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KI4Pr4ru (QancaQa AoKTopn (PhD) Ar{cceprarluncrr aHHorarlurcn)

fucceprauufl MaB3ycr{Hr,rHt- AoJr3apdnnrn Ba 3apyparu. {o:krprr tafirga
aHr43orpoil xncMnapHr4Hr Horrn3r,rKnu AeSopMar\vflnalr4ru NapaeH:aHz gaNaonaezft

ax6opor rexHoJtorl4flnapu acocv/ta coHlH MoAennaurvpvtrt, aHlr3orpofi xoccanapra
era 6lnraH KoMrIo3I{T MarepvumapHu raAKI4K r(r4nnrrrAa MyX}rM axaMr4f,T xac6 eraAra.
Tolaln Ba KarnaMnla flHtLr KoMrro3r4T Marepr,r€unapHr4Hr KypHJrr4rIIAa,
Ma[rHHaco3JII{KAa, aBI4aco3JI vrK4a, ru66u1r ga, r}4uu arryrrvrK caHoarr4Aa sa 6ouxa
Typnn coxaJrapAa KeHr KlnlaHr.rlklJtv) 6y coxa4aru vrlMufi ralKH(or r4rxnapzHr4
:anaoHaszfr ax6opor rexHoJlorzflnapv acocu1;a MareMarr4K Ba coHJrr4
MoAeJrnaurwpvrLlwvl Tal(a3o 3TaAr4. AHU:orpon xr4cMnapHl4Hr Horrr43HKnH

4eQopua\uflnaHLrIttr4Hl4 xucoOnafi ALrfaH MareMarr4K MoAennap Ba anropr{TMnap
vrwa6 qzKI'IIIr MyaMMoJIapz, AI([I, Kauaga. Eyrox Bpurauux. Enpona I4rruQo4la
AaBnarnapz, Pocczr Oe4eparfvrflev, flnonwn, XzuAprcroH, Xuroit, )Kauy6lrfi Koper,
I4HAoHegu t, Mattaircun Ba uy rca6w caHoaru pHBoxnaHraH MaMJrar(arnap,qa 4onsap6
xnco6,raHallr.

(PEK HI'{HI Markets and Markets 6aruoparkra acocJraHr46 xa6ap 6epulsuta,
KoMno3LIr MarepHannapHHHr ,4yHe 6osopra fiwmra 8o/o 4an xiupoK ycap 3KaH, 2016
irnttra72,58 MnpA USD 6!rca,2022 iturxa 115,43 MrrpA USD 6irturuuKyrr4nMoqa.
"Pocatolt" HI4HI urlt6a KopxoHacz "Umatex" uarlyuorJrapura xVpa, AyneAarn
nonaMep KoMno3l4Tnap I4lxna6 urz4apI,IIrIHHHr 30o/o rctt xlnporu exu 4 MHJrJ'roH
roHHafa flKvrHH rypap xofr, caHoar 6nuo.napz, Mafr4cTpat fifwtap, rlnpzrnap Ba
KoMMyHan uHSpary:I4IrMa (ypHnI4IxIrAa wlJrrururna1z, Tevrzp-6erou rrJr1aTuurap,

yrnennacrl4Knap Ba uHuanJlacrnr(nap xa6w KoMno3r,rrnap Kypr,rnzruAa aHrra
wnrapw4aH KeHr K!,ulanunv 6 relHuMoMa, flHfvr KoMrro3t4T Marepr4aJrnap 3ca x(yAa
xlnna6 I4MKoHlttrnWHu o\u6 6epuo64a, flTHLt HccrrKJrr4K r{3oJr{ur4-f,c1r Ba 3Heprr4t
caMapaAoplrr4ru[w oIrJI,IpvIU, 6r,ruonapru4Hf oruprrurzrH4 xavrafirrapprru Ba ceficnaux
KapuunI4KHI4 oIrII4p?Iu, vypaxxa6 trervropnfi rxaKnJrapHr4 flpararrn. Meraln
apMarypaH14 KoMfl03HT Marepl4anfa anMarxrnpHru r(oHcrpyr(ulrrHrrHf xr43Mar
MynAarvHV ce3l4napnH Aapan<a\a ouHprrrufa KoAHp, apMArypanv rlplap fiyI
KonnaMarapnH HHf Xh3Mar Kr4Jr r4tx MyAAaruH u yzafitwp[txr.r MyMxrzn>> I 

.

Ayueaa aHn3orpon )KI,IcMJIapHHHT Horrr43[(nn 4eSopu arJnflJraHvnl xapaeHuHz
coHJIrI MoAennaurwpwut 6!fiuua Mar(caAnr4 wtwrui,r rufiriottap otu6 6opranvroraa.
.flnrn Marepr4annapH, nwta6 rrH(apr4rxAaH onAuH, uy x{HcMHlrHr Kyr{naHraHJrr4K-

4eSopNaaqvflilaHtlJJ xonaruHrl Myr(aMMan fpraHr,nl, r(oMrro3r4T Marepkr€LnnapAaH
rafrepnaHraH KoHcrpyKllnflnap Ba ynap SJreMeHTJr apvrHnHr MycraxKaMJrr.rK
3axvpacvHw Ba HlxoHt{rulllarvrHkr }pranuu KepaK 6yragu. KYu npoqeccopnr4
KoMnbrorepnap Ba :aNaoHaezfi Xzco6raru ycynilapuHr4Hr nafiAo $ftwutw
SyH4airaeHral Ba avatwk My.aMMon aplvr xan (HJrr4rrrAa coHJrz MoAeJrnaruTr,rpgru
ponr4HHHr otuhtrHra oru6 ndnAr. tOr<oprz u\rtrcopuir xlpcarxzqirapra 3pr4rxuu
y'{yH aHl43orpon x(}rcMnapHI4Hr Hor{r.t3hKnr4 AeQopnrar\uflraHvtr xapa1;gIuuu
4aco6laur MoAenJrapl4 Ba anropr4TM napvrHr ultta6 r{r4t1r,rrxra Ba
Ta K o M r4Jrrr atur r.rp H rx I a vrHT 14 lv4rx JIo 3 H M 6y lal.w.



Vs6eKzcroH Pecny6nrzrcacz MycraKanJrHru{HHHf Aacuaor<u i4ury1apngau
6 o urn a6 (yp an a Ix' rlKra vau v rtuK Ba Ko M rl 03 HT M arep uannaplu waxatutuitxarurr4pr4 rx
6irftuua x<a/.an I4runap otu6 6opunuorq4a. I(ypunuru, MarrrrrHaco3Jrr4K Ba xaJr(
xlNanurHH HHr 

-6ouxa 
coxanapl4ra -{HrI4 KoMrro3r4T Mareprran napHl Noprafi (r4nr4rrr

ry$afinn uura6 qHKapHUr cu$aru Ba xaxM, 6rp 
".uu 

aapoaap orrrA'. vur6y
Ar.rcceprauur Lttlv MabnyM Ma.bHoAa, 2017_2021 kuntaprcr^ Vs6exucroH
Pecny6rru KacHHH flHaAa pr4Bo)r(naHrupr{lx 6irianua {apaxarnap crparerr4, c1rpa,
)I{yMnaAau llpesrz4eHrl{HplHr 2017 fiul 7 Qenpan4ana lI@-4947-con oVrO.*r.["
Pecnyo:r'KacnH, flHara pI4BoxnaHTr4pr4rrr 6!fiuua xapaKarnap crparerprflcLr
rfrpucra4a>rra , 2017 fiut 30 HroHbAaru no-joqg-.o" ,rp.cny6nzxa4a ax6opor
TexHoJlorunilapv coxacnHr,r pnBoxnaHTr.tpr4lx y.ryH rxapr_rr1apoqTnapHr4 ry64an
rxrrrnJlaiu vopa-ra46upnapl4 rfrpwcuga>>rvt,20l8 ftql 27 anpeJrAarr n4-:6SZ-.o,
<zHHosaIrHoH rotrJlap, TexHonorzflnap sa rofiux alrapHu arraruerr a xopuit 11r4nLrilI
TW3I''MWHI4 flHAilA TAKOMI'TJIJIAIUTI4PI4III qOPA-TAI6.,P,'P" 

rlrrPUCrA4 A>>TLI(apopnapvran4 xaMAa Ma3Kyp Saonrzmra rerl,Irrrnu 6ourxa rraerepufi-ryxyxufi
xyx)r(arn ap Aa 6er rnla u ra u eas ra$ anapH4 6 a>rcapu Udfa x H3Mar KW ilAAU.

TalKr,rqorHl'IHl- pecny6;rr'rrca Qan Ba rexHoJrorr{sJrapr pr.rBo?r(JraHuru'Hr{Hr
ycryBop fif uarraurnra Mocrrr{rrr. Masxyp raAKr4\Or pecny6rzxa san 

"urexHoJlorr4rrrap pI4BoxnaHHIrII'IHllHr IV. <MareuarLrta, MexaHHKa na zusoprurrnu,
ycry Bop ir! walwutvr ronpacw pa laxapaJrraH.

Mya nr naoH H H r j p ra u un I-a HJr r,r K Aa palracu. AHgsorporr xg4cMnapHgHr Hot{H_
3'{(JIH ae$opn,'aqHflnaHI'I'x xapa€Hz lpraHr.rur MaTeMar,K MoAeJrJrarrJTr,rpr4[r BaIrJIacr[KJII4K Ha3e.QvflcvrHnHr Syu4arraeHral MyaMMon apHAaH 4raco6naua4r,r. Ey
MacanaJrap CeH-BeuaH, f.fenrz, B.feor4Naen, p.lpyxxep, A.t;;_ 

^r,fl'M'Haxrz, r'M' Ka'{aHoa rca6u raHuKnI4 onvMnap sa 6ou(aJrapHr4Hr KJraccr4K
nlnnapu[a itprauvtrlraH. KoN4nosHT Marepr4annapra 6lnraH Karra ratta1 na exrn€x,
aHH3orpon )I(HcMJrapAa KevaAHfaH Horl43HKn14 Aesopnaarl4qnaHr4rx xapaewuuw
MaTeMarI4 K MOAennaurHpLlrJJ coxacr4Aafr4 ultwui4 TaAKr{(OTJrapHuHf
pI'IBox{naHVrII4ra ryprl(H 6!rgu. KoMuosnr Marepr{arnapHr4 ra6uuir (rpacrarnap,
rpaQnrnap, ror' )KLrHcnapr4" rfna) Ba cyuruft (renrup-6eroH, yrJrerrJracr'K,
uHuanJracrzrc) roa$anapra axparnru MyMKaH. Cyur,rzft nonrno3uTnap uquAa gHr
xln raularuralzfaHl rorarr4 Ba KarnaMJrH KoMno32Tnap XHco6laua,u.

I{ovnoszr Marepl4annap coxacl4Aa unu,,rir 
"!" 

otiu6 6oprau raHr4r(n'
Myraxacucnap KaroP[aa \yftuilaru onI{MJIapHH TarKkrlJrarrr MyMKr4H, [x.A6oypu,B.A.rlor'raKuH, p.Xnru, F.E.llo6eapx, I4.H.fonrA.n6nur, c.llleureHrzH,
A'corogoBHHKoB ea 6o[rKanap. c]Hrw 

^fiwntapAa 
reMne parypaHkr xucodra oJrraH

xoJIAa' 6or'rrz( Ba 6oruzK 6lnrvrarau rnacrr,rK aeSopuarry'rnun^ NapaeHraHz
MareMarllK MoAenrTaIxrlIpHIx Macanarapvra t<yftuilarw uyannra$napHyHr vrrnrnpr4
6arururaHras B.Honaqxzfi, H.M.you$if stooerbach 2., pajak J., Abbas LA. ea6ouxanap' Vs6eKu croHAa 3JracTZK-[Jracrr4K MacananapHLr MareMarrrK
MoAennaurr4pr4rx Ba ynapHT er{r4rrr ycynrapw 6uI,aH B.I(a6ynon, T.Eypuen,
E'I(ypvan6aen, A.Axnaegon, A.XanaNr.rror,' p.A6wpoe, A.Iroraron Ba 6ourKa
H,rya,rn uSnap ttryryrr,rraH H urraH.



Ara'u'rnapHu lpraHram Ba raxJrlrn KHJrr4ru, aHr.r3orporr xr4cMnap y.ryH repMo-3JIacraK-IIJIacTI4K MacaJtutapHu coHJIIz MoAennauTI4pHIx Ba yJrapH unr gacrypuit
Bocl'lraJ'lapuHpl u:[na6 qHKI4lu eTapJIH Aapa>Kaka iprauanvru.u"nr.r Hu Ba.uonsap6
MyaMMon HIUHlz xfpcara4z.

{uccepraqua TaAKI{KoTI'IHI{Hr Ar{cceprarlr.rfl 6axapu.nraH nnuufi-TaAKuKor MyaccacacltHIrHr ultulrfi-raAKltKor Irrrurap[ pe?(aJrapn 6u,'an6orruK.nnru. flrzccepr-aqrzr nLuu Myxavvaa An_Xo pazvrwft HoMHAarra Toruxeurax6opor TexHonorvttrapl4 yHHBepcHrer,HHHr unrvruit TaA(HKor krxrrapvpexacr4Hl4Hr rcyitwgarw AaBnar rpaHrnapa: @4-014 <AHrasorporr )Kr4cMnap yrryHrepMonnacrI4K Ba repMoBfl3KonJIacrLIK 6orun4 Macananap > (2012-2010;, aS-O: t<<IloitwxanapH' aBToMaTJr autrwpvLrt Ba rexHHK HHrrroorJrap'r4 TaxnLrJr orr4rrr y.ryHgacry pwir MaxMya r parHu)) (20 1 2 -20 | 4) rcwp acv Aa 6 axapu t* au.Talxur<orHI'lHl- MaKcaAIr aH,3oTpon )r{r4cMnapH,Hr Hor{H3r4Knv
aesopnaar\uflIraHvlIn xapaeruwuu u0oAanos.{u MareMarHK Morennap, coHJrrranfop'rMnap Ba !,."ypwir Boc'ranapuu umta6 qr,rK'[r.4aH Z60par.

TatKu rqoTH uH r na:uea;rapn :

aesopvau,oH Ha3apwfl aeocwfta TpaHcBepcan r43orpoil xLrcMnapHHHr rrJracruKBa TepMonnacrr'IK ae$oprvrar\wflIlaHuiltI4HI4 HSo4a,ronvn MoAer reHrJraMaJr apHuull.rra6 rin(ztu;

repMo-3nacTr,rK-nJTacrtrK crarr,rK, Ar4HaM[K, 60mu4 Ba 60rnrE4 6]nuara'MacaranapH H COHI H err H rx y.{yH qeKJrr{ airwprvatm TeHfnaMaJrap (ypkrrlr;
aHH3orpon xr4cMnapHHHr Hor{H3r4KJr14 aesopnaa rlirni"^_ NapaeHuHarz0o.qanosqu MoAen reHrJraMirJr apHH er{Hru y.{yH caMapan1coH14 ycyJrHH Kypr{u;MexaH[K Ba reMlleparypaBnfi r<yvnap Ta'bcupr4fta-.,4 aHu3orpo[ xr4cMnapHr4Hf 

.Kyr{naHraHlux-4e$opMalIkItn aHLrxt xonaraHu tuax"x Kr4nr4rrrfa 
^rrno" 

6epa4raraHIIJIa.TI4K' TepMo[JracrHK 6ornz4 Ba 6ornuK 6lnvraraH verapaevft MacaJr€urapHr4coHnl4 eq14u y'lyH Xnco6'rau anroparM napv Ba AacTypaft eoczr a w111;1a1qnKprrx.
TaArqllrqorHl'IHl- o6r'enru TepMo-3nacro-nnacr,K TpaHcBepcaJr H3orporrMarepuannap\aH TauKI4J| TOrfaH r{oHcTpyKur4rJrapHuHf crarr4K Ba Ar4HaMr4KaeQop naauhrnaHnrrr xapa€nnap vAaH w6 opai. 

-

TaAKr'rxoTHHHr IrPeAmerI{ TepMo3Jracrr4K'racrrrKnr{K Ha3apkrflcrrH,Hr crarkrK,
AI4HaMHK' 6o'nax Ba 6orrirz( 6lnvraraH uerapanufi, *ur*uiup, xlprzuzrura4araooAara'ras aHH3orpon 

^rltrupHr4Hr'- Hor{H3r4KnH aeSopnaa rruflnaHuruxapae un a pvHV C O H n 14 M oAen Jr a u Tlpt4ur Aan n6 op ar.
Ta'qnunor ycyJIJIapH. lucceprauufl LrrrkrHu 6axapuur4a 4e@opMarlg.sraHyBr{r4(aTTI4K xHcM MexaHI4KacI4HaHr ywyrvwit KoHyHnapI4, MareMarlrK MoAenJlarx rupkrmycynnapu' coHJIH ycynJlap' oilrKop Ba olxKoprrrac afiupMaJru cxeMulJrap , aftupxtwruTeHrJ'IaMaJIapHvt eqHIUFIHHT HTepauzoH ycyilnapl, MoAynJrra Ba crpyrflypanr4Aacrypnam r(

Harr4*<arrapw*vrJffi#ff lh,Jl'"",'iiT,,J;::.ff #;ffi 
""i;'i,.oonu'"Ta.q n u n or H r{ H r u 

'.wu 
it fl H r r Jr r.r r u Ky fivr rar^ nup ru, u6 opar :

MexaHI'lK Ba reMfleparypaBuff dournaHrrlq Ba r{efapayuit maprnapHr4 xraco6raon,raH xonAa ae$opNaaunoH Ha3apwrcvr aeocl;ta TpaHcBepc€Ln rz3orpon xr4cMnap



(KoMno3ur Marep14annap)HI4Hr IIJIacrvK Ba repMonnacruK IeQopMaugrJraHurr1
rx ap ae H n ap H HH H f M are M arr4 K M OAeJrn Apu uxma6 uz4ran ran ;

TepMoMexaHI4K KyqnapHu 4raco6ra oJIraH xoJIAa aHur3orpo[ )Kr.rcMnapHr4Hr
Hot{z3I4I(rH Ae$opMal\vn[IaH:au Napa€HI4HHHT MoAen reHrJraM€ur apprHu eqr4[rHuHf
r{eKrrz afiwprvwru caMapanw coHnn ycynu ur|'|la6 quKr4nfaH;

TepMo-SnacrHK-rrJracrlrK crarrrK, Ar,rHaMr4K, 6Orun4 BA 6OrnzK 6fnuaraH
MacananapHl4 coHJlH er{nIrIHI4 Xzco6ra oJIraH xonAa orrrKop Ba orrrKop 6}nrr,rarau r}p
TeHfJraMaJrap Kyprn faH ;

MexaHHI( Ba TeMrleparypaeuit KyqnapHn Xnco6ra oJrraH xonAa aHr43orpon
xt4cMHI4Hr Kyl{naHrau-4e$opMaul,tflnaHIaHJIHK XonarHHH rlJracrr4K, TepMonJracrlaK
6ourzr ea 6orrlaK 6lnvaran qerapaBl4ia wacanattapHl coHJrH eq1a11rra vrlnNannaHraH
xnco6nau anropl'IrMilapr Ba Aacrypr,rfi socuranapv Ba yHr,rHr crpyKrypacw nuna6
qHKZIfAH.

Tar Kr,r r<orH r,r H r a m ar u fi HarH)KaJra p u 6yfi n rarvilap nan n6opar:
TpaHcBepcaJI H3orpon )KHCMJIapHHHT SJracrr4K- rrJracrrlK aeQopvrar\uflnaH1rytvHr4

xzco6nosqH anfopr4rM Ba gacrypuit Bocr4Ta ututal qnru4rraH;

uut'a5 qHKHJrfaH gacrypufr Bocr.rra Epgavula crarriK Ba .{r4HaMlrK
TepMoMexaHZK Kyqnap rarckrpvr&a TpaHoBepcan Lr3orpon MapuurnapAaH TarrrKr4n
TOfIfaH I{OHCTpyt(Lvnnap Ba ynap KLrcMnapHHr4Hf MyCTaXr{aMJu{fr4 Ba uuroHqrrurlvr?r
AH14KIIAHfAH.

TalKuxor Harrf)KaJIapI{HI{Hr- HruoHqJrr{Jrurrr MaTeMarHK MyJroxa3anapHr4Hr
\atuufrtturl4' TepMoAI{HaMI4Ka KoHyHJI apnra r(arsuit pr4ofl Krlnr4HraH rrarryr,rrJracrr4K Ba
TepMorlnacrHK qerapaBuit vacatanapHaHr coHnr4 Harv)KanapvHvr Ba aHI4K errl4Mnap
6utau conH[ITI4pHJIraHJIt4r14 xarra xzco6lau 3r(cnepr4MeHTJrapHr4 ]rxaenru opr(aJrr4
acocnaHfaH.

TaAKuKor HarIr?KaJIapuHI,IHr unnrufi Ba avanuit axaMr{flTr{. TaAr(rz11or
HarhlKaIrapnHI4Hr uttxtuit a\aM'uflTu rarnuQ 4zlzua€uaH coHJrLr ycynlau ua$a4ar
3JIacTI4K-IIJIacrnK Ba TepMolnacrlrK verapanr,rfi MacaJranapHrr coHJrr4 eqrrllrAa,
lUyHI4HfAeK' MaTeMaTHK MOIenJIaIxTupWU Ba TyTaIx MyXI4Tnap MeXaH[KaCr4Hr4Hr
6o trr na Mac arailapzHr4 e q H IxAa Sofi aan aH r.r u My M r( wH rrvtru 6 unan uzoxnaHanr4.

TaAKnxor Harv>KarapHHHHr awannfi a\aMr4flTr4Hkr, oJracTrrK-nJIacrHK Ba
TepMonnacrI4K MacanaJIapHI4 erll4rrr y.{yH raxlus 3THirraH coHJrr{ ycyJrraH Ba
oJII4HraH coHn, Haru>KaIrapAa' TepMoMexaH,rK nyo'nup ra',cvpLrraf.r aHr43orpon
Marepl4annapAaH TaITIKI4JI TonraH gaMoHasHfi TexHr4K o6rexuap Ba rrHrxoornap
MycraxKaMJIHrH 3axHpanapvHT Ba 14 [IoHr{J'il4IIVI74HV aHuKilaLIJila Ba coHJIa
MoAennaurr4pr.tuAa 0oft aanarl H u MyMrgr H.

Talr<nrqor HarI'IlKaJrapuHI{Hr xopnfi Kr{Jrr{Hr.rrun. Asz:orpon }r(HcMJrapHr,rHf
HotIur3lrKnr4 Ae$opM arJnflrraHrnl Napa€HLrHu raAruurK 3Tr,ru y.ryH ttssnal 

"rKrnrutrMareMarI4K MoAennap, coHJIlI Xzco6lau zurroprlTMnapw Ba Aacrypufi nocuranap
6l fiuua oJr 14 H ra H u nru ufr o 

".r.,i, 
nn ap aeo cu Aa:

MexaHI'lK Ba TeMneparypanuit Kyqrap ocrl4AarLr aHz3orpoil x{r4cMHt4Hr
KyrlnaHraulr'rx-4eSopMaulatnaHraHJIkIK Xonarr,rHr4 TaAKZK KzJrr4rxra rrMKoH
6epa4nrau IIJIacrrlK, repMonJlacrr4K 6ornn4 Ba 6ornr,r4 6lnvraran verapannfi
MacararapHu coHnl4 er{H[rlra ulnNannaHraH Xaco6laru ilnropr4TMnapkr va gac1ypuit



BocHraJlap Xopa3M B:?.lroflrw Boror ryMaHr4 <Apxurexrypa Ba r(ypr4Jrraru 6fnuun>
o6rer<uapl4fa )I(opl4fi erulrau ( (ypr.rnrzru Ba:npr urv MabrryMorHoMa J\b 1 0I5gl0g-
07-coH, 23.12.2019 ir., Ax6opor Texsororarflnapu.Ba I(ouvryunKar\krflnap11u
PasoNraHrI4pI4Ix Ba:zpluru MabnyMorHoMa Ns 33-81g024-coH, 23.12.20lrj rr.l.
Hatuxa[avrru yHyMAoplI]'1rrvrHkt 8-I0% ra orrrr4prrn, capS xapaxarnapHuscaT-l1yo
ra r(HcKaprupt4ul 14 MKoHr4flTu 6epwmau.

KyLrnaHaul Ba TeMnepaTypaH14Hf TaKCHMnaH]"i.UJVT Ba aHr'r3oTporrJrr4KHr4Hf
TpaHcBepcan H3OTpOn xlrcMnapHr4Hf Kyrrn aHraul ux-4eQ opMaur{rJr aHraHn14 K
xonarl'Ifa Ba IIJIaCTHK COXULnapHr4 aHzKJrarufa lr]nNaruaHfaH XUCO6naru
anropr4rMnapu ea lacrYPufi eocurulap CanrapKanA Br4no{rur Xou6ofi ryv.auurarkr
(DAMIR QURILISH SERVIS)) Mr{Xt o6ret<uapvra xopnfi 3rurrraH (I(ypr.rnuru
Baznpntru MabnyMorHoMa J\le 10l5gl0g-07-cou, 23.12.2019 yr., A"oopo.I
TexuoloruflIrapu Ba KoH,rnryuz Ka\anrrapulr4 PusoNraHTr4prrrrJ Bazuptmru
Mar'nyMorHoMa Js 33-8/9024-cort,23.12.2019 fi.). HaruNa4a, krur yHyMAopJrurkr1r4
1-0-15% ra oIxHpLIur, cap$ xapax{arnapHH eca 10-15% ra Kr.rc(aprr.rpum r.rMKoHz.f,rr4
6eprznrau.

Talxuxor Harll)ttaJrapI{Hr,Iur anpodaurrflcr{. flwcceptaL\Lrfl vu]v HarLrxanapu
8 ra xanKapo Ba 3 ta pecny6nzxa nrnK€cuAarn xonsipen L\uflnapra MyxoKaMa
KI4JI14HfAH.

Talxuxor HarI'IlKaJrapIfHHHr SbJroH KrrJrr{HraHJrr{r[. .{zcceprarJLrfl MaB3ycLr
1irituua 25 ra unvuir HIrI x{yMnaAaH, Vs6ex}rcroH pecny'6nuKacr/r ora
arrecrallHflcH KOMMI4CCH'C,VHVHT AOr(TOpnnK Aucceprar\krflnapv acocwi,t uttutuit
Harvr>KanapvHl{ qor 3TI4I]I TaBCUfl 3Tr4JrfaH wnwuit HarxpnapAa 10 Ta MaKOJra,
xyMnaAaH 3 ra qer 3n Ba 7 Ta pecuy6nnxa xypHaJrn apar1a Harlp orr4JrraH,
rxyHl4HrAerc 2 ra 3XM y'IyH tacrypwit Maxcynornapra ryBoxHoM anap onr,rHraH.

{HccepraqfiqHr,rHr- Ty3r{Jrnmv Ba xa}KMr{. lracceprar\ur Kupuu, 3 ra 6o6,
xynoca, $ofi4anaHr,rrrraH a1a6weutap pirftxaru, uaprnr4 6elru Ba repMv Hlrap Ba
r,rnoBanapgaw w6opar. flwccep^tarJuflHbHf xaxMr4 101 caans ailaH u6opar^.

Ar4C CEPTAUnqHWHT A CO Cr4rZ vra gMyHr4

__. - 
Krpnur_ KHcMnAa nncceprar\vrfl MaB3ycHHLrHr_ Aonsap6riwrw Ba 3apyparr4

vs6eKzcroH Pecny6turcacnra $aH Ba rexHoJro.r4rHr4 lrro*nuHrrrpr4rxH,Hr ycryBop
fifnanw[tnap%fa Moc 3KaHJrHfr4 acoctauul, Ma(caA Ba 

"a:"QalapuaKJIJIaHrI4pr4IrraH, TaA(a(orHpIHr o6rexrv Ba ilpeAMerr{ x}pcarn6 6epunran,
TaIKI4 KorHI4Hr nlvvtit flHtvtrutvr Ba aMaJrufi waruxwtapu 6a)u 4rrrr"aa", 

'oJIHHraH

HarHlKarlapHHHf HUIOHLIJII4 [r]/.tt4 acocJraHfaH BA HA3apI4fi XarraAa awwmft a\aMuflTkr
ouw6 oepznraH, T&AKI'IKor HarvlKanapv avaluetra Noprzfi grLrrrtaHrr1rru, qor
3TI4JIfaH VIXnap xaKLrAa Ma'bnyMornap Ba Ar4cceprar\krflHuHf ry3r4nr4rrrH KeJrrnpu6
lrulrau.

lraccepraur4 rHr4Hr 6wpuuuu <Annsorpon x(r{cMJrap qu3uKcn,3
aeQo p m a q u qJr a p u H r.r H t- M areM arr.t K MoAeJrJt a p tr ) H oMJr 14 6 o6u ga,Aacua6rr4 3apyp
Ma'L'nyMornap' acocwrt ryuyuqarap, acocttfr aHHKnoBqr4 MyHoca6artap, aHq3orporr



)KI4CMHI4H| r{I43I'IKIH Ba qH3I4(cI43 AeQopMar\uflnaHvrLLrulLr vpoA€tloBr{r4 MaTeMarr4K
MOAennap KenTHpr,rn faH.

- l' 1 naparpa$Aa aH,3oTpon xHcMHr4Hr r{H3HKnr4 Ba Hor{H3r4(rr.r
4e$opvaqHqnaHz Ix uuu wQoAaroBtII4 MareMarr4K MoAeJrnap xypanrau. 3racrr4KJrrr*
Ha3apvrflcl4ra acocJlaHraH r{erapaBl4it wacata r<}vrztrrnapru ,tc6aran u6olanaHraH
M yB 03 aH ar re H fJr aM acvr Ba Mo c rre fp anufi maprJr ap 6wtas r,r Q o4anaHran :

3a

ZC,,o,:++x,=0, x, ev, (l)
,fr=, t'^' lx,Ax, t ) -'/ -

u,lr, = ui , x, eLr, (2)
3

L C,n +") =^ti, x,e1z, (3)
k.t.1=1 

' OXt 'l:,

6ynga, u1- rc!\vuJ BeKTopH, xi,s, - xaNnruft Ba cr4pr Kyqnap', Lt, zz- v 4axw
cuprn r Hr.iHf Kr4CM C4prnapv, n.j - V 4axraHuHf L, cnprwra !.rxa:wrfaH Tarx(H
HopMaJI, Cio, - 3nacraK KoHcraHra]rap reH3opl{ 6!tu6, 4yitngaru rvryc6ar
aHl'r(n aHraHJrHK Ba cr'rMMerpriKnHK xoccanapr.rra 9f a :

C,i, = C.i,o, = Cq1, = Cr,1, Cq1rallap 20, Q,i = e j,, (4)
C io, reH3opl4 (4) cnMMerpv KJTLIK lrraprr4 laxapunralna 9 ra 3pKnr4 3Jracrr4K
KoHcraHranapra ora 6lnarLr Ba 6ymp oprorpoil Marepr4€Lnnz z$o4ataftgu, arap
reH3op Klurravua xyilul.aru cr4MMerpHKJrr4K ruaprnap[HLr XaM 6axapca

C,,r, = Crrrr, Crrr, = Crzrz, Crrrz =*(C,,,,- Cur).
y xonAa 3pKnu 3Jracrr4K KOHCraHruap coHH 5 fa reHf 6lmru Ba 6ynra Moc
Marepuan rpaHcBepcan h3orpon )KucM 6!ragn.

(l)-(3) 3lacrfiK qerapaBuft wacwrararr4, KyrrraHr4rrr na 4e6opMarJr4fr reH3op'
opac HAarr4 My Hoca6 aruu r\y fiu larw

3\-^
o,i = 2u C,,o,to, - oi .

k ,t=l

MyHocaoarra anMaurupcaK, aHa3oTpo[ xHcMHr4Hf HorIr43r4KJrH
4eQoplrar\r4flnaHulfrvHr4 izSo4anonuz MareMaTr4K MoAenfa 3ra 6!nauza, 6yuga
oi - KyqnaHu u reH3oplrHuHr Horru3r{Knn (HcMr4. I

L2 naparpaSaa rpaHcBepcan H3orpor xrrcM y.{yH Hor{H3u(nH verapanufi
Macana (ypr4nfaH Ba yHr4 r<yiluAaruva xlpzuzur4a a$o AanatrJ MyMKr4H:

,.1=f,,0,#k+ 
x,= f,, (6)

(7)

(8)

(s)

u'lr,=ui ' x, €x,'

$r- Atto.^l .
oi=,'ro'dn,l. =s,+{P,' x, €r',

6y^nu f Ba einap ryfiz Aaru*yioruaurnap 6wra'aHrrr{na'raH

^ JAol 3' .f,=># ' p>p*,Q2qr, e,=\ofn,l,, p)-p*,Q2Q*,
I=t v-w; , ,L)

' 't l=l

10



6y nayHoca6arnap (6) reHrJIaMaHr4Hr Ba (8) uerapaewfi luaprHr4Hr Hor{r.r3uKrr4

KHcMI4HII r,rSo4anafi4r,r. Ey SynrqnrJrapHr4Hr 4rafiuarra HoJrra reHr 6!rca, (6-8)
verapannfr Macara SJIacTI,IKJII4K Ha3apuflclrHr4Hr t{r43r4Krr4 uerapanufi (1-3)
Macanacvra rcelu6 Konanr4.

3r,ra6op KI4JIcaK, (5) vrynoca6arrafl4 KarraJrr4r( ol -rpaHcBepcan rr3orpon

)XI4CM y'{yH IIJIaCTI4KJIIII( Ha3apI4flQU MOAeJI TeHfJIaMaCUHLIHf HOI{I,I3I4KII4 KI,ICMI4HLI

raSo4anafi4.r4, fl:.,rn

0 , azap p

2(1. - 1.)(t -

2(2, * 1,)0 -

<0 u q<0,

-!!-)p,, .u?up p > p ,
p

t)r,,, azap q>q,-
q

TepM o rrn acrn K 4 e Q oprta arlr4q H r4H r Xonar reHrJraM acr4

KouH uynoca6aru

p>p,q>q,
1, ' /

€,.,::1u,., +u,,l.
^, l\ 

nr t,e/'

aHZ3OTpO[ X(LrCMnap y.{yH r4ccHKJrr4K TapKaJrr4ru TeHfJraMacr4

tr,,T,,- t,f -7 f ,.€,i =0,

6ourlauru Lr uaprnap ,,1,=,0 = e,, i,l,_,^= v,, Tl,=,o=To,

Ba rrerapavuit :lr'apr.rapp.aH TaJrrKr{Jr rorrraH

romr;.fl
Lt,l,, = Li,' . Tl, = 7,,. Lo,,, ,l = S,9.!, 

i=t 'lr-

(e)

(1 0)

(11)

(r2)

(13)

(14)

l1

P , Q - rpaHcBepcan H3orpon xLIcMHHHT Moc paBVmAa 6!fimva Ba KyHIanaHr

,ryHanvut4aru 3Jr acTr4 KJr Lr K Lre fap€Ln apH,

pi1 = €ii + {(6,rd p - 6u) + err636 iz - (e,16 p + er,6,r)

Qii = €,36 t + tri6,r - 2er636p, 6 = err * e,
Slacrux lsrapvracnap 4, trr, 1r, 20, lr,3JracrHK TeH3op KoMrroHeHTurapu6utau

r\yftw[aruqa 6ornaHraH

tr, = Crrr,;tr, = Crrrr, 2.: C,,rr, 2o = Crrr, , ,L, = Cps,
2u = 2, = 2r * 22, - Crr, I 2Crrrr, l, = X, = Crrrr, 2n - 2s = Crrrr.

1.3 naparpa0Aa rpaHcBepc€rJr H3orpon x?rcMJrap y.ryH repMorrnacrrdK
qefapaBr4il vacananap KypnJrfaH ua y xyfiwra.il4 xapaKar reHfJraMacH

" A-.,\- uu
) o ,+X =o:- ^LL/-t.l .l "r r Ar2,
t=l uL



Fytau o i, €,j - Kyi{naHHIrJ Ba aeQopnaaqr4f, TeH3 opv, p-3r,rrrJrr4K, 7 -rerrrneprypa,
c€ - lsrapvrac ae0opva\vrr$a r4ccr4(Jrr.rK cwFHMvr, p,,-uccur(JruK xeuraftuuru

TeH3Opr{, 1, - uccw(nr4r( o(r4Mr4Hr4Hf reH3op w, 6, - Kponerep cr4MBonrr.

I4t<xraHqu 6o6 <AHu3orpofl ?Kr,rcMJrap y.ryH rrJracrnK MacaJraJrapHrrHr coHJry
MoAeJIr'Iapu Ba equru ycyJlJlap[) Ae6 HoMnaHraw 6!tu6, TepMo-3nacrgK-rrJracrqK
uerapanuil MacanailapHlzHr AI4cKper aHaJrofr4Hr4 Kypr4trrra 6arurulauraH. {ocun
(I4nI4HraH qeKrrr4 aivpwatu reHfnaMaJrap y.ryH caMapanu coHJu4 anropr4TMJrap
uwna6 LtHKHnfaH.

2.1 uaparpa$Aa rpaHcBepcaJr I43orpon xrrcMnap 4eQopvraur4oH Ha3apvrflckrra
acocJlaHraH verapanvril l/raaana y.IyH HorII43I4KrI4 qernz-afivpMyru reHrnaMulrrap
(ypHnraH. EyH4a (6) au0OepeHIrI4aJI reHrJraMa Aer(apr KoopArrHrailap crrcreMacr
OXi naru rapanneneflHreAAa KapanraH. rlexlu-aitupwatu reHrJraMaJrap Kypgrx y.ryH
napaJrnenenznerHi4Hr Kr4ppanapa li y3yHJrr4rn h,=l, IN, (aAaM 6utau N,ra
6fnaxxa x, : kh, , k = 0, N, i =7,2,3 ryryH Hy6ranap 6utau ax{parr,rnr au. Haruxaga
(6) reurraManapAaru xoct4n anapHvr qexru-afi vpMaJrkr vryHoca6arJrapra aswanrupw6
Ba yilapH4 ui,.1,k, vi.l.r Ba wi..l.t ryryH HyKranapAa aHH(naHraH Synxqrarnapra
suc6 ar an equ6 \y fiu laru 14 Teparru o n Napae nH 14 Taru Kr4n (r4Jr aMr43 :

,':n,*0" -lT@::l.r.o-u!!,).,.01+ff@li,l,,o + ul:/,.)+ff@1,),0_,+u! ,\),0*,1+

"(*lil.,*u - rlil.,.o-, - rl!,),.0u + *[!1,,.u_) - .f,,.,.0Jr (-f +ty *uff).,,
,::.i' Ba *:|;? nap y.{yH uyuoca6auapHra ro(opzAa r}pcarranraH xa6u rouz6
OJII4ITII'IMII3 MyMKI4H. 9erapanrafi uaprJrapHu Xzco6ra onraH XonAa, Aacua6xu
HoJIpIHriI4 flKuHnalxl4Ixila xlvurunapuz HqKu HyKTanapAa Honra reHr Ae6
xlrco6nafitvtuz. f, i.1.r<; "f,,,i,0, .f,,,r.r KlurunyBqznap Qaxar 3Jracrr4KJr[K rrerapaaLrAaH

onru6 Kerl'Itrr P2 P., q >q- IJtaprLr 6aNapzlraH1a 4uco6tagagn. Aituprvtwru

cxeMaHr4Hr anrrpoKckrMar\nfl rapru6n O(h,2,t,n) ra reHr.

2.2 naparpa0aa rpaHcBepcan H3orpon xucMHLrHr 6ornuK 6lnrraaran
TepMo[nacrI'IK verapaenfi Maeananapv y.{yH .{exJrlr-aftwpManv reHrnaMilnap Ba
coHrtr aJIropI4TMnap (ypI4JIraH. Fo|na4 6lnnaran repMo[nacrr4K rrerapaBr,rfi yracata
\yiru;.aru xlpznrzurra 3ra 6!Mgu:

Q,,, # .' ̂ r# 
* c, r,,# + (C,,r, * Qr,,l #+ 

(Q,' * c,r,r) # - A,ff - f, = o,

c,,,,fr *C,,,#.r*,# +(cntr *c,r,,)#,,+(Qz:: *c,,,)#- f,ff- fr=0, 
( 1 5)

c,",.fY'n d* 
' n azw *" ^ o2v dT\ 

13 ri 
a.r 

+ Crr" 

fi 
+ Q"'ff + (Qr,, + C'"')#+ (Qro * cu)#- Ar; - f, = 0.

Sapa: 6alafi,rnrc verapaBn fi ruapuap \yfiurcrurva (napaJrJreJrerrr4[eA 6ap.ra €6napz
5! fiuua MaXr(aMnaH raH), fl:sHvr

t2



Ltl''', = 0' viu'', = 0''lu',, = 0'

ulo,,r=}''lo.,r=0, *lo,,r=0, (16)

uln.,,=0' vln,, =0, wlo.,, =0.
flapallenenHileAHHHr vtLtnftarz TeMrreparypa MaftAoHn Kyiiwparu (oHyHnqr 6u,au
Tar(cr4MnaHfaH 6Vlcnn

T(x,y,z)=Trsin1f7sin121sin1I71, 07)
"l "2 .3

6y 
"pnu ft, = frr' 0r, - TpaHcBepcaJI l43orpon )KHcMHr4Hr r,rccr4r(nr4K KeHra frvmtu

xo:SSuqueHrnapu.

( 15) reHrJIaMaJI ap$ar' xocI.JIanapHZ rreKrr4 -afi vpManu MyHoca6arJrapra
atwa*upu6 Ba ynapHr4 Ui,i,k, ,,,j,t Ba w,,j,t TyfyH HyKTaJrapAa aHr4(JraHfaH

Syuxqrzxnapra nuc6ataH e'ru6 \yituilarur4reparlaou Napa€HHr4 rarrrKr4Jr KHJraMr43:
u1.",.)'=lTfu:i,:.,r-ulll,iol*ff@ii,,.,.*+u)i,,_,.*)*Tt":?.r_,+ulj).ou)+

* 9"# 
oli',., u. o - 8., -,.0 - E. i *,.r + v!!1. 

i 
_r,) + W @::1,, .0*, - wlil, 

1,0_, -
-'l!1.,,n., + *l!1,, .0-) - + (ry::,r - Th - t,,,,oU (T + ff * T).

IOxopala r<fpcarrzn rauu rca6u vl|,.j) ra ,1.",.i, nap yqyH xaM MyHo ca6artrapHra ronu6
onv].lJr4vr43 MyMnr4H.

2.3 naparpa0aa rpaHcBepcaJr r43orpon xr{cMJrap y.ryH 6ornrz4 ArrHaMr4KTepMo-nnacrlIK qerapaBuit wacataHl4 r{eKnu -afiupmatr4 TeHrJraManapr{ Ba yJrapHlr
coHrIH eqalu anropHrnapv uutila6 '{al(zrras. Eoruu( Ar4HaMr,rK repMonJracrr4K (g-14)qe rapaB 14 k vac anauu 4y fru gara 6ouu aHrr4 rr

u(x, y, z,t)l,o = u', v (x, y, t, t)l,o = vo, w(x, y,, J)l,n = d,

(1 8)

Ba qerapanv fi uaprnap

,(*,y,r,,)lr= u' , v(x,y.z,t)1, = r, ,

*(r, y, r,r)1, = *t, f (1, y, r,r\, = fr.
6unau rpaH c Bep can H 3 orpon n ap arJr eJrerrar e44a 5apafi uras.

(9) reHr'''laMaAan4 Ba (18) Oouuaurnq maprnapAar, xocr4naJrapHr4. qeKJrH-
artnpvwru naynoca6arnap 6unau a,rMarxr,pu6 ea ynapHn ,iilo, ri)l,o,r;;;r,^i,ij;
ryryH Hy(ranapAa aHI4(rIaHraH Syuxqu.anapra uuc6aran e.ru6 t\yiru1arupeKyppeHr
lrynoca6aTJrapHkr Xocr{n t1r4naMr43 :
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u,,;r =f,Ir, h-+-%- * r,,,,bftfu * r,,,,fu{#% *

*(cur+grrrrlvi*',i*'* -li-',iu'o--,-{*,'i-,'u +vi-,'i-',,* 
+(e,r, +er,r),

*4r,,o*r - 4-r,.i.o*r - h,i,o-r * 4.,i,u-, _ p,'a ",t;!,,,1 _ 
"f,,, 01 * 4,,,0 

_ 
ri,,l,o444 rtt 

24 lti,ik 
f''t

,:;)=il4,L-+db.'^#tu
.^,%-#tu-r,(a,W.

oJIl'IupIMH3 MyMI{I4H. Arap eaar 6}fivrra Aacrr'alxu flKKH (arJraMAarz xiurzurnap
MabnyM 6!tca, (19)-(20) reHrnaM€ulap (n+ I) r(arnaMAarr4 xiuzurnap Ba
reM[eparypanapH4 roIIHIrr HMKoHr4Hu 6epa4u. K]uuurJrapHr4Hr 6orunanruu (n:0,n:l) KarnaMJlapaarv 4uftuarnapznu 6ournan."" Ba r{erapanzft ruapu ap*aHTorrvrr
MyMI(HH' Has1aTl.a}r n:2,3,4,... I(arnaMrrapraru x]vzurnap Ba TeMrrepaTypaHr,rHr
4r'r fr va- a pvHr4 (1 9 -20) ny u o c a6arJr apAaH ro n H rrr M yM r{ Lr H.

Eyn4aH Ta[IKapH otuKop 6]nrr,taran qerc,ru-afi upnaJru reHrnaMilnap (ypr4rx
MyMI{I4H' Eyuanr y'{yH acocuit !:rapynvuuu ls HvLrraoJrraH q}ruranye11Lr11"no.n.,
n HV n*r ra a-rMallrrl{pcaK, afiupvanu cxeMa orxKopMac cxeMar a aima.rtagu, 6yuga
na4r 1iri.tuua rlp (aAaMnapr.rra rreKJroBnap 6yr:rrrafigu

c,,,,
uii,'.,.0 - zui,ir,, + ui!,t,

L *Crr,r!i,.,u,,, 
-24i.* +ui.i-r,o 

*C,r,, 
ui,i,ou-2u!,i,0 +ui,i,r,-., 

*a) rLllr?lr; 4

*(Ct,tr+crur) +(C,,rr +C,r,r)" (21)

*ili+t,i,t+r-wi-t,i.r,+t-4*r,.i,t_r*wi_ti.*_r _g,TlU_T,:r,i,t t ^rii.t:24olj"ii4h,4 -/t"-- 
4 

-J,,.r.k-P'-:! 
r,

(2 i ) v ercr u - afiwp vasrz cx eM aH w xy fru raru xrpr.ruu rrra Kenrr4p aM r{3

a,uii,'.,.0 + b ui.j',* + c,ui)',.,,0 = d,,

o, = 9#, b, = -2(+ * 1), c, =c,,,,' h,t ' h,' T'" 
-' 

h,t

-2ui,r.o + ui, ! * Cr.,r!i','ou -2u-i'i,o + ui'i,,,-, 
*

* (ct,rr * c,rrrr .

(1e)

(20)

* p^rii),'., n -'i.i'-, o .'i Jt-,.* 
+':'rt-, o 

+ g,W)l -,44, '-rr 44, )l-',.t.* 
'

,1.',.,i' Ba ,!|,.i' nap yqyH wyruocalarnapHr4 ro(opr4Aa xlpcarznran rca6u rouz6

(22)

,')
4

6yuga

tt lt
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+(C,,r, *Crrrrlwi*t,i,t*t-wi-r,.i,r,*r-w!*r,i,t-r*w!-r,i.t-rl*R, T,i,,i,o:T,!r,i,r 
+.fr,,1,0.444 )' 

r" 
24

Ioropuaa I(eJrrHprrJIraH ycyn 6u,,an Aacua6r'r HKK. (arnaMAa usranaerraH
SytxuzsnrHur Kafiuarwlu xwcoltaitrvuz, (22) TeHrJraMaHvt utlr,=ui qerapaB1aft ruapr
6utas xafiila]Ud ycyilv epgavwla e.9lunaila, u xftwnul4nr (ufiru arnapr4Hu j,k =l-Ar{
Hy(ranapuu lsraprr4pHrx 6wrau 6yryu Lrr{Kr.r (ft+l) (arnaM y.{yH roraMa3. Xyllu
IxyHHHTAeK v Ba w rlvauulapHl4Hr 4rafiuauapra 4zco6na:rra1n, Z re1urnep urypa1Lr1r
6IzilrtauapnHr4 3ca usyugak ycynla \npunuu (arnaMAaH 6ourna6 xzco6raru
MyM I{14 H. I'Iz tauaerraH 6ap v a Sy nnrir t n apH 14 H r 6u fi v auap ra x,zco6Jr aHraHnau xeft uu
rrJracrrrK c oxanap aH aKn aH aAr.r Ba xu coonan \afit alau rar{popna HaEu.

vqzHqz 6o6 <TpaHcBepcaJr rl3orpo[ [apaJrJreJreln[eAHuHr rrJracrr{K BaTepMo-IJIacrl{K aeQopruaql{flJrapl{HIr xuco6.naur>> TpaHcBepc€il r43orporr
xI4cMnapHHHr rIJIacrI4K Ba TepMonJIacrI4K 4eSopuaIJuflnalurn Napaennapznn
ra$o4anoeql4 MareMart4K MoreJlnap Ba anrop'TMnap acocu1a MaeananapH' coHJrr4
eqtrtrI Ba aaocilatura 6aruunaHraH. [LIy uaqc dr,E&, raluuir Ba TepMoMexaHr{K Kyqnap
rarctrpwila 6lnraH rpaHcBepcaJr r43orpon ilap€unenerrr4reA y.ryH 6rap 4arop rrJracrr4K,
6ou rz4 ea 6orJrIaK 6lnrraaran repMorrJracrr4K MaaanaJrap coHJrr4 eqr4paH.

3' I naprapaSaa 3JIacr'K-IIJIacrI4K TpaHcBepc€ur H3oTpo[ [apaJrJreJrerruleAHuHf
[nl4Tanap 6utau cI4KI'lu Macaracv coHnr,r equJrraH. Fy uacanaHr4Hr MareMarr4K
MoAenz (6-8) HorII43I4Knz uerapaeufi MacaJraHV \yfiuaaru verapanafr uaprnap
acocnila equm 6wtau HQoaanan uila1r4:

ur = -Llo , uz = 0, us = 0; x:lt Aa

ut=u", ur=O, ul=0; x:0 Aa
ea 6oruKa e6napr,r4a

ut= 0, uz = 0, ut = 0; x, = 0rl, Aa

ut=0, uz=0, uz=0i xr=0,1r[,a
Counrz eql4lrrAa, TpaHcBepciul I43orpon Marep vur wyH 3JracraK fsraplaacnap,ypr4HMa MoAynnap Ba 3nacrzKJIHK qefapanapr4 r\yfiu$aruqa oJrr{HfaH:

Crrrz=0.21, Ct r, =0.19, Crrr, =0.19,Crrr" =5.35, Crrrr)2.3g, Ct3r3=2.39,Crrrr=2.735,
C,',, = 5.68, C2222 =5.68,4

\Yfiutaru I-2
=2.5, Xs=2.24,p. =0.17,q. =0.g4,h=0.1, N=10.
pacMnapAa SJracTr4K-rrJracTr4K TpaHcBepc€LJr

napannenenHneAHHHf TypnH KecHMnapHAa rrJracTr4K 3OHaJrapHr4Hf

143OTpOn

TapK€LnHru14

l-pacnr. XOY reKlrcJrr{rrr, z=0.1
*

\pz p ) n,tacruKJ|r.tK COXacll

2-pacm. ZOY reKr.rcJrr{rr{, -r=0.3
(q 2 q. ) n.rracrr,rKJrrrK coxacu
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Llerapanr'rfi iuaprnapH14Hr cHMMerpr4KJrHrr4HH xraco6ra oJrraH xonAa l-2
PACMAA|I4 IIJ]ACTI4K COXANAP TAKCI4MJIAHI4I]JI4HI4H| CHMMCTPI4KJII4|A, 3JIACTHK-NJIACTI4K
TpaHcBepcan r430Tpon xucMJrap y.{yH verapaeufi Mac,aJraHH er{uru y.{yH rar<mrs
KI4naHfaH [TepaqHoH ycyJl Ba coHJII{ HurLr}KanapHLIHr r}rpunzrLr rarM]l{HtafiAu.

Cosru Harr4>Kanap a = 0.0001 a"rKn"*Aa xnco6nanrau Ba 6y aHrrKnEKKa
3pr4rxr.{ix y.ryH 46 wrepa1ufl aMarlra owvpvrr1vr.

3'2 naparpa$aa (6-8) oJ.acrt4K-tJlacrr4K rpaHcBepcan ?r3orporr rrapannene-
narIeAHHHf reKHc TaKCZMnaHfaH Kyqnap Tarcupultafl4 MyBo3aHarv MaaaJracu coHnr]
erlHrraH' <Dapas 4ulaftlzx rapaJIJIenenI4rIeA OXt f4rara nepleHAr4KyJr-rp €qnapa
6!fiuua reKzc rarcvp 3ryBt{H Iryqnap ep4anaraAa cv(Hncr4H Ba 6ourKa e(napz
KyqnaHr4txAaH xon14 6!,rcr,rH, n.bHr4

o,,lr, 
=,, = s, ' ot tlr, =,, = -sr , oztlr,=rr.r, = 0r or,lr, 

=0.,, = 0,
l^r,

ozzl,z=0. r, = U, oztlrr=o, 
o, = 0t ozzlr,=0, r, = 0,

d,rl.,.=0,,, = 0, o,rl.,.=0,,. = 0, orrl,.-^=0,r, = 0,

Macatauu eqxu y.lyH AacTna1Ku Macanalam4 KA6L1

q = 0.1, 4 =1.6 ,

u-lyrllr yyyH Aau'lJlaoKl{ MabnyMoTnap aBBaJIfH
oJrr{HraH, Qaxar \yfruilarunap 6uta*r $apx Kr4ila1u: p. = 0.1,

1 
^- 

A IAs=U./) Li=1, i=1,3

1-xaasar.
ap xll.lrl yCyilflap OUJIaH OJ;4H 'aH uuIJTaDHI{Hr Kufiprar.ra

Tpar-rceepcan tr3orpon )KncM yr{yH

r Jracru Krr tz r( Ha3apusca (lIH) u(3,3,3.) v(3,2,1) w(3,5,4)

IOx,ranuur cr4prLr aeSopMarlzrnap

_ Sa:ocuaa 6ynran (lIH) 0,046495 -0,005916 -0,00076

IO xlau zur cr4pru KyqnaHr.runap

fi asocr.raa 6V,rraH (fIH) 0,04925 -0,006055 -0,00076

Tar<,r r.rcb 3TrlJr faH ycyn 0,0479 -0,00905 -0,000755
l-NaAeaIAaTpaHcBepcanH3oTponXI4cMHI4H@a3apLIflacocUAa

oJIrIHfaH coHJII4 HarHlKaJrapH, A.A.XanaxlIrHToB ToMoHr{AaH 6om(a ycyrnap Ba
Ha3apvxnap epAauzla oJIIaHraH HaT:,1l>Kurapv 6urras coJlI4rrrTr4pkrJrraH. Conner
HarHXanapHI4Hr 6wp-6upura f,KI4HnI4fH TaKJTHS (r4naHaeTraH qeKru-afi LrpMurkr
HrepallnoH ycynHr4Hr ryrpHnvruHt rcipcaragu. 

I3'3 naparpaQAa oXt Yxrara nepneHAzrrynflp ernapra Kliiranran \y66acuuon
xlpHurzlr Aaru Tatxt{I4 Ky'{ ocrl4Aa c}rKr4naeTraH TpaHcBepcaJr r{3orporr
[apannene[I4neAHr4Hf frJlacrr4r( AeoopMarruflIra]H:?'fl]u ra.u(I4K Kr,Inr4HfaH.

5 = +(1 - cos2nx,)(l - cos 2rxr), x, = 0,1,

llapa,rnenl4neAHI4Hr 6oLuKa eKnapz roKJraHr,uunapAaH xonr4. Macara'r4 er{r4il,y'{yH racrna'Ku MabnyMornap aBBailru Mac,ana1a-r4 rca6u oJrr4HraH, Qa4ar
Kyrtw4arur;tap 6utan $apX r1r4nagr4: p. =0J, q- = 0.001, t =0.0001.

Kyirntaru 2-xarsar}a Ky.rnaHarx reH3opu 6tt HHHI, xy66acrzuon
rclpznr'rr[4arz Ky'l rcyftranraH ttapanneneilr,rrreAHprHr €6napn4arz xucoonaHraH(Ilfivrauap TaKcr4MorH Kenrr4pr4JrraH. 3rru6op KarrrvHca, Kyr{raHr4ril TeH3op}r
Sttfrvrarnapfl cr4 MMeTpr4K Ba qefap asuil uaprnapfa Moc paB,rxAa, KyrrJraHr4rrrHr4Hf

0
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Spr4rrIkrIIrkIHV Ba

2-xa!'eail.
x:0 Aa KyqflaHr.rrr reH3opr.r KoMrroHeHTacr{ o,, HuHf TaKcr{MJraHr{uII{

z=0 z:0.1 z:0.2 z:0.3 z:0.4 z:0.5 z=0.6 z=v. I z:0.8 z:0.9 z=l
0 0 0 0 0 0 0 0 0 0 0
0 0.0365 0.t32 0.2s 0.3455 0,382 0.34s5 0.25 0.132 0,0365 0
0 0,132 0.4775 0,904s t?s r.382 | )5 0,904s 0.477s 0.t32 0v:0.3 0 0.2s 0,904s 1,7 135 2,368 2,618

3,618

) 76R 1 71?s 0,904s 0.25 0v:0.4 0 0,34s5 | /\ 2.368 ? )'7) \ 3.2725 2,368 l.2s 0,3455 0v:0.5 0 0,i 82 I,382 2,618 3.618 4 3,6 t8 2.618 t,382 0,382 0v:0.6 0 0l4ss 2.368 1 )1)\ 3.618 1 )1)\ 2,368 1.25 0.34s5 0
0 0.2s 0.904s 1,7 135 2,368 2.618 2.368 I.7 13s 0,9045 o)\ 0v:0.8 0 0,132 0.4775 0,904s 1,25 r,382 lr{ 0.904s 0.4775 0,132 0v:0.9 0 0,03 65 0,r32 0,2s 0.34s5 0382 0,3455 o ?5 0,132 0.0365 0.,_I
0 0 0 0 0 0 0 0 0 0 0

3-xa[sanka, napanneJle[HrteAH,Hr 6arzu HyKTanapLrAa, xap xvrJr ycynJrap6utau xt4co6naHI'lJIraH r<ivraur Beltropr4 KoMnoHeHTaJrapHHHHr r(r,rfiMaTnapr4
cont4 ixrr4pt4waH. 3r,rrzpos (r4nr4HfaH HATLTIKUTA1 6ut'" TaK(OCnaru
Harr4i<anapvHl4Hr erapilv Aapa>Kaila flr\vHnwrv, TaT6krr\ (znr4HaeTraH qeKrr4-
aktrpManw HreparIr4oH ycynHuHr :SSexrr4BJrr4 *{H H Rypc,'ailH.

lla par* eJr e n u r eA H r H r 6 ausu HyKTaJrap uilarv nlv u ur

3-xaanal.

tl

3Hf KaTra Kr4fiMaTlrra eKnapHHHr ypracu1a o, =S = 4 Kr4fiMarra
CKHHHf KUPPANAPHAA HOJIfA TCH. 3KAHJII.I,I4HH KYPA,' MYMKIIH.

3.4 naparpa|Aa, \yftwilaru xo"y"z",
MaffAoH rarcvpT\a 6lnrau Ba 6apqa eKnapv 6!fiuua MaxKaMJraHraH TpaHcBepcan

T (x, xz, x3) = Torln -zrt ,1n 
fr!' 

tin!!2.
{1 1,2 , l,

flamta6rcu MabnyMor!'tap aBBaJrru Macalra1aru Ka6H oJrr4HraH,
\yiruilarunap 6nnan Sapx \r4nailr4:

n3orpofi napannenenHneA xaKHAarH repMonnacrHK. uerapanufi (15-i7) *i"*u
KaDanfaH

$a4ar

4=2.5, 4=2.24, p,r=025, prr=0.25, prr=0.37,p* =0.14, Q. =0.lT,To=20.
Kyfiuaa 3-4 pacwrnapra, 4apanaerraH rpaHcBepcan ra3orpor napanJrenerrr4-

neAHI4Hr XoJ/ reKI'IcrlI4ruha z:0.7 6fnranaarz Kecr4Mra rrJracrr4K 3oHilnapHzHr
TaKcuMnaHVwr4 rcVpcarulraH. .

I4repauuoH ycyJr,,rap u(3.4.3) v(3 2 l) w(3.5.4.)
JnacTr4K eqr4Mnap ycy nv 4.79-02 -8.03-03 -7.55-04

lzlxxz (aralrJtlr ycvJl 4.80-02 -8.19-03 -7.56-04
I4lilu0 3rhnraH ycyn 4.5s-02 -8.09-03 -7.36-04
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(!frra,rrau verapaeufi uaprJlapHHHr crzMMcrpnr{nr4rr4ra Moc paB}riuAa, (7-g)
xaABannap Ba (3-4) pacMJlaplltl t(cJITI4pr.rJIlilrr coHJrH Harvn<a;tapHgHr- xaM
4apalaerrau napannenenl4neAAa CHMMeTpHK Ta(Cr,rMnaHfaHJrr4fut, coHJrr4 er{nlx
Harr4>Kailapl4HHHr rf|prularauu Ba rarnz$ 3Tr4JrraH r4TeparlnoH ycyJrHr4Hr
TpaHcBepcan LI3OTpO[ XI4CM y.{yH TepMouracrr4K MracananapH]f_ errr4rulafn
c aM ap aAo p il v rvr Hu t arv uu tait lu .

3'5 naparpa$aa rpaHcBepcan H3orpon nap€LrreJrerhrreA yqyH 6ornw4 AHHaMT4K
repMonnacrHK qerapaBHVt (9'14) vacatta coHnu eqnrraH. MoAer MaearraHl coHJra
eq rurAa \y hnilaru 6onrlaurlrq maprnap

tt (x, y,r,r)1,=, = 0, v(x,y,r,r)1,=o = 0, w(x,y,r,t)|,=o = 0,

Arl^i,vl ^Owl-l =u- ^ I =u, ^ I -o
Ar l,=u 0t l,=o Ar l,=u

T (*, y,r,r)1,=o = Tosin(rx) sin(ay)si n(rz),
Ba qerapanrafi ruaprnap 6eprzJrraH

u(*, y, r,t)1, = 0, v(x, y, z,t)1, = 0,

w(x,y,z,t)1, = 0, T(x,y,z,t)1, = 0.

fawta6xu Mar,nyMornap aBBairrr4 Macanakarut xa6u oJrr4HfaH,
\y irw Aarut ap 6wtaH Q aprq Kr.rnaAr,r :

btt:0.25, bzz:btt, bss:0.37, &,:0.03, Lrr=0.03, )"r:0.01, 4=2.5, 4=2.24, p:0.g1,
c,:3.5,4=2.5, )"r=2.24, r:0.01, h:0.1 p. =0.0g, q- =0.04, To=20, N, =N, =N: =10.

\yituga, rpaHcBepctlJl t43orpor rapanneJrerrr4re4rlru. BaKr d!fiuuarypJrr4 xr4n
(arnaMnapH Ba Kecl{Mnapul.a flnacrr.rK 3oHanapHr4Hf raKcr4MJraHHrrrr4 Kenrprpr4JrfaH.

3-pacna. XOY reKr.rcJrlrrv, z:0.7
( p2 p. ) aaru rJracruK coxaJrap

S-pacm. XOY reKr{cJrHru1a z:0.8,
F0.07, q >q. (q o:0.04) 6j,rraHaa

rrJracTHK COXaJtap

4-pacvr. XOY reKr,rcJtut-v, z:0.7
(q 2 q. ) garr rrJracrr,rK coxaJrap

Sa4ar

6-pacnr.

t:0.07,

XOY reKucJr r.r ruila z=0. 7,

p> p" (p":0.08) 6Inranaa

TIJIACTI,IK COXAJIAP
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_ 3crara6 !ranar43, (apiuraerran TpaHcBepc€lJr tr3orporr xracM y.{yH afilraru'lrrl !r\uoz xuco1IraHa[V. Eorulasrvq Ba rlerapaBr4fi uraprnap cr,rMMerprlx 6lpHnr au, u(x,"y,'r)
ea v(x,y,z) xlvaunapHl4Hr cl4MMerpr4r( 3KaHJ.rr4rvHu xlpraru MyMKaH, aMMo w(x,y,z)
xfvarurapHr{Hr 6olrrKanapaliaH SapxnH 3KaHiu4rHHH xaM xlprzua6 rypw6r:u," 6y
aHI43OTpOTJTHK XOnarI4HHHf rpaHcBepcan H3OTpOn nap€LnnenellurelHaHf SJracrr4K-
II Jr acr r,rK Xorr arr4 ra r arclrptrqa n S o4 an afi ilu.

3'6' naparpa$aa <Aur.:orpor xrIcMJIap yqyH 3Jracrr'Kna* Ba repMo3nacrr,KJrrrK
HA3APVflNAPIZHHHT IJOqIZ3HKJII4 MACATAilAPVHV COH'IH CLIHTU IACTYPU1T MAXMYACI4)
DelphiT My\wrHAa openGl 6unau hHrerpauur KHnr4HraH aacrypwfr Bocr4ra
HHCTpyr(r{vrflcvr KenTHp Hnf aH.

V u 6 y lacty p r,rit B o c tr ra \y itu garu H oq 14 3 r4 KJrLI
ullNa-rulaHraH:

Macananapr4Hr4 coHJrr4 eqr4 ru y.ryH

nrlacrlzK TpaHcBepcan I'r3orpofr frapanJreJrerrv[eAHllHf frnr,rranap 6ulaw cr4I(trIII
MACATACWHH COHJIH Cq H Ul;

nJIacrHK TpaHCBepCaJI H3OTpOn napanneneriHneAHr4Hf reKrrc raKcr4MJraHfaH
KYI{NAP TATCVPVTA,H MYBO3AHAT MACAJIAA]1- COHJII4 CqHIX;

xy66acanaon xlpnHraru 1arur rarrr(t4 Ky.{ ocrLr1a ca4uladlau rpaHcBepcan
I43oTpon [apaJrnenenl4neAH14Hr nJracrr4r{ Ae$opMarJvIflIIaHwruH coHJrpr er{H[r;

TpaHcBepcaJI I43OTpOfi napaJIJIeJIerzreAHHHr repMonnacrHK AesOpUarJ1rflcuHu
COHJIH CqHTU;

TpaHcBepcan H3orpon napanJIeJIeIII4IIeA yqyH 6ornra4 Ar4HaMr4K TepMorrnacrr4K
MACAJ|AHV COHJI H CqI4IU.

.*"".-','*.**** 
$

it-*,sH*$!'-!'|q$* i

:r-:r ...*rq*,.*.**,l

:-::::**-i

7-1racnr. {acrypuHHr acoc uit ofiuacu

lacrypuu rjulra .rylu14pt-alrAa 
Kyfir4Aan4 acoct4fi Sopnaa (7_pacw) nafiIo 6lmgu

Ba IoKophAa Kenril p lzJ I r.a r I MacaraJlap plii xa.f/la I r I ar rJ I rrr til;ith,
vn6y Eactypufr BocHTaAaH KoMto3Hrl,oH Marepr4aJrnapAaH TarrrKr4J' TorrraH

I(OHCTpyKrJWflrap Ba yilap 3JIeMeHTnapuHLtHr rypJrr4 r4ccr4(Jrr4K Ba MexaHr{K Kyr{rap
Ta6evpfiilarl4 MycraxKaMnHK 3axvrparapr4Ha xHco6nantga Qofi4ananr4rx MyMKHH.

r-r_eeryL 
I

3...?_,ff.c 
!
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XYTOCA

(AHI'I3orporI xI4cMnapHIlHr HorILI3r,rKnr,r AeOopM aT4aflraHzrm xapaeHgHr,r coHJrr.r
MOAennaurI4pHIIr) MaB3yCZAafrr [LrcceprarJufl r4r]rH d!fiuua otm6 6opunrau
r aA t( r,r (o r il ap aa o c v Ea r<y rt w lar vt H ar w)Ka n ap o Jr lr H raH :

l ' TpaHceepca-r u3orpor )I(I4cMJIap yr{yH aeSoplrarr,oH Ha3apufrra acocJraHraH
IIJIacTI4K Ba repMollnacrHK MacaJlaJrapHr4 raQo4anonqr4 MoAer reHrJraMan ap vm11a6
.II4(I4IAI'I. MoAen reHrJlaMiulap 6ornz6 na 6ourz4 6lnnraraH r{erapa1,uir rua**up
rclpra n ra nr H ila r\yp w n AV .

2. Typn, xHJr qerapaeufi uaprnap acocwila rpaHcBepc€Ln

Y'IYH TJIACTZK BA TCPMONNACTHK MACAilANAPHHHf COHJII4
tluKI4nfaH.

3. Tpancnepcan H3oTpon )KHcM y.{yH yrr }n.ronnu oJracronJracrr4K Ba
TepMo[nacrr{K qerapaBr4fi wacatwtapHr coHnr4 eqr4rx y.ryH flHrurra eH4aruyn raxnzQ
I(nnlrHfaH Ba acocnaHfaH.

4. fhacrurc, repMornacraK 6orrnK Ba 6ornzK 6lnuaraH verapanzfi
MACanAnApHu coHJII4 eqI{[I, aHH3OTpOrr xr4cMnapHHHf repMoMexaHr4K Kyqrap
Tarcvrpw ocrl4larl4 KyrlnaHraHnrax-4e$opMalll4tnaHraHJruK xonaTuHu raIKr4K Kr4nr{rrr
rIMKoHtrHIz 6epyuva xnco6naur €uIropI,ITM rapv Ba lacrypuft Bocr4TzlJrap vrmta1
rIaKapHnfaH.

r43OTpO[ xtrcMJrap

MoAennapr4 umr..a6

H3OTpOn napannenerrr4neA

TepMonnacTHK uerapanuit

5, Typnz xr4r r{erapayuir uaprnapAa rpaHcBepcan
y.{yH 3JracrorrJracrr,rK, 6ornrz4 Ba 6ornax 6Vnrraarau
MACAnanap coHJrr,I eqznfaH.

6' l4una6 qLIKI4nraH coHnl4 anropl4rMJrap Ba ftacrypuitBocr4T€Lnap Xopa:rra
Bu[Ioflrr4 Eoror ryMaHularz <ApxrlreKTypa Ba Kypr4Jrutu-lfrturvrrr, nilIor"urup 

"uF aftp ar 146 o gy lu.ae Bnap) xy cy cwir nop, on u., ruy" r".Aer c anrap1aHA B1Jrosrvr
Xon't6ofi ryMaqzrara <DAMIR QURILISH SERVIS) Mt{)K o6iexrnap uva rar6w\
(Hn I4H raH . facry pufi s o curaAan 0 o fi aan aHprru r4rrr yHyMAopnr4rr4H u B - l 1yo ra
oIUI4rIrI'Ira, cap0-xapaxarnapHl4ur 7-10% raxavafrurur4ra HMKoHr4flr 6epraH.
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HAvr{Hrrir c onET DSc. I 3 I 30.12.20 I 9. T.07.0 I fIO IIpucyxAEHpIIO
YqE HbIX C TE TIEHE IZ fIPI4 TAIIIKEHTCKOM YHI4BEPCITTE TE

I,IH (D O p MAUI4 O HHbIX TEXH O JI O I.I4IZ

HAYI{ HO. IIHHOBAIII4OHHbIIZ IIEHTP IIHOOPMAUI4OHHO-
KOMM YHUKA TIUOHHbIX TEXHOJIOTU iT rJPIil TAITIKEHTCKOM

Y H 14 B E P C T4 TE TE I4H O O PMAIII4OHHbIX TBXHOJIOTTATZ

EAEAX{AHOB MYMI{H PAXTAFOBI{q

qI,I CJIE HH O B M OABXUP OBAHI4E fIP Ot{E C CA HE JIIIHNTZTTOT O
AE OO pMr{poBAHWfl AHVL3 OTpO[Hbrx TEJ[

05.01.07 - MareuaruqecKoe Mo,uenr,rpoBaHue. gucleHHbre MeroAbr t{ KoMrrneKcbr rrporpaMM

ABTOPE@EPAT AITCCEPTAIII4}I
AOITTOPA (DI{JIOCOANU EhD) tIO TEXHI,IIIECKPIM HAYKAM

Taurxeur -2021



Teua Ancceprarlnr{ Aorffopa QnnocoSnu (phD) no
Bsrcmeft arrecraunosHofi KoMr.tccr.tu rtpn Ka6unere
HoMepoM B20l9.4.PhD tT | 429.

TexHnqecKrrM HayKaM 3apefrrcTprrpoBaHa B

Mnnucrpoe Pecny6lnnr ys6en[cran 3a

P.X. Xau4auon
b Har{Horo coBeTa no

eHr..rrc yqeHbx creneuefi.
TexHr4r{ecKrrx uayx, lpoSeccop

luccepraqzt BbIrIoJ'IHeHa n HayvHo-LrHHoBaI{uoHHoM rIeHTpe nHQopuaqaoHHo-KoMMyHvKarIr4oHHbrx
rexHo,rorzft npu Ta[rxeurcKoM yHilBepcr4Tere zusoplrarlr4oHHbrx rexHororrafi.

Anrope$epar Al4ccepralrul4 Ha rpex 
"slr*ax 

(ys6er<crurft , pyccxuir, anmzftcxzfi (peslome)) pa3Merr{eH
Ha neo-crpaHulle HayqHoro coBera (www.tuit.u i7 

^ 
ta utH$opuaquouHo-oopasoBareJrbHoM nopraJre<ZiyoNet> (www.ziyqtet. uz).

3autrara A,ccepraufil, cocrohrct ,< I ,, fu7nQ\&021 r. s 4 6 
t#"orHa 

3aceAaHHH HayqHoro coBeraDSc'13/30'12'2019'T'07.01 npz TaruxeHrcnot fn"i.ipcrzrere znqopraqroHHbrx rexHorrorr4n. iAapec:100202, r' Taurxeur, yn. An'rupa Ten'rypa, 108. Ta'rxeurcxzft yHr4Bepcr,rrer uuQopuaqzoHH'rx rexnororzil.
Ter.:(99871)238-64-43; saxc: (99871)23s-6s-52: e-mait: tuit@tuit.uz). 

:

C gnccepraunefi MoxHo o3HaKoMHrbcr e hHQopnaauhoHHo-pecypcloM,HerHrpe TaurreHrcroro
yHr4Bepcrzrera uHQopir,raqnoHHbrx rexuororufi (perucipiquounrrfi 

"or.p NI_4IL) (A4pec: 100202,f. TaurxeHr, yn. Anarzpa Tervrypa, 10g. Ten.: (9gg7i) ZZ$eS_+t+).

Hayv Hulil pyl(oBoAtrTe,rb:

O0nuua.ilsH bre on rroHeHTbr :

Be4yrqaa oprauH3auHfl:

Xa,r4xu ruro s AbAynar u A6 1ucarvtaroBg rr

Ao Krop Q u: uro-l,rareMarr4rrecKr4x HayK, npoQ eccop

Ha:upona S.nuupa IIIoAuoHonna
AOKTOp TexHr{qecKrrx HayK, AOIIeHT

llcou l.rAAll non Aunap llHoMxoHosHq
Aorflop tfr.uocoQlr.ru no rexHurrecr{hM HayK

Taurnenrcnuft rocy4apcrneHHrlft rpancnoprusrft
yHr{BepcHTeT

021 rota.Asrope$epar Afl cceprau un pasocmu < l$>
(nporoxo,r paccbrnKu ,\! 6 or <<l$> ma )

O.NI. Hypa.nuen
V.renrrft ceKperapb Haf{Horo coBera rro

npr4cy)r(AeHvro freHbrx creneHefi ,

AOKTOp TexHr4qecKpD( HayK, AOr{eHT

,-_* ---- 
flpe4ce4areJrb HayqHofo ceMrrHapa

_/tn ' npu HayqHoM coBere no npr4cylKAeHr.rlo

H.Panruanoe
flpe4ce4areJrb HayqHofo ceMrrHapa

npu HayqHoM cOBeTe no npr4cylKAeHr.rlo

npo$eccop



BBEAEHTIE (annoraurrr Arrcceprarlnrr AoKTopa ennocoeuu (phD))

ArcryaluHocrb tI Bocrpe6oeaHuocrb reMbr Ar{cceprawu. B nacrorqee
BpeM-r rtl4creHHoe MoAenupoBaHr4e npollecca selzuefinoro 4eQopurapoBaHr4f,
aHH3orpoIIHbIX TeJI Ha ocHoBe coBpeMeHHrrx zHQopMaur4oHHbrx rexHolorufi urpaer
Ba)KHyro ponb B HccneAoBaHr,rflx KoMrro3r4quoHHbrx Marepuanon o6laAarouzx qerrco

BbIpaxeHHbIMLI aHn3orporlHbrMr4 csoftcrnar\ara. Mareuau4qecKoe v qr4cneHHoe

MolenI4poBa[iafl Ha 6ase coBpeMeHHbrx r,rn$opnraUr{oHHbrx rexuolorzfi
o6ycnonneHHblx IIpI4 HccneloBa*vrv IUIzpoI(o rrpuMeH5rercfl B HoBbrx BoJroKHr4crbrx kr

crollcrblx KoMno3I4TOB B CTpOVTeJIbCTBe, MaIrII4HOCTpOeHrrr4, aBlracrpoeHLrpr)
MeAI,Iql.rHe, TeKcrl,Ilruofr npoMbIIxJIeHHocrH, 14 B lpyrr,rx o6racrsx. Mareuarr4trecKr4e
MoAenI4 14 npo6nenau pa:pa6orKn anropr,rrMoB Arrfl pacqera Henunefinlrx
4eSopnaaur,rfi aHn3orporlHbrx reJr, aKTyanbHbr B TaKux npoMbrrrrneHHo pa3Br,rrbrx
crpaHax, KaK CLLIA, KaHa4a, Benur<o6p r4TaHvrfl, crpaHbr EnponeficKoro Corc:a,
Pocczfrcxar (De4eparJLtfl, fl.nouux, VIngux, Kutair, IOxHaq Kopex, Vltr;1ouegux u
Marrazux.

Muponofi pbtHoK KoMno3zron 6yler yBen[r{r4Tcs 6olee rreM Ha 8o/o s roA - c
72,58 MnpA USD e 2016 ro4y 4o 115,43 vrnpA USD rc 2022, coo6rlaer pBK co
cclt:rxofi Ha nporHo3 Markets and Markets. Ilo AaHHbrM Umatex, 4ovepnefi
crpyKrypu Pocaroua, 6olee 30o/o Ml{poBoro o6reua npoLr3BoAcrBa rroJrr,rMepHbrx

KoMrIo3I4ToB, vrrY oKono 4 lrng. ToHH, Hcnonb3yeTcf, B cTpor4TeJrbcTBe x{I4JrbIX r4

rIpoMbIIIIneHHbIX zgaruuit, aBToAopor rI MocroB, KoMMyna-ntnofi unQpacrpyKTypbr.
KoN,tnosurHEIe Marepr4aJIbr, TaKue KaK apMupoBaHHbre 6erousue [Jryrrbr,
yfnennacruK4 v creKJlonracrvKw, frpurMeHrlorcf, B crpor{TenbcTBe AaBHo 14 TUHpOKO,

oAHaKo HoBbIe MarepHanbl orKpbrBaror Maccy Bo3Mox{Hocrefi nrfl ynyqrxeHn_fl
TefIJIoI43onflr\vV H 3Hepfo-e$Qerrnnuocrrr, yMeHbIxeHI4{ Beca z1auuit a [oBbrrrreHHfl
ceficnroycroftqneocrr, a raKxe co3kaHzfl cJroxHbrx apxrzTercypHbrx $opr. 3auena
Merarrl4tlecrcofi apMarypbl Ha KoMno3r4THyro, cnoco$Ha 3Harrr4TeJrbHo yBengqzrb
cpoK clyN6st, a apMI4poBaHHbIe cerKr.r Moryr paAnr(anbHo npoAnurb x{H3Hb

AOpOx(HO My rr o r(pbrTH ro-.

B naape rlpoBoAtrcfl ueneBble r4ccneAoBaHr4fl rto r{r4creHHoMy MoAenr,rpoBaHr4ro
npoqecca HelnHefisoro 4e$opntnpoBaHarfl aHu3orporrHbrx reJr. llpexge rreM
frpor{3BoAHTb HOBbre MarepnaJrbr, ueo6xoAr,trvro leraj]bno H3yrrr4Tb Harrp{xeHHo-
ae$opnlnpoBaHHoe cocrotHue reJra, onpeAenuTb 3anac npor{Hocrvr v Ha[exHocrr4
Hecyqax 3JreMeHToB r<oucrpyxqufi vr nx oJIeMeHToB Lr3 KoMrro3r4rlr4oHHbrx
Marepl4anoB. IloseJreHus MHoro[poqeccopHbrx KoMnbrorepoB vr conpeiueuurrx
BbIt{ucrl4TerlbHbtx MeroAoB o6yclonuru Bo3pacraroqyrc poJrb rrr4creHHoro

MoAenHpoBaHr4r B peueHHtr $yHAanreHTaJIbHbrx HayqHbrx 14 rrpr4KnaAHbrx :a4av. f,lx
[onyqeHl'In Hawry'+ruax oKoHoMHr{ecKHX rroKa3arelefi, Heo6xorzMo crpeMr4Tbcfl K
pa:pa6orKe 14 ycoBepueHcrBoia"rto uoAerefi v anropr4rMoB Anr pacrrera npoqecca
H el n H e fr s o ro 4e S op M Hp o B a Hvrfl aHr43orp onHbrx reJr.

Hasurtas c [epBbIX Jrer HesaBzreuMocrr4 Pecny6nuxr,r Vs6exzcrau, BeAerct
I4,HTeHcl4BHafl pa6ora no noKaJll43aur,rr4 crpor4TeJrbHbrx, TeKcrl4JrbHbrx H



KoMno3I'IuI4oHHbIX MaTep,anoB' 3a cr{eT BBoAa HoBbrx KoMno3I4IIHoHHbrxMaTepl4anoB B crpol4TenbcrBe' Ma[II4HocrpoeHLII4 14 Apyrrrx oTpacn.{x HapoAHoroxossficrsa B HecKoJIbI(o pa3 yBen'qI4rocb KaqecrBo ra o6reu [pokr3Bo,cTBa. {aHnoeA[cceprall'oHHoe nnccneAoB aHHe B o[peAeleuuofi cTeIreHI4 any*", BbrrronHeHaro3aAaLI' trPeAYcvorpeHHbrx B cTparer,H reficrswft no 4alrnefrruyrry pa3Br4Tr4roPecny6,rarrz V:6exvcraH e 2017-2021 roAax, B roM Lr'rcre s VKasax llpesra4eHraPecny6'rzxH v:6erzcraH J\byn-4g +l _or l Qeepan.a 2017 foAa (o crpareruu4eficrnnff no 4alsHefiurevry pa3Br4rr4ro Pecny6naKa vs6eK LrcraH>>,J\byn-50gg or 30HroHfl 2017 ro4a <o Mepax rlo KopeHHoMy ynyqrxeHr4ro ycno suir rrx pa3Bkrruflorpacn, nHsopnaal-l,oHHbIX rexHorornfi B pecny6nHxe>, B flocrauos rreHuvrffpe:u4eHra Pecny'tnrcn vs6exacran l\b-rl[-36g2 or 27 anpen, 20lg roAa <oMepax r'o '4anbHeftuelry coBep[reHcrBoBaHl{ro ctrcTeMbr npaKTr4r{ecKofo BHerpeHrur_f,r,rHHoBarliloHHbix ugeit, TexHoJroruit u [poeKToB)), a TaKXe Apyrnvr HopMarr4BHo-npaBoBbrM AoKyMeHraM, [pLrHrrbrx e AaHuofi c$epe.
coornercrB'le uccJIeAoB a'."fl [puopr{TerHbrM HanpaBJreHr{flM pa3Bur[qH ay.* I'I TexHoJI o rr'1 fi pec nydn r.r rcu. Hatr o iwas p a6 ora rrr.rbn"."a B coorBercrBr4zc flpl4opurerHblM Ha[paBneHaeM pasBaTwfl HayKIz u rexHororzft pecny6nzr<z

v:6exncran IV. <MarelaaT'Ka, MexaHr4Ka a uuQopvr ar.rKa>>
creneHs lt3yqeHHocrl4 npo6.nerurr. nocrpoeHue MaTeMarrrqecKr4x l,ro4erefioIIHcblBaloul14x nPouecc selaHefiHoro ae$opnaapoBaHHr aHa3orporrH'rx TeJrqBrtercfl 

Sy'aanoeHraluHofi npo6,renaorz MareMaTHqecKoro MoAenapoBaHLrfl uTeopI'IH rIJIacrI4sHocTI'I' 3rz Bolpocbr I4ccJIeAoBaHbr B KJraccaqecKr4x pa6oraxr'r3BecTHbrx yr{eHbrx, KaK ceu-Beuana, f.fenxu, B.feor4N A}BA, p.lpyr<xepa,A'Lrnsroutuwa' lI'M'HaxAz, r.M.Ka'raHoBa v Ap. pasnzrue r4ccneAoB a11uit 8,.,o6nacrn MareMaT,qecKofo MOAenHpo BaHWfl upouecca uerusefiuoroaesoprtarzpoBaHHt aHH3orportHbrx TeJr, o6ycnoeleuo c rur4por(HM c[pocoM HaI{oM'o3t{ulloHHble Marepz€LrbI' Pasraqarct ecTecrBeHHbre (xpzcralmr, rpaQrar,ropHble ropoAbl' 6penno) H lrcKyccrBeHHbre (Neneao6aron, yrJrernacrr4K,creKnollJlacrzx) KoMno3LrIII4oHHbIe Marepl4aJlrt. cpe4,u r4cI(yccrBeHHbIX KoMrro3I4ToBHau6olee nocrpe6oBaHHbtMI4 flBJl-flroTcfl cJrorrcrbre 14 BonoKHrrcrble KoMrro3r4Tbl.cpelu H3BecTHblx cneu,aJl,croB e o6racru KoMno3r4THbrx MarepuanoB MoxHoorMerr'rrb cneAy_roulr4 x aBropoB, raKfix xar< !N.A 6?yry^, B.A.JIou aKvrH, p.Xurl,B.E.rlo6e4pr, Izr.H.fonu.n6nur, c.LllerueurzH, A.conoaoBHr4KoB v .qp. Br[ocneAHHe roAbt K MareMaraqecKoMy MoAenI4poBaHI4Io rlJlacrr4secKr4x 4e6opvraqrzfiTBEPAb]X TCN C YqCTOM TCMICPATYP'I B BHAC CBf,3AHHbIX 14 HECB,3AHH'IX KPACB'IX3ailaq rocB-f,uleHu pa6orur B.HosauKoro, H.M.youssef, sloderbach 2.,, pajak J.,Abbas LA' u 'up' MareMarI'IqecKI4M MoAenripoBaHr4eM r4 Mero AaNrvpemeHr4.f, 3ailaqTepMo-yrlpyro-nnacrur{HocT, B vs6exacraHe 3aH,MaJrr4cb TaKLre aBTopbr KaK

l.[.,iil3X'r ]"t0""' 
F'Kvpaau 6aen' A'Axue4on, A'XanrNkrrr4roB, p.A6zpon,

o6:op vI aHar'13 nHTeparypbt nol{a3brBaer, qro L{[creHHoe MoAeJrr4po BaHue HpeureHl4e KpaeBbIX 3aAaq TepMoy[pyfonnacrr4rtHocrr4 
Ann ailLr3oTporrHbrx Ten H HX[pofpaMMHbre cpeAcTBa HeAOCTaTOTTHO H3yr{eHHb re H flBrrfleTc, aKTyanrHofr za6a,refi.
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Ceqsb Ar.rcceprarrrroHHoro uccJreAoBaHr{g c rrJraHaMrr HayrrHo-I{ccJreAoBareJIbcKI{x pa6or HayqHo-[ccJleAoBareJrbcKoro yqperq4e Hprfl, rAeBbI[oJrHeHa ArlccePTauuq' lzccepraqxoHHafi pa6ora Bbr[onHeHa cooTBercrBr4r4 crrIraHaMLr HayqHo-I4ccJIeAoBareJIbcKI4x pa6or B paMKax ilpoeKToB: IsO4-014<<caxgausrte 3ara''H TepMollnacrl4r{Hocrkr u TepMoB.rr3Koruracr'rrHocrrr 
ArrflaH'3orporrHbrx rerr)) (2012-2016), JtA5-031 <paspa60rxa ilpofpaMMHofoKOMTIJIeKCa il'n' aBToMaru3arJr4r4 UpoeKTr{p oBaHLrfl H afturvga TexHr,rqecKHXI{oHcrpy.(tlvh>> (2012-2014) e TauxeHrcKoM yHrrBepc'rere ranQopnaarlr4oHHbrx

TexHoJroruir uueuw Myxavvaaa Anl_Xope3MH.
I{enuro IlccJIeAoBaHUfl flBrflerefl pa:pa6orxa MaTeMarzr{ecKr4x Hro4elefr,r{r'rcreHHbrx anfopHTMOB H rrpofpaMMHbrx cpercTB Anfl pacqera ,,poqecca

H el zu e ft n o ro 4 e S op M r{ p o B aH kr fl alr43 orporrHbrx TeJr.
3aAa.t u ri ccJreAoB aHVfl :
paspa6orxa MoAenbHbIX ypasueuuir [racrr4rrecK'X u TepMorrnacrurrecKux

aeoopnaauafi rpaHcBepcanbHo I43orporrHbrx reJr Ha ocHoBe 4eQopuaqzonnofiTeopHH;

nocTpoeHHe ceroqHblx ypaBHesuit Ant pemeHLrfl craTLrrrecKr,rx, AHHaMwrecKax,cBr3aHHbrx H HeCBr3aHHbIX 3Aras repMoyilpyforrnacr[r{HocT';
pa:pa6orxa s@Sex'zeHoro r{I4creHHoro MeToAa pe[reHvfl craTr4qecKr4x HAr4HAMVrqecKlIX 3?Aa'{ TepMoynpyfonnacrr4r{Hocrr4 

AJI' aHI43OTporIHbrx Ten;pa:paoorxa BbIqI'IcJIareJIbHbIX €rJrropr4TMoB Lr [pofpaMMHbrx cpeAcrB ArrflqZcJIeHHoro peiueHHt [nacTHqecKI4X, TepMoIInacTaqecK[X cB-rr3aHHbrx uHecBt3aHHblx KpaeBblx 3ala.9, IIo3BontrculHX HccneAoBarb HarrprxeHHo-
4e$opvrrzpoBaHHoe cocrotHl4e aHl43orporrHbrx ren rroA sosAeftcrB'eM MexaHr4rrecKr4x .I4 TeMneparypHblx cl4n. 

rr. rvvr\rl

o 6l e rcroM lrccJreA oBa H n,q -fl BJlsrorc{ ilpoqeccbr AuHaMvy.recKoro 4e6opuapo -BaHvr I(oHcrpyKunit ws TepMoynpyrorlnacrl{qecKr4x TpaHcBepc€urbHo r43orponHbrx
MaTepHanoB.

flpeln'reroM uccreAoBaHufl flBJl*oTcfl qr4cJreHHoe MoAeJrHpoBaHae npoqeccauerauefrsoro 4eSopMI'IpoBaHrIf, aHlr3orporrHbrx reJr cSopuyru4poBaHHbrx B BHA.craTl4qecKvrx' AWHaMuIqecKlIX, cB.f,3aHHbIX v HecB.a3aHHbIX KpaeBbrx ga;1aq TeopI4I4Tep M oy n py f o nn acTvr r{ Ho cTr4.

MeroArr uccJreAoB a1ufl. rlp" BbrrroJrHeH ,^' or"repraquoHuoff pa6o*rI4crIoJIb3oBaHbl o6'lHe 3aKoHbl MexaHI{KI4 aeSopvnpoBaH,H TBepAoro reJra, Mero'brMareMarhqecKoro MoAeJrzpoBaHkrfl, gl4cneHHble MeroAbI, .tIBHbIe u HesBHbIepa3HocTHble cxeMbl' I4TepaUaoHHbIe MeroIbI pelxeHlrr pa3HocrHbrx fpanueuuft,rexHoJtofpll4 MOAyJIbHOfo vt cTpyKTypHofo npofpaMMUpOBAHLrfl" Bbrqr4cJrr4TeJrbHbre
3KC[epl'rMeHTbl, a TaKXe KoMrlbroTepHbre TexHoJrof HH BW3yAnu3aL\r4U pe3ynbraroBpacqeTa.

HayvHar HoBt4 3Ha 
"a.rralo" 

a'."fl3aKrroqaeTc_fl B cneAyroilIeM:
pa:pa6oraHbl MaTeMaraqecK'e MoAenrr rrJracTr'qecKr4x r{ TepMorrJracrr4rrecKr4xnpoqeccoe 

'4e0op^a aIJVH Ant rpaHcBepc€ulbHo r43orporrHhrx ren(rorrauo3r4ur4oHHbrxMarephan'roe) ua ocHoBe ae$opnaauHosuofi Teopr47 npn yv€re MexaHr4r{ecKHX 14TeMnepaTypHbrx Haqaj,rbHbrx 14 r(paeBbrx ycno BHLX:



rlocrpoeHbl aQ$exrHaurre KoHer{Ho-pz}3HocrHbre ypaBHeHr4r ilnfl pelreHr4,
MoAeJ'IbHblx ypaBHeHuil npoqeccoB HelnuefiHoff aesopMar\r4Lr aHr,r3orporrHbrx reJr
npr4 yqeTe TepMoMexaHnr{ecKHX Or4n;

paspaooraHbl tBHbIe a He-f,BHbte ceroqHbre ypaBHeHr4fl npra yv€re qucJreHHoro
MeroAa peIueHI4lI CTaTI4TIeCKLTX V AI4HaMr{qecKr4X 3AAaq repMoynpyfonJracrr4qHocrr4
Anfl aHu3oTponHbrx Ten;

pa:paooranrt BLItIHcJIHTenbHbIe anropuTMbr 14 crpyroypbr rrporpaMMHbrx
cpeAcrB Arfl trl4cneHHOfO pe[IeHHt rJracrr4 qecKl4x H TepMonracraqecKax cB_s3aHHbrxw HecBq3aHHbIX KpaeBbIX 3aAar{ Hanp{xeHHo-4e$opMr4poBaHHoe cocrorHue
aHH3OTpOrl HbIX TeII' yrIHTbIBaf, MeXaHI{qe CKHC 14 TeMn ep aTypHhle Cr4nbl.

fipa rcruvecKIre pe3yJlbrarbl LIccJreAoBaH[q 3aKnroqarorcr B cneAyroqeM:
pa:pa60ran anfopr4rM H [porpaMMHoe cpeAcrBo Anfl pacqera

y flpy ro IIn acrl'Iq ec Koro 4e0o p M I4poBaH I4t rpaHc Bepcan bH o [3orponHbrx ren;c [oMourblo pa:paooraHHoro rlpofpaMMHoro cpeAcrBa onpereneHbr 3arracbr
[poqHocrH u uaAeNsocru xoucrpyr<qzfi u r4x 3JIeMeHToB Hs rpaHcBepc€rJrbHo
tr3orporlHblx MarepzulJloB rIoA 4eficrnzeu craruqecKr4x v Au1aM1.,g1ecKkrx
TepMoMexaH r4rlecKHx CtrJI,

locroeepHocrb pe3yJIbraroB HccJreAoB aHUr o6ocHoeaHa crporocTbro
MareMarar{ecKl'Ix paccy}I{Aenwit, crpornlr co6lIoAeHVeM 3aKoHaM TepMoAr4H axavrKp^)qHcreHHblM pelI]eHHeM KpaeBbIX 3AAArr rIJIacrHr{HocrI4 14 TepMonnacrI4rIHOCTt4 Lr
cpaBHeHI'reM c Toi{HbIM peIIIeHI{eM' a TaKxe [pOBeAeHI4eM BbI.ILICII4TSJIbH61X
3KCI1epr4MeHTOB.

Hayu*ran v [paKTI'tqecKaq 3HaquMocrb pe3yJrbraroB r{ccJreAoB a'"fr.HayvHar 3Haql4Mocrb pe3ynbraToB r4ccneAoB aHVfl 3aK*oqaercrr B ToM, qTo.,
rlpeAnoxeHHble r{HcJIeHHbIe MeroAbI Mofyr 6rtrr HcrIoJIb3oBaHbr He TonbKo npur.II'ICJIeHHOM petueHl4ll I(paeBbIX 3aAar{ ynpyfonnacTr4r{HocTVT V TepMorlnacTr4rrHocrr4,
HO H npl4 pelxeHHH Apyfvrx 3aliaq MareMarr,rqecKofo MorenupoBaHTfl r4 MexaHr4KH
cIlJrorrjHbrx cpeA.

flparruvecKat 3HaqI'IMocTb pe3ynbraroB r4ccJre gonauuito,,peAenrerc-f, TeM, rrro
rlpeAnoxeHurrfi r{HcreHHbtfi ueroA peIxeHI4{ KpaeBbrx 3aAar{ ynpyronnacrr4rrHocrr4 

14repMonnacrHtIHOCTH 14 rIOnyqeHHbIe pe3ynbraTbr Mofyr 6rrrr^ raaron"roBaHbr rrpr4r{HcJreHHoM MolenapoBaHkrvr H oilpeAe neH]|1ikr 3a
c o Bp e M e H H b I x r e x H I'I q e c K H x o 6 r e K r o e 14 c o o p yx "::;n ;#ffi:tr" #. XT.t# ff ::
HAXOA' II{VXC N N OI A E fr CTB I,ICM TEN JI OMCXAH A qCC K AX C I4JI.

Bue4peuue pe3yJrbraroB rrccJreAoB aHnfl. Mareuau4r{ecKr4e 
. MoAeJrr4,rracJreHHbre anfopHTMbr v npofpaMMHbre cpeAcrBa, paspa60raHHbre An,

H ccn en oB aH-u fl n po ue cca H elzsefi so ro leSopMI4poBaH ufl aHt3orporrHbrx reJr :
pa:pa6oraHble Bblt{t4crHTeJIbHbIe anropr,rrMbr w rrporpaMMHbre cpeAcrBa An".ILTCJIeHHO|O pe[reHHf, |IJIaCTI,IqeCKZX t4 TepMorlJracruqecKr4x CBT3aHHbIX UHecBfl3aHHbIX KpaeBblx sdila'r, no3BonflIotune r4ccneAoBaTb Hanpf,xeHHo-

aeSopnarapoBaHHoe cocroflHI4e aHr43oTporrHbrx TeJr, noA aos4effcrB'eM
MexaHnrlecKJ.rx t4 TeMrreparypHbix cnrr, BHeApeHa B o6rexrrr <<Vnpanrteuze
apxl4rel(rypbl t'\ crpoulTenbcrBD) Bararcxoro paftorua Xope:ucxofi o1,,actu(MuHacrepcrBo I]o pa3Bl'rruro znsopMar{HoHHbrx rexHolorzfi 14 KoMMyHuxaqzft,
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cnpaBKa Ns33-819024 or 23.12.2019 r., MzuzcrepcrBo CrpourelbcrBa, crpaBKa
J.& 10159109-07 or 23.12.2019 ..). B pesynrrare o6ecrerreHa Bo3MoxHocrb rroBbr ckrrb
frpoH3BoAlireJrbHocrt pa6orrr Ha 8-I00/o u cHr43r4Tb 3arparbr ua7-10%;

paspa6oraHHble qucileHHbte anropr,rrMbr H nporpaMMHoe cpeAcrBo Anfl orIeHKr4
Brtr4ruvlfl pac[peAel]eHufl uanpxNeunfi, TeMfieparypbr 14 aHrr3orporrr4r4 Ha
HanpxNenHo-4e$opMl4poBaHHoe cocroflHtre 14 rrorBJreHr4fl 3oH rrJracrr4rrHocru B

rpaHcBepcaJlbHo H3orporrHbrx reJrax BHeApeHbr B o6rexru OOO (DAMIR
QIJRTLf SH SERVIS)> flxan6aficrcoro pafiowa Carurapxau4crofi o6racru
(MunrzcrepcrBo CrporarenbcrBa, cnpaBr(a i\b1 0 159109-07 or 23.12.2019 f.e
MnHncrepcrBo rto pa3Bl,rrl4ro zuSopvarlaoHHbrx rexsoloruil u KoMMyHr4xaqufi,
cnpaBKa N33-8/9024 or 23.12.2019 r.). B pe:ynlrare o6ecnerreHa Bo3MoxHocrb
floBblcl4rb npoI43BOAr4TeJrbHOCG pa6OTbr na 10-1 5o/o u cHH3r4Tb 3arparbr sa l\-ISYo.

Aupo6aqun pe3yJrbraroB IrccJreAoBaHrrfl. Pesylrraru ALrccepraqzoHuofi
pa6orur o6cyN4eubl Ha 8 nrex4yuapoAHbrx u 3 pecny6luxancxrzx xon$epeHrlr4trx.

Ony6lnrcoBaHHocrb pe3yJrbraroB r,rccJreAoBaHur. llo reMe Encceprar\wLr
ony6narcoBaHbl 25 nayunrtx pa6or, t43 HHX l0 NypnanbHbrx crarefi, B ToM .{racJre 3 s
MexAyHapoAHbIX u 7 e pecny6lzKaHcKl4x xypHanax, peKoMeHAoBaHHbrx Brrcuefi
arrecralll4ouuoft KoMl4ccaefi Pecny6nr4Kr,r Vs6exucraH An-f, ny6lzr<aqr4r4 ocHoBHbrx
HayqHbIX pe3ynbraroB rolflopcKzx Alrccepraquft, raxxe [onyqeur;. 2 cBr4AereJrbcrBa
o perucrparryrr4 nporpaMMHbrx rrpoAyrfloB alx 3BM.

Crpyrcrypa n o6nena Al{cceprall[u. luccepraqzr cocrorrr H3 BBeAeHr{r, Tpex
rJIaB, 3aKrlor{eHnfl, crrkrcKa I4cnoJrb3oBaHHbIX nr4Teparyp, ycnoBHrrx o6ognaqeuufi u
repMl4HoB H rlpl4noxeuuil O6revr Al{cceprarlr4r4 cocraBnrer 101 crpanraq.

ocHo B H OE COAEPX{AH|4E AI{CCEPTAUI{I4

Bo BBeAeHI{I,I o6ocnosaHa aKTyzlnbHocrb Lr nocrpe6oBaHHocrb reMbr
AI4CCepraUI4I4 B COOTBeTCTBTT\| Q npvoprrrerHbrMH HalpaBneHkrflMu pagBr4Thrfl HAyKr4 Lr

TexHoJlorufi Pecnylnuxvt Vs6eKlacraH, cQopMynr.rpoBaHbr rlenn u 3a1arrzr. yK€BaHbr
o6r,ercr LI npeAMer HccneAoBaHHr, r43noxeHbr HayqHafl HoBr43Ha n npaKTr4qecK14e
pe3ynbrarbr r4ccJreAoBaHr4fl, o6ocHosaHa AocroBepHocrb nonyr{eHHbrx pe3yJrbraroB,

ffi :?H:"1'""?ffi::'J":##1#T::ffi;il:-""?#"#;'#"rffi?#ff "?
cBeAeHr4{ o6 ony6nuKoBaHHbrx pa6orax z o crpyKrype Aucceprar\w.

B nepsoil rnaBe Er4ccepraL\uw, HaseanHofi <Mareruarr{r{ecKrre MoneJrr{
rJtacruqecKrlx aeQopnraur,rfi aHl,I3orponHrrfi TeJr)) npnBeAeHbr ueo6xoAzurre
npeABapureJlbHbIe cBeAeHI4fl, OCHOBHbTe oupeAeJreHr4r, olpeAenrrcqr4e
coorHo[reHlI{, MareMarllqecKze MoAenH lunefiHoro kr uelunefiuoro
4e$opnrrapoBaHr,rr aHr3orporrHbrx reJr.

B naparpa$e 1.1 cSofrtaynrl poBaHbr MareMarr.rqecKLre MoAeJrH npoqecca
luuefruoro 14 HeJIHuefiHoro ae$oprvrrzpoBaHr4r aHz3orporrHbrx ren. KpaeBafl 3a;ralla
Teopr4n yrrpyrocrr4 cocroruar v3 ypaeueunil paBHoBecnq B ilepeMeueHr4flx c
c,o oT B eTcTByro ulr4 M H Kp ae Bbr M Lr ycn oBHrMr4 :

27



rAe , ui - KoMnoHeHTbt Bercopa llepeMeuleHnit, X,, ^Si - o6r€uurre Lr

IOBCpXHOCTHbIC CHJIbI, Ir, Ir- UaCu4 IOBOpXHOCTI4 I O6rel,ra V, nj- BHeLr]Hflfl

HopManb K noBepxHocrl4 >2 o6revra V , Ciikt - TeH3op ynpyrr4x KoHcraHT,

o6naAarorui'r fi cneAyroull4MH cBoficrBaMtr cr4MMerpur{ u rroJro)KuTeJrbHofi
oupe4eleHHocTbFo

Ci, =Criw =Ci1, =Cri1 , Crrarar)0, a,, =cl 1i, @)
flpn nrrnoJIHeHI{I4 ycnoBl4fi cr4MMerpr{v (4) TeH3op C,tt uMeer 9 He3aBr4crrMbrx

ynpyrl'Ix rIocro.tIHHbIX, u xapaKTepn3yer oprorporrHbrft MareprzaJr, ecrrr TeH3op
yAoBnerBopf er AoIl onH HTenbHo er.qe cneAyrouue ycnoBr4rr cr4MMerpr4H

C, 

',, 
= Crrrr, Cr,rr, = C,r,,o Crrt, =j(Cr,,,-Crrrr),

TorAa, KorHqecrBo He3aBI4cI4Mbrx frocrorHHbrx reH3opa yMeHbrxaercr Ao 5, kr

co orBercrByer rpaH cBepcanbH o r43orponHoMy Marepr4aJry. 3avreru.fl orrpeAen_sro1qee
coorHorxeHr4r MexAy reH3opaMu Hanp.fl)KeHufi r,r AeQopMarJuiT, B 3aAarre (1-3) Ha

f ,,,0,-*-+ X,=0, x,ev.
,.fr.=t ''"' 0x,0x,

u,lr,=ul' x,€x,,

t r*,+, | =r,t, x, ez,,
ot=t "^' 0r, 'lr,

f. r,r-%* x,= 1,.
ifr.=t ""' )x,Ax, t J I

u,lr, = ul , xi e21,

3,r,, 
1

L C,,0,?r,l =S,o,/,,. x, eI,,
k,l .1=1 uA I lt,

(1)

(2)

(3)

(s)

(6)

(7)

(8)

3
S-^

O,, = ) (,.,.,t,., -O.1. t
autt^t^tu

rye o; -HeJIZHeituaq qacrb reH3opa HanprxeHuit, 6yAuM r4Merb MareMarr.rqecKyro

MOAenb HennHeilHofi leoopl/lar\vru AJrf aHr43oTponHhrx Ten.

B naparpa$e L2 c$opuynl4poBaHa Henr4HefiHa{ KpaeBar 3a1a.qta Anfl
TpaHcBepcaJlbHo H3OTpOfiHbIX TeJr, KOTOpaq npeAcraBJreHa B cneAylo[]eM Br.rAe

r4e Ji Lr (2i OrrpeAeJreHbr cooTHorrreHvrflMu

3 AnP 3

f,=\""t tlou o2 p*,42q., A,=iofn,lr,rru p2p., q>_q.
F o', 

r=l

14 Bblpa)Kalor HenHHefiHbte qacru ypaBHeHrd n (6) vr KpaeBbrx ycnoBLrLr (8). llpz
HyJIeBbIX 3HaqeHl4flx 3rt4x $y.totlrf, 143 KpaeBofr 3a1aun (6-8) cneAyer nuHef4Hafl
KpaeBar 3ailaqa reopar4 ynpyfocrz (1-3).

3auetnlr, qro B coorHolxeHur4 (5) Berrurr{r4Ha o; -npercraBJr-f,er co6ofi

Henl4HefiHylo qacrb MoAenbHoro ypaBHeHHt reopLtu ilIracrlrr{Hocrr4 TpaHcBepcilJrbHo
a3orponHbtx TeJr, T.e.

28



0, npu p<0 u q<0,

^/. Dt\nz-/12)(l -' )pi1 ,ltpu p>
o*

f1v,

npu q>q,

14 [oneper{HoM HarrpaBneHkrflx

(e)

2(1,-1;)(t-\)0,,,
q

r*
fAe p, Q - rpeAenbr ynpyfocrz B rpoAonbHoM

TP AH CBCPCAJIbHO 14 3OTP ON H Of O TEJIA COOTBCTCTBC H H O.

p,i = €i a $(6,35,t - 6r) 1 sr.6,36 
1z - (e,16,z * €r,6,r),

Q,i = €is6it* €ri6,, -2er636i2, 6 = ttt+ tzz.
vnpyrue nocrotHHbre 1r,, trr, trr, 20, )"s cBfl3aHbr c KoMrroHeH TaMv reH3opa
ynpyfr4x nocTorHHbrx cneAyroulHM O6pasov

2, = Crzrt, trz = Crrrr, 1, = Crrrr, lo = Crrrr, )"5 = C1313,

Iu = 2, = l, * 22, = Crr, r 2Crrrr , ls = l, = Crrrr , ln _ ls = Crr,
B uaparpaSe 1.3 cSopMyJIHpoBaHa KpaeB afl 3a1aqa repMorrnacrrarrHocr v n,x

Tp aH c BepcaJTb H o 14 3 orpon H bIX TeJI, cocrof, rrla fl vrg yp aBHeHar ABr4xeHr4{

io,^,+ x, = p+,
t=t OI-

oi, = C4tn€r,t- \rtf -fo)d, -2(2r- 4')e-*)0,, -2(4 - 4')(l-9)r,,
P q' t

npu p2p",q.>q:
COOTHOIXCHI4'I KOIXI4

,, =*(u0,,+ut.r),

ypaBHeHr4fl flpHTOKa Terna Anr aHr43orporr"ur* ,an

' f ,,'iu =0,

ypaBHe Hr4r C OCrOr Hr4r repMolnacrHqecKr4x 4e$ opnaaqzfi

c HaqaIbHbrMt4

z r(paeBbrMr4 ycnoB vflMt4

(10)

(11)

(12)

(13)

(14)

2,,7., - c,f -T

u,l,=,^ = Q,, il
" v=lo

= u/,. rl
v=to

,
-7-- t0,

u,lr,=u',', Tl, =To, tr,r) =S'.
J-t ts,L2

r4e oti, €, - TeH3op Hanp.f,xeHr4ir 14 reQopMar\Hir, p-rrJrorHocr:-, T _TeMnepffiypa,

c€ - TerJloeMKocrb npu ilocrorHHofi reQopMarluu, f,,-rerzop TerrJroBoro
pacufipeH vfl'' trit - xo:S$zul4gHTbl rertno[poBoAHocTH , 6,, - cr4MBoJr Kponexepa.

Bropar rJIaBa Ha3BaHHafl ((tII{cJreHHbre MoAeJru Lr MeroAbr pe[reHns
TIJIaCTI|qecKux 3aAaq AJIfl aHI{3OTpOrrHbrx reJr) rrocB-{rrleHa rrocrpoeHl{ro
nI4CKperHbIX aHaJrofoB KpaeBbIX sA/la-g- repMoy[pyfo[nacrr4r{Hocrr{. pa:pa6oraurr

lQ$er<rHeHbte 
qHcreHHbre anroplrrMbr peueHr4fl [oryrreHHbrx KoHeqHo-pa3HocrHbrx

ypaBHeHHft.
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B naparpaSe 2'1 nocrpoeHbl l(oHeqHo-pa3HocrHbre ypaBHeHH fl rnfluemzHefruoilr<paeaoft sailaqv ae$opvraqzouuofi reoppru rpaHcBepcaJrbHo Lr3orporrHrrx rer. llpz3roM' az$QepeHqrranbHble ypu"n.t"" (6i paccMorpeHbr B rrapannenerurreAe
HaxoAtll{t4Mcfl B AeKapronofi ckcreMe KoopAZHat oXi. ftx nocrpoeHr4r KoHeqHopa3HocrHblx ypanueHHfi, pe6pa rtapannenenHneAa Anuuoft t pa3AeJreHbr Ha JV iqacrefi c [raroM h,= l, I lV, Mex(Ay y3rraMr4 x, _ kh,, k =0,N,, i =1,2,3. B
pe3ynbrare' 3aMeHqt npoI43BoAHbIe B ypaBHeHzrx (6) coorBercrByrcur4M, KoHer{Ho-pa3HocrHblMt4 coorFlotueHWflMH H pa3peuat nonyqeHHbre KoHer{Ho-pil3HocTHbre
ypaBHeHr4r oTHOCr4TerbHo rreHTpanbHbrx y3noBbrx ror{eK QyHxqzfi ui,i,k,vi,i,k H

w,,j,t opfaHH3yeM cneAyro'Infi Hrepaqnosnrrfi npoqecc:

Ly',n-" =L+@,,:1, o -uill.,.oy*ff{"1!,,.,.0 +u!!l_,,,y+S@,,,,i,0-,+u!,}.0*)+

* tii,P (r! il.,.,. o - rfil. i -,. o - rl!1,, u,o + r!!1, 
i 
_r.) * 

q#*,
,fufil.,.o., - rlil.,.o _, - *l!,!. 

1,0 u + r!!1,,0 ) - .f,,.,,01 / (+ + + * zT).

Blrue yKa3aHHbrna o6pasoM MoxrHo uafi,.ucooTHorx e'ur Etts, v!,n*t) 
^ 

,!,,r.i, .

c yqeroM I(paeBbIX ycnoarzfi 3HaqeHr4s zcxouofi @ynrcqraa Bo BHyrpeHHr4x
y3noBbIX ToqKax B HyneBov npz6nvr>KeHr4v HTepaILHV cqaTaroTc fl TpuBuurr,HbrMLr.
Hanonauu^a, r{To cJlafaeMbre ,f,,,,,,0, fr,..,,0, .fr,,,.) Bblr{zcJlf,rorc, [prl BbIIIonHeHI4I4
yclonzft nepexoAa nPeAena ynpyrocrl4 p2p., q >q.. llopx4oK annpoKcvMar\u^
pa3HocTHoil cxenatt O(h,2, E,n) .

B naparpaSe 2'2 rocrpoeHbl KoHerlHo-pa3HocrHbre ypaBHeHr4f, H qr4cJreHurrfi.
anfophrM peueHHt HecBq3aHHbIX TepMo[J]acrHqecKux KpaeBbrx 3aAarl AnflTpaHcBepcaJlbHo l43orponHblx TCJI. B HecB{3aHHoM cnyqae KpaeBa.rr 3araqa
Tep M o nnacrarr Hocr Lr npuHtrwaer cn eAyrou1zfi au4

^ dtt .- dr,n dr,,- _ dvc rrri 
u6 

+( i,',; +Q,,,f +(G,, +C,;ffi+(C,, *C,rr)#- A,;_.f, =0,

q.,,# * c,,ff * r,, 
# + (Cn, * c,,,,) # + (cnn * r,,, # - $,ff - .r, = o,

Q 
", P * c,, ff * c.,, # * rr", * e,,,) # + (e,, . r,,, # - A,ff - f, = o.

( 1s)

V) rlyCTb KpaeBble yCnOBI4t hMerOT BHA (napan,re,rengrre4 SaUet4IeH rro BC.MrpaHnv), r.e.

'lo,', 
= o''lo,,, = o''10,,, = o,

'10,,, 
= o, vlo.,, = 0, ,10,,, = o, (16)

'lu',, 
=o' ulo,,, = o' wlr.,, = o'

rroJre BHyrpr4 rapaJrnenel,neAa pacnpeAeneHo ro cne4yrorqefi

r (x,y,z) = (sin(f)s,"fflri"fft 
.

TevneparypHoe

3aKoHOMepHocTLl

(r7)
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rAe ft, = frr, f., - KoeOOI4 queHTbI rennoBoro pacrxupeHr4r rpaHcBepcirnbHoro
r.r3oTponHofo Tena,

3alteurs rpoH3BoAHbIe B ypaBHeHurx (15) coorBercrByroqr{Mr4 KoHerrHo-
pa3HocTHbIMZ COOTHOTXeHVflMV V pa3perrraf nonyrreHHbre KoHeqHo_pa3HocTHbre
ypaBHeHru orHocnreJrbHo y3noBbrx Synrcqrafi ui,i,k,vi,i,k Lr w,,j,k opraHrr3yeM
cneAyrcLq nfr urepallur oHnur fi rrpouecc :

,::,:'l =tT@i:,).,.r-rl!,).,)*+@iliuo+u,,,,,\_,.01+\L(u!!,,0_,+ulil.ou)+

* !#' ( ui l'1,-, 0 - rlil,. n - r!!l, u o + r!!),., -,.) + E#* (4il,.or - *!il,*, -
-il,l',),., ou +tr',!,).,.0_,1-f,V'! 

r -rri:l- f ,.,.0U (++ry*zT).
Br,rnre yKa3aHHbrna o6pa:oM MoxHo ."afirvt coorHorrre HVfl Arrr ,:|;;,, 

^ 
,!,,i? .

B naparpaSe 2.3 ilocrpoeHbl KoHer{Ho-pa3HocrHbre ypaBHeHu-fl z qzcreuuufi
iLnfopI4TM peIxeHI4-[ CB{3aHHbIX TepMonJlacTr4rrecKax KpaeBbrx 3aAaq Anfl
TpaHcBepcaJIbHo rl3orponHblx T9JI. Paccltorpnvr cBf,3aHHyro AuHaM4qecKyro
repMornacrl4qecKyro KpaeByro 3al.aqy (9-14) Anfl rpaHcBepczlJrbHo r43orponHoro
fiapannene11HneAa c coorBercrBy]oruzMu HaqarbHbrMn

u(x, /, z, t)1, 
o = uo, v (x, y, z, t)l,o = v0, \x, y, z, t)1, 

o = *0,

(1 8)

u KpaeBbrMt4 ycnoBwflMt4

u(x,y, z,t)1, = u', v(x, y,z,t)1, = u,
w(x, y, z,t)1, = rt, T (*, y, t,t)|, = T,

3aMeHqs npovI3BoAHbIe B ypaBHeHuflx (9) u Har{€urbHbrx ycJroBg-f,x (1g)
coorBeTcTByFOIIl4MI4 I(OHeqHO-pa3HocrHbrMV COOTHOTX e]Hufl.|/{r4 b pa3perxa_fl
nonyqeHHble KoHer{Ho-pa3HocrHble ypaBHeHH-rr orHocureJrbHo cneAyroqr4x y3JroBbrx
royeK HCKoMbrx Syurcurafi ui.,lt.o, ,i.l.o,ri::r 

" 
f,:;.r0, nonyqr4M cJreAyrorlr4e

pe KyppeHrHbre cooTHorrr eiH:'i.fl:
^r

,'i r = +1 
r,,,,L[?*fu *, li'i -t h - 2u'i. 

t.o 
* 4,-, o 

* a,,.4t!!4!j6.!J *, t.^ pl ,',, 4, 
, -rzn---j- 

lt

(1 e)

wl*r. 
i.r, *r - vl-t 

r.r tt - vll*r. 
i.r *t * ill-t, 1.r, -r

444

Tu _7, -l

B,',-t.r.k',-t.ik _ f ol+2u,,,0_r,-,024 '''' 
-t
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rr'+l 
-vnnl -r)n-l -Lrrr-l tt/.,*.|, . _w!-1. , _ n-l n-t \l+P,W+p.."''i'r"-*'.i,r- ll*r,44, '-r3 44r 

))-',,,.0 
'

CooruoureHHfl wn viilr'*i.ito MoxHo Hailrr4 Bbrrue yr{a3aHHbrM o6pa3oM. ypaBH eHl,fl
(19)-(20) rlo3Borlttor safiru 3Har{eHl4f, nepeMerueuwirr4 reMneparypbr Ha cJroe (n+I),
ecJII4 l{3BecrHbl 3HarIeHHfl flepeMellleruui,t Ha AByx npeAbrlyulr4x cJro-flx. 3HaqeHufl
nepeMelueuu%r Ha AByx HaqanbHblx cJlorx (n:0, n:I) MoxHo Hairru H3 HarraJrbHbrx r4
KpaeBbrx ycnoauil. Ha nocreAyroult4x cnoflx n:2,3,4,... 3Har{eHH, nepeMeqeHzft z
reMreparypbr Haxo Aflrcfl no coorHoureHr4rM (19-20).

Kpove 3Toro Mo)KHo nocrpoLrr 14 HeflBHbre KoHer{Ho-pa3HocrHbre ypaBHeHr4q.
{nr vero, B cJraraeMLIX coAepxaul4x fJraBHbre Her43BecrHble, r4HAeKc n 3aMe'fleM Ha
n-f I w nonyrleHHble cxeMbl craHoBtrc{ He-f,BHbrMr,I, An-fl cxoAI4MocTH Koropbrx, Her
ofpaHriqeHnfi orsocareJrbHo ruafoB cerKn fro BpeMeHH.

-l 'rn

TT:r = Al 1,'I 
i., i.o - 2T,ii.o + T!,,i.0 

a 1.Tl,u.o 
- 2T,it.o + Ti,-,.*

, n | 
. 

l^: zz t)

"uL rtt 4

* 4^W - n,( p,,u'i:|,.0 - 
uil,t, o - ui;1.,.0 + u i;t.,.,

tq l. 44,

,r,r,w
+(c,,rr* c,,, l:.t''.t'r 

-t-''t 
+ (c,,, + er,,),444

" - p,,ILr{!^.1 o 
- f, ,.t,t = ori.,tu 

-2uir,o + u:r:o

T,
Koueqno-pa3HocrHoe ypaBHeuue (2r) npr,rBeAeM K cnerynilIeMy suDy

a,u'iil,,.o + b,u,,.j'.* + c,u,,,ll.,.o = d, ,

(- ,C,,,, P. Ca,=#, b,=-2\ ':" +-), c = -tut

hr' h,' Tz 
" ' hrt

(20)

(2r)

u,,t *t.r, - ZU i.L.t * U'i.j*t,r,un '!ry*c,r,, "''L'r.'-'":i'r' *
ui.,.o-, -2ui., o *ri.,.o-,

,a

4 4

,

2ui , ,. +ui
12l2

(22)

fAe

*(C,,.'.. * C,,,,, )

Br,tqucrze
(22) conrvrecrHo

Wveuxn j,k =
TOqKAX CCTK14

. -2u".+u"-'rl 
- 

a t-.l.tr t.t.k

----;-T-

* (C,,,, * C,,,,

ui,,-.,,0 - 2ui.,.o + ui,,-,,r

c lt
- 
[r,,

* C,,,, 
ui'''0" - 2ui.,,r + ui,

,k-t I

--r

v -v" -v" +v

4h,h,

, 4h,h,

3Har{eHr'r-s rzcxouofi synrcqzu Ha AByX HaqarbHbrx cJro{x ypaBHeHVe
C fpaHxqHbIMI4 yCnOBH.flMU u,lr,=ui pemaeTg_f, MSTOAOM IrpOrOHKr4.

tJ'-1 uafiAeu 3Har{eHr4t

Ha cnoe (k + l). TaxHna

nepeMerqe:r'uir u Bo Bcex BHyrpeHHr4x

xe cnoco6ou Bbrqr4cJr_rrroTc{ 3HarleHru

a^)z



rlepeMelqeH4ir v vt w, a 3HaqeHHt reMrleparypbr I srr.rzcrrlorcr raKHM xe cnoco6ovr
Ha.{HHafl c nepBoro cJlotr. flocne BblgI4cJIeHZfl Bcex qr4creHHbrx 3HaqeHufr ucxourtx
Qyuxqufi, onpereJlqlorcf, 3oHbI rracrl4rrHocrlr r.r Bbrr{ucr eloflrrpoBoAf,Tc, 3aHoBo.Tpe*r fnaBa Ha3BaHHafl <<Pacqer [racruqecKrrx u repMorrJracrnqecKnx
aeQopnaauufi TpaHcBepcaJIbHo I{3orporrHoro rrapaJrJreJre[urreAa)) ,,ocB{rqeHarIHcneHHoMy peIUeHHro 14 o6ocnonanrzro cnpaBe4nr.rBocrl,r turropgTMa HMareMarl4qecKl4x t\toAelefi o[I4cblBa[oqux ttpouecc nJracrl4r{ecKofo Lr
TepMo[nacrHr{ecKoro Ae$opMIzpoBaHHt rpaHcBepcaJrbHo r{3orponHbrx reJr. C srofiIIenbIo peueHbr ql4cneHHo p'.[ [racrr,rqecKr4x, cB{3aHHbIX n HecB.rr3aHHbIX
TepMoilnacrHr{ecKl4x KpaeBbIX 3?Aaq ilnfl TpaHcBepcaJrbHo r43OTpOnHOfo
fIapaJI JI eJre I I4IreXa il pr,r TepMoM eXaH r4rr ecKax Ha fpy3r(ax.

B uaparpaQe 3.1 'rzcreuHo pelxe'a 3aftaqa o cxarr4r4 yrrpyro-nJracrr4secKoro
TpaHcBepcaJIEHO I43OTpOilHOfO napaJrJrenerrr4[eAa MexAy xecrKr4Mkr nJrr4TaMLr.
MarertarllqecKaq MoAenb grofi gaftaqu orrucbrBaerc-f, HeJrr{sefiuoft rpaenofr gararaeut
(6- 8 ) co cneAyrculu M H rpaH r4r{ HbrMr,r ycJroB vrflM.:

ut =-u'' , uz=0, ut =0 npu x:11

ut=Lro, uz=0, ut=0 npux:0
Ha ocTanbHbrx fpaH_rrx

ut= 0, uz = 0, ut = 0, npu xz = TJz

ut = 0, uz = 0, ut = 0, npu x, _ 0rlr.
flpru qHcJIeHHoM pe.'eHHI4 ynpyr'e rocrorHHbre, KacaTeJrbHbre MoAyJrr4 utrperenbl y[pyfocrH AJI{ TpaHcBepcaJrbHo rr3oTporrHofo MaTepua'Itr' r4MeJrr4

cneAyrcu{r4e 3HaqeHHr:

Ctrt =0.27, Cn3 = 0.19, Czztt=0.1g,C3333=5.35, Crzzr=2.3g, C1313=2.39,Crr1r=2.735,
C,r,, = 5.68, C,222 =5.68,4=2.5. trs=2.24.p. =0.11" q. =0.04, h=0.1, N=10.
HaNe Ha p,c.l-2 norca:aHbI pacnpeAeJ'reHr4r 3oH nnacr,rrHocTr4 B pa3rHr{HbIX

ce qeH I4fl X pac cM arpl4 BaeM Ofo TpaHcBepcanbH o rr3oTpon Hofo ynpyforrJracTr4 qecKofo
napanneJrenLrneAa.

Puc. l. 3oua [racTurtHocrrd
B trrrocKoclu XOY npu e:0. | ( p> p. )

Pwc. 2, 3oua [Jracrr{rtHocrr,r B

rlJrocKocrvr ZOY npu x=0.3 (q >_ qr \
C yverovr cl{MMerpHLlliocrt4 [paHH(rrJr,rx ycJror]Hii, uucreHHbre pe3yrbrarbr 14

[phBeAeHHble pacnpeAeileHHf 3OH rJracrr.lr{HocrH B COOTBeTCTBy}Oruzx ceqeHHsx
yKa3aHHbIX Ha pl4cyHl{ax (1-2), TaKXe tBJl.fl}orcs ci4MMerpr4r{HbrMg, qro
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ooecneql4Baer cf[paBeAnI'IBOCTI4 r{r4creHHhrx pe3ynbraToB U [peAJroxeHHofo
KoHer{Ho-pa3HocrHofo HTepaIIHOHHO|O rrorxoAa Anr peIIIeH],1lfl ynpyforrJracrr4qecKr.rx
r{paeBbrx 3aAaLl TpaHcBepcanbHo r43oTponHbrx TeJr.

t{ucleu'ule pe3ynbrarbt onpeAeJleHbr c Tor{Hocrbro r=0.000r , ArrflAocrrr)KeH',
r(oropbrx norpeOoaanocb 46 nrepaqwir.

B naparpa0e 3.2 pelxeHa rII4cJreHHo 3araqa (6-8) o paBHoBecr4r.I
yfipyfonnacrHqecKofo TpaHcBepcaJrbHo H3OTpOilHOfO napanJreJrenr4neAa rroA
4eilcrnuelt paBHoMepHo pacilpeAen€HHofi Hafpy3Kr,r. llycrr rap€ilnenerrr4neA
cxr4Maerct no AByM rpaFItM nepneHlHl{ynflpHbrM K ocl4 OXt , a ocraJrbHbre rpaHLI
ceo6oAHrr or Harpy3oK, T.e.

I

o, ,1,,=o =sr . or ,1.,=u, =-s, , or,i,,=0.r, =0, or,l,,=0,r, =0,

o.rl*r=0.,, = 0, or,l.,r=0.,, = 0, orrl,r=0. ,, = 0,

orrl*.=u ,, = 0, o,rl.r,=u.,, = 0, orrlr.=n.,, = 0,

I4cxoAst'te AaHHbIe aHanorl{qHbl AaHHbrM rrpeAbrAyqero naparyaqa, 3HaqeHr.-f,
AOIOIHI4TCJTbHbIX KOHCTaHT: p' =0.1, Q. =0.1, 4=1.6, 4=0.1 , li =1, l=lJ

3uaqe
Ta6.nuua 1.

H trH ilepeMelueH I{t{ [O.[vqeHHbl 3HbIMI{ MCTONAMH
' I'eopuz frJracrrl r{Hocrn (TII)

TpaHcBepca-[bHo tr3oTponHbrx TeJr
u(3,3,3) v(3,2,1) w(3,5,4)

l'li c nonepxHocrbro narpyNeunft
B rrpocrpaHcrBe Ae$oplrauuft

0,046495 -0,005916 -0,00076

I I I c nonepxHocrbro Harpyxeunfi
B npocrpaHcrBe Hanprxeuuil 0,04925 -0,006055 -0,00076

flpellaraeunft ueron 0,0479 -0,00905 -0,000755

B ra6nnqe 1 npaneAeHbl 3Har{eHZr r,epeMeq eHLri4 nonyqeHHbre ilo
ae$op^'taul4oHHofi Teop,lr rpaHcBepcaJrbHo r43orporrHbrx ren u cpaBHeHbr cqI4cJIeHHblMl4 pe3ynbra'faMH nonyqeHHblMl,l B pa6orax XalANarr4ToBa A.A. Ha
ocHoBe Apyrl4x MeroAoB v reoparT. CoenaAeHze qr4creHHbrx pe3yJrbraroB
IIoKa3blBaer cnpaBeAnHBocrb nprlMeHteMoro B pa6ore KoHeqHo-pa3HocrHoro
r4Tepaur4oHHofo MeTOAa.

B naparpa0e 3'3 HccJIenoBaH pacver finu.tru.cKr4x 4eQopuaqr.rftrpaHcBepcarlbHo*l'l3orponHofo napannenenhrteAa cxnMaroulefo nynonoo6pasuoft
Harpysxoff, npHnoxeHHbIX IIo rIporI4BonoJIoxHbIM rpaH.rrM rrepneHAuKyn.spHbrx K
ocw OX1, T.e. 5 = +(l -cos2nxr)(l -cos 2nxr) npu x, =0.1,

ocralrsue fpaHl'r [apanne[vneila cBo6oAHbr or Harpysor. zcxoAgbre AaHHbre
3aAaHbl KaK B npeAblAyurefi:aAaqe, oTJIHtrHbIe or Hrrx [ocTof,HHbre cJreAyrouze:

p* *0.7, q- =0.001, a=0.0001.
Hr'Ixe s ra6rzqe 2 npuneAeHo pacnpeAeJreHr4e zuaqeuuir KoMrroHeHTbr reH3opa

HanpxNeuufr cr Ha rpaHHrie napilnJleJlerrllrleAa, fAe nplrJro)KeHa Kylonoo6pa3Hafl
Harpy3Ka' 3averuiv' t{To oHI4 cHMMerpI4rIHbre kr corJracHo KpaeBbrM ycroBl4-gM
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z=0 z=0.1 z:0.2 z:0.3 z=0.4 z=0.5 z:0.6 z=u. /

0

"11

z=0.8

0

z:0.9
0

z:I
0

V:0 0 0 0

v.t Jz

0 0 0 0
v:0. I 0 0,0i65 u-25 0,3455 0,3 82

1.382

t, i4\\ lt ,r\ 0,132 0.0365 0y-v..
y=0J

0 0,132 0,477s 0.9045 1.25 | ,5 0"9045 0,477s 0,132 00 0.2s 0.9045 I,7 t 35 2,369 2,618 2,368 l,7t3s 0,904s 0,2s 0v:0.4 0 0 145{ t,25 2,368 7 )1)S 3,618 3.2725 2.368 t)a o ?4{5

0,3&2

q

0
v:0.5 0 0,3 82 r.382 2,6t8 3,618 A 3,618 2,6r8 r,3 82
v:0.6 0 0,3455 2,306 J,t / z) 3,618

2,618

J.Z I Z) 2.368 1)\ 0,3455 0v=0.7 0"2s 0.9045 1.7135 2.368
v=0.8

2.368 1,7 t35 0,9045 or{ 00,132 0,4775 0.904s t.382 0,9045 0,4775 0.132 0

0

v:0.9 0 0,03 65 0,132 0.25 0,34s5 0,382 0 ?4Ss

0

U /\ 0,t32 0.0365
0 0 0 0 0 0 0 0 0

MaKCUMaJIbHOe 3HaqeHne Harpy3t(r4 Orr =S=4 AOCTr4raeTC,
KparM oHH paBHbt Hynrc.

B CepeAZHe fpaHr4 r4 rro

Pa c n per eJreH n'e Ko MrroHeHTbr reH3opa Harrpfl )KeHrrfl

Tadlrnrya 2.

IIpH x=0

B radluqe 3 cpanueuu 3HarreHr4.s KoMrroHeHToB BeKTopa nepeMerrlerruit B

:TiTt1I 
r:ttKax napannenefrl{reAa nonyr{eHHbre ro pa3nr4qHbrM MeroAaM.rrrurrvl lYrvrlJAcl,_wl.

S:::::::,::^::t_.-.*:ly_1 
p.ryrrbraraMbr noKa3brBaer AocraroqHyro ux 6rago crb, vt

;.;;;;p;;;;;"" Merona

fa6nuqa 3.
3Ha'reHn'q KoM''oHeHToB BeKTopa flepeMerrl enui.t B HeKoropbrx roqKax

B uaparpa$e 3.4 paccvrorpeHa repMonnacrr4r{ecKar KpaeBa fl 3apaqa (15-17) o3au]eMneHHoM CO BCeX cropoH TpaHcBepcanbHo H3OTpOrrHoM ilapaJrneJrenH[eAe co
cn eAyrorqa M B HyTpe HH AM TeMnep aTypHbrM rroJreM

T(x,,, xz, xt) = 4 51n 
uxt51p o!, 

,ino*t .r:t l,) (,3

l4cxoAsste AaHHbre 3aAaHbt KaK B npeAbrAyrr{ eh zanare, oTJrrrrrHbre oT HkrxnocTorHHbre cneAyrolrlze:

4=2.5, 4=2.24, p,r=0.25, prr=0.25, p.r=0.37,p* =0.14, q. =0.ll,To=20. 
,HuNe Ha pl4cyHl(ax 3-4 noKa3aHbr pac[pe AerreHufl 3oH nJracrr4qHocrr4 BrlnocKocrl4 xoJ/ np, z:0.7 paccMarpl4BaeMoro TpaHcBepc€LnbHo r43orporrHoro

IrapaJrnene[nrreAa.

I4repauuouHbre MeroAbl
ilA JIEJIETIIdIIENA

u(3,4.3 ) v(3.2.1 w(3.5.4.)
Mero.q ynpyntx peuteH u ft 4.79-02 -8.03-03 -7.55-04
Asyxcrynenqarufr MeroA 4.80-02 -8.19-03 -7.56-04

flpe.qnaraena sril n,teroA 4.5s-02 -8.09-03 -7.36-04
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Tar rcarc rpaHnqHbre ycnoBar 3a/[aHbr cr4MMerpgqHo, rir4cJreHHbre pe3yJlbrarbr BpHcyrKax (3-4) noJryqe rrrbre Bbrure y!(l'JarrrbrM hreparlnoHHbrM MeroAoM
pac[peAeJIeHbl cl4MMerp14t{Ho B paccMaTpuBaeMoM flapaJrJrenet1urreAe, qro
o6ecne'Iueaer c[paBeAnaBocrb t{I4cneHHbrx pe3ynbraroB kr ilpeAJrox(eHHofo
HTepalII4oHHO|O TIOAXOAa ilIrfl pe[reHr{r TepMolnacrrrqecKHx 3aras rrrflTpaHcBepcaJrbHo pr3oTponHbrx TeJr.

B naparpaSe 3.5 qHcreHHo

Pr,rc. 3. 3orra [JracrurrHocrlr
B nrfocKocru XOY npw z=0r7 (p2 p. )

Ar4HaMr4qecKar KpaeBafl 3ahaq'a
napannenenr4neAe. flp, qacJreHHoM

cneAyroul we HaqarbH bre ycnoBr4f,

u (x, 1t,, ,t)|,=o = 0

u'l -0. Yl
d l,=o il\,=o

H fpaHu r{Hble ycnoBHt

u (*, y, , ,t)1,

* (r, y, ,,t)1,

Pwc, 4. 3oHa [racrr4qnocrr,r B

nJlocKocrn XOY npn z=0,7 (q > q" \

pel-tjeHa cBfl3aHlHAfl TepMorrJracTlrqecKa,
(9-I4) o rpaHcBepc€IrrbHo r43orponHoM
perxeHr4r4 uo4elrnofi 3a1altr 6sttu 3anaHbr

= To sin(tr x) sin(ay) s in(n z),

, v(x,y,r,t)|,=o=0 , w(x,y,r,t)|,=o=0 
,

-0, u*l 
-0.

ot L=n

T (*, y, t,t)|,=o

=0, v(*,y,z,t)lr=0,

=0,7(*,y,z,t)lr=0.
I4cxo4Hrre AaHHbre KaK

cJreAyr.ot{He:
B IIPCTbIAYIICT 3AAAI{C, OfrIN'{HbIE OT HI4X NOCTOf,HHbIE

b11:0.25, bzz:btt, bss:0.37,).,,:0.03, Ar,=0.03, l.,r:0.01, 4=2.5, 4=2.24, p:0.g1,
c,.:3.5, 1, =2.5, 2s =2.24, r:0.01, h:0.1 p. = 0.0g, Q. =0.04, T, =20, N, = Ni = N, = 10.

HuNe [pHBeAeHbI 3oHbI rnacr'4rrHocTr4 B pa3nr4qHhrx cJrorx ilo BpeMeHr{ r4
ce q e H H fl X pacc M arpl4BaeMo fo rpaHcBepcilJrbHo H3oTponHofo napaJrJreJrerrr4rreAa.
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Puc. 5. 3oua [J.racr[qnocTl,r B

XOY npw z,:0.8, t:0.07 (q > c1r

Pr.rc. 6. 3oHa rrJracrr.rqHocrr{ B

XOY npu 1:0.7,l:0.07 ( p> p

|lJtocKocTtl

l, t1 x=0,04
IIJIOCKOCTH

- 

), P*:0.08
Hanon,lgnM, Lrro, B paccN4a.r'lltjrJacMofi Mri,tclrr,rroii 3a/{aLte AJrfl TpaHcBepcanbHo

I43orponHoro Marepvaila, ocl)lo BpalIteHl4f, tBnrleTct oca OZ. Tar xar< HaqaJlbHbre a
fpaHI4LIHble ycnoBl'lt 3aAaHbl caMMerpzrrHo, MO)KHO yBZAerb cHMMerpr4rrHocrb
nepeMer!ennit u(x,y,z) u v(x,y,z), a [epeMerr{eHur{ w(x,y,il orrurrHbr or Apyrr,rx, r{To
fioKa3bf Baer BItr4flHVe aH?I3OTpOrIHr4 Ha ynpyfo-nJracrr4r{ecKoe cocrorH?re
rpaH c Bepcarr b Ho H3OTpO rr Ho fo frapann en enr4 fr eAa.

B naparpaQe 3.6 npnBeAeHa I4HcrpyKrIHf, no r4crroJrb3oBaH,ro KoMrrneKca
nporpaMM <Konanlexc [porpaMM Ar.l ql4cneHHofo perueHr4fl serunefiubrx 3aAaq
TeopHI4 ynpyfocTa 14 TepMoynpyrocTH aHLI3oTpotIHbIX TeJI), paspa6oraHHoro B cpeAe
DelphiT c HHrerpaunefi OpenGL.

lauHnrft KoMTIJIeKc nporpaMM tpeAHa3HaveHHufi 4ra qucreHHoro perxeHr4,
HelaHefrublx 3anaq reopzl4 yt-tpyfocra H TepMoynpyrocrv aHu3orporrHbrx ren r{Meer
cn eAyFou{H e BO3MO)I(HOCTr4 :

LIHCICHHOC 
PClxCHHC 3AAA:II4 O UKATVIKI NJIACTI4IICCKOfO

I43orp o n H o ro rlap an JI eJ't e I] H fi eAa M exAy xecrKI4M 14 il nkrr aM]ff:
qHcIeHHOe MoAenr4poBaHHe 3AAaHV O

143OTpOrrHofo |IracTr,rr{ecKofo nap€LnneJrenHneAa
pacrpeAeleusofi Harpy3r(H;

pacqeT IJIaCTr4rleCKHX 4e$opuaqzfi TpaHcBepcaJrbHo LI3OTpOnHOfO
n apann en e n 14 r] eAa n oA .qefi crBr4eM r<ynonoo6pasnofi Hafpy3r(r4;

pacqer repMonnacrHr{ecKHX ae0opnraurafi
napannenefr14IieAa;

c Brr3aH H ar repMo nn acTr4r{ecKa, KpaeB afl 3Aftarra
[ap€LnneneIIr4 neAe.

rpaHcBepczlJrbHo ., 
,

paBHoBeCr4r.r TpaHcBepcaJrbHo

rroA AeficrsraeN,r paBHoMepHo

TpaHcBepcaJrbHo rr3oTporrHofo

,

o TpaHcBepcaJrbHo r43oTporrHoM

3A*...*1*
$.

t.Lag**4r

Puc. 7. fraaHoe oKHo rrporpaMMbr.
=":::-*.-J

a-
JI



flpn sanycKe nporpaMMbl rlorBJr.{ercf, rJraBHar Sopua (puc. 7), s xoropofi
Mox(Ho elr6parr rvTr 3ahaqz H3 Bblrxe [puBeA€uHoro cfrr4cKa petuaeMblx 3aAarr.

fauuoe nporpaMMHoe cpeAcrBo Moxer 6urr HcnoJrb3oBauo [pr4 pacqere r,r

onpeAeneHl4pl 3anacoB nporrHocrr4 xoucrpyxqufi Lr r4x 3JreMeHToB Lrg
KOMIO3I{ULIOHHbIX MaTepHuLnoB HaxoAgIIIUXCfl nOA TerIJIOMeXaHr4r{ecKr4Mt4
so:AeilcrBr4flMr4.

3AKJITOI{EHI{E

Ha ocHoBe rTpoBeAeHHbIX I4ccneAoB aruwfi no lr4cceprarlnoHHofi pa6ore Ha
reMy <<t{r4cleHHoe MoAeJIrpoBaHLre npoqecca selzuefinoro geQopMzpoBaHr{_s
aH r43orponH brx reJr)) nonyr{eHbr cnelynur4e ocHoBHbre pe3yJrbrarbr :

I' Pa:pa6oraHbt MoAeJIL,Hbre ypaBHeHufl rrJracrzr{ecKr4x H TepMonnacTr4qecKkrx
3an.aq 4na 4e0opMal{HoHHoil reoprzH rpaHcBepcaJlbHo t43orporrHbrx reJr. Mo4elrurre
ypaBHeHI4.a c$opnaynl4poBaHbl B BuAe cBr3aHHbrx 14 HecBr3aHHbrx KpaeBbrx 3aAarr.

2. Pa:pa6orantr rIHcreHHbIe MoreJur rrJracTr4rrecKrax u repMorrnacrr.rqecKr4x
KpaeBbrx 3a\arr Ant rpaHcBepcanbHo r43orporrHbrx ren rrpr4 pa3nHr{Hbrx fpaHLrrrHbrx
ycnoBllrrx.

3. flpe4loNeH v o6ocHosaH Hoerrfi norxoA Errfl qucJreHHoro perxeHr4{
rp€xltepnurx ynpyronnacrt4qecKHX u repMo[nacrnLrecKr4x KpaeBbrx 3aAaq rnfl
TpaHcBepcaJrbHo H3oTpofrHbrx TeJr.

4. Paspa6oraHbi BbIqHcJII4TeJIbHbIe €Lnropr4TMbr r4 rrporpaMMHbre cpeAcrBa rnfl
qacJ'IeHHofo pellIeHllg ilracrplrlecKHx, TepMOIIJIaCTI4IIeCKUX CBq3aHHhIX Lr

HecBr3aHHbrx r(paeBbrx 3aAaq, fro3BonrrculHe r,rccneAoBaTb Harrpflx(eHHo_
aeSopnaupoBaHHoe cocrotH14e aH[3orpottHbrx TeJr noA TepMoMexaHr4rrecKr4M,
eo:AeficrevnMV.

5. PerueHtt r{plcreHHo ynpyronJracrr,IqecKr.re, cB.f,3aHHble kr HecB.rr3aHHbre
repMonnacrHqecKHe I{paeBble 3aila.qv An{ TpaHcBepczlJrbHo r43orporrHofo
napannenenHneAa npv pa3nuqHbrx fpaHr'rr{Hbrx ycnoBuflx.

6. Paspa6oraHHble qrlcreHHble €LnfopnTMbr vt nporpaMMHbre cpeAcrBa 6rrnra
rIpHMeHeHbr Ha o6rexrax <ApxurerrypHo-crpourenbHoe yilpaBneHr{e), ril
<llloxnasapa vr laftpamLl6ogyrnaeBbrn) n Eararcxovr pafione Xopesvrcxofi o6racrn
z OOO (DAMIR QURILISH SERVIS> s flxavlaficxoM pafioui CarraapraHAcxoil
o6lacrn. B pe3ynbrare HCIIoJIb3oBaHHtr npofpaMMHoro cpercrBa o6ecne.reHa
Bo3MoxHocrb noBblcl4Tb npoH3BoAI4TeJrbHocrE, Ha 8-10% 14 c143wrb 3arparbr wa 7-
10%.
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INTRODUCTION (abstract of phD dissertation)

The aim of the research work.
numerical algorithms and software for
deformation of anisotropic bodies.

Development of mathematical models,
calculating the process of nonlinear

The object of the research work are the processes of dynamic and staticdeformation of structures made of plastic and thermoelastoplastic transverselyisotropic materials.

The scientific noverfy of the research is as foilows:
mathematical models of plastic and thermoplastic problems for transverselyisotropic bodies (composite materials) have been developed on the basis ofdeformation theory at various mechanical and temperaturq initial and boundaryconditions;

an effective numerical method has been developed for solving the modelingequations of the nonlinear deformation of anisotropic bodies under variousthermomechanical factors ;
explicit and implicit grid equations for the numerical solution of static anddynamic, coupled and uncoupled inrelated p.ofi.-, of thermo-elastic-plasticity areconstructed;

computational algorithms and software for the numerical solution of plastic andthermoplastic coupled and uncoupled boundary value problems have been developed,which makes it possible to study ihe stress-strain state of anisotropic bodies under theinfluence of various mechanic ai and,temperature forces; 
t'v uuurss unqer u

Implementation of research results. Mathematical models, numerical :

computational algorithms and software tools developed to ,t dy the process ofnonlinear deformation of anisotropic bodies:
the developed computationat algorithms and software tools for the numericalsolution of plastic and thermoplasic .ouft.o uno uncoupled boundary valueproblems' allowing to study the stress-strair state of anisotropic bodies, under theinfluence of mechanical and thermal forces, have been introduced into the objects ofthe <Department of Architecture and constructioru>-;a;ilili,1r, *orezm region(Ministry for the Development of Information iechnol6gies and communications,certificate J\b33-g/9024 of December 23, ZILI,Ministry of Construction, certificateJVsl0159109-07 

9f-!-ecember 23, 2019). As a ,.rutt, it is possible to increase workproductivity by 8- 10yo andreduce costs by 7_10%;
the developed numerical algorithms and ,oft*u.. for assessing the effect ofstress distribution, temperatutt und anisotropv on the stress-strain state and theappearance of plastic zones in tiansvet:1l isotropic bodies have been introduced intothe facilities of (DAMIR 

QITRILISH spirvts> LLC, Dzhambai district, samarkandregion (Ministry of construction, reference Ns101 5g/0g-07 0f 23.12.201g, Ministryfor the Development of tnformaiion Techn"l";i.r and communications, certificateJ\e 33-8/9024 of 23'12'2019). As a19gult, it is possible to increase work productivityby 10- l5o/o and reduce costs by l0_ll%.

4l



Publication of research results. on the topic of the dissertation,25 scientific
works were published, of which 10 journal articies, including 3 in foreign and 7 inrepublican journals, recommended by the Higher Attestation Commission of theRepublic of Uzbeklstan for publishing the 

-main 
scientific results of doctoral

dissertations, 2 certificates of registratioir of software products for computers were
also received.

Structure and volume of the dissertation.
introduction, three chapters, conclusion, list of
volume of the dissertation is 101 pages.

The dissertation consists of an
references and appendices. The
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raxp'prrrrwIa raxp'pAaH lrxasur Ar4 Ba f:6ex, pyc Ba HHfnH3

TW n n apv4af H M aTHJr Ap WHH M OCJr 14 f H Ter(uu pHnAH.
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