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KHUPHUII

Nnm-pan Tobopa puBo)IaHUO OopaérraH OyryHI'M KyHJa MHCOHUSITHUHT
ax0opoT oJsuira OyiraH eXTUEXKUM Xam OpPTMOKIA. AXOOpOTIallraH >KaMHST
TE3JIMK OWIaH WIAKUIAaHUO pUBOXIAHMOKAA. AXOopoT nyHEcuaa aaBiaT
yerapajiapu Jerad TyllyHua HyKoand OopMokaa. XKaxoH KOMIBIOTEp TapMOFHU
JaByiaT OoIIKapyBUHU TyOnaH V3raptupMmokiaa. Kaapmap taié€pmam Muui
JACTypUHU aMajla >KOPHM €THII HaTWKacuaa pecnyOuKamMu3 XyIyauJiard
TabJIUM TH3UMHUJIA KATOP MYXUM Ky3ra KYprUHapJIY y3rapuiiap 103 Oep/iu.

AXO0OpOT TEIEKOMMYHHKAIMA TEXHOJOTHSIAPUHUHT  PUBOKIAHUIIIN
XaMJla YHU TabJIUM THU3UMHTA KOpUW €Tl Oopacuja pecrnyOnukamMusaa Oup
KaTop KOHYHJIap, KapopJjiap Ba JaBliaT JacTypiapu KaOyn KuiuHAu. bymapra
V36exucton Pecy6mmkacuauar “TabiuM TyFprucuaa” v Korynn [1], “Kaxpmap
Taiiépnam  mwnmit  gactypu”  [2],  V36ekmcton  PecryGnuKaCHHUHHHT
“Ax6opormamrupuin TYrpucuna”’ i [3] koHyHmapuuu, “Onui Maiakaiu
WIMHI Ba WIMHMH-TIENAror KaJpiap Tal€piaml Ba aTTeCTAUMSIAH YTKA3WII
TH3UMHHM ~ SHaja  TAKOMIJUIAINTHPMIN  TYFpUCHAa” T Y36EKHUCTOH
Pecniy6ikacu IIpesunentununr ¢dapmonu [5], “Y3bekucron PecryGnumkacu
Omnuit TabJIUM TU3UMUAA MarucTparypa (baonuaTHHH sAHaza
TaKOMWUTAIITUPHUII, YHUHT CcaMapaJopJIuTUHU OUIUPHII 4YOopa-TaJ0upiiapu
Tyrpucuaa” TH Y30ekucTon Pecmy6imkacn Basmpmap MaxxamacuHuer [6]
KapopJIapuHU MUCOJI KHJIUO KENTUPHUII MYMKHH.

AXOOpOTIAIITUPUIIT COXAaCUAAru JaBiaT cuécatu axOopoT pecypciapw,
ax00pOT TEXHOJIOTHSUIApU Ba axOOpPOT THU3MMIIAPUHHU PHUBOXKJIAHTUPHUII XaMJa
TaKOMWUTAIITUPUIITHUHT 3aMOHABHM KaXOH TaMOWWJUTAPWHU XHUCOOTa OJITaH
XO0JIJIa MHJUTUH axO00pOT TU3UMUHHM sipaTHINTa Kapatwirad [4].

Bynapuunr mwkpocu cudarnga Y306eKHCTOH Pecry6iamkacuaa TabinM
TU3UMUTAa SIHTM WHHOBALIMOH TEXHOJIOTUSIJIAPDUHU SKOpUM  E€THII  JKajaall

cyppatiapaa o0 0opuiiaéTraHuHU aUTUIITUMHU3 MYMKHH.



XO03upru JaBpAa KOMIIBIOTEP TEXHOJIOTHSJIAPUHUHT Kajajldl cypatiap
OWiaH PUBOXKJIAHUIIM, SHTUJIAH-SIHTY aMalliid MacajajapHu COHJIM EUHIlra
UMKOH Oepa/iy.

ABBanan Oepwiran xoccajapra sra OyiaraH Mypakkad KoH(pUryparusra
ra MaTepuajUlapHU sApaTUll Ba ylapAaH WIUIA0 YUKAPUIIHUHT TYpJu
coxaiapuja QoiiiamaHuil A0a3ap0 WIMUN TEXHUKaBUI MyaMMoiapjaH Oupu
XucoOIaHaIu.

XO03Upru KyHJAa Mypakkad KOHPUTYpalUsUIMK Marepuamuiap Typiu
coxajapja, MacajiaH, KOCMOHAaBTHMKA, aTOM HHEPreTUKacuaa, CaMOJETCO3IHK,
MaIllMHACO3/IMK, aBTOMOOHUJICO3TIMK, KYPUJIUII, MEIUIIMHA Ba TypJid coXajiapja
KEHT (hoiJaIaHIMOK/1A.

Maskyp MAarucTpjiuK Juccepranps HWIuAaa [paHcBepcan HU30TPON
KUCMJIAp YYyH JIMHAMHUK TEpPMOd3JIaCTUK OOFJIMK Macaida KapairaH. by
yerapaBuili Macaja THUNEpOOJMK THUIra TETUIUIM XapakaT TEHrjJamMacu Ba
napaboJIMK TUINTa TETUIIM WCCUKIUK YTKA3yBUAHJIUK TEHIJIaMalapuiaH
TalIKWJ TONraH OYnuO, TeHriamanapia Kyuuil (GyHKIMSICH Ba TeMIeparypa
HOBManyMm cudaruaa katHamand. Kapamaérran wacana y4yH OIIKOp Ba
OILLIKOpMAaC TUIJAry YeKIU alupMalid cxeMallap KypuiraH.

YMymuii Xoija TEpMOAJIACTUK OOFIMK YerapaBuil Macaja Xapakar
TEHIJIaMacH, TEPMOAJIACTUKIMKHUHT  aHUKJIOBUM  MyHocaOatu, Komm
MyHOCa0aTH, UCCUKIUK YTKA3yBUAHIIUK TEHIJIaMacu xamja Moc OOIUIaHFUY Ba
yerapaBuid ImaptiapjaH uoopar Oynamu. Ocnatud Yramu3, Kyduiuiapaa
€3WJITaH XapakaT TEHIJIaMacH Ba MCCUKJIMK YTKa3yBUAHJIMK TEHIJIAMACH y3apo
OOFNMKANp, SIPHU TeMIlepaTypa KOOpJAMHATa Ba BaKIra OOFIMK (YHKITUS
cudartuga xapakar TEHIJIAaMacua, KY4MIIIap 3Ca HCCHUKJIUK YTKa3yBUaHJIUK
TEHIJIaMacH/1a UIITUPOK ITAJIH.

Arap SKUCMHHMHT XapakaTUTa TabCUpP KWIYyBYHM TAalllKd OMIJIJIAp BaKT
Oyiinya >XyJa CEeKMH y3rapca, y XoJja XapakaT TeHIVIaMacujard HWHEPIHUOH
ab30JIapHU ATHOOpPra onmaca Xam OVyimand Ba Macajia KBa3UCTATUK Macaia

cudaTtua Kapagaau.



MAarucTp/juK JIUCCEPTANMICH MAB3YCMHHMHI J0JI3apOJIMIU: CYHITH
naitiapga uoUiad YUKAPUIIHUHT JKyJa Kym coXallapujia KOMIIO3UIIMOH
Martepuaiiapaad  doijgagaHuIl  3aMOH  Tajabura aijnaHu®  OGopMoKza.
KoHcTpykiusinap Ba yjap 3JIEMEHTIAPUHUHT TEPMOAJIACTUK XOJaTIapUHU
MaT€MaTUK MOJEUIAIITUPUIII Ba COHJIM €YUMJIAPUHM aHUKJIAIl J0J3apo
MyaMMOJIapUIAHINP. Kommnozuturon MaTepHUaIapHU MaTeMaTUK
MOJCIJIAIITHPHUIIAA MaTepray OWp >KAHCIM Ba AHU3O0TPOI MaTepuan OuiaH
anMamntapuiaad. TepMosnacTUK Macajaiap Kyhwiumura xapad OOfjuK Ba
OOFNMK OYyJIMaraH yerapaBuil Macajajapra axpaiaau. YMyMHUM xoJija OOFIUK
Macaliajia KaTTUK >KUCMHUHT XapakaT TeHIJIaMalapu UCCUKJIUK YTKa3yBUaHIUK
TEeHIJIaMaJlapu OwiiaH Oupranukna kapanagu. [lyHu TabKuiam JO3UMKH
TeMmreparypa Ba YHUHI XOCWJIacH XapakaT TEHIJIaMacuja KaTHaIlaju,
nedopmaliis 3ca UCCUKJIMK YTKa3yBUAHJIUK TEHTJIaMacura HOMaiyM cudartuaa
kupaau. BoFnmuK MacananapHu MaTeMaTUK MOJEIUIAPUHUA Ba YJIApHU COHJIH
€YU aJTOPUTMIIAPUHM VPTraHWIl, OJMHTaH COHJIM HaTWKajapra acocaH
SHTUJAH-STHTH KOMITO3UIIMOH MaTepUajUlapHU Takiaud HSTUII CaMOJETCO3IHK,
pPaKeTaco3JMK, MAaIlMHACO3JIMK, aBTOMOOWJICO3JIMK, KypWIMIN, MEIUIIMHA Ba
UIU1a0 YMKAPUITHUAT KYTI1a0 0oIIKa coxainapuia karra ponaa KeaTupaiu.

MagB3yHMHI VPraHWJITaHJIUIU JaPaskacH. MablIyMKU TeMIIepaTypaHu
XUCcOoOTa oJraH TEepMad’IacTUK MacajlajlapHH MaTeMaTUK MOCIUIAIITUPHUILIA
ioramens-Heitman myHocabatuman ¢oiinananuiaau. Bormuk macanaiapHUHT
Hazapuii acocinapu A.A.WnwrommH, b.E.Ilo6Geaps;, B.Hoparkuii, M.buot Ba
OOIIIKAJTapHUHT MIUIApUAA TAAKUK KWIMHTAaH. JIekuH anmabuériapaa eduiraH
Macayiajnap KyMnpoK M30TpoIl kucmiiap yuyH kentupuiarad. P.C.Xyna3apoBHUHT
TaJKUKOT uluiapuaa TpaHcBepcanl U30TPOIl KUCMIIAp YUyH OOFIHMK OYiMaran
Macajanap e4wiran. AnaOuETapHu TaxJIMIUAaH KeMuO YMKKAH XOJaa IIyHU
aUTUII MYMKHHKH aHU30TPOI JKACMIIAD YYyH TEPMODJACTHUK  OOFJIUK
MacajlaJlapHd MaTeMaTUK MOJIEJUIAPUHM Ba YJapHU COHJIM €UHUII YCYJUIApUHU
TQIKUK KWIHII MyXAM MyaMMOJIapAaHIAp Ba KEHUHTH TAAKUKOT HIIUIAPHU

Tajyad KWiIaau.



TagKMKOT MINMHUHI MAKCAAU: TPAHCBEPCAI H30TPON KUCMJAP YYYH
TEPMOAJIACTUK OOFIMK MacalajJapHd MaTeMaTHUK MOJCIJIApUHU YpraHull,
yJIapHU COHJIA €YHWII aJrOPUTMIIAPUHU YPTaHWI, yJIapHU MacallaHW E4uIlra
TaAOWK KWIWII Ba YpraHWwIraH ajlropuTMIap acocujaa AAacTypuid TabMHHOT
ApATHIL
TaagkuKoT 00BEKTH: TpaHCBEpcal HU30TPOI KUCM cudaruma Kapa—
JagUurad KOMIIO3ULMOH MaTepurall.
TagKuKOT mpeaMeTH: TPaHCBEPCAT M30TPOI KUCMIIAPHUHT TYPJIU XU
MEXaHHK Ba TEMIIEPATYPAaBHM KywIap TabCUPUIATH TEPMONIIACTUK XOJIATHHHU
YpraHuml.
TagKuKOT MeTOAM: TaJIKUKOT YCYJIM YEKIIM aHupMalld yCysuiap, XyCcycaH
JIuOMaH TUNMAArU UTEPALIMOH YCYJI, IPOTOHKA YCYJIH Ba TYpJiap YCYyJIU.
TagKUKOTHUHI MWJIMHUN SHTAJINIH.
® TpaHCBEpCcaJl M30TPON >KUCMIIAP YUyH TEPMOAJIACTHK OOFJIMK Macajajap
YUyH YEKJIM allupMalld cxemanap TaaOuK KUJIUHAIN;

e Xocwsl OYynraH aipManu TEHIJaMajJapHH TYpJd YyCyJulapJa COHJIM EYHIII
aITOPUTMHU KEITUPUIAIN;

e KEITUPWITaH AJITOPUTMIIAP aCOCUA JACTyPUM TABMUHOT sipaTUIaau.

TagKMKOTHUHI aMaJuii aXaMUATH:TPAHCBEPCAIb H30TPOI KUCMIIAP
Y4yH COHJIM €YWiIraH OOFJIMK Macajla HaTWKajJapuJaH TYpJIM UIUIA0 YUKAPHUII
KOpxoHanapuja (oiiananuin MyMKUH. SpaTtuiiagurad JacTypuil TAbMUHOTIAH
SIHTM KOMITO3HMIIMOH MaTepuasuiap y4yH KyWHiIraH OOFJIMK MacajalapHU COHJIM
euniaa GhoilaaHuIl MyMKHH.

Juccepranus MIIMHUHT TY3WJIMII CTYPYKTypacH: ymily AuccepTalus
WM KUPUIIT KUCMU, yuTa 000, Xyrnoca, uioBa Ba (doigaiaHnuinrad agadbuéruap
pyiixatuaan Tamkui tonrad. Juccepranus umm Oyiinya V36exucron Mummit
YHuBepcuTeTHHUHT 95 Husuurura Oarunuianrad “MaTeMarvka, MEXaHHUKa Ba
uHpopMaTrKa GaHIApUHUHT PUBOXKKIAA UCTEbI0 TN EimapHUHT ypHU” [21] Ba
V36ekucron Mummii YHuBepcuteTHHUHT 96 Mwuiurura OaruiuiaHTaH

“MaremaTtuka, MeXaHMKa Ba HHQOpMaTHKa (aHTAPUHUHT  PHUBOXKHUIA
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UCTCHJOMIN EnUIapHUHT YpHH® [22] wiMuii-amanuii ceMUHapu Te3uciap
TYIUIAMHJIa UKKWATA T€3UC YOM 3TTUPHUILIN.

TagKuKOT MINMHUHT OMPUHYM 000MIa TEPMOAJIACTUK MacajalapHUHT
KYWWJIUIIN, aHU30TPON >KUCMIIAP TEPMOATACTUKIMTMHUHI aCOCHl MyHOcadaT-
Japu, HW30TPON Ba AHMU3OTPON JKUCMIIAD YYYH TEPMOIIACTUKIMK OOFIIHK
Macajlajap xamJa TpaHCBEpcald H30TPON KUCMIIAP YYYH HMKKHA YITYOBIH
TEPMOAJIACTUK OOFJIMK MacalaJapHUHT YMyMHM X0JJa KYHWINIIN KeITUPUIHO
VTUITaH.

TagKMKOT HINMHUHT UKKHHYM 000MAa TpaHCBEpcall U30TPOIl KUCMIIAP
YUYyH UKKH YITYOBIIM TEPMOAIACHK OOFJIMK MacalajlapHU COHJIM €YMILTra YEKIU
allupManu cxeMajapHH TaJ0WK KWIHII, OIIKOp Ba OMIKOp OYyiMaraH aiupmaiu
cXeMmajap Xakuja TylIIyHYyajgap XamJa TPaHCBepcald U30TPON KHCMIAp YYyH
UKKM VIIYOBJIM TEPMORJIAaCUK OOFJIMK Macajajapra OLIKOp Ba OLIKOpMac
CXeMaJIapHU TaJ0WK KWJIMII Ba YEKJIM alupMal TEHIJIamMayapra KEeJITHPHIIL.
AHM30TPON KUCMJIAP YYYH HMKKH YITYOBIM TEPMOAJIACHUK OOFIMK MacalaHH
TYpJap ycysiu OujiaH COHJIM €4UIll Macajagapy KYpud YMKHUIITaH.

TagKUKOT HIIMHMHI YYYHYHM 000MAAa aHU30TPOI KUCMIIAP YUYH HUKKH
VIIYOBIM TEPMOAJIaCUK OOFJIMK MacalaHU COHJIM EUYUIIHUHT J1acTypui
TabMUHOTH, TACTYpU TAbMUHOTAATU acocuii GyHKIUsIap TaBcudu, AacTypuit
TabMUHOTAAH (OoMJaNaHuIl, KUPUTUIYBUM KOHCTaHTadapjaH ¢oiaaliaHuin
XaMJia, XucoOJIal SKCIIEPUMEHTH KaOuiap EpuTuiind Oepuiras.

Anaduériap TaxXJIWIN: JuccepTalus WIIMHU Oakapull JaBoMuja Oup
KaTop Makoia amgabuérnapaan doiganaHuwiau. by kentupwiran anaduériap
pPYMXaTUHU aCOCaH TYpPT rypyxra aKpaTuil MyMKHH:

1) V36exucron Pecriy6nukack KoHyHIapH, Y36ekucToH PecryGmiukacu
[Ipe3uneHTHHUHT Kapop Ba (haMoHIapH pyixartu;

2) TepMonIacTHK MacalaJapHUHT YMYMHH X0J1/1a KYHHIUIINTa acocara
anabuérnap pyixaru;

3) TepmonnacTuk OOFIMK Macanajgapra 4eKiu alupMalid CXeMallapHH

TaJI0MK KUJIMO, COHJIM €UUIlra OaruIlIaHTaH aladuétiap pynxaru;
7



4) TlporpaMMa TabMHHOTHHH sIpaTHII kapaéHuga (oiganaHuiran
anabuétnap pyitxaru;

5) Maskyp unmuii uirHu E3utaa GhonganaHuIrad HHTepHET calTiiapy/iaH
noopar.

Huccepraumss wumuHUHT  Xaxkmu 90 Oetman  ubopar. Sparunran
MarvucTpJiuK AUCCEpPTalrs WU HUXOACHAA KWIMHTAaH HIJIAp acocujia XyJoca,

doinananunaTad anabuéTiap pyixaTu Ba JaCTyp WIOBAJIap MaTHU YPUH OJITaH.



I-OB. TEPMODJIACTUK MACAJIJACUHUHT KYVUHJINIIN

1.1. AHM30TpON KUCMJIAP TEPMOITACTHKIUTHHUHT aCOCHH
MYHOCa0aTIapH.

XKucmuunar nedopManuscu yHIard TeMIlepaTypaHUHT Y3rapuiii OujaH
axpanMac xonaa Oornukaup. Bakr yrumm OunaH aepopManusiiapHUHT
Vy3rapuiiym TeMIepaTypaHUHI ¥y3rapuiiura oJu0d Kelaaud Ba aKCHUHYa
TeMIlepaTypajJapHUHT  y3rapuiid JedopMalusulapHUHT  y3rapuiiura oJuo
kenagu. JKHUCMHUHT WYKHA eHepruscu aedopmanusiiap Ba TeMmIapaTrypara
oormukaup. JlacTmabku xonatna OKUCM — Temmnaparypara sra  OVJCHH,
KypcaTuiral JacTyiadKy XOJIaTHU TaOuuil xonat ae0 araiimuis. Tamku kyunap

TabCUpHUJIa Ba TEMMApAaTypaHUHT V3Trapuilld HaTvkacuja (KU3UIl €KW COBYIN)
KUCM fedopManusaaanagy. ByauHur HaTikacuaa xucMaa U; kyunmiiap ro3ara
Kenaau. TemnapaTypaHuHT OPTTUPMACH
0=T-T, (1.1.1)
by epna —T ®UCMHUHT X HyKTaJiaru abCOJIOT TeMIIapaTypacHu.

Temnaparypanusr y3rapuiu Ounan oup Karopaa €j; nedopmManusiap Ba

0; Kywianunuiap rosara kenaju. Canab yrunran - Ba 0y nap KoopauHaTaap

BaKTra OOFIUK (PyHKIUSIApIUP.

byHmaH Tamkapy »XUCMHUHI TEPMOMEXAaHHUK XOCCAJApUHU aHUKJIOBUU
KOHCTaHTajap TeMmapaTypara OOFIMK »5Mac, ne0 xucobOnaiimus. byHman
Talmkapu JAeQOopMalUsUIApHUHT  V3rapuIIMHA ~ XaM  JKyJa KAYKWHA J1e0
xucoOmaiimus. SbHUM OyHIaH KeWMMH OW3 YHM3BUKIU TEPMOAIACTUKIUKHU
Kapaimus.

yHuHT yuyyH Kyuunuiap Ba jAedopMauusuiap opacujard MyHocadaT

YU3HUKJIW KYPUHHUILTA STaJaup.

Eij :%(Ui,j +Uj,i) (1.1.2)



Jlebopmanusiiap TEH30PUHUHT KOMIIOHCHTANIAPH UXTUEPUA (YHKIIUS
OyIuIIM MYMKHH 5Mac. Yjaap KyWuaard MyHocaOaTJIapHU KaHOATJIAHTUPHUILIN

1aprT.
Ein i —Ejik —Eiy =0 L)k 1=123 (1.1.3)
BusHuHT acocuii BasudaMu3 KywIaHHILIAP TEH30pH & HU JIedopManus-

map TeH3opu O Ba | Temmaparypa OwimaH OOFIOBYM MyHOCAOATHH
aHUKJIAIIIaH noopaTIup.

% = Cia = Fs? (1.1.4)

(1.1.4)-myHOCa0aT TEpMOAIJIACTUK XOJaT Y4yH yMymuamitupuiarad ['yk
KOHYHH, OyH/JaH Talmkapu 0y MyHoca0aT aHU30TPOIl KUcMiIap yuyH [roramern-

Heiiman MmyHocabaTtu aeiunaay.

by epna:
& Ba pjj HM30TEPMMK XOjaTra MOC KEIyBYM OJKUCMHH  XapaKTepIOBYU
KOHCTaHTaJIapAup. bynman  Ttamkapu C, jkI aHA30TPOIl  YKUCMHUHT

KATTHKJIUTHHA aHUKIOBYM Kod(uimentnap, A3 5ca )KMCMHUHI MEXAHHUK Ba

TeMmmnaparypara OOFJIIMK XOCCaJlapUHUW aHUKJIOBUM  KATTAJIUKIUD. Cijk|
CHUMMETPHUK TEH30PIUP.
Cijkl :Cjikl , Cijkl :Cijlk , Cijkl :Cklij (1.1.5)

byHmaH Tamkapy yMyMJamraH WCCUKIMK YTKa3yBUaHJIMK TEHIJIAMAaCHHU

KEJITUPAMU3.

ﬂ’le,ij _Cgé_T T —W (1.1.6)
EKU

ﬂ’ljg,ij -C.o0-T- ij "éij =-W (1.1.7)
by epna,

Cg -,Z[OI/IMI/Iﬁ TEMITIapaTypajgaru HCCUKJIMK CUFUMU,
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W -pakr Oupnuruga xaxm Oupiurugard axpald 4YHMKagural HMCCHKJINK

MUKJIOPH,
/1.,- -UCCUKJIMK YTKa3yBUaHIUK KO3PPUIIUEHTIAPH.
(1.1.6) — TenriaMaHu XapakaT TEHIJIaMacH OMJIaH OMprajukaa Kapaiil Kepak.
oij, j + Xi = Al (1.1.8)
(1.1.6) Ba (1.1.8) Tenriamanap TepMOIIACTHK aHHU3OTPOI KUCMIIAPHUHT TYJIHK
muddepeHnnan TeHrIaMacuHU TATKUAI KAJIaau.
Macayiann OolTaHFUY Ba 4YerapaBuil Mmiaptiap OwiaH Oupraiukaa

kapaiimu3. (1.1.6) Ba (1.1.8) cucTemanmapHu eyuIll jKyJa KaTrTa MaTeMaTHK

KHAMHYMIIAKIIApra ojuo kemaau [7,9].

1.2. BoryiMK Ba OOFJIUK OVJMAaraH TepMo3JIacTHK MacaJiajaap

TepmosnacTuk Macananap Kydwimmmura kapad OOFJIMK Ba OOFJIHK
OynMaraH yerapaBuil Macaianapra axxpaiaaud. Y MyMui Xosaa OOFIMK Macaiaaa
KAaTTUK OJKACMHUHI  XapakaT TEHIJIaMaJlapd HUCCHUKJIUK  YTKa3yBUYaHJIUMK
TEeHIJIaMayiapu OunaH Oupranukna kapaigaaw. LllyHu TabKkumiam JI03UMKH,
TeMmrepaTrypa Ba YHUHI XOCHWJAacH XapakaT TeHIVIaMacuja KaTHaIlaju,
nedopmariis 3ca UCCUKIUK YTKa3yBUYAHIMK TEHTJIaMacura HOMabiyM cudaTuia
KUpaaM, XapakaT TEHIJaMacuja KYdulap 3Ca HMCCUKIHMK YTKa3yBUaHIIUK
TEHIJIaMacK/1a KaTHAILIa Iu.

YMymuii xonjga TEpPMODJACTUK OOFIMK Ba OOFIMKMAC MacajaHUHT

KYWUIUIIMHY Kylnaarnya: Oepuirad Kywiap Ba TeMIeparypaHu Ouiran xojja

KyWwIaHANOUIAp TeH3opu Oj HUHI 6 Ta KOMIIOHEHTacH, nAepopManusiiap

TEH30PUMHMHI &j; HUHI 3 Ta KOMIIOHEHTACH, Ky4YHMIUIAD BEKTOPHMHHMHI 3 Ta

KOMIIOHEHTaCH Ba |  TeMIepaTypaHd  aHHKIAIl  Kepak.  DHIH
TEPMODJIACTHKIMKHUHT OOFIMK JMHAMMK dYerapaBMii MacallaCMHH Kapab
YHKAMH3: y XapaKaT TeHTIaMacH
Oi;+ X; = pl, (1.2.1)
11



Oy epna,

Oij :87 (1.2.2)

0;; - Ky4Jap TEH30DH,
0 - ’KUCMHUHT 3UYJIUTH,
X, - XOKMHUMN Kydiap.
Dcnatn6d yTaMu3 Kydjaap TCH30pU CUMMETPUKIUD SIbHU
O; =0 (1.2.3)

Hedopmanusiiap Ba KywiaHunuiap ypracugaru €ku Jroramens-Heliman

MyHOca0aTHU

O-ij uklg IBU (r —T, ) (124)
Ba YMYMI/Iﬁ X0J11a UCCUKJIINK S'/TKa?,YB‘laHJIHK TCHI'JIaMaCH,

2Ty —CT-T-8,-& =0 125
Oy epna

Cjjq ~KHCMHH XapaKTEPIIOBYU APaMETPIIapH,
&ij -nedopmanysiiap TEH30pH,
B -xammuit HCCHKITMK KeHraluIm Ko>(puIIeHTH,
5“- - KpoHekkep cumBoJIH,
5 - 1, 1i=]
oyuna; Y —{0 %]
T -TeMITeparypa,
C, -noummii TemmepaTypasia HCCHKINK CHFHMH,

Aij -MCCUKIIMK KYIOMHU TEH30DH.

&ij = %(Ui,j +Uj,i)

(1.2.6)

KyHugara OOIUIaHFUY

12



Ba tlerapaBI/Iﬁ mapTiiapAaH I/I60paT
0 T 0
U; = U; T =T .. N - — Q.
"21 ' ‘21 0, G“”"Zz o1 (1.2.8)

bornuk GynMaran TepMo3JIacCTUK Macaiajlapaa Ky4uiap Temiparypara
TabCHUp ITMaWU. JIEKMH TeMIlpaTypa Ky4uIuiapra Tabcup dTagu. bynaa onaun
KapaJla€TraH >KHCMJA TEMIIEpATypaHUHI TapKaJWIIM AaHWKJIAHAId Ba YHJaH
doitnananu0 Kyuunuiap aHUKIaHAIH.

Bornuk OynmaraH TepMoOd3JIacTHK Macajla yMyMHUH XoJja Kyhujaaruya
KYWWJIa[IU: YHUHT XapakaT TeHIJIaMacH,

Ciij + X, =0

(1.2.9)
Hioramens-Heliman myHoca0atu,
Tijj :Cijklgkl _IBij (T _TO)5ij (1.2.10)
Ko myHnocabatu,
1
&ij :E(Ui,ﬁuj,i) (1.2.11)
KyHdnaara OOIuIaHFuY
Ba yerapaBMii mapTiaapaaH uoopar
0 T 0
Ui‘ = Uj T‘ :TO aijnj ZSi
21 - n | ‘22 (1.2.13)

OyHna,

0y -Ky4Jaap TEH30pH, X;-X@KMHUH Kyunap, Cg, -KHCMHU XapaKTepPJIOBYM
napamerpuapy,  &;-aedopManmsyiap  TEH30pHM, [ -XaXMHH ~ MCCHKJIMK

KeHraiumu kodgdunuenty, J; - KpoHEeKkep CUMBOJIH,
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5 1, i=]
Oynna; % = .
YHAL A0 iz

Kentupuiaran GOFIMK Ba OOFIMKMAC TEPMODJIACTHK Macajanap MOC PaBHILIA

OOIUIaHFWY Ba YeTapaBHi MapTiap acoCHIa COHIN eumnamy [7,11].

1.3. U30Tpon Ba aHM30TPOI KUCMJIAP YUYYH TEPMOIIACTUK OOFITUK
MacaJjajap
by maparpadgaa uzoTpon Ba aHM30TPON KUCMIIAP YUYYH TE€PMODIIACTHUK-
JUKHUHT OOFJIMK JWUHAMHUK YerapaBUi MacajlaCMHU Kapad YMKaMu3: y Xapakar

TCHIJIaMaCHu
i, T X, =pu (1.3.1)
HMioramens-Helitman myHocabatu
oy =05, +2ue; — o BA+2u)T -T))3;  (1.32)
BAa YMYMHUH X0J1/1a UICCUKJIMK YTKAa3yBUaHIUK TEHIJIAMACH
AT, —CT-T-8;-£,=0 (1.3.3)
6y epma, C, -mommmii TemmepaTypaga HCCHKINK CHFUMH, f3; "ACCUKIIUK

KEHT A TeH30pH, A -MCCHKIMK KyloMu TeH30pH Ba Ko MyHocabatu

Eij :%(ui,j +Uj,i) (1.3.4)

Kyhnaara OOIuUIaHFUY

Ba YerapaBuii mapTiapaaH noopar.

. _ 40 _T <0
u,\zl =Ui T‘zl =To, Gij”j‘zz =Si (1.3.6)
(1.3.1)-(1.3.6) macananap Oup YIUOBJIM XOJAa KyWHJArd KYpPUHUIIHH
OJaIH,

Komm myHnocabaru

14



el

E —
= (13.7)
Iroramenb-Heliman myHocabatu
oy =(A+21) e, — (3/1+2,u)(T -T5) (1.3.8)
Xapakar TeHIJIaMacH
oo o°u
— =+ X, =— (1.3.9)
OX ot
(1.3.7) vu (1.3.8) ra xyiub Kyhumarura sra 0yaamus,
ou
On :(/14'2,“)&_0& (31"'2#)(‘- —Tp) (1.3.10)
by wudomanm (1.3.9) - xapakar TeHriamacura KynuO KyduIiuiapaa
udoaananrad Kyiugaru xapakat TeHIrjlaMacura ara 0ynamus,
o°u oT o°u
A+2u) e —a, BA+2u)| = |=
( #) N T ( ﬂ)[ 6xj Pz, (1311)

Ba Oup YIYOBIM XOJa HMCCHKIUK YTKa3yBYaHJIMK TeHrnamacura (1.3.7)

udoaanu Kyinod Kyuaarura sra 0yaamus.

o°T oT o%u
Ao PV C, a0 —T -0 (31+2u) ot 0 (1.3.12)
o%u oT o%u
X X (1.3.13)

XocCuJ KWIMHTaH TeHTJIaMallap MOC PaBHIIIA OONUTaHFUY

ou

ux,th_o =@ | =¥, T(t)_o=To (1.3.14)

t=0

Ba YerapaBuil mapTiap

u(x,t) _, =uop, u(xt) _, =0p- (1.3.15)

TOth,_o =Talt); Tlxt),_, =Ta(t);

OWJIaH eynJIaIu.
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By epma, 4, , &1, C,, B, Ay —anux xarramuxiap, ! — crepxeHs
y3yHmuru, ¢, ¥, Tg, T1,To —Gepunran kaTranukiap.

Macana KyWWIWIIWMHUM WKKU VYJIYOBIM XOJAa Kyuujgaruya €3amus,

rokopuaaru (1.3.1) — TEHITIMK UKKY YIIYOBIM X0J1/1a Kyduaaruda Oyiaau:

r6(711+50'12 —|—X :p@
ox oy LT et
<
oo oo o%v (1.3.16)
2012722 4 X = P
OX oy ot

I/I3OTpOH )KI/ICMJ'Iap y‘-IYH HNCCUKJIIUK TapKaﬂI/IHI TCHIJIaMaCH.
o°’T 07T oT o’u o
+ —C. ——@BA+20)a, T, + =0
X O 7)—C, ot ( L)t 0(5X8t S 511) (1.3.17)

(1.3.16) — TCHIIIMK UKKH YITYOBJIM X0J1/1a Kyiuaaruda Oyaam:

oy =A(E, + &)+ 2us, —ax(BA+2)(T —T,)

Ao (

Oy = A&y +E5) +21E,, —a(BA+2)(T —T,) (1.3.18)
Oy, = 2y,
Oy = 2y,

(1.3.4) — TeHTJIMK UKKH YIYOBJIM X0Ji[a KyWuaarnda Oyau:

L _Llou,ou au
Ho2 ax oxT o ox
R P
2= 5 o oy oy (1.3.19)
1l ou ov
Ep=7(—+2)
2 0y OX

Hedbopmamusiap yuyn (1.3.19) pa xenatupwiran MyHocaOaTIapHU

(1.3.18) ra xysamus.

ou oV
o, =1+ 2/1)&+/15—a(31+ 2)(T —T,)
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_ o . ,ou
(/1+2,u)8y+/lax a@BA+2u)(T —T,)

O, = /U(%"‘/l%)

AHI/IKJIaHFaHJIapHI/I MYBO3aHaT TCHIJIaMacCura KyﬁcaK

KYPUHHUILTA KEJIAJIN:

ou ov  du or o
A+2u)—+(A+ + -0, (3442 —
(A+2u)—7+( ﬂ)aay Y 1BA+2u)—=p=
3

2y 2 2
4 2a) S+ () =0 (37420) 5= Al

oy oy o oy ot

2T 0T oT o’u o
—)-C,—-(314+2 T
ﬂo( ay) p (BA+2u)o ( Ve ayat)
(1.3.21) Ba (1.3.22) Tenrmama Moc paBuiaa OONIaHFUY
u(x, y.t)_, =, Zt_ut_o =y,
vix,y,t)_ =¢ N =y
» Yo t=0 2, &t:o 2

T(x,y, t)(t:0 =T,

Ba YerapaBuil maptiap

(1.3.20)

Kyuu1aru

(1.3.21)

(1.3.22)

(1.3.23)

U(X’ y’t)(z = U V(X' y’t)‘z =V, T(x, y’t]z =To(t) (1.3.24)

OWJIaH COHJIU €YWJIAJIH.

by epaa, A, pt—Jlame kod(pbunueHTIapu,

Ay — UCCUKJIMK

YTKa3yBUaHIUK KOIP(GULUHUEHTH, O —HUCCUKIUK KEHTraui Kod3(QQPUIUEHTH,

C, — y3rapmac Temmeparypajaru MCCHKIHK CHFMMH, | — Temieparypa, O —

xucwm 3uuurd. (1.3.21) Ba (1.3.22) tenriamanap Typyiu MyHocabaTiapia COHIIN

SYMIagH.
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(1.3.1) - xapakaT TeHIJIaMacu y4 YIUOBJIM XOJJa KyHHIaru KypHUHUIIHA

OJIaJIH.
(60-11 + doy, + 00y + X = @
X oy oz R &
) 8621+80'22 +8023+ = 5_2\/
ox oy ot (1.3.25)
00, N 00, N 004, v o°w
lox ey oz T at?
(1.3.2) - myHOCabaT y4 YIUOBIH X0JIaT/aa KyHuaaru KYpHHUAIITHY OJIa]TH.
oy =(A+2u)e, + ey +e33) — o (3/1 + 2/1) (T-T,)
Oy =(A+2u)ey + Ale, +&5) —ar (31 + 2/1) (T-T,)
Oy =(A+21)e5 + ey +6p) — 0 (31 + ZIU) (T-T,)
Oy, = 2E;, (1.3.26)
013 = 2H&;;

O,y = 285,

(1.3.4) - myHOca0ar yu Ya4oBIM XoJaTaa KyHHIard KYPUHHUIIHUA OJIAJIH.

oo Ll@u ouy_au
B 2Yox ox”] ox
o Ly vy
“ 20y oy oy
1 0w Ow, ow
Eqg = + )=
2 02 Oz oz
1.6u ov
51225 _+5_)
oy  OX (1.3.27)
B2%6z  ox
* 2%z oy

18



(1.3.3) - McCUKIMK YTKa3yBUAHJIMK TCHIJIAMACH XaM yd YIIUOBIIM XOJIa

KyWUUJIarTy KYPUHUILIHU OJIa]IH.
0T o°T o7 oT

NP, ) -C
o’ oy &

= Ta (3/1+2y)(a;11 0 | Ofsy g

A
a o (1.3.28)

&

(1.3.27) uu (1.3.26) ra kYO KylHaard TCHITIMKIAPHA XOCHI KUTaMH3:
ou oV oW
=(A+2u)—+A(—+—)— (34 +2u)(T —T,
oy =( ) ox (8y 82) T( ,U)( o)
ov ou ow
0,y =(A+ 2y)5+2(&+5) —o; (BA+2u) (T -T,)
Oy =(A+ 2;1)%+/1(6—u+@) - (3/1+2,u)(T -T,)
o  ox oy (1.3.29)

0 = (4 2
12 /Uay ox

2= M T T ox

ow
8y)

Xocun Oynran  (1.4.29)-tenrnamanu  rokopuaard  (1.3.25)-xapakat

oV
Oy = ﬂ(a +

TEHTJIAMACHUTa KYSIMU3:

2 oV 0w oT 0°u 0%

o°u

A+2 +A + —o; (34+2 + + +
G2 7 G S e % “) o & oy

2 2 2
+(8_l21+8 W)+Xl:,oa—l2J

01" OXoz ot (1.3.30)

2 2 2 2 2

u(a - +a—\2/)+(/1+2,u)a—\2/)+/1(a u,9 W)—ozT (3/1+2u)g+

X0y O oyt oxdy  oyar oy

ov o*w, ,0°u O°w 0%V
:u(az-l_ @)+(82+88)+xz:pﬁ

. oyor art oXor (1.3.31)
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0% oV 0w 2W ou 0%

N (142 _
”(axaz ) ”(aya o) T AT 0 2 oa e
oT R

o (3a+20) i x, = p 0 W

((3Ar2u) T XK=y (1.3.32)
T 0T 0Ty 0 T ta (3a+2u) (2

o oyt et T N oxat

2 2
+6v+aw)zo

oyot ozt (1.3.33)

(1.3.30)-(1.3.31)-(1.3.32) Ba (1.3.33) Tenrnamanap mMoc pasuiia (1.3.5) —

oomanruy mapt Ba (1.3.6) — yerapaBuii maptiap OWJIaH COHJIM €UUTIAIN.

by epaa, A, p—Jlame Kod(pdunreHTIapu, Ao — UCCUKITHK
YTKa3yBUaHIUK KOIPGUIMEHTH, O —HUCCUKIUK KEHTauim Kod(PQPUIIUEHTH,

C, — ¥3rapmac TemmepaTypajaru MCCHKINK CHFUMH, | — TeMmmepaTypa, O —
KUCM 3UUJIUTH.

AHHU30TPOII KUCMJIAP YYYH TEPMONIACTUKINKHUHI OOFJIMK JUHAMHUK
YyerapaBuii MacaJJaCHHU Kapad YuKamMm3.

By Tenrmamamnap Oup Ya4oBnM XoJaTAa Kyduparuda Oymamau.YHUHT

XapakKaT TCHIrj1aMacH:

oij,j + Xi = Aj (1.3.34)
Hioramen-Heiiman myHocabatu
oy =Ciuén — b (T-T, ) (1.3.35)
Ba YMYMI/II>’I X0J ga UCCUKJINK yTKaBYBLIaHHI/IK TEHIJ1IaMaCHu
ﬂ’le,ij _CgT —T- ij éij =0 (1.3.36)

Oy epna, Cg -IIOMMHUH TemIlepaTypasa WCCHKINK CHFUMH, A3, “MCCHKIIUK

KEHI Al TeH30pH, A4 -MCCHKIMK KyroMu Ter3opu Ba Ko MyHocabaru

1
€ij :E(Ui,j +Uj,i) (1.3.37)
20



Kyiuaaru OOonuIaHFUY IapTiap

“i|t=to =i, Ui, iy Vi, Tl =To (1.3.38)
Ba YerapaBHii maptiaapaaH Hoopar
uj| —u? T| 0'--n-‘ g0
ily, =4, g 7o, iNjly, =i (1.3.39)

(1.3.34)-(1.3.36) Tenriamanap Oup YIUOBIM XOJIa KyWHJard KYpUHHUIITHU

onanu: Kommm myHocabatu

€11 = au 1.3.40
11 ax ( s )
Hioramens-Heitman myHocabatu
o1 =Cunén—Lu(l —T,) (1.3.41)
Xapakar TeHIJIaMacH
0oy, o°u
Cu X, =2
X 1 ot (1.3.42)
(1.3.40) uu (1.3.41) ra xyiub Kyinaarura sra 0yiaaMus:
Op = 1111 =B (T —T,) (1.3.43)
Xocun Oynran wudomanu (1.3.9) - xapakaT TeHrjiamacura Kyuno

Kyuunuiapaa udoagaHrad KyMuaara xapakaT TeHrjgamacura ara oyiamus,
o°u o°u
Cin ox ——Pu ax o2 (1.3.44)
Ba OMp YITYOBIIH X0JI1a HCCUKJIMK YTKa3yBUaHIMK TeHrmamacura (1.3.40) -

udoaanm Kyinb Kyumarura sra 0yaamus.

o°T oT o%u
-C, ——
S ox? ot T A oot

(1.3.44) Ba (1.3.45) — Tenriaamanap MOC paBuliia OOIUTAHFUY IIAPTIIAP

2
(1.3.45)

ou

u(x,t),_, = = =V, T(xt)_o =To (1.3.46)
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BA YerapaBuii mwapTiap
u(x,t),_, =uo; u(xt) _, =0, (1.3.47)
Tt o, =Tat): Txt),_, =Ta(t)

By epma, 4,,C,, B, Ao —anuk xarramukmap, { — cTepKeH y3yHIHTH,

@, ¥, To, T1, T —Gepunran kaTranukiap: OMIaH CORJIM €UMIAIN.

(1.3.34) — TeHrIaMaHWHT UKKH YIIYOBJIM XOJIIard KYpUHUIIK KyduaarnJa:

OX oy ! ot?
<
00y , 005 v _ o*v (1.3.48)
2 10 2
| OX oy ot

(1.3.36) — TeHrTaMaHUHT UKKH YTYOBJIMA TPAHCBEPCAT U30TPOIT KUCMIIap

Y4YH UCCHUKJIMK TAapKaJIWII TCHIJIaMacCH.

oT o°u 0°
ot _T(ﬁn% + 1322

o°T o°T v
GTieveaa? Y -C, ayat) =0 (1349

(1.3.35) — TeHIIMK MKKH YITYOBIIM X0Jia Kyiuaarnya Oyaau:

O11 = C1111<911 + C2222<922 - ﬁll(T _To)

0, =Coonen +Co&yy — Bon (T —Ty) (1.3.50)

0y, =2C 1,58,

(1.3.36) — TCHIJIMK UKKH YJTYOBJIM X0J1/1a Kyiuaaruda Oyaam:

jooL@u o @
Hootox ox” ox

1,0v ov, ov
Ep=-(—+)=—

2wy & (1.3.51)

1,0u ov
€12 = 5 (5 + &)
Hedbopmanmsmap yuyn (1.3.51) nga xkeaTupwiran MyHocabaTIapHU

(1.3.50) ra xysmus.
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ou

o, =Chn & + C1122 oy — B (M —=T,)
oV
02 =Cou a + C2222 — (T —Ty) (1.3.52)

ou
01, =Clo (ay (3X)

AHUKJIaHTaHJIAPHU XapakaT TEHIVIAMACHUTa KyWCaK KyHMuJaru KypUHUILTa

KeIau:
LY o°u o°u o°u
Ciins y +Cin @ +Co (y 8y) ﬂu Xi=p F
R o°u R o%v  (1.3.53)
Cr y +Cou % +Co (y 8y) ﬂzz 8}/ X,=p 5?
o°T o°T ol
ﬂny"‘ﬂ“ﬂﬁ_ e E O(ﬂll 1822 ayat ) (1.3.54)
(1.3.53) Ba (1.3.54) TeHriiamManap MOC paBHIIIa OOIUIAHFIY
ou
u(x,y.t)_, =, FIe (1.3.55)
ov
V(X1 y’tXt:O =P 5 —Ve, T(X’ y’ttho =Ty
t=0
BA YETapaBUI LIAPTIIAP
u(x, y,t]xzO =u,. u(x, y,t)|X:€1 =a,. u(x, y,t){y=0 =Uj.
UG y,t),_, =0; vyt =Vo; VO Yt =%; (1.3.56)

v(x, y,t]y:0 =v).v(X, y,t}y:(2 =V; T(xyt) , =T,0);

TOot),., =Tal0) TOw] o =T 0,76t =T0)
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by epma, A,,C,, B, A, —aHUK Kartaqmkiap, £ — cTep)KeH Y3yHIIUTH,

o —KHCM  3UWINrH, | —Temmeparypa, », v, To, T1,To —Gepunran
KATTAIUKIAP, OUIaH COHJIM CUMIIA .

(1.3.34) — xapakaT TeHJaMaCHHHM Y4 YI4OBIM XOJIaT Y4yH Kyiuaaruda

€3aMus:
( 2
8011+6012+8013+X :p8 u
X oy oz T ot
2
) a0'21_|_ao'22 +8O'23+x =,Oﬂ
X oy oz S &
004, N 0o, N 00, P X = p O°W (1.3.57)
lox oy oz 7T at?
(1.3.37) - myHOCa0aT y4 YI4OBIM X0JaT/aa KyHUIard KYPUHUIIHU OJIAIH.
;. _lou ou
to2%ox oxT o ox |
1, 0ov ov, ov
Ep=5(—+)=—
20y oy oy
1 0w ow, ow
€=, +—)=
2 00 o1° oL, (1.3.58)
1 0u ov
Ep =7 _+_)
2 0y OoX
o Ll ow
¥o2%az ox
1, ov ow
En=7(-+2)
20 oy

(1.3.35) - myHOCa0at y4 YII40BJIH X0JIAT/a KyHUIard KYPUHUIIIHU OJAJIH.

01, =Cp&n +Cln€pp +Cigaas — B (T =T) ’

0y = Cp&y +Cop&ypy +Coopass — B (T =T) ’
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033 = Caaniéis + Cagnr&2p +Cigaaias — L (T —Tp) , (1.3.59)
O = C1212512’

O13 = “1313%13

O = Coaéig _

(1.3.36) — myHocabar TpaHcBepcasl H30TPOI KUCMJIAp YUYH Y4 YIUOBIH

X0J1a KyﬁI/II[arI/I KS'lpI/IHI/IH_IHI/I OJIaJI!.

6T os,, O& oe
ﬂn 222 133 C, ~T( Y2 PPsy g
ot a o o (1.3.60)
(1.3.58) - Tenrnamanu (1.3.59)- TEHTJIamMara Kyiuuo Kyhugarnda €3amMus:
ou ov
oy, =Chp & +Cpp — oy + C1133 =B (T =T )
ou ov
Oy = C2211 & + C2222 5 +C 2233 A :822 (T —T, )
ou ov
O3 = C3311 & + C3322 a +C 3333 AL ﬁss (T =T )
(1.3.61)
1l ou ov
01, =Cpp = 5 (5 8X)
1 ou
O13 = L1313 E (8_ o )
1 0ov ow
O =Coas = 5 (8_ 6y)

Xocwui 0yaran (1.3.61) — mynocabatau (1.3.57) — xapakaT TeHIJIaMacura

KYHHO Kyruaaru TeHIJIMKIapHU XOCUIT KHJIaMU3:
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-

0 0
—Cppép + & (Cansén +Crigpén +Craggns = By (T —Ty)) +

0 0°u
t pe Ciaéis + X4 PE

0 0
8_ Canpéry +—(Copniény +Copppény + Copagins = B (T —Tp)) +
X
0 o°v
+§C2323‘923 +X, = p?
0 0 (1.3.64)

& Claéis + a (Coauis + Cgnobp T Cogaaiys — B (T —To)) +

o°w
ot

0
"'&Czszsgzs + X3 =

(1.3.60) - Tenrnamanw (1.3.58)- HCCUKINK YTKa3yBYAHINK TCHIJIaMacHra

KyﬁH6 Kyﬁnﬂarﬂqa I/I(boz[aﬂaﬁMHB:

2 2 2
gaT_To(au N oV +8W):0
ot oxot oyot ozot (1.3.65)

ﬂql ﬂzz %3

(1.3.64) - xapakat Tenrnamanapu Ba (1.3.65) — HCCHKIHMK YTKa3yBYaHIINK
Tenrnamanapu oupramukia (1.3.38) — (1.3.39) — Gonutanruy Ba yerapaBuii

mrapTiaap ouiad connu eunnau [7,8,9].
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1.4. TpancBepcaa U30TPOM KUCMJIAP YYYH UKKH YI40BJIH TEPMOIJIACTHK
0OF/IMK MAaCAJIAHMHI KYHMJINIIN

Cyurru  maitnapaa unuiad  YUKAPUIIHUHT  TypJid — coXajlapuaaru
MyaMMOJIAPHUHT Tai10 OYJIUIlM OWJlaH TEPMOSJIACTUKIIMK Ha3apusicu TaOUMii
paBUIl]a pUBOKIAHUO OopMmokaa. busra MabiIyMKH >KHMCMIa Xed KaHjad Kyd
TabCUP KUJIMaca y Y3UMHUHT XOJATUHU Y3rapTupMaiau.Arapja >kkucmra Oupop-
OMp Ky4 TabCUp €TCa, Yy Y3UHUHT XOJATUHU Y3rapTUPUIIA MYMKHUH S'BHU
CUKUJIMIIM, YY3WIWIIM, CWDKUIIA €K Oypanumu MyMKUH. JKHUCMHUHT
nedopmalMsIaHUIl  Kapa€HU — YHIArM — TEMIIEpAaTypaHUHI  y3rapuIlura
OoFrmuKIup. YMyMHil xosiia Temmeparypa aedopmanusara Ba jaedopmaius
TEMIEPATYPAHUHT Y3rapuIlnUra TabCUp KWIUIIN MyMKUH. ByHaii sxapa€HnapHu
TEPMOJIACTUKIIMK Ha3apHUsICU ypraHaau.

YMyMuil Xonaa TEpMOSJAacTUK JMHAMUK 4YerapaBHil macanaja XapakaT
TEHIJIaMacH, TEPMODJACTUKIMKHM  aHUKIOBYM  MyHocabarmap, Komm
MyHOca0aTH, HWCCHUKJIMK VYTKa3yBUAaHJIMK TEHIJIaMacd Ba MOC paBHUIIAA
OOLUTAaHFUY Ba derapaBuUi MmapmiapiaH uobopar Oymamu. Ocmatud yramus,
Kyuuiuiapaa €3uWiral  Xapakar TEHIVIAMacd Ba MCCUKIHMK YTKA3yBYAHIIMK
TEHTJIaMacH y3apo Oup-Ooupu OusaH OOFIIMKAND, IHHU TEMIIEpaTypa KOOpAruHaTa
Ba BakTra OornuK (yHKIMs cudaTuaa xapakaT TEHrjamacuia, KYyduluiap 3ca
MCCUKJIMK YTKa3yBYAHJIMK TEHIJIaMacua KaTHaIIaau.

Arap XUCMHHMHI XapakaTura TabCHUp KWIYBUM TAalllKW OMUJIIAP BakKT
Oyiinua ’XyJla CEeKMH y3rapca, y XOJja XapakaT TeHIJIaMacujard WHEpIHUOH
ab30JIapHU ATHOOpra onmaca Xxam OVyiaad Ba Macajla KBa3UCTATUK Macaia
cudaruaa kapanaam [6].

TpancBepcan U30TPOII KUcMmiap Y4YH UKKHU YI40BIH
TEPMODJIACTUKIMKHUHT OOFJIMK JIMHAMHUK 4YerapaBuid MacajacuHu Kapao
YUKAMU3:

MacajjaHuHIr KYWWIMIOA YMYMHH Xo0J1a Kydugaru4da Oyaagm: y

XapakaT TCHIJIaMaCHu
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ojj, j + Xi = Al (1.4.1)
AHU30TPOII KUCcMIIap yuyH Jroramens-Heliman MmyHoca0baTu
o =Céi — by (T _To)é}j
Ba YMYMI/Iﬁ X0J1d1a HCCUKJIINK S'ITKa?)YBanHHK TCHI'JIaMaCH

ﬂ"le,ij _CgT -T ﬂu 'éij =0 (1.4.3)

(1.4.2)

Oy epna C,9 -JIONMUN TEeMIEpaTypaga HUCCUKIUK CHFUMU, ,Bij - HCCHUKIIUK

KCHIaluIIu TCH30PH, /’{‘ij -UCCHUKJIUK KYIOMH TCH30PH.

Komm myHnocabatu

1
&ij = E(Ui,j +Uj,i) (1.4.4)

Kyhnaara OOIuIaHFuY
ui|t:t0 =, Ui |t:t0 = Vi, T|t:t0 =To (1.4.5)

Ba YerapaBuii mapTtiapaad uoop

0
Ty, =To, Gij”j\ZZ—Si (1.4.6)

(1.4.4) - Tenrnuknau (1.4.2) — MyHOcabaTrara Kyhcak Ba XOCHJ OYIraH
udonanapuu (1.4.1) - TeHrMKrara Kyicak, Kyuunuiapja udoaiaHran xapaxkaT
TeHTJIaManapura sra Oymamus. Ymymui xonna (1.4.1)-(1.4.6) mynocabatiap

VKKH YIITYOBJIM XOJIJ1a KyUuJaru KypUHUILHA OJIAJIN:

02U 02U o

Clllly +(Cppppt+ 1212) Cioor Y 1311 p? (1.4.7)
o’V o’v
Clzlzy +(Cppt 2211) Corro— 8}/ 1822 6’y = p? (1.4.8)
o°T o°T 6 o°u
ﬂn? 22?‘ —T(Bu—= oot + o %) 0 (1.4.9)

MOC paBHIIOA OoNIIaHFUY
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ou

u(x,y.t)_, =@, | T (1.4.10)

t=0

=y, T(xyt)_, =T,

t=0

oV
V(X, y’t]tzo = ¢2, a
BA YerapaBMii MapTiap
u(x, y,t)(Z =u,: V(X y,t){Z =V, T(x, y,t)(Z =To(t)  (1.4.11)
By epma Ciq» C., By, Aj» P —anuk xarramuknap, ), -KkapanaéTran coxa

gerapacu, @, ¥, Ty, T ,Uy,V, — Gepunran kaTTanukiap éku QyHKIUsIAp.

(1.4.7) - (1.4.9) macana yeknM aiiMpMalnd ycyJuiap OWJIaH COHJIM CYHJIaIn

8,12,20].
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1-606 6yiinya XyJsioca

Juccepranusi MIIMHUHT OupuHYM OoOMIa TEPMORJIACTUK MacajJaHUHT
KYUWINION ~ KenTupuiaav. bupuHum maparpagga aHHU30TpON  JKUCMIIap
TEPMOATACTUKIMTMHUHT aCOCUM MyHOca0aTiIapy XaKkuaa KUCKada TyLIyH4yanap
Ooepunran. boOHWHT wWKkWHYM mmaparpaduma OOFnmWK Ba OOFIMK OYimaraH
TEPMOAJIACTUK Macajanap KenTupuiarad. BoOHMHr yumHuu naparpaduna
U3aTpoOll Ba AaHM3OTPOIN JKUCMJIAp YYyH OOFIMK OYiran MacanaJapHUHT
KYUWIUIIM XaKuaa TyXTanu0 yruwirad. TypTuHun naparpadgaa yMymui xoiga
TpaHCBEpCaAJI U30TPOI )KUCMJIAP YUYH UKKH YITUOBIIM TEPMOIIACTUK MACAIAHUHT

KYWWINIIHA KypCATUIITaH.
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11-60b. TEPMOJ3JIACTUK BOTJIMK MACAJIAJTAPHU EYULIT A
YEKJIA AMMPMAJIA CXEMAJIAPHUHT TAJIBUKH

2.1. Omkop Ba olIKOpMAcC aiMpMaJIu cxemaJjap.

TaaKMKOT MIIMMU3HHUHT 0y 600H1a TEPMOITACTUK KUCMIIAP YUYH
OOFJIMK MacalaJlapHU €UMINTa YSKIN alpMalii CXeMalaHu TaJONK KUIJIUII
MacaJlajlapy KapaJiaJu.

YMmymuit xonna auddepeHiyan MacallaHUHT acOCUU TEHIJIAaMAacUHU Ba
KYIIMMYa [MapTJIAPUHU aNNpOKCUMALMS KWIyBYM aWHUpMalid TEHIJ1amasap
CUCTEMACH aWupMaIM  CXEMaJlap  Jevunagd. AWUpMad  CXEMaHUHT
anmpoKCUMAalusl XaTOJIUTH, TYPFYHJINTH,IKWHIIAIINIINA Ba aHUKJIUTH allpMan
cxemaJiap Ha3apUsICHHUHT aCOCUM TyIIyHYaIapuaup.

AWMpMany cxXxemalap HAa3apUsACHHUHI AaCOCHM MacajlaCh alMpMalld
CXEMaHWHI AHHUKJIWIY YHUHI AaNpOKCHMALMs XaTOJUIH, SKUHJAIIMWIIA Ba
TYpFYHJIUTUHU YpraHuira oiu0 Kejajau.

OyHKUMSUIApHU  allMpMaid cXxemajapra KeNTUpUO YIapHUHT COHJIH
€UMMJIAPMHU TOMMII YYYH OIIKOp Ba OILIKOpMAac alupMald cxemajaplaH
doinananamMus.

YMymuit Xos1a OIIKop Ba OIIKOpMAc allpMali CXeMaJIapHUHT Oup

YJIYOBIIX )KUCM YUyH KYPUHHUILIN KyWHaaruda:

i.k+1 i-1Lk+1 i.k+1 i+1Lk+1
1) 2)
i-Lk ik  i+1lk ik
2.1.1-pacm. Oup YITYOBIIM KUCM yUyH allupMalii cxemasap

k+1

T
yit =Yy +F(Yik—1 —2y —¥i) (2.1.1)

k k+1 k+1 k+1)

a T
=y +F(2yi —Yia —Yia (2.1.2)
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(2.1.1) Ba (2.1.2) myHOCabaTiap yMyMH X0JIJIa OIIKOP Ba OIIKOPMAc
alpMali CXeMayiap JIeUuIaau.
AlrpMany cxeMaHu Oup YITYOBJIM TYFPU CTEPKUH YUYH KyHugarnda

TaI[6I/IK KHJIMIINMN3 MYMKHH.

t i t
AT TN Sl
/ \ 7 N\ / N
y A A | h |
N 7 N 7 S 7
= ‘
' T - ' 13 - ‘ W -
a ] iy & b x a il "

ZERS A

\1_
K TR
. ssssuw

+ -
. > — & » >
a b x 4 b x

2.1.2-pacum. TypraaHrad coxa

2.1.2-pacmpaaru Typaanrad coxamap (2.1.1) Ba (2.1.2) myHocabatiap

acocuaa XOCHJI KUJIMHI'aH.

Omkop Ba OIIKOpMAac aMpMaliy CXeMaJapHUHT HKKH YITHOBIIH KUCM
YYYH KYpHUHUIIM KyHuaaruya:

ijk+1 i-1,j,k+1 i,jk+1

RN 1,k

1)

i,j-1,k i+1,j,k ik

2.1.3-pacM UKKH YITYOBIIM KUCM yUyH allupMmaiu cxemasiap
2.1.3-pacMpaaru cxemasap acocujia UKKH YIIHOBIIM KBaJpaT IJIaTUHA YUyH

Kyhuaaruya TagqouK KAIUITUMA3 MyMKHH.
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P

VJI.
A
| / >
A hf) A
TIAL
ol 2 I/ 1
o
T ! 1, & r:/l,.
by - % U by - o
¥
A A
y A
¥
y, .
y 1
I AL IA\IBI/Y
.Il/ I’)‘ .l'/ /r A
YL~ y /
I o
A /I’ [ P &
h; - b »

by Iru hy ®x U

2.1.4-pacu. Miz® ¥190BnH T pIaETaH coXa

2.1.4-pacmaaru KK YIIHOBIM KBajpaT miiactuHanudr (2.1.1) Ba (2.1.2)
MyHOcabatiap acocuaa TYpIu coXa XOCUJ KUJIMHTaH.

1-cxemanman KypuHuO Typubauku, K +1 xaTiammard eunM K Karaamuparu
eunMIIap OpPKaJd aHWK, omKop makiaa udomananaau. [lynunr yuyn OyHmaii
cxemMayapra owxop cxemanap Jgedwnaau. OmKop cxemanapia OJIIWHTH
KaTjiaMJiary XaTOJUKIIAp WAFUHINCH KEHUHTH KaTjaMra YTraHjiurd y4yH, Oup
HEYa KaTjamJaH CYHT XaTOJMUKJIap MakMyacH XOcwJ Oyiaau Ba KyTHJITaH
HaTHWXKa 4yukKMacaurd MyMkuH. lllyHuHr y4uyH amanga omkop cxemaliapaad
KaMpoK (poiigananran MabKyl.

2-cxemaza 3ca Xxap Oup KaTJIaMHUHI yuyTa HYKTaJardk HOMablyM
eUMMIIApH, Y3WJAH OJITUHTH SBHU Xap OUp KeWMHTH KaTiamaard e4uMIIapHH
OJITMHTH KaTyiamjaru 1 Ta equM opkayiu udofaiaHaay, SbHU Xap OUp KEHUHTH
KaTjamJard eYMMJIapHU OJIAMHTH KaTjJamJard ednMiap OpKaiu OeBocuTa
Oupaanura omkop xonna udomanad 6ynmaiinu. bynnait cxemanapra owkopmac
cxemanap pAevmmaan. OmkopMac cxemaga Xap Oup KaTjiamJard XucoOain

XaToNMKIapu Oomka Karinamra y3atwimaiau. UlyHusnr yuyH, OyHpai
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cxemayiapaa Xocwi OynraH xwucoOmam dopMmynaiapu OWpMyHYa Mypakkad

Oyca xam, JISKWH XaToJIMK Kam OYyramu [16].

2.2. TpancBepcaJ M30TPOI KUCMJIAP YYYH UKKH YJI4YOBJIH TEPMOIJIACTHK

MacaJjiara Olkop Ba omkopmac aﬁanaJm CXEeMaJIapHMHI Taﬂﬁl/ll{lfl

1.4 — maparpadga kentupuiran TpaHcBepcal H30TPOI >KUCMIIAp Y4YyH
UKKM YIYOBIM TEPMOIACTUK Macajlara OLIKOp Ba OIIKOpMac alupmaiu

CXeMaJlapHH TaI(6I/IK KHNJIUIITHHA Kapa6 YUKaMU3.

o o 82u o
C1111 y + C1122 % + C1212 ( Oyz Gy) :811 =p ?

oV 82u 2v oV (2.2.1)
Con +Cp—— =

y 8x8y 1212(a 2 ox 8y) ﬁzz 8y ?

211 /7-22 a (1811 ou :822—) 0 (2.2.2)

MOC paBuIllJia OONLIAHFUY

U(X’ y’ttho =P, V(X’ y’t}t=o =®s,

-, M
ot t=0 n ot t=0 v T(X’ y’ttho :TO (2.2.3)

BA YETapaBUI IAPTIIAP
U(X’ y’t)(z = Uy V(X’ y’tXZ = Vo T(X’ y’t)‘z :-ro(t) (2.2.4)

By cpaa, Cijkl ’ Cg; IBij ’ ﬂf.j y O — QHHUK KaTTaJIHuKJIap, Z —KapanaéTraH

coxa uerapacu, @, ¥, Ty, T ,Uy,V, — Gepunran KaTTanukiaap 8ku QyHKIMSIAP.

Yexsn alMpMaIM TeHIVIAMAJIApPra KeJTupuul: bu3HuUHT acocuit
MaKCaIuMHU3 MacajlaHd COHJIM €UHIIl aITOPUTMUHU KypulaaH nbopar. byHHHT
yayH Ou3 [OKOpHAa XOCWJ KWJIMHTaH Xycycwil xocunamu auddepeHiman

TCHIJIaMaJ1apHH aﬁHpMaHH TCHIJIaMaJIap Oouan AJIMallITUPpaAMU3.
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2 n n n
o’u Ui, —2u;; +U,

U

aXZ I,I-LZ
o°v - Vir?j+l - 2Virjj +Virjj—1
2 = 2
oy h;
2 n n n n
oV N Uist jor Uiy jn Ui ja T Uisg
OXoy 4hh,

(2.2.5)

2 n N
o°u N Viju ~ Vi — VH—lj ] +V| 1§41

~

oxoy 4hh,

oT lelj _Tijl,j

OX 2h,
oT T| nj -1 Ti n j—1
&  2h,
Wkkn ya4oBnum xoida X Ba Y y3rapyBuwiiap Oyiinua coxaHu KyHujaaruda
aHUKJIalMM3:
0<x<Il, , O0<y<l|, wuxkura napawien TYrpH 4YH3MKIAD OMJIACHHH

Kypamms, X; = ih, (i=0,n) Yi= jh, (j=0,n) ga (2.2.1) Ba (2.2.3)
TeHrJIamMaaaru xocuaanapuu (2.2.5) kyiuaaru aiinpmainap OuiaH aJMamTHPCAK:

Kylingaru aiipManu TeHriamara ara 0ynaMus:

c quJ 2u. +uI EVIN
1111 h12
n n n n
C C Visjar ~Vicyjer 7 Visnj T Vi ja
RATPY R PIY: +
4hh, (2.2.6)
n n n+1
T Ul — 207, +u"l—,6’ T~ T —2u +u;
1212 > 11 —:0 2
h, 2h, T
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n n
Vi 2V +V

C2222 +
2
h;
n n n n
(C C 1)Ui+1,j+1 _ui—l,j+l _ui+1,j—1 +ui—1,j—l
1212 T Loo1 ahh +
h1 ) (2.2.7)
n n+l
C I+lj 2V +V TI j-1 Ti,j—l _ I,J 2V +V
T+l 2 — B =p 2
h, 2h, T
n n n n n
TIJrlJ 2Ti’j +Ti_1’j TI i1 2T —|-T
1 hl2 + 2 h2 o
n+1 n n+1 n+l n-1
C ij _T I+lj — U -1,j _uH—lj +ui—1,j
Ve (ﬂll +
T dht (2.2.8)
n+l n+l n-1 n-1
Vijaa = Vi = Vija Vi, 0
+1322 ) =

4h,t

By anmamrrupuniapaan CyHr OonuiaHFUY mapTiap Kyiuaarudya Oynany,

ui,j,O(X’ y’tXt:o =@, Vi,j,O(X’ y’t1t=o =@y,

1 0

T

i,j i, ]

=y,

t=0

=y, T.%(x, y,t){t:0 =Ty (229

t=0

BA YETApaABUI LIAPTIIAP
Uy, ths =uo; V(X Y.ty =Vo; T(x,y.thy =Tolt) (22.10)

myHaan kypunuiaa oynaau.fOxopunaru (2.2.6)-(2.2.7) Ba (2.2.8) Tennamanap
(2.2.9) —6ormnanruy Ba (2.2.10)-yerapaBuii mapTiap OUIaH COHIN CUMIIAIM.
YMyMul X052 OIIKOPMAC CXEMaHUHT KYyPUHUIIN:

1 1 1
o%u N Uiy — 20 Ul

o h?

n+1 n+1

2 n—+1
o°v _ Vi, _2Vi,j + Vi
2 = 2
OX hS

(2.2.11)
azT -I-n+1 _ -I-n+1 Tn+1

i+1, ] i—-1,j

aX 2 hlZ
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(2.2.6)-(2.2.7) Ba (2.2.8) - wmacanamapra (2.2.11) pmarm omkopmac
CXEMAJIAPHU KYyJUlacaK, KyMHUJIaru KYypUHUILTa KeJIaau Ba KyWUJaru auupmaiu

TEHIJIamara sra Oyiamus:

u_n+1 _ 2un+l + ulnwzlj

i+1,
C1111 hlz +
V'nl' 1_V'n1' 1_V'n1' 1+V'n1' 1
+(C1122+C1212) = = e ==
4hh, (2.2.12)
n n n 1
u| j+1 _Zu +u i+1, ] _Ti—LJ' _ '~J+ 2u +u
C1212 h2 __ﬂll 2h1 =p 2
T
2
n n n
c Vit 2vi7j +Vii,
2222 h2 +
2
n n n n
C C ui+1,j+1_uifl,j+1_ui+1,jfl+uifl,jfl
+ 1212+ 221 4hlh + (2 2 13)
2 . .
n+1 n+l n+l n n n+1
V|+1,J _2V +V| 1] Tl,J—l_T|,J—1 . |,J 2V +V
+ C1212 hlz 1822 2h - p T2
2
n+1 n+1 n+l1 n n
T — 2T + T ) T =20+ T _
n+l n n+1 n+1 n-1
e ij T(ﬂ I+lj — U lj_ul+lj ui—l,j n
& 11
T Ahr (2.2.14)
n+1 n+1 n-1 n-1
ny Vi — Vi~ Vijn +Vi,j—l) _0
22 -
4h,t

Kentupuiran omkopmac cxemanap y4yH Xam OOILIIaHFUY Ba 4YerapaBuid
mapmiap oxopuaaruaek Oymaau. Omkopmac aiiupmanu cxemanap €pramuia
XOCWJI OYyJIraH TEHTJIaMaJlapHM Xaiaam (TMporoHkKa) ycyiau €paaMuaa uiiaca

oymamu [8,11].
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2.3. TpancBepcaJ M30TPOI KUCMJIAP YYYH HKKH YJI4YOBJIH TEPMO3JIACTHK

MacaJlaH! YCKJIH aﬁanaJIap ycyJimn OMJIAH COHJIM €YMII

Kyitmpa TpancBepcasm  HM30TpOn  KUCMIIAP YYYH  TE€PMOIIIACTHK
MacajJaHUHT JIMHAMHUK OOFIMKIUTMHUHI MaT€MaTUK MOJENTU Ba Oy MOJEITHH
COHJIM €UHIN Kapajaau. TpaHcBepca U30TPOIl JKUCMIIAP YIyH OOFIUK JUHAMUK

MaCaJIJaHHHT UKKH S’IJ'I‘-IOBJII/I X0JIaa Xapakat TCHIJIaMaJIapr KYﬁHHaFanZ

Gl azv Gl Gl
C1111y+(C1122+C1212) 8X8y 12128y ﬁll ? (2.3.1)
82v o 8 v
Cov 8X Coont 2211) zzzzay ﬂzz ay = 8’[2 (2.3.2)
TpaHCBepcaJI U30TPOIT )KUCMJIAP YIYH HCCUKIUK TAPKATHIIH TEHTJIaMacH:
a 2
211 222 8y T(,Bn 1822 oyat ) (2.3.3)
Oy TeHrIama ydyH OONUIaHFHY IIApTiIap KyWnaarnda
ouj
U(Xv y1txt:0 =¢, E =Y, (2.3.4)
t=0
ov
V(X’ y’ttho =0, | Y, T(X’ y’ttho =T,
ot
BA YETapaBUi LIAPTIIAP
U(X, y’t)x=o =Uo; u(x, y’t)|x:€1 =Up; U(X, y’thzo - u(’);
u(x, y,t]yzf2 =0; VY], =Vy; v yt), =V; (2.3.5)

V(X1 yvt)yzo = V(l) ;V(X’ y’dy:(ﬂz 0 (X’ y’tXx=o :Tl(t);

Tuyt), =Tot): T8, =T, 0,76t =Ti)

by epna: 0j- Kywiap TEH30pH, X, -XaKMUU Kydjap, Cijk| - KUCMHU
XapaKTepJIoBdM mnapamerpiapH, £ij- aedopmarusnap TensopH, fJj- Xaxwmuii

MICCHKITUK KeHTaiumm koshduimentn, O; - Kponekep cuMBony,
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1, i=]
OyHza; 5i,-={0 ; ijj

C,- omouwMuii TemmepaTypaga HCCHKJIMK CHFUMH, ﬂij - HUCCHKIIMK

KEHTalUILIU TEH30PH, /1” - UCCUKJIMK KytoMH TeH30pH Ba Ko myHocabaru, T -
TeMmIieparypa, O - KUCM 3UUIUTH,
t>0, 0<x<l, 0<y<l, ma 3rta: x=ih,(i=0,k),y=jh, (j=0,k),t=nz (n=012,..)

npaies TYFpU 4YM3MKIap owiaacuHu KypuO (2.3.1) - (2.3.3) tenrimamanapHu

TypJM MyHOcabaTJIap/a yJIapHUHT XOCHIaJlapura aIMaliTHpaMus3.

Uy — 207 + Uy
Cllll = h12 - +
vV = v
+ (Cllzz + C1212) i+1,j+1 |—1,j+41hlh i+1, j-1 i-1,j-1 + (2 3 6)
, 3.
Ui — 20 +u Th - T ultt =20 +u;
+Cip hz = ——f oh, =P Tz
2
Vit 2V + V)
C2222 2 +
h2
u'. . o—=u', .. —u. U,
+ (C1212+ C2211) aes Il'l:mh SETS ) + (2 3 7)
, 3.
Vi =29+ v ~-T"_ Vit =2v v
+Ciy1y s h12 — B, IJ - 2h, — =p hy T2
T,LJ 2Tif'j +T£1,j T i1 2Tn +Tn
211 hlz + 2‘22 hz -
2
e T =T _T.(8 Ul = Ul U U N
¢ T H 4dhr (2.3.8)
VianrJlrl _Vln]rll VI j+1 +V| i 1
+ ’ =0
ﬂ22 4h2T )
Okopumarn  (2.3.6) - (2.3.7) Ba (2.3.8) - TeHIIamManapuaH

n+l n+1 n+l
Uiy Vi IJ

ij JIJApHHU TOIIaMHU3.
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2 m +u

ij h2
1
Ve =V =V
+ C +C i+1, j+1 i1, j+1 i+, j-1 i-1,j-1 +
( 1122 1212) 4h h (2_3_9)
—2uf; +u], ~T"
1 1 -1, -1
+Cpo, IH hz _1311 T J)"'ZU _uirjj
2 1
2
r +2v +v
Virhﬂ = _(szzz " J+1 hz =
2
u', o, —=u o—=ut, Ul
+ C +C i+1, j+1 i1, j+1 i+1, j-1 i-1,j-1 +
( 1212 2211) 4h h (2_3_10)
=2V, + V) T"
+C1212 I+lj 2 i-1,j ,822 ij-1 i, j 1) + 2V In]rl
h 2h
1 2
n n n n
Tn+1 T T|+1J _2Ti,j +Ti—1,j 1 TI j+l _ZT +T| -1
i __(ﬂll 2 Ay 2
C, h, h,
n+1 n+l n-1 n-1 n+l n+1 n-1 n-1
I+1j —U; i-1,] _ui+1,j +ui—1,j Vi,j+1 Vi, j-1 Vl,j+1 +Vi,j—1 n (2.3.11)
To (B + 5, N+T)
4hr 4h,r

(2.3.9)-(2.3.11) Tenrnamanap t"™* kammamma U(X, Y,t), V(X y,t), T(X Y,t)
(GYHKIUSTApHUHT KAAMATIApUHU TOIMHINTa UMKOH Oepaju, arap OJIIMHTH 2 Ta

KATJIAMHUHT KUMMaTH MabiayMm OVica, 2 Ta OouuiaHFud KatTiamuiapaaru N =0
Ba n=1 OoNUIaHFUY IapTJIapJaH u(x,y,t) a v(xy,t) (hyHKIUSTIApHUHT
KUMMATUHU TONaMM3, T(x,y,t) GYHKIUSHUHT KUMMaTHHA 3ca 1-KaTiampaa

(2.3.11) myHOcabatgaru apanam XOCHIaHH OOIIKa MyHOcadaTra aJiMamTHPHUIII

OpKaJIk TOIIaMM3.

2 —2u +u
T
Uil-Z—(C I+1j I1]+
N 1111 2
P h
0 0 0 0
C C Vi+1,j+1 _Vi—l,j+1 _Vi+1,j—1 +Vi—1,j—1
+( 12 1 1212) Ahh +
hh, (2.3.12)
-2u; +u; TS, -T° .
| j+l i,j-1 i+1, ] -1, ] 0 -1
+Cpo, h2 - P 2 )+2ui,j Ui
) h
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2
1 _T C Ij+l+2v +Vljl
V"__( 2222 hz

P 7

i
0 0 0 0
Uil _ui—l,j+1 _ui+1,j—1 +ui—1,j—1

i+1, j+1
+ (C1212 + C2211 )

_I_

_|_
4hh, (2.3.13)
=2V +v] TS =T
2 ) ZZM)*‘ZV&_V?]
hy 2h, o

I+1J

+C1212

1 _i( TI?—lj 2T +T|011
i 1

i, ¥

/Lz T- j+1_2TO "'TO _T (,B ui1+1,j _uil—l,j _ui_+11,j +ui_—11,j
2 o\~
hy 4hr (2.3.14)

Vi —Viia =V

i, j+1 i,j+1
+h 4hr
2

+

+vt

i,j-1 0
=) +T

=U,, u(x, y,t)xze1 =U,, yerapaBuu

(2.3.12)-tenrnamann  u(X,y,

mapiap  Ownan, (2.3.13)-TeHriiamaHu V(X, y,t]xz0 =Vv,, vx y,t]Hl =V,
gerapaBuii  mapraap  Omman  (2.3.14)-temrmamamm  T(xy,t)  =T(t),
T (x, y,t)‘xz0 =T,(t) uerapaBuii mapTiap OumaH Oupra, Typaap MeToau OuIaH

CUMJIT'aH.

v

< .

2.3.1-pacm
Kentupunran 2.3.1-pacMaa MKKM  YI4OBIM KUCM  XOJaTH  Y4yH

tokopunaru (2.3.12)- (2.3.13) Ba (2.3.14) tenrnamanap acocuaa KypuiraH Typ

coxa Kenrupuirad [25,27].
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II-606 6yiinya xyJsioca

Jluccepranusi MIIMHUHT MWKKAHYA 000MJa TEPMOIIACTHK  OOFIIUK
MacajlaJlapHd €UHUIra 4YeKJId alupMalid CcXeMajlapHd TaJ0uK KWJIUIITra
Oarunuianrad. boOHUHT OupuHYM Maparpaduaa OIIKOpP Ba OIIKOPMAC alMpMau
cXxeMmajap XakuJa KucKaya TylryHuyanap OepwiradH. WIIHUHT UKKUHYA
naparpaduga TpaHCBEpcal HM30TPON KUCMJIAPD YYYH HMKKH  YITYOBIH
TEPMOAJIACTUK Macajiajlapra OLIKOpP Ba OLIKOpMAac alupMalid CXeMaJapHUHT
TaIOWK KWINII YCyJJIapy KENTHUPHWITaH. YYWHUM Maparpadma TpaHcBepcas
M30TPON JKUCMJIAPp YYyH HKKH YJIYOBIM TEPMODJACTUK MacajlaHUu YEKIIH

aliupManap ycyiau OuiaH COHJIM €UHUIIl aJITOPUTMHU SIpaTUIITaH.
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111-50B6. AHU3OTPOII JKUCMJIAP YUYH UKKH Y TUOBJIA
TEPMOJ3JIACUK BOTJIMK MACAJIAHU COHJIM EYHUIITHUHT
INPOI'PAMMA TABMHUHOTHU

3.1. lactypuii TABMMHOTHHUHT acocuil (PyHKIHUsAIAP TaBcuPuU

AHM30TpOIl JKUCMJIAD YYyH UKKHA VYIYOBIM TEPMOIIACTHK OOFIHK
MacaJlaHH COHJIM €YUIITHHHT JacTypuil TabMHUHOTHHH sipaTumaa C++ Builder 6

JacTypJianl TUIuAaH QoiianaHuIraH.

BomLiassAY M 0Oy I

HarmxatapHAE 5 I'padaraapEn TazmazapHHA
xacofaam MoIy.IH KVPHII MOXY/IH K{pHOI MOZY.IH

J !

X, ¥, f Tapra HucbaTaH

HaTmxanann rpadHETapHE YHEAD HIT
CakJIam MOIY.TH MO TH
Harmxaaap
HaTmxatann CAKTAHTAH
XAcofIam MOIY.IH ® aiiaHn ounm
MOV TH

!

U, V, T é¥inga

KY4TaHT AHIHE P EHTH
3 xkoed haTIH a
X0TaTHHH HHCOaTaH 9HIMA
AHME, T3 OTHTHT

MOTY.TH
THIMA MOIY.IH

3.1.1-pacM. JlacTypHUHT Ty3WJIHII CTPYKTypacu

Kyiunran w™acaianu euuiiga Kydujgard acocud — (QyHKIusiapaaH

doitnananunTaH:
Unitl oa kamnawaouean acocuii pynxyusinap;

void__fastcall TForml::NatijalClick(TObject *Sender)- acocuii ¢GyHKIHS
u,v,t H1 XEcoOJIaliin Ba KyWHary xaaBajl KOMIOHEHTAIApUTa YUKaAPaIH.
StringGrid1 >xagBai KOMIIOHEHTacHra U HA YUKapa/Iu.
StringGrid2 ;xagBai KOMIIOHEHTacHUra V. HH YUKapaH.
void__fastcall TForm1::X1Click(TObject *Sender)- ¢yukumscu Kyiugara

Bazupanapuu Oaxkapasy.
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U HuHT Kuiimatuaun X Ykura #ucOatan rpaduruam Chartl xommoHeHTach
Epnamua FOrm2 ra ynkapu6 Oepaam.

V HUHT KuiimatuHu X Ykura HucOatan rpaduruHu Chart2 koMroHeHTacu
Epnamua FOrm2 ra ynkapu6 Oepaam.

t Huar kuiiMatuau X Ykura HucOataH rpaduruau Chart3 xoMroHeHTacu
Epmamuaa FOrmz2 ra unkapu6 6epaau.

void__fastcall TForml::Graphic2Click(TObject *Sender)- ¢yuxuuscu
Kyhnaaru BazudanapHu 6axapaam.

U HUHT KuiimMatuHU Y Ykura HucOaran rpadguruan Chartl xommnoHeHTacu
Epnamua FOrm2 ra ynkapu6 6epaam.

V HUHT KuiimatuHu Y Vkura HucOatan rpaduruHu Chart2 koMroHeHTacu
Epnamua FOrm2 ra ynkapu6 6epaam.

t Huar KuiiMatuHu Y Ykura HucOataH rpaduruau Chart3 xoMmoHeHTacu
Epmamuaa FOrmz2 ra unkapu6 6epanu.

void__fastcall TForm1::t1Click(TObject *Sender)- ¢yukuuscn Kyiumarua
BazudagapHu Oaxapau.

U HuHT KuiimatuHM | ra HucOaran rpaguruan Chartl xommnoHeHTacu
&pmamuaa FOrmz2 ra unkapu6 o6epanm.

V HUHT KuiimatuHH | ra wHucOatan rpaduruan Chart2 kommoHeHTacu
Epnamua FOrm2 ra ynkapu6 Gepaam.

t auar kuimatuau T ra HucOatan rpaduruau Chart3 kommoHeHTacu
Epmamua FOrm2 ra ynkapu6 Gepaam.

void__ fastcall TForml::Saglash1Click(TObject *Sender)- ¢yukuuscu
Kyhugarn BasudanapHu Oaxapamu. byHma xwucobmanran UV, JapHUHT
KuiiMaTuHU Natija.txt ¢ainura cakiaiau.

void__fastcall TForml::Ochish1Click(TObject *Sender)- dyukiusacu
Kyiugarn Basubanapau Oaxapaau. by ¢dyskius naitja.txt daimuan ouud

oepanu.
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void__fastcall TForml::KORISH1Click(TObject *Sender)- ¢ynxuuscu
Kyiugarn Basudagapau Oaxapaan. by GyHKIHS OpKaaud HaTHXXKaJapHUHT
BU3YyaJl KYpPUHHUIINHN TACBUPJIOBUM FOrm3 KOMIIOHEHTACUHY YaKUPUIIA]IH.
Unit3 0a kamnawaouean acocuii pynxyusinap;

void_boya(double *x,double *y,double *p)-pyukumscu X,y,p KuiiMaTiapura
HUcOaTaH coxaHu OYsa0 Oepanu. ByHna X,y 4eKkiIu 3JIEeMEHT KOOpAuHaTaIapH
p,u,v éku t HUHT KUAMaTIapyu OYIUIIN MyMKHH.
void_clear()- pyHkumscu s3KxpaHHH TO3aJIaMIH.
void_chizish()- pyskmuscu kypuod ynkuaaéTran COXaHHHT OOIUIAHFHY X0JIaTH
yu3ub Oepaju.
void_chizishU()- dyukiuscu coxanu U HUHT KuiiMaTiapura Hucoaran 0ys0
oepanu.
void_chizishV()- ¢yukiusacu coxanu V HUHT KUiMaTiapura Hucoaran 0yso
oepanu.
void_chizishT()- dyakuuscu coxanu t HUHT KuiiMatiapura HucOaTaH 0Ys0
oepanu.
void_TForm3::uv()-gyHkiusicu cuinkuin KoepUIICHTHHE YUKapuO Oepau.
void_TForma3::element_draw(int i,int j)- dbysakiusicu U,V QyHKIHSICHIaH
yakupuiIrad 0yau0, | Ba | ra HUCOATaH CHIDKHII KAAMAaTIapuHu Kapao
YHKapau.
void_hisoblash()- dyskiusicn Bu3yast KypuHUIIN YayH Kepak Oyaaauran
arrayU, arrayV, array T napuu xuco0naiiau.

SAparunran  ymlOy ¢GyHKUMsuIap acocuja KeMMHru — maparpadaa
KEJITUPUIITAH aCOCUM JacTyp MIIYM OMHACH Ba YHJA JKOWJIAITaH MEHIJIAP Ba

TyTMadaJIApHUHT UILIAI CTPYKTYPACUHU SPATaIN.
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3.2. lacTypuil TAbMUHOT/AAH PpongaTaHULI

JlacTypHU WIITa TYIIUPHUII OMIaH dKpaHaa acocuid ¢opma mango 0ynamu

Ba YHUHT KYPUHUILIMU KyWu1arnya:
B8 Qoyigan maser e e T T G
FAYL NATUA GRAFIK CHIZISH

0'ZGARMAS SONLAR NATIJA

U ning giymatlari
Lyambdall:
[ i
LyambdaZ2:
Saqlash
Bettall:
Betto22: Tagt
c1inn:
C1122:
C1212:
C2222: Y o'gi bo'yicha o'zgarishi
(g T ning vagt bo'yicha 0'zgarishi
V ning qiymatlari
- o
T0:
hi:
h2:
tao:
n: ‘

el

GRAFIK

X 'gi bo'yicha o'zgarishi

UV,T bo'yicha grafik holati

3.2.1-pacM. Acocuii GOpMaHUHT YMYMHI KYPUHHIIIH.

Acocuit popma 4 ta meHtonan nbopar 6ynu6, FAYL 6ymumu, NATIJA
oymumu GRAFIK 6ymumu Ba CHIZISH 6ynmuvuian Tanmkui TonraH.

1-FAYL mentocuna dakar Chigish (Ctrl+W) 6ymumu spatuiaran 6yiumo,
Oy OynuMaa AacTyp WITYU OMHACHIaH YUKUIN Ba3u(pacH FOKJIaTHIITaH.

2-NATIJA mentocu 3 Ta Tyrmanan noopat: Natija (Ctrl+R) 0y 6ynmumaa
OJIMHTAH HATIXKaNIAp JacTyp OWHACHIA JKaJABaJI KYpUHUIIHIA YUKAPUIAIIH,
Saglash (Ctrl+S) Oy Oynumma HaTkangap natija.txt ¢aiiaura cakiaHazu,
Ochish (Ctrl+O) onunran natmka natija.txt ¢aiinura cakiaiiam Ba cakjaHraH
natija.txt dainan ound Oepaau.

3-GRAFIK mentocu xam yuyta OYIMMIaH TalIKui TonraH 0ynu0, Oymap
X 0’qi bo’yicha o’zgarishi (Ctrl+X) Oy OynuMaa onrHraH HaTWXKajIap acocuaa

rpadukHUHT KoopauHaTtamarn X YKu Oyiimda ym3macu udukapuiand, Y o’qi
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bo’yicha o’zgarishi (Ctrl+Y) Oy Oynumpa onuHraH HaTwXajgap acocuia
rpauKHUHT KoOpaAWHATagard Y VKM OyiWda 9du3Macu 4dukapwiagd, 1 ning
vaqt bo’yicha o’zgarishi (Ctrl+T) Oy O6ynuMaa oJMHraH HaTHXajgap acocujia
rpadukHUHT KoopAuHaTagaru Vaqt oyitnua y3rapuiny 4u3Macy YnKapuiIau.
4-CHIZISH wmentocu dakar Ko’rish 6ynumugan tamkuia Torrad 6yiauo,

oy 6ynum ounnranga U,V, T ning o’zgarish holati nactyp oitHacu ounnaau Ba

YHUHT KYPUHUIINA KyWuaarnda:
88 ring gt o T T W W

Siljish koeffitsienti

U bo'yicha o'zgarishi

Y ba'yicha o'zgarishi

T bo'yicha o'zgarishi

Chizish

UV ba'yicha siish halati

Solishtirish

3.2.2-pacm. U,V,T ning o’zgarish holati nactyp olinacu

By ouwmnran oiHa Kydumard Tyrmangapiad Tamkuia tomraH  Siljish
koeffitsienti, U bo’yicha o’zgarishi, VV bo’yicha o’zgarishi, T bo’yicha
o’zgarishi, CHIZISH, U,V be’yicha siljish holati, Solishtirish ryrmanapunan
Tamkwui tonrad. Kyiunran Oy Tyrmadanap Kyiuaaru BazudanapHu 6axxapaau:

Siljish koeffitsienti Tyrmacu opkaiu KBajpaT IMJIACTUHAHWHT CHJDKHUII
koepduueHTuHn Y3raptupummumu3 MmymkuH. U bo’yicha o’zgarishi tyrmacu
OpKajdu KBaapaT MiacTUHaHMHT X VKU OViimda pgactinabKu  XOJaTHHU
kypumnmu3z MyMmkuH. V'  bo’yicha o’zgarishi tyrmacu opkamu kBagpat
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IUTACTUHAHUHT Y YKu Oyiinya JacTiaOKu XOJNaTHHHM KYPUIIUMHU3 MYMKHH. |
bo’yicha o’zgarishi Tyrmacu opkanum KBajgpaT IIJacTUHAra KyWWJraH
TEMIIEpaTypaHUHT TabCHUP JOUPACHHUHI JACTIA0KH XOJaTHHH KYPUIIUMU3
mymkuH. CHIZISH tyrmacu opkamum KBajgpaT IUIACTUHAHUHT JacTIaOKu
xojgatuau kypuimn mymkud. U,V bo’yicha siljish holati Ba Solishtirish
tyrmadanapu opkanu U,V OVitnua y3rapuiimHu Ba JacTiaaOKU XOJjaTd OujiaH
TEeMIEepaTypa TabCUpP KUITAHaH KEHUHTU XOJaTHHU KYPHIL MyMKHH.

MeHronap carpyjaH TallKapyd JacTyp OWHACHHUHT YHI KUCMHUJA
doitnanmanyBunra Kynanuk spatum makcaguaa NATIJA, GRAFIK mentonapu

SpaTUITaH.

MNATIIA
Matija

Saglash

i

COchish

GRAFIK

X o'gi bo'yicha o'zgarishi

¥ o'qi bo'yvicha o'zgarishi

T ning waqgt bo'yvicha o'zgarishi

UM, T bo'vicha grafik holati

3.2.3-pacm. NATIJA Ba GRAFIK MeHtonapyHUHT KYPUHUIIIH.

NATIJA- MmeHtocH y4 TyrMajgaH Tamkwi tomran 0ynm6, Oymap Natija,
Saglash, Ochish ryrmanapugan ndopar.

GRAFIK- meHtocu xam ydra tyrmagaH ubopar Oynub, Oymap X o’qi
bo’yicha o’zgarishi, Y o’qi bo’yicha o’zgarishi (Ctrl+Y), T ning vaqt
bo’yicha o’zgarishi (Ctrl+T), Ba U,V,T bo’yicha grafik holati ryrmanapunan
TaIIKWJI TonraH Oyiaub, Oy TyrManap XaMm IOKOpua KeITUpWITaH BazudaiapHu

Oakapaiu.

48



O'FGARMAS SOMLAR
Lyambdall: |

Lyambdaz22: |

Bettall: |

Bettaz2: I

C111d= |

C1122: |

C1212:

C220:

Ce:

|
|
Ro: |
|
|

3.2.4-pacm. O’ZGARMAS SONLAR MeHIOCHHUHT KYPUHHIIIH.
By kenTupwiran MeHI0 OpKajiv TeHIJIaMara KUpUTWIAIUTaH y3rapMac
COHJIAp PYWXaTH KUPUTUIIAIHN.
Acocwii popmacuna ssHa U ning giymatlari sa V ning giymatlari
YKaJIBaJIMHU KyPCAaTyBU €YMMJIap OMHACU KypCATUJITaH.

U ning qiymatlari

3.2.5-pacMm. U ning giymatlari »xagBanu oiHaCHHUHT KYPUHHMILIH.
3.2.5-pacmpaaru xaBania TeHrJaMalapHu Xucoouamr Hatmkacuaa U

ning giymatlari eunmiap sxafBaiv 3KpaHTa YHKaIu.
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V' ning gqiymatlari

3.2.6-pacM. V ning giymatlari »xagBaiu oiHAaCHHUHT KYPHUHHMIIIH.
3.2.6-pacMaaru kaaBajaa TCHIIaMalapHy Xuco0Ianr HaTmkacuaa V
ning giymatlari eunmiap >xaaBaiv SKpaHra YHKaIu. .

Acocuii uiruu orHagaru O°’ZGARMAS SONLAR meHrocura KeMUHTH

naparpadaru KuiMatiaap KUpUTHINO HATHKaJIap OJUHAIM.

3.3. KupuTri1iyB4YM KOHCTAaHTAJJIap

by maparpadgma TeHrnmamara KUPUTWIIYBUM KOHCTaHTalap pyixatu
KEJITUPWITraH Ba yJap Kyluaaruiaapiad noopar.
Lyambdall, Lyambda22 - Mccukauk KyroMu TEH30pIIapH.
Bettall, Betta22 - bupuHuyn Ba WMKKMHYM XapakaT TEHTJIaMacUIard XaKMUN
VCCUKJIMK KEHralumm ko3P uureHTaapH.
C1111, C1122, C1212, C2222 - ;xiCMHH XapaKTepJIOBUU MapamMeTpIiapu.
Ro — XKucwm 3uunuru.
Ce.— Hoummuit Temmnparypaiaru UCCUKINK CUFUMHU.
To—Kucwmra kyitunaaurad TemMnpaTypacH.
h; - X yku Oyiinda TyryH HyKranap opacujaru OajxaH vk,
h,- Y ¥ku Oyiinda TyryH Hykranap opacuaard OalaH]IHK.
tao - KalamapHUHT BaKT OpaufH.
n - Kagamnap conu.
by xentupuiran y3rapmac CoOHap acOCHM JAaCTyp OMHACUAA KypCaTUJIraH

O’ZGARMAS SONLAR meHroCura KUpUTHIIA U,
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By kentupumiran y3rapmac COHJIApDHUHI COH KHUWMATJIapUHU KUPHUTHO
0JIaMU3, yJIap Kyrujaaruya:
Lyambdall - 0.5, Lyambda22-0.3, Bettall-0.05, Betta22-0.09,
C1111-0.75, C1122-0.91, C1212-0.9, C2222-0.89,
Ro-11, (C.,-34, To-5 h;-0.1, h,-01, tao-0.01, n-10.
By conmap acocuit pactyp oitHacugaru O’ZGARMAS SONLAR
MEHIOCHUTa KyWHJ1aruya KUPUTHIIAIH.

O'ZGARMAS SONLAR
Lyambdall: ||:|,5

Lyambda22: |IZ|,3

Bettall:  [o,05
Betta22:  [g,00
C1111: ||:|,:—-5
C1122: |.;.,91
C1212: 0,9
C2222: 0,89
Ro: 1,1
Ce: 3.4
To: Is
hi: 0.1
hz: ||:|,1
tao: 0,01
w0

3.3.1-pacm. O’ZGARMAS SONLAR MeHIOCUHUHT TYIIUPUITaH KYPUHULIH.

By xupuTmiran consap acocuja KEHWHMHTH mnaparpagummuzga Xucoosain

DKCIIEPUMEHTHHH YTKa3aMu3.
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3.4. Xucoo6J1all 3KCIepuMeHTH

By maparpadia kupuTuiarad consiap acocuja Kyiuaaru HaTKajlapHu

OJIaMHu3:

U ning giymatlari

i 0 0 0 0 0 0 0 0 0
0 0,101126368 0,185684113 0,252046359 0,293794033 0,306812010 0,289827282 0,244466566 0,175102028 0,0892358820
0 0,185716123 0,347549633 0,475361001 0,556720139 0,583638414 0,553483529 0,460170091 0,338856295 0,176014518 0
0 0,2521087250,475393673 0,652158397 0,765182110 0,803379764 0,763016067 0,648003933 0,469500570 0,245683689 0
0 0,293854492 0,556752805 0, 765182107 0,898817978 0,944559730 0,897934346 0,763467060 0,5542165810,291357754 0
0 0,306870364 0,583671075 0,803379761 0,944559730 0,993372560 0,945044918 0,804268499 0,584719229 0,3085710290
0 0,2898835320,553516185 0,763016064 0,897934346 0,945044918 0,899740908 0,766418336 0,558025705 0,295640259 0
0 0,244554278 0,469236937 0,648038125 0,763501255 0,804302694 0,766452530 0,653617883 0,4767471710,253830760 0
0 0,175317995 0,339074559 0,460689119 0,554406119 0,584908540 0,558213598 0,476897556 0,348830372 0,187227178 0
0 0,0887381770,175702262 0,245366322 0,291036899 0,308247329 0,295314697 0,253503743 0,186880572 0,102176276 0
0 0 0 0 0 0 0 0 0 0 0

3.4.1-pacm. U ning giymatlari aunr »xaaBangard KypHHALITA

V ning giymatlari

: 0 0 0 0 0 0 0 0 0
D l 0,1055499700,188364923 0,253809616 0,2938532650,305197493 0,286732940 0,240245674 0,1702514710,083279553 0
0 0,188685799 0,349034689 0,475102889 0,55471788010,580094652 0,548751650 0,463753731 0,333382823 0,1704008000
i 0,253491026 0,475047234 0,650036831 0,7614604850,798422663 0,757308887 0,642133591 0,464172251 0,240747894 0
i] 0,293544309 0,554667643 0,761468760 0,893806578 0,938740337 0,8918760300,757796443 0,549611962 0,2875720330
i 0,304898947 0,580054542 0,798444389 0,938755246 0,987266580 0,939234536 0,799356105 0,581312559 0,306275057 0
0 0,2864379360,548718727 0,7573412700,891904370 0,939249425 0,894746628 0,762747868 0,556167422 0,2950277700
0 0,2399600510,4637172760,6421716250,757828238 0,7993772110,7627555300,651544417 0,476628994 0,254928568 0
0 0,1693227580,332610087 0,463427334 0,548868133 0,580558519 0,555399514 0,475870870 0,349754743 0,189691914 0
0 0,08448325610,171263843 0,241609536 0,288427854 0,307122398 0,295865076 0,255776242 0,190787565 0,1064736750
0 0 0 0 0 0 0 0 0 0 0

3.4.2-pacm. V ning giymatlari HuHr >xaaBangari KYpUHALIH

3.3.1, 3.3.2-pacmitapa KeJITUPUIITAH HATWIXKAJIap acocuaa Kyhnuaaru

rpauK KYpUHUIIIATd HATHKATAPHU OJIAMHU3.

52



U ning X o'gi bo'yicha o'zgarishi

0,55
0,35
25
0,2
0,15
0,05

0

yin4a y3rapuiim

(Vv

3.4.3-pacm. U auar X yKu 6

V ning X o'gi bo'yicha o'zgarishi

0,55
0,5
0,45 ]
0,4
0,35
0,3

0,251

0,2

0,15

0,1

0,051

yinya y3rapunm

(Vv

3.4.4-pacMm. V muar X YKH 6

g X 09 bo’icha o zganshi

T

yin4a y3rapuiimn

(VR

3.4.5-pacm. T vunr X yxu 6
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0,554
0,54
0,45}
0,4
0,35}
0,3
0,25}
0,24
0,15}
0,14

0,05}

0,55 ]
05
0,45 ]
0,4
0,35 ]
0,3
0,25 ]
02
0,15 ]
0,1

0,05 ]

U ning Y o'gi bo'yicha o'zgarishi

3.4.6-pacm. U Hunr Y yku Oyiinua y3rapuinu

V ning Y o'gi bo'yicha o'zgarishi

! : : [
§0,183
10,346
00475
10,558
10,586
10,55
10473
10,343
go18
10

3.4.7-pacm. U auar Y Yku Oyiinga y3rapuirm

TringY o'gi bo'icha 0zgansh

3.4.8-pacM. T Hunr Y yku OVitnua y3rapuiiu
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U ning vaqt bo'yicha o'zgarishi

0,358}

0,356 4

0,354}

0,352

yin4a y3rapunm

o

3.4.9-pacM. U HUHT BakT 0

V ning vaqt bo'yicha o'zgarishi

0,352 4

0,354

yin4a y3rapunim

(Vv

3.4.10-pacm. V HUHT BakT O

S E . RS
sz g EE
e Y I
o o s g S bo 2
e
=
=
5]
=,
=
=
L e T T o
=
=
=
=
=
[ =
5=
=
=
= Fecfeccboccdecol ot codboo
=
=

yin4a y3rapuiu

(VY

3.4.11-pacm. T HUHT BakT O
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U,V, T 5apHuHT UKKH YI4OBIM KBaJApaT IUIACTHHAIATH Y3rapHILl

XOJIaTUHU KyHHUJarunda KypUuImnuMu3 MyMKUH.

Siljish koeffitsienti

3.4.13-pacm. V HuHr Y ykura HucOATTaH X0JaTH

Siljish koeffitsienti

3.4.14-pacm. T HMHT KBaJpart MJIacTUHAra TabCUp KUJIMII X0JIaTh
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ﬁ
c
)
7}
E
E
o
<
X
=
i)
H

Siljish koeffitsienti

3.4.15-pacm. KBagpar mimacTHHAHUHT TacTIa0KU X0JaTH

(Vv

3.4.16-pacm. KBagpar nnactunanunr U,V OViinya CHUDKUII X0IaTH

Siljish koeffitsienti

3.4.17-pacm. KBagpaT miacTUHaHU TeMIIEpaTypa TabCUpP KUITaHIaru

XOJaTH OMJIaH CONMIITUPHUII
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I11-606 6yiinya xyJsioca

JluccepTanys UITMHUHT YIHHYNA 000H1a aHU30TPOIT KUCMIIAP YIYH UKKH
VIITYOBIM TEPMOAIACTHK MacajaHW COHJIM EUYHUIIHWHT TporpaMMma TabMUHOTH
Eputnnrad. boOHUHT OMpuHYM Taparpaduua AuccepTanys WIIHHUHT OJIAWHTH
O0oOnapuaa  sipaTwiraH  ajaropuT™M  acocujia  spaTuiraH  KOMIIO3UT
MaTepUaUIApDHUHT  KYWIAHTAHJIWK  XOJIATHHH  aHWKJIAIIHH  IporpaMma
TAbMUHOTHHUHT aCOCHUW dTamjapu KenTupwiraH. WKKWHYM Ba YYUHYA
naparpadiapaa spaTwiraH MporpaMMa TabMUHOTHTA KHPUTHIYBYH Y3rapmac
COHJIADHUHT TaBCU(PU KEATHPUJITAaH Ba Iy COHJAp acocuaa XucoOmarl

SKCIICPUMCHTHAAH OJIMHTaH HAaTHXKaJlap TaXJIWJI KWJIWMHI'aH.
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XYJI0CA

Jluccepranusiia TpaHCBEpCald HM30TPOIl KUCMIIAP YYYH HKKH YIYOBIIH

TCPMOIJIACTUK 6OFHI/IK MacaJlaHh COHJIM MOJCIUIAITHPHUIN MacajlaCu KSI’pI/IJII[I/I.

MaSKyp HIIlJJa aMajira OIOUpUIIraH HIOUIAPHUHI KHCKada XYJI0CACHU

cudaTuia KyiuaarwiapHi KeITHPaMu3:

TpaHCBEpCcaJl H30TPOIN Ba U30TPOIl KUCMIAP YUYH OOFJIUK Ba OOFJIMK
OynMaraH MacajajapuHU aHUKJIOBYM MyHocabatiap OuUp HMKKU Ba yd
VI4oBIM XonaTiapaa 6atadcui KenTupuiIray;

OOollUTaHFUY Ba 4erapaBui ImapTiapaa Oepuiral MacajlaHH
nedopManusiapa €ku Kyuuiiapaa udoaanail MyHocadbaTiapu xam
KENTUPUIITaH;

TpaHCBEpCal M30TPOIl JKUCMIIAP YUYH UKKH YIYOBIM TEPMODIIACTUK
MacaJIJaHMHT yMyMHUH XojjAa KyWwiuind Ba Oy TeHIJIamallapjaru
Xycycuit xocwinanu nuddepeHiuan TeHraiaMaiapHi ek aiupMaiiu
TEHTJIaMaapra KeJITHPHII KOUaaaapy KeITHPUIITaH;

YeKJau ~ allMpManu  TeHrjamanapjaH — QoiinanaHu®  HOMabiIyMm
GYHKIUSHAT TaKpUOUH KHMATIIApUHU XUCOOAIl UMKOHUHU OepyBUn
peKkypeHT ¢dopMynamap KeaTupuO® UMKApWIraH Ba  ylapJaH
doitnanann0 MacataHu €UrIll AITOPUTMHU SIPATUIITAH;

KenTupwirad anroputm acocunga C++ Builder 6 nactypnam myxutuaa
KBaJpaT IUJIACTUHA YYyH TEPMODJIACTUK OOFIMK OYyJIraH MacalaHd
WKKA YITYOBIIM XOJIATHTa OIIKOpP alupMaiad CXeMajJapHH TaJ0uK

KWJINO, MacaJlaHd €YUITHUHT JACTypUid TABMUHOTH SIPATHIITaH.

AnbGarrra amanuérma yupaiauran kymia® wmacanaliapHd MaTeMaTHK

MOJICIIJIapU TEPMODJIACTHK €KUM TEPMOIUIACTUK OOFIMK Ba OOFIWK Oyiamarad

MacajajapHd YpraHUIlra KEeJITHUPWIaAW, KEITyCHAard WIMHUN TaAKUKOTIApHU-

MU3HM OOFJIMK Macajajapra KyliuM4a TallKhi TabCUPJIAp OpKadud YHUHT

XOJIATUHU Y3TapUIIMHU, YJIapHU COHJIM €YWIl YCYJJIapUHHM Ypranuil Ba Oy

MacCajJdaJlapHHUHI I[aCTypI/Iﬁ TAbMHUHOTHUHU ApaTHUII OuaH HaBOM STTUPAMMU3.
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HJIOBAJIAP

1-unoBa. Acocuii HIIIYM OTHAHUHT JACTYP MaTHH.

#include <vcl.h>
#include <iostream.h>
#include <conio.h>
#include <stdio.h>
#include <string.h>
#include <math.h>
#pragma hdrstop
#include "Unitl.h"
#include "Unit2.h"
#include "Unit3.h"

#pragma package(smart_init)
#pragma resource "*.dfm"
TForml *Forml;

double *#ky, *xxy kg,

nt n;

__fastcall TForm1::TForm1(TComponent* Owner)
: TForm(Owner)

void _ fastcall TForm1::Chiqish1Click(TObject *Sender)

{
this->Close();

h
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void _ fastcall TForm1::Natijal Click(TObject *Sender)
{
double *x,*y,*z;
double c1111,c1212,c1122,¢2222,h1,h2,tao,T0,gx;
double lyambda,lyambdal 1,lyambda22,myu,alfa,betal 1,beta22,ce,ro;
n = Form1->Edit1 6->Text.Tolnt();
u = new double**[n+1];
v = new double**[n+1];
t = new double**[n+1];
x = new double[n+1];
y =new double[n+1];
z =new double[n+1];
for(int i=0;1<=n;i++){
u[i] = new double*[n+1];
v[i] = new double*[n+1];
t[i] = new double*[n+1];
for(int j=0;j<=n;j++){
u[1][j] = new double[n+1];
v[i][j] = new double[n+1];
t[1][j] = new double[n+1];
b
b
for(int i=0;1<=n;i++){
for(int j=0;j<=n;j++){
for(int h=0;h<=n;h++){
ufi](jIfh] = v[i][jl[h] = t[i][j][h] = 0.0;

64



lyambdall = this->Edit1->Text.ToDouble();
lyambda22 = this->Edit2->Text. ToDouble();
betall = this->Edit3->Text.ToDouble();
beta22 = this->Edit4->Text. ToDouble();
cl111 = this->Edit5->Text.ToDouble();
c1122 = this->Edit6->Text. ToDouble();
c1212 = this->Edit7->Text.ToDouble();
c2222 = this->Edit8->Text. ToDouble();
ro = this->Edit9->Text. ToDouble();
ce = this->Edit10->Text. ToDouble();
TO = this->Edit11->Text. ToDouble();
h1 = this->Edit12->Text. ToDouble();
h2=this->Edit13->Text. ToDouble();
tao = this->Edit14->Text.ToDouble();
//a =this->Edit15->Text. ToDouble();
x[0] = y[0] = 2[0] = 0.0;
for(int 1i=1;1<=n;i++){
x[1] = x[0] + i*h1;
ylil = y[0] + i*h2;
z[1] = z[0] + i*tao;
b
for(int i=1;1<n;i++){
for(int j=1;j<n;j++){
u[i][j][0] = sin(3.14*x[i])*sin(3.14*y[]]);
v[i][j][0] = sin(3.14*y[j])*sin(3.14*x[i]);
tli][j][0] = TO;
b
b
for(int j=1;j<=n;j++){
for(int k=1;k<=n;k++){
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u[0][jlik] = 0;
u[n-1][j][k] = 0;
v[0][j][k] = 0;
v[n-1][j][k] = 0;
t[0][j][k] = TO;
t[n-1][j][k] = TO;
b
b
for(int i=1;1<=n;i++){
for(int k=1;k<=n;k++){
u[i][0][k] = 0;
u[i][n-1]k] = 0;
v[i][0][k] = O;
v[i][n-1][k] = 0;

t[1][0][k] = TO;
t[i][n-1][k] = TO
b
b
int k=0;

for(int i=1;1<n;i++){
for(int j=1;j<n;j++){

u[i][j][k+1] = (tao*tao/ro*(c1111*(u[i+1][j][k]-2*u[1][j][k]+u[i-
1[1[k])/(h1*h1)+c1212*(u[i][j+1][Kk] - 2*u[i][j][k]+u[1][j-
1[k])/(h2*h2)+(c1212+c1122)*(v[i+1][j+1][k]-v[i-1][j+1][k]-V[i+1][j-
1[k]+v[i-1][j-1][k])/(4*h1*h2)-betal 1 *(t[i+1][j][k]-t[i-
HGIKD/AZ2*hD)+2*uli][j][k])/2;

v[i][j][k+1] = (tao*tao/ro*(c2222*(v[i][j+1][k]-2*v[1][j][k]+V[i][]-
1[k])/(h2*h2)+c1212*(v[i+1][j][k] - 2*Vv[i][j][k]+V[i-
1[31[k])/(h1*h1)+(c1212+c1122)*(u[1+1][j+1][k]-u[1-1][j+1][k]-u[i+1][;-
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1[k]+u[i-1][j-1][k])/(4*h1*h2)-beta22*(t[1][j+1][k]-t[1][]-
HIk/2*h2))+2*v[i][j1(k])/2;
b
b
for(k=1;k<n;k++){
for(int i=1;i<n;i++){
for(int j=1;j<n;j++){
t[1][j1[k+1] = 2*tao/ce*(lyambdal 1 *(t[i+1][j][k]-2*t[1][j][k]+t[i-
H[1[k]D/(h1*h1)+lyambda22*(t[i][j+1][k]-2*t[i][j1[k]+t[i][j-1][k]/(h2*h2)-
tli][j][k]*(betal 1*(u[i+1][j][k+1]-u[i-1][j][k+1]-u[i+1][j][k-1]+u[i-1][j][k-
1])/(4*h1*tao)+beta22*(v[1][j+1][k+1])-u[i][j-1][k+1]-u[1][j+1][k-1]+u[i][;-
1[k-1])/(4*h2*tao)))+[i][j][k];
b
}
b
for(k=1;k<n;k++){
for(int i=1;1<n;i++){
for(int j=1;j<n;j++){
u[i][j][k+1] = (tao*tao/ro*(c1 11 1*(u[i+1][j][k]-2*u[1][j][k]+u[i-
[1[k])/(h1*h1)+c1212*(u[i][j+1][k] - 2*u[i][j][k]+u[i][j-
1[k])/(h2*h2)+(c1212+c1122)*(v[i+1][j+1][k]-v[i-1][j+1][k]-V[i+1][j-
1[k]+v[i-1][j-1][k])/(4*h1*h2)-betal 1*(t[1+1][j][k]-t[1-
HiIKD/@*hD))+2*u[i] 1k D-uli][j][k-1];
v[i][j1[k+1] = (tao*tao/ro*(c2222*(v[i][j+1][k]-2*v[i][j1[k]+V[i][-
1[k])/(h2*h2)+c1212*(v[i+1][j][k] - 2*Vv[i][j][k]+V[i-
1[31[k])/(h1*h1)+(c1212+c1122)*(u[1+1][j+1][k]-u[1-1][j+1][k]-u[i+1][j-
1[k]+u[i-1][j-1][k])/(4*h1*h2)-beta22*(t[1][j+1][k]-t[1][]-
HIkD/(2*h2))+2*v[i][j](k]) - v[i][j][k-1];
b

}
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for(int i=1;i<n;i++){
for(int j=1;j<n;j++){
t[1][j][k+1]=2*tao/ce*(lyambdal 1*(t[i+1][j][k]-2*t[1][][k]+t[1-
1[1[k])/(h1*h1)+lyambda22*(t[i][j+1][k]-2*t[1][j][k]+t[i][j-1][k]/(h2*h2)-
t[i][jI[k]*(betal 1*(u[i+1][j][k+1]-u[i-1][j][k+1]-u[i+1][j][k-1]+u[i-1][j][k-
1])/(4*h1*tao)+beta22*(v[i][j+1][k+1])-u[i][j-1][k+1]-u[i][j+1][k-1]+u[i][;-
1[k-11)/(4*h2*tao)))+t[i][j][k-1];
b
b
b

String str=""";
this->StringGrid1->RowCount = n+1;
this->StringGrid2->RowCount = n+1;
this->StringGrid1->ColCount = n+1;
this->StringGrid2->ColCount = n+1;
for(k=3;k<5;k++){
for(int j=0;j<=n;j++){
str="";
for(int 1=0;1<=n;i++){
//str = str + FloatToStr(v[i][j][k]) + " ";
if(k == 3){
this->StringGrid1->Cells[1][j] = FloatToStr(u[i][j][k]);
/l/Form2->Chart1->Series[0]->AddXY (v[1][j]1[k].t[1][j][k],"",cIRed);
b
else{
this->StringGrid2->Cells[i][j] = FloatToStr(v[i][j][k]);
//Form2->Chart1->Series[0]->AddXY (v[i][jI[k].t[1][]1[k],"",clGreen);

}
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void _ fastcall TForm1::X1Click(TObject *Sender)
{  n=Forml->Editl16->Text.Tolnt();
Form2->Chart1->Series[0]->Clear();
Form2->Chart2->Series[0]->Clear();
Form2->Chart3->Series[0]->Clear();
Form2->Chart1->Title->Text->Clear();
Form2->Chart2->Title->Text->Clear();
Form2->Chart3->Title->Text->Clear();
for(int k=0;k<=n;k++){
Form2->Chart1->Series[0]->AddXY (k,u[k][2][2],"",clGreen);
Form2->Chart2->Series[0]->AddXY (k,v[k][2][2],"",cIRed);
Form2->Chart3->Series[0]->AddXY (k,t[k][2][2],"",cIBlue);

b

String u ="U ning X 0\'qi bo\'yicha o\'zgarishi";

String v ="V ning X 0\'qi bo\'yicha o\'zgarishi";

String t ="T ning X o\'q1 bo\'yicha o\'zgarishi";

Form2->Chart1->Title->Text->Add(u);

Form2->Chart2->Title->Text->Add(v);

Form2->Chart3->Title->Text->Add(t);

Form2->Top = 0;

Form2->Left = 0;

Form2->Width = ClientWidth;

Form2->Height = ClientHeight;

Form2->ShowModal();

void _ fastcall TForm1::Graphic2Click(TObject *Sender)
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{ n = Form1->Edit1 6->Text.Tolnt();
Form2->Chart1->Series[0]->Clear();
Form2->Chart2->Series[0]->Clear();

Form2->Chart3->Series[0]->Clear();
Form2->Chart1->Title->Text->Clear();
Form2->Chart2->Title->Text->Clear();
Form2->Chart3->Title->Text->Clear();
for(int k=0;k<=n;k++){
Form2->Chart1->Series[0]->AddXY (k,u[2][k][2],"",clGreen);
Form2->Chart2->Series[0]->AddXY (k,v[2][k][2],"",cIRed);
Form2->Chart3->Series[0]->AddXY (k,t[2][k][2],"",cIBlue);

String u ="U ning Y o0\'qi bo\'yicha o\'zgarishi";

String v ="V ning Y o\'qi bo\'yicha o\'zgarishi";

String t ="T ning Y o\'qi bo\'yicha o\'zgarishi";

Form2->Chart1->Title->Text->Add(u);

Form2->Chart2->Title->Text->Add(v);

Form2->Chart3->Title->Text->Add(t);

Form2->Top = 0;

Form2->Left =0;

Form2->Width = ClientWidth;

Form2->Height = ClientHeight;
Form2->ShowModal();

void _ fastcall TForm1::t1Click(TObject *Sender)
{
n = Form1->Edit16->Text.Tolnt();
Form2->Chart1->Series[0]->Clear();

Form2->Chart2->Series[0]->Clear();
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Form2->Chart3->Series[0]->Clear();
Form2->Chart1->Title->Text->Clear();
Form2->Chart2->Title->Text->Clear();
Form2->Chart3->Title->Text->Clear();
for(int k=0;k<=n;k++){
Form2->Chart1->Series[0]->AddXY (k,u[2][2][k],"",clGreen);
Form2->Chart2->Series[0]->AddXY (k,v[2][2][k],"",cIRed);
Form2->Chart3->Series[0]->AddXY (k,t[2][2][k],"",cIBlue);

String u = "U ning vaqt bo\'yicha o\'zgarishi";
String v ="V ning vaqt bo\'yicha o\'zgarishi";
String t = "T ning vaqt bo\'yicha o\'zgarishi";
Form2->Chart1->Title->Text->Add(u);
Form2->Chart2->Title->Text->Add(v);
Form2->Chart3->Title->Text->Add(t);
Form2->Top = 0;
Form2->Left = 0;
Form2->Width = ClientWidth;
Form2->Height = ClientHeight;
Form2->ShowModal();

void _ fastcall TForm1::FormClose(TObject *Sender, TCloseAction &Action)
{
for(int 1=0;1<n;i++){

for(int j=0;j<n;j++){

delete[] u[i][j];

delete[] v[i][j];

delete[] t[1][j];

b
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delete[] u[i];
delete[] v[i];
delete[] t[i];
b
delete[] u;
delete[] v;
delete[] t;

void __ fastcall TForm1::Saqglash1Click(TObject *Sender)
{

n =n = Form1->Edit]16->Text.Tolnt();

FILE* stream;

stream = fopen("natija.txt","w+t");

for(int k=3;k<5;k++){

for(int j=0;j<=n;j++){
for(int 1=0;1<=n;i++){

fprintf(stream,"%.3f\t", u[i][j1[k]);

b
fprintf(stream,"\n");
h
fprintf(stream,"\n");
b
fclose(stream);
h
oo

void _ fastcall TForm1::Ochish1Click(TObject *Sender)
{

system (string("natija.txt").c_str());
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void __ fastcall TForm1::FormMouseDown(TObject *Sender, TMouseButton
Button,

TShiftState Shift, int X, int Y)

this->Close();

void _ fastcall TForm1::KORISH1Click(TObject *Sender)

{
Form3->Show();
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2-unoBa. lactypaaru rpapMKkJIApHUHT OOUIIAHFUY MATHH.

#include <vcl.h>
#pragma hdrstop
#include "Unit2.h"

#pragma package(smart_init)
#pragma resource "*.dfm"

TForm2 *Form2;

e e e
__fastcall TForm2::TForm2(TComponent* Owner)
: TForm(Owner)
{
b
e e e

void _ fastcall TForm2::FormKeyDown(TObject *Sender, WORD &Key,
TShiftState Shift)

this->Close();
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3-uinoBa. OJIMHIaH ;KUCMHHUHT JACTJIA0KH X0JIaTH Ba YHIa TeMIparypa
TABCUP €TTraH CYHT, X0JIaTUHHU U(0oaaT0BYN rPAPUIHHUHT JACTYpUil MATHU

KeCJITUPUJITAH.

#include <vcl.h>
#include <math.h>
#pragma hdrstop
#include "Unit1.h"
#include "Unit3.h"

#pragma package(smart_init)

#pragma resource "*.dfm"

TForm3 *Form3;

double ***arrayU,***arrayV, ***arrayT,
double *T,*x,*y,pmaxp,pmaxm;

double delta=20;

mm e e
__fastcall TForm3::TForm3(TComponent* Owner)

: TForm(Owner)
{
Form3->Top=30;
b
e
void boya(double *x,double *y,double *p)
{

if(fabs(x[0]-x[1])<=1 && fabs(x[1]-x[2])<=1 &&
fabs(x[2]-x[3])<=1 && fabs(x[3]-x[0])<=1 &&
fabs(y[0]-y[1])<=1 && fabs(y[1]-y[2]) <=1 &&
fabs(y[2]-y[3])<=1 && fabs(y[3]-y[0])<=1)

{
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if(p[0]>0)
{
/* ShowMessage("x[0] " + x[0]);
ShowMessage("\ny[0] " + y[0]);
ShowMessage("\np[0] " + p[0]);
ShowMessage("\npmaxp " + pmaxp); */
//ShowMessage(y[0]);
Form3->Canvas->Pixels[x[0]][y[0]]=(TColor)RGB(255,255*(1-
p[0)/pmaxp),255*(1-p[0]/pmaxp));
Form3->Canvas->Pixels[x[1]][y[1]]=(TColor)RGB(255,255*(1-
p[0]/pmaxp),255*(1-p[0]/pmaxp));//(TColor)RGB(p[0]/pmaxp*255,0,0);
Form3->Canvas->Pixels[x[2]][y[2]]=(TColor)RGB(255,255*(1-
p[0]/pmaxp),255*(1-p[0]/pmaxp));//(TColor)RGB(p[0]/pmaxp*255,0,0);
Form3->Canvas->Pixels[x[3]][y[3]]=(TColor)RGB(255,255*(1-
p[0]/pmaxp),255*(1-p[0]/pmaxp));//(TColor)RGB(p[0]/pmaxp*255,0,0);
return;
b
if(p[0]<0)
{
Form3->Canvas->Pixels[x[0]][y[0]]=(TColor)RGB(255*(1-
p[0]/pmaxm),255*(1-p[0]/pmaxm),255);
Form3->Canvas->Pixels[x[1]][y[1]]=(TColor)RGB(255*(1-
p[0]/pmaxm),255*(1-p[0]/pmaxm),255);//(TColor)RGB(0,0,p[0]/pmaxm*255);
Form3->Canvas->Pixels[x[2]][y[2]]=(TColor)RGB(255*(1-
p[0]/pmaxm),255*(1-p[0]/pmaxm),255);//(TColor)RGB(0,0,p[0]/pmaxm*255);
Form3->Canvas->Pixels[x[3]][y[3]]=(TColor)RGB(255*(1-
p[0]/pmaxm),255*(1-p[0]/pmaxm),255);//(TColor)RGB(0,0,p[0]/pmaxm*255);
return;
b
if(p[0]==0)
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{
Form3->Canvas->Pixels[x[0]][y[0]]=(TColor)RGB(255,255,255);

Form3->Canvas-
>Pixels[x[1]][y[1]]=(TColor)RGB(255,255,255);//(TColor)RGB(p[0]/pmaxp*2
55,0,0);

Form3->Canvas-
>Pixels[x[2]][y[2]]=(TColor)RGB(255,255,255);//(TColor)RGB(p[0]/pmaxp*2
55,0,0);

Form3->Canvas-
>Pixels[x[3]][y[3]]=(TColor)RGB(255,255,255);//(TColor)RGB(p[0]/pmaxp*2
55,0,0);

return;

b

}

double xmax=x[0],xmin=x[0],ymax=y[0],ymin=y[0];

for( int i=0;i<4;i++)

{

if (xmax<x[i]) xmax=x[i];
if (xmin>x[i]) xmin=x[i];
if (ymax<y[i]) ymax=y[i];
if (ymin>y[i]) ymin=y[i];

b

double * x; x=new double [4];

double * y; y=new double [4];

double * p; p=new double [4];

// for (long kk=0;kk<=100000;kk++);

_x[0]=x[0]; _y[0I=y[0];
_X[1]=x[0]+x[1])/2; _Y[=I01+y[1D)/2;
X[2]=[01x[11+x[2]+x[3])/4; _y[2]=(y[O1+y[1]+y[2]+y[3])/4;
_X[3]=(x[01+x[3])/2; _YBI=(YI01+y[3D)/2;
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//**************************************************************

_pl0]=p[0];
_p[1]=(p[0]+p[1])/2;
_p2]=(p[0+p[1]+p[2]+p[3])/4;
_p[3]=(p[0]+p[3])/2;
boya(_x,_y,_p);

// 2 uchun
_x[0]=x[1]; _y[0T=y[1];
_X[TJ=(x[1]+x[2])/2; Y[T=(y[+y[2D)/2;
X[2F[Ox[THx[2]1+x[3])/4; _y[21=(y[0]+y[1]+y[2]+y[3])/4;
_X[3]=(x[0]+x[1])/2; _y[3I=(y[0]+y[1])/2;

/st s ot otk ot ks ot sl s R sl st R sk s ot R skl ot ks ok sk o
_p[0]=p[1];
_p[1]=(p[1]+p[2])/2;
_P2J=(p[O]+p[1]+p[2]+p[3])/4;

_pBI=P[0]+p[1])/2;
boya(_x,_y, p);

// 3 uchun
_x[0]=x[2]; _ylO]=yI2];
_x[T=(x[2]+x[3])/2; _y[T=(y[2]+y[31)/2;
X201 Hx[21+x[3]D/4; _y[21=(y[0]+y[1+y[2]+y[3])/4;
_x[B]=(x[1Hx[2])/2; _y[BI=E(y[1+y[2])/2;
[ ot s R s s R sk s R sk R sk s R R sl R s R sk o
_p[0]=p[2];
_p[11=(p[2]+p[3])/2;
_P2]=([0]+p[1]+p[2]+p[3])/4;
_pB3I=(p[1]+p[2])/2;

boya(_x,_y,_p);
// 4 uchun

_x[0]=x[3]; _y[0I=yl[3];
78




X[1J=(x[31+x[0])/2; _y[1=(y[31+y[0D)/2;
X2JE[OX[1+x[2]+x[3])/4; _y[2]=(y[0+y[1]+y[2]+y[3])/4;

XBIEGRIX[BD/2; B R2I+y[3])2:
| o e
_p[0J=p[3];
_p[11=(p[31+p[0])/2;
_p[21=(p[0]+p[1]+p[2]+p[3])/4:

_pBIEER2]+p[3])/2;
boya(_x,_y, p);
§

void clear() {
Form3->Canvas->Brush->Color=clIBlack;
int w = Form3->Width;
int h = Form3->Height;
Form3->Canvas->FillRect(Rect(0,0,w,h));
Form3->Label1->Top = 16;
Form3->Labell ->Left = 16;
Form3->Labell->Font->Color = cIWhite;
Form3->Labell1->Caption = "Siljish koeffitsienti";
}
void chizish(){
int n = Form1->Edit16->Text. Tolnt();
//Form3->Imagel->Canvas->Rectangle(0,0,w,h);
Form3->Canvas->Pen->Color = cIWhite;
for(int 1 = 1;1 <=n+1;1++)
for(int j = 1;) <=n+1;j++){
ifG==1)
Form3->Canvas->MoveTo(1*90,j*60);
else

Form3->Canvas->LineTo(1*90,;*60);
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}
for(int 1 = 1;1 <=n+1;i++)
for(int j = 1;) <= n+1;j++){
ifG==1)
Form3->Canvas->MoveTo(j*90,1*60);
else
Form3->Canvas->LineTo(j*90,1*60);
Form3->Canvas->Ellipse(j*90-4,1*60-4,;*90+4,1*60+4);

}
void chizishU(){

int n = Form1->Edit16->Text.Tolnt();
double x[4],y[4];
double p[4];
clear();
chizish();
pmaxp=arrayU[3][0][0];pmaxm=arrayU[3][0][0];
for(int 1=0;1<=n;i++)
for(int j=0;j<=n;j++)
{
if(arrayU[3][1][j]>0)
if(arrayU[3][i][j]>pmaxp) pmaxp=arrayU[3][i][j];
if(arrayU[3][1][j]<0)
if(arrayU[3][1][j]<pmaxm) pmaxm=arrayU[3][1][j];
//ShowMessage(T|[1]);
}
for(int 1= 1;1 <= n;i++)
for(int j = 1;j <= n;j++){
x[0] = (G)*90;
x[1]= (G+1)*90;
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x[2] = (j+1)*90;
x[3]=(j)*90;
y[0] = (i+1)*60;
y[1] = (i+1)*60;
y[2] = (1)*60;
y[3] = (1)*60;
p[0] = arrayU[3][i][j-1];
p[1]= arrayU[3][i][j];
p[2] = arrayU[3][i-1][j];
p[3]= arrayU[3][i-1][}-1];
boya(x,y.p);
}
chizish();
}
void chizishV(){
int n = Form1->Edit16->Text. Tolnt();
double x[4],y[4];
double p[4];
clear();
chizish();
pmaxp=array V[3][0][0];pmaxm=array V[3][0][O];
for(int 1=0;1<=n;i++)
for(int j=0;j<=n;j++)
{
if(arrayV[3][i][j]>0)
if(array V[3][i][j]>pmaxp) pmaxp=arrayV[3][i][j];
if(arrayV[3][1][j]<0)
if(arrayV[3][1][j]<pmaxm) pmaxm=array V[3][1][j];
//ShowMessage(T[1]);

b
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for(int 1 = 1;1 <= n;i++)
for(int j = 1;j <= n;j++){
x[0] = ()*90;
x[1]= (j+1)*90;
x[2] = (j+1)*90;
x[3]=(j)*90;
y[0] = (i+1)*60;
y[1]= (i+1)*60;
y[2] = (1)*60;

y[3] = (1)*60;
p[0] = arrayV[3][j-1][i];
p[1]= arrayV[3][jl[i];
p[2] = arrayV[3][j][i-1];
p[3]= arrayV[3][j-1][i-1];
boya(x,y,p);
b
chizish();
b
void chizishT(){
int n = Form1->Edit16->Text. Tolnt();
double x[4],y[4];
double p[4];
clear();
chizish();

pmaxp=arrayT[3][0][0];pmaxm=arrayT[3][0][0];
for(int 1=0;1<=n;i++)

for(int j=0;j<=n;j++)
{
if(arrayT[3][1][j]>0)

if(array T[3][i][j]>pmaxp) pmaxp=array T[3][i][j];
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if(arrayT[3][1][]<0)
if(arrayT[3][1][j]<pmaxm) pmaxm=arrayT[3][1][j];
//ShowMessage(T[1]);
}
for(int 1 = 1;1 <= n;i++)
for(int j = 1;j <=n;j++){
x[0] = ()*90;
x[1]= (j+1)*90;
x[2] = (+1)*90;
x[3]=(j)*90;
y[0] = (i+1)*60;
y[1]= (i+1)*60;
y[2] = (1)*60;
y[3] = (1)*60;
p[0] = arrayT[3][j-1][i];
[1][1]

1=
]

]
p[1] = arrayT[3]
p[2] = arrayT[3][j
p[3]= arrayT[3][j-1][i- 1]
boya(x,y,p);
b
chizish();
b
void TForm3::uv(){
Canvas->Pen->Color=clGreen;
int n = Form1->Edit16->Text. Tolnt();
for(int i=1;1<=n;i++)
for(int j=1;j<=n;j++)
element draw(i,));

}

void TForm3::element draw(int 1,int j){
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Canvas->MoveTo(90*i+arrayU[3][i-1][j-1]*delta,60*j+array V[3][i-1][j-
1]*delta);

Canvas->LineTo(90*(i+1)+arrayU[3][1][j-1]*delta,60*(j)+array V[3][1][;-
1]*delta);

Canvas-
>LineTo(90*(i+1)+arrayU[3][1][j]*delta,60*(j+1)+array V[3][1][j] *delta);
Canvas->LineTo(90*(1)+arrayU[3][i-1][j]*delta,60*(+1)+array V[3][1-

1][j]*delta);
Canvas->LineTo(90*(1)+arrayU[3][i-1][j-1]*delta,60*(j)+array V[3][i-1][;-
1]*delta);
b
void hisoblash(){
double *x,*y,*z;
int n;
double c1111,c1212,c1122,c2222,h1,h2,tao,T0,gx;
double lyambda,lyambdal 1,lyambda22,myu,alfa,betal 1,beta22,ce,ro;
n = Form1->Edit16->Text.Tolnt();
arrayU = new double**[n+1];
arrayV = new double**[n+1];
arrayT = new double**[n+1];
x =new double[n+1];
y = new double[n+1];
z = new double[n+1];
for(int i=0;1<=n;i++){
arrayU[1] = new double*[n+1];
arrayV[i] = new double*[n+1];
arrayT[1] = new double*[n+1];
for(int j=0;j<=n;j++){
arrayU[1][j] = new double[n+1];

array V[1][j] = new double[n+1];
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arrayT[1][j] = new double[n+1];
b
b
for(int i=0;1<=n;i++){
for(int j=0;j<=n;j++){
for(int h=0;h<=n;h++){
arrayU[i][j][h] = array V[i][j][h] = arrayT[i][j][h] = 0.0;

b
lyambdall = Form1->Edit1->Text.ToDouble();

lyambda22 = Form1->Edit2->Text.ToDouble();
betall = Form1->Edit3->Text. ToDouble();
beta22 = Form1->Edit4->Text.ToDouble();
cl111 = Forml->Edit5->Text.ToDouble();
c1122 = Form1->Edit6->Text. ToDouble();
c1212 = Form1->Edit7->Text. ToDouble();
c2222 = Form1->Edit8->Text. ToDouble();
ro = Form1->Edit9->Text. ToDouble();
ce = Form1->Edit10->Text. ToDouble();
TO = Form1->Editl 1->Text. ToDouble();
h1 = Form1->Edit]12->Text.ToDouble();
h2=Form1->Edit13->Text. ToDouble();
tao = Form1->Edit14->Text.ToDouble();
//a =this->Edit15->Text. ToDouble();
x[0] =y[0] = 2[0] = 0.0;
for(int i=1;1<=n;i++){

x[1] = x[0] + i*h1;

yli] = y[0] + i*h2;

z[1] = z[0] + 1*tao;
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h
for(int i=1;i<n;i++){
for(int j=1;j<n;j++){
arrayU[1][j][0] = sin(3.14*x[1])*sin(3.14*y[j]);
arrayV[i][j][0] = sin(3.14*y[j])*sin(3.14*x]1]);
array T[i][j][0] =
b
b
for(int j=1;j<=n;j++){
for(int k=1 °k<=n'k++){
arrayU[0][j][k] =
arrayU[n-1][j][k] = 0;
arrayV[0][j][k] = 0;
arrayV[n-1][j](k] = 0;
array T[0][j](k] =
arrayT[n-1][j][k] =
b
b
for(int i=1;i<=n;i++){
for(int k=1;k<=n;k++){
arrayU[1][0][k] =
arrayU[1][n-1][k] =
array V[i][0][k] =
arrayV[i][n-1][k] =
arrayT[1][0][k] =
arrayT[i][n-1][k] =
b
b
int k=0;
for(int i=1;1<n;i++){
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for(int j=1;j<n;j++)1
arrayU[1][j][k+1] = (tao*tao/ro*(c1111*(arrayU[i+1][j][k]-
2*arrayU[1][j][k]+arrayU[i-1][j][k])/(h1*h1)+c1212*(arrayU[1][j+1][k]
2*arrayU[1][j][k]+arrayU[1i][j-
1[k])/(h2*h2)+(c1212+c1122)*(array V[i+1][j+1][k]-array V[i-1][j+1][k]-
arrayV[i+1][j-1][k]+arrayV[i-1][j-1][k])/(4*h1*h2)-betal 1 *(array T[i+1][j][k]-
arrayT[1-1][j][k])/(2*h1))+2*arrayU[1][j][k])/2;
arrayV[i][j][k+1] = (tao*tao/ro*(c2222*(array V[i][j+1][k]-
2*arrayV[1][j][k]+arrayV[i][j-1][k])/(h2*h2)+c1212*(array V[i+1][j][K]
2*arrayV[i][j][k]+array V[i-
11[k]D/(h1*h1)+(c1212+c1122)*(arrayU[i+1][j+1][k]-arrayU[i-1][j+1][k]-
arrayU[i+1][j-1][k]+arrayU[i-1][j-1][k])/(4*h1*h2)-beta22*(array T[1][j+1][k]-
arrayT[1][j-1][k])/(2*h2))+2*array V[i][j][k])/2;
}
b
for(k=1;k<n;k++){
for(int 1=1;1<n;i++){
for(int j=1;j<n;j++){
array T[1][j][k+1] = 2*tao/ce*(lyambdal 1*(arrayT[i+1][j][k]-
2*arrayT[1][j][k]+arrayT[i-1][j][k])/(h1*h1)+lyambda22*(arrayT[i][j+1][k]-
2*arrayT[1][j][k]+arrayT[1][j-1][k]/(h2*h2)-
array T[1][j][k]*(betal 1 *(arrayU[i+1][j][k+1]-arrayU[i-1][j][k+1]-
arrayU[i+1][j][k-1]+arrayU[i-1][j][k-
1])/(4*h1*tao)+beta22*(arrayV[i][j+1][k+1])-arrayU[1][j-1][k+1]-
arrayU[1][j+1][k-1]+arrayU[i][j-1][k-1])/(4*h2*tao)))+array T[1][j][k];
b
b
b
for(k=1;k<n;k++){
for(int i=1;1<n;i++){
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for(int j=13j<nzj++)
arrayU[1][j][k+1] = (tao*tao/ro*(c1111*(arrayU[i+1][j][k]-
2*arrayU[1][j][k]+arrayU[i-1][j][k])/(h1*h1)+c1212*(arrayU[1][j+1][k]
2*arrayU[1][j][k]+arrayU[1i][j-
1[k])/(h2*h2)+(c1212+c1122)*(array V[i+1][j+1][k]-array V[i-1][j+1][k]-
arrayV[i+1][j-1][k]+arrayV[i-1][j-1][k])/(4*h1*h2)-betal 1 *(array T[i+1][j][k]-
array T[i-1][j][k])/(2*h1))+2*arrayUli][j][k])-arrayU[i][j][k-1];
arrayV[i][j][k+1] = (tao*tao/ro*(c2222*(array V[i][j+1][k]-
2*arrayV[1][j][k]+arrayV[i][j-1][k])/(h2*h2)+c1212*(array V[i+1][j][K]
2*arrayV[i][j][k]+array V[i-
1711k])/(h1*h1)+(c1212+c1122)*(arrayU[i+1][j+1][k]-arrayU[1-1][j+1][k]-
arrayU[i+1][j-1][k]+arrayU[i-1][j-1][k])/(4*h1*h2)-beta22*(array T[1][j+1][k]-
array T[i][j-1][k])/(2*h2))+2*array V[i][j][k]) - arrayV[i][j][k-1];
}
}
for(int i=1;1<n;i++){
for(int j=1;j<n;j++){
arrayT[1][j][k+1]=2*tao/ce*(lyambdal 1 *(arrayT[i+1][j][k]-
2*arrayT[1][j][k]+arrayT[i-1][j][k])/(h1*h1)+lyambda22*(arrayT[i][j+1][k]-
2*arrayT[i][j][k]+arrayT[i][j-1][k]/(h2*h2)-
array T[1][j][k]*(betal 1 *(arrayU[i+1][j][k+1]-arrayU[i-1][j][k+1]-
arrayU[i+1][j][k-1]+arrayU[i-1][j][k-
1])/(4*h1*tao)+beta22*(array V[i][j+1][k+1])-arrayU[1][j-1][k+1]-
arrayU[1][j+1][k-1]+arrayU[1][j-1][k-1])/(4*h2*tao)))+arrayT[1][j][k-1];

b
b
b
b
void _ fastcall TForm3::FormCreate(TObject *Sender)
{
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Form3->Left = 0;

Form3->Top = 0;
clear();
hisoblash();
b
A e

void _ fastcall TForm3::FormResize(TObject *Sender)

{
chizish();

void _ fastcall TForm3::Button1Click(TObject *Sender)
{

chizishU();
b
e e e
void __ fastcall TForm3::BitBtn1Click(TObject *Sender)
{
delta=Edit1->Text. ToDouble();
clear();
uv();
}
e

void _ fastcall TForm3::Button2Click(TObject *Sender)

{
chizishV();

void _ fastcall TForm3::Button3Click(TObject *Sender)

{
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clear();
chizish();

void _ fastcall TForm3::Button4Click(TObject *Sender)

{
chizishT();

void _ fastcall TForm3::Button5Click(TObject *Sender)

{

clear();
delta=Edit1->Text. ToDouble();

chizish();
uv();

}
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