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JYUUCTAS TEIUIONMPOBOJHOCTH B TEJIAX C IEPEMEHHOU
BO BPEMEHU TEMIIEPATYPO ITIOBEPXHOCTHU

B.A. Kot
Hncmumym menno- u maccooomena um. A.B. Jlvikoea HAH Benapycu,
ya. I1. bposku 15, Munck 220072, Beaapycs, valery.kot@hmti.ac.by

PaCCMOTpeHO YpaBHCHHUEC paﬂHaHHOHHOﬁ TUAPOJUHAMUKH, KOTAa BHYTPCHHSASA SHEPrus U HEIIPO3PaA4YHOCTh UMEC-
HOT CTCICHHBIC 3aBUCUMOCTH OT INIOTHOCTU U TEMIICPATYPHI. HOJ’Iy‘ICHBI BBICOKOTOYHBIC aBTOMOJCIbHBIC PCIICHUA
Opu CTCICHHOM UM OKCIIOHCHIHAJIBHOM 3dKOHAaX M3MCHCHHU BO BPEMCHU TEMIICPATYPbI IIOBEPXHOCTH. HpezmoxceH
HOBBII Ioaxoa K HpI/I6J'II/I>K€HHOMy PpCHICHUIO 3aAdadr, Koraa Il HEOPO3pavYHOCTH I10 PoccenaHz{y K mmeem

K=K(T,)(T/T, )_n, rue N — IoKasaTelb CTENeHH, 3aafolInil XapaKkTep IOTJIOICHUS TeJIOM M3Iy4eHus. MeTon
OCHOBAH Ha NMPeoOpa3oBaHHK UCXOIHOTO ypasHenus OT /ot = yoT"* /ox*, rne y =166T,./ (3(n +4)K(T, 0)pZC\,) :

IIpu cTenmeHHOM 3aKOHE ypaBHEHHe mpeoOpasyercs B creayromee: d?6™* /dn? + (1 +k(n+ 3))nd 6/dn-2k0=0,

1
rme T =T, (t /t, )k H(n) , N=Xx/ a[Z;(To"t(ms)k . Pelenue 3afaun mpeicTaBIeHo B Buae 6= (1+ a(;)(l—C,)m , T

{=n/n,. OmmbKka aHATITHIECKOTO PEIICHHS 110 CPABHEHHIO C YHCICHHBIM COCTABIISIET COTHIE JOIH IIPOLEHTA.

Kniouesvte cnosa: nydncTas TEIIONPOBOAHOCTD; PAAHALMOHHOE H3IyUeHHUE; (PPOHT NIPOHUKHOBEHUS.
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The equation for the radiative flow dynamics of a solid body, the dependences of whose internal energy and
opacity on its density and temperature are defined by power functions, was considered. The high-accuracy self-
similar solutions have been obtained for the radiation wave generated in the body by the laser radiation in the cases
where the surface temperature of the body changes by the power or exponential laws. A new approach to the ap-
proximate solution of the equation for the radiative thermal conductivity of a body with a Rosseland opacity K,
characterized by the power dependence on the temperature K, =K, (TO)(T /T, )’”, where n is the component de-

termining the character of absorption of radiation by the body, has been proposed. The method developed is based
on the transformation of the initial equation for the radiative thermal conductivity of a body T /ét = yoT"* /ox?,

where y =166T. /[3(n+4)K(T,)p°C,] is the coefficient characterizing the heat flow in the body. In particular, in
the case where the surface temperature of the body changes by the power law, this equation is transformed into the
differential equation d?6™* /dn’ +(1+k(n+3))nd@/ dn—-2k6 =0, where T=T,(t/t, )k o(n).

n:xh/z;{TO”t(”*z)k. The solution of the problem was sought for in the form of the polynomial

1
O=(1+ag)(1-¢)n3, rme {=n/m,. The coefficient a was determined with the use of the relation

- . 1
dV (1)/d¢=—(n+3)(n+4)" (1+k(n+3))73, and then the integral relation 2(1+k(n +4)).[0 0¢d¢=n," was used.

The solutions of the problem with high approximation accuracies have been obtained. The errors of the calculations
performed for the two variants of the law of change in the surface temperature of the body, as compared to those of
the numerical solutions, comprised hundredths of a percent.
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Beenenue

PaauaiimoHHbIe TEIUIOBBIE BOJIHBI UTPAIOT
BOXHYIO pOJib B (DU3UKE TUIA3MbI H, B YacT-
HOCTH, B TEPMOSIJIEPHOM CHHTE3€ C WHEPIIHU-
ounbM yaepxanuem (ICF). B skcnepumen-
Tax ¢ HenpsMbIM Bo30yxkaenueM ICF nazep-
HbIC JIy4d OCBELIAIOT BHYTPCHHIOK CTEHKY
pe3oHaTopa ¢ BBICOKMM Z, KOTOPBIA IpeaHa-
3HA4YeH JUIsl MpeoOpa3oBaHus SJHEPTHH J1a3epa
B PEHTTE€HOBCKOE M3nydeHue. Kiaccuueckum
npuMepoM HenuHelHoW nuddy3un u3myde-
HUS SIBIISIETCSl BOJIHA Mapiiaka, BIEpBEIC
paccmotpennas B 1958 romy [1]. Perienus
NOJJOOHOTO THIIA TPEJICTABIISIOT HECOMHEH-
ueiid uarepec it ICF [2]. TeruoBast BosHa,
Oyay4H aBTOMOJICJIbHOM, pAaCCMAaTPHBACTCS B
npubnmxkennu auddys3un B Marepuan ¢ mo-
CTOSIHHOW Y/ICTIbHON TEIIOEMKOCTBIO U CO
cpeaHel Hempo3padyHocThio 1Mo Poccenanny,
KaK CTENeHHOW (DyHKIMH OT TeMIepaTyphl.
I'maponuHamMuyecKoe JBHKCHUE HE YYUTHI-
BaeTcs. JlocTarouHo moapoOHOe oOcyxie-
HHE JaHHOM mpoOJieMbl JTaHO MuxanacoMm
[3]. ABTOMO/ICTIbHBIEC pPEIICHHS MOJTyYCHBI B
pabotax [4-6], korma B mpenene TBEPAYIO
CTCHKY MOXXHO CUUTaTh OCCKOHEYHO ILIOT-
HOU [7]; ipu 3TOM HalIcHO pa3yMHOE CorJia-
CHE C IKCIEPUMEHTAIBHBIMH PE3yJIbTaTaMH
[8]. Xammep u Posen [5] mpemnoxunu pe-
IICHUS, OCHOBAaHHBIC HA PA3JIOKEHUH IO Ma-
JoMmy mapameTpy € =p/(4+a), xorga BHYT-

PeHHsS DHeprus M3MeHseTcs Kak T', a He-
npo3pauHocTs 1o Poccemanpmy K, — kak

T, Cmur [9] momyumsn aBTOMOJETbHBIC
perieHus 0e3 y4eTa HarpeTol MOBEPXHOCTH C
HAJIO)KCHHUEM Jlajiee TPAaHUIHOTO yCIIOBHSI.

IlocTaHoBKa U pelieHue 3a1a4M

[Tycts mpu t>0 Ha NOBEPXHOCTH ILIa-
crunbl (X =0) mamaer u3nydeHue, B pe3yiib-
Tare 4ero Temmneparypa MOBEPXHOCTU U3Me-
HSIETCS IO CTENEHHOMY JIMOO ASKCIIOHEHIIH-
aTbHOMY 3aKOHaM:

TOH=T(t/t)", (1)

T(0,t)=T,exp(2kt/t,). (2)

[IpruMeM NOCTOSTHHBIMHU TJIOTHOCTh MaTepua-
Ja p U YAEIbHYIO TEIJIOEMKOCTh C,. 3ajzada

COCTOMT B pacyere BBICOKOIHEPTreTHUECKOU
CBEPX3BYKOBOW BOJIHBI, TPOHUKAKOUIEH B TE-
JI0 C OJIHOBPEMEHHBIM OTMpeeIIEHUEM I0JI0-
KEHUS MTOABUKHOTO (POHTA.

Jlns tertoBoro motoka F B yro0oi j10-
KaJabHOH Touke umeem [10]

3
f T o
3kz (To)p OX

[IpencraBuM HEMmpo3pav4HOCTh MO PoccenaH-
ny oynkuueir K, =k, (T,)(T/T,)™". B gact-

HOCTH, TOKa3arenb creneHn N=0 omuceiBa-
€T paccessHhe IEKTPOHOB, a N =3 — ciy4yau
CBSI3aHHO-CBOOOJHOrO 70O  CBOOOJHO-
cBoOoHoro nornomienus [10]. [TogcraHoBka
dbopmynbl 11 Henmpo3payHocTH B (3) nmaet
BBIp)KEHHUE IS TETUIOBOTO TIOTOKA

n+4
Fo_ 16:5 oT @
3(n+4)T ks (Ty)p  Ox

Otcrona mosyyaeM ypaBHEHHE JYYHCTOM
TEIUIONPOBOAHOCTH (UGB DY3UH U3TyUCHHUS)

a_ 18 160 ot

ot pc, X\ 3(n+ DTk, (Ty)p ) ©Ox
oT o
—=y—, x> 0),
o * ok (x>0)

rac nmapamMeTp x OIMCBIBACT JIYUHUCTYIO TCII-
JIOIPOBOJHOCTE M 3a1a€TCA BBIPAXKCHUEM

160T?

3 d)k ()0, O

Z:

v

s pereHusi OCTaBIEHHOW 3aJadd 3a-
MUIIEM UCKOMYIO (DYHKIIMH MPH CTEIEHHOM
3akoHe (1) B Buze

k
T)=T,| - | o

0

(6)
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rae Oe3pa3sMepHbIil aBTOMOJIENbHBIN Mapa-
METp 1 3a/1aeTCsl COOTHOLIEHUEM:

X

n=——
IZZTOnt(mS)k

J1s1 SKCTIIOHEHLIMAIBHOTO 3aKOHA M3MEHEHUS
TEMIEpAaTypbl MOBEPXHOCTH, coriacHo (2),
HOJTydaeM:

(")

T(xt)=T,e*0(n), (8)

77 — XeZ(n+3)kt . (9)

[MoncranoBka (6)-(9) B umcxonHoe audde-
pCHIIMAIBHOE ypaBHEHHWE JaeT, COOTBET-
CTBeHHO, Ju(p(depeHInaIbHbIC YPaBHECHUS
JUJIS OJHOM HE3aBUCHMOM NIEPEMEHHOM:

d 29n+4
dn’

2 Qn+4
%+(n+3)n3—9—29:0. (11)
n M

+(1+k(n +3))n3—:—2k9 =0,(10)

YMHO)UM U depeHIIaTbHbIE YPABHEHUS
(10) u (11) Ha N ¥ HpPOUHTETpUPYEM IO Ha-
CTSIM T10 O0JIACTH M = [O,no] . s mapamertpa

n=mn, umeeM V(n,) =0. B nrore npuxoaum

K CJIEAYIOIIUM HHTETPAJIbHBIM COOTHOLICHHU-
M, COOTBETCTBEHHO Il CTEIIEHHOI'O U JKC-
MIOHCHIUAJIBHOIO 3aKOHOB W3MECHEHUS TEM-
nepaTypbl IOBEPXHOCTH:

1 3 1
!'g@cdc_z(uk(nw))n;’ (12)
f __ 1 ._m
QQ(C)CdC 2@ C—no- (13)

BBeeM B paccMOTpeHHE BCIIOMOTATENb-
Hyto pyrkmuio V = 6", Jlng Hee ypaBHeHHe
(10) mpuaMMaet BUA:

1+k(n+3) dv +L(O'V J
(14)

n+4 T]d_n n+3 E
WY 03y g,
dn n+4

VYpasuenue (11) B aToM ciyyae mpeobpasy-
eTcs CIEIYIONIM 00pa3oM:

n+3 dv 1 (vaz
+

neddn  3enldn
n+ ul +Nn ul (15)
WY 08y g
dn n+4

[Tpumenus ypasuenue (12) i Touku =1,

(€=1), momy4yaem rpaHUIYHOE COOTHOILICHHE

dV(l):_n+3
dg n+4

(1+k(n+3))75. (16)

Toyno TakuM o00pa3oM HOCTyHmaeMm i
ypaBHenus (13). B urore noiaydaem

olv(l)__(n+3)2 ,
. n+4 To - (17

[TocnenoBarensHo muddepennupys (12) u
(13) ¢ mocieayomKUM UX TPUMEHEHUEM B
TOYKE 1M =T),, Mbl MOXXEM MOIy4UTb CKOJIb

YTOAHO MHOTO JOTIOJIHUTEIbHBIX TPAHUYHBIX
cooTHOLIEHUH. OJHAKO B JaHHOM CIIy4ae Mbl
OTPAaHUYUMCSI TIEPBBIM TPUOTIKEHUEM, KO-
TOpPOE€ OCHOBAaHO HAa HUCIOJIb30BAaHUU JIONOJI-
HUTEJIbHBIX TPAHUYHBIX COOTHOIIEHUH BUAA
(14) u (15).

Hckomyro GyHKIUIO ONUILIEM B BUJE MPO-
CTOrO MOJIMHOMA

o=(l+al)(1-Cps.  (18)

U3 (18) u (16) Haxonum k03P GUITUEHT

o (n+3)(1+k(n+3))s’
B 4+n

Tm ~1. (19)

[Tpumenus (18), (19) u (12), npuxoaum k
anredpanyeckoMy YpaBHEHUIO AT 1,
1

3+n 3+n
——(1+k(n+3)),* | +
{4+n( ( ))no}

10+3n {1_

N (n+7)(2n+7)
2(n+3)

2(n+3)* (1+k(n+4))n,’
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AHAJIOTUYHO MOKHO MOJIy4YUTb YPAaBHCHHUC
L 1, IIPH 3KCIIOHCHIHWAJIBbHOM 3aKOHC H3-

MEHEHHS TEMIIEPATyPhl TOBEPXHOCTH.
HekoTtopeie pe3ysbraThl pacdera Ha OC-
HoBe (16), (18) W dYMCICHHOTrO peIleHus
npejcTaBieHsl Ha puc. 1 u 2. I'papuku xpu-
BoIX s pyakuuit V(n) u 0(n), oTBeyaro-
X AHAJTUTHICCKOMY ONMHCAHHIO (DYHKIIHH
(18) ¢ rpannuHbIM ycioBreM (1), MOIHOCTBIO
COBIA/IAIOT C YHCIICHHBIM PEIICHUEM.

Lol

08F WS

06} VNN ~
\

04

0.0 . . . " n
0.0 0.1 0.2 0.3 04 0.5 06

Puc. 1. I'papuku pyukipm V(1) Ha OCHOBE YHCIIEH-

HOrOo (CIIJIONIHAs JIMHUS) U aHAJIUTUYECKOTO (IIyHK-
TUpPHAas JINHUS) PELIeHUH
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Puc. 2. I'padukn pyakiuu &(1) Ha OCHOBE YHCICH-

HOro (CIUIOIIHAS JIMHUS) W aHAJTHTHYCCKOTO (ITyHK-
TUpPHAs JINHU) PEIICHUH

3akiouenue

Ha ocHoBe mpeoOpa3oBaHHsl MOJEIH JTy-
YUCTOW TETUIOMPOBOJIHOCTH TIOTYyYEHO HEIH-
HeltHoe nuddepeHIaiIbHoe YpaBHEHUE TIPU
M3MEHEHUU TEMIIEpaTyphl IIOBEPXHOCTU IIO
CTCTIICHHOMY JTMOO 3KCIIOHEHIIHAIBHOMY 3a-

koHy. Ilomydenbl uHTerpansbHble U audde-
pEHLIMAIbHBIE COOTHOUICHHUS, MO3BOJISIOIINE
OTIPENIeNIUTh (POHT TEIUIOBOM BOJHEI, IMPO-
HUKalomel B Teno. 3ajaya cBelleHa K OObIK-
HOBEHHOMY aJIredpandeckoMy ypaBHEHHUIO
OTHOCUTEIIBHO IapaMerpar,, 3aJarolLIero

MOJIOKEeHHE (PpOHTA M TeMmepaTypHBINA MPo-
¢unp. OmumbKa B ONMpeneIeHUH TOJIOKCHUS
(GbpoHTa TEMI0BOK BOJIHBI B IEPBOM MPHUOIH-
JKEHUU COCTaBUJIA COTHIE JIOJIH MPOIICHTA.
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