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Kupui

Yexu anemertinap ycyau(U2VY) myxanauciank Ba GU3NKaBHA MacaialapHU
€UHMII/Ia SHT caMapaji COHJIM ycyl XucoOnaHaau. By yCyIHMHIr KYJulaHUII cOXacH
CaMOJIETJIADHUHT €KM aBTOMOOWIJIAPHUHI KOHCTPYKUUSJIapuJa KywIaHUILUIAp
TaXJWIMJAH TOPTUO TO AaroM DAJIEKTPCTaHUMsICHra yxXmiaraH MypakkaO
CUCTEMAJIaApDHUHT XHCOOMHM OJIMIITraya OYiraH KEHIJMKHU KaMpal oJiraH. Y HUHT
€paamuia CYHOKJIMKHUHI TpyOanapia, IUJIOTHHA OpKaJW,JIOPUCTUK MYXMTIA
OKHUIIM, CHKWJIQJAWIaH Ta3HWUHI OKMMH YPTaHWJIAIH, 3JIEKTPOCTaTHKAa Ba CMa3Ka
Macayajapy e4uiagu, TeOpaHuIl CUCTEMaIapy TaKJIUI KUJIUHAIY.

by kutobna YDVYHuuHr runepOOIMK THUIJArd TEHIJIaMajnapra Ba
cucTemanapra TaTOMKM Kapajiaau. byH/a yCyJTHUHT acoCui FosiIapy Ba yJIApHUHT
TaTOMKJIapU Kentupwirad. baén stunran marepuammap UDVYHuHr runep0Ooiamk
TUIJAry TeHrjamanapra Ba cucTeMasnapra OOLUIaHFUY TaTOMKU cudatuia 1oKopu
Kypc Tanabanapura etapau nAe0 xucoOnaiimu3. Ym0y kutodo YDV Ounan
runepOO0IMK TUIIAATU TEHIVIAMAIAPHU Ba CUCTEMAJIAPHU COHJIM €YMMHUHU TOIHILHU
XOXJIOBUMJIAP YUYH MYJDKaJUIAHTaH.

1. Y9V xakujaa yMyMuii MabJIyMoT.

Yy - 0Oy ¢dwusuka Ba TexHWKama yupaiiauran —auddepeHiuan
TEHIJIAMaJIApPHU COHJIU euuill ycynuaup.by ycymaunr naigo 6ynumm 1950 itmnna
KOCMHMK TaJIKUKOT MacajlajJjapuHyd e4uil OwyiaH OofiuK.. Y OupuHuu OYiIub
Tepuepa, Kiyxa, Maptuaa Ba Tomma [8] makomacuma Oa€H sTmiraH. YOy
MakoJia OOIlIKa MaKOJaJapHUHT Maiao Oynuimura cabad oynmau. YD VYHu kymiam
OwJlaH KypWJIMII MEXaHMKacH Ba JKUIIC MYXHUTJIAp MEXaHWKAcH Macaylajapu
€UMMHUHM TOMMINTa OUJ OMp HeuTa mMakosiagap yom 3Twiau. 1963 iimnna Menom
UDVYHuUHr Hazapuil UIIJTAHMAcUra MyxuM xucca Ky, Y UOYHu xammara saxiim
TaHu OynraH Paned-Putua ycyauHUHT Oup BapuaHTUACK KapallHU KYpCaTAH.
Kypnimi MEXaHUKacuaa yoy épramuaa MOTEHIIMAII SHEPTUSTHU
MUHUMAJUIAIITUPUIIT MacalaHW YM3UKJIW TEHTJIaMallap CUCTEMacH MYyBO3aHATHUTa
om0 Kenumira pyxcat 6epagu. YD YHN MUHUMAaIUIAITHPUII TIPOLIeypacu OuiIaH
OoFmMKINTA OOIIKAa TEXHWKA COXAJIAPUHUHT  MacajlaJJapuHu edulia yioy
ycyianaH KeHr (oiimananumra onu0 kengu. Ycyn Jlamac €xu  Ilyaccon
TEHIJIAaMaJIapi  OpKaJld CUWJIaJUraH Macajaiapra KyJutanuwiap d3ad. by
MacajajapHd €4YuIl XamM Oupop (PYHKIIMOHAIIHA MHUHUMAIUIAINTUPHIN OujiaH
oornuk s1u. bupunun makonanapaa [10,11] UDY épnamuga UCCUKIIMK TapKAJIMIII
Macajanmapyu euywnap dau. KeWWHUanuk ycysl THAPOMEXaHWKa Macallajapura,
XyCycCaH MOPHUC MYXHT/Ia CYIOKJIMKHUHT OKHIIA MacajlajJapura KyJUTaHuIIH.

Kypuwnmuimn ~ mMexaHukKacu,  HMCCHKIMK  TapKaJIWIIK,  TUIPOJUHAMUKA
Macajanapuja 3JIEMEHTIApHU aHUKJIaWauran TteHriamanap YDV BapuanTiapu



AbHU lamepkuH ycynum €KW DHI KHYMK KBaApaTiap yCylIn €EpJaMHaa OCOH
OJIMHUIIM Kypcatwiranjaa [7,12] UDVY kymnaHuil coxacu ce3ujiapiau Japakasna
KeHraau. Yoy namuiau YpHatuiuim YDYHu Hazapuil acocnaiiga MyXyuM pot
VitHaau, spbHU UXTUEPUN nud@epeHiran TeHriaMalapHd edulia YHU KyJiamira
pyxcar Oepanu. LllyHu Tabkujiam Kepakku yMyMHUH Hazapui acociiap (U3HK
MacaJlaJlapHU BapUALIMOH Tap34a KyMHUII apT SMacIUTMHU KypcaTau.

UDVHuHr acocuil FOSICM IUIyHJAH HWOOpaTKH, UXTUEPUA  Y3ITyKCHU3
KATTAJIMKHU MacallaH Xapopar, 00CHM, KY4YWI Ba X. K. KaTTAJIUKIAPHU TUCKPET
Moy OWJIaH anmpOKCUMAIUs KIJIMII MyMKUH, y OVIaKkinu-y3ayKkcu3 QpyHKuusiap
Tymnamuaa Kypuiaau.bynakim-y3nyken3 QyHKIUS KapalaéTraH COXaHUHT YEKJIN
COHAArW HYKTaJapAaru Yy3JIyKCU3 KaTTAJIMKHUHI KUMMaTiaapu Epaamuaa
aAHUKJIaHAIU.

YMymuil Xonja Y3JIHMKCU3 KAaTTaJUuK OJIUMHAAH aHUK 5Mac Ba Oy
KATTAIMKHUHT KHMMATJIApUHHA COXAHUHT WYKHU HYKTajJapuia aHUKJIall Kepak. Arap
COXAHMHT MYKHU HYKTaJapu/ja KaTTaTUKHUHT KUMMaTJIapu aHUK 1eb Xxucoblacak, y
X0JIJa AUCKPET MOJEIHU OCOH Kypuil MymkuH. IllyHmaH cyHr ymymuil xosra
yruiml MyMmkuH. [llyHpnait kw0 y3myKcu3 KaTTaIUKHUHT — JTUCKPET MOJYJWHU
KypullJa Kyluaaruya Uil TyTHIIA N,

1. Kapanaauran coxajna 4YeKJId COHJArd HykTanap (uxcupiaHaau. by
HyKTajap TYT'YH HyKTanap €Ku OJJIui cy3 OWiIaH alTranja TyryHiap aeo
aTanaau.

2. AHUKIAHWIIN Kepak OyiraH y3iayKcu3 KaTTAIMKHUHT KHMMatu xap Oup
TyryHJa Y3rapyBul XUCOOJIaHA IH.

3. VY3nykcW3 KaTTaluK AaHHWKJIAHTaH CO0Xa YeKJIW COHAAard Oynakiapra
oynmuuanu. by OVymaknap snementinap ne0d aramaau. by snemeHTIap
YyMyMUH TYTyH HyKTajgapra odra Oymaaum Ba coxa (opMacuHH
anmpoKCcCUManus Kuiaiau.

4. V3nykcu3 KaTTaIMK Xap Oup DdJIeMeHTAa Iy KaTTAJIUKHUHT
TyryHJapJard KaiMariapu OwWiaH aHHWKJIaHAJAWraH Kymxajg OwiaH
anmpoKCUManus KUINHAIH.

Xap Oup JIeMEHT y4yH Y3WHUHT KYIXaau aHUKJIaHAId, aMMO KYyTXajjap
WIyHAAW TaHJAHAAUKU DJIEMEHT 4Yerapajapuia KAaTTaJuKHUHT Y3JIyKCU3JIUTH
TabMUHJIAHA/IH.

2. bazuc pynkuusiap.
basucu Oup Heura Gaszuc (yHKUUsIIapaH uOOpar OYaraH HOKOpU TapTHOIU
Oynaknu-nosuHoMiM GyHKUMsap (aszocuHu Kypuinl MyMkuH.ByHzpailt dazonap
KaHmal Kypwiuimu [6] xurobma xentupwirad.llly Gasuc ¢yHkusmapman oup
HEe4Ta HaMyHajap KeITHPaMU3.

2.1 bup yauamuu ¢aszona 6azuc pyHkuusiaap.

Comnap ykuaa f;b kecma N ta Gynakra 6ynuHran O0yJacuH.
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aA=Xy <X <X, <+ <Xy <Xy =b
i - OYNaKk y3yHJIMTMHM Kydugaruda oenruiaiinuk h, = x, —x,, i=1,..,N.

baszucu Oup nona 6a3uc QpyHkumsinan noopar Oyiran OYIaKkIv-MOJIUHOMIN
bynkusiap ¢azocura Teruuuid GyHKIUS KyHuaara KypuHuiaa 6yiaau.

U ((:ziui¢ih(x) (2.1)

By epna ¢ (x) 6azuc QpyHKIHSL.

OHr oxauit 6azuc GyHKIUS OYIaKIU-YM3UKIN QYyHKIUS OYnubd, y Kylumaru
KYpUHHUIITA OYnaau.

X, — X <
- , Xe €% 5
o, & =1 N " (2.2)
0, Xe €%
X=X o
v XE KX
h, €.
h g™~ )X —X ™ ;
o' € = B xe €, X 5 i=1..,N-1 (2.3)
i+l
01 X¢& (i—l’xﬂlz
X— Xy N
~ |, xXe €ya Xy 5
ou € =9 hy e (2.4)
0, X & ((N-l’XN :

SHa O6up 6a3uc QyHKUMATa MUCOJ KUIUO OYIIaKiIn-yUMHYH Japakalid
KYIxaaid QyHKUUSIHU KEATUPUILTUMUA3 MYMKUH

3x-x)" 20x-x)° N
1- T , xe €% 5

3x-x)* 2(x-x)°
h? ' h?

i+1 i+1

<
0, X¢ ((i-l’ X1 3

¢’ih ((:: 1-

. xe€. X, i=1.,N-1 (2.5)

[y xypunuigary 6a3uc GyHKIUsAIapra xyjaa Kymn MUCOI KEITUPUIIMU3 MYMKHH.
bazucu ukkura 0azuc pyHKUMsIIapAaH HoopaT Oyaran OYiIakaIu-noJIMHOMIH

bynkuusiap ¢aszocura Teruuui OynraH GyHKUMAS KyWHaard KYpUHHILIA
oynau.

N
Uy ((:: Z (a (Pfi (X) +b; ¢2,i (X)) (2.6)
i=0
By epaa ¢/, (x),¢;;(x) 6a3uc GyHkuumsap.
basuc pynkuusnap cudaruga Kyingaru QyHKIUSIAPHA OJUII MyMKHUH.



3x-x)" 2x-x)°
1- h-2 - h3 ) Xe((i-l’XIJA
Y. v ) -
o€ 1-3(Xhzx') +2(Xh3X') Cxe€ox,D  i=LoN-l o (2.7)
i+l i+1
0, X¢ ((i-l'XM;

[1+ X;Xi) (X-Xi), Xe((i-llxi;

(Ds,i ((:: [1_X_Xi] (X_Xi)v Xe ((i'XiJrl; i=1..,N-1 (28)

<
0, Xe €y %

bazucu yu Ba yHjaH optuk OynraH 6aszuc ¢yHKIUsAIapaaH ubopar Oyiaran
Oynakmu-nosuHoMIM QyHKIMsUIap $a3oCcuHU Iy Tapuka Ty3uin MymkuH.lllynra
yxurami (azosap KypUIIHUHT OOIIKa ycyiuiapu Xam 6op[6].

2.2 Uxku yruamuiu ¢aszona 6a3uc pynkuusiap.

Nkku ymuamnu dazoga Q-coxa, ToMoHIapu Oxy VYKjapura mapajien Kuiuo

OJIMHTaH, TYFpu TYpTOypuak nuuaa OyncuH. Tyrpu TYpTOYpUaK TOMOHIAPUHUHT
OxBa Oy ykaaru npoekuusuiapu moc pasuiuna b, fd_ xecmanap 6yncun. b
kecManu N, Ta Oynakra OymamMus.

A=Xy <X <Xy < < Xy < Xy =D
i - OyJIaK y3yHIUTMHM Kyiugarnda oenrminanuk h* =x, —x,, i=1..,N
Illy tapuxa [ d_xecmann N, Ta 6y1akra 6ymamus.

X"

C=Yo <Y1 <Y <" <Ypya <Yy =d
j - OYnax y3yHJIMTUHU KyiHuaarnya oenrunaimik h) =y, -y, j=1..,N,.

basucu 6up nona 6Gaszuc QyHkuusgaH mOopar OyiaraH OYIaKIU-TTOJIMHOMITU

bynkuusiap ¢azocura Teruuuiv QyHKIUs KyHuaaru KypuHuiaa Oyiaau.
Nx Ny

u, ((::ZZ uijQi:'] (X’ Y) (29)

i=0 j=0
By epna Qj(x,y) 6a3uc dpyHKIus.

basuc ¢Qynkuusa cudaruna Kyhdugarn Q(x,y) =@ (X)w;(y) KypUHHULIIArH
GYHKIUSIHA OJUIIMMIA3 MyMKUH. By epna



X_hXilv X€e ((i-l’Xi;
hg™ ) Xig X :
o, ((/: 7h , XE€ ((U |+1/ |=:|.,...,NX -1 (210)
i+1
0, X ¢ ((i-l’XiJrl:
Y=Yiu
hyJ ! ye le’yj/
~ yj+1_y N _ (2 11)
l//jq/_ hY ) ye&j’yjﬂ’/ J_ll ’N -1 '
j+l
~
0, ye €, y.as
E€KH1
3x-%)* 2(x-x)° N
1- h? - W Xe((i-bxi)
2 3
e L 2x) LA 3x) Cxe€on isLoN, -1 (2.12)
h|+1 h|+1
0, X¢ ((i-ll Xi+u

2 3
y-y, y-y, S

2 3
w?q}=1—3[y_y{}+2[y_yj], ye€,y..o j=1..N,-1 (2.13)

hY h?

j+l j+l

0, yé Qj-l’yj+l'/

€ku OollIKa mIynapra yxmarad QyHKIusiap OyJIuim MyMKHYH.
Arap Q coxa sJeMeHTJIapu y4Oypyak Oyiran TYp OuiaH KOIUIaHTaH

oynca.Xap Oup yuOypuakaa X Ba y Yy3rapyBUWIapJlaH Japakack m Oyirax
KyWUUJIaru KYpUHHUILAATU KYIIXaJl KypyJIaau.

g(x,y) = Zm: > e, xhyk (2.14)

i=0 ji+]j,=i

Xap Oup yuOypuakma kymxan kKodDPUIMEHTIapu IIyHIal TaHJIAHAAUTH YIIOY
KYTIXaJIApHUHT OWpIaMacuiad XoCcuil Oyiaran pyHKIUs y3myKcu3 Oyiaau.
1



IOkopuna alTwiran ycyjaHu MUCOJUIApAa TYyLIyHTUpamus.Mucon ydyH
m =1, AbHU OYJIAKIN-YUZUKIN PYHKIUS XOJIU YUyH

g(x,y) = Coo T CoX+CosY (2.15)
OYHKIUAHUHT KO3 UIIMEHTIaApU TauH y4dOypuakma, ydOypyak p,, p,.Ps
yanapuaa oepuiarad u(p,),u(p,),u(p,) KuidMatiaap OWIaH aHUKJIAHAIU. QQ COXAHH
TAIIKWI KAJITaH y4yOypUakIapHUHT Xap OupuIa MaHa IIyHAal QYHKIUSHU KypHO,
Oy (GYHKIUAJIApHUHT OUpJaniMacuiaH XoCwI OyaraH (yHKIUS coXaja y3IyKCH3

HKAHJIUTUTa UIIOHY XOCUJT KUJIaMU3.
Arap m=2 0yIca, SbHU KBaTPATIU UHTEPIIOISAIMOH XOJIM YUyH

2 2
(X, ¥Y) =Cpo +C oX+Co Y +CyoX™ +C XY +Cp,Y (2.16)

VnapHUHT OUpammMacuaad Xocut oyaran u"(X,y) GOYHKIMS y3IyKcu3 OYIHIIAHA
TAbMUHJIAIITHUHT SHT KyJ1ai Hyiau Kyingariada. u"(x,y) QyHKIUSHUHT KAAMaTIapu

y40yp4ak p,, p,, p, ywiapuaa Ba [p,, p,1.[p,, p;1.[Ps, p,] KecManapau MOC puBMIIIA
TEHT UKKUTa OYITyBUM Pr2s Posy Py HYKTANApAa oepuaau.

KBaTpatnu uHTEepnoasSiuoH Kynxan épaamMuaa Kypuirad y3IIyKcu3 QyHKIUs
O0azucu wuKkkuTa Oasuc (QyHKUUALAH uOopaT OYiaraH OYIaKIU-MOIMHOMIIA
bynkuusiap dazocura TETUIUTH OYII1aIu.

bazucu ukku Ba yHIaH opTUK OYiaran 0asuc QpyHKIusIapiad noopat 6yiaran
Oynakmu-noauHOMIM QyHKIMsIap GazocuHu Kypuin [9]. kutoOuaa KypcaTuiraH.

Yy ymuamnm daszona Oynakau-mouHOMIN (QyHKIMsuiap (azocu rokopuaa

anTuo
VTUWJITaH1al KypuIaau.

3. bup ya4yoBiau OMPUHYHU TAPTHOIM THNEPOOTHK TUIAATH TEHIJIaMa Ba
CHCTEMAJIAP YYYH YEKJIH dJIeMEeHTIap yCyJIu.

3.1 MacajaHMHT KYHHUJIHIIN:

G= €x3te QT xeQ coxana
Aa—u+Ba—u+Cu:F(x,t) (3.1)
ot OX

CUMMETPUK t-TUIEPOOTIUK CUCTEMaHU
RO =9, C (32)
R, (u(‘,,1) =9, C |
yerapaBuil mapTiIapHu Ba t =0 1a
UEO =y €, xeQ (3.3)
OOLITAHFUY IIAPTHU KAHOATIIAHTUPYBYM U  BEKTOP-(DYHKIUSHUA TOMMII Tanad
kuuarad 0yicuH. (3.1)-(3.3) Macanacu CUMMETPHK t-THIIEpOOJIMK CUCTEMA yUyH
KyWuiiran apajiam macaia ae6 Homsanaau ([ 1]).
by epma Q=(¢,,¢,), A CcUMMETpPUK MycOaT aHUKJaHTaH Marpuia, B
CUMMETpUK Matpuma, C wuxTtu€puid Martpuua, R;,R,-MOC TYFpuOypyUaxiu



y3rapyBuaH MaTpwia, d,,d,,y —0epunran BekTop ¢yHKiusiap . A B,C - MxM
VIIyamIIi XaKuKAW y3rapmac MaTpunaiap , x,t 3pKIiu y3rapyBuuiap,
ul fl

u f
u(x,t) =|.° X,t Ta OOFJIUK HOBMaIyM BeKTOp GyHKIUSA, F(Xt)= 2| xt ra

uM fM
OOFNIMK Oepuiran BEKTOp (QYHKIHUS.

3.2 TaBcusi 3TWIAAUTAH YCYJI Ba YHHHT TYPFYHJIMTH.

ConnM  anmpoKCUMAIlMOH CXEMaMHU3HUHI TYpPryHJIUTHHU HCOOTNIAll KyJan
OymuIM y9yH A MaTpHIlaHW OUPJIIMK MaTpuia J1e0 XucoOsaMu3.Q coxaHu
YEKJIU,MYKH YMyMHUH HyKTajapra osra OyiMaraH »sJieMeHTIapra(kecManapra)

6ymamu3 .OnemenTHH(KecManH) K xapdu Omnan 6enrmnaiimus.V xonma Q= [ JK
KcQ

[0,T] kecmanu N, 6ynakra 6ynamus. t, =z -k,(k =0,...,N,),z = T

t
CoHJIM anmpOKCUMAIMOH CXEMAMU3HUHT TyPTYHJIUTHHA UCOOTIIAII
yuyH (1)-(4) apanain Macaja SroHa €UMMIa 3ra Ba KyHHIard mapriap
(Du,u)‘r(ﬂ) = (Bu,u)|,_,, - (Bu,u) ,_, >0 (3.4)
C+C" >0 (3.5)
Oaxapunaau ned dhapas kunamus[2]-[4]. By epna D =nB, n Q coxara OMpJIHK
TaIlK{ HOpMalI,
| OupaUK MaTpuLa.
Kylingaru cucremanu Kypu0 YnKamus.

Lu srBZ)l:(t, X)+ (I +7-C)u(t,x) =u(t-7,%)+7-F(t,x) (3.6)

by epna | Oupnuk matpuiia.
buumsukiu hopma kuputamu3

a(u,v) = (Lu,v), (3.7)
by epna
u,v), = ju Vv (3.8)

Xap Oup smemeHT K ga ueduMHH U, € P, (K) OpKajau amnmpoKCHMAIlus
kwiamus. by epaa P, (K) koaddunreHTnapu t ra 00fIMK OYiraH, gapaxacu <m,
K J1a aHUKJIaHTaH Kynxaajiap TYIUIAMHU.

VY xonma, xap Oup snmemMeHT K 1a, KyWuaard TeHTJIUK YPUHIHM OYIau.

a(u,,v,) = (U, (t=7,X)+7-F(t,X),V, ), 7V, € P, (K) (3.9)

Arap BakT Oyiinua t-7 KaTjiaMraya sSIKHHJIAITyBYH €YMM KHMMAaTIIapu aHUK
oymub, v,(x)eP,(K) Oasuc ¢yukuus Oyiaca (3.9) TeHrIMKmaH,t KaTjaamaard
SKUHJIAITYBYU €YUM KUUMATIApUHU TOMUII YYyH, YM3UKIU aareOpanuk CUCTEMaHU

OJIaMu3.
CxeMa TypFyHJIMTUHU UCOOTIAI YUyH KyHHUJark ornepaTopHu KUPUTAMU3



L'v=v- rBZV(t X)+7C V(t, X) (3.10)

Kyiingaru OenruianuiapHd KUpUTaMU3:
Arap K =[a, ] kecma Oyica, y xonna I'(K)= ;8 Oyaaau.

(Du-V)[, , =(Du-v),_ +(Du-v) _ =(Bu-v) _ ~(Bu-v)|_, (3.11)
by epna D=nB, n K kecmara OUpJIUK TaIlIKd HOpMal.
Jlemma-1
a_—
a(u,v) = €,L'v , +7(Du Vo T FOUV (3.12)
by epna " (K) = I'(K) N I'(Q)
Ucbor.
a(u,v) = (Lu,v), = rBa—u+(I+r-C)u,v =
X K
bynaknab uHTEerpasIaliHu KyuiaiMus.
7 (Du-v)), (Bav,uj +(+7Chuy, =
- )
(v i crvu +7(Du-v)| +7(Du-v) (3.13)
OX ! ‘ I(K)-I"(K) " (K) '
JlemMa-1 ucOOT KWIIMHIH.
Jlemma-2
~ 7 T

a(u,u)>q,u , +E(Du-v)\r(K)_r,(K) +§(Du-u)\m) (3.14)
Ucobor.

bup Heura coana amamiapHu Oaxkapamus
Q,L*u; :(u—rBauHC*u,uj =—[u+rBau+zCu,u) + €u+zCu+zC*u,u; =

OX K OX K

—-a(u,u)+ Q1 +7(C+Cu,u (3.15)

(3.12) Ba (3.15) épnamuna, (3.5) maptHu 3BTHOOPTA OJIMO,KYHUIATHHN XOCHIT
KUJTaMU3.

1 . N 7
a(u,u):E(ZI +7(C+CI)u,u +§(Du-u)\r(K)_r,(K) +

(3.16)
+%(Du-u)\r*m >q,u +%(Du-u)\r(K)7r*(K) +%(Du-u)\r,(K)
1-Teopema.
AxunnanryBun euum U, € P,(K) K ma 6up KuiiMaTiv aHUKJIaHTaH Ba
KYWHJAru TEHICU3JIUK YpUHIIA
u, (4, X)) <e"u, X)) + (T +1)(E" -DF (3.17)

By epna nHopma U = Ju-u, F = max F, (t, X)H

a5 te[0,T]

Hcobor.
Bakr Oyiinua t,,=r(k-1) KaTiamraya sKHHIAmyBYd eduM U e P (K)

KuiiMatiapu Tonwiran Ba v, (x) e P,(K) 6a3uc ¢pyHkuus Taniaanras ae6 gapas Kuicak
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t, =7 Kamiamaaru uf eP (K) SAKMHJIANIyBYM €4UM KUHMATJIAPUHU TOIHMIN Y4yH
(3.9) TeHrMMKAaH KyHHard 4U3HKIN alredpauk CUCTEMaHH OJIaMHU3.
au
T RN T R A AN CEL

K
Oxwupru (3.18) un3uKIH anredpank CHCTEMaH! MaTpHUIla KYPUHUIIHIA E3aMHU3.

Au, =b, (3.19)

Arap Au, =0 cucteMa TpuBHaJl edumra u, =0 3ra IKaHJIUTUHU KypcaTa
OJICaK, U, €4rM OUp KUAMATIV aHUKJIAHTaHIATH Kemno unkaau.by K ma u, =0
HKAHJIMTUHY KypcaTulll OWJIaH TEHT KY4JiH, sS’IbHU

ou,, -
[TBaX(tk,x)Jr(l +r‘C)Uh(tk’X):thK = (3.20)

=0,%, e P (K)
v, =Uu, om0, (3.20) HUHT Yam TOMOHH a(u,,v,) SKaHUHHA YBTHOOpPTra 0JIH0 2-
JeMMaJaH KyWHaard TEHTCU3JIUKHA OJIAMH3.

T T
G, .U, . +E(Dhuh Un) r o ) +E(Dhuh Up) e g, <O (3.21)

VY xommga KeQ, uxtuépuii snement Oynranu yuyH (3.21) TeHrcu3nmmkmaH
KyHUJaru TeHICU3JIMK KeIU0O YUKA .

~ 7 T
nhluh ) +EKZ€;)(Dhuh ‘uh)‘F(K)—F*(K) +E(Dhuh 'uh)‘l-(Q) SO (322)
Kypunu6 typubavku

Z(Dhuh 'uh)‘r(K)-r*(K)

KeQ
(3.23) vu Ba (3.4) maptau >pTHOOpra onmb (3.22) MaH KyWHaard TEHTCHU3IIUK
Kenno YuKagu.

0 (3.23)

G,.u, ,<0 (3.24)
OXHUPry TEHTCU3JIMKIAH U, =0.

2-nemmara kypa (3.14) TeHICU3JIMKIaH KyHUAard TSHICU3JIUKHN OJIAMU3.

Kok Y " " k-1 ko k
2€¢, uf , + (DU ‘uh)‘F(K)fr*(K)-i_T(Dhuh -uh)‘r*(K) <2ut +7- BN ub), (3.25)

by epna url: =U, (t,, X)1uri:_l =U, (t 4, %), I:hk =F, (%)
(25) TEHTCU3JIMKHH KyHUAard KYpUHUIIIA E3aMU3.

2

k k ok ko k k-1 k [k

. : < : <
ZHuhHK +7(Dyuy uh)‘r(K)_r*(K) +7(D,uy uh)‘m) S2uy +7-FUp ) <

(3.26)
it 2R+,
h h K h K
Oxupru TEHrCH3IMKIaH KyHUuaaru TeHTCU3TUKHA OJIaMU3.
k[ K ook K ook k-1 k|2
uH +rDu-u‘ ) +rDu-u‘* sHu +r-FHs
I (ST O (CATT R e L (327

2

2 2
K= k k- k
<], + e S e -6 e alR

K
(3.23) aitamsaran Ba (3.4) maptam 3bTHOOpra oaubO (3.27) TeHrcU3IUKIAH
KyHUIaru TeHICU3INK YPUHIIA SKaHIUTH KeTTUO YUKaIu.

nn



HuﬁH; <(r +1)Hu§‘1H§2 +(r*+ r)HFhk H; (3.28)
OXHPrH TEHTCH3JIUKIaH
Uy (t, x)Hi2 <e'|u, (0, X)H; +(T +D(E" -)F (3.29)
Kenn6 unkamn.
by epna F = trlg%HFh (t, X)H;
Teopema ncOOT KUITHH]IH.
Ym0y TeopemMa anmpoKCHMaIMoOH orkopMmac cxemaMusHuHT (3.4) Ba (3.5)

mapTiaap Oaxxapriraiia TYpFyH dKaHJIUTHHH KypcaTajy.
Arap [/,,¢,] xecMmaHu N, Ta TeHr OYymakra Oymud x, =/,+hi,

i=0... N h=‘2"l1)
NX

Nx
u, ¢ x_ AKMHJIANIYBYM €YUMHH U, X = Zui (t)p; () xypuHHILIa u3nacak. by epna
i=0

uy; ()
Uy (1)

@;(x) 6aszuc ¢yHkums, u,(t)=u(x,,t)=|. BeKTOp (pyHKIMsA. baszuc pyHkims
Uy (1)
cudaruma
X, — X -
< , xe €, X 5
¢0 ((/: h ((0 '
0, xe €. X :
X=X o
N Loxe kX
~ | Xy X N ;
?; ((/z h ' Xe((i’xmy 1=1..,N, -1 (330)
0, X¢ (<i.1,Xi+13
X— Xy _ ~
=] 0 G
0, X¢& ((N—l’ XN :
dyukimsau onaguran 6yicak (3.1) cucrema yuyH
ALU 'n+1 B 'n+1 CLU 'n+l — . F-n+1 ALU n
. 1| N+ fljl + i T i + i (331)
i=1..N, -

alpMaly cxemajaap CUCTEMACUHU OJIAMU3.
by epna U =u(x;,t,), F" = F(x,t,) BeKTOp (YHKUUAJIAPHUHT anIpOKCUMAIUsACH

Ba KYMHUJIATH CUJDKULL, YpTa, alupMaJId ONepaTopiiap KUPUTUITAH:

prUl =U
h 2 h
L=—y ' +Sh+—yp™
6" "3 6
S
P A

12



YU3UKJIU TEHIJIaMaJlap CUCTEMACH €MUK OYIUIIHN YayH

X=/, 1a
Rl (tn+1)U 0 (tn+l) = 91(tn+1)
(3.32)

x=1, 1a

Rz (tn+1)U N, (tn+l) =0, (tn+1)
yerapaBuy mapTiaap

U, Q@ =¥(x) i=0,N, (3.33)
OonutaHfuy mapT , x=/¢, Ba x=1, Aa u(x,t) BEKTOp (PYHKUMSHUHI yYerapaBuil
mIapT Kyhuiamarad kommoHeHtadapu yuyH (3.1)-(3.3) cucreMaHuHr yiapra mMoc
KeJIyBYM TCHIJIaMajapu anmpokcumanus kKuiauHamu. IlyHnmait xuamb  énmuk
YM3MKJIA TEHIJIaMaJlap CUCTEMAacH XOCWJI KWIMHAIW.By YW3MKIN TeHrIamaiap
CHCTEeMAacu OMPOPTa UTEPALIMOH METO]] OWJIaH SUHIIa IH.

Yoy anroput™m acocunaa, Delphi-7 nactypmam Tunuaa, cxema TypFYHIUTHHA
erapiau  maptiapu Oynran  (3.4) Ba (3.5) mapTiapHM TeKmUpHO IIapTiIap
OakapuiiMaraH XoJiaTaa OakapuiIMaraHjiurd Xakuja MablIyMOT OepajuraH Ba
(3.1)-(3.3) macajanu CcoHJIM C€UYMMHUHHM Oepaaurad, QoWTANTaHUINTA KyJjai,
uHTepdeiican nactyp sipaTuiaras.

3.2 JacTyp épaamMuaa OJMHIaH HATHAKAJIAP .

1-macaana.
Q c R' coxaza CYHyBYH TYJIKUH TCHJIaMacH
Wy + AW, — W, = ¢, B 20
t=0 gaw, w, Oepuirad
rQ ma w=0
u, =w,,u, =w, Oenarwianuiap KUupuTuO KyMuaaru CHCTEMaH! OJaMu3

0-1 00 0
u, + u, + u=
[ ok (o =(o)
by macanana
p-| 07 Oymamu
“n 0 ymanu,

Arap coxa Q= %:0<x<27 , f#=1Ba ¢=-/2sin xcos~/2t —sin xsin /2t
bymub t =0 na u, =0,u, = -/2sin x
x =0 Ba X =27 Ja4erapaBuy mapr u, =0.
t >0 yuyn OyHzaii apanan MacaJaHUHI aHUK €YUMU
u, = cos xsin ~/2t,u, = /2 sin xcos /2t
oynau.

Texmupud Kypui KHiKMH sMac Oepuiirad apajiail Macanaja TeopemMa
mapTiapu Oaxkapuiaau.
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[TacTnarm xansanga uf, = | Iu -u HOpMama, x Oyiinua Oynmakmap conn N, =10 Ba
Q

N, =20 Oynranma, BakT Oyiinua Oymakmap conu N, xap X Oynranjia, t =10 maru
aHMK €4UM OWJIaH YEKIIM DJIEMEHTIIAp YCyJIM OPKaJU OJIMHIaH €4uM (papKu |u—v|

KaHAai Oynranum kentupwirad. by epia v ueknM 3JeMEeHTIap YCyJlu OpKajH
OJIMHTaH €4YHUM .

N, N, =10 N, =20
10 1.4727946 1.4809423
20 0.8696831 0.9004951
30 0.6106927 0.6495351
40 0.4648763 0.5072824
50 0.3713381 0.4152946
100 0.1727490 0.2133765
200 0.0872766 0.1022803
250 0.0797011 0.0794215
300 0.0784801 0.0642277
600 0.0898479 0.0288687
1200 0.1018759 0.0201977
2-MacaJia.
o, 2%—% =x*+2e*-t-3
ot OX
%_%+ul =e" +2x+t
o ox

Arap coxa Q= %:0<x<2 6ymmb t=0 ga u, =e* —1,u, =4 — x?
yerapaBuy wapriap
x=0 1a
u, =u,—4
X=2 11a
.U, =u, +1-¢°
t>0 yuyH OyHzail apanail MacaJaHUHT aHUK €UUMHU
u =e*+t—-Lu, =t—x*>+4
oynau.
Texmpud Kypuin KuiiuH sMac Oepuiirad apajiail Macajiajga TeopeMa
mapTiaapu Oa)kapuiiaau.

[acTnary sxansanna |uf, = fu U HOpMana, x Oyinua 6ymakiaap couu N, =10 Ba
Vo

N, =50 Oynranjaa, BakT Oyiinya Oynakiap conu N, xap xui Oynranja, t =10 naru
aHMK €41M OMJIAH YEKJIU DIEMEHTIIAP yCYIIH OPKAJIM OJHMHIaH €4uM (BapKu u—v|
KaH/ai OyraHu KeNTHPWITaH. by epa v 4ekii 3JeMeHTIIap yCyiIu OpKaJu
OJIMHTAH €4YNM .

N, N, =10 N, =50

X

"



1 0.2686729 0.0107586
5 0.3160192 0.0126509
6 0.3183041 0.0127420
10 0.3228699 0.0129239
20 0.3262483 0.0130583
100 0.3293328 0.0131816
3-macaJa.
%+2%—ul —u, =x*—4x—e* -2t-2
ot OX
%—%-Ful ~u, =6-2e*-x°
ot ox

Arap coxa Q= %:0<x<2 6ymb t=0 ma u, =4 —x*,u, =e* -1
YyerapaBuii mapTtiiap
x=0 ma
u,=u,+4
X=2 J1a
.U, =u, +e* -1
t>0 yuyH OyHJaii apanail MacaJaHUHT aHUK €UUMHU
u =t—x>+4,u,=e"+t-1
oymasu.
Texuupud KypuIin KHiuH sMac Oepuiirad apajiall Macajiaja TeopemMa
mapTiapu OaxkapuiManIu.

[lacTnarm xxansanma |u|, = Iu -Uu HOpMama, x Oyinua Oynmakmap corn N, =10 Ba
Vo

N, =50 Oynranma, BakT Oyitmua 6ynakiap conu N, xap xuj Oynranja, t=10 maru
aHMK €4nM OWJIaH YEKIIM DJIEMEHTIIap YCyJIu OPKAalW OJIMHIaH €4uM (papku |u-—v|

KaH/mail Oynranu kentupwirad. By epma v d4ekiau siaeMeHTIap YCyJlIM OpKalld
OJIMHTaH €YUM .

N, N, =10 N, =50
1 0.0915250 0.0037183
S 3.0694630 0.1295768
6 6043.796 285.2882286
10 849.7957 32.0050905
20 46.48143 1.8016243
100 46.81653 1.9184525

4. UkkH YI40BIAM OMPUHYM TAPTHOJIM TUNepOOJUK THIAATH TEHIJIamMa
Ba CHCTEMAJIap YYyH YeKJH dJIeMeHTJIap yCyJIu.
4.1 MacajaHMHT KYHANJINIIN:
G=€xy. te €T (xy)eQ coxana
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ou ou ou

AE+B&+CE+DU:F(x,y,t) (4.1)

CHMMETPHK t-THIIepOOIMK CUCTeMaH! , oQ 1a (4.0Q - Q COXaHUHT YerapacH)
ROGY. DU = g€ XY (4.2)

yerapaBuil mapTiaapHu Ba t =0 1a

uQxy >u, &Y., (xy)eQ (4.3)

OOIIaHFUY MIAPTHU KAHOATIAHTUPYBYM U  BEKTOP-(PYHKUIMSAHU TOMHUII Tanad
kunHTad OyncuH. (4.1)-(4.3) macanacu CUMMETPHK t-THIIEPOOJIMK CUCTEMa yUyH
KYWMIraH apajiam macaia aed Homianaau [1].

by epna A=(a,) ,B=(,),C=(c,) CHMMETPUK Marpuuaizap , OyHIaH
Talkapu A MycOaT aHUKJIaHraH matpuua, D =(d,) uxtu€puil maTpuna, R-mMoc
TYFpuOypuakiau ¥y3rapyBuaH wmartpuna. AB,C,D - NxN ymyamum XakukKuid
y3rapmac MaTpunanap , x,y,t 3pKiu y3rapyBuwiap,

u1 fl

u f
u(x,y,t) = :2 X,y,t ra OOFJIMK HOMabIyM BEKTOp (PyHKums, F(X,y,t)= :2

Uy fy
X, y,t Ta OOFJIMK OepriiraH BEKTOP (PyHKIIHS.

4.2 bepuwiras coxajaa ailupMaJu TEHIJaMaJIap CUCTEMACUHU TY3HIIL.

(4.1) cucTeMaHMHTI  OLIKOpMAC aWMpMald TCHIJIaMaiap CHCTEMAaCHHU
Q= 6( y):0<x<l,0< y<|y ~ coxaaa Ty3aMus3.

ApaJjam MacaJJaHuHTI Oepuiran coxoaa Kyimmmmm [1].
Q=€xy teQT xe@l ye@l coxama Kyiugaru CHMMETpPUK t-
- 1!y) LI V' lx)y 1y _4 XH Ky H Tp
THIEepOOJIMK CUCTeMaHn U  CUMMMHHU TOIHIN Tajad KMIMHCUH:

ou ou ou
AEJF B&+C5+ Du = F(x,y,t) (4.4)

KyWHJaru 4yerapaBuil mapTiapHyu KaHOATJIaHTUPAJUTaH:
x=0 1ma

O, (y,)U O, y,t) =g (y,t), 0<t<T, 0<y<lI, (4.5)
x=1I, na

@, (y, U (,,y.) =¢,(y,t), 0<t<T, 0<y<I,
y=0 za

Y (X, 0U(x,0,t) =y, (x,t), O0<t<T, 0<x<I,
y=I, na

Y, DU X1, 1) =y, (xt), 0<t<T, 0<x<I,
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Ba t=0 jaa GouUTaHFUY MIAPT OUSIaH

UQxy>=U,&y_ (4.6)
by epna @,,®,,¥,,¥, Tyfpu Oypuyakiau Marpuuaigap OYauO, yJIapHHUHT
caTrpyiap COHH MOC PaBHIIA A'B éku A'C  MaTpuUIAJApHUHT MycOar Ba

MaH(pU XOC KHMaTIapy COHUTA TeHT|[2].

Coxanu anmpokcumanusi KwiaMus. TeHr Yyimuamiaum TYp TYTryHJIAQpUHUHT
IX
N

X

KOOpJAWHATAJapU KyWuJaru TeHrIMKIapaad tonunaau X, =hi (i=0,.,N h =

y;=hj (j=0,...N,h =—"). b;T kecmanu N, Gymakra Gymamms, y xojga BakT
y

oo o T
Oyiinya KaTiaamiap Kyidujgard TeHIMKIapaad Tonwiaau t, =m (n=0,..,N,,7= W) .
t

(4.4-4.6) apanam macagaauur U, € X,y SKUHJIAIIYBYH €9UMHHH

Uy, (vX,y::Zx:Zy:Uij‘(Di((;‘//j(/: (4.7)

i=0 j=0
KypuHHIIIa u3naimus. by epma U, C kyiumarun auddepeHiman TeHramaiap

CUCTCEMACHUIAH:
( A% o j( ( g o j( [ a;yh Qj G 60,0, ¥ €0, C (x.y)<cQ (4.8)

by epna
Gv = [Julxy)-vix y)do,

Ba KyMHJaru 4erapaBuil mapTiapaaH TONUIaau:

x=0 5ma
@, (y;, U, (t ) = (y;.1), i=0....N, (4.9)
x=1, 1a
(DZ(yj’t)Uij(t):¢2(yj’t)’ j:O1"'1Ny
y=0 na
W (%, DU (1) =, (%, 1), =0, N,
y=|y na
LPZ(Xi't)UiNy(t)=l//2(xi!t)7 i=0..,N,
OOIUTaHFUY TIAPT:
U,; 0 =Uy(x.y;) i=0,N, j=0,N, (4.10)

(4.8) ommuii muddepeHman TeHIIaManap CUCTEMAaCHHU OIIKOPMAac cxema OWiiaH
ANMPOKCUMAIUSICHHHA KYPUO YUKaMU3.

(A( ”+1—Urr1],Qii]+(Ba;_iﬂ’QiiJ+[Cagﬁyﬂ IJ]"’()UHJrl ij o (:M QIJ/ (X"y)EQ

M; =M(x;y;)eQ, (i=L.,N-1j=L1.,N —-1) TyryHaa alupMaid TCHIJIaMaiap
CUCTeMacu Kyiuaaru KypuHuiaa 6yianu.
n



i s “Ugyy' + g “UGT | + Ol “UGi g + Py Uiy + s "Ugi 70 + _ g
n+ n+ n+ n+ — Tkij
s=1| T Qgys 'usi—ij T &gy 'usi—ij—l + Xgys 'usijfl + Hgys 'usi+11j—1
_aks 4 n 1 n n n n 1 n
i '(gusij +§(usi+1j + Ugjjq + Ui +usij—1)+£(usi+lj+l + (4.11)
= I u_?i—ljJrl + u.?i—lj—l + u:i+lj—1))
k=1,...,N
by epna
4 a
Qs =§'(dks +£)
T
1 a 10b
o =—(d, +X) 4.k
2ks 9 ( ks T) 3 hX
1 a 1 b. ¢
a == (d +3y 2 P G
3ks 36 ( ks r ) 12 (hx hy)
1 a 1¢c
a, =—(d +K)4y .2k
4ks 9 ( ks T) 3 hy
1 a 1 b. ¢
2 d 1Pyt B G
aSks 36 ( ks r ) 12 hx hy)
1 a 10b
o. =—-(d 4Ky _Z. ks
6ks 9 ( ks T) 3 hx
am:i.(dkﬁ% _1. %Jr%)
36 T 12 "h, hy
1 a lc
o ==.(d 4 Hsy_ 2 b
8ks 9 ( ks T) 3 hy
1 a 1 b. ¢
I L L S s TR
gy 36 (dys ; 12 (hx hy)

My, =M (X;Y,) € 0Q TYryHJa, arap €4MMHHUHI K-KOMIIOHEHTACcHUra 4yerapaBuil IapT

Kyiunmarad Oysca, €YMMHUHT k-KOMIIOHEHTacH Y4YyH KyWHJIard aiupmani
TEHIJIAMAaHH OJIAMU3.

N 1

n+1 n+1 n—+1 n—+1 n+1
E l, l"'lks “Ugog + Xy “Ugg + gy - Ugy + Ay - Ugog } Z floo +
s—1

(4.12)
i % lu” +iun +i.un +iun
— r 9 s00 18 s10 36 sl1 18 s01
by epna

18



g0 D G
- >— =

My, =M(x%;y;) €2Q, (j=1..,N,—1) TyryHna, arap €4MMHMHI K-KOMIIOHEHTacura

yerapaBuil mapTt KyhuiamaraH Oyica, €4UMHUHT k-KOMIIOHEHTACcH y4yH KyWujaaru
allpMaJiv TEHIJIaMaHU OJaMMU3.

n+1 n+1 n+1 n+1 n+1 n+1 7 1 n+1
Z l’lks Uggj T g Ugj g "Ugyjg T Ayyg “Ugpjig T g "Ugg g T Xgys “Uggjy T E kaj

N 1, 1 1 1 (4.13)
Z aks (_ SOJ+ uSlj+ usan+l+_usnoj—1+_(u21]'+1+u3nlj—1))
g 4 9 18 18 36
by epna
2 a 1 b
— = d + ksy __ — . ks
alks 9 ( ks T ) 3 hx
1 a 1 b
a2k5—5-(dks—l— ;S)—Fg'hks
1 A 1 b,  c
askszﬁ'(dks_k k) E(hk hk)
X y
1 a 1 b 1 c
o = . d ksy__ _— ks + . ks
4ks 18 ( ks ) 12 hx hy
1 A, 1 b, 1 cg
aSks:E'(dks_F k)_Eh_k_Ehk
X y
1 A, 1 b, ¢
aeks=§'(dks+ k)"‘E‘(h—k—hk)
X y

Moy, :M(xo;yNy)eaQ TyryHJa, arap €YMMHHMHT K-KOMIIOHEHTacura 4YerapaBHii

mapT KyiuiMaran Oyiica, e4MMHUHT k-KOMIIOHEHTAacH y4yH KyWHJaru aivpmaiu
TEHIJIAMaHU OJIaMU3.

n+1 n+1 n+1 n+1 1 n+1
§ : l’lks “Uson, + s “Uson,-1 T Xaks “Usin 1 + Xaks ~Usin, } kaN

(4.14)
N %.(lu“ +iu" +i.un i n
2: g SONy, T g TsON,-

4+ u
o r 36 slNy 1 18 slNy

by epna
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1 a 1 b. ¢
o, =—-(d, +2)-Z.(Fs _Zs
e 9(ks T) G(hX hy)
Ayys i'(dkS %)—i.%_l,cks
18 7 12 h, 6 h
1 a 1 b ¢
R
x
1 a 1b, 1c
e =g Wt 2 G
X y

My o =M(Xy ;¥,) €0Q TyryHia, arap €4YMMHHUHT K-KOMIIOHEHTAacura 4erapaBuid

mIapT KyiuiMarad Oyica, e4MMHUHT k-KOMITOHEHTAcH y4yH KyWHJaru aivpmaiu
CXEMaHHU OJIaMu3.

N 1
n+1 n+1 n+1 n+1
Z I’lks “Ugn o T Ao "Ugn 1 T ais ~Ugny 11+ gy - U } — f

sN,—10 4 krrlltlo +

. (4.15)
i[%-(lu” ctan g L
oy T 9 sN, 0 18 sN,1 36 sN,—-11 18 sN,—10
by epna

1 a 1 b, ¢C
o, =—-(d kY (ks Zks
1ks 9 ( ks T) 6 (hx hy)
azks:i'(dks+%)+i'%+l'%

18 7 12 h, 6 h,

1 a 1 b, c
Ao =—(d, + ) — . (Zks _ ks
3ks 36 ( ks T) 12 (hx hy)

1 a 1b, 1c
a. =—(d, +Ssy_=.Zs = ks
4o = 1" (e r)6hx 12 h

My ;=M(Xy ;y;)) €dQ, (j=1..,N,—1) TyryHzaa, arap €e4MMHUHT K-KOMIIOHEHTaCHUIa

yerapaBuil mapT KyiuamMarad Oysica, €4UMHUHT K-KOMIIOHEHTAacH y4yH KyWuaaru
allpMalii CXEMaHH OJIaMU3.

B n+1 n+1
alks -u

n+1
i s T Foks “Usnjor T Fas Usnajn ™ |1 N
n+1 n+1 n+1 D) KNy j

s=1| T Qs "Usn, —1j T Xss "Usn, —1j1 T Xops “Usn, j1 2 (4.16)
N

a‘ks 2 n 1 n 1 n 1 n 1 n n

_'(_u N T ogUsn,jor T 7 Usn -1 T g Ush '—1+_(u N, -1j+1 T Usn —1'—1)
SZ:l:_T 95><J 185><Pr 95xl 185xl 36 SNy =1+ SNy —1]
by epna
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2 A, 1 b,
alks_g'(dks ; +§'hk
1 a 1 b 1 c
= .(d ks ks ks
0{2ks 18 ( ks ) 12 hx 6 hy
1 a 1 b c
o =—— .(d ks __ _— . ks ks
3ks 36 ( ks ) 12 ( hX hy )
1 a 1 Db
a4ks:_'(dks ks)___i
9 r’ 3 h,

_ 1 aks 1 bks Cks
aSks - 36 ( ks ) 12 (hx hy )
oo =L@ 4 Bey, L b 10

18 r’ 12 h, 6 h,

My, =M(Xy,;Yy,) €0Q TYryHAa, arap €YMMHUHI K-KOMIIOHCHTACHIa 4erapaBHii

mapT KyuiaMaraH Oyica, e4MMHUHT k-KOMIIOHEHTAcH y4yH KyHUJard aupmanu
CXEMAaHU OJIaMU3.

n+ n+ n+ N+ -1 n+i
Z llks : leN + Xpys ule—lN + gy ule—lN a4 T Oy - usleNy—l T 2 ka N, T
N (4.17)
aks 1 n l n 1 n 1 n
sZ=1: 7 : (5 usNxNy + E usNX—lNy + % : usNx—lNy—l + E usNXNy—l
by epna
1 a 1 b, c
. ==-(d +K)4Z. (2 4 ks
1ks 9 ( ks ) (hx hy )
aﬂ@—i.(dﬁ_ﬁ.% _l.bks +i&
6 hx 12 hy
1 a 1 b. c
o, =—-(d +£ (ks Zks
3ks 36 ( ks r 12 (hx hy )
X yys :i'(dks +%)+i%_l%
18 T 12 hx 6 hy

M, =M(x;Y,)€oQ, (i=1..,N,-1) TyryHma, arap €4MMHHUHI k-KOMIOHEHTacura

yerapaBuil mapTt KyiuwiMarad Oyiica, CY4UMHUHT K-KOMIIOHEHTAcH yuyyH KyHuaaru
allpMaJy CXEMaHU OJIAMU3.

n+1 n+1 n+l n+l n+l q: 1 n+1
Z Itlks Ugsip Ty - U 5|+10 + Oy *Ugipqq + Qg Ugiy + Ay Ui qq + Ay~ Ui E fklj

EN [% (2un +1u +1u +1 +1(un +U] ))}
"5 Ysio si+10 sil Usi_1o si+11 si-11
Sl 9 18 9 18 36 (4.18)

by epna
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2 a, 1 c
alks=_'(dks ;)_ghk
y
cszs:i'(dks_Faks)_kl'%_i'cks
18 76 h, 12 h,
1 a 1 b C
o =—— . (d 4+ =Ky 4 — . (ZKks 4 ks
3ks 36 ( ks T) 12 (hx hy)
1 a 1 C
o ==.(d ks ks
4ks 9 ( ks T) 3 h
a 1 ,b C
o ——.(d ksy = . (ks _ Cks
5ks 36 ( ks ’Z') 12 (hx hy)
1 a 1 b 1 c
- . d + ksy __ — . ks _ _— . ks
c¥6ks 18 ( ks ) 6 hx 12 hy

Miy, = M(X;Yy,) €0Q, (i=1..,N,-1) Tyrynna, arap €4MMHUHT k-xommnoHeHTacura

yerapaBuil mapT KyiuiamMarad Oysica, €4UMHUHT K-KOMIIOHEHTAacH y4yH KyWujaaru
alpMalii CXEMaHH OJIaMU3.

n+1 n+1 n+1
s uSIN + Xy “Ugign, + Xgis usi—lNy—l + 1

N
2 L
n+l n+1
=1

f n+1
+ -u + -u + -utt
s P yis siNy -1 syis si+1N, -1 ois si+1N,

kij +

(4.19)

N
a 2 1 1 1
Z f : (§u:iNy +—(Ugan, +Ugian, ) + S Using 1 + (u:i—lNyfl + u2i+1Ny1)):|

oy 18 v g Nt 35
by epna
2 1 c
—_— = . d &+ ks 4 = ks
alks 9 ( ks ) 3 hy
1 a,. 1 b, 1 c..
azksz_'(dks_'_ K ) = .=k X
18 z 6 h, 12 h,
1 a 1 b C
—_ _— . d 4+ ks . ks 4+ ks
asks 36 ( ks . ) 12 ( hx hy )
1 a 1 c
—_ . d 4+ ks - ks
a4ks 9 ( ks - ) 3 hy
1 a 1 b C
_ — d —+ ks -+ . ks ks
asks 36 ( ks . ) 12 ( hx hy )
o — 1 (d,. + aks) 1 by " 1 Cu
18 z 6 h, 12 h,

u(x,t) BEKTOD GYHKUUSSHUHT — 4YerapaBUil  mapT  KydwiMarax
KOMIIOHEeHTajapu yuyH (4.4) cucTeMaHHUHI yjapra MOC KeJIyBYM TEHIJIaMallapu
anmpokcumanus KwinHaau. [llynagait xkunu0 €nuMK  YM3WKIM - TEHrJjamMalap

CUCTEMACH XOCWI KWIMHAIW.By 4YM3MKIM TeHrIamanap CcUCTeMacH Oupopra
UTEPALIMOH METOJ1 OMJIaH €UUIIa/IH.
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4.3 Yekau 3jIeMeHT.Iap yCyJI4 épAaMua OJTMHTaH aiupMaJn
cXeMaJjap CHCTEMACMHMHHUHI TYPFYHJIMIH.

(4.1)-(4.3) apanam macalia iIrOHA €YMMTra 3ra Ba Kyluaary mapriap[2-4]

jSU‘U 20 vte br_ (4.20)
r(Q)
D+D" >0 (4.21)

Oaxxapwuianu 1e6 dapas kunamus. By epna S=nB+n,C, N= (nx,ny)

Q coxara OUpJIMK TallKd HOpMad. O COXaHU YEKIIM, MUK YMYMHUH HyKTajiapra
sra Oyamaras sneMeHTiaapra 0yinamMu3(rIoKopuaa KypcaTHirauiek) . IeMeHTHr K

xapbu Ounan OenrmnaimMui.yY xonga Q= UK. VY xonga Kydugaru Teopema
KecQ

VPUHIIN.

2-Teopema.
SxunnamyBuu eyuM U, € P,(K) K ma Oup KuiiMaTiu aHUKJIaHTaH Ba
KyWHJaru TEHICU3JIUK YPUHIIU
u, (&)}, <e"u, (0,%)[] + (T +1)(e" ~DF (4.22)

By epna Hopma u| = Ju-u, FZQE%HFh(t’X)H;

Ymoby cxema acocuna, Delphi-7 mactypmam tunuaa, cxema TypFYHJIMTHHU
erapiau maptiaapu Oynaran (4.20) Ba (4.21) mapTiapHH TEKIIUPHO IIapTiap
OakapuiiMaraH XoJiaTaa OakapuIMaraHjiurd Xakuja MablIyMOT OepajuraH Ba
(4.4)-(4.6) macamaHu COHJIM €YUMHUHHM OepamuraH, QoWJaNaHWIITa KyJiau,
uHTepdeiican nactyp sipaTuiras.

4.4 JlacTyp épaaMuia OJMHIAH HATHKAJIAP .

1-macaua.
Ymby omkopMac cxeMaMH3 OpKaJIW OJMHTAaH TYJIKWH TEHIJIAMacCUHUHT
COHJIM €YMMU OWJIaH aHUK e4yuMu GapKUHU KenTupamus [2].
Q c R? coxaza CYHyBYHM TYJIKHH TCHIaMacH
Wit +ﬂwt — Wi =Wy =¢,20
t=0 maw, w, Oepuiran
rQ ma w=0
Uy = W,,U, =W,,U; =W Oenruianuiap KUpuTuO KyWuaarkd CHCTEMaH! OJ1aMu3

00-1 O 0O 000 0
u+f 00O0u,+0 0-1|u,+|{000 u=|0
-10 O 0-1 0 0o0p [/

by macaiana
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0 0-n
D= 0 0-n,| OVnamm,
-n-n, 0
Arap coxa Q= &,y):0<x<270<y<2r i, B =1Ba ¢=-/2sin xsin ycos~/2t
byau6 t=0 na u, =0,u, =0,u, = -/2sin xsin y
KBajparHuHT XaMMa TOMOHH/Ia YerapaBui MapT U, = 0 SKaHUHU TEKIIUPHUIII

KHUUWH dMac.
t>0 yuyH OyHzail apanail MacaJaHUHT aHUK €YHUMHU

u, = cos xsin ysin ~/2t,u, = sin xcos ysin -/2t,

u; = /2 sin xsin ycos-/2t
oymasu.
Texmmpud Kypuin KMAKWH 5Mac Oepuiirad apajiall Macajiajga TeopeMa mapTiapu
Oaxapuiiaiy.

[lacTnarm xansanga uf, = J'u -U HOpMaja, X Ba y Oyinua Oyiakiap COHH MOC
Vo

pasumiga N, =10 Ba N, =10 Oyiranga, x Ba y Oyiu4a Oynakiaap COHH MOC
paBuiza N, =20 Ba N, =20 Oynranna, BakT Oyinuya Oynakiaap conn N, xap Xui

Oynranna, t =5 Jaru aHWK €4rM OWJIaH YEKIIW dJIEMEHTIIAp YCYJIU OPKaIHM OJMHTaH
eunM papku u-v| Kanaai Oyiranu xeatupuirad. by epna v uekim snemeHTiap

YCYJIN OpKaJIk OJIMHI'daH CYHUM .

N, N, =10,N, =10 N, =20,N, =20
10 1.5946068 1.8541702
20 0.8277012 1.1462326
40 0.2609793 0.6105126
80 0.1678327 0.2709303
160 0.3566830 0.0801252
5. XyJoca.

Kypunu6 typubauku uexnu saemeHTiap ycynmu(UDY) MyxaHauciavk Ba
bu3MKaBUil MacajaJapHA EuYMINJA DHI camapainu ycyiapaaH Oupu. baszuc
GYHKIUSUTADHUHAT — apakKalapuHU, COHMHU OIMMPHO sHAala aHUKPOK €YUM
OJIUIIUMU3 MYMKHH. UDY KaMUYWINUTH MIyHAaH HOOpaTKy, 0a3uc PyHKIMSIITAPHUHT

Japa)xacy, COHU OpTTaH capy XUCOOJIalll alTOPUTMH Mypakkabamud 6opaiu.

pZ]
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