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cxuMaeMoro tra3a, yq[TbrBa-
IOqAq BO3MOXHyT HepaBHOBeCHOCTb Cr{CTeMbl OTHOCI,TTeJIbHO nOCTy[âleJIbr{brX r.r BparIIaTeJrr,HbIx- creneneù cso6o[rI. B parnorecHoM cryqae [ocfpoeurrble ypaBueuus cBogrrcfl K Bbrrrtrcaxuoù pa-
Hee KBa3nfl{ApoquHaMltqecKofi cncteMe AJra rroJrr{aroMHoro rasa, Ilpr,rregenÉr pe3yJlbrarbr pacqe-
Ta leqenuft r ygaprroû BoJrHe I,I 3aÂaqu o peJraKcaqrryr B cpaBHeHr{u c AaHHbrMr,r qucJreHrrofo MoAe-
JItIpOBarmr Ha ocHoBe KltHeTr,IqecKoro IloÀxoÀa.

1. BBEÂEHr4E

B pa6orax Ll], t2] 6ula npegro)KeHa opurr,rnaJrbHafl MareMarnqecKafl MoleJrb [Jrfl onncaHr,rr rer]e-
Hr,It Bt3KOrO CXITMaeMOTO ra3a, Ha3.BAHHar aBTOpAMT{ CnCrer'AOù KBa3ûra3oÀfiHaMnrlecKfiX (r. r. g.)
ypannenuù. Ëstro noKa3aHo, rrro srI,I ypaBueHr{r np}rro4rrbr Anr pacqera 3agaq ra3oAr,rHaMRKa R, Bqa-
crHocrr{, AJrt MoAeJrrIpoBaHIrt reqeur.rû WepenHo-pa3pexeuHoro ra3a [3]. B nacroruleù pa6ore rrpo-
Bqglrrcfl o6o6rqenue K. r. A.-ypaBuenraft na cryvaft ra3a c nocrynareJrbHo-Bparqarenrnoù TeMnepary-
pnoft nepanuoBecuocrbro. Taras HepaBuoBecHocr.b xapaKTepHa Arr reqeHr,ui pa:pexenHbrx ra3oB, co-
crorrqnx rr3 AByxaroMubrx r,rJrrr rloJrr,raroMuËrx MoJreKyJr t4]-t6].

Moreryla paccMarpr{Baerct KaK TBepAoe reJro, o6ragarorqee roJrbKo rparcJrrqrouubrM}r tr Bpa-
rrlareJrbubrMlr creneusMu crodogrr. Taroe orrlrcauue npaBoMoqnçr, ecJrrr reMneparypa ra3a He cJlt{ur-
KoM BbIcoKa (xone6areJrbHbre creneHl{ croooqu ne ros6yx4enfr) r.r He cJrr{rrrKoM Hr{3Ka (npaqarear-
HbIe creneun cno6oglr MoryT paccMarplrnarbcr xnaccravecxr).

2. MOJIEKyJT.TTPHA.TI MOIEXb r4 OyHKI=II4r{ PACnPE,UEJIEHT4fl
' 2.I. Brtparrenufl AJrr etreplf,n MoJreKyn. flpegnonoxuM, qro Bce MoJreKyJrf,r oquuaKoBbr H rpeg-
craBJuK)T co6ori TBepgbre porâTopbr. B cnyuae noJrrr:u ouepms MoJreKyJrbr coBnagaer c ee KrrHerr{qe-
cKoË orreprueitu Moxor 6urs aanracana KaK

E^=\82+8,,

rgeEr-BparqaleJrbHaffsHeplnfl,mo-MaccaMoJIeKyJIbr,Ë=o+c-cKopocrbeerleHTpaMacc,Koropafl
npeAcTaBJrreTcr B niage cyrvrur,r MaKpocKonuqecrofi cKopocTr,r u r4 TelrJroBofi cropocru c.

3ueprllx Bparqeulr; Anfl cryqar noJrlraroMHoË rraolerynbr paBna

(2.r)

rUe I? , fr, to, - rJIaBIrbIe MoMeHTbt r{Hepqnfi MoJreKyJIbr I{ (D1, 0)2, ûà - ymoBbre cKopoclû orHocnreJrb-
Ho rJraBHbrx ocelî, KoTopble odognaqarcTcfi qepe3 I,2,3 (crra. [7, c. 128]). B erou cryqae MoJreKyJra
uMeer rfiecrb creneneû cno6ogu - Tprr nocrynareJrbnbre I{ Tpr.r BparrlareJrbubre (uucno BuyrpenH}rx
cleueHeù cnodogu Ç = 3). B ga;rsnefitueM npu ccr,tJlKax na ra*ym éncreuy 6ygerr.r t{cno6soBais o6o-
sga.regfic 3R.

l) Padota Bbrrro:rtleua npu QunaHcoroû noggepxre Poccnûcxoro Qorga ÈyuAauesralbulrx r{ccrreAorarnrû (xog npoeKTa
98-0r -0or55).

= frrî.? * r2or1+ rl.ol1,

t4I
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B cnyvae nrnneûnux (uanpuuep, AByxaroMnux) uo.neryl, o6ragarcqux AByMs BparrlareJrbubrMr.r
creneutMl,I cno6ogr,l (Ç=2\, BpaulareJlbgat egeprut 3anrcr,rBaerct cJlegyrcquu o6pasona:

rqe F - rnasHrrfi MoMeHT lruepqulr orHocr,rreJrbuo ocu, flepnernaKynrpuofi ocu cl,rMMerpr{rl MoJIeKy-
ru. flpu ccblJrKax Ha ory MoleJIb 6ygeu r{crroJrb3oBars o6osna.{esue 2R.

2.2. <Dynxryn pactrpeqerrenf,fl n JpaBf,ennr cocrorntrfl. Cocrosnne ra3a n3 TBepgbrx poraropoB
Moxer 6um ouucàHo ôguovacruqnoù Qynxqraeù pacrpegeJreuuxflt,R, E, ro), sanncarqerî or epeuénn
/, KoopgrrHarur R, cKopocrlr qerrrpa rtracc Ç r,r BeKTopa ynroBbrx cropocrefi o. Eygeu HopMrrponarr sry
Qyxqnrc pacnpeleJreHr.rr coorHoureur{eM

dp = fdlda,
rAe p - MaccoBafl nJroTHoeTb ra3a.

Bregerra B paccMorpeHr{e JroKuurbHo-paBHoBecHyro AByxreM[eparypnyru Qyurquro pacfipeAereHr.rt
Marcsenra-Eonrquana [6, c. 109]:

f o, = f of ,, (2.3)

Koropafl flBnlfl,ercfl, rpolr3BegeHr,reM MaKcBennoscxoù $yurquu pacnpeAeJreHr{s rro rocryrrareJrbHbrM
cre[eHrM cno6ogu

Y o = p(zn#r,)'"*o(-#,)
n Syurquu pacnpeAeJrenng XuumeJrbByga (Hinshelwood) uo BparrlareJrbHbrM creneuau'cnodoqrr
[4, c. l04l

" { E_\
.f, = ,Éexnfo;,

rge.d - HopMrrpogoqurrrî Muoxr.{TeJrb. ,ftr rara c AByMff BparrlareJrbubrMrr creneurMr,r cuodogtr (2R)
eTo pacnpeAeJreHlre r{MeeT BIIA

E!', =')t i*^7t, (2.2')

[JIfl ra3a c rpeMf, BparrlareJrbHbrM]r crerrenrMrr cso6ogrl(3R)

.fl* = ç2n9t r,y-t 1I J2t3)tD

,222
.*o(_ =ti _ =tt _ =tt ).-"r\ z(gL/ r j)T, z(gl/r)T, z(W/I)TJ'

3gecr 9ù - ynranepcarbHas ra3oBat flocrornnafl, JW - MoJrrpuar Macca paccMarpnBaeMoro ra3a,

1= FNl, /o = {No (u = 1, 2, 3), Ne - flocroruHax Anoragpo, k = $ù/Nn - nocroflHnax Eolr,qnaaHa, Tr-
TpauqntqlrolrHarl TeMlleparypa, ogr,rnaKoBat AJIfl Bcex rpaucJrrl1rroHlrbrx crerreneù cno6ogbr MoJreKy-
rbr, T, -Bpaularenbuag reMneparypa, oguHaKoBafl AJrr Bcex BpalrlareJrbnbrx crerreueù ceo6ogu MoJIe-
KyJrbr.

Hopr'rnponoqHsrri Muoxr{TeJrb.d nsrdpaH r,r3 ycroBHs \
1f .a- = t.J"'

Taxoe [peAcraBJreHI,Ie AJrr $yurqnu pacnpegeJrernf, rrpaBoMepuo B ToM cryqae, Kor4a reMnepary-
pa ra3a He cJII{rrIKoM BbrcoKa u rone6ateJrbur,re crenenr{ cBo6ogrr ue nos6yxgeubr, Ho u He cJlr,rrrrKoM
Muura, T.e. Bpau{areJrbnble crerleurr cnodogrr Moryr pdccMarprlBarbcq B KJraccuqecxortr npndluxeHru,I
t8l.

Ôynxquu pac[pe[eJleuut f ufs,cBr3aubr Mex[y co6ori H onpegers]or MaKporrapaMerpbr ra3a.cJre-
AyrorqnM o6paaou:

lraEar=[fodEd.'=p,

[\ra\a. = ç!io,aÇaa = pu.

(2.4)

(2.s)
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3gecr rr AaJree nulerpanÉI depytcr s 6ecxoueqnblx rtpeperax. 3auetuM, rrro
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Jcfd\dlo=[cfod\da=0.
flocrynareJrbuar reMneparypa onpeAeJrrercr Kl{Hernqecxori eueprneû nocrynareJlbnoro rerlJro-

BOrO ABI{XeHru:

1r3nr, = L,"'tædtù = l["'l",aqa'.
flannenrae, cBr3anxoe c uocrynarentnofi TeMneparypoft vacruq, onpegeJlterct KaK

p, = !J", raEd,' = \lc r*oeo, = o9^r,.

Baegerra Berr,rrrnuy to), ûMetoulyro cMbrcJr ouepruu Bpalrlareirbuoro ABI,IxeHllI qacrullrr [8], Koropat
gnr 2R-raaa paBHa

2RI2?,t' = ;71\{Dr10)z),

ul,* = fiu,r?, + trazr+ tr.ir?).

TorAa ôWrqur pacrrpegeneurs Bparqarenrnori grreprufl B rroBhrx rrepeMerrHblx np]IMer BIIA

ï?*=fu,*o(-#,)
tl

-3R JIrhI, ( E1: \1' = m,"*pv@tnv,I
Onpegemaru reMfieparypy Tra AaBreHhe p., cBfl3annbre c Bparqatenrnori aueprueû qacrl,Iq, KaK

,ftr, = P, = !e[ Taqaro = !e2[ lo,alaa

r cayrae 2R, n

p?nr, = o, = ?lrr.'Tdqd,o = 3Jr:,*^. 
d\da

(2,6)

(2.7)

(2.8)

(2.e)

n crryrae 3R.

I,Is npnregeHHbrx cooruoruenut cJleÂyer, qro Kr,rgerl,rqecKat oHeprut eAnHIIIIbI Maccbl ra3a, BKJTIo-
qarcular s ce6s 3ueprlrrc flocryflareJlbuoro d n npaqareJlblroro E, gnuxceuxa, 3alrr{cblBaerct B BI,IIe

, = Xl * r)ra!a. = I(T + e,)yo,alao> = E,+ 8,, (2.r0)

E, = tlq'rdEda -- lle'r*æd,' = 4.to,
E?* = Jef 

yaqaa = Jefyo,aldo, = o9^4 = 0,,

El* = [e1[ Taqaro = [e1[ 
yo,alda = 1r?^r, = ]0,.

B saKrro.reHr{e 3aMertrM, qro rroJIHÉn glreprur BhlqlrcJlf,erct xanr E = Et+ E* qtegnnn reMneparypa
cBrBaHa co cpeAHr{M AaBJreHr,reM ypaBHeur'reM cocroqHrfl p* = p(%l"lL)Tu, I{ cpeluee AaBJIeHI{e
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3p,+ Çp,n*=-Jfrf, rgeAJIfl2R-raga Ç=2, Anx3R-rasa (=3.

3. r4CnOnb3yEMbrE CrrcrEMbr KoopAI4HAT
H HEKOTOPbIE I,IHTETPAJIbI

Bnegeu AeKaproBy cr,rcreMy KogpAtrHaT B npocTpancrne (x, y, z), R - npocrpancrnennrrfi paglryc-
BeKTop. flnr nexropnofi QynrqHn rpocrpaHcrBeHHbrx KoopArlHar u(R) neriuutt:,lla ux odogHaqaet ero
r-[poeKrll{rc, ttry n ttz o6ogna.rarcT y- rn z-fipoeKrl}r}r.

flpyra* npocrpancrreHuarr orcreMa KoopAr{HaT - npor.r3BoJlÉHafl Kpr.rBonr.rnerînas (î1,12, r13) cucre-
Ma Koop[nuar. fta tofi x<e nexropuofi Synrqrn u(R) seru.il{Ha il; flBnrercs KoBapl,rantnofr Koopgr{-
satoÉ:

ui = ll'R,, rAe R, = âR/âî'.
Kontpanap[agTgbre KoopnltnâTbr HMercT suaui = giui,rile I'i = R' . Ri- MerpuqecKrfi reneop. Berto-
prr Rt yÂoBrerBopfl ror cJrenyrcrrtrEM ypaBH.:""r.t

R,' R/ - ôi, ô1 = I (0), i = (*) j.
Taxxe clparegJrr{Bbr cnegyrorq[e cooruolrrenrrs:

. ui '= u.Rt, u, = g,rui, g,*gio = 6i, ga = Ri.R;.
B repuunax AeKâproBr,rx Koopgr{rrar a'mrpaxcaercs raKr{M o6paeou:

u' = u' R' = .urR'r+ r.trR'r+ urR|,

rge R; ecrb r-npoerqran R'; coorBercrBenno. Ri ra Ri cyrs y- r z-npoeKrlnn ororo BeKTopa. Merpu-
.recKuri Ten3op Mo>KHo Bbrpa3urb cJregyrcqrrM o6paoou:

gt = R'. Rj = nlnl + R;nr) + R:Rr. (3.2)

Bnegeu B paccMorpenr{e raKx(e ABa rrpocrpanctaa cropocreft - npocrpancrno nutrefiHr,rx l,r npocr-
paucrBo yûroBbrx cxopocteù. B npocr:pansrne nraneùHbrx cKopocrerfi o6ogHaqaeM pa4[yc-BeKTop qe-
pe3 Ë. flo ornoureur{ro K rrpompaucrBeunbrM KoopAr.ruarau Ç uoxcer paccMatpr,rBatbcr KaK nocrofiH-
rloe BeKTopuoe nore Çt:

V;(t= 0, (3.3)

V,- ronapuanTHarr rpor.r3Bô[Has [9]. B npoctpauctse rRuefrubx cKopocreft rregeu AeKaproBy cr{cre-
My Koop4r{uar Ç, Ç,8), HanpaBileHr.Irr Koopql{HarHbrx ocefi rotopofi connagaror c HanpaBJrerrnflMr,r
gerapronoft clrcTeMBr Koopgr{Ha? B rrpocrpaHcrse R.

B npocrpancrBe yuroBbrx cxopocT eù tarcKe BBeAeM AeKaproBy cr{cteMy Koopgrmar (rrrr, oz, rù).
Hanpasretruq KoopAEHaTHbIx oceù s gartuoNr cnyqae coBrraAaror c rxabgblMr.r ocflMr{ MoJteKynbr KaK
TBepgoro reJra I{ pa3Jtuqalorcr ot oguoli MoJreKyJr},I r npyrofi.

Hux<e npoBognM r.rHTerpuponaHr{e B npocrpaucrse rntreûHbrx cKopocrefi Ç n B npoctparcîBq yrJro-
Bbrx cKopocrefi or c [cnoJlb3oBaur{eM coorBeTerByK}trIux AeKaproBbrx crrcreM Koopgrruar. Cucreua
MoMeHTHLTx ypaBHeHI{ù 6yger crpouircx B KprrBoJrprHeùrtoù cucreMe-Koopqr.ruar (nt, nt, n3).

Brrqucnnra HeKoropbre lrnTerparbr, noJre3uÉre n gamuefiureu (gnx orux BËrqlrcrennù dygerra uc-
rorrb3oBarb (3. 1), (3.2)):

!t'70a" = Jtc,nl +crRir+c,R',1fsdc = *'.lfir,fsdc*dcrdc.+... = 0,

[c,f odc = g,o[ckyodc = o,

fttri Toac = Jtr,nl + cril'n+ c,Ri,)(c,Rr"+ crRlr+ c,Rr,)f dc =

= nt-nt l"',foac 
+ RinjJ c2rf sdc + nt,nl[r',7od.c = (R'.Rj)p, = E'j p,,

(3.1) .

(3.4)

(3.s)

(3.6)
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[c'"i co Todc = o,

[r]1,a" = Jr]f oa" = Jrlyoac = td,

lri'lioa" = l rlr',yoac = J'jrl1oac = 
o;,

2

lr'"ic"\odc = toiru.

2
Pt
p

p
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(3.7)

(3.8)

(3.e)

(3.10)

Bce unrerpaJlbl BbrqûcJIflwrcfr n 6ecxonequbrx [peAeJlax. flpu Hx Bbrqr,rcJrenuu 6rrrn rlcnoJrb3oBa-
Hbr paBeHcTBa

[exp1-y\ay = Jâ, exp(-) )dy =
1_
Lll

,^ln, J 
yJr

4. NOCTPOEHIAE MOMEHTHbIX YPABHEH'II,I
floregenue $prxqun pacilpegeJrenr.rxlf onr.rcrrBaercff ypaBueHrreM Folrquana

àf /àt + (EV)/ = "9, (4.1)

rge 9 - I.{HTerpaJr c?oJrKuoBeHnfi. \nx nocrpoeHr,rr MoMeHTHbrx ypanneHuû, onucuna}oq}rx rerreur,u
Br3Kono ra3a, TpaArrIIrroHHo lrcnoJrb3yro:rcx npr,r6nrE>Kenr,rr grx Qyuxqwu f n BlrAe pa3Jro)KeHr{r tro Ma-
JroMy flapaMerpy ndnualr paBHoBecuoro 3Harlenr,rr c nocJlegyroulrrM ocpegueur{eM rroJryqeunoro KHHe-
TuqecKoro ypaBHeHr,rr c cyMMaropubrMrr rrnBapr,rauTauu [4], [5].

firx uocrpoenl,It ypaBuennrî, yrrntslBaror{nx nocrynareJrbuo-BpailIareJrbuyro HepaBHoBecnocm (r.
r. A. p.-clrcreua), sauenurra Qynxqlrrc pacflpegeneuuxf ee upu6nraxenHr,rM]r 3natreHr{eM fooo,Koropoe
npeqcraelner: codofi pa3Jro)KeHr,re no MaJroMy [apaMerpy (rpaguenruoe pa3Jroxeuue) cJregyrorrlero
BI,IAA:

foGDR = fo,-t(€V),f0..
3gecr t; MaKCBeJrJroBcKoe BpeMr peJraKcaq[n 

= îL/ p,

r[e p - fr -xoeQ$Irq[Ieur Bfl3Kocr]i ra3a, Bblqr{cnqel\,mrû Ha ocuoBe [ocryflareJrunoû renaneparypbr
rracrrlrl [8], neruvuna s orrpe[erfl.ercs.3aKonoM Me>KMoJreKyJrspHoro n:alur.rogeùctnux [4].

@opuanrnag 3aMena

f ' 
' JQcDR

B KoHBeKTltBHoM cJlaraeMoM ypaBueuur Ëonupaaua (4.1) npuuognr x npu6Jrr{x<eHHoMy ypaBrrenr{ro

àf /àt+(€V)"fO.-(Ev)t(EV)To, = 9. (4.2\

flplr6nr,rxeHHoe ypaBHeHr{e aHaJrorprqnoro Br,rga r,rcrroJrb3oBaJ,rocb panee AJrfl nocrpoenprr K. r. A.-ypaB-
seunri [], [2].

MarpocxonfilrecKr{e K. r. A.-ypaBHeH[r noryqarorcfl rocpeAcrBoM MoMeHTHoro ycpegn enun ypai-
Hennx (4.2) no npocrpaHcrBaM cKopocreù. flpoqegypa [oryrleurrfl ypaBueur,rri asalorutrHa rir3Jro)<en-
uoft n [9].

Hcnollsyx (3.3), nepeuurueM ypaBueHue (4.2) y nngercHofi $opr,re:

àf /àt +Y,l'f o,-v,rv,\ilif o, = 9. (4.3)

Llnterpupy s (4.3) c BecoM 1 n ucnonrsytr coorHorrr euux (2.4),(3.4), (3.6), rroryqaeM

J{ aeo, = j,lroen, = *0,

Jv,Ë',ro 
dldr.o = y,l@' + 

''17oacJf ,d<ù = y,pu',
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Jv,r,v,1'1i f odldr.o = Y,rY,[@'+ r'11ui + 
"iyyrd. =

= Y irY i(putuj + !r'rj f sdc) = Y ,rY ,(puiut * gtt pt).

B cnny csoftcrn r{rrrerpaJra croJrKuoBenuli (e[nsuqa flBJrrercr cyr{MaropuhrM rruBaplrantoM AJII lrH-
TerpaJra croJrKHoBeHuù Eolrquaua), ranrerpaJr or fiparoû.racr[ o6parqaerca B HoJrb:

lgaea. = o.

Taxuu o6pasou, noryqaeM ypaBueurre AJrr nJrorHocrr,r:

lro *v,or' - v,tvr(p u'ui + s'j p,). (4.4)

figr nonyvenr4fl ypaBneunr r{MrryJrbca [po]rnTerp[pyeM (4.3) c BecoM Çt, ucnonrsyt coornorueur4t
(2.5), (3.4), (3.6), (3.7):

I{,eroedo' = *,'uo'

IY,Etf o,\oa|dtù = Y,(put.uk + Ito p,),

Jv,tvrq,'qi lo,lkdlda - pu'uiro + p,(uo g'i + ui g'o * ,'g'o).

flocrolxy ( nntter.cn cyl{MaropubrM rrHBapuaHToM, To r{ B gToM c.ilyqae

Kor'r6uuupyrnoryr{eHbreBbrpax"""",{:rl.I"*fi o="no;""'"stnpuk;
ôr
iro"r +Y,(putuk + I'opr) = YirY ilpu'uiuo + pr(u'g'i + uig* +u'gto)1. (4.5)

C qemrc rroJrytrrrrb ypaBneHr{e nrc rocrynarensnoft 3Heprur ,8, yçegHrr"r (4.3) c BecoM €212, nc-
rroJrb3yr g.trr eroro coorHorrrenus (3.4H3. 1 0) :

l#T'E^ = *,",

Iv,e'f r,Tq'aqai.o = v,llo' + r'1yoq'dc = y iui(E,+ p,),

Jv,tvrq'ç,' f o,Ça1a. = v,.vr(u' uiE,+2u'uip,+luouog'i p,.tîr")
flnr unrerpaJra croJrKuoseurû .9 nenn.rytnal2/2y>xeue flBJrrerct cyMMaropnbrM r{HBaplarrroM, rro-

cKorbKy Bo3Mo)KeH o6uen ereptnefi rvrexrgy rrosrynareJrbubrMl,r rr BpanlareJrbHbrMu srenenrrMn n ilo-
clregnuri r,rnTerpaJr yxe He odpaulaercn B HoJrb. HasoseÀ,{ ero oduennbrM rrJrenoM n odoeHa.IuM TaK:

.22

Je\d\da = s,.

Korrl6unnpyq [oryrreHHbre BbrpaxeHt4fl t4 gûQQepeHqr{pyr rro qacrtM nocJreguee cJraraeMoe, B Koro-
poe BxoArrr KBaApaT AaBJIeHT{r, IlonyrraeM

*rur*Y,ui7E,+ 
p,) = Y ,rY ,(utuj E,+Zuiuj p,*)uooo s'j p,)*]v ,rTv iprg'j +|v,rp,v ,4gù + ^s,. 

(4.6)

Ilro6u roryqr,rrb ypaBHeHHe Arrr Bparqarenrnofi oHeprnn E' neo6xogrrMo ycpegHnrs (4.3) c BecoM

el* 1"r. (2.6)) s cryqae 2R-uoreryrr r{ c BecoM el* 1"*. (2.1)) ecryqae 3R-r'rorexyn. flpr,r erou 6ygeu
r.rcnorrb3oBarb coorHorrrennr (2.8), (2.9), (3.4), (3.5). Âns repBoro BapraHra ocpelueHufl norytrr4M

!{,e^aEa.o = *,r,,

IY,E'f o,r,aqd,ro = v,t1'yoac[e.f da = Y piE,,
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Jv,rvrË,'€i f o,e6dld.o = v icY i(pu'r' * g" r,)f, = v,.vr(E,r'ui + r"T)

*", * y,ui E, 3 y,ry,ui ui E, + v,rLy p,g'i + v,rpry,p-:g'i + s,.

Ananorsqno [oryqI,IM ypaBueur4e glra 3R cryqar, rprl oroM rrpararr tracrb n3MeHnrcr:

*ru, 
* v,ui E, = y 

itry jui ui r, + |v,rLv p,B'i + |v,r p,v,pt' s" * s,.

147

O6rraennrrft .ureu odosuaqriM TaK:

J 
gtdlda = s,.

Kolr6uwrpyt BMecre noJrfreuubre Bblpaxeunx r,r gnQQepeurlrlpyr rro qacrrM cJraraeMoe, cogepx<a-
qee npol{3BeqeHlre ganaenuû, noryrraeM ypaBuerrue AJrr Bparrlarenssofi gueprrlr 2R-uolerya:

(4.7)

(4.8)

PlgnoxeHnI'rri sgecr cnoco6 [oryrlenr,rr MoMeHTHÉrx yparuenuù rrprrBoArlT K Bblpaxeur{rM lJrt ren-
JroBoro rloroKa c qucJroM flpangtrr, paBHbrM elunlrqe. [m o6o6rqenlrr ypaBnenflri Ha cnyuaû [por,r3-
BoJIbHoro qucra flpaugrna npegnoc"uegule craraeMbre B ypaBHeHr,rrx Àrs flocrynarelrnoË rr Bparrda-
tenrnoft enepruû cJleAyer [oMHo)Kr{Tb Ha Berr4rruny Pr-l (crra. l2D. ilns orlpsgereuur qracra flpangrnx
Mo>KHo BocnoJrb3oBarbcr aflrpoKcrrMaqueft 3ûrena [ 1 0] :

. pr = (4y)/(9y_s).
3necr T- [oKa3arels agua6a'rsr. ftx [Àearrbuoro rara [4]

y = (5 + Ç\/(3 +Ç),
rre E KoJrfiqecrBo BrryrpeuHrrx cr:enenefi caodogrr MoJreKyJrbr. T.e. s cfiyqae 2R-raea T=7l5,Pr =
= 14/79, a B crryqae 3R-raga T=8/6,Pr = 1612I.

3aMetIlun rITo ucrrorb3oBaul{utt 34ecb [poqeAypa flocrpoeur.rr MoMeHTHbrx ypanneuufi [o3Borser
trocTpoHTb MoAeJIb, yql,ITr,rBâroqyro HepaBrroBecHoclb IIo BparrlaTeJrbHbrM H lpeM [ocTynaTeJrbHbrM
creneHsM crodoglr MoJreKyJr oAHoBpeMeHHo.

5. BbITII4CJIEHI4E OEMEHH TX qNEI{OB

O6ueunrre qreHbl B rpaBblx rracrtx yparueuuft (4.6), (4.7), (4.8) npegcraBrrror co6olî MoMeHTbr
trHTerpiula croJrKnoBeHltft ypannenua Eonrquana (4.1). flln ux Bbrrrr{cJrenrrfl BocnoJrb3yeMcs peJraKCa:
quonsofi Mogeirbro truTerpaJra croJrKHoBguuït s ee rpaprlr{ouuoM Br,rge :

-o 
= (.f8,_f)/r,.

rge "fô, - Qyu*qu" pacnpege.nesmfu AJUI paBnoBecHoro cJrfrar, T.e. AJrr c;ry'+Lafl, Kotga Tr= T,= T^,,
coorBercTBelf'Idio, pt= Pr= p^r,Îr - cpeAHee BpeMt Bpalr{aTeJrlHori penarcaqruI, KoTopoe oosrvno B He-
cKorrbKo pa3 rpeBbrruaer MaKcBeJrJroBcKoe BpeMrr peJraKcaqrur t (crr,r. [4], [8]).

flogcrannxr BbrpuKeuue anrfl, r,rHTerpaJla croJtKuoBeuufi n onpeqereurre o6uennoro qJreHa, r4MeeM
gla cny.rax 2R

s, = J{r*, -nlE'aïa' = }1n^,-n,).
flnx nroporo oduennoro rilreua

s, = Jftrf - fle?f aïa.o = !1r*- p,).

flogcraarxt Bbrpax<eH afl. Arrfl,cpegnero HaBrelvrs,rroryrraeM glr 2R-cny.rar
1?

n* = i$tr*2p,\, S, = É(p.-p,), S, = -s,.

Paccyxgar aHaJromquo, [oJryqaeM AJrr 3R-cnyuaa

l. 3
nu, = )(nr* P,), s, = ù,(p,- pr), s. = -s,.
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3aueruu, qro, B coorBercrBl,rr{ c 3aKoHoM coxpaueutrr gHeprl{rd, S, +,S, = 0.

6. yPABHEFIVLS. ÂIIq rA3A C [BvMr Pr rpEMq BPATTIATEJTbHbIMH
CTEnEHSMI,I CBOEOÂbI

B nolyveuHblx )paBHenlrtx, rAe ero Bo3MoxHo, rroAHnB r.rugeKcr,r c noMoulblo Merp[qecKoro reu-
3opa, rloJl)^Irnra oxonqatenruuri Br'rA K. r. [. p.-ypaBnenuû AJrr AByxaroMHbrx (2R) n noJr]raToMrlbrx (3R)
MOJreKyJr B lrHBapr{aHTHOM OTHOCT,TTeJTbHO ClrCTeMbr KOOpAITHaT Br{Ae :

f

fre +Y,pu' = V,r(Y pu'ur +Y'pr1,

*rour 
+'Y,p u' uk + Yo p, = Y,rY ip u.' ri uo + Y,r(Y i p ruk + vo p rui 1 + Vk trY,prui,

*",* v ,ui1E,4 p) = v,t(v,tr, + zp.)ui4i +)v'uouo p)-2r, n*rvnp, * yr-']v ,r,1;,v'oF * ,,. (6.3)

YpàsneHne Axt Bpall{arenrnoû onepr"rru r,r o6uennure rrreHbr B cryqae 2R uueror rag

*ru,*Y,u'8, = Y itrY iuiui E,+v,rp-:Ytpr*Pr-lv,tprv'T * t,,

S, = f,tr,-pr), S, = -S,, U, = *.+, E, = p,,

T=7l1,Pr = l4ll9.
Ypaeneune AJrs Bparrlarensnori oueBrur,I u o6rraeunsre qreubr B cnyqae 3R nuercr nug

*u, * v ,ui E, = v ;xv juiut z; *|v ,rp-y' pr+ walv ,r,prvtT * ,,,

S, = *,@r- pr), S. = -S,, ,, ='4 *3!, E, = )p,,
T=816,W=16/21.

fina npocrpansrBeHno-oguoMepHbrx re.reHnfi orr,r ypaBrren[rff yflpoqax)Tcr:
âo la" la av 2la uâ
dl* 7Tr' Pu = -TrÎTr' Po * 7àr" aro"

Aou.lâu^2.ô la-4"_r ^la^"4 ^r ôtâv
ï, * 

7Tr' 
pu + 

6rP' = 7ilr'ar' ou * tTTrrr 7Pû-'2v1P&* 6r-,6r' P,u'

ô8,
î - 

i*,r'u(8,+ n) = \!rr*u,", + 2p,)u2. i*ru$ Lr'o,*

(6.1)

(6.2\

(6.4)

(6.5)

(6.6)

(6.7)

(6.8)

(6.e)

(6.10)

.t, 
,!, *,"';, *r,* "r-'; ) {,roo'n I * t,.

Arg cfl1"raq 2R

* . 
)*,,'' 

t't E, = )*,' *,u "' 
E, + +*;rl u *,0,+ r,-' {$rp.'"$& * s,.

flrr cryvar 3R

âE,taula-av2-3tAp,,à
E r 7;, uE, = 5*,0*r"'r,*trï *,"';, *,0,*h-'].1, !,"uo"$Ë * r,.

3gecrv=0cooteercrByernrocrouycJryqaro,V=1-qr,rrrn[pnqecKoMy,y=2-cQepzuecxouy.
fiononnennble tpaHurrHbIMI,I ycIIoBI4tMrr, BËInr,rcaHHBre 3AecË c[creMbr ypaauerrurù upegcraBJrrror

co6ofi 3aMKHyryro MoAeJrb Art pacqera reqennri yMepeuuo-pa3pexeHuoro ra3a c Bo3MoxHoù uepan-
HOBeCHOCTbIO Mexqy uOcTy[aTenbHbIMIiI I,I BpaIItraTeJIbHËIMIlt CTeIIeH'MII CnodOgrt.
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B cnyrae reruroBoro paBHoBecl{t ra3a rro flocrynarenbubrM rr BpaulareJrbHbrM creneHqM cro6ogrr,
T.e. B cryqae, KorAa Tr= Tr= T u pr= p,= p,nonrmafi 

îf""" 
egrrutrrlbr odteua patsHa

E=E.*E-=PI * P '-t'-1 2'y-l'
flnr uory.reur{fl ypaBnear,rt oaeprrlr{ B groM cryrrae cJroxrHM ypaBueur,rfl gna Ern E, r.r noryvnM ypaB-

HeHIte gne uonnofi gneprwl E.Tlpn gToM BlrA yparuenuû AJrr flJrorHocrr,r tr r.rMrryJrbca He l€Meur,rrcs:

a

6O 
*Y,iPu' = Y,t(V,Pu'ut +.Y'P),

*rrur +Y,pu'uk +Yop = YiaY ipu'tiuo +Y,t(Yipuk +Yopu'1+Yk^cY,pu'.

(6.1l)

(6.12)

I

I

I

Ypanuenne 4rr nomroù 3ueprrlr.r nplrMer Brrg

À./
*rt*Y,u'18+ p) = v,r(vrtr +2p)uiui*lv'uouop)*J=v,"lr'r*p1-rJ.y,rov'op (6.13)

3aMet[M, qro rrplrBegeHlroe Bblrue ypaBr{eH}re eueprur,r cpa3y Moxer 6rrrr nonyueHo npn ocpegxe-
unn npndlux(euuoro ypaBHeHI,Ifl (a3) c cyMMaropHbrM nnBaprrarrroM ltlZ + e. u o6o6uleunu noryuen-
Horo ypaBneur,rfl Ha qr.rcJra Pr * 1.

Cucreua (6.11F(6.13) connagaer c rcnoJrb3onannoù paHee K. r. A.-crrcrer'aoù (nanp[Mep, [3]), xo-
Topat 6uaa nocrpoeHa ÂJIn MoHoaroMHoro rasa rr 3areM $opuanruo o6o6qena ua clyvaù y+ 513.

Csssr x. r. g.-yparu.euuù u ypaBneur{t Haere-CroKca AJrr MonoaroMnoro ra3a c qucJroM flpaugrla
Pr = 1 rpocrrexeHa n padorax [9] u [l1]. B vacruocrr{, B [11] nplreeAega 3aflficb K. r. n.-ypaBmennfts
BnAe ypaBuenrnfi 6aqauca Maccbl, lrM[yJrbca ra nonnoû ouepruu B JroKaJrbuori $oprrae:

*p+v,ii= 6, *rour+Y iluk = Y,P'., *"* Y,iin/p = Y,(A'-q').

3gecr BBeAeH BeKTop [Jroruocrr{ rroroKa Maccbr

jt = pu'-t(Y,pu'ui +Y'p).
Tensop Ha[pr)KeHHft Pil, nexrop renJroBoro [oroKa qi. a raxxe uexropu jt u A'npe4craBJrrr]orcr B BH-

Ae cyMMF,I coorBercrByroug,rx Bprn\rI,IH n $opue Hasre-CroKca pr HeKoropori go6anKr4, Koropar B cJly-
qae crarlûouapxbrx te.reH[û rrMeer acr,rMflTorl,rqecrnû [opqgoK O(r2). MoxHo rroKa3arË, r{To arr,r pe-
3yJrbrarbr ocralorct cnpaBeAJrI,IBbrMLt r{ B cryqae ra3a noJrrraroMubrx MoJreKyJr c irr{cJroM flpangrux
Pr * I r rpe4rroJro)Keulrn, rrro roe$Qru1l.renr odseuHoû sssrosfl{ n B MogeJrr,r Hanse-Croxca fl2, c, 721
a[npoKcrMupy eT cfl BbrpiDKeHr,reM

1 = p(5/3-y), r4e II = px.
flpegnoxeuuar flpocriur a[trpoKc]rMarluq coorBercrByer rr3BecrnsrM csoricrnarra roeS$r.rquenra o6r-
eusoû Bq3KocrE [5, c. 188], 16, c,971, a ]rMeHHo, rrro yKa3aHnslû roeQSuqrreHT Bcerga [oJroxureJreH,
cBs3aH c HÉururrr{eM BHyrpeunnx crenenefi cno6ogrr MoJreKyJrbI ra o6paqaercr B HoJrb AJrr oAHoaroM-
Hbrx ra30B.

7. B blr{ I4 CII I{TEJIb HbII,I AJIIO P I4TM I4 nPI4 MEPbI
III{CJIEHHbIX PACqETOB

9uc.nennoe peneHr.re K. r. A. p.-ypaBuerrufi gerrloucrpupyercr Ha ocnoBe npocrpaucrBeuHo-oAno-
uepxofi crrcreMbr (6.6X6.10) B rrrrocKoM cryqae (v = 0).

MdrcnennoBcKoe BpeMr peJraKcaquu r = Np, Bxolqrqee B Auccu[arr{Brrr,le craraeMbre x. r. [. p.-
ypanueHuù, Bbrqucrsercr Ha ocuoBe Bbrpax<eHvsp.Its, xoe$SnqueHTa Bq3Kocrr{ corJracuo padore [4]:

xpJll@767Q(s) = tt-,(#-)', o(s) =
30

P= (7 -2s)(5 -2s)'
rge l, - cpelnm AJrrrHa cno6ognoro npodera MoJIeKyJI B ra3e. Bo ncex yKa3anHbrx coorHo[reHr,rrx B Ka-
rrecrBe reMrreparyptt nrr6upaercr [ocryrrareJlbrra.fl TeMneparypa 71, ûocKoJrbKy r,rMeHHo nosryna-
TeJrbnafl TeMreparypa ortpegeJlser BpeMt Mexgy croJrKHoBenvflluu tr AJrr{Hy cno6oguoro upo6era [8].
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Bpeur BparrlareJrËHofi penaxcaqrarr trr, BxoAtlrlee B BbrpaxeHrre AJII o6uenHrrx rrreHoB S, tt ,S., Iuo-
xer 6rmr Bbrrrncreuo raKnM o6parou:

T, = Zx tc! rAe r" = rx Q-l(s),

Tc - cpeguee BpeMr Me)rqy croJlKnoBeuvrflMvr, 7;t - golt Heylpyn4x croJrKHoBeHIaû no orHorlrenrrlo K

o6rqeuy qucry cro;rrnosennû B ra3e (cvr. [4, c. IlTf , [8]). Affi a3ora, Ha[pI,IMep, Z = 5. Oguaro r rua-
Teparype lrMerorcr u 6onee roqHbre Qoprraynu Arr Bbrqûcrenras eroù BeJII4LrrrIHbI,-yqI,ITbIBarcIqïe ee
3aBrrctrMocrb, HarrpnMep, or reMrreparyp Tru 1, (cu. Ha[pLIMep, [13] u [4, c.413]\. B npunegenl{blx Aa-
ree pacqerax rroJraraeTcg Tr - Ztr.

/Inr vracleanroro peruenr{tr K. r. A. p.-cr4creMa ypannennù rrp]rBogr{Tcr r 6e:pa:uepHoMy Br.rgy Ha oc-
HoBe Macurtaonrrx BerflqIIH AJIr{Hbr \"s, rrnoruocrttprcrureMfleparypH Tr"1, no rotopoû BbltllrcJlterct

cKopocrb sByKa o*r= JT(W6T*r. 9ra cropocrb raK){<e ucrroJrb3yercfl B Kasecree N(acmrada o6eg-
pa3MeplrBanux. flpu erou o6rqr,ui nng ypa.nuenuft ne Menserct, oAHaKo ypaBHeurrt cBt3u rpr{Hr.IMaror
BNA

p; - pTr/^{, p, = gTr/T, o, = JT, a, = JT,,

7, =f-'o - (Tp)'--'o I - p(T,) - (yp,)"-'Jznrnrrr.
r L- p, - -J"-?-.rpl.

firra uucrenuoro peureHus ct4crewbr K. r. A. p.-ypaBxenr,rû ucnomsyercr MeroA KoHeqnbrx pa3Ho-
creù [14]. Bce npocrpancrBeHnbre rrpor,r3Bolubre alnpoKcr,rMr{pyrorcr Ha paBHorrrepuofi cerKe rIeHT-
paJrbnblMlr pa3HocrrMrr co BTopbrM IIop{AKoM TorrHosru, [por{3BoAHble no BpeMeHr,r annpoKcrlMlrpy-
K)Tcr c nepBbrM nopsgKoM ToqHocrl4 pa3uocrflMrr "Bnepeg". finr naxoxgeHr.rr crarluoHapnoro perue-
Hr.rs npuMe*flercs Merog ycraHoBJreHr,rfl, rrocrpoennrrri Ha ocuoBe xsuoù rlo BpeMeHu pasnocrnoù
cxeMbl. fi.arnax cxeMa rBrrflercfl ycJroBuo ycroùvnnoû. IIIar no BpeMeur,r Ar esr6upaercfln3 ycJrorr,rr rr,r-
na YcJroBat KYPaxta: 

min/rr\ar=u min(ft) 
-

max[max(a,,a;+ {,}1'
rge h -ruar'[pocrpanctgeunofi cerKlr. Peuresue cgr{Taercfl ycrar{oBrrBrur,rMcr rrprl Bbr[oJrr{eHrrlr ycJro-
BVTfl,

n+ I n

-*P--: !- s q, r[e n - HoMep rrara ro BpeMeHr,r.
Lt P'

3agaxa o npocrpancrneunoù peJraKcar$[. B ra.recrse nepBoro flpuMepa ucnoJrb3oBanvnK. r. A. p.-
ypannenuri [pr{BeAeM 3agarry o npocrpancrnennoû peJraKcaqu[ ra3a K ero paBHoBecHoMy cocrorurrro.
PaccuorpuM rroJrylpocrpaHcrBo x 2 0, qepe3 JIeByro rpaÉuqy Koroporo BbITeKaer paBuoMepnrrrï no-
ToK ra3a c reMneparypoû fil r.r 16, cropocrbro u6 r{ rrJrornocrbro po. Ha npanoft (rrrxognoft) rpannqe
6ygeu craBr{Tb ycJroBurr, o6ecue.r[Barcrq[e cnodoguoe BbrreKaHlre ra3a qepe3 gTy lpaHr,rqy. Âns
cBeprcByKoBbrx cKopomeft npu oroM [ocrarorluo rrocraBnrb ycJroBrr{ paBeucrBa HyJIIo rpagueuToB
ra3o[I,IHaMI{qecKI,IX BeJII'qI'IH p, Tr, Tp U.

B ra.recrBe 6asosrrx rapaMeîpoB Arrfl rrpuBe Aelus,ypanuenufi (6.6){6.10) x desparrraeprroMy BrrÂy
6ygeu arr6rpats cpe[Hrcro reMneparypy Ha BxoAHofi rpaunqe, Koropafl Arrx cryrraen 2R- u 3R-rasa
paBHa, cooTBeTcTBerrHo,

I

-3R 3Trn+37,f
t--!ref - . ,

o

nnoTHocTb Pr"r= Po, a TaKx<e cKopocrb 3ByKa rr AJrrrHy cnooognoro npo6era B Brue

on = ^fl@ffif,,, r,er =
4V(T,a)

Çl(")-'
p,",^f1@/.,lL1T*

Brr6eperrr Harrarbnylo cKopocrl n 6espaauepuoM BtrAe uo=3 a paccMorplrM Tprr BaprraHTa naqaarrroû
IrepaBHoBecHocrI,I AJII 2R-rasa: Ta= 513, T,o = 0, qro coorBercrByer nylenoù BpanlareJlbrroû sueprun
ua nxoguoË rpaur,rqe, ri ABa Bapr,ranra 6onee cnadori TeMrreparypuoù nepauroBecHocrr{ Ha nxoge: Z* =
=1.33,7o=0.5uT*=I.l,Tû=0.85.BudepeuZ=5,s=0.75.Yra:ansrre3uarrenlltZvts1urnrsbr-

-2R 3Tro + 2T,o
I ref = ----{- ll
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6panu Ars perueuvs, sap.a.;ln o peJlaKcaqur.r Bpârrlarenbuori TeMrreparypbr B a3ore (o''r. [4] u p5]). 3a-
Aarra peruaracb B [pocrpaucrBenno-oAuopoAHorl nocranosre.

Pacqetrr qpoBegeHbl rra paBuoMepHori [pocrpaucrBer{Hori ceTKe c ruaroM h = 0.5 u qr{cJroM y3JroB
2Ot .B KaqecrBe Hatrarbublx ycnonuri nu6nparucb 3Haqeur,rs ra3oAr4uaMr,rqec6r,rx napaMerpoB Ha BxoA-
uoft rpanuqe. finx o6ecneqenvfl yctofrvlraocrr.r aJrroplrrMa rrapaMerp cr nrr6upalcr paBHbrM 0.01, vllc-
JIo BpeMenHbrx [raroB no cxoAr{Mocr[ cocraBJrsro -600000 upu nrr6panuoù ToqHocr]r tp = 10{. flpu
cryuleHr,rû cerKl,{ B ABa pa3a orraqfie B pe3yJlbrarax pacrreros 6rrro .rpeanrrvaûrro Mturo, qro no3no-
Jlter cAeJIarË BbrBoA o Aocrr.rrHyrori cxogHuocril no cerKe.

Ha,Sur. 1 npnregenbl peJraKcaqlronHh.re KprrBbre Ars Bpaularensnofi n uocrynarenrnorî TeMnepa-
typ s 2R-ra3e nptr Tpex yKa3aunbrx 3xarreHr,rrx HepaBuoBecnocrr,r Ha Bxoge. flpuaegeHu raKx<e rpaQrl-
rn cpegueû TeMneparypu (nepnrtti BapuaHT - rrrrp[xoBafl KpuBar, nropofi - rrrrpr{xnyr{KTr{pHar, Tpe-
rll.ft- cunorunar). Bugno, qto o6e reMrreparypbr MoHorouno nprn6nr.rx<arorcrr K cBoeMy paBrroBecrroMy
3HaqeHI,IK) Iu, = l. C pocrou ypoBHs Ha.ra$Hoû HepaBlloBecHocrn rrpoqecc peJraKcar{Irl{ 3aMelJlrercfl,
qro coorBe crByer r.I3BecrHbIM pe3yJrbrarau [4], [15]. Panuosecûe Aocrr,rraercs Ha paccror]ruu [oprg-
ra 100 grnn cno6ognoro npo6era, tl,ro coorBercrByer rrpr,rMepno 35 crolxuoBenûrM u KaqecrBeuHo
coflIacyercn c AaHHbrMn ws 14, c. 2331.

Ha $rar. 2 auanoruqHbre KpuBbre [prdBe1eubr AJrt 3R-rasa, rrprr gToM HaqaJrbHbre 3Har{euufl nsl6pa-
HbIBBI{AeTro=2,T,o=0;To=1.5,7o=0.5;Zto=1.15, Iro=0.85.3gecl,KaKuBnpeAI'IAyuIeMcJlyqae,
BpaIrIaTeJIbHAfl, U nOCTyrIaTeJIbHaq reMleparypbl MoHoToIrHo cTpeM.rTcr K cBoeMy cpeAHeMy 3Harr-e-
HIIIO.

3agara o crpyrrype ygapnoù BoJrEbr. B xaqecrne BToporo [pr4Mepa EcloJrb3oBaur,rs lpegrox<eH-
uofi uarelratuqecxori Mo4eJrrr rrpr{BegeM 3aAaqy o crpyKType HerroABrDKHoù ygapuori BoJrHbr B a3ore.
B ra.recrse erturouublx pe3yJrbraroB rrcnoJrb3yrcTcfl AarlHbre nprMoro ql{cJreHHoro MogeJrr4poBaHr{c rro
Merogy Monre-Kapno, irpuuegenubre s [4], [15].

finr o6e:pa3Mepr,rBaur.n K. r. A. pr-ypaBnenrari r.rcnonË3yrorcs [apaMerpbr ra3a B naderarorqeu no-
rore. 9r,rcrrelruoe perueuze crlcreMbr K. r. A. p.-ypaBneuuri ocnosrrBaercr Ha orrl,rcauuoM Bblrrre iulro-
ptrTMe. B ra.Iecrse rpaHlrrrubrx yclonuft Ha npanoù I,r neeofi rpauurlax [cnoJrb3yeM yc.:lor,t4fl Penrr,rna-
ftoronrao AJrt l{enogBraxHoù ylapnofi eonusr. 3r:u xe 3uaqeHr{r r{cnoJrbgoBaJrl{cb R B KaqecrBe HarraJrr,-
Hhrx ycJroBr,rù cnpaea n cJreBa or pa3pbrBa-

Pacqerri rpoBegeubl Art quc€r Maxa M = 1.71 (Z=5uZ=lO), qro coorBercrByer l4),uM=7 u
I2.9 (Z = 5), qro coorBercrByer [15]. 3aga.ra pelururacb Ha paBuoMepnofi npocrpaucrBeuuofi cerxe c
ruaroM h = 0.5 ll qflcroM y3JIoB 2Ol. \nn odecne.regl,rx ycroùuurocrr,r iuropr.rrMa napaMerp cL nrr6u-
paJrcfl paBlrnu 0.01, qncro opeuerrrÉrx ruaroB Ao cxogr.rMocrlr cocraBJrrJro or 20000 Ro 1000000, n ea-
BncrrMocrrr or rrnclra Maxa npr,r nrrdpangorT roqnocrr.r €p = l0-3. flpu cryrqegrrr{ cerKu B ABa pa3a or-
rlrarrfis. B pe3yJrbrarax pacqeros 6urn vpernu.raùHo MÉurbr Aa:Ke AJrfl M= I2-9, rrro no3Borrer cgeJrarb
BbrBoA o Aocrrrruyrori cxoguuocrr,r no gerKe.

lasogr,rnaur4r{ecKr{e rrapaMerpÉr n yqapnoû BoJrHe (cropocrr, rrJroruocrË, rrocryflareJrbrrar u Bpa-
IrlareJrbrrar reMneparypbl, a raKx<e cpegnrr rerrneparypa) npuregeubr Ha Sgr. 3-6 s o6rrquor\,r 6es-
pa3MepuoM BItAe Ea oclroBe ycronufi Pesrulsa-lroroxr,ro BBepx (ungerc.l) r.r Bur,rs (unAexc 2) uo noto-
xy. A6cqucm r o6æpa3Mepeua Ha AJrrrHy cBo6ogrroro npodera n na6erarorqeu norore 11.

Ha Sur. 3 (M = 1.71 npu Z = 5\ BI'rAHbr xapaKTepnbre oco6ennocrr.r paccMarpueaeuoli 3agaqu, a
I{MeHHo: B3arlMuoe pacnoJroxenae Kpl'rBbrx T, Tou, p, 7. coorsercrByer pe3yJrbraraÀa [4]. BrlgHo npe-
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BbrrrreHrre d no cpannerrr{a c ?i, naonrcAaeTcflTaKxe Hedorbllroû MaKcr,rMyM nocrynaTeJrbHoû TeMrre-
parypbr Tt= 1.0412. Ha Snr. 4 npe4craurego peuegr{e rorî x<e 3anaqû, Ho [rs Z= I0. flpu er:ou rrrrpr-
Ha yAapHoû BoJrHbr yBeJrr{rrrlBaercr, ee odparHafl mrrpnHa rro ffrorHocTu yMeHbruaeTcr IIpr4MepHo Ha
20Vo u MaKcuM)4\,( f nospacraer 6onee qeM B ABa pa3a (Zi = 1.087), lrro B TorrHocrlr coorBercrByer AaH-
HbrM [4, c. 298].

Ha Sur. 5 r.r 6 npunegeHbr pe3yintarui pacqeroB Arrfl M =':-.0 w 12.9 npu Z= 5.BsauMHoe pacnoJro-
xenr,re Bcex Kpr,rBbrx, r4, B qacrrrocrrr, npoôtrreri p w T, (upoSnnr nJrornocrlr saxogr{Tcr n6nn:n upo-
Suln nparqatensnofi TeMneparypbl), a raK)<e 3narreuur MaKcuMyMoB fiocry[areJrbuofi TeMrreparypbr
xopomo coorBercrByer oraJrouuoMy peIrreurrro r{3 [l5]: npu M = 7 MaKÇr{Myr[ cocraBJrrer Tt = 1.098,
npu M = 12.9 MaKcrrMyM paBerr ?i = 1.096.

8. 3AKJIOI{EHHE
flompoeua cr{creMa K. r. A.-ypannenuû AJrfl onl,rcasr,rq reqeHuri ra3a, B xoropoft fi"r"r"u"tc{ He-

paBnoBecnocrb MexIry nocryrrareJrbnbrMn r BparrlareJrbHbrMrr crefleurMr{ cao6o4rr (x. r. R. p.-ypaBrre-
nnx). flpu eroM r{cnoJlr€oBaJrocb [pegcraBJrenue Qynxqlrlr paclpeAereleufl, B Br,rqe lpaAr{euTnoro pa3-
Jroxeul,Ifl B oKpecfrocrlû ee paBuoBecl{oro 3uarleur.rs. Obueusue qJIeHbI rroryrreubl rra ocuoBe peJraK-
carfl{onuoro Br{Aa nuTerpaJra croJrKrroBeur{fi .

B panxonecuoM cryqae fiocrpoeuuaÂ cl,rcrev^a ypannennfi coBrragaer c BbrnrrcaHuofi panee K. r. A.-
cracreuoË AJrr lroJlr,IaroMHoro ra3a.

Pesymraru trr.rcJreurrbrx pacrreroB 3a4aq o npocrpaucrsexuofi peJraKcaqlru rr crpyKType ygapuoû
BoJrHbr, rroJrJrqeHnbre lrit ocnoBe K. r. A. p.-ypaBueur{û, xoporuo conracyrorcr c AaHHbrMu pacrreroB Ha
ocHoBe rrprMoro rrl4crernoro MoAeJIr{poBaH[q, Koropoe cyqecrBeruto 6onee rpygoeMKo, qeM Mo-
Melrrrrbre MeroAbI. 9To uoesorset HaAenircr Ha lleJlecoo6pasuocrs upnMeueHlrr nocrpoeunorl anro-
paMlr MogeJrr,r AJrfl pacrreroB uubrouepurrx teqeusû WepeHHo pa3pexeurrËx rroJruaroMnbrx ra3oB.
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B saxnro.reH[e aBTopbr nrtpaxaior 6narogapnocrr E.H. gernepyurxuuy 3a prq [one3Hbrx ArlcKyc-
cllli u nog4epxKy erolT pa6otsl.
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