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1l K. KOJJAHOBA
Ob OI[HOI71 MOJAEJIN HEN3OTEPMHUYECKOM OUJIbTPALININ

PaCCMOTpeHa 3ajada TUIiia CTGCl)aHa ¢ KOHBCKTHUBHLIM IIEPECHOCOM TCILJIa, KOTOpasi BCTPEHACTCs B 3aJavdax TCOPUHU HECU3OTCP-
MU YECKOH Cl)I/I.]'ILTpaL[I/II/I. HpI/I 9TOM CKOPOCTD JKHUJAKOCTU CUUTACTCS HU3BECTHOHN U MOAUYUHACTCS 3aKOHY I[apCI/I.

B pabore mccrnenoBana mareMaTHYSCKAs MO-
JEJTb HEN30TCPMHUCCKON (DUIBTpALNH )KHIKOCTH
B MOPUCTOH CPEAC C YYCTOM MaCCOOOMEHHBIX
mpoieccoB. Ha ocHose pesynbpraTto padorst [1]
MMPOBEACHO YUCICHHOS MOJACTUPOBAHUE PACCMATPH-
BacMOH 3aJadH.

1. Ilocranoska 3amaun. OCHOBHBIC 3aKOHBI
COXpaHeHI/IH MCXAHUKH CHJ'IOH.IHOI\/'I Cpe,Z[LI MOXKHO 3a-
nIUCaTh B BUAC CUCTCMBI ,Z[I/IBCpI‘GHTHbIX ypaBHeHI/II\/'II

(D

OKaSbIBaeTCH, OpCACIbHBIC 3HAUCHUA YKa3aH-

a—FJra’l'v(F-v—G):X.
ot

HbIX (yHKIWMI Ha IoBEpXHOCTH I, (Ha MoBEpXHOCTH

CHJIBHOTO B3PBIBA) HE MPOU3BOIBHBIC, 4 VAOBJICTBO-
pAET cUcTEME YPAaBHEHMM HAa «CHIBHOM» Pa3phIBE

[F-(v-v-V,)-G-v]=0, @
rae V, - ckopocts mepemerneHus ceucHust 1(7) -

THTIEPNIOBEPXHOCTRIO |, m1ockocThIO (t = const) B

HAIPABICHUH HOPMAIH U K 3TOMY CCUCHHIO. Y pas-
HeHus (2) caeayror u3 ypasuenui (1) u npearmosno-
JKEHH O CTPYKTYpE ABMKeHHA. B camoMm nene, kaxk-
Joe ypaBHeHHE (1) SKBHBAICHTHO HHTETPATBHOMY
TOXKACCTBY:

”[(G—F-v)-V(o—F-

op

-X- @dedl: 0 (3)
ot

C MPOM3BOIbHOM TIaAKoH GpuHuTHON B (2 , pynxum-

et @. [lycte Q — mpousBonbHas 0bIacTh coxep-
xamas ', u

0=0"UQ0 Uo, )
rae O -4actk osepxHocTu ', a8 0" n O dyHK-

uuu £ (G, v HenpepsiBHO nuddepeHUUPYEMBI U
YAOBICTBOPAIOT ypaBHEHUIO (1) B OOBIUHOM
CMBICIIC.

BOCHOJ’IbSyeMCH BBIIICYKA3aHHBIM U 0603Ha‘{€'
HusiMe U 13 (1) MOayyuuM CACAYIOIIES YPABHCHHUE!

a—llj+ﬁ-VU:div(;(-V9)+f(xaf)~ (5)

JUTS TIpOCTOTBI OTPaHUYMMCS CIy4YaeM OJHOM
MIPOCTPAaHCTBEHHON mepeMeHHON. MTak, mycts

obmacte (2, = ((x, Z)‘+ ~1<x<R (1)0<t< T)

Q=

3aHsTa TBEepAOH (dazol, a obmacTts y

:((xJZ)LR+(Z)<x<l,O<Z<T) - XKUAKOHU (a3oi, a
06macTh Q}:((x,l)LR*(l)<x<R+,O<l<T) -

nepexoaHoi dasoit. dynximu K- (l), R (Z) Hpero-
naratorcs HenpepriBHO auddepenuupyemsivu. [lo
OIPCACICHUIO IBUKCHHS C CHIIBHBIM Pa3pbhIBOM
BCIOAy BHE JTUHHH X = K~ (Z) ux=R" (Z) TIBUKE-
HUC HCIIPEPBIBHOE, T.¢. B oOmacTsax Q. u Q. ypas-
ueHue (1.5) 3KBUBAJICHTHO YPABHCHHUIO

00

—, Vo =div(y-V)+ f(x,1), (6

a B obnactu Q) - ypaBHCHHIO B OOWEM Cydac
(r.c. mpun>1)

oU

+ii - VU = f(x,1) (7
u GyHKIUH O 1 U B COOTBETCTBYIOLIUX 3aMKHYTHIX
obnacTiax 001aJar0T HENPEPEIBHBIMH MTPOU3BOJHbI-
MU, BXoasmmMu B ypaBuenue (6) u (7). Eciu yuecTs,
YTO CKOPOCTh MEPEMELICHUS MTOBEPXHOCTH Xx=R(Y)
€CTh MPOU3BOAHAS MO BPEMEHH PYHKIUH R(f), 1 UTO
Npeaes YASIbHON BHYTPEHHEN SHEPTUH CO CTOPOHBI

JKHUAKOM (ha3bl HA TMHHU X = R (Z) PaBEH HYTIIO, a

CO CTOPOHBI TBEPOI (hasel HA TUHUH X = K~ (Z) -

BeauUuHE — L, TO monyunM u3 (2) CISAVIOIIUE CO-
OTHOLICHUS .
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(U(R@)m,,)%)({%_b*@(;z@, ,)j

=Xs -%(R(z)—o,z), (8)
(U(R+(z)— 0, z)+ L{% _ b*go(R*(z), l)j _
o0 (.
=X -a(R (z)+0,z), )
e F=U,G= 250 i 5=5" o) - pac

ak)

X0 cMecH, b :( i ,i=12.

(k, +k,)
Hccnenyem BOZHUKHOBEHHE TEPeX0THOH (assl,
KOTaa
R (0)=R"(0)=x, u R (0)<R"(0)
mpu >0, (10)
OxaseiBacTcs, B 3TOM CIydyac NpU OMPEACIICH-
HBIX VCIIOBUAX HA JAHHBIC 321a4H KPAcBOE YCIOBUE
(8) uu (9) pacnagaercs Ha JBa HE3aBUCHMBIX yC-
JOBHS, & caMma MCXOAHAS 3aJava - Ha MOCICAOBA-
TETBHOC PCLICHHE TPEX aBTOHOMHBIX 3ajad. [lo
MPEATIOIOKECHHUIO TEMITEpaTypa € HENONOKUTEIbHA

B oOmacru (), ¥ paBHA HYJIIO HA €€ IIPABOIT IPAHHULIC

x=R" (Z) . CaenoBartenpHo,

o0

— IR (r)-0.1)>0.

(R (0)-0.1)2 (an
AHanoruyso

%(R*(z)JrO,z)zo. (12)

B mepexoaHoit hase yaensHas BHYTPESHHSS SHEP-
rUs MPUHUMACT 3HaUCHUs u3 uatepsana (—L;0), T.¢.

(U(R (1)+0,1)+1)>0.

(0(r"(1)-0,1)+L)<0. (13)
CpasuuBas (9) ¢ (12) u (13), Bugum, uro
L ()<b (R (0).1). (14)

dt

Haunee, cpasausas (8) ¢ (11) u (13), Bugum, uro

%(z)zb* (R ()1). (15)

Toraa u3 (10) cneayer, uto mo KpaiiHEH Mepe Ha
MajioM HHTEPBAJIC BPCMCHH

b - (R (1), z)gﬁ B

dt dt

<b* -go(R+ (2), z). (16)
[peamonoxum obparHoe, mycTh (CoBmamacT ¢ du-
3UYCCKOH OCTAHOBKOM)

<

—<b olR ().1)<

<b* -(o( +(z),z)<%. (17)

B cuny (8), (11) u (13) mocneaHee HEPABEHCTBO BO3-
MO3KHO, €CJTH TOJIBKO

(R ()+0.1)+1)=o0,

%(R(z)—o,z):o. (18)

Kpowme Toro, u3 (9), (12) u (13) nepasencrso (17)
CITPABETHBO TOABKO MPH

U(R (1)-0,1)=0,

%(R*(z)JrO,z):O. (19)
ox

B BreIIEyKa3aHHON MOCTaHOBKE IOIYIEHEI TEO-
PEMBI CYIIECTBOBAHUS M €IHHCTBEHHOCTH, a TAKKE
H3VUCHBI KAUCCTBCHHBIC cBOMcTBa pereHuil. C no-
MOIIBIO ABTOMOJAEIBHBIX PEIICHUH HCCIIEIOBAHEI
TMOTOKCHUS CBOOOTHOH IPAHHLIBI U €€ MOBEICHUE TPH
HEOTPaHWYICHHOM BO3PACTAHUH BPEMEHH.

2. ACHMNTOTHYECKOe MOBEJeHHE MO Bpe-
MEeHH pelleHHsl OAHOPOAHOH 3aga4yH THHA
Credana. [lycTe B HAaYaNBHEIA MOMCHT BPEMCHH
skugkas dasza (T.€. Boga B HEPTSIHOM KOJICKTOPE)

sanumact obmacts Q (0)= {x‘O <X <X, }, a TBEp-
mas ¢asza (mapadunupoBaHHas HedTh) — 00MaACTh

Q (0)= {x‘xo <x< 00}. Toraa B oGnacTu

Q=

T

((x, /) ‘ 0<x<R(t) 0<t< T) TeMIIepa-
Typa 6 (x.f) YAOBICTBOPSET YPABHCHUIO:

0 0 0’6 .
5@(@)4—\)&@(@):—2, (x,t)EQ
U IBYM YCIIOBUSIM Ha CBOOOTHOM rPaHHMIIE:

T

(20)
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MEXAHNUKA

dR _ 00

dt ox x=R(f)

x=R(t) ?

0 , 1e(0,7), 1)

6| , =6°(), mbo (%f +8(1)-0)_, =0'(t) 22)

B HAYAJIBHBIHA MOMCHT BPCMCHU YCJIOBHO

R(0)=x,, 6(x.0)=6,(x), xeQ'(0). (23)

Teopema 1. Mycte ® e C2[0, 8] @'(s)>0
npu s € [0, B]. Toraa sazaua (20) — (23) ¢ ranHb-
mu 6, (l): const >0, x,=0, U, (x): ~1 npu
xe (O,oo) UMCCT COAWHCTBCHHOC PCIICHUC BUJA
R,())=D. (BNt +1)%. 6,(x.)=ulele +1)", B).
¢ dynxmmeii D, (8), menpepeisHO 3aBHCSIEH OT
napavetpa Bu taxoit, uro lim D, ()= 0 npu >0.
U (&)

Hokazamenvcmeo. DOyHKOUA

X

NE+1

ONPEACICHUIO U3 YCIOBUU

u”+[§—V-\/l+lJ-a(u)-u':O,

u mapamerp D, =D, (,B) HOJJICKAT

a(u) = CD'(Q), = (O, D, ) (24)

u(0,8)= B, u(D,,B)=0. (25)
du 1
g(D*’ﬁ)‘_E'D*' (26)

Iokaxxem, uto mag xaxkaoro DD > 0 Hamgercs
xots Obl omHa GyHKIUS V(E), yIOBICTBOPSIOMIAS
vpasHeHHIO (24) 1 kpaecBeIM yeraoBusM (25). anee,
BBIHCILSI IPO3BOAHYIO d) /dE B Touke £=D u

MOACTABJISS €€ B JICBYIO 4acTh (26) MOIyduM ypas-
HCHHE, PeIlCHUE KoTtoporo D, ompenenser perue-

uue 3agaun (24)—(26). s onpenencuus QyHKINUN
V(&) paccMOTpuM JTHHEHHYIO KPacByIO 3a4a49y

dv
dg>

dav
#| S Wi lalr6) =0
2 d&
V(0)=p, V(D)=0.
[IC ApTYMEHTOM B KO3 QHUIMICHTE a ABJIICTCA MPOo-
M3BOJIbHAS HeOTpULATebHAs pyHKIus A &), Henpe-
priBHas Ha uHTepBane (0.0) U orpaHHYCHHAS TaM
noctossHHOM 3. Pernenue mocaeauedt naercs dop-
V)

Myt
exp{_ j{z ) m} o f(s))ds}dr
exp{_ IB W 1} a f(s))ds}dr

HpaBaﬁ JaCThb NOCICAHCIO BBIPAXKCHUA CCTh

.27

j
:ﬁ.z
!

HEIPEPBIBHBIN ONEpaTop q)( f ) , OTIPEACICHHBIN HA

BBIITYKJIOM 3aMKHYTOM MHOKCCTBC

M={ € (0D g0y < B

unudM->M,
[To teopeme layaepa Halizercs xots Obl oxHA

HenmoaBKHas Touka V onepatopad: V= q)(V) .

Teopema 2. ITycts BEIMOTHEHE! yCnoBUA Teo-
pemer 1 u yenosus (29) ¢ B> 0. Torpa o pemeHus
R(?) zagaun (20) — (23) crpaBeyinBO PaBSHCTBO

im(1+1) " RO = D.(B). eae D, (p) - peme

Hue 3anauu (24) — (26).

Jloka3aTeapCTBO TEOPEMBI CICAYET U3 PE3YIb-
taros pador [1, 2].

3. UncneHHwple pe3yabTarbl. B obmem ciy-
4ae pacCMaTPUBACTCS CUCTEMA U3 IBYX YPABHCHUI:
OTHOCHTEIBHO TEMIEPATYpPhl U JABICHUS, & CKO-
POCTB, Kak OBUIO OTMEUCHO BBILIEC, OMPEACIIICTCS
n3 3akoHa Japcu. CucreMa ypaBHEHHH periacTcs
METOJO0M YCTAHOBJICHUS IO SIBHOU PA3HOCTHOU CXEME.
Certka 1o NpocTPaHCTBEHHOU MEPeMEHHOH & paBHO-
MEpHasl, 2 BpEMCHHOM LIar 7— BRIOHPAECTCA U3 YCIIO0-
BUSI YCTOMYUBOCTU KOHEUHOH — PA3HOCTHOU CXEMBI.
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PesynpTaTel pacyeToB MPUBEACHHI HA puc. 1-4.
H3MeHEeHHE rpaHULBI OTHOCHTEIBLHO TABICHHUA.

Puc. 1. B Hauane pacuera Puc. 2. B xoHne pacueta

W3MeHeHne rpaHuIbI OTHOCUTEILHO TEMIIEPATYPBI IO BPEMEHH.

Puc. 3. B Hauane pacueta Puc. 4. B xoH1ie pacueta

JIUTEPATYPA HIermiMaepi Herizfenyi KapacTeipbilran. Herisri Macene aifbi-
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