
6!o4-n 

;. 
•. -1 

B .H . ~oMMH~x , M . OeTp~MK 

COIG.IIII 
OGltiAIHIHHOrO 

MHCTMTJT8 
IAIPHWX 

MCCIBAOB8HMI 

AJGHa 

Ul1~POBOt1 l13MEPl1TEJib PACOPE~EJIEHl1f1 

OPrAHl1qECKl1X BEmECTB 00 BEJil1qHHE 
~,.~ l1X ~l13JIEKTPl1qECK0£1 OPOHl1UAEMOCTl1 

B OPOUECCE ~l1DKOCTHOA XPOMATOrPAtl1l1 

'f. ·, 
tl 

l 

..,~ 

~· 9, 
~q,; 

-t-



:.;_< -.'< >: '. ~·: 

r:-· 

I
; B.H., neTplloiK M. 13-80-530 
H~~6~oi:1"J.13Mept.nenb pacnpeAeneHHH opraHI14eCKI1X 

I ' v 

.,. ·"" 

le~eCTB no BeJ111411He 11X AI13JleKTPI14eCKOI1 
ipoHHLtaeMoCTI1 s' npoLtecce lK11AKOCTHOi:1 xpoMaTorpa(j)l111~ 
I. •; •' 

':blsaeTcR 113MePI1TeJ1b pacnpeAeJleHHH opraHI14eCKI1~ .· 
10 BeJ111411He 11X A113JleKTpl14eCKOH npOH11LtaeMOCTI1 B '·npo

tKOCTHOH xpoMaTorpae!>l111. B Ka4eCTBe;AeTeKTQP~ .'11t-' . 
:R MI1HI1aTtopHaR KaMepa-KOHAeHCaT·op, ~ BKitto4aekaR .,.· .. ; ·':' 
'P11LtaTe11bHOH 06DaTHOH~.c:"""'" ,rn~.,..:-;..:. _ _:..:;,. ____ h_._ " ' 

:r-·- ... ·- ·-. ' 
ICTBI1Te11; , i 1 · · ' 

:aHHpyeT; f),,_,;· 6I0/2-8I TIP • 
ta4~HI1R 1 rl-.- -ro .) pmHlHbiX B .It. 11. 
, cocTaBI '-1'"' · '· u ' . 
tHanorosi . TieTpJKMK, m • 

· UwppoBoi1 M3M/epMTeJib 
na BbtnOJ pacnpe:n;eJieHMll ••• 

13-80-530. I9ffi 
~----:---·--~-·-

e 06"beA>tHeo 

i nykh V. I, ~ . 

>igi tal D 
>ubstance' 

:hromatog'. 

igi tal de' 
t"...!:ln • t • 

,__ .. ~, " 

I', 

npH xpoMaTorpa~l14eCKOM pa3Ae11eHI1H lKHAKHX opraHH4eCKHX 

Be~eCTB, KaK npaBHJ10, HCnOJ1b3yeTCR CBOHCTBO 3J1~eHTa H3MeHRTb 

~H3H4eCKHe napaMeTp~ npH HanH4HH a HeM npHMeceH APYrHx opra

HH4ecKHx ee~eCTB. HaH6onbwaR 4YBCTBHTeJ1bHOCTb fOCTHraeTCR npH 

npHMeHeHHH onTH4eCKHX MeTOAOB AeTeKTHpoeaHHR 11 • OnpeAeneHHoe 

pacnpocTpaHeHHe n011YYH11H MeTOA~, OCHOBaHH~e Ha H3MeHeHHH AH-

3J1eKTpH4eCKOH npoHH4aeMOCTH (t) 311~eHTa. B~coKaR 4yecTeH

TenbHOCTb AeTeKTHP.OBaHHR AOCTHraeTCR npH HCnOJ1b30BaHHH pe3o-

HaHCHbiX MeTOAOB A!i', HO HX npHMeHeHHe orpaHH4HBaeTCR Y3KHM 

AHana30HOM H3MeHeHHH BeJ1H4HHbl f , 

B pa6oTe ~1 onHCbiBaeTCR AeTeKTOP, Hcnonbsy~~HH 4aCTOTHbiH 

MeToA. HsMeHeHHe AH3J1eKTPH4eCKOH npoHH4aeMOCTH 3n~eHTa e~s~

eaeT H3MeHeHHe 4aCTOTbl OC4H1111RTOpa, no BeJ1H4HHe 3TOrO H3MeHe

HHR onpeAeJ1ReTCR 3Ha4eHHe £ i. pocTHrHyTaR 4YBCTBHTeJ1bHOCTb CO-

CTaBnReT 0, 77· w-6 • B pa6oTe 
4 

onHCbiBaeTCR AeTeKTOP c ~aao-
4yBCTBHTeJ1bHbiM AeMOAY11RTOPOM H MOCTOBOH CXeMOH, KOTOPbiH no3B0-

11ReT AeTeKTHpoeaTb ee~eCTBo no H3MeHeHH~ £ c 4YBCTBHTenbHOCTb~ 

0 ,5· .lQ - 6 • 
CepHHHaR H3MepHTenbHaR annapaTypa c Hcnonb30BaHHeM yKa3aH

HbiX MeTOAOB TPYAHO BocnpoH3BOAHMa B na6opaTOpHbiX YC110BHRX H3-

3a OTCYTCTBHR cne4HaJ1bHOro o60PYAOBaHHR, C APYrOH CTOPOHbl, 

TeXHH4eCKaR JlHTepaTypa H OnHCaHHR naTeHTOB He Aa~T HC4epn~Ba~

~eH HH~OpMa4HH 0 npHMeHeHHbiX aBTOpaMH peWeHHRX /no KOHCTpyK-

4HH, TeXHOJ10rHH, HaJ1aAKe H T.A.f. 

B Hay4Ho-3KcnepHMeHTanbHOM OTAene RAePHOH cneKTpocKonHH 

H paAHOXHMHH Jla6opaTOPHH RAepHbiX npo6neM B COOTBeTCTBHH C HC

C11eAOBaHHRMH'no nporpaMMe HCHAnnffi
7

npoBOAHTCR paspa6oTKa 

paAHOXHMH4eCKHX MeTOAHK BbiAeJ1eHHR OT~OCHTeJ1bHO 11 4HCT~X11 npe

napaTOB c HcnonbaoeaHHeM IKHAKOCTHOH xpoMaTorpa~HH. B 3TOM me 

OTAene HaKonneH onpeAeneHHbiH onbiT no paapa6on<e H npHMeHeHH~ 
MeTOAOB npe4H3HOHHbiX H3MepeHHH {3- , y -H311y4eHHH C HCnOJ1b30-

BaHHeM nonynpOBOAHHKOBbiX AeTeKTOPOB H cneKTPOMeTpH4eCKOH anna

paTypbl/6/, . npeACTaBJ1RJ10 HHTepeC npHMeHHTb AJ1R peweHHR 3aAa4H 

AeTeKTHpoeaHHR IKHAKHx opraHH4eCKHX ee~ecTB no eenH4HHe AH-

311eKTPH4ecKoH npoHH4aeMOCTH, TO ecTb cnoco6bl, HCnOJ1b3yeMble 

B npe4H3HOHHOH cneKTPOMeTpHH RAePHOrO H311Y4eHHR, rAe H3Mepe

HHR C MHHHMa11bHO B03MOIKH~M OTH~fHeM WyM/CHrHaJ1 RBJlR~TCR CKO-

pee npaBHJlOM, 4eM HCKJ1~4eHHeM • 

TaK, HCn011b3YR OTHOCHTeJ1bHO AOCTynHble 6noKH cneKTPOMeTpH-

4eCKOH annapaTypbl /npeAYCHJ1HTeJ1b, 11HHeHHbiH YCHJ1HTeJ1b, aMnnH

TYAH0-.4H~POBOH npeo6paaoBaTeJ1b, reHepaTOP CTa6HJ1bHOH aMnJ1HTy

Abl/, YAanocb cosAaTb npH6op, noseonRIOUIHH AOCTH4b 4yBCTBHTenb

HOCTH B H3MepeHHH £ nopRAKa 10-? npH BpeMeHH 3KCn03H4HH 10 c~< 
Ha pHc. 1 npHBeAeHa 6noK-cxeMa AeTeKTopa AJ1R IKHAKOCTHOH 

XpOMaTorpa~HH, B KOTOpOM HCnOJ1b3yeTCR CBOHCTBO 3J1~eHTa H3-

MeHRTb AH3J1eKTPH4eCKY~ npOHHUal;lMOCTh np14. lla.AM~ B HeM npHMe-
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PHc, 1. EnoK-cxeMa YCTPOHCTea: r- reHepaTOP T04HOH 
aM'iiJiHTy,qbi j nY - 3apR,[104YBCTBHTenbHbiH' npe,qycHnHTenb 
. C KaMepoH-KOH,qeHCaTOPOMj JlY - nHHeHHbiH ycHnHTenb j 
AUn - aMnnHTYAHO-~H¢poeoH npeo6pa3oBaTenb; CyMM. -
cyMMaTop; Per.- perHcTp c eMKOCTb~ 109 ; C- c4eT4HK 
!-1Mnynbcos c eMKOCTb~ 10 5

; Jl3 - nHHHH 3a,qep>KKHj K -
Kn~4eBble cxe,...bl; UAn - ~H¢po-aHanoroBbli1 npeo6pa3oea
Tenb; H - HHAHKaTop~. 

ceH ,qpyrHx opraHH4ecKHX se~ecTB. Bxo,qHaR 4acTb ycTpoHCTBa 
COBna,qaeT C BXOAHOH 4aCTb~ cneKTPOMeTpa ,qnR H3MepeHHH aMnnH
TYAHbiX pacnpe,qeneHHH f3 -·, y -H3ny4eHHH. Bblxo,qHaR 4aCTb o6ecne-
4~BaeT npoee,qeHHe H3MepeHHH B pe>KHMe CKaHHPOBaHHR MHOrOKpaTHO 
H3MepeHHOro H ycpe,qHeHHOro 3Ha~eHHR aMnnHTYA CHrHanoB 
(Multi scaler measurements). Hccne,qyeMaR >KHAKOCTb c Bblxo,qa 
XpOMaTorpa¢H4eCKOH KOnOHKH /Ha pHCyHKe He noKa3aHa/ 4epe3 
KanHnnRpHble COe,qHHeHHR nOCTynaeT B MHHHaT~PHY~ KaMepy-KOH,qeH
caTop 06DeMOM 10 MKn, KOHCTPYKTHBHO pacnono>KeHHY~ BHYTPI-1 npe,q
ycHnHTenR 1-1 3HeKTPH4eCKH BKn~4eHHY~ B ~enb OTPH~aTenbHOH o6-
paTHOH CBR3H 3apR,q04YBCTBHTenbHOro npe,qyCHnHTenR. 

H3BeCTHO, 4To aMnnHTy,qa Bblxo,qHoro cHrHana /A/ np~-1 no,qa4e 
Ha BXOA npe,qyCHnHTenR 3apR,qa Q' CBR3aHaQC BenH4HHOH eMKOCTH 
B ~en~-1 o6paTHOH CBR3H Bblpa>KeHHeM A = -C , B CBO~ 04epe,qb 

oc 
eMKOCTb KaMepbi-KOH,qeHCaTopa npRMO nponop~HOHanbHa BenH4HHe 
AH3neKTpH4eCKOH npOHH~aeMOCTH £ 1-1, TaKHM o6pa30M, npH no
,qa4e Ha BXOA npe,qycHnHTenR noCTORHHOrO no CBOeMy 3Ha4eHH~ 3a
pR,qa aMnnHTy,qa cHrHanoe Ha BbiXo,qe 6y,qeT o6paTHO nponop~HOHanb
Ha ~enH4HHe AH3neKTPH4eCKOH npOHH~aeMOCTH >KH,[IKOCTI-1, 3anonHR~

~eH KaMepy-KOH,qeHCaTop. MaKCHManbHaR OTHOCHTenbHaR T04HOCTb 
B H3MepeHHH aMnnHTYA CHrHanoB onpe,qenReTCR MHHHManbHO AOCTH
>KHMbiM 3Ha4eHHeM cpe,qHeKBa,qpaTH4HOrO HanpR>KeHHR WYMOB · 
r;:p:- All 

V Uffi =a • MaKCHManbHO B03MO>KHOH BenH4HHOH nHHeHHO ycHnHBae-
MOro none3HOrO CHrHana 1-1 KOnH4eCTBOM H3MepeHHH B Ka>K,[IOM ~HKne. 

TaK, Hcnonb3yR 3apR,qo4yBcTBHTenbHbiH npe,qycHnHTenb c HanpR
>KeHHeM WYMOB Ha BbiXO,qe a= 65 MKB /4TO COOTBeTCTByeT 3Hepre-
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TH4eCKOMy pa3peweHH~ C Ge(Li) -,qeTeKTOPOM Ha ypoBHe 1 K3B 
np~-1 4YBCTBHTenbHOCTH npe,qycHnHTenR 150 MB/M3B/ H eenH4HHOH 
MaKCHManbHOH aMnnHTYAbl BbiXO,[IHOrO CHrHana B nHHeHHOM ,qHana30-
He- 6,5 B, non,Y.4aeM 3Ha4eHHe OTHOCHTenbHOH norpewHOCTI-1 OAHOro -5 . . 
H3MepeHHR -10 • 

5 
nocne npoee,qeHHR 10 H3MepeHHH c nocne,qy~~HM ycpe,qHeHHeM 

pe3ynbTaTa nony4aeM 3Ha4eHHe ,qoeepHTenbHoro HHTepeana e onpe
,qeneHHI-1 HCTHHHOH BenH4HHbl H3MepReMOH aMnnHTYAbl: 

0 = 2,~ a . "" 10-7 
y'lO 5 

06paTHMCR K 6noK-CXeMe ycTpOHCTBa H paCCMOTpHM, KaK peanH3Y~T
CR 3TH onepa~J-11-1, Ha BXOA npe,qycHnHTenR no,qa~TCR HMnynbCbl OT 
reHepaTopa nOCTORHHOH aMnnHTYAbl C 4aCTOTOH 10 Kr~ np~-1 BpeMeHH 
O,[IHOrO 3aMepa 10 C. nony4eHHe cpe,qHeapH¢MeTH4eCKOrO 3Ha4eHHR 
H3MepReMOH aMnnHTYAbl o6ecne4HBaeTCR cyMMaTopoM /CyMM./, pe
rHCTPOM /Per,/ eMKOCTb~ 10~ CXeMOH ynpasneHHR, COCTOR~e£1 1-13 
C4eT4HKa Ha 105 HMnynbCOB /C4/, nHHHRMH 3a,qep>KeK./Jl3/ H Kn~-
4eBbiX cxeM /K/. Pe3ynbTaT Ka>K,qoro 3aMepa Bbl,qaeTCR Ha ~1-1¢poeoe 
Ta6no /H/, npe,qyCMOTpeHa B03MO>KHOCTb BbiBO,qa HH¢opMa~HH Ha caMo
nHCe~ C npe,qeapHTenbHbiM npeo6pa3oBaHHeM ~H¢pOBbiX 3Ha4eHHH 
e aHanorosy~ ¢opMy np~-1 noMo~H ~H¢po-aHanoroeoro npeo6pa3oBaTenR 
/UAn/. 

Bo3MO>KHOCTb H3MepeHHH aMnnHTYA HMnynbCOB C yKa3aHHOH OTHO
CHTenbHOH norpeWHOCTb~ Ha nepBbiH B3rnR,q CBR3aHa C Heo6xo,qH
MOCTb~ o6ecne4eHHR BbiCOKOH TeMnepaTypHOH CTa6HnbHOCTH aHano
rOBOH 4aCTH annapaTypbl. O,qHaKo, B OTnH4He OT pe>KHMa aHanH3a 
aMnnHTYAHbiX pacnpe,qeneHHH, r',qe ¢aKTOp CTa6HnbHOCTH RBnReTCR 
o,qHHM 1-13 ycnoeH£1, onpe,qenR~~Hx pa3pewa~~Y~ cnoco6HoCTb cneKT
poMeTpa, HCnonb3yeMbiH pe>KHM CKaHHpOBaHHR cpe,qHeapH¢MeTH4eCKHX 
3Ha4eHHH 3aMepos 1-13 6onbworo 4Hcna H3MepeHH?i 3a OTHOCHTenbHO 
KOPOTKOe BpeMR /10 c/ no Cy~eCTBy CHHMaeT Tpe6oeaHHR Ha TepMO
CTaTHPOBaHHe annapaTypbl, TaK KaK ,qa>Ke 3Ha4HTenbHble aMnnHTy,q
Hble H3MeHeHHR BbiXOAHbiX Cl-1 rHanoB, o6ycnosneHHble TeMnepaTypHbiM 
pe>KHMOM, npOHCXOART 3a HHTepeanbl B 10 2

- 10 3 pa3 6onbWHe, 4eM 
H3MeHeHHR, o6ycnoeneHHble senH4HHoi1 c 3n~eHTa, npoxo,qR~ero 4e
pe3 KaMepy-KOH,qeHCaTop, B KOHe4HOM C4eTe TeMnepaTypHble H3MeHe
HHR npHBO,qRT K CMe~eHH~ nHHI-11-1, Ha KOTOPOH pacnonara~TCR nHKI-1, 
o6ycnosneHHble noRsneHHeM npHMece£1 s 3n~eHTe /pHc.2/. 0THOCH
TenbHaR T04HOCTb ,qeTeKTHpOBaHHR np!-1Mecei1 Ha BbiXO,qe XPOMaTo
rpa¢H4eCKOi1 KOnOHKH MO>KeT 6b1Tb 3Ha4HTenbHO nOBbiWeHa COOTBeT
CTBY~~HM no,q6opoM ,[IH3neKTPH4eCKOH npOHH~aeMOCTI-1 3n~eHTa np~-1 

H3BeCTHOi1 £ Bbl,qenReMbiX np!-1Mecei1. 
0nHcaHHbli1 !-13MepHTenb pacnpe,qeneHJ-111 >KH,[IKHX opraHH4eCKHX 

ee~ecTB ·no eenH4HHe HX ,qH3neKTp!-14ecKoi1 npoHH~aeMoCTH 6bln 
pa3pa6oTaH 1-1 co3,qaH'B Jla6opaTOPHH R,qepHbiX npo6neM OHRH 1-1 Hcnonb-
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ayeTCR B mHAKOCTHOH XpOMaTorpa¢HH npH 0Tpa60TKe paAHOXHMH4eCKHX 
MeTOAHK BbJAeneHHR npenapaToe. C ero noMOlJibJO enepBbJe YAanoi::b no
A06paTb COOTBeTCTBYIOlJIHH 31110eHT AI1R pa3AeJleHHH H30Mepoe ranoreH
HHTpo6eH30110B,6 Ka4eCTBe npHMepa Ha PHC,2 npHBeAeHa XPOMaTorpaM
Ma pa3Ae11eHHH ¢TOPHHTpo6eH30110B Ha XPQMaTOrpa¢H4eCKOH KOilOHKe, 
aanonHeHHOH CHilHKareneM 11MepKocop611 c HcnonbaoeaHHeM a Ka4ecTee 
31110eHTa CMeCH, COCTORlJieH H3 6eH30Jla /5%/, 3THI1a~eTaTa /1,5%/ 
H reKCaHa /93,5%/. Bel!leCTBO BBOAHilOCb B KOilOHKy nOA AaBJleHHeM 
25 aTM. 
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PHc.2; XpoMaTorpaMMa paaAeneHHH ¢TOPHHTpo6eHaonoe. 

AeTopbJ BbJpamaJOT 6naroAapHOCTb T. 6JOTTeny, Il. Bawapowy, 
~.B.Hopceeey, B.M.UynKo-CHTHHKoey, H.A.Ile6eAeBy aa noMOlJib, 
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