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BKJIA,H HEA/WHTHBHMX B3AHMO#EHCTBHH B TPETHM 
BHPHAJlbHBIH K 0 3 0 0 H I J t i E H T FA3A 

A. JT. IJ,MKajio, M. M. Kohijob h B. H. Jlocb 
TexHOAOzmecKUu mcmumym xojiodu/ibHou npoMbiui/ieHuocmu, Odecca, CCCP 

ITocTyiiHJio b pe^aKUHio 4 hk>jih 1975 

BbinonHeH to'Ihbih pacneT BKJiâ a HeajmHTHBHMX xpexMacTHiHbix flucnepcuoHHbix chji (BsaHMO-
.qeiiCTBHe AKcejibpoAa-Tejuiepa-MaTo) b TpeTHH BHpHajibHHH K03<f»cJ)Hi];HeHT ra3a jieHHap^-^acoH-
cobckhx nacTHi; b niHpOKOM HHTepBane TeMnepaTyp h napaMeTpa TpexnacTHHHOro B3aHMO^efi;cTBHa. 
IIoKaaaHO, hto o6menpnH*rToe nHHeiiHoe npH6jiH»ceHHe Knxapti iiphbo,ziht k cymecTBeHHbiM 
norpeujHOCTHM npn hh3khx TeMnepaTypax h chjii>hi>ix HeaziAHTHBHbix cnjiax. 

H a ^ e a m o e onpe^ejieHHe TpeTbero BHpnajibHoro K03(J)(j)Hii;HeHTa HipaeT Gojibiuyio 

pojib npH H3yHenHH TepMOflHHaMHHecKHx cbohctb r a 3 a , a TaioKe npn Hccjie^oBaHHH 

MOKMOJieKyjiapHblX CHJI. M3BCCTHO, HTO BKJiafl Hea^AHTHBHblX TpeXHaCTHHHblX CHJI 

B TpeTHH BHpHajIbHblH K03<f)<f>HI];HeHT npH HeBblCOKHX TepMnepaTypaX 3HaHHT6JieH 

H M03KeT COCTaBJIJITb fleCHTKH IipOII,eHTOB OT o S m e H e r o BeJIHHHHbl1'2. I l 0 3 T 0 M y 

CTporHH yneT TpexiacTHHHbix Hea^^HTHBHbix chji npe^cTaBjiaeTca coBepuieHHo He-

06x0,U,HMbIM. 

T o H H o e B b i p a ^ K e H H e H e a A f l H T H B H O H H a c T H T p e T b e r o B H p H a j i b H o r o k o 3 ( J > 4 ) h -

ipeHTa HMeeT BH3 

AB3 = -${SnzNz) | | e x p ( — 

e x p ( - ^ ) - 1 | R12R13R23 dR12 d R 1 3 d R 2 Z , 

r^e N hhcjio ABora^po, cJjyHKijHH napHoro B3aHMô eHCTBHjr, Auijk HeazmHTHBHbra 
TpexnacTHHHbiH noTeffljHaji, Ri} paccToaHHe MOKfly ijeHTpaMH nacTHii; i h j. 

Ecjih orpaHHHHTbca jinnib yneTOM HanSojiee BaxHoro rana Hea/iziHTHBHbix 
B3aHMOaeilCTBHH — TpeXiaCTHHHOrO flHCnepCHOHHOrO B3aHMOfleHCTBHH AKCeJIb-
po^a-Tejuiepa-MaTo^ to 

Awijk = v(i?ijR i fcR jk)_3 (3 cos (9j cos cos ®k + 1) , (2) 

r ^ e v n o c T o a H H a H T p e x n a c T H H H o r o B 3 a H M O A e n c T B H a , B b m n c j i e H H a a zijih p j w a 
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n p o c T b i x cHOTeM K B a H T O B o - M e x a H H H e c K H M H M e T o ^ a M H ( T a 6 j i . I), 0 y r j i b i Tpe-

y r o j i bHH i c a , o6pa3c>BaHHoro B3aHMO^eHCTByK)m,HMH M o j i e K y j i a M H . 

B b i n o j i H e H H b i e p a H e e p a c n e T b i A B 3 o c H O B b i B a j m c b H a Hcn0JTb30BaHHH J i HHeHHo r o 

n p n 6 j i H ^ e H H a B pa3J i05KeHHH A B 3 B p a a n o c T e n e H S M v: 

AB*3 = ( A B 3 ) v = 0 + v ( I j ^ j (3) 

HTO COOTBETCTBYET p a 3 J i o x e H H i o B KBa , npaTHb i x c Ko6 i c a x (1 ) B pjr,n H yn,ep>KaHHK> 

n e p B b i x flByx HJICHOB p»,zja3 . B p e 3 y j i b T a T e 4>YHKIIHJR (d AB3/dv)v=0 6 b u i a T a G y j i H p o -

B a H a B 3aBHCHMOCTH OT T e M n e p a T y p b i H H c n 0 J i b 3 0 B a H a n p n B b u m c j i e H H a x 1 ' 2 . 

O ^ H a K O , n o c K o u b K y Hea^mHTMBHbiH B K j i a A B B3 m o j k c t c o c T a B H T b 50 — 6 0 % m So j ree , 

B03M05KH0CTb n p H M e H e H H H JIHHeHHOrO n p H 6 j I H X e H H a BbI3bIBaeT COMHe f f lM . B laCT-

HOCTH, n p H HH3KHX h y M e p e H H b i x T e M n e p a T y p a x ( r u e yneT Hea,n,n,HTHBHbix CHJT 

o c o S e H H o BaaceH) H n p n cpaBHHTejibHO BBICOKHX 3HaIIEHHHX n a p a M e x p a v H c n o n b 3 0 -

B a H n e 3 T o r o npH6 j iH3KeHHa He o n p a B ^ a n o . P a H e e n p e f l n p H H j r r b i e n o n b i T K H yneTa 

He j iHHe f iHb i x HJREHOB4 He GBLJIH CBOSOAHM OT . n ono j i HHTe j i bHb i x ^ ,onymeHHH. 

B H a c T o a m e f i p a G o T e B b i n o j r a e H TOHHb i i i p a c n e T A B 3 juin r a 3 a nacTHu;, n a p n o 

- a A O T T H B H o e B3aHMo^eHCTBHe KOTOpb i x OTBenaeT n o T e H i p i a j i y ( 1 2 — 6) J l e H H a p A a -

- I J )KOHca, a T p e x n a c T H H H o e H e a ^ H T H B H o e B3aHMO,n,eMCTBHe CooTBeTCTByeT flHcnep-

c u o H H b i M C H j i a M A K c e j i b p 0 , n a - T e j i J i e p a - M a T 0 (2) . B BTOM c n y n a e Bb ipaaceHHe ( ? ) 

M05KH0 npe^CTaBHTL B NPHBE^eHHOH (J)OpMe 

• h [- £ (1 + 3;SrSCOS03)]_ '} R"R'lR"iRt2 dR"dR" • 

(4) 

m r 1 2 - Rfr6) = (^212 - Rrn + (R?3~12 - Rfr6) + (R^12 - R$;6) , 

. A Br, R:: k T . V ABt = —, Rf: = —11, T* = — , LL = 
3 (inNa3)2 '3 a s stT9 

s M a n a p a M e T p w n a p H o r o n o T e H i ; H a j i a ( 1 2 — 6). O G j i a c T b i o H H T e r p w p o B a H H f l 

B ( 4 ) ABJIJIIOTCFL Bee no j i o»CHTe j i bHb i e 3 H a n e H H a i?,*, o 6 p a 3 y i o i u H e T p e y r o j i b H H K . 

C j i e z i y e T OTMETHTB, HTO B p a H e e B b i n o j i H e H H b i x Bb iHHCJ i eHW ix 1 ' 2 H c n o j i b 3 0 B a j i o c b 

COOTHOLUeHHe 

V = |ac , (5) 
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r/ie a n0Ji*ipH3yeM0CTb, C nocTOHHHan napHoro AncnepCMOHHoro (ji0H^,0H0BCK0r0) 

B3aHMOZteHCTBMH. KaK noKa3biBaeT conocraBjieHne 3HaneHHH v, paccHHTaHHbix 
no (5) M BblHHCJieHHblX CTporMMH KBaHTOBOMexaHHMeCKHMH MeTOflaMH, corj iacHe 

£BJiaeTC« flOCTaTOHHO XOpOIIlHM, eCJIH MCnOJlb3yK)TCH TeOpeTHHeCKHe 3HaHeHHJI C 
h HaAe^nb ie 3HaMeHHM a (Ta6j i . I) . OjiHaKo np i i pemeHHM npHKjia^Hbix 3a,n;aH M o r y T 
HCn0Jlb30BaTbC3 KaK TeopeTHHeCKHe BeJIHHHHbl V, TaK H 3MnKpHHeCKH HaH,ZieHHbie 

BejiMMHHbi. TaK, HanpHMep, B Ta6jiKij;e II npeflcraBjieHbi 3HanenHfl i;*, HaH,aeHHbie 
Ha QCHOBe cooTHoiueHHfl, Bbipa>KaK)mero C n e p e 3 napaMeTpbi noTenuHajia (12 — 6) , 

Ta6nHua I 

3HaneHHK a, C m v (b aTOMHbix e^HHHuax) HeicoTopbix cwcieM 

v 

p a c n e T n o CTporaii p a c n e r 

(5) (JIHT.) 

H 4,50 6,46 21,80 21,64 ( 5 ) 
He 1,377 1,36 1,40 1,47 ( 5 ) 

1,37 ( 6 ) 
Xe 27,0 2,505 50,7 49,3 ( 6 ) 
Kr 16,6 2,217 15,1 14,7 ( 6 ) 
Ne 2,65 0,589 1,17 1,10 ( 6 ) 
Ar 11,0 0,610 5,04 4,91 ( 6 ) 

Ta6jinua II 

3HaMCHHK f l * pa3JlHMHbIX Be i l i eCTb , H3M/ ieHHbie n o COOTHOliieHHK) ( 6 ) 

H c n 0 j i b 3 0 B a H b i BejiHHHHbi a, o n p e / i e j i e H H b i e H3 cbomctb pa3peaceHHoro r a 3 a . npHBOAHMbie 3Ha-

h c h h h c o o T B e T C T B y f o x 3 H a n e H H H M n p n B e a e H H O H n o j i H p H 3 y e i v i o c T H a * = a / c r 3 , H c n 0 J i b 3 0 B a B i n e f i -

ca B 1 , 2 npn pacneTax 8 Afif/da*. 

He 0,036 N 2 0,104 H 2 O 0,233 CS2 0,303 C 6 H 6 0,211 
Ne 0,051 CL2 0,195 so2 0,143 (CN)2 0,180 CH3C1 0,384 
Ar 0,120 Br2 0,248 N 2 O 0,151 C H 4 0,133 CH 2C1 2 0,182 
Kr 0,156 HC1 0,215 co2 0,122 C 2 H 6 0,156 CHC13 0,154 
Xe 0,179 HJ 0,223 N H 3 0,369 C H 2 = C H 2 0,168 CH30H 0,213 
H 2 0,093 CO 0,125 CC14 0,148 C H = C H 0,132 C 2 H 5 O H 0,195 
O 2 0,177 N O 0,122 SnCl4 0,420 C 3 H 8 0, I46 C H F 3 0,113 
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Han^eHHtie no CBOHCTBaM pa3peaceHHoro ra3a ( B T O P O H BHpnajibHbiH K03(J>4)Hii;HeHT, 
BJBKOCTb): 

C = 4e<r6 

M T o r ^ a 

J I * = 3OE/<R3 . (6) 

I T P H B O A H M B I E B Ta6jiHU,e II 3HaneHHa /i* BemecTB, napHoe B3aHMo^eiicTBne MOJie-
Kyji KOToptix OTjnwaeTCfl OT npocTOH (|)opMbi (12 — 6), nojie3Hbi KaK opneHTHpo-
BOHHbie XapaKTepHCTHKH pOJIH Hea&ZJHTHBHblX CHJI. 

JJjia coKpameHHa BpeMemi cneTa MOHCHO H 3 M E H H T B npe^ejibi HHTerpHpoBaHHH 

f(x, y, z) dx dy dz = 6 I I I f(x, y, z) dx d y dz , (?) 

r^e o6jiacTH A h B noKa3aHbi Ha pnc. 1; npe^enbi HHTerpHpoBaHHJi, cooTBeTCTBy-
loiiJHe o6jiacTH B 

a R* 3 £ b 

Rt3 ^ * F 3 ^ 
^12 + ^23 , eCJIH R*2 + R*3 < b 
b, ecjiH i?*2 + R23 

npH HHTerpHpoBaHHH Hcnojib3QBaHa 4>opMyjia CHMncoHa 

I b h 
j<x)dx = - (y0 + Ay, + 2j/2 + 4y3 + 2y4 + ... + 4>'n_ t + yn), (8) 

R A E h mar H H T E R P H P O B A H H H . Bbi6op BCJIHHHH a = 0,6; b = 4,0; h = 0,05 o6ecnenHJi 
TOMHOCTB nop»AKa 0,1% npn H H 3 K H X TeMnepaTypax H 1,6% npH TeMnepaTypax 
BblCOKHX. 

PHC. 1 
y OS/raCTH HHTerpHpoBaHHH 

C o l l e c t i o n c z e c h o s l o v . C h e m . C o m m u n . [Vol . 41] [19761 
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^onojiHHTejibHbie n o r p e u i H O C T H M o r y T hmctb mccto b cbjoh c r̂paHHHHbiMH 
3 < ^ 4 ) e K T a M H " . ^ e H C T B H T e j i b H O , B b i p a ^ c e H H e (7) H B J i a e T c a tohhbim n p n a H a j i H T H H e c K O M 

H H T e r p H p o B a H H H . r i p a K T H q e c K H y z j c > 6 H O H c n 0 J i b 3 0 B a T b n p H 6 j i H a ( e H H b i e B b i p a a c e m i H 

I 3 1 1 n h 
f ( x , y, z) dx dy dz ~ — Z Z Z f ( a + ih> a + a + k h ) Wk-m , (9) 

2 7 i = 0 j = 0 k = m 

*/*/* 6 / z 3 ' ' n 

f ( x , y, z ) dx dy dz ~ — Z Z Z f ( a + ^ a + A « + M ) Wk-j , 
J J A 2 7 i = O j = i k = j 

K Q T o p b i e C T a H O B f l T c a C T p o r H M H p a B e n c T B a M H n p n h -*• 0 . 3 ^ e c b 

, b — a 
I = ; m = 

i . .i a , , a 
i - j , e c j i H i - j > 0 , 

h h 

0, 
a 

e c j i H i — / < 0 
1 1 h 

(x a , 
i + j + - , e c j i H i + j + - < I , 

h h 

B - a 

h 

a 
ecjiH i + j — > / 

h ~ 

ts K03^)(J)Hii,HeHTbi cxeMbi CHMncoHa ( t s — 4 npn s HeneTHOM h ts — 2 npn s n e m o M , 
tx = t0 = 1). CooTBeTCTBHjr Me^cay (9) h (20) mokho Ao6nTbca, npHpaBHHBaa 
K03(J)(J)Hi];HeHTbi npn c o o T B e T C T B y i o m H X 3HaHeHHJix ( J>yHKiiHH. PacneTHaa (jjopMyjia 
H M e e T b h , h 

ffl 

6 h 3 1 1 " 
f ( x , y , z ) d x d y d z = Z Z Z ^ i j k W k / O + ih> a + A a + kh) , 

I 2 7 i = 0 = i k = m 

(11) 

H f l e 

^ i j k — 
1 f t 

3 V U 
+ hi-j> + !i 

npnieM ecjiH i = j = k, to K 0 3 ( { > 4 ) H i i ; H e H T Aijk c j i e ^ y e T p a 3 # e j i H T b H a 6 , a npn i = j 

hjih 7 = k, Aiik c j i e a y e T p a 3 j i e j i H T b H a 2 . 

C r p o r a H yneT bjihahhji , , r p a H H H H b i x ' ' 3c[)4)eKTOB n o K a 3 b i B a e T , hto n p e H e S p e a c e H H e 

hmh npHBOAHT k n o r p e n m o c T J i M pacneia okojio 0 , 3 % n p n hh3khx T e M n e p a T y p a x 
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{T* — 0,5) h 2,7% npn TeMnepaTypax bbicokhx (T* ~ 100). M3MeHeHHe BejiHHHHbr b 
ot 3,1 JXO 4,0 H3MeH5reT pe3yjibTaTbi Ha 0,5% (T* ~ 0,5) h 1,5% (T* ~ 100). IIpH-
MepHO Tarae }Ke H3MeHeHM5i pe3yjibTaTa Ha6jno,z];aioTCJi npn H3MeHeHHH a ot 0,6 
jxo 0,7. FIocKOJibKy npn T* = 100 BejiHHHua AB3 npHMepHo b 3000 pa3 MeHbrne, 
neM npn T* = 0,5, 3th norpeuiHocTH moxho craTaTt BecbMa MajibiMH. 

Bee BbiHHCJieHHH BbinojiHeHbi Ha MamuHe E3CM-4M; 3aTpaTbi MauiHHHoro Bpe-
MeHH Ha pacneT KaKAoro 3HaHeHH?i AB* cocTaBJoura 300 c. 

Pe3yjibraTbi pacieTOB npHBe^eHbi b Ta6jiHii,e III. Cjie^yeT no^MepKHyTb, hto 
Ta6yjiHpyeMaa BejiHHHHa AJ5* JiBJiaeTCJi (̂ yHKî weH KaK npHBê eHHOH TeMnepaTypw, 
Tax h napaMeTpa TpexnacTHHHbix B3aHMozieHCTBHH fi* (b otjihhhc ot paSoT1'2, 
r^e Mcn0Jib30BaH0 JiHHeHHoe npn6jiHaceHHe Knxapbi m TaGyjmpyeMas BejiHHHHa 
d AB*jda* ^bjihcthh (JjyHKHHen TOJibKO TeMnepaTypbi). 

CpaBHeHHe e pe3yjibTaTaMH1,2 npn bhcokhx TeMnepaTypax (iyie 3th pe3yjibTaTbi 
BepHbi) CBH êTejibCTByeT o nojiHOM corjiacHH b npe^enax ynoMHHyroM tohhocth. 
^Jia CHCTeM C HeSoJIblHHMH Heâ ^HTHBHblMH 3(J)(J)eKTaMH (apTOH) npn CpeZlHHX 
TeMnepaTypax (T* = 0,5 10) oTKjioHeHHe Harnnx pe3yjibTaTOB ot npH6nHxeHHbix 
aaHHbrx1"2 cooTBeTCTByeT norpeniHocTHM, oneHeHHbiM aBTOpaMH sthx ziaHHbix 
(5 — 8%). OflHaico Ha pnc. 2 noica3aHo, hto b oGjiacra hh3khx TeMnepaTyp m bmcokhx 
3HaneHHM //* norpeuiHocTH pacneTOB, ocHOBaHHbix Ha jihhchhom npH6jiH»ceHHH, 
MOryT COCTaBJIHTb fleCflTKH n p O I i e H T O B . n p H 3TOM X a p a K T e p H O , HTO TOHHbie pe3yjlb-
TaTbi pacnojiaraioTca Hnace nojiyneHHbix b jihhchhom npHSjmaceHHH, t. e. c yBejin-
neHHeM Hea^HTHBHbix 3(J)(J)eKTOB pocT AB* npn T* = const. 3aMe^juieTc» TaK, 
hto HMeeT MecTo cBoeo6pa3Hoe ,,HacbimeHHe". B cbjbh c sthm npn pacneTax 

T 
/ 

/ 
/ 

PHC. 2 
ComacoBaHHOCTb npH6jiHxeHHi>ix1'2 H TOH-
hux .aaHHtix AB* b oGjiacTH hh3khx TeMne-
paryp 

jiHHeiiHoe npH6nH5KeHHe, o, ©, • 
TOHHtie pe3yjn>TaTbi. 0 02 ,* 0-4 

Collection Czechoslov. Chem. commun. [Vol. 41] [1976] 



2150 IjMKajio, KOHIJOB, Jlocb 

T p e T B e r o BHpHajiLHoro K034>4>HII,HeHTa r a 3 0 B , c o c T o a m n x H3 MOjieicyji c CHJILHLIM 

HeaflflHTHBHLIM TpeXHaCTHHHLIM B3aHMO^eHCTBHeM, COBepnieHHO Heo6xOZlHMO HC-

n0Jii>30BaTi> pe3yjii>TaTfci TOHHLIX pacneTOB A B * . 

JlHTepaTypa 

1. Sherwood A. E., Prausnitz J . M.: J . Chem. Phys. 41, 2 (1964). 
2. Sherwood A. E., de Rocco A. G., Mason E. A.: J . Chem. Phys. 44, 2983 (1966). 
3. Kihara T.: Advan. Chem. Phys. 1, 267 (1958). 
4. U[biKajio A. JI., CejieBamoK B. H.: H3B. By3., 3HepreTHKa 118 (1971). 
5. Dalgar no A., Victor G. A.: Mol. Phys. 10, 333 (1966). 
6. Bell R. J. , Kingston A. E.: Proc. Roy. Soc. 88, 901 (1966). 

Collection Czechoslov. Chem. Commun. [V">). 41 j {1976] 


	19762143_Page_1.pdf
	19762143_Page_2.pdf
	19762143_Page_3.pdf
	19762143_Page_4.pdf
	19762143_Page_5.pdf
	19762143_Page_6.pdf
	19762143_Page_7.pdf
	19762143_Page_8.pdf

