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Hanmonanbublil yHuBepcuteT Y30ekucrana, Tamkent, 100174, Y36eknucran

Hannas paboma nocesujena YucieHHOMY peuleHuio HeCMAayUuOHaAPHOU 3a0a4y ONMUMAlb-
HO020 pasmewjenusi UCMOYHUKO8 Mend MUHUMANbHOU MowHocmu. [locmanoeka 3adavu
mpebyem 00HO8PEMEHHO20 GbINOIHeHUs 08yX yeaosuil. Tlepsoe yciosue — obecneuums
HAX0JicOeHue meMnepamypbl 8 npedesie MUHUMALbHbIX U MAKCUMATbHbIX MEMNEPAmyp 3d
cuem OnMUMANbHO20 PA3MEWEeHUsT UCTOYHUKOS MENLA ¢ MUHUMALLHOU MOWHOCMbIO 6
napanienenunede. Bmopoe ycnosue 3axnouaemcs 6 mom, 4moowvl CyMMapHas MOUWHOCHb
UCMOYHUKO8 Menjd, UCNOb3yeMblx O 0bozpesa, Oblia MUHUMALLHOU. Dma 3adaya
U3YHANAch 68 CMAYUOHAPHBIX YCA08UsX 8 pabomax opyeux yuémwix. OOHaxo 6 mecma-
YUOHAPHOM Caydae 3a0auda He paccmampueanoce. IlockonbKy Haumu HenpepviHoe
peuenue Kpaegoil 3a0ayu CI0NCHO, MO UweM YucienHoe pewenue 3aoauu. Tpyono natimu
UHMe2PAbHBILL ONepPamop ¢ HenpepvisHviM 20pom (pynxyus [ puna). Hatioeno uucnennoe
snauenue @yuxyuu Ipuna 6 eude mampuysl. [Ipednodicen HOBbLIL anl20pumm YUCLEHHO2O0
peuenuss HeCMayuoOHApHOU 3a0auu ONMUMATLHO20 YAPAGIEHUs. pA3MeueHueM UCmoy-
HUKO8 MENa ¢ MUHUMATIbHOU MOUWHOCMbBIO 8 NPOYECCax, ONUCHI8AeMbIX Oupdepenyuanb-
HbIMU YPAGHEHUSIMU C YACHHBIMU NPOUZEOOHbIMU Napaboruyeckozo muna. Ipednosicena
HOBAsL MemoouKa uucieHno2o peuwenus. Ilocmpoena mamemamuueckas u YucieHHas
MOOelb Npoyeccos, ONUCHIBAEMbIX VDAGHEHUEM KOHGEKYUU-oug@ysuu, 3a0annvim Oas
nepeou kpaesoui 3adauu. Kpaegas 3adaua uzyyaemcs 01 mpéxmepHozo cayyas. [lns
YUCTEHHO20 peuleHus 3A0adU UCNONb308ANACy HEBHASL KOHeUHO-pashocmuas cxema. 1o
omotl cxeme OvLia cozdana cucmema paznocmuwvix ypasnenui. Cehopmuposannas
cucmema pasHoCmHbIX YPAGHEHULl NPUBEOeHA K 3a0aye TUHENHO20 NPOSPAMMUPOBAHUSL.
3aoaua nunetinozo npoepammuposanus peuiaemcs ¢ nomoupio M-memooa. Ilpu kaxcoom
BHAYEHUU 8PEMEHU Peuaemcs 3a0a4a TUHEIH020 npozpamMmuposanust. [Ipednodicen HoGblll
NnoOX00 K 4uUCIeHHOMY peutenuto 3aoay. llpueedena obwas 6n0K-cxema aneopumma
peuenuss HeCMayUOHAPHOU 3a0a4l ONMUMATBLHO20 YAPAGIEHUsL PAZMeUeHUeM UCTOYHU-
KO8 Menid ¢ MUHUMALbHOU MowHOocmblo. Paspaboman ancopumm u npozspammuoe
obecneuenue Onsl YUCIeHHO20 peutenusi 3adauyu. I[Ipusedeno Kpamkoe onucauue
npocpammno2o obecnevenus. Ha KoHkpemHvix npumepax noKa3amo, 4mo YUCLEHHOe
peuieHue Kpaeeol 3a0auu HAXOOUMCA 6 3A0AHHbIX Npeoenax, CymMma ONMUMATLHO
PA3MEWEHHbIX UCIOYHUKOG MENd ¢ MUHUMATbHOU MOUWHOCMbIO 0aem MUHUMYM QYHK-
yuoHnany. Buzyanuzuposanvl pe3yibmanmul 8bI4UCTUMENTbHOZ0 IKCHEPUMEHMA.

Knrouesvie cnosa: necmayuonapmvie 3a0auu, onmumMaibHoe pasmeujeHie, ucmou-
HUKU Mend, yPagHeHus KOHseKyuu-oudgysuu, M-wemoo

BBenenue. O)IHI/IM U3 CaMbIX PpacCIIpOCTPAHCHHBIX 00OBEKTOB B
Pa3JINIHBIX C(I)Can ACATCIIBHOCTH 4YCIOBCKA ABJIACTCA CHCTEMa MCTOYHU-
KOB TC€IlJ1Ia, TEIIOBOM 0OajlaHC B OTAIlIMBA€MbIX noMenieHusax. MaremaTu-
YCCKOC MOJCIUPOBAHHUEC TAKUX CHUCTCM CTABUT 3aady 00 ONTUMaILHOM
pasMCIICHUUM HWCTOYHUKOB TCIUIA B OTAIUIMBACMBIX TOMCHICHHUAX, UYTO
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CBSI3aHO C pecypcocOeperarouMi HHKEHEPHBIMU TEXHOJIOTHIMHU. 3a7ada
ONTUMAJILHOTO Pa3MeIleHUs HCTOYHUKOB TEeIjIa OTAIIMBAEMbIX IUIOIaiel
Bcerja Obula aKTyaJdbHOM NpPHU MPOEKTHBIX paboTax B CTPOUTEIHCTBE,
TEIUTMIAX W JIPYTUX TEXHUYECKUX M TEXHOJIOTMYECKUX cdepax. 3amauu
3TOro THMA OBUTH M3Y4YEHBI I CTallMOHapHOTo ciydas. OmHako 3amgada
ONTUMAJIBHOTO pPa3MEIICHUs HCTOYHUKOB TeEIIa C MHUHUMAaIbHOU
MOILHOCTBIO JJIs1 HECTALIMOHAPHOT'O Cllydasl HE U3y4yeHa.

B pabore [1] npeanoxkeHo pelieHue 3a1auu ONTUMAIBHOTO pa3Melle-
HUS HUCTOYHUKOB B HEOJHOPOAHBIX CPENAX, CKAISAPHBIE CTAllMOHAPHBIE
I10JI1 B KOTOPBIX ONUCHIBAIOTCS 3JUIMITUUECKUMHU YpaBHEHUSAMU. B ocHOBY
AITOPUTMOB PELICHHUS 3a7aydl IOJIOKEHBI CIIOCOOBI OICHKH 3HAaYeHUMH
(GyHKIIMOHATIA HA MHOXKECTBE BO3MOXKHBIX MECT Pa3MeIIeHHsI HCTOYHUKOB,
YTO JIaeT BO3MOXKHOCTb BbIOOpAa ONTHMAJIbHOIO BapHaHTa IIyTEM
peanu3anuu MeToAa BeTBeil u rpanull. B pabote [2] paccMOTpeHbl 3a1aun
ONTHMAJIBHOTO HAarpeBa MOMEIIEHUS Ha OCHOBE MPHUHIMIIA MaKCUMyMa
[Tontpsaruna. B pabote [3] paccMoTpena 3amada 3Heprodh HEeKTHBHOTO
TEIUIOCHAOKEHHUS 3[JaHUs B CUCTEME LIEHTPaJbHOro oTorieHus. B pabote
[4] wum3ydyena nuddepeHIMATBHO-pA3HOCTHAS  3a7aya  yIpaBJICHUS
npoueccom  auddy3un, mONyYeH AHAJIOT MPUHIUI MaKCUMyMa,
MO3BOJISIIOIIUN ~ ONPEACTUTh MOMEHTBHl BKIIOYCHHS] W BBIKIIOUEHUS
HMCTOYHUKA MaKCUMaJIbHON MOIIHOCTH. B pabote [5] m3yuena 3amaua
ONTUMAJIBHOTO YIIPABJIEHUS MPOLECCAMU, ONUCHIBAEMBIMH YpaBHEHUEM
TEIUIONPOBOJHOCTH. YIPaBISIOIIMNA IapaMeTp 3aJaH B TIPaHUYHOM
YCIIOBHH U JIOCTUT MUHUMYMa (DyHKIIOHAIIA, 32/1aBa€MOT0 HHTETPATbHBIM
KBa/IpaTUYHBIM BbIpaxkeHHeM. [loka3zaH MeTo/1 HaXOXKJIEHUS JOIYCTUMOIO
yIpaBleHUs, TAIOEr0 MUHUMYM () YHKIIUOHATY.

B paborax [6—8] pa3paboTaHbl METOJ W AJITOPUTM PEIICHUS HEcTa-
LIMOHApHOM 3ajaul 00 ONTHMAaJIbHOM BBIOOpPE IUIOTHOCTH HMCTOYHHKOB
TeIla Ha MPOCTBIX F€OMETPUUECKUX O00JIaCTAX TakK, 4TOOBI TemIepaTrypa
BHYTPU paccMaTpuBaeMoil 00JIacTH HaXOoJWiach B 33JaHHBIX INpejesax.
IIpu 5TOM HCTOYHMKM TeIula OOeCHeunBalM 3a/laHHBIA TeMIepaTypHbIH
PEXMM MUHUMAJIBHOM CyMMapHON MOIIHOCTU U TEMIEPATYPY B 3alaHHOM
KOpUJIOpE,  3allOJHEHHOW OJHOPOJHOM WJIM HEOAHOPOJHOW CpPEIOu.
B paGote [9] paccMoTpeHa kpaeBas 3ajaya NapabOIMYECKOro THUIMA.
Pacnipenenenne Termia B pacCMarpuBaéMOM  Te€J€  KOHTPOJIUPYETCA
(byHKIMEH, KOTOpast HAXOAUTCS Ha TpaHMILIe Tea.

B pa6ote [10] uncnenHo permiaercsi ypaBHeHHUE KOHBEKIUU-TUPDY3Un
B IBYMEPHOM F€OMETPHH JJIs1 MOAEIMPOBaHus Teronepenayn. Ilposeneno
TECTUPOBAHUE U MOJYUYEHBI PE3YJIBTAThI JUIsl CIIy4aeB IPAHUYHBIX yCIOBHUM
Tpex TunoB. OTMeTuM, Takxke, 4ro B pabotax [11-13] paccmoTpeHbl
YHCJIEHHBIE CXEMBbI C SIBHBIM KOHBEKTUBHBIM U HESBHBIM TUG(Y3MOHHBIM
MIEPEHOCOM.

B nmannoif paboTe paccMOTpeHa 3amada yIpaBJICHHUS KOHBEKIIMEH-
mud¢y3ueit Ha OCHOBE ONTHMHU3ALNU JIMHEHHOTO 11eJIEBOT0 (PyHKIIMOHAIa
C y4E€TOM OTpaHHuYEHUM, KOTOpas peuiaeTcs Ha OCHOBE almpOKCUMAIUuU U
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CBEIEHUS K 3ajadye JIMHEWHOTO MporpaMMHpoBaHus. B pabore
MPEUIaraloTCss METOJ W aJrOPUTM DEIICHHS HECTAllMOHAPHOHN 3alaun
MOJIICP)KaHUsT TEMIIEpaTypbl BHYTPH OOJIaCTH B 3allaHHBIX Mpeeliax,
IyTEM ONTUMAIBHOTO Pa3MEIICHHsI NCTOYHUKOB TEIIa B TapalieleIn-
neje. s mpoBeaeHHs BBIYMCIUTEIBHBIX KCIIEPUMEHTOB ObLIO pa3pado-
TaHO MPOTrPaMMHOE OOeCTIeYeHNUE.

IlocTaHoBKa 3aa4d U ee KOHEYHOMeEpPHas anmpokcumanus. B
oomactu D={a<x<b, c<y<d, p<z<q,0<t<T} tpebyercs HaiitTh

bynkuuo T (X,y,2,t) >0 rtakyro, uro mis moboro te[0, T] nuneiinblii
(dhyHKIIMOHAT

Hf}=

D e T

dq
j j f (X, y, z,t)dzdydx — min (1)
cp

AOCTUTAI MUHUMYMaA U YAOBJICTBOPAIUCH CIICAYIOIINUC YCIIOBUA!
N (x,y,2) 82u+82u+62u -V(X,Y,2) a_u+8_u+a_u +
PR A PP P AR PPV

f(x,y,z,t), a<x<b, c<y<d, p<z<q, 0<t<T,
u(x,y,z,0)=uy(x,y,z),

u(a,y,z,t) = i (y,2,t), ulb, y.z,t) = ,(y. 2.0), )
u(x,c,z,t) = u5(x, z,t), u(x,d,zt)=px,(X1z1),
u(x,y, p,t) = s (X, y,1), u(x,y,q,t) = 15(x, y, 1),

as<x<bh, c<y<d, p<z<q, O0<t<T,
m(x,y,z,t) <u(x,y,z,t) <M(x,y,zt), (XV,z1t)eD, (3)

rae U=u(x,Y,z,t) — remmeparypa B Touke (X,Y,Z) mapajieienureia B
MOMEHT BpeMeHH t; y(X,Y,z)>0 — koaddunment nupdysnu (Temnepa-
TypornpoBoaHocTH); V(X,Y,Z) — CKOPOCTh KOHBEKIIHH [0 COOTBETCTBYIO-
muM  Hampasierusm; Uy (X, Y,2),  4(Y,z,t), (Y, z,t), (X z,1),
(X, 2,1), (X, y,1), we(X,y,t), m(x,y,zt), M(X,Y,2,t) — 3anannsie
HenpepeiBHble QyHKnuun. Oyakmun M(X,Y,z,t), M(X,y,z,t) — umeror
CMBICT (DYHKIMH MHHUMAIBHOTO M MaKCHMAaJIbHOTO MpOGHIIS TeMmrepa-

Typbl B o6actd D cooTBeTcTBEHHO. MOIHOCTE 0OBEMHBIX HCTOYHHUKOB
TeTTa OMUCHIBAETCS KBAJAPATHUHO MHTErpupyemoii dpyukmueit f (X, Y, z,t)

B IpocTpaHcTse L, (D)

ITycTte
ou ou ou du ou ou au
Lu=—-x(X,¥.2)| 5 +—5+— |[+V(X Y. 2)| —+—+— |
ot ox® oy® oz oXx oy oz
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Omnepatop L, ompenencHHBIN B Lz(D), uMeeT oOpaTtHbiii L. 3mech

L' — MHTerpaJbHBIN ONepaTop ¢ HeMPEePHIBHBIM siipoM (hyHkuus ['puna).
Hcnonw3ys ero, MoxkHo 3amucath 3a1ady (1)—(3) B cneayromem Buze:

m(x,y,z,t) < (L)X, Y,2,t) <M(X,Y,z1),
f(-)eL(D), f(xvy,zt)=0.

[TockonbKy TPYAHO HaWTH HempepbiBHOE peuieHue 3anaun (3)—(4),
UILEM YHCICHHOE PelICHUE 3a/1aui. B 3TOM ciydae, HCIOb3ysl HESIBHYIO
CXeMy, 3aMeHsieM 3aj/1auy (2) KOHEUHO-Pa3HOCTHBIM YPAaBHEHUEM.

Beenem B D paBHOMEpHYIO IO YETHIPEM IEPEMEHHBIM Pa3HOCTHYIO
CETKY

(4)

On, = Oy X D X Wy XD
{(%,y;,2,t) - % =ih, y; = jh,, z, =kh,,
t.=s7,i=0,N,,
j=0,N,, k=0,N,, s=0,N,}

C ImaramMmm
h=(b-a)/N, h,=(d-c)/N,,
h,=(@-p)/N, 7=T/N,,

HesiBHast pazHocTHas cxema Jis 3a1a4u (2) uMeeT BUI:

s+1 S s+1 s+1 s+1 s+1 s+1 s+1

Uje — Uik Ui —2U50 HU 0 Uige — 205 +UpTy,
ijk
T ! h12 h22
s+1 s+1 s+1 s+1 s+l s+1 s+1 s+1 s+1

U1 — 2uijk + Uiy Uik —Uise  Uieak — Ui Uies — Uik

+ 2 — Vii + + +
h’ 2h, 2h, 2h,

fet, i=LN,-1 j=LN,-L k=1N,-1 s=0,N, -1 )

0
Ui =Uo (X, Y5 2,),

S+1 s+1

Ug jk :ﬂl(yj’zk’ts+1)’ Uy, ik :/'lz(yj’zk’ts+1)’

S+1

= 13(%, 24 b)), Uink = Hy (%12, t,0)s

s+1 s+1

Uiio :ﬂS(Xi’yj'tsﬂ)' Uiin, zﬂe(xivijtsu)v
i=01..,N, j=01...,N,, k=01,...,N,;, s=0,1...,N, -1

S+1
uiOk

3nech
Zige = 26 Y102 Vi =%, Y5, 2,
fijsk+l = f (Xw YirZy ’ts+l)'
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Beenem 00038aueHUs

- 2%. 2. 2.
XYZ = E+ Zz”k+ Zz"k+ {”k ,
T h; h; h;

X+ = _£¥+Xﬁ_,x—:(_£¥_lﬁj
h 2h h'  2h
Y+ — _z_ljzk_i_vl_jk , Y7 :(_I_Uzk_vl_]k}’
h2 ' 2h, hZ2  2h,
ze=| Hw Y] g ZE_Z_,;_V_,k]
hZ2  2h, hZ2  2h,
PaCCMOTpI/IM paClIMpCHHYIO MaTpully CUCTCMBbI:
'XYZ z" 0 .. 0Y 0 ..0X" 0 ... ... 0]
Z-XYZZ" 0 .. 0Y 0 ... 0 X" 0 .. O
A=l
0 .. 0X 0 ..0Y 0 .. 0 2Z XYZ z*
0 .. .. 0 X 0..0Y 0 .. 0 Z XYZ|
[Toxyuum
G=A"

Anmpokcumupyem 3agady (1)—(5) B Buae 3aaauu JIMHEHHOTO TTporpam-
mupoBanus. Paszgenum obmacte D mo X, Y, Z,t COOTBETCTBEHHO Ha

N,;, N,, N;, N, paBHBIX yacreii:

rae
D5, ={(%, Y, 2,t), X, SX<X,y, , SY<Y

=1

24 27t St Y,

z

B mpocrpanctse L, (D) ynximm

fia = (%Y, 208), (X Y,2,t) € Dy,
(i=LN,-1 j=1L,N,-1 k=1LN,-1, s=1N,)

OIMPCACIIAOTCA KaK KyCOUYHO-IIOCTOSHHBIC (I)YHKI_II/II/I OTCIOI[a MMoJIy4uM
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N, N,—1N,—1N,-1

f(x,y,2,t) zzz Z Z fie-

s=1 i=l j=1 k=1
IlycTtn
Jw =G, m;k :m(xi’yj1zk’ts)1 Mi?k = M(Xﬂyj’zk’ts)a
fo="fs, r=w, N=(N,—1)(N,-1)(N,-1),
w= (I -1)(N, —D)(N, -1)+ (i -D(N; -1) +k,
r=LN, i=LN,-1, j=1LN,-1 k=1N,-1, s=1N,.

[Toacrasum Beipaxkenue f(X,Y,z,t) B (1) u 3aMeHuM HepaBeHCTBO (4)

Ha CETOYHbIE (PYHKLIUH.
[Toce 3TOro MOIy4YMM CIELYIOIIYIO 3ajady JMHEHHOro Nporpam-
MHPOBAHUSA:

N;—1 N, -1 N3-1

ILf3=D D > (mesD; ) fii > min, s=12,..,N,,

i=1 j=1 k=1

N ~
M <Y 0 i <M, r=12,N, ©)
w=1

i=L,N,-1, j=LN,-1, k=1N,-1, s=1N,,
f£>0, w=12,..,N, s=12,..,N,.

3amgaya (6) pemraercs M-metomom [14-15]. UwucrnenHoe perieHue
3a1auu (2) HaXOIUTCS C TTIOMOIIBIO

N ~
u;k :Zgrwfv:

w=1

Haiinennas ﬁ; saBisgeTcs (yHKIUEH, naroneil MUHUMYM (QYHKIIHO-
Hamy (1).

Pe3yabTaThl BbIYHMCJIUTEIBHBIX IKCIEPUMEHTOB. st
npubmmkeHHoro pemeHus 3amgadu (1)—(6) pa3paboTaHo mporpamMmHOe
obecrnieuenre Ha s3bike C#. OHO MO3BOJISIET MPEACTABIISITH BCE HEOOXOTH-
MbI€ BXOJHBIC JIaHHbIE: KOHCTaHTHI, KOA(h(PUIIMEHTHI, TapaMeTPhl CETOK, a
Takke (QYHKIIMH TEMIIEPATyphl, HAYAJbHBIC U KPACBbIC YCIOBHS, B BHUJIC
ckpunToB. Jlns mpeacTaBieHus pe3yiabTaToB pa3paboTaHbl rpaduueckue
MOYJIH.

OxkcnepumeHnTt 1. TpeOyeTcs HaliTH ONTUMAaIbHOE PACIIOIIOKECHUE
HMCTOYHUKOB TeIIa C MHUHUMAIBHON MOIIHOCTBIO B MapajuleNenumnese.
3ajava pemangach TPH CICAYIOMMX BXOJHBIX JAHHBIX: B PacUCTHOU

obmactu wucnojie3yercs kyo X,Y,Z€[0,1] ¢ ¢yskumamu Temmepa-

TyponpoBogHocTH y(X,Y,2) = X*y?z*> M?/c ¥ KOMIIOHEHTAMH CKOPOCTH
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V(X,Y,z) =Xyz m/c. HauanpbHOE W TpaHWYHBIE YCIIOBHS OIPEICIISIOTCS
GyHKIUSAMU:
Up(X,y,2) =2+ X* +y*+2° wmlc,
w(y,2,t) =2+y* +2° +1* m/c,
W (Y,2,t) =3+ y* + 2> +t* w/c,
1y(X,2,t) =2+ x> +2° +1* wm/c,
1,(%,2,t) =3+ x> +2* +t* wlc,
s (X, Y, 1) =2+ x> +y* +1* wm/c,
s (%, Y,1) =3+ X° +y? +1% m/c.
MunumanpHasg 1 MakCUMailbHas TEMIICPATYpPhbl 3a1a0TCA (I)YHKHI/UIMI/I

m(x,y,z,t) =1+ x> +y*+ 2 +t* K, M(X,y,z,t) =4+ x> +y* + 72> +t* K,
a okoHuaHue BpeMeHu | =1. PacueTHas ceTka ¢ YHMCIIOM HCTOYHHKOB

(N; =) x (N, =) x (N, —1)x N, =6x6x6x7.

MuHuManbHOe 3HaueHUe (PYHKIMOHANA MPU YHUCICHHOM PpEIICHUU
paBo J... =13,59 K-m/c. Ha puc. 1 mnpencraBicHbl pe3yabTaThl

YHUCIEHHOro pemieHus 3anaun  (6). IlpencraBieHbl pe3ynbTaThl ¢
MUHUMAJIbHBIM (TPaHUIBI C CHHHM IIBETOM, HHXXE), MaKCHMaJIbHBIM
(TpaHUIIBI C KPACHBIM LIBETOM, BBIIIIE) U MPUOIMKCHHBIM (3€JICHBIM IIBETOM,
MocepeINHe) 3HaYeHHeM TeMreparypbl. Ha puc. 2 mokasaHo ontuMaibHOE
pacroyioKeHUEe UCTOYHUKOB TEIJIa C MUHUMAJIbHOM MOIIHOCTHIO B BUJE
TUCTOTPaMMBI.

f(xy.2t)
M (X, Y,z,t)
2004

100+

z m(x,y,z,t)

Puc. 2. OnrtumansHO€E

Puc. 1. I'paduk permenns 3anaun (6) npu
x=0,5 t=T

PaCIIOJI0XKEHNUE NCTOYHHUKOB TCIIJIA

f(xy.zt)

OkcnepuMeHT 2. TpeOyercs HaWTH ONTUMAJbHOE PACHOJIOKEHUE
MCTOYHUKOB TeIlIa ¢ MUHUMaJIbHOM MOIIHOCTBIO B Tapaliesienumnese. 3aaada
pelranach npy CIACSAYIOUIMX 3HAYSHHUSIX BXOIHBIX TapaMeTpoB (puc. 3, 4):
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X,¥,2€[0,1], x(x.y,z)=xyz M°/c, V(X,Y,2) = x’y*z* m/c,
Uy(X,Y,2) =2+ x> +y* +2° m/c, s (y,z,t)=2+Yy’ +2° +t° m/c,
(Y, 2,8) =3+y° +2° +t° m/c, (X, 2,t)=2+x>+2°+1* m/c,
1 (%, 2,8) =3+ X° + 22 +t° m/c, u(X,y,t)=2+x>+y’ +t*m/c,

s (X, y,1) =3+ X2+ y* +t? m/c,
m(x,y,z,t) =1+ x>+ y* + 2> +t* K,
M(X,y,z,t)=4+X"+y*+2°+t> K, T =1,
(N; =)< (N, =) x(N;-1)xN, =6x6x6x7,
J.=2169 K-w.

f(xy.2t)
- 400

- 300
L 200
L 100

L0

, m(x,y,zt)

Puc. 4. OntumansHOE

Puc. 3. I'paduk perienus 3anauu (6) npu

x=05 t=T PacmioJIOKECHUEC UCTOYHHUKOB TCIIJIa
=0,9;, 1=

f(xy.zt)

Kaxk BUJIHO U3 pHUC. lu 3, peaiceHuce KpaCBOﬁ 3alavu JICKUT B IIPCACIIC
MHUHUMAJIBHBIX U MAaKCUMAJIbHBIX TEMIICPATYp, T.C. YAOBJICTBOPACT HEpaA-

BeHcTBY (3). BusHo, uto 3HaueHue U (X, Y, Z,t) MPAKTUYECKH PAaBHO MUHU-

MaJIBHOH Temreparype. IT1o o3HaudaeT, uto pynkunonan J{f} nocruraer

MHHUMYMA.

Ha puc. 2 u 4 MOImHOCTh ONTUMAIBLHO Pa3MENIEHHBIX HCTOYHUKOB
Teria oToOpaskaeTcsl B BUJE THUCTOrpaMMbl. BbicoTa cTON01I0B HA THCTO-
rpaMMe yKa3bIBa€T Ha MOIIHOCTh MCTOYHUKOB TeIUIa. YepHbIE JTUHUM Ha
pucyHke oOpa3oBaHbl HAJIO)KEHUEM MCTOYHHKOB TEIIa B Kax bl (QPHUKCH-
POBAaHHBII MOMEHT BPEMEHHU.

BeiBoabl. IIpemyioxkeHsl METOOMKAa W AITOPUTM  PELIEHUS
HECTallMOHAPHOW 3a7a4¥l TOIJIEP KaHMs TeMIIepaTypbl BHYTpH 00JIacTH B
3aJaHHBIX TMpeAesax IIyTeM ONTHUMAJIbHOIO pPa3MELIECHHUS HCTOYHUKOB
TeIUia B Mapajuiefienumnesne. 3ajada pemeHa Ha OCHOBE YHUCIEHHOTO MOJIe-
JTUPOBaHUsl Tpolecca KOHBEKIHMHU-TUG(y3un ¥  MOCIe0BaTeILHOTO
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peumieHus  3axad  JIMHEMHOrO  mIporpaMMupoBaHus.  Pesynbrarsl
BBIUUCIIUTENILHOTO HKCIEPUMEHTA MOATBEPKAAIOT JOCTUNKEHUE (PYHKIIMO-

HAJIOM MUHUMYMa U PELICHHE OCHOBHOM 3a/1a4H.
Paboma evinonnena npu gunancosoii noodepaicke Yzbexckoeo ¢ponda ¢yrnoamen-
manvHlx uccreooganuil (npoexkm OT-D4-33).
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Mathematical modeling of the non-stationary
convection-diffusion problem on the optimal choice
of heat sources location

© B.Kh. Khayitkulov
National University of Uzbekistan, Tashkent, 100174, Uzbekistan

This work is devoted to the numerical solution of the non-stationary problem of optimal
placement of heat sources of minimum power. The statement of the problem requires the
simultaneous fulfillment of two conditions. The first condition is to ensure that the
temperature is within the limits of minimum and maximum temperatures due to the optimal
placement of heat sources with a minimum power in the parallelepiped. The second
condition is that the total power of the heat sources used for heating is minimal. This
problem was studied under stationary conditions in the works of other scientists. However,
the problem was not considered in the non-stationary case. Since it is difficult to find a
continuous solution to the boundary value problem, we are looking for a numerical
solution to the problem. It is difficult to find an integral operator with a continuous kernel
(Green's function). The numerical value of the Green's function is found in the form of a
matrix. A new algorithm for the numerical solution of a non-stationary optimal control
problem for the placement of heat sources with a minimum power in processes described
by parabolic partial differential equations is proposed. A new technique for numerical
solution is proposed. A mathematical and numerical model of the processes described by
the convection-diffusion equation given for the first boundary value problem is
constructed. The boundary value problem is studied for the three-dimensional case.
An implicit finite difference scheme was used to solve the problem numerically. According
to this scheme, a system of difference equations was created. The formed system of
difference equations is reduced to a linear programming problem. The problem of linear
programming is solved using the M-method. For each time value, a linear programming
problem is solved. A new approach to the numerical solution of problems is proposed. A
general block diagram of the algorithm for solving the non-stationary problem of optimal
control of the placement of heat sources with a minimum power is given. An algorithm and
software for the numerical solution of the problem have been developed. A brief description
of the software is given. On specific examples, it is shown that the numerical solution of
the boundary value problem is within the specified limits, the sum of optimally placed heat
sources with a minimum power gives a minimum to the functional. The results of the
computational experiment are visualized.

Keywords: non-stationary problems, optimal placement, heat sources, convection-
diffusion equations, big M method

REFERENCES

[1] Akhmetzyanov A.V., Kulibanov V.N. Optimal choice of coordinates for oil well
drilling. Automation and Remote Control, 2002, vol. 63, no. 11, pp. 1699-1706.

41



b X Xavumxkynog

(2]

(3]

(4]

(5]

[6]

[7]

(8]

[0l

[10]

[11]

[12]

[13]

[14]

[15]

Mirskay S.Yu., Sidelnikov V.l. Efficient heating of the room as the optimal
control problem. Tehniko-tehnologicheskie problemy servisa [Technical and
Technological Problems of Service], 2014, no. 4(30), pp. 75-78.

Sabdenov K.O., Baytasov T.M. Optimal (energy efficient) heat supply to buildings
in central heating system. lzvestija Tomskogo politehnicheskogo universiteta.
Inzhiniring georesursov [News of Tomsk Polytechnic University. Geo-Resource
Engineering], 2015, vol. 326, no. 8, pp. 53-60.

Islamov G.G., Kogan Yu.V. The difference-differential problem of control by
diffusion process. Vestnik Udmurtskogo Universiteta. Matematika. Mekhanika.
Komp'yuternye Nauki, 2008, iss. 1, pp. 121-126.

Egorov A.l., Znamenskaya L.N. Control of a heat conduction process with a
quadratic cost functional. Computational Mathematics and Mathematical Physics,
2017, vol. 57, no. 12, pp. 2005-2016.

Khaitkulov B.Kh. Finite-difference method for solving non-stationary problems
of convection-diffusion control. Tomsk State University Journal of Control and
Computer Science, 2021, no. 57, pp. 45-52.

Khaitkulov B.Kh. Homogeneous different schemes of the problem for optimum
selection of the location of heat sources in a rectangular body. Solid State
Technology, 2020, vol. 63, iss. 4, pp. 583—592.

Khaitkulov B.Kh. Conservative difference schemes for the optimal selection of
the location of heat sources in the rod. Mathematical Modeling and
Computational Methods, 2020, no. 3, pp. 85-98.

Tukhtasinov M., Abduolimova G.M., Khayitkulov B.Kh. Granichnoe upravlenie
rasprostraneniem tepla v ogranichennom tele [Boundary control of heat propagation
in a bounded body]. Bjulleten' Instituta matematiki [Bulletin of the Institute of
Mathematics], 2019, no. 1, pp. 1-10.

Lebo 1.G., Simakov A.l. Solution of the equation "convection-diffusion” for
modelling of heat transfer in high temperature gases and plasma. Vestnik MGTU
MIREA [Bulletin of MSTU MIREA], 2019, no. 3(4), pp. 195-205.

Vabishevich P.N., Samarskiy A.A. Raznostnye skhemy dlya nestacionarnyh
zadach konvekcii-diffuzii [Difference schemes for nonstationary convection-
diffusion problems]. Computational Mathematics and Mathematical Physics,
1998, vol. 38, no. 2, pp. 207-219.

Samarskiy A.A., Vabishevich P.N. Chislennye metody resheniya zadach
konvekcii-diffuzii  [Numerical methods for solving convection-diffusion
problems]. Moscow, LIBROCOM Publ., 2015, 248 p.

Vabishchevich P.N., Vasil'eva M.V. Explicit-implicit schemes for convection-
diffusion-reaction problems. Numerical Analysis and Applications, 2012, vol. 5,
no. 4, pp. 297-306.

Dantzig G.B. Linear programming and extensions. Princeton, Princeton
University Press, 2016, 656 p.

Fomin G.P. Matematicheskie metody i modeli v kommercheskoj deyatel'nosti:
uchebnik. — 3-e izd. [Mathematical methods and models in commercial activity:
textbook. — 3rd ed.]. Moscow, Finance and Statistics Publ., 2009, 640 p.

Khayitkulov B.Kh., Cand. Sc. (Phys. — Math.), Assoc. Professor of the Department of
Algorithms and Programming Technologies of the National University of Uzbekistan.
e-mail: b.hayitqulov@mail.ru

42



