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COCTAB H XPOMATOI'PAcI>HqECKOE 
lIOBE,z:t;EHHE BAHA,z:t;HJIUOPCl>HPHHOB 
,z:t;HKTHOHEMOBOI'O I'OPIOqErO CJIAHU,A 

IIopq>HpHHOBble coe,n;HHeHH.H 0'leHb IIIHp0K0 pacITp0CTpaHeHbl B 6Hocq>epe 

3eMJIH. OHH ITpHCYTCTBYIOT H B oca,n;O'IHOH TOJim;e, r,n;e o6HapymeHbl Ha 

pa3JIH'IHOH rny6HHe KaK B C0BpeMeHHblX, TaK H B ,n;peBHHX 0TJiomeHH.HX. 

IIopq>HpHHbl BCTpe11aIOTC.H B pacceaHHblX pa3H0CT.HX opraHH'leCK0ro Bem;e

CTBa oca,n;0'IHblX IT0po,n;, Heq>T.HX, ropIO'IHX CJiaHu;ax, yrne. OcHOBHa.H Mac

Ga ITOpq>HpHHOBblX coe,n;HHeHHH, ITpHCYTCTBYIOlll;HX B ,n;peBHHX re0JI0rH'le

CKHX 0TJiomeHH.HX, rrpe,n;cTaBJieHa K0MITJieKcaMH C HHKeJieM H BaHa,D;HJI0M 

(ITocne,n;HHe 06bl11Ho ITpeo6na,n;a10T). 

IlpH HCCJie,n;oBaHHH BaHa,D;HJIITOpq>HpHHOB, co,n;epmam;HXC.H B pa3JIH'IHblX 

Heq>T.HX, MeTo,n;aMH 3JieKTPOHHOH CITeKTp0CK0ITHH, MaCC-CITeKTp0MeTpHH 

HH3K0ro paapemeHH.H H aHaJIHTH'leCKOH TOHKOCJIOHHOH xpoMaTOrpaq>HH 

(TCX) ycTaH0BJieHo, 'IT0 Heq>T.HHble BaHa,D;HJIITOpq>HpHHbl ITpe,n;cTaBJI.HIOT 

co6oii CJI0mH.yIO CMeCb coe,n;HHeHHH, 0TH0C.Hlll;HXC.H, B 0CH0BH0M, K ,D;BYM 

roMonorH11ecKHM p.11,n;aM (1-3]. Ilopq>HpHHbl p.11,n;a M (pHc. 1, a) .HBJI.HIOT

C.H aJIKHJI3aMem;eHHblMH coe,n;HHeHH.HMH THITa 3THOITOpq>HpHHa C pa3JIH'I

HbIM K0JIH'leCTB0M yrJiep0,ll;HblX a T0M0B B 6oKOBblX aJIKHJibHblX u;eIT.HX. 

fOMOJIOrH cepHH M-2 0TJIH'laIOTC.H TeM, 'IT0 co,n;epmaT ,ll;0IT0JIHHTeJibH0e 

I.l;HKJI0ITeHTaH0B0e K0Jibl.l;0 (pHC. 1, 6) [ 4]. XapaKTepHa.H oco6eHHOCTb Heq>

T.HHblX ITOpq>HpHHOB - IllHp0K0e M0JieKyJI.HpH0-MaCC0B0e pacITpe,n;eJieHHe. 

KoJIH'leCTBO MeTHJieHOBblX rpyITIT B 60KOBblX aaMeCTHTeJI.HX ITOpq>HHHOro 

D;HKJia B ITpe,n;enax p.11,n;a M MemrnTc.H OT 6 ,n;o 25, p.11,n;a M- 2 - OT 9 
,n;o 25 H 6onee (1-3]. 
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R2' R1 R1 CTPYKT)'pa nop~HpHHOB cepHii M (a) 
H M-2 (6). R - aJIKHJibHhlii 

R, Re R, aaMeCTHTeJib 

BaHa,D;HJIITOpq>HpHHbl liMeIOT xapaKTepHbIH ,D;BYXITOJIOCHblH CITeKTP ITO

rnom;eHH.H B BH,D;HMOH o6nacTH (pHc. 2). Coe,n;HHeHH.H cepHii M H M-2 
OTJIH'laIOTC.H ITO OTHOCHTeJibHOH HHTeHCHBHOCTH ITOJIOC nornom;eHH.H: ,ll;JI.H 

cepHH M BeJIH'IHHa COOTHOIIIeHH.H a/(3 ITpH6JIH3HTeJibHO paBHa 1,7, ,ll;JI.H 

· cepHH M-2 - 1,4. IlpH xpoMaTorpaq>HpOBaHHH Ha CHJIHKareJie Heq>T.H

Hble BaHa,D;HJIIlOpq>HpHHbl ITP0.HBJI.HIOTC.H B BH,D;e ,ll;HCKpeTHbIX BblT.HHYTblX 

11.HTeH. YBeJIH'leHHe xpoMaTorpaq>H'leCKOH ITO,ll;BHmH0CTH ITPOHCXO,ll;HT ITO 

Mepe yBeJIH'leHH.H cpe,n;Heii MOJieKyJIHpHOH MaCCbl roMOJI0r0B Heq>T.HHblX 

ITOpq>HpHHOB, K0JIH'leCTBO coe,n;HHeHHH cepHH M-2 yMeHbIIIaeTC.H. 
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IIopq>HpHHOBble coeµ;HHeHHH 6HTYMHH03HbIX KOMilOHeHTOB ropIO'IHX 

CJiaHJ:~eB 6JIH3KH no COCTaBy K Heq>THHbIM nopq>HpHHaM. C IlOMOIIJ;bIO 

aJieKTpOHHOH cneKTpOCKOilHH ycTaHOBJieHO, 'ITO B ropIO'IHX CJiaHu;ax, TaK 

:me, KaK H B Heq>THX, nopq>HpHHbl npeµ;cTaBJieHbl HHKeJieBbIMH H BaHa,ll;H

JIOBbIMH KOMilJieKCaMH [5, 6], HO, B OTJIH'!He OT Heq>TeH, B CJiaHu;ax 

HMeIOTCH H CB060,ll;Hble nopq>HpHHOBble OCHOBaHHH. IIo µ;aHHbIM Macc

cneKTPOMeTpHH, nopq>HpHHbl CJiaHu;eB, KaK H nopq>HpHHbl Heq>TeH, coµ;ep

:ma T coe,ll;HHeHHH cepHH M H M - 2, HO C 6oJiee y3KHM, '!eM y nopq>HpHHOB 

Heq>TeH, MOJieKyJIHpHO-MaCCOBbIM pacnpeµ;eJieHHeM [6] • . 

B HaCTOHrn;eii pa6oTe HCCJie,ll;OBaHO xpoMaTorpaq>H'!eCKOe IlOBeµ;eHHe Ba

Ha,ll;HJIIlOpq>HpHHOB 3CTOHCKoro ,ll;HKTHOHeMOBoro CJiaHu;a. 

0 a: 

500 600 
A, HM 

PHc. 2 
3JieKTpOHHbIH crreKTP 

BaHa~HJIIlOp~HpHHOB 

BaHa,ll;HJinopq>HpHHbl Bbl,ll;eJIHJIH H3 CMeCH CilHpTo6eH30JibHOro H XJIOpo

q>OpMHOro 3KCTpaKTOB 6HTYMOH,ll;OB CTyneH'IaTbIM aJIIOHpOBaHHeM: BHa'Ia

Jie Ha µ;eaaKTHBHpoBaHHOM 13,4% BO,ll;bl CHJIHKareJie MapKH KCK, aaTeM 

xpoMaTorpaqmpoBaHHeM q>paKI.J;HH, coµ;ep:marn;Hx BaHaµ;HJinopq>HpHHbI, Ha 

OKHCH aJIIOMHHHH, µ;eaaKTHBHpoBaHHOH 4% BO,ll;bl. IIpHCYTCTBHe BaHa,ll;HJI

rropq>HpHHOB B xpoMaTorpaq>H'!eCKHX q>paKI.J;HHX ycTaHaBJIHBaJIH crreKTpo

q>OTOMeTpH'IeCKH - ITO IIOHBJieHHIO B crreKTpe xapaKTepHOH ,ll;JIH BaHa

,ll;HJIIIOpq>HpHHOB IIOJIOCbl norJiorn;eHHH rrpH 570 HM. 

Ha CHJIHKareJie BaHa,ll;HJIIIOpq>HpHHbl o6Hapy:meHbl BO q>paKI.J;HHX, µ;ecop-

6HpyeMbIX paCTBOpHTeJieM C 3JIIOHpyrorn;eii CHJIOH e0 OT 0,2 ,ll;O 0,5. Coµ;ep

:maHHe BaHa,ll;HJIIIOpq>HpHHOB MaKCHMaJibHO BO q>paKI.J;HH, BbIMbIBaeMOH 

3JIIOeHTOM C e0
, paBHOH 0,3. Bo q>paKI.J;HH, 3JIIOHpyeMOH 6HHapHbIM pacTBO

pHTeJieM c e0
, paBHOH 0,5, rrpHCYTCTBOBaJIH CJie,ll;OBble KOJIH'!eCTBa BaHa

,ll;HJIIIOpq>HpHHOB, a B IIOCJie~yrorn;HX q>paKI.J;HHX ( e0 OT 0,6 ,ll;O 0,9) rropq>H

pHHbl rrpeµ;cTaBJieHbl CB060,ll;HblMH OCHOBaHHHMH. IIpH xpoMaTorpaq>Hpo

BaHHH BaHa,ll;HJIIIOpq>HpHHOB Ha OKHCH aJIIOMHHHH 3TH coeµ;HHeHHH rrpH

cyTCTBOBaJIH BO q>paKI.J;HHX, µ;ecop6HpyeMblX pacTBOpHTeJIHMH c e0 
OT 0,2 

,ll;O 0,4. ,ZJ;aJibHeiiwaH O'IHCTKa H paaµ;eJieHHe BaHa,ll;HJIIIOpq>HpHHOB ocy

rn;ecTBJIHJIHCb MeTO,ll;OM TCX Ha IIJiaCTHHKaX CHJIYq>OJI (aJIIOeHT - 6eH-

30JI) H aaTeM BbICOK03q>q>eKTHBHOH :>KH,ll;KOCTHOH xpoMaTorpaq>HeH 

(B:3,KX). AHaJIH3 H paaµ;eJieHHe BaHa,ll;HJirropq>HpHHOB MeTO,ll;OM B:3,KX 

rrpoBO,ll;HJIH Ha xpoMaTorpaq>e L 4000 W q>HpMbl •.HHaKO» (.HrrOHHH) c 

Y<l>-µ;eTeKTopoM npH 570 HM Ha KOJIOHKe c o6parn;eHHOH q>aaoii (ODS-T) 

250X4 MM. 

MoJieKy JIHpHbIH COCTaB BaHa,ll;HJIIIOpq>HpHHOB HCCJie,ll;OBaJIH MeTO,ll;OM 

Macc-crreKTpoMeTpHH HH3Koro paapeweHHH Ha Macc-crreKTpoMeTpe 

MAT-311 •BapHaH» (aHeprHH HOHH3Hpyrorn;Hx aJieKTpOHOB 70 aB, TeMrre

paTypa HcrrapeHHH o6paau;a 225° C). 

ToHKOCJIOHHaH xpoMaTorpaq>HH '!eTKO paaµ;eJIHeT KOHI.J;eHTpaT BaHa,ll;HJI 

rropq>HpHHOB Ha µ;Be OCHOBHble 30Hbl (Ha pHC. 3, a - 1 H 2). 3TH 30Hbl 
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(B ,n;aJibHeihneM 6y,n;eM Ha3hlBaTb 1:1x <ppaKu;HHMH TCX 1 1:1 2) 6hlJIH co6-

paHbI ll npoaHaJIH3HpOBaHhl MeTo,n;aMH 3JieKTpOHHOH cneKTpOCKOnHH, 

MaCc-cneKTpOMeTpllll ll B3:)I-CX. 3JieKTpOHHaH cneKTpOCK0nllSI He BblSIBHJia 

KaKHX-Jil:160 pa3JIH"'IHH B cneKTpax 3TllX <ppaKll;llH: B o60HX CJiytJ:aSIX Ha-

6mo,n;aeTCSI ,n;ByxnoJIOCHbIH cneKTp norJIOIIJ;eHHSI B BH,Zl;HMOH o6JiaCTH c 

COOTHOIIIeHHeM llHTeHCHBHOCTeH nOJIOC norJIOIIJ;eHHSI a / ~ 1,50. B3:)I-CX 

(p1:1c. 3, 6, 6) n03BOJIHJia ycTaHOBllTb, 'ITO, Bo-nepBbIX, nop<pHpllHbl o6eHX 

30H npe,n;cTaBJISllOT co6o:u MHOrOKOMnOHeHTHbie CMeCH, ll BO-BTOphlX, nop

<pllpllHbl, CllJibHee y,n;epmHBaeMbie CllJIHKareJieM, CJia6ee y,n;epmHBalOTCSI 

o6paxu;eHHOH <paao:u. 

0 

0 10 20 30 40 
,:,MUH 

PHc. 3 
XpoMaTorpaMMa TCX Kottr_eHTpa
Ta BaHa,n;HJIIIOpqmpHHOB (a): 
J H 2 - 30Hbl (cppaKll;HH) 1 H 2, 
3Il - BaHa,!l;HJIOBbIH KOMIIJieKC 
3THOIIOpcpHpHHa; xpoMa TOrpaMMhl 
B:3:>KX cppaKu;Hii TCX 1 (6) 
H 2 (6) 

,[I;m:I BbISIBJieHHSI OCHOBHblX aaKOHOMepHOCTeH noBe,n;eHHSI nop<pllpHHO

BbIX coe,n;HHeHHH npH xpoMa TOrpa<pllpOBaHllll 6hlJI ll3Y'!eH nopSI,D;OK BblXO

,n;a pSI,n;a CllHTeTH'!eCKllX BaHa,n;HJinop<pHpllHOB. 

KaK Bll,Zl;HO H3 Ta6JI. 1, HaHMeHblllllM BpeMeHeM y ,n;epmHBaHHSI Ha 

ODS-T o6Jia,i];aeT ,n;1:1MeTHJIOBhlii 3<pHp ,n;e:uTeponop<p1:1p1:1Ha. B TO me BpeMSI 

3TO coe,n;HHeHHe Ha1:160Jiee npO'IHO cop61:1pyeTCSI CllJIHKareJieM, 'ITO CBSI3aHO 

C npHCYTCTBHeM B HeM KllCJiopo,n;co,n;epmaiu;HX rpynnllpOB0K. ,[I;JISI aJIKllJI-

3aMexu;eHHbIX nop<pHpllHOB 2-4 BpeMSI y,n;epmHBaHHSI yBeJIH'lll'BaeTCSI C 

pOCTOM CYMMhI yrJiepo,n;HbIX aTOMOB B 60KOBbIX aJIKllJihHhlX u;enHx, T. e. 

no Mepe yBeJIH'leHHSI aJIH<pa TH'!eCKOro o6paMJieHHSI nop<p_HHHOro u;HKJia. 

Ilpll xpoMa TOrpa<p1:1poBaHHll 3TllX coe,n;HHeHHH Ha nOJISipHOM cop6eHTe 

Ha6Jiro,n;aeTCSI o6paTHaSI KapTHHa. B TO me BpeMSI nop<pHpHHbI 2 1:1 5, 
HMeroxu;He B o6paMJieHHll O,Zl;HHaKOBOe KOJIH'leCTBO MeTHJieHOBbIX rpynn, 

B 3Ha 'IHTeJibHOH CTeneHH pa3JIH'laIOTCSI xpoMa Torpa<pH'leCKllM noBe,n;e

HlleM, npH'leM, KaK Ha ODS, TaK 1:1 Ha CHJIHKareJie B 6oJibrneii: cTeneHH 

y,n;epmHBaeTCSI coe,n;HHeHHe TOJibK0 C MeTHJibHbIM OKpyJKeHHeM nop<pllH

HOro IJ;llKJia. 

TaKHM o6pa30M, He TOJibKO aJIH<paTH'IHOCTb coe,n;HHeHHSI H HaJIH'llle 

B HeM Q)YHKIJ;HOHaJibHhlX rpynnllpOBOK, HO ll pa3Mep H pacnpe,n;eJieHHe 

aJIKllJibHbIX u;ene:u no KOJibIJ;Y nop<pHpHHa onpe,n;eJISIIOT rropH,n;OK BbIXO,n;a 

llX rrpll HOpMaJibHOH H o6paxu;eHHO-<pa30BOH xpoMa Torpa<pllll. 

Macc-cneKTpOMeTpH'leCKOe llCCJie,n;oBaHHe yKa3aHHbIX 30H nop<pllpllHOB 

CJiaHu;a n03B0JillJIO 1:1,n;eHTllQ)llll;llpOBaTb coe,n;HHeHHSI MeHee noJIHpHOH 

<ppaKu;1:11:1 KaK roMoJior:v. CTPYKTYP M 1:1 M-2 (p1:1c. 1) c npeo6Jia,n;aHHeM 

nop<pHpHHOB cep1:11:1 M-2 (p1:1c. 4). IIop<pHpHHhl noJIHpHOH <ppaKu;1:11:1 

HMeIOT 61:1Mo,n;aJibHOe M0JieKy JISipHO-MaCCOBOe pacnpe,n;eJieHHe. B Hll3KOMO

JieKy JISipHOH '!aCTll cneKTpa 0Hll npe,n;cTaBJieHbI cepHSIMll M ll M - 2, a 

B BhlCOKOMOJieKyJISipHOH - M 1:1 M+2. Ilo COBOKynHOCTH ,n;aHHbIX xpoMa

TOrpa<pH'lec1wro ll Macc-cneKTPOMeTpH'IeCKOrO llCCJie,n;oBaHHH, MOmHO 

npe,n;JiomHTb ,Zl;JISI 3TllX coe,n;HHeHHH CTPYKTypbI, npHBe,n;eHHbie Ha pHC. 1, 
r,n;e Ha MecTe O,Zl;HOH H3 aJIKllJibHhlX u;eneii: npHCYTCTByeT CJIOmH03<pllpHaSI 

rpynnHpOBKa. HaJIH'IHe B Macc-cneKTpe nHK0B Hll3KOM0JieKy JISipHhlX ce

pllH M H M - 2 MomeT 6bITh o6ycJIOBJieHO ,n;eKap6oKCHJillpOBaHHeM 3THX 

coe,n;HHeHHH npll 3JieKTPOHHOM y,n;ape. 
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~ Ta6J1,u140, 1 ~ ... 
llapaMeTpbl y.D;epatHBaHHJI BaHa.D;HJIOBblX KOMnJieKCOB nopcl>HpHHOB Ha KOJIOHKe C ODS-T 
npH aJIIOHpOBaHHH 5o/o-HblM paCTBOpOM XJIOpocpopMa B MeTaHOJie H ' Ha CHJiycpoJie (aJIIOOHT - 6eH30JI-XJIOpo4>opM 1 : 1) 

Coe,11HHeHHe (HOMep) AJIKHJlbHhIH aaMecTHTeJih R C* B8:IKX, TCX, 
BpeMJI R, 

R1 R.2 R3 R4 R 5 RB . R 1 R s y,11epmH-
BaHHJI, 
MHH 

,ll;HMeTHJIOBhIH aqmp 
,11eii:Teponopq>HpHHa ' (l) CH2COOCH3 CH3 CH3 H H CH3 CH3 CH2COOCH3 5,2 0,03 
,ll;H3THJI-TeTpaMeTHJI-
nopqmpHH (2) H CH3 CH3 C2H 5 C2H 5 CH3 CH3 H 8 12,8 0,51 
8THOilOpq>HpHH (3) C2H 5 CH3 C2H 5 CH3 CH3 C2H 5 CH3 C2H 5 12 13,8 0,70 
OKTanponHJIIlOpq>HH (4) C3H 1 C3H 1 C3H1 C3H 7 C3H1 C3H1 C3H1 C3H1 24 18,0 0,87 
OKTaMeTHJIIlOpq>HH (5) CH3 CH3 CH3 CH3 CH3· CH3 CH3 CH3 8 35,2 0,44 

* CyMMapHoe K0JIH'leCTB0 aT0M0B yrJiepo,11a B 60KOBhIX aJIKHJihHhIX ~enJIX. 
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Puc. 4 
Macc-cneKTphl cppaK~HH TCX: 
a - cppaK~HH 1, 6 - cppaK
~HH 2. YCJIOBHhle o603Ha'leHHH: 
CilJIOIDHaH JIHHHH - pa,z:,; M, 
nyHKTHpHaH JIHHHH - pa,z:,; M-2, 
TO'IKH u THpe - pa,z:,; M+2 

IIpenapaTHBHO co6paHHble 30Hbl BaHa,z:,;mmop<}mpHHOB 6blJIH no,z:,;Bepr
HYTbl ,z:,;aJibHeiiweMy paa,z:,;eJieHHIO cHa11aJia MeTo,z:,;oM TCX Ha CHJiyq>oJie, 
aaTeM B8JKX Ha KOJIOHKe c ODS-T. B peayJihTare paa,z:,;eJieHH.11 rropqmpH
HOB MeTO,ll;OM TCX 6blJIO noJiy'leHO 5 cppaKD;HH, OTJIH'laIOrn;HXC.11 no OTHO
CHTeJibHOH HHTeHCHBHOCTH noJIOC norJiorn;eHH.11 (Ta6JI. 2). IIepBa.11, HaHMe
Hee IIOJI.llpHa.11' cppaKD;H.11, no ,z:,;aHHblM B8JKX, co,z:,;epmHT KaK MHHHMYM 
11eTblpe coe,z:,;HHeHH.lt (pHc. 5) C 6oJiee BblCOKHM, 11eM y KOHD;eHTpaTa, OTHO
meHHeM noJioc norJiorn;eHH.11 a/ ft IIperrapaTHBHOe paa,z:,;eJieHHe aToii cppaK
D;HH MeTo,z:,;oM B8JKX H nocJie,z:,;y10w;Hii Macc-cneKTPOMeTpH11ecKHH aHaJIH3 
KOMnOHeHTOB xpoMaTorpaq>H'leCKHX nHKOB nO3BOJIHJIH H,ll;eHTHq>HD;Hpo

Ba Tb HX COCTaB. 

CocTaB H x poMaTorpacpH'leCIWe IlOBe,ll;eHHe BaHa,ll;HJIIlOpcpHpHHOB 
Ta6J1,uu,a 2 

<l>paKl.,\IUI R 1 Ha H/ j1 B peMH M acca Cep,rn C* 
CHJiyq>oJie y,n;ep :ao1-

BaHHS! Ha 
ODS-T, 
MHH 

1 0,67 1,70 12,2 51 5 M 10 
16,6 529 M 11 
25,6 555 M - 2 13 

2 0,62 1,46 11,0 487 M 8 
15,0 501 M 9 
20,8 515 M 10 
24,8 541 M - 2 12 

3 0,56 1,40 13,8 473 M 7 
l8,8 487 M 8 
24,0 513 M - 2 10 
31,8 527 M - 2 11 

4 0,31 1,78 7,0-8,5 573- 601 M+2 
43,2 513 M - 2 10 

5 0 ,26 1,50 9,0-13,0 571-627 M 

* KoJIH'IeCTBO y r nepo,D;Hb!X aT0M0B B 6oKOBblX aJIKHJibHblX o;ensix. 

TaK, nepBOMY nHKY co BpeMeHeM y,z:,;epmHBaHH.11 12,2 MHH COOTBeTCT
ByeT nopq>HpHH c Maccoii 515, T. e. coe,z:,;HHeHHe cepHH M (pHC. 1, a) 
c 10 MeTHJieHOBblMH rpynnaMH B 6oKOBblX aJIKHJibHbIX u;en.11x, Ha 
16,6 MHH y,z:,;epmHBaeTc.11 coe,z:,;HHeHHe p.11,z:,;a M c 11 aroMaMH yrJiepo,z:,;a 
B 6oKOBblX u;en.11x, a Ha 25,6 MHH - nopq>HpHH C H30D;HKJIH'leCKHM KOJib
D;OM (p.11,z:,; M - 2, pHc. 1, 6) c 13 CHr rpynnaMH B o6paMJieHHH nopq>HH
Horo D;HKJia. 

KaK BH,ll;HO Ha Ta6JI. 2, rrpH paa,z:,;eJieHHH nopcpHpHHOB MeTo,z:,;oM TCX 
Ha CHJiyq>oJie rrpOHCXO,ll;HT 'laCTH'IHOe cppaKD;HOHHpOBaHHe HX no MaccaM 
H cepH.IIM. KpoMe Toro, paap;eJI.IIIOTC.11 H30Mepb1 C O,ll;HHaKOBOH Maccoii. 
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PHC. 6 
3aBHCHMOCTb BpeMeHH y,n;epJKHBa

HHSI BaHa,D;HJIIlOpqmpHHOB OT KOJIH

'IeCTBa aTOMOB yrJiepo,n;a B 60KO

BbIX u;enSIX. YcJIOBHhle o6oaHa'!e

HHSI: KPYJKO'IKH - cepHSI M, 
KpeCTHKH - cepHSI M - 2 

PHc. 5 
XpoMaTorpaMMhI B9iKX cppaKu;Hii: 

BaHa,D;HJIIlOpq>HpHHOB: 

1-5 - HOMepa cppaKD;HH 

TaK, nopqmpHH c MaCCOH 515 npHCYTCTByeT KaK BO cppaKD;HH 1, TaK 

H BO cppaKD;HH 2, npH'leM coe.ii;HHeHHe, HMeIOm;ee 6oJibIIIYIO nO,IJ;BH:iKHOCTb 

Ha CHJIHKareJie, cJia6ee y.ii;ep:>KHBaeTC.H H Ha o6pam;eHHOH cpaae. To :>Ke 

Ha6JII0,1J;aeTCS:l y nopq>HpHHOB C MaccaMH 487 H 513. TaKHM o6pa30M, 

npHMeHemi:e B3:>KX Ha KOJIOHKe c o6pam;eHHOH cpaaoii o6ecne'lHBaeT paa

.ii;eJieHHe CMeCH Ha HH,IJ;HBH,IJ;YaJibHbie KOMnoHeHThl. 

Hay'leHHe xpoMa TOrpaq>H't.f_eCKOro noBe.ii;eHHS:l nopq>HPHHOB CJiaHu;eB Ha 

HenoJI.HpHOM cop6eHTe ODS-T noKaaaJio, 'ITO CHJihHee y.ii;ep:>KHBaIOTC.H coe

.lJ;HHeHH.H C H30D;HKJIH'leCKHM KOJihD;OM. I'oMOJIOrH p.H.ii;a M C 'leTHbIM KOJIH

'leCTBOM aTOMOB yrJiepo.ii;a B 6oKOBbIX aJIKHJibHbIX u;en.HX .ii;eJI.HTCS:l no xpo

Ma TOrpaq>H'leCKOMY noBe.ii;eHHIO Ha ,IJ;Be rpynnhl. IIpoMe:>KyTO'lHOe MeCTO 

no nO,IJ;BH:iKHOCTH aaHHMaIOT coe.ii;HHeHHS:l C He'leTHhIM KOJIH'leCTBOM MeTH

JieHOBbIX rpynn B 3aMeCTHTeJI.HX nopq>HHHOro D;HKJia (pHC. 6). Ilo OT,IJ;eJib-

. HblM cepH.HM BpeM.H y.ii;ep:>KHBaHHS:l nopq>HpHHOBblX coe.ii;HHeHHH B03pac

TaeT C yBeJIH'leHHeM KOJIH'leCTBa aJIHq>aTH'leCKHX u;eneii. y nopq>HpHHOB, 

co.ii;ep:>KaI.IJ;HX H30D;HKJIH'leCKOe KOJibD;O, BhIS:lBHTb KaKyIO-JIH6o 3aKOHOMep

HOCTb B xpoMaTorpaq>H'leCKOM noBe.ii;eHHH Ha KOJI0HKe c o6pam;eHHOH cpa-

30H He y .ii;aJIOCb. IIopq>HpHHhl co CJIO:iKH03q>HpHbIMH rpynnHpOBKaMH Be

,IJ;YT ce6.a npH xpoMaTorpaq>HpOBaHHH TaK :>Ke, KaK H aJIKHJinopq>HpHHbl. 

Cpe.ii;H HHX CHJibHee y.ii;ep:>KHBaIOTC.H cop6eHTOM coe.ii;HHeHH.H C H30D;HKJIH

qecKHM KOJihD;OM, npH'leM 3TO Ha6JII0,1J;aeTCS:l KaK npH HOpMaJihHOH, TaK 

H npH o6pam;eHHO- q>a30BOH xpoMa TOrpaq>HH. 

H TaK, npoBe.ii;eHHOe HCCJie.ii;oBaHHe Bhl.HBHJIO HOBhle oco6eHHOCTH COCTaBa 

BaHa,IJ;HJinopq>HpHHOBhIX KOMnoHeHTOB ,IJ;HKTHOHeMOBoro rop10qerd CJiaHu;a. 

Y CTaHOBJieH0, 'ITO Hap.H,IJ;Y C aJIKHJI3aMem;eHHhIMH nopq>HpHHaMH B CJiaHu;e 
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npHCYTCTBYIOT coe,n;HHeHHJ'I co CJIO:>KH03q>HpHbIMH rpyrrrrHpOBKaMH. Cpe,n;H 

coe,n;HHeHHH C O,D;HHaKOBOH MOJieKyJIHpHOH Maccoii o6Hapy:>KeHbl H30Mep

Hble q>opMbl rropq>HpHHOB, 3Ha'IHTeJibHO paaJIH'!aIO~HeCJ'I xpoMaTorpaq>H

qecKHM IIOBe,n;eHHeM. 

IloKaaaHo, 'ITO rrpH TCX BaHa,D;HJirropq>HpHHOB Ha CHJiyq>oJie rrpoHcxo

,n;HT ,D;Hq>q>epeH~HPOBaHHe H30MepHbIX q>OpM rropq>HpHHOB H qacTH'IHOe 

q,paK~HOHHpOBaHHe ITO MOJieKy JIJ'lpHOH Macce. O6pa~eHHO-q>a30BaJ'I 

B3jKX II03BOJIJ'leT paa,n;eJIJ'ITb CMeCb rropq>HpHHOB Ha HH,D;HBH,D;yaJibHbie 

coe,n;HHeHHJ'I, o,n;HaKO Ha-aa 6JIH3KHX BpeMeH y,n;ep:>KHBaHHJ'I OT,D;eJibHblX IIH

KOB rrperrapaTHBHOe paa,n;eJieHHe BaHa,D;HJIIIOpq>HpHHOB :>KeJiaTeJibHO rrpOBO

,D;HTh IIOCJie rrpe,n;BapHTeJibHoro q>paK~HOHHpOBaHHJ'I CMeCH MeTO,D;OM TCX. 
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