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Kona"'KOBCKH A., HopceeB IO.B., He!l>enos B.ll. Pl2 - 7440 
ITonCKil 3SKOHOMepHOCTell B ll3MeHeHHH il>H31lKG-XIlMH"leCKHX CBOllCTB 
aneMeHTos-roMoncros n nx ~oennaeanil~ I. HopManbHbie TeMneparypbl 

KnneHng coennaeanil ranoreHOB 

BsonnTcg HOBoe o6oaHa"leane: yHnBepcanhHbiil napaMeTp aneMeHTa. 
06HapylKeHbl miHellHbl9 _38BHCHMOCTH HOpManbHblX TeMnepaTyp Kllll9HHg MHOrH 
roMonornqeCKHX pgnOB coennHeHnil ranoreHOB oT nx yHnsepcanhHbiX napaMeT 
poB. Paaanua MelKAY Bbl"lncneHHbiMn c noMOIIIbiO aTnx aaBHCHMOCTei!: sennqn
HaMH TeMnepaTyp Knneang n npnsonnMbiMH 'a nnTepaType He npeBhiiiiaeT 

necSlTbiX nonel!: rpanyca. 

llperipHHT.06benKHeHHOrO HHCTHTyTa HAep~X KCC~eAOsaHHH. 
· ,lzy6Ha, 1973 · 

Kolachkovsky A., Norseev Yu.V., Nefedov V .D.Pl2 _ 7440 

Search for the Regularities in the Change of 
Physical-Chemical Properties of Elements
Homologs and Their Compounds. I.Normal Boiling_ 
Points of Halogen Compounds 

A new term - a universal element parameter - is 
introduced. Linear dependences of the normal boiling 
points of many homolog series of the halogen compounds on 
their universal parameters are observed. The difference 
between the boiling point values, calculated over these 
equations, and those listed in scientific papers does 
not exceed the tenths of degree. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1973 
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Onpe~eneHHe !IJH3HKo-xHMH'IeCKHx caoiicTB HeKo:ropbix 
. pa~Ho:)neMeHTOB, nonyqae'MLIX B. ynhTpaMHKpOKOllH'IeCTBax, 
B 'laCTHOCTH ·acTaTa H. !IJpaHI~iui, npe~CTaBnHeT 6onLWOH .. · ·. 
HIUepec. Iloc:KonhKY npHMOe HJyqeHHe3THX CBOHCT:B B Ha
C.TOHII.lee. BpeMH 3a:rpy~HHTenhHO, Ba)f(HOe 3Ha'leHHe npHci6-
peTaiOT pacqeTHLie MeTo.riLI ~H3HKO- XHMH'IeCKHX xapaKTe
pHCTHK JneMeHTOB H HX COe~HHeHHH. IJpe~CKa3aHHe HeKo
TOp:biX caoH:cTB MO)f(eT 6LITh noneJHhiM npn CHHi-e3e- coe~H-
HeHHH H pa3.pa60TKe MeTO~OB HX H~eHTHiiJHKal(HH. . 

MeTO~bi pacqeTa B 6onbWHHCTBe ·c;:nyqaeB OCHOBaHhi.Ha 
nOHCKaX 3aKOHOMepHOCTeif B H3MeHeHHH liJH3HKO- XHMH'IeCKHX 
CBOHCTB B roMonoruqecKHX pn~ax coe~HHeHHH. Ilpn 3TOM 
nH60 CTpOHTC11 3aBHCHMOCTb BenH~IHH OT napaMeTpOB, xa-. 
paKTepuJyromux HH~HBH~yanhHOCTh JneMeHTa /aToMHhiH HO':' 
Mep, aTOMHaH Macca, KOBaneHTHLIH HnH HOHH·h;-H•-'pa~Hyc/, 
nn6o cpaBHHBaiOTCH !IJnJHKO- xnM:nqecKne caoH:cTaa coe~HHe-
IiuH: B 6nH3KHx roMonorn'leCKHX p11~ax~ -

. TaK, Haauoaa l_ll nonhininac·h. oneHHTh TeMnepaTypy 
nnaBneHH11 !IJpaHI(H11 nyTeM 3KCTpanonHUHH JaBHCHMOCTH
TeMnepaTyp nnaaJieHHH JneMeHTOB 1-H: rpynnhl ciT nx aToM
Horo Ho:Mepa' Z unu .aTOMHoii Macchi A. 3Ta 3aBHCHMOCTh . 
c1-pouna~L no "M~To~y BLipaBHHBaHHH" /2/ •. _ . . _ · · · 

,ZJ;n11 oneHKH · !IJu3nKo-xHMH'IecKHx· caoiicTB coe~HHeHHH 
WHPOKO HCnOnh3yeTC11 MeTO~ KapaneThHHI(a/3/ OCHOBaHHLIH 
ua cpaimeHHH 3Ha'-i:eiiit:'H: ~ayx caoH:cl-a G 'n G" 'a o~HoM p.R,iiy .. . 

cxo~HLIX Bell.leCTB ABi no npH6nii)f(eHHOMY nH:H:eH:HoMy cooT
Howeunro:· 

'G(~B-f K+KI G (AB·). 
I . . • . I 

/1.1/ 
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3TO COOTHOWeHHe Cofimo~aeTCH B. TeX cnyqaHX, I<Or~a 
cnpaBe~nHBLI cne~yromHe JaBHCHMOCTH, ~ocTaTO'IHo TO'IHLie 
~JIH IIpaKTH'IeCKHX n:eneii: 

-·G' - , , . 
. (AB ) -a A + bA cp(gs)• 

' 1• 

lG" - " b" (AB
1

) a A + A cp(gBi),/1.2/ 

r~e g 8 , - HeKOTOpaH xapai<TepHCTHI<a HeO~HHaKOBLIX, HO 

aHanofH'IHLIX qacTeii B i Monei<ynLI ABi, Ha3LiaeMaH napa

MeTpoM Bell{eCTBa; a A H b A -. IIOCTOHHHLie, 3Ha'leHHH 

KOTOpLIX onpe~eJIHIOTCH BH~OM TOH 'laCTH MOJiei<yJILI, KOTO- . 

paR O~HHaKOBa ~JIH BCeX Bell{eCTB pH~a. 

CoMaii~myny / 4-
6< H3y'laH 3ai<oHoMepHOC.TH B H3MeHeHHH 

CBOHCTB ranoreHoB, noiiLITancH HaiiTH YHHBepcanLHLiii na

paMeTp g 8 , B BH~e Ha3BaHHOrO HM "J!lJ!lJeKTHBHOrO aTOMHOrO 

HOMepa" Z '. B JTOM cnyqae JaBHCHMOCTL /1.2/ TpaH"' 

ClPOPMHpyeTCH B JIHHeiiHoe ypaBHeHHe: 

'G (AB/'' a+ b f z (si ) , /1.3/ 

r~e a H b- IIOCTOHHHLie. 

CoMaii~myny npHBO~HT cne~YIOIIJ:He 3Ha'leHHH z ': 
Zi<?9, z~~.=17,. ·z~r =22, Z'1 =30~ · 

He ofi~HCHHH MeTO~HKH IIOJiy'leHHH 3THX 'IHCeJI H He ~aBaH 
HX lPH3H'IeCI<OrO CMLICn<i..· 0H BLICI<a3LIBaeT MHeHHe, 'ITO 

ypaBHeHHe '/1.3/ ~OCTaTO'I.HO TO'IHO .OIIHCLIBaeT TCi.I<He 

CBOHCTBa ranori:moB H HX COe~HHeHHH, KaK TeMnepaTypa 

I<Hne:HHH; aTOMHLiii o6~eM, KBa~paT KOBaneHTHoro_pa~Hyca,. 
Ky6 pa~uyca BaH-~ep- BaanLca. 

IIOCKOJILKY Ha~e)KHOCTL nrofioro MeTo~a onpe~enHeTCH 
TO'IHOCTLIO npe~ci<aJ'biBaeMLIX HM BeJIH'IHH, To MLI npoBenH 

on:eHKY MeTo~a · BLipaimHBaHiui H. MeTo~a · CoMaH~)Kyny .Ha 
. . . . ~ . . 

IlpHMepe- HOpMaJILHLIX TeMnepaTyp KHIIeHHH 3THnranoreHH· . 

~OB. MeTo~ BLipaBHIIBaHHH · ~~~T cne~yromee ypaBHeHHe: 

Z/T = (0 ,002649 ± 0,0001 <Xi)Z + (0,015356 ± 0,03502);. I 1.4/ .· H.KHII.. . 

Ilo CoMaii~:>Kyny nonyqaeTcH JaBHCHMOCTL: 

t H.KHII. =(5,211807 ± 0,355772)Z'-(00,199 .±7,450). /1.5/ 

qHcnoBLie · 3Ha'leHHH K03lPlPHU:HeHTOB · yp~BHeHHii /1.4/. 
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if' /1.5/ onpe.zieneHLI HaMH MeTO~OM HaHMeHLWHX KBa~paTOB. 
3Ha'leHHH HOpManLHhiX TeMnepa TYP KHIIeHHH 3THnranore

HJI~OB, paCC'IHT~HH-~IX no.·ypa:EmeHiiHM /1.4/ H /1.5/, npHBO-

~!i_TCH B Ta~n. 1. . 
0TCIO~a. BH~HO, 'ITO MeTO~ CoMaii~:>Kyny ~aeT fionee 

6nH3KHe· I< nHTepaTypHLIM JHa'leHHH · -feMnepaTyp KHIIeHHH, 

qeM MeTo~ BLipammBa,HHH' Ho li ero T_O'IHOCTL He):{ocTaTO'IHa 

~nH ou:eHKH · cBoiicTB · coe~HHeimii Jn.eMeHTOB 6- ro. H 7- r.o 

nepuo~oB. HaM Ka>KeTcH, <i'ro MO>KHO yny'IWHT:b Me To~ Co

MaH~:>Ky.iiy IIO~fiopoM _ TaKHX BenH'IIIH Z '; KOTOpbie fiLl CMOrnH 

6onee . TO'IHO BLipa>Ka TL JIIIHeHHYIO 3aBHCIIMOCTL lPII3HKO

XHMH'IeCKHX •. xapai<TepHCTIIK. B rOMOJIOrH.'IeCKHX, pH~ax Jm:i -· 

MeHTOB H .HX COe~HHeHHH. . 

PeJynLTaTLI Haimix Hccne~oBaliHii npe~cTa-BneHLI B ~aH
HOM U:HI<ne pa6oT, H3 KOTopLIX nepBa.H nocBHIJWHa :MeTo~Hi<e 
HaxmKneHHH :HoaLrx' 'BenHqiiH i' . II H3y-4:(mHio _JaKoHoMepH<)

CTeii B H3MeHeHHII HOpMaJILliLIX TeMIIepaTyp KIIIIeHHH coe~H
HeHHH ranoreHOB. B · ~aJILHeiiWeM 3TY HOBYIO BeJIII'IJIHY Z' MLI 

6y~eM Ha3LIBaTL yHHBepcaJILHLIM rrapa_MeTpoM JJieMeHTa. 

1.. MeTOA onpe,neJieHHH yHHBepcaJibHbiX napaMeTpOB 
. . 

~JieMeHTOB-raJioreHOB 

II pH Haxom,n:eHHH BeJIH"'HH Z' B Ka'leCTBe OCHOBHOrO 

ycnoBH11 MLI npHH11JIH, qTO liJH3IIKO-XHMHtleCI<ajf BeJIH'IHHa, 

. HCIIOJIL3yeMajf ~JIJi 3THX onpe~eJieHHH, ~OruKHa xapaKTepH-

30BaTb noBe~eHHe Hii~IIBH~yaJILHOH MOJieKyJILI •. H·. Kp"o~e 
TOrO, IIOCKOJILKY Ka>K~aH 3KCIIepHMeHTaJILHO orrpe~en.fleMajf 
Bemi'IHHa CB113aHa C orrpe~eJieHHOH OWII6KOH, HeoGxo~HMO 
.rro.no6paTI~ Tai<yiO lPII3HKO-XHMH'IeCKYIO xapai<TepiiCTIIKY, KO

TopaH, BO-rrepBLIX, ~OCTaTO'IHO TO'IHO orrpe~eJiji~TCjf 3KCIIe

pHMeHTaJILHO_ H, BO- BTOPLIX, 1103BOJIIIT IlpOH3BeCTil HeCKOJIL

KO He3aBHCHMLIX OU:eHOK BeJIH'IHHLI YHHBepcaJILHOrO napa-

MeTpa JJieMeHTa. . . 
B cnyqae ranoreHoB· JTHM ycnoBHni oTBe~aeT u'op-

MaJILHaH TeMIIepaTypa KHIIeHHjf aJIKHJiraJioreHH~OB. 

MeTo~ onpe~eneHHH ~enii'IHH Z' npe~cTaBneH Ha, pHc.l 

Ha rrpHMepe.-ranoreHJTHJIOB. B CHCTeMe. Koop~HHaT: TeM-
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nepaTypa . ICHlleHHH 3THJiraJioreHH.IlOB - aTOMHbiH HOMep 
Z · ranoreaoa. "tlepe 3 nepBLie .nae _ ~olfiCH ,nnH liJTopa H ?CJiopa 
npOBOA&JiaCb np~MaR JIHHHR, Ha ICOTOpoi op,nHHaTW TO~eK 
TeMnepaTyp ·, ICHlleHHR 3THJI6pOMH,na H :JTHJIHO,IVI.lla 
onpe.nemrroT1 no ocR op.nuHaT yauaepcaJILHhle: napaMeTpbi · 
3Jie_MeHTOB Z' cooTBeTCTBYIOIUHX ninoreaoa. · HcnonL3oaa
HH~ TeMnepaTyp ICHlleHHH ,npyrHX H,•aJIICHJiraJioreHH.IlOB ,naeT • 
CJie.IlyroJUHe BeJIHlfHHbi · Z' /B CIC06ICaX yiCa3aHbl HCXO.IlHbie 
roMonoruqeciCae PH.IlLI !JeiQecTa/: _ 

Z~r =21,1 (013X); 21,2 (C2 H 
5
X); 21,1 (.a-C

3
H

7
X); 20,9(a--:C4H~); 

. Z J ~26,9(CH3X); 26,7(Cjl ~; i6,3(H:....C3H ~); 25,9(a'-C4H ~). 

bLIJIH Haii.neHLI 'Cpe.naeapHiiJMeTHlfeCICHe 3HalfeHHH 3THX 
Be]lHlfHH, H B .naiiLHeHIIIHX pacqeTaX H onpe.neneHHHX MLI 
ucnoiiL3oBana cne.nyroiQHe ymi:aepcaJILHLie napaMeTp.LI 3Jie-
MeH:rOB .IlJIR ranoreHOB: 

z F =9; z~1 = 17; z~r =21,1; z'; ;,.26,5. 

2. HopMa.nhHbie TeMilepaTypbi KMneHJUI 
coe,nMHeHMH raJioreHoB ' 
Ha puc. 2, .3 H 4 rroiCa3aHbi 3aBHCHMOCTH aopMaiiLHbiX 

TeMIIepaTyp ICHIIeHHJI opraHHlfeCICHX H aeopraHHlfeCICHX COe
JlHHeHIIH :-ranoreHOB OT HX y'HHBepcaJibHblX rrapaMeTpOB 3Jie- • 

' - .- .. ; . . 
MeHTOB HJIH CYMM.LI Z , eCJIH coe,nHHeHHe co,nep:>KHT 6onee . 
tfeM O.IlHH aTOM ranoreaa. 3HatfeHHJI·aop:ManLHbiX TeMrre·pa
Typ ICHIIeHHR, B3HTLie H3 crrpaBOlfHHICOB / 7 •9 /, · xopOWO 
JIO:>KaTCJI Ha npJIMbie JIHHHH. llpe.ncfaBJIEiHHbie Ha pHCYHICaX 
3aBHCHMOCTH THIIa 

/2/ t . =a +f3 I Z' 
· H.:KHII.(RX .) t,R t,R .i (Xi) 

1 I 

IIO.IlClfHTaHbl CIIOC060M HaHMeHbiiiHX ICBa,npa TOB .IlJlJI ae.paBHO
ueHH.LIX. H3MepeHHH aa 3BM • CDC-1604A. _Ycpe.naeHHLie 
BeJIHlfHHLI napaMeTpOB ypaBHeHHH /2/ a II f3' a TaK:>Ke HX 
cpe.nHeiCBa,npaTHlfHbie OIIIH6ICH S ii -~~ S § . npHBO.IlJITCJI B 
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Ta6n. 2. 3,necb :>Ke yiCa3aHLI napaMeTpbi · ypaaaeauii . .IlJIH 
COe.IlHHeHHH, He .OTMelfeHHblX Ha pHCYHICaX. , .. 

3To no3BOJIHeT c xopomeii·TolfHOCTLIO onpe,neJIHTL TeM
nepaTypLI KimeHHH 60JibllHHCTBa .coe,nHHeHHH · ranoreHOB. 

. Cne,nyEn oiMeTHTL, liTo .nnH pH,na onpeAeneHHLIX ianoa 
COe.IlHHeHai£ ranoreHOB Ha6mo,naeTCR eiQe 6onee o6IUHH xa-
paiCTep 3aBHCHMOCTeii. . 

· AHaJIH3 K03~HilHeHTOB ypaBHeHHii H3 ni.6n. 2 YICa3LIBaeT 
Ha' .TO, ~TO .IlJIR HeiCOTOpbiX rpynn MOHOranoreHopraHHlfeCICHX . 

-.. coe.naueauii Mo'x<uo nocTpOHTL . 6onee o6IQyro · .mmeiiayro 
3aBHCHMocT.L Te.MnepaTyp ICHneHHH oTZ' a qacna aToMoB 
yrnep'o.na .· n·: . . . ' 

. t a.xan. (C w . .x)= A+Bn + (Cn+D)Z (x) . . /3/ 
. . . n 2n+ r . 

Ko:J(KJIHUHeHTLI 3Toro ypaaaeHHH HMeiOT cne.nyroiQee 
' ~ ~HCJIOBOe 3Ha~eHHe: 

_) 

A B (~ D 

1 -:- rano-
reaanKHllbi -172,6887 38,3281 -0,325362 7,021456 
2 ;_ rano- -
reaanKHllbi -176,4565 37,7905 -0,276030 6,600768 

., I ' 

B Ta6n. · 3 .naeTCJI .· cpaBHeH&e. BeiiHlfHH Te:ll.mepaTyp, 
pacc~&TaHHLIX IIO COOTBeTCTByiDJUHM -ypaBHeHHJIM Ta6JI. 2 
a ypaBHeHaro/3/, c TeMrrepaTypaMH ICHIIeHHJI, YJ<a3aHH.LIMH 
B JIHTepaType/7 ,8,9/ .PeJyJibTaTLI pactfeTOB .IliiH n=2,3,4 HMeiOT 
3HatfeHHJI, 6JIH3:KHe IC JIHTepaTypH.LIM. . . 

)J;JIJI TeMnepaTyp ICHIIeHHJI IIOJIHranoreHHAHLIX coe,nHHeHHH 
MeTaHa / CH~4-m , · r.ne _qacno BO.IlOPOJlHbiX aTOMOB m = 
= 0;1 ,2/ H CJie.IlyroiQHX THIIOB COe.IlRHeHHH :JTaHa: (}J~-:-OJX2 , 
Of 2X-CHX2 , CH X'-CH 2X, Ha6nro.naeTc11 o6IQaJI· 3aaacu-
MOCTL OT ,CYMMbi.l' H lfHCJia BOJlOPO.IlHhiX aTOMOB: . · 

-, t 
H.:KHII. =A '+ B 'm + (C 'm + D ') ~ Z<' , ) +"' ( ) . 

_ 1 Xi F . 

3Ha':feHR Jl IC03!};'¢HilHeJ_ITO"B CJie.IlYroiQHe: 

/4/ 
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ranoreH:-
38MemeHHbie A' 

MeTaaa · -400,2926 

·a' 

95,3706 

C' D' 

0,16382.4. 7,015038 

9T8Ha -393,856 70,9627· -0,089.412 6,045453 

II.onpaaoqnhiH qni:m . 11 (F) · yqnT_hiBaeT -~ OTKJiouenne OT 
o6iuero xapaKTepa 3aBHCHMOCTH TeMnepaTyp KHneHHH nonn
ranorEmH.D;HhiX c·oe.nnneHHH npH nOHBJieHHH B MOJieKyJie aTOMa 
tiJTopa /B OTCYTCTBHe tiJTopa 11(F)..() /. Bennqnua 11 (F)3aBHCHT 
OT o6mero CTpoeiiHH "MOJieKyJibl, OT npHCYTCTBHH B · HeH 
.npyrn:X /KpoMe tiJTopa/ 'ra.ri:orf:moa n nx npnpoJ.J:hl: 

\ ' . . 079. .· ,, 
11 =---!.._l:z' · +f 

(F) nx, 1 <·x;> ' 
i 

'/5/ 

~ ~ I ,.., "' 

r.ne nx,- qncno aTOMOB .npyrnx, KpoMe tiJTopa, ra~oreno'B 
B MOJiei'yne, f . - nOCTOHHHaH· .D;JIH ,D;aHHOrO THna COe,I:(HHeHHH: 

f(cX ;j)= 16,521; 

f (CH t'F) =23,193; 

f(CXF
3

)=23;742; 

f (CHX2F) = 18,389; 

f(CHXF2 )=26,445; 

f(CX/2 ) =17,648; 

, f(CHX:ZCHXF):l6,668; . f(CHX
2
CHF 

2 
)=21,363; 

f(OI
2
XCHF 

2 
)=26,722; f(CH

2
XCH 

2
F)=28,{1.2. 

H3 .nanHhix, npe.ncTaaneHHhiX .a Ta6n. 4 H 5, an.nno, 
qTo aennq'nnhi, TeMnepaTyp KHnenHH ranoren3aMemennhlx 
MeTana H :iTana, paccqnranHhie. no ypaBneHHHM /4/ n /5/; 
xopomo cornacyroTCH c .nHTepaTypHhiMn. ·· 

Cne,nyeT oTMeTHTh, qro ypaanenlle /5/ no3BOJIHeT TaK:>Ke 
paccqnraTh TeMnepaTyphi KHnennH coe.nnneunii' KpeMHHH 
C qeThlpbMH ranorenaMH, cpe.D;H KOTOpbiX npHCYTCTByeT 
tiJTop. ,Il;nH TaKHX coe.nnneunii, KaK 3TO an.nno H3 pnc~ 4, ua-
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6mo,naeTcH · OTKJioaenne oT o6mero xo.na nnueiiaoii· 3aancn- .. 
MOCTH. 0Ka3anoch, · qTo aae.ne'une a o6mee ypaaaeune /2/ 
nonpaaoqnoro · Ko.34Jtilnuneii1-a· /S/ · no3aonHeT c · 6onLmo_ii· 
ToqnocThiO onpe,neJIHTh. Te'Mnepa TYPhi KnneanH TeTparanore-

. HH.D;OB KpeMHHJI. /Ta6JI. 6/. ,.B. 3TOM. c.i:Iyqae ITOCTOHHHaH 
f coxpanHeT caoe 3Haqeune npH 3aMeue yrnepo.na ua KpeM
anii: 

f (~iXf3f f (CXF3 >; · f (SiX2F:t f <cx 2F2i f (SiX:lFf f<cx3 F) · 
Ilpn OTCYTCTBHH qJTOpa B MOJieKyJie, KaK n' Ifpe:>K,D;e, 11 (Ff"O 
H pacqeT ranoreH3aMemeHHhiX KpeMHHH npOH3BO.D;HTCH no 
o6w;eMy ypaaueumo /2/. 

ToquocTh · napaMeTpoa acex · npna~.neHHhiX naMn ypaaue
HHH 3aBUCIIT OT ioimoCTH IICXO.D;HhiX ,D;aHHbiX. 

IlpHHHTbie HaMH YHHBepcaJihHbie napaMeTphl 3JieMeHTOB 
no3BOJIHIOT onpe.nennTh TeMnepaTyphl KnnennH coe,nnueunii 
ranorenoa ·c· 6onhmeii ToqnoCThiQ, qeM npn pacqeTax no 
.npyrnM, yKa3aHHhiM Bhime, MeTo.naM. Heo6xo.nnMo TaK:>Ke 
OTMeTHTh, qTo no cpaanennro c · MeTO.D;OM KapaneThHHUa 
Halii nO,I:(XO.D; n03BOJIHeT CHH3HTb BJIHHHHe CJiyqaHHhlX HJIII 
MeTO.IJ;nqecKHX OliiH60K H .nae.T B03MO:>KHOCTb paccqnTaTb 
TeMnepaTyphi KnneHHH coe.n:Huennii ranoreuoa, KOTOphle 

. t ... - ~ 

noKa He CHHTe 3HpOBaHbl H .D;JIH ·KOTOpbl)( HeT nO.D;XO,I:(JilUHX 
auanoroa. 

B 3aKmoqeune aBTOphi Bhipa:>KaroT : 6naro.napuocTh 
3.A.JionaTHHOH 3a COCTaBJieHHe nporpaMMhl ,I:(JIJI 3BM 
H MaTeMaTnqecKyro o6pa60TKY pe3yJihTaTOB. 
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74 CJfE·cn;F· 92 CN,Sr·CH6.i 107CNlL·U, 124 ClfctF·c~ 145 GN~ -ca,.._F 
75CH1F-CH1Cl 93CII'i -CifF, 108CI(&.-c.l) 125CH.Ii·c4.-Ji 146Citct,.-c((, 
76 CH1F·(Jt,S, 94 (J(fi_ ·CifS,.F 109t~F-ca.-f. 126CHaf ·CCU._ 152 CH~,.-c8r, 
77(.,1f•Cf.-CH,.CC 95 ClfF,_ •Cifct1 IIO Ch,ct-cct.Ji 128CHs.-ct·cF, 153 C,<) -Cij 

78 Clt1 F-Cft1:J 96CJIF,-Ctf4a 1IICil:1·iJ:.; DO c.lfctF·C&Fz 154 Cctli. ·Cctli 
79 Clf,CL-Cit,B,. 9'1 CHCl,.·CHctF II2C1f,&-·UU, I3ICHct.·cct_.<f !55 c.&-~ -c6F;. 
61CI(.Cl-CH,1 98CH/i·Cit~1 II3CJt.Cl·CCl,F I32Cirli -caJ 156C(4F·CC(,F 
64Cif1 f·C!fF,. 99CHt!rCL~CifctF II4q8r·C&-F, 134 CHf!t.f·C4-f..157 CJF,._·C:!fi 

85Cft,Cl·Cit!i 100Cif4J;•C/t6rF II5CJr,1-Cct~ I37CH~~C&-~ 158 C6rClHAr-rD 
86 CH.S.--CHfi 101CJICl,-CkCI, II6~&-"C&;F D8Cit'CL,~F 159C6rJ·C6rJ 
87 CH1J·CHfi 102CHCl&CH&-i:t Il7C.H1d·Cctl I40CifF, ·C&o,a !61 C6r.CL·'-"l CL 

66CH,.F -CH6r, 103Cif&-lt-Cit~ !18 C#,.&-•cu. I~ CH&r,. -ca,.r._ 
89CN16r•CN&.F I04(Jt8,(l·CH5r1 I20CH,8r--c~cl 143CI(6rF·CIJr,.F 

90 C.lf,ct·CHCl, !06 CN,F -cr:_ !22 UIF, • C~ !44 CHS..U·C6,-Cl.F 
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pa3JIH'IHLix' ranoreHCOe.IJ:HHeHHH OT CYMMLI YHHBepcaJILHLIX 
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KPY:>KKaMH o6o3Ha1.feHLI coe.D.HHeHH.H tl>Topa. 

187 8Cl3 
!9! 1313~ 

'!96413 
203 Pfi 
204 PCL"-
205 P&-fi 
206 Pct,F 
208 PBttt: 

·,"' 

. '· 
2!0 PCLJ 224 C..t3.-ct, 
210 P&-CL, 225£kl3'Y . 
214 P/3'3 228 $;«.!) 
2I9 C..F,. 229 $.- s,.~ 
220Ccct,c;, 230S;ct,~ 
221Cc.i4F. 231 ,5,-J~ 
222 Cc.Cl,F 232 S;ClJF 
.223 GHG, 233 ,S;LJ.p~ 

234 Si6rCi,F 242 s;JCt~ 
235 5; s11 ctF 243 s.-a,., u 
236S;JiJi 244 Si8rv 
237S;I3~jF 245S;~ct, 
236$;-J.F 247 S;~U 
239 s;a;, 249 .As'(J 
240 Siflrel3 250 A~ t3'i 
24! S;(J,., Clz. 254 .As J3 

I 
13 



TaOJIHtta 2 · 

KoaqqJHttMeHtw ypasaeHHJI (2)·. 

li1.1W4f. (~><) =OI...i,l. +ft.f{f- z(xi) 
.· .,e 0\ H C1) .::t' - ... .. .. 

~;!a 
H H 

Jl ~ ·~· 

H- p ! 

~3~KttKBHtw H HX cpe~exs~patHqawe o•xOEH 
ypaBH RX;. 

·d.-H. ,.c;~ fit ll A?l_ 
... - .. - -H ·t-- C\1 CX) C\1 
till C1) H C1) t--

!f Ill I 
Ill' 
G) 

B ! . .., -., = t.n 
\0 ll\ CQ H 

f:: - - - -! • a ~ lt\ ~· fa H H 

JJiR ~ JJ 131 
CD i - - - ... 
i .. CW) co .:::1" ;:e '1 Ct) 
CD .. -

2,1 CH3X -139,644 . 0,617 6,801365 0,045006 
2.2 .c2H5X -93,682 0,604 6,259374 0,031015 · 
2.3 IX -C3H7 -53,298 0,926 5,879091 • 0,038788 

2.4 Ix -c4~ -17,292 I,II3 5,621220· 0,054832 
2.5 2x -c3a., -60,665 1,12Q 5,66_4698 0,057500 
2.6· 2~ -C4Hg -24,644 2,003 5,466451 0,091549 
2.7 2X -C5HII -19,00 o,ooo 5,~ 0,00000, 
2.8 . 2~ -2CH3-c3H7 -43,007 5,512195 

2.9 lx•2CH3-c3H7 -23,057 0,988 5,417486 0,045139 
2.ID Ix:.2CH3-c4~ 15,823 1,586 4,994274 0,072476 -

.a CX) 0\ fn t--a 0 \0 co. .. - - .. ... ~ ~ H 0\ 

i • (\J 

~ .. ~~ .:!1 F It\ 0')' t-- H 

a8 -' - - -(W'\ co ~- t--· 
1" \0 

2.II C~=CHX -139,128 0,707 7,360446 0,032296 
2.12 C~·CH-C~X -57,357 0,232 6,031430 O,OII905 

2.i3 CH2X-CH~OH 41,517 1,502 5,099839 0,068662 

2.14 c6H5X 31,302 0,675 5,944625 0,035732' 

. 2.15 c~x2 -210,:780 0,931 7,378617 0,026552 

2.16 CHX3 -3~4,917 0,219 7,17874.6. 0,004001 

iS to- 0\ 
Pt . H (\J 0') .:::t 

=~ 
.. .. - .. 

to- (\1 CX:) C\1 
CQ H CQ t--... 

2.17 cx4 -382,820 2,423 6;758080 0,035629 

2.18 cH~-c~x -IIO,OIO . 0,040 5,687941 O,OOII54 

2.19 car-e~ -175,3II 4,555 5,666294 9,009302 

2.20 CHX2-CIIX2 -254,286 4,867 5,90'~439 0,068986 

~ 0 . ~:C· -. 
II) II) . II). II) • 

:t: :t: :t: ~ 
~ ~ ~ u u u u 

2.21. S; X.,.· -339,1)24 0,603 5,824321 . 0,008865 

2.22 w.x., -346,840 1,645 6,322951 0,027095 
2.23 

-----L-..------~ ~~~~ ----1.....---

15 
14 
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Ta6JIHUa 3 

CpaBHeHHe BeJIHqHH HOpli8.1IbHIDt TeKIIepaTyp KmteHHll (°C) 
I-raJioreHaJIKHJIOB H 2-ranoreHaJIKHJios,paccqHTaHHHX no 
ypaBH6HHliM 2.2; 2.3; 2.4; 2.5; 2~6; H 2.7 Ta6JIH1.\U 2 
( t'- ) H no ypaBH6HHD 3 ( t" ) 1C JIHTeparypHHMH ,llaHH!iMH 

c·t) /7,8,9/ 

P..X t t' t'-'-t t'' 

CzHsJ: -37,1 -37,3 -0,2 -38,7 

CtHsCL < I2,27 . I2,73 0,46 12,27 

(z Hsf3r . 38,39 38,39 0,00 38,39 

CtHsJ 72,4 72,2 .. 0,2 ~2,8 

tp-c3 H1 -2,5 -0,4 2,I -3,3' 

1.Cl-CJ if1-
' 

46,6 46,6 0,0 45,I 

1 !3r -C3 if1 70,82 70,75 -0,07 69,85 

tJ-Cllf1 102,45 102,50 0,05 I02,50 

i~-(1(/(j 32 33,3 I,3 32,I 

{. Cl- c., H5 .78,4 78,3 -0,1 77,9. 

1./J,.-(I(I(J IOI,3 IOI,3 0,0 101,3 

fJ- C~tHJ ·. IJO DI, 7 1,7 132,2 

1.!=- (~/(tf 
~-

67,5. 
1. CL -Cs- H tt !08,2 no, 7 
i /3r · C:; lltt !29,6 !32,8 
'1.J-Cs-ltu I6I,9 

1 !=-C.3H1 -9,4 -9,7 -0,3 -II, I 

1. 12 .... C~H7- 34,8 35,6 0,8 35,I 

i 13~' -(~H1 59,41 58,86 -0,55 58,72 
J 

t"- c 
-I,6 

o,oo 
o,oo 

. 0,4 . 

-0,8 

~I,5 

-0,97 

.. 0,05 

0,1 

-0,5 

o,o 
2,2 

2,5 
3,2 

-I,7 

0,3 

70,69 

21- C3fh 89;45 89,45 o,oo 89,89 .. 1 0,44 

J.Ci-CvH~ 68 68,3 0,3 68,3 0,3 

2.8,.-('tlf, 9I,2 90,7. -0,5 90,8 -0,4 

2.J-:C11H9 I20 I20,2 0,2 I20,6 0,6 

2(1.- CsHu 97 97,0 o,o I01,2 4,2 

2./Jr • Cs 1/11 II7,5 II7,5 0,0 I22,7 5,2 

lj- Cs- H.a ) I44,5 144,5 o,o I50,8 ' 6,3 

I 

Ta6J!Htta 4 . 
CpaBH6HHe B6JIHqHH HOpllaKbHHX Te~eparyp XHn.HHll (°C) 

raJioreH3aKemenH!iX MeTaHa, paccqHTaHHHX no.ypaBH8HHliM 2.I5j 
2. I6j 2. I7 ta6JI~ItH 2 ( t') H ypaBH8HHD 4 ( t 11 

) t C HC:XO,J;HWKH'_ . 
, ·JIHTeparypH!iKH ,J;aHH!iKH / 7/. . 

.At- npHBO,I;HMall B JIHteparype OIIH6xa. 
.. I St -cpe,.;Hena,.;paTHqaas on6xa seJIH'IHHH 1:. , paccuraliHol 

cnoco6ou aaHweH&•xx xsa.r;paros • 

e At 1:.' St t'-t 1:.'' 
I 2 3 4 5 6 7 

cctFs . · -81,3 0,2 -81,3 
C8t-Fj -57,7 0,5 -55','6 
CJ~ -, 

-22,5 0,5 ·.·· -22,2 
CCitft -29,8 0;5 -:n, 3 

C8,.ClJ,. -4,01 0,05 
.. 

-4,15 
C8t;.F2. 22,8. O,I - 23,0 

C.YClF2· 33 I 
I•· 

• 3I, 6 
CU.3 1= 23,70 0,05 23,70 
C(j,.(L,f 51,5 1,0 51,5 
c.s,.,u.l= 80 I 79,I 

· C8~F 107 I I06,7 

CCl'f 76,73 0,03 76,73 4,85 0,00 76,73 

C6,;ClJ I04 I I04,4 5,0 0,4 !05,5 

C81'f.ct;_ D5,C 0,5 132,! 5,1 -2,9 134,3 
C6r3 U 160 I 159,9 5,3 O,I I63,0 

c &., I90 2 !87,6 5,4 -2,4 I91,8 
CHct2 F 8,92 0,05 

'-
8,73 

. CHB,.ct.F' 36,3 O;I 36,5 

CH8r1 F 65 I 64,4 

CHClFz. -40,7 0,1 -40,6 

CHB,.F,_ -14,5 0,5 -14,5 

l"-t 
6 

o,o 
+2,0 

0,3 

I,S 

-O,I4 

0,2 

1,4 

o,oo 

-0,1 

-0,9 

-0,3 
!'--", 

0,00 

I,5 

-0,7 

3,0 

I,8 

-O,I9 

0,2 
·o,6 

0,1 

o,o 

17 



·\!·" 

llpo~onxeHHe taOna~w 4 
-.. 

l . 2 3 if 5 6 r 8 

CHJ~- 21· I -- 20,0 -L. 

CHU.J 61,20 o;os .-· 61,20 0,43 o,oo 6!,20 o,oo 
CHBraz. 90 I 90,6 0,4 0,6 90,6 0,6 

.. 
CH8r1 c.l.:, " 120 I 120,1 ,_0,5 . 0,1 120, :r 0,1 

Clf8rJ 149,5 0,1 149,5 0;5 o,o 149,5 . o,o 
CHLClt= -9 I -6,9" 0 11 

' 

_ Cff,JJ,.F 18 1 16,0 o,o 
CfftJF 53,4 0,5 53,~. .o,o 
Clftelz. 40,I O,l 40,1 1,6 o,o 40 r-' . 

o,o· 
Cl(zB,.ct. 68,3 0,5 70,3 1,9 2,0 70,2 ·. 1,9 

Glft.7U 109 I II0,2 2,1 _1,2 109,~. 0,9 
' 

CH1JJ,.z 97,0 o,r 100,6 2,1 3,6 100,3 .3,3 

C/fz..J/3,. IJ9 2 140,4 .2,2 1,4 140,0 I 
' 

Clft.Jz ItiO, 5 0,5 _180,3 2,~ -0,2 179,6 -0,9 

::, 

; .-
·.-··' \( 

....... 

18 . 

;,• __ ';• 
'. -": ~> 

'~- .:.. 

' . ~- ~-
'·~: .-.· ...... 

(: •_.; 
/~ .,. 

~-' ..• · . •• ---~~-~f 
• ·' .. • ,,. ..• TaCinHI.ta 5 

. . CpaaaeaHe BeJIHlUf~s:~-~p.!laJI.bHWC teHIIeparyp KHIIeHHH (°C), pac-
.... :~ ·, . - . ".' ·.~ • •. r I 

CIIHraaa~x ·no ypasaeHHHW: 2 .I8; .2. I9; .2 .20 tl!-CinH~H -2-' ( t) :H 
.ypasHeHHJ?. 4 (('),c HCXO~HHY:H JIHTeparypHUW:H ,ltaHHUW:.H /7/ in~ 

. raJioreH3~W:8lli8HHWC aralia.:-· 

, RX .t t; r· t.:t: 
C.IIClz_-CHCU: 1~,5 . 

c.H Bra- c~ct. ~ r2s~ s 
. CH_l3r;. ~ Cl((j~F I'7J. 

CHCL' - CftF . '59·: 
- . L_ ., 1. ' ·' .. , 

· Ctf!JrCl- C~F;· 8J - . , 

Uf 13,.2.- C.i1 F1 .. I 00 
> ~· 

CltUz- CHU/ . 1471 1:> .. 

ClfU1 -;cH6~et ·. 172 ··: 
Ut!J,a~clf&.CL 195·· 

:; CltBt-Cl-CHI»-z. 220 
.. .-·- ~"' 

. ·c ltzCL~cJtP1' 35, o -,~ 
. -.:Cifz./5:-- C}ff',_ - . 57; 

I 

o,~, 

I. 

2 

I 

2 

. 0,5 

·.:I 

r· 
'2 
0,5 

I 

2,·a· ·':: 

e- -1 e:.. t. 

·-· 

·-~ -~~:.. 

::_I_47,I 

: '171,3 

195,5: .. 
219,7 

,._ 

. ··.;.. 

0,1 

:-0,7: 

0,5 

;..0,3 

·· Cit~'f-o:'citF2 -~1,5 

CH1Cl-CffUI.' II3,6'1 .. '· ~. . . . 
:o,o_5 · I :rn,67 _o,6o 

CN,.t,,:.~Cit!Jr1.• 183; 

· cit:&.-cHu/ IJa·: 

u,~CL -·cifzf:

···cif~&-~c~F 

Cl(z:J -_CifJ.t=-: 

52,ii 

72,0 

roo · 
. ~Hz{l-Ci(L (,(. I8J' JB 

Clf1U-C~IJ;-, 106,7-, c 

· C.~Cl-CH,J 137,5 

.· ··,; 

·~· . . .. . 

... 
~ .. ';~' -, 

:.1 -, 2 

.. , 2 

o,r 
·;0,5 

·<3 

0,05 

· O,I·. 

2 

183,4 I ·o,-4 

. 136;9 ·: _-I, I 

I·" 

"'· 

.83,38 

106,7 

'137,4 

~- .~;. 

o,oo 
o,oo 

,-0;1' 

t "~ 
I03,3 

I26~J · 

·•. 172,2 
·; 6I,I 

83,5 

105,9 

147,0 .. 
171,1 

I9?,i 

2~9,2 

J5,5 

1t'!...t .. 

<0,8 

:0,5. 

-0,8 

2,1 ;·· 

·.0,5 

:~2,1 

0?() 
~:.:~ 

-0,9'·,. 

O~I 

-0,8 

; 0,5. 

56;~ I ,ItO 
82,9 ·~- 1,4 

. II3 s/ -,_ o oo ··!·;;.·: 
·.., , ......... ' 

184,7 

I 137,4 

52~6 

72,6 

99;1 

83,38 

106,7 

137,4 

I, 7,, ·._ 

-0,6 

-:-0,2_ 

0,6 

..;0,9 
..;-· . o,oo 

.. 0,0 

-o,r 

~-~ !:: . ·-

--~ '., 19 



TaOJIHrta 6 

CpaBHeHHe BeJIHqxH HOp~HYX TeMneparyp XHIIeHHS·(°C) ranoreH-
3axe~eHHKX KOHOCHJiaHa, paccq•raHHYX no·ypasseu•D·2.21 (c yqe-
row nonpaaouoro q.11eua ~ ') ), c JIHTeparypHwot ,JtaHHJ:UIH ( t ) , 

B3Uwot H3 cnpaBOIIHU: /7/ 

t'a.JtHn. CS: x.,) =-339,024+5,824321~ z'cxJ ·~FJ, 
o)J ' t 

~FJ =-n;; ~ Z (x;) -r / • 

t t:.t t' t '- t . s,, 
~q; u~ -70,0 0,1 -72,4 -2,4 1,0 

S;/3r~ -4I,7 0,2 -51,8 . -10,1 I,o 

S:J F, -24 4 -24,6 . -0,6 I;1 

S;CL~. F,. . :..32,2 0,1. -31,9 o,3 1,I 

,S; 8r1 F,. 13,7 0,2 I2,6 -I,1 1,1 

S;J~.F,. 84,5 0,5 75,0 -9,5 1,2 

$;(L~f 12,2 0,1 !3,7 +I,5 1,1 

:J;BtaLf·. · 35,4 0,2 36,5 +1,1 1,2 

$;13r,.CLF 59,5 0,2 59,3 -0,2 I,2 

S; t3,.JF 83,6 0,2 82,2 -I,6 1,2 

S;~F. 188 I 176,4 -Il,2 I,4 

,t;;U., 57,03 0,01 57,03 o,oo 1,22 

,si/J,.~u .. I04,4 I04,8 0,4 1,3 

S;.Jet,~ 114 I 112,4 . -1,6 1,3 

,S;8,.lu. 128 I26,7 0,7 1,3 . 

$; n,., 152,6 0,2 152,5 -O,I 1,4 

S;Jz.Cla. IT'l I 167,7 -4,3 1,4 

$;JjU 232 2 223,0 -:9,0 I,5 

S;J., 30I,5 I 
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Y CJIOBiUI 06MeHa 
flpenpHHThi H coo6weHHll Oli.Hll pacci>maiOTCl! 6ecnnarHo, Ha ocHoBe 

BJaHMHOrO OOMCHa, YHHBCpCHTCTCM, HHCTHTyTaM, na(5opaTOpHliM, 
6n6nnoreKaM, Hayim&IM rpyrmaM li or~enhHhiM ytiCHhiM 6onee 50 crpa«. 
· Mhi OiKH;IacM, q~o nony'iaTena HJ~a.Hifii Oli.Hli 6y.rwr caMH npo.l!B· 

nl!Th HHHUHa THBY B 6ecnna THOR nocLmKe ny6nnKauaii a,ny6Hy. B rropll.tiKe 
OOMCHa ITpHHHMaiQTCll ·HaytiHhiC KHHrH,. iKypHaJlbi, rrpenpHHThl H lJHOrO 
an~a rry6mtKaunn rro TeMaTHKe Oli.Hli. 

E~HHCTBCHHhiH BH~ rry6mtKal{HH;KOTOphiH HaM fiPHChiJiaTh He cne~y
CT ,· 3TO peripHHTbl /OTTHCKH CTaTeH, YIKC orry6nHKOBaHHbiX B «ayqHblX 
*YPHanax/. · · · · 

B Pll~e CJJY'.faCB Mbl caMH o6pawaeMCR K rronyqa TCJJJIM JiaWHX H3~a" · 
uaii: c npoch6oii 6ecrmaTHo npncnaTb «aM KaKue·nn6o l(;mrn unu 
BhlfiHCaTh ~Jl.ll. Hamejj. OHOJJHQTCKH HaytiHh!C iKYpHaJlhl, HJ~aiOII.IHCC1! B HX 
crpa«ax, 

0TAeJibHhie 3aiJp0Cbi 
li3.!laTCJibCI<HH OT.!lCJI C/KerO~HO BhiiTOJlHl!CT OKOJJO 3 000 OT.!lCJIMl:biX 

Janpocoa «a BbtChiJIKY nperrpnuroa n · coo6we«nii OH:.HU. B TaKHx Ja· 
rrpocax CJie~yeT 001!3aTcJibHO yKaJbiBC\.Th lfH.!lCKC . 3arrpaWHBaCMOro 
H3.!laHH1!. 

AApeca 
. . . 

ilHCbMa flO BCCM B()IlpocaM ()OMCl,la rry6iJHI<aUHl!MH; a TaK/KC Janpo~ 
Chi Ha OT.ilCJihHhiC H3.!laHii1! CJIC,1lyeT HanpaaJI1!Tb ITO aJipecy: . 

101000 MocKaa,. 
FAaBHblii nO'IIIIaMm; n/JI 79. 
H3oallleAbCKuii omoeA · 
06oeOUiteHH020 UHCIIIUIII.YIIIQ 
JIOepHbiX UCCAeOOBQHU,j • . 

AJipec JIJI1! nochiJIKR acex ny6nn:Kaunil B nop1!.!lKe o6Mena, a TaKiKe 
Jtn.ll 6ecnrraT.IH:iii rro)l.inicKH Ha Hay'4Hhie ~ypfiarrhl: · 

. 10JOOO MocKea, 
TAaBHblii no<tmaMm; n/JI 79. . 
Jlay'IHO·llleXHU'IeCKQJI 6U6AUOllleKQ 
06i>ei>uHeHI:I020 UHcmumyma 
JIOepHbiX uccAeooeauuii. · 


