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Bawapow n., Hopceea 10.B., XanK11H B.A. 12 - 12188 

raaoxpoMaTorpa¢1111ecKoe onpeneneu11e ¢11a11Ko-x11M1111ecK11x 
CBOACTB 8CT8T8pOM8Tll'leCKIIX coen11ueu11A. 1. HuneKCbl 
ynep*IIBSHIIH apOMSTll'leCKIIX coen11nen11A 8CT8T8 

Hay11euo raaoxpoMaTorpa¢1111ecKoe noaeneu11e apoMaT1111ecK11x coennue
u11A acTaTa: acTaT6euaona, 11a0Mepoa acTaTTonyona, ¢Top6euaona II xnop-
6enaona - H8 paann'IHblX no nongpHOCTII CTSUHOHSpHblX ¢aaax, npH paan1111HblX 
TeMnepacypax KOnOHKII. HaAneHbl nnneKCbl ynt!p*HBSHIIH 9TIIX coen11nen11ii 
ua cKaanaue, an11eaoue L, 11renane Co-880 11 nar-1400. 

npoaenEHbl pac11eTbl no npencK838HIIIO IIHAeKCOB ynep*IIBSHIIH apoMSTll
'18CKIIX coenaueHHA 8CT8T8 II noKaaano, 'ITO cymecTayeT onpeneneHHSH 
CBH3b Me*AY enneKC8MH ynep*IIB8HIIH 9THX coen11nen11A 11 ¢11a11KO-XIIMll'leC
KIIMII CBOACTBSMII 8CT8T8. 

Pa6oTa Bbmonneua a na6opaTopa11 nnepHbIX npo6neM O11fll1. 

~ 

npenpl!IIT O6'1>8Allff8HHOrO IIHCTHTYT8 nnepHblX 11ccnenoaan11A. lly6na 1979 

Vasaros L., Norseyev Yu.V., Khalkin V.A. · 12 - 12188 

Gaschromatographic Determination of Physico-Chemical, 
Properties· of Astatine Aromatic Compounds, I, Retention 
Irxiices 

Behaviour of astatine aromatic compounds : astatobenzene, 
isomers of astatotoluene, fluorobenzene and chlorobenzene was 
studied by gaschromatography on different polar stationary phases 
arxi at different temperatures, Retention indices of these compounds 
in squalane, Apiezon L, Igepal Co- 880 arxi Carbowax (Polyethylene
glycol-1500) have been found. Some calculations were performed 
to predict retention irxiices of astatine aromatic compounds, It is 
shown that a definite relation exists between them and physico
chemical properties of astatine, 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBB,4BHHB 

B nocneAHBe roALI A0CTBrHyT 3Ha'IBTeJibHLIH nporpecc 

e cliHTeJe, BAeHTBWBKauuu u u3yqe.HBB ceoiicTB opraHu'lecKux 

COeABHeHBii acTaTa. HecMOTPJI Ha HaJIB'IBe MeTaJIJIB'leCKoro 

xapaKTepa CBOHCTB acTaTa~ OH o6pa3yeT AOBOJlbHOilp0'IHYIO 

KoeaneHTHYIO CBJIJLC-At. CliHTe3 u BJyqeaue acTaTopraHu
qecKux COeABHeHHH KPOMe caMOCTOJITeJibHOro 3Ha'leHBJI AaIOT 

AOilOJIHBTeJILHLie CBeAeHHJI O TeHAeHUHH B3MeHeHBJI XBMB'lec

KHX ceoiicTB B rpynne ranoreaoe, a TaK)Ke cMoryT cnoco6-
cTeoea TL pa3BHTBIO MeTOAOB nony'leHBJI paAHOcliapMaueBTH'lec

KHX npenapaTOB acTaTa. BBBAY Toro, 'ITO acTaT He HMeeT 

CTa6HJibHblX H AOJirO)KHBymux H30TOilOB H nonyqaeTCJI B 

yJILTpaMHKPOKOJIH'leCTBax, CHHTe3 ero opraHH'leCKHX COeAH-
~ .. 

HeHBB 'laCTO HeB03MO)KH0 npOBOABTL KJiaCCH'leCKHMH MeTOAa-

MH. OpraHH'leCKHe COeAHHeHHJI acTaTa nonyqaroT npu CTa6u-
/ 1-5/ nuJauuu ero B npouecce JIAepHoro npeepameHHJI HJIB 

qepe3 Me)KranoreHHLiii o6MeH 16 - 81 . Pa3pa6oTaHHLiii B Hawe:ii 
na6opaTOPHH MeTOA Me)KranoreHHOro o6MeHa B 3ailaJIHHLIX 

aMnynax161 Il03BOJIJleT. 6LICTPO H C BLICOKHM BLIXOAOM nony

'laTL acTaTopraHH'leCKHe COeAHHeHHJI AruKe H3 ManoyCTOH'IH

BblX Ha BO3AYXe HOAilPOH3BOAHLIX. 
raJO)KllAKOCTHaJI xpoMaTorpacliuJI J1BJIJ1eTcJ1 Hau6onee Jcli• 

clieKTHBHblM MeTOAOM paJAeJieHHJI u HAeHTHWBKauuu neTy'lux 
opraHH'leCKHX COeAHHeHHB acTaTa. B IlOCJieAHee epeMJI 6LIJIH 
HaiiAeHbl MJlrKHe /HH3KOTeMnepaTypHLie/ YCJIOBHJI pa3AeJie
HHJI 60JILWOro 'IHCJia anucliaTH'leCKHX H apoMaTH'leCKHX coe
AUHeHHB a.cTaTa 14•9- 111• KpoMe ceoero npJIMoro Ha3Ha'leHHJI 
raJO)KHAKOCTHaJI xpoMaTorpacliuJI KaK aHaJIHTH'leCKHB MeTOA 
ycneWHO npHMeHJieTCJI AJIJI onpeAeJieHHJI 'H3HKO-XBMHqecKBX 
xapaKTePB(?TBK JieTy'IBX coeAHHeHHii 112 ' 13 • 
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ra3oxpoMaTorpaqiHqecKoe y.n;ep)f(HBaHHe coe.n;HHeHHH 

npe.n;cTaBnHeT co6ou <iiYHKUHIO K03~HUHeHTa pacnpe.n;eneHHH 
cop6aTa Me)f(,D;y Heno.n;BH)KHOH qJa30H H ra3OM·HOCHTeneM 
H onpe.n;enHeTCH CHilaMH MC)f(MOileKynHpHoro. B3aHMO,D;eHCTBHH 
aHailH3HpyeMoro Be11teCTBa C HenO,D;BH)f(HOH qia3oH. 3TH CHilhl 
3aBHCHT OT pH.n;a qJH3HKO·XHMHqeCKHX napaMeTpOB B3aHMO· 
.n;eucTBYIOlltHX ae11teCTB. 

lfa-3a npe.n;enbHO HH3KOH KOHUeHTpaUHH acTaTa ra3O
)f(H,Il;KOCTHaH xpoMaTorpaqJHH HBilHeTCH npaKTHqecKH e.n;HHCT· 
BeHHhIM MeTO,Il;OM H3yqeHHH qJH3HKO·XHMHqeCKHX CBOHCTB ero 
neTyqux opraHuqecKHX coe.n;HHeHHH. TeM 6onee, qTo coe.n;u
HeHHH B MaKpo- H ynhTpaMHKPOKOnHqeCTBax pacnpe.n;enHIOTCH 
Me)f(,D;Y Heno.n;BH)f(HOH qia30H H ra3OM·HOCHTeneM H,D;eHTHqHo. 
<l>H3HKO • XHMHqecKHe xapaKTepHCTHKH opraHHqecKHX coe,D;HHe -
HHH acTaTa onpe.n;enHIOT no 3aBHCHMOCTH CBOHCTB aHanoruqHhIX 

ranoreHnpoH3BO,Il;HhIX OT HX BenHqHHhl y.n;ep)f(HBaHHH C nocne • 
.n;y1011teu 3KCTpanonHUHeH 3TOro napaMeTpa Ha qJH3HKO· 

u /4 6 9; 
XHMHqecKoe CBOHCTBO acTaTopraHuqecKoro coe.n;HHeHHH • ·: 

,lJ;nH Bblpa)f(eHHH BenHqliHhl y.n;ep)f(HBaHHH HaH6onee y .n;o6-
HhIM HBnHeTCH HH,D;eKC y.n;ep)f(HBaHHH, npe.n;no)f(eHHhIH aBTO· 
poM1121• BBH,D;y npOCTOThl 3KCnepHMeHTanhHOro onpe.n;eneHHH, 
xopoweu BOCnpOH3BO,Il;HMOCTH, OTHOCHTeilhHO Manoii qyBCTBH· 
TenhHOCTH K H3MeHeHHIO BHellIHHX napaMeTpOB HH,D;eKChl y.n;ep
)f(HBaHHH llIHPOKO HCnOilh3YIOTCH npH H,D;eHTHqJHKaUHH opraHH· 
qecKHX Be11teCTB. 

B pH.n;e pa60T .n;aIOT TepMO,Il;HHaMHqecKyIO HHTepnpeTaUHIO 
HH,D;eKCOB y.n;ep)f(HBaHHH H onpe.n;enHIOT napuHanhHble MOilhHhle 

3HTponHH, 3HTanhnHH, CB06o.n;Hhle3HeprHHCOP6UHH,napuHanh· 
Hhle .n;anneHHH napa cop6eHTa npH TeMnepaType KonoHKH H 
T • .n;.: 13 , 14/. lfH.n;eKc y.n;ep)KHBaHHH CTaHOBHTCH O,Il;HOH H3 Ba)f(• 
Hhlx xapaKTepHCTHK opraHuqecKoro coe.n;HHeHHH. 

B HacTOH11teii pa6oTe 6Lino H3yqeHo ra3oxpoMaTorpaqiH· 
qecKoe noae.n;eHHe apoMaTuqecKHX coe.n;HHeHHH acTaTa Ha 
pa3nHqHbIX no nonHpHOCTH CTaUHOHapHhIX qia3ax. bhIIlH nnep
Bhle CHHTe3HpoBaHLI H3OMepLI acTaTTonyana H onpe.n;eneHhl 
HX HH,D;eKChl 'y.n;ep)f(HBaHHH Ha CKBanaHe, anHe3oHe· L, Hrena
ne Co -880 H II3r- 1500. 
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PE3YJihTATb/ H OECY)K,l(EHHE 

3KcnepHMeHTanhHhie 3HaqeHHH HH,D;eKCOB y.n;ep)f(HBaHHH 
coe.n;HHeHnii C6 H5 X / X==H, F , Cl, Br, I H At / Ha He· 

no,D;Bll)f(HbIX )f(H,D;KHX qia3ax npHBe.n;eHhl B ma6A. 1. /Y CilOBHH 

Ta6Au1.1a 1 

lfH.n;eKChl y.n;ep)f(HBaHHH c6 H,5X / X=H,F,Cl,Br, I H At I 
Ha pa3nHqHhIX Heno.n;BH)f(HhIX qla3ax npH Tc ==160 °c 

! 

C6Hsl CUMSH Y'KOH 

50-~2000 

I 
, Te1mepa'1'YJ)llHI irar-1500 ! JmTepBaJI 

I : oc 

I I ~v1ul l l. ~!/10' i t~ L ~rpo·I I 
H 663 2,2 866 I 3,5 

r 656 l,2 891 4,5 

Cl I 846 1 2,9 lII0 6,0 

8,. 9~ 4,2 1225 7,5 

l rosglll • 5,8 
-- -- _,, 1365 I 0.s 

Ill j IIsaJI l 7 ,2 1568 L 9,0 

11 T IIUCBIIWU,HO l60°C 
C 

1055 3,9 00 - 150 

1089 3,0 00 - 150 

1357 8,l: 100 - 160 

1501 9,9 no - 100 

1674 9,3 130 - 100 

1873 9,2 140 - 100 

CHHTe3a H MeTO,II; onpe.n;eneHHH HH,D;eKCOB y.n;ep)f(HBaHHH apo
MaTHqecKHX coe.n;HHeHHii acTaTa no.n;po6Ho onucaHhl B pa-
6oTe171 /. BenHqHHa a1110° o6o3HaqaeT npHpOC! HH,D;eKCOB 

Ha .n;aHHOH CTaUHOHapHOH )f(H,Il;KOCTH npH H3MeHeHHH TeMne
paTypbl KonoHKH Ha 1O°C. B Ta6nuue TaI01ce YKa3aH HHTepnan, 
B KOTOPOM npoBO,Il;HilOCb onpe.n;eneHHe HH,Il;CKCOB y.n;ep)KHBaHHH. 
Pe3ynLTaTLI HallIHX H3MepeHHH xoporno cornacyroTCH c co.n;ep
:>KalltHMHcH B IlHTepaType .n;aHHhIMH HH,D;eKCOB y.n;ep)KHBaHHH 
6eH3ona H C6 H5 X (X == i,,, Cl ,Br .Il15,16/. 

lfH.n;eKChl y.n;ep)f(HBaHHH H3OMepoB ranoreHnpOH3BO,Il;HhIX 
Tonyona, qiTop6eH3ona H xnop6eH3ona, onpe.n;eneHHhle Ha 
pa3nHqHhIX Heno.n;BH)f(HhIX qia3ax, npe.n;cTanneuLI B ma6A. 2 
H 3. 
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Ta611u11a 2 

llil.,qexcw y.,qep:iKBBaHBJI 0-, M- H TI - Ca H 4XCH3 / X = 
=H,F ,Cl, Br , I H At / Ha pa3nH'iHLIX Heno.,qBB:iKHWX 4>a3ax npH 
Tc =16O°C . 

C6H4XCH3 HenoJUlDHM ife.aa 

X lJaoMepH CKJlaJUlH AimesoH•L llren:a.n mir-1500 
Co - 800 

H - ?70 805 I027 II60 

OPTO- ?75 797 I057 II91 
f'.. MeTa- ?74 796 I064 1201 

napa- '175 796 1068 · 1206 

OPTO- 964 1005 1285 1453 
u MeTB- . 968 1007 1294 1467 

napa 969 1007 1298 1468 

OPTO- 1055 1I04 1408 1595 
/3r MeTB- 1060 II07 1420 1609 

napa 1060 II08 1425 16II 

OPTO- II69 1229 1566 1770 
I MeTa- II73 1231 1573 1778 

napa- II73 1232 1575 I'l78 

OPTO- 1274 1346 1736 1967 
Al lleTa- 1278 1345 1742 1972 

napa- 1278 1347 1744 1975 

IlpeocKa3auue uuoeKcoa yoepxuaauuR acmam6eu3011a ua 
uenOARPHblX Heno06UJICHblX rjia3aX. liH.AeKChl y.,qep)KHBaHH.11 npo
H3BO.AHhlX 6eH30na <Cu H5X) no npe,AnO:iKeHHIO aBTOpOB 
pa6oTJ.(171 MO:iKHO paccMaTpHBaTL KaK CYMMY HH.AeKCOB 
6eH30nLHOro .II.Apa ( Iq;ns ) H 4>YHKUHOHanLHOH rpynnhl 
( olx ). Ilo Taxoii a.A,AHTHBHOH cxeMe uH.,qexc 4>yHKUHOHan1,
Hoii rpynnhl Ha Heno.ABH:iKHOH 4>a3e <I> npu TeMnepaType 
KOnOHKH Tc onpe.,qen.11eTC.H pa3HOCTLIO 

oI;(T~)=l~H x<Tc)- IC<l>H (Tc). /1/ 
'fi 5 a 5 

B pa6oTax., 17•181 pacc11uTaHhl 

6 

HHAeKChl 4>YHKUHOHanLHhlX 

Ta611u11a 3 

liH.,qeKchl y.,qep:>1arnaHH.11 H30MepoB CaH4 FX H Ca H 4CIX 
/X ,,,F ,Cl, Br ,I B At / Ha cxuanaHe B II3r-15OO npH Tc = 
=16O°C. 

c6H4t X C6H4CIX 

X lJaoMepu CRBaJW.H rmr-1500 nar-1500 

I al/10° . I a1110° I a1110° 

. OPTO- 670 1,3 II24 3,8 
f' .MeTa- 640 0,8 1054 3,5 

napa- 652 l,0 II06 2,8 

OPTO- 857 2,5 1382 8,0 1636 I0,5 
(P MeTa- 831 2,3 1301 6,5 1555 9,3 

napa- 836 2,0 1344 6,7 1581 10,5 

OPTO- 951 4,5 I530 IO,O 1781 12,0 
Br MeTa- 923 3,3 1445 8,3 1699 II,O 

napa- 928 3,3 I-183 8,2 1722 II,8 

OPTO- 1063 5,3 1722 12,8 1965 14,3 
I MeTa- I042 5,0 1635 I0,8 1883 13,8 

napa- 1043 4,8 1660 II,2 1009 14,5 

OPTO- II78 6,5 1968 15,'1 

Al 111eTa- • 115~ 6,0 1870 14,4 - -
napa- II56 5,5 18'19 I4,4 

rpynn .,qn.11 MHOrHX O.AHO3aMe~eHHhlX 6eH3ona, B TOM 'iHCne 

u ranoreH6eH3onoB Ha Henon.11pHhlX Heno.,qBH:iKHhlX 4>a3ax. 
Ilo Teopuu ra3o:iKHAKOCTHoii xpoMaTorpa4>uu Ka:iKAhlH cTpy

KTYPHhlH 3neMeHT BHOCHT CBOH BKna.l( B 3HeprHIO Me:iKMOnexy

n.HpHoro B3aHMO,l(eHCTBH.H C HeilOJ(BH:iKHOH 4>a3oii 119- 21: .n;n.11 
Henon.11pHhlX cTanuoHapHhlx :iKHAKOCTeii 3Ta 3HeprHJI onpe.Ae
nJieTc.11 rnaBHhlM o6pa30M AHCilepcHOHHhlMB cunaMH. 3HeprH.H 
.IUICilepCHOHHOro B3aHMOAeHCTBHJI 4>YHKUHOHanLHOH rpynnhl 
( oEx ) C HeilOJ(BH:iKHOH 4la3oii IlOJ('iHHJieTCJI 3aBHCHMOC
TH/14,22/ 

oE - C a X 
X -

(r o+rx)3 /2/ 
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r,IJ,e C - noCTO.llHHa.ll .D.JI.ll ,IJ,aHHOH Heno,IJ,BH:lKHOH q>a3hI; ax -
IlOJI.llpH3YeMOCTb q,yHKUHOHaJILHOH rpynnLI, to· cpe,D.HHH BaH· 

,D.ep- BaaJILCOB pa,D.HYC q>yHKUHOHaJILHOH rpynnLI Heno,IJ,

BH:lKHOH q>a3LI; rx • BaH•,D.ep-naaJILCOB pa,D.HYC q>yHKUHOHaJIL• 
3 

Hoii rpynnLI cop6aTa. CooTHOWeHHe ax /(r O +r x ) = Dx 
B ypaBHeHHH /2/ aBTOpLI

1141 
Ha3BaJIH ,IJ,HCnepCHOHHOCTLIO 

q>yHKUHOHaJILHLIX rpynn. Ilo BeJIH'IHHe DX MO:lKHO cy,IJ,HTL 0 

3Ha'leHHH HH,IJ,eKCOB q,yHKUHOHaJILHLIX rpynn ( 151 X ) Ha Heno -

JI.llpHLIX HenO,IJ,BH:lKHLIX q>a3aX. MLI HaWJIH, 'ITO 15 IX raJioreHOB 

Ha CKBaJiaHe H anHe30He·L JIHHeHHO 3aBHC.llT OT 3Ha'leHHH 

DX 

15 I <I> ( T ) = A <I> (T ) • D 
X C C X 

<I> 
-1- B (Tc ). /3/ 

Ha puc. 1 npe,D.CTaBnena 3aBHCHMOCTL /3/. ,lJ;JIJl nocTpoe-

6 2 

&>< -cC)4 

2 

0 

O 2 4 6 8 10 12 14 
Dx x 10·2 

. Puc.1. 3aeUCUMOC1!lb UHOeKCOB 20/lOUOHblX 3aMecmume/leU 0111 
oucnepCUOHHOCl!IU ¢YHKtJUOHQ/lbHblX zpynn 2Q/l02eH6eH30/lOB 
/'f c =130 "CI 1 - cKea/laH, 2 - anue30H· L. 
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1 

1: 

•I 

I• 

\~· 

\ t 
:1 
iJ 
' 
' 

HH.ll 3TOH 3aBHCHMOCTH 3KCnepHMeHTaJILHLie 3Ha'leHH.ll 151x 
MLI B3.llJIH H3 pa60TLI / 

17 ( lIOJI.llpH3yeMOCTb q,yHKUHOHaJibHLIX 

rpynn (ax) 1acC'IHTaJIH no Ta6nll'IHhIM 3Ha'leHH.llM aTOMHLIX 

peq,paKUHii
123• a cpe,IJ,HHe BaH·,D.ep-BaaJILCOBbl pa,D.HYCLI raJio· 

reHOB HCnOJib30BaJIH H3124( BaH·,IJ,ep-naaJILCOB pa,IJ,HYC Me

THJieHOBLIX rpynn, KOTOpLie onpe,D.eJI.lllOT B3aHMO,IJ,eHCTBHe 

cop6aTa B CJiy11ae HenOJI.llPHeJX CTaUHOHapHLIX q>a3 /CKBaJiaH, 

anue3oH- L /, paneH r0 :: 1,8 A114,22 1
• Ko3q>q>HUHeHTLIJIHHeii

noro ypanneHH.ll /3/, onpe,D.eJiennLie MeTo,IJ,oM HaHMeHLWHX 

KBa,D.paTOB, ,IJ,JIJI neno,IJ,BH:lKHLIX q,a3 CKBaJiaH H anHe3on- L 

npe,D.CTaBJieHLI B ma6/l. 4. 3,IJ,eCL :lKe npHBe,IJ,eHLI TeMnepaTyp-

HLie npHpOCTLI 3THX K03q,q,HQHeHTOB - a A /10° H aB/10 ° , 
OTBe'lalOII\He yBeJIH'leHH~ TeMnepaTypLI KOJIOHKH na 10°c. 

Ta6Aut1a 4 

Ko3q,q,HUHeHTLI JIHHeiiHoro ypaBHeHHJl /3/ ,IJ,JIH TC =160° 

HenoJtBQHNI A 
qesa 

aA110° B iB/I0° 

CKBaJiaH 5279. 53 -77 -I,7 

.Aim830H-L 58II - 65 -82 -I,7 
" 

,lJ;JIJl npe,D.CKa3aHHJl HH,IJ,eKCOB y,IJ,ep:lKHBaHHJl acTaT6eH30Jia 

Ha HeilOJIJlpHLIX CTaUHOHapHLIX q>a3ax MLI paCC'IHTaJIH 151 ?t 
no ypaBHeHHIO /3/. BeJIH'IHHY D At onpe,D.eJIHJIH, HCilOJih30· 

BaB ,IJ,JIJI HaXO:lK,IJ,eHHJl a At =7 ,65 CM 3 3Ha'leHHe aTOMHOH peq,

paKUHH acTaTa RAt =19,3 c~
31251 

a BaH·,IJ,ep-naaJILCOB 

pa,IJ,HYC acTa Ta - r At =2 ,32 A HaWJIH nyTeM 3KCTpanOJIJIUHH 

H3 3aBHCHMOCTH 3THX pa,IJ,HYCOB ,IJ,JIJI raJioreHOB OT HX KOBa-

1 46 Ao /26/ 
JieHTHLIX pa,D.HYCOB, npHHJIB r KOB. At = . . 

B ma6/l. 5 npHBe,IJ,eHLI paCC'IHTaHHLie H 3KCnepHMeHTaJIL· 

HLie BeJIH'IHHLI HH,IJ,eKCOB y,IJ,ep)KHBaHHJl acTaT6eH30Jia Ha CKBa

JiaHe H anHe30He-L ,IJ,JIJI Tpex Te:i.mepaTyp KOJIOHKH /3Ha11e

HHJI co 3Be 3,IJ,O'IKOH/. MaJILie 3Ha'leHHH B BeJIH'IHHe OTKJIOHe -

HHJI Ll noKa3LIBaIOT xopowee COBna,IJ,eHHe IlOJiy'leHHLIX B 3KC· 

nepHMeHTax H npe,IJ,cKa3aHHLIX HH,IJ,eKCOB y,D.ep:lKHBaHHJl acTaT· 

6eH30Jia Ha HeilOJIJIPHLIX CTaUHOHapHLIX q>a3ax. 
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,/.fAR npeocKaaaHuR uHoeKcoe yoepxueaHuR acmam6eHaoAa 
Ha noARPHblX HenooeuJKHblX ,jjaaax MO:>KHO HCilOilL3OBaTL H3-
BeCTHOe COOTHOWeHHe, CBJl3b1Bal0lllee BenuqHHbl YAep:>KHBaHHJI 
ranOHAHblX npOH3BOAHblX 6eH30na H CTaHAapTHOro BellleCTBa 
Ha pa3nHqHblX HeilOABH:>KHblX cl>a3ax114• 18~ Ha puc. 2npeACTaB

neHa 3aBHCHMOCTL 

<I> <I> 
I =P .I +q 
C6 H 5 X x c

6
H

6 
x /4/ 

npH HCilOilL3OBaHHH B KaqecTBe cTaHAapTHOro BellleCTBa 

18 

N ··i 
~ 

~14i 
e-u' -

12 

10 

8 

6 

6 

I II 

7 

/&~ 
///CII 

8 

III IV V 

10 

Icp 2 
C H x 10 

6 6 

F 

Puc.2. 3aeucuMOC11lb uHoeKcoe yoepxueaHUR zaAozeH6eHao-
. .1108 OIi UHOeKCOB yoepxueaHUR 6eH30Aa Ha paaAU"IHblX He
riOOBUJICHblX ,jjaaax. 1 - CKBaAaH; 2 - anueaou-L; 3 - YKOH 
50- HB-2000; 4 - uzenaA Co;. 880; 5 - H3I'- l 500. 

10 

,1 

I 

I 

6eH3ona. liHAeKCbl YAep:>KHBaHHJI 6eH30na H ero npOH3BOAHLIX 
6blnH onpeAeneHhl Ha n_JITH HenomiH:>KHhlX cl>a3ax c pa3naqHoii 
nonJipHoCTLro. Yron HaKnoHa npJIMLlx P At xapaKTepH3yeT no
nJipHOCTL HccneAyeMblX COeAHHeHHB no OTHOWeHHIO K CTaH
AapTHOMY BemecTBY. MLI HawnH, qTo MJI ranoHAHLIX ripOH3-
BOAHblX 6eH3ona BenuqaHa P npJIMo nponopuuoHanLHa nonJI-x • 
pu3yeMOCTH aTOMOB ranoreHoB - a I puc. 3/. Ilo HaiiAeH-

x 
HOB BblWe nonJipH3yeMOCTH acTaTa / a At =7 ,65 CM 3 / MO:>KHO 
onpeAenHTL nonJipHOCTL acTaT6eH3ona (p At) H 3aTeM, 

HCilOilL3OBaB npeACKa3aHHOe 3HaqeHHe ero HHAeKca YAep:>KH
BaHHJI Ha CKBanaHe, no ypaBHeHHIO /4/ paccqaTaTL BenHqHHLI 

2.0 

1.8 

PX 
1.6 

1.4 

1.2 

1.0-----------.--......... ---
0 2 4 6 8 10 

ax. l3 
Puc.3. 3aeUCUMOCmb · noARpHocmu zpynn ZQAOZeHOB om ux 
amoMHou noARpuayeMocmu. 

HHAeKcoB YAep:>KHBaHHJI acTaT6eH3ona Ha mo6oa H3 ucnonL· 
3OBaHHblX HaMH HenOABH:>KHOH cl>a3e / ma6A. 5/. BenuqHHJ>I, 
npHBOAHMLie B 3TOB Ta6nuue, yKa3blBalOT Ha xopowee COB
naAeHHe /pa3HHUa He 6onee 2"/o/ 3KcnepHMeHranLHblX H pac-

11 
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Ta6AUija 5 

HH,D;eKCbl y.D;ep)KHBaHml acTaT6eH30Jia Ha pa3JIHqHhIX Heno,D;
BH)KHbIX «lia3aX 

HeIIO,lUUll!tllruI Tc I qi 
qasa 

OC 
C6 H5 At 

3KCII. pactJ. • pactJ. 
ypaBII. (4) Ll yprum. (5) 

C.KBMaH 140 II49 II5l* .+2 

p = 0 150 II56 II5?* +l -
160 II63 rr63* 0 

140 I222 I2IO -12 
I24l* +19 

ArrnesoH-L 150 1232 1220 -12 -
P = 166 1251* +19 

160 1242 1228 -14 
1260* +IB 

YKOll 140 1550 1554 +4 1548 
50-HB-2000 150 1559 1556 -3 1557 
P = 1582 160 1568 1562 -6 1566 

lfreIIaJI 140 I6I8 1600 -IB 
Co -880 150 1631 l6IO -21 -
P = 1939 160 1645 1620 -25 

IIJI'-150 140 I854 1829 -25 
150 1863 1840 -23 -

P = 2770 160 I873 1852 -21 

* BenHqHHLI 1c H At 
6 5 

noJiytieHbl no ypanHeHHIO /3/ 

Ll 

-

-

2 
2 
2 

-

-

cquTaHill>IX no 3TOMY MeTO,D;Y HH,D;eKCOB y,D;ep)KHBaHH.11 acTaT-

6eH30Jia. 

HH,D;eKCbl y,D;ep:>KHBaHH.11 Ha KOJIOHKax JII06oii non.11pHOCTH 

I~ MO)KHO paccquTaTL TaK)Ke no ypaBHeHHIO, npe,D;JIO)KeHHOMY 

B pa6oTe / lB/: 

<f> CKB. 8 .p. 
Ix =Ix + x /5/ 

u u ICKB. 
B 3TOH 3aBHCHMOCTH nepBbIH qneH x - HH,D;eKc y,D;ep)KHBa-

HHH Bell{CCTBa Ha CKBaJiaHe, HMeIOU{eM HyJieByro non.RpHOCTh 

/P=O/; P - non.11pHOCTL ueno,D;BH)KHOii «lia3LI no WKane MaK· 

12 

·', 

PeiiHOJIL,D;Ca 1271: sx - xapaKTepH3yeT noJIHPHOe B3aHMO,D;eiicT

BHe cop6aTa c Heno,D;BH)KHOii «lia3oii. ,D;n.11 pacqeTa Hk,D;eKca 

y,D;ep)KHBaHH.11 Bell{eCTBa Ha CTaUHOHapHOH «lia3e JII06oii non.11p

HOCTH Heo6xo,D;HMO 3KCnepHMeHTaJILHO Ha.HTH ero HH,D;eKC 

y,D;ep)KHBaHH.11 Ha CKBaJiaHe I~KH. H yron HaKJIOHa. s X • 

Ilo HH,D;eKCaM y,D;ep)KHBaHH.11 a~TaT6eH30Jia Ha Tpex CTa

UHOHapHbIX «lia3ax /cKaanaH, Hrenan, H II3r-15OO/ npH 

Tpex TeMnepa Typax KOJIOHKH Mbl onpe,D;eJIHJIH s At • KOTOpbIB 

npH Tc =160° HMeeT 3HaqeHHe 0,255. TeMnepaTypHhl.H npH

POCT d8A/ 10 ° =l ,34. 10-3 • BeJIHqHHLI HH,D;eKCOB y,D;ep)KHBaHH.11 

acTaT6eH3ona Ha Heno,D;BH)KHOH clia3e yKoH 5O-HB-2OOO 

/P=l582/ ,D;JI.11 Tpex TeMnepaTyp, paccqHTaHHLie no ypau

HeHHIO /5/' xopomo COBna,D;aIOT C 3KCnepHMe11TaJILHO onpe

,IJ;CJieHHbIMH BeJIHqHHaMH / ma6A. 5/. 
AHanorHqHLIB pacqeT MO)KHO npoBeCTH ,IJ;JI.11 onpe,D;eJieHH.11 

HH,D;eKCOB y,D;ep)KHBaHH.11 H30MepoB raJIOH,IJ;HbIX npOH3B0,IJ;HbIX 

acTaT6eH30Jia, npHH.11B B 3TOM cnyqae 3a CTaH,D;apT COOTBeT

CTBYIOU{ee MOHoraJIOH,IJ;HOe npOH3B0,IJ;HOe 6eH30Jia. 

P acqeTLI no npe,D;CKa3aHHIO HH,D;eKCOB y,D;ep)KHBaHH.11 apo -

Ma THqecKHX coe,D;HHeHHH acTa Ta noKa3LIBaIOT, qTo cyll{eCT • 

ByeT onpe,D;eneHHaH CB.113L Me)K,D;y HH,D;eKCaMH y,D;ep)KHBaHH.11 

3THX coe,D;HHCHHH H «liH3HKO • XHMHqecKHMH CBOBCTBaMH acTa Ta. 

AuTopL1 onarqAap.11T K.liepeH H P .IIIHnnepa 3a none3HYIO 

,D;HCKYCCHIO, P .,D;paiiepa 3a noMOU{L npH BLI,D;eJieHHH acTaTa 

H A.M.AKHMOBY 3a TeXHHqecKyIO noMOU{L B npoi3e,D;eHHH 

3KCnepHMeHTOB. 
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