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0 HEKOTOPBIX IPOCTPAHCTBEHHBIX 3ATAYAX TEPMOYIIPYT'OCTI
Butonsy Ho s amx wif

(Bapmana)

B paGare usyuanTcs TEPMIMECKI® HATPAMOHIT, REBBAHHLIE JleicTBHeM HecTanmonap-
HLIX MCTOUHHKOB TEINIA, MPOH3BOIBHO PACHONOKEHHEX B yNPYroil m BASKO-ynpyroi cpe-
max, Pacemarpupaercs .mmocrpoenne GyHknmii I'puma I HANPAMEHOAN, BHE3BAHHLIX Jiei-
CTBUEM MIHOBEHHOTO, cocpeporoueHnoro ucrounmxa temya. B §§ 1 m 2 pacemarpnnaercs
HANPS2KEHHOE COCTOAHME B a0COMOTHO YNPYrux Tejax, B § 3 —B BASKO-yNPYrux Tejax,

§ 1. Hampmreunoe cocroanune B YOPYroM HEOrPAHMYEHIOM IPOCTpaH-
cree. Hax m3pecTHO M3 TEOPMM TEIJIONPOBOIHOCTH, TeMIICPATypHOE IIOJIe, BEI3-
BAHHOE I[eﬁGTBE[GM MIHOBEHHOOTO W COCPEJOTOYeHHOI0 HCTOYHHKA Temsaa, Bhl-
pamcaeTes opMyoit

A

3uecs W = Qpc ecth KOMMMCCTBO Temia, IOIYYEHHOE eNMHANEH 0fBeMa
B e[MHHIY BPEMEHH, p — IJIOTHOCTH, ¢ — YJeJpHad Tenjora, \— xoaduipent
rennonposognocta. Mymrnua (1.1) Apnaercs pemenueM ypaBHOHEA

VA — — 55 =—=8(R)8(t) (1.2)
T(R, l);='0=0, T(OO, t)y=0, T(R, Oo)———o
rjie 8 — camBoit [upaxa.
Paccmorpum creppa KBasmcTaTAYeCKyio 8ajauy. Y PABHEHHS TEODHH yii-

PYrocTH IS TepeMelleHull, eciu upeHe6peysb WHEepPIHOHHRIMA WIICHAME, MOK-
HO [peJCTABHTE B BHJE

B2+ (M- ) g = (BN 2w =4, 2, 3) (1.3)

N, p— cyre mocrosnmnie Jlame, of — xoo{punment rennosoro pacmmpenns.

DBrenmem noTennuman TepMOynpyroro HepeMCHIeHHA ¢. OTOT IOTEHIHAI CBA-
32H ¢ TIepeMelLIeHueM BaBUCHMOCTHIO [1]

w =5t (i=1, 2, 3) (1.4)

Brona dymrumo ¢ B ypassenms (1.3), cnomum cneremy ypaspenmit nepe-
memernust (1.3) ® ogmomy ypasmemmio [1]

Vio=%HT (%= jj"a,) (1.5)
Buan ynxmmo ¢, momHo 1m0 Hopmymam [1] onpexesurs HAXPSHKEHUS
a2
sij=2G(a-————xiax.*"aif V"")‘P (1.6)
1

rae G —ecth Mofyns cjusura, 8;; — cmmson Kpomewepa.
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P P pamoynply

B orpannvennoM Tesie YHKIMA ¢ B JyYmEM CIydae yNOBIETBOPAET TOIb-
KO 4YacTH praBBHX YI}J'IDBHIUE, TaK YTO I HEIHPSIH{BHHHM, BIalpaH{(}HI'II:IM II)DPMY—
moit (1.6), cmepyer mpubaBurs Tak mopoGpanHEe HANPMAIKEHHA, ITOOBI yHXOB-
JIETBOPUTH BCEM KPAEBHIM YCIIOBHAM.

B paccmarpuBaemoil Bajave Bocmombayemcs —cepuueckoil CEMMETpHEii;
nMeem
\o9

T T =%, ur =% (1.7)

o 2
Spr = —2G 737, T =S = 2("(1{ aR+3R2) :5)

Bripaskenme (1.1) s TemmepaTypHOro noiifi NpH TOMOIMM mpeoOpasoBa-
wusa Jlanaca MOHO HpefcraBmTh caepyiommm nnrerpasom [amxenms—@Dypre

[+ -]

- .%Szx S
0

o (@2 24 p/x) N (ar) cos  z dow dy

Se—=§

0=\ 7 (R, )dt (1.9)

Og_,..-—"‘as

Ilpn momomm mpeobpasopamma Jlammaca us ypasmemma (1.7), npwrmman
Q =1, mmeem

0% = — 2 ({442 4+ 2)7 0 4o o) cos g sdady (1.40)

2nn

Oq_..-'—aa

ITocne nposepenust o6parTHoro npeobpasopanus anxenas—®@ypse, Moy
O* = 0 _ 21/ P
= lfmup|exp |\ — &) ) —1

q;*z—z%erf%, =4dut, erfz= ]«-/2?: S e~"dy (1.11)

Orcrona

Smasa QyHxomo ¢¥, ompemenmM HampsuReRma [?]

4GA R 2R R?
G*RR=—‘—F[erfﬁ-—}—/-;—§—exp(—F§):| (1.12)

2GA oR 2R\ R 9
%90 = %00 = - [ st )/E'a(i“]'T)elp (__a‘)] (A_"Znﬁ)

Ha ¢urype a, b, ¢ npusoparcs xpusnie sasucumocteil 7'*, a*pp, 6%, oT
R pus HekOTOpHIX BHAUEHHE mapamerpad, YKa3aHHHX Ha KPABHX,

Hua R—co, B UpPOMBBONHULIL MOMEHT !, HANpPAMKCHHS CTPEMATCA K Hy-
mo, Tarme pua womewnoro smavemus [, nHo nIpu ! — co HAUDSKEHHS 0%
meyesanT.

QOynrimn o*gp, ¥y, %99 MoHO pacemarpmsarhk Kaxk (yaxmuu I['prea.
MMycrs Q (P, t) — uATEHCHBHOCTH HCTOYHMKOB TeIyia, pPACIpEeJeHHEX B 00-
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nacrm I'; Torja

013 (P, z)=SSS§Q(S, 1) a%y; (S, P, ¢ —t')ydT'dl’ (1.13)
Amarnormuso mMmeem o
o (P, t) = SSSEQ(S, 1 o* (P, S, t—t)dt (1.14)
I o

J1s HeIIpephIBHOrO MCTOYHMKA TEIIA IOIYTHM

o® )= R[4 (1 4 o) et 75—z Texp ()] 115)

I[J'lﬁ HCTOYHMINA, M3IMEHAJOMIErocsd IO rapMOHHYCCHOMY 3aK0BRy

¢ (R, 1) = i‘::" [1 —exp (— R Vim)) (7, = ;L) (1.16)

Ecnnm B ypasHemmsx mnepemeleHuii Teopumm ymPyrocTd He IpeneGperath

(e}
Gpe 1
i a ) b V02
T Nvdfoa # |vfez 5|
32 \ 25 \ 24
\ \
2 2l
4 \ 16 = \L~0.4
_ \ A\
16 16 08 A
A\ LN
e‘:f\ \\ V=l
V=1 =
a8 = \“k 08 \\‘\ 0 ﬂ0£¢ \ﬂrgﬁ\zg
PR o —— N | \ /1
S 0.&‘R 12 Iﬁ% o a8 1z 16 oY - \1/
R

VHEPOUOBHEIMA 9JIeHAME, TO [B paceMaTpuBaeMoM ciydae c{epmueckoil cum-
merprn BMecto dopmyar (1.7), (1.8) momyumm ciejyioume (opmyise:

20 _ 2% i 99

o T Rar — =% ur=gp (1.17)
2 9p Bl ™ = 19
orrn=—2Gg5r +pPgpr e =00 =—2 (am Tr aj:z)'f'Pa:s (1 18)
3necn
re__ 4 1—v 2G\'h
LA © (1—*2\' p)

€ — CKOpPOCTH PACUPOCTPAHeHUsT yNPYroif NPOJONBHOK BOMHEL, p 06OBHAYAET
mIoTHOCTS. |



O uexomopwx npocmpancmeennbly sadauar mepmoynpyeocmi 459

[Tocrynas amamormamo, Xaw M B KBABHCTATHYECKON 3ajiaue, HOJYIAM JUIA
[=sles]

O* = — ‘)_::—gx‘ E o (e - 4% 4 pAe) (@ + 12 - pPe?) P cosyzda dy =
00
Dy e —Rﬂ'}’l‘___‘ e—-RVm’_x

T 4dmxc®pR p—ulo?

ITposopia obparroe mpeofpasopanme, mosmyumsm [?]

v B Lo B4 ? & V3
] =5 ‘erf V3 exp [u:p erfe (Vﬂ -+ )—i—

2 4x’s? %o
-I-oxp(——x—) erfe (W_}ﬁ )] o1 (exp %:;_{?_ 1) n{z——ﬁ'c)} (1.20)

rie n— Qynarousa Xepncaiifa.

B pacemarpusaemomjlenydae pasmuunsie Qopmyss i ¢ * momydem Ha
unreppane 0 <t < Ro n t> Rs. 3pan Qymnxnmio ¢*, mo dopmynam (1. 18)
onpejenum manpsmrenus o¥; . Jlerro morasars, uro kKar mA R — oo, Taw n
I L — oo (ymRIpA ¢* meuesaer, a Takske W OOPAMAIOTCA B HyJh HAUPA-
IKEHIIA,

Hus t = Ro cymecrsyer paspsis HanpsxeHmit. SIcHO, wro, paccMmarpusas
o* waw Qymxomo ['pmma, M0N0 OUPENEIUTE HAUPAKEHHS [IJA IPOABBOIIL+
woit fynxumn Q (P, t).

Pacemorpum  mHanpsuienmnoe COCTOAHWE, BHBBAHHOE [IifCTBEEM WCTOTHHKA
Temya, TepejIBUTAONIEr0Cs N0 TPAMOM ¢ MOoCTOsHHOR ckopocereio v. ObGosna
qum uepes £y, &, & HEMOABWKHBIE KOOP/AMHATEL M TPEATIOJIOMKHM, [4T0 mCTOY -
HUK ¢ NEGPeMEHHOIl BO BPeMEHU MHTCHCHBHOCTBIO W JBmETCA B yIpyroM Ipo-
cTpancTne BHOIL ocH §;.

VpasHenne TEmIONPOBONINOCTA B SAHHOM CIydae UMEeT BHJ)

»T | T , 9T 1 aT
9B T 0B T 0B x al

V]

—0 (1.21)

Hpm;{eM HOBYIO KOOPHHHATHYO CHCTEMY &, &9, &3, CBA3AHOYIO C ABIGKY-
IAMCA MCTOUHMKOM Tenja u napameNbHyo CHCTeMe £y, Ea, E3. Ilpmmensis mm-
Heitnoe npeobpazopanne

Zy = b —t, Zy = £y, Z3=2E
noaysaem ypasmenne (1.21) B carenyromen Buje:

*T | 0T | &T! 1 or o
I, R dao® i T P dag? + (’}31 T 0, (!J- = E;.) (1.22)

B cpywae merounuxa, o0agalomero IOCTOMHHON WHTEHCHBHOCTBIO, HMEeM
8T /8t = 0. OcramoBuMca Ha HTOM KBASHCTAIMOHAPHOM ClIydae,
Wasecto, 9ro B 8TOM Cirydae MMeeM

L 21-=’QxH ek R) (R = (z® + @ + 25%)"/s, W = Qpe) (1.23)
+ Pemasa ypasmeune

%o % '
Fot B T gag = ST (1.24)
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noyyunm ayA Q@ =1

" *gm {Ei [—p <w1+R)1—ln(x1 + R)} (1.25)

(=]
Ei{—s}—g %rdu (s>0)
Teneps momuo 1o Qopmynam (1.6) onpegennts HanmpskeHHA 6%, MPOBO-
na cooTpercreylomee pufdepennuposanne Qyrkumn ¢ *

K 1
gy = :i“_}w. [(l -+ P-R) e—mEtR) — 1]

ngsK

ot = o[ R ) et D— (1 |

(1.26)
F 44y d
(I\. = T—v 81‘![.1.)1'. ,J HT. I

Ilposomsa B opMyaax jus HAUPAKeHuil UpefelbEs mepexorn p.—>0 (v—
— 0), nosryuum maBecTnEIe (IOPMYJIBL JJIsI HANPAKEHMH, BRIBBAHHEIX HEMOJBIH-
HEIM, CTANEOHAPHEM HCTOYHHKOM TeIJia,

@l xowgK
® __ 122 AR 205
512 = —-'Tl'—-, 033 = — ha HT. R

§ 2. Tepmpueckne Hampsa/KeHNs B yIpPyroMm moaxymnpocrpancrse. Pacemor-
puM yupyroe moiympoctpancTBo (zg > 0), B xoropom B Toure (0, 0, & = ()
JeiicTByeT MIHOBEHHBIM MCTOYHHK Temma. Illpefmomommm, WTO IIIOCKOCTE g,
paBHas Byio, cBofonma or mampsxemmid. Hpome Ttoro, mpegmoyommM, uTO
T =0 pua z; = 0. 3gecrs Bamava 0CECHMMETPHYECKAS, I0DTOMY PACCYHSLEHUSN
NPOBOUM B CHCTEME THIAHAPHYECKUX KooppuHAT 7, z. llepBEIM mBYM Kpa-
€BHIM YCIOBHAM

0,*=0, T=0, o0,¥=0 wprz=0 (2.1)

YHAOBIETBOPMM, €CIII B HEOTPAHHUCHHOM yOPYrOM IPOCTPAHCTBE IOMECTHM B
rouke (0, {) momoxuremsumiii, a B Touxe (0, — ) orpuuarennHBIl HCTOYHUK
renna. Torma, cornacmo gopmyme (1.11), momyuaem [4]

o* (r, z)=_A['—erf(}h)'—‘ e"f(]/& )]

Ryp=[rt 4 (zF &)Y, A=z (2.2)

Kax mspecrno, Hanpsmxennma BEIPAKA0OTCA veped (yHKImIO ¢* crepylomum
obpasom:

1 dp* a%p* i a%p D%p*
¥ == GE) e =—26(gh+3E)
. _ 1 0g* | a%* %™
2z —2G (r ar s W) ! =26 driz (2.3)

B mnockoern z =0 manpsuxenwe o*',, me mcuesaer. Urols Hampsenme
’
o*pz(r, 0, t) ofparTmiiock B HyJh, HAJIOMEM TAKOe HANPAMKENHOE COCTOSHUE,
uT00H B mrockoct z = 0 yAOBIETBOPANOCH YCIOBHE

Orz e (?‘, 0’ t) + a*”” (?’, 0! t) = 0’ Ozz e (-": 0: t) =0 (24)
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OnpepenaM mampsuenHoe cocrosmme o;*” npu nomomm $yaxmun Jlnsa @0,
yHoBjeTBOpsIomeit ypasmenmio V/2\/%p0 = 0,
Oyarnmo ¢° npuveM B BHJIE

oo

g0 = S (C + Daz)e—*2J  (0v) do.  mpw 2> 0 (2.9)
0
s proporo ycmosua (2.4) cnepyer, aro C = — (1 — 2v) D. Ipunuman Bo
pBHEManMe, YTO
o® (1, 0, 1) = ‘f;g o(a, € 2)ar/, (ar)da
0

rie )
4 “®

ple, €, 1) =e 2 erfe (5"2"——— :'7_%) — ¢%6 erfe (El—z/ﬂ - V'é_})

U3 TiepBoro yeloBus (2.4) momyunm

D, & ty="=29p(@ ¢, 1)
Taxum cnocobom onpepenaercs yHKIpT ¢°, a TeM CaMBIM HaIpAMKEHHOe
cocTosHMe o;;*, TAK KAk (2.6)
26 a 26 9
A __ L L = o
S ST dz( WA= )‘P %" =T33z [(2 v) V? Bz"‘}tp
26 6 2G a2
e = I ¥ __ — o 0
Yoo =13y az r dr) T—2vor [(1 v) az‘*]qJ
Taxmm oGpasom
(= =]

o =G A S p(e, G, t)ae—oz [(Z—mz ) Jo(r) 4+ (2v—2 4 az )J’(w}] dow mr. n.
p .

Ecmm npepnonosints, uro 07/0z = 0 » mnockoern z = 0, Torga manpssxe-
aust oi;* moyxmo onpepesmts, nomemas B rouxax (0, €) m (0, —C) momommn-
TeIRHEIE, MUHOBeHHBIE MCTOMHAKM rTemma. Tamxmm ofpasom, B miuockocta z = 0
Gynyr yposiersopenst yeiosusi o.,* =0 u 07 /0z = 0.

Haupsowenns o,,* (r, 0, t) yerpanmv myrem go6aBienus K HUM HaIpPsDKEHHO-
r0 COCTOAHMS 0y;* ¥ cocTommms of;*”, BHPAMEHHOro ¢ moMomsio Gy Jla-
pa, npuiem B fopmyse (2.5) ciepyer npmmath C = 2vD.

Ecqmm € 6yner crpeMuThesi K HyIO, TO HONYIAM CIydail HCTOYHHKA, Heil-
CTBYIOIIEr0 B Havajie KOOPAMHATHOH CHCTEME!, T, €, B INIOCKOCTH, OrpaHuYd-
paromeil yupyroe Iosynpocrpamcrso. 13 arom ocofoM ciygae MOJyIdAM JJiA
HEIPePHIBHOr0 MCTOYHHKA Teryia

D(x, t)= 5%(1—2\#) [1—ocexp(—oc2xt) ]/2__..(1 —ga)erfc(a?)]

(& = dxt)
Jlsr cranmomapHoro WCTOYHMKA Tenja, T. €. IpH - oo, TOITyudM

D@, t) =45 (1 —2v)a

OrmerEM, Uro A f—> 00 HAOPWKEHHA 0% (r, 2, 00) ® g,*(r, z, 00)
PaBHAOTCA HYJIIO.
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Hampsxenns oy* (7, 2, f) AIA HENPepsBHOIO MCTOYHAKA TEJa MOKHO
HpPeCTABUTE B BHIE
e
0i* = oy *0—a;;*U)(r, 2, 1)

rjae vanpsorenua  oy* (0 (oo) wmwe sasmesit or Bpemenu. [lia nanpmenmii
Gz;%, Gpt TONYYHM

Op* = — Grz*(l)(r: z, t), 0" = — oW (r, z, £)

STH HANPAKEHIT HCIe3a T JIJIA L — co, HpHOHAMAfA JJIA HEROTOPOro KO-
HEYHOTO 3UadeHHfg ! MAKCHMAILHBIE SHAYCHNA.

PachO'rpm\r Caenyonme HPOGJ’IBML&, uMerolmpe 3HavYeHua g TexXHH4deo
wkux mpuinokenuit. IlycTs B womeumoit obmactm I', pacmomomennoit B mroc-
woctn z = (0, orpammdmBaIoOlleil YUpYroe IOJYIpocTpaHcTso, Gymer sagamo
CIeJIyIONee KPaeBoe YCJIOBHe JUIA TeMIEpaTyphL:

T (2, @ 0, t) =] (21, 22)8 (1) (2.7)
a HA OCTAIBHOH YacTH noaepxuociﬂ nyers I' =0. TITocrpoum ¢ynrmmo I'pn-
HA [0 9roll 3ajaun. J

TemneparyprOe moiie JOIKHO YHOBIIeTBOPATH AuepeHmmaabHOMY ypas-
HEHUIO

i *
i e e L
M KpAEBOMY YCIOBHIO _
T* (%, @y, 0, t) = 3(331'—':'1)5(7'2—'59)3(_‘) (2.8)

a TamKe
T* =0 p 6ecroneamocrn

M pmamsoit Temueparypst B obmacra I’ momyamm (dI = dEdE,)

T (@, @3 @ 1) = (1@ &)T* (@, 25 25 &, & O, )dT
. T - 1

Tij (xlr Lo, T3, t)=SSf(EJ.: E:!) G‘IJ’* [xls Lo, Ty El} ES! 0: I) ar (2‘9)
r

Onpepesnum $ysrmuio I'puna cmepsa A ocecUMMeTPHUeCKOld sajaym, pe-
masg ypapHeHHe

' ) aT*
(ar"‘+r 0r+6z~)j* ol b (2.10)
¢ KPAaeBHM YyCIOBHEM
T*(r, 0, t)= ;Bﬁz}%(ﬂ, 7% =0 » Gecromeumoern  (2.11)
Pemennem ypasmesma (2.10) ssiserca
. s R® .
s ()‘, z, t]—-ﬂ—{mexp (—*T) (9‘—4!3) (2.12)

3naa fynummo 7%, pymxnumio ¢* majijem Kax pewenuwe ypasmenmsa (1.D)

I I
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Sman Gynknmio ¢¥, MOKHO ONpeNeNNTE HAUDWKEHAA oi;* B BaMKHYTOM
suje. Jlna z = 0 manpmkenue o,,* mcuesaer, opmaxo HanpmKenme o,,* me
papuserca nymo. Ilosromy Ha maupsiKkeHHoe COCTOARIE 0p,*" HYKHO Hao-
MUTH HANPSZKCHHOE COCTOAHEE G,,*”, BRIpA/KeHHOE NPH TIOMOME Qymcmr ¢@°
dopmynamu (2.6). Bemmuunst C u D, sxomsamue B Pyskmun Jlasa (2.5), on-
pejienaeM 1o KPAaeBEIM yeyoBmam s z = 0

op* 4+ a0,,* = 0, a;*" =0
3 orux ycmoBmit moirydaem

= —(1—2)D, D (e, t):(i—Zv)S—%erch%?

B cnywae Temneparypsoro moimi, yposiersopsomero ypaseenmio (2.10),
¢ KPAeBEIMH YCJIOBHSIMI

T*(r, 0, t) = % 7(2), =0 B Geexoneunoctn

rae Qynxmueit n(¢) asnaerca Qynxnma Xepucaija, momydaem

R 2R R?
T*:z_&fh—a[i—erfﬁerﬁ exp (——’;)] (2.14)

a Takxe

Sy 2 \epte B_14/8 _B 5
@ ,mh,[ (1 2”3)@1'0]/3 R‘l/;exp( 8)] (2.15)

Hanpsokenmst o;* mosysaem n3 gopmynsr (1.6), a manpssxenmsa o;;%" —
us gopmynst (2.6). Mynrumo ¢° ompenenser opmyna (2.5), rue

C=—D@1—2), D t)=01—2v) sl —F (s )]

F(a, t) = (1 + 202xt)erfc (a)/ xt) — 2aV-);E exp (— alxt)

B ocofom ciaydae cTanMoHAPHOTO TEMIEPATYPHOTO noif (i—oo) HAHOpA-
MeHNA 0,,* W 0,,* CTaHOBATCA pABHEIME HYIIO.

§ 3. Hanpsukennoe cocrosune B BA3KO-ynpyrom mpocrpancrse. Paccemor-
PHM TEPMHUUECKME HANDSKEHNSA, BHI3BAHHBIE JEHCTBAGM MIHOBEHHOTO MCTOU-
HMKA B HeOrPAHMYEHHOM NPOCTPAHCTBE, MJIA MOMENN BASKO-YIPYToro Teja,
npusepensoro M. A. Bmitorou [°] n [[. C. Beppm []. Pacmpocrpamsem 3a-
BHCHMOCTH, NAHEEE OTUME ABTOPAME, HA TepMuyeckne Hampsurenas. Mmeem

{
Tij (.TC,-, t) = 2 Sp.(t-‘* ‘E)-g; Bij (3:” ‘I:) dr -i-
0

a0 (z,., 7)

: . T (z,., =
+815§{1(z_f)T — [3N(t — 1) + 2 (t — )] o —(-a;—l}d:- (3.1)

IIpuseyieHEBIe 3aBUCHMOCTH OTHOCATCA K TejlaM, KOTOPHE B IEPBOHATAIH-
BBt MOMeHT OBy cBOGOAEHEIME. A (L), | (f) — cyTh QyHKIAE peaKcamud, KO-
TOpHE A a6COIIOTHO YUOPYTHX TeJ Pefylupylorcsa K nocToAHREM Jlame.
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Pacemorpmm cHauania KsasueraTudeckyio safavy. Iloxerapis nampsuxenme
Gjj B YpaBHeHHs DPABHOBECHs, BEPAjKaloONIue JarnpssKeHye Uepes mepeMelienus
M BBOJA IOTEHIMAJI TEPMO-BASKO-yIPYIOro IepeMernenus ¢ moCpefcTBoM

i 22
1= Ga, (i=1,2 8
nonyunm jna Gysrmumm ¢ no apajgorsm ¢ ypasmenmmem (1.5) dopmysy
t t
| 20— +r@—o N d’:——a;S[3l(£—r)—|—251(t-—1)]1-—~d1: (3.2)
0 0

Bripaxaa sapucmmocts (3.1) mpm momomm (yEKIUM ¢ W MCOONB3Ys Ypas-

Henwe (3.2), momyumm

4
i @n )= {2 —9 % (5 — 0V p(an Vs G=mrn (@3
0

A
IIpemmonosum, |r0 BA3KO-yHpyroe Tejio OBII0 B IePBOHAYAJILHBIH MOMEHT

613060]];13511\{, T. €. He IoJBeprajiock HaIpPAMCeHuIM. HPOBELLGM B YpanHeHHH

(3.2) m sammcmmocrax (3.3) mpeobpasosanme Jlanmaca
t t

9(55‘,.,p)=ge‘“1°'T (@, t)dt, O (2, p)=Se—F‘cp(mr, t)dt

0 0

[}
2{5 (:E,., P) = Se—ﬂfc” (.‘E,-, I) dt
0

HOJLY M
V2D (27, p) =9 (p)O (@ P) (3.4)
a TarHse
35
2, (@ p)=2G(p) (“—axiaxj—f‘uV’)CD(xn P) (3.5)
3neck BBEeHBL ciefylomne 0003HAYCHHS:
3 2’ ,
S(p) =2 B2 o Gp) = pp(p)

A (p) + 2 (p)
OrmernM, |To HyIs aGCOMOTHO YUPYrOro Teja MMEeM CJIejlyIONue 3aBHCH-
mocta (cp. gopmymsr (1.5) m (1.6))

VR° (@, p) =98 (2 P)  (%o=1va) (3.6)

By @ ) = 26 (55— V) Oz, ) (3.7)

rixe G — MOCTOANNLIC BeNMUMEE, He B3aBHCALME OT TapaMerpa p.
3necs BBOmEM ofosEAauenms ©° ‘,0;;° A aGCOMOTHO YIPYroro Teda.
s cpasmenusa (3.4) m (3.6), a rawke (3.5) m (3.7) bpmTexaer, uro

O (@, p) = L@, p), I, (@ p=T020 5 %G, 5y (3.9)
Beopsn ¢ysxumm F (p) u G (p), tae?
F(p)=2220, g =22 (3.9)

! Oyurnmn F (p), G (p) OPUHATH B TakoM Buje, urofm ofecneunts ofparmOoe npe-
obpasoBanme sStnx (QyERImii,
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nociie obparsoro mpeobpasosamns Jlanmaca, m3 gopmyn (3.8) momywaem
¢
1 8 o :
@@ 1) = 5 \ Rt — <) 5= ¢° (@, D) de (3.10)
0

t
1 do;.°
013 (@ 1) = 5= 1 (¢ — ) - (@, ) de
0

IIpupenennsie BEmMe (JOPMYJIBI HOBBOIAIOT ONPENEINTs ICPEMEIEeHNs | Ha-
IpPSIKEHAS B BABKO-YIPYIOM Tejle, MCIIOJb3Ysl PEMeHHs, IONYYeHHBIEe s
abcomorHO ympyroro rena. Bo MHOormx ciyuasx ypobEee OyfeT ompepenutn
cnepsa (QyHRIHUIO

t

¢ (2r, t) = —;—GSF(I-—-‘E) 2 (@, 7) (3.11)
0

¥ IIpHM IOOMOIIM eée¢ HAXONHUTE HAILDAMEeHMd
a2
043 (&, 1) = 2 (g — 89" ) $ (@m0 (3.12)

IIycrs B BASKO-yIpyroM OPOCTPAHCTBE B HAYajle KOOPAHHATHON CHCTEMLI
meiicrByeT MrHOBeHHENA mcrowEmK Temna. IIpmmem, wro ¢ymxmmm pesmaxcarmum
A (¢) m p(2) IMEIOT OHO W TO JKEe BpPEMA pPeJIaKCcamuu

’ A ’
MO =g, pO=pe NP =375 ) =58 (3.13)
Tar xax
_ 1 .,y Sho 2
F(P)—"l'p_,r_gs 1t o 7\.904—21.:'00“!

nosTomy, corzmacuo Qopmyue (3.11) m ymresas (1.11), momywmm
t

s 1 —e(l—T _a_ R __—_i_ -l ___
(R, :)_#@—Rgue a0 Lert o de = —— [ —A (R, )] (3:44)

rpe

AR, t)= e—“ exp --ali’]/— erfc -———zVat)

-+ exp (aR l/ erfc + z]/st)-l

J7st HeIpepEBHOIO MCTOYHHKA TOJY9AM

(R, t)=—7 }E]:i — et —erfc

VH_+ A (R, t)] (3.15)

Hanpsoxerns o;; noxywaM 1o dopmyze (3.12). Eciu B ypasHenmaAX pasHO=
BecHA yYecTh WHEPNHOHHEEE WIEHBl, TOTJA BMECTO YPABHEHMA (3.4) m zaBu=~
camocteit (3.5) momydymMm cIepyloniue YpaBHEHMA W 3aBHCHMOCTI:

V2O (2, p)— p* (p) D (21, p) = % (p) O (1, D)

_ o !
(62 (p) = pl2e (p) + 2" (p) I) Gy

s a2 N
Ei; (@, p) = 2G (p) La—xi-a;;— 5i;9° | @ (2r, p) + pP*@ (@, p)  (347)

4 Tpuxnamguafg MATEMATHKA i MeXaHiwa, Ne 3
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Beepem ¢ymummo YW (z., p) =G(p) © (s, p), morma sasmemmocth (3.17)
MOJKHO IPEJCTABATL B BHJPO

B4j (@, p) = 2 (d,f’w ~ 84V ¥ (2, )+ 00 (@ p)  (318)

Cpasrenme ypassesus (3.17) ¢ cooTBeTcTBYOLUAM ypaBHeHHeM A adco-
JIOTHO YIPYTOrO Tela

VQ(DO (ﬁr: P) == pzouzm (mr: P) = &08 (xrs P) (319)

rfe oo M 9, — IOCTOSHHEE BEJIMYUHE, He BABUCAIIEe OT HAPAMETPA P, T0-
Kasemaer, uro Memkpy Qymxumamp @ m O° HenpsA CROHCTPYHPOBATH TaKUX
3aBHCHMOCTCH, KOTOpHIe [OJYJaIWCh B KBASHCTANWOHADHBIX 3ajadax Ui
abCcoMIOTHO YHPYroro Tema.

B cayuae MrEOBeHHOTO MCTOYHHKA TeIUia, IIPENNOJaras, 4ro (yHKumm A (1)
a () BEIpAKAIOTCA IPH TNOMOIIM TEX 7Ke CAMBIX, KAK M PAHbLIIe, DKCIOHEH-
QEAJILHEIX BSaBUCHMOCTO, o0Iajaiomux TeM jKe BpeMeHeM pelaxcamum c 1,
HalimeM, 4ro pemenme ypasHeEms (3.16) mmeer Bmp

O (R, p) = — 4-1;2? exp (— R @ly_ﬁxﬁ)— Rpo (p)]
()= L=, B=5=t) (3.20)
Taxmm oGpasom
O @R, p) = 4(4 — 52 [exp(— RY L) —exp [ RV B F9) ]

IIposona ofpaTmoe mpeobpasoBamme Jlammaca, momywmm

o(R, )= A {erfc % —L(R,t;n)—N (R, t) -+ K (R, t; e, »q)} (3.22)

3necs caepyiomme 0603HAYEHMSI:

L(R,t,m)= -—e’" exp R]/—~ erfc -———V_t)
+ exp R 'l/l) erfc + Vot )J

N (R, t) = [exp (—‘RIB-) <

i

f 1 2_R? =
R el ) L VIR 4y g 1 — RV )

1
KR tie,m =@ t—)Lg@emd
0
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rje

h(R, 1) = exp(— ) 1o (Ve VE—TB) 1 (t— RV
o ranmxe

—ET

t
e = s (24 Vo it T

Jlais ompejiesieRnsT HANPSUKEHA o;; HEOOXOAMMA emie OfHA ¢yHRumsA

bR (YR p)=G()D(R,p)
Qynrnua ¢ (R, p) ameer Bup

(R, p) = 4, .

=) (7Y £)—en - RVEGTA)

. Dot
(4= mar o)
IMposona oGparHoe mpeobpasosamme Jlammaca, Ioaydrm
Y (R, t) = 4[L(R,t;—e)— L (R, t; m)+ K (R, t;e,—e)— K (R,t; e,7)](3.23)

Hanpmxenws ompepienam 1o dopmyite

4oy . 0%
IRR RoR T Pam
9 10 9%
%m:“ﬂﬂ——'z(a}g‘i“ Ré%)'i‘?ﬁﬁ

Onpepenenue KBABHCTATIIECKAX TePMAYCCKNX HATPSKEHHN B BASKO-YIPYIOM
TOJIYNPOCTPAHCTBE NPUHIMIINAJIGHO He Berpedaer 6ompmux sarpypaennii. Cnepsa
ONPefesIA0T HATPSKEHNS 0i;' B HEOIPAHMYEHHOM [POCTPAHCTBE, KAK 9T0 TIO-
KasaHo B § 2, a saTeM HAJIOYKEHMEM HANPAKEHHOTO COCTOSHHA 0;;" MCIpaB-
JsmoTes Kpaessle yeaopuss B miockoctn z = 0. Hampmxenua X;; (@,, p) MOKHO
BEIpasATs NpE noMomu Qymknmn ¢°, upagem QopMmyasl gus Lij (2, p) TOIYIHM
n3 ypasmenuit (2.6), B xoTropeix BMmecto 7 mojctasum N (p)/2 [N (p) -+ ¢’ (P)],
a sMecTo G Beymummy (' (p).

IMocrymmaa 16 1141959
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