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KHUPHUII

Xycycuit  xocwnanu auddepeHnnan TeHraamanap Ha3apusICcH y30K BaKT
MaTeMaTuK (PU3MKAHUHT TEHIJIaMaJlapd Ba MacallaJlapuHM VpraHuin wymuaa
puBOxJaHau. CYHIM YHT WMILTMKIAp JAaBOMHJIA YMYMUN XyCYCHI TEHIJIamanap
Hazapuscu Katta MyBaddaxusTiapra spumraH Oyiacaga, OUPOK MaTeMaTHUK
¢bu3uka sHa y30K BakTiaap Oy (aHHUHT TApKUOMH KHUCMH Ba DHI MYXUM
nyHammmm 0ynud KoJiaBepaju.

“MaremaTuk (¢u3MKa” JgaraH HOM Xycycud xocunanu auddepeHmal
TEHIJIaMaJlap Hazapusicl (PU3MKAHMHT COJJa aMMO MYXUM MacajalapHu
YpraHumn HaTHKAacH1a MaKJUTaHT aHITUTHIAD.

Ou3uk xKapaCHJIAPHUHT MaTEMaTUK MOJEIM aCOCaH WKKUHYM TapTHOIU
YU3UKIW €KM KBa3WUYM3HUKIU XyCcycuil xocwnanu auddepeHiman TeHriaManap
oynanu. by TeHrmamanapHu oAaT/Aa y4dTa: JUIMITUHK, TapaOboJuK Ba TUIEPOOTIUK
Turapra axparuiaad. CranuoHap >Kapa€HJIAPHUHT MATeMaTHK —MOJIETH
AIUIMNTUK TUIJATd TEHTJaMayiap OuiaH udojanaHca HOCTAIMOHAP KapaéHiap
napaboIuK Ba runepOoIMK TUTAATU TeHIIaMaap OuiiaH nudoaiaHaiu.

Maskyp OuTHpyB-MajakaBuil Wl MapabOJUK THUIIArd TeHTJIamasiapra
KYHUUITaH TypJiu YerapaBuil MajacajalapHy €YHMIIHUHT COHJIM yCyJIIapu OuiaH
ypranuiira OaruIIaHTaH.

[Tapabonuk THUmgard TeHIJaManapra oJu0 KejlaguraH aupum (QU3MK
)apa€Haapra TyXTanub yTamus.

1. N CcCHKINMK TAPKAJMII XaKHIa MacaJia.

@ypbe KOHYHMIa Kypa ASUYEKCH3 KHYMK Ba I03aJaru At BakT HYMAA

YTaETraH UCCUKJIMK MUKIOPU AQ

AQ = x(x, U)%:t) ASAt (1)

TEHIVIMK OWjaH xapakTtepiaHagu. by epaa n—uccukiuk Oepuna€TraH TOMOHTa

Kapab ityHanran AS ro3aHuHT HopMaad, K(x,U) HUKM UCCHKIIUK YTKAa3yBYAHIIUK



kodduientn, U(X,t)x=(XX,,X;) HYKTQJIQPHAHT t BaKT MOMEHTHArH
TeMIIeparypa.

Arap Tallkyu MCCUKJIMK MaHOau MHTEHCUBIMIUHU F(x,t)opKanu Oenrunao,
CyHrpa Oapya HMCCHUKJIMK MHKJOPH TeMIlepaTypa y3rapuiu (OpTTHpMacH)ra
TEHTJIUTMHY YBTHOOPra 0JICaK

U, =a’AU + f(x,t) (2)

K
TEeHIJIamara Kejgamus. By epma a’ =—, f(x,t)= ,  ¢(X)-MCCHKIIUK CHFUMH,
cp

© — 3UYJIHK.

2. JInddy3iusa macagacu.

Q coxaja Koiamrad Myxurra oomka U(x,t) 3uainKka sra Mojiia KHpUTHICA,
HaTWXKaJa MyXUT Ba MOJIIA 3appajapy XUMUSBUN PEAKUUATA KUPULLIAIH.

HopHer KOoHyHMra kypa CHUPTHUHT ds 3JIEMEHTH OpKaju OKHO VYTraH
3apajiiap OKuMH dQ

dQ = —D(x)z—l: ds (3)

TEHINIMK OWIaH aHMKiaHanu. By epma D(x)-muddysus xospduuenra, n-—ds
CUPTHUHI HOpPMaJd, p(X)-MyXUTHHHI FOBAKIMK KOd((uueHTH. Arap OajgaHc
TEHIJIAMacUHU Ty3CaK

p(x)J, =div(D(x)gradU)—qu + F(x,t) (4)
muddy3us TeHTIIaMacura KeJaMus.

3. 'mapoanHaMuKa TeHTJIaMAJIapu.

%”mw(pv): f (5)
ﬂ+(v,gradv)+lgradp: F (6)
ot p

®(p,p)=0 (7)

by ydana Ttenrmamanap Oupranukga €MUK CHUCTEMaHU TaIlIKWJ JITcana,

yJIApHUHT Xap OupH amoxuia HomiaHaau. (5) HM Waean ra3HUHT TYTAITUIILIAK



tenrnamacd, (6) Hu DiepHUHr Xxapakar TeHriamacu (7) HH 3ca XoJsar
TEeHTJIaMaCH JIEHWIIaau.

4. MakcBe/UIb ___TeHrJaMajgapu. bupop Myxutma  y3rapyBuaH

5JIEKTPOMArHUT MagoHu MaBxKyn Oyicu. E(x,t)=(E,,E,,E,)—2JeKTp MaigoHu
kywianuimy, H(x,t)=(H,,H,,H,)-MarauT MaiaoHn KywiaHui, p(x)-3apsiap
SUUJINTH, &—MYXUTHUHT JUDJIEKTPUK Y3rapMacd, u—MYyXUTHHHT MAarHuT
y3rapyBuyariauk kodpduuenru, |(x,t)=(1,,1,,1,)- y3rapyBuaniuk Toku. Y xoiia

Oy kattaiukiaap MakcBeib TEHIVIaMalapy Je0 aTalyBUd  YU3HKIH

I[I/I(b(l)epeHHI/Iaﬂ TCHITIaMaJIap CUCTCMACHHU KaHOATJIaHTHUPAAN:

div(¢E)=4zp, div(zH)=0, (8)

rote =—% a(%H) 9)

rotH :—1 (i)+4_7r|’ (10)
c o c

Oy epaa c =3-10" cM/ceKk-EpYFIIMKHUHT OYIIUTMK/Ia TApKAJIUII Te3Uru. bynapaan
(8) ®apaneit KonyHUHH, (9) 3ca AMIiep KOHYHU U(oaaIaiIn.
Arap kapaéH cramnuoHap (Bakrra OofnuK Oynimaca) MakcBBeIb
TEHTJIaMaJIapu
div(sE)=47p, rotE =0 (11)
DNeKTpocTaTHKa TeHIJIaMacHHH Ba

div(zH)=0, rotH = 4(2_7[ I (12)

MaromToCTaTuKa TCHIrjiaMmacura Kejiaau.

S. Illpeaunrep TteHrjamacu. Papa3 KuIaWiIuMK m, MacCad KBaHT

3appacd TamK¥ Kyd MaiijoHuma V(x) moTeHIman OWIaH XapakarTiaHaéTra

OyscuH. W(x,t) opkanu Oy 3appaHUHI TYIMK (QYHKIUSACUHU Oenrunaimus. By
xonna |¥(xt) dx-Oy 3appaHMHr dx XakMJa SKOMTAIMII DXTUMOIMHH (X -

HyKTajaru tmomeHTuaarn)udonamaiinu. Y xonga ¥ lpeaunrep TeHrmamacu

ned aTainyB4H



2
indv __h
ot 2m,

AY +VVY, (13)

TEHTJIaMaHU KaHOaTIaHTHpaaW. by epma h=1054-10"" arp.cek-Ilmank

JTOUUMUUCH.

buTHpPYB-MAJIaKaBUHl _MIIHUHI _CTPYKTYpacu. Mas3kyp wuII TypTTa:

KUPHUIL, aCOCUN KUCM, XyJl0ca Ba Takiauduap xamaa GpoijanaHIIrad ataduériap
Ba MaHOayap 1e0 aTamyBYu KUCMIIapJaH TAIIKHII TONTaH.

Kupum kucmuna Kuckaua agabueriap TaxIMial, MaB3yHHHT J10J13apOJIury,
TQAKUKOTHUHI MakKcaJd Ba Basu(alapy, MaB3yHHHI WJIMHH Ba aMalui
axaMusaTu Xakunaa cy3 6opaau. lllyHunrnek xycycuil xocunanu auddepeHunat
TEHIJIaMaJlapAaH Oupu OynraH mnapaOOJUK THUIJArd TEHrjamaiapra oJuo
KenyBun OemTa (UMK jkapaéH Ba YJapHUHI MaTeMaTHK MOJenu OyiraH
napaloJIMK TUILAAry TeHIJaMajiapra ajloxujaa TyxTald yTuiras.

Anaéuéraap  taxamiau. [1]-[5] Homepmu anaGuérmapma ®apaneit

bacupoBnuy AOyTaiivieB Ba y KUIIMHUHT HIOTUPAJIApH, IMIYHUHTACK AOTyBanu
bermatoB Ba y kummHuHr morupau Kenram >KamypaToBHUHI mapa®onuk
TUIJArd TEHrJaManapra Kylwirad (UiabTHpanuss MacajajJapuHU COHJIU
yCyJulap-4eKJyd alMpMalid cXeMajap, WHTErpajl-uHTEPIOJSIIUS  METOIU Ba
KOHCEpPBAaTUB OWUPXKUHCIM CXEMaJIapHU KyJulalira OafullJIaHTaHHU WIMUN
MLLIapU Y3 akcuHu Tomrad. [10]-[17] Homepnu amaGuérmap sca MockBagaru
bayman Homugaru onuii Texuuka ounuM optu xamaa Cudupsaaru Kpachnasipck
Ba HoBocuOupCK maxpu OJUMJIAPHUHT CYHTH YH MWUIMKAA spaTtraH YeKIu
allupManu cxemayiapra OarMIlJIaHTaH WIMHUN Ba yCIyOWM HILIapU y3U aKCUHU
TOITaH.

V36ex Twimpna Gepunran acocmii  amabuér cudaruna  Mawpyd

Ucpounosuunr [18] kutobuuu amoxuaa Tapbkumiab YyTMok josum. IlyHuHrgex
Maxmyn CanoxuauHOBHHHT [31] KMTOG mapaGoNMK THUIIArM TEHTJIAMaIapHHUHT

dbyHIaMeHTaN Ba TaKpUOWH €UMMITAPUHY TOTIHIIN YCyJUIapura OaruuIaHT aHIUTH

scnatud yTamus.



HlyHu Tapkujiam KepakKd XHCOOJall MacTeMaTUKACH, XYCYyCaH YEKIIU
allupMaii ~ METoJUIap  OMPXKHMHCIIM ~ KOHCEPBATHB  CXEMajlap,  yJIApHUHT
SKUHJIAUINII Ba TYPFYHJIMK IIapTIapUHU YPHATUII Ba XaTOJUKJIApHU OaxoJjall
ycyiutapuau uiwiab uukkan kumm A.A.Camapekuii, I'.M.Mapryk [25][28]-[32]
OKAHJIUTUHUH aloXuaa SbTUPO( 3a3ypIUTruHU Y3UMHU3HUHT OypunMu3  ae0
OuaMus.

[Iynunraek amabuérnap pyixaruaa mnapaboJMK TEHrjaaMajgapra oJmb
KeJJaUraH TEXHUK MacajaJlapHU YpraHraH HuUrupMara sKUH aBTOPJIAPHUHT
WIMHMIA MakKoJja Ba KUTOOJIapu XaM YpUH OJIraH.

MaB3YHUHI _10J13ap0Jauru. Xo3Upru KyHaa Oapya xapa€HIapHU

MaTeMaTUK MOJEIUIAITUpHII (aH[a, TEXHUKANA Y3 €UMMHUHHU KyTa€TraH KyJa
Kyl MacajajapHd €uYHIlra, YpraHuiira OJud KeJIMOKaa. XycycaH Kyruiad
HOCTAIlMOHAp KapaCHyiap MapaboiauK TUnaard (YM3UMKIM €KU YU3HUKIH
OynmaraH) TeHTJIamajapra KyHwiraH derapaBuil mMacaiajlapHU €YUIITHHU TaKo3a
staau. Unsukim OyiMaran TeHrjiama Ba YerapaBuil MIapTJIM MacallaJapHU COHJIU
yCyJUIap-4eKid alupMalId CXeMajlap €pAamMuia €4uil XaMOH [J0J13ap0 Mmacana
O0ym6 KeIMoKa.

Taagkukor Map3dycu. Myammo IIyHJaH HOOpaTKu yerapaBHid

MacajajgapHy €4ull XaMMO BaKT XaM COHJIM YCYJJa amalira OLpUIaBepManiu.
[ITyHuHTr yyyH MaB3yHU, TAAKUKOTHHA alHAH YEKJIM alMpMaly cXeMaJiap HIujaH
APOKJIMCHUHM TaHJIAIra KapaTUJIaIn.

TaagkukoT Makcaja. ABBaJIO MapabOJMK THUIAArd TEHIJIaMalapHU Ba

YerapBHil MIapTJIApHU YEKJIM allupMmanap KypUHHUIIAA TacBUPiad XOocHJ OyiraH
CUCTEMaHU VYHI XalJall Ba OLIKOPMAac CXeMmalap Ty3ull OWIaH IOKOpH
aHUKJIMKAA Ba TYpFYH €4MMHHU OJIMII aCOCUI Makcaa KO OelruiaHraH.

TaaKUKOT MyaMMOCH. Y3 €YMMHUHM KyTa€TTaH 4YerapBud macajara Moc

OMpIKUHCIIN Ba KOHCcepBaThB (Y3 siuelKacuia CakjIaHUIl KOHYHJIApH MY’Kaccam
OynraH) cxeMaJapHH TaHJAII Ba U31a0 TOMUII Xap OUp TaIKUKOTAa OVIraHumaexk

Oy vIlIJa XxaM acocuii Myammo OYu0 KoJraH.



TaagKHKOT 00bEKTH. S"praHHm-TanKHK KWIAI o0BbeKTH cudaTtuaa

nacTnad YM3MKIM MapalbosiMK Macajalap, CYHrpa 3ca KBa3sHUM3HKIM Ba XaTTO
YU3UKIM OYiaMaraH macajanap KapairaH. Mkkuaun O60OHMHT 4 maparpoduia
CyB oMmOopiiapu SIKUHUAArd (QuibTpanus >XKapaéHUHUHT MaTEMaTUK MOJIEIH
Oynran HoMabiayMm (Ky3FallyBaH) yerapajid 4erapBuil Macajia Xam OUpP>KHUHCIIH
KOHCEpBATUB cXxeMa €p/laMKJia SUMWITaHIUTUHHA TabKUIa Kudos.

TagkKuKoT nmpeaMeTH. Y3ITyKCHU3 KapaCHIaApHUHT MaTeMaTuk udoaacu

oynvum guddepeHuan TEHIJIaMa YHHUHT JUCKPET MOJEIH XHCOOJaHMHUII
YeKIM aiimpManap OwiaH amMamrTupwiagy. Yexnn aiupmanapia ypraHuirad
OOBEKTHHHT peal OO0BCKTra SKUHJIUTMHU TabMUHJIAWIWTAH alupMain
CXeMaJlapHU H3Jall Ba YpraHull TaJKUKOTHUHT acOCHM  HpeaMeTH
XUCOOJIaHTaH.

Taakukor ¢dapaszu. NimHuHr Xpmosira oud YMKaJUraH XoJjaTiapuiaH

Ovpu YeKJIM alMpManu cxemaiap/iaH Oupu OUpP>KUHCIU KOHCEPBATHUB CXeMa
CaHAJIMUILl ~ WHTETPAI-UHTEPHOJALMS  METOAVMHUHT  ad3aJUIMKIapu  Ba
KYJIAWJIMTUHYA HAMOMUII STULLIUP.

Taakukor Basudagapu. YerapaBuii MacajJaHMHI COHJIM YCYJIHJA

TOMWJITAaH COH KUWMATIIapu OujIaH IKCIPEMEHT HaTHXKaJlapUHU COJIUIITUPUO,
COHJIM YCYJTHUHT aMalluii axaMUSTUHU aHUKJIalaH noopar.

Taakukor siurwianru. lllynnan nbopaTku ep OCTU CyBJIapu CaXTHUHHHT

KyTapmiub HaTHXKaJa XOCWIIOp KaTjlaMJIapHU UIYPIAHTUPHUIIHUHT OJITUHU
OJIAIUTaH TaJOWPIIAPHUHT KaepJa Ba KadyoH YTKA3WII JIO3UMIIUTH XaKuaa
KOHKpET TaBcusjap OepwiraH Ba uu3Maga Oy Xojar Typiu XoJuiapaa
TACBUPJIAHTaH.

@DaH_VYYVH axXaMHMATH 5Ca KYyWWIraH MacajaHUHI KOPPEKTIUTMHU

acocyaliia COHJIM YCYJUIAQPHMHI XaM VpHU OOpJIMIMHU KypcaTuiga HaOOEH
oymam.

Acocmii_kucM. Hkkura 600man ubopar Oynub, OMpuHYM 600 yuTa

naparpaduu y3 wumra onrad. bupunum maparpda UKKMHYA TapTHOIU OJIHIMA



nuddepenyan TeHriaamara KyWWIraH 4derapBUid MacajaHd YeKJIM alupmaiu
METOJ OWIaH euWIlra, WKKAHYM Tmaparpadaa eYuMHUHT STOHAJTUTHHU
TEKIIUPHUIIIA MAKCUMYM MPUHIUIUAAH QoilaTaHuIl Wyuiapy KypcaTHiraH.

Yuunuu naprpad acocaH 4M3MKJIM OYyiIMaraH derapaBuii MacajajapHu

KaHJal Kuib yekiu aiupmanap Omnan udoaanaii, Xycycal YU3UKIu Oyiamaran
XaJJIapHU YU3UKIAIITUPULL HYJUTapUHU U3J1a0 TONUIIra OaFuIIIaHTaH.

Nxxunuu 600 acocad xycycuilt xocunanu auddepeHiman TeHriamanap,

aHUKPOFW TMMapaboNMK THIJArd TEHTJIaManap Y4YyH ceTka (TYp) MeTOIWHHU
KyJiamra 6arunuianrad. by 600 Typrra maparpadnu y3 nunra ojaaud. bupunuu
narpad1a UKKA KaTJIaMJId allpMalid CXEMaTaApHUHT SKUHIAIIAIIAHA, aHAKJIATH
Ba TYPFYHJUTH TeKmupuirad. VKKWHYM Ba y4dyHuu mnaparpadiapjia HKKH
KaTjJamiid alupMaiy cxeMajapJaH TeKaMKOp CXeMalapHH aXKpaTuO OJMII Ba
YIIAPHUHT TYFPUJINTUHU TAbMHUHIAI MyaMMOCH KapaJjraH.

Typrunum naparpagaa OuTHpyB-MajakaBUi UITHUHT WIMHAWIUTHHA Ba

amManuiuiuruiy  udojaioBun OYnuO, yHIA XaM MaTeMaTUK MabHOAA XaM
XMcoOyanm HyKTau Ha3zapJaH sSHru OyiraH KOHKpeT Macaia Kapairad. by
MacajaHd YeKIM alupMald yCyulap HWYuAa DSHI caMapald Ba IOKOpH
AHUKJMKIAard METoJ OYJraH MHTErpaji-uHTEPIOJSIUOH CXeMa YpraHWiraH Ba
YHHM KYJUlall HaTH)Kacuja pean KapTHHAara MOC KEeJyBUM €4UM OJIMHTaH Ba Oy

CUMM YMu3Maga XaM TaCBUPJIaHI'aH.



| BOb MKKNHYU TAPTUBJIN YET' APABUI MACAJIAJTAPHU YEKJIU
ANNPMAIJIAP YCYJIN BUJIAH EUNILI.

1. 1-§ UxkxkuH4u TapTUHdIN oaauid 1uddepeHunas TeHriaMara Kyiuiram
YyerapaBuil MacaJIJaHH YeKJIHM allUHPMAaJId MeTOX OUJIaH eYUll FOSICH.
@dapa3 Kaninmk, a< x<b opiukaa

L(u)=u"+ p(xu+a(xu = f(x) (1.1.1)
nuddepeHiran TeHriiama Ba

agu(a)+ay'(@)=7,, |ag|+]e| =0 (1.1.2)

Boulb)+Bu(b)=7,, |B|+B8|#0 (1.1.3)
yerapaBuil maptiap oepuiran 0yianb, Oy yerapaBuil Macana siIrOHa €4UMIa 3ra
OYJICHH.
Kapanaérran [a,b] opanukau Tyrynnap ne6 aranysuu

x, =a+ih (i=01..,N;h=(b—a)/N) (1.1.4)
HyKTanap €paamuga N Ta TeHT Oyiakiapra OYnuO, TYp XOCHJI KWIaMH3. Xap
oup Tyrynra (1.1.1)-(1.1.3) mapmaru xocunanapHu coHiu auddepeHmamian
dbopmynanapu Oyiinua (QYHKIMSHUHT aipuM HyKTajapjiard KUAMaTIapHUHT
YU3UKJIM KOMOMHAIUsACH opKayiu udonanaiimus. Hatmwxkana i=12,...,N -1 xoia
u(x, ) mapau Tomum yayn N —1 Ta TeHIJamara sra 0yiaMus.

Arap Oymap Owran uyerapaBuii mmapriapaad  (i=0Bai=N) kenub
YUKaIMraH TEHINIaMaJapHu XaM OMpJaluTupcak, y xouma u(x, )u(x,)...,u(x, )ra
HucOatan N +1Ta TeHrjaMajiapjaH uoopar cuctemara sra Oyiamus.

Yeknu alupmany METOJIHM KyJUlaraHja KyWHJard KyWHUIUrd macajiajap
SUMJIMIIN KepaK.

1) conmu auddepernmannam GopMmyaTapuHu MIyHIAH TaHIAl KEPAKKH,
yJlap XOCWJIAHM SIXIIH SKUHJIAIITUPCUH Ba Oy dhopmynana QyHKIUSIHUHT

TYryH (HyKTa)Japaara KaiMatiapy KaTHAIICHH.

2) XocwJ OyJIraH CUCTeMa CUMMHUHHMHT MaBKy UTUTH TEKITUPUIICHH.

3) Oy cuCTeMaHU €YUl METOIU KYPCATUIICHH.
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4) xocuia OyiraH HaTHYKaHUHT aHUKJIUTHA OaxXO0JIaHCHH.

000uii oughchepenyuan mencnama ea uezapasuil wiapmiaprHu anzeopauk
menznamanap cucmemacu ounan armawmupuw. bus 6y epna [a,b] opanukna
(1.1.4) tyryn nykramapuu tannad, (1.1.1) muddepennuan Tenrnamanu dakat
WYKK TyryHJapaa Kapaimus, seHEX=Xx(i=12,..,N-1) Ba (1.1.2)-(1.1.3)
yerapaBuil IIApTIApHH MOC PaBHUILNAA X, =a Ba X, =b HyKTajapia Kapaimus;
(1.1.1) renrnamara x = x, 1e0 o1amMu3:

u” (% )+ p0x (6 ) +alx u(x )= F(x ) (1.1.5)
i=12,..N-1

Ba OyHga KaTHamaauran u'(x,) Ba u"(x)aapud u(x) QYHKIHMSHUHT X, X, X,
HyKTajgapaaru Kaimard, seHd u(x,, )u(x)u(x,,,) opkamu udopanaimus. ByHUHT
yuyH X, Hykra atpoduma u=u(x) ¢yuynkuus [a,b] opamukga TYpTHHYM
TapTHOMM Y3IyKCH3 Xocuiara osra jae6 ¢apas kuwiamums, u(x_,) Ba u(x,)

bynkuusuiapauar Teimop gopmynacu OVitmya EmniMacuan €3aMu3 (KOJIIUK

XaaHu 3ca Jlarpamk Gpopmynacuia ojiaMus).

u(x,,)= u(xi)+%u' (xi)+h?2!u" (xi)+h?ju'” (xi)+hZ:u'V (x, +6h)0<o<1,  (1.1.6)

u-(x_)= u(xi)—%u' (xi)+h?2!u" (xi)—h??u'” (xi)+hfz;u'v (x, —6h)0<o<1 (1.1.7)

by dbopmynanapaan Kyiugaruiapra sra Oyinamus.

U200 i) o), (118)
%‘J(Xu):uv(xi)m(h), (1.1.9)
%hu(x) _u(x)+0(h). (1.1.10)

by popMynanapHuHT Yanm TOMOHM MOC PaBHIIJA YHZ XOCUId, YAN X0CUNA
Ba Mmapkasuii xocuna nevmnamy. Ilydra Yxmam u'(x,) y4yH Ky#ujgara

cuMMeTpuK udomara sra 6yiamus:
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u(x,..)—2u(x,)+u(x;,) =u"(x )+ O(hz) (1.1.11)

2

h

Ouau (1.1.5) tenrmukna u'(x;) Ba u"(x;)mapaunr ypuaura (1.1.10), (1.1.11)

JapHU Kyinuo Ba o(hz) HU YHT TOMOHTa yTKa3u0, KyHu1ara XoCHI KuiamMu3:

U(Xi+1)_2uh(zxi )+u(xi—1)+ p(xi)u(xm)z_hu(xi1)+q(xi)u(xi ): f(Xi )+ 0(h2) (1_1_12)

EKU
13 900 o)~ -l Jo(x) 145 pls ) ox.)= o) of) - (1.1.43)
i=12,.,N-1
Mynra yxmam (1.1.8), (1.1.9)mapman doinananu6, (1.1.2), (1.1.3)
yerapaBil mapTiap ydyH Kyduaarniapra sra 0yiamms:
(ctgh — e (X, )+ cu(x, ) = hy, +0(h?) (1.1.14)
~ Bk )+ (B + 0B u(xy )=y, +0fh?) (1.1.15)
Oumu (1.1.13)-(1.1.15)mapHUHT YHT TOMOHHA O(h“) Ba O(hz) KOJIIUK

XaJUTapHU Tanuiad dopaMus, HaTUkKaaa

{1—2 p(xi ):|Yi-1 - [2_ hzq(xi )]Yi "“:1"'2 p(Xi ):|Yi+1 =h*f (Xi ),i =12,.,N-1 (1.1.16)
(aoh _al)yO -y, = h7/11 (1117)

_ﬁlyN—l+(ﬂl+hﬂ0)yN =hy, (1118)
xocui Oynaau.
By epma vy, opkamu u(x,)HMHT TakpuOMi KuHAMaTH O€JrMIaHTaH.

Keitnauanuk Kynai OYIUINM y9yH KyWH1ard OeNTTHUILT KUPUTAMU3.

A :1_2 p(xi)1 Ci :Z_hZQ(Xi)a b :l"'g p(Xi),

X = o, 9 = h}/l X, = ﬂl 9 9 h7/2

" o -hgy' " hay-a, z_ﬁl"'hﬁo, a Zzﬂl"'hﬂo.

(1.1.19)

by Oenrunanutapga (1.1.16)-(1.1.18) cucremanu Kyiiuaaruya &3u0

OoJIaMu3.
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AYi1—Cy, +By,, = h? f
Yo =Xy +Vy, (1120)

Yn =X Yya VY,

By cucrteMaHMHr MaTpullacl YHHHT JUTrOaHald OYnuO, KyHugaru KypuUHHUIITa

ara:
1 x 0 0 0 l
A -C, B, 0 0
0 0 0 .. A, -C., By,
0 0 0 .. O0 X, 1 ]

[yauan  tapkumiam — kepakku, (1.1.16) wudoma nuddepenuman
teHriamann  O(h?) xatonmuk Ownan, (1.1.17) Ba (1.1.18)map sca wyerapBwii
maptaapan  O(h) xaronuk OwinaH anMamTupwiagu. KypuHu® TypuOaukwy,
mugdepeHnran TeHriaMa yerapaBmil mapTiiapra HucoaTaH KaTTapoK aHUKIMKIA
anMamTupuiaad. bynaH aHMKIMK Makcaara MyBodduk Oynmail Koiuin

MYMKHH, y X0J1/1a u'(a) Ba u'(b) aHUKpOK dopmyianap OWiaH aaMarITHPUIAIN.

2

u'(xo):3—1h[—3u(x0)+4u(x1)—u(xz)]+%u"(§)
Ba u'(xN)=2—1h[u(xN_2)—4u(xN_l)+3u(xN)]+%u”(§)

YMymaH onraHaa, Kymuam4da X ,,X.,,X s X, Ba X.K TyryHiapaa u(x)
(GYHKIUSHUHT  KUWMATHUHU OJM0, yerapaBuil MacallaHM KaTTapoK aHUKJIWKAA
aIMaIITUPUII MyMKHH. AMMO Oy anreOpaMk CHCTEMaHM MYypaKKaOJIamTHupuo
ro0opaau, Tabuiiky, OyHIal CHCTEMaHW COHJIM CYHMIN XaM OFHp Macajara
aitmananu. UlyHMHT ydyyH  XaM XMcoOJall amMaluTHAa IIyHIAl cucTeMmaliap
KapajnaJuKy, YJIaApHUHT aQHUKIWTH KaTTa OyiMaca XamM KYpHUHHMIIWA COJJa
oYUM Kepak. AHUKIUKHYU OIIMPUIN YU4yH h KUYMKPOK KuiauO onuHamgu. Iy
cababmapra kypa, kynunya (1.1.1)-(1.1.3) uerapBuii macajaHud €UHUII YYYyH

(1.1.20) xypuHHUILIIATK CUCTEMA OJTMHAIH.
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Mucon  Nel. Yexnu adtupmanap ycyJdd  KYJJIaHuiauO,  ymoy
u’ —xfu' =4, u(1) =0, u(l4) =0.2492 yerapaBuu Macania MEYMMHUHUHT
u(1.1), u(1.2), u(1.3) KuiiMaTIapyu TONMUIICHUH.

Eunmr: u",u' XocunamapHu aipManu xocuiajgap OWJIaH alMaiiTupuo,

KYﬁHHaFHHapHH OJIaMU3:

Yisr —2Vi +¥i1 BT Vi 1 _a
h? : 2h

KM

2¥ie1 — 4y, + 2y — X2RYiaq + X2 hyoy = B8R
KM

(2+x3h)yimg — 4y + (2— x7h)yisq = 82

a—ah
Xp=0a, X,=2h, x;=xg+tih, h = , i=1n—-1
1

ﬂ'c.:-l ﬂ'j_:ﬂ ﬁﬂ.:-l ﬁj_:ﬂ A=10
xy=11 x,=12 x3=13 y,=0 B =02492

(2+1,13-0D)y, — 43y +(2—1,13-0,1)y, = 8- 0.12
(2+1,2%-0,1)y; — 4y, +(2—1,23-0,1)y5 = 8- 0.12
(2+1,2% - 0,1)y, —4ys + (2 — 1,23 - 0,1)y, = 8- 0.12

1,8669y; — 4y + 2,1331y, = 8- 0,12
1,8272y5 — 4y, + 2,1728y, = 8- 0,12
1,7803y, — 4y5 + 2,2197y, = 8 - 0,12
1 1
y1= 718669y, —7+0,08 = 044667y, — 0,02
1,8272y3 — 4y, + 2,1728(0,4667y, — 0,02) = 0,08

(4 — 1,01405)y, = 1,8272y5 — 0,04346 — 0,08

18272 012346
2,08595° % 2.98595

¥z
vy = 0,61193v5 — 0,07135

1,7803y, -y, — 4y, +2,2197(0,61193y, — 0,04135) = 0,08
1,7803y, — 4y, +1,3583y, —0,09178 - 0,08 = 0

1,7803y, —2,6417y, —0,17178 = 0

2,6417y, =1,7803y, —0,17178
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. - 01718 . 1,7803-0,2492
26417 2,6417

y, =-0,065+0,1679 = 0,1029
y, =0,61193-0,1029 - 0,04135 = 0,0216
y, =0,4667-0,0216 — 0,02 = 0,0099
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1. 2-§. MakcuMyM NPUHIIUIY Ba YHU YeKJIM-aiiUPMAJIM TeHIJIamMaJiap

CHCTEMACH eYUMHHMHT MaBKY/JIMTHHHA TEeKITHPHUIITa Ky

Onauuru 6061a (1.1.20) cucreMa €UMMUHUHT MaBXYJIMTUHU KYPCATHUII
yU4yH CAaHOKJIM OOII JAuaroHajira sra OYiraH maTpuliajiap XakuJard JeMMaHU
KyJutam MyMKuH. AMMo 0u3 Oy epaa Oomkada uir TyTaMu3. ABBajo, MAKCUMYM
XaKUJark JIeMMaHu KenTupamus. by NpUHIMITHUHT KYJIJIall A0Mpacu aH4ya KeHr,
HadakaT oAnui Ba Xycycui xocuianu auddepeHiran TeHraMalapHu €4HIIn
HaTwkacuaa xocusl Oymaauran (1.1.20) KYpUHHUINIAH CHUCTEMaHHU TEKIIUPHII
yuyH, Oanku Oy METOJUIAPHUHT SKUHJANIMIIMHA TEKIIUPUII Ba XaTOCUHU
0axoJail yu4yH Xam UIUIaTHIaan.

®dapa3z Kunaniik, KyHuaaru UKKy mapt 6axkapuirad OVIICHH:

h
Egg%\p(x)\ <1 (1.2.1)
g(x)<0, a<x<b (1.2.2)

by maptnap A, B, C, ko3ppuueHTIapHUHT MyCOATIUTUHU TAbMUHJIANIN.

Kelinarn  MynoxosalapHu — coppaiamtapum — Makcaguma  (1.1.2)-(1.1.3)
yerapaBuid maptiapra o, = =0 1e0 onamMu3, y Xoiaa X, =X,=0 O0Yynuo,

(1.1.20) cucrema Kyinaaru KypuHHIITa 3ra 0ynaau.

AYi1—CiYi + By, =hf,, i=LN-1 (1.2.3)
Uy =V, Uy =V,

By cuctema e4MIIHMHT MaBXyIJUTHHU KypcaTUIl Yy4yH OyHTa MOC

KeJlagurad

AYii—CYi+ByYi, =0, i=1LN-1, y,=0 (1-2-4)
Oup okuHCAM cuctema (akat y,=Yy,=..=y, =0 TpHUBHAI e€uyMMra oJra

DKAHJIMTUHU KYpcaTHIIUMHU3 Kepak, uyHku Oy xonpa (1.2.4) cucremanu

AUTCPMHUHAHTH
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~C, B, 0 0 0 0
A, -C, B, 0 0 0
D=l e
0o 0 0 ..A., -Cy, B,
0o 0 0 .. 0 A, -Cy

Homad dapkim Oymaau. AmMo Oy aerepmuHar (1.2.3) cuCTeMaHHMHT XaMm
neTepMuHaTH Oynnub, D=0 TEeHrcu3iauk Oy cucTeMa €YMMHUHUHT MaBXKyJll Ba
ATOHAJIMTUHU TabMUHIANIN.

®dapa3z KWIAWIMK KaHmaaup z,,z,,..,zZ, COHJap Oepuiran OYiauo,
z, # const OYcuH. YOy ailupmanu ornepaTopHyu KUPUTAMU3:

~(z)=Az,-Cz,+Bz,,  i=12.,N+1
1-nemma (Makcumym npunuunm). Arap (1.2.1), (1.2.2)maptnap 6axapuiica Ba
1=12,.,N-1 yuyyH
A(2)20 (A(z)<0)
oynca, y xonma z,,z,..,Z, COHJAp opacujaru z, €Kud z, DHI KaTTa mycoOar
KHiiMaTra (3HT KWYMK Macopuil KuiMarra)dra OYJIUIIN MyMKHUH.
HNcodoTn. AnTaiinuk
A(z)=0 i=12,.,N-1

TEeHTCU3NUKIap Ypuriu O0yicuH. Teckapucunu papas Kujaamus, anTalimk, z,Jgap

V3UHUHT DHT KaTTa MycOaT KuiiMatu M HH i=x (<x<N-1) Oynranma xKaOymn

KHJICHH, IBHH MaX 7, =7, =M 0ynuo, z_, €KUM z,_, COHJAPHUHT Xe4 OyIMaraHaa

M 1aH KMYMUK OYJICHUH.

Y xomnna
A (Zx): Az.,-Cz +Bz, = {1_2 p(XK)}Zkl - [2 - hzq(xK)]M + {1‘*‘2 p(XK ):|2K+l <
{1—2 p(xK)}M ~[2-n2q(x, )M +{1+2 p(xK)JM = h?q(x, )M <0,

YyHKH JIeMMa maptura kypa A ,B,,C, koaddunentiap mycoar 6ymmob, z,,, €xu

z, , COHJIApJan xe4 OyaMaranaa oupu M man kuuuk. [lemak, A(z, )<0. By oca
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JemMMa maptaapra 3uaaup. byHnan sca OU3HUHT (papasuMUZHUHT HOTYFPUIIUTH
Ba JHI KarTra MycOar Kuimar Qakar z,&kd z, OYIWIN MyMKHHIUTH KEIuo
ypkaad. JleMMaHuHr TacauFd A(z)<0 yuyH XaM Xy[Iad IOyHra yXIIaml
ucoornmanagu. Oumu (1.2.4) cucremManuHr (QakaT TpUBaT EUYUMHUTA Jra
HKAHJIUTUHU Kypcaramu3. SIHa TeckapucuHu (apa3 Kwimb, Oy cucrema HOJAaH
dapkiau eynmra sra ae0 xucoOnaitMus3, s’bHU Y, Y,,..., Y, , COHJIAPHUHT opacuaa
xed OYynmaranga outracu HoyijaH papkiau O6yiacuH. Oy epaa xam (1.2.1), (1.2.2)
maptiaap Oaxapwiradn ae0 (apa3 Kwiamu3 Ba OyHIAaH Tamikapu, Oapda
i=12,..,N—1 yayH A(y)=0 TeHIJIMKIAp YPHHIIM SKAHIMIMHA XUCOOTa OJaMM3.
[IyHuHT yuyyH XaMm JIeMMaJapHUHT TacAUFUra Kypa Y, COHJIADHUHT JHT KaTTa
MycOar KuiMatu (SHT KUYMK MaHpuil Kuiimatu) dakat y, Ba y, OYynumm
MyMKUH. JIekuH vy, =Y,_,, AEMaK Y,,Y,,..,Yy,Jap HOJIra TEHT OVIHIIN Kepax.
[Myngait kwmob, (1.2.4) cucrema ¢dakat TpuBan euumra sra 6ymmo, (1.2.3)
CHCTEMa ITOHA €YMMTIa 3Ta.

Attupmanu xaiioaws memoou 6a yHUH2 mypeyHIuzu.

busra ymymuili KypuHumgaru watpunara sra OynraH N —TapTuOIn
cucteMaHu ['ayCCHMHI HOMabJIyMJIapHM MHYKOTHII METOAM OWIaH eduiia
O(N®) Mukmopaa apupMETHK amayiap OaKapHIHINKA MabliyM. Arap MaTpuia
YHUHT quartoiuaad noopar Oyaran (1.1.20) cucremanu eunira ['aycc Meroau
Oyiu4Ja Ty3wiraH CTaHAapT JacTypra Mypoxat Kuicak, XM O (N®) mukmopaa
aman Oaxapwiamu. Ammo (1.1.20) cuctemaga Honman (apkiud 3JIEMEHTIIAp
Mukaopu O(N). HIyHuHT ydyH Xam O(N?®) MuKgopugaru amaingad O(N) Tacu
Masmynoop aman 6ynu0, konran O(N®) Tacu MazmyHcu3 amanoup, 9yHKA yaap
HOJIHMU Oupop coHra Kkymaitupum (OYnauII) Ba HOJIHM HYJAra KOLIWII
(attmpum)man ubopar. Jlemak, (1.1.20) cucremanm ['aycc meromam OVyitmya
Ty3WITaH CTaHAapT AacTyp €pAaMua €4HIl OpTHKYa aman Oakapuiira oiud

Kennb, Makcaara MyBo(UK OYIMaiau.
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VTran acHpHMHT SJUIMTHHYM HWDlapuaa Oy HyKCOHIAPAAH KyTHIMII
Makcaauaa yd JUOTHAUIM MaTpuiara sra OynraH 4YM3HKIM —anre0pauk
TEHIJIaMaJlap CUCTEMacHuHU eduil ydyH [‘aycc MeToAuHM IMIyHAall BapuaHT
UIUIa0 YUKKWJIAJAWKK, Y MaTpUUAHUHT (akaT HOJJaH (Qapkiv 3JIeMEeHTIapu
ycTuaa aman oaxapau. by BapuanT xaioaw memoou ned Homianaau. Xaimart
MeToaua apu@METUK aMaulapHUHT COHM O(N) Ta TEHT XO3Uprd BakKTIa
Xaljam METONHUHI XWUJMa-XWJl BapuaHTIapra sra Ba yjap XWiMa-Xujl
MaKcaJJIapHU €UuIlra MyJKaJlJlaHTaH.

[ynpai Kuaub

Ay ,—-Cy +By.,, =h*f,i=12..,N-1 (1.2.5)
allmpMaiy TeHIJIaMajap CUCTEeMacH Ba
=X Y, +V,, Yo = XYy Vs (1.2.6)
yerapaBuid maptiap oepwiran 6yincud. by epna A,B,,C,, f.,x,X,,v,,v, Oepunran
cornap (1.2.5) cucreMaHUHT €YMMHUHM KyHUIaru
Via =y Y + B, =01...,N-1 (1.2.7)
KYpUHUIINIA W3NaiimMu3, Oy epaa «;,, Ba B, XO3upraya HOMabiIyM COHJIAp
(1.2.7) Tenrnuknan Kyiugarura sra 0yiamus.
Yi=ai - Yiat
Yia = GaYi + B = 0 Yia o, fi+ fiy
by udonamnapuu (1.2.5) Tenrnamara kyicax,
[A -a(C ~ Bl + A By —C)+ B A, +h71]=0
kenu6 unkaau. Kypunud typubauku, arap
A-(C ~Bay)=0. A(Ba,—C)+Bf,=hf,
TEeHrauKaa Oaxkapuica, y xonaa (1.2.5) Tenrnuk YpuHiau 6yaaau.
Myngait kuamb, «o,Ba B JAapHU TONUII Y4YyH yHIOy pEeKyppeHT

dbopmynanapura sra 6ynamMus.

A Bﬂ 1_ h* f i .
= 1 = 1 1=12,..,N-—
%= C,-Ba pi= C,-Ba L

i+l i+l
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ay, Ba B, wmuknopiapuHu sca (1.2.6) uerapBuii maptiapnadn Ba (1.2.7)

TEHTIUK/A i = N —1 Oynranma XoCuil KWIaMu3.

Ay =Xy, By =9
(1.2.7) dopmyna Epaamuaa XucoOnamHu Oa)xkapuill Y4yH Y,HUHT KUMUMATHHU
TonuIl Kepak, 0y sca (1.2.6) yerapsuil maptaan Ba (1.2.7) TeHrmukaaH i=0
Oynranma Xocui Oyaau.

_XBi+S

°1- X, o

Myamaii kw6, (1.2.5)-(1.2.6) derapBuii MacajlaHd aHUK CUYUMHUHU

TONUI YYyH Xauoawt memoou 51e0 atamyB4yu ajareOpauk TeHTJamajapra sra

oynamus.
2
i=12,...,N-1 (1.2.8)
ay =X,, Py =%,
Via=¢,Y,+f., 1=01.,N-1

Yo = (3 +xa)/(1-xa,)

by epma y,map derapaHuHr dYam HyKTacujaH Oomad KeTMa-KeT
Tonwianad, ImyHUHr YyuyyH Xam (1.2.8) dQopmynanap uandan xaitoaw
bopmynanapu aevwnanu. llyHra yxmam yuedan Xxaiioaw (QopmylamapruHH

XaM YMKapuil MyMKHUH:

Ci—-&A M = Ci—mA ,
&= X = vy, (129)
Yi =GiaYin + M, =012, ,N-1
Yn = (Vz + X571y )/(1_ X,6 )

— 2 )
fo= B AT s N

Ailipum Xxonnapoan uanoan 6a YH20aH Xauoauwr MemooaapuHuHZ
KOMOUHAQUUACUHU O07UD, Kapama-Kapuwiu Xauoaul memoou 0ed aumyeuu
MEMOOHU UMIAMULL MABKYJI0UP.

1-mamk. (1.2.9) yuraan xaipam popmysianapuHu UCOOTIAHCHH.
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Arap «,xo3duneHTaap Moaynu OwiaH OupaaH KUUMK Oyica, y Xonnaa

(1.2.8) xaitmoBum chopmyJanap mypeyn ne6 aramaau. bynpaii xomnma (1.2.7)

pexyppeHT Gopmynanap 6yiinya xpucobant oud Oopuiaranaa Keimmd YuKaaural
SAXJIMTIIAII XaToJIapy YCMan/Iy.

T e o p e M a. Arap Kyliuaaru mapTtiap

A>0,B >0 C>A+B, i=12.,N-L 0<x, X <1 (1.2.10)
Oaxapuiica, y X0J1a Xalaanrau 0axxapuill MyMKWH Ba TYPFYH OYJau.

N ¢ 6 o T m. Xakukataan XaMm, O0<aq, =X, <1 DKaHJIWUTH Teopema

mapTtuaad kenu6 unkaan. apas3 kunanuk 0< «,,, <1 OYJICHH, y X0J1a

i+1

A A

0<0[i = = <1
Ci—Bay, (Ci -B _Ai)+ A +(1_ai+1)Bl

OYnaau, YyHKM CypaT Ba MaxpakKHUHT XaJjlapu MycOat 0Ynub Maxpax cypaTaaH
karta. [llynnaii kunub, 6apya i<12,...,N -1 yuyH O<¢; <1. OHau 0<x; <1 mapt
O<a, <1 maprt OunaH Oupra y,HU aHUKJIaWaAurad GopmyiagaH MaxXpaKHUHT

HOJIJIaH (apKIuIuruau TabMunnanau. lllynu ucOoT Kuiaum kepax du.

dcuaatTwm a. lllyan xam TapKkugam KEpakku, x,Ta KyHWJaraH IIapTJIApHU

IOMIIaTUIl MyMKUH. MacanaH, arap (1.2.10) maptiap ypunura ymoy

A>0,B>0 C>A+B, C =A+B, (1.2.11)
0<x, X, <],
Exu A >0,B >0, C,>A+B,0<x,x,<1, (1.2.12)
X + X, <2

maptiaap Oa)xxapuiica, y X0Jijla TCOpPEMaHUHT TaCAUFU YPUHIUTHYA KOJIA IH.
Yeknu aitupmanu MemoOHUH2 AKUHIAUUILU.
Acocuil FOosl TyWIyHapiau OYJIMIINM Y4yH 4erapaBuid IIAapTU SHI COAJA
oynran ymly yerapaBuil MacajlaHu KapaiMus.
L(u) =u"+p(x)u+g(x)u = f(x), u(@)=y,, ub)=y, (1.2.13)
Onmuaruaek ¢apa3 KWJaliauK, U(X) edum [a,b] ra TYFPWINTH TapTUOIN

y3JyKcu3 xocuiiara 3ra oyncun. Y xomnnaa (1.1.6), (1.1.7) bopmynanan
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u(x.,) —2u(x)+u(x.,) h?

o2 :u"(xi)+Eu'V(xi+6h), 6] <1,

i+1

2
U(Xi+l)2—hU(Xi1) — u'(xi)+%u"'(xi +91h), |91| <1

XOCHJI OYTaau. DHIH.

~(z)=Az,-cz,+Bz,
ne6 omamms, Oy epma A, C,, B, koaddunentnap (1.1.19)bopmynanap Ounan
AHHKJIAHAIH.

@Papa3 KUWIAWIKMK, U(X)—4YerapBuid MaCAIAIAPHUHI WU3JIAHAETIaH €YUMHU

oyncuH. Y xonna Kyvuaaru udoaanapuu (1.1.2)ra kyiicak,
h—le(u(xi))z f+R (1.2.14)
xocun 6ynaau, oy epaa f, = f(x,),
R, = %[u M (x, +éh)+2p(x )u"(x, +6,h)]

Ammo A, C,, B xoahduuentnap f HM sxadTiam OwiaH XucoOIaHaIu,
IIYHUHT YYyH XaM peasl XucoOsaHaau vy, jiap ypuHra y, TakpuOuii kKuiimatiap

1 ~ . ~ ~
FA(yi): f-a, 1=12,.,N-1 Vo=71 Yy =75 (1.2.15)

MyHOca0aTIapHu KaHOATJIIAHTUPaAH, Oy epla ¢; SXJIUTIANl XUCOOJaH XOCHII
OynraH XaToJWK. EYMMHUHT aHUK KUMMaTH OWJIaH YHUHT TaKpUOWN KuitMaTu
opacuaaru gapku
& =u(x)-7,

ne6 OemrmmaiimMus, |¢|HE GaxonaiiMu3 Ba Kalich XOJIapAaH SKHHIANINIINHU
anuknanmus. Oumam (1.2.14), (1.2.15) dopmynanapnan doinananud & HA
aHWKJTAII YIyH

Ag)=P’(R+ea), i=12..,N-1

& =0,¢6,=0 (1.2.16)

cucremara sra oynamus.
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bus |¢|nu Gaxonam yuyH mryngaii V,(x) GyHKUES KypaMu3KH, y |g| ydayH

MakopaHTa OYJICUH, ITbHU
&l <V(x) V(x)=0

MaxopaHTa KypHuIll Y9yH IIyHJal JeMMaaan ¢oinananamus: dapas KuIaimk,
to, b, ty, Ba Ty, T,,..., Ty, (T, > 0) Kanpaiiaup connap GyicuH.

Jlemma (Makopanta xakuaa). Papa3 KUJaINK, KyWuaard mapTiapHU
OakapHJICHH.

1) gmax|p(x) <1

2) q(x)<0;

3) A(M)<-A(t), i=12,..,N-1;

4) Ito| <o, |tn] <Ty
Y xonpa |t|<T,i=12..,N-1
HUcoorn: Ymoy t, +T, HUFUHANHU KapaiMu3. JIeMMaHUHT y4dyHYM IIapTura
Kypa

/\(t1+Ti)=/\(ti)+/\(Ti)S0

MakcumMyM TPUHIMIINA XaKUJarud JiemMmara Kypa t +T, COHJIap Opacuzia SHT
KHYUK KuiimMatuHu t,+T, €xku t, +T, KaOyad KWIUII MYMKUH. JleMMaHuHT

TYPTUHYM IIapTUTra Kypa Oy coHjap MaH@uil smac, aemak, Oapya i ydyH

t,+T,>0. Ilynra yxmmm t —T, >03KaHIUTUHU KypcaTUIl MYMKUH. OXupru
UKKATA TEHICU3JIUMK KypcaTtuil MYMKHH. OXHpPru HKKHTa TEHICU3JIMK
KypcaTaguku, —T, <t <T,&ku [t|<T,. Jlemma ucbornanamm.

OHau épaaMun MacajlaHu KapaiMus:

L)V +p(xNV +a(xV =-1
V(a)=0, V(b)=0

Ba YHMHT eunMHHH V(x)1e6 GenrmmaiiMmus. Bapua a<x<b yayH V(x)>0

SKaHJIMIU KypcaTamm3. Xakukaran xam, arap (a,b) ra V(x)<0 TeHICHU3IMKHH
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KaHOATJIAHTUPAJUTaH HyKTajgap Tommica, y xomga V(x) ¢yskuus [ab] ma
y3JIyKCHU3 OYJTraHINIy yUyH Iy OpaJUKHUHT OUpop ¢ HyKTacuja yHHHT MycOat
OyIMarad MMHEMyMHTa Spumand. by xomma V'(£)=0V'(£)=0V(£)<0 Ba
q(£)<0 Gynranmuru yuayH Ous L(\7(§)]2 0 TEHICHU3JIMKKa dra Oynap sauk. By sca
KapaMa KapIIMIMKKa onub kenaau, 49yHKH V(x)  QyHKIus L(\7 )z—l
TeHIJIaMaHUHT eunmuaup. Jlemak, 6apua xe(a,b) yays V(x)> 0.
OHu
W(x)=12V(x)

GyHKIMAHN KMpUTUO 7 MycOar mapaMeTpHM INyHAal TeHriaiMuskm, W(x,)
COHIAP |&;| 1ap yuyH MyxopanTa 6yncus. Bynunr yayH u(x) ¢pysxuums L(u)= f(x)

TEeHrJaMaHuHT euumu 1e6 dapa3z kb (1.2.14) popmynanu
= Al = Lu(x ]+ R )
KypuHuIa €316 onamus. [lynra yxmam W(x) yayH
h—lz/\(W(Xi )=LW(x))+RW)=-r+R (W)
HU XOCHWJI KujiaMu3, Oy epaa

Ri(w)zflh—;ﬁ/v'v(xi+m)+2p(xi)/v“'(xi)+01h], 6] <16 <1

Jemaxk,

2

AW ))=_m{1_‘11_2w " (x, + 6h)— 2p(x W (x + ) (1.2.17)

Kyiinnaru OenrunapHu KHpUTaMmus3

p(x), M, =maxw"(x),

a<x<b

p = max

a<x<b

_ v NV
M, = max (x} ™ =M+ M

Bbynapuu apTu60pra onud, (1.2.17)nan Kyunarunapra sra 0yaaMus:
AW(x))<—h?1-h?M) i=12,.N-1  W(x)=W(x, =0) (1.2.18)

Ouau (1.2.16) nan KypaMu3KH,
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) <h?(hM +68) i=12,.,N-1 (1.2.19)

OyHza M =él\ﬁ4+%pl\ﬁ3, M, = max|u™'(x), M, =max

a<x<b a<x<b

u (x), [es| < 5
Arap Ou3 r mapaMeTpupHH

AW(x))<—xV]e]
TEHICU3JIMKHM KaHOATJIaHTHUpaIuraH KWJIUO TaHjad oJicak, y Xojaa & =&, =0
XUcoOra OJMHTaH/Ia Ma)XOPaHTH XaKWJard JEMMaHH KYJUIAIIMMH3 MYMKHH.
byHunr Y4YH (1.2.18) Ba (1.2.19) TEHICHU3JIMKJIapra Kypa

Mh? L0
1-Mh?  1—Mh?

—th?(1-h*M)<-h?(\’M +5) éxu 7>

[Ilynaai TEHrCU3IMKIAPHA KAHOATIIAHTUPAJIUTAH 7 YUYH 2-IeMMa
|gi| SW(Xi)= TV (Xi )

E€KU

Mh? 5 .
& s(l_th ey Jv(xi ) i=04..,N (1.2.20)

baxora sra Oymamus; [a,b] opamukma V(x) y3aykcus OVITaHaurd y4yH y
yerapalaHrasup.
[Iynunr yuyn xam, arap h—0 ra &§<d,h’0ynca, y xomma (1.2.20)
Tenrcusnuruaan e(h)= max|s;| = 0(h?) kuu6 unkamy.
T e o p e m a: Dapa3 KunaIuK
u+p(xu+a(xu = f(x) u@)=7r, ub)=r,
yerapBauii Mmacajganuar u(x) eunmu [a,b] opanMkma TYpTMHYM TapTHOIMU

y3IyKCHU3 XOcHiara sra OyJICUH Ba KyHuJIaru maptiap 6axapusica.
1) gmax| p(x)<L  2) q(x)<0, 3) 5<5,h°
y XOJiIa KapajJla€TraH 4YerapaBuil Macajla y4YyH auupMalid METOJ O(hz)

AHUKJIMKIAa TCKUC AKUHJIalllaau.

dcaatma: Arap a,o, <0 Ba B, >0 TEHICU3IUKIAp ypUHIH OYyiica, Teopema

(1.1.1) Ba (1.1.3) uerapBuii Macajna y4yH XaM YpHUHIU OYJIau.
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by Ba OyHra yxmam TepeMalapHUHI HYKCOHM IIyHAal MOOpaTKU yHra
HOMabJIyM €YUMHHUHI y4Wra Ba TYPTMHYM XOocwujapu KatHamagu. Opatna, Oy
XocuianapHu 6axounam orup mMacaia. Lllyaunr yayH Oy Teopema (akat Hazapwii
axaMusTra ora.

Mucon Ne2  y"-2xy'-2y=-4x, y(0)-y'(0)=0, y(1)=371828 derapaswuii

MacaJaHUuHT X, = 0,1i(i = 1;10) HyKTaJIapJlaTd €YUMHM Xaaai ycyiaa KyJIIaHuano

TONUICHH Ba HaTmwka u(x)=1+e* aHMK CUMMUHUHI KUWMATIApH OMJIAH
COJIUIITHPHIICHH.

Eunmr: Macananu Typ Macanacura KeJITupamus

Visz = 2Vira ¥ 5y Jit1 T Vi
h? ' h

2_]."5 = _4'1-'!'

EKU

Yoy — 20— xh)y,,, + (1+ 2x;h — 2h? )yi = —4x.h?,

y, - - Yo _0, y,, =371828, h=01

ByHmaay =1, @y =—1, A=0, fp=1, f =0, B = 3,71828, m; = —a(1+0,1x)),

x, =098+0,2x,, f. =—4x,,x =0,01i,i = 0,10

Tyrpu ropumr: xagsanra i =0;8 y4yH X,,m,x,, f,h? KuiiMaTiapHu KUpUTaAMM3.

Xucobmar CXEMacCH: X, =%_,+0% m =m_, —0,02, K K, +0,02,

f.h? = f,_,h? —0,004 (xagBasHUHT 1-5-ycTyHIapn); c; Ba dp JApHU XUCOOIaiMU3.

= o~ doh = —L1 = —0,90164
T mgloy —agh) + kgoy  —2(—1,1) —0,98

i

o koAh
ﬂ_ﬂl—ﬂuh foh® =

Kouran d,,c, (i = i;_éj KAAMTIApHU XucoOmain cxemacu (6-7) yeTyHIap:
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P‘: = fih* — kyci—1di—y

1
C: = -
m; — KiCi—y
di-y=d
Ci-1=¢C
=i+1
i X | m k, f-h? | Tyrpu ropum Teckapu Kontpons
FOpHILI y(X)aHI/IK KyHujaaru
M@ 6@ () (6) (1) (8) 9)
0 |[00] -2 |0,98 0 0 -0,90164 | 1,11785 1,00000
1 ]01(-202| 1 -0,004 -0,004 |-0,89413 | 1,22963 1,11005
2 |02]-2,04|1,02| -0,008 |-0,01165 |-0,88653 | 1,36377 1,24081
3 103|-2,06| 1,04 |-0,0012 | -0,02274 | -0,87873 | 1,52125 1,39417
4 |1041]-2,08| 1,06 |-00016 | -0,03718 | -0,87067 | 1,70431 1,57351
5 |05]-2,10 | 1,08 | -0,0020 | -0,05496 | -0,86231 | 1,91678 1,78403
6 |06]|-212| 1,10 | 0,0024 | -0,07613 | -0,86364 | 2,16432 2,03333
7 1071]-214| 1,12 | 0,0028 | -0,10079 | -0,84465 | 2,45494 2,33232
8 [08-216 | 1,14 | 0,0032 | -0,12905 | -0,83535 279972 2,79648
9 109 3,21387 3,14791
10 | 1 3,71828 3,71828

pcd, +Bh  Bh
Bil+co)+Bh b

KuiimMatiap vy, =c_,(d,_, -y, )dapaan ¢oinananu6 Tomumamu: y, =111785 (8-

Teckapu ropuiy,, = =B=371828. Komran y(i=98,...1)

yeryH). KomTpon wMakcamuma (9) ycTyHZAa aHHK €YHM Y =X-+eX HHHT

KHﬁMaTHapH KCJITUPpUIITaH
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§ 1. 3. Yekun aiiupMajan MeTO épAaMUIa MKKHHYN TAPTHOIH
YM3HUKJIM 0yJIMarad 4yerapaBui MacajajJapHy e4nil

Kyiingaru ynzukiu Oy JieMMaaH

u"= f(x,u,u,u’ (1.3.1)

nuddepenipan TeHriamara Ba
au(er)— o' (@) =7,, Sulb)-pu'b)=7, (1.3.2)

yerapBuil mapTiiap OelruiaHran OYicuH, OyHAA a,,q,,f3,,/3, OUp XU uiopara
ora. Illy Guian Gupra, papas Kunaiiuk f(x,y,z) GyHkuus Oxyz (Ha3oHUHT y Ba
znapra HucOaTaH KaBapuk OVyiaran Oupop G coxacuja y3iaykcu3 (QyHKIHS
OYJICHH.

Onguarugek  x, =a+ih (i=01..N, (b—a)h=N) Typrymiap &pmamua
[a,b]opanukau N ra tenr 6ymiaka 6ymu6, (1.3.1) Tenrnama Ba (1.3.2) yerapsuii
IapTIapHU TaKpuOuii paBuIIIa aJIMaITUpuo, (N +1) Ta

Yor Yireer Yy HOMABIIyMJIapra HUCOATAH yHIOY

Yia —2)2/i tYia _ f(xi'yi M}i =12,.,N-1
h © 2h
yl—yo ﬂl_yN—l

aoYo_alT:7/1v BoYn "'T:?’z

(1.3.3)

(N+1) Ta umsukaM OYJMaraH TeHIJamajgap CHCTEMACHHH XOCHJI KUJIaMM3.
Ky#nnaru OenrunanuiapHu KUPUTAMU3.

Yi— Yo

h (1.3.4)

RN (Y): ﬂOyN _ﬂl%

Ro(y): Yo —

Okopunarn  (1.3.3) cucTteMacHMHM €4YWIll y4yH HWHTEpAlUs METOAUHU

Kyiujaaru cxema oyiuda KyuiaiMus.
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yo -2y ey v -y
e = | Xy, = |

i=12,...N—-1 Ry [y“'“)]:y2
Roly !

(1.3.5)

By epna rokopugaru j MHTEKHC MHTEPALUSICHHUHT HOMEPUHU OWJIIUPaIH.
WuTtepanusHuHar xap Oup KaJaMuja 4YH3HMKIM anreOpauk TeHrJamanap
CHCTEMAaCHHU e4YuIIra TYFpu Kemamau. by cucrema Maxcyc KYpuUHHIITA 3Ta
OyAranu y4yH yHUHT €UMMUHU OLIKOP KYPUHUIIAA E3UII MyMKHUH.

0 h
Yi(J ) =X[ﬁ 71(b_a)+ﬂ171 +0‘172]"’

N-1

+i(“o7’2‘ﬂo?’1)+hzzgik f,«(j)’ (1.3.6)

k=1

£0) — fl x ,y(j)’ yr(cj—)l ~ yi((]—)l
K K K 2h
OyHna a,b,a,,ay, By, B 71,7, —MABIYM COHIIAp OYUO, A Ba @, Kyluaaru

dbopmynanap 6mian xucoOaaHaIu:

A= %[aoﬂo (a - b)"‘ o, B+ ayf ]’

- i(iaoJr%}(Kﬂo—ﬂlN—%j(iﬁx) (1.3.7)
e e

[yan xam Ttabkuiam kepakku, (1.3.7) dopmynaga g, Jiap uHTEparus
HOMJIapU OOFJIMK SMac, IIYHUHT y4yH yJapHH Oup MapTa xuco0jad KyIum
Kuorsaup.
Kapamaétran MeTOAHMHT SKUHJAIIMIINHA TEKIIUPHUII aH4da MYypakKkad
6ymub, R(x,y,z) Gynkuus G coxara y Ba zJjapra HucOaTaH
R(x,y,2)— f(x, V. Z2)<a|y-¥|+a,|z-7

KuMmnui mapTiHu KaHOATIaHTUPAAUTaH X0J yuyH OyHJal TaIKUKOT.
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I1- BOB. TAPABOJIM TEHTJIAMAJIAP YYYH AUUPMAJIN
CXEMAUJIAP.
§ 2. 1.Uxkku TapTHOIM aliMpMAaJId cxeMaJaap.

®apa3 Kuaaimk G ={0<x<l,0<t<T} coxaga ymoy

0 0°
Euza—xl;+f(x,t) (2.1.1)

napaloJIMK TEHTJIaMaHUHT
u(x,0)=u,(x) (2.1.2)
JacTIa0KM IapT Ba
u(0.t)=s(t). ull)=1s(t) (2.1.3)
yerapaBuii MIapTIAPHU KaHOATIaB4yaH u(x,t) €4MMHUHM TONUII Tanal KMJIMHCHH.
By epma u,(x) (t) 2 (t) Oepumran ¢yakumsmap. Mabaymku, (2.1.1)-(2.1.3)

MacaJlaHMHT 0apya Kepakjii Xocuiaiapra sra aed ¢gapas Kuiamus.

ta

O—0O—0—0O——=¢

e—O—O—0O—0—

B
v

1-yuzma

AliupMmanu cxema Kypuill yuyH G CO3aHM X Ba t KoOpAMHaTajgap Oyinya

MOC paBUIIAA hzl\l/l_ Ba r% TYFpU TYppu Oypuak TYpTOypUak Typ OwiaH

KonMmaiimn3. (1-umsma) keitmH G, ={ih,n(), i=OM, k= ON} TYp COXAHUHT

(i,x)=(ih,zx) Tyrymnapupa anuknanran V"  Qyskumsam  kugupamus, v
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byskumst v dyskumsHEET G, TYpAa aHuWKmaHraH y(x,t), (QyHKOES y4yH

yr = y(x;,t,) OeNruIa KHpUTaMu3.

3 ou o’u
Hau (2.1.1) TeHrnamaHu anmpoKCUIalUs KWJIUII Y4yH o Ba P
X

xocunanapuu (ih,xz) HykTaaa

ou Y-y

= (2.1.4)

au yi -y

T 215

o’u Vi =27 + Vi,

i e (2.1.6)

TakpuOuii Qopmynanap OuiaH aaMamITUpamMu3. AWMpMaIM MacalaHUu XOCHJ
ki yuyH (2.1.4) 6unan (2.1.6)uu (2.1.1) Ba (2.1.3) mactinaOku yerapBuii

HapTJIapHHU allllpOKCaMalusl KUJIaMH3. HaTI/I)KaI[a KSJIJII/II[aFI/I aﬁHpMaHH Macajia

xocui Oynaau.

k

yiK_l —-Yi yik—l - 2yik + yik+1 + o
T B h? @

2.1.7)

i=1,M -1, k= 0ON-1;
Yo = m(t) i = m(t) k=0O,N (2.1.8)
v =uy(x )i=0,M
Arap (2.1.6) ra knu (k+1)ra anmamrupu0, HaTikanu xamza (2.1.4)Hu

(2.1.1) Tenrnamara Kyicak, KyWuaard aiupMaiiyd Macajiara ra 0yaammus:

k+1 k+1 k+1 K+1

Yik+l —Yit _2Yi1 —VYi1 tV¥ia + okt

e | i=LM-1,k=0,N-1
T

k+1

Yo' =t (te) Yt = s(ta) k= O,N-1  y} =uy(x), i=O,M (2.1.10)

By epna ¢f cudaruma Kyiinaaru ndoaaaapHia OMPOPTACHHH OJIHMII MyMKHH.
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1 1
X +=
2 l tk +1

02 [t = ot 'jjf (. t)ix

T t
Xi—— k Xi——
2 2

[ynnait kuauo6, (2.1.1)-(2.1.3) nmapa®oiauk TeHTIaMalapHUHT
anmpokcumarusicn cudaruma 6u3z  (2.1.7), (2.1.8) Ba (2.1.9) antmpmanm
TEHTJIaMayiapra sra OYJICHH.

6upop Lu=f mupdepennman macamamunr (x,t ) Ttyryraa Ly(u®™)=f"
altmpMaii Macajia OmIaH aJIMAIITUPHINIA UINITAPOK ATHIITAH TYTUIAMHH aHJa3a
nevinnanu. FOxkopuparu (2.1.8) Ba (2.1.9) aliupmanu cxemanap 2-uM3Mmara

KypcaTI/IJIFaH aHaa3ajapra MOC KujaaJu.

P41
a) o(fﬂf“) D o (KOJF) O

(i—Lx+1) ((+1,x+1)

O O O :
(i —Lx) (i.x) (i+1x) © (i.x)

2-4n3ma
a) MKKM KaTJIaMJIM alllkop cXema,
B) UKKH KaTjaMJu cod OIIKOpMac cxeMa.
Oumu  (2.1.7) Ba (2.1.8) aitupmanu CXEMaHMHT aNMPOKCUMAIUICH

TapTUOWHU aHHWKJIaiMK3. PaBIIHKY,

ulx,x,z+7)—Uulx,xz) ou 0°U
( r) ( )=E(x,m-)+28t2 0<g<r,
(x,x7+E&)
u((i =2)h,t)=2u(ih,t)+u((i+1)h,z) &% h? o*u
(( ) ) (hz ) (( ) ): 6X2 (ih,t)+5¥ ,OSﬂSh
(ih,+7,t)

YuHaan yayH Xxam
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u(x,t+7)-u(xt) U(X—h’t)_zu(xgt)Jru((H h’t))—(ﬁ(x,t)=
. h

ou 0% r o h* 8'u

—_— (x,t+§)_Ea7

—o(x,t)= f(x,t)=p(x,t)+ O(z'+ h2)

+__
ot ox* 2 ot? (
x+17,t)

Arap ¢f = f(ih,x7) ne6 oncak, y xomaa (2.1.7), (2.1.8) aiimpmanu macana
anMmpOKCUMAIIUS XaTOJIUTHHUHT TapTHOU O(r + hz) Oymanu, YyHKU AacTiaa0Ku Ba
yerapaBuil maptiap aHuk Oaxkapwianu. lllyHra yxmam KypcaTuin MyMKHHKH,
(2.1.1)-(2.1.3) wmacamanunar (2.1.9), (2.1.10) adimpmaiu cxema Oujad
ANMpPOKCUMAIMSICHHUHT TapTUOIN 0(r+ hz).

[ynu adtum kepakku, (2.1.7), (2.1.8) Ba (2.1.9), (2.1.10) cxemanap
(2.1.1)-(2.1.3) TenrnamaHud OMp XWJI XOJaTH OWJIAH aNMpPOKCHUMAIINS KUJIHIICA
xaM, ynap ypracuaa karra ¢apk 0yp. Xakukuataan xam, (2.1.7)nan Kyiugaru

MyHOCa0aT KenO YUKaIH.

Yik+1 = Yik " (y|—1 - ZYk Yik+1) (2-1-11)

Vil

XakasonapHu Tonum MyMmkuH. Llynpaii kum6, u™ ¢ysxmusmapan  (2.1.11)
dbopmyna OYyitmua omkop paBuiga Tonuil MyMkuH. [Ilynunr yayn xam (2.1.7),
(2.1.9) cxema omkop nerduIaaN.

OHjnu (2.1.8) TeHrnamManu y3rapTupu0, Kyiiuaaruya €3amMus.

T h? ylljl (1+ijll(+l h? y{fil =Y+ Li=12..,M -1, (2'1'12)

Vo' = = (e + ) YT =" = p((x+ D),

bapua y,[ = LM —l_j MabayM Oynaranuaa Oy wmyHcabaTimap y ™, i= M -1

HOMabJIyMjapra HUCOATaH YM3HK ajreOpavk TeHTJamalap CHUCTeMacHIaH
noopar. Illynunr yuyn xam (2.1.9), (2.1.10) cxema omkopMac AeHHIAIIH.

(2.1.12) cucremanu Kyiugaruda €3uil TMyMKHH.

Ay:B
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OyHmaii y= {yl’”l,..., y,’\jﬁl}—HOMaT)HyM BEKTOP,

2T T
1 T 0 0 0
T 2T T
—F 1+F F 0 0
A= .
0 0 0 1+% —%
0 0 0o . —h—TZ 1+%

5
b BEKTOpHUHI KOOpAWHATAJIAPU dCa

x+1 T K+1

yf'+-1¢% +-};§'Aﬁ_ ’j ::11

b =4y +1p™, 2<j<M =2,

K K+ T K+l
Yma +T§0M—ll +Fﬂ2 g J=M -1

A matpunia y4d auarHaud Oynrawnuru yayH (2.1.13) xaiigam metoau

OWJIaH €Yl MyMKHH.

Oumu (2.1.7), (2.1.8) Ba (2.1.9), (2.1.10) cxemanap ¥3 uuura ojiran
YMYMHI CXeMaHH KYypUO YUKaAMU3.
Yoy
AV, = %(Vm —2V,+V,,), Au » = hi [(u+h,t)—2u(x,t)+u(x—h,t)]
Xt 2

OCJNTUJIAHUIIIHA KUPUTUO, KyHHUTaTHHUA XOCUJT KUJTAMU3;

Kk—+1

YT -y

T

=AY +(1-7)AY +of, k=1LM -1 (2.1.14)

By cxemama re[01] ysrapmac con BasH gaeiimmagu. Xycycui Xxosaa
(2.1.14)nan r=0ra r=1 ra (2.1.9) xenu6 umkamu. (2.1.14) Ba (2.1.8) cxema
Ba3HUU cxema jaeimnaau. by cxema dgakar r=0 OynaraHgaruHa oImkop Oyiaau.
O<r<1 Oynranma sca omkopmac Oymagm. (2.1.9), (2.1.10) cxema Oormika

OIIKOpMAc cXxeMmayapjaH ¢(apK KWIMIIM Y4yH cOo( OIIKOpMac OIIKOpMac
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nevinnanu. Arap r=% Oyinca, OM3 KyHugard OJTH HYKTaJIHd CUMMETPHUK CXeMma

I[e6 ATAJIYBUHU CXCMAaHH XOCUJI KNJIIaAMH3:
K+l IS
Yoo %(Ayi"” Ay ) ot (2.1.15)
T

(:'—]:.vc+]) (f:x'+]] (i+]_.x+]:l

(i-1,x) (i,x) (i+1.x)

3-un3ma
By cxema 3-um3Manaru oinTu HyKTaJld aH103a Oyinya Ty3uiIaau.
Oumu (2.1.1)-(2.1.3) nuddepenumanuu (2.1.14) aiiupmanu cxema OwIaH
anmpoKCUMaIUsl KWIraHjaa XOoCwI OYaJural XaTOJMKHU aHWKIaMu3. ByHUHT

yayH (2.1.14) macananudr eyuMuHu y~ =u(x,,t,)+2z° KypUHUIIKAA E3aMu3, Oy
epaa u(x,t) gynkma (2.1.1), (2.1.3) muddepennnan MacaaaHuHr aHUK €YMMH.

XaTonuK yuyyH Kyiduaaru TeHriiaMaiap cucTeMacura ara oyiamus.

oK
4 74 =AZ +(1-7)Azf +2F, i=LM -1, x=0,N-1 (2.1.16)

T

25t =28"=0, x=0,N-1,2°=0,i= OM
VYHT TOMOHTa KaTHaMaluran ¢ Typaaru GyHKIMs Kyiuaarura TeHr.

5= _U(Xi ’tm)_u(xi 'tK) = 7AU

i
T

ror (2.1.17)

(o HIHT)AU

(%)

by ¢ynukuua (2.1.1), (2.1.3) wmacana euumugaru (2.1.14) cxema
aNMPOKCUMAIUSICHHUHT XaTOMUTUAUp. By XaToNMK TapTHOWHU aHUWKJAIl YYyH
(2.1.17) udopmara xarHamaguran Oapua QyHkumsulapEd (Xt +7/2) HykTa

atpoduaa Telnep kaTopura éssamus.
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u(x,t_,)-u(x,x ) ou ? o ou
( i K+1) ( i K)=_ x-,t,.+r/2+_’_3(x-,tk+§)=_ +0(2'2>
r ot 2" 24 | Ot e ooro)
AU| o= AU /2)+£Aa—u ++0(r2):
' el 2 (% t+7/2)
2 2 A4
= 6_[21+h_8_l:+£A6_u +0(72+h2)
ox® 12o0x" 2 ot
(Xt +7/2)
[IIynra yxmam
2 2 N4
AU = (thk):{a—gjttl]—za—l:jt%Agt—u} +0(12+h2)
oX OX (%t +7/2)
by udonanapuu (2.1.17) ra kyivax,
2
Tt = _6_u+8_lZJ+T T—l Aa—u +(pi’“+0(rz+h2)
ot ox 2 ot (X t+7/2)

HU XOCHJI KWJIaMU3. DHIU
N _0U ()
ot ox? '

naH (oiianancak, y xoijaa

ri’(qui"—f(xi,tK+r/2)+T[r—%jA(Zt—u +O(2'2+h2)

(% te+z/2)

xenn6 umkam. Jlemak, of = f(x,t, +7/2) 1e6 oncak, y xomaa r* =0(z+h?)arap

t=05 OyicaBa r* = O(r2 + hz), arap r =05 OyJca.

Mynaait kuaud, (2.1.15), onTH HYKTaJIM CUMMETPUK CXEMa (r =%) Y4YyH

r* :O(z'2 +h2).

Mmucoa T = 0.5 6yarad XoJ1 y4yH.

U, j+1=(1-27)u; +7(uy,, j) (1) Tenrmamanan ¢oiinananuo,

%:ZT‘ ulx,0) = sinmx (0 =x = 1), u(0,0) =u(L,) =0, (0=t < 0,025)

macajia UeUYnJICHUH.

Euwni. x aprymenT Oyitnya kagam x = 0,1 OYJcuH,
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=T5= 0,5
T B2

[Iynra xypa t apryMeHT Oyitmya Kajgam [ = 0,5h% = 0,005 Oymanu. Yerapa
kuiimaTiiapu cummerpuk . Iy cababmm xanBamra x =0;0,1;0,2;..;0,5 ra Moc
KUWMaTIapHU KUpUTaMU3. Xucobmauiap
Ui i1 = H—E_L}- ;— e
dbopmyna OViinua 6axkapriaan. Xucobaniapaad HaMmyHanap:

] =0y4yH

Uyq = GJS(HED + ul}l}} = GJE({]JSB?B + {]:} = CIJEQSQJ Uzq = GJS(HED + um:} = GJE(GSGQG + GJBGQ{]}
= 0,5590

by muconra tyniamiap ycynu

K X 0 0,1 0,2 0,3 0,4 0,5
T

0 0 0 0,3090 |0,5878 |0,8090 |0,9511 |1,0000
1 0,005 0 0,2939 |0,5590 |0,7699 |0,9045 |0,9511
2 0,010 0 0,3795 |0,5316 |0,7318 |0,8602 |0,2045
3 0,015 0 0,2658 |0,5056 |0,6959 |0,8182 |0,8602
4 0,020 0 0,2528 |0,4808 |0,6619 |0,7/80 |0,8182
3) 0,025 0 0,2404 |0,4574 |0,6294 |0,7400 |0,7780
u(x, t) 0,025 0 0,2414 |0,4593 |0,6321 |0,7431 |0,7813
lu—ul 0,025 0 0,0010 |0,0019 |0,0027 |0,0031 |0,0033
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§ 2. 2. Ukku KaTjaMJIiv aiMpMaJd CXeMAJTAPHUHT TYFPUJINTHHUHHA
TeKITUPHUIIL

Kynaitnuk yuyH Kyiugaru BeKTOpJIapHU KUPUTaMU3.

Vo= yi v ) 0t =(of i)
:’1 :(ﬂéuullv--’ﬂlN )’ ;2 :(/ué“uél’”'”uZN )T

Yoy (x,.t, ), (x,t. ), ....(xy,t,) TypFyHIap TYIUIAMUHU «—KaTjiaMd JIedMu3,

R
IIYHHHT Y9yH XaM Yy_ Ba " BeKTOpJapHH Uu" Ba ¢" QYHKIHsUIADHHHT
K—KariamJaru KdadMmatuaarn Kapam MyMkuH. Kylinparn HopManapHu

KUPUTAMU3:

—

Yi

—

= max .

0<i<M

= max
0<i<M

Yil at

- -
= max = max (i,
/Jl 0<k<M ,le 0<k<M /JZ

!
Tasbpun ¢. Aitupmanu cxema C (pa3oHMHI TYpAATH HOMACHAA TYPFYH
nennnaay, arap hea rra OOFIMK OYyiMarad mryHaail y3rapmac ¢, COH TOMHIUO,

YHUHT yYyH

N

yO

—

;. =ci<max>(

—

Hq

N

max My P"

0<x<N

] (2.2.1)

J= max
0<x<M
6axo ypuniu Oyica.

Ouau (2.1.7), (2.1.8) aitupmanu CXeMaHUHT TYFPUITUTHHU TEKIITUPAMU3.
1-Teopema. Arap r<h*/2 Oynca y xomnma (2.1.7), (2.1.8) aitmpmanu cxema C

(dba30HUHT TypAaru HopMacuaa TYpFyHIUpP.

HUcoorn. (2.1.7) TeHrnamanu KyWuaaru KypuHuiura €3u0  ojgamMus.

K+l

Yt =(-2p)y + pyF + Yt + e, Oynma  p=c/h’. Arap max|y;"*|ra  HuKH

(iy, K +1) HyKTa/a SpUIIKUIICA, Y XO0JI/1a

max‘y_k+l
i

<@+2p)y,|+20)5. ]+ e | =]y, ]|+ ]e*

= miax‘(l_ ZP)Yik + pyik—l + pyilfa +79%

AKc xoiga

max‘y_kﬂ
i

x+1

H

< x| )< mex( ] e
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JleMak,

[yt < mesc(|ea o9, + <] (2.2.2)
Ouau (2.1.7), (2.1.8) MacamaHUHT €UUMUHU
yK — l9](‘ +WK

KYpUHUIIIa ojamu3, OyHmaa 9*(2.1.7), (2.1.8) MacajmaHuHT YHT TOMOHH ¢@*~°
oynrangaru eunmu, w* a3ca (2.1.7), (2.1.8) macananuHr yerapBuii Ba OOLITIaHFUY
HIAPTUHU HoOJTa TeHr Oynran eummu (2.12.2) ra kypa $ ydyH KyHuaaru

KypI/IHI/IH.IHI/I XO0CHJI KNJIaMH3.

9| < max{ ] ] |5 < . < max| ) 2 . |97

WNxxuHym ToMoHIaH W* yuyH (2.2.2) ra kypa

oo

by epna (K‘+1)T <T nan oitnanuauk. [ynaai kumob Kyiumgarura sra 6yaaMus.

- Kk+1

W < WK+ 7 <[w<t +

o 3 +]7])< - < Dol < T max|]|
j=0

0<j<N

0 | | < mex(| g | 02 )+ T mex

0<j<N
=i
7|

oyuma ¢, =mav(LT). By Tenrcusnuk Oapuya x,0<x<N ydyH YpUHIH, JEMaK,

[y < %'<

< o max{ o [+ T e

0<j<N

aitmpmanu cxema C (pasoOHMHT Typaard HOpMacH y4yH TYpFyH dKkaH. Tepema
UcOOTIaHAIN.

Byaman xypammskm,(2.1.14) cxema TypFyH Oymumm yuyH  |4,|<1
TEHTCU3NUK Oakapunuiu kepak . Jlemak , Ou3 o Ba ¢ Jjapra HucOaTaH

IIYHJAW MIAPTIApHU TONMIIMMU3 KEPaKKH,

1< 1-71-a)9, <1
1+ a8,

Tenrcuznmuknap Ypuniu OyiacuH . Arap >0 Oyncay xonma 4, >0

OYAraHiurd  y4yH IOKOPHAArd TEHICH3IMKiIap 9,(1-20)<2 MyHocabar
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o 1_.
OwJiaH TeHr Kywid Oynamu. Arap 72§6ynca , OXUPTY TEHTCU3IUKIap Oapya

7 >0 jap yuyH Oaxapwiaau. Arap r < %6}”]11021 , Y X0J1a

2 h?

2oy, ~2-20) %Y

Oymumu kuauo,(2.1 14), (2.1,8) aiiupmanu cxema JacTIaOKA MabIyMOTIapra

HUcOAaTaH TYPFYHJIMTHHHUHT €Tapiv InapmiapuHu ypHaTmuk. Kymmaman 4% =0,

u, =u,=0 O¥nca, y xonna 02%65'011“&&&3 (2.1.14),(2.1.8) aitmpmasiu cxema

IapTCU3 paBUIlJa TYpFyH OYiu0 , o < % oynranra (2.1.1 4),(2.1.8) cxema (2.2 4)

mrapT OakapuiraHja TYpFyH, SbHU IIAPTIIM PaBHUILIA TYPFyH OYmain.

Arap nuddepennman omneparop €ku yerapaBuil maptiap Ou3 KaparaH
(2.1.1) — (2.1.3) gerapaBuii Macajara HucOaTaH Mypakka® OVyica, y xoiia
allupMaiii Macana xaM Mypakkad Oyyiagu Ba YHUHT TYPFYHJIUTHMHH MaKCUMYM
npuHuunu €ku Pyppe MeToau OuilaH TEKIIUMPUIIM MablyM KUHHMHUMIMKIAP
TYFAUpaa €K yMyMaH MyMKHUH Oyimaiinu .byHaail xoiga sHepreTuk 6axonap
MeToauAaH (poiaanaHuIaIu.

IOKopUIary yx OpKadd YHHHT K-KaTiampjard KuilMaTHHH GenrmmaiiMus,
storn Y x=(0, Yoo yk ,0) stHa oy
i M-1

gi= k1=K (2.2.5)

T

benrunamnu kuputamus. byHna 6u3 Kyluaaru TeHIITUKIAPHU XOCUIT KUJITAMU3:

k

g RS g (7 )
benrunamnu kupuramus. byHna 6u3 Kyiuaaru TEHIITUKIAPHU XOCUIT KUJIAMU3:
T T A T RS T
2 2 2 2
OHAM BEKTOpP  YYyH W, (Pa3sOHUHT TypJard CKamBp KymalTMacHHU Ba

HOPMACUHU KUPUTAMU3.
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f)-Sms.

i=1

=)

-\ 2
~ Vi, —Vi
)

2 M-1 .
v, => h(

i=0

Papmankwu,(2.1.14) TeHrIIaMaHUHT KyHUIard KYpUHUIIIA E3UIT MYMKYH.

— K+

Yo =iy +(@-0ay 4o
by tenrmamanunr (2.2.5) Ba (2.2.6) TeHINIMKJIAp acocuja Kyuumgaruda €3u0

OJIaMH3;

1 [~k -k

Y. - A(y +y j +r{1-05Ay, +¢
—K —Kk+l -k
Oxupru TEHITIMKIAPHUHT Xap HKKajda TOMOHUHI 27y, = Z(y -y j
BeKOp OmiaH ckaisp kynantupamus. Hatnxana Kylnnarunap Xocui 0ynaau:

— |2 —Kk+l—K —x+l -k
=(A(y y), y -y )+2T2(0—0,5)

7Y,
1

(8303 )+ 23007 (2.2.7)

Yoy Mz_l h-%b =a, b, —a,b, +Zh

i=1

¢ o V. —V.
KHUCMHI WUFUM (opMuiiacuia a; = — n L b=v, 1e6 b, =v,=0 b,=v, =0

TCHI'JIMKHHA cho6ra OJIaMU3:

2

LV, 2V VL ,,_1(

(av.v)=Xh- -—%'h j -V

i=
HU XOCHWJI KUJIaMu3. DHJU A ONEpaTOPHUHT CUMETPUKIUTUIaH (oiinananuo,

—k+1 —K —k+1 —K —k+l —x+l —K —K
(Ay +y j’ y -y j:(Ay Y j_(Ay Y ):

TEHIJIMKJIapra sra OyJaMu3 OXUpPrd HUKKUTa MyHocabaTiapaa ¢oiinananuo

1

2 2

— k+1

y

— K

y

1 1

(2.2.7) am xyitmaaruya €3u0 osaMus:

2
+

— k+1 2

v |« oA I X (22.8)

+21’( 05)(

-l
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by TeHrnuk W; (Ga3zoHUHT TYpHard HopMacu OyinYa SHEPreTHK AalHHSIT

neuniIaan.
OHau ymly
2
lab| < ea® + Ll
de
& TCHTCU3JIMKIA a = 9: , b= &K noed oo, (37;( ,ZoKJCKaJmp KynauTMa y4yH
Kyuuaru
—K —K —x||2 1 |-« 2
Yi @ <€ Yol +5—|®
de

TEHTCU3JIMKHM XOCUJ Kuiiamu3. bByHUHT HatH skacuza (2.2.8) nan Kyitugaru 6axo
XocHI1 OVnaau,

2{(1— g)( j+

Xo3upraua ¢ UXTUEPUU COH M, dHIU 0< & <1nebd omamus. Y xoijga o >05

2 2

<

2

— K

»

2
T
+_
1 28

— K+l

y

—Kk+1

y

— K

y (2.2.8)

— K
Yi

+ T(J - 0,51

1

mapt Oaxapuirahjaa KaTTa KaBchap uwuugard udomga manpu Oyamanu.

[yxunr yuyn xam (2.2.9) nan ymoy

2 2 2

— k+1

y

— K

y

—K

®»

T
<

(2.2.10)

128

1
0ax0 KUJINO YMUKAIIH..

KypcaTUIl MYMKHUHKH 7 < 050ynranga (2.2.10) 0axo Ypuniau Oynuiu
yayH

< (1—8) 2
o _pl) (2.2.11)

[aprt 6a >xapunuim kepak 314 (2.2.11) 0axoHu KeTMa-KeT Kyuiad

2
<

2112

— ]
®

2 K1

z'
+ R—
JZ_(;ZE

0axO0HU XOCWJI KWJIaMU3. YHI MaMOHJIIaru HAFUHIN.

V.| <[y , nr<T

1 1
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KT 2
%J'”f(t)” dtuHTerpasl y4yH KBajapar HUFUHIM OYynraHiauru ca®abnu uryHjan

C, TONMUJIAOUKH,
PRI : 2
> 26 scl£||f(t)|| dt
TEHICU3JIUK Oa)kapuiiaju.
Oy epaa |f(@t) = j'fz(x,t)dx]?

k2

Y1

o2 T
<|ly 1+Clj||1=(t)||2dt.

Jlemaxk,

by tenrcuszmuk sca (2.1.14), (2.1.8) ommupmanu cxema 7> 0,5 Oynranga
IIAPTCU3 paBHIIA TYpPFyH Oynmaaw ,r >050ynranma «Ba h kamamiap opacuia
(2.2.11) mapt Oaxkapwirangaruia TypryH Oy aaam.

bu3 Oomanfuy maptiaap Ba YHI TOMOHTa HHcCOAaTaH TypFyHJIAHTaH
MacajacMHu KypuO 4yukuO ,4yerapaBuil mapTra HuUcOaTaH TypFyHJIaHTaH
Macajiacura dsTHOOp Oepmamuk. Arap u(t) Ba () dopmynanap

muddepennranoBuyn 0yiica,y Xoiaa yerapaBuil mapTIapHd HOJITA alTaHTHPUII
MyMKHH. XakukarrtaH xam , f(x,t)= /Jl(t{l—gj-i- 1 (x)% GopMynaHu oycak ,y
xonma  V(x,t)=u(x,t)- F(x,t)popmyaa (2.1.1)TeHrnamMaHuHr VYHr  TOMOHH
[f(x,t)+§ F(x,t)j naH  uOopar OYnuO, HONHM YerapaBuii Ba OOIIIAHFHY

HIapTIApUHU KaHOATIAHTUPAIUTraH eYMMUHU Oepaju.
[ynra yxmam Oup >xkuHcau Oynmaran (2.1.1 4),(2.1.8) aitupmanu
MacajaHu OUp KUHCIIM YerapaByil MapTIM Macajiara KeJITHPUII MyMKHH.

dapa3 KuJaWIuK , yaliupMalld MacajlaHUHT edyuMu OyicuH . Kyitnnaru

V  T¥p hopmysIacuHu KUPUTAMHUS .

N {ylkaeaplﬁ i < m—16ynca

0, azapi = 0sai = mbynca
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by dopmyna derapaBuii maptiaapu Oup KUHCIU OYiraH ymoy adpmanu

MacCaJlaH KaHOAaTJIaHTHPpaIu.

V-K+1 _ K -
I—VI = lAViK+l(l—l)AViK +Wi’(’ I :1’/’1_1’
T

Vo =V(ih), Vy=0 V) =0

bynna
 1-1 1 . .
@ —h—z—h—zyi ', aeap i=1 6yca,
v =3¢~ acap 2<i<u-2 o6yuca,

1- K+1

. [ .1 . )
(oﬂfl_?ﬂz —h—z,uz , azap 1= u-1oynca.

[yngait kunub, TEHrJIaMaHUHT VHT TOMOHUHU OUpoO3 Yy3rapTupuo,0oup
xuHCaM OYynmaran (2.1.1 4) aliupmanu MacalaHd 4erapaBuUidl IIapTiapu Oup
YKUHCIM OYIran aiupmali Macajara KeJleHupuil MyMKHUH.

22. SIxuHmammin te3nuruH  Oaxonam.®apa3z  kwraiimk  ,(2.1.1)

neddepeHian MacaJaHHHT eduMu Oyau0, y aca (2.1.14),(2.1.8)aliupmanu
MacaJJaHWHT €YUMH OYJICUH rk:{rik}opKam/I 3ca anmpOKCHUMAIUSI=XaTOJUTHHU

OenrmmaiiMu3. Arap Om3 uopKanM aHWK €YMMHHHUHI TypAard KAAMaTHHU

Oenrunacak, y xonaa z=u®™ -y aiimpMacuHu TYp yCTUAArd XaTOJIUTH OYIHO,

'k+l Z-k
STz (- 0)AZf +pf — 2,

i=12,...,u-1

TEHIJJaMaHW KaHoaTJIaHTUpaau. Arap ¢ = f(x,tk +%)z{e6 OJICAaK, y XoJjJaa Zik

ymoy

z; =u; =u; =0.

u
MacallaHu euuMu Oynanu. Arap kapaida€Trad macana TypryH Oyica,y xoJjaa

(2.2.11) 6axo ypunnu 6ynaau. bynnan sca
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-, 2 T _ max .
z" Tj sz—gOSJsN—]“z]”Z.

K1 2 N4 N
< S il <25k
j=0 j=0
0) AliupManu cxema KypUIIHUHT OajaHc MeToau. MICCUKINK YTKa3yBUaHIIUK,
muddy3us, TeOpaHuIll, Ba UIYHUHJEK TYpiIU XM (UMK Kapa€HIap UCCUKIHK,
Macca, XapakaT MHUKJIOPU SHEPrusi Ba XOKO30 , CAKJIAHUIIHUHT HWHTErpal
dbopmamarn KoHyHJIapu OwinaH TowdanmaHaan. MareMaTuk (U3HKAHUHT
muddepeHnnan TeHriIamMalapuHd YHKAPUII KHYMK XaXMHU YYYH CaKJIaHHUII
KOHYHUHU W(OAATOBUM MyailsiH MHTErpajll MyHocabaTAaH WIIHH OOILIaIiaiy.
Tenrnamana KaTHamagurad QYHKIUSJIAPHUHT Oapya Kepakiid XOCHJIaJapUHU
Mapxyn ned dapa3 kuaub Ba OajaHC TEHIJIaMa XOCHJI KWIMHAAW. Yexau
allupMalii METOJHUHI (PU3MK MAabHOCH IIYHJaH HOOpaTKH, OWU3 Y3IyKCHU3
MYXUTAaH YHUHT KaHJTAWJAUp JUCKpEeT Mojenura yrtamus. TaOuiku,0yHmai
yrumaa (U3MK SKapa€HHUHT acOCHM XOccallapy CaKJIaHWIIWHHA Tanad KHIIMII
kepak. bynaait xoccanap KaTopuia,0MpuHYYM HABOOAT/a,CaKJIaHUII KOHYHIapH
Typaagu. Typ coxama cakjIaHWIll KOHYHJApUHU Hdojaaiurad aiupMaiu
CXEMaJlap KOHCepBaTHUB cxeMamap nevmnanu. KoHcepBatuB — antmpMain
CXEMaJapHU XOCHJI KWUJIUII YYyH TYp COXaJla dJEMEHTap XaKM y4yH E3WITaH
OamaHc TeHrJamMajgapuja KaTHAIIaJWraH WHTETpaUIApHU Ba XOCHJIAJApPHU
TaKpuOWil allpMalny CXeMaJlapHU XOCWJ KWIMIIHUHT OyHJal ycynu OajaHc
METOAM Ba HWHTErPAI-UHTEPIONSALMOH METOJ JAevmnanau. balanc MeToIUHH
KYJuamra MUcoJl cuaTUTUIa UCCUKIIUK YTKa3yBYaHIMKHUHT KYJUIalra MUCOJ
cudartua UCCUKIUK YTKA3yBUAHJIUKHMHI CTallMOHAp TEHIJIaMacu Y4yH 1-

yerapaBuil MacajaHu KapanMus.

d du
&(p(x)&j—q(x)mL f(x)=0 0<x<1, (2.2.12)
u@)=ea, u@)=p, (2.2.13)
OyH1a p(x),q(x), f(x)aap erapjinya CUJIITUK byHKIMSATIAp

oymul,p(x)>p, >0, q(x)>0 MmApTIapuHU KAHOATJIAHTUpAIU, Ba B1ca

Oepwiran conmap. by maprtinap Oaxapunranga (2.2.12),(2.2.13) uerapaBuii
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Macajla ArOHa eTapiMya CUUIMK U(X) euuMura sra Oynamd. AMupmand cxema
Kypum yayH [0,1] kecMaza MyHTa3am
w, ={x, =ih, i=01...,N, hN=1}

TYpuHM ojlamu3. Kylinmaru

1
2 2

X 4 X J_rg, @(X) — p(x)%u(x), a)iil :a{leJ

oenrunamHd  KuputuO,  (2.2.12)  TeHrmamaHu {x. Lo X 1} OpaJIUK/IA

HHTCFpaHHaﬁMHS, HaTHXXaJaa

X 1 X
i+ i

® -0 - qu(x)u(x)dx+ If(x)dx—O (2.2.14)

1 A
i-= i-
2

N

N

Tenr namanu Xocuia KWiaMu3, Yy |:X 1 X 1} KeCMaJa HUCCHKHHHT OajaHc

i-——  i+=
2 2
TEHIJIaMaCUHU aHUKJIAUIu. DHIN:

I:i*l%q(x)u(x)dx.

X

N

WNHTerpannu y4uyH u, J. q(x)dx TapkpuOM KuiiMaT OWIaH aaMaTUPUO, KYSAUTOH

N

OenrunanIapHd KHPUTAMU3:

X 1 X 1
i+= i+=
2

1 ¢ 1
di = leq(x)dx, . —ijlf(x)dx. (2.2.15)
Hatwxkana (2.2.14) tenrnama
O
2 2 h 2 _diui +¢I :O (2.2.16)

K¥ypunuiura sra 6ynaa. Hau o , HU u(x)
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Hykramap maru kuiimaTinapu opkainu  udoganaimMus. bByHUHr  y4yH

du/,, = w(x)/ p(x) udomanu [x, ,,x | kecMana unrerpamwiaiimus. Harwkana

o) 4y < [ 9% 2217
jp(x) e (2.217)

Xocun 6ymanu arap.

-1
a =| L[ 9 (2.2.18)
h ! P
He6 O6enrunab onca, (2.2.17) man KyWuaaru TakpuOWil TEHTJIMKIAPHH XOCHJI
KWJIaMU3
Ui —Uiy Ui, U;
=a. s =a‘i+
ROES h DL ' h

Oy udomanapuu (2.2.16) TeHrnamamap KynnO u3MaHOETTaH (QYHKIUSHUHT
X, ,, X, X, HYKTaJlapuaard KAUMaTHHY Y3 H9UTa OJIaT Yoy

h—lz[am(ui+1 —u;)-a,(u, —u_,)]-du, +¢ =0 (2.2.19)
AlipunmManu TeHriamanap sra o0ynamus (2.2.19) TeHrnamaHu o, TYp COXaHUHT
Gapua wukk (-)/u, spHM i=12,..,N-1lyuyn &3cak, y xomga N+1 Ta
Uy U ...,Uuy HOMabIyMan N —1TeHrnamanap cucremacura sra Oynamms. Mkkwra
eTMaraH TeHrjaaManuHr (2.2.13) nactinalku mapataad XOCUI KAJIaMU3:
U, =a, Uy =2 (2.2.20)
allupMany MacajlaHUHT eduMUHU JuddepruHIiran MacalaHMHT eYuMHUIaH (papk
KWIKII YYyH YHA V OpKald OelrwiaMus, JeMaky, =y(X), X €@,. DHIU.
(2.2.19) Ba (2.2.20) TenrnamanapHu. bupnamrtupamuz (2.2.12),(2.2.13)

yerapaBuii Macanaiap yayH KyHujaru aipuiaMaiy cxemara ara 0yiamMus:

1

F[am(ym - yi)_ai(yi - yi—l)]_diyi +¢, =0,
i=12,..., N-1 (2.2.21)

Yo=a, Yy =75
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by cucremanu xaigam Metoau OwiiaH e4yull Mabicaara MyBOQHUK OVianau.
bynunr (2.2.21) cucteMann blydniarya KIpuHAIILIA €310 0JTaMH3:
AY,,—CY, +BY,, =—F, C=12..N-1 Y,=a, Y, =2
OyHIU
4 =a,, B =a C, =a +a, =h’d, F =hgp.

i i M+ i i i+1

UerapaBuii Macanajap kodddeneHmnapura Kylwirad mapriapaad a; >0Ba
d, >0kenu0 umkamu, OyHAaH 3ca C,>A +B, HM COHM Xalpalml METOAHUHT

TYPFYHJIUK IIAPTHHU XOCWJI Kuiaauk. Jlemek (2.2.21) adipuiamanu Macanajiap

ArOHA €YMMra 3ra Ba 0y €UMMHUHT Xaiail MeToId OujiaH TOMUII MyMKYH.
Oumu. (2.2.21)r mubdepunuuan tenrimamanu (2.2.21) aiipunmanu

TEeHIVIaMa OuWjiaH aJMalllTUparaHjaa ro3ara KeJIMaWuran anmpakgpcuMaIiius

XaTOJIMTUH TeKmupamu3 Lu(x)Ba (2.2.21) TeHrnamMaHuHT Yanm TOMOHUHH L. Y,

OopKanui OenrunaiMus, SbHU.
d du
Lu(x) = d—( p(x) —J —q(xu(x) + f(x),
X dx

1
Lyy; = h_z[ai+1(Yi+1 -Y; )_ a; (Yi _Yi—l)]_ dY; +o,.

®apo3 KUIAWIMK, V, eTapiuya CUUIMK (QyHKuMs OYmud v, =v(X) y=o,
TYpAUTH KUMMaTH OVJICUH. DIH

L.V, :%[(Vi _V)_ai (Vi _Vi—l)]_diYi + ;.

baxo ypuHIM DJKaHIMIMHU Kypcaramus3. bDyHMHr y4yH L,V, oriepaTop

TapkuOugaru V., =V (x; +h) Hu x, HyKTa atpodu xKoumap katopura ----

PaB umina
—\/. 2
sziihvVﬁh— +0(h3)
+ 2 6 i
Jlemak
—a. . rn h(a. . —a.
Ly =3y B8 MBS ZB), g g o)

WUKKUHYM TOMOHIAH
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I—U(Xi) = p(Xi )Vi" + p,(xi )Vi’ _Q(Xi )Vi + f(Xi)

by myHocabatnapman

L, —Lv(x,) = (""”lh‘ i p'(xi))vi' +[¥— p(xi))vi" '

+wvi’”_ (d, a0V, + (o = F () > ((hz)

HU XOCHJI KujiaMu3. (2.2.22) mapT OvKapuiIuIg yayH

a”lh_ alg o'(x,)+0(h? ), %: p(x,) +0(h?), (2.2.23)
@ = f(Xi)+O(h2)' di :q(xi)+0(h2) (2224)

TEHIJIMKJIAp YPUHIIN OYIIUIIN KEpaK

Oumn K(x)= ne0 GenrwnaiiMus Ba x(x) HA X , Hykra arpoduaa Taiiep

1
p(x) 2
KaTtopura €3aMu3 HaTWXKazaa

2
1 1 X; 1 X1 , 1 "
a_i = HJK(X)dX = Ex_[l [Kll + (X B Xi_% )Ki—l * E(X - Xi—lJ Ki—% "

2

3 2
+%£x—x_ 1] K" +O(h4)}dxzc : +%K_"; +0(h3)

i—=
2

2

xocun onpiagu. Jlemak,

_E i-0,5 4\ LA 3

aiPi_; 2%, O(h )— PI_; 24 . O(h )

HIynra yxmam
h*
a., P.% “x >0(h®)
bynanan sca
P,+P, P,+P,

Bt o —teofn)=R o) Ao a2 ofn®)= P (x)+0h?)

jJapra ora Oymamu3, Oymap oca (2.2.22)um  ucOommaiimu. (2.2.24)

TEHIJIMKJIAPHUHT OXapWIMIIHUA KYpCAaTUIll KHAWH 3Mac, XaKuKaTaH xam, d,Ba
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@, HE MoC paBuil aa q(x,) Ba f(x,) Ownan anmamTupun (2.2.25) uHTErpaInHu

¥pTa TYrywim TyFpu Oypdakiu TYpTOypua ¢opmuiacu OwiaH XucoOJamigaH
nbopagup MBIYMKH, OyHOai (OPMIJIAHUHT KOJJIUK XaTu O(hz). lyn nai
K0, 6us (2.2.23), (2.2.24) TerrnukiapHu Bam y Owmian oupra (2.2.22) 6axoHu
kypcatauk. By aca LY, omeparop Lu(x) mu (2.2.12),(2.2.13) macanaHuHr

ednMuga hra HUCOATTaH HWKKWUYMA TapTHONHM arpaKkCUMAaIisa KUTUIIITHHA
KypcaTaJu.

1-3caarma (2.2.21) aitupmanum cXemMaHd amall Ja TYyIlami, YHUHT
koddduneHTnapunu  tonuim yuyH (2.2.15) Ba (2.2.18) uHTer pajiapHu aHUK
xucobOnam mapt smac. KoapduueHtnapau tonum y4yyH O(hz) éku OyHIaH
IOKOpY aHUKJIMKKa d3ra Oynaran kBajapaTyp ¢opmuianap OwiaH TaKpuOuii
xucoOnam MyMKyH. Macaman: (2.2.15) Ba (2.2.18) wunTerpamiapra TYFpu
TVpTOypuakiap QopmenacuHu Kyiacak, kodhuueHtnap Kyluaaruua

TOIIXJIadH:

Arap Tpanenusiap GopMUTIACUHU KYIacak,

5 41701 an
a = Pi Pia d = _ 2 2 2 il

i ) i v O =
pi + pi+1 2

JlapHu X0ocHi1 Kujtamus

Kypcatummmus mMymxunuku, (2.2.21) alilupmanu MacajalapHUHT €4UMIIapH
keTMa-keTaukiaapu Y, (x,)} h—0 na C(o,)typmu dasona mactnabku (2.2.12),
(2.2.13) nuddepeHnnan MacaJIapHUHT U(X)eUYMMUra MKKMHYM Typiiap OMIaH

SIKMHJIAIaau, OolIKaya KHMInO aiTranaa

Y, (%) —u(x ) < uh?.

IV, —ulc(e, ) = max

X €@y

baxo ypunnu 0ynagu.
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2- 3cjaTMa: OajaHc METOAMHM OOINKa YerapaBHil Macanalapd Y49yH XaM TYI
Jam MyMKdH OyHmad Ttakapu, p(x), q(x), f(x), dopmumnanap yswiamimmra sra
Oynran xoJaa XaM aipuiIMalid CXEMaHWHT SKUHJIAITHPY ITHU TEKITUPUIT YIyH
kodpdunentinapuu (2.2.15) Ba (2.2.18) uaTerpamiap opkanu udoganam Karra

axaMusiTra ora.
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§ 2. 3. Texkxamkop alipuaMajIu cxemaJjap.
®dapa3 Kunmaimuk werapacu I° 6ymran G ={0<Xx,X, <ljcoxaga ymoy
WKKH YITYOBJIM UCCUKIUK YTKa3yBYaH V TCHIJIAMAHUHT YU Tajad KUJIMHCHH:

8—“ :@+@, x(c x;, X,) € C.
ot oOx; OX,
u(xt) = u(xt), xerl, 0<t<T, (2.3.1)
u(x,0)=u,(x) xeG+TI.
Bynunr yuyH BakT Ba ¢azo Oyitnua Kyduaarua TypTJaapHU KUPUTAMU3:
w, = {tk = X7,K :m Nz zl},
G, = {%; = (%) % =i, %, = jh, j=0-N,hN =1}
G, TYPHUHI HWYKM HyKTajmap tymiamua (i, j=1=1...,N-1)Hu Oh

OpKaJIi Ba G, HUHT YETapCUHU [, OpKaJIH OelnruaanmMus

FOxopuna Gup YI40OBIM UCCUKIMK YTKa3yBYaHIMK TCHIJIAMACUHU €YU
OLIMKOp Ba OLIMKOPMAC CXEMaJlapHU KyJularad 3auk. by Mepna xaMm uryHaau

CXeMaJlapHU KUpuTaMu3. ByHUHT yuyH KyAMJaru OenruianuiapHd KUPUTaMU3:

1
Ay = F(yiﬂ,j -2y, + yi—l,j) (2'3'2)
A,Y; = h_lz(yi,j+1 —2y; + yi,j—l) (233)
AV =AYy + ALY (2'3'4)

by 6enrunamiia omkop cxema Kyiuaarnya €3uiaiau:

k+1 k
yij y'J - = Ayllj y XIJ e a)h , tk c a)T ,
T
yiijf :/”(Xij'tm)' X; €ly, Y eo, (2.3.5)

yﬁ:uo(xij), x; €G,, k=0.

OumkopMac cxema 3ca Kyiiugaruia €3usaju:
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:Ay.‘f X" € @y, t,ew

71!

i ::u(xij’tk+l)’ X, €ly, toea, (2.3.6)
yi =Ug xij), x; €G,, k=0.

JlacnmaOku Ba dyerapaBHil mapTiaapHUHT ¢oiigananud, (2.3.5) aitupmanu

CXCMAaHHUHI CUUMHU HaB6aTI[aFI/I KaTjiiaMuaa

in;+l = yll; + TAin;, K= O, N —1' )(IJ = ah
Owxkop ¢opMyna &pramuia TONWIAIMAK. By OIIKOp CexeMaHWHT

YCTYHJIapuaup. AmMMoO 6y CXCMAHUHI' MYXUM KaMYWJIUIKW YHHHI IHAPTIA

paBuiga TypryHinuraaaup. Kypcatum wmymxusku, (2.3.5) cxema TYpryH

oymumu yayn U Oyiinya Kaaum rgihz IApTHU KAHOATJIAHTUPUIL KEpaK.

Arapnaa tomum yuyH N =40.000 ta kagam Oaxxapwiuiuu 3apyp. Arap da3oBuit
yarapyBun X, Xp,..., Xymapuunr coun P ra Oyinca , y Xoinga OMIKOp cxema

TYPryH OyJIuIl y9yH __ 1 ., TEHI'CU3 O@XKpHIIMII X —K .
2p

[y cababmapra kypa nmapabojuK TEHrjaMalapHU €UHuIla OIIKOp cXxema
KaM unuiaTuiaau. bu3 KUWWHTH OaHIIu KYpaMHU3Ku, TUNEPOOJMK TEHIJIaMu
yuyH axBoin Oomkada OymuO, omokop cxemaga t=0(h) 6ymranga xam
TYPFYHJIUK CaKJIaHA[IH.

DHOW OIIKOpMAac CXeMaHu KypuO umkaimuk, (2.3.6) cxemana rBa h Hu
KaHJlail oJicak, XaM y TypFyH OViaBepanu. by cxemMaHWHT KaMUYWJIUTH IIyHJaH
nbopartku, Xxap OUp BaKT KaTIiaMuIa

yit -yt =y, X e, =12 ,N-1,
Yiljerl = /Ui?H’ X; €A, (2.3.7)
TEHrjJaMajiap CHCTeMalapCUHU €ddull JIo3uM. By cucremaan yﬁ” HOMabJIIyM

conu (N+1)°ta. Arap Oy cuctemaHuHr ['aycc meTonu OwiaH edaauraH OYJicak,

6 o
O(N”) Ta apupmudex aman Oaxkapuii, OyHIAall CHCTEMaHW ABKTHHHT Xap OHp
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KaTjlaMyJa €4uIl JIo3uM, Oy 3ca XucoOjall HIIMHUA $SIHA XaM Kymautupud
1000paIy.

dazoBuil YpapyBUaHJIMKHUHI COHU HMKKUTa €KW Kym Oynranga (2.3.7)
CUCTEMa MAaTPUIIACUHUHT KYPUHUIIMHU XUCOOra OJIraH XOJJa CUCTEMaHU €YUl
METO/JIApUHU KYpuIl Makcaara MyBodukaup. by wmertomnapawar Oupm —
@OypbeHUHT Te3 aJMalITUpHINK OuiaH 2.2. a Ja TaHuIIraH 314K by meromnap
KYII YI4OBIM MacajalapHU OUp YIHOBIM Macajanap KETMa—KEIUTura KeITupuo
€UYMIITra acociaHrad. byHIaill KeNTHpHUII HaTHXKAcHUa IIYHIail OIIMPHIMAIIH
METO[UIap BYXKYATa KEJNAJAWKH, yJap OLIOKOp Ba OIIKOpaMmac CXeMalapHUHT
UKKU SIXIIH XYCYCHUUSITH: aOCalllOT TypFyH Ba CUMIIHUHT COJJAJIUTUHU Y3uja
Myskaccanamrupaau. by Meron symmurunum dusuiapaad 6onuiad xap Xuia HomJiap
y3rapyByaH HyHaJIMIUIA METOJJIapu, Kacp KajgaMju Merojajap, Jiakaia Oup
YIYOBJIM METOJUIap OCTHJAa MAaTUMATUK (PU3MKAa MacajalapyuH{ €YMILJA KEHT
KyJutanuiy Oouutanad. Xo3up Oy MeTomiap yMyMUH TEXaMKOp METO/JIap
HOMH OWJIaH aTajaaju.
a) SI’BPapyan WyHAIMIUIA MeTOA. bu3 Xo3up 1my ys3rapyBuaH MHyHasIaa
MeToasIapian Oupu Oynran Oyiliama-KyHIanaHT allpuiiMaiu cxemanap EKu
[Tucmep-Parudopa cxemacu 1€6 aTanyBuu METOJHH KYypUO YMKaMU3.

by wmeronma k-katimamugaH (k+/) KATHAIITAH ......... UKK1 OOCKHYIaH
nbopar. bupunuu 60ckruya

k+1 k 1

u=A1yil;+5"'Azyil;v X

1 i
-7

o (2.3.8)

k+1

Cucremazian opajara Y; >KuiiMar aHukiaaHagu. MKkuH4M OOCKMYJIa TOIMIITaH

1
k+= o o
y; * KuiiMaTaapaan ¢oinananuo,

k+1

k+%
Yi Vi

1
0,57 :Aly: 2HAY X e, (2.3.9)

ij ij
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Cucremanan yi:f”ﬂap tonunagu. bynna Ay; Ba A,Y; aitpunvanu Huc6aTIap
(2.3.2) Ba (2.3.3) dopmunamap OwmnaH anwkiaaHamu. (2.3.8) Tenriama dakat

X, y3rapyBun Oyiinua omkopmacaup. [llyaunr yayn xam Oy (2.3.8) Ba (2.3.9)

TCHIJIAMAJIap CHUCTeMayiapu aBBaj X, WyHamumn Oyiinva, KeWUH X, HYHAIUII
Oyitnya Oup YI4OBJIM Xai1all METOId €pJlaMu/ia €Unsia i METOJHUHT HOMH XaM
HIYHAAQH KeJINO YNKKaH.

By cucremanap euumn anraputumiiapu Kyuwparugan ubopat: (2.3.8)

CHUCTCMAaHHU

1 1

1 k= ket 1 u= K
EWi—l,zj +(1_7)yij ? "’E?’ym,j :_Fij (2.3.10)

KypuHuILaa €31 0 onaMu3, OyHaa
1

k+=
y=th?F; ? +%TA2yk

ij
By cucremanu j(j=12...,N —1) nunr xap Oup Oeirwaanrad KuiMaraapuia

| y3rapysun OViimua xaiimam MeTomu OwmiaH edaMu3. Xaijgam MeETOAWHA

1 k+1
2

k+= .
Kymtaur yayH Yo 2Ba Yy;2(J=12,...,N —1) yerapaBuii kniimatiiapHn Gesrumant

Kepak OyHuHr yuyH (2.3.9) tenrnmamagan (2.3.8) TeHIrlamMaHu alupamMus,

HATWXa/1a
ker yils + Yik+1 T kil ok
Vi 2 :%_ZAZ(yij _yij)

1 1
k+= k+=
xocun Oynagm Oy ¢opmyna acocuna Yo;°, Yyj° 4verapaBuil KuiiMariapHu

KyWu1aruya TormaMms3;

k+1

o3 Moyt T
_ 70 0j _ k+1 k
y0j2 = > —ZAz(ﬂOj — Hoj»
o My THy T
_ j Nj k+1 k
Nj2 _T_ZAZ(:UN] — Hyj»
j=12,...,N-1.
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j HUHT xap Oup Oenrmwnan kuiimatuaa (2.2.10) cutemanuHT X, WyHaMwI Oyinda

xauam MeToau OulaH edranaa o(N)Ta apudMeTuk cuman oaxapunaay. Jlemak

k+1

y, 2o yayH O(N?) Ta apudmeTnk cuman Gaxapunaay.

1
k+=
+2 .
bapua Y; “nap Tonunranman keduH (2.3.9) TeHrinamaiap CUTEMAacHUHU

cyaMus. By TCHITIaMaJIap CUCTCMACHUHHU KYﬁHﬂaFan €310 oamus3.

k+1 k+1

1 1 ..
EWi,j—1+(l_7)yij +57yik,jE1:_CDilj(1
(2.3.11)

1
+= 1 k+
2 +E Az-Zyij 2.

7:fh2’ @iT = yil;
Kypunu6 typubavku, xap Oup Oenrmnanras, i(i=12,...,N-1) yuyH Oup

cucreMa ] y3rapyBuan Oyiinua xaiijam MeToau OMJIaH €4MIl MyMKyH. ByHna

yerapaBuii maptiap (2.3.1) macana 6yitnua

k+1 k+1

Yior = H(Xiootr)r YN = (X ta)

k+1

Kypunumpna anuknanaau: (2.3.1) cucremanan 6apua vy,

i JJApHHU TOIIHUIII

O(N?) ra apu(MeTUK aMaJIHU Tanad Kuiaiau.

[Mynaait kuaubd (Meton Oyitua) Mabliym yﬁ napra Kypa y;" JapHU TOIMII

v VRV [V RY) 2
y3rapyBuaH wyHanumuiuin Meron Oyimua O(N°)Ta apudmernk amanunu tansad
kuiaau. Kypcatum MyMKyHKH, OYinama-KyHIaJIaHr MeToi abcaltoT TYpFyH

oym6 u(xt) eTapiyya CHUIHK Oyiica, ammpokmManus Taptuou 0(z” +h?)

6ynanu Ba |, HuHr Typnarn Hopmacuma Takpu6u eunm anuk eunmra  0(z” +h?)

TE3TUK/A SIKAHITAIIIH.

0) ¥3rapyBuaH K03 HUIICHTIN UCCUKJIUK YTKa3yBYaH TEHIJIAMACUHU CUHIIL.
Kosdduuentnapn  y3rapyBuan  OynraH  KyWWJgaru  MCCHKIIHUK

YTKa3yBYAHIMK TEHTJIAMacH YIyH OMpUHYH YerapaBuil MacallaJlapHU Kapaiink:

ou o ou
Xt)—=—= X,t)— |+ f(x,t) O<x</, O<t<T,
P =2 (p( )axj (x1)
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u(x,0) =u,(x), u(0,t)=p4(t), u(fl,t)=ss(t), (2.3.12)
oyama p(xt), p(xt), f(x,t) erapnuua cunmk ¢ —K nap Ounas,
¢, > p(xt)>c, >0, p(x,t)>c,>0 (2.3.13)

IAPTIapHA KAHOATIAHTHPCHMH. Xap 6up OeHcmHaumk Uyayn (X,t)HykTama
0 ou
lu= a—k(p(x,t) &j nuddepennuan ndoaanu

A0, =ﬂa(xm,t)yﬁ; Ioa(x, td Y ‘hy“)} (2.3.14)

alinpMmai HucOaT OWTaH anmmpokcuManust Kymamu3 oyaga  a(X,t) koaddument

OamaHC METOIMKAJaruJeK MKKMHYU TapTUOIM anmpOKCUMaHUIMS HIapTIapuHU
KAHOATJIAHTUPHILH KEPEK

a(x

i+1)

t)+a(x,t) _ p(x,t) + O(hz)’
2 (2.3.15)

a(xi+l’t)2_ b _ p(xt)+ O(hz)

bananc meroauaa KypranuMusiex, a(X,t) HU KyWHJIaru

a(xt) = p(x,1) +2p(xi1’t) ,a(t) = P(Xi _g’tj’

a(x,t) — Zp(xi—bt)p(xi!t)
P 1)+ p(X,1)
dbopmutanuHr O6MpopTacu OuiaH xucobmacak, (2.3.15) myHocabarnap YpuHIH
oynagu. llynnaii kunmu0, (2.3.12) neddepennman tenrnamara ymly Ba3HHMA
alipuiMany Macaiajgap MOC Kelaiau:
y-k+l_y-k
P 2T = Aoyt + A @)yl )+ F (koY) 1=120, 41 (2.3.16)

r 1
yl0 = uO (XI )' y(l)( = ILll(tK')’ y: = ll’lZ (tK')'
bynna t=t +05¢ Ba «=05 O0ynca, y xouma (2.3.16) cxema
anmpokcuMamuscuHuHr  xomura 7 =0(z° +h%),6ym6 a#05 oenruaa

7=0(r + hz), oynau. lllynnait kunub, Ou3 omkopmac cxemara sra Oynaau. by

CUCTEMAaHM €UYMII YYyH Xaljam  METOAM TYyIJlall MYyMKHH. ANpuiMann
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CXEMaHHHT TYPKYMJIUTUHU TEKIITUPHILIA OJIMJINHTH OaHIapaa
XapakaTjJapuMH3/IaH Tankapy, Kad@UICHTIApHU, MY3JIATHII TPHHIHMITH XaM
uinatuianad. by npuHmmn y3rapyBdaH Kad(hQUICHTIM MacajlaHH Y3rapmac
ka>pPUIEeHTIM Macanra Kentupamd mucon yuyH (2.3.16) cxemama o =0Ba

f(x,t)=0 ned oaub, Kyiaaru omKop CXeMaHH KapaiMu3

K+l

p(x,t)yi—‘yf=1=(a(xi+1,t>M—a(xi,t)y—f} (2.3.17)
T h h h

dapaz Kwraiimk, ¢ kKadpdurnentaap y3rapmac OYICHH, SbHU
p(x,t)=p=coct, a(x,t)=a=const. ¥V xomma (2.3.17) TeHrnamaHu Kyigarada

€311 MyMKYH:

yiKJrl - le a K K K
pf = F(YM =2y + yi—l)
€KH

k+1 K

Yi —VYi
T, h? o)

_ Yia —2Y + Vi I

MasiryMkH, Oy OIIKOp cXeMa r, < %hz oynranna, sHUA

2
T_as“? (2.3.18)
yo,

Oynranna TypryH Oynanu

Kad(ppueHTIapHd My3JaTUII TPUHIMOKN I[IYHU TaCAUKJIANINKH, arap

Gapua XiBa t=t_+0,57 map yuyn

rax.f) h° (2.3.19)
p(,t) 2
TEHI CU3JTUK Oaxxapuica, y xonga (2.3.17) cxema Oymamu. Arap
¢ 2 a(xt) >c,0, p(x,t) >c, >0 MmyHocabatiap MabiayM Oyica, y xoiaa % < ZC_é .
1

baxapunranna (2.3.19) tearcuznuk ypunnu 6ynaau. (2.3.17) cxemaHUHT

TYPFYHJIMTUHU KaTbUW PABUILIA aCOCIAHA/IN.
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Arap 7205 6ynca, y xonaa kadQp(UUEHTIIPHU My3/Iall NPUHIUINIAH
(2.3.16) cxemanuHr abcamoT TypryHiurd kenu6 yukanu. C) Uusukmm Oynran
WCCHUKJIMK YTKA3yBUYAHJMK TaHIJaMacuHU eunml. KyWuparn derapaBuil
MaccajaHu Kapaumus:

62
ot ox

u(x,0)=u,(x), u(0,t)=p4(t), ulLt)=1,(t) =15 (t)

(()—j+f(U) O<x</, 0<t<T, (2.3.20)

Opnatna yn3ukiau Oynmarad Tenrinamanapaa p(U) QyHKIUSHUHT Y3rapui
COXacCH OJITMHIAH MablIyM OYIMaca OLIKOp cXeMaiap UIUIATHIMAHTH.
Cog omkopmac cxema Yy (i=1 1 —1) HaMabIymiIapra HuCOATaH YH3HKITHK

CUTCMaHHN XaM, YM3HKIIN 6§/HMaFaH cCCTaMaHU XaM TallKWJI 3THUIO MYMKYH.

Yoy cxema

K+l K+l

D7 DR e NS Thid / . 2.3.21
Th{a e ) (2.3.21)

aa @ :%[p(yf)+ p(yi"_l)] ne6 osicak, y Xxoima y(i=1u-1) HaMabJymiapra

HUCOATaH 4YHU3HUKJWK, a0COJIOT TYypFyH OYnuO, anmpoK CUMaIMs XaTOJUTH

T= O(r+ hz) oynaau. By cuctemanuHr eunmu xainam metonau (2.312) tenrimama

Y4yH yuioy
K+l K+1 K+l K+l kil
y| - y i (yl;:l)ywl h yl (ylic+1)y| h yl -1
(2.3.22)
ey (e POE)+ o)
+ flyily )= PR

Cod cxema omkopmac nuutatuiaagu. by cxemanu KyJam yuyH y €ku Oy
UTEPALMOH METOJ KYJUIAaHWJIaJW MacajlaH, UTEPALMOH >Kapa€HHU KyWJaHn4a

0JINO OOPUIIMMHU3 MyMKHH:
(s+1) (s+1) (s+1) (s+1) (s+1)
%: % a,, (v hy. _a(y®)Y h Y|y f(ye)

S=01...,L-1 y9=yr yO =yt (2.3.23)
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By epna S - utepuuus HoMepH. by HTEpOLHOH XKapaéHaa KYpaMU3KH, TH3HKIH
OynMaran ka>QQHULEHTIAp OJNAMHTY WThEpaluoHaa, sHA Y ™ HHUHT maciaOku
SKUHJIAIIAIN TIIyHYa AxXmd Oymanu. Arap koddduieHTaap CUUMK Oynuo,
pU)=>c, >0 mapr Oaxapuica, ogamjaa, HKKH-y4Ta HTepalus KOHUKAPIIN
HaTIKara oiaub kemagu. Xap OuUp SHTU UTEpanusaa y** Hpmr KHMaTIIapu
(2.3.23) curemanu xaimam Mmeton OwiaH aHukiIaHaga. lllyaumarmek (2.3.23)
CUCTEMaHU €YUII YYyH UKKMHYM TapTUOJIM aHUKJIMKKA 3ra OyiaraH mpeauKkTop-
HOPPEKTOp CXeMacH XaM MimiaTunamd. bynna k-katnamana (x+1) katiaamra
YTUIl KKK Oocknyaa Oaxxapwiaau. bupuHun 60cKuyia Xaiam MeToau OusaH

OIIKOpMAacC YU3UKIIN CUCTCMaA

1 1 1 1 1
K+ K+= K+= K+= K+=

LM 02’5_Z_yix :% ai+1(yﬁl)w_a(yi’()yiz+yi ++f(yik)’ c=12,...,pu-1

I

1
Yo 2= lul(tx + 0’57)’ yfa =Y, (tK + 0’57)

K+=
eun6 opaguru y; 2(c=01,...,4) kuiiMaTiap TONMIAAH HKKMHYMA GOCKHYIA ca

1
a(y), t(y) umsuxmm 6ynMaran kadp@uUIEHTIap y. 2J1apHHM TOMMIN KyHUIard

OJITH HYKTaJIM CCMCTPHUK CXCMaA

1 1
K"’E K ’Hi kL el _K+E _yK K+E
oy L aM[ i+12jY1+| oy +f£yi 2}

i :1,2,...,/J_1, yg+l = ,ul(t,( +1)! y:+l = /’lZ(tK+l)

acocuza om0 GopuIIain.

M ccukIMK YTKa3uIll TEHTIIAMACH YUYYH Xauaam yCyIu.
Mucoun: xaiaam ycynu KyJUTaHHIUO

a_ou

ot ox’
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TEHIJIaMaHU Ba u(x, 0) = 4x(1 —x),u(0,t) = u(1,2) =0 H1apTJIapHU
KAHOATIaHTUPYBYU €YUM TOIUJICUH.
h:‘.

Eanm:  Adiraiinuk h=0,1;1=0,01 OYyncuH. YHma S=—=1 Oymamm. ulxt)

GbyHKIUSHUAT t = 0,01 KaTiaMaara KHAMaTHHA aHUKJIaiMHA3.
TyFpu 1opuim: xamBai Ty3uO, YHUHT u;— caTpura f(x,) (i = 0;10) OomuIaHFu4
KUWMAaTIIAPHU TYJIUpaMu3 Ba j = 0 yuyH

1
& = (ZTS) by = ‘P(tj+1)+ Uy;S 1)

1
I : —
L+l 2+ §— az’—L_;l'+1

; bijs1 = Qi_yje1biog e +Su; (=2m) (2)

dbopmynanap 6yiinua Kydugaruiap Xucooianaiu:

1 3
=—, E:I = = 0135, aq = = —
€11 3 11 = U1g 551 3-a, 8

= 0,375,

b:l = ﬂ'llbll + Uag = 0112 + ﬂ_,ﬁ"]:' = ﬂ,?ﬁ_,

- - — 0,381,
4=y, 2,625

bﬂl = ﬂ':lb:l + Ugp = 0,3?5 " ﬂ,?ﬁﬂ + 0,8":]:' = 1,125

Xauaal >kaJiBajivu

i 0 1 2 3 4 5 6 7 8 10

uo |0 0,360 | 0,640 | 0,840 | 0,960 | 1,000 | 0,960 | 0,840 | 0,640 | O

@i 0,333 0,375 0,381 | 0,382 | 0,382 | 0,382 | 0,382 | 0,382

by 0,360 | 0,760 | 1,125 | 1,389 | 1,530 | 1,544 | 1,430 | 1,186

w1 |0 0,310 | 0,764 | 0,764 | 0,882 | 0,921 | 0,882 | 0,764 | 0,571 | O

Teckapu ropurnn: YUerapaBuii mapTiapaaH uy, = 0,(26) dopmynanap O6yiinya eca

1y (i=9,8,...,1) KuiMaTiiapau xucoomaimus. XKXymmanas, j = 0 1a
gy = (Uypq + by Jagy = 0,813 - 0,382 = 0,310
Ugqy = (ug.l + bBl}ﬂ'Bl = (ﬂ,Elﬂ + 1{]182}{11382 = GJS?-].

U4 = 1:1{21 + bll}ﬂ'll = (0,5?2 + 0,35{]}0,333 = ﬂ_.a-lﬂ
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§ 2. 4. BUP)KMHCIU KOHCEPBATUB AHPHIMAIH CXEeMAHUHT YerapaBuii

MacaJIaJlapuHM €eYMnira TaIlﬁlflKI/I

Yeknu aitpManap METOAMHUHT (UMK MOXMATH IIyHAAH HOOpaTKH,
JKapa€H Keua€TraH Y3JIyKCU3 MYXUT YHUHT JTUCKPET MOJIETIUTra aIMAIITUPUIIA]IH.
Tabuniiku Oy Xos1a kapa€HHUHT (PU3UK XOCcanapy CaKJIaHUIIU Tajlad dTHIIAJIH.
bynnail xoccamapaH aCOCHMMCH 3HT aBBOJIO CaKJAHWII KOHyHJapuaup. Typra
(ceTkaza) cakJIaHUII KOHYHJApUHU uojanaiiuran 4YeKiau alupMaiapHH

KoncepBaTuB aiimpmaJjap neiiriaau. Mabiiym dyerapaBuii Macaanap cuHgpura

Teruuuim Oapua Macajajnap Y4yH XucoOjainl >kapaéHUHUHT OUp XWJUTUTHMHU

TaBMHHHaﬁIIHFaH CXCMaHHU 6I/ID)KI/IHCJII/I cxema ,ZIGIZHJI&I[PI. BI/Ip)KI/IHCJ'II/I YCKJIN

allpwiiMal cXema JIeTaH[a, YHUHI KYPUHHUIIM MabliyM Kajiccra TETUIUIH
MacaJaJaH xaM, aipujIMald CXEMaH! TaHJALl YCYJIUJaH XaM OOFIuK OyiamaraHn
allupMaJlid CXEMaHU TYIIyHMU3.

MareMatuk (PU3MKaHUHT y3YJIHIITra 3ra KO3Q(UIIEHTIIN CTallMOHAp Xamaa
HOCTallMOHAp Macajlalapyd KJIacCu YYyH TY3WIraH OUpP)KUHCIM alupmaiu
CXEMaHUHI SIKUHJIAIIYBYM OYJIUIUINIU YYyH YJIApPHUHI KOHCEpBATHUB OYIMILIN

3apypuil IAPT XUCOOJIaHAIH.

KoHcepBaTtuB OMpKMHCIN alipMald cxema sSpaTHIl yuyH (ceTka) Typnaa
OajlaHC TEHIVIAMaJapuHM Ty3ull Kepak OVmagu. CyHrpa Oy OanaHc
TEHIJIAMaJIapya WINTAPOK HOTraH WHTEepaylap Ba Xocwiajap TakKpuOaH
AIMAIITUPWININN JIO3uM. HaTwkana OUpXKUHCIM alpuiIMaliy cexemara Jra
oynamu3. KoHcepBaTUB OWMpKMHCIM alMpMalid  CXEMaHU SIPATUIIHUHT Oy
yCyJiura WHTErpajl WHTEPHOJAIMS yCcyiau EKku OallaHc yCynd  JAeHuiIau.
Camapckuii A.A. Teopust pazHocTtHbIX cxeM .-M,: Hayka, 1977. Unrterpan-
unrepnossinus merogura A.H.Tuxonos, A.A.Camapckuiliap acoc COJraH,
KeMHHUTH puBoxiaHuiy ['.M1.MapuykHUHT nnuiapuaa y3 akCUHHU TOITaH.

bupxuHCcaM KOHCEpBAaTHB allMpMalldi CXeMaHd Ba YHUHI CeTKaJaru

suelikanapaa OamaHciap TaHrjaamanapu (CakjJaHWII KOHYHJIApW) TapKuoOmma
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KaTHamaéTraH MHTETrpajl Ba XOCWIAJIApHM 4YeKJIW ailupMmanap OuiaH
AMIMAIITUPWINII TPUHIUMIIATA ACOCIAHTaH WHTETPA —MHTEPIOANUS YCYJINHU
bunpTpanus HazapusACHAAH OJIMHTaH KOHKPET Macaiaja TaJAOUK KWJIMIIHUA
HaMOMUIII ATaMH3.

CyB omOopu €ku KaHal naeBopuian Lmacodazia xounamran JoMMHUA h,
Harmopra 3ra OYMK TOpU3aHTal 30BYp (ApeHax) KaswiaraHn OVJICHUH. U(xt)
dynkumsamET 3yBypaaru N, Hamopman okopunaru ep ocTu  CyBIApH COTXMHH

uoaanaHCHH.
CyB oMmOopuja CyB CAaTXMHUHI KYTapWIMLIM YHU3UKIM KOHYHHUST OuiaH
amajira OIICHH, IIYHUHTJEK CyB OMOOp OWiaH 30Byp opacuja >KOWJaliraH ep

MaWJJOHU-TUIACT UKKU XUl puiibTpanus kodddunuentura sra (x, Ba «, ), IbHU

ep MaiijloHu O6yIak-0ynak Oup >KMHCIU OYJICHH.

30Byp TyOM CyB yTKasMmaiimuraH kuHCIaH mbopar ne6 xuco6mad, N,

OpKalM 30Byp TyOMaH ep carxuraua Gyiran GanaHmmmkau, N, opkamu 30Byp
TyOuaan OyfimaHum OonulaHaguraH KaTjgamMrada OViaran OajaHIJIMKHU
Oenrunaiimus, w, =h,_ —h,

Tabmitkn  U(x,t)>w,  6yaramga  OyFmaHmm  comup  Oyniamm,
U(x,t)< v, 6ymranga sca GyFaHHII camgup OYIMaiiad, 6y WMKKana 30HAHHHT
yerapacuan X = ((t) opkann Genrunaiimms. 1llynpait kumu6 — roKopujaru
dapaznapau  xpcoOra oJicak €p OCTH CyBJapu CaTXUHUHT KyTapuino-
nacaiiumman udonanosun U =U(X,t) Homabaym ¢(yHKIMSHM Tomum yuyH

KyWHJaru YerapaBuil MacajaHy €4uIlra KeJIUHAIN:

au_1of, duenf) e
ot 240X (x) o P (2.4.1)

U(xt)o=0U(xt)  =a-tU(xt) =0, (2.4.2)

X= x=L
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Ukt )1 {K()aua(x“)}wfo, (2.43)
U )1 {K()OU(H)L =0. (2.4.4)

t
By epma &= Y(”) U-yo) U>pe e=0U<yy  Yo=h,—hg;

a —YITYOBH M/CyT oynran y3rapmac;
K(x) =K, =cost,0<x</;; K(x)=K, =const,/, <x<L; ¢&t)-Bakruau 6ynax-
Oynak Vy3rapmac ¢yskiusacu (2.4.1)-(2.4.4)macanana KatHamraérraH Oapuya
X,t,u,h Ba xako3o ¥3rapyBummap Typim Ya4oBIM OYNTaHM YdyH, AAcTIab

yJIapHU Ya4oBcu3 Oynran y3rapyBuwiap Owinan udopamammmus 3apyp. Uy

Makcaja sHru QyHKUUA Ba Y3pyBUWIAPHU KyHUJarndya KUpUTaMus:

r= Kb )= K(y) (2.4.5)
p-L Ko

By epma K, =max{K,K,}, §=maxs,(t) Oy xomma (2.4.5) ra acocan (2.4.1)-

(2.4.4) ypuura xyinb Kyhumarura sra Oyiamus.

@:EQ(K GH] may(K*(y)@j—m-s* (2.4.6)

or 20y oy oy
Hl.o=0; U| =475 H|,,=0; (2.4.7)
oH
[Hi i Z[K*(V)—} =0, (2.4.8)
y=L1(7) ay y:ﬁi((r)
oH
[H* :f»«{K*(Y)—} =0, (2.4.9)
o 2/ y= ()
Oy epna
h P LY
B :U_az; By =Py B ﬂl:K_o; ﬂSZ(U_OJ ;
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a ) _ B pBs ; ! {1,H>y/0.

= loH<y,

Bo=r it Vo=7———o =7 p=
2 (_(00) CL

(2.4.6)-(2.4.9) MacaaHu WHTETPAI-WHTEPHOJISIAS METOJIATA ACOCIIAHTaH YCKITH

altlupmaiiap METoJId OMIJIaH e4aMus3.

W,, . ={iah, jAz): i=ON, j=0M|
W,, .. = {iah, jA): i=L,0N, j=L,0.M -1}
ceTkanu (TYpHH) Ty3amm3. by epma Ah-¢o3oBwuii y3rapysum OVyitnua ONMHTaH
KagaMm, A7 -BakT OVitnua omuHrad Kagam. LllyHu TapKuajamn jJo3uMKH AhBa
A7t Kajamjap IIyHJad TaHJaraHKd alpuM CETKaHWHI alpuM TYT'yH HyKTajapu
K*'(y)sa &(Y) byHKIUSAIAp y3yJIUIl HyKTajdapu OuJlaH yCTMa-yCT TYIUAJIU.
ByHnaii ceTkanapHu oaaTaa Maxcyc cetkaiap ae0 aranajiu.

[ToToxmapuu (OKUMIIApHU)

Wl(y,r)=—K*%H, wz(y,r)=—+<*(y)ag'yz

(2.4.10)

kypuiiia kuputu6 (2.4.6) TeHraMa yuayH

yiisy:yi_}’ T,STST
2 2

. Ah . . .
Y1=|Ah4_r7, ;=) Ar, i=LN-1 j=1LM-]

TYFpU TYpTOypUakaa 6alanc TeHTJIaMaJapyuHH Ty3aMu3. by TeHrinama Kyhujaaru

KypuHULIIa OYyiaau.

J-yi% J'Tmﬁdz.:l Yi+;.[rj+1%(_ @, (yi T))d7+ﬂ J' y‘% J‘Tmi(_a) (y T))dT—p;/ .[ yi% J' Tin
Vi gy 2 ‘jyl v 4yi Yo di ooy 1 “y. dy Tjs(y)dr.

1
i-=
2

i—=
y 2

[
N

2

(2.4.11) tenrnamaHuHr Xap OMpHM KYIIMIYBUMCHUHHM YamjJaH YVHra kapad moc

paBumiaa J,,J,, J;, J, OpKaiu OeNTUIaiinK

H,; = H(y, 7,) 0enrunam kuputn6 J; Hu1

J=AN(H, = H,), Ah=y =y, (2.4.12)

2 2
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Kabu anmpokcumanusiianMus.

(2.4.8) naH KyWMuaaruHu oJaMu3
oH? _ W,(y,7r) oH _ e (y,7)
y KW'y KO

Ukkana (2.4.13)  teurmuxmapru  [Y_,,Y,[[V..Y.,] xecmamap  Gyitnua

(2.4.13)

uHTerpamaiivms. (2.4.8) , (2.4.9) maprmapura acocan@(y,7), 7=12

naTokiap (OKumIIap) y3nykcu3 (yHKOusutap Oymamuiap, %3021 xap Owup

(Yi,¥:1)1=012,...,.N -1 wmHTepBa)Iapma MycOar y3rapmacmup. Y Xomga Oy
MHTErpaiiapra MHTerpal XUCOOHHHT yMyMIAliraH ypTa KMHMaT XaKujaaru
TEOpEMaHM KyJIall MyMKUH Oyiaan:

J-y W (y,’[)

2.4.14
v KO (y ) )I K (Y) ( )

o6y epma cely.,y,l] (24.14) Ttenrnamanaru W, (c,7) HM TakpuOaH

W, (y ,,7)KuiiMaT OWIaH aJIMaIlITUpPCaK, Y, , <y <y, Oynranga
2

Iyi P (.7) dy ~ w, (yi,é'f).‘-yy-i Oaz.
5 i-1

dy

v KE(y) K (y)
Xynau — myHgad — annmpokcumarusiid - (2.4.13)  TEHIVIMKHUHT — YHT
TOMOHMJArM MHTErpajulapa XaM amaira oOJjumupcak, J, Ba J,Jap Y4YyH

Kyhnaara udogagapHu 0JIaMu3:

L H (Y0 1) -H(y7)  HA(y,7)-H(y,1,7)
=3 j”_ {am " -2 - dr, (2.4.15)

=4, f;ﬂ{am s MO H(yi,r)LhH(yil,r)}dT’

1 ¢y dy - 1 (yvia dy *
6 S |
Y Lh LY (y)} o thyi K*(y)}

66



OHmu J,,J;Ba J,apHU KEHMHYAIMK OIIKOpMAac cxemara sra OyiaauraH

KO anmpokcumarusinaimmuz. Y xonga (2.4.11) Tenrmamanu Kydugaru

anredpank TeHrIaManap (aipuiMalid cxema) KYpUHHUIIIa €311 MyMKHUH:

AT

Ah(Hi,j+1 - Hi,j) = m[am(Hizﬂ,jﬂ - Hiz,j+l]_

AT
- g (H iz,j+1 —H i2—1,j+1)}+ ﬂ4Ah [ai+1(Hi+l,j+1 N Hi,j+1)_ (2'4'16)
- g (Hi,j+l - Hi—l,j+1)]_P7n ‘AT'Ah'61+1(Hi,j+1 _(Po)n'

Oy epna
l Tiv1
6, = e (r)dr

(2.4.16) cucrema H,;,,HOMabmymmapra HucOGaTaH YM3HKIM OYIMaraH ydyH,

yau euniga O.b.AOyTanueB Ba yHUHI LIOTUPAJIapU TOMOHUJAH MyBaddaKusT
OunaH KyJUIaHraH YHU3UKCHU3 XaJJIapHU KBA3UUM3UKIWIAIITUPUIL METOIUHU

Kyutaiimu3. by wMeroara acocan (2.4.16) cucremaauru (p(Hi‘ j+l) YU3UKCU3

XaaJIapHUu KYﬁHHaFan YU3UKIIN XaJdjJdap oua" aJIMalllITUPpUIAaH.

~

z=Hi, j+1’ (2.4.17)

(

=H® , S- wurepauus HOoMmepu. By xomma Hi i 0 =H; ;Hu

ij+l T L

6y epma H

<&, (& - Oepwiran KHYUK

. 1
onamu3. MuTeparus sxapaéHu maX‘Hi,ﬁ?l— Hi 55:1)
] :

MUKJIOp) MmapT OaxapyiaryHda jgaBoM O>TTupwiagu. (2.4.16) cucremanaru

yu3UKIM Oynmaran xannapnaa (2.4.17) xBasuwinHeapu3alusiHu amaira Omupuo

cyarpa =0, n=1, n=2Ba N=3xommapHn anoxuaa Kapab 4 Ta YH3UKIU

YeKJIM aliupManu cucTemara ora Oymamus. By xomma 8,8, Ba 6

ko3 denunTIap

a; = K*(yi—lIZ)!aHl = |'<*(Yi+1/2)'61+l - ES[TJ+1J

2
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dbopmynanap Ownan xucoOnanamu. FOxkopuma TabKuIaHTaHACK ceTka (Typ)
myHaail TaHjgaraHku K'(y) Ba g(c) GyHKuusiap xap Oup [yi, ym]x[r i T j+1J
TYFpHU TYPT OypUakaa y3Jykcu3 Oyiaubd Kosaau.

Xocu O6ynarad 4ta YM3UKJIA YEKJIM allupMalid CUCTEMaHH VHT MPOTOHKa
MeTonu OwjaH e4damMu3. AWHpMany cXeMmajap HazapusicHIaH arap cod
OLIKOpMAac ailMpMany cxema OWiIaH HII Kypuica MPOTOHKA METOAMU CY3CH3
TYypFyH OVJIau,abHU XUCOOTAIIIATH SIXJIUTIAI XaTOJIUTH YCMalIu.

IyHUHT TabKUJTAII JTO3UMKH KBa3UYM3UKJIN Ba YM3HKIN OYIMaraH napaboiuk
TANMHWAArA TEHIJamManapra KyWWIraH 4erapaBui MacajajapHu HHTErpal-
UHTEPHOJSALMA ~ METOAM  OujaH  euMlja  ONIKOpMac  CXeMallapHU
annpoKcUManusiall — NauTUAard  XaToNMKJIapUHM — Oaxonaml — MacajacH
A.A.Camapckuii TOMOHMJIAH Xajd KuiuHTaH. by macana xakugaru Oatadcui
MabaymoT ymoy A.A.Camapckuii. OmgHOpOJHBIE PA3HOCTHBIE CXEMbI JIJIs
HEJTMHEWHBIX 3ada4 mapabonaumdyeckoro Ttuma. KBM u M®, 1962, T2Nel,
A.A.Camapckuii. Teopust pa3HOCTHBIX CXEM.

-M;Hayxka, 1977, A.A.Camapckunii., E.C.Hukonaes Metoibl pelieHus CETOYHBIX
ypaBHeHu#.-M:Hayka,1978. anabuétnapuaa ¥3 akCHHU TOTTaH.

Yeknu ailpuiaMany CXEMaHUHT SIKMHJIAIIYyBYM OYJIUIUIMTH OJWHIaH
€UMMHUHT SXIIM  cU(aTiu (AaHUKJIUTH IOKOpW) Oyiunummrura kadosar
OepoaManu.

Onunran cetka (Typ) aH4a WHpUK OYiraHja SKMHJIAIIYBYM cXema OujiaH
UIUIaraHja Xxam aupuMm XoJulapJa OJIMHTaH €YMMUHU aMali€Tra SIpOKCU3 KUITUO
Kysaauran ‘‘dexmanunr’nap yupad typamu. LIyHuUHr yuyyH XaMm cxeMmaiapHH
AKCTIEPUMEHT TEKIIUPYBUJAH YTKa3WIaAu, SbHU OUPOp COAAApOK TECT OuiaH
TeKmupuO Kypwianu. byHmalt Tectnap cudatuaa KYWWIraH MacallaHUHT
aBTOMOJIENI €4MMHU OJIMHa U, YOy maparpadaa ypranwiras (1)-(3) macananuar

XaM aBTOMOJIC]I CHUMH KYPHJIT'aH Ba YHU TCCT CI/I(i)aTI/II[a HauIaTuim MYMKHH.
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Taknud KuwiMHraH OUpP JKUHCIM KOHCEPBATUB CXEMaK-HHTErpa-

MHTEPIIONIALUA METOAU OWJIaH COHJIM €YMM OJIMHTaH Ba k, /x, HUCOAT Typiuya
OynrannaH edyuM Taxjwi Kwirad. IIIyHUHTIEK OJIMHIaH COHJIM e4umiiap yuia
XapaKTEPUCTUKAIHN aBTOMOJIEN €4UM OWIJIaH CONMMIITUPUINO KYpHUIITaH.

bynna 6‘0(1:) cudartua aana HKCIEPUMEHTH HaTWXallapura CcysHuO

OyfJIaHMIIl MHTCHCHBJIMIM Xap OWp OH ydyH ypTadya-CyTKaJIUK KHUUMaTH

KyWHMJAru xajBaija KypCcaTHIrauaeK OJMH]IN:

Kansaa

Orinap SuBap | PeBpain Mapt Anpenb Mait 2006031

Bbyrnanum 0,0000 |0,0000 |0,0036 0,0046 | 0,0620 |0,0700
UHTEHCUBIIUTH

r/cyT

Onnap Wrone | ABryct | Cents0ps | OkTs16ps | HostOpp | [lexaOpb

Bbyrnanum 0,0750 |0,0700 |0,0600 0,0500 |0,0080 |0,0000

HNHTCHCHUBJINTH

1/cyT

By xomnma OyfiaHuIl MHTECUBIMTH ypTa WMk xucooma 0, 0324 m/cyrt.Hu

TAIIKWJI TA/IH.
Xucobnainuiap HaTWKaJIApUHU KeTUpaMu3. Yap Kydujaara KuiMariapaa ojiuo
oopunau:

h,=20m, h_=2Im, h =24,68 (xapakar aBTOMOJEN OYyiranaa h, =25wm),
a =0,013Mm/cyT:;

L=1000m, ¢,/L=0,025; 0,05, 071, 0,25 0,5

0,75, K,/K,=0,005 0,05 1K,=10wm/cyr,

K -1 204060100, K =05M/cyT. By epnarn

2
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L,¢y,hy,,h . h,K,K,Ba «opkamu mry naparpadmap OoIMIaH 3SCIaTHIaraH

MUKJIOpJIapUHU aHTIIaTa IH.
Cerka (Typ) Ty3wiranga Kamamiap (a3oBUM KOpAWHATAIAp Oyiinda

215m.,BakT OYyitnua 30 cyTka KUIUO OJMHAIN.

4-pacm.

&, (1) yuyn »xamsanm 3 maH Kuiimar ojmHrad, K, =10 w/cyt; K,=05m/cyr.,

t =360 cyT xoJsi1aru Aenpeccusi YU3UFH.
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I11. XyJoca Ba Takauduiap
1. Opmmit muddepennuan TeHrIamMa Ba Xycycuil xocuianu auddepeHiman
TEHrJaMajap XamJla YHM3UKIM OyiMmaraH ojauil €Kh XyCyCHuH XOCHJIaau
TEHrjJaMajapra KyWWIraH Typjid YerapaBUil MacaJaJlApHUHT ECUYUITHUHT
TaKpuOWi METOMJIapUHU CHH(Iapra aXKpaTUiTraH.
2. Uxxkunum Ttaptubnu omauii  nuddepeHnnan TeHrjamajgapra Kyuuiran
yerapaBuid MacajaaHu YeKJIW alupMalld METO]T OMJIaH €YUI FOSICH aCOCIIaHaH.
3. Onouit XocuiaaHu, XyCyCcuil XOCHiIallapHU Ba IOKOPU TapTHOJIM XOCHIIAJIapHU
YeKJIu ailupma OunaH TakpubaH anmMamTupumga Telnop dopMuiacuaal
dholanaHuI FOSICH aCOCJIaHTaH.
4. Yexinu aliupMmanu cxemanap épaamuaa adepKHiuai TeHIIiaMa Ba YerapaBuii
mapTaap aiareOpauk TeHIjiaMajgap CUCTEMAaCHHU €4MINTra 010 KeIMHUIIU Ba Oy
CUCTEMAaHUHT €UMMU MaBXXY/l Ba SITOHA OYJIMIIUIUTUHUA KYpCcaTHIITaH.
5. Yexknm aitmpMalii TEHIVIAaMallap CUCTEMACHHUHI €YUMH STOHAJUTHHU
ncOoTIalla MAKCUMYM NMPUHIIUNUAAH (oW 1aaHuITaH.
6. AltupMaii CXEMAaHUHT OWUPXKUHCIM OYJIUIIM Ba KOHCEPBATUB OYIIHUIIM
yerapaBuii MacajlaJJapHUHT OepuiiraH KjacCcura HucOaTaH SPOKJIH OVIMIILIUTH
acocui Me30H /1e0 OJIMHTaH.
7. TlapaGonuk TUIIArd TEHTJIaMalap y4yH TYp (CeTKa) METOJAMHM acociall Ba
XOCWJI OYyJaraH 4YW3WKIM aire0pauk TeHIJIaMajgap CUCTEMAaCHHU €YUl
yCyJUIapUIaH aiupMa Kapajras.
8. Altmpmanu TeHrjamMajapHd XaWjam VYHIaH Xaljgall Ba darjgad Xadgarr
METOIapy UIILIA0 YUKHUIITaH.
9. Konkper uerapaBuii yerapaBuii MacajaHu €UUIIIA YITYOBIM Y3rapyBUMIapHU
¥a4oBcu3 Y3rapyBuyaHiapra YTKa3uill yCyJId UILIa0 YMKapUJTaH.
10. Homabiym wyerapanu (Ky3fadyB4aH dYerapajiyd) yerapaBuii macajaJapHU

CUMIIIJIa MHTETPA-UHTEPIOISAIMS METOAMHY KYJIam 6atadcuil ypraHuiraH.
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11. UnTerpan-uHTEpnoiasaus METOOJUHUHT ad3a/Iiry, IIYHUHTJEK MaTUMATUK
AHAIM3HUHT YpTa KWAWMAT XaKuJard TEOPEMAHHUHT KYJIAHWIHUIIN XaKuaa
TaBcHsUIap OepuiraH.

12. Yuzuknau OynMmaraH anreOpavik TEHIJIaMalapHU KBAa3MUM3UKJIAIITUPHIILL
épaaMuia YM3NKIM CUCTEMAra KeJITUPUII MyMKUHJIUTY KYPCATUJITaH.

13. Yexsu aitmpMalii CXeMaHUHT SIKUHJIAIIUIIN TE3JIUTH, SIKUHIIAITYBYH, TYPFYH
oYUM XaKu1a aMaauii Mucoyuiap €épaaMua TYITyHTHPUIIIIAp 0Jind OOpuMIIraH.
14. Xap Oup 000ma  HazapussHU MYyC TaxKamJIOBYM MAaIIKJIap-MUCOJIIAP
KEJITUPUJITAH. MucosnapHUHT eurumIIapu TYPFYHJIUK IapTUHU
KaHOATJIATUPYBYM IKAHIUTH KYpCATUIITaH.

15. Hxku KaTiamiaud allupMalid cXeMmajlap Ba YJIapHUHT TYpPFYHJIUTH
TEKIIAPUIITAH.

16. Texxamkop aimpMaiy cxeMmajap Ba yJApHUHT KYJUIAHWII COXAaCH Xamja
AKWHJIAIINIIN MAacaJIaCH KapajraH.

17. NHTerpan-uHTEpNoassuuss METOAM acOCHAA OIIKOPMAc CXeMma Ty3WITraH Ba
FORTAN oaroputum TWiIJa COHJIM €YUM OJMHTAH CEHJIM EUYUIIHU Tpaduk

KYpPUHUIIIIA TACBUPJIAHTaH.
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