CJOe Kpaxma-
Jla, LeJJII0JI03bl WM Ta/bKa, NPONUTAHHBIX MHHEpPaJbHbHIM MacJjoM,.
B CHCTeMe aleTOH — YKCycHasi KucaoTa (3:2) mo3BOJIsieT OTHENHThb
a-Tokodeposn or ero auerata [569]. KoJsoHOUHBIH BapuaHT 3TOro.
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MeTofa OBIJ HCIOJNBb30BAH It OTAeNeHHsT BHTaMuHOB A u D or
sutamuHa E [570]. B 3Tux ke lesAX NPHrOAHA reJib-XpoOMaTorpa-
¢us Ha cedanekcax G-50 u LH-20 B xmopodopme [571].

Metonn TCX wacrto ob6wbeaunsitor ¢ I'DKX, mockosabky mocaen-
Hsisl OTJIMYaeTcs OoJibllefi UYyBCTBHTEJIbHOCTbIO M Gosiee MpPHroaHa
JJIS KOJIMYeCTBEHHBIX onpefeneHuil [572]. B atom ciyuae miacTuH-
KH ONpPBICKHBAIOT PacTBOPOM poaaMHHa G wuau 2,7-guxmsopdayo-
pecuenna (au60 xpomarorpacHio NPOBOAST Ha IJACTHHKAX, CO-
JepxalluxX yKasaHHble (JyopeclleHTHble HHIAHKATOPHl), COeIUHEHHS
rpynnel BuTaMHHa E 0OHapy:KHMBaIOT NO TYLIEHHIO HHAYLHPOBAHHOMH
Y®-o6ayueHreM ¢ayopecleHIlHH, COOTBETCTBYIOLIHE 30HBI COp-
‘OeHTa cOCKabJMBAIOT, BellecTBA SKCTParHpylT H aHAJU3HPYIOT
¢ nomotpio I'DKX [573, 574]. Tazo-kugkoCTHasi xpomartorpagus
SIBJIsIeTCS], MO-BUAMMOMY, OCHOBHBEIM METOLOM OIpeJeJeHHSI TOKO-
(epoJIOB M HX CIOXKHBIX 3(QHDPOB B PA3NHYHBIX OOBEKTax [575—
578]. BoJabLIMHCTBO HCCJeNOBaTesell HCHONb3YIOT KOJOHKH C HH3-
KOH CTeNeHbI0 MOKDPBITHS HOCHTeJsl HeMoABH2KHOI ¢a3oil, Hampumep
0,3% anuesona L [578, 579] unu 2—59% SE-30 Ha rasoxpome Q
nau xpomocopbe HP 572, 574, 576] nu6o OV-1 nHa raszoxpome Q
[5680]. asi xpoMaToMacc-CEKTPOMETPHYECKOTO aHaju3a Gblia
NpHMeHeHa KOJIOHKa, comepxamas 1% OV-1 (pasmeneHue npoBo-
annn npu 240°C) [580]. Corsnacho maHHbBIM paboT ([572, 573],
¢asa SE-30 npennmouturenbee OV-17, MOCKOJIbKY BpeMsl yaepIKH-
BaHHS aHaJHM3UDYyeMBIX cOelMHeHMil Ha Hell meHbllle. Hepmocratok
HacaJOyHBIX KOJIOHOK 3aKJII0YaeTcs B TOM, YTO Ha HHUX TPYAHO OT-
AesuTh f3-Tokodepos or y-Tokodeposa. Bricokoll paspeliaromei
cnoco6HOCTbI0 06/1afal0T OTKPHITHIE KANHJJISIPHBIE KOJIOHKH C He-
NOPHCTBIM CJI0OeM, BHYTPEHHSISI IIOBEPXHOCTb KOTOPLIX Ae3aKTHBIIPO-
BaHa CHJIAHOKCOM H IOKPHITA NOJSAPHOH (pasoit — cynbdoHOM TMo-
aucdenunosoro adupa [b81]. Ha Takux KoNoOHKAX pasnensiorT
TOKOGEpOJBl B BHAE UX TPHMETHJICHJIMIBHBIX NPOH3BOAHBIX.

Haub6onee 3HaunTesnbHble NOCTHXKEHHS B 06JIaCTH aHaJjH3a coe-
IHHEeHHH rpynnel BUTaMuHa E, HECOMHEHHO, CBSI3aHBl C NPHMeEHEHH-
em B3I)KX. XoTss B HEKOTOpPBIX MeTOAHKAaX XpoMmatorpaduu H mnpe-
AYCMOTpeHa Hekasi npeljBapuTesnbHass o6paborka o6pasuos, B yacT-
HOCTH OMBIJIEHHe WJH OCaXKAeHHe OIPEACTeHHbX KOMIIOHEHTOB
[582—585], uame Bcero Heo6XOAMMOCTb B Takoi o6paboTke OT-
CYTCTBYET, T. €. HEOCPECTBEHHO Ha KOJIOHKY MOXKHOHAaHOCHTb HCOUH-~
HIeHHble 3KCTpakTh. Hamnpumep, HeouMIIeHHBlE SKCTPAKTHI JIHIH-
JIOB M3 KDYNSIHBIX H3AeNHH MOXHO XpoMarorpagupoBaTb Ha wu-To-
pacujiie B cHcTeMe rekcaH — xjopodopm (17:3) [586]. B stux yc-
JIOBHSIX PETHMHHJMAJbMHUTAT [OJHOCTBIO OTHeJsieTcss OT alleTara
a-Tokodeposa. OGLIYHO NPHCYTCTBHE NPYTHX JIHIHAOB He IpensT-
CTBYET :aHaU3y COefMHEHHIl IPYyNNbl BUTaMHHA E, OAHAKO B OAHOM
U3 coO0lIeHHH OTMeyaeTcsl, YTO B-KapOTHH MelllaeT KOJHYeCTBeH-
HOMY omnpefeneHnio y6uxuHoHna [587]. OGHapyxxenue mno dJyopec-
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LEHIMH II03BOJISIET HCKJ/IOUHTb BJIHMsIHMe INpHMecell Ha pe3yJbTaThl
ananusa. Ecniu s BO3OYXKAEHHS HCIOJNb30BAaTh CBET C JIMHOH
BOJIHBL 298 HM, a MHTEHCHBHOCTb (JIyOPeCHEeHLUHH ONpeNeNsiTb NPH
325—335 HM, TO mpeles oOHapyKeHHS TokKodeposa COCTaBJsieT
30 ur [588—594]. YMeHblleHHe AJHHBI BOJNHBI BO30YXKJaIOILEro
cBeta 10 205 HM NpHUBOAMT K 20-KpaTHOMY yBeJHYEHHIO YyBCTBH-
TeJbHOCTH onpedenenus [595].

PyTHHHble aHaJHM3bl COENMHEHHH Trpynnsl BUTaMuHa E, mo-suau-
MOMY, Llefecoo6pa3HO IPOBOAMTbL Ha KOJIOHKax ¢ obpalleHHO# ¢a-
3001, a AJis pasjiesieHHsl cMecell TOKO(EepOJOB M HX alleTaTOB HeoO6-
XOIHUMBI KOJIOHKH ¢ ancopbGertamu [596]. HaumGosee TpyaHoit 3a-
naueli siBJsieTCsl OTAeseHHe B-Tokodeposa oT y-Tokodeposna [580,
597]. B obuiem caysae xpomarorpadus Ha KOJOHKaX ¢ p-6oHIa-
nakom C;g B cucreMe MeTaHosg — Boia (19:1) mosBoJsisieT MOJYYHTH
BIIOJIHE YIOBJIETBOPUTENbHbIE pe3yJabTaThl [598—600], onnako pas-
JleleHHs] CMeCH BC€X BOCbBMH COeJMHEHHH rpynnel BHTamMuHa E
MOXHO JIOCTHYb JIHIIb C MOMOILBIO aACOPOLUHOHHOH XpoMaTorpaduu.
TlonsuxHo# ¢azoft 0ObIYHO CJAYXKAT YrJAeBOAOPOAB, COAepKaLlHe
He3HayuTeJ bHOE KOJHYeCTBO Kakoro-nubo mpocroroadupa. C 604b-
LIMHCTBA aJcopOeHTOB TOKOGEPOJbl JIOUPYIOTCS B CJeAyomeil mo-
CleNIoBaTENbHOCTH: «a, B, ¥, 6. [ aHanuTHyecko# xpomartorpaduu
Ha ajacopGeHtax jauxpocop6 Si-60 (pasmep uacrum 50 mkm) [592],
nxacko-nak WC-03-500 [593] u kopacua I:[601] B KauectBe auio0-
€HTOB Oblan HcHoJsb30BaHbl 0,2—49% -Hble pacTBOPBI JHH3OIPOIHIIO-
Boro a¢upa B rekcase, a 3¢deKTHBHOe NpenapaTHBHOE BHIAENEHHE
BLIIIEYKA3aHHBIX COeLMHEHHH OBIJIO OCYIlecTBJeHO Ha Kopacuie Il
saoupoanuem 0,5%-HBIM pacTBOpoM TeTparuapocdypaHa B rekca-
He [602]. Ha xosonkax co cdepucopbom (pasmep 4acTHL 5 MKM)
B CHCTeMe rekcaH — usomponanos (399:1) mnpu CKOpPOCTH IOTOKa
0,8 Ma/muH ObIIM pasieseHsl Bce ueThipe Tokodeposa. OTHocH-
TeJbHble HHAEKCH YIepXKUBAaHUSA a-, B-, y- U O- TOKODEpOJOB B 3THX
ycaoBusix paBHbel cooTBeTcTBeHHO 1,00, 1,44, 1,59 u 2,46 (BpeMms
yaep:KUBaHHUS a-ToKodepoJa cocTaBisieT 4,5 MuH).

- 5.12.3. Buramun K

Buramun K cymectByer B AByX ¢opMax, pasHualoLIUXCs CTe-
fleHbl0 HEeHAaCHIIEeHHOCTH H30NPeHOHAHOH OGOKOBOH lieNnH, CBSI3aHHOH
¢ Ha(GTOXMHOHOBBIM AAPOM. B yrieBomOpOIHOI LemH MOJEKYJIH
$UNIOXHHOHA NPUCYTCTBYET JIMIIbL OAHA ABOHHAS CBSI3b, B MOJIEKY-
Jie JKe MeHAaXMHOHA HeHaChILIeHHBIM SBJSIETCS KaXK10e H30MPeHOH -
HOe 3BeHO, NPHYEM B COCTAB MOJIEKYJB MOXKET BXOAHTb pasHoOe
YHCJIO TAKHX 3BeHbeB. Ilocsennee 06CTOATENBCTBO 3aTpyAHsieT pas-
JleJieHHe TOMOJIOTHYHBIX MEHaXHHOHOB C IOMOIIBIO ancOpGILHOHHOMN
xpomartorpaduH, MOCKOJNbKY TaKHe COENHHEHHs JIHMIIb He3HAYHTENb-
HO Da3/iMyatoTCsl 1O CHie B3auMojedcTBHs ¢ copGentom [603].
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Buramunn K oueHb Jierko noasepralorcsi (pOTOOKHCJeHHIO ¢ obpa-
30BaHHeM Lejgoro Habopa pasHOOGpasHBIX COeJHHEHHH, KOTophle
SIBJISIIOTCS, TO-BHAMMOMY, NPOAYKTAaMH B3aHMOAEHCTBHMS 3THX BH-
TaMHUHOB C MOJIEKYJIaMH KHCJIOPOJAa B CHHIVIETHOM COCTOSIHHU [604].
DTH NMpOAYKTH (OTOOKHCIEHHS aHaJH3HPOBaJu ¢ moMompbio KX
Ha KoJjioHke, comepxkameit 3% OV-1 Ha xpomocopbe W, mpu Tem-
nepatype 260°C [605], a Takxe ¢ nmomompbio Merona I')KX B co-
yeTaHHH C Macc-cieKTpomeTpHell [604].

B o6nactH wuccienoBaHHs BHTAaMHHOB K HamiM npuMeHeHHe
MeTOJABl TOHKOCJOHHOH XxpoMartorpadun [606—609], oaHako HH
OlHA H3 XpoMaTorpa(HuecKUX CHCTEM He IO3BOJISIET pa3hesHTh
BCe COeJMHEHHs,, OTHOCSIMeCs K 3TOH Irpynne BHTaMHHOB. Paspe-
JeHue BUTaMHHOB K npoBomusoch Ha CJIOSIX OKCHAA aJIlOMHHHS,
NPONHTAHHOrO pacTBOpoM [3,B’-OKCHAUNPONMUOHUTPHUIIA, CHIIHKAres
M CHJIHKarejs, IPONHTAHHOrO INOJHSTHJeHrJIHKoileM 200 [607],
KH3eJbrypa, NMpomHTaHHOro napaduxHoMm [608], copbeHTOB, comep-
)awmux HuTpaTr cepebpa [608, 610], u cop6eHTOB C MPUBHTHIMH
OKTaJlellHaJbHBIMH ocTaTkaMu .[609]. HaubGosnee cenekTHBHLIM siB-
Jsiercsl, MO-BHAMMOMY, o6palieHHO-(ba3oBasi pacnpefenuTesibHas
TCX (cm. Taba. 5.5).

Ta6auna 5.5. TCX BuramuHOoB K H HEKOTOPHX HX HPOH3BOAHBIX

Ha cunukarese G (A), Kuseabrype, nponuraHHoM napagunom (B),
u cuinkaredne G, conepma{tgggﬂ] 109% (mo macce) HuTparta cepe6pa (B)
a

3Hagenus R i
CoenuHeHHe
KOJNIOHKa A I KoJNoHKa B ' KOJIOHKa B
MenaxnHoH-4 0,29 0,66 0,48
2,3-DN0KCHMEeHaXHHOH-4 0,27 0,81 0,46
JIMMeTHJIMeHaXHHOH-4 0,27 0,72 0,45
MeHaxuHOH-3 0,28 0,79 0,67
2,3-DN0KCHMEHaXHHOH-3 0,27 0,89 0,59
OUANOXHHOH 0,35 0,38 0,97
2,3-On0KcHUIIOXHHOH 0,33 0,59 0,91
MenanyoH 0,12 0,96 0,62

aCucteMbl pacTBopHTeneil: KOJOHKa A — 6% nH3THJAOBOro 3dHpa B JE€rKoM nerposeii-
HoM 3dHpe; KOoNOHKa B — 90%-Hblii BOLHBIA aUeTOH; KOJOHKa B — 60% mHH30NPONHIOBOrO
sdbupa B Jerkom nerpoJefinom sdupe.

O6pauenHo-¢pa3osas BO)KX Takke okasasnach NpeanoyTHTe/b-
Hee aJCcOpPOLHOHHONH XpoMmaTorpaduu, XOTs B HEKOTOPBIX CJydasix
BNOJIHE YAOBJIETBOPHTEJIbHOIO pasfieleHHss MOXHO JOCTHYb H Ha
KOJIOHKAX C JHXpocop6oM (pasmep 4acTHIL 5 MKM) IpH 3JI0HPOBa-
Huu 0,03%-HBIM pacTBOPOM H30MpomnaHoJa B rekcare [611], a rak-
e Ha KOJIOHKaX C CHJMKarejeM B CHCTeMax aleTOHUTPHJ — [eK-



269 Tepnenst

Ta6auna 5.6. Bpemena ylepXHBaHHS BHTaMHHOB K ¥ uX NpOH3BOJHBIX
Ha KoJOHKax ¢ -6ompamakom Cig [608]¢

Bpemsa ynep- BpeMms ynep-
>KHBAHUA, MHH >KUBaHUsI, MHH
CoenuHeHHE < 7] CoenuHeHKe <« 0
< ] « «
X X > £
o} S i =
o o [} o
B = B 5
] o o =]
x 5 x x
MenaxHHOH-4 27,5 | — OUNTOXHHOH — 9,6
2,3-On0oKCHMEHaxH- 20,0 — 2,3-On0oKcHHIIOXHU- — 7,2
HOH-4 HOH
MeHaxunoH-3 17,0 | — Menaznon 50| —
2,3-Dn0KCHMEeHAaXH- 12,0 | —
#0H-3

ARononka A: 300X3 MM (BHYTD. AHaMerp), 3JMOEHT — 85%-Hblif BONHBIH alETOHHTPHJ;
KoNOHKa B: 200X2 MM( BHYTP. AHaMeTp), 3JIOEHT — METaHOJ.

CcaH WJH JuXJopMeTaH — rekcad i[612, 613]. BoabmuncTBo aHanu-
30B COeJMHeHMI rpynnel BHTaMHHa K BBINOJHEHO C NOMOLIbIO
MeTofia oOpalleHHO-ha30BoM XpomaTtorpapuu Ha p-GoHpamake
B BoZHOM aueTonutpune [608], Ha nepmadaze ODS B 63%-HOM
BonHoM auokcaHe uau 899%-HoM BoaHOM MeraHose [613, 614], Ha
uyksaeocune Cig B cucTeMe MeTaHOJ — 3TaHon (7:3) [615], Ha sop-
6akce ODS B cucremax MeraHoJ — 3Thaauerar (43:7) [616],
MeTaHoJa — AuxjJopMerad (4:1) HJIHM aUeTOHHTPHJ — AHXJOPMeETaH

Ta6imua 5.7. KospduuneHTH eMKOCTH COelMHeHHil rpynnsl BuraMuHa K
B ycnoBusax BOXKX [612]

Ko3hpHUHEeHT eMKOCTH
CHJIHRATeJb Cig HL Cg —CN
CoepnHeHue 5 ° 6 ° : (Z) °
25058 | 2 |2 =
133 o
S S = == = = Sn
yuc-Butamun K; 4,4 58| 7,6 | 87 [ 13,0]| 5,6 4,2
Tpanc-Buramun K 5,2 6,9 7,6 | 87 [13,0| 5,6 | 4,6
Anokcusutamun K, 6,1 6,5| 4,7 | 5,2 7,3 4,2 5,5
MenaxuHOH-2 8,7 — 1,8 | 1,7 1,9 1,7 —
MenaxuHoH-4 8,8 8,81 4,3 | 4,2 5,1 3,0 7,5
Menaxunon-9 9,5 | 10,3 — — — | 27,71 9,0
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(7:3) [617]. B Tabx. 5.6 npuBeneHO BpeMs yIAepXKHBaHHS BUTAMH-
HOB K M HEKOTOpBHIX HX NPOHM3BOJHEIX Ha KOJIOHKax ¢ pu-60HIamakom
Cis. Uro6b 006J1erYUTh aHaJH3 OHOJOTHYECKHX XKHAKOCTEH, MOXKHO
CHayaJa BHJeNHTb (pakuHio BuTaMuHHOB K C momompeio xpomaro-
rpaduu Ha napTHCHJIEe 5 B CHCTeMe TeKCaH — AU3THJIOBBIH 3dup
(97:3), a 3aTem pas3ieuTb 3Ty cCMeChb Ha oOpalleHHOH dase [617].
Ecnu e aHanH3UpyeTCsl MOJIOKO, JJsl NpeABapHTeNbHOro (pak-
LLHOHHPOBAHHUS Jiyullle BCEro NOAXOAMT KOJOHKa ¢ maptucuaom 10
PAC [617]. [IpuBenennble B Taba. 5.7 NaHHble NO3BOJSIOT CpaB-
HHUTb pasJjuyHble cucTeMbl BI)KX.
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['naBa 6

Ctepoubl

Apux XedprMmaH

6.l. BBeneunue

ITockoabky B 1976 r. yxe 6Gulna ony6JHKOBaHA KHHMra 1o Xpo-
maTorpaduu crepounoB \[1], obcyxnaaTh 34ech pabGOTH, INOSBHB-
mMecss B meyaTtd 3a mepuon ¢ 1964 mo 1975 r., Heuenecoo6pasHo.
BMecto 3Toro xorejoch OB yAeJHTb 0co60e BHUMaHHE BHICOKO3(-
(eKTHUBHOH KHAKOCTHON XpoMmaTtorpaduH, CpaBHHTEJbHO HeNaBHO
HOMNOJIHUBLIEH apceHas HHCTPYMEHTAaJbHBIX METOJOB HCCJENOBaHHS,
H OTPAaHHYHTbCS JIHIIb KPAaTKHM DacCMOTPEHHEM OCTaJbHBEIX METO-
nor xpomatorpaduu. Ccelikun Ha psij 6oJsiee paHHHX NyGJuauKauui
MOXHO HalTu B KHure {l], a Takxke B 00630pax, MOCBSILEHHBIX
xpomatorpadun crepounoB [2—4] *. IloBeleHHe CTepeoH30MEpPHLIX
CTEpPOHJOB B YCJOBHAX XKHIAKOCTHOH XpoMaTorpaduu paccMOTPEHO
B pabore [5].

B Hacrosimee BpeMs HCC/IelOBaHHE CTEPOHAOB NPH HoMowmH 6y-
Ma)XHOH xpomarorpacduu NOYTH He NPOBOJHTCS, JIHLUIb B HECKOJb-
KHX OCOOBIX CllyuasfX 3TOT METOJ MCHOJb3yeTcsi MOJs1 pa3feseHHs
OueHb MOJSIPHHIX KOHBIOraToOB CTepounoB. Jlus GwICTporo cpaBHe-
HHS aHaJu3UpyeMbiX 0o6pasloB €O CTAHAAPTHEIMH IpenapaTaMH
no-npexxuemy npuberator k TCX [6], omHako 3ToT MeTox 3a mO-
clleiHee BpeMs NPAaKTHUYECKH He NpeTepres HHKAKHMX H3MeHEHHH.
B03MOXHOCTb €ro NpuMeHeHHs MAJ51 KOJHYeCTBEHHOTO aHaJju3a H
onpenesieHUss H30TONHOMEUeHHBIX COeJHHEeHHII BecbMa OrpaHHYEHHA
[7]. B cuay TOro 4To CTEpPOHABI SIBJSIOTCS HEHOHHBIMH COeNHHe-
HUSIMH, JJUIS WX pa3fesleHHs] HeNPUroJHb MEeTOAbl HOHOOOMeEHHOM
xpomartorpaduu u ajekrpodopesa.

Hrak, ocramoch TONBKO CKa3aTh HECKOJBKO CJIOB O MeTo1ax
rasoBoH H XKHAKOCTHOH KOJOHOYHOH xpomartorpaduu. KosoHouHas
xpomaTtorpadus CTepoOHHOB paccMoTpeHa B o63ope [8]. B o63opax
[9, 10] ommcaHB MeTOABl aHaJNH3a 3THX COEAMHEHHH C NOMOIIBIO
reib-xpomarorpaduu u rasoBofi Xxpomarorpa¢uy B COYETAHHH C
xpomartoMmacc-cnekTpoMmerpueli. B cratee Hyctpéma u CréBanna

* B pomoJsiHeHHWe K 3TOH 0630DHON JHTEpaType ClefyeT NPHBECTH TAKKe KHH-
ry: Iépéx 1lI. KonnuecTBeHHBIH aHanu3 cTepouaoB. Ilep. ¢ auri. — M.: Miip,
p
1985. — I1pum. peo.
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[11] cymmupoBaHbl aHHble, MOJyYeHHble STHMH HCCIELOBATENSAMH
IIp¥ H3YYeHHH pasjle/ieHHsi CTePOUIO0B Ha JHNODHIBHOM cedaaekce,
a Becreprapa [12] nmpeacraBun KpaTkuil 0630p CcBOMX paGoT IO
Xpomarorpauu CTepPOMIOB Ha pasJIMUHBIX KoJOHKaXx. BI)KX cre-
pounos nocpsimeHsl KHura [13] u o63op [14]. CoorBercTByIOmas
HHOpMALHsS COAePKHTCA Takxke B 063ope [15]. Ccuuikn Ha 0630-
PBl, Kacalolinecst 6oJiee y3KHX BONPOCOB XpPOMAaTOrpadHH CTepoH-
J(0B, OYAyT NpUBE/leHBl B MOCAEAYIOUWHX pa3esax.

6.2. Crepunsl

OTOT pasjmes NoCBsllleH COGCTBEHHO CTEPHHAM, T. €. COeNHHEHH-
M, B COCTaB MOJIEKYJl KOTOPBIX BXOJMT JIHLIb OJAHH aTOM KHCJIOPO-
nxa. CexocTepHHbI PacCMOTPeHBl B pasi. 5.3, a GoJee MOJISIPHBIE
FOPMOHBI JIMHbKH HaceKOMbIX — B pasi. 5.11. CrepuHb u 0cobeHHO
HX 3QHPBI C TPYAOM [OANAITCA DasleleHHIO, OCKOIbKY 3TOT
KJacc CcTeponioB BKjouyaer romosord (or Ces mo Cao) u cTepeo-
M30Mepbhl, passnyarolmuecss Konpurypauneii npu C-3, C-5 u C-24,
a Takike KOHGpurypauueit A?*?®)-nBoiiHol cBs3M (ABOiHAs CBA3b
npu C-22 06bIYHO HMEET TPAHC-KOH(HUTYPaLHIO).

Meronsl xpomatorpaduu CTEPHHOB DAacCMOTPEHH B o630ope
[16], a ux neHcuTOoMerpHyecKHil aHanus —B 0630pe [17]. Onyé6-
JIMKOBAHBl TaKKe CTaTbH OG30PHOr0 XapakTepa, MOCBSIIEHHbIE ra-
30BOH XpoMaTorpaduu XoJlecTepuHa M €ro IpelleCTBeHHHKOB [18]
M pacTHTEeJLHBIX cTepuHOB [19]. CraThu, B KOTOPHIX paccMaTpH-
BACTCs XKUIKOCTHAs XpOMAaTorpadusi JIMIHAOB, COAEPXKAT TaKkKe
HH(OPMALIHIO O pasieieHHH 5THM METONOM CTepPHHOB [20, 21].

HMsovepHble cTepHHEI MI0X0 pasmcasiiores: ¢ nomompio TCX Ha
GONIBIIHHCTBE THIOB CHIMKAreJeBHX MJIacTHHOK. OGHapyXKeHO, Ofi-
HA4KO, 4TO MUIACTHHKH aHacuia B obsanaior HeoGblyHON paspeliaio-
el COCOGHOCTBIO H B PeXHMe HeNPepbiBHOrO S/TIOHPOBaHHS Ha
HHX MOXKHO Pas/esiuTh, HAaNPHMep, aUeTaThl KaMIecTepHHAa M 5-3p-
rocreHona [22]. CnuBosckuit u Kacnu [23] BBesn BechbMa moses-
HOE yCOBEpLUEHCTBOBAHHE B METOAHKY NPHTOTOBJEHHS NPOMHTAH-
HLIX PACTBOPOM HHTpaTa cepe6pa TOHKOCJOMHBIX MUIACTHHOK, IpeX-
Ha3HAYEHHBIX JJIsi  (DPAKUHOHHPOBAHUS HEHACHILLEHHBIX CTEPHHOB.
Henbcon n Haresnbcon [24] mpensioxunu NPOBOAHTL O6HapyKeHHe
XoJleCTepHHa M ero 5(upoB B BHJE IaslOreHNPOH3BOAHBIX, KOTOPHIE
Jierue noinalorest okpamusanuio. CornacHo faHHBIM paGote [25],
BbiCOKO3(ekTHBHas TCX NO3BOJIsieT OLEHHBATH KOJHYECTBO XOJIe-
CTepHHA B KPOBH IIDH €ro colepxkaHuu B obpasiue Ha ypOBHe He-
CKOJIbKHX HAaHOTPaMMOB.

I'asoxpomaTorpaduueckoe pasmeseHde CBOGOIHBIX CTepHHOB
JIydllle MPOBOAHTL Ha (QeHHIMETHJICHIHKOHAX Tuna OV-17 u OV-25,
4 He Ha MeHee NOJsAPHBIX dasax UCCW-982 u SE-30 (rabu. 6.1)
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[26]. Ocranphoe BpeMst YAep:KHUBAHUS CTEPHHOB OLHOTO TOMO-
JIOTHYECKOTO psifia BO3pacTaeT C yBeJHYeHHEM YHCJa aTOMOB yrJje-
pona B MousekyJe: Co7<Cys<Cy. BuMsHHe NBOHHBIX CBsi3ell Ha
xpomartorpaduueckie XapaKTeDHCTHKH 3aBHCHT OT HX JOKaJjH3a-
LUHH B MOJieKyJe. AleTHIHPOBaHNe CTEDHHOB NMPHBOAUT K yBejHYe-
HHUIO OTHOCHTEJNBHOTO BDPEMEHH HX yJepXKHBaHHS Ha BCeX YeThIpex
HEeMOABHKHBIX (pasax, MpUBeJeHHBIX B Talsa. 6.1, a TPUMETHJCHJIH-
JupoBaHue — au6o kK yBeauueHuto (daszsr UCCW-982 u SE-30),
au60 k ymenbwenuo (dasst OV-17 u OV-25) oTHOCHTENBHOI'O Bpe-
MEHH Y] epKUBAHHUSI.

OO6nIyHO st ra3oxpoMaTtorpadHueckoro aHaju3a MpPeANOYTH-
TeJbHEe HCIONb30BaTh He CBOOOJHBIE CTEPHUHBEl, a HX TPHMETHJICH-
JUIOBHle 3QUPHl MM JIPYrHe NPOU3BOAHBIE, NOCKOJBKY B MOILH(H-
LIHPOBAHHBIX CTEDHHAX sipue IMPOSBJASIOTCA HX CTEPEOXHMHUYECKHE
pas/iuuMs W OTBeyalolllie HM XpoMmMatorpaduyeckue nuKH OoJiee
cuMMeTpuyHEl. B Tabs. 6.1 mpeacraBieHb 3HAYeHHS OTHOLIEHHMH
BPEMEHH YIepXKHUBaHHS TPUMETHJICHIHJIOBHIX 3QHPOB K BpEeMEHH
yAepXKUBAHUSI TPHMETHJICHIUIXOJecTepruHa. OOGBIYHO IPOU3BOJLHLIE
CTEPUHOB OLHOrO TOMOJIOTHYECKOTO psila XOpOLIO pasielsiorcs,
npuYeM OTHOCHTEJNbHOE BpeMSl UX yAepKUBaHHs BO3pacTaer C yBe-
JUYeHHeM MOJIeKYJsIpHON Macchl. Hasnuue ABOHHBIX CBsi3el, oco-
6enHo npu C-7 u C-24, Kak NpaBuJo, NPHUBOJUT K YBEJHUEHHIO OT-
HOCHTEJIbHOTO BpeMeHU YAepKHUBAHHS, OJHAKO 3TOT 3bGdeKT, Kak u
IpH pasjieieHHH CBOGOAHBIX CTEPHHOB, 3aBHCHT OT JIOKaJH3allHH
3THX CBfI3efl B MOJIEKyJle H OT NPHPOABl HeNOABHXKHOH (asbl.
B uyacTHocTH, HachlllleHHble CTEPUHB M WX AS-aHasoru GJH3KH MO
CBOMM XpoMaTorpaduyecKuM CBOHCTBAaM, NMOITOMY HX pasfesieHHe
npeacrasisieT co6ofl TPyAHYIO 3ajxauy, a BBeleHHe JIBOHHOH CBS3H
npu C-22 Bcerna NpPUBOAHUT K YMEHbIUIEHHIO OTHOCHTEJNBHOrO Bpe-
MeHH YIepKHBaHUS.

M3yueHO TakKe MOBeleHHE NMPOLYKTOB ayTOOKUCJEHHS M MeTa-
60oa113Ma xoJiecTepuHa B pasnuuHbiXx ycjosusax KX [28]. ITokasa-
HO, 4TO 3(QHUpPBl XOJeCTepHHA M XKHPHBIX KHCJIOT MOXHO aHaJH-
3HPOBaTh KaK TaKOBLlEe, T. €. 6e3 NpeABapHUTEIbHOrO THAPONH3A, HA
KOJIOHKaX ¢ IiHaHocujokcaHoM cuiap 10C [29] uau Ha KOJIOHKAX
¢ 110au-S-179 B pe:xkuMme nporpaMMupoBaHusl TeMnepatypsl [30].

[Tosie3aHBIM METORAOM MOAM(HUKALHMH THIPOKCHICOAEPKAILHUX CTe-
POHIOB SIBISIETCS HX NpeBpallleHHe B KeTONPOHU3BOJHBIE MOA HeficT-
BHEM XOJIeCTepHHOKCHIa3bl [31], B pe3ysbTaTe KOTOPOTO MHOTHE
CTEepHHBI MPHOOPETAIOT CBOHCTBA, HEOGXOAUMBIE UIST HX pa3meseHHs
¢ noMompblo raszoBoit xpomarorpadum [32]. 4-Metusn- u 4,4-nume-
THJCTEDHHBl MOXHO aHaJH3HpPOBaTh Ha KoJoHkax ¢ OV-17 uau
OF-1 kak B cBoGonHo#t ¢opMe [33], Tak M B BHEEe HX aleTaTOB
[34). 3naueHnss ARac, T. €. OTHOIUEHHSI BpeMeH yAepIKaHUs CTEpHJI-
aleTaToB U COOTBETCTBYIOIIHMX He3aLHIIEHHHIX CTEPHHOB Ha KOJIOH-
Ke, comepxautefi 1,5% OV-17, yMeHbWwaioTcs B psALy: 4-IeMeTHJ-
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CTepHHbI =>4-MOHOMETHJICTeDHHbI >4,4-IUMeTHJICTEPHHB. B  Tako#
JKe IO0CJeJoBaTeJbHOCTH YOLIBAIOT BEJMYHHB OTHOLIEHHS BPeMeH
yIAepKUBAHUS 3-OKCONPOM3BOAHBIX H COOTBETCTBYIOIUHUX CTEPHHOB
(ARoxco) Ha KoJoHKe, coiepxamei 1,5% OF-1, npuuem cpeun
Bcex 4-IeMeTHJCTEPUHOB Haubosbline 3HaueHHs: ARoxco XapakTep-
HBl AJs 4-1eMuTHI-AS-cTepunoB [35].

e

H S-xonecrmer-3-orH
SB-xanecman -3-on

g O&EVY
0

Soc-xonecrman-3-on
/ 4-xonecmer-3- 0N

N

o 20 40 60 80 100 120 7140 160
Bpems, mun

fMoznowerue npu 280 vm

Puc. 6.7. Pasdenrenue u3omeproix 3-oxco-Cy-cTepurnos merodom BI)KX [46]
(¢ pa3pewerus asTopos).

Kosonka: 61 cmX6 mm (8ryrp. duamerp); HenodsusHas ¢da3sa: auxpocopb Si-60-10; nodeudc-

Haa hasa: Guxaopmeran — H-2ekcan — dturayerar (94:5:1); ckopocte noroxa: 9,5 MA[MUH;

Oasaenue: 3,79 MIla; wkara Oerexropa: 0,16 onTux. ed.; wkKaara casmonucya: 20 mB; cxo-
pOCTb AeHTbi: 6 cml4.

TaszoBasi xpomartorpadus B COUYETaHHH C MacC-CIEKTPOMEeTpHel
npexacTaBasier coGoil upe3BHIUAMHO LIEHHBIH METOA aHa/lH3a CJOX-
HBIX cMmece#t cTepuHOB [36]. Ias Takoro poma paGoOTh NPHTOJHEH
TepMOCTaGHJIbHEIE H CEJEeKTHBHEBIE HEMOJBHXKHBIE (asbl, HANIPUMEP
PZ-176 [37] u yraeBomopon Cg; [38]. CrekjsiHHBIE KaNWJAsipHbIE
KOJIOHKH o0ecrneunBalOT BHICOKOe paspemenue [38, 39], a 6Gogee
TOYHOT'O OTHECEHHs Ha)e Hepas3pelleHHHX XpoMaTorpadHueckKux
IIHKOB MOXKHO JOOHUTBCSl MyTeM KOMIBbIOTEPHOH 06pabOTKH MOBTOPHO
CHATHIX Macc-cekTpoB [40]. Becbma cnemmduueckass KapTHHA
¢parmMenTauun crepuHoB [41] M Hcnosb30BaHHE H30TOMHOMEUYEHHBIX
BHYTPEHHHX CTAHAAapTOB MO3BOJSIIOT HAaNEXKHO HIEHTH()HIHPOBATH
aHaJH3UpyeMble COellHHeHus [42].
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Cpean MeTONOB XXHAKOCTHOH KOJIOHOYHOH XpomaTorpauu cie-
JyeT yNOMSIHYTb [Ba: BhIJeJIeHHEe CTEPHHOB H3 BOJABl Ha KOJIOHKaX,
3anoJHeHHbIX cMoJiofl amGepaut XAD-2 [43], sBasoeecss BaxKHBIM
3TallOM KOHTPOJSl CTeNeHH 3arpsi3HeHHsT CTOYHBIX BOJ, M METO.
npenapaTHBHOrO BhlJeJ€HHs] CTEDHHOB M3 CMECH HEeOMblJIsieMBbIX Be-
IECTB KHBOTHOIO IPOHCXOXKIEHHS Ha KOJOHKAX C JIMIO(pHJIbHBI-
Mu rejasmu [44, 45).

Ipeorars yugepos
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Puc. 6.2. Pazdesenue Cor-, Cog- u Coo-cTepunos merodom B3)KX [55] (¢ paspe-
WeHUus asTopos).

Koaouka: 2,87 mX3,7 mm (8HYyTp. duamerp); HenodsuxHas ¢asa: Gondanax C,g — nopacun B,
pasmep wacruy 37—75 mxm; nodsuscras ¢asa: 0,5%-Hell pacréop nponanona-2? 8 H-2eKcawHe;
ckopocTy noroka: 0,4 ma/mun; 0asacnue: 1,31 MIla.

Ins pasneneHust cmecefi CTEPHHOB OBIJIHM HCIOJb30BaHBl pas-
auunsle npuemst BO)KX. Bricokoil paspemaloiieli CHoCOGHOCTHIO
obJjajaer amcopOuuHoHHasi xpomartorpadus Ha CHJIHKarese, KOTO-
pylo NMPOBOASIT B PeXHMe H30KpaTuueckoro [46—48], rpaaueHTHOrO
[49] uan peuuriauyeckoro sJioupoBanus [50]. C momompio 3toro
metola ObIM pasfesieHbl H30MepHbIe 3-OKCOCTepHHBI [46], smokcu-
npousBoiHsie [49], ameraTsl cTepuHOB [47, 48] u snuMepsl 26-0KCH-
xosiecrepuna [50]. Ha puc. 6.1 nokasaH mpuMep HpocTeillero noi-
X04a K paslelieHHIO CTEPHHOB, T. e. XpomaTorpaduu B H30KpaTH-
yeckoM pexume. Kak cienyer u3 npuBeJeHHOH Ha PHCYHKe XpoMa-
TOrpaMMBI, XOJIECTaH-3-OH C yuc-couneHeHHeM Koseu A u B 3J10H-
pyeTcsi paHblile TPAHC-U30Mepa, a HaJHuHe B MOJeKyJe JBOHHOMH
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CBsI3H, O0COOEHHO eCcny OHa COIpsi’KeHa C KeTOrpynmnoH, NPHUBOAUT K
YBEJHUYEHHIO BpeMeHU YAep:KHBaHHS. DQPOEKTHBHOrO pasjieseHHus
aleraToB M 6GEH304TOB HEHACHIIIEHHBIX CTEPHHOB MOXHO JOCTHYb
Takye Ha NPOMMTAHHOM pacTBOPOM HHUTpaTa cepebpa CHJHKarese
{51] unu okcunge anomunus [52].

OO6paulenHo-hasoBy0  pacnpelleIMTeJbHYI0O  XpoMaTorpadHio
IPUMEHSIOT IS pasjiefieHHss Kak CBOOOAHBIX cTepuHHOB [48, 53],
TaK M HX CJO0XKHbIX 3¢upos [54]. O6bIUHO cMecH XpomaTorpadupy-
IOT Ha KOJIOHKax ¢ p-6oHpamakom C,g, NpHYEM HaHJAydylIHe pe3yJb-
TaThl AaeT 3JI0HpOBaHUe Oe3BOLAHBIMH OPraHHYeCKHMH pacTBODH-
TeasiMu [55, 56]. Ha puc. 6.2 npuBeleHa xpomaTorpamma CMeCH
CTEPHHOB OJHOrO TOMOJIOIHYECKOro psila, NOKasblBalollasi, 4To Bpe-
Ms MX yAepxHBaHHA Ha obOpallleHHOH (ase BO3pacTaeT C yMeHb-
LIEHHeM YHCJa YrJAepOAHbIX aTOMOB B MOJIEKYyJe, a NpPH OAHHAKO-
BOM UHCJIe 3THX AaTOMOB — C yBeJHUYEHHEM CTelNeHH HeHachlIleH-
HOCTH.

6.3. Buramuusl D

[TockoabKy BHTaMUHB D uyyBCTBHTE/NbHH K BO3LEHCTBHIO CBeETa,
HarpeBaHHs M KHCJIOPOAA BO3JyXa H INpeTepleBalOT NpeBpallleHHsi
NpH B3aUMOJEHCTBHH C CHJIbHBIMH ajfcopbeHTaMu, xpomaTorpadu-
YyecKoe paajesjieHHe 3THX COeJHHEHHH O0KasaJjocb 0oJsiee CJI0XKHOU
3ajayvell, ueM pasjesieHHe MX CTEPOUAHBIX NpeAllleCTBEeHHHKOB. Hau-
6ojiee yLOBJIETBOPUTENbHblE METOABl aHaJjH3a COEeIWHEHHH 3TOH
rpynnbsl OCHOBAHBI Ha HCIOJb30BAaHHH KOJIOHOYHOH Xpomarorpa-
¢un. Bricokuil KO3(QGHIHEHT MOJSAPHOrO IOIJIOILEHHS BHTAMHHOB
D o6seruaer ux ob6HapyxkeHHe ¢ nomomplo Y®-merekropoB. Hs-
BECTHO HECKOJIbKO CJyuyaeB NPHMeHeHHs THAPO(YOOHOH resnb-xpoma-
Torpadun ais GpakUHOHHPOBAHUs 3THX BHTaMHHOB [57, 58], oxHa-
KO HaujJyulllee pasfieseHHe OblJIO AOCTHFHYTO ¢ nmoMoimbio BI)KX.
CpaBHenne BI)KX u merona, mpencrasJsiomero coboil couetaHue
TCX u I')XX, nokasago, yuro B9)KX nosBossier He ToIbKO OHICTpee
U Jierye, HO M TOYHee ONpeJeJHTb KOJHYECTBO BHTaMHHa D, [59].
PesysabTaTel, nojyuyeHHsle ¢ nomolbio BIJKX, coraacyoores ¢ gaH-
HBIMH OOLUENPHHATBIX B HacTrosillee BpPeMs METONOB XHUMHYECKOro
H GHOJIOTHYECKOr0 aHaju3a, perJaMeHTHPOBaHHBIX Accoruanuei
CJYXKAalHX XHMHKOB-aHAJHTHKOB, U MO3TOMY INpEAJaraercsi HCIOJb-
3oBaTh B3)KX B kauecTBe CTaHIApPTHOrO MeToda OMNpeLeseHHs
BuramuHoB D [60, 61].

Db dekTHBHOrO pasiesneHuss MeTaboJHTOB BUTaMHHOB D u mpo-
JLYKTOB HX (hOTOH30MepH3alUH MOXKHO HOCTHYb Ha KOJOHKax C CH-
JuKareseM. B 4acTHOCTH, ¢ KOJIOHKH, colep:xamieli 3op6akc SIL,
2,5%-HBIM pacTBOpOM IpoNaHosia-2 B cKeJsucoJabBe B atu coenu-
HEHHUS! 3JIOMPYIOTCS B INOCJENOBaTENbHOCTH: cMechb Dy u Ds, 24-0k-
cu-Dy, 24-okcu-Ds, 25-okcH-Dy, 25-okcu-D3 [62]. B atux ycaoBusx
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BUTaMUHBE Dy u D3 B OTJIHYHE OT HX OKCHIIPOH3BOAHBIX He pasjelsi-
jorcsl. EciHl XKe yBeJHYHTh KOHLEHTpaUHIO [pomaHosa-2 go 109%,
TO OKCH- H JHOKCHMETaGoJHTH GYAYT 3JI0MPOBAThCS B CJEAYIOIIEH
nociaenoBatenbHoCTH: Ds, 25-0kcH-Dj, 24,25-nuokcu-D;, la-okcH-
D, 25,26-nuokcu-Dy,  25,26-muokcu-Di, 1a,25-nuokcu-D,, 1a,25-
AHoKcH-Ds.

Ha puc. 6.3 npencraBiena xpoMatorpamma MeTaGoOJIMTOB BHTa-
muna Dj, mosnyueHHas npu pasjefeHHH CMeCH Ha KOJIOHKe C 30p-

Bumamurwsr D Bpems,
MUH
R 0 C<_ Bsod obpasua
S5y:

—

10

e 5
\\wm

HO ™

-
— \

Puc. 6.3. Pa3lesenue meraboauros suramuna D; u ux anarozo8 c¢ nomoujbto
B3)KX [63] (c paspewerus asTopos).

Koaonka: 250X2,1 mm (8HYTp. Ouamerp); HenodsudxHas ¢paza: 3opbaxc SIL; nodsuixnas ¢a-

3a: 2%-Houl pacTeop meranoara 8 Ouxaopmerane; CKOpocTb noroxa: 0,4—0,42 ma/mun; dassre-

Hue: 8,82 MIla; obrapyxenue no nozaoweruto npu 254 um. Cnpasa u3obpascens. yz1e8000-

podteie yenu, caesa — CTPYKTYpoL paduxanro8 Sy u S, (mecTo npucosdurenus yenu o0603Hade-

HO 6yksod R). Ilepevid nukx orseuaer sura»éuuy D3, a nocaedHuti — e2o 1a,25-0uokcunpous-
800HOMY.

6akcom SIL B cucreme MeraHosa — auxJopmeraHn (1:49) [63]. B yka-
3aHHBIX YCJIOBHSIX HM SNHMepHble 24-OKCHIPOH3BOAHBIE BHTaMHHA
Ds;, HH snuMepHBle 24,25-IMOKCHIDOH3BOAHBIE He pa3iessiioTcs,
ofHaKo la,24a-1MoKcH-D3 JOCTATOUHO XOpOLIO OTHAENSIeTCS OT
la,24B-anuMepa. BansiHHe OKCHTPYII HA MOJSPHOCTb NMPOHM3BOLHBIX
ButaMuHa D; ycunuBaercss B paAy: 24-okcu-D; <C25-okcu-D;<<la-
okcu-D; << 24,25-nuokcu-D; << 1,24-nuokcH-D3<<1,25-n10KCH-Dy <<
< 1,24,25-tpuokcu-Ds.

Bosmoxuoctn B3)KX u ee Bricokas paspemiarmomasi crnoco6-
HOCTb NpPOHJJIIOCTPHPOBAHB Ha MNpPHMepax pasjiesleHHsI NMPOJLYKTOB
dporousomepuszanuu BuraMuHOB D [64—66] n oTnenenus BHTaMHHa
D, ot Buramuna Dj [67, 68]. [IpuMepoM nmpaKTHYECKOTrO MpPHMEHEHHS
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3TOr0 MeTOJa MOXKET CJYXKHTb OIlpeJejieHHe BHTaMuUHOB D H HX
meraGoauToB B KpoBH [58, 69—71], mosioke [72, 73], siuunoMm Genke
[74], TkaHsix XUBOTHBIX [75], ¢apmaneBTHuUecKHX mpenapartax [76,
77] u XUBOTHBIX KOpMax [78, 79].

6.4. CamnoreHuHbl U aJKaJOH bl

HekoTopsle cTepouiHble CanoOreHHHbl INpPENCTaBJASIOT  coboil
CTPYKTypHble aHAJIOTH aJIKaJoHJ0B, OOHapyXXeHHBIX B TeX e ca-
MBIX pacTeHHsX, U 00J1afalOT aHAJOTHYHBIMH XpOMaTorpaduueckH-
mu cBolicrBamu. CoeluHeHHMsl, pasjuyalomiuecss KoHdurypauueil B
MecTe cousieHeHHss koJsely A u B snu6o npupomo#, au6o uucIOM
KHCJIODOACOAEPKAIUUX (QYHKLHOHAJBHEIX TPYNHN, CPaBHHUTEJbHO
JerKo nojgalorcsi pasjenenuto. OgHako pasieneHue Sa- u AS-aHa-
JIOTOB CONPSI)KEHO CO 3HAYHTeJbHBIMH TPYJAHOCTSIMH, @ CYIILeCTBO-
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Puc. 6.4. Paslesenue ayeraros canoeenuros merodom BI)KX [80] (c paspewe-
HUA a8TOpPOS).

Koaonka: 100X4,6 mm (8uyrp. Ouamerp); nenodsuzcHas ¢pasa: 3opdaxc SIL; nodsuxnas
asa: 1%-Houl pacreop AUETOHA B8 H-2CKCAHe; CKOPOCTb noToxa: 2 Ma/muwr; Oasrerue:
22,1 Ma.

BaHHe H30MepoB, pasjuyamouuxcs kKoHdurypauueit npu C-22 u
C-25, OCJIOXKHSIET BbJ€JeHHEe COOTBETCTBYIOLINX HHAMBHIYAJbHBIX
arJIMKOHOB M3 3KCTPakToB pacreHuil. Ilpu pabore Ha aHamuTHYe-
CKOM ypOBHe OGLIYHO BIIOJIHE YJOBJIETBODHTE/bHBIE Pe3yJbTATHl
MOKHO noJayuutb ¢ nomompbio TCX [5], a 15 BhAeNeHHsT 3THX pac-
THTEeJNbHBIX CTEPOHAOB B NpenapaTHBHOM Maciutabe HAeaJbHBIM
o6pasom noaxoxut BIXKX.

Ha puc. 6.4 nokasaHo pasjesieHHe JBYX Nap canoreHuHanera-
TOB, siBAsomuxcs snuMepamu npu C-5 u C-25, ¢ nmomouisio anacop6-
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Puc. 6.5. Pasdenenue crepoudnsix arkaroudos merodom BIKX [85].

Koaonka: 500X4,6 mm (8Hyrp. Ouamerp); Henodsusnasn pasa: 3opbakxc SIL; nodsuxcnas ca-

3Q: H-2CKCAH — meranHon — aueron (18 :1:1); ckopocro noroka: 0,3 ma/mun 8 reweHue [ u,

3arem 1,5 malmun; dasaenue: 5,52 MIla; wkara derexktopa: 0,2 onruu. ed.; wkanra camontic-
ya: 10 mB; ckopocTo nenTbl: 6 cmlu.

nuoHHOH xpomarorpatduun. Kak caeayer u3 pucyHka, 25a-camore-
HUHBI 2JIIOMPYIOTCS paHblle 25f-s3nuMepoB, a AS-COeIHHEHHS —
paHbllle CBOMX HachilleHHBIX 5B-aHanoroB. Ha pucyHke He mokasa-
HH 5q-CalOreHHHEl — TUTOT€HHH H HEOTHTeHHH, KOTOphle HMEIT
TakKHe Xe KOH(GOPMAalUH, KaK H COOTBETCTBEHHO AHOCT'€HHH H SIMO-
FeHHH, ¥ He OTAEJSIOTCS OT NOCJHeIHHX B YKa3aHHBIX B NOAIHCH
K PHCYHKY YCJIOBHSX. PaslequTb 3TH COeJMHEHHs YAaJoch NPH
nomomu runpodobHOll amcopOLHOHHOH XpomaTorpaduu Ha 30p-
6akce ODS B cucreMe aLeTOHHTPHJI — H-T€KCaH — TeTparuipody-
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paH (17:2:1). Bkaxpaom cayuae aneraThl AS-camoreHUHOB 3JIOH-
POBaJIMCh paHbllle 5a-aHaJoroB.

TCX no-npexkHeMy NPHMEHSIOT AJS aHaJH3a IVIMKOAJKaJOHIOB
[81—83], onHako ee HaumHaer BHITecHATb BI)KX [84]. Henasno
NpeNJIOXKeHHBH MOAH(HUUHPOBAHHEIH BapHaHT pa3paboTaHHOTO
aBropaMu raaBel Merona B3I)KX, npennasHaueHHBIH [/ aHaxu3a
CTepOHIHBIX aJKajouaoB [85], mokasan, 4To paspeluiaroLiasi CIo-
COGHOCTh KOJIOHOK M CKOPOCTb aHaJH3a YBEJIHYHBAIOTCS, €CJIH KO-
JIOHKH 3aMOJIHSIOTCS MeJIKOJLHUCIepcHbIM ajcopbentom. Ha rakux
KOJIOHKaX MOXHO He TOJIbKO pasfesNuThb 22-3nuMeps S-TOoMaTHIe-
HOJI W COJIaCOOHH, HO M OTHEeJHTb AS-cTepoun 5-TOMAaTHAEHOJ OT €ro
HachlllleHHoro ba-aHajora toMaTuiauHa (cM. puc. 6.5). B omnucan-
HOM IIpHMepe CKOPOCTb NOTOKa 3JIIOeHTa yBeJHYHBaJH uepe3 | u
nocJjie BBeleHHs1 obOpasua. PaspeneHue cmecu 6osiee MOJISIPHBIX aJl-
KasnounoB u3 Veratrum O6blJIO OCYLIECTBJEHO HAa TAaKOH XKe KOJIOHKE,
HO 1pH ellle 60Jiee BBICOKOH CKOPOCTH NoToKa. Pa3zpaboTaHbl Takxke
MeTOJbl KOJHYECTBEHHOTO ONpelesieHHs CTEPOUAHBIX aJKaJOHO0B
¢ Hcrnosab3oBanueM BI)KX [86] u umeHTpudyKHOH xpomatorpaduu
B coueralinn ¢ BIKX [87].

6.5. [IpousBonuele 3c1pana

XapakTepHoit 0COGEHHOCTBIO 3CTPOr€HOB SIBJISIETCS] HAaJHYHE B
HX MoJekyJaax ¢eHoJbHOro siapa A, KoTopoe 6JaronpusiTCTByeT
00HapyKeHHIO 3THX coelHHeHHH Mo ux norJjouieHuo B Y P-obaactu
HJIM B BHAe NPOU3BOAHBIX. Tak, Hanmpumep, crneuudHUeCKHH U YyBCT-
BHTCJbHBIH  MeTos OOHapyXKeHHS 3CTPOrGHOB Ha TOHKOCJOHHBIX
IJIaCTHHKaX OCHOBaH Ha peakuuu asocoueranus [88—90]. Kpome
‘TOTO, NPUCYTCTBHE (PEHOJLHOH TPYIIBI CnocOOCTBYeT B3aUMOMIENHCT-
BHIO 3THX coefquHeHH#t ¢ amGepautom XAD-2 [91], DEAE-cedanek-
com [92, 93], cepanmekcom LH-20 [94] u ¢ cucTremMaMu, HCIOIb3yeMbI-
MH B XHJKO-XHAKOCTHOI HOH-napHO# xpomarorpaduu [95, 96].

Pasnenenne mpu momomu BIJ)KX mnpoBomurcss Ha pasiuHuHBIX
copb6entax: ETH-nepMadasze (XHMHUECKH CBI3aHHOM NMPOCTOM 3(H-
pe) [97] u cunuxarene [98, 99] (amcopbuuoHHasi xpomaTorpacdusi),
copbeHTaX C NMPUBHUTBIMH OKTaNelLHJCHJIUIbHBIMH OCTaTKaMH, Ha-
npumep naptucuie-10 ODS [98], 3op6akce ODS [100], u-6onnamake
Cis [99, 101], nuxpocopbe RP-8-10A [102] u 30p6akce BP-ODS
[103] (o6pamenHo-pa3oBasi pacnpefenuTe]bHass xpomarorpadus
csobonubix 3cTporeHoB). Ha puc. 6.6 mokasaHa xpomaTorpamma,
noJiyyeHHast NMPH pasjesieHHH 3CTPOreHOB C MOMOIIbI0 OOpamieHHo-
¢asoBoit pacnpemenutesbHol xpomatorpaduu. Kak u ciemopaso
OXHAATb, 17-KeTONpOU3BOAHBIE MeHee NOJSIPHBI, ueM 17-OKcHCTe-
POHAbI, a MOJSPHOCTh TPHOJIOB BhILe, ueM AuoJioB. JlaHHast xpo-
marorpaduyeckasi cHCTeMa I[03BOJISIeT TaKXKe paslessTh 3CTpore-
HBl B COOTBETCTBHH CO CTENEHbI0 HX HEHACHIIIEHHOCTH, OAHAKO IO
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Puc. 6.6. Pasdenerue sctpozeros merodom B3)KX [103].

Koaonka: 250X4 mm (8Hyrp. duamerp); Henodsuscnasa asa: sopbaxc BP-ODS; rodsuscna:
aza: 35%-Hbui B00HOLL AYETOHUTPUN; CKOPOCTb nOTOKA: 2 ma/mun; Oasrenue: 4,84 MIlla.

OTHOILIEHHIO K 3NHMepaM O6oJiee BHICOKOH paspellalolieii crnocob-
HOCTbIO obGsamaer ajpcopbiuoHHass xpomatorpacdus [103]. B mno6oi
nape snuMepHBIX 17-OKcHcoenuHeHHH OoJjiee NOJISIPHBIM SIBJIsIETCS
B-anumep.

UyscTBuTenbHOCT MeTofna BI)KX cymecTBeHHO Bo3pacraer
IPH HCIOJNb30BAHUH 3JEKTPOXUMHuecKoro jaerekropa [104]. Hanpu-
Mep, npedes oOHapy:KeHHss 3cTpuosia cocrasaser 1 Hr. Ecam xe
3CTPOreHBl XpomarorpacdupoBaTb B BHAe (GJIyOpecUUpPYIOUIHX NaH-
CHJIMPOU3BOAHHBIX, TO Npefiel OGHapyXKeHHs yMeHbluaercsi GoJjiee
FeM Ha TOPAJOK M JJs 3cTpajuosa cocramiser Menee 0,05 Hr
105, 106].
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Puc. 6.7. Pasdeserue 2riokosudyponaros merodom BI)KX [107] (¢ paspewerus
asTopos).

Konaonka: 250X3 mm (8uyrp. Ouamerp): Henodsudxnas chasa: xaruownur uyeanexc E, passep
wacruy 9 mxm; nodeuxcnan ¢asa: 0,5 M Cl=+0,05 M OAc—, pH 4,5; remneparypa 40°C; 06-
Hapyxcernue no no2aowjeruto npu 223 Hm,

PasnesenHe KOHBIOTaTOB 3CTpPOreHoB ¢ momompio BIJKX Ha
HOHHUTAX Ha OCHOBE LEJII0NO03bl MOAPOGHO u3yueHo BaHn-mep-Basom
u XyGepom [107, 108]. Ha puc. 6.7 nokasaHa KapTHHa pasie-
JIeHHsI Pa3JIMYHBIX TJVIIOKO3UAYPOHATOB Ha AaHHOHUTe NeJJeKc E
(ECTEOLA-uenaonose) [107]. Ananoruunsle pe3y/bTaThl MOJyYe-
Hbl aBTropamu paGorsl [109]. O6HapyXeHO, 4YTO HaUGOJBILIEH CesleK-
THBHOCTbIO 06/1aflalOT AHHOHHUTHI HAa OCHOBE LEJIJIIONO3bl H MOJIH-
CTHpOJIa, OfHAKO HaJs (GpPaKIHOHHPOBAHHS TAaKHX KOHbIOTaTOB
npuronaHa u ruapodobHas ancopOuUMOHHAsE XpoMaTorpadus Ha JiHX-
pocopbe RP-18 unum RPZ, nmokpeiTOM KXHAKUM aHHOHHTOM [110].
BrosiHe yIOBJIETBOPUTENbHEE pe3yJbTaThl MOJYyYeHb TaKkKe IPH
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pasjejleHHM YKa3aHHBIX COeJlMHEHHH Ha CHJIbHOM aHHOHHTE p-Nap-
tucua 10-SAX [111].

[IpvunHa HeyAauyHBIX NONBITOK NpUMeHeHHUs: oObluHON I'DKX mas
aHaJ/iu3a 3CTPOreHOB 3aKJI0YaeTcsi, NO-BUAUMOMY, B HENPaBH/IbHOM
pexxume cusaaHusanuu [112]). 3ameHa HacagoOuyHBIX KOJIOHOK Ha OT-
KpHITble KaNWJJIsPHble KOJIOHKH NpHBeJa, COrJIacHO AaHHBIM pabo-
el [113], K pe3koMy yBeNHUeHHIO CcHenHGHUUHOCTH OOGHapPYyKeHHs]
3CTPOreHoB B Moue 3A0pOBHIX Jiofell. HaubGosee usbupartelbHble
MeToJbl 00Hapy>KeHHs] 3THX COeJAMHEHHH OCHOBAHBI Ha HCHOJIb30Ba-
BaHUM Macc-parmentorpaduun [114]. Hanpumep, Takum obpasom
6LlI0 NpPOBeleHO omnpefescHHe 3KcTpuosa B Moue [115] u acrpa-
JNHoMa B CHIBOPOTKe KpoBH [116, 117].

6.6. [IpousBoaHbIE aHapOCTaHA

Atopnl pa6orel [118] u3yyanu paspmeneHue 17-KeTOCTEPOHIOB,
a TakXe HMX cyJb(aToB M IVIIOKO3UAYPOHATOB C NoMoUlblo o0pa-
LuleHHO-(a30BOH pacnpefenuTe]pHOH Xpomartorpacduu Ha copbeHTe
mukponak CH B cucreMax MeTaHOJ — BOAA (IETEKTOPOM CJYKHJ
pedpakromerp). YCTaHOBJEHO, YTO CBOOOIHBIE CTEPOMIbl 3JIOHPY-
JOTCSl B TaKOH IOCJeJOBAaTeJbHOCTH: JerHIAPO3NHAHIAPOCTEPOH, 3IH-
aHApPOCTEPOH, 3THOXOJIAHOJOH, angpocrepoH. Takum o6pasom, sKBa-
TOopHaJbHas THAPOKCHJbHAs rpynna obycsoB/juBaeT OO0JbLUYIO MO-
JSIPHOCTb TepPBbIX TPeX CTEPOHJOB IO CPABHEHHIO C aHAPOCTEPOHOM,
B MOJIeKyJle KOTOPOro THIPOKCHJbHAsi IpylNa 34aHMMaeT aKCHalb-
Hoe moJsioxkeHHe. Cpeayn CTEPOUAOB, COJEPKALIUX 3KBATOPHAJbHYIO
THAPOKCUJIbHYIO Tpynny, HaubGosee MOJNSAPHBIM SIBJSIETCS JErHIpO-
3NHaHAPOCTEPOH, B MOJIEKyJe KOTOPOro HPHCYTCTBYET ABOHHAs CBSI3b
npu C-5, 3aTem cJjefyeT 3MHAaHAPOCTCPOH — COEJMHEHHE C TPAHC-
coujieHeHHeM KoJsell A u B —u, HakOHell, 3THOXOJIAaHOJIOH, Mpel-
craBisiiolinil co6oit A/B-yuc-u3omep 3nuaHIpOCTEpOHA.

CoBeplieHHO Jpyras KapTHHa HabgamonaeTcs NpH pasieseHun
Opu NMOMOLLM ancopOLUUOHHOM Xpomatorpaduu Ha cuiukarese (cm.
puc. 6.8) [119]. B arom cayuae A/B-Tparc-creponj aBApPOCTaHAHU-
OH 3JioHpyeTcst paHblue A/B-yuc-creponaa 3THOXONaHAHOHA. DnH-
aHIPOCTEPOH OKa3biBaeTcsi 6oJiee «MOJSPHBIM», YeM €ro HeHachl-
LIeHHBIH aHaJIOT JEeTrUAPOSNMHAHAPOCTEPOH, H 06a 3THX COEJHHEHHS,.
colepxKallyie 3KBaTOPHAJNbHYIO THAPOKCHJbHYIO TpYNNy, 3JIOHPY-
I0TCS paHbllle aHAPOCTEPOHA — 3MHMepa C AaKCHaJbHBIM DacroJo-
JKEHMeM THIPOKCHJIbHOH rpynnbl, a 17B-OKCHCTEDPOHUA TEeCTOCTEPOH
BONPEKH OMKHIAHUIO SBJSETCS MeHee <«IOJSAPHBIM», deM 17a-3mu-
Mep.

B pa6Gore [120] omucaHbl MeTOAMKH pa3jeieHHs MeTaboJHTOB
tecrocTepoHa ¢ nomoiubio BI)KX n TCX. Meron BI)KX 6bian Tak-
K€ HCIIOJIb30BaH [IJisi U36UpaTeJbHOro o6HapyKeHHs HaHOrpamMo-
BHIX KOJIMYECTB TECTOCTepOHa B KpoBu [121], aHaboarKa MeTaHIHO-
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Puc. 6.8. Pazdeienue npoussodnsix andpoctana merodom BI)KX [119].

Koaonka: 600X4,6 mm (8HYTp. Ouamerp); nenodsuswHas ¢pasa: naprucuas §; nodsuixras ha-

3a: OuxaopMeTan — auyeToHuTpus — nponanoa-2 (179 : 20 : 1); ckopocre noroka; 0,4 malsmun;

dasnenue: 5,52 MIla. Hcnoas3osaHnsr dea nocaedo8arensHo coeduHenHolx YP-OerexTopa, us-

sepAowux nozaousenue npu 280 (a, wkasa 0,1 ontu4. e0.) u 254 um (6, wkasra 1,28 ontud.

ed.), u dsyxnepvesol camonucey. llkarer camonucya: 5uB (a) u 20 uB (6); ckopocte Osu-
JHeHus nenTol: 10 murfcm.

Ha B Moue aTJIeTOB W B KOpMax KpyInHoro poraroro ckora [122],
OCTAaTOYHOTIO TECTOCTePOHAa M TpeHOoJioHA B Msce [123] u mpoTuso-
3aYaTOYHOTO CcpeACcTBA OKcHMa 17a-3TuHHA-17f-anetokcu-A4-19-
HOpaHApocTeH-3-0Ha B (hapManeBTHYeCKHX mpemaparax [124].
Hekoropele pesysbTaThl, NOJyYeHHble NPH pa3feJeHHH NPOH3-
BOJHBIX aHJAPOCTaHAa C NOMOIIbIO aACOPOIHOHHOH XpoMartorpabuu
B TOHKOM CJIO€ CHJIMKareJss, COIJIacyloTcs C NpeICTaBJEeHHBIMH Ha
puc. 6.8. Tak, HanpuMmep, ecJaH NOABHKHON (as3oll CAYXKHT cuCTeMa
xJopodopm — sTHIANETAT — JIeTKuH neTposednnlii abup (10:9:1)
[125] wunu xe BemeTcs HempepHIBHOE 3JIOHPOBAHHE CHCTEMAaMH rek-
CaH — 9THJIAlleTaT HJH LHKJOreKcaH — sTuiaauerar [126], artwo-
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XoJaHANOH afcopbHpyeTcss cUJAbHee, yeM aHapocraguoH. Coruac-
HO NaHHBIM pa6oThl [127], aBTOpHI KOTOPOH NPOBOAUJIM MHOTOKPAT-
HOe 3JIIOMPOBaHHE CMeCchbl0 AUXJOpMeTaH — aTuaaneratr (9:1), aua-
pocTepoH sBJseTcss 6ojee MOJSIPHBIM, YeM 3MHaHApPOCTepOH. OLHAKO
B [IBYX yNOMSHYTBHIX BbILIe cucTeMax [125, 126] atu coemnuHeHHs 1O
cBoell xpomarorpaduueckoil MOABHXKHOCTH pacnoJaralorcs B o6par-
HOM NOpsIKe.

TCX nexur B ocHOBe (.1yopHMETPHYECKOro MeTofa oGHapyKe-
HUA 2(-OKCH-3a-aMHHO-5a-aHAPOCTAH-17-0Ha — CTEDOHAHOrO mpemna-
para, noaamjsioulero aputMuio [128], u crepouHbIX awabouau-
KoB (Hampumep, TeH6osoHa) B msice [129—131]. TCX ucnosbsyior
TakKKe AJs MpeldBapHUTEeJbHOH OUHCTKH Npenaparos B pagHOHMMY-
HOJIOTMYECKIIX MeTOHAaX ONpeJe/eHHs KOHDBIOraTOB TECTOCTEPOHA B
Moue M cblBOpoTKe KpoBH [132] u Al6-5a-aHppocreH-3a-osa B nJias-
me kpoBH [133].

ITapu snumepHbix Cjgo-cTepouznoB, o06/afamoUHX OJHHAKOBOM
XpomarorpapHuyeckoil MOABHXKHOCTBIO B ycjoBHAX TCX, BO MHOrHX
CIyyasix MOXKHO pasfenuth ¢ nomouipio I'DKX [126], npuuem nas
9TOrO NPHUTOAHBI KaK He3allHIIeHHble COeJHHEHHUs, TaK U UX TPHMe-
THJCHAWJOBbe 3¢upb. B paGore [134] omucaHo cuauaupoBaHHe
aH1pOCTEPOHA MEYeHHBIMH TPHTHEM peareHTamu. Jlas raso-xun-
KOCTHOTO XpomaTtorpaduyecKoro aHaju3a IPUTOJHBI TaKKe IPOH3-
Bo/HbIe, o6pasyomuecss B pe3y/bTaTe (ePMEHTaTHBHOIO OKHCJIEHHS
3p-okcuanapocreHoB [135]. UTto6bl A/1s1 06HApyXKeHHs HErHAPO3NHU-
aH1pocTepoHa B IJ1a3Me KDOBH HCIIO/Ib30BaTh AETEKTOP MO 3aXBa-
Ty 3JIEKTPOHOB, 3TOT CTEPOHJ MOXKHO mpeBpaTuTb B O-meHradrop-
6eH3UJIOKCHM TpUMeTHJACHAUI0Boro 3dupa [136], moHoHMOATpHME-
tHacuauaoBbit a¢up [137] uan renradropbyrupar [138]. C mo-
MOIUBIO MJAMEHHO-HOHU32LHOHHOrO JeTeKTOpPa CO LIeJIOUHBIMH Me-
TajaaaMu OOGHapYKHBAJU 3THOXOJNAHOJNOH B NJa3Me¢ KPOBH IIOCJ]e
ero srepuduxaunud AuMeruaTHodochuHoBoit Kucaoroir [139]. Co-
aepxanue meraboauros [4-'*C]-anapocreH-3,17-1uoHa B TKaHAX
OLICHHBAJHU C IOMOLILIO MPOTOYHOIO CUETYHKA pPaAMOAKTHBHOCTH
[140].

Hcnonb3oBaHue OTKPHITHIX KaNHJJISPHBIX KOJOHOK C HEMOpPHC-
THIM CJIOEM B COYETAHHH C MAaCC-CIIEKTPOMETPOM IO3BOJIHJIO CYILECT-
BEHHO pPACIIMPHTb BO3MOXKHOCTH rasoXpoMarorpaguyeckoro aHaju-
3a anzpporenoB [141]. C noMoumpi0 TaKOro Meroxa GBI OCYIIEeCT-
BlIeH aHanu3 pasiuyHbix CyoOz-creponmmon [142] u cuHTeTHYECKHX
ana6oaukoB [143]. BrlcoKoce/NeKTHBHEIH MeTOL OOHapyXKeHHs MO
BLIOPAaHHOMY B Macc-CIIeKTpe HOHY OBl HCIOJNb30BAaH NPH ompene-
JIeHHH aHJDOTeHOB B TKAHsAX INpeicTaTe]pHO# [144] M MOMOUHBIX
[145] Kese3 uesoBeKa, a TakxKe B TKaHsX cpuHeii [146]. Haxko-
Hell, MacC-CIIeKTPOMETPHSI COCTaBJIsieT OCHOBY 4pe€3BBIYaHHO 4YYBCT-
BHTEJbHOTO MeTOofa M36HpaTesNbHOro OnpejesieHHsi TeCTOCTEpPOHA B

KpoBHu [147, 148].
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6.7. [IpousBoaHble NperHana

STtoT pasden NOCBsALleH BCeM NPOU3BOAHBIM INperHaHa, 3a Hc-
KJIOUeHHeM aJpeHOKOPTHKOTPOIIHEIX TOPMOHOB, KOTOPHE PacCMOT-
peHbl B pa3i. 6.8. BoccTaHoB/eHHe mporectepoHa NPUBOAHUT K 00-
pa3oBaHHI0O MHOXKecTBAa H30MepHbIX Cg;-CTEPOHIOB, pa3HYarOUIHX-
cs1 koHpurypauueit npu C-3, C-5 u C-20. Ilpo6Gaemel, cBi3aHHBIE C
pasjiesieHUeM 3THX COeJHHEHWH, SIBJISIOTCS CBOEro pOJa TeCT-CHCTe-
MOH Ha H300peraTeqbHOCTh XMMHKa-aHaauTHka. drepry [149] yna-
JIOCh pellnTh 3Ty TPYAHYIO 3aJauy: OH OCYIIECTBHJ pasjelieHHe Ha
TOHKOCJ/IOMHBIX IIJIACTHHKAX IyTe€M JABYKPAaTHOI'O 3JIOHPOBAHHSA.

Jlun n np. [150] nokasanu, 4To GOJBIUMHCTBO M30MEpHBIX NPO-
JIYKTOB BOCCTAHOBJIEHHSI NPOreCTePOHA MOXKHO pasfesuTh, HCIO.1b-
3ysd couyeTaHue ajncopOuUMOHHOH M oOpalleHHO-(ha30BOH pacmpele-
aureapHoit BI)KX. Puc. 6.9 [150] uanocrpupyer 3¢ deKTHBHOCTD
paszeseHusi Ha 60-caHTHMeTpPOBOH KOJIOHKe ¢ cHJaHKarejeM (pas-
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Puc. 6.9. Pasdesenue cmecu npoussodneix npecuauna, colepocaujeil Tpu OuoHa
U WecTb MOHOOKCUMOHOKeTOHO08, meTodom adcopbyuornot BIKX [150).

Koaonka: 600X2 mm (8ryrp. Ouamerp); HenodsuxcHas ¢paza: naprucur 5; nodsusHas gasa:

025% -Hblll pacréop 3ranoara 8 OuxaOpmerane; CKOpPOCT6 noroka: 1 M/l/MuH daeaenue:

22,1 MIMa; wkara Oerexropa: 0,05 onTu4. ed.; wxara camonucya: 10 mB; CKOpOCT6 AeHToL:
6 cm/u
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Mep yactur 5 Mkm). M3 Tpex NPHUCYTCTBYIOUIMX B aHAJIH3HUPYeMOil
cMecH JHOHOB HauMeHee M HaubOoJjiee MOJISIPHBIMH SIBJSIIOTCS COOT-
BeTCTBeHHO Sa-mperHan-3,20-1HOH u 4-nperHeH-3,20-1HOH (mporec-
TEPOH), a MOJSAPHOCTb 3-OKCH-20-KeTONPOH3BOAHBIX BO3PacTaeT B
pany: 3,58 <<3a,5a<<3p,A5<<3B,5a<<3a,5p. Ancop6uuHOHHAsE XpoO-

. CH3
|
HCOH
CHsz
|
HCOH HO }
H
Sac-npeerari-3B. 200 - duan CHs
HOCH
HO
5-npeerer-3B,20e- o
CHg
|
HCOH 20p-orcu-4-npeerer-3-on
CHj
|
0 HOCH

200c- or¢cu - 4 - npeerer-3-oH
/

CHz
|
HOCH HO ;'
/Céjé Sa-npec..xn-3B, 208-duon
s, 205 I
-npezren-3B8, 20B-
D 11 H-3B, 20B-duos HOCH
H

S -nipeenan-3e, 20B-duos

Cuenan pegparnrmomempa

— s e

i I 1 1 1
10 20 30 40 S50 60 70
Bpemsa, mun

Puc. 6.10. Pa3lenenue cmecu npoudsoldueix npezrana, colepixcaujeii 08a MOHO-
OKCUMOHOKeTOHA U NAT6 Ouoaos, merodom obpaujenno-pasosoti BI)KX [150].

Koaonka: 500X4 mm (8HyTp. Quamerp); Henodsuxcras ¢pasa: 3opbakc BP-ODS; nodsuxunasn
hasza: 60%-Holli B0OHbIL ALETORUTPUA; CKOpPOCT6 noToka: I malmun; dasaenue: 9,6 MIla; wys-
CTBUTeAbHOCTs pedhpakTomerpa: 8X; wKara camonucya: 10 mB; CKOpocTe saentol: 12 cafs.

maTtorpadus obnafaerT 3HauHTeNbHO Goslee BHICOKOH paspelraioLlei
COCOGHOCTBIO MO OTHOIIEHHIO K 3MMMEPHBIM JHKeTOHaM, yeM obpa-
IeHHO-(pa30Basi pacnpelesNuTeNbHass Xpomarorpadusi; OAHAKO NpPH
pasneneHnn 3nuMepoB 20-OKCHCOelHHeHHI Habaioaaercst obpaTHOe
(puc. 6.10) [150].

C 50-caHTHMETPOBOH KOJIOHKH, colepxauledi copGeHT C MpHBH-
TBIMH OKTaJelMJCHIHAbHEIME ocTaTKaMu, 60% -Hblit BOAHBIHA aiero-
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HUTDUJ CHayaja 3JI0HpyeT NpousBojHble 20a-mperHaHa, a 3aTeM
ux 20f-snumeprl. CiefyeT OTMETHTb, UTO IJIf OOHAPYXKEHHS Hachl-
IIEHHEIX CHHPTOB HEOGXOAMMO  MCIOJB30BaTh pedpakToMerp.
3-Okcuanumepsl, OTHocsmuecs K rpynme A/B-rpanc-coennnenut,
Jyullle pa3feJsIOTCS B yCJOBHAX O6GpalleHHO-(ha30BOH pacnpesesu-
TeJbHOH Xpomarorpaduu, TOria Kak AJs pasfeieHHs COOTBETCT-
Bywomux A/B-yuc-npousBonHbix 6oJiee NMPUrofAHA aACOPOLHOHHAS
xpomarorpa¢us. B Tex cayuasx, Koria HeoOXOAHUMO OTHEJHTH
AS-cTepounnl OoT HX BSa-aHamoros, ofGpaleHHble ¢Gas3el NPeANOYTH-
TesapHee [150]. K aHajiorH4HBIM BHIBOJAM 00 OTHOCHTENbHBHIX MO-
CTOHHCTBax aAcopOuHOHHOI u obpalieHHo-pa30BOH pacnpefenu-
teapHoit BO)KX Kak MeTonoB aHasuM3a MNPOU3BOAHLIX MperHaHa
NPHLLTH TaKkKe aBTOPH paboTsl [151].

B pa6orax BannenxsioBena [152, 153] moayuusn najbHelillee
pa3BHTHe NpeIJOXEHHB aBTOPDOM MeTOA MaTeMaTHYecKoH obpa-
60oTkn naHHbIX I)KX, NO3BOJSIOUIHE YCTAaHOBUTb CBSI3b MEXAY
CTPYKTYpOil NDOU3BOAHBIX MperHaHa M HX XpoMaTorpaduiyecKUMH
cBofictBamu. Mg o6HapyxeHHs NmporecTepoHa C MOMOIIbIO JeTeK-
TOpa IO 3aXBaTy 3JEKTPOHOB HAWJIyYIIHM 06pa3oM NOAXOIHT €ro
nuneHradrTopbeHsounokcum [154]; ecam ke aHaNMU3UPYIOTCA aHa-
Joru 17-ameTokcHnporecTepoHa, HampHMep aleTaT MeJIeHISCTpoJa,
HeoOXOJUMOCTb INpeJBapuTebHOH MOAUGDHKAUHH aHAJIU3UPYeMbIX
coenuHeHuit ornamaer [155]. Macc-bparmentorpaduio ensa Ju
MOXXHO OTHECTH K YHCJy PYTHHHBIX METOJOB OINpelesieHHusl mporec-
TepoHa B CHIBODOTKE KPOBH, OfHAKO 6Jiarofapsi cBoeH BBHICOKOH cme-
IH(HYHOCTH H YYBCTBHUTENBHOCTH OHA CJAYXKHT B KaueCTBe CHCTEMBI
KOHTPOJISI JOCTOBEPHOCTH AAaHHBIX, MOJYYaeMBIX C MOMOIIBIO IPYTrHX
meTonoB aHanu3a [156]. [Ipu usyuenuu merabosu3Ma NPOHU3BOLHBIX
nperHaHa OBbLIH MCHOJb30BaHB H30HpaTeNbHO JefiTepHpOBaHHBIE
2[1H5anom H CHa6XeHHBIH KOMMBIOTEDOM XPOMAaTOMacC-CIEeKTPOMETP

157].

6.8. Koptukocrepouast

Xpomarorpadun agpeHOKOPTHKOCTEPOHIOB MOCBSILIEH OTHOCH-
TeJpHO HelaBHO ony6aHKOBaHHHIK 0630p [158]. HHbopmauus o
He3HAUHTeJNbHEIX YCOBEDLIEHCTBOBAHHSX METONMK aHajlH3a 3THX
COeNMHEHH NPOJNOJKAeT MOABJATLCA B JuTepatype. Hamnpumep,
ONHCaHBl METOAMKH pa3le/eHH METHJIOBBIX 3(QHPOB pPAa3JUYHBIX
NPErHaHrJKO3UAYPOHATOB C MOMOILIBI0 MOHOOOMEHHOH XpoMaro-
rpaduu Ha GUABTPOBaNbHOH Oymare, IPONUTAHHOH XUIKHMH HOHH-
ramu [159], TCX Ha nonmamunneix nuactuHkax [160] u dayopu-
METPHYECKOr0 CKaHMPOBAHHA TOHKOCJOHHBIX Xxpomarorpamm [161,
162].

[TosiBnenue reab-xpoMarorpaduu NPHBENO K CYLIECTBEHHOMY
yCOBEPIIEHCTBOBAHUIO METOJOB OYHUCTKH 3KCTPAKTOB, COAEpKAaUIUX
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KopTukocTepouabl [163—165]. [as BeideseHus aabAOCTEPOHA
[166—168] n npyrux KOPTHKOHMAHBLIX FOPMOHOB YacCTO HCIOJb3YIOT
cedpanekc LH-20 [169, 170].

K uuciy afpeHOKOPTHKOTDPONHBIX TOPMOHOB, JJfi  KOTOPHIX
NpeNJIOKEHE HOBHE METOJAMKH aHanu3a ¢ nmomompio IDKX, oTHo-
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Puc. 6.11. Pasdeaenue cTepoudnoix 2opmonos merodom BI)KX [231] (¢ paspewe-
Hus asTopos).

Koaonga: 300X3 mm (8HYyrp. Quamerp); Henodsuxcnas ¢asa: cgpepocunr XOA, pasmep uacrui
4—8 mrm; nodsuxHas asza: Guxaopmeran — ITaHOA — 800a (936 : 47 : 17); CKOPOCTL n1OTOKA:
1,14 malmun; oOHapyxcernue no no2aoujeruto npu 240 Hm.

carca: 18-oxcuroptukocrepon [171, 172], 18-okcu-11-ge3okcnkop-
tukocTepoH [173, 174], aabnocrepon [175], anpmammon [176],
NpefHU30JI0H U npeAHuson [177]. Ina aHalH3a KOPTHKOCTEPOHIOB
6BLITH MCTIONB30BAHEL METOABl Macc-dpparMentorpadun [178] u ka-
NUJISPHON Ta30BOH Xpomatorpaduu B COYETAHHHM C MacCC-CIIeKTPO-
merpueit [179] (cp. pasx. 6.9).

HauGosiee MHTEHCHBHO coBeplleHCTBYIOTC MeToAb BIJKX kop-
THKOCTEPOHAOB. DTO 06YCJIOBIEHO TeM, YTO yKa3aHHbe COeJHHeHUs
JIerko 06HapyKHBAIOTCS € NMOMOLIbIO JAETEKTOPOB C (PHKCHPOBAHHOM
IUIHHOH BOJIHBI MpH 254 HM M He TpebylOT HHKAKOH MOAM(HKALHH.
B pamkax Hactosiero o630pa MOXHO NPOUMTHPOBATb JHIIbL He-
CKOJIbKO MPUMEPOB M3 NATHAECATH NyOAHKaLHUH, TOOBAILCHHBIX CleLLH-
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anbpHO KopTHKocTepouAaM. Pabora [180] MoKeT cayXKuTh mpuMe-
POM HCIOJIb30BAHHSI XpOMaTorpaduH Ha KPeMHHEeBO# KucJore. As-
TOpHl 3TOH paboThl Ha KoJOHKe ¢ Juxpocopbom Sil00 (anmHa KO-
JIOHKH 25 cM, BHyTpeHHUl nuamerp 4,5 MM, pasMep 4acTHUL 5 MKM)
B CHCTeMe MeTaHOoJ — xJopodopm (20-MHHYTHBIH JIMHEHHBI rpa-
JHEHT KOHUeHTpamuu MeraHosa or 0,5 mo 5% wu nocienymoouiee
3JIIOHPOBaHHE B M30KPATHUECKOM peXHMe) pasiesUlH CMech, CO-
JepxKallyio cjaelyloliye NPHPOJHBE aLpPeHOKOPTHKOMJIHBEIE TOpPMO-
Hbl (YKa3aHbl B OPSIAKE HX 3JI0MPOBAHUA): A€30KCHKOPTHKOCTEPOH,
JAerHIPOKOPTHKOCTEPOH, Ne30KCHKOPTH30J, KOPTHKOCTEPOH, KOPTH-
30H, aJBIOCTEPOH, KOPTH30J. B omHCaHHBIX paHee MeTOJHKax Hpo-
BOAMJIOCH HM30KpaTHYeCKOe 3JIOHPOBaHHE CMeCSIMH XJopodopMma
(MM ZuMXJOpMeTaHa) ¢ MeTaHoJoM (MM ¢ 3TaHoJOM) [181—184]
(cp. Takxe puc. 6.11). Hasg onpeneseHHss HaHOIPaMMOBBIX KOJIH-
YeCTB KOPTHKOCTEDOHAOB MOXKHO HCIIOJIb30BAaTh METOAHKY (JyOpH-
MeTPHUYECKOr'0 .aHa/JM3a, OCHOBAaHHYIO Ha NpeBpallleHUH 3THX COeNH-
HeHUll B JaHCUJATHIPa30Hb [185].

Meron Ckorra u IlukcoHa [186] siBasiercst HexaBHO omy6./IHKO-
BaHHBIM NPHMEpPOM HCIOJb30BaHUSl obpallleHHo-ha30BoH pacnpene-
autenpHoii BO)KX. ABTOpH YCTaHOBHJ/IM, UTO C KOJOHKH pa3MepoM
120X4,5 mm (BHYTp. AMamerp), colepxaieli runepcun ODS, npu-
POLHBIE M CHHTETHUYECKHE KOPTHKOCTEPOMIBI 3JIOHPYIOTCH 45% -HbIM
BOJHBIM METAHOJIOM B MOpSiAKe YMeHblIeHHS HX NoJspHoctH. Hau-
6os1ee 3¢ (PeKTHUBHLIM COpPOEHTOM, NpHMeHseMbiM [AJ5 pa3leleHus
KOPTHKOCTEDOUJOB, SIBJISETCS CHJHMKaresb C NPHUBUTBIMH OKTaje-
LHJIBHBIMU OcTaTtkaMmy -[187—192], ogHako A/ 3TOH neau GbIH HC-
NOJb30BAHE TaKkKe W ApDyTHe HemoJsipHble cOpOeHTHl Ha OCHOBE
cUJIMKaress, cojepikaiiue, Hanpumep, okTuiabHble [193], umawo-
nponusbHeie [194], Hutpo- [195] uaum ¢enuaphbie [196] rpynnsl.
C nomotnpio o6pamenHo-¢da3zosoit BO)KX 6blnu pasnesneHsl KopToe-
Bble KHCJIOTH B BHIe UX n-6poMmbeHanuoBsx a¢upos [197].

B Hacrosimee Bpemsi meron BI)KX mupoKo HCHIONB3YIOT MJs
aHaJM3a TaKUX AaHaJOoroB KOPTHKOMIOB, Kak IpeaHusosoH [198,
199], meruanpenuusosnon [200, 201], TpramunHosnonauetonun [202,
203], 6ynesonun [204], mexcameraszon [205], GeramerasoH [206]
u kKaHpeHOH [207]. Hekoropble METOAMKH aHa/lH3a JieKapCTBEHHBIX
npenaparoB aBToMaTu3upoBaHbl [208].

6.9. Pas1uuHble rOpMOHBI

B sToM pasjene omHcaHbl JOCTHXKeHHS B 06/1aCTH XpOMaTorpa-
¢uM OHOJIOTMUYECKHX 3KCTPAKTOB, JE€KADCTBEHHHIX [penapaTtoB U
IpYrUX cMeceH, cOlepiKalllMX CTepOMAHblE M'OPMOHBI Pa3HBIX KJac-
coB. ['a30-KHJKOCTHOR H BBHICOKOI(D(PEKTHBHOH KHMIKOCTHOH XpoMma-
Torpaduu CTepOMAHBIX T'OPMOHOB MNOCBsALleHH 063opel [209, 210].
B pa6ore [211] npoBemeHo cpaBHeHuii GyMaiKHOH, TOHKOCJOHHOM
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M Ta30BOM XpoMaTorpadud KakK MeTONOB ONpejeseHHs] HeHTpaJib-
HBIX CTEPOHJOB B Mode. B KayecTBe JOCTOMHCTB NJIOCKOCTHO# XpoO-
Matorpauu OTMeYeHB: BLICOKAasi CKOPOCTb M HHM3Kasg CTOHMOCTb
aHaiu3a, cnenM@HUYHOCTb METOAOB OOHapy»KeHHs BELIECTB H BO3-
MOXHOCTh TIDUMEHEHHs TAKHX THIOB Xpomarorpaduu Ans Npensa-
pPHTEJNILHOH OYHMCTKM TpenapaToB M paslesieHHs] COelMHEHHH Ha
Kiaacchl. 'maBHOe HOCTOMHCTBO XpOMAaToMacc-CIEKTPOMETPHH CO-
CTOHT B TOM, 4YTO OHa IIO3BOJIeT NOJYYHTb KOJUYECTBEHHYIO HH-
dopmanuio o MmetraboJUTaX MOYH.

Cunukareib C XHMHYECKH CBSI3aHHBIMH aJKHJICHIHJBHBIMH OC-
TaTKaMH OblJl MCNOJNB30BAaH AJs obpauleHHo-(a3osoit TCX crepo-
WAHBIX ropMoHOB [212]. Ha mpumepe 3Tux coeinHEHHH MPOICMOH-
cTpupoBaHa 3((eKTHBHOCTb METOJHKH NPOrPaMMHPYEMOrO MHOTO-
KpaTHoro asJjionpoBanus [213]. B pabGorax [214, 215] noapo6GHo
H3yUeHO BJHSIHHE COCTaBa 3JI0eHTAa Ha pas3pellalollyio cnoco6HOCTh
TCX pa3Hoo6pasHBIX CTepOMAOB. DBEIBOAB, K KOTOPHIM HNpPHLIIH
aBTOpHl, B PaBHOIl cTeneHH crnpasenjuBbl H Aass BI)KX. Ilpenno-
JKeHbl HEKOTOpHIE HOBbie peareHThl AJs OOHapyKeHHs CTepOHIHBIX
FOPMOHOB Ha TOHKOCJOIHBIX NJIacTHHKaX: ¢ochomonubieHBaHague-
Bble KHCJA0TH -[216], xnopamun T ¢ cepHoit kucaortoil [217], xJo-
pul OJIOBa C MOHOXJOpPyKCycHoHl kuciaortoit [218] u ¢opmuar
mMbiibsika [219]. Onucano Tak:Ke NposiBJeHHe XpoMaTorpamm my-
TeM HMX HHKYOHpDOBAaHHUsSI C peareHTaMH, COAepXKallUMH 3f-OKCHCTe-
poupokcupasy [220].

Cmony amGepaut XAD-2, He cogepxalllyl0 HOHOreHHBIX TCpymm,
IHPOKO HCNOJAL3YIOT AJSI BbIAEJEHHS CTePOMIHbIX FOPMOHOB H HX
KoHbloratos [221]. JlunoduabHas reab-xpomatorpadusi nos3posaser
nposecTH 3¢ dekTHBHOE (PaKIHOHHPOBaHHE KOHDBIOraTOB HEHTpasb-
HBLIX CTEPOHAOB Hepel HX aHAJW30M C TOMOLIbI0 XpoMaTomacc-
cnekrpomerpuu [9, 222, 223]. CBs3p MeXIy CTPYKTYPOH CTEPOHIOB
W UX NOBeJeHHeM B YCJOBHSAX reJb-xpomarorpaduu usyueHa Boy-
3oM u Ap. [224]. Onucano npuMeHenune cedpamekca LH-20 [225,
226] u aunupekca 5000 [227, 228] nns aHa/M3a CTEPOMAHBIX TOp-
MOHOB.

Xapa n Xasiwn [229] u3yuuau BJAHAHIE Pa3NHuHBIX (PAKTOPOB
Ha XapaKTepHCTHKH YJAepXKUBAHUS CTEPOIAHLIX TODMOHOB B YCJO-
BUAX ancopOIHOHHOI 1 o6paienHo-pasosoit BIJKX, a cpaBHuTE Ib-
Ho HenaBHo Xapa u ap. [230] mpeanoXuaH ABYXKOMIOHEHTHbIE
cucteMbl pactBoputeneil aas BO)KX na cunukaresne. B Gosee paH-
Hell pa6ote Xecca u Xésepmana [231] onucana BO)KX crepouadbix
rOPMOHOB Ha CHJMKareje B TPEXKOMNOHEHTHBIX HBYX(a3HbIX CH-
cremax (puc. 6.11). IloayuenHbie pesyjabTaThl Jerjd B OCHOBY
npeanpuusitoro Ban-nep-Beprom u ap. [232] ucciexoBanus posau
MexaHusMma cop6uuu B obeclneyeHMM ONTHMAJBLHOrO pasjielieHus
5THX coeluHeHuii. B paborax [233, 234] usyueno pasiejeHue MHO-
rOYHC/EHHBIX CTePOMAHBIX TOPMOHOB C TOMOLIbI0 0OpalleHHO-pa3o-
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Boii B2)KX B pexuMe rpajuHeHTHOrO 3JIOHPOBAHHS H ONpejlesieHa
CeJIEKTHBHOCTb Pa3JIMYHBIX 0OpalleHHHIX ¢as.

TopMOHH M3 TKaHeH SHYHMKOB OBIIM OYMINEHH C TMOMOIIbIO
B3)KX [235]. CpaBHenue pasnuuHbix cucrem BI)KX, Hcnoubso-
BaHHHIX AJIsl OUHUCTKH CTEPOHJOB HaJNOYEYHHKOB M INOJIOBHIX JKeJe3,
[0Ka3aJjo, YTO HauJyyllde pe3ysabTaThl AaeT Xpomarorpadus Ha
KoJoukax ¢ cop6entrom DIOL, comepzkallluM rMAPOKCHJbHBIE TPYyM-
Nbl, B IPajyeHTe W3 CHCTeMbl H-TeKcaH — AnokcaH [236]. Ilpyras
METOAHKA OYHCTKH 3THX CTEPOHAOB BKJIOUaeT ABE CTAfHMH: KOJO-
HOYHyl0 Xpomarorpaduio Ha ueaure M o6palleHHO-Pa30BYIO
B3)KX [237].

HanorpaMMoBble KOJHYEeCTBA CTEPOHAHBIX T'ODMOHOB  MOXKHO
Jerko O0GHapyKHUTb IO HX TNoOrjomeHHio B Y®P-061acTH HJIH € MO-
MOIIbIO MOCJAEL0BAaTEeNbHO COeJHHEeHHbIX Y®-ferekTopa u pedpak-
tomerpa [238]. IlpeBpallleHHe KETOCTEPOMJOB B (HJIyOPECLUEHTHHIE
NPOU3BOAHBIE — H30HHKOTHHHJTHAPA30HE — I03BOJIIET YMEHbIIUTh
npenesn o6HApyXKeHHS 3THX COeJMHEHHMH JIO YPOBHS HECKO.JIbKHX
nukomouJtedt [239]. :

Jas rasoxpomarorpaduueckoro 1 XpoMaToMacc-CIeKTPOMETpH-
YeCKOTro aHaJi3a CTepOMJHble FODMOHBI NpEeBPallalOT B pa3J/HUYHbE
TepMHYECKH YCTOHYMBBHIE W JeTyuHe npousBofHble [240], Takwue,
Kak MeTWJoKcHMbl [241, 242], O-w-rajoreHaJkujokcuMbl [243] u
3¢upbH JUMETHATHODOCPHHOBONH KucaoTH [244]. HauGosee momy-
JSIPHBIMH NIPOH3BOXHBIMU MO-NIPEXKHEMY OCTAlOTCsS Pas3JMUHBIE CH-
JujoBble 3¢upel [245], B TOM uncje 1 HEKOTOpble 3QUpPH ¢ 0OBEMH-
CTHIMH 3aMeCTHTEJISIMH — TPHAJKUJICHINI0BEE [246], annunanme-
THIICHJIUNOBBIE [247] u Tper-GyTHAANMeTHICHANIOBbIe [248—251].

3HauuTeJbHBIH BKJaj B pa3BHTHe MeroZa I)KX crepounnbix
rOPMOHOB BHeCJH paboThl, B KOTOPHIX YCTAHOBJI€HA CBA3b MEXIY
CTPYKTYypOH aHaJu3HpyeMblX COeIMHEHHH M BeJHYHHOH CHTHaJa
NJIaMeHHO-MOHM3AIIHOHHOTrO JerekTopa [252] W HafiieHa 3aBUCH-
MOCTb OTHOCHTEJbLHOTO BpeMeHH yAepKHBaHHs, BBIPAXKEHHOTO B Me-
THUJIEHOBBIX €IMHHIIAX, OT TeMIlepaTtypnl KoJoHKH [253]. Cuaeayer
OTMETHTb Takxe paboThbl, NOCB:lLIEHHble HCIOJNb30BAHHIO CMellaH-
HBbIX HeNoABHMKHbIX (a3 [254] W pasfeseHHIO 3MHMEPOB CTEPOHAOB
Ha HeMaTHYeCKHUX XKHUIKHUX KpucTaJsax [255, 256].

BBenenve B NPaKTHKY HCCJAELOBAHHI OTKPHITHIX KaMHJJISPHBIX
KOJIOHOK C TIODHCTBIM CJIOEM IIO3BOJIMJIO CYLIECTBEHHO YBEJHUHTh
paspewaomyio cnoco6Hocts Meroma IJKX [257]. B HekoTopbix
caydasix MOXHO XpomarorpadupoBaTb HeMOAH(HUIHDOBaHHbIE CTe-
pounnbl [258], omHaKo OOBLIYHO HMCHOJBL3YIOT HX NPOU3BOAHBIE, KOTO-
prle BBOAAT B KaNHJJISIDHBIE KOJOHKH NpPH HOMOLIH ClenuaIbHbIX
HHXKeKTOpoB [259, 260]. BausHue TemmepaTypsl KOJNOHKH Ha 3¢-
dheKTHBHOCTb pasjeseHusi usyueHo B pabore [261]. IlpuBeneHuas
B pabore [262] xpomarorpamma CJ/I0XKHOI CMeCH CTepOHIAOB, 06blY-
HO Ha3plBaeMasl CTepPOMJAHBIM NpoduJem, B HacTosilllee BpeMs IIH-
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POKO HCIOJIb3YeTC SHIOKDHHOJOraMH B KayeCTBE STaJOHA IMpH
aHaJu3e IpenaparoB KpoBH [263, 264] u mounm [265—271]. Bro-
poe HamboJjiee 3HauMTeJbHOe AOCTHXKEeHHe B 006J1aCTH pa3BUTHSA
I'’KX cTepoHAHBIX TODMOHOB CBSI3aHO C IIOSIBJI€HHEM METOLA Macce-
¢parmenrorpaduu, KOTOphifl, OAHAKO, NIOKA ellle He MOJyUYHJ LIHDPO-
Koro pacmnpocrpaHeHus. [lpumepamu, HJIIOCTPHPYIOLIMMH MpHMe-
HeHHe 3TOTO MeTO0Ja, MOTYT CJYXHTb PaboOTH, B KOTOPBIX HCCJENO-
BaJM LHPKYJUPYIOIIHE B KPOBH TOPMOHHl [272, 273] u ropMoHH,
CeKpeTHpyeMble siMUHHKaMu [274, 275]. [lpn u3y4YeHHH TOPMOHOB
OblJIM HCIOJIb30BAHBl TaKXKe METOJMKH rasoBoil Xxpomarorpaduu pa-
JHOAKTHBHO MEUEHHBIX COelluHeHHil [276] W NHPOJUTHUYECKOMH
KX [277].

6.10. )KesyHble KUCJIOTHI

Metonbl aHa/H3a KEMUHBIX KHCJIOT onmucaHbl B o63ope Cbépai-
Ja [278], ony6aukoBanHOM B 1977 r. ToHkoc/oiiHON Xpomarorpa-
¢uH KeTUHBIX KHCJOT M CIHPTOB NOCBAIleH NMosiBUBLIMHCA B 1976 r.
0630p duepora [279]. WkaBa u Toto [280] omy6.amKoBamu mero-
auky asymepHoii TCX. IlpemJioxeHb yCOBeplIGHCTBOBaHHble IO
CBOEMY COCTaBYy CHCTEMBl pacTBOpHUTeJel AJs Xpomatorpaduu cBo-
6onHbIX XKenuHbIX Kucaor [281], ux merusnoBuix adupos [281, 282]
H KeTONpOH3BOAHBIX [283, 284]. M3BecTHB TaKXe CHCTEMBI, B KO-
TOPBIX MOXKHO OTJEJHTb CBOOOIHBIE KEJNUHble KHCJIOTHl OT MX KOHB-
JIOraToB C IJIMIHHOM, a IOCJeIHHE — OT TaypOKOHBIOraroB [285—
287]. Kpome toro, meronnt TCX u obpauenno-¢pasosoit TCX mo-
3BOJSIIOT Pa3/HYUTh OGOJBLIMHCTBO KOHDBIOTHPOBAHHBIX 2KeJIUHBIX
kucyaor [288—291] u cyabpdonpoH3BOLHBIX COJEN KEJIUHBIX KHCJIOT
[292, 293]. dast MOMOJIHUTENIBHOrO NOATBEPIKACHHS BEIBOAA 00 HaeH-
THYHOCTH TeX HJIM HHBIX COeNMHEHHMH CcJyxKaT chenuduHyeckue
oKpailluBatoiiue peareHTnl [294, 295]. KosauyecTBo BellecTBA MOXK-
HO OLEHHTb II0 MHTEHCHBHOCTH ()JyopecLeHIHH IPOM3BOJAHBIX, 00-
pasymoluxcsi B pe3ysabraTe 06pabOTKH XpoMaTorpaMM CepHOH KHC-
Jgoroit [296, 297], mu6o NO MOIVIOLIEHHIO STHX MPOHM3BOAHLIX [298].
B mnocnenHem ciayuae COOTBETCTBYIOILME 30HBI IIpeABapuUTENbHO
SKCTPArupyloT. MeToJHKa KOJHYECTBEHHOIO ONMpeJeJcHUs paaHoak-
THBHO MEUYEHHBLIX COeIMHEHHH TaKXKe BKJIOUAeT CTaAMI0 SKCTPAKIHH
[299]. Hdansa aHanu3a »KeNUHBIX KHCJOT MPHroJHa H IJIOCKOCTHas
xpomartorpadust Ha xpomaponax [300].

B cayuae BO)KX past o6HapyKeHHSI AOCTAaTOYHO OOJIBLIKX KO-
JUYECTB KEJYHBIX KHCJIOT MOXKHO HCIOJb30BaTh pePpPaKTOMETP,
a npu paboTe B aHAJIHTHYECKOM pexuMme — GoJjiee UyBCTBHTEJbHBIN
U cnenuduyHelit Y®P-gerekrop, H3MepAOUIHH NOIJIOLIEHHE TpH
210 um [301]. )KenuHble KHCJOTH OOBIYHO XpoMaTorpadupyioT Ha
o6palleHHBIX (ha3ax, KOTOpHe, Kak NpaBHJIO, 06/1aJal0T NOCTATOY-
HO BBICOKO# paspemiamomieii cnoco6HocTeio [301—304], oxHako
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Puc. 6.12. Pa3ldenenue KOHBIO2UPOBAHHbIX MHCEAYHbIX KUCAOT merodom BIKX
[805] (c paspewerus asropos).
Kononka: 300X4 mm (8nyrp. Ouamerp); Henodsuknaa asa: COPOeHT O AHAAU3A HupHoix

xuc.or (Waters Assoc.); nodsuxcnas ¢pasa: 8,8 »M ocpparneui 6ypep (vH 2,5) — nponanoa-2
(17 : 8); CKOpOCTb NOTOKA: I MA[MUH; 4YBCTBUTC16HOCTL pedpukiomerpa: 8X.
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I/ pasflesieHHs HEKOTODPHIX Map H30MepOoB, HalpHMep 5-3MHMepOoB,
HeOOXOMNMO HCIOJb30BaThb aACOPOGIHOHHYIO XpoMmartorpaduio Ha
cunukarene [305]. Tunnunass KapTHHA pa3fesieHHs] KOHBIOTHPOBaH-
HBIX JKEJUHBIX KHCJOT B YCJIOBUAX o6GpalleHHO-($a30Bo#l pacmpese-
JUTeJIbHOM XpoMarorpaduu npencrasneHa Ha puc. 6.12  [305].
Bunno, uto TaypoxosaThl fIBJSIIOTCSL GoJiee MOJISIPHBIMH COEIHHE-
HUAMH, YeM KOHBIOTaTHl, COJep:Kalipe ocTaTok raumuHa. C  mo-
MOIIBI0 o6palleHHO-(ha30BoOll pacnpele/uTeNbHON XpomaTtorpaduu
MOXHO TaKXke DasJelHTb CyJbGONPOH3BOAHbIE IKEIUHBIX KHCJIOT
[306]. B pa6ore [307] onmcana meromuka ompenejeHus cBo6GOM-
HbIX H KOHBIOTHDOBAHHBIX JKEJNUHBIX KHCJIOT, OCHOBaHHAasi Ha HC-
no./1b30BaHUN o6pameHHo-¢aszoBoit BO)KX B mpucyrersuu noH-map-
HbIX peareHTOB.

[Tepen crapmeii BO)KX MoOKHO mpoBecTH mNpeaBapHUTeNbHOE
¢paxnuoHupoBaHue OHOJOrMYeCKHX 00pasuoB, ¢ TeM YTOOBI OTHe-
JHTb CBOOOJHBIE XKeJUHble KHCJIOTHl OT HX KOHBIOraToB, COAepiKa-
IUIX OCTAaTKU TJIHLUMHA HJM TaypuHa. [lJs 3TOro cJayKaT MeTOLHI
TCX [308] m nonoo6MeHHOI xpoMatorpacuu au6o Ha cedanekce
LH-20 ¢ npuBHTHIMH AH3THIaMHHONponuabHeIMH [309] uau nume-
punuHokcunponuabibiMu [310] ocratkamu, nu6o Ha TSK-rene 1IEX
540 DEAE [311]. CyabbonpousBoaHbE XKETYHEIX KHCJIOT OGHapy-
XHBaIOT nmo ux norJjouieHuto npu 210 Em [312]. IlpeBpamenue
JKEeJUHBIX KHCJIOT B HX A-HUTpoGeH3usoBble [313, 314] uau deHa-
punossle [315] a¢upnl no3sossier o6HAPYKUBATh 3TH COeNUHEHHS
MO NOTJIOULEeHHIO TPH 254 HM.

I'a3oBoii xpomartorpauu XeqyHBIX KHUCJIOT TOCBALIeH 00630p
Kygcuca [316]. Ucnoan3oBanue I')KX npas pasmeneHuss sTux co-
eIMHEeHUH# ¢ HeoOXOAMMOCTbIO INpeANoJaraeT HX IpeBpallleHHe B
npou3BoAHble. Bcayyae xpomartomacc-cnektpomerpuu |[317,318] i
kanuaaspHoit KX [319] nauGosee NOAXOASAIHUMH MPOH3BOAHBIMH
SIBJASIIOTCSL CHJIMNIOBBIe 3¢upHl. IIpH MoJydeHHH YacTHYHO 3aMelleH-
HBIX TPUMETHJICHJIHJIOBBIX 3()HPOB B KayecTBe CHJHJHDYIOLIETO
areita wucmoab3yoT N,O-GHC (TPEMETHICHINI) TPHPTOpALETAMUT
[320]. Huast xpomaToMacc-CeKTPOMETPHUECKOrO aHanusa HauboJee
NPUTOJHBl aleTaThl MeTHUJIOBHIX 3¢upoB [321] u TpudTopanerars
9TUJI0BBIX 3QupoB [322] KeJUHBIX KHCJOT, a2 B KaueCTBe HENOABHK-
HHX a3 —mnonu-S-179 [323] u uuaHOmponu/IQeHHJICHIOKCaH
[324]. Oas pasmeseHus Kak aleTaTOB, TaK M TPHMETHJICHIHIBHBIX
NPOH3BOAHBIX PEKOMEHIYIOT HCIOJb30BaTh NOJHMeTa(eHOKCHIeH
[325]. Onucana mMeToAHKA XpOMAaTOMAacCC-CIEKTPOMETPHUECKOrO aHa-
JH3a XeJYHBIX KHCJOT B BHAE TPHUPTOPaUETHJINPOH3BOAHBIX TeKca-
¢dTopu3oNponHIOBLX 3bHpoB [326] u ynmpolleHHas MeTOIHKA ompe-
neneHusi rentadTopOyTHPATOB KEMUYHBIX KHCJOT H WX KOH'BIOTaTos
C NIOMOIIBIO JETEKTOpa MO 3aXBaTy 3JeKTpoHOB [327].

Cpenn MHOrOYMCJIeHHBIX BapHaHTOB npuMeHenus I'DKX mas pas-
JleJIeHHsT KeJUHBIX KHCJIOT CJAefyeT yMOMAHYTh METOHA, MNpeICTaB-
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asomuit co6oii coueranne I'DKX u TCX, xorophiii mo3BojsieT pas-
JIeJIATh HaChIlleHHble M HeHaChIIeHHBe XOJaHOBble KHCJOTH [328]
H OIpeJeNuTh COJepxKaHHe Cy/Ib(pUPOBAHHBIX U HECYJb(pHPOBAHHBIX
JKEeJUHBIX KHMCJOT B CHIBOPOTKe KpoBH [329], a Takxe HOBbE MeTO-
nbl [DKX-aHanusza BTOPHUHBIX KeJIUHBIX KucaoT [330] M KeJquHbX
cupros [331].

6.11. DkauCTEPOU 1B

DKAUCTEPOUAB CYLIECTBEHHO OTJHMYAIOTCS OT APYTHX CTEPHHOB
KaK N0 CBOHM XpoMaTorpaguyeckKHM CBOMCTBaM, TaK M IO CIEKT-
pajibHbBIM XapakTepucTHKaMm. Hamuuue GoJbuioro uucia (yHKIHO-
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Puc. 6.13. Xpomaroepamma cmecu sxductepoudos [338] (¢ paspewerus agro-

pos).
Koaonka: 15009 mm (8Hyrp. Ouamerp); Henodsuxnas ¢paza: ambepaur XAD-2, paszsep ua-
cruy 200—400 mew; nodsuscHas ¢asa: 800HbLL 21an0a (AurelHolii epAOUEHT KOHUEHTpayuu

aranona or 20 0o 70%); cKkopoctb noroka: I malmuw; Temneparypa: 20 °C; obhapyxcerue no
noeaowenuro npu 230 AM (—— — — — ), 250 wm ( =) 1w 300 Ha (... .. ). 1 — npogpunrd
epaduenra.

HaJbHBIX Tpyln OO6YyCJOBJIMBAaeT BLICOKYIO NOJADHOCTb STHX COEIH-
HeHuH, a OJjarofapsi NPHCYTCTBHIO KapOGOHHJIBHON TpYNIEl, CONMpS-
JKEHHOH ¢ IBOHHON CBSI3bl0, OHU HMEIOT IOJIOCY IOTIJIOIIeHHS BOJIH-
31 254 HM. Ha TOHKOCJIOAHBIX MIaCTHHKAX MX MOXKHO JIerKo o6Hapy-
JKHUTh C IOMOILBIO KOPOTKOBOJNHOBOro Y®-06ayuenus [332]. Koun-
YeCTBO SKAMCTEPOHJOB, 3JIOMPOBAHHHIX C IpenapaTHBHBIX TOHKO-
CJOMHBIX NJIACTHHOK, OUEHHBAIOT MO AMINUIUTYAE HX IOJOCH HOIJIO-
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menusa [333], a npu anaauruueckoit TCX Ha miacTuHkax ¢ dayo-
PECUEHTHHIM HHAHMKATOPOM MepOH KOJHYeCTBA BEIIeCTBAa CJYXKHT
s dekTUBHOCT TylleHHs QayopecueHunu [334]. Meron cejekTus-
HOro o6Hapy»eHus: SKAHCTCPOHAOB OCHOBAH Ha HX NpEBpAIleHHH B
HHTEHCHBHO (ayopecuupyouue 3QHPE (eHaHTPeHOOPHOH KHCJIO-
TH [335].

Metoan B32)KX skaucreponioB paccmMoTpeHn B 0630pe Xaiiu-
moto [336], a B paGore Buabcona u ap. [337] npoBeneH cpaBHH-
TeJbHbIH aHa/Ju3 METOLOB BbICOKO3((EeKTHBHOH XXMIAKOCTHOH U ra-
30-XKHUAKOCTHOH xpomarorpacduu. Baaronaps cpaBHuTeNbHOH mpoO-
croTe OOHAapyXKeHHsl SKIAMCTEPOHIOB MO HMX MOrJoueHHio B Y®P-06-
JIaCTH 3TH COeNHHEHHsI OKa3aJuCh MepBbLIMH MpEeACTaBHTENSAMH
Kjacca CTepOMJIOB, MJIsl pa3feseHHsi KOTOPHIX OBl MCNOJb30BAH Me-
TOHL, MpeAcTaBAsOIHMHA co6oii mnpoo6pas BIKX [338]. Ha
puc. 6.13, KOTOpHIH BOCIPOM3BefeH M3 3TOH KJacCHYecKoi paboThl
XopH, NOCBSILEHHOH H3yUeHHI0O TOPMOHOB JIMHBKH HaceKOMBbIX, NO-
Ka3aHo pasJesieHHe CMeCH 3KAHCTePOHJOB Ha KOJIOHKE C HOpPOLIKO-
06pasHbIM MaKpOCEeTYaThIM CONOJHMEPOM CTHpOJa U AMBUHHJIGEH-
30J1a B JIHHEHHOM rpajlieHTe KOHUEHTpaluuu 3TaHosaa B BoJe. BuaHo,
YTO FOPMOHB! 3JIOHPYIOTCS B MOPfAJAKe YMEHbIICHHS HX IOJSPHOCTH.
XpomarorpadHuyeckHH aHa/lW3 Ha COBPeMEHHBLIX KOJOHKax 3aHHMa-
€T, ecTeCTBEHHO, He CTOJIb MHOI'O BpPeMeHH, OJHAKO OH JaJjeKo He
Bcerza obecneyuBaeT Jyylllee pasfeseHne. B kKauecTBe copOeHTOB
UL pacnpejeuTeJbHONH Xpomarorpaduu ObIJIM HCIOJb30BAHBL KO-
pacua II [339] u 3op6akc SIL [340], nns o6pamuienHo-da3osoit
pacnpeneautenbHoli  xpomatorpaduu — 6onaanak denua [339],
G6ounanak Cys [341], 3op6akc ODS [340] u 3op6akc C-8 [340],
a jpns rugpodobHoit ancopbuHOHHOM XpoMaTtorpaduu — nepmadasa
ETH [342].

TpumernncuauioBble 5GUpH 3KIHCTEPOUAOB B OTJIHUHME OT aHa-
JIOTHYHBIX 3(HPOB GOJBUIMHCTBA APYTHX CTEPOHIOB MOXKHO 06Hapy-
JKMBaTh Ha yPOBHe HECKOJIbKHX IHKOIDaMMOB C NOMOLIbIO NETEKTO-
pa Mo 3aXBaTy 3JIEKTPOHOB, OJHAKO NpPH HX MOJYUYeHHH HeoBXOTUMO
cobyofaTh OnpefieJleHHble Mephl NIPeAOCTOPOXKHOCTH [343]. DTu npo-
U3BOJAHbIE NPDHIOAHHL JJIs KOJHYECTBEHHOTO aHaJU3a C MOMOLIbIO Me-
To#a Macc-pparmeHTorpaduu [344].

6.12. JIakTOHBHI

B 3Tom paspmese paccMOTpeHBI NOJISIpHBIE CTEPOHIBI, CONEpIKa-
UIMe JaKTOHHBIH IIMKJ, a UMEHHO: BHTAHOJHMABI, KapACHOJHIb H
6ydanneHoNUHDL.

Burasonauapl Hapsny ¢ a,f-HEHacbIleHHOH G§-JaKTOHHOH rpym-
IHPOBKOH cOepxkaT KapOOHU/IBbHYIO IPYMNIYy, CONPSXKEHHYI0 ¢ JABOii-
HOH CBSI3bI0, H TO3TOMY HX MOXHO Jierko OO6Hapy»HUTb MO IOTJIO-
menuio B YO-o6sactn. Beaen 3a coobuieHneM o pasfieleHHH MeTa-
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GoauroB BuTadepuHa A c nmomouweio BO)KX B pexume IneTeKTHpO-
BaHHS N0 HM3MEHEHHI0 Ko3ddulHeHTa NpesoMJeHUs 3Jaioara [345]
nosisusaach pabora ['toHtepa u np. [346], B KoTopo#l M3yyeHO pas-
JeseHue JBEHAJLAaTH BUTAHOJHIOB, M AJad OOHApyXKeHHS 3THX CO-
equHeHuH ucnonab3oBad Y P-gerekrop. Ha puc. 6.14 B KxauecTBe npH-
Mepa NpuBeleHa KapTHHA pasjeseHus Ha 366-CaHTHUMETPOBOH CIIH-
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Puc. 6.14. Pasdesenue suranoaudos merodom BI)XX [346].

Kononka: 3660X3,7 mm; Henodeusxcnas ¢asa: nopacur A, pasmep uacruy 37—75 mxm; nodsusic-
Haa ¢pasa: H-2excan — nponaron-2 (9:1); ckopocre noroka: 0,2 ma/mun; dasaerue: 7,6 MIla;
wkanra Oerexropa: 0,2 ontuy. ed.; wkaaa camonucya: 10 mB; CKOpocTe senTol: 2 cml4.

pajabHOH KOJIOHKe, cojep:alleit mopacua A. IlonsipHOCTb BHTaHO-
JUJOB 33aBHCHT He TOJBKO OT YHCJA H TOJIOKEHHS THAPOKCHJIbHBIX
rpyHm B MOJIEKYyJle, HO H OT HX NPHPOAB H BO3pacTaeT B pPALY:
TPETHUHble CIHPTbI<BTOPHYHbIE CIHDPTHI<MEePBHYHbIE CHUPTHI.

[To cymecrBy Jauimbs JBa xpomarorpacduueckux Meropa — TCX
1 B3)KX — o6ecneunBalor yJ10BJETBODHTENbHOE pa3fiesieHHe cep-
JeuHblx rauko3unos. IIpexBapurenpHast o6paboTka MJAaCTHHOK C
cusukKarejeM OOpHOH KHCJIOTOH TNPHUBOAMT K H36HpaTeNbHOMY
YMEHbIIEHHIO XpoMaTorpadHyecKod MNOABHXKHOCTH TJHKO3HAOB, CO-
nepxawux 1,2-4uc-IHOJMBHYI0 T'DYNNHPOBKY, H K YBEJIHUYEHHIO IO-
ABHXHOCTH 1,3-nnosioB [347]. BoJiee BbicOKOro paspeleHust yma-
Jocb HOGHThCs myTeM NoBTOpHOro [348] maum HenpepniBHOro [349]
JIIONPOBaHUsl XxpomarorpaMM. BricokosddekruBnas TCX 6nuta wuc-
N0/Ib30BaHa JJIsl pasjiesieHusl rIHKo3ugoB u3 Digitalis [350]. Ilpo-
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Puc. 6.15. Pa3desenue cepdeunoix ecenunos u 2iuxko3udos merodom BI)KX [354]
(¢ paspewenus asropos).

Kononka: 250X3 mm (8Hyrp. duamerp); nenodsudxcnas ¢asa: auxpocopb Si60, pazmep uacruy

10 mxm; nodsuxcHas ¢asa: H-NEHTAHON — QI CTOHUTPUA — U300KTAH — 800a (35:12: 124 :2);

CKOPOCTbL noToka: 1,3 ma/mun; obHapyxcerue no no2ioujeruro npu 220 HM; CKOPOCT6 NEHTbL
camonucya: 1 cmM/mMUH.

rpaMMUpyeMOe MHOTOKDAaTHOe 3J/IOMPOBAHHE TaKUX IJIaCTHHOK
ofecrmeunBaeT HauJydlllee pasjeseHHe riaukosupos [351], a c mo-
MOIIBI0 (DJIYOPOLEHCUTOMETPHH NMOJYYEHHBIX XPOMATOTPaMM MOIKHO,
HampuMep, OLEHHBAThb KOJHYECTBO JHTMTOKCHHAa B CBIBOPOTKe
[352]. Opyroii MeTON KOJHYECTBEHHOTO ONpejeJeHHsi NHTHTOKCHHA
U ero MeTaGoOJIMTOB B KDOBH H B Moue, OmHCaHHBI B pabore [353],
OCHOBaH Ha TOM, YTO B NPHCYTCTBHH 3THX CO€JHHEHHH yMeHbllaeT-
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¢l CKOpOCTb nepeHoca HOHOB %Rb+ uepes meMOpaHy 3pHTPOLHUTOB.
Jas pasjesieHuss aHaJU3HpyeMoil cMecH GblJIM HCINOJNb30BaHBI MJac-
THHKH C CHJHKarejeM, nponutaHHeiM 15%-HBIM pacTBOpoM ¢op-
MaMHAa B aleTOHe, KOTODble ABa)KAbl 3JIOHPOBAJIH B CHCTEME Me-
THJIITHJAKETOH — Kcuyton (1:1).

Ha puc. 6.15 nokasaHo pasfeseHHe TeHHHOB W TIJIMKO3HIOB C
fomolibio pacnpenenureapHoit BO)KX Ha KoJsloHKe ¢ cu/MKarejieM.
BuaHo, 4To reHuHBbl 3JI0UPYIOTCA paHblle IVIKKO3ULOB U B Npelesax
KaxXJoHl M3 3THX JABYX TPYII IOJSIPHOCTb COEIHHEHHH 3aBHCHT OT
4MC/Ia U TOJO0XKEHHS THAPOKCH/IbHBIX IPYNN B MX MOJIeKyJaax. AHa-
JIOTHYHbIe pPe3yJbTaThl NoJayyeHsl B pabore [355]. CpaBHeHHe OGbIU-
Holl M ofpameHHo-Ga30BoOfl pacnpeleJuTeJbHOH Xpomarorpaduu
1I0Ka3aJ0, YTo nocjelHsiss ob6nafnaeT HEKOTOPBIMH NpEHMYLIeCTBaMH
[356]. B paGore [357] omucaHO pasiesieHHe CTEPOUAHBIX TJIHKO3H-
JIOB Ha KOJIOHKe ¢ p-60HAanakoM Ci;s B rpajHeHTe KOHIEHTPaUHH
aneronutpuna ot 25 1o 40% B Boge. YCTaHOBJEHO, UTO IVIMKO3HIBI
JUTOKCHTEHHHA, KaK U CJIeLO0BaJO OXHJAaTb, JJIOHPYIOTCS paHblle
IVIMKO3HJ0B AHUTMTOKCHTeHHHA, OJHAKO B Npefesax KaxAOH TpYIIbl
HabJ/104aeTcs CJAeNyIOIIUH NOPSJOK 3JIOMPOBAHHs: CHayajaa H3 KO-
JIOHKH BBIXOAHT COOTBETCTBYIOIHI TI€HHH, 3aTeM ero MOHO-, IH- H,
HakoHell, Tpuraukos3ua. BO)KX Ha koJsoHKe ¢ p-6oHmanakoMm Cis B
BOJHOM MeTaHoOJ/le HJH TeTparuiapodypaHe HCIOJb30BaHA TaKKe JJS
pasznesenusi nonysbupos 6ydpanueronunos [358]. AHansoruunbil Me-
TOJ pasiaeneHus OydaJHEHONHIOB, OCHOBAHHBIA Ha HCIOJb30BAaHUU
ofpaleHHo-¢a30BoH pacnpefe/uTeJbHON XpoMaTorpaduu Ha JHX-
pocopbe SRP-8 B pexume JeTeKTHpPOBAHHA COCJHHEHHH B 3Jji0aTe
o norgouenuo npu 280 HM, onucan B pabore [359]. Kapuenonu-
Ibl o6Hapy:KuBalT no norjoweHuto npu 220 eM. Uto6w o6ecme-
YUTb BO3MOXKHOCTb OOHApyXKeHHs 3THX COeJIHHEHHII Ha ypOBHe He-
CKOJIbKMX H3aHOTPAaMMOB M HCIOJb30BaTh AJs 3Toro ¥Y®-merekrop,
u3MepsioUINii MmorJjolleHne Npu 254 HM, X NpeBpallalOT B 4-HUTPO-
G6enzoatsl [360]. O6paborka aai0ara COJISHOM KHCJIOTOH, NPUBOMS-
mass K 06pa3oBaHHIO (JIYOPECUEHTHBIX INPOU3BOJAHBIX, IO3BOJSET
YMeHbIIUTb npenes oOHapyKeHus KapiaeHoaupos mo 0,5 wHr [361].
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Jlanoctepun 252, 289
JlaHTHOHHH 72
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Jlelinun 44, 46, 49, 57, 60, 61, 72, 74,
78, 80—82, 88
Jleuutuu 207, 263
Jlusun 44, 49, 71, 72, 74, 78, 80, 81
Jlukonepcen 252
Jlukonun 249, 250, 252
Jlumonen 234, 238
JlumoHouner 248
Jlunanoon 234
JluHosnauguHoBas Kucaora 175
J-[I;HHAOB onpeneneHne o6IIEro cocraBa
04
B3)XX 208
KX 207
TOHKOCJIOHHast xpomartorpadus 204
JInuam,
BEIZleJIeHHe HEMOMSAPHBIX JunugoB 137
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pasJHYHBIX KJaccoB 135
skcTpakuusa 131
s/monpoBanue 133
Jlonrudonen 240
JloHruuukaen 240
Jlionm6epuH 61
Jliorennn 250, 251

Makucrepon 313
MeBanoHoBast kucaora 230, 256
Menasnotponus 61
MeuneHnrscrepoa 305
Menaguon 268, 269
MeHaxuHoHH 268, 269
MeHTanuenn 237
Menren 236
MeHTenon 234
MenTton 234, 236
MentoH 234, 236
Menrtodypan 234
Merunnazagppun 252
MeTtun6ukcun 252
Meruaructunun 39, 52, 71, 72
Merunenxonecrepun 288
Metuacreputn 290
Mertuauucrend 44
Mernonnn 44, 46, 48, 49, 57, 60, 61,
70, 72, 74, 78, 80, 81
MernonuHcyabdoH 44

MuxkoseBast kucjota 144, 168, 174
MupTtenanp 234

Muprenon 234

Mupuen 234

Muorogasnbiii  30HHBIA  3/1eKTPOdO-

pe3 122
Monennun 89
MonoTtepnens 232
KX 232
KOJIOHOYHast xpomarorpacdus 238
TOHKOCJIOMHas xpomarorpadus 237
MyranTtel Tabaka 249
Myypoanen 240

Hefiporenaun 61
Heiipocnopun 252
Heo6akrepuopy6eputsl 250
Heonurnapokapseon 234
Heousonuruapokapseosn 234
Heousomenrton 234
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HeousoryiiaHon 234
Heokcantun 253
Heonuorenn 250
HeoMenTton 234
Heotylianoa 234
Heoxpom 250
Hepanp 234

Hepon 234
Hopsanauu 57
Hopuaeitunn 44, 57, 78, 86
Hopnunegppun 39

Oxcuanjapocranbl 302
OxkcuButakoH 315
Oxcuusonedinus 38
OKCHHIOJHMNYKCYCcHas Kucjora 38, 85
Oxcuaneiinux 86
Oxkcunusun 39, 72
OkcuMmeruaraytapuikodpepmest A 230
Oxcunpoaun 39, 44, 72, 74, 78
Oxkcurouun 61, 64—66
OxrajgckaHoBasi kucjora 165
OunenHoBas Kucjaora 175
Ouuronentunn 37
B3)XKX 59, 66, 67
rasoBasi xpomartorpadus 68
HOHOOOMCHHasi xpomarorpadus 37
Macc-crekTpoMeTpHs 88
Opuutun 72, 78, 80, 92

Manycrposasi kucaora 243
[MaabmuTHHOBast kucjora 175
IleHTaanauun 61

Ilentuam 37
IlepdropankanoBeic KucjoThl 60
IMumapan 243

ITunen 234, 238
IlunexkonuHOBasi KucJaoTa 73
IMunepurenon 234
Iunepuron 234

Ilunepuron 234
ITupoBeruBen 240
Tonurekcosunuepamuae 201
Tlonunpenonsr 254
ITonacrepon 313

Ipersana npoussoausie 303
Ilpernananon 304
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Ipernennnon 304
Tpeauunsoaon 306, 307
IMpexunson 306
Ipennndocopara 254
IMpeckBanenon 247, 255, 256
Ipeduroen 256
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Ilponun 39, 44, 49, 57, 59, 73, 74, 78,
80, 88
Ipocraraaunuus 176
BoiZesnenue 139, 140, 145
B3)KX 180
KX 178
xpomarorpaduss Ha HOCHTENsX, CO-
ZlepXXalkux HOHbl cepeGpa 176
fIcuxosnn 164
TItepoctepon 313
Tlyneron 234

Pearent I'n66ca 265

Perunanp 252, 261—264
PerunoeBas Kuciora 262—264
Perunonnsr 261—264

Perunoa 249, 252, 262—264
Peuuxanueckass xpomatorpapus 18
Ponamun G 266

‘Cabunen 233, 234, 237, 238
‘Canjapokonumapanuen 244
Camnorennnnl 259, 295
‘Canonnuasl 259

Capkosun 73

‘Capcacanorenun 295

Cartusen 240

‘Cexonpuionas 259—261
CekoctepuHbl 257

Cepun 44, 46, 49, 73, 74, 78, 80, 81
Ceporonun 38, 85

Cuanosasi kucjotol 165
Cuasnorauranosuans 163
-Cnlﬂérsmqecxue XKHPHBIE KHCJOTB 137,
Curtoctepun 288, 292

CkBaen 247, 252, 253
CMmujaredn 295

CMmounsinbie KHCAOTHl 243, 244
Conaunann 296

Counacoann 296

Comarocratun 61, 64, 66
'‘Cop6uHoBas Kucjora 194
Cosi-canoredoJnl 247, 248
Creaponarauuepun 192
Crepunnl 287

Creponan 286
Crurmacraguenon 289
Crurmacranon 289
Crurmacratpuenon 289
Crurmacreson 289
Crurmacrepun 252, 289, 292
Cynbpatunn 159, 164, 166, 203
Cyabponununsr 159
Courromnnuast 131, 164, 165, 207
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Counromuenuus 148, 197, 207
BhiesieHne 148
B3)XX 199
xpoMaTtorpapusi Ha HOCHTeNsiX, CO-
ZlepKallux HOHbl cepe6pa 198

Tadrcun 61
Taypuu 70
Taypokoubioratsl 310
TaypoxosnaTsl 312
TeuGoson 302
Tepmodpaxrorpacdus 22
TepneHoBble CNHPTH 235
Tepnennt 229
ITMKO3UJIHPOBaHHbe 259
¢dochopunupoBantble 256
Tepnunen 234, 237, 238
TepnuneHoa 234
Tepnuneon 234
Tepnunonen 234
Tectocrepon 299—302, 306
Terparepnens 248
B3)KX 248
KX 253
TOHKOCJIOMHas xpomarorpadus 251
Tumon 234
TuorncTHaHH 73
TroHUAXJOPHA 75
Tuposun 39, 44, 49, 57, 58
Tuponubepun 61, 66
Tokodepoasr 263—267
Tomarunenon 296
Tomatunusn 296
TomaTumans 296
Topyasiponun 253
Tpaxunoban 244
Tpen6osion 301
Tpeonun 44, 46, 49, 73, 74, 78, 80, 81,
88
Tpuauuiranuepussl 138
Tpurauuuu 61, 74
TpuHOATHPOHHH 86
Tpuneiinun 61
TpHMeTHICHINIbHBIE IPOH3BONHBIE AMH-
HokHcsoT 70
TPHMeTHJICHIHIH3OKCAHTHH 253
Tpumeruacuauixojectepus 290
Tputnposux 61
Tpuodenunananux 61
Tyiaunon 234
Tyiien 234, 237, 238
Ty#ion 234
Tyiioncen 240

Y6uxuHoHs 255
¥YraeBopopoan 137
Ywm6Genanynon 234
Yunekanpenon 254
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®apuesen 240

®apueson 241, 256, 258

denxen 234, 238

®enxon 234

®enxon 234, 238

®duzanaemnn 61

DukanpeHoasn 254

dunnoxuHon 268

dusanaemun 61

duranoBas kucnaora 243

dutocH 249, 252

durton 252

durotayen 252

®ocoatupuaranuepun 148—159, 199

®ocharuauaunosur 148—159, 198, 205

®ocharupuncepun 148—159, 198, 205

®ocharupuaxoaun 147, 149—159, 180,
198, 205, 207

®ocharuaunsranonamMun 148—159, 161,
199

®ochomunasa 198

®ochonunuast 131, 161, 164, 198, 205,
207
nnasmsl 209
pasjesienne mo Kiaaccam 147

dochomenasionar 256

®oropenenuus 261

Xaoponaactst 202, 248, 251
wnuHata 253

Xaopoduan 249, 251, 253
B3)KX 248
TOHKOCJ/IO#HAs xpoMarorpadus 251

Xoaecraaneson 288

Xoanecran 252

Xogsiecranon 288

Xosecranon 291

Xosecrenon 288

Xonecrenon 291

Xonecrepun 205, 252, 288, 290
Buifesienue 137, 141, 143
acbuper 137, 208, 209

Xpomapon 23

Xpomarobap 23

Henpen 240
llepamunooanrocaxapuin 165
Lepamune 194
ancopGunonnast xpomarorpadus 194
B3)XX 197
Bunesnenue 159, 162, 164
KX 196
xpomatorpaduss Ha HOCHTeNsX, CO-
Jlepkallux HOHH cepebpa 195
Llepe6posuner 159, 162, 164, 166, 202,
203
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lepyneun 61

Iusaen 240
Ilukn0reKCHATpUAEKaHOBAS KHCJIOT&
Luknorekcuaynnekanosas kuciaora 172
Liuknokonakampen 240

Huknocatusen 240

Humen 234, 237

Iumenon 234

Lnnrabepen 240

Huueon 234

Hucratnonnn 72

Lucrenn 46, 49, 57, 72, 78, 80
LucrennoBass kucaora 44, 58, 72
Hucrun 74

Lurponennans 234

Iutponennon 234

HUurpynaun 70, 72

DkBusenun 313
DKBHJAHH 298
Akauson 313
Axkauncrepounns 313
dnanauHoBas kucaora 175
dnenousun 61
Aaekrpodopes 11, 27

annaparypa 116

GeakoB 111

3ouHbIA 12, 27, 111, 119
Suaopdun 61, 64
Dukepannn 61
Snuanapocrepon 300—302
Anurtectoctepon 301
Anuacrpuon 198
InokcumeHaxHHOH 269
AnoxcupHIIOXHHOH 269
dprokaabuupepon 292
Aprocraauenon 288
Sprocratpuenoa 288
dprocrexon 287, 288
Sprocrepun 252, 288, 292
SpykoBas Kucaora 144
Scroaunn 193
Sctpanuenon 299
ScTpaHa Npou3BOfHHeE 297
Sctpuoa 298, 299
Scrporens 297, 299
Sctpon 298, 299
SCXHHHHEHOH 252
Sruonun 57
Druoxonaunuon 300, 301
StHoXOoNaHONOH 300—302
OTOKCHKAapGOHHATHCTHANE 80

IOBennabHHit ropmon 241

SATpoGunc 160, 161
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2.42.1. IpouspoaHble NENTHAOB
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2.5. Macc-ClieKTpoMeTpHs
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nepeBoja M ApYrHe NPOCHM MpPHCHIIATh mo azpecy: 129820, Mocksa,

U-110, 1-i Puxckuit nep., A. 2, uafaTeabcTBo «Mup».
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