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ra30BaH XpOMaTOrpa$HH HBRHCTCH HaH6onee nepCllCKTHBHblM 

MCTO)lOM B ananHTH'ICCKOH XHMHH npH aHaRH3C BClUCCTB, KOTOpbiC 

MOryT 6b1Tb npeBpalUCHbl B RCTY'IHC llPO.llYKTbl, H B HaClOHUlCC 

BpcMH 6naro,llapH CBOCH BbJCOKOH 'IYBCTBHTCRbHOCTH JTOT MCTO.ll 

HaXO)lHT WHpOKOe llpHMCHCHHC .llRH Ka'ICCTBCHHOrO H KORH'ICClBCH­

HOrO ananH3a CnO)I(HbiX CHCTCM, npH6JJH)I(aiOlUHXCH K 6eCKOHC4HOMY 

pa J6asncHHIO. J1cnonb30BaHHC ra 30XpOM,aTOrpa$H4CCKOI'O MCTO)la 

)laeT B03MO)I(HOCTb H3Y'IHTb nosc.llenae H onpe)lenHTb PH.ll ¢H3HKo­

XHMH4CCKHX KOHCTaHT ananH1HpycMbiX BClUCCTB npH ManOM HX 

CO,llCp)l(aHHH, 'ITO llpC,llCTaBJJHC 1 6onbWOH HHTepec npH HCCJIC)lOBa­

HHH OpraHH'ICCKHX pa,llHOaKTHHIIbiX JRCMCHTOB, HaXO.llHlUHXCH B 

YJJbTpaMHKPOKOJJH'ICCTBax. ra 'lOBaR xpoMaTorpa¢HH BbJCTynacT 

KaK HaH6once TO'IHblH HHCTp)'MCHT npH onpc)lCRCHHH McxaHH3Ma 

pa,llHOJIH3a orpaHH'ICCKHX COCJIHIICHHH H npH H3Y4CHHH XHMH'ICCKHX 

$opM CTa6HJJH3aUHH aTOMOB, B03HHKaiOlUHX llOCJJC pa,llHOaKTHBHOrO 

pacna)la HCKOTOpbiX JJJeMCHTOB B opraHH'fCCKOH cpe,lle. MexaHH3M 

CTa6HJJH3aUHH acTaTa nocne pacna)la pa,lloHa a opranH'ICCKHx 

C1tCTCMaX .llO CHX nop H3Y4CH HC)lOCTaTO'IHO. 3TO 06'bHCHllCTCJl KaK 

TPY.llHOCTbto nony'leHHH pHJia acTaTopraHH'ICCKHX npoHJBO.llHbJX, 

TaK H OTCYTCTBHCM CBC)lCHHH 0 CBOHCTBaX JTHX COC)lHHCHHH. 

llOBC.llCHHC COC.llHHCHHH acTaTa 06bl'fHO cpaBHHBaCTCJl C COC)lHHC" 

HHHMH cro 6nH)I(aHUJHX auanoros - BO.lla H 6poMa. 

Onpt' TICJJ.JlKllUHM KpHTCpHeM npH H)lCHTH$HKaUHH BClUCCTB raJo­

xpoMaTill'pa¢H4CCKHM MCTO)lOM JlBJIHCTCJl ero BCRH'IHHa Y.llCp)I(HBa­

HHH, Ktl 1 opaH npH Bb16paHHOH TCMllepa Type H )lJIHHC KOROHKH 

B CHJibHOH CTCllCHH 3aBHCHT OT 1 CMnepaTypbl KHllCHHJl aHaRH3Hpye­

MOl 0 BClUCCTBa, •a TaK)I(C OT Jlll)la ero cjm3HI<O- XHMHtfCCKHX KOH" 

c1 anT. B pa6oTe /J/ npHBOJJHTl· x naa6onee nonnble cse)lcHHH 

0 RCJIH'IHHaX Y.llCP)I(HBaHHJI aJJKHnHO)lH)lOB Ha TpHI<pC1HJJ<floc$aTe 

npn pH,Je TcMnepaTyp xpoMalorpa$H'fCCKOH KOROHKH. BcJJH'fHHbl 
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y~ep~uaaHUR Ha ~pyrux ~U~KHX ¢a3ax ~ng HeK?:Top;•x ranoreu­
npou3BO~HbiX anKunoa npuao~RTCR a paooTax 2

- • Cne~yeT 
OTMeTUTb, 'ITO 8 JIHTepaType pe~KO BCTpe'faiOTCR CBe~eHUR ~ 
BeJJU'fUHaM y~ep~HBaHUR aJIKUJJranO~H~OB Ha ~HHOHUJI~TanaTe/4 

U COBepweHHO OTCYTCTBYIOT ~aHHble no y~ep~HBaHUIO Ha XpOMa· 
TOrpa~U'feCKUX KOJJOHKaX opraHU'feCKHX COe~HHeHHH acTaTa. 

)J,aHHaR pa6oTa noCBRIQeHa onpe~eJieHHIO OTHOCHTeJJbHbiX aenu­
'IUH y~ep~UBaHUR aJJKHaCTaTH~OB (C1 -C5 ), a TaK~e auanorU'fHbiX 
COe~UHCHUH OpoMa H HO~a Ha ~UHOHHJJ~TaJJa TC npu pa3JJU'fHbiX 
TeMnepaTypax ra3oxpoMaTorpa~uqecKoii KOJIOHKU. 

3KCnepUMeHTIIOAbHOJI 'IOCT/Ib 

npu uJy'feuuu ra3oxpoMaTorpa~uqecKoro noae~euug oprauu­
'fecxux ranoreHnpOU3BO~HbiX HeOOXO~UMO UCnOJJb30BaTb CTCK" 
JJRHHYIO 'np:apaTypy ~JIR npe~OTBpaiQeHUR pa3JJO~eHHR 3TUX coe­
~HHCHUH 1

'. B HaweM cny'fae onpe~eneHue OTHOCUTeJJbHbiX y~ep­
~uaauuii opoM, - uo~ - u acTaTaanKunoa npoao.u;unocb ua c rex­
JJRHHOM ra30BOM pa~UOXpOMaTorpa~e, onucaHHOM B paOOTC / 8< 
)J,nuHa xonouxu 2 M, BHyTpeHHUH ~UaMeTp 4 MM. B xaqecTBe 
UHepTHOro TBep~oro HOCUTeJJR UCnOJJb30BaJJCR XpOMOCOpO G/Manvilte, 
30-60 Mew./. )l(u~HaR ~a3a - ~UHOHUJJ~TaJJaT COCTaBJJRJJa 10o/o 
oT aeca TBep~oro uocuTenR. Ilepe~ no~aqeii B xpoMaTorpa~uqec­
KYIO KOJJOHKY reJJUR "BbiCOKOH 'faCTOTbi", ucnoJib3yeMoro B Ka'feCT­
Be ra3a,uocuTenR, OH ocywancR, npoxo~g qepe3 cnoii cunuxarenR. 
IJo~aqa raJa no~~ep~uaanacb nOCTORHHOH U COCTaBJIRJJa 30MJI/MUH. 
TeMnepaTypa xonoHKH no.n~ep~uaanacb c TO'fHOCTbiO ±0,1 ° C. 

Boo~ npoObi a ra30BbiH xpoMaTorpa~ npoH3BO~HJJCR npRMO 
B TBep~biH HOCHTeJJb H OObi'IHO OO'beM ee HC npeBbiWaJI 5 MKJJ. 

lfJyqaeMbie coe~HHeHHR pa~uo6po~a1 pa~uoiio~a unu acTaTa 
npHrOTOBJJRJJUCb KaK OnHCaHO 8 paOOTe 1 81 , U XUMU'feCKaR 'fUCTOTa 
nony'feHHbiX Me'feHbiX coe~uHeHHH npoaepR.JiilCb Ha ra30BOM xpo­
MaTorpa~e JIXM-7A. 

)J,eTCKTHpOBaHHe aHaJIU3HpyeMbiX COe~UHeHUH ,npOBO~HJJOCb no 
HX pa~uOaKTUBHOCTU CUHHTUJJJJRUHOHHbiM C'feT'fHKOM. IlpH 3anUCH 
xpoMaTorpaMM JIUHeHHbiM caMOnUCUeM CKOpOCTb no~a'IH JJeHTbl 
COCTaBJJJIJJa 10 MM/MUH. 

BpeMH y~ep~HBaHHR (td,) anxunranou~oa onpe.u;enRnocb u3-
MepeuueM COOTBeTCTBYIOIQCrO paCCTORHHR Ha 3anUCU xpoMaTOrpaM­
Mbl C TO'fHOCTbiO 0,5 MM. Ha BeJJU'fUHY OTHOCUTeJibHOrO y~ep~u-

. BaHHll OOJJbWOe BJIHRHilC OKa3biBaeT TO'fHOCTb 8 onpe~eJICHHU 

CB060~Horo 06'beMa KOJJOHKU /"MepTBOro" BpeMeHU/- t d , B HaWHX 
HCCJJC~OBaHURX 3Ta BCJJU'fUHa onpe~CJIHJJaCb KaK no BpeMeHU 
BbiXo~a H3 KOJJOHKU pa~UOKCeHOHa /npRMOe onpe~eJICHUC/, TaK 
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u nyTeM pac'feTa qepe3 apeMeHa y~ep~uBaHHR Tpex 7oye~eii: 

B roMonoruqecKOM pR~y HOpMaJJbHbiX rano.reuanxunoa 9 . )J,nll 
CHU~eHHll 0Wit60K B onpe~eJJeHHU CB060~HOro 06'beMa KOJIOHKU 
pac'feTHbiM MeTo~oM ucnoJJb3oaanocb nepeKpecTuoe onpe~eneuue 
npu aae~euuu a raJOBbiH xpoMaTorpa~ 4-x roMonoroa /cua'fana 
~nR nepBbiX 3- x coce~eii, 3a TeM ~nR cne~yromux 3- x coce~eii, 
/Ha'fHHaR co 2-ro H3 nepaoro onpe~eneHHR/. H3 :nux oony'feHHbiX 
aenu'IHH 6panocb cpe.II;Heapu~MeTu'feCKoe. 06bi'IHO He ua6nro~anocb 
3Ha'fUTCJJbHblX OTKJIOHeHUH 8 BCJJH'fUHe "MepTBOrO BpeMeHU" ,onpe­
~eJJeHHOrO no pa~HOKCeHOHY H pac'feTHblM MCTO~OM, n03TOMy 
~Jill nocne~yiOIQHX paC'feTOB 3TH BCJJH'fHHbl ycpe~HJIJJUCb. 

Ilpu onpe~eJJCHUU OTHOCUTeJJbHbiX y~ep~HBaHHH HCCJJC~yeMbiX 
COe~UHeHUH (r1 ) B Ka'feCTBe BHyTpeHHero CTaH~apTa HCllOJJb-
30BaJJCll uo.rufJTbiH u-6yTun. B Ta6nuuax I, II, Ill ~atoTcll 
npHBe~eHHble BpeMeHa y~ep~HBaHHR (t r ) H OTHOCHTeJJbHbJC y~cp­
~HBaHHll (r J 6poM, - iio~ - H acTaTanxunoa Ha ~uuouun~TanaTe 
npu pa3nu4R~x TeMnepaTypax xonoHKH. Ka~~aa acnH'fHHa npe~­
CTaanaeT C060H cpe~HeapH~MeTH'feCKYIO H3 He MCHec, 'I eM ~C<.: liTH 
onpe~eneHHH. 3~eCb ~e npHBO~HTCH cpe~HeKBa~paTH'fHall OWH6Ka 
(Sr) cpe~HeapU~MeTH'feCKOH BeJJH'fUHbl (t; l, Bbtpa~eHHall B npo-

•CT 
UeHTaX OT onpe~eJJBeMOH. 

Ilpu Bbipa~eHUU rpa~H'ICCKOH 3aBHCHMOCTU XO~ npliMOH Ha 
npHBO~UMbiX HaMH pUCYHKaX onpe)lCJIHJICll no MeTo~y HaHMCHbWUX 
KBa~paTOB. 

06cyJKCJeHue pe3yAI>mamoa 

Mbi nposenu cpaaueuue uaii~eHHbiX naMH y~ep~uaauuu ~JJll 

ifo)la u ?poMa ua ~HHOHUJJ~TanaTe c ~aHHblMH, yxa3aHHbiMH B 
pa6oTe/1 B BH~e 3aaucuMOCTU, npe~cTaaneuuoif ua puc. I. Ilpli­
Monuueiiur.Jif xo~ 3aBUCUMOCTU yKa:j.biBaeT Ha xopowyro xoppenlluuro 
cpaBHUBaeMbiX BCJJU'IHH, 'ITO ~aeT 803MO~HOCTb npoaepUTb ~o­
CTOBCpHOCTb HaH~CHHbiX BpCMCH y~ep~UBaHUH 6poMa U acTaTa, uc­
noJJb30BaB no~o6uoe cpasueuue /puc. 2/. Kax au~Ho U3 3Toro 
pHCYHKa, Ha6JJIO.ztaCTCll nOJJHOC COOTBeTCTBHC MC~~y ~aHHbiMU 

y~ep~uaaHHll coe~uueuuii 6poMa, ifo~a H acTaTa npu pa3JJH'fHbiX 
TeMnepalypax KOJJOHKH C BeJJH'fUHaMH y~ep~HBaHHH aHaJIOrU'fHbiX 
COCllHHCHHH HO.zta npH TCMnepaType KOJIOHKH 95 °C. 

)J,onOJJHHTeJJbHbiM ~OKaJaTCJJbCTBOM ~OCTOBCPHOCTH noJJy'fCH­
HbiX HaMH BCJJH'IHH y~ep~HBaHUll aJJKHJJraJJOH~OB HBJJliCTCll coGmo­
~eHHC npliMOJJUHCHHbiX 3aBUCHMOC1eH: fgri,CT OT 'fHCJJa yrne­
pOllHbiX aTOMOB H OT TeMnepaTyp KUneHHll ~Jill COC~UHCHUH rOMo­
JJOI"H'fCCJ<.Oro pll~a /puc. 3/ H Jg t, OT TCMnepaTypbl KOJJOHKH 
jpHC. 4/. Jlpu aHaJJH3C BCIUCCTB, OTHOCHJUHXCll K O.LIHOMy rOMOJJO· 
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raqecKOMY pB~y, Ha6JIID~aeTCB JIHHeBHaB 3MUHpHqecKaB JaBHCH• 

MOCTb JIOrapHII!MOB npHBe~eHHOrO BpeMeHH y~ep>KHBaHHB OT 

OTHOWeHHB TeMnepaTypbl KHUeHHB aHaJIHJHpyeMbiX COe~HHeHHH 

K TeMnepaType OUbiTa /! 0~KaK BH~HO HJ pHC. 5, HaWH ~aHHble He 

BbiJbiBaiDT OTKJIOHeHHB OT npBMOJIHHeHHOrO XO~a JaBHCHMOCTH 

~JIB aJIKHJiraJIOH~OB cooTBeTCTBYIDtQero roMoJiornqecKoro pB~a. 

Ha OCHOBaHHH npooe~eHHOrO aHaJIHJa MO>KHO C~eJiaTb JaKJIID• 

qeHHe, qTO Haif~eHHble HaMH JHaqeHHB OTHOCHTeJibHbiX y~ep>KHBaHHH 

opraHHqecKHx coe~HHeHHH acTaTa, iio~a H 6poMa MoryT 6b1Tb 

HCUOJibJOBaHbl Kai< ~JIB aHaJIHTHqecKHX UeJieH, Tal< H ~JIB onpe~eJie• 

HHB HeKOTOpbiX II!HJHI<O·XHMHqecKHX xapaJ<TepHCTHK 3THX COe~H· 

HeHHH. 
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00 

Qraocarea•BOI JAip&IB&III (17 ,cr) aaa&IIOABAOI 

J[aaa &O.IOIIU: 2 Jl raa-aocarea•: read 
BHyrpeaaaj AJiaJIIIp IO.IOB&JI! ~ J1J1 

bep.uli aocaran: Ipo110copo Cr (f'1,_v.·CC, J0-60 ••) 
C&opocr• raaa-aocarea.a: 30 M.l/aaa 
.IJII)'rp .. ll cua.u.pr: IO,IIICI~ 1-CI)'IU 

....... cpua• I(). AIUIO~I . 
!elliepal')'p& &O.IOIIU °C: 95 I05 115 

IlpUQIIIBOI lp8111 t: 16,53 12,37 i 9,37I 
JAIJIPIUU cnuapra (MD) 

J eouueue fi ,cr 
~·/()() t,. t: .I ,Sp ·ICC t,. 

l.cr 
.s- J. Cr _!:- ·tc~ 1 lUI ll,rr ,cr I n ..... rt. U' I 

(1.) (ua) (J) (oa) ~) (ua) 

I. IOAICIIII JIIIU 0,092 2,2 I,52I 0110 1,8' ' I,398 0,121 1,7 1,0~ 

2, IOAICIIII UU 0,208 1,0 31 AI38 0,226 0,9 I "2,796 0,21t6 0,8 2,305 
), 1-IOA-DPOIIU O,AI67 o.~ 7,720 0,11801 01 /f 5,938 O,'Xfl 01 /f 4,751 
If, 1-IOJ!-CI)'IU 1,000' 16,53 I,OOO I2,37 I,OOO 9,37I 
5, I-IOJ!-DIIIU 212AI7 : 0,1 37,1~ 2,101!: 0,4 a6,oo 2,05 q1 19,58 
6. 2-IOJ!-DpoJIU 0,319: 0,6 i 5,273 01 D/f

1 
0,6 Al1 132 o,J5l I 0,6 3,308 

7, 2-IOA-OJIU ~ 
0,728; 5,5 ! 12,03 0,730 5,1 ! 9,030 o,m

1 
~.9 6,925 

I : 
8, 2-IOA-DIBIU 1,~79 0,2 ; 21f,lf5 11 1f32 0,2 ' 17,71 1,398 i 0,2 13,10 
9 • 1-IOA-2-JIIIU-Dpollall o, 7!10 i 5,7 l D 1 06 0,80I O,A! I 9,!.108 0,800: o.~ r·~!il7 

10. 2-IOJt-3-JietU-CI)'IU ! 1,65!.1 i 0,!1 I Z7,1f2 1,537/ 0,3 I 19,01 1,AI8I I 0,2 13,88 

' i 

Ouocareauoe )'J!Ip1IDUie (/'; ,cr) &UU&Cr&rii.IOI 

.lllllla 10.101.111 2 Jl 

Bll)'rptull .IIIUirp IO.IOI&JI: 4 Jill 

beplll IOCIIIAI lpOJIOCOpCI ~ (lf-.,;k< :Jo-60 Jl .. ) 

lb&u lj!Ua: I~ AIIOIJI.IIlll&l&l 

1'uaeparypa xo.aoua 0c: 95 

DpDIAIIIOI IPIM8 16,53 JAIIJSDUU crauapra 

J Coua••••• .5~ t~ lUI -·IDD ; ,cr r:.... . 

I. acrar1cr~ ••ru 0,170: 
2. acraucrlllll 111.1 

... 
j 0,)65 I 

3. 1-acrar-apouaa 1 o,791: O,AI 
4. 1-acrar-oyru i 1,701. 0,3 
5. 1-acrar-aelr&H I 3,635: 0,2 160,09 
6. 2-acrar-apoJIU I o,566: 1,8 :9,356 
7. 2-acrar-O)'raa 1,w

1 
),If lao,22 

8. 2-acrar-aearaa 2,1f7I: 0,5 ,.0,85 
9. I-acrar-2Jieru-apogaa 1,365 i 2,6 i22,56 

10. 1-acrar-3-Meru-OJraa 2,771+; 0,6 llf5,85 
I I 

I 

raa-aocartA: read 
C&opocr• raaa-aocueaa: 30 U/JIII 
JIQip ... ll CUII.UoPII IOJ!ICIIII 1-CIJIU 

105 115 

12,37 9,371 

·- . S;r t,. ' S;: 
f{,cr t,. lf'i ,cr -·1~ -·!OiJ 

:1'!. ... '7," 
I '• 

0,195 2,A!I2• 9,1 
1 o,.396: jA1,899 ' 0,7 
i 0,821• '10,16 ! 0,3 I 1,673 :20 70 I 0,3 

' ' . 
' 3,416 42 261 0,7 

' ' I 0,575 :7,10 0,3 
1,1518 :14,82, 3,2 
2,328 0,2 '28,80 j 2,268 0,3 21,25 
1,289 o,~ 15,!151 1,290 0,3 12,0!1 
2,1f19 0,6 2!.1,921 4!,420 11 0 22,68 
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0.5 

0 

-o.5 

-1.0 

-1.5 

log rl,cm(2) 

2 

log 'l,olll(l) L....----.---:r---
-0.5 0 0.5 

Puc. l. Cpaoueuue oTHOCUTenbHbiX y,!lep>Kuoauuii ant<un6poMH.!lOB 
/nHHHJI 1/ U anJ<UJJHO,!lH,IlOB /nUHHJI 2/, Haii.!leHHbiXHaMH- 1gr1,cT(2'• 
C OTHOCUTeJJbHbiMH y,llep)J(HBaHUJIMH aJJJ<HJJHO.!lUAOB, npe,!lCTaBneHHbr'X 

B pa6oTe KacTennoVIL tii-1, cT(l) • 

10 

''!,·~· 
:~ 
~~ 
·.~{' 

! 
~ 1.5 

i 
I 1.0 

~ 

I 0.5 

I 
-0.5 

logt, 

c,J c2J .. c,J ..c4J ..c1J 

0.5 1.0 .:s 

' l 

lag lr (n-RJ,95") 

.IIOI"A ........ BPE- 'IIIIEPX_,. A.nKMJIMOIIIWll 

Puc. 2.Cpaoueuue npuoe,!leHHbiX opeMeH y,!lep>KHBaHH.JJ. aJJI<Hn6po­
MH.!lOB - HO,l\H,!lOB H - aCTaTH,!lOB, Hafi,!leHHbiX OpH pa3JJH'IHbiX 
TeMrrepa Typax raJoxpoMa TorpacllH'Ieci<oii I<OJJOHI<H, c rrpaoe,!leHHbiMH 
BpeMeHaMH y,!lep>KHBaHH.JI COOTBeTCTBYIO~HX DO pa,!lHKaJJaM aJJI<HJJ· 
HO,!lH.!lOB, orrpe,l\eJJeHHbiX IIPH TeMrrepaType I<OJJOHI<U 95 °C.t)An­
I<HJJ6pOMH,!lbl: rrpa 115 °C - JJHHH.JJ. l, rrpa 105° C - 2; npa 95°C - 3; 
eaJJI<HJJHO,!lH,!lbl: rrpH ll5°C - 4; IIPH l05°C - 5;0 aJJI<HJJacTaTH,!lbJ: 
rrpH ll5°C - 6; rrpu l05°C - 7; rrpH 95°C - 8. 
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PRe. 3. 3aBReRMOeTb norapR$Ma OTHOeRTenbHOrO y~ep~RBaHRR 
anKRnranoreHH~OB OT 'IRena yrnepo~HblX aTOMOB R RX TeMnepaTy­
pbl KRUeHRR. I H·anKRnaeTaTR.llbl; 2 H-anKRllRO~R~bl; 3 H·anKRn-
6pOMR.llbl. 
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PRe. 4. 3asRCRMOCTb norapR$M'a npRse~eHHoro speMeHR y~ep­
~RBaHRH H-anKRnranoreHR~OB OT TeMnepaTypbi ra3oxpoMaTorpa­
$R'IecKoii KonoHKR: I. 6poMRCTblH 3TRn; 2. acTaTRCTbiH MeTRn; 
3. RO~RCTbiH 3TRn; 4. aCTaTRCTbiH 3TRn; 5. 1-6poM6yTaH; 6. 1-ac­
TaTnponaH; 7. 1-Ro~6yTaH; 8. 1-acTaT6yTaH; 9. 1-acTaTneHTaH. 
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Puc. 5. 3aBHCHMOCTb norapH~MOB npHse~eHHoro speMeHH y~ep­
*HBaHHA OT OTHOWeHHA TeMnepaTypM KHDeHHA aJJKHJJranoreHHnOB 
K TeMnepaType KOJJOHKH. B roMonorH'feCKHX pA~ax: I. I -6poMani<a­
H.LI; 2. 2 - 6poMaJJKaHMj 3. 2 - HO~aJJKaHM; 4. 2 - HOnaJJI<aHM. 
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