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|. AIIIYU JACTYP
Kupunm

Maskyp nacryp V36exucron Pecniyonukacu Ilpesunentununr 2015 #un
12 urongaru “Onuii TabJIMM MyaccacallapuHUHT pax0ap Ba IMenaror KaapiapuHU
KaiiTa Tall€piail Ba MaJaKaCHMHHU OLIMPUII TU3UMUHU SHAIA TaKOMUJUIAIITHPHUIILL
yopa-tagoupnapu tyrpucuga’ TH [1D-4732-con  ®DapMoHUIATH  YCTYBOP
HyHanmumuoiap Ma3MyHUJaH KeauO YMKKaH XoJifa Ty3wiraH Oynu0O, y 3aMOHaBUU
Tanabiap acocuaa KaWTa Tai€piaml Ba Majlaka OIIMPHUIN >KapaéHIapUHUHT
Ma3MyHHHHM TaKOMWUIAIITHPUII XamJa OJIMA TabJIUM Myaccacalapy Ienaror
KAJIPJIAPUHUHT KacOW KOMIIETEHTIMTMHH MYHTa3aM OLIMPUO OOPHUIIHHM MaKcaJ
KHJIAU.

MabiyMKH MaMJIaKaTUMHU3 MYCTAaKWUIUTH MWUIMA TabIUM coxXacujaa TyO
UCJIOXOTJIApHU amajira OIIMPUIN Y4YyH 3aMHUH SpaTad. 3aMOHaBUU Tayiadiap
WHOOATra OJMHTAaH XO0J1/1a, OJIMK YKYyB IOPTIAPUHUHT TeAaror KajapJiapuHH KaiTa
Ta€prann MyHanumnuiapyu Oyiinda Kaita Taiépiiai Ba Majlaka OIIUPUIIIHUHT YKYB
JACTypJapuHU MYHTa3aM TaKOMUJUIAIITUPUO OOpUIN MIUIAPUHU TAIIKWI ITHII
OyryHT'M KyHHUHT J0J13ap0 BasudanapuaaH Oupu XucoOIaHaIu.

by xypcaa tunriopuunap Oapua QaniapiaH oiraH OWIUMIIAPUHU KYJ1ab
bu3uKk xapaCHiap Y4yH MaTeMaTUK MOJEJUIap SpaTHill, aMajiuil Macanaiap
KYWHIL, SIpaTWITaH MaTeMaTUK MOJCIUIAPHUHT aJCKBATJIMTUHU  TEKIIUPHIIL,
KyWWJITalm macaja y4yH €YWIl YCYJUIAPWHM TAHJIAII, YEeKIU alupMalIu cxeMaliap
SApaTUIll, CXEMaJIApHUHT TYPFYHJUTMHU TabMUHJAII, XOCWUJ KWJIMHTAH COHJIU
TEHIJIAMAJIApPHU €YUl yCYJUIApUHM TaHJAIL, aJropuTMIIAp SIpaTUILl Ba JAcTypiap
Ty3ull, AACTYpHU CO3JIall, XUCOOJall 3KCIEPUMEHTIAPUHHU YTKA3WIL, OJMHIaH
HATWKAJIAPHU TaXJIWJI KAJUII Ba HATHXKAaJApHU *KaABaj, Tpaduk €KUM aHUMalHUOH
KYpUHUILIapAa (BU3yall) TAaKIUM ATHUII KaOW KYHUKMaJapHU OJIaIH.

by xyHuKkMamapHu oJuII JaBOMHUAA TUHIJIOBUMJIAp Oapya MaTeMaTHK
dbannapuHUHT OUp OMPUHU TYIIUPHUINH, Xa€TUH MacallaJlapHU CUMIIA yJIAPHUHT
KaHYaJUK 3apypJIUTHHUA TYJIapoK TYIIyHHO eTaawiap, Oy MacajajapHU €4HIIja
WHOOPMAITMOH  TEXHOJOTHUSJIAPDHUHT POJMHU Ba SHTUM  TEXHOJIOTHsUIApJaH
doiiganaHu UWIMHANA-TEXHUKAa PUBOXKUTA CAJIMOKJIHM TabCUP KYpCATHUIINIa aMuH
oynmaaumap.

MoayJaHMHI MaKcaau Ba Baszudaaapu
“HouM3MK/JIM MACAJAJAPHM COHJIM eYMII YCy/ulapu” MOAYJIMHUHT
Makcaau: @OaHMHUHT aCOCUMM MAaKCaad THUHIJIOBUMJIApA MYyausiH aMaliui
MacajaJapHd COHJIM €YUl y4YyH TYIIyH4Ya OWJIMM Ba KyHHKManap acocCHIa,
MacaJlaH! €YUl YIyH TaTOMK ATHIUIIA MyMKHUH OYIJITaH COHJIM yCyJulap OpacHuaaH
DHT CcaMapaluCHUHU aXpaTuO OJUI, SpaTWiATaH EKU MaBXKyll yCYJUIAPHUHT
SPOKIWIMTHHU OaxoJant kabu Oup KaTop Hazapwii Ba amMavii MyaMMmodsap Oyiinda
OUJTUM Ba KYHUKMAaJIapHHU YHUFYHJIAIITUPULIAAH HOOpaT.
TuHrnOBUMIAp Y4yH OUp KATOp TyIIyHYAJap yMyMJIAIITHUPWITAH XOJ7a,
ycyJuiap 3ca uyKyp Ba Oaradcun paBuiaa ypratuianu. XKymnagan ¢an gactypu
TUHTJIOBUMJIAPHUHT ~WITApU  ypraHwiran (yHIaMEHTal Ba HXTHUCOCIHK

¢dannapura tasHaau. PaHUHM YpraTUIl OENTHJIAaHTaH peXa acocuja Mabpysa
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VKHUII, ayIuTOPUsT Ba KOMITBIOTEp 3ajutapuiaH (olgamaHraH Xojja amanra
ompuinagd. byH&na — THHIIIOBUMIAp — YM3MKCU3 — Macajanap,  yJlapHHU
anmnpoKCUMAaIUsl KAJUII yCyJIIapH, anfmpoKCUMalvs TapTUOU, STKMHIIAIIUIIN Ba
TYPFYHJIUTH, YU3UKJIAIITAPUII YCYIUIApU, COHJIA CUUIIIHUHT UTEpanus, IpOroHKa
yCcyJulapu KaOu MaB3yJIapHU YyKyp YpraHaawiap. YiapJaH TallKapyd MacallaHd
€YUl aITOPUTMUHH Ba TACTYPUHU SIPATHIL, JACTYPHU CO3JAIll, TECT Macajajap
gpaTUll ~ Ba  JACTypPHUHT  WUIOHWIWIMIMHUA  TEKIIMPUII,  XHCOOJall
AKCIEPUMEHTIAPU YTKa3WIll, OJIMHTAH HATIXKAJIApDHU MaTeMaTUK Ba (PU3MK
KUXATJAH TaxJIMJI KWIKMII Ba YJapHU BU3yaJUTAITUPHUII KaOW MaB3yJiap OwiaH
AKAHAAH TaHUIIaguiap.
“HoYM3UKJIN MACAJAJAPHM COHJIM €YHMII YCyJJIapu” MOAYJTHUHUHT

Basudanapu:

- HOYMBHMKJHA MAaCaJIApHU COHJIM €YHWI YCYJUIAPMHHM YPTraHUWII Ba yJIapHU
TaxJIUI KAWL,

- amManui MaTeMaThKa MacajlalapuHU €4ullga COHJIM YCYJUIApHU KYJUIAIl
KYHUKMAJIAPUHH XOCUJT KAJIUIIL;

- aManuid MacajaJapHd COHJIA MOJCIUIAIITHPHUIN Ba COHJIM XHcOOJall
AKCHEPUMEHTH HATHKAIIAPUHY TaXJIWJ KWJIHILL

- (usuk >kapaHIaApHU TACBUPJIOBYM XYCYCHH XOCHUJAIM YHU3UKCHU3
muddepeHnan TEHTIaMalap Ba ylapra KyHwiran maptiapHu (Oonuianrud,
yerapaBuid Ba 0OIIIKA) MA@bHOCUHU YpPraHUII Xamja COHJIA €4YUI aJrOPUTMIIAPUHU
Kypuur,

- TUHIJIOBUWJIApAA Macajiap KyHHUII Ba YHM €YMII YCYJUIAPUHHU TaHJIAIl
KYHUKMaJIApUHU XOCHJT KWJIHIIL,
- TUHIJIOBUMWJIApJa aJTOPUTMHUK (UKpJIAIIHA Ba JacTypiall MaJaHUsITHU
IAKJUTAHTUPUIILL.
MoayJ 0yiin4a THHIJIOBYMJIAPHUHT OMJIIUMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHUMSUIAPpUTa KynJIaaurad tajgadaap

“HouM3ukin MacajlaJapHH COHJIM euuIl ycy/ulapu”’ YKyB (aHuHU

Y3IalTupuI KapaéHuga aMmalra OlUPUIIaIural Macajiainap J0Upacua:
Tunraosun:

— OKOpM Japaxald TWUIAPHUHT HMKOHUATIAPH; AJITOPUTMIIAD;
MOJIYJUIM JIacTypJialll; ONEpPaTOpPJIAPHUHI YEKIU aWUpMaId amnmpOKCUMAIIUSCH,
annmpoKCUMalusg  XaTOJNUKIApH; AalupMalii CXEMaJapHUHT TYPFYHJIUTH Ba
CUMMJIAQPHUHT Macaja MIapTiapura y3JIyKCU3 OOFJIUKJIMIY, YW3UKJIAIITAPHII;
WUTEPALMOH Kapa€HJIAPHU KYPHIIL, YM3UKCU3 MacallaJlapHU COHJIM €YUUIIAArd Xap
XWJl aHMKJIWUKIArd avpmaiy cxemanap; aldpMmalud MacajlaHd €4ull YCYJIHU
TaHJIAIll; YU3UKCH3 CXEMAJIApHU YHU3HUKJIAIITUPUII YyCyJUlapy; MOC aHAJIUMTUK Ba
COHJIM €YMMJIAPHU SAPATUIL; HOYM3UKIM MacalaJlapHU COHJIM MOJEIUIAIITUPUII Ba
XUCOOJIAIT SKCIEPUMEHTH HATIKATIAPUHY TaXJIWIT KWIHITHU OUIUMMU KEPaK;

—  X®mcoOmaml HSKCHEPeMEHTHHHM YTKA3WII, MacalajlapHd €YUl Y4YyH
caMapaJM METOJJIapHM TaHJIAlll Ba TaxJIW KWIWI, alupMalid CXeMajapHu
TaHJIAIll; CAKJIAHWII KOHYHJAapura MOC pPaBHUILJA CXEMalapHHW KyJlall; HOKOpHU
AHUKJIMKIArd TYPFYH CXEMaJlapHH OJIMII; alupMaju MacajaHd €YUIIHUHT TYpFyH

yCYJUIAQpUHMU TOMMIL; aOCOJIOT TYpPFyH alMpMaliu CXeMajapHU OJIMII; aHUK
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UHTETpaJIapHU TaKpuOWN XHMCOOJAIl, YU3UKCHU3 YerapaBUil MacalajapHU COHIIU
CUMILJIA UTEPALMOH Kapa€HIIApHU KyPHIL, COHJIA HATHKAJIAPHU TaXJIWJI KWINII Ba
BU3YAJUTAIUTHPULI KVHUKMARAPU2a 32a Oynumu Kepak;

—  OouUIaHFUY-yerapaBuil MIAPTIApHU AHUKJIAIL, aMalui MacalajapHu
MaTE€MaTUK MOJJECIUIAIITUPHILI Ba KOMIIBIOTEPAA €4YMLI; OJIMHIaH HaTHKAJIapHU
AHUKJIWK  JapaXacMHUW  aHMKJAll  MakcaauJa TaxJIWI  KWIHIL,  COHJIU
MOJIEJIIAIITHPUII HATHKAJTAPUHUHT YPraHWJaETrad sxapa€Hiuap Ba oObeKTIapiiap
OWJIaH MOCJIMTMHU TabMUHJIAL MA1aKa1apuza 32a 0yauuiu Kepax.

MoayaHu TAIIKKHJ ITHII Ba YyTKA3UII 0yiiM4a TaBcusijiap
“Houm3ukian MacajlajlapHd COHJM €UUII yCyJUulapu~ Kypch Mabpy3a Ba
aMaJuii MaIlIFyJIoTiaap MaKIuaa oud Oopuiay.
KypcHu ykutuin xapaéHuja TabJIMMHUHI 3aMOHaBUIl METOJIapHu, ax00poT-
KOMMYHUKAIH TEXHOJIOTUSIApH KYJUIAHWINAILIN Ha3apJa TYTUJITaH:

-Mabpy3a Japcilapyaa 3aMOHABUM KOMIIBIOTEP TEXHOJOTHWsIApH €pAaamuaa
IIPE3EHTALMOH Ba JIEKTPOH-AUIAKTUK TEXHOJOTHIIapAaH;

- YTKa3ujaaAurad aMajavii MalFyaoTiIapAa TEXHUK BOCUTAJIApAAH, IKCIIPECC-
CYpoBIIap, TECT CYPOBIApH, AKJIUNA XYXKYM, TYPYyXJu (QUKpIaIl, KUUUK TypyxJiap
OwJiaH MIUIall, KOJUIOKBUYM YTKa3HIl, Ba OOIIKAa HUHTEPAKTUB TabJIUM YCYJUIapUHU
KYJUTalll Ha3ap/ia TYTHIAIU.

Moay/JHHMHI YKYB peajard 001Ka MoayJ/uiap Ou/jiaH OOFJIMK/IMIM Ba
Y3BHIJIUTH
“Houmn3nkiam MacanaJlapHU COHJIM €YML yCyJUIapyu~ MOIYJIH Ma3MyHU YKYyB
pexkanaru “/lactyprnain TexHOIOTHsIapK , “AManuil MaTeMAaTUKAHUHT 3aMOHABUM
MyaMMoiapu” YKyB MOAYJUIapH OWJiaH y3BUN OOFfJaHraH XOJjAa MelarorJiapHUHT
MEBEPUM - XYKYKUH XyxokaTiaap OVinya kacOuii memaroruk Tanéprapiuk
JapakKaCHHHU OPTTUPUIITA XU3MaT KUJIAIH.

MoayaHUHT OJIMH TABJIUMMAATH YPHU
MoaynHy y3JmalITUPUIN OPKAIM THUHIVIOBUWIAD aMalud MacaJlaJapHUHT
MaTeMaTUK MOJIE/UIapy, YJIApHM €YUl YCyJUIapu Ba JACTypUil TabMUHOTIAp
SApaTUlll, XUCcoOall TaXpuOalapuHU YTKA3UI, OJIMHTaH HATWKaJlapHU TaxXJIWII
ATUI, amajja Kysuiaml Ba Oaxojamra J0oup KacOuid KOMIETEHTJMKKA Jra
oynamunap.
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HA3APUH BA AMAJIUIA MAIIFYJIOTJIAP MABMYHHA
1-Mag3y: Aiiupmanu annpokcuManus. Yek/u 3jieMeHTIap yCyJIu
AltmpManu annpokcuManus. Yeksm 3JIeMeHTIap yCyJiu.

2-Mag3y: Umsuknamrupum ycyuiapu (oaauii, Horoton, Iukap).
HUrepaunon ycyJiap.
Uusuknamrupui yeysmuiapu (ogauii, Hetoton, [Tukap). Utepanmon

ycyJuap.

3-Mag3y: UnTerpajiu Takpuouii xucod/am ycyaaapu. Oruim
ycyau (MeTo cTpebia).

Nurterpanuu takpubuii xucoobaam ycysuiapu. OTHII yCyiH (METOA

cTpenbba). Anredpank TeHriaMallap CUCTEMAaCUHU COHJIM €UUI YCYJUIapH.

4-Mag3y: IIporonka (YHr, yam, MaTpuIaJau) ycyJjau.

[Iporonka (YHr, yam, MaTpUIaIn) YCYIu.




5-Mag3y: IlapaGosuk Tunaaru 1uggepeHunas TeHrjiamauaap
opKaau udoaaTaHyBIH KAPAEHIAPHU COHIH MOIeJIAIITHPHIIL
Kapaénnapuu BU3yaJuialITUPHUIIL
[Tapabonuk Tungara guddepeHiyan TeHrIamazap oOpKaid uQoaalaHyBuUd
kapa&HIapHu COHIM MoAetamTupui. YKapa€HiapHu BU3yaJUTall THPHIIL.

AMAJIMA MALIFYJOTJIAP

AManmuii MamFyjaoTiap 3aMOHABUN JUAAKTHK TAabMHHOT Ba JabopaTopus
KUX03JMapura sra Oynran ayauropusuiapaa xamaa MHTepHeT TapMOFura yiiaHnTaH
KOMITBIOTEP CHH(IapU/a, TasHY OJIMH TahJINM MyaccacaJlapuHUHT Kadenpanapuaa
TAIIKWAJI 3THJIA/IN.

Amanuii MaimrynoTiaapaa  (QU3MK JKapa€HIApHU TACBUPJIOBYM  aMaiuid
MacajajJapHUHI KYWWIWIIH, YJApHU €YUII YCyJulapu, MacajlaHh EYUIIHUHT
aNTOPUTMHU Ba JACTYPUHU SIPATHUIN, JACTYPHUHT TYFPWIMNTMHHU TECT Macalajiapia
TEKIIUPHUII, XUCOOJAIl SKCIEPUMEHTIAPU YTKA3WIl Ba OJMHTAH HaTWXKaJlapHU
TaxJIW1 KAWL Macajanapy ypraHuiaiau.

AMaJMid MALIFYJI0TJAapAa KyiuJaaru MaB3yJiap Ba Ba3UATIN Macajaaaap

YpraHujiaam:

Ommuit  nuddepennman Tenrnamanap yuyH Komu Ba  yerapaBwii
Macananap.Jinep Ba Pynre-Kyrra ycymnapu. Xaigamn (mporoHka) yCcysu.

Xycycuit xocunanu auddepeniman TeHriamanap. Yuszukiaum yerapaBuid
MacaJiajlap y4yH OIIKOP Ba OIIKOPMAc CXEMaJapHU KyJulall.

KBa3num3ukiam MCCUKJIMK TapKAJIUII TEHIJIamMajapu y4yyH OajaHC YCYJIUHU
KYJUJIAIll Ba yJIAPHU COHJIM €YUl YM3UKJIAIITUPUII.

Yu kamnamiaum cxeMaliap Apatuil  €paamMuia  YU3UKCU3  YerapaBui
MacaJlaJlapHU COHJIM €YMIIL.

Hkku ynmuamnum MacananapHy y3rapyBuaH MYHAIUIIUIADP YCYIUAA CUHIIL.

Nkku ymuaMu MacanaiapHu JOKal OUp YIYOBIM cxemanap EpaaMuaa euull.

Top Tebpanuiy ManaiagsapyuHu COHIU MOJICTUTAIITUPHIIL.

Xucobuall HKCIIEPUMEHTH HaTHKATAPUHUA BU3y I THPHIIL.

MYCTAKNJ TABJINM

TUHTIIOBYM MYCTaKWJI UITHU MyalssH MOAYJIHUHT XyCYCHUATIAPUHU XucoOra
OJITaH XOJIJIa KyWuaaru makyuiapaas ¢onaananu0 Taiépiaiiy TaBCcusl dTUIIA N

- MeBEpUN XyXoKaTiapjaH, VKyB Ba WIMHN amabuériapaan doiganaHuIn
acocujia MOAYJI MaB3yJIapUHU YPraHUIIL,

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH Y3IalITHPHUILL;

- Maxcyc agabuérnap Oyiinua Momayn Oynumiapu €K MaB3yjlapu ycTHaa
MIILJIAIIL,

- aMaJIMii MaIFyJIo0Tiapaa Oepuiirad TOMIUPUKIAPHU OaXKapHIIL.

YKATHII TAKJJIAPHA
Maskyp mMonyn Oyiinua Kyiuaard YKUTHII [IaKuiapuaad (oiaananuiamu:
Mabpy3anap, aMaluil MalFyjaoTiaap (MabIyMOTJIap Ba TEXHOJOTHSUIAPHU AHTIIA0



ONIUIN,  aKJIWA  KU3WKUIIHU  PUBOXJIAHTHPUIN,  Hazapuid  OWIMMIIApHH
MyCTaxKaMJal);

0axc Ba MyHO3apajap (JloMmxamsap €4uMH Oyiinya Jamwuiap Ba acoCid
apryMEHTJIapHU TaKIWM KHWIWII, ODIIUTHII Ba MyaMMOJap €YUMHUHHU TOIIHII
KOOUJTUATHHYU PUBOYKJIAHTUPHIII).

"KOPUI HA3BOPAT(ACCUCMEHT)HU BAXOJIAIII ME3OHH
opnii  HazopaT(acCHCMEHT)HM  Oaxomam  Y30ekucToH — Mmumii
YHUBEPCUTETH Xy3ypUAarv meaaror KaJapliapuHU KaiTa Tal€prail Ba yJIapHHUHT
MaJlakaCuHU omupuil TapMoK (MUHTaKaBUii) MapKa3ua TaCAUKJIAHTaH IIaKuIapu
Ba ME30HJIapH aCOCH[Ia aMaJjra OIMIMpPaIu.
Yy MOIYyTHUHT KOpUN Ha30paT(aCCUCMEHT)ra akpaTupliaH MaKCHUMal
oam1-0,8 6as.
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11. MOIYJIHU VKUTHIIJIA ®ONTATAHUIAIMTAH HHTEP®AOJ
TABJIMM METOJUIAPH

“Keiic-cTaan” MeTOIHN

«Keiic-ctagm» - wHrmM34a cy3 O0ynmb, («cace» — aHWK Bas3WAT, XOWCA,
«CTagm» — YpPraHMOK, TaXJIWJI KUJIMOK) aHMK BasUATIAPHU YpraHWI, TaxXJIHI
KUJTUII aCOCHIa YKUTHIITHU amalira OLIMPHILITa KapaTUiraH METOJ XHUCOOIaHaIu.
Maskyp w™eton gactiad 1921 #mn  TapBapan yHuBepcuTeTHIA —amMaui
Ba3UsATIApaH MKTUCOAMM OomkapyB (anmapunu ypranumaa ¢oiiiagaHuin
tapTuOuaa kymnanwirad. Keiicna  oumk axOopoTnapjgaH €K aHUK BOKea-
XoaucagaH Ba3uAT cudaruga TaxJua ydyyH ¢oipananuimn MyMmMkuH. Keiic
XapakaTiapyd y3 Wuura Kyhumarwiapau kampab osaam: Kum (Who), Kadon
(When), Kaepna (Where), Huma yuyn (why), Kannaii/ Kanaka (How), Huma-
HaTmwka (Whaat).

“Keiic MeTOAH” HH aMAaJIra OIIMPHUIN OOCKHUYJIAPHU

N Do AT MAKIH
O0ocKu4wiIapu Ba Ma3MYHH
1-6ockuu: Keiic Ba yHuHT | Y sSKKa TapTHOIAary AyarO-BU3yaIl HIII;
ax0opoT TapbMHUHOTH Owiad | v/ Kelic OMiIaH TaHUIIMII(MATHIIM, ayAu0 EKU
TaHULITUPHILL Meaua MIaKiaa);

v’ ax6OpOTHH YMYMJIAIITHPHIIL;

v’ ax0opOT TaxXJIHJIH;

v\ MyaMMOJIapHH aHUKJIaIIl
2-00CcKHY: Keiicau | v/ mHIUBHIyal Ba TypyX/a HIITALL,
AHUKJTAIITAPUIN ~ Ba  YKyB | v\ MyaMMmomapHu [0/13apOJIUK HepapXUsICHHH
TOMIIUPUFHU Oeruianl aHUKJIAII;

v’ acocuii MyaMMOJTH Ba3HsSTHU GEJITHITAIIT
3-06ockuu: Keiicmarn acocwii | v mHAMBHIyas Ba rypyX/a HIILIAIL,
MyaMMOHH  TaXJWj  OTHII | v MyKOOWJ €4uM HYJIapvHU UILTa0 YHKHUIIL;
OpKad¥ YKyB TOMNIMMPUFUHHUHT | v Xap OWp €YMMHHHT WMMKOHHATIAPH Ba
€UMMHUHU H3JAlll, Xald JTHUII TYCUKJIAPHU TaXJIWJI KUJIMILL
HynnapuHu uUiad YuKUII v MyKOOWJI €4MMITapHHU TaHJIaIll
4-6ockuu: Keiic  eunMunu | v/ sIKKa Ba TypyX/a HIIIALL;

CYNMUHM MIAKIAHTHPHUII Ba | v/ MyKOOWJI BapHaHTIapHH aMalijia KyJulalll
acocnai, TAKIUMOT. MMKOHHUSITIIApUHU acocial;

v WKOAMN-TONNXA TAKIUMOTHHY TalEpIiallr,

v SKyHHH XyJoca Ba BasHMAT CYMMHHUHT

aMaJIM{ acCTeKTIapUHU EPUTHUIL
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«O®CMY» meToau
TexHOoTOrMAHMHT  MakKcaau: MasKyp TEXHOJIOTHSI HIITHPOKYUIIApAArH
yMyMHI GUKpIap/iaH XyCyCcui XyJiocaiap YMKapulIll, TaKKocalll, Kuécail opKaiu
ax0OpOTHHU Y3NAIITUPHUIL, XyJIOcalall, IIYHUHTIEK, MyCTaKWUJI WXKOAUM (UKpIaIl
KYHUKMAJIApPUHU [IAKJUIAHTHPUINTA XWU3MAT Kujdaad. Mas3Kyp TEXHOJOTHUSIaH
Mabpy3a MAaIIFyJIOTIAapuAa, MyCTaxKaMmilalljga, YyTWITaH MAaB3yHH cypamiaa, yura
Bazuda Oepuiga XamJa aMalud MAIIFyJIOT HATWKATAPUHU TaxJWiI STHUIIIA
doiimaiaHuIT TaBCUS YTHUIIA]IN.
TexHOIOrMAHN aMaJira OIMPUII TAPTHOM:
- KaTHaIuuMjapra MaB3yra oujl OynraH sSKyHHH Xyjnoca €Kd Fos Takiaud
ATUIAIN;
- xap Oup wumrupokunra O®CMY TEXHONOTHACHHUHT OOCKUUIApH E3WIITaH
KOFO3JIapHU TapKATHUIIA]IN:

* GUKPUHTU3HU Oa€H 3TUHT

* ¢pukpuHTH3HU OaéHura cabad
KYpCAaTHHT

* Kypcarran ca0aOWHTU3HU
ncO0TIa0 MUCON KEITUPUHT

* GUKPUHTU3HU YMYMJIAIITHPUHT

- WIOTUPOKYMJIAPHUHT  MyHOCA0aTIapu WHAMBHUAYyal EKU TypyXHid
TapTHOAA TAKIUMOT KHJIMHAIH.
OCMY  Taxawiy KaTHaIIduiapaa kacOui-Hazapuil OMIUMIIApHU aMalui
Malikjiap Ba MaBXKyl TaxpuOamap acocuga Te3poK Ba MyBaddaxuariu
Y3IamTUPUITUIINTA acoc OyIaam.
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I111.LHABAPUH MABJIYMOTJIAP

1-Mag3y: AiimpManu annpokcuManus. Yekiau 3jieMeHTIap ycyau

Pewxa:
Alinpmany annpoKCuManus yCyJid.
HHTErpo-uHTEPIOISIHOH YCYII.
Homabym ko3¢ dunrieHTIap ycyim.
YerapaBuii mapTiapHu allipMay anmpoKCUMAaIus KUIJIUII.
AnrnpokcuManus XaToJUTH.
Huckpernamtupuni. Kenumuiarannuk.
TypryHIUK.

NoakowdPE

TasiHu cy3aap: xucobraw sxkcnepumenmu, Mooelb, MAMeMamux Mooeb,
auupmany cxemanap, Yekau auupmaiu cxemanap, myp, myp @QyYHKyusaiap,
ouppepenyusannap.

§ 1. AliupmMaJiu annpoKCUMALUA YCYJIH.

AliupMmany anmnpokcumarus ycyiauaa nudQepeHirai TeHriiaMa Ba Kymmmaa

miapTiapra KUpyBYM Xap Oup xocuina ¢akarrvHa MabJOHHW TAIIKWI KHITyBYU
TYTyH HyKTauapaa udonaigaHran aupmanu udonagap OWiaH aaMallTHPHIAIN.
Ymly ycyn xkyaa cona Oyaranauru 0ouc Kymmmya u3oxJjapra Xoxkar uyk.
Tyrpu TYpTOYpUakiau TypAa y3iykcu3 (Ba eTapidya CUJUIMK) KO3(P(ULIHUEHTIN
mudpepeHnran TeHrIaManap yayH aiipMaiTi armmpoOKCUMAIIHs yCYIu OUPUHYA Ba
WKKUHYU TapTHOJU ampoKCUMAaIMAra sra OynraH alupMaiu cXxeMajlapHHu OCOH
TY3UIll UMKOHUHU Oepaau. AMMO, ymiO0y yCyJHM MypakkaOpok OYiraH XoJsuiap
y4yH KyJUlalll aH4a MYIIKyJd €Kd KYJUIallHW MMKOHW Oynmaiau. Macanas,
y3umunuin - kodddummentra sra Oynran auddepeHnran TeHrIaMmaliap y4yH,
Xucoouail coxacu TYFpu TYpTOypuak Oynmaca, :oKopu TapTuoau auddepeHinman
TEHTJIaMaJIap YYyH HOTEKHC TYp/a Ba OOIIKa XoJuiapia.

Mmucoa. Kyitnaaru auddepenuuan Macana yuyyH alupMaid cxema Ty3HIl Tanad

OTUJICUH:
MM k1), 0<x<1, (2.1)
ot OX
u(x,0)=4(x), 0<x<1, (2.2)

u(O,t) =2, (1), 0<t<T. (2.3)
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Alimpmainu anmpokcuManus ycynu Oyiinda aifupMany cxeMma Ty3ull yuyH I1a0jJoH
TaHnaimMu3. byaunr yayn 4-(a, 0, B, T) pacMiapaa KEJITUPWITaH Ma0IOHIapIaH
doitnananamu3. Ym0y mabnonnapaan (2.1) auddepeHnman TeHriIamMaHu

KYﬁHHaFan AIIpOKCUMalA KUJIWII MYMKHH.

(x,,2..,)0 m+1 m+ 1 5
S, O
('\’n ‘,nr )
(".n 1? ’m ) m
O IS m : n—1
n-— ] n ('\.n *’m) (.\'“ l‘,m)
a) 0)
O O m+1 O @)
m + 1
m O O
m QO n n-—1 n
B) r)
6-pacwm.

a) mabJIoH yUyH:

m+1

Yo —Yn +C Yo = Yo — f(Xn’tm)
n

r
0) 11a0JI0H y4yH:
ym+1 . ym ym+1 _ ym+1
n-1 n-1 +c2n 1 _ f (Xn _015h’ tm +O’5T)
T n

B) 11a0JIOH YUYH:

m+1 m+1 m+1

Yo — VY +Cyn ;yn—l :f(xn_O’Sh,tm+O,5T)
T

r) a0JI0H Y4YyH:
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m+1 m+1 m+1 m+1

Yo t¥na _er"'er—l_'_CYn +Yrr1n_yn—1 _yrrln—l _ f(X —05h.t +0 5,[)
22- 2h n ' 1 'm '

Kymmmya maptiap 6apua Xosuiap yuyH Kyiuaaruya anmpoKcuManus KUIMHaIu:

y =z (nh), n=0,N ,h:%,
m ~ N T
yO :/LIZ(Tm)i mZO’M ;TZM-

§ 2. UHTErpo-MHTEPIOJIALMOH YCY.I.

Yoy ycynau Ganadc ycynu xam ae0 Homuamamu. D = {0 <x<10<t< T}

TYFpU TYpTOypUaKIa
ou ou
—=—+f(x1), 2.4
5 a2t T (2.4)
mugdepeHnran TeHraIaMaHu Ba
u(x,0) =u,(x), 0<x<1, (2.5)
u(0,t) =u,(t), u@,t)=u,(t), 0<t<T, (2.6)

KYIIMMYa [MaTpJIapHU KaHOATIAaHTUPYBYH U = U(X,t) QyHKuMsSHM aHUKIAMT Tanad
sTiirad 6yscuH. Yuiby MacanaHd COHJM euwmn yayH D = {O <x<10<t< T}

coxaJa TEKUC TYp KypaMmus.

a)hz{xizih, i=O,—N,h=l/N } 0<x<1 xecmama h xkamammm Tekmc TYp

tj:jr, j=0,M, z=T/M } 0<t<T kecmana 7 KagamiH

——

OyicuH Ba @, =

yp Oyncun. YV xonda a)hrzg)h-a)rz{(xitj); Xiaz)h, tjaa)f} -

D= {0 <x<10<t< T} TVFpu TYprOypuakaa h Ba 7 kamammap Ounan
KypWITaH TYpHU aHTJIaTa Iu.

HNuTerpo-untepnonsiuuod ycyn &Epaamuaa (2.4) auddepeHuuan TeHrjIaMaHu
ailupManii cxema OWJaH aNMpOKCHMANMs KWiuiml ydyH (2.4) TeHTJIaMaHu
Xi_o5 S X< Xi05 li_gs SUST, o5 TYFpU TYPTOYpUAKIAa HHTErPAILIANMHUS:
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j+1
/
/ i-1 1—?:‘2 i i 0—?:‘2 i+1
7-pacm 8-pacm
— i u(x,t..,)+u(xt) |[dx=— b s X ,,t) |dt

I_[S 1R :' - _[ _( 1 )_&( i—%’ ) +

1 g Xsios

= [ dt j f (x,t)dx 2.7)
t; Xi_05

(2.7) TeHrNMMKKa KUPYBUM MHTETpAJUIAPHU KyHUIaruya anmnpoKCUMAaIUsUTaiMU3;

Xi t
i+0,5 1 ou(x. 1
Xi05 t X

tia  Xios
dt [ f(xt)dx hz0,5(f (x,t;)+ f (%,t;,,))

L %i-0,5
VY xonma (2.7) TeHrauKaaH KyHuaard omKopMac aiupMmaid cxemara sra OViuil
MYMKHH:
i+l i
A T 1 1
e e
T ht *
€K1
i i+1
2
T h
OHnau (2.4) Tenrnamanu 8—pacmia KypcaTuiraH sueiika Oyiinya nHTerpaiaiMus:

t,+1 6u(x 1vt) GU(X 1!t)

U-j+1 —U-j uj+l 2U-j+1 +U-j+1 1 ) _
i _ i i-1 +_|:fij + f_J+1:|_

Xi+0,5

1
Exivs[u(x,tm)+u(x,tj)]dx— - tj 6X2 - 6x2 dt +
+— j th']O'S f (x,t)dx (2.8)
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U OU(X, o st
(2.8) TeHrmamara KHpPYBUYM HMHTETpajUIapAaH I—( 0511

t;

a [ J X,i+1 Ba
X

—jdt j f(x,t)dx [ —(f(x, W)+ FO6 )+ f(x,pt))  ammpoxcnmanms

-0,5

KHJICAK OIIKOP allupMaii cxemara 3ra OYJIMII MyMKHH:
L
u'" —u/ uJ —2u) +ul,

- i i+1 h2 %(fl +fJ+f|-Jkl

KYIIMMYa MapTiap MKKajaa X0Jjia Xam
U =u (%) . Vg :M(tj) ;U =4 (tj)

KYPUHHUIIJIA allIPOKCUMAIINS KAJTHHAIH.

§ 3. Homabaym ko3¢ duumeHTIap ycyJau.

Homabiiym kosdunmentnap ycynuaa aiupmanu cxemMa cudaruga HOMabJIyM TYp
GYHKUMSIHUHT  [MIA0JOHHM — TalIKWI — KWJIYBYM — TYTYH — HYyKTajapJaru
KHAMATIApUHUHT  YW3WKIM  KOMOWHANMACH  OJMHAAW. YOy  YHM3UKIN
KOMOMHAIUSIHUHT KO3 PUIMeHTIapy ailupman cxema Oepwiran auddepennuan
TEHIJIAMaHU TYp KaTjamiapu Oyinua wWiokd Oopuya IOKOpU TapTHOIa
anmpPOKCUMAITUS KWW IIapTUAAH TOTHIAIH.
Macainas,

u_ou

ot ox

TEHIJIaMa y4yH

1) = {50 )5, ) (508510

maboHIa alupMany cxema Kypullnl Tanab stwiraH OyicuH. [lemak aitmpmanu

cxema

aul, + pul +yul + pult =0, (2.9)

i+l

uJ

i+1

KYPUHUILJA DKaH. uI 1

Ba U 1¥p dysKmmsnapuu (X;,t,) HykTa atpoduma
Teinop xkaropura €iuo, (2.9) TeHrnamara Kysmus.

aul, + pul +yul  + pul™t =
17



. u_j_héu(xi,tj)+h_282u(xi,tj)+h_363u(xi,tj)+ N
! OX 2 Xt 6 ox’

. o ou(x,t 2 92u(x.,t. 3 9%u(x,t.
+/ ui‘+7/(ui‘+hM+h—#+h—¥+... +
OX 2 OX 6 OX

i ou(x,t ) 2 2u(x,t)  h® (Xt )

| U T =
ot 2 ot 6 ot
- ou( x,t 2 ofu(x .t

(a+p+y+pul+(y-a)h (a—;fhh?(“w)%
ou( x,t
+’””(T'J)+O(h3+f2)- (2.10)
ou o

(2.10) Tenrmukman U, + Au) +yul + pultt = — ity +0(h® +17%)

o oxl
Oymumu  yuyH «,f,y Ba g KodpHIHMEHTIap KyWHIarum TEHTIamaliap

CUCTCMACHHHU KaHOATIIAHTUPUIIH KCPAK.

a+p+y+u=0
y—a=0
<a+ 2 : (2.11)
=
ur=1
(2.11) Tenrnamanap CUCTEMacWHH €4uld, & =y = _F:ILZ’ U= 1 Ba [ = hzz = 1

SKAHJMTUHU aHuKIaiimMu3. Kosddunmentnapuun Oy kuiimaTnapunu (2.10) ra

KYSIMU3:
u, 20 uou, ul?
-y — 41 =0 ékn
h h T h T
TRATE —2ul +u/
i i 2 i+l _ =0 (212)
T h

Jlemak,
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u_ou
ot ox
nuddepeniman  tenrnamann [ (x,, ) = {( X4 ) (x,,tj) ( Xigrfj ) (xutm) }

mabJIoHAa anNpOKCUMAIU KHIIyBYM alMpMalld CXeMa KyWMuJard KypuHUIITa 3ra

OKaH:

u*t-ul  ul-2u +u,‘+1

T h2

ou o4

OHIN — = — nuddepeHnan TeHriIaMalu
ot oX

(%)= 06.8) (antin) (tin) (b))

ma6n0Hz[a alIIIpoKCUMaluAaA KHJIYBYHU aﬁHpMaHH TCHIJIaMaHH TOIIaMM3. By X0oJraa

allpMaJi cxema

aul + pult + yul™t + pult =0, (2.13)
kypunmmaa 6ymamm. (2.13) ga u'?, u™, u 1¥p dynxuusiapan (x,,t,) HyKTa
atpoduna Teinop Karopura EMus:
. - oulx t 2 9%ulx. ,t. 3 9%ulx. ,t. 4 o%ulx ,t.
uiJ+1:uiJ+z. (I J)+T_ (; J)+T_ (; J)+T_ (:1 J)+
ot 2 ot 6 ot 24 ot

au(x,.t;)  aulx ’tj)+h—2 o%u(x, ,tj)+ 2 6%u(x, ,tj)_

ult=ul —h +7 . - d
OX ot 2  OX 2 ot
22ulx t;) h*dulx.t,) 2d%ulxt;) h2rdfulxt;) hr?dtulxt)
~hr————— +— + — +
oxat 6 ox° 6 ot 2 ox’ot 2 oxat’
2 2
Wi =) +h<’9u(xi ,tj)+76u(xi ,tj)+h_26 u(xiz’tj)+ﬁa u(x;,tj)Jr
OX ot 2 OX 2 ot

o2u(x t, ) h? &%u(x, t ) 2 0% t, ) h?z %u(x, t, ) hr? O°u(x, 1 )
+hr——— Y+ 3 S 2 z "
oxot 6 ox 6 at® 2 oxot 2 oxot
VY xonpa

ot} + Al + ™+ ks = ot )+ Alulx )= hus (6.t )+l )+

3 3

+05h%ul (x, t; )+057%uy(x .t )~ hzult(x ,tj)—%u"' (x.t, )+ T6 ug(x .t )+
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h°r ,, he? h* ., h’z .,
+7Tuxxt(x"t')_%uxtt<x"t')+ﬂu (Xi’tj)_?ru (Xi’tj)+

XXXX XXXt

2_2 3 4

h
o oty )= = u Oty )+ 2l ,tj)+---}+

3 4

+ylulxt, )+ 2 (x .t )+ 0522y (x; .t )+ %ut’t’t’(xi )+ % up(x .t )+ } +

+ plu(x; 1 )+ hus (x; )+ uf (%t )+

+05h%u’ (x, i )+0572ul(x, Ay )+hzu(x i )+ %3 u (x, t; )+T—63Ut'é'(xi i )+

XXX

3
e e

+ h_;T Uy (Xi 4 )+ h_; Use (Xi 1y )+ 2_; Usoox <Xi 4 )+ h_GT o (Xi g )+
22 3 )

h
+ TTU"" (Xi 4 )+ ?T u;f[t’t,(xi 1y )+ ;_4 Ut'ét"(xi 4 )+

Xxtt

Vxuranr xagapay nxdamiiad, Kyiugarura sra 6yIaMus:
auij + /Buij—;l + 7’Uij+l + Wijﬁl = [a +0+y+ :“]U<Xi 1y )+ h(,u - 'B)U;(Xl 1§ )+
+7(B+y +,u)ut’(xi i )+ 05h*(B + ,u)u;;(xi t )+ 057%(f5+y + ,u)ut’t’(xi i )+
h

+ hf(ﬂ_ﬂ)u;;<xi L )+E(ﬂ_ﬂ)ug&(xi ’tj)+%(/6+7/+lu)ut,t,t’(xi ’tj)+

4
+05h2 (B + )il (%t )+ 057z (1 — Al (x, t, )+%(ﬂ + L)oo +
2

72
4

3

(8-+ i, )+ (= (1 )+

3
+h_6r(ﬂ _ﬁ)u;;(;(,t(xi Ay )"' i

hz® )
+?T(,U _ﬂ)u;(;;t’(xi s )"‘%(ﬂ"‘ /u)ut'r't;'(xi 1y )+

Oxwupru TEHTIMKa KyHHuJarmwiapHi OaKapuiIuIInHN Tajlad KujJaMu3:
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(a+B+y+u=0

1
ﬂ+7+ﬂ=;

2
ﬂ+ﬂ:—F
u—p=0

By Tenrmamamap cucreMacuHu e4nO, HOMAabiIyM o,f3,y,i TapaMeTpiapHA

KUMMAaTJIapUHUA AHUKJIANMHA3:

1 1 1 1

a:——’ = =——, = — 4 —.
— Pep=—g 7 H
[TapameTrpiapHuHT ymoOy KuiiMatiapuaa
. " " n ou ﬁzu " Tz "
auij + :Buij_ll + 7’uiJ " ﬂui1+11 = (E o yj( ) o O’SNH (Xi ’tj )+ E Uit (Xi ’tj )_
X tj
h2 2_2 h22'4
—— U (Xt )= —u e (Xt )+ ————ug It )+ 2.13
12 XXXX( 177] ) 2 ( J ) 12 tttt ( J ) ( )

a, .7, 4 TapaMeTpJapHUHT TONMWIraH KuiMatiapuau (2.13) TeHriaMara Kyicaxk,

O3 KypraH aipMaiyd CXEMaHUHT KYPUHUIIN KeJTU0 YMKAIU:

ut—u) o ul -2ut +ult _ 8U(Xi ’tj) 82u(xi ’tj)
T h? Ca et

Hemax, 11(%,t) = 06.t5) (Xintin) (oti) Oty mabsonna

KypwiraH aiupMaid cxema omkopmac O0ymu0, Oepunran auddepenman

+O<r,h2).

MacajaHu 7 Oyiimua Oupunuu TapTu6 OMitan Ba N GViinua MKkuH4uM TapTHO OUIaH

AllIIPOKCUMAIMA KHJIap 9KaH.

§ 4. Yerapasuii liapTjiapHu aiilMpMaay annpoKCUMAanus KUJIUIIIL.
dapa3 kunaiinuk, D = {0 <x<1,0<t<T } coxana Kyiumarn auddepeHmma
Macaja Oepuira OyJICUH:

2
%:%,OSXSLOQST, (2.14)
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u(x,0) = p(x), u, (0,t) = g4 (t) , u, (L,1) = 11, (t)

By epaa U, (0,t) = 4 (t) uwerapasuii maptau

j+l _ j+l
i h Yo - ll'll(tj+1)

allupMany TeHrJamMa OWjaH anmpoKCHUMAalMs KWIUII MyMKAH. MablyMKu, ymily
aliupmanu xocwia Oepwiran uerapasuil maptau O(h) Owinan anmpokcuMarius
Kunaau. by sca macanmaHu edyuingard yMyMHM aHUKIMKHU [AcaluIIvdra oJyiuod
Kemanad. byHnmall XonataaH YMKWIO YYyH YerapaBui IIAPTIAPHU aWUpMaIIU

annpoKCUMAaIus KWK yCyJlapy OUlaH TaHUIIaMU3.
®uxTuB HyKrajgap ycyau. 0 < x<1 kecma tamkapucuaa X, = X,—h tyryn
HYKTa KUpUTamMu3 Ba ymlOy X, HyKrajga Xxam Oepuirad (2.14) tenrnama ypuniu

ne6 xucobmaiimus. 1 =0 mykrama (2.14) TeHrmaMaHM anmpPOKCHMALUS KUITYyBYH

aﬁHpMaHH TCHIJIaMaHU €3aMu3.

iyl i _oyl gy
yO yO — y—l {0 yl (215)
T h

Yan derapaBuil MIApTHU MapKa3uil allupmanu Xocujia OujaH amnmpoKCcUMaIus

KUJIaMHU3.
Y, =y
= (t.). 2.16
TS (2.16)

OHnu (2.16) nan Y jl = ylj —2h, vu anuknab, yau (2.15) Tenrnvkra Kyiicak Ba
COITAJIAIITUPCAK,
ylJ — y(j h j+L i
——=u(t |+ - (2.17)
h ’ul( J) 22.( 0 Yo )
allupMaiu TeHriiamara sra Oynum MmyMkuH. By Tenrnamanan yoj+l HHU OLLKOD XO0JI1a
aHUKJIAll MyMKHH.

ANNPOKCHMALHSA XaTOJMIHHA KamadTupum yeyiau. U(X,t) dyaxuusaan (X, 1)

HyKTa atpoduna Telnop Kkaropura EamMus:

2

u(x,,t) =u(xy,t) +hu, (x;,t;) +h?uXX +...
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Yerapasuit maptra kypa U (0,t) = 2, (t) Ba U, =U, skanmuruau xucobra om0,

ynapHu Teunop Karopura KysiMu3:

2

u(x,t) = u(xo,t)+hyl(t)+h?ut(xo,t)+...

by epma U ~ (f+l—y(f /T oxammuruHu xucobra oncak, sHa (2.17) uderapasuii
ITapTra sra GYIUII MyMKHH. YHI derapaBHil mapIra HUCOaTaH xaM 6aéH STHITaH
amMaJlJIapHU KYJIall MyMKHH.

Mmucou. (3.1.1)-(3.1.2) KyuuII TeHrJIaMaCUHHU alIpOKCUMAIUS KUIyBUd (KapaHr
§3.5) (3.1.3) Jlakc cxeMacHHU TaIKUK KWJIUIIIAH TYIIyHApJIMKW, BaKT Oyinuya 7

kagamau 7 =0(h) xabu TaHJIaHCca Ma3Kyp cxema TypryH Oynmaau. Bakr Gyiinya 7

kanamun 7 =0(h?) kabu TamIaHca XaM cxema TypryH Oyiamu. Arap h—0 na 7
HH

r=h?/u, p=const>0 (2.1.1)
kypunuiiaa onuHca (3.1.3) Jlake cxemacu (3.1.1)-(3.1.2) kyuupui TeHrIaMacuHU
anmpoKcUMaIus Kuiaaumu?
Eunm. [lactna6d Jlakc cxemacu amnmpoKCHMAIldsS XaTOJUTHHUHT OOIl XaauHU

tonamu3. bynunr yuyn (3.1.3) tenrnukka Kyvuaaru Telnop karopura (jh,nr)
HyKTa aTpoduia ERniran Kyinaara upoaanapHu KysiMuU3:

2 2
T h
ul" =u’ +ru, U +0(z%); ul, =u] U, Uy +0(h%).

Hatmxana Jlakc cxemacuHuHr OupuHud AuddepeHnuan SKUHIALAIITHA
TONAMU3:
ou _ou_ 7du h®dlu
—ta =t
ot OX 2 0t 27 oX

(2.1.2)

Ymby tenrnukka 7 yuyH &3wirad (2.1.1) udonmanu KysmMu3 Ba Kyiugarua
TEHIJIMKHU XOCUJI KAJIaMU3:
oau _au  h?*d%u wdl
—+a—=- st
ot OX 2u ot 2 OX

(2.1.3)
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(2.1.3.) renrnukman xypunamuku, h —Ona Jlakc cxemacu (3.1.1) TeHrnamanu

sMac, OajKu

ou
+a

U, J0u_pdu
ot

oxX 2 ox2
napa60n1/n< TCHI'JIaMaHU aHHpOKCI/IMaHI/IH KnJjJiaau. HaKC cxemacu H_IapTJII/I

AllIIpOKCUMaANA KHIIYBUH CXCMdlra MUCOJI 657.]1&,&](1.

MucoJsuiap
. “mu(x+h)—2u(2x)+u(x—h):
h—0 h
u(x+2h)-u(x) —2u(x)+ u(x)—u(x—2h)
— lim 2 2 =
h—0 h2
u(x+2h)+u(x) - u(x)—u(x—2h)
:"mu(x+h)—u(x—h):Iim 2 2 |
h—0 2h h—0 2h

Arap U(X) € C* 6yca, KeNTHPHUIraH TEHIIMKIAD YPHUHIAMHA?

2. a, [, y HUHT KaHIal KHAMaTiIapuIa

—@. .+ 20 — Q. h2 7
Ba hzﬂ (pl_1+(a¢i+1+ﬂ§0i+7/¢i—1):f(Xi)+_f (Xi)’

¢O :O,¢n :O,i :1, n—l, Xi :ih, h:1/n
allpMalii cxema

d°u
—W-FU: f(X), XE[O,].]

u(0)=0, u(1)=0

MacajaHu TYPTUHYH TapTUO OUJlaH anmpOKCUMAITUs KUJIaau?

3. 3—i+2ucosx=cosx+sin(2x), xe[0,1],

u(@=0
nuddepenpan macana
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h 2 !
¢, =0,1=0,n-1, h=1/n

P — P +a P TP _ ¢ ’

aﬁHpMaHH CXCMa OpKaJIu HCYaHYIN TapTI/I6IIa AlllIpOKCUMAIA KUWJIMHUIINHU

aHuKJaHr. by epna
1 1, . i
a, =COSX +COSX,,, f. =54 +E(sm(2xi)+sm(2xi+1)),

h
aHMKIaHui coxacu ' cudaruma

Df " ={X4,, 1=0,n-1}
x. =ih, X, =ih+h/2

i i+1/2

HH OJIMHT.
4, Df“:{xi,izo,n—l},xi:ih
AHUKJIaHHUII COXACHU f h Y4yYH 3'MacaﬂaHI/I CUHHTI .

5. g =2cosX, f,=cosx, +sin(2x,,)

i+1

Df " ={X 4, 1=0,n=1}, x =ih, x_,,, =ih+h/2.
Oynranma 3-MacayaHd CYUHT.
6. & =2cosx, f,=cosx +sin(2x)
Df " :{xi, i =0, n—l}, x, =ih
Oynranma 3-MacajaHu €YUHT.
7. 8 =2C0SX,, f;=C0SX.;,+SiN(2X.y,),
Df " ={X.,, 1=0,n=1}, x =ih, x_,,, =ih+h/2.

oynranga 3-macajiaHu €YUHT.
8. 3—u+a(x)u(x) = f(x), xe[0,1],
X

u(@=c

nuddepeniran Macana Ba
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%lh At (@ (%) + @@ (%,)) (B + Booa) =1t (%) + 7,1 (i),

1=0,n-1, ¢,=c, h=1/n, x, =ih
aiupmanu cxema oepuirad. &, f;, 7; ko3hhUIHEHTIapHN KaH Iaii TaHIaca,

annpoKCUMAaIus TapTHOW MKKUTa TEHT Oyaau?

9 Dia— P ¢i=ih+1,i=1,n—1,h=£,
2h n

% =0,¢=0

allpMalii cxema
d—u+u =x+1, xe[0,1]
dx

u(0)=0 muddepenuman macamanum N ra HucOaTaH MKKUHYM TapTHO OMJIaH

annpokcumanus Kuinaaumu?  Arap yHpaid Oynmaca, aillupMalnd  CXeMaHH
KYPUHUIIMHYA IIyHJIail Y3rapTUPUHIKHY, Y UKKUHYM TapTHO OWJIaH anmpOoKCHMAaIIs

KHJICHH.

2

10. —d—g+au=cosx,XE[O,7z],a>0,
X

u@0)=0, u(r)=1
muddepeHnran Macalia y4yH Y4 HYKTaidd IIAOJNOHAA VHUHYM TapTHOJIU
anmpoKCUMaIus KWIyBYM alpMail CXeMaH! KypHUHT.
11. Homabaym koddduiinentaap ycyiau OMIaH HOTEKUC TYpa

h h,,

3
LAl

-\-: l -\‘ i -\’.' } l

X
X

9-pacwm.

d°u
——=f(x),

dx? o

u(®=a, u)=b,ueC’
MacajaHu OMpUHYY Ba UKKUHYM TapTUO OWIIaH anmpoKCUMAITUS KITYBYU
alimpMany cxemMaHu KypuHT. byana 9—pacmaaru madnonaan (oiganaHuHT.
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12. 3—u+cu: f(x), u(0)=a, c=const,
X

Macaja y4yH y3rapmac KajaM OWJIaH UHTETPO-UHTEPHOJIAIMOH yCyl EpaMua yu
HYKTaJH Ma0JI0HIa TYPTUHYM TapTUO OMIIaH allIpOKCUMAlUs KHIIyBYM allupMan

CXCMaHU KYPHHT.
d?u

13. ——5+cu="f(x),c=0, xe[0,1],
dx

u(@@=a,u@=>b

MacanaHu 12-macana mwapTiiapu OUjIaH €YHHT.

§ 5. AnnpokcuManus XaToJIUr.
Juddepenunan MacagaHUHT acOCHM TEHIJaMacMHU Ba KYIIMMYa MIAPTIAPUHU
anmpoKCUMaIUsl KWIyBYM aldpMaid TEHIJIaMalap CHUCTeMacu alupMmaiu
cXxeMaJiap JIevunaau.
AliupMany CXeMaHHWHT anipOKCUMAIUsl XaTOJUTH, TyPFYHJINTH, SKUHJIAIIAIIN Ba
AHUKJIUTH alpMalii cXxemayap Ha3apUsICUHUHT aCOCHUM TYIIyHYaTapuIup.
AliMpmanu cxemanap Ha3apUsCUHUHI aCOCUM Macajacu - alupMalld CXEMAHWHT
AHUKJIUTH YHHUHT allpOKCUMAIMUS XAaTOJWTY, SKUHJIAIIAIIA Ba TYPFYHJIUTHHH
yprauuiira oaub Keiau.
L, L,- asuknmanumn coxamapu moc xoiama @ Ba @,, KuiAMATIap coOXajlapd MOC
xonita F Ba F, Oymran oneparopinap Oyncun. bynnman keimn L, L,
oreparopiiapHu Moc Xohga auddepeHran Ba alupManu oreparopiap eo
aTalimus.

Amtupmanu L, omnepatop nuddepenuman L omepatopHu N —TapTtud Ouian
anmpoOKCUMAIUs KWIaay Jednaan, arapaa nryHaain mycoar h Ba C JTIOUMUIIapU
MaBxKyz Oycaku, 6apua h <h map yuayn Kyitnaars TeHrcusiuk ypusHmm 6yica

Ly (), —(Lu)hHFh <Ch".
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L, omepatop L omeparopHu X; HyKTaja n 4yu TapTUO OWiIaH anmpoOKCHUMAaLUs
KWTaau Aeiinaanu, arapia myHgaii h Ba C moumuiimapu Mapxyn 6yau6, Gapua
h<h nap yuyn

‘(Lh (u)h - (Lu)h)x:xi <Ch’

TEHICU3JIMK YPUHIM OYIica.
Kyitnnaru
Lu=f,ued, feF,

lu=g, geG, (3.1)
nuddepennan Macana 6epuiarad OYICHH.

Le"=f", ¢"cd, , f"eF,

L"=9", 9" €G, (3.2)
allpMay CXeMallap OWJIACMHU KapaWiuk. by allmpManu macananap TYIUIAMUHU
KeJIrycuja alupMalid cxXeMallap, alupMaliyd Macajiajiap edyuMmiapu TYIUIaMUHU
alipMaly cxemajap e4uMu Je0 aTaitMus.

(3.2) aitupmanu cxema Oepwiran (3.1) muddepennuan macaiaHd n 4u TapTHO
OwiaH anmpoKcUMaIus KuJaau Jedusiaay, arapaa IIyHaam ﬁ, C, Ba C, mycOar
JOUMHUITApH MaBXKy 6yi1caku, Gapya h < h map yayn

\ﬂﬁmh—fwﬁscmm,

Ih W, -g", <c.h™.
n=min(n,n,)
TEHTCU3IUKIIAp YPUHIH OYIica,
v, =L, (u), —(Lu), TYp yHKUIMA aliupMany aNMPOKCHUMALUA XaTOJUTH
nevinnanu. bepunran (3.1) nuddepenunan macana Ba (3.2) aliupmanu macananap
eunmiiapu  aviupmacu  Z"=¢" —u (3.2) aliupManM CXEMaHMHT XaTOJIUTH
JIeuniIaau.

U —U-. U —2U +uU,
1-mucoa. Lu_ = X Txi Mg i Ui

h h?
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2
. u o
anupmanu omneparop Lu :W ONEpaTOpHU X = X,. HyKTaga h Oyiinya MKKUHYIH

TapTHO OMIIaH aNNpPOKCHMALs KUIMIINHA KYPCATHII MyMKUH. ByHuHT yuayH U

UKKUHYM TapTUOIM allupManu Xocujaaaaru U_, Ba U, japHu Teiyop kKaropura

i+l

éncak
u —u”(x)——hz u" (x)+0(h*)
XX,i i 12 i

OKAHJINTY TacIUKJIaHAIH.
2-mucoa. LU=U"(X) muddepenmman omepatopuu L u=u__ aiiupmanu

omeparop Ouman  (X_,,X_,,X,X,,X,,) LIa0JOHAa anmpoKCUMAalus KHIHUII

i-17

MYMKHH.

Lot = [, (6,0) = 205, () + U ()] =

—4u.

ia T 6ui - 4ui—1 + ui—Z) (*)

F(UHZ

(*) marm U, ,, U,_,, U, ,U_, mapuu X=X, Hykrama Teimop katopura &iicak

u

XXX,

h2
—u"(x)= ry u"v(x)+0(h*), saeEm adimpmamm omepatop L, L

OTIEPATOPHU UKKHMHYH TapTHO OWJIaH anmpoKCHUMAIUs KUIaau.

§ 6. Iuckperaammupum. Keummiranink.
Nuckperaamrupum.  Xycycudt  xXocuwnanmu — aud@epeHnnan  TEHTJIaMma
(TeHryiamanap cucTeMacu) HU aiareOpavk TEHIJIamMayap CHUCTeMacura KEJITHPHII
y4yH Oup Heua BapuaHTJIapJaH OMPUHU TAaHJAIl MyMKHH. DHT Ky KyJJIaHaUTraH
ycyJuiap - 4YeKJIM alupMaiu ycysuiap, YK 3JIEMEHTIIAp YCYJIU Ba CIEKTpall yCyi
O0ymu6 xucobmanaIu.

Juckpernamrupuiiaa Oy ycyuiapiaaH OupuHH TaHnam oepuiran nuddepermuan
TeHrjJamMaja (TeHrjaMajap CHUCTeMacHha) BakT OyiiMya Xocwia KaTHAIIMIIH EKU

KaTHAIlIMAaCJIUTura OOFJIuK.
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Bakr Oyiinua Xxocwia KaTHalIraH xoJUlapAa 4YeKIM alupMalld yCyJJaH
doitnanananu. @axatruna $a3oBuil KoopauHaTanap Oyitnua JTUCKpETIAIITUPHUINIA
YEeKJIM alupMaly YCyJIaH TalllKapyu YEKJIH dJIEMEHTIAp YCYH, CIEKTpal yCyil KU
YEKJIM XaKMJIap YCYJIUHH KYJUTail MyMKHH.

Keanmmarannuk. JuckpernalmmmTUpUIn HaTWXKACKUA XOCWJI OYiraH anreOpauk
TEHIJIaMaJlap CUCTeMacHu OepuiiraH Xycycui xocwianu nuddepeHnman TeHriama
(TeHrIamanap cucTeMacu) OWIaH KeJMUIWITaH ICHIIaau, arapia Typ saelKkanapu
yiuamiapy HOJITa MHTWITaHAa aireOpauk TeHrjamaiap CUCTEMacd TYPHHUHT Xap
OWp TYryH HyKTacujaa OepuiiraH Xycycui xocunanu aud@epeHnnan TeHriamara
HKBUBAJICHT OVIca.

AliupManu MacajaHUHT euyuMu JuddepeHnmran Macaia eduMUra sIKAHJIAIIMII
YUyH KEJIUIIUITAHIUK MapTi Oaxapuiauiiy 3apyp. AMMO, Oy eTapiii SMac, YyHKU
TYp AYeHKallapu Yioyamyiapd HOJIra WHTWITAHJa alredpauk TeHrjamasiap
cuctemacu oepuirad nuddepeHIan TeHriamara 5KBUBaJIeHT 0yJicaja, areopank
TEHIJIaMaJlap CUCTeMacu e4uMH Oepwirad auddepeHnuan TeHriama e4nuMura
WHTWINIIA KeIuO YWKMaciIurd MyMKHH. Mwucon cudaruma maptia TypryH
allpMany cXxeMaJdapHU KENTHPHUII MYMKHH. Arap TypFYHJHMK MIapTd Oy3uica,
anredpavik TEHrjJamManap cucremMacu Oepwirad auddepeHiuan TeHTiaMara
HKBUBAJICHT OYJica-1a, TAKPUOU €4uM y30KJIallyBun Oy iaju.

Mucoa. Kyitnnaru yerapasuii Macana Oepuirad OYJCcuH.

g:ag,0<x<1,0<tstm (3.3)
ot OX

TO,t)=b,T@t)=d, (3.4)
T(x,0)=T,(x),0<x<1. (3.5)

by epna T —6epunran nuddepenipman MacaraHuHT aHUK €YMMUHU OWIIUPaIH.
(3.3) TeHrnamaHu JUCKPETIAIITHPHUIN YUYYH XOCHJIAJIADHU yjapra 3KBHUBAJIEHT
Oynran yeksu aiiupmanu udoanap OMIaH amMaIITUPUIL MyMKHH.

T -T _« Lo -2T"+T0)

At AX?

(3.6)

30



(3.6) na At Ba AX jap Moc xoJifa BakT Oyitnua Ba (ha30BUil KOOpAuHaTa X Oyinua
TYp Kamamiaapuaup. 1," =T wuHr (i,N) TYryH HyKTagard KWAMaTHra MOC KEJTau.
(3.6) HU KyHumarnya €3UI MyMKHH:

a/At

X2

T =T+ S (T = 2T +T,) (3.7)

)=

arap xocuiia N +1 BakT KatjiaMu1a JUCKpETIAlTUPUIICA, Y X0Ja OLIKOpMac

N
allupMasii cxemara 3ra OyJIuIl MyMKHH:

STy —(@+28)T™ + T =T, (3.8)
6y epma S = aAt/ AX®.
[Myngait kw6, (3.3) muddepenunan TeHrIamMaHu AUCKPETIAIITHPUILIA

KyWHJIard OIIKOP Ba OIIKOpMAac
T™ =sT" +(@1-2s)T," +sT.1, (3.9)
ST —(L+28)T™ + ST =-T" (3.10)
allupMalu cxemajapra sra OyJIuK.

l. (3.9) omkop aliupmanu cxema yuyyH KeJIUITWITaHIUK MApTUHU TEKIUPUIT YIyH

Oy Tenrimamara Oepwiran auddepennuan tenrmamanu (1,N) TYryH HyKTalard

aHWK CYMMHUHU aHTJIATyBYH Ti Hu KYSIMU3.

T =sTia+(1-25)T1 +5Tiu (3.11)
Ouau (3.11) tenrnamanu 6epunran nuddeperiuan tTennama (3.3) ra MOCITUTHHH
(X,t) Tyrym HyKraza KaHYaluK SKAHJMIMHH aHUKIammuMu3 3apyp. (3.11)
TeHrnamanara aiipum xamapuau (Xt ) mykra arpoduma Teinop Katopura &iuo,
coJAaNaliTUpcaKk Kyiuaaru MmyHoca0datra sra OYJIuIl MyMKHUH:

— N 2= n
CLIN R (RN Y (3.12)
o | ot

Oy epna
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osmﬁaﬂ (—)Fﬁ} +O(At?, AtY) (3.13)

kypuHu® Ttypubauku, (3.13) muddepenuman tenrmama (3.3) auddepennuan

TEHIJIAMaJIaH alPOKCUMAIs XaTojuru ne0 atanyBun E' kymmmua xan Guiian

o°T o°T
dapk kuaubd TypuOan. Ymly KyrmmuMya XaJHAHT [Mai10 OYIUIm dca e Ba Y
XOCWIQJIAPHU JTUCKPETIAIITUPUIN HaTuxkacu Ounan Oormuk. (3.12) ma Typ

. o 2
suyetikamapu ymdamiapu (AX°,At) Kuuuk KdIdO TaHIaHCa, ANMPOKCHMAIIUS

XaTOJIUTH E (bUKcUpIaHTaH KaHIalaup (X,, n) HYKTaJla HOJTra WHTHIAJHN.

AX— 0, At - 0 garu mumutaa (3.9) tenrnama (3.3) nuddepennman TeHrIamMara
AKBUBAJICHT OYVMO Koaau. by xocca 3ca KeNnUIMITaHIuK AeHiain.
(3.3) nmuddepennnan TeHrIaMara acocal Kylujaaru MyHocadatiap YpuHIIu:
o°T 8 o°T 82 oT  ,o0T
o ‘o ‘et o

(3.14)

Iy ca6abau annpokcuManus xaroaurd E' upomacuuu Kylingaruua Kaiita é3umn

MYMKUH:

o'T

" =0,5A%*(s ——){ } +O(At?, AtY) (3.15)

1 _, o
S= 5 oyinca, (3.15) garu OupuHYM XaJ HOJIra TEHT OYJaau Ba ammpoOKCHUMAIIUs

xaromura O(At?, At") 6ymamm.
Il. Oa1m (3.10) omkopmac avtmpmanu cxemanu Oepwiran (3.3) nuddepeniuan
TEHTJIaMa OWJIaH KeTUIIMITAaHIUTUHA TeKIIUPaMU3.

(3.10) Tenrmamara (3.3) muddepenunan tenrnamanu (Xt ) Tyrym mykramaru

aHWK €YMMUHH aHTJIATYBUM T," HU KYsAMU3:

T n+l TN T n+l T n+l T n+l
| AtT‘ gl 212 tla o, (3.16)
X
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(3.16) marm T Ba T, mapum (i,n+1) Tyrym mykra arpodmma Teiinop

i+l

KaTopura €amus:
T T n+1 —T- n 0 AXZ . n n+l
—At —a{[TXX] +(§)[T 2 :|| (%)[ :|| }:O

— = -+l
OHAM OXMPrH MyHocabatmardm T.' [TXX]_ Ba xokosonmapuu (Xl ) Hykra
|

atpoduna Teitnop karopura €icak, Kydnuaarura sra 0yiamms3:

[T T 08T ] +2 [T ] +malT] +

AT, | +0,5A8 [Ty | +..+
AX? = = 0
%([Tx“l +At[Tx4t]i +) 360([ :| """ (3.17)
aAt

Arap 'rt = afxx, T_tt = azT_X4, T_m = a3'rxa, S= E AX? =aAt/s TEeHTJIMKJIAp/iaH
doitnanancak, (3.17) Tedrnama Kydugaru KYpuHUIITa KeJIau:
[T —aT, | +E =0. (3.18)

by epna anmpokcuMarius XxaToauru

1

E! =-0,5At(1+ 68)[ g+ . (3.19)

( 4s 1202)[ ““]

Kypunu6 typubmuku At —>0 ma E'—0, (3.18) Tenrmama Gepuiran (3.3)

muddepennman TeHriiama OuiaH yctMma-yct Tymaan. by aca (3.10) omxopmac
aitupmarm cxema (3.3) muddepeHman TeHrIamMa OWIaH KEeIUIIWITAHIUTHHU

owrmupanu. (3.19) wm (3.13) Ounan COAMIITUPUO, TIYHU ANUTUII MYMKHUHKH
omkopmac aiimpmanmn cxemana O(AXx') Tapru6 Gunan TapMuHnoBun S Hu (3.19)

JaH TOIIMIO MYMKHH 5Mac.
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§ 7. Typryniuk.
Xycycuit xocunanu guddepeHnran TeHraaManapHi AUKPETIAITHUPHUILIA XOCHI
Oynanuran anrebpaunk TEHTTIaMaJIap CHCTEMAaCHHU eunIia
(x.,t),(i =1,—Nl) N =f|.,—|\|2 TYT'YH HyKTaJard XaToNuKHu &' Ouian Gearuaaimus.

gin :Tin _*Tin (320)
(3.20) ma T." , *T." map moc xojma aaredpank TEHrIamajgap CUCTEMAaCHHUHT aHHK
Ba TAaKpUOW €UMMITAPUIUD.
JIucKkpeTnamTupuinga XOocwi OyiaguraH YW3WKIW —aidreOpauk TeHIJIaMasap
CHCTEMAaCHHMHT XaTOJHKIApH & XaM XYM [Ty YH3UKJIHA areOpanK TeHTIamMasap
CUCTEMACUHU KaHoaTiaHTupaau. MacanaH, (3.9) omkop alupmanu cxemaaaH
¢oiinanancak, roxopugaru Gpukpumus *T."

LM = s *T™ 4 (1-28)*T." +s*T." (3.21)

TEHTJIAMaHU KAaHOATIAHTHPHUIIIMHA aHTJIATa/IH.
Arap anreOpaK TEHIIaMajap CHCTEMAacHHM aHuK eunMd 1,° Xam (3.9)
TEHIJaMaHW  KaHOaTJIaHTUpHUINUMHU dcnacak Ba (3.21), tenrmamara (3.20) Hu
xucobra osicak &' XaTOJNMKKA HUCOATaH Kyduaard OWp SKHHCIH ajireopamnk
TEHrjamMara sra OyaaMus:

& =g +(1-29)&" +8&, (3.22)
Arap OonutanFud Ba yerapaBuid maptiap Oepuiran ned dapas3 Kujicak, y xoJijia

Gapua OGomanruu xatonuknap & (i=1, N, -1), myHunrmek uerapaswii
xatonuknap & Ba &y (N=0,..N,) nap (3.20) TeHrnMKka acocaH HOJra TEHT

oynau.

AlipMany cxeMmalap TYPFYHJIMTMHM TaxJWjd KWJIyBYM MaTpULaid YCyJd Ba
Heiiman ycymnapu sHT Ky KYJUIaHWIAAUraH yeyiapaup. Yoy ycyap acocuaa
XucoOJanl aITOPUTMUHUHT XaKUKUI €4MMH Ba TAKpUOUIN e4ruMu ypracuaaru gpapk

EKU XaTOJMKHH YCUIIH €KW KaMalHIIIUHNA OanopaT KWJIUI ETaju.
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ou ou .
Mucoa. —-——=¢(Xt),—0<X<+0,0<t<1  Tenrmamara KyHuWIra

ot ox

u(x,0) = (x), —oo < X < +00 Komu MacaaacuHu anpoKCUMAITUS KHITyBUN

uptouy_up-ug,
r h o(X,.1,),
Lu® =qu?, f®=Jw(x ),m=0+1+2,..,
m=0,+£1,+2,...,n=0,1, 2,..., n=01 2,...

\

alpMalii CXEMaHHUHT TYPFYHJIMTUHU TEKIITUPUHT.

Eunmm. Jlactna6 cxemann U =ru’ +@+r)u’, r=7/h xypunumpa &3u6

m+1

0JIaMM3 Ba KyHUJaru HOpPMAJIAPHA AHUKJIAUMHU3:

Hu‘“) u'l, Hf(“) . Arap r <1 6ynca

= MmaX
m,n

Uy

n
m+1

<r

n+1l
l"Im

<[rup, +@-r)u) +7o(x,.t,)

n
um+l

+(1-r)

Up,

+ T‘¢(Xm ! tn )

oynamu. Jlemak

n+1
m

u

< max
m

Un

+7 max|e(X,,t,)

Xocwun Oynran

max |u?| = mrgx\z//(xm)\,
m

1 0
um um

< max
m

+7max|p(X,,t,)

2
m

u

< max
m

u,

+7max|p(X,,t,)

u’ u'

< max
m

Un

TEHTCH3JIUKJIAPHU KYIImo0, maxju’| < max ‘w(xm )‘ + 7 nmax ‘(p(xm )
m m m,n

TCHI'CHU3JIMKHN XOCHJI KUJIaMH3. HaTI/I)Ka)Ia

)

Un

max|u, | < max w(x,)+7N max (X, t,)| < K(mngx w(x,)+ max o(x,,t,)

skaHJMTH TynryHapau, 0y epaa K =max(L, T), T =7z N. llynnaii kw6 r <1
Oynranga aiiupmaiy cxema TypFyH Ba AudQepeHIran MacalaHu armpoKCUMAIIHS
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kwiaau. [lemak, Jlake Teopemacura acocan aiMpMaliy MacajJaHUHT €YUMU
muddepeHnnan Macajia e4uMura sIKuHIala/Iu.
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2-Mas3y: Unmsnkaamrupui ycyuiapu (oaauii, Horoton, [lukap). Utepanuon
ycyJaap.
Hrepanus ycyau

SIKuHnamyBu4n ycCyJ, TEHIJIAMAHUHT SKUHJIAIIYBYM €UHUMHUHU TOIHII KeTMa-
KETJIMTUIa acOCIIaHUIIM uTepauus aedunanau. Mtepanmon ycysuiap karra cUHG
MacaJIAJIApUHUA €UMINTra KYJUIAHWIAIW, alHUKCA HOYM3MKIWIap yuyH. Kyihunna
Malxyp ycyimapaaH xucoOnanran Ilukap Ba HploToH ycymnapuHu KypuoO
YyuKaMHu3. ANHUKCA, OXUPIH YCYJ MYXUMJIMIH KETMAa-KETIUK SKUHJIAIIMIIAHA
kBagpaTuk Vyxmanuurugaanp. lyHuHr ydyH, OOUUIaHFUY YCYJIHUHT SIXIIH
TaHJAHUIIM OWp HEYTa UTEpAlUAIaH CYHI KEPAKIN aHUKJIMKKA DPUILNAII MyMKHUH.

1. Onauii utepamus ycy/u (KeTMa-KeTJINK SKHHIAHIIUII YCYJIH)

by 600ma 6u3, sHa Oup coHiM xucoOjam ycynau €paaMuja TEHTJIaMallapHU
eyuIliHu yprasamus. Papa3 KWIAWIMK, TEHIJIaMaHU KyWUZard KypUHHUILAA E3UII
MYMKHH OYJICHH,

X =@(X). (2.1)

@(X) QyHKIUsS aHUKIAHTaH COXalaH MycOaT X, KMHMATHH OJIAMJIMK, PEKYPPEHT
dopmynacu épaamuna {X,} KeTMa-KeTIM aHUKJIAHCUH

X =¢(%), n=012,.. (2.2)
{X.} keTMa-keTIMK umepayuon Kemma-kemauk Jedwnaau. byHu Ypranumina

MKKHUTA CaBOJITa AyY KeJIaMU3:
1) Xucobnam >xapaéHuga X, COHHU OMp Heda OOp TakpopIanl MyMKUHMH,

abHH @(X) QYHKIHS aHUKJIAHTaH coXara X, COH TETHLLIH OyaaanuMu?

2) Arap (2.2) utepaunoH xapaéH yekcus 0yica, N— oo SKUHIAMUIINAA X,
COH KaHjait 0Vnaau?
By caBOJUIapHM TEKIIMPUINIA, WTEPAlMOH KeTMa — KeTIHK ¢@(X) (yHKIwHs
YEeKJIAHUIIN YeKcu3 OYnaau Ba (2.6) TeHIIIaMaHUHT WIAW3 OWjIaH YXIaaup:

limx, =c, c=g(c). (2.3)

N—o0

bupok Oy Tekmupuuiapay yTkazumiia, Ousra sHru TylryHua Kepak oyiaau.

Arap myHmad o JOWMMUN MaBXyA OYicaku, HUXTHEPH OpaJUKIa X1, X2
KHiiMatiaapra Teruuuin Oyica, seHM f(x) dyHkums [a, b] opanukna Jlunwuy
wapmuHy KaHOATIAHTHPCA, Y XOJIJ1a KyHHIard TeHICU3JIMKKa dra 0yIamMu3

‘f(xl)— f(xz)sa‘xl—xz‘. (2.4)
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by xonma o kartanuk @ HA Jlunwuy oouumuticu neviunagua. Arap ¢yakius f(x),
[a, D] opanukna Jlumimmuiy mapTHHM KaHOATJIAHTHpCA, y Xojiga Oy opalukiaa
Y3YJMKCU3AUP. XAKUKATAaH, Xo — KECMaHUHI MycOaT HyKTacu OVJICHH.
OYHKIMSHY 1Ty HYKTara alHaHUIIIUHA KYPUO YUKAMU3:

Af = f(xO +Ax)— f(xo)
Ba yHU (2.4) TeHrcu3nuK EpaamMuaa Kypuo dnKamus,
Af| < alAX.

Vupai kummo6, limAf =0, aeau f (X) QyHKUMIEN y3ymukcusup.

Jlvnuwi mapt oMl reoMeTpuk MmabHora sra. dymkius y=f(X) rpaduruman
UKKHATA MycOaT HyKTaHH, sbHH (X1 f(x1)) KoopauHaTtaiu M; Hykra Ba (X2, T (X2))
KoopauHatanu M, nykrtanu onaiimuk (puc. 10). Ly nykramnapnan yTyBum Tyrpu
YU3UKHU TEHIJIaMacu Kyiaaruda oynaau:

y=T0x)+k(x-x),,
Oy epna k- x ykura orma Oypuak TaHT€HCH KyhHuaara ¢popMyiia OuiiaH aHUKJTaHa !
o) )
27
Arap ¢yukius f(x), [a, b] opanukna (2.4) JIMOIuyIl IAPTHHA KaHOATIAHTHPHUIICA,

y xonaa M; Ba M, HyKTallapHUHT MycOaT TaHJIaHUIIKAA KyWuaarura ara 0yiamus
k|<eo. Wlynpaii kumm6, uepuk Hykranapaan yrysuun dyskuus y=f(X) rpadurn

k:

TCOMETPUK HYKTaliM HazapujaH JIMMImuIl mapTh KECHIIYBYM TAHTCHC OFHUII
Oypyarv 4eKJIaHUTITMHU OUIIIUPAIH.
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= Fxs) = :‘.('T V)

yh o AP Ty
Y=7z

Ay =11%)

: L
i ¢ > 1 o
¢ e o b2 0 a ~ & @z
' it ¢ EOMET ‘ 10CT-

Puc, 10. TeomerpudecKas HILIO- *PHL. 11. ru)M'(?AleIeCKrTIﬂ 31):1?:2 .
§ CTpauus  YCJAOBHA Jumugua. © Tpauds CBASH YCAOBRA SN a c
NpeAloJOKeHueM 0 nuppepenHpy-

emocti QYHKUEH,

Dapa3 kunaiimak, f(x) dysxmus [a, b] opamuxma |f'(x)<m wexmu xocumara sra

OyncuH, y Xoia y o=m JouMHU OwiaH JIMnimui mapTUHU KaHoaTIaHTHpaau. by
TacIUKHU wucOoTHam yuyH, Jlaepanu sAKynuii opmmupma ¢opmyracunan
dhoinamanaMms:

fx,)— f(x)=f(E)x —x), (2.5)

6y epaa xi, X2 — [a, b] opaTMKHMHT My6aT HyKTacH Oyica Ba [X,, X, | OpaTuKHMHT
& aiipuM HyKTacu OYJICHH. (2.5) TEHITTMKHUHT UKKA TOMOHHUIAH MOJYJb OJIaMU3
Ba YHT TOMOHUHU ‘f'(ﬂ HU m OwiaH anMarntupamu3. HaTmwkana, o =m Ouinan

(2.5) TeHrcusnukka sra 0ynamus.

Pacum., 11 §ypHaTtunaran xoccacu TEOMETPUK WUIIOCTpAIUsSHA  Oepasu.
Jlarpamwxuunr (2.5) dopmynacura myBoduk Y=f(X) ¢yHkuuIHUHT Xap Oup
KECHIIyBYM Tpadurura MOC XOjaa Tapajiesl YpUHMACHHU KYHWIT MYMKHH.
[IyHuHT y4YyH, TaHTE€HC OFMa OypdYa KECHIIYyYHCHIaH TAHTCHC OFMa Oypua

YPUHMACH OLIaayd Ba yHU M : ‘k‘ <m ¥3rapmac opkaiu 6axoiail MyMKHH

Jlvnmun mapté OwiiaH TaHUIMO 4YuKWO, dapa3 kwiamu3 (2.1) TeHrnama x=c
wibau3ra sra OVJICHH, Yy XoOJxa wuTepanusi KeTMa-Keriurura yrtamus. by
WIBAU3HUHT MaBXyUUru, §2 Teopemanapuaad (oigananud, OJAUMHTA TEHTIamMa
cuGaTian TEeKITUPUIILIIAIN.

HrepannoH KenMma-KEeTIMKHUHT YXIIANUIMK Teopemacu. Aeap (2.1) menenamanumne
¢ — uwousu 6a @(X) gyukyus [c—35,c+5](5>0) opamkoa o<l dotumuiicu
6unan Jlunwuy wapmuny xanoamniawmupca. Y xonda [c—&,c+65]| opanuxoa

uxmuéputi xo maunanean (2.2) mynocabamoazu {x,} Kemma-KemiuKHUHe 4eKCu3
umepayusacu MaexicyonueUu, AbHU Oy Kemma-Kemiuk x=c uavouzea moc  (2.1)
menenamanune [C -8, ¢ + 8| opanuxoa seona evumu 6ynaou.
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[HaknmanTUpMIrad TeopeMa Ol MabHOTa 3ra. @ (QYHKIUS MaBXyZ OYIUIIN X
HYKTaJlaH y=@ (X) HyKTara akciaHumu udonaitanamd. Y xonga o <l moimwuiicu
Ounan JIUmmmIl mapTy akCITaHTUPUIT ¢ CUKYBYM OYiIHO XucoOiaHamu: Y1 = ¢ (X1)
Ba )»=(xz) Oepwirannapra HucOaTtaH Xx; Ba X2 HyKTajap opacuaard macoda
KaTTajup.

@ MyHOcabaT/a ¢ WIbIU3 Ky3ralMac HyKTaCH XUCOOJIaHa/IH, Y c=@ (c) V3 y3uaan
xocun Oynaau. lllynunr yuyn (2.2) utepanuoH >xapaHHMHT Xap OWp Kaaamu,
MacopOHM CHKHO, Ky3FaaMmac ¢ HyKTara sKuHiamTtupud {X,} KeTMma-KeTIIHK
SKUHJIAIINIIN KepaK.

by mynoxasanapiaH CYHr, TEOpEeMaHMHI MabHOCHHHU aHTJIaTyB4YH, HCOOTHIIAIIra
yramus. [c—&,C+5] opamukka Terumuid Myc6aT xo HYKTAaHH —OJIaMH3,
o ‘C — XO‘ < 0 nmaH karta OyiMaraH HUCOATaH ¢ HYKTaJaH KOJIyBYM OYJICHH.
X1-C= @ (X0)- ¢ (c) MyHOCabaTaa X1 X1=¢ (Xo) HU XUcOOMaiMu3. JIUIIIHIL IapTHIaH
dotinananud ¢ (xo)- ¢ (C) alimpmanu 6axoam MyMKHH:

% —c|=|p(X,)—plc) <%, —C|< as. (2.6)

By TCHICU3JIMKAAaH, X1 HYKTa [C—5,C+5] OpajluKa TCIHIIJIM Ba Xp HYKTAra

KaparaHjia ¢ HyKrara sikiuH >KOuJialiraH.
HtepanroH keTMa KETJIMK KYypHUILHUA JTABOM 3TTPUPAMHU3.

X, —¢|=|p(%,) - p(c) < afx, — | < a?[x — | < &S

JIMTUIIA X2, Xo= (o(xl) MyHOCa0aTHU XUCOOIaMu3.

X2 HyKTa [C—&,C+ S| opanukka TerMuuIMaup Ba X; HYKTara Kaparania ¢ SKMH
YKOWJIaIITaH, S’bHA O3 ¢ HyKTara SKAHJIAIIHK.

WMuaykuusiiad KeWWHTH HTepalisl MaBXyl Ba TCHICU3JIMKHN KaHOATIAH TUPHUIITUHU
UcOOTIAIl  OCOHAMP, X1-C=@ (Xo)- @(c¢) MyHOcabataa xii Xi=¢(Xo) HH
xucobnaiimms. Jlummmn maptugan doigananud ¢ (xo)- ¢ (C) alimpmanu Gaxosar
MYMKHH:

% —c|=|ep(X,)—plc) <%, —C|<as. (2.7)
by TteHrcusnukaaH, X; HyKTa [C —-0,C+0 ] OpaJIMKA TErMIUIM Ba Xo HYyKTara
KaparaHjia ¢ HyKrara sikiuH >KOuJialiraH.

HTepalinoH KeTMa KEeTJIUK KYPHUIITHH TaBOM dTTPHPAMHU3.
X, —¢|=|p(%,) - p(c) < afx, — | < a?[xy — | < &S
JINTHZIA X2, Xp= (p(xl) MyHOCA0aTHU XUCOOIaMu3.
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X2 HYKTa [0—5 , C+5] OpAIMKKA TETHIUIMAUDP Ba X1 HyKTara KaparaHja c SIKUH
YKOoMIalras, SsbHU OU3 ¢ HyKTara sKMHJIAIIHK.

WMuayknusiiad KeWHHTH UTepalis MaBXyl Ba TCHICU3JIMKHA KAaHOATIIAHTHPHUIITHHU
UCcOOTIIAIT OCOHIMP,

X, —c|<a"|x,—c|<a"s. (2.8)
bynnan, Kyiinaarura sra 6yiaMmu3

lim(x, —¢)=0,T.e. limx, =c (2.9)

n—oo n—oo

bus, [C—5 , C+5] OpalMKKa TETHILIN X=c WIbAu3HU (2.1) TeHrIaMaHUHT SrOHA

UMMM SKAHJIUTUHU MCOOTIAIl eTapiuaup. XaKUKaTAaH, sHa OUp X=Ci WIIbJIU3Tra
sra OYJICHH,

¢, =0(c), celc-5,c+5]. (2.10)

Homunun sikunnammm 1e6, ¢1 HA KaOyn Kujgamu3 Ba (2.2) KeTMa — KeTJIMKHU
Kypamu3. by xonga (2.10) myHocabatnan ra sra Oymamus. boimika ToMoHAaH,

ucootrnanragaad lim x, =c, spHU C1=C. [C -0,C+0 ] OpaJIMKKAa TETHUILIN OYJraH
n—oo

OoIlIKa Xe4 KaHai TeHIJIaMaHUHT €YUMHUTa dra OYIMaiiu.

Urepanmon kerma-keTinuK (2.1) TEHIJIaMaHMHT WIbJU3Wra YXIIAIIUrh, Oy
WIbJIM3ra UXTUEPUN Japaxkald aHUKIWKIA SKUHJIAHWIIUAaH —¢oijanaHuin
MYMKHH. ByHUHT yuyH eTapiu COHJIard UTepanus YTKa3ull JIOZUM.

2. UtepanuoH ycyJuiap

Wrepaunon ycyn yo, y1,)2, ..., KETMa KETIUKIAPHA KypUIITa U3JaHYBYU X e4rmIIap
CUCTEMACH YXIIANUIMTUTAa acocjaHTaH. Xap Oup uIyHIal ycyi, Y3WHUHT
uTepalon (opmynacura sra, OJAWHAAH TONWITaH HaBOATAaru SKUHJIALIWIIHU
Vir1 XUcoOnamra Myipkauianrad. Opauil xonaa Yi+1 WTepalusHua XucoOJjarmiia
dakaT Outra onAMHTH Y¢ utepauus doinananunand. bynmait ycymmap 6up
Kaoamau €KW ukku kamiamiau Aevwnand. bup kKagamiu ycya yd4yH UTEpalyoH
HIaKJIMHU KyHuAaru CTaHaapT KAHOHUK KYypuHuulL KaOyil KUIUTaH:

B, Tkt Yk LAy — £ (2.2.1)

Z-k +1

By epna 7, - umepayuon napamemp (z, ., > 0), Bxs1 - HEBBIPOKICHHBIE EpAaMUK

matpunanap. Arap ¢ Ba B map k+1 unpmekcra Oornuk Oynamaca, seHu (2.2.1)
MyHOca0atr uxtuépuii K yrapma Oup Xui1 KypuHHIIAA OViica, y X0j1a HTeparroH
ycyn cmanoapmau  nevmnanu. CrammoHap ycyn  XupcoOrnamr  kapaéHUHU

41



TAlIKWUIAIITAPUII HYKTalu Ha3apHaH xXyaaa XxaM cogaaaup. bupok, cmayuonap
oyamazan  ycyni t,,,, Bk+1 K€TMa - KETJIMKJIApHU TaHJamra OOFIMK KyIIMMua

“030/UTHK Japakacu HU OepyBUHM OOIIKa MUMKOHHSTIAp sragup. by x cucremanu
€UMIlra Yy UTepalUsHUA YXIIAIUTMIY Te3namTupuiia ornananmwiagy. Keiunru
Yik+1 SKUHIAamUIAY (2.2.1) utepannod Gopmyna épaamuna aHUKIAMIA KyWnaara
TEHTJIaMajlap CUCTEMAaCHHU €YU Tajad KUINHAIH

Bk+1yk+l = |:k+l’ (222)
Oy epna
Fel= (Bk+1 - Tk+1A)yk +7a

bynnait xonatau xap Oup kamamjaa Oaxkapuin jgo3umaup. LlyHuHT yuyH OyHmait
YCYJHUHT KYJUITaHUIUIIN (aKaTTiHA MIyHJIal mapT OuilaH YpUHIUIUD, TbHU Yis1
UTEPAIMOH KETMa — KETJIMKHUHT aJloXuaa XaJUIapuHU aHUUKIa0 TOMUI >KapaéHu
OepuiraH cucTemara Kaparashja kam »ouHu Tabyiad Kwiaau. by Byi+1 marpunianu
TaHJallla aHuK OWp YeKJIaHuIapra cabad 0ynaau.

HtepanoH KeTMa KETJIMKHU XaIJapUHU XUCOOJIAIHUHT 3HT COJJIa CXeMacuja
By+1 Marpumanu ypHura Oupiauk mMaTpuriaHu oJuHummaup: By+1=E; y Xomnma
(2.2.1) ¢dopMynaHWHT OIIKOP KYPUHUINU Yk+1 XaAUHU Yx XaAd OpKaIH
udoranaHuIuInp:

Yisr = Yk — Tt AV 7 T (2.2.3)

UtepaunoH ycymHUHr OyHIall pekyppeHT QopMmyjiara acoCIaHUIIU OUKOD
NeUnIIaau.
Owixopmac ycynnapuuar wauna (B, ., # E), By MaTpuuasu yubypyak IIaKiu

oMMaIalMb KeTraH ycyJulapjaH Oupu Oyica, y Xoyja KeWHHTH HUTEepalusHU
tonui (2.2.2) yubypuak cuCTeMacua KeTMa — KETJUKHHUHT Vy+; KOMIIAHEHTACHHU
aHuKJamra onud kemaaw, sbHU Oy laycc yCylmMHMHT TecKapu Kajgamiiapujia.
Kanpaiinnp urepanmoH yCyJIHUHT KyJaHWIAIINAA, X CUCTEMA €YUMUTa ), KETMA —
KEeTJIWK VXIanuMruaan Gonaaianuiaim:

limy, =x. (2.2.4)

k—o0

by (2.2.4) TeHrnuKkaaH Kyluaarura spuiiamMmus,

(V. X)=|yx —X| = \/(yfk) - xl)z +(ng> - x2)2 + +( ) _x_ )2 —0. (225)

VYXWanmiuK IMIApTUHUHT  3apypuil  Ba  e€TapiurujaH KeTMa KeTIuK Y
BEKTOPUHUHUHT X BEKTOPUTa YXIIAIINK KOMIIOHEHTUAUP
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limy®W=x, i=12 ..n (2.2.6)

k—o0 :

Yk UTEPALUSHUHT X CHCTEMa CYUMUIaH DapKu xamoaux NeHunamn: Zx=Yyx—X.
Vi XaIHA Y =X+Zx KypuHuiaa udonanad sa (2.2.1) dpopmynara Kyicak, XaToJIuK
YUyH HTEPaIoH (POPMYJIaHN XOCHIT KHIIAMU3:

By, k1 "% | A7 =0. (2.2.7)

Tk41

B otnnuue ot (2.2.1) dopmynans gapku myHIAKU y OUPKUHCIUIUD, TbHU YHT
tomonuna f Qyakumsan Uykmurumup. (2.2.4) YXIMANUTMKHA 3apYpPHATINTH  Zg
XaTOJHMK HOJbI'a MHTHIIUIIH MAPTIUDP.

limz, =0. (2.2.8)

k—>o0

Xap O6up urepanus YXIMIANUIMIA €TapIWIMK 1mapTy, 0y Matpunaitapau A, By+1 Ba
Ty ., UTEPALMOH NapaMETPHU KAHOATIAHTUPUIIM Kepak. ANpUMIApU UTEPALMOH
apaMeTpjapHd  TaHJallla  ONTUMAJIMTa  KUPYBUWJIAPUHU  TEKIIMPHII
MypakkaOaup. Anredpavk YM3MKJIM TEHIJIaManap CUCTEMACH €UHMMUHUHT YMYMUI
TaBCWJIOTUAAH CYHT MHCOJI TapUKacuIa UKKUTA YCYJIHU KYpUO YMKaMU3.

1. Opamit urepanmsa ycyan. Opauil utepanust yCyiau sIKKOJ OIIKOP CTal[MOHap
YCYJAHM TarauM 3taau: B, ;=E, 7,,,=7=const. Y yuyH pekyppeHT (opmyia
(2.2.3) kyiigaru KypuHHITHYA UHOIaTAd TN

Yirr = Y —7AY, +f (2.2.9)

Onauii UTEPALUSHUHT YXIIANUIMK YCYJIM €TapIMMK IapTHHU Mdojanaml ydyH
MaTPMIIAHMHI HMKKUTa XOCCalapd Kepak Oymamu. A MaTpula Ccummempux
Jefunaiy, arapia YHHHT ODJIEMEHTIapu  @; =4 (i, j=1,2, ...,n) HIAPTHH

KaHOATJIaHTHUPCA.
by epaa kypuHaaukyd, CUMMETPUK MATPULAHUHI UXTUEPUM HKKUTA JJIEMEHTH,
acocHii MaroHajira HUCOATaH CUMMETPUK >KOWJAIraHiaap ¥3 apo TeHr OYIuIm
Kepak. Mucon yCcyH Kyiaaru MaTpuliaHu Kypruo YnKamus3:

-1 2 1

A1=H2 5” A2=H3 (2.2.10)

1
5

Bupunun (a;, =y = 2) MaTpuIa CHMMETPUKINP, aMMO Keiurucu (3, =1, a, =3)
MaTpHLia CHMMETPHK dMac.
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A Marpuiia MycOaT aHUKJIAHTaH JeHuUIangu, arajaa UXTUEPUN HOJIBMAC X BEKTOP
yUyH Kyhujaru 6axapuica,

gp(x):iiauxixj >0. (2.2.11)

i=1j=1

Sna (2.2.10) MaTpHIlaHi MHCOJI TapUKacuaa Kypubd 4MKamu3, A1 MaTpuiia MycOaT
aHUKJIaHTaH OYMaiu. XakukaTaaH, Oy MaTpulia ya9yH KyiHujaaru oynamau,

@1 (X)= @1(X1, Xz ) = —X] +4x X, +5x;.

Arap 6u3 x BekTopHU X1 =/, x,=0 KOMIOHEHTanap OUaH OJICaK, y X012
@, =—1<0 xocu kunamu3 Ba 0y (2.2.11) myHocabarra 3uaaup. AKCHHYA,

2 . o .
MaTpuIiia MycOaT aHMKJIaHCa, arap HXH = X12 + X§ Oyica, Kylinaaruua O0yaau:
pa3 KWIANIKK,

?5(X) = @,(X,, X, ) = X2 + 48X, X, +5%2 = (X +2X%, F + X2 >0

dapa3 KWIalIMK, YM3UKIA aidredpavK TEHIJIaMajap CUMMETPUK Ba MycOaT
aHukJaHraH 4 Marpuua Ounan Oepwiran OyicuH. lyHu mcOoTiam MyMKHHKH,
Oy xoJiJla KYyNrMHa 7 mapaMeTpiap KHAMaTu, 04U UTepalus yCylau yuyH Yo Xap
KaHgal OolUIaHFWY SIKMHJIAIIMOI  TaHdamjga yxmamanp, sSeHu 0<7 <7,
WHTEpPBAJIbHU XOCWI Kuiaau. MHTepBanTHMHr YHr uerapacu A:. 7, = rO(A)

MATPUIIAHUHT KYPUHUINN OWIaH aHUKIaHaau.. VTEepuuMoH KeTMa — KETJIHK
TEOMETPUK TPOTpecCHs TE3NUTW OWiaH YXIIANIHp, SIbHU TE€OMETPUK
nporpeccusstHuHr  (  OynyBumcu 7:.0=(Q(7) yuakuusaup. OHr kuumk Q(7)
KuitMaTura spuInyBun onTumans Kuiimat 7* € (0,7,) MaBxyn 6ynca, y Xonda
YXIIAMUIMK TE3JIUTH SHT KaTTa OYIWIIM MyMKHH. 7* maH 7 HA YYMPUIMIIAIAH
yHr éxku uvamn uerapanapra (0, 7o) AKMHIANIMII YXIIANDIMK cycasad, sbHu ((7)
Yycub 6opud Kyhugan oupra SKUHIAIIAIH.

2.1.2 3eiigea ycyau. MaTpuliaHMHT XaMMa D3JEMEHTIapu HOJbJAaH (apKiu
OYJICUH:

a” 7’—'0, i :1,2,...,n, (2.2.12)
Ba YHU Y4 MaTPUIIAHUHT WUFUHIUCH IaKInaa ndoganaimms:
A=A +D+A".

by epna D - marpunanunr auaroHanu, A~ Ba A ¥ - Kydu Ba IOKOpPH ydOypuak
MaTpHULATAPIUDP:
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D= Chy) ,
0 A,
0 0
a,, 0

A =[a a; O ,

apy an -1 0
0 a, a; aq
0 dy3 ayp
A=l
TR O an_l n
0 0

3eliien ycyiau OIIKOpMAac CTallMOHAp YCYJIIUp, HUTEpaloH MYyHOCAOATHUHT
KaHOHUK M(oJacu KyWHnaru KypuHuIaa oynaau,

(A* + D)(ym —yi)+ Ay, = f, (2.2.13)

abHU, T =1 Oepuiiran ycyinnua,

ay, 0
B=A +D=|2 %2 (2.2.14)
anl an2 ann

(2.2.13) pekyppeHT dopMmyna, Vi, Ba Yk Xaapura OOrIuK Oyica, y xojaa
dbopmynaHUHT OoIIKa E3yBIApUHM E3UIITA pPyXcaT Oepuiiaau:

(A" + D)y,  + ATy, =T (2.2.15)

By epaan mabiymku, 3eifen yCyluHU KEHUHTU Yi+i UTEpALMsIHU XHcoOiamiia
YXIIANUIMK, YM3HKJIM alreOpank TeHriaManap cuctemMacunu euum (2.2.14)
TypFyHMac yuOypuak maTpunarua kearupuiaau. CUMMeTpuk MycOaT aHMKJIaHTaH
MaTpULIaHU  y4YyH 3eWaen yCyJlIMHM  YXIIANUIMTAHHM, XaMJa JIHaroHal
MMKOHUSTJIApU XOccajapura sra OyiraH mMarpuia Ba CHUCTEMa yYyH HCOOTIAIl
MyMKUH. By nkkuTa 6epuiirat maptiap eTapidaup.

Matpuna A ouazonanea sea nNeWdnnany, arapia yYHUHI DJIEMEHTH TEHICU3JIUMKHU
KaHOaTIapTHpCa,
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i_j?\aij\ynzl\aji\qaji\, i=1,2,..n, (2.2.16)
j= j=i+

S’bHU, MaTPUIIAHUHT Xap OWp KATOPHUHT AWATOHAIb AJIEMEHTHUHT MOJYJH, OOIIKa
KOJITaH JIEMEHTIIap WMFUHIUCU MOoJenuan omaau. Onaui urepanusaaan Gapkiu
paBuma, OV mapaMeTpiiapHU VXIIANUIAK TE3TUTHMHUA OOIIKAPHII WMKOHWHU
Oepaau, Oy 3eitnen ycynuaa uykaup.
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3-Mag3y: UHTerpannu takpuouii xucodaam ycyaaapu. Otum ycyau (MeTos
cTpesb0a).

Yu3uKIu ajJredpauk TeHrjaamajap cucreMacu

Ym0y 4n3HuKIM TEHIIaManap CUCTEMAacCuHU KapaiMu3:
X +a,X, +..+3,X, =b =a

In"*n In+l

Ay X A%, +...+ 3, X, =b, =a,,

s )

ayX, +a,X +...+a,,Xx,=b, =a

nn+1

By cuctemanu ymi0y BeKTopsiap Ba MaTPUIIAHU KUPUTHO

all a12 e a1n Xl a'1n+1

a a .. a X a
A= 21 22 2n . X= 2 ’ b _ 2n+1

an1 anz e ann Xn anm&

KHCKA KYpUHUIIIA €3aMHU3:
Ax =bh.
AnreOpanaH MabliyMKH, Oy epaa Kyiuaaru xojuiap OyJIuig MyMKHUH:
1) det(A)=0, cucrema sroma edmmra ora: x=A"b, éxu Kpamep
dbopmynanapura acocaH X, = X‘ Jd=21..,n, oy epaa
A =det(A), A, =det(A), A —A maTpuIlaiaH m-ycTyH OunaH ¢Gapk Kuwiaau, 0y
yCTYHJIa YHT TOMOH JKOWJaliras, Oy epaa A~ Teckapu MaTpHIIA;
2) det(A) =0, Oy epHUHT 3112 HKKUATA XO0J Oy MyMKHH:
a) A=det(A)=0, 4 =det(A)=0, i=1..,n Oymca Oy cucrema OUprajiMkia, aKc
X0JI1a, SIbHU
0) A=det(A)=0,3j: 4 =det(A)=0, j=1..n ,0yica Oy cucTtemMa edyumra sra
saMac.

Yu3ukJam ajredpauk TeHriaamaaap cucremacu yuyH I'ayce ycyuanu

HomabnymnapHu ketMa — KeT WYKOTHII ["aycc ycynu, YM3HKIM ajaredpank
TEHTJIAMAJIApHU €UUIITHU YHUBEpcall Ba 3 dekTnu ycymiapaad oupuaup. by ycyn
TYFpU ycyJuiap capacura kupanu. ['aycc ycynuaa XucoOusamn UMKKU OOCKUYJIaH
noopat. buprnun 60ckuyna (TYFpu IOpUIIIa) yuOypUak IIAKIWra KeaTUpUIIaIu,
UKKMHYM Oockumyaa 93ca (Teckapu topuil) Oy 49yOypyak CHCTEMaHUHT
HOMabJIyMJIAPUHU TOIHUII OWJIaH XUCOOaI kapaéHu aManTra O PHIIaIn.

laycc ycynura Oartadeun Ttyxramamui. (1) nga xwucoOmnamn >KapaéHUHT
Oomnuianfrud OuUpUHYM KOI(PIULIEHTH @11 , SIbHU HOJbAAH (apkau Oyiraxn
ko3 uneHTHH TaHnad onamu3. (AKC XojJa HOJIbMAcC JJIEMEHTIAp u OwuiaH
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anMaiutupunanu, Oy epra a;; #0. Cucrema TypFyHMAaclWIMJIaH # HOMEPHHU
Tonuil MyMKUHAMD.) Kyitnaaru MyHocabaTHU XOCHJI KUJIaMU3,

_ Ay _ Ay 4y
My=="", My=="", ... My=—"
ayg ayy ayg
Ba u-ta (u=2, 3,. . ., n) TEHIIaManap CUCTeMAacUIaH 1 — i TeHrIaMa CUCTEMACHTa

Mj1 KymaTupaMu3 Ba Oy JKapa€HHM KEHUHTH TEHIJaMaliap YUyH XaM Kysuraimus. 1

— YU TEHIJIaMaHW 2 YW TeHIrJamajaH Oonuiad xaama Xaja anpaMmu3, HaTHXKaaa

KEHMUTW TEHIVIamanapaa X1 Xald HUINTHPOK 3TManau. Kyhnparn KypuHUIITa 3ra
oynamus,

A Xy + 8%, + 3Xg + .+ Ay X, = T,

allx, +alx, +..+al¥lx =,

(2)

allx, + aWx, +..+aWx =1,

by epna, ai(jl) , fij(l) (i, j= 2,3,...,n) - STHTH XOCHWJI OVraH Kuimatiap, Xamaa
VHT TOMOHHU ['ayc yCyJquMHHU KyJUlauiaH CyHT SHTH (QyHKUMsS xocws Oynanu. by
xKapa€HUHT acocuHH, (2) dopmynagarn n—Ilta TeHrzamamap OpPKadu XOCHII
OyiaraH, xo, X3, . . ., X, HOMaBJIYMJIU n-1 — 4i TapTUOIN TEHIJaMaap CUCTEMacura
sra Oynamu3. KelinHvyaiu xam Xy 11y kapaHHTa TasHaMU3.

Keitunru TeHrnamara yTUIIAaH OJJIMH, 2 — YW TEHIVIAMAHUHT OOIILIOBYHU
kodddurieHTn Oynran aglz) AJIEMEHTHH HOJbAAaH (apkiad onamus. (AKC Xomaa

IOKOpHIa TEHIJlamasapra KyJUIlaHWwIran ycyiaaan Qoinananui kepak.) Kyhunaru
MYHOCAa0aTHU XOCUJT KAJIaMU3,

W o
My, =——32  m,=—"2%, ..., m,=—12
32 AR 42 IR n2 )
as, ay; ay,
Ba | Ta (1I=3, 4, . . ., n) TeHrIaMajap cCHUCTeMacura 2 — 4d TCHIJIAMaHU M, — Ta

kynaitupamus. Hatmxana (2) Kyitmaaru cucrtemara sra 0ynamus,

A Xy +apX, + X + ..+ a X, = i,

(@) () Dy — O

a39 X, + Ay Xg + ...+ ay X, = )7,

(2) @)y —§)
Ay X3 + ...+ ag X, = f37, (3)
2) )y — £
X3 + ..+ an/X, = 7.
Keitnn n—1-Ta KagamaaH cyHr Kyiugaru yuOypuakka sra Oyinamus

A Xy +apX, + X + ..+ a X, = i,

ay

aglz)x2 + a%)x3 +o+ agln)xn = fz(l),
a%)x3 o+ aéﬁ)xn = fs(z), (4)

Ay £

by cucremanunr marpunia ko3 duiieHTaapuHu P owiad OenruinaimMus:
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B B
ayy a223 a22n
R= a§3) agn) (5)
0
aly?

(1) Tenrnamanap cucremacunu (4) yuOypuakiap KYpUHUTHIA KEITHPHIUIIN
["aycc ycynuHUHT OUpUHUYY OOCKUUUHUHT SIKYHUTA KEJTaHJIUKHU OWIIUpaId.

WNkkuHYu OOCKUY — XOCHJI OyiiraH KajamjapHU — y4Oypuak IIakiIuaard
(10) Tenrnmamanmap CHCTEMACHHHMHI HOMABJIYMIIADHH TONUIIIAH uOOpataup. Y
Kyhngarn amaira omupuinagu. OXHUprd aHUKJIaHTaH TEHIJaMaJaH X, Xal
TONWJIAIA. XOCWI OynraH KuhMmar x, Oyinda n—1-uum TEHTIaManaH X, .1 Xaad
aHukiaHaau. KelimH XOoCWwsi KWJIWHTaH X,.1 Ba X, KAAMAaTiIapaaH  H—2-4d
TEHIVIAMAJIaH X,.» XaJAW AaHUKJIaHagu Ba Oy Jkapa€H XyIau UIyHJIad JaBOM
STTUPUIAAN TOKH |-4M TEHrJIamMajaru xi XaJHU TonMaryHra kaaap. by skapaén (1)
CHUCTEeMAacHuTa SKBUBAJICHT OYyJraH (4) CHCTEMaHUHT UMMM OWJIaH SIKYHJIaHA U,

[llyan Takumiam JO3UMKHM, [aycC YCYIMHUHI TYFpU OPUIIM WYIU

n®/3+ O(nz) KYIIMII SKapaSHHHE Xy[id IiyHda N2/ 2+ O(n) KYTTATUPUIIL
apaHUHE Ba N°/ 2+0(n) (n) 6Ymum >xapalflHUHM amManra OIMIMPUIIHH Tajnab
KWIau, SbHU 1 Ta kapacH yuyH. lynnai kunubd, Oy TeHriaMaliap CUCTEeMacuHU
xucoOnamra kaparaijga, (1) TeHrmamanap cucteMacuHd (4) TeHIrJamanap
CUCTEMAcCHUTra n-4¥ TapTuOaaru yuOypuak MakiIura KeATUPWIUIITN MypaKKaOaup.

lNaycc yCcynMHM KYJUTAHWIMIIMIA MUCOJ KEITHUPAMU3, Y4 HOMAbIyMJIM ydTa
TEHTJIaMaJIap CUCTEMAaCUHU XUCOOIaMU3:

12357x, +21742x, —54834x, =-2,0735,
6,0696x, + 6,2163x, —4,6921x, = —4,8388, (7)
34873x, +61365x, —4,7/483x; =4 8755.
HaTmxanapHUHr XaMMacWHU KY3FaJlyBYM BepryjjaH cyHT Oemra COH
AHUKJIMKIA OJIaMU3.
by xomarna kynmaruda 6ymanu,
m,, =—49119, m,; =-28221.
["aycc yCyaHUHT KYJUIaHWIMIIMHUHT OMPUHCH KaJaMHUIaH CYHT KyWH1aru
CUCTEMAaHU XOCHJI KMJIAMU3

1,2357x, +21742X, —54834x, =-2,0735,
—16895x, + 22,242, =53462, (8)
0,0007x, +10,727x, =10,727.

Keiinru kanaMHu amaira OIMPHII Y9yH, KyHUIaruHu XucooaanmMus

m,, = 00007 _ 41432.107°
16895

Ba CUCTCMAaHHU yq6ypqa1< HIaKJIura KeJITupamms.
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12357x, + 21742X, — 54834x, = —2,0735,
—16895x, + 22,242x, = 53462, 9)
10,727x, =10,727.

Yubypuak (9) cucremacuHu XucoOan Kyduaarda HOMabIyMIAPHHHT
KUiMaTiaapHu 6epaan:

X, =0,99968, x, =0,99994, x, = 0,99991. (10)
by Hatmxka (7) CHCTEeMaHUHT aHUK €YMMU OWJIaH MOCJIAIIa/Iu:
xX1=x2=x3=1. (11)

SxyHu cudaTuaa myHH Tabkuaaiimusky, (1) TeHrimamanap cucremacunu (4)
TEHIJIaMaJIap CUCTEMAacHra KeJITUPWINILY ['aycc yCyTMHUHT OMpHUHYM Kajgamuaa A
MaTpUllaHu ydOypdya IIaKkjiura KeaTHpuil OunaH Oornukaup. by yHu anukmamnina
doiinanianuin MyMKUH. ['aycc yCYJIMHUHT TyfpU IOpUII OOCKUYM, OUP CATPHUHT
Ooliika Oup caTpra KYIIWIHII Kapa€HHU Oup Heda Oop (oiiianaHUIIHUHT ACOCUHU
TalIKWI Kuwiagu. Mabiymku, Oy xkapa€H aHUKIMKHM Y3raptupmaiiau. babsan,
TEHIJIAMAJIApHU YPHUHU aMalITUPUILTA TYFPU KeNaau, sS’bHU KeHHUTu OOCKUYIaH

OJIINH ai(i'_l) AJIEMEHTHU HOJIbJAaH (apkiu Oyiuiuura SpUIIUIT  YYYH.

MaTpuraauHT CaTPUHU aJMAIlTHPHII YHUHT aHUKJIAHUIIM Kapama Kapiid
OCNTUCUHM Y3rapTUpUIMIIUra oJu0 Kenaau. by TaHKuamaHn Kydugarura sra
Ooynamus,

det A=(-1)* detR = (-1)a,,aly)..a"Y,
Oy epna k — (9) cucremagaru yuOypuyak mMatpuna P HU 4 maTpulia peayKIUsCh
JKapa€HU CaTpJIAPUHU ATIMALLITUPHUILI COHU.

(7) cucremanuHT Matpuia KO3PGUICHTIAPUHHE aHUKIA0 XUCOOIAIHNA MUCOJ
cupatuga onamu3. YdOypuakka Kentupuil xapaéHuaa (9) kKypuHuIIHM Ou3
TEHIJIaMaJlapHU YPHUHU anMaintupMaauk. Jlemak, Ooepuiran xonna det4=det R =-
223,97 6ynanu.

Kapaéunapuunr conu, ["aycc ycynnHu KagaMIapuHu XUCOOJAIl yUyH Kepak
OynraH XoJIM, Xa/UIApUHUHT #n! WHFUHIANCUHU aHUKJIOBYHMTA TYFpUAAH — TYFpHU
Takkocjamra onud kemaad. MacanaH, HucOaraH yHYa karta Oynmarad 20-um
TaptiOnu  amukmoBun  19-201~45-10"° kymaiitMaHE GaXKapHIMIIMHE OJIHO
kenaau. byHnai amanminapHu Oakapuiull, COHUsIAa OMp MIJUIMOHJIA0 aMmalulapHu

OaxapyBYu KOMITBIOTEp yUYyH 3ca, XucooOmam xapaéau 14 .10% iiun BakT maBom
ATaN.
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4-Mag3y: IIporonka (VHr, yam, MAaTpuLaJIn) yCyJiu.
IIporonka (YHr, 4am, MATPUIAJIN) yCYJIH.

Y4 HyKTaJu ajaredpank TeHrjJamMaJjap cucTeMaJapu Y4yH NPOTrOHKA
(xagam)ycyJau

Kynruna wxkkuHun Taptubnu nuddepeHnuman TeHrnamanap Ba yhaapra
KyWunaraH OWpUHYM 4YerapaBuil IWIapT KyHuJarn y4 HyKTadud anreOpauk
THIJIaMaJIap CUCTEMAcUIa KeITHUPUIIaan

Yo =W, i=0
AYi.-Cy +Byy,,=-F, 1<i<n (1)
yn:l//Z’ i:n+1

Okopuga xocun KuiaraH aireOpauk TEHrjaMajgap CUCTEMAaCHUHUHT
MaTpHUIACH YU AHArOHaJIA XUCOOIaHaIH:

1 0 0 ..0 0 O .. 0 0 0]

A, -C, B, .. 0O 0 0 . 0O 0 0

o 0 0 .. A -C, B .. 0 0 0 2)
o 0 0 .0 0 0 ..A, -C_, B,

0o 0 0 .0 O O .. 0 0 1

Ba YHM €YML MNPOrOHKa METOAu €EpJamMuja amaira olmupwiaad. by meron
KyHHIara pekKypeHT Gpopmyia épaamuaa amaira omupuianm [16,18].

Y =Yl + B 3)
OyHma «,Baf, nap HoMabayMm kod(oumuentnap. Y., =a,y! + B udponanu (3)

nudomgara kyinod Kyiugaru GopmMyiaHu XOCHI KHJIaAMU3:

(Ag, _Ci)yij +ApB +B Yi-+1 =-F (4)
Xocui 6ynran udonaana (3) pekkypeHt popmynaaan doiganaHcak
[(Aa; ~Ca.. +B lyls+ AB + (A =C))B.. =-F 5)
udonaa kenud ynkaau. by TeHrinama Oapua y! nmapaa ypurau Oyiiaau, arap
(A, -C)a,,, +B =0, AS +(Aa,-C)B.,+F =0 (6)

mapt 6axkapurca.
by udponanapnan «,,,Baf,  kodppuuueHTIap yuyH KyHuaaru peKKypeHT popmyiia
XOCHJI Oy Jau:

am:%, i:l,2,...,n—l (7)
ApB +F .

=T =1,2,...n—-1 8

IBHl Ci—aiAi I 1’ n ()
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Arap «,, [, xo3dpduuueHntiap Ba Y,; HHUHT KAAMAaTH MabIyM oyica, y
XO0JIJ1a Y, ; JJApHMHT KMAMATIApHHHU K€TMa — KET XUCco01ad Tora o1aMus.

o, P, KOdXPOUUMEHTIApHM 4YalJaH YHITa XapakaTjaHraH XoJiaa
aHUKJIAiMU3, Y, , JapHU 3Ca aKCHMHYa YHIJaH 4Yanra TOMOH KEeTMa — KeT
aHUKJIaNMU3.

o, [, Y byHKIMsUIapHUHT Xap Oupu yuyH Korm macaiacuHU €4HMITUMM3
Kepak Oynmaau, yyHkH Oy  (QYHKIUSUIApHUHT OOLUIaHFUY KuiMaTiapu Ousra
HOMabJiyM. ByHWHTr y4yH derapaBuii mapmiapaaH xam Qoigamanamms. (3)
udonaman i =0 Oynranaa Kylnmarura sra OyaamMus:

yo =ary! +f, (9)

UKKUHYM TOMOHJIaH 3ca
Yo = wi(t;) (10)
by udonanapaan kypuHaauku
a, =0, (11)
ﬂl =y, (tj) (12)
ynra kypa o, Baf, pynkuusiap yuyH Komm macanacu xocun O6ynanu: o y4dyH
(7),(11), Byuyn (8),(12). By dopmynamnap TYFpu NporoHKa (MPSMOH MPOTOHKH)
dbopmynanapu 1ed IOPUTHIIATH.

o, Ba L GyHkuusulapHuHr i =12,...,n garu Oapya Kuilmariapu
xucobmanray, y) =y, (t ;) JerapaBuii KHMMaTIapHH XaM XMcoOJIaHaau. DHIM Ousra
Oapua OornutaHFuy KHMMatiaap MabiayM, (3) maH ¢oiiganianud y) HoMabIyMIapHU
TOIICaK Oyay.

by meton ‘Ci‘ > ‘Ai‘ + ‘ Bi‘ nrapT OakapuiraHjaa TYpFyH 0YIu0, equmra sra
oymamau. Xocun kuiran (1) ailupMainu cxemMaMus/a ca Oy mapT Oaxapriiaim.

Yan nporoHka ycyJid Ba y4YpamyB4M NPOroHKa ycyJJiapu

(3)—(12) bopmynanapnaru kabu yan MPOroHKa yCcyiau GopMmyiaaapuHu
KENITUPUO YMKAPHII MyMKHH

Yiu =&Y+ 1=0,1 ., N-1 (17)
& :L, iI=N-LN-2,..,21 &, =y,
Ci —Béi (18)
Bn.,+F .
po=ha T N LN =221 7y =
Ci—&ubB (19)
_ Mt
Yo

1-dn | (20)
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Kytinnaru mynocabar ypuniu, 1ed papas Kuiamus
yi+1 = é:i+lyi + 77i+1,
(9) nan keTma-keT
Y, BaY, =&, +1 JapHU UYKOTUO Kyluaru MyHocabarra KeJlaMu3

-F = Ayi-1+(Bié:i+1 _Ci)yi +B7,, =
:[A '(Ci } Bi§+1)§i:|yi-l + B, '(Ci } Bié:iﬂ)ni '

(9) Tenrnama YpuHIM OYIUIIM yU9yH KyWHIard MyHocabaTiap YpUHIN OYIuig
Kepak

A '(Ci ) Bi§i+1)§i =0,
-F =Bn, '(Ci } Bi§i+l)77i '

Bynnan aca (18) Ba (19) dpopmynanapuu Xocuia KujiamMu3. Y, HUHT KHAMAaTHHH

kyhtunarn Yo = %Y, + 44 maprsa Y; = §1 Yot 7 ¢opmynanan xocun
KHJIaMH3.
Kyitnnaru
|Ci B Bi§+1| e |Ci|_|Bi|‘|§i+1|’

|1_ 51}(1| 2 1_|§1| ’ |Zl|

TEHTCU3NUK/IaH KYypuHaauKy, (16) mapT yan xaigam Gopmynaiapuiad
doitgariaHuIn MyMKAHIUTHHA Ba YHUHT TYPFYHJIUTUHU TAbMUHIIAWIN, 9yHKH
Oapua 1=1, 2, ..., N map yuyn

& <1

VpuHiu 0ynaau.
Yan Ba YHr Xaiijam ycyJJlapuHUHT KOMOMHALUMSACHIAH yYpallyBUM Xau1am
YCYJUHUHT (QOpMyNalapyHd  XOCWJI KHJIMIIUMU3 MyMKHH. Dapa3 Kujamus

i =iy, 0<i, <N — 6upopra nuxu nykra. Y xonga 0<i<i,+1 coxama (10) —
(15) dopmynanap €paamuaa xaiiaam kodGdUITUEHIAPH TOMMIIAIN:

D= G pg LRl G
p+F . :
,BM:h,I:l,Z,...,IO, B =1,
i, <i<N coxanasca (17) —(20) dopmynanap épramuna &;, 7); TOMUNAIN:
A : i
=— 1=N-LN-2,...,1, = Xo»
5. Ci _Bi§i+l 0 §N #
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_ B, +F

n. C B ,A=N-1LN-2,..1,, 7ny=4u,
i i+1™0

I =i, ma eunmnu (10) Ba (17) nap acocuna oupnamrupamus. Kyiitnnaru

yi0 = aio +1 yi0 +1 + ﬂio +1, yi0 1 é:io +1 yiO + nio +1
dbopmynanapaan
io+1 + aio all ip+1

1- aio +177i0 +1

Yi, =

0

dbopMmyIaHu XOCHI KUJIaMU3.
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5-Mag3y: IlapaGosuk Tunaaru 1uggepeHunas TeHrjiamauaap
opKaau udoaanaHyB4H KapaéHIAPHUA COHJIM MOJe/IAIITHPHILIL.
Kapaénnapuu BU3yaJuialITUPHUIIL

bup okuHcnu OynmaraH OTWIMIN €KW MaHOaacw OVyiaran QuuibTpiarl
Kapa€HUHUHT, N=1 Ba N =2 XOJUIApU Y4YyH COHJIA CXEMAJIAp, YU3UKJIALITUPUIIL
yciyOnapuy, e4ull yCyJulapu Ba YCYJTHUHT TYPFYHIUTH KelaThpwirad. TeHrnamana
UIITUPOK OSTAIUTaH IMapaMETpJIApHUHT Xap XWJI KUUMaTIapu Y4YyH XuCOOJaln
IKCIIEPUMEHTH HaTwKajdapu KenaTpwirad. JKapa€HHUHT BakT Oyiinya y3rapuiinu
tacBupu  maxcuii  kommbiotepna  MathCADpan  ¢Qoilimamanran  xosja
Moaemnamtupuaan. by epaa onunran Hatwkamap MathCADHu umu3ukcus
MacayaJapHd COHJIM €YUl KaOW STHTM MUMKOHHUATIAp OWJIaH TYJIAMPHUINTa XU3MaT
KHWJIaJIH.

Conutu cxemaJjiap Ba COHJIM €YUl yCYJUIapu
Lu=—u, + V(}x|m K(u)Vu)+ ev(t,x)Q(u)=0, xeR", (1)
TeHriamMadu Q= {(t, X): O0<t<T, O<x< b} coxaaa OOIUIaHFUY Ba dYerapaBuid

mapTiaapu

u@0,x) =y(x)>0, 0<x<b, (2)

u(t,0) = @, (t) > 0
{u(tb) — ¢, (1) =0’

Oynran xon yuyH Kypub uyukamu3. by TeHrnmama Oy3yiraH XOidu YYyH (UHUT

te[0,T], (3)

GouutamFnmy  QyHkmusma  Ug(X) >0, X|>1>0 Komm wmacanacura
SKBUBAJICHTIHD.
By epma K(U)=u°®, Q(u)=uP- erapmmua cwmumk ¢yskmmsmap, m#0,
0 <vy(t,x) e C(0,+0)x RN, ¢e=41,
ABBaJ1 Oup YI4oBIH X0JIHU KypuO unkamm3 (N =1).
Q 52 h kazam GUIaH O, TCHT YIIYOBIH

®, ={x, =ih, h>0, i=0L..,n, hn=Dh},

Ba BaKTHHYaJIHNK
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®, =1, =jt, t>0, j=0L..m, tm=Tj, T>0

TYpiaap Kypub oramus.

bananc ycynunan kymuiarad xoina (1)-(3) macananu omkopmac aifmpmanu cxema
2 ) o
Oownan anMaritupamu3 Ba O(h” +1) xaromukka sra OynraH aiupmanu macaiaHu

XOCHJI KNJIaMHN3:

j+1 .

R MR RV VavEy

T
+£y(tj,xi) (y™) i=12,.,n-1 j=01..,m-1
yI —uo( ), i=01..,n, (4)
=gt J), j=12,..,m

—o,(t;)  j=12..m

By epaa Db; ( ) ( ”l) Ba a(y)HI/I XucoOJaill yuyH Kyhuaaru popMmynanapian

6I/IpI/I nnjaaTujiaan

) a,(y)= [yyj

2

)

6) a(y)=—"=7

j+1
(4) anreOpauk TeHrIamanap cucreMacu Y ra HucOaTaH YM3HKCHU3.

Yu3uKcu3 TeHraaManap CUCTEMAaCHHU €U YUYH Xap XWI UTEpalus yCyJUIapuIaH

dolinananaMu3 Ba KyWHJIaruHu XOCUJ KHJIaMU3:

J+1 ] 1 m s L s+1+ s+1Jr m S . S+l+ S+1+
Wiy, : Vi :F[QXMI) am[y‘ 1}[%‘& y.”) ([)"a (y’ 1](3/.” y.’iﬂ

+sy(tl,x,)b( “1) (5)

oymma s=012,...

N
1) bi<yj*1)= (yij - Tluxap ycynu,

s+1 (s p-1
2) b, ( ”1) yi(yij - Maxcyc ycyi,

56



s \P s \P1/sn s
3) b( ”1) ( ij +B(yi) (yi—yij - HeroToH ycyinmn.

s+1 s+1

y . ra HucOatan (5) alimpmanu cxeMa YM3WKIH. Y HHHT KHHAMArTd, y , y4yH

OomumanFud uTeparnus cudaTuga aBBaAITM BakKT OViHWYa KagamaaH OJIMHAIW:

0

y

Wyl Nrepanusun cxema Oyitmya XxucoOaIiaa UTepaius aHUKJIUTH Oepritain

Ba JKapa€H KyMuJaru mapT KaHOATJIAHTUPWITYHYA TABOM ATAIH

s+1 S

max|\y,—VY;l <

0<i<n

OroxyanTupuin. XaMmma pakamiid xucoonamnuiapaa ¢ =10 ~ 11e6 onuHraH.

(5) na kyiunaruya Oenruianuiap KUpUTaMu3

1) IMukap ycynu yuyH

A Tl ity | )" ytey

h? 2 h? 2 ’
S S S S S B
Ci=Ai+Bi+1, F :yi+8‘c-y(1, |(y|ﬁlJ , s=012..., i=12,...,n
2) Maxcyc ycyJ y4yH
A <2l eyt el [y
h? 2 ’ h? 2 ’
s s s p-1 S S
Ci=Ai+ Bi+1—8T"Y( {y,‘”j . Fi= i”l , s=012.., i=12,...,n
3) HetoTOH ycynu yuyH
P2 ) 2 Y 0 e
h2 2 ! ! h2 2 !
s s s p-1 p B
Ci=Ai+ Bi+1—sr-y( i I(yf”} , F. = y,-l-sr y( ﬂy,‘”] B[y,‘”j ], s=0,12...,

i=12,...,n.

Kyitnparuua 6enrunanuiap KHPUTHITHA KEJIUIITUO OaMu3
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j+1

y =y, y*"=y.

Aliupmanu TeHrJIaMaHu KyHuaard KypuHuiaa €310 oIl MyMKUH

s S+l s S+l s S+l

Aiy,,—-Ciy +Biy,=—F, i=12..n-1. (6)
(6) TeHrmamamap CHCTEMaCHMHHM COHJIM CYHII YYyH MPOTOHKA YCYJIMHU
KYJutanuiaau. (4) Ba yerapaBuil maptiaap/iad KyWuJaruHu XOCUJI KUlaMu3

Vo=0iltyn), Vo =0u(t,).
yi = (Bu + ym)’ (7)
OyncuH, Oy epaa a;, B; - Xo3upya HOMabJIyM Ko3pduuuentiap [29].
o, B; KaTTATMKIAPHU KyWHarnda TOMuiIaIu:
(6) Tenrnamara (7) 6enrunaniapaa i Ba i-1 HyKTaJlapHH KYiuo
(A —Cjo; +Ba; 40 )- ¥,y +(=Cia,B; +Bjo 4B, +Bioy 0B +F )=0,

(6) na TeHrIMK OAKAPWIIUIIN YUYH KyHHIaru OaKapyIMIIg Tanal 3T

A; —C,o; +B;o;_ja; =0

{_ Ciaifi + Bjoi_1Bi_1 + Bijo, 1B + F = 0.

By epnan nporonka ko3 puiuenTiapu o;, 3; TONUIAIU:

A.

N E—

Ci —a;i,B;

_ BioiaBis +F
A.

ai:

i=2,n. (8)

Bi

oy, B, Kartanuku i =1 Oynranna (7) Ba (6) man Tonmnanu:

Y1 :a‘l(Bl +Y2)’
y _AY,+BYy,+HK _

1

by epnan

€ . (9)

A

lynmaii Kb i =1,n yudyH o;, [B; KOOQPHUIHUSHTIAp TOMUITAIH.
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(4) cucremacununar eunumi (7) peKyppeHT Gopmyna EpaamMuaa TOMWIAIU. Y, HUHT
KuiimaTiapuau (4) derapaBuil mMapTAaH XOCHIT KUITaAMHU3

n — P2

n-1 :O{‘nfl(anl +)7n)

3 : (10)
Yi :a’i(Bi +37i+1)

< <l

[TporoHka ycynumHH KyJulalmm MyMKAH OVymmmu  yayH (6) cHcTeMaHWHT

ko3 dunuentiapu ([50]) mapTHr KaHOATIAHTUPHUIITUHM TaJIad STHII CTAPIIN

A, =0, B, =0, |C|=|A|+|B)], i=1n. (11)
(5) urepanusau cxemMa y9yH IPOTOHKA YCYJIM TYPFYH Ba SITOHA €9MM Oepajiu.

Sumn Q={tX): 0<t<T, 0<x,<b,, a=12} coxana (1) Teurnamaru N =2 yuyH
KYpuO YnKamu3

%:a_i@xﬁu“a_”} ‘ (|XImu“a(?(uzjww(t,X)U‘3 (12)

OOLUTaHFUY IIAPTIAP
u(0,x) =u,(x)=0, 0<x,<b,, a=12. (13)

_ oo b b o
Qna x, (e=212)06yinua h, =—* Ba h, = n_2 KaJgamuiap OujiaH TEHT YITUOBIH Gy, .
r]1 2

o, = {xij = (x'l x‘z) xi =ih;, xb=jh,, i,j=01...n, o =L2},
Ba BaKTUHYAJIH
o) ={tk =kt, >0, k=01,...,m, rsz}, T>0
TYp Kypamus.
(12)-(14) wmacanmacunu comnm euumm yuyH Ilucmen-Peudopn cxemacu 1e0
aTajdyB4M y3rapyBuaH MyHAINIIAP YCYIU KyJUlaHAIU
M =AY ALY+ gy(tlﬁ}/2 VX Xy:(j% )B

k+(1)'5 . Tk+}/2 | (15)

% = Alyk+% +A2yk+1 +8y(tk+1’ XivJ'Xy:(v}—l)B
0T
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,i%mf&m®“ﬂ®$jy“ﬁ\X\a(”ﬂwﬁ/yﬁﬂ

Ayy* = hii ﬁxi,m " bi]m(yk)(y:"m - yik,j)_ ‘Xi,j‘m bi,J(yk)<yik,j - yﬁ,-_l)]

i,j=12..n -1 a=12

Ay

by cxemana k katnamaan Kk +1 KaTiamra YTHII UKKH 3Tarjia aMajra OIIUpHIIaIn.

bupunun sranga (15) ga y"% OpaJIUK KuHMMatiap aHukjaaHaau. UKKkuHYM dTanma,

k+15 k+1
y HHUHT TOIIMJIraH KI/II/IMaTJ'IapI/II[aH (I)OI/I,IIaHaHI/I6 Yi TOIIUIIAIM.

bounanruy Ba yerapaBui mapmiap KyWuaarnda Kaura E3miain

y?,j =Ug(x), xew,

k+1 k+1 . .
Yi,;'r =@, mpu J=0wu J=n, (16)
yﬁ%zﬁm%’ mu 1=0mni=n,
1{ k1 k| 7t kil k
Iﬂe@—z@ +@)—4Az@ —@)
(15) an
yk+}/

=AY+ RS, R\= gy:(,j + Ay + 8v<tk+%,xi,;)(yfjf
051 . (17)
k+1

yl + + C 2 + +
05J.T = Azyk 1+Fil,(j %' Fk y. A yk % +8Y(tk+1’xujxy:(1}/)6

KYpPUHHILJIA KalTa €3aMu3.
Kyitnparuua 6enrunanuiap KHpUTHIIHA KEJIAIITUO 0J1aMu3

k+ly  — k+1

y =y, y =y, Y=y,

(17) xypunuImaa Xocui OYIraH YM3MKCU3 TEHIJaMaiap CHCTEMAacH y4yH XaM

WUTEPALMOH yCYJI KyJUIaUMU3 Ba KyWUJAru CXeMaHu OJIaMU3

s \[ s+l s+l m s [ s+l s+l s
a|+1,1(yj Yii= Yiij _‘Xi,j‘ ai,j(yj Yij~ Yiaj||+Fii=0 (18)
s+1

9i,j 1 m s\ s+l stl sl s+l s
O.51=h§{xivi+1 bivJ+1(yj(yi,i+l IJJ ‘XIJ‘ b; (j(yhj_yhj1H+Fi,j=0(19)

Gy epa a, (y) = (VZYJ bi,j(y)zK(Yu—lz%j Lj=12.an, -1 a=12.

s+1

Yij
L= ‘XHlj
05-1 h1
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o + +1
Avtmpmanmu cxema (18) nma sylij ra nucOaraH, (19) ma oca Syij ra HucOaTaH

s+l
yrsukauaup. (18) na y;; YIyH OOLUIaHFUY UTepanus cudaTuia Y HUHT aBBAITH

0
BaKT OyiHn4a KagaMaaru y, , =Y., KuiiMatu onuHaau. Mrepanusiim cxema oyiinua

XucoOalga uTepanus aHUKIMIA Oepuiiagu Ba  skapa€H KyWuaard Imapt

KaHOATJIAaHTUPUIITYHYA JdBOM OTaaU

s+1 S
max|y. .—VY. .
o<i<n, Yiim¥ij
0<j<n,

<Eg.

S+1
[ynunaraex (19) na ¢, ; Y4yH OolTaHFUY uTepanus cudatuaa Y HUHT aBBAITH

0
BaKT OyiiMua Kagamjiard y, =y, Kuaimartd onuHaad. Mrepauusiom cxema Oyinya

XxucoOmamijia uTepausi aHUKJIWrKd Oepuiaau Ba  JkapaéH KyWuJard ImapT

KaHOATJIAaHTHPUIIT'YHYA JaBOM 9TaJ A

s+1 s
0<j<n,
(18) na kyiingarnua Oenaruanniap KApUTHO
o s soos
A___OST ‘XHlJ‘ yi+lj+ylj é 0‘L-_)‘E'Xi,j YiitVYiaj
L] — ) i,j = ’
hi 2 h? 2
(s:i,jzlzxi,j-i—éi,ﬁl, s=012..., i,j:LZ,...,na -1 a=12.

allpMay TeHrJlaMaHu
S s+1 s s+l s s+l s
Aijy i+1,j_Ci,J' y i,j+ Bijy i-1j — Fij
(20)
y=¢, mpu i=0,n,
i,j=12...,n, -1 a=12.
KYpuHUIILA €310 OJIUII MyMKUH.

Moc paBunina (19) au
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S s+1 S s+l S s+l S
AijYiju—CiiVi;+Bijyij=—Fij
(21)

y=¢, mpu j=0,n,

m/( S S ° s s o
Trac l%\i,j = 0.5t Xzi,j+l yi,j+1+ yi,j ’ éi,j _ 0.5t Z(I J‘ yi,j+ Yi j-1 ’
h> 2 hj 2
s s s
Cij=Aij+Bij+1, s=012..., i,j=12,..,n,-1 a=12.

KypuHUILIA €310 0JIaMH3.

(20) Ba (21) cucreManapHi COHJIM CUHMII YUyH MPOTOHKA YCYJIMHHU KYJUIAaHHUJIAIH.
(20) TeHrmamanap cucteMacu j=1,2,...,n,—1 carpiaap 0yiinad eunnaad Ba Y o,
TYpPUHHMHT Xap Oup HyKracuaa anukianaau. Cynrpa (21) TeHrnamanap cucreMacu
i=12,...,n;,—1 ycrynnap Oyinal Y HU ©®, TYpUHUHT Xap Oup HyKTacuaa
aHUKJIaraH XoJia euniIa/iu.

k + 1katnamaaH K + 2 karmamra  ytumgga — xucoOjami — Mpoileaypacu
TaKpOpJIaHAIH.

Do (2 coxana

Lu= —aat—u + P(u)VQx| " Vu)+ ey(t,X)Q(u)=0 (22)

TCHI'JIaMAaHU
u(0,x) =y(x)>0, 0<x<b, (23)

u(t,0) = @, (t) > 0
{u(t,b)=cp2(t>=0’

OolUIaHFUY Ba YerapaBuil mapTiapu ounan kypud uynkamus. by Macana Oy3ynran

te [O, T] , (24)

X0JIn1a UO(X)Z 0,[X|>1>0 ¢unur Gomanruy Qynkuusan Komu Macanacura

SKBUBAJICHTIIHP.
by epna P(u) = u®, Q(u) = uP - eTapinya CWUTMK QyHKiusaap, m#0, g=11.
ABBaj1 Oup Ya4oBiM X0MHN Kypuo urkamus (N =1).

Q coxacuma X Oyiinda h Kagam OWjIaH TEHT YI4OBIH @,

®, ={x; =ih, h>0, i=04..,n, hn=b},
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Ba BaKTHHYAJIHK
® ={;=jr, t>0, j=0L..m, wm=T|

TYpaapHu KypuO ojammus.

bananc ycynuam xyiaaran xoiga (1)-(3) MacajgaHu omikopmac aMpMaiy cxema

6mian anmamrapamus Ba O(h? +1) XaToNMK GHIaH afupMaad MacalaHH XOCHI

KHJIaMU3:

j+1

Yi

v _a gl -y

T h?
et x oy j”), i=12,..,n-1L j=0l.,m-1
y. = UO(XI) J' =0.L. (25)

=) j=12.
—o,(t)  j=12..

Gy epna aly!*)= (’“) iy )=(y!*) .

j+l
(25) anrebpauk TeHriIamanap cucteMacu Y  ra HucOaTaH YM3UKCH3.

YUu3ukcu3 TEHrIaMallap CUCTEMAaCHHU €YWL YUYH Xap XUJl UTepalus yCyJlapuIan

dolinananaMu3 Ba KyWHJIaruHU XOCHJT KHJIAMH3.

SJFlJJrl _ yJ [y'HlJ s+l s+1 s+1 s+1
LI {(JXMI) [y.’ﬁ y.‘“j (x:])" (y.‘” y.“iﬂ

T h?

reylt; x o, (y™), (26)

byepma s=012,....

s+1 s+1

(26) aiimpmanu cxema Yy ra HHCOATaH YU3UKIMA. Y HUHT KUAMATH, Yy ,Y4yH

OomuianFud uteparus cudaTuga aBBaITM BakKT OViWuya KajgamjaH OJIMHAIW:

0

y

M =yl Utepanusnu cxema Oyiinua XucoOala uTepaius aHuKIUTU Oepuianu

Ba JKapa€H KyWMujaru mapT KaHOATJAHTUPWITYHYA TaBOM ATAIH

s+1 s

max|y,;—Y;| <

0<i<n

Oroxmaatupuii. Xamma pakaMiu Xxucooanuiapaa € =10 ~ 11e6 onuHraH.

(26) na xyiingarnya Oenruianniap KAPTaMK3.

1) ITukap ycynu yuyH
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A= M(y.‘”jp, Bi = M(yf”jp

h? h?
B
S S S S S ] .
Ci=Ai+Bi+1, Fi :yi+sr-y( (y,’ J , $s=012., i=12,...,n

2) Macyc ycyJ1 yuyH

A = M(yg”jp . Bi= M(y.‘”jp ,

h? h?
S S S S p-1
Ci=Ai+ Bi+1—gr~y( {yf“} , y,J+1 , $=012.., i=12,...,n
3) Hreroton YCYJIH YU4YH

S T- B P s . ) m s p

A = qh21|) (ylﬁlj ’ B — T (JE|2+1|) (ylﬁlj ’
S S S S B -1 S S B B
Ci=Ai+ Bi-l—l—ST"Y( (y,‘”j , Fi=y+ ST'Y( t, {(y.’”j B(y.‘”j },

s=0,1,2..., i=12,..., n.

Kyitngarnya 6enrunainiap KAPUTHIIHN KEIAITHO oJlaMu3
j _ o
y' =y, Yy =Y.

(26) aiiupmainu TeHTIaMaHU

s s+1 s Ss+1 [ s+1

Aiy_,-Ci Vy, +Biy,, = F., i=12,..,n-1. (27)
KYpUHUIILIA €310 OJIMII MyMKUH.
(27) Tenrnamanap CHCTEMAaCHHH COHJIM CUUII YUYH ITPOTOHKA YCYJIUHH KYIUTaHAIH.
DHmn Q={tx): 0<t<T, 0<x,<b, a=12} coxaga (22) TeHIIAMAHH WKKH

ym4oBim xoia kKypuob unkamus (N = 2)
au m Ou 0 m OU
— | |X]" =— |+&-y(t,x)uP
A L s o TS

OOLUTaHFUY IIAPTIAP

u(0,x) =u,(x)=0, 0<x, <b, a=12. (29)
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— oo b
Q coxacuma X, (a=12) Oyiimga h, :& Ba h,=—2 Kagamiap OWJaH TEHT
n n,

YIIUOBIH @, !

@, = {xij = (x'1 sz) xi =ihy, x},=jh,, i,j=01...n,, a =L2},
Ba BaKTHUHYAIIN
®, ={t, =k, >0, k=04...m, tm=T}, T>0.
Typaap Kypamus.
(28)-(29) macanacuam comnaM euuin yuyH Ilucmen-Peudopn cxemacu 1ebd

aTallyBUd y3rapyBUyaH WyHaIUUUIap yCyJau KyJIaHaau

Vit =V p
—I’JO 5.1 = :AlykJr}/2 +A2yk + Sy(thr}/z’Xi,ij:(,}r%)
yKi _ y!‘f’yz ! (31)
i i :Alyk+% +A2yk+1 +8Y(tk+1’xi,jxyik,j+l)ﬁ
05-t
k+% p
k+y (yi+11j) ﬁ m k+% k+% m k+% k+% ]
Aly = h2 Xi+1,j‘ (yi+l,j _yi,j )_‘Xi,j‘ (yi,j _yifl,j)
1
k p
k (yi+1,j) h m k k m( k k ]
Ay = h2 Xi 1 (yi,j+1_yi,j)_‘xi,j‘ (yi,j _yi,j—l)
2
Lj=12,...,n, -1 a=12.
UerapaBuii Macananu KyHujaru KypuHuIaa Kainrta €3ub onamus
0 _
Yi :Uo(x)1 X € oy
k+1 k+1 . .
Yij =¢ , mpu J=0wu j=n, (32)
1 1
Y:(,}%Zémén mpu i=0ui=n,
1 ka k k+1 k
Oy epna <p=2(<p +@ )—ZAz(cp -0 )
Ky#innarnda 6enrunanuiap KupuTaMmus3
2
k k k k
F :;yi,j+A2y +8y(tk+%’xi,jxyi,j)ﬁ’
(33)

= =§y?}% FAY el S

INYHWUHI' ACK



Oenruiamnra KeJaumuo oJamus.
Xocun 6yarad (31) yu3HKCU3 TEHIJIaMajaap CUCTEMACUHU €YU YUYH UTEepaLUsIIn

yCyJI KYJIJTakMHU3 Ba KyHUJard CXeMaH! XOCHIJI KUJIaMU3

s+1 o P

Yij :(yi'.) l:‘xiﬂ,i
w (o)
Vii _(yl';j DX

] m [ s+1 s+l m( s+ s+l s
051 I Vo= Vo [Pl | Yo Yoy [|[+Fi=0 . (34)

0.57 h;

i,j+1

m( $+1 s+1 m( S+1 s+1 S
Yijn~ Yi] _‘Xivi‘ Yiim Vi |[+Fi=0, (39)

i,j=12,..n, -1 a=12.

(34)na kylingarnya Oearuianniap KUpUTHO

05t fxT s Vs 0BT [T s
Aij =—2(yuj o Bus—— Vi )
hl hl

S S S
Cij=Aij+Bij+1, s=012.., i,j=12,..,n, -1 a=12.

AlinpManu TeHIJIaMaHu

S sil S sil S sil S
yzq)! an i =O1 nl
i,j=12..,n,-1, a=12.
KS'pr/IHI/IHII[a €310 OJIUII MYMKHH.
Moc paswuiiga (35) Hu
S srl S s:rl S Sfl S
Aij ¥i—Cij ¥Vij+Bij¥ij=—Fij
(37)

y=0¢, mpu j=0,n,

2

Oy epna Aij= yi,j y Bij =‘[yi‘jj , Cij =Aij+Bij+1,
h

s=012.., i,j=12,..,n,-1 a=12

KypuHHIIAA €310 oJlaMu3.
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(36) Ba (37) cucremaniapHy COHJIM €UUII YYyH MPOTOHKA YCyIHU KYyJutaHwiamu. (36)
TeHIJIAMaap CHcTeMacu j=12,..,n,—1 carpiaap Oyimad eummaaum Ba Y oy
TYpPUHHMHT Xap Oup HyKracuaa anukianaau. Cynrpa (37) TeHrnamanap cucreMacu
i=212,..,n,—1 ycryHnap 0yiinad Y HU O, TYPUHUHT Xap OUp HyKTacuja
aHUKJIaraH Xo0JiJla €4MIa]Iu.
k + 1Katiiamaa” k + 2 karnmamra  yTumga — XucoOjamr — Ipoleaypacu
TaKpOpJIaHaIH.

Xuco0J1am IKCIepUuMEeHTIapu (COHJIM XUCo0IanLIap)
Yuby Oynumaa roxopuaa KypuO UYMKWITaH MacajajJapHUHT  XucoOJarll
HATWKATAPU KeITUPHITaH. Y praHnIaéTran QUIbTPIAI KapaéHUHMHT MATEMaTHK
MOJIeTH KypHuinu0, OJMHTaH €YUMIIApHU OaxoJiai acocH/1a, 3aMOHABUN ACTypJIall
BOCHTaNlapuaH (poiganaHran Xoijaa aaroOpuTM Ba JACTypiiap WIUIA0 YUKWJIIH.
Macananu e4uIIHUHT COHJIM cxeMmaiapu kentupwinu. Jacrypmap MathCAD
YHUBEpCaIh MAaTEMaTHK MyXHUT THJIUAA UIIIA0 YUKHIIIH.
bup xuHcnu OynMaran oTwMI €Ku MaHOaacu OYiaran GuibTpial KapaHUHUHT
OWp Ba WMKKHU YIYOBIM XOJUIAPU YUYH COHJIM MOJENH KenTupwirad. TeHrmamasa
UIITHPOK DSTAIUTaH IMapaMETPIApPHUHT Xap XWI KHHUMaTIapyd ydyH XHCoOaml
OKCIIEPUMEHTH HaTWXanapu Kenrpwirad. JKapaCHHUHT BakT Oyinya Yy3rapuiim
tacBupn  mmaxcuii  kommbioTepma  MathCADpan  doiigamanran xosga
MOJICJUIAII THPUIITH.
(1) Tenrmamanu OMp Ba UKKU YIYOBIU XOJUIAPU YUYH COHJIM €UHUII YOFUJA KYTUIa0
DKCIIEPUMEHTIIAP YTKAZUIIJIN.

1) Kyiinpa (1)-(3) xucoGnanuiapHuHr HaTHXaJdapuHu €=—1 (OyFJIaHMII XOJIH)
XOJI yU4yH KEATUPAMMU3:

bomnmanruy SKMHIAIINAL KyWUAaru KypUHUIIAA OJIMHTaH:
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1

% L
UO(X) = U(O)fA(&.,): Oy epna f,(&)= (a - %azj , T(0) = [ETQ+1:| p-1 ’

o+l

2—7m
X2,

E_>_ (p(X) , q)()():

[(0)]" 2-m

B -1 P B -1 p-(at)a
= T #z1+ (o +1 .
«(0) [oc n 1) B-1-(a+Do P#l+(a+Do xomnyuyH

[TapameTpmapHUHT Xap XWil KAUMATIApU ydyH 0ab3u OUp COHIM HaTHKaJIapHU
TaKKoclanuiapHu kentupamu3. N=2 yuyH | ’xaaBanja mapameTpiapHUHT ©=1,
=6, o=1, m=0, T=2 xuiimMatinapuaarud HaTXaJlapu KeaTupuiran. N=2 yqyH 2
xKaaBanga mapamerpiapHuar o=1, B=6, ao=1, m=I1, T=2 kwuiimatnapugaru
HaTKanapu Kentupuirad. TYp erapnuua maima: h=L/10, L- t =T garu gponr
Kuitmatu. t Oyiinua xucoOnanuiap t=0.2 kKagam OwiaH yTkasuiarad. bup Heura

(prHTI‘a SAKUH HYKTAJIapAaH TallKapu XaMMa Cpaa XI/ICO6JIaHFaH CUMMHHHIT aHHUK

s+1 S
eunmzaan Gapku 102 nan ommaiimu. Xucobnamuiap max |y, — Y,
1<i<n-1

<o, 6=0.001

mapt 6akapuiryHya amanira ommpuiarad. Urepanusiiap conu VvV .
Moc paBumiga 1 xamma 2 pacmmapaa m=0 Ba m=1 KuiMaTiap y4yyH COHJIH

HaTWKaJIapHHU TaKKOCJIAlll MYMKHH.

1. xangBan. Ilapamerpnapuunr o=1, B=6, o=1, m=0, T=2 kuiimMaTiapu yuyyH xucooOai

HaTHXKaJIapH.

CoH- | AmHHK CoH- | AHUK Comn- AHUK =

)
. m KHH-| XaTo- m KHH-| XaTo- B0 KUM- | XaTo- E dporT

Har. MaT | JMK | HaT. | MaT | JUK | HAT. | MaT MK | 5§

00) | (0:0) 1.5 | (L5) (5:5) | (5:5) E
0| 063| 0,63 0| 0,35| 0,35 0| 0,08 | 0,082 0| 1| 2512
0,13, 0,63 | 0,62 | 2E-04| 033| 0,35| 0,02 0,1| 0,102 0] 7| 2561
025| 0,62| 0,62 0| 03| 03| 001 01| 0,212| 001| 3| 2,609
0,38 | 061, 061 | 1E-04| 033| 037| 003| 012| 0,136 | 001| 7| 2,656
05| 061| 061 0 03| 037 002| 013| 0,151 | 0,02 3| 2,702
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0,63 0,6 06| 1E-04| 034 037| 004| 014 0,164 002 | 7| 2,746
0,75 0,6 0,6 0| 03| 038 002| 05| 0,176 | 0,03 | 3 2,79
088 | 059 059 | 1E-04| 035| 038| 004| 015| 0,187 | 003| 7| 2,832

1| 059 | 0,59 0| 03| 039 002| 016 0,198| 0,04 | 3| 2874
1,13| 059 | 0,59 | 8E-05| 0,35 0,39| 0,04 016 | 0,207 | 0,04 | 7| 2914
1,26 | 058 | 0,58 0| 037 039| 002| 017 0,216 0,05 | 3| 2,954
138| 058| 0)58| 7E-05| 0,36 | 039 | 004 017 | 0,224 005| 7| 2,993
151| 057 | 0,57 0| 037 04| 003| 017| 0,231 006| 3| 3,031
163 | 057| 057 | 6E-05| 0,36 04| 004| 0,18 0,238 0,06 | 7| 3,069
1,76 | 0,57 | 0,57 0| 037 04| 003| 018]| 0,244| 006| 3| 3,106
188 | 056| 0,56 | 6E-05| 0,36 04| 004| 0,18 025| 007| 7| 3,142
201 | 0,56 | 0,56 0| 037 04| 003| 019| 0,256 | 0,07| 3| 3,178
2,14 | 056 | 0556 | 5E-05| 0,37 04| 004| 0,19 0,261| 0,07| 7| 3,213
226 | 055| 0,55 | 1E-16| 0,38 04| 003| 019]| 0,266 | 0,07 | 3| 3,247
239 | 055, 055| 4E-05| 0,37 041| 004| 019 027| 008| 7| 3,281
251 | 055 0,55 0| 038| 041 0,03 02| 0275| 008| 3| 3314

2. xanBan. [lapamerpnapuunr o=1, p=6, a=1, m=I,

T=2 xuitmaTinapu y4yH XucoOanml

HaTWXKaJIapH.

CoH- | AHHK CoH- | AHUK Con- AHUK E

Q

I Kui-| Xarto- | JH Kui-| Xaro- | Ju Kuli- | Xaro- ;’
t HaT. Mar | JIUK HaT. | Mar | JIMK | Har. Mmar JIUK E{ bport

(0;0) | (0:0) (L;5) | (1:5) (5:5) | (5:9) §
0 0,63 | 0,63 0 0,07 | 0,07 0 0 0 0 1| 1,5774
0,08 | 063| 062| 2E-04| 0,08| 0,09 | 0,008 | 7E-08 0 0| 6 1,6402
0,16 | 0,62 | 0,62 0 0,11| 0,11 | 0,004 | 3E-06 0 0| 3 1,7024
0,24| 0,61| 0,61| 1E-04 01| 0,13 | 0,023 | 5E-05 0 0| 6 1,764
0,32| 0,61| 061 0 0,13 | 0,14 | 0,008 | 3E-04 0 0| 3 1,8251
0,39 0,6 0,6 | 1E-04| 0,13| 0,16 | 0,025| 0,001 0 0| 7 1,8857
0,47 0,6 0,6 0 0,16 | 0,17 0,01 | 0,004 0 0| 3 1,9458
055| 059 059| 1E-04| 0,15| 0,18 | 0,027 | 0,008 0,02 0,01| 7 | 2,0054
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0,63| 0,59 | 0,59 0 0,18 | 0,19 | 0,012 | 0,015 0,04 | 0,02| 3 | 2,0646
0,71, 059 0,59 8E-05| 0,17 0,2| 0,028 | 0,024 005| 003| 7 | 21234
0,79 | 0,58 | 0,58 0 09| 0,21 0,014| 0,035 006| 0,03| 3 | 2,1818
087| 058 058 | 7E-05| 0,19 | 0,22 | 0,028 | 0,045 0,08| 0,03 | 7 | 2,2398
095 | 0,57 | 0,57 0 0,21 0,22 | 0,015| 0,055 0,09| 0,03| 3 | 22974
103| 057| 057| 6E-05| 0,2| 0,23| 0,028 | 0,064 0,1| 0,04 | 7 | 2,3547

11| 057 | 0,57 0 022| 0,24| 0,016 | 0,072 0,11| 0,04 | 3 | 24116
1,18| 0,56 | 0,56 | 6E-05| 0,22| 0,24| 0,028 | 0,079 012| 0,04| 7 | 2,4681
1,26 | 0,56 | 0,56 0 023| 0,25| 0,016 | 0,087 0,13| 0,04 | 3 | 2,5244
134 | 056| 056 | 5E-05| 0,23| 0,26 | 0,028 | 0,094 0,14 | 004 | 7 | 25803
142 | 055| 055| 1E-16| 0,24| 0,26 | 0,017 | 0,101 0,15| 0,04| 3 2,636

15| 055| 055 | 4E-05| 0,24| 0,26 | 0,028 | 0,107 0,45| 0,05| 7 | 2,6913
1,58 | 055| 0,55 0 025| 0,27 0,017| 0,114 0,16 | 0,05| 3 | 2,7464

1. pacm ITapamerpnapuusr 6=1, 2. pacm. Ilapamerpnapaunr o=1,
=6, a=1, m=0, T=2 xkuitmaTiapu =6, o=1, m=1, T=2 kuitmaTiapu
YUyH XHcoOJall HaThKajaapu YUyH XUcoOJaml HaTHKajJapu

2) (1)-(3) xucobnam Hatmxkanapu €=—1 (OyrnaHuII X0aM) XOIH YUyH:

bonmanFuy SKMHIAINI KyWUAard KypUHUIIAA OJIMHTaH

1

u, (X) = U(0)f, (ﬁ) , 0Oy epna fr(E)=a-t(t) —o(X), u(0) = [ET“+1i|_B—1

o+l

2-m _ 1
2 x|z, 1(0)=c “*In(T), B=1+(a+1o xomm yuyH.

()=

[TapameTpnapHUHT Xap Xujil KUWMATIapu yuyH 0ab3u OUp COHJIM HaTMOKaJlapHU
TaKKOCJIANIapHU Kentupamus. 3 xkaasanmaa N=2 yuyH mapamerpiapHur ¢=0.7,
B=1+(a+Y)o, o=1, m=0, T=2 kulmMmaTIapugard e4uMiapyu KeJITHUpWIrad. 4
xaasanga N=2 yuyH mapametpaapuunr 6=0.7, =1+ (a+1o, a=1, m=1, T=2

KUAMaTIapuaary edumiaapu kenrtupuirad. Typ erapnuya maiipga: h =L/10, L-
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t=T nmaru ¢pont Kuiimatu. t Oyiinua xucobmanwiap t=0.2 Kagam Ousad
yTkazunrad. bup Heuta (poHTra sSKUH HyKTaldapfaH TallKapy Xamma epjaa

XUCOOJAaHTaH €YMMHMHT aHMK ednMaH Gapku 1072 nan ommaiinu. Xucobnamiap

s+1 S

max|y,;—VY,;| <9, §=0.001 T1mapt OaxapwiryHya amajira OIIWPHJITaH.

1<i<n-1

Wrepanusinap conn V.
Moc pasumina 3 xamaa 4 pacmiapaa m=0 Ba m=1 KuilMaTiiap y4yH COHJIH

HaTWKAJIApHU TaKKOCJIalll MYMKHH.

3. xanBan. Ilapamerpnapuunr 6=0.7, B=I+(at+1)o, o=1, m=0, T=2 kwuiimariapu y4yH

XHCOOaI HaTHXKaJlapy.

CoH- | AHUK CoH- | AHHK Comn- AHHK §
Xar | o
B0 Kuii-| Xaro-| 1m Kuii-| Xaro- I KUM- ;’
t o- = bpoHT
HAT. MaT | JUK HaT. | Mar JINK HAT. MaT =
K | &
(0;0) | (0;0) (L:5) | (1;9) (5:5) | (55 =
0 0,4 0,4 0 0 0 0 0 0 0|1 2,176
0,11 0,4 0,4 | 8E-04| 0,02 0,02 0 0 0 0| 7 2,251
0,22| 0,39| 0,39 0 0,04 | 0,04 0 0 0 0| 4 2,321
0,33| 0,39| 0,39 | 4E-04| 0,05| 0,06 0,01 0 0 0| 8| 2,385
044 | 0,39| 0,39 0 0,07 | 0,07 0,01 0 0 0| 4| 2,445
054| 0,38| 0,38| 2E-04| 0,07 | 0,09 0,02 0,01 0| 001| 8| 2,502
065| 0,38| 0,38 0 0,08 0,1 0,01 0,02 0| 0,02| 4| 2,555
0,76 | 0,37| 0,37 | 1E-04| 0,09| 0,11 0,02 0,02 0| 0,02| 8| 2,605
087| 0,36| 0,36 0 0,09 0,11 0,02 0,03| 0,02| 001 4| 2,652
098| 0,36 | 0,36 | 3E-05 0,1 0,12 0,02 0,04, 003| 001| 8| 2,697
1,09, 035| 0,35 0 0,09| 0,13 0,03 0,04 | 0,04 0| 4| 2,739
12| 03| 0,35| 1E-05| 0,11 | 0,13 0,02 0,05 0,05 0| 9 2,78
1,31| 0,34 | 0,34 0 0,09 0,13 0,05 0,04, 005| 001 4| 2,819
1,41 033| 0,33| 4E-05| 0,11| 0,14 0,03 0,06 | 0,06 0| 9| 2,856
152 033| 0,33| 6€E-17| 0,07 | 0,14 0,07 0,04, 007| 002 4| 2,891
163| 032| 0,32 | 5e-05| 0,11| 0,14 0,03 0,08| 0,07| 0,01 14| 2,925
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1,74, 032| 032]| 6E-17| 0,07 | 0,14 | 0,07 0,04| 007| 004 6| 2,958
18| 031| 031| 6E-05| 0,11| 0,14| 0,03 0,08 | 0,08 0] 9| 2,989
1% 031| 031| 6E-17| 0,11| 0,14 | 0,03 0,03| 0,08| 005]| 4 3,02
2,07 0,3 03| 6E-05| 0,12 | 0,14 | 0,02 0,06 | 0,08| 002| 9| 3,049
2,18 0,3 0,3 0 0,11| 0,14| 0,03 0,04| 0,09| 004 4| 3,077
4. xanBan. Ilapamerpnapaunr 6=0.7, pf=1+(a+1)c, a=1, m=1, T=2 kuiimaTinapu yayH
XHUCOOaI HaTHXKaJlapy.
CoH- | AHuUK Con- | AHuK Con- | AHUK =
o
T m Kuii-| Xaro- | s Kuii-| Xato | 1m Kuii-| Xaro- E dpont
Hart. MaT| JMK | HaT. | Mar | -IMK | HaT. | Mar | JIMK g
(00)| (©0) (15) | (L:5) (55) | (5:5) E
0 0,4 0,4 0 0 0 0 0 0 0 1 1,18
0,06 0,4 0,4 | 8E-04 0 0 0 0 0 0 6 1,27
0,12 | 0,39 | 0,39 0 0 0 0 0 0 0 3 1,35
0,18 | 0,39 | 0,39 | 4E-04 0 0 0 0 0 0 6 1,42
0,24 0,39 | 0,39 0 0,01 0| 0,01 0 0 0 3 1,49
03| 0,38 | 0,38 | 2E-04 0 0 0 0 0 0 7 1,56
0,36 | 0,38 | 0,38 0 0,02 0| 0,02 0 0 0 3 1,63
0,41 0,37 | 0,37 |1E-04 | 0,01 0| 0,01 0 0 0 8 1,7
0,47 | 0,36 | 0,36 0 0,03| 0,01| 0,01 0 0 0 3 1,76
0,53| 0,36 | 0,36 |3E-05| 0,02 | 0,03 0 0 0 0 8 1,82
0,59 | 035] 0,35 0 0,04 | 0,03 0| 0,01 0| 0,01 3 1,88
065| 035| 035|1E-05| 0,04 | 0,04| 0,01| 0,01 0| 0,01 9 1,93
0,71| 0,34 | 0,34 0 0,04 | 0,05| 0,01] 0,02 0| 0,02 4 1,99
0,77| 0,33 | 0,33 |4E-05| 0,05| 0,06 | 0,01| 002| 0,01| 0,02 9 2,04
0,83| 0,33 | 0,33 |6E-17| 0,04 | 0,06 | 0,02| 002| 0,02 0,01 4 2,09
089 032| 0,32|5E-05| 0,05| 0,07 001| 004| 0,02 0,02| 19 2,14
095| 032| 0,32 |6E-17| 0,04 | 0,07 | 0,03 0| 0,03, 0,02| 13 2,19
101| 031 0,31 |6E-05| 0,06 0,08 001| 006| 0,03 003| 15 2,23
107| 031| 0,31 |6E-17| 0,05| 0,08| 0,03 O 0,04 0,04 12 2,28
1,12 0,3 0,3 | 6E-05 0| 008 | 0,08 0| 0,04, 0,04 13 2,32
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‘1,18‘ 0,3‘ 0,3‘ 0 ‘ 0,05‘ 0,08‘ 0,03‘ o‘ 0,05‘ 0,05‘ 4 ‘ 2,37 ‘

3. pacm [lapamerpnapuunr c=.7 4. pacm [lapamerpiapHunr 6=.7
B=(a+1)o, o=1, m=0, T=2 B=(a+1)o, a=1, m=1, T=2
KUMaTiIapu y4yH Xucoouain KUWMaTaapy y4yH XucoOain
HaTKaJapu HaTIKajJapu

3) (28)-(29) xucobmam Hatwkanapu € =—1 (OyFJIaHuUII X0JIM) XOJIU YUYH:

bolnmanrud SKMHIAIINAIT KyHUAard KypUHHUIIAA OJTMHTaH

p 1
Uo(x)=T(0)fA(E), 6y epma fA(&){a—Eizj GO =T ", = 2
4 @]

B—(1+p)

2 2-m 1 =
_ = 0)=— =T *
v 0(x) Z_m\X\ >, (0) B+ p) , B#1+p X0/H y4dyH.

[TapameTpiapHUHT Xap Xuil KAWMATIapy yuyyH 0ab3u OUp COHJIM HaTHXKaJlapHU
TaKKOCIaUUIapHU KeaTupamus. 5 xaasanga N=2 yuyH napametpiaapHudr ¢ p=0.1,
B=4, o=1, m=0, T=2 kuiiMaTnapuaard eyumjapu KeaTupwirad. 6 xaaBaiaa
N=2 yuyn napametpaapaunr p=0.1, =4, o=1, m=1, T=2 kuitmaTnapuaaru
eurMIlapy Keatupuiarad. Typ erapmuua maiima: h=L/10, L-t=T naru ¢pont
Kuitmatu. t OViinua xucoOnanuiap t=0.2 kKagam OwiaH yTkasuiaraH. bup Heura

(bpoHTra AKUH HyKTajapJlaH TallKapyd XaMMa epjia XMCOOJIaHTaH €UMMHHUHT aHUK

s+1 S

eunuMIaH (hapku 107 maH omMaiIu. Xucobmanulap  max |y, —Yy;| <8, §=0.001

1<i<n-1

mapT OakapuiryHua amaira omupuirad. Urepanusiiap conn Vv .
Moc paBumiga 5 xamaa 6 pacmiapaa m=0 Ba m=1 KuliMaTiap Y4yH COHJIU

HaTWXXAJIApHU TaKKOCJalll MYMKHWH.
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5.xangan. [Mapamerpmapuunr p=0.1, =4, o=1, m=0, T=2 kuiimatnapu yuyH xucoOamul

HaTIDKaJIapH.

CoH-| AHUK Con- | AHUK Con- | AHuK =

)

B10% Kuii-| Xaro- B10% KWl-| Xaro- | 1m Kuii-| Xaro- ;’
t HaT. | MaT| JHK HaT. | Mar | JIMK | HAT. | Mar | JIMK % bpon

00| (0:0) (L:5) | (L5 (5:5) | (6:5) E
0| 0,79| 0,79 0 0,02 | 0,02 0 0 0 0] 1 5,192
0,26 | 0,76 | 0,76 | 0,003 | 0,02| 0,03 0 0 0 0| 6 5,555
0,52 | 0,73| 0,73 0 0,03 004| 0,01 0 0 0] 3 5,894
0,78 0,7 0,7| 0,002 | 0,04| 006| 0,02 0 0 0| 6 6,213
1,04 | 0,68 | 0,68 0 0,05 0,07| 0,01 0 0 0] 3 6,516
13| 0,66 0,66 0001 | 0,06| 0,08 0,03 0 0 0| 6 6,805
156 | 0,64 | 064 | 1E-16 | 0,07 0,1| 0,02 0 0 001 3 7,08
182 | 063| 062 | 7E-04| 0,08, 0,11| 0,03| 0,01 0| 001 6 7,345
208 | 0,61| 0,61 0 009 012| 0,03| 0,01 0 001 3 7,6
234 | 06 0,6 | 5E-04 | 0,09| 013| 0,04| 0,01 0| 002| 6 7,847
26| 058| 0,58 0 0,11 014| 0,03| 0,01 0 002| 3 8,085
286 | 057| 057 | 4e-04| 011| 015| 0,04| 0,01 0| 002| 6 8,316
3,12 | 0,56 | 0,56 0 0,12| 016| 0,03| 0,01 0 003| 3 8,54
337| 055| 055| 3E-04| 0,12| 0,17 | 0,04| 0,02 0| 003| 6 8,758
3,63 | 054 | 0,54 0 0,14 | 017| 0,04| 0,02 01| 004]| 3 8,971
389| 054 | 054| 3E-04| 0,24| 0,18| 0,04| 0,02 01| 004]| 6 9,178
4,15 | 0553 | 0,53 0 0,15 0,19| 0,04| 0,02 01| 005| 3 9,38
441| 052 | 052| 2E-04| 0,15| 0,19| 0,05| 0,02 01| 005| 6 9,578
467 | 051 | 0,51 0 0,16 02| 0,04| 0,02 01| 005| 3 9,771
493 | 051 | 051 | 2E-04| 0,16 02| 0,05| 0,02 01| 006| 6 9,961
519 | 05 0,5 0 0,16 | 0,21| 0,04| 0,02 01| 006]| 3 10,15
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6. xansan. [lapamerpmapuunr p=0.1, =4, o=1, m=1, T=2 kuitmatnapu y4yH xucoOar

HaTIDKaJIapH.

CoH- | AHHK Con- | AHUK CoH- AHUK =

)

B10% Kuii-| Xaro- B0% Kuli-| Xaro- B0 Kuii-| Xaro- g
t Har. Mar | JMK | HaT. | Mar | JMK | HaT. | Mar K % bpon

(0:0) | (0:0) (1:5) | (1:9) (5:5) | (5:9) E
0| 0,79 0,79 0 0,02 0| 0,02 0 0 0] 1 6,74
0,34 | 0,76 | 0,76 | 0,003| 0,02 0| 0,02 0 0 0| 7 7,71
0,67 | 0,73| 0,73 0 0,03 0| 0,03 0 0 0| 3 8,68
1,01 0,7 0,7| 0,002 0,01 0| 0,01 0 0 0| 7 9,65
135| 068 0,68 0 0,03 0| 0,03| 0,01 0 001 3 10,6
1,68| 066| 0,66 | 0001 0,02 0| 0,02| 001 0 001 7 11,6
202| 064| 064 | 1E-16| 0,03 0| 0,03| 0,01 0 001 3 12,5
236 | 063| 0,62 | 7E-04| 0,02 0| 001| 001 0 001 7 13,5
27| 061 0,61 0 0,03 0| 0,02| 0,01 0 001 3 14,4
3,03 0,6 0,6 | 5E-04| 0,02 0| 001| 001 0 001/ 7 15,4
3,37 | 0)58| 0,58 0 0,03| 0,01| 0,02 0,01 0 001 3 16,3
3,71| 057| 057 | 4E-04| 0,02| 001| 0,01| 0,01 0 001 7 17,3
404 0,56 | 0,56 0 0,03| 0,01| 0,02 0,01 0 001 3 18,2
438 | 055| 055| 3E-04) 0,02| 001| 0,01| 0,01 0 001 7 19,2
472 | 054 | 054 0 0,03| 0,02| 0,01 0,01 0 001 3 20,1
505| 054| 054 | 3E-04] 0,02| 0,02 0| 0,01 0 001 7 21,1
539 | 0,53| 0,53 0 0,03| 0,02| 0,01 0,01 0 0| 3 22
573 | 052| 052| 2E-04] 0,03| 0,03 0| 001| 0,01 0| 7 22,9
6,07 051| 0,51 0 0,04 003| 0,01| 001, 0,01 0| 3 23,9
64| 051| 051| 2E-04| 0,03| 0,03 0| 001| 0,01 0| 7 24,8
6,74 0,5 0,5 0 0,04 | 0,04 0| 001| 0,01 0| 3 25,7
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IV. AMAJIMA MALIFYJIOTJIAP

AManuii MaluFyJjgoTiap 3aMOHABUU JUAAKTUK TabMHUHOT Ba JabopaTopus
XKUXo3JIapura sra Oynran ayautropusiiapiaa xamaa MHTepHeT TapMOFura yiaHral
KOMITbIOTEP CHUH(IapU/Ia, TasHY OJIMH TabJIUM MyaccacaJlapUHUHT Kadeapanapuia
TaIKWI 3THIA]IN.

AmManuii MaimryjoTiapaa QUMK KapaHJIapHU TACBUPJOBYM  aMaliHid
MacaJlaJlapHUHT KYWWINIIHA, YJIapHU €YUl YCYJUIapH, MacajlaHh EUYUIIHUHT
aNTOPUTMHU Ba JTACTYPHUHU SIPATHUIL, JACTYPHHUHI TYFPUJIMTMHHA TECT Macajajiapja
TEKIIUPUIL, XUCOOJIAll SKCIEPUMEHTIApU YTKa3UIl Ba OJIMHTAH HATHXKAJIAPHU
TaxJIWI KWW Macajalapy yprasuiaiu.

AMaiuii MALIFYJIOTJIAPAA KyHHMIard MaB3yJiap Ba BasuSAT/IM MacajaJjap
ypraHujiaam:

Otui ycynmu.

Xycyeunit xocunanu auddepeHiman Tearaamainap yuyH Ko Ba yerapaBuii
Macasanap. Xanaamn (IIporoHka) ycysim.

Xycyeuit xocwnanu guddepeHunan TeHraamanap. Uu3MKIM yerapaBHii
Macajiajiap y4yH OLIKOpP Ba OIIKOPMAc CXEMAJIAPHU KYyJIJIALLL.

KBa3suum3uKiIM UCCUKIUK TapKaJWIl TEHIVIAMAJIapu Y4yH OajaHC YCYJIMHH
KyJUIall Ba yJIApHU COHJIM e4uil. Yn3uKIamTupul.

Yu Kartnamiau cxemanap SApaTull  €paaMulla  YM3UKCU3  YerapaBuid
MacaJIaJlapHU COHJIM €YMIIL.

Nkku ynmuamnm MacananapHy y3rapyBuyaH WYHAIHUIILIADP YCYIUIA CUHIIL.

Wkku ynuaMu MacananapHy JOKan OUp YI4YOBIIM cxemanap €pAaaMuaa evuul.

Top TeOpanuiy ManalaJapyuHU COHIU MOJIEIUTAILITUPHILI.

HA3OPAT CABOJLJIAPH

1. T'unepOosuk, MapabOJMK Ba SJUIMNTHK TypAard TEHrjamanap OuiaH
TaCBUPJIAHYBYM COJIIa MacaJiajap.

2. Bonurtanruy Ba yerapaBuil Macaanap KyHuIir.

3. Opmuit muddepeHnnaTapHd ANMPOKCUMAIIHS KHUJIHII, alllIPOKCHMAIHS
TapTHOU.

4. T¥pna anmpoKCHUMAIUS XaTOJIUTH.

5. Ormkop Ba omIKopMac cxemarnap.

6. Ilapamerpiu cxemaiap.

7. Yeknu admpMamd CXEMalapHUHT TYpFYHJIHMTH. YeKiu

allupMalid CXeMaJlapHUHT SKUHJIAIIUIIN Ba AaHUKJIUTH.

8. HHTerpo—MHTEPIONSAIHOH YCYJIH.

9. Vu kariamium cxemasap spaTHILL.

10. Typryumac, TypryH, aOCOJIIOT Ba CY3CU3 TypPFYH CXeMaiap.

11.Taycc ycynu.

12. TIporouka ycymnu. [IporoHka yCyJIMHUHT TyPFYHJIHTH.

13. Var Ba yupamysun (BCTpedHas) IPOrOHKA YCYJLIAPH.

14. KBa3uun3ukiy UCCHUKIMK YTKa3yBYAHIMK TCHIJIAMallapd Ba YW3UKCHU3
coxajap/ia UCCUKJIVK TapKAJINII Kapa€HIapUHUHT MOJEIIIapH.

15.KBa3uun3ukian Ba YM3MKCU3 MCCUKIMK YTKAa3yBYAHJIMK TEHrJIaMalapu
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16.
17.

18.
19.

20.

21.

wns

2 ©OmNoU A

11.
12.
13.
14,

15.
16.
17,
18.
19.

20.
21,

0.

YUYYH YEKJIM auMpMain cxemanap.

UYerapaBuil mapTiapHy annpOKCUMALNS KWW,

Un3uKCHU3 YEKIU allupMany TeHrJaMajlapHU YU3UKJIAITUPHLL.

Kyn yn4oBaW WMCCUKIMK YTKAa3yBUAHJIHWK TEHIJIaMallapd Y4YyH
y3rapyBuaH UyHaJIUIIIAP YCYJIH.

Kyn y14oBnu UCCUKIMK YTKa3yBUAHIIMK TEHIIaMajaapu Y4yH JoKajd Oup
VIIYOBJIN YCYII.

Top Ba nnactuHa TeOpaHUIIM MajajalapyuHU COHJIH
MOJIEIAII TUPHUILL.

Hatuxanapau Busyautamitupuil. Buzyanuzanus ydyH alropuTMHUK
TUJJIAp Ba MaTeMaTHK NakeTiaapAaH GpoiaanaHuml.

[Ipocreiiive 3a1a4u, OMUCHIBAEMbIE YPAaBHEHUSIMU THIIEPOOINYECKOTO,
apaboIMYEeCKOro U AJUTMITUYECKOTO TUIIA.

[TocTaHOBKa HAYAJIBHBIX U KPACBBIX 33]1a4.

AnnpokcuMaiusi NpocThiXx Iu(depeHIHATbHBIX ONEPaTOPOB, MOPSIO0K
armnpoOKCUMAaIWH.

Ommbka anmpoKCUMalUy Ha CETKE.

SIBHBIE ¥ HESIBHBIE CXEMBI.

Cxewmpbl ¢ BecaMu.

VY CcTOHYMBOCTh KOHEYHO-PA3HOCTHBIX cXeM. CXOJIUMOCTh U TOYHOCTb.
NHTerpo-uHTEpnoasuuOHbIN METO/.

[TocTpoeHune TPEXCIOMHBIX CXEM.

HeycroituuBbie, ycTONYMBBIE, a0OCOIIOTHO-YCTOWYUBBIE U 0€3yCIOBHO-
YCTOWYHBBIE CXEMBI.

Mertop I'aycca.

Metoxa npOoroHku. Y CTOMYMBOCTh METO/1A POTOHKH.

[IpaBas u BcTpeuHas BapyuaHThl METO/1A IPOTOHKHU.

KBazuivHeliHble ypaBHEHHUsI TENJIONPOBOJHOCTH MW MATEMATUYECKHUE
MOJIEH TEMIONPOBOJHOCTH B HEIMHEMHOM CpeJie.
KoneuHo-pa3HOCTHBIE CXEMBI I KBA3WJIMHEHMHBIX W HEJIMHEHWHBIX
3a71a4 TEIIONPOBOIHOCTH.

AnnpoKkcuMaliysi TPaHUYHbBIX YCIIOBHIA.

JInHeapuzanysa HETMHEWUHBIX KOHEYHO-PA3HOCTHBIX YPABHEHUN.

Meton nepeMeHHbIX HaNpPaBJICHUN U1l YPABHEHHUS TEILUIONPOBOJIHOCTH
B MHOTOMEPHBIX 00J1acTsX.

JlokanbHO OZHOMEpHAs cxema [Jis YPaBHEHHS TEIUIONPOBOJHOCTH B
MHOTOMEPHBIX 00JIaCTSIX.

YuciieHHOE MOIETMPOBaHUE 3a7]a4 KOJIeOaHUsI CTPYHBI TUTACTUHBI.
Busyanmzanus pesynbraToB. [I[puMeHeHrEe arOpUTMUYECKUX SI3BIKOB U
MaTE€MaTHYECKUX MAKETOB JIJIsi BU3YAJIU3ALNH.
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V. KEMC BAHKH

AManuii MacanajapHu MaTeMaTHUK MOJCIUIAITUPUIL (aHUHU YKUTHII
Mabpy3a, aMaluii MalIFyJlIoTJIiap Xamja MYCTaKui TOMNIIUMPHUKIapAaH ubopar
oynu0, ynmap Oupranvkaa ¢aHHUHT OyTYHJIMJIMTHHU TabMHUHIAAu. Mabpy3anap
OpKAJIM OJIMHTaH OWJIMMHHM MyCTaxkKamJjall y4yH aMalluid MalFyJoTiap MyXUM
axamusTra sra. Mycrakuin Mamryjoriap Oy ¢daH goupacujia MyCTakuid OWIUM
OJIMII, Y3JIAIITUPHII XUCOOTaHAIM.

Ymly ¢daHHu VKATUII AaBOMUJA AKAUL XYHCYM - FOSJApHU TeHepauus
(nmma®d YWKWIT) METONWIAH KEHT QoimanaHuimaad. «AKIUH XyKym» METOIU
Oupop MyaMMOHH eyHIga Tajabajgap TOMOHHJAH OWJIAUPWITaH SPKUH (QUKp Ba
MyJioXa3ajJapHu TYIIa0, yjaap OpKald MabiyM OWp ednMra KeJIWHAguraH JHT
camapail METONIup. AKINKA XyXyM METOAMHHMHT €3Ma Ba OF3aKHM MIaKJIapu
MaBxyq OynuO, Oy danga or3aku makaugaH  Qoipgananwiaau. DaHHU
Vy3namrupuiga Tanadanap 3aMOHaBUM axOOpOT TEXHOJIOTHSUIApU OTYKJIApHUIaH,
INIYHUHTJEK OXUPTrd Wwmapaa sSpatuiraH Typid MaTeMaTHK JacTypui
TabMUHOTJIApJaH ¢oiigananagumiap.

Keiic Tommumpuxk 1.
Kyiingarn KBa3sW4M3WKIA WCCHUKIWK VTKA3yBYAHJIMK TEHIJaMacHd YJYyH

OaaHc ycyinu €paamMua cxema paTuHT
u_of .o
ot oX OX ) -

Keiic Tommumpux 2.
Kylingarn 4m3uKCU3 MCCHUKIMK YTKA3yBUAHJIMK TEHIJIaMacu Y4yH OaslaHc

yCyJii €pAaMua CXema sipaTUHT
u_o
ot oOX

Keiic Tommumpuxk 3.

ou

OX| OX

ou ou
—J —Vv(t) .

Kylnparn KBa3sWUYM3MKINM HCCHUKIMK YTKa3yBUAHJIMK TEHIVIAMACH Y4YyH

OasaHc ycynu €plaMujia cxema sipaTHHT

ou 0 ou ou
— =—| D(t,x,u)— |—Vv(t,x)—+ F(u
ot ax( ( )axj ( )8x ()-

Keiic Tonmupux 4.
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Kyitnnaru 4n3uKCU3 MCCUKJIMK YTKa3yBUAHJIUK TEHIJIaMacH Y4YyH OallaHC
yCyiu €paMua cxema sipaTUHT

ot ox OX ) OX OX -

Keiic Tommumpuxk 5.
Kyiinaarn UKk YJI9OBIM YM3WKCU3 MCCUKJIMK YTKa3yBYaHIMK TEHIJIaMacu

y4yH OajlaHC yCyJH €pllaMuia cxema sipaTUHT
G_UZQ D(t,x,y,u,a—uja—u +i G t,x,y,u,a—u a_u
ot oX OX )ox ) oy oy )oy ).

Keiic Tommumpuxk 6.
Nkku y14oBIM KBa3WYM3HUKJINM UCCUKJIUK YTKa3yBUAHJIUK TEHIJaMacH y4yH
OaaHc ycyinu €paamMua cxeMa spaTUHr

ou o (Dl(t,X, y,u)g_uj+£(Dz(t’X, y,u)%u)

ot ox X ) oy

Keiic Tonmmuupukiap
Tapt® pakaMuHTH3ra MOC KyHUJaru WHTErpajuiapHu Tpamenuss Ba CHUMIICOH

ycyimapuaad (oiinananub Takpuouil XucoOJaHr.

Ne Integral Oraliq Bo’li- | Ne Integral Oraliq Bo’li-
osti [a,b] nish osti [a,b] nish
funksiya soni funksiya soni
1 Jx+12 [0.2;1.2] 10 |16 sin? x [3;:2.4] 10
VX +1.2x+ 2.4 J2x? +1
2 (X2 +1) [04:1.4] | 20 |17 | cos?x [1.2;0.2] | 10
IX+1+2 X2 +1
3 JX+14 [0.6;1.8] 12 18 | (2x+0.5)cosx [0.2;1.2] 20
/¥ +0.6x+2
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4 0.5x% +1 [0.6;1.6] 10 [19 | 1419% [1.1;2.2] 12

V04X +13x+1 V3x? +1

5 V1.2x* +0.4 [0.5;1.3] 8 120 | sin2x [0.1;0.8] 8
V0.4x% +1.6x +1 X2 +1

VI. MYCTAKWJI TABJIUM MAB3YJIAPU
TUHTIIOBYM MYCTaKWJI MIIHU MYyallssH MOJIYJHU XYCYCHUSTIAPUHU XucoOra
OJITaH X0JI/1a KyWuIard makyuiapaan povinananub taiépiamm TaBCHs STUIIAIN:
- VKyB, WiaMuil angabuérnapmadH Ba Makoiagapaad QoimamaHuIl acocuaa
MOZYJI MaB3yJIAPUHU YPTaHMILL,
- TapKaTMa MaTtepuasuiap oyinya Mabpy3ajiap KUCMUHH Y3l THPHULL;
- aBTOMATJALITHPUJITaH YpraTyBuM Ba HA30paT KWJIYBYM JAcTypyap OujaH
WIIUTAILL;
- Maxcyc amabuérnap Oyinya momyn OVynumiiapu €KUM MaB3ylapu yCTUa
UIIant;
- THUHIJIOBUMHUHT KacOuil Qaonuaru OwiaH OOFIMK OYiaran MOIyJ
OYmuMIIapy Ba MaB3yJIapHU YYKYp YpraHUIIL.
Mag3ymnap:
MaTteMaTuk MO IalITHPHILL
Coana xapa€HiIapHUHT MaTEMAaTHK MOJAEIUIAPUHHU SIPATHIIL.
XucoOmall IKCIEPUMEHTH CTPYKTYpaCH.
AnreOpauk TeHIJIaMaJlapHU €4HII YCYJUIAPH.
AnnpoKkcuMaliusl aHUKJIUTU Ba TapTHOM.
Honokan dyerapasuii macananap.
Xanjam yCyJquHUHT OKUMIIA BApUAHTH.

VY4 Katimamim cxemaap.

©ooN Ok wWNE

Un3KKCU3 MKKHU YIIYaMu MacajalapHu JOKaJl Oup YI4OBIU cXemalap.
10.MaTemaTtuk makeriap.

11.FOxopu GOCKHUYIH aNTOPUTMUK THUILIAP.

12.HaTuxanapHu BU3yaJIaIITHPHULLL.
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VII. TJIOCCAPUI

Mooenv - noTuHYa MmoOyayc CcY3uaaH OJHMHTaH OYnuO, ViI4oB, HaMyHa
MabHOJIAPUHU aHTJIATaIu.

Mooenv — 0y pean OOBEKTHH aJIMAIITHUPUINM MYMKHH OYJraH, TaAKUKOT Ba
Taxpruba YTKa3WIll y4yH Kyjiail Ba ap30H Oyiran Oomika Oup pean €ku aOCTpakT
oOBekTup. Mojenb pean OOBEKTHUHI COAMANAIITHPUITAH KYPUHUIIH OYIuo,
YHUHI XaMMa XOCCAJIApUHU 5Mac, OaJKu acoCHil XOccaJlapUHHUIMHA Y3HJa
My>KaccaM 3TajIu.

Mamemamux modens — peal OOBEKTHH TacaBypUMHU3JAru aOCTPaKT
KypuHUIIN OYu0, y MareMaTuk Oenrunap Ba 0ab3u OMp KOHYH—KOWAanap OuiiaH
udonamanran Oymamu. Macaman, HpIOTOH KOHyHJIapHW, MacCCaHWUHT CaKJIAHHUII
KOHYHH.

Quzux modens - Taxkpuba yTKazuilra MyJDKaJUIaHTaH TaXpuba ydacTKalapu
KaTTa »JKUH MAaWJIOHJIAPUHUHT, JIa0OopaTopusl MAIFyJIOTIApUHUA  YTKA3HIITra
MYIJDKaJUTaHTaH ac000 yckyHanap (usuk mojesuiapra mucon Oymamau. Macanaw,
KUMEBUHM €KU OMOJIOTHK Jlaboparopusiiapaa (ongananmiagurad acoo0 ycKyHamap
Xamjia TOKaMakK KypuiMacu (ep IIapoOuTHAA TEPMOSAPO PEaKIMSICUHU amalira
OILLIMPAJNTaH KypujiMa).

I'paguxnu moodenv - Cxemanap, yu3manap, pacmiap, WIMHA Ba Tapuxui
acapJyiap MucoJ 0yna osagu. Macanas, ro0yc ep HapUHUHT, UTHCOHHUHT CypaTH
YHUHT Y3uHUHT, M.3.boOypHuHr «boOypHOMa» acapu acapja KeITHPUJITaH
JABPHUHT rpaduKId MOACIUIUD.

Daxkmopaap - MOICIUIAINTUPHINIA TAIIKA MYXATHUHT TEKIITUPHIAETTaH
O0BEKT MapaMeTpiiapura TabCUp KWIYBYH KYpCaTKUUIIAPH.

Mamemamux moodenrawmupuwi - peall 00beKT KM KapaéHIapHu MaTeMaTHK
yCyJuIap BOCUTACH/Ia Ha3apuil TaAKUK KUJIHUIIT yCYJIH.

Mooennawmupuwnune  moxuamu - OOBEKTHH OOIIKA COITAPOK OOBEKT
(Mozmenp) OwWIaH aaMaIITHPUO, MOACITHH XYCYCHSATHHHU TAAKUK KWJIHII OpPKaIu
OpUTHHAT OOBEKTHHU YpraHUIIIaH noopar.

Pean obvexm 6a ynune mamemamux mooenunune myeogukiueu - oObeKT Ba
YHUHT MaTE€MaTUK MOJENTH JTUHAMUKAIAPUHUHT cudaT Ba MHKIOp >KUXATAAaH
VXIIAUUIUTH.

Aeoic onyeuu pexcumiap - BaKTHUHT YEKIW KUHAMaTHAA KaHIAWAUp MUKIOP
YeKCU3JIMKKA aliJIaHyBYH jkapacHap.

Xucobaaw sxcnepumenmu — KOMIIBIOTEP MOJIETH sIpaTWITaH XOAHca, Kapa€H Ba
MallnHaJIapHU TAAKUK KWW YCYIIH.

Hunamux mooen — xKapa€HJIApHUHI BaKT OyiHMya KEYUIIWHU TacBUPIJIOBYU
MareMaTukK MOJI¢CJ1.

Hmumayuon mooden - MareMaTdueckas MOJEb, BOCIPOW3BOIAIIAS ITOBEICHUC
HCCIICAYEMOTO 00BeKTa )41 IMpUMCHsICMad JJIA IIOCTAaHOBKHU KOMITBIOTCPHBIX
HKCIIEPUMEHTOB, BBISBISIONIMX OCOOEHHOCTH (PYHKIMOHMPOBAHHUA OOBEKTa MpPHU pa3-
JIMYHBIX BHCHIHUX YCJIOBHUAX W YIIPABIIAIOIIUX BO3ACUCTBUAX.

abuomux yzeapuwiiap - TaOWWUW Y3rapunuiap — 3WiI3WiIajap, BYJIKOHJAP
OTWJIWIIH, CYB TOIIKWHJIAPU Ba 1Ty KaOwap.
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ouomux yzeapuwiiap - TOMYJSAIUsUIap OMOMACCACUHUHT EKU COHUHUHT
Y3rapuiiy, NonyJIssuUsJIApHUHT KUPUINO KETHUIIIH.

AHMpONo2eH y3eapuuiiap - WHCOH (aosMATH HaTHXKacuaa aTtpod MyxuTaa
coaup Oynaauran y3rapuiiiap.

Mooennune yHusepcannueu - KOHKPET OOBEKTHH MOJIEH OOIKa YXIaIn
oOBeKTIapra KYJUIaHUIIW YYyH €Tapiid Jlapaxaaa yHuBepcasl Oynuiu kepak. by
JIeraHy peajl 00beKTHU MaTeMaTHK MOJIETH OOIIKa YXIan o0beKTiaapra xxyaa Kam
y3rapTUpHIIUIap OpKaiu KYJUIall yuyH eTapiiu Aapaxaaa yMyMuil OVIHIIN Kepak.

Mooennune komnakmauey - MOJIEN IIYHAAN KypWIHILNA KEPAKKU, YHU JIEspiiv
Y3rapTUPHILCU3 Y3HUJaH IOKOpU Japakald MOJeNra MoJen OCTH cudaTtuia
KUPUTHII MYMKHUH OVicuH. MacanaH, JapaxTHH MaTeMaTHK MOJEIH YPMOH
IKOCHCTEMACH MOJACTUHUHT Oup Onoku cudatuaa Kymutanuauimu. PoTocuHTe3
XKapaCHUHUHT MaTEeMaTUK MOJENM JapaxT MaTeMaThK MOJEIHHH Oup OJIoKH
cudaruaa UIUIATAIUIIN MyMKUH OYJICHH.

MoOJEenHUHT COANAIUTU - MAaTeMaTUK MOJEIHU KypHIIJIa UKKUHYM, YYUHUYU
napaxkanu (akropiap XucoOra oJuHMACIUTU JIo3uM. by daktopmapuu xucobra
omuimi MMHuu mypakkabnamtupaad. MUCOI: SMUAEMUSHA TapKAJIUIIN KapacHH
MaTeMaTUK MOJENHa IIaMOJ TE3JUTMHU XucoOra OJMIl MOJIETHM aHya
Mypakka0OaamrTupaau. AMMO aTpo — MyXUTHHU SKOJOTUSCUHU YPTaHUIIA [IaMOJT
TE3JIMTUHU Ba MYHAIUIIMHU XHUCOOTa oiMaciuk MyMKHH sMac. CyB KyBypuIaru
CYBHM XapaKaTHMHHM YpraHa€TraHjja OMHUHI TOPTHUILMII Ky4HMHH XHCOOTra oimaca
xaMm Oynaau. AMMO, IEHIM3 Ba OK€aHJIapJard CyB TOLIKUHIAPUHU ypraHaéTranaa
OMHMHT TOPTULIMII KyYWHHU andaTTa XMucoOra oIl JIO3UM. By TOIKUHIap OWHUHT
TOPTHUIIM HATUXKACK A XOCUI OVaau.

Mooennune ceseupaueu - napaxacu nact Oynuimu jgo3uM. MMHuU Kypuiijga
XyucoOra oJMHUINM 3apyp Oyaran acocuil (daxrtopiiapra HucCOATaH MOJEITHU
CE3TrUPJIMK Japa)kacu mnact OYynumu J1o3uM. SABbHU, peas 00BEKTHU YpraHaérraH
naiTaa ynranuiap Kym xoJulap/a XaToJMK OuiiaH Oaxapuianu. AWpuM XoJuiapaa
MOJIeJIZIa UIITHPOK ITAETraH acocuii PaKTOPHU aHUK YITYAITHU UMKOHU OYJIMai Iu.
Macainasn, 00 — XaBOHHU Oamiopar KWJIUII XaJIuradya TaXMUHUH, TTaxTa MalJIOHU1aru
Xaluopatiiap COHMHU aHUK YiIdall MyMKHUH 3Mac.

Mooennune mocnawysuanaueu - MOAEN OJIOKIM NPUHLHUIA KypUIUIIN
no3uM. byHnma y3rapyBumnap wioxku Oopuda ajoxuja OJOKAa, aBTOHOM XOJa
XucoOJMaHuIIM Makcaara MyBouk. by sca MaTeMaTuK MOJEIHH T€3 Y3rapTUPHILL,
MoAM(pUKALMS KWW UMKOHUHHM sipaTajd. Y MyMaH oJjiraHjaa Oy Tanad yHra karra
OyiMaran Y3rapTUpHIN OpKadu OOIIKa pean O0OBbEKTra MOCHAIIUIIHU, SBHU
MaTE€MaTUK MOJIEJIHU YHUBEPCAJUIMTUHU XapaKTepJiaiiu.

0emepMUHUPIAH2aH MOOeb - Xap OMp MyMKHUH OYJIraH KUPHII MapaMeTpiapu
TYIUIAMH YYYH YUKHII TapameTpiiapy Oup KUMMAaTiId aHUKJIAHTaH MOJIEIIb.

0eMePMUHUPIAHMAAH, CIMOXACIUK (IXMUMOJLIU) MOOeNb — Xap Oup MyMKUH
OynraH KWUpUII TMapaMeTpiiapu TYIUIAMH YYyH YHKHUII TapamMeTpiiapu Oup
KUIMATIW aHUKJIaHMaral MOJIeib.

84



VIIl. ATABUETJIAP PYHXATH

Mebépuii- XyKYKHil XyAsKaTaap.

1. V36exucron PecnyGmukacu  IIpesupeHTnHHHT «ONHil  TabInNM
MyaccacaJapuHUHT pax0ap Ba TMegaror KaJpJiapuHU KadTa Taii€pmam Ba
MajJaKaCHHHU OIIMPHUIN TU3UMHHH SHaJa TAKOMWUIAIITHPHII Yopa-TaaOupiapu
tyrpucuna» 2015 iun 12 uronnaru [1d-4732-con Gapmonu.

2. V36exucron Pecriy6mukacu Ipesunentunnar 2010 iiun 2 Hosbpaaru
“Onui Manakaiv WIMHA Ba WIMHH-TIENAroTHK Kaapjap Tal€piiall TU3UMUHU
sHa/la TaKOMWUIAIITUPUIN dopa-tanoupiapu Tyrpucuaa tu [1K-1426-connu
Kapopu.

3. Kagpnap raitépiaam mmumii nactypu. Y36exucton Pecry6iukacu Omit
Maxxnucunuar Ax6opotHomacu, 1997 iun. 11-12-con, 295-moama.

4. Y36eKucTon Pecnyonmukacu Ilpesunentununr 2012 #un 24 wuronparu
“Onuii Manakajid WIMHHK Ba WIMHK-TIENAror Kaapiap Tauépiiaml Ba arTecTalusaaH
VYTKa3ull TU3UMHHM SHaJla TakoMwuiamTupui Tyrpucuna’ tu [1d—-4456-con
dapMOHU.

5. V36ekucron Pecry6nukacu Basupnap Maxkamacuauar 2012 imn 28
nekabpnaru “Onuii YKyB IOpTUIaH KEUMHTH TabJIUM Xamjia OJIUA Maakaid UMUK
Ba WIMHMM TeAaroruKk KaJpJlapHU aTTecTallusJaH YTKAa3ull  TU3UMUHU
TaKOMUJUTAIITUPUIL YOopa-Tai0upiapu Tyrpucuaa’tu 365- connu Kapopu.

Maxcyc axaduéraap.

7. Camapckuii A. A.,., MuxaitnoB.A. Il. MaremaTtnueckoe MOJCIUPOBAHHE
Hayxka, M. 2005, 480 c

8. A.A.Camapckuii, B.A.I'anakTHOHOB, C.ILKypaomos, A.Il.Muxaitnos.
Pexxumbl ¢ obocTpeHreM B 3ajadax Juisl KBa3WJIMHEHHBIX MapaOoMyecKux
ypaBHenuil. M.:Hayka, 1987, 477c.

9. ApumnoB M. M. Mertoasl 3TaJOHHBIX YpaBHEHUU JUIsl PEUIEHUs HETUHEHHBIX
KpaeBbIx 3aj1a4. TomxkeHT Pan, 1988, 137 C.

10. ApunoB M. TaOuaTHIyHOCIMK Ba TEXHOJOTHsJIap/la aMalluid MaTemMaTHKa.
Tomkent 2013. 1-2 xucm

11.Juan L. Vazquez. The Porous medium equation. Mathematical theory, Oxford
Mathematical Monographs, Oxford University Press, 2007. 183.

12.Victor A. Galaktionov and Juan L. Vazquez. The problem of blow-up in
nonlinear parabolic equations. Discrete and continuous dynamical systems, vol.
8, Ne2, April 2002. 399-433.

Kymumua agaébuériap

85


http://www.lex.uz/pages/GetAct.aspx?lact_id=2676554

13.Wanjuan Du, and Zhongping Li Critical exponents for heat conduction
equation with a nonlinear Boundary condition Int. Journal of Mathematic
Analysis 2013 vol. 7, 11, 517-524

14.Zhongping Li, Wanjuan Du, Chunlai Mu Fujite Critical exponent for a fast
diffusive equation with variable coefficients. Bull. Korean Math Soc. 2013,
vol. 50, 1, 105-116

15.Aripov M. Sadullaeva Sh. To properties of solutions to reaction diffusion
equation with double nonlinearity with distributed parameters. Journal of
Siberian Federal university Mathematics&Physics 2013, 6, (2), 150-156

16. P. Zheng, Ch. Mu, D. Liu, X. Yao and Sh. Zhou. Blow-up analysis for a
quasilinear degenerate parabolic equation with strongly nonlinear source.
Abstract and Appl. Anal. vol 2012. Article ID 109546. 19 pages.

17. C. Jin, J. Yin, Critical exponents and non-extinction for a fast diffusive
polytrophic filtration equation with nonlinear boundary sources, Nonlinear
Anal. 67 (2007) 2217-2223 480—489.

18. Z. Wang, J. Yin, C. Wang, Critical exponents of the non-Newtonian polytropic
filtration equation with nonlinear boundary condition, Appl. Math. Lett. 20
(2007) 142147

19.J. Zhou, C. Mu, Critical curve for a non-Newtonian polytrophic filtration
system coupled via nonlinear boundary flux, Nonlinear Anal. 68 (2008) 1-12.

HNuTepHeTr Mmanbaajap
20.http://www.allmath.ru/
21. http://www.mcce.ru/
22. http://lib.mexmat.ru/
23. http://'www.webmath.ru/
24. http://www.exponenta.ru/
25. http://www.ziyonet.uz/

86


http://www.ziyonet.uz/

