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KHUPUII

MaB3yHHHT 0/J3ap6JINTH. YTKa3yBuaH FOBAK, SPHK MyXHTIApIard
CYIOKJIUKJIApHU (GUIbTpaIusl >Kapa€HUHM TEKIIMPHUIL THUIPOMEXAHHUKAA
Hazapuil Ba aMaJiMii axaMmusATra sra Xxamja OyHJald TaAKUKOTIAp KY4HIIl
x)apaéunapunu TaBcudiaoBun nuddepeHiuan TeHrIaMaJapHUHT MaTeMaTHK
MOJICIIMHYU KypHIllJla OupMyHUYa KHHUHUYWIUKIIApTa 1yd KeJIUHaIH.

bynpaait macanangap ep KUMHpIAaNUIapUHUA Oarropar (MPOrHO3) KUJIHUIIIA
Ba  HedTh  IIacTHapuaad  HePThH OJIMIIHU  >KaJaUIallTHPHUII
TEXHOJIOTHSUTAPUHM UILTA0 YMKHUIIIA J0J13ap0 MacaanapaaH Oupumaup.

Marematuk Qusukaga ojaTAa KyWHIard KYypUHHIIJIArd macajiajiap
Kapananu. uddepeHnnan TeHriama Ba yHUHI €4YUMU KaHOATJIAHTUPUIIH
Kepak Oynran maptiaap Oepunanu. Oparma Oy  KymIMMua —IapTiap
muddepeHnran TeHriamMa edumiIap MaKMyacuJaH OWTTAaCHHHU aXpaTaju.
Marematuk  (u3uKamard KOpPpeKT OOIUIAHFUY YeTrapaBHil MacajallapHU
TYFpu Macana ae0 arai KaOysn KUJIMHTaH.

Xap KaHJai TYfpu MacajaHu KyWWII yuyyH, OMp KaH4a MabIyMOTJIapHU
(pyskuusiiapau) Oepuil JIO3UM, YJIApHUHT Oup Kucmu auddepeHuman
TEHIJIaMaHu (YM3UKIW TeHrjJama Kod(hQuimeHTiapu), KOJAraH KHCMH 3ca
OolJTaHFUY €KW YerapaBUil MIApTIIApHU aHUKIaAu. TYFpu mMacalaHd €4uIll
HaTWxacuaa Oepwiran QyHKIusapra ssHru QyHKIUs KapajgaéTraH macania
euumMu  Moc  kenrtupwianu. Ilynmait  kunub, TYFpu  MacajlaHUHT
MabiymMoTiapuaa (Oepuirad QyHKUIUsIIApHUIA) aHUKJIAHTAH OMEePaTop XOCHII
oymaau.

FoBak myxuTnap ydyyH KyWWiIraH AWHAMHUK MacajajapJa CEUCMUK
TYIKUHIAPHUHT TApKAJIUIIM TE3JIMTH Ba 3UWIWTHJIAH TalllKapu, sHa

MYXUTHHHI FOBAKJINUI'U, S"TKaSYB‘-IaHJ'II/IFI/I XamMmJaa 60m1<a KHHCTHK



napaMeTpiiapu XaM aHUKJIAHAIWKH, yJap JJIACTUK MYXHT YYyH KYWWIraH
JTUHAMUK MacaiaiapJaH YJIapoK SHEPTUSHUHT IOTWIHIINHN aHUKJIAlau.

[IyHuHr ydyH XaMm Oy Macaiajap MaTeéMaTHK MOJeUTAIITUPULTHUHT
MYyXHM J10J13ap0 MyaMMoJiapu XHUCOOJaHaIu.

MyaMMOHHMHI  YPraHWITaHJIHUK  JapakKacu. ['unep6onuk
TEHrJIaMajlap Ba CUCTeMalap y4yH JHUHAMUK macajaiap OUpUHUM MapTa
JlaBpentneB, B.I'. PomanoB, A.C. bnarosemenckuii Ba A.C. AnekceeBnap
TOMOHUJAH KyHWJITaH Ba ypranuwirad. MacajgaHd YpraHUIIHUHT TYPJiId yCYII
Ba iyymapu M.M. JlaBpentreB, B.I'. Pomanos, A.C. brnarosemenckuii, A.l.
[Tpunenko, FO.E. AnukonoB, A.JI. byxreim, X.X. HMNmomuazapos, A.
Xaiinapos, J.K. lypaues Ba OomKagapHUHT UIIApHUIa TAKJIA( STUITaH Ba
PUBOKIIAHTHUPUIITAH.

NiaMuii-TaiKMKOT MILIAPU  pexajapu OujaH OOFJIMKJIMIU.
MarucTpauk nucceprauus UIIMHUHT «FoBak u3oTpon Myxutaa SH TyiakuH
TapKajuil >apa€HUHM MaTEeMaTUK MOJe/IallTUpuI» Map3dycu Kapiim
JaBiaT YHUBEPCUTECTUHUHI WMIiMuN KeHramujaa TacAuKJIaHTraH, ‘“‘AManui
MaTeMaTtuka Ba MHQpopMaTuka’ KapeApacMHUHT TEMAaTHK peXacura, xamja
TaIKUKOTYM W3JaHyBuUM cudatuga HITHPOK dTaérraHn A-13-18-“ Hkku
dbazanum MyXUT HOUM3UKJIM TYJIKUH JUHAMHKACH YYyH TYFpU Ba TECKapu
MacajajapHd Ha3apuil Ba COHJIM TAAKUK KWJIWII® ~ TPAaHTUHUHT HILIApU
pexxaniapu OunaH OOFIIHK.

TagkukoTHUHr Makcaam. FoBak wm3orpon myxutaa SH Tynkun
TapKaJUII JKapaéHUHW MAaTeMaTHK MOJICJUTAIITUPHIN, OyHIa XOCHI OVITyBUn
MacaJlaJlapHUHT €YUMJIAPUHU MaBXKY/UIMK Ba STOHAJIWMKKA TEKIIUPHII, Oy
MacajajJapHUHT COHJIM €4YMII  METOJIApUHU  TOMNHUII  XaMmjJa MOC
JNACTypPJIAPUHU TY3UIIL.

TaakukoT 00beKTH Ba npeaMeTH: TaaKUKOT OOBEKTH — MypakKkad

TY3WINIIJIaTA FOBAK MYXMTAAru TYJIKWHJIAp. TaaKUKOT MpeaMeTH — FOBAK



MYXHUTAA SH tynkun TapKajJuvIl >KapaCHJIApUHU  MATEMATHUK
MOJCIIIAIITUPHUII Xama OyHa XOCUll OYITyBYM Macaanap.

Mag3y Oyiinya peKaJalTHPWIAETIAH HILIAP. Kyiunran
MaKCa/ira SpHUILHUII y9yH KyHUJard UIiap pexalallTHPUIITaH:

— AJACTUK-FOBaK Myxutaa SH TYIKUH TapKaiuil >kKapaCHUHUHT
MAaTEMAaTUK MOJCIUHU KyPHILL;

— JMACTUK-FOBAaK  Myxutna Oup  ymuoBnu  SH  TynkuH
TEHIJIAMACUHUHT CUHTYJISIP €Y4MMHUHU KypPUIL;

— ANACTUK-FOBAaK MyxuTaa SH TYIKuUH TapKaauil >kKapa€HUHUHT
COHJI €YUII AJITOPUTMHUHY UIILIA0 YUKHUIIL.

TagkukoT Meroatapu: MaremMaTUK MOJEIUIAIITUPUIL, THUIEPOOIUK
CUCTEMAJIap YYYH XapaKTEPUCTHKAIAP YCYJW, HMHTErpaj TEHIJIaMaliap Ba
YEKJIA alrpManap yCyJulapyu XaMmaa JacTypilall TEXHOJIOTUACH

OsMHran HarusKajgap Ba yJaapHuHr saHruiaumru: Kyinparn
HaTUXanap sSHIU:

— AIACTUK-FOBAK MyXUTAa SH TYIKUH TapKaTUILIMHUHT MaTEMATUK
MO/IEIIN;
— AIACTUK-FOBAK Myxutaa SH TYIKWMH TEHrJIaMaCHHUHT CUHTYJISIP
CYUMU;
— AJACTUK-FOBAaK Myxutaa SH TYIKUH TapKaauil >Kapa€HUHUHT
COHJIY €YHIII YCYJI Ba YHTa MOC JIACTyp.
OnauHran wWiIMHil HATHXKAJIAPDHUHI Ha3apud Ba aMaJuil
axaMMsITH.
TagKUKOTHUHI WJIMHUNA aXaMUATH: OJMHIAH HaTWKaiap TypJiH
TaOUM Ba TEXHOJTHUK Kapa€HJIapHU Ha3zapui TEKIIUPHUIIAA KYJUTAHUIUIITU
MYMKHH.
Jluccepraiiyisi MIIMHUHAT aMaiui axaMUsITH ITyHJaH UOOpaTKU, TaAKUK

OTWJII'aH MAaTCMATHUK MOJCII Ba sApaTHiiradH aJIlr'OPpUTM CEHCMHUK coxaga WJIMMH
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TaIKUKOT 00 OOpYBUM MIMUN-TEKIIMPUILI WHCTUTYTJIapuja, HedT Ba ras
KOHJIApUHU aHUKJall Ba YyHAAH (QOWJaNaHUIN Y4YyH TaBCHUSl ODTHIMILIA
MYMKUH.

JAuccepranus TAAKMKOTHHUHI HATHXKAJapuaaH ¢ougajaHuIln
Oyiiuya TaBcusiap. Jluccepraumss UM Ha3apull Xapakrepra ora.
Juccepranmsaga KyJUIAaHWITaH yCyJUlap Ba YHra XOCHWJI KWJITaH HaTHXKajap
ceiicmoniorusiia, HedTh Ba Tra3 3axUpalapvHU AaHUKJIAIl Ba YHIAH
doigananniga KyUTaHWIAITNA MyMKHH. Kyiutanunran connm ycyJsuiap
aMajaui JKUXATaH MyXuM Oyiran OollKa WIMHNH-TEXHUK MacalaJlapHU
euunaa GoiganaHUIuIII MyMKHUH.

JAuccepranus UM anpodauusicd. Jluccepranys WM HaTWKajlapy
“Cubuppb  JIGKTpOH  Marematvka  xabapHomacu (SEMI)”  xypHamiaa
(HoBocubupck, 2016) Ba “AnamusHuHr noa3ap0 macanamnapu” PecryOmuka
wimnii koHpepenusicu (Kapim,2016)1a vamp stuiras.

Juccepranusi MIOM HaTHKajgapu. Jlucceprauuss maB3ycu Oyiimya
WKKWTA WIMHUHN U1, IIYHJaH OMTTaCH WIMHUH KypHaJaa YOI STUIITaH.

JAuccepTalMSAHUHT Xa)XMHM Ba Ty3wammu. [uccepranus 62
caxuagan wubopatr OynmO, kupum, ydra 600, Xxymoca, 26 pacMm Ba
anabuérnap pynxaTuaad TalIKWI TONTaH.

Kupuiiga MaB3yHUHT J073apOiUTH, WIMHN SIHTUJIUTH, OJWHTaH
HAaTWXKAJIADHUHT WIMHUNA Ba amMaliuil axaMUATH Ba JAUCCEPTAIUs UITUHUHT
XaKMU KapaJirad.

bupurun OG0OHWHT OupuHYM maparpaduga >IACTUK-FOBAK MYXHUT
XapaKaTUHUHT YW3UKJIAITHPWITAH TEHrJamMajiapyu, MKKUHYM Taparpadma
3Ca ANACTUK-FOBaK MyxutTiaa SH TYJIKWH TeHrnmaMacu MyxoKkaMa KUJIWHA/IH.

Nxkuaun OO0OHMHT OupuHund maparpadumaa SH TYIKMH yuyH

MacCaJJaHUHI' KS"fIPIJ'IPIIHPI Ba CHHTYJIp CUHMIIAPH, HWKKUHYHA Bd Y4YHUMHYHU



naparpadiaapga 3ca MacajdaHu  TUNEpOOIMK  cHUcTeMara KelaTHpuo,
rUnepOOINK CUCTEMAHUHT CHUHTYJIAp €4MMHU KypWITaH Ba TaxXJIWJl KAJIUHTaH.
Oxupru O0OHUHT OMpPUHYM Ba MKKUHYM maparpadiapuua 31acTHK-
FOBaK MyxutTaa SH TYIKWMH TEHDIamalapyd Y4YyH COHJIM €YHUIl YCy/UIapu
XapakTePUCTUKAJIAp METOJWTa TasHTaH XOJila HMHTErpaj TeHTrjamaiap
CUCTEMACHHU E€YHIN YCYJIH UIIIa0 YUKUIITaH.
Xymoca KUCMHUJIA JUCCEePTAIMS UK Oyiinua XyJocanap E3uiIraH.
Anabuérnap pyiixaruna oiinaianran MaHOanap pyixaTv KeITUPUITaH.

JluccepTanusi MINMHUHT  acocuil  Harwkamapu [28,29] wumniapna 3bJI0H

KHWJIMHT aH.



|. FOBAK U30TPOIlI MYXUTIA TYJIKWH JKAPAEHUHUHT
MATEMATHUK MOJIEJIH

1.1. DaacTUK-FOBAK MYXUT XapPaAKATHHUHT YM3UKJIAIITHPUJITAH

TCHIJIaMaJI1apu

dapa3 kunaitmk, smactuk Myxut(solid—S) roBakmapra sra, FoBakiap
aca cyrokmuk(liquid-1) Oounman Tymmupwiran OyncuH. By MyxwTma TOBYII

TYJKUHJIAPUHUHT TapKAIUIIWHHA YpraHaMu3.

Tesnmuknap
u=(u,, u,,u,)(>1acTuK-FoBaK XKHCMa),
V=(v,V,,V,)( cyroxmkia)

Ba TEPMOJMHAMUK KaTTaluKiap (pa3oHUHT Xap Oup HyKTacuga Oupop
TEPMOJMHAMUK TYpFYH FojaTra HucOaTaH KMYMK TeOpaHCcHH. ByHna TYIKuH
Xapakatu xocwsi Oymamu. [13] wuiima HOUYM3UKINM KOHTHHYal (QHIBTpaIus
MaTEeMaTHUK MOJICIU TEHIJIaMallapyd TY3WiraH. by MyXuTIarun TOBYII
TYJIKWHJIADUHU ~ YPraHWIl y9yH JUCCUIIATUB JKapaéHJapHU XHCOOTa
OJIMac/laH, FOBAK-3JJaCTHK MYXHUT XapakaTd TEHTJIaMaJapUHU TEKIIHPHUIII
no3um [13,14]. Xapakart TeHIIIaMaIapuHU KEJITHPANITHK.

Maccanuar CaKJlaHnII KOHYHMU:
b, divj =0,
ot

£ =P, + P, (MyXuT 3UUIHTN)
SHTPOMUSHHUHT CAKIaHUII KOHYHHU:

oS . [S=

—+div| — ] |=0,

ot PO

j=p0+ pV,( uMmoymnsc 3u4mmrm)
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I/IMl'Iy.TIBCHI/IHF CaKJIaHnII KOHYHH

0 J.
#4‘(%( Hik :0, (111)

I1, = puu, +pVyV, — o, ( AMIIyJIbC OKAMU)

o, =—ps, —h,9,, (KyuraHuuuiap TeH30pH)

09
ot

Ps = Pso det(gik ),

CYIOKJIMK XapaKaTHu TCHI'JIaMAaCH

+9,0u, + 9,0, +u,0,9, =0,

a—V+(17,V)17=—@+ .
ot P 2p

h.
V(U-v)'--=Vg, ,
2p

MYXUTHHUHT X0JIaT TEHTJIaMacu
€, =6 (0,5, ], 9,).
Oxupru Oy (yHKIMOHAT OOFIAHMII MabliyM OWUP SPKUHIUKHU Y3 WYHTra

OJIaIH.

OHEPrusiHUHT CaKJIaHUIIl KOHYHU

oe -~ v). TS. -
E_'_ak([/u-i_?jjk_'_ Jk+(u1jo)uk+uihkmgmi]20’
Yo,

Ba AJIACTUK MYXUT YYyH MAaCCAaHUHT CaKJaHUII KOHYHHU
op :
—— 4+divpl=0,
ot P

TY7a TEHIJIaMajap CUCTeMacura KupMmaijau, 4YyHKd Oy TeHrjiamanap Tyia
TEHTJIaMaJap CUCTEMACUHUHT HATHKACUUD.

(1.1.1) cucremana € -,T -, S -, z- OMp XaKM OUPIUTHIATH MOC PaBHUIIIA
WYKH SHEPIUs, TeMIIepaTypa, SHTPOIUs, KUMEBHM MOTEHIINAI, p -3UYTIUK, O

— KyWwIaHMIIap TeH3opu, 0, — naepopManuss METpUK TeH30pH, P —

11



CYIOKJIMK OOCHM, jo = P, (U —V)— HUCOUI HMMITYyJIbC 3UYINIH, O, Ba P,

—3JIaCTHUK Ba CYKOK MYXUTJIArv Napiual 3udIUKIIap.

Tyna cucrema (1.1.1)Hu ymoy
u=0,

v=0,
T=T,,
h, =0,
P =Py
P =P
TCPMOAUMHAMUK MYBO3aHAT XO0JIATH AKHMHHUIAd YU3UKITAJIAIITUPAMMA3S. BYHI[a

KYWHIaru CUCTEMa XOCHJI OyIaiu:

8—'O+,005divl]+,00,div\7:0

ot | |

s _g

ot
%Jriaimiakhik =0, (1.1.2)
at pO 0,s

B 4 ou +0.u, =0,

ot

%+i8ip=0,

ot

0

Oy epna p,, Bap,, — JJIACTUK FOBAK JKUCM Ba CYIOKJIMKHHHI T€PMOJUHAMHK

MYBO3aHAT XOJIaTUAAIrv mapuuall SH4JInKiaap.

s OwiaH Oup macca OMPJUTUTra MOC KeJIraH SHTPOMUSIHU OeNTMITalIINK:

5=>

Yo,
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TepMOIMHAMUK MYyBO3aHAT XOJATIaH KAYMK YETIIAHUIIIAPAA MYXUTHUHT
XO0JIaT TCHIIAMACHHU KyWHIard KYPUHUIITA KEITHPUII MyMKHH [14]:

K (2 Kj )
P :_Eg” +| pya,+— |p+ p,a,S+const |

0

A
h, = yZio M +Eg||5ik - Kﬁé‘ik + const 1 (1'1'3)

ik
0

2
K=A+—u,
3#

A, i, ,— XONaT TeHIITaMaCHHUHT KoddunueHTnapu [17],
1, 1=Kk,
Oy = -
0, i=k.
— Kponekep cumBonu.

(1.1.2) cucremanarn OMpPUHYM TEHTJIAMaJaH KyWUJard CKaJsip TEHIJTIUK

Keno YuKaau

% +2divi=0.
ot
(1.1.2) cucremagan TepMOAWHAMHUK KaTTaIUKIApPHU HYKOTamMu3. ByHHHT
Y4YyH YYUHYHU Ba  OXUPIH TEHIJIaMaJlapHu BaKT oyiinua
nuddepeHnraiaimMus.
o’u. +i o' p 1 o%h,

+ =
ot*  p, 00X p,, OtOX,

azvi+i o’p
o’ p,o0tox

bynmgan Ttamkapu (1.1.3) wudomanum xam guddepeHnuaiaimMuz Ba
OJIMHTaH U(oJaHu OXUPTY UKKU TEHrjamara Kysmus. Hatwkana Te3nuknap

XOCUJlajJapuiad Tamkapu ymoy g,., 9,, S, 0, KaTTalluKiIap Maiijgo Oymaau.
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by xocunamapau (1.1.2) cucrema €paamunma iykotamus. Oauii IIaKiI

alMalTUpUIUIapAad CYHr, U,V Te3JuKiIapra HucOaTaH Kyuugaru €Emnuk

TCHIJIaMalIap CUTCMACHI'a KCJIaMU3:

_H g P K —[p§a3+£] vdivv =0
Po s Po \ Pos Po

5+[ﬁ_p&s [poz a3+ﬁjjvdivu_@[£+p§ agJVdith. (1.1.4)
Py Py Py Po \ Py

1.2. DnacTuk-roBak myxutaa SH TYJIKHH TeHI1IaMacu

dapa3 KWIaiIuK, KOMIIOHCHTAJIAp OpacH/ia UIIKAJaHUII MaBxXy[ OYJICHH.
BupxuHcnn OyiamaraH roBak-3jacThk m3oTpon Myxutaa (1.1.2) xapakat
TEHIJIaMaJIap CUCTEMAaCUHHUHT Ko dunineHtnapu ¢hakat Z ra O0FIuK OYICUH

ne6 ¢papa3 Kuiainuk. Y cucrema Kyiuaaru KYpyuHHUIITa Keaaau:

a—'0+,00’SdivU+,00]|div17:0

ot
95 _p
ot

2
) Z
R L)

—v,)=0, 2.
Po Pos Pos(2) (=) (1.21)

%+6iuk +0,u =0,
ot

14



%#ai o 2(2)p0 (DU, ~V,) =0,
Py

(2) -nmKananui Ko3(pOUITUEHTH.

AWTallIuK, TE3JMK BEKTOpJapu KyWujard Kypunuiiga udogaiaHCUH
u=(0,u,(x z1),0),
vV=(0,v,(xz1),0). (1.2.2)

bynnait xonna, (1.1.2) Ba (1.1.3) TeHrnamanapra OuHoaH

oo, _o,

9, _, (1.2.3)

auy
ny:ﬂ(z)g,
ou
¢w=ﬂU)5;,
06 xy 06y, oy vy o%uy 4
- x(z N(——-—)= Z)—5—, 1.2.
o + P x( )p0,|( ) ot ot ) ,00’5() 8t2 ( )

& K@, O, ~v,)=0,

(1.2.4) cucremamaru OMPUHYM Ba UKKUHYM TEHIJIaMaJapHU YYUHUHUCHUTA

KYWNO KyiuJaru TEHIIIMKHU OJIaMU3
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ou, ov,\ (Z)aZuy (1.2.5)
ot ot ) P\ e -

o'u, o au, )
8X2 + E[ﬂ(z) Ej - Z(Z)po,l (Z)(

#(2)

OyHIaH KYpUHAIUKH, FOBak-31acTuk myxutnaa (1.2.1) dapas Oaxapunranma

Yy =CONst rekucnuk 6yiiiab TYIKUH TapKaaaau

o - [ #Q)
S\ ()

bynra yxmam TYIKuH cod 3JMacTUK MyXUTIa XaMm Tapkaiaaud Ba SH TynkuH

IeunIaan.
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I1. FOBAK U30TPOIl MYXUTIA SH TYJIKUH YUYYH
MACAJIAHUHT KYVUWJINIIHA BA EYNJINIIN

2.1. MacajaHMHI KYMWJIHIIM Ba CHHTYJIAAP e4uMJIap

Tesnuk BekTopiapu gakatr t Ba Z napra OOFIMK OViITraH XOJHU

Kapaimuk. benrunaiimuns: U =u (z,t), V =v, (z,t). (1.2.5) renrnamanan sra

oymamMus:
p (DU, =(u(@V,), - (D) p (2)U, -V,), (2.1.1)
(1.2.4) renrnamanu t Oyiinua nuddepeHnnamiad Kyiuaaruia 0JIaMu3.
P (2)V, = (D) p (DU, -V, (2.1.2)

(2.1.1), (2.1.2) Tenramanap KapanaérraH OTyBYM MyxuTiaa SH TYIKuH
TapKaJuIIMHA TaBcuduanau[ 13, 14, 17].

DcnaTaliIMKKH, 3JIaCTUK KUCMHUHT T€3JIMK BeKTopu U, FOBaK )KMCMHUHT
Te3muk Bektopu V  xamaa o, (Z) Ba p, (Z)map anactuk Ba FOBaK(CYIOKIHK
OWIaH TYIIUPWATaH) OSKACMJIAPHUHT napuuan suuinmkmapu, x(2)-
umkananum kodddumuentu. by epna Ba OyHIaH KEWMH KyJailIMK ydyH
WHJICKCIard HOJIHU €3MaiiMMm3.

Myxut z >0 spum dazonu srautacun. Yuaa (2.1.1), (2.1.2) cucremanap

z>0 kapamaau. Papa3 KWIAUIUK, FOBAK-JIacTUK MyxuT t<0 nantiapaa

TUHY X0J1aTaa OYJICHH:

U |t<0 '

U.|.,=0. (2.1.3)
V |t<0 !
Vi l.=0. (2.1.4)
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z = 0derapaja UMIYJIbC Kyd Kyiuiaran O0yicun [23]:
pU, |, = F (1),
(2.1.5)
Oy epna
Ft)=0@t)+ f(0)e(t)+..., (2.1.6)
o(t) — dupakuunr nensrta GyHKumscH, £(t) — XeBucaiia QyHKIUSCH.
bepunran 0y mabiaymornapra, y3nykcu3 auddepeHnuaianyBun p, ()
Ba 1(2), yanykeus p, (z), y(z) ¢ynkuusnapra kypa U(t,z),V (t,2) tynkun
MalOHJIApUHU aHUKJIAII KepaK
Kyiinnran (2.1.1)-(2.1.5) macamanm evaiiiuk. EuyumHM — Ky#mjgaru
Kypunuiaa uznanmums ([9]):

U, z)=a’(2)elt—7(2)) +

@) -1(2)), +%7/S(Z)(t @)+ (2.1.7)

V(t,2) = (2)et—7(2)) +

+ B (D)(t-7(2)), +%7' (2)(t—17(2))* +..., (2.1.8)

oy epma «’(z),B°(2),..., &'(2),5'(2),... Ba 7(z) KodhdunMenTIap- X03UpUa
nomabayM Qyakusiap. 7(0) = 0 xed xucobnarimmus.

(2.1.7) Ba (2.1.8) popmynanapaa yu nykra t =7(2) na onmunru xamiapra
Kaparanja CHJUIMKPOK XaIJIapHU Oenrmiaiay xamaa

n

Colx x>0,
X! =
{0, x<0.

Yoy
gity=o@), ) =et), t*) =2t
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dbopmynanapnan doinananuo, (2.1.7) Ba (2.1.8) mapaan auddepenimanian

iy Gunan(xynaiimnk yayn U Ba z aprymentiapuu Tamnaé keramus)

KyMHIar¥u CUCTEMaHU OJIaMM3!

U =aot-1)+pelt-1)+y (t-1) +..

U,=a0't-1)+p0t—-1)+yelt—7)+..

U, =(@)elt-r)+a’ott—7)(-)+(B°)([t—-7), +
+Bet—1)(-7) +y°(t—-7). 7 +..

(uU,), = (u(@)) st —7) - tu(@ Y 5t - 1)~ (e’ S(t 1)+

+(7) pa’o'(t—7) + (u(B°)) (t—7) —Tu(B°) et —7) -
—(tuf)elt-7)+ (@) upot—1)+ () uy et—1)+..

V,=a'd(t-t)+B'e(t—7)+y'(t-7), +...
V,=a's't-7)+p'6t-1)+y'elt—1)+...
By éiinnmanapau (2.1.1), (2.1.2) renrnamanapra kysmun3z, O (I —7),

O(t—7) sa e(t—7) nap onauaard KodhPUIMeHTIapHr  TEHTJIAITHPUO,

KyHyaaruiaapra Kejiamus3

, p. o’ = (") ua® (2.1.9)
o'(t—1): {p. S =0 (2.1.10)

O e O L e G B N G B
(t=2): p B =ypia-a) (2.1.12)
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« ).{Ps yi=a’) -uf = upY - xpi (B -+ (@) uyt (2.1.13)
e\l—-7).

pir=xpi(B-F) (2.1.14)
(2.1.5) yerapasuii maprt, (2.1.6)Hu xucoOra ojcak, KyHuIard KypHHHIIAA

€3niaau

Y|,y ~F @ uOB O ) (0) + ...

() (@) ©)5t) +

= 5(t) + f(0)&(t) +...

Gynnan
1., —7(0)u(0)s°(0) = (0)

Sxcu

et 1 ! (2.1.15)

7'(0) 1(0) »,(0) () ENEAOOR

1(0)

), — (0
7'(0) u(0)

(2.1.9) Tenrnamaznan 7(z) yuyH DWKOHAJ TEHIJIAMACHHU OJJaMHU3 Ba YHU

B (0)= (2.1.16)

cyaMus:

, . de
(r’)2=%, r’=\/%, 7'(z)= (Z) 7(2) = jc(cf) (2.1.17)

#(2)
p:(2)

Oy epna c(2) = FOBAK-3JIaCTUK MyxuTina SH TYnkuH Tapkamuiiu

TC3JIUI'U.

(2.1.10) Tenrmamana o'(z)=0.

Ouau (2.1.11) Tenrnamanan

(ua't') +u(@’) ' + ypja’ =0.
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(2.1.17) Tenrnamanu xpco0ra oiau0, Oy TEHIIaMaHu KyWHard KYpUHHUIITa

0JINO KellaMu3
(ca®) +o(a’) + ypla® =0, (2.1.18)
Oy epna

o =0(2) =~ 1(2) p,(2). (2.1.19)

(2.1.18) Tenrnama oo®HobMaTyM QYHKIMATA HUCOATaH GUPUHUN

TapTUOIN OAAUN YU3UKITU ILH(b(bepeHuHaﬂ TeHIJIama Oymaau:

2\/5( Gas) r;(pl s =0

Oy TEHIJIaMaHUHT €YUMHM KBaJipaTypajapaa OCOHIMHA TOMUIIAIu

Vo(2)a’(z) =c¢, eXp(—i Z(Zéz[()%;é) d&) (¢ —const).

(2.1.15) Gouwanruy mwapTaapHu xucobra onuod, C; y3rapmacHu Tonamms:
1
© o0

[lynnait kunuo,

oy 1 2 x(8)p (&)
a’(2) = a(z)a(O)eXp(£ 26(8) d&) (2.1.20)

(2.1.12) Tenrnamanan o°(z) Mabiym QyHkusra kypa A'(z) Hu Tonamus:
B(2) = x(2)p,(2)e’(2). (2.1.21)

(2.1.11) Tenrnamanan S°(z) aHUKIAII YYyH KyWHJard TEHIiaMara KejaaMus3.

(u(@*),), —(up)), — (B°), 7, — (D) pl (2)(B°(2) - B'(2)) =0,

YHU KyWugarud KypUHUIITa KEITAPAMU3

Zp|
2olop) + 22 Jop =g
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Oy epna
g=9(2)=(u(a)) + 20/ B
Ba TeHrJamajaaru 6apya ko3 UIMEHTIap Z HUHT MabJIyM (QyHKIUSIAPH.

By OupuHuM TapTHOIN YM3UKIU AU(depeHnan TEHTJIaMaHu e4n0, TomamMus:

AP,
PO e

dg)x

N 0(77 0 C20(8)

(2.1.16) Oommmanruu maptaad xamaa (2.1.17), (2.1.19) dopmynamapaan

doitgananuO, ¢, y3rapMacHU aHUKJIAHMHU3:

_a'0)+ 200

, = 2.1.23
2,(0)4(0) (21.29)

(2.1.23) 1u (2.1.22) ra xyiiu0, S°(z) Tomamus:

Ulynnait KHuO, 7(2),a'(2), a*(2), 5 (2), B (2) HOMAabIIyM

GYHKIUSIIApHA aHUKJIAIHK.

U(t,z) sa V(t,z) Tynkunnap Maiinonn éHunMacuaaru XaaIapHu G(Z)
CWUIMKJIUTUIAH KenuO0 4YuKuO, KaHuya JIO3UM OyJica IIYHYaCHMHU TOIMII
MYMKHH.

Xycycui Xoja, arap
o(z) =1,
SBHHU

u(@)p,(2) =1

6ynca, &’ (z), B°(2) yayn nbonanap aHua copmamaragy:

o’ (2)=exp(~3 | (P! (£)d8)
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B (D) =503 [ ()P ()d5)

< 70010+ famen e acan

Arap p, Ba p mapuuai 3uWIMKIap MOC paBuiiigap. Ba 0 ra MHTHIICA,
FOBAKJIMK iykomamu[13,14,17]. p. -smactux MYXHUT 3UYJINTH.

(2.1.20), (2.1.22) tenrnamanapaa Jjumutra ytuo, [9] xenarupwiran Tyia
3J1aCTUK MYXUT Y4YyH TYJIKUH MalOHUIaru EnnIIManap
KO3 PUIMEHTIApUHU OJaMu3.

[Ilynnait Kb, KOMIIOHEHTaIap OpacHJard MIIKaJaHUIIHU XucoOra
OJITaH XOJJa, DJJACTUK-FOBAK MYXUT ydyH Oup ymuamum SH TynkuH

TCHI'NIAMACUHHUHI CUHTYJISAP CUMMHWHHA TOIITUK.

2.2. Macanany runep00/JuK CHCTeMara KeJTHPHUIII

w

OHIM z VYpHUTA XKOOpAWHATAHU Kyhujgard ¢opMmyia OpKaiu

KUPUTAMU3:

. d
X= Ae (2.2.1)

" ¢(s)

X KOOpAMHATAara YyTTaHUMM3JAH CYHT, JIACTUK-FOBAK MYXUTIA TYJIKWUH
TapKaJIMII Te3IUru Oupra TeHr Oymamu. (2.2.1) popmynagan
o 10
0z C, OX

ynaunr yays (2.1.1) Ba (2.1.2) Tenrnamanap Kyidugard KypUHHUIIHA OJIa 0
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’

2
U,~U,=2U, - 72U, -v) (2.2.2)
O

S

Vi=x0 U, -V) (2.2.3)
(2.1.5) gerapaBuii mApT aIMAMTHPHUIIIAH KEHUH Kyluaarnda Oymaam:

oU | _,=F(t) (2.2.4)

(2.2.2) Ba (2.2.4) dopmynamapgaru o Pyuknus roxopumaru (2.1.19)
dbopMmynaaa aHUKJIAHTaH .

Kyinnarn GyHKIusAIapHA KUPUTARITHK

¥ =U -U,,
W, =U +U,, (2.2.5)
D=V
Y xomna
7 OF
Moy -u, oy U, (2.2.6)
ot OX
8LP2 :Utt +Uxt 1 a;PZ :Utx +Uxx- (227)
X

®apaz  kwiainuk, U QyHKIMsS CWUIMK — OyicuH. Y Xouja
U, =U, apanam Xxocwianap TeHTIUrugan ¢oigananuo, (2.2.6) Ba (2.2.7)

TEHTrJIaMaJlapHU XaaMa-XaJ anupuo, TomaMus:

Utt_Uxx:aTl+%1
ot OX
oV, ov¥
U,-U, = atz_ ax2 . (2.2.8)
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(2.2.8)un (2.2.2) tenrnamara kyiu0, (2.2.5) Oenrwmamnigan doriiganaHuo,

Xxamza (2.2.3) TeHriaamaaa maki aIMalTUpUO KyHuaara cucTemMara KeJlaMus!

o, 8‘{1 o’ P e G ’
(‘P LII)_lp_l(‘Pz"'qjl)"'}(p_l(I),

ot 8X 2 p, ol
8‘1’2 ali12 o & g XA 5 L ol

— = Y, -VY)-&£—,+¥)+y—o,
d ox 20l ety L) (2.2.9)
o0
ot Zp|(lP + 2)— Zp|

W Bekrop-pyHkuusuu Kyhingaru Gpopmyiia EpaaMuaa KUPUTAMK3:

P = ¥ ‘P—(‘Plj gt
\y, ) o

(2.2.9) cucremanu oMl IIAKJI ajdMallTApUILIapaaH cyHr W, @ mapra

HucOaTaH TCHIJIaMallap CUCTCMACHHU XOCHJI KUJIaMH3

XA XA,
o, Y _| 2p 2 p, (1
9Y LA Yol T, (2.2.10)
ot ox | xpf X P p.\1
____q =~
2 p, 2 p,
5c1>
\/—/O|(lP1+LPz)_Zp|CD 1 (2.2.11)
Oy epna

1 0 _ o,

bonutanfuy maptiap KyWujaard KYpUHUIIHA OJ1aIH
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o =0, (2.2.12)

o =0. (2.2.13)

(2.1.5), (2.1.6) uerapaBwmii maptiap 3ca KyHuaard KypuHHILAa E3UIa10

W =s(t). (2.2.14)
(2.2.14) bopmynanapaa

S(t) = (Sl (t), S, (t)) =
(We(t) mF(t) MG(thF())

oy epna G(t)opkamu U QpysxuusHunr z=07aru KuiiMatd OelrdIaHIaH:

o=G(t); Oy epna Ba OGynman KeiiMH y3rapyBud yCTHIArd HyKTa BakT
Oyiinda XocuJiaHu OWIITUPAIH.

dapa3 KuJalauK, TYJIKHHHA XOCHJI KWJIyBYM MaHOa IIyHJai OYJICHHKH,
(2.2.10), (2.2.11) cucTeMaHMHT MOC €YMMH KyHUIard KYpPHHHUIIra 3ra

OyncuH:

(1 v, (t,X)
Y(t, x) _(Ojé(t—xw{% (t,x)j , (2.2.15)

DO(t, x) =, (t,X), (2.2.16)

6y epma v, (i=12,3) 1> X na coxama ysmykcus, SUPP v, (t, X) = {t > X} :
yaap = Xysunumira sra 6ynumm MyMKHH.
Aitraitnuk, W,(t,x), P, (t,x) pyrxkumsnap X =0 na ym6y
¥, (t,0)=a P, (t,0)+ M(t), (2.2.17)
MyHOca0aT OuiaH OOfJlaHTaH OYJICHUH,
0y epma o =const, M (t) - Oepuirad (pyHKIIMS Ba
M (t)=o(t)+m(t).

26



(2.2.17) mapr s,(t) Ba s,(t) dyHKIMsIIap Opacuma OOFIAHUII MaBXKYIUTHHA
anrnaragu. by 6ornmanum  F(t) Ba G(t) QyHkuusanap opkamu Kyiuaaruda

E€3nJIaIu;

Jo(0)G(t) - j% - a[q/a(O)G(t) 4 j‘%} M (t)

(2.2.10), (2.2.11) wmacananuar cummunan (2.2.15), (2.2.16) xypunHIIIa

u3naimMus. TynryHapnuku, Oy Macana eduMH t =X XapaKTEepUCTHKa OCTHA

HOJIT'a TCHT.

LP(’[, X) =0,

t< x

@ (t, x) 0.

t<X

Kynaiinuk ydyH t,X SpKiId Yy3rapyBUWJapHU r,; OWJaH OeNTWIAMINK.

(2.2.10) cucTtemaHUHT OMPUHYH TEHTJIAMACHHU

2
ov, o¥,__x(n)p (77)‘1’1(7,77)—
ot  0On 2 p,(n)

t,Xaykrta opkanum yTyBum T—n=t1—X, xapakrepucTthka OViinab

uterpaiaimus (pacm.2.2.1):
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Pacwm. 2.2.1.

¢ v(r—t+x) o (r —t+x
‘Pl(t,x)z—tfxl(rz )/;Sg_uxgxpl(f,f_ux)df_

B j~ [}((T—t-i—X) pf(r—t+x)

2 ps(z__t_'_x)_Q(T_t+X))‘P2(T,T—t+X)dT+ (2.2.18)

t 2
+ .[ Z(T—t+X)«/O'iT—t+Xipl (z'—t+X) CD(T, T—t+X)dT+Sl(t—X)’

t—x Ps (T —t+ X)
Oy epma s, (t—x)=,(t—x,0) uerapapuii mwaptiap Ba (2.2.17) dapasumusra

Kypa Oup KMMMaTIu aHUKJIaHTaH.
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(2.2.10) UKKMHYM TCHITIAMACHHU

o¥, ¥, _(xm)piln),
or o _( 2 p,0) q(")}y

v 2o 2 Do)

p.(1)

7 +n =1+ X xapaxrepucruka 6yiinabd unrerpamiaiiMus (pacm.1.4.1):

o (t—7+x)pt—7+x)
qg(t,x)__jo(q(t_ﬂx)ﬂ : f)s(t_ﬂx)}pl(f,t_ﬂx)df_

_J-t 2t—7+%) p’(t—7+x)

Y (7, t— d
, 1) (o, t—r+x)dz+

+I; 2(t—7t+x)\olt—7+x) 'Z'Sg:;::))@(r,t—ran)dr. (2.2.19)

By epaa 6u3s ¥, (0,Xx)=0urapraan doiinananmmx.

(2.2.11) Tenrnamanu 0 gaH trava wHTerpaiaimus Ba (2.2.13)Hu

xucoOra oJimd TormamMus

o(t,x)= 25 (O (W, e, x) + ¥, (7, X)) —

Zq/GiXi

— 7(X)p(X)[. @(r, x)dz (2.2.20)

Yoy

1) ¥],,=0,

t<0 =
2) ¥, pyukuus t=xmga o -QyHKIMATa YXIIa MaxCyCIMKKa ora.

3) XW(t,X)=w,(t,x)(i =12), ®(t,x)=w,(t,x),

mapTaapHu Xucobra omm6, (2.2.18)-(2.2.20) man > X na xyimpmarunapau

XOCHJI KNJIaMU3
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2
Wl(t,X)Z— ttX}((T—Zt-FX)pI (T—t+X)
p.(r—t+x)

I 7t —t+x) p’(r —t+x)
= 2 ps(r—t+x)

wl(r,r—t+x)d2'—

—q(r—t+ X)jwz(r,z'—t+ x)dz +

t ~ — pl(r —t+x) y
+L_X;((z- t+ X)\/O'(T t+X) ps(r—t+X)
xw,(r,7 —t+x)dz +y,(t—x,0) (2.2.21)

%(t’x):_I(‘t+x)/2[q(t—r+x)+ 2(t- r+X),0|2(( T+X)]X

2 p.(t—7+x)

: t—7+Xx)p*(t—7+X
Xl/jl(z-’t—T+X)dT_I(t+x)/2Z( 22- )IZI ((t—’l"l‘x))x

p—t+x)
oo 2 7t —t+x)Jo(r —t+X) /05(:' t+X)

xw,(r,t —7 + X dr+j

Z(ij pz(t+xj

1 (t+x 2 2

st(f,r—t+x)dr+5q( 5 )— 2 (H‘Xj' (2.2.22)
pS 2

KX)o 60 (e )+ v X)) d
( ) m ()IO(W1(’ ) V/z(’ ))d

2(X)p, ()], w,(z,x)dz (2.2.23)
(2.2.21) maru y,(t—x,0) ypuura (2.2.17) derapauii IIapTIaH TONMIraH
KMWUMaTUHU Kyino, (2.2.22) ra kypa Tonamus:

oo x-t+x) pl(r -t +x)

, T—t dr -
L ,OS(Z'—t+X)W1(T r—t+x)dr

v, (t,x) =
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t [;((T—t+ x) pi(z =t +x)

. 5 ps(r_tJrX)—q(r—t+x)}//2(r,r—t+x)dr+

+I:_XZ(T—t+ x)o(r—t+x) '22((;:::;1//3(r,r—t+x)dr—

" [q(t_f_x)+Z(t‘T‘X)Pf(t‘f‘xgj%(f,t_f_x)df_

(t=x)/2 2 P. (t —r—X

_aJ-t—x 7(t—-7—x) p’(t—7-x)
w2 p(t-7-x)

2
R N P (e ViU VA SRR
P\t =T~

(t T X)
L@ (Hjal(tzx) p'z(t_zx)
e

Tawvpud. (2.2.10), (2.2.11) cucTeMaHMHI HOJUIM OOIUIAHFUY Ba

w,(r,t—r—x)dz+

+m(t - x). (2.2.24)

yerapaBuii (2.2.17) maptim eunmu ae6 (2.2.15) xypuHUIIgard tHUAHT
mynnait Wi (6X),w, (6X), w5 (6,X)  ymymnamran  gyskuusnapura

avtunamguku, yiaap U= Xpa (2.2.22)-(2.2.24) wunrerpan TeHriamaap

CHUCTEMAaCHHU KaHOATJIAHTUPAIH.

(2.2.22)-(2.2.24) mynocabatmap Q,M, P,, 0., ¥ Ba @ MabiyMm OyiraHaa
l//j,(j =1,2,3)J1apra HUCOATaH YW3WKJIM WKKUHYK Typ BoabpTeppa mHTETpant
TEHTJIaMaJIap CUCTEMAaCHHH TAIIIKHIT dTaJIH.

Mabnymku [25], OyHaail cucteMa JOKal(KMYMK COXajaa) siroHa €4umra

sra. Eunm (t, X)HI/IHF y3IyKenu3 GyHKIHsUTApUIaH noopar 0ynaau.
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2.3. 'unep00/MK cUCTeMAa eYUMUHHUHI CHHIYJISAPJIMIH

Etapnuya cuumk O'(X), m(t), Z(t), P, (X), Jol (X) QyHKIUMATAp Yy4yH
(2.2.10), (2.2.11) cucremanunr  (2.2.17)  derapaBWii  IIAPTHH

KAHOATJIAHTUPYBYM €YMMU KyHHJAArd KypUHUIITA 3ra.

¥(t, x)= (a(()x)ja(t —X)+ (Ez((i)ﬂg(t —X)+ (zz(();))](t —X), +y (2.3.1)

d(t, x)=d,(x)e(t —x)+d,(x)(t —x), +..., (2.3.2)
(2.3.1) Ba (2.3.2) dopmynanapuna y4 HyKTa OWIaH t=T(Z), na &3uiraH
XaJylapra Kaparasja CHUTMKPOK (QYHKIHsIap OearuiaHrad. ABBaJITHICK

n {W, x>0,
X" =
© 10, xx<0.
a(x),b,(x),b,(x),c,(x),c,(x),d,(x),d,(X) koo dpumentnapun Tonaiimx.
Bynunr yuys (2.3.1), (2.3.2) éiinnmanapuu (2.2.10), (2.2.11) tenriamanapra
KyAMH3 Ba OWp XWJI CHUHTYJSIPIUK OJaujard KodpduiueHTIapHu

TCHIIAIITHPAMU3.

bynna ymly

0 0
(a + &j k(t — X) =0, ( k - UXTUEPUN PYHKITHSA)
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(% _ %)(t ~x), = 2¢(t - x).

MyHOca0aTIapHu Xucoora oaul, KyluaarujiapHyd TOIaMM3:

(g'ja(t 0+ z(gz]a( )+ (k_’fb;jg( )+
+z@g( _x)+(ffcgj( W) s

P 2
L2 z2 bl{gpl +qu2
—a psz S(t—x)- 52 ) :
Lo q 1p—'—q b1+1’0'
zps 2ps zps
LB (lp—' qjcz
2 p, 2 p,
|27 ).+
(1&_(:'}: LA
2 p, 2 p,

d,5(t —x)+d,et —x)+...= ﬁp, (as(t -
+(b, +b, )t —x)+(c, +c,)(t—x), +

_Zp|d15(t_x)_)(p|d2(t_x)+ T

by TeHrnukmnapaaH:




b2 :_E(lp_'_f_q]’
2\ 2 p,

2 2 _ '
S I A Y 2N T Y
2\ p, 2 22 p, 20 2

S

4 = XP
' 2Jo

a,

d =—%_(b+b.)p - 7 pd..
2 2\/;(1+2)pl Zpll

By CHCTEMA OCOHT'MHA €CUYMJIagu.

b exp(_ 5 20y) pi(y) dyJ Texp (— Ox%y)%(yy; dyJ ‘

X exp (ff%%dy]dé (2.3.3)

O, X, P P, KOO(pUIIMEHTIAPHUHT  CWJUTMKJIMTUJIAH  KenmuO  4YuKuoO,
W(t,x), CI)(t,X), yUYyH EHMWIMAJIapHUHT MYMKHH OyJraHu4a XaJJlapuHU

AHUKJIall MYMKHWH.
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(2.2.15) é&imnmanu (2.2.17) dyerapasmii Imaprra Kyhuo, 9, Ba

0
b,’, K03 brnMenTIapHE TOMAMHS3 :

a05(t)+ (bl —a b2)‘x=08(t)+ (Cl —a CZ)‘X=Ot+ +..=

= 5(t)+m(0)s(t)+m'(0), +
bynnan
a, =1,
(O o

[Myngatt  xkuauo, LI"('[, X)Ba CD(t,X) byHKIMsUTap ydyH EWMIMaHUHT

AcTIa0KHU MKKWATA Xaayu TONWIIN:

w (& x)_{exp(j Zg)gg)) H&(t—x)Jr
ool 1 o2 )

LA FEPE) i, (M oo 2 £EY) s
(29 22 261+ aned-a@) oo [ Moy ot

(Z(X) Pf(x)+q(x)j{exp (—I - 2y)e 'Z(V)dyﬂ £(t-x) (2.35)

2 p(x) ° 2 ply)
W) [ exly) p(y) ~
O(t,x) = 20 (X) eXD( - ps(y)dyje(t X). (2.3.6)

by epian KyWugaruHu TONaMM3:

Tz(t,x)=—(lgx)p'2(x)+q(x)j Jo (¥ D (t, ).

p.(x) 2 ()P, (%)
XycycaH, (2.3.5), (2.3.6) myHocabaTiiapaaH yuoy
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X+0,X)=— Z(X)plz(x)+l0’(x) exp| — XMPf(Y)

b0 (4 2.4 a(x)l "( A ps<y>dyj’ &30
N 20 () exly) pi(y)

®(x+0,X) Nt exp[ [ 5 ps(y)dyj'

dbopmynanap Keaud YMKaIH.

(2.3.7) nman roBakiuk Hykonranga mabiym ([14,26]) MmyHocabaTiap XOCHII
oymanu:

10'(x)

P, (x+0,X)=— 1000
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111. SH TYJKUH TEHITIAMAJIAPU YYYH COHJIU YCVYJI

3.1. MacaJlaHMHI COHJIM e4UI YCYJIN

2.1 maparpadna (2.1.1) tynkun tenrnamacu (X, 1) y3rapysunnapna

(2.2.2) xypuHUIITa KEATUPUITAH dIH:

y oMU,

tt O'(X) q (X)(Ut _Vt) (311)
Oy epna

)p.z (X)
P, (X)

- Mabaym  QyHkmms, o (x) ¢yskmus (2.1.19) dopmyna épmamuna

q(x)=x(x

aHUKJIAHAraH.
by naparpadna kynaiinuk yayH q (X) ypaura g (x) Hu €3aMmu3.

(3.1.1) renrnamamaru O (X)HM KOHCTaHTara KymaiTHpuirasia
TeHriiama ysranManaud. LIyHMHr y4yH yMYMUWJIMKHM 4YerapajaMmaclaH
0 (0) =1 1e6 xucobnaiimus.

OpTupod staitnukku, o (X)Hm OyHmait anmknanummpa A (X) Jamod
ko duimentunn xucoobnam P (X)ra kypa o (X)Hu Xucobnamra TeHr
Ky4IH.

SHru HobManyMIIApPHU KUPUTAUIIUK:

w=U,,
p=-o(x)U,
r=V,.
Y xomma (3.1.1) WKKMHYM TApTUONM TYJIKWH TEHIJIAMacu KyHHIarua

FI/IHep6OJ'II/IK cucreMara KCJITHpuUuJIaiau.
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p J 0
{Wl + A(X) {W} = {q (X) (W— r)} (3.1.2)

0 o(X)
c’(x) 0 }

Oy epna
A(X) = {

UYerapaBuil mapriap Kyuuaaru KypuHULILIA €3WIAN:
p(0,t)=—c(0)U (O,t) = f (t) (3.1.3)
(3.1.2) cucrema kaTbhuii TUNEPOOTUK THUIIATH cHCTeMaaup. Y Oypuak
kodddurmentiapu +1 Ba —1 ra TeHr OyiraH TYFpU YU3MKJIAp OUJIACHIAH
nbopar OynraH XxapakTepucTUKazapra Jra.

Kyinnarn MaTpuiianm aHuKJIauJIiK:

1 o(x) }

To)= L _ (%)

y XoJia
TX)AMX)T(x)=A
(3.1.2) cucremanu uangad T (X) Marpumara kynairtupu0, o (X)Hu

cwutuK 1e6 ¢apas kwmO, (3.1.2) CHCTEMaHMHT KaHOHUK KYpPUHHUIINHH

XOCHJII KHJIaMH3:

0
(Tv), +A(Tv), :ATXV_TL () (W— r)}

.
Oy epma V = ( P W) . By cucremaHuHr cKajsp KYpUHHUIIHN

(p+ow), +(p+ow), =c’'w—o(X)q(x)(w—r) (3.1.4)

(p—ow), —(p—ow), =—c'w—oc(X)q(x)(w—r) (3.1.5)

6y epaa o (X) - o (X) HuHT XOCHIaCH.
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(3.1.4), (3.1.5) TtenrmamajapHu HHTErpaJl KYpPHHMIIIA XaM E3HIII

mymipH. {> X coxammmr mxtmépuit (X,t)mykracm Ba X< Xyuyn (3.1.4)
TEHITIAMAHK % =1 xapakrepuctuka 6yitna6 (X,t—X+X)man (X,t)raua
X

uaTeroaymainmus (pacm 1.6.1). Hatwkana kyiiugarn MyHocabaTHH TOIIAMU3:

p(X,t) +c(X)W(X,t) = [p(X,t =x+X) +o(X) W(X,t —x+X)]=

:J‘;[a'(s)w(s,t—x+s)—a(s)q(s)(w(s,t—x+s)—r(s,t—x+s))]ds, (3.1.6)

Xynau mryara yxmam (3.1.5) Tenrnmamanu ymoy %:—1 XapaKTEPUCTUKA
X

oyinma6 (X,t+X—X)mam (X,t)raua wmHTErpaIaAliMH3 Ba MKKUHYH
MyHOca0aTHH X0CcHI Kuitamu3 (pacu. 1.6.1):

p(X,t) —o(X)W(xt) = [p(X t+x-X)—(X) W(X,t + x=X)]|=

=—[ o' (s)w(s,t+x=5)+0(5)q(s) (W(s,t+X—5)—r(s,t+x~5))]ds (3.1.7)

b

7,11

4 =7
f+x-x

f-x+%

X n,x
Pacwm. 3.1.1. (x;t) HyKTa/aH YTyBUM XapaKTepUCTUKaIap.
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(3.1.6) Ba (3.1.7) MmyHocabaTiiap MacajaHH COHJIM €YHUII Y4yH XH3Mat
KUJIaIu.
h=X-X neitnux,
h > 0 erapiuya KUK OYJICHH. Y X0Ja UHTETpajl OCTUAru o' (S) HU

o (X)—o(X)

=, (3.1.8)

o' (s) ~

~

Ounan anMmamTHpuil MyMKUH. By epga S Hykra X Ba X opacunma €rra
UXTUEPUMN HYKTA.
(3.1.6) Ba (3.1.7) narm wHTErpan udoaNapHU Tpanenusiap ycyiau OuiaH

SAKUHIAIITUPUO, TaKpuOuil (hopMyJslaH TONAMU3:

[ 1o’ () wist-x+5)-0(5)q(s) (W(s,t - x+5) =1 (5,t—x+5))]ds ~
z%[0'0()—CT(X)][W(X,t)+W(Y,t— x+X)]-

—g[a(x) q(X)W(x,t) = r(x,1)) + o (X)g(X) (W(X,t-x+X)-r (X,t —x+X))], (3.1.9)
Ba

jx [a'(s)w(s,t+x—s)+a(s)q(s)(w(s,t+x—s)—r(s,t+x—s))]dSz

X

oW - o @)+ Wit x-0)s

+g[a(x)q(x)(w(x,t) —r(x,)+oX)qX) (WX, t+x-X)-r (X,t+x-%))],(3.1.10)

Arap J(X)(byHKm/m S=X,,X <X <X, HyKTaja y3WIuIIra sra 0yica,
nexku W ysmykews Oyaca, (3.1.9) Ba (3.1.10) temrnmamanap herapanua
KUYMK OYIranaa KyHuiaraH MacajlaHUHT SIXIIH allpOKCUMAIUSICH OYau.

P,W,I'Ba o dyukuusnapauar 3.1.2-pacmpa  KypcaTwiran Typlaru
KMUMaTIapUHA ~ Kapalmuk(Typ XapaKTEepUCTUKAJAPHUHT  KECHUILIUIIUIAH

XOCuJI OyJran).
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¥ =

3.1.2-pacm. Xapaxrepuctukaiap Oyinad uWHTErpajiall METOIua
unuiatuiaaurad Typ. Kamun gwmsukinap (3.1.2) runepOoguK CHCTEMaHHUHT
XapaKTEepPUCTUKATIAPH, X =1 YM3UK— TYIKUH PPOHTH.

Typ byuaknusnapu o, q, p, W Ba I yuyH Kylnaarnya aHUKJIaHA U
o =c[(i-)h], o =1
g =al (i-Dh],
1=123,...,

D, = p[(z‘—l)h,(zj—z'—l)h],

w, = w| (i —1)h2j—i-1)h]

ij
Ba
;= r[ i-)h,(2]-1-1) h],
Oy epna i =12,3,..., Ba j>i. boumanruy maptiapaan
p,=W, =r, =0 i=123,.., (3.1.11)
yerapaBuil mapTiapaaH 3ca
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p, = f, = f[t=(j-Dh]

w; =g} =g'[t=(i-Dh], (3.1.12)

(3.1.6) Ba (3.1.7) rerrnmamanap (3.1.9) Ba (3.1.10) annpokcumarusiap
OunaH OMprajvMKaa MacajaHW COHJIM €UHuIl Yy4yH erapiu. dapa3 Kuiaiiuk,
oap i=12,..,11ap y4yH aHuKIaHrad, P; Ba W;yap aca i<I|Baj>imgap
y4yH XucoOnaHran Oyncun. ¥ xomma p,; Ba W, japuu (1.6.6 Ba (3.1.7)

TeHrJaMajlapHu Typra npoeknusiad  xamaa  (3.1.9) Ba (3.1.10)

MyHoca0atnapaad goinananud Tonamus:

1
pl,j +G|W|,j = plfl,jfl +G|71W|71,j71 +§[O-| —0, [Wl,j +Wll,j1]_

h
_E[O-I q, (Wl,j - r|,j) +0,,0,, (Wl—l,j—l - rl—l,j_l)] (3.1.13)

1

pl,j _O-IWI,j = pl—l,j _O-|—1W|—1,j _E[G| _O-I—l] [Wl,j +WI—1,j -

h
_E[ 4 (Wl,j - rl,j) +0,, ql—l(WI—l,j - rl—l,j—l)] (3.1.14)

oyepma j=1+11+2,....
by TeHrnamamapun HP,; Ba W, ;HucOaraH edainuk. o(x)>0Ba

o, ,+0o, >00ynarannuru yuyH KyHuJarmiapHd TonaMus:

1 1
pl,j = E( p|—1,j—1 + pl—l,j) + Z(G|_1 + O, ) (W|_1,j_1 - W|_1,j) -

h h
_EGI q| (Wl,j _r|,j)_zo-|—1 q|—1[(W|-1,j—1_r|_1,j_1)+(w|_1,j _r|_1,j)] (3.1.15)
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w, = ( pl—l,j—l - pl—l,j) +£(W|1 O +W|,1j ) _
’ o,,+0o, 2 ' ’
. D o0, |_(W|—1,j—1 o rl—l,j—l) - (Wl—l,j o rl—l,j)J
2 o, +0, (3.1.16)

Xycycan, P, ;,; Ba W, |,; XxucobnaHaau.

(2.1.2) tenrmamara KaiTaiauk. YHH 0,(Z)ra 6yau0, tBakTr Oyiinua

uHTerpautaiiMus.  (2.1.3) Ba (2.1.4) Oonutanfud MmapTiapHUA XpcoOra oyimo

TOIIaMU3:

Vi=x(¥)p (x)U -V). (3.1.17)

by tenrnamanu sHa yma Ttypra(l.6.2 pacm) npoekuusiiaiiMus, BakT

Oyiinua XOoCUJIaHU
V (t+2h,x) =V (t,x)
2h !
aitmpma Ounan anmarmtupamus. Hatmkana Kyiugarmnap Xocui 0ynaau:

Y :(Zp|)i (Uij _Vij)l

Lia = p)i (Ui =V (3.1.18)

V. (t,X)

bupuHuM TeHTTaMaHU UKKUHYUCUIAH allupuo TONmaMu3:
rij+1 o rij :(Zp|)i ((Uij+1 _Uij)_(vij+1 _Vij)) .
Xynau mysra yxmarr U, Hu
u. . -U.
_ _ ij+1 i
w,; =(U,);; =T on
OMpUHYY alilipMa OPKaIH AIMALLITUPUO TOTIAMU3:

rij+1:rij+2h(7(p|)i(wij_rij) (3.1.19)

(3.1.14) renrnamana | ypuwra i+1xu, (3.1.13) Tenrnamama | ypHura

| HM KysIMU3 Ba XOCHJI OYJIraH MyHOca0baTaapHi W, Ba P, HUCOAaTaH e4aMMu3:
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1

ij_Z{z(p—ljl |1J)+(G+O- )W1]1+(G|+1+O-)W|+1J}

_%{h[o-mqm(wm,j - I+1J) zaq.r., +0,.,0, (W. 1,4 - 1,j—1)]} (3120)

1 1
pij - pifl,j—l - E[O-i + O-ifl]Wi,j + E[O-i + O-ifl]Wi—l,jfl -

h
- E[Gq (W - r ) + O; 1q| 1 (W—l i-1 r—l,j—l)] (3-1-21)
Oy epna

A=o,,+20 +0_+2hoq.
(3.1.15) Ba (3.1.16) renrnamanapaa | =2kyiud, sa P, ;,;,W,;, Ba
I ;. iyxotnb, xamaa o, =1 skannurueu xucobra onuod, Tonamus:

1+o0,-ho,q,

W .
“ 1+0,+hq,

1j

+2(pl,j_ p2,j)+hq1r1,j +hO‘2q2 r2j
1+0,+hq,

(3.1.22)

oy Ba (3.1.18) wmynocabar (2.1.1)-(2.1.5) mMacamaHUHT COHJIM CUHII
CXEMAaCHIHP.

Py, =W, =, =O0neitmus. (3.1.16) dopmynanan w,, =0, (3.1.11) Ba
(3.1.19) dopmynamapgan I, =Oxenmu6 uwmkamu. Ilynara  yxmam
Jj=34,..0yoranma w,; =0 Ba r,=0. Ougn i=234,..1a P;;,W;,F,;Tp

GbyHKIMsUTapU KHUMaTIApUHA XUCOOIaliMmu3.
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3.2. Xuco0Ja1 cxeMaCHHUHT TaBcugu

Kapanran macananapHu eddil y9yH UIIa0 YUKUITaH allTOPUTMIIAPHUHT
unuiam cxemacu C++ tunuaa €3wirad 0ynmo Kyhuaaruya:

Xucobmam cxeMacu yudyH TYp nactaaru 3.2.1 pacmaa KypcaTHiIranaek
TaHJlaHTaH. TYpHUHT TYTryHJIapy XapaKTEPUCTUKAIAPHUHT  KECHIIMIII

HyKTajapuaaH uoopar.

N | umkn  k=2..N
5% '
I I
I '

b | |
4 | ' x=t
| | '
| |
N | | |
3N I I ;
1/| '
N | S
=2 ! L
~ | | | |
| I | |
1 | I ! | X
i=2 .3 4 5 6

——
umkn =20 (N-k+1)

Pacwm. 3.2.1. Connu euninn yayH UIIUTATHIAUTaH TYP.

Macananu connu euumn yuyH 3.l-maparpadga  Xocwsl  KWUJIMHTaH
pekyppeHT dopMynanapaan ¢oiaanaHuIaIu:
lii =N +2h()(p|)i (Wij _rij)
1
Wy = 42~ Pay) (0 + L)W+, T )W,

- % { h [Gi+1qi+1(Wi+1,j o ri+1,j) -2 oqili; o ,0i, (Wi—l,j—l —lja )]}
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11

1 1
pij - pi—l,j—l - E [O-i + O-i—l]Wi,j + E [O-i + O-i—l]Wi

~Sloaw, —r)+ena. - n0))
Oy epna
A=o, +20 +0,+2hoq
1+0,-ho,q,
1+o0,+hq,

W, =W,

+2(p1,j - p2,j)+hql rl,j+ho-2 q, r2j
1+o0,+hq,

bynman Tamkapu, OouuIaHFMY Ba  4YerapaBWil  ImapTiap  Xam

JTUCKPETIIAIITUPWIAIHN.
Kentupuiran cxema TYpHUHI XYKu Oyiinua kagamu hra HucOaTaH
OMpHMHYM TapTHOJIM aHMKJIUKKa dra 6ymamu. Xucobmam xapaéunga O (N?)Ta

aman oaxapuiaau.

XucoO:al uIuiapy BakT YactotacuHUHT 2 AaH 40 'y Oynran quama3oHuaa

YTKa3WIJIN.
Ty |
| |
0.75¢ | |
ost | |
0,251 I'I i
n:-nll' !".ﬁmwmm *f
all |
0.25} |
| | ]

i e w —— dee el e

o 0.2 0.4 0.5 0.8 1 1.2 1.4

Pacwm. 3.2.2.
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bupunum xomarma oaauil MOJeNnb TaHIaHIU- 4 TEHTKYWIM KaTjaM SbHU

spuMmdaszona skoinamraH (TasHY FOBAKIMKHUHT TaKCHUMJIAHHIIU Pacw.

3.2.31a KypcaTuiras).

0.35%-(1‘2) ;

0.3}

o

o

wm
S

Puc. 3.2.3.

dapa3 Kunanauk, bapya Mojeiapaa CyIOKIUKHIHT )KUCMOHUN 3UWIATH

1 r/em®, p = 10" nun/cm? Tenr OynacuH. ByHaH Tamkapu Kariam

KUCMMHUHI Yerapajapyuaa Kyruuaaru mapTiapHi KysSiiIuK
Jull...,=u.]
E]...=loe]

DIaCTUK-FOBAaK JKHUCMIAa OONUIAHFUY SIKMHJIAIINLI  p, () KUCMOHHHA

=0,

=1

7=7,

3UYIUK, pacMm 3.2.4 na HYKTaIW YW3WK YM3UKIA (QYHKIUS KYPUHHIIHAA

Tamy1a0 OJIMHTAH.
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i)

1 5_ — i ] s i ke s Wl L ks ks ke e o T P e e e

Pacwm. 3.2.4.

DnacTUK-FOBAK MYyXWUTIa OOIUIAHFUY SKWHJIAIIWII y49yH CYIOKIUKHUHT

yTKazyBuaHiauru 3.2.5 Ba 3.2.6 pacmiiapaa KypcaTuiran

Gl(z)
0.8}
———
o.6f | FTTTTTTTT
0.4
0.2}
Z
0 0.2 0.4 0.6 0.8 1
Puc. 3.2.5.
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' C,(2)
0.6}

0.5¢

0 0.2 0.4 0.6 0

Puc. 3.2.6.

BupuHYM STanja 27acTUK-FOBAK MYXHTAA p,,(Z) KHCMOHUH 3UWINK

TUKJAQHUIIK aMaira omupwiad. OnuHrad HaTwkamap 3.2.7 pacMmiaa

KCITUPHUIITaH.

3.5

Ri(2)

————— -

vy

Pacm. 3.2.7.
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DIIAaCTUK-FOBAK MYXHUTIAa TYJKUH MaijgoHu U(t,0) xucoOnanumu 3.2.8

pacMaa KCJITUPUIITaH.

vvvvvvvv

U(0,t)

Pacwm. 3.2.8.

G,(2)

e - ———1

Pacm . 3.2.9.

CyHrpa MyXuTHUHT YKa3yBYAHJINTY ¢ (Z) TUKJIAHWIIN YTKA3WIIH.
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o +& o
Apun xonyunnau[31] doiinamanné — =d;°", & —mynua Kymaii
o

KMYUK MYcOaT COH Ba YTKa3yBUaHIMK aHUKJIAHIU. DJIACTHUK-FOBAK MYXHT

CYIOKJIMKHHUHT YTKa3yBUaHIUTH Xucooaanan(3.2.10 pacm).

[ PR BTN
[ Gi(2)

Pacwm. 3.2.10.
WkkrHYM X0aTaa MypakkaOpOK MOJIeb TaHJIAHIU- 6 TEHTKY4JId KaTiam
AbHU sipuMdaszoa sxoitamran (TasHY FOBAKIMKHUHT Takcumitanuim 3.2.11

pacMmjia KypcaTHIITaH).

L d(z) |
0.2{———1 — —
0.15 |
0.1
0.05 ]
z

Pacm. 3.2.11.
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By MoaCIaa )KUCMOHUMN 3UYIUKHUHT TaKCUMJIaHUIIIN JJIaCTHUK-FOBaK
KucMaa 9KpaHJIalraH KaTllaMHH OJIaH, MYXUT TY3WUJINIIN

XapaKTEPUCTUKACUHU TUKJIAHUIIWNHU KUAWHIAIITAPHULL KEPaK a1

 P(2)

———————

e

Pacm. 3.2.12.
DnacTUK-FOBAaK JKUCMIAH TaKCHUMJIAHTAH CYIOKJIUKHUHT YTHIOA XaM

kuitmanamau(3.2.13 Ba 3.2.1.4 pacmnap).

[ % i
0.|(Z) ]
0.8} !
O:6F 20 s et "I
: T
0.4
0.2}
z
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Pacwm. 3.2.13.
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O.(z)

—— - ——

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Pacm. 3.2.14.
TYNKWH MalJIOHA Ba AJIEKTP MaWJOHU KYWIAHUIITN CUPTAA XUCOOJaHUIIN

3.2.15 Ba 3.2.16 pacmiiap/ia KENTUPUIITAH.

" U(0,t)

0.5

0.2 0.4 0.6 0.8 1 1.2 1.4

Pacwm. 3.2.15.
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PacwMm. 3.2.16.
bupuHum sTam  Ba OMpPUHYM MOJCNIAA  DJACTHUK-FOBAK  KHUCM/A

P, (2) ucMoHHit 3UYJIMKHUHT TaKCUMJIAHUIIIMHUHT TUKJIQHUILIHN

KCJITUPpHUIITaH 3OU. Onunran TaKCUMJIaHUII KYﬁHHaFH‘laZ

Ri(z)

———————

e

Pacwm. 3.2.16.
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U0,

0.2 0.4 0.6 0.8 1 1.2 1.4

Pacwm. 3.2.17.

Cuptaa xucobnanran Tyakud maiimonu U(1,0) 3.2.17 pacmaa Ba siektp

mainonn kywrianumm E (t,0) 3.2.18 pacmaa kypcaruiaran.

0.02

F NN |

0.01¢
’:
0 T : L
P S0
-0.01¢
t

Pacwm. 3.2.18.
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Cyurpa »95ca MYXUTHHHT  YTKa3yBUAaHJIWTU  TUKIaHIU.CUpTIaru
CYIOKJIMK, JJaCTUK-FOBAaK J>KUCM Ba DJJEKTP MalJOHU Ky4YIaHUIIMHUHT

yTKa3yBUaHIMTH OYyitrua oiaHrad Hatmxkanap (3.2.19 Ba 3.2.20) kentupuiran
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Tyna

by mMonenHuHr

w

VYuauHun X0naa UIIKaIaHum Ko3QPUIUMEHTH y(Z) THKIAHUIINA MYXUTHUHT

w

aCoOCHHU IapaMCTpJaapu MKKHMHYM MOACII YUYH YTKa3HWJIIU.

(3.2.21 Ba 3.2.22) xenTUpHUITaH.

w

w

TYJIKUH MallJIOHN

Pacm. 3.2.21.

Pacm. 3.2.22.
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Nimkamaamm ko3()GUIMEHTHAT TAKCUMIIAHUIIA Ba YHUHT THKJIAHUII MabHOCH

(3.2.23 Ba 3.2.24 pacmutap)ia KeITHPHIITAH.

B’X(z) 1
i

: — 1

4-

2.

Z

0 0.2 0.4 0.6 0.8 1 155~ A 4
Pacwm. 3.2.23.
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Pacm. 3.2.24.
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Wkkurun mMopenmarkd cupTaa(0OyTyH YM3HK) TYJIKHH MaiJIOHU Ba JJICKTP
MalIoOHM  KYWIAaHUIIMHU  Xamja  YYUHYM  MOJeNaru(UIiKaIaHuIn

KO3(PPUIIMEHTHN KUPUTUIN OWIaH) HyKTaIM YM3MKJIAp OpKaau udopamaii

MYMKUH.

Pacm. 3.2.26.
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XVJOCA

Jlucccepranus TaAKUKKU OYiinya KMucKaya yMmyMilallirad Xyjocanap:
OnacTuk-roBak  Myxutna SH  TynkuH — TeHriamanapu — Owiiad
udoganaHyBuu JUHAMUK KapaCHIIapHUHT MAaTEMATHUK MOJIETU KyPHIIJIH.

DnacTuK-FoBaKk MyxuTaa SH TYIKUH TEHIJIaMalapuHUHT CHHTYJISIP
€4ruMIIapy TOTTUIIIN.

DnacTUK-FOBaK MyxutAaa SH TYIKMH TeHINIamanapu y4yH KyWHJITaH
Macajia UKKUHYH Typ YM3UKJIH BoJbTeppa MHTErpan TEHrjiaMan CUCTEMACUra
KenTupuiau. by cucremanan Kapana€rraH Macajga €UMMUHUHT MaBXKYJIUTU
(Jloxas) Ba SITOHAJIUTH KO YMKaIH.

WNHTrerpas TeHIamanap CUCTEMAaCHMHM COHJIM €4YMII YCyJlud Huuuiad

YUKWIrad. by ycyn xapakrepucTukaiap METOAUTra TassHAIN.
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Hactyp nioBacu

#include <windows.h>
#include <windowsx.h>
#include <stdio.h>
#include <math.h>
#include <fstream.h>

#include "MyDipTom.h"

HINSTANCE hInst;
char szAppName[] = "MyProgram";

#define T 50 //npomexyToKk BpeMeHu

#define N 1000 //Konn4yecTBO NMPOMEXYTKOB */
#define MAXPATH 256

#define N_max 1000

// const double h=(double)T/(double)N; //war ceTkwu

double f(double); //ucxomHsle BO3MylleHUA

double g(double); //npuHsTbie BO3MYylEHUA

double g_prime(double); //npoussogHas ¢

double a_real(double); //ucxoaHaa dyHkuua a

double Xi(double); //ko3dPUUMEHT MEXKOMMNOHEHTHOrO TpPEHUSA

double ro_s(double);//napumanbHas NAOTHOCTb YNpPyroro nopucToro Tena
double ro_T1(doubTle);//napumanbHas NAOTHOCTb XWAKOCTU

double g_func(double);// q_func=Xi*ro_1A2/ro_s

double mu_real(double);// ko3adduumeHT Jame

double a_real_por(double);//ucxoaHaa dyHkuua a=sqrt(ro_s*mu_real) ana nopucton cpespl

LRESULT APIENTRY WndFunc(HWND hwnd, UINT message, WPARAM wParam, LPARAM 1Param);

BOOL CALLBACK MainFunction(HWND hdwnd, UINT message,
WPARAM wParam, LPARAM);

LITI1777777 17771770777 7777777777777777777777777777/7777/777777/777////
int WINAPI WinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance,

LPSTR , int nCmdShow)
{
HWND hwnd ;
MSG msg ;
WNDCLASS wndclass ;
hinst = hInstance;
if('hPrevInstance)

wndclass.style CS_HREDRAW | CS_VREDRAW;

wndclass. 1pfnwndProc wndFunc;
wndclass.cbClsExtra 0;
wndclass.cbwndExtra 0;
wndclass.hInstance hInstance;
wndclass.hIcon NULL;

LoadCursor(NULL, IDC_ARROW) ;
(HBRUSH)GetStockobject (BLACK_BRUSH) ;
szAppName;

szAppName;

wndclass.hCursor

wndclass.hbrBackground
wndclass. 1pszMenuName
wndclass.1pszClassName

; Registerclass(&wndclass);

hwnd = Createwindow(szAppName, "MyDiplom",
WS_OVERLAPPEDWINDOW | WS_VSCROLL | WS_HSCROLL,
0, 0, 400, 500,
NULL, NULL, hInstance, NULL);

Showwindow(Chwnd, nCmdShow) ;
Updatewindow(hwnd) ;

?h11e(GetMessage(&msg, NULL, 0, 0))

TransTateMessage(&msg) ;
DispatchMessage(&msg) ;

return msg.wParam;

3
LI1177777777 777777777 777777777777777777777777777777777777777777777777
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LRESULT APIENTRY wWndFunc(HWND hwnd,
{

switch(message)

case WM_CREATE:

UINT message, WPARAM wParam, LPARAM

Showscrol1Bar(hwnd, SB_VERT, FALSE);

Showscroll1Bar (hwnd, SB_HORZ, FALSE);
Showwindow(Chwnd, FALSE);
DialogBox(hInst, "Main_DLG", hwnd, (DLGPROC)MainFunction);
return 0;
case WM_DESTROY:
PostQuitMessage(0);

return 0;
}
}

return DefWwindowProc(hwnd,

message, wParam,

TpParam) ;

////////////////////////////////////é///////////////////////////////

BOOL CALLBACK MainFunction(HWND hd
t WPARAM wParam,
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

double T=50,h=T/N
RECT rc_P,rc_GO;
doubTle a[N_max+1];
double g[N_max+1];
double
double
double
double
double
char fileName[MAXPATH];
doubTle _ro_s[N_max+1];
double _ro_1[N_max+1];
doubTle _mu[N_max+1];
double _Xi[N_max+1];
double _f[N_max+1];
double _g[N_max+1];

switch(message)
case WM_INITDIALOG:

POINT pt;

p[N_max+1] [N_max+1];
w[N_max+1] [N_max+1];
r[N_max+1] [N_max+1];
U[N_max+1] [N_max+1];
VIN_max+1] [N_max+1];

UINT message

LPARAM 1Param)

int N=1000; //konuyecTBO pa3bueHun

HWND hwndCtrl1_p=GetD1gItem(hdwnd,IDC_STATIC_P);

GetwindowRect (hdwnd, &rc_P);
pt.x =

GetSystemMetrics (SM_CXBORDER) + rc_P.left;

pt.y = GetSystemMetrics(SM_CYBORDER)
+ GetSystemMetrics(SM_CYCAPTION) + rc_P.top;

GetwindowRect (ChwndCctr1_P, &rc_P);

rc_p.left -= pt.x;

rc_P.right -= pt.x + 5;
rc_P.top -= pt.y - 6;
rc_P.bottom -= pt.y + 5;

HWND hwndCtr1_GO0=GetDlgItem(hdwnd,IDC_STATIC_GO);

GetwindowRect (Chdwnd, &rc_GO0);
pt.x =

GetSystemMetrics (SM_CXBORDER) + rc_GO.left;

pt.y = GetSystemMetrics(SM_CYBORDER)
+ GetSystemMetrics(SM_CYCAPTION) + rc_GO.top;
GetwindowRect (ChwndCtr1_GO0, &rc_GO0);

rc_G0.left -= pt.x;
rc_G0.right -= pt.x + 5;
rc_GO.top -= pt.y - 6;

rc_GO.bottom -= pt.y + 5;

// SetbDlgItemText(hdwnd,IDC_EDIT_P,"100");
// SetDlgItemText(hdwnd,IDC_EDIT_GO,"1000");

for(int i=1;i<=N;i++){
qlil=q_func(G-1)*h);
ali]=a_real_por((i-1)*h);
}p[l][1]=f((1—1)*h);

66

TParam)



SetFocus (hdwnd) ;
return 1;

case WM_COMMAND:
{
switch(LOWORD(wParam))
{

case WM_DESTROY:

{

EndDialogChdwnd, 1);
SendMessage(GetParent (hdwnd) ,WM_DESTROY,wParam,1Param) ;
return 0;

case IDC_BUTTON_ENTER_P://pacueT 3ajauu Ans ynpyrom cpefsbl

{

/*static char cGO[10];
GetDlgItemTextChdwnd,IDC_EDIT_GO,cGO,max_GO0);
GO=(int)atoi (cG0);

for(int i=0;i<size_P;i++)
massiv_P[i]=f(25%i,G0);
InvalidateRect(hdwnd, NULL, TRUE);

return 0;*/

al1]=1;

for(int i=1;i<=N;i++){

p[i][i]=0;

w[i][i]=0;

p[1]1[i]=FCG-D)*h);

{/WEl][1]=g_pr1me((1-1)*h);

for(i=2;i<=N;i++){

ali]=2*p[i-1][i1/wli-1][i]1-a[i-1];

for(int ]=1+1,]<—N j++) {
p[11[3120.5%(p[i-11[-1]+p[i-11[31)+0.25*(a[i-11+a[i1)*(w[i-11[j-11-w[i-11[31);

}WEi][j]=(p[1-l][J-ll-p[i-l][j])/(a[1-1]+a[i])+0-5*(W[1—1][j—1]+WE1—1][j]);
}//a[i+1]=2*p[1][1+1]/WE1][1+1]—a[i];
InvalidateRect(hdwnd, NULL, TRUE);

return 0;

case IDC_BUTTON_ENTER_GO://pacueT 3azauum ANsA ynpyrom cpeppl

{

/*static char cP[10];

GetDlgItemText (hdwnd,IDC_EDIT_P,cP,max_P);
P=Cint)atoi(cP);

for(int j=0;j<size_GO;j++)
massiv_GO[j]=f(P,Gmin+25%j);
InvalidateRect(hdwnd, NULL, TRUE);

return 0;%*/

for(int i=1;i<=N;i++){
p[i][i]=0;

w[i][i]=0;
p[1][i1=FCG-D*h);
§[1]=a_rea1((1—1)*h);

int i
}gr(%nt k=2 ; k<=N;k++) {
w[11[k]=2*(p[1] [k1-p[21[k1)/(a[2]+1)+w[2] [K];
for(1Et11=2,1< N-k+1;i4++)

j=1i+

plilljl=C(alil+ali-1])* (p[1+1][J])+
(a[i+1]+a[11D)*(p[i-1][7-1])+ . ) ) . . )
1 0.5*(Ca[i+1]+a[il)*Cali]+ali-11)*w[i-1]1[j-1]1-w[i+1]1[j1D)/Cal[i+1]+2*(Ca[i])+a[i-

W[1][ﬂ] =(2*(p[i-1][j-1]- p[1+1][J])+
(a[1]+ali-1])*(w[1-1][j-11)+ ) _
) (ali+1]+aliDD*wli+1]1[31))/(ali+1]+2*(ali])+al[i-11);

}
InvalidateRect(hdwnd, NULL, TRUE);
return 0;

case IDC_BUTTON_ENTER_INVERSE:
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{
/*static char cGO[10];
GetDlgItemTextChdwnd,IDC_EDIT_GO,cGO,max_GO0);
GO=(int)atoi (cG0);
for(int i=0;i<size_P;i++)
massiv_P[i]=f(25%1,G0);
InvalidateRect(hdwnd, NULL, TRUE);
return 0;%/
a[l]l=1; //npucemBaemM 1, T.K. TaK NpeanosioXuaM B CaMOM
// MeToae peweHusa AN OnNpeneneHHOCTU

for(int i=1;i<=N;i++){

p[i][i]=0;//3necb npucBamBawTCA Hy/ieBble Ha4yajsibHble AAHHblE
w[i][i]=0;//8ana BCEX OCHOBHbIX HEU3BECTHbIX BENINYEH pP,W,I
r[i][i]=0;//Ha nuHum x=t

}
double pl,p2,wl,w2,w3;
for (int j=2;j<= N,J++)//CqMTaeM r npn z=0

rl1][jl= r[1][J 1]+h*xi(0)*ro_1(0)* (WEl][J 11-r[11[j-11);
for(i=2;i<=N;i++){

alil=2*p[i- 1][1]/WE1 1][i]-a[i-1]-h*a[i-1]*q[i-1];

for(int_j=i+1;j<=N;j++){
r[1][J] r[1][J 1]+2 hxi (G-D)*h)*ro_1CCi-D*h)*(wlil[j-11-r[i1[j-11);
p1=0.5*(p[i-1][]j- 1]+p[1 11[j1)+0.25* (a[1 +ali]D*wli-11[j-11-wli-11[j1);

2—-0 5*h*ali]*qli]*(w[i][j]-r[i1[j1)-0.25*h*a[i-1]1*q[i-1]*((w[i-1]1[j-1]-r[i-1]

[3- l])+(W[1 -11031-r[i-110310);

p[i1[j]=pl+p2;

wi=(pli-1]1[j-11-p[i-11[j1)/(ali-11+a[i1);

w2=0.5*(w[i-1][j-1]+w[i-1][j1);

w3=0.5*h*a[i-1]*q[i-17*((W[i-1] [j-1]-r[i-11[5-11)-w[i-11[j1-
-r[i-11[j1))/@li]+ali-11);

wli][j]=wl+w2-w3;

}/a[i+l]=2*p[i][1+1]/w[1][1+l]—a[i];
%nva1idateRect(hdwnd, NULL, TRUE);
return 0O;

cgse IDC_BUTTON_ENTER_FORWARD:

{

/*static char cGO[10];
GetDlgItemText(hdwnd,IDC_EDIT_GO,cGO,max_GO);
GO=(int)atoi (cGO0);

for(int i=0;i<size_P;i++)
massiv_P[i1]=f(25%1,G0);
InvalidateRect(hdwnd, NULL, TRUE);

return 0;%*/

for(int_i=1;i<=N;i++){

p[]][1]=0,//3aer NPUCBAUBAKNTCSA HyJeBble HayasibHble AaHHble
w[i][1]=0;//nna BCeX OCHOBHbIX HEM3BECTHbIX BEJIMYMH P,W,I
rli][i]=0;//Ha nuHuM x=t
int j;

doub1e pl,p2,wl,w2;
for(int k=2; k<= N k++){
wl1][k]=C2*(p [1][k]>

[ 1[k])+h*q[1]* r[1][k]+h a[2]1*q[2]1*r[2]1[k1)/(a[2]+1+h*q[1])+w[2] [k]1*(a[2]+1-

a[2]*q[2])/(al2]+1+h*q[1]);
for(1Et i=2;i<=N-k+1; 1++){
i+k-1;

F[1]%J] =r[i1[-11+2%h%*xi ((i-D*h)*ro_1(Gi-1)*n)*wli][j-11-r[i]1[-11);
wl=2*(p[i-1][J-1]-p[i+1][JD+(ali]+a[i-1]>*(w[i- 1][3—1])+(a[1+l]+a[1]) Wli+11[31);
w2 gj(a%1+%%[q[1§%% *(wli+1]1[j1-r[i+11031)-2*alil*q[i1*r[i]1[j1+ali-11*q[i-11*(w[1-1]

rin -

T3 S GrId) /At + 1142+ AL D wali-11+2*h a4 1#qli D)

pl p[1 11[j-1]1-0.5*Ca[i]+a[i-11)*w[i]1[j]1+0.5*(a[i]+a[i-11)*w[i-1]1[j-1];
S*h*(alil*qlil*wlil[j1-r[i]1[j]D+ali-11*q[i-11*w[i-1]1[j-1]- r[1 1][] 11));
}p[1][J] =pl-p2;
%nva1idateRect(hdwnd, NULL, TRUE);
return 0;

case IDC_BUTTON_READFILE_FORWARD:

GetDlgItemText (hdwnd, IDC_EDIT_INPUTFILE,fileName,MAXPATH);
ifstream inFile;
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inFile.open(fileName);
inFile>>T;

inFile>>N;

h=T/N;

for(int i=1;i<=N;i++){
inFile>>_ro_s[i];
inFile>>_ro_1[1i];
inFile>>_muli];
inFile>>_Xi[1];
inFile>>_f[1];

}

inFile.close(Q);

for(i=1;i<=N-1;i++){
qlil=—xi[i]l*_ro_1[i]*_ro_1[i]/_ro_s[i];
alil=sqrt(_ro_s[i]l*_mu[i]);

}p[ll[i]=_f[1];

return 0;
case IDC_BUTTON_READFILE_INVERSE:
{

GetDlgItemText(hdwnd,IDC_EDIT_INPUTFILE, fileName,MAXPATH);
ifstream inFile;
inFile.open(fileName);
inFile>>T;

inFile>>N;

h=T/N;

for(int i=1;i<=N;i++){
inFile>>_ro_s[i];
inFile>>_ro_1[1i];
inFile>>_Xi[i];
inFile>>_f[1];
inFile>>_g[i];

inFile.close();

for(i=1;i<=N-1;i++){
qlil=Xil[il*_ro_1[i]*_ro_1[i]/_ro_s[i];

}p[1][1]=_f[1];

return 0;

}
case IDC_BUTTON_WRITEFILE_FORWARD:
{

GetDlgItemText (hdwnd,IDC_EDIT_OUTPUTFILE, fileName,MAXPATH) ;
ofstream outFile;
outFile.open(fileName);
OutFile<<T;

OoutFile<<N;

double g_temp;

g_temp=0;

outFile<<g_temp;

for(int i=2;i<=N;i++){
g_temp=g_temp+2*h*w[1] [i-1];
outFile<<g_temp;

outFile.close();
return 0;

}
case IDC_BUTTON_WRITEFILE_INVERSE:

GetD1gItemText (hdwnd, IDC_EDIT_OUTPUTFILE,fileName,MAXPATH);
ofstream outFile;

outFile.open(fileName);

OUtFile<<T;

outFile<<N;

for(int i=2;i<=N;i++){

outFile<<(al[il*a[il/_ro_s[i]);

outFile.close();
return 0;
break;
}

}
case WM_PAINT:

{
PAINTSTRUCT ps;
HDC hdc = BeginPaint(hdwnd, &ps);
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static height_P,width_P,height_GO,width_GO;
height_P=rc_P.bottom-rc_P.top-10;
height_GO=rc_GO0.bottom-rc_GO0.top-10;
width_P=rc_P.right-rc_pr.left;
width_GO=rc_GO0.right-rc_G0.left;

/*MoveToEx (hdc, rc_P.left-5,rc_P.bottom-height_P, (LPPOINT)NULL);
LineTo(Chdc,rc_P.left+5,rc_P.bottom-height_P);
Textout(Chdc,rc_P.left-10,rc_P.bottom-height_pr,"1",1);

MoveToEx (hdc, rc_GO.Tleft-5,rc_GO.bottom-height_GO, (LPPOINT)NULL);
LineTo(hdc,rc_G0.left+5,rc_GO0.bottom-height_GO0);
Textout(Chdc,rc_G0.Tleft-10,rc_GO.bottom-height_G0,"1",1);

Textout(Chdc,rc_P.left-5,rc_P.bottom+5,"0",1);
TextoutChdc,rc_P.left+int(width_P*40/size_P)-15,rc_P.bottom+5,"1000",4);
TextoutChdc,rc_p.left+width_P-10,rc_P.bottom-15,"P",1);*/

/*for(int k=0;k<size_P;k+=40){

MoveToEx Chdc,rc_P.left+int(width_P*k/size_P),rc_P.bottom-5, (LPPOINT)NULL);
Ei?eTo(hdc,rc_P.1eft+int(width_P*k/size_P),rc_P.bottom+5);

/*Textout (hdc,rc_GO0.left-5,rc_GO0.bottom+5,"900",3);
Textout(hdc,rc_GO0.left+int(width_G0*40/size_G0)-15,rc_GO.bottom+5,"1900",4);
Textout(hdc,rc_G0.left+width_G0-20,rc_GO0.bottom-15,"G0",2);*/
/*for(k=0;k<size_GO; k+=40){

MoveToEx (hdc,rc_GO.left+int(width_G0*k/size_G0),rc_GO.bottom-5, (LPPOINT)NULL);
LineTo(Chdc,rc_G0.left+int(width_G0*k/size_G0),rc_GO.bottom+5);

o3
MoveToEx (hdc,rc_P.Tleft,rc_P.bottom-int(height_P*(w[1][1])-100), (LPPOINT)NULL);
for(int j=2;j<=N;j++)
LineToChdc,rc_P.left+int(width_P*j/N),rc_P.bottom-int(height_P*(w[1][j]))-100);

MoveToEx (hdc, rc_G0.Teft,rc_G0.bottom-int(height_GO0*a[1]/2), (LPPOINT)NULL);
for(j=2;j<=N;j++)
LineTo(Chdc,rc_G0.left+int(width_G0*j/N),rc_GO.bottom-int(height_G0*a[j]1/2));

break;

return 0;

}
double f(double _x){
return sin(_x);

}
double g(double _x){
return f(_x)+1/10;

}
double g_prime(double _x, double h){
return (g(_x+h)-g(_x))/h;

}
double a_real(double _x){

return sqrt(1+0.5%sin(_x));

//1+0.5%sin(_x);
//if (x>=10 & _x<=30) return 1.1-0.01*fabs(_x-20); else return 1;

}
double Xi(double _x){
return 1;

}
double ro_s(double _x){
return 1+0.5*sin(_x);
return 1;

}
double ro_T1(double _x){
return 0.3*ro_s(_x);

}
double g_func(double _x){
return Xi(_x)*ro_1(_x)*ro_1(_x)/ro_s(_x);

}
double mu_real(double _x){
return 1;
//if ((x>=10 && _x<=30) return 14+0.03*fabs(_x-10); else return 1;

doubTle a_real_por(double _x){
return sqrt(ro_s(_x)*mu_real(_x));
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