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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€prain HyHanumnuiapyu Oyinda KalTta Tai€piiail Ba Majlaka OIIMPUIIHUHT 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 SpaTwill, 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 TaHJIAI, ajJrOpUTMIIAp SIpAaTHUILI 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 xyHuKMamapHu OJWII JaBOMHUJA THHIJIOBUMJIAp 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
doiinanaHu UWIMHANA-TEXHUKAa PUBOXKUTA CAJTIMOKJIHM TabCUP KYpCATHUIINIa aMuH
oynmaaumap.

MoayJaHMHI MaKcaau Ba Baszudaaapu
“AMaauii MacajJajJapHU KOMNbIOTEpPAa MOJEIAINTHPUIN’ MOIYJIMHUHT
Makcaau: by QaHuHMHT acocuid Makcaau THHIJIOBUWJIApAa MyalstH amaiauit
MacajajapHd €UYWIl Y9yH TyIIyH4Ya OWIMM Ba KYHHKMallap acocuja, mMacallaHu
CUUII YYyH TarOMK OTWIMIIM MYMKUH OViIraH ycyjjlap opacujaa dHT
caMapaJlCHHHM aXpaTuO OJWII, sSpaTWiraH €Kd MaBXKyJ yCYJUIAPHHUHT
SPOKIWIMTUHA 0axosaii kabu Oup KaTop Ha3apHil Ba amanuii Myammodsap Oyinda
OUJTUM Ba KYHUKMaJIapHHU YHUFYHJIAIITUPULIIAH HOOpaT.
TuHrnOBUMIAp Y4yH OUp KATOp TyIIyHYAJap yMyMJIAIITHUPWITAH XOJ7a,
ycyJuiap 3ca uyKyp Ba Oaradcun paBuiaa ypratuianu. XKymnagan ¢an gactypu
TUHTJIOBUMJIADHUHT ~WATApu  YpraHwiarad (¢QyHIaMeHTal Ba HMXTHUCOCIHUK

dannapura tasHaau. PaHuHM YpraTUIl OENTHJIAHTaH peka acocuja Mabpysa
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VKUII, ayAuTOpHs Ba KOMIIBIOTEp 3ajulapuiaH (QoiiaiaHraH XoJjjaa amanra
ommpunaad. byHna Ttamabanap 4YM3MKCHU3 YerapaBuil Macajanap, yJapHH
anmpoKCUMAausl KWINII YCYyJUIapH, allpoKCUMAalus TapTUOM, SKUHJIAIIMIIN Ba
TYPFYHJIMTY, YU3UKJIAIITUPUII YCyJIapyu KaOW MaB3yJIapHU YyKyp ypraHaauiap.
VYnapiaH Tamkapy MacallaHW €YUl QJITOPUTMHUHHM Ba JACTYPUHHU SpaTHIL,
JACTYypHHU CO3Jall, TECT Macajajap SApaTUIl Ba JAaCTypPHUHI WIIOHYWIWJIATUHU
TEKIIUPHUIL, XUcOOJall SKCIEPUMEHTIApU YTKA3WIL, OJMHIaH HaTHKaJapHU
MaTeMaTHK Ba (UMK KUXATAAH TaXJIMJI KWIKII Ba yJapHU BHU3yaJUTAIITHPHILI
KaOu MaB3ynap OujaH SKUHAAH TaHUIIAIUIap.

“AMajanii MacaJIaJIApHU KOMIIbIOTEPAA MOACJIAIITHPUIN” MOAYJTHHUHT
Basudanapu:

- 0abp3u Qu3MK >KapaCHIApPHU TACBUPJIOBUM MaTeMaTHK (yHKIUsIAp,
TEHIJIaMaJIap Ba yjapra KyWuirad maptiapHu (OOLUIaHFUY, YerapaBuii Ba OOIIKa)
KYWHUII BA YJIAPHUHT MAbHOCUHU YpraHUI;

- TUHIVIOBUWJIApJA Macajlap KyHHUII Ba yYHM €YUl YCYJUIAQPUHM TaHJIall
KYHUKMaJIAPUHU XOCHJT KHJIULI;

- aMajMil MacajJaJapHU €YUl YYyH IOKOPH OOCKUWIM aJITOPUTMHK
TUJUIApAA AACTYpJIap sIPaTHILL

- COHJIM MOJACIUIAIITHPHUII HATHXKAJIAPUHY TaXJIWJ KUJIHILL

- THUHIJIOBYWJIAp/a aJrOPUTMUK (UKpJIAIHU Ba AacTypjall MaJaHUSATHU
IAKJJTAHTHUPHILL

MoayJ1 0yiiM4a THHIVIOBYMIAPHUHT OMJIIMMH, KYHUKMACH, MAJIaKACH Ba

KOMIIeTeHUMSIIIAPpUTa Ky HHJIaUTraH Taaadaap

“AManuii MacanajdapHd KOMIBIOTEpAA MOJAEIAIITUPUIT YKYB (paHUHU
Y3JAITHPUII Kapa€HuJa aMmaira OIUpUIaJural Macajaiap 10Mpacua:

TunraoBun:

— IOKOpM Japakaaud TWUIAPHUHT WMKOHHATIAPH;  aJTOPUTMIIAD;
MOJAYJUIM JacTypJlall; ONEpPaTOpPJAPHUHI YEKJIW alupMaid anipOKCUMALUSCH,
annpoKCUManusl XaTOJUKIIApH; aWupMall CXEMAJIAPHUHI TYPFYHJIMIH Ba
CUMMJIAQPHUHT Macaja IapTiiapura y3JIyKCu3 OOFJIMKIMIY; YU3UKJIAIITUPHUIL Ba
uTepanus OepuiraH MacalaHd COHJIM €UMILJArH Xap XWJI aHUKJIUKIAard airpMani
cxeMmajap; auMpMajiyd MACAJlaHW €4YMIN YCYJIHHM TaHJall; YU3UKCH3 CXEMaJlapHU
YU3UKJIAITUPUII YCYJUIApU; MOC QHAJUTUK Ba COHJIA E€YUMJIAPHU SpaTUL;
HATWKAJIAPUHU BU3YyaJ TaKIUM 3TUILHH OUIUMMU KEPaK;

—  XxHcoOnaml SKCHEePeMEHTHHHM YTKAa3WIL; MacalajlapHd €4HIll YYyH
SPOKJIM METOJJIAPHH TAHJIAII Ba TaxJIMJI KWIWIL; alMpMald CXEMaJapHU TaHJIall;
CakJIaHMII KOHYHJIapUIra MOC PaBHIIJIa CXEMaJapHU KYJUIall; FOKOPH aHUKIUKIArH
TYpFyH CXEMaJapHU OJIMII; alipMaid MacajaH! €YUIIHUHT TYpFYH YCYJUIApUHH
TOMHUIL; a0COJIOT TYPFYH allMpMaid CXeMalapHU OJIUI, OJMHraH HaTHKajJapHU
BU3YAJUTAIUTUPULI KYHUKMARapu2a 32a Oy1uuiu Kepak;

—  OolIaHfU4-4yerapaBui MIAPTIAPHU AHUKJIAIIL, aMaJMi MacaiajlapHu
MaTeMaTUK MOJJEIUIAIITUPUII Ba KOMIIBIOTEPJIA €UWIL; OJMHIaH HaTWKaJapHU
AHUKJIWK  JapaXaCMHW  aHMKJIAIl  MakcaguJa TaxJWil  KWINI,  COHJIU



MOJICJUTAITHPHUII HATWKAJApUHUHT YpraHuiaaéTrad xapaéHiap Ba oObEeKTIapiap
OWJIaH MOCJIMTUHU TabMUHJIAI MalaKa1apuza 32a 0yauuiu Kepax.
Moay/aHu TANIKWI 3THII Ba YTKA3HII OYHHYA TaBCUAJIAP
“AManuii MacajlajJlapHi KOMIBIOTEpJa MOACIUIAIITUPHUII KypCH Mabpy3a Ba
aMaJIuil MalIFyJI0TiIap MaKiuaa oiaubd Gopuiaau.
Kypcau yxutuin skapaéHuja TabIMMHUHT 3aMOHaBHI MeTOAJIapu, axOo0poT-
KOMMYHUKALIUS TEXHOJIOTUSIAPU KYJUIAHWIMIIY Ha3apa TyTHIITaH:

-Mabpy3a Japciiapyia 3aMOHABUM KOMITBIOTEP TEXHOJOTHsIapu €paaMuia
MPE3EHTALMOH Ba JJIEKTPOH-AUIAKTUK TEXHOJOTUsIIapAaH;

- YTKa3WIAUIaH aMaJIni MAIFyJIOTIapAa TEXHUK BOCUTANIAapIaH, dKCIpecc-
CYpoBiap, TECT CYPOBIIApH, aKIUN XYKyM, TYPYXJIH (PUKpiall, KHYUK TypyXJap
OusaH MIILIAll, KOJUIOKBUYM YTKa3uIll, Ba OOIIKAa MHTEPAKTUB TabJIUM YCYJJIApUHU
KYJUTall Ha3ap/ia TYTHIAIN.

Moay/JTHHHT YKYB pexajaru 00mKa MoayJiap OujaaH O0FJINKJINTA Ba

Y3BUIJIUTH
“AManuii MmacanajgapHi KOMIIbIOTEPa MOAESUIAIITHPULLL MOJIYJIN Ma3MyHHU
VKyB pexaaaru ‘“‘JlacTypiam TexHoJorusiapu’, ‘“AManuii MaTeMaTUKAHWHT

3aMOHaBH MyaMmoJapu”’ VKyB MOJyJIapu OujiaH y3BUW OOFJaHTaH XoJijaa
MEeJaroryiapHUHT MEbEPUN - XYKYKHH Xyxokarinap Oyiinya kacOud megaroruk
TaEprapiivK Japa>kaCUHA OPTTUPHUILTA XU3MAT KHIAIH.

Moay/JHHHT 0JIMH TABJIUMMIATH YPHHU
MoaynHu y3MalTUPUIT OPKAIM THHIVIOBUWIAD aMalud MacaJlaJlapHUHT
MaTeMaTUK MOJEIJIapH, YyJapHU €YUl yCcyJulapu Ba JAAacTypuil TabMUHOTIAP
ApaTull, XxucoOiam TaxpuOadapUHU YTKA3WIL, OJIMHTAH HATHXKAJApHU TaxJIHII
ATHUII, aMajja KyJam Ba OaxoJjamra Joup KacOuid KOMIIETEHTJIMKKAa 9ra
oynmaaumap.

Moaya 0yiin4a coaryiap TAKCHMOTH
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OAT Ba XXJT Ounan TacBUpJIAHYBYHU

2 pKapa€HJlap  Ba  YNApPHH  KOMIBIOTEPAA 4 | 4 | 2 2
MOJEJUTAII THPHILL.
Nkkn Ba y4 KaTjaMJjiyd TEHIVIaMaJapHU EUMIIl

3 yCyJUIapH. 414 2 2
V3rapmac K03 OUIIEHTIIN UCCUKJIUK

4 [FAPKAMIL Macalalapi yqyH 4eKin animpMmaiu sl g | 2 4 5
cxemasiap Ty3um. KoHcepBaTuB cxemanap
KypHII.
KBa3WunM3uWKIM  UCCHUKJIMK  YTKa3yBYAHJIUK

S5 [|macamanmapuHu KommbtoTepaa 8 | 8 | 2 6 0
MOJICJUTAIITUPHIIL. TexxaMKOp cxemalap.

KAMHU 28| 26 | 10 16 2

HA3APUM BA AMAJIN MAIIFYJOTJIAP MASMYHU

1-Mag3y: ®U3HK KapaéHJIAPHUHT MATEMATHK MoJe 1apu. Yekiu
alilupMaJsIm cxemaJjiap.
Mypakka® xapa€HIapHM Ha3apuil TagKUK KWIAII YCyJIu - XucoOmall
HKCIIEPUMEHTH Ba YHHUHI Oockuwiapu. @Pu3uk xapaCHIapHU TACBUPIOBUYU
MaTeMaTuK Mozeiuiap. Ueknu aiupMany CXEMAJIAPHUHI aCOCHW TyLIyHYalapH.

Typ, TYp bynkuusnap. Onnuit auddepenimamiap.

2-Mag3y: OAT Ba XX/IT Ous1aH TacBHPJAHYBYH KAPAEHJIAp Ba yJIapHH
KOMNBITEPAa MOACIAITHPHUILL
Onmuit muddepennnan Tenrnamanap yuyH Komm macanacu Ba yerapaBuid
Macananap. Xycycuil xocwianu auddepeHiman TeHraamanap. bomanruu Ba
yerapaBuil Macajianap KyWHuIl.

3-Mag3y: Ukku Ba y4 KaTJIaMJIM TEHTJIAMAJIAPHU e4ull yCyJIapH.
Conymm TeHrnamanapau euuin ycysuiapu. ['aycc ycymu. Ilporonka ycymm.
[Iporonka ycyJquHuHT BapuaHtiapu. [[poroHka yCyJIMHUHT TYPFYHJIUTH.

4-Mag3y: Virapmac k03(pPHIHEHTIN HCCHKINK TAPKAJIHII MaCAIAIaAPH
YUYYH YeKJIM ailupMau cxemajap Ty3uil. Koncepsarus cxemajiap Kypuiu.
V3rapmac k03)GHIMEHTIN HCCUKITMK TAPKAIKII TCHIIAMAIApH Y4yH YeKIIH
aitupmanu cxemanap. Ouikop Ba omkopmac cxemanap. [Tapamerpiau cxemanap.
KoncepBatuB cxemanmap. HWHTerpo-unTepnonssuvon ycyia.  HHTerpo-
WHTEPIIOJALMOH yCYJl EpAaMuia YEKIIM alMpMaIi cXeMayiap KypHIi.

5-Mag3y: KBa3uum3nk/Iu MCCUKINK YTKAa3yBYAHIMK MacaJIaJJapuHi
KOMIIbIOTepaa MoaesiamTupum. TeskaMkop cxemaJgap.
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KBa3nunm3uknm MCCHKIMK YTKa3yBUAHIHUK TEHIJaMalapu Ba YU3HKCH3
coxXajlapfla UCCUKJIMK TapKaJuIl >KapaCHIApUHUHT MoJesuiapu. Yeknu aitmpmanu
cxemanap. Un3nkmamTupul.

Kyn ya4oBnM HMCCHKIMK YTKa3yBUaHJWK TEHIJIAMATIapU Y4YyH y3rapyBUyaH
nyHamuuiap ycynu. Jlokan Oup yadoBiau cxemamiap.

AMAJIMA MAIIFYJIOTJIAP

AManuii MaImFyJaoTiap 3aMOHABHMA JTUIAAKTUK TabMHHOT Ba JlabopaTopus
KUX03/Iapura sra Oynran ayauropusiiapaa xamaa MHTepHeT TapMOFura yiiaHraH
KOMITBIOTEP CHH(IapU/a, TasHY OJIMH TahJINM MyaccacaJlapuHUHT Kadenpanapuaa
TAIIKWAJI 3THJIA/IN.

Amanuii MaimryinoTiapaa  (U3MK Kapa€HIApPHU TACBUPJOBYM  aMaJldid
MacajajJapHUHI KYWWIWIIH, YJApHU €YUII YCyJulapu, MacajlaHh EYUIIHUHT
aNTOPUTMHU Ba JACTYPUHU SIpaTUI, JACTYPHUHT TYFPWJIMITMHHU TE€CT Macaialiapia
TEKIIUPHUII, XUCOOJAIl SKCIEPUMEHTIAPU YTKA3WIl Ba OJMHTAH HaTWXKaJlapHU
TaxJIW1 KAWL Macajanapy ypraHuiaiau.

AMaJMid MALIFYJI0TJAapAa KyiuJaaru MaB3yJiap Ba Ba3UATIN Macajaaaap

YpraHujiaam:

Opmuit  nuddepennman Tenrnamanap yuyH Komu Ba dyerapaBuii
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
KYJIJIAIll Ba yJIAPHU COHJIM €4uIll. YM3UKJIAITUPUII.

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

Hkku ynmuamnum MacanainapHy y3rapyBuyaH MYHAIMIILIADP YCYJIUIa CUHIILL.

Nkku ymuaMu MacanaiapHu JOKal OUp YIYOBIM cxemanap EpaaMuaa euull.

Top Tebpanuiy ManaiagsapruHu COHIU MOJISTUTAIITUPHIIL.

Xucobuall HKCIIEPUMEHTH HaTHKATAPUHUA BU3y I THPHIIL.

MYCTAKNJ TABJINM

TUHTIIOBYM MYCTaKWI WITHU MYailsiTH MOJYJHUHT XYCYCHUSITIIADUHU XHUCOOTa
OJITaH XO0JIJ1a KyWuary makyuiapaan Goriganann6d taiépiamm TaBCHsl STUIIAIN:

- MeBEpPUN XyXOKaTiapJaH, YKyB Ba WIMHUM agabuétnapiaan QoiiganaHuil
acocujia MOAYJI MaB3yJIapUHU YPraHUIIL,

- TapKaTMa Matepuasuiap 0yiinua Mabpy3ajlap KHCMUHH Y3JIallTHPHILL

- Maxcyc agabuérnap OViinua Momayn Oynumiapu €K MaB3ylapu ycTHaa
MIILJIAIIL,

- amMaIuil MalFyJaoTIapaa Oepuirad TOMIIUPUKIApHA Oa’KapuIll.

YKUTHII TAKJIJIAPHA
Maskyp mMoayn Oyitmda Kyiuaaru YKUTHIN MaKJiapuaad QoiaamaHuianm:
Mabpy3ajiap, aMaIMid MaIIFyJa0Taap (MablyMOTIap Ba TEXHOJOTHSUIAPHU aHTIIA0
ONIUI,  aKJIWA  KU3WKUIIHU  PUBOXJIAHTHPHIN,  Hazapuid  OWJIMMIIApHH
MyCTaxKamJiall);



0axc Ba MyHO3apanap (JoWmxamap ednMH OViWYa mamuuiap Ba acociu
apryMEHTJIapHU TaKIWM KHWIWII, ODIIUTHII Ba MyaMMOJap CYUMHUHHU TOIIHII
KOOUJIUATHHYU PUBOKIIAHTUPHII).

"KOPUI HA3BOPAT(ACCUCMEHT)HU BAXOJIAIII ME3OHH
opnii  HazopaT(acCHCMEHT)HM  Oaxomam  Y30ekucToH — Mmumii
YHUBEPCUTETH Xy3ypHJaru nejaror KajpiiapuHu KailTta Tai€priail Ba yJIapHUHT
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.

AJTABUETJIAP PYVIXATH

Mebépuii- XyKyKU# XyasKaTaap.

1. V36ekucron Pecniyonmukacu  [lpesuneHtuHunr  «Onuil  TabiauM
MyaccacaJlapuHUHT pax0ap Ba Iegaror KaJpiapuHd KaiiTa Taii€piam Ba
MajakaCUHU OUIMPUII TU3UMHMHHM SHaJa TaKOMWLIAIITHUPUIL 4Yopa-Taadupiapu
tyrpucuna» 2015 iinn 12 uronnaru [1d-4732-con Gapmonu.

2. V36exucron Pecny6mukacu Ilpesunentunnar 2010 imn 2 Hosbpaarn
“Onui Manakaiv WIMHM Ba WIMHH-TIENArOTHK Kaapijap Tal€piiall TU3UMUHU
sHaja TaKOMWJUTAINTHPUIN Yopa-taadupnapu Tyrpucuna’tu [1K-1426-connm
Kapopwu.

3. Kampnap Taitépiam mumtuii nactypu. Ys6ekucton PecryGmukacu Ot
Maxucuauar Ax6opotaomacu, 1997 i, 11-12-con, 295-mo1a.

4. V36exucton Pecny6mukacu Ilpesumentuauar 2012 iimn 24 wmrongard
“Onuii MaJlakaid WIMHAK Ba WIMHK-TIEaror KaapJap Tainépiail Ba aTrTecTalusiaH
YTKa3uIl TU3UMHHHM SHaJla TakoMwuiamTupui Tyrpucuna’ tu [1d—-4456-con
dapMOHU.

5. V36ekucron Pecry6nukacu Basupmap Maxkamacuauar 2012 iimn 28
nexkabpnaru “Onuii YKyB IOpTUIaH KEUUHTY TabJIUM Xamja OJIUA Malakaid WIMHAK
Ba WIMHMM TEaroruKk KaJpJlapHU aTTecTalusaH YTKa3ull  TU3UMUHU
TaKOMUJUTAIITUPHUIL YOpa-Tai0upiaapu Tyrpucuaa’tu 365-connu Kapopu.

Maxcyc agaduériap
1. bpuan P. XyuTt, Ponang JI. Jluncman, XKonatxan M. Pocenbepr A I'yuzae To
MATIJIAB. Cam6puare Yuusepcutii [Ipecc. 2014.
2. Commnc I'W. ®OyHnameHTan Hymepucad METXOAC aHJ Jara aHajiicuc.
['eopre W. Comnunc, U 2003.

3. I'. W. Connunc, @yHgaMeHTall HymMepucal METXOAC aHJ JlaTa aHaJicuc,
[Ty6mumep XapBapa Yauepcutii npecc, 2003, . 259.
4. JI. P. Ccotrt, Hymepucan Ananiicuc, [Ipunceron Yuusepcurii [Ipecc, 2011,

n.323.


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

S. P. JI. bBypnen ann K. JI. ®aupec, Hymepucan Anamiicuc, HUHTX 3AUTHOH,
Bbpookc/Cone mnybnumep, Cenrare Jleapuunr, Canana, 2011, MICBH-13: 978-0-
538-73351-9.

6. Camapckuii A.A., MuxaiinoB M. Maremarnudeckoe MOJICIUPOBAHUE: UJIEs,
MeTo bl mpuMepbl. M.: @uz.mat.muT., 2005.-320c¢.

7. TuxonoB A. H., Kocromapos /I. II. BBoaHble JeKIMKM 1O MOPUKIATHOU
maremaTtuke. M. Hayka. 1984, 190 c.

8. MartemaTtnueckoe mozpenupoBanue / Ilom pen. Jx. Duaproca, P. Mak-
JloyHa; niep. ¢ anra. — M.: Mup, 1979. — 278c.

Q. Cwmutx I'.J[. Hymepucan Conytuon od Iaptuan Auddepentran sxyaTnoHc:
¢unute nuddepence merxosac 3pa aa. — Oxdopa Yuusepcurii [Ipecc, 1986. 350
.

10. W. X. IIpecc, C. A. Teykonckit, W. T. Berrepnunr, b. I1. ®nannepii,
Hywmepucan Pecunec un C, Txe Apt o Ccuentufic Comnytunr, TXupj 3AUTHOH,
2007, Cambpunre ynusepcutit ipecc, MCBbH-13: 978-0521880688.

11. A. H.TuxonoB, A.A.Camapckuii. YpaBHEHHS MaTeMaTU4YeCKON (PHU3UKH.
Hayka M, 1972.

12.  A.A.Camapckuii. Teopus pazHoctHbix cxeM. Hayka. M.: 1977 r.

13. Hcpaumno M.U. Xucobnam metonnapu, UU. —T: Y36ekucron. 2008.

14.  Hcpounos M.W.. Xuco6nam mMeromnapu. 1-tom, Tomkent, Ykurysun, 2003.
15. [JanaxonoB T., MyxurauaoB M. Matnab acociapu. TOIIKEHT. V3DA dan
Hampuéru. 2008 .

16. Kwupbsaos [[. MatxCan 13. C.IleTepOypr. 2006.

17. MarpocoB A. Mame 6. U3a-Bo “bBXB-IlerepOypr”, 2001.

Nutepuer manbaajiap

WWW.HH(POCOM. Y3

WwWw.Tpecc-y3.uH}po

WWW.3UEHET.Y3

WWW.eIy.y3

XTTII://0OCW.MUT.ey/coypcec/MaTxeMaTucc/
XTTI://OHIMHE.CTAT.HCCY.ey/ OHIIMHE-TIPOTPaMC/OHINHE-TpaayaTe-
cTaTucTUCCc-coypcec/

/. XtTH://ycepc.Mar.yHUMU.UT/ycepc/maBapuno/pucuca/

8. xTTIm://WwWw.nudenoHr-jeapHepc.com/mae/com/

9. xrTm://oCW.MHT.eny/Coypcec/marxemaTucc/ 18-335x-uHTpOo1yCTHOH-TO-
HyMepucCan-metxozac-hami-2004/

10. xTTm://cutec.cTat.ncy.eay/OHINHE/ 1eBETOTMEHT/

11. xrTm://cTyai.CoM/OHIIMHE CTaTUCTUCC COypCe.XTMII

ok wnE

10


http://www.infocom.uz/
http://www.press-uz.info/
http://www.ziyonet.uz/
http://www.edu.uz/
http://ocw.mit.edu/courses/mathematics/
http://online.stat.ncsu.edu/online-programs/online-graduate-statistics-courses/
http://online.stat.ncsu.edu/online-programs/online-graduate-statistics-courses/
http://users.mat.unimi.it/users/pavarino/fisica/
http://www.lifelong-learners.com/pde/com/
http://ocw.mit.edu/courses/mathematics/18-335j-introduction-to-numerical-methods-fall-2004/
http://ocw.mit.edu/courses/mathematics/18-335j-introduction-to-numerical-methods-fall-2004/
http://sites.stat.psu.edu/online/development/

11. MOIYJIHU VKUTHIIJIA ®ONJATAHNUIAIMTAH UHTEP®AOJ
TABJIMM METO/UIAPH

“Keiic-ctaan” MeTOaH

«Keiic-ctagmw» - uHrimszva cy3 OynuO, («cace» — aHUK Ba3usAT, XOJUCA,
«CTagm» — YPraHMoOK, TaXJIWJI KUJIMOK) aHHUK Ba3WATIAPHU YPraHWIN, TaxJIAJ
KUJTUII acOCH/Ia YKUTUIITHU amMalira OUIMPHILITa KapaTUiraH METOJ XHUCOOIaHaIu.
Maskyp w™eron pgactiad 1921 #mn  TapBapan yHuBepcuTeTHJA —aMaiui
Ba3USATIApJAaH MKTUCOAMM OomikapyB (annapunu ypranumjaa GoigaiaHuin
TapTuOuaa kymnanwirad. Keiicna  ounk axOopoTiapiaH €KUM aHUK BOKea-
XoAucanaH BasuAT cudartuga Taxua ydyH (QoipamaHum MyMmkuH. Kelic
Xapakariapu Y3 wuura Kyuugarwiapau kampad omamu: Kum (Wxo), Kadon
(Wxen), Kaepna (Wxepe), Huma yuyn (Wxii), Kangait/ Kanaka (Xow), Huma-
HaTwka (Wxar).

“Keiic MeTOAU” HH aMaJIra OIIMPHUII OOCKHUYJIAPHU

N daoaudaT HIAKJINA
0ocKu4JIapu Ba Ma3MYHH

<

1-6ockuu: Keiic Ba yHHHT AKKa TapTUO1aru ayJuo-BU3yal HIIL;

ax0opoT TabMUHOTH OwiaH | v/ Keiic OWIaH TAHUIIMII(MATHIIA, AyIHO0 EKHU
TaHUIIITUPUIIL Meaua I1aKija);

v ax0OpOTHH YMYyMITAIIITHPHIIL,

v’ ax00pOT TaxJIHIIH;

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

v’ acocHii MyaMMOJTH Ba3HSTHA OeJITHITAIIT
3-00ckuu: Keiicmarun acocwuii | v/ MHIMBHIYAN Ba TypyXJa HIILIALL
MyaMMOHH  TaXJWj  OTHII | v MyKOOWJ €4nM HYIIapvHU UILTa0 YHKHUIIL;
OpKad¥ YKyB TOMNIIMPUFUHHUHT | v Xap OWp €YMMHHHT WMKOHHSATIAPH Ba
€UMMHUHU H3JAlll, Xald JTHUII TYCUKJIAPHU TaXJIWJT KUJIHILL
HynnapuHu UIiad YUKHIL v MyKOOHIT €4MMITAPHH TaHJIalll

<

4-0ocknu: Kelic eunmMuHH SKKa Ba TypyX/ia UIIUIAIIL;
€UMMUHM MIAKUIAHTHPHMII Ba | v/ MyKOOMJI BapHaHTIApHH aMalia KyJulall
acocalll, TaKIAMOT. UMKOHHUSITIIADUHYU acoCIal,

v’ WXKOIUN-T0MNXa TAKIMMOTUHU TanépJari,

4 SIKyHI/Iﬁ XyJjoCa Ba Ba3uidAT CUHMMUHHUHT
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aMaJIui aCreKTIIaPUHUA EPUTHUI

«ODCMY» meToan

TexHOoTOrMAHMHT  MakKcaau: MasKyp TEXHOJIOTHSI HIITHPOKYUIIApAArH
yMyMHI GUKpIap/iaH XyCyCcui Xyocaiap YMKapulIll, TaKKOocalll, Kueécall opKaiu
ax0OpOTHHU Y3NIAIITUPHII, XyJIOCATAll, ITyHUHTICK, MyCTaKWI WKOAUNA (UKpIIAI
KYHUKMAJIApUHU [IAKJUIAHTUPUINTA XW3MAT Kuiaad. MasKyp TEXHOJIOTHUsIaH
Mabpy3a MAIIFyJIOTIapUAa, MyCTaxKamiIalla, YTWITaH MaB3yHHM Cypaunija, yura
Bazuda Oepuiiga xamMaa aMaIuid MAaIIFyJ0T HaTWKAJaApUHA TaxXJIWJ STHIIIA
doitnananuIn TaBCUs YTUIIAJIH.

TexHOIOTHAHN aMaJira OIUPUII TAPTHON:

- KaTHaIluMjapra MaB3yra OWJ OYyiraH SKyHHH Xyjoca €Ku Fosd Takiaud
ATUJIA]IN;

- xap Oup wumrupokynra O®CMY TEXHONOTHACUHUHT OOCKUUWIApU E3WIIraH
KOFO3JIApHU TapKaTUJIAIN:

* (UKPUHTU3HU OAEH 3TUHT

* ¢pukpuHrU3HU OaéHura cabad
KYpCAaTHHT

* Kypcarran cabaOWHTU3HU
ucO0TIIad MUCOJI KEATHPUHT

* GUKPUHTU3HU YMYMJIAIITUPUHT

-  UWIITHUPOKYMJIAPHUHT  MyHOcalaTliapyl HWHIAUBUAYyal EKH TYpPYyXHi
TapTHOAA TAKIUMOT KHJIMHAIH.
OCMY  rtaxjuiau KaTHaIIuujaapaa KacOWii-Hazapuil OMJIMMIIApHU aMalvid
MalIKjIap Ba MaBXKyJd Taxpubamap acocuaa Te3poK Ba MyBaddakusTin
V3MamTUPUITUIINTA acoc OyIaam.
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I11. HASAPUA MABJIYMOTJIAP

1-Mag3y. Mypakka0d xapa¢HJapHU Ha3apuil TaAKMK KWINII YCYJH -
XHco0Iam JIKCHEPUMEHTH Ba YHUHI OocKuwiapu. ®U3HK KapaéHJIapHU
TACBUPJIOBYM MaTeMaTHK wmojae/iap. Yekiau aiupMaad CcXeMaJapHHUHI
acocui tymryHyajgapu. Typ, Typ pyHKuusiiap.

Peixka:
1. Mypakka0 sxapaHIapHU Ha3apuil TaAKUK KWIHII yCYJIU - XHCOOJamI
HKCIIEPUMEHTH Ba YHUHT OOCKUYJIAPH.
@u3KK )KapaEHIapHU TACBUPJIOBYMA MATEMATUK MOJEILIAP.
Yeknu allupManu cXeMallApHUHT ACOCUN TYITyHYaJIApH.
Typ, TYp byHKUIUSIAD.
Onmuit nuddeperumamiap.

gk wn

Tasinu cy3aap: xucobnaw s3xcnepumenmu, mMooeib, MaAmMeMamuK MoOoeib,
auupmany cxemanap, Hekau auupMmaiu cxemanap, myp, myp @yHxyusiap,
ougppepenyusannap.

buszra TtapuxpaH MabIyMKH TYypiau XYXXalUK MacaJlaJlApUHU ECUUIIIA
MaTteMmMaTuKaJaH KeHr (oiganaHu0 KeJuHrad. MaTreMaTukajgaH OJIIUHTU
BaKTJIap/a cojiia xucooanuiapaa Ba TypJid XUl yidaiapaa KeHr (oiiiananuiio
KEJIMHTaH.

Typnu dannapHuHT PUBOXKIAHUIIKAA MaTeMaThKa MYyXUM poOJib ViHAO
kenraH. TeXHUK, TEXHOJIOTHK, WKTUCOAWWA Ba OoImKa kapaéHjapra OWI
TQIKUKOTIApAa MaTeMaTUK yCyJUIapHH  KyJulam — ymoly  skapaéHJIapHUHT
KOHYHUSTIIADUHYU YPraHUIIJIA MyXUM Ha3apuid Ba aMaJIMi HATHXKajapra SPUILLIHILI
UMKOHUSTUHH Oep/Iu.

Moaennamrupuinga YpraHwia€rran >xkapaHHUHT Oapya XoccallapuHH
xucoOra OJIMII MyMKHUH 3Mac, anbOarra. byHpail skapaénnap yuyyH KyHuaaurad
acocuit Tanabyiap Me30H BazupacuHu Oaxxapaiu.

Tannanran TU3UMJIAPHUHT Typau (AOAUAT WyHATMIUIAPUHUYPIaHUII YUYH
Xap XWJ MaTeMaTuK ycyiuiapaaH doiipananunagd. bynapaan sHT MyXuMIIapUaaH
OupH ONTUMAJLIAI Ha3apHUsICH Ba MAaTEMAaTHK JACTypJIallIup.

MareMatuk MoJien - MaTeMaTHK Oenruiap €paamMuaa TallKy AyHEDA COIUP
Oynaérran xoaucanapHuUHT udomamanumuaup. MaTtemMaTuk MOJeUTAIITHPHIILI-
AHUKJIAIITUPHUIL, OAopaT KWIHIIl Ba Oomkapwui ycyiau[16].

MareMaTuk MOAETHUHT KyUuJard Typjiaapyu MaBxy.

1. Tyrpu macana: bepwiran nokan KoHyHIapra acocaH ((pu3uk, XUMHUK, OMOJIOTHK,
HPKOHOMHK Ba OoIlIKanap) ypraHuwia€TraH CUCTEMaHU WYWJAH YMYMUH JKHXaTIaH
CUCTEMA Y3WHU KaHJai TyIIyHHUIINTa %KaBoO OepHIlM Kepak.

by xonga ypranuna€rraH CUCTEMaHM XaMMa MapameTpiiapd MabiIyM Ba Xap XM
mapTJIapHu XyucoOra onumiga (YpraHuliga) MOJICIHUHT XapakaTh YpraHuiaau.

2. Teckapu wmacana: bepuiaran MabaymMoTiiap Ba  MOJAEJUIAIITHPHUILIHA
HAaTWXKAJIADUHA MOJIE]l TNapaMeTpjapyuHU aHUKJIAll OpKalIM MOCIAIITHPUIIAIN.
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Kynuuua ypranmmaérran oOBEKTAardn XakWKUi jkapaéHiap HOMabiIyM Oyicana
JICKUH Jespin YXIIauuiapy Ky3aTuiiaau.

Ky3arummapHuHr HaTKajlapy OpKalid OOBEKT XapakaTWHU —KaHAai
xKapaCHiap — OpKadu  OONIKAapWIIHU  Ba  MOJIETHH  aHUKJIAIITHPAJAUTaH
napameTpJiapHU aHUKJIAIITHPUINTra Xapakar Kuiaau. Teckapu macaiaaa cucteMa
XapakaTh OpKaJii apaMmeTpiiap KHHMaTUHU aHUKJIAI Tanad KUITMHAH.

3. bomkapuin cucTeMalapuHU JIOWUXANTAMITUPHUIL. By MoOJemIamTUupUIIIHUHAT
OyTyHJIail acocuid coxacu O0YIr0, aBTOMaTH3AIUSIIAINTAaH OOIIKAPHIN CHCTEMaJIapH
Ounan uil kypaau. MareMaTuK MOJIETTHH KypHIll Oup HeuTa O0CKUY1aH HOopar.

1. Konynmapau taptubnam OYymmO, y MOACIHUHT acCOCHA OOBEKTIApWHU
OOFaiiIu.

2. MareMaTuk MacajlaJapHu ypraHuIl.

3. Texmmpum. Monennn amanuéTaa KyJUIAaHWIAIIAHA YpraHuml.

4. Mopen aHalmu3u Ba YHUHT MOJIA(DUKAIUSCH.

Marematuk MozenHu ypranum 6ockuwiapu. Cudariu MoaenHu Ty3unl. by
OockMya cucTeMaza aMall KWJIaJWraH KOHYHJIAp XapakaTHHU Ba allOKaJapHU
aHUKJIaII.

by xonyHnap ¢usuk, XUMHUK, OMOJOTHK, YKOHOMHK Ba XOKa30 OYIUIIM
MyMKHH. By crctemana acocuii aHMKJIOBUM KYPCATKUWIAPUHU AXKPATHUILI MYMKHH.
by Moxengaru xaMmMa xo/iMcajgapHi aHUKJIAIIHU Tanad KyInil MyMKuH sMac| 17].

MonennamTupuin  Macatacu-XxapakaTHUHT aCOCHM ME30HJIApUHHU  YHUHT
y3ura XoCc aHUKJIUKIAPUHU KeATUpuO umkapumiaup. [lyruHr yayn Oy momenHu
Kypuliga ¢akar kKywin 3¢dexTiaapHu xucoOra oiuil Kepak. ABTOMOOUIUIAp
XapaKaTUHU Ky3aTHUILJA PESTUBUCTUK Ba KBAaHT 3(QeKTiaapHH XucoOra OJMILI
HOTYFpu: Oy addexTnap ce3unapau napaxana Oynmaiian. by xomatr monen
TY3HUIIIJIa Xap JOUM XaM CoJup OyiaBepmaiiau.

MareMaTuk MOJETHM TallKwi Kwinil. by 6ockuyna mry cucremana HUMa
coaup OYIMIM MaTeMaTHK TapTHONAI opKain ndogaTaHUnany. Y praHuiaérran
KapaHHUHT MaTeMaTuK wudonacu TeHramanap cucremacu, auddeperuan
TEeHIJIaMayiap cuctemacu, auddepeHiman TEeHIIaMalap Ba KOHYHJIAp TYIUIaMu
Oynmumm MyMKuH. Arap mojaen nuddepennnan TeHraaManap opKaiu udoianaHca
Oy monen nuddepeHiuan reuunamm.

Arap Oy monen 6ab3u Oup TeHriIamanap opkanu udomananca, 6y Mozenl
JNEeTEPMUHUCTHUK OYnamu. Arap Mojen 6ab3u OUp IXTUMOJIITUK KOHYHUATIAP OuiaH
udoaananca, yHaa MoJen XOAucCaJapHU MOJAEIAIITHPUIL OJAWAaH WiM (aH Ba
TEXHHUKA/Ia FOSJIAPHU CHHAII YYyH TUTIOTE3aJIapHU KaiTa MIIJIAll, SKCTIepUMEHTAI
MaTepuaIapHu KaOyn kuhuiiaa dhongananuarad [16].

busra mabnymku, KuOepnermka ¢anu «Tupuk  maBxkyaomiap Ba
MANIMHAJAP aJIOKacH Xam/a yJapHu Oomkapum» xakujnard gan cudaruia
H.Bunep ToMoHMIaH Kamig dTHIIH.

Kubepnernka QaHUHUHT T€3 PUBOKIIAHUIIN OWp KAaTOp yHra SIKUH OYnraH
dannapau maiino OynuMImMra Ba Kagal PUBOXKIAHUIIUTA OonubO kenmu. byHma
MaTEeMaTUK MOJCIIAIITUPHUII XUCOOAI MallMHAIAPH Ba TAPMOKJIAPHU ONTHMAI
jJoWmxanam KabW XuiMa-XWj ~KAOSpPHETHMK MacajlaJapHU €YHWIIa KEHT
KYJUTaHWJIaIH.
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MarteMaTHK  MOIeJb—O00BEKT €KH JKapa¢HJAPHUHI  TEHIJVIaMa,
TEHICH3JIMK, (opMyJia, kaaBaJd €kM rpapuk KypuHumuaara vudomaacuaup.
KubepHetnka sca Mypakkad oObEKTIap alOKaJapyUHU Ba YJIapHH OOIIKAPWUIITHU
MOJICIIIAIITUPUII XaKUAaru yMyMH, sroHa GhaHaup.

Arap 6utTa (PaKTOPHUHT KMMMATHHU Y3rapyBuHu Je0 kapald, KoJraHJapuHU
mapTiau paBuinjga y3rapmac ae0 Kapacak, Oup (akTopiau MaTeMaTHK MOJIEhb
KYpHUILIMMHA3 MyYMKHH.

Arap xamMMa (axkTopiapHU y3rapyB4UHM Kapacak, Kym (aKTOpiud MaTeMaTHK
MOJIeNra ra 0yiamMus.

Arap MaTeMaTHK MOJEIHUHT (akTopiapu XaM Vy3u XaMm Taconupuid
Ooynmaca, OyHIall MOACIh PETPECCUOH MOCTb NeHuIn0, OyHIal MOIETHN KypHIII
XKapa€HU perpecCHOH TaxXJIWJ ACHHIIaIu.

Arap MaremMaTUK MOJCIHHUHT (aKTopjapu XaM y3u Xam Tacomuduii Oyica,
OyHmali MoOJENb KOPPEIAlMOH MOACNIb JeHnunud, OyHAall MOJETHH KypHII
YKapa€HU KOPPEISALUHUOH TaXJIWi IeHUIaau.

MaremaTuk MO/ JIeTaH/a, YPrUHWIAETTaH 00BEKT EKH
KapaCHHUOENTWIOBUM  (AKTOPJIIAPHUHT  y3apo  OOFJIUKIUTUHU  H(OIaTOBUH
MaTeMaTUK MyHocalariaap Maxkmyacu TymyHwiagd. OOBEKTHUHT MOJEITUHU
TONUWII Ba YHHU TaXJIMJI 3THII aCOCHAA TErHIUIM XyJocalap YMKapull )KapaCHH
MaTeMaTHK MOJICJUTAIITUPHII J1e0 aTasiau.

Typaun coxalapau MareMarhka Ba  MAaTeMaTHK  MOJEJUIAILITHPHUII
YCYJUIAPUHU KYJUTAIMHUIIN, aCOCaH, KyWUAaru MakCaJIapHU Y3 OJIAUTA Ky SIU:

- 00BEKT €KM kapa€HiapHM OENTHIOBYM acocuil (akTopiap opacuaaru
MyXHUM OOTJIAaHMIUTAPHU aKC 3TTUPUIL,

- OepwiraH aHUK MabIyMOTJIAp Ba MyHocabaTiiap acocuaa JIeAyKIus
yCciyOu opKasid YpraHmiaéTrad oObeKT €KY JKapaéHiap yuyH aJieKBaT XyJocaiap
OJIHILL;

- Vpranuna€traH OOBEKTHUHT aMaljard Ky3aTWIMIIUTA YHU OOFJIOBYU
(bakTOpIapHUHT MaTeMaTHK CTaTHUCTHKA yCyJulapu €paaMuia IIaKIuHU Xamja
OOFMKJIUTUHU YPraHulll kapaéHuia 00bEeKT XaKuaa SHr OMInMIIapra sra OyJuiiL;

MaremaTtk MOJACJUIAPHUHT TAAKUKOT wWuUIapuaa Kyulanwiumu XBU
acpnaék Oomuanran Oynm6, XWX acpnapna nuddepennman Ba uWHTErpai
XUCOOHUHT  PHUBOXJIAHUIIM YHH TypJd CcoXa MacajaJlapuHd  e4uIlra
TaJOMKKWINIITa KEHI UMKOHHUAT sipatau. XX acp Typiu coxajlapia MaTeMaTHK
YCYJUIAPHUHT ~ MOJEJUIAIITUPUILIATM  KEHI  KyJamMJa KYJUIaHWUIIM  OuWiiaH
XapaKTepiaHau.

TanOukuii MaTemMaTMKa COXACHMHHMHI YWHMHIIAp Ha3apusCH, MaTeMaTHK
JacTypJiall, MaTeMaTHUK CTAaTUCTUKAa Ba OolIka OYJIMMIAPUHUHT PUBOXKIAHUILINA
TypJu TapMOKJIAPHUHT >Kajal PUBOXKJIAHUIINIA MYXUM TYpTKH OYIuO Xu3mar
KWJIJIN.

Mabnymku, Xap KaHaail TAIKMKOT JOUMO Ha3apusi(MOJen) Ba aMaauETHH
(cTaTHCTHK MabIyMOTJIAp) OMpraivKaa KapaliHu Tako3a Kiaad. Arap MaTeMaTHK
MoJeNIap Ky3aTuiaa€Tran jkapaHiIapHH HM30XJall Ba TYIIYHTHPHUIINAAH HOOpaT
OyJca, CTaAaTUCTUK MAbJIyMOTJIAp yJIApHU 3MIIMPUK KYpHUIJIa Ba acOCialla MyXuM
BOCHUTA XHCOOIaHAIM.
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MoaennamTupuIn Ba MoJie/uIap Y3MHUHAT TYPJIA coXajapard TaaOuKiapura
Kapab, Mojiuit Ba aOCTpakT Jie0 atamyBYu cuH(IIapra OYInHAIN.

1.1. Momauii Moaemjap acocaH YypraHuiaérraH OOBEKT Ba JKapaCHHU
reOMETpuK, (UMK, JUHAMUK ¢€EKU  (QYHKIHMOHAT  XapaKTepUCTUKATApUHU
udonanaiinu. MacanaH, OOBEKTHUHI KHYMKIAIITUPWITAaH MaKeTH (MacalaH,
JUIEHN, KOJUJIEK, YHUBEPCUTET) Ba Typiu XuJl (UMK, XUMHUK Ba OOIlKa XWJAaru
MakeTiaap OyHra mucos Oya oJiajy.

By monennap €paamuia Typiid XWJI TEXHOJOTHUK KapacHJIapHU ONTHUMAI
OOLIKapHUII, YIApHH XKOMIAIITUPUIL Ba (oiIaTaHuIl WyJUIapy YpraHuiaam.

YMymaH onrasaa, MOJIMN MOJEIUIap TaXKpruOaBuid XxapakTepra sra 0yimo,
TEeXHUK (DaHIapuaa KEHT KYJIJTaHUIA IH.

AMMO MOJTAI MOAEJUTAIITUPUIIAAH HKTHCOAUN MacalalapHu €YUl YIYyH
¢doiinananuga MabllyM YerapajJlaHuIIap MaBxy. MacaiaH, XaJllK Xy KaJIUuruHA
Oupop coxacuHU VYpraHum OwiaH OyTyH HMKTUCOAMM OOBEKT Xakujaa XyJioca
yukapub Oynmaiiau. Kynruna uktucoauii Mmacajnagap y4yH 3ca MOJJIMN Mojieiap
SpaTUIl KAAWH OyJaau Ba Ky XapaxaT Tajial 3Taju.

1.2. AGcTpakT (Waeasa) Moaeiap HMHCOH TadaKypUHUHT Maxcyiu Oynuo,
yJap TylIyHYajap, TUIOTe3alap Ba TYpJIM XWJ Kapaluiap CUCcTeMacujiaH ubopar.
Wktucomuit  TagkukoTiapaa, OOIIKApUIN — coXajlapuaa, acocaH, aOCTpakT
MoAeIIAIITUpUIIAaH Qoi1aTaHuIaIu.

Nnmuit Owmmiga aOCcTpakT MoAeUIap MabiyM TWJUIapra acocJiaHTaH
GelTHIap MakKMyHIaH HOOpaT. Y3 HaBOaTHia, OCITHIM aOCTPakT Mojesap
MaTeMaTHK JIOTUK TUJUIap MIAKIUAard MaTeMaTHUK JOTUK MOJIeJIapHUA U(oaaIaifiin.

1.3. MaTtemaTuk MoAe/LUIAIITHPHUIN TYpPJIH XWJI TaOMATIM, aMMO OHp XHUJI
MaTeMaTuK OOFJIaHULUTApHU U(oJanaiiiurad BoKea Ba skapaéHiapra acocilaHTraH
TaJIKUKOT YCYJIUJIUP.

MateMaTuk MOJAEIUIAPHUHT pea TaAKUK KUIMHAETTaH xKapaCHIapu Mypakkao
O0ynu6, HoumsukM nuddepenran TeHriIamanap Ba (QyHKCHOHAI- nuddepenman
TEHIVIAMAJIapHA y3 MYura ojaad. MaremMaThuk MOAEIHUHI SIAPOCUHU XYCYCUH
XOCHUJIAJIA TeHTJIamMajiap TallKujiI eTaau [2].

Typau ¢usuk, Ouosioruk, KUMEBUN Ba OOIIKa X0/KMCa Ba >KapaCHIAPHUHT
HOYM3UKIM MaTeMaTUK MOJEIJIApUHU  VPraHull, 3aMOHAaBUN  MAaTeMaTUK
(U3MKAHUHT 2HT J0713ap0 MyHanmunuiapuaan oupu 0yamub xucooanau.

dusuk kapaHiapra MHUCOJ cudaTHIa HOYU3HMKIU KBAHT MEXaHUKACH,
HOYM3UKJIM OJJICKTPOJMHAMUKA Ba ONTHKA, HOYM3HMKIW IUla3Ma Ha3apusCH,
HOYM3UKIM aKYCTHKA, HOYM3HUKIM HCCHUKJIMK YTKa3yBUaHIMK Ba OoIIKa
HazapusJiapHU oOJlaJuraH OVJcak, YJApHUHI MaTeMaTHUK MOJEJUIapyh acocuja
XyCYCHM XOCHUJIau HOUM3UKIHN auddepenrian TeHriaMa ETaau.

dusuk xapaCHIaApHU YW3UKJIA MaTeMaTUK MOJE/UIAPUHUHT TaJIKUKOTH,
TaIKUKOT y4yH KyJail xpcoOmaHamau. UyHKH yJapHUHT acocuaa &TraH XyCycui
XOCWIanu 4Ym3ukin auddepenuan TEHrIamMaiap €YUMHUHUHT YMyMHUH METOIU
UNuIad YUKWIraH. AMainii Macaiaiapaa pean GU3uK xapaéHiap Yu3uKcu3 0yiamo,
YJIAPHUHT AJUKBAT TabpU(BIAHUIIN YUYyH YM3UKCH3 MojelapiaaH (hougamaHuil
J03UM. YIIapHH acocuja XyYCycHi XOCWJIaau Houu3ukiu auddepernman

TEHIJ1aManap €Taau.
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MartemaTtuk (U3UKAHUHT HOYM3UKIN MOJEUIapu, (U3UK mapaMmeTpiap
Yy3rapuiiiHA KEHI MaWJoHJard Xxojauca Ba kapaéHmapiaa udopmamnad, karTa
MUKJIOpAAard MabiiymoTra era Oynuiira épaam Oepaau. Ynu3ukiam Mozeliap oaataa
HOUYM3UKJIIN MOJICIUTAPHUHT XYCYCHI X0IaTh XUcoOIaHaIu.

Kyzarumap mryHu Kypcataiuki, HOUM3HKIHINK (aKaTruHa xkapaéHiiap-HUHT
MUKJIOPUI XapaKTepUCTUKAIAPUHU HMac, OalKu yjaap OKUMUHUHT MHUKIOpUN
CypaTMHU XaM y3rapTupaau. SKUHIAIIMII HYKTaul Ha3apAaH KU3UK TOMOHHU,
mryHAal Houn3ukiIu aquddepenran TeHrIaMaTapHUHT CHH)UHA YPTaHUII KePaKKH,
yllap/ia HOaHUK (PYHKIIMSI Ba YHUHT XOCHJIACH Japa)kaBUil X0JiaTra KUPCUH.

bynnaii HOUMBMKIMIWK TUIUIapu  ¢uirpanus, auddy3us, HCCUKIUK
YTKa3yBUaHIWK, MAarHUTIUAPOJMHAMHUKACH, HE(PT OIyBYM COXa Hazapuid
Macanaiapuaa yapanau.

A¥iHaH myHAa mojemiap (U3MK *kapa€HHU aHUK Wdojanaiiin Ba IIYHUHT
YUyH YJIApPHUHT TaJKUKOTH HOUM3HUKIIU *Kapa¢Hyiapra O0FIMK SHIY 3G (HEeKTIapHUHT
Vpunra eranuruHu kypcaraau. lynmail xkuianb, yekiud Te3nuk 3QexTd, edum
JIOKAIU3alMACH Ba TYPJIU *KapaCHIApHUHT OKUM TapTUOJIapy TOMHIITAH.

Xo3upru nanTaa MaTeMaTUK MOJEUIAIITUPUIIT UKTUCOANN TaJAKUKOTIap/a,
aMalIuil  peXajalmThpuia Ba  OOIIKAapuilga €Takyu YpuH  93rajmuiao,
KOMITbIOTEPJIAITUPHUIL OMIIaH yaMbapyuac OOFJIaHTaH.

Maremartuka, KOMIIbIOTEPJIAIITUPHILL coxanapu, YMYMYCIIyOUii
BarnepaAMeT(haHIapUHUHT PHUBOXKOJAHUIINA HATIKACHAa MaTEeMaTHK MOJeIall-
TUPHIITY3TYKCHA3 PUBOXKIIAHUO, STHTU-SIHTY MAaTEMATHK MOICIUTAIITHPHUII ITAKIUIapH
BYXKyaAra kenmoxnaa[ 16].

Mucoa. Kaituk kuprokiaHn Oupop OONUIaHFUY TE3JIUK OWwiaH TypTHO
0opuwan. YOy KaMMKHUHT XapakaTMHU MAaTeMaTUK — MOJEJUIAIITUPHUIILL
BocuTacuaa ypranuii 3ypyp (3.1-pacm).

y

A
Z
X

v

mg
3.1-pacm.

Macananune konyenmyan Kyuuiuuiu.
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bomnanFud ropu3oHTan Te3NUIru V, 0yiarad KaluKHUHT MJ OFUPIIMK Ky4H,
N, Apxumen wuTapyBud Kydd Ba Fc KapIMIMK KywIapd TabCUPUIATU

XapakaTUHU ypranamus. Kanuk Cy3a€TraHauru Y4yH (BepTHKan
xapakarnanmaiinn), N, Apxumen wuTapyBuM Ky4d MQ OFUPIUK Ky4HHH
MYyBO3aHAaTJIAITUPAIH. Mopnennn Ty3uLaa KyHugara ¢dapasznapaan
dboitnananamMms:

e TaTKUKOT O0BEKTU OYJraH KalKWK TOPU30HTA TEKUCIHKAA WIrapujiaHMa
Xapakar Kujlaau;

e Kaiiukau m Maccaiay MOJAWM HyKTa 1e0 KapailMu3, YHUHT YKOWIaIlraH
YpHU Maccaliap MapKa3u OWJIaH yCTMa yCT TyIIau;

e KalMKHMHI XapakaTW yHra KyHWIraH Ky4lap CHCTEMAacCHHHUHI TabCUPHU
ocTula JAVWHAMUKAHUHT acocuii KOHYHHM (HIOTOHHMHI MKKMHYM KOHYHH) ra
oyiicyHaau;

e CyBHUHI F: KapIIWIMK Ky4d KaWWK TE3JIMTUIra TYFPU NPOMOPLUMOHAT Ba
KalMK XapakaTura Kapama-Kapiuu ifyHairan 6ynau0, yuu Fe =—uv TeHriuk Ounan
udoganam MymkuH. By epna u - mponopruoHaiuk koddduiuentu (y3rapmac
KaTTalIMK), V - KAWKK TE3JIUTH.

Kaiiuk Te3nuruHu BakTHUHT (QyHKIUsACH cudaTuga TomamMu3 Ba Oy
OOFJIAaHUIIIHU TpaPUK KYPUHIIIIA TACBUPIANMU3.

Macananune mamemamux KYUUIUUU.

HIOTOHHUMHI MKKMHYM KOHYHMIAa Kypa KaWMKHUHI X YKA MYyHAIMIIWIATA
XapaKaTUHUHT TEHIJIaMacu

dv
m—=
dt
KypuHULIIA OYyiaau.

V(t) HM TOITHII Tajad OTHJIaH.

Ananumuk  eyum. Y3rapyBUWIAPDHU QXPAaTHUII YCYJIWHU KyJUIAll y4yH
TEHIJIAMAHU KyHUIaru KYPUHHUILTA KEITUPAMU3:

Ky
Vv m

YHu uHTerpamiad, OONUIaHFUY IMIAPTHU XucoOra onmbd KyWuaard edumra sra
OYIUII MyMKHH:



BYH,Z[aH CUUM YYYH KYﬁHHaFH TCHITIMKHU XOCHJI KUJIMIIT MYMKHUH:

Ky
v=vee M.

Connu eyum. Te3NMWKIAH OJIMHTAH XOCWIAHU YHHMHT TaKpuOWi adupmanu
KUAMaTHU EpaMuia TACBUPJIAUMU3:

dv  Av  v(t+4t)—v(t) v(t+4at)—v(t)
&= lim——=1m ~ :
dt  senp At zeo At At

Teurmama >H1H1

v(t+At) —v(t)
At -

oy
m
KYpPUHHILIHK ojagu. by epaan
_ _H
v(t+4t)=v(t)—=v(t)At.
m

by MyHocabar kyiwiraH macaJlaHd Xajdl KWIagud, YyHKH Oy TEHIJIUK
UXTUEPUN BAKT MOMETIUJIATd TE3JIMKHA YHUHT OYHJAH OJJIUHTU KUHWMaTh
épramMua TOMMIN UMKOHUHM Oepanu. SbHM, OOIUIaHFUY KUMaTaaH Oorwniad At
BAaKTJaH KECWWH, CYHTpa ssHa Al BakTmaH KEWHWH Ba XOKAa30 BaKTAAH KCWHWH TE3JIUK
KaHaka OVIMIIIMHN aHUKJIalll MyMKHH.

Xucobnaw mamudcanapu. p=m, Vo =1 ned omamus. by xonna TeHriama
KyHUJard cojyia KypuHHUIITa 3ra 0ynaam:

e AHamuTHK. V=€ ',
o Comma: V(t+At)=v(t)1-A4t), v,=1.

BakTHUHT oxupru MoMeHTH cudaruaa t=5 Hu TaHnaiimu3. Te3nUKHUHT Oy BaKT
MOMEHTHUAArd aHAJTUTUK (aMajaa aHUK KMIMAaTH ) KUiiMaTu Kyiduaarura TeHr:

v(5) = exp(—5)=0.0067379.

Te3NMMKHUHT 1y KMWMaTHHU COHJIM ycyija TonamMus. KamxamMHUHT Typiu
KuiiMaTiapuaan ¢oinaaaHaMus.

XucoOmann HaTWKajlapu KyWu1ary *aaBajija KeITUPUIITaH:

At 0.5 0.25 0.1 0.01 0.001 0.0001

v 0.0009766 | 0.0031712 | 0.0051538 | 0.0065705 | 0.0067211 | 0.0067363

Conmu eunmga At=0.0001 kamam ydyH OJIMHTaH COHJIM HaTuxka (
v=0.0067363) aHWK euMMra SKWHJIUTH KYypuHUO TypuOmu. by sca kamam
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KWYpaiTania COHJIM €YMM aHWK €YMMTa HHTHIUIITNHY Omnaupanu. bynu Kyinmgaru
rpadukIaH XaM KYpUIll MyMKHUH.

1.0

0.97

|

0.8 7

0.7

0.6

0.5

0.4 7

0.2

0.2

0.1+

0.0 T T T T T T ™ T T T T T T T T T T

0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0

JHEPTUSHUHT CaKJIaHUII KOHYHHM.

By xoHyH Kapuiib ukku acpiapaad O0y€H MabiyM OYiaub, TaOMaTHUHT OyIOK
KOHYHJIapU Opacujia aloxXujaa YpUHHY drajuiaiav. by konyHra tasau0, MasTHUK

LLLLLE LA

L

[+

cv| M

4.1-pacM. MareMaTuk MasiTHUK.

TypuJiard HUCOaTaH OCOH KypWJiMa - MYCTaxkaM Ba JPKUH alJIaHyBYU CHTHII
crepxkeHra ocwirad ok (4.1-pacm) pgan  ¢oitmananuO, TYONOHYa YKUHHHT
TE3JIMTUHYU aHUKJIalll MyMKHH.

dapa3 kuiaiimk, m wMaccanm YK M Maccanau OKKa Vo Te3NIMK OwiiaH
OTHJICHH. YKHUHI OTHJIMIIM HATWKACHAA IOKAA THKHIHO KONraH YK «YK-FOK»
CHCTEMACHTa y3MHMHI KHHETHK SHEpPrUsACHHHU Oepamu. Y3 HaBOaTHna Oy KMHETHK
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SHEPIusl CTEPKEHHUHT BEPTUKAIIAH SHT IOKOPH YETJIAIIMIIIN MOMEHTHIA «YK-TOK»
CUCTEMACHUHUHT MOTEHIIUAJ YHEPTUsiCUra aillaHa/Iu.

DHEPrussHUHT OUp TypJlaH UKKUHYM Typra aillaHuIM KyWuJard TeHTJIuKIap
OpKaJIi TaCBUPJIAHAIN:

2 2
mv \
——=(M+m)—=(M +m)gl(l-cosa).

2 2

By epma mv®/2 — v Te3NWKKa ora GYraH M Maccand YKHUHT KHHETHK

sHepruscu, M — rokHUHr Maccacu, V — «YK-IOK» CUCTEMacHHMHI TYKHAIIyBAaH
KEeHMHTH TE3JUTH, ( — SPKHUH TYIIWII Te3JaHWIHM, | — CTep)KeHHHWHT y3YHIIUTH,
o — BEpTUKAJJAaH SHI 3HI IOKOpW yeThamum Oypuard. Ymoly ¢dopMynanan
U3J1aHa€TraH Te3NUK YUyH KyHuIara TeHIJIMKHYA aHUKJIall MyMKHH:

:\/Z(M +m)gl(l—cosa)

Te3nukHUHT Oy KUMMaTH YK IOKHM MCHUTHIIN, XABOHUHT KapIIUIUTHUHU
CHTHII, CTEP)KCHHU TE3NAIITHPHUII Ba Ba Xako3ajiapra capd OViran sHeprusiap
YHUAJIMK KaTTa OyJIMaraHua aHuK KypUHHIITa 3ra 0ynaau. bup kapamiga ypunim
6yaraH MasKyp MyJoXa3a aclija TYFpH dMac. YK Ba MAsTHHKHHHT «EHHIIHIIH
naiituna conup Oynaguran xapaénnap Oy xosataa co) MEXaHUK >kapaéHiiap sMac.
[y cababmu V kaTTaqukHu XHCOOIAIga KYJUIAaHWITAaH MEXaHUK SHEPTUSHUHT
CakJIaHUII KOHYHHM YPUHIIM 3MAcC: CUCTEMaHWHI MEXaHUK 3HEPIUsCU dMAcC, TYIJIUK
DHEPTUACH CaKjIaHaau. Y YKHUHT TE3JIUTMHHM Oaxojliall y4dyyH KyHu dYerapaHu
Oepaau, xonoc (0y cojjia mMacajlaHu TYFpU €YUl YYyH UMIYJIbCHUHT CaKJIaHUII
KOHYHHUIaH XaM (hoigananuii kepak 0ynann).

MaabTyc Moaen.

ManbsTyc MOJeIapu yHHUBEpPCAIIUP — Y TEOMETPUK MpOTrpeccus Ba
perpeccusiiapra TaauTykjid Oapya xoaucalapHu wudopanaian. YHUHT TagOouK
STWIHII JOMPACUTA PATMOAKTHB EMUPWIIAII KOHYHU XaM, O03yKa OWJIaH TYHWHTaH
MYXUT]Ia MUKPOOPTaHU3MIIADHUHT COHU XaM KUPaJIH.

Kylingaru macananu ypranub 4ynkamus:

buzea xaumoaiioup ozyxasuii myxum oOunan myaoupuiean Oawka Oepuneaw
oyncun. Apum mynoa — 00 coam, 00 munym, 00 counusda 6anxaza maviym
MuKoopoacu baxkmepusi HCOUNAUIMUPUTIZAHOAH CYHEe YAAp OVIUHUWHU OOULIALOU.
banxa xeiiuneu xymnune 00 coam, 00 munym, 00 conusacuoa, savHu 24-coamoan
Keliun oaxmepusnap ounan mynoupunuwiu maviym. Lllynuneoex, xap conusoa
bankaoaeu Oaxmepusnap COHU UKKU Oapasap Kynauuwiu xam maviaym. banka
Kauow (coam, MuHym 6éa conusioa) apmueada myauwunu anukiane (7.1-pacm).
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T=0 T=7? T=E

7.1-pacm. bakrepusiu 6ankanuar moaenu. T = 0 —TaxxpuOaHUHT OOLITAHUII BaKTH,
T = E — tyram Baktr (E anoxuna onmuHran Oupinuk cucremacuaaru 24 coatra TYFpH Kelajn),
T = ? — u3nanarran BaKT MOMEHTH.

By MacanaHu e4uIIHMHI aHbaHaBUN YCylIn — OUp CeKyHIda OakTepusuiap
COHM MKKM OapaBap optuil Qaktugan (ovpananumaup. ynaait kummb, E
BakTraya Oup cexkyHn Kosranga (7.1-pacmra kapanr) Oaxrtepusuiap coHu E
MOMEHT/AArura Kaparaija ukku Oapasap kaM Oynanu (Tyna 0aHka), ssbHH 23:59:59
na 6aHka spmurava tyiarad 0ynaau. Kanmait kuinub Oy axxoin0 KOHYHUSITHU sSiHAJa
KYIPOK Macajanapra HucOaTaH KEHrauTupuil MyMKUH? ManbTyc Mozaenu ailHaH
IIYHJal €4UMHU TakIud dTaau.

Manbstyc Mmoaenu Kyiunaru auddepeniuan Tenriama owiad udoganaHaIu:
dN
dt

by TeHrnama Kyiuaaru yMyMHi e4umra ora.

(- AN

N = Njel*?X,

Kentupunran muddepeniman TeHraamMa Te3duTrd (TEHTJIAMAHWHT —Yarl
KHCMH) >KOpUHA BaKT MOMEHTIArd MHUKJIOpra MNpOMNOpLHOHAN OYiraH xapaéHHU
uponanaiinu. buzHMHr Macamamusra HucOaran y k=[J-[] Ko3QPuUIUEHTHU
KUpUTUII OWIaH KaiTta 0a€H >THIMIIM MyMKUH. JKymilagaH, MacajlaHMHT IapTUra
Kypa, kK =2 SKaHJUTH KeJInO YUKaIu, YyHKU OUp CEKYH]l Muuja OakTepusiap COHU
WKKUA MapTa kynasau. Ba Ou3 MacalaHMHT XyCyCHI X0Jura ara 0yiaMus:

LLANIPIV
dt
Ba YHHUHTI CUMU.
N = N,e*

oynau.

by eunMnaH HXTUEPUII BAaKT MOMEHTHIArM OakTepusiap COHHUHU XOCHUII
KUJIUO OJIMII MYMKHH.
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By MopemHuHT TaaOUK STHIINII JOUPACUHUHT YerapalapiHu aHUKJIAI YIyH,
YHUHT [ Ba [] mapaMeTpJapHUHT Xap XWJ KUWMATIapuaard XaTTH-XapaKaTHHU
Ypranubd ynKaMus.

ManbTtyc Mozmenu wujaean XOJAa axoJd COHMHHM MOJCIUIAIITHPHUIN YIyH
TaOWK TN MYMKHUH, OyHaa [] Ba [] mapamMeTpJiap MOC paBHIIIa TYFHIIAII Ba
ymum  kodddunmenTiapuaun  udomanaiian. Maskyp MOIETBHUHT Xap XHII
KuiMaTiu kodpdunneHTnapaaru Tabuatuau Ypraauo unkamus (7.2-7.3-pacmiiap).

1e+HIG 1
500000+
GO0000+
4000004

2000004

i 10 20 ] 10 50 B0 70 a0
H

7.2-pacMm. Manbtyc moaenu. 0=0,43; $=0,48; Ho=1000000

(abcrrucca Yxu OYiinya BakT, OpAMHATA YKH OYiHYa aX0JId COHH YKOMIIAITaH).

Kypunu6 typubauku, arap yiaumiap COHM TYFWIMILIApra Kaparasnaa
KYIpoK Oynca, y Xxohaga MaibTyC MOJAENM axO0jdud COHMHHMHI SKCIIOHEHLHAJ
paBulAa KaMaiummra umopa Kuwiaau (7.2-pacm).

2.5e+17
2e+74
1.5e+H17 1
1e+I7

Se+HI6

0 10 20 0 40 &0 B0 70 a0

K
7.3-pacm. Manbetyc mogenu 0=0,05; $=0,01; Ho=1000000

(abcmmcca Yku Oyiinda BakT, OpIMHATA YKU OYHMYIa aX0JIM COHU JKOHIAITaH).
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OHAWIKKIA, arap TyFUINIIUIAP COHU YIMMIIAp COHUTA HUCOaTaH Kym Oyiica,
y Xxojija MasbTyC MOJENM axoJidi COHMHHMHI 3KCIOHEHIMAN PaBUIINA YCHILINTa
uiopa kunaau (7.3-pacm).

/.4-pacMaa TyFUJMIUIAp Ba YIUMIIAp COHM y3apo TeHr Oynub, Manbtyc
MOJICJIMHUHT KYpCaTUIIN4Ya, CHUCTEMa MYBO3aHAT Xoifa Oymamu: axojdu COHHU
OyTyH BakT OpaJIuFujia y3rapMaciaH KoJaJIu.

1000001 4

1000001 4

1000000+

9993399 .5 1

9955959 . . . . . . . .
0 10 20 30 40 a0 &0 70 g0

k4

7.4-pacm. Manberyc moaenu. 0=0,1; f=0,1; Ho=1000000

(abcrrucca Yxu OYiinua BakT, OpAMHATA YK OYiiHYa ax0JId COHH YKOMIIaIraH).

«AUMpTKUY — JJI5Ka» CUCTEMACHHUHT Y3ap0 MyHOCA0aT MOJeJIH.

NupTkuu Ba YIDKaHUHT CUCTEMACHHUHT Y3rapuiu Oup — Oupura OOFIHK,
SBbHUA yhap y3apo Tabcup Ownan smaigu. «upTkud—ymka» cucTeMacHHUHT
OJUTMI MaTEeMaTUK MOJENH Kyiuaaru (apaznapra acociIaHraH:

1) Vika TOnyIAMMACHHUHT COHM H Ba HMPTKUY HOIYIAIMACHHUHAT COHH
M dakat BakTHUHT GyHKUUsIapuaup: N (t) M (t);

2) V3apo Tascup OyiMaca, TONYNIANMS COHIApH MabTyc MOJENHN
acocuja y3rapaau Ba OyHaa HUpTKUYJIAp COHU KaMmasijy, YibKajiap COHU 3ca ycau,
SbHU:

d—N:aN, d—M:—,BM, a>0, >0
dT dt

3) Tlomynsimusi COHJIADMHUHT TaOWHU Y3rapHUIUIapH, SbHU YIDKATapHHHT
TaOuuM YIWIyM Ba MUPTKUWIAPHUHT TaOUUNA KYTTAWMIIIK axaMUsITra ara 3Mac;

4) Wkkana TOMyJSHMS COHJIAPUHHMHI TYHHMHTaHIMK 3(QQekTH XxTrcoOra
OJIMHMAaMIH;
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5) Vmkamap COHMHHHI VCHMII TE3NUIM HUPTKAYIAD COHMIA, SBHH
cM (c¢>0) muknopra Huc6aTaH TPOMOPIMOHAN PABHINA KaMasad, HMPTKUUIAp
COHMHUHT YCHIIM 3ca Yyiokanap coHH, SbHH N (d >O) MUKJOpra HucOaTaH
IPONOPLMOHAI KYTIAsioH.

IOxopuna xentupwiran ¢apasnapau Oupnamtupu0,  Jlotka-Boabrep
TEHIJIaMaJIap CUCTEMACUHU XOCUJI KUJIUII MyMKHH:

d—N=(05—CM)-N

dt

M _ (p+dN)-M ?
W_(_'BJF )

Y6y Tenrmamanap cucremacugan N(0)=N(t=0), M (O) =M (t = 0)60mHaHFI/Iq
mapriaap acocuja UXTUEpUN BakT t>0 MOMEHTH y4yH MOMyJIALUSUIAD COHUHU
AHMKJIAII MyMKHH.

(1) Tenrmamanap cucTeMacH MYyBO3aHAT XOJIATHTa, S’bHU BaKTra OOFIIMK
OYJIMaraH edyumra Jra:

IVlozgl Nozé- (2)

CucteMaHuHT MyBO3aHAT X0JIaTy (2) HU TYPFYHJIMTUHU YpraHamus. bByHUHT
y4yH KyHugarm caBojulapra JkaBoO  Oepuin  Jio3uMm  Oymamu:  arap
MOMYJISAIUSIIAPHUHT OONUIaHFUY coHyapu (2) Ounan Oup xui Oyica, BaKT YTUIIH
OwJiaH yJapHUHT COHU KaHJal y3rapaau; Kangaiaup cabadra kypa momyssiusiap
connapu M, N,MuKIOpiIapaaHn orca, yjaap MyBO3aHAT XOJaTUra KauTaauMu; arap
NOMYJISIUUSJIAPHUHT OOLIAaHFUY COHJIApH N(O), M(O) CUCTEMaHUHI MYyBO3aHaT
xonatu Mg, Nyiaapaan ceswnapiau (apk Kuica, CUCTeMa BaKT YTUIIM OWJIaH

M,, N, Muknopsapra HucOaTaH KaHaan y3rapaiu.

IOkopuna kentvpwiaran caBoJiapra »aBoO TONMII Y4YyH KyWuzaa
KEeNTUpUJIaIUral MyJioxasanapaal QoiganaHaMu3. Yu3MKCH3 TeHrjamanap
cucremacu (1) au N, M y3rapyBumnap Tekucnuruaa ypranuin Kysiapoxaup. Iy

Makcaajla CHUCTEMaHWHT OWPHWHYM TEHTJIAMACHMHM WKKWHYM TEHTJIAMAacHra
oymamMus:

dN (a—cM)-N
M A dM (- B+dN)-M

(3)

(2) TeHrnamMaHu Kyiuaaruya anMamTHpaMU3:
(-pB+d-N)-MdN =(a —cM)-NdM .
(*)

Cx
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(*) v xap wukkama TOMOHMHM HM rta Oynub, yHUM KyHHAard KypUHUIIra
KEITUPAMHU3:

dN dM
——d-dN+a—-c-dM =0. 4
py-d-dN+a @

(4) Hu UHTETpaALIANMU3:

LSINN—-d-N+alnM —cM =const.

Wuterpamiam goumuiicn concm Gomvtanrmd mapriap N(0)sa M(0) 6uanm
AHUKJIAHA/IH.

[ynnait kumuo, (1) cucrema Kyinara e4umra sra:

INN? +Ine N +InM%* +IneM =InC
éKu
NPe@N =Cc.M%eM, C>0. (5)
(5) mam Kyiiumarnya Xysnoca KAJIAIIT MyMKHH:

a) arap N (O): Ny, M (0): M, Oynca, xamMMa BakT MoOaiiHHIa
MONYJILUSIIAP COHM y3rapMacaaH KOJaIu.

0) HWMpPTKWY Ba XyIOu ULIYHUHI/EK, YIDKaQHUHT TMOMYJISLUS COHJIApU
MYBO3aHAT XOJIATUIAH O3TMHA Y3rapuild, Oy MOMyJsAlus COHJIAPUHUHT BakT
yTuim OuaaH MyBO3aHaT X0JIaTUra KAMTMAcIUrura oo Kemaau.

B) arap GOITAHFMY MyBO3aHAT XOJNATHaH OFMII KaTTa 6yica, N(t), M(t)

GyHKUMSITapHUHT Tabuath XyAaud O) Jarujaek, S’bHU CHCTeMa BaKT YTUIIW OuiaH
MYBO3aHAaT X0JIATUTa KAUTMaau.

Ymby Xynocanap IIyHW aHIJIaTaJuKH, WAPTKAY Ba YipKajgap MOMYJISLUS
COHJIapM MYBO3aHaT XojaTh arpoduaa naBpuil TeOpanu® Typaau. TeOpanu
aMIUINTYylaCd Ba YHUHI JaBpU MONYJSUUSIAPHUHTI OOLUIAHFUY  COHJIAPU
N(0), M(0) opkanu ammxnann6, N(t) mmer maxcuman xumiivarura M(t) smEr

MHUHUMaJI KNMMaTH MOC KeJIaJu Ba aKCHUHYA.

A N{t), M(t}

M

o
Z¥
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Wkxu Typ ypracuaaru y3apo MyHOcaOaTHH MaTEeMaTHK XUXATAaH TYIapoK
XapakTepyiam y4yH TOMyJAlUS COHJIAPUHUHT sraiad TypraH XyayAJapuaa
HOTEKUC TaKCUMJIAHTAaHJIUTHMHU XucoOra omnuim jo3uM Oynaau (ymly XxoJira
XYyCYCUI XOCHJIAIM TEHIJIaMaiap CUCTEMACH MOC Kelain).

Hxku AaBJaT opacuaaru KypoJ/uiaHmim nomMracu MOa€CJ/IN.

YOy MofaenHu Xocuil KWJIHUINIA BaKT YTUIIM OuiaH Xap Oup AaBiataaru
KypoJuI1ap MUKJIOpHU yuTa (hakTopra OOFJIMK Xoa y3rapaau 1e0 dapas3 KUIUHIU:

1) paku0 naBiataard KypoJuiap MUKIOPH;

2) MaBXyJ KypOJUIAPHUHT SCKUPHUIIIH;

3) pakuOnap ypTacuaaru y3apo UIIOHYCH3IINK Japakacy.
KypomnanumHuHr  yeummy  Ba  KaMalWIM — KypcaTwiarad  (axropiapra
IpONOpLUUOHAN OYnanu, ssbHU

dM
dtl = (M, = BL(OM + 7, (1)
M 1)
dt2 =, (M = B (OM; + 7, (1)
(5)na xyimparn Oenrunanuiap Kymmanuiaran: Mi, M>>0 Kyposutap MUKIOpPJIapH,
o1(m)>0, ax(m)>0 — KypoJUTapHH OCKHUPHII TE3JUTHMHH XapaKTePJIOBUH

kodpounmentap, y1=>0, y>0 PyHKuMsUIap KypoJ MHUKIOpUTra OOFIUK »Mac ned
xucoOnmaHuiIaau Ba Oomika cababmap OwiaH aHUKJIaHUO, pakuOiap ypracuaaru
UIITOHYCH3IIMK JapakacuHu ndoaananiu.

By Monmens KypoJuTaHWII MONTacH TWHAMHUKACUTa TabCHUP 3TYBYU KYNTHHA MYXUM
dakTiapau xupcoOra oJsiMacaja, JEKUH OUp KaTop Kepakid MablIyMOTJIapHU
Tax,TAJT KHJTAIIT KMKOHUHU Oepajiy.

Arap a, B, (u = 1,2) dyHkuusuiap BakTra OOrIMK Oyiamaca, (1) momen
KyWuJaru KypuHUIIra Kejaiu.

dM
- =a,M, =M, +7,
M (2)
dt2 =a,M,-p,M,+y,
(1) renrnama dtl =0, dg/tlz =0 wMmyBo3aHar xomarnapura osra. Mi%, M° —

MYBO3aHAT KMMMATJIApU KYMHUIATH LIAPTAAH AHUKJIAHAIU:
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M, |

M, —pM; +y, =0
k a,M; —B,M, +y, =0

(94 + o +
MO = 172+ o M = 271+ Piye (3)
BB, — BB, —aya,

(3) mam kypuru6 TypuOmukm, M;°>0,

M’>0 nmapma MyBo3aHAaT XOnaT  MaBXKy[

B " MY M, OYnumm yayH B1f2>o0u02 (4) mapt

10.1-pacwm. OakapWIHIIK Kepak.

Arap a1, f1, o nap y3rapmac Oyica, ap 3ca ycca, Oy UIyHH OWITUPAIUKH,
OMpUHYM JaBIaT KypoOJUIAHUII COXacura KapauulapuHu, CTpPaTeTUsICHUHU
y3rapTupManid, UKKMHYY JaBaT 3ca KypoJulap SCKUPHUIIM OUJlaH KypOJUIAaHMIITa
3yp Oepanu. Y xoiija op eTapiinya KaTTa KUilMaTra 3puilica, MyBO3aHAT XOJaTh
Oy3unaau Ba (4) TEHICU3JIMK Oaxkapuiamaiau. Arap y1 Ba )y, HOJra TEHT OyJica,
MYBO3aHAT X0JIaTH MKKaJja JIaBjlaT/]a XaM KypoJuiap Hykiurura Moc keianu. Mi(m)
Ba My(m) ¢yHKIMsulap m ycuimn OwinadH (4) mapt OakapwiraH BakTiapjaa
MyBO3aHaT KHMMaTJIapura MHTHIIA U,

ynaail kb, MyBO3aHaT TypFYH, ’bHU MYBO3aHaT XO0JIaTUJArH OFUILLIAp
BaKT YTUIIIM OWJIaH KWYUK MUKJIOpJIapra ailjaHu0 6opasu.

¥Y3apo tabcupJIalllyBYH NOMYJIAUMSJIAP COHUHHM MO/Ie/LJIAITHPUIIL.

MabyMKH, SKOJOTHS YYyH KU3WKApJIM Ba MYXUM BasusATIap Xap XWil
TypJard TMOMYJISIHUSJIAPHUHT Y3ap0o TabCHUPJIANTYBH €KUM TAIIKH IIapOUTIAPHUHT
V3rapuiu OwnaH OofnuK Oynangu. YmlOy BazusTiapaa Xaér TYJIKUHIapu ae0
HOMJIAHYBYM TOMYJISIIIASHUA BaKT OYHHWYa Y3rapuIliiHA XapaKTEPIOBYN TOMYJISINS
TYJIKUHIApU XOCHIT OYIaau.

[Monynsauust TYAKUHIApHU KyWHla KeJITUPWITaH XyCcycusiTiaapra 3ra 0yauim
MYMKUH:

1. [lonynsuust COHU JAaBpuid TeOpaHMITIApra »3ra OYJIWIIM MYMKHH
(MacanaH, MaBCyMHUi);

2. MupTkyd Ba Yioka TONYIANMSIIAPUHUET Y3ap0 TAhCHPIIALTYBH XHCOOHUTa
NOMyJISIMSg COHUHUHT JaBpuil Oynmaran €ku JaBpuil TeOpaHUUUIApU COIUP
OYIUIIN MyMKUH;

3. Homymsiiust coHn opTUO KeTHIM (MOMYJIALKS KyJlai apouTiapra Tymuo
KOJITAHW/Ia) MyMKHH;
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4. Tlomynsiust COHM Kaaall cypbaTiap OuinaH Kuckapuiy (3nmudurotusiap,
tajmodariap TabCUpUaAa) MyMKHH.

Typnu Xuijgard HMKKUTA TMONysAnus Oup-Oupu OwiaH Oup Heda Xujl
KYPUHHUIIJIATH Y3apo MyHocabaTaa OVIuIy MyMKHH:

(-, -) — ¥3apo pakobar, OyHIa UKKaja MOMYJISIUSHUHT SIIIAIl [apOUTIAPH
caj0uii TOMOHTa Y3rapajiu;

(+,+) — cumOmo3;

(+,-) — HUpTKUY-YIDKa Ba X.K.

«MnpTKUY-YIDKa» MONMYIANMIAPHHUHT ¥3ap0 MYHOCAOATHHH YpraHaMH3.
Vmka ydyH eTapiy Japaxkajard 03yKa COJMHTAH YeKIH XaKMIATH MYXUTTa
WUPTKUY Ba YIDKa KOWIAIITUPUIICA, YIAPHUHT COHM KaHAall KWiaub Y3rapuiinHu
Ky3aramus. by xonma wmoaemwramrrupumaa Jlorka-BonsTep TeHrnmamanapuaan
(doiinaraHuIll MyMKHH:

dx X

— =rx(1-— ) —cxy

dt K max

dy

—2 = QgXV —

at gxy — fy
by epma X— VymKalap COHMHM, Y — HUPTKHWIAD COHWUHH, XY — VyIDKa Ba
WUPTKUYHUHT  YEKIM apeajja ydypalluil 4YacToTacuHu, ¢ —  Vibka

MOMYJSIUSACUHUHT TaOUUK YCUII TE3NMUTH (MUPTKUYJIAPHUHT TabCUPUHU XucoOra
oJIMaraH xoJjina), K., — 4eKIIH apeania yibKajlap COHMHUHT MaKCUMaJl KyNanluIil
MUKIOpH (OfaTaa, WAPTKUYJIAp COHU YIDKAJTAPHUHT COHHMra HUcOaTaH aH4a Kam
Oynaan); C — WUPTKUYIAP TOMOHUIAH OBHU MyBaddaKuATIN Tap3aa TyraIaHUII
kodddurnmenTn; g — HUpPTKUWIapra HuUcOaTaH TYFWIUII —KO3(PHUIIMEHTH
(ynapHuHTr Kynaiuin Te3nuru HadakaT X ra, 0anku Y Ta Xxam OOFJIMK, aHUKPOK
KWIMO aliTranza y xu ra upornopuuonan oymamu), f — AupTkudanapHuHT TaObuuii
ynui Ko3hPUIMEHTH XapaKkTepiaaniu.

IOkopuaa kenTupwiIran TEHrJaMaJlapHUHT €YUMIIAPA MUPTKAY Ba yIDKajap
COHMHMHI TYJIKHHJIM TeOpaHuuulapuHu udoaanaigu. Yoy TYIKHUHIAPHUHT
MIAKIM Ba JAaBpUIIMIH X,,Y, OOLUIaHFMY IIApTiIapra xamjaa TeHIVIamala

UIITUPOK 3TYBYU KOA(DPUITMEHTIIApHUHT KUMatiapura 6orimuk O0ynaau. by epna
Oup Heua xonaraap OYIUIIN MyMKHUH:

1. MyBo3anatnu Oockuu (11.3-pacm). ByHnait BazusaT WUPTKUWIAp COHU
y = constoynumu  y4yH ¥y3rapMac MHUKAOpAArd  yioKalapaaH — KYTpoK
MUKJIOPJAAry YipKanap TyFUITUIINHA aHTJIaTaau.

X,y

o /\/\/\
yo J\mN




11.3-pacm.

2.  VYipKkanapHUHT JKaJall —cypbariap Owinad  evwimmu  cabalnu
WAPTKUWIAPDHUHT OWIMKIAH YIMIOM Ky3aTWiIagu. YJipKanap COHM X HOJra
TEHTJIAIIUIIUradya oMy Isus TYJIKUHIApU aMIUIUTyianap oyinda Einnubd 6opanu
(11.4-pacm).

Xy

Xo

Yo

11.4-pacm.

1. Varapmac ammiuTynand MyBosaHataum Tyiakummap (11.5-pacm). By
XoJlaTAa TOoXHAa Vipkanap Kynaiub (kamaiu0), WMpTKUUYIap kamanuo (kymaiino)
KETHIIW Ky3aTHJIa]Iu.

X,y

XO/\/\/\
w I N

11.5-pacm.

Wnmuit manbanapaaH MabiiyM OYiauIIMyYa, MAaTEMATUK MOJEIHHU TEKIIMPUIIT
Makcaguaa Taxpuba cudatuaa Vipkagap ydyH eTapiad JapakaJaru o03yKa
COJIMHTaH YeKJIM XaXMJard CYIOKIHKKa (Koj0ara) KHIPUKCUMOHIAPHUHT MKKHTA
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Typu (Oupu HUPTKUY, UKKUHYKACU YIDKa cudaTtuna) xounamtupuiagn. Taxpuda
HaTWKACUAA Kyiugaruinap Ky3aTUJraH:

1. Arapna konbana HupTKuwiap Oynamaca, y Xojjaa VibKanap COHUHUHT
VYCUIIM CYIOKJIMK XaKMH OuiiaH Oenrunananurat K, raya sKMHIaIaaq.

2. Konbara MupTKyY momyJIsiusacy KYIIWIraija, yjaap yipkaiapHu Te3zaa €0,
MUPTKUUIap — Y3IApUHMHT COHMHM KYHNaWTHpap SAWiap. YIDKanap COHMHHHT
Kamalumy Yipkamap — OyTyHJIa WYKOAMO KeTryHH4Ya JdaBoM 3THO, Yipkaiiap
KUPWINO KETUIIM HATHXKACHUA, aXUPH WHUPTKUY TMOMYJSIUSACH OWIMKAAH YiInO
ketaau (11.6-pacm).

Xy

Xo

Yo

11.6-pacm.

3. Taxxpubana cyroKIuKKa IeiuToiio3a Kynman. Llemono3a s3puTMaHuHT
KOBYIIKOKJIMIMHA OIIMPHUII Y4YyH KylUIWwirad »3ad. Hartwkana wupTkudiap
TOMOHHMJIaH OBHU MyBadakusTiu Tap3fa TyrajulaHuim KodhQuiueHTd C Ba
WupTKUYra HUCOATaH TyFuiIHNUap KodhQUIMEHTH ¢ HU acalTUpHUIITa
spumwian. by Xonatma Oapua yipkanap €0 OYiIMHTYHUra (X = O) Kajaap
WUPTKAWIAP TOMYJSIIUACKH YUYyH YCUO OOpyBYM aMIUTMTYAANW TYJIKUHIIAD a0
O0ymn6, oxup-okuOaT WUpPTKUUIAp KUpWiInO, HOOyn OynuiHu Gomwap >au (11.4-
pacMm).

4. Vika TOMYISIUSICHHUHT TaOUMH YCHUII Te3nMUrd ¢ HU KUCKAPTUPHII
Makcaguaa yixka o3ykacu 2 OapaBapra kamantupuiau. by Xomatna yipka
MONYJISIIUSACH aMIUIMTYTaCUHUHT YCUIIM aH4ya Kamaiau. ByHuUHr HaTmkacuja
WUPTKUY MOMYJISILUSCH COHUHUHT T€3 cypbatiiap Ouiian ycuiu Ba okubartia yimxa
MONYJISIIIUSACH COHUHUHT Te3/la KamMaWuO KEeTUIM Ky3aTWiMaad. X Ba Y Jap

oyiinua 6apkapop TynkuHIap maiiao 6yiaau (11.5-pacm).
dnuaeMust MoJ1eJIu

Masbinymku, KyIl acpjap JaBOMHMAA WHCOHJIAPHUHI KYITUMIIUTH TYpPJIA XWII
snuAemMusIap Tydaiau BadoT dTrannap. dnuaemMusiapra Kapim Kypamuil yayH
Typau THOOWN TaaOupnap (KapaHTWH, SMJIANUIAp Ba X.K) HU ¥3 BaKTH/a amajra
OomMpHUIl Kepak OYymanu. byHmait TuOOMiIT TamOupiapHu camapaaopiurH
AMUAEMUSHUHT TYPUHU aHUK OWJIWII, SMUJEMHUATA YaJuHraH OeMopJiiap COHUHUHT
BaKT OYyin4a y3rapuiliuHu OamopaT KUINII OujlaH OOFJIUK,.
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dapa3 kunainmk, oup xyayaaa N ta cormom omam maBxkyn 0ymu6, t =0
BaKT MOMEHTHaa Oy Typyxra Outra kKacajl ojgam (umHEKius maHOau) Keiaud
KymiacuH. ['ypyxzman OGeMopiiap 4uKapuO TalutaHMaiau (Ty3alduIl Xam, YIIHII
xaM, m3oisiusa Xam Wyk). LllyHuHTIEeK, ogaM KacCaluKHU Y3ura FOKTUPHUILIU
OmnaHok, nHMEKIUs ManOaura aiaaHaau Ae6 gapas KUIMHAIH.

t BakT MOMEHTHJIard Kacauiap COHHUHH X(t) OwtaH, COFJoM OynraHiap

conunu 3ca Y(t) 6unan GenrunaiiMus. JlemMak, MXTUEPUI BAKT MOMEHTH/IA
x(t)+ y(t)=N +1 (1)

TEHIVIMK YpuHIM dKkarmymrd Ba t =0 ga X(O)zl mapT OaKapuiivily KYpUHUO
TypuOau. t + dt (dt— kuuMk BakT opajufu) BaKT OpaJMFUIa HEUYTa SHIU Kacal
naiIo OYIUIIMHU aHUKJIAIl MyMKWH. YJIapHUHT COHU Ot BaKT Opalurura, COrJioM
Ba OeMOp KUIIWIAPHUHT ¥3apo ydpailyBiap COHWTa, SbHU X Ba U
KAaTTAJMKIIAPHUHT KYMalT™Macu X ra mporopiuoHan Oymanu ae6 Qapas3 Kumii
MYMKHWH:

dx = axydt (2)

Oy epna o — mponopiuoHALIMK Koddhduimentd (MHOeKIusHu OOIKa oxamra
IOKTUPHII KO HUITUCHTH).

x(t)
N+1

11.8-pacm.
(1) Ba (2) dopmymanap acocuaa Kyhumaru auddepeHman TEeHTJIaMaHH
XOCHJT KWJTUIIT MyMKUH:
ax_ ax(N +1—x)
dt

by TeHrnaMaHuHI e4MMM Kynujaruyda:

N +1
x(t) = Ne-«(N+Dt 4 1’

Yuoy dopmyna acocuaa rypyxaard Oemopiiap COHMHUHT BakT OVyiinua
y3rapumu 11.8-pacmaa kentupuira.

Macana. Arap o = 0,001, H+1=1101 xumm 6ynca, y xonga 6 cyTkaaaH
KeWHHrH OeMopiap COHM KaH4ya OYIMIIMHU Ba 6 KyH MUMJa KaHYa OJaM Kacaj

OYJIMIIIMHYA aHUKJIAHT.
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Macanara »aBoO TOMUII y4yH TEHIJaMaHUHI edyuMuAaH (oiiaJaHUIIHU
YKyBUMiapra TaBCcusl KWIaMH3.

OnuaemMus MOACIUHU Ty3uIlfa OakTepus KaTaKyalapuHUHT (HaoNUATHHU
OOIKapyBYM KOHYHJApHU, aJOXUJa OJMHTaH KHIIWJIAPHUHT WHQEKuusIapra
HUCOATaH Ce3yBUAHJIMK Japa)KaCUHH, HWHQPEKIUsS TalulyBUMIAPHUHT COFJIOM
KUIIWIap OWJIaH y4upamuoO KOJIUII SXTUMOJIM Ba OOIIKAa OMIIJLIAPHU XUCOOra OJIMII
MYMKHUH 3]14. JIeKHH, MacaiaHu COAMaJalITUPUIL YUYH YIIOy oOMUIIIap 3bTudopra
OJINHMAJH.

x(t)

11.9-pacwm.

MopenbHu siHaia MypaKkKaOIaITUPUII MaKcaauaa m BakKT MOMeHTHAa 1 Ta
sMmac, Oup HeuTa, SHHU 6 COHJArM OJaM KacajulaHraH ae0 ¢apa3 KUIHMHAIH.
[IyHuHTACK, KAYUK BaKT OpaJIMFUIAH CYHT OeMop Ty3aiud, UMMYHHUTETra 3ra
Oynamu ned xucoOnam MyMKUH. 3(m) OWilaH m BaKT MOMEHTHTada Kacaja OyiwuoO,
CYHTpa Ty3ajraHn Oemopjiap COHU OenruiaHca, IOKOpHUAaruiapra acocjaaHuo,
KyHujarura sra OYJIuiin MyMKUH:

X+y+z=N+Db,

%—axy—ﬂ
dt

dy

— = —aX

ac Y

by epna y x — ty3anranmap conu. Y Xojjga O0eMopiiap COHWHHU OamopaT KUJIHII
11.9-pacmaa KeATUPWITaH IIaKIra 3ra Oyiaad. Orpu YM3UKHUHT aHUK KYPUHUILIN
H, 6, a, y napHUHT KMiiMaTIapura OOFIUK OViaiu.

Pexi1ama KOMIIAHUSICHHHA TANIKWIJIAIITHPHUIIL.

®dapa3z KWWK, pupma SHIM TOBAPU €KUM XU3MATHHHU peKjamMa KWIMIIHU
pexanamrtupmokaa. M 6onutanuimmaa SHruiauKIaH UCTEbMOTYMIAPHUHT O3THHA
KHUCMH  Xabopmopyiuru cababmm pekinamara capd HSTwiaguraH Xapaxkatiap
peKiamMa KOMITaHUSCH oJjiaAuraH doiinara HucOaTaH KYNPOK OYJIMIIM MYyMKHH.
KelinHyanuk, BakT YTHIIM OWIaH HMCTEHMOTUYMJIAP COHMHHU OIIMIIN Tydaiau
ce3mnapau gorgara ymua Kuiuil MymkuH. [lyHnail BAKT MOMEHTH KeTaauku, Oy
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BakT/Aa ¢upMa SHTU TOBApH €KW XW3MATH Typu OwjiaH MCTebMOUMiap 06030pu
TYHUHTaH Oynaau Ba 3HAM TOBAPHU €KUM XM3MAaTHU peKjiaMa KWJIHII MabHOTA 3ra
oynMaii konaau. byHaan keiimH MaB3yHu 0aéH KWIMIIA TOBap €KW XHU3MaT TypH
nbopanapu YpHUTA KyJIaIMK yayH (pakat ToBap cy3uaad doiganaHaMus.

Pexnama KOMIAHUSACHHMHI MAaT€MAaTHK MOJEJIWHU TYy3HIIJAa KyWHJIaru
Oenrunanuiapiad Qoipananwiagu: t- pexinama KOMIAHMSICH OOLUIaHTaHWJIAH
Ky3aTyBraya OYJiraH BaKT; N(t) - (Qupma ToBapugaH Xabopaop MHUXKO3 EKHU
ucrepMoiuuiIapHUHr U BakTaarum coHu; N, - ¢upma TOBapura myja TYJailu
MYMKHUH OYJraH XapuAOpJIAPHUHI YMYMHH COHM. MaTeMaTuk MOJEIHM KypHII
Kyliugaru acocuil ¢apasznapra acociaHagu. ToBap xakujga xabopaop OynraH Ba
yJlapHu cOoTHO onMura KypOW €TraH HCTEbMOJIYMIIAp COHMHUHI BakT Oyiinuya
yarapum Tte3nurn dN/dt ToBap Xakuma xabapu Oyimaran Xxapuaopiiap COHH
o, (tNy —N(t)) ra mponopuuonan. By epma oy(t)>0 - pexnama KommaHusCH
UIIMHA kajamurd  (ymOy BakT MOMEHTHJA pekiamara capd 3Tuirasd
xapaxarnap) HuM aHrnataaud. lllyHunrnek, ToBap xakuga xaOapaop Oyirax
Xapuaopiap ToBap xakuja xabapaop OyimaraH xapuupopiapra y €ku Oy Tapsna
TOBap Xakujaa axoopoT Tapkatud, (pupMaHu KylIMMUa pekjiaMa areHTH cudaTuaa
WINTHPOK 3Tamu 1e6 Gapas kuamHamu. Ymapauar yaymm o, (t)N(t)(N, — N(t))
MUKJIOpPra TEeHr OYyJiu0, areHTiap COHM OWIMIIM OujlaH Oy MHKIOp XaM OIIHO
Gopamu. a,(t)>0 MuKIOp Xapumoprap YpTacHmard ¥3apo Myomanma (aXx60poT
aIMAIllWI) JapakacUHU XapakTepiaiaun (0y MUKIOPHM KUHMaTH, Macallad,
CYpOBHOMa YTKa3UIII My OujIaH XaM aHUKJIaHUIITU MyMKHH).

FOxopunaru Qapaszmapra acocan pekiiaMa KOMIIAHUSCHHHHT MaTEMaTHUK
MOJIeNIA KyWUIaru KYpUHHIIIA OYaau:

=l + a ONOIN, —N). @

Arap ay(t)>> a,(t)N(t) 6¥ca, (1) Monennan ManbTyc THIIHAATH MOJENTa
sra OYJIUII MYMKUH, aKCHHYa TEHICU3JIMK/A NOMYJISIUAHUHT KyHHUaard MOJIEINHH
XOCHJI KWJTUII MyMKHH:

dN
dr
VYmly MOJeIHN Ba NOMYJISIIMS MOACIIMHYU Ty3UIIAa KaHIauaup MUKIOPHUHT
BaKT OYHUYa YCUIIl TE3JTUTH yIIOY MUKIOPHHUHT jkopuit BakTaaru N (’[) KUMMaTUHA

N(N,—N), dr=a,(t)dt.

MyBO3aHaT XoOJaTH (MOMyJsIUMsANa) JarufaH €K XapUAOPJIAPHUHT MaKCHMall
KUMMaTU[aH >KOpPHM BaKTJIarud N(t) kuitvatuan  abiupmacu - Ny — N(t)
KynaTMacura mponopuuoHan jaerad (apasra tasawirad sau. Ly ca6abmnu
yJlIapHU aHoJIOTHsICUJaH (oiananuin MyMKUH. Arap al(t)+ az(t)N (t) MUKIOP
BaKTHUHT KaHJAWJANp MOMEHTHJA HOJITa TEHTamica €k MaHpuil KuiimaTra sra
6ynca (OymmEr yuyn oy(t), a,(t) xo>boummenTmapuurr OGupopTacH &kum
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WKKajgacu XaM MaH(pui wumopara s3ra OYyiauimm JI03uM) ymly xapa¢Hiap
ypracunaru ananorus tyraiau. lllyHra yxmam HeraTus XoJaTiiap TypJIu pekiama
KOMIIAaHMsAJIApuaa Te3-Te3 ydpad Typaau. byHnmaii Xoiuapaa pekiamMaHU
XapaKTEePHUHU y3rapTUPUILI €KH OyIMaca pekiamanaH OyTyHJIail BO3 KEUHIL JIO3UM
6ynamu. TosapHu omMaBuituruHu ommpum  Tandupu  oy(t), a,(t), N(t)

MUKIOPJIApHU KHAMAaTIapura OOFIUK XOJJa TYFpUAAH-TYFPH (al(t) napameTp)
6k ukkunamuu Tap3na (a,(t) mapameTp) pekiama HATHKACHHH SXIIHJIAIITA
NYHANTUPWINILA MYMKHH.

(1) ™aTemMaTHK MOJENb YEKIM BaKT MOMEHTJIApHIA HOJITa aillaHaJuraH
eunmiiapra 3ra smac. [lomynsius COHMHM BakT OyilM4ya y3rapuilnIaH MabIyMKH,
t—>—0 na N(t)—)O. Pexknama kommanusicura HHUcOaTtaH Oy Hapca IIyHH

aHTIIaTaAUKH, peKiiaMa OONLIAHUIIMIAH OJIUHPOK XapHUIOPJIAPHUHT OUp KUCMHU
SIHTY TOBapJlaH xabapiop OYIuIITaH.
Arap N <<N;, a,(t)N <<(t) ne6 xucob6ma6, (1) MaTeMaTHK MOJETHH

N (t = O) =N (O) =0 (t=0 - pexnamanu OOIIIAHUII BaKTH) HYKTa arpodmuaa
Kapaiauran Oyicak, (1) TeHrnmama Kydujgard KYpUuHHIITa KeIaau:

dN
at = al(t)NO

Bay t =0 maru GonuTaHFUY MIAPTHU KAHOATIAHTHPYBUH

N(t)=No [ ey (t)dt (2)

¢4yuMrIa ora.

OHau, OUTTa TOBapAaH Tyliaauradn QougaHu P opKaau Oenrmianimus.

Copnanmuk yuyH xap Oup xapumop (axartruHa Outra TOBap COTUO OJICMH €0
xucobmaitMus. Mabnymku, o(t) kodddurment MabHOCH GyitMua peknama ydyH

BaKT OUPJUTH WYWJA KUJIWMHAJIUTaH XapakaTjap COHMTa TeHr (MacajiaH, Oup
TypJaru aduinaiapHyd eIuMIIall). S OpKaju JJIEMEHTap peKiamMa XapaKaTHHHHT
HapXuHU Oenrunaimus. Y xoija skamu Qoiifa Kyduaarura TeHT 0Ymaau:

P = pN(t)= pN,[ ey (t)dt, (3)
0

cap( KUIMHTaH Xapakatiap 3ca

Kypuaub typubmuxu, pN,>S OyaranmaruHa ¢oiina xapaxkaTiapra

Hucbaran okopu Oynmaau. Kyna camapanu Oynmaran €kd KMMMAT pekjamaaaH
dupma OupuHUYM KagamMuaaék Kamomaara ydpaiau. AMmo, Oy XoJaT pekiiaMaHu
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TYXTaTull y4yH acoc Oyna onmaiinu. XakukataaH xam (3) ugona Ba PN, >S
mapt ¢dakarruHa N(t) HUHT KWYHMK KuiiMatiapuga xamaa P Ba S BakT Oyiinda
OMp XU KOHYHHST acocujia ycub OopcarvHa ypuHIU Oyiaau. N(t) HUHT YCHUIIN
ownan (1) dopmynana tanuiad 00OpUIraH Xaajiap Ce3wIapid KuiiMatiapra sra
Oymanu, XycycaH UKKHJIaM4H peKJIaMaHUHT TabcupH Kydasau. [llyaunr yayn N (t)
bynaknus (3) hopmynagarura HucOaTaH BakT Oyinda Te3 ycyBun GyHKIHs 0YIm0
KOJUIIM MYMKHH. N(t) MUKJIOPHUHT Yy3rapumujgard Oy 4u3ukcu3 3PQGexT

XapaXkaTJIADHUHT  y3rapMac TeMIJa YCUINWIA peKiIaMa KOMITAHUSICHHUHT
OonutanFud  OOCKWYMIArd MOJUSBHA MyBa(PaKUATCUZIUTHHN KOMIICHCAITHS
KWIHII UMKOHUHU Oepajiu.

Ymb6y Ttacaukau (1) TeHrmamaHWHT Xycycuit xomu, spHH ay(t), a,(t)
kodpdunmenTnap y3rapmac Oynranna uzoxjaamus. Kytngaru
N=o,/a,+N
oenrunam opkanu (1) TeHriama
dN - — o«
—=a,N(N,-N),  Ny="L+N, (4)
dt a,
KYPHHHUINTA Kenaau. YOy TeHIJIaMaH! €9MMH KyHuaaruaad noopar:

N(t)= [1+ (Ny @, /o, —1)-exp(= a,tN, )]_1 - (5)
Byana N,=a;/a,. Ilynmait kwmo6, N (0) =0, sabHM OOILIAHFUY MIAPT
GaxapwiMokaa. (4) manm xypunu6 Typubauku, N(t) byHKIMSHMHT Xocuiacy,
xycyan N (t) byukmus t >0 Oynranma GonuraHFUY KURMaTIapuaaH KaTTa OyInim
mymxna  (Ng >2a,/a, éku  Ny>a/a,  maprmapma). N =N;,/2,
N = (al Ja, + NO)/ 2 KuhMariapaa N(t) GYHKUMSHUHT XOCHJIACH MaKCUMyMTa
DPUILIATH:

(dﬁj _(de :azﬁ—oz—a o/t +No )

dt ). Udt 4 2 4

by Baktra xenu0 BakT OWpJWTd WYMJIa OJIMHAIUTAH >KOpuM Qoiiga Kyhumarura
TEHT:

dN (ay/a, + Ny )
P=p—=paqa, 20
m p dt p 2 4
P, xopuii ¢oliganan Oouutanrud xopuid ¢doiina Py = p(dN/ d’[)t:0 =oyN,

HU aitupu0, Kyiugarura sra OYJIMIl MyMKHH:
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P -P :p(al/\/ZZZENo)Z_

bynnan xypunu® TypuOauKu, OONUIIAaHFUY XOpUK (oiia Ba MaKCHUMall >KOpUN
¢olinanuHr papKu etapiu napaxkaaa ce3wiapiu OYIUIIU MyMKHH.

(4) TeHrnamajaH sHA IIYHU TabKUJIAlll MyYMKUHKH, KaHJIaWJIUp BaKTIaH
Oonutad pexiiaMaHy JaBoM STTUpHI (oigacu3 O0ymub koiaan. XaKUKaTIaH XaM,
N (t) HUHT N, ra skuH KuiiMatiaapuaa (4) TeHriiaMaHu

aN

dt
KYpUHHIIOA €3UIl MYMKHH. by TeHrmamManuHr ednmmu t-—>oona CEKHH
OKCIIOHCHIIMA KOHYH Oyimua N, dexnm Kuiimatra (N(t) ¢yHkuus sca N, ra)

uHTUIa 1. BakT Oupiaury nunaa yHda Kyn OyiamaraH COHIArd sSiHTM Xapujaopiiap
naijio Oynaau Ba TOBApHU COTHINJAH Tymaérran ¢oiga uxTuépuil maprtiapaa
XaM J1aBOM 3TAETTaH Xapa)kaTJapHU KOoIlaMal KOJIAIU.

a; NO(NO - N) (6)

Differentsial tenglamalarni tagribiy usullar bilan yechishda quyidagi chiziqli algebraik tenglamalar sistemasini yechishga
keltiriladi: Au= f

Bu yerda 4=|(qg; ) - tartibi N bo’lgan kvadrat matritsa, u = (ul,uz,...,u_\.)r - noma’lum, f = (flflf\)r - berilgan
vektor p.

UH3HKIH amreOpaHK TeHIIaMatap CHCTeMACHHH eYHITHAHT HKKH XHI YCYIH MaBKYyI:

1) Tyrpu €KH “aHEK~ ycyiiap;

2) HTepallHOH yCyJUIap EKH KeTMa-KeT SKHHIANTHIILIAP VCYIIH.

MareMaTHK (QH3HKA TeHINIAMATAPHHH aNNPOKCHMAIHI KWIHII HaTIDKacHJa aHHpMalH TeHrIaMatap XOCHT OyIamu.
Bynaa Typaa, SbHH JHCKpeT HyKTalap TYILIaMHJa OepHIraH HKKH €KH Y4 ¥3rapyBYWTH (QYVHKIHIHH aHHKIAINTa TYFpH
KelamgH. XHcoOnam TYpH YH MHHIIA0, XaTTOKH 03 MHHIIA0 TYI'VH HYKTalapaH TAlIKH1 TONraH Oymamm MyMkHH. TYp
GyHEKIMS KMMATIAapHHH —aHHKIAII YYYH XOCHI OYIraH UH3HKIH alreOpaHK TeHIaManap (aHHpMaTH TeHIIaManap)
CHCTeMAacH 2 X07aT OpKalIH aToXHIa XapaKTepIaHaJH:

1) 9M3HKTH anmreOpaHK TeHrJaMalap CHCTEMACHHHHI 4 MaTpHIJACH Maxcyc KypHHHINTa (HODb KHIMAT KaOyl

KITYBYH KYITHHA 37TeMeHTIapra) 5ra;

= 4 5
2) TeHrIaMaTap CHCTeMACHHH TAIIKEI STYBYH TeHITaMATap COHH ’Kyaa KarTa (Ypraga 107 —10° ra tenr).
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AfADMaTH TeHIJIaMalapra MHCOLTap. ApHQMeTHK mIporpeccus (opMynacH XajglapH YIyH YpHHIH OYmuran
a;.,=a. +d & a,_, — 2a, + a,., =0 TeHrnavatap aiipmaTH TeHrIaManapaup. by epaa a, = a(k), k=123,... apHn,
apryMpHT k OYTYH KHIMATIapHH KaOy7T KHIAJH.

OHIH, apryMeHTH OVTYH KHAMATIapHH KaOy.I KHITYBYH QYHKIHAHH KapaiMHs3

wWi) i=0,£1%2,..

[ HyKTajga KyHHJard aiupMaTapHH E3aMH3:

yur attmpya 4y, = y(i+1)-y(0).

gamn afiupma Vy,; = y(i)— y(i — 1).
Onatna y; = y(i) OelrHamI KaOy7 KHIHHTaH. Y Xo711a
Y =Ya=Yir W=V~ Ve
By udonarapHu OHPHHYH TapTHOIN XOCHIAHH (HOpMal aHANOrH cHbaTHIa Kapall MyMKHH. VIKKHHYH TapTHOMH aiHpMaHH
KapaiMHs3
A%y, = Ay)= Aye1 = 3.)= B2 = 31) = (i1 = 1) = Vi = 2pe1 + 1.
Ay;; =Vy; SKaHIMTHHH KaH 3THII J03HM. XaKHKATJaH XaM, TeHITMKHHUHT Xap HKKH TOMOHH XaM ); — };_; Ta TeHr. Yan

aHMpPMATH OIePATOPHH Ky LIAll YHI aHHpMaTH ONepaTOpHH OHp OHMPIHK Yall HyKTara KyJLIall OHIaH TeHT Ky@iH, IbHH
|AVY, = A’y =y =20 4 Y
Xynou myHuHTAeK, A™Y; aHHKIaHATH

Ay = A(A ), )
A omepaTopHH Xap OHp MapTa Ky/laraHia YHr TOMOHJaH fHa OHTTa HYKTa adupMami H)OZada HMINTHPOK 3Tagu. A
ONepaToOpHH m MapTa Kymw1ad, QyHKImMSHHAT 7,1+1,...0+m HYKTaTapmard V;, Vi, ...V, KHAMATIapHIaH TaIIKI
TorraH A™Y; HA XOCHT KHU/IHII MYMKHH.

TypmH TapTHOZArH affHpMaTap HINTHPOK 3TYBUH aHHpMAaTH TeHITIaMaHH KyHHIarH9a 3HII MyMKHH:

-1
A"y + ATy +o A Ay Ay 0y = fis

by epoa oy, oy,...,a,, - Kospdunmentaap Oym0, o #0. by TeHrnmamMa OYTyH apryMeHTHHMHT QVHKUHACH OYIaraH
HOMAbIyM QVHKIMS - V; Ta HHCOATaH m —4u mapmudau atiupmaiy mesenama oetiuraou. By afHpMamH TeHITIaMa m —49H
TapTHOMH KyHHAarH
d"u d"u u
oy —+——=+.. 4o,  —+au=f o #0.
dx” ax™ dx
mubdepeHHaT TeHITaMaHHHT aHatorugmp. JuddepeHiman TeHrnaMaHHHT Ko3QQHIMEHTIApH X apryMeHTHHHT

byHKIIICH OYIrany KadH afHpMany TeHITIaMaHHHT Ko3GQHIMeHTIapH o, = am(z') nap i ra OormHK OymamH.
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A¥MpMaTH TeHIIaMalap Kaep[aH Maino OyIaam meraH XakKTH caBol maimo Oymamu. JuddepeHiman TeHrIaMazap
Omnan nporaTaHyBUH TeXHHK Ba MaTeMaTHK Macalagap Mabxyd. byHzaafl MacamamapHH aifflipMaTH ycylIap OHIAaH edHIn
affEpMaTH TeHTTIaMATapra OTHO Kelagw.

Onawmit mudhepeHITHAT TeHIIaMara CoAJarHHa MHCO KeITHPaMH3.
du
==

auddepeHnraT TeHITTAMaHW €YHIN Tanad STHICHH. by TeHrnaMmamaru XOCHIAHH TakpHOaH afimpMamn Hpoza OmmaH

ATIMAITTHPHII MYMKHH:

XX,

Oy epoa h >0 - x; Ba X; +h Hykramap opacumaru macoda. Arap X; +h=x.,, u(x,.)= u;, u(x,-_l)=u-r_1 OenrHIaILIap

() ot
dx x_xz_ h h

h — 0 na Oy attmpmamu udona du / dx ra uaTwIany. 11yHE TABKHLTAT TO3HMKH, OVHIAl ATMAIITHPHIN STOHA, SHHH OHp

KHPHTCAK, Y X012

KHAMATIH 5Mac — Yall alupMaHH XaM HILTATHIN MYMKHH 371H:

(#) % n
dx x_x;_ h h

VHr Ba Yan aiiHpMaTapHA HHFHHIACHHAHT IPMH MapKasHil aifupMaHi uoganaii:

(du) —Au,+Vu,  ug—u
X=X,

) .~ 2h 2h

' . o Uy — U du
Xamva epaa L OelrHCH MOCHHK &KH ANNPOKCHMAIHSHH OHITHDAIH. i ndona ~ Rocuimy
x

aNmpOKCHMANHS KHIaIH JAeHHIaIH.
IITysai KHIHo,

Ay,
SE= =)
TeHIJIaMaHy KapaiimMus. Tappudra Kypa Oy OHpHHYH TapTHOIH alfHpMaTH TeHIIaMagup. YHH KyHuaarada E3HII MyMKHE
Ay, =hf; &xu y., =y, +hf.

BupusyH TapTHOIH JubdepeHITHAT TeHIIaMaHH aTMAINTHPHIIA HKKHHYH TapTHOMH affHpMaTH TeHIJIaMara XamM sra

Oy mum MyMKHH. MacaniaH,

3
u(x.,)=ulx,)+hu'(x,)+ 050" (x, )+ % u"(x,)+ O(h"),l
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3
“(xi—1)= u(xi)—hu'(xi)+O,5h2u"(xi)—%u"' X; )'*' O(h4)‘

By uKKH HoTaHH KYIIHO,

U, —2u. +u, 5
i+1 hzl [ ui”+ O(h&)

uozaara sra 6ymum MyMxuH. By epaa O(h2 ) HH Tanuiad 1000pud, 1, yayH TaKpHOHi

d’u ~ug—2utuy  Alu, AV,
dxl - hl hl h2
10712 XOCHT KHIJIHII MYMKHH.
Uz, HH X; HyKTa atpoduna Tefinop Katopura éimmMacH u  =u, +hy; +0,5h2u;'+0(h3) Ja u! HH HKKUHIH

TapTHOIH aifiHpMaTH HdoJa OHIaH aTMAIITHPHO,

r_ Uy Tl _kui—l _Zui UL +0(h2)
! h 2 h*

AbHH HKKHHYH TapmG'm aimpmam TEeHIIaMaHH XOCHT KHJIHII MYMKHH. ByHH HKKHHIH 'raprmﬁmi aﬁnpuam{ TeHIJIaMa

SKAHIHTHHH KyHHJarHda HCOOTIAI MyMKHH. OXHprH QopMyJaja u; HH f; ra aIMAITHPHO, O(hz) XaIHH TaIL1a0

1000pHO, Xocw1 OyuraH TeHrmamaHH 2K ra kymaifitEpamms. YV xonma OHpuHUH TapTHOMH muddepeHIHAn TeHIIaMa

du/ dx= f ypHura Kyfunara HKKHHIM TAPTHOIA aflpMaTH TEHIIaMara 5ra o0yIaMus
AVy, — 24y, =2hf,.

YerapaBuii Macaranaap.
DHIH MKKHHYH TApPTHOIH aHHPMATH TeHIIaMaTapHH KYpHO YHKaMH3. MIKKHHYH TApTHOMIH alHpMAaTH TeHIIaMaTapHu
KyHHIard KyJaipoK KYPHHHIIIA E3HIO KaOYJI KHIHHTaH:

44 —CiYy + By =—F,

I

(1.24)
i=123.. A4,#0, B #0.

By TeHriIamMa HKKHHYH TapTHOIH TeHITIaMa 5KaHIHTHHH KypcaTamus. Ay, = y,, —); Oemrmiamgan dofinanaHamms. YV

xomna (1.24) TeHraaMa

BAy, — A4y, —(C;— B, — 4, )y; =-F, (1.25)
KYPHHHINTA KeJdaaH.

Ay, —Vy, =Ay,— Ay, = Alyx'-x =Yin—2Yi+Yias

Ay =Ny, + Ay,

40



KHIMATIADHH aHHK7Iam MyMKHH. IITyH7ai KuaHO, ), Ba ); KHiMaTJap OepHITaHJa MacaJaHHHI eUHMH MaBXyl Ba
ATOHATUP. AMMO, HKKHHYH TapTHOIH TeHIaMa yuyH MaTeMaTHK (H3HKaJa derapaBHH Macalanap, SpHH KylIHMYa

mapTiap Kymsu o6yavaran =0 Ba 1= N za
Yo =t Yy =1

Kufimatiaap Oepunranna 0 <7< N HyKramap y9yH V; KHAMATIapHH aHHKIANl aHYa KH3HKapauaap (44, 4, - Oepuirax
COHTap).
=0 Ba i=N =HykTamapaa HadaxaT QYHKIHSIHHHT KHEMATIapH Ba OMPHHUH TapTHOIH aHHPMAaHHHT KHHAMATH,
Oanke GYHKIMS KHAMATH Ba OHPHHYH TapTHONH afHMPMAaHHHT YH3HKIH KOMOHHAIHICH OSpHIHMIOIH XaM MYMKHH.
VMyMuiT X012 OyHAal derapasHii IapTIapHHA
Yo =XV T M Yy = Vvat i (1.26)
K{pHHHIIIA E3HIT MyMKHH. (1.26) TeHTIaMaHHHT OHPHHYHCHTA
N =Yo+ 4y,
TEeHIUHKHH KyHcaK, KyHHIard MyHOCaOaTHH XOCHT KHIAMH3:
1850 == 7)¥e = p4- (1.27)

7, =0 o¥nran xo1 7=0 HyKTaza QYHKIHAHHHT KHIIMAaTH ), OepHIrarIMTHHH aHrIaTamu (Oy aca Oupuxyu mypoazu

yezapasuil wapm). Arap y =1 0¥mca, y xonga Ay, HuMHr KuiiMaTH Oepuiaran OVaamu (Oy sca uxxunyu mypoazu

yezapasuli wapm). Arap y, #0, y, #1 0¥aca, i=0 HyKraga QyHKOHA Ba OHPHHYH TapTHONM aHHPMAHHHT YH3HKIH
KOMOMHAIMACH OepHiarad 0yaanu (Oy sca yuunuu mypoaeu 4eapasuii uapin).

AManuéTna aiHpMaTH YerapaBMH Macananap KaTTa aXaMHSITa Sra. XHcoO7all MaTeMaTHKACHHHHT SHT KaTTa
IOTYFH MaTeMaTHK (H3HKAHMHT KyIUIIHK MacalaJapHHH XHcoOIamia Xap 6Hp Kagampaa (1.6) afupMaTn TeHrIaManap
cucTeMacHHH (1.26) gerapasuii mapT OHIaH e4HINIAH HOopaT. By Macana KiaccHK Macana OYIHO, XHCOOIaIn ycyiLiapH
Ha3apHACHHHHT K{IITHHA Mypakkad Macanamapu (1.24), (1.26) uerapasuii Macanara KeITHpHIagu. ByHaal TeHraManap

CHCTEMACHHHHT MATPHIIACH Y4 JHATOHALTHAHD. By MaTpuia KyHHIar# KypHHHINTA 5ra.

1 -0 ... 0 00 .0 0 0
4-CB .. 0 0 0 ..0 0 0

Arap UKKHHYH E6KH YYHHYH TypJard derapaBHil mapriap OepriraH Oymca, Oy MaTpumasuwer TaptHom N +1 ra TeHr
OV1amu. BHpHHYM TypJarH d9erapaBHii ImapTiap OepwiraH Oyica, MaTpHIa (_N—l) - TaprHOra sra Oymagm. by
MAaTPHIAHWHT (aKaTTHHA yYTa JHATOHATHIA, SHHH OOIN JHArOHANIAa XaMia OOII JHATOHATHHHT ITACTKH Ba IOKOPHCHIATH

KYIIHH JHATOHAWIApAA 37eMeHTIap HoiagaH (apkiau OYmagu. ByHmaH MaTpHuara sra Oyarad 4H3HKIH alreOpaHk
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TeHI;IaMaTap CHCTeMACHHH euyHINHHHT caMapamd yeyaH — Iayce yeyma acocmaa (1.24), (1.26) afmpMaTi derapasHid
MacaTaHH Xafjam ycyIH OHIaH caMapaTH edHII MyMKHH.

. (2)+27'(2) =1,
Muconr )" +x)'—0,5 Y _1 renrnavanusr {y( Y=L,
x

IDapTAapHH KAaHOATIAHTHPYBYH eUHMHHH XaHJai
¥2.3)=215 i Y

YCYIH épaaMHia TOIHHT.

Eunm. [2;23| «kecmamm /=005 «xagaM Oumman Oymub, Typ XocHT KHIaMH3 Ba  TYpITa
% =2,%=205x=21x,=215x, =22, x, =225 x, =23 TyIyH HYKTalapHH XOCHI KHIaMH3. X, =2 Ba X, =23

HYKTagap uerapasuii KOJraH HyKIagap 5ca HYKH HYKTatap Je0 aranagu. BepHiraH TeHITIaMaHH HYKH HyKTalapia

aﬁnpmama TeHrIaMa OWiIaH ATMaIITHPAMH3:

P, — 2V + Y Vo —+), : 15
}4'] },‘ J"-l +x} }‘4 J‘-l _0:5 }_‘: 1’ i=1:5.
P 2h x

YerapasHii mapTiapiaH 3ca

[y, 422245 3% +‘2‘3h"’ —3 1, (=0)
ly, =215, (i=6)
TeHIIaMATAPHH XOCHT KHIaMH3 Ba KyHHIarH Oe/THIaILIapHH KUPHTAMIS |
a,=10,=2.4=18=16=0B=215.p =x. ¢ =-05/x.f=1i=06.
Xafimam VCVIHHUHT TVEPH HYmaa XHcodnaHanuras Ko3dbHiHeTIap

2y _ = 2 P
5 =2h q. 4: n=2 hp: F: bf (i=]-5])
2+ hp, 2+ hp, 2+ hp,

=L: ; ﬂzc:=;:d,=}7'h:—n:c;_ldl_’ (1:8)
ah-a o m, —nc,, !

G

T¥rpu #y1 OaxapummO, rOKOpHIArH Ko3(dHIHeHTIap TOIMITaHIAaH CYHI, TeCKapH Hy1la HOMAabIyM OYHKIHT
KHHMaTIapH KyHHIard GopMy1a OHIaH XHCOOIaHATH:

Bh+ fe.d. =5
e o PR i . y=cd-y.) [=50).
Bh+ Blc.+1)
By epaa
e L 2-0.05 2
== x‘ ;nz= e x’; E:—(lz—),
2+0,05x, 2+0,05x, 2+0,05x,
€= E =-102564 d, = 903 = 0,025.
0.05-2 2

XucobnanriapHy KyHHIATH KagBania KedTHPaMH3:

X, m, n, KF, c. d Y.
-1.02564 | 0.025000 | 2.2490

2.00 - - -
2.05 | -1.903077 | 0.902497 | 0.002378 | -1.02308 | 0.095519 | 2.2178
2.10 | -1.900803 | 0.900238 | 0.002375 | -1.02063 | 0.025878 | 2.1933
2.15 | -1.898535 | 0.897983 | 0.002372 | -1.01830 | 0.026090 | 2.1748
2.20 | -1.896273 | 0.895734 | 0.002370 | -1.01611 | 0.026167 | 2.1618

| WM = O]
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5 | 2.25 | -1.894017 | 0.893491 | 0.002367 | -1.01406 | 0.026123 | 2.1537
6 | 230 - - - - - 215

KaBob:

02162
512154
012150

b o[t 1
Ll R 1571 H 51 )
el BN =1 ol I
W wilco| O

!\Jl

Typ Ba Typ pyHkumsaap. Xap XuJj1 coxajgapaa Typ KypHIil.

bepwiran nuddepeniiuan TeHraaMaHu TakKpuOuid TaBCU(BIOBYM alupMalv
cXema TY3HMIIl yU4yH KyHugaru KK O0CKUYHHU amalira OIIUPHUII KEpaK.

1. ApPryMEHTHUHT Yy3JIYKCH3 Y3rapuil COXAaCHMHM JUCKpET coxara
AIMAIITUPHUII KEpaK.
2. Huddepennman omneparopHu Oupop adupmanu orepaTtop Owusa,

HIYHUHTJIEK, YerapaBUil Ba OOLIUIAHFUY LIAPTIAPHU YJIAPHUHT alMpMalld aHOJIOTH
OuJiaH aaMaIlITHPUII KEpaK.

Ymly mporenypa aManra OMMPWITAHAAH KEHHH anreOpauk TeHrIamaiap
cucremacura sra Oymamu3z. Illyngait kuiam0O, gactinabku OepuiraH (YU3UKIIN)
muddepeHnran TEeHrJaMaHd COHJIM €YML Macajlach airedpavik TeHrjamasiap
CHUCTEMAaCUHUHT €YUMHUHH TOHII Macalacura KeITHPHUIIAIN.

VY éku Oy mMareMaTuk (U3HMKa MacajJaCMHU COHJIM €4ulifa apryMEHTHUHT
aHUKJIAHUII coXacujaru Oapua KUiiMaTiap YYyH COHJIM €UYMMHHM AaHUKJIAUTHUHT
uMkoHu MYK. Illy caGabiau apryMeHTHUHI aHUKJIAHUII COXAcCUIaH KaHJauIup
YEKJIM HyKTajap TYIUIAaMUHHU aKpaTUO OJIMII Ba TaKpUOWI edrMMIIapHU MaHa IIy
HyKTaJlapJlariHa u3jall JIo3uM Oynanu. byHaal yekiu HyKTajgap TYIiamu myp
Oetiunadu. AXXpaTu0 OJMHTaH HYKTalap mypHUHZ MY2yH HYKMaiapu Oeuundaou.
Jlemak, TYpHUHT TYIyH HYyKTaJapu XWUCOOJalll TYpPUHM TAIIKWUI JTYBUYU
HyKTaJIapJup.

TYpHUHT TYyryH HyKTajgapuja aHUKIaHTaH (QyHKUUsUIAp myp QyHKyusiap
Oeuunaou. ynmpail Kuianb, apryMEHTHUHT Y3JIYKCH3 Y3rapuil COXacUHHU TYp
OwyiaH, SPHM apPTYMEHTHUHT JUCKPET Y3rapuill coXacu OWiaH aJIMaIITUPIHK.
bomkaua k6 adtranma, 6us muddepeHiuan TeHriama e4nuMu ETran (GpazoHu
TYp pyHkIUMsIap hazocu OuIaH anmmpOKCUMAIIHS KUJIIHK.

%=0 % X%a X X = x

1-pacwm.
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1-mucon.Kecmana tekuc Typ Kypum. Bupmuk xkecma [0,1] au N Tta tenr
oynakka 6ymamus (1-pacm).

HkxuTa KYIIHA TYTYH HyKTanap opacugara macoda myp Kkaoamu 0euunaou.
Bynunui nykranapu X, = iNmyprune myayn nyxmanapu oetiunaou. Kecmanaru
TYryH HyKTamap (TYpHUHT (akaTruHa WYKH TYTYH HYKTalapH) TYIUIaMH
o, ={x =1hi1=12,...,N-1} ymby kecmajzaru TYpHH TAIIKWJI KHIaad. By
tyuiamra X, =0, Xy =1 derapaBuii HyKTajsapHu XaM KHPHUTCAK, XOCHII

6yaras TVp wn ={x =ih,i=12,...,N -1} xabu Genrunananm.

[0,1] KecMajia y3IyKCH3 apryMeHTHUHT (yHKimsch Y(X) YpHura Juckper
aprymenT Qymkuuscu Y, (X ) HE KapaiiMus. By (yHKIMSAHMHT KHAMATH TYPHUHT
X, TYT'YH HyKTajapuua XucoOnaHaiw, GYHKIUSHUHTY3U 3ca TYp Kamamu h ra
HucOaTaH nmapameTp cudarua OOFIUK OYIaau.

2-mucoa.Tekucaukaa tTekuc TYp.HUkkuaprymentnu Oynran
u(x,t) dyakousulap TYIUIAMMHE —KapaiMu3. AHUKJIAHHII coxacd cudaTuia
D={0<x<1 t<x<T}ryrpu TyprOypuaxuu Tammaiimu3 (2-pacm). X Ba t
yrkmapumarn [0,1] kemamapum moc xomma N;BaN, xucmmapra 6ymamus.
bynunum Hykranapugan Oy YKiapra MOC X0Jija napaien TYFpU YU3UKJIap
YTkazamMus. By YKIapHH KECHIIMIIM HATHKACHAA hr ={(x.t;) € 5}xnco6nam

TYpuHu Tamkui Kutysun (X;,t;) Tyryn nykranapra sra 6ynamus.

>

[
T

(L, =Jt ?(‘-"' )

T .
2-pacMm. 0! h x, =ih ! X

Xocun 6ynran Typ X Ba { Yxmapu Gyiimua moc xonma NBa 7 kamammapra
sra.Opanapunaru Mmacodah €ku 7 ra TeHr Oynran Oup Tyrpu (rOpU30HTAT EKU
BEpTUKAN) 4YM3UKAA ETYBUM HYyKTajdap TYPHUHI KYIIHUM TYT'yYH HyKTajnapu
NeUnIIaau.

3-mucoun. Kecmaga worekme T1yp.0<X<1 kecmanum KapaiimMus.
0<X <X, <..<Xyy <1l wumxTuépuit HykramapHu KupuTub, 0y KeCMaHH

N kumemra GOymamums. {X,i=0,...,%, =0,X, =uykranap tymmamun wn[0,1]
HOTEKHUC TYpHH XOCHJ Kujaau. KymHu TyryH HyKrajlap opacujaaru macoda
TYPHUHT KajaMu O0Yau0, y TYI'YH HYKTAaHUHT HOMEPHU | ra OOFIUK, ABHHU TYD
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KaJaMu xaMm ¥y3 HaBOatuaa Typ GyHKuusaup. TYpHUHT Kagamuapu KyHuaaru
LIapTHHU KAaHOATIIAHTUPAIN:

3-pacm.

X = (X, X,) Tekucnukna uerapacu [ Oynran Mypakka® MIaKia ora
6ymran G coxa Gepumran 6ymemn. X =ih,ii=0,+1,+2,.., h >0 Ba
XéiZ) =i,h,,i,=0,£1,%2,..., h >01yrpu unsuxnap yrrkazamus. Y xonaa
X=(X,X,) rekucnmukna Tyryn mykramapu  (i,h,i,h,), i,i, =0,£1,£2,...
oyaran typ xocun O0ynanu. By t¥p OX, BaOX, ykmapuHuer xap Oupu Oyiinda
HoTekucaup. busnu dakarruna [ yerapanu G =G+ coxara Ternuim Oyaran
HyKTanapruia Kusukrupagd. G coxammar wumra tymrad (1,h,i,h,) Tyryn
HYKTQJIap UYKU my2yH HyKmauap oeuunaou, VUKW HyKTajlap TYIjiamMu @, OWiaH
oenrunaimus (3-pacm).

I uerapa Guman Xx'? =ihsa x? =i,h,,i,i,=0+1%2,.. 1yrpu
YU3UKJIAPHUHT KECHIIMAAH XOCUJ OYIran HyKTanap uezcapasuil HyKmaiap
Oetiunaou, OapyayerapaBuil HyKTanap TYNJaMUHU Y, OuiaH OeiruiaiiMus.

3-pacMmaa x Oenru OuiaH yerapaBui HyKTajap, o Oeiru OuWjiaH HYKHU TYT'YH
HyKTajnap Oendruianrad. 3-pacMJaaH KYypuHUO TypuOOWKH, IIyHAAN
yerapaBuil HyKTajlap XaM MaBXYJAKH, yjlap y3japura KymHU OYJIraH WUYKU
Hykrajgapaan N Bah, nmanm kwuuk Oyaran Mmacodamapna TypuOmm. T¥p

TEKUCIMKIA X, BaX, YKIAPHUHT Xap Oupu OViinya Texuc 6yiaca xam, ammo G coxa

YUYH ®= ,, + ¥, TYp uerapanap aTpopuia HOTEKUCAUD.

[lynnait kunub, X apryMmeHTHuHr ysrapum coxacu G mm G coxara

TErUIUIA X; YEKJIM HYKTajaap TYIUIaMd @h TYp Ouiad anmamtupadk. g X € G
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y3IyKCH3 apryMeHTHHHT GyHkimscn U(X) yprura on ={x} TypHHHT X,
Hykranapupynkuusacu 6yaran Y(X,) 1¥p GyHkuusHun Kapaiimus. V3iaykcus X € G
aprymentHuar U(X) ¢ynkuumsicu 6upop H, ¢yHKImMOHAN (a30HHHT >IEMEHTH
oynca, Y(X,) Typim ¢ymkums osca H, muckper ¢yHkmusnap (pasocHHHHT
anemenTH Oynaau. Illynnait kunmO, alimpManu cxemanap yCylIMHH Kymiad H,,

dazonn Y(X;) Typau dynkimsiap pazocu H, Ounan anMamTUpauK. h TYpriap
Tymnamunn Kapab, h mapamerpra Gornuk Oynram {H,} TYpau ¢ymkiumsmap
¢dazocunn xocun Kwiamus. H, umsuknmm ¢aszoma nactnabku H, ¢dyHKumoHan
dasonarn | mopmammur amamoru Gymram || ~mopma xmpumrmmamm. 0<x<1
KecMaza Kypwiran @, =1{% =ih} typmu H, ¢asona HopManapHu Kyiuparada
TaHJIAIl MyMKHH:

1) C dazogarn HOpMaHUHT TYPIIM AaHATIOTH
|yl =max|y(x)] &xu [y, = max|yi|.

X, 0<i<N

2) L, dhasogars HOpMaHUHT TYPJIU aHAIOTH
N1 1/2 \ 1/2

ol =(Svin) syl = Syi)
i=1 i=1

Kenrycupa 6u3 U, Typnu ¢ynkuwmsara sra O0ynuO, H, ¢da3oHUHT s5eMeHTH
Oynran Yy, —U, allupMaHd TAIKUK KWJamMu3. Y, alupMmaln cxema €4MMHUHUHT

nacTiabkn audQepenuan TeHNIaMa eqiMH U Ta SKUHIALIHIIH ||y, — uhHh COH

Gunan Gormuk 6ymamm, 6y epna ||| H, dasomarn nopma. Ilynunr yays |,

Hopma ||, Hopmanu H, dasoHMHT MXTHEHE U dIIEMEHTH ydyH !limOHUhHh = |ul,
-
MabHOJA alNpPOKCUMALUs KMIUIIN Jo3uM. YOy maptau Hy, Ba H, ¢azogaru

HOpMaJIApHUHT MOCJIAITyB (KEeJIUIITyB) MapTH 1e0 aTaitMu3.

Oaauu aupPepeHnuas onepaTopjgapHUHT alMpPMaJIn
ANNPOKCUMALMSCH.

L omeparop 4 = 19(X) dbyHKIIHUATa TabCcUp ATYBUU nuddepeHiran onepaTop
oyncun. LS na MmTHpok STYBUM XOCHIANapHHM aiMpMaild XOCWianap OwjaH
anMaintupu0, L3udona ypuura S 1Vp QyHKIMS MAGIOHMHHM TAIIKWI STYBYM
TYIYH HyKTaJapJard KUHMATIQpUHUHT YU3UKIA KOMOWHALMSCHIAH HOOpaT
oyaran L3, aitupmanu udopara sra 6ynamus:

Lsh()= 2 AKE4E)

Eelll(x
€KH
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(L) = 3 Alx ) (x)
xj el (x; )
Oy epna Ah(X,ﬁ) - xodddunuentiap, N - T¥p Kagamu, lU(X) - X HyKTaJaru
mabmon. LY um L& Owmnan Oynmait anmamtupuin oupghepenyuan onepamopru

atuupmanu onepamop oOunaw annpoxcumayus xumuw (éku L onepamopnu
AuUUpManu annpoKCUMayuscu) 0euunaou.

L oneparopuu aiimpmanu anmpOKCHMMAIMACH OJaT/Ia aBBajl JIOKAN, SbHU
(ba30HUHT (PUKCUpIIAaHTaH UXTUEPHA X HYKTacH Y4yH YTKaswiaau. Arap S(X)
y3nyken3 QyHkius OVica, 19h(X) = S(X) oynamu. Juddepeniman oneparop L Hu

alipMaiy anmpoKCUMAaIMs KIJIKIIIAaH OJIANH MAOJIOHHN TaHJIAI JIO3UM OYJaiu.

1-mucon. LI =dG/ dx.

OX ykuma kanpaiaup X HyKranu ¢uxcupnaiivmmus. X —h Ba X+h (h>0)
HyKTanapau onamu3. L& anmpoxcumanust KAIHI yayH Kyiduaard udoaaapan
UXTUEPUN OUTTacuAaH Qo jamaHuIl MyMKHUH:

H(x+h)—9(x)

o= =g (1.28)
L;9= 9(X)—;19(X—h) _ g (1.29)

(1.28) udona yur aiimpmanu xocwiaa (yuu &, Owinan Oenrmmaiimus), (1.29)
ndoaa sca yan aiupmann xocuia (yHu 9, Ownan OenrmiaiiMus) ned araiaim.
L;% Ba ;9 aiiupmamu udonanap MKKUTa HYKTaJa aHUKIAHTAH (IBHU UKKU
HykTamu X, X+ N Ba X—h, X ma6nonnapnan doiigananuiran).

Bynnan tamkapu d.9/dX xocumanm aiimpmanu anmpoxcumanusacu cudaruaa
(1.28) Ba (1.29) udonanapHUHT YU3UKIW KOMOUHAIMSCUIAH XaM GouaanaHuIl
MYMKHH:

L9)9=09 +(1-0)4,, (1.30)

Oy epma o - uxtulpuil xakukuii coH. Xycycadn, o =05 nma mapkasuii (MKKH
TOMOHJIAMA) aliipMalIi XOCHUIIara sra Oy MyMKHH:

1 F(X+h)=3(x—=h
19225(‘9& —19x)= ( )2h ( ) (1.31)
Iynpait ka6, L3 =9 xocunanu anmpokcumanus KWIyBYM alupMaiu
TEHIrJaManap TYIUIaMUHM €3UII  MYMKWHH »OJKaH. Y ¢&€ku Oy ailupmanu
anmpokcuManusaan GongataHmIrasaa Kanaai XaToJIMKKa Wy KWW MyMKUH Ba

h—0 na X mykrama w(X)=L.9(X)-LHX) aitupma y3unn xammaii Tyramm

JIeTaH caBoJI a0 Oynuiy Taduuii.
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w(x)= L 3(x)- LB(X) MuKIOpraX Hykrama L& HuHT  agupmanu
annpoxcumayus xamoaueu oeuunaou. X HYKTaHUHT (X— hy, X+ ho) atpoduaa
9(x) bynxuus erapmuua cummk Ba h < hy ne6 xuco6ma6 (h, - dpuxcupnanran
COH), 19(X) Hu Teunop Karopura EamMus

9(xh) = 9(x)+ h9’(x)+h—229”(x)+0(h3).

by éhinnmanapuu (1.28), (1.29) Ba (1.31) udonanapra xyiuob, Kyhiuaaruiaapra sra
OYJIMIIT MyMKUH:

g, = I _ 500 D o)
9, - Q(X)‘f(x‘ h)_ 900+ 197(x)+ 0fn?). (132)

;= 28,9 = LI _ g5 o (1)

bynapnan kypuHu6 Typubauku,
w =9,-9(x)=0(h),
v =9,~9(x)=0(h),
y=Go—F(x)=0(h%).

V - X mykranuar h<h 6yaranma L, oneparopuu ¥3 mumra omysun LII(X,h,)

arpo¢uaa Oepuirad Ba erapianda clubiMK ¢ €V QyHxumsiap cuudu OyicuH.

L, omepatop L nmuddepeniman omepatopHu X HyKTamza m -(m >O) mapmuo
ounan annpoxcumayus Kuiaou oetunaou, arapia

w(x)= L,9(x)-L3(x) = ofn")
TEHTJIMK YpUHIHU OyIca.

Ilynpait kumuO, yam Ba YHr abimpmanu xocunanap L3 =9 xocunanu
OvpUHYM TapTUO OWIaH, MapKa3uil aiupMaIl XOCHJIa 3ca UKKUHYU TapTUO OuiaH
anmnpoKCUMaIus KUjap dKaH.

2
d-9
2-mucon. LY =9"=—.
dx
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WxkuHun  TaptuOaM  XOCWJIAHU  allMpMand  anmpoKCHUMallusuIaniia
(X —h,x,x+ h) HYKTaJlaH, SbHU Y4 HyKTaJIH mabioHaad Goigananuin MyMKUH. Y
XoJ1a

H(x+h)—2(x)+ g(x—h)_

L, 3= .

(1.33)

X HYKTaJa YHT aiiupMmanu xocwia X+ h HYKTaJary 4amn aiupMalid Xocuiara TeHT
sxarmurua, sean &, (X) = 9, (X +h) mu opruGopra oncak, (1.33) Hu Kyituaarnua
€311 MyMKUH

o= B0 Ly (), ()] = ,(0) (L.34)

,9(X) byukiusau  Telnop Karopura €EWnMO, anmpOKCUMAIMS XaTOIUTHHUHT
TapTUOW UKKUTA TEHIJIUTUHU, IHHU

8~ 9"(x)=0(n?)

DKAHJINTUHU KypCATUII MYMKHH.

3-mucon. Lg=9"),

(X —-2h, x=h, X, X+h, x+ Zh) HyKTajapAaH wubopaT IIa0IOHHH
tamnaiimuz Ba L3 =9, Hu anukmaivms. 3, wm (1.33) dopmyramgarn
ndonacunan Goiinananusd, ., YU4yH Kylugarira sra OYIui MyMKHH:

L,3=38

XXXX

_ hl [, (x+h)— 25, (x)+ & (x—h)]=.
== [9(x+2)—48(x+h)+ 63(x) - 4(x~h) + 9(x-21)].

L, aftupmanu oneparop L auddepeniman oneparopHu

h2

G = I =9 +0(h*).

XXXX

WKKUHYY TapTUO OUJIaH anmpoKCUMalus KWIMIIMHA KYpcaTUIl MyMKUH. ByHUHT
yuyH Tennop KaTOpuHUHT

o(xtkn) = 9(x)+ 3 C )k h* d°9)., o)

s=1 dx®

gitnnmacuaan K =1,2 map yuyn doiinananné sa H(X+kh)+9(x —kh) dinrunan
dakaT KydT mapaxkanapaaH MOOpaT SKAHIMTHHH XHUCOOra onuHCa, Py, YUIYH
IOKOpH/Ia KeNTUpUITaH (hopmMyrnara 3ra OV MyMKHH.
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Anmpokcumanus xatoaurd W =L, 3—LI wu h papaxanapu 6yiinua

Teinop Karopura €MUIIIAH ANIPOKCUMAUMs XaTOJWIM TApTUOMHU OIIMPHUIIAA
dboigananun MyMKIH. XaKUKAT/IaH XaM,

P _h?
o= 8" =9 O(h4)_129XXXX+O(h4).

Arap (X —2h, x=h, X, X+h, x+ Zh) HyKTalapJad udoopar mabionga

L3=9, ——3
12

alimpmamu omnepartopaad ¢oiinananmica, 6y omepatop LI =9" Hu TypTUHUM

TapTHO OMJIAaH alIIPOKCUMAIIUS KUJIaJIN.

au(x,t) 6u(x t)
ot

OX
t=0 ma u(x,0)=w(x),—0<X<+00 GOLUUIAHFUY MIAPTHH KaHOATIAHTHPYBYH

4-MmucoJr.

=f(x,t), —o<Xx<+40,t>0 TEHIJIaMaHU

U(X,t) eunMuHM TONMIN yYyH alUpMalld CXeMa KypPUHI Ba allPOKCUMALIUS
XaTOJIUTUHU OaxOJIaHT.

ou . .
Eqnm.g XOCUJIaHU KyWHJard aupMmalii HUCOATIapHUHT Oupu Ouiad
AJIMallITUPHUIT MYMKHUH:
au(x,t) _u®(x,t+7)-u®(x,t) ou(x,t) u(x,t)-u”(x,t-7),
ot T Coot T ’
ou(x,t) u(xt+7)—u®(x,t-7)
ot 21 '

u
XyJIId IIYHUHTACK 8_ XOCHJIaHU
X

au(x,t) _u®(x+ht)-u®(x,t) ou(x,t) u®(x,t)—u"(x—h,t),
ox h "X h ’
au(x,t) u®(x+ht)-u®(x-ht)
OX 2h

udoaanapHUHT OUpHU OWIIaH aTMAIITUPULLI MYMKHH.

AlpMani CXEMaHUHI MYXUM XOccajlapujaH Oupu, TYp HyKTajapuja
allupMainu cxeMa euYuMHUHUHT auddepeHiman macaja €UYMMHra SIKUHJIUTUIUD.
byHuHr yuyH aitupmanu macana quddepeHinan Macaiara «IKuH» OYIUIIN JT03UM.

Yoy «IKHH»IUK Héf (“)HF =HLh[u]h - f‘“)HF MHUKJOp OunaH GaxomaHamu, Oy epja
h h

[u], - b depentman macana eYMMUHKUHT TYP TYT'YH HyKTaJapuaard KANMaTH.
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OHaum  OepuiraH TeHIJIaMaHM Kyluaard addpmand cxemMa Ousad
aJIMalITUpaMu3:

U(Xm’tn+1)_u(xm’tn) u(Xm+1’tn)_u(xm’tn)
- -a n =fom=0+1+2,..,n=012......

AnmpokcuManus TapTHOMHM —aHUKJIAIl yYyH KyWHJard TEHTJIMKIaH
dbolnananaMus:

u(xm’tn+1)_u(xm’tn) u(xm+l'tn)_u(xm’tn)
éT(h): T —a h _f(xm’tn)’

u(x,,t,)—w(x.), m=0+1,+2..,n=01..

ou o°u ou o
Arap —oo<X<+w,t>0 coxana ot o o
7 au(x,t,) | 77 Qu(x,, 1)
11 ot 21 ot*
Eau(xm,tn)Jrh_zazu(im,tn)
11 ox 21 ox2 1"
TEeHIJIMKIapaH doiaananud
ou(x ,t) rou(x,t) _ou(x,t) _hou(X,t)
+— —-a —a——— s
SO = ot 21 ot X 2 X
u(x,,t,)—w(x. ), m=0=x1+2..,n=0,1,...

xocujanap MaBxyJ oyica,

u(xm’tn+1) = u(xm’tn) +

u(xm+1’tn) = u(Xm’tn)+

F (XL,

XOCHJI KWJIIaMU3.

au(xm,tn)_ ou(x,,t,) B
ot mam = (L), U0 t) = (X,)

AKAHJIUTUHUIBTHOOPraonnd, KyHuJaruTeHr TMKHUOIAMU3:

7 o°u(x_,t) ah o°u(xX ,t)
ot 2 ox

E y
of ™ =10,
m=0,+1+2,...n=0,1,...

f(h)_ (D(vatn)sm:O,il,iZ,.....,n:1,2’.“’
S lw(x,,t), m=0+1+2,....
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TYpau QYHKIUSA YIyH Héf (h’HFh = rTrln%X‘go(Xm,tn)
o’ o’u

OX’ ot?
MYH0036aTHI/I XO0CHJI KUJIaMH3.

+ max\y/(xm)\ HOpMaHU KMPUTHO Ba
m

—0<X<40:,t>0 na <M®?, <MPne6 Qapas xummub Kyiiugaru

XzaZU(Xm,ﬁl) _ahazu(im’tn)

Héf X 2 ot? 2 ox°

ERAVICINLIVEC
2 2

F, m,n

By Tenrnuk aiiupmanu cxema quddepeHiman macaiannz Ba h 0yitnua OupuHYH
TapTHO OWJIaH anMmpPOKCUMAIVS KWIHITUHU KypcaTaIu.

S-mucos. MKKY YITHOBIMKYYHIN TEHTJIAMACUHU

LN RN L (1.1.1)
ot ox oy
anmpokcumanus KuryBun Mak-Kopmak cxemacu KyMugaru KypuHUIga €3WInIy
MYMKHH:

Jij - uir; _%a(uinu,j _uirjj)_hlb(u:jﬂ _uirjj); (1.1.2)
2
P N 1 ~ -
urt = E(u"" +uij)—§%a(u” —ui_lj)—Ehizb(uij —uij_l), (1.1.3)

Oy epna U = u(ih, jh,,nz), h,h,— Moc paBumzma X,y 3yKiapu 6¥itnua, 7 - BakT

oyitnua kagam kattamuru. (1.1.2)-(1.1.3) cxemaHuHr n- KarjaM I[a0JOHUHU
Kypunr. Ymly mabnon X=X =ih, y=y, = jh, uusuknapuaunr Gupopracura

HUCOATaH CUMMETPUK Oynagumu?

Evyum. Ymby macamanu WKKU yCysl OWJaH €4uIll MYMKHH. bupuH4mcH
T€OMETPUK KypHIITa acociiaHaau. byHu Kapanaérran cxema yuyH Oakapamus. N -
kamaMm (1.1.2) TeHrnmamMacuHUHT 11a0soHu (Oy TEHTrJIaMaHH “IPeaUKTOp” cxema
ne6 aramanu) 4,a-pacmaaru kabu Oymamu. (1.1.3) Tenrnama (Oy TeHIJIamMaHU
“koppekTop” cxema Ae0 aTtamaau) TYpAa aHUKIAHTaH (PYHKIUSHUHT KUHAMaTH
TUJIbJIa OWJIaH OeNTUiIaHraH, YHUHT 11absionu 4,0-pacMia kypcatuiarad. DHau 4,a-
pacmza kypcatunran mapkasuit (i, j) Hykranu 4, 6-pacMHUHT Gapya HyKTajapura

xoimamtupud, Mak-Kopmak cxemMacHHUHT S-pacMia KypcaTWiraH n- KaTjiam
IIa0JIOHMHNA XOCHJI KHJIMII MyMKHH. YOy pacmiaad kypunaguku (1.1.2)-(1.1.3)
Mak—Kopmak cxemacu X=X; 4YU3MKKa Xam, Y=Y j YU3HKKa HucOaTTaH XaMm

CUMMETPHK 3MacC.

52



-1 L J-

i 4]

4-pacm. n - KaTjiaM 1a0I0HH.

J+i

& o i
-] i i+l

5-pacm. (1.1.2)-(1.1.3) Mak-KopMak cxemacu, N - KaTJiaM I1a0JIOHH.

WNkkrHun yciy0d maTeMaTUK amaulapHu Oakapuinra acocnanrad. (1.1.2)
TeHraamajgan U; MUKIOp U" TYp €4MMHHUHT (i,j),(i+1j),@,j+1) Tyryn

HYKTaJarn KuUWMatrjgapura OOFIUKIWTH KenuO 4YuKagu. byHW Kyhdumgaru
dbopmynanu Kyiad, MaTeMaTUK U(poaTANIUMU3 MYMKHH:

0 =F(( )G +2 )G +1)) (1.1.4)
Y xonna (1.1.3) renrnamanaru U; ;; eunmuuHr kuiimaru (1.1.4) Tenrnamanan i

WHIEKCHH MUHYC | ra CHDKHTHO TOmmTamm:
O =R -1j)G0+1j)i-1j+1) (1.1.5)
Illysra yxmam
Oy =R -DG+1j-2).G,j+1)). (1.1.6)

(1.1.3),(1.1.4), (1.1.5) udboganuur YHr TOMOHAArU Oapya TYp HYKTAIApUHU WHUFUO,
(1.1.2), (1.1.3) Mak-Kopmak cxemacuHUHT Sty M1a0JOHUHU XOCHII KMJIaMU3:

Stye ={i =3 §).( )G +1 )G j+2, (-1 j+21), 6 i-D)(+1i-1); (117

(1.1.7) xypuru6 typuomuku (1.1.2), (1.1.3) Mak-Kopmak cxemMacuHWHT n -
KaTJiam 11abJioHu 7 Ta HyKTajaH nbopar (5-pacMra KapaHr).
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2-maB3y. Opamii nuddepenunas tenraamanaap yuyn Komm macanacu Ba
yerapaBui MacaJjajap. Xycycui Xocuiajau audPepeHunas TeHriaamajap.
bouuianruy Ba yerapapui macaJjiajap Kyuuil.

BupuHuym TapTu6/M cona suddepeHcuas TeHrjaamasaap

Birinchi tartibli eng oddiy differensial tenglama analizda uchraydi: berilgan

f 2 (a,b) —> R uzluksiz funksiyaning boshlang’ich funksiyasini topish masalasi

y'=f(x) (5)

tenglamani ganoatlantiruvchi Y = y(x), X € (a,b) funksiyani topish masalasiga teng

kuchlidir.(5) tenglamaning a<x<b, \y < 90 sohada aniglangan umumiy yechimi (Koshi

shaklidagi umumiy yechimi) quyidagi formulalar yordamida topiladi:
y=jf(x)dx+c, xe(a,b) (6)
Bu yerda ¢ - ixtiyoriy o’zgarmas, X € (a,b) s Vo € R

Agar f funksiya X = O € (a i b) nuqtada uzilishga ega bo’lib, oraligning qolgan
hamma nugqtalarida uzluksiz funksiya bo’lsa, u holda (6) formula yordamida (5) tenglamaning
y| <o va a<x<b, y| < 0 sohalarda aniqlash

mumkin. X = esa «to’ntarilgan» tenglamaning yechimi bo’ladi.

umumiy yechimini d < X < &,

Bu X =0« chizig (6) integral chiziglar oilasining If(s)ds integralning

Xususiyatiga qarab, asimptotikasi yoki o’ramasi bo’ladi.
Tenglamalarni integrallang va integral chizigni yasang.

Tenglamalarni integrallang va integral chizigni yasang.

| |
1-misol. "= > 'x= 5
Lmigl. y'=—— J(x) =

f{x) funksiya ]—OO,—2[, ]—2,+2[, ]+2,+OO[ oraliglarda aniqlangan va uzluksiz.

=42 funksiyaning cheksiz uzilish nuqtalari. Bu tenglamaning aniqlanish sohasidagi
umumiy yechimi

1. |X—2
y=—In +¢
4 |x+
x=22 «to’ntarilgan» tenglamaning integral chizig’i bo’ladi va chiziqlar
umumiy yechimga kiruvchi integral chiziglar oilasining asimptotasi bo’ladi.
|
2-misol. y' = ————= tenglamaning umumiy yechimi
2
9-x°
. X
P arcsmg +c, x| <.3.
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¥=:123 «to’ntarilgan» tenglamaning maxsus yechimi va bu yechimlar umumiy
yechimga kiruvchi integral chiziglar oilasining o’ramasi bo’ladi.

Endi, erkli o’zgaruvchi qatnashmagan

4
3 = F(E) (7)

tenglamani qaraymiz.

f (y) #(0 bo’lganda, (7) ga teng kuchli bo’lgan «to’ntarilgan» tenglamani
qaraymiz:

dx _ 1
dy f(y)

bu tenglama uchun yuqorida ko’rib o’tilgan usulni ko’llaymiz.
f : (C,d) —> R uzluksiz va (C,d) da nolga teng emas deb faraz gilamiz. U holda

(8)

(8) tenglamaning |x| <+, c<x<d sohadagi umumiy yechimi (Koshi shaklidagi

umumiy yechimi) quyidagicha bo’ladi:

()

Agar  f(y) B E(C,d) nuqtalarda nolga aylansa, u holda V=L (7)
tenglamaning yechimi bo’ladi.

1 .
xzj.—a'y+c, yoki x=j—dt+x0
Yo f(t)

3 . 3
3-misol. y'=4y%, f(y)=4y"
f{v) funksiya y=0 bo’lganda aniqlangan va uzluksiz, hamda f(0)=0. «Tuntarilgan»

dx 1
dy aify?

4
Demak, y = (x 2 C) s X2 umumiy yechim, y=0 maxsus yechim.
Differensial tenglamalarni integrallashda almashtirishlar muhim rol o’ynaydi, masalan

y'= f(ax+by) 9)

Tenglama z=ax+by almashtirish yordamida (7) tenglamaga keltiriladi. Bu yerda z
yangi noma’lum funksiya.

4-misol. y':4§‘/(y—x)3 +1, [Z=y—x, y':z'+]]:> Z'=4£/Z_3

3 misolni yechishda qo’llangan usuldan foydalanib:

tenglama bo’lib, yechimi (X + C) = \/; bo’ladi.

z=(x+ 0)4, X2 —c¢, z=0 ni hosil gilamiz. Eski o’zgaruvchilarga gaytsak, berilgan

tenglamaning y = X + (x + (,')4, X 2 —¢, Yy = X yechimini hosil qilamiz.
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JAu¢Py3uon Tunaary Macajajaapaa yerapaBui 1aprt

bu3 Oy maparpadaa MCCHKIMK TapKaaumy Ba Tud@y3ust MacaragapuHUHT
TypJId YeTapaBuil MIAPTIAPUHU KYpHUO YMKAMHU3 Ba UCCUKIUK OKMMUTA OUJ] MyXUM
TYIIYHYAJIADHA KUPUTAMU3.

VYura acocuii yerapaBuii mapTiapHu KypuOd YMKaMu3.

1. y=2(m) (uerapama Gepwiiran Temieparypa),
ou
2. - + AU = g(t) (TalKyu MyXUT TeMIiepaTypacu OepuiraH; H - HOpMall BEKTOD),
n
3. 2—” = g(t) (derapagaru UCCUKJIMK OKUMU OEPUIITaH )
n

Opnatna MCCHKIMK TapKaJIUIIN TEHIVIaMalapuaa aiHaH I0KOPUIArd yd TUITa
OWJ YerapaBuil mapmiap KymnaHwiagu. by naparpadua typnu ¢usmk xapaéniap
aHa IlIy YerapaBuid mapTtiapra KeJIMIuHU Kypuo ynkamus [1].

1-pacMaa TacBupsaHraH Oup Yyiyamild CTEp)KEHJAard MCCUKIUK OKUMH

XapakaThuHU KS"pI/I6 YUKAMU3.
boxobas noBepxnocme menaousoaupobora

e L

il(l},t}zgtfﬁ(—f,' Ol«’(l,f):f?g(t)
0/ / / //// / Y7 7z //i/,
——

1-pacm.Temneparypa yerapana 6epuiras.

CrepkH yeTnapujard HMCCUKIMK TEPMOCTAaT Ba UCUTTHY €pAaMuja yuuiad
Typwiaau. buprvHUM Typaaru uerapaBuil Macajla XyAa Kyn yupaugud. bab3u
XOoJUlapjla Macajla 4erapaBuil IIapT acocuja OOIIKapuiIagu SHU YerapaBHil
temrieparypa gi(m) Ba gz2(m)cTepkH WYMIard UCCUKIMK MUKIOPUHH MabiyM OWp
makiaga Yyirapummra cabad Oynmaau. by Xomatna CTEpKH WYHMAArd HCCUKJIUK
MUKJIOpY Yerapajard HCCHUKJIMK OKUMHU XHucoOuaaH Oomkapunaau. MacanaH,
METAJLTyprusiia TeMIlepaTypa yerapaBuil mapT acocuja IIyHAal OOIIKapuiIaJuKH,
MeTaJl MYMJArd TEeMIEPATypaHUHI BaKT OyiiMuya y3rapuiluia HCCUKIUK Ie4d
WYMJIary Xapopar rpaJueHTH YHYAIUK KaTTa OyiManu.

bupunun Typparu yerapaBuil mapmiap Ky YJIYOBIM WUCCHUKIUK TapKaJWILIA
Macananapuja xam Oepuiand. Mucon cudaruga derapaBuwii TemrepaTrypa KyTO
KoopauHaranap cucremacuma(y(P, 6, m)=cost sind) OGepwiran P paamyciu
JOMpAaBUM JUCK WYMJArd MCCHKIMK MAaNJOHMHM aHUKJAIl MacajlacHHH
KYpCaTUIIMMU3 MyMKHH (2-pacm).
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- ( R, t“, Z)

) (.K,('-", t)=costsin®

2-pacm.Yerapana Temneparypa TeOpaHuUIIn.

by macananu ednmmMu3 ydyH OONUIAHFUY TeMIEpaTypaHd OWIUIINMU3
3apyp. Juck nuumaru temreparypa 3ca (akaT yerapajard TeMmieparypa opKalid
aHuKiaHaau [1].

UKKMHYM TypAaru 4yerapaBui mapTtJap

SIna énuk cucremana (M30JIALUSIIAHTaH) OepUIIraH MUC CTEP)KHHHU OJIAHIIUK.
By xonma derapaga OepuiraH TemIeparypa PEKAMUHHM XucoOra ojmMaciaH
yerapajgapy OWJaH OMPJIAIITHPHWITAH TYTalll MyXUT OCPHITaH XOJHH KapailMmus.
Tyram MyXUTJIapHUHT Temiieparypanapu OupuHurcuiaa 0i(t), MKKHMHUKCHIA 3ca
g2(t) OVicun. bBomikaua aiitranma, 4am yuu Ttemmeparypacu (i(t), YHr yum
temneparypacu 3ca Qz(f) Oyaran cyroKIMKIM mauiira 6otupuirad oyiacun (3-

pacm).
- MHIonseus —
= et ]
=== ==
a o

3-pacm.Uerapa opkanu KOHBEKTHB MCCUKJIUK aJMAIIUNHYBH. a-
r1(T)TeMIiepaTypaiii CyIOKIHK, 0-T2(T)TeMIepaTypaiu CyIOKIHK.

By Typnaru uerapaBuii Temneparypa Oepuiraija, CTEp>KH Yyerapacuaaru
TeMrepaTypa CyloKIUK TeMnepaTypacu Ouiian oup xui 1e6 xuco6s1ad oynmaiiau.
HroToH KOHyHUTa Kypa y3apo TyTall )KUCMIIADHUHT TeMIepaTypajgapy Xap Xui
Oyca, UCCUKIIMK TeMIlepaTypacH I0KOpU MyXUTAAH TEMIIEPATypacu KHIUK
MyXHTTa TemIeparypaiap (hapkura mpornopIroHai paBuiaa okuo yta Oomnuiaiu.
SAnu 6up ymuamnu crepxkuaa (x — 0, x — L yerapanap) HCCHKIIMK aIMaIInHYyBH
dbpoHroTon KoHYHU O¥inua Kyhunaruda udoaanaHaim:

x=0 gerapamaru nccukauk okumu h [u(0, t)— g1 ()]),

x=L uerapagaru uccukiauk okumu h [y(L, t)— g2(t)]) ra tenr. (1.2)

by epna h — uccuknuk anmammin koepduipenTu 0yimo, OUp CEKyH BaKT
W4ha KaH4a MHUKIOpAA HMCCHKIMK KaJUIopusch OKMO YTuiiMHUA udoanaiau.
Oxu0 yTa€TraH MCCUKJIMK OKMMHU HCCUKJIUK Kajulopusiiapu coHura Tedr. LllyHu
bTHOOPTa OJIMIIUMU3 KEPAKKH, OKUO YTAaETraH MUCCUKJIMK OKUMU MycOaT Oynaau,
KAUOHKM,  CTEpXKH  Yerapacujard  TeMmieparypa  arpodujard  MyXHT
TeMIlepaTypacuaH Karra oyJca.
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A/

an

<0

' \u'~7(‘14"(7ﬁ

(lopsyes sowa)

o

( Xonodkas 3oma)

4-pacm.

®dype KoHyHH HdoIacu:

ou

n > 0 a Gepuiran coxara HCCUKJINK OKUO KHPaIu.

ou

n <0 pa Gepwiran coxamaH MCCUKIMK OKMO YMKAIW. H —TaIlKd HOPMAJ
MYHAIUIIN.

ou o o .

an N - BEKTOp UyHanuiy Oyiinya Temieparypa y3rapuiiiu.

ou —oau

3 ) - WMYKKM Hopmayn OViiMua XOCHWiia Ba TalllKu HOpMaji Oyihnda

Xocuia.

by ukkuta udonanu TeHriaad, u3MaHraH 4YerapaBuii MapTHU XOCHT KUJIaAMU3.
UYerapa coxacugaH KecuO YTyBUM HMCCHUKIUK OKMMU WYKW HOpPMaJl WYHaIUIIH
Oyiinua TemmnepaTypajiaH OJIMHTaH Xocuiiara mpornopuroHan [4].

dype KOHyHUJIaH KYpUHHUO TypuOauku, [l coxagaru Tamkd HOpMall BEKTOP
WyHanmuim Oyiinya Temmeparypa Te€3 OpTca, Y XOJJa HUCCUKJIMK OKUMHU TaIlK{
myxutaaH D coxara kapab okaau (4-pacm).

busnuHr Oup ymyamnu xonga Pype KOHyHHM Kyiinaarnya oyiaam:

x=0 1a okuO YTYyBUM UCCUKJIUK MUKIOPH K %u ra TEHT. (1.2)

x=L 1ma okuO YTyBYM HCCUKJIUK MHKIOPH — K Z—u ra TEHr. (1.3)
X

by epaa k — MaTepualHUHT HWCCHKJIMK YTKa3yBYAHIMK KO3(DduumeHTn
Oynmu0, MarepuaqHUHI Kall Japaxkaja WCCUKJIUKHU SXIIH  YTKa3UIIUHU
uponanaiinu. Hccukiukau €EMOH VYTKazyBUM >kucmiapaa Oy KodQQuIueHt
KUIMaTH HOJTa SKUH OYIaau.
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S-pacwm.

®ype KOHYHUHHHT sSiHA OUp KYPUHUIIIH.

(1.2) dype koHYHH (akaT yerapajaa 3Mac OaJIKH, CTSPIKH UIHIATH UCCUKITUK
YTKa3yBUaHJIMKHU XaM udoaanaiiau (5-pacwm).

(1.3) ®dype xKoHyHM myHgaH gapak Oepaaukw, arap U, < 06¥mca, y xommax,

HYKTaJla UICCUKJIMK YalJaH YHITa OKaauy, arap U, > 0 Oyica, y xoJi1a 3ca x, HyKTaia
UCCUKIMK YHraaH damra okaad. (MCCHKIMK oMM IOKOpPH TeMIlepaTypaiu
TOMOH/IaH IMacT TEMIIePaTypaIl TOMOHTa OKaJIH).

(1.1) Ba (1.2) udomanapnan Qoiigananrad xojaaa 4-pacmaa KypcaTuiraH
CTepXXH yYyH U3JIaHAETraH dYerapaBUi IMApTIapHA XOCHWJ KWIaMu3. YHHHT
MaTeMaTHK KYpUHUIIH KyHuaarnJa:

U Ll _ -

Hucbartan xynm ymuamnm xoJulapja XaM derapaBuil MapTjiap OKOpHaarura
yxmam  KypuHuiga —Oymamu. Macanan, goupaBud  JIUCK  YerapacujiaH
temnepatypacu g(0,t)0ynran cyrokauk okuO yTaéTran OYIICHH, y X0JI/1a YerapaBuii
mapT Kynujgarnya €3uiaau:

ou h
C RO = [uRO.H-9(O.)]

By kypuHuIiary yerapaBuil mapTIapHd YU3UKIN €0 aTalluMu3 MYMKUH,
JICKUH OMp JKUHCJIM 3Mac, YyHKH YHT ToMOH1a J (0,1) dbyHKIMsa KaTHamTraH.[1]

3-maB3y. CoH/IM TeHIJIaMaJapHu equ ycysuiapu. ['aycce yeyau. Ilporonka
ycyau. IIporonka ycyJaunuHr sapuantiaapu. IlIporoaka ycyJIuHuHr
TYPFYHJIUTH

Yu3UKJIM aJre6pavkK TeHrjiaMmasap cucTeMacH

Ymly 4yM3uKIM TeHIJaMaiap CUCTEMACUHU KapaiMus:
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a X +a,X, +..+a,X, =b =a,,

1n*n

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

o @

all a12 e a1n Xl a1n+1

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

anl an2 ann Xn ann+l

KUCKA KYPUHUIIIA €3aMU3:
Ax=Db.
Anrebpanad MabIyMKy, Oy ep/la KyWuaaru Xosuiap OYJIuily MyMKUH:
1) det(A)=0, cucrema sroma edmmra ora: x=A"'b, &éxu Kpamep

dbopmynanapura acocaH X, = Z‘ Ji=1..,n, Oy epaa
A =det(A), A, =det(A), A —A maTpulaJaH MI-yCTyH OWiIaH papk Kuiaau, Oy
YCTYHJIa YHT TOMOH JKOWJaIraH, Oy epia A~ TecKapu MaTpHIIA;

2) det(A) =0, Oy epHUHT ¥3K]1a HKKATA X0J1 OYJIUIIA MyMKHH:

a) A=det(A)=0, 4 =det(A)=0, i=1..,n Oymca Oy cucrema OUprajiMkKia, aKc

X0J14a, ’bHU

0) A=det(A)=0,3j: 4 =det(A)=0, j=1..n ,0yiaca Oy cucTtemMa edyumra sra
sMac.

Yu3ukjam ajredpauk TeHriaamanaap cucremacu yuyH ['ayce ycyanu

Homabnymnapau ketma — keT Hykotuin ["aycc ycynu, 4M3ukiu aiareOpauk
TEHIrJIaMaJjlapHu €4YMIIHU YHUBepcal Ba 3 dexTiu ycyuiapaan oupuaup. by ycyn
TYFpU ycysulap capacura kupaaud. ['aycc ycynuaa XucoOnaml MKKM OOCKUYJIaH
noopat. bupunun 60ckuyna (TYFpu OpuUlIa) yuOypyak HIAKIura KeJITUPUIaIn,
UKKMHYM Oockuyaa 93ca (Teckapu topuin) Oy 4yOypyak CHCTEMaHHMHT
HOMAabJIYMJIAPUHU TOMUII OWJIaH XUCOOIall Kapa€HU aMalira OUTUpPUIIaIu.

laycc ycynura Oartadeun TtyxTamamui. (1) nga xwucoOmnamn >KapaéHUHT
OonutanFuy OMpUHYM KOIDPUIIEHTH @11 , SBHU HOJNbAaH (apkam Oynraxn
ko3 uneHTHH TaHnad onamu3. (AKC XojJa HOJbMAc JJIEMEHTIAp u OwuiaH
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anMaiutupunanu, Oy epra a;; #0. Cucrema TypFyHMaclWrulaH # HOMEPHHU
Tonui MyMKUHAND.) Kyitngaru MmynocabatHu XOCHJT KWJIaMU3,

_ 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
xapa8HUHT acocwHH, (2) dopMmymamarm n—1lTa TEHrJIaMmanap OpPKAJIA XOCHI
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 TEHIJIamajapra KyJulaHwiran ycyiagan Qoinananuin kepak.) Kyhnnaru
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

kynaiitupamus. Hatmkana (2) Kyiingaru cuctemara sra 0ymamus,

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
STTHPHUIIAJIN TOKW 1-4M TEHIJIaMaJary X1 XaJH| TOIMaryHra kajaap. by skapaén (1)
CHUCTEeMAacHuTa SKBUBAJICHT OYyJraH (4) CUCTEMaHUHT CUUJIUIIN OWJIaH SIKYHJIAaHAIH.

[llyan Takumiam JO3UMKHM, [aycC YCYIMHUHI TYFpU OPUIIM WYIU

n3/3+0(n2) KYIIMII KapaSHHHE Xy[UIM LiyHda 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 kaparaijaa, (1) Tenriamanap cucreMacunu (4) TeHriamaiap
CUCTEMAcCHUTra n-4¥ TapTuOaaru yuOypuak MakiIura KeATUPWIUIITN MypaKKaOaup.

[Maycc ycynuHM KYJUTAaHWJIMIIUTA MUCOJ KEJITUpPaMU3, Y4 HOMabIyMIIU y4Ta
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 XaMMacHHM KY3FalyBUM BEprylijlaH CYHT Oelira COH
AHUKJIMKIA OJIAMU3.
by xomarna kynmaruda 6ymanu,
m,, =—49119, m,; =-28221.

["aycc yCyaHUHT KYJUTaHWIMIIMHUHT OMPUHCH KaJlaMUIaH CYHT KyWH1aru
CUCTEMaHU XOCWJI KHJIAMU3

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

Keiinru kanaMHu amainra OIIMPHIL YUyH, KyHUgaruHu XxucoOaanmMus

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 TabKuIaimu3ky, (1) Terrinamanap 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(ii_l) AJIEMEHTHU HOJIbJAaH (apkiu Oyiuiuura SpUIIUIT  YYYH.
MaTpuilaHuHT CaTpUHU aIMAIlTUPHUII YHUHT aQHUKJIAHWIIA Kapama Kapiid
OCNTUCUHM Y3rapTUpUIMIIUra oJu0 Kenaau. by TaHKuamaHn Kydugarura sra
oynamus,

det A=(-1)* detR = (-1)a,,aly)..a"Y,
Oy epna x — (9) cucremanarn yuOypuak matpuna P HU 4 MaTpuna pemyKIusIcH
JKapa€HU CaTpJIAPUHU ATIMALLITUPHUILI COHU.

(7) cucremanuHT Matpuia KO3PGUICHTIAPUHHE aHUKIA0 XUCOOIAIHNA MUCOJ
cudaTuaa ojamMu3. YuOypuakka kentupuin sxapaéuauma (9) kypuHUIIHE Ou3
TEHIJIaMaJlapHU YPHUHU anMaintupMaauk. Jlemak, Ooepuiran xonna det4=det R =-
223,97 6ynanu.

Kapaéunapuunr conu, ["aycc ycynnHu KagaMIapuHu XUCOOJAIl yUyH Kepak
Oynran XoJd, XaJJApUHUHT 7! WUFUHANCWHYU AHUKJIOBYMTa TYFpUIAH — TYFpU
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.

Y4 HyKTaJu ajiredfpank TeHrjaamMajap cucTeMajJapu Y4yH NPOroHKa

(xamam)ycyau

Kynruna wkkuaun Ttaptubnum auddepeHiman TEHTJIaMalap Ba ylapra
KyWWUITaH OWpPWUHYM 4YerapaBuil IMIapT KyHuJarn y4 HyKTalud aireOpauk
THIrJIamajap CUCTEMAacura KeJITUPUIIaIn
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Yo =W, 1=0
AYia—Cy +By,,=-F, 1<i<n (1)

Y, =y,, i=n+1

Okopuna xocun KuiaraH aireOpauk TEHrjaMajaap CUCTEMAaCHUHUHT
MaTpPULIACH Y4 AUArOHAJUIA XUCOOIaHaIH:

1 0 0 .0 O O .. 0 0 O
A, -C, B, .. O 0O O . 0O 0 ©
o 0 0 ..A -C, B .. 0 0 0 2)
o 0 0 ..0 0 O ..A, -C,, B,
o 0 0 ..0 O O .. 0 0 1|

Ba YHHM €UHUII TPOroHKa MeETOoAM EpaaMuia aMmanira omupwiaau. by meton
Kylhuaaru pekkypeHT ¢popmyia épaamMmuia amanra ommpuiaau [16,18].

yij = ai+lyij+1 + Pia (3)

OyHma «;Baf, nap HOMabnyM koddurmentmap. Y), =a.y! + S ubonann (3)
udopara Kyind Kyiugaru GopMyIaHu XOCHII KUITaMH3:

(A, =C))y! + Ap +By., =-F, (4)
Xocun 6ynran ndonana (3) pekkypeHt popmynanan doiigarancak
(A, ~Cais + Byl + AB +(Aai =C) Sy =—F (5)
udoaa kenud ynkaau. by TeHrinama Oapua y! mapaa ypurau Oyiaau, arap
(Ao, -C)ea,,+B, =0, A +(Aca,-C,)p.,+F =0 (6)
mapt 6axkapurca.

by udponanapnan «, ,Baf,  ko3pdunueHTIap yuyH KyHuaaru peKKypeHT popmyia
xocui OVnaau:

B, . -

aiJrl:m, |—1,2,...,n 1 (7)
_Aiﬂl—i_Fl - _

,Bm——ci_aiAi , 1=12,..,n-1 (8)

Arap «;, B, xoopduuueHTiap Ba Y, , HUHT KuiiMaTd Mabiym Oyica, y

XO0J1J1a Y, ; JJApHMHT KMAMATIapHHHU K€TMa — KET XUCco01ad Tomna oaMus.
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o, f KodpQUUMEHTIApHM dYanAaH YHITA XapakaTlaHraH XoJsija
aHUKJIAaNMU3, Y, , JIapHA O3Ca aKCHH4Ya YHIJIAaH dYamra TOMOH KeTMa — KeT

aHUKJIaNMU3.

o, [, Y byHKIMsIapHAHT Xap Oupu yuyH Komm mMacanacuHU €YHMITUMM3

Kepak Oynmaau, yyHku Oy  (QYHKIUSUIApHUHT OOLUTIaHFUY KuMMaTiapu Ousra
HOMabJiyM. ByHWHTr y4yH derapaBuii mapmiapaaH xam Qoigamanamms. (3)
udonaman i =0 OYAran;a Kydugarura sra 0yiammus3:

Yo =a.y! + B, (9)
UKKMHYM TOMOH/IaH 3ca

Yo =wilt;) (10)
by udonanapaan kypuHaauku

a, =0, (11)
bi=v, (tj) (12)

llynra kypa «,Ba S, dynkuusuiap yayH Komm macanacu xocwn Oynmamu: o ydyH
(7),(11), Byayn (8),(12). by dpopmynanap TYFpu NPOTrOHKA (MPSIMOI TPOTOHKH)
dbopmynanapu 1ed I0pUTUIIAIH.

o, Ba L odyakuusuapHuHr 1=12,..., N garu Oapya KuilmMatiapu
xucobmanray, y) =y, (t ;) JerapaBuii KHMMaTIapHM XaM XMcoOJIaHaan. DHIM Onsra
Oapua OonutaHFruy KHMMatTiaap MabiayM, (3) maH Qoiiganianud y) HoMabIyMIapHU

TOIICaK Oyay.

By meron |C | >|A|+|B,| wapr 6axapuiranna typryH 6yau6, eunmra ora
oymamau. Xocwn kuiraH (1) ailupmanu cxemaMusza dca Oy mapT Oaxapuiiaim.

Yan nporoHka ycyJid Ba y4YpamyB4H NPOroHKa ycyJJiapHu

(3)—(12) bopmynanapaaru kabu yam MPOroHKa yCyau GpopMmynaaapuHu
KEJITUPHO YUKAPHUII MYMKHH

Yin =&Y+ 1=0,1 ., N-1 (17)

f=— D ioNN-2..21 & =7
C,-Bd (18)

po=oMat B G N INC2. 21 =,

Ci—G.ubB (19)
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1-én (20)

Ky#innarn mynocabar ypurmm, 1e6 ¢gapas3 Kuaamus

Yia =GiaYi + 7,
(9) nan keTma-keT

Vi BaY; =&, +17; mapuu HyKoTHO Kylugaru MyHocabaTra KelaMmus

-F = Ayi-1+(Bi§i+l _Ci)yi +Bn, =
:[A '(Ci } Bi§i+l)§i:|yi-1 + B, '(Ci } Bi§i+1)77i '

(9) Tenrnama YpuHIM OYIUIIM YUyH KyWHJIard MyHOcabaTiap YpUHIU OYIUIIH
Kepak

A '(Ci ) Bié:i+1)gi =0,
-F =B7n, '(Ci } Bié:i+l)77i '

Bynnan aca (18) Ba (19) dopmynanapHu XocuiI KujaamMu3. Y, HUHT KHAMaTHHU

kyitunarn Yo = %Y, + 44 waprsa Y; = 51 Yot 7 ¢opmynanan xocun
KWJIAMU3.

Kyinunparu
|Ci - Bié:i+1| Z |Ci|_|Bi|'|gi+1|’
RS AR S AR YA

TEHICU3JUKIaH KYypuHaauky, (16) mapT yan xaiiaam Gopmynanapuiad
doiinamaHuIln MyMKIUHIMTHHA Ba YHUHT TYPFYHJIUTUHU TAbMUHIAWIN, YyYHKA
6apua i=1, 2, ..., N map yuyn

& <1

YpuHau Oynaau.

Yan Ba yHT Xaiijai yCyIapuHUHT KOMOWHAIIMACHUIAH YUPAITyBYU Xanar
YCYJIUHUHT (opMyNaapuHu  XOCWJI KWIMIIUMU3 MyMKuH. Dapa3 Kujamus
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I =iy, 0<i, <N — Gupopra nuku mykra. ¥ xonga 0<i<i,+1 coxama (10) —
(15) dopmynanap Epmamuaa xaiaam ko3pPUIHCHIAPH TOTTHIIAIN:

B, . .
ai+l:C-——Aia-, I:1’2""’|0’ e = X1

p+F . :
ﬂi+l:é_—A10!-’ 1=12,...1y, f=u,

i, <i <N coxanaaca (17) —(20) dopmynanap épaamuma S, 77; TONMIAIM:

f=e D INALN-2.0, & =
'TC-B&, o e en T A
ni:M’ i:N—l,N—Z,...,iO, 77N :ﬂz,

Ci - é:i+1 Bi

i =i, ma eunmuu (10) Ba (17) nap acocuna Gupiamrupamus. Kyinmaru

Vi, = GipsaYigr T Pigsr, Yipsr = §i0+1yio T

dbopmynanapaan
y _ g+l + aio +177i0+1
=

o
1- aio +l77i0 +1

(bopMynaHu XOCHI KUTaMU3.

4-Mag3y. Y3rapmac koe(p(prumeHT/IM HCCUKJINK TAPKAJWII TeHIJIaMAJIapH
YUYYH YeKJIHM allHPMaJId CXeMAaJIap.0lKOp Ba OLIKOPMAC cxeMaJiap.
IMapamerpsu cxemasap.

Yirapmac koepPpuUHEHTIN HCCUKIUK TAPKAJUII TEHIJIaMaJdapu YY4yH
HHTErpo-UHTEPNOJALHOH YCYJI

Yoy YCYJIHH OanaHc yCyIu Xam ned HOMJIAIIAIH.
D= {0 <x<10<t< T} TYFpu TYpTOypUaKa

o
ot ox?

nuddepeniran TeHrIaMaHy Ba

+ (%), (2.4)
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u(x,0) =u,(x), 0<x<1, (2.5)
u(0,t) =u,(t), ulL,t) =u,(t), 0<t<T, (2.6)

KYIIMMYa [IaTPJIapHU KaHOATIAaHTUPYBYH U = U(X,t) QyHKIMSIHN aHUKTaI Tanab
STWIITaH OyiicuH. YOy MacalaHd COHJIM edyumn yayH D = {O <x<10<t< T}
coxaja TEeKUC TYp Kypamus.

@, :{Xi =ih, i=O,—N, h=1/N } O0<x<lkecmama h kamamiam TEKHC
Typ OVicuH Ba a:{tj =jr, J=0,M, =T/M }OStST KecMaga 7
Kagamiu Typ OyicuH. Y Xonja g)hr = on ), :{(Xitj); X; > on, t; > a)T}-

D= {0 <x<1,0<t< T} TVFpu TYprOypuakga h Ba 7 kamammap Ounan
KYpWJITaH TYpHH aHTJIATaH.

NuTterpo-untepnoisiuon ycya épaamunaa (2.4) muddepeHnnan TeHrIIaMaHu
allupMaii cxema OuWJIaH aNmpoKCUMAlMs KWiuil yuyH (2.4) TeHIJIaMaHu
Xi_o5 S X< Xi 05 ti_o5 SU<1, o5 TYFPH TYpTOYpUAKIA MHTETPAIITANMHES:

/12 i+l j+1

7-pacm 8-pacm

1 f () +u(x ) o= T[%(xi+;,t)—%(x_ 1,t)}dt+

T
X| 05 t

L Xios
et [ oot 2.7)

t; Xi_05

(2.7) TeHrnMMKKa KUPYBUM MHTErpAJUIAPHUA KyWHlarnya anmnpoKCUMAalHsIIaiMu3:

Xi+0,5 J+1a ’ .
J'u(x t) =h-u(x,t), I U(X'+°5 )—rulfl

X,i+1
Xi—0,5

tig  Xios

dt [ f(xt)dx=hr0,5(f (x,t,)+ f(x.t;,))

t; Xi—0,5
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VY xonma (2.7) TeHrMUKIAH KyHUAArdouIKOpMac alMpMaid cxemara sra Oymuin
MYMKHH:

uij+1_uii :l[ujﬂ _ J+1] [f iy f J+l:|

T h X,i+1

€KHn

i T+l
2
T h
OHau (2.4) TeHrnamanu 8—pacmaa KypcaTHiTraH ssueiika Oyitnya HHTerpaiaiMu3:

ou(x ,,t) ou(x ,,t)

U-j+1 —U-j U j+l 2U-j+1 + U-j+l 1 _ _
! ! = +—[fi’+f.‘“].

t.

|+05 B 1 +1 H’E _E
el J;S[u(x ) +u(xt;) Jdx = h—j - |dt+
l j+1 |+05
dt j f (x,t)dx (2.8)
¢ i Xios
t
" OU(Xi,05,s .
(2.8)  TeHrmamara  KHPYBYM  HMHTErpajuiapAaH J. (HOS ru;‘ .,Ba
t;

i

il Tdt TS f(x,t)dx [ —(f(XI 2t)+ F(x,t) + (X

KHJICAK omKop allupmaiii cxemara sra OyJIuIll MyMKHH:

.1, 1;)) anmpokcumartus

u -l ol 20! vl
T h?
KyIIMMYa IapTiiap UKKajga X0J1a XaM

W =uy(6) . Yi=am(t) . oul=sm(t)

KYPHUHUIIJA alllpOKCUMALUs KWIMHAIU.

i+1

l(fJ +f‘+fJ
3
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5-Mag3y. KoncepBaTtus cxemasnap. UHTerpo-unTepnoassuuox ycyJ. Marerpo-
HHTEPIOJISIUOH YCYyJ1 épAaMHIa YeKJIH AHNPMAJIH CXeMaJiap KypHuIl

qH3I/IKJIH napaﬁo.ﬂmc TEHIVIAMAJIAP YYYH MHTEIPO-UHTEPIMOJIAINUOH YCYJI.

Yoy YCYJIHU OaaHc yCyJn Xxam neo HOMJIAIIAIH.
D= {0 <x<10<t< T} TYFpU TYpTOypUaKia

ou o4
—=—+ f(x,1), 2.4
pralr i ) (2.4)
nuddepeHIan TeHrIaMaly Ba
u(x,0) =u,(x), 0<x<1, (2.5)
u(0,t) =u,(t), ulL,t) =u,(t), 0<t<T, (2.6)

KYIIMMYa [IaTPJIapHU KaHOATIAaHTUPYBYH U = U(X,t) QyHKIUSIHN aHUKTAII Tanad
sTiirad 6ysacuH. Yuiby MacanaHd COHM euywmn yayH D = {O <x<10<t< T}
coxaza TEKUC TYp KypaMus.

a)h:{xizih, iI=0,N,h=1/N }0SX£1KeCMaz[a h kamammu Tekuc
|=0,M, z=T/M }OStST KecMaga 7

TYp OVicuH Ba az{tjzjr, ]=0

Kajgamiau TyYp OyicuH. Y Xomnga Z)hr = ), :{(Xitj); ) n, t; > a)T}-
D= {0 <x<1,0<t< T} TVFpu TYprTOypuakaa h Ba 7 kamammap Ounan
KYpPWJITaH TYpHH aHTJIATaIH.

WNHuTerpo-unTepnoisuuoH ycya épaamunaa (2.4) muddepeHunan TeHriaManu
allupmani cxema OuWJaH anmpoKCHUMalMs KWiuil yuyH (2.4) TeHIriiaMaHu

Xi_o5 S X< Xi, 05 tigs STt o5 TYFpU TYPTOYpUAKIA HHTErpAILTANMUS:

i-1  i-1/2 i i+1/2 i+l j+1
X X ~
j+1
;
X X
/ i-1  i=1/2 i i+1/2 i+l
7-pacm 8-pacm
X t;
1 i+0,5 1 j+1 au au
— u(x,t. )+u(xt) [dx=— | | —(x ,,t)——(x ,,t) |[dt +
e | Luoct) ruCan Jax=go [ 200000 - 200000
]

i-0,5
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+—T thTS f (x,t)dx 2.7)

J Xi— 0,5

(2.7) TeHrNMHMKKa KUPYBYM MHTErPAJUIAPHUA KyWHlarnda anmnpoKCUMALMUTAiMU3:

X +
0,5 118U(XI+05, )_ uj+l

[ uexty=h-u(x.b), j .

Xi—0,5

ti Xios
dt [ f(xt)dx=hr0,5(f (x,t,)+ f(x.t;,))

t; Xi—0,5

VY xonga (2.7) TeHMMMKIAH KyWHUJArdolmkopMac aiupMaid cxemara 3ra Oyiuii
MYMKUH:

uij+1_uii :l[ujﬂ _ J+1] [f iyt J+1:|

T h X,i+1

EKU

i _ Yi+l
T h?

OHnau (2.4) Tenrnamanu 8—pacmjia KypcaTuiran sueiika Oyilnya HHTerpaiaiMus:

ou(x ,,t) au(xi_l,t)

U-j+1 _ U-j U j+1 2U-j+1 + U-j+1 l _ _
i i i-1 +_|:fij+f'1+l]-

Xi+0,5 '[JJrl

" 2
= J;S[u(x i) Ut )]dx——_[ A dt +
1 j+l X|+O,5
dt j f (x,t)dx (2.8)
t; Xi_05
t.
Kou(X . oe,t :
(2.8)  Tewrmamara  KAPYBYM  HHTErpauiapjaH j % 0 zul. ,Ba
X X, i+

L

el Tdt j f(x, t)dx_—(f(X, 28)+ 106 t) + (X

KUJICaK OHII(Op allupmanu cxemara sra OyJIMIlI MyMKHUH:

i L )) annpoKcCuManus

ut-udul -2u) vl
T h?

KYIIMMYa IapTIap UKKaja X0JI/1a XaMm
. . .
U =Uo (%) y(;::u’l(tj) .Uy :ﬂ2<tj)
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KYPHUHUIIJA allpOKCAMALUs KHINHAIU.
Homabaym ko3 puuueHTaap ycyJu.

Homabmym kodddumnmentnap ycynmuma aiimpmann cxema cudaruga
HOMAabJIyM TYp (QYHKIUSHUHT IIA0JTOHHU TAIIKWJI KWIyBYH TYTYH HyKTaJlapaard
KUUMATIaQpUHUHT  YM3UKIM ~ KOMOWHANWSICH  ONWHAAW. YOy  YU3HKIA
KOMOMHAITUSHUHT K03 puImeHTiapu aiupManu cxema oepwiran auddepeniman
TEHIJIaMaHU TYp Karinamiapu OVilmua wioxku Oopuda IOKOpU TapTubOIa
anMpPOKCUMAIUS KUJIMII IIAPTUIaH TOMUIIA/IH.

Macanas,
u_
ot ox°

0Ge) = {5, it ) (st )0

mabyoHla aliMpMalid cXxema Kypull Taynad stuiraH OyicuH. [lemak alupmanu
cxema

TEHIJIaMa YYyH

aul, + pul +yul + pul™ =0, (2.9)

ul

i+l

KYpUHHUIIAA dKaH. U Ba U 1¥p Qyskumsmapan (X,t)Hykra atpoduna

i-1 1

Teinop xkaropura €iuo, (2.9) TeHrnamara Kysimus.
j i+l _
aul, + pul +yul + pult =

. u_j_hau(xi’tj)+h_262u(xi’tj)+h_383u(xi’tj)+ .\
! OX 2 ox? 6 o

() o%u(x,t;)  h® du(x;,t gulxty) |
— Y+ — 3 e |
OX 2 OX 6 OX

+ﬂ(uij +y(u) +h

. ou(x,t ) 72 o°u(x,t ) h® 6%u(x,t )
+u|ul+r——= A L e Sh LA T g U)o
ot 2 ot 6 ot
i ou(x,t 2 o%u(x,
(@+pf+y+u)ul+(y-a)h %ﬂ?(“m%
ou( x,t
+/'”-M+O(h3+z'2)_ (2.10)

ot

72



i i i i ou o
(2.10) Temrmukman au’, + Au) +yul + pult = (— _ou )(X. oyt O(h® +7%)

oOymumu yuyH «,f,y Ba WU K03(1)(1)I/IHI/I€HTJ]ap Kym/mam TEHTJIaMalap
CUCTEMACUHU KAaHOATIAHTUPUIIH KEPaK.

a+p+y+u=0
y—a=0
2 (2.11)
ur=1
1 1 2 1
(2.11) Tenrnamanap cUCTEMacHUHM €4ud, ¢ =y = e U=— Ba = pa =—"
T

SKaHIUTUHU aHuKiIaiMu3. Kosbdunuentnapuu Oy xuiimatnapunu (2.10) ra
KYSIMU3:

j+l

j u’ ] j _
—%Jr%—u—'—uh'gl+'—:0ém
T T
TRARTE —2u) +ul,
' - — = =0 2.12
T h2 ( )
Jemaxk,
au_ot
ot ox?

nubdepentman  tenrnamann L (x;,t.) = {( X, 4, ) (x,,t ) ( X101 ) (x,,tm) }

mabJIoH/Ia anmpoOKCUMAIIUS KHJIYBYM alMpMalid cXeMa KyWuaard KYpuHUIITa sra
OKaH:
L
u'™ —u/ —2u) +u/

i |ﬂ

T h2
ou 0%

OHau E 3 PN nuddepeHnnan TeHrIaManu
X

(%)= 06.t) (atin) (6ta) Ot

mabJIoHAa anmpoKCUMalvs KUITyBYM alMpMaid TEHIVIaMaHu Tonamu3. by Xxonna
allpMam cxema

aul + pult +yul™ + it =0. (2.13)

i+1

Kypunnma 6ynamm. (2.13) ma u'y, u'™, u'l 19p dysxkumsmapan (x,t) Hykra

atpoduna Teinop Karopura EMus:
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6u(xi ,tj) 2 82u(xi ,tj) 3 83u(xi ,tj) p a“u(xi ,tj)
a 2 o e a 24 at
au(x, ’tj)+rau(xi ,tj)+h_282u(xi ,tj)Jriazu(xi ,tj)_

ut =ul +7

g
Ui =ui—h X ot 2 ox? 2 ot
_mézu(xi ,tj)_ﬁ83u(xi ,tj)+7383u(xi ’tj)+ h2r 83u(xi ,tj)_ hz2 83u(xi ,tj)+
oxot 6 ox° 6 ot 2 ox%ot 2 oxot?
W —yi b au(x, ,tj)Hau(xi ,tj)+h_262u(xi ,tj)+ﬁ62u(xi ’tj)+

OX ot 2 ox? 2 o

o2u(x, ,tj)+h383u(xi ,tj)JrT363u(xi ,tj)+ h2z %u(x, 'tj)+ hz? 8%u(x 'tj)+
oxot 6 ox° 6 ot 2 ox’ot 2 oxet?

VY xomnnga

auij +ﬂuij_+11 + 7’Uij+l ‘F,L‘Uij:i1 = O‘U(Xi 1y )+,B[U(Xi 1§ )_ hu;(xi 1y )+ ut,(xi 1y )+

+hzt

+05h%u’ (x Y )+0572u(x Y )—hzu(x Ay )- hg u (x t )+T—;U{é'(xa i )+

2 hT2 4 3

h’z . h* . Nz .
+7Tu (xi,tj)—7um(xi,tj)+ﬂu (xi,tj)—?fu (x.t; )+

xxt XXXX XXXt

h2 2 h 3 4
W (ot )= = u e )+ g ,tj)+--}+

+ylulx t, )+ 2wt )+ 0522y (.t )+%u{{t'(xi )+ ;—; up(x .t )+ } +

t, )+

i1

+ alulx;.t; )+ hug(x,t; )+ul(x

+05h2u (X, t )+0572u(x, i )+hzu(x t )+ hg u (x Ay )+ 7_63 uz(x, Y )+

XXX

xxt XXXX XXXt

+h—ZTu"’ (xi t; )+h—;2U;&'(Xi 1y )+2—;u"” (X‘ 1 )+h%ru"” b g )+

2_2 3 4
h T "ee

h e 244/
+Tuxxtt(xi ’tj)+%uxm(xi ’tj)+%umt(xi ’tj)+
Vxmram XaaJlapHu ux4yamiad, Kyhuaarura sra 0yiamus:
auij +ﬂuij—+ll + 7’Uij+1 + Wijfll = [05 +f+y+ ,U]U(Xi L )+ h(,“ _ﬂ)u;(xi 1y )+
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+7(B+y +,u)ut’(xi t )+ 05h*(S + y)u;'x(xi 4 )+ 057%(B+y + y)ut't'(xi Ay )+

+hz(u— By (Xi 1§ )+%(ﬂ _ﬁ)u;;(,x(xi 1§ )+%(IB ty +1u)ut,t,t’(xi 1§ )+

4
+ 0B+ gl (%, .t )+ 05h e (e — Bl (x, ,tj)%(ﬂw)u;;x”x +

3 2_2 3
1 N )+ (bt ) (= At )+
3 4
+h%(,u —,B)U;,t;t'(xi L )"‘%(ﬂ"‘ /’l)ut,t,tt”(xi 1§ )+

Oxupru TEHTUKIa KyHuJarmiapHi OaKapuInuiinHe Tajlad KujlaMus:

a+pB+y+u=0

1
Pry+pu=—
T

2
ﬂ+ﬂ=—ﬁz
u—p=0

By TeHrnamamap cuCTeMacHMHH €4uO, HOMabiIyM «,[3,¥, i apaMeTpiapHu

KUWMaTIIAPUHHA aHUKJIANMM3:

yol g, 111
T “ h?’ 4 r h?
[TapameTrpnapHuHT ymoy KuiiMatiapuaa

2

j j+ j+ j+ au aZU " T "
OtUiJ +,3Uij_11 + 7Uij "+ 1uuij+11 = (E _yl ) — 0,52y (Xi ’tj )+Euttt (Xi ’tj )_
X; 1

h2 - 2 - h2 4 - ’
—Euxxxx(xi £ )—%uxxxx(xi iy )+ —% uy (xi iy )+ ..... (2.13)

a,f,y, L napaMeTpIapHUHT TONMWIraH KuiiMariaapuuu (2.13) Tenrimamara
Kylcak, OM3 KypraH alipMalii CXeMaHUHT KYPUHUIIN KeTUO YNKAIN:

ol ) S8, o o

HeMak, l[[(xi,tj):{(xi ,tj) (Xi_l,tj+1) (Xi ,tj+1) (Xm,tm)} abJIoH A
KypuiraH aWupMmaau cxema omkopmac Oynu0, Oepwiran auddepenuman
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MacajnaHu 7 Oyhinua GupuHuM TapTHO Omyian Ba h GYiiMya MKKMHYM TapTO OUIan
anmpPOKCUMAITUs KHJIap dKaH.

Virapysuan kodppuuuentan oaauii nuddepeHnuan TeHrIaManap
YYYH MHTEIrPO-UHHTEPNOJSAMOH yCYJI

Issiglik o’tkazuvchanlik, diffuziya, tebranish va h.k. turli xil fizik jarayonlar
issiglik, massa, harakat miqdori, energiya va h.k. saqlanishning integral formadagi
qgonunlari bilan tavsiflanadi. Matematik fizikaning differensial tenglamalarini
chigarishda kichik hajm uchun saqlanish gonunini ifodalovchi muayyan integral
munosabatdan (balans tenglamasidan) ishni boshlashadi. Tenglamada gatnashadigan
funksiyalarning barcha kerakli hosilalarini mavjud deb faraz qilib va balans
tenglamasidagi hajmlarni nolga intiltirib, differensial tenglama hosil qilinadi. Chekli-
ayirmali metodning fizik ma'nosi shundan iboratki, biz uzluksiz muhitdan uning
gandaydir diskret modeliga o’tamiz. Tabiiyki, bunday o’tishda fizik jarayonning
asosiy xossalari saqlanishini talab gilish kerak. Bunday xossalar qatorida, birinchi
navbatda, saqlanish qonunlari turadi. To’r sohada saglanish qonunlarini ifodalaydigan
ayirmali sxemalar konservativ sxemalar deyiladi. Konservativ ayirmali sxemalarni
hosil qilish uchun to’r sohada elementar hajm uchun yozilgan balans tenglamalarida
qatnashadigan integrallarni va hosilalarni taqribiy ayirmali ifodalari bilan

almashtirish kerak. Konservativ ayirmali sxemalarni hosil qilishning bunday usuli

balans metodi yoki integral-interpolyatsion metod deyiladi. Balans metodini
go’llashga misol sifatida issiglik o’tkazuvchanlikning statsionar tenglamasi uchun

birinchi chegaraviy masalani qaraymiz:

%{l’(-")%j—(I(x)“+f(X)= 0, 0<x<l, (5.29)

u(0)=a, u(l)=4, (5.30)
bunda p(x), ¢(x), f(x) lar yetarlicha silliq funksiyalar bo’lib,
p(x)=p, >0, g(x)=0 shartlarni ganoatlantiradi, ¢ va g esa berilgan sonlar. Bu
shartlar bajarilganda (5.29), (5.30) chegaraviy masala yagona yetarlicha silliq u(x)

yechimga ega bo’ladi. Ayirmali sxema qurish uchun [0, 1] kesmada muntazam

w, ={x, =ih, i=0l..,N, hN=1}
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to’rni olamiz. Quyidagi

¥ =x 2, wx)= p(x)%u(,\'), W, = {x'i‘,) belgilashlarni Kiritib,

:
it

(SR

1
2 2

(5.29) tenglamani [x 5% 1} oraligda integrallaymiz, natijada

W W j g(x Ju(x )dx + ‘J;:f(.r)ci\'=0 (5.32)

X

1

4

tenglama hosil bo’lib, u [x x ,} kesmada issiqlikning balans tenglamasini

aniglaydi. Endi

l'fq(x il hiz

integralni uning u, I:q(x)a'x taqribiy qiymati bilan almashtirib, quyidagi

belgilashlarni kiritamiz:

1 i 2
d,=,—2‘j| glx)dr. (/),v=;lflf(x)dr. (5.32)

Natijada (5.31) tenglama
W I_Wl

/——d u, A =0 (5.33)
1

ko’rinishga ega bo’ladi. Endi w | ni u(x) ning to’r nuqtalaridagi qiymatlari

1
2

du  w(x)

orqali ifodalaymiz. Buning uchun === -—=0 ifodani [x_, x,| kesmada
dx  plx) U
integrallaymiz, natijada
+owlx) ¢ odx
u,—u, = dx=w — (5.34)
| '[ plx) i I plx)

hosil bo’ladi. Agar
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| ¢ dx &
=l | 2 5.35
“ {h ,.J, p(x)] ( )
deb belgilab olsak, (5.34) dan quyidagi taqribiy tengliklarni hosil gilamiz:

ul _ul—l ul+l _ul
W =4,

' h ’ >3 h

Bu ifodalarni (5.33) tenglamaga quyib, izlanayotgan funksiyaning «x, ,, x,, x,,
nuqtalardagi qiymatini 0’z ichiga olgan ushbu

/L,[aHl (w,, —u)-a, (u,-u_)~d u +¢ =0 (5.36)
2

ayirmali tenglamaga ega bo’lamiz. (5.36) tenglamani «, to’r sohaning barcha
ichki nuqtalari, ya'ni =/, 2., N-I wuchun yozsak, u holda N+/ ta
u,.u,,...;u,, noma’lumli N-7 tenglamalar sistemasiga ega bo’lamiz. Ikkita yetmagan
tenglamani (5.30) dastlabki shartdan hosil gilamiz:
wy=d: Wy=p (5.37)
Ayirmali masalaning yechimini differensial masalaning yechi- midan farq qilish

uchun uni y orqali belgilaymiz, demak, y =y(x,) x ew,. Endi (5.36) va (5.37)

tenglamalarni birlashtirib, (5.29), (5.30) chegaraviy masala uchun quyidagi ayirmali

sxemaga ega bo’lamiz:

1
h_j[a/-l(.»vzﬂ - .)"l )_ ar (yl B .Vi—l )]_ d: yl + ¢r‘ = 0’

i=12,N= . (5,38)

Vo=@, ¥y, =p.

Bu sistemani haydash metodi bilan yechish magsadga muvofiq bo'ladi. Buning
uchun (5.38) sistemani quyidagi ko’rinishda yozib olamiz:
Ay, ,—Cy,+By,.,=-F, i=12...N-1, y,=a, yy=p5,
bunda

B =a

(] e i i+

C =a,+a, +hd, F=hp,.
Chegaraviy masalaning koeffitsientlariga qo’yilgan shartlardan « >0 va 4,20

kelib chiqadi, bulardan esa C, = 4 + B, ni, ya'ni haydash metodining turg’unlik shartini
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hosil qildik. Demak, (5.38) ayirmali masala yagona yechimga ega va bu yechimni
haydash metodi bilan topish mumkin.

Endi (5.29) differensial tenglamani (5.38) ayirmali tenglama bilan
almashtirganda yuzaga keladigan approksimatsiya xatoligini tekshiramiz. Buning

uchun (5.29) tenglamaning chap tomonini Lu(x) va (5.38) tenglamaning chap

tomonini L, y, orqali belgilaymiz, ya’'ni

Lal)= 1 p(5) 2 - o)+ /o),

dx
Loy = Mo b= v)-a -3 - do v
Faraz gilaylik, 9(x) yetarlicha silliq funksiya bo’lib, & =(x,) uning e, to’rdagi
qiymati bo’lsin. Endi
L8 —LIx,)=o0(h?) (5.39)

baho o’rinli ekanligini ko’rsatamiz. Buning uchun L,9 operator tar- kibidagi

4., =9(x, +h) ni x, nuqta atrofida Teylor qatoriga yoyamiz. Ravshanki,
Gu=9 _gilg W o +olr).
+h 2 6
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Demak,

thgi — amh'"a, .9|,'+ a,+|2+a; ‘9¢ B h(a

Lm0 +g o)

Ikkinchi tomondan

Lu( )= p(\)19+.0( )'_(1( )~9+f( )

Bu munosabatlardan

1,8y~ L8(x) = 2= p o+ e plg )+ M= g
h 2 6

~(d, —q(x)9 +(9,~ £ (x,))+ol?)
ni hosil gilamiz. (5.39) shart bajarilishi uchun

aml_a: — P'(x,)'*‘ 0(/13 ), g‘ﬁ# = p(_x‘,)+ 0(/12), (540)
1

o =f(x)+oli*) d =q(x)+oln?) (5.41)

tengliklar o’rinli bo’lishi kerak.

Endi &(; )= —— deb belgilaymiz va k(x) ni x ,, nuqta atrofida Teylor gatoriga

)

yoyamiz, natijada

T (O T (S VRS L et

hosil bo’ladi. Demak.

Shunga o’xshash

Bulardan esa
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1) l+p !
i+ J=

a.-uz‘*'a-‘ e 02 3 2 +0(/1:)= P, +0(h:)‘
a. . —da p"l +P'_| 4 2
HIh e h : +0(h;)= p'(.r,.)+0(h')

larga ega bo’lamiz, bular esa (5.39) ni isbotlaydi. (5.41) tengliklarning bajarilishini
ko’rsatish qiyin emas. Hagiqatan ham, d, va ¢, ni mos ravishda ¢(x,) va f(x,) bilan
almashtirish (5.32) integralni o’rta tugunli to’g’ri burchakli to’rtburchak formulasi
bilan hisoblashdan iboratdir. Ma'lumki, bunday formulaning qoldiq hadi o(h"’) (7-
bobga q.). Shunday qilib, biz (5.40), (5.41) tengliklarni va shu bilan birga (5.39)
bahoni ko’rsatdik. Bu esa L, y, operator Lu(x) ni (5.29), (5.30) masalaning yechimida
h ga nisbatan ikkinchi tartibli approksimatsiya qilishini ko’rsatadi.

1-eslatma. (5.38) ayirmali sxemani amalda qo’llash, uning koeffisientlarini
topish uchun (5.32) va (5.35) integrallarni aniq hisoblash shart emas. Koeffisientlarni

topish uchun o(lf) yoki bundan yuqori aniglikka ega bo’lgan kvadratur formulalar

bilan taqribiy hisoblash mumkin. Masalan, (5.32) va (5.35) integrallarga to’g’ri
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to’rtburchaklar  formulasini  qo’llasak, koeffisientlar quyidagicha topiladi:
d=q(x), ¢=r1(x) a-= p(x‘_,}.

Agar trapetsiyalar formulasini qo’llasak,

larni hosil gilamiz.

Ko’rsatish mumkinki, (5.38) ayirmali masalaning yechimlari ketma-ketligi
(x)} h—0 da C(w,) to’rli fazoda dastlabki (5.29), (5.30) differensial masalaning
u(x) yechimiga ikkinchi tartib bilan yaqinlashadi, boshqacha qilib aytganda,

9= =l ) ) < b1
baho o’rinli bo’ladi (q. [28]).

2-eslatma. Balans metodini boshqa chegaraviy masalalar uchun ham qo’llash
mumkin. Bundan tashqari, p(x), g(x), f(x) funksiyalar uzilishga ega bo’lgan hol-
larda ham ayirmali sxemaning yagqinlashishini tekshirish uchun koeffisientlarni (5.32)

va (5.35) integrallar orqali ifodalash katta ahamiyatga ega.

Yu3MKCHU3 HCCHKJIMK YTKA3yBYAHJIUK MAacaJilacH YUYyH 0ajlaHC yCyJau

Q={(t,x):0<t<oo, X <X< Y} coxaza KyWujaara MacajiaHu Kypanauk

ou o ou \ou ou
5_&(D (t,x,u,&jg—xj—v (t,x, y,u)&+ F(t, x, y,u) (1.1)
u(o,x,y)=u,(x,y)=0, X< X< X, , (1.2)
u(t, X) = (1)
Ut X)=w,(t) " (13
ou
oy epma D (t,X,U,a—X] - muddy3us koedhduimeHTaapu, cynn mecc

y(mx)<oo, U= u(t,x) >0 KUAupUiIaéTran eanmiiap, U,(x,y) X < X< X - GbUHUT
(uexmn) ¢ynkcus, w,(t)- manduit 6yamaran ¢ynxcusmap, V (t,X,U)- myxwuT
TE3TUKIIAPH.
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(1.1) tenrmama xaTop Qu3MK xKapaCHiapHU UPOTATANAN: YU3UKIN OYIMaran
MyxuTaa peakcus auddy3us sxkapaéHUHU, OUP >KUHCIM OYJIMaraH YU3UKCHU3
MYXUTJAard WCCHUKJIMK TapKaJIWIN >KapaCHWHU, YM3HKJIA OyiMaraH CYIOKJIUK Ba
ra3HUHT QuiITpanuscuHu ndoaanad ynap moauTpanus KOHYHH Ba OOIIKA YH3UKIIH
OyaMarad Ky4uILIapHUHT MaBxKyumruau udomamaiimu. €F(t X,U) xang (e=+1)
MaHOAHHUHT €KUM (&= -1) FOTHJIMIIHUHT MaBXY/JTATHTa MOC KeIuO, YHUHT KyBBaTH

ou
F(t,x,u) ra tenr, V (t,X,U)& map aca V (t,X,U) Tesmuknapra ra MyXUTHHHT
XapaKaTHIra MOC KeJIaH.

(1.1) tenrmama yuyn Ko macanacu Ba derapaBuii Macaiajgap Oup yidamMiiu

Ba KYI yIuaMJId XoJariapAa Kymiabd aBTopiap TOMOHHMIaH Ky3atwiraH [ 1-5 ].
ou

e=t1 ma D (t,X,U,&) napaMeTpJIapHUHT alpuM xycycuid xomwapu [1-2] na

(V)

YPTaHWJITaH.

(1.1) renrnama OunaH udonmanaHraH xapaéHiapla TEMIIEPATYpPaHUHT YCKIIU
TENMKIIM TapKAIUII Xonucacu pyi Oepamau [1]. FOTymmm koeddunueHTrn MaBxy
Oynranna jokanu3auus OYauIM MyMKWH. KOHBEKTMB KyuWill MaBxKyz OyiraHnaa
sca “opka”’ (QpOHT Xoaucacu pyl OepuIllM MYMKHUH, S’lbHU 4Yal (PPOHT MabiIyM
BaKT/JaH KEHUH TYXTaIlll Ba MyXUT XapakaTu Oyinad xapakaT KWW MyMKHUH.

(1.1)-(1.3) m™acaima yuyH mMapaMeTpJapHUHT TypJad KuUHAMaTiapuja,
ou
D (t, X, U&j F(t, X, y,u) pynkcusmapra sa V (i, X,U) ra Gornuk 6ynran xonma

Typau XU cunMyIap a0  Oynumm  MyMKHH — (YCKIM  TE3JIMKIIH,
JIOKaIM3alMsIaHraH, rIo0asuIalirad Ba Oomkanap).

@u3nka TOMOHJAH KaparaHJa Y€Ky auupMaliap YCyJiu Y3JIYKCHU3 MYXWUTIaH
JUCKpET MOJeira YTUIIHM aHrinatagd. byHpmall yrumpa ¢usuk xapaéHiiapHu
aCOCHM XOCCAJIAPUHUHT CakJaHUIIM Taynad »Tuinaau. CakiaHWIl KOHYHU LIyHJau
xoccanapaan  Oupu  xucobmanaau. CakjiaHuIl ~ KOHYHHHUHI — CETKacuaa
udoananran ailupmanap cxeMacuHH KOHCepPBaTHB (€KW THBEPreHT) cxema O
aTayaju.

CaknaHuII KOHYHM XaMMa CeTKalu coxajap, KOHCEPBATHUB CXEMalap y4yH
allupMaii TEHTJIAMAHUHT alreOpavK HaTWKACh MaBXKyJ OYJiIraH KOHCEpBAaTHB
allupMalii cxeMa OJIMII MaKCcaJuaa, CETKalu COoXaJa HJIEMEHTap XaXM YYyH
é3unran OajaHC TeHriaamacugaH (Qoiinanmanamus. bamanc TeHrmamanapaaru
WHTErpall Ba XOCWIAJapHU TakpuOwii aitmupmara oug wudomanap OwiaH
anMamtupuin 3apyp. Hatuxana Oup skuHCIM aiiupManu cxeMaHnu ojiamu3. byHnai
KOHCEPBATHB OUP KMHCJIM AHMPMAJIH CXEMAaHW OJIUII YCYJIMHHW OamaHCHUHT
WHTErPO — UHTEPIOJIAIMOH yCYiu 1e0 aTaiMus.
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m Ba X OyinYa TEKUC CETKaHU KypaMu3:

X=X

a)_zh:{tj =jr,j=01...mm=T;x =X +ih,i=01...,n,h n—}

[x_ L SX<X gt <t<t j+1j TY¥pH TYPTOYpYaK yIyH HHTErpo —
i—= i+

WMHTEPIOJSIIIHOH yCyJIM OpKayin OanaHc TeHrinamacuHu €3amms. (1-pacm)

j+1

N\

1-pacwm.

A T e
XJ_ u(x,tjﬂ)—u(x,tj)]dx: tJ- Dg—idt —
i—17 i Xif}é

tia Siv2g tia N3y

— v(t, x, u) 2 dxdt + F (t, x, u)dxdt
t aX t
i Xioig i Xie1g

(2.14)

lynpaii sxkau D, v, F koeddunuentaap — ¥3 apryMeHTIAPUHUHT Y3TYKCH3
byHkcusicu Oynrannuru cababnu Kyuaaru popmynagaad GoiganaHuIl MyMKUH:

IhKKtHJ—U(Kt)thF&Kx“gﬂ)—uogio]
tia 8[_] Xi+}é
JDETﬁ ~
XF%
~ T[diﬂ,m u(xiﬂ,tm)h—u(xi L) d, ., u(xi ,tHl)—hu(x,l,tHl)]
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tia Xi+%
_f v(t, X,u) a—udxdt ~
OX

j Xif}/
~ Z\/(XI ’ j+lu(Xi ’tj+1))(u(xi+1’tj+1) T u(Xi ’tj+1))

t

tin '*y
I IF(t X, U)dth~ Z-hI:(X J+l’u(xl’ J+1)) (215)
Ny

By epra Ui, - D mccuKmMK yTKasyBYaHIHK KoehDUIMEHTHHUHT GHp EKH
Oup HeuTa HyKTaJaru ypraya KMiMaTu, MacajaH,

u(t'+1’ Xi—l) + u(t'+1’ Xi)
dij+1 — D[tj+1’ Xi—}é ’ : 2 ! ’

N 2D(t]+1’xl’u(tj+1’x ))D(tj+1! i—1° ( j+10 _1))
D X 1 U X 1)+ D XU %) 32

d . D(tj+1'xi—1’u( j+1 | l))+D(tJ+l’Xl’u(tJ+l’ ))
ij+1 —
2

(2.15) Hm (2.14) ra xyinb MKKK KaTJIaMJIM KOHCEPBATHB CXEMaHU OJIaMH3!

Yi =i :£|:d‘i+l Yiia — Yi _ai w} — W, M_F fi (2.17)
T h h h h

by epna )A’i =VYiju =Y(t,-+1,xi), Yi=VYi; =Y, %), di :d(tj+1,xi)

ra TCHI Ba KYﬁHHaFH H_IapTJ'IapHI/I K&HO&TH&HTI/Ipa)]I/I:
Vi =Uo(%), u=0,1,.H; Yo =wi(t}), yi=v,(), #=01,..M.
(2.18)

Xocuna 6yaran (2.17) cxema y! (yHkcusra HucOataH yu3nukcu3 0yuo,
YHUHT €UUMIIAPUHHE TOMMII y4yH UTEPAIUs yCyIuaan GoiaaaanaMus.

Urepanus xxapa€HHu KyrMHAaruda Kypamus:
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1) Opnnumit uteparus ycyau
(s+1) (s+1) (s+1) (s+1) (s+1) (s+1) (s+1)
11 e () — . (s) L= N C)
yl yl_ di+1 y|+1 yl—di yl yl—l — W y|+1 yl+fi ,
T h h h h

(2.18)
2)  Hrorton ycynu

(s+1) (s+1) (s+1) (s+)  (s+) (s+1) (s+1)

Vic% YW Yy Wy iy Yoy, 0 )6 (S)
T:Hd lh —d; : Ll-wi 1h +f+f Yi=Yi| , (2.19)

3) Maxcyc ycyn

(s+1) (s+1) (s+1) (s+1) (s+1) (s+1) (s+1) (s)

Al (R O Bl AR D il AR BN ATl
i Ji = di+ i+l |_di i i-1 — Wi il i 220
P h o Vg @20

Yi

(s+1)

Y  ¢ynkcusra nucOaran (2.18)-(2.20) aiiupmanu cxemajiap YHU3HKIH
(0)j+1

Oynamu. borumanrmu  wreparus cudatuma Y = y' Bakr Oyiinua # Ba W

(s+1) (s)

Yi =i

max <&
(yHkcusimap onuHagu. Mrepauusnap sSKHHIALIAIA yIyH mapT

OakapWJIUIIN Tajlad dTUIAIN.
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6-MaB3y. KBa3nuM3uK/IM MCCHKJINK YTKa3yBYAHINK TEeHIJIAMAJapu Ba
YHM3MKCH3 COXAJAPAA HCCHKJIMK TAPKAJIHII KAPAEHIAPUHUHT MOJEJJIAPH.
Yexiu aiupMmasu cxemasap. YusuKIamTupul.

Z A
|
t fz
|
(].\' % i,__ S 1 __.— q.\' vdx
/
/ | y]
t |
| I | |
| I | I
| I | |
| | | |
| | | |
I |
| : | :
| |
i 0 | : // | : 4
| |
———————————— r**/‘***#?
L Ay
______________ _.dx_.__
y X

1.1.-rasm. Elementar hajm orqgali o’tuvchi issiqlik ogimi
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2.1-rasm. f{x) funksiya hosilasini aniqlash.

v

Xi+1 X

t
A
(k+1)-gator
i, k+1
t=kl ° © k-gator
i-1, k i, k i+1, k
(k-1)-gator
i, k-1
t=21
=}
X
>
x=h x=2h x=ih

2.2-rasm. To’g’ri to’rtburchakli to’rda hisoblash sxemasi
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Bu qo’yilgan masalaning yechimi boshlang’ich temperatura tagsimotidan

bog’liq emas, shuning uchun @, (x,y) = 0 deb olish mumkin.

Tadqgiqot sohasi D ni Ox va Oy o’qlariga mos Ax va Ay gadamli teng

tagsimlangan to’r bilan qoplaymiz (3.2-rasm).

JEEIAN
(T 17N
4

Pl
v
=

|
&

Y a
N
N
Az
N-1
a
a j
3.3-rasm. Tadqiqot obyekti
2
1 X
1 2 i N-1 N

3.4-rasm. Tadqiqot sohasi bo’yicha to’r sxemasi.
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u(x,t)

0.0051 {
0.01;
0.0151
0.021
0.0251

3.7-rasm.

/-maB3y. Kyn yJI90BJIM MCCUKIHMK YTKAa3yBYAHJIMK TEHIVIAMAJIAPU YYYH
y3rapyB4aH iyHaauuiap ycyJuau. Jlokasa Oup ya4oBJiu cxemaJiap

Texamkop alupMaJa cxeMajap

V3rapysuan iiyHaaumIap ycyan

Typroypuakmu G ={l,, <x, <l,,, =12} coxana

ou 0 ou | ou 0 ou | ou
—=—/| P t,Xu, + Pl t,X,u,— | — |-
ot ox OX, JOX; ) OX, OX, ) OX,

1
—vl(t,x,u)s—):—vz(t,x,u)%+ F(t x,u) ()
TEHIJIaMa Y4yH
u\aG = u( X,t) (2)
yerapaBuil MacajlaHu KyHujaaru OOlUIaHFUY apTiap Ouiian
u(x0)=u,(x), xeG | 3

KYpuO ynkamus, OyHaa oG, oG =G\G TYpTOypUaKHUHT YeTrapacH.

(1)-(3) macananapuu Takpubuii eynin yuyH G na X, Oyluua TEHI YI40BIN

@, TYpPUHH TEHr YIYOBIM OyaMaraH h1 ={|21_|11)/N1, hz :{Izz _|12)/N2 )
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Kazamiiap ouian KypI/I6 omamMmu3. @, 3ca 0<t<t, opanukna 7 =1,/ n, Kagam

Ownman Xocwa KwiuHran typ, N,,N,, n, jgap Moc pasumma X;,X,, tmapmaru
HyKTaJlap COHH.

(1)-(3) macamanu @, x @, Typaa y3rapyBuaH HyHamunuid (
) omKOpMac cxema Ba OaslaHc ycynH (MHTErpO-UHTEPIIOISAIIMOH
yCcyid) OwpiammMacuia anmpokcuManus Kuiaamu3s[9].  VYsrapyBuan WyHamMmum

cxeMma FOsICH KyWUIaruHu aHTJIaTau: KHIUpuiaétran u(x,m) Typiu GyHKIUSHAHT

o o o N/ 1+1/2
acocuil KuiimMatnapu OunaH OMp KaTopAa YHUHT OpalukK KuiiMatiapu Y =Y :

PN 41 .
oyepma Y=Y , Y=Y ™ 1 - katnam pakamu, XaM KUPHTHJINO, YHH & HUHT

t=t,,=t+ 72 naru xuiimatu cuaruaa xapam mymkuH. bynmail xomnga 7
KaTiamaaH 1+1 KaTnamra ytui 0,57 KajgaMm OuilaH UKKH 3Tanjaa Oakapuiiaau

yl+1/2 _ yl
05T :Alyl+1/2 +A2y| +Alyl+1/2 +A2y| +(p
4
yI+1 _ yI+1/2 ( )
057 :Alyl+1/2 +A2yl+1 +Alyl+1/2 +A2yl+l +¢

Oyepma A,y =(a; Y. )u - ALy=0ay). . = XYy),

a; Ky#huaaru Gopmynanapian OUpy OpKaay aHUKIaHAIH

‘ ’ 2 2

E€KU

1
a = Z(P(t’ Xair Yair Vai)s )P X000 Yaia (ya,i—l)xa) :

ukt = P(t,x,u,au) _
OX

n—1

ou

P =ka(x)——
by epna ()8X

i, =1 HyKTazma (ywo)X XOCWJIaHU XucoOyanija coxajaH TallKapura 4YuKuO

KeTHJIaIM, IIYHUHT yuyH Oy HykTaza 0(h?) TapTubiau Oup TOMOHJIaMa alupmaiiu
dbopmyrna (MusiH cxemach) UIIaTHIAIU, SHHU

ul =3, 4V -V,
OX 2h '

a o o

92




By xonpa i, =1 Hykraga &; Kyhuaaru popmyna épaamMmuaa XucoOnanaau

ya,l - ya,O + _Bya,O + 4ya,l - ya,Z

ya‘]_ + ya,O h Zh
=P/ t,x ., ’
aj-a a,l 2 2
EKH
. -3Y,0t4Y,1 - Y,
ala _ E P(t, Xa,l’ ya,l’ (ya,l)xa ) + P[t, Xa‘Ol ya,o, 0 o A )

(4) pmaru OupuHUM cxeMma xj MyHamum Oyiuya omkopmac Ba Xz Oyiuya
OLLIKOp, MKKMHYM cXxeMa Oyiica akchHYa X1 UyHaIWII Oyilnda olKop Ba X Oyiinya
OLLIKOpMAC.

(4) Tenrmamanap cucreMacura OOIIIaHFAY MAPTIAPHU
y(x0)=uy(x), Xeam, (5)

Ba alMpMaJi 4yerapaBuil WAPTIAPHUA KYWHUIaru KYpUHHUIIIA KyIaMU3
{yl+l =,UI+1 ’ i2 =0, i2 = N2 (6)

1+1/2 -

y =p, i =00 =N; >

Oy epaa ﬂ:;( |+1+lu|)_£A2(lul+l_lu|).

. 1+1/2
i HHUHT KuiiMaTu (4) cucteMaaaH y OpaIMK KMIMAaTHU WYKOTUJITAHIaH

KeWHH X0oCcw Oynaaurad Kyiuaara udoaara Moc Kejaaau

- I+1+ | 2'2
y= y2y_ I(Az y)t,i

Takunna® yramusku  (4)-(6) aiimpmanu Macajia m Ba X, Oyiinya

a

allIIpoKCuManyAiIam HKKHHYA TapTI/I6Fa ora.

(4) aiimpmamu cxemamap Moc pasmmma Y oo, Y™ byHKumsutapra

Hucbaran umsukcu3. LyHuHr yuyH (4)-(6) cUCTeMaHM eddll y4yH HUTepauus
ycynunan donnananunanu. Urepammsm xapauau ¢ (ynkiusicu yayH [lukap
(ommuit urepanusi) ycynuaa xam HboToH ycynumaa Xam Oakapuill MYMKHH.
XucoOuiann dKCIepUMEHTIIapH HaTWXKaJIapy IIyHH Kypcaraauku, (4)-(6) cxemanap
Y4yH HMKKaja ycyJl XaM SpoKiIM. bup xun aHMKnIMkka spummiml yayH HeroToH
ycyauna Ilukap ycynuparura HucOaTaH uTepauusiap COHM KaMpOK, YyHKHU
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OOLIJIAaHFUY SIKUHJIAIIMII SIXIIM OJIMHCA Y KBAJpaTUK SKUHJIAIIMINra 3ra.
CxeMaHWHT IIAPTCHU3 TYPFYHJMIWra BakT OVHWYa KaJaMHH MaigapoK OJIUII
OpKaiu »Hpuinmwiaad. Bakr Oyiiya KagaMHUHT KHMMaTtd T<Tp XHUCOOJIaIl
AKCIIEPUMEHTH WYy OWjIaH aHWKJIaHAIH.
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V. AMAJIU MAIIFYJIOTJIAP

AManuii MamFyJjaoTiap 3aMOHABUN JUAAKTHK TAabMHHOT Ba JabopaTopus
KHUX037apura sra Oynran aynuropusiapia xamaa MHTepHeT TapMorura yjaaHTaH
KOMITBIOTEP CHH(IapU/a, TasHY OJIMH TahJINM MyaccacaJlapuHUHT Kadenpanapuaa
TaIKWI 3TUIIA]IH.

AmMamuii  MamryjoTiaapaa QUMK KapaéHIApHW TACBUPJIOBYM  aMaJIHi
MacallalapHUHT KYWWIHIWA, YJIapHU €YUIl YCyJUlapW, MacajlaHh EUYUIIHUHT
aNTOPUTMHU Ba JACTYPUHU SIpaTUI, JACTYPHUHT TYFPWIMIMHHU TE€CT Macajlajiapia
TEKIIUPHUII, XUCOOJAIl SKCIEPUMEHTIApU YTKA3WIl Ba OJMHIAH HaTWXKalapHU
TaxJIWI KAWL Macajanapy ypraHuiaiu.

AMaJn# MAIFyJ0T/IapAa KyWUAaru MaB3yJap Ba Ba3usT/JM MacaJjajaap
Ypra"nujiaam:

Onmuit muddepennuan tenrinamanap yuyH Ko Ba uerapaBuit macananap.
Oiinep Ba Pynre-Kytra ycymnapu. Xaiigam (mporoHka) ycyJiu.

Xycycuit xocunanu auddepeniman TeHriamanap. Yus3ukiau yerapaBuit
Macajanap y4yH OLIKOpP Ba OLIKOPMAacC CXeMallapHU KYyJlall.

KBa3znum3ukiam MCCUKJIMK TapKaJIUIIl TEHIJIaMajapu Y4yH OalaHC YCYJIUHU
KYJUIaIl Ba yJIapHU COHJIM euuil. Yn3uKIamTupul.

Y4 Kkartnamiau cxemayap SpaTuil  €pAaMulia  UM3UKCU3  YerapaBuid
MacajalapHy COHJIA €YUIII.

Wkku ynuamnuy MacananapHy y3rapyBuaH MYHAIUIUIADP YCYIUAa CUHILL.

Nkku ymuaMu MacanaiapHu JOKai OUp YIYOBIM cxemanap EpaaMuaa euunl.

Top Tebpanuiym ManaiagsapyuHu COHIU MOJISTUTAIITUPHIIL.

Xucobuall HKCIIEPUMEHTH HaTHKATApPUHNA BU3y I THPHIIL.

HA3OPAT CABOJLJIAPH

1. T'unepbonuk, mapabOIMK Ba JUIMNTHK TypAard TEHraamanaap OuiaH
TaCBUPJIAHYBYM COJIIa MacaJajap.

2. Bouuranruy Ba yerapaBuii Macaanap KyHuIir.

3. Opmuit muddepeHnnaIapHd ANMPOKCUMAIIHS KHUJIHII, allIPOKCHMAIHS
TapTHOU.

4. T¥pna anmpoKCHUMAITUS XaTOJIUTH.

5. Omkop Ba OIMIKOPMAC cXeMaap.

6. Ilapamerpiu cxemaiap.

7. Yeknu aiiupMaau  CXEMaJapHUHT  TypryHIurd. Yexu

allupMalli CXEMaJapHUHT SIKMHJIAIIUIIHA Ba AaHUKJIUTH.
8. MHTerpo—MHTEPIONSAIHOH YCYJIH.
9. Vu katiamium cxemajap spaTHILL.
10. Typryumac, TypryH, aOCOJIIOT Ba CY3CH3 TYpPFYH CXeMaiap.
11.Taycc ycynu.
12. IIporonka ycymnu. IIporoHKa yCylIMHUHT TypPFyHJIUTH.
13. VHr Ba yupanysun (BCTpeuHast) IPOTOHKA YCYIUIAPH.
14. KBa3u4m3uKkiIM HMCCHKIMK YTKAa3yBYaHIMK TEHIJIaMalapy Ba YHU3UKCH3
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coxajnap/aa UCCUKJIMK TapKaJIUII Kapa€HIIADUHUHT MOJEIUIAPH.

15.KBa3uuu3uKiIn Ba YM3UKCU3 MCCHKJINK YTKa3yBUAHJIMK TEHIIaMalapu
YUYYH YEKJIM alupMaiu cxemanap.

16. Yerapasuii mapTiapHu anmpoOKCUMAIAs KATHIIL

17.Yu3ukcus 4eksu aiupMaity TeHTJIaMaJapHU YM3U KA THPHIIL.

18. Ky Vya490BAM HCCHKIMK YTKa3yBYaHJIMK TEHTJIaMalapd Yd4yH
y3rapyBuaH nyHaauuuiap yCcyJu.

19. K§m y140B1M HCCUKIUK YTKa3yBUYAHINK TEHIIAMAIapy Y4yH JIOKal Oup
VIJIYOBJIN YCYII.

20.Top Ba miacTHHAa TEOPAHUIIKM MalajaJlapuHd  COHJIH
MOJEJUTAIITUPUL.

21. HatrkajnapHd BH3yaUIAIITHPHUIN. Busyanuszamnus ydyH aarOpuTMHUK
TUJIJIAp Ba MaTeMaTHUK MakeTaapaaH (onamaHuIIL.

1. Tlpocreiimme 3a1a4u, ONUCHIBAEMBIC YPABHEHUSIMH THIIEPOOINIECKOTO,

napaboIMUYECKOT0 U JUTUITHYECKOTO THUIIA.

[TocTaHOBKA HAYAJIBHBIX U KPAEBBIX 33/1a4.

AnnpokcuManusi pocThix TudPepeHInanbHbIX ONepaTopoB, MOPSI0K

armnpoOKCHUMAaIWH.

Omubka anmpoKCUMAaIMU Ha CETKE.

SIBHBIE U HESIBHBIE CXEMBI.

Cxempbl ¢ BecaMu.

Y CcTOHYMBOCTh KOHEYHO-PA3HOCTHBIX cXeM. CXOJIUMOCTh U TOUYHOCTb.

HNHTEerpo-nHTEpNOIAUMOHBIN METO/.

[TocTpoeHune TPEXCIOMHBIX CXEM.

0. HeycroitunBsle, ycTOWYHMBBIE, aOCOIOTHO-YCTONYNBBIE B O€3yCIOBHO-

YCTOWYHBBIE CXEMBI.

11. Meton I'aycca.

12. MeToxa nporoHku. Y CTORYMBOCTH METO/IA TPOTOHKH.

13. TIpaBast 1 BcTpe4Hast BApHAHTHI METO/IA TPOTOHKH.

14. KBa3unuHelWHbIe ypaBHEHUS TEIUIONPOBOAHOCTH M MAaTEeMaTHYCCKHUE
MO/IEJIN TEIUIONPOBOIHOCTH B HEJIMHEWHOM CpEE.

15. KoHeyHO-pa3HOCTHBIE CXEMbI ISl KBa3WJIMHEHHBIX M HEJIMHEHHBIX
3a/1a4 TEIUIONPOBOJIHOCTH.

16. AnnpokcuMaIiyst TPaHUYHBIX YCIIOBHI.

17. JIuneapu3zaiius HETMHEHHBIX KOHEYHO-PA3HOCTHBIX YPaBHEHUHA.

18. MeTox mepeMeHHBIX HANpPaBJIECHUH I yPaBHEHHUS TEIUIONPOBOIHOCTH
B MHOTOMEPHBIX 00J1acCTsX.

19. JlokajapHO OmHOMEpHAs CXeMa Il YpaBHEHHS TEILUIONPOBOIHOCTH B
MHOTOMEPHBIX 00JIaCTsIX.

20. Yucnennoe MOIeIMPOBaHHUE 3aad KOJIeOaHUs CTPYHBI IIACTHHBI.

21. Busyanusanus pe3ynbTaTtoB. IIpuMeHeHHEe aJrOPUTMUYECKUX SI3BIKOB H
MaTeMaTH4YECKHUX MAKETOB ISl BU3yAJIU3aLlUH.

w N
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V. KENC BAHKHA

AManuii MacanajapHu MaTeMaTHK MOJCIUIAITUPUIL (PaHUHU YKUTHUII
Mabpy3a, aMaluii MalIFyJlIoTJiap Xamja MYCTaKui TOMIIUWPUKIApAaH ubopar
oynu0, ynmap Oupranukaa ¢aHHUHT OyTYHJIMJIMTHHUA TabMHUHIAAu. Mabpy3anap
OpKQJIM OJIMHTaH OWJIMMHHM MyCTaxkKamJjall y4yH aMalliid MalFyJoTiap MyXUM
axamusaTra sra. Mycrakwi Mamryioriaap Oy ¢aH qoupacua MyCTakuid OHIIMM
OJIUIIL, Y3MAIITUPHUII XHUCOOTaHAIH.

Ymly ¢daHHu VKATUII AaBOMUJA AKAUL XYHCYM - FOSJApPHU TeHepauus
(nmma®d YWKWIT) METOMWIAH KEHT QoimamaHuiagd. «AKIUH XyKymM» METOIU
Oupop MyaMMOHH eyHIga Tajabajgap TOMOHHJAH OWJIAUPWITaH SPKUH (QUKp Ba
MyJioXazajdapHu TYIU1ad, yjaap OpKajld MabliyM OUp €UMMIa KEJIWHAJUTaH SHT
camMapaii METOAIUp. AKIMM XY>KyM METOJMHUHT €3Ma Ba OF3aKH MIAKIUIapu
MaBxyn Oynu6, Oy danga or3aku makaugaH  Goupanmanuwnaan. DaHHH
Vy3namrupuiga Tanadanap 3aMOHaBUM axOOpOT TEXHOJIOTHSUIApU OTYKJIApHUIaH,
INIYHUHTJEK OXUPTrd WWwiapjaa spatuirad Typid MaTeMaThK JacTypui
TabMUHOTJIApJaH ¢oiigananagumiap.

Keiic Tommumpuxk 1.

Kylnpgarn KBa3W4YM3MKIN HCCHKIWK YTKa3yBUYAHJIMK TEHIVIAMACH YYYyH

Oananc ycynu €piaMujia cxema sipaTuHT

a_u_g(uaa_uj
ot 0OX oX )

Keiic Tonmmumpuxk 2.

Kyiingaru 4u3uKCU3 MCCUKIIMK YTKa3yBUAHJIUK TEHITIaMAacH Y4YyH OallaHC

yCynu €paaMuia CXxemMa sipaTUHT

au_ ol
ot oX

X

ou ou
_ —Vt _
6xj ()8x-

Keiic Tommumpux 3.
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Kylnparn KBa3W4YM3MKIN HCCHKIMK YTKa3yBUAaHJIMK TEHIVIAMACH Y4YyH

OastlaHc ycynu €plaMujia cxema sipaTHHT

ou o ou ou

— =—| D(t,x,u)— |=Vv(t,x)—+ F(u

ot ax( ( )Gx) ( )8x ()-
Keiic Tommumpuxk 4.

Kylingarn 4m3uKCU3 MCCHUKIMK YTKA3yBUYAHJIMK TEHIJIaMacu Y4yH OaslaHc

ycynm €pJlaMuia cxema SpaTUHT

6_u:£ D(t,u,a—ujg—u —vau —F(t,x,u)
ot oX OX ) OX OX :

Keiic Tommumpuxk 5.

Kyingaryn MKy ya4oBIM YM3UKCU3 MCCUKJIWK YTKAa3yBUAHJIMK TEHIJIaMacy

y4yH OaJlaHC yCynu €paMuia cxema sipaTHHT
6_u:g D(t,x,y,u,a—uja—u +i G t,x,y,u,a—u a_u
ot Ox ox Jox ) oy oy oy )

Keiic Tonmmumpux 6.

WKku yI40BIM KBa3WYM3UKJIN UCCUKIMK YTKa3yBUAHJIMK TEHITIAMACH y4yH

OasaHc ycynu €plaMujia cxema sipaTUHT

R |

ot OoX
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VI. MYCTAKWJI TABJIUM MAB3YJIAPH

TUHTIIOBYM MYCTaKWJI MIIHU MYyallssH MOJIYJHHU XYCYCHUSTIApUHU XucoOra
OJITaH X0J1J1a KyWuard makiiapaad goigananuod taiépiaiiy TaBCHs STUIIAIN:
- VKyB, WIMHUN anabuériapiaH Ba Makojaidapaad ¢oigasaHuI acocuaa
MOZYJI MaB3yJIAPUHU YPTraHHUIIL,
- TapKaTMa MaTepuasuiap 0yiinua Mabpy3ajiap KUCMUHH Y3JIalITHPHILL
- aBTOMATJAIITHPUIITAH YpraTyBuUM Ba HA30paT KWJIYBYM JAcCTypiap OuiaH
UIIal;
- Maxcyc agabuérnap Oyiinua Moayn Oynumiapu €K MaB3ylapu ycTuaa
UIIan;
- TUHIJIOBUMHUHT KacOui Qaonuaru OwriaH OOFIMK OYiaraH MOIyJ
OyJIMMIIapy Ba MaB3yJlapHU YyKyp YpraHull.
Mag3ynap:
MaremaTuk MOJIeTIalITUPHIIL.
Coana >xapa€HiaapHUHT MaTEMAaTHK MOJAEIUIAPUHH SIPATHIIL.
Xucobualll HKCIIEPUMEHTH CTPYKTYpacH.
AnreOpauk TeHIJIaMallapHU €4HIIl YCYJUTApH.
ANnpoKcUMaIusi aHUKJIUTH Ba TAPTUOM.
Homnokan dyerapasuii macananap.
Xanjam yCyJquHUHT OKUMIIA BAPUAHTH.

VY4 KaTnamiia cxemanap.

© oo N O WNE

Un3KKCU3 MKKHU YIIYaMu MacajalapHu JOKaJl Oup YI4OBIU cXxemalap.
10.MaTemaTtuk maketiap.

11.FOxopu GOCKUWIN aNTOPUTMHUK TUILIIAP.

12.HatuxanapHu BU3yaJIAIITHPUIIL.
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VII. TJIOCCAPHUN
(M30x/14 J1yFar)

Mooenv - noTuHYa MmoOyayc CY3uaaH OJMHTaH OYnuO, Via4oB, HaMyHa
MabHOJAPUHU aHTIATaIH.

Mooenv — Oy pean OOBEKTHU aJIMAIITHUPHUIINM MYMKHH OYJraH, TaAKUKOT Ba
Taxpuba YTKa3WIl yIyH KyJaid Ba ap30H Oynaran Oomrka OWp pean €Ku aOCTpakT
oOBbekTANp. Monens pean OObEKTHHHT COAJANAIITUPUITAH KYpuHUIIM OYiuo,
YHUHI XaMMa XOCCAJIApPMHU 3Mac, OaJKu acoCHil XoccaJlapUHHIMHA Y3WJa
My>KaccaM 3TajIu.

Mamemamux modens — peal OOBEKTHH TacaBypUMHU3JArn aOCTpPaKT
KypuHUIIM OYynu0, y MareMaTuk Oeirwiap Ba 0ab3u OMp KOHyH—KouAayIap OWiiaH
udponananran Oynagu. Macanan, HplOTOH KOHYHJapH, MAacCaHUHI CaKJIaHMIL
KOHYHHU.

Quzux modens - Taxkpuba yTKazuilra MyJDKaJUIaHTaH TaXpuOa ydacTKalapu
KaTTa »JKUH MAaWJIOHJIAPUHUHT, JIa0OpaTopusl MAIFyJIOTIApUHUA  YTKA3HIITra
MYJDKaJUTaHTaH ac000 yckyHanap (usuk mojesuiapra mucon Oynaau. Macanas,
KUMEBUHM €KU OMOJIOTHK Jlabopatopusiiapaa (ongananmiagurad acood ycKyHanmap
Xamjia TOKaMakK KypuiMacu (ep IIapOUTHAA TEPMOSAPO PEaAKIMSICUHU amaira
OIIMPAJIUTaH KypUIIMa).

I'pagpuxnu moodenv - Cxemanap, yuzmanap, pacmiap, WIMUNA Ba Tapuxuil
acapJyiap MucoJ 6yna onagu. Macanas, rio0yc ep WapUHUHT, UHCOHHUHT CypaTH
yHUHT Y3uHuHr, M.3.boOypHuHr «boOypHOMa» acapu acapaa KeITHUPHUITaH
JABPHUHT rpauKId MOACIUIUD.

Daxmopnap - MOAEINIAIITUPUIIAA TAIIKA MYXUTHUHI TEKIIMPWIAETTaH
OO0BEKT MapaMeTpilapura TabCUp KWIyBUHM KYpCaTKUUIIApH.

Mamemamux modennawmupuul - peajg 00beKT EKU jKapaHIapHU MaTeMaTHUK
yCyJulap BOCUTACHIA Ha3apUi TaJKUK KUIHII YCYJIH.

Mooennawmupuwnune  moxuamu - OOBEKTHH OOIIKA COITAPOK OOBEKT
(Mozmenp) OWIIaH aIMAIITHPUO, MOACTHH XYCYCHSATHHHU TAAKUK KWJIHII OpPKaIu
OpUTHHAI OOBEKTHU YpraHUIIIaH udopar.

Pean obvexm 6a ynune mamemamux mooenunune mMyeoguxiucu - 0ObeKT Ba
YHUHT MaTE€MaTUK MOJETU JIUHAMUKAIAPUHUHT cudaT Ba MHUKIOpP >KUXATAAH
VXIIALUIUTH.

Aeotc onysuu pedxxcumnap - BaKTHUHT YEKJIM KHMMMaTUAa KaHAAUIAP MUKIOP
YEKCU3JIMKKA aillaHyBYH >KapacHiap.

Xucobnaw sxcnepumenmu — KOMIBIOTEP MOJENHU SpaTUITaH XOJAuca, kapaéH Ba
MalllMHAJIapHU TAJAKUK KUJIUII YCYIIH.

Hunamux mooen — xKapa€HJIApHUHI BaKT OyiHMya KEYUIIWHU TacBUPIJIOBYU
MaTeMaTUK MOJIEN.
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Hmumayuon mooen - MareMaTH4YecKass MOJENb, BOCIPOU3BOASAIIAS IOBEIEHUE
uccieayeMoro o0ObeKTa W NpUMEHseMas JUIsl IOCTAaHOBKM  KOMIIBIOTEPHBIX
AKCIEPUMEHTOB, BBISBISIOIIMX OCOOEHHOCTH (DYHKUMOHUPOBAaHUSA OOBEKTa IpH pas-
JIMYHBIX BHEIIHUX YCJIOBUSX U YIPABISAIOMIUX BO3ACHCTBUSIX.

abuomux yzeapuwiiap - TaOUUW Y3rapuluiap — 3WiI3WIajap, BYJIKOHJIAP
OTWJIHILIH, CYB TOIIKWHJIAPU Ba 11y KaOuiap.

ouomux yzeapuwiiap - TOMYJSIUsUIAp OMOMACCACUHUHT €KW COHHUHUHT
Y3rapuiiy, NonyJsaiusIapHUHT KUPUITUO KETHIIIN.

anmponoceH yseapuuiiap - WHCOH (AONUATH HATWXKAcHIa aTpod MyXHUTIa
coaup Oynaauran y3rapuiiiap.

Mooennune ynusepcaniueu - KOHKPET OOBEKTHM MOJENM OOLIKa YXIIaml
oOBeKTIapra KYJUIaHUIIW YYyH €Tapiid Jlapaxaaa yHuBepcasl Oynuiiu kepak. by
JIeraHy peasl 00beKTHU MaTeMAaTHUK MOJIeNU OOIlKa yXIa oObeKTaapra xxyja Kam
Yy3rapTUpUIUIap OpKaJId KYJJIall YIyH €Tapiii Japakaia yMyMH OVIIHIIN Kepak.

Mooennune komnakmauey - MOJEIN IIyHAAW KypUIUIIA KEPaKKU, YHU JEApIIn
Y3rapTUpHILICU3 Y3HUJIaH IOKOpU Japakald MOJENra MoJeln OCTH cudartuia
KUPUTHUIL MYMKHUH OVicuH. MacanaH, JapaxTHHM MaTeMaTHK MOJEIH YpPMOH
HKOCUCTEMACH MOJEIMHUHT Oup Onoku cudaruna KymnaHwimmu. DoTocuHTE3
XKapaCHUHUHI MaTE€MaTUK MOJENM JapaxT MaTeMaTUK MOJIECIMHH Oup OJIOKU
cudaruaa MIUIATUIUIIA MYMKUH OYJICHH.

MopenHUHT CONJAIUTd - MaTeMaTUK MOJIETHU KypHILJa UKKUHYHM, YUYUHUH
napaxanu (akropiap xucodra OJIMHMACITUTH Jo3uM. by daktopnapHu xucoora
ol MMHu MypakkaOiamtupaad. MUCO: SMUAEMUSHA TapKaJIMILU >KapaéHu
MaTeMaTHUK MOJEIUAA IIaMoJI TE3JIMIMHM XHUcoOra OJIMII MOJEIHM aHya
MypakkaodaamTupaau. AMMO aTpo) — MyXUTHHU SKOJOTHUSCUHU YPTaHUIIIA [IIaMOJT
TE3JIMTUHU Ba MYHAIUIIMHU XHUCOOTra onMaciuk MyMKHH sMac. CyB KyBypuaaru
CYBHM XapaKaTHHH YpraHa€TraHja OMHWHT TOPTHINUII Ky4MHU XHcOOra ojmaca
xam Oymaau. AMMO, IEHTU3 Ba OKEaHJap/Jiard CyB TOIIKUHJIAPUHU YpraHa€Traniaa
OVHHHT TOPTUIIUII KyUYWHH amdaTTa XucoOra OJIUII JIO3UM. By TOIKUHIap OWHUHT
TOPTHUILY HATHKACHIAa XOCHII OYau.

Mooennune cezeupnueu - napaxacu nact Oynumu jo3uM. MMHM Kypuiga
XyucoOra oJMHUINM 3apyp Oyaran acocuil (dakrtopiiapra HucOATaH MOJICITHU
CE3rupJIMK Japa)kacu nact OYnuid JIo3uM. SAbHM, peas 00BEKTHU YpraHaérraH
naiTaa yaranuiap Kyn XoJuiapaa XaTojuk OwiaH Oaxapwiaau. ApuMm xoiuiapaa
MOJIeJIIa UIITUPOK 3TAETraH acocuil (pakKTOPHU aHUK YIYalTHU UMKOHU OYJIMaiiu.
Macanasn, 00 — XaBOHHU Oaniopar KWJIUII XaJIuradya TaXMUHUHN, TTaxTa MaiJIOHU1aru
Xalroparjaap COHMHU aHUK yJI4all MyMKHH 3Mac.

Mooennune mocrawysuaniueu - MoJen ONOKIM TPUHIMIAA KypUIUIIH
no3uM. byHnma y3rapyBumnap uioxku Oopuda ajmoxuja OJOKIa, aBTOHOM XOJa
XUCcOOJIaHUIM MaKcaara MyBohuk. by sca MaTeMaTuk MOJETHH T€3 Y3TapTUPHIIL,
MoauduKaIys KWW UMKOHWHHM sSipaTaan. Y MyMaH ojraHaa Oy Tamad yHra Karra
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Oynmarad Y3rapTUpuIl oOpKaiu OoIiKka pean OOBEeKTra MOCIHAIIUIIHKA, SHHU
MaTeMaTHK MOJICITHA YHUBEPCAIUTUTHHH XapaKTepJIanIu.

OemepMUHUPIAH2AH MOOeb - Xap OUp MyMKHH OVJITaH KUPHII ITapaMeTpiiapu
TYIJIaMU Y9yH YUKHUIII TapaMeTpiIapu Oup KHAMaTIIv aHUKJIaHTaH MOJICTTb.

OemepMUHUPIAHMazaw, cmoxacmux (3xmumonnu) mooeib — xap OUp MyMKHH
OynraH KWUpUII TMapaMeTpiiapd TYIJIaMUd YYyH YHMKUII T[apaMeTpiiapu Oup
KUIMATIU aHUKJIaHMaral MOJENb.
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