
B. 4l .KYPOI1ATEHKO, A.T. CAf!O.l!IDiKOB 

PACIIBT HEYCTAHOill1Blll1XCR ~ C:mlWl.filX CPFJ! C ct>A30WMH 
IlEPEXO,IL001. 

B llOCJie,IUIHe rOJij:i 3HaqKTeALHO Bblpoc HHTepec K lf)aaOBWI 

oepexOAaM BemecTBa B ycnoBIDIX 6onh11IWC ;umaMHqecKwc Harpy30K. 
3Kcn epHMeHT8.Jl.l,HOMY H3yqewm 8Toro rulJ!eHIUi DOCBHIJleHO IIHOro 
CT8Tea H Aaxe l<HHr [1] , [ 2) . B TO :&e Bpellll noqTH OTCYTCTBYDT 
pa cqeTH JtBK:&eHHR BemecTBa c 4JrulOBWm nep exo,JUU(ll . 3TO 06'b.llCHR
eTCR C OJUiOA CTOpoH!,1 TPY,JIJIOCTSUIH, CM38HHlUOI C llOCTpoeHHeM 
MOAeJU! Beme c TBa B Hccne.nyeMOI 06Jl8CTK MOTHOCTel, ,JUUIJieHHI 
K Tewnepa~yp,H C APyrOI c ~opoHH llO.IIBJleH.lleM B pemeWUI pR,lla 
oco6 e HHOCTel (pacmeMeHae YA8PHliX BOJIH H cna6HX pa3pHBOB, 
Cl<8'<!RII paspeaeaHJI H AP - >, )l)UI YAOMeTBOpi!Tem,aoro BWIBJieHIUl 
H ODIICaHJUI KOTOpHX C llOMOIIU>m P83HOCTHHX MeTOAOB CKB03HOro 
cqeTa aeo6xoJU1,Mo 6paTb oqeHb waoro r oqeK c eTKH . 

4l8.30Bbll nepeXOA MO:&eT 6HTb 01114Ca.H C DOMOIIU>m ABYX cy
mecTBeHHO P83Hl,IX MOAe.nel: PaBHOBeCHOI H HepaBHOBecHOI. B 
o6eRX MOAeJUlX npe,nnonaraeTCR , qTO TepMlflleCKOe H KaJIOpHqe cKoe 
ypaBHeffi!R COCTOffillffl Ka:&,AOI qla3H B OTAMbHOCTH H3BeCTHH. ~Tor o 
OK8.3HBaeTCR AOCTaTOqHo )l,JlJi llOCTpoeHIVI YP8.BH eHIVI COCTOIDIIUI 
B o6nacTH CMe c v. 4Ja3 B p8.BHOBCCHOI MOAeJIH . OHO nonyqaeTCR c 
noMOmLm YCJIOBHI paBHOBeclUI (pa.BeHCTBO AaB.lleHHI, TewnepaTyp 
a TepMOAHHaMKqecKHX llOTeHUH8JIOB Tu66ca ABYX 4Jru!). B HepaBHO
BeCHOI MOAeJIH BMeCTO y cnoBlilt PaBHOBeCHR )l)UI nocTpoeHHJI YP8.BHe
HHR COCTORHHR cuecH Hy:&Ho HCOOJ11,30BaTb ypaBHeHIVI KJIHeTHKH . 

OHH onp eAeJUIJ>T CKOpoCTb 4Jru!OBoro nepeXOAa KaK 4JyHJ<UHJ) A8E
n e!Uffi , TeMOepaTypH , MOTHOCTH, P8.3HOCTH DOTeHLtH8JIOB I'll:66ca 
Pl HeKOTOPHX APyrKX Be.nHqHH TaKHX, HanpHMep, Kai( xap81tTep 
Harpy:&eHXJi ( cT8TKqecKOe CJtaTHe HJlll YABPHOe) . 

B HaCTORIJlee Bpellll 8KcnepoeHT8JlbHRe ASHH!,le )l,JlJl ODJICaHIUI 
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qia30BYX nepeXOAOB BemecTB B paMRax paBHOBeCHOR MOAem! H3Bec,
Hhl 6oJiee AOCTOBepHO H B HecpaBHeHHO 60Jll>WeM o6~eMe , '!eM AaH
HYe no RKHeTllRe qia30BYX nepeXOAOB B YCJIOBIUIX )UIH8MH'iecRHX 
HarpysoR. Bonpoc O TOIi, Ra.ROA 110AeJ111 CJteJJ,yeT OTJ;ta.TI, npe,IUIO'!
TelU[e, B R~OM ROHRpeTHOM CJIY'!ae AOJI&eH pacCMaTPHBaTl>CJi 
oco6o. 

PacqeTy HeCTSI.UIOHapHYX mnuteHHI BemecTBa C qlaSOBl,U(H ne
peXOAaMH llOCB/lllleHO HeCROJU,KO pa6oT. B [3] paccMaTPHBaeTCR 
38,XUl'!a O CTO~HOBeH.HH .llBYX ze.n:eaHYX IIJlaCTKH. ~a30B1:,1I nepeXOA 
B ze.n:eae npeAAOJiaraeTCR HepaBHOBeCHIUI. Y'!KTYBallTCR ynpyro
ILIIaCTH'!eCRHe CBOICTBa. B [ 4] pacc'!JITYBaeTCR JU3)1]!:eHHe BeIQec
TBa ,HCllapeHHoro llOA B03AeilCTBJlell JIY'!a Jiaaepa. B (s] H3JtaraeTCJ! 
paaHOCTHaR cxeMa H ypaBlleHKe COCTORHllR. Y'!HTHB81Xl(ee HcnapeHlle. 
B [6] paccMOTpeHa CTpynypa BJi3ROrO CRa'!Ra B cpeAe C qlaSOBWI 
nepeXOAOM BTOporo poJ;ta. YcTaHOBJieHO, '!TO B TO'll(e qiasoooro 
nepexo.xta npoqlH.111, J;taBJieHKR HCnHTYBaeT H3JIOM. liHCJtewwe peayJII,
TaTY cpaBHHB8J>TCR C TO'!HWI pemeHHell. Bo Bcex nepe'!HCJteHHYX 
CTaTl>JIX pac'!eT BeAeTca C IlOMOIIU>D 0.ltHOp0'AHYX Pa3HOCTHYX MeTo
AOB, He BY,JteJlJDlllllX oco6eHHOCTel B pemeJUra. 

B J;taHHOI pa6oTe o6c~ca BOnpocY, cBRaaHHYe c pacqe
TOM ,lUIIUteHJUt BemecTBa C paBHOB8CHWOI ql830BlillH nepeXOAaMH. 
,ILJuI pac'!eTOB llpIIM8HReTCR H80'Aff0p0,lUll,II paaHOCTHhll MeTo~. BY
AeJUlllllllll OCHOBHl:le oco6eHHOCTH B pemeWU!. Bee pacqeTY npoBO
,IUl.l[BCI, no nporpaMMe PAH.A (pac'!eT BJtHa6aTH'!eCRHX HeCTlllll!OHap
Hl:IX ABUeHHtt). Hue paccMOTpllM xapaRTepHHe oco6eHHOCTH Ta
RHX mnuteHHI, MeTOA pac'!eTa, ypaBHeHile COCTO.fllUUl H peayJll>
TaTY pac'!eTa O'AHOA H3 3aJ;ta'!. 

3aI<oHY coxpaueHHR MaCCY, ROJllfl!8CTBa )lBU8HliUI H ◄ 3HeprKH 
B AH@>ePeHUHa.Jtl>HOfl iIK>PMe B ROOP~HaTax JiarpaHZa oel>T BH'A 

t}l) Ju (<X-/)ulJ 
ilt - (7/7? - /' tl, (I) 

(2) 

(3) 

rAe V - YAeJil>HYfl 06't>ell, jJ - J;taBJie1We, ~ - llaCCOBaR 
CROpoCTl>, f - BpeMR, £ - YAMl>HaR BHyTpeHHRS 8HeprHR, 

I 
m - waccoBaR JiarpaHZeBa xoop,llKHaTa dm=._l)(d.x-udt), JJ= v-

/Ypa:aHeHJUl (I) - (3) 3llllblKaeTCR ypaBHeHileM COCTOffiil!Ji BHJ;ta 
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(4) 

YpaBHeHKR (3) H (4) onpeneJIJU)T H33HTpony. 
:3Bll,lzy CJIOllHOCTH WYHJ<UID{ ,IJ=,o(u,£) H33HTpona cTpOHTCR 

qJ.!.cJieHHO. ,ll,JIR 3Toro ypaBHeHHe (3) npeo6pa3yeTCH K BRAY 
/J 

£=~-/,odzJ, 
/Jo 

3aTeM HHTerpaJI 38MeHHeTCR CyMMOI 

z a I 
£=Eg-'E /J rll-4, }y , 

ll=tl 
(5) 

r;xe Z - xoJL11qecTBO CJiaraeM!,IX, onpe;xMReMOe Bcm<1d! paa , 
HCXO,IUl K3 yCJIOBHI TOqHOCTX pac~eTa H38HTp0Illi. 

Ha CKJJbHliX paapliBaX 3aKOHli COXpaHeHllR 3anRCliB8.DTCH B 

(6) 

(?) 

r,lle L1 f' - CKa~Ol( BeJlll<UIHJ,I /' • a} - CKOpOCTb pacnpocTpaae
HKR CJIJ!bHOrO paapliBa B Jlal'paHXeBl,IX KOOp,IU.maTax, HH,lleKCli "+" 
H "-" npllllHCliBall'l'CH BeJlllt!HHaM no paamrn CTOpolW cKa'll(a. Ypa:s
HeHHe (? ) BMecTe c (4) onpe,lle.rumT 8JU(a6aTy I'EroHHo. 

~aaoBue nepexo.10,1 Bl:l3liBallT xaJIOMl,I •aaHTpon • aJUia6aT 
I'llrOHIIO Ha rpa.aa.uax CTa6JIJlbHOCTH 483 (p8.BHOBeCHYJ) CMeCb 4aa 
MOlDiO TpaKTOBaTb, KaK OTJteJlbHYJ) 4iaay). Mli Oy,JteM npeJtnOJiaraTb, 
~TO B K~OI OTJteJ!bHO B3STOI 48se Bl:lllOJIWlllTCS YCJIOBJUI Tepuo
,ll,llHaMFieCROI ycTO~CTK H BWl~JIOCTH. 

(8) 

Ha pxc.2 noRaaaHH TlUlll~Hl,le B CJIY'lae 4aaoooro nepexo.Jta 
nepooro poJta K38HTpona • a,llXaOaTa I'llroHHo. 

CHcTe.wa ypaBHeBIII (I), (2) annpoRCDDlpyeTCH paaHOCTBH
MH ypaBHeHHmo 

/7•.f n -n -n 
l< i -lli 4"+u.s -_,q~P.J" 
----~ ------ = 0, 

z- O.ff~·,as ll't--a.rJ 
(9) 

(IO) 
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(II) 

PemeHlle pa3HOCTHl,IX ypaBHeHHA, KOr,na H3MeHeHHe TepMO,IUI

HaMllqecK•x BeJIJl'lllH npoHCXO.llJIT H38HTpollJlqecKH, HS30BeM ,R -
BOJIHOH . ECJIJI xe H3MeneHKe Tept10Jt)IB8MllqecKHX Be.JIH'l.l(}I onpe
,ne.,meTcn B,AB:a6aTO! I'DroHJIO, TO T8J(08 pemeHHe pa3HOCTHblX ypas-

s -HeHJIA Haaosew BOJIHOH • 
p /I♦/ /7+-.f 

Ha 11 - BOJIHe E "' ,o BHqaCJUWTcn c nowoou,1> (4) 
x (5), r,ne 

tJ.. = l) /1 £ = E /1 = /I /l+I £ =E /7+/ o J o ,ll//J, , 
,O=,o, ,ov=.f}(v~ E J, 
V v- )1-tvn•tv n E ~E)/-/ Jl-/()n':f.l)/1 

- V + - z-- , - -,0 z . 
Ha S - BOJ1He 

(!2) 

0 3) 

BeJll!'IHHa ;on,,- onpe,neJIReTcJI K3 (6), (7 ) H (4), r,ne 

ll /1 E En 11 /7+/ /l+f 
l}__=V , /Z_=,O, _= , LJ ll=u'i • l-t/ t' . 

J).Jm IlOBbllOeH.ilJI 8KOHOMl{qHoCTK M8TO.n-KK npB MaJiliX 

BeJIH'iHHS p HaxO,IUITCJI C OOMOIJU>I) T8J( Ha3blBaeMoro KBB.3HaRYC
TaqecKoro npH6JIJIXeH.ilJI 

,.0= ,0 /l+ li) ILl.u I, 
W=a '2-~/1IL1 ul , a=v-r:: i; 

HSMB HCilOJib30B8JICJI CJie,nyDIIJli KPKTepHA OT,neJieH.HJI 

BOJIH OT S BOJIH. 
ECAK u,+cta <O, TO pemeHJle JIBJllleTcR. S BOJIHO~ . 

f.1- 1 

(I4) 

,f 

EcJra xe Zli+f-Zli:::, 0 ' TO pa3,ne.11eHHe ,f H s BO.IIJi npOH3-
l";# , - /'t,: =----

BO.llHTCJI Tax, IlyT8N npe,nBapHT8JlbHOro ana.nx3a yc rruia.BJU!Ba8TCJI, 
B KaJ(IIX q83SX Be~eCTBa MOryT B03HIIKSTb CKaqKH pa3p eJ1eHXJI. 
3TK cpa.3bl OTMCqaJlTCJI K8KOA-a6o M8TKOI. ECJIH B npo~ecce cqeTa 
OKa3blBB.8TCJI, qTo Be~eCTBO nepeWJIO B O,IU{Y H3 4)83 C MeTKOI, TO 
BeJIHqllHl,I ,on•L' B E 11d B npouecce pa3rpy3KH paCC11 l'ITblBallTCJI K8J( 

Ha s BOAHe. B Ilp0TKBHOM CAyqa e - KaK Ha ,f' BOJIHe. 
IIorpelllHOCTb annpoKc~ X YCJIOB,1 8 ycTo £: ~BOGTH H3JIO

xeHHoro BHme pa3HOCTHOro M8TO,na (6e3 q830Bb1X r:epexo,noB) OIIB

CaH!,1 B (7] . B CJiyqae 4)830:BliX nepexo,noB 31'1{ CBO ACTBa M8TO,na 

oueH•:eaJlllcb 8Kcnep11MeHT8.Jll,HO nyTeM cpasHeliiL'! qacJieHHHX pacqeTOB 
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C TOqH!iM peweHReM ,IVUI MO,lleJU,Hlil ypa»HeHI!A COCTORHIIR. Pesy~b
TaT!l TaJ(IIX cpa»HeHIIA MOXHO CtfllTaTb BIIOJIHe xopollll!Mlf. 

HaH60.11ee BaltH!,le y,llapH!ile BOJ!Hli paccqHT!iBallTCJI KaR c1taql(•• 
nepeMeI118.l)!l{liI8CJI no peryJIRpHol ceTRe. B COOTBeTCTBHll C npKHRTOA 

TepMHHOJIOrHeA 6y,lleM Ha3llBaTb H.X "To"IHWOl" y,llapH!illH BOJ!Ha.MH. 
)lJm pacqeTa "TO'IH!ilX" (ppOH'l'OB HCII0.7lb3Yl>'rCR ypa»HeHlffi (4), (6), 
( 7 ) K KOTOPWil ,ll068JWWTCJI e111e ,ll.Ba ypa»Hemrn. 

1 n~ /' n+ .I} nr, (IS) 

Ll,0 11
•;,, L1,o~ r;f/(!Jz/'~tu/l)-z-/1; 

II= (c<- l)ll. ZJ.a! a:'-w2/~)+ d,o_ a: du_ 
I' + lJJ (ilm/+ dt + M dt . 

(16) 

PasHOCTHOe ypaBHeIDle (I6)annpoKCIOOlpyeT c norpelllHOCTbD 
O(r) o6uRHOBeHHoe .D.Hqq>epeHI.tH8.llbHoe ypa»HeHlle, cnpa»e,ll,IIHBOe 

B,llOJib qlp0HTa 

~/lfJ=- :/ ~~y -A. 

CocTOKHJle nepe,ll (pp0HTOM Y.llaPHOI BOJllW npe,D,IJOJiaraeTCR MeJUUr

llUIMCR. IlpoJ13BO,llH!ie * II tf- HaxO,llRTCR C IlOMOUU,D HHTep110-
JIRUJII IIOCJie Bli'U!CJielUUI peweHJUI B HeKOTOpol 06.11acT11 nepe,ll 
qipoHTOM . Ilo,lij)o6HO MeTO,ll pacqeTa "TO'lll!iX" (pp0HTOB (6e3 (paaO
BliX 11epeXO,llOB) paccMOTpeH B [8] . 

EcJIH noCJie pacqeTa napaweTpoB "To'Uloro" qipoHTa OK~eTcR, 
qTo Be111ecT~O sa II nepe,ll qipoHTOM npllH8,!VlexHT O,llHOA (pa30, TO 
TaKM y,n,apHM BOJIHa YCTOhHBa JI Ha 8TOM ee pacqeT 38.J(QHqH
BaeTCR . EcJIJ4 xe Be~ec~BO 3a II nepe,ll (pp0HTOM ORa3llB8.eTCR B 
pa3HliX qe.:;..ix, TO Heo6XOJU,UIO npoBepHTb ycTOA'l.llBOCTb qipOHTa. 

Ilpe~e Bcero B ll.7IOCROcTx P, ZJ M~ TOt{l{aMIIA/}?.-,V-) K.Lft4,V.J 
pile.I CTpo.11.TCR 'lHCJieHHO ~a6aTa I'DrOHilO. 3aTeM HaxO,llRTCJI 
TOt{R.111 nepece'lelUUI 8,AHa6aTu I'DroHI!o c rp8.HllUB¥.I' (pas. Boo6111e 
roBOpg, Ta.J(JIX TOqeR MOXeT 6llTb HeCROJU,RO. B ,llaJU,HelmeM .1VU1 

npocTOT!l 113.7IOXeHlffi orpaHK'IHMCJI c.11yqaeM, ROr,lla KMeeTCJI TOJibKO 
o,llHa TaRM TO'll(a C 

EcJIH aTa TO'iRa C .11ex.T HKXe .71yqa, npoxo,llJllllero 'lepe3 
TO'll<K Jl H .8 , TO y~apHM BOJIHa ycTOl'lllBa H Ha 8TOM ee 
pacqeT 3aKaHqHBaeTCR. Y,n,apHaR BOJllla OR83llBaeTCR Ha rpaHll 
ycTolq11BOcTH, KOr,lla TO'll<a 11epece'1eHIIR C .11e.1HT Ha JIY'le 
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(JIY'l /l8 Ha pMc.I). 
p 

II V 
Puc.I 

1/j- tpd.Jtr /, ¢-rpaJt7 2, Jli2 ept711Vl/O tptz.J, ll-mo11-ra /lt',{Jetl t;O,POH/710M 
.f/,y'a_,£JHOU .1'0.4n'ot, .tf a .J;-mo~wv J'tr r;o,001rmoN. 

B 8TOM CJJY'{ae yp,apHWI BOJIHa pacmeIIJllieTCR, T.e. 38M6HR6TCJl 
.nBYMR YA8.PHWIII BOJIH8MII C napaMeTpaMJI. 

B paaHOCTHOM cqeTe MOXeT OKa3aTbCR, qTo TOqKa C JleDT 
BHWe COOTB6TCTBYJ)Ulero Jly"la. B STOM CJIY'!ae napaMeTpH aa 4>poH
TOM yp,apHoA BOJIHH 6y,-yT onpeAeJieHH npH6JIHXeHHO. BeJIJl'IHHa 
3TOA norpemHOCTH nponopUl{OHaJibHa BeJIJlqHHe / - OTKJIOHeWlll 
TO'{J(H C OT JIYqa (AOKaaaTeJlbCTBO onycxaeM BBHAY ero 'rpo -
M03Al(OCTH). B CBOJl oqepeAL, l nponop1.t11OHaJibHO wary no 

BpeMeHH Z- • IlO8TOMY fl(aaruuurn norpewHOCTld MOXHO orpaHJlqll-
BaTb XOTH 6H BH6OpoM ?:' • Bee CKa38HHOe o "TOqHJlX" 4>poHT8X 
OTHOCHTCH I( YA8.PHWI BOJIH8M cxaTWI. Cxa<n<H paapexeHIUl paCC'lll
THBaJlTCH C IlOMO~ MeTO,11,8. CKB03HOrO cqeTa. 

PacCMOTpMM l(OH,JJ;eHCHp0B8.HHOe BemecTBO 'IIMemtee Jlilllll, ABe 
MOAHq»ll(aUHH, Mex,Izy l(OTOpWOI B03MOXeH IlOJlllMOp(pil,IA qaaoBHA 
nepeXOA. YpaBHeHKe COCTO.IDlHH o6eMX qaa B03bMeM B BKAe 

(I?) 
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KpHBM PaBHOBeClffi ¢la3 onpe,lleJIHeTCSi CHCTeMOA YPaBHeHHA 

T=J;= I;, ,.0=4=,.02, 

.t:;,~,,o~-T.5;, = £2+,.ov2-l'S2 , 

(I?) 

(18) 

r,lle HH,11eKC "I" OTHOCHTCJi R nepBOA ¢laae, HHJteRC "2" - KO BTO
poa. 3HTpomui: S AM YPaBHewdt (I?) JIIMeeT BHJt 

S=cvh(TlJ)+S0 . (19) 

lIO,llCTaBKB B (18) £ il3 (17) H $ H3 (19), IIOJIY'UU,l 

Cg; f <('t:!n, + I_ J_ ~~ -f"J'/2-:!. ?le + _!_} 
n, [n, -.f ?;] /le /lp-1 <'2 

+ T fcu1 /i-ln(TlJ/)/-cu2 /i-ln (T~ Ii !/+So.r-So2} + 

+p(lf-lJp)+ £or £02 = 0. 
Kpoue Toro, Ka (I?) CJreAYeT 

_ A1 co~ cF', 
/7- --;i;-r; r -/)+ 1t Cv1A· T, 

2 
j)- ~, ~ 1J/l2 ,/) 

- 17
2 

1'2 -,1+J;cl)2AT. 

(20) 

(21) 

(22) 

B (20) - (22))} u A IIJIOTHOCTI> nepBOI H BTopott Illas B 

o6JiaCTa CM8CII, COOTBeTCTBeHHo, d;=.,q/,/Jp.f J ~ =.1'2/,.,002 
ca8TllJI 483 B o6JiaCTII CMeCK. Hcltlll)'UIB •a (20)-(22) .I'.,. 11 /2, 
IIOJly'IIIM 38BBCHMOCTI> ,.0 OT T B o6JiaCTH c11ec11 

/J=F(T) llJIK T=tp(/J). (23) 

TaKaa 38.BKCHIIOCTI> MOZeT 6YTI> IIOJiy'ieHa Jlllllll, ~HC.118KHO 
BBll,lzy CJIOZHOCTH ypaBHeHHA (20)-(22), 

.IlaJiee onpe,lleJllWTCJi rpaJUIUY K8J(JlOA 4831,1. JIM ¢ia31,1 "I" 
rpBJUI~ B nepeMeBHHX ,0 lJ llOJiy'i88TCSi 113 ( 17) II (23) B BHJt8 

2 
,f~11 t;;.1 , (//l/1') tJ. 

j)- n;-fo - r/;Cu;,?71(/J)= . (24) 
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AHWIOrK'UiO IlOJIY'{aeTCH rp8JU11W. BTOpoA qia3li 
~2t;; , M P- - a- -(o 2 -l) - f;Cu2 .,0~(/J)=0. 

z (25) 

B KBJJtOA OT,neJibHOA q)8.3e BHyTpeHHM 3HeprlUI .ll )l,aBJ(eHHe 
Bli'IIICJUJJ>TCH c IlOMOl!ll>I> YPaBHeHHA (5) KJI11 (13) H Me,ncTBII.R 
H3 (17) 

(26) 

B O6MCTII CMec.11 483 AJIJl IlOJIY'lelUUI CBR:3H Me~ ,.o_,. Z) • 

£ np11MexaeTcn ypaBHeHHe 

(f;-)T = T(fi1v - p , 
KOTOpoe IlOMe HHTerpBpoBaHJffi no z) ~on K3OT8pllli, .IIBJl8J)

~eAcn a.nee»• 11ao6apol, npllHHM8.eT B11Jt 

E-~=f ~ P_jrv-011)- (27) 

3,nech C: .11 v* aHaqeHJlli aHepru" y.nM»Horo 06~e11a, Bsn-
THe Ha rpaHHI~e O6JlaCTH CMeCH. ~ H v,,, 38.BBCHT. oqeBH,JJ.HO. 
TOJlhKO OT /) • ~fa (17), (23), (24) K (27) IlOJlyqJIM 

E =A::~ -1ZI-V*)+-Cllf ~f,.o}+ 

(28) 

P ~,Cg~ ;,Mr ,) (29) 
= ~'o* -1;+-I; Cv1A rp/,.0) 

::n-11 YPaBHeHIUI IlOCJle HCKJll>qeHIUI l//fr ,nal>T CBRah M~ 

,.0, V ll £ . 
HaJio&eHHliA BliWe a.nropKTM .11 ypaBHeH.He COCTOHHHR 6WIH 

np1U1eHeH1,1 .u.nn pacqeTa »apu»a B Be~ecTBe c napaMeTpaMH 

j)01=2,8; fi2 ={.,3j c;,1=1,.3; ~2 =._9,l j 

(30) 

[.P] = 3/ CM"j [co] =,rM/CeKj [cv1; [5 ]=J'f>c/.?·?£'.ZO; [[0] =J,0? ? . 
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Ha PHC. 2 ll306paxeHl,I rpaR.l{UI,1 gas (JIJIHllH 12,r., H 1l .2J ) • 

y,11.apHM a,n,Ha6aTa .Or H H33HTpona p 5 Be~ecTBa c napru4eTpaMJl 
(30). 3TO Be~eCTBO HaDOM11HaeT KB9.PU c yqeTOM ero nepeXOM B 
DJIOTHyD gasy-CTHWOBHT. KoHCTaHTH (30) peKOMeH,IJ,OBa.HH K.K.Kpyn
HID<OB!iM. 
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IlpHt= O B cpe,11.e 6wio P =O,..f}=,41 , £=0, «=O 
B ueHTpe cHcTeMlil 3M8BaJICSi ny3HpeK rasa. pac11111peHl(e KOToporo 
llMILTHpo:eaJIO TOqeqHl,lff BSpHB. 

PesyJil,TaTH pacqeTa npHBe,11.eHl:l Ba pKcyrutax 3, 4 , 5. 
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Ha p11c.3 B 6espasMepHHX nepeueHHHX °r= /'/~ , f=¼Jt/1"',f , 
r.ne ;; =/il/(,JJ,c/!} f (l - Ha'taJihHM aHeprlUi rasa, •so6paxeR8 
TpaeKTOPHSI nepBOA y,napHOI BOJIH.bl-I, TpaeKTOplUi BTOpol y,napHOI 
BOJIH.bl-2, B03HUWel noc.ne p8cl11enneHJU1 nepBol, TpaeKTOPHH YA8P
Rol BOJIHH paapezeHHR-3 11 4 - rpruuu.,ta, OT,Jl~ Be~ecTBO 
OT npo.nyRTOB B3pHB8. (H,lleMbmdt r83 C ?'= j ) . BH8'18Jle OT ueH
Tpa B3PHB8. pacnpocTparui:eTCJI CUI,HWi y,napHrur BOJIH8, sa KOTO-
poA cne.ey-eT BOJIHa pa3pexeHJ1JI. B HeKOTOpoM MecTe BOJIH.bl paa
pezeHJUI 06pa3yeTCJ1 CKa'IOK paape&eHHR C COCTOHHlileM nepeA ~poH
TOM, COOTBeTCTBYJXIIIUI TO'IKe l (pHc. 2). )laBJleHJle 3a ~poHTOM 
aToro CKat(Ka Ilp0AOJmaeT lla,JtaTb. B 8TOM CJiy'lae YCJIOBHe Mexa
B.H'leCKOA YCTO!,a:BOcTII CKa'llta Tpe6yeT, 'tT06H napaMeTpii 38 ero 
~poHTOM COOTBeTCTBOB8JIII 6H TO'll<e S , B KOTOpol JIY'i .L7S 
KacaeTC.11 1138HTPOilli /ls . TaRJIM o6p830M, cX xapaKTepllCTUII 
BWCO,JlHDIJle •s ueuTpa, He AOroHJUYI' cKa'IOK paspe:11eHHS1, nocKoni,-
KY OH ABUeTC.11 OTHOCHTenl>HO Be~eCTBa 38 ~poHTOM TO'IHO co CKO
poCTI,D 3BYK8. B TO xe BpeMH CK8'10K paapezeHJUI .ll~eTC.11 XCTO't
HDOM a - xapaKTepllCTHK' AOrOWWIIIIX ~poHT y,u.apHOI BOnHH 
CX8THSI, T .K. CK8'10K paapezeHRH ,nBHJteTCJI C A03BYKOBOI CKOPOCTbD 
OTHOCIITeJlbHO BellleCTB8. c.pa3H 2 (B TO'll<e l pxc. 2). Kor,na AaB
neJUie Ha y,napHOI BOJIHe yna,neT AO ,naBJieHJIJl B TO'll(e B (pHc. 2) , 
BOJIHa pacllleIJJUieTc.11. Ilocne pacl!leMeHH.11 2-.11 BOJIHa npoAOJmaeT 
6HcTpo aaTyxaTb. BellleCTBO , no KOTopo.u;y ABUeTCJI BTOprur y,nap
Hall BOJIHa, CaMO ,nBHXeTC.11 OT neHTpa, T.e. AaBJieHlle II flJIOTHOCTb 
B HeM na,namT, OAHaKO yCJIOBHe ycTOA'!HBOCTH BTOpol BOJIH.bl Tpe-
6yeT, 'IT06H TO'llta, COOTBeTCTBYDllWi COCTO.IIHKI) nepeA ~poHTOM, 
Bee BpeMH pacnonaraJiaci, Ha rpalillue I -1 qia3u . 3To npx~OJtllT 
K TOMy, 'ITO BTOPa.11 YA8PHWI BOJIHa HenpepHBHO acnycKaeT BnepeA 
3BYKOBY8 BOJIHH CX8T~, T.e • .11,11.11 Belll8CTBa, H8XOA.llllleroCH B qia3e 
I, OHa CJIYUT CBOeo6paam,u KpaeBYM YCJIOBH8M. 3aKOH saTyxaHXH 
nepBOI y,u.apHoll BOJIHli onpeAeMeTCH, TaKHM o6paaou, ABYJIIH lpaK
TOpalffl: c<f>epH'lHOCTbD, Oc.na6JI.11111tel BOJIHY, JI[ BOJIHOI CX8THSI, 
ycJlJlllBaDilel ee . B peayni,TaTe 11sueHeID1e cKopocTII LJ nepool 
y,napHol BOJIHH AO pacllleMeHJIJl H noc.ne pacl11eMeHJU1 pesxo paa
JIH'lai>Tc.11. 3aBHC10IOCTb .z;-= .JJ /t;/ OT 7' np.llBeAeHa Ha pllc • 3 
(Kp.llBa.11 5). 

BII.Jl.HO, 'ITO noc.ne pac111eMeRHJ1 C1<0p0CTb nepBOI y,napHOI 
BOJIHH MeH.lleTC.11 O'leHb Me~eHHO. PacqeTY Il03B0Jl.llDT onpeAeJIHTl, 
OTHOW8Hll8 3Ha'leHM KOag$!1.0leHT8 38TYX8.HIUI y,napuol BOJIH.bl 

d.e =dlR,.o/d/4r noc.ne pacllleWieHIUi K 3saqeHJ1D , AO 
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pacll!eMeIDUl a:2 /a:.t ~ 0, IJ 
Ha pxc . 4 npHBeAeHl,I pacnpeAe.nelUIJ'l 6espaauepHoro ~B.BJieHXH 

j5 = ,,01./Jo/ ci B pasJIH'IHHe uoueHTY BpeMeBll (I - ~o paaABQe
HJUI nepBOI Y.IUiPHOI BOJIHY, 2,3,4 - llOCJie). AllaJIOrll'IHYe pacnpe
~e.nelUIJ'l 6espasuepHol CKOpoCTII it= «/Cu/ H306pa&eHl,I Ha PHC. 5. 
BH;:uio, 'ITO sa ippoHTOM nepBOA Y.IUiPHOit BOJIHY npoKCXO.IUIT 38.MeT
HOe yBeJIH'leJUle KaI< ,IUiMeHHJl , TIU( II CKOpoCTH, KOTOpYe saTeM 
pesKO Clla,naJ)T wa ippoHTe YA8PHOA BOJIHY paspeJteHllJi. 

ABTOPY 6JJarO,n&pJIT H.K.ro,ny6eBy sa C03,Jl&Hll8 OTAeJILHYX 
6JJOKOB nporpaMMY PAHJI. H npoBeAeHHe pacqeTOB • 
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