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KUPUII

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 0ymud KoJiaBepaju.

“Matematuk (Qu3uka” garaH HOM Xycycuil xocwnanu auddepeHman
TEHIJIaMaJlap Hazapusicl (PU3MKAHUHT COJjJa aMMO MYXUM MacajalapHu
Vpra"uin HaTvXacuaa MakIaHTaHIUTINP.

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
AJUIMNTUK TUIJAATA TeHTJaMayiap OuiaH udojanaHca HOCTAIMOHAD KapaéHiap
napabouK Ba runepOoIMK TUTIAATU TeHIJIaMaap OuiaH ndogaianaiu.

Maskyp OuTHpyB-MajakaBuii HWII TMapabOJUK THUIIArd TEeHrJIamasapra
KYHUUITaH TypJiu YerapaBuil MajacajalapHy €YHMIIHUHT COHJIM yCyJIIapu OuiaH
ypranuiira OaruIIaHTaH.

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

1. UcCHKIMK TApKAJHII XaKHJIa MacaJja.

@ypbe KOHYHMI'a Kypa AS4YEKCU3 KHYMK Ba o3ajard At BakT HYHUJIA
YTa€TraH UCCUKIIMK MUKIOPU AQ

AQ = «(x, U)% ASAt (1)

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

Kapab #iyHanran AS ro3aHuHT HOpMand, K(x,U) HYKH UCCHKIMK YTKA3yBYaHIUK



kodpduuentu, U(x,t)x=(xX,,X,) HyKTalapHUHAT t BaKT MOMEHTHIArH
TEMIIEpaTypa.

Arap TallKyu MCCUKJIMK MaHOau MHTEHCUBIMIUHU F(x,t)opKanu Oenrunao,
CyHrpa Oapya HMCCHUKJIMK MHKJOPH TeMIlepaTypa y3rapuiu (OpTTHpMacH)ra
TEHIJIMTUHK YbTUOOPra 0JICaK

U, =a’AU + f(x,t) (2)

K
TeHryaMara Keiaamus. By epaa a® = —, f(xt)= . ¢(X)-MCCHKIIUK CHFUMH,
cp

£ — 3UYJIHK.

2. JInddy3iusa macagacu.

Q coxama YKOMJIalras MYXHUTITa 6OH1K21 U(X,t) SUYJINKKA 3Ta MOJJa KUPUTHJIICA,

HaTWXKaJa MyXUT Ba MOJIIA 3appajapy XUMUSABUN PEAKIUATA KUPULLIAIH.
HopHer KOoHyHMra kypa CHUPTHUHT dS 3JIEMEHTH OpKajlu OKHO VTraH

3apajiiap oKumMu dQ
oU
dQ =-D(x)—ds 3
Q=-D(x)— (3)

TEHIIMK OwnaH anukinanamy. by epaa D(x)-muddysus kosbduuentn, n—ds
CUPTHUHI HOpPMaJd, p(X)-MyXUTHHHI FOBAKIMK KOd((uueHTH. Arap OaigaHc
TEHTJIAMaCUHH Ty3CaK

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

3. 'mapoauHaMuKa TEHTJIaMaJIapu.

%me(pv): i (5)
%+(V,gradv)+£gradp: F (6)
ot o,

®(p, p)=0 (7)

by ydana Ttenrmamanap Oupranukga €nuK CHUCTEMaHW TaIlIKWJ JITcCana,

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



tenrnamacd, (6) Hu DiepHUMHr Xxapakar TeHriamacud (7) HH 3ca XoJar
TEeHTJIaMaCH JIEHWIIaau.

4. MakcBeJJIb ___TeHIJIamMajgapu. bupop Myxutna  y3rapyBuaH

5JIEKTPOMArHUT MaMIoHKU MaBKy. OYicuH. E(x,t)=(E,,E,,E,)—2J1eKTp Maiigouu
Kywianumu, H(xt)=(H, H,,H,)-Maruur MaiiioHu KywiaHuil, p(x)-3apsaiap
SUYIIATH, &— MyXUTHUHT JHDJIEKTPHK Y3rapMacd, 4 —MyXUTHHHI MATHHT
y3rapyBuyariauk kodpduuenru, |(x,t)=(1,,1,,1,)- y3rapyBuanink Toku. Y xoiia

Oy kartanukiaap MakcBe/lb TEHINIaMalapd Je0 aTalyBUd  YU3HKIH

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

div(¢E) = 47p, div(zH)=0, (8)
rotE = —% a(T’uH) 9
rotH = — a(‘5H)+4—”|, (10)
c ot c

Oy epaa c =3-10'°cM/cek-EpYFIMKHUHT OYIIUTMK/Ia TAPKAIUII Te3Urd. bynapaan
(8) ®apaneit konyHuHH, (9) 3ca AMIiep KOHYHU U(OoaTalIN.
Arap kapaéH cranuoHap (Bakrra OofnuK OYynimaca) MakcBBeIb
TEHTJIaMaJIapu
div(¢E)=47p, rotE =0 (11)
DNeKTpocTaTHKa TeHIJIaMacHHH Ba

div(zH)=0, rotH = %” | (12)

MaramToCTaTuKa TCHIrjiamMmacura Kejiaau.

S. Illpeaunrep tenrjgamacu. dapa3 Kwialnmk m, Maccajlld KBaHT

3appacd TalIKM Ky4 MaigoHuaa V(x) moTeHnuan OWIaH XapakaTiaHaéTra

Oyacun. W(x,t) opkanu Oy 3appaHUHT TYIUK (QYHKIMACMHHM OenrumnaiMus. By
xomna [|¥(xt) dx-Oy 3appaHMHr dx XakMJa SKOMITAIMII DXTUMOIMHH (X -

HyKTajaru tmomeHTuaarn)udonamaiinu. Y xonga ¥ lpeaunrep TeHrmamacu

ned ataryBYu



2
inoY N Ay v, (13)
ot 2m,

TEHIJIaMaHW KaHoaThnaHtupamu. by epma h=1054-107" »srp.cek-Ilnank

JTOUUMUUCH.

buTHpPYB-MAJIaKABMH _MIIHUHI _CTPYKTYpacu. Mas3kyp wuIl TypTTa:

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

Kupum kucmuna Kuckaua agabueriap TaxIMial, MaB3yHHHT J10J13apOJIury,
TQAKUKOTHUHT MakKcaaid Ba Basu(alapy, MaB3yHHHT WJIMHH Ba aMaliui
axaMusaTu Xakunaa cy3 6opaau. lllyHunrnek xycycuil xocunanu auddepeHunat
TEHIJIaMaJlapAaH Oupu OynraH mnapaOOJUK THUIJArd TEHrjamaiapra oJuo
KenyBun Oemra (u3MK jxapaéH Ba YJapHUHI MaTeMaTHK MOJenu OyiraH
napaloJIMK TUILAAry TeHIJaMajiapra ajloxujaa TyxTald yTuiras.

Ana6uéraap  taxamiam. [1]-[5] Bomepim amaGuérnmapma Papaneit

bacupoBuuy AOyTanueB Ba y KUIIMHUHT HIOTUPJJIApH, IIYHUHTACK AOmyBaiu
bermatoB Ba y kummHuHr morupaun Kenram XXamypaToBHHHT mapa0osiuk
TUMJArd TEeHIJIamManapra Kydwiran QuibTUpalus wMacajajlapyuHu  COHJIU
yCyJUIap-4eKId aluupMalyd CXeMalap, WHTErPAI-UHTEPIOISALMUS  METOAU Ba
KOHCEpBAaTUB OUPXKUHCIM CXEMaJlapHU KyJulamra OaFuIUIaHTaHHU —WJIMHUN
WIIApHM ¥3 akcuHM Tomrad. [10]-[17] momepmu amabuérnap sca Mockagaru
bayman Homugaru onuii Texuuka ounuM opt xamaa Cudupsaaru Kpacnasipck
Ba HoBocuOupcK maxpu OJUMJIAPHUHT CYHTH YH HWUIMKAA spaTtraH YeKIu
allupManu cxemayapra OaruIllJIaHTaH WIMHUN Ba yCIyOuM MILIapu y3uU aKCUHU
TOIITaH.

V36ex Twimpa Gepunaran acocmii  amabuér cudatmaa  Mabpyd
HNcpounoBHUHT [18] KUTOOMHM ajloXyaa TabKuaiaad YTMOK jo3uM. IlyHuHTIEK
Maxmyn CanoxuauHOBHUHT [31] KMTOO MapaGoNMK THUIIIArd TEHINIAMAIAPHUHT

dbyHIaMeHTaN Ba TaKpUOWH €UMMITAPUHY TOTIHIIN YCyJUIapura OaruuIaHT aHIUTH

AcIaTUO yTamus.



HlyHu Tapkujam KepakKd XHCOOJall MacTeMAaTUKACH, XYCyCaH YEKIIU
allupMaii ~ METoJuIap  OMPXKHMHCIIM ~ KOHCEPBATHB  CXEMajlap,  yJIAPHUHT
SKUHJIAIINII Ba TYPFYHJIMK IIapTIapUHU YPHATUII Ba XaTOJUKJIApHU OaxoJjall
ycyiuiapunu a6 uukkan kunm A.A.Camapekuii, .M. Mapryk [25][28]-[32]
SKAHJIUTUHUH aloXuaa SbTUPO( 3a3ypIUTruHU Y3UMHU3HUHT OypunMu3  ae0
OuaMus.

[Iynunraek amabuérnap pyixaruaa mnapaboJMK TEHrjaaMajgapra oJmb
KeJIaJUraH TEXHUK MacajaJlapHU YpraHraH HuUrUpMara sKUH aBTOPJIAPHUHT
WIMHMIA MakoJja Ba KUTOOJIapu XaM YpUH OJIraH.

MaB3YHUHI _10J13ap0Jauru. Xo3upru KyHja 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 OyiMaraHn TeHrjiama Ba YerapaBUil MIapTIM MacallaJJapHU COHIIU
yCyJUIap-4eKid alupMalid CXeMajlap €pAamMuia €4uil XaMOH [10J13ap0 Macarna
O0ym6 KeIMoKa.

Taagkukor Map3dycu. Myammo IIyHJaH HOOpaTKu yerapaBHid

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

TaagkukoT Makcaja. ABBaJO MapabOJMK THUIAArd TEHIJIaMaJlapHU Ba

YyerapBuil MIApTJIApHU YEKIU aliupMmanap KYypUHUIIAA TacBUpiad Xocuisl OyiraH
CUCTEMaHU VYHI Xaljaml Ba OILIKOPMAac CXemajap 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 uIlIJa XxaM acocuii Myammo OYii0 KoJraH.



TaagKHKOT 00bEKTH. Sv’praHHm-TazLKI/IK KWIAI o0BbeKTH cudaTtuaa

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

TagkuKOT npeaMeTH. Y3IyKCu3 )apa¢HIapHUHT MaTeMaThK wuQoaacu

oynmvum guddepeHyan TEHIIaMa YHHHT JUCKPET MOJIeTH XHCOOJaHMHUII
YeKJIM alupManiap OwiaH anMamTupwiaad. Yeknu adupManapia ypraHuiraH
OOBEKTHHHT peal OO0BCKTra SKUHJIUTMHU TabMUHJIAWIWTAH alupMain
CXeMajJapHu W3Jall Ba VpraHuml TaJKUKOTHHHT acOCHM  IpeIMeTH
XUCOOJIaHTaH.

Taakukor ¢dapaszu. NimHuHr Xpmosira oud YMKaJUraH XoJjaTiapuiaH

Ovpu YeKJIM alMpManu cxemajiap/iaH Oupu OMpP>KUHCIU KOHCEPBATHUB CXeMa
CaHAJMUILl ~ WHTETPAI-UHTEPHOJALMS  METOAUMHUHT  ad3aJUIUKIapu  Ba
KYJIAWJIMTUHY HAMOMUIL STULLLIUP.

Taakukor Basudagapu. YerapaBuii MacajJaHMHI COHJIM YCYJWJA

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 KA4OH YTKA3WII JIO3UMIIUTH XaKuja
KOHKpPET TaBCcHUsUlap OepwiraH Ba uu3Maaa Oy XojaT Typiau XoJuiapaa
TACBUPJIAHTaH.

@DaH_VYYVH axXaMHMATH 5Ca KyWWIraH MacajaHUHI KOPPEKTIUTMHU

acocyaliia COHJIM YCYJUIAQPHMHI XaM VpHU OOpJIMIMHU KypcaTuiga HaOOEH
oymam.

Acocmii_kucM. Hkkura 600man ubopar Oynub, OMpuHYM 600 yuTa

naparpaduu ¥3 nuura onrad. bupuHun maparpdaa MKKAHYM TapTHOIH O



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

Yuunuu naprpad acocaH 4M3HKJIM OYyiIMaraH derapaBuil MacajajapHu

KaHJal Kuib yekiu aiupmanap Ominan udoaanaii, Xycycal YU3UKIU OyiaMaran
XaJJIapHU YU3UKIAIITUPULL HYJUTapUHU U3J1a0 TONUIIra OaFuIIIaHTaH.

Nxxunuu 600 acocad xycycuilt xocunanu auddepeHiman TeHriamanap,

AHUKPOFU TMapabOJIMK THUIJATK TEHrjamaiap y4yH ceTka (TYp) METOAUHHU
Kysutaiira 6arunuiadrad. by 600 Typrra naparpaduu ¥3 nuura onaau. bupunuu
narpad1a UKKA KaTJIaMJId allpMalid CXEMaTaApHUHT SKUHIAIIAIIAHA, aHAKJIATH
Ba TYPFYHJIUTH TeKmupuirad. VKkuHYM Ba y4dyHuu mnaparpadiapjia HKKH
KaTjJamiid alupMaiy cxeMajapJaH TeKaMKOp CXeMalapHH aXKpaTuO OJMII Ba
YIIAPHUHT TYFPUJINTUHU TAbMHUHIAI MyaMMOCH KapaJjraH.

Typrunum naparpagaa OuTHpyB-MajakaBUi UITHUHT WIMHAWIUTHHA Ba

aManuinuruan  udomanoBun Oynub, yHAAa XaM MaTeMaTUK MabHOJA Xam
xucoOnaml HyKTau HazapAaH sSHru OyiraH KOHKpET macaia KapaiaraH. by
MacallaHM YeKJIW alupMalld YCyJUlap HWYHJia DSHI caMapaii Ba HOKOPH
AHUKJIMKJIArd METOJl OVJraH WHTErpajl-uHTEPIHOJISIIIMOH CXeMa YpraHujiraH Ba
YHU KYJUIalll HaTHKachaa peajl KapTHUHara Moc KeJyBYd €4UM OJIMHTaH Ba Oy

CUMM YMu3Maga XaM TaCBUPJIaHI'aH.



| BOb MKKMHYU TAPTUBJIN YET' APABUI MACAJIAJTIAPHU YEKJIN
ANNPMAIJIAP YCYJIN BUJIAH EUNILI.

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

L(u)=u"+ p(xju+q(x)u = f(x) (1.1.1)
nuddepeHiran TeHriiama Ba

agu(@)+ou'(@)=r,, |og|+|a] %0 (1.1.2)

Boulb)+pu'(b)=7r,, |B|+|B]#0 (1.1.3)
yerapaBuil maptiap oepuiran 0yianb, Oy yerapaBuil Macana siIrOHa €4UMIa 3ra
OYJICHH.
Kapanaérran [a,b] opanukuu Tyrynnap aeb aTanyBuu

x, =a+ih (i=04...,N;h=(b—a)/N) (1.1.4)
HyKTanap €paamuga N Ta TeHT Oyiakiapra OYnuO, TYp XOCHJ KWIaMH3. Xap
oup Tyrynra (1.1.1)-(1.1.3) mapmaru xocunanapHu coHiu auddepeHmamian
dbopmynanapu Oyiinua (QYHKIUSHUHT aipuM HyKTajapaard KUdMaTJIapHUHT
YU3HUKJIM KOMOMHaMsIcu opkanu udoaanaimui. Hatmwxkana i =12,...,N -1 xonzaa
u(x, ) rapau Tomum yayn N -1 Ta TeHrjamara sra 0yiaMus.

Arap Oymap Owiman derapaBuii mapriapaad (i=0Bai=N) kemu0
YMKAIUraH TEHIVIaMaJapHU XaM OMpIAIITUPCaK, y Xomma u(x, )u(x,)...,u(x, )ra
HucOatan N +1Ta TeHrjaMajgapjaH uoopar cuctemara sra Oyiamus.

Yeknn alvpMalld METOJIHM KYyJUIaraHjaa KyWHIaru KyWHUAUTW macasanap
SUMJIMIIU KepaK.

1) conmu auddepernmaniam GopMmynaTapuHu MIyHIAH TaHIAll KEPaKKH,
yJlap XOCWJIAHM SIXIIH SKUHJIAIITUPCUH Ba Oy dhopmynana QyHKIUSIHUHT

TYryH (HyKTa)Japaara KaiMatiapy KaTHAIICHH.

2) XOCWJI OVJITaH CHCTeMa CUMMHHUHT MaBXKY/JTUTU TEKITUPUIICHH.

3) Oy cuCTeMaHU €YUl METOU 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 taninad, (1.1.1) muddepennuan Tenrnamanu dakat
WYKK TyryHJapaa Kapaimus, seHEX=X(i=12,..,N-1) Ba (1.1.2)-(1.1.3)
yerapaBuy IIApTIApPHA MOC paBUIIZA X, =a Ba X, =b HyKTamapja KapanuMmus;
(1.1.1) Tenrnamara x = x; 1e0 o1aMu3:

u (0 )+ 206 ' (% )+ a0 u(x ) = £ (x,), (1.1.5)
i=12,..N-1

Ba Oynja KatHamagurad u'(x,) Ba u"(x)mapuu u(x) QYHKUUSHUHT X, X, X,
HyKTajapaard KuiimMaru, seHu u(x,, ) u(x)u(x,,,) opkamu udomanaiimus. ByHuHT
yayH X, Hykra arpoduma u=u(x) ¢ynyHkous [a,b] opamukma TYpTUHYM
TapTUOIN y3IOyKCH3 Xocwiaara osra ne0 ¢apas xuiaamus, u(x_,) Ba u(x.,)

dbynkuusuiapauar Teimop gopmynacu OVitmya EmuiMacuan €3aMu3 (KOJIIUK

XaaHu 3ca Jlarpamxk dpopmyaacuaa onaMus).

4

2
h h )+%u'v(xi+6h),0<9<l, (1.1.6)

() =06 )+ )+ 00 )+ G

u ~(xi1)=u(xi)—%u' (xi)+h?2|u" (xi)—h?ju'“ (xi)+h7ju"’ (x,—6h)o<o<1 (1.1.7)

by dbopmynanapaan Kyiugaruiapra sra Oyinamus.

U(Xi+1)h_u(xi )_ 0(x )+0(h), (1.1.8)
%U(XH) =u'(x, )+0(h), (1.1.9)
U(Xi+l)2_hu(xil) _ u'(xi )+ O(h). (1.1.10)

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

cuMMeTpuK udomara sra 6yiamus:

11



U(Xm)— 2Uh(2Xi )+ u(xi—l) _ u"(xi )+ o(hz) (1.1.11)

Duau (1.1.5) renrnukaa u'(x;) Ba u"(x,)mapuunr ypaura (1.1.10), (1.1.11)

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

U(Xi+1)_2uh(zxi)""u(xil)+ p(Xi )ijq(xi )u(xi): f(xi)+ O(hz) (1112)

EKU
115 000) ) -l (x4 ) o) =epx)+ or®) - (12.13)
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:
(aph —a, (X, )+ cu(x, ) = hy, +0(h?) (1.1.14)
~ Bk + (B + B u(xy )= hy, +0fh?) (1.1.15)
Oumu (1.1.13)-(1.1.15)napHUHT YHT TOMOHHIA O(h“) Ba O(hz) KOJITUK

XaJTapHU Tanuiad rdopaMus, HaTUXKaaa
[1_2 o(x )}yi_l “o—heax)ly +[1+2 o(x )}ym hf(x)i=12oN-1  (L.1.16)
(aoh_al)YO — oY, =hy, (1117)

_:81YN—1+(181 +hﬂ0)yN =hy, (1118)

xocui Oynaau.

By epma vy, opkamu u(x,)HMHT TakpuOMH KuiMaTh OeJrvIaHTaH.

KelinHyanuk Kyjail OYIumm yayH Kyiuaari OelIruiHHUILIT KHPUTaMU3.

h h
A =1-2p00) Cr=2-h%d(x), B =1+3 p(x)
1.1.19

o -ha, ' hay e, 2_ﬂ1+hﬂo1 a 2:/81+h:80.
by Oenrunanutapga (1.1.16)-(1.1.18) cucremanu Kyiuaaruya &3u0

OoJIaMu3.
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AYi1—Cy; + By, = h?® fi,
Yo = XY +Vy, (1120)

Yn =X Yna VY,

By cucrteMaHMHr MaTpullacu YHHHT JUTrOaHald OYnuO, KyHuaaru KypuUHHUILITa

ara.
1 x 0 0 0]
A -C, B 0 0
0 0 0 Ay Cva Bya
0 0 0 0 x 1|

[yauan  tapkumiam — kepakku, (1.1.16) wudoma nuddepenmman
teHriaamanun  O(h?) xartonuk Ownan, (1.1.17) Ba (1.1.18)map sca wyerapBwii
maptaapan  O(h) xaronuk OwnaH anMamTupwiagud. 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 dopmyanap OuiaH aaiMarTUPUIAIN.

() = o -3+ Au00) -0+ 2o 07(@)

sa 06 = o [0 2)~4u(x,) +300x )]+ B0

YMymaH onrasHaa, KymiaMya X, ,,X.,, X s, X,; Ba X.K TyryHjJapaa u(x)
GYHKUMSIHUHT  KMMMaTUHU 0M0, YerapaBuil MacallaHW KaTTapoK aHUKJIMKAA
aIMaIITUPUII MyMKHH. AMMO Oy anreOpaMk CHCTEMaHM MYypaKKaOJIamTHupuo
100opanu, TaOuikM, OyHIal CHCTEeMaHW COHJIM €YHII XaM OFHp Macajara
aitmananu. lyHUHT yuyyH  XaM XMcoOsall amMaluTHAa IIyHJal cuctemaliap
KapalaguKy, YJIapHUHT aHUKJIUTKM KaTTa Oyiamaca XaM KYpPUHHIIM COAJA
oYMy Kepak. AHUKJIMKHHA OIIUPHUIT Y4yH h KAYMKPOK Kuianb ommuamu. [y
cababmapra kypa, kynunya (1.1.1)-(1.1.3) yerapBuifi macajnaHud €UHUII YYYH

(1.1.20) xypuHHUILIIATK CUCTEMA OJTMHAIH.
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Mucon  Nel. Yexknu  adtupmanap ycyJad  KyJIaHuiuO,  ymoy
u’ —xfu' =4, u(1) =0, u(l4) =0.2492 yerapaBui Macasa MCYMMHUHUHT
u(1.1), u(1.2), u(1.3) KuitMaTIapu TONMUIICHH.

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

17803y, — y, — 4y, +2,2197(0,61193y, —0,04135) = 0,08
17803y, — 4y, +1,3583y, —0,09178—0,08 =0

17803y, —2,6417y, —017178=0

2,6417y, =1,7803y, — 017178
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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

Onpunaru 6061a (1.1.20) cuctema €YMMUHUHT MaBXYIJUTUHU KYpPCATHIILI
yU4yH CAaHOKJIM OOII JuaroHajira sra OYiraH maTpulajiap XakuJard JeMMaHU
KyJutam MyMKuH. AMMo 0u3 Oy epaa Oomkada uir TyTaMu3. ABBajio, MAKCUMYM
XaKUJark JIeMMaHu KenTupamus. by NpUHIMITHUHT KYJIJIall A0Mpacu aH4ya KeHr,
HadakaT oAnui Ba Xycycui xocuianu auddepeHiran TeHraMalapHu €4HIIn
HaTwxkacuaa xocun Oymaauran (1.1.20) kYpuHHUIIIAH CHUCTEMaHHU TEKIIMPHUII
ydyH, Oanku Oy METOJUIApPHUHT SKUHJAIIUIIMHA TEKIIUPUII Ba XaTOCUHU
0axoJail yu4yH Xam UIUIaTHIaan.

®dapa3z Kunaniik, KyHuaaru UKKy mapt 6axkapuirad OVIICHH:

h
52@92& p(x)| <1 (1.2.1)
g(x) <0, a<x<b (1.2.2)

by maptnap A, B,, C, ko3 puueHTIapHUHT MyCOATIUTUHU TAbMUHJIANIN.
Kelinaru  mynoxo3alapHu  coppaiamtupum  Makcaguma  (1.1.2)-(1.1.3)
yerapaBuid maptiapra «, =f£,=0 1e0 onamMu3, y Xojaa X, =X,=0 O0ynuo,

(1.1.20) cucrema Kyinaaru KypuHHIITa 3ra 0ynaau.

Aiyi—l _Ci Yi + Bi Yin = hfi’ i = I_N_:T (1.2.3)
Uy =V, Uy =V,

By cuctema e4MIIHMHT MaBXyIJUTHHU KypcaTUIl Yy4yH OyHTa MOC

KeJnagurad

AYii—-CYi+ByY,;, =0, i=LN-1, y,=0 (1.2.4)
Oup okuHCAM cuctema (Gakat y,=Y,=..=y, =0 TpHUBHA]I e€uYyMMra oJra

DKAHJIMTUHU KYpcaTHIIUMHU3 Kepak, uyHku Oy xonpa (1.2.4) cucremanu

AUTCPMHUHAHTH
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-C, B © 0 0
A, -C, B, 0 0
0 0 0 .. AN—Z _CN—Z BN—Z
o 0 0 .. 0 A, -C.,

Homad dapkiu Oymamu. AmMo Oy aerepmuHar (1.2.3) cHCTEeMaHMHT XaMm
neTepMuHaTH Oynub, D=0 TeHrcu3iauk Oy cucTeMa €YMMHUHUHT MaBXKyJll Ba
ATOHAJIMTUHU TabMUHIANIN.

dapa3 KuIaWIuK KaHIauaup z,,7,..,Z, COHJAp Oepwiran OYauo,
z; # const 6YcuH. YOy ailupmaiu ornepaTopHyd 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-1yuyyH
A(z,)=0 (a(z,)<0)
Oynca, y xonma z,,z,...,Z, COHJAp opacujaru z, €Ku z, DHI KaTTa MmycoOar
KHiiMaTra (3HT KW4MK Maco(puil KuiiMarra)dra OYJIUIIN MYMKHUH.
HNcodoTn. Anitaiinuk
A(z)=20 i=12,,N-1

TEeHTCU3NUKIap Ypuriu O0yicuH. Teckapucunu (papasz Kuiamus, anTalimk, z; gap

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

KHJICHH, IBHH MaXx 2, =2, =M 0ynuo, z,_,, €KUM z, , COHJAPHHUHT Xe4 OyIMaraHja

M 1aH KUYHMK OYJICUH.

VY xomna
A (ZK'): A/(Zx—l _CKZK + Brczk+l = [1_2 p(XK)}ZK—l - [2 - hzq(XK)]M + [1+2 p(XK):|ZK+1 <
< [1—2 p(xK)}M - [2— hzq(x,()]M +[1+2 p(xK)}M =h?q(x, )M <0,

YyHKH JIeMMa maptura kypa A ,B,,C, koaddumentiap mycoat 6ymmob, z,,, €xu

z,, COHJIapAan xed Oynmaranga oupu M nan kuauk. Jlemak, A(z,)<0. By aca
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JemMMa maptaapra 3unaup. byHnan sca OU3HUHT Qapa3suMUZHUHT HOTYFPUIIUTH
Ba JHI KarTa MycOar Kuimatr Qakatr z,&kd z, OYIUIIN MyMKHHIUTH KEIuo
ypkagy. JlemMvanuHr Tacauru A(z)<0 ydyH XaM XyAOM IOyHTa YXIDALI
ucoornanagu. OHmu (1.2.4) cucremManuHr QakaT TpUBaT EUYUMHUTA Ora
HKAHJIUTUHU Kypcaramu3. SIHa TeckapucuHu (apa3 Kwimb, Oy cucrema HOJAaH
dapkiau eynmra sra n1e0 xucoOnaitMus3, s’bHU Y, Y,,..., Yy, COHJIAPHUHT opacuaa
xed OYynmaranga outracu HoyijaH papkiau 6yiacuH. Oy epaa xam (1.2.1), (1.2.2)
mapmiap Oaxapuiaran nae0 ¢apa3 kKuiamu3 Ba OyHAaH Tamikapu, Oapda
i=12,.,N-1 yuyH A(y)=0 TeHIIMKIAp YPUHIM SKAHJIUTHUHU XUCOOTa OJlaMU3.
[IyHuHT yuyyH XaMm JIeMMaJapHUHT TacAUFUra Kypa Y, COHJIAPHUHT JHT KaTTa
MycOar KuiMatu (SHT KUYMK MaHpuil Kuiimatu) dakat y, Ba y, OYynumm
MyMKUH. JIeKUH Yy, =Y\, AEMaK V,,Y,,.. Yy Jap HOJIra TEHT OVIHIIN Kepax.
[Myngait kwmob, (1.2.4) cucrema ¢dakat TpuBan euumra sra 6ymmo, (1.2.3)
CUCTEMA SITOHA €YUMTra 3ra.

Attupmanu xaiioaws memoou 6a yHuUH2 mypeyHIuzu.

busra ymymuili KypuHumaru watpunara sra OynraH N —TapTuOIn
cucteMaHu ['ayCCHMHI HOMabJIyMJIapHM MHYKOTHII METOAM OWIaH eduiia
O(N®) mMukmopaa apupMETHK amayiap OaKapHIHIIKA MabliyM. Arap MaTpuia
YHUHT quartoiuaad noopar Oyaran (1.1.20) cucremanu eunira ['aycc Meroau
OVitrua Ty3ujarad CTaHAapT JacTypra Mmypoxkat Kuicak, XM O (N°) mukmopaa
aman Oaxapwiamu. Ammo (1.1.20) cuctemaga Honman (apkiaud 3JIEMEHTIIAp
Mukaopu O(N). LIyHWHT yuyyH Xam O(N3) Mukgopugaru amaingad O(N) Tacu
masmynoop aman 6ynuo0, konran O(N®) Tacu mazmyHcu3 amanoup, 9yHKU yaap
HOJIHMU Oupop coHra Kymaitupum (OYnauII) Ba HOJMHM HYJAra KOLIWII
(attmpum)man ubopar. Jlemak, (1.1.20) cucremanm ['aycc meroam OVyitmya
Ty3WITraH CTaHAApT JacTyp €plamuja €4uil OpTHKYa amaj Oakapuiura ojuo

Kennb, Makcaara MyBo(UK OYIMaiau.
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VTran acHpHMHT SJUIMTHHYM HWDlapuaa Oy HyKCOHIAPAAH KyTHIMII
MakcaJuaa y4 JOWOTHALIA MaTpuilara d3ra OyiraH YW3WKIA —alreOpank
TEHIJIaMaJlap CUCTEMacHuHU eduil ydyH [‘aycc MeToAuHM IMIyHAall BapuaHT
UIUIa0 YUKKWJIAJAWKK, Y MaTpUUAHUHT (akaT HOJJaH (GapKiv 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
MakcaJyIapHU €UHIIra My KalJIaHTaH.

[ynaai Kuauo

Ay ,-Cy +By. ,=h*f,i=12..,N-1 (1.2.5)
alilipMaly TeHrjaamasaap CUCTEMAcH Ba
Yo =XV, +Vy, Yo =% Yna + Vs (1.2.6)
yerapaBuid maptmiap oepwiran 6yincud. by epna A,B,,C,, f,,x,,x,,v;,v, Oepunran
cornap (1.2.5) cucreMaHUHT €YMMHUHM KyHUIaru
Via =Y + B, =01, N-1 (1.2.7)

KYpUHUIINAA W3Naimu3, Oy epaa «,, Ba f,

i+l

X03Upraya HOMabJlyM COHJIAp
(1.2.7) Tenrnuknan Kyiuaarura sra 0yiamus.
Yi=a&Yia t
Yia = Qi + g = i Yia + Qi + P
by udonamnapuu (1.2.5) Tenrnamara kyicax,
(A - (C, By )lyis + (B —C )+ B Ay + 17, |=0
kenu6 unkaau. Kypunub typubauku, arap
A-a(C -Ba,,)=0, A(Ba,—C)+Bf, =h"f,

TEeHrauKaa Oaxkapuica, y xonaa (1.2.5) Tenrnuk YpuHiau 6yaaau.

Mynaait xkuambd, o,Ba S JAapHU TONUII YYyH yHIOy pEeKyppeHT

dbopmynanapura sra 6ynamMus.

2
o = L B = B'B-L, i=12,...N—1
C, - B, C, - B

i+l i+l
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ay, Ba f, wMukgopiaapuHu sca (1.2.6) dyerapsuit mapmiapaadn Ba (1.2.7)
TEHTIUKIA i = N —1 Oynranma XO0CHil KUIaMu3.

ay =X, Py =%
(1.2.7) dopmyna épmamuaa xucobiamHu Oakapuill YIyH Y,HUHT KUHMaTUHH
TomuIi kKepak, Oy 3ca (1.2.6) derapBuii maptaan Ba (1.2.7) TeHrnukaaH i=0

Oynranma Xocui Oyaau.

_ Xlﬂl + l91

=
1-x0

Mynnaii kw6, (1.2.5)-(1.2.6) dverapBuii MacallaHd aHUK CUYMMHUHU

TONUI YYyH Xauoawt memoou 51e0 atamyB4yu ajareOpauk TeHTJamajapra sra

oynamus.
2
i=12,..,N-1 (1.2.8)
ay =X,, Py =9,
Via =Y+ f, 1=01..,N-1

Yo =( + %0 )/(1-x,a,)

by epma y,map derapaHuHr dYam HyKTacujaH Oomad KeTMa-KeT
Tonwiaad, ImyHUHr YyuyyH Xam (1.2.8) dQopmynanap wuandan xaiioaw
bopmynanapu aevwnanu. llynra yxmam yuedan Xxaiioaw QopMmylamapuHH

XaM YMKapuil MyMKHUH:

— 2 i

L B 1a Tl N F S VI
C -&A Ci—mA

&= Xy =V, (129)

Yi =&iaYiu Mg, 1=012, ,N-1

Yn :(Vz + X7y )/(1_X2§N)

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

1-mamk. (1.2.9) yaraan xaigam gopmyJiajJapuHu HCOOTIAHCHH.
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Arap a,koddduneHTiap Moaynu OwiaH OUpjaH KHUYHMK OYiica, y XoJjaa

(1.2.8) xaitmoBum chopmyJanap mypeyn ne6 artamaau. bynmaii 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-1 0<x, Xx,<1 (1.2.10)
Oaxapuiica, y X0J1a Xalaanrau 0a)xxapuill MyMKWH Ba TYPFYH OYJau.

N ¢ 6 o T m. Xakukaraad xaMm, 0<a, =X, <l DSKaHJIUTH Teopema
maptujan kenu6 unkaau. dapas kunainuk 0<«,,, <1 O6YJICHH, Y X0aa

A A <1

O<a = _
= C -Ba, (Ci -B - A)"‘ A +(l_ai+1)Bl

OYnaau, YyHKM CypaT Ba MaxpakKHUHT XaJjlapu MycOat 0Ynub Maxpax cypaTaaH
karta. lllynnait kumuo, 6apua i<1,2,...,N -1 yuyH O<¢q; <1. OHAM 0<x, <1 mapt
O<eq, <1 mapr Ounan Oupra y,HU aHUKJIaiaAurad GopmyiagaH MaxXpaKHUHT

HoJIJIaH (apKauauruau TabMunnana. lllynu ucOoT Kuiaum kepax .

D caatTwm a. lllyan xam TapKkugam KEpakku, x,Ta KyHWJaraH IIapTJIApHU

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

A>0B>0 C>A+B, C =A+B, (1.2.11)
0<x, X, <1,
&k A >0,B >0, C >A+B,0<x,Xx,<1, (1.2.12)
X+ X, <2

maptiaap Oaxapuiica, y X0Jijla TCOpPEMaHUHT TaCAUFU YPUHIUTHYA KOJIA !,
Yexnu aiitupmanu MemoOHUHZ AKUHIAUIUILU.
Acocuil FOosl TyWIyHapiau OYJIMIINM Y4yH 4erapaBuid IIAapTU SHI COAJA
oynran ymly yerapaBuil MacajlaHu KapaiMus.
L(u) =u"+p(X)u+q(x)u = f(x), u(@)=y, ub) =y, (1.2.13)
Onauaruaex (apas Kuiaainmk, u(x) euuMm [a,b] ra Tyrpuamru TapTuGmm

y3IyKcu3 xocwiiara ara oyncud. Y xomnnaa (1.1.6), (1.1.7) dbopmynanan
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u(x,)—2u(x)+u(x_,) :u"(Xi)+%u'V (X, + 6h), |9|<1,

h2

2
U(Xi+l)2_hU(Xil) =u'(x) 4_h€u"'(xi +6,h), |91| <1

XOCHJI OYTaau. DHIH.

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

®dapa3 KWIAWIKK, U(X)-YerapBuil MacajaJapHUHT W3JIaHAETTaH €YUMU

oyncun. Y xonna Kyiugaru udonanapuu (1.1.2)ra kyicax,
h—lz/\(u(xi))z f+R, (1.2.14)
xocuia 0ynaau, Oy epaa f, = f(x),

R, =%[u Y (x, +6h)+2p(x)u""(x;, + 6h)]

Ammo A, C,, Bxkoahduuentnap f HM sxauTiam OwiaH XucoOJIaHaIH,
IIYHUHT YYyH XaM peall XucoOsaHaau v, jlap ypuHra y, TakpuOuil KuiiMmatiap

1 - . ~
= A[{)=f -, i=12,..,N-1, Yo=%, YN=7Vs (1.2.15)

MyHOca0aTIapHu KaHOATJIIAHTUPaAH, Oy epla ¢, SXJIUTIAIl XUCOOJaH XOCHII
OynraH XaToJWK. EYMMHUHT aHUK KUMMaTH OWJIaH YHUHT TaKpUOWN KuitMaTu
opacuaaru gapku
g =u(x)-V,

ne6 OemrmmaiimMus, |¢|HE OGaxonaiiMu3 Ba Kalicn XOJIapAaH SKUHIANIAIINHU
anuknanmus. Oumam (1.2.14), (1.2.15) dopmynanapnan doiinananud & HA
aHWKJTAII YIyH

Alg)=P*R +a), 1=12..,N-1

& =0,y =0 (1.2.16)

cucremara sra oynamus.
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bus |¢|nu Gaxonam yuyH mryniaii V,(x) QyHKUus KypaMuski, y |e| ydayH

MakopaHTa OYJICUH, ITbHU
e <V(x) V(x)=0

MaxopaHTa KypuIll Y9yH IIyHIal JeMMaaan ¢oinananamus: dapas KuIaimk,
to,t,,....ty,Ba T,,T,,..., T, (T, > 0) Kanmaiimup connap GYICHH.

Jlemma (Maskopanta xakuaa). Papa3 KAJIAWINK, KyWUaard mapTiapHu
OakapHJICHH.

1) gmax| p(x) <L

2) q(x)<0;

3) A(M)<—A(t), i=22..,N-1;

4) Ito|<Ty, [tu]<Ty
Y xonga [t|<T,i=12..,N-1
HUcoorn: Ymoy t, +T, WMFUHANHU KapaiMu3. JIeMMaHUHI y4dyHYM IIapTura
Kypa

Al +T,)=At,)+A(T) <0

MakcuMyM DPUHLWINM XAKUJArd jemmara Kypa t, +T, COHJIap OpacHaa SHT
KUYUK KuiimMaTtuHu t,+T, €xku t, +T, KaOyad KWiIuIl MyMKUH. JleMMaHnuHT

TYPTUHYM IIapTUTa Kypa Oy coHjmap MaH@uil smac, aemak, Oapya i ydyH
t, +T,>0. Ilynara yxmmm t, —T, >03KaHJIUTUHU KypcaTuil MyMKHUH. OXUpru
WKKUTA TEHTCH3JIMK KypcaTUIl MYMKHH. OXHpPrd HMKKUTa TEHICHU3JIUK
KypcaTamuku, —T, <t <T,&ku [t|<T,. Jlemma nucbornananm.

OHau épaaMun MacajlaHu KapaiMu3:

L)’V +p(xV +a(xV =-1
V(a)=0, V(b)=0

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

SKaHJIMIU KypcaTamm3. Xakukaran xam, arap (a,b) ra V(x)<0 TeHICHU3IUMKHH
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KaHOATJIAHTUPAJUTaH HyKTajgap Tommica, y xomga V(x) ¢yskuus [ab] ma
y3JIyKCHU3 OYJITraHINry y4yH Iy OPaJIUKHUHT OUpop ¢ HyKTacuja yHHHT MycOat
OyIMarad MMHEMyMHTa SpUmiand. by xomma V'(£)=0V'(£)=0V(£)<0 Ba
q(£)<0 OYarammuru yuys ous L(\7 (5)]2 0 TeHICH3JIMKKa 3ra Oymap sauk. By aca
KapaMa KapIIMIMKKa onub kenaau, dyHKH V(x)  QyHKIus L(\7)=—1
TeHTIaMaHKUHT eunMunup. Jlemak, 6apua xe(a,b) yuays V(x)> 0.
OHu
W (x)= 2V (x)

GyHKUMAHN KUpUTUO 7 MycOar mapaMeTpHH INyHIal TeHriaaiMusku, W(x,)
COHJIAp ¢, map y4ayH MyxopanTa Oyncus. Bynunr yayH u(x) dyrkuus L(u)= f(x)

TEeHrJaMaHuHT euumu 1e6 dapa3z kb (1.2.14) popmynanu

L A= LG+ R ()

h

Kypunuia é3u6 ogamus. Illynra yxmam W(x) yayH

AW =LW(6 )+ R W)= +R (W)

HU XOCHWJI KujiaMu3, Oy epaa

Ri(W):Tlh—;M V(x, +6h)+2p(x W' (% )+ 6} |0]<1]6|<1
Jemaxk,
AW ))=—rh2[1—%w ¥ (x, 4+ 6h)— 2p(x W (x +91h)} (1.2.17)

Kylnnaru OenrunapHu KHpUTaMmus3

p=max/p(x), M;,=maxWw"'(x),

a<x<b a<x<b

_ v VI
M, = max (x)| M_12M4+6pM3

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

Ouau (1.2.16) nan KypaMu3KH,
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In(e) <h?(h*M +6) i=12,.,.N-1 (1.2.19)

OyHna M =%M4+%phﬁ3, M, =maxu'(x), M, =max

a<x<b a<x<b

u'V(xj, | <68

Arap Ou3 7 mapaMeTpupHH
AW (%)) < —xV g
TEHICU3JIMKHH KAaHOATIAHTUPATUTaH KUIMO TaHiad oJyicak, y Xoiaa & =&, =0

XHCcOOTa ONMHTaHJa Ma)KOPAaHTH XaKWJard JISMMaHU KYJUIAIIMMH3 MYMKHH.
byHuHr Y4YH (1.2.18) Ba (1.2.19) TEHICHU3JIMKIIapra Kypa
Mh? S

—th?(1—h?M )<—h?*(h’M +5) éxm 2

[Ilynpai TEHrCU3IMKIAPHA KAHOATIIAHTUPAJIUTAH 7 YUYH 2-IeMMa
|gi| SW(Xi ): TV (Xi )

E€KU

Mh? 5 :
|gi|£[1—h2M +l_h2ij(xi), i=01..,N (1.2.20)
baxora osra Oymamus; [a,b] opamukma V(x) y3aykcu3 OYITaHaurd y4yH y
yerapanaHraHaup.

Iyauar yuyn xam, arap h—0 ra &<d,h’0Oymca, y xomma (1.2.20)

tenrcusmuruan £(h)=maxe,| =0(h?) kw6 wmnKamm.

- 0<i<N
T e o p e m a: Dapa3 KunaIuK
u+p(xu+a(xu = F(x) u@)=7, ulb)=r,
yerappauii MacajlaHuHr u(x) eunMu [a,b] opanmkma TYpPTHHYM TapTUOIH

y3JyKCHU3 XOCHJIara 3ra OyJICHH Ba KyWHJlary 1mapTiap Oaxapurca.
1) gmax|p(x]<], 2) q(x)<o0, 3) 5 <6,h?
y XOJiIa KapajJla€TraH 4YerapaBuil Macajla y4YyH auupMalid METOJ O(hz)

AHUKJIMKIAa TCKUC AKUHJIalllaau.

DcaaTmMma: Arap o, <0 Ba 3,4, >0 TEHTCU3IUKIAP YPUHIH OYyIica, TeopemMa

(1.1.1) Ba (1.1.3) werapBuii Macana y4yH XaM YpHHIN 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

MacCaJaHUHT X, = 0,1i(i = 1;10j HyKTaJIapJlard €4YMMH Xaiaam ycyJijia K}”/JIJIaHHJH/I6

TONUICHH Ba HaTwka u(x)=1+e* aHMK CUMMUHUHI KUMMATIapy OHJIaH
COJIMIITUPHIICHH.

Eunmr: Macananu Typ Macanacura KeJITupamus

Visz = 2Vira ¥ 5y Jit1 T Vi
h? ' h

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

€KH
Vi — 2= xh)y,,, + (1+ 2x.h— 2h2)yi = —4x.h?,

Y, _% =0, y,,=371828 h=01

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

x, =0,98+0,2x,, f. =—4x,,x, =0,01,i =0;10

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

Xucobmar CXEMAaCH: X, =X_,+0% m =m_ —0,02, K K, +0,02,

f,h? = f, ,h? —0,004 (xagBasHUHT 1-5-yCcTyHIApH); cp 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;_é) 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? | T¥rpu ropui Teckapu Kontpons
FOpUII y(x)aHHK Kyluaaru
W@ 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|-204|102| -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 (041]-2,08| 1,06 |-0,0016 | -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
7 107]-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

BCds +Bh  Bh
Bi(l+cg)+Bh  Bh

Kuiimatmap vy, =c_,(d_, —y,,)Japaan ¢oinananu6 Tomumamu: y, =111785 (8-

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

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

KHﬁMaTHapH KCJITUPHIITaH
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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’) (1.3.2)

nuddepenipan TeHriamara Ba
a(a)-au'(@)=7,, Bulb)-Bu'(b)=7, (1.3.2)

yerapBuii mapTiiap OenruiaHran OyicuH, OyHAa «,,a,,f3,, /3, OUp Xui uiopara
sra. [y Ouan 6upra, dapas Kunaitauk f(x,y,z) GyHkuus Oxyz (Ga3oHUHT y Ba
znapra HucOaTaH KaBapukK Oyiran Oupop G coxacuja Y3JIyKcu3 (PyHKIUS
OYJICHH.

Onmurrugex  x, =a+ih (i=04..N, (b-ajh=N) Typrymmap éEpmamumaa
[a,b]opanukam N ra tenr 6ymiaka 6ymu6, (1.3.1) Tenrnama Ba (1.3.2) yerapsuii
HIapTJIAPHA TaKpuOui paBHILIA aIMallTupuo, (N +1) Ta

Yo: Yir---» Yy HOMabIIymMilapra HucOaTan ymoy

yi+1—23§i Yy .y Y Ym0 N1
h ©2h

(1.3.3)

=71 BoYn +%:72

Yi— Yo
h

0yYo — 0

(N+1) Ta umsukau OyiIMaraH TeHIJIaMajap CHCTEMACHHHM XOCHI KHIAMHU3.
Ky#nnaru OenrunanuiapHu KUPUTAMU3.

Yi— Yo

h (1.3.4)

RN (Y): IBOyN _ﬂl%

Ro(y): Yo —

Okopunarn  (1.3.3) cucTteMacHMHM €4YWIll y4yH HWHTEpAlUs METOAUHU

Kyiujaaru cxema oyiuda KyuiaiMus.
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LB (22
= [ Xy, 2

2h (1.3.5)

i=12...N-1 R [yi"]=y,
By epnia okopuaari j MHTEKHC WHTEPANUSCHHUHT HOMEPUHHU OWJITUPaJIH.

WuTepauusHuHr xap Oup KaJaMuga 4YH3MKIM aidreOpauk TeHrJiamanap
CHCTEMAaCHHU e4YuIIra TYFpu Kemamau. by cucrema Maxcyc KYpuUHHIITA 3Ta

OYNraHu y4yH YHUHI €YUMUHU OIIKOP KYPUHUIIA €3UII MyMKHH.

o h
Yi(J ) :Z[ﬁ 71(b_a)+ﬂ171 +05172]4'

i N-1 _
+- (e = Bor )+ 2 g £, (1.3.6)
K=l
£0) = x g0 v -y
) R 2h

OyHna a,b,a,,ay, By, B 71,7, — MABIYM COHIIAp OYnUO, A Ba @, Kyluaaru

dbopmynanap 6mian xucoOaaHaIu:
1
A= H[ogolb’o(a—b)+ a, B+, f,)
1(. 1 1| (;
X(|ao+%j[xﬂo - BN —ﬂrj (I SK) (1.3.7)

Qi =
oo

[llyan xam Ttabkumnam kepakku, (1.3.7) dopmynana g, Jlap HUHTEpaLUs
HOMJIApU OOFJIMK 3Mac, IMIYHUHI Y4YyH yJapHU Oup Mapra Xuco0jald KYIIuil
Kuorsaup.
Kapana€rran METOTHUHT SKHHJIAIIUIINHN TCKITUPHII aHYa Mypakkad
0ymu6, R(x,y,z) pynkuus G coxara y Ba zJiapra HucOaraH
R(x,y,2)- f(x,V,Z) < o]y — V| + |z 2|

KuMmnui mapTiHu KaHOATIaHTUPAAUTaH X0J yuyH OyHJal TaIKUKOT.
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I1- BOB. IAPABOJIM TEHTJIAMAJIAP YYYH AUUPMAJIN
CXEMAUJIAP.
§ 2. 1.Ukku TapTHOIM aliMmpMaJId cxemMaJaap.

®apas kunaitmuk G={0<x<I,0<t<T} coxaga ymoby

2
aa_‘::gT‘j+ F(x,t) (2.1.1)

napaboIMK TEHTJIAMAHWHT
u(x,0)=u,y(x) (2.1.2)
JacTiIa0KM MIapT Ba
u©,t)=s4(t) ull)=4,t) (2.1.3)
yerapaBuii MIapTIAPHU KaHOaTiIaByaH u(X,t) €YMMHUHM TONUII Tanal KMJIMHCHH.
By epma u,(x)(t) () Oepumran ¢yakuusnap. 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 KoOpAMHaTajnap Oyihnua
MOC paBUIIAA hzﬁ Ba r% TYFpU TYppu Oypuak TYpTOypUak Typ OwiaH

KonMmaiimu3. (l-umsma) keitmn G, = {ih,n(), i=OM, k= ON} TYP COXAaHUHT

(i,x)=(ih,zx) Tyrynmapuma amukmanras v"  Qysxmuseu  kugmpamums, v
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dyskius  u yskuusHEHT G, TYpOa aHuKimaHraH y(xt), QyHKmEs ydyH

yr = y(x,t,) Oenrman KupuTamus.

au o%u
Ouau (2.1.1) TeHrnmamMaHw anmpoKCWIAlMs KWIHII Y4YyH —  Ba S
X

xocunanapuu (ih,x7) HyKraza

6U K+l_y

— A 2.1.4
pra [ (2.1.4)
au Y -y 215
(T S — (2.1.5)
o K _2yF 4 yr

S (2.1.6)

TakpuOuil QopMmynanap OuiaH amMamITUpaMu3. AWMpPMaTId MacalaHH XOCHJI
ki yuyH (2.1.4) 6unan (2.1.6)uu (2.1.1) Ba (2.1.3) mactinaOku yerapBuii
HIapTJIapHU anmpokcaMauus Kuiamu3. HaTwxkana kynunaru ailupManu macaia

xocui Oynaau.

Y-y Y -2y Y

- = -2 + (2.1.7)
i=1,M-1, k= 0ON-1;
yg = lul(tk )’ yli\(/l = ,uz(tk )v k=0,N (2-1-8)

yo =u,(x)i=0,M
Arap (2.1.6) ra knu (k+1)ra anmamrupu0, HaTiwkanu xamzaa (2.1.4)Hu

(2.1.1) Tenrnamara Kyicak, KyWnaard ainpMaiii Macajiara ra 0yaamms:

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

- 2
yi ' -y _4Yia i’]lz—l T Yiu kit i—IM—1.k=0N-1
T
(2.1.9)
5 =l =D ONT P u() i=OM (210

By epna ¢f cudaruaa Kyiinaara ndoaaaapHi OMPOPTACHHH OJIHII MyMKHH.
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1
Xj+=

tk+1 ' E

f(x,t),% [ £(x.t)dx, h—lr [ dt [ f(xt)x
X—— 1

‘2 ‘2

[lynnait kuauo6, (2.1.1)-(2.1.3) napa®oauk TeHTIaMaJIapHUHT
anmpokcumarusicn cudaruma 6u3z  (2.1.7), (2.1.8) Ba (2.1.9) antmpmanm
TEHTJIaMayiapra sra OYJICHH.

6upop Lu=f mudpdepenuman Macamauunr (x.t ) Tyrymma Ly(u®™)=f"
allmpMany mMacana OuiaH aJMalITHPHUIIIA UIITHPOK ITHITAH TYTUIAMHHU aH/Aa3a
nevinnanu. FOkopumaru (2.1.8) Ba (2.1.9) aliupmanu cxemanap 2-uM3mara

KypcaTI/IJIFaH aHaa3ajiapra 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)

2-4u3ma
a) MKKM KaTJIaMJIM alllkop cXema,
B) UKKH KaTjaMJu cod OIIKOpMac cxeMa.
Oumu  (2.1.7) Ba (2.1.8) aitupmanu CXEMaHMHT aMMPOKCUMAIUACH

TapTUOWHU aHHWKJIaiMK3. PaBIrHKy,

u(x,x,7+7)-u(x,xr) éu 0%

el oo oo
(x,k7+&)

u((i =2)h,t)—=2u(ih,t)+u((i +2)h, o%u h? o%u

(=20, (hz Julli+1) T):8 7 i s =7 0<p<h.
X 12 ot (ihosm )

YuHaan yayH Xxam

32



1 —Uu(x,t —h,t)-2u(x,t h,t
u(x,t+7)-u(xt) u(x—ht) u(x2 )+u((x+ ))—(p(x,t):
T h
_ht o
)12 ox

ou du 7ol

a2t —p(x.t)= £ (t) - p(x,1)+ 0z +h?)

(x+m.t)

Arap ¢ = f(ih,xr) ne6 oncak, y xomma (2.1.7), (2.1.8) aiimpmanu macana
anmIpPOKCUMAITUS XaTOJTUTHHUHT TapTHOU O(z' + h2) 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 Owujad
anTMPOKCUMAITUSICUHUHT TapTHOIH 0(7 - 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 ZYL( - Yik+1) (2-1-11)

h2
.(i :_(_)_,_IVI"j MabayM OViraHugaH OHpUH-KCTHH Oapua y( =1M-1 ) Ba

XakasonapHu tonum MyMmkuH. Ilynpaii 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.

—a Y ( h? ]Y."” Y =Y e =12, M -1 (2.1.12)
Vol =i = (e +1)0), vt =™ = (e +2)e),

bapua y,[ = LM —1) MabiayM Oynranupa Oy wmyHcabammap vy ™, i= M -1

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

(2.1.12) cucremanu Kyiugaruda €3uil TMyMKHH.

N

Ay=

Tl
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OyHmaii y = {yf*l,..., y(,,*jl}—HOMaLHyM BEKTOD,

27 T
1 o 0 0 0
T 27 T
A= .
0 0 0 1+i—2 —hf—z
0 0 0o .. —hf—z 1+%

5
b BEKTOpHHUHI KOOpAWHATAJIIAPU dCa

K+1 T k+1

)Gf + TQQL + ;{E'/Il ’ j = 1;

b, =4y +7pf™, 2<j<M =2,

K+l x+1

. T .
Yvma 70y +F/J2 J=M -1

A matpunia y4d auarHaud Oynranmnurd yuyH (2.1.13) xaiigam metoau

OWJIaH €Yl MyMKHH.

Onmm (2.1.7), (2.1.8) Ba (2.1.9), (2.1.10) cxemanap ¥3 nuura ojraH
YMYMHI CXeMaHH KYypUO YUKaAMU3.
Yoy
Av, = h—lz(vi+1 —2v,+V,,) Aul = i[(u +h,t)=2u(x,t)+u(x—h,t)]
(x.t) 2

OCJNTUJIAHUIIIHA KUPUTUO, KyHHUTaTHHUA XOCUJT KUJTAMU3;

K—+1

Yi -y
T

=AY+ (1-7)AYf +@F, Kk=1M -1 (2.1.14)

By cxemama re[01] Yysrapmac con Basm geiimmamu. Xycycuil Xxomja
(2.1.14)man r=0ra r=1 ra (2.1.9) xenu6 ymkamu. (2.1.14) Ba (2.1.8) cxema
Ba3HUU cxema jaeimnaau. by cxema dakar =0 OynaraHgaruHa oImkop Oyiaau.
O0<7r<1 Oynranma sca omkopmac Oymamm. (2.1.9), (2.1.10) cxema Oormika

OIIKOpMAc cXxeMmayapjaH ¢(apK KWIMIIM Y4yH cOo( OIIKOpMac OIIKOpMac
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nevinnana. Arap T:% Oyinca, OM3 KyHugard OJTH HYKTaJIM CUMMETPHUK CXeMma

z[e6 ATAJIYBUHU CXCMAaHH XOCUJI KNJIIaAMH3:

YV L gyt ag ) g (2.1.15)

T 2

(:'—]:.vc+]) (f:x'+]] (i+]_.x+]:l

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

3-unu3Ma
By cxema 3-un3manaru oiaTH HyKTaJId aH103a Oyinda Ty3HUIIaIn.
Oumu (2.1.1)-(2.1.3) nuddepentmannu (2.1.14) aiimpmanu cxema OusaH
anIpOKCUMAITUs KUJITaHa XOCHJI OViIaJurad XaTOJMKHU aHUKJIanMu3. ByHuHT

yayH (2.1.14) macanaHuHr euuMuHd Y* =u(x,t )+z" KypuHUIMOa €3amus3, Oy
epaa u(xt) pynkuus (2.1.1), (2.1.3) auddepennnan MacalaHUHT aHUK, €YHMH.

XaTonuK yuyyH Kyiduaaru TeHriiaMaiap cucTeMacura ara oyiamus.

K+1 K
4 T4 =AZ* +(1-7)Azf +2F, i=LM -1, x=0,N-1 (2.1.16)
r

25" =28"=0, x=0,N-1,2°=0,i= OM
VYHT TOMOHTa KaTHAaMaluran 7 Typaaru GyHKIHs Kyiuaarura TeHr.

TiK —_ U(Xi ’ti+l)_u(xi ’tK) =7AU
T

(Xi vtr(+1 Xt

(RN

\HL+ T)AU( o (2.1.17)

by ¢ynukuua (2.1.1), (2.1.3) wmacana euumugaru (2.1.14) cxema
anMpPOKCUMAIUSICHHUHT XaTOJIUTUAND. By XaTOnuK TapTUOMHM aHUKJAIl Y4yH
(2.1.17) udopmara xarHamaguran Oapua QyHkumsuapEd (Xt +7/2) HykTa

atpoduaa Telnep kaTopura éssamus.

35



. _ 2 A3
U(Xi’t"+l) U(XI,XK) :a—u xi,tK+r/2+T_'a_l3'I (xi,tk+§):6_u +O(TZ)
T ot 24 ot Ot | 4 +212)
AU| 4 0= AU /z)+£Aa—u ++0(rz):
e 2 ot (%t +7/2)
2 2 A4
= 8_121+h_8_l:+£A8_u +0(r2+h2)
ox® 12ox" 2 ot
(X te+7/2)
[IIynra yxmam
2 2 A4
Au=|( )= 8_[21+h_6_l:+1A6_u +0(z +h?)
ol oxt 12o0xt 2 ot o terei2)

by udonanapuu (2.1.17) ra kyivax,

. ou o ( 1) ou
=ttt A
ot ox 2) ot

HU XOCHJI KWJIaMU3. DHIN

+F +0(r2 + hz)

(X te+7/2)

ou 0%
E = aX—Z‘l‘ f(X,t)

naH (oifnanancak, y xosiaa

+0(z2 +h?)

(%t +7/2)

1), ou
r“=¢"—f(x,t +7/2)+ ——|A—
1 ¢I (I K T ) T(T 2) 8'[

xenn6 umkamm. Jlemax, ¢ = f(x,t, +7/2) ne6 oncak, y xomaa r* =0(z+h?)arap

t=05 OyncaBa r* = 0(r2 + hz), arap =05 OyJca.

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

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

Mmucoa = 0.5 6ynrad XoJ1 y4yH.

U, j+1=(0-2r); +7(u,y, j) (1) Tenrmamanan doiinananuo,

%: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 OYJICHUH,
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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=V vy ) 0 =l )
- — T
py = e st} gty = (i p 310122

Yoy  (x,.t, ) (x,t, ), ... (X t.) TypFyHIap TYIUIAMUHU x—KaTiaMd JIedMH3,

N
IIYHUHT y49yH XaM y_ Ba ¢ BekropiapHu u" Ba ¢" (QyHKUUSUIADHUHT
xK—KaTiaamaard KuimaTtuaard Kapam MyMmkuH. Kyliugaru HopmanapHu

KUPUTAMU3:

—

Y. = max

0<i<M

N
=M <
max P ?;

yil ,

- -
= max = max|u,
'ul 0<x<M /u2 0<x<M ﬂz

wl,

Tasbpmn ¢. Aitlupmanu cxema C (pa3oHMHI TYpPAArH HOMACHAA TYpPFYH

nennnany, arap hBa r ra OOFIMK OYyiMarad mryHaail y3rapmac ¢, COH TOMMIIUO,

YHUHT yYyH

N

yO

—

;. =ci<max>[

-

Hq

N

H)

max ®

0<x<N

) )

j (2.2.1)

= m
j OSK%(D

6axo ypuniu Oyica.

Ouau (2.1.7), (2.1.8) aitupmanu CXeMaHUHT TYFPUIUTHHU TEKIIUPAMU3.
1-teopema. Arap r<h?/2 6ymnca y xonma (2.1.7), (2.1.8) aiiupmanu cxema C
(dha3oHUHT TypAaru HopMacuaa TYpPFyHIHP.

HUcoorn. (2.1.7) TeHrnamaHu KyWujgaru KypuHUIIra €30  oJlaMu3.

Vit =(1-2p)y  + oy + vt +opf, OyHma p=c/h’. Arap max|y;“*|ra  MuKM
(i,, < +1) HyKTa/a SpUIINIICA, y X0J11a
max|y, | = max|(L-2p)yi + pyi's + oyt +70%] < W+ 20) 9, + 2003 |+ oo = (9. + 2o
Axkc xonga

max|y | < mas || ) < ma{z | )
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JleMak,

[y < max(|ea .o ]9, + ") (2.2.2)
Ouau (2.1.7), (2.1.8) MacamaHUHT €UUMUHU
yK — 19K +Wl(

KYpHHHIIAA ojlamu3, OyHma 9°(2.1.7), (2.1.8) macaiaHUHT YHT TOMOHH @*~°
oynrangaru eunmu, w* aca (2.1.7), (2.1.8) macanaHuHr yerapBuid Ba OOLITIaHFUY
HIAPTUHU HoOJTa TeHr Oynran eummu (2.12.2) ra kypa 9“ydyH Kyhugaru
KYPUHUIITHU XOCHJI KUJIaAMU3.

3+ < max{|a. | 9 )< .. < ma{ ] .| ]

NkxuHYM TOMOHIaH W* yayH (2.2.2) ra Kypa

- k+1

W < WK+ 7 < W<t +

'],

by epna (K+1)r <T nan ¢oinanmuauk. llynnai kuaub Kyiugarura sra 0yiamMus.

+ Tq ¢K+l

0" 7 )_...SZK:T“@j‘ <T max
j=0

0<j<N

7 |+ [ < max( . 2} o)+ T max

0<j<N
—~ ]
7|

Oyuma c, =mav(l,T). By Tenrcusnuk Gapua x,0<x<N yd4yH YPUHIM, JEMAK,

[y < Ak

< o max([ 7]+ T

0<j<N

aitmpmanu cxema C (pasoHMHT Typaard HOpMacH y4yH TypFyH dKkaH. Tepema
UcOOTIaHAIN.

Byaman xypammskm,(2.1.14) cxema TyprFyH Oymumu ydyH  |4,|<1
TEHTCU3NUK Oakapunuiu kepak . Jlemak , Ou3 o Ba ¢ Jjapra HucOaTaH

IIYH/JAM MIApTIapHU TONMIIMMU3 KEPaKKH,

_]_SMSJ_
1+ a8,

Tenurcuznuknap Ypuniu OyiacuH . Arap >0 Oyncay xomma & >0

OyIramaurd y4yH FOKOPDUAArd TeHrcusaMkiaap & (1-20)<2 myHocabar
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o 1_.
OwinaH TeHT Kywin Oymamu. Arap 2'256}0]03. , OXUPTY TEHTCU3NUKIap Oapya

1_-.
r >0 jap yuyH Oaxapwiaau. Arap r < E6yJ1(:a , ¥ X0aa

2 h?

T A 20)maxv, - 20-20) (224)

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

HUCcOAaTaH TYPFYHJIMTHHHUHT €Tapiv InapmiapuHu ypHaTauk. Kymmaman 4% =0,

w =u,=0 O¥nca, y xonma 02%6§1ﬂraﬂna (2.1.14),(2.1.8) aitmpmanu 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 Oyiiagu Ba YHUHT TYPFYHJIUTHMHH MaKCUMYM
npuHuunu €ku Pypre MeToau OuilaH TEKIIUPHUIINM MablyM KUHHMHUMIMKIAP
TYFAUpaau €K yMyMaH MyMKHUH Oynmaiinu .byHaail xonga sHepreTuk 6axonap
MeToauAaH (poiaanaHuIaIu.

JOKOpHAard yx OPKAlIH YHHHT K-KaTiamaarn KMMaTHHH OeIrdiaiiMus,
spHn Y x=(0, Yoo y; ,0) sna ymoy

= (228)

T

benrunamnu kuputamus. bynna 6u3 Kyiingaru TEHIITUKIAPHA XOCHIT KHJIAMU3:

ook 1, g, - I ko kel s o -
y =§(y“+yk)+5yﬁ, ye== (7 +y9)-= ¥

N
N =

benrunamnu kupuramus. byHna 6u3 Kyiuaaru TEHIITUKIAPHU XOCUIT KUJIAMU3:

—»K+1_1(—>K+1+—'Kj+£—'l( —>K_£(—»K+l+—>xj_z . 226
y_2y y ZYt’y_Zy y 2yt (2.2 6)

DHAM BEKTOP  yYyH W; (Da3sOHUHT TypJaard CKaaBp KymadTMacHHU Ba

HOPMAaCHUHH KUPUTAMU3.
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L) oudt -
(V, a)): hv,

i=1

i -6l
-5

Papmankwu,(2.1.14) TeHrIIaMaHUHT KyHUIard KYpUHUIIIA E3UIT MYMKYH.

-

— K+

Yo =AY +0-)Ay +9
by tenrmamanunr (2.2.5) Ba (2.2.6) TeHINIMKJIAp acocuja Kyuumgaruda €3u0

OJIaMH3;

1 -kl -k -k -k

Y. = A(y +y)+f( ~05AY, +¢
Oxuprd  TEHMIMKJIAPHUHT Xap HWKKajda TOMOHUHT 21?/:( :2(§K+l—§/’(j

BeKOp OmiaH ckaisip kynantupamus. Hatmxana Kyinmarunap xocui 0ynaau:
— K 2 —k+l—kK -+l -k 2
=(A[y y j y -y )+Zr (c-05)
1

7\Y,
(8303 |+ 4 v ) (22.7)

M-1 . " o
Yy Z h '%bi = ay by —a;by +Zh Dby hb'_l a,
= i1

¢ o V. — V.
KHUCMHUI WUFUM (opMuiiacuja a; = — " L b =v, 1e6 b, =v,=0 b, =v, =0

TCHI'JIMKHHA cho6ra OJIaMU3:

2

GV, -V Y ﬂl(

(AV, V)= h. 25 L=_Sh j :-”\7

i=1
HU XOCHJI KUJIaMu3. DHJU A ONEpaTOPHUHT CUMETPUKIUTUIaH (oiinananuo,

—Kk+l =K —k+l -k —Kk+l —x+l —-K —K
(Ay Ty j y -y ):(Ay Y j—(Ay Y )=

TEHIJIMKJIapra sra OyJaMu3 OXUpPrd HUKKUTa MyHocabaTiapaa ¢oiinananuo

1

2 2

— K+l

y

—K

y

1 1

(2.2.7) am xyitmaaruya €3u0 osaMus:

— k+1 2

oYl Y

+27%(1 - 05)(

-y +2r(§f o) (2.2.8)

1
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by TeHrnuk V\é da3zoHUHT TYpAard HopMmacu OyHnWYa SHEPreTHK AaHHSIT

neuniIaan.
OHau ymly
2
ab|<a? + 2
de
¢ TCHTCU3JIMKAA a = Y/f , b :“éx“ noe6 onuo, (Y/f ,ZoKJCKaJmp KynauTMa y4yH
Kyuuaru
—K —K — K 2 1 — K 2
yt 1 <€ yt +—|
4e

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

2{(1— g)( j+

Xo3upraua ¢ UXTUEPUU COH M, SHIU 0< & <1meb omamus. Y xonga o >0,5

2 2

<

2

— K

»

2 T
4+
1 28

—Kx+1

y

—Kk+1

y

— K

y (2.2.8)

— K
Yi

+7(0 - 0,5*

1

mapT OaxkapwiraHjga kaTTa KaBciaap  uuujgard udoma mandpu Oynamaiiau.

[yxunr yayn xam (2.2.9) nan ymoy

2
<

2
T

— k+1 2

y

— K

y

— K

P (2.2.10)

128

1
0ax0 KUJINO YMUKAIIH..

KypcaTUIl MYMKUHKH 7 <0,50ynranna (2.2.10) 0axo ypuniau Oynuiu
yayH

< (1—5) ?
T_W_f’l) (2.2.11)

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

2
<

2
, nt<T

2 K-1
T
+ ZZ

1 oo

— o

y

-]

Y1 @

1

0axO0HU XOCWJI KWJIaMU3. YHI MaMOHJIIaru HAFUHIN.
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KT 2
% _[ |f(t) dtunTerpan yuyH kBampar HurmHmM Oyiramnura caGabiu IIyHpai

C, TonMJIaJuKH,

2

2 T
sclj||f(t)|| dt
0

k-1 7 |~
2l

j=0

TCHI'CHU3JINK 6a}KapI/IJ'IaI[I/I.

1
2

Oy epna |f(@t) = U f Z(X,t)de

2 T

1 +C, f[| ) dt

k2| e
y 1| =|y

Jlemaxk,

by Ttenrcuszmuk sca (2.1.14), (2.1.8) ommupmanu cxema r> 0,5 Oynranaa
IIapTCU3 paBUIIA TypFyH Oynamu ,z >050ynaranaa « Ba h xamammap opacuaa
(2.2.11) mapt Oaxkapwirangaruia TypryH Oy aaam.

bu3 Oomwanfuy mapriap Ba YHI TOMOHIa HHUCOAaTaH TypFyHJIAHTaH
MacajacuHu KypuO uyukuO ,4yerapaBuil MmapTra HUcOaTaH TypFyHJIaHTaH
Macamacura dbTHOOp Oepmammk. Arap  u(t) Ba  u,(t)  dopmymnamap

muddepennranoBuyn 0yiica,y Xoiaa yerapaBuil mapTIapHd HOJITA alTaHTHPUII
MyMKHH. XaKuKarTad xam , f(xt)= ﬂl(t{l—%)-i- 1 (x)% GopMynanu oscak Ly
xomma  V(x,t)=u(x,t)-F(x,t)popmyma (2.1.1)TeHrnamMaHuHr VHI  TOMOHH
(f(x,t)+§F(x,t)j nan  ubopar OYaMO, HOJHM YerapaBvii Ba OOLUIAHFUY

IapTIApUHK KaHOATIaHTUPAIUTaH €YMMUHU Oepaju.
[Iynra yxmam Oup >xuHcam Oynmaran (2.1.1 4),(2.1.8) aitupmanu
MacajaHu OUp KUHCIIM YerapaByil MapTIM Macajiara KeJITHPUII MyMKHH.

dapa3 KUJaWIuK , yalupMalld MacajlaHUHT edyuMu OyicuH . Kyinnaru

V { T¥p hopmysIacuHu KUPUTAMHUS .

V= {y:‘aeaplﬁ i < m—16ynca

0, acapi= 0sai = m6ynca
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by dopmyna derapaBuii maptiaapu Oup KUHCIU OYiraH ymly adpmanu

MacCaJlaH KaHOAaTJIaHTHPpaIu.

V_K+1 _VK )
LAV )AVS S, =1 a1,
T

Vo =V(ih), Vy=0 V5 =0,

bynna
e 1-1 1 .
@ —h—z—p,ui Y, aeap i=1 oyica,
v =30, acap 2<i<u-2 o6yuca,

. 1-: . 1 . .
Dua _?ﬂz —F,Uzﬂ, azap 1= u—16ynca.

[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 MacalaHHHT eduMu Oyau0, yiaca (2.1.14),(2.1.8)aliupmanu
MacaJlaHMHT €YMMH OVIJICUH rk={rik}opKam/I 3ca amnmpoOKCHUMAIUS=XaTOJUTUHU

OenrmmariMu3. Arap Om3 u”opKanM aHWK EYMMHHHHI TypAardn KAAMaTHHU

Oenrunacak, y xonaa z=u" -y ¥ aiimpMacuHu TYp yCTUAArd XaTOJIUIH OYIH0,

4k+l Z~k
T Az + (L)AL +f - £z,

i=12,...,u-1

TEHIJIAaMaHU KaHOATJIAHTUpaau. Arap ¢ = f(x,tK +%)L[e6 oJIcaK, y Xoyga Z|

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 N-1 T
SZZ

j=0

- . —>_2 T _max 2
" <—0<Lj<N- )
z 7 ri| <5 0<J<N-1g|

<S5

v 32

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 OwnaH TowdamaHaan. MareMaTuk (GU3HKAHUHT
muddepeHnnan TeHriIamMalapuHd YHKAPUII KHYMK XaXMHU YYYH CaKJIaHHUII
KOHYHUHU W(OAATOBUM MyailsiH MHTErpajll MyHocabaTAaH WIIHH OOILIaIiaiy.
Tenrnamana KaTHamagurad QYHKIUSJIAPHUHT Oapya KEepakiid XOCHJIaJapUHU
Mapxyn ned dapa3 kuaub Ba OajaHC TEHIJIaMa XOCHJI KWiIMHAAu. Yexkau
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 nevmnagu. KoHcepBatuB — altmpMain
CXeMaJapHu XOCHJI KWUJIUII YYyH TYpP COXaJa 3JEMEHTap 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-

yerapaBui MacajlaHu Kapanmus.

d du
&(p(x)&j—q(x)u+ f(x)=0 0<x<1, (2.2.12)
u@)=a, u@@)=z, (2.2.13)
OyH1a p(x),q(x), f(x) dap erapjinya CUJIJIUK, byHKIMSATIAp

oymul,p(x)>p, >0, q(x)>0 MmApTIapuHU KaHOATJIAHTUpaIW,a Ba Boca

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
Kypuil yuyH [0,1] kecMana MyHTa3am

@, ={% =ih, i=01...,N, hN=1}

TYpuHM ojlamu3. Kylinmaru

X, £

X

N| =

1
it>=
2

- 000 - PO U, w=a{x]

oenrunamHd  KuputuO,  (2.2.12)  TeHrmamaHu {x_ X 1} OpaJIUK/IA

HHTCI”pEUIJ'IElﬁMHCS, HaTH>XaJaa

X X 1

0, -0, - j q(x)u(x)dx + ff (x)dx—0 (2.2.14)

T
NI

1

2

NI

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

TEHIJIaMaCUHU aHUKJIAUIu. DHIN:

Lx”liq(x)u(x)dx.

2

X 1
i+=

WNHTerpannu y4uyH U, Iq(x)dx TapKpuOM KUiiMaT OWJIaH anMaIiTUpUO, KYsSIUTOH

X q
-
2

OenrunanIapHd KHPUTAMU3:

X
i+

1 17
di = [ ae9dx, goi—ﬁlef(x)dx. (2.2.15)

X.

X 1

N

T
NS

i-=
2

Hatuxana (2.2.14) Tenrnama

TR
Tz_diui +¢. =0 (2216)

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

du/,, = o(x)/ p(x) ubonanu [x, ,,x | kecMana unrerpawiaiimus. Harwkana

iy = | Daxso, [ -2 (2.2.17)
T p(x) 'fgx,lp(X)

Xocun 6ymanu arap.

-1
a =| L[ 9 (2.2.18)
h,” p(x)
Je6 Genrunad osca, (2.2.17) man KyWuaard TakpuOW TEHIJIMKIAPHUA XOCHJII
KHJIaMU3
Ui —Uiy U, U
= g : =a,, .
a)i—% ' h a)i+% ' h

Oy udomanapuu (2.2.16) TeHrnamamap KyWnO U3MaHOETraH (QYHKIUSHUHT
X; 1, X, X;,, HYKTaJIapUAaru KHAMaTHHY Y3 UIHUTa 0JIaJIN yIIOy

h_lg[am(um —u)-a,(u; —u,)]-du; +¢, =0 (2.2.19)
AlipunmManu TeHriamanap sra o0ynamus (2.2.19) TeHrnamaHu o, TYp COXaHUHT
Oapua wukk (-)/u, spHM i=12,...,N-1lyudyn &3cak, y xomga N+1 Ta
Uy U, ...,uy HoMabrymm N —1TeHrnamanap cucremacura sra Oymamus. Mkkura
eTMaraH TeHrjaaManuHr (2.2.13) nactinalku mapataad XOCUI KAJIaMU3:

U, =a, U, =p (2.2.20)
allupMany MacajlaHUHT eduMUHU JuddepruHIiran MacalaHMHT eYuMHUIaH (papk

KWIMII YYyH YHU ) OpKainu OenrwiaiiMus, OeMaky; =Y(X,), X €®,. SHJIU.

(2.2.19) Ba (2.2.20) TenrnamanapHu. bupnamrtupamuz (2.2.12),(2.2.13)

YerapaBuil Macayiajap y4yH KyWuara aipuiMaiy cxemara ara 0yinaMus:

1

F[am(ym - yi)_ ( —Yi )] dy; +¢ =0,
i=12,..., N-1, (2.2.21)

Yo=a, Yy =5
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By cucremanu xaigam metoau OwiiaH e4yull Mabicaara MyBOQHUK OVianau.

bynunr (2.2.21) cucteManu blydnaru KIpuHAIIAA €310 0JIaMu3:
AY,,-CY,+BY, =—F, C=12..N-1 Y,=a, Y, =2

OyHIU

4, =a,,, B =a C,=a +a,=h’d, F =h’gp.

i i M+l i i i+1

UerapaBuii Macanamap kodddeneHmnapura Kylwiran mapriapaad a; >0Ba
d, >0kenu6 umkamu, OyHmaH sca C,>A +B, HM COHM Xaljaml METOIHUHT

TYpFYHJIUK MIAPTUHUA XOCWJ Kwiauk. Jlemek (2.2.21) aiipuiManu macananap

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 4am TOMOHUHH LY,

OopKanui OenrunaiMus, SbHU.
d du
Lu(x) = d—( IO(X)—) —q(u(x) + f(x),
X dx

1
Lyy; = F [ai+l (Yi+1 =Y, )_ a; (Yi —Yiu )]_ dY; + .

®apo3 KUIAWIMK, V,, eTapiuya CUUIMK GyHKIus Oymub v, =v(X) Y=o,

TYPAUTH KUMMaTH OVJICHH. DIH

Lav; = hi[(vi -v)-a, (Vi _Vi—l)]_ dY; + ;.
baxo ypuHIM DJKaHIMIMHU Kypcaramus3. bDyHMHr y4yH L,V, orieparop

TapkuOugaru V,,, =V (x, £h) Ha x, HyKTa aTpodu )Koumap katopura ----

PaB umna

Vi =V s Py T o)
+ 2

Jlemak

Lv _ai_aiv ,+ai+1+aivn+h(ai+1_ai)
WY = . _

i h i 5 i Vi_diVi+(/7i+0(h2)

HUKKkUHYM TOMOHIAH
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I—U(Xi) = p(xi )Vi” + p,(xi )Vi' _q(xi )Vi + f(xi)

by myHocabatnapman

Ly, — Lv(x,) = (a”lh‘ L p'(xi)jvi' +(¥— p(xi)}v{' .

M= g, +o - £ > ()

HU XOCHJI KujiaMu3. (2.2.22) mapT OvKapuiIuIg yayH

a a

a8 o'(x,)+0h?), ¥: p(x,)+0(h?), (2.2.23)

P = f(xi)+0(h2), d, :q(xi)+0(h2) (2.2.24)

TEHIJIMKJIAp YPUHIIN OYIIUIIN KEpaK

Dumu K(x)= ne6 Genrunaiimus Ba x(x) HU X , HyKra atpoduna Taiizep

1
p(x) 2

KaTopura €3aMu3 HaTWXKazaa

_E i-0,5 4\ A 3
a PI_; 2%, ,. O(h )— PI_; 24 k. O(h )
HIynra yxmam
a4 E+1—2—:§>0(h3)
bynanan sca
P,+P P,+P,
e —eo)=Rrolt) Ao 22 o)< P(x )+ 0fh?)

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

TEHIJIMKJIAPHUHT OXapWIMIIIHUA KYpCaTHUIll KHAWH 3Mac, XaKuKaTaH xam, d,Ba
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@, HU Moc paBuin aa q(x;) Ba f(x,) Owmiaan anmarmrupui (2.2.25) HHTErpaluHu

¥pTa TYrywim TyFpu Oypdakiu TYpTOypua ¢opmuiacu OwiaH XucoOJamigaH
nbopagup MBIYMKH, OyHOai (OPMIJIAHUHT KOJJIUK XaTu O(hz). lyn nai
Km0, 6us (2.2.23), (2.2.24) TerrnukiapHu Bam y Owmian oupra (2.2.22) 6axoHu

kypcarauk. By sca LY, omeparop Lu(x) mm (2.2.12),(2.2.13) macamaHuHr

ednMuga hra HUCOATTaH WKKWUYMA TapTHONHM arpakCUMAaIisa KTUIIITHHA
KypcaTaJu.

1-3cnatma (2.2.21) altupmasiu cXeMaHU amain Ja TyIuiami, 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:

. 1
a, = 2P Piy d = ' 3 2 i
Pi + Pis 2 2

JlapHu X0ocHi1 Kujtamus

Kypcatummmus mMymxunuku, (2.2.21) alilupmanu MacajalapHUHT €4UMIIapH
keTMa-keTaukiaapu {Y,(x,)} h—0 na C(e,)Typmu dasona mactnabku (2.2.12),
(2.2.13) nuddepeHnnan MacaJIapHUHT U(X)euMMUra MKKMHYM Typiiap OuaH

SIKMHJIAIaau, OolIKaya KHMInO aiTranaa

Y, (%) —u(x ) < wh?®.

Y., —ulc(e, ) = max

X €@y

baxo ypunnu 0ynagu.
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2- 3cjaTMa: OajaHc METOAMHM OOINKa YerapaBHil Macanallapy y49yH XaMm TYI
nam MyMKuH OyHpaH takapu, p(x), q(x), f(x), ¢dopmuianap ys3unummra sra
Oynran Xonga XaM aipUIMalid CXEMaHUHT SKHHJIAIITHPY ITHA TEKITUPUIT YIYH
kodpdunentinapuu (2.2.15) Ba (2.2.18) uaTerpamiap opkanu udoganam Karra

axaMusiTra ora.

o1



§ 2. 3. Texxamkop alipuaMajIm cxemaJjap.
dapa3 Kumaiinmk derapacu I 6yaran G ={0< X, X, <llcoxama ymoy
MKKH Y TYOBJIM HCCUKIMK YTKA3yBUaH V TEHITAMAHUHT UMM Ta1a0 KUIHHCHH:

ou o%u  d%u
o a2 o
ot Ox; OX,

X(c x,, x,) €C.
u(xt) = p(xt), xel, 0<t<T, (2.3.1)
u(x,0)=u,(x) xeG+1.
ByHuHr yuyH BakT Ba pa3zo Oyiinya Kyiiuaaru TypTiapHU KHPUTAMU3:
W, = {tk = XT,K :m Nz :1},
G, = {%; = (%) % =i, %, = jh, j=0-N,hN =1}
G, TYPHUHI HYKM HyKTrajmap tymiamu (i, j=1=1...,N-1)Hn Qh

OpKaju Ba G, HUHT YETapCUHM [, OPKaIH OeNrmiaiMus

IOxopuna Gup YI4OBIM UCCUKIMK YTKa3yBYaHIMK TCHIJIAMACUHU €UHUIIA
OLIMKOp Ba OLIMKOPMAC CXEMaJlapHU KyJularad 3auk. by Mepnaa xaM 1ryHaau

CXeMaJlapHU KUpuTaMu3. ByHUHT yuyH KyHMJaru OenruiauuiapHd KUpUTaMU3:

1
Ay = F(yiﬂ,j —-2y; + yi—l,j) (2'3'2)

1
ALYy :F(yi,jﬂ —2y; + yi,j—l) (233)
AV =AY ALYy (234)

by 6enrunamiia omkop cxema Kyiuaarnya €3uiaiau:

k+1 k
uszi';, X € @, t, cw.,
T
Vi =ulxg b)) X el toea, (2.3.5)

yﬁ:uo(xij), x; €G,, k=0.

OumkopMac cxema 3ca Kyiiugaruia €3usaju:
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j k

T
Yt = ulx tee) X €T, toea, (2.3.6)
yi =Ug xij), X; €Gy, k=0.

JlacnmaOku Ba dyerapaBHil mapTiaapHUHT ¢oiigananud, (2.3.5) aitupmanu

CXCMAaHHUHI CUUMHU HaB6aTI[aFI/I KaTjiiaMuaa

Omkop ¢dopmyna Epmamuaa ToNWIAIMAK. by oOIIKOp ceXxeMaHUHT
YCTYHJIapuaup. AmMMoO 6y CXCMAHUHI' MYXUM KaMYWJIUIKW YHHHI IHAPTIA

paBuiga TypryHinuraaaup. Kypcatum wmymxusku, (2.3.5) cxema TYpryH

oymumm yuyHn T OyiiMua Kaaum ngllhz MIAPTHU KAHOATJIAHTUPHII Kepax.

Arapnaa tomum yuyH N =40.000 ta kagam Oaxxapwiuiuu 3apyp. Arap da3oBuit
yarapyBur Xi; Xp,..., Xy napuunr couu P rta Oynca , y xomma omkop cxema

TYpryH OyauIl y4yH __ !, TEHICHU3 OaKpWIUII X —K .
2p

[y cababmapra kypa nmapaboiuK TEHrjJaMaJlapHU €UHUIla OIIKOp cXxema
KaM wuniatuiaan. bu3 KuiimarE OaHIIM KYpaMHU3KH, THIEPOOJIUK TCHTIIAMU
yayH axBoNl Oomkaua OyamO, omokop cxemaga t=0(h) 6ynaranma xam
TYPFYHJIUK CaKJaHaIH.

DHIW OIIKOpMAac CXeMaHu KypuO umkaimuk, (2.3.6) cxemana rBa h Hu
KaHJall oJicak, XaM y TypFyH OynaBepanu. by cxeMaHMHr KaMUMJIUTH LIyHJIQH
nOopatku, Xxap OUp BaKT KaTiaMuIa

yit -yt =y, X e, hj=12,..,N-1,

k+#1 _ , k+1

Yy =My, X EA (2.3.7)
TEHIJIaMalap CHCTEMANAPCHHH €YMIl JIo3uM. By cuctemand Y Homabiym
conu (N+1)°ta. Arap Oy cuctemaHuHr ['aycc meTonu OwiaH edaauraH OYJICak,

6 9
O(N°) Ta apupmuyek aman Oaxapuiu, OyHAall CHCTEMaHM aBKTHUHI Xap OHp
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KaTjlaMyJa €4MIl 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 jJa TaHuIIraH 314Uk by meromnap
KYII YI4OBIM MacajlalapHUA OUp YIHOBIM Macajaiap KeTMa—KeJIUurura KelnTupuo
€4MIIra acociaHrad. byHJaill KeNTHpHUIl HaTHUXAacHUla IIYHIal OIIMPHIMAIIH
METOJUIap BYXKYATa KENaJWKH{, yJiap OIIOKOp Ba OIIKOpamac CXeMalapHUHT
WUKKU SIXIIH XYCYCHUUSITH: aOCalllOT TypFyH Ba €UMIIHUHT 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) V3rapyan WyHAIMIUIA MeTOA. bu3 Xo3up my y3rapyBuaH HyHaaa
MeTo[IapAan Oupu Oynran Oyilama-KyHIaNaHT adpuiMaiu cxemanap €Ku
[Tucmep-Prudopa cxemacu €6 aTanyBuu METOJAHU KYpUO YMKaMU3.

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

k+1 k 1
w=A1yg+E+Azy5, X

-7

2

ca (2.3.8)

k+1

Cucremaznan opajara Y; >KuiMar aHuKaaHagu. VKkuH4mM OOCKMYIa TOIMIITaH

1
k+= o o
y; * KAAMaTiIapaaH dhoiinananuo,

k+1

k+%
Vi Vi

1
0,57 ZAly; ZHAY T X e, (2.3.9)

ij ij
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Cucremanan yil}”nap tonunagu. bynna Ay, Ba A,Y; alipunvanu 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, WyHamuin Oyiinva, KeWUH X, HyHaAIUII

Oyitnya Oup YI4OBJIM Xai1all METOId €pJlaMu/ia €Unsia i METOJHUHT HOMH XaM
IIYHAAQH KeJINO YNKKaH.
By cucremanap euumn anraputumiiapu Kyuwparugan ubopat: (2.3.8)

CHUCTCMAaHHU

1 1
E 4= K

k+7
Wl—l] ( 7)y|] +- WH]_J = _Fi' (2310)

KypuHuILaa €31 0 onaMu3, OyHaa
1
k+=
y=th"F; 2 +%mzy5
By cucremanu j(j=12...,N —1) nunr xap Oup Oenrwaanrad KuiMataapuia

| Y3rapyBun 6Vitmua xaiimam MeTomu OWgaH eyamu3. Xaiijaml MeTOIMHH
1 R

o k+= PN o o
Kynnam yayH Yo;2Ba Yy?(J=12,...,N —1) uerapasnii kuiiMmaTnapau Genrumans

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

HaTH»Xaaa
1 k+1

k+< yl +y| T +
Yij =4 1 2 J _4 (y:jl_yiﬁ)

k+1 k+E

xocun Oymagum Oy ¢opmyna acocuma Yo;®, Yy;° derapaBuil KuiiMaTiapHH

KyWuJarunya TOrnamus:

k+1

3 'uOJ Hoj T k+1
yo,-ZZT:ZA (#o; ,Uow
k3 luNJ luhjﬂ 4 k+1 K
Nj 2 Z A, (uy — Hyjs
1=12,...,N-1.
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j HEHT Xap Oup Oenrwian kuitmatuaa (2.2.10) cutemanuHr X, WyHamum Oyiinda

xauamn MeToau OulaH edranaa o(N)Ta apudMeTuk cuman 6axapunaay. Jlemak

1
y: 2rormmm yayn O(N?) Ta apudmeTrk cuman Gaxapunaiy.

1
k+=
+2 .

bapua Y; “nmap Tomunranman keduH (2.3.9) TeHrnamanap CUTEMAacHUHU

cyaMus. By TCHITIaMaJIap CUCTCMACHUHHU KYﬁHﬂaFan €310 oamus3.

k+1 k+1

1 1 .
Eyyi,j—l_l_(l_y)yij +57yik,ji1:_@il;’
(2.3.11)

k+1 1 k+
7:Thz’ d)ilj'(:yij 2"'5 ATzYij 2.
Kypunu6 typubavku, xap Oup Oenrmnanras, i(i=12,...,N-1) yuyH Oup

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

yerapaBuii maptiap (2.3.1) macana 6yitnua

k+1 k+1

Yior = H(Xiosta)r  Yin = (X tir)

k+1

Kypunumpna anuknanagu: (2.3.1) cucremaman 6apya vy,

i JTApHHU TOIIMIII

O(N?) ra apudMeTHK amMamHu TaTa6b KIIaIM.

[Mynaait kuaubd (Meton Oyitua) Mabliym yilj- napra xypa y;" 1apHu TONHUII

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

6ym6  U(X,t) erapmmua cmmmmk Gymca, ammpoxumarms taptubu 0(z +h?)

6ynanu Ba |, HuHT Typmarn Hopmacuna Takpu6u eunm anuk ednmra  0(z” +h?)

TE3TMUK/A SIKAHITAIIIH.

0) y3rapyBuaH K03 GUIIEHTIN UCCUKIINK YTKa3yBUYaH TCHTJIaMaCHHH CUHIIL
Kosdduuentnapn  y3rapyBuan  OynraH  KyWWJgaru  MCCHKIIHUK

YTKa3yBYAHIMK TEHTJIAMacH YIyH OMpUHYH YerapaBuil MacallaJlapHU Kapaiink:

p(x,t)a—u:Q:(p(x,t)a—uj+f(x,t) O<x</, O0<t<T,
ot ox OX
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u(x,0) =u,(x), u(0,t)=z4(t), u(l,t)= (), (2.3.12)
oyama p(xt), p(x.t), f(x,t) erapnuua cunmk ¢ —K nap Ouias,
¢, > p(x,t)>c, >0, p(x,t)>¢c, >0 (2.3.13)

MAPTIapHA KAHOATIAHTHPCHH. Xap Oup OcHcmHamk {yuaym (X,t)HykTaza
lu= 6_6k( p(x,t)g—ij muddepennnan ubomsaHu
A )Y, =ﬂa<xm,t)yﬁ]‘yi—a(xi,tyi‘hyi-l)} (2.3.14)

alimpMai HucOaT OWTaH armmpokcuManust Kymamus oyaga  a(X,t) xkoaddument

OaaHC METOIMKAJaruJeK MKKMHYU TapTUOIM anmpOKCUMaHUIMS HIapTIapuHU
KAHOATJIAHTUPHILH KEPEK

a(x

i+1)

) +a(x,t) _ p(x1t) + O(hz)’
2 (2.3.15)

205022080 _ )+ of?)

Banaxc Meroxuaa kyprannmmsaek, a(X,t) mu xyitmmaru

a(x,t) = p(X,1) +210(Xi11t) ,axt) = P(Xi _g’t)’

a(x,t
p(x, 1)+ p(X,1)

dbopmutanuHr O6MpopTacu OuiaH xucobmacak, (2.3.15) myHocabarnap YpuHIH
oynagu. lynnaii kumum0, (2.3.12) neddepennman Tenrinamara ymly Ba3HHMA

aﬁpHHMaHI/I Macajajgap MOC KCJIaau:

k+1 k

P ) I Ay + @)y )+ F (k) i=12u-1 (2.3.16)
T

YP =Uo (), Yo =t (t,), Yo = 14, (t,).
bynna t=t_+05r Ba «=05 O0yica, y xoima (2.3.16) cxema

anmpokcuMaruscuHuHr  xomura 7 =0(z° +h?),6ymm6  a#05 oenruaa

7=0(r+ hz),6}“/n)11/1. [lynnait kunub, 6u3 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>pGUIEHTIM Macanra Kentupamd mucon yuyH (2.3.16) cxemama « =0Ba

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

K+l

p<x,t>yi—‘yf=1{a(xiﬂ,ou—a(xi,t)y—f} (2317)
T h h h

®dapa3z Kwiainuk, ¢ KadpouneHtaap y3rapmac OYICUH, SbHU
p(x,t)=p=coct, a(x,t)=a=const. V xomma (2.3.17) TeHrinamanu Kyiigaruua

€311 MyMKYH:

K+l K
-

pyif :r%(yi"+1 -2y + yi’il)

EKU1

VY Vi s 2y Ay -

T h? yo,

Mabiaymky, Oy OIIKOp cXeMa 7, < %hz Oynranma, sHUA

2
ﬁg“? (2.3.18)
o

Oynranna TypryH Oynanu

Kad(ppueHTIapHd My3JaTUII TPUHIMOKN I[IYHU TaCAUKJIANINKH, arap

Gapua XjBa t=t_+0,57 map yuyH

ra(x,t) _h?

Vit (2.3.19)
p(x.t) 2
TEHI CU3JIUK Oaxxapuica, y xonga (2.3.17) cxema Oymamu. Arap
¢ > a(xt) >c,0, p(x,t) > ¢, >0 myHocabatnap mabiym O¥yica, y Xoiaa % < ;—é :
1

baxapunranna (2.3.19) trearcuznuk ypunnu 6ynaau. (2.3.17) cxemaHuHT

TYPFYHJIMTUHU KaTbUW PABUILIA aCOCIAHA/IN.
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Arap 7205 0O¥ynca, y xonaa kadpPuueHTIpHA My3iail TpUHIMIHAAH
(2.3.16) cxemanuHr abcamoT TypryHiurd kenu6 yukanu. C) Uusukmm Oynran
WCCHUKJIMK YTKA3yBUYAHJMK TaHIJaMacuHU eunml. KyWuparn derapaBuil
MaccajaHu Kapaumus:

82
ot

( (u)—j+f(u) O<x</ 0<t<T, (2.3.20)
ox
u(x0)=us(x), u(0,t)=4(t), udt)=1,(t) = 1,(t)
Opnatna yn3ukiau Oynmarad TeHrinamanapaa o(U) QyHKIUSHUHT Y3rapuii
COXacH OJIIMHIAaH MabJIyM Oyamaca OMIKOp cXeMajap UIIaTHIManIn.
Cod omkopmac cxema y; ™ (i=1 x—1) HaMabIymiIapra HUCOATaH YU3UKITHK

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

Yoy cxema

K+l

y K+l 1 yKJil + yrc+1 ywl _ y .
Ji -+ i+ i _ g . i I + fly: 2.3.21

Ja a :%[p(yf )+ p(yi’il)] ne6 osicak, y Xxoyga y(i=1,u-1) HaMabJIymiapra

HUCOATaH 4YHU3HUKJUK, a0COJIOT TYypFyH OYnuO, amnmpoK CUMaIMs XaTOJUTH

T= O(r+ h2) oynmamu. by cucreMaHnuHr euuMu xaigam Metoau (2.312) teHnriama

ydyH ymoy
K+l x+1 K+l K+l K+1
Yi =Y . -y _% a(ylr:l)ywl - Yi (ylic+1)y . —Yia
( rc+l)_|_ ( x+1) (2.3.22)
f(ylml)a(ylm) Yi . P\VYia

Cod cxema omkopmac unuiatuiaagu. by cxemanu KyJam yuyyH y €ku Oy
UTEPALIMOH METOJ KYJUIAaHWJIaJud MacajlaH, UTEPALMOH >Kapa€HHU KyWJaHn4a

0JINO OOPUIIMMHU3 MyMKHH:

s+1 s+1 s+1 s+1 s+1

I L (v ey Y ()

h
S=01...,L-1 y9=yr yb =yt (2.3.23)
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By epna S - utepuuus Homepy. By HTepoIHoH kapaéHaa KypaMU3Kh, YH3HKIH
OynMaran ka>(QQHULEHTIAp OJNIAMHTY WThEpalyoHAa, sHA Y™ HHMHT maciaOku
SKUHJIAIIAIN TIIyHYa AxXmd Oymanu. Arap koddduieHTaap CUUMK Oynuo,
p(U)=c,>0 mapr Oaxapuica, ogamjaa, HKKH-y4Ta HTepalus KOHUKAPIIN
HaTI>Kara oauo kenam. Xap Oup suru wrepanmsiga  y*? HuHr KuiiMaTiapu
(2.3.23) curemanu xaimam Mmeton OwiaH aHukiIaHaga. lllyaumarmek (2.3.23)
CUCTEMaH! €YHIN yUYyH MKKUHYU TapTUOIW aHWKJIWKKA dra OViraH mpeauKTop-
HOPPEKTOp CXeMacH XaM MIUIaTHiaagd. byHma k-katmamaga (x+1) kaTmamra
YTUIl KKK Oocknyaa Oaxxapwiaau. bupuHun 60cKuyia Xaiam MeToau OusaH

OIIKOpMAacC YU3UKIIN CUCTCMaA

1 1 1 1 1
K+ K+= K+—= K+= K+

B o P —aly P et e 12

1
K+=

1
yO 2= lul(tlc + 0’52-)’ y:JrE = y2 (tK + 0’52-)

Lo
2

K
eun6 opamuru Y, 2(c=01..., ,u) KUMaTap TONMUIAau UKKMHYM OOCKHUYAa 3ca

1
a(y), t(y) umsuxmu 6ynmaran kad>pouUIeHTiap y, 2 JapHH TOMMII KyHHIarH

OJITH HYKTaJIM CCMCTPHUK CXCMaA

1 1
RNV el Yyt oyt e e !
) d :i Q| Yiet® i Y, _ayl i +fly; %,

2 2h h h

K+l

=12, -1 yet=m(t +1), vt =)

acocuza om0 OopuIIain.

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

w_o

ot ox’
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TEHTJIAMaH! Ba ul(x, 0) = 4x(1 — x),u(0,£) = u(L,£) =0 mapTiIapHU

KaHOATJIAaHTUPYBYHN CHYHUM TOIIUJICHH.

Eunm:  Adraiiiuk h=0,1;1=0,01 OyncuH. YH#aa s=2-1 oymamm. ulx,t)

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
A g = (ZTS)' bl,j+1 = (P(tj+1)+ ug;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 >kaJiBajiu

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 ropunn: UerapaBuii mapTiapaaH uy: = 0,(26) dhopmynanap Oyiinua eca

u; (i=9,8,..,1) KuiiMaTiapau xucobnaimus. XKymnamas, j =0 na
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.
Tabuuiiku Oy Xos1a kapa€HHUHT (PU3UK XOCcanapy CaKJIaHUIIN Tajlad dTHIIAJIH.
bynnail xoccamapaH aCOCHMMCH 3HT aBBOJIO CaKJAHWII KOHyHJapuaup. Typra
(ceTkaza) cakJIaHWUII KOHYHJApUHU uojamaiuran 4YeKiu aiupMalapHH

KoncepBaTuB aiiupmaJjap nevinnaan. Mabiym yerapaBuii Macaianap cuHgura

Teruuuim Oapua Macajajnap Y4yH XucoOjainl >kapaCHUHUHT OUp XWJUTUTHMHU

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

allpwiiMaly cXema JIeTaH[a, YHUHI KYPUHUIIM MabliyM Kajiccra TETUIUIH
MacaJaJaH xaM, aipuiMald CXEMaH! TaHJALl YCYJIUJaH XaM OOFJIMK OyiamaraH
allupMaJlid CXEMaHU TYIIyHMU3.

MareMatuk (PU3MKaHUHT y3yJIHIIra 3ra Ko3Q(UIIEHTIIN CTallMoOHap Xamaa
HOCTallMOHAp Macajlalapd KJIacCh YYyH TY3WIraH OWpKUHCIM alupmaiu
CXEMaHUHT SIKUHJIAUIYBYM OYJIUIUINIU YUyH YJIApPHUHI KOHCEpBATHUB OYIMILIN

3apypHH IAPT XUCOOIaHa H.

KoHcepBaTtuB OMpKUHCIN alpMali cXxema sSpaTUIl yuyH (ceTka) Typaa
OajlaHC TEHIVIAMaJapuHU Ty3uIll Kepak OVmagu. CyHrpa Oy OanaHc
TEHIJIAMaJIapya MWINTAPOK HOTraH WHTepalap Ba Xocwiajap TaKpuOaH
AIMAIITUPWIAINN JIO3uM. HaTwkana OUpXKWHCIM alipuiMaiu cexemara Jra
oynamu3. KoHcepBaTUB OWMpKMHCIM alMpMadud  CXEMaHU SPATULIHUHT Oy
yCyJura WHTErpajl WHTEPHOJSIMS ycyiau EKu OallaHc yCynu  JAeHuiIau.
Camapckuii A.A. Teopust pazHocTHbIX cxeM .-M,: Hayka, 1977. Unrterpan-
unrepnossinuss merogura A.H.Tuxonos, A.A.Camapckuiliap acoc COJraH,
KeMHHUTH puBoxiaHuiy ['.M1.MapuykHUHT nnuiapuaa y3 akCUHHU TOITaH.

bupxuHCcaM KOHCEpBAaTHB allMpMalldi CXeMaHd Ba YHHUHI CeTKajaru

syeiikanapaa OalaHciap TaHIIaMmanapu (CakJIaHUII KOHYHJIapu) TapKuOuaa
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KaTHamaéTraH MHTETrpajl Ba XOCWIAJIApHM 4YeKJIW ailupMmanap OuiaH
AIMAIITUPWINII TPUHIUMIIATA ACOCIAHTaH WHTETPA —MHTEPIOALUS YCYJIUHU
bunpTpanus HazapusACHAAH OJIMHTaH KOHKPET Macaiaja TaJAOUK KWJIMIIHUA
HaMOMUIII ATaMH3.

Cys om0opu €xu KaHan aesopugad L macodania xoinamrad JoMMui h,
Hamopra 3ra OYMK TOpHU3aHTal 30BYp (ApeHaX) Ka3wiraHn OVICHUH. U(x,t)
}yHKIMSHUAT 3yBypaaru N, HanmopmaH IKOpHAATH €p OCTH CYBJIAPU COTXUHH

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

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

ep MaiijioHu O6yIak-0ynak Oup >KMHCIU OYJICHH.

30Byp TyOM CyB yTKasMmaiimuraH xuHCIaH mbopar ne6 xmco6nad, N,

OpKaJId 30BYp TyOuJaH ep carxurada Oynaran OaylaHIMKHU, th OpKaju 30BYyp
TyOuaan OyfmaHum OonulaHaguraH KaTjgamMrada OViaran OajaHIJIMKHU
~h,,

Oenrunaiimus, ¥, =h,,

Tabmitkn  U(x,t)>w,  6yaramga  OyFmaHmm  comup  Oynianm,
U(x,t)<w, 6yaranga oca OyFiaHHII camgup OYIMaiiad, Oy HMKKana 30HAHHHT
yerapacuan X = {(t) opkanu Genrmmaiivus. Illynpait kunmub — rOKopHaaru
dapaznapau  xucoOra oJicak €p OCTH CyBJapu CaTXUHUHT KyTapuino-
nacaimmuar udomanopan U =U(X,t) HomasnyM OGyHKIMSHM Tomum ydyH

KyWHIary YerapaBuii MacajgaHy €YUIlIra KeJIMHAIN:

au_1of, UrhJ) e
ot 2uox| YT o P (2.4.1)

U(xt)_o=0U(xt)  =a-tU(xt)]_ =0, (2.4.2)

X= X=
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[U(X,t)ix m){K( )au(x’t)} =0, (2.4.3)
8X x=L(t)
ouU (x,t
[U(X’t)ix—@:{K() X )} =0 (2.4.4)
ox .,
By epna 8=é?9)WU-W0"lJ>u%, e=0U<y,  Yo=h,=hg;
0
o —YII40BU M/CyT Oynran y3rapmac;

K(x) =K, =cost,0<x</;; K(x)=K, =const,/, <x<L; &l(t)-Bakrunau 6ynax-
Oymak y3rapmac Qynkiusacu (2.4.1)-(2.4.4)macanana KaTHamaérran Oapua
X,t,u,n Ba xako3o ¥3rapyBummap Typam YT4OBIM OYNTaHM YdyH, HACTIab

yJIapHU Ya4oBcu3 Oynran y3rapyBuwiap Owinan udopamammmus 3apyp. Uy

Makcaja sHru QyHKUUA Ba Y3pyBUWIAPHU KyHUJarndya KUpUTaMus:

_x K'Y, mw 24
U’ i L2t K(y)=—2 3 (2.4.5)
By epma K, =max{K,K,}, §=maxs,(t) Oy xomma (2.4.5) ra acocan (2.4.1)-

(2.4.4) ypuura kyinb KyWumarura sra Oyiamus.

@JQ(K a j+ﬂ4ay(r<*(y)ﬁj—pn-s* (2.4.6)

dr 20y oy oy
Hl.o=0; U| =57 H|,,=0 (2.4.7)
., OH .
[H:*y_[i(f):|:K (y)ai| y:/;((r) = O: (248)
oH
[Hi _€*={K*(y)—} =0; (2.4.9)
o 2/ y=(1(0)
Oy epna
h 5 LY
By = UOZ y Bo=pBs B :K_O; By :{U_Oj ;
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a ) B pPs . ‘.
=—- U, n: X g =—,

LH>y,

pP= {0,H<(,/0 )

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

altlupmaiiap METoJId OMIJIaH e4aMus3.

W,, .. ={iah, jAz): i=0,N, j=0M}

W, ., ={iah, jaz): i=1,0,N, j=1,0,M -1}
ceTkanu (TYpHH) Ty3amm3. by epma Ah-¢ho3oBuii y3rapyBum OVyiinua ONMHTaH

KagaMm, A7 -pakr OVitnua onumHrad Kagam. lllyau Taskumiamn jJ03uMKH Ah Ba

At Kajamuiap IIyHJaid TaHJaraHKd alpuM CETKaHWHT alpuM TYryH HyKTajdapu

K*(y)Ba &(Y) (GyHKUMSIIAp y3yJIMII HyKTanapu OWJIaH YCTMA-yCT TYLIaaH.

ByHnaii ceTkanapHu oaaTaa Maxcyc cetkaiap ae0 aranajiu.
[ToToxmapuu (OKUMIIApHU)

. OH . _OH?
Wi(y, ) =-K"—, W,(y,7) =-K"(y)

oy oy

kypuiia kuputu0 (2.4.6) TeHrIaMa yuayH

(2.4.10)

yi_1 <y= yi_l, Ty STST,
2 2

leiAhiA—h, r,=j,Ar, i=LN-1 j=LM -1,
i 2

TYFpU TYpTOypUakaa 6alanc TeHTJIaMaJapyuHH Ty3aMu3. by TeHrinama Kyhujaaru

KypuHULIIa OYyiaau.

J-yi% Im@dlernij‘fm%(_ @, (yi T))dT +/3 J‘ yi% J'Tj”i(—a) (y r))dr—py J‘ y‘*% J‘ i
j,y,% 0y 2 32 7 sl gyt iy dy PR

1
i—=
2

(2.4.11) tenrnamaHuHT Xap OMpHM KYIIMITYBUMCHUHHM YarmjJaH YVHra kapad moc

paBumaa J;,J,,J,, J, OpKain OeIruIaiIiuK

H,; =H(y,,7,) ,0enrunam knuputu6 J; Hu

3 AN(H, =H,), Ah=y -y, (2.4.12)
2 2
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Kabu anmpoxcumanusiiaiMus.

(2.4.8) naH KyWMuaaruHu oJaMu3

H? _ W,(y,0) H __ aoy(y,7)
y K@y oy Ky (24.13)

HNkkana (2.4.13)  TeHIIIMKIApHU [Yi_l,Yi ] [Yi,Yi+1] KecManap  Oyitmua

uHTerpamiaiivus. (2.4.8) , (2.4.9) maprmapura acocan @ (Y,7), =12

naTokiap (OKumIIap) y3nykcu3 (yHKOusutap Oymamuiap, %%a xap Oup

(Yi,¥:1) 1=012,...,N =1 wmHTepBa)Iapma MycOar ys3rapmacmup. Y Xommga Oy
WHTErpajulapra HHTErpall XUCOOHMHI YMyMJIAllllTaH YpTa KUMMaT XaKuJaru
TEOpEMaHM KyJIall MyMKUH Oyiaan:

Yi W (y,Z')
2 2.4.14
LH K*(y) )I 1 K* (y) ( )
6y epma cely,.y,} (2.4.14) Ttenrnamanaru W,(C,7) HU TakpuOaH

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

IYi Wz(y,T)
v KE(Y)

dy = a)z(y 107 65"J13ILI/I.

K()

Xyamu myHAall — anmpokcumauusHd  (2.4.13)  TEHIJIMKHUHT  VHT

TOMOHMJArM MHTErpajulapa XaM amaira oOJumupcak, J, Ba J,Jap Y4YyH

Kyhnaara udogagapHu 0JIaMu3:

L Ho(y 1) -H*(y,7)  H*(y,,0)-H'(yi0?)
.= j”_ {am " -2 n dr, (2.4.15)

71 H(Yi,7)-H(Y;,7) H(y;,7)=H(Yi4.7)
J _ﬂAJ {n AN -9 AN }df’

1 Yi dy N 1 Yis1 dy -
§) == .
yepaa e Lh K (y)} i LhLi K*(y)}
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Oumm J,,J;Ba J,JapHU KEHHHYAJIMK OIIIKOpMAac cxemara 3ra Oyiagurad

KO anmpokcumarusinaimmuz. Y xonga (2.4.11) Tenrmamanu Kydugaru

anredpank TeHrIaManap (aipuiMalid cxema) KYpUHHUIIIa €311 MyMKHUH:

AT

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

AT
- (H i2,j+l -H i21,j+1):|+ 'B4Ah [am(H i+1,j+1 H i,j+l)_ (2-4-16)
- (Hi,j+l - Hi—l,j+1)]_p7n 'AT'Ah'6j+1(Hi,j+1 _%)n’

Oy epna
1 Ti1 =
6, = Ak e (r)dr

(2.4.16) cucrema H; ;. HOMabnmymmapra HucOaraH YM3MKIM OYiIMaran 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 gp(Hiy M) YU3UKCU3

Xa/UTapHU KyHugarnda Yu3uKIM Xaaiap Ouiian aMaiiTHPUIIa .

)=l el 222

2.4.17
oz ( )

z:ﬁi,j+1’

(

=H®,, S - urepamus HOmMepu. By xomma H; i1 ? =H; ;Hu

ij+1l — Ui+

6y epma H

<&, (&€ - Oepwiaran KU4MK

. (s) (s+1)
omamu3. WHTrepanms sxapaéHu m?X‘Hi, i~ H

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

YU3UKIM OYnMaran xajuapnaa (2.4.17) xBa3uauHeapu3alMsaHU amajra Ouupuo

cyarpa N=0, n=1 n=2pa N= 3XOJ’IJ’IapHI/I ajoxuja Kapad 4 Ta YM3HKIN

yeKId aiiupManu cucTemara sra Oynamus. by xonga @:8i; Ba 6

ko3 denunTIap

a8, =K (Y y,) @, = K*(Yimz)’gﬁl :g{fﬁlJ

2
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dbopmynanap Ownan xucoOnanamu. FOxkopuma TabKuIaHTaHACK ceTka (Typ)
nryHAa TaHmaranku K'(y) Ba g)(c) ¢QyHKmusuiap xap Oup [yi,yi+1]><[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 OWIaH HII Kypuica MPOTOHKA METOAU CY3CH3
TYypFyH OVJIau,abHU XUCOOTAIIIATH SIXJIUTIAI XaTOJIUTH YCMalIu.

[IyHUHT TabKUJIAII JO3UMKH KBa3UUM3UKJIIM BAa YM3HKIU OyIMaraH napaOoiuk
TANMHWAArA TEHIJamManapra KyWWIraH 4erapaBui MacajajapHu HHTErpal-
UHTEPHOJSALMA  METOAM  OWjaH  euMllja  OIIKOpMac  CXeMallapHU
annpoKcUManusiall — NauTUAard — XaToNMKJIapuHM — Oaxorjaml — Macajacu
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.Camapckuii., E.C.HukonaeBs Metozibl 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 aipuM XoJulapJa OJIMHTaH €YMMUHU aMaliéTra SPOKCU3 KUITUO
Kysauran ‘“‘dexyaHunn’nap yupad typanu. IyHuHr ydyH Xam cxemaiapHH
AKCTIEPUMEHT TEKIIUPYBUJAH YTKa3WIaaAu, SbHU OUPOp COAMApOK TECT OuiaH
TeKmupuO Kypwianu. byHmalt Tectnap cudatuaa KYWWIraH MacallaHUHT
aBTOMOJIENI €9YMMHU OJIMHaIU. 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
Oynrannan edynM Taxjui Kuirad. IIIyHUHIZIEK OJIMHTaH COHJIM €4uMiIap yiia
XapaKTEPUCTUKAIHN aBTOMOJIEN €4UM OWIJIaH CONMMIITUPUINO KYpHUIITaH.

bynna eo(t) cudartua aana HKCIEPUMEHTH HaTWXallapura CcysHuO

OyfJIaHMIIl MHTCHCHBJIMIM Xap OWp OH ydyH ypTadya-CyTKaJIUK KUUMaTH
KyWHMJAru xajBaija KypCcaTHIrauaeK OJMH]IN:

Kansaa

Ortinap SuBap | PeBpan Mapt Anpenb Mait Hronb

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

r/cyT

Onnap Wrone | ABryct | Centsa0pb | OkTs16ps | HostOpp | [lexaOpb

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

1/cyT

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

TaIlIKKWJI dTaaH.

Xucobnainuiap HaTWKaJIApUHU KeTUpaMu3. Yap Kydujaara KuiMariapaa ojiuo
oopunau:

h,=20m, h_=21m, h =2468 (xapakar aBTOMOJEN OYynranma h, =25wm),
a =0,013m/cyT:;

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

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

% =1, 20,40,60100, K,=05M/cyT. By epnarn

2
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L,¢y,h,.h . h, ,K,K,Ba «opkamm my mnaparpadyap OOmMAaH 3SClIaTUIAraH
MUKJIOpJIapUHU aHTIIaTa IH.
Cerka (Typ) Ty3wiranga Kamamiap (a3oBUM KOpAWHATAIAp Oyiinda

215m.,BakT OYyitnua 30 cyTka KUIUO OJMHAIN.

4-pacm.

&,(t) yuyn xanmsan 3 pman KuiiMaT osuHrad, K, =10 w/cyr; K, =05Mm/cyrT.,

t =360 cyT xoJi1aru 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. Onnuit XocuaaHu, XyCyCHi XOCWJIaJIapHU Ba IOKOPU TapTHOJIM XOCHIIAJIAapHU
YeKJIM aillupma OuiaH TakpubaH anmMamTupuiga Telnop dopMuiacuaaH
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
ncOoTIIalIa MAKCUMYM MPUHIIUNUIAH (oW 1aaHuIITaH.
6. AlupMarii CXEMaHUHT OWUPXUHCIM OYJIUIIM Ba KOHCEPBATUB OYIIHUIIM
yerapaBuil MacajlaJJapHUHT OepuiiraH KjacCura HucOaTaH SPOKIH OVIHMIILITUTH
acocHil ME30H J1e0 OJIMHTaH.
7. TlapaGonuk TUIIArd TEHTJIaMalap y4yH TYp (CeTKa) METOJAMHM acociall Ba
XOCWJI OYyJaraH 4YW3WKIM aire0pauk TeHIJIaMajgap CUCTEMAaCHHU €YUl
yCyJUIapUIaH aiupMa Kapajras.
8. AilimpManu TeEHTJIaMallapHU Xaijam YHAaH Xaljgam Ba 4YamnaaH Xaujanr
METOJIapy UIILIa0 YUKHUIITaH.
9. Konkper uerapaBuii yerapaBuii MacajaHu €UHUIIIA YIIYOBIN Y3rapyBUMIapHU
¥a4oBcu3 Y3rapyBuyaHiapra YTKa3uill yCyJId UILIa0 YMKapUJTaH.
10. Homabiym wyerapanu (Ky3fadyB4aH dYerapajiv) uerapaBuil macajajapHU

CUMIIIJIa MHTETPA-UHTEPIOISAIMS METOANHY KYJIam 0atadcuil ypraHuiraH.
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11. UnTerpan-uHTEpnoiasaus METOOJUHUHT ad3a/Iiry, IIYHUHTJEK MaTUMATUK
AHAJIM3HUHT YpTa KHAMMAT XaKWJard TEOPEMAaHWHI KYJAHWIMIIN 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 0O00ma  HazapussHU MYyC TaxKamJIOBYM MAaIKJIap-MHUCOJIIAP
KEJITUPUJIITaH. MucoJsapHUHT eunumIIapu 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-uHTEpnoasuus METOAM acoCHAa OIIKOPMAC CXema Ty3WJIraH Ba
FORTAN oaroputum TWija COHJIM €YUM OJMHTAH CEHJIM CUUIIHU Tpaduk

KYPHUHUIIJA TACBUPJIAHTaH.
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