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rnasa 7. Addunnas xpomarorpadus

s1. TYPKOBA

VIHCTHTYT OpraHHYecKOH XHMHH H OHOXUMHH,
YexocJsoBaukass Akajemus Hayk, IIpara

7.1. BBEAEHHE

OnHoBpeMeHHO ¢ pa3pabOTKOH HepacTBOPHMBIX MaKPOIOPHCTHIX
IIOJUMEepPHBIX HOCHTeJeH NPOHCXOAHJ0 OBICTpoe pa3BuTHe adPuHHOK
xpoMmartorpaduu (HasbiBaeMoOH Takxe 6HoadduHHON HIH GHOCHEIH-
¢dnueckoft). Adpdunnas xpomarorpadus npeicrasiaser co6oil oco-
OBlli MeTOJ, MNpelHa3sHAaYeHHHH [AJA BbIJeJeHHss  GHOJOTHUECKH
aKTHBHHIX coejHHeHHH. MeTox OCHOBAaH Ha HMCKJIOUHTEJIbHOM O6HO-
JOTHYECKOM CBONCTBe IPHCOENMHATh cHelk¢uueckn H 06paTUMO
ApYyrHe BeLleCTBa, I KOTOPHX Pefinep u Yaau [78] BBenu nassa-
HHe «adUHBAHTH» uau «aduHHBlE JUraHAL». B Hacrosilee Bpe-
Ms HauboJsee paclnpocTpaHeHHBIM cIIoCOO0M HOJYUeHHS HepacTBO-
pUMBIX aPHHHHX COPOEHTOB ABJSETCA HX NPUCOEJHHEHHe K HOCH-
TeNIO0 NyTeM 0O0pa3soBaHHsi KOBAaJeHTHHX cBsided. Ecau pacrsop,
coJlepXaIuil GHOJOTHUECKH AKTHBHOE COeJMHEeHHEe, KOTOpoe ciaeny-
eT BBIAEJUTh, QUILTPYIOT Yepe3 KOJOHKY, 3aMOJHEHHYI0 HepacTBo-
PUMBIM HOCHTEJNEM, CBA3AHHHIM ¢ aQGOHHHEIM JIHTAHIOM, TO BCE
CoeHHEHHUd, He 06jajalolllHe CPOACTBOM K JaHHOMY abduHHOMY
JUragHay, GecnpensTCTBEHHO NPOXOAAT Yepe3 KOJOHKY, Torja Kak
COefMHeHHs1, 06Jafalollke TAKUM CPOACTBOM, YAepXKHBAIOTCA B KO-
JIOHKe, IIpudeM IIPOYHOCTb 'MX YAEPXKHBAHHS 3aBUCHT OT CTeNeHH
HX CPOICTBAa M KOHKDETHHIX 3KCII€PHMeHTaJbHBIX ycaoBu#. Cneun-
¢uueckn copO6HpPOBaHHHIE cOeJHHEHHS MOXKHO 3aTeM 3JIIOHPOBATD,
OpHMeHUB JH60 PacTBOPHMH addHYHHA JUrani, JH60 H3MEeHHB
COCTAB PaCTBOPHTENA ¢ TeM, YTOOH BHI3BATh AHCCOLHALHIO CHELH-
¢Hueckoro KOMIUIeKCa, KaK 3T0 mokasano Ha puc. 7.1 u 7.2. Ha
060HX DHUCYHKAaX NOKa3aHO pa3jeJeHue MerooM addHHHOH XpoMa-
Torpaduu 3KCTPAaKTa NOAXKEJYLOUHOH XKeJse3bl Ha KOJIOHKe, 3aImoJ-
HEHHOH arapo3oifl co CBSI3aHHBIM HHTHOHTOPOM TPHIICHHA, IIPOBE/EH-
Hoe ITopatom u Cyua6eprepom [75]. B mesnouHo#t cpene XUMOTPHII-
CHH M TPHICHH cllemudyuyeckH copOHPYIOTCS Ha KOJIOHKE, a 3aTeM
BHIMBIBAIOTCA TIOCJIEOBATENIbHO PACTBOPAME cHeUH(PHUECKHX HHIH-

6utopos (puc. 7.1) uau GydepHbiMu pacTBOpaMu ¢ rpajueHtom pH
(puc. 7.2).
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[MpuHUHKI apdunHOll Xpomartorpa@Hun H3BECTEH YiKe 6oJnee
20 aer*. B 1951 r. KemnGesa 1 coTp. [7] mcnonwp3oBaiu AJs Bbile-
JeHHA aHTHT] IeJTOJ03y C KOBAJNCHTHO CBS3AHHHM aHTHIEeHOM,
a B 1953 r. Jlepman [53] mpHMeHmJ STOT MPHHUMN JJIA BELICICHUSA

epMeHTOB. B mocienyomne rofbl TeM He Metee addunnas xpoMma-
rorpacdHs HCTONb30BANACH JIHIIL H3DELKA, NO-BULHMOMY, i3-32 oT-
CyTCTBUSI MPHIOAHDLIX Hocutesell. BaXnylo polb B pa3suTHi adpduH-
Hoii XpoMmMaTorpagHu chrpana paspabotka Axcenom, ITopatoMm H
dpubekom [4, 76] MeTona cBA3HBAHHUA a®(GUHHBIX JHUTaHIOB C ara-
po30i, AKTHBHPOBaHHOHK GpoMiuaHoM. Kak BNOCJAEACTBHH MOKa3a-
an KyaTpekasac u JH(QHHCEH [15, 16], araposa OTHOCHTCS K HHC-
Jy HOCHTeJ]eH, 0COOEeHHO yao6ubx Aas adduunoit xpomarorpaduy.
limenno na arapose B 1968 r. Kyarpekasac, Vunuex u DuduHCceH
[18] ycmewHo pasjesnuiin HyKjaeasy, XHMOTPUICHH H KapOokcunen-
Tuaa3y. dra pabora cefiuac XOpoIIO M3BECTHA, TAK KAaK e¢ aBTOPH
NepBBIMH BBeJH TePMHH «apuHHAS xpomarorpadus». JlaHube 3T0-
ro HCcJenoBaHHS cnocoGCTBOBaH OLICTPOMY Pa3BHUTHIO adgbusHOR
xpomarorpaduu, # nocjie 1970 r. paGoTHl, MOCBSILIEHHbIE ITOMY BH-
Ay xpomatorpadus, nyGaHKYIOTCA yXKe PeryispHo. Adbdunnasa xpo-
maTtorpadus NPHMeHseTCs JJs BbUIEJNEHHS (bepMeHTOB, NMPH 3TOM
apPUHHBIMH JUTAHLAMH CIyXKaT HX HHTEOHTOPHI, CYyOCTPATHl HIH
kopakToph. KoBajeHTHO CBA3aHHLIE (bepMeHTH NPHMEHSIOTCH AJis
BhijlesleHusl X HHTHOHTODPOB. [l BHILEJEHHA 2AHTHTEN B KauecTBe
aQUHHBIX JUTAHAOB MCINOJBL3YIOTCS aHTHIEHH, a JUIA BhAEJIEHHA
ANTHIEHOB — AHTHTENA. C NOMOLILIO MOAXOAAWHX a(pPHHHBIX JH-
FaHIOB y[aeTcs BHENHTb HYKJIEHHOBhIE KHCJIOTEI, TPAHCIOPTHEIE H
pelpeccopHble 6e/KH, TODMOHBL H HX PEENTOpH, a TaKXe psal Apy-
THX coennHeHH#. B 3ToH riaBe MBI NpUBedeM JHIIb HECKOJbKO Ta-
KHX npuMepoB. Boiee moapoGHYI0 HHPOPMALKIO O NPHMEHEHHH ap-
duHHOM XpoMartorpaduu MOXHO HaiTH B 0630pHBIX CTaThAX
[26, 89].

Venosus mposefenns adduuuoi xpoMarorpadus 3aBUCAT OT
TPHPOALl COEIHHEHHS, KOTOPOe HYXKHO BBHIAEIHTD. Onnako cyliects
BYyer psj 06lHX TpeSOBaHUH, KACAIOUKXCA CBOWCTB HEPAacTBOPUMO-
ro HocuTessi, BhIGopa THna adPHHHOTO JHraHAA, €ro CBALIBAHMA
¢ HOCHTeJeM, YCJAOBHi axcopOUHK H 3MIONPOBAHHA. :

7.1.1. BLIGOP HEPACTBOPHMOT'O HOCHTEJIA

BaXHBHIM yCJIOBHEM YCIIEUIHOTO NPOBELEHHS abGHHHOK XpOMaTo-
rpaduu siBseTca BHGOP MOAXOASILEr0 HEPAaCTBOPHMOIO HOCHTENA
1Asi moayueHus copGenra. B o63opHOf cTaTbhe Kyarpekasaca u

* CopOunonHas HMMOGHIH3ANKA addunanTa Guua BIepBHE NPHMEHEHA COBET-
CKHM yueHHM B. A. SHrenbrapATOM [Biochem. Z., 148, 463 (1924)}, uccnenoBas-
KM cnenudHIecKHe B3AHMONEACTBHS AHTHIeH — AHTHTEJO. OH Ha3Baj 3TOT HPHH-
IHI «MeTONOM (UKCHPOBAHHOrO MapTHEPa».
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Ontuncena [16] onucwpaores CBOHCTBA, KOTOPHIMH HOJIKEH 06Ja-
A4th nieadbHBA HOCHTeNb. IIpexie BCEro OH JOMKEH KAK MOIKHO
MEHbIlle B3aHMOJEHACTBOBATL C BhIAESEMBIMU COEHHEHUSAMH, TAaK
KaK HeOGXOAUMO HCKJIOYHTH Hecneunpuyeckyo copbuuio. dtomy
TPEGOBaHHI0 Gosiee BCEro OTBEWAIOT BBITyCKaeMble psfom ¢upm
HEHTPAJIbHEIE MOJHMepH, Hanpumep cedaposa uau Guorean. C npak-
THYECKOH TOYKH 3PEHHS BAKHO, YTOGEI HOCHTeNb 006/Jafat XOpOoUIH-
MH THIDOJMHAMHYECKHMH CBOACTBAMH (MaJbIM CONPOTHBJIECHHEM
IIOTOKY KUAKOCTH) H COXPAHSI 3TH CBOMCTBA NOC/E NPHCOEHHEHH S
apduunoro Juranga. Jas cBS3HBanus adduuHOTO JHMraHga He-
OGXONXMMO HA/JHYME B HOCHTENE NOCTATOYHOIO YHCHA XHMHYECKHX
TPYIN, KOTOpble MOXHO aKTUBHPOBAThH HIM MOXHGHUKEPOBATH B yCJI0-
BHAX, He BJIHAOWMNX HA CTPYKTYPY HOCHTENS! HAM HA CBS3AHHALN
adpounnbi aurann. Hocurensh noiken OCTaBATbCSl MNPOYHBIM H XH-
MHYECKH YCTOHYMBLIM B IpolLecce HNpHCOENHHEHUS aPOHUHHBEIX JH-
TaHJI0B, a Takke Npu uaMeHeHuH pH, HOHHOH cHABI H TEMIIepaTyphl
¥ B IPHUCYTCTBHH NEHATYPHPYIOLUHX ar€HTOB THNA MOYEBHHLI MM
TYaHHAMHXJIOPHAA, KOTOPblE MOTYT OKa3aThCSl HEOBXOIHMbIMH A
anCOPOUHN MM SJIOHPOBAHHS BHLIENSEMOro coenunenus. Ilpou-
HOCTb H XUMHYeCKast yCTOHUHBOCTH OCOGEHHO BAaMKHEI NpH IOBTOp-
HOM HCNOJMBb3OBAHHH STHX ClHelH(bHYecKHX ancopbentos. Hocuren
AOJUKHBEI UMETb TIOPUCTYIO CTPYKTYPY, 00eCneunBanyo cBoGOAHYIO
IZnddysuio B mophl naxe KPYNHBIX MakpoMOJekyad. HacTHUB HOCH-
T€I NOJIKHEL GBITh CHEPHYCCKHMH, OXHOPOZHHIMH IO pasmepy u
NPOUHEIMH. BaXKHEIM ycioBHeM 1JIst BHILe/IeHHS COenHHeHUH ¢ 60JIb-
LWIOH MOJIeKY/ISPHOM Maccofl SIBJISIETCS BBICOKAS CTOIEHD TIOPHCTOCTH
Hocurens. Hanpumep, Crupe u corp. [84] Bbixennsau B-ramaxrosu-
nasy us Escherichia coli metonom adounnO# XpomaTorpaduu, npu-
MEHHB B KaueCTBe JIMIaHJIa-HHTHOHTOpa n-aMHHO(MeHHJ-B- D-THOTa-
JIAKTONHPAHO3UA, CBA3AHHBIA YIIEBOAOPOAHONH GOKOBOM Wembio ¢ ce-
$apo3oit nan ¢ nomMaKpPHIAMELHBIM resieM, Guorenem 300. CopGenr
Ha OCHOBe ceapossl 06/agald MPeBOCXOLHBIMH CBOACTBAMH, B TO
BPEMA Kak Ha Ouoreje P-rajaxkTosujasa He cop6upoBasach, X0Ts
€ 1 Ma rens GB/IO CBSI3AHO NPAKTHYECKH B Tex e YCIIOBHSIX
20 MxMOJb WHOHGHTOpA. DTuM NpHMEPOM aBTODH MOKa3auM, 4To,
€C ¢ HOCHTEJIOM CBS3BIBAETCS JOCTATONHOE KOJHYECTBO JIATaHA,
3TO ellle He O3HAWAET, 4TO MOJYUEHHHIH COPGEHT OKAXKeTCH LOCTaToY.
HO CIeUHGHUUHBIM H 3¢ (heKTHBHBIM. ABTOpPH IPENIOVIATAIOT, UTO B GHO-
rese nmpeoGrajaomas AoJsi MONKYJ JHFAHAA HAXOLHTCS BHYTPH
YACTHIL TeJIst U NOITOMY HENOCTYNHA AJIS GOJbIIHX MOJIBKYJT aKTHB-
Horo TeTpaMepa B-ranaxtosmnaser (Mou. Macca 5,4-105) [I1]. B 10
K€ BpeMms aBTOPHIPaGoTH [14] ¢ ycmexom mpHMeHHIH GHOTeNs B K-
1€CTBe HOCHTEJIs 1A BLLIEJIEHHS HYKIeashl B3 CTAQHIOKOKKOB (Mo,
Macca 1,7-10%). Bricokas mopHCTOCTb HepaCcTBOPHMOTO HOCHTeNs
TaKkXe o0s3aTe/bHa NS BhHILEJEHUS COeNMHeHHH, 06Jana0oumNx oT-
HOCHT@NIBHO c/1a6hiM CPOICTBOM K CBA3AHHOMY abppuaHOMY M-

e
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raggy (xoHcranra jgucconmanun =10-°). Konuenrtpauus me%mm-.
HOTO JIHTaHJa, CBA3AHHOTO C HOCHTEJEM H JIETKO AOCTYNHOTO M
BBLIEJIEMOr0 COefHHEHHS, JNOMXKHA OHITh OUYeHb BHICOKOH; TOJBKO
npH 3TOM YCJOBHH COeJHHEHHe MOXKET 3aJepXKaTbC B KOJOHKE.

7.1.2. BBIBOP H CBSI3bLIBAHHE A®$HHHOTO JIMTAHJA

IMpaBuibHblil BHIGOP MOAXOAALEr0 adHHHOIO JHIraHLd H yCao-
BHH €ro CBfA3bIBAHHUS, NAIOLIHX MAKCHMAaJbHYI0 eMKOCTb, TaK XKe
BaXKHBl, KAK H BBIGOD HOCHTEJS.

B kayectBe adGHHHBIX JHTaHAOB MOXKHO HCIOJbB30BATH JIOGHE
CoeJlMHEeHHs, NPOYHO, CHeUHHYHO H O0GPATHMO CBS3LIBAIOILHECSH
C BBIAEIAEMBIM BEIIECTBOM. XHUMHYECKOe CTpOeHHe apdHUHHBIX JH~
ranjoB Moxer GbITb caMbiM pasjuyHbIM. ITockoabky B HacTosiee
BpeMA MeTold ap@uHHOH XpoMaTOorpadHH NPUMEHSETCH IVIABHEIM
06pasoM JJIst BHJEJEHHS (PEPMEHTOB H HX HHTHGHTOPOB [89], My
paccMOTpUM NPHMEpEI, B3ATHe H3 3Tol obaact. Kak yxe ynoms-
HaJIOCh, NIPH BBIACJIECHHH (pepMeHTa aQ(HUHHEIMH JHTAHLAMH MOTYT
C/yKHTb €0 HHIHOWTOD, aHAJOTHYHHIA Cy6CTpaTy, a TakkKe apdex-
TOp, KOQAKTOp M B OTAENbHHIX C/IyYasx Aaxke cy6eTpar. 1o cipa-
BELIHBO W JUI (epMeHTa, TPeGyioulero M1 peakuuu nsa cyGerpa-
Ta, HO CIIOCOGHOTO IOCTATOYHO CHJBHO CBS3HIBATBLCH TOJBKO ¢ OJHHM
u3 HuX. Cy6eTpaT TakkKe MOMXKHO HCIOAb30OBAThL [JIS ancopbuun
(epMeHTa B TaKHX YC/OBHSX, KOTAA (GepPMEHT CBA3bIBAETCA, HO CAM
He CMocoGeH KaTalH3HPOBATh PEAKIHIO (HANDUMEP, B OTCYTCTBHE
HOHOB METAaJ/lIOB, HEOOXOAMMBIX /s peaKUHH), a TakXKe KOraa
KoHcTaHTa Muxasmuca sasucur or pH mim TeMmneparyps. Adoun-
HBI# afcopOeHT M BblAeNeHHA GeNKOB OGLIYHO TPYAHO HOJYUHTb
%3 adp¢HHHOTO JIHraHAa, eCMM KOHCTAHTA IUCCOLHAINH €ro KOMIl-
Jdekca ¢ Geskom npesrwaer (0,5—1,0)-10~% [16]. Onmako Crupe
u cotp. [84] nokasanu, uro ouenn ¢ pexTuBHbIE ancopbeHT AnA
p-rajakTo3uaasbl MOXKHO NOJYYHTb Aa’Ke H3 TAKOTO OTHOCHTENLHO
cnaboro HHrHOHTOpa, Kak n-aMHHOQEeHHI-- D -THOTa1aKTONHPaHO-
3up (Ki~5-107%). Droro ymaercss HOCTHTHYTb, MOBHIUAS KOHLEHT-
panumo HepacTBOpHMOro acd¢QHHHOTO JHraHma H yBeJHYHBAs pac-
CTOSIHHE MeXAY apOHHHEIM JIHFaHIOM H MATDHUEH HOCHTEJNSH, YTO
NPHBOAUT K MAKCHMAJBHOHA JOCTYNHOCTH ah@UHHOTO JHIaHZa A/

Oenka B pacrTBOpe*,

* O’Kappa u cotp. [71a] nosauee nokasanu, 4TO YBE/HYCHHE oonapxomm.om aK-
THBHOCTH 00YCJIOBJICHO INMIaBHEIM 06p23oM NPHPOIOH TPYNIIHPOBKH, KOTOpPOi f-ra-
JIAKTO3K1434 NPHCOGANHEHA K HOCHTeJIO, a HMEHHO THAPO(OGHHIMH B3aumogefct-
BHsAMH. Ancopbent B (cm. puc. 7.3) coXpaHseT CH/bHOe CPOACTBO K P-ranakTosmpga-
3¢ Jaxe mocje 3aMelleHUs B-THOrajakTO3HZA HeCHelH(HIECKHM Q-TJIIOKO3UAOM
und N-dennaraununoM. OIHAKO OH TepseT aKTHBHOCTB IIDH 3aMeHe NPHCOeIHHSIO-
el TPYNNHPOBKH Ha IOJIAPHYIO HJIH rapoduabHyo. B aHajgormumnix cIyyasx,
KOria 8 CBfIHIBAIOINYIO CHOCOOHOCTL afcopGeHTa BHOCHT BKMAL Hecnenddpurueckas
cop6uws, apTopsl [7]1a] BBONAT TepMHH «CDOACTBO K JaHHOMY COeRHHEeHHIO».
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Ha puc. 7.3 nokasanm crnoco6bl cBA3biBanus [14] Bblmeynoms-
HyTOrO MHrHGHTOpa. A mpexnctaBisieT co60i aacopGeHT ¢ HHTHBHTO-
pOM, HENOCPEACTBEHHO CBSI3AHHBIM C MOBEPXHOCTHIO MATPHLE, B B
HHTHOMTOP yAasieH OT MaTPHIUBI HA paccTosmue okodo 10 A, a B B

uHru6urop Haxoaures B 20 A or matpuusl. B To Bpems kax cop-
Azapoza
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Puc. 7.3. Cneunduyeckue ancopGeHTn aas apdunnofi xpomarorpadun GaxkTeprab-
HOHl “B-ra/lakTo3uAA3H, NOJMyYeHHHe NPHCOSNHHEHUEM n-amunodenu-f-D-Trorasnak-
TOMHPAHO3HAZ HAa PAa3JHYHEIX DACCTOSHHAX OT NOBEPXHOCTH TBEPAOro HocuTe-
i as [14].
A =-ancopGeHT ¢ HHTHGHTODOM, CBA3aHHBLIM HENOCPEACTBEHHO € MOBEPXHOCTHIO MATDHUL; B —
ancopBenT ¢ HHFHGHTODOM, YAANEHHBIM OT TMOBEPXHOCTH MATPHIN =n==mvmo Ha 10 M" B -—an-

copbeRT c HHTHOHTODOM, YHaJeHHHM OT NOBEPXHOCTH MATPHIH Ha 20 A. B-Iajsaxtosmpmasa
ancopGupyercs copGentoM B, UPOSBASIOIEM K Hell OYeHb CHJAbHOE CPOACTBO, cJaabo COpOH-
pyerca 5 u coBceM He copbupyercsa A.

Gent B o6Gnagaer OYeHb CHJIBHBIM CPOACTBOM K P-rajakrosupgase,
copbenT b cBs3bIBaeTcs ¢ Helt oueHb caabo, a cop6enT A He cBA3HI-
Baercs BooOle. YBenuueHue pacCTOAHHS MeXAYy HHTHOHTOPOM H
MaTpHUEH HOCHTeNs TNPHBONMT K TOMY, UTO STOT HOCHTENb, faie
CMEWanHIA ¢ HeMOAHHUMpPOBaHHON araposofi (T. e. mpu cylecT-
BEHHO GoJiee HH3KOR KOHIEHTPALHHU adcuHHOrO JHraHna), xopoluro
COXpaHsieT CBOIO CMOCOGHOCTb K cBsA3HIBaHMIO. DepMeHT MOXHO
SJTIOMPOBATb M3 KOJNOHKM C arapo3of, coxepxamell He6OMblloe KO-
JHYECTBO 2¢$PHHHOrO JMMraHAa, Aaxke GydepHHIMH pacTsBopamiu, co-
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nepxalUMu cy6CcTpaT, B TO BpPeMs KaK Ha KOJOHKAaX C BBICOKOH
KOHLieHTpauued HHruOHTOpa (epMEHT CBA3LIBAETCS TaK NPOYHO, 4YTO
TaKHe PacTBOPHl €ro He BHIMBIBAIOT. B aTOM cayuae f-rajakrosnia-
3a COXpaHseT CBOK (epMEeHTATHBHYIO AKTHBHOCTb H B CBSI3aHHOM
COCTOSIHHH, Ha UTO YKa3hiBaeT pacllel/ieHHe cyGcTpaTa B mpoluecce
ero NpOXOXJeHHs yepe3 KOJOHKY. DBojlee BhICOKas KOHUEHTpauus
cBsA3aHHOro adpHHHOro JHranjia He 06s3aTeJbHO NMPHBOAHUT K yJayu-
LIEHHIO aAcOpOUHOHHBIX cBokicTB. Tak, Akcen u dpubek [3], npuco-
elUHAsT XHMOTPHICHH K DAasJHYHbIM NPOH3BOAHBIM araposbl H ce-
¢danexca, NOKa3ajH, YTO OTHOLIEHHe aKTHBHOCTH CBSI3AHHOI'O H CBO~
6oaHoro ¢epMeHTa yMeHbLIAeTCA C YBeJHUEHHEM KOHIUEHTPaLUH
XHMOTPUIICHHA, CBsI3aHHOrO c HocureaeM. Opnako Kaabaepow
H cotp. [48] nokasanu, uto mpo6JeMa COCTOMT He TOJNBKO B 3KOHO-
MHYHOCTH HCIOJNIb30BaHHsA CBf3aHHoro adopunHoro Jauranpa. OnH
O0OHapyXHJH, UTO YBENHYEHHEe KOHUEHTPAllHH CBA3aHHOTO HHIHGH-
TOpa, [N (e-aMHHOKANPOHHUI) -N-aMHHO(EHHI | TPHMETHIAMMOHH -
Gpomuza, sbiute 0,16 MKMOMbL HA | MJI HOCHTEJIS! IPUBOAHT K YMEHb-
IIEeHHIO CHeLHPUYHOCTH COPOUMH ALEeTHNXONHHICTEPA3H. IJTOT 3d-
(bekT MoxKeT OBITb OOYCJOBJEH HeceUH(PHUECKHM CBA3LIBAHHEM ¢
aacopGeHTOM, BLI3BAHHBIM HOHOOOMEHHHMH CBOHCTBAMH INOCJefr
nero. Cnoco6HOCTb K HOHHOMY OGMEHY mposiBisieTcss y copbeHTa B
pesy/bTare YBeNUYEHHS COAEPXKAHHSA AMMOHHHAHBIX rpynm. Uro6nl
YMEHBIIHTh HeCNeuHPHUECKYI0 COPOLHIO, aBTODHl YBEJHUYHJIH HOH-
HYIO CHJIy pacTBOpa NpH CBA3bIBaHHH (epmeHta. ONHAKO 3TOT Me-
TOJL OKa3a/ICA HEeNPUrofHHM, TaK KaK HaOJMIOZaJoCh 3HAYHTeJbHOe
yMeHblIeHHe CPOACTBA ¢epMeHTa K HHTHGUTOPY. .

Ecau B kauectBe adduunoro juranaa ucmoinsyercs KohakTop,
coraacHo aauwubM Jloy n [luna [57], oyenp BaXKHO, 9TOGH HATHB-
Hasl KOH(pOpMaIUsa KOhaKTOpa COXpaHsIIach axkKe MOCJe ero CBA3H-~
BaHHA. JTO CNpaBelJMBO TakXe B TOM Cjayuae, eciH addHHHBIM
JIMTAaHOM sABJAAETCA OHMOJNOTHYECKH aKTHBHHA Gejox. OH poJKeH
OBITb NPHUCOEAHHEH K HOCHTeNI0 MUHHMAJbHO BO3MOXHHIM UHCIOM
CBfI3eHl, TaK KaK NPH 3TOM YBENHYHBAETCS BEPOATHOCTb COXPAHEHHS
HaTHBHO! TPETHUYHOH CTPYKTYPH Genka. B KavectBe npumepa mpu-
BefleM paboty KyaTpekasaca mo BeJeseHHIO HHCyaHEa [14] Ha ko-
JIOHKe ¢ ce}aposod ¢ npucoesuHeHHMu npu pH 6,5 mau 9,5 anru-
TeJIAMH K OBHHOMY HHCYJHHY. Kak Gyner mokasano HuXe, GeJ0K
CBSI3BIBAETCA C AKTHBHPOBaHHOH GOpomuuanoM cedaposoit mocpen-
CTBOM HENPOTOHHPOBAHHHX aMuHorpynn. Chuxenue pH ymenbmaer
YHCJIO cBSt3aBUIHXCA rpynn. Pasnuuna B Beanunnax pH B npomecce
NPUCOEAWHERHs NPHBOAAT K TOMY, 4To nepBoe npoussoxHoe (pH 6,5)
xapakrepusyerca noutH 809%-HOH TeOpeTHUeCKH BO3MOMKHOA eMKO-
CTbIO MO WHCYJHHY, B TO BPEMS KaK y BTODOTO NPOH3BOAHOTO
(pH 9,5) ara emkocts paBra Toapko 7%. Iockombky o6iwee co-
HepxaHne GelKa ONHHAKOBO B OGOHX clIyyasx, BTOpOe IPOH3BOX-
HOe JOJKHO COAepXaTb MMMYHOIVIOOYJHH, KOTOPHI# He crnocoGen
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3 (PeKTHBHO CBA3bIBATH aHTHreH. Jlake IPH HH3KHX pH ™MoxHO
HOJNyYHTb aACOPGEHT, KOTOPHIH COAEPHHUT GOJMBLIOE KOJHYECTBO aK-
THBHOTO GeJIKa, CBA3AHHOTO ¢ ce)aposol, ecili yBeJHUHTh KOJHYe-
CTBO GpPOMLMAaHA BO BPeMsi aKTHBALHH H KOJNHYECTBO GeqKa B npo-
uecce cBA3HBaHHs [14].

Hast ycneusoro npoBefenns adoHHHOMN Xpomarorpatun Heob-
XOAMMO He TOJNBKO CBA3hiBaHHe a((HUHHOrO JAHTaHAA, HO H MOJHOE
yaanenune Bcero ad(UHHOrO JMraHaa, HEKOBAJEHTHO CBS3aHHOIO
¢ HocureneM. IlostoMy coepunenns ciegyer TILATeNbHO TPOMDBIBATS,
KOHTPOJHPYS pe3y/ibTaThl NPOMEIBKH. CopGHpOBaHHBlE apoMaTHue-
CKHE COEAHHEHHS MOXKHO YCNELIHO YAAJHTh € NOMOLIBIO OpraHHYe-
CKHX DacTBOpHTesel, a A/ yaandeHHs ‘GelKOB N0Je3Ha NpOMEIBKA
ACHATYpUPYIOIINMH areHTaMH, eCJH OHH He BJHSAIOT HA HOCHMTEJb U
Ha CBA3BIBAIOILYI0 cnoco6HOCTh adduHHOrO Jaurauga. Heo6xomumo
GBITb yBepEHHBIM B TOM, 4YTO H3MepsieMas OHOJOTHYECKAS AKTHB-
HOCTb CHeNU(pHIECKOro afcopGeHTa AeMCTBATEJbHO 06YCIOBAEHA
TObKO KOBaJ/JIeHTHO CBSI3aHHBIM adduunbiM JgurangoMm. C sToii
LEJbI0 ONPEAEIAIOT N3MEHEHHe KOHUEHTPAIMH HePaCTBOPHMOTO IPO-
H3BOJIHOTO NOC/e HHKYOHPOBAHHS B PA3JIHYHBIX Oy(hepHLIX pacTBO-
pax uax mocse APYrux noAXoAasiuux o6paborok copbeHTa.

KonnuecTso cBA3aHHOTO JMraHAa ONpefessieTcs B 3aBHCHMOCTH
OT €ro NPpHPOABI C MOMOIIbIO METOAO0B, OCHOBAHHBIX, KaK IIPaBHJO,
Ha OCBOGOXKIEHUH apUHHOrO JIHraHAa B pe3yJbTaTe IIEIOYHOTO
HJIH KHCJIOTHOrO THApO/IH3a. AHANU3MDPYs NenTHAH, yaoGHee Bcero
ONpPEAeNsTb KOJNMYECTBO aMHHOKHCJIOT IIOCJAE KHCIOTHOTO THAPOJH-
3a [3]. Ipu ucnonb30BaHHE DaAHOAKTHBHOTO JHTaHIA nesnecoob-
Pa3HO NpOBOJAMTL H3MepeHHe pajHOaKTHBHOCTH. KoHmenTpanuio
CBA3aHHOTO a((PUHHOTO JHMraHAa YAOGHee BHIPAXKATh WHCIOM MHK-
pomoJieft 3T0rO JIMranAa, NPHXOAAUHEMCS Ha | Ma HaGyXiero B Ko-
JIOHKe reJisl, a He Ha |1 T cyXoro HocHTesd.

7.1.3. YCJIOBHS COPBLLUM K 3JIOHPOBAHHS

YcioBua amcopGuUyu M 3IOMPOBAHHS BHLAENAEMOTO COEAHHEHHS
3aBHCAT OT ero crneunduueckux cpofictB. Ecan HyXHO BhIesnTDH
HeGOJIbIIOE KOMHYECTBO GeJKA M3 HEOUHIIEHHOH CMeCH ¢ TIOMOIIpIO
addunHOro AUransa, 061aga0MEr0 BHCOKHM CPOACTBOM, TO HHOTIA
COMETAarT 06pabOTKYy B CTAIHOHADHBIX YCJOBHSAX C 3JIOMPOBaHHEM
ocyie nepenoca copbenta B KoaoHKY [16]. Ecnu Xe coennmenue,
KOTOpOe HEeOOXORHMO BbIAENHTb, 00JafaeT HEe3HAUHTENbHBIM cpox-
CTBOM K crenH()HyecKOMY afcopGeHTy, OHO OYeHb 4acTo 3JI0UpYyeT-
€ H3 KOJIOHKH JAake Ge3 cMeHH GydepHoro pactsopa. B stom cly-
Hae TOJYYalT pa3GaBEHHBIA pacTBOp 3TOro coenuHeHus, Ilpu
BBIIEJIEHHH BBICOKOMOJIEKYJISIDHBIX COeAMHEHHH CKOPOCTb MNOTOKA
XKHUIKOCTH, MPOXOASILEro yepe3 KOJOHKY, AOMKHA GHTb JOCTAaTOYHO
#HH3KOA. Ha ancopGumonnoe papmoBecHe BJHser He TONBLKO HuCIo
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CTOJIKHOBEHHH MeXy MOJIEKYJaMH BbIAEJNSEMOro CoeqHHEHHS H ad-
(UHHOTO JIMFAH/A, HO H B3aHMHAsl OPHEHTAllHsl YYacTKOB CBSA3HIBA-
uusi. Hanpumep, BejesieHne HyKJaeasbl H3 cTadumokokkos Kyarpe-
kazac H coTp. [18] peKOMEHAYIOT BeCTH npH CKOPOCTH NOTOKA
70 mJa/d4 Ha KoJoHKax c¢ cepaposoit (0,8X5 cM) npu K, pasHOM
10-%. Ancop6upoBanHble COeHHEHHS JMIOHPYIOT IVIaBHHIM 06pasoM,
wmeHsisg pH, nonnyio cuiy pactBopa uiu TeMnepatypy, a ecJH 3JIOH-
pylorcss (epMeHTH, TO pacTBOPaMu HHTHGHTOpA uIn cyberpara
[16]. Ecin adduHHBIR JHrani cssisan ¢ MaTpHuel a3orpynnamH
THOJICJIOXKHO3(DHPHOH HIH CI0XKHO3(HPHON CBSA3BIO, TO adPHHHBIHA
KOMILJIEKC JIATAH[| — BEIIeCTBO MOXHO OTILENHTb OT HEPaCTBOPHMOMH
MaTpHIbl H Jajiee OT/Ie/NHTh JIMFaHA AHATH30M WJIH refb-QHAbLTPA-
uuelt. OIHAKO NPH 3TOM €CTECTBEHHO, MCKIIOUAeTCS BO3MOXKHOCTh
TIOBTOPHOTO HCNOJb30BAHUA abdHHHON MaTPHUBI (cM. |[14]).

7.2. HEPACTBOPUMBIE HOCHTEJIU AJIt A HHHON
XPOMATOIPA®HUH

7.2.1. TNOJMIEKCTPAHOBBIE HOCHTEJIH H HX NMPON3BOAHBIE -
OB30P [TPOM3BOIHBIX U UX XAPAKTEPUCTHUKA

M3 mepeuns HocureJsieil, MpHBEAEHHOrO B pasi. 7.3, cJeLyeT, 4TO
HanboJee YacTo HCNOMbL3YIOTCA AN abdUHHOA XpoMaTorpaduu ara-
po3a u ee MPOU3BOJHBIE. XOPOIUIO H3BECTHHI NPOMBIILJIEHHbIE Npena-
path cedpaposa m Ouorear A. Cedaposa — NMpOMBIILIEHHOE HA3Ba-
HHe ChepHYecKOro reJs arapoanl, BhHIIyckaeMoro ¢upmoit Pharma-
cia Fine Chemicals AB (IlIseuns). Cedaposa npomaercs B Habyx-
1IeM COCTOSIHMH, CyCeHAHDOBaHHAs B THCTHAJIHPOBAHHOM Boje, CO-
nepxameit 0,02% a3una HaTpPHsA B KauecTBe GAKTEPHOCTATHUECKOTO
aresTa. S -

B nacrosumee Bpemsi JOCTYNHH TpH THIA: cepapo3a 6B ¢ Kom-
uenTpanueir araposst ~6% (pasmep naGyxiimx rpamya 40—
210 mxkm), npepHasHaueHHas A8 (PAKUHOHHPOBAHHA COeXMHEHHI
¢ Moa. maccoii 10°—10%; cedaposa 4B ¢ KoHUeHTpaume# araposu
~4Y% (pasmep mabyxuux rpanyn 40—190 Mkm), npensasHayeHHasn
st GpakUHOHMPOBAHHA COERHHEHHHA ¢ MoJ. Maccoi 3-105—3.108;
cedaposa 2B c 2%-Hoit KOHNeHTpauHell araposs (pasmep Habyx-
wux rpanyn 60—250 mxM), Hemosne3yeMas A GpAKIHOHHPOBAHHA
CoeHHEHHH ¢ MoJ. maccofi 2-105—25-10°. [lns adduunoit xpoma-
Torpadun Hambosiee mMHPOKO MpHMeHseTcs cedaposa 4B, B To Bpe-
Ms Kak ¢ nmoMouibio cedapossl 2B B OCHOBHOM mpOBOAHTCH BHeje-
HHe 0CO0eHHO GOJBIIHX MOJIEKYI.

Buoreas A — npoMBIIIIEHHOE Ha3BaHHe araposH, KOTOPYIO Npo-
ussoaur ¢upma Bio-Rad (Puumonn, Kaaundopuus). Brmyckaorcs
chaenyomue THOH 6uorens A: : . -
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Conepxanue Hckmouaemasn Monekyasp-
arapossl, % Hasi Macca

Buoreapr A-0,5m 10 0,5.108

Broreas A-1,5m 8 1,5.108

Buorenp A-5m 6 5.108

Buxorear A-15m 4 15.108

Buoreas A-50m 2 50- 108

Buoreas A-150m 1 150- 10¢

Bcee atu renn mocraBasuorcs B Buue rpamys Tpex pa3mepoB: 50—
100 meur (149—290 mxm), 100—200 mem (74—149 MKM) H 200—
400 mem (38—74 mxm). OHE nOCTaBJSIIOTCS B HabyxuweM cocrod-
HHH B BHJte cycneHsnd, cofepxawed 0,02% asuna natpus =
0,001 M Ttpuc-Gydepa [rpuc(okcumerny)amunomerana] u EDTA
(3THNIEHAMAMHUHTETPAYKCYCHOR KHCAOTH).

XHMUS1 CBSISBIBAHUS

Yame Bcero cBsideiBaHHe ad@HUHHOTO JAMramga c araposo# mpo-
BOAAT MmO MeTody, paspaGoranHomy AxcenoM, ITopatom u puGe-
KoM [4, 76]. Ilocie xuMHYeCKOH aKTHBAIHH GPOMLMAHOM B ILIEJ0Y-
HOH cpelle araposa KOBAJIEHTHO CBS3bIBAET COENHHEHHS, COLEepKa-
iHe nepBUYHble aNH(ATHIECKHE HIH apOMaTHYECKHE AMHHOTPYIIIH.
Crenenb akTHBAllHH, H3MepsieMass IO CIOCOGHOCTH K CBS3BIBAHHIO
HeGOJIbIIMX NMENTHAOB, MPONOPIUHOHANbHA 3Hauenuo pH B mpomecce
akruBanug [3], 1. e. ona pacrer ¢ ysenuuennem pH. Axcen n dpn-
Gexk [3] mpemIoXWin BOSMOKHYIO CXEMY NpOLECCZ aKTHBAIHM.

ABTOpPH MOCTYJHDPYIOT ABYXCTaAHAHYI0 peakuuio. Ha nepBoi
CTaJHK B KayecTBe JIAGHJIBLHOTO NPOMEXYTOYHOIO COeIMHEHHS 06-
pasyercsa uuanat. OH naer cHavuasna MHePTHHIH Kap6aMmaT, a 3aTem
aKTHBHBIH HMHJOKap6OHAT, K KOTOPOMY B €Ja60IIeq0uHOM cpene
H TpHCOGAMHAETCS aMHHorpynna c¢ o6pa3oBaHHEM KOBaJEHTHOD
CBA3M MeXNy GenkoM M HOCHTeadeM. OfHAKO, cOrsacHo JuTepaTyp-
HbHIM JaHHBIM, 3TOT M€XaHH3M SBJAETCHA CHOPHBIM, TaK KaK BHIH-
HaJIbHEIE THAPOKCH/IBHBIE TPYNNbl ceapo3H He CMOCOGHH K o6pa-
S80BAHHIO NMATHYJAEHHOTO HMHAOKapOOHATHOIO UMKJIA. TeM He MeHee
BOSMOXHO, YTO H3MEHEHHS MOTYT NPOHCXOJAUTb BO BPEMs Npolecca
crabuiansauun. Eclin HCXOZUWTL M3 Pe3yJbTATOB H3YUEHHS MOMENb-
HHX peakuu# c¢ wmeTHa-4,6-O-6eH3HIHAeH-a-D -IVIIOKONHPAHOSHAOM
[1], To mauGosee BeposiTHO, uTO CcBAA3HIBaHHe addHHHOrO JuraHKa
C HOCHTEJIeM OCYIIeCTBJSETCS IJaBHHIM 06pa3oM Hepe3 Npou3Boi-
HEle H30MOYeBHHHI, ,

Ecnn amuns cBsswiBaloTCs ¢ ceapo3ofi, aKTHBHPOBAHHOH GpOM-
IHAHOM, TO NMPH 3TOM, KaK NMOKa3ajn Yuadek u cotp. [103a], o6pa-
3YIOTCS MOJIOXHTENbHO 3apsKeHHble TPYNNHPOBKH N-3aMeluenHof
H30MOUEBHHH, KOTOphle MOTYT fAaJjiee pPearHpoBaTh ¢ aMHHAMH, 06-

~——
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pa3yst Ni,Ns-qusavementbsle ryanununsl. Cop6enTsl, B KOTOpHle mo-
c/le aKTHBalUK GPOMIHAHOM BCTPAHBAIOTCA aKUJAMHHHEIE [PYMINbI,
06J71a1aI0T HOHOOGMEHHbIMK cBolictBaMH. Kpome Toro, maiuure mo-
JIOKHUTE/IBHO 3apsKEHHBIX TPYNN B KOMOMHAUHH C THAPO(OGHBIMH
NPOCTPAHCTBEHHBIMH TPYNNAMH (CneldcepPOB) NPHBOAHT K MOSIBJAEHHIO
y copGeHTOB XeTepreHTHBIX CBOHCTB, B Pe3yJbTaTe 3TOFO YCHAHBAET-
Cs TEHACHUHS K HeCnenH(HYECKOH cOPOIHH M B psifie CAyuaeB cra-
HOBHTCS BOSMOXKHOH NaXe yHaKTHBauHMA ¢epmenta [102a]. B npu-
CYTCTBHH COCJHHEHHH, COLePKAUINX HYKJIEODUNbHEIE rpynnsl, KoTo-
puie pacCIIemVIsioT CBA3H H30MOYEBHHB, MOXKET IPOHCXOIHTb OCBO-
GoxjeHne aQQUHHBIX JIHTAHLOB M3 copGeHToB. Takoe ocBobOX 1e-
HHe JIMTAHAOB OCOGEHHO OMACHO B CHCTEMAX ¢ BHICOKUM CPOACTBOM
HJIH NPH BBIEJIEHHH MaJIbIX KOJHYEeCTB BellecTBa. SR
Bropo#i u3 manGosee ynoTpeGHTENBHBIX METOJ0B CBSI3LIBAHUA
GesIKOB ¢ araposoit — 3To TpHaswHOBHH MeTon Kes u Jlmuiin [50],
epBOHAYANBPHO  Pa3paGoTAHHMMA IJIsi NPHCOENHHEHHS G6eJKOB K
OH-rpynnam nemmonosst [49]. Tuapokcuabmas Ipynmna HOCHTEJA
CBASBLIBAETCH € 2-aMHHO-4,6-NHXJIODP-CUMM-TPHASHHOM, KOTODHIA

lanee B3auMopeficteyer ¢ NH.-rpynno#i Genxa:
O
|
OC—NH,
OH
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OH CNBr O—C=N
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YCTOMYHBOCTb AAPO3HBIX TEJIEF M PABOTA C HUMH

Cunraercs, uro cedaposa ycToiiuuBa B o6nactn pH 4—9; ¢ el
He pekoMeHayercst paboTath npu TeMnepatypax Huxke 0°C min
BHIe 40 °C. Cedaposa ycroiiunsa x neficTrio KOHUEHTPHPOBaHHLIX
P4CTBOPOB costedl maH MoueBHHH. KyaTpexasac [14] ykasumaer,
UTO Ha YaCTHIB! araposbl CYIECTBEHHO He BJHSeT TIPOAOJIKHUTEIb-
HOe Bo3JelicTBHe 6M pacTsopa TYaHHLHHXJOpHAA uau 7M pacTBopa
MOoueBHHbL IlosToMy araposusie adduHHEIe COPOEHTH MOKHO OTMbI-
BaTh OT GeNKOB STHMH JEHATYPHPYIOLNMHY pactBopamu. B Teuenne
2—3 vy npu KoMHaTHON TEMIepaType Ha araposy He Ke#CTBYIOT
0,IM runpoxonn matpus wam IM XJnopHasi kucaora. Hu 509 -uniiy
(mo o6beMy) BozHBIH numetrHapopmamun, mu 50 % -umi (no o6mbe-
MY) BOIHBIH 3THJIEHIVIHKOJb He MEHSIOT CTPYKTYPY araposhl. Sta
PaCTBOPHUTENH TMOMESHB IPH adPHHHOM XpoMaTorpaduu OTHOOHTE/b-
HO NJIOXO PacTBOPUMBIX B BOJAE COeNHHEHHH, HanpuMep THPOKCHHZ
H CTepounoB. AdounHEE COPGEHTH Ha OCHOBe cehapo3s MOXKHO
Xpauutb npu 4°C B BHEe BOLHOR CYCNeH3HH ¢ 100aBKOH aHTHGaK-
TEPHAILHOTO areHTa. JIAHTENBLHOCTL XpaHeHHS ompejeasieTcs JHIIb
CTaGHILHOCTBIO CBS3AHHOTO apdunnoro smurasaa. Oxnako arapos-
HEe adQuHHBIE COPOGEHTH MOJHOCTBHIO paspymarnTcs NPH BHICYIIH-
BalnK unn samopaxuBanuu. CoraacHo faHHHM AKceHa u OpHbeka
[3], 31 cop6entsr mMoxmuo JTHOQHUIH30BAT, €C/IH AOGAaBUTL K HHM
ACKCTPaH, INIIOKOBY M CHIBOPOTOYHHIM anbOyMHH. XUMHueckas cra-
GunbHOCTDL 6HOTens A Takas Xe, KaK y cedapossl.

7.2.2. METOLHKH CBA3BLIBAHUSI A®GHUHAHTA C ATAPO3OR
H EE MOJHSUKALUSIMHU

CBSSBIBAHUE AGOHHHOIO JIMTAHOA C CE®APO3O¥],
AKTHBHPOBAHHOY BEPOMIIMAHOM

Meron cBssbBanus adpuHanTHOrO NHMraEna ¢ cedaposoil, akrTu-
BHPOBaHHOA GpoMumanoM, paspaGoranm Akcenom, Ilopatom u 3pH-
Gexom [4, 76]; KyaTpekasac JONOJIHUJ €r0 Ha OCHOBE COGCTBEHHBIX
Aannmx [14].

|
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|
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OTMBITYI0O H JE€KaHTHPOBAHHYIO ce)aposy cycneHIHPYIOT B mHc-
THIIHPOBanHOK Bofe (1:1). Pabory meayr mog TAroi. B cycrnen-
3HI0 ce(apo3n TOTPYXKAIT 3JeKTPOIbI pH-merpa u npu nocrosu-
HOM QIepeMEUIHBAHME NPHOABASAIOT K HeH HeGOJbIIHME NOPLUHSIMH.
6pomunan (50—300 mMr Ha 1 Ma Halbyxmeh cedaposn). JoGasiasis
pacTBop ruapokcHia uarpus, pH cycnensuy NOANEPKUBAIOT NPH-
MepHO okoao M. Jlas 5—10 ma cedaposm u 1—3 6poMinaHa:
pexomenayercss 2M pacTBOp rumpokcaia HaTtpud, aasa 100—200 mu
cedapossl u 20—30 r 6pomumana — 8M ero pacrBop. Temmepary-
pa fomxHa GbTh paBra npuMepHo 20 °C: ecyy HEO0X0HMO OXJIaX-
AeHHe, N06aBJASOT Jel. Peakuus sakanunsaercs uepes 8—12 muH,
Hanee Kyarpekasac PEKOMEHIYeT ROOABHTb GOJIBIIOE KOJHYECTBO:
Jbjla H GBICTPO IIEPEHECTH CYCIIEH3HIO B BOPOHKY Broxmepa. Axtupu-
PoBaHHYI0 cedaposdy nNpOMBIBAIOT NPH MOCTOSHHOM OTCACHIBAHHH
IIPEABADHTENLHO OXJNAXKAEHHBIM GydepHLIM PacTBOpOM TOro xe
COCTaBA, KOTOPHIA HCIOMB3YIOT NPH MOCHEAYIOMEM CBA3BIBAHHY a(-
¢uHHOrO JiMranga. O6bem 6ydepHoro pacrsopa, pacxonyemulii na
NIPOMBIBKY cedaposnl, noiken B 10—15 pas npeswIaTh 06beM pac-
TBOPA, B KOTOPOM NPOBOIMJACHL aKTHBALHS cedaposu. ITpomuityio-
ceaposy xak MoXHO GmicTpee CYyCIeHIHPYIOT B paBHOM o6beme
pacTBopa adpunnoro suranaa. CBasHBakue BEAYT IPH NOCTOSIHHOM
NepeMelINBaHHY NPH NOHHKEHHOM Temneparype (4°C) B Teuenue
16—20 u. Cornacro paHHHIM Kyarpekasaca [14], IPOMBIBKA, J0-
GaBiienue pactBopa adduuHOTO JHTAHJA U CMEIIHBAHHE He NOJKHEL
AJHTbCs Godee 90 c. [laxe npu noHmxenHok TEMIIEPATYPE aKTHBH-
PoBaHHas cedaposa HeycTofiunBa. CBA3LIBaHHe ap¢duHHOrO NUraHAa
C aKTHBHPOBAaHHOH GpoMunaHoM cedaposoit Gosee noapoGHo pac-
CMaTpHBAETCA B JIOCJEAYIOLIUX Pas3jenax.

TPHA3HHOBLIFT METOJI CBSI3bIBAHMS AOOHHAHTA
C ATAPO30M

Ket n Jlnnau [50] wcenenopanu PAL TPHA3HHOBHIX NPOH3BOI~
HHIX W paspaGoTrany MeTOX, KOTOPHH, Kak Oyler moKasaHo HuXe,
HCnoJb3yercst ¢upmoit Miles-Seravac aas NONy4eHHs psga ara-
PO3HHIX apPHHHBIX cOp6eHTOB,

Han6onee moaxoasmwm npoussogusim I CBA3LIBAHUA JUTaH-
OB sIBJIsIeTCS w-mzmm,o-g.m-h_:xaov-mzka-%,:mwxm. HAas nonyuenus
HOMHMEPHOTO  aMHHOXJIOP-CUMM-TPHA3HHH/IIPOHSBOLHOTO Heo6-
XOMMMBL 1Ba pacrtBopa. Pacteop A NOMy4alT, pacrBopsas 10 r
2-aMHHO-4,6- IHXNIOD-CUMM-TDHAZUHA B 250 M1 auetoHa npu 50 °C u
R06aBasia 250 M1 BOXH MPH TOH Ke Temneparype. Pactsop 5 mpen-
CTaBafer coGoii 15%-ubit (Macca/o6beM) BogHBIA pactBop KapGo-
HaTa HaTpHsd, K KOTOPOMY no6aBisior 0,6-kpaTHbill 06bem 1M cons-
HO# kHcyoTH. Cedbaposy 4B (125 ma; 2,5 r cyxoi MAaCChl) OTMLIBA-
10T Ha BOpoHKe Bioxnepa Boao# or sammmaromux BEILLECTB; VIIOT-

213 49 o2
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HEHHYI0 cedaposy npubasiasior x 100 ma pacreopa A u mepemewiu-
Bawt 5 Mun npu 50°C. Iocae no6asienns pacrBopa 5 (40 mu)
CMECh NepEMEINHBAIOT eule 5 mun npu 50 °C. 3aTeM, yTOGH GrICTPO
<Hu3uth pH cyemensuu no pH<7, NPHIHBAIOT KOHUEHTPHPOBAHHYIO
CONARYI0 Kueaory. IlpoaykT ¢uAbTPYIOT NpH OTCACHIBAHHM Ipo-
MBIBAIOT NOC/EOBAaTeNbHO CMECBIO AlleTOH — BOJa (1:1 no obmbe-
My) u Bogo#. Ilpoxykr MoXHO XpaHHTH npu 2°C B 0,IM ¢docpar-
HoM Gyodepe, pH 6,7.

- B Kkauecrse lpuMepa CBASHBAHHA adpuHHOrO JHraHOa pac-
‘CMOTDHM TOJTy4€HHE HepacTBOPHMOTO IPOM3BOLHOIO XHMOTpHIICHHA
[50]. Pacreop (140 MJI) XHMOTpHNCHHA (20 mr/ma) u 60 ma 0,5M
‘GopartHoro Gydepa (pH 8,7) mpubasasior x 100 ma AMHHOXJOP-
‘CUMM-TPHA3WHOBOTO  NPOHM3BOAHOTO  cehapo3sl BLIAEPKHBAIOT
“CMeCb 18 4 NpH NMOCTOSTHHOM IepeMENIHBAHKY npu 23 °C. Ipoaykr
TPOMBIBAIOT cMechio SM xJopHaa HatpHs u 8M MoueBHHDI (1:1 mo
-06beMy). Vayuenne saBucHMOCTH KonuuecTsa CBSI3aHHOTO XHMO-
TPHIICHHA OT KOHLEHTPAUKH (pePMEHTA NOKA3A/0, YTO NPH KOHIEHT-
Palliy XHMOTDHIICHHA 4 MT Ha | MJ peaKUHOHHON cMecH ¢ ceapo-
30/ CBs3bIBaercs Goaee 609, XHMOTDHIICHHA, & TIPH KOHIEHTPalUHH
-8 MI/MJ1 KO/IHYECTBO CBS3aHHOTO Gedka npesniuaer 70%. B ornens-
HBIX SKCNEPHMEHTAX KOHUEHTPAIHsi 60PaTHOTO 6ydepa B peakuuou-
'HOH CMeCH MeHslach B npenenax 0,07—0,2M.

MOIUGHUUPOBAHHHIE ITPOU3BOIHBIE ATAPO3EI

Hoayuenue w-amunoarxurvnoix npou3sodnolx  azapossl. Bo
BBOJHOH YacCTH IV1aBH yXKe TOBOPHJIOCH, KAaKyl0 BaXHYIO POJb MO-
2KeT Urpath yrJIeBOAOPOAHAS Lellb, PACNONOKEHHAs mexay adpdun-
HEIM JINTAHZOM M HepaCTBOPHMBIM HOCHTeNeM. AnudaTnueckime nna-
MHHELI, HalpHMeD 3THJEHAHAMHH, MOXKHO HeNOCPEICTBEHHO CBSI3bi-
BaTbh ¢ aKTHBHPOBAHHOH GpoMuHaHOM cedaposoi. st Toro yto6ur
H36eXaTh HexeNaTelbHOro 06pa30BaHHS AONOJHUTENbHLIX CLIHBOK
B pesysbrate peaknud 00enX KOHLEBBIX aMHHOIpYMH, HCIOJB3yeTcs
Gounboit H3GEITOK AHAMHHA. B COOTBeTCTBHH o MeToLHKOH Kyatpe-
Xasaca [14] cycnensuio cedaposr 4B B Boje (1:1) obpabaruBator
‘Opomunanom (250 Mr ma 1 wmda ceapossl); YCIOBHSA NpPOBefeHHS
PCAKIHK ONHCAHB B MpPelBIAYIIEM pasjene. PaBubifi 06beM xo0701-
HOH JHCTHJIJIHDOBAHHOH BO.IHI, colepkamed 2 MMOJb STHJEHIU-
amuHa Ha 1 Mo cedaposnl, 106aBAAIOT K NIPOMBITOH H co6paHHoOil
AKTHBHPOBaHHOK cetapose, pH kotopo#t moBemen 6M coaHof kuc-
1010t 10 10. Cmech BRIepxHBaIOT 16 y npu 4 °C, nocse yero reds
NPOMBIBAIOT GOJBIIUM OGHLEMOM LUCTHJIJIMPOBAHHON BoAB. Takum
06pa3oM MOJy4aloT NPOH3BOLHbIE cedaposbl, cojepxKallue OKOJO
12 MKMOJIb aMHHOSTHILHBIX rpynn Ha 1 ma cedaposs. Hcrnonpsys
bas/HIHbIE NHAMHHOCOeNHHEeHUS obmel dopmyan NH,(CH,) NH,,
MOXKHO NONYYHTh PSIN ©-aMHHOANKHILHBIX POH3BOIHBIX cedapossl.
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Cesnstisanue appunnozo auzanda co ceo6odnot Kapbokcuavrotk
epynnoi ¢ amuno3ITUAA2APO30L. AdduHHbe JIMFaHJH, COJepKallHe:
CBOGOJHBE KapGOKCHIbHHE TPYIIH, MOXKHO HeIoCpeaCTBEHHO CBS-:
3aTb C @-aMHHOAJKHJ-ceapo30ii ¢ NOMOMIbIO BOZOPACTBOPHMOIOx
Kap6oAHUMHKA.

B kauectse npumepa paccMoTpum TNoJIyueHHe 3CTPaAHOI-cedapo-
3u [14]. 3-O-Cyxuunua-3H-scrpaguon (300 mr), pacreopennmifi
B 400 Ma numernmadopmamuna, no6asasior xk 40 M/ yOJOTHEHHOR
aMHHO3THA-Cedpaposn 4B. Ilpumenenue AHUMETHI(ODMaMHuIa Heob~
XOAHMO IJis pacTBOPeHHsS 3CTPaAHOMd, HO B Cayyae BOJOPaCTBOPH~
MBIX JIMTAHAOB A0GaBAATH €ro He 0653aTesbHO., pH cycnensuu non-
HACPXKHBAIOT TPHMEPHO okoM0 4,7, Ho6apiasis COJISIHYIO KHCJIOTY.
Tw,:\S-w-Aw-hsz@g:wz:monvo::avﬁmvaogxng (500 wmr), pac-
TBODEHHBI B 3 MJI BOAH, NpHGaBJAsIOT K CYCIIEH3HH B TeyeHHe
5 muH. Peakunio Bexyr 20 y NpH KOMHAaTHOH TeMIepaType. 3aMe-
LLEHRYI0O cepapo3y NepeHOCAT B KOJIOHKY H npoMBIBAaOT 50%-HuiM:
BOLHLIM DPacTBOPOM AHMETHA(OPMAMUAA [0 HCUE3HOBEHUS panuo-
aKTHBHOCTH B 3/w0ate. IIpoaykr mpomuBaior 5—8 gued IpHMEpHO.
10 1 pactBopa. C | wa cehaposH KOBANEHTHO CBA3HBAETCS:
0,5 Mxmoub scrpagsuona.

O6pa6arteiBas AMHHO3THA-cehapo3y O-avozm:mga-z.oxo:n%x;
UHHEMHOM, Kyatpekasac [14] NOJAYyYus GPOMaUETHIaMHIO3THI~
cedaposy, a npH HeficTBHH CYKUHHOBOTO QHTHAPUAA — CYKHHHHI-
aMHI05THI-Cepapo3y. IlpoussBoanbe nHa30HHSA, CHOCOGHLE coye~
TaThCs ¢ (PEHONBHBIMH H T'MCTHIHHOBBIMU COELHHEHHAMH, OBLIIH mo-
JyUEHBl U3 71-aMHHOGEH3aMHI03THA-ceapo3Hl, KOTOpas B CBOIO oye-
penb Oblja moJyyeHa wu3 AMHHOITHI-ceapo3bl. AHAMOrHYHBIM 06-
pasom Kyatpekasac cumTesnpoBas THPO3HJI-cedapo3y aias couera-
HHUSl C COGIHHEHHSIMH [JHA30HHUS. Cyab¢runpui-araposy noJay4anT
H3 ©-aMHHOAJIKHJIArapo3bl B PeSY/IbTaTe PEAKIHH C THOJAKTOHAMI
romonncrenta. AdodHHHBIe JHraHABN co CBOGOJHBIME Kap6OKCHIb-
HBIMH TpPyNIaMH CBA3LIBAIOT C CYIbGruapHI-cedapo30ii THOMCIONK-
HO3GHDPHBIMH CBS3SIMH € IIOMOLIBIO BOJIOPACTBOPUMEIX KapGOAHHMH~
JOB.

TTPOMBIIUJTEHHBIE PEATEHTHI — CNBr-AKTUBHUPOBAHHAQ
CE®APO3A 4B, AH-CE®GAPO3A 4B u CH-CE®APO3A 4B

Hns ynpowenua meronuku npucoennHeHus addHHHOrO JaHraHga
K cedapose 4B ¢upma Pharmacia Fine Chemicals AB (¥Yncana,
Ulseuns) pumyckaer JHOGHIH30BAHHYIO Ozw?m_xama%_gmmmmﬁo.
cedpaposy 4B. Has samurs rens s npollecce THODHAN3AUKE K HeMy
#06GaBJeHH JeKCTPaH M JIAaKTO3a, KOTOpble MOMHO OTMHTbL mepenr
UCMONb30BanHeM. PHPMA NPHBOAKMT CJeAYIOULyIO METOLHKY CBA3HI-
Banust ¢ CNBr-akrusnpoBaHHoi# ceaposoit. Tpe6yeMoe KoauuecTEo
T BBHIAEPKHMBAIOT 10 Habyxahus B 10~ M cossuof KHEJIoTe;

w.
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-Aajiee redb NPOMBIBAIOT 15 MuH 3THM e pacreopoM. OGbem 1 r
JMHOQUIN30BAHHOTO Tesisi TOCAe HAGYXAHHA JOCTHraer 3,5 ML
B npouecce npombieky pekoMeHnyercs Ha 1 r cyxoro reas pacxo-
AoBaTb 200 MJI pacTBOpa B BHIe HECKOJbKHX nopuuit. Henmocpencr-
BCHHO I10CJIe NPOMBIBKH K TreJli0 Ro6aBJsiorT pactBop agpduunoro
JINTaH/a.

OnTtuManbHbie yeaoBus casbiBannud, pH, cocras 6ydeproro pac-
TBOPA H TeMIiepaTypa, B 3HAYHTENbHOH CTENEHH 3aBHCAT OT Xapak-
Tepa ap¢dunHOrO auranxa. Haubosee 3¢ dexmBHO peakuus npoxo-
aut npu pH 8—10, oxnaxo, ecan srtoro TpeGyer npupoxa addun-
HOTO JIATaHJad, MOXKHO HCNOJIb30BATh H GOJlee HH3KHE 3HAUEHHS pH.
Addunubit murang, ocobexno GeNKOBOH NpHpOHI, pacTBOPSAOT B
Oydepe ¢ BEICOKON HOHHOH CHION (oxono 0,5), urobm HpeAoTBpa-
THTb HecneuHpHYecKyo copbuuio, Hanpumep Gesnka Ha GeJke, KOTO-
Pas obycaosiena TIO/IH3/IEKTPONUTHOR NpHPOOH Geakos. g mo-
<Jenyloledl OTMBIBKH cop6eHTa HCIIONIB3YIOTCS PACTBOPH ¢ Gosee
BLICOKOH HOHHOH cuaI0#l. MOXHO INPHMEHATh Kap6oHaTHLHE HAH 60-
patHele Oydepn ¢ A06aBKoOi XJnopuaa Hatpus. Koswudectso mnpu-
‘COCINHEHHOr0 JIHraHJa 3aBHCHT OT COOTHOIIGHHS B peaknuoHHOM
cMecH a(pQHHHOTO JHraHaa #u 06beMma rens, pH, npupoar camoro
JIAraBfa (YHCJa PeaKIHOHHOCHOCOGHKIX Tpynm H T. 1.), a Takxe
OT JTHTeJIbHOCTH NMPOBENEHHS PeaKUHH U TeMIepatypel. Hampuwmep,
TIPH HMMOGH/IH3AIHK XUMOTPHICHHA K 2 MJI CNBr-aktusupoBanHoi
<edaposu npu pH 8 npucoenunsercs Tonbko 5 Mr u3 10 mr B3sTo-
To Geska, H3 20 Mr Genka CBA3HIBAaeTCs npuMepro 8 wmr, a us
30 Mr — npumepro 10 wMr. ITpu xommatHoi TeMneparype (20—
25°C) cBs3nBanHe 06HIYHO 3aBepmaercs 3a 2 4, NpH MOHHXKEHHOMN
TEMIepaType pPeKOMEHAYeTCS YBENHUHTh AJMHTENIbHOCTH peakumu 1o
16 u, 1. e. ocraBasTh PCAKIHOHHYIO CMechb Ha HOYb. B mponecce
‘CBASHIBAHNS PeaKUHOHHYI0 Maccy HeoGXOMHMO TepeMelIuBaTh, HO
TIPUMEHAT MATHHTHYIO MEUIANKy He DEKOMEHAYEeTCs, TaK Kak npu
TaKOM NEepeMEIIHBAHHH MOXHO pPAa3pyIIHTh TIeJb. Jlyume Bcero
FIGPEMEIINBATL DEaKUHOHHYIO CMeCh BCTpsixmBanneM. Korza peaxk-
15 3aKOHUHTCH, Iesb MePeHOCAT HA MOPHCTHIA CTeKISHHbIH bunbTp
U TIPOMHBAIOT TeM XKe OydepHHIM PacTBOpOM, B KOTOPOM MPOBOAH-
JI0Ch cBsisbiBanHe. OcraBuIMecs aKTHBHEIE Ipymmbl pexoMeHayeTCs
GJIOKHPOBATh, ¢ 3TOH LEIBIO Tefb obpa6atuBaior 2 u 1M sranosa-
Mutom npu pH 8. Koneunm#t mpogykr clenyer npombith 4—5 pas
OybepHHIM DACTBOPOM ¢ BHICOKHM WM wu3kuM pH. Hanpuwmep,
MOXHO HCNO/MB30BaTh amerathuiét (0,1 M, pH 4) unu 6opaTHbLi
Sydepuniit (0,1 M, pH 8,5) pacTBop, copepxamufi 1 moawn/n1 xno-
PHAa HaTpuA. Kak yxe ynmoMmunasoch Bo ssenenny, Bee HEKOBaJIeHT-
HO CBSI3aHHBIE COCNMHEHHS CJIELYET OTMBIT.

B nacrosmee Bpems pupma Pharmacia BLIMYCKAET HOBLIE HOCHTE-
N8 1na adpdHEEOR XpoMaTorpadpun — AH-cedaposy 4B, 1. e. cedapo-
3y ¢ KOBA/MIEHTHO CBA3aHHHIM ¢ momolblo CNBr 1,6-nnamuHOrekca-
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#om, a takxke CH-cedaposy 4B, cogepxaliyio KoBaJeHTHO CBS3aH-
Hy1I0 6-aMHHOIeKCaHOBYIO KHCJAOTY. K 3THM HOCHTeJNsiM ¢ TOMONIBIO
BOXOPACTBOPHMEIX KaPGOJHHMHUIOB MOXHO JIETKO NPUCOEAHHUTD ac-
¢unHBIE JHTAHAB Yepe3 MX CBOGOAHBIe aMHHHBIE MJH KapGOKCHJb-
Hble Tpynnbl. KoJHuecTBo ¢Bsi3aHHOTO 1,0-IHaMHHOTeKCaHAa COCTAB-
Jaser 6—10 mxmonp Ha 1 Mo mabyxmweit AH-cepaposs. Komnuecrso
CBSI3aHHOH 6-aMHHOTeKCAHOBOH KHCJAOTH JocTHraer 10—14 MKMOJIb
Ha | ma nHaGyxwe# CH-cedaposb. Teanm nocrasasiores B Buie
JHODHIH30BAHHBEIX NOPOLIKOB, COJAePKAUIHX B Kayecre CTaOMJIU-
3YIOUIHX J06aBOK JIAKTO8Y H JeKcTpaH. 'esn ycToluMBH B TeueHHe
18 Mec, ecatn ux xpanar npu 8 °C.

7.2.3. TNOJIMAKPUJIAMHUIHBINA H OKCHAKPHJIMETAKPHJIATHBIH
TEJIH

{I0JINAKPUJIAMHUIHBIE ITPOU3BOJHBIE

Tlonnakpunamuanble refid — 510 THAPOGHIbHEIE CONOJIHMEpLI
#a OCHOBE aKpHIAMHAA H ero NpousBoAHHX. K yriesomoponmomy
CKeJIeTy 3THX resieil MpHCOeJHHEHB aMH/Hble PYIIIbI:

lnmwln:lomnlﬁ_“:lomulﬁ_uml
mozmn ooz:unozzn

Kak 6yrer noxasano naee, BosfeficTBys Ha DOJIHAKPHIAMHU /-
Hble reJiM ONpele/IeHHBEIMH COeIMHEeHHSIMH, MOXKHO NOJNYYHTh Hepac-
TBOpHMBble HOCHTEJH, PHIOAHbIE AJIi CBSA3BIBAHHS Dsfa abdHHHEIX
JIHrasfoB. I'enn He cojepikar 3apsiKEHHBIX TPYNIN, H HX HOHOOG-
MeHHas eMKocTh HHKe 0,05 MKIkB./r Ge3Bognoro semectBa, Cueno-
BaTeJbHO, HOHHBIA O06MeH ¢ XpoMaTtorpadHpyeMBIMH COeNHHEHUSIMU
HesHauuTeNeH. IlosnakpunaMuanele refd GHOJNOTHYECKH WHEPTHBI
TIockoabKY 3TH Trelnm NpeacTaBAsSiOT cOGOH CHHTETHUECKHE IOJIH-
MepH, MHKPOOPraHH3MHl HX He arakylor. HanGonee nspectnas dup-
Ma, BHINYCKAMOLIAS I0JHAKPHIAMUIHEE redH. — Bio-Rad Laborato-
ries (Puumonn, Kamudopuus, CUIA). Iox HasBaHHeM «GHorean P»
BBINYCKAIOTCA I'eJIK NPABUJIbHOA cepuyecko GopMEl ¢ pasaHUHBIM
PasMepoM HACTHI H INOP. DTH TeJiH MOJYYAIOT COMOJHMepH3alued
akpunamuaa n N,N’-merunenGucakpuiamuia (em. Taba. 6.3, ra. 6).
Has apounnoit xpoMmartorpaduu ucnoansyior Guorenu P-300 ?mm-
Aen uckaioveHus 4-10%) u P-100 (npemen uckmwouenus 1-109),
@ TaKkxKe CJa6OKHCIOTHBHIA KaTHOHOOOMEHHHK OHoresp CM-100.
“PupMa Bio-Rad mpousBosHT aMHHOSTHIbLHBIE H THIPA3HIHHE npo-
#3BOJHbIe GHoreseit P-2 u P-60 puis cuHTesa copGenToB, npeaHas-
#HaueHHbIX s adunHofi xpomarorpaduu. HMcexoas us mperenos
wCKaoMeHust Guoreneit P-2 u P-60 (1800 u 6-10%), Moxwuo mosa-
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rartb, uro B adppuHHOM Xpomarorpacdnu 6oabrux MOJIEKYJl y4acTBy-
10T TOJILKO IPYMNLl, DACNOJOXEHHEE HA TMOBEPXHOCTH YaCcTHI[ TeJst.

®upma Koch-Light Laboratories Ltd. (longon, Auraus) sh-
yCKaeT MoMMaKpuJiaMHIHbIe [eJIH N0/ HA3BaHHEM «3H3aKpua». Kak
GyneT MOKAa3aHO HHXKeE, 3TH aKPHJIAMHIHBE Teld COMepPKAT PasaHd-
HEle (YHKUHOHAJbHHE rpymnb, K KOTODHIM MOXHO NpPHCOEIHHSTH
pasnnyHble apHHHEE JAHTAHIH.

METO[bI MTOJIVUEHHS [TPON3BOIHBIX AKPUJIAMUIHBIX
T'EJIEN ¥ TIPUCOENHMHEHUS K HUM A®OHHHEBIX
JIMTAHZI0B

B paspaGotky meronos TI0/y4€HHSA NPOH3BOAHEIX aKPHJIAMHIHO-
TO reis HanGONbWHA BkAaX BHecaAw Wnman y Jumwmmc [46]. Amu-
HOSTH/IbHBIE H THADA3HAHbIE NPOU3BOAHbIE NOJHAKPHIAMHAHBIX Te-
JIefl MOXHO NOJIyyaTs, 06pabarThiBast resin 60JbIIHM H30BITKOM 3TH-
JEHAHAMHHA WJIK THAPa3HHA.

(0] o

I 90°c ]

C—NH, + H,NCH,CH,NH, —= OIZIOINOvngIN + NH;
Amurosmunsroe

Nonvarpunamug npouseogroe

o (o]

| 50°¢ i

C—NH, + H,NNH, —_— C—NHNH, + NH,

lugpasugnoe npoussogroe

Us AMHUHO3TH/IBLHOTO NIPOH3BOAHOr0 H k-m.xq._uo,mmmwothwmhw B

(o]
] o - o]

o
i . So~z|©|nzw. (2) Na,s,0, § i
C—NHCH,CH,NH, nlz=n=~n=~z:nl©!z=n

AMep H,0
T3A
H.0

®upma Koch-Lighi Laboratories BHINYCKAET IHAPa3HaHble mpo-
H3BOAHBEIE MOJHAKDHAAMHIHBIX rejefi (en3axpua AH) u NOJHAKPH-
JaMHAHbIe TeJIH, COepKAallHe OCTATKH 2POMATHYECKHX KHCJIOT
(susakpun AA). Tocae AKTHBAUMH A30THCTOM KHCJOTON 5H33-

wv:=>zommwzmmmeomoo omoaonmzz:mz=mo%§=mzx adpduuHOro
JIHraHpa. w : - _

A®OHHHASL XPOMATOIPA®US 423

—CH—CH,— —CH—CH,— Ia_umlnle
NO | w
moz:z p, Nog CON, - m_uo
+
NH, NH, NH NH,

Ilocie 1Ma30THPOBAHHS A30THCTOH KHCAOTOH SH3akpHa AA casa-
3pIBAETCA C 2pPOMATHYECKHMHM OCTaTKaMM adQHHHBIX JIHTaHAOB
(Hampumep, B 6eJKaX ¢ THDO3HHOM H THCTHAMHOM H C Pa3IHYHBIMH
aMHHOTDYINAMH, HO HecnmeuudHuHo u Gonee MemteHHo [39, 85])
HJIH TOC/E aKTHBAUMH THOQOCTEHOM €O CBOGOAHBIMH aMHHOIPYI-
flaMH.

~CH—CH,—

|
noz:l@!zzu
Ct
:& ¢S
d Cl

—CH—CH,— .In_u:l.OINI.
|
noz:uOv N: noz:l@le
+ OH + OH
NH, CH, NH, CH,
—CH—CH,— —CH—CH,— OH
I OH I
CONH N CONH NH
//2 |
C=s
|

NH CH,
NH, CH,

S1a Xxe QHPMa NPOH3BOLHT SH3AKPHA NOJIHALETaNb — COMOJIH-
Mep numerHaaueranst N-akpununaMunoaneraabgeruna u N,N’-merH-
NIeHGHCAKPHAAMUIA, — CIOCOGHHA 06pPa30BHBATL CBA3H C AMHHO-
TpynnaMu GeNKOB; SH3AaKDHJI MNOJNHTHOJ, B3aHMoAeHCTByOWHA B
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NpHCyTcTBHM OKHC/IHTeNeH ¢ SH-rpynnaMu GenKkoB, u 3H3AKPHJ MO-
JIUTHOJIAKTOH, B3AHMONEHCTBYIOWHA € THAPOKCHILHBIMH TPyNIaMi
GeqkoB (OCTATKOB CepPHHA, TPEOHHHA HJIH THpo3uHa). Iloapo6uue
METOLHKH NPHCOEANHEHHS a)PHUHHBEIX JHTAHAOB K SH3aKPHJIAM npH-
BeaeHnel B Karajore Koch-Light [52]. Opsako asropm paGorsr
[101] npennoxuan Gosee npocTofi MeTox HEMOCPEeJCTBEHHOTO CBSI-
SBIBAHHUS aQ(HHHOTO NHraHIA C NONMAKPHIAMHIHBIM TejieM noz,
JeHCTBHEM TVIyTapOBOrO aJbJAeruaa. BasThill B H36HITKe IJIyTapoBhIR
alIbACTHI PEArHpyeT OAHOH M3 CBOHX [BYX aJbJeTHAHHIX TPy
co cBOGOAHOH aMUAHOH rpynmoi nosHaKpuaaMugHoro reqas. Ocras-
mascst cBOGOAHOH aKTHBHAS ajblerHAHAS IPyNIa B3auMonelcTByer
¢ aMHHOTpYyIMIaMH JHraHaa, 106aBJAsIieMOro IJIsl NOCAeAYIOLIero cBsi-
3biBaHHA. Takum o6pasom o6pasyercs npounas cessb MeXJy HOCH-
TeJeM H aQOHHHBIM JHTAHAOM. DTOT METOA aHaJOTHYEH npenJio-
KEHHOMY HECKOJIBKO paHee [2] n/1a nonyueHHs! HEPACTBOPHMBIX HM-
MYHOCODGEHTOB; MOJIEKYJIbl AHTHTeHA HJH AHTHTENA NOJIHMEPH3YIOT
NOJ ReACTBHEM TIJIyTapOBOTO aJbieruia, 06pasyiollero nonepeuyHbie
CBSA3H. _

CTABHJIBHOCTD TIOJIMAKPHJIAMUZIHBIX TEJIEF
H UX TTPOU3BOIHBIX

CorJyiacHo JaHHEIM (GHPMEI, 6HOTeNb cTAGH/IECH B obaactu pH or
1—10. Ilpn Gosee HH3KHX uJH GoJee BBHICOKHX pH Boamoxen run-
POJI3 HeATpPaNbHBEIX aMHAHBIX rpymm. He PEKOMEHIYeTCsl TaKkKe HC-
NOJNb30BATh CHJbHBIE OKHCJAMTeNH. BHorenu ycrodiuusm Bo Beex
OGBIYHBIX PACTBODHTENSIX, MPHMEHSEeMBIX ISt amoupoBanus. Yac-
THIB! IIOVIHAKPHIAMHAHOTO TeJIsl CHJAbHO NPHJAHIAIT K YHCTOH IO-
BEPXHOCTH CTEKJIA, M MOSTOMY pekoMeHayercst [46] cunanusupopats
TIOBEPXHOCTb CTEKJA WJIH BECTH PaGoTy B MOJHATHJICHOBEIX COCyaax.

OKCHAJIKWJIMETAKPHJIATHBIE TEJIN

T'uapodunbHEe OKCHANKHIMETAKPHAATHE reJid, paspaGoTaHHble
Yonexom u corp. [10], rorosar CYCNeH3HOHHOH moaHMepu3anueit
OKCHAJIKHIBHEIX 3(HPOB METAKPHJIOBOH KHCIOTH € aJKHJIEHIHMETa-
KpunaraMu. UuCI0 peakUHOHHOCHOCOGHBIX Tpynll, TOPHCTOCTE 1
YACILHYIO NOBEDXHOCTh I'eJIsl MOXKHO MEHSTb B UIHPOKHX npegenax,
BAPBADPYA COOTHOIICHHE KOHUEHTPANH MOHOMEPOB H HHEPTHBIX KOM-
nonenToB. CTPYKTYpa 3TOr0 resis mokKasaHna Ha puc. 7.4,

CeoficTBa FUAPOKCHABLHBIX Tpynn 3TOrO refisl aHAJOTHYHBEI CBOH-
CTBAM IHAPOKCHAbHBIX rpynn araposnl. Ilocite akTuBamuu 6poMnua-
HOM OHH, KaK M THIAPOKCHJbHHE I'DYHNE cedaposbl, MOTYT CBSA3HI-
BaTbCA ¢ amuHOrpynnamu Genxos |[88].

CeMb THNIOB 5THX renell mox HasBaHHeMm «C()epOHBI> BHITYCKAOT
¢upMu Lachema (Bpuo YCCP) u Hydron Labs., Inc. (Hoto-Bpan-
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cyuk, Hpio-IIxepcu, CIIA). Kak nokasauo B ta6ia. 7.1, oTaenbHhe
rejn pasiHyalOTCs HE TOJbKO MO BeJHUYHHE Npefesa HCKJIIOUEHHS,
HO TaK¥Xe H IO yAeJbHOH noBepxHOCTH. KosndecTBO cBI3aHHOTO Xu-
MOTPHIICHHA HeMOCPEACTBEHHO 3aBHCHT OT BEJHMYHHBI 3TOH NOBepX-
HOCTH, & KOJIHYECTBO CBS3aHHOTO IVIHLHHA YKA3LBAeT Ha TO, uTO

-~y Marpocpepa wam nuxm
», O‘J CHy-C-CO-0-CHy~CH,-0-C0 - -CH,
Q‘. @ CH, (Hy
» :’-.‘& ~0-CH,-CH,~0-CO-C~CH, CH3C-C0-0-(CH,),-OH
L)) v CHa CHa
v. Q CHy C-CO-O-(CHA;0H  CHy C-CO-0-(CH,),-OH
«| ) w(l Maxponopa CHy CH,
f /—CHy(-CO-0-CH,-CH;s0-CO -C-CH,
] Mukponopa GHy CHa
{ y CHyG-C0-0-(CH,OH CHy G-C0-0~(CH,),~OH
A S CH, GH,
CHyC-C0-0-(CH),OH CHy C-C0-0-(CHy)y-OH
CHy CHa
CHyC-C0-0-(CH "0 CHyG-CO-0-(CHy),- OH
CHy CHz
CHy~G-C0-0-(CHp), OH  CH3C-CO-0-(CHy),0H
GH, CHe
CH5C-CO-0-CH;CHz0-CO-C-CHy
Muxpocpepa CHy CH,

-0-CH; CHz 0-CO-C-CH,

Puc. 7.4. Crpykrypa rpanyn reTeporeHHOr0 rHAPOGHILHOCO MAKPONOPHCTOTO res
cepon [65a].

PasMepsl MHKPONOp MOXHO KOHTPOJIHPOBATh, MEHsisi COOTHOIUGHHE OKCHaJKHAMETaKpHIaTa
H aJKeHIHMETHJaKpHMaTa B NpPOLecce COMOJHMEPH3alUHH. MHKPOMODPE! CHABHOCIIMTHX JKeCTKHX
MHKDOYACTHL KCeporens oO4YeHb MAJbl, YTO He NO3BOJAET GOJbLIHM MOJEKYJNaM NPOHHKATh
B HHX, MHKDOZAacTHIB B mpolecce OGPa3soBaHHS arperHPYIOT, B DPe3yJdbTaTe Yero BOSHHKAIOT
TPaHyJL MAaKPONODHCTOR CTPYKTYpPHl. MaKpONOpHCTOCT Makpocdep asporesss (HEOGXOLHMYIO
RJist OPOHHKHOBEHHS B HHX OHOMOJHMEDOB), BHYTPEHHIOK YAEALHYIO NOBEDXHOCTb H GHOJIO
TPYNII, KOTOpSle MOXKHO AONOJHHTEJLHO XHMHUECKH MOAH(HIHDOBATH (AAs CBASHIBAHHA adHH-
HBIX JIMTaHJOB), YAAeTCA MEHAThb B IIHDOKHX NpejeNaX, BaphHDYS COOTHOHmICHHe HHEPTHHIX
pacTBOpHTeJefi B Mpolecce CYCNEH3HOHHOX COMOJHMEeDH3AMMH.

CH; C-C0-0-(CH,),~ OH

pPas/iHykA B UYHCJAe PEAKUHOHHOCIOCOGHBIX THAPOKCHIBHBIX Tpymn
HeBeJHKH. [l CBASBIBAHHS XHMOTPHIICHHA C MOJIEKYJISIPHOH Maccoil
okoso 25000 mamnyumum okasaics cdepon 300. Has pasgemenus
CoeflHHEHHH ¢ GosibINell MOJIEKYJSIPHOH Maccoil C/eflyeT HCIOJb30-
BaTb CePOHBE ¢ MPOMNOPUHOHAJNBHO GOJMBIIEM pa3MepoM IOp.
Coeponbl XxHMHYECKH YCTONMHBBI H MPOUHbL. VX CTPYKTypa He Me-
HsieTcs mocsie 8-4acoBOro HarpeBaHus B 1 H. paCTBOpe TVIHKOJISATA HAT-
pas npu 150 °C uan 24-yacosoro kunsyerns ¢ 20% -Hoi cOMAHOMN KHC-
soTo#t. Ha HHX MOXHO mpPOBOAHTL XpOMATOrpadMpOBAHIE MPH MOBHL-
INEHHOM JaBJeHHH. BhinyckaoTr cdeponsl B BHIe NPaBHALHON (op-
MBI cHepHYECKHX YACTHIL PA3/IHYHBIX Pa3MepOB, IpHYeM aJis apdHE-
HOH xpomartonpaduy HaHOGOJee NPHTOAHEL YACTHUB JTHAMETPOM
100—200 mkm. Ilpu BhICYmIHBAaHHH resisi CTPYKTYpa €ro He MeHseT-




%B
29
43
55
67
61

Tabauya 7.1

tepons),
u [88]

Screpasnasn
axTuBHOCTEO

L1
305
392
810
1320
626
354

A ¢ HMMOGH/IH30BAHHBIM XHMO-

» KONHYECTBO (MI) XHMOTPHNCHHA, CRSI-

9.4
9,1
9,2
9,0
9,1

9,1
» & BEIHUHHE! 5CTeDa3HOR aKTHBHOOTH —

pH ontH-

MaJbHOR
ScrepasHoR
AKTHBHOCTH

(npombimaennoe Hassanme «c
KOA M acTepasHOil akTHBHOCT

BHOCTH 1 MJt rea
QHOr0 XHMOTDMICHHA

HHaA.

%?
44
49
37
44
83
38

ITporeonuTrueckan
axtuBHOCTHO

Azg.(:‘-ng—l.
1,23
1,17
2,28
2,8
1,33
0,58

CHH
0,73
7,8
6,7

17,7
6,9
4,3

17,1
PE/IENEHB M3 COOTHOWIEHHN AKTH

XHMOTDHI-
PacCUHTaTh 4KTHBHOCTH CBOGO,

HANKHAMETAKPUHIAATHBIMH TeJSIMH
PXHOCTH H BEJMYHH NTPOTCONHTHYEC)

1 Mr cBoGomHOoro xmMorpnc

0,5
2,8
2,6
3,15
3,3
2,6

Koanuectso cps-
3,1

3aHHoro GenKa, Mr/Ma

TIHUHHE a

|

g

Pe/IeNICHH 10 THADPOJIH3Y AeHATYPHPOBAHHOIG PeMOrIoGHHA

POHHKaHHe H CBA3blBaHHe HH3KOMOJIEKYASPHLIX COeXHHEeHHN,
POCTH pacIienNeHHsT STHIOBOIQ sdmpa alleTHJITHPO3HHA,

Yaenbuas
M2/Ma
0,96
5.9
3,6
23
19,5
0,6
0,2
on
epaatas akTHBHOCTb on

CBAI3AHHOTO C OKC
TIOBEPXHOCTS,

bl HX yJAEJbHOH nose

14

108

AHOIO XHMOTPHNCHHA YUTOGm

YMHOXAJIH Ha aKTHBHOCTBL pacTBopa

PUNCHHA
KIloYeHus,
MOJ. Macca

108

7-108

5-105

3-108

2-108

1-108

INpenea uc-

KaK QyHKUHS BeJHuHH
PHMepe TJIHIHHA paccMaTpHBanoCh n
HOCHTEJIbHAA HNPOTEONHTHYECKASA H 3CT

Tensn

Koauuecteo xumor
BeJm!u-mu IPOTEOJNIHTHYECKOR AKTHBHOCTH
00 MaHHBIM O CKO

a
Ha n

BOr

TPHICHHOM K aKTMBHOQTH cBOGO,

8aHHOTO ¢ | M& reas,

Cdepon 103
Codepon 103
Coepon 700
Coepon 500
Cdepon 300
Coepon 200
Coepon 100
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co, OSOSN&NEEK@HNNUE&NHEE@ reJjin, Kak H aKpHJAaMHAHBIC TIeJIH,
OHOJMIOTHYECKH HWHEDPTHBl H HE MOJABEPrarorci 'BO3AEHCTBHIO MHKpPO-

OpPraHH3MOB.

7.24. UEJJIIOJNO3A H EE NPOH3BOAHBIE

Ilennio03a U ee NPOH3BOJHLIE ABJIAKTCA KJIACCHUECKHM MaTe-
pHAJIOM, HCHOJNB3yeMHIM yXe Goaee 20 ser B KauecTBe HoCHTeJsef
45 pa3auuHbiX ad@HHHBIX JuraHaoB. B ciepylouux paspenax Mhl
0606IIMM A3HHBie O CBS3LIBAHHH LEJJIIOJNIO3HBIX HOCHTeJeH c pas-
JIHYHBIMH OHOJIOTHYECKH aKTUBHBIMH COeJIMHEHHUSMH, OnyOJHKOBaH-
Hble B psfe o63opHHX crarel. OXHAaKoO cJaexyeT 3aMeTHTb, UTO
B HacTofllee BpeMs Le/JIIOJO3Hble HOCHTEH HCIOJBb3YIOTCA OTHOCH-
TeJbHO MaJlo.

Lenniono3y u ee MpOH3BOAHBIE BHINyCKaeT psij ¢upM. B nepsyro
ouepens 370 ¢upma Whatman, kKotopas npepasaraer IIHPOKHA ac-
COPTHMEHT pasJHYHHX (GOpPM UeANI0N03bl H ee HOHOOGMEHHBIX
npousBonHbiXx. Hapsiny ¢ OGHYHBIMH TNPOH3BOAHBIMH HEJJIOJIO3H
¢upma Serva Feinbiochemica GmbH (T'efineanbepr, ®PI') nponus-
BOAHT Takke BA-ueanionosy (6poMaieTH/LENNION03Y) IJAA CBA-
3biBaHusA GedkoB, AE-1ennionosy (aMuHOITHALRNIION03Y) AJs CBS-
3bIBaHHS] HYKJAEHHOBHX KHCIOT H PAB-nenaon03y (n-aMuHOGEH3H-
LeJI0JI03Y), KOTOpast MocJde AHA30THPOBAHHA MOXKET CBA3HBATH
pasauuHble qurauaul. @upma Bio-Rad Laboratories (Puumonn, Ka-
au¢popuus, CIIA) nocraBnser moJ HasBaHHEM <IeJJIEKC» PasJiHy-
HBle NPOU3BOAHBIE HEJJI0JN03bl, MPHMeHsieMble B KauecTBe HOCHTeJel
(nennexkc PAB — n-aMHHOGeH3HJIbHOE IPOH3BOAHOE, HeJJiekc A —
aAMHHOSTH/JbHOe TMpou3BogHOoe H 1ap.). Pupmm Miles-Servac u
MiLes-Yeda BhImycKaioT cJelylOliHe HOCHTENH: THAPA3HAHOe MpO-
usBonHoe CM-uemaonossl (3u3aiiT-CMC), 6GpoMaueTHINENTION03Y
(BAC) u m-amuHOGeH3HJOKCHMeTHINeNT0N03y (ABMC).

XUMHUUYECKUE PEAKLIMH MPU CBA3bIBAHUH A®OHHHBIX
JIUTAHZIOB ,
O630p MeTOAOB CBA3BIBAHHS (PePMEHTOB € LEJJIIONO30H omyOiu-
kKoBaH KpykoM u cotp. [12]. B stom 0630pe, B 4aCTHOCTH, YKa3biBa-
€TCsl, 4To HanGoJee IIHPOKO HCHOJAb3yeMHlll a3uaHbi Merox -Kyp-
uuyca BHepBhle NpHMeHeHHHH Muresem n dBepcom [65], 6bl1 Mo-
nucbumppoBan Muyesom u Camapua [66] u nosmnee Xopu6u n
coTp. [45]. S :

NaOH CH30H
Hea—OH + CICH,COOH —— I{es—0—CH,—COOH .|:|0|_Y
HaN—~NHg NaNOyg
1les—0—CH,COOCH; — Ilea—O0—CH,—CONHNH, i
Genok
1lea—O—CH,—CON;, M:'zmv Hea—O—CH;—CONH—6enok

(Uen—neamono3a)
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Hlnst cBASBIBaRHA GenkoB GHLIO MpHMeHeHO [47] aunaupoBanue
OH-rpynn ueamonosn 6poManeTHAGPOMHIOM ¥ nocienymouee aJj-
KHJIMDOBAHHE aMHHOIPyNI Geska:

HaN—Geaox
Her—OH +- BrCOCH,Br —— Llen—0—CO—CH,Br —— ot

Iea—0-—CO—CH,~NH—6enox

Kax yxe ykasuBasocs, npucoenunenue apdunHOrO MIMraHAa K Mar-
pulle TPHA3MHOBHIM METOAOM MNEPBOHAYAABHO GbLIO paspa6orano
AL MeJTIONO3HBIX HocHTedel [49]. Iprcoernuenye JHTaHa K HO-
CHTEJII0 ¢ TMOMOMIbIO HA30HHEBHX rpynm B 1951 r. KemmGemn [71
BIEPBEIE HCMONL30BAN LIS CBASHIBAHHS GHOJOTHYECKH AKTHBHOIO
COCMMHENNSA ¢ UEIION0301. MeTON NpPHCOeNHHEHHS BEIECTs €O CBO-
6OAHOH aMHHOIPYNNON K KapBOKCHIbHOMN Tpynre ¢ TOMOWILIO BOJO-
pacTBOpHMOTO KapOGOIMHMHIA 6bLI nepBOHAYANLHO paspaboran

AN CBASLIBAHHSA aQHHHEIX JIHTAHAOB ONATH-TAKH c U EeJITI0J10301k
[100]

O

H_.Hm.q Ien

0 b

_ pcc |

CH, <+RNH, — n_uI» + H,0
AHHHO C=0

OH H.:blw

(DCC—N, Z:h:::xaoy.owomax%aoh:zzxa

MeTonel KOBaNeHTHOTO CBA3LIBANHS HYKJIEOTHIOB, NOJHHYK/IEO-
THIOB H HYKJEHHOBHIX KHCJOT paccmorpennl B 063ope I[33]. Hy-
KJICHHOBEIE KHCJIOTHl OGBIYHO NPHCOENHHAIOT K aMHHO3 THIILENIITOJIO-
3¢ METONOM NEePHOJAaTHOrO OKHCJEHHS.

7.25. NPYrHE HOCHTEJHN

Hns cBaswiBanus (bEPMEHTOB, aHTHIeHOB u anTuTeN C HepacTBo-
PHMbIMH MaTpHUAMH, KaK 3TO YKa3aHO B o63opax [78, 81], ucnoms-
3yercs u psan Apyrux HocHrededl. OLHAKO 06aacTs HX TIPHMEHeHHS
He cronp mwnpoka. Hampumep, nponssonume nomucruposa [38, 40,
51, 59—61] 6oabme ue TMPHUMEHSIOT, BEPOSITHO, H3-3@ HX rHAPOPOG-
HocTH [16], nenaromest HEBO3MOXHBIM JOCTATOYHO XOPOUIHE KOH-
TaKT MEXIy BOMOH M TBepno# dasoi.

dwmzm:mmxm,oo:o.::zwwm STWIEHA H MaJIeHHOBOTO aHTHADHAZ
(EMA) u JAHANbICTHAKP aXMaI-MeTHICHAN AMHH A (S-MDA) = cno-
COObl CBAIBHIBAHHMSI ¢ HHMH JHTaHAOB pPacCMaTPHBAIOTCH B 063ope
[34]. Toayuenue HEPACTBOPDHMLIX B BOXe IOJHAaHHOHHBIX depmen-
TOB TIyTeM CBASLIBAHHS C MOJHGYHKIHOHAILHBIMH AUHIHPYIOLIHMI
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areHTaMH, 4 HMEHHO ¢ CONOJIHMepOM 3THJIeHAa ¥ MAaJeHHOBOIO aHIH-
apuaa (EMA), omucano B paborax [54, 36], ony6auKOBaHHBIX.
B 1964 r. [Tosumep pearupyer raaBHHIM 06pasoM ¢ e-aMHHOrpyMNa--
MH OCT4TKOB JIH3HHA 6eJKOB:

NH,

IQ:ln:ln_mloﬁlo:nln_:!o_:lofln:Nl + [denox | ——
_

No” AN o’
EMA
ln:ﬂ.nm-Io:.lo:ﬁ.o:Nln_:ln.: CH,—CH,—.
i )
O=C Co0~ COO~ Coo
N
MLI
NH
4 - - -
O0=C CO00 hﬁuOO ﬁ_.,.oo
[ A
—CH, IIOEIO—*I.O—&N'O:N'O:IIAH*! CH,—CH}—

Henpopearnposasmuii  MaJseHHOBHH aHMHADHN THIPONH3YeTCH B
BOJHOM pacTBOpe H JaeT MaTPHUY NONHaHHOKHOH npupoxsl. Ilupo-
KO mpHMeHseMHe B Hacrosillee BpeMs HeHTpaJibHble HOCHTENH THII&:
cedaposn uiaum GHoreJst He O6/MafalOT TAKUMH AHHOHHBIMH CBOMH-
crBamMH. CBOfiCTBa HepacTBOPHMBIX (ePMEHTOB Ha HOCHTENE THUA:
EMA nonpo6HO H3y4eHHl pPSAOM aBTOPOB ([35, 36, 58, 81]. Iloau-
anHonune EMA-nmpousBoanble npoTeoNHTHUECKHX (epMeHTOB HC--
TOJIL3YIOTCA VIS MOJIYHEHHUST HEKOTOPHIX HHTHOHTOPOB 3THX (hepMeH-
ToB [27, 30—32, 43, 44], a EMA-npoussoanoe HHTHOUTOPA TPHICH-
Ha ¥ KalJHKpeHHA — JJISl BBIJAeJeHHS Ka/JIMKPeHHa H IIa3MHHA
[28]. Comoanmep stunena u manenHosoro aHTHJPHAA BHIYCKAETCH:
¢upmoii Monsanto Company (CIHIA) nop nassammem EMA. Anr-
nniickas gupMa Miles-Yeda cuutesupyer us storo noJquMepa He-
pacTBOpHMHeE (epMeHTH 3H3alHT-EMA,

B 3akiouenue ciefyeT YIOMSHYTh O HEPACTBOPHMEX IPOH3BOI--
HBIX ()epDMEHTOB, NIOJTy4aeMbIX B PE3YJIbTATe KOBAJEHTHOIO CBSI3LIBA--
HHf CO CTekJIOM. JTa MeTOLHKa paspaboraHa COTpYyAHHKAMU ¢up--
Mb Corning Glass Co. [55, 64, 90—93, 96, 98,” 99]. Cumauyaa-
¥-aMHHONPONHTPHITOKCHCHIAH CBA3LIBAETCS € MOBEPXHOCTHIO CTEK--
Jla, a 3aTeM B NPHCYTCTBHH NOJAXOASIIEr0 pearenTta oGpasyer cBSi3b-
¢ KapGokcuabroi rpynmnoii (A), aMuHOrpymmo# (b) mau apomaru-—
YeCKOH Ipynnofl THposuna (B) HMMOGHIH30BAHHOTO JHraHIa [94] =
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Cpenn APYrMX HeOPraHHYeCKHX HOCHTeNel Hapsay co CTeKJIoM
HCIIOJAB30BANIH TaKXKe OKCHJ HHKeas [97]. [Tepeuenb pasiuyHEIX HO-
CHTeJIeH, KOTOpHe NPHMEHANHCh AJs CBA3BIBAHHS ahGHHHBIX JH-
Tanios, npuBeleH B o63opax [34, 81].

7.3. NPOMBIIIVIEHHBIE A®®UHHBIE JIMTAH b,
CBSA3AHHBIE C HEPACTBOPHMBIM HOCHTEJIEM

- Ha Bce Bospacraromyro NOTPeGHOCTL B MaTepuasiax mjis adppun-
' HOH XpoMaTorpaguu, HeoGXOAHMEIX ISt BhIIeJIeHHs] OHOMOrHYECKR
| aKTHBHBIX COEJMHEHHH, BIEpBHIE OTKJIHKHy/nach ¢pupma Miles Labo-
ratories Ltd. (Anraus), KOTOpasi Haya/sa NMPOH3BOACTBO PAAA MNeln-
'THAOB, aMHHOKHC/IOT, ()ePMEHTOB, aHTHUIEHOB H AHTHTEJI, CBA3AHHLIX
€ HEPaCTBODHMBIMHM HOCHTeNAMH. [/ BHIeseHHs XHMOTPHICHHS
[18] mpennasnauen merusioBwil 3(QHp &-aMHHOKANPOHJ-D ~TPHIITO-
‘bana, cBs3aHHHE C araposo#l, AJs BBHILeJeHHS MNananHa [6] —
‘CBA3AHHBIA ¢ araposoil nenrtupg araposa-Gly-Gly-Tyr(OBz)-Arg
.(rne OBz — O-Gensun), a gaa BHgeneHus puGonyxkneasnt [103] —
iaraposa-o’- Kﬁmz:moemmmaeooeoga%mnxm-mh (3')-doctar). Dra
e (pHpMa BHITYCKaeT NpPOU3BOAHBIE araposbl © L H D-TPUNTOdaHa,
NpeiHa3HaYeHHBle JJIsl BHIENEHHS GENKOB, CLHOCOGHHIX CBA3BLIBATb.
Tpunrodan [83], nponssoxnre araposk u L-heHunanannua — [s
BblleJIeHHS! Ge/IKOB, CNOCOGHBIX CBSI3LIBATH denunananun [8], u
TIPOM3BOJHbBIE arapo3kl L -THPO3UHA — [Js BbLIEJeHUS 6emnKoB,
CIOCOGHBIX CBA3HIBATb THPO3HH (Hanpumep, 3-IesokcH- papabuso-
renrynosonar-7-gocar cuurerasm) [8]. Ha arapose-THPOKCHHE
BBIAENAIOT GeNKH, CBA3HBAIOLIHe THpokcHH [73]. Ilpucoemsnen-
HHIl K arapose KOHKaBaduu A (rmukosunekc A) ucmoampsyerca aas
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BbleJeHHA MaKpPOMOJIEKYJl, COAepKAalUX IVIHKO3HJbHBEIE KOHILEBble
rpynnsl [104]. Beinyckaercsi TakXe LHCTEHH, cBs3aHHbIH ¢ CM-1en-
JII0JIO30H.

[lepeuenn HepacTBOPHUMBIX ()epMEHTOB, BHIMYCKAEMEIX GUDPMO#
MiLes Laboratories Ltd., npusenern B ta6a. 7.2. K CM- u DEAE-
[1eJ1/110J103e (PepMEHThl NPHCOEAHHAIOT a3HAHBIM MeToloMm [65], ¢
NIOMOUIBIO TPHA3HHOBHIX NMpou3BoAHBIX [50], uan no merony Bapke-
pa [5] nyTeM AMa30THpOBaHHs 2-OKCH-3-(7-aMHHO(EHOKCH)IPOMK-
Ja0Boro sdupa wLeaTono3bl. HMMMoOGHAH30BaHHBIE Ha LEJIIOJ03E
(GbepMeHTHl COLEPKAT OTHOCHUTENbHO Maso Genka. PepmMeHTH ¢ BHI-
COKHM cojJepXaHueM OesKa INOJNYYalOT AYTeM CBSI3BIBAHHA 6elKOB
C CONMOJHMMEPOM 3THJIEHA W MaJeHHOBOro aHruapuaa [54]. depmen-
TH, NPHCOENHHEHHBEIE K arapode TPHA3UHOBHIM METOJIOM, XapakTe-
PH3YIOTCA BBLICOKOH (DepMEHTATHBHOH aKTHBHOCTBIO IVIABHBIM 06-
pPasoM IO OTHOIIEHHIO K MaKpOMOJeKyJasipHeIM cyOctparam [50].
IMpenapatsl pekoMenayeTcs XpaHUTbL B cpele ¢ pH ne nuxke 5,0.

Cpenn npounx MMMyHocopGentos ¢upma Miles-Seravac puinyc-

KaeT HepacTBOPHMbIE ranTeHbl: CBSI3aHHBIE ¢ arapo3oll muHuTpode-
HOJI, apCaHWJIOBYIO, FH66EPEeNNNHOBYI0 H 3-HHIOJHAYKCYCHYIO KHC-
JOTH. [lJsi BBLAGJNEHHS AHTHTEN INpelHAa3HAueHbl CJeRylollHe CBs-
3aHHBIe C arapo3oH AHTHIMeHB: OBUMH CHIBODOTOUHEIH aJbhOyMHH,
ueJIOBedecKHe M KO3JHHBle HMMYHOTIOGYIMHBL. i BbdedeHHs aH-
TUTCHOB IIPOH3BOAATCHA CBA3aHHBE C arapo3ofl aHTHTeNa NPOTHB
6blupero anpbOyMHHAZ, TOPMOHAa pOCTA, IJIIOKATOHA, YeJOBEYECKOTO
IgG, nurutpodenona, ru6GGepenNUHOBOR KHCAOTH H 3-WHIOJIHIYK-
cycHO# kucJIoTH. KoHKaBaJauu A, cBsizauubiii ¢ araposoi (Con A-ce-
¢aposa), nocraBaser ¢upma Pharmacia Fine Chemicals (IlIBe-
uus), a TPUICHH, CBA3AHHBIA ¢ 1eM01030d, — dupma Merck

(OPT).

7.4. TPUMEHEHMUE

74.1. A®OPHHHAA XPOMATOIPA®HUS HA NPOU3BOIHBIX
ATAPO3bl

BBIJIEJIEHHME KYPHHOTO OBOMHIUBEMTOPA METOJJOM
AQPHMHHOV XPOMATOI'PA®UYU HA CEQAPO3E,
CBSI3AHHOW C XMUMOTPUIICHHOM [67]

HeounmeHHslfi KypHHBIH OBOMYKOMZ, MOJYYEHHBIH 1O MeTOAy,
ONHCAHHOMY B cratbe [56], colepXHT nBa HHTHOHTOpA TPHUICHHA
[63]. Hapsiny ¢ 0BOMYKOHIOM, HHTHOHDYIOUIHM TOJBKO TPHIICHH, OH
TaKXe COJEepXKHT M APYrodl HHrHOUTOp, HA3BAHHHIH aBTOpPaMu pa-
6orbi [63] OBOHHrHOGHTOPOM, KOTOPHIH AefCTBYeT He TOJbKO HA XH-

3—13
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MOTPHIICUH, HO H HA TPHNCHH. BHAENHTL OBOHHIHGHTOD LOCTATOUHO
- C/IOXKHO, TaK KaK B NpoLecce BHIAEJEHHS NMOMYYaAlOTCs (DPAaKLHH C
PAasIHYHBIM COAEPKAHHEM CaXapoB, HEeCYLIHX 3apsj (nampumep,

10}
8k
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S
[y =
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ot ) I L 1 1 ] i ] 1
40 80 120 160

Homep ppaxyuu
Puc. 7.5. Apdunnas XpoMaTorpadus HeOUHIEHHOTO KYPHHOTO OBOMYKOHAA Ha KO-
JIOHKe ¢ CedapO30R, CO CBA3AHHHIM XHMOTPHICHHOM [21].

Konomka (26X1,6 cm); YPaBHOBemHBaOWHA Gydep — 0,2 M DPacTBop TpHSTHAaMHEA, pH §;
obpasen: 3 r HeOYHILEHHOro OBOMYKOHZa B 50 MJ Toro ke 6ydepuoro pactsopa. OnioHpoBa-
HHe BeJoch 10 ¢paxkunu Ne 140; crpeskoR mokasamo HavYaso 3JI0HPOBaHHA GYdepHBIM pacrso-
pom 0,2 M KCl — HCI, pH 2,0; o6pem orGupaeMbiX dpakuuit 3 mJa.
ITpoGa: ! — oBomykomn; 2 — OBOHHTHOHTOD.

CHAJIOBOH KHCJIOTH), HO ¢ OAMHAKOBHIMH AMHHOKHCJOTHBIM cocra-
BOM, MOJISKY/ISIDHOH MacCOf M MHIHOHPYIOIiEH aKTHBHOCTBIO. Meto-
noM apduHHON XpomaTorpaduu Ha cepapose, KOBaJIEHTHO CBS3aH-
HOH ¢ XxumoTpuncuuoM, DaiiHmrediy [21] BBimennn KypuHbIf HHrH-
GHTOp H3 HEOUHIEHHOTO OBOMYKOHZA B OZIHY craauio. Konohky ¢ xu-
MoTpuncun-cepaposoir (26X1,6 cm), NOJyYeHHOH B pesyJbTaTe
CBASHIBAHHA XHMOTDHNCHHA ¢ cedaposoit 2B [76], npombiany s
XononuabHuKe 0,2M  TpH3ITHIAMMOHHEBHM GydepHBIM pacTBOpOM
(pH 8,0). Hasecky cuiporo OBOMYKOHJa (3 r) pacTBopsiu 8 50 ma
pacTBopa u BBOAHJIM O6pasell B KoJMOHKY. Ilocie nawana 3JIIOHPO-
BaHHA OTGOp 3/10aTa (NOPHHAMH NO 3 MJI) BeNH JO TeX TOp, noka
B 3J0aTte npHCyTcTBOBaa Gesok (pHc. 7.5). Hanee MeHsu 6ydep-
HEI/l PacTBOP u 3MOHpoOBaJH pactBopoM 2M KCI—HCI (pH 2) BTO-
poit nuK Geaka — osounru6urop. Iocae nHaIH3a H JHODHIH3AIHH
dpaxuus, coorsercTByIOLAN NePBOMY NHKY, He NPOABAANA HHKAKOI
HHTHOHDPYIOWEH aKTHBHOCTH N0 OTHONIEHHIO K XHMOTPHIICHHY, B TO
BpeMs Kak (pakKuus, COOTBETCTBYIOLIASA BTOPOMY NHKY, NpOsBAsIA
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HHTHOMPYIOIYI0 AKTHBHOCTL J2Xe IO OTHOIUEHHIO K XHMOTDHIICHHY.
TlepBasi ppakuus colaepikana OBOMYKOHH, BTOPAS — YHCTBIA OBOHH-
TUGHUTOP.

BLIAEJEHUE XUMHOTPHUIICUHA METOAOM A®GHUHHOM
XPOMATOTPA®HH HA CE®APO3E, KOBAJIEHTHO
CBSI3AHHOV C METHJIOBBIM 3&HPOM
&-AMWHOKAITPOWJI-D-TPHIITO®AHA [18]

MeTuI0BbIl 3QHD D-TPHNTO(AHA — OTHOCHTENBHO C/AGHIl HH-
rHOUTOD XHMOTPHNCHHA (KOHCTaHTa HHruGupoBamns K;=10-%).
Hocne ero ceasmBanus ¢ cedaposoit [18] maxke B Takoit BHCOKJH
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Puc. 7.6. Xpomartorpaduueckoe BhjeneHUe XAMOTDHIICHHA Ha He3aMelleHHOHN ceda-

pose (a) u BEIeNEHHE TOrO JXe COGIHHEHHS METOLOM abdunHOi XpomaTorpaduu

Ha cedapose, C MPUBHTHIM METHJIOBHIM 3DHPOM g-aMuHOKanpua-D-rpuntodana (6)
[18]. -

Kononka 0,5%X5 cM; ypasHOBemHBalomuil G6ydepunft pactsop — 0,05 M TpHc-HCl-6ydep,
DH 8; o6paseu: 2,5 Mr meouHienHoro XumorpuncuHa B 0,5 Ma storo xe GydepHoro pacTBopa
(B ofoux cnydasix); CKOPOCTb 5JIOMDOBaHHA 40 Ma/y; o6beM OTGHDaeMHIX ¢Gpakuuii 1 MJ;
CTpeJIKAMH NMOKa3aHO HavaNo 3JIOHpoBaHHs 0,1 M yxcyoHON XHCHOTOI.
Ipo6a: I — cMech; 2 — npuMecHbie GenKH; 3 — XHMOTPHIICHH,

KOHUeHTpanuH, kak 10 mMxkMoap Ha 1 ma cepapossl, 3TOT HOCHTEND
YXKe HeJb3sl HCNOJb30BATh MJIS BHeJeHHsl XuMoTpuicHHa, OgHako
€CJH MEXAY STHM HHTHOMTODOM H MaTpHiell BBECTH e-aMHHOKAI-
POMJBHYIO TPYIIY, TO MOXHO MOJNYYHTb HEPACTBOPHMBIA adGHHHbIH
JIUTaHN, BHOJHE NDHTOAHBIA JJIsl BHJeNeHHST XHMOTpPuNCHHA. Ha
pHC. 7.6 npeacTaBIeHbl Pe3YAbTATH XpoMmarorpapupoBaHus npena-
para XHMOTDHICHHA, NPOBEJEHHOTO Ha KOJIOHKE ¢ He3aMelleHHON
cepapo3oii H Ha KOJNOHKe c cehapo3o, CBSI3aHHOR ¢ MeTHJIOBBIM
3hHPOM  e-aMHHOKANPOUJ- D-TPUNTO(AHA. Konouky pasmepom
0,5X5 cM NpUBOAMAM B COCTOSIHHe PaBHOBecHs, mponyckas uepes
Hee 50 MM tpuc-HCl-6ydepruii pacteop (pH 8,0). O6pasus npo-

AW.
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‘Tabauya 7.3

BriftlensieMoe coefHHeHHe AddunHnll aurang Jlnteparypa

Depmentor
I.Ileno‘qHagi nporeasa OBOMHTHOHTOD (BHICOKOMOJEKYJAPHEIA TIPHPOHbIH HHIH- 22

Aspergillus oryzae 6uTOp)
Tnunepansrernn-3-pocdarnernaporenasa HukotunaMHRaieHHHARHYKICOTHA, (KodaKTop) 67
Mananu n-AMHHOMepPKYpHaUeTaT 82
PHK-nonuMepasa Ile30KCHPHOOHYKAEHHOBASE KHCJAOTA 71
Tpuncun n-AMHHOGEH3AMHAHH (HH3KOMOJEKYJNAPHBIA HHTHOHTOP) 42
I[TpoTeass miueHunm Temoruio6us (cy6erpar) 9
Hueuburopot
t1-AHTHTpHIICHH KotikaBaann A 69
OsBouHruGuTop XuMorpuncum 21
[Tentude:

120

[entng akTuBHOro menTpa Hyk/Ieasn cTadH/IOKOKKOB Hyxkaeasa

IMenTnn yuacTka CBASHIBAHHS AHTHAUHUTPOQEHHJIBHBIX

AHTHTEN

Mentuasr, COACpKaliHe HUTPOTHPOSHH

Lpyeue coedunenusn

AneHosus-3',5’-Monodochar
ArrmoruHuH coesbix 6o6oB
AnTHTeNa MPOTUB HHCYJTHHA
ABupun

a-PeTonpoTeHH

a-Peronporeny

JIMHAB B JIHTONPOTER B!
TupokcuH, cBs3aHHEIH ¢ GenKaMHu
CuiBOpOTOUHBI aJabGYMHH
Basomnpeccun

Bupycnt

Aurureno ‘ .

AHTHTeNa NPOTHB HHTPOTHPO3HHA

AMP-cBsisuIBalonil 6eoK
N-e-AMHHOKampOHHA-B-D-rasakTonupaHo3uaaMuK
Hucynun

Brouurun

Axrureno

Kouxasajun A

HonenuiaaMun

Tupokcnn

JKupHble KHCAOTHI

Helipodnsun

Anturteno

25

41

24

37

79

72

20

73

74

77

62
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6ol (2,5 mMr xaxpaoro) BBoAWaH B BHAe pacTtBopa B 0,5 M 3TOro
-XKe Oydepa. DIOMPOBAHHE BesNH NPH CKOPOCTH NOTOKa 40 mJj/u npH
KOMHATHOH TeMmepaTtype; 3i10aT OTOHpadu MOpUHAMH 1o | wm.
“a-XHMOTPUNICHH 3/10HpoBajics npuMepHo 0,1M yKCycHOH KuCJOTO#
(PH 3,0) (cmpenxa na pHOyHKe) H OTHEASNCA OT HEAKTHBHOTO GeJIKa,
‘COAEpKALIErocs B NEepBOM NHKe. a-XUMOTPHOCHH MOXKET TaKXe
“9JLHOHPOBATLCA PACTBOPOM CHJILHOTO KOHKYyDEHTHOTO HHIHGHTODA,
Hanpumep 0,018M pactsopoM B-dennnnponsonamuna (K;=6-10-3)

[16].

JOIIOJTHUTEJIBHBIE ITPUMEPHI TPUMEHEHMS ATAPO3bI
U EE INTPOHU3BOIHBIX

KosinuecTso ucciiefoBanuil, B KOTOPHX B KauecTBe HepacTBOPH-
MOro HOCHTEJISi MPHMEHAETCHA arapo3a M ee NPOHU3BOLHBIE C NPHBH-
TEIMH a(QHHHLIME JIMTaHIAMH, YBEIHYHBAETCS NO Mepe Pa3BHTHA
appuHHOA XpoMmaTorpaduH, n NOJHbE 0630p TaKHX pa6or B pawm-
Kax OJHOH IVIaBhl NPAaKTHYeCKH HeBO3MOXeH. Tak, 8 1968 r. 6buiu
ONyGJHKOBAHH BCEro ABe PaboThi, ONHCHBAIIIHE HCIONb30BAHHE
araposbl B Kauyectse HocHTedss B adduuHOR Xpomartorpadun, B
1969 r. Takux pabor 6mao yxe npuMepno 10, a B 1970 r. — oko-
70 20, a B 1971 r. — Gosee 40, B 1972 . — Gouee 70, a B nocJe-
AYIOILlHe roAbl 3TO YHC/IO OBIIO BHOBb NpeBHINeHO. B tabm. 7.3 mpa-
BEACHEl HEKOTOpHle NPHMephl MCMOAb3OBAHHS araposbl B addHHHOM
XpoMatorpa¢u, nokasnBalollHe BO3MOXHOCTH 9TOTO MeTOJa.

74.2. APPUHHAS XPOMATOTPA®HS KJIETOK
HA BHOTEJIE P-6 CO CBA3AHHBIM
FATITEHOM [86]

Knerkn, npoayuupyomue anturena IPOTHB KOHBIOTHPOBAHHOTO
‘AHTHICHA 230(eHHN-B-AKTO3HIA, MOKHO H3GHPATENBHO OTIENHTDH
'OT ADYrHX KJeToK ([86] Ha xoJsonke ¢ GHorenem P-6 co CBS3aHHBIM
TaNTeHOM.

Cyxoit 6norens P-6 (5 r) nepesoxst B ruIpasHHOe, a 3aTeM B
AUHNA3HAHOE NPOH3BoAHOe [46] u 150 Ma mosnyuenHo# cmecn o6pa-
GatoBalor 20 Ma1 5 MM pacTBopa TMCTAMHHA H NPHUOGJAH3HTENbHO
3,75 ma tpuatmaamuna; pH peakuuoHHON Macch CJlefyeT moxpuep-
HUBATH NPHMEPHO MOCTOAHHEIM OKoso 9,5. O6paboTky BeayT B Te-
yenne 4aca npu 0°C, nocie storo go6apasior 20 M 3TaHOJIAMHHA,
4TOGHl yIAJHTh OCTABUIHECS alANA3HAHBIE TPYNOL. Lestb BHLIEPKH-
BAIOT B TedueHHe yaca, MPOMBIBAIOT H ypaBHoBemuBaoT 0,25M 6o-
PatubiM Gydepom, pH 9,0. Jasee npu 0°C k pactBopy 5,1 MMoJb
{1-aMHHOGeHUATNNKo3HAa B 45 M1 0,25M COMSHON KUCTOTH no6as-
JIFIOT 5 MJ pacTBOPa HUTPHTA HATPHS (5 mmounn, 0,34 ). Uepes
15 mun pacrBop o6pasyromefics 1HA30HHEBOH COMH Me/JIEHHO, NpH
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NOCTOSAHHOM nepeMelnBanuu po6asasior k 100 ma cycneHsun Guo-
reJisl CO CBA3aHHBIM T'HCTaMHHOM B 6opaTtHoM Gydepe, pH 9,0. Peak-
[IHOHHYIO CMECh BBHIIEPXKHUBAIOT HeCKoJibKo yacos npu 4 °C. Buoreas,
CBsI3aHHBIH ¢ a30(eHHITTHKO3HAOM, IPOMBIBAIOT HECKOJILKO pas Ie-
kaHrauueil 1%-HBIM pPacTBOpOM XJOpHIA HATPHS, NEPEHOCAT B CH-
JIHKOHH30BAaHHYIO KOJOHKY (25X 1,5 ¢m) u npommBaior 0,15M xJo-
punoM Hatpus B 0,02M ¢ocoparuom 6ydepe, pH 7,2. C 1 Ma reas
Ha TakoH KojoHKe cBsidbiBaetcs 0,2—0,5 Mr aurtuTe.

Cycnensuio kaetok (~ 1—2 ma) xpomarorpadupyior npu 4°C
Ha IPHIOTOBJEHHOH TakuM 006pa3oM KoJioHKe B (ocdaTHO-CONEBOM:
6ygpepHoM pactsope (pH 7,2) npu ckopoctH motoka 6ydepHoro
pactBopa 40—60 wma/muH. Kaerkd, He o6iaajaolide CpPOACTBOM
K CBSI3AaHHOMY ranTeHy, cBOGOIHO INPOXOXAST 4Yepe3 KOJOHKY, B TO
BpeMs KaK KJETKH, HMelollHe CPOJACTBO K CBAI3aHHOMY TanTeHy, KO-
JIHYECTBEHHO 3JIIOHPYIOTCA HecKosbKo mo3iHee. ITo okoHuaHuu pas-
JeNeHust KOJOHKY npombiBalor 100 Ma pacTBopa J1akTo3Bl H CHOBA
ypaBHOBeWHBAT ¢ocharTHO-coNeBHIM OydpepHbIM pacTBOpoM; OHO-
rejb co CBSi3aHHHIM ranreHoM xpauar npu 4 °C B 0,02%-Hom pac-
TBODe a3HIAa HATpHUS.

[Tpumenenre akpuaaMHAHHX refeil B ahpuuHOR xpomaTorpadun
B HACTOsllee BpeMs BecbMa orpaHumyeHHo. Kyarpekasac [14] noka-
3aJl, YTO BHJeJeHHe OTHOCHTEIbHO MaJIOH MOJIEKYJH HyKJeashl cTa-
(hHJIOKOKKOB MOXHO NPOBOJAHTb He TOJBKO Ha cedapose, HO H Ha
Guorese P-300, onHaKo A/t BHAeNeHHs GOJNBIUHX MOJEKYJ, HATPH-
Mep B-ranakro3upaass [84], sTOT resb Maso NPHrojeH H3-3a HU3KOH
NOPHCTOCTH.

74.3. A®®HHHAA XPOMATOTPA®HS HA MPOU3BOJHBIX
L EJII0JIO3b

OUHCTKA AHTHUTEJI C [TOMOIIBI0O MMMYHOCOPBEHTOB,
TIOJIYYEHHbBIX C [IPUMEHEHUEM
BPOMALIETWJILIEJUTIOJNIO3BI (BAC) [79]

Onrtumanbuble sHauennss pH mas ¢usvueckoit ancop6uum aHTH-
redos na BAC B 0,15M ¢docdaTHo-uuTpaTHHIX GydepHBIX pacTBOpPax.
(tra6a. 7.4) onpepenenst Po6uncom u cotp. [79]. Auturen (300—
500 mr) pactBopsior B Takom GydepHOM pacTBOpe, B KOTOPOM aj-
copluus ONTHMAaJbHA, H K NOJYYEHHOMY PacTBOpy Ao6asasior | r
(cyxas macca) BAC. CycneHsuio HHTEHCHBHO fiepeMeIUHBAIOT
30 MHH MarHHTHOR MeINaJKo#l TIPH KOMHATHOI temneparype. Ilocie
uentpudyrupoBanns (10 mus npu 1000 g) peakuHoHHyIO Maccy cyc-
nenpupyior B 30 ma 0,1M nartpuiibukap6onatHoro 6ydepa, pH 8,9,
H ocraBisioT npu 4 °C Ha 24 4, nepHoAWueckH nepemeinusas. [pu
3ToM 3HayeHHH pH npomcxoouT xuMHYeCKOe cBA3BHIBAHHE AHTHTEHA
H BAC. Cycnensnio BHOBb uentpudyrupyor 10 mun npu 10000 g
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H LeJlI0JI03y BHOBb CYCHEHAHDYIOT B 6ydepHom pactBope (0,05M
2-amunosTaHoN — 0,1M Gukapbonat marpusi, pH 8,9), uTo6m yaa-
JHUTb HempopearuposaBuiuii Gpom. Ilocne 24-yacomoi BBIAEPKKH
npu 4°C HeCBSI3aHHBIA AaHTHTeH YAQJIAIOT HEeHTPHPYTHPOBaHHEM,
CYCHEHSHIO KOHDBIOraTa mpOMEIBAIOT pactBopoM 0,15M XJOpHAA HAT-
PHi 0 NOJIHOTO HCYE3HOBEHHS AHTHIEHA B CyNePHATAHTE {koHTpO-
JIMpyeTcsi no norsowenuo npu 280 mm). Jlas Toro uTo6s Ha neJs-
JI0JI03€ OCTaJICA TOJBKO KOBaJIGHTHO CBSI3AHHBIH aHTHTEH, ee BHOBb
cycnenanpyor B 30 ma 8M pacTBOpa MOUEBHHHI H MeLJIEHHO nepe-
MEIIHBAKOT 24 Y Npn KOMHATHOR Temueparype. Ilocae uerrpudyru-
boBanus mpoMeiBKY 8M pacTBOpoM MoueBHHHI MOBTOPSIOT 0 HCYe3-
HOBCHHSI aHTHTeHa (KOHTPOJNHPYETCS [0 NMOIVIOMIEHHIO npu 280 um).
Hanee kowblorar nepeMewHBaOT B TeueHMe yaca npu 37 °C B 0,IM
YKCYCHOH KHCJIOTe. B 3THX yC/IOBHAX aHTHrenm He HoJKeH 3J110HpO-
BaTbCA ¢ HeamonosH. Ilocne HeHTpHOYrHPOBaHHS KOHBIOraT cyc-
flenaupyor B 0,15M docdataom Gydepe, PH 7.4 u xpausr npu
4 °C. Kowslorar coxpansier B 3HAYHTEJIbHOH Mepe CBOI aKTHBHOCTb
o xpakiHeii mepe B TeueHHe 6 mec. KoamuecTso anTHTea, CBA-
SaHHEIX C LEJJIIONO030H, 110 NaHHLIM AHAJH3A COMEPKAHHS 230Td B
CYXHX 06pasiiax, npuBefeHO B TabJa. 7.4.

AutHTena BHZEASIOT M3 CBIBODOTKH LEHTPH(YrHPOBAHHEM NpH
20000 g B reuenne 1 u npu 4°C. Tocse YAANEHHs JHIHIHBIX Be-
IECTB HIMMYHOCOPOEHT CMENIHBAIOT C CBIBOPOTKOH H CYCIeH3HI0 2 g
TIEPEMEIINBAIOT MAarHUTHOH Mewankoi mpu 4 °C. Komstorar LeJLIIo-
JI03bl nenTpudyrupyior npu 20 000 g B Teuenne 20 My, Ancop6enr
BHOBb cycmennupyior 8 0,15M pacrsope xopupa HAaTpHS W LEHT-
pudyrupyior eme 10 mMun npu TOH ke ckopocTH. Ity ollepaHio
TOBTOPAI0T. (06buHO 3 May 4 pasa) no rTex mop, noka HOTJIOLIeHHE
MPOMBIBHBIX BoA Tipu 280 HM cHE3HTCS 10 0,08. AuTuTena smonpyior
M3 ancop6eHTa rocie CYCIeHAHPOBAHASA KOMIIEKCa AHTHTEJIO-HMMY-
HocopGent B 0,IM yKcycno# kucaore, pH 2,8. Ilocse wacororo
TiepemewnBanuss npu 37 °C cycnensuio neHTpudpyrupyior 30 mun
npr 20000 g, cymepunaranT nuanusyior 8 350—700-kpaTHOM KoaH-
yectBe 0,01 n. tpuc-HCl-6ydepa (pH 7,0), cogepxauero 0,1M pac-
TBOD XJIOPHAA HATPHS.

OB30P NMPUMEHEHUY IIPOU3BOIHBIX LIEJIIOJIO3EI

Kax 610 mokasano BBILIlE, LEeJTI0J103a OblJIa HEPBLIM HOCHTE-
JieM B adduHHOM Xpomarorpaduu. O630p naHHBIX MO MpHMeHeHHIO
U&JIION03bl /11 BbifleJIeHUSI aHTHTEN H aHTHIEHOB NpHBeJeH B pa-
Gore [81]. dannbie 0 KoBaJeHTHOM CBA3LIBAHMH HYKJEOTHHAOB, MO-
JUHYKICOTHAOB H HYKJIEHHOBBIX KHCJAOT OGOGLIEHH B CTaThe [33].
XoTs B HacTosmlee Bpems B adpuHHOR XpoMaTorpadmu mpHMeHs-
Y0TCH H APYrHe TBepABE HOCHTENIH, LEANI0I03a He noTepsANa CBOEro
3HadeHus. Tpuncun, cBA3aHHLIE ¢ UeJIII0N030H, NO-NIPeXHeMy He-

Tabauya 74

Cocrap MMMYHOCOPGEHTOB, MNOJNYYEHHBIX H3 GpoMaueTnaneamonoss (BALL), M ci0cO6HOCTD MX K CBA3LIBAHMIO AHTHTE [79)
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NOJIb3yeTCs] AJSl BBIAEJNEHHS HHFHOHTODOB M3 PA3JAHYHBIX HCTOYHH-
kos. [23, 29, 87]. C noMowpoo HHrHGUTOPOB TPHIICHHA, ommwmmme
¢ HeJII0N030H, yAaloch BBIAEJHTb HEKOTOpPHe mnporeass [68].

B 1971 r. 6bina BhgeneHa amuHOoauuaasa [80]. Jloy u Hun

57]

CUHTAIOT, YTO LEJA/I0/I03a OCTAeTCH HaHJAYYIIHM HOCHTeJEeM AJs

CBA3BIBAHUA HUKOTHHAMHJIHBIX HYKJEOTHAOB, H OHH BBHIIEIHJH Ha
Heit NAD-cBs3bBaoWwHKe KeruAporeHassl.
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va:wm 8. AsTomaTH3auus paOOTbI
/ KOJIOHOK B IKHJKOCTHOM
xpomarorpaduu

b. Meyoys

VHCTHTYT OpraHH4ecKOl XHMHH U GHOXHMHH
YexochoBalkoii AkageMuu Hayk, [Ipara

8.1. BBELEHHUE

OcHoBHOe TpeGoBaHue, IpeIbABIIEMOe K aBTOMATHUECKOMY 060-
PY/IOBaHHIO, COCTOHT B CJIEAYIOLIEM: Bce BXOIANIHE B COCTaB ycTa-
HOBKH TPHOODH B KaXAbH 3aJaHHbIi MOMEHT JOJ/IKHBI BbIMOJIHATD
TpebyeMble onepallii. YPOBeHb M CTeNeHb aBTOMATH3AUMM XpOMA-
TOrpauueckoro mporecca 3aBHCAT OT psifia (pakropoB, PA3NHUHBIM
06pa3oM BAMAKILEX HA KOHeuHble pesyapraThl. Obmmue TpeGoBa-
HHS — BBICOKAasi BOCIPOH3BOLMMOCTb OTHEJbHBIX OINEpanui u cro-
COBHOCTb CHCTeMB paboTaTh AJHTeNbHOE BpeMsA. K aBTOMaTHYeCKHM
yCTaHOBKAaM, MPUMEHSEMBIM B aHAJHTHUYECKHX LEJSAX, NPeIbsBIAIOT-
¢l TakXKe TakHe TpeGOBaHHS, KaK NOBHIIEHHAS YYBCTBHUTENbHOCTb
u ObCTpOTa aHanu3a. KOHCTPYKTOPHI CJIOKHBIX aBTOMATHYECKHX
xpomaTorpaoB 4acto MHHITAOTCA HAATH ONTHMA/IbHOE COUETaHHE
HepeJKo TPOTHBOPEUHBHIX TpeboBanuél. )KHAKOCTHAs XpoMaTorpa-
¢dus mpoulia IJAHHHBIA NyTh PAa3BATHS OT OTKPHITHIX CHCTeM C KO-
JOHKAMH O6OJbIIOTO AHAMeTpa X0 KJACCHYECKHX CHCTEM HH3KOro
AaBaenusi (BMAOTH Ko 30 a™™) ¢ KOJIOHKaM JHaMeTpoM 8 MM H BBI-
COKOCKODOCTHBIX CHCTEM BBICOKOTO JAaBJjenHus. B Hacrosilee BpeMst
HCTOMB3YIOTCS AaBjenusi Ao 400 aT™ H KOJNOHKH AMaMeTpoM l—
3 MM, 3amoJiHeHHble ajCOpPGEHTOM ¢ YacTHUAMH AUaMeTPOM MeHbIIE
10 mMxM™.

VeTaHOBKH BHICOKOTO KJacca TOYHOCTH H OT/JeJNbHEIE MOIYJIH
TAKHX YCTAHOBOK H3TOTABJHBAIOTCH CNENHANbHHIMH (HPMaMH H HC-
cle0OBATENLCKAME HMHCTHTYTaMH* NpH yd9acTHH HHXKeHepoB-MeXa-
HHKOB, CHELHaJHCTOB TO 3JIeKTPOHHKE, ONTHKe, BBIYHC/IHTENbHOH
TexHHKe ¥ T. A. IIpH6OpH AJsi XKHUAKOCTHOH XpomaTorpadun yaoB-
JeTBOPAIT TPeGOBaHHSIM HOHOOGMEeHHOH XpoMaTorpagpuu — JHraH-

_._Immwmm:m:mEvmomemvzstmmzmmxomﬁmgumz:w:o::mmsaonuamx-
CTe TOJLKO B HJIIOCTPATHBHHX LEJAX. S
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M00OMeHHON H reJb-Xpomartorpaduu. B npomaxe wumelorTcs /Kak
OIHO-, TaK M MHOroueseBbie NpHOOPH; NPHGOPHl MOCJAeIHEro THna,
HX Ha3bBAIOT «XKHAKOCTHBIMH xpoMartorpadaMu» WM <IoJHayasau-
3aropamu» (Hanpumep, BexMaH), npHrofHH Ias aHaau3a checeii
OLHOTO KJlaccd, HANpPHUMEpP cMeCceH AMHHOKHCJIOT, NeNnTHAOH HJIH
HYKJIEOTH0B. B 10 e BpeMsi «OTKDBITBIE», HJIH «MOAYJIbHbIEY, KOl-
cTpykuun (Hanpumep, «Technicon» u «Jed») serko npucnofo6uts
sl aHa/M3a KaveCTBEHHO [Pa3JHYHBIX TPYIN COELHHEHHH.

B Gosbunuctse npuGopos npeaycmorpen PAL YyCTPOHCTB, obec-
TNEIHBAIOIHX HCKIIOYeHHe BO3MOMXHOCTH Apefidha WM CyLlecTBeHHO-
T0O H3MeHeHHs! BEIOpaHHBIX mapamerpoB. OCHOBY BCex aBTOMATH3H-
POBaHHBIX NpHOOPOB COCTABASET CHCTEMA OTCYETA BPEMEHH, C KO-
TOPOH CBsI3aHBl BCe OCTaJIbHble YacTH CHcTeMbl. Cxema XpoMaro-
rpada oueHp mpocra:

Konnexmop

Pesepeyap gna Cucmema
2064ap g —» |Hacoc | — %@n\x —»|Konowxa {—|fJemexmop | —»] gpaxiud

3n0eHma

B najiee MBI PAMEPHO B TaKOH IIOC/IENOBATENLHOCTH PacCMOTPHM
NPHHIMT er0 paGoTH.

8.2. PESEPBYAPDI JJid 3JIIOEHTA _
H T'HAPABJIHYECKHE COEOHHEHHUSA

OcHoBHOH MaTepHall, u3 KOTOPOTO H3IOTABJHBAITCS EMKOCTH
AJISL JIOEHTA, — 3TO CTEKJIO, B ITHX XKe LeNSIX NPHMEeHSIOTC MIacT-
Macchl, NOJHITHJIEH, INOJHIPONH/IEH, NOMHTETPAYTOPITHIEH HJIA
HepKapewowasn craab. OueHb YacTo SJII0EHT HEO6XOHMO 0CBOGOLHTD
OT PACTBOPEHHLIX B HEM a30B, B 9THX CIY4asiX HCHOAB3YIOT pesep-
BYaphi 3aKpBITOTO THNA, B KPBILUKAX KOTOPHIX HMEIOTCS 1BA OTBEp-
CTHA JJIsi BBOJAA a30Ta HJIM APYrOTO HHEPTHOTO r'a3a U MOACOeIHHe-
HHA K BaKyyMHOH JIHHHH. B mpouecce ofesraxkuBanus comepxumoe
pe3€pByapa MOXHO nepeMellnBaTh MarHHTHO#H Memnatkoll. K macocy
5JII0HT MOCTYNaeT 4Yepe3 OTBEPCTHE, PACHOJIOXKEHHOE B HHXKHEH
TouKe pesepByapa. s paGoThl ¢ KOPPOSHOHHO-AaKTHBHBIMU 3JII0CH-
TaMu Slur 1 Moarc [43] pekOMeHAYIOT HCTIO/B30BATD KOHTEHHEpH H3
TJ1aCTMACCH HJIH HEPXKABEIOLleH CTa/H, PacloJIOXeHHBe HelmoCpes-
CTBEHHO BHYTDH pe3epByapa, Haxo/sIlerocs noJj AaBjeHHeM. B ana-
JMTHUECKHX KOJIOHKAX, Ile PACXOJ PACTBOPHTENS MaJl, HCMOJb3YIOT-
CA4 ¥ Apyr#e THNOH pe3epByapoB, HampHMep GOJbIIHE MIMPHLbI, HJIH
SJIOGHT MOMEINAIOT HEMOCPEACTBEHHO B CHHPAMbHBIH pesepByap cH-
CTeMB BHICOKOIO [aBJeHMS,

>
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Jsi THAPaBJMYECKHX COeIMHeHHH B xpoMartorpaduueckoi cu-
creMé HanboJee 4aCTO HCMOJb3YIOTCA KANMJJISPH U3 CHHTETHUECKHX
nnactmace. lllnpoko ynorpe6asiorcss TOHKOCTEHHBiE KaNHJJSAPLI M3
MOJIH3TH/IeHA HJH TedJOHA, KOTOPble COeJHHAIOTCS ¢ annapartypoil
npy TMOMOLIH CTAaHZAPTHBIX, TFePMETHYHBIX H JIETKO 3aMeHseMBIX
COeNHHEeHHH, H3TOTaBAHBAaeMBIX H3 MJIACTMACCHl HJH HepXkKaBelouleH
craid. |\OfHE H3 BapHAHTOB TAKOIO COCJHHEHHS AJS CHCTEMBl HH3-
KOro A3BJieHHsi moKa3aH Ha puc. 8.1. Kounueckas waiba H3 CHJIH-

Puc. 8.1. Coenunenne KamHISPHEIX
TPY6OK 1M paGOTH NPH HH3KHX HaB-
JICHHAX,

I — TedNOHOBHIT HAM TONHITHJEHOBBIN Ka-
nuansap; 2 — rafika; 3 — HeHTpaJbHas 4YacTh
coeHHeHHs; 4 — CHIHKOHOBas NpPOKJAaaKa.

s LR 2y 1T

Puc. 8.2. CoenuHenne KanuansipHbix
TPYGOK A paGOTH MPH CpPefHHX AaB-

%'

77
A

v

JIEHHAX.
I — xanuansap; 2 — rafika; 3 — ynJoTHsioulee
7 KOJbIO; 4 — KOHYCHOE COeHHeHHe,

KOHOBOH pe3HHbl O6XKHMAaeT KanH/UISAP NPH 3aBMHYMBAHHH TalKu.
Ha puc. 8.2 nana cxema coefuHeHHsI ¢ Te(JIOHOBBHIM KaNMHWISPOM;
3THM COeJHHEHHEM MOXKHO MOJIb30BATLCA NPH AaBJAeHHAX 10 40 aTM.
Kanuansgp cHabxeH HakHAHOH raHKoH M mpepoXpaHsiouledl KOHHYe-
ckoii wa#boit. Konen kanuanspa pasMsiryalor HarpeBaHHeM H pas-
BaJIbIIOBHIBAIOT Ha KOHHYECKOH MeTaJliinyeckoli dopMe, moc/e yero
Kalujisip yCTaHABJAMBAIOT HA COOTBETCTBYIOLIEe MECTO B almapary-
pe #, 3aBHHYHBAA rafixy, NOJy4aioT TepMeTHUHOe coegnHenHe. Takne
coeJMHeHHS NMPHTOXHBI TAKXe IJIA CTeKISHHEIX KOJOHOK. B mekoro-
pble THIIH PaCCMAaTPHBAEMBIX COeIHHEHHH NMOMELIAIOT NPOKAaAKU H3
CHJIHKOHOBBIX MOJIMMEPOB, Yepe3 KOTOpPhle BBOASIT NPobY IUIPHUEM.
HIupokufi accCOPTHMEHT coeHHEHHH BHIMycKaOT GpupMe Pharmacia,
Serva u Jobling. B cucremax sricokoro massaenus (o 200 atMm) uc-
MOJIb3YIOTCA 3HAYUTEJbHO GoJiee KECTKHe COeNHHEHHS M IJlacTMac-
COBble KamWJJAPH B HHX 3aMeHeHB Ha KaNmH/ISPH M3 HepXkKaBelo-
ntet cranu. CoeanHeHus ¢upmu Swagelock numamerpom or 0,18 no
5 CM H3TOTaBIHBAIOTCA H3 JATYHH HJIH HEpPXKaBeloulel CTaJH.
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8.3. KPAHbI H HACOCBI

8.3.1. KPAHBI

B runpasnuyeckux cucremax BaxHYIO poab urpawt kpagel. Oun
paGoTaloT NHeBMATHYeCKH H NPHBOAATCA B JeHCTBHE cepgocucTe-
MOA. B COOTBeTCTBMH ¢ NPHHLUHIOM AedCTBHS pas3auyanT KpaHbol
YETBIpEX THIOB: MOBOPOTHbIE, 30/OTHHKOBHE, MeMODAaHHEIP, CHJb-

a [
= ESES 0 S © =0
1) @
]
a J

Puc. 8.3. Cxema wetnpexxoposoro kpa- Puc. 8.4. Cxema AeficTBuA Kpana Peri-

Ha. valve (Technicon).
Q@ — CoeHHEHHe KOJOHKH K, ¢ ZRerexTopoMm D; a — yupaBasoWuil Baja ¢ KOJbUAMH H Ka-
6 — coeluHEeHHe KOJOHKH K; ¢ JeTEKTOPOM, MHANAPaMH; 6 — NepeKphiTHe  KaNHJAAPOB

NpH HCMOJb30BAHHH Pa3JHYHLIX KOJeI.

dounble. KoHTakTHpYIOWHE ¢ pacTBopuTeseM [OBEPXHOCTH KPaHOB
HSTOTAB/IHBAIOT IMIaBHBIM 00pa3oM u3 TedJoHa KeJlb- HJIH BHTOH.
Ha puc. 8.3 nokasan uweThipexnosuuuoHHbIf KpPaH, HCMOJAb3yeMHH B
ABYXKOJIOHOYHOM XpoMaTorpade AJisi Pasie]bHOTO COEIHHEHUS Ie-
TEKTOpa ¢ KoJOHKaMH. B oxHOM mosoxenun Kpama smoat u3 ko-
JoHKH Ki mocrynaer B nerextop D, a smioar us BTOPOH KOJIOHKH
HIer B caus. Bo BTopom paGoueM mosoxeHHH KpaHa kosomka Ko
COELHHEHA C JETeKTOpOM, a KoaoHKa K; — co ciauBoMm. Takoii THI
KpaHa MCOOJIb3YeTCs TaKXe KaK LIVHT NeTIH BBOZA B ra30BOM xpo-
Marorpacuy.

MHOrOno3HUHOHHBE KPaHH [pHMeHSOTCA TIPH TPAJgHEHTHOM
SJIIOHPOBAHMH LISl NOCJEA0BATENbHOIO NMOAKNIOUEHHS KOJNOHKH K CH-
CTEME Da3NHYHBIX Gy(epHBIX PacTBOPOB, a TAaKXKe B CHCTEMAX BBO-
Aa npoGul. llecTnno3uUHOHHbE KPaHBI BHITYCKAIOT KOHCTPYKTOP-
ckre G61opo YexocnoBankoii AxkageMun mayk u psan dupM. B neko-
TOpHIX npubopax, wanpumep Hitachi, Perkin-Elmer, HCIIOJIB3YIOTCS
S0JIOTHHKOBbIE KPAHBI C MPHBOJAOM OT MOTOPA.

Ilepucranbruveckuit  kpam  Perivalve ¢upmbl  Technicon
(puc. 8.4) uMeer npUHUHIIHAJBHO APYryo KOHCTPyKuHio. Ero pa6o-
Ta KOHTpOJMpYeTcss mporpaMMmubiM Monyaem. Kpan Perivalve or-
KpBIBA€T ¥ 3aKPHIBAET TIOTOK 3JI0EHTA 4epe3 16 TMIacTMAacCOBBLIX Ka-
NHANApoB. Kanuanspsl pacrnosoxens na TBEPJOH NMOAJNOXKKe, a Haf
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HAVM TIOMEINEHH IBa AHCKA, BpallalOWHecs BOKPYT OCH, NepleH-
AHKWIADHOH Kamwiistpa. Ilo nepumeTpy stux mmckos 3aKpenJeHbE
12 MpUBOAHBIX pPHIYArOB, Ha KOTOPBIX KpemnsTcs MO ABE YNOPHBIX
MPORKXYALKH pa3JUYHOrO JHamMeTpa, BHIGDAHHEIE TaK, YTOGHI pac-
CTOAH{E MEXAy TBEpNOH MOAJIOKKONH H KOMBLOM HAHMEHBIUEro Jua-
METpA) PaBHANOCH NHAMETPY KAMHJNAPA, & KOJbLUO GOJIBIIEro 1ua-
METDd | IepexMMa/lo KaNWIAD M NPephBajJo IOTOK 3JmoeHra. Ha
IPHBOJAHOM CTEDMKHe 3aKpelVIeHn 16 Koliell, pPeryiupyiolHx MOTOK
uepes pee 16 xamunaapos. Ilporpammumniii MOAYJb NOBOpauyHBaeT
AHMCKH Yepes oNpeje/eHHble NPOMeXYTKH BpeMmeHn Ha 30°, u npu
9TOM DHJ KOJIel, NPHXOAHT B CONPHKOCHOBEHHE ¢ KanuJJspaMy.
C nomompio cooTBeTCTBYIOLIIX NpHGOPOB MOXKHO NPOTMYCKATH IOTOK
SJ/II0EHTA yepe3 JM0GOe YHCAO KANHIIAPOB B JOGOM HNopsaKe.

Bpawaiomuecs wactu Perivalve crabxenn pANOM MHKpomepe-
KIIOYaTesel, KOTOPble PEMHCTPHPYIOT MOJNOKEHHEe KOJIell Muxkporne-
PeKIouaTeJu paGoTaloT TaKXKe H Ha LPYLHX YCTPORCTBAX H KOHTPO-
JIHPYIOT HX paGoTy, 0COGEHHO HACOCOB, HJH HAYaJO HOBOTO Xpoma-
Torpaguueckoro nukaa. Takum o6pasom KPaH 3TOT0 THIIA HCNOJb-
SYETCAd KakK AJs TMAPABIHYECKOTO, TaK H 3JMEKTPOHHOIO KOHTDOJS
3a xpomaTtorpaduueckum npoueccom. s NOAEPXKAHASA [aBACHUST
E THIAPABJHYECKOH CHCTEME HCNOMb3YIOTCA TAaKKe W Kianmansl, Ka-
IWIApHAS CHCTeMa 3aKphiTa MeMOPaHOH, NpHXHMaeMOH K KOHLLY
TpY6Ku npyxuuol. Ilocae xaxaoro NOCTYMJIEHHS XKHUIKOCTH U3 LH-
JIHHIDA Hacoca KJamaH OTKphiBaercs. Hekoroprie ¢GHupMBI-nIOCTaB~
IIHKH PEKOMEHAYIOT IJIst XOpollelf pabOThl KJIAaNaHOB MHHHMAJbHOE
TpEBbIleHHe AaBaeHus okoao 0,1 at™. B cucreMax BBICOKOro naB-
JIEHHA HCNpaBHass paboTa KJAANAHOB SIBJISAETCS npobJemMoit ocoboir
BaxKHOCTH. [yiaBHast vacTte Knanasa — mem6pauna, B KOTOpO# 3a-
Kpelied ManeHbKHH wapuk. OH pacnosiaraercs B cemse u nepexpH-
Ba€T KOMMYHHKAUHIO B THAPABJHYECKOH cHCTeMe. Beanuuny nas-
JICHHS, TIPH KOTOPOM KJanaH cpabaTeiBaeT, MOKHO YCTaHOBHTb, BHG-
PaB NOAXOAALIYIO NPYXKHHY, NPHAKHMAIOIIYIO MIAPHK K cenny.

8.3.2. . HAcoCHI

Obumee TtpeGoBanme, nmperbsBaseMoe K pabore Hacocos, — oT-
CYTCTBHE MYJIbCANHH NOTOKA, MOCKOIBbKY MY/IbCALHH MOTYT NPHBECTH
K HEXEeJaTeJbHbHIM OTKJIOHEHHSAM B MOKA3aHHAX nerektopa. Bropoe
TpeboBaHuE — NOCTOSIHCTBO [OTOKA, TAK KAK TOJIBKO TPU 3TOM
YCJIOBHH MOXHO NPOBOJHTb KaUeCTBEHHBI H KOJMYCCTBEHHBI aAHa-
au3. McnonbayeMble 1JIs H3TOTOBAeHHS HACOCOB MaTepHaabl A0JK-
Hbl GbITb XHMHYECKH CTOHKHMH H KODPO3HOHHO-YCTOHYHBLIMY,

ITouTn Bce Hacochl HOBHIX THIOB MOTYT IJIABHO MEHSITh 00DBeM-
HYIO CKOpOCTb NoAa4u 3/10enTa. OG30pHAsT CcTAThA IO NPHMeHEeHHIO
HAaCcoCOB BBICOKOTO [1aBJIeHHSI ONyGAHKOBaHa UYsnanepom u Maxk-
Heiipom [8].

4—13
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B macoce mpocrefimiero THHa* 3jI0€HT MOMEWIAIOT B CHHPAJb-
HyI0 TPYOKYy M3 HepXKaBelomlell CTaJH H BBOAAT B XPOMATOIP
CKYIO CHCTEMY IOJ AeHCTBHEM IOCTOSIHHOTO [JaBJICHHS rasa.
3JIIOEHTA 32BHCHT OT NPOHHIIAEMOCTH KOJIOHKH H JaBJeHHS raga, KO-
TOpoe Moxer gocrturath 100 atm. OcHOBHOE NPEHMYWIECTBY TaKOH
CHCTEMH — NMPaKTHYECKH TMOJIHOe HCKJIOYeHHe nyJbcaunui. B mHes-
MAaTHYECKOM, HJIH XKHAKOCTHOM YCHJIHTENbHOM Hacoce jJaBJeHue rasa
He npesbiwaer 15 atm. ['a3 naBut Ha nopiueds 60JblIOro JHaMeTpa,
COeMHeHHBIH 4epe3 TAIY CO BTOPHM NOPLIHEM MaJjoro Agamerpa,
KOTOPBIH AABHT Ha XKHAKYI0 NOABHXHYIO ¢asy. OTHolmeHue mo-
inaged nopuHed u Aaer KosbduuueHt ycuieHus. Taxué Hacochl
O4eHb YAOOGHBI [JIsi aHAJHTHYeCKHX pabor. Emoomz. B KOTOPHIX
AaBJIeHHe ¢ NepPBOro NMOPLIHA NepefaeTcss HA BTOPOH Yepes mpoMe-
KYTOUHYIO KHAKOCTb, PaGOTAOT MO TOMY e NpPHHUHIY. Im nep-
BBl MOpIUeHb AeficTByeT aaBjeHue 35 aT™, Toraa KaK BTOPOH mnop-
lieHb passHBaeT naBiaente 210 at™. MHorna nepsuiii nmopiess 3ame-
HAIOT Ha MeMOpaHy, KOTOpast OTHAeJSeT THAPABJHUECKYIO XKHAKOCTb
OT 3JII0EHTA, NOCTYNAIOWIEro B XpoMaTorpaduueckyo cucremy. Jin-
TEJbHOA CBOGOLHON OT NyJabcallufl MOAAYH MOXKHO HOGHTHCSH, He-
NOJIb3YA ABa WJH 60Jiee HACcOCOB, paboraiomux B nporusodase, Hiu
BBels B cHCTeMYy JeMndep myabcamui.

mu:vz_m é_.mﬁwwm >mwﬁw%m3m B cBoelt «Solvent Delivery System»
{«Cucrema focTaBku pacTBOpHTeNsi»), Mozean 6000, paspaGorana
MeTOJ PaBHOMEPHOH NOJA4H 3JI0EHTa C MOMOLIBIO IBYX CNapeHHBIX
HAacCoOCHBIX royioBoK. CKOPOCTh MOAAuM YCTAHABJMBAETCH MO LIKAJe
¢ ueHo# nenenus 0,1 Ma/muu B awanasone or 0,1 no 9,9 mu/mun.
Hacoc Bminyckaior B Byx Mopudukauusx ans HeTepBasa 0—
42 atm u 0—420 at™; orpaHHueHHe BepXHero npenena HaBJEHHSA
MOXKHO MeHATb oT 100 no 420 atm. CHeTeMy MOXHO NOAKJIOYATH
K NMPOTPaMMHOMY MOAYJIIO JJISl YIPaBJEHHS HACOCOM, fIO3BOJSIONIE-
MY NPOrpaMMHpPOBATL HM3MEHEHHe CKOPOCTH TIOTOKA. 3a ONHH XOX
NOpUWIHA B cucTeMy xpoMatorpada mocrymaer 0,1 Ma XHAKoCTH,
YacTora mepeMmelleHHsl MOPLIHA peryaupyercss. Hacoc omma%mcm cH-
CTeMOH, KOMIEHCHPYIOllei BIHAHHE CKHMAEMOCTH TOABHXKHOH a-
3bl. B nocsiennee BpeMs MOSIBHIMCH HAcOCH, B KOTOPHX OAHH mep-
BHYHBIH MOpIUEHb COEJAHHEH C HECKOJbKHMH BTOPHUHBIMH, MPOKAYH-
BaIOIIKMH OJHOBPEMEHHO HECKOJbKO Pa3JHYHBIX PACTBOPHTEJeH NpH
AapneHun jpo 200 atv (Durrum). IlInpuueBsie Hacochl TakXe TpH-
Crnoco6yiens 17151 paGOThl NPH BHICOKHX AaBJEHHAX, H € HX TIOMOLIBIO
MOXKHO MOJIYYaTh OYeHb CTAOHJbHBIE NOTOKH. DTH HACOCH 0COGEHHO
VAOOHEI npu HeGOJBLUIOM PacXole 3JI0eHTa, COOTBETCTBYIOLIEM 0Gb-
eMy wnpuna. Onn o6bIuHO BHITYCKAIOTCS ¢ 3y6uaToii mepenpauefi, u

* BO3MOXKHOCTb HCMOJB30BAHHS OCMOTHYECKOTO JABJEHHS B CHCTeMe MOAYH
9JIOEHTA B KOJIOHKY o6cyxnaercs B crathe llmunens E. B., Bepeskuna B, T., Ko-
aomuen JI. H,, J. Chromotogr., 202, 279 (1980). — Ipus. ped.
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B HEROTOPHIX MOAH(HKauusAX [21] ucnoabsyercs opum CKOJIb3 LR
MCXAHU3M A1 yNpaBJIeHHs HECKOJLKHMH (BILIOTH 10 LIeCTH) WINpPH-
HaMH.

Ulnpoko npumensiorcs BO3BPATHO-NIOCTYNATE/AbHEIE HACOCD
¢ ofnnN nopuHeM. OTAeNbHEIE THIB 3THX HACOCOB CHAGKEHL nJoc-
KONAPAA/NENbHEIMU HJIH UIADHKOBBIMH KJanaHaMu (LKB, Mikro-
techna) | B nacrosimee Bpems G0/bIIHHCTBO HAacoCOB HMEIOT JByX-
LIAPHKORbIC KIANAHbl CEeKUHOHHOTO THNA H CIApPEeHHbIM BLIXOHOH
KaalaH. YKHAKOCTb MPOKAYHBACTCS B peayJ/bTaTe BO3BPATHO-NOCTY-
NaTeJbHOr0 ABHXKEHHSI PYGHHOBOTO HJIH CTAaJbHOTO nopwHsa (Milton
Roy —mini-Pump», Mikrotechna micropump MC-300). Vuaorne-
HHA OCYIIECTBISIOTCA Te(JIOHOBBIMH KOJIBLAMH, KOTOpHle HauGoJsee
YAOGHB AJ1s1 paGOTHl ¢ PAacTBOPHTEIAMH, COMlepKAIMMH NHPUAHH,
BLISBIBAIOMIKA NeCTPYKuMIO pesunsl. Hacoc Beckman Accu-Flow
OTHOCHTCA K HAacoCaM TaKOTo Xe THNA H HCNOMb3YeTCS B AMHHOKHC-
JIOTHOM ananusatope Unichrom, o6ecneuynsas CKOPOCTb MOTOKA OT
3 no 160 Ma/u. ¥ storo macoca CanQHPOBbIE NOPIIEHb M KJAanaHH,
H OH MoXeT paboraTh 1o ZaBiennit 70 atm. C noMoupio JABYXHOpIL-
HeBoro Hacoca Joel ¢ TedaoHOBBIM UHJIHHADOM H NHPEKCOBHIM
HOPIIHEM MOXHO NPOKAYHBATH Pa3GaBlAeHHYIO CepHYIO KHCJIOTY 1O
AasienneM 10 30 atm. Hemocratok Ttakmx HacoCOB — NyJbCaLHs
noroka. [TosroMy muorne ¢upmsl ocHamaior XpomaTtorpags Haco-
CaMH C MHOTONODUIHEBBIMH TOJIOBKAMH, Ifle TNOPLIHH ABHXKYTCA B
npotuBogase. OGLIYHO NMPHMeHSeTCs oHA TP2HCMHCCHS C MOTOPOM,
ITO 3HAYHTEJbHO o6JIerdaeT CHHXPOHH3ALHIO pa6otel mopiuHeH.
Cnapennas cucrema c ABYXMOPUIHEBBIM HACOCOM H YIPaBJISeMbIM
PAacCIpeNeNHTeNbHEIM KPAHOM HCNOJIb30BAHA B XKHIKOCTHOM XpoMa-
Torpage ¢upm Hitachi, Perkin-Elmer, momens 034 [11]. Mpu ne-
TMOJIb30BAHAH SKCUECHTPHKOB CIEMHANbHONO BHIA TOCTHIAETCS npax-
THYECKH NOCTOAHHBIA IIOTOK 3JI0€HTA. ITpu6op paboraer Bmnors 10
Aapnenu#t 30 atm (puc. 8.5). Bo Bcex BO3BPATHO-IOCTYIIATebHBIX
Hacocax CyLECTBYeT OMacCHOCTh NMONAjaHHA BO3AyXa BHYTPb CHCTe-
Mbl. lostoMy npokauuBaemywo xupxocTs HeoGXONNMO mnpexBapH-
TeJPHO 00e3raxKuBaTh WJH B THADPABIHYECKON JHHHH Heo0X0HMO
YCTaHAB/IHBATh JIOBYIIKH MY3BIPHKOB.

IepucranpTHueckne Hacoch — 370 Hacock IJIaBHEIM  06pasoMm
HH3KOTO NaBJeHHA. Bocmpoussomumocts moroka Y HHX cocTaBasieT
okoso 1%. Hcrons3oBanne miactMaccoBoro nucka GoJbIIOrO AMAa-
METpa TapaHTHPYET NPaKTHYECKOE OTCYTCTBHE MNyJbCalmil npu He-
GosbiIol ckOpoCcTH BpameHHs. Bo MHOIHX CIy4Yasix 3TOT THI HACO-
COB NIPEATIOYTHTENIEH, TAK KaK B HHX HCKTIOUEH KOHTAKT TPaHCHOP-
THPYeMOH XHAKOCTH C MeTaJioM. O6buHbie CHJIHKOHOBHE TPY6KU
BoiiepxuBaoT g0 500 u paborhl. IlepucrannThueckne macocs me-
TOIb3YIOT KAK paclpele HTe/NH NOTOKA, eCH HeOGXOAUMO OTLENHT
JaCTb NMOTOKA B CHCTEMEe HH3KOTO JABJEHHS, TIaBHBIM obpasoM aasa
TIPHTOTOB/IEHHS PacTBOPOB H H3MeHeHHs COCTAaBA. Psjx TakHX maco-

Al
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€OB ¢ IVIABHO MEHSAIOIHMCSl MOTOKOM NpHMeHsieTcsi B npuGopef AJs
BPEMCHHOTO BKJIOUEHHS MAKCHMaJbHOH ad@eKTHBHOCTH mNpu fycra-
HOBKe pabouyedl ckopocTH. Kpome TOro, oHu mosBosisiior MeHsYb Ha-
npaBJieHne MOTOKA XKHUAKOCTH Ha oOpartHoe. Pupma LKB mpenpcras-
JifgeT IIHPOKHA HAalop TAKOro pOAa HACOCOB, Hampumep Perpex,
Vario Perpex u Multiperpex. Hacoc Vario Perpex ¢ tpy6xamu
BHYTpeHHero anaMerpa 1,35 MM jgaer norok co ckopoctoio of 0,6 10
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Puc. 85. Cxema nacoca Minimal Flow (Hitachi Perkin-Elmer) [I!].

#; ¥ P;— DHAARADE BBICOKOTO HABJeHHMs C IUIyHXKepaMH; V, H V: —knanaun; £y u E3—
9KCIEeHTPHKH, PaclnojioXKeHHHe Ha ofuiell ocH.

80 Mu/4. Tpybka pasmellaeTcsi B HepBOM KeloGKe HA MIACTHHE
< BpawaoluuMcsa AHckoM. Bropo#t kKemo60K no3BONAeT HCIOAL3O-
BaTh TPYOKH AHAMETPOM 3 MM, CKOPOCTb IIOTOKA COCTABJASCT NpHU
atoMm OT 3,2 1o 400 MJI/u npu MakKCHMaJbHOM AaBJEHHH 10 2 aTM.
Hacoc Multiperpex ¢ oazoi npuBoamoi cuctemoit fomyckaer npume-
HeHHe N0 yeTblpex Tpybok. Tpy6ka nuamerpom 1,3 MM pmaer cko-
poctb noroka ot 20 o 1200 ma/4, a Tpy6KH ¢ BHYTPEHHHM AHAMeET-
POM 3 MM — IOTOK €O CKOPOCThIO oT 70 1o 4500 Ma/u. Tn HacocH
MOTYT OCHAUIAThCS PA3JHYHBIMH NEPEeIATOUHBIMH MeXaHH3MaMH, U
CKOPOCTb IQIaBa€MOT0 HMH NOTOKAZ MOXHO 'CHHU3HTh BINIOTH 10
0,02 ma/u. IlepucranbTuyeckuit Hacoc P3 t¢upmu Pharmacia umeer
TPEXKaHAJbHYI0 CHCTEMY ¢ TPYGKaMHM CTaHAaPTHOTO BHYTPEHHETO
anamerpa 1,0, 2,1 u 3,1 MM ¢ H3MeHsieMOH CKOPOCTBIO IMOTOKA OT
0,6 10 400 MJ/u ga8 KaxkIOro KapaJja. ITepucranbTHYeCKOe ABHXKe-
HHe XKHIKOCTH 00eCneunBaeTcs AaBJeHHeM IIeCTH POJIMKOB Ha TPYO-
Ky, TIPUXKATYIO K NOKPHTOH TedoHOM miaactHHe. CKOpPOCTb MOTOKA
MOXKHO IJIaBHO MEHATb M (YTO OCOGEHHO BaXKHO) OHa MOXKeT 3ana-
BaTbCd NJd KaXkaono KaHana B npefenax or 0,6 go 400 mufu.
Kpome Ttoro, MoxKHO MeHATb HanpaB/eHHe NOTOKA XKHUAKOCTH. Hacoc

MoXer paboTaTh C MaKCHMAAbHOH H (HKCHPOBAHHONH CKOPOCTHIO
MoTOKa,

\
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Phsanunble THOB 1ePHCTAJbTHYECKHX HACOCOB BHIMYCKAaeT TaKke
¢upmp Technicon. Iponopuuonansusie Hacocht I u Il cHaGxkeHbl
23 Tpy6kamu pasnuyHoro xuamerpa. IIpermyiectso nanHO# cHCTe-
MBI CO{TOHMT B TOM, YTO TPYOKH Da3NHYHOTO BHYTDEHHEro JHaMeTpa
AMEIOT\ OIHHAKOBOe CONMpPOTHBJEHHe CTEHOK. IIpuMensiorcs Takue
Hacocwl| ¢ pasJjuyHbIMH HeaaMH. OHH IO3BOJSIIOT BBOAHTb HPOGHI
3ajaHHOro o6bema, N06aB/AAThL pas3/IMYHbIE PeareHTH, Pas6aBJaATh
o6pasunl. Co6CTBEHHO NMPOKAYHBAIOIIAS YACThb HMEET BU[ DPOJIHKOB,
3aKpensiennbix Ha Uenu (puc. 8.6) [42]. AnanoruuHas cucreMa Huc-

3

AL LSS IH IS AASAAIIY 2z
i

N S TN

— - 3 ey LCNED PN PN

B —

Puc. 8.6. Cxema nacoca Proportioning Pump (Technicon) [42].

£ — UpYKHHBI; 2 — MPHKHMHBIE TJIaCTHHBI, 3 — KaNHJNApHBe TPYOKH; 4 — HeNb C POJHKAMH.

f10/Ib3yeTcs B NEPUCTAJIbTHYECKOM Hacoce QUPME Development
Workshops Uexocaosankoit Akagemun Hayk. On umeer 8 KaHaJIOB
# peryJinpyeMyio 4-CTYNeHYaTylo NPHBOAHYIO CHCTEMY.

8.4. CHCTEMbI NPOrPAMMHUPOBAHMUS
A ®OPMUPOBAHUSA FPAJHEHTA

8.4.1. CHCTEMBI ®OPMHPOBAHHS TPATHEHTA

Pasjenenne CJIOXKHBIX CMecell MeTOAOM KOJIOHOUHOH XpOoMaro-
rpadHH B HeKOTOPBIX CJyyasx yAoOHee NMPOBOAWTb IPH TPALHEHT-
gom snionpoBanuu [6, 13, 22a, 37] (cm. pasn. 1.3.3). B nonooGmen-
HOlt XpoMmarorpaduu WIHPOKO HCHOJIB3YEeTCA MpOrpaMMupoBaHue
I0OTOKA 3JI0eHTOB H HX IPAjfHeHTa; B HacTOsllee BpeMs 3TOT METOX
6narojapsi BBEJEHHHIM B NOC/E/HEee BDeMs IPHBATHIM (asam Takxke
PUMEHSETC B XKHUAKO-KHAKOCTHOH Xxpomarorpaduu [3, 20]. Cucre-
MB QOPMHPOBAHUS TPaJHEHTa, B KOTOPbIX PACTBOPHTEJNH CMELINBA-
IOTCSt TIPH HOPMAJIbHOM JaBJEHHH, OTHOCHTEJbHO HeJOpOTH H JIErKO
H3rOTaBJIHBAIOTCS.

B HeKOTOPHIX CJyyasix pasjeseHHe Jiyulle IPOXOAUT TPH 3IKC-
noHenuaasHo# hopme rpajuenta. [lonyunTh TaKOH rpajiMeHT MOXK-
HO ¢ IOMOLIBIO COOTBETCTBYIOIIeH anmapartypsl (puc. 8,7,a). Onun
M3 pacTBOpHTeJeH MNOMeU[aloT B CMEeCHTeNlb Ry, cHaOxeHHHH Me-
mankoit M, Hacoc P or6upaerT pacTBOPUTE]b W3 NEPBOTO COCyAa H
mpoxauMpaeT uyepe3 KOJOHKY. Pacxop pacTBOpHTe]s H3 NEPBOTo
COCylla KOMIEHCHPYeTCS MOCTYIJIeHHEM BTOPOTO DACTBOPHTENA H3
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cocyna Rs. [pyrue Tunb rpagMeHTa MOXKHO TOJYYHTb, HCHOJY3Ys
ABa pas3HYHBIX cocyjna pasHod ¢opmbi (puc. 8.7,8 uau 8,7,0).
Ecnu ceuenne cocysa R Goablie ceueHus cocyza R, To bgopmu-
pyercsa rpajHeHT BOUHYTOH (OpMbl, B HPOTHBHOM CJayyae
rpaauenta Bhinyk/aas. OdyeHb yA0GEH TpPajMeHT JHHeHHOH OPMbL
(ceuenus o6oux cocynos pasubl). Takoil rpagueHT noJydamr npu
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Puc. 8.7. Ilpunuim paGotst cucrem dopmHpoBaHus rpamHenta. o

@ — 3KCTIOHGHUMAJIBHBIN IPAHEHT; 6 — BOTHYTHIA IPajUeRT; 8 — Bhl . —_

ofblunasr anmaparypa s TpajfHeHTHOTO wa.osuom%mmnn wnloaoewh_wwh.mﬂw Mu..w% mmmwmowm Wo-

CTHXEHHA THAPOCTaTHYECKOrO DABHOBECHS NPH HCNOJb3OBAHHH JKHAKOCTER HepasHON maOT-

HOCTH.

xEo *._l M*mEmaxmm w” M.uocﬁ Ri— cmecurens; R; — cocyz ¢ GydepHBM pacTBOpOM npegensHON
UEHTPalHH; S1—S; — TPEXXOROBble KpaHbl; T — COEXHHHTENbHbIE KalHJIAsapHble TPYOKH:

V — o6Bem 3a10eHTa, MOCTYNAOMEr0 H3 CMECHTeJst; CR2 — KOHIeHTpalus GydepHoro u»o._.movw.
B NpefeNbHOH KOHLEHTPAlHH B 3JIOHDYIOIEM PacTBope, MOCTYIHBIUEM H3 CMECHTEJs.

CMEIUCHAN pacTBOPHTENeH H3 cocynoB R: n R» oammakoBoro Buia,
COCIHHEHHBIX, KaK NOKa3aHo Ha puc. 8.7,2 uau d. Unorna Jyuiine
PESYJLTATEL 1deT YCTPOMCTBO THNA NOKA3aHHOTO Ha puc. 8.7, e.
Knanawer S,—S; nossossior serue no6uthes YCTaHOBJIEHH ST E.n-
PABJIHYECKOTO DaBHOBECHs! OGeHX XKHIKOCTeH Mepes Hauajom rpa-
JLHEHTHOTO 3JIOHPOBAHHUS.

Vionec [17] omucas ycoBeplieHcTBOBaHHBI BapHAHT TAKOM CHCTe-
Mb. [lpennioxennas um crereMa nosponser Jo6GHTHCS Xopoulei cra-
OHIH3ALHH KOMOHKH M BECTH 3JIOHPOBAaHHE B H30KPAaTHYECKOM pe-
XHUMe (C TIOCTOSHHBIM COCTABOM 3JI0€HTA) ¢ JHHEHHbIM rpafueHToM
KOHUIeHTPpauuH GydepHOro pacTBOpa M NPOMBIBAT B 3aK/II0UeHHe
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KOJIOHKY OTpaHH4KBalolHM GydepHbiM pacTBopoM (puc. 8.8). Ilep-
BEIl OydepHH pacTBop nomellawT B cocyibl Ry u Re. Cocyanl Rs,
R, 3anonHsIOT GydepHEIM pAaCTBOPOM MpPeleibHON KOHIEHTpalHH.
Cocyn' Ry cHaGXeH KamuJJaspoM, ypPOBeHb KHAKOCTH B KOTOPOM
noJXKeH OBITh TaKMM XKe, KaK H B rpajJHeHTHHX cocyAax Rz u Rs.
YpoBuu GydepHbIX pacTBOPOB B cocyAax R: u Rs M TrHApocTaTHYE-
CKOe paBHOBeCHe MeXIy HHMH JOJXKHB peryJHpOoBaTbCA TPEXX0o-

4 ", Ry

Puc. 88. Cucrema ana ¢$opmupoBaHHA
rpazunenTa [17].

M — Mmewanaka; P— Hacoc; R;— cOCya ¢ HC- 1 ,wﬂ
XogHHIM OydepHbIM pPacTBOPOM; R, — cMecH- R
Tesab, collepXalluit pacTBOPHTenab; R: H Ry —
COCYAH IJIfi  HOMOJIHHTENbHOro GydepHoro
PacTBOpHTeNs; S;—Ss — TPEXXOAOBbie KPaHBI; “1
T — KanuajaspHole TPYOKH. Q

MAAN

od

D

BHIMH KpaHaMu S; U Ss, KOTOpble JOJKHB HaXOAUTbCSA B YKa3aHHOH
NO3HUMM mOCJe AOCTHXKeHHsi TpeGyeMbx ycJoBHH. OQHOBpeMeHHO
yposenb GydepHoro pacrBopa B kamuanspe T cocyra Rs JomxeH
HaXOJHUThCSA B FHAPOCTATHYECKOM PaBHOBECHH C YPOBHEM pPacTBOPOB
B cocynax Rs u R4 B mpouecce crabuiu3aliy KOJOHKH C NMEPBBIM
6ydepHbIM pacTBOpOM H3 pe3epByapa R; KpaH S; H TPeXXOXOBbie
KpaHo Sp u S3, HanpaBJAIONIKEe NOTOK mepBoro GydepHoro pactso-
pa B HacocC, JO/IKHB GHITb OTKPHITH. DTa NMO3HHMS M NOKa3aHa Ha
pHcyHKe. B mpolecce H30KpPaTHYeCKOro 3JIOHPOBAHHSl MOJOXKEHHS
KPaHOB He MeHSIOTCH. B HayaJje rpagweHTHOTO 3JIIOHPOBAHHS COCY-
In R u R; coexuHsioTcs yepe3 KpaH Ss, H BCe TPH BBOJA COeIHU-
HAIOTC KpaHoM Ss. Kpan S; sakpriBaercsi, u cucreMa cocyaoB R
H R; coenunsiercss uepe3 kpaH Sy ¢ HacocoM. OXHOBPEMEHHO CO-
cya R coemunsiercst ¢ kpaHom Si uepe3 kpaH ‘Ss. Ilo okoHuaHHH
rpajHeHTHOTrO 3JI0HpoBaHUA GydepHBIH pacTBop M3 cocyza R, Ha-
YHHAEeT aBTOMATHYECKH MOCTynaTh B Hacoc. HeGospuine koauuecTsa
6ydepHOTO pacTBOpa B Kanuajaspe cocyia R4 He BAHSAIOT Ha rpa-
JHEHT.

B HexoTOpHIX CJayYasix npedNnouTHTesNeH Oosee CJIOXKHHHA rpa-
JHEHT ¢ MPHMEHEeHHEeM CHCTEMBl H3 HECKOJBKHX COOGIIAIIIHXCS CO-
cynos (Varian). Hanpumep, B xkuaxkocTHom xpomarorpade Varian



!

456 [JIABA 8 /

T

¢upm Hitachi Perkin-Elmer [11] npenycmorpeno wects crekasn-
HBIX COOOLIAWIWHUXCS COCYLOB 06beMoM no 200 MJ Kaxbli, /cHaG-
JKEHHBIX MewaJkaMu (puc. 8.9), uTo nosBossier Gosee TOHKD TpoO-
IPaMMUDOBATbL rpajueHT. JeBsiTHKaMepHAst cHcTeMa Autograd
(Technicon) [40] HCNIOJBb3YeTCSt IJIA TPAJAHEHTHOTO SJIIOHPOBAHHSA

& R & & "y s
A v
%

f{k » » M M
2]

Puc. 8.9. Cxema 6-kamepHoro yerpoiictaa Variant, nenossayemore mus NOJy4YeHHA
Tpannenta B xpomartorpade Hitachi Perkin-Eimer [40].

P —nacoc; Ri—Rs — cocyan ¢ Pa3MuYHBIMH OydepHBIMH pacTBopaMH; M — Memadnka,

T T ] T T T T T T

A1 L ] 1 1 1 ] 1 1
v 2 » 4w W e w & D w
Cymmapreli obsen, I

Puc. 8.10. Tpodus TpajneHTa, (pOPMHPYEMOTo 9-KaMepHEIM yer OHCTBO > to-
grad (Technicon) [40]. P yerp v Ao

Hexonyni Gy dbepabift pacreop, pH 2,875; koHeynmi Gydepunii pactBop, pH 5,00,

Ha OAHOKOJIOHOYHOM aMHHOKHCJIOTHOM aHanusarope. Bydepnbie
PaCTBOPB XapaKTEPHIYIOTCS CAEAYIOWHMY BeJnuuHamu pH: 2,875,
2,875, 2,875, 2,875, 3,10, 3,80, 4,60, 5,00, 5,00. Pesynbtupyomuii
TPAMHEHT nokasaH Ha puc. 8.10. upma Phoenix TaKkKe BHIYCKaeT
9-KaMepHbI rpafHeHTHDI cMecutens Varigrad [28, 30], s KOTOPOM
COCYNbl CHAGXeHB Te(JOHOBBLIMU MeMODaHHHIMH KpaHaMH H- Me-
IaJKaMH,

Hanbredmum BaxHbiM urarom g Pa3BHTHU MeTOJa I'PagHEHTHOTO
S/MIOHPOBAHHSA ABMIACH DPa3paGOTKAa HOBBHIX THIOB KDaHOB gJist
MTHOBCHHOTO COEIHHEHHS, YIpPaBJIseMBIX SJIEKTPOHHEIM MOZAyJeM.
Takne paspaGorknu HCIOJIB3YIOTC B KHIKOCTHOM Xpomarorpadge
¢upmer Du Pont. B bopmuposaresne Varipump ¢upmer Phoenix
PESyILTHDPYIOWIKA rpaguenT pHKCHPYeTes Ha BEePTHKAJbHO BpAalLalo-
luemcs 6apabame. On cayxur AJI1 YCTAHOBJICHHS HOHHOH CHJIBI H
rpannenta pH. Ananoruunas cucrema rakxe YCTaHOBJIEHA U B XpoO-
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matorpage Ultrograd Gradient Mixer (LKB) [23]. 3necy dopma
rpajienTa 3amHcaHa Ha JHMCTe TPAHHLEN YePHOTo M Geqoro moJei,
OHZ CYATBHIBAETCH (OTOINEKTPHUCCKHM JETEKTOPOM, CBSI3aHHBIM
C KpaHaMH, OTKPBIBAIOWMMH JOCTYNl B CHCTEMY H3 PasiHUHBIX COCY-
ZoB ¢ pactBoputenamu (puc. 8.11,a u 6). Takum crmocoGom mnpo-
rpaMMHpyeMoe OOBEMHOE COOTHOLIEHHe O6OHX KOMIIOHEHTOB R, u
R> sMi0upyolell CHCTEMB LOCTHTA€TCA B De3YJbTaTe H3MEHEHHS
4acTOTHl BKJIOYeHHA KaanaHoB Vi u V.. B cMmecurenbHoil kame-

Ry, %

a

Puc. 8.11. Cxema rpapueutroro cMmecurens Ultrograd Gradient Mixer (LKB) u
npoduab rpaguenra [23].

@ - ¥3MEeHEeHHe BO BPEMEHH COAEPXKAHHA DPACTBOPHTENs R, B 3JI0eHTe, NOLABAEMOM M3 CMe-
cHTeNs; 6 — cXeMa CMEeCHTeNs: PS — $0TO3/1eKTPOHHOE CKaHHpYIOIee ycTpoitcTBo; M — me-
lanka; P —Hacoc; Ry M Ry;— cocyan c¢ 6ydepHbiMH pactBopamu; V; u V,— KianaHml,

pe CK NpOHCXOAHT NONHASA TOMOTEHH3ALHS CMECH, H MOJIyYeHHBIH
pacTBop nMpoKauyHMBaeTCs yepes KOJAOHKY. Takoe o6opynoBaHue mmo3-
BOJISIET, MCHOJIB3YA COOTBETCTBYIOLUHH KOHTPOJBHBIA IPAQPHK, MPo-
FpaMMHDPOBATh TPajieHT M0G0 Gopmbl 1 moboro Tuna. Hekotoprie
rpajueHTHHEe ycrpoiicTBa ¢upMel LKB o6ecneunBaior aBTomarHue-
CKYI0 OGpaTHYIO CBf3b, KOTOPAsi BKJAKUYAeTcsd B TOT MOMEHT, KOria
CHTHA/M caMomucUa (TOIJIOWIeHHe) XOCTHIaeT ONpeAesNeHHOTO0 3Ha-
UeHHS, HanpuMeD INIPH MNOSBJEHHH NHKAa ONpeleNeHHOTO pasmepa.
B srtom cayuae cdopmuposanne sammammpoBaHHOrO rpajHeHTa 3a-
MEJISIETCS ¥ /IOHPOBAHHE MPOJOJIKACTCA B H30KPATHUECKOM PeXKH-
Me 10 TeX Mop, MoKa INOIVIOLIeHHe He CHH3HTCH HuKe 3aMaHHOro
YPOBHS, noCJe Yero 3JI0MPOBAHHE MPOMOJKASTCS B COOTBETCTBHH
C 3aIJIaHKPOBAHHON (PopMOl rpaaueHTa.

Hpyroi#l npununn GopMHPOBAHHS rpajiieHTa CBS3aH ¢ NpHMeHe-
HHeM IByX unu GoJee nacocoB. Ha puc. 8.12 nmokasana cxema me-
MOJIb3YyeMOT0 AJISl MOJYYEHHS JIMHEHHOrO TpajMeHTa MHOTOKAHAJb-
HOro nepucrasibTHYeckoro Hacoca P3 ¢upmm Pharmacia ¢ coorser-
CTBYIOIHM BCIOMOraTelbHbIM o6opynoBanueM. CKOpoCTh NOTOKA,
TpOTeKaoliero 4epe3 OAWH KAMUJIAD, MOXKET MEHSTbCS B Npefe-
Jax ot 0,6 1o 400 mu/u. YeTpoHcTBo ¢ rpafHeHTOM NaBieHHS 0GbY-
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HO KOHTPOJIHPYETCA MPOTPAMMHBLIM MOAYJIEM, YNPaBJSIOUIHM HACO-
CaMu TakK, YTOGH CO3/aBasCs MJIARHDYEMHIH rpaanent, KoMmnoHeHTH
CMECH NOCTYNAIOT B CMECHTEJbHYIO KaMepy, KoTopas ROJKHA GhiTh
AOCTATOYHO Majla W HOJIKHA O6ecneYuBaTh MOMHOE HX CMELLeHHe.
OG6B1yHO HCMOMB3YeTCS ABYXKOMIOHEHTHHI rpaguent. Ha npakruke
NPHHATO 0603HAYATh HAYAJbHBIH KOMIOHEHT Kak pacreop A, a jo-
GaBiseMblit KoMHOHeHT (GoJiee BHICOKOI KOHIIEHTPAUHH) KaK pac-
TBOp B. I'paduuecku rpamuent uso6paxaercs s BHJ€ 3aBHCHMOCTH
Colepxanua kommoHeHta b (opaunara) or aaumtesbrOCTH rpa-
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Puc. 8.12. Cxema nepucranbrrueckoro nacoca P3 (Pharmacia) xns dpopmupopamun
JHHEAHOTO rpajnenta [29].

E) — E; — anactuunme TPYGKH paBROro Anamerpa; M — memanka; P — NepHCTANLTHUCCKRR Ha-
€oc; Ry H Ry — cocyamH ¢ 6ydepHBIMH pacTBOpaMH.

AHMEHTHOTO 3JIOHpoBaHus (abcumucca). Kouerpykropckoe 6ropo
YexocnoBaukoi AkazeMun HayK BBIyCKaeT anmnapaTypy ajas ¢op-
MHpOBaHKs rpanuedta Proportional pump 68 000. YKixkocts mepe-
KaUHBALTCS U3 COCYAOB ABYMs INIYHKePHBIMH Hacocamu. B. nporec-
ce paboThl MOANEPKHBACTCS NOCTOSHHAS CyMMapHasi CKOpOCTb HO-
TOKOB, KOTOpasi 0GecleuyHBaeTCs TeM, YTo, KOTJa B npoilecce rpa-
AHEHTHOTO 3JIIOHPOBAHHA XOA NMOPWIHA OXHOTO Hacoca YMeHblIaeTcd,
XOI NMOpIUHSA NPYroro Hacoca yBesiuyHBaercst. JKHIKOCTH OPOXOJHT
4€PE3 CMECHTE/ILHYIO KaMePy, H TAKHM 06Pa3oM AOCTHTAeTCSH HOoCTe-
IEHHOe H3MeHeHHe cocTaBa. Pa6oTa HacocoB Takoro Tuma omnpene-
JIAETCA KOHTPOJILHBIM ABYXIBETHHIM IPaHKOM, Iie TPaHuIla LBETOB
ONpeAeJaser npodu/b rpajHeHTa, rpadHK HANOXKeH Ha nporpaMm-
HEA IHIHHAD KOHTPOJBHOTO yeTpoficTBa. Takas annaparypa npu-
TOAHA AJs BHIGOPA ONTHMAJIBHOTO COCTABA NOABHIKHORN ¢dassl,
TIOCKOJIbKY BHIOpaHHBle paGouHe YCJIOBHS JIETKO BOCIIPOH3BOAUMBL
AJIsl NaHHOH CHCTEMBl M MOSBOJSIOT HAXOAUTb ONTHMANbHEE yCIOBHS
AJIA_pa3nesleHHs onpelde/eHHOH cMecH.

Has nonyuenus rpaguenrta s xpomatorpagde Nester-Faust, mo-
Aeab 1200, ucnons3yercs 3JeKTpPOHHHE KOHTPOJIb CKOPOCTH mepe-
MEILEHHA KaXI0ro NOPLIHS, NPHYEM KaXIbifl MOPUIEHb NPOKATHBAET
OTAENBHHA pactBopuTedas [10]. Takas cucrema (puc. 8.13) npu-
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MEeHAETCH IPH OYeHb GOJIBLIMX [aBJeHHsAX. AHaJorHuHoe yCTpoHCTBO
BBEEHO H B AMHHOKHCJIOTHBEIH aHanu3atop {21], kotopmii paboraer
npH CPelIHHX JaBjeHUAX. B xpomarorpage %smzz Du Pont, Mo-
Aenb 830, ¢ OAHOHACOCHHIM IPAJHEHTHBIM YCTPOHCTBOM NpPHMEHSET-
¢ COelMHEHHe, NMOKasaHHOe Ha puc. 8.14. Popma rpanuenra 3a-
BHCHT OT paGoThl ABYX COJIEHOMAHBIX kaanaHoB Vi u Vs, kortophie
OTKPHIBAIOTCS TOOYEPEHO HA 3aNPOrPAMMHPOBAHHbIE NPOMEXYTKHU
Bpemen. Hacoc P nn6o npoxaunBaer pacTBopHTeaNb H3 cocyna R,
yepes kaanaH Vi B cMecHTe/bHYIO Kamepy, JHGO BHABJAHBAeT mep-
BbIM pacTBOpHTeJNieM BTOPOH H3 pesepByapa R, uepes kaanan Va

no5

Puc. 8.13. Cxema ycrpoiictea aas dop-

MHpPOBAaHHMA TpaJHeHTa, HCIOJb3yeMOro « +
B xpomarorpade ¢upmm Nester-Faust
[aj.
M — mewanka; Py u P; — nporpaMMHG yupas-
JIsieMbie MOPLWIHH; Ry H Ry— cocyaml ¢ pac- R o | »
78 ~ 2

TBOPHTEAAMH,

(cnupansHas Tpy6ka comepxkut 10 150 M pactBopHreas). I1pu6op
pabotaer npu nasieHusx 10 210 aT™ u SBJASETCH OTAEIBHONA YACTbIO
xpomatorpaga. Ilpu ncnosp3oBaHHH JuHeBHOrO TIpajHeHTa Bech
AHanasoH OT YHCTOTO pactBopuTedss A nxo yucroro pacrBopuTess
B moxer 6uith npoitnen 3a 10 mun. dauTeapHocTb pa6oTsl npo-
TPaMMbl MOXHO YBEJHUYHTbL B pe3yJbTaTe HAMOMKEHHS OTHeJbHBIX
nporpaMM jgo 100 mun. IToMuMo sMHeHHOTO IpafHeHTa MOXHO BbI-
6patb nporpaMmy, ONpeZeNsIOMYI0 SKCIOHEHUMANbHEIH rpafMeHT
H YE€ThIpe BOTHYTBIX HJIH BHINYKJBIX GOPMHI rpajuenta (puc. 8.14,6).
BriGop ontHMa/bHOrO cOCTaBa cMeCH PaCTBOPHTENEH CYLIECTBEHHO
YNPOLLEH; ¢ 3TOH UeJbIO Ha LIKaJie YCTaHABIHBAKIOT TpebyeMble KOH-
ueHTpanun xommonenra b (30, 40, 50, 60 u 70%), 1 Heo6XOLHMBILX
cocraB OyJeT MOJyuYeH yXKe yepes 4 MHH.

IlporpammaTop Mojzear 660 (Waters) KOHTPOJHpyeT paboTy
OnHOro miau ABYX HacocoB Solvent Delivery System mogenu 6000.
Bpems BHIIOJNIHEHHS rPajueHTa MOXET MeHATbCs or | Mun 10 10 u.
Havanbhas u KoHeuHast KOHUEHTpalHs, a TaKXe CKOPOCTh NOTOKA
cMecH KoMNoHeHToB A n B (Ma/Mun) 3analorcs B uudposoit dop-
Me (B BHMZe NPOUEHTHOTO COJAEPKAHHSA KOMIOHeHTa b). MoxHo
BLIOpAaTh ONMHHAJALUATb CTAHAAPTHHIX I[POIPAMM, CPEIH KOTOPBIX
SKCNOHEHIHANbHBIA TPaJHEHT COOTBETCTBYET THmaM ot hn? o n’
u or yn mo n. Iocxe 3aBepUIEHHs] UHKJAa BCe ONEPAaLHH MOTYT
OBITb BBINOJIHEHH! B OGPAaTHOM MOPSKE M MOXeT GHTL NMpOBeleHa
CTabH/IH3alUHsl KOJOHKH PACTBOPHTENEM HCXOLHOTo cocraBa. Kpome
TOTO, A/151 H30KPATHYECKOTO pPeXXHMa XPOMATOrpadHpOBaHHS MOXKeT
TpOrpaMMHPOBATLCSA CKOPOCTb 3JI0HpoBanus. IIporpammarop o6ec-
TieyHBaeT AJHTENbHOE XpaHeHHe mporpaMm. Ha BmixogHo#t xpoMaro-
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rpaMMe oTMeuaercs NapaJiiefbHO C BBIXOJHOH KpPHBOH cocTaB pac-
TBODHTEJSI H CKOPOCTb IOTOKA.

B 3T10#i xHHre He jaercst MeToia pacuera rpagueHToB. Cocras
9JII0EHTa NPH JIHHEHHOM TPaJiHeHTHOM 3JIOMPOBAHHH JIETKO PacCyH-
TaTh N[O INapajienorpaMMaM, KOTOPDHIMH (opMa rpagHeHTa mnpel-
CTaBJIeHa HA BBIXOJHOM JeHTe camonucua (xpomarorpamme). Ilox-
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Puc. 8.14. Cxema yerpoiicra 4415 GOpMHPOBARHS IpafKeHTa, HCHOJb3YeMOTo B Xpo-
marorpage ¢upmu Du Pont, n npodunu rpaguenta [6].

@ —cxeMa ycrpofictBa: M — memanka; P — Hacoc; R; — eMKOCTL ¢ 6ydepHBIM pacTBOPOMj
Vi m V; — knanansl; 6 — npoduiu rpaguenTos.

GOpKY ypaBHeHHH AJf pacyeTa ADYrMX THNOB TPagHEHTa MOXKHO

HalTH B 0G30PHBEIX CTATBAX, HanpuMmep [25, 26
Jlureany u Tokana [22a]. pimep | 1, mn B moworpagpmy

8.4.2. NOJHOE NPOrPAMMHPOBAHME

IIporpaMMHO ynpas/seMoe BHINOJHEHHE onepaundi OTAeNbHBIMH
6JI0KaMu anmapaTyphl ABJASETCS HeOGXOAHMBIM YCIOBHEM aBTOMATH-
SallMH, H B NOCJEAHEM pa3feJie 0 IPaIHeHTHOM 3JTIOHPOBAHHH MbI Pac-
CMOTDHM HEKOTOpble NPHMEphl TAKOro ynpasJeHHs. B mpocreiimem
Cllyuae CHTHAJIBI, yNPaBJAIOLIHEe PA6OTOH OTAENbHBIX (YHKIHOHAMb-
HBIX €JMHHL, XpoMaTorpada (HacocoB, KPaHOB, PEryJAsTOPOB TeMIle-
PaTyphl), 3a1aI0TCH MEXAHHUECKUM 3aMBIKAHHEM KOHTAKTOB IO IIe-
PUMETpPY NHCKa, BpalllaeMOro MOTOPOM C OCTOSHHOM ckopocThio. [Ipu
POrpaMMHPOBAHHE  ONHOPYHKUHOHAIbHOH pPaGOTHl IpaAHEeHTHOTO
IIpOrpaMmaTopa MOXHO HCIOJNb30BATb ONMCAHHBIA Bbllle TpadHK
KOTOphIH CUATBIBAETCS (DOTOJEKTPHUECKHM [ETEKTOPOM, eoczxu
PYIOIIHM aHAJNOTOBBIH CHIHAJ TO ONpeNeNeHHHM TIpaduKOM yciIo-
BuAM. llnkiuyeckas paGora anmapaTypw NpOrpaMMHpPYyeTcsl merJe-
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06pa3HbIM IATYHKOM nporpammbl. B mporpammarope ¢upmnu Tech-
nicon ucmoJb3yercs nerieofpasHas rHOKas JieHTa THIA KHHOJEHTHL.
Ee serko nmepdopupoBath TpebyeMbiM 06pasoM H, TakuM o6pasoM,
3ajath nporpamMmy TpebyeMoro BuAa. B mpouecce nepemelleHHsE
JIeHTHl uepe3 MPHEMHHK TrOJOBKAa MHKPONEPEKMI0YaTeNst BXOIHT
B neppopamuio H (OpPMHUPYeT 3JeKTPHUECKHH CHIHAJN YNpaBJEHHSE
APYTHMH MOAYJSMH Xpomartorpada, HampHMep NepeKaloueHHe ne-
PHCTa/JbTHYECKOr0 Hacoca Ha cJelylolu# mar. [JJuHa neTiu Bbi-
GHpaercss B COOTBETCTBHH C JJIHTeNLHOCTBIO aHAMHTHYECKOrO UHKNA,
B TeueHHe KOTOPOro Heo6XoauMO cHOPMHPOBATH HECKOJIbKO HMIIYJ/ib-
COB yNpaBJ/eHHA.

B HekoTOpele xpoMaTorpadbl BMOHTHPOBAHH CHCTEMBI OTCHETA
BpeMeHH, paboTalolliie ¢ CHHXPDOHH3HPYIOLIEH 4acTOTOH, TaK 4YTOr
B JI060H MOMEHT MOXHO YCTAaHOBHTb, CKOJBKO BPEMEHH IIPOILJIO:
C HauaJa lpolrecca. B HEKOTOPHX cJyyasx ONOPHAs 4acToTa CTa-
OGUJIM30BaHa KBAPUEBHIM reHepaTopoM. Pdan BpeMeHHHIX nepekJooua-
Teseldl OGLIYHO TOAKJMIOUEH K CHCTEME OTCYETA BPeMeHH, Kax bl H3
HHX ynpaBjisieT oTAelbHOH GyHKuMel xpomatorpada. Takas cucre-
Ma NpOrpaMMHpPYeTCsl CTAaHAapPTHOH KacceTOH ¢ ONpeleseHHBIM YHC-
JIOM KOHTaKTOB. Kaccernl cojpepXat onpele/eHHYI0 aHAJHTHYECKYIO:
NpOrpaMMy, H HX MOXHO 3aMEHSTb B COOTBETCTBHH C BBIOpaHHOI
aHaNuTHYeCKOM meTonuKoM. Ha oraeapHOM JnMGe yCTaHABAHBAGTCST
BpeMs, B KOTOpOe HOJIKHA OHITh BKJIOYeHa ONpelesieHHAsh OTAeJb-
Hass ¢yHkuus xpomartorpada. CneummasbHble THIOB KacceT OCy-
ILECTBJASAIOT NOJHBIY KOHTPOJb H aBTOMAaTHYECKH BHPalaThIBaOT
HMIYJbCH AJsi KoMIbloTepa. HekoTopble mporpaMMHpyeMbie CHCTe-
Mbl paboTalOT ¢ MHOTOJOPOXKEUHBIMH THIAMH THOKHX JIEHT H SIBJfA-
I0TCA YacTbl0 CTAaHAAPTHOro 06GOpYNOBAHHA pAga XxpoMmartorpados.
HX oCcHOBHOE MPeHMYLIECTBO — JIETKOCTh BhI6opa mporpamm. [lasb-
Helilllee VCOBEPLIEHCTBOBAHNUE MPOTrPaMMAaTOPOB NPHBEIO K IOSBJE-
HHIO anmapaTyphbl, B KOTOpOH oGbelHHEHH NPOrpaMMarop, aBToMa-
THYeCKHH KOHTpoJsep QyHKuuii xpomaTtorpada u KOMIbIOTEp; BBO-
auMble paBoune mapameTpsl npeo6pasyioTca B LHGPOBYIO dopmy W
HHIHUHPYIOTCS Ha KOHTPOJDbHOH MaHesH.

B GosblIHHCTBEe NMOCAeIHHX pa3paboTOK MJIA MOJHOTO KOHTPOJS
CHCTEMH M YNPOLIEHHs Tocaeayoumel o6paboTKy pesyIbTaTOB NMPH-
MEHSIOTCS MUKPONPOLECCOPH.

8.5. AlIMMAPATYPA IUJIS1 BBOIOA OBPA3IA, HIMNPHULBI
U XPOMATOTPA®HYECKHE KOJIOHKH

8.5.1. CHUCTEMBb! BBOJIA OBPA3IIA M LINMPHILBI

B nosnnaunanusatope ¢upmu Technicon nas BBoma npobbl cme-
celi aMMHOKHCJOT NPeLyCMOTPEH CIelHaJ bHbIH [AHCK, MOJA0GHBIT
KpyrosoMy koJutektopy dppakuuii. Ha 3TOM nucke no ero nepuMerpy



462 TJIABA 8 -

ABTOMATH3ALHA PABOTBl KOJIOHOK 463

pacnonoxennt 80 pepxaTenel B BHAE MAACTMACCOBHIX HaTPOHOB,
B Hux noMewenn wHeGoaburHe KoMoHKH ¢ HOHOOGMEHHHKOM B
H*-gopwme, B koToprie BBeneHM 006pasunl HecseayeMux cmeceii. Ko-
JIOHKH 3aKDPHITH ¢ 06eHX CTOPOH MOPHCTHIMH npoxaajakamy. Ilocsue
KaXJ0ro noBOpOTa AHCKAa KOJOHKH C OZHHAKOBBIMH o6pasnamu
TI€peMeInaloTcs MexXAy BBOAOM 6ydepHoro PacTBopa M roJIoBKOi
KOJIOHKH. Bce yacTtu cxumaorcs ApYr ¢ IPYroM, H Takoe coelHHe-
Hue BhilepxuBaer AaBienne 28—35 atMm. Bmecre ¢ fIOTOKOM G6y-
<depHoro pacteopa obpasen, nocrynaer s KosnoHKy. Kosonku ¢

Puc. 8.15. lllectuxonosof KpaH ¢ neryielt ans o6pasra.

@ — 3anoNHeHHe NeTNH 06pasLOM; 6 — NepeBox o6pasiia B KOJIORKY; ] — 3JCeRT; 2 — KOJOH~
Ka; 3 — o6pasen.

HOHOOOMEHHHKOM MOXHO MCHOJIb30BATh noBTOpHO. Axcop6upoBan-
HBI€ AMHHOKHCJIOTH, BKJIOYAsl METHOHHH H THPO3HH, B TaKHX ycao-
BUAX He passaralorcs. s cepuBHBIX aHANH30B ¢ KOPOTKHM pabo-
BM IHKJIOM C yCexoM NPHMeHeTCH YCTPOHCTBO AJsl BBOLA IpoGH
¢upmel Technicon, ¢ nomomupio KOTOPOTO MOXHO NOAABaTh B KOJOH-
Ky 10 200 Xuakux o6pasnoB. drtu 06pasubl noMelmawTes B maacT-
MaCCoBbIe COCYABI HAa KPYIJIoM JHcKe. Uepes ompexeneHnbie HHTEp-
BaJbl aBTOMaTHYeCKHH cHOH oTGHpaer Tpe6yeMHil 06bem o6pasia
M3 NPOGHPOK H BBOJAHUT €ro B AHAJITHYECKYIO yacTb mpubopa. Ilo
OKOHYAaHHH 3TOH oNepaluH AHUCK CABHTAeTCS Ha OHY NO3HUHIO, H
annaparypa CHoBa rotoBa K 3abopy cJaexyiouero o6pasua. B apy-
TOM MeTolle BBOAZ MPOGHI NOCTOSIHHOTO 00bEMa B KOJIOHKY HCIIOJIb-
3YETCA HeTasl U3 TeJIOHOBOrO Kanmuuisipa. I1ocKOMbKY 06bem mer-
JI He MeHsdercs, NpH TakoM criocoGe BBOAA He TpeGYeTcsh TOUHO
H3MEpPATH 06beM BBOAUMOTO 06pasua. O6pasew BBOAUTCH B KaHI-
JIAp UINpHIEM, n 06beM 0o0pasua orpaHHYeH O6BEMOM MeT/H, 3a-
KPEIJIEeHHOH B XpaHe-mepergoyatene. O6HYHO 3TO LIeCTHXONOBOH
Kpau [35]. ITpunuun pa6oTsl Takoro KpaHa NOKasaH Ha pwuc. 8.15,
B nepsoit nosuumn (puc. 8.15, @) Kanuwaasp 3amnojHsercs npo6oil.
Haunee xpan nosopauuBaercss ga 60° (puc. 8.15,6), u B 3TO# MO3H-
1HH obpasell BBORUTCS B KOJIOHKY NOTOKOM GydepHoro pacrsopa.

Taxum 06pasoMm, B MOMeHT BBOJAa 06paslia npoxosIuui n%mw xpo-
maTorpauueckyio cHCTeMy NOTOK He mpephiBaerca. Pupma Durrum
MOCTaBJseT WIECTHXOAOBLIE KPAHbl BBHICOKOI'O NAaBJEHHs [Js BBOAA
obpasua, paboraioouve npu AapieHuax go 70 atm. B atux kpanax
HepXKaBelowias crajbp 316 3aMeHeHa Ha cnjaB kapneHTep 20, Ko-
TOPHIH MMeeT ellle JIyYyllHe CBOHCTBA, H HCNOJb30BAH HANOJAHEHHBIA

5

2

Puc. 8.16. Kosonka ¢ cucreMofi BBOZA.
1 - 310€HT; 2 — KOJOHKa; 3 — ynJoTHeHHe; 4 — rafika; 5 — npokaagka.

KepaMuKoil TedJsioH, MuHEManbHbI# 06beM BBOAKRMOH npOOH COCTaB-
asier 10—12 Mka; o6beM BBOAHMOTO 06pasia MoXKeT MeHATbCS npu
H3MEHEeHHH JJIMHBI Kanujispa. Takue KpaHH JIeTKO IEPEKAI0YAIOTCS
WIH yNpaBAsiOTCs aBTOMaTHYeckH. PaspaGoTaHsl wvmmw_m vuooﬁ:o..
IHKe npH AasiaeHHAX no 350 arm [35]. Pupma Z_Onoam rics :%Smm

JseT ycTpoficTBa AJs BBOJA MHKponpo6 o6bemoM 1, 2, 4 1 8 MkiI.
Iletns pas BBoma Takoro o6pasla mokazaHa Ha pHc. 8.3.

B apyrux cucreMax o6pasib NOMeEIIAOTCA B ameaomo_wzx Ka-
NHAAAPAX, HABHTHIX HA QOPMY B BH[Ie BePTHKAJIBHOH CNHPANH HIK
PACNoJIOXKeHHBX B BHIEe ABYXCNOAHOH TOPH3OHTANBHON CHHPAJIH.
B 31HX Ramuanspax npo6bl 3allMIIeHHl OT BO3LefCTBHS KHCJAOPOZLA.
BO3ayxa W GakTephil. ABTOMaTHYEeCKHe aHAJH3aTOPH COAEpPXKAT mm-.
CKOJAbKO Takux kKamuausipoB. Hanpumep, ¢pupma Beckman shimyc-
KaeT ycTpoiicTBo 1Js BBojAa npob (mozenan 121) 72 oovmw:omwwmw
o6pasubl TIOMellleHE B OOUIHA XOJOAMJIBHHK H XPaHATCA TNPH .
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Hs3 kannanaprex pesepsyapos 00pa3usl BBOAATCS HACOCOM B Mep-
HYIO KaNUIIADHYIO TPYOKY HA IUECTHXOZ0BOM Kpane. OmmGKa npu
TakoM cnocobe BBOAA MpoGHl cocTaBisieT TpuMepHo 1%. ITpu pa6o-
T€ C MAJeHbKHMH aHANHTHYECKHMH KOJOHKAMH  HCHOJB3YeTCs
YCTPOHCTBO MJIs BBOAA TPOGH, MOKA3aHHOE HA puc. 8.16. O6pasen
‘©00bEMOM B HECKOJIBKO MHKDPOJHTPOB BBOAHTCS HEMOCPEeACTBEHHO
B KOJIOHKY npu nomouwy wmnpuua (Hanpumep, dupmbi Hamilton).
Hrna npokansiBaer mpoknaiky u BBOguTCS [0 Tex HOp, MOKa He
KOCHETC (DHABTPA, PACIOJONKEHHOIO HENOCPeACTBEHHO nepex yma-
KOBOuHBIM MartepnasioM ([4]. Ilpoknanka (cemntym) msrorasiusaercs
H3 CHIMKOHOBLIX NoJM#MepoB THNa G6yHa N, BuToH mau EPR. Hemio-
XHE DE3yJLTATH AAET HCIOMb30OBAHHE NPOKJIAJKH H3 HEONPEeHOBOil
DESHHDI, YCHJIEHHOH H2HIOHOBBIM KOPJOM M MOKPHLITOH TedJIOHOM.
Jns BricokHX paBienni#t BmIoTh g0 420 aT™ paspaboransl cleny-
4JbHble WNpHUel, Hanpumep Hamilton HP-305N u Precision Sam-
pling B-110. Ecin HanoJHHTeNb B KOJOHKE 3aKpHT ¢ 00eux CTopoH
TIOPHCTHIMH POGKaMH, 06pasel, BBOAAT HENOCPELCTBEHHO HA BXOL-
Holt uabTp. O6pasem mocrynaer B KOJIOHKY 1104 BO3JAeHCTBHeM
fI0OTOKa TIOABHKHOH (ase. B xpomatorpadax, Bhmyckaembix ¢dup-
Mamu Hewlett-Packard, Packard-Becker u Siemens, ucmosmbayercs
HOBafA METOAMKAa BBOAA 00pasla; OHM CHAGXEHBH CcHenuabHbIM
YCTPOHCTBOM AJIst BBOZA NMPOGH 6e3 centyma.

8.5.2. TUNBI COBPEMEHHBIX XPOMATOIPA®HYECKHX
KOJIOHOK

THOb B pa3Mepbl KOMOHOK MEHSIOTCS B 32BHCHMOCTH OT YCIOBHH
4HaJu3a K CBOHCTB YIIAKOBOYHOro Matepuana. Touno KOHTPOJIHpPYe-
Masa TemMnepaTtypa pasieeHHs YJAY4YIIAeT BOCMPOM3BOLHMOCTb. Ilo-
STOMYy KOJIOHKH MNOMeWIaloT B Py0allKy ¢ LUPKYJHPYIOUIeH BOLOI
MJIH, €C/IH KOJOHKH He(oJIblINe, B BOASHYIO 6aHIO HJIH Jaxke B Heub
€ IHPKYJIHPYIOIIUM TOPSIYHM BO3LYXOM.

B knaccuuecko#t KuAKOCTHOH Xpomarorpaguu, Kaxk mnpasuJo,
TIPAMEHSAIOT KOJOHKH AnaMerpom 8—I12 mM. ITo mpakTHueckum co-
00paKeHHsIM [IJIMHA HX COCTaBJseT 06buHo 50—100 CM, a BHYTpeH-
HHHA HaMeTp OnpeleseTcs (pH3HYECKHMU NapaMeTPaMH axcopben-
TOB. [lHaMeTp aHANHTHYECKHX KOJOHOK paBeH 1—6 mm [39]. Ecau
pabouee paBieHHe He npesbimaer 70 aT™, 0GBIYHO OPeANOUYTHTE b~
Hbl CTeKJIAHHble KOJIOHKH. Ecim paGouee naBieHwe 6/HIKO K yKa-
SaHHOMY, TO CTEKJsHHbBE KOJOHKH MOMEILAIOT B PYGalIKu H3 Hep-
Kapewowed craan. as ouenb BBICOKHX [HaBJeHHH HCIIOJb3YIOTCS
KOJIOHKH H3 HepXKaBellled CTady ¢ TOYHO BHIAEDPKAHHBIM JHAMET-
pom. O6bIYHO OHH UMEIOT GOPMY TPYGKH, HO SKCIIEDHMEHTHl TOKa3a-
JIH, uT0 TPYGKH MOXKHO CBepTHIBATH B CNHPaJb HJIH crubaTh, mMo-
CKOJIbKY 90 (EKTUBHOCTb KOJNOHOK NPH 3TOM He CHHXKaercs. Takue
KOJIOHKH CJIeyeT yNaKOBHIBATH CYCNEH3HOHHBIM MeTOZoM. CopGeHT

ABTOMATHU3ALIMS PABOTbI KOJIOHOK 465

C yacTHuaMu pasMepoM 5—10 MKM YHaKOBHIBAIOT CYyCIEH3UOHHBIM
METOAOM B KOJIOHKH - AauHofi 15—b0 cMm. Takue KojoskH Gosee
3¢ $eKTHBHBI, HO THAPOAMHAMHYECKOE CONPOTHBJIEHHE ¥ HHX 3HAUH-
TeNbHO Buille. KoJIOHKH, HCNOJAB3yeMble NJS aBTOMATHUECKHX aHa-
JIM30B, B HacTosllee BpeMs HauGoJee yHHOuIKpoBaHH [8]. Pasany-
Hble UPMBI CTAHIAPTH30BAJNH AHAMETPHl KOJOHOK, B YACTHOCTH KO-

~

Puc. 8.17. ¥YnJaoTHAWOMMA HAKOHEYHHK
"KOJIOHKH. :

a — BepXHssi 4acTb; 6 -—— HHXHAA YacTb; [ —
KOJBLO M3 HeoNpeHa;, 2 ~~ JAUCK H3 NOPHCTOro
TedyoRa,

Puc. 8.18. BrABHXHO! HaKOHEUHHK KO-
JIOHKH.

1 —raflka pyGamKHM KOJOHKH; 2 — BpaInaio-

uasca rafka; 3 — TedNOHOBHA NoOplieHb; 4

H 4; — ynJoTHsOWHYe KoJabKa; § — AHCK H3
nopucroro TedaoHa.

JOHOK, noMelaeMuix B pyGaiiky. CoBpeMeHHAS TeXHOJOTHS IO3BO-
JIIeT M3rOTaBJHBATH CTEKJISHHBIE KOJIOHKH € TOUHO BhIIEePXKaHHBIMH
BHYTPEHHHMH AMaMeTpaMu o6biuso 4, 6, 9, 12 win 25 mMm u pau-
Hoit 150, 300, 600 msau 1000 mm. Ouenp yacTo KOJOHKH CHAGKeHBI
VIUIOTHEHHBIMH pyOalllkaMH, BepXHHE M HUXKHHE KOHIEBHIE COEJHHE-
HHS KOJOHOK HIEHTHYHBI U HMEIOT BHEUIHIOW pe3nly.
Xpomartorpaduyeckue KOJOHKH KOHCTPYHPYIOT Tak, 4TOGH MepT-
Bhlit 00beM Obl MHHMMaJbHHIM. B mpocrefimieli Mopudukanus mo-
JOXKeHHe YIUIOTHEHUH Ha 000HX KOHLAX KOJOHKH — BePXHEM H HHK-
HeM — (DHKCHPOBAHO. JTH YIVIOTHEHHS OOBIYHO BHINOJIHEHH k3 Ted-
JIoHA ¥ CHa0XeHbl KaHABKOH IJIsl IJacTMAacCOBOTO KOJbIIA, KOTOpOe
NoMelAaT BIVIOTHYIO K CTeHKaM KoJoHkH (puc. 8.17). Hekoropnie
YIJIOTHEHHs] BBINOJIHEHBl TaK, YTOOB OKOHYaTeJbHAasl DEryJHpOBKA
NPOBOAMJIACE OJHOBDEMEHHHIM OO6XKHMOM ¢ OGEHX CTOPOH M YTOGH
KOJIOHKA CPa3y YIJIOTHSJIACh MOJHOCTHIO. BHH3Y KosIOHKH moMmemia-

5—13
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I0T QHIBTP, KOTOPHHA NPENsTCTBYeT BLIMBIBAHHIO ajcopbeHTa H
oGecrneyuBaeT PaBHOMEPHLIH MOTOK 3JI0eHTa. OUALTP BHINOJHEH H3
HOPHCTOro Te(JIOHA ¢ ONpe/leIeHHBIM Pa3MepoM Iop, TO3BOJISIOLLHM
VAepXHBaTh aAcopbeHT ¢ yacTHIaMH pa3mepoMm 1o 5 Mkm (Hamil-
ton). Muoraa mcmosmbsylorcsi QUIALTPH H3 MOPHCTOTO CTEK/a HJH
A7l OY€Hb BBHICOKHX AaBJIeHHH — (QHALTPH U3 HepIKaBeIOWIeH CTAJIH.
B nexorophix cayuasix B KOJIOHKY NOMELIAIOT MOPHCTEE MeTaJlIHye-
CKHe AHCKH (GpHTTH), Takke He NPONYCKAOIHe YAaCTHUH pa3Me-
pom 10 5 MM (Hamilton).

B HeKOTOPBIX THMAaX KOJIOHOK BEICOTY CJOSl afAcop6eHTa MOXKHO
0 KeJIaHHIO MeHAThb. JlHaMeTpPHl BBOAA M BBIBOJA Y TAKHX KOJOHOK
OAXHHAKOBH (pHcC. 8.18), U MOPIIHK ¢ MOPHCTHIM JIHCKOM MOXKHO Ile-
peMemiatp Ha paccrosnde go npumepHo 10 cm. CucreMa KOHIIEBHIX
CoelHHeHHH obecneyrBaeT 3aKpemsieHHe Te(PJIOHOBHX KalHIAAPOB
KaK Ha BBOJe B KOJIOHKY, TaK H Ha BbBoJe u3 Hee. Hekoropme
(QHPMEI OCTaBJSIOT KOJOHKH H3 HepXKaBelolled CTaJHu, NpejiHa3Ha-
YeHHble JJf XPOMAaTorpaduy NpH BHICOKHX AABJEHHAX, yXKe 3aM0J-
HeHHBlE aJCOPOEHTOM, 3aKpeNJIeHHBIM ABYMs GHJIbTPaMH TaKxKe u3
HepxaBeomwen cranu. IToakM04aOT X K THAPABAHYECKOH CHCTEMe
C MOMOLUBIO METANIHYECKHX KaNHJJISPOB.

8.5.3. YNMAKOBKA XPOMATOIPA®HYECKHX KOJIOHOK

PasButne xpomarorpaduu NpHBeNo K NPeHMYLIECTBEHHOMY HC-
N0/Ib30BAHHIO COPGEHTOB C OJHHAKOBHIM Pa3MepOM YACTHIl H C JIHA-
mMerpoM vyacTun MeHbiue 10 MkMm. Hekortopble amcopGeHTH Taxoro
THIIA MOXHO YNaKOBBIBATb B KOJIOHKY B CYXOM COCTOSIHHH. UToGHI
ciofi azcopGenta 6blT OXHOPOJIHBIM, KOJOHKY 3aKPHIBAIOT CHH3Y H
IOMEIIAIOT B YCTAHOBKY AJs1 yNaKoBKH. B mpouecce 3amn0JIHeHHS
KOJIOHKa MNepeMellaeTcss BBePX — BHHU3 ¢ TPeOyeMbIMH aMIIUTYOM
H yacTtoTod. CBepXy Ha KOJIOHKY NOMEIIAIOT BOPOHKY, B KOTOPYIO H3
COCyAa C Y3KHM BBIBOAHBIM OTBEPCTHEM INOAAETCS aAcopOeHT.

HekoToprie ancopGenThl BBOAAT B KOJNOHKY B BHIE CYCIEH3HH.
ITockonbKy CKOpOCTH OCaMIEHHS MaJeHbKHX YaCTHIL OYeHb MaJja,
MOXHO HCIIO/1b30BaTh AHHAMHYEeCKHA MeTod ynakoBkH. CycmeHsHio
NOMeWaT B pe3epByap, H MOJABAeMBIH MO HaBJEHHEM 3JIOEHT
HNPOJaB/JHBaeT €€ B KOJOHKY, CKOPOCTb IIOTOKA 3JIIOEHTZ MOJAXKHA
ObiTb 6oJiblile CKOPOCTH OCaXKIEHHS YacTHL. DKCTepPHMEHTH MOKA-
3aJiM, 4TO ynoGHee BCEro NMpH 3aNOJHeHHH IOJb3oBaTbes U-o6pas-
HOH TPYOKOH, OHO KOJNEHO KOTOPOH CJIYKHT pe3epByapoM Aas cyc-
NEH3HH YACTHIL H XKHAKOCTH aAcOPOeHTa, a BTOPOE KOJieHO [0ICOeAH-
HSAETCA K 3aMOJIHAIEMOH XpoMaTorpadpHuecKof KOJOHKe, TaK 4TO Cyc-
NEH3Hs NOCTYMAaeT B Hee CHU3Y. B HEKOTOPHIX ClyuasiX KOJOHKH 3a-
NOMHAIOT clelyiolluM o6pa3oMm. CycneH3ulo 3arpyXawT B IHJIMH-
ApHYECKHA COCYN (ZHaMeTpP KOTOPOrO HECKOJBbKO GoJjblle, uem
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Y. BOPOHKH) H BHJABJIHBAIOT B KOJIOHKY, NOACOEAHHEHHYIO K 3TOMY
€OCyly CHU3Y. MeTOAH ymakoBKH KOJIOHOK NOAPOGHO paccmatpuBa-
forcs B arTepatype ([ 19, 27, 34, 36].

8.6. IETEKTOPBI

OueHka pesysabTaToB XpOMATOrpaHYeCKOro pasieseHHs MyTeM

aHaJH3a OTAENbHEIX (pakKUHi — NpOIeypa OTHOCHTENbHO MeLJIeH-
Hasl, O1HAKO OYEHb YacTO TONBKO TAKHM METONOM MOKHO HOJIYYUTH
BaXHYI0 crnenuduyeckylo uH)OpPMaUHIO, a ecau aHaJH3UPYIOTCH
PajHOAKTHBHbIE MATePHAJbl, TO H HOBBICHTH YYBCTBHTEIBHOCTL OG-
HapyxeHnHs. Hallle Bcero mcnosn3yercss aBTOMAaTHYECKAs peruacrpa-
LH5 npouecca pasfieNIeHHs! NETeKTOPOM, NAIOUIHM HA BHIXOJLE 3JIeK-
TPHYECKHH CHTHAJ, HHTEHCHBHOCTD KOTOPOTO INpONMOPUHOHAJNBHA
KOHIEHTPAUKH aHAJHSHPYEMOTO COeIHHEHHS. ITHM IKe MeTOLOM
MOXKHO NPOBECTH KOJIMYECTBEHHOe ompenenenne. O6HAapyxeHHe Co-
€JUHeHHH B XHAKOCTHOI XpOMAaTOrpaduu npoBOXHTCSH PAa3MHYHBIMH
cnoco6amMH. MHOMHe MeTeKTOPHI OLEHUBAIOT pasyinyHe B XapakTepu-
CTHKE aHAIH3HPYEMOro COeAHHEHHS H 3JIIOeHTa. B wacTHocTH, 5TOT
TIPARLHI TIONIOXKEH B OCHOBY CNEKTPODOTOMETPHYECKOTO JeTeKTHPO-
BaHHA B YJAbTPa(HONETOBOH, BHINMON H HHpPaKpacHO# o6sacTsx.
JleTeKTOpH HeceseKTHBHOTO MefiCTBHS H3MepAI0T NOKAa3aTeJNH Inpe-
JIOMJICHHA, IPOBOAHMOCTb WJH JH3JEKTPUUECKYIO NPOHHLAEMOCTb
IPH TINATEJBHOH TeMOepaTyPHOH KOMIIeHCAIHH pabouell sueiiku u
sYelKH cpaBHeHHA. B HeKoTOpBIX THnax JETEKTOPOB pPacTBOPHTE/b
JIEPEN BBOJOM COCNMHEHHS B PETHCTPHPYIOWIKI 6JI0K yaansiercs (na-
TIIPUMeED, N/IaMEHHO-HOHH3AUHMOHHBIH NETEKTOP C IOABHUKHOM Harpe-
Baemoit JieHTo#). KoHcTpykius CNIEKTPOPOTOMETPHUECKHX HETEKTO-
POB 471 BBHICOKO3(h(DEKTHBHON XKHIKOCTHOMN XpoMarorpadpuu (oco-
GeHHO YJIbTPadHOIeTOBOrO a6CcopOUHOHHOrO H pedpakTomMerpuue-
CKOro [1eTeKTOpOB) Xopowlo paspa6orana. Ecam mas paGoTH
C OJHOH KOJIOHKOH 06beIHHSIOT nBa AEeTEeKTOpa, TO CHAvYaJa ycra-
HaBiuBawT Y@-1eTeKTOp, a 3aTem pedpaKkTOMeTpHYECKHH HeTeK-
TOD.
Kakoit 6Bl MpUHLKN NeTeKTHPOBAHHS HHU HCIIOJIb30BAJCA, 06beM
KHIKOCTH MeXJYy BBIBOJOM H3 KOJOHKH H BBOJOM B AYEHKY JeTex-
TOpa BCeraa NOJKeH OHTb MHHHMAJbHBIM. ITOCKOMBKY ¢ yBeJiHue-
HHEM o0beMa NPOTOYHOH SueHKH JE€TEeKTOPa YYBCTBUTENBHOCTBL 06-
HaDyXEHHSI BO3pACTaeT, a paspellieHHe YXYAIIAeTCs, TO OGBIYHO
BHIOHPAIOT ONTHMAaJbHBIH BapuaHT. B JHTEpATyPe ONHCAHA KOHCT-
PYKUHSA NPOTOUHEIX siyeeK XBYX THNOB — Z- u H-tuna {9, 14]. Yys-
CTBHTEJIbHOCTh NPHGOPA YBENHYHBAIOT MHOTHMH CHOCOGAMH, HO npH
STOM BCETAa HCMOJB3YIOT PA3JIHUHE B CBOHCTBAX 3JI0EHTA M 3JI0ATA,
C noMompIo pasHOro poja VCHIHTeNdeH MOXKHO 3HaYHTEJbHO YBe-
JIMYHTE OTHOUICHHE MOJIE3HOTO CHTHAJA K IIyMY.

--.:Iv’
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CnekrpodoToMeTpHUECKHEe METOAB 06ECNEYHBAIOT BHICOKYIO CTeNeHb
CeJIeKTHBHOCTH H YYBCTBHTEeNbHOCTH, OHH He CJAHIIKOM CHJABHO HOf-
BepKeHbl BJAUAHHSAM H3MCHEHHs TeMIIePATypPhl HIH CKOPOCTH IIOTOKA.
B nByxayuesom nmpubope Jyd onmpegeseHHOH JJIHHBI BOJHBL pacluen-
JISETCS TMOJYyNpo3payHbiM 3€PKaJIOM Ha [IBa JydYa, OJHH H3 KOTOPHIX
IPOXOAUT Yepe3 CPaBHUTENbHYIO s4ellKy, a BTOpoH — yepe3 pabo-
uyIo, nocJe yero o6a Jyua Qoxkycupyorcsa Ha ¢orosueiike. [Jasa toro
YTO0Bl YCTAaHOBHTbL JIMHEHHOE COOTHOLUEHHE MeX/Iy BBIXOAHBIM CHI-
HaJioM (PoTosTueAKH W KOHIIeHTpaluel BellecTBAa, BHIXOAHLIE CHTHAJIBL

JTozaowetie

Adnuna sonwst, im

Puc. 8.19. CnexTpsl coenunennst, o6pasyromuxcs NpH peakUHd aMHHOKHCJCT C HHH=
TCUIDHHOM.

I — NPOAYKTEl PeaKUHH OCHOBHbLIX aMMHOKHCJOT; 2 — MPOAYKTbI DeaKHHH HPOJHHA, 3 — HHHe
i THIDHH,

¢oroanementoB paboueli H CPaBHHTENbHOH CHCTeM NPOXOAAT uepes
JorapupMuueckuii ycuautenb. PasHOCTb MeXAy moJydeHHBIMH 3HA-
HYeHHSMH BHOBb YCHJIHBA€TCH, H CHFHAJBl PErHCTPUPYIOTCA CaMOIHC-
LeM.

IlpeumyuiecTBO JABYXJIydYeBHIX INPUGOPOB COCTOHT B TOM, YTO
OIIKOKH, BHI3BAHHbIE H3MEHEHHSMH HCTOYHHKA H3JIYYEHHS H IOIVIO-
LIeHHA pacTBOPHUTENeM, MUHUMAJbHEL.

BoJbUIMHCTBO COeJlMHEHHH He NOIVIOUWaeT B BUAMMOH o6JacTH
cnekrpa. [Tostomy amammsaTopel cHaGxkKaloTcs MPHGOPOM, KOTOPHIH
BBOJUT B MOTOK 3J110aTa NOCTOSIHHOE KOJHYECTBO PeareHTa, BOCHPO-
H3BOJHMO pearupymwllero ¢ aHaJH3HpyeMBIM coeiuHeHuHeM. I[Ipo-
NYKTH peakuUHH OGHapyXKHBAIOTCA Ha pPA3JHUHBIX MJHHAX BOJH.
HMeHHO K 9TOMY THINY J€TEKTOPOB OTHOCATCS AMHHOKHCJOTHHIE aHa-
JIU3ATOPHI, B KOTOPHIX B IIOTOK 3JII0ATAa BBOAAT HHHTHAPHH. DBoJjb-
UIHHCTBO AMHHOKHCJOT JAIOT C HHHTHPHHOM OKpAalleHHble cOexu-
HEHHS, CHEKTPH HMX MOIVIOIIEHHsI NoOKasaHnl Ha puc. 8.19. Cnektp
MOrJIOIEHHA TMPOAYKTOB PeaKIHU NPOJHHA OTHYAeTCs IO IOJIoKe-
HHI0 MakcumyMa. [IpH npoBefeHHH KOJHYECTBEHHOTO aHaau3a 60Jb-
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IUAHCTBA aMHHOKHCJOT CIHeKTpP MOIVIOIIEHHS NMPOAYKTOB HX B3aHMQ-
NeHCTBHSI C HHHTHAPHHOM CHEMAIOT npH 570 HM, a cnekTp MPOAYK-
TOB peakuuu c nposuHoM — npu 440 nm. [das aBromaTtHyecKok
CTaOUNIH3aUHH HYJEeBOH JIHHHH AONOJHUTENbHO H3MEPSIOT MOIJIOIe-
Hue npu 690 M. B Gosiee mO3AHHX MOAeNAX aMHHOKHCJIOTHBIX aHa-
ausatopoB (HanpuMep, LKB — Biocal) ¢ oxno#i mporounofi sueii-
KOH npeiycMOTPeHO u3MepeHHe norjolleHus npu 440 u 570 mwm.
Bpamaroumuniica AHCK ¢ OTBEDCTHAMH TeHePHPYET NYJbCHPYIOUIHH
CBETOBOU Jy4 ¢ JJaHHaMHu BoaH 440 u 570 uM c wacroroit 300 I,
JTOT JNyY NPOXOAMT Yepe3 NONYIPO3pPayHOe 3epKajo K (OTOyMHO-
xurenio. OIHOBpeMeHHO K (DOTOYMHOMKUTEIIO HalpaBJsercs cpas-
HHTEJIbHBIH NOTOK CBeTa (C AJMHHOH BosHB 570 HM); 3TOT Jy4 He
NPOXOANT 4Yepe3 U3MEPHTeNbHYIO siuefiKy. BrixonHo# curnan ¢ ¢oto-
YMHOXKHTENSl HIeT Yepe3 MNpephiBaTelNb, Jajee OH YCHIHBaeTcd H
JHHeaNH3upyeTcs. Heprus GHOTOHCTOUHHKA cTabHIH30BaHa (HOTOCO-
npoTHBJeHHeM. BrIXoaHO# cHrEaJ JeTeKTOpa HaXQIHTCA B HHTEpBa-
ae or 0 no 50 MB, merekTop mmeer nsare auanmasouos (0—2; 0—1;
0—0,5; 0—0,2; 0—0,1) eaunuy mornomenusa. Has perucrpanuu
UCNOJIb3YeTCS JBYXIEPbEBOH CAMOIIHCEL.

B nacrosimiee Bpemsi B Haubosiee UYBCTBHTEJNBHBIX mNpubopax
NpeNOYATAIOT HCMOJNL30BATh JMEeKTPOHHOE YCHJAeHHe CHrHaJja, Tak
KaK yBeJHYeHHe ONTHYEeCKOTo NYTH, AJAHHBI H3MEPHTEJbHOH syeil-
KH, TIPHBOJAHT K YBeJIWYEHHIO lIyMa HYJIEBOH JIHHHH H 3aTpyaHser
HICHTHOHKANWIO CcOeJHHEHHH, NOCTYNAIOLWIUX H3 KOJOHKH, Yro6H
MOXKHO OBLJIO NPOBOJHUTH NOCTOSHHOE M3MEPEHHE IOTJIOLIEHHS, B He-
KoTOpeIX nmpubopax, HanpuMep ¢upmbl LKB, mpexycmorpeno aBto-
MaTHYE€CKOe H3MeHeHue MacmiTaba 0OpH JOCTHXEHHH CAMOMHUCIEM
Konua mkajabl. [IpakTHueckn 3To o3Hayaer, 4TO MOMKHO 3amUcaTh
MOIVIOLleHHe, BTPOe MpeBHIIIAIOIlee YCTAHOBAECHHBIH AHANMA30H, DTO
BecbMa WeHHO, HO caMo cob6of pa3yMeeTcsd, YTO NMPH 3TOM HUCHOJMb-
3yercsd OYeHb KAaUeCTBEHHBIH caMomucel, ¢o CTabUAbHOH HYJeBOH
JuHned. ABTOMaTHYeCKasi anmaparypa, noJo6Hasi aMHHOKHCJAOTHBIM
aHanu3aTopaM, NpPHMeHseTcd JJs1 aHaJAu3a KapOOHOBHIX KHCJOT.
B sTOM cayuae peareHTOM CyXKHT GHXPOMAT KaJHs, a MOTJIOLIEHHE
pactBopa usmepsiercs npu 424 uM [49]. PaspaGorana takxke Mmero-
JHAKa aBTOMATHYECKOro OOHAPYXKEHHS MPOAYKTOB PEaKUHWM KHPHBIX
KHCJIOT H 0-HHTPO(dEHOJIATa HATPUS; OKpacka o6pa3yloluxcs coe/li-
HeHHH perucTpupyercs npu 350 um [18].

Yamle Bcero perucTpauHio CoefUHEHHs B NMOTOKE B XKHAKOCTHOM
Xpomarorpagus, oco6eHHO NPH I'PaJHEHTHOM 3JIOHPOBAaHHH, NMPOBO-
At ¢ nomomelo Y®-cnektpopotromerpa o6BYHO npuH 254 Hau
280 um. ITHM cmocoboM ynaercsi OGHAPYKHBATL HAHOIPAMMOBHIE
KoJauyecTBa coefiuHeHuN. Mcrounnkom cBera mauso# BosHH 280 HM
CNYXKHT PTYTHAS JaMna HH3KOro JAaBJeHHS, a JHHHA B 254 HM HC-
NOJIb3yeTCsl A8 HHHIHMpOBAHUA  dayopecueHuud mnpu 280 um.
Hanyuenne ¢ nnueol BosHB 254 HM NPHMEHSIOT 1S oGHApYXKeHHS
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“aMHHOKHCJIOT, TOTAA Kak Gejku obHapyxusawoor npu 280 um. Opra-
-HHUeCKHEe KHCJOTHl JAal0T MakcHMyM norJolleHus npu 200—210 um.
“®upma Jeol ncmombsyer Y®-meTeKTop, paGOTAOWHN NPH AJHHE
-BOJIHB 215 HM. UyBCTBHTEIBHOCTh TAKOTO OGHAPYKEHHS MOHHKEHa,
*€CJIH aHaJU3MPYIOTCS HAaChilleHHBle KHCJAOTH ¢ HeGOJNBLIMM YHCJIOM
YIJIEPOJHBIX ATOMOB, HO, €CJIH aHAJU3HPYIOTCA KETOKHCJIOTH H He-
HaCHILEHHBIe KHCJOTH, YYBCTBHTEbHOCTh OGHAPYIKEHHSI QUeHb Bbl-
toka. [lupdpepenunancubii YP-ananusatop UVD 254 (paspabotku
Kb YexocnoBauxoit AkajeMun Hayk) paGortaer B obaacrax 0—0,5,
0—1,0 1 0—2,0 exuHHU mNOIVIOLIEHMS, JJIMHA SYeHKH COCTABJsET
10 MM, a npeiidp BysneBoi JuHHH paBeH 4% 3a 12 4 npu 254 HM.
Y®-nerekrop LDC (momenn 1522, ¢pupma Jobling) paboraer npu
254 u 280 HM, AIMHA ONTHYECKOr0 HYTH COCTABJSET 3 MM, BBHIXOJ
JIUHeHHHH ¢ puanasoHamu 0—0,1—0,25—0,5—1,0. MunuMaapHbId
YpoBeHp oOHapyxeHuss coorBerctByer 0,002 ex. morsi. Camonmcern,
Y®-n1amMna u 3/1eKTPOHHAS 4acTb BHIIOJHEHH B OZHOM 6JioKe. ¥ o-
ToMetpa ¢upmbl Du Pont caenyioumye xapakTepUCTHKH: MHHHMaJb-
HBIA ypoBeHb oOHapyxenHs 0,0002 exn. mors. npu 254 uM; cABHr Ha
0,001 en. mora. 3a | u; amanasonm 0,01—0,02—0,04—0,08—0,16—
0,32—0,64—1,28—2,56; OTKAMK JeTEKTOpPa JIHHEEH ¢ TOYHOCTHIO
zo 1%.

Buinyckaercss psix apyrux ReTekTopoB, Hanpumep «Variscans
(¢pupmbt Varian), xoropniit paGoraer B amanasome or 210 1o
780 M c ypoBrem umyma 5-10~* ex. mora. AHanorHuHBI npubop
Boinyckaercs ¢upmoi Hitachi Perkin-Elmer co cnektpodoromMerpom
Ha Ju(pakUHOHHON pemletke. TpexkaHaJpHas cucTeMa paboTaer
B obnactn 200—700 uM. B xpomarorpadhax APYrHX THNOB MOTOK
DJIIOEHTA Uepe3 KIOBeTY MOXHO NEPHOAHYECKH OCTAaHABJAHUBATH H
CHHMATb NOJIHBIA CIEKTP BelIeCTBa, HAXOAALIETOCS B JeTeKTope
 aBTOMATHYECKO# peructpaunueil. B nociepnee Bpemsi mosBHANCD
6€33JIeKTPONIHbIE BBICOKOUACTOTHBE Ta30pa3psiAHble JAMIbl, HAMOJ-
HeHHble T'a30M IIPH HHU3KOM JHaBJeHHH. TakHe JaMIbl NO3BOJSAIOT
NIpOBOJHTL H3MepeHHst B obsactu HuXKe 210 HM M coaepKar Touey-
HBIl MCTOYHHK CBeTa BBICOKOH HMHTeHCHBHOCTH. OHH HCIOJb30BaHbI
B npubope «Uvicord» (LKB). Ilpu xopoureit remneparypsoit cra6u-
JIH3AUHH CABHI HYJIeBOH JHHHH cocraBasier Todbko 0,005 ex. mord.
3a 24 u. DroT mMPHGOpP SBJIAETCS ABYXJAYYeBHIM abCOpGLHOMEpPOM
€ pauHaMu Boan 206, 254, 280, 340 u 364 HM, IpPH KOTOPHIX OGBIYHO
TIDOBOJHTCS OOHAapyXKeHHe Pa3THUHBIX IPyNn GHOJOTHYECKH BaXKHBIX
«CoelHHeHHH. PerncTpHpyeMble 3HaUeHHs 3aMHUCHIBAIOTCA WJIH B eIH-
HHLIAX TOMJIOULEHHs, HJH B MPOIEHTax NpomyckaHus. Hamepenns
TIPOBOJATCSA HA [ABYX fAueHKaX, OJHA M3 KOTOPHIX COJAEPKHT CTaH-
AapTHBIA pacTBOp, Apyras — aHAJH3HPYeMBIH, NpH [ABYX IJHHAX
BOJIH ofHOBpeMeHHo. IIpn 206 HM H3MepAIOT MNOTJOLIEHHE OTHOCH-
TeJbHO HH3KOMOJIEKYJISIDHBIX HEapOMAaTHYECKHX MNEeNTHAOB M HeKo-
TOPHIX caxapHaoB. O6sacTb NOIVIOMIEHHS COOTBETCTBYET HHTEPBAIAM
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0—0,2 (80—100%-noe mponyckanue) uau 0—1 (0—100%-Hoe mpo-
nycKaHue). Ecan npu paGore B nepBod o6iactu ko3dHIHEHT
[OTJIOILEHHSl OCTHIaeT BeJHYuHH, 6osbiiel 0,2, npubop aBTOMAaTH-
yecKH NepekJiouaer auana3oHel. Korza noraomiende jocTHraer He-
KoTOpo#l 3apaHee BHIODAaHHOH BeJHYHHBI, NMPHOOP MOXeT BhIpAGO-
TaTh CHEIHaJbHBIH CHTHAJ, YTO IOJNE3HO [IJIS1 NPOBEPKH APYLHX
npu6OpOB, HANPHMEP TPAJIHEHTHOTO CMECHTEJIS.

Pic. 8.20. Cxema puddepeHnHanbHOTO pedpakToOMeTpa, NPUMEHSEMOr0 B MUAKOCT-
HoM xpoMmartorpade ¢upmm Du Pont (mozmens 830) [31].

1 — ¢oroperekTop; 2 — npHusma; 3 — guellka cpaBHeHuHs; 4 — paGouas syeliKa; 5 — OTKJIOHAI0-
wasi nracTHHa; 6 — obpasell; 7 — HCTOUHHK cBeTa.

HNuddepenunanpubii peppakromerp npeicrasiaser coboil B 3Ha-
YUTEJBHOH CTeNeHH YHHBePCAaJbHBIA AeTeKTOp (HCKJIWYas ero Hc-
NO/Nb30BAaHHE IPH TPaSHEHTHOM 3JloupoBaHuH). Ero npumensior
rJaBHBIM 006pa3oM B TeX cJydyasix, Korja o6pasilbl He MOIJOLLAIoT
B Y®-06/1aCTH HJM KOTAA 3JI0EHT CHJIbHO MOTJIOLIaeT B 3Toil o6ia-
cTH. JleTeKTOp 3TOro THIA H3MEPsieT PAa3HOCTb NOKasaTeseil mpe-
JIOMJIEHHS] 3/II0€HTA M pAcTBOpa AaHAJHU3UPYEMOTO BEleCTBA B
smoente. B pedpakromerpe ¢peHeseBCKOro THNa Jiyd cBeTa OTPa-
XKaeTrcq OT IPaHHIbBI pa3jesa CTeKJ0 — XKHAKOCTh H Pa3HOCThb YIiOB
NajeHHst H OTpaxXeHus sABJseTcs QyHKUHeH yIyia majeHus M NoKa-
3ateqs npesomJsienus. B apyrom tHme pedpaktomerpa uaMepserca
MHTEHCHBHOCTh CBETa, KOTOpPas NPONMOPLUHOHAJbHA PAa3HOCTH IMOKa-
sartejiedl npeJoMyieHHA ABYX XHAKocTed. Kaxias M3 XuAKocTel
IIPOXOXHT Hepe3 OTAEJbHYIO YacCTh OJAHOH U TOH XKe suelikH, KoTopas
Pasnesiena CTeK/ISHHOH MJACTHHOA moj AnaroHadH. Takue npuGopwl
CHOCOGHB OOHApyXKHBAaTh COENMHEHHsI NPH KOHUEHTPAUHMH HX [0
5 mkr/ma. Joctuup YYBCTBHTEJNBHOCTH D-10-% equnun noxasatens
npenomyenust (RI ex.) MOXHO, TONBKO ecaH TemmepaTypa CTaH-
AapTHOTO PacTBOPA M aHAJH3HPYEMOro PacTBOpPa OTJHUAeTCH He 6o-
Jee yeM Ha 0,005 °C. Pedppakromerps ¢peHeseBCKOrO THNA HCMOJb-
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3yoT B xpoMarorpadgax ¢upm Du Pont, Varian, Nester-Faust.
Aﬁuaeusamnmmm cxeMma peppaktomerpa PpeHess nokasana Ha puc. 8.20
[31]. ~

AnannsupyeMas XHAKOCTb IPOXOAHT 4epe3 OYeHb Y3KHH 3a30p
MEXJYy CTeKJAHHON npw3MOH H Te(JOHOBOH NPOKNAZKOH, moMe-
LIEHHOH Ha MeTaJJH4ecKoH mojJoxkke. HacTh cBeTa OTpaxaercs OT
TPaHHLBl pasfesa CTeKJIO — XKHAKOCTb, 4aCTh NPOXOAUT yepes KHJI-
KOCTb H OTPAaXaeTcs 0T MeTa/IM4YecKOoH MoJJIOXKKH. MHTeHCHBHOCTDb
OTPasKEHHOTO CBeTa DPONOPLUHOHANbHA MOKA3aTeNi0 NpeJoMJeHHs
XKHUAKOCTH. AHAJOTHYHBIH NPOLECC NMPOUCXOZUT M B CPABHHTENLHOH
siuefike. Korza pacTBOpeHHOe BeLIeCTBO NPOXOAUT uYepes H3MepHU-
TeJbHYIO AYeHKy, CAMOINHCEIl 3aMHChIBaeT CHTHAJ, MPOHOPIHOHAb-
HHIH pPasHOCTH NeKasaTelell mpejioMjaeHHs XKujkocred. B xpomaro-
rpade dupmul Du Pont, mogenan 830, ucnonbsyercs sueiixa oGbe-
MoM npuMepHo 3 MkJ. OTKJIHK AeTeKTopa JHHeeH B 06JacTu 10
500-xpaTHOH pasHocTH KOHUeHTpanud. B mpuGop ¢upmn Waters
Associates, mogenr ALC-201, BBelen oTpaareJabHBIH THI pedpak-
TOMETPA, YYBCTBHTENbHOCTb KOTOporo pocturaer 6-107% en.
pedpaxuuy. . :

B crnenmanbHBIX clydasix B JKHAKOCTHOH Xpomatorpadust npH-
MEHSIOT CepHIo AeTeKTopoB. Mx neranpHo onucan Bupu [5]. Payo-

-PHMETPOM MOXKHO PErHCTPHPOBATh MHTEHCHBHOCTb (hJIyOpecleHIHH,

BBI3BAHHOH O0OJyyeHHeM aHAJH3HPYEMOro pacrsopa. Bosbyxkparo-

‘flee M3JyYeHHe, JJIHHA BOJHBI KOTOPOTo 06GBbIUHO GoJiblle, yeM Y BO3-

OyXKIEHHOrO H3JIyYeHUs, HCKJAIOYAIT ¢ MNOMOWIBI INOAXOIAILEr0
QuibTpa M H3MepSA0T HOTOAUEHKON HHTEHCHBHOCTb (JIyOpecileHIHH.

‘Ecan BemectBo caMo mo ceGe He (aryopecuupyet, ero o6pabarhiBa-
(IOT peareHTaMu, 06pasylOUIMMH ¢ HCCJAENyeMBbIM COeTHHEHHeM (yo-

PeCUHpYyIOMe NMPOAYKTH. UyBCTBHTENBHOCTL OGHAPYKEHHS CHJLHO
H3AYHaIOIHX coeTHHeHNA MoxeTr nocturath | Hr/ma. JInanason uc-
noab3oBanus HMK-cnexkrpodoromerpos anst uccaenoBaHus BOXHBIX
PAacTBOPOB B HacToslllee BpeMs 3HAUHTEJILHO PacIIUPHJCS. DTOMY,
B YaCTHOCTH, CIOCOGCTBYeT NpHUMeHeHHWe siyeek ¢upmbl  Irtran.
Hsmepenus o6bluHO NPOBOISAT NMPH NOCTOSIHHOH AJHHE BOJHBI, CO-
OTBETCTBYIOINEH YacToTe KoJeGaHHH olnpefeleHHOH (GYHKIHOHAMb-

Ho#t rpynmbl. Kpome Toro, paspaboTaHHble B HACTOsIlee BpeMs

METOJHKH MO3BOJIAIOT CHATh CHEKTP HCCAELYEeMOTO COeIMHeHUs
TIPaKTHYECKH MTHOBEHHO — Bcero npumepHo 3a | mc. Crektp peru-
CTPHpyeTcA Ha ocumwnorpade, u ero MOXHO 3ateM cdororpacdu-
poBaTtb. B HEKOTODPHIX c/Ayuasix yaaercss HENOCPEeNCTBEHHO HAEHTH-
DUIHPOBATL COENHHEHHE.

ITnaMeHHO-HOHH3AUHOHHKIA 1eTEKTOD MPHUMEHSIOT B TeX cAyyasx,
XOIjJa HCIapeHHe 3JI0eHTa NMPOXOAHT MpPH MOAXOISAIleH TeMIepaType

‘¥ HE OOdﬁO‘wO.vaHmmaom HCmapeHueM HJAH DA3JOXKEHHEM HCCIEAYEMOTOo

COeIMHEeHHUS. Yacte 30ara U3 KOJIOHKH nonazaeTr Ha TPAaHCIHOpTep

"(JIeHTa, Lenb WM JHCK), KOTOPHHA MEePEeHOCHT 3JI0AT B HCHAPHTE/b.
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Ocrarok 10C/Ie HCHAPeHHs 3J0aTa MOCTYNAaeT B IHPOJH3ATOP, FA30-
o6pasHble NPOAYKTH NHPO/IN3A NMOAAIOTCS B SUEHKY [J1aMEHHO-HOHH-
3aIHOHHOTO JIETEKTOD, COAEPHKALIErO H3MEDHTENbHBIH 3IEKTPC.
UyBCTBUTEJILHOCTb TAKOTO METOAA COCTABJIET NPHMEPHO 3 Mr/MJ.

IIpHHIHD AefCTBHS TEPMOMETPHUYECKHX JETEKTOPOB — perucrpa-
uus TeIVIOTH aAcOpOLHM H AecOPOUHMH HA MOBEDPXHOCTH. DTH TeMile-
paTypHble M3MEHEHHS PECHCTPHUPYIOTCS TEPMHCTODAMH, H BHIXOAHON
CHTHAJI 3aNUCBHIBAETCS B BHAE NH((eperunaJbHON KPHBOH, coOTBeT-
CTBYIOUIEH KOHUEHTPAIMOHHOM KDHBOH 3/ioHpoBaHuA. Ilosoxkenue
MaKCHMyMa IIHKa COOTBETCTBYET NE€PeCeyeHHIO BOJHON HYJIeBOH Ju-
Hud. B XuaxkocTHoM xpomatorpade ¢upmur Jeol uyBCTBHTENBHOCTD
AETEKTOpa MOMKET MEHATLCS B CeMH JHama3oHax ot +1 go +0,001°
NMOJHOH WKaNH. IeTeKTOPH MO PAaXHOAKTHBHOCTH NpeJHA3HAUEHH!
AJs aHAJIH3a COENMHeHHH, cofepxamux °°S, “C u °H. Pag cuun-
TH/JIAMHOHHBIX CYETYHKOB CYIIECTBEHHG YBEJIHUHBAIOT YYBCTBHTEb-
HOCTb omnpefeneHust [15], 0coGeHHO CUMHTHIMALHOHHBIE CYETYHKH
HOBOTO THIA ¢ INIACTMACCOBLIMH CIHPaJAMHA. UTOGE! NOBBICHTH YYB-
CTBHTE/ILHOCTDL ONPEJeNEHHS], HCNOJIb3YIOT TaKXKe SUCHKH, 3al0JHeH-~
HbIE TBEDAbIM CUHHTH/VIATOPOM, Yepes KOTOPHIH NPOXOJHT -3JI0aT,
NOCTYNAIOWHA H3 KOMOHKH. M3nyuaemnrit CIHHTHWLISTOPOM CBET per
T'HCTPHPYeTCA (POTOYMHOXKHTEJIEM. . : v

EMkocTHbe geTekTOpH H3MepsAOT JAHIEKTPHYECKYIO [POHHIIAe-
MOCTL COeJAMHEHHH. BLIXONHEe S8HAYeHHS JHMHEHHO 3aBHCAT OT pas-
HOCTH MeXIy IHOJEKTPHUECKOH NPOHHNAEMOCTHIO AHAJIH3HPYEMOTO
COeNUHeHHs1 u 3a10enTa. Msmepenus nposoxstess. mpu - dacrore
18 MI'u. C noMoLpi0 HEKOTOPHIX NOTEHIHOMETPHYECKHX JEeTEKTOPOB
IIPOBOAMTCA H3MepeHHe 3JeKTPOAHOTo NOTeHUHaJa. OTHOCHTENBLHO
HElaBHO 10Ka3aHA NEPCHEKTHBHOCTb HCIOMb30BAHHS HOH-CEICKTHR-
HBIX NeTeKTOpOB. BricoKo# uyBcTBHTENBHOCTBIO 06Mamaer oyabpur-
HEIA SJIEKTPOA, KOTOPHIA NO3BOJNSET OGHAPYKHBATH CYJAb(UI-HOHHI
TpH KOHUeHTpau#y ux Ao 1077 r-non/nm u B T0 Xe BpeMs He qyBCT-
BUTEJIeH K PNy APYrux uoHOB. B macrosmee BpeMs yranocs yMeHb-
LINTH Pa3MEPHI MOJNAPOrpapHIECKHX ACTEKTOPOB U MPHUCIOCOBHTE HX
AJisi paGOTHl ¢ MPOTOYHBIMH MHKPOSUeHKaAMH _

B GospmmacTBe mocnennmx paspaGorox: HCOOAb3YIOT ILTa3MeH-
HbIE HCTOUHHKH JUISl MOJIYUEHHS SMHCCHOHHBIX CNEKTPOB 3JIEMEHTOB,
BXOZALIKX B 'COCTAB 3JIOEHTA. .

8.7. PETUCTPALLMSI U OBPABOTKA PE3YJIbTATOB

B npomecce xpomatorpaguueckoro pasgesieHHs] HeNpepHBHO
SMOHpYEMEIE H3 KOJIOHKH KOMIIOHEHThI NMPOXONAT uepes JETEKTOP,
U1 HemocpeACTBEHHO, HJIH IOCJAEe NPOBELCHHS npenBapUTENbHOM
PeaKuun ¢ NOAXOASIIMM PeareHTOM. AHAJOTOBHIA CHIHAJ, BBHIXOIS-
LILHH ¥3 NeTeKTOpa, MPOMOPHHOHAJEH KOHUEHTPALUH COelHHEHHS,
Haxoasmerocs B sAyefike DeTEKTOPA, M 3TOT CHTHAJ perucrpupyercsa
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caMonucueM. KOHHeHTpaumus KaXJAOro KOMIIOHEHTa, MpOILEAIIEro
yepes AETEKTOP, fBJIseTCA (QyHKLUHeH BPeMeHH, Ha XpoMaTorpaMMe
OHa 3aMHCHBAETCS B BHJAE NMHKa. B HeaJbHOM clydae NHKH HMEIOT
¢$opMy rayccoBoH KpPHBOH H KOJHYECTBO COCAHHEHHSA, MPOIICANIEro
yepe3 AETEKTOp, MPONOPLUHOHANBHO MJIOMWAAK MOX KpuBOH. HToObl
ONpele/IHTh KOJHYECTBO COeAMHEHHs, HEOGXOAHMO PACCUUTATD IIO-
1ajb MHKA; CAeNaTh 5T0 MOXHO Bpyunyio (pasa. 10.5.2 i) wmu xe
¢ TIOMOIIBIO 3JeKTPOHHEIX, aHAJOrOBHX HJH MEeXaHHYeCKHX HHTerpa-
TOPOB (HX MPHMEHSIOT COBMECTHO C CAMONHCUAMH, H OUIHOKa ompe-
JeJieHHs TJIOLIAAu cocTaBiser mpu stom okoao 1%). Llupoko uc-
HoJb3yeTcsl MexaHuueckuil muTerpatop ¢upmbl Disc Integrator
Instruments. TOT HHTEIPATOpP PETHCTPHPYET B rpaduyeckoit popme
UIOWALb ITHKOB B NpOLIECCe ero MOSIBJIeHHs Ha TOM Ke CaMOIHCIe,
UM VISl PETHCTPALLAHM MOXKHO HPHCIOCOOUTH OTAE/NbHBIH caMOMHCEL.
Han6onee Tounoe H3MepeHHe MJIOLAAK 00ECHEeYHBAIOT JEKTPOHHbBIE
UH(pOBEle HHTErPATOPH (OLWIHGKA OKOJIO 0,4%). Ha nepsoMm atame
ABTOMATH3AIMH K MCHOJb30BAHHA KOMHODBIOTEPOB 3HAUEHHA C JIEHTHI

CAMOINCIA CYHTHBAJACH AHAJIOTO-H(BPOBHM IMpeoGpasoBaTeneM,

KOTOPbiA HMX KOZMPOBaJ. BhIXoAHble JaHHBIE C npeo6pasoBaTess
BBOJAMJHCh B KOMNBIOTEpP, KOTODPBHIH NPOBOAUJ YHCIOBBIE PACUEThI.
B npeo6pa3oBatelle HaNpsiZKeHHe CHTHa/la JETEKTOpa npeobpasoBa-
Joch B yactory. Ilo Mepe NMPOXOKIEHHS MHKA HMIYJbCHl CyMMHpO-
BaJKCh ¥ 3HAYeHHe CyMMBI 32 OIpeJe/IeHHbI POMEeXYTOK BPEMeHH
BHIBOAHJOCH Ha meyaTh. CyMMa HMIYJbCOB MPONOPUKHOHANBHA IIO-
Ay MHKA. ITOT MeToX pacuera TpebyeT HauGojee CJOKHOH JIOTH-
KH, MOCKOJIbKY HEOGXOJAHMO, YTOGbl BHIXOLHbIE 3HAYEHHS GbIIH CKOP-
peJIHpPOBAHBl ¢ BpeMeHeM YAEPXKHBAHHA NHKa. LlndpoBoit uuTerpa-
Top AOo/XeH 00/aiarh GOJIbUIAM JUHEHHBIM JHANA30HOM, BBICOKOH
yacToTOl cuera (Hampumep, 6000 umm/MHH), GOJBLIOH undposoit
eMKocTpio (0 10%) H YyBCTBHTEJIbHOCTDIO.

IIpu pacuere KOJHUECTBA MPUCYTCTBYIOIIETO KOMIIOHEHTA MO
JAHHBIM O BeJHYHHE COOTBETCTBYIOLIEro NHKA CJelyeT Y4YHTbIBAaTbh
HecKoMbKo (akTopoB. Bo-mepBHX, Bakua 3(QPeKTHBHOCTb JLETEeX-
70pa; BLIXOMHOH CHIHAJ JOJIKEH GbITh NMPONOPIHOHAJEH TMOIVIOLLE-
HHIO M JuHeeH (06buHO Ao 1,5 en. mory, Xas CTapbix npu6opoBs).
Ecnu oTcyTcTByeT JMHeHHOe COOTHOLIEHHe MEXAY IVIOIMANbIO MHKA
W KOJNHYECTBOM COENHMHEHHS, TO HeoOGXOAHMO MOCTPOHTb KaaHGpo-
BouHyl0 KpHByw. OTHOCHTe/bHEIE IUIOLIAAH NHKOB HE BCEria mpo-
TOPIHOHAJbHB KOJHYECTBY COe/JHHEHHs, MOCKOJBKY OTKJIHK ACTEK-
TOpa MOXET PasiHYarhCs Ui PasHbIX THNOB MOJIEKY] HJH Pa3HBIX
Kjaccos coeqnHeHHs. C OJHAM H TeM XKe pPEeareHTOM NpPH HAECHTHY-
®ofl MOJISIPHON KOHLEHTPAIMH TOMOJIOTH MOTYT AaBaTb OKPACKy pas-
JIMYHOH HHTEHCHBHOCTH.

He Menee BaXXKHHIM (PAKTOPOM sBJIsieTCSl pa3MbiBaHHe NMHUKOB CO-
enuHeHult ¢ GoJapIIHM 0OBEMOM YICPKHBAHHA. Huns toro urtobul
HOJyuUuTh MHGOPMAIHMIO O KOJIHYECTBE COEJHHEHHT, HEOOXOXHMO YM-
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HOXKHTb IJIOWAAb MHKA HA KOI(QHIHEHT, ONpefesieMblil B Pe3yJb-
Tare aHa/lHM3a CTAHAAPTHOH KaaHO6POBOUHOH cMmecH. Takum chnoco-
Gom YAA€TCS HCKJIOYHTb OIUMOKH, BHI3BAHHbIE H3MEHEHHEM o6pasua
annapatypod H aHaJHTHYECKOH MEeTOLHKOH. ’
D¢ odextuBHble UHDPOBLIE MHTErPaTopbl UCHOAb3YIOTCS AJIS OLEH-
KH Pe3yJbTaTOB pa3jie/ieHHsl, NPOBEJEHHOT0 METOAOM Ta30BOi HJIH
KUAKOCTHOH XpoMaTorpaduu, IViaBHblM 06pa3oM B CEPHIAHBIX aHa-
JM3aX COeJHHEHHH ONHOrO THNA, HANPHMED AMHHOKHCJOT.
Caepyomas 4actb 3Toro pasjena NOCBSIUEHAa OLEHKe pe3yab-
TaTOB. B mpollecce aHa/in3za aMHHOKHC/IOT OLEHUBAETCH HHTEHCHB-
HOCTb OKpackH (0GbluHO Npu 570 HM) NPOAYKTOB peaKLUHH aMHHO-
KHCJIOT C HHHTHIDHHOM. B Hauase 3/I0HPOBAaHHs CaMoOMHCel, pe-
THCTPHPYET TOJBKO HYJEBYK) JIHHHIO, KOTOPAS MOXKET CABHIATbCS
IpH H3MEHEHHM COCTaBa MOABMKHOH ¢aspl. Ecam mposoaurtcs Ko~
JIMHECTBEHHBIM aHANM3, TaKHe CABHIU CJefyeT yuuThiBaTh. MuTerpa-
TOp 06pabaThiBaeT CHTHAN J1eTEKTOpPa OYEHb QES,.wo (40—
2000 wumn/c), B pesyabTaTe uero PETHCTPUPYETCS TNPOXOXKAeHHE
AaXe ONHHOYHOTO KOMIIOHeHTa. B uHTerpatope MoxHo mpeaycMot-
PETb aBTOMATHYECKYIO . KOPPEKIHIO HYJEBOH JHHHH, H OH HAuHeT
HHTCTPHPOBAHME, TONBKO KOTXA HyJieBasl JIHHHS CYLIECTBEHHO H3Me-
HHTCs 3@ HECKOJIbKO ceKyHI. HekoTophle ynpapasiomue sneMenTH
KOTOphIE paHee FABJANHCH YACTbIO AHANH3ATOPA, TENeph eu;:E:oH
HaJIbHO BKJIOYEHH B HHTErpartop. Uto6w pesysnbraThl pacuera GHH
NPABHJbHBIMH, BAXHO NPHHSATL BO BHHMaHHe (OPMY ITHKOB
Hekoropuie Joruueckne ¢pyHKmum HHTerpaTopa h@zoma.%xama
puc. 8.21. Ilepen HauanoM cepHH aHAJH30B HEOGXOMHMO CTaHAapTH-
30BAThb AHAIH3 ¢ NOMOUILIO KalnHOPOBOYHOro o6pasiua, HampuMep
0,1 MxMoab Kaxmo# u3 aMuHOKHcJ0T. Hawaso m:m.::wm (MoMeHT
BBOJA IPOGH) SIBJSIETCA HYJNEBOA TOUKON HAa OCH BpeMeHH Pyuk-
IHH aHAJH3aTOPA C ITOTO MOMEHTa HPOrPaMMHPYIOTCS 1O OTHOIE-
HHUIO K BPEMEHHOH OCH. B Havase pasjie/fieHHS! M3 KOJIOHKH BBHIXOTHT
KOMNOHEHT A, KOTOPHI He HYXXHO IPHHHMAaTh BO BHUMAHHE DK
npoBenenun pacueroB. [lostomy Havamo uuterpmpoBanus .ohwx%w-
ercs B TouKy I. MOMeHT Haua/a HHTErpHPOBAHHS MOXKHO BBECTH B
IporpamMmy BMeECTe ¢ JAPYTHMH NaHHBIMH. Bo-mepBhIX, Heo6Xo1HMO
onpeaeauTs paboty HHTerpatopa. C MoMeHTa 2, T. e. ¢ z,ozﬁsm HOAB-
MICHHA KOMIOHeHTa 5, WHTENpaToOp CYMMHDYeT 3HAUEHHS HMIIYJlb-
COB 0 Tex mop, mokKa He 3aKOHUHTCS snMwonpoBanue 5 (Touxa 3). Ha-
HaJ10 H KOHeIl 3JII0HpoBaHus b onpenesiorcs no %m@a_sﬁgﬁo.am?
Hajla K ypoBHIO HysneBoH imkHH. OJHOBPEMEHHO Ha XpOMaTOTpaMMe
YKa3bIBAGTCS MJIOWIAAb TMOJIYYeHHOTo nuKa. ITporpammuas moruka
NO3BOJIAET MOKJIOYATb OYEHb MajleHbKHe NUKH (HanpuMep, B) nytem
BBOJAA B NMpPOrpaMMy MHHHMAJBHOTO AONYCTHMOTO 3HAYEHHS moa,s
floc/ie NPOUIECTBHS ONPENENeHHOTo BpeMeHH (6) Hyaepas JHHES He
OyneT MOCTHTHYTA, TO HHTETPHDPYETCS TOJBKO OCHOBHAS YACTb MTHKA
(or 4 no 5). U unuTerpatop aBTOMAaTHYECKH KOPPEKTHPYET MOJ0Xe-
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Hue HYJEBOH JIMHHM NyTeM NepeKJIOUeHHS NOoTeHIHOMeTpa npubopa.
HekoTopble KOMNOHEHTH aHAJAM3HPYEMOH cMecH Heo6X0JHMO OOHa-
pyXHUBaTh NPH APYTHX AJHHAX BOJH, HallpUMep, TPOJHH OOHApyXKH-
Baor npu 440 wm. B moMmenT (7), COOTBETCTBYIOUIME Hayagay IHKa
npoauda (D), meTekTop mepekJaOYaeTcs HA BTOPOH H3MEPHTEJbHBIU
kauaja. Ilocie npoxoXaeHHS NHKa JAETEKTOD IMepekaiyaercs B
npexHee mnojoxenne (8), W H3MepeHHs] BHOBb NPOBOAATCA TPH
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‘Puc. 8.21. XpomaTorpamMma, noJyueHHas NpH aBTOMATHYECKOM Da3feJeHHH apoMa-
THUECKHX AMHHOKHCJOT (NOsicHAeT pafoTy HHTerparopa).

0—14 — OCHOBHBElIe BpeMeHHble HHTepBaJbl; A — HeompefeJseMble aMHHOKHCAOTH; 5—3 — ompe-
JensieMble AMHHOKHCJIOTHI; J — MPOJIHH.

-aauHe BoaHe 570 Hm. Uepes omnpenenenHoe Bpemsi (9) mocae mo-
cTynieHns OydepHOro pacTBOpa JPYroro cocTaBa MNpPOHCXOIHUT
CABUT HYJIEBOH JIHHHM; YTOOB HPH 3TOM He Obla 3adHKCHPOBaH
JIOKHBIA ITHK, BHOBb MPOBOAUTCSI ABTOMATHYECKAs] KOPPEKIHUA HyJe-
Bo#t qiuHuu (10). Ilpn Haauumu JABYX He TNOJHOCTBIO PasJieJeHHBIX
nukoB X u 3 HHTerpaTop pacCUHTHIBAET mJoWajb NMHKa /K B HH-
repBate 11—I12, a niowaznb nuka 3 — g uHTepBate [2—I3. Koneu
‘aHamH3a mporpammupyercst Toukofl 14. Ilo moJay4yeHHBIM BeJHYHHAM
JuUloaael OTAeNbHBIX MUKOB PACCUHTHIBAETCS CONEPKaHHe KaXKIOH
‘M3 aMHHOKHCJIOT B aHajsusupyemo#i cmecH. DPQPeKTHBHOCTL HHTE-
«TPaTOpPOB HOCTAaTOUYHA JJs 06pabOTKH MAHHBIX HECKOJbKHMX aHa-
JIH30B,

B GoJsiee coBpeMeHHBIX mpuGOpax MeToJHKa 06pabOTKHM AaHHBIX
.CyLleCTBeHHO yayulleHa. lIpuBeneHHble HHMXKe JaHHble MOJYydYeHb
TJIaBHBIM 06GPa3oM Ha AHAJHTHYECKOH CHCTEMe AMHHOKHCJAOTHOTO
-anajuzaropa D-500 ¢upmbl Durrum. CKOpoCTh aHajiu3a Ha 3TOM
npubope BHIILE, YeM HA APYTHX THOAX aHAJU3aTOPOB. [ss Koauye-
CTBEHHOTO aHadu3a jgocTatouHo 50 MKr 6eJKOBOTO NHPOJIH3ATA.
O6bem mpoTouHOi siueliku paBen 1,9 MKJ, a JJiMHA ONTHYECKOTO
‘myTH coctaBaser 5 MM. VICTOYHHKOM cBeTa B HETEKTOpe CIAYXKHT
JiaMIa AHEBHOTO CBEeTa; JIyu CBeTa MPOXOLHT uepe3 CHCTeMy, KOTo-
-pasi ¢ OUeHb KODOTKHMH HHTePBAJaMH HANPaBJSeT Jy4 HA GUIABTPH
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B 590 n 690 mmM u cosmaer aBa Jayuya Aasi poromerpa. Poromerp
JaeT JHHEHHYIO 3aBHCHMOCTb CHIHaJsa oT norioulenus. Opranuso-
BaH NapaJ/lje/IbHbld BLIXOJ HAa CAMONHKCEI[ H aHaJoro-uugpoBoi mpe-
o6pa3oBaTteslb C YacTOTOH npeo6pa3soBaHHs B AECATb H3MEPEHHH B
CeKYHAY C BHIBOAOM UH¢(pOBHIX 3HaueHHH HaAa DBM. B DBM Ttakxke
BBOJHUTCS] TOYHBIA BPEMEHHOH peXHM H3MEHeHHs cocTaBa GydepHBIX
pacTBOpPOB, TEMIEPATYPH H IOCAENOBATENBHOCTH BCEX Omepalui,
BKJKOYasd BBOJA 06pasumoB H pereHepalHio KOJOHKH. AHaju3 mnposo-
AMTCA Ha OXHOH KOJIOHKe pasmepoM 1,75X48 c¢M npu mnpumepHo
190 aT™ u 3akaHuuBaercs 3a 48 MuH.

Bsoa B 9BM HayaabHBIX mMapaMeTpoB aHA/IH3a H KOHCTAHT OT-
HOCHTEJIbHO MNPOCT M BHIMOJHSAETCS Yepe3 INeyaTHOe YCTPOHCTBO B
pexuMe BBoJAa. B npouecce aHanH3a OJHOBPEMEHHO BHIAaeTcs Ipa-
¢uueckag undopmaunsd, NPOBOLATCH KOJHYECTBEHHblE DACUETH H
BHIIAIOTCA pe3yJbTaThl aHa/aHu3a. Pe3ynbTaThl aHalu3a MOTYT 3alid-
ceiBaThess DBM takum o6Gpasom:

MUK HA3SBAHWE MMH CEK THII ILJIOIWIANL KOJIMUECTBO

3 acrapar. 12 52 g 34156 11,7
®AKTOP HYJIEBAS JIMHHS
29212 99

39BM coofmaer HOMepa NHKOB, HAa3BaHHS AMHHOKHCIOT, BpeMs,
npolejliee ¢ MOMeHTa HayaJjga aHajW3a A0 MOMEHTA BHIXOJA NHKa
COOTBETCTBYIOIIEH KHCJAOTH B MHHYTAX H CeKyHAAX, THI paspelie-
HHS TIHKA, MJIOLIAJAb NHKA, KOJUYECTBO COELHHEHHS B HAaHOMOJSX,
KanubpoBouHBIH KO3(GHLUHEHT, HCHONb3yeMBIl [IJisl pPAacueTeB, H
yPOBeHb HyJIeBOH JIMHHH AJS TOFO NHKA, JJIS KOTOPOTO MPOBOAHJIUCH
pacueThl. MOXHO TaKXe pacCUYUTaTh MOJSIPHOE COOTHOIIIEHHE aMHHO-
kucaor B o6pasue. C mOMOIBIO 3TOr0 npubopa BO3MOKHO KOJHYE-
CTBEHHOE ONpefeleHHe aMUHOKHCJIOT TPH COAEpPKAHHH HX MEHee
! HMoJg; oTHOWeHHe cHrHAJa K IyMy Bhire, yeM 30 : 1, 9BM Ttak-
XKe KOHTPOJHPYeT AHHAMHUecKylo o0JacTh aHanusatopa. Iloanyio
06/1acTh LIKaJbl MOTJIOHIEHHS MOXKHO MEHATh JHGO BPYUHYIO, JHGO
no komanae 3BM B uurepBanax 0,1—0,2—0,5—1,0 u 2,0. Kpome
TOTO, NIPH YCTAHOBJEHHOH 1IKaJjle YyBCTBUTENbHOCTH 06JACTh TOLJIO-
LIeHHs MOXKHO aBTOMATHYECKH YBEJHYHTh HJH YMEHBIUIHTb B COOTHO-
weHun 1 : 10 gas onmpenenienHoro xoMmmoHeHTa, Mamenenne oGJaactu
TOTJIOUIEHHsT NPOBOJHTCS, B YAaCTHOCTH, B TeX CJyyYasix, Korja Bce
KOMITIOHEHTB (AMHHOKHCJOTBI), HCKJIOUAas NPOJHH H OKCHIPOJHH,
onpenenasior B 06sacTd noraoileHds 2,0, ¥ TOAbKO NJs 3THX ABYX
KOMIIOHeHTOB ee HeobxopuMo pacuupurts no 0,2 en. mord.

B ananusax c kamu6poBaHHBIM o6Gpasunom dBM ouenusaer mio-
1ladb MHKA M PACCUHTHIBAET KaNHGPOBOYHEIE TOCTOSIHHEIE MNJISI KaXK-
A0 aMHHOKMC/IOTHI; AaHHHE 3TH puxcupyiorcs IBM u moryr uc-
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MOJIb30BATBCA IJISi PACYETOB COCTaBAa B MNOCAEAYIOUIMX aHAJIH3aX
06pa3lnoB HEH3BeCTHOro coctaBa. Ha Takom npH6Ope MOMKHO TpO-
BecT A0 170 aHaNu30B B Hemedlo. :

8.8. PACXONOMEPBI H KOJIJIEKTOPBHI ®PAKILIUM

B npocrefimesi xpomatorpaduueckoii cucreMe 3/10aT NPOXOAHT
uepes JeTeKTOp, COEJHHEHHBIH uYepe3 pacXofOoMep C KOJJIEKTOPOM
¢pakuuii. B npouecce uaMepeHHs pacxofia HeGOMbIIHE NY3bIPbLKH
BO31yXa BBOAATCS B IOTOK XKHAKOCTH, CKOPOCTb KOTOPOTO HeoOXo-
AuMo H3MepHTb. CKOPOCTb NPONOPIHOHANbHA BPEMEHH MpPOXOXKe-
HHs Ny3blpbKa MeXJy IABYMs MeTKaMH; HaGJIONeHHA HpPOBOASATCH
BH3YANbHO WIH (POTOINEKTPHYECKH. DTH H3MEPEHHUS MOXKHO MPOBO-
AUTh aBTOMATHYECKH; OWIHOKA ONpefe/eHHs] HPH 3TOM COCTABJSET
npumepro 1%. Pacxomomep ¢upmet LKB ucnosbsyercs gis amau-
TeJbHOI0 U3MEPEeHHs pacxofa XHAKoCTeH B auanasoHe ot 0,5 1o
300 ma/u. BBOomOM mNy3HIPLKOB BO3AyXa B KANHJISP YIPaBJISIOT
3JIEKTPOHHblE HMMNYJbCH. IJTH NY3bIPbKH NEePeMellaloTcs TOTOKOM
JKHAKOCTH, H HX IPOXOXJEHHE PETHCTPHPYETCS B ONpeleSeHHOM
mecte potoanonoM. Ilocaenyromas Touka Ha KanUAAsSpe COOTBETCT-
Byer 250 MKM XHAKOCTH, BTOPOH (DOTOZHON PETHCTPHPYET TOIBKO
IpOXOX/€HHEe HY3bHIPBKOB YCTAHOBJEHHOTO pa3Mepa, a BCe OCTaJb-
Hble MySBIPbKH He y4HTHIBaeT. TpeTult GOTOAHOA, perucTpHpyoILHUA
Iy3BIPbKH, yAaJeH OT BTOPOro Ha Takoe e paccrosiHue (250 mka).
CHrHa/l B HHTErpaTop HOAAETCH TOMLKO B TOT MOMEHT, KOra OHO-
BPEMEHHO B JIBYX KOHTPOJIbHBIX TOYKAX NOSBJISIOTCS HOBBIE My3bIPb-
KM, TaK KaK NPH 3TOM TapaHTHUPYeTCA NPaBHIBHOCTL H3MEpeHHS
BpeMeHH. Ec/in X chCTeMe IOAKJIIOYEH KOJJIEKTOp (PaKIHiL, ¢dpak-
IHOHHPYeMbt 006BEM NPONOPUHOHANEH MHHHMANLHOMY 0GbEMY
B 250 MKJ. DTOT NPHHUMI H3MEPEHHS 06beMa HCIOMb3YeTCs TAKKe
B 2BTOMAaTHYECKHX HHIKEKTOPAX C MOCTOSSHHEIM 06EMOM J103HpOBa-
HH3: B HHX XHMIKOCTb KOHTAKTHPYET TOJNBKO CO CTEKJIOM H TedJo-
HOM. B GosiblinHCTBe APYPHX NPHOGOPOB AN H3MEDEHHS Pacxoia
XKHUAKOCTH Yallle IPHMEHSIOTCA CH(OHB MOCTOSIHHOTO o6beMa. Korna
o:ewm ONyCTOINAETCS, HKHAKOCTb NEPEKPHBAET POTOYYBCTBUTENBHYIO
SYEHKy H Ha XPOMaTOrpaMMe OTMe€YaeTcs HayaJo HOBOH (GpaKuuH.
CueTdyHKM Kanesb He HPHTOAHHL AJS H3MEDEHHS PacXola KHIKOCTH,
eciu o6beM ee MpeBHILAET 5 MJI; KPOMe TOTO, IPH HX HCIOAb30BA-
HHH BO3HHKAIOT NPOOGJieMbl, CBA3aHHEIE C H3MEHEHHEM MOBEPXHOCT-
HOrO HATSAXKEHHS WM IJIOTHOCTH XKHIKOCTH.

B ananutHueckoit XKHAKOCTHOH XPOMAaTOrPadpuu OCHOBHOE BHH-
MaHHe YAeNseTCAd CHHKEHHIO KOJHUYECTBA BellleCTBA, HEoOXOAHMOTO
/A aHAJIA3a, H YaCTO KOMIIOHEHTHl CMecH MNepej mojauyeil B JeTek-
TOD NMEePeBOAAT B Te WJIM HHBE NPOU3BOJHbIE, NOITOMY (PPAKLUHH He
cobupaiorca. B BHICOKOI(p(HEKTHBHOM BapHAHTE XKHIKOCTHOM Xpoma-
TorpaguH pasiesieHHe MPOXONHT 34 OTHOCHTENBHO MAaJoe BPEMS.
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CoenHEHHS IPOXOASAT Yepe3 JeTeKTOp B BHJE Y3KHX 30H, H OOBIYHO
o160p QPaKLHA OCYILECTBJASETCA HPH PYYHOM YIIPaBJIEHHH TPEXXo-
JIOBBIM KPaHOM B COOTBETCTBHH C BHJAOM XPOMAaTOrpaMMbl, 3alHCH-
paeMOH caMomHcieM. B npenapaTHBHOH XHJIKOCTHOH xpoMarorpa-
¢uu BaxXHa JajbHeHIIass aHAaJHTHYeCKas OIEHKa pa3geleHHBIX
KOMIOHEHTOB, [03TOMY 3J10aT cOOHPAIOT B BHJE OTAEAbHBIX (pak-
nuii. XoA pasjesieHdsl 3aNHCHBAETCS CAMOINHCIEM B BHIE XPOMATO-
rpaMmbl, Ha KOTOpoil ormeuaercs Kaxjas ¢pakmus. Hekortopoie
KOJIJIeKTOpH (pakiui paboTaloT mo CHrHaJy J[eTeKTopa, Kak, Ha-
npuMep, B xpomarorpade ISCO, momens UA-2, ¢upmb BioCal.
dpakunu 0T6HPAIOTCA TOJBKO B TOM CJydde, eC/IH BeIMYHHA MNOIJIO-
LleHHs NpeBHIIIaeT HEKOTOpoe 3aJlaHHOe 3HauyeHHe.

B xoasnekropax ¢pakuuii pas3jH4alOT [ABe OCHOBHbie YaCTH —
YIPaBJASIOIYI0 H MexaHHuecKylo. Pabora ympaBasmoliefi yactu ya-
Ile BCEr0 OCHOBLIBAETCS HA NMPHUHIHIE H3MEPeHHs NOCTOSHHBIX MH-
TEPBAJIOB BPEMeHH, OTMepseMbIX pa3JHYHBIMH TafAMepaMH, Kak
3JIGKTPOHHBIMH, TaK U MeXaHH4YecKHMH. Pabora HeKOTOPHIX APYTHX
npuGOPOB OCHOBaHA HA HENOCPENCTBEHHOM H3MEPeHWH HOCTOAHHOIO
ob6bemMa 3J10aTa NPH NOMOIUH CH(POHHOH CHCTEMBI MJIH CHCTEMBI
Volufrac. B HekoTOpEIX cHCTeMaX HU3MePeHHe HelnoCpe/CTBeHHO 006b-
€Ma 3aMeHeHO Ha OTCUeT Kanesib HJIH (DOTO3JEKTPHUECKOe H3Mepe-
HHe YPOBHs XHAKOCTH B cocyfe. Ha paGouefi mamemn Bcex 3THX
npubopoB B 3aBHCHMOCTH OT IPHHIMNA UX JeHCTBUS YKa3aHbl TakHe
napametpsl, kak BpeMs (ot 0,1 mo 999 MHH), WiH uHC/IO Kaneab
(ot 1 mo 999), unu MHOXKHTeNb obbeMa cudoHa. Takum obopyro-
BaHveM cHaGxeH KoJsektop ¢pakumii Linear II ¢upmer Serva.

Mexannueckass yactb OOBIYHO Ju6GO HANpaBJfeT 3J10aT U3 he-
TEKTOpa OT OJHOr0 CTAllHOHAPHOTO COCYAa B JAPYro#, 0COGeHHO €Cau
or6upalorcss ¢pakuuu Gosbluoro ob6beMa, JHO60 BRIXOAHAS TPyOKa
HeMoABHKHA, a COCYAbl, 0OBIYHO NPOGHPKH, cABHraloTca. Hacto Kou-
JekTop ¢paxuuit umeer GOpPMYy AHCKA € HECKOJbLKHMH KPYTOBLHIMH
yray6JaeHHsIMH, B KOTOPble BCTaBJeHbl NPOGUPKH, H Nepexol ¢ ORHO-
TO Kpyra Ha Jpyroil OCyIUecTBJsSeTCs CHelHaJbHHM MeXaHH3MOM.
B npuGopax npyrax THNoB NPoGHPKH PAacnoaramTcs MO COHPAJH.
VimeroTcsl aHaJOTHYHBIE KOJIJIEKTOPHI (hpaKuuil, B KOTOPHIX NPOGHPKH
pacnojaraioTcs He 1Mo CHHPaJH, a MO OTAeJbHBLIM IpylIaM ¥ mepe-
MellaTes OT OJHOH TPYNIH K Apyrod. B MoMeHT nepeHoca moToka
OT 0fHOM MpOOGHPKH K APYro# IOTOK 3J10aTa IHepeKphiBaeTcs Kpa-
Hamu. OueHp yA06GHBEI TakHe KOJJIEKTOPH, B KOTOPHIX NPOGHDPKH
pacmojaraioTcsi B IUTATHBaX, o6benuHeHHbX B 6sokH. OHu 3aHu-
MaT OYeHb MaJjio MeCTa M NO3BOJSIOT JIeTKO MAHHIYJAHPOBATb OT-
neAbHBIME ¢parknuami. Takue KoAJeKTOPH OOGBIYHO cojepXkKar OT
80 no 400 npo6upok. HekoTophle KoJMIeKTOPH cob6HpalOT PpakKLHH
OIHOBPEMEHHO H3 HEeCKOJbKHX KOJOHOK. IToaubili 0630p KOJIEKTO-
poB ¢dpakuuit MoXHo HafiTh B cratbhe [12]. BoablinHcTBO KOJMEK-
TOpoB CHaGXKeHO NPENOXPAHHTENSIMH, KOTOpPble NMpPENATCTBYIOT BHI-
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TEKAHHIO KHJAKOCTH H3 KOJIOHKH B TeX cJlaydasax, Korja ImoToK mnpe-
PLIBAETCA; OHH TAKKE MOIYT OCTAaHOBHTb XPOMATOrpadHpOBaHHE
oCJe 3aNMONHEHUA TOocHefHed NPOGHPKH. KoaaeKTOpH O/XKHbI
TaKxke paGoTath npu TeMnepatypax Huike 0°C. ‘

8.9. BOJIEE CJIO)KHBIE CHCTEMBI H MPUMEPHI
KOMIIJIEKCHOWM ABTOMATHU3ALLUH

PaccmorpuM  Bo3MOXHOCTB ABTOMaTH3allHK XpoMaTtorpaduue-
CKOTo aHa/nh3a (hepMEHTOB Ha NpHMEpe, 3aUMCTBOBAHHOM H3 CTATHH
[42]. ABropm craTbH mposein XpomaTtorpaduueckoe pasgeneHue
(GepMEHTOB Ha aBTOMATHUECKOM aHATH3ATODe ¢upmet Technicon
(puc. 8.22). B srom npuBope HCIOJB3YETCH HPONOPUIHOHAJbHBIN Ha-
coc P ¢ 12 nnacTMaccoBEMH TpyGKaMmu _PasyHYHOrO aHaMerpa.
BydepHnlii pacTtsop H3 cucTeMsl (opMupoBaHus rpaguenta mpoka-
UHBACTCA B KOJIOHKY uepe3 TPyGKy /. Pasnenenue Genkos npoucxo-
aut B Kostonke K. OCHOBHAS yacTh 5/110aTa H3 KOJOHKH HocTynaer
B KOJIEKTOp (pakuwii F. u 3aTeM HCIOMb3yeTcs rmoc/e OKOHYaHHS
anaiusa. B mponecce xpomarorpadupoBaHus or OCHOBHOTO IIOTOKa
9JI0aTa OTAGNsIeTCS OYeHb HeGosblIas YacTh, KOTOPAs NOCTYIAET
B TpH aHAJMTHYECKHe CeKLHH, Ille TPOBOJHTCS ONpefeeHHe OCHOB-
HOH ¢ocdaTasbl, TpaHCaMuHA3H H BCeX GeakoB. Ilociue onpenene-
HUs1 OCHOBHOM (ocdarass yacTh s7110aTa mocrynaer yepe3 TpybOky 2
BMecTe ¢ My3EIpbKaMH BO3AYXa, BBECHHHIMH Yyepe3 TPYOKy 3, H cy6-
CTpaToM K3 TPYOKHM 4 B aHaJMTHUECKYIO cucTeMy. B KODOTKOH CTeK-
ASHHOM CNHPadn M NPOHCXOAMT TIIATEJLHOE CMEIIHBAHHE BOIHBIX
PacTBOpoB, NOJNyyeHHAd CMeCb MPOBOAMTCA uepe3 TepmocTart I,
B KOTOpOM NP ONpEeNENeHHbIX YCIOBHAX NMPOHCXOAHT pacliemiieHue
cy6erpara. UTo6rl peakuus npepBatackb,.K cMecH yepes TPyObKy &
106aBJISIETCS PACTBOP COOTBETCTBYIOMIENO peAreHTa. “Yepes cmecu-
TEJIbHYIO CIHPaNb DPEe3YJAbTHDPYIOIAS CMEeCh BBOAHTCS B NPOTOYHYIO
KIoBeTy KoJopuMetpa Ci H 3ateM ujer Ha o6poc. CHraan JIeTeKTopa
32MTHCHIBAETCS CaMOIMHCILEM Nf%xwo@ﬁoEmz KOHIEHTPAIHIO OC-
HoBHO# ¢ochaTass (I). Ha abeuncey Hanocsres HoMepa ¢pakiuii.
Onpenenenne TpaHcaMHHA3H NMPOBOAUTCH AHANOTHUHBIM obpasom.
Yepes 1py6kn 6—9 nopatores oGpasel, BO3AYX, cy6CTpaT u pea-
TEHT COOTBETCTBEHHO. OKOHYATeNbHEIH MPOLAYKT PEAKIHH IPOXOIHT
depes. konopumerp Cp. PesyabTupylomas KOHLEHTPANHS TPaHCcaMH-
Hasel nmponopunonasbHa kpusoi II1 samncmBaemolt camomucieM.
TpeTbst aHanHTHYECKas CHCTeMA, perscTpupyoias cymMmapHoe co-
AepxKaHue GeJKOB, HECKOJBKO NpOlle, ueM ABe Apyrue. UacTs 5/1m0a-
Ta nocrynaer vepes TpyOky 10, BOo3nyX mPOBOHTCS uepe3 TPYG-
Ky 11, a peareHt mjs o6HapyXeHHS GenKoB — uepe3 Tpy6ky 12.
PactBopn cMemmnBaiorcs B cnupanu M, MOJyYeHHAs] CMeChb MOCTy-
IIaeT B NPOTOUHYIO s4eiiKy Kojopumerpa Cs. ColepXKaHHe GeJKOB
B CMecH 3allHCHBaeTcs B Buie xkpusoi II.
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Hlpenep [33] pewnn npoGremy aBTOMaTHUeCKOTO KOHTPOJIS
B xpomaTorpaduu NenTHAOB CJAeIYIOIUM 06Da30OM: nocje YacTHY-
HOTO IHAPOJIH3A MENTHAOB INOA LEHCTBHEM THIPOKCHIA NPOBOIHTCS
H3BECTHAsA peaKuust ¢ HUHTHAPHHOM. Yacts o6pasma oTOHpaeTcs U3
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Puc. 8.22. Cxema aBroMaTHueckoro amanusatopa ¢dupmul Technicon (ycranoeka
AJA ONHOBPEMEHHOTrO' ONpefiesieHus mByX ¢epmentos) [42].

C—C; — xonopumerpai; F — KOJUIEKTOp ¢pakuuit; [ — Tepmocrar; K — KOJIOHKa; M — cTeK~
JISHHBlE CMECHTeJNbHBlE TPYOKH; P — Hacoc (/—I2 HacocHble TPYOKH); Z — camonucen,
I — ocHoBrasa ¢ocdarasza; /] — Genku, I/] — TpancaMHHa3za.

NPOGHPOK aBTOMATHYECKH 10 OKOHUAHHH PA3NeJeHHA H 3aTeM aHa-
ausupyercs. Ixonc [16] wcmonbsoBad MOIH(DUIHPOBAHHYIO METO-
nuky Kartpasaca [7], paspaGorannyo pis OPOTOYHOH CHCTEMEI Je-
TEeKTHPOBaHUA nenTHAOB. Maunefinr u xp. [24] paspaGorann mero-
AHKY 2BTOMATHYECKOTO pasjieleHHs1 cMecell MeNTHAOB HA KaNMJJIAp-
HBIX KOJIOHKaX. B cucreme aBroamanmusartopa samaiorcs NpOrpaMMbl
AJs aBTOMATHYECKOrO ONpelesNeHHs GOJbUIOrO MHCIA COeNHHEHHI.

6—13
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Bubnuorpadmus, sunyuennas ¢upmoit Technicon [41], comepxur
1825 ceblaok.

C pasBuTHeM aBTOMAaTH3ALUH KOJOHOYHOH xpomarorpaduu yse-
JINYHBACTCS YHCJIO NPHMEHSeMBIX PEareHTOB 1 YAYYLIAeTCS HHCTPY-
MeHTasnbHoe ocHaleHue [21]. CnakmanoMm u ap. [38] ckoHcrpyHpo-
BaHbl OPHTHIAJIbHBIE aMHHOKHCJOTHBIE aHAJIH3aTOPHI, KOTOPble B Ha-
CTOsillee BPeMsl HCHOJAB3YIOTCA [0S aBTOMATHUECKOro aHafqw3a co-
€[IMHEHUH THNAa CaXapoB H HYKJIGHHOBHIX KHCJIOT (HYKJIEOTHIOB,
HYK71€03HA0B), NypHIida 1 NUPHMHUAUHOBLIX ocHoBauuil. Tak, Hampu-
Mep, Ha BbIIyckaemMoM ¢upMoii Jeol aHanuzaTope aMHHOKHCJIOT M
HYKJIEHHOBHIX KHCIOT, Mogeas JLC-3BC, nin BeinyckaemoM ¢pupmoi
Beckman «Multichrom» Mo0XHO npoBOAMTbL aHaau3 menTuioB [1, 2,
17], cHIBOPOTKH, aHAJNH3Bl MOUH, ¥ 3TH NPHUOGOPHl MOXKHO TaK¥Ke HC-
T0/1b30BaTh B TAKHX OTHOCHTENIbHO HOBHIX 06JacTsX, Kak pasjese-
HHe (eHosIoB, KapOOHOBLIX KHCJIOT (Ha aBTOMAaTHYECKHX XKHIKOCT-
HeIX xpoMartorpadax JLO-2A u JLO-6AH ¢upmnt Jeol), cniuptos u
aNbJeTHAOB, BKJAIOYAS KaTexoJaMHuHH [22].

B Hacrosiee BpeMst npHGOPHI 15 BHICOKOCKOPOCTHOM JKHIKOCT-
HOH xpoMartorpaguu CHabXKalOTCSH aBTOMATHYECKHMH MOIYJISAMH, a
uHorga OBM. Takue cucTeMBl uMeloTcsi B npu6opax ¢upmsl Du
Pont, momens 830 [32], n B xumzkocTHoM xpoMarorpade, MoLeb
ALC 202/401 [45]. DTn npubophl npHMeHSIOTCA AJs aBTOMAaTHYe-
CKOro pasjeneHus nuperputos [32], anrpaxunonos [32] u xsopu-
poBaHHBIX GHdennnoB [32], suramunos [44], naacTudukatopos no-
JuMepoB [44], denosos [45], GeHHITHOrHAAHTOHHOB AMHHOKHCJIOT
[45, 48], omurocaxapunos [47], kaTexonaMmunos [46], HykaeoTHIOB
[46], puGonykneosumos [46], nekapcTBeHHBIX cpeacts [46], mas
TeXHHUECKHX aHaJu308 cuponos [47]. dru obaacTu mpHUMeHeHHS
xpomarorpaduu noxpobrHo paccmarpusaior Kupkmaaug [19], Craii-
aep u Kupknanp [37a], Kpeitun, Ilewan u Hedn [24a].

Hexortopble nprHMeph aBTOMAaTHYECKOTO aHAJNH3a METOJOM KOJO-
HOYHOM TBEePRO-)KHAKOCTHOH H KHUAKO-XKHIKOCTHOH, HOHOOOGMEHHOM
xpomatorpaduu u reap-xpoMarorpadpuu npuBeseHH B . 4—6.
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I'naBa 9. ToHKocJoiiHas XxpomaTtorpadus

0. MOT/JI, J1. HOBOTHbIN

HIHCTUTYT OpraHu4ecKoil XHMHH H OHOXHMHHU
UexocnoBankoi Akagemuu Hayk, IIpara

9.1. BBELEHHUE

Cpean coOBpeMEHHBIX XpoMaTorpaduyecKMx MeTOAOB, B 3HAUH-
TeJbHOI Mepe CNOCOGCTBOBABIINX PA3BHTHIO aHaJH3a OPTraHNYecKUX
¥ GHOOPraHHYeCKHX COENHHeHHH H COBepLIEHCTBOBAHHMIO CIOCOGOB
NpenapaTUBHOTO pa3jesIeHHs, 3aMeTHOe MECTO 3aHHMaeT TOHKOC/IOH-
Has xpomaTtorpadus. B mpoiecce pasielleHHs YKa3aHHEM MeTOLOM
aHaJM3upyeMas cMech NepeMellaeTcsi BMecTe C MOJABHXKHOH (a3oi
1O TOHKOMY CJOK [OPOLIKOOOGPas3HoOro copOeHTa, OOBIYHO HaHeCeH-
HOTO Ha CTeKJSHHYIO MJACTHHKY. B 3aBHCHMOCTH OT IPHPOAEBL COP-
6eHTa NPU 3TOM JONYCKAaeTCs HCNOJb30BAHHE OJHOTO HJIW CPa3y He-
CKOJIbKHX TNPHHIHKNOB Xpomartorpaduueckoro paspenenus. ToHko-
cioiiHas Xxpomartorpadug Hadasa OBICTPO DAa3BHUBATHCSA TNPHMEPHO
¢ 1958 r. ruaBHHIM o6pasom 6aarogaps paGoram Illrans [46],
ycoBepmenctBoBaBiero Metofuky TCX u mpensoXKuBIIEro MpakTH-
yeckH coBpeMeHHbIH ee BapuaHT. o 1958 r. B :,mame:.c@mw<oaommo.
NOSIBASINCh OTAeAbHEE CTATbH, MOCBSIIEHHbE NAaHHOH TeMme; Tak,
nepsbie CTaTh GBIIM ONYOJHKOBAHH ellle B KOHIE NMPOLILIOTO BeKa,
HO OHW NOYTH He GbLIM 3ameueHBl. McTophu pasBHTHS XpoMaTonpa-
Uy nocBAlleH crennalpHBIH pasfen moxorpadun Kupxuepa [26].
I'aBHAasi NPHYHHA OTHOCHTENbHO GbICTpOro pacmpocrpamenns TCX
3aKJAI043eTCs] B CJAEAYIOMIEM: 3TOT MeETOJ IIO3BOJSAET JOCTAaTOYHO
GHCTPO OCYLIECTBHTb AOBOJBHO 3(deKTHBHOE pasjieseHue (400—
3000 TeopeTHYECKHX TAapeJNOK B 3aBUCHMOCTH OT XapakTepa W MeTO-
Aa pasfenenus [16]), HCrop3ys MpOCTHIe H HELOPOTHe MPHCNOCOG-
aenus. Jpyroe npeumymectso TCX — urupokas o6aactb npuMeHe-
HUS — OT KAUeCTBEHHOrO U IOJYKOJWYECTBEHHOIO aHaJu3a A0 mpe-
naparusHoro pasienenus. Tak, merogom TCX Moxno 00HapyXu-
BATh CJelBl COeJHHEHMH M BBIAEJATH 32 OJHY ONepalHio NOopsiixa
OJHOTO TPaMMa COeIMHEeHHs], MOJb3YSCh JErKOJLOCTYNHBIMH COpOeH-
TaMH, PACTBOPHTENsSMH B OCHApyXKHBAIOIIHMH pearentaMH. Kpome
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TOT
0, ¢ nomouipi0 TCX M0kKHO KOHTPOJIHDPOBATH pesyabraThl paspe-

J
xmmwmmauw&wmhmmmoﬁo APYTHMH CNOCOGaMH, HampHMEp meperoHKoi
HOH XpoMartorpatueil, pekpHcTaJdau3anues u 1. m. MOKHO

TaK ;
. MmomMnoamwomm? TCX anst npexBapuTenbHOR OLeHKH CTPYKTY-
PH 3 @m TorpagHpyemoro coenunenns. O6aacts npuMeHenust TCX
15 wﬁmﬁ CaMoro HayaJja ee Pa3BHTUA Oblja J0OCTATOYHO ::%oxo_m
zme.ohm Nmmwﬂmm%o:mm pacunpuiiace 6aarofapsi yHHBepPCaJdbHOCTH
IBHOE H JABYMEDHOE 3JI0OHDOBAH
HHe, 3JeKTpodopes
H Treb-QHJABTPALUS B TOHK o \ porn
oM ciaoe). Baaropapsa cs
mectsaM Merox TCX wacto 3 enyuanK yre
BBITECHSET, & 'BO MHOTHX
BBITeCHHJI OyMaxKHYIO XpoMa ~ it e
TOrPaHIO, B KOTOPOH
. | , pPOH TaKXe HCHOJB-
O%MMMMOH_MOMMNMMMW pacmoJjioxkenre xpomartorpaduyeckoll CHCTEMBI
€e BpeMs KOJHUYECTBO ONy6JIm i,
, 'KOBAHHBIX CTaTel
nocsaueHHbx TCX, Heckosb 4 ,
, KO YMEHBUIUJIOCh, HECMOTPS H
paspaboTansl HOBblie MOIHDHK ’ aloue. oo
Al MEeT0Ja, YBEJNHYHBAIOHIH
, e ero
paspemiaoutyo cnoco6HOCTb M YYBCTBHTENbHOCTD [22a, 54a].

9.2. AIIMAPATYPA 1JI4 TCX

9.2.1. IJIACTHHKH, TPHCIIOCOBJIEHH S IJI1 HAHECEHHS

COPBEHTOB, CIOCOBLI IPHIOTO
, BJIEHH
TOHKHX CJIOEB g

ovmwﬂmm,wmwmo%me_wamowxm TOHKHE CJOH MOXKHO MNPHIOTOBHTH HEmNo
0 B J1a00paTOPUH HJH XKe MOXH .
, 0 BOCIIOJIb30BATHCS -
cpes roTo
e H K YNOTPeGJEHHIO TOHKHMH CJOSIMH, BBIYCKAEMBIMH DPSIIOM

EVMA (cM. umxe Taba. 9.3).
:amaa%%M%v%M%bwww eomwwﬂ‘mmao: OGBIYHO HAHOCSAT HA CTEKJASHHBIE
: oM i 10X20 cMm, a
. HHOrZa 5X20
K TonmHHoki 1,3—4 MM. Bo . o
. MHOTHX J1a60paTOPHAX yCHemy
3YIOT MHKPOIUIACTHHKH pa : roToBCHIe 1
aMepoM 25X75 MM, uar
IpeIMETHHIX CTeKOJ MHKPO , TOT Heckobr
ockona. HMuorga n
GLIMMEVHHX CTeK PHUMEHSAIOT HECKOJbKO
THHKH, HampuMep 75X 100 mm ,

MOJIYYeHHble TIOCpeI-

O\MJ _ b (s
xmwowmowwmnezx cTapeix ¢otorpaduyeckux miacturok. Ha E_wowxm-
xwozwaoaw‘w%ﬂw mmwwm THNOB NPOBOAAT OBICTPLIH NpeABapHTeNbHBIH

HH aHaju3 WJH aHajJHu3 He

3 CHHIIKOM CJIOXKHEIX

%m%omw“ hmoa%%zm COLEpXKAT KOMIOHEHTHl, 3HAYHTENBHO pPa3JIHUAIO-
Oed noaspHocTH. [as npena

. PaTHBHOTO pa3je/eHHS

wAmw%vmo :ﬂ:&ﬁoeg [JIACTHHKAMH Da3MepoM OT on%o xo 20X
x1 woez. OBEPXHOCTh NIACTHHOK 0653aTeNbHO JOJXKHA GbITh YHC-
ro. vmmw MOXKHO JMOGUTbCS, YAJNHB paHee HAHECEHHBH CJON U
0o wu% aiomllie peareHTbl W NPOBEAs TIIATeNbHOE O6E3XKHPHBA-
» IPH 3TOM BCeria HEOOXOAHMMO CJIEAHTb, YTOGH He GBLIIH O-

wumwgmmz Kpas NMJIacTHHOK. v

zamoasﬂﬂxoaovzx CTy4asX NPHUMEHSIOT CIEHHAJbHLIE CTeKJSIHHBIE
H (NIPAKTHYECKH TOTOBHE /s HAHECeHHS o6pasua) co
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cioeM ajcopbeHTa, NOJYUYeHHBIM NyTeM CIeKaHHs*™ CHJIHKareas M
CTEKJAHHOro mopomka [44]. OTH MIaCTHHKH NPOYHBI, ¥ HA HHUX, KaK
K HA TPOCTHIX CTEK/ISHHBIX NJACTHHKAX, MOXHO MpPOBOJHTb OGHa-
pyXeHHe peareHTaMH, BH3HBAIOWUME KOPpouio. Takue mIacTHHKH
MOXKHO pereHepupoBaTb. C 3TOH UeNbl0 MX NOTPYXAOT B CMECH
XPOMOBOH H CePHOH KHCJIOT, NOC/Ie Yero TIaTeJbHO MPOMBIBAIOT BO-
70if M AKTHBHPYIOT mpoKajinBaHHeM. IIpH TakoM pereHepHpOBaHHH
Ha OJHHX M TeX e IIaCTHHKaX MOXHO NPOBOAHTE Ao 15—25 pas-
nesennfi. MOXHO TakXe NPONHTHBATh NJACTHHKH pa3MYHBIMH pac-
TBOpAaMH, B YaCTHOCTH PACTBOPAMH auerata HaTPHsA, GOPHOH XHC-
JIOTH, mapadMHOBHIM H CHIWKOHOBHIM Maciaamu. Mrto u Hp. [22]
YTBEPHKIAIOT, YTO NPHMEHeHHe TAKUX IUIACTHHOK Gojiee SKOHOMHUHO,
yeM HCHOOJB30BaHHE OOBUHHIX IVIACTHHOK C HaHECEHHBIMH MOJHBOM
cnoamu copbenta. OQHAKO NJIACTHHKM CO CNEUEHHBIM CJI0€M HempH-
rOAHH JJ1f TIpeNnapaTHBHOIO pasjieseHHs.

B TCX npuMeHSIOTCA TaKXe XpoMaTorpauueckue IJIACTHHKH
oco6oro tuna. OCHOBY TaKHX IVIACTHHOK COCTaBJAET CTEK/AHHAA
TKaHb, HA KOTOPYIO C 06EHX CTOPOH HaHECEH CJIOH CHJIHKareJs. Co-
rnacuo nawubiM QupMe Gelman Instrument Co., BHmyckalomlei
TaKye MJIACTHHKH, TAK Ha3bBaeMasi MTHOBEHHAsl TOHKOCJAOAHAS XpO-
marorpagua Ha IUIACTHHKAX H3 CTEKJSHHOH TKaHH obecrneunBaer
Gosee GLICTpOE M YETKOE pailelieHHe, KpoMe TOro, yKasaHHbe IJja-
CTHHKH yJo6Hee B paboTe ¥ Ha HAX MOXHO GHCTpee HAHECTH obpa-
serl. TI/1acCTHHKH M3 APYTHX HEOPraHHYECKHX MaTepHaJsioB, HATIpUMED
AJIOMHHHS, TPHMEHSIOTCS peXe, OObIYHO B Tex clyyasx, Koraa
o6HapyXeHHe NPOBOAHTCA CEpPHOH KHCJA0TOH H AJas 3P eKTHBHOro
O6YrJHBaHHS XPOMAaTOrpapupyeMBIX BeIUECTB TpebyIoTCs OTHOCH-
TeJIbHO BLICOKHE TeMIlepaTypbl, KaK, HampuMep, NpH pasiejeHHH
BOCKOB, NapadyHHOB, TPUTEPIEHOB K T. M. IIpH MPOMBIIEHHOM H3-
TOTOBJIEHHH TOTOBHX K yHOTpeOJeHHI0O TOHKHX CJOeB, HAampHMED
cnoes cunydona (pupma Kavalier Glass-Works) uan TCX amomu-
uuit wure (upma Merck), 4acTo HCNOJB3YeTCS JIHCTOBOH aJIOMH-
HUil uiu amomuEMeBas ¢doJbra. IIpenMyinecTBo 3THX H HM non06-
HHX MATepHAJIOB COCTOHT B TOM, 4TO M3 HHX MOXHO BHIpE€3aTh HOX-
HHIAMH TOJOCKH TPe6yeMEIX pa3MepoB H (OPMBI ¥ MOJYYEHHbIE Ha
HHX XpOMaTOTPaMMHl yI06HO XpaHuTb. TonlruHa TakoH (oJbIH Co-
craBaser npuMepHo 0,1 MM, 1 ee MOBEPXHOCTh HHOTIA MACCHBHPYIOT.

B jonoJiHeHHe K HEOPraHUYeCKHM TepMOCTORKHM MarepHajaM
HEKOTOpHle PUPMBI HCIOMB3YIOT MOAJIOKKH H3 MJIEHOK OPraHHYECKUX
noauMepoB  (HampHMep, MOJHATHJAeHTepedTaNaTa)  TOJNUIHHOH
0,25 MM, KoTopke MoxHuo HarpeBaTh o 120°C. Dtu mpospaunbie

* Gupma Applied Science nocrasisier Takue HJIACTHHKH (nhacTHEKHE nepMa-
Kotc) mBYX paaMepoB: 5X20 u 2,5)X7,5 cm. Anpeca ¢upM npHBeAeHH B KOHIeE
rJaBbl.
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Mﬁﬂﬂﬂ: 00J1aaI0T TeMH XKe [IpeuMyleCcTBAMH, YTO H JHCTOBOH aJio-
HHUH,

Hanocar cop6ent na nacrunky € NOMOIIbIO PA3AHYHBIX HPHCIO-

coGiieHnHl, B GOJNbUIHHCTRE clyyaes $
CTaHAapTHHX. B npuruume mc-
NOMB3YIOTCS ABa THOA IIp d ¥ pa "

HCIOCOGJIeHHII: pesepByap Hin paspaBHH-

Puc. 9.1. Ocnosnoe o6opynoBanue aas TOHKOCJIONHO}
MMva M%xononomamm:m AJIsl HaHeCeHHS COpGeHTa, CTeKNTHHbBIE NJIACTHHKH, AepxKa-

pit NJacTHHOK, NDHMEHSAeMBIX IIDH UX mwﬂmwmﬁxmﬁ CTOfKa AJ151 Hogmzx Jr
CTHHOK (C paspemenus $upMu Desaga). . =

XpoMaTorpaduu: noTox-uab-

TOHKOCJIOVTHASI XPOMATOIPA® S 489

BaTe/b CYCIEH3HH COpOeHTa MepeMellaeTcsi Hal PAJOM MJIACTHHOK,
MOJIOKEHHBIX BIVIOTHYIO ADYr K APYry*, HMJHM NOX HEmNoABHMXKHbLIM
pesepByapoM ¢ cycneHnsHed copbeHTa NepeMelllaloTcs WIACTHHKUY*.
B smTeparype omucano Takke HECKOJBbKO CAMOAETBbHEIX IIPUCIOCOG-
Jennd :[6, 70], Ho B Hacrosilllee BpeMs OHH PENKO NPHMEHSIOTCS.
PaccMoTpum, kak paGoraer mpeanoxennoe llranem kaacchueckoe
npucnocobienyre /s HaHeceHus copGeHrta (¢pupma Desaga). B ato
npucnocobienne (puc. 9.1) BXOAAT GOJBLIOH JIOTOK-IIAGJOH, H3rO-
TOBJICHHBIH K3 MPOYHOTO JHCTOBOI'O MaTepHAaJa, B KOTODPHI moMela-
10T NOAJIOXKKH-INIACTHHKH, Ha KOTOPHE MNpEeANOoJaraercsi HaHecTH
CI0i, ¥ COGCTBEHHO mnpHcmocoGleHHe [Jisi HaHeCEHHS copGeHTa
(puc. 9.2). JIoToK-1a6/I0H OGHIYHO H3TOTABAHBAIOT M3 IJIACTMACCHL,
HO MOXKHO HCNOJIb30BATh M 3epKajbHOe CTekJ0. Ha aByxX cMexubix
CTOPOHAX JIOTKA 3MOKCHAHBIM KJeeM NPHKJIEHBAIOT NOJOCKH CTeKaa.
[lnowans noTka, orpaHHYeHHOro ¢ ABYX CTOPOH GaphepaMH, paBHa
110X20,3 cM, BaxHo, 9T06H CBOGOAHBIN AJMHHEN Kpak JOTKa GbL
a6CoMIOTHO MPSAMBIM H DPOBHBIM, TOTOMY YTO HMEHHO BAOJAbL 3TOTO
Kpasi nepemellaercs HaHocdlllee ycTpoHcTBO. ToMInMHA NOMJIONKEK
He JI0JDKHA NpeBHIATh 3/4 BHICOTH G6apbepa. C MOMOLIBIO TAKOrO
YCTPOHCTBA MOXKHO HAHOCHTb CJIOH aACOPGEHTa HAa MUKpOIIACTHH-
KH, HO B 3TOM (Jy4Yae cJefyeT PaclOJOXHTh MOMJIOXKKHE Ha JOTKE
Tak, 4To0bl OHHM MOKPHIBAJIH BCIO €ro MoBepxHocTb. KpoMe Toro, mo-
BEPXHOCTh JIOTKA HEOGXOAHMO cJleTKa CMOYHTb, UTOGBHI MHKPOMJiA-
CTHHKH Jyuylle K HeMy Npuaunanu. ToJLIvHA MNOAJOXKEK IOJXKHA
OBITb OQMHAKOBOH, a Kpas HX — HemoBpexIeHHHIMH. Ilpu paGoTe
C HAHOCAIIHM YCTpoHcTBOM Shandon, KOHCTPYKUHSI JIOTKAa B KOTO-
poM CJIOXKHee M TOJJNOXKKH BHPAaBHHBAIOTCS CHU3Y ¢ MOMOMLIBIO PO-
JIUKOB, 3TH TPe6OBaHUA He BBIJABHUTAIOTCH. &

Ha puc. 9.3 mokazana cxeMa npucnoco6JeHus AJS HaHECEHHS
cop6enra, paspaborannoro Illranem. dro nprcnocobienne TPHroa-
HO /ISl HaHeCeHHs! GOJNBUIHHCTBA COPOEHTOB Ha PasJUuYHbIE [OAJOXK-
xu. [Ipucnocobaenne Gpupmel CAMAG (puc. 9.4) nocraBasercs B IBYX
BapuaHTax Aas niactHHok wmupuno#t 10 u 20 cm. Paspaborannl n
JApyrue TUnH NpuGopos, cM., Hanpumep, [21, 28], Ilpurorasausats
TOHKOCJIOHHBIE IVIACTHHKH HeoOXOZMMO YpPe3BHMANHO TINATEbLHO,
TaK KaK TOJbKO Ha IIACTHHKAX TPeGyeMOro KauectBa MOXKHO HOJY-
YHTb XOpollee M BOCHPOH3BOAHMOe pasjenenue. Ancop6eHt, nono6-
PaHHBIH MPH NPEIBAPUTENbHBIX ONBITAX HA MHKPOILIACTHHKAX, OObIY-
HO HaHocAT B BHAe ciaost toawmuHoH 0,25 cm. Hamu6Bosee menecoo6-

* Hampumep, npucnoco6iennst fasi HaHeCeHWst COPGEHTAa HA INIACTHHKH, H3ro-
ToBasemule ¢upmamu Desaga, Shandon, Research Specialities, Applied Science
o 1p.

** HanGosee mpocToe YCTPOACTBO 3TOro THNa Bhnyckaer dupma CAMAG: npy-
THe YCTPOHCTBA, BHINYCKaeMHe GOJLUIMMH CepHSMH M NpeNHA3HAaUeHHHe AJA IpH-
MEHCHHS B CIEIHAJHSHPOBAHHHX J1aGOpaTOPHAX HWJIH Ha MPOHU3BOJACTBE, HMEIOT 60-
Jiee CJIOXKHYIO KOHCTPYKIIHIO. ,
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Pa3HO MPHTOTOBJATH Cpasy GOJbINYIO NMAPTHIO IVIACTHHOK, MPHMe-
Hsisl KaKoe-AH00 H3 YKa3aHHHIX yCTPOMCTB.

Korna crek/siHHBIE MOAJIOXKKH NOMEINAIOT B JIOTOK, B HEro CHA-
yaja KJaAaAyT BCIOMOraTeJbHYIO NOAJMOXKKY pasmepoMm 5X 20, mocie
4ero BIVIOTHYIO YKJIQABIBAIOT NMOMJIOXKH HYXKHOTO pasMepa (HampH-
Mep, JAecATh MOAMoOXKeK pasmepoM 10X20 e¢M HIH naTh moLIOXKeK
pasMepom 20X20 cM) u 3aKaHYHBAIOT PAX ellle OHOH MJAACTHHKON
pasmepom 5X20 cm. ITo KesaHuIo MOXKHO BCcerja OTMeyaTh HOpS-
AOK DacToJIOKeHHsl NOAJIOKEK, Jyyille BCEro B NOPALKE BO3pPacTa-
HHSL MM yObIBAHMA HX TOJILHHBL [lajee B COOTBETCTBHH ¢ HHCT-
PYKIHeH H3rOTOBHTENS, IPHIOTABIHBAIOT CYCIEH3HIO COpGeHTa;
OGBIUHO cOpPGEHT CMEINHBAIOT ¢ YABOEHHOH HAaBecKOH BoaL. MeTo1H-
Ka TNpHrOTOBJIEHHs NOApoOHee H3JI0XKeHA B TeX pasienax IJaBhl,
Tle OMUCEIBAIOTCS pasJinuHble copbenThl. HaHocsmee npucmoco6ie-
HHE NOMEINAIOT Ha BCIOMOraTe/bHYI0 IVIACTHHKY, 3aNOJIHSIOT CYC-
NeH3HeH U NOBOPavyHBAIOT ero pydyky Ha 180°. Heo6xoauMo ciendTsb
32 TeM, 4TOGBI CBOGOAHOE OTBepcTHE GBLIO OTKpHTO. Koraa cycmen-
3Hs HAaUHHAET BHITEKATb, HAHOCHIEE YCTPOHCTBO PABHOMEPHO mepe-
JABHTAIOT BJAOJb pPsia MJIACTHHOK ¢ TaKOH CKOPOCTbIO, YTOGH BeCh
npouecc pauscs He Godee 30—40 c. Ecam copbent mamochTCH CO
CBSI3YIOIIHM BEIIECTBOM, TO HeOOXOIHMO 3aKOHYHTh HaHECeHHe M0
TOro, Kak CyCHeH3Hsl HayHeT pacciauBathesl. [lanee yCTpoHCTBO

iy

Puc. 9.2. Yuupepcanshoe npucnocoGienne ans HaHeCeHHs CJI0S copbeHTa 3aaaHHON
TOMUMHHE (C paspewenus ¢upmu Desaga).
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pasbHpaloT u cpasy ke uyucTaT. Ecnu caofi Hanecen HepOBHO, TO
HHOTla €r0 MOXHO BHIIPABHTb, NOCTYKHBASs IO NJAACTHHKE CHH3Y,
HO 3TO Tpebyer CHOPOBKH H onuiTa. HaHeceHHBle CJOM OMHOCTBHIO
BBICYLIHBAIOT NPH KOMHATHOH TeMnepatype. Ecau niacTunku Heo6-
XOIMMO aKTHBHPOBATb, TO CHAYaJa MX CYWIAT HA BO3XyXe NPHMEPHO
20 MuH, nocjie Yero MepeHOCST B LITATHB W B TeueHHe 30 MHH aKTH-
BUPYIOT B CyllHabHOM IiKady npu 100—110°C. Tlpu aktuBauuu
IVIACTHHKH JAOJIXKHBl HAXOJHTbCA B BePTHKAJBHOM nosoxenuu. Ciaou
OKCHIA aMIOMHHHS aKTHBHPYIOT, Kak npaBuio, npu 135°C B Teye-

. 9.3. Cxema npucnoco6aenns cucremu Ilrana aas nanecenus copGenta (nomepey-
HbIf paspes).

I — otBepcTHE AN CooOWeHHS ¢ aTMocdepoft; 2 — pyura &As NoBOpauHBaHHS; J — HaNpaB-
JleHHe ABHIKEHHS.

aue 4 u. oToBble MJIACTHHKH XPaHAT OGHYHO B TOPH3OHTAJBHOM
TNOJIOXKEHAH B IVIACTMAacCOBBIX KOpo6Kax, a B OCOGHX cayyasax
B 5KCHKATOPAX. AKTHBHOCTb CJIOEB CHJHKATeNSl MOXKHO OIPeNEJHTb,
NpHMEHSA TPH a3oKpacuTens [62].

Onnako HCNONB30BAHHE CNEUUAJBHBIX YCTPONHCTB i HaHece-
HHsl ajcOp6eHTa COBCceM He 0043aTesibHO, MOXKHO HAHOCHTb CYCIIEH-
8MI0O HA NMOJJIOXKM IUMPOKHM IUNATeJeM HJIH NOrPyXKaTb NMOXMOKKH
B cycneHsuio ajpcopbenra. Ilocneannit Meron Hanbosee ynoben aJs
NoJyueHHs1 MHKPOIUIACTHHOK. [IBe IVIACTHHKH CKJIAABIBAIOT BMeCTe
H MPOCTO NMOTPYXKAIOT B CYCIEH3HIO CHIHKAresst B XJ0podopme, aie-
TOHE HJIH CMeCH XJopodopma ¢ 31aH0J0M,

Tax nasbiBaeMBle He3aKpelIeHHBle CJIOM TPHMEHSIOTCS OUYeHb
PEKO, NOCKOJBKY OHH HENOCTATOYHO INIPOYHB; CMOCO6 HX IPHro-
TOBJIEHHS ONHCaH BhHILE B pasjielie, NOCBAIIEHHOM ONpefeNeHHIO aK-
THBHOCTH OKCHAA ajiomMuuusl (ra. 4, pasg. 4.2.3). Ilomo6Hoe xe
YCTPOHCTBO [JIsi HAaHeCeHHsi COPOEHTAa NPHIOAHO MJS INOJYYeHHS
cioeB cedpanekca [2].

B kpaiinem ciyuae MOXKHO NPHIOTOBHTb JOCTATOUHO GOJBIIOE
YHCJIO MHKPOIVIACTHHOK C 3aKPEMJIEHHBIMH CJIOSIMH C MIOMOLLBIO IIPO-
croro ckpebka. Ilpexmernble cTekna A/ MHKPOCKONA 3aKPEMJISIOT
10 KpadAM KJesiel JIEHTOH Ha CHelHaJbHOM IVIACTHHKE, TaK YTOGH
CKpeGOK (MJM BaMHK) HAXOLHJCS 4YTb-4yTh BHIUe IVIACTHHKH, H
TIDOBOASIT TONICTHIM KPaeM CKpebGka Haj NMJAaCTHHKAMH.
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Puc. 9.4. TlpucnocoGirenne s HaHeceHHs copGenTa ¢upmu CAMAG ¢ nemogBnx-
HBIM pe3epByapoM A cycneHsHu (C paspemennst ¢upvm CAMAG).

9.2.2. XPOMATOrPA®HYECKHE KAMEPDBI H KAMEPBI o
OJist ONPBICKHBAHHMS

IMockonbky B TCX 06btuno 3JIIOUPYIOT BOCXOASIIHM METOJ0M,
IIpEX/le BCEro Mbl KPATKO ONUIIEM KaMephl, NPHMeHseMble HMEeHHO
B 3ToM cayyae. Halle Bcero 3To mpocThie MPAMOYIOJBHBIE CTEKJISH-
HbIe JIOTKH, 'COOTBETCTBYIOIIHE MJIACTHHKAM N[O pa3MepaMm. Takue
KaMephl oGblYHO HasbiBalT N-kamepamu®. s miacTHHOK pasme-
pom 20X20 cm npumensiioress N-kamep pasmepom 21 X21X6 cm.
Aasi 5moupoBaHHS MHKPONMACTHHOK YIOOHBI CTEKJSHHbIE COCYIHL,
HCIOJMb3yeMble A/ OKPaLIHBAHUSI GHOJOTHYECKHX MPenapaToB, Ha-
HECCHHBIX Ha NpeJAMeTHBie CTekna. B 3THX Kamepax MOXKHO 3JIO0H-
POBATL Cpasy [IBe IVIACTHHKH, eCJH PACMOJNOXKHTb HX B dopme
GykBbl V, 06paTHB CJIOH APYT K APYTY. ONIIOHPOBATh OJHOBPEMEHHO
6onblle NBYX TJIACTHHOK MOXKHO, OTJARJHB HX APYF OT Ipyra uso-

* Cokpamwennele 0603Hauennst Tunos kamep: N — Normalkammer (HopMasb-
Has Kamepa), PacCTOsiHHe OT CJIOS O CTeHKH KaMeph >3 MM; S — Schmalkammer
(yskas xamepa), paccTOSIHHe OT CJIOS 4O CTeHKH Kamepn <3 mMm; KS — Konditio-
ner S-Kammer (yskas kaMepa ¢ nepemennniyy YCIOBHAMH XpoMmatorpadupoBanus),
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B

Puc. 9.5. S-Kamepa (c paspelenns
¢upmu Desaga).
a — KaMepa GUPMBI meumu" 6 - cxeMa 3a- 2-1

noJHeHHsT 3ToR xamepw (I — Kpeimka; 2-—
TOHKOC/HOAHAsA MJACTHHKA ¢ o6pasuoM). M‘.

(k]

THYTBIMH CTEKJSTHHBIMH MAaJI0OYKAMH HJIH MOMECTHB B CHELHAJIbHYIO
kamepy. Tak, nanpumep, B Kamepe, BuinyckaeMoi ¢gupmoi Shandon,
MOXHO 3JII0MPOBATbL OXHOBpPeMeHHO 12 mnuacTHHOK. Bepxuue kpas
KaMep INPUTEPTH H 3aKPBHIBAIOTCS CTEKJSHHBIMH KDBILIKAMH, Kpas
KOTOPBHIX TakxKe IIPHTEPTH, YTOOBl MOXHO OBLIO TePMETH3HPOBAThH
Kamepy. B crnensasbHbIX HeJdX NPHMEHSIOTCS KPHIIKH CO BBOAHBIM
H BBIBOJAHBIM OTBEPCTUSAMH, YTOOH MOXKHO GBIIO 3aNONHHTH KaMmepy
HHepPTHBIM rasoM. [lmacTurkn pasmepoM 5X20 cM MOXHO 3JI0HPO-
BaTh B UMIHHIDHYECKHX KaMepaX, HalpHUMEp H3TOTOBJASIEMHX (HP-
Mo#t Applied Science Lab. Uto6s atMochepa KaMepel 6bilia HACH-
Li€Ha mapaMu PacTBOPHTENS, YTO HEOOXOAHMO IJIsI «IIPeABaPHUTE]b-
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HOro HAchlEHUs» COPOeHTa, CTEHKH KaMephl OGKAafHBAIOT (HJib-
TPOBaJbHOH GyMaros.

S-Kamephl, shimyckaemeie ¢upmamn Desaga, CAMAG Ip.
(puc. 9.5), mpexcTaBasIoT co60H ClEUHANBHHE THI KaMep C OvYeHb
MaJleHbKHM CBOGOIHBEIM OGBEMOM, 3aMONHSEMBIM Ta30BOH dasoii
(M1apaMu pacTBOPHTENs), TAK YTO 3aTPATH 3JI0EHTA NPH 3JIIOHPO-

Puc. 96. Kamepa nns HHCXONAIIEr0 SMIOHPOBAHHA METONOM TOHKOCIORHON Telh-
‘ xpomartorpacuu (¢ paspemenns ¢upmu Pharmacia).

‘Haxopsimasica B XaMepe NJacTHHKAa CO CJIOeM reds ¢ OGOHX KOHLOB COeAMHEHa C peaepsya-
PaMu ¢ DacTBODHTesleM MNOCDEACTBOM MOCTHKOB H3 (PHABTPOBaJIbHOM G6ymarn BarMar 3MM.
OTH MOCTHKH HEOGXOZHMO NpeXBADHTENBHO TLIATENbHO NPONHTATb SJIOCHTOM.

BAHHK OueHb HeBeaHKH (puc. 9.5, a). Takas xamepa o6buHO cOCTO-
HT U3 [BYX CTEK/ISAHHHIX IVIACTHHOK (4allle Bcero pasmepom 20X
X20 cM): coGCTBEHHO XPOMaTOrpadHueckoll MIACTHHKE ITPHKPHI-
Balolle#l ee MIaCTHHKH, Kpas KOTOPOH ¢ TPEX CTOPOH NPHMOLHSTHL
Takoe ycrpoiicTBo ofecneunBaeT mpakTHYECKH HEeHACHIIEHHYIO aT-
Mocdepy Bo Bpemsa XpoMaTorpadgupoBaHus. Eciau Heo6XOMMMO Ha-
CHILICHHE, TO HA NOKPHIBAIOWIYI0 MJIACTHHKY HAHOCAT COPOEHT, ¢MO-
HEeHHbI COOTBETCTBYIOLIHMHA PACTBOPHTEAMH (pHC. 9.5, 6).
OMIOMPOBAHHE HA He3AKPeIVIEHHHX CJA0SX BEAYT B HerIyGOKHX
JIOTKaX, I'le CJI0K OmHpaeTcs Ha Goslee KOPOTKYIO CTOPOHY JIOTKA H,
TaKuM 006pa3oM, pacnosaraerTcs o6HUHO MOX YIMIOM 0Kojo 20° K ro-
pusonTanu. Ilpexpe ueM moMemaTs Takylo IVIACTHHKY B JIOTOK, €ro
C OJIHOTO Kpas CJIerka NPHIOJHAMAIOT (HAMPHMeEp, ¢ NOMOLIBIO MO~
NMOPKH) H HaJHBAIOT PACTBOPHTeNb Ha Tay6uuy 5—10 mm. ITocie
3TOTO MOMEWANOT IJIACTHHKY TaKHM 06pasoM, YyToObl e€e HHKHUI
KOHELl OmHpa/Cs Ha CyXof KpaH jgHa JOTKA. 3areM NOKPHIBAIOT
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KaMepy KPHIUIKOH H HaKJOHAIOT B MPOTHBOMOJIOXKHOM HANpaBJICHHH
TaK, YTOOhl Kpa# NIaCTHHKH NOTPY3HJCS B PaCTBODHTEJb.

Ha pnc. 9.6 mokasana Beinyckaemas ¢upMoit Pharmacia kame-
pa W1t HHCXOAsILero XxpoMaTorpagupoBanus ([2], npeaHasHayeHHAS
IJ1f TOHKOCJIOHHOH reJb-xpomartorpaduu. [Has ropusonTanbrOro
5/II0HPOBAHHSA TPH DA3JIHYHBIX, HO TOYHO YCTAHABJHBAEMHX YCJO-
BHSIX NPEABAPHTENBHOIO HACHILEHHS €10 COPGEHTa MOXKHO HCIOJb-
3oBaTh KS-kamepn (puc. 9.7). OnTuMaibHble yCJIOBHSI pasjeleHUsS
B 3THX KaMepax MOXHO GHICTPO yCTaHOBHTb. [Ipyrie THIB Kamep,
HCIIOJIb3yeMble [/l CHelHANbHBIX METOAOB, HANpHMEP IPOTOYHOTO
(HenpepLIBHOrO) 3JIIOHPOBAHHUS, TIPAJHEHTHOrO 3JIOHPOBAHHS HIAH
Kpyrosoii xpomarorpaduu, onucansl B MoHorpadusax mo TCX ([29,

Puc. 9.7. Kamepa tuna Vario-KS (cucrema Teficca u Ilautra, npoHsBogcTso
CAMAG, c paspewenna ¢upmut CAMAG).
a - o6mHA BHA; 6 — CXeMaTHYeCKHH paspe3: ! — MOAMONKKA CO CAOEM cOp6eHTa, OTCTOSLEHM

OT KpaeB Ha 20 MM (c/ofi oGpawieH BHH3); 2 — Kpait KaMepH; 3 — pe3epBYapHl HJIR PAcTBODi~
TeJss, HCMONb3YyeMhle € LeJbl0 MPeABADHTEALHOIO HACHILEHHS CAOS.
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37]. Bompock!, cBA3aHHbE ¢ MPHMEHEHHEM PasJIHYHHIX THIIOB Kamep,
PacTBOPAIOIIUX CHCTEM H TOHKHX CJIO€B C PeryJHPOBaHHEM COCTABA
ra3oBo# (asnl paccmatpusaer [eficc [16].

Ilo oxOHUaHHM BMIOHPOBAHHS MIACTHHKH OOBIYHO CYWIAT HA BO3-
AyXe NpPH KOMHAaTHOH TeMIepaType, B BHTAXKHOM wWKady npu
HUK-o6ayuenun uau B cymmibHom mkady. OGHapyxenue (MeTonBI
OGHApy:KeRHs, peareHTH M aNNapaTtypa A ONPHCKHBAHHS OMHCa-

7

—

]

[ Z.

a

Puc. 9.8. Kamepa Ans ONpHICKHBAHUA TOHKOCJOHHBIX XpoMarorpaMm.

@ —BUR COOKY; 6 — BHR cnepemy; / — cTOfiKa AJs MJACTHHOK; 2 — OTBEDCTHE, HampaBJeHHO®
K BLITSXKHOMY Iukady.

HE B pasf. 9.5.3) Takke NPOBOAAT B BHTSKHOM mKady c Xopouwef
TATOH,

Caienyer oTMETHTH, UTO HEKOTOPHlE OGHADYXKHBAIONIHE PeareHThl
06pasyioT OuJbHO KOPPOIHPYIOUIHE H SAOBHTHE a3PO3OJH, OSTOMY
ONPBICKUBAHKE TJIACTHHOK CJE/YeT BECTH B CIELHaJBHHIX KaMepax,
H3rOTaB/JAMBAEMBIX U3 XHMHYECKH CTOMKHX mJacTMace (IOJHBHHHJI-
XJIOpHAA, MOJHITHIEHA), KOTOPBEle HEMOCPEICTBEHHO IPHCOeXUHAIOT
K BRITSKKe. CxeMa Tako#l kaMephl nmpexctasieHa Ha puc. 9.8. [Tox-
Jexaue oOHAPYXKeHHIO IVIACTHHKH IOMelIaloT Ha CTOfKe, TakkKe
M3rOTOBJIEHHOH M3 MOJUBHHWIXJIOpHAA. Ha Takyio xe crofiky mome-
AT H MUKPOIVIACTHHKH. BRIMyckaloTcst B Npomaxy Takke KaMe-
PBI, KOTOpble He HYXKHO MOJCOCAMHATb K BHITSKKE IPH NPOBeLeHHH
ONPEICKHBAHHUA; HEKOTOPble KaMephl, NpelHa3HAYeHHBIE IJIS KparT-
KOCPOYHOTrO NOJIb30BaHHUS, H3TOTABAHBAIOTCS Ja)XKe H3 cIeNUANbHOH
6yMard.

YerpolicTBo a1 HaHeceHHS npo6, IWMAGMOHB /s HAHECEHHS
npoS W OUEHKH PasMepoB MATeH, MyJbBEPH3ATOPH M T. 1. paccMar-
PHBAIOTCA B TeX pasfiesiaX, B KOTOPHIX ONHCHIBAIOTCS OTAENBHbLIE
craguu xpomarorpaduposaunns. B [1] comepxures noapo6umiii cnu-
COK aj(pecoB (MpPM, BEIYCKAIOWUX HIH NMOCTABJMIONINX annapartypy,
COpPOEGHTHL, roTOBBIE IWIACTHHKU M JucTku s TCX.
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9.3. TBEPABIE ®A3bI OJ1 TCX

[IpaBuabHbI BHIGOD cOpGeHTa 1 COOTBETCTBYIOLIEH 3JI0HPYIO-
Llefl CHUCTeMBbl — 3TO IepPBHIA H HauboJee BAXKHBIE 3Tam pelueHuA
nocras/aenHo# 3amaun. IloaToMy Heo6XoauMo 06CTOSTENBHO 3HATDH
CBOMCTBA BCeX THIOB Hcmogb3yembix B TCX copGeHTos. Bei6path
ONTHMAJIbHYI0O XPOMaTOrpauyecKyr0 CHCTEMY JLOCTATOYHO CJOMKHO,
NOCKOMBKY paspenenHe MerogoM TCX o6biuHO coBepluiaercsi B pe-
3y/bTaTe COYETAHHS PA3IHYHBIX MEXaHM3MOB, ualle BCEro aacopb-
HHH H pacnpelejeHHs MeXAy (asaMmu, a Takke HOHHOIO o6GMeHa
WIH 3aTpyAHeHHOH nupdysnu (reap-xpomarorpadus). Omguaxo,
€CId yCNOBHSA BBHIOPAHBl NMPABUJbHO, OJHH M3 MEXaHH3MOB pasje-
JIEHHSl CTAHOBHTCS npeobaanaromuM. Ecnu pasnensiemble coemuue-
HHSl HENOJADHbI, C/lelyeT CO344Tb YCJIOBHS, OJIATONPHATHBE NS
ajcopOUHOHHOA XpoMaTorpadun (npumeHenue copbeHTa ¢ GOMBIION
aCOPOIHOHHON CMOCOGHOCTLIO), a AJISl pa3/ie/leHus NOJIAPHHEIX (pac-
TBOPHMBIX B BOAE) COeNHHEHHH CJeAyeT HCNOJb30BaTh MPHHIHKIH,
MpUMeHsieMble B XKHAKO-XKHIKOCTHOH xpoMmatorpaduu. Hakonen, npu
paboTe ¢ HOHOTCHHBIMH COEXHHEHHSMH CielyeT u36paTh MeTONHKY
HOHOOGMeHHOH XpomaTorpaduu. OueBHIHO, UTO HAJHIO ONpeNelIeH-
Has aHaJOTHS ¢ KOJOHOYHOH Xpomartorpaduei.

Haunee, Bui6Hpas cOpGeHT H SMIOHPYIOLLYIO CHCTEMY, HEOGXOIHMO
[IPOCMOTPETb COOTBETCTBYIOUYIO JHUTEPATYPY, B YACTHOCTH OHEJAHO-
rpapuu crareil B Journal of Chromatography [38] wman cnennamnu-
3UPOBAHHBEIX cOopHHKax pedepartos [57]. CraTHcTHKa NoKa3biBaeT
[56], uro Goable MOJOBUHBEI BCeX PAGOT MO pasieleHHI0 METOAOM
TCX smimonuneno ua cuiukarese G*, okono 10% — Ha cuauKarese
Ge3 cpssywomero, 3% — Ha okcuze adoOMuHHA, 9% — Ha ENTIONO0-
se, 2,5% —wua nosumamume u 0,5% —Ha aguaTOMOBOH 3eMJe.
Ocranbubie 21% —3T0 paGoTh, rae NPHMEHSIOTCS NPOINHTAHHBIE
CJIOH CHJIMKaress, ¢JoH, 00pasoBaHHbIe CMeCbl0 ABYX H GoJee
COpOEHTOB, H T. I .

W3 nocraBaseMbix ¢pupMaMu cOpPGEHTOB MOXHO HENOCPEICTBEH-
HO TIPHTOTABJIHBAThL CYCNEeH3WH H HAHOCHTh X Ha NOMJOKKH. ITH
COpGeHTH yXKe COAepaT, HampuMep, CBsA3yIOllee (Uallle BCEro THIIC,
KpaxmaJ, Leas03y, INOJHBHHHAOBBIE CHHPT), VBEeJHYHBAKOMIee
aITe3NOHHYIO CNOCOGHOCTb ¥ MPOYHOCTD CJOS, WM WHIHKATOPBI JJISK
o6HapyxeHHst mocpeAcTBOM Y®-06/yueHus; BHIIYCKAOTCS TaKKe
CopGeHTHl, TpeIHA3HAUEHHBIE [JIS NPENAapaTHBHOTO pasjeJeHHd,
0c060 yuCcTHie COPOEHTH H T. 1.

9.3.1. CHJIHUKATEJb

OcHoBHble CBOHACTBA ¥ CTPYKTYpA CHJIMKATeJd, a TaKKe YCJIOBHS
€r0 mpHUMeHeHHS OMHcaHH B I 4, pasn. 4.2.2. Pasmep uactuu
CHInKaress, npenHasHayennoro s TCX, menbme (2—40 mrm),

* Cunukaresb ¢ 106aBKOi THICA B KauecTse CBA3YIOLIETO.
7—13
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Tabauya 9.1
XapakTepMCTHKH HEKOTODBLIX TOBApHBIX MAapOK cHauKareas aas TCX2
Hnuna
BOJIHBI
ZmEEm Ceazyomee &Nw_w%mm. Mpumeganne
HHAHUKa-~
TOpa, HM
G® Tune (13%)
GFasy T'unc (13%) 254
H Bea cesasylouero —
T:u»u»+uea To xe 254 n 366
HR > —_ Oco60 uHCTHI
Tun 200 » Huamerp nop 200 A
Tun 500 » Huametp mop 500 A
Tun 1000 » Huamerp nmop 1000 A
60HF 25 » 254 TuppogoGuuifi, AN pacnpene-
CHJIZHH30BaHHBIA JIUTENBHOR XpoMaTorpaduy
60PF25:+366 » 254 n 366| Oin  npenmaparusmoii TCX
(cnoit ronmuzoi 10 1,5 MM)
Hass mpenaparusmoit  TCX
60F 254 T'unc (30%) 254 (cmoft TomuuHoM Ko 10 Mm)
Iuapodobumil, ans  pacnpe-
60PF 254 Bes cBasynomero 254 JeMUTEbHOR  XpomaTorpa-
CHJIAHH30BAHHMI bun
[lponuran 20% wuurpata ce-
Ancop6ocui-5-ADNJ To ke pebpa  (dupma  Applied
Science)

2 IMonune HauMeHOBaRHA GupM H HX azpeca CM. B KOHIe IJIaBhl.
6 O6Go3nauenus, npuMensieMuie Gupmont Merck.
B OGo3snauenwe, npeanoxennoe Illtanem.

YeM Y YacCTHI[ CHJIMKarejs, NpHMeHseMOro B OOGLIYHOH KOJOHOYHON
xpomarorpaduu. Pasmepn nop mensiorcst ot 20 go 150 A, a yuean-
Has noBepxHocTh — ot 300 no 600 m?/r. Koneuno, o6pasun cuiuka-
rejis, NOCTaBJsieMble PA3HYHHMHE (PHPMaMH, pa3THUYAOTCH N0 CBOH-
crBaM. Ot pasMepoB ero 4acTHI, 3aBHCHT CKOPOCTb 3JIOHPOBRHHS:
Ha cuidKkareje ¢ GOJbUIHMH YacTHUAMH oHa Bhie. CpaBHuM, Ha-
NPUMeED, JUIHTEIbHOCTDh JIOHPOBAHHS HA TpeX o6paslax cHaHKareas
C pasHBIM¥ pasMepaMHu 4acTHl (MJHHA NYTH 3JIOHPOBAHHA BO BCeX
Tpex cayyasx paBHa 10 cm): or 2 no 10 mrMm — 45 mun; or 10 go
30 mxm — 15 mMun u ot 30 xo 60 mxM — 8 muH. OxHaKo ¢ yBenuye-
HHeM Da3MepPOB YACTHI[ CHJIHKAreJs YMeHbIIAETCS YETKOCTb pasje-
JeHusi. BoapmuuCTBO QHPM, NPOAAOIHX OGOPYLOBaHHe, MaTepHa-
Jbl H peakTHBHl AJs XpoMmaTorpadui, BHHIYCKAeT H CHJIHKareib:
cnucok aapecoB ¢upm cm. B [1]. Pag nanGoaee wacro npumense-
MBIX MAapoK CHJAIHMKareas CHeNHaJbHOTO HA3HAYEHHS YKa3aH B
taba. 9.1. Yaue Bcero ucmosp3yercs cuiauKareib ¢ a06aBkoii 5—
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15% runca B KauecTBe CBA3YIOIIEro. B HekoTopHe Mapku cHJHKa-
reJs BBOJAAT TaKkKe (QJyopeclUeHTHbIH HHIHKATOD (cynpdpun xagMus
nau 3% CHIMKATa IMHKA), BHISHIBAIOLIMHA (JIyOPeCIeHIHIO 3eeHOr0
nsera npu YP-o6nyueHHH ¢ JJIHHOH BOJHBI 254 HM; HEKOTOphle
xpoMatorpagupyemble CcOEIHHEHHs OOHAPYXKHBAIOTCA INPH 3TOM
B BHIAe TeMHHX naTeH. CHJIBHOKHCJOTHBIE 3JIIOEHTH, OCOGEHHO
SJIOEHTHI, (COJepKallkie MHHEPaJbHBE KHCJIOTH, pasjaraldT 3TOT
HHAHKATOP. B cOCTaB HEKOTOPHIX MAPOK CHJNHKAreJsl BXOLHT TaKKe
OpTaHHYeCKHH HMHAMKATOp, pearupyloInui Ha obayuyeHHe ¢ IJHHOH
BoJaHbl 366 HM (anmHHOBOMHOBOe ¥Y®-usnyuenue). HepocraTok sto-
ro HHIHKAaTOPa — €ro pacCTBOPHMOCTb, HEKOTOPhlE pAaCTBOPHTENH
MOTYT 3J1I0HpOBaTh ero. Ha cuiukarene, cogepiKauieM rumnc, o6HYHO
yaaercsl MOJYYATDb Jyylllee pasjeseHHe.

YUToObl HaHeCTH CJROH cuiHKarens tonamuuoi 0,25 MM Ha mSTb
miacTHHOK pas3mepom 20X 20 cm, Heob6xoaumo 30 r copGeura. Ha-
BeCKy COpOE€HTAa HHTEHCHBHO BCTPSXHBAIOT B KOHHUECKOH KoJa0e
eMKOCTbI0 250 M1 ¢ 65—70 MJ BOAH H 32 2 MHH HAHOCAT NOJYYEH-
HyI0 CYCNeHsHI0 Ha IJacTHHKH. MHorza pekomeHnnyercsi pacrepers
cHayana copbent ¢ 35 MJ BoAH B CTynKe, J0GaBHTh OCTABLIYIOCH
BOAY K ITOJIyYeHHOH OJHODOAHOH macre ¥ CPasy HAHECTH CMechb Ha
IVIACTHHKM (BeCchb HpoIllecc ROJKeH IIHThCA He Gosee 100 c). Hus
TOMOTEHH3allHH MOXHO TaKXe HCIOJb30BaTh 3JEKTPHUECKHH cMe-
CUTEND,

Ecnu HannuMe HOHOB Ka/bliUs HEXeJAaTebHO, TO MOXKHO BOC-
NONb30BAThLCA CHJIMKarejgeMm c jJo6aBkod xpaxmana (3%) B xaue-
<TBe cBssywilero. Hasecky copGerra (30 r), npeanasnayeHnymo
JUISE HAHECeHHsl CJIOA HA HECKOJbKO IUIACTHHOK, T'OMOTEHH3HDYIOT
B cMecutese ¢ 90 r xunameit Boxwl. Iosyuwennywo cycnensuio cie-
AyeT cpasy ¥Xe HAHOCHTb Ha mJIacTHHKH. IIpoBoas oGHapyxeHwue,
</lellyeT TakK¥ke YUYHTHIBATb H CBOHCTBA KpaxMasja, HanpHMep, Hellb-
351 PHMEHATb PEareHTHl, COAepXKallHe HOA, HJIH OOYIJIHBalOIIHe
peareHTHl. DTO OTHOCHTCS TaKXKe K HEKOTOPHIM MapKaM TOTOBHIX
TJIaCTHHOK ¥ JucTKoB 11 TCX, Hanpumep K cuiaydoay*.

Onnako Gmarojgapsi OY€Hb MAaJIEHbKOMY pa3Mepy YaCTHI[ CHJIH-
Karesib U 6e3 cBA3ylero o6pasyer XOpOUIO IPHJAHNAIIUIME CJOH;
HapyuleHHe HeJOCTHOCTH CJIOS MOXHO HaGJIONaTh TOJBKO Ha yda-
CTKaxX NJACTHHKH, NOTPYKeHHBIX B 3mioent. Cuaukarenn 6e3 CBS-
3YIOIIEr0 MOXKHO MCNOJBb30BAaTh NOYTH 6€3 OrpaHHYeHHH AJs Xpo-
MatorpadupoBaHHs GOJIBIIHHCTBA Da3/HYHBIX THNOB BemecTB. Cyc-

* Jluerku cumydona 254 (npowssoactsa Kavalier Glassworks) comepxar
CJIOH MaKDOTIOPHCTOTO CHJAHKAreJsl, IPHTOTOB/IEHHOrO o MeTony [luTpe 1 Ulltep6rt
48], Ges unnnkatopa mam ¢ baryopecueHTHHM HHIHKATOPOM (Ha 254 Hau 366 M),
BKPaIIeHHBIM B MaKpOCTPYKTYpY copGenta. K aToMy cuinkaremo no6aBasiOT Kpax-
MaJ B KayeCTBe CBSI3YIOIEI0 M HaHOCAT HOJYYEHHYIO CMECh Ha JIMCTKH AJIOMHHHS.
Bosee nozpo6ubie namnbe 0 CROMCTBAX W NDHMEHEHHH STOrO MaTepHana MOXHO
Ha#iTy B peknamMuOl uTepatype [52]. :

Qo
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nexsvio npuroraBausarr u3 30 r copberra m 60—65 MJ BOJHL
Cycnensnio He 0643aTeJbHO HCHOJbL30BATh CPA3y H MOKHO 3apaHee
OPUTOTOBUTL HeKOTOPHLIA 3anac ee. CHAMKATeNb MOXKET TaKXKe CO-
JepxKaTh J00aBKy (yopecueHTHOrO HHIHKATOpa,

Kpome o6bluHOro cHiMkaressi, GHPMB BHIMYCKAXOT 0CO60 UH-
CTHH cHaMkareab, HanpuMmep HR (hoch rein —oco6o  uuctwii),
npeHasHaYeHHbIH I pelleHHs clenHaabHBX 3aja4. Ecan mnabo-
paTopHs He pacrosnaraer TakKUM CHJIHKAarejeM H eCJH HeoGXOLHMO
xpoMarorpaupoBaTh OpPraHHYECKHe BEIIeCTBA C HEJBI0 NOJayYe-
HHsE TIDPOAYKTOB BBICOKOH cTemeHH 4YHCTOTH (Aaas SIMP uawm wmace-
CIEKTPOMETPHYECKOTO aHaJH3a), TO IMOCTYNaloT CJAEAYIOIUM ofpa-
soM. CHaya/ja 3/I0HPYIOT IJIACTHHKY CMEChIO MOJISIPHBIX PacTBOPH-
TeJeH, caels 3a TeM, 4TOOH (PPOHT pacTBOpHUTENs 0053aTebHO J0-
mej A0 BepXHEro kpas mjacTHHKH. [locie 3Toro cockabamuBaloT Ty
30Hy copOeHTa, Ha KOTOPYIO PaCTBOPHTENb BHIHEC NMPUMECH, W Tila-
TEJbHO BBICYHIHBAIOT NaacTHHKY. Ha obpaGoranHoli takuMm ofpa-
30M IIJIACTHHKE MOXKHO NpPOBOJHTE YKA3aHHOE pasJejeHHE,

Has obpamenHo-¢pasHoll xpomaTtorpadni HCHOJB3YIOT 06pasiibh
CHJIMKAresss ¢ XUMHUECKH CBfA3aHHBIMH ¢(asamu (cM. ra. 4,
pasa. 4.2.9), no 6e3 cessywouero. B HekoToprle MapKu TakKoro Cu-
JHKarejs BBOJAT TakxKe QJAyOpeCIeHTHbIE HHIHKATOPHI.

MakponopucTele cHauKarean 6e3 CBA3YIOLEr0 MPHUTOLHB B Ka-
yecTBe MOJIEKYJSDHBIX CHT JJA reab-xpomarorpatuun. Has mode-
KyJISIPHEIX CHT ¢ pasmepamu nop 200, 500 u 1000 A mpenenn uc-
KJIOUEHHsI COCTaBJSAIOT cooTBercTBeHHO 5-10%, 4.105 u 106,

Cuaukarejb H HEKOTOpHle JIpyrHe COPOEHTHl MOXKHO MPOMHTH-
BATb HEOPraHHYECKHMM COEJHHEHHSIMH, TOBBIIAKIIUMH H30Hpa-
TeJbHOCTb U 3(p(eKTHBHOCTL pa3jeseHHsi; MepeuyeHb TAKUX COeNHU-
HeHH# conep:urcs B Tabi. 9.2.

PacTBOp NpONHTHIBAIOUIErO COEAMHEHUS] XOOABJASIOT K CHJIHMKA-
reli0 Ha CTajHd NPHrOTOBJEHHS CYCIIE€H3HH, HJH IIPOBOAAT Mpei-
BapuTeJbHOE 3JIOHPOBAHHE NJACTHHKH 3THM pacTBOPOM, HJH NO-

Tabauya 9.2

=o=o,_,°ﬁr_o COCIHHEHH A, MPHUMEHSIEMbI€ NJS TPONMHTKHA Oo—uaﬁ——.—.cw. H THIbI
pasiensieMbIX Ha HHX coeiMHeHn i

IIponnTLIBaOIIAE COCAHHEHHS Tunsl pasfenseMblx coefUHeHHH v%asm.wm

Hurpar cepe6pa AnkeHbl, aJKHHB], TepIeHH!, IJHIe- 40
PHAH, JKUPHBlE KHCJIOTH
Bopras KHCJIOTA, A Caxapuanl, TAHIEPHAH, 62
TeTpabopaT HaTPHA cUHTOMHITH B

Hurpar cBuHI2 Tloanoust 56
Auerar Kaamus ApomaTHuecKHe aMHHbI 75
OxkcaJnart KaJjus 2-OKCHKHCJIOThE 68
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rpyKalT B HEr0 NMJACTHHKH, HJIH K€ ONPHICKABAIOT HM MJACTHHKH.
Yaule BCETO HCNOJB3YIOT /A NPOMHTKH PAacTBOP HHTpPaTa ceped-
pa, xors GoJiee mosauve uccaenoBanusi [49] nokasaam, uto mep-
xjopar cepebpa 6osee adpdertHBeH. IIPOMHTAHHLIE CJAOH MOIKHO
nOJyYHTh, HCNOJb3ysa 12,5%-nblil Boaubli pacTBOp HUTpaTa cepel-
pa BMECTO BOJbI NPH IPHIOTOBJEHHH CYCIIEH3HH COPGEHTa MM IO-
rpyxas naacTuHky Ha 5—10 ¢ B 10%-Hblll MeTaHONBHBIN pacTBOp
Hurpata cepe6pa (A NOJNYYeHHS MNOCJHENHEr0o cHaYaJa pacTBo-
pSIIOT HHTpAT cepebpa B MHHHMAJIbHOM KOJHYeCTBE BOJbBI, & 3aTEM
N06GAaBJISIOT K PACTBOPY HYXKHOE KOJIHYECTBO METAHOJa).

CJloM CHJIHKare/si WaAH APYroro copbedTa, nNpeqHa3HAUEHHOT'OQ
AJIs1 paclpeleNHTeJbHOH XpomaTtorpaduy, MOMKHO NPONUTHBATH
KaKoH-MHO00 ruApoduApHOA HIH jaunouabHON ¢asoft. Huas srtora

Tabauya 9.3

Hekoropbie GUPMbI, BHINYCKaIOHMHe TOTOBHIE K YNOTPEGAEHHIO MIACTHHKK
C TOHKHMH CJIOSMH

<dupMeHHOEe Ha-

Bxcz_um HMeHOBaHHEe CopGeHT TomsoxKa
OPOAYKUHH
Analtech OuunaeiT Cusukaresb Crekao
Analabs Anacun » »
Applied Science IMpekotc » »
Henatonosa
Ilepmakote Cunukarenb, cneued c| »
MOAJIOXKKOH
CAMAG Qeprurniatren | Cuaukaresb, OKCHI| »

AJOMHRHHS, HEJAJ0-
3a

Distillation = Pro- (Xpomarorpam- | Cusnkare’s Opranndeckas
ducts Industries | rmurc nJeHKa
Gelman Instrument{ITLC » TkaHb M3 CTeKJO-
BOJIOKHA
Kavalier Cuaydoa » AmoMHHHeBasR
tdoaspra
Anydon Oxcuj amOMHHHSA
Jlionedoa 1eJ17110J103a
Macherey-Nagel [oaurpam Cuiukareb, okcull| Opranuyeckas

AJIOMHHHSA, 1EeII0N0-| nieHka
3a, MOJHAMUL,
Merck ®eprurnaarred | CuIuKareds, okcui| CtekJo
AJIOMHHHUSA, KH3€eJb-
ryp, LeNI0JI03a

Merck TCX amomunn-} Cuaukaresns, OKCHA| AJNIOMHHHEBAST
YM IHHTC aJIIOMHHHS, UeI0N0-|  ¢ogsra
3a, KH3eJbryp, NOJIH-
aMuz
Schleicher und |[Cenekta ®eprtur-| Cuinkarenp, neaodo-| Creksno, opraHuye-
Schiill iaTTex 32, NOJHaAMHL CKasl MJIEeHKa, aJio~

MuHHeBast ¢osbra

3 Tloauble nanMenoBaHHs GHPM H HX afpeca YKasaHH B KOHIE IIaBHi,
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Jiyuile BCEro AaTh COOTBETCTBYIOLIEMY NPONMHTHIBAIOLIEMY PacTBOPY
NOOHATHCA BHYTPH cJjosi, Hampumep, MOXKHO NpONMTaTh CJIOH
20%-HBIM pPacTBOPOM STHJEHIVIHKOJA B MeTaHOJe HaH 5% -HBIM
pacTBopoM mnapa¢HHOBOrO Macsna B NETPOJeHHOM 3dHpe U Iocae
STOTO HCIIADHTL PAcCTBOPHTE/b IPH KOMHATHOH TeMmIepatype, Aep-
Xa NJAaCTHHKY B TFOPH30HTAJbHOM IIOJOXKEHHH; nerposelHblit adup
Hcnapsercss NpHMepHO 32 15 MHH, a MeTaHOJ — NpHMEpHO 3a 3 u.

Brinyckaercs TaxkXKe CHJHKareJb CIEUHaJbHO JJIsi IIPenapaTHB-
Hot TCX; rHmca B Hero o6GbuHO He A06GABJSIOT, HO BBOJAAT OIHH
UM JBa (JAyOpecleHTHHX HHukKatopa (254 u 366 um). Cuom Ta-
KOTO CHJIMKaresis He DacTPeCKHBAlOTCS, Na)ke eCJH MX TOJIIHHA
npocruraer 1,5 mM. IlpenapaTuBHOe pasjieneHHe MOXKHO NPOBOIHThH
¥ Ha CHJMKareje, HNPEAHA3HAYEHHOM JJIS aHaJUTHUECKHX pabor,
€CJIH 3TO JOCTAaTOYHO y3Kas (paxius.

IMpoBoautsy paspenenne MeronoM TCX Jerde, mosb3ysich yixe
TOTOBLIMH IJIACTHHKAaMH, OCOGEHHO ecnu TpebGyercss BLICOKAas BOC-
TIPOH3BOJHMOCTb HJH ©CJAH XPOMATOTPAMMEL IIOJJIEXAT NOCJAeLYIO-
meMy xpaHeHHI0. OCHOBHHIE THIIBI NJACTHHOK C NOTOBBIMH TOHKH-
MH CJOAMU HepeyucyaeHsl B Tabiu. 9.3.

9.3.2. OKCHAO AIIOMHHHUA

OkcHJL aMOMHHHS —3TO COPGEHT C YETKO BHIPAXKEHHBIMH aj-
COpOUMOHHBIMU CcBOHCTBaMH (cM. ra. 4, pasa. 4.2.3). Om nocras-
Jisercst TVIaBHBIM oGpasoM B uesounoit gopme (pH 8—10). Pasme-
Pbl YaCTHL HAXOAATCs B HHTepBajse OT 5 40 40 MKM, pasMmephn
nop—otr 20 go 150 A, ynmenpHas moBepxHocTb—oT 100 g0
350 m?/r. HexoTopHle MapKH OKCHAA aJIOMHHHS, KaK M HEKOTODHIE
MapKH CHJHKarens, BHIyckaloT ¢ mobaskoit 9—10% rumca B ka-
YEeCTBE CBA3YIOLIEr0; OKCHJ AJIOMHHHSA, COJEpXKAUIUi CBA3YyHOIILee,
BBIYCKAIOT B ILEJOYHOH M HeHTpasbrol (pH 7—7,5) dopmax, a ne
COJIepKALIHNK CBASYIOWErO — elle H B KHCI0H dopme (pH 4). B ne-
KOTOPBIX C/y4asx B aACcOpOEHT 3TOro THIA BBOAAT Takxke (ayo-
PecueHTHHIE HHAHMKATOp (254 HM). B npemapaTHBHBIX UENAX HpH-
MeHsiI0T caabomenounoir (pH 9) okcun amomuuns Ges cBsasyrome-
To Bemecrsa (Merck), comep:kamuii HHAMKATOP BTOPOrO THIA
(366 nm); u3 3TOTO azCOPGEHTa MOKHO MOJYYATh CJOH TOJILIHHOMN
Jo 1,5 mm. ,

CycneHsHio okcHAa aJIOMHHHsS OGBLIYHO IIPUTOTABJIHBAIOT, CMe-
1IHBasg NPHMEPHO OJHHAKOBEIE HaBecKH copbenta (6es cBsisyro-
1Iero) H BOAB MJH OJHY YaCThb OKCHAA AJIOMHHHS (CO CBSA3YIO-
WHM) H JBe yactH (no Macce) BoAsl. [IpuroroBienHbe cioH cy-
1UaT NpH KOMHATHOH TeMmepaType H aKTHBHPYIOT, Harpesast 30 MHUH
npu 110°C. AKTHBHOCTL 06paGOTAaHHOrO TaKHM 06pasoM OKCHAA
aMOMMHHS JexXHT B HHTepBaje Mexay Il u III (mo Bpoxmany),
Y10 B OOJIBIIHHCTBE CJIy4aeB NOCTATOYHO AJA pasfenenHs, Eme 6o-
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Jiee BBICOKOH aKTHBHOCTH MOXKHO LOGHTBCS, NpOKaJguBas MJACTHH-
ki 4 u npu 200°C n BbLAepKHBaA HX 3aTeM 24 u B SKCHKATOPE
Hal OKCHIOM aJIIOMHHHSI ¢ aKTUBHOCTBIO L.

9.3.3. CHJIMKAT MATHHUS

B ra. 4, pasa. 4.2.4, nannl OCHOBHbIE XapaKTEPHCTHKH 3TOrO
copGeHTa, GJH3KOTO MO KAYECTBEHHHIM NMAPAMETPAM K CHJIHKATeJIo
M OKCHAY amOMHHHs. CHIHKAT MarHus BBINYCKAIOT B BHIE YaCTHL
pasmepoMm or 2 1o 44 Mkw™; ero pH pasen npumepro 10. Hekoro-
phie QHPMbL BHIYCKAKT CHJHKAT MATHHA, HeATPaIH30BAHHBIN KHC-
joraMd. OObIYHEIR TOBapHbIH COpPGEHT He COJIEPKHT HH CBA3YIOlIE-
ro, HH QuyopecnenTHoro Huaukaropa. OXHAaKO Mo JAOTOBODY € 3a-
kagunkoMm ¢upma Woelm nocraBisier copbeHt ¢ nobaskoit 29%
HEOPraHHYECKOro HHAHKATOpA,

Cycnensuio 1nsi HaHeceHus cios TOMmHHOH 0,30 MM Ha pan
IUIACTHH TNIPHrOTABJHBAIOT, CMeWIMBass 15 r cHAHMKAaTa Marhusi c
45 MJ1 DHCTHIAHPOBAHHON BoAB. UTO6H HaHEeCEHHBIH CJIOH BBICOX,
AOCTAaTOYHO BBIIEPKATb IVIACTHHKY 2 Y IIDH KOMHATHOH TeMIepa-
Type, a 30-MuHyTHOe mnpokanuBanue npu 130°C nossosser moJ-
HOCTbIO aKTHBHPOBATb NPUTOTOBJEHHBIE NJIACTHHKH,

CHIMKAT MarHus MOXKHO HCHOJb30BaTb /IS PA3feNeHus caxa-
POB, HX aHETAaTOB, CTEPOMAOB, PHUPHHIX Maces, AaHTPAXHHOHOB H
[VIHKO3HJOB.

9.34. NONUAMHIM !

IlommaMuasl ¥ nennon03a — HanGosee PacNpPOCTpaHEHHBIE op-
ranuyeckHe copGenthl. ITonnaMuanble COPOEHTH H3rOTABJIHBAIOT Ha
OCHOBe mep/ioHa (Ha#nona 6) mam Hadiiona 11 m 66 (cm. ra. 4,
pasa. 4.2.7). XpomarorpadHuyeckue CBOHCTBA OTAEIbHBIX TOBAp-
HBIX MapoK NOJHaMH/JOB 3HAYHTENBHO DAa3JIHYAlOTCA B 3aBHCHMO-
CTH OT CBOHCTB HCXOXHOTO CHIPbSl H CTENEHH HoJHMepHsauuH. ITo-
CKOJIbKY B NMPHCYTCTBHH CBOGOIHBEIX aMHHOTPYNI NPOHCXOXHT CHJlb-
HOe CBA3LIBAHHE COEIHHEHHH HEKOTODHIX THIOB, HANPHMEp apoMa-
THYECKHX HHTPOCOCIHHEHHH M XHHOHOB, IOJHAMHIB BHINYCKAaNT
Takxe B aUETWIHPOBaHHOH (opme. Ilepson n Hainon 66 — ruapo-
¢nabHEe matepransl, ma#uon 11 rumpodoben. O6BUHO mOCTAB-
asemble 2 TCX nosHaMHuAB HE CONEPKAT CBASYIOLIErO, HO YACTO
CoepxaT N006aBKY HHIHKaTopa C KOPOTKOBOJNHOBOH (254 uM)
¢dayopecueniuei,

YUTOGH HAaHECTH CJIOH MOJHAMHAA TOMMHHOH Ko 0,25 MM Ha pan
NJIaCTHHOK, TIMATENbHO BCTPAXHUBAIOT 16 I mopolkoo6pasHoro cop-
Genra (mosnamun 6 mmu 66 MN, pupma Macherey-Nagel) ¢ 65 ma
AncrunanpoBagHod Boasl. K TakoMy ke KoauuectBy Haitona 11
AOCTaTOYHO NOGaBHTL OKoJMo 50 Ma MmeraHona. CjouM cymwar Ha
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‘BO3/lyxe NpH KOMHAaTHOH Temmepartype. [IpH HCNOJB3OBAHHH MOIH-
-amuia_dupmpl Woelm cycnensuio IpHrOTaBIAHBAIOT H3 5 T copben-
Ta H 45 r 3raHoJa.

l'oTOBBHE K yHOTpe6eHHI0 —CTeKJSHHblE MIACTHHKH CO CI0eM
noJMamMuia Bryckaer ¢upMa  Schleicher und Schiill. Casiayio-
INHM B TAaKHX CJIOSIX CJYXKHT KPaxMmas, a (JIyOpeCLeHTHHIM HHIH-
KaTOpOM — CHJIMKAT LMHKA B KosHuecTBe 3%, Bumyckalor Takke
IIEHKY €O cJloeM TOMIHHOK Bcero 0,025 MM, He COJlePIKAIUUM CBS-
syiomero. Cion 3THX cOpGeHTOB XapaKTEPU3YIOTCS 3HAYHTEJIBHOH
€MKOCTBIO, H HX MOXHO DereHepHpOBATb HECKONBKO Pa3. JTH CJIOH
CIyKaT 1Sl pasienenus (peHOJbHbIX COENHHEHHH, IIUKO3HIO0B (hiia-
BOHOHJOB, T'JIMKO3H/IOB 2HTPAXHHOHA, HYKJEO3UAOB, MECTHIHIOB.
Ilpumenenne nomuamunos B TCX paccMarpuBaercs B craTtbe Xép-
xammepa [19].

9.3.5. ILEMJII0N03A

Uenmono3a, Kak H NOJHAMHAE, OTHOCHTCH K YHCy HaHboJee
HaCTo NPHMEHAEMBIX OPraHHYeCKHX cOpPGEHTOB, OCOGEHHO B pac-
mpefenuTepHOR xpomarorpagun. B TCX ucmombsyoT aBa Tuma
UEJII0A03E — NPHPOLHYI0O  BOJIOKHHCTYIO H  MHKPOKPHCTaJJIHYe-
ckyio. [liMHa BOJIOKOH MPHPOIHOMN LENTIONO8H COCTABASET OT 2 110
25 MKM, a cpeiHsisi CTENEHb NOJHMEPH3ALMH KOJe6iercs MEXIY
400 u 500. YacTuubl MHKPOKDHCTA/IMYECKOH I1€JJTI0/I03bI Kpym-
Hee—oT 20 jo 40 MKM, a cpemHAs CTeneHb NOJIMMEPH3aUUH HH-
xe—wmexny 40 u 200. Baarogaps npHMeHeHHIO OuYeHb KOPOTKHX
BOJIOKOH LeJI0103bl B GopMe mopoumka B TCX me mosyyaercs ta-
X0e ObICTPOe pacTeKaHHe XPOMATOTPAaHPYEMEIX BEIIECTB BIOJb
BOJIOKOH, KOTOPOE HMEeT MECTO Ha HeJWHOJO3€, HCMOJNb3yeMOH B BH-
Ze xpomatorpaduyeckoll GyMaru, n NOSTOMY IPH OLHHX H TeX e
woHueHTpauuax TCX pgaer Gosee yeTkHe NMSTHA H MO3BOJSET noJy-
MATb Jyyliee pasienenne, yeM BX. Mukpoxpucrasnumueckas mel-
JI0I038 XMMHMYECKH YHLIE, YeM NPHPOAHAs IENII0N03a, XOTS HEKO-
TOpble MapKu nocienseit, Hanpumep MN 300 HR, snosme cpasrumbl
TO YHCTOTE C MHKDOKPHCTAJJIHUECKOH HesnJo3oi. Ha uyueToi
HWEII0/103€ TIPOBOAAT IJIaBHBIM 00Pa3OM KOJHUECTBEHHBIH aHAJH3
MM pasaeneHue (GocOpHBIX KHCIOT, pocdaToB H T. n. BoabmuH-
€TBO MapOK TOBAapHOH LEJIIOJNO3H BBINYCKAOT 6€3 CBA3YIOLIEro,
TIOCKOJIbKY aAr€3HOHHEIE CBOWCTBA €€ CJI0EB HAMHOIO BHILIE, UeM Y
HEOPraHHYECKHX COpOGeHTOB. B HexKoTOphie MapKH 3TOro aucopGen-
Ta A06aBisior duayopecuenTHbii uHaukaTop. Jo6aBka rumca Mo-
2KeT Jaxe OKasaTb OTPHLATENbHOE BJHAHHE, KaK, HanpHUMep, NpH
PasieNeHHd aMHHOKHCJIOT, HO HHOIJA MOXKET H YJIYUYIIHTL pasfie-
JIeHHe,

IIpurorosnuBas cJI0H, HEOGXOAHMO CTPOrO CJEIOBATH PEKOMEH-
Ayemoit meroxuke. Hanpumep, 15 r memmionosst MN300 romorenu-
3HPYIOT ¢ 90 MJ JHCTHIHPOBAHHONH BOABI B 3JEKTPHYECKOM CMECH-
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reje B Teyenne 30—60 ¢ u HamocsT HOJIYYEHHYIO NTacTy HA HJACTHH-
Kit c/0eM Tomuuuol 0,25 mm. Ilocaenyromyio CYIIKY CJOSI BeLyT
npd KOMHATHO# TemmepaType. B mpouecce CYWIKH TOJIUMHA CJOS
YMCHBIUAETCA NDHMEPHO BJBOE, TaK YTO KOHEUHAS ero TOIHHA
coctasaser 0,125 MM, T. e. noayuennuii ol HauGosee yaoben gis
aHaJIHTHIECKOro pasAenenus. IIpH XpaHeHHM TaKHX cJ0eB Ha BO3-
AyXe XpoMartonpa@HuecKHe CBOHCTBA HX yayumaroresd. Honycka-
ercsl Takxe 15-MHHyTHas cywka npu 105 °C, :

1520 r MHEKpOKpHCTANIHYSCKON UEJJIION03b aBHIE TOMOre-
HHSHPYIOT co 100 MJI RHCTHJTHPOBAHHOH BOIBI BCEro OIHY MHHY-
1y. Hanecenne u cymwka mposomsrtes rtak XK€, KaK ONHCAHO BH-~
we. Ecau nemmonosa comepxkur 3% cunukara UUHKA R KayecTBe
QuyopecuenTHOro MHAHKATOpA, TO TOMOTEHA3ALHIO CJIENyeT IPOBO-
Autb B MeraHose. Hanpumep, 25 r nenmwoaossr DC OyJeBep 144
(bupma Schleicher und Schiill), 40 wmu MeTaHosa u 20 MJa BOnEE
TOMOT€HH3UDPYIOT B Te€uyeHHe 30 ¢, HaHECEHHbIE CJIOH CylIaT Ha BO3-
AyXe IpH KOMHATHOH TemmepaTtype HaH 30 MHH npu 110°C.

Takue caon ucnoassywor i pacnpenenurenbHoll xpomarorpa-
¢un ruapodmILHEX Beiiects, HallpHMEp  CIHPTOB, aMHHOKHCJOT,
IIPHPOAHBIX KpacHTe/ed, caxapos, pochaToB u T. 1.

AUETUJIMPOBAHHBIE HEJITIOJO3bI

AneTHIHPOBaHHbIE LEITION03D] (c pasnHuHOH cTenenpio auerH~
JINDOBAHHS) TaK¥Ke HCIOJIB3YIOTCS, XOTH H OYEHH PelKo, B xpoMa-
TOrpaguH, rIaBHEIM 06pa3om o6paienno-(asHoii (cM. pasx. 9.8.9).
MakcumanbHoe cofepKatne AMETHIDHbIX rpynn cocrasaser 44,89,
UTO COOTBETCTBYET TpHALETATy. AUETHNHPOBAHHAS WEJIION032 pac-
TBOPSIETCS B Psifie FaJOreHCOAEPKaIHX pacTBopuTeNed, AHOKCaHe,
KETOHAaX U CJHOXKHLIX 3DUPax; oHa CHILHee NOABEPXKeHa pa3pyuia-
IOIEMY JefiCTBHIO OGHAPYKHBAIOIHX peareHTOB. AAresHoHHHIE
owomoammc AUCTHIHPOBAHHOH LEMNIIONO3B XyxKe, uem Y HeaueTuju-
POBaHHOM, IIO3TOMY, NPHIOTABJHBAS H3 Hee TOHKHE CJIOH, HeO0G-
XOJHMO NPHMEHSTb CBS3yIOlILee. _

[Tpusenem rtunMunyo MeToAnKy. 30 r aueruanennionosy DC
nynasBep 144/21 (¢upmbt Schleicher und Schiill)  cmemmnBaror ¢
cycrneHaHed 4,5 r runca B 60 Mu Boasl H 10 MJ ME€TaHOJla, TOMQ-
TEHHSHDPYIOT 3Ty cMech 30 ¢ B 3JEKTPHYECKOM CMeCHTeJe, YroGse
YAQMATL H3 CYCNIEHSUH Ny3BIPBKH BO31yXd, NOBEDX Hee HAJIHBAIOT
2—3 MJT MeTaHOJIa U 3aTeM BCTPSAXUBAIOT. I'0TOByI0 cycneHsuio cie-
AYET HAHECTH HA NJACTHHKH B TeuenHe 10 muH, Cyuwar noJTyuen-
HbIE CJIOH TIpH KOMHATHOH Temmepatype uau npu 110 °C B Teyenue
30 muH.

AUeTHINPOBAHHBIE LEJJIIOO3b HCIOJB3YIOT TVIaBHBIM 06pasoM
AJs o6palenno-pasuoit xpomaTorpadpuu JIUTIOQHIIBHBIX COEJHHe-
mmmlmm%mxxmm:om, AHTHOKCH/AHTOB, HHTPO(EHOJIOB, MEPOKCH~
Zl0B; 3aMeHHuTeNeH caxapa.
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9.3.6. HOHOOBEMEHHHKH

Cop6eHTh ¢ HOHOOGMEHHBIMH CBOHCTBaMH HcmoJbsyiorcss B TCX
Bce uamie H yame (cM. ro. 5, pasg. 5.2.2). IlepBeIMH HOHOOGMEH-
HHKaMH, HamenurHMu npuMeHenne B TCX, 6buin MomudumupoBaH-
Hble ‘HJIW MPONHTAHHBIE XKUIKHMH HOHOOGMEHHHKAMH LEJIIOVIO3H!, a
TaKXXe HOHOOOMEHHMKH Ha OCHOBe IOJHCTHpOJAa, HampHMep Jay-
sKe-1 maH mayskc-50 ¢ LeII0J030f B KayecTBe CBSI3YIOLIEro, IO-
CKOJIbKY CaMH HOHOOOMEHHHKH He yAepXKHBAIOTCAd Ha MJIACTHHKAX.

Cnoco6nl IpHUrOTOBJEHHS, CBOACTBA H CTPYKTypa HOHOOGMEH-
HHKOB Ha OCHOBe IIeJJIIOJIO3B paccMaTpuBaloTcs B pasi. 5.2.3 ra. b.
Paccrosinne MexXIy aKTHBHHIMH TPYNNAaMH HA NOBEPXHOCTH MaKpo-
MOJIGKY.JT HEJJIION03Ll cOocTaBjisieTr NpHMepHO 50 A B TO BpeMms, Kak
‘B MOHOOGMEHHBIX cMOJIaXx OHO paBHO npumepno 10 A. MonooGmen-
‘Hble ILeJJIIOJN03k, 00Jafalomue MeHbllei HOHOOOMEHHOM CIIoCOGHO-
CThIO, YeM HOHOOGMEHHEIE CMOJIBI, MPEBOCXOAAT MOCJEMHHE IO HOHO-
OOMEHHOA CIOCOGHOCTM B OTHOIICHHH O6€JKOB H JAPYrHX MakKpo-
MOJIEKYJISPHHX coefvHeHHfi. M3-3a GOJbLIMX pPacCTOSTHHH MeXAy
AKTHBHBIMH TPYNHAMH B LEJJION03€ HUCIOJb3YETCH TOJBKO HeboJb-
I1asg 4acTh aKTHBHHIX LEHTPOB, TAK 4TO H36GupaTesnbHas AecopOuus
MOKEeT IPOXOJHTh B OUEHb MATKHMX YCJIOBHAX IIO CPABHEHHIO C XpO-
Matorpadueli Ha HOHOOGMEHHEIX CMOJax. DTHM H OOBACHAETCH
TPEINOYTHTEIbHOCTh aLETHIHPOBAHHBIX LIEJJII0/I03 KaK HOHOOGMeH-
'HHKOB NpPH GHOXMMHYECKHX HCCJEeJOBAHHSAX H OYHCTKE BHICOKOUYB-
'CTBUTENbHBIX coefuHeHHH. OCHOBHBIE THIB HOHOOGMEHHBIX INPOH3-
"BOAHKIX L{eJIJII0JIO3HI NIpHBENEHEl B Ta6u. 9.4.

Tunuqubiéi cnoco6 npuroroBaeHHss ciaoeB i TCX cocTout B
caepyiomeM. ITopomkooGpasHblii TOBapHLIH  I€JJIIOJO3HBIH HOHO-
OOMEHHHK T'OMOT€HH3HPYIOT ¢ 5—10-KpaTHOH HAaBECKOH NHCTHJIIH-
POBaHHOH BOXBI H HAHOCAT NOJYUYEHHYIO MAcCy Ha HJACTHHKH CJO-
eM tosmmunoit 0,25—0,5 MMm. [IocKOJBKY Takyue MaTepHaJbl CHJBHO
#Habyxaior, Gojiee TOJICTHIE CJOM JIETKO PacCTPeCKHBAIOTCA NpPH Cyil-
ke, UTo6s H36exaTh 3TOTO, peKOMeHAyeTcs A00aBJATb K IIPHIO-
TOBJIEHHON CYCIEH3HM NOPOINOK mHenmioao3sl. Ilocaenyiomyro cymky
IIPOBOASIT NpPH KOMHATHOR Temmeparype. [lepexn ymorpeGienuem
caox Heo6X0AMMO TPOMEITh. C 3TOH LENbI0 NMAACTHHKY HNOMEINAIoT
onHEM KOHIOM B 10%-HEIA BOAHBI PacTBOP XJOPHAA HATPHA H Aa-
IOT €My HOAHATHCS MO cJoo Ha 5—I10 cMm. Eo.oam,. 3TOr0 NepPeHOCAT
IVIACTHHKY, He NPOCYLINBas ee, B KaMepy ¢ YHCTOH BOJOH, rie mpo-
IOMKAIOT IMPOIHTKY, NMOKa (POHT  PACTBODHTENsSI He JOCTHTHET
BEPXHEro Kpasi ¢jos. 3aTeM ILTIACTHHKY CyWaT 2—3 4 ¥ BHOBb Ta-
KHM 3Xe 06pasoM NpPOMBIBAIOT BOJAOH 10 camoro Bepxa. IIpoMbiTyio
TINACTHHKY OCTABJISIOT NIPH KOMHATHOH TEMIIEpaType A0 CJenyolle-
ro JHs. :

UoHnoo6MEeHHHKH Ha OCHOBe NOJIHJeKCTpaHa (cedaaexc, cM.
pasi. 6.2.2) TOXOXH IO CBOACTBAM Ha MOHOOOMEHHHKH Ha OCHOBe

Tabauya 9.4
HoHOOGMEHHHKY Ha OCHOBe WLENMIONO3M W noaupexcrpana aas TCX
Hopowxu
Mapka HoHo-
0OMEHHHKA Cocras & Tun m_ﬁﬂwﬁ“w Dupma
CM Kap6okeumerun-  [KatnonooGmen- 0,7 Macherey-Na-
LeJJTI0N03a HHK gel, What-
man
DEAE HustHnamMubostua- [Annonoobmen- |0,7—1,0 To xe
LeTI0N103a HHK
ECTEOLA Mponykr  peaknun|{To e 0,3—0,5» »
SMHUXJIOPTHAPHHA,
TPHSTAHOJAMHHA
H IIeJIOYHOH nen-
JIOJIO3 I
P Docdopumuposan- [KaTHoHooGMen- 0,7 > »
DEI Hasl LeI0J032 HHK
Lenmonoza,  npo-|Anuonoo6men- 1,0 |Macherey-Na-
NHTAaHHAS  TOJNH-| HHK gel
3THIEHHMHHOM )
Poly-P Henmosnosa, nponu-[KaTnonooGmen- 1,0 » »
TaHHasi noaudoc-| HUK
SE-ced tbatom
-cepagexc Cyabdostnaceda- [To xe 2 i
(35 E50) el »3  |Pharmacia
CM-cedagnexc Kap6okcumerna- » 4,5 >
(C-25; C-50) | ceanexc ‘
DEAE-cedagekc JHaTunamMunosTua- » 3,4 »
(C-25; C-50) cedaneke '
Torosvie caou
Mapka
HOHOO6- Tomuuua
o006 Mognudukanus Tonnoxka Q_o%w MM ®upma?

PEI |Bunyckaercs raxxe| Crexio HWIH  opra-

C

PEI

tdayopecnenT-
HHIM MHIHKATOPOM
(254 M)

HHYECKad MJeHKa

Opranuueckas mien-
Ka

PEI |Buimyckaercst Takxe Oprannueckas mien-

€ (ayopecleHT-| Ka WaIH AMOMUHH-
HBIM HHIHKaTOPOM| eBasi oJbra,
(254 num) CTEKJIO

a
Toansle Ha3BaHHsA G:bz H HX axpeca HaHhl B KOHIze

0,1 Schleicher und,

Schiill

0,1 Macherey-Nagel
0,1 Merck

TJIaBsl.
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eJTI0/03b. JIeKCTpaHoBble HOHOOOMEHHHKH, NpEAHA3HAYeHHbIE g
TCX, BBUIYCKAIOT B BHAe Ouenb MeJkux rpanyn(l0—40 mxm), cm.
Taba. 9.4.

HonooGMeHH e ¢MOJbl OOBLIMHO HAHOCAT Ha IWIACTHHKH B BUIE
cMeceit ¢ mestono3oi (cp. [32]). B 3THX mensx MOXKHO HCIOJb-
30BaTh GOJIBIIOE UKCJIO TOBADHBIX MPOAYKTOB (CM. Il 5, pasi. 9.6)
¢ rpanyisamu pasmepom 40—80 MKM, HanmpHMep nayskc-50. Ero
cHauasa mepesofAT B Tpebyemylno ¢opmy, mocje 3TOr0 CMEUIHBAIOT
B cTyIKe 5 r mopomka uemnonossr MN300 ¢ HECKOJTbKHMM MHUJIH-
JUTPAMH JUCTHJJIHPOBAHHOK BOJAB M K 3TOH CMeCH HeGOJbIIHMH
NOPUHAMH J06ABJAIOT NPH NepeMellNBAHHK CYCTIEH3HI0 30 r HoHO-
o6Mennnka B 20—30 MJa BoAH. B 3akiaioueHne A00aB/sIOT elle
25 M Boxbl. IToJyueHHYyIO CYCIEH3HIO HAHOCAT CJOEM TOJIIHHOH
0,25 MM H CylIaT NPH KOMHATHOH Temneparype. [IpHroToBJ€HHbIE
IJACTHHKH XDAHAT B 3aKDPHITOA KOpoOKe, NIpHYEM HX Hajao 00s3a-
‘TeJIbHO HCIIOJb30BaTh B TeueHue HeaenaH. HekoTopeie GUPMBL BEHI-
TIyCKAalOT TOTOBHE CJOH HOHOOOMEHHHKOB, HAHECEHHBIE Ha THOKYIO
donpry (cm. Taba. 9.5). Ilepen ymorpeG/ieHHEM HX HyXKHO BBULED-
aTh 16 4 ¢ COOTBETCTBYIOUIHM OyQepHEIM pacTBOPOM  (CM.
pasi. 9.8.3). DTH IJIACTHHKH NPHMEHSIOT B TeX Xe UeJsiX, YTO H
CJIOH ¢ IEeAAIJIO3HEIMY HOHOOOMEHHHKAMH, HalpHMep AJs pasie-
JIeHHs] aMHHOKHCJOT, HYKJIEOTH[OB, IyPHHOB, INHPHMHIHHOB, HeOp-
TAHHYECKHUX HOHOB, aHTHOHOTHKOB H T. IL

] Tabauya 9.5
Mapku $oabry ¢ HaHECEHHHIMH HOHOOOMEHHBIMH CMOJAMM, BbIIyCKaeMble tupmoi
Chinoin?
3&9@@ Tun dopma

®uxcuon 50X8 Cumbunifi xaTHonoo6MennnK (SO;~) | Nat-dopma

Duxcuon 2X8 CH/IbHBI aHHOHOOOMEHHHK CH3;COO—-dopma
—N(CH3)2-CH:0H i
PuxcHoH 2X8 CusbHBI aHuoHOoOOMeHHEK ¢ uHAH- | CH;COO—-dopma
UVas, katopoM Y®-usnytenns (254 nm)

2 Tlonzoe HasBaHHe MMPMBI M ee aipec JaHBl B KOHUE FJaBhl.

6 Pupma Macherey-Nagel BoimyckaeT (oapTy TaKuX 2Ke THIOB NOJ Ha3BAHHAMA:
uHoHeKc-25 SA-Na, monekc-25 SB-Ac, HoHekc-25-Ac/UVass.

Jlasi pasjenenus HEKOTOphiXx KatHoHos MerofoM TCX B kaue-
CTBe HEOPraHUYeCKAX HOHOOGMEHHHKOB HCHOJb3YIoTCs docdar wup-
xomras(1V), MOIHGLAT aMMOHHUSL ¥ /IDyTHE CONH. DTH MaTepHaJbl I10-
craistiores pupmoit Bio-Rad Labs B COOTBeTCTBEHHO TPaHyJHPO-
pannoM BHAe (2—44 mxm). Crnoco6 NpHrOTOBJIEHMS CJIOEB ONMHCaH
B monorpaduu [11].

TOHKOCJIOMHAST XPOMATOTPAGUS 509

9.3.7. MATEPUAJIBI 1J14 TEJIb-XPOMATOIPA®HHU

XpomarorpadHueckie Marepuaabl AJs Teab-Xpomartorpadui,
X Ha3HAyEHHE H CTPYKTypa mOApoOHO omucaHut B 1. 6. Ilpu co-
OTBETCTBYIOIEH CTENEHH TPaAHYJSALUHH M HPHMEHEHHH HajaJjexauiel
METOAMKM HX TaKXKe MOXKHO MCHOJb30BaTh JJs IIPHTOTOBJIEHHS
ToHKUX cJjoeB. Ilonnas uH(pOpMALHUS O IEKCTPAHOBBHIX IeJsX MapKH
«cedagekc cymepdaiiH», nocraBaseMbx ¢upmoit Pharmacia, co-
JepKUTCS B BHIIYLIEHHON 3Tof GHpMON peknaMmuoi 6pounope :[2].
BuiGpaHubifl reqb OCTaBJAAT HabyxaTh B XHJAKOH cpeflle B Tede-
HHE PEKOMEHJOBAHHOTO NPOMEKYTKA BDEMEHH, IIOC/E 4ero CyCHeH-
3HIO TeJsl HAHOCAT B BHJE CJoeB ToquHo# 0,5 MM ¢ IOMOIIBIO CO-
OTBETCTByIOULero mnpucrnocobnenus. UToOpl B CHCTEME YCTaHOBH-
JI0Ch paBHOBeCHEe, MJIACTHHKH C HAaHECEHHBIM CJIOEM NOMENlalnT B
crneunaabuyo kamepy (puc. 9.6). B pasa. 9.2.2 kpaTKo H3n0XKeH
MeToji NPHUBEJEHHs] CUCTeMBl B paBHOBecue. B pabore [66] omuca-
HO pasiejieHHe MYPHHOBBIX M NHPHMHJIHHOBHIX OCHOBAaHHH H HYK-
JICOTHAOB IO VIIPOILEHHOH MeTojHKe Ha cMecH 16 r cedanmekca
G-10 ¢ 4 r cunukareng GFgsy uan 4 r uesmonossl. IlpurorosieH-
HBIH cJ0l coXpaHsAeT pasieJisioulye CBOHCTBA cedamexca, HO MPOyY-
HOCTb €0 MNOBHIIAETCs, CTAHOBHTCS INPHMEPHO TaKO# e, Kak y
CJIOEB CHJMKAresas HJAM IeJJI0I03EL.

Has TCX npurognbl Tak:ke Ouoresu P — resu mosnakpuaaMH-
na, BuinyckaeMmule ¢pupmoii Bio-Rad Labs. (cm. ria. 6, pasa. 6.2.3).
Dra ke ¢upPMa BHIYCKaeT HeOpraHWYecKHd copOGeHT Ouorsac c
sIThIO 3aJaHHBIMH HHTEpBajaMu pasMmepoBmop (ot 200 10 2500 A),
UPUTOAHBIL st TeJb-xpoMmaTorpaduu GenKoB, BHPYCOB, caxapH-
OB H JUIHAHBIX KOMIIJIEKCOB.

9.3.8. IOPYIrHE COPBEHTHI

TloMumo mnepeuncsieHHbIX Bbille cop6entoB B TCX nprMeHsor
MHOTJA M JpyrHe MaTepHaJibl, NpHYeM B HEKOTOPHIX CJaydasx HX
UCIOJB3YIOT B CMeCH ¢ 60Jiee PacnpOCTPaHEHHHMHU copOenTamu. Ms
yHuc/aa HEOPraHHYeCKHX COPOEHTOB HCMOJb3YIOT AHATOMOBYIO 3€M-
mo (kusenbryp), axcop6UHOHHAsA CHOCOOHOCTb  3TOTO COpOGEeHTa
MaJa, HO OH XOPOUIO YAep:KUBAET HETOABUKHBIE XUAKHE (ashl,
YTO OUEHb BAXKHO B paCHpPeleNHTeSbHON xpoMarorpaduu. Poab
copBentoB B TCX MOryT TakiKe BHIIOJHATH OKCHANATHT, OKCHJL Mar-
HHUS M AKTMBHBIA JipeBecHEi yroab [51]. BauakuM mo cBoficTBam
K TNOJMaMHAy $BASETCSA NOJH-N-BHHH/MHPPOJIHIOH, HCNOJb3YeMbIi
AJs PAa3JECHHS] XJOPOTEHOBBIX KHCJOT M APYTHX (EHOJBHBIX CO-
enunenuit [9]; B KauecTBe CBASYIOIIETO B COYETAHHH C ITHM COP-
6eHTOM NPHMEHSJH cyabGdaT KaJbLusl.

Anacua — BuimyckaeMas ¢upmoii Analabs cmech cunukaress H
15% oxcupa Marmds co cesaylomum (109% rumca) nan Oe3 ne-
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IO — NpOSBJSIET XOPOIIYI0 PasieNHTeJNbHYI CHOCOGHOCTH B OTHO-
LICHHH JHIHAOB, KOTODHE He yJaercs PasiesuTh YHCTOM CHJIH-
karene [25]. OnHako cmemenne COPGEHTOB C Pa3iIMUHBIMH CBOHCT-
BaMH He BCerja CHOCOGCTBYET YJYYIIEHHIO pasfiescHHs. Tax, Hc-
NOJb30BAHHE CMECH CHJIMKAaresast H OKCHAA aJUOMHHHA [IJs pasje-
JIEHHs] UUKJOLEKCTPHHOB OCOGBIX NMPEHMYINECTB He jaJjo [74]. As-
TOPH paGoThl [68] HccaenoBanu pasjeseHHe COEIAMHEHHH DasiaHu-
HOH MOJIIPHOCTH Ha CMECH CHJIHKareJs c nenmawono3oir (1:1) npu
JBYMEPHOM 3JIIOHpOBaHHH. IIpH 3/JI0HPOBaHMH BOIHBIMH pacTBOpa-
MH aKTHBHBIM KOMIOHEHTOM ObLIa LEJLTION033, 4 MPH 3IOHPOBAHUA
OpPraHHYeCKHMH DacTBOPHTEJISIMH LeJII0103a GHJIAa HHEPTHOH H B
pasjie/leHHH NPHHUMAJ y4acTHe TOJbKO CHJHKAarelb.

9.4. 3JIIOEHTDI JJ4 TCX

HUrak, KaKk MB MOIJIH YOeIHThCH, B KauyeCcTBe HEMOABHXKHON
TBepaofi ¢ase B TCX npumensioTcsi caMHe pasjHYHHE MaTepHa-
Jbl, 6oJice TOro, MEXaHH3MH pas3feJeHHs OCYIIECTBJISEMOrO 3THM
METO/OM, TaK¥Ke MOTYT OHTh COBEPIIEHHO PA3HLIMH, NO3TOMY 00606-
IHTh cBOHcTBa npHMeHseMHx B TCX oTHeJbHHX pacTBOpHTeJeH H
HX cMecell HOBOJbHO cj0oxkHO. COOTHOIIEHHE MEXJAY HPHPOJLOHA pas-
IeJsieMBIX COENHHEHHH H pacTBOPAOLIEH CHCTeMOH 0O6CYXZAaNoch
B IVI. 3, a 3JIIOEHTHl, HCIOJb3yEMbIe ISl Pa3jHYHBIX THIIOB XpOMa-
tTorpadHH, 1 HX COOTHOLIEHHE C COPGEHTaMH W pasfessieMbIMH CO-
e[HHEHHSIMH paccMaTpHBajsioch B Il 4—6. Ilpu BHGOpe pacTBO-
putensa uaM cMecH pacrsopuTtenelt ajaa TCX chenyer yuHTHIBaTb
PacTBOPHMOCTb XpOMaTOrpaHpyeMbIX COSIHHEHHH B IOIBUIKHOK
¢dase, a TakxKe «pacTBOPSIOILYIO CHJAY» (IOJAPHOCTb) PaCTBOPHTe-
Jsi HIH ero H3aGHparenbHOCTb. O BJIHSHHH INOJIIPHOCTH DacTBODH-
TeJsd Ha INpouecc aicopGUHH roBopHjaoch B ria. 4, pasa. 4.3. Ha
puc. 9.9 mokasaH COCTaB PasJHUHBIX CMEceH pacTBOpHTeNed OIu-
HakoBO# mnoaspHocTH. Ilon H36HpPaTENBLHOCTHIO HAHHOTO DAacTBOPH-
TeJ s TO CPAaBHEHHIO C APYTHM pAaCTBOPHTEJNEM IOYTH TaKOH ke
TOJIIPHOCTH MNOAPa3yMeBalOT CIHOCOOHOCTb MEPBOTO H3OHpaTeNbHO
pacTBOPATh OAHH H3 KOMMOHeHTOB cMecH. B cratbe CHalizepa [58]
naerca kaaccubukamua 82 pacrsopureneft. O6uiHe COOTHOIIEHHS
MeXKIy xpomatorpadHpyeMBIMH COEIHHEHHSAMH, 3JIOHPYIOLIeH CH-
cTeMOil ¥ npHpoxoit caosi copmyaupoBansl I'epmanekom [18]. Ilpn
pasgenenun MeronomM TCX umcroTa pacrBopHTeNeH, 6e3yC/a0BHO,
HMEET TaKOe e BaxkHOe 3HAUeHHe, KaK H NPH Pa3/eJeHHH [PYrH-
MH xpoMartorpadHyecKHMH METOLAMH.

Hcnosb3ya ABOfiHbIe H TPOHHBIE CMECH PaCTBODHTeNeH, CIeAyeT
TIOMHHTb O BO3MOXHOCTH PaCCJIO€HHs 3THX cMecedl H 06pa3oBaHHSA
BTOPOTO (PpPOHTA PacTBOPHTENA BCJAELCTBHE KOHTAKTa C HEHNOABHXK-
Hoit ¢ason [71].
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Puc. 9.9. xBusmooTponnse paau [42].

TonapHocTh pacTBopHTeNell BO3paCTaeT c/1eBa HANpaBo. DKBHIIIOOTPORHBIE PAAbl HaxoAaATCA
Ha BepTHKAJNbHbIX NPAMBIX JIHHHAX, MapajiesbHbIX IITPHXOBON NpaAMOR JHHMH X; AaHnue
cnpaBefJIMBE AN N-Kamephl ¢ HacbIMEeHHON aTMocdepoil,
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9.5. METOJOHUKA TCX \

9.5.1. HAHECEHHE NPOB

wmohvExmoemooaﬁw@mEu,o,az:mmo,ome wath wm_oemowomw
noaxonsimiem nuskokunsameMm (50—100°C) pagtBopuTese, koTophii
JOJKeH ObITh OTHOCHTENBHO HENOJSPHBIM, YTOGH XpOMaTtorpadu-
pyeMble coeliHeHHsT MMe&NU Obl B HeM HH3Kue 3HaueHus Ry Pac-
TBOPHL NPO6 HAHOCAT B BHAE IATEH Ha XpoMmMartorpaduyeckue mJaa-
CTHHKM IIOCPEICTBEOM MHKDOIIMNPHIEB WIH MHKPOIMIETOK pPasJiyy-
HBIX THIIOB, HAaYHHasi OT KaJHGDOBAHHLIX MHIIETOK, HCIIOJb3YEMHLIX B
TeMaToJIOTHH, H [0 CaMO3alOJHSIOMHUXCS IHIETOK H3BOCTHOHR eM-
KocTH. [IpOoGH 1/ KOJHUECTBEHHBIX ONPENENCHHH DPEKOMEHIyercs
HaHOCHTb C IIOMOLILIO MPEIHM3HOHHBIX MUKpoLInmpuies. Bocmnpous-
BOJHMOCTb KOJHYECTBA HAHECEHHOH MNpPoOH H3MeHHeTcss OT U=
=+0,6% 1o v=-4-0,8% [23], rze

v==100s/x==100}/ = (x— x)*/(n— 1)/,

rie v — KO3(OUUHEHT NOrpeLIHOCTH, S — CTAHZAPTHOE OTKJOHEHHE
(cpennsis KBaJpaTHUHAs NOTPELIHOCTb), X — H3MEPEHHOEe 3HaUeHHe,

X — CcpelHee 3HAUYEHHR, 1 — YHCJAO HBMEDEHHH, .
Kouuenrpanuss npo6ul B pacrsope cocrasaser 0,1—1%. O6mb-
€M HaHEeCEHHOH NPOOGH MOAGHPAIOT B 3aBHCHMOCTH OT UYBCTBHTEJb-
HOCTH OOHapy:KeHHsl; OGBIYHO OH cocraBjaser 1—10 MkJI, x0Ts
HHOTJa HaHOCAT M OOJbllHe KOJHYecTBa. Pexomenayercs, 0aHako,
HAHOCHTb KaK MOXKHO MEHbIIee KOJHYECTBO MPOOHI; YETKOCTb pas3-
NEJIEHHs] TNPH 3TOM YBeJHUHBaercs, a (popMa HaHECEHHLIX NATEH
npubsuxaercs X HAeanbHo Kpyrioit. I1po6y nanocsaT Ha paccros-
HHH 1,5—2 cM OT HHXKHEro Kpas XpoMaTorpadHueckol NJacTHHKH,
Jyyile BCEro C MOMOUIbIO IPO3PAYHOTO IJIACTMACCOBOrO IIabJaoHa
AJisi HaHeceHHs npo6, TaKk KaK B 3TOM cjaydyae npolbl pacroJara-
I0TCA Ha ONHOHA NpAMOH M HHTEDPBaJbl MEXJAy HHUMH paBHH. Pac-
CTOSIHME MEXJy HAHEeCeHHHIMH NpPOo6aMH 3aBHCHT OT 4HCJaa Ipos,
HO 00bIuHO cocTaBaseT or 1,5 m0 2 cMm. s MHUKpooupeneseHHit
paccrosiiie MeXAY OTAeJLHBIMH NpOoGaMH MOKeT ObiTh MeHbIIE.
Ilpn HaHeceHWH mPOOGHl CJAELYET OCTOPOXKHO KOCHYTHCS IOBEPXHO-
CTH CJIOSI KOHYHKOM NHUIETKH H AaTh DPAacTBOPY BIHTAThCH B CJOMH.
[TpoGEl MOXKHO HAHOCHTb B BH/e HJIH KPYIJIBLIX NATEH, HIH KOPOTKHX
y3KuX nosocok. Hanecenne npo6 B BHAe TOUEK MOXKET HHOTJA MPH-
BECTH K UYPE3MEPHOMY KOHUEHTDUDOBAHHIO HAHECEHHHIX COegHHe-
HHH, OCOGEHHO €CJM OHHM PAaCTBOPEHbl B HENOJISIPHOM PacTBOPHTEJE,
a B urore — K 06pa3oBaHi0  «XBOCTOB», OCOGEHHO NPH XpPOMaTo-
rpa¢HpOBaHHH B TAaKHX CHCTEMAax, [Ae XpoMmartorpadHpyembie co-
eIMHeHHST IJI0X0 PacTBOPUMHL. B 3THX cayyasix pekoMeHayercst Ha-
HEeCTH Ha KOHIEHTPHPOBAHHOE NATHO Kamaio 6oJjee MOJNSPHOTO pac-
TBOPHTEJS, HJH pacnpelenuth npoby no 6GoJblield IIOIamH, HIK
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HAHOCHTB V@omz B BHJe m0JiocOK. ONHIT MOKa3hiBaeT, 4TO HaHece-
Hue npob :ommgmzx Jlaer JIydlllie DPe3yabTAaThl, T. €, NOBBILIAET
UETKOCTh- pasiesients. Hanecenne npo6 B BHIe MOJOCOK peKOMeH-
IyeTcst NPOBOIMTL TAKKE B MHKDOTDENapaTHBHOH H HpemnaparuB-
noit TCX, xoraa\npuMeHSIIOTCsI aBTOMAaTHYeCKHe CTDPYMHHIE aTILIH-
KaTOphl /Il HaHeteHHss mnpo6 (omucansl Jaanee B pasn. 9.7.2).
HMuorna MoxHO HaRQCHTb NPOGY HAa CTapTOBYIO JIMHHIO B BHAE N0~
poIIKa HJH B BHJIE %mm pacTtuTenbHOl TKanu [63].

B ocobbix cayuasx, B 4acCTHOCTH NDH -NPOBEIEHHH DPYTHHHOTO
KaueCTBEHHOTO aHaJM3a JIEKAPCTBEHHBIX CPEJCTB, O6pameHue ¢
KOTOPBIMH 3aTPYJIHHTEJIbHO (HanmpHMep, Mased, 5MyJbCHH, TJIACThI-
peil, apupubix Mmacen [64]), nmpo6ul HamocaT 1o meromy Illtans
(rak nasniBaeMmlt Merox TAS, Thermomikroabtrenn-und Auftra-
geverfahren von Substanzen,— meron TepMOMHKpDOBHLIETEHUS H
HaHecenus: Bewects). Hcciemyemylo mpo6y BBOZAT B TPYyOGKy H3
TBEPAOrO CTEKJa, KOTOPask ¢ OMHOTO KOHLA OTTSHYTa B KOPOTKHIX
Kanu/igp, a ¢ LPYyroro MOXKET 3aKphBaThCs. [losyueHHBIH TakuM
00pasoM «IaTpPoH» NMOMEIIAIOT B MPEABAPHTENLHO HATPETHIl 10 Tpe-
OyemOil TeMnepaTypnl aJIOMHHHEBEI GJOK TAaKHM 06pasoM, uToGbr
KODOTKHH Kamuisp BBICTynan u3 G6iaoka. CoeluHeHHs, JeTyuue
0pyd JaHHOH TeMNepaType, HCHapSIOTCS HJH BO3TOHSIOTCS HEMO-
CPeICTBEHHO HA IPHIOTOBJIEHHYIO XpoMaTorpadHueckyl MJacTHH-
Ky. Ecam nmomecTHTh 3a npoGo#l CMOYEHHBIH BOJOH KpaxMmaJs HJH
J€3aKTHBHDOBAHHHI '(THAPATHPOBAHHBIN) CHJHKAreJb, TO TaKoe
IPHCMOCOG/EHHE MOXKHO HCIOJb30BATh IJIS1 MHKDOIIEPETOHKH C Ma-
pOM; @HpH 3TOM KpaxMmaj HWJIH CHJIHKarejb CJIy:}KaT MHKDOreHepa-
TopaMu napa. HaneceHHBle HAa MIACTHHKY TpPOGH OGBIYHO O6O3HA-
YaI0T HOMEPAMH, KOTOPHIE ¢ TIOMOIIBIO HIJIB 3aMHCHIBAIOT HA CJI0E
B BepXHEH YacTH NJACTHHKH, HaJ (QPOHTOM pACTBOPHTEJS.

9.5.2. BbIBOP JIIOUPYIOIUX CUCTEM M METOJbl 3JIOHPOBAHUSE

B TCX pacTBOpHTE/]b HIH CHCTEMA PACTBOPUTENEH OCYLIECTBJSA-
eT IIepeHoc xpomartorpadupyemuix coeaunenuit. Ilog6op pactBo-
pUTEJIsT NO3BOJISAET DPEryJHPOBATb 3HAuUEHHST R; pasfenseMbX CcO-
eIUHEeHHH TakuM o6pa3oM, uTOOHl OHH HE 0Ka3aJHCh HH CJAHIIKOM
MaJbl, HY CAHLIKOM BeNMKH. Bribupas pacTBopuTens, 0GHYHO MOJb-
3YIOTCA 3JIIOOTPONHBIMH pPsSaMH. PacTBOpDHTENb OKasblBA€T Ompe-
JleJIeHHO@ BJHMAHHE Ha H30HpaTeNbHOCTh COPOLHH, T. €. Ha OTHO-
LIeHHe KOHCTaHT pacmpejencHus (kKoadduuueHTOB pacnpenesenis)
K,/K; pasnenseMbIX COeIHHEHHA H Ha Da3JeNUTEJbHYIO CIIOCO6-
HocTh cJjoeB copGenra. Cuaitmep [59] paspaboran xosuuecTBeH-
HYIO T€ODHIO, OOBSCHSIIOMYIO POJIb PACTBODHTENsT B XxpoMmaTtorpadu-
YeCcKOM npouecce. B 370H raase MH ee paccMaTpHBaTh He OyleM, a
TeM, KTO HHTEDecyeTcsi STHMH Ipo6jeMaMH, OPEKOMEHAYEM OTJIHY-
Hylo Mouorpaduio Ieitoca [16], B koropoit Bce napamerpm TCX

8—13
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BeCbMa YeTKO NPOAHAJH3HPOBAHBl HAa COOTBETCTBYIOIPX (aKTHye-
CKHX npHMepax. Boo6ule rosops, mpH NMoxGOpe SMIQAPYIOIIHX CH-
<TeM CJeAyeT DasjHyaTh fABa THNA pa3feJeHHs: A) pasieseHHe
CMeCel COEJHHEHHA ¢ OueHb OJM3KHMH HJH Jaxe OJAMHAKOBHIMH
BHayeHHAMH R; u 6) pasjejeHHe MHOrOKOMNOAEHTHHIX CcMecel
COEJIHHEHHH, 3HAYHTENBHO Pa3JIHYAIONHXCA IO /I10JiSPHOCTH.
Crnoco6u moaGopa ONTHMAJBHEIX YCJIOBHE  pasfeNeHHs cMecei
YKasaHHBIX THNOB pa3iauyHbl. IloxGupas ONexzermEm YCJIOBHS,
MOXKHO MEHATh HE TOJBKO DACTBOPHUTENH, HO M COPOEHT, a B CHy-
Hae amcopOUUOHHOH XpoMaTorpaduu MOXKHO TAKXKe H3MEHSATb akK-

100 _
\0m#.6n. 807,
90} A y
gap »
Yergous ongencayun Ha
80 -
N-kamepa,

70 o0sryroe w\‘%:b%“s,

S—rame Hue, cnod odpadp- Tpomowmge 1 |

mwan a0%, | 1MUY smouposanue Hi

L 207 ] c 4 |
60 I

Y

! mr .
g-.m:.,:--{ i e e = e = ﬂw
——F—H - &1 ] }.imr. H

40 Cunuxazens H,
AUNOPUNEHOE
coeguHerue

—-—

il

10°c 2ue
m\V /17,473
cunuxazens

I

30

Pacme.: denson Om.60.20%

20 _ |

~

%so.w.uo.wammmsonmwama.,mzx%oaowxmxnozw._.o%m%swowmmxmmmmﬁEn::%?
- KaHHOTO coexuuenus [17]. -

"THBHOCTb copGenta. Ha puc. 9.10 sicHO MOKa3aHO BJIHSIHHE YCJO-
BHH XPOMAaTOrpa(HpPOBAHHUS HAa BeJHYHHH R; HCCJEAyeMBIX COEIH-
‘Henuf. CxeMa moa6opa ycJAOBHH pasjeneHHs COeIHHEHHH C OYeHb
OJU3KHMH 3HAUeHHsIMH Ry naua B Ta6i. 9.6.

Hecnenys MHOTOKOMIIOHEHTHYIO —CMeChb, HEOGXOAHMO IOMHHTB,
YTO JOCTATOYHO YETKO Pa3/eJHTb COeJIHHEHHSA ¢ OJH3KHMHU 3Haye-
HHAMH R; ¥ OJHOBPEMEHHO DA3NENHTb COENMHEHHS C GOJBIIHMH
PA3HYHSIMH B TIONADHOCTH OOBHIUHO He ypaercd. Has paspenenus
Tap COGIUHEHHH ¢ OGNH3KHMH R; odeHb 3(¢EKTHBHO IIPOTOYHOE
(HempepLIBHOE) 3JIIOHPOBAHHE, HO OHO COBEPIUEHHO HENPHTOIHO AJIs
‘PasfeNieHHsi COEIHHEHHH, 3HAUHTEIbHO PA3JHYAIOMHXCS 110 IOJSp-
Hoctd. C 1esaplo pasfeneHHss MHOTOKOMIOHEHTHBIX cMecell coeau-
HEHUA DA3JIMUHOHA TNOJISIPHOCTH OYeHb DEKOMEHJIYeTCs IpHMEHeHHe
AHTHNAPaJJIeJIbHBIX TPAJAHEHTOB, T. €. HCNOJb30BAHHE CHCTEM, B KO-
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Cxema noaGopa onTHMAJBHBLIX YCHOBHA PASNENEHHS COCAMHEHHA C GAH3KHMH
BeanunHamu R; [16]

hY

a. [lpexne Bcexo cveAyeT MOMHTATHCA HAHTH B PYKOBOACTBAX AHANOTHUHHIE
ApUMEPH H, HCIONB3YN HX, NOAOGDAaTh COPOGEHT H CHCTEMY PacTBOpHTexel. Ecan
HHK@KHX MOXOXHX NPHMEPOB HAATH He yHaeTcd, XpOMaTorpadHpOBaHHe BEIYT Ha
NI0GOM COPOeHTe (CHAHKATEJb, OKCHJ, AMOMHHHS)

0.2 Ecnu paspensieMbie COeJHHEHHS DACIOJNATAIOTCA GIHIKO K CTADTOBON JH-
HHH HIH QPOHTY pacTBOpHTeNs (R;<<0,05 uau R;>0,85), TO HeOGXOIHMO MO BO3-
MOXHOCTH HCUBITaTh PasJHYHBle OJHOKOMIOHEHTHHIe cucTeMbl. Ha sToll cramum
paboTH oueHb s¢peXTHBHO npuMeHeHue BapHO-KS-xaMepH, rfie MOXKHO 3a1aTh
OPTOTOHAJIbHHA TPAJHEHT aKTHBHOCTH CJOS

6. Eci ¢ noMOWBIO MeTOZMKH 6 YXanoch OCYIIeCTBHTb JHIIb YACTHYHOE
pasieneHue, T. e. eCJH B ONDENEJEHHOM DAacTBODHTENE YAAJIOCh HONYYHTb TOJBKO
SHaK Dasje/eHHd, TO cJeAyeT noxolparb B BapuHo-KS-kaMepe Taxkue yc/aoBHS,
uro0n R; paBHsAnach mpuMmepHo 0,3 IpH ODPTOTOHANBHOM TIPafHEHTe AKTHBHOCTH
caos

2. Ecnu npu Ry npuMepno 0,3 pasgeneHne CyIIeCTBEHHO YJIYULIHIOCh, MOMXKHO
HaJeATbCsl, YTO NPOTOUHOE 3/I0HPOBaHHe ellle Govee yay4mnt ero. OcTalbHhHe
ycnoBHS (cOCTaB PacTBODHTEJNS, BJAAKHOCTB) IIPH 3TOM HEOGXOLHMO COXDAaHHTb

0. Ecan cramms 2 He npuBesa K YAYUUIEHHIO pasfiefeHHs, TO MOMKHO elle
TONKITATbCA HACBITHTH CJOH HapaMH pacrsopuTens. [Ipu o6pasoBaHuu opToroHab-
HOTO rpafiHeHTa MEHSIOT COCTAB W KOHUEHTPAIHIO HCTIONb3OBAHHON IS HACHILEHHS
CHCTEMBI pacTBOpHTenell. Bxonsiue B cOCTAaB CMeCH PacTBOPHTENH JOJIKHH CHJb-
HO pasJHYaTbCA NO CBOEH MNOJAPHOCTH (HampHMep, HENOJIAPHWA DPacTBOPHTENb C
OYeHb MaJIOH N0GaBKOA CHJIBHO MOJISPHOTO PACTBOPHUTES)

e. Iocie sTOrO MOXHO C NOMOUIBI0 METOXA NPOTOYHOTO SMIOHDOBZHHA NIONY-
UHTh YaCTHYHOE pasiesieHHe. DTOT MeTON OCOGeHHO >(peKTHBEH NPH pasiesNeHHm
coeauHenn#t ¢ Ry 0,1—0,5, monydeHHHMH TOCKE OZHOKPATHOTO 3JIOHDPOBAHHS.
Eciu Ry Bbime, TO AN NPOTOYHOTO SMIOHPOBAHAS €r0 HALO0 YMEHBINHThL (LPHMe-
HHTb GoJjiee cnalHe 3MIOEHTH HIM GOJee aKTHBHHIE CIOH cOpOeHTa)

€. 3aMeHHTb COPGEHT MMM H3MEHHTb YCJIOBHS €TO IPONHTKH H NOBTOPHTH
onepanuu 6 — e

3. OnTHMH3HDOBaTh pasjiefieHne Ha BHCOKOI()GEKTHBHOM KHIKOCTHOM KOJO-
HOYHOM XpoMaTtorpade

2 Cragun 6—e BCETfa COOTBETCTBYIOT OLHOMY SJAIOHPOBAHHAIO.

TOPHIX TOIBHXXHOCTb COEIMHEHHS YMEHbUIAeTCS B HANpPaBJEHHH
3JIIOHPOBaHHs. AHTHNApaJjienbHBIE IPAJHEHTH MOXHO IOJYUHTb C
nomMompl0: a) MmuorozoHansHOA TCX B KaMepax ¢ HeHaCHIIEHHO
at™Moctepoli; 6) NpelBapHTENbHOTO HACHILIEHHS KaMepHl BOASHBIM
napoM WJIH NapaMH PacTBOPHTENs, O6MajalolIero Ae3aKTHBHPYIO-
LUIHMH CBOHCTBaMM; B) CO3JaHHS TPaJMeHTa COCTABa CJOS.

Kak npaBusno, a/0HpoBanHe Ha NIaCTHHKAX NPOBOAAT HOA Ipsi-
MBIM YIVIOM K HalpaBJEHHIO HAHECEHHS CJOS.

CIIELIMAJIbHBIE METOOB! 2J/IIOUPOBAHUSA

a. Hucxodaujee sat0uposanue TPHMEHSIETCS TJIAaBHHIM 06pasom
IpH pa3fieleHHH HA CJOsX cedajexca, KOTOPHH He BIUTHIBAET pac-
TBOPHTEJb NOJ JAEHCTBHEM KamWuISApHBIX cHa. [IpH npoBenenun

m.
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HHCXOMAINEro 3JI0MPOBAHHA, KaK INPaBHJO, B BEpXHej uacTH Ka-
MepBl NOMEIAT JIOTOK C PacTBOPHTEJNEM, COEJHHE i
CJIOHHOH NJTACTHHKOH (PacHOJIOKEHHBIH HAKJIOHHO WM BEePTHKAJb-
HO) GuTH/IEM H3 DHIBTPOBAILHON GyMary.
6. leymeproe aatouposanue. AHanOTHUHBIH METOJ TPHMEHSIOT
B bX, Hanpumep nns HAeHTHOHKALMH AMUHOKKCAOT. ['OTOBAT TpH
KBalpaTHble MJIACTHHKH, HA HHX HAHOCAT (B YIVIY IJAACTHHKH) MHC-
XOJHYI0 CM€Cb H BC€ TPH IJACTHHKH 3JIOHDYIOT B OJHOM HAIlpaB-
JIEHHH OJIHOH M TOH ke cucTeMoii pacrBopureselr. [Tocie cywmku
KXyl TJaCTHHKY 3JIOHPYIOT BO BTOPOM HANpaBJEHHH, IMepHeH-
JHKYJAAPHO TE€PBOMY, HCIIOJb3Ysl TPH DPa3/HYHbIE CHCTEMBI PacTBO-
pHTETeH, NOKOCpaHHbIE TaK, YTOOH KaxKAas CHCTEMA XOpOIIO pas-

1254956

Puc. 9.11. MeTon 5/m0MpOBatHs CMeCH CJAOXHBIX 3(GHPOB BOCKA [41].

a — TPOCTOe 3JMI0HPOBaHue (rekcaH — 3¢pup, 95 :5); 6 — NPOCTOe 3AIOHPOBaHHE (FeKCaH — TeT-
paxsopmeraH, 50:50); 6 — mATHKpAaTHOe 3MIOMPOBaHHEe (FeKCaH — TeTpaxjopMeraH, 50 : 50).
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pesda aMHHOKHCJIOTHI OIpPe/AeJNeHHOH TDYNNb HJAH M3MeHsAJa Io-
PAAOK MX PACHOJIOXKEHHS Ha XpoOMaTorpaMmme,

8. Ilporounoe sarouposanue. Haubosee mpocrolt BapuaHT 3TO-
ro MEeTOJa-— CBOOOJHOe MCIapeHHe DAacTBODHTENsS] ¢ Kpas MJIACTHH-
k. OueHp 3(QQPEKTHBHO HCNOJB30BaHHe BapHo-KS-kamepnl wuim
Jpyrod xamepsl (GHPMEHHOT'O H3TOTOBJIEHHS, B KOTODOH IPEXyCMOT-
peHoO HEeNpepLIBHOE yAaJeHHe NepeMeIialomierocsi Mo CJIOK pPacTBO-
pHTEIsA y Kpas naacTHHKH. Ha puc. 9.11 nokaszanel xpoMaTorpam-
MBI, IIOJIyYE€HHBle OJHHM H3 YNPOLIEHHBIX BapHAHTOB METOLA MpO-
TOYHOTO 3JIONPOBAHHS — MHOTOKPATHBIM 3JIIOUPOBAHHEM MeEHee MO-
JApHbiM pactBopuTeneM. Ileppu u ap. [24a, 47] onucann Meromu-
Ky INpPOTPaMMHDOBAHHOTO  aBTOMATH3HPOBAHHOIO  JIOHPOBAHHS
3THM CHOCOBOM.

e. Jl8y3onanbHOe U MHO2030HAAbHOE INIOUPOBAHUE HCIOJIb3YET-
csl TIpH XpoMartorpaupoOBaHHH CJOXKHBIX CMeced, comepKaliix
KOMIIOHEHTHl C CHJBHO PasJHYAIOMIeHCs NMOJSPHOCTBIO. B pesyabra-
Te BCJELCTBHE PACCHOEHUS NOJBHXKHOU (asbi 06pasylTes ABa HJIH
GoJsibliee uHca0 (PPOHTOB pacTBOpHUTENs (TaK Ha3biBaeMble a-QpoHT
C 0-30HOH, B-PpoHT ¢ B-30HOI).

0. I'paduentroe sarouposarue — MeToll, NONYCKAIOIHUA JOKAJD-
HOe H3MEHEHHE YCJOBHH pasfiesieHHs Ha pasjiensdiouled NOBepXHO-
cti, Co3JaHHBIM TIpPajHEHT HJAH OCTAETCH NIOCTOSHHBIM B TEUEHHE
BCEro 3JIIOHPOBAHHUS, HJIH MEHSeTcs  BHOJb NYTH pasfesieHHus.
B npHHIHIIe MOXKHO MOCTENeHHO MeHsThb Bce mapamerpun TCX, co-
3/aBasi TakKUM 00pa3oM HX rpajHeHTH. B wacTHOCTH, MOXKHO Me-
HATb TOJIIUHY H COCTaB CJ0f, NPONHTHEBATL €ro KHAKHMH, TBEp-
IBIMU MM T23006pasHbIMH COETHHEHHSMH, MEHSITb aKTHBHOCTb, CO-
CTaB 3J0€HTA H NIOJBHXKHOH (pasnl BHYTPH CJIOA H T. A.

9.5.3. OBHAPY)XEHME

DosbuiuucTBO XpoMatorpadupyeMulx coeluHeHu#i 6eciBETHO,
U [0ITOMY MX HAJ0 KAKHM-TO 06pasoM 0OGHAPYKHBATH IOCJE 3JI0H-
poBanusi. Meronn oGHApY:KEHHSI MOMKHO Pas3iejHTh HA HECKOJbKO

Fpymm.
OU3NUYECKHME METOIbI OBHAPY )XEHUA

Meronsl 3TOH TpyNNb NPHUMEHSIOTCA AN OOHAPYXKEHUS COenH-
HeHHil, GJyopecHHPYIOIHX NPH OO/MYYeHHH CBETOM OIPEIeJEHHOH
JUIMHBL BOJIHBL, U He()IyOpecUHPYIOMIUX COSNWHEHUH, pasieseHHbIX
Ha CJ0siX afcopbeHTa, cojepXKamux (QIyOpeclUeHTHhie HHIUKATO-
Pl (OOBIYHO (PAYOPECHEHIHST BHI3HIBAETCS OOJYUYEHHEM C MIJIHHOH
BoaHnl 254 uau 254 m 366 um). B nociexneMm cayuae npu YP-o6-
JiyueHnu ¢JryopecuHpyeT Bcs HENOJBHXKHAA (asa, 3a HCKAIOUEHHEM
30H COEJWHEHUfl, MOJABJSIIOMNX (QJIYOPECHEHIHIO; 3TH COEIHHEHHs
o6HapYXKHBAIOTCSL B BHJEe TEMHBIX IsiTeH HA (yopecuupyoneM ¢o-
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He. K naHHON Ipynne MeTOXOB OTHOCSTCS Takke aBropamuonpadus,
CUHHTHJIAIHOHHBIE METOJbl HIH METOAb NPSIMOTO ,CueTa, npuMe-
HseMBble /151 OGHAPYKEeHHsI PAIHOAKTHBHBIX 3J1€MEHTOB.

XMMHUYECKUE METO1bI OBHAPYKEHUS

XHMHYECKHE METOAB OGHADYKEeHHS NPHMEHAIOTCS ualle BCero,
IIpn o6HapyxeHHH yKa3aHHEIMH MeTOZaMH XpOMaTOrpaMMy IocJje
OKOHYaHHS pasjielleHHst o6paGaThiBAOT rasamu, HallpUMep aMMHa-
KOM, GPOMOM, HOJOM HJIH ONpLICKHBAIOT PA3NIHUHBIMH HecmeuudH-
UECKHMH HJIM CHeUH(HYECKHMH 06HapYKHBAIOUIUMH peareHTaMH.
B riaBe, nocssimenHoi GyMaxHOH xpoMartorpacduu, VKasaHhbl pac-
NIPOCTPAHEHHEIE TUTILI NyJbBEPU3ATOPOB /IS ONPHICKHBAHHS (cMm.
ria. 3, puc. 3.11). Pearentos mus ONPLICKHBAHHS H3BECTHO OYeHb
MHOTO, GOJIbIUHHCTBO HX HCHOJB3yeTcs M B BX. Hexkoroprie ns
HanGoJlee BaXKHBIX PEareHTOB NEPEYHCHEHH B pasa. 9.9. O6uapy-
JCHHE ¢ IOMOIIBIO XHMHYECKHX PEareHTOB OYE€Hb atddekTHBHO, TO-
CKOJIbKY OHH 4aCTO 00pasyloT OKpalleHHBE NPOH3BOMHLIE cpasy
NPH ONPBLICKHBAHHH HJIH B TpOLECCe MOCIEAYIOLIEro HarpeBaHus,
KOTOpO€ MOXET NPOBONHMTLCS NPH TEMIepaType, NpeBHLIaomed
100 °C. Hnorxa B mpouecce HarpeBaHusi MOXKHO Hab6JI0JaTh Xapak-
TEPHOC H3MEHEHHe OKPAaCKH, 4TO TaKKe IO03BOJIIET KAYEeCTBEHHO
HIECHTHQHUUPOBATL HEKOTODPHIE COEIHHEHHS.

BHOJIOTMYECKUE METOIbI OBHAPY)XEHU

B 3Ty rpymny BxomsT MeTomm 0GHapyxeHHsT GHOJIOTHYECKH aK-
THBHBIX COeNMHeHHH. B GHoaBTOrpaduuecknx Meromax opH ob6Ha-
PYXEHHH CTHMYJIATOPOB DPOCTA HJH BHTAMHHOB ONPENEJSETCS CTe-
II€Hb pPOCTa 30H MHKPOOPraHH3MOB, a IPH OOGHADYKEHHH aHTHGHO-
THKOB HJIH aHTHMETA60JHTOB — CTeNeHb HX HHrHOHpOBaHuA. K co-
KAJNCHHIO, STH BeCbMa cneuudHuecKHe MeTOAH TPeGyloT oueHn
MHOrO BPEMEHH — OT HECKOJIbKHX YacCOB [0 HeCKOJbKHX nHel. OG-
HADYXKHUBAIOTCA TAKUMH METOLAMH TOJbKO GHONOTHYECKH AKTHH-
Hb@ COGLMHEHHS, NPHYEM HEAKTHBHBIE COCNHHEHUS OGHADYKEHHIO
He memaioT. UToGul yCKOPHTL moJyueHHe PesyabTaToB, OGBIYHO
NPOBOAAT OOHAPYKEHHE OLHHM H3 XHMHUECKHX METO/IOB, IoC/e ye-
'O NPOBOAAT GHOJIOTHYECKYIO NPOGy.

KOMBUHHUPOBAHHBIE METO/ I OBHAPYXEHHUSA

O6Hapyxenne KOMGUHHPOBAHHEIMH METOLAMH HO3BOJISIET MOJy-
JATb 3HAYHTENBHO GOsibllle HHMOPMALUHH 06 HCCIEAYEMOM COEIH-
HeHHH. HekoTopsle H3 3THX MeTOM0B MO3BOJSIOT TIOJIY4YHTb RAHHBIE
O CTPOCHHH COEIHHEHHH HJM MOTYT HCIOJb30BATHCS JUIS KOJTHUE-
CTBEHHbIX ONpejeseHufl. YOD-CHEKTPHl TOIMOWEHHS H CIEKTPH
¢ayopecuennun [23] MoKHO mOJyUHTS, HEIIOCPEACTBEHHO Hcce-
AYSL XpOMATOTPAMMEL; C NOMOLUIBIO CIENHANBHO CKOHCTPYHPOBAHHO-
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TO 3JIEKTPOAA MOXKHO NOJYYHTh NMOJNAPOrPaMMy 6e3 mpeiBapHTeb-
HOro 3J0HMpoBanus [14]; paspaboTaHn Takxke AETEKTOpH s
M3MEPEeHHA WHTEHCHBHOCTH (JIYODECUEHIHH TOHKOCHOHHBIX XpOMa-
TOrpaUuecKux MNJIaCTHHOK NOJX AeACTBHEM DPEHTTEHOBCKOIO H3JY-
genns [20].

[loMrMO TNpAMBIX METOJOB MOXHO HCIIOJB30BATh H HENPAMBIE
MeTOAbl OOHAPYKEHHsl; MOXKHO, HAaNpPHMeD, couerars TCX ¢ Mmace-
cnekrpoMerpuenn [43], Y®- ¢ HUK-cnekrpockonuedt, KX u t. m.
OIHAKO BO BCEX cJayuyasax HeoOXOOHMO eHauaja 3KCTPArHPOBAThH
npo6y ¢ XpOMaTorpaMMH M OCBOOOAHTE 3KCTPAKT OT npuMecei,
MONABIIHX B HEro K3 HEMoABHKHOH ¢ase. Cpeln Mero0B 3TOM
TPynnbl HaHAy4yIIEM oKasajacs Merod Wick-Stick [15], koropwrit
103aHee ObLT HecKOJbKO MoauduuupoBan [65]. H3Bieuenuwbit u3
CJI0sl COPGeHTa MHKDOSKCTPAKT (HIBTPYIOT depes TOHKOH3MeJIb-
YeHHHIH GPOMHJ KaJHsi, KOTODhIH INOMEIAT B TPYOKY IJIHHON
8 cm c BHyTpeHHHM Auamerpom 1 MM. Korga skcTpakT BBOZAT B
TpyOKy, TyAa 3aCachBAIOT TAaKXKe mmmoawEmm KOJIHYECTBO YHCTO-
TO ‘PacTBOPHTEJS, NOTOM OTPE3al0T HUXKHHHA KOoHel TpyOKH, Iae
KOHIeHTpHpyloTcss mpuMecH. [locie 3Toro MOXHO cHHMAaTh Mace-
CIIEKTP 3KCTPAKTa HJM e IpeccOBaTb U3 OpOMHAA KaJjHd qm_mame-
ki d cuuMarb UK-cnexkTp xpomarorpadHpyeMBIx COeIHHEHHI.

9.6. KOTHYECTBEHHOE ONPENEJNEHHE

MeToab KOJHYGCTBEHHOI'O  ONpeNeJIeHHd NOApAa3JesioTcs Ha
HempsAMbE U TpsaMbele. B nepsyio rpynmy BXOJIAT BCe METOJBI, Npel-
yCMaTpHBAOIlHe 3KCTPAKIHUIO COCAMHEHHH Iiepe], KOJHYECTBEHHBIM
HX onpejleneHHeM. DTH MeTOJB NPEJNOYTHTE/IbHEl B T€X CIyuasx,
KOT[ia MOXKHO IPOBECTH KOHTDOJBHBEIl ONHIT ¢ XoJocTofi mpo6oii, a
TAKKEe ONpPEJENHTh IOTPEIIHOCTh JJMIOKpOBaHHA. B rtaba. 9.7 &S-
3aHB PA3IMYHbIE KONMYECTBEHHbE METO[bL HCCHENOBAHHS SKCTPaK-
TOB H YKa3aHbl HATEPBAJB UYBCTBUTEJBHOCTH OTHEJbHEIX METOJIOB.

Tabauya 9.7
MeTobl KONHYECTBEHHOTO ONpejeNeHHsl NOoCie SKCTPAKHHH C TOHKHX cioeB [24]

a:mwwwhmammuﬂ_ﬂmﬂmu 1—100 mr 10—100 Mxr 10—100 HC

- dayopecueHus,

onn  onpenene-\[paBumeTpus, THT-| CIEKTPOCKONHS

Ewwmn P poMerpus, mnoxaa-| (Y&, UK, SIMP),| dochopecuennus,
pUMeTpHS Macc-CreKTpo- 6HoJIOTHYeCKHe

MeTpHA, pedpak-| MeTOAH
TOMETDHS, HOJ-
porpadus, I'XKX,
H30TONHEE METo-
AH




520 : TJIABA 9

DJIOMPOBaHHE OTAENbHBIX COENHHEHHH C XpPOMAaTOrpaMMEl CJIELYEeT
IPOBOAUTL HOC/TIEe HX OOHAPYMKEHHS Ha Xpomarorpagpuyeckofl maa-
CTHHKE, KOTODO€ He MOJIKHO HapyIlaTh UENOCTHOCTb CJIOS, H KOJH-
YGCTBEHHOTO OTAENEHHs COPGEHTa OT MAACTHHKH. IIJIsi KOJHYeCT-
BEHHOTO SJIIOHPOBAHHST HEMOCDPEICTBEHHO C XPOMATOrpaMMEL, Ge3
oo,oxm@a:mcmmxm copGenra, npurojien na6op CAMAG-Eluchrom. By
nyckaempiit ¢pupmoi CAMAG (prc. 9.12). C nomombio 310r0 mm..
60pa MOMKHO OJHOBPEMCHHO 3.IOMPOBATH  IIECTH npob, noayuas
TOUHO H3MEPEHHbIE KOHEYHBlE 00BEMB PacTBOPOB. mhx.m,oemmm:om
YCJIOBHE — DACCTOSTHHE  MEXAY HSATHAMH  JOJKHO GHITD paBHO

v:wmwswum. Haé6op O>3>Q.. Eluchrom gns konmgectsenmoro aBTOMAaTHYECKOTrO
POBAHHA C TOHKOC/IOHHBIX IVIACTHHOK (C paspeureHus ¢upmu CAMAG)

21
TOHKOCJIOMHAY XPOMATOTIPA® U 5

2,5 MM, a MakCHUMaJbHBI JHAMeTpP NATEH He JOJIKEeH MpPEeBHIIATh
20 MM.

IIpaMoe KoauuecTBeHHOe OOHapyXeHHe  Ha XpoMarorpamme
MOXKHO NDOBONMTH, H3MEpss TJOMAJAb NATHA HJH ONpejesss HH-
TEHCHBHOCTb €ro OKPacKH, HO Takoe OIpejeJeHHe CONpPSIKEHO CO
3HAYHTEJbHBIMH 3KCIEPHMEHTAJbHBIME NMOIDELIHOCTAMH H MO3TOMY
IPUTOAHO TOJBKO MAJIS OPHEHTHPOBOUHBIX H3Mepenu#l. Bosnee Tou-
HBIE METOJAB ONpEeNeNeHHs COAepPkKAHUA COEJUHEHHH HEeMOCPeCT-
BeHHO B CJoe TpPeGyIOT NpHMEHEHHS ClelMajbHBX Npubopos. Bce
METOABI 3TOH TPyMNNbl OCHOBAHEL HA NPHHIMNAX (POTOMETPHUH, NpHIEM
yalle BCEro NPHMEHSIOT [JEHCHTOMETPHIO, 3aTeM CIEKTPOopOoTOMeT-
puio, duayopumerpuio H asropaauorpaguio. Tem uyurarensaM, KOTo-
PHIX HHTEDECYIOT yKa3aHHble METOABl OOHADYXKEHHs, caenyer obpa-
THTbCS K OTJMUHOM 0630pHOH crathe Mopka u Kpayca [24] wnan
monorpaduu Taucrona [67].

9.7. NIPEMAPATUBHASA TOHKOCJIOMHAS
XPOMATOTPA® U

B GoJblINHCTBE CJyuaeB pasjiejieHHe, JIOCTHTaeMoOe IMOCpeiacT-
BoM anamuTHuecko# TCX, MOXKHO mepeBecTH Ha MHKPO- UJH IIOJY-
MHKPONpenapaTHBHLIN ypoBeHb. - [IpenapariBHoe pasjeneHHe Ha
TOHKHX CJOSX dYalle BCEro IpOBOAAT METOAAMH alCOpOHHOHHOH H
pacrnpeaeJHTeIbHON XpomaTorpaduH, TOr4a Kak NpenapaTHBHOE
pasieseHre MeTOJOM HOHOOOMEHHOH HJH KOJIOHOYHOH XpOMarorpa-
({HH TIPOBOAHTCSA TOJBKO Ha KOJOHKax. IloMHMO mnpemapaTuBHOM
TCX cywecTBylOT K JpyrHe MeTOAbI NPENapaTHBHOTO pas3jieseHHs
(manmpuMep, kJjaccHueckasl KHJIKOCTHas Xpomarorpadus U ocobeH-
HO BBICOKO3((EKTHBHAS KHIKOCTHAs XpoMaTtorpadus, HIM Xpoma-
Torpadusi IPH BBHICOKOM NABJEHHH, CM. I'MT. 4), KOTOpBIE B psije CJy-
yaeB MOTYT OKasaTbCsi Gosee 3b@exkTHBHBIMH. MerogoM cyxo#t
Kos10HouHOl - XpomaTtorpadun (CKX) MOxKHO HPOBOAHTH mpenapa-
THBHOE pasjie/ieHHe B TaKHX XK€ YCJIOBHSX, KOTOPhie HMPHMEHSIOTCSA
npun pasgenennu Mmerogom TCX [36]. Ilostomy peroMennyercs
lpexje BCEro NMPOAHAJIHIUPOBATb MOCTOMHCTBA H HENOCTATKH Das-
JMUHBIX THIOB H METOJ0B XpoMartorpadHH H OLEHHTb IeJecool-
Pa3HOCTb HX NPHMEHEHHs st pasje/ieHHs KOHKPETHHX COeNHHeHHH
(yCTOWUYHMBHEIX- MJIH HEYyCTOHUMBHIX, ¢ OJM3KHMH HJH 3HAYHTENBHO
pas3IHuamUMHCS BeJHUMHaMH R;). BeiGop meroja 3aBHCHT TaKxke
OT TOTO, KaKHe KOJHUECTBA COEJHHEHHH M KakK OBICTPO HeoOX0JHMO
MOJYUHTh.

B npenapatuBroii TCX HCmOMB3YIOTCH T€ XK€ aACOPOEHTH, YTO
n B ananutHueckod TCX. OnHako HEKOTOpHle (PHPMBI BHIIYCKAIOT
afcopbenthl, NpeiHa3HayeHHble CIENHaJbHO /IS MpernapaTHBHOMH
xpomaTorpagun (Hanpumep, gupma E. Merck, lapmmranr, ®PT).
OnTtuManbHasi TOJIIMHA CJIOEB, NPHMEHsIEMBIX B IIpenapaTHBHOH
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TCX, cocraBaser or 0,5 10 1 mMM. OObluHBi pasMep NIaCTHHOK
2020 cM, urorga 20340 uam agaxe 20X100 cMm. YcaoBus yc-

NELIHOT0 MpPenapaTHBHOrO pasfeJeHHs Ha TOHKOCJOHHBIX MJACTHH-
Kax: ONHOPOXHOCTh CJOsi, NPABUJNbHOE (T. €. OYEHb PABHOMEPHOE)
HaHeceHHe Npo6b Ha CTApPTOBYIO JIHHHIO, IIOJHOE HACHIIEHHE aT-
Mochepn XxpomaTorpapHueckoli Kamephl.

9.7.1. NPUTOTOBJIEHHE CJIOEB

Cnon nns mpenapathBHO#l TCX TOTOBAT ¢ NOMOLIBIO CHENHAb-
HBIX YCTPOMCTB, HHOIZIA HA3BIBAEMHIX ANIJIHKATOPAMH, JKEJIATENLHO
¢ peryjnpyemoii wHpuHoi menn (puc. 9.13). KosHuecTBo Hame-
CEHHOTO afCcopGeHTa MOXeT OHTh caMuiM pasHeM. Has TCX na

Puc. 9.13. [IpuGop anst aBTOMATHYECKOIO HAHECEHHS npo6 Ha cou (C paspelleHHs
¢upmnl Desaga).
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CHJIHKATeJle Ha INIACTHHKY pasmepom 2020 cm naunocsar 2025 r
ancopbeHTa, TOMMIMHA cIoa cocTasisier 1| mm. IIpomamoTes Takxe
FOTOBBIE INIACTHHKH sl mpenapatusuoél TCX, Hanpumep usrotos-
Jasiembie pupmoii Merck niacTHHKH (epTHIIIATTEH.

9.7.2. HAHECEHHUE IIPOB

Pacrsopnr npo6 (xkonuenrpanmus 5—20%) Jyume Bcero mamo-
CHTb Ha CTaPTOBYIO JIHHHIO C IIOMOHIBIO aBTOMATHYECKOTO ATIMJIH-
Karopa, TaK KaK B 3TOM cJy4yae npoGa GyAeT HaHeceHa COBEpILEH-
HO DaBHOMEpPHO BAOJIb BCEH cTapTOBOH JHHHMH. B sTHX nenax ouenn
yRoGHO moJib30BaThes mpuGopom Desaga Autoliner, BuimyckaeMmbiM
¢upmoit Desaga (puc. 9.13). Ecin xke B n1a60paTopun He HMeeTcs
TaKoro NpH6opa, To npoby HAHOCAT HA IVIACTHHKH CJEAYIOMHM 0G-
pasoM. MajieHpKHI TaMIIOH U3 XJIONKOBOH BAaTH BBOXAT C NOMOIIBIO
TOHKOH IPOBOJIOKH Ha 4—5 MM BHYTPb KOHYHKA NHIIETKH €MKOCTDIO
1 mi. BEICOBHIBaOLIEMYCSl KOHYHKY BATHOTO TAMIOHA NPHAAIOT Ta-
Ky ¢opmy, uTo6e 06pasoBajach MajeHbKas KHCTOuKa. [lajee B
NMHIETKY 3aCachlBalOT PACTBOP HA TAaKyl0 BHICOTY, YTOOH KHAKOCTb
He MOrIJa caMa no ceb6e cBOOOAHO BHITEKATb H3 HEE, H NMOCJE ITOrO
JIETKHMH DaBHOMEDHBIMH [BHXKEHHAMH HaHOCST PAacTBOD BJAOJb OT-
MeyeHHOH! CTapTOBOH JIMHHH (IIPH 3TOM MOXKHO NOJbL30BATBCS 1a6-
JoxoM). IIpHoGpers neGOMBLIOH ONBIT HJM NOTPEHHPOBABUIHCH HA
CTapHIX IJIACTHHKAX, MOXHO JNOGHTbCS 3HAYMTENBHO Jy4IIero Ka-
YeCTBa HaHeCeHHS NPO6, YeM NPH HAHECEHHH HX B BHIE OTHENbHHX
TISATEH.

9.7.3. 3JIIOUPOBAHHE XPOMATOTPAMM

DyMpoBanHe CaeAyeT NPOBOAHTH B XODOLIO 3aKPHITHIX XpOMa-
TorpaMueckKHx KaMepax COOTBETCTBYIOLIErO pasMmepa, Jiyulle Bce-
ro B TEPMOCTaTHPyeMOH komHarte, Pasnenenne coefuHenuil ¢ 6au3-
KHMH R; ciejyer IpOBOAMTb B CIEUHAIbHbLIX KaMepax, HampHMep
S-kamepe, Bumyckaemoii ¢upmo#i Desaga (puc. 9.5).

9.7.4. OBHAPY)XEHHE

B npenapatusHoii TCX HCHOJB3YIOT TakHe METOAb OGHApyKe-
HHSI, KOTOphle He HapyIIaloT LEJOCTHOCTH cioeB. IToutH yHuBep-
CcaNbHBIM sBJsSETCA MeTOJ  OOHapy:KeHHS Ha (HJyopecHHpYIOWHUX
cjosix nocpeacrsoM Y P-obayuenus (NIpH AaHHE BOJHB 254 u(uiu)
366 nM). Ha nnacTvHKax ¢ TakHMH CJOSMH MOXHO OGHAPYXHTb
COGIHHEHHS, He TOJBKO morjomaiouide Y®-u3iyyeHue, HO H racs-
mHe (JayopecueHnHo; NOCHefHHe OGHAPYXHBAIOTCH KaK TeMHHE
nATHA Ha QuyopecuupyiomeM done,

Cnoco6 o6napyxxenHst (GJIyOpecHHPYIOIHX COEAHHEHHH Ha Npo-
CTHIX CJIOSAX OYEBHJEH.
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9.7.5. BBIAEJEHUE COEJUHEHUN

ITo oxonuawnu oGHApy:KeHHS Ty 4YaCTb CJaos copbenta, rie
O6HAPYXEHO [aHHOEe COelHHeHHE, COCKaG/JHBAIOT H NEPEHOCAT B
MaJIEHbKYI0 KOJOHKY C NOMOIIBIO KaKOro-iubo ycTpoHCTBa, 0OBIYHO
BaKyyMHOro MuKpoacmuparopa. llanee BHIGJNSIOT 3TO COeIHHEHHE,
3JI0UPYA ero OoJsiee TOJSIPHBIM pPACTBODHTEJEM HJH CMeChlo pac-
TBOpHTENeH. UHCTOTY NOJYUYEHHOTO COEJHHGHHS TNPOBEPAIOT METO-
nom TCX, Hcno/b3yst HCXONHYIO aHAJHTHUYECKYIO CHCTEMY.

9.7.6. TNPEUMYIIECTBA NMPENAPATHBHOH TCX

OcHoBroe npeuMymecTso npenapatuBaoli TCX — npocTota BH-
NOJIHEHHS] — OCOOEHHO 3aMETHO NPOABJISIETCS NPH pasieseHHH Co-
e[MHEHHH CO 3HAYHTENLHO DPa3NUyaloUUMHCH BequunHamu Ry [lpu
pasjenenuy cMmecedl COGIMHEHHH ¢ OUeHb OJIM3KUMH 3HAYEHHAMH
R; MHOroe 3aBHCHT, KaK yXe TOBOPHJIOCH BHIIIE, OT KauecTBa Ha-
HeceHuss npo6. Caepyer Takxke YYHTBIBATbH, YTO CKOPOCTh HEpeMe-
UIEHHSI pasfiesfgeMblX COEJAHHEHHH II0 TOHKOMY CJIOI0 HEOJHHAKOBA,
4TO OH H3MEHSETCS B 3aBHCHMOCTH OT CKOPOCTH HCHAPEHHS PacTBO-
putesass. Ha moBepXHOCTH cj10si coeluHeHHe mepeMemaerca OHICT-
pee, yeM BOJIH3H NOAJOXKKH. DTO pasjHuHe MOXKHO B KaKOH-TO cTe-
NeHH YMEHBIIHTbL, NPOBOAA XxpoMmarorpadHpoBaHHe B KaMmepe C
NOJIHOCTBIO HACBHIIIEHHOH aTMoctdepoil, HO TeM He MeHee. HMEHHO
OHO MOXKET OBITb MPHYHHON HEYJaYyHOTO Pas3e/eHHd. .

9.7.7. CyXAS KOJIOHOYHASl XPOMATOTPA®HSA

Cyxas xosonoynass xpomartorpadus (CKX) [36] daxruueckm
npencraBaseT coOOH yCOBEpIICHCTBOBAHHEIH BapHaHT MeTOja, He-
rmosb3oBanHoro llseroM. DTH ABa MeTOoHa B3aHMOCBS3aHBL, YCJO0-
BUs pasnenenus merogoM CKX moap6upalor, npoBoas xpomarorpa-
¢dupoBaHHe Ha TOHKHX chaosix. ['maBHoe npenmymecrso CKX 3a-
KJI04aeTcss B TOM, YTO 3THM CIOOCOGOM MOKHO pasfesiaTb 3HAUH-
T€JbHO GOJbIIHE KOMHYECTBA BEIECTB (HECKOJbKO IPAaMMOB) NpH
MeHbIUeH AJHTEJbHOCTH Pa3fejeHHss H MeHbIIeM pacxole pacTBo-
puresneff. OcHOBHOe YCJIOBHE, ofbeclneyHBaloLlee MOJyYyeHHEe XOpo-
mux pesyapTatoB nocpeacrsoM CKX,— npaBuapHB moadop ax-
THBHOCTH ajcopOeHTa. OKCHJ aJIOMMHHS H CHJIHKareib [1e3aKTH-
BHPYIOT, Jo6GaBnss cooTBercTBenHo 3—6 u 12—15% Boamt (cM.
ra. 4, pasn. 4.2).

3ATIOJIHEHHUE KOJIOHOK

Cyxoli nHapnexamuM o6pa3oM Ne3aKTHBHPOBAHHBIR ancopOeHT
(oxkcun aJIIOMMHHS WJH CHJIHKArejb*) IOMEHlaloT B HJacTMacco-
ByI0 Tpy6Ky. B Takyl0 KOJIOHKY BBOAST CMeChb, KOTOPYIO HAalI0 pas-

* Apcopbentsl n nuactmaccoble TpYOkE anss CKX BHImyckaer pspx ¢upwm, Ha-
npumep dupmut Waters Associates Inc., Milford, Mass. 01757, USA u M. Woelm,
D-344 Eschwege, BRD.

IeuTh, U HAUMHAIOT 3JIIOMPOBAHHE 3apaHee MOAOOPaHHBIM PacTBO-
pHuTeJeM HJH cHcTeMOM pactBopHTeneld. Korma pacreopurens J0-
CTUTHET KOHIIA KOJIOHKH, 3JIOHPOBaHHe npekpamatr. OTnenbHblE
KOMTIIOHEHTbl pa3jeJeHHOH cMecH 06pasyloT COOTBETCTBYIOIIHUM 00-
pPa3oM OKpallleHHblE 30HBI, eCJAH Ke DasjesseMble COeNHHeHHs Oec-
HBETHH, B aACOPOGEHTHl BBOAAT ¥YP-HHAUKATOPH H OOHaApYXKHBAIOT
coefMHeHHs ¢ noMmoiubio Y®-o6ayuenus. ITonoxenne paspeseHHbIX
KOMIIOHEHTOB MOXKHO TaKXKe ONpEeLeJNsTb C NMOMOWIBIO MOJyYEHHOH
B TAKHX Y€ YCJOBHAX aHAJHTHYECKOH TOHKOCJOHHOH XpoMaTtorpam-
MBl; NOJIOXXKEHHE 30H COeIHHeHHH B 3THX JABYX CJAY4YafAX HOJIKHO
6niTh ananoruudbiM. Ilocse TOTO Kak OMNpeLeNeHO IOJOKEHHE OT-
JeJbHBIX COeJMHEHHH B KOJOHKE, ee Da3pes3aloT Ha 30HHEI W 3KCTpa-
THDPYIOT BhiJe/eHHble COeJHHEeHHS] OOLIYHBIM CHOCOGOM HJH B IKCT-
pakrope Cokcaera.

9.7.8. MNEPEHOC YCJOBUH TCX HA KOJIOHOYHYIO
XPOMATOTPA®HIO

IMepenoc ycaoeuit TCX ma koaoHouHyI0 xpomatorpapuio (KX}
CONPSAIZKEH C PAJOM TPYAHOCTEH, H MO3TOMY KeJaTeJbHO 3HAaThb, Ka-
Kue $hakTOphl BAMHAKT HA 3T0T mepeHoc. Coraacno nannbiM [eiicca
[16], Heymaunm MOTyT OBITb BBI3BAHBI  CJEAYIOIIHMH NpHYAHAMH:
a) nepexogoM or TCX k KX npu HCHOJb30BaHHH HECONOCTABHMBIX
xpomarorpaduueckux cucreM, Hanpumep BN-kaMepnl H cyxo#t KO-
JOHKH, 6) HeNpaBWIbHBIMH GOpMyJaMu nepexoja; B) INPUMeHe-
mueM B TCX u KX pasiuuHbiX COpOEHTOB; I') pPas/MYHOH aKTHBHO-
cTbio cop6enToB, ucnoabsyembix B TCX n KX; 1) orcyrcrhem on-
THMH3aUHH pexuma paGorel npu KX; e) neperpyskod KOJIOHKH.

Ecau nenmosb3yercs OJHOKOMIIOHEHTHHIH 3J/IIOEHT, CyXas KoJo-
HouHas xpomartorpadus coorBerctByer TCX B S-kaMmepe c Hena-
CHIEHHOH aTMocgepolt (TO ChnpaBeAsiMBO TakXe H AJs MHOTO-
KOMIIOHEHTHBIX CHCTEM), a CMecH pacTBOpDHTeNEH paccjanBaloTCs
OJIMHAKOBO KaK B S-KaMepe C HEHACHIleHHOH aTMoc(pepol, Tak M
B Cyxoff KOJOHKE, 06pa3ysi HeCKOJbKO (DPOHTOB DacTBOpHTENeH.
OXHOKOMIIOHEHTHBIH 3JIIOEHT, €CTECTBEHHO, He MOIKET PAaCcCIOHTHCA,
1 3nauennus R;, nmonyueHuble B TCX, COOTBETCTBYIOT BeJTHUHHAM R;,
0JyYaeMHM TNIPH XPOMaTorpa(upPOBaHHH KaK B CyXOH, Tak H B
YBJIAXKHEHHOH KOJIOHKAX.

B OTHOLIEHHH MHOTOKOMIIOHEHTHBIX CHCTEM MOXKHO CKas3aThb
CJeNyIONIee: a) pe3ysbTaThl, NOJyYeHHble B S-Kamepe H B CyXOH
KOJIOHKE, TPAKTHYECKH aHAJOTHUHbl (B KOJIOHKE HEMHOI'O paHblIe
nosiBAsieTcss P-GPOHT); ©) pe3y/bTaTH, NOJyYeHHble B S-Kamepe,
HM B KaKOH Mepe He COOTBeTCTBYIOT De€3yJ/IbTaTaM, NOJYYaeMbiM B
CMOUEHHOH KOJIOHKE, B) ABOMHHKOM XpoMaTtorpaHu B YBJIAXKHEH-
Holl KosoHke siBiasercs TCX ¢ NpPOTOYHBIM 3JIOHDPOBAHHEM H HpPH-
6JUKEHHBIM JBOHHHKOM (IIOC/I€ YMHOXEHHsl 3HaueHHH R; Ha KO-
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s¢punuent, cocraBasiomui  okomo 1,5) —TCX B N-kamepe;
r) paspeisenue B N-Kkamepe HH B KaKOil Mepe He COOTBETCTBYET
Pa3feJNeHHIO B CYXOH KOJIOHKE.

H3znoxenHpe NpHHUHNH nosAcHsET Tabua. 9.8,

Tabauya 9.8
Mepexon, or ycaoeuit TCX K ycaoBusM xosonounofi xpomartorpadmn® [16]
OnHOKOMNOHEHTHHIE JI0EHTH MHOTOKOMIIOHEHTHBIE SJIOEHTHI
Ilepexon BO3-| S-Kamepa Cyxas uau S-Kamepa — > Cyxast KOJIOHKA
MOXKEH N-kamepa)- BJIaYKHEHHas
( pa)-f 1y (N-kamepa): f ——> yBJIaXKHEHHAS KO-
KOJIOHKa
JIOHKA
IT-orounoe cyxas
3JIIOHPOBaHHe KO JIOHKa
Tlepexon we- S-kamepa ——> yBJIAXKHeHHasA KO-
BO3MOKEH JIOHKa
N-kamepa — Cyxas KOJIOHKa

2§ MHOXHTEND, paBHEIl npuMepHO 1,5.

BaxueiM ycnoBuem mepexoga or TCX k KX saBasercsa npume-
HEeHHe Toro xe camoro copGenta. CopOGEHTH MOTYT OTJIHYATHCH
TOJIbKO pasMepaMH YacTHL. B HacTosmiee BpeMsi BHHIYCKAETCH JIHIIL
CUHTAHHOE WYHCJIO TOTOBHLIX COPOEHTOB, ONHOBPEMEHHO HPHIOJHBIX
kak aasa TCX, tak u giaa KX. Dto, Hanpumep, OKCHA aJIOMHHHSA
T u kuseavrenn-60, Boinyckaemsle ¢pupmoit Merck. Iipyrue copben-
Thl yallle BCETO0 COAEPKAT CBA3yIONlee, KOTOPOe BJHseT HA H30U-
PAaTeNBHOCTh Pa3eJeHHsl.

AXTHBHOCTb TOHKHX CJIOSB, IPUMEHSEMBIX HJS HCCJAEN0BATeNb-
ckux pa6or mo TCX, monkHa GHITh TAKOH Ke, KAK U V HENOABHXK-
Ho#t ¢asw, ucmoapzyemosi B KX, Ilo sTofi mpHumMne Jyuime Bcero
BBHIZIEPKHBATL MaTepHaJ, NPeIHA3HAYEHHHIH [Jis 3alOJHEHHs! KOJIO-
HOK, HECKOJIBKO YacOB Ha BO3AyXe BMecTe ¢ miacTHHKaMu ajasa TCX.
B pesyabTate Mbl MOXKEM OBITb YBEDEHBI, UTO AKTHBHOCTb 3THX COp-
GeHTOB OJHMHAKOBA, XOTA OHa He Bcerfa OyaeT onTHManabHOH. [as
onpenesieHdsi ONTHMAJbHOH AaKTHBHOCTH JIy4dllle BCEr0 HCMO/Nb30BATb
Bapuo-KS-kamepy. .

JlonycTHMYIO 3arpys3Ky KOJIOHKH, corsacHo Crafinepy [59], om-
PeNessIOT CJIELYIOUIMM 06pa3oM: ecJaH JONYCTHMAs Harpyska Ha
TOHKHHA cJIOF paBHA X 'PaMMOB Ha OJHO NSATHO, TO B KOJIOHKY MOX-
HO cooTBeTCTBeHHO 3arpysuth x/ (100 R;) npamMoB npoOul B pacuere
#Ha rpamM copGenra. Hanpumep: x=100 Mkr; Ry=0,5, maxcumasn-
Hag 3arpyska KoJoHKH cocraBisier 1074/(1003X0,5) =2 Mxr/r.
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9.8. MPUMEPDBI NIPUMEHEHHA TCX

9.8.1. PA3JEJIEHHE OJIEGHHOB HA CHJIMKATEJIE,
APONUTAHHOM COJISAIMH CEPEBPA

Ipacapy u np. [49] u3yuyanu pasjiejieHHe CECKBH- H AHTEPNEHO-
BHIX YIJIEBOAOPOAOB Ha CJIOAX CHJHKAresi, MPOMHTAHHBIX HHTpa-
TOM HJH nepxjgopaToM cepebpa. OIHOBPEMEHHO OHH HCCJEAOBAJIH
BJMsIHMe THICA Ha Xapakrtep pasfenenus. Iloayuennbie HMH pe-
3yAbTaThl CyMMHpOBaHH B Taba. 9.9. IlponuTanHbil coJsMu ce-
pe6pa CHJIHKareJb MPHIOTABIHBAJH B 3aTEMHEHHOM NOMEIEHHH.
Pacreopsan HHTpaT HJAH nepxaopat cepebpa (15 r) B Boze
(23 Ma) W MeJJIeHHO IPH NePEMEIIUBAHUH DPa3baBJANH DPacTBOP
aneronoM (250 mu.) Janee, TakxXe mpH NepeMellHBaHuy, L0GaBJsi-
au cuankareap (100 r) wiu cuiaukareab ¢ runcoM. Ilocae BBeneHHs
CHJIHKAreJsi CMech NepeMeIUHBaJn elie 15 MuH. 3aTeM Ha BOASHOH
GaHe OTTOHSJIM DACTBODHTENH IPH NOHHIKEHHOM J[aBJIEHHH (BOZLO-
cTpyfinefi Hacoc). Pbixublfl, cBOGONHO NepeCHNAOUHACH IOPOLIOK

Tabauya 9.9

BenwuuHbl R; pasamuHbiX TEPNEHOBHLIX OJie(HHOB, HOMYUECHHBIC HA CIOSX CHAHKAres,
COfepKAMHUX HOHH cepe6pa (M B HEKOTOPHIX cAy4YasX AOGABKH runca) [49]

xx. noNydeRAble Ha CROSX
Coegunenne? nwmmwmx vwnh_%n ¢ HuTpaTOM cepeGpa ¢ =mwwumww3=
¢ THNICOM _ Gea runca € CHIICOM — Ges rurica
JIoHrHIuKJeH 0 A 0,75 0,68 0,77 0,76
Wsonourudonex 1 " 0,66 0,58 0,67 0,66
Jlonrndgonen 1 " 0,44 0,31 0,32 0,14
o-T'yponen 1 b 0,82 0,80 0,79 0,78
a-Bepramoren 2 ” 0,74 0,62 0,71 0,61
p-bBusabonen 3 ” 0,37 0,18 0,32 0,16
a-I'umaxanen 2 B 0,69 0,56 0,70 0,55
B-TuMaxanen 2 ” 0,61 0,46 0,62 0,46
LlemG6pen 4 r 0,85 0,81 0,86 0,83
LiemGpen A 4 ” 0,65 0,41 0,42 0,16
X-durepnen ? ” 0,77 0,63 0,76 0,61

8]leM6pen, nemM6ped A H X-ZuTepned — ARTEPNEHOBLIE YIEBOAOPOALI {C2Hai), ocTanb~
Hble COeAHHeHHH — CeCKBHTepneHoBbie Yraesogopopb (CisH).

6 sKunkas dasa: A — nerpoaefiunifi 3¢pup, b — 50% Gensona B nerpojefiom sdHpe, B —
20% GeHsona B nerpoaefinom sdupe, ' —15% sTHnaneTaTa B Gensone. Temmeparypa (25=
+1)°C, aauHa nyTtd dpoHTa pacTBoputens 10 cM.
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XPDaHHJH B TEeMHBIX CKJIsiHKax. CyCHeH3HIO A1 HaHeceuus CJOs IMo-
Jydand, no6asiasis 2—2,5 yacTi BOAbl HA OJHY YAaCTh copbeHTa, H
TIIATEJNBHO NMEpeMeNInBa Il 3Ty cMech B crynke, Tommuuna ciaos co-
craBisiina 0,5 mm, [nacTuHku cymuan na BO3Jyxe OKOJ0 4 u, ripu
HEOOXOAUMOCTH aKTHBHPOBaJH 2,5 u npu 105°C u oxmaxgamau 10—
15 MuH B 3xcukaTope.

9.8.2.  PA3IEJEHHE H KOJIHYECTBEHHDIN AHAJIH3
TPUTJIMUEPHI 0B NAJIbMOBOTO MACJIA

TTpupoanble cMECH TPUTIHUEPHIOB — 5TO CJOKHBIE CMECH OUEHb
BunskHxX 10 (BHINYUECKHM M XHMHYECKHM CBOHCTBAM KOMIIOHEHTOB,
KOTOpble MOXKHO pasjiensartb, KoMOHHHPYs TCX ¢ mpuMeHeHHeM co-
niei cepe6pa n obpamenno-pasuyio TCX. Ilpu momomu mnepBoro
METOAa NPOBOAHTCH NpeJBapuUTe/IbHOE (PPAKUUOHHPOBAHHE IO WHC-
JIy H XapaxTepy JBOAHBIX CcBs3eH, a BTOPOH MeTox (06pamieHHo-
Pasnag TCX) nossossier pasienuTb COEIHHEHHS B COOTBETCTBHH C
MHCJIOM YTJIEPOIHBIX aTOMOB B MOJjeky/e. Kak npasuio, pexoMeH-
JyeTca MNPOBOAHTH MNPEABAPHTENBHYIO OUHCTKY IPOGH B KOJOHKE
'C CHJIMKarejeM, NpuMeHss GEH30J B KauecTBe 3JI0eHTa. Pasjene-
‘HHE TPHUIVIMLEPHIOB NaJbMOBOrO Macjia IPOBOASAT CJAEAYIOMIHM 00-
pasom [73]. Crnauana paspensior npoby (8 r) Ha CJIOSX CHJAHKA-
renst G (tomuuna 0,6 MM, pasmep maactuHok 10X40 cm), mpom-
TaHHBIX 10%-HbIM pacTBOpOM HHTparta cepe6pa, 3JIOHPYS HX CMe-
CbI0 xa0podopM+-1% Mmeranona. ITo okoHuaHuH pasjenNeHHs Iia-
CTHHKH ONPBICKHBAIOT BOAHBIM PacTBOpoM 2,7-1ux/a0pdiryopecuenHa
u o6ayyawr Y ®-namnoll (AaMHA BosHH 360 HM). 3aTeM cockabJiu-
BAalOT COOTBETCTBYIOIHE 30HBI C AEBATH IJIACTHHOK H INOMELIAIOT
TNOJIyYEHHEI MaTepHaN B XPOMATOrpaduuecKyio KOJOHKY (IHaMerp
OKOJI0 12 MM) ¢ JABYXCaHTHMETDOBLIM CJIOEM aKTHBHPOBAHHOTO CH-
Jukarens (pupMmpr Merck, pasmep wacrun 0,05—0,2 MM, akTHBa-
uus npu 150°C B teuenue 6 u), uTOGH YHAMUTb H3 CMECH CJEMLbI
O0HaPYXKHBAIONIEro KPacHTeJs. DJioHpoBanue nposoasr 100 ma
He COJepKAallero NMepoKCHAOB 6e3BOJHOr0 3dHpa (IPHUrOTOBJEHHO-
TO NOCPEICTBOM (UJbTPALHUH uepe3 LIEJOYHOH OKCHA AJIOMHHHS C
AKTHBHOCTLI 1). KosHyecTBeHHOe ONpejesieHHe OCYLIECTBJSIOT KO-
JIODHMETPHYECKH C HCIIOJb30BAHHEM XPOMOTPOIOBOH KHCJOTHL.

[Tonyuennsle oTJesbHBIE TPYNNH TPHIVHIEPHAOB HAHOCAT Ha
cjaon kusesprypa (1,3 mMr Ha nuactueky ¢upMbl Merck pasmepom
20X20 cM, TonmuHa caos 0,25 MM), IPONMTAHHBE TapagHHOBEM
MacjoM B KauecTBe HemoJBH:KHOH ¢aswl. Ilepex npomuTkoil ciou
OYHINAIOT, JMOHPYs HX uMCTHM 3pupom. CJOH NPONHTHBAIOT, IO-
rpyxaa niaactHHkH B 7,5%-HBI pacTBop mapaduHOBOro Macaa B
nerposiedHoM 3dpupe (35—45°C). DnoHpylomas cHcTeMa: cMech
ALeTOH — aUETOHUTPHJ 8:2 MM 7 :3 COOTBETCTBEHHO [Jsi TPUIJIH-
LIEPUNIOB C KOPOTKOH YIJEepOAHOH LeNbI0 HJHM CHJABLHO HEHACHIIIEH-

HBIX XHDHBIX KHCJOT, DJjioeHT HachmaloT Ha 80% mnapa@uHOBHM
macaom. [Tocie 3/0MpOBaHHS CJIOM CyIaT yac Ha BO3JyXe, a 3a-
TeM B TOKE a30Ta [0 HOJHOIO yJajeHHs MOABHXKHOH (aswl. [locie
STOr0 THIATEJBHO ONMpPHCKHBAKT miacTHHKH 0,01%-HBIM BOXHBIM
pacTBOpPOM (JIyOpecleHHa H OCMaTpHBAIOT HX, 06ayuas Y®-jiaM-
no#t (360 uMm).

COOTBETCTBYIONIME 30HB COCKaGIHBAIOT C NMJACTHHOK H 3JIOHDPY-
10T, Kak omucano Bmie, Jlanee ucnapsior 5—I10 Ma 3ia0eHTa B
TOKe a3ora, foGamass k octatky 0,5 ma 0,4%-Horo CIIHPTOBOTO
pacTBOpa THIPOKCHIA HATpPHS, W OMbUIAloT mpoly mpu 70 C s
Teyenne 80 mun. [Tocae storo no6asasior Touno 1 ma 19%-moi cep-
HOt KuesoTH. UTOGH M3Bjeub mapadHHOBOe Macjo, A0GaBASIOT
2,5 M1 sdupa, He colLePKAIETO MePEeKHCeH, cMech BCTPAXUBAOT H
BO3MOXKHO 60Jiee NMOJHO OTAeadioT sdupHylo dasy. M3 Boanoit ¢a-
3Bl OTOMPAIOT | MJI XKUAKOCTH, NOMEILIOT €€ B YHCTYIO mpoOGHPKY H
warpesatoor 15 Mun B Gase ¢ xunsmelr Bojo#t. Ilocae yero fo6aBis-
T B npo6upky 0,05 ma 5%-Horo pacrsopa nepHojara HaTpHs, BEHI-
nepxuBaoT 20 MHH H BOCCTaHABJMBAIOT H3OBLITOYHBIA NEPHOAAT,
no6asiss 0,05 Ma 5%-Horo pacTsopa Oucyabdura HaTpus. Eme
gepes 10—20 MuH A06aBJIAIOT TOYHO 5 MJ pacTBOpa XpOMOTPOIO-
poit kueqoTel (0,2% wnHaTpHeBOH coJH B QQO\o-mmx CepHOIi KHCJIOoTE),
nepeMennBaloT H HarpeBaiorT 80 MHH NPH 105 °C. Tlocae oxJaaxpae-
HHS TPOBOASAT KOJOPHMETPHUECKOE OTIpeeseHHe B OJIHO- HJIH I0Jy-
CAHTHMETPOBBHIX KIOBETaX NPH JJuHe BOJHBL 570 HM. B kauecTse
XOMOCTOR TPOGH HMCHOMB3YIOT 5J10aT, NMONyYeHHbH MONOCHHIM OG-
Pa30M CO CJI0sl, He COlepKalllero TPUIIHIEPHIOB.

XpoMarorpadus Ha CJO0SX, COJePKAIHX COJTH cepebpa, u aHna-
JIM3 TPHIVIMLEPHAOB PACCMATPHBAIOTCH, B HACTHOCTH, Jlntudbuaiom
[33], a 0630p METONOB JEHCHTOMETPHUECKOTO aHaJIn3a ony6anKo-
BaH I[IpusertoMm u Ap. [50].

9.8.3., OJHOMEPHOE PA3AEJEHHE CMECH WUECTHAILUATH
AMMHOKMCJIOT HA MJIEHKAX C HOHOOBMEHHbBIM
CJIOEM

Mcnosp3yst IMJIEHKM C HOHOOGMEHHBIM cjioeM (M. Talur w.mv..
Jlesennn u ap. [10] ycmewno pasjenund cMmech 16 aMHHOKHCIOT;
ONMHCAHHBI 3THMH aBTOPAMH METOJ MOXKHO Takxke HCIOJb30BATh,
HalpuMep, s OBICTPOrO aHasu3a THAPOJH3ATOB TENTH]IOB. Inen-
Ky B TeueHHe 3 4 NPUBOAAT B PABHOBECHE C LHTPATHHIM 6ydepHbIM
pactsopoM (0,004 H. pacTBOp COH HATpH4, pH 3,2) u norom cy-
mat npH KOMHaTHOH Temmeparype. CTaHXAapTHHIM PacTBOPOM CJy-
skur 0,1%-HBII pacTBOpP CMeCH aMHHOKHCJOT AW@EE\HF JIN3HH,
THCTHAHHE, (DEHHJAJaHHH, THPO3HH, JEHlHH, H30JEHUHUH, METHOHHH,
BAJIMH, TMPOJHH, aJaHHH, [JIHIHH, TIyTaMoBas KHCJIOTA, TPEOHHMH,
CepHH M acmaparuHoBas kucaora) B 0,01 H. cCONAHOM KHCJIOTE, KO-

9—13
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TOPEIA HAaHOCHJIH B KoJHuecTBe 2—10 MKJ B BHAe Y3KOH MOJOCKH
cnpaBa H Cj1€Ba OT HCCJIEAYeMOro rHaposusata. [Tocae npumepHO
10-MHHYTHOTO NPOCYUIHBAaHHA IJIEHKY NOMELIaJH B XpoMarorpadH-
YECKYl0 KaMepy ¢ uuTpatHhM OydepHHM pacTBOpoM (84 r MOHO-
THApAaTa JHMOHHOH KHCJOTH, 16 r ruapokcuaa natpus, 59 ma co-
JISHOA KHCJOTH ¢ yA. Maccoii 1,19 ¥ aumcTuanMpoBaHHas Boxa 10
obutero o6bema 1000 ma, pH pacreopa 3,3). dmouposanue nposo-
Aunn mpu 50 °C. IlpuMepHo uepe3 2 u, KOra (POHT pPacTBOPHTE-
Js1 IOCTHra/ BEPXHErO Kpas MJEHKH, ee BLIHHMAJH, CYIUHJH 9 MHH
mpu 105°C, TmMaTeNbHO ONMPHICKHBAJIH HHHTHAPHHOBLIM PEAareHTOM
(0,2 r uuuruapuna B 95 Ma Meranosna -5 ma 2,4,6-xonnuauna) u
HarpeBasu 10 mun npu 105°C. IIaTHa MOXKHO Takxke CTAGHJIH30-
BaTb, ONPLICKHBasi HX pacTBOpPOM | r amerara kaaMus B 50 MJ Je-
ASHOH YKCYCHOH KHCJIOTHI, pa36aBiexHoil 100 MJa AMCTHJJIHDPOBaH-
HOH BOJbl; [OCJ€ TAKOTO ONPBICKHBAHHA IJIEHKY HArpeBaloT 5 MHH
npu 105 °C.

9.8.4. ONPENEJEHHE MOJIEKYISPHOHM MACCDI
TEJIb-XPOMATOTPA®HEN

Meton renb-xpomMaTtorpadHi, BKJIIOUAS  ONpeIeseHHe MOJIEKY-
JSIPHBIX Macc B TOHKOM cJjoe, onucan Paposofi [54]. Cycnensuio
reqsi NpHroTaBJMBalOT, nepeMemuBas 4 r cedagekca G-200 ¢
100 mn 0,5M pactBopa xJopuaa HaTpusi, cozepxamero 0,02 M
doctarueii 6ydep (KH,PO,—Na,HPO,) ¢ pH 7,2—74. B Ta-
KOM XKe KOJHYeCTBe pacTBOpa pa3MewnBaioT 8 r cedaaexca G-75,
4 r cepanekca G-100, 4 r Guoreass P60 u 3,5 r G6uoreas P300.
Hro6ul ress naGyx, ero BblAepKHBAT 2—3 cyT npH 4 °C, mocie
Uero HEeNpoJOJIXKHTENBHOE BPEMA BaKyyMHDYIOT, HCIOJb3ys BOJO-
cTpyiiHblfi Hacoc. C NOMOWIBIO yCTPORCTBA A HaHeceHHs: copGeH-
Ta ¢upmbnl Desaga (cucremn IllTasna) HAHOCAT CJOH TOJALLHHON
0,5 MM; ecu KHIKOA (asbl GLIIO B3ATO GOJBIUE, KAK B AAHHOM
c/y4yae, TO MOBEPXHOCTb CJIOs ocTaerca raaaxkofi. Cuom cymart Ha
Bo3flyxe 5—15 MHH H IOMeIAlOT B KaAMEPY C YBJAXKHEHHOH aTMOC-
depoit, rre Hx MOXHO XpaHHTb 20 2 Heleab. Henocpencrsenno mne-
pen ynorpeG/eHHEM NJIACTHHKH 06paGaTHBAIOT COOTBETCTBYIOUIHM
6ydepHbiM pacTBOPOM, Jyyllie BCETO B TEYEHHE HOYH.

IloaroToBneHHble NIACTHHKH BHIHHMAIOT H3 KaMEPH H KJI4gyT
rOpH30OHTa/NbHO. PacTBOp mpo6nl 6eNKOB HAHOCST HA YroJ MOKPOB-
HOTO cTeKk/aa MHkpockona (18X18 MM) M NOXHOCAT 3TOT yron K
NOBEPXHOCTH CJIOs. PacTBOp BNHTHIBA€TCST 32 HECKOJNbKO CEKYH.
Cui0s1 nOKeH KacaTbCsi BECh CMOYEHHBI YroJ, HHaue ofpasyercs
Kamis U Ha CTapTOBOH JIMHHH MOJYYHUTCS HepOoBHas mnoJoca. Ha
maacTHHKy HaHocaT 10—20 Mka 0,2—2%-soro  6Geanka. Takum
CIOCO60M MOXHO HAHECTH HAa MNUIACTHHKY pasMepoM 2020 cm
NATH HJH LIECTh NPOG; PaCcCTOAHHE MEXKAY MECTaMH HaHECeHHS OT-
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JACJIBHBIX NIPOG cocTaBasieT 2—2,5 ¢M, a CTapToBas JHHHS yaaJjieHa
Ha 3 CM OT BepXHero Kpas miacTHHKH. CKOPOCTB 3JIIOMPOBaHHS 3a-
BHCHT OT HaKJIOHA MJIACTHHKH H BBICOTH YDOBHS DAacTBODHTEJS B
pesepsyape. IIpu xpomarorpadupoBanuu na cebanexce G-200 yroJ
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Pruc. 9.14. Onpenesnenne MoJeKyISpHEX Mace aclapartHasbl MeTOAOM reflb-XpoMa-
TorpaduH Ha TOHKHX caosx cedanekca G-200 [4]. Beswunna mytd nepememenus
AHAM3HPYEMBIX COSJUHEHHA OTHECEHA K BeJHUHHE MYTH MepeMelleHHs y-raobynuHa,

1
500000 1000000

+ HIOJydEHHOTO H3 CHIBODOTKH KDOBH WesOBeKa. PasieleHHe IpOBeieHO 1o METOAY

Pagonsi [54] (cM. TekeT) ¢ npumenenuem 6ydeproro pacreopa 0,05M Tpuc (oKcH-
metHa) amunostran — HCI (pH 7,5), 0,2M pacrsopa KCl u 0,001M pacrsopa EDTA.

I — tuporao6yaun; 2 — y-rao6yaun (ua CHIBODOTKH KPOBH 4YesOBeKa HJIH KPYIHOrG DPOTATOrG
<€KOTa); 3 — anb6YMHUH M3 CBIBODOTKH KDYRNHOrO pOraToro cKora !(aumep); 4 — naxrar AeTHADPO-
TeHa3bl (M3 CepAlla CBHHBH); 5 — reKCOKHHa3a (13 ApoxiKed); 6 — cnHpTOBas JEerHApOTeHas3a
(43 neuenn nowWwanm); 7 — aab6yMHH Ha CBIBODOTKH KDOBH KPYNHOTO pPOraToro cKoTa: 8§ —
©OBaNbOYMHH; 9 — XHMOTPHNCHHOreH; 10 — nuTOXpOoM ¢; 1/ — TPHIICHHOBDIH HMHTHOHTOD ?.m Go-
60B cou); 12 — KapGoxcunenTugasa A; 13 — dochoraunepomyrasa; 14 — raunepondocdatie-
THApOTeHaza; 1§ — KpeaTHHKHHa3a; [6 — raunepos-6P-gerunporenasa (ua APOXKKeH); 17 —
acnaparunasa; I8 — aikoroabjeruaporenasa; 19 — anabjoasza; 20 — E_ozouozoxhnw.n.

Hak/noHa paBen 10° u smioupoBanme nmgures 4—7 9, HJS IPYTHX
MapoK rejisi ONTHMAaJbHBIA YroJl HaKJOHa CNelyer ONpeneNATh M-
nHpHYECKH. [10 OKOHYAHHH 3MTIOMpPOBaHHs NJaCTHHKY BBIHHMAIOT H3
KaMEpPHl M CHHMAIOT C Hee MOJIOCKH (HJIBTPOBALHON 6ymaru. ITo-
JIOXKEHHE 30H ONPEJeNSIOT KOHTAKTHHEIM METOLOM, T. e. HakJaAbBa-
10T Ha cyon Jjmuct BaTMaHa Ne 3 pasmepom 20X 17 cM H ocTaBs-
Ior ero Ha caoe Ha 30—60 c, a sarem cywar stor auer 15 MHH
B CymHibHOM mkady npu 110 °C. Oxpawuusaior 30HL HACHIIIEH-
HbIM pacTBOpPOM kKpacHTenas Amido Black 10B (bupmbr Merck) B

wi
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CMECH METaHONa H YKCyCHOH KHCIOTH (9:1 mo o6memy) uiH
0,25%-upiM pacTBopom Coomassie Brilliant Blue R250 (prpME
Serva) B TakoM e PacTBODHTEJE; STHMH pPeareHTaMu BO3EHCTBY-
10T Ha cyoM B Teyenue 5—10 mMun. B mepBoM ciayuae obeciBeynBa-
HHE NPOBOMAT CMECHIO H3 [BYX YacTeHl CMECH METaHOJ — yKCyCHas
kucnota (9:1) u onnoi wactu Boxw. Ilocie mepsrx IBYX HAPOMBI-
BOK DacTBODHTE/Nb BHIGPACHIBAIOT; PACTBODHTENH, KOTOPHIMH IIPO-
BOXU/IH TPeTBIO H NOCAEAYIOLIME NPOMBIBKH, COGHPAIOT, 06ecHBeyH-
BAIOT NPEBECHBIM YIJIEM H HCIOJB3YIOT NMOBTOPHO. Bo BTOpoM cay-
yae GyMary IpPOMEIBAIOT NOCJAELOBATENLHO BOAONPOBOLHOH BOJOM,
CMECbI0 METaHON — yKCyCHasi Kucjaota—Bofa (50:10:50 1o
00beMy); DacTBODUTENH IOCJAe TPETbed M NOCJeAYIOLIHX IPOMEI-
BOK COGHDAIOT, OGECLBEUHBAIOT APEBECHHM YIIeM H HCIOMB3YIOT
TIOBTOPHO.

Ilpu onpeneneHHH MOJEKYAAPHONR MacChl HEH3BECTHOTO COENUHe-
HHs (IO METOAY, NPHTOAHOMY IJIsi ONPENeNeHHs MOJIEKyJSAPHOH
Maccel 6eJKOB) Jyullie BCEro TIIATENbHO H3MEDHTb PACCTOSIHHE OT
LEHTPA NATHA 3TOrO COEJMHEHHs IO CTAPTOBOH JIHHUH H OT LEHTPa
IATHA2 H3BECTHOTO CO€NHHEHHs, HCNONb3YyeMOTro KaK CTAHAApT, [0
CTapTOBO# JHHHU. Pe3yjbraT H3MepeHul BHPaXKalOT BEJHUHHON
Ry*, ompenensemolt kak COOTHOIWIEHHEe NJHMHH NYTH HCCJIe1yeMoro
coepunenust (d;) u craupapra (ds), T. e. Ru=d;/ds. Nanee mone-
KyJsDHYI0O MacCcy ONPeAeJsOT MO KPHBOA 3aBHCHMOCTH BEJHUMH
Ry, paccuMTaHEBIX 1O 5TOH (OPMyJIE, OT MOMEKYJSPHOH Macchl.

OnucanubM crocoGoM ONpefesieHbl, B YAaCTHOCTH, MOJEKYJsp-
HEle Macchl acnaparuHasel, BeiaenenHoii u3 Escherichia coli
(puc. 9.14) [4]. Ha cedanexce G-200 nmomoGHHe ompefeeHHs
MOXHO NPOBOMMThL ¢ norpemHocteio +=10%. Bepxuss rpamuna Ju-
HEfHOIo y4YacTKa 3aBHCHMOCTH Ry — MOJIEKyJspHAs Macca IIpH
xpomarorpacdupoBanun Ha cedanekce G-200 cocraBaser 2,4- 105,

ITo muenuio aBTOpOB paboTh [2], sMyuule HCIONB3OBATH KPHBYIO
3aBHCHMOCTH OOPAaTHOH BeJHYMHBI JJHHBE nyTH (1/d) ot norapug-
Ma MOJIEKYJSIDHOH MacCH, TaK KaK HOPH 3TOM MOXHO CPaBHHBATHL
pesysbTaThl ONpEAe/eHHs, NIPOBEJIEHHOTO METOAaMH KOJIOHOUHOH H
TOHKOCJIORHON XxpoMmaTtorpaduy,

9.8.5.

Jlanrnep u Tefidens [30] pasmemuan 10 ouenb 6JH3KMX TO
CTPYKTyP€ TETPAUHKIMHOBHX AHTHOMOTHKOB HA BHIIYCKaeMHX (HUD-
Mol Merck niacTHHKAaxX €O CHOSAMH HEJNJIIOJNO3bl. DTH NJIaCTHHKH
IPONUTHBANH, OmpHIcKUBas uXx b5%-nbeim pactBopom EDTA, pesan-
yuHy pH kortoporo perymuposanu, no6asass or 9 no 20% pac-
TBOPa IMIPOKCHAA HATPHS. DJIIOHPOBaHHE NPOBOAMIIH 0KOJO 120 MUH

PA3IEJIEHHE AHTHBHOTHKOB THNIA TETPALLUKJIMHA

* He crenyer cMemnBath ¢ seaudutofl Ry, enennoit Befir-Cmurtom # Yacroa-
JoMm (ra. 3, pasa. 3.1.4).
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B S-KaMepe ¢ HaCHILEHHOH aTMOG
H-GyranosnoM. ITo oxkonuanum
obayuamy Y®-namnoit (254 u

JH 5 MHH B mapax aMMuaka,

Y®-o6ayyenun. ITonyuennse pes
0,05 mo 0,40. Cpemu wmecienosan
HapTHble NPOO6H, TOJBKO OKCHTE

depoit  machmennbiM  BOJOI
PA3NICNICHHS] TVIACTHHKH HJIH cpasy
366 HM) uaH crHayaJa BLIIEPKHBA-

a 3arTreMm paccMaTpHBaau ux npu

Aepxan npumeceil APYrux cOeIHHEHHI.
XUMHYeCKHE CBOHCTBA AHTHGHOTHKOB MOTYT GHITH CaMBIMH

JIHYHBIMH, TIOITOMY Vi
MOFYT 3HAYHTENbHO Da3nHuYaThed. Toff  ofjacTh x

NOCBAILEH, B 4aCTHOCTH, 0630p

Tabua. 9.10 npuBeneHH IaHHBE O

HYHHB Ry Jnexar B mpemenax or
HBIX COE€JHHEHHH, BKJIOUAs CTaH-
TPAUHKJIHH, NO-BHIHMOMY, He CO-

pas-

C/IOBHs pasjenenHss ux MerogoM TCX Taxxke
pomaTtorpaduu

[8]. B xauecTBe HLTIOCTPALHH B
HEKOTODHIX PEXHMax pasleseHHs..

Tabauya 9.10

YcnoBusi paspenenusi HeKOTOPHIX aHTHGHOTHKOB

AHTHOHOTHKH Cocras cros wawhﬂwwwhmm IMpaMevanus _ﬁ.._..wwmm
Buocunrernueckue (Cuaukarens G M3oamuianerar — 39
H HOJYCHHTETHYe- MeTaHoJ — YK-
CKHe IEeHHIHJLIH- CycHasi KHCJIOTa —
HH Boga (65:20:5:
, : 10)
Makponunm Cunukarens G n Huxaopomeran — ([Ipomutka dop-| 5
KuseJbryp G| H-reKCaH — 3TaHOJ| MaMHIOM
(1:1) (60:35:5)
[Tonuenosbie Makpo- [Cunuka- Huxnopmeran —  Bydepumsi pac-| 7
JMUAH remb HFasi cf meramon (85:5)| “teop:
6ydepuoit mo- 02 M KH.PO,,
6aBKoit 0,2 M NaHPO,
XnopaMpenuxon [Monnamupg n-Byranon — xjo- 34
podopm — yxcyc-
Has Kucqora (10:
:90:0,5)
Crepouannte antu- |Cusmkarens Stunanerar Taxxke srumane-| 12
GHOTHKH TaT, HaCHILEH-
HHIH BOAOH
9.8.6. PA3IEJEHME FECTATEHOB

B cratbe [53] yxasamm yesaoBus pasuenenus 16 recrarenom

(CTEpOHAHBIX TOPMOHOB, CHOCOGCTB
6epeMeHHOCTH) Ha

(ta6n. 9.11). Ha nmacruuku
10 mMkn 0,1%-noro pactsopa
Hox (1:1) u amoupyioT chusy BBEPX CMeC
3THIKeTOH (37:3) B KaMepe ¢ HaCHIIIEHH

HHIO

JIacTHHKax

npo6el B oM

YIOIUHX HOPMAaJbHOMY IIpPOTeKa-
¢ cuaydomom
pasMepom 2020 cm HaHocsST 5—
€0H XJOopohopM — MeTa-
bI0 XJIODOPOPM — METHI-
oit arMocdeposi. OGuapy-

UVass

HHBAIOT pA3JENCHHEIE COCNHHEHUS HIM NpPH YD-061yueHHH, HaRn
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OpH DAaBHOMEPHOM OMPHICKHBAHHH INIACTHHKH CMEChIO HaCHIIEHHO-
TO pacTBOpa TPHXJOPHAA CYPbMHI B XJOPOGOpMe H YKCYCHOTO aH-
rugpuia (8:2). Ilocje onpbICKHBaHHSI XPOMATOrpaMMbl NOMella-
IOT B BEPTHKAJBHOM IIOJIOXKEHHH B CYHIHJIbHBIH IKag, BbILEPKH-
BalOT MHHYTy npu Temnepartype 100°C um paccMaTpHBAalOT HX HpPH
Y®-o6nyuyennn (366 nm). [lanee onsTe HarpeBalT 3 MHH IIPH

100 °C u paccmarpusalor Ha csery (ta6a. 9.11).

Paspenenne recrarenop [53}

Tabauya 9.11

Oxpacka, BuanBaeMas SbCls
Teararen hR; (254 mM npu YiP-o6ayuennu
B BHIHMOM CBeTe (360 HM)
v 7 —_ —
:11-OkcunporectepoH +
24 -+ | ®uoneroBas Quonerosas
HopaTucrepon
: 28 KO-KpacHas
STHCTEPOH + > Slp P
31 —_ » duoneroBas
Ilperseronon g , .
Hast
Cynepaytus 3 + > Kpac
40 — » duoJeToBas
Aunerat nperseHo/0Ha
- 2 MHe-3eJeHan
JlernaponporecTepor 43 - | Cnue-3eqena Cune .
Tlporectepon 46 + | Cunsn -
XtopMaznnon 53 -+ | Cune-3enenas Cunsas A
Auerar nporectepona 57 + | Cunsn . -
XnopeynepayTin 60 -+ | ®uoneroso-kopuu- | Kpacro-puonero-
HeBasl Bas
Bpomcynepaytau 66 -+ » Kopuunepas
Kanpoar cynepaytuna 70 | 4 | ®uoserosas Kpacuas
Heonytun 73 -~ | CuBe-3eseHas —
n »
Kanpoar 16-zeruapomper-| 92 -+ | Kpacro-duonero- | duoleToBO-KOPHY-
HEeHOJIOHa Bas HeBas
Kanpoar  6-meTun-16-ge-| 94 -+ | Cure-puoseropas ®uonerosasn
THAPONPETrHEHO0HA

PesyipTaTel pasjesneHHsi CTEPOHAOB DPasJHYHBIX BHJIOB IIpHBE-
JleHsl, Hanpumep, B ctathe JIucGoa [35].

9.8.7.

PA3JNEJIEHHE HEOPTAHUYECKHX AHHOHOB

HA CJIOSIX OKCHJIA AJIIOMHHHUA

Jlenepep u Ilonkapo [31] ucmosb3oBanu [Js pasjeleHHs He-
OPraHHYeCKHX aHHOHOB [OTOBHIE CJIOH OKCHAA aJloMHHHA MN-moJu-
rpaM-asoke N (oM. rtaba. 9.3) pasmepom 4X13 cm. B kauectse
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3JII0EHTOB OHH INPHMEHAJX BOJHBIE  DPACTBOPH cyJab(ata KamHs
(0,1—1,0 n.), docodara xamus (0,06—1,0 m.), ¢dropuna Hatpus
(0,1—1,0 n.) u kap6ouara Hatpus (0,1—1 M). Beanunnu R; ne-
KOTOPHIX aHHOHOB, INOJIYY€HHbIE TIPH 3JIOHPOBAHHH PACTBOPOM Kap-
GoHnaTa HaTpHs#, IOKa3aHH HA pHC. 9.15.
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Puc. 9.15. CxemaTuueckoe npejacTaBienHe 3HaUeHHA R; HeOpraHHYeCKUX AHHOHOB,
TOTYYeHHBX Ha CJIOAX OKCHJAA AJMIOMHHHsS TPH 3MoKpoBaxud 0,1 H. pacTBopoM Kap-
Gonarta HaTtpus [31].

9.8.8.  HEPA3PYWAIOLEE BU3YAJIbHOE OBHAPY)XEHUE
H3O0NMPEHOUJHBIX XUHOHOB MOCJE PA3JEJEHUS kY

METOHNOM OBPALIEHHO-®A3HOH TCX i

Pokoc [55] omucan npuMeHenue NPOMHTAHHBIX IJIACTHHOK B
obpamento-dpasuoit TCX ¢ 0JHOBpEMEHHHIM BBEJEHHEM OOHAPYKH-
BaIOLIero KPacUTEJs B 3JIOHPYIOUWHH DacTBOPHTENb. DTOT METOX
0coGeHHO 3((eKTHBEH, eCclH COPOEHTOM CJyXHMT KH3easryp G H
€CJIH SJIOHDYIOHWIHA pACTBOPHTENb NOCTAaTOYHO IOJSPEH, KaK, Ha-
IpHMED, CMeCh aueToH —BoAa (39:1). Ha nnactuuku pasmepom
20X203X0,025 cm Hamocar cyioit kuseabrypa G (pupmer Merck) B
BH/le CYCIEH3HH, K KOTODOH NpeABapHTENbHO A0GAaBJSIOT B COOTHO-
wenud ot 0,5:1 no 0,55:1 0,003%-ubiii (Macca/o6beM) BOXHBIE
pactBop poaamuna 6G uam 0,05%-ubii (Macca/oobeM) BogHHI
pactBop uryopecuennara Hatpus. Ilocjle HaHECEHHS CJ08 TLIa-.
CTHHKH CYIIAT 15 MHH B rODH30HTAa/IbHOM MOJIOXKEHHH Ha BO3IyXe,
a sareM 30 mun npu 100°C. PacrBop 25 r Meauuuuckoro mapadu-
HOBOro Macija B 250 Mz nerponefinoro apupa (40—60°C) npomyc-
KaloT yepe3 KOJIOHKY C OKCHAOM a/ioMHHHs (¢upma Woelm, 25 r,,
akTHBHOCTb () M 3areMm, 106aB/isst NeTpoJedHbii 3(Hp, I0BOAAT
o6beM Quabtpata A0 500 Ma. IIpOMHTKY NAaCTHHOK NPOBOASAT MO~
CpPeJICTBOM BOCXOISIMIETO 3JIOHPOBAHHA: OCTOPOKHO IIOTPYXKAIOT,
Kpall NJIaCTHHKY B TOJYYeHHHIH PacTBOP M [EpKaT ee TakK, IOKa
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'‘BE€Cb CJ0H He OyleT BHINVIsAerb OAHOPOAHBIM, IlponuTanHme mJja-
'CTHHKH CYIIAT Ha BO3Ayxe. XpOMaTOIPDAMMBL 3JIOHPYIOT BOIHBIM
‘@LETOHOM, HACHIUIEHHBIM MEJHIMHCKHM napagHHOBLIM MacJjoM H
‘COJIepKAIHM TOT Ke KpacHTe/b, YTO M INPOMHTHIBAIOLUHHA pacTBOP
(0,003% ponamuna 6G uau 0,4% ¢ayopecuennara natpusi). IIpu
Gosiee BBICOKHX KOHUEHTPANMSIX KPACHTENS UYYBCTBHTEJIbHOCTh IO-
Huxkaercs. OOHapyxeHHe NPOBOAAT INoOcpeAcTBoM Y D-06ayueHus
C IJUHOH BoJHE 360 HM.

9.8.9. PA3LEJEHUE MOHO- H OJINTOCAXAPHIOB
HA TOHKHX CJIOSIX U EJIJII0J03bI

Pasfenss gparMenTsl NnoJHCaxapHjioB, NOJBEPTHYTHIX (epMeH-
TATHBHOMY DacCUIENJIEHHIO Ha IIACTHHKAX C LEJJIIoN030H (MOpPOIIOK
uennionose MN300, npoussoacrsa ¢HpMei Macherey, Nagel und
‘Co., Diiren), Cnuyan [60] noayuus oyexb XOPOIIHE PE3yJabTATHI.
IlpuroroBnenHble OOGEIYHBIM cnoco6oM maactHHKH (20320
X0,025 cm) cymar cHayasa Ha Bo3iyxe, a 3atem 10 MHH B cy-
mHabHOM 1Kagy npu 105 °C, nocne yero Mx moMeualOT B SKCHKa-
TOD HaJ, XJOPHIAOM KaJbuus. XpoMmaTorpadHpoBaHHE BELYT BOCXO-
AAmuM cnoco6oM B N-Kamepe, HCNOJb3ys CHCTEMY YKCycHasi KHC-
JI0Ta — 3THJIaNeTaT — NHpHAHH — Bofa (1:7:5:3); sTor pacreop
B CBEKENPHUTOTOBJIEHHOM BH/Ie NMOMEMIAIOT B KaMepy H BhLAEDIKHBA~
10T B HeHl nepex xpomarorpadupoBaHueM B TeueHue uaca. [Ipomos-
JKHTEJbHOCTb XpOMAaTOrpadHpoBaHUsl NPR IJHHE OYTH 3JIOHPOBa-
nusg 19 cm cocraBaser 2 u. ITo OKOHYAHHM pas3jeNeHHs IIACTHHKH
cymar 15 mMua npu 60 °C B 06HApYKUBAIOT LIEJOYHHIM PACTBOPOM
HuTpaTa cepe6pa (BoCCTaHABAMBAWOIIHE caxapa) M DEarecHTOM,
CMecbl0 Ou¢rasata aHHJIHHA, Ha(QTOpPE3OPUHHA H TPHXJOPYKCYC-
HOH KHCJIOTHl (BOCCTAHABJHMBAIOUIHE H HEBOCCTAHABJHBAIOMIHE Ca-
xapa). Takum crnocoGoM GBHUIO JTOCTUTHYTO XOpOllee pasieleHHe
CJIEAYIOIHX CMecel caxapoB: cMech b -(-)-ranakross, b-(—)-
¢PYKTO3H], @- D-TJIIOKO3Hl, D-(--)-MaJbTO3H, MaJbTOTPHUO3H U MAaJb-
TOMEHTO3bl (oOGHAapyXKeHHe NePBBIM peareHTOM); OMecH D-(—)-
bPyKTO3Bl, @-D-IJIIOKO3bl, Caxaposn, D-(-+)-ranakroas u D(-4)-
J1aKTO3H (OOHapyKeHHe BTODHIM PeareHToM).

9.8.10. PA3OEJIEHUE NEHHUIWIJIHHOB C OYEHDb BJIM3KHMHU
CTPYKTYPAMH METOJIOM PACNPEJEJUTEJIBHON TCX

ITan [45] paspaboTas cnoco6 pasfeseHHs TPHUPOAHBIX HJH IO~
JIYCHHTETHUECKHX IEHHIHMJJIHNHOB OYeHb GJH3KOH CTPYKTYpH € IIO-
MOILBIO pacOpefesHTEeNbHOR xpoMaTorpaduH Ha GyMare HJAH Ha
TOHKHX CJIOAX IEJJIONO3H. PasjeneHre NPOBOJHTCI HAa BaTMaHe
Ne 1 u rotoBHx naacturkax MN300 (5X20X0,025 cm). B kauecr-
Beé HENOJABHXKHHIX (a3 Hcrmoab3ylor 6ydepHeie pactBopul ¢ pH 4,1

Tabauya 9.12

Paspenenne oueHb GAM3KHX N0 CTPYKTYPe MEHUUHMIJIHHOB HA Gymare H TOHKHX CA0fX LeAAoNo03st [45]
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ABce noxBuKHLE (asbl HaCHILLEHB BOROM.

H3MepaNH, Korga (POHT DACTBODHTENs AOXOAHA AO Kpas GYMars HAH HJAaCTHHKH,

Beauuunn Rf
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¥ 6,7, a B KauecTBe NOJABHXKHBEIX — HACBILCHHbIE BOJOH CMECH HH3-
LIMX CMUPTOB. PesynbraThl pasfeseHusi KPHTHUECKUX nap Jyutie
npocaeauTs 1o taba. 9.12.

9.8.11. KOJHYECTBEHHBIM AHAJIH3 TOKO®EPOJIOB

Aparanu u 1p. [3] omucanH cnoco6 NPHTOTOBJIEHHS OYEHb TOH-
KHX CJOEB CHJHKAreNss Ha KBAPUEBBIX IVIACTHHKAX pPa3MepoM
76X26)<0,7 MM, oKa3aBIUHXCS BechbMa YAOGHBIMH JJIs1 MHKDOaHa-
JIH3a TOKO(EpOoJIOoB.

HBe TIIaTeJBHO BLIMEITHIE KBApLUEBLIE IJIACTHHKH, NPHKPEIJIeH-
Hble IpYr K [pPYry 3axKUMaMy, NOTPYXKAalOT B pacIaB/JeHHBIE ma-
Padun. Ilocne oxMaxueHus ux pasaefsiorT norpyxaior B 469 -
HYI0O N1aBHKOBYIO KHCJOTY, mogonperywo a0 30 °C, U BHUEPKHBAIOT
B Helt B TeyeHHe 20—60 MHH (B 3aBHCHMOCTH OT TpebyeMoil r.y-
GuHbl TpaBJienusi). Jlasee MNACTHHKH ABAXKIL KHISATST B JHCTHJI-
JIUPOBAHHOH BOJE, NMPOMBIBAIOT KCUJIOJNOM, METAHOJOM H BOLOH M
cywar npu 110°C. Ha o6pa6Gorannsie Takum 00pa3oM IJIACTHHKH
HAHOCAT CYyCneHsHio cuaukarens G (¢upma Merck, dpakuus
325 Melll) C NMOMOWIBIO CTEKASHHOTO BAJIHKA, a H3GHITOK ee y6upa-
IOT IVIOCKMM 1natesieM. TakuM Cnoco60M yA4eTcst MONYYHTh OYEHb
TOHKHH C/IOR copbenra. IlnacTunku cymar npu 110°C ' xpausrt B
IKCHKATOPE HAJL CYXUM CHJHKATeseM.

ITpo6er  TokOGEpPONOB B  BHAE 6EH3OMBHBIX pactBopoB
(6,1 MKr/MKJI) HAaHOCAT HA NJAACTHHKH MHKDOIUNIDHIEM (QHPMBI
Hamilton. Xpomatorpaduposanne BeIyT B aTMoctepe asota B
TEMHOTE NIDH KOMHATHOH TeMnepaType. B 3THX WeasiX HCHOJBb3yIOT
CTEK/IAHHYI0O KaMepy (858533 MM), KOTOpYIO IOMEIIaloT B Ba-
KyyM-5KCHKATOD. DJIOCHTOM CJYXHT CME€Ch H-T€KCaH — XJA0pOGopM
(1:1). TTo OKOHYAHHH 3JIOHPOBAHHS NMIACTHHKH ONPBICKMBAIOT pac-
TBOPOM GaTOPeHaHTPOJHHA H XJopHAa xemesa(IlI). Hsmepus ¢
TIOMOLIBIO BYX/TyYyeBOro crekrpodoromerpa  (Shimadzu, mogens
MPS-50) nponyckanne mpu 291 uM, cTposT KaJIHOPOBOYHYIO KpH-
Byo a1g cramjapra dl-a-tokotdeposa M NPOBOAST KOJHYECTBEH-
Hbie OmpefeseHus. DTHM CIOCOG0OM MOXKHO 3a 13 MHH ompeienuTsh
CoJepxaHHe TOkOpeposioB B npobe coeBoro macia (3,1 Mkr) npH
TOJIIIHHE CJ10s CHAMKareJs 53 MKM. Beanuunsl R; a-, y- ¥ §-TOKO-
¢eposioB paBHE coorBercTBeHHO 0,74, 0,47 1 0,23.

9.8.12 PA3IENEHHE BHHKAJIEAKOBJIACTHHA,
JIEAKOKPHCTHHA, JIEAPO3UHA H JENPO3HJIHHA
METOJAOM TCX

DapHeyopr H Iuauncku [13] pasaennmnu  cTpykTypHO OueHb
6/au3kHe auMepHble avikajowasl Vinca rosea L. Ha TOHKHX cJI0-
SIX CHJIMKaresis, 3JIOHPYs HX CMechbio XJ0po¢opm — Mmeranon (95:

:5). ObnapyxenHe NPOBOAHJH PAaCTBOPOM CyJbnata mepHsI-aMMO-
uust. TIpM 3TOM GBIIM MOJyYeHBI CJIEAVIOIIHE BETHIHHLL R;: ne#ipo-
sugud 0,064-0,01, nefipoxpuctun 0,164-0,03, BHHKAJIEHKOBIACTHR
0,24+0,02, neitposun 0,45-£0,03, afimanuuun 0,64+-0,03.

OG630p MeTO/IOB CHCTEMATHYECKOTO AHAJH3a MHOTHX THIIOB al-
kanounoB mocpencrsom TCX omy6auxkosan Baaban u ap. [72].

9.9. OCHOBHBIE OBHAPY)XUBAIOUWUE PEATEHTHI
AJid BX K TCX

B stomM pasnene mpuBenenn HeKoTOphie 06HapyXHBaIolIHe pe-
arents (oT OP-1 no OP-31), npumensieMbe B 6yMaXHOR M TOH-
KOC/IOHHOHA xpoMmartorpadun. EciH peareHT NpHIOZeH TOMBKO Aast
KaKOro-qH60 OXHOro THTA XpOMAatorpadud, TO 3TO YKa3blBaercs
0co6o0.

A. HECHEUH®HYECKHME OBHAPY)XHBAIOUIUE PEATEHTHI

OP-1. BpoMKpeso/IoBHIl 3eseHbill HaH OPOMTHMOJIOBHIl CHHHIT
a. PactBop 6pomxpesosoBoro sesenoro (0,03%) B 80%-Hom
MeraHose. K HeMy n06aBasiior Heckoabko Kamess 3%-Horo
BOXHOrO pacTBOpa THIAPOKCHAA HATpHa (8 Kameab Ha
100 ma pearenra). KucnoTel malor xesiThie TATHA Ha 3e-
JIEHOM ¢oHe, :
6. BpoMTHMONIOBH#H cHEHA. 1. CMech GPOMTHMOJNIOBOrO CH-
Hero (50 wmr), Gopmo#i kucaotm (1,25 r), 1 n. pacTBopa
rujpoxkcuia Hatpus (8 mu) u Boawml (112 ma); mocsre om-
PEICKHBAHHS XPOMAaTOTDaMMEl BBHIAEDPKHBAIOT B Mapax aM-
MHaKa, OoGHAPyXHBAaeMble COENHHEHHS [AlOT GeJble NATHa
Ha TeMHO-cuHeM ¢oue. 2. 0,04%-ub1lt pactsop 6pomTHMO-
noBoro curero B 0,01 H. pacTBOpe rHApoKCHAA HATpHA.
OP-2. Hurpar cepe6pa A
a. Cyxylo XpoMaTrorpaMMy ONpHICKHBAIOT 5%-HbIM pac-
TBOpDOM HHTpaTra cepebpa B 10%-HOM BOJHOM aMMHake H
HarpeBaloT B TeMHOTe 5 MuH npH 140 °C.
6. XpomaTorpaMMy onpeicKuBaoT 0,5 H. 5TAHOJBHBIM pac-
TBOPOM THJADOKCHAA Kanus, uarpesaioT 20 mMun npu 140 °C
H onpuickuBaioT 1%-HEIM pacTBOpOM muTpara cepebpa B
30%-no#t asorno#i kucmore. ITocse 3Toro XpOMaTOrpaMmy
paccMaTpHBAIOT HA CBETY H npu Y P-06.,1yueHnH.
B. 0,1 n. pacTBop HHTpaTa cepe6pa CMEIIMBAIOT ¢ 3 H. pac-
TBOpOM aMMmuaka. Muorza nenecooGpasso 1o6aBHTH TakxKe
HEKOTOpO€ KOJIHYECTBO 2 H. PACTBOPA THAPOKCHAA HATPHS.
OTHM peareHTOM OTPHICKHBAKT XPOMATOTPAMMY H cymar
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ee 5—10 mun mpu 105°C. Ilpu atoM 06pasyioTcs TeMHO-
KOpHUYHEBHle NATHA Ha C¢BeTyIO-KopuuneBOM one. Okpacky
¢oHa MOXKHO ocaaOMTh, NPOMBIBasg XxpoMarorpamMmy 6 H.
pPacTBOPOM aMMHakKa HJIH PAacTBOPOM THocygabdara. Pe-
aredt npurojex aas bX.

r. 0,1 Mj HacHILIEHHOTO BOJHOTO pacTBOpa HHUTpaTta cepel-
pa cmemnBaoT ¢ 20 MJ aleToHa M 3aTeM MO KamiaaM Jo-
6aBJsI0OT BOAY, IOKAa pPacTBOP CHOBA He IOCBeTJeer. Xpo-
MaTOrpaMMy IOIPYKAalT B 3TOT PacTBOP, 3aTeM MOABELIH-
BalOT HA yac B KaMmepe, atMochepa KOTOPOH HachIlleHa Tia-
pamu aMmmuaka. ITocse 3aToro xpomarorpaMMmy cylat 5—
7 mun npu 80°C u ¢UKCHPYIOT NATHA, IPOMEIBAST XpoOMa-
TOTpaMMy IocjenoBaTenbHo 10%-HBIM pacTBOPOM THOCYJb-
cdarta naTpusa U BOJOH. DTOT METOJ MPHUTOAEH AJS KOJHUe-
CTBEHHEIX OTIPeJeJIeHHH, OCKOJAbKY aleTOH M Iaphl aMMHa-
Ka TpensiTcTBYIOT AuGQY3UH caxapoB W3 HSTEH, H, TaKUM
06pa3oM, Ha XpOMAaTOrpaMMe IOJY4YalOTCs SCHBIE, YETKHE
nsatHa, Merox npurojen anasa BX. B GosablIMHCTBE cllyuaes
OKpacka HSITeH OT KOPHYHEBATO-CEPOH 10 YepPHOH.

OP-3. ®uayopecieHTHbE PeareHTH

a. Qayopecuens: 0,2%-HE 3TaHONBHBIA pacTBOp (ayo-
pecuenHa.

6. Mopun: pacteop 20 mr mopura B 100 Mg 3TaHona.
DTHM pacTBOPOM OINPBICKHBAIOT XpOMAaTOrpaMmy H HabJio-
nator ee npu Y®-o6ayuennn (aamnsl Philora u Chroma-
tolite). Coenunenus, cuiabHo momioumawpmue B Y ®-obaacty,
ocnabasior (payopecueHNHIO, IpyrHe COeJMHEHHs (ayopec-
OUPYIOT CHJIBHEe, yeM (OH.

OP-4. ®ochoMonnbieHOBasA KHCTIOTA

a. 5%-nufi MeraHoabHHIH pacTBOpP  (OChHOMOJHOAEHOBOM
KucaIOTH. XpoMartorpammy narpesaior 10 mun mpu 80 °C.
O6HapyxuBaeMble COEIUHEHHs NAIOT CHHHe MATHA Ha XKeJ-
TOM ()OHE; IOC/e AOTIONHUTeJbHOTO ONPLICKUBAHHA aMMHa-
KOM (OH obGeciBeUHBaeTCs.

6. 20%-HBl STAaHOJBHHIHA pacTBOp (docdoMoaH6AEeHOBOK
KHCJIOTH (¢ mocaenyloniei o6paboTKOH NIapaMu aMMHAaKa,
€CJIH 3TO HEOGXONMO).

B. 10%-ubft pacTBOp ¢oc)OMOJIHGAEHOBOR KHCJIOTH B Me-
TaHOJe HJH 3TAHOJIEe; YYBCTBHTENbHOCT OOHADYXKEHHS MOXK-
HO YBEJHYHTb, HOGAB/IAS  KOHLUEHTPHUDOBAHHYIO COJSHYIO
kucaoTy (4 Ma ma 100 ma pacrBopa). Xpomarorpammy
HarpeBaloT B Tedenne MHHYTH mpH 110°C. HUro6n obGHapy-
SKMTb HACHIIEHHBIC JHUIHAb, XPOMATOTPaMMy HArpeBaloT
npu 160—180 °C (uesnecoobpasHo cHayasa NPOKAIHTh XPO-
MaTOrpaMMy H HAHOCHTb DeareHT Ha eule ropsiuywo mnaa-
CTHHKY).
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OP-5. Xnopup cypbmul (111)

Hacennenswit pactBop xsopuia cypbMmul (II1) B xaopodgop-
Me HJIM TeTpaxjopMerane, [locje ONpBICKHBAaHHS XPOMAaToO-
npamMmy nanpesalot npu 110 °C, noka He mostBATCS OKpalleH-
HHe maATHA. IIpH o6GHapyXKeHHH CTEPOHAOB MOKHO YJYyU-
LWIHTL YyBCTBHTEJNBHOCTb, H06aBisia K pacrBopy 10—20%
THOHHJIXJOPHAA MK bY yKCycHOro aHrMApHAA.

OP-6. Hox

a. XpoMaTOTpaMMy NMOMeLlalOT B 3aKPHTYIO KaMmepy, Ha IHO
KOTOPOM HachIaH TOHKHH CJIOH KpHCTadJoB HoAa. MoxHO
TaKXe BHIIAPHBATh CHUPTOBHIA HJHM AalE€TOHOBHIH PacTBOD
HO/a, HAHECEHHB Ha CTEKJSHHYIO IIJIACTHHKY. 3aTeM 3Ty
IJIaCTHHKY € TOHKHM CJIOEM MeJbuyafiluMX KPHCTaJIJIMKOB
HOJA AepKaT BIJIOTHYIO HAJA XPOMaTOrDaMMOX.

6. 1%-HBIt pacTBOpP HOXAa B 3TaHOJe (MM METaHOJE) HJH
0,5%-ueiit pactBOp Homa B xJopodopme. ITocie ompeicku-
BaHHs MOXHO Tporperb xpomarorpammy npu 60°C u pac-
CMaTpuBaTh ee TpH ¥ P-061yueHHH.

B. PactBop I: pacreopsiior 1 r Hoxa u 1 r voauja Kajus B
100 mMa sramosna. PactBop II: cmecs 25%-Hoit cossiHOM
KHCJIOTH H 3tanosa (1:1). Ilepen ymorpebaeHuneM pacTBo-
pul I u Il cmemnBalor B cooTHOUICHHH | : 1.

r. Pacreop Jlworoas: 0,3%-Hel pactBop moxa B 5%-Hom
BOJHOM pacTBOpe HOAMAa Kaausa. [loaBasiorcss KopHuHe-
Bhl€ HJIH, KaK HCKJIOUEHHE, CHHHe ISITHA Ha XKeJaToM ¢oxe.

OP-7. Cepuas xucaora

XpomarorpaMmul onprickuBaioT 96%-Hof cepHOR KHCJIOTOM.
Harpesator npu 100°C unu Ha oTkpmToM miamenH. Opra-
HHYECKHE COENUHEHHs NMpH 3ToM obyrauBarorcd. HexkoTtophie
COEIMHEHHs [AIOT OKpalleHHble ISITHA CPasy Inocje ONphiC-
KHBAHWA HJIH IIOC/e YMEPEHHOro HarpeBaHHsA. DTO YHHBeEp-
CcaJbHBIR cnoco0 O6HADYIKEHHS Ha CN0AX CHJIHMKAarejas H OK-
CcHAa aJIOMHHHS (6€3 HEKOTODLIX OpraHHUYeCKHX CBf3YIO-
LIHX).

OP-8. CepHast KHCJIOTA H XPOMOBAs KHCJOTa

a. 2,67 r TpHOKOHIA XpoMa H 2,3 MJ KOHIEHTPHPOBAHHOM
CEpHOll KHCJOTH TIIATEJAbHO pasMelinBaloT B 100 Ma BOAHL
[TonyueHHBIM  pPacTBOPOM XPOMATOIPaMMY  OIPHICKHBAKOT
1 marpesatot ee 15 mud npu 100 °C.

6. 5 r 6uxpomara Kaaus pacrBopsiior B 100 ma 40%-noit
CEPHOH KHCJOTHL.

B. HachimeAHblli pacTBOp GHXpOMaTta Kajusi B KOHIEHTPH-
poBaHHOH cepHO#t KHciorte. Henachiumennsle aunmuias o6pa-
3yIOT CBEeTJIO-KODHUYHEBHIE NATHA Cpas3y IPH ONPLICKHBAHHH,
HACHIUIEHHBE — NTOC/Ie HarpeBaHHs.
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OP-9. CepHast KHCJIOTA C BaHHJIHHOM

a. Pacteop 3 r Bamuauna B 100 Ma sTanona o6pabarkiBa-
I0T 3 MJI KOHUEHTPHDOBAHHOH CEPHOH KHCJOTEL Onpric-
KaHHYI0 XpoMarorpaMmy narpesaior 7 Muu npu 110 °C.

6. 1%-HBIA pacTBOp BaHHJMHA B KOHUEHTPHPOBAHHOH Cep-
HOH KHCJOTE.

B. 20%-Hbill 3TaHOMBHH pacTBOp BammaMHA, OmnpbicKaH-
HyI0 3THM paCTBOPOM XpoMmaTorpaMMy Harpesalor 10 MHH
npu 80 °C, mocsie 4ero ONPHICKHBAIOT 4 H. CepPHOH KHCIOTOM
1 Harpesalot 30 mun npu 110°C. B pesyabTarte nmosyuaior-
€Sl OKDAaIlleHHbIe IIATHA.

[lepmanranar kanus

a. 0,1 n. pacTBOp nepMaHranara KaJus.

6. 0,03—0,15 H. pacTBOp mepMaHraHaTa KajHs MOAKHCIHS-
10T CepHON KHCJIOTOH 1O MOJIYYeHHs! pacTBOPa C KOHUEHTpa-
uuel cepHoit KHCIOTH He Gosee 0,3 H.

B. 1%-Hut pacTBOp nepmanrasara Kaausi B 2%-HoM pac-
TBOpe kap6oHata HaTpHa. Pearent npurogen aas BX. Ha
(HONETOBOM (OHE MOSBJAIOTCA TATHA ¢ OKpacKol or Ge-
JOR 10 KenToH, a mpH xpoMmarorpaduu Ha Oymare Hau
CHTyO/Ie OHH CTAHOBATCH KODHUYHEBHIMH.

Pogamun B

a. Pacmsop 0,5 r ponamuna B B 100 ma sTaHosa aas o6Ha-
pyxenus JaunuoB. O6pasyloTcs TeMHO-(PHOJETOBLIE NATHA
Ha PO30BO-KPacHOM (QoHe.

6. PactBop I: 0,5%-nbiit sTaHOJBHBIA pacTBOp pogaMH-
Ha B; pactsop II: 10%-mblit Boaumili pactBOp kapGonara
HaTpHs. XpOMaTOrpaMMy €O CJI0eM COJEpKalero gayopec-
LEHTHHA HHAMKATOD CHAHMKArels ONPBICKHBAKT pPacTBO-
poM I, cyliaT ¥ BHOBb ONPBICKHBAIOT, HO yXKe pacTsopom Il.
B. 1—5%-Buit cnHpTOBO#l pacTBOp posamuHa B. IlnacTum-
Ky ONpPLICKHBAIOT TOCJENOBATENbHO 3THM PacTBOPOM, KOH-
UEHTPHPOBAHHEIM DAcTBOPOM aMMHaKa H DacTBOPOM THAp-
OKCHlla HAaTPHs HJIH aMMHAuHBIM DacTBOPOM HHTpaTa ce-
pe6pa. ,

r. 0,2%-#e1ii BomHbI pacTBOp pojamuna B. Xpomarorpam-
MY paccMaTpHBarT npu Y P-obayuennu.

x. 0,05%-ubit BoAMBIH pacTBop poxamuna B. ITocsie om-
PHICKHBAHHSI 3THM DEAareHTOM IIIACTHHKY OIPBLICKHBAIOT
10 H. pacTBOpOM rHApokcHIa Kaaus. HMccaenyeMble coenu-
HeHHsl OOHApPYyXHMBAIOTCS Ha KPACHOM MM (HOJETOBOM (o-
He B BHJI€ CBETJBIX NATEH, KOTOPHIE Jyyllle BHAHH ¢ 06part-
HOH (cBOGOAHOM OT copGeHTa) CTOPOHHI IJIACTHHKH. DTOT
Crnoco6 NpUMeHsAeTCs AJsi OGHADYXKEHHs] IJIaBHBIM 06pa3oM
Ha CJI0fAX, IPONHTAHHHIX NapadHuHOBHM MacJ/oM.
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e. 0,5%-ublit pactBop posamuna B. Xpomarorpammy mno-
TPykKaloT B pacTBop H mpocyumuBaior. Ha kpacuom ¢one mno-
SIBIAAIOTCSt OoJsiee cBeTJHe nsATHa. Pearent mas BX.

b. TPYNNOBBIE OBHAPY)XHBAIOIHUE PEATEHTHI

CITHPTbBI

JJ1st o6HAapyKeHHsST MHOTOATOMHBIX CIIHPTOB M TJIHKOJIEH HC-
MOJIL3YIOT TeTpaauerar cBUHULa (oM. ra. 3). O6pasyrorcs
CBETJIbie MATHA HAa KOPHYHEBOM (poHe.

AJKAJIOH 15]

OP-12, Pearent parennopda
a. Monndukauus Mysbe. Pactsop I: B 800 Man BoAw pac-
TBOpsifoT 17 r ocHOBHOTO HHTpaTa BHcMyTa U 200 r BHH-
HOH kucjoTel, Pactpop II: B 400 Ma BOAB pacTBOPAOT
160 r woauna xanaus. PactBopnl cMemuBaloT ¥ 50 Ma 310#
cMecu pas6aBisiior pactBopoM 100 r BHHHOH KHCJIOTH B
500 ma Boanl. Mcxoanbiii pacTBOpP OCTaeTcsi YCTOHUHMBEIM B
TeyeHHe HeCKOJbKHX MecsleB, a pa30aBJieHHHHA DpacTBop —
B T€YeHHe HeCKOJbKHX HeJeJb.
6. MoxnduuupoBanubit pearedr [parenpopda. Pacrsop I:
1,7 r ocuoBHoro nurpata BucMyta B 100 Ma 20%-HoH yk-
cycHo# kHcaoTh. Pacreop II: 40 r noanga kaaus B 100 Ma
Boanl. Ilepen ymorpeGnennem 20 ma pacrBopa I cMmemrnsa-
1oT ¢ 5 mu pactsopa Il u 70 M. BOIHL.
B. Pacteop I: 0,850 r ocHOBHOTO HHTpaTa BHCMyTa B 50 MJ
20% -noft yxcycuofi kucaotel. Pacrsop II: 8 r moauaa Ka-
ana B 20 Ma Boael. CMewHBasi 3TH PacTBODH, IOJYYalOT
HCXOJHHIA pacTBOP, KOTODHIH OCTaeTcs YCTOHUMBHIM B Te-
yeHHe HEeCKOJbKHX MecsueB. Ilepen ymorpe6ienueM ero
pa3B6aBidIOT JBYMsl 4acTSAMH YKCYCHOH Kucaotel H 10 wa-
cramu Bojwl. Pearent npurogen aas bX. O6pasyiorcs Kup-
NHYHO-KPACHHIE NIATHA Ha XeJaToM ¢oHe.

AMHHOKHCJIOTHI, ATHPATHYECKHE
H APOMATHYECKHE AMHHDI

OP-13. Hurruapux
a. 0,1 r HuHTHApHHA pactBopsilor B 40 MJa abCcoOJIOTHOrO
sranona u 10 My nensanofl yKCycCHOH KHCJIOTHL
6. 0,2%-nblli pacTBOp HUHTHADHHA B 95 Ma n-OyTaHosa H
5 ma 10%-Ho# ykcycHO# KHCJIOTH. XpoMaTtorpaMMy Harpe-
pator 20 mun npu 105°C. Uccaenyemble coeinHenusi o6-
HapPYXKHBAIOTCS B BHJE TeMHO-(QHOJETOBBIX MATEH.
B. 0,2% -HBI{ 3TaHOJNBHEIH PAacTBOpP HHHTH/JDHHA.



544

TJIABA 9

OP-14.

OP-15.

CAXAPA

OP-16.

r. 0,2%-Hbit pacTBOp HMHTHAPHHA B aueToHe. Ilpurogen
ans bX. Xpomarorpammy NOrpy:KakT B PacTBOp, mOC/AE de-
ro cymatT 5 MHH B TOKE BJAXKHOIO BO3AyXa, a 3aTEM Bbi-
A€PHKHBAIOT B KOMHATe, B aTMocdepe KOTOPOH He coaep-
KHMTCSL [APOB aMMHAaKa., AMHHOKHCJIOTHE OGHaDYKHBAIOTCH
B BHJle CHHE-(HOJETOBHIX HATEH IOCJE HECKOJbKHX UacoB
BBUICPXKUBAHHSA, NENTUAK OGHaPYXKHUBAIOTCA TOJBKO Ha CJe-
NyIOllIHE CYTKH.,

Hurponpyccun natpus

a. 5 r HUTPONPYCCHAA HATPHA pacTBOpsior B 100 Ma
100%-1#Or0 BOJHOrO pacTBOpAa YKCYCHOrO ajbieruza. Pe-
areHT CMeIHBAIOT ¢ 2%-HEIM BOJAHBIM pacTBOPOM KapGoHa-
Ta HaTPHA B COOTHOLIEHHH 1 : 1.

6. XpoMaTorpaMmy ONpPEICKHBAlOT pacTBOpOM 1 r HuTpO-
NpycCHAa HATPHS B CMeCH 4 MJ YKCYCHOTO ajbieridja H
21 MJa BoAM; HalOT el MOACOXHYTb, HO HEe IOJIHOCTBIO H
nocsie sToro onpuickuBalor 10%-HEIM pacTBOpoM Kap6oHa-
Ta HaTpHA. Pearent npurogen mas BX.
n-JIUMeTHIaMHHOGEH3aIbAETHL (peareHT Spauxa)

a. 1%-nblft  5TAHONBHBIA PacTBOP /-THMETHJIAMHUHOGEHS-
ampfiernaa. Ilocae ompeicKHBaHHsST XPOMATOrpaMMy BELAEp-
JKHUBAIOT 3—5 MHH B Napax XJOPHAA BOAOPOJA.

6. 1 r n-nuMeTHNIaMHHOGEH3AJBAECIHAA PACTBOPSIOT B 50 Ma
KOHICHTPHPOBAHHON COJIAHOH KHCJOTHl H TOJYYEHHBIH pac-
TBOpP CMEIIMBAIOT ¢ 50 MJ 3TaHONa. XpOMAaTOTPaMMBI, 3JI0-
HPOBaHHBIE KHCJIOTHBIMH CHCTEMaMH, yepe3 2—5 MHH mocJae
M3BJICUCHHSI H3 KaMephl ONPHICKHBAOT A0 TeX MOp, IOKa
CJIOH He CTAaHET NPO3pPayHbiM. XpPOMATOrPAMMBI, 3JIOHPO-
BaHHble IIEJOYHBIMH CHCTEMAMH, HArpeBaloT 5 MHH NpH
50°C, 3aTeM ONDLICKMBAIOT 3THM DEATEHTOM H BBLAEPKH-
BAalOT B Napax LApCKOH BOAKM [cMech (3:1) KOHUEHTPH-
POBAHHBIX COJITHOH M a30THOH KHCJOT].

B. 0,25 r n-guMeTHJIAaMHHOGEH3a/bJErHAA  PACTBODPSIOT B

cMeck 50 T ykcycHOH KHCaOTH, 5 r 85%-HOH (ochopuoi

kucaotel M 20 MJ1 BOAB. PacTBOp MOXKHO XpaHHTL A0 Me-
csia B CKJsHKE M3 KODHYHEBOTro crekjaa. IIpm omnphickusa-
HUH TOJYYaIOT NMATHA PA3HEIX IBETOB.

Hadropesopuun

a. 100 mn 0,2%-noro cnuproBoro pactsopa HadTOpesop-
uuna cmemusaior ¢ 10 ma <gocdoproit  xucaors. Onpoic-
KaHHYI0 XpoMaTorpaMMmy Harpepalot 5—10 mun npu 105 °C.
6. 0,2%-H0¥ 3TaHOJBHHI pPacTBOp HAPTOPE3OPLUHHA CMe-
IIMBAOT B cooTHOImEHHH 1:1 ¢ 20%-H0i cepHOH KHCJIOTOI.
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OP-17.

OP-18.

by

10—13

OnpricKaHHYI0 XpOMAaTOrpaMMy HarpesaioT 5—10 MHH npH
105 °C.

B. Cmech pacrBopa 0,2 r nadropesopuua B8 100 My 5TaHO-
aa ¢ 20%-Hoit TpHXJOpYyKCycHOR KHcnorol (1:1). Ipw
pasiejeHuH KETOHOB XPOMAaTOIPDaMMbl BBIAEDKHBAIOT H—
10 mun npu 105 °C, a npH paspgeseHHH YPOHOBBIX KHCJIOT —
10—15 mMun Bo BaaxHOR aTtMocdepe mpu 70—80 °C,

r. 0,2%-HBH pacTBOpP HAa()TOPE3OPLHHA B ALETOHE CMELIH-
BAlOT HEMOCPEJCTBEHHO IEpe] ONPLICKHBAHHEM ¢ 2 H. hoc-
¢opHOH KHCJIOTOH B COOTHOLIEHHH 5: 1. OnprickaHHyio xpo-
maTtorpaMMmy BouifiepxkuBawT npu 90 °C. Pearenr npurogen
aas BX. O6pasyiorcst okpauieHssie nsaTHA.

Budranar anunuHa

0,93 r annauna u 1,66 r (raneBoll KHCAOTH PACTBOPSIOT
B 100 My HacHINEHHOrO BOJOH H-GyTanosa. XpoMmaTorpam-
My HarpeBalT HECKOJbKO MuHyT npu 105°C, 3ateM pac-
cMaTpuBalOT MpH Y®-06ayuennn. O6pasyiorcs nsaTHa ¢
OKDPacKO¥i OT KPacHOH N0 KOPHUHERO]l.

Honnas kuciora

a. 0,5%-umit pacTBop mepHogara uatpus. [locie onphicKH-
BaHAS 3THM DeareHTOM XPOMaTOrPaMMY ONPLICKHBAIOT
cMeceio 0,5 r 6ensuauHa, 20 My YKCYyCHON KHCJOTH H 80 MJ
abCoOMTIOTHOTO 3TaHOoJIA.

6. Cnauana omprickuBalOT xpoMmatorpammy 0,1%-HeIM BOA-
HBIM DacTBOPOM MeTamepHoZaTa HATpHs, NAIOT el MOXCOX-
HYTb B T€UEHHE HECKOJbKHX MHHYT, 3aT€M BCe elle BJIaK-
HYI0 XpOMarorpaMMmy ONpPBICKHBAIOT DAacCTBOPOM OeH3HIH-
Ha (2,8 r Gensmauna B cmecH 80 ma 96%-Horo stanona,
70 ma BoAwl, 30 Ma amerowa ¥ 1,5 Mg | H. cosiHON Kuc-
Jotsl). B mpomecce oGHapyMKeHHs IPOMCXOAMT pacliele-
HHe CaxXapHOH LenH, a GEH3HAHH IO3BOJSIET OGHADYKHTb
HenpopearuposaBiuuit pearext. Ilosyuatorcss Genple msaTHa
Ha cuueM (one. Pearent npurogen aas BX.

B. XpOMaTorpaMmmy onpeicKHBaiOT cHavana 0,05 H. pacrBo-
pom nepuojarta Hatpus B 0,05 H. cepHOlf KHCsIOTE, uepes
15 MHH CMeChbl0 3THJICHIVIHKOJS, AUETOHA H KOHIEHTPHPO-
BaHHO® CepHOH KuCaOTH (50:50:0,3), a eme uepes 10 Mun
6%-HEM BOIHBIM pacTBOpoM 2-THOGap6uTypaTa HATpHS M
Harpesalor 5 MHH npu 100 °C.

r. XpOMaTorpamMMy ONPHICKHBAOT 2%-HHIM pacTBODOM Iie-
pHOJaTa HaTPHA H CyllaT 7 MHH B aTMocdepe a3ora npH
60 °C. Tlocne sroro nomemaror B atMochepy SO; u Omphic-
KHBAOT pactBopoM 1 r posanununa B 50 MJ BOZH, KOTO-
puift mpefBapHTensHo obecuseunBalor SO; w o6beM KOTOPO-
ro f0BOAAT 10 JHTpa. B teuenmne 3—24 u o6mapyxuma-
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JOTCA BCe caxapa, a Takyke BCe COEIHHEeHHs, COAepiKallHe
BHIMHAJIBHYI0 auoJibHylo rpynny. O6pasyioTcs Gedble HST-
Ha Ha KpacnoM done. Meroxn npurogen aas BX.

<DEHOJIbI

OP-19.

OP-20.

OP-2].

Jlna3oTnpoBaHHbI} A-HATPOAHUIHH

a. 5 ma 0,5%-noro pacreopa n-HuTpoaHHAHHA B 2 H. CO-
JISHOA KHCJI0TE CMeWHBAT ¢ 6,5 Ma 5%-noro pacTtBopa
HHTDHTA HATPHA, OXJaXKAAIOT H pas3baBasior 15 ma20Y%-
HOTO PacTBOpA aleTaTa HATPHS.

6. XpomartorpaMMmy onpeicKuBalot 0,5 H. pacTBOPOM THAD-
OKCHIa Kanusd, 15 MuH narpesaior npu 60°C H onpeicKuBa-
IoT cMmecplo pactBopa 0,81 n-mHTpoanuanHa B 20 M1 25Y%-
HOH COJISIHOM KHCJOTH H 250 MJI BOABI, K KOTOpOH poGas-
JAI0T 5% -HBI PAacTBOD HHTPHTA HATPHS B KOJHUECTBE, 10-
CTaTO4YHOM J751 oGecBeuHBaHHUS.

B. Hacoimennwbiit pactBop n-nurpoannanna B 0,13 n. cous-
HOH KHCJOTE CMEIUHBAIOT C TakKuM e o6bemoMm 1Y%-moro
PacTBOpa HHTPHTA HATPHA H H06aBasior 5%-Hbli pacTBOp
MOYEBHHBEL. Uepes HECKONBKO MHHYT pa3GaBJisiioT pacTBop
7 vacramu Bozbl. IlosBasilOTCS NSATHA C OKDacKoH OT KeJ-
TOH 10 opaHxeBoi. Pearent npurosen aas bX.
HuasoTHpoBaHHAs  CyJb(aHHIOBAS KHCJIOTA
ITayau)

a. 25 r cyJb}aHHIOBOA KHCAOTH pacTBOPSIOT B 125 wmu
10%-Horo BOXHOrO pacTBOpa THAPOKCHAA KaJHA, OXJAK-
AaloT u cvemnBawT co 100 ma 10%-noro pactsopa HHT-
puta Hatpus. PeakmunoHHyo omech ROGABISIOT M0 Kamjsm
K TMOMEILIEHHOH B ‘0aHIO CO JBAOM COJIIHOH KHcsoTe (40 Ma
COJITHOH KHCJIOTHI ¢ yA. Maccolt 1,19, pas6aBrennost 20 mij
BOAH). JIHa30HHEBYIO cO/b OTHHABTPOBHIBAIOT NPH OTCA-
CHIBAHHH, TPOMBIBAIOT BOAOH, 3TaHOJOM H 3(QHPOM H cy-
war Ha Bo3fyxe. Coab CJ€fyeT XPaHHTb TOJBKO B XOJO-
AunpHuKe. [l oGnapyxenuss mpHMensior pactsop 0,1 r
AuasonneBoit cot B 20 ma 109 -noro BOAHOTO pactBopa
Kap6oHaTa HATpPHS.

6. 1%-nbii pactBOp cynbdanunoBoii  KHCJAOTH B 4%-Hol
COJIAHOH KHCJOTe CMemHBalOT ¢ 4,5%-HBIM PacTBOPOM HUT-
pata HATPHS M TOC/Te HENPOLOJMHTENBHOIO OTCTAMBAHHS
M06aBIAIOT Tako# xe o6beMm 10%-HOro pacTBopa KapGoHa-
Ta HaTpHsA. Bce pacTBophl HOMKHBI GHITH CBEXENPHrOTOB-
nenHbiME. [lonyuaiores oxpamennsie nstHa. Pearent mpu-
rofien aas bX.

Xnopun xenesa (I11) — peppunnanun xanus

1,5%-npiit pactBop xsopupaa xesesa(IIl) cmemmpanr B

(pearenr
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cootHoweHHH 1:1 ¢ 1%-nEM pactBopom ¢deppHnyuannia
kauus, PeareHt o6pasyer CHHHe NATHA, YCTOHYHB B Teue-
HHe 5 MHuH,

COEJHHEHH S ®OCPOPA

OP-22.

Monn6rar ammonus

XpomMaTorpaMMy ONPHICKHBAIOT CMeChI0 3 I' MOJHGIATA aM—
Monus, 50 Ma Boab, 5 Ma 6 H. comsHo# m 13 Ma 70%-Hoi
XJNIOPHOH KHCJIOT u Harpesalor 10 mMum npu 80 °C. Hccie-
AyeMble COENMHEHHS OGHAPYKHBAIOTCA B BHAE CHHE-YEPHBIX
nsiTeH Ha 6exoM ¢one.

TETEPOUHKJIHYECKHE COEQHHEHHA

OP-23.

OP-24.

OP-25.

n-AMHHOGEH30MHAs KHCAOTA — IHAHXJAOPH

PactBop 2 r n-aMHHOGEH30HHOH KHUCJIOTH B 75 M 0,75 1.
COJIIHOM KHCJIOTH Pa36aBJIsIOT 3TAHOJIOM A0 06beMa 100 M.
Ilocsie ONpHICKABaKHS XPOMATOrPaMMy BHIEPKHBAIOT 6 MHH
B napax UHAHXJOPHAA B 3aKPHTOH Kamepe, NOMELIEHHOH
TNOA BHITAXKHBIM KOJNAkoM. IlHaunxsnopung npuroropasior,.
CMeInBast  xyopaMuH ¢ 20 Ma 1 H, CONSHOR KHCJOTH H-
10 ma 10%-Horo pacrBopa uuamuaa kamus. IIponsBoxHBIe:
NHPHAHHA H JpyrHe FeTepPOUHKJIHYECKHE COEJHHEHHS OKpa-
HMIMBAIOTCSA B KPACHBIH IIBET.

Xmopun sxenesa(III) — xnopuas kucnaora (pearent Casb-
KOBCKOT0)

Cmech onnoit wactu 0,05 M pacteopa xJopHza xkeqesa (I111)y
H 50 uacreir 5%-HOi xJsopHOR KHCaOTH. MHOrZa MOXKHO:
HCIOJIb30BAThL GoOJiee KOHUEHTPHPOBAHHYIO XJOPHYIO KHCJIO-
Ty. Pearentr o6pasyer okpamenunie nsrna. IIpurogen Tak-
XKe gas BX.

PopMasbaernl — CoJIsiHasi KHCIOTAa  (peareHt TTpoxasku)
Cmech oxnoit yacti 35—40%-Horo dopmanbieruga, oxHON
4aCTH KOHIEHTPHPOBAHHOH COJIAHOH KHCJOTH H ABYX 4acTeil
BOJBHI; NOCJIe ONPBICKHBAHAA XPOMAaTOrpaMMy HarpeBalior A0
NOJHOTO BhICyWIMBaHHs. Pearewt npurogen ans BX. O6pa-
3YIOTCsl NATHA C OKPACKOH OT XenTo#l Ao KopuuHeBoH. [lpu
0oJiee NPONONKHTEJIBPHOM HATDEBAHHM 6GyMara TeMHeEeT
(o6yranBaercs). IIpu ucnonssoBanuu aAast TCX MOXHO 3a-
MCHUTb BOLY Ha 3TaHOJN U 06paboTaTb BLICYIEHHBIE XPO--
MaTOrpaMMupl HapaMH asoTHOH KHCJOTH, HOBBHIIAA TAKHM.
06pasoM YyBCTBHTENBHOCTH OGHADYKEHHS.

HHTPOCOEQHHEHHA

OP-26.

10*

Xanopug osnosa (11)
XpomaTorpaMMy ONpPHICKHBAIOT cMecblo 3 Ma 15%-noro
pacTeOpa XJIOPHAA 0Ji0Ba, 15 MJ KOHUEHTPHPOBAHHOH €O~
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JISTHOH KHCJIOTH M 180 Mo Boawl. Ilocae mpocymuBanus 06-

PasOBaBIIHECS] aMHMHBI MOXKHO OGHapyXKHUThb peareHTOM
OP-15,

TerpasonueBnii  cuHHEi npeicTaBiaser coGoit  XJIODHA
2,2-n- (nu-O - meTokcH) mudernaen - 3,3',5,5” - rerpadenuagn-
terpasonust. Pearent npurogen nas BX. BoccranasiuBalo-
IIHe CTepOHAB (M BOOGIIE BOCCTAHABAHBAIOLIHE COEIHHE-
HHs) OBICTPO OKDAIUIWBAIOTCHA B IBETa OT CHHEro No ¢HoJe-
ToBoro. us TCX mpu o6HapyXeHHH HAa NJACTHHKAX CO
CJOSIMH CHJHKareas ucmojbs3ylor B 10—20 pa3 Gonbmue
KOHIIEHTPAIlHH TETPa30JIHeBOTO CHHEero M BTpoe OoJbline
KOHIEHTPAlHH THADOKCHAA HATPHS, a BOLY MOXHO 3aMe-
HHTb Ha MeraHoJ. VIHTeHCHBHOCTb OKpacKH INITEH Ha IJja-
CTHHKax cJjabee, ueM Ha GyMare,

OPrAHHYECKHE KHCJIOTHI
Cum. OP-1. ,

KAPBOHHJIbHBIE COENHHEHHS

OP-27. 2,4-TuHATPOGDEHHNTHAPAZHH

150 Mr 2,4-1MHHTPOGEHHITHADPASHHA DPACTBOPAIOT B 35 MJI
BOAHI M N06aBJAAICT K PAacTBOPY 22 MJ KOHIEHTPHPOBAHHOH
CONMAHOK KHCAOTH. CoeJuHEeHHd, cOfepiKallHe CBOGOIHYIO
KapOOHHJIBHYIO TPYNIy, RAIOT NATHA C OKPACKOH OT KeJ-
TOH 10 OpaHXKEBO-KPacHOH Ha CBETJIO-XeaToM ¢oue. B 3Tux
ke HeasX MOXHO NPHMEHHTb pacTBop 50 Mr 2,4-IHHHTPO-
¢enuaruapasusa B cMecH 10 Ma mMeranosa H 1—2 MJ KOH-
LEHTPHPOBAHHOMN COMISTHON KHCJIOTHL. ,

TEPITEHBI

Cum. OP-4, OP-5.

OP-31. AnucoBul anbAeruj— cepHasi KHCJIOTA
a. CMecb YKCYCHOH KUCJIOTHI, aHHCOBOTO aJbleruja U KOH-
IEHTPHPOBAHHON cepHO# KHCIOTH (97:1:2).
6. CeexenpurotoBieHHass cmecs 9 Ma 95%-soro sranoaa,
0,5 MJ1 KOHUEHTPHPOBAHHON cepHOH kucjaoTe H 0,5 My aHH-
coBoro anpaeruna. Ilocse OMPHICKHBaHMS XpOMaTOTPaMMy
narpeBalor 5—10 mun npm 90—100°C. Okpacka nsaTex
pasyuyHas.

CEPYCOLEP)XAILHE COENHHEHHA

Cwm. OP-2.

OP-28. Moauo-asuauslit pearenr
DTOT pearedT IOJyyaloT cMelluBast 1,5 r asWpa HaTpHs H
50 ma sranosna ¢ 50 ma 0,1 H. BogHOro pacTsopa Homa, K
KOTODOMY A0OOaBJSAIOT HOAMA KaJjHsl B KOJHYECTBE, Heo6XO-
IHMOM JJIsi PacTBOPEHHs HOJAa. Pearenrt, nmomaBmu#t npu
ONPLICKHBAHHH XPOMaTOrpaMMbl Ha NSTHA CepyconepiKa-
IHX cOelMHEHHH, obecuBeurBaercss. MoxXKHO ZOGHTbCH YBe-
JIMYEHUS] YYBCTBHTEJBHOCTH, JOTOJHHTENbHO ONPHICKHBAS
XpOMaTOrpaMMy pacTBOPOM KpaxmaJa. Pearenr npuromen

CIIMCOK HHOCTPAHHBIX ®WPM, BHIITYCKAIOIIHUX XPOMATOTI'PA®DI

Analabs Inc., 80 Republik Drive, North Haven, Connecticut 06473, USA.

Analtech Inc., 75 Blue Hen Dr., Newark, Delaware 19711, USA.

Applied Science Laboratories Inc., P. O. Box 440, State College. Pennsylvania
16801, USA.

Bio-Rad Laboratories, Richmond, California 94804, USA.

CAMAG AG, 4132 Muttenz, Homburger Str. 24, Switzerland.

Chinoin, Nagytétény; representative: Medimpex, Budapest, Hungary.

Desaga C., GmbH, 6900 Heidelberg, Mass. Str. 26—28, BRD.

xna bX. Eastman Kodak Company, 343 State Str., Rochester, New York 14650, USA.
Floridin Co., 3 Penn Center, Pittsburgh, Pa 15235, USA.
CTEPOH Tb] Fluka AG, 9470 Buchs, Switzerland.

O&Bm:%%ﬂgﬁoi Co., 600 South Wagner Road, Ann Arbor, Michigan 48106,

USA.

Kavalier, n. p. Sazava, factory Votice; representative: Chemapol, Kodatiska 46,
100 10 Prague 10, Chechoslovakia.

Kodak-Pathé, Vincennes, Paris, France.

Kontes Glass Co., Spruce St., Vineland, New Jersey 08360, USA.

Macherey, Nagel und Co., Werkstrasse 6—8, 5160, Diiren, BRD.

Mallinckrodt Chem. Works, 2nd and Mallinckrodt Str., St. Louis, Minnesota
63147, USA.

E. Merck AG, Frankfurter Str. 250, 6100 Darmstadt, BRD.

Pharmacia Fine Chemicals AB, 751 24, Uppsala, Box 604, Sweden.

Cwm. OP-4, OP-6, OP-7.

OP-29. u-Nururpobenson (pearent LlumMmepmana)
2%-ublfi pacTBOp M-IHHHTPOGEH30s1a B aGCONMIOTHOM 3Ta-
HOJIE; TOCJIe ONPLICKHBAHHS STHM PAacTBOPOM H BHICYLIHBA-
HHSL XpOMaTorpaMMy omprickHBalotr 2,5 M pacrBopoM ruap-
OKcHAa Kanausa H cywat npd 70-—100 °C, noka ze nosiBsaTcs
KpacHO-(HoJeTOBHEe nATHA, Pearent npuroaex aas BX.

OP-30. TerpaszosneBbIil CHHUH
Oxany uacts 0,1%-HOrO pacTBOpa TETPA30JHEBOTO CHHETO

* Bonee noapoGumHit cnucox nyGaukyercs B J. Chromatogr. Sci. mox 3aronos-
pasbaBagoT 9 yactaMu 2 M pacTBOpa I'HADPOKCHAA HATPHSA. ~ il & oA 3aronop

KoM «International Guide»; cm., nanpumep, [1].

i
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Phase Separation Lid.,, Deeside Indusiri i
e PG ide Industrial Estate, Qulensferry, CH 52 LR Flint-
H. Reeve Angel and Co., 9 Bridewel] Place, Clifton, New Jersey 07014, USA.

mmmmm_ww Specialities Co., 200 S. Garrach Boulevard, Richmond, California,.

Serva Entwicklungslabor, 6900 Heidelber , Rémerstr, 1

Shandon Scientific Co., 65 Pound Lane, %o:ao:. N. W. __mo mmww._m:a

Schleicher und Schull GmbH, 3354, Dassel, BRD. ' '

Supelco Inc., Supelco Park, Belle fonte, Pennsylvania 16823, USA.

M. Woelm — now INC Pharmaceutical Gmbid und Co.,, wfo, Eschwege, BRD.
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P. KOMEPC o

VIHCTUTYT OCHOB XHMHUECKHX IIPOIECCOB
YexocnoBaukoit AkageMun Hayk, [Ipara

M. KPEMUHU

VIHCTUTYT aHAJIHTHYECKOH XMUMHHU !
UexocaoBaukoil AkageMuu Hayk, BpHo i

CITNCOK OBO3HAYEHHNM ™

A —koatddunuent Buxpenoit gudoysuu (10.16);
B — xoa¢p¢unrenr Aupdy3HH PacTBOPEHHOrO BEINECTBA B
rase-Hocuresne (10.17);
' Cr — xo3hpHuHeHT MacconmepeHoca B xXuAkok ¢dase (10.18);
‘ Cg¢ — KO3hdHUHEHT MacconepeHoca Brasosoit ¢pase (10.19);
C% — cragapTHas MOJbHasi CBOGOAHAS JHEPTHs KOHJEHCa-
uun (10.47);
I — unnexc ynepxubauus (10.44);
R, R,z — xoadunuenr pasnenenus;
§ — KOHIEHTPallHOHHO-32BHCHMAas UYYBCTBHTEJbHOCTh Jle-
tekropa (10.27);
5" — YYBCTBHTEJILHOCTb NETEKTOPA, 3aBHCALIAS OT MAcChl
(10.29); ,
T. — abcoaoTHASE TeMIIEpPATypa KOJOHKH;
. T — abGcomoTHasi TEMIeparypa, H3MepeHHas B IOTOKE ra-
3a-Hocureas (10.7);

Ve — o6beM rasa B koJionke (10.1);

V¢ — ynennusifi o6bem yaepxusanus (10.8);

Vi — 06beM HemoJBHKHON KHAKOH ¢aswl B KojoHke (10.1);

Vi — unctoiit o6bem yaepxkuBanus (10.5);

Vz — noauslit o6veM yaepxkusanns (10.3);

V’r — HcnpaBiieHHbllt o6beM yaepxuBanusa (10.3);

Y: —mnpuna xpomarorpaduueckoro mukKa Ha ypoBHE HyJe-
BOH JIMHHH, H3ME&peHHAs B eqnHHuax BpeMenu (10.11)
(ompesessiercss Kak OTPe30K, OTCEKAaeMbIH Ha HYJIeBOH
JHHUH KaCATeJbHEIMH K CTOPDOHAM MHKA B TOUKAax Iie-
peruba);

PTVn — 06BEM yAEDIKHBAHHS, HCIPABJEHHB C y4eTOM /[aB-
JeHHsa H temnepatypel (10.7);

ot
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71,2 — OTHOLIEHHE YAEPKHUBAHHUSA (OTHOCHTEJbHAs JIETydYecTb)
(10.23, 10.24);
Nes — 3((pEKTHBHOE UHCJIO TEOPETHUECKHX Tapesok (10.14);
Ws — Macca HenoABHXHOH dasnl (10.8);
k4 — KoHucTanTa aacop6unoHHOro pasHoBecus (10.53);
v — ko3¢ dHumneHT 3amenaenus (10.17);
Yo — KOo3(pdunuent akrusnoctu (10.34);
AGF — napunanbnas MoJpHasi cBoGojuast sHeprus Iu66ca
(10.36, 10.39, 10.31);
AG®% — craunaprHas cBoGoaHast 3Heprus aicopbuuu (10.35).

10.1. BBEOLEHUE

10.1.1. OTKPBITUE FTA30BOM XPOMATOTPA®HH

Onucannbifi Liserom [85] B 1906 r HoBHIE MeToxa pasiesieHns
He OB OleHeH NMO JOCTOMHCTBY W TNpHBJISK BHHMaHHE XUMHKOB
Juls 25 Jger cnycrsi, koraa Kyu, Buutepuwrein u Jlenepep [51]
BHOBb OTKpBUIM ero. B 1941r. Maptun u Cuuax [58] ony6auko-
BAJIH CTAThI0 ¢ OMHCAHHEM HOBOTO aHAJHUTHUECKOTO METOLA — KU~
KO-XKHJKOCTHO# XxpoMmarorpadHu. DTO OTKpPHTHE OBIJIO HACTOJbKO:
Ba>XHBIM H 0Ka3aJI0 TaKOe BJHSHHE HA PA3BUTHE XHMHYECKOrO aHa-
JIN33, 9YTO aBTOPHl €r0 BIOCJEACTBHH 6bin ynocroenn Ho6eaesckoit
npemud. Maptui 1 CHHIK BCerja nosjarajd, 4TO B KayecTBe IO-
ABHXKHOA (a3el B NPENNOKEHHOM HMH METOAe MOXKHO HCHOJb3O-
BaTb H rasel, OAHAKO OCYIIECTBHTb 3Ty HJIEI0 yAAJOCh A4JEKO He
cpasy; quwb 10 ser cmycra Maprun m [IxkeiiMc okasand cnpa-
BEUIMBOCTb 3TOT0 MPEANOJNOXKEHHS H pa3paboTajy OCHOBH HCKJIO-
YHTeNbHO 3((EKTHBHOrO NPAKTHYECKH YHHBEPCAJNbHOIO aHAJUTHYE-
Ckoro merofa. OHH NpPOJAEMOHCTPHPOBAJH NPEUMYLIECTBA HOBOTO
METOJa Ha NpUMepe Da3jie/ieHHsl JIeTYUYHX MKHPHBIX KUCJAOT H IMOKa-
3a/i4, YTO BCJ/IEJCTBHE HH3KOH BA3KOCTH rasa IO CPaBHEHHIO C BSi3-
KOCTbIO KM/KOH MOABHXHOH (hasbl H BO MHOro pa3 GoJee OLICTDOIR
nHpPysnn B rasoBoil ¢ase pasieNeHHe ¢ IPHMEHGHHEM Ia3a-HOCH-
TeJIsT MPOXOAHT 3HAYHUTEJbHO OBICTPEE, H MOITOMY TaKOH MeTox 60-
Jee yno0eH Ansi PYTHHHBIX aHa/u30B. [louTH omHOoBpeMeHHO SIHax
{41] ony6aukoBan paGoTy, NOCBAIIEHHYIO pasjeeHHIO YIJa€BO10-
pOIOB METOAOM ras3o-aacopOUHOHHON xpoMaTorpaduy,

10.1.2. OCHOBbI TEOPHHU F'A30BOM XPOMATOTPA®HHU

Mui He cTaBuM ceGe 3ajaueil M3NOXHUTH B NaHHOM pasiene 06-
HIyI0 TeOpHIO xpoMarorpaduy, 3TOMY BOMNPOCY MNOCBSALEHA TIJ. 2
AaHHO# MoHorpaduH. Hawra uenb — 06CyAHTH OCHOBHBIE COOTHO-
UIEHHs] Ta30BOH XpoMaTorpadui H pPacCMOTPETb BO3MOMKHOCTbD HX
NMPHMEHEHUs B xpoMmarorpagpuuyeckoll mpaktuxke. Kak u Bce TNl
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xpoMmaTorpaguH, razoBas xpomatorpadHs siBJseTca MeTONOM pas-
ACNE€HAsA, B KOTOPOM aHAJH3HPyEMble COeNHHEHHS pa3IegqsIoTCs
MeXIy IAByMs (pasaMM: HeNOJABHKHOK H NOABHKHOH. [IOABHIKHOM
$a3oit BCerma COYXHT ras, HENOABHXKHOK  (asoll — yame BCero
AHUJKOCTb, HAHECEHHAsS] HA HEMO/ABHKHYIO HHEDTHYIO NONJIOKKY, HJIH
IOBEPXHOCTHO-aKTHBHEIH ajxcopbenT. MHorza s3TH. MmarepHanbl Bbi-
3BIBAIOT KaK aAcopOuHIO, TaK H DPacTBOpPEeHHE. B COOTBETCTBHH ¢
PasHUHBIMH METOJHKaMH Da3JHyaloT QPOHTAJBHYIO, BHITECHHTEb-
HyI0 H NpOSBHTEJNBHYIO rasoBylo xpoMmartorpadmio (cM. pasa. 1.3).
Cerojusa TepMHH «ra3oBasi XpOMAaTOrpadusi» B OCHOBHOM O3HAYaeT
NPOsIBHTE/IbHYIO XpoMaTorpaduio. AGCOMOTHOE GOJBLIIHHCTBO HC-
C/I€NOBaHUI NPOBOAMTCA NO 3TOMY INPHHUHNY. B cooTBeTCTBHH ¢
METOJAHKOH XxpoMarorpaduu HeGONbUION OObEM aHAMM3UPyeMOi
CMeCH BBOISIT B KOJIOHKY ONHOH nopuueit., OTaenpHble KOMIOHEHTHE
CMECH BEHIXONAT M3 KOJIOHKH I0OYepefHo. XpomaTorpadupoBaHHe
BElyT B TAaKHX YCJOBHAX, YTOOH (popMa NMHKOB KOMIIOHEHTOB, PErH-
CTPHPYEMBIX CAMONHCHEM HO CHTHAJY HETEKTOpa, Gbljia KaK MOXKHO
GuHKe K rayccoBOH KPHBOM H YTOObI LIHPHHA NHKOB OblIA KaK MOX-
HO MeHbIIe.

Fazoxpomarorpaduueckie CHCTEMB! B COOTBETCTBHH C THIIOM HC-
0Jb3yeMBIX HEMOABHKHEIX- (DA3 NOAPAZNENAIOTCA HA TA30-KUAKOCT-
Hble M raso-tBepAodasHeie. B ra3o-KHIKOCTHBIX CHCTEMAX 3HTAJb-
NHSL PACTBOPEHHS SIBJAAETCS OCHOBHBIM (DAKTOPOM, ONpEeAE/AIOIHM
YA€p>XKHBaHHEe KOMIIOHEHTa B KOJIOHKE, B a30-aJCOPOUHOHHBIX CH-
CTeMax TaKuM (aAKTOPOM SsBJSETCS 3HTAJbuA aacopbuud. daso-
BO€ paBHOBeCHE B JaHHBIX CHCTEMAaX OMHCHIBAETCS H30TepMO# cop6-
uuy (aacopbuuH HJIH pacPBopenusi). JJisi NPUTOTOBNEHHS BBICOKO-
3} PeKTHBHBIX "KOJIOHOK BHIOOD XpOMATOrpadMyeckolf CHCTEMbl AOJ-
JK€H NPOBOJAHTBLCS C YUYETOM TPe6OBaHHMA JHHEHHOCTH H30TEpPM al-
cop6uuu. Mcnoap3oBanne HeJIHHEHHBIX H30TEPM BHI3BIBAET HCKaxKe-
HHe (PopMb mukoB (pHc. 10.1), YTO NMPHBOAMT K YXyJIUEHHIO Pas-
AeJjienus (yMeHbllieHHe 3(G(PEeKTHBHOCTH KOJIOHKH) H 6OJiee CJO0XKHO-
My KOJHYECTBEHHOMY TPEACTABJEHHIO XpOMAarTorpaMm (4acTb IH-
KOB OCTAlOTCA Hepa3PelIEHHBIMH).

IlockonbKy 3ajaua xpoMmarorpaguu — pasfgeseHHe BEIECTB,
XpOMaTorpaUCTE-TEOPETHKH H3Y4YalOT B TepBYI0 ouepels Te (ak-
TOPbl H SIBJIEHHSl, KOTOPble HENOCPEeACTBEHHO BO3JAeHCTBYIOT Ha 3¢-
(dekTHBHOCTL npouecca. SPPEKTHBHOCTh Pa3heJeHHs NpPekAe BCe-
TO 3aBHCHT OT CKODOCTH MHIDAUHH MOJEKYJ HCCHEIYEMOI'O COE/IH-
HeHHs depe3 KOJIOHKY, KOTOpasi B CBOIO Ouepelb 3aBHCHT OT pac-

. Tipefesienyusi KOMHOHEHTa MeXKAY HENOABHXKHOH H NOJABHXKHOH ¢a-

3aMH, T. €. OT HaKJOHA H30TePMBI HJIH KOHCTAHTHI PachpejeseHHs.
Takoe xe GoJsblIOe BHHMaHHe yJeJseTCs H Da3MbIBAHHIO XpOMa-
TOrpaHuecKHX IHKOB, BH3HBa€MOMY HEDPaBHOBECHOCTBIO pacipeie-
JICHHs1 BEIIECTBA MEXJY HETOABHIKHOH H TIOABHKHON ¢aszamu, aAud-

- @ysrell B rasoBoil pase u T. . OCHOBHBIM KOJHYECTBEHHBIM BBIPA-
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JKEHHEM NIE€PBOrO SIBJICHHS CJYXUT BPEMS YACDXKHBaHMA fp (TaKkKe
Ha3LIBAEMHIM BDEMEHEM 3JIONPOBAHHS) (C, MHH) HJM 06beM yAep-
xHBaHUA Vg (Ma). OCHOBHBHIM KOJHYECTBEHHBIM BHIDAXKEHHEM BTO-
POro fABJEHHS CJHYKHT YHCJIO TEOPETHUECKHX Tapesiok n (6espas-
MepHas BEJHYHHA) MJM BLICOTA, SKBHBAJIEHTHAs TEOPETHYECKOH Ta-
peake, H (Mm).

Hsomepma Xeomamozpamma
2! o
¢
c T
o} f
— e .
c 4
Qr n—
c T

‘

Puc. 10.1. 3aBHcumocTs (opMH XpoMaTorpadHUeCKHX IHKOB OT BHAA H30TEPM
ancopOLnH.

KoHnenTpanus KoMNoHeHTa: @ — B HEMOABHXKHOR (ase; ¢ — B NOXABHKHOR thasze; &-—ofnem
rasa-HOCHTeJs.

OCHOBHBIE COOTHOIEHHS, XAPAKTEPU3YIOIIUE
YAEP)KHBAHUE

Kak yxe oTMeuanoch panee, ec/iH B KOJOHKY BBEAEHO HOCTATOU-
HO MaJjioe KOJIMY€CTBO aHAJH3HPYEMOro BEIIeCTBA M €CJH TPOILECC
NPOHUCXOAHT B JIMHEHHOH 0OJacTH H30TepMBl aAcopOuuH, (GopMa
KOHUEHTPAIMOHHBIX NHKOB, AETEKTHPYEMBIX HA BBIXO/E H3 KOJOHKH,
6nu3ka K hopMe rayccoBoii KPHBOH paclpeleseHHs OLIHGOK. Bpe-
Msl OT MOMEHTa BBOJAA HPOGH B KOJIOHKY A0 MOMEHTA PErHCTpalUH
MaKCUMyMa NHKa Ha3bIBaeTCsl BPEMEHEM YAEPXKHBAHHS, HJIU BpeMe-
HeM 3JIIOHPOBaHHUsA fgr. IIpH ONTHMANBHBIX YCIOBHSIX OHO HE 3aBHCHT
OT KOJIHYECTBa BBEACHHOH NPOGH H ONDPERENAETCS TOJNBKO KOHCTaH-
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Toi pacnpenenenus Kp, KOTOpas NpeicTaBiaseT co6oii OTHOLIEHHe
MacCH BelllecTBa, pactBopenHoro B 1 MJa HemoiaBuxkHOH ¢ash, K
Macce BeLeCTBa, pacTBOPEHHOro B 1 MJ NOABHXKHOH ¢aszHL
E=K V1 __KomtuecTso BellecTBa B HenonpuxHOM dase Qo _v
T D Jg T KoJmyecTBO BelllecTBa B NMOABHXKHOK (ase * ’

rae k — ¢dakrop emMxocTH '[cM. ypaBHerue (10.9)], Vi — o6bem ne-
TIO/IBUXKHON XHAKON ¢a3n B KOJOHKE, Vg— 00bEM rasa B KOJOH-

le

2

-
L

Omxnuk

yeléo

Boemsn
Puc. 10.2, Ilpumep xpoMaTOrpaMMsl.

t;, — MepTBOe BpeMs YAEPXKHBAHHA; fp — BpeMa YAepXKuBanus; #p — HCIPABJCHHOE BpEMD

YREPKHBauHUg, HHIAEKCH / H 2 COOTBETCTBYIOT NEPBOMY M BTODOMY aHAJH3HPYEMEIM KOMMO-
HeHTaM; Y, — IIHpHHE NHKa Ha HYJeBoft JIHHWH; G — CTaHZAPTHOE OTKIOHeHHe. LIHpHHa mH-

Xa Y BLIpaXKaeTcs OTaHAapPTHHIM OTKJIOHEHHEM B 3aBHCHMOCTH OT OTHOCHTENbHOR BLICOTH MH-
Ka h, Ha KOTOpoll OHa M3MepeHa.

ke. Ecin xommoneHtr cMecu He copbupyercd, 2=Kp=0. Bpems
yAepXKHBAHUA TAKOTO KOMIIOHEHTA HA3HBAIOT MEPTBHIM BpEMeHeM
YOEpXKHUBAHHUS far; OHO MPONOPUHOHAJNBHO AJHHe xpomartorpaduue-
ckolt koJoHKM L (cM) H oO6parTHO NPONOPLHOHAJNBHO CpefHER CKO-

POCTH MOTOKA rasa-Hocureas ¥ (cm/c):
ty=L/u (10.2)

THe u 3ajaercs ugj, Up— JHHEHAHAss CKOPOCTh NOTOKAa Ha BHIXOfE H3.
KOJIOHKH H j — NonpaBouHE# KOG (HIHEHT, YYHTRBAIOIIHA nepena.
IaByeHus B KosioHke |[cM. ypaBHenue (10.4)]. CrnemoBarennHo, Bpe-
M yIepKHBAHHSI — 3TO HHTEDPBAJ MeEXJ]Yy MOMEHTOM BBOJAA Belle-
CTBAa B KOJIOHKY M MOMEHTOM IIOSIBJEHHS MAakKCHMyMa NHKa, OTMe-
yaeMoro aetekTopoM. Ha mpakTHke 3TOT HHTepBaj BCerja H3Me-
paor no xpomarorpamme (puc. 10.2). ITockombKy ckopocTh mepe-
MEIIeHHs JIEHTH, HA KOTODOH 3amyCHIBAeTCS XpoMaTorpamma, H3Be-
CTHa, H3MEDPHB HA XPOMATOrpaMMe PacCTOSIHHE MEXJY TOUKOH BBO-
Ja npo6nl M MakKCHMyMoM nHKa (X cM), JIETKO PacCcuHTaTb BpeMs
VIepKHBaHHA 1O dopMmyie fp=X/w.
’
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OnHaKo walle NOAB3YIOTCS He BpeMeHem YAEepXKHBAHUS, a 06D-
C€MOM YIEepXKHBAaHHA, KOTOPBIH DacCYHTHIBAIOT MO BpeMeHH yhep-
KUBAHUA H H3MEPEHHOH Ha BBIXOJe OOBEMHON CKOPOCTH MOTOKA
rasa-nocurens Fn (cMP/c): Vr=I(xF,.. O6bem VAEDXKHUBAHUS CKJa-
ABIBACTCST M3 MEPTBOTO 06BEMa KOJOHKH M COGCTBEHHO O6bheMma
YAEPAKHBAEMOTO BEILECTBA B KOJIOHKE, I03TOMY HCIPaBJIEHHBIR 00D-
€M YAEPKHBAHHA ONPENeNACTCS] KaK

Ho cux mop MH He NpHHEManM BO BHHMamHe CXKHMAEeMOCTh rasa-
HOCHTEJIS, MEXKAY TEM CXKHMAeMOCTb ra3a NPHBONHT K YBEJHUEHHIO
©06beMa rasa H CKOPOCTH €ro MOTOKA. IMostomy npu onpenenenun
JIeHCTBHTEJILHOTO 06bEMa yIepKHBAHUSA B pacuernyio opmy.y BBO-
AT NONPaBOYHBIA KO3 dHULHEHT

F =13 (pi/pe)*— 1112 (p/pe)® —1] (10.4)
T. €. NeHCTBHTENbHBIN 06beM VAEPXKHBAHUSA
Vy=jV'x (10.5)

JleficTBHTeIBHBIN 06beM YZepKHBAHHS CBA3AH C Koadduurentom
DbaocnpeneseHus: CAEAYIONHM COOTHOLIEHHEM:

V=KV, (10.6)

‘O6beM ynepxKHBaHHS, NEPECUHTAHHBIN s aTtMocdepHOro nasJe-
HHsl B paGoyeli TeMIepaTyphl, Has3HBAIOT HCHPABJCHHHM OGBHEMOM
yaepxuBauusa ?TVy; oH gaercs cooTHOLICHHeM

PTV =V’ (B,T,/760T ;) (10.7)

rae T, — TeMnepatypa KOJOHKH M Tm — Temneparypa, npu KOTOpOil
HSMEDSETCS CKOPOCTb Ia3a-HOCHTENs (M Ta M Jpyras TeMmepatypa
H3MepsieTCs B KeJbBHHAX). .

YnenbHb 06beM yAep:KHBaHHS V¢— 310 06bEM yHepxuBanus,
OTHECEHHBIH K eJHHHIE MacChl HENONBHXXHOH (asbl (razo-xuako-
CTHAf CHCTEMA) WJH K eAMHHIe IJIOIAJH TOBEPXHOCTH axcopGen-
Ta S (ra30-aficOpGUHOHHAS CHCTEMA). YAENbHBIE OGDbeM YAEpKH-
BaHAs dalle BCETO HCHOMB3YIOT B KOJIHYECTBEHHOM aHaJH3e (CM.
pasji. 10.4.2), ero onpemensior kak .

Vy=I1j(tg—1y) Fn/w]) (273/T ) (10.8)

The Fm— CKOPOCTh NMOTOKA asa-HOCUTENS, M3MEPEHHAS HA BBHIXOLE
M3 KOJIOHKM (MJ/C), ®Ws— Macca HEHOJABHKHON XHAKON ¢daswe (r),
To—temneparypa kononkn (K). Yaenbunidt o6bem yuepxuBanis
HE 3aBHCHT OT THNA MCNOJbL3YeMOH annapaTyphl. .

B ancop6uuonHOi XxpoMmaTtorpadHH yIaenbHBI 06beM YIEepKH-
BaHHS ONPEIEeNSAIT C NOMOIIBIO STOrO ke YPaBHEHHs, HO Maccy He-
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TOJBHKHOH XHAKOH (hasbl ws 3aMEHSIOT Ha YAEALHYIO NOBEPXHOCTD '
aacopbenrta S (M%/r),

B Bhipaxenua ans onpeienenus ¢axkTopa emxocTH k i[ypaBHe-
nie (10.1)] BBOAAT BeJHYHHBI OGBEMOB YACDXKHBAHHS, KOTOPHIE
MOKHO 3aMEHHTb Ha BpeMs yIepKHBaHHA. [lpemMymectso ra-
KOTO BBIDAXKEHHSt OCHOBAHO HAa NIPOCTOTE 3KCIEPHMEHTAJbHOTO OIli-
peneJieHnsi GaxkTopa €MKOCTH, KOTOPhIH SIBJSIETCS OTHOLUEHHEM YH-
CTOr0 o6beMa YIEPXKHBAHHSI (HJIH BPeMeHH) K MepTBOMYy o6bemy
(unM BpeMeHH) :

k= (tr—tr)/ty (10.9y

MoXHO Takxe BBECTH COOTHOLIEHHE MEXIY BPEMEHeM YAepKH-
BaHHsl, NJHHOH KOJIOHKH L (cM), JIHHEHHOH CKOPOCTBIO IOIBHIKHOM

$asul u (cM/c) u GakTOPOM eMKOCTH:
tr=(L/) (1 +k) (10.10p

JlaHuble BhIe COOTHOLICHHS ONHCHIBAIOT (pa30BOe paBHOBecHe B
XpoMartorpaguyeckoii Kosouke. i OJHHX H Tex Xe COCAHHEHHH H
OJHOH H TOH e HeNOJABHXHOH $a3bl (B GOJbLIHHCTBE cJyyaes.
Ta3-HOCHTe/b He BJHAET HAa XapAKTEPUCTHKH YIAEPIKHBAHMS) NpH
33/laHHBIX YCJOBHAX (TeMmnepaTypa, aBJieHHE) KOHCTAHTy pachpe-
ACJEHHS MOXKHO DaCCYHTaTb HCXOAsl U3 XPOMAaTorpapHyecKHx AaH-
HBIX, @ €CJH H3BECTHA KOHCTAHTA DacnpeleseHHs, TO IJs BhHIGpaH-
HOH CHCTEMBl MOXKHO TaKXKe PacCYHTATb MapaMeTphl yAep:KHBaHHS.
YaepKHBaHHE OZHOrO KOMIOHEHTAa H3y4aeTCs JHIb B HCK/IIOUH-
TENbHBIX ciyyasx. OO6bYHO HEOGXOAHMO  BHOPATh NOAXOASLIUE:
XpoMaTorpaHyeckylo CHCTEMY H HENOABHXKHYI0 (asy AAsS aHANH-
3a CMECH HECKOJbKHUX coeavHeHUH. [Ipu sTrOoM KoJHuecTBeHHOH Me-
POH HOCTHTHYTOrO pa3[e/eHHs CJYXKHT paspelieHHe KPHBBIX yaep-
JKHBaHHA JJs1 ABYX Haubojiee TPYAHO pasfieqsieMbIX COeIMHEHHI
lu?2

Paspeuienue R, ompenensiercss CJeAylOHM COOTHOLICHHEM:

Rip=2(ga—1tr )/(V; 1 +7Y, ) (10.11y

rie Y — MIHPHHA XPOMATOrPaHYECKOro NHKa, HJIH PacCTOSHHE:
MEXIY TOYKAMH MNEPECEYEHHS HYJIeBOH JIHHHH KACATEJNBHBIMH K
XpomaTorpauyeckoMy NHKy B Touykax neperu6a (puc. 10.2); Hu-
AeKC ! yKasblBaeT, 4TO pasMepHOCTb Y — Bpems. Ulupuny muka.
(B MHANHMETPax) MOXKHO H3MEDHTH HENOCDEICTBEHHO HAa XPOMATO-
rpaMme, HO NPH 3TOM HEOGXOJAMMO TaKXKe 0 XPOMAaTOrpaMme OIl--
PEACNHTD HHTEDPBAJBI YAECDKHBAHHA U HCHOAb30BATH HX BMECTO:
BpeMEH yJAepXHBaHHS,

B rasoBoii xpomatorpatdun naGaogaercs, uTo AAs GAH3KO pac--
NMOJIOKEHHBIX APYr K APYry NHKOB Y=Y, a AJs NHKOB rayccoBO
popMu Y=40 (puc. 10.2), raie o—cTaHZapTHOE OTKJOHEHHE.
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B stom cayuae ypaBuenume (10.11) mpHHMMaeT Tako# BUI:
Ry =g 2—1g 1)/40 (10.12)

Paszpemenne R;9=1 HasBBaOT 4g-pa3penlenueM; Ha6Jofaemoe
{IpH 3TOM NepeKphIBaHHE NMHKOB COCTABJSET BCEro NpuMepHO 29%.
Y 0BJIETBODHTE/IbHOE pa3pellieHte IOCTHraeTcss M MpH Ry =1,5, Ho
R12<<0,8 o6biuno menpuemsieMbl. Mrtak, yBennuenue R;o IPHBOAHT
K yJdy4LUIeHHI0 pasjesnenus. [JoOHTbCA 3TOro Ha NPAaKTHKE MOXKHO
ABYMsl NMyTsiMH. BO-TEPBBIX, YBEJHYHTb Pa3HOCTb BPEMEH yIepiKH-
BaHHA. JTa PA3HOCTb YBENHYHTCSH, €CJIH IOHH3UTb TEMIEPATYPy KO-
JIOHKH, HO TaKO€ IIOHHXKEHHe TEMIIEPATYPhl BCETAa CONPOBOXKIAET-
‘€l paclIMpeHHeM NHKOB, TO Ke CaMoe IPOHCXOAUT M IPH HCIOJb-
30BaHHH KOJIOHOK Goubliefi aynupbl. OXHAKO Pa3HOCTL BpeMeH yiep-
JKHBAHHS NPONOPUHOHAJbHA JJHHE KOJOHOK, TOTZa KaK pasMuiBa-
HHE 30H NPONOPUHOHAJILHO KODHIO KBaJAPATHOMY H3 JJHHB KOJIOH-
®H. O6BIYHO yBejHYeHHe IJIHHBL KOJOHKH NPHBOAHT K YJAYYILEHHIO
paspenenus. CrenoBaTenbHO, HEOGXOAMMO ONTHMHU3HPOBATH KaX-
AyI0 CHCTEMY TaKHM 06pasoM, YTOoObl JOGHTLCS MHHHMAJBHOIO pas-
MBIBAHHSI XPOMATOTpadMyecKHX NHKOB NPH MaKCHMAaJbHOM YBeJH-
YJEHHH PasHOCTH O0BbEMOB YAEDIKHBAHHS, a HJsS 3TOT0 HEOGXOAHMO
3HaTh NPHYHHBI, BHI3LIBAIOIINE PAa3MHEIBAHHE NMHKOB, H COOTHOLIEHHS
MEXAY pPasMBIBAHHEM IIHKOB H paspelleHHeM,

PA3SMBIBAHHE XPOMATOTPA®UUYECKHX 30H

Teopusi pasMbiBaHHs XxpoMartorpadHuecKHX NHKOB, OCHOBHI KO-
‘TOpo# 3anoxeHwl BaH Jleemrepom H corp. [86] u KumukenGeprom
H coTp. [44], KODOTKO paccMaTpHBajJHCh HaMH B . 2. B aTom
‘pasjesie Mbl NEPEYHCIHM NPHYHHBI HEHJEaJbHOCTH XpoMaTorpadu-
YECKOTO NpOoLecca, NPUBEAeM Psf COOTHOUIEHHH, NO3BOJSIONHX MPO-
BOJHMTb KOJHYECTBEHHBIE PACUETH, @ TAKkKe JaJHM HEKOTOpHIE Mpak-
THUECKHE DEKOMEHJAalHH, NO3BOJAIOIIHE H30eXaThb pPasMBIBAHHS
TIHKOB.

OnaHHM H3 OCHOBHBIX NapaMeTPOB, XapaKTEPH3YIOIIHX Pa3MbIBa-
HHUe NHKOB, SIBJSETCH YHCJIO TEOPDETHUECKHX TapesoK 7, KOTOpOoe
TIPONOPLUHOHAJIBHO KBAaJApaTy OTHOIIGHHS BPeMEHH YAEpXKHBaHHUS K
WHpHHe NHKa. /s pacuera n yaimie BCero HCIOJb3YeTCS COOTHO-
IeHHE _

n=16 (tx/Y ) =(tr/0,)? (10.13)
©CJIH HIHPHHA THKA H3MEpeHa Ha YPOBHe HYJeBOH JHHHH (CM.
puc. 10.2), nan

n=5,545 ((x/Yy, 1) (10.13a)

€c/M IUHPHHA NMHKA H3MepeHa Ha ero nojayBbicoTe, OOGBLIYHO LIHDHU-
HY NHKa MOXKHO H3MepATb Ha JIOOOH BEHICOTE, TAK KaK COOTHOLIEHHE
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MeXJIy BHICOTOH M IIMDHHOH NHKA (OPMBEI TrayccoBOH KPHBOH H3-
BECTHO.

Huorga yaoGHee MO/Mb30BATBCS I1APAMETPOM g — YHCIO 3¢-
(PEKTHBHBIX TEOPETHYECKHX TaPEJIOK

nyp=[k/(1 R =16 [t —t )Y P =(E /o) (10.14)

IluprHa MHKa, OTHECEHHAs K €JHHHIE AJMHB KOJIOHKH, ONpEeAess-
eT BEICOTY, 5KBUBAJIEHTHYIO TEOpETHUeCKOH Tapesaxe, H:

H=0c*/L=L/n (10.15)

rue L — nnuHa KOJIOHKH H oL — CTaHJAapTHOE OTKJ/OHEHHEe IHKa B
eIHNHANax IJHHBI, IIeTasick HOGHTBHCS ONTHMAJbHOTO paspelieHHust

Puc. 10.3. CxeMa, obbsicHsOmAas xapakrep AH(dGY3HOHHHX NPOLECCOB B XPOMATO-
rpacuu.

A — BuxpeBag puddysus; B — auddysus B rasosoit dase; C-— MexdbasHBIE MaccomepeHoc;

D — manpasienne NOTOKa rasoBoH ¢asb; E — paBHOBecHoe cocrosnue; G --rasoBas (pasa;

K — peficTBHTe/IbHag KOHUeHTpalus; [ — IJHHa KOJOHKH IO OpAHHaTe; L — mosHas HAJHHA

KOJSOHKH; S — HeNnojBHXKHas (hasa; u — JIHHeHHAasi CKOPOCTb Trasa-HocHTeds; [—3 — ¢pakuux
aHaJIN3NpyeMbIX COEAHHeHHH,

NMHKOB, NpeciefyeM ABe LeJU: NOJYYHTb MHUHHMAJbHOE PasMbBa-
HHe NIHKOB, T. €. MAaKCUMaJIbHOe 3HaUeHHe /1, H MHHHMMaJIbHOE 3Ha-
yenue /1 3a BO3MOXHO Gojiee Koporkoe BpeMmd. [lo 3Toit mpuunne
Ba)XHO 3HATb (PAKTOPH, CBSI3LIBAIONINE Pa3MBIBaHHE TIHKA €O CKO-
POCTBIO MOTOKA ra3a-HOCHTe .

11-13
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XpomarorpadHyeckne KpHBHE Pa3MBIBAIOTCS B peay.ibTare IH(-
¢ysuonnbix mpoueccos. Ha puc. 10.3 cxemaTuuecku mokasausi TPH
OCHOBHHIX THIIA JHQPQY3HOHHEIX NPOLECCOB, NPHBOASAIMMX K PA3MBI-
BaHHIO XpoMaTorpaduyeckux 30H: A — BuxpeBas Audpdysus, B-—
AudpysHs B rasosoil pase, C — MexdasHbii Maccomeperoc.

Buxpesas nud¢dysus onucbiBaeTca ypaBHeHHeM

A=2d, (10.16)

rie A — KO3(()HUIUEHT, XapaKTePU3YIOMHA TOMOTEHHOCTh YITAKOBKH
KOJIOHKH; dp — CPEIHHH NAHaMETp 4YacCTHI; A — 4JeH, XapakTepH3y-
IOIMA HE TOJBKO pachpefeseHHe YacTHI 10 pa3MepaM, HO M B3a-
AMHOe pacnojoxkenve yactHu. OGHYHO 3HAUEHHME A HaXOZHTCS B
HHTepBase ot 1 no 8. Bknan Buxpesoit nud¢dysuu B pasMmbiBaHHe
NHKOB HE 3aBHCHT OT CKOPOCTH IIOTOKAa rasa-HocHTenas. MexaHusm
pasMBIBaHHA NOJ JA€HCTBHeM BHXPeBOH IwddysHH NpeacTaBaeH B
ynpomeHHoM BuAe Ha pHC. 10.3. MOXKHO NpeANOJNOXKHTb, YTO NOP-
IHg pacTBOpa, BBEAEHHAs B YKa3aHHYIO CEKIHIO KOJIOHKH, pasjeJe-
Ha Ha 0OJbIIOE YHCJIO MaJIeHbKHX NMOPUHE PABHOTO pasMepa, Kaik-
Aasi U3 KOTOPHX JBHKETCS depe3 KOJOHKY He3aBHCHMO. HM3-3a me-
OJMHAKOBOCTH pasMepa, (QOPMBI H DAacClOJNOKEHHsI YaCTHI[ yIaKo-
BOYHOTO MaTepHajia AJHHA MYTH 3THX OTAEJbHHIX NOPHHHA MOXKET
pasnnyatbea. ITockoOMBKY CKOPOCTB NOTOKA rasa-HOCHTeNs B [aH-
HOHM CEKIHH KOJIOHKH MOCTOSIHHA, TO PAaCCTOSIHHs, NPOXOAHMBIE Be-
HIECTBOM B TIOTOKE, PaBHBI 1Jsi BCeX MNOPUHi, HO HX NPOEKUHH HA
NJIOCKOCTh CCYEHHs], NApPaJJIeNbHYI0O OCH KOJIOHKH, DAa3JIHYHH, H B
pesyibTaTe BpEM$, 32 KOTOPOE 3TH MNOPLHH TIPOHAYT 3Ty CEKUHIO
KOJIOHKH, TaK¥Ke Pa3JHuHO.
[Iponosbuas audpdysus B rasosoii (ase omuchBaerca ypaBHe-
HHeM
B=2yD,, (10.17)

rie Dn— xosdduuuent nuddysuu pacTBOPEHHOro BellecTBa B ra-
3e-HOCHTeJIe H y — KO3((HLHEHT 3aMelJIeHHs, OTPaXKAIOUHN BJIHSA-
HHE HEPaBHOMEPHOCTH AHAMETPA MEXKYACTHUHLIX M BHEIUHHX KaIHJ-
JspOB B YyNaKOBKe KOJIOHKH Ha nojpaBaeHHe AuGPysuun (p<1). ITpo-
JonbHas AuddysHs HMeeT MeCTO TOJBKO B rasoBoil (dase H 3aBH-
CHT OT BPeMEHH, B TeYeHHe KOTOPOTO HCCJAEAYeMOe BELIeCTBO Haxo-
aurcst B 3T0H (ase. CrenoBaTeNbHO, BKJIAJ €€ B pasMHBaHHE ITHKA
06paTHO NPONOPUHOHANEH CKOPOCTH NOTOKA rasa-HOCHTEJ.
Mex¢asnbit MacconepeHoc O6GYCHOBJAEH OTKJOHEHHSMH KOH-
IEeHTPalUH# B MOJABHXKHOH M HEHNOABMIKHOH (asax OT DPaBHOBECHHIX,
4TO MOKa3aHO C¢XeMaTH4YecKH Ha pHc. 10.3. DTo 5BJIeHHE ONHCHIBA-

eTCsl ypaBHEHHEM
C,=2k/3(1--k)?-d?/D, (10.18)

Tle dy—THNOTETHYECKas TOJIIHHA IIEHKH HEeNOABHXKHOH (ask;
D; — xoapdunuent nudysHn BelecTBa B HENOABHXKHOH (ase H
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R — dakTop eMKOCTH. OYeBHIHO, UTO COCTOSIHHE CHCTEMBI TeM GJIH-
e K PaBHOBECHOMY (TakuM 06pa3oM, pasMBHIBaHHE MeHbIIE), YeM
MelJIeHHee DacTBOP NPOXOAHT 4epes3 KOJOHKY. IToatomy pasmbiBa-
HHe IPONMOPLHOHANBHO CKOPOCTH ra3a-HOCHTe.

KpoMe Maccomepenoca B HENMOJABHXKHOH (ase cymecTByer Mac-
€OlepeHoc B MOABHXKHOH ¢ase (Cg), BH3BAHHHN HErOMOTEHHOCTBHIO
pajaHajJbHOTO paclpefesenns KoHueHTpaiui. Mx sHaueHue oueBua-
Ho u3 puc. 10.3. Kospduunent Macconepenoca B razosoii dase Bu-
paxaercs ypaBHEHHEM

C,=k*d,2/100D,, (1 +k)? (10.19)

BKJIaJ B PA3MbIBAHHE BHOBb NPONOPUHOHAJIEH CKOPOCTH MOTOKA ra-
3a-HOCHTeJIS.

Urak, Mbl onucann oTAenbHHe AH(GGYSHOHHBIE NpoLeccH, ueil
BKJal B pasMbiBaHHe XpoMaTtorpadHuecKHX IIMKOB HaHboJee Ba-
xeH. M3 NpHBeJeRHBIX ypaBHEHHH c/IellyeT, UTO, MEHss pa3Mep ua-
crul, (dp), KOJHUECTBO HEMONBHXKHON asw (dj), CTPYKTYpy cop-
GeHTa M YNaKOBKY KOJNOHOK (A, y), a TakxKe MNOABHKHYIO (asy,
MOXKHO Te€M CaMbIM MeHsiTb H D,. CHCcTeMa pPacTBOPEHHOE cOellHHe-
HHEe — HeNOJABHXKHasA ()a3a B GOJLLUIMHCTBE CJAyYaeB 3ajaercs, 1Io0-
STOMY CYLIECTBEHHO BJIMATb Ha BEJHYHHB 2 M Dy NpakTHYecKH He-
BO3MOXKHO. B Tex cayyasx, korja B/IHsHHE OTHEJbHEIX MPOLECCOB
Ha pa3MBIBAHHE NMHKA B3aHMHO HE3aBHCHMO, 3aBHCHMOCTb BBLICOTHI,
9KBUBAJICHTHOH TEOPETHYECKOH Tapesike, OT CKOPOCTH ra3a-HOCHTe-
JIs BBIPAXKAeTCsi ypaBHEHHEM, NPHUBENEHHHM B paborte {[86]:

H=A44Bju+Cu. (10.20)

rie C=Cr+jCy [k03pduument cm. B ypasuenun (10.5)]. Pemas
coBMecTHO ypaBHeHus (10.16)—(10.19), mosyyaem nauGosee ua-
CTO HCIIOJIb3yEMOE YPaBHEHHE ! :

H = 92)d, 4-2yD,,ju+ 2kd;u/3 (1 -+ k)?D, +
k2 2uj/100D,, (1 + k)? (10.21)

Tocneanuuii unen ypaBHEHHs OGBIYHO XapaKTEPH3YeTCd HAHMEHb-
weil eaHunHol. OyeBnAHO, yto ypaBuenus (10.20) u (10.21) — 310
YPaBHEHHS I'HNEPOOJb, ¥ AJS ONpelNeeHHs] MHHUMAaJbHOH BBICOTHI,
SKBHBAJICHTHOH TEODETHUYECKOR TapesKe, H COOTBETCTByIOIEH (om-
THMAJIbHOH) CKODOCTH ra3a-HOCHTEJSI HMEEeM yPaBHEHHS

Ho1a=A+2(BC)"%;  u,=(B/C)": (10.22)

CooTBercTBHe SKCIEPHMEHTANbLHBIM AaHHBIM OYeBHAHO H3 pHC. 10.4.
Bemnuuna A ompenensiercs Toukoil mepecesemns H ¢ ochlo OpiH-
Hat. TaHreHc yriia HaKJOHA KacaTeJbHOR NPH BHICOKHX CKOPOCTSIX
noroka paer C. Haen B MOXHO DacCuUHTaTh M3 ypaBHeHHS Aass H
(npu BEHIGPAHHOM 3HAYEHHH 4) HJIM MOXKHO IOCTPOHTH 3aBHCHMOCTb
H or 1/u [75]. Puc. 10.4 sicHO MOKa3blBa€T BJUSHHE BBIGpaHHOIO

1+
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raza-nocurenst. Ecau xenarensno anddepennnposate oTHOCHTEND-
Hble BKAaak B C MaccomepeHoca B XKHIAKOH u rasoBoi dasax, oGblu-
HO HCIOJIb3YIOT ABa rasa-HocHTess. B arom ciayuae unenm A u Cp
B ypaBHenHusax (10.20) u (10.21) moskHBl GHITb pPaBHHL A OGOUX
ra3oB. 3uauenns Cy MOXKHO 3aTeM paccuutaTh [75].

BEicOTa, 3KBHBA/IEHTHAst TEOPETHUECKOH TapelKe, H UHCJIO TEO-
PETHUECKHX TapesIOK 1al0T pasMbiBanHe NHKa. OGbeNUHAS Pa3aHuHs

i

\

\
\
\

N

opt

—_—

Puc. 10.4. Onenka 3KCIepHMEHTAJLHLIX HAHHDBIX, XapaKkTepH3YIOMHUX 3aBHCHMOCTD
BEICOTEI, SKBHBAJICHTHOH TeOpeTHYeCKOH Tapesnke, H oT iumeiiHOK CKopocTH rasa-
HOCHTeNs U.

A — BuxpeBas puddysus; B — puddysns B rase-Hocurese; C — Mexdasnsiit macconepenoc;
Hy i, — MHHHMaJIbHAst BEICOTZ, 3KBHBAJICHTHAs TEOPETHYECKOR Tapenke; u,,; — JHHeHHas

CKOPOCTh Ta3a-HOCHTEJN, COOTBETCTBYIOILLAs Hpypyp 7 —ras-HOCHTeab: 1 — azor; 2 — BOJIOPOA.

B XapaKTEPUCTHKAX 3JIOMPOBAHHA B COOTHOLIEHHH 3JTI0HPOBaHHS
ri2 (MHOTJIAa €ro TakK:Ke HAa3BLIBAIOT JIETYYECTBIO @)

\».N”N‘m.»\n\x.muﬂ\z.u\ﬁ\a.uu m.»\<w.mu
“Xc._\kbb”?\wm (10.23)

¢ ypaBrenusiMu (10.14) u (10.11), mnonywaeM cootHOmeHnHe A3
paspeleHus:

bm ”—A\»_Nl Hv\mm\.» .mu Qﬂmﬁvu\nnmn Am Ownmv

YTo6H nomyuHTh 3aJaHHOE paspeleHHe IBYX xpoMartorpadHyeckux
IHKOB Rs AJs BHIGpAHHBIX XpoMaTtorpapuueckofl CHCTeMH H da3
(OTHOLIEHHE 3MIOMPOBAHMA 1), HEOGXOAHMA KOJNOHKA C onpene-
JIEHHBIM YHCJIOM 3((EKTHBHBIX TaPEIOK (Mef)req. M3 AaHHBLIX, Ipu-
BelleHHBIX B Tabu. 10.1, AcHO BHAHO, 4TO IPH HEGOJBLLIOM yBeJaunue-
HHH ry5 B o0OnactH, 6auskoff k 1,00, pesko yMeHbuUIaeTes YHCIO Teo-
PETHYECKHX TapeJoK, HeOOXOAUMEBIX A5 pasfedenust. CienoBaTeab-
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Tabauya 10.1

3asHCHMOCT, Tpebyemoro uHcia S¢QeKTHBHBIX TEOPETHYECKHX TAPENOK fler
OT OTHOCHTEJIbHOro yHAEPKHBAHHA 74,2 AJA PA3IHYHBIX 3HAYEHHH paspeimieHus R s

Ref

T1a

bu_wﬂ_ bfw”__m %u.m”w
1,001 16-108 36-108 64.108
1,01 16-104 36-104 64-10¢
1,05 6944 15 625 27 777
1,10 1932 4 347 7 728
1,15 932 2 098 3 729
1,2 574 1 291 2 294
1,3 299 675 1199

HO, YeM BBIIIE CEJEKTHBHOCTb Pa3leJNCHHs, TEM HHXKe HeoOXoauMas
3((HEKTHBHOCTE XpPOMATOrpaHYECKOH KOJOHKH.,

Teopnu, ocHOBaHHBIE Ha KOHHENIHMH TEOPETHYECKHX TapeJokK,
npejnoJaramoT, YTo BCe NPOTEeKalolllHe B KOJIOHKE IPOLECCH MOTYT
paccMaTpHBaThCi KaK B3aHMHO HE3aBHCHMBIE. DTO IpEANOJoKe-
HHe yallle BCEro CHPaBeMJHBO, €CJHH CKODOCTb PEe3YJbTHPYIOLIETO
npouecca onpefenaser OAHH H3 npoueccoB. OIHAKO OGLIYHO MpOTe-
Kalolue B KOJIOHKE IPOLECCH BJHSIOT APYr Ha APYyra, H 3TO OTPa-
XKEHO B yPaBHEHHH, BBIBEACHHOM JJsi ONPEICNEHHS BLHICOTHI, KBH-
BaJIEHTHOH TeopeTHueckoll rtapeake. Xora [maaumurc [25] mnoka-
3aJ, 4TO B HEKOTOPHIX CJy4asiXx HeOOXOAHMO BKJIOUATh YJEHH, Xa-
paKkTepH3yIOLlHe BJHsHHE BHUXpeBOH Auddy3sHu u MaccomepeHoca
B rasoBoil ¢ase B oAuH usieH ypaBHeHus, Buuap u Hosak [89]
NOKAa3aJH 3aBHCHMOCTb MacCONEepeHoca B JKMAKOH (ase oT Maccore-
penoca B rasoBoit ipase. B kauecTBe mpuMepa MBl IpHUBeJeM ypaB-
nenne 'maaunarca [25], KOTOpHIM ciefyeT NOJb30BATBHCSA IIPH BHICO-
KHX CKODOCTSIX IOTOKAa Ia3a-HOCHTeJs:

H=1/[(1/4)+ (1/C )} + Bju—+C,u. (10.25)

10.2. MPUBOPLI

KoHCTpyKUHUsT yCTAHOBKM [J1 rasoBOi xpoMaTtorpaduu B NMpHH-
M€ OTHOCHTEJNBHO MNPOCTA, M BHE 3aBHCHMOCTH OT THIIAa XpoMa-
TOrpathHYeCcKOH CHCTEMBl (ra3o-:KHIKOCTHAs MJH Ta30-afcopOuu-
OHHasl) B Hee OOBIYHO BXOASIT OAHH U Te Ke nmpubopnl. CxeMma Ta-
KOH yCTaHOBKM NOKas3aHa Ha puc. 10.5; oHa COCTOHT H3 HCTOYHHKA
ra3a-HOCHTEJA, DeryjasTopa NMOTOKa H pacxojoMepa, ycrpolicTBa
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Puc, 10.5. CxeMa ycTaHOBKH Aas rasosofl xpomatorpaduu,

Tasornift xpomaTtorpad: I — 6aslyIOH BBICOKOTO AaBJieHHA € ra3oM-HOCHTeJeM; 2 — cTabHJaH3a-
TOp mnotoka; 3, 3’ — MaHOMeTpm; 4 — XpomaTorpaduieckast KOJOHKaA; 6 — ycrpoficteo pns
BBOAA npolhl; 6 — repMocTat; 7 — NeTeKTOp; 8 — camonucel; 9 — pacxozomep.
CTalHAH3aTOp MOTOKA Trasa-HOCHTeNs:: 10 — NEePeKpLIBAOIIMA KOHYc; [/ — MeMG6paHa; /2 — Hr-
7I0BOH XpaH; I3 — npyxuHa. P,, P, P;— paBJeHne rasa.

Ajs BBOAa obpasua, xpomatorpaduyeckoi KOJIOHKH, JIETEeKTOopa,
CaMONHCHA H TepMoCTarTa.

F'as-nocurenp mpoxoaur uepes Perynupylomui KpaH, OCyuIH-
TeJIbHBIE TPYOKH U ellle OJHH KDaH, NpeHAa3HAYEHHBH NI TOHKO-
TO KOHTDOJIsI MOTOKA, NMOCTYNAIOWIEr0 B XPOMATOrPaHUECKYIO KO-
JI0HKy. Kononka mpexcrasisier co6oii Tpy6ky, 3aMOJIHEHHYIO COOT-
BETCTBYIOIIHM XpOMAaTOrpa)MuecKHM MaTepHasoM. BGJH3H oT BBO-
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Ja rasa B KOJIOHKY DacCIOJIOKEHO YCTPOHCTBO /s BBOAA NPOGHL.
AnanusvpyeMasi cMechb pasje/siercss B KOJOHKE, H B HJIeaJbHOM
cayyae ee KOMIIOHEHTHI Pa3fe]bHO NepeMEellaloTcss MOTOKOM rasa-
HOCHTEJIi H 3JIOHPYIOTCS H3 KOJIOHKH noouepenno. Ilepemanx nas-
JIEHHs] B KOJIOHKE U3MEepsieTCs] MAaHOMeTPaMH, PACHOJIOXKEHHBIMH 10
H TOC/Ie KOJOHKH. BBIXOAAWAA H3 KOJNOHKH ras nocrymaer B je-
TeKkTOP. CKOPOCTb ra3a-HOCHTENsI H3MEPSIETC PacXOJIOMEPOM, KOTO-
prlii OGBIYHO DaclosiaraeTcs Ha BBHIXOJE H3 YCTAHOBKH. Temnepary-
pa KOJIOHKH H HEKOTOPHIX [€TEKTOPOB IOIIEPKHBAETCA CTPOro B
32[1aHHOM HMHTEpBaJie C NMOMOUIbI0 TepMocTaToB. Eciu Temmepartypa
KHUTIEHHs] aHaJHU3HPYEMBIX coeAMHEHHH npeswimaer 60—70 °C, B Ko-
JIOHKE HeOOXOIHMMO TIONNEPKHBATh HECKOJBKO 60Ji€e BEICOKYIO TeM-
nepaTypy; €CJH e HCCJAEAYIOTCS COeIUHeHHs ¢ Gojiee HH3KOH TeM-
nepaTypoll KHTEHHs, TO KOJOHKY B HEKOTOPHIX CJydasX Ccjaeayer
oxnaxnatb. CHTHAIB JAETEKTOPA PETrHCTPHPYIOTCS CaMOIUCIEM.

10.2.1. TA3-HOCHTEJIb

I'a3bl, BHIMOAHAIOMME POJBb MOXBHXKHON (asH, BLIGHPAIOT B 3a-
BHCHMOCTH OT THIIA HCIIOJb3yeMOro aeTekTopa. OHM AOJXKHBL OBITH
HHEPTHBl [0 OTHOLICHHIO M K yNAaKOBOYHOMY MAaTepHAJy B KOJOHKE,
H K HCCIEAYEMBIM CO€JMHEHHSAM. ['a3hi-HOCHTEH OGLIYHO XpaHATCH
B 0aJuioHax NOJ AaBjeHHeM. PekoMenjayercsi MPOBOJAHTH JONMOJIHH-
TEJIbHYIO OYHCTKY ra3a-HOCHTENs, TIPONyCKas ero uepes TPyGKH,
3aNOJIHEHHBIE MOJIEKYJISIPHBIM CHTOM; IPHYEM HHOTAA 3TH TPYOKH
MOMEWaKnT B oxJaxAawmylo 6anio. las nmpaBuibHON paboTH He-
06XOAHMO, YTOGHl ra3-HOCHTeNb NMPOXOAMJ UepPe3 KOJOHKY H JeTeK-
TOp C TOCTOSIHHOH CKOPOCTbIO. JlJsi 3TOr0 HCHOJMB3YIOT MAHOCTAT,
HHOrJa COBMECTHO CO CTabHJIH3aTOPOM CKODOCTH, CX€Ma KOTOPOTro
npuBefieHa Ha puc. 10.5. Jns PYTHHHHIX aHAJH3OB IONYCTHMEL OT-
KJIOHEeHHs B npefeaax +1%.

B xauectBe moABHXKHOA (asbl OGHIYHO HCIOJB3YIOTCS CJENYIO-
IIHe ra3bl: OYHIEHHBIH OT KHCJI0POJa a30T (IpeuMyllecTBa — HHU3-
Kasi CTOMMOCTb, NpOCTasi OYHCTKA, 6e30macHOCTb B paboTe, OTHO-
CHTE/JbHO BHICOKAss MOJEKYJsDHAs Macca;, HEeAOCTATOK — HH3Kas
TENJIONPOBOAHOCTh) ; 3JMEKTPOJHTHYECKHH BOXOPOX (TpeHMylIecT-
Ba — BBICOKAsl TEMJIGIPOBOAHOCTb, HH3Kasd BA3KOCTb M, CJe10Ba-
TEJbHO, MAJBIH nepenaj JaBJeHHS B KOJOHKE, HH3Kas CTOMMOCTb;
HEeOCTAaTKH — 3HAYHTEJNbHAS JHGbDy3Ha pasigensieMHX KOMIIOHEH-
TOB, ONACHOCTb B3PbiBa NpPH TeuH); resiufl (IpeHMylIecTBa — Te XKe,
YTO M Y a30Ta H BOJOPOAA; HEIOCTATOK — BHICOKAas L€HA); aproH
(BaxkeH HJIsi HOHM3aUHMOHHBIX [€TEKTOPOB C IOCTOSIHHHM HCTOUHH-
KOM HOHH3aLHH; NPEHMYIIECTBA — OTHOCHTEJIBLHO HH3KAas lieHa, mpo-
CTast OUHCTKA).
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10.2.2. BBOJ OBPA3IA

O06pasen BBOAHTCA B KOJOHKY BGJIH3H OT Mecra BX0/la rasa-Ho-
cHTeaA. Mertos BBOMA NpOGH 3ABHCHT OT ee arperaTHOrO COCTOS-
HHsl. Obwmue ycsioBus BBoAa o6pasua B KOJIOHKY: ofpasen, Hcha-
PeHHbI/l B HEOOJBIIOM OObeMe, I0JKEH GHTh HeMeNJICHHO nepeHes-

/

/
T ’ Mo,
I
™ )
A (i [

Puc. 10.6. Cxema nosupyrowero xpana (a) [59a] u Bpamaromerocs JO3HPYIOLIETO
KpaHa (6) nist BBOJA ra3006pasHOi MPOGH.

A — HOpMaJibHOe T0JI0KeHHe KpaHa; B — nosomeHHe KpaHa HpH BBoJe HPOGH: 1 — xanu6po-
BaHHAS meTas AAs o6pasua; 2 — mepekphiBaiolilee KoJbLO; 3 — BBOA, o6pasma; 4 — BBOJ rasa-
HOCHTeJIsl; 5 — BLIBOA la3a-HOCHTENs; 6 — BBOX B KOJOHKY.

CEH B HAuaJio KOJIOHKH; B MOMEHT BBOJAa 00pasua paBHOBeCHe B
KOJIOHKE He JOJIKHO HapyllaTthcs, KOJHUYECTBO 06pasia H BCH Me-
TOZHKA JOJIKHBI OHITH JIETKO BOCIPOM3BOAMMBL ITOCKOJBKY 3(dek-
THBHOCTb pas3/ieJieHHsl Ha KOJIOHKE JOCTATOYHO BHICOKA, KOJHYECTBO
obpasua H0JIKHO GHTb MHHHMAJbHO BO3MOMKHBIM: OGBIYHO 0,001 —
1 Ma rasoo6pasHoro o6pasua 1 He 6oJee HECKOJbKHX MHKPOJIHTPOB
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HJIH MHJJTHTPAaMMOB JKHIKOrO HJIH TBEPAOTO 06paslia COOTBETCT-
BEHHO.

I'azo06pasupie 06pasubl OGLIYHO BBOASATCS C IIOMOILBIO 06BOIHON
NUIETKH HJIH B NPOCTEHIIEM Clydae ¢ MOMOMIBIO CHCTEMB M3 JABYX
3aMOPHBIX KPAHOB, MEXJY KOTODHIMH HMEETCsl NMPOCTPAHCTBO H3Be-
cTHOTO 00beMa; OJHAKO B NOCJAENHEEe BPeMsl IPHMEHAIOTCH KDaHHI
pas3/JqHYHBIX CHCTEM C NepPeMEeHHbIM O00bEMOM BBOJHMOH NpPOGHL
CxeMbl IBYX TakKHX YCTPOHCTB nokasaHsl ha puc. 10.6. Bocmpous-
BOAMMOCTb BBOJA NPH HCIOJB30BAHUHM Takux cHcTeM<<0,5%. YKun-
kue 00pasuEl Yalle BCEro BBOAAT MHKPOIUNPHIAMH UYePe3 Pe3HHO-
Byl0 MPOKJAaJKy (CenTyM) B CNENHAJbHOE HArPEBAEMOe YCTPOHCT-
BO, M M3 Hero oGpaseil MoCTynaer COGCTBEHHO B KOJOHKY. Mukpo-
WIOPHIBl TAKOTO THMA BHIIYCKAIOTCS DPAAOM (HDM; BOCIPOH3BOIH-
MOCTb BBOJA NpOGHl 3THM MeTogoM okoJio 2%. TBepabie o6pasum
1 o0pasubl C BHICOKOH KOHIEHTpauueil pacTBOPEHHOrO cOeIHHEHHs
yAoGHee BCEro BBOAUTb B BH/IE DacTBOPOB B JIETYYHX PacTBODHTe-
J4X. B cOOTBETCTBUH ¢ ONHOH H3 METOJAMK TOUHO OTMEPEHHBIE JKHI-
KHe MJH TBepAbie 00paslbl BBOAAT B KOJIOHKY B 3alasiHHBIX CTEK-
JSHHBIX KalHJJIpax, KOTOpble 3aTeM pa3GHBaIOTCA.

[Monnsiit o6bem o6pasua, NMOCTYNAIOWEr0 B KaNHMJJAAPHYIO KO-
JIOHKY, pacuennsiercas T-o6pasnoli TpyOKO# B COOTHOIUNEHHH OT
1:100 o 1:1000. B moTok rasa-HOCHTENS BBOAHTCS HECKOJBKO
MHKDOJHTPOB 06paslia, a B KOJIOHKY HONAaJaeT TOJbKO YaCTb CMECH
(06beM KOTOPOH 3aBHCHT OT COOTHOLIEHHs IJIOIAZeH  CeuyeHHS
TPYOKH ¢ Ta30M-HOCHTEJEM H KOJOHKH), Gosblilasi JKe yacTh 06pas-
ua BoiOpaceiBaerca B atMocdepy. Buinyckaembie gpupmamu mnpu6o-
pHl, paspaboTaHHBIE 1JIs1 CTAaHLAPTHHIX aHAJHM30B, YacTO CHabxKa-
I0TCSi aBTOMAaTHYECKUMH 103aTopaMH npob.

v

10.2.3. XPOMATOIPA®HUYECKHE KOJIOHKH

XpomaTorpadHuueckass KOJOHKA — «cepiue» xpomarorpada, B
HeH M NPOHUCXOIUT COGCTBEHHO pasjenenHe cMecH. KoHcTpykuus
KOJIOHOK OTHOCHTEJBHO IIPOCTA, H HX MOXKHO H3TOTOBHTb B 60.Ib-
IHHCTBe JabopaTopHii. KOMOHKH mOApasfensoTcss Ha YNaKOBOY-
Hble H KanujaspHble. H3roraBauBaoT UX H3 CTEKASHHLIX, CTAJAbHBIX,
TIOJIMITH/IEHOBBIX, T€(DIOHOBEIX H HHOTAA MeIHBIX TPYGOK.

CTek/asiHHbIE KOJNOHKH JIETKO CJeJaTh; KPOME TOrO, OHH YAOGHH
TeM, YTO KayecTBO HX 3aNOJHEHUS JEerKO MOXKHO npoBepuTh. On-
HAaKO HX TPYAHO TOJCOEIHHHTbL K METAJJIHYeCKHM YacTsiM Xpoma-
Torpada npd paboTe NpH MOBHILEHHBIX TeMIepartypax. Tedaono-
Bbie KOJIOHKH HCIOJB3YIOTCA B OCOOBIX Cayyasix, KOrAa He MPHUTOJ-
Hbl HH CTEKJO, HH HEpXKaBewllas CTajb, HalPUMED NPH aHaju3e
HeKOTOPHIX OPTaHHYECKHX CEPYCONEPKAUIMX coeanHeHud u ap. [Ipu-
MEHSATb MEeHble KOJOHKH He PEKOMEHAYeTCsl, IIOCKOJIbKY, KaK BLIfAC-
HHJIOCH, OHH MOTYT hmmoﬂwowm‘:u KaK KaTaJ/JIi3aTOPhl H HAa HENOABUXK-
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Hyl0 (asy, U Ha pasfeisieMble KOMIOHEHTH, OCOGEHHO NpPH MOBbI-
LIeHHBIX TeMnepatypax. Popma KOJOHOK BHIOHpaercs B COOTBETCT-
BHH C HX pPa3MepOM H pasMepaMH TepMoctarta. KoJioOHKH MOryT GBHITh
npsaMbiMH, U-06pasHbIME MJH CIOHPAJbHBIMH. JlHaMeTp chHpaJH
JoJiken ObTh IO kpafiHe#l Mepe B 20 pa3 GoJblie AHamerpa Ko-
JIOHKH. BHyTpeHHHH AnMaMeTp aHAJIUTHYECKOH KOJIOHKH OOGBIYHO CO-
craBasier 3—6 MM, a ee gauHa — ot 30 10 3 M, HO HEPEJKO HCIOJb-
3yioTca H Gojiee AJHHHBIE KOJIOHKH. B raso-ajgcopOuHOHHOIL Xpo-
Matorpauu HPHUMEHSIOT 60Jee KODPOTKHE KOJIOHKH, YeM B Traso-
KHUAKOCTHOH. JlHaMeTp* KamHJUISIPHBIX KOJIOHOK, KaK NMPaBuJO, pa-
Ben 0,1—0,3 MM, a ganna 50—100 M u GoJee.

10.2.4. TEPMOCTAT

TToABHKHOCTD pa3je/sieMblX KOMIIOHEHTOB B KOJIOHKE B 060Jb-
IHOH CTENEHH 3aBHCHT OT TEMIEPaTyphl, [O3TOMY, 4TOOBI 3JIOHPO-
BaHHe JJIHJOCH IPHEMJIEMOe BpeMs, B KOJIOHKe HeoO6XOJHMO IO1-
JepxuBaTh BeIOpaHHylo Temmepatypy. O6aacte paGounx Temie-
paTyp upesBEMafHO OOIIHPHA — OT TEMIEPATYPH XKHAKOrO a3oTa
# 1o 400°C u Gosee B COOTBETCTBHH ¢ TPHPOJOH .xpomarorpadu-
PYyEMBIX COeIHHEHHH M KOHCTPYKUHe#d mpuOopa. BeibpaHuas teMme-
parypa JOJIKHA INOJAEPIKHBATLCS MOCTOSIHHOH B OYEHb Y3KOM HH-
tepBasie (=+0,1°C). CoBpemeHHble TEPMOCTATH BIIOJNHE MO3BOJSIOT
TOJA/AePXKHUBATh TEMIEPATYPy C TaKOH CTENeHbI0 TOYHOCTH. XpoMa-
TorpaduuecKHe TepMOCTATH CHa0XeHB BO3AYILIHBIM HarpeBaTeleM
¥ BeHTHAsITOpoM. I[lpenMymecTBo TakHX TEPMOCTAaTOB — HX YYBCT-
BUTENBHOCTh NpH paboTe NpH BBICOKHX TeMIepaTypax.

10.2.5. NETEKTOPBI

Xpomartorpactuuecknii nerekTop — 370 npubop, npeobpasyio-
muil pe3yabTaThl pasfesenus B GopMy, yAOOGHYIO AJs PETHCTPALUH
caMmonucueM. B cooTBeTcTBUH cO cTapoH KjaccH@HKaLHeH [IETeK-
TOPH pasfessiloTCs Ha HHTerpajbpHble H AH(depennuanbuee. Hn-
TerpajbHblil [[€TEKTOP H3MEepSeT CyMMapHOe KOJIHYECTBO COEIHHE-
HHH, BBIIEJAIOIIEECS B MPOLECCe aHAJIH3a, OTKJIHMK €ro NpPONOpPIHO-
HaJIeH NOJHOMY KOJIMYeCTBY BellecTBa, NMPOIIEANIEro yepes3 AeTeK-
Top. C MOMOILBIO 3TOr0 JETEKTOpa IOJy4aloT HHTErpajbHYI0 KpH-
Byl cTyneHyaToll (opMH, mokasaHHylo Ha puc. 10.7. JTuddepen-
LHaJbHBIA JETEKTOp JaeT HemoCPeiCTBEHHHIH OTKJHK Ha KOMIIO-
HeHT, KOTOPHH Npoxoiut uepe3 jaerekrop. Jubdepennuanvuas
XpoOMaTOrpaMMa COCTOHT H3 IHKOB, TNOXOXKHX Ha rayCcOBbl KpDHBHIE

* B nocneAHnee BpeMsi B XpoMmaTorpadHueckoil NPAaKTHKE aKTUBHO MCOJb3Y-
forcd ru6KHe KBapleBhie KalHJJIADHHE KOJOHKH, BHYTDPEHHSS NOBEPXHOCTb KOTO-
phix GoJiee MHEPTHA IO CPABHEHHIO CO CTEKJAHHBIMH. XOpowHA 0630p no KBaplle-
BEIM KOJOHKam Hamucan B. JIxenumurcom [Jennings W. Journal High Resolu-
tion Chromatography, v. 3, Ne 12, 601 (1980)].
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(puc. 10.2). XpomatorpaMMu 0GOMX THNOB MOXHO 06paGoTaTh Ka-
4eCTBEHHO H KOJIMYEeCTBEHHO. B HHTerpajbHBIX XpoMaTorpammax
MepoH KOJIHYeCTBa KOMIIOHEHTA CJIYXKHT BHICOTA OJHOTO MIara KpH-
BOH, B AH(QEpeHIHANbHEX — MJIOmAafb MO KPHBOK SJIOHPOBAHHSA
(orpaHHYEHHAs HYJEBOH JIHHHEH), H BHICOTA, H- MJOWIAAL HPOMOP-
LHOHAJMBHBI KOJIHYECTBY KOMIIOHEHTA.

JleTeKTOpH Takxke KAacCHPHLUHUPYIOT B COOTBETCTBHH C HX UYB-
CTBHTEJBHOCTBIO K KOHUEHTpauHu HjaH (H) Macce. Konuenrpanu-
OHHBIE JETEKTOPH NAIOT HeMeJIeHHBI OTKJHK, HHTEHCHBHOCTb KO-

]
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Puc. 10.7. TIpuMep wuHTerpasbuo#H XpOMaTOrpaMMH.
ty — BpeMs yAepXiBanus; h — BbicoTa wWara.

TOpPOro NpOMOPUHOHAJIbHA KOHIEHTPAUHH KOMIIOHEHTAa B rase-Ho-
curene. Ilnomans nox mukoM 06paTHO NpPONMOPLHOHAABbHA o6beMy
rasa-HOCHTEJs, 3/II0HPOBAHHOTO BMECTe C O6Pa3LOM, TO3TOMY CKO-
POCTb IOTOKA NOJIXHA OBIThb NOCTOSHHOH. B nerekTopax, yyBCTBH-
TEJIBHBIX K Macce, CHTHAJ INPONOPUHOHAJNEH Macce KOMIIOHEHTa,
NpOIIEANIET0 4Yepe3 NETEeKTOP 3a eJHHHLY BPEMEHH, H He 3aBHCHT
OT KOHUEHTPAHHH KOMIIOHEHTa B rase-HocHTege. Ilnomanp mHka
HE 32BUCHT OT CKODOCTH IIOTOKA, H IO3TOMY IOCTOSHCTBO CKOPOCTH
II0TOKa ra3a-HOCHTEJSA He CTOJb BarKHO.

IlockosbKy TpHHHEN AEHCTBHS XPOMATOrpaHUECKHX HETEKTO-
POB MOXeT OHITb CaMBIM Da3HBIM, JETEKTOPH TPY/JHO CPaBHHBATb.
OZnHaKo CyImecTBYIOT HECKOJBKO OGUIHX KPHTEDHEB. DTO CENeKTHB-
HOCTb, 4yBCTBHTEJBHOCTb, PEAKUHMSA, IUYM, HHXKHHH NpeJesn JeTek-
THPOBAHHsl (HaHMEHbIIEe JETEKTHDYEMOE KOJIHYECTBO) H JHHEf-
HOCTp OTKJHKA. [Tociennsis xapakTepHCTHKA 3aBHCHT OT NpHHIMIaA
PaGoTnl fAerekTopa. [l KOMHYECTBEHHOM DabGOTHI NOYTH KA
AerekTop Tpebyer KaaHGPOBKH, HEOGXOZHMON [1JS ONpefe/]eHHS
HOTIPaBOYHHX K03(dHIHEHTOB.

YyBCTBHTENBHOCTh JETEKTOPA OGHUHO ONPENENSeTCs COOTHOLIE:
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HHSIMH, NpeACTaBIeHHBIMH [Qum6atoM u cotp. ‘[14]; 3T cooTHo-
IIEHHS YCTAHOBJIEHH OYE€Hb [JaBHO, HO MO CHX MOP HCNOJB3YIOTCH.
UyBCTBHTEJBHOCT KOHLIEHTPALHOHHBIX JIETEKTOPOB ONpefe/fercs
KaK OTKJHK JeTekTopa (OGBYHO B MHJJIHBOJBTAX) B pacueTe Ha

€IHHHIY KOHIEHTDPALHH:
s ==(MB- cM3)/mr. (10.26)

ITapamerpr, ompegessiiollHe YyBCTBHTENBHOCTb (S), JIETKO H3Me-
PHTB.
s =AC,C,C;/w, (10.27)

rae A —nnomans noj KpHBOH 3MI0MpOBaHus, cM?; C, — yyBCTBH-
TeNbHOCTh camonucua, MB/em; Cy; —mBennuuna, o6paTHas CKODOCTH
NPOTSAXKKH JIEHTH, MHH/cM; C3 — O06beMHAasi CKOPOCTb IIOTOKA Iasa-
HOCHTENS, CM3/MHH, H @ — Macca KOMIOHEHTA, MT.

st maccoBoro aerekTopa COOTHOLIEHHe JuMGaTa HMeeT He-
CKOJIbKO HHOH BHI:

s’ =wMB/(mMr/c) = (MB-c)/Mr (10.28)

YyBCTBHTE/LHOCTb JETEKTOpa 3TOro THma (s’) ompejensiercs Tak
e, KaK M YyBCTBHTEJbHOCTh KOHIEHTPALHOHHOTO AETEKTOpa
s'=AC,C,/w, (10.29)

rie A—mnJjomanp mMoj KPHBOH 3JMI0MPOBaHHsA, cM2; C) — UyBCTBH-
TeJbHOCTh caMmonucua, MB/em; Cy; — Besnunna, o6paTHasi cKOpOCTH
OPOTAKKH JIEHTH CAMOIHCLA, C/CM; W — Macca KOMIIOHEHTa, Mr. M3
NPHUBEJCHHBIX BBHIPAXKEHHH CJeAyeT, 4T0 §’ B OTJHYHE OT S He 3aBH-
CHT OT CKOPOCTH LOTOKA,

- OTKJIHK JeTeKTopa ONpENeNsieTcs BeJHUHHOR CHrHaJa, BbHI3HI-
BaeMoro onpeje/eHHBIM KOJHUYeCTBOM o6pasua. Ero paccudThiBaior
KaK OTHOLIEHHEe IUIOMajiX THKa K Macce ob6pasna. Hampuwmep, n.1s
HOHH3ALHOHHOIO JEeTeKTOpa

1/, (s)-Beicora muka (A)
2 . — MAH—.u‘ A—. O.WOV

OTRIMK =

CurHa/n [eTexTopa B NpPHHIHIE MOXHO YCHJHTh X0 Ji06Oro
3HAYEHHs, HO NPH ITOM TaKXKe YCHIMBAIOTCS IIYMbI, U €CJH aHa-
JHTHYECKHH CHTIHAJ OYE€Hb MaJ, TO OH MOXET NOTEePATbCS B IIyMe
HYJICBOH JHHHH, TeM He MeHee OOJbLIOE YCHJEHHE HCHOJIb3YEeTCs.
O/HaKO YypOBeHb IIyMa OTPaHHYHBAET KOHIEHTPALHIO MJIH Maccy,
KOTOpasi MOxKeT ObITh HpojeTekTHpoBaHa (oM. puc. 10.8).

Hs pucynka cjenyer, 4TO KOMIIOHEHT AOJXKEH [aBaTh OTKJHK
LeTekTOpa BHIlIE, ueM N, JJs TOTO YTOGHL OH OTJAHYAJICA OT LIyMa
HyjeBoll nuHuH. Hammenpmuifi npelgen 4YyBCTBHTENBHOCTH — (MJIH
HaHMeHblllee JeTeKTHPyeMOe KOJHYECTBO BEILeCTBa) OGBIYHO Ompe-
LeJseTCs KaK KOHIEHTpauHs (HJH KOJHYECTBO) BELIECTBa, KOTOpPOe
a€T CHrHAJ B ABA pasa G0JibIIHE, YeM YPOBEHb LIyMa.
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TO4HOCTh KOJIHYECTBEHHOTO aHaJH3a 3aBHCHUT OT JHHEHHOTO CO-

OTHOLIEHHS] MEXAY KOHUEHTPalheHl HJIM MacCO H OTK/JIHKOM JeTeK-
topa. JIHHeliHag 06/1acTh OTKJHMKAa ONPEAEJsieTcsi KaK IPOTOPIHO-
HaJbHOCTh OTKJHKA JETeKTOpa BeJHYHHe 00pasua Ha ABOMHOR JIO-

)

Puc. 10.8. Illym neTexTOpa M HaHMeHblIee AETEKTHPYeMOe KOJNHUECTBO COeNMHEHHS.
N — YDPOBEHbL IUIYMAa; 2N — HaHMeHblllee JAeTeKTHpyeMoe KOJHYECTBO COeUHEHHS.

rapudMHUecKol mKage. ITy 06/M4aCTb MOXKHO ONDPEIENHTh KaK OT-
HOIlIEHHEe HauGoJIblLIeH KOHLUEHTpPAuHWH (KOJHYeCcTBA) BEINECTBA K
HaMMEHbIIEH, B Npefesax KOTOPOH COXpaHsercs JHHeHHas 3aBHCH-
moctb. Ha puc. 10.9 npuBenern oba cayuass. Touka 6 ykasbiBaer
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Puc. 10.9. Jlorapupmuueckass 3aBECHMOCTb JHHEHHOCTH OTK/IHMKa AeTekTopa (R) or
KosndecTBa obpasua (v).

a—6 — nuHe#iHast 06JacTh,

MaKCHMAaJbHYI0O Maccy nauHeHiHoO# obGaactu (o6aacte 1:107). Hpy-
THMH CJIOBaMH, 3Ty KaJHOGPOBOUHYIO KDPHBYIO MOXHO HCIIOJNb30BATh
IJIg U3MEHEeHHsl KOHUeHTpauuyu Ha 10 nopaukos.

JETEKTOP IIO TEIIJIONNPOBOAHOCTH (KATAPOMETP)

KarapoMerp BrnepBble GBI HCIONB30BAH B Ia3oBOH XpoMaTo-
rpadun Kinacconom [10]. IIpuHuun AeficTBHS 3TOro AETEKTOpA CO-
CTOHT B CJENYyIOIEM: KOJIHYECTBO TelJaa, KOTODOe Harperbie Teaa
OTJAI0T OKpPYyXKalolleil ra3oBofl cpeje, 3aBHCHT OT COCTaBa IOCJel-
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Hell. [losToMy 3Has,, KaKoe KOJHYECTBO TemJja OT %o, MOXHO Cy-
IUTb O cocTaBe rasoBod cpexsl. Karapomerp ophiochtes x wmcay
L€TeKTOpOB, HauGoJiee WHPOKO NPHMEHSEMBIX B ra3oBoii XpoMaro-
rpaduu. Ha puc. 10.10 npuBenena cxema kKarapomerpa. B nuauna-
PHYECKYI0 MOJNOCTb METAJJHYECKOro 6JI0Ka MOMEIleHa MaJeHbKas
METalIH4ecKas cnHpasb. Hepes cnupasb NPOXOAHT MOCTOSHHKI

r'4

Al 7

7 1 /.w
§\\
Puc. 10.10. Cxema karapomerpa [37a].

/ — BBOA rasa u3 KOJOHKH; 2 —BLIXOA B aTMocdepy; 3 — HHTH CONPOTHEMCHWS;, ¢ — H203T-
TOp; § — MeTaanHYecKHA GJOK.

TOK, B pesyibTaTe 4ero oHa HarpeBaercsi. Ecuau CMIHDAb OMEIBAET
YHCTBIA a3-HOCHTENb, IIPH MOCTOSHHOMN CKODOCTH NOTOKa CIHPAJb
TEPAET NOCTOSAHHOE KOMHYECTBO TeMJa, H MOCAE MOCTHIKEHHS paB-
HOBECHS TEMNEepaTypa CNHPaJH CTAHOBHTCS NOCTOSHHOR. Oxnnako,
€C/H COCTAB rasa MeHseTcsl, HalPHMep NPH MOSBJIEHHH 3OHBI SJIOMH..
PYEMOro BeumlecTBa, TemmepaTypa CNHpaJH TaKkKe MEeHSIETCsl, 4TO
BEISEIBAET COOTBETCTBYIOILEE H3MEHEHHE 3JIEKTPHUECKOTO CONpOTHB-
JeHHsI. DTO H3MEHEHHe 3aTeM H3MepseTcss MocToM YHTcToHa. O6bLru-
HO CIIMDAJIM H3TOTABJHBAIOT H3 METaJJIOB C BLICOKHM TePMHYECKHM
K03 pHuMeRTOM CONPOTHBMNEHHS, CTORKHX K XHMHYECKORH KOppO-
sun. Kak mpasuio, nemonp3syrores TJIaTHHA, BoqbdpaM M MX CIa-
BEI, a TaKxe HHKeNb. B HeKOTODHIX meTexTopax MeTamnmyeckme Hi-
TH 3aMEHEHBl HA TEPMHCTODH, YyBCTBHTEJNbHOCTB KOTODHIX OYEeHb
BbicOKa. OHaKO HCIOJABL30BATH TEPMHCTOPHl MOXHO TOJBKO IpH
HH3KHX TEMIIEPATypax, TaKk KaK NPH NMOBHINEHHBIX TEMIEepaTypax Hx
CTabHJIbHOCTD MaJa.

HMamenenne conporusnenns mutu KaTapoMeTpa H3Mepsercss H
I€PEBOJHTCS B BHIXOAHOH curnast. Ha pue. 10.11 mokasano npocroe
NOAK/MIOUEHHe MocTa YHTcToHa. Ecam y Bcex qerntpex muTedt, C),
Cs, R, u Ry, onunakoBas TEMNEpATypa H, CJEIOBATENHHO, OLHHAKO-
BO€ CONPOTHBNIEHHE, TO MOCT HaXOAUTCH B DPABHOBECHH. Onuako,
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goraa conpoTtuBmenHe uutell C; u Cp MeHsieTCs BCJAENCTBHE H3MEHe-

HHs COCTaBa TPOXWIAINEro rasa, paBHOBECHE HAPYIIAeTcss M reHe-

pUPYETCs BBIXOLHOH\CHIHaJ/. BOJBIIHHCTBO IE€TEKTODOB HMEIOT ABe
\

&~

Puc: 10.11. Cxema Mocra Yurcrona [59a].

. H-
C,, Cy— u3MepHTeNbHBle suefiku; Ry, Ry— ovww::gavmwww mamwuﬂ:%ﬁ%ﬂmwvhwww. :.w Im.ﬁwa%v:
! ;83— HOBKa Hyas; 4— H
. 2 — BBOJA WYHCTOTO Tra3a-HOCHTeJs; 3 — ycTa ; 4 .
o W::ov ._.wzm. NPOXOAAIIEro 4Yepe3 HHTH; 6 — HCTOUHHK TOKa; 74— BEIBOJ, Ha CaMOMHCEL]

napsl paBubix HHTeH: C,—R;, Co—R, (puc. 10.11). Ov@mmﬁmawmv%

IIOTOK rasa-HOCHTEJs OMBIBaeT HHTH R; M R, Toria Kak ras, m

crynawonmi 13 KoaoHkH, omeiBaer HutH C1 n C,. Takoe ycTpoficTso
, Tabauya 10.2

.—.o:b@:UONOHﬁ:Qnﬂr HEKOTOpPLIX ra3oB U NMapos, OTHECEHHAd
K TEnJNONpOBOIHOCTH BO3AYyXa

ym\wwomﬁ - ym\ymOmn

fas 0°c | 100°C e °c | 100%C
Boszayx 1,000 — Kcenon 0,21 —_
Bonopon 7,000 8,94 || AmMmuak 0,88 1,08
HD 5,87 —_ Bona (mapwi) — 0,77
Heftepnit 5,08 — dran 0,75 1,06
Tenuh 5,87 — Hsonentan 0,51 0,69
AsoT 1,00 0,99 | Benzon 0,37 0,56
Kuenopon 1,01 1,03 | Ouokcun yraepoxai 0,59 0,68
Heon 1,92 1,88 | Meranon 0,58 0,70 -
Aproun C,68 0,68 ||Dranon 0,57 0,68
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YBeJIHYHBA€T HHTEHCHBHOCTb CHTHaJa M yJayuigdeT cTabHJILHOCTb
MOCTa TIO OTHOLIEHHIO K H3MEHEHHSIM TeMIepaTypsl Cpeanl. Bce ue-
THIpe KaHajia 3aKJIOYEHBl B OLUH MeTaJJIHYecKHH G6JOK ¢ BBHICOKOH
TEeNJIOEMKOCThIO. 4

Ha wuyBcTBHTE/BHOCTH KaTapoMmerpa ME::S JBa OCHOBHBIX
dakropa. Bo-mepBhX, yBeanueHHe TOKa AMOCTa BHIBBIBAET pPE3KOE
YCHJIEHHE BHIXOJHOTO CHTHaJa; OJHAKO Ype3MepHOe yBeJHYeHHe TO-
Ka BbI3bIBaeT HeCTaGHJIbHOCTb HYJIEBOH JIHHHH H Jae IeperopaHue
HUTH. BO-BTOpHIX, HCIOJNB3YeMEIl ras-HOCHTENb NOJMXKEH o6JaafaTh
MaKCHMaJIbHO BO3MOXHOH TemJaonpoBOoAHOCThI0. Hauayumre rasm-
HOCHTEJH — BOJOPOJA H TeJIHHA, TaK KaK OHH INO3BOJSIOT MOJYYHTb
BBICOKYIO 4YYBCTBHTEJNbHOCTb. B Taba. 10.2 npuBeneHnl Temsionpo-
BOJHOCTH HEKOTODHIX Ta30B H IIaPOB, OTHECEHHBIE K TEIJIONPOBO/HO-
CTH BO31yXa.

BEChI MAPTHHA

Becnl MapTHHA — A€TEKTOD, B KOTOPOM H3MEPSIETCS NJOTHOCTH
rasa. JTOT AETEKTOp yAOGHO HCIOJb30BATb B Ta30BOM XPOMAaTOrpa-
¢e no pany npuuun. Tak, nHanpuMep, B 9TOM JeTeKTOpe obpaser He
CONPHKACAETCA € HArPeBaeMLIMH 3JIeMEHTaMH (4YTO MO3BOJIAET aHa-
JIU3HPOBATb KOPPO3HOHHO-aKTHBHBIE BENIECTBA), B KauyecTBe Ta30B-
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Puc. 10.12. Cxema Becos Mapruna [59a].

I —BBOX ra3a-HOCHTeJNs; 2 — BBOA rasa H3 KOJIOHKH; 3 — BBIBOJ, rasza B aTMocdepy; 4, 5—
" COIPOTHBJEHHS.

HOCHTEJIeHl MOIYT HCMOJB30BATHCS JETKOAOCTYIHBIE Tashl (Ng, Ar,
COy), u, HaKOHEN, NIPH TAKOM CIOCOGE JIeTEKTHPOBaHUA oGpasell He
paspyiuaercs. ¥YmnpomieHHas Mojean BecoB MapTuua (paspabortan-
Haa ¢upmoii Gow-Mac Instrument Inc.) cxemaruueckm nokasaxa
Ha pHc. 10.12. YUncTeli ras-Hocutesp mocTymaer B IETEKTOP uepes
BXOX I, a ra3 M3 KOJIOHKH — 4epe3 BXOX 2 H BEIXONSAT H3 JeTeKTO-
pa uepes Bhixox 3. DueMeHTH 4 U 5, H3MepsIOILHe CONIPOTHBJIEHHE,
pacmoioxXKeHbl B NMOTOKE YHCTOrO rasa U COeIHMHEeHBl ¢ MOCTOM YHT-

croHa. Ecan y hasa, BHIXOAALIEro H3 KOJOHKH, Ta K€ IJIOTHOCTD,
YTO M y YHCTOrO 1\43a, To '00a NJeda HAXOAATCS B paBHOBecHH. On-
HaKoO, €CJIH MJOTHOCTh ra3a, NOCTYNAaloWero 3 KOJIOHKH, BHIIIE, YeM
y rasa-HOCHTeJsl, TO ra3 ¢ GoJblIell MIOTHOCTBIO MOKAET MO HHXKHe#H
BETBH, H B De3y/IbTAT& NOTOK YHCTOrO rasa B BETBH [—35 yMeHb-
HIHTCSH, a 3TO HAPYLUIMT paBHOBeCHe MocTa YHTcroHa, UysBcTBHTE b-
HOCTb AETEKTOPa 3aBHCHT, OT PA3HOCTH IJIOTHOCTEH ra3a-HOCHTEs
1 aHaJH3HPYEMOro xozaownmem. Bomopos M rennii He BHOJHE NMpPH-
FOAHBl AJIS HCIIOJNB30BAHHS B KAauecTBe a30B-HOCHTEJNEeH.

HWOHU3AITMOHHBE JETEKTOPHI

B paGore HOHH3aLHOHHBIX J€TE€KTOPOB HCNOJb3YETCs MPOMNOPILHO-
HaJIbHOCTb 3JIEKTPONPOBOAHOCTH ra3a KOHLUEHTPAUHUH 3apsiKEHHBIX
YacTHl, MPUCYTCTBYIOIKX B rase. Ha puc. 10.13 mpusenena cxema
HOHH3AIHOHHOIO JETEKTOpa (HMOHH3AaTOD HA CX€Me He I0Kas3aH).

Puc. 10.13. Cxema nonnsauuossoro jaerexropa [59a].

] — HCTOUHMK HOHM3aUMH; 2 — O6NacThb MEXAY 3JeKTPOAAMH; 3 — 3JeKTpoMerp; 4 -— caMomH-

cell; 5 — HCTOYHHK HanpAXKeHHST HOHH3ALKHH; 6 — HCTOYHMK KOMIIEHCALHOHHOrO MOTEHLHAaMa;

E, — usmepsieMoe HanpsiKeHHe; R; — 3/IeKTDHYeCKOe CONDOTHBJEHHEe Cpefsl; R; — uaMepsie~
MOe CONpPOTHBJEHHE.

IocTynaromue u3 KOJOHKH Ta3bl IPOXOAAT UEPe3 MOHH3ATOP, B KO-
TOPOM YaCThb MOJIEKYJ HOHH3YeTCS, a 3aTeM MIPOXOIAAT MeXKIY 3JeKT-
polaMu. B npHCYTCTBHH 3aDSXKEHHBIX ACTHIL MEXJY 3JEeKTPOAaMH
Bo3HHKaer TOK . Mamenenne nampsixenuss Ha R; BbI30OBeT H3MeHe-
HHe HalpsiKeHHuss U Ha Ry IDTO H3MEHEHHe HANPSIKEHHs YCHIHBA-
eTCs 3JIEKTPOMETPOM H pETHCTpHpyercs camonucueM, IIpocrpan-
CTBO MEXJ/y 3JEKTPOJAaMH MOXHO PacCMaTPHBATh KAK CONPOTHBJE-
HHE, BEJIHUHHA KOTOPOrO 3aBHCHT OT HYHCJA 3apPAKEHHBIX YaCTHIL
Ecin uepes 1eTeKTOD NPOXOAMT UHCTHIA Ia3-HOCHTENb, TO KOHIEHT-
pauys 3apsKeHHBIX YaCTHI IOCTOSHHA H TOK, NPOXOAAIIHA yepes
R;, Taxxe nocrosned. OJHAKO, eC/IH 4epe3 LETEKTOP NPOXOAHT Ka«

12—13
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Kas-TO 4acTb HCCJEAYeMOro COeJHHEHHs, KOHUEHTPalus 3apsizKeH-
HBIX YaCTHL, YBEJHYHBAETCS, YTO BLI3LIBAET YCHAEHHE TOKa H CO-
OTBETCTBEHHO YCHJIEHHE CHI'HAJa, KOTODBIH perB¢TpHpyercsi B BHJe
xpoMaTorpadHyeckKoro muxa, \\
NJIAMEHHO-HOHHU3AUMOHHBIN NTETEKTOP \

DT10T AETeKTOp MOAPOGHO o.:m.ow*‘ B cratbe Crepubepra H
corp. [82]. Cxema ero npeicrasiena /na puc. 10.14. Boixopsmui
H3 KOJIOHKH a3 CMeIIHBaeTcsl ¢ BOXOPOJOM H MpPOXOAUT B (opcyH-

M

6 Puc. 10.14. CxeMa mniameHHO-HOHH3AUH-
OHHOro AeTeKkTopa [37a].

1 — BBOZA BOJOpOZA; 2 — BBOX Ta3a H3 KOJOH-

KH; S — BBOA BO3AyXa; 4 — BbIBOJA B aTMO-

chepy; 5 — katon; 6 — colGHpalOIHil 3JeKT-
pox.

Ky ropeaxu zerekropa. OOpasymoouuecs B NMJIaMeHH HOHH30BaHHbIE
YaCTHUBI 3aNOJHAIOT MPOCTPAHCTBO MEXAY 3JEKTPOJAaMH, B PE3yJb-
TaTe CONPOTHBJIEHHE CHUXKAETCS, a TOK NpPH 3TOM YCHJIMBAeTCA.
[TsaMeHHO-HOHU3ANHOHHEIH JETeKTOpP pearHpyer MNPAaKTHYECKH Ha

Tabauya 10.3

Cnucok coeJHHeHHil, NPH JeTEKTHPOBAHMH KOTOPBIX NJAAMEHHO-HOHH3AUMOHHBIM
BETEKTOPOM HAOJI0AaeTCsl OUeHb CNalblii OTKJIMK HAH BOOGIUIE OTKJIMK
He HaOmaopaercs

H. CS. CcO

He Cos CO,

Ar H.S H.0

Kr SO, SiCl,

Ne NO . SiHCl,
Xe N.O SiF,

0O, NO- HCOH
N, NH, HCOOH

AN

I'A30BASI XPOMATOTPA®US 579

AN

BCE COEJMHEHHS,\32 HCKJIOYEHHEM YKasaHHHX B Tab6a. 10.3. Kaye-
CTBO PaGOTH 3TORQ JETEKTOpa 3aBHCHT OT MOIXOMASIIErO BHIGOpa
NMOTOKA BCEX HCMOJM,3yeMbIX rasoB. OGHIYHO HAWJy4Ias UyBCTBII-
TeJIbHOCTb H CTaGHJIBHOCTL AOCTHTAIOTCH IPH CKOPOCTH NOTOKA Ta-
3a-HocHTeds 30—50 MvI/MHH, BoAOpOAa npuMepuo 30 Ma/Mun u
Bozfyxa 300—500 ma/muu [35]. [TnaMeHHO-HOHH3AUHOHHBIN JeTeK-
TOP HMEET HanGoJIbUIYIO gamo? JIMHEAHOTO OTKJHKAa, pacmpocTpa-
nslomyiocss Ha 6—7 nopaikos (puc. 10.9). Baaromapst aTofi oco-
O€HHOCTH, a8 TaKXe BBLICOKON UYBCTBHTENBHOCTH IIaMEHHO-HOHH3A-
IHOHHHIA J€TEKTOp HamGOJee NMPHrOAeH AJsI aHAIH3A CJE/0B.

TEJIMEBBI OETEKTOP

dtor perexrop (puc. 10.15) 6mn paspaboran ads YABTPAMHKPO-
anannsa nocrosHHbix rasos [80]. Ilox BosjeficTBHEM TPHTHEBOT:
UCTOYHHMKA B-H3JIyYEHHs] M BHICOKOTO TIDaJHEHTAa 3JEKTPHIECKOr®
noast (Gosee 2000 B/cM) renufi, Hcnosb3yeMblli B KayecTBe raza-

12
Pac. 10.15. Cxema resmesoro aerekTopa
[37a].
I — BBOA rasa M3 KOJOHKH; 2 — BHBOZ B aT-
Moctepy; 3 — MCTOYHHK H3JAYYeHHs; 4, 5 — mih— .
3INEKTPOAHI. M 4

1
!
3 g N\g

HOCHTEJIl, TIEPEXONHT B MeTacTaGHMJALHOE COCTOSIHHE ¢ onpeneseH-
HBIM MOHH3aUHOHHBIM MOTEHIHAJOM. Bce coefnHenus ¢ Gosee HH3-
KHM MOTEHUHAJIOM HOHH3ALMH NPH 3TOM HOHU3YIOTCA H HAOT IO-
J0KHTEJIbHBIA CHIHAM. I'eHeBbIA JeTeKTOp NaeT OTKJIHMK Ha BCe ra-
SHI, HCKJII09asf HEOH. DTOT HETEKTOP OCOGEHHO ynoGeH AJs aHajusa
CMCIOBLIX IPHMeCedl B OYGHb YHCTHIX STHJeEHe, KHUCJIOPOJe, aproHe
BOZIOpOZE, THOKCHAE yriaepola H T. A., OLHAKO HCIIOJIb3yeMblit re.
JIHH NOMIKeH OHTh OYEHb YHCTHIM, MHAYE H3-33 IPHCYTCTBYIOMIHX B
HEM NpHMecel HY/JEBOH TOK OKAaXKETCH CJHIIKOM BHCOKHM.

IToMHMO ONHCAHHBIX BbBILIE OCHOBHLIX THIOB IETEeKTOPOB, HMe-
€TCA PsAL NETEKTOPOB CIENHAJBHOTO HA3HAYCHHUS. 910, Hampumep,
m:mzmmmo.wzmooxommzo AETEKTOPbl, MacC-CNEKTPOMETPHYECKHE, Ka-
‘ATHTHYECKHE NETEKTOPH, B KOTODHIX H3MEPSIOTCS AH3JIEKTPHYe-
CKasl nmpoHHIaeMOCTh, HOTJIOUIEHHE CBETa KAK B Y®-, tak u B UK-
Obnacrax, ¥ T. A. OHH TIPHMEHSIOTCS TIJIABHDIM o6pa3oM kak ce-
eKTHBHbIE KeTekTOpH (pasA. 10.4.3 u 10.4.4).

12+
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10.2.6. XPOMATOTPA®HYECKHE CAMOIIKCILb}

HaMmenenne coctaBa rasa, NOCTYNAIOLIEro KOJIOHKH, C TOMO-
f1(pI0 JETEKTOpa TPaHCHOPMHPYETCS B H3MEHEie HEKOTOPOro 3J€KT-
PHYECKOro apaMeTpa, Kak MPaBHJO, Hampsxkenus. Hamenenne s1o0-
ro mapaMerpa BO BDEMEHH DETHCTPHPYETCH, M HOJNYYEHHYIO XpoMa-
TOrpaMMy MOXKHO 06pabaTeiBaTb KakK xw%oawmmmo. TaK U KOJIHYE-
<TBeHHO. Perucrpupyior xwozmeo%ngb CaMOMHUINYLIHEe MOTEHIHO-
METPHl, KOTOPhle 1al0T AJHTENbHYIO 3aHCh OTKJIHKA IETEKTOpa Kak
HyHKIUH BpeMeHH. B Hacrosuiee BpeMsl BEITYCKAeTCA MHOTO THIIOB
camonucueB. OJHAKO B ra3oBoil XpOMaTOrpauH MOMKHO MPHMEHATH
JIMIIb T€ CAMOIHCIb, KOTOpbIe OTBEYAIOT ONpENeNeHHBM TpeGoBa-
HHSIM: 5TO BBICOKAsl CKOPOCTb PErHCTpPaluH (IPHMEDHO OJHA CeKyH-
7la HA BCIO 1IKaJy OTKJOHEHHS); BOCIIPOH3BOAHMOE OTKJIOHEHHE Ie-
pa NpH TOJaue OJHOTO M TOTO JKe HANpSKEHHs; JHHeHHas 3aBUCH-
MOCTH~IIO BCeH HIKaJje;, BHICOKAs 4YyBCTBHTEJNBHOCTb, T. €. OTKJOHE-
HHE Tepa NpH OYeHb MAJEHHKOM H3MEHeHHH moreHuuasa. Camomuc-
HB ¢ IIMPOKHM BHIGOPOM CKOPOCTH MEPEMEIeHHs JIEHTBI, KOHTPO-
JIeM 9yBCTBHTEJIBHOCTH, YCTAHOBKON HYJISi yJIy4YHIalOT XapaKTepHCTH-
KH Beeft ycranoBkH. s 1a6opaTopHBIX  paGoT peKOMEHAyercs
ILJIAHUIeTHHIl CAMOIKCell, TOrJa KaK B IPOMBILIJICHHBIX YCJIOBHAX
J1676C006PA3HO TIOMB30BATHCS NOJHOCTBIO 3aKPHITEIM NPHGOPOM.

OCHOBHOH HEJOCTATOK CAMOIHCIEB — OrPAaHHYEHHAs] JIHHeHHAS
.061acTb, MEHbLIAS, YEM Y OCHOBHBIX JETEKTOPOB, NPHMEHAEMBIX B
raszoBoii xpomarorpadun. CaMONHCUBL MOTYT PErHCTPHPOBATH KOH-
{IEHTPAIWH, BEJHYHHE KOTOPHIX JIEXKAT B Ipelienax ABYX NOPSAIKOB,
TOT[A KaK JHHefiHas o6/1acTb OTKJIMKA MJIAaMEHHO-HOHH3AUHOHHOTO
JeTeKTopa BTpoe Goublne. VIMEHHO no 3TOH NpHYHHE TaKoe 60.1b-
1106 BHHMaHHe YAEJsIOoch pa3paboTke METOAOB PErHCTPAalHM CHI-
HaJOB LETEKTOpPOB 6e3 NpHMEHEHHS [TEePEeK/JIIOUeHHA HaNa3oHOB.
K npubopam TaKOro THNA OTHOCATCS, B YACTHOCTH, nu¢poBLe HH-
TerpaTopHl.

40.3. MPEJBAPUTEJIbHAS MOATOTOBKA

10.3.1. HENOJBHM)XHAS ®A3A

Kakux-1u60 06bEKTHBHLIX METOLOB BHIOOPA XKHUIKOH HENOJBHXK-
Hofl dasbl LS pasjleieHuss NaHHOH cMecu He cymecrsyer. Hemon-
BHXKHYIO (asy BHIGHPAIOT IJIaBHBIM 06pasoM, OCHOBHIBAfiCh HA c06-
CTBEHHOM OTbiTe. TeM He MeHee NPHBefeM HECKOJbKO peKOMeH/aa-
yuii. HemoaBuxkHast ¢dasa DOMKHA XOPOLIO PACTBOPATH OTAEJbHbIE
KOMIIOHEHTH 06pasiia, MpHYeM PacTBOPHMOCTH OTAEJbHBIX KOMIIO-
HeHTOB JOJIKHb pasiuuarbesi. HemoiBHxkHas ¢asa J0akHA GbITh
NpaKTHYEeCKH HeJeTyuell mpu paboued TemmepaType (0,01—0,1 MM
PT. CT.), TepMOCTOHKOH (CTAaGHJBHOCTb MOXKET yXyAIaThCd H3-33

,,/

Tabauya 10.4

:30._2.,. HauGojiee YACTO HCNOABL3YEMBIX HEMOABHXKHBIX ¢a3
Awwa Makcumasbuas a 6
32 remueparypa, °C| T10aapHOCTs? | PacTBOPHTEJb
AJHNOHUTPHA 50 In.m, 4,5
Awmun 220 180 . 4,5
Arnueson
L 300 H. 4,5
M 275 » 4,5
N 300 » 4,5
W
Benton 34 200 c. 5
7,8-BeH30XHHONHH 150 n.om. 4,5
Buc (2-3TOKCHITHIT) aAHIIHHAT 150 » 5
‘Buc(2-5ToKCHITHN) TeTPaxJopdTataT 150 » 4,5
ByranauonagumnysaT 225 » 4,5
ByTrasaHONCYKUWHAT 225 » 4,5
Kap6osakc
20M 250 m. 4,5
20M TPA 250 » 5,7
400 125 » 4,5
400 MonooJseat 125 » 4,5
600 MoHOCTeapat 125 » 4,5 (narp.)
750 150 » 4,5
1000 175 » 4,5
1500 200 » 4,5
4000 200 » 4,5
4000 TPA 175 » 5,6
4000 moHocTeapar 220 » 5
6000 200 » 4,5
Kacropeake 200 » 4,5
JuGytaadranar 100 nm, 4,5
Hubyrunrerpaxnopdranar 150 m, 5
Justunenraukods
aguNAHAT 190 » 4,5
rayrapar 225 » 4
ceGakar 190 » 4,5 (Harp.)
CYKUMIaT 190 » 1,5




-

. / .
podoswmenus’ Tabauyst 10.4 IIpodormenue Tabauyor 1U.4

MakcuMankuas
Pasza . bo! a 6
TeMnepatypa*°C| Moaapders? | Pactaopurens dasa ...@MMMM»Z.WWWM.»%O TMonsipuoets? | Pactsopurensd
Hurannepon 120 . B. 7,9 B,B’-OKCHANIPONHOHHTPHI 100 m. 5
Hunsongenundranar 175 . n.m. 4,5 AT L —— 250 » 7 (karp.)
JunsonennnceGarar 175 » 4,5 i 400 8
2,4-lumerracyasdonan 50 n 45 [Toan-m-bennnoskit 3gup (moaumep) ILII,
Junonungranar 175 oo, 45 Ce6GaKaT NMOJHIPONKAEHTIHKOS 225 » 4
Junonnnce6akar 125 » 4 TMoaunponuaenraukoab ¢ AgNOs 75 c. 4,5
Huoktundranar 175 » 4,5 IIponunenkapGoHat 60 m, 5
HuokThaceSaxar 100 » 4,5 [1OMHBHEHNEP POJIH/IOH 225 5. 7
DTHIIEHIIIHK OIS Ksagpos 150 B 4,5
B . ’
aJHIMHAT 200 n, 4,5 (narp.)
rayrapar 295 R s Peonyekc 400 190 0.0, 4,5
cebaxar 200 » 4,5 (narp.) CHIIHKOH
CYKUHHAT 200 » 4,5 (nrp.) D.C. 11 300 H. 2,6
TeTpaxjopdranar 225 » 4 D.C. 220 250 » 4,5
DeHHIAHITAHONAMUHOCYKIMHAT 225 » 1,5 D.C. 703 225 0.0 4,5
FFAP ' ’
275 » 5 D.C. 710 300 » 4,5
T'unepoan 100 B. 7.9 - .
Xanbkomun M-18 150 o 45 QF-1 250 » 4,5
FekcameTaapocdopamuz 50 o 45 GE, KE-60 (nurpoBaHHas pe3nHa) 275 » 4,5
Tnnposa SP-80 190 » 4,5 (narp.) SE-30 ’ 300 H. 4,5 (uarp.)
Hrenan . 200 i, 4,5 (Harp.) CunnkoHoBas pesua SE-30 350 » 4,5 (narp.)
Kear F :,wmmwm 200 » 4,5 Cnan 80 (MoHooOJeat cop6uTa) 150 . 4,5
Kems F ofta 10 ’ 100 » 4,5 CkBaJaan 100 H. 4.5
Mauunr 200 B. 7,9 T 8 5
HeonenTHANMHKOs eTPAlHAHITHIIEHTA9PHTPUT 0 m.
amHOHHAT 240 o, 4.5 Tpukpesuadocdar 125 n.om, 4,5
Haodranar : 240 » 4 TpusTanosaMun 75 B. 4,5
ceGakar _ 240 » 4,5 Tputon X-305 200 m. 1
CYKUHHAT , 240 » 4,5 Teun 80 (mosH3TOKCHATHIIEHCOPOHTA 150 » 4,5
ov MOHOOJIeaT)
1 (meTnacuiaukon) 350 H. 4 VYxon 50 HB 280 X (monsipuEHI) 200 » 4
17 (MeTHAeHHACHANKOH) 300 m.o. 4 Bepcamua 900 250 » 3,4
25 (heHHACHAHKOH) 300 » 4 Kennesnadocpar 175 o.1. 5
101 (MeTHNCHIUKOH, XKHIK.) 300 H. 4 ) !
295 A:xmmﬁvo:xhzma:hﬁomxazm. 275 m.o. 4 mMwm.\womw@ﬂwm:“m?:.mmﬂw“www:oanu:Em“ H. — HENOJSpHBI; B. — 06pasyer BOROPOAHBIE
THICHIIHKOH) 6;— Ewm.qc_.: 2 — Genson; 3 — #-6yTaHON; 4 — xA0podopM; 5 — METHAEHXJIODHA; 6 —
STHMaleTaT; 7 — MeTaHoJ; 8 — Toayon; 9 — BOAa.
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KaTaJUTHYECKOrO BJIMSIHMA MOJJONKKH M T. .} U XUMHUECKH HHEPT-
HOM 10 OTHOIIEHHI0O K XpoMaTorpaupyeMbiM COeIMHEHHSM INPH
paboueit TeMmeparype. Hekorophle HanboJiee BaXKHble HENOJBHXK-
Hble (pa3bl nepeuncseHs B Ta6. 10.4.

BriGop HemojaBukHOH a3el 3aBHCHT OT cocraBa o6pasua.
[TosaToMy mepej HauajoM aHaJH3a HeOOXOJHUMO paclmojiaratb Mak-
CHMaJbHO BO3MOXKHOI uHGpopmauuei o HeM. Hanpumep, Heobxomu-
MO 3HATb AHAITA30H TEeMIEePaTyp KHIIEHHS KOMIIOHEHTOB, HX CTPYK-
Typy U T. A. JJaA ycneliHoro pasjeneHHss Heo6X0AHMO, 4TOOH
CTPYKTYpa HeNOABHKHOH ¢a3sl OBlJI2 MOXOXKA HA CTPYKTYpy obpas-
ia. Hanpumep, yrieBoJOpOABl Jyuliie pasieJsioTcss Ha napadHuHo-
BOH HeNMOABHIXKHOH (pa3e, a NOJsAPHble KOMIOHEHTH — Ha NOJSAPHOH
HemoapuxHO# ¢ase. OxHako, ecqd CMeCh COLEPKHT BellecTBa pas-
JHYHOH XHMHYECKOH HPHPOAB,, HO ¢ OJH3KHMH TeMIepaTypaMu
KHUINeHNUs, HeOOXONHMMBEl HENOABHXKHBIe (Pasbl PasyIMYHOA NOJSPHO-
ctd. B sTOM ciyuae HCHOJB3YIOTCS B3aHMOJEHCTBHS MeEXIY MoJie-
KyJaMHu copfaTa H HemoABUXKHOH (asel. Bo-mepBhuix, Hecneuupuie-
CKOe MANCIEePCHOHHOE B3aHMOJIEHCTBHE MeEXKAY MOJIEKyJaMH Hemo-
JApHHX coenuHeHu, [Ipu HamHuUuU TAaKOro B3aUMOJEHCTBHSl pasje-
JIeHHE NPOHCXOJUT B COOTBETCTBHH ¢ JaBJeHHEM HapoB, T. €.
NpuGIU3UTENLHO B COOTBETCTBHH C TeMIepaTypaMH KHIEHHS.
Bo-Brophix, cnenuduueckne TMOJSPHBHE B3aHMOJEHCTBHSA, KOTOpHIE
06yCJ/IOBJIEHB NMOCTOSIHHBIMH JUNOJNAME (pasjeseHHe B COOTBETCT-
BHH C HOJSIPHOCTBIO KOMIIOHEHTOB CMeCH), HHAYLUHPOBAHHBIMH JH-
NoJsAMH (pa3zesieHHe B COOTBETCTBHH C INOJSPH3YEMOCTHIO MOJEKY.J)
H o6pasoBaHHeM XUMHYECKHX CBA3eil (HampuMep, BOAOPOJHBIX CBs-
seit mexny rpynnamu —OH, —SH, —NH,, =NH, —CO— u 1. 1.
HJIU CBs3efl MeXJy HEHACHIUIEHHHIMH yrJeBojopogamMu u Agt,
PdCl,).

HekoTtoprle uccienoBaTess THTAMHCH OLEHUTh KOJHYECTBEHHO
pasHOCTH> MeXAY 3HaueHHsIMH KOHCTAHT pacnpelesieHHA OJHOTO H
TOTO e COeJHHEeHHSI B HENOABUKHBIX (aszax pasJHYHOH MOJSPHO-
ctu. Cucrema, mnpennoxenHas Popunefinepom [76] u Mak-Pei-
HoapacoM [60], no cux mop mupoko ucnosasdyercs. Henasno HoBak
1 corp. '[68] mpensoXKHIA OLEHHBATH INOJAPHOCTh HENMOJBHKHBIX
(a3, ucxons W3 mMapuuaJbHOR MOJBHOA H36BITOUHONH cBOGOAHOMN
sneprun I'm66ca AGE, Koropast siBJsleTCS KOJHUEeCTBEHHOH xapakre-
PUCTHKOH CHCTEMBl aHaJH3upyeMOe COeAHHEHHe — HeNMo/BHKHas
taza. Ilpu atom mpeamnosaraercsi, dTO pe3yabtupyiomas AGE
npejicTaBiageT co60d CYMMY OTAeNbHHX BKJAAOB (YHKUHOHAJILHHIX
rpynn B MoJsekyJae (cM. ypashenne (10.39) B pasa. 10.4.1). 3naue-
Hie AGE NpPHHATO B KauecTBe CTaHIAPTHOTO, COOTBETCTBYIOLIETO
OJIHOMY «MOJIIO® MeTHJIeHa. DTO 3HAueHHe BMOJIHE NMPUMEHHMO AJA
OLIEHKH TOJSAPHOCTH TapaUHOBBEIX YIJEBOJLOPOAOB; €ro MOMKHO
TaKXe HCIOJb30BaTh [Jifl ONpEeNeJeHHs TOJSPHBIX XapaKTePHCTHK
APVIUX coeluHeHUH. B ciayuae cHABHONONSIpHOH HENOABHXKHOH
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¢a3bl NPEHMYLIECTBA STOH CHCTEMb TEPSIOTCA, TaK KaK XpoMaro-
rpaduuecKuii MUK MapaduHOB MOXKeT GBITb ACHMMETPHYHBIM H 00-
najaTh OUeHb MaJbiM OGBEMOM YAepKHBAHUS. JKCIePUMEHTANbHO
AGE(CH:) (kan/monb) ompejensercs B pe3yJbrare rpapuueckoro
pelleHHsl YPaBHEHHS

AGE (CH,) = —(RT/0,434) [d Ig (V P)/dn], (10.31)

rre R —rasoBas nocrosiHHasg, T — abcoJlloTHAs TeMIepaTypa Ko-
JIOHKH, Vg —yaeJbHBll o0beM YyIepkuBaHus, MJ, P — 1aBireHue

60°C,
a
90
1000 +
- 60 5
Q i .
A% 1500 x_

—> R7 In(

20001 60, P
60,

A

\ 2
2500+ \,@
3000+

] 1 i i i | 1 1
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Yucno CHy-zpynn

1.
Puc. 10.16. Tpaduueckoe ompefe/neHne MaplHAILHOH MOJbBHOH H3OHITOYHOM cBOGOI-
HO#l smeprun ['m66ca AGE(CH,) anst mertnaena [16].

THN aHaJH3HPYEMBIX COeAMHEHHI: & — aJiKaHbl; 6 — mpocThle >QHPHI; 6 — COeJUHEHHA apo-
MaTHYeCKOro psfa; 2 — CHHPTHL

HaCHIILEHHOro IMapa KOMIOHEHTA NIPH TeMIlepaType KOJOHKH, aT™, H
n — 4KCJI0 METHJBHEIX TPYIN B MOJIEKYJie PACTBOPEHHOIO BelllecTBa.

Ha puc. 10.16 npusesena saBucumocte —RTIn(VgP) or uucaa
MeTHABHBIX rpynn. Hakaon mosyuenso#t npsimoit paer AGF(CHy).
W3 pucyska BHIHO, MTO Jaxe COeJHHEHMS 3HAUHTEJbHO PasjHyaio-
IHecsl 110 XMMHYECKHM CBOHCTBaM, AAIOT NpPSIMble C MPaKTHYECKH
OIMHAKOBHIM YIJIOM HakjoHa. B tab6a. 10.5 mokasaHwl pe3ysbTaTh
H3MepeHHH, NpoBeleHHBIX A/ 13 BbHIOpDAHHBIX HeMOABHXKHBHIX (a3
pasauyHo#l nmoaapHocTH. M3 taba. 10.5 (tak xe kak # u3 puc. 10.16)
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Tabauya 10.5

MonAPHOCTL HEKOTOPHX HENMOXBHUKHMLIX (a3, BHpaXKeHHas
8 AGE(CH;) (xaa/monb), NpH pasjIMYHBIX TEMNEPATypax [68]

TeMneparypa, °C

Henonsmxnasn ¢pasa 60 _ 70 _ 80 _ 90 _ cpennee
CkBanan 13,2 19,6 18,0 20,1 17,7
HuHonungranar 24,9 31,8 32,9 26,0 28,9
:oaﬁwmméomsm a¢up (6 uHK- 58,31 56,2 49,9 50,4 | 53,7

J0B
Cuaukon DC 200 1000 cstk 81,7 87,0 79,0 | 82,7 { 82.6
®ropcunnkon QF-1 147 161 145 47 | 150
Peonnexc 400 183 166 158 | 150 164
Kap6osakc 400 172 168 168 | 159 167
Iurauuepon 210 210 214 | 228 216
1,2,3-Tpuc(2-uuanostokcn) - 242 244 239 229 238
nponax
PopMmamug 391 394 392 | 39r | 392
dwwwumw P 80/100, maprus| —264 —233 —194 —217 | =297
EMMM:mx T 100/120, naptus —156 —143 —150 138 [ —147

CAELYeT, 4TO YJYYLIHTh paspeuieHHe XPOMATOrPaMM MOXKHO, He-
O/Ib3ys1 HE TOJIbKO Pa3JIMUHbIe COPGEHTH, HO M pasiuuHbie paboune
TEMIIepPaTypH.

Bui6op TBepanix amcopbeHTOB anst raso-afcopOUHOHHON XpoMa-
TOrpauu 3aTpyAHEH TaKXKe B CBA3H C TEM, 4TO P xpomarorpagu-
PYEMBIX COeIMHEHHI aeT aCHMMeTPHYHBle KDHBBIE 3JIOHPOBaHMS,
00pasyloTcs Tak HasblBaeMEle XBOCTHL, KOTODHIE TeM [JIHHHee, yeM
CHJIbHEe COeJlHHEeHHe COPOHPYeTrcss U ueM JJIHHHee KOJOHKA. Kpome
TOrO, COPGEHT MOXKET HHOTAA NPOSIBJSATh KaTaJHTHUECKH adpdexr
110 OTHOUICHHIO K XpOMAaTOrpadupyeMbiM KOMIOHeHTaM. AncopGeH-
Thl OGEMMHO [eJATCS HA HEMOMAPHblE, Ha KOTOPHIX, KaK NpeanoJia-
raercs, HaG/IOaeTCA TOMBKO pH3HUeCKas aacopGuus, u HOJIAPHBIE,
Ha KOTOPBIX (Hu3HUECKas aNCOPOLHS MOXKET CONMPOBOKIATLCST XEMO-
copbunert. ITOHOCTHIO HEMOMNSAPHEIM MOXKHO CUHTATH TONbKO aKTHB-
HbIA YrOJIb, PAsNHUHBlE COPTa KOTOPOrO OTJHYAIOTCS pasMepamu
(paauycoM) nop (MHKpoOmopsl paguycom 1,5—20 A u maxkpomnopu
paanycom 500—20000 A). AxkTuBHHIH yroab HCIIOJIL3YIOT TJIABHHM
06pasoM 1/ aHaJH3a NOCTOSHHBIX T'a30B IPH KOMHAaTHOM, HH3KOM
HJIH BEICOKOH TeMmmepaType. Kak noaspubie axcopGents IPHMEHSIOT
CHJIHKareJb, aJIOMOCHJAHKATHl (IPHUPOAHBIE H CHHTETHUYECKHE), OK-
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cHJl aJIOMHHHS, MOJEKyJspHble CHTAa H T. A. [lonsspHOCTb 3THX
MaTepHayioB o0ycJOBNeHa HaJHYHEM TaKUX cBssel, kak Si—O,
Si—OH, Al—O, Al—OH. Atom Boa0pOAa B THAPOKCHJIBLHOM CpyIIe
NpOSABJIAET 3JIEKTPOHOAKLENTOPHbIE CBOHCTBA; B Npolecce aacop6-
HHH NOJAPHBIX WJH TMOJSPH3YeMbIX MOJIEKYJ, BHICTYNAIOLIHX KakK
JIOHOPHl 3JIEKTPOHOB, HMEIOT MeCTO JOHODHO-aKUEeNTOPHble B3aHMO-
JIefiCTBHS Pa3IMYHON CHJIBIL.

Ha okcune amOMHHHS yacTo NPOBOAAT pasjesieHHe cMecell Mo-
CTOAHHBIX I'a30B HJH yrieBofoponoB C; — Cy4, HA CHiHKarese — pas-
nesenne cMeceir CO, CO,, N, yraesomoposoB C;— Cs, OKCHIOB
a30Ta M T. ., HA MOJIEKYJSIPHBIX CHTaX — pasjejieHHe cMecell pej-
kux ragos, O, N, HOpMaJbHHX napadHHOB H T. X. HexoToprie
MOPHCTHIE NOJHMEPH HCIOJb3YIOTCA KaK CHelHaJbHHE THIB XpoMa-
Torpaduueckux aacopGeHToB. XOpOWIO HM3BECTHH CONIOJIEMEPH
CTHPOJIA X JAHBHHHJGEH30/1d, MOCTYNAIOIMe B NPOAAXKY NOJ HA3Ba-
Huamu: nopanak (P, Q, R, S, T, N), xpomocop6 101—105 u cuua-
xpoM. OHH XapakTepH3YIOTCS ONpPeJeeHHOH YieJbHOMN nnoBepx-
HocThio (100—500 M2/r), OZHOPOAHOM CTPYKTYpPOH IOp, OTHOCHTENb-
HO xopouleit TepMoCTaGUAbHOCTBIO (0GbIuHO A0 250°C). ITopanaku
P n Q — HemoasipHEle cOp6eHTH, a nopanaku R, S, T u N — cop-
GeHTHI cpeAHell moaspHOCTH. MX noBepxHocTh MOXH(HIHPOBaHAZ
CneuHanbHBIMH MoHOMepaMu. CHHaxpoM IIOXOX Ha nopamnak Q u
xpomocop6 102. MexaHusM pasjeeHHs Ha 3THX COPGEHTaX BHIsiC-
HEH He TNOJIHOCTLIO, NMPEAINOJIaraeTcs, YTO B CHCTEMaX ras — XKH-
KOCTb H ras — TBEPAHH HOCHTEJNb (DH3HKO-XHMHYECKHE B3aHMOZeli-
CTBHSI COYETAIOTCH C YHCTO XHMHYeCKHMH. Cop6eHTH 5TOro Tumna
IPEANOUTHTENbHE NPH PasieseHUH NOJSPHHIX COEAHHEHHH, HampH-
Mep BOJIBI, CBOGOLHBIX KHPHBIX KHCJOT, CHHPTOB M T. X., HA GOJb-
IIHHCTBE APYTHX aiAcOPGeHTOB HX YETKOro pasfeJeHHs NOGHTbes
He yAaeTcs (06pasyloTCs XBOCTHI).

10.3.2. TBEPABIE HOCHTEJIH JJIsl HEMOABHW)XHOM $A3bl

XKuznkas nenopsnxHas (asa foaKHA GHKCHPOBATHCS HA HOCH-
Tejle TaK, YTOOLl ra3 JIerk0 BCTYNaJd B KOHT2KT C HOBEPXHOCTHIO
XKHAKOCTH. XOPOIIHH TBEPABIH HOCHTEJb LOJXKEH OTBeYaThb cleayio-
WHM OCHOBHBIM TpeGoBaHusiM. OH JOJKeH GbITb XHMUUECKH HHEDT-
HBIM ¥ He JOJKeH 06J1afaTh aJcopGUHOHHON aKTHBHOCTBIO, HOJKEH
GBITh KAaTaNHTHYECKH HEAKTHBHBIM, MEXaHHUYECKH IPOYHBEIM H Tep-
MOCTaGHJILHEIM. TBepIBIMH  HOCHTENSIMH  JKHIKOH HeNOXBHKHOMN
¢assl cayxaT rpaHyJHPOBaHHLIE MaTEPHANH C BBICOKOH HOpH-
CTOCTBI0. HTOGH HCKIIOUHTbL BO3MOXHOCTL afcopOLUH, HCIIOJIB3YIOT-
€ MarepHasel C Malod YAeJbHOA IOBEPXHOCTHIO — nOpsAAKa 1—
7 m?/r. Cpenuuit guamerp nop, COOTBETCTBYIOIIMH TaKOR YHeJbHOH
NoBepXHOCTH, paBeH 1—O0,1 MKM. YzaenbHas Macca Takux MaTepHa-
JIOB OGBIYHO JIEXKHT B Ipenenax oT 2 10 2,4 r/MJ, a o6beMHas Mac-
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ca cocrasasier 0,2—0,4 r/ms. BaXXHOH XapaKTepHCTHKOH HOCHTEJs
AIBJIETCA €ro o6beM NOpP; y XOPOLIEro HOCHTENS! OH paBeH NpHMep-
HO 1 Mma/r.

Ilpn moxpeITHH HOCHTeNst XKHAKOH (asol AeficTBYIOT xBa Mexa-
HH3Ma: ajcopOUMsi M KaNuaispHass KoHieHcanusi. KosmuecTBo
ancopOUPOBaHHON KUAKOCTH He3HAUHTEJbHO H3-33a MaJiof yaenbHOH
NOBEPXHOCTH HOCHTeNss. EMKOCTE 3TOro KosmuecTBa KHAKOCTH
OY€Hb Maja, MPOBOAHTbL XpoMaTorpadHpoBaHHEe B TAKHX YCJOBHAX
caoxHo. HeGoJblude KouuecTBa HEMOABHAKHOH (a3bl Ha HOCHTeJe
HCIIOJBb3YIOTCA B TeX CJy4Yasix, KOraa paGoude TeMIepaTyphl HHXKe
TEeMIIePATypP KHIIEHHS AHAJU3HPYEMBIX COEJIMHEeHHH, a KOHCTAHTHI
HX pacnpepenenus BeJHKH. [IpH 9TOM HOCHTeNSIMH OGBIYHO C/Iy:KaT
CTEK/ISHHBIE UTADHKH. CTeNeHb NOKPHITHS 9THX MaTePHANOB He IIpe-
Bbiraer 0,05—2,0%. OcHOBHYIO DOJIb UIDaeT KHAKOCTb, HAXOHS-
Iasicst B nopax Hocutess. IIopE HauMeHbIIEro AHaMeTpa, ec/H OHH
AOCTYNHBI [/I51 XXHAKOCTH, 3aNOJHSIOTCA B NePBYI odepeib. C yse-
JuYeHHeM o0beMa KHUAKOCTH TAKKE BO3PACTAET HETOMOTEHHOCTD
IJIEHKH 110 TOJILMHE X BO3PacTaeT KO3 GHUHEHT MaccomepeHoca B
XKuaKoH dase Cp [cM. ypaBHenne (10.18)]. Hdus mzeambHo omHO-
POZHO! IIIEHKH IOCTOSHHOH TOJIIUHBI TeOpeTHYeCKOe 3HaueHHe Cf
ROJKHO ObiTh paBHO 107%, HO peasbHble 3HAYEHHS OGBLIYHO HAXO-
AsTCA B uHTEpBaJse ot 10~¢ no 102

BaxHble XapakTepHCTHKH HoCHTeNs — cpenHuil JHAMETD HaCTHI]
dp W pacrpejiesieHHe YACTHI MO pasMepam. Ilnpokoe pacnpenene-
HHE YaCTHI[ 10 pasMepaM BCera BHI3LIBAET YMeHbleHHe 3(DdeKTHB-
HOCTH KOJIOHOK. B KOJIOHKaX, IPUrOTOBNEHHBIX M3 HEroMOreHHbIX
MaTepHaJsoB, BCEra NPUCYTCTBYIOT MaJjble KaHAJbl, Uepes KOTOphHIE
NPOXOAHT GOJIbIIOH 00beM rasa, 4To BHI3LIBAET Pa3MBIBAHHE. Ilpu
9TOM yCH/HBaeTCA BUXpeBass AuPQysus [cM. ypasHenue (10.16)] u
KaK ClencTBHe pacreT Koadduunent A. Kak caeayer ns ypashenus
(10.20), yMeHblueHHe Pa3MeEpPOB ™WACTHIL HPHBOAUT K YBEJHUEHHIO
3} EeKTHBHOCTH KOJIOHKH (YMEHbUIAITCA ujleHsl A u C¢). Onnaxko
OLHOBPEMEHHO C YMEHbLIIEHHEM Pa3MepPOB YaCTHI (yMeHblIEHHEM
uneHoB A n Cg) YBeqHUHBAETCS Nepenajn AABJIEHHS HA KOJOHKe.
lIpn ucnonb30BaHHH CAMIIKOM MaJsbiX YacTHL, ¢ OJHON CTODOHHI,
TpeGyercsi BRICOKOE AaBJeHHe AJA NOAJepPKAHUS TpebyeMoro pac-
XO0/la rasa-HOCHTeNd, & C APYro# CTOPOHBI, BBICOKOEe HABJIEHHE Ha-
PYIIA€T rOMOr€HHOCTh YNAKOBKH KOJOHKM. Yalle BCero npHMeHs-
I0TCA HOcHTeaH C pasmepoM yactuiy 100—200 MkM, KOTOpHIi cun-
TA4€TCS] OHTHMAaJbHBIM.

3HaunTeJqbHOE BHHMAHHe CJefyeT YAeNSATh MeXaHHUECKON npoy-
HOCTH HOCHTeJA. TBEPAOCTL U CONPOTHBIEHHE PO3HH HIPAIOT BaK-
HYIO pOJIb B IIpollecce NMOKPHITHS W HAIOJHEHHS KOJOHOK. EcJu ua-
CTHLBl paspylIalTCs B IPOLleCcCe YNIAKOBKH KOJIOHKH, TO pachpefe-
JICHHE MX 110 pasMepaM MEHSeTCs: paclIHPSeTcsl HHTePBaJ BeJHYHH
dp, UTO MIPHBOIHUT K yXY/IUEHHIO 5D(PEKTHBHOCTH KOJIOHKH. IToaTomy
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Tabauya 10.6
HexkoTOpbE XapaKTePHCTHKH AHATOMOBBIX 3eMeb

JnatoMoBas 3eMas
Genas posoBas
YiedbHas NOBEPXHOCTh
mM2/r 1-2 4-—-7
M2/MJ 0,2 1,9
VienbHbli 06beM 1op, MA/T 1,5—2,8 0,9—1,2
[10THOCTD, T/MJI 2,2 2,2
Hachinnas macca, T/Ma 0,2 0,4
pH 8—9 6—7

MOKDPHIBaTh HOCHUTEJb KHUIKOH (ha30fi H yNAKOBLIBAThL KOJIOHKY He-
06X0/IUMO OYeHb OCTOPOxKHO. HekoTopnie MaTtepuann, 0coOeHHO C
BHICOKOI KOHIEHTpalHell OKCHIOB aJIOMHHMS M KeJje3a Ha NoBepX-
HOCTH, HMEIOT BBICOKYIO KAaTaJHTHYECKYI0 aKTHBHOCTb, UTO MOXKeET
GBITh NPUUHHON PA3JIOXKEeHHst HeNOJBHXKHOH (a3bl mpH TemIepary-
pax 6GoJiee HH3KUX, YeM HCHOJb3yeMble A/ PabOTHl C HOCHTE/SIMH,
He MPOSBJSIOIMHAMA KaTaJUTHYECKOH AKTHBHOCTH. Oﬁmmtho, uTo
KaTaJuTHYeCKasi AKTHBHOCTb CBSI3aHA C OTHOCHTEJbHOH HHTEHCHB-
HOCTBIO aAcopOLUH, H HEeKOTOphle aHaJH3HpyeMble COeAMHEHHS MO-
IyT Aaxe ajacopOUpoOBaThCA B IIpolliecce XpoMaTorpadHpoBaHHA.
CJrleJicTBHEM 3TOTO SBJSAIOTCS HCKaxKeHHe (OpMBI MHKAa H MOTeps
HEKOTOPOro KoJinuecTBa o6pasiia, MOITOMY pe3yAbTaThl TAKOro aHa-
JH3a HeJlb3s YK€ HHTEePIPETHpPOBATh KoJuuecTBeHHO. [lpombiBas
HOCUTEJIM KHCJOTAMH M IliejouYaMH, MOXKHO yJAaJHTh C €ro MmoBepX-
HOCTH OCHOBHYIO MAacCy OKCHIOB KeJse3a U aJIOMHMHHA. DoapmiuH-
CTBO (HUPM, BBHIIYCKAIOIUX HOCHTEJH, 0oOpabaThiBalOT HX KHCJOTa-
MH H LieJioYaMi, YTO YKa3bBaeTcs Ha Mapke Hocutesss: AW (OTMHIT
Kucsotofi) uiau ABW (OTMBIT KHCJIOTOH U LIEJIOUBIO).

Yame Bcero HOCHTEJSIMH CJY3KaT AHaTOMUTH (tabna. 10.6). Dt
HOCHTEJH COCTOAT raaBHuIM oOpasom u3 SiO, (mpumepuo 90%), u
BCJEACTBHE 3TOrO HA KX IOBEPXHOCTH COJEPXKHUTCH 3HAUHTENLHOE
KOJIHYECTBO THAPOKCHJbHBEX TIPYII, YTO ONpegessieT BBICOKYIO af-
COpOIIMOHHYIO AKTHBHOCTb THATOMHTOB, OCOOEHHO [0 OTHOUIEHHIO K
NOJIIPHBIM coequHeHHsM. PesynnTupyoiee (pa3oBoe paBHOBecue B
KOJIOHKe, 3aMOJHEHHOH NHAaTOMHUTOM, OHPejeNseTcss JBYMs INpoLec-
CaMHu: pacTBOpDeHHeM B XHAKo# ¢aze H agcopOuueir Ha NOAJIOKKE.
Ilocko/bKY KOJMHYECTBO BelleCTBa, aJACOPOHPOBAHHOIC Ha TBepAOH
IIOBEPXHOCTH, OGBIYHO HEe NPSIMO NPONMOPUHOHAJILHO KOHIEHTPANHH,
TO ajcopOuHI0O HeOOXOAHUMO TMOJA2BHTh IO BO3MOXKHOCTH MOJHeEE.
C 3T0} uesibl0 NMOBEDXHOCTh HOCHTENSI XHMHYECKH MOIH(HUUHUPYIOT.
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ITonyuennsle npH 3TOM MOAH(HIUPOBAHHBIE HOCHUTENH JAEJNATCA Ha
JBe rpynnel. B nepByio rpymmy BXOAST MaTepHaJbl, MOJYieHHHE
stepuuKalHed CcHIHKAreJas, BO BTOPYIO — MaTepHaJbl ¢ IOBePX-
HOCTHO-CBSI3aHHBIMH CHJMKOHaMH. B o6oux THmax Hocurtenefl no-
BEPXHOCTHHE THAPOKCHJAbHBIE TPYINH 3aMeHeHbl (ecJH OHH JOCTa-
TOYHO JOCTYNHH) Ha OpraHHyYeckue (PYHKIHOHAJbHEIE TPYNNB C

0 Oy
_ . —-HCI _ ..
Iolm_m OH + CISi(CHy), — lolm__ —O0—Si(CH,),
0 o
| _
| m~ o CH
—Si}—OH —Sif— R
| —2HC! I N\ /
C + CI,Si(CH;), —— 0 Si:
. IV
IJ_ OH lm*_ —0 CH,
| T
| -~Si{—O0—Si—CH,
—Si{—OH ; _
| —NH, CH,
0 + (CH,),SiNHSI(CH,), o)
| .. _ CH,
—Si{—OH |
| Iw_m lolm_mln:U
CH,

Puc. 10.17. Xumuueckas o6paGoTka (CHJIAHH3ALHA) MNOBEPXHOCTH HOCHTENs Hemo-
nsuxHOR ¢aswl.

HAaMHOro MeHbilleli aAcopOuUHOHHOH akTuBHOCThIO. Ha puc. 10.17
npuBejieHa cxeMa HauboJjiee pacnpocTpaHeHHOH MoAH(pHKalHH — CH-
Januzanun. Kak caeayer W3 pHUCYHKA, A9 MOAHGMUHHPOBAHUS HC-
NOJb3YIOTCA TPHUMETHJAXJOPCHJIAH, AHMETHIALUXJIOPCHJIAH, TeKcaMe-
TUJAAUcHAa3aH U T. 1. [locjenHee coenHHeHHe MNPeIIOUYTHTEIBLHO
H3-32 HU3KOH JIeTyyecTH H MaJIod TOKcHUHOCTH. Jas Moamdukamuu
CBOHCTB TNOBEPXHOCTH MNPHIOAHBI TaKXe COeJHHEHMs, NPHIarollHe
NOBEePXHOCTH CTEKJ/a BOJOOTTAJKUBAIOHIHe CBOACTBA; MOKHO TaKxke
06pabaTbiBaTh CHJAAHU3UPYIOUIMMH peareHtaMu camu oOpasusl.
IToutn Bce rOTOBHE HOCHTENM SIBJAAIOTCS XHMHUYECKH MOIHGHUHUPO-
BAaHHBIMH (HCHOJIb30BAaHHBIA MOAMPHKATOP OOBMHO YKasbiBaercs).
HsBecTHbl TakXKe H ApYyrue MeTOAH IOAABJEHHA ajncopOLIHOHHON
AKTHBHOCTH. MOXKHO HACHITHTbL ras-HOCHTeab ajcopbaToM (0GBIYHO
BOZOH), KoTopast GJOKHPYeT OOJIBIIMHCTBO aACOPOIHOHHO aKTHB-
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HBIX LEHTPOB; HO TaKOH MeTOJ BHOCHT Psij CepPbe3HbIX 3KCIepPHMEH-
raapHBEX TpyaHocTefl. TTOJMHOCTBHIO HACHIIEHHYIO CHCTEMY M KOJIOH-
KU mmOQxObEZO TIaTteJbHO TEPMOCTAaTHPOBAaTh, HO Jaxe IIPH BbLI-
[IOJTHEHHH 3TOTO YCJOBHSI NPH AETEKTHPOBAHHH BO3HHKAIOT CEPbe3-
uble TPYAHOCTH. IIOBEPXHOCTh HOCHTENS MOXHO TaK¥Ke MOKPHIBATDH
aubo MerasgaoM (30J0T0, cepebpo), aubo mnosuMepom. HMasecTHH
HOCHTEJIH, IOKPHIThle Te(PJIOHOM; TaKue HOCHTENH IOJHOCTHIO HHEPT-
HBL.

10.3.3. NMPHUIOTOBJIEHHUE KOJIOHOK

OnucaHu pasjHYHBIE METOAB HAHECEHHs HellOJBUIKHOHN 'ha3sl HA
nmocutenb. OOBIYHAS MeTOAHKa 3aKJjayaercs. B ciaefyiomeMm. Heob-
XOMMOe KOJIMYeCTBO HENOJABHKHOM (ashkl pacTBOPAIOT B UHCTOM U
JeTyyeM OpraHuueckoM pacTBoputene. PacTBopeHHe BelyT B KoJabe,
noMellleHHOH B 6aHw. B pactBop n06aBASIOT onpejeseHHYIO HaBec-
Ky Hocutess. KosnmyecTBo pactsopa ROMKHO OBITH AOCTATOUHBIM
JJIS1 TIOJIHOTO HOKPBLITUS HOCHTeNs KUIAKOCThIO. CMech BBHIIEPIKHUBAIOT
yac, TMepHOLHUYECKH NepeMellnBas, NocJe Yero OTrOHSAIOT PacTBOPH-
TeJb MOX BaKyyMOM (BOZOCTPYHHBHIH Hacoc), HarpeBassi cMeCh Ha
BoAsiHON Gaue, [IpaBUJIBHO ~ NPHTOTOBJEHHBIAI TBepALIH HOCHTEJN b
J0JI3KeH OBITb PHIXJBIM, H OT HET0 He JOJXKHO HaXHYTh PacTBOpHUTeE-
JgeM. TBepIH# HOCHTENb TaKXkKe He JOJNKEH COJEPXKATh NBIJIH.

Onepanusa 3alo/HeHHS KOJIOHOK JOCTATOYHO IPOCTa, OJHAKO
MPOBOJAUTD €€ CJelyeT OYeHb TIIATENbHO, IIOCKOIBbKY 3 (HeKTHBHOCTD
KOJIOHKM B 3HAUYUTE/NbLHON CTeNeHH 3aBHCHT OT NPABHJILHOCTH YHa-
KOBKH. TBepAHH HOCHTeNb BBOAAT B KOJOHKY MaJeHbKHMH MOPIHS-
MH 4Yepe3 BOPOHKY, NEPHOAHUYECKH MOCTYKHUBAsl 110 CTEHKAM KOJIOHKH.
BpeMs or BpeMeHH HeOGXOJHMO Tak¥Xe MOCTYKHBATb HUXKHHM KOH-
IIOM KOJIOHKH 00 I0J1 UJH TBepAYyI0 HOACTABKY. Xpomarorpaduue-
CKHH HOCHTeNb [JOJKEeH PaBHOMEPHO 3alOJHATH BCIO KOJIOHKY, HHa-
ye MOryr o6pasoBHIBaThCS HeOOJblIHe KAHAJB ¢ MOHHXKEHHBIM CO-
NPOTHBJEHHEM NPOXOXKAEHHIO rasa-sHocHrens. Panblie and ynakos-
KH PeKOMEHJOBaJoCh IPHMEHSTh PAasJHYHOTO poja BHOpaLHOHHbIE
VCTAaHOBKH, HO NO37Hee Obljo OOHAPY:XKeHO, UTO Jydlle YIJOTHATh
MaTepuaJ, NPOCTO MOCTYKHBasg 1o KojaoHke. Ilpsmuie wau U-o6pas-
HElE KOJIOHKH JIETKO YHAaKOBBIBAIOTCH, CIIHPAJbHBE KOJOHKH YIaKo-
BLIBATL TPYJHee; B IOCAeJHEM cJayyae pPeKOMEHIYeTcsl MCHOJb30-
BaTbh JaBJeHHe Ha BXOJE B KOJOHKY M BaKyYMHPOBaHHe Ha BHIXOJe,
a TakXe MOCTYKHBATH IO KOJNOHKe. MeranninyeckuM KOJOHKaM
MOXHO NpHAABAaTL HeOOX0AUMYIO (POpDMY yKe HOCJe TOro, Kak OHH
3anoJiHeHH. YMaKOBaHHHE KOJOHKH 3aTHKAIOT NPOOKAMH H3 CTEK-
JIOBATHI.

TIpuroroByieHHbIE KOJIOHKHM Tiepe]l HCIOJB30BAHHEM IMOJBEPraior
npenBaputenbHoil 06paborke. C 3TOH Henbl0 KOJOHKH HAarpeBalwT
HeCKOJILKO YacoB TPH TeMmeparype, Ha 25°C npesblalonieil pao-
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4yl0 TeMIepaTypy, NpPOnyckas uepe3 KOJOHKY I'a3-HOCHTeNb CO CKO-
pocTbio nmpuMepHo 5—10 Ma/MuH. BBIXOL H3 KOJIOHKH ODH 3TOM
JIOJIzKEH OBITh OTKJIOYEH, YTOOLl IPEJOTBPATHUTDL 3arps3HeHue JeTeK-
Topa. B xone Takoit 06pab0OTKH K3 KOJIOHKH YJIaJS0TCs NOCaelHHE
CJleibl PACTBOPHUTEJIS H JETKOKHIISIIIHX KOMIIOHEHTOB, KOTOPble MOTYT
[NPHCYTCTBOBAThL B HeNMOJABHKHOH ¢hase, U HemojBUKHAA (Pasa Gosee
PaBHOMEDPHO paclpeenseTcs N0 HOCHTEJIO.

10.3.4. HAHECEHME HENOJBH)XHOW )XUIKOH $A3bI (H)KXP)
HA BHYTPEHHIOIO MOBEPXHOCTb KANMUJJISIPHBIX
KOJIOHOK

Ilepen HawasoM paboTH C KanUAJAAPHOH KOJOHKOH ee BHYTDEH-
HHe CTeHKH HeoOXOAHMO OYHCTHTb OT HDHMeceH, B YaCTHOCTH KOH-
CePBHPYIOHUX peareHTOB WJM CJeL0B TIPS3H, OCTAaBIIHXCA HpH
HM3TOTOBJEHHH Kamujaspa. Merannudeckue KamUJUJISAPHBIE KOJOHKH
IPOMBIBAIOT FJIaBHEIM 00pa3oM OpPraHHYecKHMH pacTBOPHTESMH,
#anpuMep XJopohopMOM, AlEeTOHOM, METaHOJIOM, T'€KCaHOM, AHITH-
JoBuM 3¢dupoM. Ko/ioHKH H3 HepxkaBelolleli CcTajH, a HHOTJA U
CTEeKJAHHEE KOJIOHKH IIPOMBIBAIOT XpOMOBOH cMechio. C 3TOH 1enbio
pacTBOpUTEJNb OOBIYHO NPOKAYHBAIOT Uepe3 KOJOHKY IOJ AaBJICHH-
eM uHepTHoro rasa. [uis Hanecenns H)K®, kax npasujo, ucnofn-
3yeTcs cnemuajnHoe obopyjgoBaHue (cM. pajee). Ilocsae ouncrku
KOJIOHKY BHICYIUHBAIOT TOKOM ra3a-HOCHTEJI.

Toneit [28], aBTOp mepBoit paGoThl MO KAMHJJASPHEIM KOJIOHKAM,
Onucasa crathieckuit meron Hadecenuss H)K®. Corsmacno npepJo-
JKeHHOH HM MeTO/MKe, 3aKPBHITYI0 C OJHOTO KOHILIA KOJIOHKY 3aIoJ-
HSIOT PacTBOPOM HENOABHKHOH (pasbl B pacTBOpHTe/e H 3alOJHEH-
HYI0 KOJIOHKY MeAJIEHHO NPOTATHBAIOT Yepe3 HarpeBaeMylo Ieub,
npudeM B Neyb KOJIOHKY BBOASIT CHAYaJa OTKPBHITHIM KOHIOM. JleTy-
quil PacTBODHTEJb HCIIAPSETCS U3 KOJIOHKH, U Ha CTEHKaX KaIHJJs-
pa obpasyeTcsl NJeHKa HemoABHXKHOH paswl. Korga mpouecc obpa-
30BaHMA IIJIEHKH 3aKOHYHTCS,, OCTATKH PACTBOPHUTENS YAAJIAIOT H3
KOJIOHKH IIOTOKOM rasa-Hocutess. Hejpocratok gaHHOro Merojga —
OTHOCHTeJ/IbHas CJIO0KHOCTb 0O6OPYIOBaHHSA, KPOME TOTO, TAKHM CLO-
co60M Hesb3s HanocuTb H)K®D Ha creknsHHble KamWJLISAPHI, HO-
CKOJBKY TpebyeMyio (OpMYy KOJOHKe NPUAAIOT yXKe IOC/Te HaHece-
uusa HOKO®.,

B Hacrosimnee BpeMst HamnbGoJiee IUHPOKO HCHOJB3YETCS AHHAMH-
1neckHid Meton HaHecenuss HJK®, tpebyromuit mpocroro obopynosa-
Hua (puc. 10.18). PacTrBop HemoABMKHON KHAKOH (passl B COOTBET-
CTBYIOIIEM PacTBOPHTENe (HAHECEHHE HEMOJBHXKHOH XXHAKOH (pasnl
Ha HOCHTeJb CM. B 4. 1, ri. 2) momemalor B cocyx 2. OunieHHYIO
¥ BBHICYIIEHHYIO KANUJLISAPHYIO KOJIOHKY 8 COEIMHSIIOT C COCYAOM 2,
KOTOPLI B CBOI OuUepelb COEJHHSIOT C COCYAOM I, coiepxKaiuMm
ra3. PacTBOp NpOZAaBAHBAIOT 4Yepe3 KOJOHKY C MOCTOSIHHON CKO-
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pOCTbIO TIOTOKOM Tra3a-HOCHTeJs (resusa, aprosa, asora HJAH BOAO-
poza). CKOpOCTb He AOJKHA NPEBHIIATH 2—10 oz\n...:mmnm obpa-
3yeTcsl TUIEHKA HeNOABHXKHOH (a3l HEPABHOMEDHOW TOJIIHHEL,
10TOMY HeOO6XOJHM HCTOUHHK Ta3a-HOCHTeJs, NAIOUMA IOCTOSH-
HBIA TOTOK rasa (Hampumep, 3JEKTPOJHTHYECKAs suedKa), a He
[IOTOK ra3a INOCTOSIHHOTO AaBJIeHMs, Kak B OOGBMHOH XpoMaTtorpa-
¢uu. Kak TONIbKO KOJOHKA 3 HANOJNHHTCH PAcTBOPOM, cocyn 2 oT-

Puc. 10.18. ITpuGop anst HaHeCeHHs XKHI-

KOH HeNoABHMKHOH (a3l B KanH/Iap- 2

Hble KOAOHKH AWHAMMYECKHM METOAOM. 3
] — HCTOYHHK NOCTOSIHYOr'O JAaBJeHHd; 2 — pe-

3epByap ¢ PacTBOPOM HEMOABHKHOX XHAKOM

¢aspl; 3 — KanuansipHasi KoJOHKa; 4 — CoCyA
ANA C/AHBA.

4

KJAIOUAIOT M KHAKOCTh H3 KOJIOHKH BBHIIABJHBAIOT IIOTOKOM rasa B
cocyn 4 ¢ Tofi e CKOPOCTbIO, ¢ KOTOPOH KOJIOHKA HAaMOJIHAJACh.
Kak TOJbKO M3 KOJOHKH YAAJHTCH BeCh PacTBOP, CKOPOCTh MOTOKa
ra3a-HOCHTeJS MeNJeHHO MOZHUMAIOT A0 pabouero 3HaveHus (3—
5 ma/MuH). KoJOHKY KOHIMIHOHHPYIOT B TOKe rasa JOBOJbLHO AOJ-
ro (3—5 u), yro6H yIaNUTh OCTATKH PACTBOPHTEJS.

MeToabl JHHAMHYECKOTO MOKPHITHS KATHJJIIPHHIX KOJOHOK MOXK-
HO pasjesUTb HA JABe TPynmel: 1) MeTOAB, B KOTOPHIX HCMOJb3YETCH
o6bem pactopa HOK®, npesniuatomuii o6beM 3amosHAEMOro Ka-
NANNApa, H 2) MeToAbl, B KOTOPHIX HCHOJB3yeTcss 00beM pacTBopa
H)K®, Mmenbmuii o6bema 3anoassieMoro kamuaasipa. O6a merona
OTJNYAIOTCHA TJIABHEIM 00pa3oM crnoco6oM ONpeneseHusl KOJHUeCTBa
HeMOJBHKHOH (ashl, OocTaoIeldcss B KOJOHKE B B TOHKOH MJIEHKH.

Hanecenne H)X® 1o mepBoMy MeTOAY TPOBOAST OINHCAHHBIM
Buile crnocoboM. ITocne okonuanns nanecenns H)KP koJoHKY OT-
COeIHHAIOT M B3BemuBawT. I[To pasHocTH mMacc CyXOH M 3alOJHeH-
HOH KOJIOHOK ONpEeAEJISIOT KOJHYECTBO HAHECEHHOH HeMOABUKHOM
¢daset M. Tommuny nieHku df pacCYHTHIBAIOT IO YPaBHEHHIO

dy=M/2nd,rL, (10.32)

rne d; — naotHoctb H)K®, r— paguyc KoJoHKH, L -—ee AnHHA.
OyeBHAHO, YTO BBHAY OTHOCHTEJHHO BBICOKOH MAacChl KOJOHKH MpPH
He6OJBIIOM KOJHYECTBE HEMOABHXKHOH (Pasbl  JIOCTATOYHO TOYHO
onpefeanTs M mpaktuuecku HeBo3MoxHO. [TosTomy Onlio mpemsio-
JKeHO HCNOJb30BaTh AJs Hadecenus H)K® rtakoit o6beM pacrsopa,

13—13
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KOTOpPHI cocTaBaga 6w TOoabko 109% o6bema komnonku. Ha

puc. 10.18 mokasaHa cxema ycTpoiictBa Asa HaHecenus H)K®. |

B Hero BxoaAT ABe KaauGPOBaHHBIE GIODETKH PaBHOTO IHAMETPa,

KOTOpHle TMOMEINAT MEeXAY COCYAOM 2 M KOJOHKOA M KOJOHKOH H
cocynoM 4. B nepsoit GopeTke orMepsetcs 0o6beM Vi pactsopa
H)X®. 3tor pacrBop NpOXaBAHBAOT uepe3 KOJNOHKY 3 TAKHM XKe

crnoco6oM, Kak 9TO ONHCAHO Bule. Brllmenmuii U3 KOJOHKH 06beM
pacrBopa V: Touno u3Mepsercs Bo BTOpoil Gioperke. Ecan KoHIEeHT-
paunusa ¢ (06.%) pacTBopa HemoABHXHOH ¢asel U3BECTHA, TO TOJ-
HIHHY NJEeHKH MOXKHO PacCUHTaTh:

dy=(V,—V,)c/200Lr (10.33)

O roMOreHHOCTH NJEHKH XHAKOCTH B KANHJJISAPE CYAAT IO 3¢-
(GEKTHBHOCTH NPHTOTOBJEHHON KOJOHKH. H3BeCTHO, 4TO naxe npu
OJHHAKOBHX KauecTBE HCXOJHOrO MaTepHaja H MeTOIHKe IOAro-
TOBKHM KOJIOHKH IlepeJ, HaHeceHHeM HpPUTOTOBUTL JABE KOJOHKH OLH-
HaKoBOH B{peKTHBHOCTH NpaKTHYeCKH He yxaercs. Hekoroprle ma-
TepHaJbl NPOABMAAIOT aJACOPOUHOHHLIe CBOHCTBA, YTO YMEHbUIAET He
TOJIbKO 3(PEKTHBHOCTL KOJIOHKH, HO U ¢akTop eMkocTd. Hanpumep,
Me/lb BHI3BIBAeT COPOIHIO, KOTOPask NPOSIBASETCS B KATAJHTHUECKOM
AKTHBHOCTH NOBEPXHOCTH KOJIOHKH. HekoToprle HemoxBHKHbIe (a3b
pasjaraiorcs B MeIHHX Kanujiapax jaaxe npu 150°C. Ilo sroir
TIPHYHHE CTeKJAHHBlE KaNMJJISAPHl NpeAnouTHTeNbHE. OpHako, 4ro-
6Bl MOJNYYHTb TOMOTeHHhIe TUIEHKH, CTEKJSIHHBE KANHJJAPH Heo6-
XOAHMMO INIOABEPraTh crenHaJbHOl 006paboTKe nepel HaHeCEeHHEM
H)X®. MoxHo, HanpuMep, OPOTPaBUTh BHYTPEHHHE CTEHKH KaluJj-
aspa 17%-nuiM pacrBopom ammuaxa npu 180°C [61], dropuzom
[84] mamm xmopupom Bomopona. IIpm HCOMB3OBAHHH NOCHELHHX
JBYX COCIMHEHHH CTEKJSHHBE KOJOHKH IocJje 06pa6oTKH 3amonHs-
IOT KHCJIBIM PacTBOPOM, 3aNlaHBalOT ¢ OOOHX KOHLOB H BHIIEPKHBA-
10T HEeKOTOpPOe BpeMs NPH NOBHIIEHHOH TeMueparype. ITocae aToro
KOJIOHKH OTKPHIBAIOT, NPOMBLIBAIOT M BEICYIUHBAIOT H 3aTeM OIHHM
H3 ONHCAaHHHIX Bhille crnioco6oB Hanocar H)K®. Muorga nosepx-
HOCTb KaNHJUISIPHOH KOJOHKH Moaupuuupyior. Meronnka Moaudu-
KalMH INOBEPXHOCTH KOJIOHKH CXOJHA C METOAHKOH MOoAuHKALHM
MOBEPXHOCTH HHEPTHOro HocHTess (cM. pasg. 10.3.2).

Kanuanspubie KOJOHKH MOMHO TaKXKe 3alOJHATL CJOEM TBEp-
AOTO HOCHTeJIsl, IOKPHTOro HemoABHKHOH ¢hasoit [19, 29a]. .

10.3.5. NOArOTOBKA OBPA3LIA

TBepable, a uHOrAa W XuAKHe 06pasubl (0COGEHHO €CJAH OHH
BSI3KHE) CJeyeT BBOAUTL B KOJIOHKY B BHJe PacTBOpPa B Jerkosery-
ueM pacTtBopHTese. PacTBopuTeab JOAXKeH OHTb OYeHb YHCTHIM, H
€ro xpomartorpaduyeckufi MUK He JOJKEH BJHATL HAa IUKH HCCJe-
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nyeMblx coeinHeHHiA. HekoTophle coelMHeHHs H3-3a HH3KOH TepMo-
CTOMKOCTH, aCHMMETPHYHHX XpOMaTorpadHYecKHX NMHKOB, HENOZXO-
naunx $HaKTOPOB pas/jesieHHs! WX HH3KOH JIETYUeCTH Jiyqlle aHAJIH-
3HpOBaTh B BHJe NpoU3BOAHHIX*. Tak, HampuMep, KapGOHOBHE Kuc-
JIOTHI, CaXapa, GeHONH M CHHPTH MOMKHO KOJHUECTBEHHO NepeBecTH
B MeHee NOJspHbie H 0oJiee TEPMOCTOMKHE MPOM3BOAHHE, Y IMHKOB
KOTOPHIX HaGJIONAIOTCH CYLIeCTBEHHO MeEHBIIHe XBOCTH. OIHAKO
cJieAyeT NMOMHHTD, YTO yAaJIeHHe CHJbHO NMOJSIPHBIX FPYNIl H3 MOJie-
KyJibl IDHBOAHT K YMEHbLUEHHIO CEJICKTHBHOCTH HENOABHKHOH ¢assl,
a 5TO B CBOIO ouepelb BEJET K YXYAIIEHHIO pa3lesieHHs] H30MepOB
¢ 6JM3KHMH TeMIIePAaTypaMH KHIIEHHS, HO eCJH HaBJeHHe NapoB Ta-
KHX NPOH3BOAHBIX JOCTATOYHO, TO Da3fie/ieHHE MOXKHO YJYYLIHTb.
B nacrosimee Bpemss HauboJjiee NMONYJSPHO MOJYdYeHHE CHJOKCAHO-
BHIX NMpOU3BOAHHX. Caxapa, ¢peHOJb, COHPTH, IVIMKOJH, KHCJOTH,
AMHHB H T. I. BCTYNAIOT B PEAKLHIO C CHIOKCAHAMH KOJMYECTBEHHO.
Hukaxoil cnennannbHOR anmnmapatypbl 4Jig NOJYYEHHS CHJMJbHBIX
NPOM3BOAHBIX He Tpelyercs. Panblle B KauecTBe CHJIAHH3YIOUIETo
peareHTa HCIOJb30BAJICS YHCTBHIA reKCaMeTHJIHCHJIA3aH, 3aTeM ero
HAYaJH CMEINIHBATbH C TPHMETHJIXJODCHJIAHOM B COOTHOLIeHHH 2: 1.
B nocnennee BpeMs ¢ 5TOH WLeJbI0 CTaAH YacTO MCIOJb30BATh
6uc (TPHMETHIICHIINI) alleTaMHJl, KOTOPHIH pearupyer ¢ HcCJaeAyeMH-
MH COEJAHHEHHSIMH Ha XOJIORy. Peaknus GHcC (TPHMETHJICHJIHI) aleTa-
MHAA C THAPOKCHJICOAEPIKAUMMH COEHHEHHSIMH NIPOTEKAET CJAEAYIO-
muM ofpasom:

2ROH + CH,CON|Si(CH);]; —» 2RO—Si(CHy)s + CH,COHN,

IIpoayKTH cHI2aHM3AUHM CTAGHJBHB, H Hepex xpoMarorpadupona-
HHeM OGBIYHO HX He BBLIAEJSIOT H3 PeaKHHOHHOH cMecH. CHJaHH-
3yloulMe e peareHThl HACTOJIBKO JIETY4YH, YTO AaxKe NPH GOJbUIOM
uX n36bITKE OHM MOSABJAIOTCA B CaMOM Havaje XPOMAaTOTPaMMH H
He MellaloT ONpefeseHHIO pPa3fensieMbX KOMIIOHEHTOB.

Haa nosyyeHHst NPOH3BOAHHIX COEAMHEHHH ¢ MaJoil peaKkIHOH-
HOH CIOCOGHOCTHIO NPHUMEHSIOT TaKKe 6uc (TPUMETHJICHIH) TPH-
dropaueramun u N-TPHMETHJICHIHIIMITHIAMAL. IIOMHMO OHJA-
HH3AUMK HCNOJb3YeTCS TaKXe aleTHIHpOBaHHe N-MeTHaGuc- u
Guc (rpudropameramugom).

Mul cuuTaeM HaHayuYLleli cleIyIOLIYIO METOJHKY: B MaJjleHbKOM
Kon6e o6beMoM 5—10 MJ B3BelIMBAIOT 0,2—0,1 r o6pasua, konby
SaKPLIBAIOT Pe3MHOBOH MPOOKOH M BBOAAT IUNpHIEM H3GHTOK
Guc (TpuMeTHicuana) aneramuna. Ilocie wero cMech 3HEPruYHO
BCTPAXHBAIOT ¥ OCTaBJAWT Ha 15 muH. Ecam peakums reuer HOD-
MaJbHO, KOn6a HarpeBaeTcss W MOJydaeTcss 4HCTHE pacTsop. s
BBola obpases] OTGHpaeTCs HENOCPEACTBEHHO IUMPULEM H3 KOAGH.

* Bosee moapo6HO STH BaxHbie MeTOAH omucaHm B Kuure B. T. Bepeskuna

.Ax%zfmox:m MeTOAH B ra3oBofl xpomartorpaduu.-— M.: Xumus, 1980). — 1 pun.
ped.

13+



596 I'JIABA 10

10.4. KAYECTBEHHBIA AHAJIN3

I[Ipn HacTosLleM ypOBHe Pa3BHTHA ra3oBoi xpomarorpaduu oc-

HOBHO# yIOp fAeJiaeTcsi Ha KaueCTBEHHOE onpejejeHne U pasfeaeHHe |
KOMIIOHEeHTOB. Bce uanie H vame uAeHTH(GHKALHA, OCHOBaHHAA Ha |
XapaKTepHCTHKAX YyNePKHBAHHA, OKa3blBACTCA HECOCTOATEJbHOA # |

HeloCTaTOuHOH, 0CO6eHHO B HCCJIeAO0BATEJIbCKHX pa6orax. Ocnos-
Has NPHYHHA, CTHMYJHPYIOHIAS pa3paGoOTKy HOBbIX METOJHK HIEH-
THHKAUUE B ra30BOH XpoMaTorpauu, COCTOHT B CJENYHIOLIEM:
OCHOBHLIM HArfpaBJeHHeM XpoMaTorpaduu CTAHOBUTCS He aHAJIN3
TeX OTHOCHTEJbHO NMPOCTHIX cMeced (T/iaBHBIM 06pa3oM yryieBoiopo-
IOB), C KOTOPbIX, COOCTBEHHO, H HaUHHAJACh ra30Bas xpomarorpa-
¢usl, a HCCJAEOBAHHE CJIOMKHBIX cMmeceli NPHPOAHBIX COEIHHEHHH I
6HOJIOrHUECKHX MATEPHAJOB. Bhlle/eHHble CTaHAapTHbhE COCNHHE-
HHS B TAKHX CJydasix OOGbIYHO OTCYTCTBYIOT, 2 D5 KOMIOHEHTOB
aHaJH3UPyeMOH CMecH MOYTH BCEria HEH3BECTEH. ITosToMy He HC-
KJIOUEHO NepeKpbiBaHHe HJIHK HelpaBu/bHAsS uaenTH(UKALKSA [THKOB
HEKOTOPLIX KOMIOHEHTOB. :

VIMeHHO 03TOMY B HAcTOsLiee BPeMsi TaKoe BHMMaHHE YACJACT-
csl pa3paboTKe CENEKTHBHHIX JETeKTOPOB, MO 3TOH XKe NpUYHHE XPO-
_Martorpaduueckuii aHaJH3 AOTOJHAIOT CIEKTPOMETPHUCCKHM aHaJH-
30M, TJaBHHIM 00pa3oM Mmacc-cnekTpoMerpHeit. [IpuMeyaresnpHo, 4TO
npH 3TOM rasoBasi xpomarorpadus He J1erpajHpyer B npocToil Me-
ton pasnenenusa. Hamnporus, ofbefHHEHHEe '3THX [BYX aHaJUTHYeE-
CKMX METOJOB pAaclliHpsieT BO3MOXHOCTH KaXJ(Oro M3 HHX. TeM He
MeHee WICHTHOUKAUHS aHAIH3UPYeMbIX KOMIIOHEHTOB MO XapakTe-
pUCTHKAM YAepKUBAHHA (BpeMsi yaepKHBaHHUs, 00beM YAepKHBA-
HHsl, OTHOCHTEJbHBI 0GbeM yIepKHBAHHA, MHAEKCH YAEPKHBAHHI,
M T. 1.) MCIOJNb3yeTcsl Bce-TAKH Hallle BCEero, NOCKOJbLKY STOT METOx
OYeHb NPOCT H NMOCKOJIbKY CJIOKHOTO xpomarorpagpuueckoro o6opy-
AOBaHHs IPH 3TOM He Tpebyercs [73].

10.4.1. MWIEHTH®UKALUSA KOMNOHEHTOB CMECH
110 XAPAKTEPUCTUKAM YA EP)KHBAHUA

XpomarorpamMma I103BOJISeT NOJYIHTb TPH OCHOBHEIX apamerpa:
MHTEpBAJ YyLePXKHBAHHS (BpeMs HJH o6beM), WHPHUHY (MM, MaA
ofbeMa rasa-HocHTeJs, BpeMs) H BBICOTY IHKa. Crocob uaeHTHDHU-
KalMM [0 WHpHHe THKa [75] He HauleJ WIMPOKOrO NPHMEHCHHS.
IllupuHa NHKa 3aBHCAT HE TOJIBKO OT a7copOUHOHHBIX IIPOLECCOB,
NPOTeKAIONUX B KOJOHKE, HO M OT 11 Py3HOHHBIX NPOIECCOB, HA
KOTOpble B 3HAUHTEJbHONH CTENEHH BJHUSAIOT SKCIEPHMEHTAIbHbIE yC-
JIOBHSI, BCJEACTBHE 3TOr0 HASHTH(QHUKANHUSA MO IIMPHHE NHKA YPE3BbI-
yailHO 3aTpyAHEHA.

Heo6x04¥MO OTMeTHTb, 4TO 0e3 npeaBapuTeNbHOH, MO KpaidHel
Mepe OPHEHTHPOBOYHOH, HH(OPMALHH 06 anaJu3npyeMoil CcMecH
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uieHTHQHKAILNS 10 XapaKTePHCTHKAM YAEPXKHBAHHT NPAKTHYECKH
HEBO3MOXKHA, M AaXe B HAWJYYIIHX CJIYyYafX pe3yJbTaThl TaKOK
uleHTHQHKANHH BecbMa HeompeleseHHH. TeopeTHYecKH MOXHO
cpaBHHTb (Hampumep, J. Chromatography, pasx. Data Section uan
[11]) omyGiankoBaHHbie JAHHBE MO YAEPXKHBAHHIO C NapaMeTpamH
y/ePKHBAHKS, TOJNYYEHHBIMH SKCHEPUMEHTANbHO. Srta MeTOA¥KA He
7aeT JIOCTATOYHO YIOBJETBOPHTEJBbHBIX Pe3y/bTaTOB OTHACTH MOTO-
My, 4TO TIPHBEJICHHbe B JIHTEPAType AaHHEE MOTYT OTJIHYATHCSA OT
pe3yJIbTaToB, MOJyYEHHBIX 3KCIEPHMEHTANLHO NPH NpUOIU3UTENBHO
OJIMHAKOBHIX ycJoBusiX. Hesb3st rapanTHpoBaTh AOCTATOUHYIO HIEH-
THYHOCTb OCHOBHBIX 3KCIIEDHMEHTAJIbHBIX YCJIOBHH, HANIpHMep, Kaue-
CTBO TBEpJAOro HOCHTessl (4acTo Jaxe JBe MapTHH OJHOrO H TOro
e Marepuasia ofHO# (GuUPMH pesko pasanuaworcs [16]), Temmepa-
Typa TEPMOCTaTa, BJIHSHHE HENOJBHXKHOA (asbl, rasa-HOCHTeNd H
T. . MOTyT BapbuHpoBaTth. Uaile Bcero MPOBOAMTCS NPOCTOE CPaB-
HeHHe YAedbHOTO o6beMa YAEPKHBaHHS KOMIOHEHTa C 0GbeMOM
yIepXKHBaHHA CTAHZAPTHOrO coefnHenus. Ecau ykasaHHBE 06BeMbl
yllepXHBaHHsS COBNAJalOT B Ipefesax OLIMOKH JKCNepHMeHTa, TO
TIPeANONaraeTcs, YTO CTAHAAPT H aHAJTU3HPYeMOe COeIHHEHHEe HIeH-
tuuHH. [IpuBeseM OZHO W3 MNpPOCTEHLIMX ypaBHEHHH IJs pacuera
yAeNbHOTO 06beMa yAep:KHBaHUA Vg:

V= (273R/M) (1)¥°p), (10.34)

rie R-—rasosas mocrosnHas, M — MojieKyisipHas Macca Hernon-
BHXKHO (asbl, p — JaBjeHHe HACHIIEHHBIX 11apOB YMCTOTO AHAJH-
3UPYEMOro COefHHEHHs], Y — KO3(h(HIHeHT aKTHBHOCTH. JTO Ypas-
HEHHE NOKA3bBAeT, UTO HHU B raso-XKH/JIKOCTHOH, HH B raso-aacopo-
IIHOHHOM xpoMaTorpaduu y’p He MOXKeT PacCMAaTPHBATLCH Kak cre-
uxHyeckoe AJs LAHHOrO KoMIoHeHTa. IlosTomMy ¢ TeoperHuecKoi
TOYKH 3peHHs1 y6equTeJbHEIMH MOTYT CUMTATLCA TOJbKO Te IKCIepH-
MEeHTH, B KOTOPHIX He Habjofaercs COBNafeHHs 06beMOB YIepXKH-
BaHHSl HCCJAELYEeMOro M craHgaptHoro coepuHeHuit. Ecan asa uam
GoJlee KOMIIOHEHTOB CMeCH HMEIOT OJMHAKOBHIE XapaKTePHCTHKH
VIepKUBaHHs, JOBOJBLHO YacTo HabMI0/laeTcsl MepeKphBaHKHe MUKOB.
B aroM cayyae HEBO3MOXKHO HAeHTH(OUIUPOBATL KOMIOHEHTH MpO-
CTBIM CpaBHEHHEM.

Koppensiuuss XapakKTepUCTHK YAEPXKUBAHHS C APYTHMH CBOHCT-
BAMH COeJHMHEHHI OT4ACTH MoMoraer uaeHtHdukauud. PaccMoTpuM
o6lL1He TeopeTHYECKHE ITOJIOXKEHHS, Ha KOTOPBIX OCHOBAaHA Koppess-
LIHOHHasi Xxpomarorpaduyeckass uaentudukanug. Msmenenue cBo-
6onnoit sHeprun I'm66ca pus agcopOLUHUH OJHOTO MOJIS PacTBOpEH-
HOTO BellecTBa B HemoABHKHOH ¢ase AGs ompenensieTcss BhHIpaxKe-

HHEM
AG2=—RTInp+RT Inv’, (10.35)

rie T — a6conoTHasi TemmepaTtypa. BTopofi usneH npasofi wacTtu
ypaBHenus: (10.35) siBasiercss mapruajbHOR MOJBHOH H3O6BITOUHOH
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cBOGOIHOM OHEPrHell aHAH3UPYEMOrO COeAUHEHHS
AGE =—RT Iny® (10.36)

OH xapakTepusyer OTKJIOHEHHS COPGIMOHHOTO Npolecca OT JHHeil-
Hoill 3aBHcuMocTH. Pemas cosmecTHo ypasrenus (10.34) u (10.35),
MOXHO IOKa3aThb, YTO OObeM YAEPKHBaHUS siBJseTcs (yHKIHeH
AGY:

AG=—RT In(273R/MV ) (10.37)
Ananornuneim o6pasom u3 ypasHenuit (10.34) u (10.36) mosyuaem
AGE =—RT In (Vp)+RT In (273R/M) (10.38)

Teopernuecku H OKCNEPHMEHTAJbHO NMOATBEPXKIeHO, yTo AGE — af-
AUTHBHASI QYHKUHS H3OBITOYHOH CBOGOAHOH BHEPrMH OAHHOYHHIX
rPYNI MOJEKYJIb

AGE =SAGE (A)+ ZAGE (B) +-... + ZAGE (N) (10.39)

rxe A, B, .., N —dynkuuonansarle rpynnsl Mosekyas. ITostomy B
FOMOJIOTHYECKHX Psiiax COENHHEHHH C yBeJHYeHHeM dYHcAa (yHK-
HHOHAJILHBIX TPYIN B MOJIeKyJe HabJaI0faeTcsl YBeJHIeHHE SHEPrHH.

Has monekyn tuna (CHs)m(CH:)aX, Kax nokasaau Hosak u
cotp. [69], nanGosee mesecoo6pasHo HCNMOJB30BATH AN KOPpeJsi-
UHH C yJepXKHBaeMbBIMH o0beMaMu MeTHJeHoBble rpynnun (CH,).
Ilpu cosMectHoM pemenuu ypaBHennit (10.38) u (10.39) moayuaer-
Csl BHIpaKeHHe

AGE (CH,)=—RTd In (V p)/dn, (10.40)

rle n—4HCAO METHJIEHOBHIX TPYyNH B MoOJeKyJe. 3aBHCHMOCTb
—In(Vep) or n (puc. 10.16) AJs OAHOTO TOMOJIOTHUECKOrO pAZa
HMeeT BHJ NpPsSMOH, HAaKJOH koTopo# pasen AGE/RT. MoxHo Tak-
Xe IOCTPOHTb KDHBYIO 3aBHCHMOCTH InVg or uncaa yriepoansix
aTOMOB B MOJIeKyJi€ HJHM OT MOJIeKyJspHO# MaccH H T. 4. BMecTo
Vg MOXHO HCIOJIb30BATb OTHOCHTE/bHOE YAEPKHBAHHE ri,7, TIPHBE-
JAeHHBH 00beM ynepxuBanus V'p HaH BpeMst yJepXKHBaHHS [g H
Apyrae napamerpsl, NOJy4YeHHble H3 XaDaKTEDHCTHK yAepPKHBAHHS.
Ha puc. 10.19 u 10.20 npuBefeHbl NPHMEPH TAKHX 3aBHCHMOCTEH.
Hast Koppensuuyu MPUrOAHEl JPYrHe NapaMeTpPH aHAJH3HPYEMEIX
COeJIMHEHHH, KOTOPble HeBHO BXOAAT B ypasHenue (10.34), mampu-
Mep Temneparypa kunenust Tp. Hemoabdyst nocrosiunyio BoabuMa-
Ha R (kan-mosb-rpag~) W ypaBHeHHe AHTOHH, mOJyYaeM [562]:
p=[(R, Ts). B norapucdmudeckoit hopMe noc/ie BBeJEHAS KOHCTAHT,
YAOBJIETBOPSIOUIUX JOCTATOYHO IUHDOKOMY DpSILy COeIHHEHHH, 3TO
BhIpaKeHHe MPHHUMAET CJAeAYIOUHH BHA:

Ig p=2,9- 0,22k —0,22tT, /T (10.41)

L7

%

10

—log z'R

ae

I 1 1 L
Qu 6 7 8 g

Puc. 10.19. 3aBucuMocTs BpeMeHH ylepXHBaHHA (fz) OT WHCJAA aTOMOB YIJEpo1a
(n) B MOJNEKy/se aHAMH3MPYeMOro COefHHERHA.

TemnepaTypa KOMOHKH 78 °C; HenoABHXKHas daza — Gensuanudennn; ! — coefHHEHHS aPO:..a-
. TAYECKOro psifa; 2 — napacgnHbl.

— =N

Puc. 10.20. 3aBucuMocTb 06beMa yHepKHBAHHA (Vz) or uucna atoMoB yraepona
(1) B MoseKynax cOeAMHEHHH OHOTO TOMOJOTHYECKOrO pfAa.

1 — coelMHEHHA apPOMATHUYECKOr0 paAga; 2 -— UHKJIONEHTAHH; & — H-ONedHHB!; 4 — aNKaHB;
§ — 2-metuanapaduAl; 6 — 2,2-AuMernaAnapadHHDI.
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Prc. 10.21. 3aBucHMOCTb OTHOCHTENBHOrO yAepXKHBaHHA (rys) amkamos Cs—Cj or
temnepatyp kunenus (7).
Temnepatypa 65 °C; nemoRsuxHas ¢asa — cKBaJaaH; ry,2 ONpENEJEHO OTHOCHTENbHO H-HOHAHA.
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Puc. 10.22. 3aBucUMOCTb XAPAKTEPUCTHK YAEPKHUBAHHA HAa NBYX HENOABHIKHLIX ba-
3ax — cunukone (S) M Tpukpesuagocdare (7).

H s 2= nauerar; § — nponuaauerar; 4 — 6y-
eMNepaTypa KOJOHKH 78 °C; [ —— MeTHIaueraT; 2 — STH, ;|
Tennepatyp THJALeTaT; 5 — MeTaHoJ; 6 — 3TaHOM; 7 — npomnaxHoJ; 8 — 6yTaHoI.
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rae T —pabouas temneparypa. B sorapudmuueckoit dpopme nocse
pBeleHHs 4jieHOB U3 ypaBHenHa (10.41) ypasuenue (10.34) npunu-
MaeT BHJ

IgV,=1g 273R/M —1g v’ —2,9—0,22k— 0,22kT,/T (10.42)

[IpuMep 3aBHCHMOCTH XapaKTePHCTHK YAEPKHBAHHS OT TeMmepaTy-
pbl KHIEHHA NpHBeAeH HA puc. 10.21. 310 BuipaKeHHe MOXKHO TakK-
e C yCIIeXOM NPHMEHATh 1Js1 ONpejeseHHsl TeMIIepPaTypH KHIeHHs
HeH3BECTHHIX coeflnHeHu# [81].

a5t rOMOJIOrHU€CKHX DANOB HAKJOH MPSIMOH 3aBHCHMOCTH (HJH
APYrHX XapaKTeDHCTHK YAEPXKHBAHHS) OT HMHC/Ia XapaKTepPHCTHYe-
CKHX TPYNINl B MOJIeKyJe (HJIH MOJIeKYJsPHOH Macchl, TeMNepaTyphl
KHIIEHHS, H T. [..) ONpefesisieTcss NOJSAPHOCTHIO HEMOABHAKHON (hasbl.
[TosToMy BecbMa IOJIEBHO CONOCTABJATb XaPAKTEPHCTHKH YAePKH-
BaHHs, MOJIyYeHHHIE SKCIEPHMEHTAJbHO HA JBYX HENOABHKHHX (a-
3ax ¢ pa3inyHOA noJspHocteio (puc. 10.22). IIpu takoM conocras-
JIeHHH Heo0XOAMMO BHHMATEJbHO CHEQHTb 32 MOPAAKOM MOSIBJIEHUS
KOMMOHEHTOB Ha ABYX XpPOMaTOrpaMmax, Tak KaK OH MOXeT Me-
HATBHCS, @ NPH 3TOM HeH3bexHbl OMHGKH. OpPHEHTHPOBATLCA MOXKHO
IO PasJIHYHIO B KOJIHYECTBe (BLICOTA NMHKA) KOMIIOHEHTAa B CMECH;
€CJIH MHKH IePeKPHIBAIOTCH, 3TO MOXKET GHIThb OYeHb CJO0XKHO. Bos-
MOXHOCTH OLIHGKH MOXHO H36exaTb, HCIOJb3Ysl MeTOH, pa3pabo-
tankbi pantom [29a]. ‘

10.4.2. OTHOCHTEJIbHOE YIEP)KHBAHHE H HHIAEKCHI
YIAEP)KHBAHHSA

Kax yxe oTMeuasioch, Ha aGCcoJIOTHBE 3HAYeHHS O6beMa yaep-
KHBaHHS (BPEMEHH) MOT'YT BJIHSATb OLIHOKH 3KCIEepPHMeHTa. Yielb-
HHIH O0beM yAepKHMBAHHA TAKXKEe 3aBHCHT OT TOYHOCTH ONpejeJe-
HUs Macchl HeMOABHXKHOH (pasel, BBeLeHHOH B KOJOHKY. H3bexats
3/iecb OHGOK TPYAHO, 2 B HEKOTOPHIX CJAyYasX BOOGILE HEBO3MOXK-
HO, HanpuMep CJOXKHO YYeCTb IOTEPI0 HEMOABHXKHOH ¢asH B mpo-
liecce 3KCHIyaTallHH KOJOHKH BCJICACTBHE JIETYYECTH H T. . YAEJb:
HBIl 00beM yaepKHBAHHA He NaeT AOCTATOUHO HH(pOpPMALHH OTHO-
CHTEJIbHO COPOUHMOHHBIX CBOHCTB aHAJM3HPYEMOro COeIUHEHHS.

BuusinHe 9KcnepHMeHTa/IbHHIX OIUMGOK HA Pe3yJIbTaTH xpomaro-
TpaupoBaHHS MOXKHO 3HAUHTENbHO CHH3HUTb, 3aMEHHB a6CONIOTHbIE
BEJHUYHHBl XapAKTEPHCTHK YAEPKUBAHHS HA OTHOCHTEJLHBIE:

ra=Val Ve =ValV = (tr,—ty) tes—ty) ~ (10.43)

Tle uHAeKcaMu { U S 0003HAaUeHBl ONPEARJAEMHIl = KOMIOHEHT M
CTanaapr coorsercTBeHHO. CraHZapT BHOHPAOT TaK, YTOGH ero
XapaKTepHCTHKH yAEPKHUBAHHSA JIeXalH MeXAY XapaKTepPHCTHKAMH
YAEpXKHBAHHA HCCAELYEeMBIX KOMIIOHEHTOB. DTO He0GXOIUMO Kak
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a1 6oJiee TOYHOTO M3MepeHHs XapAKTEPUCTHK yAepXKUBaHHUdA, TakK
M H3 afcOPOUHOHHBIX TpeGoBaHHH (NMHK CTaHZAPTHOrO COEXMHEHHS
JOMXKeH OBITb CHMMETPHYHEIM H T. A.). IlosToMy oueBMAHO, UTO
NONBITKH HAafTH yHHBepcaJbHOE CTAaHAAapTHOE COeXHHeHHe (CM.
[20, 21]) He yBenuasuch ycnexoM. Ha KOJOHKaX ¢ TBepABIM HOCH-
TeJeM CYIIeCTBEHHO Pa3jHYHOH NOJISPHOCTH XapaKTEPHCTHKH YaAep-
JKUBAHHS TAaKOro COefMHEHHs OYAYT CHJILHO Pa3jH4aThCd, TO3TOMY
pe3yJibTaThl ONpeleJieHHsT OKaXYyTCs HEeYZOBJETBOPHTENbHEIMH.

INoneTkH cucTEeMATH3HPOBATh pacueT 3HAYEHHH yJepKHBaHHSA
CTaHJapTHHIX COeJMHEHHH He NpHBeaH K ycnexy. Hampumep, Heko-
Topee aBTOPH [20] DEKOMEHAYIOT pacCUHUTHIBATL OTHOCHTEJbHOE
ylepKHBaHHe aHAJIHM3HPYyeMOro KOMIIOHEHTa Kak TIeoOMeTpHYecKoe
cpelHee 3HAaYeHHH yAepKHBAHHS COCEIHHUX H-apadHHOB M OTHOCHTL
NoJy4YeHHOe 3HAYeHHe K cHcTeMe, B KOTODOH H-IPOIaH — YHUBEp-
CaJbHBIA CTaHAAPT.

TpyanocTH, BO3HHKAIOWIHE KH3-32 HCIOJb30BaHHA IJs HAeHTH(H-
KallH{ OTHOCHTEJILHHIX XapaKTePHCTHK YAepXKHUBaHHA, B 3HAUHUTEb-
Holi cremeHH OblIM mpeojoJsieHnl KoBauem [46], KOTOpHI BBes HH-
lekcol yaepxuBaHHA. CHCTeMa HHAEKCOB YAepXKHBaHHS OCHOBaHa
Ha BBIPaXKEHHH XAaPAKTEPHUCTHK YAEPKHBAHUS C MOMOIUBIO LIKaJBI
XapakTePHCTHK YyAePXKHBAaHHS HOPMAJbHHIX mapadHHOB, KOTOpas
JlaeT CTOKpaTHOe yBeJHUeHHe HAa OJHH aTOM yrJjepoja B MOJEKYJeE.
HuajgekcH yaepXKHBaHHS DPaCCYMTHIBAIOTCS H3 OGBEMOB yIepKHBa-
HUSL (MJIH APYTMX XapaKTePHCTHK) aHaJH3HPYEMOro COeIHHEHHS H
Mo KpafiHe# Mepe JABYX #-nmapa¢HHOB, KHNSIUX B TOH Xe objacTH.
Uuereiit o6bem y1epKHBAHUS ONpeNeNseTcs BHpaKeHHeM

HIIA
[=100{24n (g7, /187 oy, 2)s (10.45)

rie 2 — 4YHCJO aTOMOB yrJjepoja B INocJeJHeM napadHHe, KOTOPHIA
SJII0ONpYyeTcs Ilepel BeIleCTBOM I, a 2+ 7 —WHCJO aTOMOB YrJjepojaa
B nepBoM napadmuHe, 37I0HPyeMOM IocJe BellecTBa i. ['padmnueckuit
MeTOJ pacuera mokasaH Ha puc. 10.23*%.

* Bce ucnonb3yeMHe 8 HaCTOSIIee BpeMsl BeJHUHHH yAePXKHBAHHA XapaKTepH-
3YIOTCS HEKOCTATOYHON MeXKJ/a60paTOPHOH BOCHPOH3BOAHMOCTbI0. OObACHIETCS 3TO
cieAylolUHM obcToaTenscTBOM. ['a3o-XkHAKOCTHAas xpomarorpadus GakTHUECKH fB-
JsieTcs ra3o-XKHIKo-TBeprodasHoi xpomaTtorpadueit, B KOTOpo#d poab TBepAOH dasn
BLINOJHACT TBEPAWHA HOCHTeNb, H NPAKTHYCCKH HEKOHTPONHpyeMasa ajacopOuus Ha
ROBEPXHOCTH TBePAOYO HOCHTeNs (a B HEKOTODHX C/yYasX M Ha MOBEPXHOCTH pas-
nena razosas ¢asa — H)K®P) npuBOZHT K TOMY, 4TO BeJHYHHH YHePXKHBAHHA (OT-
HOCHTE/bHEIA O6beM YIepXKUBAHHA, HHIAEKC YIAEPKHBAHHS M Np.) H3MEHAIOTCA B
32BHUCHMOCTH OT THNA TBEPIOIO HOCHTENf, €r0 XapaKTepHCTHK M T. A. Meroam
yyeTa ajacopOuHH xpomaTorpadHpPyeMHX cOeMHeHHHA B raso-XKHAKOCTHOR XpoMa-
rorpaduu  cucTeMaTH3HpoBaHH B o63ope B. T. Bepeauna [PKypnan BXO um.
. K. Menpeneesa, r. 25, Ne 6, 625 (1980)]. — ITpus. ped.

FA30BASI XPOMATOTPAOUS 603

Hs ypasuenuit (10.44) u (10.45) oueBHIHO, YTO UMCTHII 06beM
ylepKHBAHHS MOXHO 3aMEHHTb Ha JIOOhle XapaKTePHCTHKH yiep-
KNBAHHA, HaNDUMeD BPeMs YAEPXKHUBAHHA HJIH HHTEPBAJ yIAepPKH-
BaHHs Ha xpomarorpamme. Ilockompky (cm. puc. 10.19) 3aBucu-
mocTb IgVy or uncna aToMOB yriepoxa B Mosekyne n-napaduna
AuHefiHa (OOGBIYHO 3Ta 3aBHCHMOCTb XOPOILO BHINOJHAETCS AJS BCeX

4
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H I |
800 600 700 800 90 &%
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Puc. 10.23. Tlpumep HCIONb30BAHHS HMHAEKCOB YICDIKHBAHHUS.
I —uunekc yaepxwumanns [cM. ypaBHeHms (10.44), (10.45)]; Vp — 00beM yAepKHBaRHS; j—
aHaNH3HPYeMbli KOMNOHeHT. TOUKM Ha MNPAMOR JIMHHH COOTBEeTCTBYIOT M-napadmmam Cs—Cio.

YJIEHOB I'OMOJIOTHYECKOr0 psijia, KpOMe NepBLIX), ypaBHeHHe (10.44)
MOKHO 3a1HcaTh KaK

rie (10.46)

| — nuuelinas QyHKUMSA TeMNepaTypH KOJOHKH B MHHYC IIlepBOii cTe-
leHH, 3TO yKaspiBaercs 3aBHcHMocTbio 0//0T. Hanpumep, cumBoJ
Ol ;anme3on L—3 7 gagauyaeT, YTO MHIEKC yAepXKHUBAHUA COeNHWHEHHS ¢
Ha KOJIOHKe ¢ anue30HOM L B KauecTBe HEMOABHXKHOH ()asu H3Me-
HfeTcs Ha 3,7 eNMHHIB IIPH M3MEHEHHH TeMIeparypH Ha 10°C.
CumBos 0] Takke HCHOJbL3yeTcs A YKA3aHUS Pa3HOCTH HHJEKCOB
YAepKUBaHUA JBYX COEJHHEHHH Ha OLHOH HeNOJABHXKHOH (aze. Pa3-
HOCTb MHJEKCOB YAEPXKHBaHHsA COeJHHEHHH, XpoMaTorpadupyeMmbix
NpH ONMHAKOBOH TeMmepaType, HO Ha PA3NHYHBIX HENOJBHXHBIX
$asax, ykasusaercs kak Al. Xopommit Ha6op xpoMaTorpaduIecKux
Xapakrepuctuk oGecneuuBaercs 0//10°C, 3nauenmem I nns cepe-

AHHBI TeMnepaTypHOTO HHTEPBaJa H HCIOJB3YEeMEIM TEMIepaTypHbIM
HHTepBaJIoM,
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[18], BbIBesIM HECKOJNLKO Ba*KHLIX NPABHJ, He BCe 3TH MpaBuJsia NOA-
KpeMJieHbl pacueTaMH, HO TeM He MeHee OHH [OJIE3HBI KaK IPH BH-
6ope xpoMartorpaHuyecKuxX yCJOBHH, TaK M IMPH HACHTHQUKALHH
AHAJH3HPYEMBIX COeJHHEHHH.

1. /s BLICHIMX YJEHOB TOMOJIOTMYECKOrO psila HHJAEKCHl ynep-
JKHBaHHs yBeauuuBailoTcs Ha 100, ¢ mnpuGasieHdneM B MOJeKyJe
Kaxno#l HoBolt CHy-rpynnsl. B psze ciaydaes, 0cOO€HHO JJisi CHIBHO
NOJIIPHBIX CHCTEM, HaOJI0Jal0TCA OTKJIOHEHHS OT 3TOro INpaBHJA.
HoBak [66] Teopernueckd mpeACKasajd, YTO OTKJOHEHHS MOTYT
YBeJHUHBATLCS C YBeJHYEHHEM INapHHaJbHOA MOJBHOH 3HEPrHH
'n66ca AGE(CH,):

IN[Vy oyV @] =—1/RT [AG: (CH,)+AGE (CH,)L. (10.47)

2. Jast HemoJisspHOH HENOABHXHOH (Hasbl DPa3HOCTb HHIEKCOB
YAEPXUBAHUSA JBYX H30MEPOB MOMKHO OUEHHTb IO COOTHOUIEHHIO

ol ~dT,, (10.48)

rie T, —Ttemneparypa kuneHus. OZHAKO 3TO COOTHOLIEHHE YaCTO
He BHioJHsAeTcs (cM., HanpuMep, [81]).

3. Hupmekcsl ynepXKHBaHHS acCHMMETPHYHO-3aMeIUEeHHEIX COelpH-
HEeHHH MOXHO PACCUMTATh M3 HHIEKCOB yIePXHBAaHHS CHMMETPHY-
HO-3aMEIeHHBIX COeANHeHHH.

4. OauHaKoBOE 3aMellleHde B MOJIEKYJIaX OJHHAKOBOH CTPYKTY-
PHl IPHBOAMT K OAHHAKOBOMY YBEJHUEHHMIO HHIEKCOB YAEPXKHBaHHA.

5. UHAekch yaepxHUBaHHUs HENOJAPHBIX COeJHHEHMH OCTAIOTCH
HNOCTOSHHBIMU BHE 3aBHCHMOCTH OT TOJSPHOCTH HEMOJBHXXHOH (a3l

6. Ecaun Al onpegmessijach Ha IBYX HeNOJABHXKHBIX (asax pas-
JIMYHOH IMOJIAPHOCTH, TO PAa3HOCTb MeXAy BelHuMHaMH Al siBjsieTcs
XapaKTePHUCTHUECKON BeJHYMHON, 3aBHCAIEH OT MOJeKYJsIpHOH
CTPYKTYPHl, H €e MOXKHO PacCuMTaTh MyTeM CJOXeHHs BKAagoB Al
OTAeJNbHHX TPYNI B MoJekyJe. TakuM o6pasoM MOXKHO HAEHTHPH-
LUPOBATh HEH3BECTHHE KOMIIOHEHTH Ha XPOMAaTOTpaMMe.

B HekoTOpbIX cJydYasX TPYAHO, a HHOTJA JaXe HEBO3MOXKHO,
0cO6eHHO NMpPHU PasfesieHHH Ha CHJbHOMOJSPHOH HeNOABHXKHOH (ase,
HCIOJb30BAaTh [AJISi CPABHEHUS] OMOJIOTHYECKHH PpAJ HOPMaJbHBIX
napacduuos. [ToaToMy P aBTOPOB PEKOMEHAYET APYrHe rOMOJIOIH-
yeckue paanl [1, 34]. Ucnoabsys MeTHieHoBHe rpynns [52, 87] B
KayecTBe OCHOBHOTO HHKPEMEHTa T'OMOJIOTHYECKOTO psifia, MOXKHO
MOJNYYuTh ypaBHeHHe [67], mospoJsoliee PACCUMTHIBATL HHIEKCH
yAepKUBAHHSI NyTeM CPaBHEHHs DPAa3JHUHHIX [OMOJIOTHYECKHX Psi-
JOB.

Iy y=1, ¢y —1a & +1002(x), (10.49)
rae Iy — HHAEKC YNep:KHBAaHHA Ha OCHOBAHHHM IOMOJIOTHYECKOIO

Dapa b pns BemecrtBa { H T. A., @ Z-—YHCJIO aTOMOB yrjaepona B

TA30BASI XPOMATOT'PA®HS €cs

moJsekyye. IHAeKcH yAepKUBaHHA IIHPOKO NPUMEHSIOTCH Kak s
pacyeTa AAHHBIX YIEDXKHMBaHHs, Tak H B WLeJAX HAeHTHQHKAUHH.
Bricokass HHGOpPMATHBHOCTb (HampuMmep, HHAekc /=526 mokashl-
paeT, UTO B JaHHQH# XpomartorpaduyecKOoll CHCTeMe COelHHeHHe
3JIOUPYeTCs TAe-T0 TMocJie H-NeHTaHa, HO OJHXe K HeMy, ueM
K H-TeKCaHy), MpOCTas 3aBHCHMOCTb OT TeMIIepaTypsl W aAAHTHB-
HBIl XapakTep MapUHaNbHBIX HHAEKCOB KaK (PYHKLIHH MOJIEKYJsp-
HOH CTPYKTYPH — BCe 3TO cIOcOOCTBYeT HX LWUHPOKOMY NMPHMEHEHHIO,

10.4.3. CEJEKTHBHBIE JETEKTOPDI

TIpaBuibHO BLIOpaHHBIE CeJeKTHBHBIE AETEKTOPHl MOTYT CYIIECT-
BeHHO YIPOCTHTb UAEHTH(PHUKALUIO COeJHHEHHMH, a B 00beHHEHHH C
XapaKkTePUCTHKAaMH YAEPXKHBAHHS MOTYT NOMOYb JaTh MPHeMJeEeMBIH
OTBET OTHOCHTENbHO COCTaBa aHanu3HpyeMo# cMecH. CesleKTHBHBIE
eTEeKTOPH Yallle BCero HCIOJb3YIOTCS AJA uAeHTH(HKALHH cMeceit
OpDraHNYecKHX COeJHHEeHHH, colepXKallMX reTepOaTOMH, HanpuMep
P, S, N, Br, Cl, I uau ¢yuxuuonassHbie rpynnsl, Hanpumep —OH,
COCH=CH—CO, —NH,, —CO.

IleTeKTOp cunTaeTcs ceJeKTHBHBIM [50], ec/ii HHTEHCHBHOCTh €ro
OTKJIMKA HAa OJHO M3 COeJAMHEHUH 3HAYHTEJNLHO BHIIE, YeM Ha JAPY-
rue, NpH OJHMHAKOBOM COJMEPIKAHUH STHX COETHHEHHH H OJHHAKOBBIX
yCJIOBHSX; CEJEKTHBHOCTh CUHTAETCH AOCTATOUHOH IPH COOTHOLIEHUH
OTKJHKOB IO KpaiiHei mMepe 10:1. Jpyroii moAxox COCTOHT B cpas-
HEHHH OTKJKKOB J[BYX JeTeKTOPOB Ha OIHO M TO XKe COelHHEHHe
[78]. B mpuHUHIE 3TO MOXKeT ObLITb YCTAaHOBJNEHO TPeMs pasjuy-
HBIMH TYTAMH:

1. JIBa mereKkTopa, ceJIeKTHBHBIH ¥ HeCeJeKTHBHBIH, NOAKIIOUAKOT
K xpoMmarorpadudeckoil cHCTeMe IapaJjielbHO HJH I0C/eJ0BATE b
HO MU HA MOJYYeHHBIX XPOMATOrpPaMMax ONPELeNsIOT COOTHOUIEHHE
BeJMYHH OTAeNbHBIX NMHKOB. Pe3ysbraT OmHOro aHaju3a [aeT TPH
6urta HH(pOPMALHHU: XapAKTEPHCTHKH YAEPKUBAHHSA, OTKIHK CEJEK-
THBHOTO JeTeKTOpPa H OTKJHK HeceJeKTHBHOro nerekropa. Ocuos-
HOe NPeHMYLIeCTBO 9TOrO MeTOJA COCTOHT B TOM, UTO CHTHaJbl 060-
HX IETEKTOPOB MOJIYyYalOTCsl NIPH OJHUX H TeX Xe xpoMmarorpaduue-
CKHX YCJIOBHSIX, T. €. OJHHAKOBOE KOJIHUECTBO BellleCTBa MONajaer
B 06a gerektopa (IIpH HOC/eJ0BATEILHOM COSIHHEHHH) HJH H3BECT-
HO ofumiee KOJMYecTBO (IPH mapaJJeibHOM coefnHeHuu). Biaumsuue
xpoMarorpadHueckoli KOJIOHKH (pa3MBIBaHHe H (popMa NHKa) mpak-
THYECKH MOJHOCTHIO HCKJIIOUEHO.

2. OTKJIHKH JBYX J€T€KTOPOB U3MEPSIOTCS PA3AEbHO NPH MOCe-
JIOBATeJbHOM aHasaH3e HAa ORHOH KOJIOHKe. DTOT C€Ioco6 HCMOJb-
3yerca Aas GOJbIIHHCTBA KOMMepueckHX mpuGopos. OanokpaTHOro
aHanu3a OOHYHO HeJOCTATOYHO H3-32 OIIHGOK B HO3HPOBKE NPOOGHI.
llesecoo6pasHee TOCTPOHTL KaJHGPOBOYHYIO KPHUBYIO 115 Y3KOM
ofsactH KosinyecTB o6pasia. :
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3. MOXHO HCNOJB30BaTh ABe KOJIOHKH, MO OZHON/HA KaXmbli
AETEKTOP, YTOOH B STOM CJyuae MOMKHO OHJIO CYRMTE O COOTHOLIe-
HHH OTKJIHKOB OTAEJIbHHIX KOMIIOHEHTOB CMeCH, HeQOXoIHM MOJHbLI
KOJIHYECTBEHHLIH aHaJ/iu3 CTaHZAPTHOH CMecH. /

IIpumep coenunenns HecenekTHBHOTrO [9] Auﬁmzm:mo-zo::mmms-
OHHOIO) H CeJIeKTHBHOTO ([JIaMeHHO-HOHH3aLHOHHOTO CO LIEJOUHHIM
METa/lJIoM) JeTeKTOpOB NOKas3aH Ha puc. 10.24. IMosyuennnle xpo-
MaTorpaMMbl MOKa3hIBAIOT, YTO CEJEKTHBHBIH HETEKTOP, HOCTABJ/eH-

TTH4 amy

mB

mB
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Puc. 10.24. TTpuMepr XpoMaTOrpaMM, MOMYYeHHMX NpH OGBEAHHEHNH [JAMEHIO-
HOHH3aUHOHHOrO AeTeKTopa (ITHII) ¢ Ce/leXTHBHHIM MJIaMeHHO-HOHM3ALHOHHHM je-
TektopoM (CITH ).

1 — MeTay; 2 — neHTaH; 3 — UHKJOreKcaH; 4 — STHJaLeTaT; 5 — TeTpaxJOpMeTaH; 6 — MeTa~
HOJI; 7 — METHJEHXJODHA; 8 — 3TaHos; 9 — Geuson: [0 — TPUXJIOP3THAEH; 11 — xnopodopm;
12 — teTpaxnopaTHIeH; 13 ~ Toayon; 14— 1,2-nuxsopatan; /5 — H3oaMHIALETAT.

HHIl BTOPHIM B CePHH, IIPAKTHYECKH HE JA€T OTKJIHKA HA YIIEeBOLO-
POZbl, TOTAA KaK HECEJEKTHBHBIA NeTEeKTOP PErHcCTPHPYeT HX (BMe-
CTe C raJloreHHpPOBAHHBIMU YIJIEBOAOPOLAMH). DTO MPUMED MPOCTOTO
cnocoba KayecTBeHHON HAEHTH(GHKAUMHM: KOMIOHEHTH CMECH, Ha
KOTOpble He JaeT OTKJHKA CeJIeKTHBHBI JETEeKTOp, OTHOCATCH K
Knaccy yrieBofoposoB. OQHAKO TakHe CYIECTBEHHbE DPa3JHUHS B
OTKJIHKaX Hala0fanTcs OTHIOAL He Beerga. O6bIYHOE COOTHOIIEHUE

OTKJIHKOB CE@JEKTHBHOTO H HeCeJeKTHBHOTO LETEKTOPOB JIEXKHT B
npenenax 10—102,

SJIEKTPOHHO-3AXBATHBIM JETEKTOP

B sToM nerekrope HcmoJb3yeTcst peakmust CBOGOXHBIX 5JEKTpO-
HOB C ONpE/IeJ€HHBIMH THIAMH MOJIeKy1 B OpMe CTaGHIbHEX aHHO-
HoB [54, 55]: AB+e=AB-sueprun nin AB+e=A-+B~osuep-
THS.

B HOHH30BaHHOM rase-HOCHTesE — a30Te HJM TeJHH — B KagecT-
Be OTPHIATENbHO 32PAMKEHHBIX YaCTHI, NPHCYTCTBYIOT TOABKO 3JIEK-
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TPOHHL wmvwﬁmoo,:u peKOMOHHAINY 9THX 3JIEKTPOHOB € TOJIOKHTeJIb-
HHIMH HOHAMM\MaJja BCJAeACTBHE HX 3aMETHO Pa3JIMYHOHA NOABHKHO-
CTH B TPUJIOXEYHOM 3JeKTPHuecKoM mose. CKOPOCTb 3JieKTPOHOB
npuMepHo B 10* pas GoJibllie CKOPOCTH TIOJNIOXKHUTEALHHX HOHOB. Jlag
c6opa 3JIeKTPOHOB\HEOOXOJHM HCKJIIOUHTEJbHO HH3KHE NOTeHIHAJ.
Eci¥ HOHH30BaHHHIK ras COAepPXHT coelMHeHHs ¢ 6oJiee BHICOKHMM
CPOJCTBOM K 3JIEKTPOHY, HEKOTOPhle CBOGOJHBIe 3JEKTPOHH MOTLYT
3aXBAaTHIBATbLCA MOJIEKYJAMH 9TOrO COeJHHEHHS ¢ 06pa3cBaHHEM OT-
pHLIATeJbHHIX HOHOB, KOTODHIE [BHKYTCH HaMHOTO MejJieHHee CBO-

Koo

Puc. 10.25. CxeMa 3.eKTpoHHO-3aXBaT-
HOTO JeTeKTopa.
1 — BBOA, rasa H3 KONOHKH; 2 — BLIBOA. B atT-

Mocdepy; 3 — HCTOUHHK M3AYYCHHS; 4, & —
9JIEKTPOAH,

-

DRSNS
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GonHBIX 3JIEKTPOHOB. B pesyspTaTe BeposiTHOCTL MX PeKOMOHHALMH
C KaTHOHaMH noshlaercss B 105—10% pas. Crexosarensho, mpHCYT-
CTBHE COeJHHEHMs, KOTOPOE MOXKET 3aXBAaTHBATb DJEKTPOHH, NpHU-
BOJMT K YMEHDLICHHIO HOHH3AIMOHHOTO TOKA JeTeKTopa.
INIEKTPOHHO-3aXBATHBIN AE€TEKTOP OGLIYHO HMEET dbopMy nuAHHI-
prueckoit svefikh ¢ ABYMs 3aexTpopaMu (puc. 10.25). Ogun u3
3JEKTPOLOB H3rOTAB/JMBAIOT M3 MaTepHaJa, SBJISIOUIETOCT HCTOY-
HHKOM H3Jjyuenns. Hame Bcero oTo ®*Ni (B 5TOM cayuae AeTeKTOpH
MOKHO HCIIO/Ib30BATh NIPH TeMmepatypax o 300—400°C), a unorza
*H, 22°Ra, 4!AM. DNeKTPOIH HAXOMATCH TOJ KOHTPOJIHPYEMEIM Ha-
NpsKeHHeM. B 3aBHCHMOCTH OT XapakTepa NPHMEHSEMOro Hampsi-
JKEHHsS BO3MOXHEI 1B METOJA NeTeKTHPOBAHHS: HEMOCPeACTBEHHHIM
TOKOBHIA M NIyJbCauHoHHbA. B mepBom caysae 3JIC sce BpeMs
OCTaeTCsl TMOCTOSHHOH, a NpHJOXEHHOE HampsiKeHHe 3aBHCHT OT
KOHCTPYKIHH stueHKH JeTektopa. Ecnn npuMensiercs nyascanuon-
ULl MeTOA, Hamps:kemue mnyabcHpyer (50—30 B) ¢ wacrorof
100 MKc npH AJHTETLHOCTH MMITyJbCA npuMepHo 5 Mkc. OueHb wacro
B ras-HOCHTe/b JoGaBasior meran (5—10%), 4To6H yMeHbIIHTH
SHEpTHIO 3JIEKTPOHOB /IO YPOBHSI TeNJIOBON 3HEPTHH ra3a-HOCHTENs
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myTeM [Ae3aKTHBHPOBAHHSI CTOJNKHOBEHHH; NpH N0GaBJEHHH METaHa
NOAABJSIIOTCS HEKOTOPHle aHOMAaJibHble CHTHAJHL.

DTOT AETEKTOpP HaeT OTKJHK Ha COeJHHEHHs, COfepiKailHe rajo-
reast [53—56, 74], docdop u cepy [12, 24, 29, 35], nurpaTH
[8, 53], cBuner [13, 31, 55, 57] u KucIOpOACOKEpIKallHe coeluHe-
nus. OH ferektupyer Takxe NO,, 030H H Kucaepox [23, 53, 62, 63]
¥ HeKOTOphie YIJieBOJOPOALI, HAPHMep a3yJeHbl, CTHIbOEHH, aHTpa-
ued (cp. [50]), onHako Ha GOJBIIMHCTBO YIJIE€BOJOPOLOB OTKJHKA
He 1aerT.

[MJIAMEHHO-UOHHU3ALMOHHDBIN JETEKTOP
CO IIEJIOYHBIM METAJIJIOM

3T0T JAETEKTOp sBJASETCS MOAH(HKalHe#d NJaMeHHO-HOHH3aIlH-
OHHOrO JeTeKTopa. B HEM HCNOJAb3yeTCsl OTJHYHE B HOHH3AUUH B
IJIaMeHH B NPUCYTCTBHH IUeJOYHOro Meranna. CHrHan [eTekTopa
npeBbIlIaeT CHTHAJ NMPOCTOrO IJIaMEHHO-HOHU3AUHOHHOIO JeTEeKTOpa
Ha HeCKOJIbKO MOPSAAKOB, OCOGEHHO eC/IH aHAJH3HPYIOTCS COelHHe-
HHs, cojepxamye rajoreHnl HJIH (ocdop. Lllenoynoir Merana B
nJaaMeHH HoHH3yercsi mno peakuuu [70]: A+X=A*++e+X, rue
A — aToM mesouHoro Mertajaa H X —MoJjekyaa rasa. [lox kara-
JHTHYECKHM BO3/eACTBHEM COeAHHEeHHH, K KOTODHIM JeTEKTOp HaH-
GoJtee uyBcTBUTeNeH (Pocdop- ¥ ranoreHcojepKaulne COeIHHEHH:),
HOHH3I(HS1 MPOUCXOJMT B COOTBETCTBHH ¢ peakmued A+2H=
=At+e+H..

CxeMa KOHCTPYKIMH TAaKOro AereKropa nokasana Ha puc. 10.26.

Cosb LIeJOYHOrO MeTaJjja, HarpeBaeMylo NJaMeHEM TOpeJKH, MO-
MEINAIOT MOJA 3JeKTPoAaMH Hiu Mmexnay HuMmH [79]. Ilramenso-uo-
HH3aLHOHHBI AETEKTOp Jierko npeo6pasoBatb B Takoi GoJiee cesek-
THBHBIH J€TeKTOp, H 3THM 4YacTo noab3ylotcss B jsaboparopud. Ox-
HAKO HYJIeBOA CHrHAJ [eTeKTopa NPH 3TOM BCErAa CYLIECTBEHHO
yBeNMUHBAETCS], 1 WHOrJa CTAHIAPTHOrO 3JEKTPOHHOro obopyroBa-
HHS HEJIOCTATOYHO [IJIsi KOMIIGHCAIMH TOKa.
KOHCTPYKTHBHO [eTEKTODHl 3TOr0 THNA PAa3JHYANOTC TJIABHBIM
06pasoM MeTOAOM KpeIlJIeHHsl COJIH IIeJOYHOrO MeTaJja, MeTOLOM
HarpeBaHHs U reoMerpueil gertexkropa. Bce 3TH (hakTOPH BAHMSAIOT HA
YYBCTBUTEJLHOCTh H CEJEKTHBHOCTh feTekropa. Couabp Merasia
O6BIYHO 3aKpemJSAIT Ha HeGOJBIIOH CNHpasHd, meTie, CeTKe, MOPH-
CTOM MeTaJjJie MJHM NOPHCTOH KepaMHueckofi npoxsaaake. Muoraa
ucnosnsyercss popmuposatenp miamenu (puc. 10.26), uarorosseH-
HBIH HeIOCPEACTBEHHO M3 COJH IIEJOYHOro MeTajJa, HanpuMep 6po-
muaa uesus [37].

B 3aBHCHMOCTH OT TeOMeTPHH [JeTeKTOPOB HX [JeJST HA ABe
rpynnsl. B mepByio rpynny BXOJSAT TAK Has3hiBaeMble IBYXropeJoy-
Hble JeTeKTopbl (cM., HanpuMep, [9]), B KOTOpHIX ABe NJaMeHHO-
HOHH3aLHOHHBE CHCTEMBl PACMOJIOXKEeHH OlHA Haj APYrofl H HMeKT
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o6wui BxOox rasa. MCTOYHHK [IeJOYHOTO MeTaJsjia pacnojaramoT
MEXAY OBYMs CHCTEMaMH C TeM, YTOObl HHXKHssI ropejka paborana
KaK HOPMAaJIbH&IH HeceJIeKTHBHHIH J€TEKTOP, a BEepPXHsS CHCTEMa —
KaK MJaMeHHO-ROHH3AIHOHHBIA HETEeKTOP CO LIEJOYHHM MEeTaJlJoM.
TunHuHag xvo%%»o%mzzm. noJiydeHHass Ha npubope C Tako# ro-
peJKoH, npuBefeHa Ha puc. 10.24. Tak HasbiBaeMble OQHOropesoy-
\
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Pue. 10.26. Cxema njaMeHHO-HOHH3alH-
OHROro JeTeKTopa CO LIeJOYHBIM MeTaJj-’ .

aom [37a]. 6
1 ~— BBOA BOAOpOAA; 2 — BBOJ, rasa H3 KOJOH-
POA; 7 — NOAJNONKa H3 COJH IIEJOYHOTO Me-

1
KHM; 8 — BBOR BO3flyxa; 4 — BLIBOA B aTMO-
|
T&ana, 7 fl@

chepy; 5 — Katoa; 6 — cOGHPAIOILHA 9JeKT-

Hble JeTeKTOPH OTHOCATCA KO BTOPOil rpymnne (cM., HampuMmep,
[26]), B HUX cosb pacnoJsiaraercss B MOTOKe B HOPMAJIbHOM IJIaAMEH-
HO-HOHH3AIlHOHHOM JLeTeKTOpe.

HegocraTok mnJ/laMeHHO-HOHH3aLHOHHOTO [I€TEKTOpa CO 1leJsoy-
HEIM METaJIIOM — er0 OTHOCHTEJbHO HH3Kasi crabuapHocTb. [lo-
CKOJIbKY MOCTYIJIEHHE HIeJOYHOI0 MeTaJjJjla M3 HCTOYHHKA MJIH
TeMIepaTypa HCTOYHHKA MEHSIOTCS, TO MeHAIOTCH YYBCTBHTELHOCTh
M CEJEeKTHBHOCTb JeTeKTopa. KpoMme TOoro, Ha OTKJHK BJHSIET TaKxe
CKODOCTb NIOTOKA ra3a-HOCHTeJsl, PAcCTOsHHe OT 3JIeKTpoja Ao mJja-
MEHH, NOJSAPHOCTb 3JIEKTPOJOB, AHAMETP CTPYH, THI rasa-HOCHTEJS
H aHWOHH HCIHOJb3yeMoH cosnd. IIpH HCHOJIb30BAHHM AeTeKTopa
OMHCAHHOTO THMA HAHGOJABLIAS YYyBCTBUTEJbHOCTb JOCTHIaeTcs IIPH
onpenenenun (ochopcogepxamux coepunenusi (10~'% r/c); uys-
CTBUTEJILHOCTh OOHAPYIKEHHS Cepy- H a30TCOHMEePKALIUX COeAHHEHHH
HecKoJabKO MeHblle (10-1° r/c); rasoreHNpOH3BOAHEE AAIOT CHIHAN
npu 10~° r/c. Ilo 3Tol mpHUHHe AAHHBIX NETEKTOP NpUMeEHSETCH
rJIaBHBEIM 06pa3oM AJA aHaau3a GHouugoB M rep6ULHAOB H DsAa
coenvHeHdd mogo6GHOro THna. Eciau mpoBOAMTCS KOJMYECTBEHHBIH
aHa/u3, YYBCTBHTEJBHOCTb JETeKTopa HeOOXOAHMO OYeHb YacTo
TIPOBEPSTh, TOCKOJILKY YAaCTO OHA MEHSEeTCs 32 OTHOCHTEJBbHO KOPOT-
KHil MHTepBaJ BpeMeHH (HECKOJbKO 4acoB), NPHYEM HHOrIa ARaxe
Ha HeCKOJIbKO MOPALKOB.

14—13
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JPYTHUE CEJIEKTUBHBIE OETEKTOPDI

Paspaboran psp ceJeKTHBHHIX JETEKTOPOB, GOTAIOUIHX MO
<JAeAYIOLIEMY IPUHUHKNY: o6pasel aacopOHpyeTcs DOAXOLAIEH XKHA-
KOCTbIO, KOTOpasi 3aTeM aHaJH3HPyeTcs KyJOHQMeTPHUECKH, KOH-
JYKTOMETPHUEeCKM HJH Toasiporpadudecku. Takwe MeTOAbl AETEKTH-
POBaHHSl paccMaTpUBAalOTCs, HampuMep, B crarbax [50, 78]. Uyscr-
BHTE/IbHOCTb H  CEJEKTHBHOCTb OGHApyXKeHHH B GOJBIIHHCTBE
CJIyuyaeB 3aBHCHT OT IIPAaBHJIBHOCTH BEI6Opa anacopOHpyIomleli XKUAKO-
<td. OpHOi M3 OCHOBHBIX HpO06JeM, BO3HHKAIONIMX INPH HCIOJb3O-
BaHHU 3TUX LETEKTOPOB B Ira3oBOH XpoMartorpaduu, siBjaseTcs I0J-
IepKaHue JA0CTATOYHOR 3h(eKTHBHOCTH KOJIOHKH B IIpolecce af-
copbunn KoMmmoHeHTa B gerekrope. [losTomy mh_oocamwz H3rOTaBJIH-
BaIOTCS OYeHb MaJjoro obbeMa ¢ NPUHYAUTENBHOH UHPKyJIsnueH
xuakocTd. Tak, Hampumep, YyBCTBHTENBHOCTb ONPENENEHHS KyJIO-
HOMETPHYECKHM JETEKTOPOM MOJCOAEPHKAIUHX COeJHHEHHH paBHa
10—13—10-14 moan/c.

CnexTpooTOMeTPHUECKHE AETEKTOPHl OTHOCATCH K YHCIY BaXK-
HBIX CeJEKTHBHBIX HeTeKTopoB. [lnaMenHo-tpoTOMETpHUECKHH HeTeK-
TOp (HKCHPYET CBeT ONpele/eHHOH BHIOpPaHHOH YaCTOTHL, HCIYCKae-
MBI nJjaMeHeM. IlnameHHBIH (OTOMeTp, OmpejAeseHHHIM 00pa3oM
OTPeryJHpPOBaHHBEIA H MOIKJIIOUEHHRIH K BBIXOAY KOJIOHKH, MOJKET
CJYyXKHUTb JeTeKTopoM [6, 42] riaBHEIM 06pa3oM NpH aHaJH3e coe-
JHHeHH#H, colepxamux bocdop, rajoreHsl, cepy (Hampumep, GHoO-
HUAB), U AJS CEJEKTUBHOIO [eTeKTHPOBAaHHS X€JaTOB MeETaJJIOB
(Mo, W, Ti, As, Zr, Rh, Cr) u T. 1. UyBCTBHTENbHOCTb ONpEAENEHAS
<dochopconepxkamiux coegHHeHA#i Moxer goctarats 10-1% r/c.
Y SMHCCHOHHOrO J€TeKTOpa, B KOTOPOM BMECTO IJIAMeHH HCIOJb-
3yeTcsl JIeKTPHUECKHH pa3psj (o6buHO Ge33jeKTpoAHHi) [59],
‘AHAJIOTHYHHIE CEJIEKTHBHOCTD H UYBCTBHTEJBHOCTb. TaK, UyBCTBH-
TeJIbHOCTb oOnpejenenusi ¢ocdop-, cepy-, 6GpoM- HJIH XJOpCOAEp-
XKallux coefHHeHH# cocramaser 10~1'—10-'2 r/c, a 4yBCTBHTENb-
HOCTb OfIpelesNeHHss HOACOJNEPKAUNX COEJHHEHHE JOCTHraeT
10-'4 r/c i[59]. CnekTpo)oTOMETPUYECKHE JETEKTOPH B GOJIBILHHCT-
BE CJydaeB CTOAT JOPOXKe, yeM OOLIUHHE CeJIEKTHBHHE HeTEeKTOPH,
HanpHMep 3JIeKTPOHHO-3aXBaTHHI IEeTEKTOP HJH Jaxe IJaMeHHO-
HOHH3AIMOHHHA CO IIEJOYHHIM METaJJIOM, HO INIPH COOTBETCTBYIO-
uieM BHIOOpDEe YAaCTOTH H3JY4YeHHS CeJEeKTHBHOCTb OGHApykKeHHs
CHEeKTPOPOTOMETPHUECKIMHE HETEKTOPAMH MOXKeT OHITh OYeHb BHI-
cokoH. MIHOrAa pmaxe MOXHO DErHCTPHPOBATh CHTHAJH NPH ABYX
Pa3JHYHBIX YaCTOTaX H TAKHM o0O6pasoM MOJYyYaTb CeJeKTHBHBIH
OTKJHK Ha JiBa Pa3jIMYHHIX reTepoatoMa B MoJiekyJe. IIpuMepom
TOMY MOTYT CJAYyXHTb COeJIHHEeHHs, coiepxkamue dboodop u cepy.
IIpu ucmonb30BaHHHM ABYX Pa3JIHYHHX CBETOGHJILTPOB H JBYX ONTH-
YeCKHX IyTel BO3MOXHA PErHCTpanus CHFHAJOB TPH JJHHAX BOJH
526 u 394 um. Curnan doccdopa npu 526 um B 800 pa3 HHTEHCHBHee,
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yeM npH 394 HM, TOrAa Kak CHrHaJ cepnl NpH 394 uM B 22 pasa
WHTEHCHBHee, yeM NpH 526 uM [5]. CoOTHOIIEHHe CHLHAZIOB MOXKET
naTb HHPOPMAHMI 06 OTHOCHTEJBHEIX HOMepax reTepoaToMOB B
MOJIEKYJIE, T. €. MATh KaKyO-TO HH(OPMANHIO O COCTABE MOJEKYIbi.

\
10.4.4. TA30XPOMATYOIPA®HUYECKHN AHAJIH3
B COYETAHMH C MACC-CIEKTPOMETPHYECKHM
H IPYTHE CNELLMAJIbHBIE METObI

C caMoro Hauasa pasBUTHS XpOMaTOrpaduH, 0OCOGEHHO KONOHOU-
HOH, XHIAKOCTHOH M ILIOCKOCTHOH, NpeaNpHHHMAJIHCH HeOAHOKpaT-
Hble MONBITKH Pa3paboTaTh MeTOX OZHO3HAYHON HAeHTH(HKAIUK
(pakumii, MOJYUEHHBIX TOCJe XPOMAaTOrpadUyeckoro pasieseHHs.
OueHb BaXXHHM WIarOM B 3TOM HAMNpPAaBJeHUH SBJASIOTCS pa6oTkl,
NOKa3aBllKe BO3MOXHOCTb HENOCPENCTBEHHOTO COUETAHUS ra30-Xpo-
MaTorpa()uyeckoro U HeKOTOPHX BHAOB CNEKTPOMETPHUECKOTO aHa-
au3a. Bosiblie Bcero paGot mocssiieHo pa3paGoTKe MeTOXHKH raso-
XpoMarorpauyeckoro aHanusa B couerandu ¢ HMK-cmekTpockomn-
eit [71, 72]..B o6nactn 2,5—15 MKM CIeKTp yAaeTcs 3amucaTh 3a
6 c, npuyeM nosyueHHHE CHEKTPH XOPOUIO COrJIACYIOTCS C npHBe-
AEHHBIMH B KaTaJOrax CHEeKTPaMH, MOJYYEHHBIMH [0 CTaTHYECKOM
MeToAuKe. Hcnonb3oBanue ¢GayopHMeTpHH H Y®-cnekrpoMerpun B
COYETaHHH € ra30BOH XpoMarorpadueil 0Ka3aJoch He CTOJb ycrell-
HBIM; 9Ta MeTOJHKA He MOJYYHJIa WHPOKOr0 PacnpOCTPaAHEHHUS, XOTS
mﬁwmmmﬁm paGoT onmyGIHKOBAHE! Pa3NHYHbIE NPHMEPH ee IIPHMEeHEHHS

B nacrosimee BpeMs mauGosee oTpaGoTaHa MeTOLHKA raso-xpo-
Marorpaduueckoro pasfiejeHus B COYETAHHH C Macc-CleKTpOMeTpH-
YeCKHM aHamu3oM. B sToM cayvyae macc-crertpomerp (mpocrefiwieit
H [ICLIeBOH KOHCTPYKUHMH) MOMeT HCIOJIb30BATbCHA, BO-NIEPBBIX, KaK
BEICOKOCE/IEKTHBHEIH JeTEKTOP /I PerHcTpamuu xpomartorpaduue-
CKHX NHUKOB, NOJyJaeMblX NPH HacTHOM 3HAaYeHHH m/e (HampuMep,
43 u 57 nna napadunos or Cs nu C,, 91 u 78 nns apOMAaTHYECKHX
CoenvHeHHH H OeHsosa). Bo-BTOpHIX, Takas MeTomuKa JOIycKaeT
PErHCTPALHIO MACC-CIEKTPOB OTAENbHLIX XPOMAaTOrpadHuUecKHX IIH-
KOB (M/M Bcex nMuKOB). B oTOM cayuae mosyuaercs monmmi CIIEKTP
OTAC/IbHBIX KOMIIOHEHTOB aHaJH3HPyeMoOfi cMecu. Bropolt Merox
npumensercs yame. OGbenunsas faHHHE M0 XapaKTepPHCTHKAM yaep-
KUBaHHs C NAHHBIMH MacC-CIIEKTPOMETDPHH, MOXHO Hanbosee 3¢-
(GeKTHBHO aHa/NM3MPOBAThH CJOKHHE CMECH HPHPOAHLIX COENMHEHHH.
CoBpemenHbe Macc-clieknpoMenpl (0COBEHHO MacC-CHEKTPOMETPhI
KBAaJDYNOJLHOTO THNA) MOSBOJAIOT PErHCTPHPOBATH CIEKTPH 3a
AOCTAaTOYHO KOPOTKOe BpeMs, HanpuMep 0,01 ¢, H B 10CTATOUHO K-
POKOli 06/1aCTH 3HaueHHH m/e, MO3TOMY NOTOK rasa-HOCHTENss B
XOlle aHa/u3a He NEPeKPHBAIT U 3P PEKTHBHOCTD KOJIOHKH, TIOJCOes
AMHEHHOR K Macc-CNEeKTPOMETPY, He majgaer.

14+
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B ycraHOBKe, 00beuHsIOMEH TasoBbIA XpOMAaTOr ap # zmomu
CTeKTPOMETP, OYeHb GOJbLIYIO POJb HIPaeT KOHCTPYKIHUS YCTPOHC
Ba, C NOMOUILIO KOTOPOro KOJIOHKY IOJCOEIMHAIT K HCTOUHHKY
HOHOB Macc-CIieKTpoMeTpa. VICTOUHHK HOHOB MACC-CIEKTPOMETpa
06HIUHO paboTaer nox BakyymoM (10° mm pr. cT.), sdpdekruBHOCTD
KOJIOHKH B TAKHUX yCJOBHSX HeHM36€XKHO 3HAWHTEbHO OBl CHH3HJIAC,

Nhﬂu.lﬁml Nlulhh---n...unuuulhmm
!

4 v

Prc. 10.27. MoaexyaspHbe CenapaToph.

a — cTpyfinne cemapartopbl; 6 — KanHJIIADHbIE ownmuma.ocvn 8 I*.:_%wzwvmﬂmmr% nmwﬂwwwﬂzo%qﬂ..
- — BBOA B KOJIOHKY; 2 — - H
— B-HOHM3AUHOHHHA BBOJ B MAacC-CIeKTPOMETD. c-cnel
..wl_.u»w.moon.ha! 4~ K BaKyyMHOMY Hacocy; 5 — 3ddy3nOHHHI BBOX 25 MKM; 6 — HCTOYHHK
B-uanydenus; 7 — BBOR oGpasua.

0STOMY B GOJILIIMHCTBE COBPEMEHHBIX MPHGOPOB xpomarorpauie-
CKHe KOJIOHKH COeJlMHEeHbl C Macc-CHeKTPOMEeTPOM uepe3 TaK Hasbl-
BaeMHil «MOJeKyIsApHbH cenaparop». [lpu TakoM coelHHeHnHH 1aB-
JeHHe MeXAy BHIXOJOM H3 KOJIOHKH M HCTOYHHKOM HOHOB MOXKHO
PEe3KO MOHH3HTH, B 3THX YCJOBHSIX I'a3-HOCHTE/b (moutH moo_ﬁmm re-
JHH) MCKJIIOYAeTCsi M3 CMECH, B De3yJbTaTe 4ero ofpasen ofora-
maetcst. B MosekyaspHBIX cenapatopax (puc. 10.27) mcmomb3yercs
pasjiMuHe B CBONCTBAX ras3a-HOCHTENS H AHAJIH3UPYEMOro xozwm?
HEHTa, O6YCJIOBJEHHBIX PA3JHUHBIM Da3MepoOM HX MOJEKYJ [ M
Crpyfinbie cenapartopsl (puc. 10.27,a), onnomaroBble WM MHOT v.n
marossie [77], H3roTaBAMBAIOT H3 MeTaJJla WJH CTeKJa. hxmz%anm-
(OPCYHOK H PAaCCTOSIHHE MEXIY OTHeNbHLIMH ¢opcyHKaMH BHOHD "
JOT TAKHMH, 9TOGBI MOJIEKYJIH € MaJjoff MOJeKyJsApHOM Macco
(ras-HocHTenb) TNpPEHMYIIECTBEHHO OTCACBHIBAJHCH H3 cernaparopa
BAKYYMHLIM HACOCOM, @ Ta3-HOCHTeab, OGOralleHHblH o6pasuom,
BCACHIBAJICA B MCTOYHHK HOHOB. B MOJeKy/sipHOM cemaparope BTO-
poro Ttuma (puc. 10.27,6) ra3-HOCHTEJDb nubdyHnupyer yepes mo-
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pucTii Marepuan [30] —crekno uam Tedsaon. B MouexyJspHOM
cenaparope Tperbero tHna (puc. 10.27,8) ucnoabayercs mpeumylie-
CTBEHHOE PAaCTBOPEHHE OPraHHYeCKHX MOJIEKYJ B pasjeasomeil
meM6pane H X nudOYy3Hs uyepes MeMOpaHy B MCTOUHHK HOHOB
Macc-cnektpomerpa [4]. Asropr paGots [38] paspa6oranu HOBHLA
THII COCAHHEHHS, OGbeJHHAIOMUA CBOHCTBA MOJIEKYJSPHOrO Ccela-
paropa ¢ IpeHMYyMIeCTBAMH CHELHAJbHOH HOHH3AUMH B MAaCC-CHEKT-
pomerpe (puc. 10.27,2) [38]. MoseKyJibl aHAJIH3UPYEMOTO BEIECT-
Ba, NOKHAAIOUIME KOJIOHKY, 00JyualoTCs B-H3JydYeHHEM H BBOISTCS
B Pas/e/AIOIYI0 YacTbh Macc-CIeKTPOMeTpa (HCTOYHMK HOHOB OT-
kmoder). IlosToMy B crmekTpe aHa/JM3HPYEMOro COENMHEHHS NpH-
CYTCTBYIOT NPAKTHYECKH TOJbKO OAMHAKOBO 3apsixKeHHble HOHBI C
HCXOLHOH MOJIEKYJSPHOH Maccof. DTO B 3HAUHTENbHON CTEleHH
yOpouaer HAEHTUPUKAUHKIO COEIMHEHHA M HHTEPNPeTALMIO Mace-
cnexTporpaMM. (C aHaJOTMYHOH IEJNbI0 NPOBOAMTCA H XHMHUECKAs
HoHH3auus [64].) _
HenocpencTBeHHas uYyBCTBHUTEJLHOCTb, MOJyYaeMasi Ha Mace-
cnexTpoMerpe, 06uuHO cocrapaser 10715—10-16 r/c. B rakux ycJo-
BHAX MAEHTH(UKAUMSA HepeasibHA. JIJS pPerucTpaulHH INOJHOrO
Macc-cnekTpa Heob6xoaumo pabGoraTe B obgaactu 10-13—10-14 r/c.
OGbesunenne Macc-CleKTPOMETPA C rasoBbIM XpOMaTorpadoMm ce-
TOXHS OoAMH U3 Haubojee 3(P(PEKTHBHBIX aHAJMTHIECKHX METOJOB.
J10 TakXKe 06JacTb, B KOTOPOH HCIIOJIB30BAHME BHUHCIHTEbHON
TEXHHKH [/ OIEHKH aHAJIH30B HAXOAUTCH Ha BhcOTe. CyllecTBYIOT
KOMIIbIOTEPH30BAHHbBIE CHCTEME!, KOTOPbIe HOMHST XPOMAaTOrpaMMH H
COOTBETCTBYIOIIHE CHEKTPOrPaMMbl H MOTYT BHIOPAThb COOTBETCT-
BylOlllee BelleCTBO M3 GaHKa NAHHLIX, HJIHM OHH MOTYT HeloCpencT-
BEHHO CPABHHUTb NOJyYeHHBIE SKCIEpHMeHTaJbHhle NaHHHE C [aH-
HBLIMH, XpaHsIUUMHCA B Oubiauoreke. Takoe o6benHHEHHe HAILJIO
UIHpouaiiuee NPUMeHeHHe B 06JACTH MeIMUMHCKUX AHAJH30B, aHA-

JIM30B OKPYXAIOLIed Cpelrl, TAe JHOJNXKHO NPOBOLHTBCA 6OJbILIOE
YUCJO CJIOXKHBEIX pasfeeHHH.

10.5. KOJIHYECTBEHHbINA AHAJIU3

10.5.1. BO3MO)XHBE HCTOYHUKH OIHHBOK

[Ipexxne yeM MPHCTYNHTL K ONMCAHHIO METOXOB KOJHYECTBEHHOM
OIICHKH XPOMAaTorpaMM, OTMETHM BO3MOXKHHE HMCTOUHHKHE OIIHGOK.
1. Bsod ob6pasya. Tlpexne Bcero Heo6xonuMo oro6paTts o6paser,
KOTOPLIH cojepxkan Obl KaK XKHAKYIO, TaK H raszoo6pasHyio HJH
TBepAyIo a3k, a clenaTh 3T0 JOCTATOYHO CJI0XKHO. Jlasee, BO MHO-
THX CJy4asX O FOMOTEHHOCTH MaTepHaJsia, HanpuMep HedTH, NPHPOL-
HOro rasa u T. ., MPHXOAMTCS CYAUTh MO OYeHb MaJIOMy ero o6pas-
ny. Ilpu atoM TakXe BO3MOXHH OWHGKH. U HakoHell, OoJblloe
SHaYeHHe HMeeT MeTOoLMKa BBoAa obpasua. OGpasen MOXKHO BBe-



614 IJIABA 10 a

CTH B XxpoMarorpad B HEM3MEHEHHOM BH/JE, MOXKHO :vwh_mmvsem?:o
€r0 MCHApHUTb, HJIH PA3JIOKHTE, HJIH XKe NePEBECTH B TO HJH HHOE
nponsBojHoe. HenpaBuabHo BhiOpaHHAas MeTOAMKA NPHBEAET K
OLIMOOYHLIM pesyJabTaTaM.

2. Adcopbyus usu passoxcenue obpasya 8 xpomarozpage. Ko-
JIHUeCTBEHHas rasopas xpoMmarorpadus tpebyer, urobbl BeCh BBe-
AeHHbIH B KOJIOHKYy oOpasell BeILEJ H3 Hee B BHJAE PsAAAa IHKOB,
COOTBETCTBYIOLUIHX KOMIOHeHTaM obpasna. ORHAKO HeKOTOpHe
KOMIIOHEHTEl MOryT <COpOHPOBATbCA HJH pasJaraThCs B CHCTeMe
BBOJa, KOJIOHKe HJIM AeTeKrope. laBecTHH cayuan, korga Bech
BBeleHHbIH o0pasel HeoOpaTHMO COp6HpPOBa/CA B CHCTeMe. ¥YCTaHO-
BHTb BO3MOXKHOCTb TAKOH COPOHMH JOCTAaTOYHO IIPOCTO: CJeAyeT
NPHTOTOBHTb CMeCh TPYAHO ONpeNeJseMOro BellleCTBA ¢ HHEPTHHIM
yrJieBOAOPOAOM H BBOAHTbL €€ B XpoMmaTorpad mpH pasiHuHHX pas-
GaBnenusix. Ecau oTHOmeHHe miomazedi NHKOB ABYX COeIHHeHHMH
OCTaeTCs NOCTOSTHHBIM, TO HCCJie[yeMoe COeJHHEeHHe B XpoMmarorpa-
¢e He copOHpYyeTCS H He passaraercs.

3. Herextuposanue. Kax bl JeTeKTOp HaeT PasjHYHBIA OTKJIHK
Ha pasJjiMyHble COeJHHEHHS, H IPH NPOBEACHHH KOJHYECTBEHHOrO
4HaNH3a HeOOXOAMMO 3HAaTb KO3GQHIUHEHT YYBCTBHTEJBLHOCTH.
OTKIHK JeTeKTopa MeHsieTCsl TaKkKe NPH H3MEeHeHHH PabOuYHX yc-
aoBuit. Tak, nanpuMep, 4ToGbl MOJNYUHTb NPABUJNbLHbIE H BOCIPOH3-
BOJAHMBbIE De3y/bTaTHl € INOMOLIBIO KaTapoMeTpa, HeOGXOAHMB
CTPOro MOCTOSIHHBIE NOTOK ra3a-HOCHTeJs, TeMIepaTypa AeTeKTopa,
TOK Harpesa, CONPOTHBJIEHHe HUTH H BHelllHee JaBJicHHe.

4. Pecuctpayus. OMMGKH MOTYT NOSABAATBCA W HA CTAJHH PerH-
CTPAllMH Pe3yJIbTATOB aHaJu3a caMomucueM. UYTo6b HCKJIOYATH
BO3MOXHOCTb HX INOsiBJIeHHs, Heo6XoguMo BeIOpaTh pabouuit uH-
TepBaJ, ONPeleJuTh 006/1acCTb JIMHEHHOCTH, CKOPOCTb NPOTSIKKH
JIHTEI, CKOPOCTb JBHXKEHHS Mepa, MepPTBBHIH X0 H SJeKTPHUYECKHA
HyJb. TOUHOCTL H3MePEHHH YCTAHABJHBAIOT C IIOMOILbIO CTaH-
LapToB.

5. Oyenka ydepocusanus nuxos. BeposTHo, HaHGOJee OTBETCT-
BEHHBIM MOMEHTOM sIBJIs€TCs peobpa3oBaHHe XpOMATOrpadHuecKux
NHKOB B YMCJIOBBIE JAHHBEIE, COOTBETCTBYIOIIHE COCTaBy obpasua.
ATOT BONpPOC MBI OGCYAHM OTHEJBHO.

6. Pacuere. TlonyuenHble HHCIIOBble 3HAUEHHS, COOTBETCTBYIONIHE
IJIOIAJAM XPOMATOrpaduuecKHX NMHKOB, HOJKHHE GbITh NPONOPIHO-
HaJbHBl KOHIEHTPANHH KOMIIOHEHTOB o06pasuna. ITOT BONPOC MH
TaK¥ke PacCMOTPUM OTHENbHO.

10.5.2. OLEHKA XPOMATOTPA®HYECKHX KPHBBIX

[ng KoNHYeCTBEHHON OLEHKH XPOMATOrPAMM MOXKHO HCIIOJIb3O-
BaTh JuGO BHICOTY, JIHGO MmJoIIaAb MHKOB. BHGOD MeToZa OleHKH
3aBHCHT OT BH/Ia H XapakKTepa KPHUBHIX H OT TEXHHYECKHX BO3MOIKHO-
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creft. BHICOTy nHKa H3MepHTh HAMHOTO GHICTPee, YeM €ro IJIOLIAfb.
‘OflHaKO y KPHBHIX 3aBHCHMOCTH BBICOTHl NHKAa OT KOJIHYECTBA Be-
LIeCTBAa JIMHEHHBIH YyYacTOK MeHble, YeM Y KPHBOH 3aBHCHMOCTH
NJIOIIAAH ITHKA OT KOJHYeCTBAa BemlecTBa. KpoMe Toro, BhICOTA MHKa
CHJIPHO 3aBHCHT OT paboyHMX YCJNOBHH (TeMIepaTypH, CKOPOCTH
NOTOKAa ra3a-HOCHTeJs, pasMepa BBeleHHOro o6pasua), KOTophle
JIOJKHEl IIO3TOMY NOAJEPKHBAThCS OUEHb TOYHO HAa IOCTOSSHHOM
yposue. Eciu npumeHsioTcss ynakoBaHHEIE KOJIOHKH, BHICOTY NHKa

Puc. 10.28. MsMepenne BEICOTH NHKa.
Hy, Hy — n3MepeHHas BHICOTa; h — HyJeBas JHHMSL.

OOLIYHO U3MEPSIOT B TeX CJayuasdX, KOrja Macca o6pasua He HOCTH-
raet 10 MKr; eciu XKe aHAJH3 BEeJETCS HA KANHJUISIPHHIX KOJOHKAX,
BBICOTY NIHKa HM3MepsIOT B TeX CJaydasx, Korxa Macca obpasua He
docruraer 0,1 Mkr. Bricota muka H3MepsieTcsl O NePHeHAHKYJSPY
OT HyJeBO# JIMHHM 10 MaKcuMyMma muka (puc. 10.28) HesaBmcumo
oT fipedida Hy1eBOH JHHUH.

IlockonbKy M3MeHeHHe DAGOYHX YCJIOBHAI HA MIOWAMH NIMKA
CKa3bIBAETCH 3HAYUTEJHHO MEHbIIe, HX He HYXHO CTOJb TIIATEJbHO
NOANepKHBATh NOCTOSHHBIMH. [losTOMy B HacTosiiee BpeMs AJs
OLICHKH Pe3yJIbTaTOB pasjleJieHHs NOJb3YIOTCH IJIOMIAASIMH ITHKOB.
HsMeps10T nuiomasn NHKoB caefyIOIHMH Crioco6aMu:

1. aanumerpus. TIpeuMymecTBo NaHHOTO croco6a OLEHKH cO-
CTOMT B TOM, 9WTO XapakTep M (opMa KpPHBOH B 3TOM ciydae He
HMelT 3HayeHHs. M3-3a HH3KON UyBCTBHTENBHOCTH NIAaHHMeTpa H
OCOGEHHOCTEl KOHCTDYKIMH HM Hesb3s H3MEDPHTb HH CJIHILIKOM
GoJblive, HH CJIMLIKOM MaJHe miaomand. BosMoxan taxxe cyObeK-
THBHHIE OLIHGKH, KOTOpHe TeM GoJblie, yeM 6GoJblle maomans. Me-
TOX TPYZ0eMOK, TpeGyeT MHOrO BPeMeHH H MeHee TOUeH, YeM IpY-
rue meroan (omn6ka nopsnka 4%). BocnpoussoguMocTs pesyin-
TaToOB H3MePeHHH, INPOBOAMMBIX Da3JHYHEIMH HCIIOJHHTENSIMH,
OGLIYHO HEeYJOBJIETBOPHTENbHA.

2. Boipesanue u 63sewusanue nuxos. TotT MeTOJ HCIOJB3YETCS
OTHOCHTENEHO PefKO. Kak H nmpH nmaHHMeTpHUeCKOM ONpefeseHHH,
¢opMa kpuBoil He MMeeT 3HaueHHA. Meron TpebGyeT MHOTO BpeMe-
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HH, HO MOXeT OLITb JOCTATOYHO TOYHHIM, OCOOEHHO B CJIy4ae acHM-
MeTPHUHBIX KpHBBIX. OlHAKO B 3TOM clyyae HEOGXOAUMLIM YCJIOBH-
eM sBJsIeTc TOMOreHHOCThb OyMarH, MOCTOSHCTBO €e TOJILIHHB H

.
T “ “
Puc. 10.29. Hamepense niowafn Kak MNPOH3BEACHHS BHICOTH HA MONYUIHDHHY

(xBazparypa).

H — BricoTa; W — WHPHHA, NOAYYeHHAas NJOWaAb NPOMOPLUHOHAJLHA NJOMIAAH MHKA,

MJOTHOCTH. B03MOXHB CyObeKTHBHBE OIHOKH, OCOOEHHO NPH BH-
pesanuu. HepocraTok Merona — Heo6X0AHMOCTb Pa3pe3aHus XpoMa-
TOrpaMM, TUpaBAa, MU 3TOTO MOXKHO HCMOJb30BATb (POTOKOMHH,
npu sToM OHOGKA onpelelieHHs cocTaBiaser npuMmepro 2%.

x Puc. 10.30. MHamepenne
MJOALY TPHAHTYISIHOH-
HHM METOLOM.

H — Boicotra, B — ocHoBaHye.
IMaomaas=0,5 B-H.

3. Onpedeaenue naowjadu nuka xax npoussedenus e20 bl.COTbE
HQ NOAYULUPURY, Uil Keadpuposarue Kpusol. B mnpuHuHTe NpH
HCMIOJIb30BAHHU STOro crmocoba MJoMafb ITHKA OMNpefessercd Kak
nJowaih NpsIMOYroJIbHHKA: BLICOTY IHKA YMHOXAIOT Ha €ro WIHpH-
Hy, U3MeDeHHYIO Ha noayBelcoTe muka {(puc. 10.29). Dta Meromuka
AOCTATOYHO NPOCTa ¥ TpebyeT Majo BpeMEeHH, HO TOYHOCTb pe3yJb-
TATOB ONpeJeNeHHs] 3aBHCUT OT ¢« “Mbl nuKa. [105TOMY TakuM cho-
co60M Hesb3si ONMpPeleJsiTh MJOMc..n ACHMMETPHUHBLIX THKOB HJIH
NHKOB C MaJIo# BHCOTOH M GosbliMM ocHoBaHHeM. Omn6ka onpefe-
JeHHA TJIOINALH CHMMETPHUHBIX ITHKOB COCTaBJseT OKoaIo 2,59%.

4. ITpubaruxcenue K naoujadu TPEYSONbHUKQA, UAU TPUAH2YAAYUS.
B stoM caydae mijomajb NHKAa H3MePAIOT KaK MJOLIAAb TPeyroJhb-
Huka (puc. 10.30). BeicoTy H3MepSIOT OT HYJEBOM JIMHHH 10 TOYKH
nepecevyeHuss KacaTesJbHBEIX K TOYKaM nepernba Kpusod. MeTomuxa
OTHOCHTENILHO MPOCTa, H BHICOTY TAKHM CHOCOGOM ONpenesNHTh Jer-
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KO, HO WHOIZ2 BO3HHKAeT HeONpeJlesIeHHOCTb B ONpefesieHHH TOUEK
peperu6a. Takum cnoco60M HeJb3s ONpENeasTh IJOMAAH Y3KHX H
BBICOKHX H aCHMMETPHYHBIX ITHKOB.

5. I'paguueckoe unreepuposarue. ITuK neNAT HA BepTHKaJbHBIE
[oJIoCHl PaBHOH IIMPHHBI, BLICOTHI KOTOPHIX 3aT€M CKJaJbiBaloT.

6. IAeKkTpoHHOE UL Mexaruueckoe uuTeepuposanue (cM.
pasn. 8.7).

10.5.3. ONPEJAEJIEHHUE HE MOJIHOCTbIO PA3J1EJIEHHBIX
NMUKOB

Yro6H yNPOCTHTL paccMOTpeHHe, NPeANOJOXKUM, YTO JBA KOM-
[OHeHTa NaI0T NpH6IH3MTENbHO paBHble mukd (puc. 10.31). Ompe-
JeJeHHe MOMKHO TPOBOANTb pasAHYHBIME crnocobaMH, HampuMep

o

Puc. 10.31. Ouenka nJjolajd He NMOJHOCTHIO pa3pellleHHBIX MHKOB.

@ — u3MepsieTca BLICOTA NHKA HJAH NJIOLIaAb NHKa ONMpefessieTCss TPHaHTYJANHOHHLIM METONOM;
6 — uaMepseTCH IJOWAAb OT MNePHeHAMKYJApa, NPOBeAeHHOro uepes MuHHHMYM (Q, P); Q.
U — napa xpoMartorpadHpyeMbiX cOefHHEHHH.

TPHAHTYJANMOHHLIM HJIH M3Mepsisi BHICOTH MHKOB. KacaresabHble
npoBOAATCS yepe3 TOukH nepernba aast kpuBHX O u P. Ecau xaca-
TeJbHas K KpHBOH P mepecekaeT HyJeBYIO JIHHHIO IOCJ€ MaKCHMY-
Ma Kpupoit O, a KacarenbHast K KpuBoA O mepecekaeT HyJeBYIO
JHHHIO Iepel MaKCHMyMoM KpHBoH P (kak NoKas3aHo Ha
puc. 10.31,a), To npuMeHHM MeTOX TpHAHryJsHuH. Eciu nepekpH-
BaHHe MHKOB HACTOJILKO BEJHKO, YTO 3TOT METOA HeJjib3f HCIOJIb30-
BaTh, TO BBHICOTY NHKa OLEHHBAIOT, NIPOBeHsl NepHeHIHKYyJIdIp H3
MHHHEMyMa MeXJy OHKaMu K HyJaeBo#t JuHuH (puc. 10.31,8), n
naomans o6eHX IOJOBHHOK H3MepSIOT IIaHHMeTpHueckH. [loay-
YeHHble TAKHM 0GPasoM pe3yJbTaThl CPABHHBAIOTCS C NMOJNYUYCHHBLIMH
JUJIS. HCKYCCTBEHHO NPHrOTOBJIEHHOH cMecu KoMmnoHeHToB Q u U.
JBa nepeKpHBAIOMIHXCA NHKA, €CJIH OHH CHMMETDHUHE], MOXHO
PasfennTh pacueTHHIM METOLOM HJH NOoA06paTh Ha 3JeKTPOHHOM
HMMHTAaTOpe M 3aTeM HM3MepHTb IJIaHHMeTPHYECKH, HO 3TO Tpebyer
f1aBHIKA.
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Ecan oI¥H H3 KOMIIOHEHTOB HaXOAHTCA B OOJIBbIIOM H30LITKE B
eciii NMOZo6paTh YCJI0BUA, MO3BOJSAIOMIKNE JOOHTLCSA MOJHOTO pasjie-
JICHHSI, HEBO3MOXHO, TO TIPOBECTH ,KOJHYECTBEHHOE ONpeleseHHE
HaMHOro CJOXHee. EJMHCTBEHHO BO3MOXHHEH C€HOCO6 — OoTCeUb
MEHbUIHA MUK H PACCUHTATh €ro IJOIafb, HAIPHMED, NJIaHHMETPH-

Puc. 10.32. Oneska mnJjomaiy THKa KOMIIO-
HeHTa, COAepKaUlerocs B CJeNOBOH KOHIEH-
TpPaLuH.

3amTpuxoBaHdas IJIOUIAAL HK3MepaAeTcsa IJIaHHMeT-
POM H CpaBHHBaeTCa ¢ MJaomwanbio no6apjaenHoro

cTaHAapTa.

wecKH, KaK mokasano Ha puc. 10.32. Tocse sToro k o6pasuy no6as-
NS0T M3BECTHOE KOJHYeCTBO MEHBIIEro KOMIOHEHTa, NOBTOPAIOT
pasje/ieHre W CPABHHBAIOT 06e XPOMATOrPAMMBL.

10.5.4. KOJIMUECTBEHHAS O EHKA XPOMATOIPAMM

XpoMaTorpaMMBl MOXKHO KOJIHY€CTBEHHO OLEHHTH aunbo Hemo-
CpeACTBEeHHO, HOO C MOMOIIbI0 HEKOTOPHIX BH/OB KaaubpOBOK.

1. IIpamoii meTod, usy HOPMAAU3ALUS. DTOT METOJ MOXKHO NMpH-
MeHSATb TOJILKO B TeX CJydasiX, KOra BCce KOMIOHEHTH CMeCH BJIIoH-

k; > P

Puc. 10.33. HopManusauus nJjomamx.

A, B, C u D — njomanH, cOOTBeTCTBYIOLHE OTAeJNbHHIM KOMIOHEHTaM; CyMMa 3THX RJOIMa-
neit cocraBaser 100%.

PYIOTCA H3 KOJOHKH M HETEKTOp AaeT JIHMHEAHbE U BOCIPOM3BOLH-
MHle JaHHbBe ¢ OMHAKOBOH YYBCTBUTENBLHOCTHIO JJISl BCeX KOMMOHEH-
10B. JIaHHBIM METOJOM MOXKHO OIpPENeNHTb XHMHYECKH NOAOOGHHIS
COeJHHEHHs], HAPHMep O- U N-KCHJOJ, HCIOJb3yss B KauyeCTBe MAe-
TEKTOpPa KATapOMEeTP, a B KauyecTBe rasa-HOCHTeJs — BOJAOPOX HJA
reausi. OneHHTL TaKHM CIOCOG0OM XpOMAaTorpaMMy HeCJIOXKHO
(puc. 10.33), u crenaTs 9T0 MOXKHO JOCTATOYHO OHCTPO.

A=[A/(A+B-+C—+D)]-100% (10.50)
rie A, B, C, D — nJjioniasid mMUKOB.
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[Taomann, cOOTBETCTBYIOIIHE OTAEJIbHHM KOMMOHEHTaM, He
BCCrAa NMPONOPIHOHAJBLHE HX NPOLEHTHOMY COINEpPIKAHHIO, APYTHMH
C0BaMH, pasduKBe KOMIIOHeHTHl MOTYT AaBaTh PAa3JHYHbIE CHIHA-
Jiul, TIOATOMY HeOOGXOJMMO OnpefiesiATh NONPaBOUHblE KO3((HLHEH-
Thbl JUIS KaXAoro u3 HHX. Hafinennrle monpaBoyHble Ko3gpUIHEHTH
MOXHO HCIOJIb30BATh [JJi pacdeTra NPOUEHTHOrO C€OCTaBa CMecH.
ITockoMbKYy mpHHUMNBEL AEHCTBHS PasJHYHBIX JIETEKTOPOB pasJjnya-
I0TCSl, HEOOXOAMMO ONpeAessATh NONPaBOUHble KOIDDHUIUHEHTH NI
KaXxJOro JeTeKTopa oTAenbHO. [l pacuera MPOLEHTHOrO COAEp¥XKa-
HHsl OTAEJLHOTO KOMIIOHEHTa IPHMeEHSeTCs CJeAylolllee COOTHOLe-
Hue:

A=[(Tlnomane A/F,)/Z (Ilrowans/kospduiment)]-100% (10.51)

. 2. Merod pacuera nonpasounvix Kosppuyuentos dia niamen-
HO-UOHU3AYUOKKO20 derekTopa. TIpHroTaBIHBAIOT KaJAUGPOBOUHYIO
cMech coenunensit A, B, C u D u3BecTHOil MaccH u mocie pasiele-
HHSL H3MEPSIOT IJIOWAAH, COOTBETCTBYIOUIHE OTHEJLHBIM KOMIIOHEH-
taM. Jlajsee pacCYHTHIBAIOT OTHOIIEHHE NJOIAJel H MacC KaXIOTo
KOMIIOHEHT4, OJHO M3 OTHOLICHHH NPHHHMAIOT 32 CTAHAAPTHOE H
8Ce NONPaBOYHHE KOI(PDHIHEHTH NPUBOIST K 3TOMY 3HaYeHHIO, T. €.
IONPaBOYHbIE KOMPOHUHEHTH JJA APYTHX COeJHHEHHH MNOJyYaloT
AeJIeHHeM MX OTHOLIEHHH Ha OTHOLIeHHe JUisf cTaHAapra (mompasod-
Hbli KO3 (UUHEHT AJS CTAHZAPTHOTO COEXUHEHHs NPHHHMAIOT paB-
HLM efiuHune). CJeRoBaTelbHO, MOJyUeHHEE KO3 HIHeHTH SBJIS-
IOTCS OTHOCHTEJbHBIMH.

3. Merod pacuera nonpasounbix KoIpPuyuentos das Karapo-
Mmerpa.

Ilonpasounsie k03(pPHIMEHTH A/ KATAPOMETPA MOXKHO PacCUH-
THIBAaTb TaK e, KakK A IJaMeHHO-HOHH3aIHOHHOTO [ETEKTOpa.
OaHako MOXKHO TaK¥e I0Jb30BATHCS TAK HA3bIBAEMBIMH MacCCOBHI-
MU Koo(prnrenTamMu. ITioumanb NHKa YMHOXKAIOT HAa MAacCOBHIE KO-
s¢unreT 1 TakuM 06pPa3OM MNOJYYAIOT HCIPaBJeHHOE 3HayeHHe
{110IaJiH COOTBETCTBYIOLIEr0 KOMNIOHeHTa. I1oJyueHHBle TAKHM CIIO-
co00M 3Ha4eHHs A/ BCeX KOMNOHEHTOB HOPMAJH3YIOTCS, H KOH-
LEHTPALUsT KaXJO0ro BEleCTBa PacCUHTHIBaeTCS B HpoleHTax. Yro-
6bl NOJYYHTL MacCOBHI KO3((DHUHEHT KOMMOHEHTa, HEJSAT ero Mo-
JIEKYJISIPHYIO M2CCy HAa OTHOCHTEJNbHBIH MOJIbHBIA OTKJAHK (OTHOIIe-
HHe OTKJHKA KaXJO0ro KOMNOHEHTA K OTKJHKY OJHOTO BHIGPaHHOTrO
CoeqMHeHHs, KOTOPHH nMpuHHMaercst paBHEIM 100).

4. Merod abcoaroTnoil Kaaubposku. B KONIOHKY BBOJASIT H3BECT-
HOe KOJIHYeCTBO BeLleCTBA M PACCUHTHIBAIOT IJIOIAAM NOJNYYEHHHX
XpomartorpaduuecKux mHKOB. [Io MOJIyYeHHBHIM JaHHBHIM CTPOAT Ka-
JMOPOBOYHYIO KPHBYIO 3aBHCHMOCTH NJIOINAAH MHKAa OT COOTBETCT-
ByloIero KoJjudecta Bemlectsa (puc. 10.34). Kaau6posounas xkpu-
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Basg AOJXKHA ObLITb JHHEeHHOH H [JOJKHA NPOXOAHTbL yepes HauaJjo
KoopauHaT. Co6CTBEHHO aHAaJ M3 INPOBOAAT CJeAVIOINHM 0Opa3oM:
BBOASIT M3BECTHOE KOJIHYECTBO AHAJH3HPYEMOH CMeCH, YCTaHaBJH--
BAIOT NJOHIAAH NHKOB OTAEJNbHBIX KOMIIOHEHTOB, IO KaJauOGpOBOYHOM
KDHBOH ONpeNeNsIIOT COOTBETCTBYIOIlEE KOJIHUECTBO KaxKAOro KOM-—

—_——

Prc. 10.34. Kanu6posounasi KpHBas, HCNOJAb3yeMas B MeTole alCOJIOTHOR KaauG-
POBKH.

3aBMcHMOCTbL naoliagu (A), OrpaHHueHHON KDHBOR 3JIOHPOBaHH:, OT Macch (W) XpoMaTo-
rpadupyemsix coeannenuit (a, 6).

MOHEHTa U NePEBOJST €ro B MAaCCOBbLIe IPOLEHTH B COOTBETCTBHH €
ypaBHeHHEM

\—H.L miomans A-r/miomats _  gno, (10.52)

r (BBeeHHOE KOJIHYeCTBO)

Metog abcosoTHOR KaauGPOBKM HMeeT Psii HeIOCTAaTKOB. B uact-
HOCTH, HeO6XOJHMO TOYHO ONpeAesATb MACCy BBOAHMOIO B KOJIOHKY
o6pasia, yCIOBHS pasjeseHHs JOJKHB OBLITH CTPOrO NMOCTOSHHBLIMH.
Bcst mpolleypa 3aHHMaeT JOBOJIbHO MHOTO BPEMEHH.

5. Merod suytpennezo crandapra. IIpuroraBanBalOT CMecCH, CO-
Nep:Kallie YHCTBIA AHAJH3UPYEMBIE KOMIIOHEHT H BHYTDCHHHIR
CTaHAaPT B PA3JHUHBIX COOTHOLIEHHAX, XpoMarorpapupyoTr HX,
Onpele/sioT IJOLAadH IOJYYEeHHBX HMHKOB H CTPOAT KaauGpoBou-
Hylo KpuByi0 (puc. 10.35) 3aBHCHMOCTH OTHOILIEHHS IJOLlajed IH-
KOB OT OTHOIIEHHSI MacC KOMIIOHEHTOB H CTaHzapra. AHaju3 npoBo-
AAT cJaedylomuM o6pasoM: H3BeCTHOE KOJHYECTBO BHYTPEHHEro
crapgapra A06aBJsOT K H3BECTHOMY KOJHYeCTBY 06pasna M CMecChb
xpoMaTorpadupyior, H3MepsIOT MJOLIAJH NHKOB, PACCUYHTHBAIOT HX
OTHOIUEHHE H N0 KaJuOGpOoBOYHOH KPHBOH ONpPeJeJAlOT COOTHOILIeHHe
Macc CTAaHJAapTa H aHaausHpyeMoro KoMmoHeHTa. IlockoJbKy KoJH-
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yecTBO J06aBJIEHHOrO CTAHAApTa H3BECTHO, COAEPIKAHHE KOMIIOHEH-
Ta MOXHO paccuuTaTtbh U3 otHouleHHs. Hanpuwmep, k 10 Ma obpasna
nobaB/ieHO 5 MJI pacTBOPa BHYTPEHHETO CTaHAAPTa C KOHLEHTPAIlM-
eit 50 Mki1/Ma. HaiileHHoe coOTHOLIeHHe mioulazei paBHo 8, cOOT-
BETCTBYIOLIled COOTHOMIeHHe MacC, HalJeHHOe MO KaauGpoBOUHONR
kpuBOH, paBHo 7. IlosiHOe KOJIHYECTBO CTaHZApPTa B 5 MJ COCTaB-
aser 250 MKr, clei0BaTeJbHO, B HCXOLHOH CMECH COLEPXKHTCH
7-250=1750 MKr onpeaeasieMoOro KOMIOHEHTA.

Puc. 10.35. Kanu6posounas KpHBasi, He- 6 \\
nosb3yeMasi B MeTOAe BHYTPeHHero -

cTaHpapra. X y,
3aBHCHMOCTb COOTHOWEHHMA nJjoumaiedt (Ry) * 4 \

HKOB aHaJH3HPYEMOro COeNHHEHHS H CTaH-
JapTa OT COOTHOWIeHMs HX Macc (Rz) [59a]. \

Meroa BHYTpeHHero cTaHjapra HMeeT CJeJyIOllHe NPeHMYLIecT~
Ba: He HYXHO TOYHO M3MepsTh KOJHYECTBO BBOAMMOro 00pasiua, He
HYXKHO ONpeJeNsATb BEJHUHMHY OTKJHKA [eTeKTOpa HJIH NOAAepKH-
BaTh ee CTPOTO NOCTOSHHOMN, MOCKOJBLKY ONpelensioTcs: He aGCeotior-
Hble BeJHUYHHH, a MX oTHoweHHe. OCHOBHOH HENOCTATOK AAHHOTO
MeToJa — TPYAHOCTb Mojgbopa MOAXOAsLIero BHYTPEHHEro CTaHaap-
ta. [IMK BHYTPEHHEr0 CTaHAAapTa HOJIXKeH OLITh NOJHOCTBLIO OTAeJeH
OT MHKOB JAPYrHX COeJHMHEHHH, HO B TO Xe BpeMf OH JOJIKEH pacro-
JaraTbCs JA0CTATOUHO OJHM3KO OT MHKA ONPEAeseMOro coeJUHeHHH,
KOHIeHTpAallUs CTaHLapTa AOJKHA OHITH NPHOJIH3UTENLHO TAKOH XKe,
KaK H KOHHEHTpalus ONpeleJseMOr0o KOMIIOHEHTa, H HaKOHeL,
CTaHAApT AOJKeH OBITb CTPYKTYPHO TIOXOX Ha aHaJH3HPyeMoe
coelnHenne. B cayuae 6oJiee CIOXKHBIX cMecell MOXKHO 100aBifATh
IBa M 6oJiee BHYTPEHHHX CTaHAapra. MeTol BHYTPEHHEro CTaHaapra
NpHUMeHsieTcs He TOJbKO B ra3oBoll xpoMarorpadum.

6. Merod crandaprroii dobasxu. IDTOT MeTOJL AHAJOTHYEH
onucaHHoMy Bhile. OH OTJMHYaeTCs JIHIIb TEM, YTO A0OaBJAeMBLi
CTaHAApT sABJAseTCs OJHHM H3 KOMIIOHEHTOB CMeCH. ITOT METO.
HCIOJIb3YeTCs IJIaBHBEIM 00pasoM B TeX cJydasX, KOorja HeBO3MOKHO,
HanpHMep H3-3a IJIOXOTO pa3pelieHHs, MOxoOpaTh Kakoe-auGo Apy-
roe coelnHeHHeE.
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10.6. TPOrPAMMHPOBAHHUE TEMIEPATYPbI

10.6.1. NMPUYMHBI HCNOJb3OBAHHUS

[IporpamMupoBaHHe TeMmepaTyphl, HJIM KOHTPOJHpyeMoOe H3Me-
HeHHe TeMIepaTyphl KOJOHKH B IIpOllecCe aHaJH3a, HCIOJb3yercs
AJis yAyYIIeHHsI, YIPOIEHHs] H YCKOPEHHS pasfesieHHs] H UAEeHTH(DH-
Kallkh KOMIIOHeHTOB o0pasma. DTOT MeToJ O4YeHb YAoOeH NIpH aHa-
JIH3€ CJOXKHBIX CMeCeH, COAePXKAIHX COeJHHEHHS] C CAMBIMH pas-
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‘Puc. 10.36. XpomaTorpaMMer cMecH YTJIEBOZODOMOB, NOJNYYEHALE B H30TEPMHUIECKOM

pexnMe 1pu 150 °C (@) u B ycA0BHAX NPOrPAMMEPOBAHHOTO MOABEMA TEMIepaTypH
! P (6) ¢ 50 o 250°C (8 °C/mun) [59a].

~IHYHRIMH TeMmepaTypaMH kumenud. Ha puc. 10.36 CPaBHHBAIOTCA
XpOMATOTPaMMKEl OJHOH H TOH Xe CMeCH, NOJYYeHHBle Ha OJHON
KOJIOHKe TIPH H30TE€PMHYECKOM pasjefieHHH H pas3fesNeHHH C Mpo-
TpaMMHpOBaHHeM TeMmepaTyphl. IIpu H30TepMHuUecKOoM pexuMe
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XpOMATOrpadHPOBAHHSA KOMIIOHEHTOB ¢ HH3KHMH TeMiiep aTypamH KH-
NEHHS JAI0T YSKHE MHKH, KOTOPHIE CJEAYIOT OAHMH 3a JPYIHM, MHKH
KOMIIOHEHTOB € BRICOKHMH TEMIEPATYPAMH KHIIEHHS Da3MBITH, B:
ps€ ClyuaeB HX TUIOWaNb BOOGIIE Hesb3st H3MepHTb. IIpu mporpam-
MHPOB2HHH TEMIIEPATYPH pasieseHHe BHAuajJe MOXHO BeCTH NpH
HU3KHX TEMIlepaTypax, ¢ TeM 4TOOH IepBhle KOMIIOHEHTHI CMecH
XOpOWIO pa3NeJANACh, a 3aTeM NOAHATb TEMNEPATYPY B KOJIOHKE..
B 9TOM cilyuae BHICOKOKHMNSAIHE KOMIOHEHTH TaKiKe 3JIIOUPYIOTCS B.
BHJI€ YSKHX NMKOB H NJHTEJLHOCTh aHaNH3a coKkpamaercs. Ilpo-
rpaMMHPOBAHHE TEMNepaTyPhl MPHMEHSETCS NPEUMYIIeCTBEHHO HJs

aHasnusa cMeceil KOMNOHEHTOB C HHTEPBAJIOM TeMIIePaTyp KHIEHHS
100°C H Buie.

10.6.2. METOAHKM M MPUMEHEHHE

IIpu ucnosb3oBanHH mporpaMMupoBanus TEMIePATYPH AOJAMKHbI"
BHIIIOJIHATECS HEKOTOPhle yc/n0BHsA. Tak, Hanpumep, ycTpoHcTBO Aas:
BBOJA NPOGHI, KOJIOHKA H JETEKTOP LOJIKHH GhiTh PACTIONOKEHH OT-
ACIBHO C TeM, YTOGH HX TEMIEPaTypy MOMKHO GhLIO PEryJIHpOBATo.

3 ‘ 5
L Taw )
o ]

Pruc. 10.37. CxeMa nByXK0MOHOUHOH XpoMaTorpaguueckol yCTAHOBKH.

I — HCTOYHHK rasa-HOCHTens; 2, 2 — PErynaTophl MOTOKA ra3a-HOCHTEAA; 3, 3 — CHCTEMH BBO-
Aa; 4, 4 — KOJACHKH; 5, § — AEeTeKTOPHI.

He3aBHCHMO. HaMeHeHHe TeMmepaType B Impolecce AHAJIH3A B
ycTpoiicTBe A/ BBOAA NPOGH H B JEeTeKTOpe HexKenaTesbHO, a HHOT-
A2 H HEJONyCTHMO, OCOGEHHO JJfi KaTapoMeTpa, KOTOPHIA OUeHs.
HYBCTBHTEJIEH K TEMNePaTyPHHM HsMeHeHHAM. IIporpaMMHupoBanHe
AOJI2KHO IPOBOXHTBLCA C TOYHOCTHIO H BOCHPOMSBOAHMOCTBIO 1 °C/MHH
B obaacty ot 0,25 no 20°C/muH. OtH YCJIOBHSI JOJKHEBl BHIIOJNHATb-
Cdl, €CIH HAEHTHPHKAUUA COEJUHEHHR NPOBOZMTCA IO BpeMeHH
dJaionpopanusa. Mcnosmbsyemas HenoxBHXKHAS thasa LOMKHA GHITb.
CTabuJbHON RaXKe NMPH MaKCHMAaJbHON paboue#i Temneparype. Ecaw
KOHLEHTPAUHUs HeMOABHKHOH ()a3bl B rase-HOCHTeJe NOCTHIHET IO-
psanKka 1 MKr/Monb, To HaGMOAaeTcs 3aMETHbIfl CIBHI HYJeBOH Jiu-
HHH. BunsiHHe JleTyduecTH HemoABHXKHON (asbi ycrpaHserca Jubor
COOTBETCTBYIOUIAM BHIGOPOM ee, JIHGO HCIONL3OBAHHEM ABYX KOJO-
HOK (puc. 10.37). OGe KOJOHKH CONEPKAT OXHHAKOBOE KONHUCCTBO-
HEMoBHXKHOM a3k, 0lHAa H3 KOJOHOK NPHMEHSIETCS KaK pa6ouas, a
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Apyras Kak cpaBHHTe/bHas. CHIHAJ, NOCTYNAIOUIHA U3 CPaBHHTEb-
HOH KOJIOHKH, BHIMHTAIOT H3 CHTHaJa, MOCTyMmaloumero H3 paboued
KOJIOHKH; 3TO II03BOJIIET HCKJIOUHTbL BJIHSAHHE JIeTYy4ecTH HemoxA-
BHXXHOH (pasbl. B IByXKOJIOHOUHOH CHCTeMe B KauecTBe JeTeKTOpa
tesnecoo6pasHee NPUMEHATb KATAPOMETP, 4 He NJIaMeHHO-MOHH3AIH-
onuulil gerekrop. Ha puc. 10.38 mokasaHbl xpoMarorpaMMbl OJHOH

a J

e MUH

Puc. 10.38. AHaNu3 MeTHJOBHIX 3(QHPOB KHPHHIX KHCJOT C NMPOrpaMMHPOBaHHEM
TeMTepaTypH Ha XpoMaTorpaduueckofi yCTaHOBKe C OJHOH (a) u ¢ nByma (6) ko-
Joukamu [59a].

# TOfi XKe CMeCH, NOJyUIEeHHBEIE IPH NPOrpaMMHPOBAHHHM TeMIepaTy-
PHl Ha OJ(HO- H Ha JBYXKOJIOHOYHOH CHCTeMe.

Onbir paGoTel ¢ HPOrPAMMHPOBAHUEM TeMIepaTyphl MOACKA3HI-
BaeT, HANPHUMeEP, UTO [IJIHHA YNaKOBAHHOH KOJIOHKH NOJKHA COCTAB-
I5Th 2—3 M, HauaJbHAsd TeMIepaTypa NOJKHA OHITb HECKOJBKO
HH3Ke, YeM TeMIepPaTypa KHIIEHHS CaMOr0 HH3KOKHIISIIEro KOMIo-
HenTa. CKOpPOCTb MOAbeMa TeMOepaTyphl JAOJKHA YAOBJIETBOPAThb
JABYM TpeGOBaHHAM: JOJKHA OOecnedynBaTh XOpollee pasfieleHie
npH MpHeMJieMOR cKopocTH anasusa. [Ipu Mason CKOpOCTH Harpesa
BHICOKOKHIISIIHE KOMIIOHEHTH 3JIOMPYIOTCS OYeHb MeIJIeHHO, B pe-
3yJbTaTe Yero Ha XpoMaTorpamme MOTYT MOSABJSATLCA HEPETHCTPH-
pyembie muku. [Ipu GHICTpOM Harpese MOHHKaeTCs 3(peKTHBHOCTH
pasaenenuss. O6hyHAs CKOPOCTb HarpeBa AJIT KOJIOHKH PasMepoM
9—3 MX2—3 MM coctapisier 1—4 °C/mun. CKOpOCTh NMOTOKA rasa-
HOCHTEJIST BJIHSET Ha AJHTENbHOCTb SJIOMPOBAHHA 3HAYHTEJNLHO CJa-
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Gee, ueM TeMIepatypa. KoHeuHas TemmepaTypa pasjeseHHS JOJIXK-
ga OHITb OJIH3KAa K TeMIlepaType KHIeHHS HauboJiee BHICOKOKHIIS-
11ler0 KOMIIOHEHTA.

l'asoBasi xpomarorpadust ¢ NPorpaMMHPOBAHHEM TeMMEPaTyphl
gaeT HaHboJiee XOPOLIHE Pe3YJLTATHL NPH aHaJH3E cMecefl KOMIO-
HEHTOB C LIHPOKMM JHAaINla30HOM TeMIlepPATyp KUIEHHs, NIPH H3yde-
HHH COCTaBa CJIOXKHBIX CMeceil IPUPOAHEIX COEAHHEHHH, NPH pa3fe-
JIeHHH CHJIbHO COpPOHMPYIOIHXCS COeJHHEHHH B raso-aacop6uuOHHOM
BapHaHTe xpoMartorpadHu ¥, HAKOHEN, NPH BHIABJEHHH CJIELOB Bhl-
COKOKHIISIIUX KOMIIOHEHTOB B Pa3jIMUHBIX CMeCHX.

10.7. APYTHE NPUMEPBI NPUMEHEHHUS TA30BOH
XPOMATOTPA®HH

10.7.1. U3MEPEHHME M30TEPM AJICOPBLMU

Has pacuera usorepM aacopOuun mo xpoMmatorpaduueckuM IaH-
HBIM TIPENJIOXKEHO HEeCKOJbKO MeTOAOB. HauGosbliuM mpeanoyTesu-
€M I0Jb3yeTcsi MeTol, B KOTOPDOM H30T€PMBl COPGUHHM PAaCCYHMTHI-
BAIOTCA IO KPHUBHIM AecopOuuu {27, 33]. DTOT METOX MOKHO IpH-
MeHsATb, ecaH JAHGQy3HOHHble >(PPeKTH CBeAeHH K MHUHHMYMY H
ancopOUHOHHOE DaBHOBeCHe YCTAHABJIHBACTCA AOCTATOYHO OHICTPO.
Pasnenenne B 3TOM cJydae NPOBOAAT CJAEAYIOLIHM 06pPa30OM: Hempe-
DHIBHBIA IIOTOK 3JII0EHTA BBOAAT NPH 3aJaHHOH TeMIlepaType B KO-
JIOHKY 10 MNOJIHOrO ee HachileHHs. Ilocse 3TOro uepes KOJIOHKY
NPOIyCKAIOT YHCTBHIH Ias-HOCHTeNb, KOTOPHI 3J0MpyeT aacopGupo-
BanHOoe BellecTBo. CHHXXeHHe KOHIEHTPalUHH aacopbara B rase-Ho-
CHTesie BIIOTb JIO €ro IOJHOTO HCYE3HOBEHHsS DETHCTPHPYeTCs Ae-
TeKTOpoM. M3oTepMy azcopOuuH pacCUUTHIBAIOT, UCXOAS H3 POPMBI
KpuBoil fgecopbuuu. Ha puc. 10.39 nokasaHa THnwuHasi Xxpomaro-
rpamMma, npeicrasasiioniasi usorepmy Jlenrmiopa. Kouuentpauus
copbaTa B rase 1okasaHa Kak «yHKnus BpeMmend. Ecau o6a Bbiure-
YKa3aHHBIX YCJOBHS BLIIOJHAIOTCSA, QPOHT amcopOUMH HMeeT yerT-
Ky10 (popmy, TOrAa Kak BeTBb JeCOPOLHH pasMbiTa. EcJH H3BeCTHO
BpeMsi OOpriBa QpoHTa ancopOIHH, TO KOJIHYECTBO aacopbaTta cCo
MOXKHO OIPelesHTh: OHO NPOHOPLUOHAJLHO mjaomann ABDO. [e-
COpOUUOHHYI0 BeTBb KPHBOH MOXHO HCIIOJIb30BATh AJS pacueTa

KOJIHYeCTBa a/COPpOHPOBAHHOrO BelleCTBA HPH KOHUEHTPAUHSIX OT
0 10 co:

= (nc+yo)/m, (10.53)

rape X-— KOJHYeCTBO DQOO@QE_quNmmOH.O BellecTBa MPH KOHIEHTpa-

uun ¢ (Touka G Ha puc. 10.39), MMoab/T; 7 — YHCIO MoJelt YHCTO-
PO rasa-HOCHTEJs, NPOLIEUIero yepes KOJIOHKY MOCJ€e NpephiBaHHs
notoka cop6ata A0 BHIXOZA AAHHOH KOHIEHTPALHH. ITO COOTBETCT-
BYeT KOJIHYECTBY ras3a-HOCHTEJNs, NPOLIeJLIEro Yepe3 KOJOHKY 32
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untepBan H—E (puc. 10.39); ¢ — KOHIeRTpauus agcopbara B ToU- i
Ke G, MOJIb/MOJb ra3a-HOCHUTENS; M — KOJHIECTBO agcopOeHTa, Iy ]

Y€ — KOJHUYESCTBO N.EOO@.,QN_HP ocTaBlieecsd B KOJMIOHKE IIpH KOHLEHT- |

panuu amcop6aTa ¢ (OHO MPONOPUHOHAMbHO miomanu GHI).
IIpenMymecTBo AaHHOrO MeToAa 3aK/l0Uaercs B TOM, YTO OHA
RecopOuMOHHAA KPMBAas, NOJydYeHHAas 32 OXHH SKCIEPHMEHT, HaeT

TaKOe YHCJO TOYeK, KOTOPOe JOCTaTOYHO JAJI NOCTPOEHHS H30TePMH
agcop6uun. KpoMe TOro, sTor MeTOx NPHMEHHM IIPH HH3KHX KOH- |

A B

-

g 12] £ J
¢
Puc. 10.39. Jlecopbunonnas xpomMaTorpaMma B sxcnepumerte I'perra u Croka [33].

d — oTKNIOHEHHe AeTeKTopa; ! — BpeMs; Co — KOJH4YeCTBO ancopbaTa, NpPONOPIHOHANBHOE NJIO-
wanu ABDO; ¢ — KoHueHTpanua ajcop6aTa B Touke G; naomanb EFGH cOOTBETCTBYeT Hpo-
HM3BEACHHIO n¢, a naowaas GHJ — npoussenenuio yc {{cM. ypanuenune (10.53)].

uenrpanusax. Onnako, 9To6bH MOMKHO GHIJIO MPOBECTH COOTBETCTBYIO-
IHe pacyeTH, HeOGXOAHMO 3HATh IJIOWIaAb NOX HHCMajamouied
BeTBbl0 XpomarorpaMM. CliefoBaTesIbHO, STOT METOJ HENpPHIOfeH
NP HU3KHX KOHLEHTPAIHAX NMOJAPHHX aacopbaToB, aacopGupoBaH-
HHIX Ha aKTHBHBIX HOCHTEJAX, Ile HHCNAfaioNnas BeTBb aCHMITOTH-
YecKH NpUOJHIKAETCA K HyJeBOH JHHHM. B Jpyrux omucaHubix B
JHTepaType MeTOAax pacueTa H30TepM aACOpPOUMH* HCIOJBL3YeTCH
¢pouTanbHui aHanaus [43], BuTecHHTeMbHAS MeToauka [40] H T. 4.

[17].

10.7.2. ONPEAEJEHHUE TEMJIOTH A COPBLLHH

Meron onpeneneHus TenJIOTH aACOPOUMH HA OCHOBAaHHH XPOMa-
TOorpaduyeckux AaHHHIX ONHcaH B psaxe pabor [2]. IIpu onpenene-
HHH TEIVIOTH aJCcOopOILHH HCNOJb3YETCA YPaBHEHHE

k=t'gu/L, (10.54)

* Bo3MOXHOCTb H3yUeHHA afACcOPOIHH XpoMaTOrpadHueckoro BellecTBa Ha HO-
BEPXHOCTH TBEPAOro HOCHTeNsd paccMaTpuBaeTcs B cTaThe Bepeskuna B. I'. [DKyp-
Han BXO um. JI. K. Menneneesa, 25, 625 (1980)]. — [Tpux. ped.
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riie k— KOHCTaHTa PaBHOBECHS aAcopGuuu (oTHOWIEHHE yHCaa MO-
JieKyJl, aACOP6HPOBAaHHbIX HA 1 cM? amcopGeHra, K YHCJIY MOJIEKYJI,
copiepxamuxcs B 1 cM® rasosoit ¢aswl, B ycaoBusx paBHOBecHus);
'r — HCIIPABJIEHHOE BPEMS yIep:KHBaHHS, COOTBETCTBYIOLIEE MaK-
CHMYMY NHKa (C); 4 — JIHHeAHAss CKOPOCTb rasa-HOCHTONS B nycToft
KOJIOHKe (cM/c); L — nnuua ynakoBanHoi KOMOHKH, cM. Kak yka-
3aHO B paGore [32], KoHCTaHTy & MOXKHO paccMarpHBaTh Kak KOH-
CTAHTY a/ICOPOUHOHHOrO PAaBHOBECHS, M NPH BHIIOJHEHHH NOAXOHS-
UEro 3aMEINeHHsT MOXHO NOJYYHTb CJelyiollee ypaBHEHHe:

Ig Pty =(—AH/2,203R) (1/T,) +a, (10.55)
riae

PTip =t'p Aﬂm\ﬁv 3o l(pilpy)®—1 (pilpg)*—11 (10.56)

TAe P'tr — HCnpaBieHHOE BpeMs YAepxuBaHud, ¢; AH — uaMenenue
SHTAJIBIIHK  ajcopOuMu, Kaa/Moab, R — rasoBas NOCTOSTHHAS,
Kajn-moab~!-rpax~; T.— remneparypa konoHkd, K; T;— remme-
parypa pacxomomepa, K; p; — nasnenne na Bxoge B KOJIOHKY, MM
PT. CT.; Po-—laBJieHHe Ha BEHIXOAE H3 KOJOHKH, MM pT. cT. Kon-
CTanTa a sBJAETCA (PYHKUHeH SHTPONHH amcopOiuw, pasMmepoB Ko-

JIOHKH H CKODOCTH IOTOKAa I'a3a-HOCHTEJSI. Ecan stu AHNNHO@E nom-

AECPXKHBAKOTCA NOCTOAHHBIMH, TO 3aBHCHMOCTD EOH,N@NQSN HCIIpasB-

JIEHHOro 06beMa (BpEeMEeHH) yAepXKHBAaHHS OT BEJHYHHE, o6paTHOMH

a6CcoMOTHOM TeMnepaTtype KOJIOHKH, HMeeT BHA npsmoit. Ee nakion
TIPONIOpIHOHAJIEH TemioTe ancopbunn AH. B Gosee mosmuel: pabore
[2] pacuersr mpoBoguanch Mo YPaBHEHHIO

18 7TV, = (—AH/2,303RT) +-a, (10.57)

rie PTVy —ucnpasaeHHH? 06bem yAepxkuBanus, ma/r. IIpu nocr-
POCHHH 32BHCHMOCTH Jorapu$mMa 5Toll BeJHYHHH OT o6paTHOH TeM-
IEPATYpLl MOJYYAIOT 2HANOTHUHYIO KPHBYIO, IO HaKJIOHY KOTOpO¥
MOZKHO PacCYHTaTh TEIJIOTY afcopOGIUHH.

CooTsercrByMOIIHe H3Mepenns NPOBOAATCS HA TeX Ke YCTaHOB-
KaX, KOTOpHE HCIOMBb3YIOTCA IJst pasfeseHus. Metog H3MepeHUus
COCTOMT B PErdCTPalHH XapaKTePHUCTHK YIep:KHBAHHS coeanHeHHH
B 32BHCHMOCTH OT YCTaHOBJICHHON TEMIEpaTyphl. -

10.7.3. HU3MEPEHME YIEJbHOH NOBEPXHOCTH
AJICOPBEHTA

s usMepenuit yaenanHol TIOBEPXHOCTH afCOPGEHTOB H TBEPAKX
BEIIECTB B HEKOTOPHIX CIyYasX IPHMEHSETCS MeTof, paspaboran-
#ui HembceHoM u 3rreprceHoM [65] u HasniBaembiii «Xpomarorpa-
$HryecknM MeTonOM AMHAMHYECKOH AecopOuun>». [ToTok rasza-HocHTe-
J1 (resuii HIH BOZOPOL), COMepKaLLHi ajcopbar (yaiie Beero asor,
pexe Oyrau, 6eH30J M T. 1.) B KOHLEHTpauuu or 5 xo 30%, npoxo-
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zut uepes agcopGent (~0,06—1 r), momemennsifi B U-06pasuyio
Tpy6Ky. AncopOuuoHHOE paBHOBECHE HAa MOBEPXHOCTH yCTaHABJH-
Baercs IpH KOMHaTHoi Temneparype. Tpy6ky ¢ aacopbGentom nocJje
3TOrO OXJAaX[AalT [0 TeMIepaTypbl KHIIEHHsS JKHJKOro asoTa
(—195,8°C), omyckas ee B cocya [vioapa. Beaencrsue aacopouus
a30Ta Ha NOBePXHOCTH aJcopOeHTa KOHIEHTPAIHs €ro B rase-HOCH-
TeJie TOHMXKaeTcs. DTO MOHHXKeHHe (GHUKCHPYeTCS KaTapoMeTpoM.
IMocae uapaeuerns TPYOKH u3 cocyna [pioapa asor aecopbupyercs
¢ TOBEPXHOCTH afCcOpOeHTa H KOHIEHTPAUHUs €ro B rase-HOCUTENE
yBennuuBaercsi. CaMONHcel 3aNHMCHBAeT B 3TO BpeMs NHMK, HaNpas-
JICHHHI! B NPOTHBOTOJIOXHYIO [I0 CPAaBHEHHIO ¢ aACOPOUHOHHBIM IH-
KoM cropony. ITocjie KaJHGPOBKH 1o ra3oo6pasHOMY asoTy OTKJH-
Ka JeTeKTopa MOXHO pacCuHTHiBaThb 06beM ancopGHPOBAHHOTO
asoTa (paBHBI 06beMy AecOpGHPOBAHHOTO a30Ta) JHGO IO OLHOMY,
JiH60 mo o6oMM NMHKaM. 3Has YHCJI0 MOJeKYJ H IIOlla[b, 3aHHMae-
MYI0 OJHOH Mojekynofi axcopbara (aas asora 16,2 A%), moxHo
PAcCUMTATh yAEJbHYIO NOBEPXHOCTh ajacopbenra. Pacder ocHOBaH
Ha Teopun Dpymayepa, dmmera, Teanepa (B3T) [7], ocHosHOe
HCIIOJIb3yeMOe YPABHEHHE 3alHChiBaeTCs CJelyloluM 00pasom:

V(1 —pN =1V CH+I(C—1V.Llp, (10.58)

T/le pr— OTHOCHTEJbHOE NaBJEHHe HJH COTast 4acThb O0beMHOR KOH-
ueHTpanun agcopbara (obe BenuunHbl GespasmepHbie); V — oGbeM
ajgcopbara, aacop6UPOBAHHOTO NPH JAHHBIX YCJOBHAX, M, Vm—
o6beM ajcopbata, HeOGXOAHMEIH JJ8 IOKDPHITUSI MOBEPXHOCTH aj-
cop6eHTa MOHOMOJIEKYJISpHHM cJdoeM, mi; C—xomcramra BIT.
Ecau V onpenensieTcss 3KCIePHMEHTaNbHO IO KpaidHed Mepe Ans
ABYX PAa3JUYHbLIX (¥ M3BECTHbIX) 3HAUeHHH p,, TO 3Hauenus C u Vm
MOKHO IIOJYYHTh IpaduueckuM pemenneM ypaBHenus (10.58). Ias
azora B Kauectse aicopb6arta C>>p,, mo3TOMY 3HaueHHe Vi MOXKHO
paccuuTaTh TIO JAHHBIM OJHOrO 3KcrepuMenTa [36], ecau ynpocTuts
ypasrenue (10.58) u npeneGpeun usenom 1/C:

VA —p)=Va., (10.59)

BenHunHy yAenbHOH MOBEPXHOCTH S PacCUMTHIBAIOT IO Ypas-
HEHHUIO

S=(V,oN/22,4g) 10~% Mm?/r, (10.60)

rie g —Macca aiacopbenra, r; N —uncjo Aporajgpo u o — IoBepx-
HOCTb, 3aHHMaeMasi OJHOH MoJieKyJo# aacopbara, A%

VienbHYI0 MOBEPXHOCTh aACOPGEHTOB H3MepsIOT AH60 HA OObIY-
HOM Xxpomarorpade ¢ JeTeKTOPOM IO TEIJIONPOBOAHOCTH, TMPHCIO-
cobIeHHOM 1Js1 moicoennHenHs K HeMy U-o6pa3Hbix Tpy6oK ¢ aacop-
6eHToM, JU60 Ha clelHaJjJsLHO CMOHTHPOBAHHOH H3 OTAEJNBHBIX 3Je-
MeHTOB ycTaHoBke (puc. 10.40) ‘[45]. Cmecb asora W resus (uau
azora u BogopoAa) M3 GajJoHa | TPOXOAHT yepe3 JOBYUIKY 2 B
ycrarosky 3. C MOMOIIBIO PeryJsTopa jaBjeHHs 5 B 06euX BETBAX
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YCTAHABJIHBAIOT OJHY H Ty Xe CKOPOCTh rasa. (0,25—1,0 ma/c)
I'a3 npoxoguT uepes cucremy BBOZA 6, mo:o:ww%mz.%s E_vm KaJHG-
pOBKM TmpHOOpa rasoo6pasHEIM a3oToM, B H3MEPHUTEJbHYIO YacThb €
U-o6pasHoit ..%%awom 7 (puamerp 5 MM, gauna 10 CM), colepxarieit
uccaenyeMblt o6pasen. ITotok rasa-mocuress :voxom:ﬂ yepes . Ko-
JIOHKY &, YIAKOBAHHYIO aKTHBHBIM yrjleM, AJS KOMIEHCALHH 06beM-
HBIX M3MEHCHHH, BBISBAHHELIX OXJaXIeHHeM HJIH HarpeBaHueM aj-

o —— ——— v —

i
]
O
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N

W
)—
&
N
G)—
—

2]

- L

Puc. 10.40. Ycranoska s H3MEPEHHs] YAeJbHON MOBEPXHOCTH ancopGeHTa.

I — 6aanon co cxaTeIM ra
30M; 2 — JIOBYIIKa; 3 — COCAHHHTENbH
R ’ H oe ycTpoi s 4—T- -
ﬂmwawwwmwm.ﬂwwawvmmnwmamqov Mo.nowm rasa-HocHTeJs; ml%o‘nuonnqwo%nuﬂ MMMM.N Anvom.rwa_w»m
3 0" CTaOH/IH3allUOHHAs KOJIOHKa; 9 — KarapoMeTp; 10, 11 — et
12 — pacxopomep. b COPRIERH;

copbenta. I'as, mokumalommui KOJIOHKY, NOCTyNaeT B JeTeKTop 9
Kak Toabko B cucreme yeranosuTes PaBHOBecHe, T. €. HyJeBas -
HUA TIepecTaHer cMellarscs, TPyOKy c o6pasuoM NOrpyXaiT B
ZKHIKHH 30T H BEIJEPKHBAIOT TaM 0 YCTAHOBJIEHUS paBHOBecH#A
Hocne BosBpamenus Hyxesoit auuuK B HCXOZHOE HOJIOXKEeHHe .Gwm..
Ky ¢ ancopGeHTOM H3BJIEKAIOT M3 a30Ta M 3aMHCHBAIOT KPHBYIO
AecopOuun. OnpeneneHHBll 06beM rasoo6pasHoro asora mwo.%ma
w:m:v:nmws B CHCTEMY mwo\umcm TaKUM o6pasoM, 4To6H OH Aaj OnH-
KOBBI C J1eCOPOLHOHHONH BeTBBIO cHrHAN. C NOMOIIBI0 TAKOR
KaJHGPOBKH PACCUHTHIBAIOT O6BEM 1ecopOGHPOBAHHOTO - 230TA.

10.7.4. XPOMATOTIPA®US NPOLAYKTOB NMUPOJIU3A

. wOmﬁ:ﬁxmm:mm TIHPOJIHTHIECKOrO Ipolecca ¢ ra3oBOH XpoMaTo-
@Woexm: B €IHHbLIH aHAMUTHYECKHHA MpOIecC 3HAYHTENLHO PacIlH-
T BO3MOXKHOCTH MeTtoZa. C NOMOIIBLIO Ira3oBOMH XpoMartorpaduu
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HEeBO3MOXHO aHAJH3HPOBATh MaJoJeTyuHe COeJMHEHHS, NMOCKOJBKY
NpH 3TOM B KOJIOHKe HeOGXOAMMO IMOAJEPKHBATL OYeHb BHICOKYIO
TeMNepaTypy, NPEBHUIAIONLYI0 TOT Npeaes, NPH KOTOPOM ellle MOX-
HO HCIIOJIb30BATb HENOJBHXHYI0 a3y, KpOMe TOro, HEKOTOpHe
KOMTOHEHTH o6pasila IPH NOBHIUIEHHHX TeMIeparypax MoOTyT
pasaaratbea. IlostoMy oGbeluHeHHe NHPOJAHM3a C [a30BOH Xpo-
Martorpaduell B pAfe CIy4aeB NPEICTABJAAELTCS BeCbMa Lenecood-
pasHbIM. .
HenocpencTBeHHOe IPHCOeAHHEHHe MHPOJHTHYECKOH NPHCTABKH
K rasoBOMy xpomarorpady HMeer psji NpenMyllecTB: 1) BhICOKast
9¢heKTHBHOCTb pPa3fie/eHHst H KaK pe3yJbTaT OLICTDHIA, TOYHHH H
OUeHb JeTaJbHHH aHaJu3 NPOAYKTOB IIHPOJH3a; 2) BHICOKAsA YyBCT-
BUTEJbHOCTb IIJIaMEeHHO-HOHH3ALHNOHHOTO JEeTEKTOpa, ITO IO3BOJsET
HCIOJIb30BaTh MHKPOrpaMMOBHIe KOJHYECTBA BelleCTBA [Ji NHPO-
au3a; 3) upeHTHPHKAUHA NPOAYKTOB IHPOJH3A IO XapaKTepPHCTH-
KaM yAepXKHBaHHS HJIH MAcC-CIIEKTPaM, eCTH HCMOJb3YeTCs IasoBHi
xpomarorpag M Macc-cmeKTpoMeTp; 4) BO3MOXKHOCTb OT60pa OT-
JIeJbHEX NPOAYKTOB NMHPOJN3a, NMO3BONAIOUAs MPOBOAHTb HX Jalib-
Helillee H3yYeHHe M aHasu3. ['a3oBbli xpomartorpad ¢ NHPOJHTH-
yeCKO#l MPHUCTAaBKOH MOXKeT NPHMEHAThCH KakK AJS KauyeCTBEHHOrO,
TaK M JAJs1 KOJHYECTBEHHOrO aHaJH3a, a WHOTAa M JJis ONpefiesieHHs
(H3HUECKHX IMOCTOSIHHBIX MHPOJHTHYeCKoro mpouecca [15].
BeurecTBa, moAgBepraeMbie IHPOJH3Y AAIOT CMeCb ra3oo0pasHHIX
H KHAKHX NPOAYKTOB; HX XpOMarorpaMMa Has3nBaeTcs IHPOTPaM-
mo#. ITuporpaMMa naHHOroO coelHHEeHHs, NOJydeHHas B ONpefeJeH-
HHIX 3KCIIEPHMEHTAJIbHBIX YCJOBHSIX, ABJAETCH XapaKTepHOH H BOC-
npoussoaumoii. IluporpamMmma. Moxer cojepxaTb JH60 OLHH, JHGO
HECKOJILKO THNHYHHX HHKOB. IIpH NHPOJHTHYECKOM pasJOXeHHH
pAna MNOJHMepOB, HampHMep NOJHMETHJAKPHJIATOB, o6pasyercs
OIWH W TOT XKe THNHYHBI mpoxykr. OaHako oObIYHO B Impolecce
HHPOJIH3a 00pa3yeTcsi HECKOJABKO IPOAYKTOB, H B TaKHX cCJaydasx
HHOTJla MOXKHO BHIOpaTh Ha XpPOMATOrpaMMe THIHYHHEA IPOLYKT,
KOTOPHIH XapaKTepHU3yeT aHaJH3NPyeMoe cOelHHEHHe, HaIpHMep
VKCYCHYIO KHCJOTY JJS1 IOJHBHHHJIALETaTa, HUTPUJB AJ HEKOTO-
pHX GapOurypatroB. UTOGH MIEeHTHGHUIHPOBATH HCCJeAyeMoe coe-
JUHEHHe B OTCYTCTBHE TAKHX XaPAKTEPHHX IPONYKTOB, HeOOXOJHMO
CPaBHHBATh MOJIydeHHble MHPOrPaMMbl C NHPOrPAMMAaMH MOZeJb-
HHX coepvneHu#l. OTAeNbHbBE KOMIOHEHTH ITHPOTPAMM MOXKHO HJIEH-
TH(QUUHPOBATL O METOLY, OIlHCaHHOMY B pa3zx. 10.4.
KoJsinuecTBeHHAsl OlleHKa NMHPOrpaMM OCHOBaHA HA HAJNHYHM OI-
peneleHHOTO COOTHOLIEHHS MeXAY KOJHYeCTBOM IHPOJH30BAHHOTO
COeJMHEeHHS M KOJIMYECTBOM IOJYYEHHHIX B pe3y/bTaTe NHPOJNH3A
THOMYHHX NPOAYKTOB. Ecau TakWe NMPOAYKTHl OTCYTCTBYIOT, TO Ha
nuporpamMme BHGHpPAIOT HaHboJiee XapaKTepHble IHKH H CTPOAT AJA
HHX KaJuGpOBOYHYIO KpHBYIO. HToGH pe3yabraTH aHajaH3a GHLIH
BOCIIPOH3BOAMMHIMH, HeOGXOAMMO IOANEPIKHBATH IOCTOSTHHBIMH
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9KCIePHMEHTaJIbHEE YCJOBHS, OCOGEHHO TeMmepaTypy IHPOJM3a.
Jlaxe He3HaUHTeIbHOE H3MEHEHHE TEMIIEPATYPH MOMKET CYIeCTBEH-
HO NOBJIMATH HA COCTAaB NMPOJAYKTOB,

TEXHHUKA TIHPOJIM3A

Ouenb wacTo nAs NMHPOJH3A HCNOJB3YETCH HHTh HaKana, CM.,
HanpuMep, KOHCTPYKHuio [49], mokasamuyio Ha puc. 10.41. Hute
NOAKJIOYAIOT TAKHM 006pasoM, uTo6H OHa MOIJIAa HArpeBaThCs TPo-

K
RS

Puc. 10.41. Cxema nuposnTHUeCKOf AUeiiKy.
1 — #30a8TOp; 2 — HETD; 3 — NPOTOYHBIE KaHaJ/Ibl; 4 — NHPOJHTHYECKaA s9efllKa,

TEKAIOUHM IO HEH TOKOM JO ONpeaeseHHOH TeMIIepaTypH 3a Tpe-
%mzom BpeMs (0,1—10 c). O6paser, NpeIBapUTENbHO PaCTBOPEH-
HBIM B JIETy4eM DacTBOpHTeJe, HAHOCAT HA HHUTb M HCHAPSIOT pac-
TBOPHTEJb .“Esmo Iponyckast uepes HHTh caabi TOK, 1160 06ayuas
HUK-namnofi. ITockoabky TEMIepaTypa HHTH HEOAHHAKOBa N0 ee
AnuHe (KOHIEI HHTH OGEIYHO XO0JI0AHee), KeJaTeJbHO HAHOCHTh
o6pasen Bceraa Ha OJHMH M TOT e y4acTOK HHTH. I10 oTol NpHYHHE
B LEHTPe rOTOBHIX HHTeH OOHYHO HMeercss HeGoabliasg metas. Ha
Takue HHTH MOXHO IOMellaTh TBePALE 06pa3ntl. BHe 3aBHCHMOCTH
OT cmoco6a HaHeceHHs 06pasna KaKas-TO 9acTh €r0 MOKET TePATH-
cd. Us-3a GricTporo HarpeBa HUTH uacTb o6pasna, HemocpeACTBEHHO
KOHTAKTHPYIOWIAsi C HHTbIO, CPA3y Ke NMUPOJH3YETCS, H a3kl MOTYT
YHECTH IPYrylo wacTb ofpasua u3 30HH HarpeBanns. HuTb oGuuHG
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MOXHO HCIOoJb30BaTh of 10 mo 40 pas. B mpomecce nuposnsa BH-
JenasieTcs yriepoi, KOTOphiil pacTBopsieTcs B TOpsAYed HUTH, UTO
MNPHUBOANUT K YMEHDbIIEHHIO ee MeXaHHYeCKOH IPOYHOCTH H JIOKaJbHO-
My H3MEHeHHIO 3JIeKTpHUecKHX cBoficrB. OOLIYHO IPH 3TOM NPUXO-
JTCS YBEJHUHBATH TOK, HEOOXOAMMBIA [Jisi HArpeBaHHS HUTH JO
'3a/laHHOM TeMIlepaTypHl, JO TeX IOp, NOKa OH He [JOCTHIHET TaKOH
BEJMYHHE], TPH KOTOPO# HHThL HauHHaeT ropeTh. HMcnosnsys He-
-GOJIBUIYIO JIOMOYKY, HarpeBaeMyl0 CIHPAJblo, MOXHO H30exarb
BTHX TpyAHOCTell, HO o6pasel, NPE 3TOM HArpeBaercs MelJeHHee
(HecMOTpst HA 3TO, BOCIPOH3BOJHUMOCTDb PE3YJILTATOB OCTAETCS OUEHb
xopouiei).

Tunposin3 MOXKHO TaK¥Xe NMPOBOAHMTbL He HA HHTH, a B PeakTop-
HOM fAueiike. JTOT cnoco6 HMeeT onpefesieHHbEe MPEUMYINECTBA.
O6pasen nHarpeBaercssi A0 Tpebyemoii TemnepaTypsl OnicTpee, IO-
CKOJILKY sUeHKY TpeJBapHTeNbHO HarpeBaloT. TeMnepaTypa BHAED-
KkuBaercs OoJiee uerko OJarozaps TepMocraTy. Takum o6pasoM
MOXKHO BECTH IIHPOJIH3 TOYHO B3BEIIEHHBIX TBepAbXx oGpasuos. He-
JIOCTATKH MeTO/[a — BO3MOXKHOCTh KATaJHTHYECKOTO BJUSHHUA CTe-
HOK PeakTopa U BO3MOXKHOCTb BTOPHUHBLIX PEAKIHH HM3-3a AJHTENb-
Horo npeOBIBaHHA IPOJYKTOB INHPOJX3a B 30He Harpesa. Yamile
BCEro B KayecTBe PEAKTOPa HCIOJB3YIOT TPYOKH, BBeJEHHHIE B IIeUb,
aunbo ob6bluHyl0, JH60 HHAYKIHOHHYI. Bo BTOpOM cayuae HeolXo-
JUMasl TeMileparypa JOCTHraercsi OBICTpee H3-32 HCIOJIL30BAHUSA
toukn Kiopu. HMnorza o6pasen nmoMelamoT B 30HY 3JeKTPHUECKOTO
paspaga MexAy sJaekTponamMu uiu HarpeBaioT HMK-msnyuenuewm,
Uy, ecan obGpasell pasjaraercs JLOCTATOUHO JIETKO, IONMYCKaeTcs
yTOOBl YCTPOHACTBO /g BBoAa o6pasna B xpomarorpad Owiio o6o-
rpeBaeMbIM,

QAKTOPLI, BJUAIOMINE HA ITHPOJIN3

OcHoBHOe BJMSIHME HA IHPOTPaAaMMy OKasbiBaeT TeMmIilepartypa
nupoJHsa. TeMmeparypa nupoJ/u3a yCTaHABJAHBAETCS JIMIIb II0 HCTE-
YeHHH OIIpe/leIeHHOr0 BPEMEHH, W HAarpeBaeMoOe BEIIeCTBO BHIAEP-
JKHBAeTCsl HEKOTOPOe BpeMs IpH TeMmmepaTtype GoJjiee HH3KOH, ueM
TeMilepatypa nuponusda. CuefoBaTe/nbHO, IHPOTpaMMa XapakKTepH-
3yeTcsl He 3aJlaHHOH TeMIepaTypol MHMPOJH3a, 4 HEKOTOPLIM TeMIle-
parypubiM HHTepBajoM. OTK/IOHEHUS OT MHPOTPaAMM, COOTBETCTBYIO-
LIHX TeMIepaTtype HMHPOJH3a, CTAHOBATCS OoJiee 3aMETHHIMH C YBe-
JHYeHHeM BpEMeHH, HeoOXOAHMOr0 MJS JOCTHUKEHUS 3aJaHHON
TeMIepaTypel. T0 BpeMs JexUT B npegenax ot 0,08 ¢ (ana uutH)
n0 400 ¢ (mast monouku). Ilpu MCmoONB30BaHHM pPeaKTOPHOR SAYeHKH
BTO BpeMs 3HAUUTENbHO COKpalaercs, MOCKOJbLKY 006pasel BBOASAT
HeNoCpeACTBEHHO B HATPETHIH PeaKTop.

IIuposn3 noJsi3KeH TPOBOAUTHCS KaK MOXKHO ObICTpee IO JABYM
NPUYMHAM: BO-NEPBBIX, NP NOBHIUIEHHEIX TeMIIepaTypax BO3MOXKHBL
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BTOPHUHbBIE PEAaKUMH H, BO-BTOPHIX, IPOAYKTH MHPOJH3A JOJMKHHI
BBOJHTBCA B XpOMAaTOrpauueckyio KOJIOHKY B BHAe HanGojee KOM-
nakTHOi 30HB. CKOPOCTb BLHIXOJA MPOAYKTOB M3 30HBI HHpoJH3a
TaKXKe CBf3aHA C IJIHTENLHOCTBIO IHPOJNH3A H 3aBHCHT OT KOHCT-
PYKUHMH DEAKTOpa M CKOPOCTH IIOTOKA rasa-HocHTesst. H3aBecTHo, uto
C YBEJIHYEHHEM CKOPOCTH rasa-HOCHTeJS] YMEHbIIAEeTCS BePOSTHOCTD
NPOXOX/eHHsI BTOPHYHBIX PeaKUH#, HO NPH 3TOM IIPEANOJaraercs,
4TO CKOPOCTL NPOXOJa rasa uepe3 peakTop He JOJXKHA BJIHATH Ha
TeMIePaTypy NnocjemHero.

Bua nuporpammbl 3aBHCHT TakXe OT JaBJEHHS ra3a-HOCHTENS H
ero npupoapl. [Tnposns vame Bcero MPOBOAKTCS B HHEPTHOH aTMOC-
(epe. B npUCYTCTBHH KHC/IOPOZA Pe3yJbTaThl aHAJNH3A BCErJa HCKa-
XKalOTCA. B HEKOTOPHIX C/IyyasiX MPOBOAHTCH THAPOTEHH3AUHS npo-
AYKTOB INIHPOJIH3a BOACPOAOM. BHCOKOe naBjieHHe ra3a-HOCHTeJs
NPHBOAHT K OGOTrallleHHI0 TNPOAYKTOB NHPOJNH3d HH3KOKMIISIIHMH
coeMHeHUsAMH. MaTepHaJ, H3 KOTOPOrO H3TOTOBJEH PeakTop (0GHIY-
HO CTEKJIO HJIH KBApI), U MaTepHas HATH (OGLIMHO MJIATHHA, HHXPOM
WM BOJb()PAM) Walle BCero He OKA3LIBAIOT 3aMETHOTO BJIMSHUS HA
niporpammy. XoTs B psilie CAyYaeB H HabIOAANHCh HEKOTOphIE OT-
pullaTenbHble KaTaauTHueckue abexTn [15] (oHH nposBasioTcs B
OCHOBHOM NDM HCNOJIb30BAHHH TBEPABIX HOCHTeNel B siuefike peak-
topa). IloBepxHOCTb TAaKOH SIUEHKH MOKET GHITh B 3HAUHTEILHON
CTENCHH. NOKPBITA NPOJAYKTaMH NHPOJIH3A, IOJYYEHHEIMH B IIpejlie-

CTBYIOIIHX OIBITAX, H KaTaJHTHUeCKasd aKTHUBHOCTb TAKOH SUeiiKu
COOTBETCTBEHHO MeHSeTCs. o :

OCHOBHBIE OBJIACTH SODOEUmOW{»ESM

- T

[Tuponuruyeckne Mertois Haubosee YaCTO HCTIOMB3YIOTCS A
ananuza nojumepos [3, 15]. OnucaHbl MeToMKH HAeHTHDHKALHM
TOTHMETHIAKPHIIATOB, NOJHAKPUIATOB, NOJIHCTHPONA, TOJIHAKPHIOS
HATPHJAA, NONHITHJIEHA, MOJHIPONHIEHA, NOJHAHEHOB, NOJHTETDA-
dbropsTHieHa; MoJAUIDHPOB, NMOIHAMHIOB H Pa3JIHYHBIX CONMOJHMe-
poB. HccseoBaHbl TaKke IHPOJNA3 YIJIEBOAOPOOB, xuanxuadoc-
}haToB, KapGOHHJIOB PA3JIHYHBIX METaJJIOB, CHJIZHOB, COJIe# ueTBep-
THYHOTO aMMOHHA, 6apO6HTYpaTOB, (eHOTHA3HHOB, nopGUpPUHOB H
T. A. Y3 uncsia IpHPOAHEIX MaTepHaJoB 0COGEHHO n0POGHO H3yye-

mzmmeoxxnaoev_mmmEE.Sowogz.h@mwmomzmﬁoa?mme._,vx
MHHEpPaJIH, o :

10.7.5. AHAJIM3 CJEJOB METOJIOM rA30BOn
XPOMATOTPA®HH

AHanu3 ciefoB MeTOAOM rasoBoi xpomarorpaduu Hexecoobpa-
3€H, €CJIH a) OJHOBPEMEHHO HeOGXOLHMO ONPENESHTb HECKOMLKO
KOMIOHEHTOB CMecH, 6) IPHMeCHBle KOMMOHEHTH XHMHUECKH HIeH-
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THYHH OCHOBHHM, B) BO3MOXE€H aBTOMAaTHUeCKHH H MOJyaBTOMATH-
yecKHil aHaJH3. MakchHMaJlbHas YYBCTBHTEJbHOCTb XpoMartorpadm-
YeCKOro OnpejesieHHsi, HeoGxoauMas AJs aHaJH3a CJIELOB, MOXKeT
GHTb HOCTHTHYTA ONTHMH3alHeH YeTblpeX OCHOBHBIX ITapaMeTpoB
MeTofa: 1) 4yBCTBHTEJBHOCTH U CEJNEKTHBHOCTH AETeKTopa, 2) Mak-
CHMAaJIbHOTO oObeMa (Macchl) aHaJM3HPyeMOro coeaHHeHHs, 3) 3¢-
(EKTHBHOCTH XPOMAaTorpadHuecKoro pasfeleHus, 4) NOJOXKEHHs
cJe0B KOMIOHEHTa Ha XpoMarorpaMmme.

OnTHMH3anHus IEPBHIX JABYX NapaMeTPOB IIpHBeJa K CO3KAHHIO
JBYX TPymm METOJOB— METOJO0B HeNOCPEeJCTBEHHOTO aHaJu3a H
oboraTuTeJbHEX MeToA0B. B MeTozax mepBofi rpynnbl HCIOJAb3YIOT-
cs1 BHICOKOYYBCTBHTEJILHEIE, [VIABHHIM 00pasoM CeJIEKTUBHBIE JeTeK-
TOPH, KOTOpHE II03BOJSIOT OOHAapyXKHBATb ClieJbl KOMINOHEHTa B
o6beme 06pasua, HEMOCPEACTBEHHO BBENEHHOTO B XpoMarorpag.
MeToan BTOPO# IPyNNH NO3BOJAIOT paboTaTh ¢ 60abMIMMH O6beMa-
MH o6pasua (OT HeCKOJbKHX JeCiTKOB JAO COTEH JIUTPOB rasoB MJH
OT HECKOJbKHX A0 COTeH MHJIHAMTPOB Xuikoctu). I[Ipu Hemocpen-
CTBEHHOM BBEJEHHH B xpoMaTorpa¢ taxoro o6beMa rasa HJIH XKHI-
KOCTH 3¢rQeKTHBHOCTb KOJIOHKH 3HAYHTEJbHO CHH3HJIach OH HJIH
BooOIle ynaJa A0 HyJs.

HETIOCPEJACTBEHHLIE METOIbI

ﬁmvamn.—.m&thvmo_o,—.v MeToda omnpejeaseTrc TIJIaBHBIM Omﬁmmog
YYBCTBHTEJABHOCTLIO AETEKTOpaA. MunumanpHOe JAETEKTHPYEMOE KO-
JINYECTBO OIlpelensaeTCa YpaBHEHHAMH:

ny (min) =(k,,/b) [A; (min)/(@y, — a,)] (10.61)
JJISt IPOTOYHO-MACCOBHIX JETEKTOPOB H
ny (min) =£k, (F/b) [A; (min)/(a;, — a,)], (10.62)

JJs KOHIEHTPALUHOHHO-3aBHCHMBIX JeTeKTOPOB, r'fe n;(min) — MH-
HUMAaJIbHOE JEeTEeKTHPYeMOe KOJHYeCTBO KOMIIOHEHTa i; F — CKOpoCcTh
[OTOKA rasa-HoCHTeJs; b — CKOpoCcTh mepeMeHleHHs JIEHTH; G0 —
yoeAbHHA OTKJIHK JeTeKTopa JJs BellecTBa { H Qo — OTKJHMK Ha
ras-HocHTeNb; A;(min) — MHHHMaJIbHAsA oNpefenseMas MJIOLALb Ha
XpoMaTorpamme 1Jisi BeillecTBa i; Rm H Ro — KOHCTAHTHL.
MakcuMadabHblit 06beM 06pasita Vospasua, KOTOPHII He NMPHBOLHT
K 3HAUYHUTEJLHOMY H3MEHEHHIO XpoMmarorpadpHyeckolt KpHBOH H, cJje-
JOBaTeNbHO, K noTepe 3(npeKTHBHOCTH KOJIOHKH, ONpefesisieTcs CO-

OTHOUIeHHEM |.
<oauww=n <a, ﬁ\.\p Q\E +~Ab<hv (10.63)
Voopama < & (Vo/V 1), (10.64)

rie n—4ucjJO TEOPETHUECKHX TapenoK; Vg— ymeabHHH o6beM
yaepxkuBanus; Vy u V.—o00beMbl MOABHXKHOH H HEMOJBHXKHOR

HJIH
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das B KosoHKe H Kp— KoHCTaHTa pacnpelesenns. PakTop ar Xa-
paKTepPH3YeT PasMBITOCTb XpoMaTorpaduueckoro muka mo cpasHe-
HHIO € HHKOM, IOJyYeHHBIM JAJs1 06pasna oueHr MaJjoro obmema.
Ypasuenne (10.63) xapakTepusyer rumoreTHuecknii oGbeM OFHORX
TEOPETHUECKOH TapesJKU B KoJOHKe. [TosoxKeHHe BellecTsa Ha xpo-
matorpamMme (o6beM ynepKuBaHHA Vgz) BJHSeT Ha MHHHMAaJbHOe
AeTEKTHPYEMOe KOJHYECTBO Cmin (AJIE XpOMaTorpaduueckoro Mero-
13, HO He JJIl IETEKTOpa), KOTOPOe OmpeLeasieTcs Kak

L Cmin =2V g1, AEEV:\F (10.65)
UyBCTBHTENLHOCTL METOJA MOMKHO IIOBHICHTb, YyMeHblIasg 06beM
YIePKUBAHUS KOMIIOHEHTA, COJEPXKAUIErocs B CJEAOBHIX KOJHUECT-
Bax, HJH YyBeJHUYHBasi 3(WpeKTHBHOCTb KOJIOHKH IPH MONIEPKaHHH
MOCTOSTHHOH YyBCTBHTEJBHOCTH JeTeKTopa. YacTo, 4ToGH MOHH3HTH
00beM yIepKHBAHUs, MOXKHO C YCIEXOM HCIOJAb30BATL CHCTEMY C
Ce/IEKTHBHbIM JIEeTeKTOPOM, €CJIH OHA IIO3BOJISIET CEJEKTHBHO PerucT-
pHpOBaTh OJHH NPOAYKT NHPOJH3a 6e3 OTIEJECHHS ero OT OCTalib-
HblX. COOTBETCTBEHHO B psle CJy4aeB MOMKHO BOCIOJB30OBAThHCH
¢poHTaNLHOR METOAHKOH ra30Boi xpoMarorpadum.

OBOTATHUTEJIBHBIE METO/IBI

OGorarutenbHble METOLH NPEAYCMATPHBAIOT HAKOIJIEHHE CJIeJ0B
KOMTOHeHTa (yBeJlHYeHHe ero KOHUeHTpauuu). Xpomarorpadus —
OMH M3 KEMHOrHX METONOB, NO3BOJIAIOUIHX OGBEAHHHTL mpoLece
H2KOMJICHHS C NOCJEAYIOUHM aHAJH30M H KOJHUYECTBEHHBLIM JEeTeK-
THPOBAHHEM.

Kosdpduunenr oboramenns onpenensercs caeayiomnm BHIpaxe-
HHeM: ,

Ms/mz=Sg7 (M3)or/ (M), , (10.66)

FA€ m — KOJIeCTBO (Macca, 06beM, YHCAO MoJieli) OCHOBHOTO KOM-
MoHeHTa (WHAeKC Z) HJM cJefoB (WHAeKC S) mocsie o6OramenHs
HJIH B UCXOLHO# cMecH (HHIEKC or).

Xpomarorpaguueckue 06OraTHTeJbHEE METOAN ACISTCH Ha TpH
rpynnsi: a. OGorauiense c/ef0B BellecTBa B KOJNOHKE, B KOTOpO#H
OCHOBHO! KOMIIOHEHT ajcopbupyercs caabee. 6. O6oramenne nyTeMm
yAa/leHHs] OCHOBHOrO KOMIOHEHTA Ha KOJIOHKe, Tle OH CHJbHee aj-
COPGHPYETCST HAH BCTYNAeT B XHMHYECKYIO PeakLHIO H T. A. 8. O6o-
rauienve H pasjiesneHHe Ha OXHOH H TOH XKe KOJIOHKe (MeTOZ H3Bec-
T€H MOJ HA3BAHHEM «BO3BPATHOH XpoMartorpadum»).

B MeTomax a u 6 npuMensercs cHcTeMa H3 JBYX KOJIOHOK —
oBoraTuTeNIbHOR H XpoMarorpadHuueckoil, — B KOTOPOH NOCJeIHIONn
KOJIOHKY MOXHO OTKJIOYHTb C NOMOILIBIO KPaHA HJIH CTaHAAPTHOTO
YCTpOHCTBA A/ BBOAA mpo6u (puc. 10.42) [83]. Ilpn sapawunofi
Temnepatype NOTOK ONpeXeJeHHOro o6bheMa 06pasua MPOXOKHT de-



636 TJIABA 10

FTA30BASI XPOMATOI'PAQUS 637

pe3 0GOTaTHTENBbHYIO KOJIOHKY, KOTOpasi MoxeT paboTtatp no Jao6o-
My xpomartorpagudeckomy npuHuuny. O6nwem obpasina aubo H3Me-
pAOT pacxogoMepoM, JHG0 PacCUMTHIBAIOT, HCXOAS H3 ()a30BOro
paBHOBecHs B oforaTHTeJbHOH KoJioHKe °'[69], -ycraHaB/imBaemoro
npu paboueft temmnepatype. Ilo okoHuanuu npolecca o6oraleHHs
TeMIepaTypy oboraTHTeJbHOR KOJIOHKH TMOBBILIAKT Tak, 4YTOOH
ompejessieMbli KOMIIOHEHT jecop6HpoBajics BO3MOMKHO CKoOpee.
OnnoBpeMeHHO (HJIH Iepel HarpeBaHHeM) OGOTATHTEJbHYIO KOJOH-
Ky COEIHHAIT ¢ XpoMmaTorpadunueckoil KoJoHKOH. decop6upyouime-
Cs1 KOMIIOHEHTBI IIOCTYNAIOT B XpOMaTorpaduuecKylo KOJIOHKY, pas-

6

Puc. 10.42. CxeMa nopcoefHHeHHS OGOTATHTEJbHOH KOJOHKH.

[ — pETYJIATOp MOTOKA I'a3a-HOCHTEJNs; 2 — IUECTHXOAOBOH KpaH; 3 —- xpomartorpaduyecKas Ko-
JI0HKa; 4 — [eTeKTOP; 5 — BBOJ, aHaJH3HPYEMOro rasa; 6 — o06OraTHTeJBHAas KOJNOHKA; 7 — HH-
- ) -~ . TerpadbHbIl pacxoxoMep; 8 — BBIXOJ aHAJH3HPYEMOrO rasa.

hgm.&gm ‘B, HeH, HX KOJMYECTBO YCTAHAB/JIHBAETCH II0 OTKJHKY
OPEABAPUTENBHO OTKAaJIHGPOBAHHOTO NETEKTOPaA.

IIpn uCcno/Ib30BaHHKH 3THX METOJOB JOJKHH COGJIONATBCS CJle-
nLylomue npapusia. TeMneparypa, nmpu KoTopo# mposoauTtcs obora-
LIEHNE, JOIKHA ObiTh JOCTATOUYHO HHU3KOMH, HHAUE BO3MOXKHBI IOTEPH
BCJIEACTBHE 3JIIOMPOBAHHSl ONpelessieMbIX KOMIIOHEHTOB (ecJH
o6beM aHaJH3UPyeMOro o6pasia H3MepsieTcst MOcJae BBIXOAA o6pas-
1a u3 oGoraTHTesbHOH KOJMOHKH). TeMmeparypa gecop6LuH HOJKHA
GbITH OCTATOYHO BHICOKOH, UTOOB JecOpBIHs KOMIOHEHTOB NMPOLILJIa
KOJIMIeCTBEHHO 32 JOCTATOYHO Majoe BpeMs (IJs DOCTHXKeHHS 3¢-
(G eKTHBHOCTH pasjiesHTeNbHON KOJMOHKH). Kosdduuuent oboramie-
HHS JOJIKeH ObiThb AOCTAaTOYHO BHICOKHM, YTOGBl KOHIIEHTpalHus
4HAJHM3HPYeMOro KOMIOHeHTa Obljla JOCTATOYHOH AJs JETeKTHPO-
BaHHA H 4TOOLl OCHOBHOH KOMIIOHEHT He MellaJ JeTeKTHPOBAHHIO.

Meros, o0beauHAIONME OfOralmenye ¢ pasfeseHHeM, Ha3BBAIOT
BO3BpaTHO! xpoMarorpadueir. dtor Meron (puc. 10.43) npenycmar-
pHBaeT NPHMeHeHHe TMOJABHXKHOTO TeMIepaTypHOrO TPafueHTa B
Xpomarorpapuyeckoll KosoHKe, Ilpeamosaraercss,. 4To Kaxbii
KOMIIOHEHT NPOXOAHT 10 TOH YacTH KQJOHKH, TIJe TeMIlepaTypa
COOTBETCTBYET €0 aJcoOpOLHOHHOMY PaBHOBECHIO (TAaK Ha3bBaeMasi
XapaKTepHCTHUECKAs] TeMIIepaTypa), IOCJe TOr0 ero CKOPOCTh Iie-
DPeMelieHHs N0 KOJIOHKE CTAHOBHTCSA PABHOH CKODOCTH NepeMelleHHst

TeMIePaTyPHOTO rpajHeHTa. Takas TeMIeparypa HasnBaercs Xa-
pakTepHCTHUYeCKOH TeMnepaTypol Ts, A/ KOMIOHeHTa S OHa ompe-
7eJ1IeTCS BHIp aXKeHHEM

Ts=Qs/(R In AW Ju), (10.67)

rge Q —renyora ancopbuun; R —rasoBas nocrosiiHas; W — cko-
pPOCTb MepeMelleHHs] TEMIePATYPHOro IpajHeHTa (T. €. CKOPOCTDb Ile-
peMelleHUs NeYH); U — OKOPOCTb ra3a-HOCHTeNst; A — moCToSHHAS.

T

&\I Sg‘l
|
3

K,:\i

4 3 2 1
Puc. 10.43. CxeMa pa3jiesleHHst METOAOM BO3BpPaTHON xpoMarorpadum.

C — KOJIOHKa; 4 — CKOPOCTb ra3a-HOCHTEJs; w — CKOPOCTb I[epeMellleHHs TeMNepaTypHOro
npajHeHTa BAONb KOMOHKH; T — Temueparypa; Ig-— XapaKTepHCTHUECKas TeMmmepatypa; [—

4 — KOMNOHEHThl aHAJNM3HPYEMOH CMEecH.

OHaKO 4acTO HemoCPeACTBEHHO OGBEJHHHTH Ta30BYI0 XpPOMATO-
rpaduio ¢ npoueccoM oGorauleHHst He NPeACTaBAseTCd BO3MOMKHBIM.
B Takux cayuasx cjeqbl OOBLIYHO 3KCTPArHPylOT H HX KOHIEHTpA-
IHI0 B 3KCTPaKTe H3MepSIOT He3aBHCHMO. B jo6oM ciyuae ocoboe
BHHMAHHE JOJXKHO OHITh OOpallleHO Ha KOJHUeCTBEHHYIO IOATOTOB-
Ky ucxogdoro obpasua. Ilpu ofGoratutencHoM Meroje abconoTHas
9yBCTBHTEJLHOCTL focTuraer 10 10~% wacrteli Ha MHAMHOH.

10.8. IPUMEPBI HCINNIOJIb3OBAHHUS

10.8.1. AHAJIM3 TA30B U HEKOTOPHIX COEJUHEHHH,
UTPAIOLIIUX BAXHYIO POJIb
B OKPY)XAIOLIEA CPELE
XpoMarorpaduueckuii aHaJHM3 Ta30B XapaKTepH3YeTCH HEKOTO-

PEIMH 0COGEHHOCTSIMH MeTOJHKH aHaJH3a H cnoco6oB BBoxa ob6pas-
ua. Cocyabl AJst ra3oo6pasHEIX 06pasioB YacTO HCHOJb3YIOTCH AJSA
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HX NEPEeHOCKH H XpaHeHHs. Pe3HHOBble HJIH NMJIacTMaccOBLIE COCYAH
JAAs 3T0ro o6b9HO He NpHrofHb. ONHH rasH PacTBOPSIIOTCA B HHX
(HanpuMep, yraeBOZOPOAH PACTBOPSIOTCS B PESHHE H MOJHBHHHJ-
xnopune), a apyrie (COs, Ho, He u 1. 1.) moryr audbysnuposats
yepes cTeHKH. CosieBHe PacTBOPH, IPHMEHSEMHE B KaueCTBE XKHJ-
KHX 3aTBOPOB, MOI'YT TaKxke 0GeJHATh 006pasell HEKOTOPbIMH KOM-
noxneHramu. Jlyume Bcero xpaHuTh rasoo6pasune 06pasubi B CTeK-
JISIHHHIX COCYZaX, @ B KaYecTBe 3aTBOPA MCNOJb30BaTh PTYTh. O6neM

J

Puc. 10.44. Cocyn Aanst rasoo6passnx 06pasios.
I — cocyn; 2 — pesnHOBast KpHlNKa; 3 — KpaHu; 4 — 3aNOpPHas KHAKOCTH (pTyTh).

CoCyn0B OOLIMHO MeHbIlle, 4eM B KJACCHYECKOM Ta30BOM aHaJH3e;
BroJIHE fiocTaTouHo o6bema 10—50 Mu. Ouenb yno6HO 3aKkpuiBaTh
TOpJIO COCYAa MPOKNANAKOHR H3 CreluaJbHON Pe3HHB!, 4TOGH 06pasimL
MOXHO Objio oT6upaTh wWNpHUeM. THOHYHHE COCYR NMOKa3aH Ha
puc. 10.44.

I'azoo6pasnyio nmpo6y BBOAAT B XxpoMaTorpad Ju60 uepes MeTiio
Aas o6pasua (cm. 10.6), nn6o umpumeM. O6beM npo6ul 06buHO pa-
Bel ot 0,1 a0 5 Mki1; 66abLINE 06BEMBl HCNOJB3YIOTCSH TOJBKO B HC-
KJIOYHTEJbHEX caydasX. Uem GoJiblile BHYTPeHHHI AHAMETp LINMPHILA,
TeM TPYJHee COXPaHHTb JaBJeHHe Ha BXOJe B KOJOHKY M TeM 6OJIb-
Hle BePOATHOCTb TOTO, YTO YacTh 06pasua norepsiercs. Yame Bcero
rassl yTeKaloT uepe3 3a30pbl MeXAYy MOPLIHEM H CTEHKAMH LIMpHIA
(ecan mopuieHb He NMPHUTEPTHIH HJHK eCJH IINPHI, He CHAGXeH IpH-
cnoco6/ieHHeM 1/ BBOAA NpPOGE) M B MeCTe IPOKOJA DPe3HHOBOR
NPOKJIAAKH HIJIOH.

I'agtl — 0c06eHHO MOCTOSIHHBIE — Yallie BCEr0 aHAJM3HUPYIOT Me-
TONOM ra3o-aacopOuHOoHHOH XxpoMarorpaduu. DddexkTusHOCTb aj-
COPOUHMOHHHX KOJIOHOK OGHIMHO HHXKe, YeM Y KHAKOCTHHIX KOJIOHOK,
0cO6eHHO JJI1 BellleCTB ¢ OOJILIIHM 06beMOM yAepkuBaHHS. Cesek-
THBHOCTb aACOPGEHTa MOXET MEHSIThCS C H3MEHEHHEM COJAepPKaHHA
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gonbl B ancopGente (puc. 10.45), koropas moseasiercs auGo u3-3a
nJOXOH aKTHBAaUHH afcopGeHTa, JHGO H3-3a IJIOXOH OUHCTKH rasa-
nocutens. IlpenMyinecTBo afcOpGUHOHHBIX KOJIOHOK IIO CpaBHEHUIO
¢ KOJIOHKAMH C HENOABHXHOH XHAKOA (a3oit — JierkocTs WX pere-
HepallMi NPH HarpeBaHHWH. DOJIBLIMHCTBO MNOCTOAHHHX ras3oB, 3a
HCK/IIOYEHHEM YIJIeBOLAOPOAOB, He OOHAPYXKHBAIOTCA MJIAMEHHO-
HOHH3AUMOHHBIM LETEKTOPOM, N03TOMY OOWYHO B KauecTBe HeTEKTO-

40

30

Puc. 10.45. Bsmanue copepxanus

BOAN B ajcopGeHre (MOJeKYasApHOe

cuto 5A) Ha xapakTepHCTHKH ymep-

KUBaHUA (yHeabHHA o6beM ynep- 2
KupanHa V). *

1 L 1 1
7 2 3 4 M)
—=  Macca H,0,%

[}

Da Hcmosn3yercs xarapoMerp. st MOBHILIEHHS! YYBCTBHTEJIBLHOCTH
OGHApYXeHHs HHOrZa IIOJIE3HO BOCHOJb30BATHLCS JeTeKTOpOM 110
S/ICKTPOHHOMY 3aXBaTy HJH INDHUMEHATb KaTaJHTHIECKOe MpeBpa-
flleHNe rasoB B MeTaH, KOTOPHIH JETeKTHPYeTcs IJaMeHHO-HOHH3a-
UHOHHHIM JETeKTOPOM.

BoabuinkcTBo raszoo6pasunix o6pasnon obpasyercs B mpolecce
ropenust. OGEYHO 3TO CMeCH, Cofep&Kaliue HEKOTOPHe (HJIH BCe) H3
(ICPEUHCNCHHBIX Ta30B: BOXOPOM, KHCJIOPOA, OKCHA MJH IHOKCHI
YT71epoAa, OKCHIL A30Ta H CEPHl, MeTaH H APYrHe JIeTyuHe YrJeBo-
Zoponw, asor. [asi pasnenenns BOZOPOAA, KHCJOPOAA, a30Ta, Me-
Tana u OKCHAA yriepoa Han{ojee MPHIOAHO MOJIEKYJISPHOE CHTO
SA  (amomocuimkar kansuus). Ha komoHKe, 3amosHeHHof 20 r
ancopbenra ¢ yactumamu pasmepom 0,1—0,2 M, HCIIOJIb3YS aproH
MM reJuA B KauecTBe ra3a-HOCUTENS (CO CKOPOCTBIO MOTOKA
1 ma/e), o1y cmech pasmensor NP KOMHATHOH TeMIepaTtype.
Ancop6ent Heo6xomHMo AKTHBHPOBATb B TeuemHe 6 u mpu Tewm-
fepatype oxono 450°C. Bona, comepxkamascs B agcop6ente (cre-
fI€Hb NMONHOTH AKTHBAUMH), BJHSIET HAa OTHOCHTENbLHOE yAepXHuBa-
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HHe KOMNOHEHTOB (cM. puc. 10.45). OnHako eMKOCTb MoJIeKyasipHO-
ro cuTa 5A N0 OTHOLIEHHIO K BOJIe OYeHb BHICOKA (OH azcop6upyer
A0 129% BOAB), TAK YTO BJAXXHOCTb T'a30B HE HMEET NPAKTHUECKOrO
3HayeHHs. AHanu3 MOXKHO IOBTOPATH MHOTO Pa3 [0 3aMeTHOTo H3-
MeHeHHA ancopGUUHCHHBIX cBOHCTB. MosekyasipHoe cuto HBA. cHABHO
ancopOupyeT IHOKCHI Yraepoza (OH KOJHYECTBEHHO ONpeaessiercs
TOJIBKO NP TeMnepaType, OJH3KOH K TeMIepaType AKTHBAIMH) H
IIO3TOMY HENPUTOAHO AJS aHAIH3A TOCAETHETO.

Brigensiior AHOKCHA yriepoia Ha KOJOHKe, 3aMoJIHEHHOH mopa-
nakom Q. Ilepsasi dpakuus, BHXOAAMAS U3 KOJOHKH, NpeACTaBAsSET
cobo#f cMech BOJOPOAA, KHCJIOPOAA, a30Ta U OKCHAA yrJjepojaa, BTO-
pas (paxuus —YHCTBIA MeTaH, TPeThbsl — AUOKCHI yriepopa. Pas-
JejieHne BeJeTcsl Ha KOJIOHKe paaMepoM 1 MX2 MM (BHyTp. AH-
aMeTp) NmpH KOMHATHOH TemmnepaType. Eciu Heo6X0QHMO pasjiesuTh
CMeChb Ha OT/JeJbHble KOMIIOHEHTHl, TO MOXHO HCIOJIb30BaTh MOpa-
nak Q npu noHHmKeHHOH TeMmeparype. OZHAKO 3Ta METONMKA . He
BCerja IPUMeHMMa, NOCKOJbKY cepHiHBle xpoMarorpadbl He Npu-
FOJHH AJs1 paboThl NPH NMOHHKEHHBIX TeMmepaTypax. 3HAUMTeJbHO
yaile pasjeseHHe BeJyT Ha JBYX MapaJuleJbHBIX KOJOHKax, OJHa U3
KOTOPBIX 3allOoJIHeHa MOJIeKYJSPHBIM CHTOM BA, npyrasi — mopana-
koM Q. CKOpOCTb NOTOKa ra3a-HOCHTeJs PeryJupyercss TaKuM oG-
pasom, uTo6bl B KOJIOHKe ¢ nopanakoM Q oHa Gblja Gosblie. O6pa-
3ell JeJUTCs Tepe] KOJOHKAMH B COOTHOLIEHHH, COOTBETCTBYIOIEM
CKOPOCTAM IIOTOKA, H COeJHHAETCS BHOBb Nepel NETEKTOPOM, KOTO-
pulit perucTpupyer (GpakuuH B NOPAAKe HX IPOXOXKAeHHs: 1) Kuc-
JIOPOJ, a30T, OKCHI yrJaepoja (BHIXOASILIHe BMecCTe); 2) MHOKCHA
yraepojaa; 3) KucAopox, 4) asor; ) okcHa yraepoxa. B HekoTo-
PHIX CJydYasix MOXKHO HCIOJb30BATh [IBa JAeTeKTOpa (MO OJHOMY Ha
KaXyi0 KOJIOHKY), HO IIPH OTOM HeoOXOAHMa TOYHasi PEryJHpPOBKa
CKOPOCTH NIOTOKA,

.I'azoo6pasnble coeMHEHHsT CePbl MOMXKHO Pa3deJHTb HAa AKTHBH-
poBaHHOM cuaHkarese Jeaktureab (Davison Grade 12) mpu gem-
nepartype 120°C. KoMnoHeHTH cMecH ¢ yacTHuamu pasmepom 0,1—
0,2 MM B alIOMHHHEBBIX KOJOHKax 60 cMX4 MM (BHYTp. Auametp)
3JIIOUPYIOTCA B cJefyioiieM nopsgke: Bo3ayx, CO., COS, H,S, CS.,,
SO,. Anann3 OKCHIOB a30Ta OGBIYHO BeNETCS HA ABYX KOJIOHKAX.
Ha oanoit kononke (2,7 MX3 MM), 3aNOJHEHHOH MOJIEKYJASAPHBEIM
caTom 5A, nponyckas npu 35°C asor (50 Ma/MuH), pasgensor
O: u NO; NO, ancop6upyercss Ha KoJioOHKe Heo6patumo. Ha BTO-
poii xosoHKe (6 MX1 MM), 3anoJHenHO# HocHTeeM ¢uooponak 80,
Ha KoTophlif HaHeceHo 10% wnemoxsuxkHOH ¢asw, 10% SF=96, npo-
nyckas npu 25°C asor (4 ma/muu), otxeiasior NO  (kotopbii
nosBJsiercs: BMecTe ¢ Kucjaopogom) ot NO,. [IpeumymiecTsenno uc-
NOJb3yeTCsl BJeKTPOHHO-3aXBaTHHIA AeTeKTop. IIpH mposeseHun Ta-

KHX aHaJgHu30B CJCAYeT NIOMHHTb O BO3MOXHOCTH pPeakKUHH OKCHOA-

a30Ta ¢ KHCJIOPOAOM. Ecau B Omvmwﬁm CONEPXKHUTCA KHCJOpPOA, TO
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OH TNPH IPOXOXK/JIEHHH dHepe3 KOJOHKY pearupyer ¢ N,O Tak, uto
HafizedHoe KojudecTBO NoO OGBYHO MeHbllle efiCTBHTENLHOrO, a
naiinensoe KonuyectBo NO: cooTBercTBeHHO GoJblie.

PesyJsbTare aHaiH3a rasoB YacTo MOIYT GOHITh OMIHMGOUHBIM MK
H3-32 OTCYTCTBHS [JOCTATOYHO YYBCTBHUTEJbHBIX 1E€TEKTOPOB. Te coe-
aunenus  (CO, CO; u 1. A.), KOoTOpble He OOHAPYXKHBAIOTCS HEE
3JIEKTPOHHO-3aXBATHLIM, HH IJ1aMeHHO-HOHH3aUHOHHBIM [1E€TEKTOPOM,.
0COOEHHO TPYAHO AETEKTHPYIOTCH B MaJjblX KOHUEeHTpauusx. HMmeH-

3
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Puc. 10.46. CxemMa KaTanHTHUECKOTO KOHBEPTEPA ¢ NOACOSAHHEHHHIM K HEMY raso-
BHIM Xpomartorpadom.

1 — BBOA TPOGH; 2 — KOJIOHKA; 3 — MJAaMeHHO-HOHH3aLlHOHH bii AETeKTop; 4 — Kanuaxsapsl (BH.
auam, 0,1—0,5 MM); § — T-o6pasHas TpyOKa; 6 —— UCTOUHHKH Tasa; 7 — HIOJbYATHI KJaanas;
8 — Karaausatop; 9 — neun; 10 — KanUAnsgphl.

HO 1O 3TO# NIpHuHHe Obia pa3paGoTaH MeTo[ NpeBpalieHHs 3THX
rasoB B MeTaH, KOTOPHIH AETeKTHPYETCS I1J1aMeHHO-HOHH3AIHOHHBIM
AETEKTOPOM C JOCTATOYHOH UYBCTBUTENbHOCTbIO. IIpenmyiectBa
A@HHOTO METOJa — IPOCTOTA, ¢ KOTOPOH cepuiHble JETEKTOPHl MPH-
cnocaGanBalOTCs A/ NPOBeJeHHs TAKHX AHAJH30B (€CJIH, KOHEUHO,
PeakTop TOCTaBJSAETCS BMeCTe C JeTeKTOpamH).

Ha puc. 10.46 mokasana cxeMa MOAK/IIOUEHHS! KaTaJHTHUECKOTO
KoupepTepa. KaTanusaTop mpHroTaBiMBAIOT CleIVIONIHM 0GPasoM.
B dapdoposoii yamxke cmemnBaor 3 r Ni(NOs)o, 6 r HyO 1 0,45 ¢
Th(NO3)4-4H,0. K cMecu 106aBasiioT HaBecKy HOCHTesst 30r) ¢
Yacrnuamu pasmepom 0,2—0,4 mm (xpomocop6 W, xpomaToH, mopo-
BHHA) U R0OaBJAAIOT TAKOE KOJHYECTBO AMCTHJIJIHPDOBAHHOH ropsiueit
BOAH, 4TOGH oGpasoBanach nacra. IIpuroToBnennyo nmacry Harpe-
BAiOT Ha HeGOJIBLIOM MJIAMeHH N0 MOJHOTO HCNAPeHHs BOJBI, 3aTeM

16—13
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d11aMsA YBEJHYHBAIOT H NPOJOJKAIOT HarpeBaTh CMECh A0 NOJHOTO
yaaneHUst OKCHAOB asora. KaraJH3aTop NOMelIalOT B KBapleEBYIO
TPYOKY H THIPOT€HH3YIOT, HarpeBas [PHMEPHO 8 U B 3JIGKTPUYECKOH
nieun npu 350—400°C B Toxke Bogopoxa. IIpuroroBiennbiii KaTauu-
3aTOp MOMeILAloT B KBapHeBYIO0 TPYGKYy nunaMerpoM 3—4 MM H AJH-
HOM NMpHMepHO 25 cM, KOTOpas coelHHAETCI C XpoMarorpagom
OIHCaHHHM BHIIE cI0CO60M. B xpomarorpade kKarannsatop Harpe-
BAIOT Neybl0 C TeM, YTOOLl €ro TeMiepaTypa COCTaBJIslJIa OKOJO
400°C,

[locne nomksIoueHHst KaTalu3aTopa K Ta3oBOH JUHHH NOTOK
BOJIOPO/A PEryJNHPYIOT TaKHM 06pa3oM, YTOGH NMPOXOASILIME yepe3
KaTaJH3aToOp ras colepxan mo KpaiiHefi Mepe 609% Bomopoxa mo
OTHOILEHHIO K ra3y-HOCHTe/0, OGEIYHO a30Ty. OHAKO ONTHMAJIbHBIR
PeXHM PaGOTH MIaMeHHO-HOHH3AIHOHHOTO JeTeKTopa TpebyeT IpH-
CYTCTBHsI BOJIOPOZa TOJIKO B OYeHb MAaJHIX KOHLEHTpauuax. Takol
€noco6 THAPOreHHsallHH OGHIYHO NPHMEHSIETCS TOJBKO AJs Ompee-
JIeHHst OKCHAA M JHOKCHAA yriepoxa. HanMeHbliee perekTHpyemoe
KOJMHYeCTBO B 5 M 06pasia, HanpHMep BO3AYXa, COCTABJASET IIPH-
MepHO 0,5-10~* CO. STOT MeTOX MOXKHO TaK¥Ke HMCIIOJb30BATh H AJIs
aHa/Nu3a APYrux rasos, HanpuMep CS;, COS, HCN, (CN)o..

Xpomarorpadus yacTo ucnoindyercs [22] nas onpepedeHHS
COCTaBa HEH3BECTHHIX CJOXKHBIX CMecell MPHM HCCACHOBAHHH XHMHYe-
CKOTO BJIHSIHHSL Ha OKpyXatomyio cpeny. [Toka eme He pazpabotaHbl
4HAJMU3aTOPH NOCTOSHHOrO NEHCTBHS, MO3BOJAIOIIHE BLIBHTL Ka-
KHe-TO ONpelieJieHHble 3arps3HsAOLIMEe NPHMECH, HaNpHMep, B BO3-
Jyxe unu Bofe. [Ipy npoBenennu aHaaHsa CJAOKHBIX cMeceli 0GBIYHO
TIPOBOAHKTCH HX OOOralleHHe HJH NPHMEHSETCS 3KCTPAKLHS, IO3BO-
JIAIOLIHE ONpPEefesiTh KOMIIOHEHTH TIDH KOHIEHTPalUHAX HX HHXKe
10712% c BHICOKOH ce/eKTHBHOCTHIO. JIJIi BHISIBJEHHS Ta30BHIX
BKJIIOYEHHHA YacTO HCNOJNB3YeTCS MeTOAHKAa OBOraTHTeNLHOM Xpo-
Marorpaduu. Hanpumep, npu ompefeseHHH KHUCIOPOACOAEPIKALIHX
'KOMTIOHEHTOB B BBIXJIONIHBEIX ra3ax o0OraimieHue NpOBOASIT B KOJIOH-
Kax H3 HepXKaBewlled ctann (3,5 MX4 MM, BHYTp. auamerp), 3a-
TOJIHEHHHX xpomocop6om W (pasmep wactay 0,2—0,4 MM),Ha KoTO-
priit Haneceno 20% 1,2,3-Tpuc (2-unamstoxcn)mponana. Oboraiene
BefeTcss mpu 20°C mpH MPOMyCKaHHH Yepes KOJOHKY TeJIHSI €O CKO-
poctbio 100 Ma/MuH. VYrieBomopoxs! MPOXOAST Yepe3 KOJOHKY,
TIPAaKTHYECKH He 3a[ePXKHBAsCh, TAK YTO B JECOPOIHOHHOM MHKJIE
B AHAJIUTHYECKYI0 KOJIOHKY NOCTYNAIOT TOJIBKO KHCJIODOACOAepXa-
1He COeIHHeHUs. AHANHTHYECKYIO KOJNOHKY — TPYOKY M3 HepxKa-
BelOllle cTanu AJAHHOA 3,5 M C BHYTPEHHHM JHAMETPOM 2 MM H
BHELUIHHM IHaMeTpoM 3,5 MM — YIaKOBHBAIOT NopamakoM Q ¢ ua-
crtunamu  pasmepoM 0,1—0,2 mm. Paspenenne sexyr npu 156°C,
Ta30M-HOCHTEJIEM CJYXHT Trefufl, KOTOPHE NPONYCKAalOT CO CKO-
poctbio 50 mu/muu. I[InkH Ha XpoMaTorpaMMe C/IELYIOT B TaKOM
fIOpANKE: AleTaNbLErH], OKHCh NPONMHKIEHa, TPOITHOHOBHI aJbleruy,
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alleToH, aKPOJIeHH, TPaKc-2,5-1uMeTHITeTparnapodypan, 6yTHAAL-
AEeruf, Yuc-2,5-NuMeTHITeTparuipodypan, MeTaHOJ, KPOTOHAJbLIe-
ruf. AHaaus gaures 100 mum,

Comepxauyecs B BOfe NPUMECH OOGBLIYHO CHAYana 3KCTparupy-
10T NOAXOAAIIMM PACTBOPHTENEM, HANPHMEP METHJEHXJIOPHIOM,
X10popOPMOM, CepoyriepoaeM H T. X., H 3aTeM aHAJIH3HPYIOT.
C 9TOA IeJabl0 MOXHO HCMOJB30BATh KAMHJ/ISPHYIO XpOMAaTorpa-
¢uto. Hanpumep, deHonb pasnensioT B KanHAJAPHOH KOJOHKE U3
HepxKaBemwed craad aauHoit 20 M u amamerpom 0,2 MM. Henon-
BHXKHOH ¢asoit cayxur Tpukpesuadochar (95 mr) ¢ oprodocdop-
HO# KHucaoToir (5 mr) B anerone (1,0 mua). Ilepen nposepennem
aHaJu3a KOJIOHKY BbiepxuBaoT 3 u npu 120°C. IIpu sroit TeMme-
parype moJyyalOT CHMMETPHYHbIE H ITOJHOCTBIO paspeliieHHbIE MHKH
CIEAYIOINX COeQHHEHHH (IepedyHC/eHh B IOPSAKE SJIIOHPOBAHHA):
¢enon, 2-Meruiadenos, 2,6-nuMeTHadeHON, 4-Metuiadenon, 2,4-nu-
Metudenon, 2,5-grumetnndenon, 2,3-numernadenos, 3,5-IHMETHI-
¢denoa, 3,4-numernndenon. Ha kononke 50 M 0,25 MM ¢ HEMOABH K-
HO#i ¢asoii DC 200 mpu nporpaMMHPOBAaHHOM MOJbeMe TeMIIepaTy-
prl o1 —8 no 130°C moayuers 160 mHKOB yrJieBOAOPOAOB, H3 KO-
TOpHX 116 HAeHTAPUUHPOBAHH Macc-ceKTpoMeTpHueckH. O6bem
BBeJleHHOro o6pasna rasa cocraeasa 1 MJ. :

10.8.2. AHAJIU3BI OPTAHHYECKHX U BHOJIOTHYECKHU
BAJKHBIX COENUHEHUN

['asoxpomarorpauueckuil aHanu3 HCHOJb3yeTcs AJs pasjiedie-
HHsl pAJa OPraHHYECKHX COeJMHEHHH H OGMOJIOrHYECKHX KUAKOCTEH.
O6b1uHO 3TO XHIKHE WJH TBepAble cOefHHeHHS. MeToL X aHaJU3a
ONHKCAaH B NPEALIAYIIHX PasjieiaX, a NPUMephl pasjelieHHs NPHBeje-
HH B tabs. 10.7 u 10.8.
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Tabruya 10.7

YcnoBus pasaenends

PasgensieMble coemieHHs ras-HoOCH-
(mepeuHc/AeHbl B MOPAAKE HX 3/IOHPOBAaHHA) koJnoHKa (K); HemoasHuxHnas daza (HP); TeMIepaTypa KOJOHKH. TeNb; CKO- |Bpemd,
rocurean (H); aerexkrop () o °C POCTb NOTO- MHH
Ka, MJ/MHH
Anudparnueckne  yraesomoposst  Ci—Cs | K: crexno, 130%0,3 cm; H®: xpomo- 110 He; 58 7
(npupoAHBIA ras): MeTaH, 91aH, npomaH,| <¢op6 102, 60==80 mem; M: JIMII
H3oGytaH, A-GyTaH, U30- H H-TIeHTaH
Husuiue yraeBoaodponbl; HachllleHHble H He- | K: crekno, 1500%0,6 cm; H®: 209% arme- 23 He; 50 90
HachllleHHBIe: MeTaH, 3TaH, 3TujeH, npo- | Tuaanerona; H: xpomocop6 R, 60—
TiaH, Tponuied, u3obyraH, #-6yTaH, UMK-| 80 mem; : xatapomenp
JOTIPOLaH, alleTHaeH, H-OyTHJeH, Ipona-
LHeH, Tpanc-GyTHNeH, U3ONeHTaH, yuc-
6yrusieH, H-NeHTaH, Gyraguen-1,3, meH-
TeH-1, (rpauc-OyTHNeH H H3ONEHTaH He
pasaensoTcs)
ITponan, nponeH, usobytaH, H-Gytan, 6y-|K: 640X0,3 ¢m; HO: 10% EDO-1; H: 0 N,; 20 12
TeH-1, 2-merunbyreH-1, Tpanc-6yten-2,| xpomocop6 P-AW, 100—120 wmem; J:
H3OTeHTaH, yuc-6yreH-2, #-nentan, Oy1a-| NIl
AHeH-1,3
Byrten-1, 2-merunnponen-1, rpanc-6yren-2,|K: nepxk. craab, 800X0,3 cm; HD: 20% 0 N,; 30 9
yuc-6yTen-2 noJHnponHiIeHkapboraTta; H: xpomocop6
P-AW, 60—80 memw; M: JJHUIT
Haceiuiennble n HeHachillleHHHe yraesofo- [ K: crekno, 190X0,4 cm; H®: 20% 1,2,3- {[TporpaMmupyercs,
poasl Cio—Cys: mekaH, menen-1, yHaexan,| tpuc(uuaHostokcu)nponana; H: raso-{ 80~150; 5°C/mun
yHAeueH-1, IodekaH, AoZeleH-1, Tpuie- xpom P, 80—100 mew; J: JUII ‘
KaH, TpHieleH-1, TerpajeKkaH, TeTpaje-
ueH-1, meHtajexaH, neHragenex-1 ‘
K: 130Xx0,3 cm; H®: xapbocus B, 60— 35 He; 40 9

Husmue yraesomopons+CO+CO.:  Bo3-

AYyX, MOHOOKCHJZ, yrJaepojaa, MeTaH, JHOK-
Ky yrjepopa, aueTusNeH, 3THJEH, 3TaH

80 memr; M: xarapoMerp

Mernanukaorekcenst: 1-MeTHALHKAOTEKCEH,
4-MEeTHJIIHKJIOreKCEeH, 3-MEeTHJIHKJIOTEeK-
CeH, MEeTHIIHKJIOreKCaH

MoHoTeprieHOBEIE YIJIEBOLOPOLK: G-MHHeMH,

Kamben, fS-muneH, AS-kapeH, Muples,
a-pennaHiped, JHMOHEH, <y-TepIHHEH,
 n-KyMeH

CeckBHTEDIIEHOBbIE YIVIEBOAOPO/E: GHIHK-
JoejeMeH, KybeGeH, W/aHreH, P-esnemen,
a-6yp6oHen, P-GypGoHeH, e-MYHPOJEH,
FYMYJeH, Y-MYHPOJIeH, «®-MYHPOJIEH, &-
6yJsrapeH, e-KaliHHeH

ApoMaTuueckHe YrieBOAOPOAL:  OeH30M,
TONYOJ, STHAGEH3OM, N-, M- H O-KCHJIOJA

Bensous, Tomyos, sTunGeHsON, CTHpOJ, «-
METHJICTHP O '

Kennon, 1,3,5- u  1,2,4-mpumeTnadensodn,
1,2,3-rpuMeTnnGeH3NINHAAH, HaTaIuUH,
Ouenuna, 1,2-nuMernnnadranuy, aneHad-
TeH, AudeHuIenokcHn, dayopeH, deHaH-
TpeH, nupeH, 1,2-GenaodayopeH, Kpu3eH

XnoprpoBaHHEIE  YIJIEBONOPOABI: BO3AYX,
BOAR, METHJ-, BUHHJI- H 3THAXJODUL

TanorennpoBaHHble YIVIEBOZOPOAHI: BOAYX,
3THJIEH, BHHHJI-, 9THJ- H H30IPONHJXJO-
PHI, 3THJ-, aJVIHJI- H BHHHJIGPOMHJ

Cnuptat C;—Cs: MeTaHoua, 3TaHOM, u3o- H
H-TIPOTIAHOVI, TpeT-, 8TOpP, u30- K H-GyTa-
HOJI, TpeT- ¥ 8TOP-aMHJOBHI CIHDT, OMN-
THYECKH AaKTHBHBIE H30MepPH aMHJOBOIO
CIIHPTA, U30- H H-aMHJIOBHIA CIHPT

OnruyeckH akKTHBHLIM aMHJOBBIA H H30-
aMHJIOBBIE CNHPTHL He DasfesIsiorTcs.

YacruuHoe pasjeneHne u30- 4 H-GyraHosa

K: crerno, 200X0,4 cm; H®: 20% AgNO,/
pacTeop B STHAEHTJMKOJe; H: LeauT
C-22, 50—80 mew; M: xaTapoMerp

K: Hepx. craab, 400X%0,22 cm; H®: 10%
kap6osakca 400; H: xpomocop6 W, 80—
100 mewr; O: OUIT

K: Hepx. cranp, kanumiap., 50 MX2 MM,
H®: anueson L; O: OJUII

K: 190x0,3 cm;. H®: 5% wusoxenuagpra-
aatra+59% 6enrona 34; H: xpomocop6

W-AW, 80—100 mem; J: TUII
K: 200 0,3 cm; HO: 109% SE-30; H: xpo-

mocop6 W-AW-DMCS, 70—80 Mmeuws;
. JUIT
K: 190X%0,4 cm; H®: 10% anuesona L;

H: xpomocop6 W, 60—80 mem; [: ka-
TapoMeTp

K: 190Xx0,45 c¢Mm: H®: nopanax Q, 80—
100 mem; JI: xarapoMerp

K: Hepx. crams, 400X0,4 cm; HO: 109%
ckBanana; H: xpomocop6 R, 60—80 meu;
J: xarapometp

K: Hepx. crasp, 190X0,3 cm: H®: 109%
xanpkomuna M-18-OL; H: cyneaxonopr,
80—100 meur; I: JHII

K: Hepxk. craap, 190X0,3 cm; H®: nopa-

30

90

160

75

150

[TporpaMmupyercs,
50—330; 4 °C/mun

133
23

100

200

nak Q, 80—100 mew; [O: AHII

He; 66

N,; 10

He; 1,2

N,; 20

N,; 20

He; 72

He; 47

He; 60

N,; 20

N, 20

70

17

15

70

-

11

10




Mpodoamenue raba. 10.7

YcnoBHA pasfeneHus

Paanensemuie COoeAnHenun ras-HoCH-
(nepeuncacHH B MOPAAKE HX MIOHDPOBAHHA) KoJoHKa (K); Hemoasuxnasa gasa (HP); TeMneparypa KOJOHKH, Tesb; CKo- |Bpemsd,
Hocurens (H); nerexrop (1) “C pOCTh moTo- | Mua
Ka, MJ/MUR
Hacruunoe paspenenue H-mponadona u|K: mepx. cramb, 190X0,3 cm; Ho: XpOMoO- 200 Ng; 20 4
Tper-6yTanona cop6 101, 80—100 memr; JO: JIUII
UacTuynoe pasjeneHne H-mpomanoaa u|K: HepXK. craibs 190X0,3; HD: 0,49 kap- 120 N,; 20 14
TPeT-aMHIOBOrO CIHPTA Gosaxca 1500; H: xapGomak A, 60—
80 memw; H: OUIT
Crupthl C;—Cys K: 160X0,3 (mBofinas); Hd: 15% FFAP; [MporpaMmupyercs, He; 25 16
H: xpomocop6 W-DMCS, 70—80 Mews;| 55—270: 14 °C/mun
H: OUII
Huonst:  sTunenrnukons, mponampnoa-1,2,{ K: crexno, 130Xx0,3 cm; Ho: XpoMo- 210 He; 50 4
Gytananoa-2,3; mponanauoa-1,3, Gyrau- cop6 101, 100—120 mew; J: JHII
auoa-1,3, 6yranauon-1,4, nHsTHIEHT/H-
KOJIb, IJIHI@pOJI
JKupunte xuenotst Ci—Cs u BOja: Bona, | K. 1300,2 cm; Hd: xpomocops 101, 60— 250 N,; 20 4
MypaBbHHas, YKCYCHad H NDONHOHOBAA | 80 mewr; JI: KaTapoMeTp
KHCJIOTH
JKupueie xuenotst C1—Cs 1 Bofa: Boxa, | K: Hepx. cTtanb, 180X0,3 cm; HP: nuan- 136 N,; 30 20
YKCyCHad, MypaBbuHas, [NPOMHOHOBAR, | srunmerakpuaar, 0,2—0,4 cM; II: xarta-
MacJIsHas H BaJepHAHOBAS KHCJOTH poMeTp
Hupunte kncnot Ci—Cs K: crexno 100x0,4 cm; H®: 5% nustu- 200 N,; 70 8
Jenraukonpcebakata; H: CW-HP; [I:
MerunoBhle sbupn Buicmmx XHpHHX xue- | K: crexso, 190%0,4 oM; H®: 5% nustu- 180 Ny 70 8
JIOT: METHANANbLMHTAT, METHJICTEADAT, Me- JdeHrnukonbcebakara; H: CW-HP; M:
THJIONeAT, METHIJIMHOMAT JAUIT
Mernnosrie spuph GensonkapGonosrix Kuc- | K: crekso, 160X0,6 cM; H®: 2%-terpa- 203 N, nan H,; 30 60
N0T:  XJA0pohopM, MeTuabensoar, nume-| Kuc-O-(2-nHaHOSTHN)-meHTaspuTpuTa; H:
THATEpedTANAT, AHMETHAH3OPTAJIAT, NH- noposuua, 0,2=0,3 mm; II: xatapomerp
MeTuadgTanar u JHII :

Anndarnueckne M UMKAHUECKHE KeTOHBI:

alneToH, METHASTHIAKCTOH,

3-MeTHAGYTa-

HOJ-2, TeHTaHoH, 3,3-XZHMeTHAGYTaHOJ-2,

UUKJIONEHTAHOH, TeNTaHOH,
JIOTEKCAHOH, OKTaHOH-2, aleTodeHon

4-MEeTHINHK-

Llukanyeckue COEPTHE H KETOHb: 2,2-MuMe-

THJNHKJIOTEKCAHOH,

2-MeTHANHKIOTeK a-

HOH, IHKJIOreKCaHOH, l{uC-2-MeTHJIIIHKJIO-

reKcaHod,
IHKJIOTeKCaHOA

TPAHC-2-METHITIHKJIOTEK CaHOJ

»

Pasnuutible KHCAOPOACOAEPMAIHE CORMH-
HEHHsI: BOJa, METAHOJ, STAHOJ, ALETOH, Me-
THISTHAKETOH, Te1PAaTHAPOPGYPAH, LHOK-

caH, quMeTHabOpMaMuL

DtuNeHOKCH, aueTaabAeruy

deHoMbI, KpPesoiib, KCHAEHOAN: ¢eHod, 0-,
n- u m-xpesosn, 2,4-, 2,5-, 2,3- u 3,5-kcu-

JeHOJ, N- K M-3THAdeHOa

(qacTHuHOE

pasfenenne n- 4 m-kpesona, 2,4- u 2,5-
KCHJIeHONa; 3,5-KCHJeHON W M-3THdenoNn

He pasfensiorcs)

Anmndarnyeckne aMHHH: METHJ-, IUMETHJ-
STHJ-, TPHMETHA-, H3ONPONHI-, ALIHN- H
H-MIPOTIHJIAMUH, TPeT-, 8TOP-, U30- H K-6y-

THAAMHH
Metun-, 3THA-, H3ONPONHJA-, H-NPONHI-,
8TOp-6YTHA-, H-GYTH/I-, H30NEHTHJ-,

TeHTHJI- H H-TEKCAJIAMHH

H-

ApoMaruueckHe aMHHBI: aHMAMH, N-MeTun-
aHnaud, N-aTuaanuaud, N-GyTHaaHHIHH

K: nepx. crams 100X0,3 cm; HO: nopa-
mak Q, 150==200 mew; J{: JUIT ‘

K: crekso, 160X0,6 cMm; Hd: 20% rauie-
poaa; H: nesnr 545, 0,2—0,3 mum; JI: Ka-
TapoOMeTp

K: 190%x0,4 cm; Hd; nopanak Q, 150—
200 mein

K: nepx. craab, 300X0,4 cm; H®: 2569%
B, -okcununponuonurpuna; H: neaut
545, 80—100 mewr; JI: katapoMeTp

K: crekno, 120X0,45 cm; Hd: 5% 2,4-
kcuaeHondocdara; H: mennt, 100—
120 mewr; II: aproHosHiit

K: crekno, 140X0,4 cm; HO: 4% kapbo-
Bakca 20 M+8% KOH; H: xap6opax B;
JA: OUIl

K: 130Xx0,4 c¢M; H®: xpomocop6 1083,
100—120 aemr; J: OAUIT
K: 130%x0,4 cM; H®: xpomocop6 103,

50—60 mewr; IO: JUII

[Tporpammupyercs,
170—245; 10°C/mun

107

220

23

110

91,5

IIporpammupyeTcH,
200—250 °C;
15 °C/mun

240

He; 60 \

N,; 30

He; 37

He; 60

A

He; 50

He; 35

He; 50

12

65

14

14




Mpodormenue Taba. 10.7

YcaoBusi pasfenieHHA

PazgenseMule COCAHHEHHS Iras-HOCH-
(nepeuncneHsl B HOPSAKE HX SJMIONPOBAHH) xoaouka (K); HenoxsuxHas ¢asa (HO); TeMrnepaTypa KOJOHKH, Tesb; CKO- |BpeNs
Hocurens (H); Aerextop (M) °C . POCTb TOTO- | MHH ’
Ka, MJ/MEH
TeTepolHK/HYeCKHE a30TCOAep:KallKe, uK- | K: crexno, 190X 0,4 cv; Hd: 28% neun- 160 15
JIHUECKHEe H apoMaTHYeCKHe aMHHEI: NHTe- Basbra 223+4% KOH; H: rasoxpom P,
PHIHH, TUPHAMH, MOPQOIHH, wuKorex-| 80—100 meus; Hd: JHII
CHJIAMHMH, METHJILUKJIOTeKCUHIaMuH, N-
M30TIPOT I HKJIOTe€KCHAAMHAH, AHUJHH,
N-meruanuppoaupod, N,N-anmerunaHu-
JIHH -
Hurponapaduun Ci—Cs: Bojaa, Hurpome- |K: 190X0,45; H®: mnopanak Q, 80— 206 He; 80 7
_TaH, HHTPO3TaH, 2-HMTponponad, |-HHUT- 100 mems; JI: kaTapoMeTp
porpomnad.
MeTHIXJIOpCHIANBI: TpuMeTHAXAOpcHaan, | K: 450X0,3 cv; HD; 10% SE-30; H: xpo- 25 N,; 40
METHAAHXJOPCHIAN, TpUXIOpCHAaH, AH-| Mocop6 W-AW-DMCS, 70—80 memr; I:
METHJAAUXJI0OPCHIAH, METHITPHXJODCHJIAH,| KaTapoMerp
TETPaXJAOPCHIAN ‘
denunxJg0pcHAasas:  TeTpaxaopcunasan, | K: mepx. cramp, 200X0,4 cm; H®: 4% 200 N,; 30 25
6eH30J1, XJAOPGCH30J, GHeHHATPUXJIOPCHIA- Cua E; 302; H: moposusa, 0,2—0,3 MuM;
3aH, Gudenus, JHPEeHUILUXA0PCHIA3aH JL: xaTapomerp
Xitopcogepxaluke NecTHEUABL: JAuHAaH, an | K: crekno, 190X0,4 cm; H®: 5% OV-I, 170 Ny; 70 14
IPHH, FeNTaxJopAK3JIAPHH H: CW-HP; J: 3/1eKTpOHHO-3aXBaTHHI
a-BHC, nninan, anjipu, renraxiop, nn'-| K: 190X0,4 cm; Hd: 5% CV-210; H: ra- 182 N,; 70 20
DD,E, o,n'-DDT, awsappun, nn’-DDD,| soxpom Q, 100—200 mew; [[: DaexTpoOH- :
n,n’-DDT HO-3aXBATHBIH
®ochopconepKalize NecTHUHAL: MeTHana- [ K: crekno, 190X0,4 cv; H®: 3% OV-I; 200 . Ny 80 9
PaTHOH, NapaTHOH, Metuatputhon, sruon [ H: CW-HP; II: miamenno-gporomeTpuue- :
' CKHH : ‘
i ; = = T i

a Tabauya 10.8
fipumepbi andnuios GronotiHueckd BAKHBIX COCAHHEHMH H NEKAPCTBEHUBIX CPEACTB, NPOBEACHHLIX B O00bIuHbIX YCAoBHAX

Yeaosusa pasieneHHs

Pasnenﬁchbe COeHHCHHSA ra3a-HocH-

(epeyrcaeHsl B INOpsAAKe HX 2IOUPOBaHHSA) Kononka (K); HenonBuxuas ¢asza (HP); TemnepaTtypa KOJOHKH, Tedlb, CKO- |BpeMs,

socwreas (H); memextop () ' °C pocTb WOTO- | MHH
Ka, MJA/MHH

TpuMmeruacuuIbHEe TNPOH3BOJHBIE cCaXa- K: crekao, 190x0,3 cm; HOP: 3% 140 N, 30 27
poB: apabyHO3bl, G-KCHIO3H, G-MAHHO3H, nomu-A-101A; H: rasoxpom Q, 100—

-raJaKTO3hl, O-IJIIOKO3bI 200 memr; J: IWII )
Amunokucaorsl B Bume N-tpudTopauerui-| K: crekno, 150X0,4 cm; HO: 0,325% anu- | IporpaMmupyeTcs N,; 50 30
. H-GyTHJIOBBIX 3¢pHpoB: ajaHuH, BaJHH, nuHaTa STWJIenrauKoas; H: xpomocop6 100—210°C :

[JIMIAH, M30JeAHH, JEeHIUH, TIPOJHH, G-AW, 80—100 mew; K: crekio, 100X

TPeOHHMH, CePHH, LHMCTEHH, METHOHHH, %0,4 cM; H®: 1% OV-17; H: aktusHi

OKCHIIPOJIHH, (eHuJaJaHHH, acrnapardHo- xpomocop6 G, 80-—100 meur; J: AUl

Bas KHCJI0TA, TJyTamoBasi KHCJIOTA, TH-

PO3HH, JH3HH, TpUnTO(aH ‘ )
CTepoHAB: aHAPOCTAH, XOJECTaH, TECTOCTeE- K: crekqo, 130X0,2 cm; H®: 3% OV-17; 275 "N, 40 10

pOH, IpPOrecTepoH, XOJeCTEPHH, CTHIMa- H: CWHP; O: JHUII :

CTepHH
Tpnmgmncmmwme npoussofHble crepo-| K: crekio, 190%0,3 cm; HO: 3% OV-225; 230 15

HIOB MOYH: aHAPOCTEPOHA, THIHAPOIMH- H: razoxpom Q, 100120 meur; . NI

aHApOCTEPOHA, STHOXOMAHOJOHA, 3CTPO-

Ja, 3CTPAAMOJa, 3CTPHOJA, MPerHanixo-

Jla, TperHeHTpHOJa ‘(aHAPOCTEPOH H 3CT-

pajHoa He Pa3fensioTcs)

MetuaoBbie 3(HPBHl JKENUHBIX KHCIOT: Me- K: crexiao, 100%0,3 cm; H®: 3% P-2250; 275 N,; 40 17
THAJHTOXOJAT, METHJIe30KCHXOAAT, Me- H: cyneakon AW-DMCS, 100—120 mei; :
THJAXEHOLE30KCHX0/MAT, MEeTHAX0JaT J: IUIT . .

CHoTBOpHblE;  GapbuTal, amo6ap6uran, | K: crekJo, 190%0,2 cm; H®: 10% anue- 215 N,; 40 .6
cekoBapGutan, Tekcobapburad, Medo-| 3oHa L, 2% KOH; H: CW-HP; O: OUII-

Gap6utan, dernobapburai , :

JlekapcTBeHHbBle CpeACTBA: 3THHAMaT, Mec- K: crekqo, 190—0,35 cm; H®: 3% OV-17. 200 N,; 40 36
KaauH, AHGEHHJLHIHAPAMAIH, TAYTOKCH- H: rasoxpoM Q, 100—120 wmeur; . AUTI1
MHAHH, KOQEHH, HOBOKaHH, KOKakH, CKO-

NOAaMHKH, XJOPIPOMA3HH, TasenaM
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IFnasa 11. IlporuBorounoe pacnpeneneHue
3. IPOXA3KA |

HHcTHTYT Ooprasnueckoll XUMHH U GHOXHMHH
Axanemun Hayk UCCP, IIpara

11.1. BBELEHHE '

11.1.1. 3KCTPAKUUS w CHCTEMAX )XHAKOCTb — )KUAKOCTh.

Metoa nMpOTHBOTOMHOrG pacnpene/ieHHs, OCHOBAHHME Ha §300050; 08
Hume pacnpeleseHyst BEeLIECTBA B CHCTEME XKHJKOCThb — XHAKOCT,
usBecTeH ¢ 30-x ronos. B mpolecce ero copepmeHCTBOBaHHsI GBHIH
Pa3paboTaHb: a) MeTOJ HeNpepbIBHOA NMPOTHBOTOYHOMN SKCTPAaKIIHH,
NPHMEHAeMH [MaBHHM 00pasoM B NPOMBILJIEHHHX HeiAX (Om
JIMWDb YIOMHHACTCS B ITOA ryaBe), © 6) METOX IePHOAHYECKOTO
IIPOTHBOTOYHOTO pacnpefeseHus. Meron mnpoTHBoTOuHOrO pacmpe-
AeJeHns MacTo HasweiBaloT MeToxoM Kpedira. B 1944 r. Kpeiir [2]
OnyOJMMKOBA OMHCAHHE NEpBOH GaTapeH s TPOTUBOTOYHOIO pac-
TNIpelesIeHHs] ¢ MeTa/IMYeCKHMH 3JIEMeHTaMH*, TI03BOJSIOLLER OCy-
LIECTBUTL NMPOCTOH NEPEHOC ABYX HeCMeUIHBAlOWHXCH (a3 B mpo-
THBOTO4YHOM pexknMe. Ilosnnee Kpefir n npyrue aBropbl ckoHCTpyH-
poBa/M CTEK/NSIHHbIE aniaparsl AJsi NPOTHBOTOYHOTO paclpexeJie-
HHA; ClelHajbHple NPOOCHPKH IJS 3THX aNNapaToB B HACTOsLIee
BPeMs BHIIYCKAIOTCSH NMPOMLIILJIEHHOCTDHIO.

B npenenax oaHO# rsiaBBl, eCTECTBEHHO, HeJb3s paccMoTpeTh
MEeTOJ, IPOTHBOTOYHOrO pacrpefiesieHHs] B NOJHOM o6beme. Mpl or-
paHMIHMCS OOCyXKI€HHEM 1esecoo6pa3HocTH GoJiee IMHPOKOrO ero
NpUMeHEeHHs B OGBIYHBIX N1a6OPaTOPHAX, T. €. 1a6OPATOPHSAX, DHHAH-
COBLIE BOSMOXHOCTH KOTOPBIX OrPAHHYEHHBI, H JHIUbL YIOMSHEM
GoJplie J0pPOTHe aNmapaThl H CJOXKHBIE METONE, KOTOPHE YacTo

* QyHKUHOHA/bHBE STYEHKH amnapata Ads NPOTHBOTOUHOT® pacnpefeneHus B
JHUTEPATYPE HMEHYIOT IO-DAa3sHOMY: B IIPOCTBIX KOHCTPYKIMSAX 5TO NeJIHTENbHAST BO-
poHKa, B Gosiee CJIOKHBIX — 3JIeMEHT, AeTalb, npobupka. B 3Toil riase TEePMHH
«Jle1iTe IbHas BOPOHKA» MCIOJb3YeTCs B TeX Caydasx, Korza $hopMa M HasHaueHWe
GYHKUHOHAIBHBIX AueeK NeHCTBHTENBHO COOTBETCTBYIOT (OPMe M HASHAYEHHIO le-
JUTE/LHBIX $YECK, NPHMeHAEMbIX B NPENAPAaTHBHON XHMHH. B apyrux ciyuasx, Kor-

A2 uejasi 6atapest COOTBETCTBYIOUIMX SYeeK HJH S/EMEHTOB NepeMel|aeTes: CHHXDOH~
HO, IIDAMEHSETCS TePMHH «npOGHpKa».
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JCTIOJb3YIOT B CHENHAaJNbHBIX IeNdX U LU CHelHaJbHBIX HCCel0Ba~
uuit B sabopaToOpHsX, PAclo/aralouKX He TOJbKO JOCTaTOYHBIMH
(bMHAHCOBBIMH CPEACTBAMHU AJs MPHOGPETEHHUst 8TOr0 060PyAOBAHHUS,.
HO H IJIOUAAAMH AJS ero pasMelieHHs. TeopeTHueckye ONHCAHHS H
BHIGOP METOIMK OCHOBLIBAIOTCS HAa €JMHOM INPHHIHIE He3aBHCHMO
0T CJOXKHOCTH HCMOJB3yeMoro annapara.

MeToj IPOTHBOTOYHOrO pacrpefieeHHsl Pa3BuBaJcsa Tak OBICTPO,
YTO y2Ke CIYCTsl BCEro JHIUb JBa HECSATHJETUS C MOMEHTA OTKPHITHS
OH yXe MOJIyYHJ IWHPOKoe pacnpocTpaHenHe. OJHAKO B HacTosllee
BpeMsl OH HCIOJb3YeTCs JIHIIb B TeX CAy4Yasx, KOTAa ero He yJaercs
3aMeHHTb KaKuM-Jubo ApyruM. 3a mnocsaelHHe HEeCKOJNbKO JIeT B
JHTEpaType He IOSBHJIOCh HOBHIX PabOT 1O METOJAHMKe IPOTHBOTOY-
HOTO paclpejesieHdsi, ONYOJHKOBAHO JIHIIL HECKOJIbKO CTATeH, IO-
CBANIEHHBIX TIPAKTHYECKOMY NPUMEHEHHI0 Toro Merona. Ero suuub.
H3PEIKa HCHOJb3YIOT B aHAJHTHYECKHX HJH IperapaTHBHLIX LeJAX,,
rJ1aBHHIM 06pasoM IPH H3YYeHHH aHTHOHOTHKOB, NENTHAOB H T. I
Jna Gojee JeTasJbHOrO M riayGOKOrOo O3HAKOMJEHHS C paccMaTpH-
BaeMbIM METOJAOM UMTATENIO DPEeKOMeHAyeTcs o6paTHThCA K NMOAPOG-
Hoit Monorpaduu I'ekkepa [6]. JonomxurenpHylo HHPOPMALHIO
MOXKHO HafiTH Takxke B o63opax [7, 19, 20] u B Apyrux moHorpagu-
ax [3, 8, 11, 21]. Hawa ©eJb COCTOMT B TOM, YTOGHl II0Ka3aTb, UTO
JAHHHE MeTOJ MOXHO C YCIIEXOM NPHMEHATb U B TOM Cllyuae, Koraa
Jnoporoe o6opyfoBaHHe HeLOCTYIIHO.

11.1.2. NMPUHLUNBI NPOTHBOTOYHOIO PACIIPEAEJNEHHUS

OKCTpAKIMs COeJMHEHHS H3 PacTBOPa HeCMellXBAIOIIEACS XU~
KOCTbIO B J€JIMTEJILHOM BOPOHKE XOPOIIO 3HAKOMa JI00MY XHMHKY-
OpraHMKy M GUOXHMHKY, NpHYEM KaXKAHH 3HAeT, YTO OAHOKPATHOM
SKCTPAKIMH OblBaeT HEJNOCTATOYHO M 4YTO OOBIYHO €e NMOBTOPSIOT He
MeHee Tpex pas. Kak npaBujo, IpH 3KCTPaKIHH BOJHOTO pacTeopa,
HanpuMep, 3GHpoM oObelHHeHHble 3(PHPHBHIE BHITAXKKH COAEpKaT
He TOJbKO HYXHOe (IKCTparupyeMmoe) coelHHeHHe, HO M 3aMETHOE
KOJIMYECTBO BOJbl, a TaK¥Ke NPHMeCH HJIH KOMIIOHEHTH CMeCH, pac-
TBOpeHHHE B Hell (HeopraHWuecKHe KHUCJOTHI, OCHOBAHMSI, HEKOTOPbIE
cosiu, o6ouHble MPOAYKTH, HCXOAHbIE COeJUHEHHs1 U T. X.). ITo3ro-
My ob6beinHeHHble 3QHUPHBIE BHITAXKKH NPOMBIBAlOT BoOxoH. I[lpn
3TOM, OJH4KO, H3 3(GUPHOro CJOS M3BJIeKaeTcss HEKOTOpOe KOJHue-
CTBO HYXKHOTO BelleCTBa, U AKKyPaTHHI XHMHK 4acCTO II0Jb3yeTcs
HaGoOpOM H3 TPeX JEJHTEJIbHBIX BOPOHOK, KaK 3TO PEKOMEHAYIOT
HeKOTOpPHE PYKOBOACTBA. [IByx(]a3HyIo CHCTeMYy B INepBoll JeJHTeb-
HOH BOPOHKE SHEePrHYHO BCTPAXHBAIOT, II0C/e Wero JaloT CMecH
OTCTOATLCS, 3aTeM OTHEJAIOT BOZHBIH CJIOH M NEePeHOCAT ero BO BTO-
PYIO BOPOHKY, T/le €ro CMEeLIHBAIOT €O CcBeXeli MmopuHed sdupa, a
3¢hupHBIA CJ0H, OCTaBLUIMHCA B NepBOH JeJHTeJbHOH BOPOHKE, IKCT-
parupymor 4HuCTOH BOJOH. Takum croco60M yBJie€UYeHHBE BMECTE C
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#HYXKHBIM BElleCTBOM TIHAPO(pHUIbHEIE NPHMECH 3KCTParHpyloTcsa H3
>¢pupHOH BBITSXKKH B IepBOH JeJHTeJbHOR BOPOHKe, a BO BTOpOH
JleUTeJbHOH BOPOHKe 0OJiblIasi 9acTh OCTABLIErocs JHNOGHJILHOTO
BELeCTBA IEPEXOAUT M3 HCXOLHOrO BOJHOrO ¢Jiofg B 3dup. Sty one-
‘Paluio IOBTOPSIOT ellle pas, T. €. BOAHHIHA CJIO# H3 BTOPOH ReJHTeJb-
HOI BODOHKH NepPeHOCAT B TPeThiO, rie ero o6pabaTHBalOT YUCTHIM
apupom B TpeTuil pas. BogHsill cyiofi 3 NepBOH HeJNTeNbHOR BOPOH-
KH IIEPEHOCAT BO BTOPYIO, K OCTaBLIeMycsi B Hell 3(DHPHOMY CJIOIO,
H cMelHBaoT HX. K 3pHpHOMY pacTBOpPYy B NepBOH JeJNHTEJLHON
BOPOHKe H00aBJSIIOT CBEXYIO BOJY ‘H CMeCh 2HEPrHUHO BCTpsSXUBa-
JOT, IIpH 5TOM U3 3(dHpa H3BJIEKAITCS NMOCJEIHUE CJIeIb I'HAPODUIbL-
‘HBIX TpHMeceH.

‘Bes ata omepanusi 1 Ha3wIBaeTCS NMPOTHBOTOYHLIM paclpefelie-
wineM. Takum 06pasoM, B JaHHOM cJydae B IIpoilecce NPOTHBOTOY-
'HOrO pAaclpejiesieHHs y4acTBYIOT ABe ¢(a3n — adupHAA H BOAHAA.
IlepBasi ¢asa Bce BpeMs HaxOLMTCH B JENUTENbHHIX BOPOHKAaX, a
BTOpad (BOXHAas) MOCJeN0BaTeJbHO NEePEHOCHTCS H3 OAHOM BOpPOH-
‘KM B JAPYIylo, Tle OHa NOABEPraeTcs HCUEPNHBAIOMIed BKCTPAKIHH.
B npuseseHHoM npuMepe ojaHa us $as (¢up) HemoAgBUKHA, H MO-
JKeT CJIOXKUTLCS BlleyaT/eHHe, YTO HEBEPHO IOBOPUTH O NepeMelie-
HUM XKHUAKOCTEH, ABHXKYIIMXCS B NPOTHBOIOJOXKHBIX HAaNpaBJEHHAX
(mporuBoTOK). O HAKO B NAaHHOM CJiydae peyb HAeT 06 OTHOCHUTE/Ib-
'HOM IlepeMellleHHH «pa3. Jlasee MBI YBHAMM, YTO, XOTS B HEKOTODHIX
‘foJiee cJOXKHBIX BapHaHTaX MPOTHBOTOYHOTO pacnpeieneHus obe
(pasbl JeHCTBUTEJILHO NepeMellaloTCsl B IPOTHBONOJOKHEIX HaNpas-
JeHHsX, B o01eM cJyyae MOXHO pacCMaTPHBATh HENOJBHKHYIO
«ha3y kak ¢asy, ABHXKYUIylocst 6eCKOHEUHO MeNJIEHHO.

11.1.3. KOHCTAHTA PACNPELEJEHUSA

OcHOBHO! XapaKTePHCTHKOH, HCIONb3yeMOil B Meroge NMPOTHBO-
TOUHOrO pacnpefiesieHNs, ABJsETCH KOHCTAaHTA pacnpefeieHus Kp
(paHee ee HaswiBaNH Koa(umueHTOM pacmpenesnenus). Korma ase
¢asH, B QIHOH Y3 KOTODHIX DAacTBOpeHa CMecCh BelIECTB, llepeMe-
HMIHBAOT JAPYr ¢ JPYroM, 4acTh PACTBOPEHHBIX COENHHEHHH Iepexo-
IHT BO BTODYIO (pasy, APYTHMH CJOBaMH, PACTBOPEHHHE COEXHHEHHS
pacopejensiorea Mexny «pasamu. Ilpu pmocTaTouHO JAJAHTENLHOM
nepeMellMBaHHU JAOCTHIaeTCs PaBHOBeCHOE COCTOSIHHE, CTPOrO Ompe-
JleJIeHHOe IJIsi KaXAOoro M3 BellecTB cMecH. Ilpocrefiliee omucanue
5To# cuTyanuu gaercs 3akoHom Hepuera, corstacHo koTopomy Beie-
<TBO A pacnpefensercss MeXIY HECMEIUHBAIOMNMHUCSA HIH 9aCTHUYHO
CMELIHBAIOIIUMHCA KHAKOCTAMH C HOCTOSHHHIM OTHOIUEHHEM KOH-
uLeHTpalui. 3TO OTHOLIeHHe, ONpejesieMOe INPHPOJAOH BellecTBa,
3aBHCHT TOJIbKO OT TEeMIIePaTypPH M AaBJEHHSl H B HAEAJIHLHOM CJHy-
4ae He 34BHCHT OT KOJHUECTBA pacrpenenseMoro BelectsBa. KoH-
CTaHTy pacnpefeseHHsT MOXKHO ONPEIENHTh COOTHOLIEHHEM

Kp(p, T, cucrema) =[A] (opr.)/[A] (BOZH.), (11.1)
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rie [A](opr.) m I[[A](BORH.) — paBHOBecHble KOHIIeHTpPAlLHH Belie-
cTBa A B OpraHHuYecKoH H BOAHOH (pa3ax COOTBETCTBEHHO INPH AaB-
JeHHH p ¥ TeMnepatype T B aByx(asHOHA cHCTeMe ompejeseHHOro-
cocraBa. [IpHBeileHHOe ypaBHeHHE CIIPaBeAJHBO, €CJH BellecTBO A.
HaxoXHTCA B o0enx 'Gpas3ax B OXHOM H TOM XXe BHIE, T. €. He peart-
pyer HH C OAHOH H3 (a3, He acCOUMHDYeT HJH IHCCOLUUHPYET H He:
BCTynaer B NOGOUHEIE peaKIHH.
=

o

Puc. 11.1. HNeantenbsas BOpOHKA AJf

OnpelieNIeHHa pacnpeaejeHis HJIH OTHO-

IIeHHA KOJHYECTB pacnpelefieMOro Be-
uieCTBa.

HauGonee yRo6HH BOpPOHKH oOGBeMOM 12—

15 MJa; B HHX JIerKO CMEUIHBATbL ABe (haanl
no 5 Ma Kakpas.

Ecnn o6mee xosnmuecTBo BeliecTBa A B KaxkAOH dase xapakre--
pH3yeTcs ero aHaJHTHUeCKOH KOHUEHTpalueH ¢, He 3aBHCALIed OT
BH/a, B KOTOPOM BellleCTBO HAXOZHTCH B ¢asde, TO pacmpejeseHie-
ONMHCHIBAIOT OTHOLIEHHEM KOHUEHTPaUHil paclnpefenseMOro BellecT-
Ba D.:

D,=c4 (opr./Ca @oan.)- (11.2)

[TonesnnM napamMeTpoM MOXKeT TaKkKe CJAYXKHTb OTHOLIEHHE MacC
(xonnuecTB) pacnpenenseMmoro Bemectsa D, 3aBHCAlee OT COOT-
HOLIeHHST 00beMOB (a3, B OT/IHUHE OT NapaMeTPOB, OMHCHBAaEMHIX
ypaBHenuaMu (11.1) u (11.2). IIpu u3MepeHHH OTHOCHTEJbHbLIX
Macc BeumlectBa B 00enx (pazax CHCTEMH HCIOJB3YIOT YpaBHEHHS:

Dy =my opr) /My mopm) =PIq=KpV (11.3)
"
(M A)sozn
=m m m ; = . :
P A Aoun;\A A Aou?vl_l A ?ohm;v. q \ A3>vou_..+ (Mp)somn.’
rie Vi—o6beM oprannueckofi ¢ase, V,—o6bem BomHOR (ha3Hl.
Hanee, p+g=1 n 100p u 100 BHpaxKAaOT NPOLEHTHOE COfEPKAHHE:
BelecTBa B OPraHHYeckoi M BOAHOH dasax. Ecam o6beMH o6enx
¢as pasuH, T. e. V1/Vy=1, 10 D®n=Kp.
Koncranty pacnpenesnenus jnerko Hameputb. e ¢asn sHep-
FHYHO BCTPAXHBAKOT A0 B3aHMHOrO Hachiuienus. ITocae 3Toro usme-
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peHHBbI 06beM OAHOH (Pa3hl NMepeHOCAT B AJHHHYIO Y3KYIO JeJHTeNb-
HyI0 BOpPOHKY (puc. 11.1) u pacTBOPSIOT B HEM YHCTOe BelLIECTBO.
KonileHTpauus BelecTBa JOJXKHA OBITh He CJHIIKOM ' BeJHKa, 10-
CKOJIbKY 3aKoH HepHcra BrINOJHSeTcs AJisi HAeaJbHEIX pacTBOPOB,
T. . TIPH HH3KHX KOHIEHTPAUMAX BellecTB, IPU KOTOPHIX He IIPOHC-
XOIHUT acCOIHalHHd MOJEKYJ B pacTBope H JPYrHX OTKJIOHEHHH OT
HIeaJbHBIX YCAOBHHA. 3aTeM B BOPOHKY X00aBJslOT TaKoH Xe 00beM
Apyroit ¢assl M BEUIECTBO TINATEJbHO 3KCTParHpyioT, NepHOJHUECKH
MenseHHo (uTo6bl M30exkaTh 06pa3oBaHHus 3MYJLCHH) NEepeBOpauH-
Bas BopoHKy. Ilocje 3TOro ¢asnl pasgensdioT U B KaXk/JAOH U3 HHX
ONpeJeJISIIOT KOJHYECTBO PACTBOPEHHOro BelnecTBa. Jlas oToro ue-
MOJB3YIOT KaKOH-JubO0 ceNeKTHBHBII aHAJUTHUECKHH MeTOl, HANpH-
Mep KOJOPHMETPHIO UJIH THTPOBaHHe, JHOO HCHAPSIOT PACTBOPHTEID
¥ B3BEUIMBAIOT OCTATOK. EC/JH BelllecTBO HELOCTATOUHO YHCTOe, Me-
TOJ| B3BELIMBAHUS CYyXOro OCTAaTKa He MOXKeT JaTh TOYHHIX 3Haye-
HUH.

W3 ckaszaHHOro BHILIE CJeyeT, 4To YeM Bhille Dn, uian Kp, TeMm
JieTye BeleCTBO TIEPeXOJHUT B Opranudeckylo ¢dasy, T. e. TeM IOJHEe
©HO 3KCTPArupyeTcs U3 BOJAHOH (pasbl.

11.2. TEPUOJAHNYECKOE NMNPOTHBOTOYHOE
PACNNPEAEJNEHUE (METOJ| KPEWUTA)

11.2.1. OCHOBHASI METOJUKA (METOLHUKA KPEWTA)

B sroMm pazziese MBl pacCMOTPHM NPHHIMI NPOTHBOTOYHOTO pac-
npejesesns 6osee moapobuo. Ilo cyTH, 3Ta MeTOANKA HHYEM He OT-
JUYaeTcs OT ONHCAHHON BBIHIE, 32 HCKJIOUEHHEM TOTrO, YTO HCIOJb-
3yercs GoJjiblllee UHCJIO pas3fesuTeabHBIX siveeK. Ilpencrasum cebe
faTapel0 H3 MITH JEJHTEJIbHBIX BOPOHOK HJAH NpobGHpoK (2=35,
puc. 11.2,a), nponymepoBaHHHX OT r=0 g0 r=2—1. I[Ipobupku
3an0JHeHN PaBHBIMH oObemMaMu ¢pa3 — opranuyeckoit (6oJee Jer-
Ko#l) n BoaHoll (Oosee TsKeJso#), MpeIBAPUTEIbHO B3aUMHO HacHl-
meHHBIX. B npobupky r=0 no6aBagioT HeKOTOpoe KOJHYECTBO Be-
LlecTBa H JAI0T eMy pacTBOPHTHCH, IOCJe Uero Bcio 6atapero npobu-
POK MHOT'OKPAaTHO BCTPSAXHBAIOT JO YCTAHOBJIEHHS PaBHOBECHS.
Ilocsie ycTaHOBJEHHST PaBHOBECHS B COOTBETCTBHH C JaHHOH KOH-
CTaHTOH pacmpeneneHuss B 6osee Jerkoi ¢dase cogepKHUTCSI YacCTb P
HCXOJHOI'0 KOJHUECTBA BelllecTBa, B 6oJiee TsakKesol ¢aze — yacTs ¢
TOro e BenlecTBa. IIpoGHPKH 3aTeM HAKJIOHSAIOT TaKuM 00pa3oM,
uToOH GoJiee JierKas (paza mepeMecTH/JIACh B COCeJHHE C HUMH IIPO-
6upKHU cnpasa, a npobupky r=0 3amoJHAIOT CBexell mopiuel Jer-
Kol ¢a3b. Ha 3TOoM 3akaHuuBaercs mepBHH mar {(n=1) nporuso-
To4yHOTO pacnpefeneHusa. Ha pue. 11.1 nmokasano, kak mocie 3aBep-
ilIeHWsl ATOTQ Illara BeIIEeCTBO pacHpelesseTcss MeXAYy npoGHpKaMHu
r=0n r=1. Becrex 3a mepBHIM maroM HPOBOAHTCH BTOPOi (h=2):

MPOTUBOTOYHOE PACIHPEINEJEHUE 657

BHOBb YCTAH2BJIMBAETCS PABHOBECHE M NMPOHCXOAUT mepeHoC (asH.
Pacnpesenenne BellecTBa B AByX(pasHO# CHCTeMe H B NMPOGHpKAX,
onHCEHBaeMoe ypasHeHHeM (11.3), mokasamo Ha cxeme. Ilocsie 3a«
BeplIeHHA YeThIpeX IIaroB BeIeCTBO PACHpPENEJHTCH 10 BCeM MATH

%ommvxm@ (puc. 11.2,a, n=4). B 3TOM H COCTOHT OCHOBHAS METO-
nuka Kpeiira.
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Pac. 11. 2. CxeMa npOTHBOTOTHOIO pacnpellesieHnsi NP ONHOKPATHOM BBOZE Bemle-
CTBa.

BepTukanbHas CTpesiKa NOKashIBaeT MeCTO BBOZA BellleCTBA: g — B MepBHIA 3jleMeHT (r=()
GaTapen (IBHXKeTCsl TOJbKO BepxHAA (aza) H 6 — B LEHTPaJbHBIA 3JeMeHT (r'=0) Garapem
(o6e ¢asw mepeMelnaTcs B NPOTHBOMIOJOMHBIX HaopaBieHHAX).

11.2.2. XAPAKTEPHCTHKH NIPOTUBOTOYHOIO
PACAPEREJIEHUA

Pacnpenenenne BemecTsa nocjie Kaxjaoro mara (W nepeHoca)

MOXHO OIHCaTh KOJHYECTBEHHO C MIOMOIIbI0 GHHOMHAJBLHOIO yYpasB-
HeHUuda

(g+p) (11.4)
17—13
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HanpuMmep, nociie uerTbipex NepeHOcoB (n=4) pacnpeje/ieHne
BelllecTBa NO NATH npobupkaM or r=0 1o r=4 onuceiBaercs cie-
AYIOLIMMH 3HadeHHsIMU: ¢4, 4pq®, 6p2q?, 4p°q u p*. B obuem ciyyae
KOJIMUECTBO BelliecTBa B Ji06oH mpoGupke r (B obeux Pasax cym-
MapHO) Nocjie 72 IePEHOCOB MOXHO PACCUATATh MO YPABHEHHIO

T, ,=[n\rl (n—r1p'g"" =[nlir! (0 —r)1[Dp/(1+Dp)*l (11.5)

U3 puc. 11.2 u ypaBuenns (11.4) cuenyer, 410, €cJH OTHOLICHHE
KOJIHuecTB pacnpeaensieMoro sewmecrsa Dn=1 (1. e. p=g), pacnpe-
ndeJeHde BelllecTBa mo Garapee NPOGHPOK CHMMETPHYHO M ONHCHI-
BaeTcsl raycCHaHOil (KPHBOE HODMAaJbHOrO paclpefesieHus), T. €.
Hau6oJbllIas KOHNEHTPalHs BellecTBAa JOJXKHA HaOMOAATLCA B
cpeaHeM 3JeMeHTe GaTaped. B To xe Bpems Bemectsa ¢ 1>Dn<l,
ocob6eHHO 06Jajfalonie MOBHIIEHHEIM CPOACTBOM K OJIHOH HJH JApY-
roft hase, JOJKHE KOHIEHTPHPOBATLCA B KPAHHUX CJeBa HJIH cnpa-
Ba sJeMeHTax Garapeu. IlosToMy 3Ty NpPOCTYI0O METOAHKY MOXKHO
YCIeIHO MCIOJb30BaTh AJSI OTHOCHTEJNbHOro O0OralleHHsi BellecTB,
BhJleJIeHHBIX M3 MPUPOAHBLIX MAaTepPHaJsoB, HJH CJAOXKHBIX HCKYCCT-
BeHHHX cMeceli. Heo6xoauMo JHIIb NOAOOpaTb TAaKYI0 CHCTEMY
HeCMeIlMBAIOLIHXCSl PacTBOpHUTeNeH, B KOTOPOH HCKOMOE COenuHe-
HHe uMeJjo 6bl D, paBHOe MM OuUeHb OJIH3KOe €JHHHIE, a Jpyrue
KOMIIOHEHTH XapaKTepu30BaJuCh Obl HHBIMH BeJIHYHHAMH 3TOH KOH-
crauTH. IIpH TakUX YCJIOBHAX HYXXHOe COEJMHEHHEe KOHIEHTPHpYeT-
ca B UeHTpe Garapeu, a mpuMecH nmo KonuaM. K stomy cnocoby Mbl
BepHeMCS MO3JHee. .

Ecan ‘Heo6X0AMMO pa3jiesuTs ABa BeilecTBa A u B, meaecoo6-
PasHO BOCIOJB30BATHCS CJAEAYIOLIeH METONHKOH.

1. Cnenyer mogo6paTth CHCTEMY pPacTBOPHTeJel, B KOTOPOi cpex-
Hee 3HaueHve D, CMeCH KOMIOHEHTOB JOJKHO HAXOAHUThCH B HH-
tepBaje 0,2—5, a KoappuuHEeHT pasaeseHHs

a=Kp ::\Xc @”US E\bs (B) (11.6)

JOJKeH ObiTb MAKCHMaJbHO BO3MOXKHBIM, BO BCAKOM CJyuyae He
MeHble 1,5, .

2. PacnipejiesieHie HeOGXOAHMO BeCTH B TAKHX YCJOBHAX, UTOOH
npousseiieHne BeJHYHH D, KOMIIOHEHTOB CMeCH OBLIO PaBHO HJH
6JIM3KO K eJMHHLE, T. €.

b:‘-Q:DSva“ Run Awﬂ.ﬂv

NOCKOJIbKY B 3TOM CJyYae MAaKCHMyMbl KOHLEHTpauui pasiesseMbiX
BellleCTB B GaTapee pacmoJoxarcs Ha HauOoJblIeM PacCTOSTHHH
APYT OT ApYyra W pasjelieHHe OKaxeTcs Hanbojee 3¢ (eKTHBHLIM.

3. U HaxoHel, ONTHMaJibHOE OTHOLIeHHe 06beMOB a3 B CHUCTe-
Me JOJIKHO COCTaBJATb

Vour =1/V Kp a)Kp (8- (11.8)
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Yucao 1aroB 7 (HJIH YHCIO TPOGHPOK B GaTapee), HeOGXOLHMOE
ST pa3fieIeHHs, 32BUCAT OT HECKOJIbKHX INlepPeMeHHBIX, 4 HMEeHHO:

n= ZQV. P, cOOTHOIIEHHE KOVIWYECTB BELIECTB, CTeNleHb WHCTOTHL,
BHIXO1).

Ha puc. 11.3 nokasaHo pasjgejieHHe HEKOTHHAMHIA H OeHzaMuza

5

3
T
-~
«

Konuvecmso scujecmsa, M2

7 / Y-
SH NG \«/\«
i n/ \x\ 2 /\«/
”. ﬂ.\‘ ,
T B | K Y "
0 5 0 5 20 24

Homepa genumenswox sgposox

Puc. 11.3. vuwhmmmmxm 50 mMr cmecu HuxoTHHamMuAa (I) u Gemsamuna (2) MO OCHOB-
HOH METOJMKEe B MHKDOYCTaHOBKe ¢ 24 sjementamu [6].

CucreMa pacTBOpMTeNeli 3THJALETaT — BOLA (V=1); Temneparypa 20°C. D, HHKOTHHAMHAA
0,163, D,, Gemaammpma 2,58.

B cHcTeMe 3THialleTaT —Boxa. Kosapduumuent pasgenenns a B
JlaHHOH CHCTeMe paBeH npuMepHo 16, W nas mosHOro pasjesieHus
AOCTATOUHO Gatapen u3 16 mpo6upok; Heo6xomHMocTb B mnozbope
ycaoBuH, NpH KOTOPHX B~1 [ypaBHenne (11.7)] orcyrcrsyer.
Onnako, ecan Tpebyercsi pasae]uTh CMeChb BELIECTB ¢ GoJee GJH3-
KHMH 3HaYeHHsMH D, (<<2), MOXHO BoCmoJb3oBaThes Taba. 11.1,
C TIOMOLIbIO KOTOPOH JIETKO HAHTH YHCJIO NPOGHPOK, HEOOXOMHMBIX
Anist 6oJlee MM MeHee TOJIHOTO PasfesieHHsl Map COeJHHEHHH C pas-
JIHYHBIMH KO3¢HIHEeHTAMH pasieJeHHs.

Hast pacuera o uiaH B HeOGXOAMMO 3HATH BeJMUHHH D,. Ompe-
JQJSIIOT X, MCIOJb3YA TJIABHBIM 00pa3oM uHCThle COeAMHEHHS MJIH
HCXOJsl M3 IOJIOXKEHH MaKCHMYMOB KDHBHIX paclpese/eHus
[puc. 11.3 u ypasuenus (11.11), (11.14) u (11.15)], uro BecbMma
TpynoeMko. IlostoMy aBrop npeisioxHs ypaBHeHHe AJs HPHOJIH-
HKEHHOrO pacuera 3HAUGHHS & H3 3HAUeHHH R, NONYYEHHBIX NpH
XpomartorpapupoBannd Ha Gymare, B IpoLiecce KOTOPOTO pasjese-
HHe HAET KaK YHCTO PaclpefesHTeNbHbIH Npolecc:

a=Ry 4 (1 = R; @)/R; @ (1 — Ry (4))- (11.9)
Benwunny napaMerpa o MOXHO TaKkXe pacCUHTaTh 10 BPEMeHH
YIepXKHBaHHSA MPH XPOMATOrpadHPOBAHHH METOJOM KHIKOCTHOM
17¢
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Tabruya 11.1

YHCIO WAroB 7, COOTBETCTBYIONICE Da3AHUHBIM (GAKTOpaM pasieNeHHs d,
H BBIXOJ YHCTHIX coepuuennft npu f=1 [6]

[+ n Ge,.qxv n (99%) | n (97,5%) : (95%)in (90%)|n (80%)in (70%)]n (60%)|n (50%)
11,0 22

10,0 24

9,0 27 21 ; «

8,0 30 2 or

7,0 35 28 % | 2

6,0 42 33 28 | 25| 21

5,0 53 42 36 | 82| 27| 2

4,5 61 48 41 36 31| 25 21

4,0 72 57 49 | 43| 37| 20| o5| 2

3,5 89 70 60 | 53| 45| 36| 31| 2| 22
3,0 116 92 79 | 70| 59| 48| 40| 34| 29
2,7 143 113 97 | 86| 73| s0| 49| 42| 36
2,4 185 46| 126 | 11| 94| 76| 64| 55| 46
2,2 229 181 155 | 137| 17| 94| 79| 67| s7
2,0 202 | 230 198 | 175| 149 ] 120 101| 86| 72
1,9 346 | o274 | 236 | 208 | 177 ] 142 | 19| 102| 87
1,8 413 | 326| 281 | 248 211 169 | 143| 121 103
1,1 | 15652 | 13700 | 10841 | 9509 | 8078 | 6504 | 5473 | 4662 | 3066

KOJIOHOUHOH XpoMmaTorpaguu:
a=(lg ay—tr ®)/r ®—1Ir &) (11.10)

rae freay Irs) U r(r)— BPEMs YAepXHBaHHMSA coelnHeHHH A U B n
¢poHTa pacTBOPHTENST COOTBETCTBEHHO.

CaefyeT Takxe TOMHHTBb, YTO BellleCTBA C NQH@_ IPH XpOMaTo-
rpadupoBanun Ha Oymare ¢ BOJHOH HemMOABHMIKHOH ¢asoil xapak-
TepH3YIOTCS BeJHYHHAMH R; OKOJO o.c.\.lo..m,.

IIpeuMyiiecTBO METORHKH Nwmw:,m COCTOHT B TOM, uTO, 3HAR
HOMep NPOOMPKH € MAaKCHMAaJbHOH KOHUEHTpPanueHd coelHHEHHS,
MOXHO BHIUHCJAHTb Dm, H Ha060poT. KpoMe Toro, MoxHo mpexnsapu-
TeJbHO pPacCUHTaTh, B KaKHX 3JeMeHTax 0GaTapeH HaxXOZHTCA Ka-
Kas-To KOHKperHas xous (HanpeMep, 99,7% B omHCaHHOM HHXe

IMNPOTUBOTOYHOE PACIIPEIEJEHUE 661

cayuae) o6lLero KoJHUeCTBa BHIIEISEMOTO COeTHHEeHHS,

D =(rmax+0,5)/(n— 10z +0,5), (11.11)
ﬂBmN”RE‘ITOimv bSIO.WH\A—ITb:av. , A..— HHMV
Dweo.q”mk [Dp/(14+D,)?  (nas D,==1) (11.13)

IIpn HCNOIL30BAHHU aNMapaToB H METONMK C UHCJOM NEPEHOCOB 1
sriue 100 Bernunny mapamerpa D MOXHO PaccYHTATDH U3 npubsu-
JKEHHOTO ypaBHEHHS

GS“ :EN\ASI BwNv AH—.—AV

WJIH U3 KOHUEHTPAaLHil pacnpenensieMOro BEWIECTBA B ABYX COCEX-
HHX 3JieMeHTax 6atapeu

bS"AQ:.x\Qn.T»V T.\Az.l*l—lﬁvu_. QHHWV

TA€ Yn,r U Yn, r—1 — KOJIHUECTBA BELIECTBA B JBYX COCELHUX MPOGHP-
kax. Ecau mpumensiorcst 6osee ci0kHBIe MeTOXH (CM. JaJjiee), He-
KOTOpbIE H3 OTHX YPaBHEHHH cienyer MoandHUupOBaTh. UnTaTeasaM,
HHTEpeCYoIUMCa TAKUMH PacueTaMH, CleLyeT 06paTHTbCA K MOHO-
rpaduu I'ekkepa i[6].

11.2.3. ANNAPAT

Hpocrefiwnit anmapar npeacrasusier co6oit 6aTapelo H3 OGLIY-
HBEIX AeJHTEeJbHEIX BOPOHOK, YKPEIJEeHHHX HA CHellHaJbHOM IUTAaTH-
Be (puc. 11.4). CKOHCTpYHpOBaH TaKike ammapar, B KOTOPOM AellH-
TeJIbHblE BOPOHKH, KECTKO 3aKpellJieHHHe HA IOJ00HOM LITATHBE
(TPOGUPKH NJOTHO 3aKpEMJIeHb), MOTYT BPaIllaTbCs BMECTE CO IITa-
THBOM BOKPYT I'OPH30HTaJbHOH OCH, YTO 06ecreynBaeT OJHOBpEMeH-
HOe MmepeMellnBaHHe BO BCEX BOpOHKax. Pa6orate npu 6Gosbliom
YHCJIe IePEHOCOB 3aMETHO Jierde, eCJH HCIOMb3YIOTCA CIIENHaJabHO
CKOHCTPYHDPOBAHHBIE NBOHHbIE WJA TPOHHBE HeNHTEJbHBE BOPOHKH
(puc. 11.5). Ilpu paoTe ¢ 3THMH BOPOHKAMH OGLIYHO NEPEHOCHTCS
HHXKHsAsS (asa. CKOHCTPYHPOBAH, OJHAKO, aNNapar cO CHeLHaJsbHbi-
MU JeJHTEJNbHBEIMA NPOOHPKaMH, B KOTOPOM BepxHssi (hasa aBTOMa-
THYECKH ACKAHTHPYeTCS B CJEAYIOIYIO NPOGHPKY OXHOBPEMEHHO H3
Bcex npo6upok. Mel mpuseneM JHIIL cXeMH ABYX THIOB TPOGHPOK
(puc. 11.6 u 11.7), H3 KOTOPEIX MOXKHO COGpAaTh anmapatr ¢ 60oJb-
IIEM YHCJOM TAKHX 3JeMeHTOB. IIpocTefilinii n Han6osiee mpakTHy-
Hhi annapar ¢ 20 npoGupkamu usobpaxen Ha puc. 11.8. Anmapar
Takoro THna ¢ 10—20 npo6upkaMu NpHroieH AJs BHOGOPA M OLEH-
KH CHCTeM DacTBOpHTeJeH, H3MepeHHA BeNHUYHHBl D, KOHTpOJs
YHCTOTHI COEXHMHEHHH, OBICTPOrO IpenapaTHBHOrO o6oralleHHst O~
HOrO M3 KOMIIOHEHTOB CMeCH (B MSIFKHX YCJOBHSIX) H faxe AJs
NOJIHOrO Pa3jieJieHHsl BEILECTB, €CJIM MX KOHCTaHTHI paclpejesieHHs
AOCTATOYHO pasauyaioTcs (cp. ¢. puc. 11.3).
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Ha puc. 11.9 mokasan Gosee CJIOMKHBIN annapaT, BHIyCKaeMHIH
POMBILIJIEHHOCTBIO. DTO BEJHKOJENHBIA MOJHOCTHIO aBTOMATH3HPO-
BaHHHI anmapatT ¢ [POrPaMMHBLIM YINpaBJeHHEM, NepeMelleHHe

Puc. 11.4. Illratus pas GOJbIIOTO YHMCJIA JENHTE/NBHHX BODOHOK.

Puc. 11.5. Tpofinas mesuTenbHasg BOPOH-
Ka.

BepxHeH M HHXKHeH pa3 B HEM MOXKHO OCYIIECTBJSAThL HE3ABHCHMO
H MOXKHO 3alIpPOrpaMMHPOBATb METOAMKH C Pa3jHUHBIMH BapHaHTa-
MH nepenoca. Mudopmanuio o Apyrux ammapartax 3TOro THNA MOX-
HO HaiTH B pekjaMmHoit jguteparype. Cpenu (upM, H3roTaBjHBalO-
IIHX Takoe o6opyloBaHHe, HaHGosee H3BecTHB: Brinkman Instru-
ments, Inc., Westbury, N. Y., US.A; E—C Apparatus Corp.,

NPOTHYBOTOYHOE PACINIPEAEJEHUE 663

Philadelphia, U.S.A.; A. Gallenkamp and Co. Ltd. L don
England; H. O. Post Scientific Instruments Oo... Middle /mmmmau
N. Y, US.A,; Laborec, F. Schmidiger, Basel, Switzerland; Pope

Scientific, Inc. Fairfield, N J., U.S.

Puc. 11.6. JIBe cnasuubie Moxuduiupo-
BaHHble NPOGHPKA M3 GarapeH A/ Npo-
THBOTOYHOTO pacnpeZleseHus [4] B oc-
HOBHOM IOJIOXKeHHH (IIPH 3amoJIHEHHH
6aTaped) W npu pasfiejieHHH das nociae
BCTDSIXHBAHUS.

Bepxusig ¢rasa mekaHTHpYeTCs IpH IOBOPO-
Te NpOCHPOK B HampaBJieHHH @ OTHOCHTEJb-
HO NOJIOXKEHHA OCHOBHONR NpPOGHPKH (3aKpHl-
Ta npobkoft); Kajee NPOGHPKH NOBOPAYMBa-
I0TC B MOJOXeHHe, NOKa3aHHOe IITPHXOBOH
JuHYeRt (HampaBjieHHe 6), H BHOBbL BO3Bpa-
LIal0TCST B MCXOLHOE NOJIOXKeHHe; B npoliecce
TaKoro KauaHHs yCTaHaBJHBaeTCs DaBHOBECHE.

A

Puc. 11.7. Tlpo6upka u3 Gatapeu amna-
paTa AJs NPOTHBOTOYHOTO paclpefese-
uua {5].

I — ocHOBHast TPOGHPKAa JAJs BCTPAXHBAHHSA
da3; 2 —3axuM; 3 —ock; 4—TpybKa Aaz
JAeKaHTalUHH; 5, 6 -— eMKOCTH IJst HEeKaHTH-
pyemoit BepxmeR ¢aspl; 7 — TpyGKa AJas Ie-
peHoca JeKaHTHpyemo# dashl B caeayiomudy
3J1eMeHT; &8 -— BOPOHKa X cGopa HeKaHTH-
pyemo#t a3 HIAH AAs oT6opa Npol nJjg aHa-
JM3a; 9 — KpaH. PaBHOBecHe ROCTHUraercss Ka-
YaHHeM IPOGHPOK B IJIOCKOCTH A B Hampabe
JIeHHH, TOKa3aHHOM CTpPeJKaMH; B — Nojoxe-
HHe JAJs pasfeneHns ¢as; B — moaoxkenne
IJsi mepeHoca BepxHelt caanl.

11.3. BAPHAHTbBI METOA OB NPOTHBOTOYHOTO

PACNIPEAEJIEHHA

CorsacHO OCHOBHOMY METOAY, ONHCAHHOMY BHIIE, paclpenese-

HHe 3aKaHYMBAaeTcCH, KOTJa NOABHXKHasg (aza U3 mepBOél MPOGHPKH
nonajgaer B MOCJAeJHIOK NPOGHPKY. ITOT METOJL MOXKHO YCHELIHO
MOAMHIHPOBATL H MOBHICHTb KOO((HIIMEHT, HOBTOPASI pasieseHHe
Ha TOM K€ CaMOM alnapare HJH NPOBOASA AONOJHHTEJbHOE (pax-
IIHOHHPOBaHUE TaK HA3HIBAEMBIMH METOJAaMH H3BJeueHHSA. B 8THX
npoileccax YHCJO HepPeHOCOB, a CJel0BaTe]bHO, H 3(PpeKTHBHOCTDL
pasjesieHHs MOTYT NpeBHIIATh npefen n=z—I, XapakTepHbil aJs
OCHOBHO!M MeTOAHKH (IIPM AAHHOM YHCJE 3JEMEHTOB Z).



Puc. 11.9. TlpoMpirusienssIfi annapar Ajs NPOTHBOTOYHOTO pacilpele/eHHs Quickfit
Steady State Countercurrent Distribution Machine.
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11.3.1. CHOCOB PEXPOMATOIPA®HUPOBAHHA

[Tocne saBepuieHHss OCHOBHOH NpoHeLypPH 06a KOHILEBLIX 3Je-
MeHTa GaTapeH COeMHHSIOT ApPYyr ¢ ApyroM. [Ipu sTtoM moxpsukHas
¢asa U3 mocjepHedl NPOGHDPKH BCerAa NMePEHOCHTCSA B NePBYIO Ipo-
6upKy. EcTecTBEHHO, 3TOT BapHaHT MeTOJa NMpPUrOfieH JHIIb B TOM
caydae, ecau OoJjiee «HNOABHXKHEIE® paclnpefciseMble BeillecTBa He
OOrOHSIIOT «OTCTAlOLIHe» H €CJH YyXKe pasfleJieHHBe BelUECTBA He
CMeIIHBAIOTCA BHOBb. J[PyrHMH CJIOBaMH, NPUMEHEHHE STOrO BapH-
aHTA METOLA OrPAaHHYECHO B CBS3H C TeM, UYTO C BO3PACTAHHEM YHC-
Ja 1 NPOHCXOAMT YWIHDEHHe KPHBOH pacnpeje/ieHHs, H HCIOJAb3YIOT
3TOT METOX TOJbLKO AJs pasjieleHHs BEUIeCTB, KOTOPhiE OUEHb Mefi-
JIEHHO JIBHXKYTCA BMeCTe C NOSBHXKHOR (asoi,

11.3.2. €nocob ONHOKPATHOI'O U3BJIEYEHUS

10T €cnocol NPOCTO NMPOAOJNKAET OCHOBHYIO METOJMKY, OH' aHa-
JIOTHYEH TPOSABHTEJbHOH KMAKOCTHOH xpoMmarorpaduu. ITo okoHua-
HHM pasjie/ieHus MO OCHOBHOH MeTOJAHKe B NePBYI0 IPOOGHDKY BBO-

/// bamapes Pparyuu ‘
I Ya TR Na VeV QR S
1 N~ N Ni N L
N YN E s
LR L=
ZRZ ZRZE ,
YImre |
012 n-2 n-1 n | n+F mefl nef2 n+2 net
. ll.[.l'.mmu.l.ﬁ&
7 .
D=5
D=2
|
0 1Y) 2 2 0 ?
Homep mpydru Homep @paryuu ‘

Puc. 11.10. Pasgenenne no meroay Kpefira (24 nepenoca) ¢ mociefyiomum oaHO-
KpaTHHM H3BJIeYeHHeM, NIPOBEJEHHOE B annaparte ¢ 24 siemenrtamu [19].
N'ﬂwono.ﬂ!zo KpHBLI¢ paclpelesleHHA C pa3sHBIMH BeJHIHHAMHU COOTHOIUEHHA KOJIKYECTB CO~

ClHHEHH .B ¢asax CHCTeMH B annapate; // — KpHBHe paclpenesenHs coehuHeEHE ¢ Goned
BBICOKOH DasHOCTBIO 9THX e BeNHYHH B COGDAHHWX (paKLHAX,
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AAT CBEXYI0O NOPLHIO NOABHXKHOH (a3kl, a NOABHKHYIO a3y H3
nocyieHed NPOGUPKH COOGHPAIOT TaK Xe, KaK COGHPAIOT (paKIuH,
HOCTYNaliHe H3 XpoMmaTorpaduyeckoir KoJOHKH (cM. puc. 11.10).
IIpouecc MOXHO IPOZOMKATH CKOJMb YroAHO aoaro. Ilisi BelyecTs,
KOTOpbIe OCTAIOTCs B annapare MocJe 3aBepIUeHus Pa3ieieHHs, KpH-
Bble pacnpejiesieHHss MOXKHO pACCYHTATh C IIOMOLIbLIO yDaBHEHH:A
(11.5), a nas pacuera KpHBHIX pacupefesneHus cOGPAHHEX Qpakuui
CJelyeT BOCIOJb30BATHCA /JDYrMM yDaBHeHHeM (CM., HampHMep,
moHorpacduio [6]).

11.3.3. «KECTKHH» CIIOCOB PA3JIEJIEHHUSA

Ilocne 3aBepureHHs! pasjesieHUss 10 OCHOBHOH MeETOLMKe MOJ-
BHXKHYIO (asy B nepByio NpoGHPKY Gosblile He 106aBJIAIOT, HO nepe-
HOC (a3 MPOAOJKAIOT, MOKAa He COGEPYT BCH MOABHIKHYIO ¢asy,
KaK NIPH OJHOKDAaTHOM H3BJIeYeHHH. DTa MeTOJHKa Mmojao6Ha XpoMa-
TOrpapupOBaHHIO HA KOJIOHKE [0 IIepecHXaHHs KOJIOHKH. C mo-
MOLIBIO 3TOTO crnoco6a MOXKHO OCYIIEeCTBUTh He Gojiee n=2z—1
IepeHoCcoB U cobpath 2 ppaKkiui Kaxao0k (assbl.

11.3.4. METOA IBOMHOTO U3BJIEYEHUS

B oTnuyHe OT OmHCAaHHEIX BhIle COCOGOB 3TOT BAPHAHT METOAA
IpesycMaTPHBaeT BBeLEHHE CBeXHX nopuuii obeux ¢as, Tak YTo
pasfe/sieHHe MOXKHO [POBOAUTL C JIIOGBIM YHCJOM IEPEHOCOB He3a-
BHCHMO OT uucj1a npobupok. CHayasa pasjieneHde NMPOBOAAT IO OC-
HOBHOH MerojuKe. EcaM KOHCTPYKIUMS ammapata NMO3BOJISIET, TO
MOXHO HCIOJIb30BATh UCTHHHBIH MPOTHBOTOUHEIA DEXHM, BBOASI HC-
XOIHYI0 CMeCb B LleHTPAa/bHBIH 2JeMeHT Oatapen (puc. 11.2,6).
Ilpu 3TOM ynO6HO NPOHYMEPOBaTh MNPOGHPKH, HAUWHAS OT LeHTpa
Garaped, Tak uTo6H UEHTPa/ibHAS NPOGHPKA, B KOTOPYIO BBOAAT
HCXONHYI0 CMeCh pasjesseMbiX BelllecTB, Oblia 0603HaueHa r'=0.
IIpo6upKH, pacmo/OKeHHBE 10 HANPABJIEHHIO ABHKEHHS JerkKoi
(a3bl, HYMepYIOTCS NMOJOXKHTENbHEIMH UHC/IAMH, a TPOGHPKH, pac-
NOJNOXKeHHBle B OOPaTHOM  HAaNpaBleHHH, — OTPHIATEJNbHLIMH:
r'==+(z—1)/2 (rze z—uncao npobupox). Ilocse BBOA2 BemecTBa
B LEHTPAJIbHYI0 NPOOHPKY CMeChb NEePeMELIMBAIOT 10 JOCTHXCHHS
PaBHOBeCHs M I€PEHOCAT BEPXHHe Jerkue (asbl Ha OZHY NPOGHPKY
Bupaso (n=1). [lanee BCloO 6arapel0 BHOBb BCTPSXHBAIOT, YTOGLI
YCTAaHOBHJIOCH PABHOBECHE, H TsxKesble HHXHHe $a3h MepeHOCAT Ha
oaHy npoGupky Baeso (n=2). Ilocrne cuaexyoumero BCTpsSXHBaHHS
BepxHue (asbl caBurawTca BnpaBo (n=3) u T. A. U3 puc. 11.2,6
BHIHO, 4TO NMPH n=2—1 pacnpejiesienne BelulecTBa B NpPOGHpPKax
HICHTHYHO pacnpe/iesieHHIO, TOJyYaeMOMYy INIPH NPHMeHeHHH OCHOB-
Ho#t Meroauku (puc. 11.2,a). Ilpu cienyomem nepenoce (n=5 s
AaHHOM mpuMepe, puc. 11.11), T. e. mocsie BCTPAXHBaHUS W MepeMe-
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LieHus JeTKHX (a3 BIpaBo, YacTb BepxXHHX (a3, comepKalHx pd
HCXOJHOTO KOJHYeCTBA BellleCTBA, BHIBOAAT M3 Garapeun. Ity dpak-
uuio gymepyior kak p=0. OgHoBpeMenHO 0cBOGOXKAAIOIEEC KOMH-

. r!
n rumu-S -2 -7 4] 7 2 155%
T T ; T T
— j Uy S
‘ il Sl i
M 24 [ | [ @azs
alzlzlz]s
— Tz 54 =1 =
0q'| ¥oq| rq| Kegl | o Yemanoanenue
5 Mvﬂ 7 wﬂ% mﬂ. pasHosecus
] I i
re0_A4_| |og*| (654} l65d} lde . Mlepenoc.
5 g ] sepxred
H ¢°| Vod] W5d] ke le| | £70 | wese
L) L b e
f— —
.@»Q‘ % % Gb.c &%Q Yemaroenernue
m% ) o MQ W\%M pasHoeecus
Y ikl ad
6 || P R e B e
% 3| 0og) |52 | ] wazs
N s
_.M
(OO0 O

Puc. 1111, Tlpunnunuanehast cxeMa MeTOAa NBONHOIO H3BJCUEHHS.

YeCTBO ¢° BellleCcTBA B TsKeJsoH (ase BHIBOLHTCH H3 6atapeu c Je-
BOH CTOPOHH; 3Ty (pakuuio Hymepywr Kak r=0. Ha stom 3aBep-
maercs nAThi war (n=95). Illecrolt war (n=6) HauuHaerca ¢
BCTPAXHBAHHUA M YCTAHOBJICHHS DPAaBHOBECHS H 3aKAHYHBATCH Nepe-
HOCOM HHMXKHHX ¢a3 BiaeBo. B pesyanrate o6e kouuesne npoOHPKH
Gataped coJepXKaT TOJBKO OAHY $Ha3y, H OHH 3aMOJAHSIOTCS COOTBET-
CTBYIOMMH KOJHYeCTBAMHK BTOPOH as3wl (BepxHeidl ¢ashl Ha JeBoM
KoHUe GaTapen u HuXHell ¢dasnl—wua npasom, cM. pue. 11.11;
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n=6). CeapbMoit war (n="7) BHOBb HAUHHAETCA CO BCTPAXHBAHHSA
H TepeHOoca JerkoH (asbl BIpPaBO; ONHOBPEMEHHO BepXHAS H HHXK-
Hssl (asbl OTBOAATCS M3 KPaHHHX JIeBOH K NpaBoil npobupok Gara-
pen (¢pakuuu p=1 u r=1). Crexyowmuf war BHOBb NPHUBOAUT K
pacmpejie/ieHHI0 BellecTBa 10 BceM IpobHpkaM B Garapee. Pasje-
JieHHe MOXKHO NpPOJO0JXKaTbh CKOJNb YroaHo noJaro. Ecam umcso mpo-
OHpOK MaJo, HampuMep, JEXHT B HHTepBaje OoT 5 Ao 15, 3T0T Me-
TOJ. TIO3BOJISIET TILATEBHO OYHCTHTb OT NPUMeCeH JIHIIb OLHO COCHH-
Henue (¢ Dm=1); npu GospuioM uuc/ie npoGUPOK, HAmpumep 15—
30, on 1mO3BOJIAET NMPOBECTH KAYeCTBEHHOE pasjeseHHe JBYX COeXH-
HeHHH ¢ Ko3(QPHuHeHTOM pasjiesieHus 4 U Bhllle,

11.3.5. METOJ, O'KH®®A [7, 14]

OnucriBaeMulit cnoco6 mpecrasisier co60il OAKE M3 BaPHAHTOB
MeToJa HeNpPePHIBHOTO NMPOTHBOTOUYHOrO pacCHpefesieHHsl: cMech, MOj-
JIeXamyio pasjesieHHnio, BBOAAT B PaBHBIX KOJHMUECTBAX B LEHTPAJb-
HYI0 POGHPKY 6aTapen MpH KaxXAOM lIare HeOGXOAHMOe YHCJO pas.
Cam no ce6e aToT mpollecc fABJAETCS NEPHOLHYECKHM, MOCKOJBLKY
nepemeinenne $pas NpOU3BOLUTCS NEPHOAHUECKH, a He HENPEpPHLIBHO,
KaK B DacCMOTPEHHHIX BHIIe IpHMepax. PaccMoTpum OLHMH H3 Ba-
puantos meronnkn O’Kubda. barapes Bkiiouaer 5 npobupox, npo-
HyMEPOBaHHLIX, KaK MokasaHo Ha puc. 11.12. Ilpo6upku samonns-
forcs obeumu ¢asamu. Llenrpanvnas npobupka r'=0 3anonnsercs
OJHOH JoJiell pasfesseMoil cMecH, JHGO B YHCTOM BHIE, JHOGO B BH-
Jie pacTBOpa B MHHHMAaJIbHOM KOJIHUeCTBe Jierkoii ¢asul. Ha konuax
Gartapeu pacroJaraloT pesepsyaphl +S n —S (HOMepa 3THX pesep-
ByapoB r’= = (z—1)/2. Barapeio BCTPSIXHUBAOT 40 TeX MNOp, IOKa B
CHCTEMe He YCTaHOBHTCSI PaBHOBECHE U JIeTKHe a3kl He nepeMecTsT-
cst Ha ogHy npoGupKy Bnpaso. Ilocne 3TOrO0 BHOBL MPOBOAAT BCTPS-
XHBaHHE H TepPeMeIlaioT TsKesble (assl Ha OAHY MPOGHPKY BJEBO.
O6a rakux mara BMecTe COCTAaBJSIOT OAHH WHMKJI. Kpafinue mpo6up-
KH HaNOJHAIOTCH COOTBeTcTBYIOWUMU ¢a3zamu (N=1). 3atem B
UEeHTPaJIbHYI0 NPOOHPKY BBOZAT BTOPYIO (PaBHYIO) MODHMIO pasie-
JisieMOo# cMecH M 6aTapero BHOBb BCTPSIXHBAIOT. B 3TOT MoMeHT o6e
¢asbl B npobupKax MOX HOMepaMu r'= =1 comepxKaT BEIECTBO, IO-
napliee M3 NePBOH MOPUMH pasjienseMoii cMecH, a (a3l B npoGup-
xe 0 comepxar BemecTBo H3 06enx (M NmepBOi, W BTOPO#) HOpUHil
pasnensgemol cMmecu. Ha puc. 11.12 3710 otMeueHo mrpuxoskoi. Te-
nepob Jierkue $asbl CHOBA NepeMellalOTcss Ha OAHY NPOGHPKY BIpa-
BO, IIOCJIE€ YCTAHOBJCHHS pPaBHOBECHS HHXKHHe (asbl CABMTAIOTCH HA
onHy npobupky BJeso. Ilocie 3aBepuleHHss BTOPOro ILHKJA pasjele-
HHSI BELIeCTBO M3 NepBOM NMOPHHM CMeCH DPaCHpelesseTcs IO BCeM
UATH NPOOHPKaM, a BEHIeCTBO M3 BTOPOH MOPHHH CMECH — II0 TPEM
LeHTpaJbLHLIM npobupkam Gataper. Tperuit nukn (N=3) nauunaer-
¢ ¢ 106aBienHsl cBeXKell MOPHUHM pa3fesisieMOfi CMECH B UEHTDPaJib-
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Puc. 11.12. Cxema meroauku O’Kubda (cMech BemecTs mosTopo KoGaBaserca B
LEHTPANBHYI0 NpobHpKY Gartapen) [7].

IlTprxoBKa nokasuiBaeT pacnupefenieHHe AOGABNEHHBLIX BEIleCTB MEXAY ABYMA GasaMi B ORe
HOM LHKJE.

Hyo npobupky. Ilocse nepemoca Bepxnux ¢as sBmnpaBo mepBas
¢paxnus pemectBa (0GorameHHass KOMIOHEHTOM ¢ GOJILITHM CPOJ-
CTBOM K BepxHeid ¢ase) BHIBOZHTCA M3 ammapara B pesepByap +S.
Huxusst ¢asa us kpafiet JeBofi NPOGMPKH TaKkKe BHIBOIATCH B
pesepsyap —S. BHOBL C IOMONILIO BCTPSXUBAHHA AOCTHrAlOT PaB-
HOBecHs, TsXeJsble (askl MPH 3TOM CABHralOTCS BJIEBO, a KpafiHue
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OPOGHPKH 3aNOJHAIOTCSA COOTBETCTBYIOUIMMK cBeXUMH (a3amu, T.e.
cBeXKast IOpuus Jerkoi (asu nobasisercds B npoOHpKy —2, a cBe-
J)Kag mopuus Taxkesoll ¢asel —B npobupky +2. Ha stom Tperuit
LIHKJ 3aKaHuuBaercs. [lanee 6arapeio MOTOBAT K BBEAEHHIO UeTBep-
TOH NMOPHHM pa3/e/sieMOH CMecH B LeHTpaJbHYIO NPOGHPKY H AaJib-
HefimeMy pasgenenHio. OYeBHIHO, UTO MeETOJ, HIEHTHUEH METOLY
JBOHHOIO H3BJeUeHHS (HJIM aJbTePHATHBHOTO H3BJIEYEHHd), €CJu
HCKJIOUHTbL NMOBTOPHOe nobaBiieHue pasiessieMofi cMecH BellleCcTB B
LHeHTPaNbHYyI0 NPOOHPKY. DTHM METOJOM MOMKHO NPOBOAHTL pasfe-
JieHHe, pacrnoJjaras JHIb OPOCTHIMH JIeJHTeJbHHIMH BOPOHKAaMH
[14]. He o6si3atennHO, uTOGbl pasjesisieMasi CMeCh BBOAMJIACL B
IeHTPaabHYyI0 NMPOOHPKY; ecau 3T0 Gosee ynoGHO, ee N06aBJSIOT B
Kakywo-nu60 apyryio npobupky BHyTpn Oartaped. B pesepByapst
+S u —S cobupalorcs ¢aswl, oborauleHHbie OJHMM H3 KOMIOHEH-
TOB (6MHapHbBIe CMeCH), eCJIH NPOH3BeJleHHe NTapaMeTPOB paclpeie-
JeHus f§ OJM3KO K eHHHIE,

11.3.6. CNOCOB BATAHAE3 — MOPHKABBI [22]

OTOT BapHaHT MeToja OTJHYaeTcs OT npeanoxkenHoro O'Kud-
¢oM JHIIb TeM, YTO CMeCb KOMIIOHEHTOB BBOAST B KPaWHIOW Opo-
6upky. Ecan cmech BBOAAT He B KpafiHiOw, a B KaKyl-HUGYAbL Apy-
ryilo npobHpPKY, MOXKHO CUHTaTb, YTO METOAHKA HIEHTHYHA OIHCAH-
Hoi B pasn. 11.3.2.

B pasz. 11.3 omucanbl JHIIL HEeCKOJNBLKO HauboJee BaxKHbLIX M
Haunbosiee obmux MoAHGHKANHHA MeToAa NMPOTHBOTOYHOrO pacipene-
Jenus. JlononHuTeibHbIE BapHAHTH M MOJH(UKALHH MOXKHO HAHTH
B JHTEpaType.

11.4. ®AKTOPbI, BJAUAIOUIUE HA NPOTHBOTOYHOE
PACNPENEJIEHHE

Cambie GonbliMe 3aTPyLHEHHS NPH DPOTHBOTOYHOM paclpejese-
HUH BbI3biBaeT oOpasoBanue 3My abcHH. Eciu BeiOpannas asyxdas-
Has cHcTeMa 006pasyeT 3MYJbCHIO, KOTOPasi He pasjeisercs J0cTa-
TOYHO OwbicTpo (Makcumym 5—10 MHH) U YeTKo, cjienyeT HayaTh
IIOMCK IPYro# CHCTeMbl, He o0pasyomell SMyJbCHH; OfHAKO (aKTO-
PBL pasjeseHnst H PACIOPeNeseHHs] B 3TOH HOBOH CHCTEMe He JOJIKHE
C/MIIKOM OTJIHYaTbC OT HaHJeHHHIX B NEPBOHAYAJNBHO BHIGPaHHON
cucteMe. Ecam momo6pare TaKylo CHCTEMy He yhaercs, cjeayeT MO-
npo6oBaTh NPHMEHHTb APYrHe METOAbl PasiesieHus HJAH HaHTH Ta-
KOH croco0 npenBapHTeJbHOH 06pabOTKH pasiesiseMOH CMeCH, KO-
TOPHIH NMO3BOIMJ OB Pa3pPyIIHTb 3MYJbCHIO HJIM YAAJHTb 3MYJbIH-
pylomuii koMnonent. O6pa3oBaHHe SMYJbCHH HE TOJNBKO YAJHHSET
BpeMsd, HeobXoquMoe A/ pasjeseHus ¢as mocje BCTPAXHBAHHS, HO
H YMEHBINAeT MEePEHOC BEeWleCTB MeX1y (a3aMHu H3-3a KOHILEHTPHPO-
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paHHA BEeLeCTBA Ha Tpauuile paszgena (pa3. Ilo Toil ke npuynHe MH
peKOMeHAyeM NpH YyCIHOBJEHHH PaBHOBECHS He HHTEHCHBHOE
BCTPSIXHBAHHE, a Me/JleHhpe NOKauYMBaHHe MPOGHPOK. [lpyrum Bax-
HHIM (DAKTOPOM SIBJISIETCS \ UHCJO TEPEBOPOTOB HJIH MNOKAYHBAHHH
npoGUpOK, HeoGxoauMoe IJBh JOCTHXeHUS PaBHOBeCHA. IIpu 3ToM
OTHIOAL He 6e3pasJiHuHO, B wyw—wm ¢da3e BellecTBO HAaXOAHWTCS H B
kaKylo a3y oHO NO/KHO nepekrn. Tak, Hanpumep, ec/iu NPerHeH-
N

\ 12
Puc. 11.13. Tlpumepn ycTaHOBJCHHA 2
paBHOBeCHS B 3aBHCHMOCTH OT YHCJI3 08
kauanuf (k) [1]. ’ —

1, 2 — GeHSHANEHHIH/IMH B CHCTeMe 3GHp — Mo
3M  docharanik - 6ydepruft pactsop, pH = gy
4,60; 3, 4 — n-OKCHOOHZMINEHHIHIHE B TOR A 4 X

xKe cucteme, pH 4,9, KpuBbe ¢ HEYECTHHIMH
HOMEePaMH NOKa3BBAIOT OTHOIIEHHe KOHIEHT-
panuit BemlecTB B ofemx ¢asax, naGmonae-

0
Moe B TeX cJydasx, Korja BelIeCTBO pacTBo-
peHo B BepxHeH ¢ase; KpHBhHle ¢ YeTHRIMH
HOMeDaMH NOKAa3bIBAIOT OTHOIIEHHe KOHIIeHT- 4

pauuit BemecTB B ofenwx pasax, naGmogae- —0% )
3 _
o

zomw._.oxn.i:_mmﬁao_.hmmemo._.wonmo,_.mo.
peHo B HHXKHe#t dase.

o 10 20 30 40 a0

Il' \4

4-110H-3,20 pactBopen B 20 MJ BepxHel HENOJNSAPHOA a3l cucTe-
MBI BOZA — 3TaHOJ — 2,2,4-TpUMETHJNEeHTaH (COCTaB BepXHel (asbl:
0,011 Boxml, 0,142 stasona, 0,847 TpuMeTuameHTaHa; COCTaB HHX-
Heit dasw: 0,278 Boaw, 0,671 sranosa, 0,051 TpumerHiameHTaHa) M
PACTBOP BCTPSXHBAIOT C TAKHM JKe KOJHYECTBOM TNOJpHON obora-
LUIeHHOH BOJo# (a3, paBHOBecHe YCTAHABJHBAETCA YikKe Uepes
5 muH. OmHAaKo, ecJM 3TOT CTEPOHJ PacTBOPeH B HHXKHed obora-
ileHHON BONOM (ase M ero HeOGXOAHMO MePeBeCTH B BepXHIOK ¢a-
3y, WJs JOCTHXEHHs paBHoBecHs TpeGyercs cBbuume 20 u [9].
Puc. 11.13 wummocTpupyer nNpollecc YCTAaHOBJCHHS DaBHOBECHS B
cHcTeMe, cofepxkailefl n1Ba aHTHOMOTHKA. B GosblIHHCTBE Cilyuaen
IJi5 YCTAHOBJIEHHSI PABHOBECHS AOCTAaToyHO oT 3 n0 50 mepeBopo-
TOB NPOGHPKH. .

Bausnde pasiuuuii B CTPYKType pacupejenseMblx COCIHHEHHH
Ha BEJHUMHBl MX KOHCTaHT pacnpefeseHHs HaHOoJiee 3aMeTHO B
chcTEMax ¢ MI0X0 cMeurypawmuMAca (aszamu. [lostoMy MBI peko-
MeHAyeM BHIGHPATh CHCTEMBI Ha OCHOBe XKHJAKOCTeH, 006J1aJaloiHx
HM3KOH B3aMMHON PacTBOPHMOCTHIO, KOHEUHO, ©CJIH KOHCTAHTHL pac-
TpefeJeHHs B TAKHX CHCTeMax He OyAyT H3MEHATLCA  CJHIIKOM
CHJBLHO. YIYUIIMTL pasjesieHHe MOXKHO TaKXke, NoJayddB 6osee JiH-
noGubHBE MPOH3BOJNHEE pa3fieNsieMLIX COeflHHeHHH, 1J1d pasjeJe-
HHS KOTOpbIX HeoBxommMma cucreMa ¢ DoJjiee JUNOPHABLHOH OpraHu-
geckoft ¢a3oii, KOTOpas B CBOIO OUepelb MEHbIlle CMelIMBaeTCd ¢
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BogHOH (hasofi. Ilo TeM ke mpuunHaM OGEIYBO PeKOMeHAyeTCs Io-
AaBJaATb JAHCCOLHAIKIO HOHOIeHHBIX BelHgETB COOTBETCTBYIOIIHM
HoJA60pOoM CHCTEMH.

IToekonbky cMelnnBaeMocTh (pa3 yBegiuHBaeTCs C yBeJHYeHHEM
TEeMIIePaTypPH, OYEBUAHO, YTO AJS JYUIJEro pasjelieHus CMecH LeJe-
co06pa3HO MPOBOAHUTL pasjejieHne APy NOHHKEHHBIX TeMIeparypax
1 BHIOHpaTh cHCTeMH ¢ (pasamy, YWMnmzmavmo pa3anyalounMUCs
no nJjortHoctd. HakoHell, cieayey BelOMpaTh PACTBOPHUTENH C HH3-
KOH BSI3KOCTBIO, HOCTATOYHOH N@BEPXHOCTHOH AKTHBHOCTBIO M yMe-
PEHHOH JIETY4YeCThlO.

11.5. AHAJIUTHYECKOE NPUMEHEHHE
NMNPOTHUBOTOYHOrO PACNNPEAEJIEHUA

B pasa. 11.2.2 6bl10 nOKa3aHo, 4TO METOA IPOTHBOTQYHOTO pac-
npefefieHHsT JOCTaTOYHO XODPOILIO NMOANAaeTcs MaTeMaTHYeCKOMYy OIH-
CaHHIO, T. €. eCJIH U3BeCTHbl KOHCTAHTH pacHpejeseHusi, MOXKHO pac-
CYHTaTh KOJHYECTBA HHAUBHIYAaJbHBHIX KOMIIOHEHTOB CMECH B KaX-
no# npobupke anmapata 3apanee. Ilo 3Toit npHUUMHE METOX NPOTH-
BOTOYHOIO pacIpejeieHHs] MOXKHO HCIOJb30BATh JJIsi OIpejeeHUs
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Puc. 11.14. TIpotusoTOouHOE pacnpeseneHHe CTeapHHOBOHM KHCJIOTH B CHCTeMe H30-
oxkTal — 94 9% -uetit Meranon [6].

OcHopHAA MeTORKHKa, V=0,74; J-- sKcnepHMeHTaslbHaf KpuBasi; 2 -— pacueTHas KDHBas JAAR
ba.l_.qmn 3 — pasHOCTb MeENAY SKCHePUMEHTAaJLHOR M pacUeTHOR XPHBLIMH H sHaueHHe D,

{0,93) npuMecH, HafineEHOe H3 5TOfi pasHocTH. LlHdpHl Hafl, KpHBOR -~ TeMnepaTypu MJjaBae-
nesa dpaknui,

CTENEeHH YHMCTOTH BHAEJEHHHIX KOMIOHEHTOB (HMJH HHIHBHIYaJbHO-
ro coenuuenus). OcyliecTBiAfieTCs 3TO ONpeAeJeHHe CJAeRYIOLIHM
o6GpasoM. a. PasjesieHHe METOJOM NPOTHBOTOYHOTO pacnpeje/ieHHs
NpoBOAAT B ammapare, COfepxalieM no MeHnliel Mepe 10—20 mpo-
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6UPOK. YCJIOBHS pa3[fefeHHsi HOJIKHB GHITH ONTHMAaJbHEIMH: B3aHM-
Hoe HachlllleHHe (a3, OTCYyTCTBHE IMYJLCHH, NMOCTOSHCTBO 06bHeMOB
¢a3 B mMpoOHPKAax B Ipolecce NepeHOCa, JOCTHXKEHNe PaBHOBECHS
Ha KaXOOH CTajuM, KOHCTAaHTa paclpejeseHHs OJH3KA K eJUHHIlE
HJIH, €CJIH AHAJH3UPYIOTCH OBAa COEJMHeHHS, o M f JOJXKHBEL ObITh
6IU3KH K eIMHHLE H T. A. 6. QupenensioT KOJMYIECTBO BELIECTBA B
KaxXZOH NpobHpKe U CTPOST KPURYyI0 pacnpefeleHHd. 8. Ilo makcH-
MYMYy Ha KPHBOH paclHpejeseHHsI\ B COOTBETCTBHH C YPaBHEHHEM
(11.11) mm (11.15) paccuntbiBalo™ cHauana sHauenue Dm, nocie
yero 1m0 ypasHenuio (11.15) paccyuTHIBaIOT TEOPETHYECKYIO KPHBYIO-
pacnpefienenus. Cosnajienre o6enx KPUBbIX TOBOPHT O YHCTOTe aHa-
NU3UPYEMOro coefivHeHust. EcjaH KpuBHE HE COBNAJLAIOT, TO, HCIOJb-
8y Pa3NHuUs MeXAy HHUMH, MOXKHO IIOCTPOHTb KDHBYIO pacrpeje-
nenust npuMmecelt. [Tockoapky nuomanu noj 3THMH KPHBEIMH IpO-
MOPUHOHANBHB KOJMYECTBAM BEIIECTB, TO MOXKHO PacCYHTaTh KOJH-
qeCTBO HpuMecell H ONpele/TUThH KOHCTAHTY paclpejeleHHs npuMech
(puc. 11.14). -

11.6. TIPEMAPATUBHOE NPUMEHEHHWE METOJA

Ila1a moanoro pasjmesieHuss BellecTB ¢ OJMHUIKHMH KOHCTaHTaMH
pacmpeneseHusi Heo6XoauM amnapar ¢ GOJbLUIMM KOJHYECTBOM IPO-
6upok. as npocroro ob6orameHns CMECH KOMIIOHEHTOM (HamnpuMmep,
PaCTHTENbHBIM 3KCTPAKTOM), OCOGEHHO eCJH KOHCTaHTHl pacrpeje-
JIeHHSI KOMIIOHEHTOB He CJIMILIKOM CXO3KH, JOCTATOYHO HeOOoJbLIOro
ygesaa npo6upoK. MeToj HNPOTHBOTOUHOTO paclpele/eHHA YacTo
yILOGHO HCIOJb30BATh B KayecTBe HA4aJbHOH CTaiuH (PaKIHOHH-
poBaHHs 10 XxpoMaTorpaduueckoro pasgeseHus: GOMbIINX KOJIHYECTB
BeulecTB (rpaMMmoB H 0oJiee), TIOCKOJbKY (PpakIHOHHpOBaHHE IpH
3TOM MPOXOAHT B MSATKHX YCJOBHSIX, He BHI3HIBAIOIIUX AeHATYPaUHW
uau Heo6paTHMON copOUHM BellecTBA HAa aKTHBHOM copbente. Ta-
KHM crnoco6oM MOXKHO OpICTPO oforamaTh G0JbLIHE KOJHYECTBA
cMeceif, MOJb3YSCh JHIIb OOBIYHEIME JEJHTeJbHBIMH BOPOHKAaMHU;
pacxoJ pacTBOPHTENS MPH 3TOM OTHOCHTEJbHO HeBeJaHK. Kpome TO-
ro, 3a mpoueccoM oforallleHHsi WJM PasfesieHHsi MOXKHO CJeIHTb C
noMouiblo ToHKochoiHOH xpomartorpadun (TCX), a pesysabrar ake-
IepUMEHTa MOXKHO MaTeMaTHYeCKH NPEeACKa3aTh A0 €ro OKOHYaHHSA.

11.7. HENIPEPBIBHBIE METO/1 bl

Jlns paspenenust 60JbUIMX KOJHYECTB BellleCTB, OCOGEHHO B MpPO-
MBIIIJIeHHLIX Maclitabax, HesiecoobpasHee MOJAb30BATHCA alMapaToM
AJis1 HENPepHBHOIO IPOTHBOTOUHOrO pacmpejesenus. Paspaboran-
Hele SIaTueHoM W Baw ukom [7] cnoco6H HenpepHBHOTO NPOTHBO-
TOUHOrO pacrpeieseHts N0 CYLIeCTBY aHAJOrHYHBI ONMHCAHHBIM BbI-
e merogaM O'Kudda u Barana6s — Mopukassl (c To#l pasHunei,
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uT0 (ha3bl HeNPEPHIBHO NepeMelaloTcs APYr OTHOCHTENBHO ApYyra).
B suteparype omucanbl HanGoJiee H3BeCTHFle ammaparthl: anmapar
AJs pasfiesieHHss KoJIOHOYHHIM MertonoM ng’ llefiGento [17] uau Po-
Meuy [16], RHCKOBBIA 3KCTPAKTOP COTOPOrO THMA AJSi MPOTHBOTOY-
HOro pasguejenust cMecefl mo Curnepy/ [18] u Puuapay [15] (cm.
‘Takxe [6]). \

11.8. MPUMEPDbBI METOA UK APOTHBOTOYHOI'O
PACNPENEJEHHST

11.8.1. Om0ﬂ>a=ﬂm&v=0m~\\&v_hm=m==m OJLHOTO
KOMHOOHEHTA H3 €JIO)KHOW PEAKLLHOHHOH CMECH
B AIIMAPATE C 20 IPOBUPKAMH

Cumech, 06pasyloulylocss NPH THAPOKCHJIMPOBAaHHH [eruApOdIIH-

AHAPOCTEPOHA K3 TKAHH KaprodesbHOro KayOHs (0cBOOOKIEHHYIO-

‘OT JHNOQUJIbHEIX KOMIIOHEHTOB 3KCTPAKIMeH JErKHM NeTPOoJeHHbIM
3bHpoM) H cojepiKallylo, KPOMe IeNeBOro NPOAYKTa, YacTh Hempo-
‘pearHpoBaBLIEr0 HCXOLHOTO MarepHaJja, MOGOYHble MPOAYKTH peak-
UHH H HeKOTOpble HeHACHTH(OHUIHMPOBAaHHbIE NPHMECH U3 KapTodesb-
HOH Macchl, NOABepraji NPOTHBOTOYHOMY pacmpelesieHHIO B anmna-
pate Kpefira, cHa6xenHoM 20 npobupkamu (puc. 11.8). Jlyumei
‘CHCTEeMOH pacTBOpHTENeH oOKasajachb cMech OeHsonx — a¢up/ara-
‘HOT— Boda (35:15/25:25); ara cucremMa Gblia BHIGpaHa B pesyJib-
‘TaTe NPEABAaPHTENbHOrO Pa3je/ieHHs] B JeJUTeJbHOH MHUKPOBOPOHKE,
koHTposupyemoro ¢ noMombio TCX. Bce npobupku annapara, Kpo-
‘Me HyJeBOH, OblJIH 3aNOJIHEHH HHXKHeH, HeNMOABHXHOH ¢asoit (mo
10 Ma1 B Kax/0#), HachIIeHHOM BepXHeH, NOABUXKHON dasoit. B npo-
‘6upKy 1, KOTOpas CAyXHJIa /s 3aBeplUeHHS HACHINEHUS HHXKHHX
$as B xone 3KcmepHMeHTa, GO BBeneHO 10 MJa YMCTOH BepxHeh
«pasnl, HachlmeHHoH Huxkuel. O6pasen, nogjexamui o60ralleHUIO
(3,2 r), pacTBopsiiM B NpHMepHO 8 MJ BepxHe# GasH M 9 MJ HHX-
He#t ¢asn (o6e (aspl MpeIBapHTENbHO B3aUMHO HACHINAJH), CMECh
BHOCHJIH B NepBYI0 Npo6upKy amnaparta (0) W HauWHAaJH NepBHIH
MUK pasfiesieHHs, BkAwoyarmomuii 50 kauawuii, pasuenenue ¢as u
JeKaHTaluo BepxHHX (a3 B ciaenyiomde npobupku. ITocsae no6as-
JIeHHs1 cBeXeH NOPUMH BepxHell ¢asel B nmpobupky 0 mpouecc npo-
JOJXKaNud N0 3aBeplUIeHHsT OCHOBHOro mpouecca. Ecam ofbeM HHXK-
HeH ¢asbl B KakoH-in6o mpoGHpKe cJerka yMeHblIaJcs, TO ero Jo-
BoAMJAH H0 10 mMj cBexelt nmopuueit HuxHelt dasnl. ITocae oxonuya-
HHSI OCHOBHOTO Ipoliecca HMPOBOJAHJIOCH OJHOKPATHOE H3BJEUYEHHE, H
PpasjesieHHe NPOJOJXKAJNH A0 TeX NoOp, NMOKa He ObLio coGpano 20
dpakuuit pepxnefi dasp (ppakuuu 1'—20"). Ppakunu B anmapare
Oblin nporyMepoBaHel oT 0 10 19 cOOTBETCTBEHHO HOMepaM Ipo-
6upok. AnuksoTHble yacti (mo 10 MkJ) Kaxnol opranuueckoi ¢a-
3H aHaausuposaiuch MerofoM TCX Ha cuiamkarene (2020 cm).

AN
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DJIIOHPOBAHHE BEJNOCH\CMECHIO XJIO0PODOPM — MeTaHOJ (95:5), o6-
HapyXeHHue — pacTBopoM xsopuaa cypoMel(I11). Pesyabrar mporu-
BOTOYHOT'O pacmpeneseHus mnpeicrasied Ha puc. 11.15. B coorser-
CTBHHM C De3y/IbTaTaMH aHajn3a (Gpakuwuii, NpPOBeLEHHOro METOL0M
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Puc. 11.15. Ananus dpaxuuit meronom TCX, nosnydenmsix NIPOTHBOTOUHBIM pacipe-
AesieHHeM NPOAYKTOB GHOJIOTHYECKOTO THAPOKCHIHPOBAHKS AEIHAPOSMHAHAPOCTEPO-
Ha [12, 13]. :

AXCOpGEHT ~—— CHJIHKAaTesb; 3JI0eHT — CMeCh XJ0podopm — MeTaHONA (95 : 5); 06GHapYKHBaIO-

E:n DeareHT — HacbhlIleHHbI pacTBOp xJaopuaa cypbMui(III) B xaopogopme (100 °C), A — uc-

XOAHOe coefHMHeHHe; B — nesneBoil MPOAYKT HAPOKCHJMDOBAHHA: B — MOGOUHBIH NPOAYKT THA-

DOKCHJIHDOBAHHS (IJIOKO3HA); ::ev2|=mvzmum npo6upok; 17, 13, 9, &, 1" — co6pamnbie
PaKIHH.

TCX, opakuun 1’—8’, comepxamue OPEUMYIIECTBEHHO HCXOMHOE
CoenHHEeHHe, Obuin oObennHenbl. Ppakumu 9'—20° u 7—20, couep-
all{e TJIaBHBIM 06Da3oM Lie/eBOe BEINeCTBO (MPOXYKT TMAPOKCH-
JIHPOBAHHSA), TaKXKe ObUIM oGbexuHens. O6mas macca CYXoro oc-
TaTka paBHasaach 0,7 r. Ilpyrue dpakuuu (mpobupku 0—6) conep-
&anu MOGOYHBIA NMPOAYKT PEakUHH — INIIOKO3H HEeTHAPO3NHAHAPO-
crepora (0,10 r).

B xome skcmepumenrta Gnuio H3DacX0J0BAHO HEMHOTUM GoJiee
400 ma BepxHeit Gasn u okoso 200 Ms HMIKHEH. [Tockosabky 3Myb-
CH3 B XOfie pasjieJieHust He o6pas3oBhiBasach, BCS TpoOLeAypa 3aHs-
Ja gl 0Koga0 3—4 u. Ecau 661 cMech XpomartorpadupoBasud me-
TOZOM KJIaCCHYeCKOH MKHUAKOCTHON xpomaTorpaduu, T. e. Ha 30-kpart-
HOM KosmdecTBe cunukarensi (~ 100 r), onepauns norpeGosana Gur

18+
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«yLIeCTBEHHO 60Jibllle BpPEMEHH H pacxoi PACTBOpHTeNefl Obln Obl
3HauuTeabHO GoJblie. Kpome TOro, ueneBofi MPOAYKT MOXKET yac-
THYHO H30MEPH30BAThLCA Ha copbeHTe, H/B 3TOM cJayuae copOeHT
TIPHINIOCh OBl MJM PereHepUpOBaTh, MJA BHOpOcuTb, Pasnenenne
Ha NMpemapaTHBHBEIX TOHKOCJOHHBIX IIJIACTHHKAX AJIUTCA ellie JOJbIIe
W CTOHT ellle mopoxke. OUeBHAHO, UTO METOJ NPOTHBOTOYHOrO pac-
npefeJeHHs] SKOHOMHYECKH Obl1 OBl elle OoJsiee BHITOAEH NPH HaJH-
YHH amnapaTa ¢ GOJbIINM YHCJIOM NPOOHPOK M GOJLIIErc KOJHYECT-
Ba pasfessseMOil CMecH. YBEJHUHBAsi YHCJO NEePEHOCOB, MOXKHO He
‘TOJIbKO 0BOraTHTbh CMeChb LIeNeBBIM COclHHeHHeM B OoJblled cTele-
HH, HO H TIOJIYUHTb 5TO COeJHHEHHe B YHCTOM BHJE.

Ha puc. 11.10 cxemaruuecku NpejcTaBJeH NOJOOHLIH mIpolece,
npuMeHsieMbIH 1/ pasjesieHus OOJIblIero YHCJA BelIeCTB C PasHH-
Mu 3HaueHHAMH D, B anmnaparte ¢ 24 sJeMeHTaMH.

11.8.2. BBIAEJEHUE YHCTOr0 [2-O-METUJITHPO3UJI|OKCHTOILHHA
(METHJIOKCHUTOLLHH ®UPMBbI SPOFA) C NOMOILIbIO
NOJIHOCTHYO ABTOMATH3HWPOBAHHOTO AIIITAPATA
JJ11 MTPOTUBOTOYHOTO PACNPEAEJEHHUS [10]

Anmapar, Ha KOTOPOM IIPOBOJMJIOCH BHIEJEHHe, BhIlyCKaeT (up-
sa Quickfit Steady State Countercurrent Distribution Machine.
B nem nmeerca 100 mpo6upox eMkocTbio o 50 MJ, NOMelleHHHX B
TepMocTaTHpyeMbili (MHTepBas Temmeparyp 20—25°C, TOYHOCTB
repMmocratuposanusg =+ 1°C), 3allUUIEeHHBIH OT HONAJAHHS  IIBLLIH
‘6okc. I1Ipo6upKH CKOHCTPYHPOBAHBI TaK, 4TO NepeMemlath MOXKHO
Jwo6yio ¢asy. Annapart TakxKe IO3BOJSET aBTOMAaTHUECKH a006aB-
J9Th (a3bl U3 crnenHaJbHEIX eMkocTeil. Onepanun npoBOASATCS aBTO-
MaTHYeCKH, ¥ TpOIeCC MOMKHO NpOrpaMMHpPOBaTh, T. €. 3a4aBaTb
TIOCJIeIOBATENLHOCTh MepeMeleHus (a3, 4HciIo KauaHHu#, IJHTelb-
'HOCTb OTCTAHBAHUS CHCTEM H T. [.

B kauectBe pacrsopuresell ObliH BHIGpaHH B3AMMHO HACHIICH-
"ele 0,05%-Hasg yKcycHass KHCIOTa M 8TOP-0yTaHOJ.

Bepxuuit pesepsyap 3anousiacs 6 g BepxHelt nan HUXKHEH Pa-
3Bl (00BIUHO TO (ha3oi, KOTOPO# GBLIO0 HCIOAb30BaHO GoJblle). Arn-
T1apaT YCTAaHABJUBAJH B NOJOXKeHHe «3aNOJHHTbY U NPOrPaMMHpO-
Banu 250 nmepeHocoB BepxHei#l ¢a3wl, Iocae uero NepeBOAMAH Iie-
pekaioyaTens B nosjoxenue «CJaHTb» NPH IJHTENbHOCTH KadaHus
2 muHn. Ilocae npoBenenus eme 20 mepeHOCOB BepXHe# ¢paswl anmna-
par mepeknoyann B nonoxenue «CauTb», nocie 20 mepeHOCOB HUX-
Helt ¢aspl IPoBOAKMAOCH ellle 250 NEPEHOCOB B TOJOXKEHHH MepeKJIo-
varteas «3anoJHuTb». [locje 3Toro anmapar NpoMblBaJCsH OZHOH U3
a3 u oceoboxzpancs OT XKUAKOCTH. BepxHufi pesepsyap, B KOTO-
POM K 3TOMY BPEMeHH YK€ He OCTaBaJjoCh pacTBOPHTEJNS, BHOBb 3a-
noaHsics 6—8 ;1 Bepxuell Ga3nl, a HHKHHH pe3epByap B 3TO XKe
BpeMs 3anoaunsics 4—6 . rsaxeno#t ¢asul. [To Mmepe HeoOxoauMoCTH

aqu.SmOHO&IOm PACTIPEJEJIEHUE 677

ofa pesepByapa BHOBb 3alOJIHAJHUCH B XOle pasaenenus. [lepekio-
yareJb annapara YCTaHAB/JMBAJH B IOJOXKEHHE <«3aMoJHHTL® H
npoBoARJH 110 nepeHocoB HHXHEH (askl; NOC/Ie 3TOrO MEpPeBOAUIH
nepekyoyares B nosnoxenne «Cautb» u npoBoxuin 20 mepeHocoB
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Puc. :.,_,.m. OKCIepHMEHTANbHAS KPHBAS PACTPeeNeHHs HEOTHILEHHOTO MeTHJIOKCH-
touuHa (SPOFA) p cucreme 0,05%-Has yKcycHas KHCnoTa — 8T0p-6yTaHON MOC/e
110 nmepenocos Bepxueft dasu [10].

PaaneneHHe MPOBOARIOCL B ammaparte AJs I ickfi
POTHBOTOYHOrO pacmpeneneHus <«Quickfit», normo-
lleHHe oOonpeleJsIoch mochie O6pPaGOTKH DPeareHToM QPomuna — Yukansray; Gosee mzoomxu
NHK -— METHJIOKCHTOLHUH,

BepxHeil dasnl. Takum cmocofom annapar 3amoJHSAH M NMOATOTAB-
JNUBaJH K pabore.

Coipo#t '[2-O-MeTHNTHPO3HI] OKCHTONMH (METHIOKCHTOIHH npo-
ussoacrsa SPOFA), monyuenHblfi BoccTamoBienneM 1,40 r samn-
UIE€HHOTO TIeNTHAA, PACTBOPSIH B 5 MJ HUXHel $asbl H OTGHILTPO-
BLIBAJIH. Konby u BOpoHKY mpoMbiBajn 50 MJ BepxHel ¢daswl. Ha
BTOpo# M TpeTbell NPOGHPKH ammapaTa IIIPHIEM OTCACHIBAJH XKH-
KOCTh, 3aTeM 3aNOJIHAJIM HHXKHeH n BepxHeH dasamu pasgensiomefi
CMecH (mo 25 Ma kaxa0f) M 3a1aBand NpPOrpamMy: pasneneHnue
$as (5 mun), scrpsixusanne (0,5 mun), NePeKJIOUeHHe B TI0JIOXKe-
hue «Couts», 10—20 mepenocos Bepxmedi dassl (nocae 10 nepeHo-
COB AJIHTEJBHOCTb PasjlesieHHsi (pas MOXKHO COKDATHTb 10 3 MHuH).
Hocse soinosnennss 110 nepenocos BepxHe#l dasnl (puc. 11.16) co-
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OTHOIIEHHE II€PEeHOCOB BepxHe#d M HMXKHeH (a3 MeHsan o 2:1 w
IPH TAaKOM COOTHOUIEHHH NpOBOAHMJH eile 480 mepenocoB (T. €. Ha
Kaxjble 2 nepeHoca sepxueil ¢pa3bl NPHXOAHJCH OJHH NEPEHOC HHXK-
neit). Bcero Gbsio mposeneno 590 mepenocos, u3 Hux 430 nepeno-
coB BepxHefi ¢pasul u 160 — HuxkHeH, [Jocse 3Toro anmapar BbIKJIO-
vayiu, ofpenensiu cogepxanue [2-O-MeTHITHPO3H | OKCHTOUHHA
B npobupkax. [lo pesysnbratraM aHaJu3a CTPOMJACH KpHBas H3Me-
HeHHSI KOHIEHTPaluyh OnpejesisieMoro coefuHenus. C moMoubio 3TOiR
KPHBOH OLIIM BHISIBJIEHB NMPOOGHPKH, COLepKalllye YHCTOE BEIIECTBO.
Ecan noayueHHas KpHBas HMeJa IPaBHJbHYI0 ¢opMy, (pakuuH,
cojepxaine Gosee 5% BemecTBa (IO OTHOIIEHHIO K COJEPXKAHHIO
BellecTBa B NPOGHPKE C MaKCHMAJbHOM KOHLEeHTpauued), oObenu-
Hsiich. Beixon cocraBni 200—250 mr, T. e. 24—30%". C nmomoubio
9TOH KPHBOH MOKHO Takke paccunTaTh Dpm 10 yPaBHEHHIO

bi = A\.EmNIT 1 OOv\A\*.NO - \wav

H M3 HEro pacCcudTaTh TEOPETHUECKYIO KPHBYIO.
OnHcaHHBIM METOAOM ouMInalT MeTuiokcurouuH-SPOFA B mpo-
MBILLJIEHHOM Maciitabe.
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Fn1aBa 12. DneKTPOMHIPaLHOHHBIE METO/bI

3. IPYCHK

MHCTHTYT OpraHuYecKOH XHMHH H GHOXHMHH
Yexoc/i0BanKo# akageMuu Hayk, [Ipara

12.1. BBEAEHHE

ONeKTPOMUTPATIHOHHBIE IMPOLECCH pasjieJeHHS OCHOBaHb Ha
Pa3JHUYHBIX CIOCOGAX HCNOJNb30BAHHS OCHOBHOIO CBOHCTBA HOHH30~
BaHHBIX YaCTHU B XHIAKOH cpele — 3JieKTpodOpeTHUECKOH MNOABHK-
HOCTH B NOCTOSTHHOM 3JIEKTPHYECKOM IIOJIe. :

HaunGonee crapeiil Bua 3jekTpodopesa — MeTOA NOABHIKHOMN rpa-
HHLB — NPUMEHSJICS] JAJIsI XapPAKTePHCTHKH GHOMOJHMEPOB, B 4acT-
HocTH GenkoB. Kiaccmueckuii Merox Tusenmyca gaer mocTaTOYHO
TOUHYI0 HHpOpPMALHUIO 06 3JeKTPOHOPETHUECKOH MOABHKHOCTH MaK-
POMOJIEKYJI, HO HEBBICOKOe paspelieHHe. KpoMe TOro, 3THM MeTOIOM
He yJNaeTcs BH/IENNATb YHCTble KOMIIOHEHTHl aHaJH3HPYeMOH CMecH,
3a HUCKJIOYeHHeM caMoro OBICTPOTO M CaMoro MeAJeHHOro, Eciu
TIOZBUKHOCTh KOMIIOHEHTOB YMEHbIIAeTC B I10CJeN0BATEIbHOCTH
A, B, C, D, To 3a nosBasiionleficss CIycTss HEKOTOPOe BPeMsi 30HOM
YACTOrO KOMIOHeHTa A cJefyloT 30HH cMeceii A+B, A+B+C,
A+B+C+D, B+C+D, C+D u B 3aKk;ii0ueHHe 30HA YHCTOTO KOM-
noHenTa D. PaspaGoTka 30HHOro 3Jjekrpodopesa mnpeacTablsiia
©co6o# cyulecTBeHHHH mar pnepen. I[Ipu pasgeseHHH METOLOM 30H-
HOro 3JIeKTpodopesa OTHeNbHBIE KOMIIOHEHTH CMECH TaKXe Iepe-
MeUIAloTCs ¢ Pa3/HYHBIMH CKOPOCTAMH B Cpele 3JEKTPOJHTa IIo-
CTOSIHHOTO COCTaBa, OJHAKDO IepeMellleHHe KOMIOHEHTOB B 5TOM
ciyyae NPONOJXKAETCH A0 IOJHOTO MX Pa3fiesIeHHs, T. €. KOMIOHeH-
TBE pacnoJjiaralTces B nociaenoBatenasdoctu A, B, C, D, E. B nacros-
Ilee BPeMs pa3paboTaHh MHOrOYHC/IEHHble MOAM(PHKALHH 30HHOTO
9JIeKTPodopesa, a TakKe METO[bl, OObeXHHSIOUHE 30HHBIA 3JeKTPO-
¢ope3 H ApyrEe aHasmTHYecKHe MeToxbl. Juddysuio Moxmo orpa-
HHYHTb C TIOMOUIBIO cnoco60B, MepedncJeHHBX B Taba. 12.1,

IIpu mpoBeneHHH pPa3HOro poAa pasiesieHHH OYeHb BAXKHO, UTO-
OH y TOJyYeHHHX 30H OHJIH YeTKHe I'DaHHUH. IlepBHM MeToxOM
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Tabauya 12.1
0630p METONOB AHTHKOHBEKUHOHHON CTAGHAM3ALUMH 30H

Cpexna MeTon cTaCHAH3aALHH

Kunkas IIpn momomn:

a) rpajauenTa MIOTHoCcTH [97]

6) Bpamenus [41], kamepa ¢ U3BHJAMCTHIMH KaHaJaMmH [53]

B) KanuwisapHoro sddexra, JaMHHADHOrO NMOTOKA

T) HYJeBOro rpaBUTalHOHHOTO 3ddekra (g=0, caTe/aut)

L) Bo3spacTaiomell BA3KOCTH (C NOJHMEPHHM HE3JEeKTPOJIHTOM)

Topucran IIpuMeHeHHe Pa3JHYHBIX THIOB HOCHTeJelt

2) BOJOKHHCTHIX (6ymard, HOHOOOMeHHOH OymarH, HOJHXJOPBH-
HUJIOBOH G6yMarH, 6yMarH M3 CTEeKJOBOJIOKHA)

6) rOMOreHHLIX INIEHOK (aueraT- M HHTPOLE/IIJO3H)

B) HE3aKpeIJeHEBX cJ0eB, OGMaRAIOLIHX MOJEKYJAPHO-CHTOBHIMH
cBoiicTBaMK (Le/VIIONI03d, KpaxMal, NEBHKOH?, CTEKJO, MOJH-
amun)

r) He3aKpeNJIeHHBIX CJ0eB, OGAafaloWHX MOJEKY/APHO-CATOBHIMH
CBOACTBaMH (rpaHyJHDOBaHHbIE Felu, B TOM uuciae cedagmexcs,
araposa, 6uorelb%, NOMMaKPHIAMHL, CHIHKAreb)

Tenp ITpuMeHeHHe PAa3NUYHEIX THIOB TeJeit

a) KpaxmaJjbHoro GJIOYHOrO

6) mOMHAKPHAAMHIHOIO

B) araposHoro GJOYHOro

a
QOOHO.E&E@U TNONMHBHHHJIaANETAaTa M NOJMBHHHJIXJIOPHAA.
CM, ra. 6.

¢oxycHpOBaHHA SIBHJOCH H303JeKTPHUECKOe (POKYCHPOBaHHE, NpH-
MeHseMOe TpPH pasiesNeHHH BHICOKOMOJEKYJSPHHX — aM(OTepHBIX
coejMHeHH#. PasjeseHHe NPOBOAIT B CPele, NMPEACTABIAIOUICH CO-
6oit cMech aM(pOTepHBIX COeHHEeHHH, 06pa3yIOHX YCTORUUBLIH rpa-
auedt pH B nmocrosnHoM anekrpruyeckom nose. CoequHenus ¢ pas-
JUYHBIMM HM303JIEKTPHYECKHMH TOYKAMHI MHUTPHPYIOT NPH 3JEKTPO-
(opese 10 TaKoro moJoXKeHHs, B KOTOpoM 3Hayenne pH cranosuTcs
PaBHBIM €ro H303JIeKTpUUecKol Touke. Ilocse mocTHXKeHHS 3TOH TOU-
KH MHTPalHs COeJHHEHUs MPeKpallaeTcss K ero 30Ha $oKycHpyercs.
YcranapnuBaeTcs KBa3HCTAllHOHAPDHOE COCTOSIHHE, NPH KOTOPOM
anddysus KoMneHcHpyeTcsi (POKYCHPYIOIIMM BJIMSIHHEM 3JeKTpHYe-
CKoro moJsi B rpaguente pH. B sroM ciyyae KOMHOHEHTHI cMecH
A, B, C, D o6biuHO pacmoJyaraotTcs MeXJ1y HH3KOMOJIEKYJSPHLIMH
aMboTepHBHIMH coe/liHeHAAMH M, 06pasyoIiMHy eCTeCTBEHHbIH rpa-
nuent pH. B pesyarraTe HabaiomaeTcs cienylouiee paclofoXeHHe
soH: My, A, M;, B, M;, C, My, D, M5 (rze M;—M; — no6apiieHHEe
:cozw%ﬁoamzm bpakiHu ¢ PA3NHIHBIMH H303JIEKTPHYECKHMH TOU-
KaMH). :

JIEKTPOMHUIPALTUOHHHIE METO/bI 681

——

YeTpepTHIM OCHOBHBIM METOAOM Pa3flesIeHHs, KOTOPHH OHICTPO
pa3BHBaeTCs B HACTOsllee BPeMs, ABJseTCs H3oTaxodopes (UTQD).
B oranune or apyrux Merogos MT® rpebyer mcmosibsoBaHus ABYX
9J1eKTPOJIHTOB, @ HMEHHO «Befymlero» (leading) azsekrposurta, KOTO-
pblfi COIEPXKHT HMOH C MAaKCHMaJbHOH aJekTpodopeTuyeckoit 1oO-
JBHIKHOCTBIO, H <«3aMHKalomero» (terminating) smekTpoJwura, Ko-
TOPBI COAGDKHT MOH C MHHHMAJbHOHA MONBHXKHOCTBIO MO CpaBHe-
HUIO C NPOMEXYTOYHON NOABHKHOCTbIO HOHOB, BXOJSIIHX B COCTaB
anannsupyeMoll cMecH. McxonHoe pacnosioxeHne «BeLyUHH HOH —
(A+B+C+D) — 3aMbIKalOIMii HOH» MOCTENEHHO H3MeHseTcsd M0
COCTOSIHHS, aHAJOTMYHOTO NOJyYaeMOMYy IO MeTOAYy C IIOJABUXKHOM
rpanuneil. Korzra noHBl HCCeIyeMOR CMeCH JOCTHTAIOT COCTOSHMSA
«penymnit von — A, B, C, D — 3aMBIKaomui HoH», pasjesenye 30H
npeKpallaeTcs, TaK Kak SJEKTPOJHT-HOCHTeJb OTCYTCTByeT. Ilepe-
MelleHHe 3apsfoB OCyLIecTBJSeTCS TOJNBKO B pesysbrare nepeme-
IeHHS KOMIIOHEHTOB MCCJeqyeMoH cMecH M JIOOBIX HOHOB NPOTHBO-
TIOIOKHOTO 3apsiia. ¥ CTAHOBJEHO, YTO BCE€ KOMIIOHEHTH JBHXKYTCA
¢ OJHHAKOBOH CKOpOCThIO, JlMCKpeTHOe paclpejfeseHHe 3JEeKTpu-
YeCKOTO NOJS B 30HAX NPHBOJANT K Pe3KO BhIpaXKeHHBIM TpaHHLIAM
pasjgena 30H. BO3MOKHOCTb DEry/JHpOBaHHA KOHUEHTpauuit B HC-
CJENyEMBbIX 30HAX IyTeM M3MEHEHHS CBOHCTB «BEAYLIEro» 3JeKTpo-
JINTA ¥ PaBHOMEPHOCTb KOHLEHTpAIMH JAaHHOTO KOMIIOHEHTa BHYTPH
KaXJoH H3y4aeMoH 30HBl JeJal0T 3TOT MeToj OCOOeHHO LEeHHHIM
JJIS KauecTBEHHOrO H KOJHUYECTBEHHOrO aHaJH3a, a TakKXe JJdg npe-
mapaTHBHOro pasfejeHus. IIpakTHueckue BO3MOXKHOCTH IpHMeHe-
HHS OCHOBHLIX 3JIEKTPOMHTPAaLHOHHBIX METOMOB MpPHBEJEHH B
Taba. 12.2.

Hapsiny ¢ OCHOBHBIMH MeTOJaMHM CyLIECTBYET P CMeUIaHHbIX
MeTO/IOB, CPEAH KOTOPHIX AHCKPETHHH 3JeKTpo(opes B MOJHAKDPHII-
AMUIHOM TeJjle HIPAeT BAXKHYIO POJIb B Pa3/ieleHHH OHOMOJHMEPOB.
B sToM MeToZe CHauaJjia HCHOJL3YIOTCA HEKOTODHIE 3JeMeHTH H30-
Taxohopesa, KOTOPHIl uepe3 HEKOTOPOE BpeMsl 3aMEHSeTCs Ha 30H-
‘HH# 3JeKTpodope3 B cpele rens, OAHAKO B reje MOTYT HMETh Me-
CTO K MOJIEKYJIsIPHO-CHTOBHE 3P QeKTH.

B03MOKHOCTb TPUMEHEHHs] HEOJHOPOAHBIX (LHCKPETHHIX) CHCTEM
3JIEKTPOJHMTOB B MHOro)a3HOM 30HHOM 3JIEKTPOOpese HCIOJb3yeT-
s HegocTaTouHo noaxo. O6 sToM, B JACTHOCTH, TOBOPAT pe3yJbTa-
THl aHa/M32 PACUETHHIX CHCTEM 3JICKTPOJHTOB B YCJAOBHAX (POKyCH-
poBaHusi, orpaHuuensoro [16, 73] H/IH HeOrPaHHUEHHOrO BO Bpe-
MEHH.

TosasKo npH 3JjekTpodopese ¢ NMOABHKHON rpaHHIed H IPH 30H-
HoM sJekTpodopese Habuionaercs nocrosuctso pH Bo Bcedt cpene
¢ TNOCTOSTHHO pacxofsiuleecsl JBHXKEHHe KOMIIOHEHTOB HCCJeAyeMoi
cMecH. MzoasnekTprueckoe GOKYyCHPOBaHHE MOXKET IIPHBOJMTL K MaK-
cHUManbHHM BesinunHaM pH npu HyseBo# pe3yJabTHpYIOUIEH MOJBHXK-
HOCTH pa3je/iseMbIX KOMIOHeHTOB. B ycJoBHAX usoraxodopesa
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HaaBaHHe Metona

puIaMHIHOLO reds (3Jekrpodopes, onpexedse-
8TIpunsaTHie cOKpaueHHs: B2

MBIt pa3MepoM map)
dnekTpoxpomaTarpadHs, MeTO PTHEYATKOB Mallb-
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UmmynHo3nekTpodopes

JMckpeTHBI 37eKTpodopes
Anexkrpodopes B rpajiHeHTe IJOTHOQTH
noe pasneneHue, I[TA

Muorodasusl

Marnurosnekrpodopes
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kak/as 30Ha XapaKTepusyeTcs COGCTBEHHEIM 3HAaUCHHEM pH, koro-
poe onpejensercs JIeHCTBHTENbHEIM COCTaBOM 30HBL. J[BHXeHHE OT-
7leTGHBIX KOMIIOHEHTOB B CHCTEME nsoraxodopesa gBaseTcs pas-
IMYEBIM O TeX HOp, I0Ka KOMIIOHEHTH He PacmoJioxarcs B COOT-
BETCTBHH C HX NOJBHXKHOCTHIO. Ilocse 9T0ro CKOPOCTH NepeMeileHns
pcex 30H CTAHOBSATCS PAaBHBIMH, a pH NpHHHMAIOT XapaxkTepHcTHYe-
cKue 3HAUeHHs, COOTBETCTBYIOIMe KBa3HCTAaLHOHAPHOMY COOTHOILe-
HHIO KOMIIOHEHTOB B OT/JeJIbHbIX 30HaX.

30HH MOXHO TaKxe cHOKyCHpPOBAaTh B pe3yJibTaTe HAJIOKEHHA
MoJeKysipHO-cHTOBOrO 3bdekTa, HanpuMep, ey 3JekTpodopes Be-
jeTcsi B TMONMAKPUJIAMHIHOM Trelie, TO B pe3ysbTaTe BIAMAHMA rpa-
AHeHTa NJoTHOCTH. IIpH mpoBelneHHH ssekTpodopesa Guonosnme-
poB Bce Hallle HCIOJIb3YIOTCS NPUHIUMBI apGHHHOCTH ¥ MMMYHHOH
npeuunutalid. KOHTPOJHPOBATH XOA 3JIEKTPOMHUIPALKHOHHOTO pas-
JleJIeHHs ¢ BHICOKHM paspellleHHeM YAOOHO C MOMOIWIbIO MeTOAa ABY-
MepHOro 3JekTpodopesa n UMMYHHOH NpPELUNHTALNH.

12.2. 3JIEKTPOPOPE3

12.2.1. TEOPHS MMIPAILIMM HMOHOB B YCJIOBHSIX 30HHOIO
3JIEKTPO®OPE3A M 3JEKTPO®OPE3A
C NOJABH)XHOW TPAHULLEH

O6a paccmMaTpHBaeMbX B 3TOM pasjeje THOA snekTpodopesa
uMelor obmylo ocHoBy. MOHB, KOJNOHM[HBIE YaCTHII H YaCTHILb
6oJblliero AHaMeTpa NOJABEPralTcs AEHCTBHIO MOCTOSHHOTO OXHO-
POMHOTO 3JIEKTPHYECKOro MOJsi C HANPSXKEHHOCTHIO E (B/cm). Cpe-
2, OKpyXalolasi 3TH 3apsKeHHble YACTHIE, TAKXKe OJHOPOJHA 1O
COCTaBY M XapaKkTepH3yeTCsi OJHOH M TOH Xe eaununnoi pH. 3a-
pSKEHHEIE YACTHIb ABHXKYTCS B 3JEKTPHYECKOM MOJe MO Hampas-
JIEHHI0 K TPOTHBONOJIONKHO 3aps’KEHHOMY 3JeKTpoay. B arom cay-
qae CKOPOCTH HAaJH3HPOBAHHOH CHEPHUECKOH YaCTHIBI OMpenesisi-
ercsa dopMmyaoi

==zE/6n,, (12.1)

Tle 2z—3apsag YacTHIb, E — HanpsKeHHOCTb 3JEKTPUYECKOro
f0JIsT, 1| — BSI3BKOCTb CPEAbl, @ r — pamuyc dacTuisl. CoOnpoTHBIeHHe
JIBHIXEHHMIO YaCTHIB NMPONOPLHOHAJLHO BA3KOCTH CPeAH M H Paiuy-
cy wacTHUB 7. DuieKTpodopeTHIecKas MOABHKHOCTL U ONPEAE/ACT-
C$i KaK CKOpOCTb [BHXKEHHS UaCTHIbI, NeJeHHas Ha HaNpsKeHHOCTb
3JIeKTPHUECKOro 110Js,

u=v/E (12.2)
Beauunny E B ypaBHennn (12.2) MOXHO BbIDa3HThL 4epe3 H3Mepse-
Mbie BEJTMYHHBI

E=j/qxn, (12.3)
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rfe ¢ — 0JOWAaAb CceyeHHsa 3JIeKTpPodopeTHuecKo# SuelkH, x —
3JIEKTPONPOBOAHOCTL M j— MJIOTHOCTh TOKAa (COOCTBEHHO 3TO OAHO
H3 BbipaxKeHud 3akoHa Oma). CKopocTb v paBHa paccTosiHHIO S,
NPOXOAUMOMY YACTHLECH B eJHHHIY BPEMEHH:

s=ut (12.4)
Hcnonpsys ypaBrenune (12.2), mOABHIKHOCTD 4 MOMKHO NpeaCTaBHTh
nhmh%aESZ BBIpaXKeHUueM:

u=sqxjtj (12.5)

CKopocTb v OnpesessieTcss COOTHOUIEHHEM
v=uj/qn (12.6)

3tu YPaBHEHHs CIpaBeAJHUBH BO BCexX ¢JydasX, OfHaKO CJeLYyeT.

HMeTb B BHAY, 4T0 ypaBHeHus (12.1) u (12.2) npennonaramor 6ec-
KOHeuHOe pasbaBiieHHe H OTCYTCTBHe cosiei. Brusinue snexTponurta
BLIDAXKAETCA C MOMOMI[bIO HOHHOH CHJIBI [, KOTOPYIO MOXKHO NpejAcTa-
BHTb KakK

?"A_\MvM QnN«.». A_,_.M..Nv
1

TA€ C;— KOHUEeHTPAUHsl, a 2;— 3aPsi HOHOB, NPHCYTCTBYIOIIHX B
pacrBope. C nOBLIIIEHHeM HOHHOH CHJBl IOXBHIKHOCTb CHHIKAETCS
M3-32 HAKANJHBAHHSI MOHOB NPOTHBONOJIOXHOTO 3HAKA BOKPYT ua-
CTHLL, IPHBOAAIIEMY K CHHXKeHHIO ee 3hdekTuBHOro 3apspa. He-
Gosiblllie H3MEHEHHsT B HOHHOH CHJIe H3MEHSIOT IOABHIKHOCTD HpH-
MEpHO B COOTBETCTBHH C COOTHOIIEHHEM:

y 2ty (5711 %) (12.8)

Coraacno ypasrennio (12.1), agexkTpodopeTHuecKas MOXBHIKHOCTD'

06paTHO NPONOPLUOHANbHA BASKOCTH CPeibl. BA3KOCTh yMeHblIaeT-
Csl C yBEJHYEHHEM TeMIIePaTyphl, H IO3TOMY NOABHKHOCTL YBEJIH-
YUBAETCSA NPHMEPHO Ha 2,7%' c NMOBLIICHHEM TeMIepPaTypH Ha KaX-
Abd rpapyc. IIoABHIXKHOCTD YACTHI[ TaK:Ke MOMeT CHHXKATHCA IOA
BJIUSHHEM HOCHTeJIA, KOTOPHIl MOKET OBITh resieM, MOXKEeT UMeTh BO-
JIOKHHUCTYIO HJIH TMOPOLIKOOOPA3HYIO CTPYKTYPY, MOXET OBITh HACHI-
UIeH 3JEKTPOJHTOM. B Takux ciayuasx myTb YacTHLIE (aKTHUECKH
YAJHHSIETCA H OLAHOBPEMEHHO YMEHBIIAETCS HANPSIKEHHOCTb 3JEKT-
puueckoro moJs. I'ejqeo6pasneie HOCHTENH MOTYT NPOSBIATH MOJe-
KyJIIPHO-CHTOBBIE CBOHCTBA, 4TO NPHBOAUT K 3aMeNJEHHIO ABHIKE-
HHS HJH JaXKe K NOJHOH OCTAHOBKE YAaCTHI[ ¢ GOJbIIHM CTOKCOBBIM
paanycoM. OtH 3eKTH HAUIM LIHPOKOE NPAKTHUECKOE IpHMeHe-
Hie B 30HHOM 3Jjektpodopese. Ha xom pasgesennss oxaswBaior
BJIUSIHHE H COPOLUHOHHBIE MPOLECCH.

3JIEKTPOMHTPALUHOHHBIE METOABI 685

Korna uepes asnekrpodopeTHuecKylo AuefKy NPOXOAUT TOK, BhHI-
IelsieTcs JXoyjaeBo Temno -N. KosiudyecTBo BHAENHBLIEroCs TeIIa
onpenesseTcs ypaBHeHHEM

N=RI? wm N=U*R=UI (Br), (12.9)

rie U — nanpsixenne, B; ] —cuna Toka, A; R — comporusienue,
OM. UT0o6H BA3KOCTb CHCTEMHI, a CJIEIOBATEJbHO, M INOJBHXKHOCThL
6LIIH TOCTOSTHHBIMH, BBHIAEJSIONIeECH TEMI0 Heo6XxoauMo 3pdexkTHB-
HO OTBOJHTh, MHAUE H3-33a TEPMHUECKON KOHBEKIHH BO3HHKaeT omac-
HOCTb cMelieHHs 30H. ITogaBieHHe TepMHYeCKOH KOHBEKIHH OCO-
GeHHO BaXKHO B Tex CJaydasx, KOrja 3JeKTpodopes NPOBOAHTCA B
OTCYTCTBHE HOCHTEJ.

12.2.2. HENPEPHIBHBIN 3JIEKTPO®OPE3 B CBOBOJHOM
TNOTOKE

B ocHOBY 3TOro MeToAa MOJIOKEH 30HHHIH 3JIeKTpOGdOope3 B JJeK-
TPOJINTE, KOTOPHIl [BHXKeTCAd MepPHeHAHKYJASPHO HaNpaBJEHHIO
aJeKTpuueckoro noJs. IleppoHauasbHLIH BapHaHT MeTOXa INpejHa-
3HaueH JJs pasfesenus Ha Gymare. Ilosanee [2] ou 6bln mpuMme-
HEH B OTCYTCTBHE HOCHTeNs, NP 3TOM CTaOH/IH3alMsA 30H OCyILecT-
BJAJACh JAMHHAPHEIM HOTOKOM JOCTATOYHO TOHKOIO CJIOSl 3JEKTPO-~
auTa. daektpodopernueckas suefika uMesa ¢GopMy NIOCKOH KBaj-
paTHOH MM NMPSIMOYTOJILHOH PaMKH, JJIHHA ee CTOPOHBI COCTaBJAJA
HECKOJIBKO JeCSTKOB CaHTHMETPOB, a TOJIIIMHA CJOf paBHANACh
0,25—0,60 MmM. Brauase atoT npubop UCHONB30BAJCS JJs pasjese-
HHUS BBICOKO- M HHM3KOMOJIEKYJSPHBIX NENTHAHEIX COelHHeHufl, HO
[03/Hee BBISICHHJOCH, YTO TAKHM CHOCO60OM MOXKHO 3(@eKTHBHO
pasiensaTh HE TOJBLKO PACTBOPHMLIE 3JeKTPpOPOpETHUECKHEe cOoefuHe-
HHSA, HO M KOJIJIOMJHblE YaCTHIBI, BKJIOUAsi CYyOKJEeTOUHBIE YACTHIBE
W KJIeTKH, eCJi KOHCTPYKIMs anmapara He JoNycKaeT OBICTPOro
OCaK[eHUST MAaKpPOYacTHl, Ha CTeHKaxX 3JekTrpodopeTHueckoil sueii-
Ku. JIBHXKeHHe YacTHI B YCJOBHAX HENpPepEIBHOrO 3JekTpodopesa
OTIMCHIBAETCS CJIEAYIOIIHM NPOCTBIM cOOTHOIIeHHeM [39]:

1g o =DnexTpodoperyrueckas noABHAKHOCTE/CKOPOCT
aeKTpoauTa-Hocuteds, (12.10)

rae @ — yroJ MeXAy HalpaBJeHHSMH [BHKEHHS 30HH U 3JEKTpO-
auta-Hocurtesna (puc. 12.1). Ing Toro 4To6H COXpPaHAThL BEIHYHHY
@ TNOCTOSIHHOH, HeO6XONHMMO NOJNEPIKUBATh NOCTOSHCTBO YCJOBHH
pasleseHHs B TeueHHe AJUTeNbHOro BpeMenH. Ilo sToif nmpuuuHe mo-
JapaeMoOe HanpsixKeHHE HJIH TOK JNOJXKHEI GHITb CTaGH/IM30BaHHI, all-
napar HOJXKeH 6HTh CHabOxkeH 3p(PEeKTHBHON cHCTEMON OXJaXKAeHHS
H TepMODEryJHPOBKH, TOYHBIMH HACOCaMH [Jisi MOfaud obpasua u
3JIEKTPOJIHTA-HOCHTEJ/ISI IIPH TOPH3OHTAJbLHOM II0JIOKEHHH KaMepht
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Tabauya 12.3
PexoMenpyeMble CHCTEMbl 3/EKTPOJHTOB IJS HENpPepHIBHOrO 30HHOTO anekTpodopesa B cBoGopHOM MOTOKE

DJIeKTPONUT-HOCHTENb AJsl 3JeKTpodo-

PaznenseMble COEAHHEHHS HAH THO

pH PeTHYECKO! KaMepHl DJIEKTPOJHT AJ5 SNeKTPOMHHIX Kamep coelHHEHH S
2,0 | 0,187 M ykcycnas kucaora 32 ma JensHoR ykcycHofi KHCIOTH, [ Hykieosuaw, Hykaeotau [66]
0,187 M MypaBbHHasi KHC/IOTA 21,3 Ma 99%-Ho#t MypaBbHHOHR KHC-
JOTHl, Boja o 1 &1
2,6 | 0,5 M yxcycHas kucnoTa 1 M ykcychas kucaora MyKkononucaxapuan, 6eiky, nojaHcaxa-
i pUAH, OCHOBHHe Ge/KH, OCHOBHHE H
HefiTpasibHble menTHAH [65]
3,0 | PeHom — ykcycHas KHCJAOTA — BOLa Kak # B snekrpodoperuueckoii kKamepe| PacTurenbHHe 3KCTpakTH [7]
(1:1:1, r/Mma/ma) WM yKcycHas kucaota —Boja (1:1,
. no o6eeMy)
3,9 | 2,58 mn nupuauna, 8,58 mua yKcycHon | 7,73 ma nmpuansa, 25,75 ma yxeycHoin | Tmaponusathl Genxos [35]
KHCJOTH, BOAa J0 | &1 KHCJIOTH, BoAa 10 1 a1
4,9 | 3,7 mn nupuauna, 2,96 Ma  ykcycHo#t | 11,1 Ma nupumusa, 3,4 Ma yKcycHo# | DKCTPakKT THMYCA, MENTHAHI [40]
KHCJOTH, BojAa 1o | & KHCJIOTH, Boja fo 1
5,1 | 0,025 M .aperar amMoHHM#, ykcycHas | 0,075 M aueraT amMmoHHA, YykcycHas| depments, nepe6posuicyibdarasa[67]
KHCJIOT2 KHCJ0Ta
5,3 | 0,025 M auerar HaTpus, yKcycras Kue- | 0,75 M auerat Hatpus, AoseleHHnil no| ®Paru [8]
aora no pH 5,3 pH 5,3 0,75 M ykcycHo#t KucioTolt
5,6 | 0,08 M nupuanH, yKCycHas KHCAOTa 0,24 M nupunuH, ykcycHas kucaoTa| Heftporunodusapnrie 3KCTPAKTH, Baso-
npeccut, okcutound, AVTH [81]
7,2 10,01 M tpuc-6ydep, 0,01 M auerar| 0,05 M tpuc-6ydep, 0,05 M auerar mar- | PuGocomu u3 E. coli [66]
MarHHus, JHMOHHas KHcaoTa o pH 7,2 HUfA, JUMOHHast KHcaoTa jfo pH 7,2
7,3 | 0,01 M docdar kanusi-uaTpus 0,03 M ¢ocdar Kamus-HaTpHA dakTop pocra [88]
7,4 | 0,0I' M Tpusranosamun, 0,1 M TpHu3TaHONaMHH, JIH30COMBI, MHTOXOHAPHH H3 MHTOXOHA-
0,01 M ykcycHas Kucaora, 0,1 M ykcycHas KHCJOTa, puanbubix Mem6pan [38])
0,001 M 3ITA, 0,33 M caxaposa, 2 M| 2 M NaOH g0 pH 7,4
NaOH no pH 7,4
8,5 | 0,15 M Tpuc-6ydep, 4,0 M Mouesuna, 0,45 M Tpuc-6ydep, mumonnas kuciora| Kommaeke PHK — 6enox, KucaoTHble
poeenennass po pH 8,5 aumonso# no pH 8,5 Genku [89]
KHCJIOTOR
8,6 | 0,08 M tpuc-6ydep, nnmonnas kuciora | 0,24 M rpuc-6ydep, uMonHas kuciora| CHBOPOTOUHBE GelkH [2.6]
10,5 | 0,017 M rumuun, NaOH, NaCl no saek-| 3,8 r ranuuna B 1 a1, 0,5 M NaOH no| Benkn supyca TaGauxoft Mosauku [87]

TPOMPOBOAHOCTH ¥=1,5.10-3

pH 10,5, 2 M NaCl no 3xnekrponpo-
BOAHOCTH X=05-10—3
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Puc. 12.2. IlpuGop nas HempepHBHOTO 30HHOrO 3/eKTpodope3a B CBOGOLHOM MO-
TOK§ C FODH30HTaJbHOMA Wiesbio [79].

TepMocraTHpyeMass Kamepa ¢ BEDXHHM H HHXKHHM BXOAOM JHJs OXJaXKAZIOUIEro BO3AYXa; cCle-

penn BHAHH KaNHJJIADHBe TPYGKH HJsi c6opa o6pasmoB H3 48 sueeK, BHH3Y — OXJAaXKAaeMbl

<6opH¥K ¢pakiui, B LEHTPe — HETEKTOD BLICOTH YPOBHSI B siuefikax Ans cGopa ¢paxmult;

IO, AETEKTOPOM ClpaBa — OXJaXKAaeMblii BBOJ, NN 3JEKTPOXHOro GydepHOro pacrsopa; BHH-
3y cnpaBa — MOTOpD Hacoca I HNOXadu ofpasua,

B rta6a. 12.3 npuBeleH pPeKOMEHIyeMHl COCTaB 3JeKTPOLHOTO
BDJIEKTPOJIMTA M BJIEKTPOJHTA-HOCHTEJS RJs PasielieHuss pacTBOPH-
MEIX BEeleCTB H OBICTPO OCAXKAAIOMWIHXCA YACTHL. DJIEKTPONPOBOJ-
HOCTb 3JIEKTPOJIHTA-HOCUTEJS B 3J€KTPopOPeTHUECKOH sueiike 06bIy-
HO JIeXKHT B npexenax 1-10-3—2,2.10-% OM—'.cM~!, TONBKO cHCTe-
Ma ¢eHONM— yKCycHasi KHCJIOTAa — BOJA MMeeT CYHIECTBEHHO (Ha
nopsaaoK) Gosiee HH3KYIO 3J1eKTPONPOBOAHOCTb. MeTos HempephiBHO-
r0 3J1eKTpoope3a yallle BCErO HCHOJb3yeTCH AJsl PasjeeHHs] GHo-
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JIOTHUECKHX 3KCTPAKTOB, MENTHIOB H 0eJKOB M B IOCJefHee BpeMs
A5 pasfieseHHs KJIETOK H CyOKJeTOUHHX 4acTHI (OJHAKO BHIOPAThb
9JEeKTPOJIHT B 3TOM CJydae CJOXHee, TAK KaK HEOOXOXHMO TOAIep-
JKUBATh ONTHMAaJbHble YCJIOBHS AJS BBKHBaHUA KjaeTok). OcMorH-
yecKoe JaBJieHHe peryJHpyercss myTeM n00aBJieHHS Caxapo3bl; B He-
KOTODHIX CJyyasxX, HapuMep NPH BHJeJEHHH KJETOK KPOBH, caxa-

20

95

foenowerue npu 20 HM

Q______h_h_
75 0B A 25 30 35 40 45

Homepa @paryud

Puc. 12.3. Pasnenenne AT®, AN® u AM® MeTofOM HempepHBHOrO 3JeKTpodopesa
C TFODH3OHTAaJILHEIM IMONOXKeHHeM Kamephl [92].

Hanpsixenne 1400 B; cuna Toka 1656 MA; Gydepumft pacrsop amerata ammorus, pH 5,0
CKOPOCTb NOTOKA SJEKTPOJHTA-HOCHTeNs 50 Ma/u; ckopocTh mojas ofpasua 0,5 MJ/4 OpH
KOHUEHTpauuu 35 en/ma.

1 — amenosuEMoHodochar; 2 — amenosunpudocdar; 3 — agerosunTpudoOCchaT.

P03y MOXKHO 3aMeHuTb Ha IVOKo3y. CM. Takxke pabory 3ailsepa

u corp. [111].

IToapoGHbIi 0630p BO3MOXHBIX O6JacTell NPHMEHEHHS METOAA
ony6aukoBaH Xanuurom [38]. B GoubuIHHCTBe Cly4aeB B yCJIOBHSAX
HenpepeIBHOTO 3JeKTpodopesa B cBOGOAHOM IIOTOKE TIpPajHEHT HO-
TeHnuasa cocrasaser 30 u 50 B/eMm.

12.2.3. 30HHBIA 3JIEKTPOPOPE3 HA BYMATE

Iupokoe pacmpocTpaHeHHe MeToja GyMaxkHoro sjekrpodopesa
06yCJIOBJIEHO TaKUMH cBoHcTBaMM GyMarH, KaK MeXaHHuYecKas Ipod-
HOCTb, CIIOCOGHOCTh yAepKHBaTh GOJIbIIoe KOJHUECTBO 3JEKTPOJNHTA
u 06pasua, BO3MOXKHOCTh NpuAaHus TpebyeMod GOpPMEL, Jerkoctb
IIpUMEHEeHHS JBYXMEPHEIX METOJOB M IIPOCTOTA JIOHPOBaHHA 06pas-
na. O6napyxeHnde NPOBOJHTCS HJIH NOIPYKEHHEM B PacTBOp pea-
reHTa HJH ONPHICKMBAHMEM 3THM PacTBOPOM. JDjekTpodoperpammy
nocJie BHICYIIHBAHHS MOXKHO XpaHuTb. OnHako Gymara uMeeT H psaj,
HeJJOCTATKOB: 3TO HEOAHOPOAHOCTb OyMar#d BAOJb JIHCTA, IOPH-
CTOCTb, KOTOpAst YAJHHSET INyThb NepeMelieHHs BelllecTBa. B pe-

19-13
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3yabTaTe COPOLHH YBEJIHYHBAIOTCSA NOTEPH B NPoLecce NpenapaTHB-
HOTO pa3jeNieHusi UK pasjiesieHHe BOOGUIE CTAHOBHTCS NPAaKTHYECKH
HEBO3MOXKHHIM H3-32 O6Pa3s0BaHHSI «XBOCTOB» (IJIMKO- H JIHIIONPO-
TenHH). Pacuinpenre 30H BcieAcTBHe AH(GY3HH MOXKHO yMeHb-
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Puc. 12.4. CxeMbl NpHGOPOB [Jisi HU3KOBOJBLTHOTO 30HHOrO 3JeKTpodopesa.
E — 37eKTpOAHBe KaMeph; N — HHepTHas IXHAKOCTb; P — CTeKJsHHAsg Oeperopoixa, pacra-
rapalolrass 6ymary; u.loqu...mﬁzn n._.nv*n:v_..mo._,nn T —
- FODH30OHTAJbHOX KaMepoll, B KoTopoM OyMara pacnoxa
“_txwvﬂwwwﬂmmu%x (S); 2—npuGop oObIuHOro THMa [33], NPHrOAHHWEA AJA ﬂovnummwww.:mo__.h
saekTpodopesa GeskoB (pa3paGoTaHO MHOTO zgm_exuxvo%mwﬂﬂﬂw nﬂﬂaowww%ﬂﬂﬂﬂﬂﬂ?om e .%mz
ODH3OHTANbBHON KaMepofl Ajsi pasfesieHnst GesKOB; 2 ¢
mmwhmmnvmwzmvz " EmozEme napaMH SJEKTPOJUTZ IPOHCXOAHT OBICTPO; *lu-:.%mm. 56.
Mepa u Tusennyca [14], B KOTODOM OTBOJ TelJla OCYLIECTBJSETCS ¢ NOMOWIBIO HHEPTHO HuR-
KOCTH; 5 — anmapaT ¢ NOABEIIEHHOA B HeHTpe GyMmaroff, 4acTo HCHOAb3YeTcs (B BHAE vmun
JMMUBEIX MOAHGHKANHA) AJs DYTHHHOTO aHajNH3a GEJNKOB M HH3KOMOJEKYJSDHHIX oomnnzomwo
[62, 108]; 6 — npuGop, B XOTOPOM H3GHITOYHOE Temno OLICTPO %hmanm.n%uwxﬁ“wwmww =¥wwwmmwwan.
Hanpumep CCly; MDHTOMEH AJNS DasReleHHS HH3KOMOJEKYJSPHBbIX CO
P P P Hanpsxkenus 20—35 B/em [63].

HIHTb, COKpamasi NJIUTEJIbHOCTb Pa3lesieHHs, CHUXKasg TeMmepaTtypy
H OJHOBPEMEHHO yBeqWuHBas rpajHeHT HampsxeHnus. Ilaa paspede-
HHS BHICOKOMOJIEKYJISIDHBIX COeJAHHEHH{i IPUrojHa IpoOCTas anmnapa-
Typa H JIOCTATOUEH HH3KHA rpajHeHT HANDSKEHHS, HO N/ pasje-
JIEHHSI HA3KOMOJIEKYJIIDHBIX COeJHHeHHH HeoOXOIMM rpajHeHT Ha-
npsaxenns ao 200 B/cm. Ipumepn Gosiee mpOCTHX NMPHGOPOB NpH-
pefenn Ha puc. 12.4. IlpuGopu ¢ 3G¢eKTHBHHIM  OXJaXJEHHEM
MO3BOJISIIOT 60Jiee TOYHO OMpeleNsTh 3JeKTPoOpeTHUeCcKyIo Io-
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nsuxkHocThb, Coraacno Oddopay [72], MOJIEKYJISIPHYIO Maccy MJIH
3apsAA BelIeCTBA MOXHO OLIEHHTb, €CJH H3BEeCTHA OTHOCHTENbHAS
(O CPaBHEHHUIO CO CTAHAAPTOM) €r0 MOABHMKHOCTD Ures:

ey =k (2/M™3), (12.11)

Ypasuenue (12.11) sBasieTcss 0COGEHHO LEHHBIM, €CJIH HCCJIeAYIOTCS
3apsAbl H MOJIEKYJISIPHBIE MaCCH OJIMTOIEeNTHIOB.

IIpu6opnl A7t BEICOKOBOJILTHOTO 3JieKTpodopesa cHabxKAOTCS
YCTPOHCTBOM JJl OTBOJA JKOyJeBa Telua. Uame Bcero HCIIOJIb3Y-
€TCs CHCTEMA NOCTOAHHOrO TemiooTsona [34, 107]. Ipubop ¢ xux-
KOCTHBIM TeIJIOOGMEHHUKOM NPOllle [0 KOHCTPYKLHH (PaBAa, OTBOJ,
TelJa B HeM MeHee 3 (HEKTHBEH) H NO3BOJSieT NOJYYHTb OUEHb Ofi-
HOPOZHYIO MHIpallMio 30H. [lJig OTBOAA Temaa HCHOMB3YIOTCS TaKHe
HHEPTHHIE KHAKOCTH, KaK TOJYOJ, Bhicline OpaKHWH HedTH, HANPH-
Mep ¢ T. Kull. 1456—200°C uaum  ¢TopupoBanHHE YIJIEBOAOPOHL.
[Iponurannyio 6ydepuniM pacrsopom 6yMary nomemamoT b KHI-
KOCTb, KOTODYI0O MOXHO OXJaXJaTh C IOMOLIbI0 MOrPYKEHHOTO B
Hee XOJIOAHJILHHKA.

B na6oparopun aBTopoB riaBb ycmelrHo HCIIOJIb3YeTCA HHCXO-
AALME GyMaXKHHH 3JeKTpodopes 6e3 oXJaxAeHHs, paspaboTaHHBIA
Miukemowm [70]. Ilpunuunnanbaas cxeMa npubopa 1 TaKOro pas-
A€JICHHS NOKasaHa Ha puc. 12.5. dtoT nmpHGOp wcmoJb3yeTcss B OC-
HOBHOM /711 aHAJHTHYECKOTO U NPENapaTHBHOIO Pa3fieseHHs IeNTH-
J0B, COlepKalMXCcs B pepMeHTaTHBHBIX MHAPOJAH3aTax Geskos. On-
THMaJIbHOE pasjielleHHe NOCTHIaeTCs NPH NPHMeHeHHH Takux Gydep-
HBIX ~DAacTBOPOB, 3JIEKTPOIPOBOAHOCTL KOTOPHIX COOTBETCTBYET
1/150 M cdochartaomy 6Gydepromy pacreopy Copencena (3,63 r
KH;PO,+ 14,32 r Na;HPO,-12H,0 B 10 & BogHI, pH 7). Jleryune
GytepHble pacTBOpH Gosiee YHOGHH, €CJH BO BPeMsI HMX HcHape-
HUs KOHIEHTPALHs HOHOB Ha Gymare He ypejnumBaercs. Hampumep,
A/l pasieNeHHs NeNTHAOB OOBIYHO HCIIONB3YeTCS MHPHAHH-ALETAT-
Hblii Oydepuriét pactsop, pH 5,6 (4 Ma nupuguHa +1 Ma YKCYyCHO#
KHCJIOTHL, BoAa a0 1 x1). Helirpanbuue, He3apsKeHHble, COeIHHEHHS
OCTAaloTCs B LleHTpe GyMarH, T.e. Ha CTapTe, H 06pasylOT Y3KYIO
CMellanRylo 30Hy. B Bepxmeii wactu Gymaru pacmosaraioTcs 30HH
IeNTHAOB OCHOBHOI'O XapakKTepa, a B HHXKHEH YacTH — KHCJOTHOTO.

Hapsany ¢ koMmeHcanueli HHCXOZSINEro JBHIKEHHS 6ydepa Ha-
TpaBJCHHbIM B NPOTHBONOJIOXHOM HANpPaBJEHHH 3JEKTPOOCMOCOM,
BbilapuBaHHE BJHSET TABHEIM 00pasoM Ha NepeMeiueHHe Gydep-
HOro pacTBOpa M3 3JEKTPOLHHIX KaMep IO HANPABJIEHHIO K IEHTPY
Gymaru. 3To NBHMEHHE 3JEKTPOJHTA, NPOTHBONOIOKHOE HampasJie-
HHIO IBHXXEHHUS 30H, CKa3biBaeTcsl Ha (DOKYCHPOBAHHH S0H.

Ha sucre BaTMaHA MOXHO OIHOBPEMEHHO aHaJHM3HPOBAThL M0
20 o6pasuos. [Ipu npemapatusHOM pasie/sieHHH Ha JHCT BaTMaHa

¢ 1 MoxXHO HaHecTH 10 50 Mr cMecH IENTHIOB B BHJe Y3KO# 30HH,
a Ha jHcTe 6osee ToJCcTOro BaTMaHa Ne 3 MOKHO pasuenuth 10

19
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950 Mr cMecH. AHajausupyemble 00pasubl, He Cojepxkallne COJeH,
HAHOCST Ha CyXylo GyMary H mocJjie BhICYIIHBAaHHS NOMELAIOT B KIO-
BeTH Ui JeKTpojos. OmpricKuBanue Gymard Gy¢epHEIM DacTBO-
pOM CJelyeT HaYMHATb C KPaeB, PACMOJIOKEHHHIX 6aHKe K 3JEKTPO-
AaM, U MPOJOJKAaTh [0 HANPABJEHHIO K HEHTPY, Ie PacHOJIOKEeHb
06pasiH, A0 Tex IOp, OKA OTTEHOK GyMaru He CTaHET TaKHM e,

Puc. 12.5. Cxema npubopa AJsf HHCXO-
Asmiero mu:smvxmo_,% aJlekTpodopesa
[70].

N — KaMepa H3 MOJHBHHHJXJODHAA C CHCTe-
MOl oTceKkoB (L) H MJAaTHHOBHIM 3JIEKTPOROM
(Pt); B — 3anoJHsIOMMA Kamepy Oy(epHblii
pactBop; P — GyMara; R — CTeKJAsHHbIA cTep-
JeHb, YAePKHBAlOMIMA GyMary B BepTHKaJb-
HOM TOJIOXKEHHH; S — HampapjeHHe CTeKaHHs
6ydeproro pactsopa; EO — HanpaBieHHEe
KOMIIEHCHPYIOLIEro  NepeMelteHns o6pasua
nop neitcTBHeM 3JeKTpoocMoca; V — obpaser
(ero HaHOCAT B WEHTP cyxoft GymarH, KOTO-
PYI0 TNOMEUl2I0T B KIOBETY H ONPBICKHBAOT
6ydepHBEIM pacTBOPOM B M cpasy XKe BKJIO-
yaloT TOK); [ -— H3oJHpYy0OuLas Kamepa cO
CTEKJSTHHBIMH TMepeIHHMH CTeHKaMH H repMe-
THYHbIMH JABepllaMu D (B mpouecce paGoThi
KaMepa 3anoTeBaeT BHYTPH); C — 3aseMjsio-
masi nIpoBOJIOYHAs CeTKa, XOTopas aBTOMaTH-
YeCKH OTKJIOWaeT TOK; Z — HCTOYHHK CBeTa,

o6neryaplluil paBHOMEDHOE ONpLICKHBAHHE.

KaK y y4acTKoB GyMar, GJM3KHX K NMOTPYXKeHHBIM HeNoCpelCTBEH-
HO B KloBeTsl. MakcuMaJspHOe HampsikeHuwe cocrtaBaser 1500 B, a
JUIATEJBHOCTh aHaJaM3a o6nuHO He npesbimaer 90 MuH. DTOT NpH-
GOp NpHrojieH Takke AJs IBYXMEPHOTO PasjeseHus KoMGHHHPO-
BaHHEIM METOLOM, COYeTalIMM 3JekTpodopes u XpoMaTorpaduio,
MpUMeHsIeMBIM [Jis NOJyueHHs TNenTuasbix kapT. OGopyrosanue
JJIST IpoBeleHus 3JeKkTpodopesa STOro THNE MPOM3BOAUTCS BEHrep-
ckoit pupmoii Labor MIM (Bynameiur).

ITpu6oprl aJisi BHICOKOBOJBTHOTO 3JIEKTPOodOpesa ¢ MOCTOSHHLIM
TernJI006MeHOM, COTJIACHO AaHHHIM paGoTel [80], MOXHO C ycCIexoM
HCIOJIb30BATh B TeueHHe AJUTeJbHOro BpeMeHH. Hopbl#i mosyyHB-
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[pi IIHPOKOe PacnpocTpaHeHHe NPHOOP C METaJJIHYECKHM OAHO-
CTOPOHHHM Ten/JooOMeHHHKOM HMeeT, no JaHHEM Ilpycuka u IllTe-
naneka [82] (cMm. pasa. 12.7.2), 6oJee 3p(DEKTHBHYIO CHCTEMY OX-
JaXKJEeHHST H €ro MOXHO TNPHMEHATb NPU TpajJHeHTe HaNpsKEeHHs
710 Sﬁw B/cM. Takue mpu6opnl Beimyckaer ¢pupma CAMAG (Ilsei-
napus).

12.2.4. 30HHDBIM 3JIEKTPOPOPE3 HA ALLETATLEJJIIOJIO3HON
MEMBPAHE

Has soHHOro 3jaexkrTpodopesa aueTATIENJIONO3HYI0 MeMGpaHy
(CAM) nepereiM ucnosabszosBaa Kou [51]. ITo muenmio Kowna, mnpe-
HUMYILECTBA 3TOTO0 HOCHTEJS — ero OZHOPOAHOCTb W CTPOTO Onpefe-
jgenHasg nopucroctb., CAM cojepXHT mpeHeGpPeRUMO Majoe YHCJIO
OH-rpynn, 3arpg3HeHHOCTb OPraHHYECKMMH H HeOPraHHYeCKHMHU
NpUMECSIMH TaKe BechMa MaJja. B Tex cayuadx, Korja CHJbHas
copbuuss MOXKET NIPHUBOAHTL K 06pa3oBaHvi0 Ha OyMmare TMOJIOCOK
c3ajqu 30H (Kak, HanpuMep, INpu 3JeKrpodopede OUOMOJHUMEPOB)
BaXKHEIM HPEHMYIIECTBOM CTAHOBHUTCS IOHHXKeHHAs CopOLHOHHAS
aktuBHocTb CAM. B otanune ot 6ymarn CAM 1no3BoJisieT noJiyuuThb
XOpolllee pasjefieHHe «;-PPaKUHH CHIBOPOTOYHOrO asnbbymuHa, a
TaKXe HHCynuHA, (HOPHHOreHa, THCTOHOB, JIH3OLUMOB, TIJHKO- H
JUNONPOTEHHOB M HYKJIEHHOBHIX KHCJOT. Ilocse anekTpodopesa me-
YeHBIX COeAMHEHHH OCTAaTOYHAas DPAaJAMOAKTHBHOCTb MEXAY 30HAMH
M CTapTOM HCKJIOuHTeJpHO MaJsa. ObecuBeunsanue ¢oHa, ecau ob-
HapyJKeHHe IIPOBOJUTCA NyTeM OKPallMBaHHA M MOCJENyIOIero
obecuBeynBaHNs, IPOHCXOAUT AOCTATOYHO BHICTPO.

Ha CAM yno6HO OlEHHBATL KOJIHYECTBEHHO COlepkKaHHe (pak-
nuit. CAM, nmpefHasHaYeHHYIO IJIs KOJOPHMETPHUECKHX OIlpeese-
HHUH, MPONHTHBAIOT mapaduHOBEIM MacJoM, HanpuMep Shell Whit-
more Oil 120, unn yxcycuoit kucsaoro#t, npu stoM CAM cranoputcs
NPO3payuHoH, U Ha HeH MOXKHO H3MEPSATh IOTJIOLIEHHE H OTpaKeHHe.
[Tockonbky CAM pacTBopHMa B psifie OPraHHYeCKHX PACTBOPHTEJEH,
IOPH NOPOBEIEHHH HEKOTOPHIX KOJHUECTBEHHBIX ONpefeJeHHH MOKHO
HCIIOJB30BaTh 3TO ee cBOHCTBO. IlosyueHHEle pacTBOPH MOXKHO aHa-
JU3HPOBATh, KOJOPHUMETPHUYECKH MJIH CHHHTHIAAIHOHHBIM METO-
oM. Jns uMMyHHOARGOY3HH B HMMyHO3JeKTpodopesa CAM Moxk-
HO NMpUMeHsATb Aaxe Oe3 arapa. Paspensemele na CAM coenune-
HHfA, KaK [pPaBHJIO, JalOT Y3KHE 30HB, YTO NO3BOJIAET MJs OO0Jb-
UIHHCTBA THIIOB DasfeJeHHH YMEHbIUUTh OOMYI0 JAJMHY IyTH [0
6—12 cMm. Murpanusi Ha MeHblllee PACCTOSIHHE NPHUBOAMT K COKpa-
WIEHHIO AJHTEJIbHOCTH 3JeKTpodope3a M MeHbIIEMY VUIHPEHHIO 30H
nox BiusHHeM Au(dysuu. B pesysbraTe paspesieHHe, Hampumep,
CBIBOPOTOYHBIX G€KOB MOXKHO OCYIIECTBHTb MPH DPAQHEHTe MOTeH-
uuana B 20—25 Bfcm 3a 60—90 mun.
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IIPUBOPHI 1J151 SJIEKTPO®OPE3A
HA AUETATUEJIJIIOJIO3HBIX MEMBPAHAX

Koncrpykuus npubopa Lis 3JaekTpodopesa Ha MeMGpaHax H3
CAM MoXeT 6HITb AOCTAaTOYHO MPOCTOM, HO OHA JOJKHA obecmey-
BaTh TIIATeJbHOE HachilleHHe (BOASIHBIMH IapaMH) IIPOCTPAHCTBA
BOKPYT JIETKO BHICHIXAIOIeH TOHKOH aleTaTHeJJII0J03HOH MeMGpa-
Hbl. B CBf3H ¢ MHTeHCHBHHIM HcnapenueM Boxbl ¢ CAM mpoucxoput
JIOKaJIbHOE YBEJHYEHHEe 3JEKTPHYECKOrO COMPOTUBJEHHUS HOCHTE,
NpHBOJAILEE K NePerpeBy H HCKaXKEHHIO pasjieJieHHBIX 30H, a TaKxke
K paspyluienuio Hocurens. [To 3Tolt mpuyuHe KaMepy H3OJHPYIOT OT
okpyxkarouieil aTMoc(epsl XKHIKOCTHBIM 3aTBOPOM, @ OTKPHITHIE KIO-
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Puc. 12.6. Cxema npubopa aas saektpodopesa Ha aleTaTHe/TONOSHHX MeMOpaHax,

1 — aneratueanonosnas mMem6pana (CAM); 2 — nojmepXXHBalOIIUA cTepKeHb AJS BBOAA TO-
Ka; 3 — KepxKaTeJb NMOAOCKH M3 CAM; 4 — 6yMaKHbif MOCTHK-QHTUIL AJSA NPOXOXKACHHA TO-
Ka BO BHEWHIOW sveliKy; 5 — peryJupyemasl IJacTHKOBas NOIJOMXKa; 6 — BHYTPEHHHE 3JIEKT-
pOZHBEIe AYellKH; 7 — BaTHble MOCTHKH-QHTHJH s4eeK; § — MOJOCTb AJIs BOLSHOIO 3aTBOpa
3JeKTPOPOpPETHYECKOH KaMephl; 9 — KDHlIIKa KaMeDbl, BCTaBJiseMass B NOJOCTb BOASHOTO 3a-
TBopa. ®upma Shandon Scientific Co., Ltd. BhnycKaer Takue NpHGOPH B TEPMOITACTHYHOM
Kopnyce, cHaGXxeHHOM npospauHo#l Kpbiurko#i. [IpHGOpH aHaJOrHYHOrO Ha3HAYEHHS BHITYCKaeT
Takxe ¢upMa Labor MIM.

BeTHl, COZEepXKallue 3JEKTPOJHT, NOoMemaloT noj MemOpano#. Ha
puc. 12.6 mokasana cxema npubopa 3TOr0 THIA, BHNOYCKaeMOro B
Benrpuu. Mcrounuk nutaHus obecHeuHdBaeT DeryJaHpyeMoe Hamps-
s)kenue po 200 wan 400 B unu perynupyeMblii TOK (TpeLnoYTHTENb-
HO cTabusnsoBaHHHi). Ina crannapTH30BAHHOTO pasieleHus, NpH
IIPOBEJEHHY KOTOPOrO YUUTHLIBAETCS BJHSHHE BHeJsiOulerocs Tell-
Ja, yao6Hee BCero MCTOUHHK IHTAHUS CO CTAOMJIH30OBAHHLIM TOKOM.
B coorBetcTBuH ¢ mupuHOH mojocku CAM cuna toka oGHIYHO co-
crasasier 0,4—0,56 MA/cM mupunsl. [InHHA NOJIOCKH, Kak NPaBHJIO,
pe npesbiuiaer 8—10 cM.

Bydepusie pactBophl ass saekrpodopesa Ha CAM ob6biuno ume-
10T GoJiee HH3KYIO 3JEKTPONPOBOJHOCTh, YeM aHAJOTHUHBle PaCTBO-
pbl, NIpHMeHseMble AJsi GymaxHoro ajnekrpodopesa. [as snekTpo-
¢dopeza B GapbutrypaTHoM OydepHOM pacTBOpe pPEKOMEHAYyeTCs
0,05—0,07 M pacrBop austunbapburypara. Cocrasu 6ydepos npu-
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Tabauya 12.4
Bydepubie pactsopn nas sxekTpoopesa Ha aumeTATHENTIONO3HO memGpane

AHoOAHBI pacTBOp KatoaHsbifi pacTBop

pH _ cooTaB PH _ cocTan Mpumevanns

9,11252 r Tpuc-6ydepa,| 8,6 |515 r AH3THNGap- | JIHCKpeTHas  cHCTeMa

25 r 3ATA, 19 r 6utypara  HaTpHsf,| pacrsopos [31], CAM
GOpHOA KHCMOTH, BO- 0,92 r ausTHAGAD-| NPONHTHIBAKOT
da golan GuTypoBO#i KHCHIO-| cMechio (1 : 1) oBomx

TH, Bofta Ao 1 x| Gydepos

8,6 [ 1,84 r nustunbap6ury- | 8,6 | Cootsercrayer PyTHHHHe aHAJAH3H CH-
POBOH KHCJOTH, aHORHOMY BOpOTKH [24], kuuu-
10,3 r RH3THAGAP6H- HH [29] .
TypaTa HaTpus, BOAa :

no 1 a; pas npenort-
BpalleHust pocra
MHKDOOPTraHH3MOB
no6aBasior 5 M
5%-Horo  pacrBopa
THMOJIa B H30IPOIH-
JIOBOM CIIHpTE

5,3 |25 ma nupuguna, 10 ma| 5,3 CooTBeTcTBYET
JNeIAHOR  YKCYCHOH aHOAHOMY
KHCJIOTH, IHCTHJIH-
pPOBaHHAasA BOJAA A0 24

AnekTpodopes My,
aMHHOKHCJ0T [52

BelleHbl B Taba. 12.4. MeTofsl OKpaliMBaHHA, NPHMEHseMbie npH
paspenennn Ha CAM, aHaJIOTHUHBI METOnaM OKpAIUMBAHHS Ha oy-
Mare, OAHAKO HeJb3sl HCHOJb30BaTh TaKHe PACTBOPUTEJH (HaNpH-
Mep, aueToH u xqopodopm), B koroprix CAM nabyxaer maum pacr-
BopseTcsi. KoHueHTpanus pacTBOPOB KpacuTesst MOKeT GbITL HHXKe,
4eM NpH pasfeseHHH HAa GyMare, u NpelNOYTEeHHE OTAACTCS BOJHDIM,
4 He CIHPTOBLIM pacTBopaM KpacuTeas. Cyxrne MeMGpaHB Heab3s
Cpasy NOrpyaTb B PacTBOP, HX CJEAYeT OCTOPOXKHO, CTAPAsiCh He
BLISBATh OOPA30BAHHS NMySHIPLKOB, MOJNOKHTH HAa MOBEPXHOCTb XKHJI-
KOCTH, YTOGH PacTBOP B HHX BIHTHBAJNCA HOX HeHCTBHEM KATH/-
JAPHBIX CHJI. YBJIaXKHEHHbIe MeMOPaHbH MOXKHO Norpyxartb B pac-
TBOP.

Ha nomocky CAM rtonmunoit 0,2—0,5 MM u WIHPHHOH 2,5 cM
06b19HO HaHocaT 0,2—1,0 Mka o6pasua. [las CTaHJapTHOTO paspe-
JICHHS KOMIIOHEHTOB CHIBOPOTKH C NOCJIEAYIOUIHM (OTOMETPHUECKHM
OTpefle/IeHHeM HCTOoJb3yeTcss 10 3 MK 06pasua, comepiKalero
0,1—0,2 Mr 6enka. OnTHMAaNbHOE KOMHYECTBO o0pasna 3aBHCHT OT
Merona oO6HapyxeHnusa. Ilnsi KOMOpHMeETPHUECKOro 0OHapyXeHHUsA
Tocjie 3110MpOBaHUsA HeOOXONMMO HaHGOJbIIEe KOJHYECTBO obpas-
la, a asasi (OTOMETPHYECKOrO H PafHOH30TONHOI'O OoGHapyXeHuss —
Hanmenplliee. Eciu nposoxurest poromerprueckoe OOHapyxKeHue,
HauMeHblllee KOMHYeCTBO 06pasua TpebyeTcs B TeX CJaydasix, KOrja
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U3MepseTCs OTPaXKeHHe CBeTa OT NOJOCKH mpospaunoft CAM, moso-
fi Ha 6enylo NOJJOXKKY. ]
Emm%Wmns xozywmv:oox:x JOCTYIIHbIX THIOB MeMOpaH H3 OEMWMMW
LyeT yNOMsiHyTb 1) MeMOpaHH TOMOT€HHOrO THII, Ww:vskm% oo
Electrophoretic Strips», Beimyckaembie ¢$HpMOH xom L o
wark Bridge Rd. (J/IoumoH) HJH aHaJOTHYHBIE MEMOpaH m%mzo
Schleicher und Schiili, Dassel/Kreis Einbeck u mw :wonMﬂ o
C OXHOM CTOPOHE MeMOpaHB NPOH3BOAMMBIE (upMoit Soc. .MQ.:\S
ron Chimica, Via Gustavo Modena, 24 (MunaH). hamgcmmhm_c_o%
JIHNONPOTEHHOB HanboJee yao6ubl MeMOpannl Tuna «Hydro omm Hose
gel strips Chemetron No 1» To# xe UPMBL Emz@vmmz:n%xmsaom
polpenapaTHBHLIX pasfesNeHuil TOMMHHOK A0 2,5 M BhIOY:
nox HasBanueM «Cellogel blocks 6 X 17».

12.2.5. TOHKOCJIOAHBIN 3JIEKTPOPOPE3

MeToaMKa pasjeseHus] TOHKOCJOUHBIM 3JeKTpodope3oMm A,_,Oow:v
aHaJjorduHa meronuke pasgenenus TCX. [las noayueHus ..:mwmwmxm-
JIEHHOTO CJIOSL Yallle BCEr0 HCIOJIb3yeTCs TOHKOJHCIEPCHBIH CH

@

Puc. 12.7. Tlpubop AAs% TOHKOCHOHHOrO saekrpodopesa [75].

s 3 — COeMHEHHN C MJIATHHOBBIMH 3JIEKTPOAAMH, 4 v
L wl:ﬁwmww;ﬂﬂmﬁawcwwﬁwwwzﬂo nzo%,em.s,z K TOHKOMY CJIOK0; 5 — CTeKJsHHaf
L ciaoeM; 6 — 6GYyMaXHble TOKONDOBOAALIHE KOHTAKTBI, 7 -— 3JeKTPOJAHan
i ..