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PeTpOCHeKTI/IBHa,S[ 3aJa4a AJId HeCTallnOHapHOI'o
orepaTopa TeIJIOIPOBOJIHOCTU
(ITpedcmasaeno waenom-xoppecnondenmom HAH YVepauno, 5. H. Backom)

Paccmompen npedeavnwill cay4at pempocnexmuehoti 3a0a4u HecmayuorapHot menaonposoo-
HOCMU — B0CCMAHOBAEHUE HAYAALHO20 pacnpedesenus memnepamyp. Heobrodumocms 6 1em
MOIHCEM, BOZHUKHYMD NPU IKCNEPIMHBLL OUEHKAT MENA0E0T NPEIBICMOPUL 003EKMaG, HANPUMED,
dsuzamens 6HYMpenHe20 c20panus. Peeyiapusayus peuenus HEKOPPEXMHO20 UHME2PAAbHO20
ypasherus Boaromeppa I poda drs navasvrozo pacnpedesehus memnepamyp nymem cmoracmi-
yecko20 npeobpazosanusn Jlanaaca 6 keadpamuyrom npubausicenuu ceodum ypasnernue I poda
% ypasrenuro Il poda, peuwenue Komopozo eQuHCcMBEHHO U YCMOUHUBO OMHOCUMEALHO OULUOOK
UCTOONDIT 0GHHDIT.

PerpocniekruBHol 3aja4eii, wim 3a1a4eil ¢ 06paTHbIM HAIIPABJIEHUEM BPEMEHH, B OOIIEM CJIydae
HA3BIBAIOT OTHICKAHKUE IIPOCTPAHCTBEHHOIO PaCIpeJIeeHnsl HEeKOTOPOi BeJIMYUHBI B MOMEHT Bpe-
MEHH T, IPeJIIIecTBYIomuii 3a1anaomy t. [IpuMeHITEIbHO K HECTAIIMOHAPHOM TEILIONPOBOIHOCTH
PETPOCIEKTHBHAsA 3aJ1a9a CBOJAUTCA K BOCCTAHOBJIEHUIO TEMIEPATYPHOIO IOJIsI B MOMEHTHI Bpe-
MeHn T < t, IpudeM Ipu T > ¢ 1oJie U3BeCcTHO. 1IpeleIbHbIM ClydaeM peTPOCIIEKTUBHON 3a/1a-
YU HECTAIMOHAPHON TEIIONPOBOIHOCTH SABJISIETCS 3a/ada BOCCTAHOBJIEHUSI HAYAILHOIO YCJIOBUSI
T(x,y,z,0) no ussecraomy nouto 1'(x,y, z,t > 0). Heobxonmumocrs B 3nanuu T'(x,y, z,0) Moxker
BO3HUKHYTH ITIPU 9KCIIEPTHBIX OIEHKAX TEIIOBOH IPEeIbICTOpur 00beKTa (HAIpUMED, JBHUIaTe-
JIsl BHYTPEHHEro CrOpaHusi), KOTOpasi B aBapUilHOM pexKuMe WU IPYObIX HAPYIIEHUAX MOXKET
IPUBECTH K €r0 TEPMUYECKOMY ITOBPEXKJICHUIO.

PaccmoTpum HEOOpaTUMYIO 3a/1a1y HECTAIIMOHAPHON TEILIONPOBOIHOCTH JIJIsl IIPOTHBOIIOJIOMNK-
HOI'O HalpaBjeHus BpeMeHu. Vcrnojib3yeMblil B TEIJIOBBIX pacyeTaxX OIlepaTrop HeCTaIlMOHAPHOI
rerronpoogHocTu (0/0t — aA)T npuBOAUT K HEKOPPEKTHOI MOCTAHOBKE 3aja4u “obparieHus’
Bpemenn. I103TOMy HIMPOKO HCIOJIL3YeTCsl 3aMeHa 3TOrO OIepaTopa OIepaTOpPOM, HAIPUMED
(0/0t — aA — 2A?)T, koppexTHBIM 151 06paTHOro Hampasienusi Bpemenn [1]. CymecrBytor
pa3IMIHBIE METOIbI N3MEHEHHS UCXOIHOTO OIepaTopa IS MOJIyIeHUs KOPPEKTHOM II0CTAHOBKI
sanaun [1]. Bee npusesennbie B [1] MeToapl umeror oy obIILy10 0COGEHHOCTD — AIIPUOPHbII BU/T
oneparopa. Kpome Toro, B 3TMX MeTOJIaX OTCYTCTBYET CBA3b MEXKJy BHJIOM IIPOM3BOJIBLHO BbI-
GPAHHOIO OIIEPATOPA, CBOHCTBAME TEMIIEPATYPHOIO IO/ M BeIMYHHOH mapamerpa 2. B [2, 3
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[IOKA3aHO, YTO BBEJEHWE B JeTepMuHupoBannoe ypasaenue Pypbe ciydaitHoro koddduirmen-
Ta TEIJIONPOBOJHOCTH, YIUTHIBAIOIIETO CIyJailHbIe ONIMOKM U3MEPEHUs TEMIEPATYD, ITPUBOIUT
K CTOXaCTHIECKOMY YPaBHEHUIO OTHOCHTEIBHO TeMItepaTypbl. CirydaiiHbrili Koo UIMeHT Terio-
[IPOBOJTHOCTH UMEET KOPPEJSIUOHHYIO (DYHKIIUIO

<)\(t1, xl))\(tg, $2)>C == <5)\(751,271)5)\(7f2, $2)> == O'g\(;(tl - tg)(xl - $2). (1)

[Tpubsmzkenue (1) mosiaraercst JOMyCTUMOl peas3aleil peajbHON TEeIIONpoBoIHOCTH. B Ta-
KOI1 ITIOCTAHOBKE 3a/1a4a ‘oOparnerusy’ BpeMeHu (GOPMYyJIMPYeTCs: HAa OCHOBE YPaBHEHUS JjIs CPEe-
HEro 3HAYEHUsI II0JIsSI TEMIIEPaTyP

oT

c— — MAT — 03 A T = 0. (2)

ot
Torma B oqHOMEPHOM Cilydae 3a/ada OIPEeIesIeHHs] HadalbHOTO yCI0BUs (bOPMYJIUPYeTCs Kak
3a/lada BOCCTAHOBJICHHUs CPEIHEro HavaabHoro nosst remmeparyp 1'(z,0) = ¢(x) no cpeganm

3HAueHUAM HOJIs Temueparyp 1(x,t), npuuem ¢(z) 3a1aH0 B IpocTpaHcTBe DYHKIH yMepen-
HOT'O POCTa WJIM C UHTErpupyeMbIM KBajparom. Ha ocmoBe obimeil TeopeMbl O €IMHCTBEHHOCTH
pellleHrii PeTPOCIIeKTUBHOM 3a/1auu, JOKa3aHHON B [4], aBTOpBI 5| mokasaiu eIMHCTBEHHOCTD
pelllennsi TPUMEHNUTENBHO K YPABHEHUIO TEIJIOITPOBOTHOCTH.

Perierne peTpocnekTUBHOIl 3a/1a491 HA OCHOBE “KOPPEKTHOr0” oreparopa (2) conpsizKeHo ¢ He-
00XOIMMOCTBIO PEAIM3AIIAN JIOCTATOTHO IPOMO3IKOr0 M TPYIOEMKOTO KOHETHO-PA3HOCTHOIO aJI-
ropurma [1]. Vcmosib3yeM HCXOHYIO HEpery/sipu3supOBaHHYIO 3aJady HECTAIMOHAPHON TerIo-
[IPOBOJIHOCTHU

c%—f—%(A?—i) —0  (a<z<b), (3)
7(0,t) =To(t), (4)
T(.%' = b, t) = Tb(t)7 (5)
T(z,0) = Ty(z). (6)

[To uzBecTHOMY TemmeparypaoMmy 1osto 1'(x,t) B MoMeHT BpemeHu ¢ TpeGyeTcsi BOCCTAHOBHUTD
HavasbHOe pacupeenenue T (z). s nurocrpanun Metoga nostoxum (¢, \) = const u npous-
rerpupyem ypashenue (3) mo spemenu B unrepsase [0,t]. [Ipu srom nomaraem, uro T'(x,t) —
orpaHMyueHHas (PYHKIHMA, MUMEIOIAsi, 10 KpaiiHeili Mepe, OIHYy HENPEPLIBHYIO HHTETPUPYEMYIO
npoussoanyo J1'/0t, Torma

Ty () = T(a.t) ~a | O, (7)
0

OueBnIHO, YTO HEKOPPEKTHOCTH 3ajadn ‘obpamienusi’ BpemeHu B nocraHoBke (7) cocrout
B HEKOPPEKTHOHN MPOIEype BBIYUCIEHUS BTOPON MPOU3BOJIHOM (32T/ 92 10 HeTOUYHBIM (u3me-
peHHBbIM) UCcXOAHbIM JaHHbM T'(z,t). 36ekarh 910l 1poreypbl MOYKHO, JBaZK /bl IPOUHTETDH-
poBaB ypasHeHue (7) 1O KOODMHATE

x x

/(;c — 2\ Ty(z')da' = /(;c — 2T (a')d2' —a/t T — Ty)dt, (8)
0

0 0
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rne Ty = T(0,t). Boipaxenue (8) mpejcrasisier coboii nHTerpasibHoe ypasHeHue Bosbreppa
I pona orrocuresnbHo uckomoii dbyukiwn Th(x). I3BecTHO, 9TO peleHne 3Toro ypaBHEHUs He-
YCTOIYMBO IIPU HETOYHO 3aJIaHHON IIpaBoil yacTu ypasHeHus (8).

Takum 006pazom, JBYyKpaTHOe MHTerprupoBanne ypashenus (7) TpancdopMupyer HEKOPPEKT-
HOCTBH BBIYUCJIEHUS ITPOU3BOTHON 82T/8x2 B HEKOPPEKTHOCTDL PeEIIeHNs] MHTETPAJILHOTO YPaB-
nenusi Bosibreppa I poma. Perynsipusupyem ypasraenue (8), NpuMeHUB K HEMY CTOXaCTHYECKOE
npeobpasoBanue Jlamiaca B KBaaparudHoM npubsmkerun (6]

T(s) = (1+02s)T(s). 9)

[TosaraeM, 4TO KOppeJUpPYIOT TeMiepaTypa M OHIMOKM OTcueTa KOOpJIMHAT. B pesyibrare
TaKoil IIpoLeAyphI IoJIydaeM HHTerpajbHoe ypasHenue Bosbreppa I poma orHocuTe/LHO ocpe-
HeHHO (DYyHKIMU HavdabHOrO pactpesenenus T ()

Ty(z) + o / E b (o x’)]TH(x’)dx’ -
0

xT

— T 1) —|—a2/[% e —x')]T(x' do —aozZ/t T —Ty)dt, (10)
0

0

e o =0, 2 VeroiiunBoe eIiHCTBEHHOE PEIIEHIE STOr0 YPABHEHHST IIPH 33IaHHOM OCPEIHEHHOM
remmeparypaoM mosie 1 (z,t) umeer Buj

t

t x
Ty(x) =T(x,t) — ac? /Tdt' — 2« //Texp[—a(m —a')]|da’dt’ +
00

0
+a //x—x )T exp[—a(z — 2')]d2z’dt’ — (1 — ax)e” O/Tdt’ . (11)

Eciin Temnodusnyueckue cBoiicTBa 3aBUCAT OT TEeMIIEPATyPhl, PEHIeHHe 33J1a4l yCIOKHUTCS.
Tabmmunbie 3asucumoctu A(T), ¢(T') HeoOGXOAUMO ANIPOKCUMUPOBATH HEKOTOPHIMU (DY HKITUSIMU,
a s "uc/ienHof peammsanun permenns (11) 3azannoe Temmeparyphoe mose 1(x,t) almmpokcn-
MHUPOBATh, HAIIPUMEP, ITOJUHOMAMHU WJIM SKCIIOHEHTOI.

Cxomumocts pemtenusi (11) mo napamerpy « cieiyer u3 ypaBHEHUsl JJIsi H300parkeHusl 110
Jlanacy ocpeJHeHHOTO HadaJbHOIO PACIIpPeIeIeHIs

t

Ty(s) = aa2/ s—i—a dt/ (12)
0

U3 sroro ypasuenust upu o, — 0(a — 00) ciemyer

a—0o0

t
lim Ty(s) = Tx(s) a/SQT )dt',
0
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Puc. 1. Tounoe u BoccTranoBjIeHHBIE HaYAJIbHBIE pACIIpeeieHust TeMueparyp: 1 — tounoe; 2 — o, =4-107 75 8 —
2 —4

o, =25-10

T.€. IPU CTPEMJIEHHU JIUCIIEPCHU K HyJIO (IpH “TOYHBIX” M3MEpeHUsiX) 3aJada OTHICKAHUs Ha-
9aJIbHOIO PACIIPEJIEJIEHHsI CBOJUTCS K UCXOJHON HEKOPPEKTHOI 3aja4e pernenust ypasHuenust (7).

Paccmorpum TecToByIO 33/1aMy BOCCTAHOBIICHHS HAYAIBHOTO pactpeesenus Ty (x) mo pere-
HUIO MIPSAMOIl 3aJ1a4uu

2
aa—f—ag%zo (0 <z <h), (13)
T(0,t) = 0, (14)
T(h,t) =Ty, (15)
T(2,0) = Ty (z) = T, sin(%%). (16)

UNssecrnoe perenne 3ana4an (13)—(16) nmeer Bu

. ™ w2 at
T="1, sm<§ﬁ> exp(—zﬁ) (17)

Pemenne (11) s 3amaun (13)—(16) mmeer Buj

3
= Tx\ 2h « 9 B

Th(x) =Tpesin| == | ————[1—exp(—aft)] | — ———— | exp(—ax) ;. 18
(2) 31 )~ ee(-ad] o — g exp(—an) . (18)
Omubky M3MepeHus: TEPMOJATINKOB MOJIEIUPOBAIUCH BO3MYIIEHHEM TOYHBIX KOODJIMHAT
B (18) ciyvaliHbIMU HOPMAJILHO PACIPEIEIEHHBIME YUCJIAME C PA3INIHBIMU 3HAYEHUSIMU JIICIIED-
cun O'g. Ha puc. 1 npuBe/ieHbl pe3y/ibTaThl BOCCTAHOBJIEHUsI HAYAJIbHOIO pacupesenenus 1 (x)
C JNACHEePCUAMU ag = 4-1071, ag = 25 - 10~%. HauboubIrie OTHOCHTEIbHBIE OTKIOHEHHS OT
TOYHOIO 3HavYeHus cocTaBuau coorsercrBeHHo 0,035 m 0,18. Takoil pe3ysabTaT MOXKHO CUHUTATD
Y/IOBJIETBOPUTEJILHBIM PUOJIMZKEHUEM U C/IeJIaTh BBIBOJ, O IPUIOJHOCTU HUHTEIPAJILHOIO IIPE/I-

craByiennst 3aa4uu (11) Jyisi BOCCTAHOBJIEHUsI HAYAJIBHOIO PACIPEIEICHIs] TEMIIEPATYD.
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B. B. ITauin, ®@. O. Kpusoiueii, FO. O. Borgaun

PerpocnekTuBHa 3aj1a4ya /1jisi HECTAIlIOHAPHOTO omnepaTropa
TEeNJIONMPOBITHOCTI

Poszeasrymo eparuvrut sunador pempocnexmueHnol 3a0aywi HeCmauioHapHOT enAonposioHOCTE —
BI0HOBAEHHA NOUAMKOB020 PO3N0diny memnepamyp. Heobxidnicmv 6 HboMy ModHCe SUHUKHYMU
Npu eKCNEPMHULT OUIHKAGT Menaosoi nepedicmopii 0b’exma, Hanpukaad, 06ULYHG SHYMPIUHBLO20
zeopanna. Peeyaapusauis pose’asky mexopexmmozo inmezpansvhoz2o pishanna Boavmeppa I po-
0y 0AA NOUAMKOB020 PO3NOJIAY MEMNEPANYP WAATOM CMOTACMUYHO20 nepemesoperms Jlanaaca
6 K6adpamuuHOMY HabAuNCEHHT 3600umb pienanma I pody do pienannsa I pody, po3e’a3ok Akozo
€ eQuHUM T CTITKUM 6IOHOCHO MOMUAOK BUTIOHUL OGHUL.

V.V. Panin, F. A. Krivoshey, Yu. A. Bogdan

Retrospective task for a non-stationary operator of heat conductivity

The limit case of a retrospective task of non-stationary heat conductivity (namely, the restoration of
the initial distribution of temperatures) is considered. The need for it can arise at expert estimates of
the thermal prehistory of an object, for example, an internal combustion engine. The regularization
of the solution of a non-correct Volterra integral equation of the first kind for the initial distribution
of temperatures by Laplace’s stochastic transformation in the square approximation reduces the first-
kind equation to a second-kind equation, whose solution is unique and stable relative to the errors
of initial data.
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