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|. AIIYN JACTYP

Kupum

Jlactyp V36exncron Pecny6rmmkacummnr 2020 iimn 23 ceHTsAOpAa
Tacauknanrad “TabimM Tyrpucuna’m Kowymu, Y36exucron PecryGimkacu
Ipesunenturnnr 2017 i 7 despanmaru “Yz6ekucTon Pecy6IMKacHHN SHAIA
PUBOXJIAHTUPHIN OYiinda XapakaTiap ctparerusicu Tyrpucuna’tu [1D-4947-con,
2019 ¥un 27 asryctmaru “Onuil TabjlMM Myaccacajapud pax0ap Ba Menaror
KQJpJAPUHUHT y3IyKCH3 MAJIAKACHHHM OLIWPUII TU3UMUHH JKOPUU  STHII
Tyrpucuna’tn  [Id-5789-con, 2019 imn 8 okradpmaru  “Y36eKHCTOH
PecnyOnukacu onumit  TabauM Tu3uMuHM 2030 #unarada  pUBOKIIAHTUPUII
KOHLEMIUSICUHY Tacaukiam Tyrpucuaa’tu [1d-5847-connu @apmonnapu xamjaa
V36ekncron Pecriy6iukacu Basupnap Maxkamacuauar 2019 jiun 23 cenTsa6paarn
“Onuii TabauM Myaccacajapu paxOap Ba MHeJaror KaJpJapuHUHT MajaKaCUHU
OIIMPUII TUBUMHUHHU SHAAA TAKOMUJUTAIITUPUIN OYiinya KymMya qyopa-taaoupiap
TVrpucuaa’tu  797-connu  Kapopnapuga OenruiaHrad ycTyBOp Basudanap
Ma3MyHHUJIaH KeJIMO YMKKaH X0JI1a Ty3uiIrad OYiau0, y oJinid TabIuM Myaccacallapu
nejaror KaJpjapuHUHT KacO MaxopaTH XamjJa WHHOBAallMOH KOMIIETEHTJIUTUHU
PUBOXJIAHTHPUII, COXAara OWJl WIJIFOP XOPMKHMA TaxxpuOanap, SHrH OWIMM Ba
MaJlaKaJapHH Y3JIAIITUPHUILL, ITyHUHTIEK aMaJuETra >KOpUi 3TUI KYHUKMaJIapUHU
TaKOMWJUTAIITUPUIIIHA MaKcaJ KUiIaau.

Hactyp noupacuja OepunaéTral MaB3yJjiap TabJIUM coXacu OVitmya meaaror
KaJIpJlapHU KaiTa Taii€priail Ba MaJlaKaCMHU OIIUPHUIN Ma3MyHH, cudaTd Ba
yJIapHUHT Taléprapiurura KyHuilaauraH yMyMHd Manaka Tanabimapu Ba YKyB
pexanapy acocujia MAaKUIAHTUPWITaH OViuO, YHUHT Ma3sMyHU KPEIUT MOIYJI
TU3UMHU Ba YKYB JKapa€HUHU TALIKWI STUIL, WIMUH Ba HHHOBAMOH (haoIUATHH
PUBOKJIAHTUPUIL, IEAArOTHUHT KacOUi MPOPECCUOHAITTIUTMHY OIMPHULI, TabIUM
dKapa€HUra pakaMiid TEXHOJOTHSUIApHU >KOPHM JTHUII, Maxcyc Makcajjapra
UYHANTUPWITaH WHIVIM3 THIIM, MYTAaXacCUCIUK (aHiap Herusujga WIMUNA Ba
amManui TaAKUKOTIAp, YKYB J>Kapa€HUHW TAaIIKWJI OTUIIHUHT 3aMOHABUU
ycayOnapu Oyiimya CYHITH IOTYKJap, NMEJIarorHUHI KPEeaTHUB KOMIIETCHTIMTUHU
PUBOXJIAHTHPULI, TabJIUM KapaCHJIApUHU pakaMiid TEXHOJOTHsUIap acocuaa
WHIUBUyAIIAIITUPUII, MacopaBUil TabJIUM XU3MATIAPUHU PUBOKIAHTHUPHIII,
BeOnHap, onnaiH, «blended learningy, «flipped classroom» TexHoIOTHUSIIApUHU
amManuérra KeHr Kymjnam Oyiuya Teruuuim OwiauM, KYHHMKMa, Majlaka Ba
KOMIIETEHIUSIIAPHU PUBOXKJIAHTUPHUILTA HYHATTUPUIITAH.

Kaiita Tai€piamr Ba Majaka OIIMPUIN WYHAUIMIIMHUHI Yy3Ura XocC
XYCYCUATIApH Xamja J0J3ap0 MacanajapujiaH Keaud YMKKaH XoJija JacTypia
TUHIJIOBYMJIAPHUHT MYTaxacCUCIUK (aHmap Joupacujiard OuiauM, KYHUKMA,
Majaka xamja KOMIIETEeHUsIIapUra KyWHI1aiuran Tanabiap
TaKOMWJUTAIITUPUIUIINA MYMKHH.

MoayJaHMHI MaKcaau Ba Basudaaapu

MoaydMHUHT MaKcagu: XucoOJialll MEXaHMKacu MOJYJIM MEXaHUWKa Ba
MareMaTUK  MOJAYJUIAIUTHPHUII  KOHYHJIADU  Ba  MOCTYJATJIIApU  ACOCH]A
ypranunagural >kapa¢HJIapHM YpraHumil Ba TaTOWMK OTHII >Kapa€HHUIA ro3ara




KeJaJurad MaTeMaTHK MOJEIUIApHU XUCOOall yCysuiapu EpiaMua COHIIU €YML,
OJIMHTaH HAaTWXKaJapHU XHCOOJIAll JKCIEPUMEHTH acocua TaxJIMJ STUII Ba
3aMOHaBUN HMH(POpPMALMOH TEeXHOJOTHsUIapjaaH  (Qoigananran xonaa rpadux
yCcyJiJla TacBHpJjall Ba BHU3yaJUIAIITUPUIN OYyiunua memaror kajapiapaa OuiauM,
KYHUKMa Ba KOMIIETCHUUSIJIADUHUA OLIAPHIIL.

MoayaHuHr Basudanapu:

- MEXaHUKAHUHT (PyHIaMEHTaJ KOHYHUSATIAPH, TOCTYIaTIapyu aCOCUIa TypiIu
KApO€HJIApHU MaTeMaTHUK MOJACIUIAIITHPUII Ba  [03ara KeJlaJuraH OJAJui Ba
XyCYCHUW XOCWJIAIM YHM3WKJIM Ba 4YM3uKcu3 auddepeHnran TeHTIaManap Ba
WHTETpaJl TCHTJIaMaJIapHU TY3HII Ba KJIacCU(PUKAIIMSAIIANT KYHUKMACUTa 3Ta OV v,

- YEKJIM 3JIEMEHTJIAp YCYyJH, YeKIU-allupMalld BapUallMOH yCYJ, YerapaBuid
DIIEMEHTIIAP YCYJIM, YEKIM XaXMJap YCyJu Ba YEKIM-auMpMalu yCyJUIapuIaH
dbolnananul, yaapHu €UUIll aITOPUTMUHM aHUKJIAII, XUCOoOIalll TaxXxpudatapuHu
TalTKWJI KWJIUIL, OJIMHTAaH HaTWKAJIApHU TaxXJWwil KWKl Oyinya Ha3zapuil Ba
amanuii OunumIap, KYHMKMa Ba MajlakajJapHU MAKJUIaHTUPUIIIAH HOopart.

MoayJ 0yii4a THHIJIOBUYMJIAPHUHT OMJIIMMH, KYHUKMACH, MaJIAKACH
BAa KOMIIETEHIUAJIAPUTa KYyHWJIaaurad tajgadsaap
Mopaynau — y3namTupuimn  kapaHua aMaira  OLIMpUJIaJuraH  mMacajiajiap
Joupacuia:

Tunraouu:

e Mexanuka (paHu PUBOKMHHUHT 3aMOHABUI OOCKHYJIApHHY;

e JlMHAMMK TH3UMIIApra TETUIUIM aCOCUWA KOHYHJAp, NPUHLMIUIAD Ba
TaJIKUK KWINII YCYJUIApUHMU:

o JluHamuk TU3UMIApHH cUAT TATKUKUA HATWXKATAPUHUHT 3aMOHAaBUUN
TaJIKUHUHU;

e UnMuil wsnanunuiap onud Oopuilga MNporpaMmaianl MaKeTIapuIaH
dbolanaHuIIHY;

e Tabuuii Ba anuk (annapna dolganaHuIAIUraH 3aMOHABUN amaiuit
JACTypiap MaKMyalapuHU Ouluu Kepak.

e Tabumii Ba aHWK (GaHIapHU YKUTUII OYyiirya SHTM TEXHOJOTHSJIApPHU
aManueéTaa KyJUIalll;

e  ax0OpOT TEXHOJOTHUSIIADMHUHT 3aMOHABHUI BocUTajapuia Gpoiinananuo
WIMUKA-TAAKUKOTIAPHU YTKA3UIIL;

® DHKCIEPUMEHTAN TAAKUKOTIAp HaTWXKajlapura HWUUIOB Oepull, yJapHU
TaxJWil KWIWII Ba aKC OHTTUPHUI, XyJocalap YHUKapull, WIMUN Makojanap
Taiépiaill, TaBCUSJIAPUHY UILIA0 YUKHIIL;

®  VHHOBAITMOH (PAOJUSATHU TAITKUJ ITHIIL;

e WIFOp TaxpudbanapjaH (oii1anaHuiir;

e V3 yctuaa unuiad, GaHHUHT SHIU TAAKUKOTIAPUHU YKUTHUII TU3UMHHU
KYJLIalll,

e bomkapunaauran TU3UMIap MEXaHUKAcH, KJIAaCCUK  MeEXaHUKara
3aMOHaBUU Kapalll, MEXaHUKaHUHI 3aMOHaBUM HyHanmunuiapu Oyiinua mMabpysa,
aMaJvii MallIFyJIOT Ba HA30paT UIUIAPUHH TAIIKUI 3THILL,

® [IearoTWK Xapa€Hja MYJIOKOT YCIyOJapuHU TYFpU KYJUIald OJIMII




KYHUKMaiapuea 3ra OYIuIy JIO3UM.

e ax00OpOT KOMMYHHUKAIIMOH TEXHOJOTHSJIApU Ba YJIAPHU KYJUIAIIHUHT
WIMHUN-Ha3apuil Ba aMaIvil axaMUSTUHN OWUJIUIIL;

e bomKkapwiaguraH TU3UMIIApD MEXAaHHMKACH, KIACCUK MEXaHuKara
3aMOHaBUUM Kapall, KOMIIBIOTEp WHXHUHUPUHTU (PaHIAPUHUHT 3aMOHABUH
UYHaTUIUIapUHN UIIA0 YUKHIIL;

e Taluuii Ba aHUK (paHJIApHU TYPJIM coXajapra TaTOMK KHUJIHIILL

e Tabuwmii Ba aHUK (DaHJIApHU JAaCTypiap MakeTH EpAamMuaa e4ulll Ba Kysuiain
manaxanapuea sra OYIUIIN JTO3UM.

e Tabuuii Ba aHWK (aHJIAPHUHT JacTypilap MaKeTHHU YKYB >KapaéHura
TaTOUK ATHIII,

e Tabumii Ba aHUK (aHJIapHU JACTypiiap MHakeTu EpJaMua E€UHUIHUHT
3aMOHABUI MacalaJlapuHU TaxXJIMJ Kuja OJIHIL,

e MexaHukara OWJl MacajaJapHU €YHUIAa 3aMOHABUN TEXHOJOTHSIAp Ba
ycyiapaaH ¢oiiianaHa onui;

e Tabumii Ba aHUK (haHIap coxacuaa Kacouil (paosuaT IOPUTHII YIYH 3apyp
Oynran OmiInM, KYHUKMa, Majlakara 3ra OYJIHIIL,

® JIFOpP axOOPOT-TEXHOJIOTHUSIIApUIA UILLJIALL,

e BHUJCOJAPCIAPHU TalEpIIall;

® DJrajylaHraH TaXpuOaHU TaHKUAMM KYpuO UYMKHUII KOOWIMATH, 3apyp
Oynranna y3 kacOuid (paoTUATUHUHT TYpPH Ba XapaKTEpUHU y3rapTHpa OJIULI;

e Tabuuii Ba aHUK (aHjapaa TU3UMIM TaxXJuwil ycynuaaH ¢GoiiaaliaHuin
UYInapyuHu UIIad YUKHILL

e bomkapwiaaurad TU3AMJIAD MEXAHWKACH, KIACCHK MEXaHMKara
3aMOHaBUI Kapalll, KOMIIbIOTEp MHXXUHUPHUHIUTA OWJ] 3aMOHaBU MaHOanapJaH
doiinanana onuLI KoMnemeHyusLapuea 3ra OYIUILIN JO3UM.

Moay/iHM TAIIKKWJI 3THII BA YTKA3UII Oyiin4ya TaBCUsijiap
MoaynHu VKUTHII Mabpy3a Ba aMalluid MalFyloTiap LIakiauaa oaud
Ooopunaay.

Mopyman ykaTHII kapa€HUAA TabJIMMHHMHI 3aMOHABUN METOMJIAPH,
NEJaroruk  TEXHOJOrusjgap Ba  axXOOpOT-KOMMYHHUKALMS — TEXHOJIOTHsIIApU
KYJUIAaHWIWIIY Ha3apAa TYTUITaH:

-Mabpy3a Jlapciapujia 3aMOHABUN KOMITBIOTEP TEXHOJOTHUsIapu EpaaMua
MPE3EHTALMOH Ba 3JIEKTPOH-AUIAKTUK TEXHOJOTUsIIap/AaH;

- YTKa3uaaAurad aMajiuii MalFyJioTiaap/ia TEXHUK BOCUTaIapiaH, IKCIPECcC-
CYpOBJap, TECT CYpPOBIApU, aAKIHN XYXKYM, TYPYXJH (DUKpIAIl, KUIUK TypyXJap
OuJiaH MIUTAI, KOJUIOKBUYM YTKa3uIll, Ba OOIIKA MHTEPAKTUB TabJIUM YCYJUIApUHU
KYJUTall Ha3ap/1a TYTHIAIH.

MoayJHHMHT YKYB pexajard 001mKa MoayJ/uiap OujiaH OOFJIMKJINIH Ba
Y3BUMJIMIH

“Xucobnam MexaHukacu” MOAYJU Ma3MyHU VKyB pexanaru “‘MexaHukana
MaTeMaTUK MojeJulamTupuil, “bomkapunagurad TU3UMIIap MEXaHUKACH X YKYB
MOAyJUIapy OuiaH y3BUid OOFJIaHTaH XOJa NeAarorJiapHuHT  TabJIUM JKapaéHua
MaTeMaTUK MOJEUIAITUPHIL,  XHUCOOJalm ycymiapu Ba OolIKapuiaauraH
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TU3UMJIAp MeXaHuKacuaaH (oinananum Oyitnda kacOuil nmegaroruk Tanéprapiuk
JapakaCUHU OIIUPHUILTA XU3MAT KUJIaIH.
Moay/JTHUHT 0JIMH TAbJIAUMMAATH YPHU
MoaynHu  Y3MallITUPUII  OpPKajdd THUHIJIOBYWIAP TabJIUM KapacHuaa
MEXaHUKaJa MaTeMaTHK MOJACIUIAIITHPHUIL, OOIIKApWUIaJAUraH TU3UMIIap,
MEXaTpOHMKa Ba POOOTOTEXHUKA TH3UMJIApHUIa XucoOJaml ycysuiapujaH
doiipananuin Ba amalijia KyJijamira 10up Kacouii KOMIETEeHTIUKKa dra OYnaauiap.
Moaya 0yiinua coaryiap TAKCUHMOTH
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1. | Knaccuk MexXaHUKaHUHT 3aMOHABUN  XOJIATH.
Hazapuii MexaHwka Ba  TyTalml  MyXuTjiap 5 9 4
MEXaHUKAaCUHUHT acocui MaTeMaTUuK
MOJICJUTAPUHUHT TaXJIUIIH.
2. |YUeknu adiupmanu ycyin. Yeknum Ba dYerapaBuid 5 5 4
AJIEMEHTIIAp yCYJUIapH.
3. | 3amoHaBui COHJIH ycyJuiap, JACTypJIall
TEXHOJIOTHSJIAPA BAa BOCHUTAJNAPU, XaMmJa amajauu
JacTypiiap MakeTIapuIan WIMHUN-TaAKUKOT | 6 2 4
Hatwxkanmapuan 2D Ba 3D Busyamnamrupum Ba
TaxJIMJI KWJIMIAa Qoii1aJaHunl.
Kamnu: 18 6 12

HA3APUI MAIIFYJOTJAP MABMYHHU
1-maB3y. Kilaccuk MeXaHUKaHUHT 3aMOHaBuil Xos1aTtu. Hazapuii Mexannka
Ba TYTall MyXUTJIap MEXaHUKACHHHMHI ACOCHMHA MATEMATHK MOJAEJIJIAPUHUHT
TaxJamiam (2 coar).
Kupw.
Kilaccuk MexaHukaHuHTr  3aMOHaBMM XoJjatu. Hazapuii MexaHuka Ba TyTall
MYXUTJIAp MEXAHUKACUHUHT aCOCUM MAaTeMaTUK MOJEIUIAPUHUHT TaXJIAJIN.

2-maB3y. Yekn aiimpmaiin ycy.a. Yek/u Ba yerapasmii 3j1eMeHT/Iap
ycyJaiapu (2 coar).
Mexanukana ydpaiaurad 4yerapaBuil MacajnajaapHU COHJIA MOJEIUIAIITUPUIIT
ycyiuapu. Yeknm aiupMaiu ycyJl.
Yeknu 351eMEHTIAp YCYIIH.
Yerapasuil 3€MEHTIIAP YCYJIU.




3-maB3y. 3aMOHABHI COHJIH YCYJJIap, IaCTypJaall TEXHOJIOTusJIapu Ba
BOCHTAJIAPH, XaM/Ia aMAJIMH JaCTYpJIap NaKeTJIaApuAaH WIMHIN-TAAKUKOT
HaTHxkajgapunu 2D Ba 3D Bu3yasuiamuTupyui Ba TaXJIWI1 KWIHIIAA
doiigamanum. (2 coar).
1. 3aMoHaBHil COHJIM yCYyIJUIap, AACTypJialll TEXHOJIOTHsJIapH Ba BOCUTAIApPH.
2. Amanuii nactypiiap nakeTiaapHuaaH WIMHR-TAIKUKOT HaTHxKanapuau 2D Ba 3D
BU3yaJUIAIITUPHUII Ba TaXJIUJI KAJIUIAa Gon1aaHuI.

AMAJINT MAIIFYJOTJIAP MASMYHHA

1-amanamit mamryaor. Kiaccuk MeXaHUKAHMHI 3aMOHABUH XOJIATH.
Hazapuii Mexanuka Ba TyTall MYXUTJIAPp MEXAHMKACMHMHI AacOCHil
MAaTeMATHK MOACJIAPUHMHI TAXJWIM. bowanzuy wapmay Macaiapiy COHIU
euuw ycymnapu. Yexnu atiupmanu mynocabamnap. 1,2 ea apanaw XocunaniapHiu
yekIu —auupmanap OUNaH — aIMAWMUpuW  8a  YIAPHUHZ — ANNPOKCUMAYUSL
xamonauxnapu. 2-mapmubdau O/T yuyn Kyuunean ude2apasuti mMacaia y4yH Yekiu
auupmanu menaaamanap. (4 coar).

2-amaanii mamryJor. Yexkiu aiimpmanu ycyi. UYekiam Ba yerapaBuii
3JIEMEHTJIap yCyJulapu. Jlame meneaamacu y4uyH Yekiu auupmai meH2iamanap.
Cmepoicenb xaKuoacu Macaiany COHU eduul. JJUuHamux ye2apasuti Macaianiap y4yH
OWKOp 6a owkop Oyimazaum cxemanap. TVIKuUM mapkaiuuiy meHeramacu y4yH
owKop 8a owkopmac cxemanrapuu conau (4 coar).

3-amajuii  MamFyJaor. 3aMOHABUH COHJM  ycyJulap, JacTypJail
TEXHOJIOTHSJIAPM BAa BOCHUTAJIAPH, XaM/ia aMaJIMil JacTypJap NaKeTJapuaaH
WIMHA-TAAKUKOT HaTwkajgapuau 2D Ba 3D BusyajuiamiTHpuin Ba TaxJjiMJl
Kuianmaa goigananum. (4 coar).

AMaJIMH{ MALUFYJI0T/IAPHU TAIIKWI 3THII 0YHU4Ya KypcaTMa Ba TaBcUsJIap

AManuii MalmFyJaoTJIapJa TUHIJIOBUIIAD YKYB MOAYJUIapU JOUpacHUiaru
VDKOJIMW TONIIMPUKIAP, KEUCHap, YKyB JIOMUXajJapu, TEXHOJIOTHUK »KapacHiap
OwiaH OOFJIMK Ba3USATIM Macaiajap acoCH/a aMalui UIIJTapHUA Oa)kapaauiiap.

AManuii MamFynoTiap 3aMOHAaBHH TabiuM YyciayOjgapy Ba HMHHOBAIIMOH
TEXHOJIOTHsJIapra acoClaHraH XojAa YTKa3wiaaud. byHJaH Talikapu, MyCTaKWil
XoJila YKyB Ba WIMHN amgabuérnapaaH, dJIEKTPOH pecypciapiaH, TapKaTMa
MaTepuaiapaad GponaaaHuIT TaBCUs dTUIIAH.

YKUTHII INAKJLIJIAPHA
Maskyp MoayJ Oyiinda Kyidugaru YKATUII aKJmapuaad honaamaHuiau:
- Mabpy3ajap, aMallil MaIFyJoTiap (MabIyMOTJIap Ba TEXHOJOTHSIIAPHH
aHTyIad OJMIN, aKJIWKd KU3UKHWIIHA PHBOKJIAHTUPUIN, Hazapuid OWIMMIIAPHU
MyCTaxKamJiar);
- naBpa cyx0aTiapu (KypuinaéTran Jjornxa eanmiapu O6yiinda takimud oepur
KOOWJIMSTUHU OIIMPUII, SIIUTHUIN, WAPOK KWIUII Ba MaHTUKHN Xylocauap
YHUKaPHIII);
- 0axc Ba MyHO3apanap (Jolmxajgap euyuMu Oyinua madwuiap Ba acociu
apryMEHTJIADHUA TaKJAUM KWJIHII, SIIUTHII Ba MyaMMOJap CEYUMHHH TOIIHUII
KOOMIMSITUHY PUBOXJIAHTHPHIIN ).




II. MOIYJIHU VKATHIIIA ®ONIATAHUIAJIUTAH THTEP®AOJT
TA'BJIMM METO/UVIAPH.

“TymyHyajap TaXJuin” MeTOAH

MeTtogHuHr Makcaam: Mas3Kyp MeToj Tanalanap €KM KaTHaIIYWIapHU
MaB3y Oyinya TasHY TYyIIyHYAJIapHU Y3MAITHPUII AapakKaCUHU aHUKJIAII, Y3
OMJIMMJTAPUHU MYCTaKWJI PaBUILA TEKIIUPHIL, OAXO0JIALL, IIIYHUHIACK, STHTH MaB3y
Oyiimua pgactinaOku OwiMMIap JapakacMHU TalIXWC KWIMII —Makcaauaa
KYJUTAaHWJIAIH.

MetoaHu amara OmMpHUIN TAPTUOH:

® WINTUPOKYUIIAP MAIIFYIOT KOWIaJapy OuiiaH TaHUIITHPUIIAIHN;

e VKyBUMJIapra mMaB3yra €ku 0oOra Teruuui OyiraH cysiap, TyluryHYaiap
HOMM TYIIUPUJITAH TapKaTMamap oepusniaau ( MHAUBUIYall €KY TYPYXJIM TapTHO1a);

e VKyBUHJIAp Ma3Kyp TyIIyHYajdap KaHIal MabHO AaHIJIATHINM, Ka4doH,
KaHJal xonaTaap/a KyJUTaHWIUIIN XaKuaa €3Ma MabJIiyMOT Oepaaumap;

e (QciruiaHTaH BAKT SKyHUTA €Trad YKUTYBUM OCpWIITaH TyIIyHYaJIapHUHT
TYTpH Ba TYJIUK U30XUHU YKUO SIIUTTUPAIU EKU CIai OpKaJld HAMOMHUIIL STajH;

e xap OMp MIITUPOKYM OCpUIITaH TYrpH kaBoOIap OWIIAH Y3UHUHT IIaXCUN
MyHOCA0aTUHU TaKKOCIaiau, ¢hapKIapyuHu aHUKJIAId Ba ¥3 OWIUM JapaxacuHU
TEKIUpUO, OaxoJaiIu.

“JlaBpa cyx0aTu” meToau
Aiinana cton arpoduma Oepuiran MyamMmo €Ku caBoJUIap 03acujiaH
TaBJIMM OJyBUWJIAp TOMOHHUAAH ¥3 (UKP-MyJIoXa3ajapuHu OWITUPUIIT
OpKaJid 0J1M0 OOpUIaAUral YKATULI METOIUIUD.
“JlaBpa cyx0aTu” METOIU KYJUITAaHWITAH/a CTOJ-CTYJJIAPHU J0Upa IIAKIuIa

KOMIAIITUPHII Kepak. by xap Oup TabiauM OJyBUMHHMHT OUp-Oupu Owinad “Ky3
ayokacu ’HU ypHatud Typummra épaam Oepaau. JlaBpa cyXOaTHHUHT OF3aKd Ba
¢3Ma maxiapu Maxyaup. OF3aku gaBpa cyx0atuja TabiuM OepyBUd MaB3yHU
Ooouutad Oepaau Ba TabiIUMM OJyBUMJaplaH ymoOy caBos OVilmya y3 ¢uxp-
MyJioXa3aJlapyuHu OWIIMPUIILIAPUHU CYpaiid Ba aiyiaHa OViinad xap Oup Tabium
oJlyBuu ¥3 (pukp-myrnoxazainapuHu or3aku 0aéH sramunap. Cy3nmaérraH TabiuM
OJIyBUMHM Oapya AMKKAT OWJIaH TUHTIAWIU, arap MyXoKamMa KWJIHII JI03uM OYiica,
Oapua ¢ukp-mysioxasaiap THUHIVIAHUO OYJIMHTaHOAH CYHI MyXOKama KUJIMHAIU.
By aca Tabiaum oyBUMIAPHUHT MYCTaKI (UKpIIAIINTa Ba HyTK MaJIaHUSTUHUHT
pUBOKIIaHUIUTA Epaiam Oepaju.

/laBpa CTOJTMHMHI TY3WJIMACH

Esma naBpa cyx6aTuja cTon-cTyiuiap aillaHa IIakiIuaa )KouIamTupuins, xap
Oup TabIUM OJIyBUMIa KOHBEPT KOFO3U Oepunaau. Xap OWp TabJIuM OJyBUH
KOHBEPT yCTUTa MabJiyM Oup MaB3y Oyiinua y3 caBosmHM Oepaau Ba ‘“YKaBoO




Bapakacu’ 'HUHT Oupura ¥y3 sxkaBoOnHH €310, KOHBepT nunra coiud kysau. [llynnan
CYHT KOHBEPTHHM COaT WYHaIWIIM Oyinda EHUJArd TabjIuM OJIyBUMTA y3aTau.
KonBepTHH oJraH TabluM OJYBUM V3 »kaBoOuHM ‘YKaBoOiap Bapakacu HUHT
Oupura €310, KOHBEPT MUUTra COJIMO KYSu Ba EHUJATH TabJIUM OJIyBUMIa y3aTaJlu.
bapua koHBepTmap aitmana Oyiimad xapakarinaHaau. SkyHud KucMmma Oapua
KOHBEpTIap Hurub onuuuO, taxyuun kKuiuHaau. Kyitmpa “/laBpa cyx6artu”
METOJAMHMHT Ty3UIMAacCu KEITUPHUIITaH

Cyx6aTHu yTKasuw wapTtaapu bunax

TAHULLITUDULL

l

KoHBepTtnap Ba “aBob6nap sapakanapu”’Hu

TAabKaTULl

l

KoHBepTnapra casosnap ésuw

“Bﬂnu-yﬁni” MeTOoaH

KoHBepTHM EHnAaru yKysuura ysatuu

v

CaBossiapra »KaBob é3uw

l

Baxonalu Ba TaxAuMA KMauLl

MeToaHMHT MaKcaau: YKyBUYIIap/a TE3MUK, aXO0pOTIIap TUBMUHH TaXJIUJI
KWINIL, pPEeXKaJallTUPULI, MPOTHO3JANI KYHUKMaJIapyUHU AKJUIAHTUPUILIAH
nbopar. Maszkyp MeTogHu Oaxojianl Ba MyCTaxKamJjall Makcaauaa KyJularl
camapalid HaTWXalapHu Oepajiu.

MeTtoanu amMaJira olmiupuin 00CKMYJIapu:

1. Jactna® uiuTupokumMiapra OeNrMIaHral MaB3y l03acujaH Tai€épiaaHran
TONIIMPUK, SbHU TapKaTMa MaTepHaJUIapHHU ajoXuJa-ajoxuaa Oepuiaaud Ba
ylapJiaH MaTepuajiHu CUHYMKIA0 Vpranum Ttanad stwianu. [llynman cyHr,
UIITUPOKYMIIApra  TYFpPHU JKaBoOJap TapKaTMaJaru «sIKka 0axo» KOJOHKAacHra
Oenruiam Kepakiurd TylyHTHpuiaad. by Oockuuaa Basuda sikka TapTuOaa
OakapHIIa Iy,




2. HaBGaTmaru 00CKu41a TpEHEP-YKUTYBYH HINTHPOKYMIIApTa yd KUIITHIaH
ubopar KMYMK Typyxjapra OWplamTHpagd Ba TypyX ab3oJapuHH Y3 (UKpIapu
OWIaH TypyXJIOLULIapUHU TAaHUIITUPHO, Oaxciamud, Oup-oupura TabCup yTKazuo,
¥3 pukprapura MIIOHTUPHUII, KETHUINTaH X0JI1a Oup TyXTaMra Keauo, )kaBoOIapruHA
“rypyx 6axocu” Oynmmura pakamiap Owirad Oenruiaad YUKHUIIHU Tommupaan. by
Bazuda yuyH 15 makuka BakT Oepuiaiu.

3. bapua knuMK rypyxJap y3 UIIUIAPUHU Tyrarrad, TYFpU XapakaTiap KeTMa-
KETJIUTY TPEeHEP-YKUTYBYM TOMOHHUIAH YKUO SIIUTTUPUIIAIHU, Ba YKyBUHIapAaH Oy
xaBoOJapHU “TYFpu xaBoO” OYIuMura E3UM cypanaim.

4. “Tyrpu xaBoO” Oynmumuaa OepwiraH pakamjapaaH “skka 0axo”
oymumua Gepriiran pakamiap Takkocaanuo, papk Oyica “0”, moc kenca “1” 6amn
Kyhuim cypanaau. llyngan cyur “skka xato” Oynumugaru gapkiap HOKOpUIaH
nactra kapad Kymuo YuKuin0, yMyMuil HUFUHIU XUCOOJIaHA IH.

5. Xynau mry Taptubaa “ryrpu )xaBo0” Ba “rypyx 6axocu” ypracugaru ¢hapk
yUuKapwiaau Ba oayap “Typyx xartocu’ Oynumura €3u0, FOKOpUaH mactra Kapad
KYIIWIAId Ba YMyMUN UUFUHIIA KEITUPUO YUKAPUIIA/IN.

6. TpeHep-yKUTyBUM SIKKA Ba TypyX XAaTOJIADMHU TYIUIAHTaH YMYMHHI
HuFuHIW OYitnda anoxuaa-ajaoxua mapx,ad oepaau.

7. Mtupokumnapra osraH Oaxojiapura kapad, yJapHUHT MaB3y Oyiinya
Y3mamTupHIl gapakaiapy aHUKITaHAIH.

“SWOT-Taxania” MmeToau.

MeTOAHUHT MaKcaJau: MapXyJ Hazapuil Oujaumiap Ba aMaluid
TaxXprdamapHu TaXJIWI KUITUII, TAKKOCTAIT OpKaJIM MyaMMOHH XaJl 3THUII HYIUTapHA
TONUINTa, OWIMMIIAPHA MYyCTaxKamulail, TaKpopJail, Oaxojamira, MYyCTaKul,
TaHKUIUK (PUKpIIAIHU, HOCTAHAAPT Ta(akKypHU MAKIUIAHTUPHUINTAa XH3MaT
KWIAJIN.




S — (strength) * Ky4JI1 TOMOHJIApH

W — (weakness) * 3au(, KyuCU3 TOMOHJIApH

O — (opportunity) * IMKOHHSITIIAPH

T — (threat) * TYCHKJIap

Jlame TeHrnamacuHu YeKIH-aupManu ycynna connu eunmHa SWOT
TaxIMJIMHU yIIOY JKaJBajira TYIITUPaAMH3.

2 -TapTUOJIM Ba apanari
XOCHJIAPHHU MOC YEKJIM auupMain
MyHocabatiap Ouian
anMamTUpuIIF U Jlame
TEHIJIAMACUHU JTUCKPET X0JIra
KEJITUPHULI

Jlame TeHTIIaMacuHU YEKIIU-alupMalu
S yCyJiJia COHJIM €UUIIHUHT OOIITKa
ycyJutap/ian ad3auiuKiapu

Jlame TeHrJ1IaMacu NpuU3MaTHK
KYpHUHHUILTA 3ra OyJraH coxaiap

yUyT KYJIJIa MaKcasara

JlaMe TeHrIIaMacuHu 4YeKIn-aiupMalId
W | ycyiHu KyJiaija ro3ara Kejlajaurad
HOKYJIAMJIMKJIAp Ba KAMYUJIUKIIap

MYBOQUK.
UYexin aliupmanu ycyiaa
UYekiu aliipMalid yCYJTHUHT Kywiapaa Oepuiran sHu TaOuui
O MMKOHUSTIAPYU Ba KYJIJTAHUHUIIHIILI yerapaBuil apTIApHU
coxXacH (MYKH) KaHOATJIAHTUPHUII aJTOXUAa

YBTHOOPHU TaJIa0 KUJIaIH.

JlnHaMHK MacanajgapHy €UuIlIa

T Tycurnap (Tamkm) Oy ycynHM Kyuiad Oynmaiu

“AccucMeHT” METOIM.

MeToaHMHI MaKcajgu: Ma3Kyp METOJ TabJIUM OJYBUWIAPHUHT OWINM
JapaxacMHM  0axoJjalll, Ha30paT KWJIHII, Y3IalITUPUII KYpCaTKUYU Ba aMaluid
KYHUKMAaJIApUHU TEKIIUPUIITA WYHATTUPUITaH. MasKyp TEXHUKA OPKalu TabIUM
OJIyBUMJIADHUHT  Ownuin  Qaoauaru Typad WyHamunuiap (Tect, amaiaui




KYHUKMaIap, MyaMMOJIM BasWsITIIAp Mallkh, KUECUN TaxJIUji, CHUMIITOMIIAPHU
aHUWKJIaI) OyinJa Talxuc KUJanHaaIyu Ba 0axonaHaIu.

“laBpa cyx0aTu” METOAMHMHI ad3a/UIHKIAPH:

e VTWUITaH MaTEPUATIMHHUHT SXIIU 3C/la KoUImura épam oepaiu;

e (apua TabJIMM OJTYBUMJIAP UILUTUPOK ATaJHUIIAD;

e Xap OMp TabJIUM OJYBYHU Y3MHHUHI 0AXOJAHUIIN MAaChYIUSATUHHU XUC 3TAlIH;
e V3 QUKPUHM SPKUH UPOJa STUII YUYH UMKOHUSAT SIpaTUIaIN.

MeTOIlHl/I aMaJjira olmpuIl Taanﬁnz

“AccucMeHT NIapAaH  Mabpy3a MAIFyJoTiIapuja TajlaOalapHUHT EKU
KaTHAIMYWJIADHUHT  MaBXyJ  OWIMM  JapaXacUHM  VpraHulijaa,  SHCU
MabJIyMOTJIapHU 0a¢H KWIHIIA, CEMUHADP, aMaJIiid MaIIFyJI0Tiap/ia 3ca MaB3y €K1
MabIYMOTJIAPHU Y3JAIITUPUII JlapakaCUHU OaxoJiall, MIyHUHTIEK, Y3-Y3UHU
Oaxonaml Makcaguja WHIAWBUIyal IIakjijga QoiaJaHuIl TaBCUS JTHIIAJN.
[IlyHuHTIeK, YKUTYBUYMHUHI WXOAWM EHAAIIYBM XaMmJa YVKYB MaKcalJlapuiaH
KeJInO YMKUO, aCCUCMEHTTa KYIIUMYa TOMIIUPUKIAPHU KAPUTUIIT MyMKHH.

Xap Oup kartakjgaru TYFpu skaBoO 5 Oamn €ku 1-5 OGanrada GaxojlaHUIIN
MYMKHH.

TECT
Yexiu aiupMaIu cxemMa Huma?
a) Acocwuii quddepeHIan TeHriIamMa EKu
TEHIJIaMallap CUCTEMACHHU Ba KyIlIMMYa
(OonuTaHrFuy Ba yerapaBuil) mapTIapHU

arnpoKCUManus KUI1yBYHu aﬁHpMaJm Kuécuii Taxjania

TEHTJIaMajiap CUCTEMACH; Tuddepenmmans
0) bapua eunmiap TYIuIaMuaaH siroHa TCHITIaMaJIap/ia Ba querapaBI/Iﬁ
€4MMHHU aXpaTUO OJIUII YCyJIH,; [HapTiIapiia yupaninrat
. XOCHJIATIApHH YEKIIH alupMaIH
C) Ypranunaérran MacajiaHuHT MyHOcaGatiap GrIaH
nuddepeniian TeHrIaMacuHUHT TaKpUOuit ATUIITHPHII

udonacu;

1) Ypranmiaétran MacajgaHu TaKpUOUid
€YML YCYJIU




AMayuii KYHUKMA

A+20) Y ix =0, X =sin 22X

ox* I
ul, =0, ul, =0 Tymynua Taxjiuiu
A=1, u=05 Yusuku anredpank

TCHIJIaMaJIap CUCTEMACHU
CTCPIKCHDb XaKuJa Macalia Y4YH YCKIIN

allupMmaiu TeHriamanap Ty3WICHH

Kelic cmadu uwnab YuKuwHUH2 UKKU

Kslaccuk Mmakmabu
/ \
MapBapa MaHyecTep
(Amepuka) (EBponapa)

\
Myammornu ea3ussimHuH2 e4UMUHU
monuwHu yp2aHuw dynu

/ \

fAroHa TyFpu Kyn BapuaHTnu eunmnap
/
Xaxm
/ \
YHna6 caxudanu matHHU Xaxmu GUpMYHYa KaMpoK

Ba Kynnab ynamanapHu y3
nuura onagm

Keiic-cranmanHr makradJjaapu
Keiicna myaMmmoHnu Oepuin ycyJiapu

1-ycya — MmyaMmMoOHHM Kercoior udoananm.

2-ycyJa — BazWATAArd MyaMmMmo sKKoi udomanaHaad, JEKWH OyHIa
Ba3USTHUHT 3apyp DJEMEHTIapuaaH Oupu (MacajaH, IIEpUKIIAD XaKUJaru)
ax00poT OyImManIu.

3-ycya — MaTHIa Ba3UAT CyOBEKTIApH YpTacHUAard 3HIIUAAT MaBXyM
udoaananay.




Jlemak, kedc-ctaam ycynum Tajiabanapjga MyamMMo edumiaa Qanmapapo
OwmMiap oiuinHU ypraragu. by ycyn Tanabanapaa KOTHUTHB CTPYKTypajapHH
puBOXxIaHTHpUIIUTa 0116 kenaau. Lllynunraek, tanaba akiura ce3uyiapin Xucca
kymaau. Macanan, l-pacMaa KOOpAMHAIIMOH OMpUKMa KedaThpuirad. Jluranng
YTUII METATM OWjiaH OMpHWKMa XOCWJI KWJIWIT MyMKWH. By skapaénma “nurasnm
Hazapusicu” TymryHdacu Oop. By Hazapus KoopauHAIMOH OWpPHKMAa XOCHI
KWJIaUTraH peakuyus MEXaHU3MHHH TYLIYHTUPHUII MyMKHH. “KoopauHanuoH coH”
TYIIyHYacu OMPUKMaHM CTPYKTypacH OuiaH Oofmaiau. Arap MapKazuil aToM Xap
XWJI KOOPJMHALIMOH COHra sra Oyica, OMpUKMaHUHT TY3WIMIIK OOIIKa OYiau.
OMpUKMa Ba YHMHT XOccajlap ypTacuaa “rOKOpH Ba KyWH CIHH~ PaHIJIM OPaJIUK
MaxCyJIOTHH XOCHJI KWJIaJ1 Ba MaTHETH3M XOCCACUHH Oesriaim’.

Ligand Field
Theory

. Transition
Ligand

Mectal
Coordination v High and Low
Number T : Spin
Coordination - i
Compound -~ =
e A
Structure - > Property
Ligand Field
Stabilization
A o nte re
.\ppluatm_n Energy

Concept mapping of Coordination Compound

3amoHaBuil KUME (DaHMHUHT WYHANIHIIITIApUIaH Oupu OYiraH HaHOKUME

!Baodi Gou. Contemporary teaching strategies in general chemistry. TheChinaPapers, July 2003.P.40




I11. HABAPUI MAILIFYJIOT MATEPUAJLJIAPU

1-MAB3Y: Kitaccuk MexaHMKAHUHT 3aMoOHaBuii xosatu. Hazapwuii
MEXaHUKA Ba TyTall MyXHTJIAP MEXaHUKACHHUHI ACOCUIl MAaTEeMATHK
MO EC/VIAPUHUHT TAXJIWJIH.

PEJXA:

1.1. Kupum
1.2. Knnaccuk MexaHUKaHUHT 3aMOHaBHi Xonatu. Hazapuii MexaHuka Ba TyTarn
MYXUTJIAp MEXAHUKACUHUHT ACOCUM MAaTEMATHK MOJEIUIAPUHUHT TAXJIUJIIH.

Taanu cyznap: Hazapuii mexamuxacu, mymawi MyXumiap MeXaHukacu,
KammukK, H#CUCM, CYIOKIUK 8a 2asziap, mamemamux mooennap, I yk xouyn, Hasve-
Cmokc myHnocabamnapu, Junep e6a Hasve-Cmoxc meHnenamanapu, u3ompon,
mpanceepcaib uzompon 6a opmompon ocucmrap, Cowunu ycyanap, Yexnu
auupmany ycyu, Yekau d1emeHmaap ycyau, Yeeapasutl snemenmaap ycyiu.

1.1. Kupui

Hazapuit Ba TyTam MyxXuT/Iap MEXaHMKAacu  Macajajapud TYpJiaud XWil
MaTeMaTUK MoJie] TeHriaamanap opkanmu udongananaau. Onataa, 0y TeHrIamanap
onmuit €ku xycycui xocwianu auddepeHuans TeHrIamMaiap KypuHUIIHAAQ
é3mnanu. Hazapuil Maxanukana, MOJIUM HYKTa €KUM MOJAIUN HYKTAJIAp CUCTEMACH
Kapanub, ymap ojaraa WUKKUHYM TapTHOMM YM3HUKJIM Ba YM3UKCHU3 OJIUHN
nuddepennmans TEHrjamMalapra KYWHIITaH OolIaHFUY mapTIn
macananapra(Komm macanacu) kentupuinand. TyTamn MyXUTiap MEXaHUKAcH 3ca
neopManusIaHyBYM  KAaTTUK OSKUCMJIAp, CYIOKJIMK Ba rasjiapja KedaJurad
JKapo€HIapHU  ypraHuira Ba  yJapHM  MaTeMaTHK  MOJEJIAIITHPUIITa
Oarunuianrad. Oparma, Oy Macananap, BakTra OOFJIMKIUTUIa HUcOATaH,
runepoosik, mnapaboJuK Ba DJUIMNTHK  TUIJArd  XyCyCHMH  XOCHJIAU
muddepennnans TeHrIaManap oOunad udoaanaHaau.

by kypcHuUHr acocuil Makcaaw, Ha3apuil MEXaHUKA Ba TYTUII MYXHUT
MEXaHHKacuJla ydpalJuraH MaTeMaTUK MOJCJUIAPHUHT SIHU  YerapaBui
Macananapay (OONUIAHFUY Ba 4YerapaBWil MIAPTIW) MacajlaJapHH 3aMOHABUMN
KOMITBIOTEP TEXHOJOTHsIIApUIaH (DOoHJamaHIITaH X0JI/1a COHJIM CUUIll YCYIUIApUHU
0acH sTumgad ndopar.

Xo3upru KyHJa, Ha3apuid MeEXaHWKa Ba TyTalll MYXUT MEXaHHKacu
MacajaJapyuHy COHJIA SYUTITHUHT acOCUH ycyiuiapu cudartuia




1. Yeknu alinpmaiiu ycyu
2. Yexnu anieMeHTIap yCyau
3. UerapaBuii snemMeHTIIap yCYUIAPUHU

caHa® ytum MymkuH. bommmanruu mapmim wmacananapuu (Komm wmacanacu)
eunmia, opataa Ounep, Ounep-Komm Ba Pynre-Kyrra ycymnapu KeHr
dbolnananuIaIm.

By connu ycymnap, TyTaml MyXHT MEXaHUKAaCHHHMHI ACOCUH KHWCMHHH
TalIKWJI STYyBYM JedopMarusuiaHyBUd KaTTUK KUCM MEXaHHWKAach Macajiajapu
muconuaa 6a€H sTwiagu. MareMmaTuk MOJAEIUIapHU KYpHIL, SIHH YerapaBuil
MacaJlapHi KYWWIMIIU Ba YJIapHU COHJIM €uull ycyiiapu Oaénura. Xampaa Oy
yerapaBuid MacajianapHu 1-2 yi4oBiau xojuiapja coHyu euuira Ba C++ Tuinuaa
COJ1JIa MporpaMMaIapHu Ty3HUIITra aloXua YbTHOOp OepuIIraH.

Xo3upru KyHJa, MEXaHWKa MacallaJlapuHd euuinga “Yeknu sjinemMeHTIap
ycynu” Kyna KeHr ¢oiganaHnunagd. Yekiu saeMeHTIap YCyJura acociaHraH
Ansys, Cosmosm, Abaqus, FEM, Solidworks kabu kaTop amajiuii AacTypuii
MaKkeTIap Maxkmyalapu MaBxkyd. by gacTypiap aManuérna ydpauauraH MyXuMm
MacallaJlapHU €UYUII  WHKEHEp MYXaHJHCIap Y4yH Kyga Myxumaup. LIyHuHr
YUYH, TEXHUK OJMH YKyB IOpTJIapuaa MyXaHAuC KaapJapHU Taépiamniia yJapHu
3aMOHaBU WH(OpPMAIMOH TEXHOJOTHUSIApra acoCiaHTraH IacTypuil BOCHTaIap
doitnanana oMl KYHUKMaJIapy OUJIaH KypOJUIAHTUPHIL KyJ1a MyXUMJIUP.

1.2. Knaccuk MeXaHUKaHUHT 3aMoHaBuii xos1aTtu. Hazapuii Mexannka
Ba TyTalll MyXUTJIap MEXaHUKACHUHUHT ACOCH MAaTEeMATHK MO/IeJIAPUHUHT
TaAXJIWIN

TyTtam MyXuT MEXaHMKacH TYPJIH TAlIKW TabCUPIAP OCTUAA KATTHUK JKUCM,
CYIOKJIMK Ba rasjiapia KedaJuraH >Kapo€HJIapHU MaTeMaTHK MOJEUIAIITUPHUIITra
OarvIUTaHTaH.

JepopmanusiHyBUM ~ KaTTHK ~ JKACMJIapAa  KeyaJuraH >Kapo€HJIapHU
MaTeMaTUK MOJCIUIAIITUPUILAA, KydJaHUII Ba JedopManus TEH30pJIapu
opacuJard 4YM3WKIM Ba HOYM3UKIH(IIACTUK) OOFJIAHUIUIAPHU TOMMII TYTaIl
MyXUT MEXaHUKACMHUHT MYXUM MyamMMoJiapuiaH Oupumup. Mabaymkw,
KywIaHuil Ba fedopmarusi opacugaru OOFJIaHMIN YM3HKIW OynraH xonga ['yk
KOHyHMTa sra Oynamu3. Yusukcuz Oornanunuiap cudaruga, WablomMHHUHT
nehopMaIMoH Ha3apUsICHHU, TIACTHKIMKHUHT OKHII Ha3apUsUIAPUHU KEITHUPHIL
MYMKHH.

Xo3upru  KyHJa, AaHM KOMIIO3HMIIMOH  MaTepuaiap  COXAaCHHHHT
PUBOXKIIAHUINM OWJIaH, AaHU30TPOI JKUCMIIAp YYyH JedOpMAIlMOH Ba OKHII
Ha3apUsIApUHUHT STHTU Typiiapu sipatiirad. by epaa R.Hill Ba B.E. Tlo6enpsutap
TOMOHUJAH SpaTWITaH IUIACTUKIMK HazapusiapuHu 3ciald yrum myMmkud. [y
OwaH Oupranukiaa, OXUPTH MalTiapaa, TeMmreparypa Ba aepopMalvsIaHuIl
TE3NMUKJIAPUHU XUCOOra ojlraH xojjaa KaTop Hazapusuiap spatuiau. CyOKIHK Ba
raziap y4uyH xam, ['yk konynwura yxmami, HaBee-CTokc MyHOcabaTiapu Ba yiap
acocuzia xocuia KunuHaaurad Oinep Ba HaBwbe-CTokc TeHrnamanapu Oyiinua Ba
COHJIM €UUII yCyJulapH Oyilnua Xam »aaai U3JIaHuIuIap oJud OOpHUIMOK/Ia.




Kypcumusaa xo3upru KyHaa, Miuiad YdKapuiia, alHuKca MallnHACO3IUK
Ba KypWIMINI KEHT (olganaHuiIagural 3aMOHaBUM KOMIIO3UIIMOH Marepuasuiap
coXacura acocuil bTUOOPHU KapaTaMus3.

Kommno3uiron Marepuamiap oXupru Wusuiapaa aBuaco3uK, MalliHACO3IUK
coxajapuaa KeHr (oifmamanumokaa. MabiayMoTriaapra Kypa, 3aMOHaBHM
camouietnapna 70-75% MuKmopuaa KOMIIO3UIIOH MaTepraiap GponaanaHuiaim.

[y Ounan Oupranvkia MEIUIIMHAA TYpIu XUl OuoMaTepuaiap sipaTuill
MacallaJlapuru Karra ybTHOOp OepuiMoKaa. ANHUKYA, HAHOTEXHOJIOTHUSJIAPHUHT
PUBOKJIAHUIIK OWJIaH, HaHOMATepajiap SIPaTUIl Macajlacuaa AyHE OoIuMIIapu
TOMOHUJAH UIMHUI U3JIaHUIILIAP 010 OOPUIMOKIA.

KoMmo3unyon  MarepuajulapHUHI  XOccallapd, OJaTAaru  M30Tpol
XKUCMIIapAaH  GapKiId paBulia HyHanuira OOFIMK OYiagu Ba aHHM30TPOI
xucMiap ne0 aramaau. AHU30TPOI KUCMJIAPHU OPTOTPON Ba TpPaHCBEpCalb
W30TPOIl Kabu TypJiapra a>kpaTUIl MyMKHH.

Taxxpuba-cuHOBIApaH MabJIyMKH, Ky4JIaHUUII Ba qedopmalius opacuaaru
OofMaHuIIHA H(PONATOBYM YH3WK OJATIA SIPU YM3UK KypuHHAa Oynaau Ba
nedopmanusianuin  quarpammacu  1e6 atananu(l-pacm). Jedbopmarusiianuii
TUarpaMMacH KUCMIa TabCUp JTYBUM KYYHHHI DJIACTUKIMK dYerapacu el
aTaJlyBYM Japa)kacuraya TYFpU YM3UKIN KypuHHUIMaa 6ynaau( 1-pacm).

v

1-pacm
YMymuii Xolja Ky4lIaHWII o; Ba Jepopmanus &; TEH30pJIapud OpacHiaru
OOFJIAHMIIIHA KyWHJArd 4YM3UKCcU3 (QYHKUMS KYpUHUIIUAA Hdoaanam MyMKHH,
SbHU
oy = T (&) 1)
by udomanu nedopmanusiap AMArpaMMacUHUHT YU3HKIM KUCMH YYYH
KyHuJaru KypUHHUIA YU3UKIW TeH30p (GyHKuug(ymymiamrad ['yk KOHYHH)
KypuHUAa €3U0 OJIUII MyMKHH

Oy = Cijkegke (2)

Oy epma C,, - 4-paHrium CUMMETPHK TeH30p Oymub, ymymuii xonma 3°=81
KOMIIOHEHTara o»ra Ba aHU30TPOIN JKUCMHU Huoganangm. Opnatpa, Oy




KOMIIOHEHTaNap, >KUCMJAPHUHT CUMMETPUKIHUK Xoccajapura OOFJIUK paBHUIIIA
TaXpubasiap/aH aHUKJIaHA/IH.
Arap Kyiiuaaru CMMMETPUKIIUK IIApTIApU YPUHIIU OYiica

Cijkl :Cjikl = Cijlk :Cjilk (3)
KoMronenTnap conu 36 Taraya Kamasgu. SHa Kyluaard CHMMETPUKIHK
HIapTiIapu XxucoOra oJnHca

Cijkl = Cklij (4)

KOMITOHEHTJ1ap coHM 21 Ta Oynaau. DHIU, )KUCMIIAPHUHT JACTUKIIMK X0ccalapH 3
Ta ¥3apo OPTOrOHaNb TEKHUCIUKIApra HUcOaTaH CHUMMETpUK  Oyica,
KOMITOHEHTaap coHu 9 Tta Oymamm Ba OyHAAl >KUCM OpPTOTpON MaTepuan aed

aranagd. OpTOTPOIN JKUCMIIAp YIyH C;,, TEH30p KyWuIard KypHHHIIra sra 0yiaanu

Cunn Cuze Cuss 0 0 0
Coz Corgs 0 0 0
Cpa = Cis 0 0 0 (5)
Co, 0 0
Cas O
Caaas

TeHzop KOMIOHEHT/IapUTa HUCOATaH, sTHA KyHUJarn CHUMMETPHUKINK MapTIapu
Oaxkapuica,

1
C1133 = C2233! C1313 = C2323’ C1212 = E (C1111 - szn) (6)

by maptnapHuHT Oa)kapriniiy, KapagaéTrad >KUCMHUHT xoccanapu  OXs3 ykura
HUCOaTaH aWjaHUNUIApra Ba My VK €TyBUYM TEKHUCIWMKKA HHCOATaH CHUMMETPHUK
OKAHJIUTUHU uoAaTaliIi Ba >KUCMHHUHT TpaHBEpPCajdb H30TPOI HSKAHIUTUHU
aHIJIATA/IN.

Arap Kyiinaaru mapmiap 6axapunras Oyica

C1133 = C2233 = C1122 =4, C1313 = C2323 = C1212 =H (7)
Ci KyHHUIaru KypuHuira sra 0ynaau
A+2u A A 0 0 O
A+2u A 0O 0 O
A+2 0 0 O
Cijkl = # (8)
u 0 O
u 0
)7




Ba MAaTCPHAIHHMHI XOCCA0apu XaMMma HyHaIuIaa OUp XWUTUTUHH  STHH
’KICM U30TPOIT DKAHIUTUHH AHTJIATAIH.
(8) - udbomanu C,, TeH30pHU Kyhaaruda €3u0 O MyMKHH

Cije = 40,0, + 104550 +8.54) 9)

ie™ jk

ijke

ijke
(9) udponanu (2) - TEHrIUKKA KyHHUO

=C,

ijke ie™ jk

G =| 40,0+ 11(5,5,, + 55y ) | = 405 + 2118, (10)
E€KH

oy = A8;0+2ue; 0 =¢, (11)

ij?

Oy epma u , A- H3OTPOI DJIACTHK JXKHUCM Yy4yH Yysrapmacnap. (11)-
udogaHNHT EWUITMACH KyHUJaru KYPUHUIITHU OJIa] 1

=(A+2u) &, + A&y, + ey
O = Eud+ (A +2p1)y, + Aoy,
5 = Agy T A8y + (/1 +241)64, (12)
Oy, = 21E,
O3 =2/
013 = 21E,
4 , A TexHHK y3rapmacnap E, vV Ounan Kyiinnarnga 6orinaHran
vE E

T2 YT 204w
Cmamux macanranune Kyuuruwu. yanai Kuimob 3J1acTUKIMK Ha3apUSICHHUHT
yerapaBui Macajiacu:
MyBO3aHAaT TEHTJIAMACH

oij,j + Xi =0 )
['yk KoHyHU
o = A00; + 2 ey, )
Komm myHnocabaru
1,0u, ou;
ij_z(ax 6Xij) (“I)
Ba MOC Ky4MIIIapra
Uily, =u7 (V)
Ba Kyujiapra HucOaTaH KyHWIraH yerapaBuii mapTiapaaH TallKui TOmaIu
O'ijnj‘zz = Sio (V)

(I-V) macamanu 2 Yym4oBaM Xoyjga Kapadmus: Y XoJja, MyBO3aHAT
TCHIJIAMacH

%+%+ X, =0
OX ~ OX




%+—aa22 +X,=0 (13)
OX, ~ OX

['yk KOHYyHU
o,=Ae, +¢,)+2ue, =(A+2u)e, + e,
o, =Me, +¢&,)+2ue, =(A+2u)e, + As, (14)
o, =2Us,

Komm myHocabaTtn

_1£8u1+%J_8u1

T2l ox ) o

22:1 8u2+% _ oy, (15)
2\ ox, Ox, ) OX,

Ba TYpTOypuak coxa uyerapanapu 7, =(x,=0,/:0<x,</)Ba I,=(x,=0,] :0<x,<1)
japra
L
L
Pacwm. 1. T¥¥pu TYpTOypuakiu coxa
KYWWJITaH KyWHJaru yerapaBuil mapTiaapAad TallKuil Tonaan
uj =u’, u,| =u;,
(611n1 +G12nz)|p = S1 ! (0-21n1 +O_22n2)|[‘ = Sz - (16)
(I-V) wmacamanm  kyuunniapra HucOaTaH €3u0 KyWaard KYpUHHIITA

KEJITUPULLI MyMKUH




2

o'u, ou

(/1+2,u 5 +,u62+X =0

ox? X

1 X12u2 au (17)
A+2 2+ (A+ L+ £+ X,=0.
( ,U) : (A+u) oxox. U o

(I-V) macanaga Il mynocabar ypuura ymymiamrad ['yk KOHyHUHH OJHO, a
AaHU30TPOIl KUCMJIAD YYYyH OJIACTHKIMK HA3apUsACHHUHT CTaTHK MacallaCUuHU
XOCHJT KHJTAIIT MyMKHH:

oj; t+ X, =0,
o; =Cijuéus
1
& _E(ui,j +uj,i)’ (18)
u |Z =u’,  oyn| =S
1 Zz )
M3oTpor >xucMiiap y4yH y4yH 3ca KyrHuaara KypuHUIIra sra 0yinaau:
oy + X, =0 (19)
o, =05, +2u s, (20)
1

& ZE(ULJ‘ +uy;) (21)
u‘|21 =u’,  oyn, ‘Zz =S, (22)

(19-22) uerapaBuii MacaJlaHW KY4YHII BEKTOpUIa HHcOaTaH €3u0 OJUII
MyMkuH. bynunr yuyn (21) udoganu (20) ra xyitnbd
oy = Ay Sy + u(u,  +u;, ) A, S+ (U +u”) (23)
by uponagan X; ,0ylinya xocuia ojgamu3, S’bHUA
= Ay 6 + (u +U; ) AU+,

i, +'uujvij

IJJ

=(A+p)u, i+ pu; ;= ,uAui+(ﬂ+y)6{i , 0=u;;

" (24)

(24) - wudomanu (19)- ra kyimoO, (19-22)  yerapaBuii MacajJaHWHT
Kyuuniapra HucOaTtaH €3wiraH KYpUHMIIMHU — Xocwi Kwiamu3. Opatna Oy
tenriama Jlame Tenriamacu ae6 arajagu.

pAU+(A+ )0, + X, =0 (25)
(23) udonanan doitnananusd (22)-yerapaBuii MIAPTIAPHUA XaM KYdHIILIapra
HucOaTaH €310 OJUII MyMKUH
U |Zl :uio’ [ﬂ“uk,ké‘ij +/u(ui,j +uj,i)] nj‘zz =3, (26)

W3oTpon skucMiIapaaruaek, aHu30Tpon kucmiap yuyH (18) —derapaBuii
MacaJlaHd Kyudululiapra HucOataH Kyiaard KypuHUIa €31 OJUII MyMKUH:

3 6 ou, ,
Z ~ ukl 67)+Xi =0, éxu (Cijkluk,l),j +X;=0 (27)
| |

16x

jik



U, |Z

Cljk| (28)

U, )N, ‘Z S
(27-28) Tenrnamanmap OpPTOTPON JKUCMIIAD YYYyH DJIACTUKIWK HA3apHSICHHUHT

qerapaBHﬁ MacCaJlaCHHH TalllKHJI oTaan Ba TCHIJIaMaHH KyQHmHH

KOMIIOHEHTaJaupra HucOaTaH KyHuaard KypuHuIga €3u0 ouil MyMKHH

Cllll a u + ClZlZ a u + C1313 a u + (C1122 + C1212) a V + (C1133 + C1313) a W + Xl = O
oX’ oy’ 0z° OXoy OX0z

ClZlZ a V + C2222 a V + C2323 a V + (C2211 +C1212) a u + (C2233 + C2323) a W + X - 0 (29)
ox’ oy’ 0z° OXoy 0yoz

Cl313 a W + C2323 a W + C3333 a W + (C3311 + C1313) a (C3322 C2323) a V + X3 = O
ox’ oy’ 0z° X0z oyoz

(29) Tenrnamanu Ba (28) yerapaBuii mIApTIapHU, OWUp YIYOBIM Xojna, |
Y3YHIUKJArH CTEPKEHHUHT JedopMalvsUIaHUIINHT udoaanaiiaiurad, 2-rapTHOIH
Xycycuil Xxocuiianu audQepeHian TeHriiaMara KeJITUPUIL MyMKHUH, SHH

c,. Y ix=0 (30)
OX
0 ou
ul ,=u’, Clln&— =S (31)
x=I
(17) renrnamanu 6up SJ/J'I‘IOBJ'II/I XoJa Kyiuaarnya €310 ouI MyMKHH.
27X
X =sin T
u x=0 :O’ x=1 :O (27)
A=1, u=05

Ha3zopart caBosiiapu

MexaHuKaHUHT YU3UKJIM MOJAEIIap

Anuzotpon xucmiiap. OTOTpoI Ba TpaHCBEPCAIb U30TPOIT KUCMIIAp.
Ymymnamran ['yk KoHyHHU.

JlaMe TeHrnmamMacu U30TpoIl Ba AHU30TPOIT KUCMIIAP YUYH.
JedopManusaHuIn guarpaMMacH.

Komm myHocabatu.

JKucMitapHUHT MyBO3aHAT maptiapu.MyBo3aHaT TEHIJIaMacH.
CrepkeHb XaKu1aru Macajia Kyuuiauid. AHUK €4UMH.

Yeknu aliupMany TEHIJIaMaHU €YUIIHUHT UTEpALUs YCYIIH.

oCoNOOR~ODE




2-MAB3Y: Yeku aliupmaiiu ycyJi. Uekiiu Ba yerapaBuii 3JjieMeHTJIap
yCYJIApH.

PEJKA:
2.1. Mexanuxaoa  yupauouean  weeapasuii  MAcCAIANAPHU — COHIU
Mmooynnawmupuw yeyanapu. Yexau auupmanu ycyn .
2.2. Yexnu snemenmuap ycynu.
2.4. Yeeapasuiti snemenmaap ycyiu.

Taanu cyznap: yexnu auupmanu MyHocabamuap, Yekiu auupmaiu meHenamad,
YeKIU INeMeHm, UHMEePNOAAYUus Wapmu, 6apuayuor Mmdacaia, Ypmaniauieau
KOJIOUKIap ycynu, 4e2apautl unmezpa meH2iamd, Nyaccos meHeiamacu.

2.1. MexaHuKa/Ja yYpaiIuran yerapaBuii MacajaajapHu COHJIH
MOAYJUIALITHPHII YCyJIapu. Yekiau aumpmaiu ycyJa

Yexnu alupMaiu yCyJTHUHT aCOCHI MOXHUSATH, Kapala€TraH COXaHH TYp coxa OuiaH
aJMaIITUPUII Ba Kapaaétrad quddepeHiman TeHriaMalapHi XOCHI OYIran Typ
COXaHUHT TYT'yH HyKTapura HucOatan €3ub yukuingan uoopar. Juddepennmans
TEHIJIAMaJIapHU TYT'YH HyKTaJlapra HucOaTaH &3Will y4yH, aBBasl 1-2 TapTubiu
XOCWJIaJJapHU TYTyH HyKTajlapra HucOaTaH, YeKId alupMaiu MyHocabaTiap
KYpUHUIIKIA €310 OJIMII Kepak.

dapa3z kumainuk, U(X)  [0,]] kecmanma Oepwnran Oyicun. Kecmanum N

Oynakka Oyimamus, sSsHA h = Ill_ yxoinma X =h-i, i=0,N Ba U(X))=U ra
ara OYIMy MyMKUH.

Dumau U(X;) Gyrkiusau Teilnop Katopura EMus

h | h* h® . h* ..
u(xi+h):u(xi)+ﬂu(xi)+zu (xi)+§u (xi)+Zu (%) +... W
u(xi—h):u(xi)—%u‘(xi)+%u"(xi)—%u"'(xi)+%u"“(xi)+... (2)

1-udonanan OupuHYM TAPTUOIM XOCHIIA YUYH, YHT YEKJIU allupMaiiu
MYHOCA0aTHH TOTHII MYMKHH




u(x, +h)—u(x)
h

u'(x) = +0(h) = h —=£—+0(h) ©)

2-uonganan, Xy OKOPUIATHICK, OMPUHYN TApTUOIM XOCHIA YIYH, Yall YeKJIH
altmpMai MyHOCa0aTHHA TOTIUIIT MyMKHH

() = LB oy = =t 4 ogny @

1-udonanan 2-udoganu xaama-xaa aiupuIn OpKaIU, OUPUHYN TAPTUOIHM XOCHIIa
y4yH, MapKa3uil 4eKJIM aipMaIi MyHOCA0aTHHU TOIUIIT MyMKHH

. u(x,) —u(x —h)
u'(x)=—-" ' +O(h?) = S~y o(h? 5
(x) - (h)=2220(?) @)
1-udonara 2-udonanu xaama-xaj KyIHIiil OpKaIu, 2-TapTUOIN XOCHIA YUYH,
dbyitnaary yexkiu aiupMaiu MyHocabaTHU TOITUIIT MyMKHH

u(x, +h)—2u(x)+u(x —h)
h2
U — 2ui +U, 2
= +0(h?)

h2

u'(x) = +0(h%) =

(6)

Wxku y3rapyBumnm U(X,Y) — GyHKIMS TYpTOYpUakiu coxaga OepuiiraH
oyncun. Tyrpu TYpTOypuakHuHr |, Tamonnapunu N, ra OynmO, KaaamyiapHU

TOIINII MYMKHH

|
h =—X% , k=12 8
K N, ( )
by Xonaa TyryH HyKTaJlapHU KyWuarnia aHuKJIam MyMKUH
x.=h i, yj:hz.j,iZO,Nl, j=0,N,. (9)

VY xonma GYHKIUSHUHT TYTYH HYyKTaJapAard KUUMaTIapuHu KyhHugaruda
€310 oM MyMKUH

u(x,y;)=u;
Wkxu y3rapysBuran U(X,y) (QYHKUUSHUHT TyTYH HyKTalapAard XOCUIalapy yayH
KyHUIary 4eKIi-aiupMand HUcOaTIapHU TOMUII MyMKHUH:

U —-U . U . —U
u=—2 U gy =2 TV Yyrpa gan xocuanap

o Y

u =—— MapKa3ui Xocuiia




U — 2u, ;tu;

— : -1
u, = ~ 2-TapTUOIN XOCHIIa (10)
T ui+1,j+1 - ui—l,j+1 - ui+1,j—1 + ui—l,j—l apasial Xocua
N 4hh,

OHJIU, UKKH YITYOBIM JIame TeHTIaMacu y4yH YeKJId allpMaiy TeHTJIaMalapHU
KYPHILTa YyTaMU3!

(ﬂ+2,u)6u;+(i+y) ou, +yau;+X1:0
OX, OX, OX, oX, (11)
o'u o'u o'u

A+2 L+ (A+ — + £+ X, =0.

(A+2p) v (A+4) xox Mo TR

2 1 2

(11) renrnmamanapaaru xocunanapuu, (10) dopmynanapaan ¢oinananran
X0JiJa, MOC YEKJIM-alupMaiau MyHocaOariap OujaH anMamTupuO, Kyiuaaru
YeKIM-alupMalld TeHTJIaMallapHH TOTIHII MyMKHH
—2u; ; + U Vv

\Y +V

u. .. . V. o —V. .. —V\. .. o
(ﬂ, + 2,Ll) i+l 2 -1 + (/1 n ,Ll) i+1, j+1 i—1, j+1 i+, j-1 i-1,j-1 4
h; 4hh,
U ...—2u . +U. .
+,U i,j+1 hlzj i,j—1 + X1 _ 0
2
(12)
(A +2u) Viia —2Vi;+ Vi + (A + 1) Ui jor —Uig o — Uiy ja T Uiy N
h; Anhh,
+,LlVi+1J 2Vij+V| 1,j +X2=O

(12) renrnamanapuu U; ; Ba V;; Ky4uIuiapra HucOataH eyamus3, SbHU

Jd N

U ; = (4h22 (a4 ~+ 2#)(Ui+1,j + ui—l,j) + 4hlzlu(ui,j+1 + ui,j—l) +hh, (A + )™
* (Vi+1,j+1 —Vigja " Viaja t Vi—l,j—l) + X))/ (8h22 (A+2u) + 8hlz,u)

Vii = (4rH2 A4+ 2/1)(Vi,j+1 + Vi,j—1) + 4h22/u(Vi+1,j + Vi—l,j) +hh, (A + )™
* (ui+1,j+l Uiy~ Uiy ja t uifl,j—l) + X,)/ (8h12 (A+2u)+ 8h22,u)-

(11)- myHocabaTiap acocuma k=0.12,... HHAEKC OVHMYa KyHHIard HUTEPALMOH

JKapa€HHU TAIIKWI KUJIaMU3

UKD = (AR2(A+ 22U, + U9 ) + 42 (U, +u%9,) + b, (A + p2) *

(13)

i+1,j —1,j i, j+1 i,j—1
* (Vi(JIr(:I?,j+l - Vi(l(l),j+1 - Vi(JI:J?,jfl + Vi(—kl),j—l) + X))/ (8h22 (A+2u)+ ShLZIU) (14)
Vi(,kj+l) = (4h12 (A+2u) (Vi(.kj?rl + Vi(,kj)—l) + 4h22ﬂ(vi(4l:1),j + Vi(l(l),j) +hh, (A + )™

* (U — ui(l(l),j+l - Ui(fl),j—l + ui(l(l),j—l) + X,) 1 (8N (A +24) +8h ).

i+1, j+1




yerapaBuil mapTiap TyryH HyKTajapra HucOaTaH Kyhuaarunya €3u0 Oouii
MYMKHUH

. TTX 7Z'X
uly’ =0, v =sin=—"7, u =0, vy’ =—sin :
I 2
1 1
. Y TY (15)
0 _ i y© _ ) _ ) _
Ug; =Sin——, V57 =0, uy’ =—sin——, vy =0.
2 2

Honuuun skuanammuinia, sbhu K =0 O0ynranga kumupuiaérran U() Ba V(O)

KaTTATUKIApHUHT (2 COXaHMHT YerapacHiard TYI'YH HyKTajlapaard KuiMariaapu
(13) yerapaBuii mapTiapra acocaH aHuKIaHaau. MYky TyryH HyKrajapjaa dca,

Hommaun (K =0) sgxkupmammmga Ky4uiiapHUHT KMAMATIapd HOJIa TEHr aed
xucobmanany. Mrepanyuon xapaéHHM JaBOM 3TTUPUO, KMAMpHIA€Tran U; Ba V;

KYUUIUTAPHUHT KAAMATIApUHA & aHUKJIUKA TOTUII MyMKHH.
Kyiinnaru @yHkuusiiap
X . . 7IX
U = C0S—sSIn ﬂ ., v=3in —COSﬂ (16)
1 2 1 2
yerapaBuil IMapTiapHA Ba XaKMUW Kywiap Kyhumpgarmda Oynranma (11)
TeHFJ'IaMaJ'IapI/IHI/I KaHoaTJ'IaHTI/Ipa):[I/I

X X Ty, 2 X. .

X ——(}t+2y) cosZXisin 20 (/1+y)—cos Lsin—L ) —y”—zcosﬁ—sm Y,
1 1 |2 LI, L, l, I, l, 1, a7

2 2
X, X
—(ﬂ+2u)—sm—cos Y, (}t+/,z)—sm—cos Y —y%smﬂ—cosi.

I2 I1 |2 I1|2 1 I2 I Il |2

Moenp Macalia mapamMeTpIapHUHT KydHuaard KuiiMatinapuaa eunirad 4=08,

©=05, |, =l,=1,N1=N2=10.

1-skagBaj
u(x,y) kyunmuunr € =0.001 6yaranaarn Takpuouii Kuiimatiaapu
x=0 x=0.1 | x=0.2 | x=0.3 | x=0.4 | x=0.5
y=0 0 0 0 0 0 0
y=0.1 | 0.3090 | 0.2939 | 0.2499 | 0.1816 | 0.0955 0
y=0.2 | 0.5877 | 0.5593 | 0.4754 | 0.3451 | 0.1813 0
y=0.3 | 0.8090 | 0.7706 | 0.6554 | 0.4757 | 0.2498 0
y=0.4 | 0.9510 | 0.9068 | 0.7717 | 0.5603 | 0.2943 0
2-KaaBa

u(X,y) aHUK eYMMHHMHT KHIiMAaTIapn
x=0 x=0.1 | x=0.2 | x=0.3 | x=0.4 | x=0.5
y=0 0 0 0 0 0 0
y=0.1 | 0.3090 | 0.2938 | 0.2500 | 0.1816 | 0.0954 0
y=0.2 | 0.5877 | 0.5590 | 0.4755 | 0.3454 | 0.1816 0
0

0

y=0.3 | 0.8090 | 0.7694 | 0.6545 | 0.4755 | 0.2500
y=0.4 | 0.9510 | 0.9045 | 0.7694 | 0.5590 | 0.2938




UYerapaBuii MacaJaHUHT COHJIM HATW)KAJapUHU aHUK €YUM  OuiaH
COJIMIUTUPHIL KYYHIUIAPHUHT KUAMATIapu eTapivya SKUHJIUTUHUA Kypcatau, Oy
3ca OJIMHTaH HATWKAJIAPHUHT MIIOHWIMIMIMHYU Ba TAKIU(] KWIMTaH COHJIA €4MIL
METOAVHUHT TYFPUJIMTUHNA TAbMHUHIIANIN.

ynnait Kuaub, METOHUHT MOXMSITH JAcTJIA0KU TEHIIamasap Ba YerapaBuii
HIapTiIap y4yH MapKasuil TYr'yH HyKTajapJaru acocuil Kyduuulapra HucOataH
€YWITaH YEKIN-alMpMaIM CXEMAJIap KypUII Ba UTEPALMOH KAPAEHHU TAILIKUIL
KUJIUIIgaH uobopar. byHaa, HONMMHYM SKMHJAIIMIAA WYKA HyKTajapJarud

KYUYUIUIAPHUHT KUAMaTIapy HOJIra TEHT J1e0 XUCOOIaHa Iu.

2.2. YekJM 3j1eMeHTJIap yCYJIH.

Ueksin 3l€MEHTIAp YCyJIM, XO3WPrM aMajui MacajlajJapHu €4YMIlIa SHT KYyI
dbolnananunaauran ycyanapaan oupu 0ynuo, sanactuk Hazapucuaa Puti metoaura
acociaHrad. Xo3up Oy METOJHHU, DJIACTUKIWK HA3apUCHUHUHI CTaTHUK Macajaach
MUCOJUAa Kypub Yyramusz. MabaymMKkH, KATTHK O KUCMJIAPHUHT  YW3UKJIU
nedopManusiaHuI Kapo€HUHU HdoAaTalANral 4yerapaBuil Macana KyWujaaru

TCHIIaMaJIapdaH TAIIKWJI TOIIaH:

o +X; =0 Q)
0y = Cijkegke (2)
1
& :E(ui,j_'_uj,i) (3)
Uils, = L]o (4)
oiN;jls, = Si0 (5)

Mabnymku, (1-5) wmacananu edMiiHd, KyWujgard —(yHKIHOHAJ-
JlarpamwxusiHra MUHUMYM KuiMaT OepyBuM Ui (PYHKIMSIHH TOIMII Macajlacura,

SAbHU BapHallMOH Macaljiara KCJITHPHUII MYMKHUH

1

L= lj‘aijg..dv—j Xiuidv—J S,u,dv
2v v %, (6)

(1-5) gerapaBuii Mmacasia Oup YITUOBIHM X0JIAa KyHUIaru KYypHHUIITA 3Ta Oy IaIn:




u | x=0— l]0 (7)

(7) renrmamanapHu Kyuumira HucOataH €3ub omamms

Ed—u+x 0, o<x<I (8)
dx?
du
u|x=0 :uo’ E& x=|:SO (9)

(9) —macanara moc keayBuu (pyHKUIHOHaNI-Jlarpamkuan KyHuard KypUHHILTa
ara Oymaau

1r_(d
:EQE( i) dx — qudv+Su| (10)

(8) Tenrnamanu, yerapaaa HoJIb KHiMaTra ara Oyaran v ra kynaitupuo Ba (9)-
yerapaBuil IapTIapHU XucoOra oJiraH Xojija KecMma OVyitmda Oynakia0

UHTEerpamiald, Kyduaaru MHTerpan u(ogaHu TOMUII MyMKHH

Ejd_“ ﬂd _Idex—SV|X=, (11)

(11) udona OuxBagpatuk Gopma OYIMO, MHTErpaIb AWHUAT 1c0 FOPUTHIIAAA Ba
yHAa v=u O¥ynca, yunas (10) — pyHKIIOHAT KETUO YUKAIH.

DHau Macana Kapanaétras [0,/] kecMaHM Xap XUl

h=x,-% i=0N (12)

Y3YHJIUMKIAru CerMeHTiapra axxparamMmus. by cermentnap ogataa, “dekiau J€MEHT”

nap e aTanaau.




Xo X1 Xo... X1 Xi... Xn
| | | | | | > X
0] —— [
h1

Tyryn HyKranapjarn (yHKUMSHEUHT KuiiMatiapunu — U(X; ) ne6 Genrunad

OoJIaMHu3, sHH

Ugy Uy ooy U g, UpyeenUy
Xap Oup 4ekiu aaeMeHTAa [x ,, x] MacalaHWHT €UMMHUHH YU3UKIU QYHKIUS

KYPHUHUIIN]IA U3TTalUMU3!
u(x)=ax+b (13)
Ba Oy QyHKIMSHUHT TyryH HyKTanap/aa 6epuwirad U (X, ) KuiiMaTiap OuiiaH ycTMa-

yCT Ty (MHTEPIOJISIIKS) apTHIaH Goiaanub, a,b HobMamyMiapra HucOaTaH,
KyHUJaru TeHriamManap CUCTEMAaCHHU XOCHIT KW MyMKHH:

)= aX. b
u(x)=ax+ (14)
u(x_)=ax_+b
Tenrnamanapau Oup-OMpusaH xaama-xaj auupud a KOdI(DPUIMEHTHU TOMMII
MYMKHUH
a— u(x)—u(xiy) _ Ui —Uiy (15)

X — Xy hi

(14) TenrnamaHuHr 1-CUHHU X, Ta 2-CHHHM 3Ca X, ra KynanTupuo,

UX; =ax X, , +bX
Ui X = ax,_ X +bXx;
Ba yJIapHU Oup-OupHIaH xaama-xaj anupuod b KodhOUIIMESHTHH TOMUIIT MyMKHH:
b= UiXi g —Uig X — UiaXi —UiXiy (16)

Xiq—X hi

(15-16) kosdpdunmentaapun (13) wudomara KyHuO, “UEKIM dJIEMEHT 1a
aHukJanrad GyHKIUIHA ( GyHKIUS POPMBI) TOMUIIT MYMKHH

U X —U X

u(x) = 2 ;Iu“l X + .

EKU1

u(x) =, X_hX‘*l ru, X (17)

Oumu (11) — dopmann €xu (10)- JlarpaxkusH QYHKIMOHAIMHU  YEKIH

arieMeHTIIap Oyiinya MUFUHINM KYpUHUIIUAA €3U0 OJaMu3:




N X
D E d_u ﬂdx I Xvdx + Sv,, =0 (18)

=g =1 %

o du dv
Ouau (17) dynkuusaan oigananran xonaa o B8 gy [apm Tonu6 (18) ndoaara
X X

Kyiub Kyiugaru ndonanu TOMUITIMH3 MYMKHH:

[Ny LRI PEC PR

i |1X1 i

DOHau Oy udbomaman v, i=12,..N -1 Oyiinua Xocusia ojlaMu3, SHH

Effu‘h'ldx+EI 'dx+IX '1dx+_[x 'E X=X gy 0 (20)

Xi_1 i i +1 | i+1 i

Arap Kyiinaaru oenruianusiap KUpUuTHica
Xi

]lE(x)dx:Ii, R = | x%dx (21)

i
i1 X1 !

(20) TenrnamaHu Kyiugaru KypuHumiaa €30 ouil MyMKUH

U —Ui Uig —U;
Ii h2 l_|i+1 hl 2 =Ri+Ri+l
i i+1
EeKU
Ii+l Ii Ii+1 Ii
h 2 U, + F"‘F U; +Fui—1 = Ri + Ri+1 (22)
i+1 i i+1 i
U, =, (23)
u, —u
IN%:RN—FSN (24)
N

Tene opanuxnap yuyH 6apuayuoH ycym.
(10) —dynkumonangan ¢GoimanaHuO, TEHr OpajHMKIap YYyH, Tpameiusap
dbopmynacuaan doigananno
b :
h|'& N b-a |
f(x)Jdx==| ) f.+) f h=—~—
[ro= regn| =22t

a i=1

(25)

X, =h-1, =0,

(10) — pyHKIMOHATHM HUFUHAN KYPUHHUIIUAA €310 0JIaMU3, STHH




L“:%.%E Nj(‘;_zjzﬁi(&j —E{ZXU +2x }

(26)
XocunajgapHu YpHUTA, MOC PaBUIIIBA YHT Ba Yall YSKJIM alupMallapHu KyHuo
du_u,- du _u—u
dx h dx h (27)

(12) ndbonanu Kyiuaaru KypuHUIIra KEATUPUIIT MyMKAH

L 1 hE| & & - h| & N
C R 0 e el e

by epna

iZN_ll(Ui _hUHT ) (U1;uo )2 {%T +'"+[Ui _hUH jz {%T .__+(un _hun_l jz (29)

OH/M QYHKIMOHATBHUHT CTAllMOHAPINK apTUaH (GoigaianaMus, sHU

U; 6yitnua xocuaa om0 HOJIbra TEHITIaiMu3

h
oL =0, I=0,N
8Ui (30)

EKU

S-S LA ) e

—[2'+1 B9, h-lz] hX, =0, i=LN-1

(31)
(31) udonanu copnanamTrpud Gyiugaru KypuHUIITa KSITHPUIIT MyMKHH
-2U. + I
T e RS N T
i (32)
2EuU 28

N ~Ung — XN + 22
h h h (33)




~0 i

(34)
[Mysgait kw6, (32-34) dexknw aiupMany TEHTJaMajaap BapHAIlMOH YCYII

épramua Ty3Wwiau. Yekinu aimpMaiu TEHIJIaMaliap YerapaBuil MAacCajJaHWUHT Y3U

yayH sHA  (8-9) —macaiia y9yH Ty3WITaHHWIa 4YCKIM alupMalid TEHIJIaMajiap

KyHHUaaru KypyuHuUIra sra oymapau

U —2U; +U; L
B 12 =X i=1n-1 (35)
E.UN _UN—1:S
h ’ i=N (36)
Up=0 i=0 (37)

(32-34) Ba (35-37)  TeHrIaMallapHM TAKKOCJIA0 YJIapHUHT (hapKUHHU CE3HIII
MyMKHH. Yeknu alupManu BapUalMOH YCYJJIa YETrapaBUW IIapTAa XaKMUU
KYYHUHT XaM Mai10 OYIraHIUTMHU KYPUI MyMKUH. Arap XaKMHUM Ky4 HOJITA TEHT
Oynca, Oy TeHrJIaMaJapyUHUHT aiiHaH Oup XuJ OYIUO KOJUIUIUTHHHU KYpHUII
MYMKHH.

2.3. YerapaBmuii 3jieMeHTJIap yCYJIU.

Yerapasiiu snemeHTinap ycyauHuHr(Y0Y) acocuii Moxusitu, coxaaa
OepuiraH yerapaBuil MacaJaHU €YUIITHU, COXaHUHT Yerapacu/ia aHuKJIaHTaH
WHTHTpAJ TeHTJIaMara KeJITUpuO eduiniadn noopat. Macananusr yinyamu Oup
Yynuamra kamasiau. Macanah, Xaxkmaa Kapaina€TralH Macajia, COXaHUHT CUPTH
Oyiinua aHUKJIAaHTaH UHTETpaJl TEHTJIaMajapra Kkentupuiaau. by ycyrn xam,
AJIACTUK HA3apHUsICH MacajapyHH KJIACCHK yCyJUIapuaaH Oupu XUCOOIaHaIH.
JlexuH, oxupru rmapaa nHOOPMAIMOH TEXHOJIOTHSUIAMHUHT PUBOXKAHUIIIN
OwiaH yHra Oyiran »bTuOO0p siHa Ky4daniu.

By ycynuu 6aéH 5T 6usra “Vpranaliran KOJIIUKIap yeyiiu” 3apyp
oynaau. ®apa3 kunalauk, Ou3ra Kyluaaru oneparop KypuHuaa €3uiarad
yerapaBui Macayia Oepuirad OyacuH

Lu=f xeQ (@D
S,|,, =$ (2)
G, =9 3)

Oy epma oQ=T,UT,, I,I', coxanuHr derapanapu, f, S, g- Oepunran
byHKUMAIAp.




P

»
|

by epma L,S,,G - Oepwiran omepartopiap.
Macana edyuMUHHA KyUUJIard KypUHUIILA U3J1auMU3:

U(x) =@, () + Z,Cicoi (x), (4)

by epna C,—const, ¢,,.. @, 4M3UKIM OoFIMKMac GyHKIwsap, ¢, (2) Ba
(3) uerapaBwii mapTIapHH, KOTaHJIApU 3ca OWUp JKUHCIIM 4YerapaBUi IIapTIAPHU

KaHoaTJIaHTUpaau 11e0 (apa3 KUIaiIuK.
(4) an (1) TeHriiamara KysiMu3. Y XoJja

R=Li-f (5)

KOJITUKHU (HEBSI3Ka) TOIUII MyMKHUH. (4) HHM YerapaBHii mapriapra Kyinuo, Moc
paBHUIla KyHuaard KOJAUKIAPHA TOMUII MyMKHH:
R, =S0-1 (6)
R,=Gl-g (7)
(5-7) nbonmanapnan ¢origanaHrad xojaaa KyHuaarn HHTerpaib ndomaanu
XOCHJT KMJTUIIT MyMKUH

d
i RwdQ = rj R,wdl"— J R d—‘;lvdr (8)

Oy epna w- oFupiuK GyHKIUs(BecoBas QyHKIHA), N- O COXaHUHT CUPTUTA
YTKa3WIraH TallKyu HOpMaJlb.

CootHomenue (8) - udoa ypranamran KOJIAUKIAP yCyTu(METOT HEBSI30K)
ne6 atanaau. Kypunu6 typudavku 0y udoaa, KoJIUK XaajJapHu OFUPIIUK
byukiuscu W ra kynalTUpuIn opKaiu Xocui KuimHrad. (8)- uHrerpaib
MyHOCa0aT AMACTUKIIMK HAa3apUsACHIAru, KoJokanuuu, ['anepkun -byoHoB Ba PuTig
YCYJUIAPUHUHT yMyMJTAIIMACUIND.

Macanan, ['anepkun ycynu nantuga I RWdQ=0 Oymamnu, BaW Ba R

Q

(GYHKUMSUTApHUHT OPTOrOHAJUTUTHIAH ¢; KO3 (OUIMEHTIaApHU TOMHUO OJIMIIT

MyMKHUH. Kyliniaru teopema ypuHIIHa.

Teopema: dapa3 kunaiinuk [a,b] opanukaa y3apo oproroHans 6yaran v, (x)
TVna GyHKIUsIap cucTeMacu Oepuirad OYicuH. [a,b] opanukiaa y3mykcu3s Oyiran
f(x) - QyHKUMS yuyyH KyHHIara MyHocadar




j f (X)w,dx =0, 9)

f(x)=0 OynranmarvHa YpuHIu OYJau.

Mucon cudaTtuna Kylinaara derapaBuii Macasia Oepuiran 0yJIcuH

d’u 10
WHHX:O x €[04] (10)
u0) =0, (11)
du
—| =7 (12)
dX x=1

YmuoxuMm (10) HE oFupiuK GyHKOMsACH W ra Kymandtupamus Ba [0,1]
opalivK Oyiirya UHTEerpajiaiMu3

2
.[1[37[:+u+wadx:0 (13)

0

by udonanu nkku mapra 6ynakiad HHTErpamiad Tonammus
1 3 1 1 2
Id l:Wd _w —Id—Ud—W:\Nd—u —d—Wu|l+J‘u—d \;de. (14)
dx dx s dx dx dx|, dx ° J dx

quapaBI/II/I mapTJIapHn xucoora oaub Kyﬁn):[amqa €310 OJIUII MYMKUH:
2

_11 dw W
[wq]o—[dx l ju o dx = wg|,-wa], - ” ul, + dx +Iu
by udonanusna nukku mapra 6ynakiad uaTerpamiad Tonamus

j(j—;+u+x}wdx=[(q—q)w] {(u u)(;\)’(vl (15)

0

0

€K1
dw

IRwdx R wdx| dx

0

Oy epna
2

R=%+u+x, R,=q-0, R =u-U

By sca 6u3 TonMokuu Oyiran Kyitugaru GogaHuHr OUp YI4OBIM XOJAa
E3UITMIIMHY TAIIKWII 3Tau:

ijdQ ijdr jR—dr

2

OHIM, YpTanamraH KOJJUKIap ycylu €EpllamMuaa, 4erapaBuil HMHTErpai
TEHIJIaMaJIap TY3WII Y4YyH, MHUCOJ cudaTuaa KyWuJaard yerapaBhii MacajlaHu
KypaMu3

d2
> +U+x=0 xe[04] (16)
u(0)=0, (17)

u@®=0 (18)




by Macana yuyyH ypranamraH KOJIUKJIAp YCYJIH €EpaamMuia KyWHIaru
nudoanu TONUO OJNMIIT MYMKHH

1 2
I[é—g+u+x}wdx+(u—ﬁ)d—w
o LdX dx

by ndponanu nkku mapta 6ynaknad uaTerpamiad Tonammus

1

-0 (19)

0

¢ d*w h + duf
J. W udx+jx-dx+wq|0+u— =0 (20)
5 Ldx 0 dx|,
OrupiuK QyHKIUSACH W KyHHIard TeHTJIAMaH! SYHII OPKAJIK TOIHIIAIHU
d*w
+w=35(x—X 21
dX2 ( 1 ) ( )

Oy epna
1, x=x

5<x—xi>={

(21) Tenrnamaman doimaganrad xoiuga Kyidugard uoaaHu TOIIHII
MYMKHH

0, X#X

u(x,) = —jx-wdx—qul) (22)

by epna
w:%sin|x—xi| (23)

(22) TenrnamaHu COXaHMHI (KeCMa) YETKM HyKTajapura HUCOATH
du o
Kapao, q=- HUHT x=0 Ba x=1 HyKTajmapumard KuiiMatiapura HucOaTaH
X

TEHIJIaMalap CHUTeMacura KejlaMu3. YHU euud Kyimaaru udoaaiapHu
TOMMII MyMKMH.

1 cosl
= -1 q=-"o-1 24
% sinl % sinl (24)

by «kwiimatnapnan ¢omngananran  xonnga, (22) dbohmynanan
¢oiinananran xosnga [0,1] kecMaHMHT MXTHUEPUI MYKK X  HyKTacwuza
CUMMHUHT KHHMATUHU XUCOOJIAI MyMKHH.

Macanan, (22) popmynaga x, =0.5 Tonmuur MyMKUH

0.5 1
u(0.5) = —% _f xsin(0.5- x)dx—% j xsin(x —0.5)dx —q, sin(0.5) + q, sin(0.5) =
0 0.5

1 COS.l—lsin 0,5_£(£—sin 0.5)—E(£+sin 0.5—-c0s0.5) =0.06974
2 sinl 22 22




Ha3zopar caBosiapu

UYeknu aiinpmanu MyHocabatiap

VHr, yan Ba MapKa3uii YeKIM aiiupMain MyHocadatiap.
Apanai xocuiia yuyH Y€K/ ailpManu MyHocabatiap
Yexknu antupmanu ycyi

Nxku ynuosnu Jlame TeHIIIaMacHU COHJIN €YHUIILI
Bapuanmon macana. Jlarpanwxussa QyHKIImoHaIN
UYekiu 351eMeHTIIap yCyau

WNHTepnionsauus mwapru,

. MHTerpane aliHUAT

10 UM3HKIM HHTEPIOSLHOH (QYHKIHS,

11. Vpranamras KOJMKIAp YCYIIH.

12. Yerapasuii aneMeHTIIap YCYTUHUHT MOXUATH

CoNORODE




3-MAB3Y: 3amoHaBHii COHJIN yCyJlIap, AacTypJiail
TEXHOJIOTHSIJIAPH Ba BOCUTAJIAPH, XaM/Aa aMaJIMi JacTypJiap
NaKeTJAPpUIaH HIMHH-TAIKUKOT HATHKaJapuHu 2D Ba 3D
BH3YA/UIAIITHPHUII BA TAXJIH KWINIIAA (PoHIATaHUILL.

PEJXA:

3.1. 3amonasuii comnu ycyanap, oacmypiaui MmMexHONOSUANAPU 84
socumanapu
3.2.  Amamur  oacmyprap — nakemaiapuoan — UIMULU-MAOKUKOM
Hamuodicanrapunu 2D ea 3D euzyarnawmupuws 6a maxauni Kuauuod
gotioananuw.

Taanu cyznap: mamemamux MoOelb, COHAU MOOCIIAWMUPULL, MYXUMIAPOA
memnepamypa mapKaiuuiu, COHIU yCyaiap, NPO2oHKA yCyiu, peKyppenm ¢opmyia,
YeKIU-AUUPMATY —~ MEeH2AAMd,  OWKOp-OWKopMac — cxemanap,  obvekmea
uynanmupunean oacmypaaw, C# oacmypraw munu, euzyaiiawmupuus, ANSYS,
Cosmosm, Lira, SolidWorks, Mathlab

3.1. 3amoHaBHii COHJIM yCYJLIAP, JACTYPJIALI TEXHOJIOTUSIIAPHU
Ba BOCHTAJIaApH

by 6Vnumpaa, amanuii makeTiiap MaKMyacura MUCOJ cudaTua dMaCTUKIUK
Ha3apusaCy MacajlaJJapyHy COHJIM €4ulIra MyJDKaJuIaH JacTypJlap MaXkMyacu
kentupwirad. Y Delphi7 myxutuna siparunran 6ynu6, Mathlab nakeru Ounan
oupramukaa 3D rpadukiapau €paamMuaa >KapoE€HHU BU3YaJUTAIITUPUII Ba TAXJINAJ
ATUII UMKOHUHU Oepaau. by nmporpaMMa TabMHUHOTHHU SIPATHIL Ba KYJUIall Y4YYyH,
aBBaJl MaTE€MaTUK MOJE/UIApHU, SIHU TEPMOAIACTHK JAe(popMalUsIaHUII
XKapo€HUHH M(OAATOBUN YerapaBuil MacajlaHUHT KYHHIMIIN Ba YHIa MOC YEKJIH-
allpMaiy TeHrJIaMajlapiHHU TY3MII Ba YHU COHJIM €UYHUINra MMKOH OepaauraH Ba
JacTypilall yuyyH Kyjaid OyiraH camapajiu aaropUTMJIApHU TaHjall €Kd TakiIug




stumr  myxumaup. Iy dukpnapra TtasHraH Xoyua, aBBaT TEPMODIIACTHK
MacaJlaHMHT KYyHUHIHIIIIaH OoniainMus.

TCpMOBJ’IaCTI/IKHI/IKHI/IHF OoraHran JAWHAMHK MacajlaCHu XapakKar
TCHIJIaMaJIapuaaH

i%+ X, = pl (3.1.1)

HMroramen-Heitman MmyHocabaTuian

o, = 205, +2ug, —(34+2u)a(T -T,)5 (3.1.2)
Komm myHnocabatu
1
¢, =§(u"" +u,,) (3.1.3)
Ba NCCUKJIMK OKUMH TEHTJIAMACH IaH
cT=AT, (3.1.4)
MOC OOIUTaHFUY
ul, =4, ul, =w, T, =f (3.1.5)

Ba qerapaBHﬁ mapTiapJaH TallKWJI TOITaH

ul.=w, Yon| =S, Tl =e0) (3.1.6)

by epna A, - MCCUKIUK YTKa3yBUAHIUK KOIPOUIIMEHTH, C_ - UCCUKIUK CUFUMHU.

(3.1.1)-(3.1.6) uerapaBwuii Mmacaja Oup YIT4OBIIH XOJI1a KyHHIard KYpUHUIITa

ara Oymanu

oo o'u
X = 1.
2 x=pt (3.1.7)
o=(A+2u)¢,—(34+2u)a(T -T,) (3.1.8)
ou
= — -1-
f=2 (3..9)
¢ T, T (3.1.10)
ot ox’*
Ky#innaru OonuianFud Ba yerapaBuil maptiap OuiaH
ul,, =¢, a =y T| =f (3.1.11)

ot )

=ty




T

=2 T.=0. (3.1.12)

(3.1.7)-(3.1.10) TenrnamanapHi KyWuaard KypHHHIITa KSITHPHIIT MyMKHH

o’u oT o’u
A+2 -BA+2)a—=
(A+2u)7a=GBas2pmaz =pos
c g:ﬂoﬁT
© ot ox’
(3.1.13)
MOC OOIIJTaHFUY Ba YerapaBuii mapTiap OusiaH
ou
u,.=¢ , —| =v , T| =f
. ., e (3.1.14)
ux:O:u0 ’ux:l :u"T|x:0:¢1’Tx:l :¢1

o I .
| xecmanu N ra 6ynu0, ssHu h =y Ba BaKT t Oyiinua KagaMHM 7 OwWiaH

Oenrminald TyryH HyKTaJapHU TOIaMU3

(3.1.13) Tenrmamana XocuiIalapHA MOC YEKJIM aiupMai HUcOaTiap OuaH

IMAIITUPUO TOTIAMU3

u. —2u +u T -T. u.. —2u . +u
(A+2u)— W (BA+2u)a—— = p—= Mo (3.1.15)
h12 zh TZ
T -T. T. —-2T +T .
R (3.1.16)
T

by Tenrnamanapau Moc paBumiga U, Ba T, | Ta HUCOaTaH e4nd peKyppeHT

ij+l i+

dbopmynanapra sra 6ymamus

2 u. —2u +u . T -T
uivj+1:z-—((/1+2,u) i Ty T s —(3/1+2,u)auj+2ui,j—um (3.1.17)
P h 2h,
T 2T +T.
=Tl h;+ LT (3.1.18)
W= |

Kyhuara OOIUIaHFUY Ba YerapaBuil mapmiap Ouinan




_u ; _
‘=¢, i Ly, T°=f, =0,N
Ww=g, ==y, T =1 (3.1.19)

T =, T gl Timg j=0M)°

Ouaum (3.1.13-3.14) nuHamMuK yerapaBuii MacajaHd UTEPALMOH YCYJI1a CUUIII

ycynuHU Kypub yramus. Kylinnaru dexnm aitmpmanu €310 oraMu3

u, —2u +u._ . T, -T.. u,—2u . +u.
(/1_’_2/1) i+1,j ij i-1,j _(3ﬂ,+2/,[)a i+1,j i-1,j :p ij ij-1 i,j-2 (3.1.20)
h? 2h T’
T -T. T —=2T +T
R (3.1.21)
T

(3.1.20)-(3.1.21) tenrnamamapuu U, Ba T, Ta HucOaTaH euynd KyHumara

udoanapHu TOMUII MyMKUH

ui+1j+ui—1j Ti+1j_-|-i—1j 2uij—1_uij—2
e T -
i 20+21) _p (3.1.22)
h? T’
T -2T +T .
PR ACRCAPRATN (3.1.23)
. c .

(3.1.22)-(3.1.23) acocuma xap Oup j-katmam yuyH K wHAoekcu Oyitmua

UTEPALMOH KapPOEH TAIIKWII 3TaMU3

) ® T _T ou -
(A+2p) 221y Jimi i g Ujn—Us
0y = h? 2h . (3.1.24)
" 24+2u) , p
h? 7’

-I-.(k). _ 2T.(.k) T.(k).
ﬂ i h'; + i-1,j +-I_| - (3. 1.25)
c ,

(ks1) _
i

Macana Kyinaaru OOIUIaHFUY Ba YerapaBUil maptiapaa

UL):O’ %u =0, T|‘0=Tosin”TXi,
uH:O, uH:O, TH:O, TH:O

BA y3rapMaciiap/ia €4riIrad




2=08, 14=05 a=005 p=09 ¢ =32
4,=0.04,T, =15 1=1,N =10, h=0.1, 7=0.01.

XKazgsan 3.1. u(x,t) (ureparus ycynu) &=0.001

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
t=0 0 0 0 0 0 0 0 0 0 0 0
t=0.01 0 -0.00042 | -0.00035 | -0.00026 | -0.00014 0 0.00014 0.00026 0.00035 0.00042 0
t=0.02 0 -0.00163 | -0.00141 | -0.00102 | -0.00054 0 0.00054 0.00102 0.00141 0.00163 0
t=0.03 0 -0.00358 | -0.00316 | -0.00230 | -0.00121 0 0.00121 0.00230 0.00316 0.00358 0
t=0.04 0 -0.00623 | -0.00559 | -0.00407 | -0.00214 0 0.00214 0.00407 0.00559 0.00623 0
t=0.05 0 -0.00949 | -0.00869 | -0.00633 | -0.00333 0 0.00333 0.00633 0.00869 0.00949 0
t=0.06 0 -0.01328 | -0.01243 | -0.00907 | -0.00477 0 0.00477 0.00907 0.01243 0.01328 0
t=0.07 0 -0.01753 | -0.01678 | -0.01228 | -0.00646 0 0.00646 0.01228 0.01678 0.01753 0
t=0.08 0 -0.02213 | -0.02171 | -0.01594 | -0.00839 0 0.00839 0.01594 0.02171 0.02213 0
t=0.09 0 -0.02700 | -0.02717 | -0.02004 | -0.01055 0 0.01055 0.02004 0.02717 0.02700 0
t=0.1 0 -0.03208 | -0.03313 | -0.02459 | -0.01295 0 0.01295 0.02459 0.03313 0.03208 0
Kansan 3.2. u(x,t) (Omkop cxema)
x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 | x=0.6 x=0.7 x=0.8 x=0.9 x=1
t=0 0 0 0 0 0 0 0 0 0 0 0
t=0.01 0 -0.00042 | -0.00035 | -0.00026 | -0.00014 0 0.00014 0.00026 0.00035 0.00042 0
t=0.02 0 -0.00165 | -0.00142 | -0.00103 | -0.00054 0 0.00054 0.00103 0.00142 0.00165 0
t=0.03 0 -0.00369 | -0.00318 | -0.00231 | -0.00121 0 0.00121 0.00231 0.00318 0.00369 0
t=0.04 0 -0.00646 | -0.00564 | -0.00410 | -0.00216 0 0.00216 0.00410 0.00564 0.00646 0
t=0.05 0 -0.00992 | -0.00880 | -0.00640 | -0.00336 0 0.00336 0.00640 0.00880 0.00992 0
t=0.06 0 -0.01399 | -0.01263 | -0.00919 | -0.00483 0 0.00483 0.00919 0.01263 0.01399 0
t=0.07 0 -0.01858 | -0.01712 | -0.01247 | -0.00656 0 0.00656 0.01247 0.01712 0.01858 0
t=0.08 0 -0.02359 | -0.02225 | -0.01625 | -0.00854 0 0.00854 0.01625 0.02225 0.02359 0
t=0.09 0 -0.02892 | -0.02799 | -0.02049 | -0.01078 0 0.01078 0.02049 0.02799 0.02892 0
t=0.1 0 -0.03449 | -0.03430 | -0.02520 | -0.01326 0 0.01326 0.02520 0.03430 0.03449 0
XKansan 3.3. Temmneparypa T(X,t) (utepanmst ycyau) &=0.001
x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
t=0 0 | 463525 | 881678 | 12.13525 | 14.26585 15 1426585 | 12.13525 | 8.81678 | 4.63525 | 0
t=0.01 0 4.62958 8.80599 12.12041 | 14.24839 | 14.98165 | 14.24839 | 12.12041 | 8.80599 | 4.62958 0
t=0.02 0 4.62392 8.79523 | 12.10559 | 14.23098 | 14.96333 | 14.23098 | 12.10559 | 8.79523 | 4.62392 0
t=0.03 0 4.61827 8.78448 12.09079 | 14.21358 | 14.94504 | 14.21358 | 12.09079 | 8.78448 | 4.61827 0
t=0.04 0 4.61263 8.77374 | 12.07601 | 14.19621 | 14.92677 | 14.19621 | 12.07601 | 8.77374 | 4.61263 0
t=0.05 0 4.60699 8.76301 12.06125 | 14.17885 | 14.90853 | 14.17885 | 12.06125 | 8.76301 | 4.60699 0
t=0.06 0 4.60136 8.75230 12.04651 | 14.16152 | 14.89030 | 14.16152 | 12.04651 | 8.75230 | 4.60136 0
t=0.07 0 459573 8.74160 12.03178 | 14.14421 | 14.87210 | 14.14421 | 12.03178 | 8.74160 | 4.59573 0
t=0.08 0 459011 8.73092 12.01708 | 14.12692 | 14.85392 | 14.12692 | 12.01708 | 8.73092 | 4.59011 0
t=0.09 0 4.58450 8.72024 | 12.00239 | 14.10965 | 14.83577 | 14.10965 | 12.00239 | 8.72024 | 4.58450 0
t=0.1 0 4.57890 8.70958 | 11.98771 | 14.09240 | 14.81763 | 14.09240 | 11.98771 | 8.70958 | 4.57890 0




XKanpan 3.4. Temnepatyp T(X,t) (Omkop cxema)

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1

t=0 0 4.63525 8.81678 12.13525 | 14.26585 15 14.26585 | 12.13525 | 8.81678 | 4.63525 0
t=0.01 0 4.62958 8.80599 | 12.12041 | 14.24839 | 14.98165 | 14.24839 | 12.12041 | 8.80599 | 4.62958 0
t=0.02 0 4.62392 8.79522 | 12.10558 | 14.23096 | 14.96331 | 14.23096 | 12.10558 | 8.79522 | 4.62392 0
t=0.03 0 4.61826 8.78445 12.09076 | 14.21355 | 14.94501 | 14.21355 | 12.09076 | 8.78445 | 4.61826 0
t=0.04 0 4.61261 8.77371 | 12.07597 | 14.19615 | 14.92672 | 14.19615 | 12.07597 | 8.77371 | 4.61261 0
t=0.05 0 4.60697 8.76297 | 12.06119 | 14.17878 | 14.90846 | 14.17878 | 12.06119 | 8.76297 | 4.60697 0
t=0.06 0 4.60133 8.75225 12.04644 | 14.16143 | 14.89021 | 14.16143 | 12.04644 | 8.75225 | 4.60133 0
t=0.07 0 4.59570 8.74154 12.03170 | 14.14411 | 14.87199 | 14.14411 | 12.03170 | 8.74154 | 4.59570 0
t=0.08 0 4.59008 8.73084 | 12.01697 | 14.12680 | 14.85380 | 14.12680 | 12.01697 | 8.73084 | 4.59008 0
t=0.09 0 4.58446 8.72016 12.00227 | 14.10951 | 14.83562 | 14.10951 | 12.00227 | 8.72016 | 4.58446 0
t=0.1 0 4.57885 8.70949 11.98758 | 14.09225 | 14.81747 | 14.09225 | 11.98758 | 8.70949 | 4.57885 0

3.2. Amajuii JacTypJap nakeTJapuIaH WIMHIA-TAAKUKOT

HaTHxajgapunu 2D Ba 3D BusyasuiamuTupuin Ba TaXJIW KWIHIIAA

douxananum.

Kyiinga amanuii makerigap Ma)kMyacura MHCOJ cudaTHAa 3IIaCTUKIUK

Ha3apHsICH MacaJlapuHU €4MIIra MyJDKaJIJIaH AacTypiap MakKMyacH KEJITUPUJITaH.

VY Delphi7 myxumtuaa spatuiaran 6yaun6, Mathlab makeru 6mian oupranmkaa 3D

rpauKIapHU sIpaTUIl UMKPHUHU Oepajiu.

by pmactypuii Maxkmya epAaMua KyWHIard Karop DJACTUK TUILAATH

MacajajgapHy €YUl MyMKHH.

Mmucou 3.2.1. MacajaHu TadjIall UMKOHUSATH

r
W Uncrennble pelenns 3agay TepmMoynpyrocTi

=&

3agaum

Teopus ynpyroctu 2D

Tepmoynpyrocts 2D

Henonnas cessannas 1D

CeazaHHas uzotpon 1D

Bueepute 3agauy

Cea3aHHas uzotpon 2D

Ces3aHHas opTtoTpon 2D

Ces3aHHas optoTpon 3D

Cea3aHHas usotpon 3D




Pacwm. 3.2.1.

Acocuit  dopmana «Teopus ymnpyroctu 2D» HHU TaHIaraHuMuszaa
MaTE€pUATHUHT TEXHUK Y3rapMaciapyH Ba UTE€pallUsl aHUKJIUTUHUA KUPUTHUII YUyH
MMKOHUSTH TYFUIAIN

Mucoa 3.2.2. DnacTuk TakpuOU Ba aHUK €YUMJIAPHU TaKKOCIAlll HAMOUII

OTHUJII'aH

W 3apaua reopum ynpyrocm 2D — o
P ypy
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3 '
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0 i
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WBO-056773 | v{B0F058779
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Mucoa 3.2.3. Ukku ¥140oBIM OOFIMKMAC MacalaH! COHJIU CUMIII

T8 Heconsantias craTviseckan 3aaaua Tepmoynpyrocra 2D - » . pa— " P
[io TO [oa A [03 yzi 0.05 o 0.0 &
Ceuenue Ceuenue Ceuenue
5 TPaduK DYHKUMK U(X,Y) No ocH OX i TPABUK BYHKLHM V(X,¥) N0 6ck OX & Tpagik TEMNERATYPLI NG 0CH 0X
uf Bl=0 T[0:8)
ul 8)=0,00551 T[1:8] N
ul =0 T[2:8]
ul T[3:8]
u 048 afie e
u 1058
u 1068 [ | —
u 1078
u 1[4
u T(3811 21
ul TN
A
0 1 0 1I
Ceuenne Ceuenne Cevenune
B 1
Tpadik TeMnepaTypsl no och 0Y
FEI=] s e U 1
s (-1
u[32 T[1:2}
| |u(3:3] (13}
u[3:4 T[4} M
(5] T[1:8)
WEE] 1018
W] 1017
3] T(1:8}
W3] T(1:9) 1
sl 0
0 1
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Mucoa 3.2.4. bup Ya4oBiIM OOFIMK MacaJlaHU MKKHU yCYJIJa COHIN CUHIIT

= — ———— ]
4 Henonnas ces3aHHan AMHaMWYECKan 3a3aqa Tepmoynpyrocth 10 B e -
- - e s

0.4 JLI

[15 TO

0.6 A
2 Cnof no speMeHu

0,08 o oA f2,

3 TemnepaTypa no ock OX

0.0 2 BHYUCIUTBL

Cnoi no BpeMeHy N |
HABHan 12 e
u(0:2, (0:2) wf-—f
u1:2) (1:2]
w22 [2:2] Py R
ul3:2} (32
u[#:2) (4:2) el f e R
u(3:2]=0 u(3:2]=0 (l
u(B:2]=0.0008E | u(E:2)=0.00064 +$5f-- - R
u(7:2=000126  |uf7:2)=0,00122
uE2=00m73 |u@2)=00mes opoo2t@ F 1+ | |uz3=8E0m 0 24y -
u(®:2]=0,00203  |u(3:2)=0,00198
u[10:21=0 u[10:21=0 0 ’

13
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! Ceuenwe no 0X 14,265 - I
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uE3)=00039  [u(8:3)-0.00368
u(E:4)=000692  [u(®:4)=0,00635 14,245 -
u(B6)=001073  [u[85)=0.00386
WBE=001551  [u{EE)=0.01419 14,24 14,231
u(B7)=002105  [u(8:7)=0.01933
u(E:8)=002741  [u(B:8)=0,02525 14235 -
u(B:9)=003455  [u(8:9)=0.03191
(B 100=0,04245  |u(2:10)=0,03526 0
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Pacm. 3.2.4.
Mucoan 3.2.5 Hzorpom >kucMiIap y4yH KYYHII KOMIIOHEHTajapu Ba

TEMIIEpaTypPaHUHT TAKCUMJIAHUIIN




== x|

fﬁ CeA3aHHaR AvHaMW4eckan 3aaa4a Tepmoynpyrocty 2D (sotpon)

10 * BbiGepuTe yHKLMIO
Cnow no epeMeHun a0 ey - BEMCAMTE

s T0 [o7s A Jos M [pos o [oss P foos Ay [pa  C

MeTon NporoHku

MeTon ceTok

Pacm. 3.2.5.
Mucoa.3.2.6. OproTponm KHUCM XaKuJard WKKH VIUYOBIM Macaja

HaTWXXaJIBAPHU HAMOMUIIIH.

fﬁ’ CensanHan 3aa3qa tepmoynpyrocta 2D (o_pToTpcn] | =RACT ﬁ]‘
9 = BuiGepuTe ¢pyHKLMUIO
v| Cnow no BpemMeHu - BouvcnuTb
©u ) T

078 C1111 [p.a4 CN122 [po6 A, [ps6 L2 Jo.005 [,
o5 c1212 oz c2222 ooz A, 325 C, jpoos S, 15 To

MeTon NporoHkm

MeTton cetok

Pacwm. 3.2.6.
Mucoa 3.2.7. OptoTpon napajienenune]] Xakuaaru 00FJIMK TepMOIIaCTUK

MacCaJlIaHH COHJIM €YMUIII
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IV. AMAJIMA MAIIFYJIOTJAP MASMYHHU

1-MAB3Y: Knaccuk MeXaHUKAHMHT 3aMoHaBuii xosaTu. Hazapuii
MEXaHUKA Ba TyTalll MYXHUTJIAP MEXAHUKACUHUHT ACOCUII MaTeMATHK
MO/IEJIJIAPUHUHT TAXJIHJIIN.

Hazapuii mexaHuka Ba TyTalll MyXHUTJIAp MEXAHUKACMHUHI MaTeMaTHK
MOJICJUIAPUHMA TaxJWIHW, YyJIAPHUHT acoCcaH OJJIMM Ba XyCyCHM Xocuialu
muddepeHnran TeHraManap KypUHUIIUAA HW(OJATaHUIIMHU  KypcaTaaw.
Hazapuii mexaHukama, MOJJIMM HyKTa Ba HYKTaJap CHUCTEMacu XOJaTIapUHU
Vpranuii naituaa, acocan Oonuianrud maptiu guddepeHnuans TeHriamanap Ba
TEeHrJlaMajiap CUCTeMallapu maiiio Oynmanu. Ynap omatna Komm macanapu ne6
aTajaad Ba YJApPHUHI AHAIMTUK €YUMIIApUHHU, (akar O0ab3u Oup Xycycui
XoJulaparuHa TONUII UMKOHU OYaau. YIIapHU COHJIM €YU 3apypaTH TyFUIIaIH.
Iy Hykrau HazapjaH kenubd unkuO, Komm macananapuHu COHJIM €UUITHUHT
Diinep, Ditnep-Kommm Ba Pynre-Kyrra xabu ycymiapuu kypubd yramus.

®dapa3z kunaauk ousra 1-raptudnu onauii nuddepeHuanb TeHrIaMa

yayH Kyhugara Komm Macanacu Kyuuiaran 0yicun

du = f(x,u)
dx (1)
u(x,) =u’ @
(1-2) macanacuau coHM euuInuHT Ditnep, Dinep-Komm Ba Pynre-Kyrra xabu
ycyiiapu MaBxkyn. (1-2) mucon cudaruna kyiunaru ourra (1)éxu ukkura (1)

TCHIJIaMaJIap CUCTCMAJIApUHHA Kapall MyYMKHWH

;X 4y?
y= x-1
0)=2
y(0) (1)
y=1->
y
,1
7 =—
y—X
y(0) =1 z(0)=-1

(1




(1)- MacanaHu COHJIM €UMII yIyH © HyKTagaH 6omnurab h kamam GHiaH Kyiumara
TYT'yH HyKTaJapHU aHUKIa0 oJlaMu3

X =%, +h-i,i=0,N 3)
(1)-TeHrmaMaHUHT Yar TOMOHUIATW XOCHUJIAHM YHI XOCHjIa OWJIaH aaMariTupuo

KYP’IHI[aFH YCKJIN aﬁHpMaHH TCHINIaMaHH TOIIMII MYMKHWH

L= £ () (4)

Bouutanruy mapthu (2) 5ca Kyliuaruda 310 oM MyMKHH
Uy = U° (®)

VY xonpa, Dilsiep yCyIHMHUHT acOCUi udoaanapy ymoy KypUHUIIra KeJaaau:

Uy =U; +h- 06, U;) ()

U, =Uu

Mucon Tapukacuaa rokopuaa kenrupuiran (I) —macananu Didnep ycynu
Epamamuaa eyamus. (6) ubonanapaan goitnannd (I) —macana yuyH kyhumaru
upoaanapHu €310 OJIMII MyMKUH

2 2 _
Y=y, +h- 2N i_gN ()
X —1

Yo = 2, (8)

h=0,1 6yncun. Y xonna Y, = 2, Oonutanrud maptuaad 1 =0, ga Y, HM TONMII MyMKWH, SHH

X + Yo
=y, +h-——
Y1=Yo X, —1
i=1 na y, nau doitnanu® Y, HU TOMUII MyMKHH
2 2
+h XY
X, -1

KOJITaH HyKTaJapAa XaM, XyIIH IOKOPUIAruaeK Y, JIapHU XUco01a0 O MyMKHUH.

Yo=Y

(1-2) Gouwtanruy mMacananu Dinep-Komm ycynu 0yiinua eqnin yayH acocuit
(dopmynanapuHu Tonuul yuyH (1) TeHrmamManu X;, X;,; OpaiuK Oyiinua HHTErpauiaimMus,
STHU
Xis1 dU Xi I
—dx=| f(x,u)dx , x =x,+h-i, i=0, 9
J 0= [ o) : ©)

Ba, Tpanenus Gopomynacuan ¢oinanad Kyingaru upogaHu TOMUII MyMKUH




X _ fi+1 + fi -h
X; 2

€Kkn

f (Xi+1’ui+12)' f (qui) (10)

(10) udomanu, Diinep dhopmynacu (6) Hu nHOOATTA ONraH Xonaa, Jinep-KomuHuHT acocuii
(dboomynasapHu TOMHII MyMKUH

ui+1:ui+h'

Oy = U +h- F(X,0;)

f(x.,0.)+f(x,u
Um — ui + h . ( i+1 |+1; ( i |) (11)
u, =u’
Ditnep-Komm acocuii upomacu i=0 mga Kyliumard KypHHUIIHEA OJTaI0

0, =ug+h-f(%,Up)

f (%, 0)+ F(%.Ug)
2

Ditnep yeymuuunr anmpokcumaius xaroauru O(h), Ditnep-Komm ycynunuku sca O(h?).

U, =U, +h-

Annpokcumanus xatomury O(h*) 6ynran Pynre-Kyrra yeynmuauHr acocuii hopMmyiatapuau

KEeJITUpamMu3

u

i+1 i

=y, +%[k§‘> + 2k + 2k + k| (12)

Oy epna

2-mapmubau 000uil oughghepenyuans meneramaniap Y4yH Kyuuiean yeeapasutl MAacaianiap 6d
VIAPHU COHU eyunt YCYLIapu.
MexaHrKa Ba TyTall MEXaHUKACH MaTeMaTUK MOJICIIApUHU MacajaJlapiHK SUHI JaBOMHJIA 2-

TapTUOIU oamuit auddepeHnnans TeHramanap y4yyH KYWWiraH derapaBuil Macananap Kyo
XoJutap/a equni 3apypatu Tyruinaau. llynnan kenu6 unku6, 2-raptudnm onauit nuddepennumans
TEHIVIaMaJIap YY4yH KyWWIraH yerapaBuil Macajanap COHJIM €YUIIHWHI YEKJIN alupMalld yCyau

Ba MPOTOHKA YCYJIJIApUHHU KYPHO YTamMus.




WxxkuHYM qapaxany oaauil muddepeHnuan TeHriaMa Kyiuiaru yMyMuid KypuHUIga

OepuiraH OYICUH

)=1(x) (ab) 1)
yerapaBuil maptiap Ounan
du(a
au(a)+ 1o x=a @)
du(b
au)+ 5, 5 =, x=b )
[a, b] kecmanu N KHCMTa aKpaTaiimk,
b-a .
h=——, X; =a+hi 4
N (4)
u (Xi) =y

VY XoJ1a 4eKIM alMpMaiii TEHIVIAMAHU TOIIMII MyMKHH

Uiy —2U; +U; Uiy — Ui -
A - . L+ B, 12h L+Cu, =f. 1=1.,N-1 (5)
u, —u .
Uy + B % =Yn 1=0 (6)
u U .
a,Uy + f, h N = Y I=N (7)
(5-7) Tenrnamanapu Kyiuaard KYpuHHUILITa KEITHPUIIT MyMKUH
au.,,+bu +cu_, =f, 8)
Aoy + Byl = Vous 9)
AUy By = Yoz (10)
by epna
A B —2A A B
= T, b = C-, i ———
Tt T Tt STRTm (11)
@or = _%’ Aoz = —%, Por = %, Poo =0t + :ﬁz (12)
QY+ bi YitGYin= fi ' (8)1
Ao Yo + By = Yous (9)1
Ao Ynoa T B Yn = Yoo (10)1
(8) Hu eunMuHYM yIIOY KYPHHHUIIIA H3TaHMK3
(13)

Yia = Xiyi +Zi




(13) =u (8) ra kysamus
aY, thy Xy +¢Z =f ,i=LN-1

Ba Yj ra HucOaran eund osiaMu3

y(b +¢ X)) = f —ay., —¢Z
a f.-cZ

yi:_bi+ciXiy”l+bi+ciXi

(13) ma i vu |+ 1 ra anmamTupamus
Yi = XY + 4

(15) Ba (16) mapHu TaKkKocaad TOIMII MYMKHH

_ ai
T b e X,
_ fi-cZ

" b+ X,

(9)- udponanan Tomamus
I Y
Yo ==ty + %
Aoy Oy
(13) man i = 1 xonaa Tonamus

Yo =X Y1 +4

(18) 6wmtan TakKocaab TOamMm3

(13) uu i=N yuyn €310 onammus
Ynoa = XYy +4y

Ba (10) -udonara KysmMu3
Aoy X Yn 0Ly + PooYn = 7oz

Yn (Bog + 0 X)) = Voo — Aoy
Oxwupru ndomanan Tonamus

Yo2 — P2l

y =
§ Do+ X

[Iporonka ycyiauHU alrOPUTMHU:

1). Koadduuumentnap Tonmnanu

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)




Aoys B Yo

Qoz: Pors Voo
2). UlapT Texmmpuiaam
|0501| > |ﬂ01| (24)
VY Xona YHT pIpOroHKa yCYJIUTH 3ra 0ynamMusi:
). X, =P 7z _Tn
O Ooy
., X, --—3& oz _h=G4 N

e _bi+ciXi’ '*1:bi+cixi’

ny. _ Yoo — 92y
" By + 0, Xy

V). y.,=Xy +Z, i=N/N-1..1

Kyitnnaru mapt 6axxapuica

|a02| < |:802| (25)

Yan IMPOroOHKa YCYJIMHHU AJITOPUTMHUHU XOCHJT KUJIHII My'MKI/IHl

a i
). X, =-2e z =Te
" ﬂOZ " ﬂOZ
., X, —-—SG oz -hTa4 N4
b +a X, b +a X,
.y, = Yor — %o
Ao, + B X
V). v.,=Xy +Z, i=0,.,N-1

Ha3zopar casBoJsuiapu

bonuranruy maptim yerapasuii macana-Komun macanacu

Diinep ycynu

Oiinep-Kowmm ycynu

Pynre Kyrra ycynu

2-tapTubau onauii quddepeHiman TeHrIaMmanap yayH yerapaBuii Macasia
Yeknu alilnpmanu TEHrIaMa

3 IMaroHaJlsIM MaTpulia TeHJIamanap CuCTeMacu

IIporonka ycyiu, yHI Ba 4an XOJUIapH

[Iporonka yCynuHuU SKUHJIALIKII IIAPTH

oCoNaR~LNE




2-MAB3Y: Yekan aiimpman ycyia. YUekiau Ba yerapaBuii j1eMeHTIap

ycyJuiapu.

2.1 Yekam aliMpMaju ycyJa

Oz[aT):[a, TyTall MYXUTIIAPD MCXdaHHMKACH/Ja KAaTTUK KHUCM, CYIOKJIIMK Ba

razjap/ia Ke4aJiuraH >xapo€Hiap Xxycycui xocuianu qudpepeHinans TeHriamanap

udogaNmaHyBUMd 4YerapaBuil Macajajiapra KeaTHpWiIaau. Yap TunepOouK,

AIUTMIITUK Ba NapalOoJIMK TUITa TErUiuid Oynaau. YJIapHU COHJIM €YUl yCyJulapu

XaMm, KaliCl TuMra Teruiuininra Kapadb typiauda O0ynamu. by 6ynumuaa, xycycui

xocuwnanu AuddepeHImans TeHrIaMaJapHUTCOHIN CUUIIHUHT YEKIU alupMaliud

YCYJIMHHA 3JIACTUKIWMK HA3apUACHHHUHI JHUHAMHK qerapaBHﬁ MacajlaCu MHCOJJIMAA

Kypub yTaMu3: MabllyMKH, Ma3Kyp Macajla XapakaT TeHIJIaMUCHIaH

2

ou,
Oij.j +pX, = P—atz
yMymiamrad I'yk KOHyHHIaH

O = Cijklgkl,

Komm mMyHocabatu

1
&g = E(uk,l U, )’

MOC paBHUIIIIa, OOIIJIAHFUY

ui|t=t0 — % ui|t=t0 =VYi

Ba, 4yerapaBui LIApTIApJIaH

u‘|21 =u’ Y o nj‘zz =S’

j=

1)

(2)

3)

(4)

()




TALIKKAI ToNaau. By epia o, —KywWwiaHHII TCH30PH, &; — Ae(OpMaLs TEH30pH,
U; —KYYHIIBEKTOPH. X; — X&XMHH Ky4,. C,,, —4-paHin TEH30p, O —3UUIHK.

(2) udonanm (2) TeHrnamara KyHuo6 Kyiuaarn udoaHu TOMUIT MyMKHH

ou
Oy = Cijkl G_Xll(

(6)
Oxupru udomanu >bTUOOpPra OJraH XojAa, aHU30TPON >KUCMIIAD YUYH
ANACTUKIIMK HA3apUSCUHUHT Kyuyulllapra HucOaTaH €3uiraH JUHAMUK Macallacu

KyHH1ard KYpuHHINTa 3ra 0yiaiu:

3 8 ou o%u,
Z ukl X ) +pXi=p— %€V (7
jkl, 1 8t
OolIJIaHFUY IIapTiIap
Ui |t=t0 - ¢I ! ui|t=t0 =V, (8)
yerapaBui mapriaap
ui|z — ui°, X €, 9)
2 ou, 0
Z Cow—M| =S . Xe€X,. (10)
KL j=L OX, s,

(7) TeHrmamMaHu KOMITIOHEHTJIApra HUCOATaH KyHHIard KypyuHHILTa 3ra 0y iaau

Al Rl Rl AR 0w o

C1111 y + C1212 5y + C1313 82 (C1122 u C1212) o 6'y (C1133 + C1313) el tp Xl =p ?
oA 0 oA o 0w 6 v

C1212 y + C2222 @y + C2323 (32 + (szn + C1212) ox 5)/ + (szss + Czszs) % tp Xz (11)
0w 0w 0w o LR 62w

Cass y +Coas y +Cags ? + (C3311 + C1313) @ + (Caszz + C2323) % +pXy=p ?

bup ymuosnm xonna (11) Tenrnama ymly KypuHuUira sra 6ymaau




ou o

C1111 y + pxl = p? (12)
Ba Kylujaru OonuiaHFug
ou
u, =¢., —| =v (13)
t=t, ot .
Ba derapaBuii mapTiap
o ou
ui|z1 =u, Cllll& ; =S (14)

acocujia CTep>KeHa TYJIKUH TapKaJIUII xKapoEHUHU ndoaananu.

(12)- TeHriaMaHy 3UWIMKKA OVIIHO
o’u_ Cyy, 0%

= + X,/ 15
ot o ox 1P (15)
Kylduaarua OeirmianiapHd KUPUTCaK
a2:C1111’ g=X,1p

P
(12)— Trenrmamayb Kyinugaru KypuHHIITA KEITUPHUIIT MyMKAH

ou , 0%
—=a"—+0g(x,t), 0<x<lI, 0<t<T
VOC paBuIia KyHujaaru OOnIaHFuyg

u(x,t)],_, = F(x)
ou, (17)
E |t:0_ CD(X)

da werapaBwii mapTiap OuiaH

u(x,1)],_, =o(t)

u(xd), =) (18)

Owikop uexau auupmanu cxema

bepunran kecma 1 Hu N ta 6ynakka 6ynamus. bepunran T BaktHu M ra
Oynamus. Y xonaa tomonnapu OX Ba OY yknapura TasHras TYpTOyp4aK COXaHu
KapalumMu3 MyMKHH.

hzl—, r:l (29)

Kanamnapaan Qoiigananrad xonaa TYTyH HyKTaJapHUHT KOOpAHHATAJIapU
Kyii1arn4a aHuKJIaHaIu




x =a+h-i, i=0,N

t; =7-}, ]=0,M
by nykTanapna anukianrad GyHKIASHA U(X,t) HHE TYTYH HyKTajapra HucOaTaH
KYWUHUJIary KYPUHUIIHU OJIa]IA

(20)

u(xi’tj)zuij =uij (21)
ManbayMKu TYTyH HyKTJIapra HucOataH u(x,t) GyHKIOHSIaH OJIMHTAH XOCHIIaaap
KyWHIaHW4YA

i1 _ oy it i oyl 4yl _

U T2UC AU e Ui 2h“2' U gl i=LN-1 j=LM -1 (22)
-
W="f,i=0N (23)
ul —u?

i i 2@_’ =0,_N .
. i 1 eKu (24)

U=u’+7® = f + 1P,

ul=¢, j=0,M -1

25
ul=¢, j=0M-1 (23)
ult = (%ﬂui1 —2u) +ul ) +7%g) +2u) —ul?, (26)
i=LN-1 j=0,M -1
ul = f,, i=0,N 7
ul=f+7®, i=0,N
w=¢, ui=y',  j=0M-1 (28)

(26 ) — pexyppeHT dopmyna. (22) dYekau aiupMaId cCXeMa OIIKOp

cxema 7e6 aTanaau. YHUHT MAPTIU SKUHIAIIUII [IApTH KyWuaaruaad uoopar
2

%<<1

Omkopmac cxema: (22) udona Epaamuna Kyiaara OmKkopmMac 4eKkim aiupMaii
cXeMaHH €310 OJMII MyMKHH

j+1 i 01 j+1 1,
uiJ+ _zuiJ +uiJ =a’ uiﬁ _2ui1+ +uijji

. h?

+g), i=LN-1 j=LM-1 (27)

i i - i (28)




u5:¢11 u,{l:l/jj’ J:O’M—l (29)
(27) CXCMAaHU HIaKJI aJIMallITUpUIIapAaH KEHUHH KYﬁHHarH KS'/pHHI/IIHI‘a KCIITUPHIIT
MYMKHUH

j+1

AU, +b|uij+1 +Ciuij-+11 = f~ij7 i=1L.N-1 j=1M-1
amu({ +ﬂ01u1j =7 oj1’ i=0 (30)

j | Y B
AUy + BUy =Vgos 1=N

T2a2
TR T T
an =1 B, =0, V(lez(Pj (31)
ap =0, By =1 v =y’
Ky#inna (30-31) macaiianuHT IPOTOHKA YCYJIHM aCOCH/IA €UMIII aJITOPUTMH Ba
YHTa JacTyp KeJITHUPUJITaH:

27°a’ r’a® - i i i
_ -1, ¢ = , fl=u"-2ul — 7%/
hz i i i i

1) u[N, M], a[N], b[N], c[N], x[N], t{M]
hz, |, T,N,M,i, |

2) bouutanrud Ba yerapaBHii mapriiap.
3) a,f,... nap KUPUTHIAIH
4) | — Oyitnya UK
i__ B i_to
Xj=-fu zi_Ju
Oy Aoy
j
a i Rl-cZ,

5) Xij++11:_ i iy =———, i=1.N-1
b +c X, b+cZz/

i
6) u} =L Culn
Do + A Xy

7)ul, =Xu+z), i=N,N-1..1

Kentupunran anropt™ acocuaa C++ Tumaa €3wiran 1actyp KyiHumgara
KYpUHUIITa 3ra OYiaau.

#include<bits/stdc++.h>

using namespace std;

main()

{
float u[30][30],x[30],t[30];
//float Bx0[30][30], By0[30][30], Tau0[30][30];
float h, tau, a,pi;

h=0.1; tau=0.001;




a=1; pi=3.14;
intn, m, i,j;
n=10; m=5;

for (int i=0; i<=n; i++)
{

x[i]=h*i;

}

for (int j=0; j<=m; j++)

{

tfil=tau*j;

}

// Boshlangich shartlar
for (inti=1; i<=n-1; i++)

{
ulil[0]=0;  //x[i]*(x[i]+1);
uli]l[1]=uli][0]+tau*pi*sin(pi*x[i]);
}
// chegaraviy shart
for (int j=0; j<=n; j++)
{
u[0][j]=0; uln](j]=0; //2*(t[j]+1);
}

for (int j=1; j<=m-1; j++)
{
for (inti=1; i<=n-1; i++)

{

ufillj+1]=(a*tau/h)*(a*tau/h)*(uli+1][jI-2*u[il[jl+uli-1][j1)+2* ulil[j]-ulil[j-1];
}
}

// pechatga chigarish
for (int j=0; j<=m; j++)

{
for (int i=0; i<=n; i++)
{
cout << setprecision (3) << u[i][j1 << " ";
}
cout << endl;
!

2.2. YekJu djieMeHTJIap yCyJu

Tyram Myxuriap MeXaHHMKacuJa KaTTUK JKHCM, CYIOKJIMK Ba rasjapnaa
KEeYaJuraH >KapOo€HJIapHUHI MAaTeMaTHK MOJEJUIAPHU COHJIM €YMIIJA, XO3UPrU
KyH/Ia 9HT' MyXUM Ba TaHUKJIH yCYJUIapHAaH OMpHU YEKIIU 3JIEMEHTIAp YCYIUIup.
Uekiu aieMeHTIIap YyCYylIM XO3UPru KyHJa KyJa KeHI TapKajiran Oyiauo, amanui




MacaJapHH XaJl 3THUILA MyXUM axaMHsITra. Y HUHT acocuia karop Ansys, Nastran,
Cosmosm, Abaqus, FEM, Lira kaOu macTypuii MaxcynoTiap sipatuirad. bus Oy
Oynuma, I0KopHia caHad YTWIraH 1acTypuil MabCyJIOTIAPHUHT aCOCUHU TAILIKUII
ATYBYM YEKJIM 3JIEMEHTJIap YCyJU OUJIaH TAHUIIUO YTamMu3.

JlekapT KoopAuHaTajJap TU3UMHUAA Y4 YIUOBIM H30TPOI 3JACTUK >KHCM
TaIIKU Ky4Jap TabCUpHJA TypFYH XojaTaa 0yicuH. MyBo3aHaT TEHIJIaMapyuHU Ba
103ala OepwiraH derapaBuil IIApTIapHU KaHOATJIAHTHUPYBUM CHIDKHUIUIAPHU
aHUKIalm Kepak OyncuH. By Macamanu euyuin ydyH yHra TEHT Ky4iad Oyirax
BAPUALIMOH MACAJIAHWHT KyMWIMIIMHU Kypamu3. Y XUCMHMHI TYJIMK ITOTEHLIHAAI
SHEPrUACHHU MUHUMU3aLMsuianl (Jlarpanx npyUHIMIN)ra acociaHaau Ba MacajJaHu
CUMINI yUyH TAKpHOWHA yCyJUIapHHM KyJUlalll MMKOHWHH Oepanu. YiapaaH Oupu
OYMO YeKIJI dIIeMEHTIIap YCYIH XUCOOIaHa Ix.

MacamanvHr BapualMOH KYpPUHHUIINA KyWHJaruda TAaCBUPJIAHUIIN

[56" ehav — [s{U) {Plas =0

MYMKHH

1)
Oy epna

V-KHUCMHHUHT XaKMH;

S-)KHCMHHHT 103aCH;

U=1u, v Wi~ ey BEKTOPHHUHT KOMIIOHEHTIIApH;

E(=1¢ &, &
{ } { o E Ea Vg Vi ¥ ZX} - nehopmanusi BEKTOPUHUHT KOMIIOHEHTIIAPH;

o)

{GXX Oyy Oz Txy Tyz T ST KY4YHIll BEKTOPUHUHT KOMIIOHEHTJIAPH.
['yk KOHyHura acocaH KyudjJaHuII Ba jJedopmais BEKTOpJIap
KOMITOHEHTJIapy KyHuaru MyHocadaT OusaH OOFJIaHTaH:
o)=[Dlle} )
Oy epna [O] kpemumar smactuxmx MaTpHULACH.
N30oTpon KMUCMHUHI KAaTTUKJIMK MaTpPULACK ATUTH  UKKWATA
OOfJIaHMaraH rnapameTpra sra Ba YHUHT KYPUHUILN KyWH1aruya:

R A

E E E

A N S

E E E

M o
bi-| E E E

0 0 0 i 0 O

G
0 0 0 0 i 0
G

0 0 0 0 O 1

: c. ©
OyHma

n — Ilyaccon kod3dduiinenty;
B~ snactuxnuk moxynu;




E

2+ 1) - cpprum MoxyH.
-1
FOxopumarn Gapua xoJsuiapia o] ~ MaTpPHUI@HUHT JE€TEPMUHAHTH HOJra

TEHT OYJIMaranjaurd y94yH YHUHT D] ~Marpunacu ajbarra MaBXyJ Ba KyHuaaru
KYpUHHUIIIApra 3ra:

Ez(u_l) _ ZEH _ ZE“' 0 0 0
2u°+p-1 2u°+p-1 2u°+p-1
_ ZEM EZ(},L—l) B 2E},t 0 0 0
2u°+pu—-1  2u°+pu-1 2u°+p-1
_ ZEI.,L B ZEM Ez(u—l) 0 0 0
2u°+pu-1 2u°+pu-1  2u°+pu-1
0 0 0 G 0 O
0 0 0 0 G O
L 0 0 0 0 0 G| (4)

Hedopmaiust BekTOpHU {8}3”13 HaBOaTHAAa CWIDKHII BEKTOPU OWIaH
Kylnaaru MyHocabat OuiaH OOfIaHTaH:

(e} =[5]- U} 5)
by epna 5] rpagueHTIap MaTpuiacu 6yiano, Kyiuaaru KypuHHIITa 3ra;
- 5 -
— 0 0
OX
0 9 0
oy
0 0 66
[B] ) o z
“ 2 0
oy OX
o 9 9
oz oy
9 9 9
L oz OX | (6)

Kyimiran macana 4ekiiv 3JeMEHTIIap yCyau Owiad edwnaau. by ycynna
XKUCM drajylad TypraH coxXa KUYMK XaXMra sra OyJraH 4eKkiau 3JIeMEHTJapra
oynaknanagu. U, V, W - CWIDKUIITApHUHT anmpokcuManus QyHKUusuiapy xap oup
YEeKJIM 3JIEMEHTIap y4yH KeNTHpuiaau. Acocuil HObMamymiap cudartuaa TyryH
HYKTQJIap CWDKUIIM OJMHAIM, YYHKM KHYHMK COXa WYUJArd CWIDKMIIUIAPHUHT
anMpPOKCUMAIUSICH YUYH CoJiia PYHKIMSIAPHU UIUIATUII KMKOHHU O0p.

Kypunimaérran ;KUCMHUHT XyCYCUATIIADMHUA YPTaHUII YEKIU YI4OBJIapra 3ra
Oyaran seMeHTJIapHUHT XYCYCUATIApUHN YpraHuigad OolIaHau.

€-4M YEKJIW DJIEMEHTUHUHI CHUJDKUII BEKTOPHM KOMIIOHEHTAJIapu KyHuIaru
KYPHUHUIIJA TACBUPJIAHA/IN:

-

=[IN, I'N,...I Np ] {g "

= < C




Oy epna

Ni- yexsu 351ieMeHTHUHT opma (KYpuHUIl) GYHKIUACH;
N — YeKJIM SJICMEHTIaTu TyTYH HyKTajaap COHU;

| —ymyamu 3x3 Gynran OUpJIMK MaTpHIIa;

{g }e = {Ul Vl Wl’ U2 V2 W2 yeeey Un Vn Wn }_ qeKJInu SJICMCHT TYFYH

HYKTAJIAPUHUHT CHIDKHWII BCKTOPH.

Xap 6up yeKJI 3JIeMEeHT yuyH jaedopmaliis BeKTopH (1) Ba KydJIaHUII
BEKTOPH ¥3apo Kyiugarnia OOFJIaHaIN:

e =[Bl{g}" (8)
{G}e = [D] {g}e (9)

Oy epna 5] rpaJiueHTIap MaTpuiacu 0ynuo, y KyHuaaru KypuHUIITa sra:
[B]:[Bl’ B,...., Bn]

Ba
Moy
OX
0o Mg
oy
0o o M
_ z
Pl N
oy oX
o NN
0z oy
NN,
| oz ox | (20)

Xap Oup 4ekiu dJeMeHT yuyH JlarpaHx Bapualiys TeHIJIaMacUHU KyWuaaru
KYpUHUIIA TacBUpJall MyMKHH:

U[B]T[ ] j[N PJdS =0

\

(11)
Kyunaru ndonananuiapau KUpUTAMU3:

[T = [[e]'[D][B]dv
v (12)

{FI =[INT {P}as
g (13)

VY xonna rokopuaaru (7) TEHIJIaMaHUHT KYPUHUILIU KyWuaaruda Oyiaau:

[KT {g}—{F} =0 (14)

Ba

Oy epna

e
[K] - €-4U YEKJIU JIEMECHTHUHT KaTTUKJINK MaTpuacu,




Fy -TYI'yH HyKTajlapra KeJITUPUITaH Ky4Jap BEKTOPH.

Xan KWIyBYM YM3HKJIM aireOpauk TEHIJIamajlap CUCTEMAacHHHM KypHII
XKapa€HUHU KYpuO ynkuiaan. JKuCMHUHT YEKIN-3JIEMEHTIN MOAEIuAaru Xap oup
TYT'yH HyKTa OUp HeYa YEKIU 3JEMEHTHUHT TapKuOHAa WINTUPOK ITTaHJINTU
ca0abmnu, 1y TyryH HyKTaHUHT MYBO3aHAaT XOJaTHHU TaCBUPJIOBYU TECHTJIaMaHUHT
caTpu Iy YEKJIU 3JIEMEHTIap MOC Ko3(h(UIMEHTIapu WUFUHIWCUHU ¥3 HUUTa
onanu. Mucomn y4yH i-4¥ TYTyH HyKTara MOC KEJIyBUM KaTTHKJIUK MaTPUIACH Ba
yYHIa MOC KEIyBYM TYI'YH HYKTQJIAPHUIATW TalIKW KydjJap BEKTOpHU KyWHJaru
MyHOcabat OWiIaH aHUKJIaHaIu:

(ze:[Kil]je{gl}+(Ze:[Ki2]je{gz}+...+(§[Kim]je{gm}_;{|:i F o
2ARS

Oy epma e - I-4M TYryH HyKTara KEJITHPHITaH TAalllKh Kydap
KOMIIOHEHTAJTapUHUHT WUFUHIUCH.

TaOuniiku Oy WuruHAMTa akaT I-4d TYryH HYKTaHH Y3 TapKUOWTa ONraH
YEKJIM JJIEMEHTJIAP XUCCa KyIIaIu.

bapua nuckper monengaru TyryH Hykranmap yuyH (10) xypunumgaru
TEHIJIaMaJapHu OupJjalITUpraHga OOLUIAHFUY JKUCM JHUCKPET MOJIEIUHUHT
YMYMHI TEHIJIamaiap CUCTeMacu KyWuIaru KypyuHUIITa ara 0yiaam:

[Kl{G}-{Fj=0 (16)

Oy epna [K]-KaTTI/IKJII/IK MaTpPUILIACUHUHT TJI00a CUCTEMACH;

(15)

{G}: {gl’ SRS gm}_n(aMH YCKJIM D3JIEMCHTIApPHUHI TYTYH HYyKTaJlapu
CUJDKULJIADUHUHT YMYMUN BEKTOPH;

Fi- xap Oup TYryH HyKTajapra KeJITUPWIraH Kywiap WUFUHIWCUHUHT
BEKTOPHY;
M - )KUCMHU XOCUJI KWJIYBUU YEKJIA DJIEMEHTIIADHUHT YMYMUN COHU.

2.3. YerapaBuii 3j1eMeHTJIap YCYJIH.

Tyram MyxuTiap MEXaHMKacM MaTE€MaTHUK MOJCJUIAPUHM COHJIM €YHIIra
MYJDKaJUTaHTaH — yCyJlapJlaH  OupW  4YerapaBUil  HMHTETpaJl  TEHrjamasap
yeymu(UUTY) €ku derapaBuii anementinap ycynuaup. UUTY HuHr acocuii
MOXMSITH, COXaja KapajnaéTraH MacallaH, COXaHHW 4erapacu Oyiuda aHWKJIaHTaH
WHTETrpajl TeHrjamara KeJITUPHUIIIaH Ba yHU euuniaad udopar. IOkopuaa, 0y ycyn
Oup YIYOBIM YerapaBuil Macajia MucoJiujaa 0aéH stuirad >au. by 6ynumaa, 6us
yerapaBui 3JIEMEHTIIAP YCYJIUHU UKKH yirdoBin [lyaccon Ba Jlarutac tenrnamanapu
MHUCOJUA KYpUO yTamus.

busra Jlannac TeHriamacu yqdyH yerapaBuil Macaia KyHuiarad OyJcuH:




2 2
_OULOU g yeo 1)

ANU=——+— =
x> x5
:_’ r
u‘rl u, xel @)
d,, =2 =g
L dhl, T, xer, (3)

(1-3)

2-Mabpy3afa KypuiraH yprajamra KOJAUKIAp yCyJIHra acocaH
yerapaBuil Macana Kyiugaru udonaara S5KBUBAJICHT

}{Ei -

*

dw
Au-wdQ = |(q—g)wds— [(u-T)——ds 4
j Jla-amas [lu-0) @
Nkxu mapta 6ynaknad uHTerpaiad TOMUIT MyMKHH:

IA2W~udQ=J.U3—\;Vds+Iu?—gds—jqwds—jqwds (5)
Q r r, r, r2

€KUM YMYMHM XOJI1a KyMUJaru KypUHHUILTa KEITUPULLIL MYMKUH
IA2W~ udQ =.|'u MW —Iqwds (6)
Q r dn r

Oy epma

q, Xxel
g, xelI,

u, xelj
u=
u, xel’,
I‘Iel"apEIBI/II‘/JI HHTeIpaH TCHIJIaMaHU XOCHJI KHWJIHIII y‘-IYH OFI/IpJ'II/IK
(I)YHKHI/UICI/I W KYﬁHHaFH TCHIJIaMAdHHU SYHUIIJaH TOIIaMHU3

Nw=-8(x-¢) §eQ (7)

By epna §(x—¢)-Aupak  QyHKIUACH
Masbnymky, (7) HY KQaHOATIAHTHPYBYU €UUM KyHUJard KYPHHUIITA 3ra




1 1 \/ 0\2 2
W =—/n=, r=,/(x =&Y +(x,-&?
o7 1=(x =€) (-7 ®)
Oy epna £PBa P - & TYryH HYKTaHMHT KOMIIOHEHTAJIAPH.

(8) Hu (6) TeHrIamara Kyuuo Toramus
dw (&, x)
U(E) + [u() = ==ds(x) = [ a(w(£, X)ds() 9)

(9) acocuii uaTerpan udoaa 6yaud, yHHHT épAaMuIa OCHOBHOE YerapaBHii

WHTErpajl TEHTJIaMaH! TOMHII MyMKHH. & — X na (9) TeHriiamaaaH Tonamus

Cu@)+ Juo P as00 - [aoome odsoo (10)

Oy epna

Arap COXaHUMHT yerapacu CWIIUK Oyica, @ =7, HyKTa COXaHUHT HYMJa dca
@=0. Arap COXaHUHT Yerapacy CHHUK HyKTajlapra sra 0yyica, @ CUHUK YM3UKKA

YTKa3wIraH HopMaJuiap opacujaru Oypuakau udoanaian. Arap yerapa CUIUTHK
1

0ymu0, & YM3UKHUHT ycTuaa Oynca, =z 0ymub C(&)= >
UYerapaBuil MHTETpaJI TEHIIAMAAH YEKJIM auvpMaiy TeHamMaliapra yTUII
yuyH, coxa yerapacunu N O¥ynakka-uerapaBuil ieMeHTIapra 0yaaMus.




Cu+y [ u(x)Mds(x) Y [ acowe, xds(x) (11)

—11" —lr
Xap Oup dyerapasuii I, snemeHTaa U ,g JapHM y3rapmac ae6 Ba

CErMEHTHHUHT YpTacujaru Kuiimatra TeHr ne0 dapa3 kuiamus. Y xonjga @ =7
SKAHJIMTUHM uH0atra onud (11) Kydmaaruda €3u0 oJIUIIT MyMKHH

%ui £y j dw (é’x)ds(x) Zq j W(Z,, x)ds(x) (12)
¥
M, r,

(12)- ndonmanu Kyiuaaruua 3u0 OJUIIT MyMKHH

1 N N
E i +Z“; Z 4;5; (13)
j=1 j=L
Oy epna
n dw
H; :jd—dr G, —jwdr
y
Kyiinaaru udonanan poitgananuod
1 1y
—U == > U0,
2 1 2 le: 170
(13) TeHrIaMaHu OOIIKA KYPUHHUIITA KSATHPUII MyMKHH
N N
> Hiu; =2 Gyq; (14)
j=1 j=1
Oy epna
. Hy, 1#]
i— )y~ 1 . .
Hy+-, 1=]

2

by tenrnamanap cucremacuaa kodddurmentiap cudaruaa KaTHamaeTraH

UHTeropayulapHu l'aycc tummparu yBajpatyp ¢opmyianap OpKajld XucoOain
MYMKUH.

(14) wunr eunmmapu Oyitmua, (10) gopmynanan QoiinanaHran xonaa,

HOBManyM GyHKIMA U(X) HHUHT MXTHEPUN MUKHM HYKTaJard KAAMaTH Kydujaara

udoaa opKaau TOMUII MyMKUH




0, = (e, 0ds(0 - [ux) P05 (15)

EKM TUCKPET XOJaaru Kyuujaarua udoganyd TonaMu3

N N
=2.0;G; — 2 u;Hy (16)

= =

Ha3zopar caBosiapu

Yeknu aliupmanu ycyJi

JIMHaMUK MacaJIaHUNT KyUUIUIIN
Top TeOpaHuIIM TEHIIaMacH,
Owikop Ba omKopmac cxemasnap
UYeksnu alipMalid TeHrjaMa 1malsIoHH,
Pexyppent ¢popmya,

IIporonka ycyinu,

Yekiu 351eMeHTIap yCyJu,

. Uerapasuii aneMeHTIIap yCYIH

10 Uekiu 3neMEHTIIap KYPUHUILLIAPU
11.YpTanamraH KOJITUKJIAP YCYIIH,
12. ®dyHngaMeHTaNb €M,

13. bynaknab uHTerpaan,

14. YerapaBuii uHTErpasib TEHII1ama,

©ooNSORWDNE




3-Mag3y: 3amMoHaBMii COHJIM yCYyJLIap, JaCTypJiall TEXHOJOTHsJIapu Ba
BOCHTAJIAPH, XaM/Ia aMAJIMH JACTYPJIap NAKETJIAPUAAH WIMHIN-TAAKHKOT
HaTvkagapunu 2D Ba 3D Busya/uiamiTpuin Ba TaX, 1M1 KHJIWIIAA
doiigananum.

3amMoHaBHii COHJIN ycyJuiap, aacrypJjganl TEXHOJOTIUslJIapu Ba BOCUTAJIapu

by 6ynumpaa, aBBasiru AgapciapuMu3lia KapajiraH MaTeMaTHK MOJeiap acocHuia,
3aMOHaBUI COHJIM yCyJUIap/laH Ba JacTypiiall TeXHOJOoTusapuaan doiiaianran
X0JIJa SIpaTWIraH JAaCTypHil TABMUHOT aCOCHJIa KOHKPET YerapaBuil macaianap
COHJIM €YWIraH Ba OJIMHIAH HaTWKajlap TaxJIWwil OJTWIrad. Yu3ukcus
nedopMalisUIaH|II )KAPOEHU TeMIIepaTypaHu XUcoOra OJraH X0Jia UKKU MOJIeN
TEHIJIamMallap, adHaH JaeopMalMoH Ba OKMM  Ha3apusulapd  acocujia
MOJEJUIAIITHPUITaH.  MacaamapHu AUCKPET XOJUIapu YEKIN-alMpMalu yCyll
épllaMuJia OIIKOp Ba OIIKOpMAcC cxemanap KypuHummaa udoaananran. Yexiu-
allupMalid TeHrjJaMalapHU €YHIl, OIIKOp CXeMa MalTuaa PeKyppeHT GpopMynanap
Oyiinua xucoOJjalira, OIIKOpMac cxemajap XoJmjaa dca, WyHamumiap Oyiuda
y3rapyBuu MpPOTOHKAa yCynu €paaMuia Kyyuad euumra kentupwirad. lactypuii
TabMUHOT OOBEKTIra MYHAITHPWITAH JacTypJanl TeXHoJorusuiapu acocuga C#
JacTypiaml THIWJA SpaTWiraH Ba HaTwkaidapuu Busyamtamtupumr MATLAB
amMaJuil makeTy OWJIaH MHTErpajllalliral XoJ1a aMalira Ol PUIITaH.

HedopMmainvion Hazapusi acocuaa TYFpu TYPTOypUaK yuyH OOFJIUK TEPMOILIACTHK

yerapaBuil Macana Kyiujaaru OonuIaHFuy
u(x,y.t)_ =sin(zy)-sin(zx),  v(xyt)_ =sin(zy)-sin(zx),

ou(x,y,t) 0 ov(Xx,Y,t)

0, T(xyt) =T.: 3.1.1
x| %L (xyt) =T, (3.1.1)

Ba YerapaBuii 1apriapaa

u(xyt), =0 v(xyt)| =0,

u(xy.t), =0, v(xyt) =0,




u(x, y,t)|y:0 =0, v(x, y,t)|y:0 =0,
u(x, y,t)|y=|2 =0, v(x, y,t)|y=|2 =0, (3.1.2)

T(x, y,t)|X:0 =T,,  T(xy.t)

I, :TO’

T(X’y’t)|y=0:T0’ T(X,y,t)| =T0,

y=l,

SN

N
™
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Pacm.3.1.1
COHJIM €UYMJITaH. Y3rapMaciap Kyiujarnia TaHJIaHTaH

=12, 2,=08, a=005 u=05 p=09, C, =35
T,=90, n=10, h=0.1, r=0.01, /7, =1 i=12
bonutanruy Ba yerapaBuil mapTiapra acoca, OOIUIAHFUY TeMIIEpaTypacu
To =90 6ynran Ba TOMOHJapu OViiMua MaxKaMilaHTaH (3alleMIICHHBIN) TYFpH
TYpTOYypuak, t=0, BaKT MOMEHTHAa KYUHUIIl KOMIIOHEHTJIapU Ky00a KYpUHUIIIN AT
¢bynkius 6epunrad. Macana UKKY IJIACTUKIMK Ha3apusilapu Ba MKKH- IPOrOHKa

yCyJIM Ba pEKyppeHT hopmynanap €pAaamMuaa COHIN CUUIITaH.
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Pacm.3.1.2

IIporonka ycynuia onuaras U(X, Y, th) KYYUITHUHT KMAMATIIap Kanpan 3.1.1a.
y X1 o 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
0 0 0 0 0 0 0 0 0 0 0 0
0,01 | 0 |0,1387 | 0,2120 | 0,2570 | 0,2748 | 0,2659 | 0,2309 | 0,1764 | 0,1030 | 0,0304 | O
0,02 | 0 | 0,2061 | 0,3502 | 0,4510 | 0,5043 | 0,5089 | 0,4644 | 0,3785 | 0,2519 | 0,1083 | O
0,03 | 0 | 0,2486 | 0,4503 | 0,5975 | 0,6854 | 0,7061 | 0,6577 | 0,5448 | 0,3842 | 0,1805 | O
0,04 | 0 | 0,2695 | 0,5027 | 0,6853 | 0,7968 | 0,8302 | 0,7822 | 0,6576 | 0,4746 | 0,2411 | O
0,05 | 0 | 0,2650 | 0,5084 | 0,7060 | 0,8301 | 0,8729 | 0,8301 | 0,7060 | 0,5175 | 0,2696 | O
0,06 | 0 | 0,2345 | 0,4649 | 0,6576 | 0,7822 | 0,8302 | 0,7968 | 0,6853 | 0,5092 | 0,2716 | O
0,07 | 0 | 0,1805 | 0,3788 | 0,5448 | 0,6577 | 0,7061 | 0,6854 | 0,5975 | 0,4503 | 0,2460 | O
0,08 | 0 | 0,1083 | 0,2519 | 0,3837 | 0,4757 | 0,5194 | 0,5114 | 0,4510 | 0,3502 | 0,2061 | O
0,09 | 0 | 0,0304 | 0,030 | 0,1764 | 0,2374 | 0,2701 | 0,2764 | 0,2544 | 0,2120 | 0,1387 | O
0,1 0 0 0 0 0 0 0 0 0 0 0
PexyppeHT ¢opmyia O6yitnua U(X, Y, th) KYYUIITHUHT KUMMaTIapu XKanpan 3.1.16.
y o] o1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
0 0 0 0 0 0 0 0 0 0 0 0
0,01 | 00,1394 | 0,2123 | 0,2562 | 0,2743 | 0,2657 | 0,2313 | 0,1759 | 0,1026 | 0,0298 | 0
0,02 | 0 | 0,2054 | 0,3497 | 0,4508 | 0,5049 | 0,5100 | 0,466 | 0,3774 | 0,2525 | 0,1081 | O
0,03 | 0| 0,2471| 0,4498 | 0,5975 | 0,6857 | 0,7066 | 0,6582 | 0,5454 | 0,3845 | 0,1800 | O
0,04 | 00,2681 | 0,5027 | 0,6855 | 0,7972 | 0,8307 | 0,7828 | 0,6582 | 0,4745| 0,2401 | O
0,05 | 0]0,2638| 0,509 | 0,7064 | 0,8307 | 0,8734 | 0,8307 | 0,7064 | 0,5171 | 0,2683 | 0
0,06 | 00,2337 0,4662 | 0,6582 | 0,7828 | 0,8307 | 0,7972 | 0,6855 | 0,5085 | 0,2701 | O
0,07 | 00,1800 | 0,3784 | 0,5454 | 0,6582 | 0,7066 | 0,6857 | 0,5975 | 0,4498 | 0,2447 | O
0,08 | 0 | 0,1081 | 0,2525 | 0,3840 | 0,4757 | 0,5193 | 0,5112 | 0,4508 | 0,3497 | 0,2054 | O
0,09 | 0| 0,0298 | 0,1026 | 0,1759 | 0,2377 | 0,2703 | 0,2761 | 0,2537 | 0,2123 | 0,1394 | O
01 0 0 0 0 0 0 0 0 0 0 0

[Iporonka ycynuna onunras V(X, Y, tn) xyuumHuHT Kuiimatnapu  XKagsan 3.1.2a.

y “lo| o1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
0 0 0 0 0 0 0 0 0 0 0 0
0,01 | 0 ]0,1387 | 0,2061 | 0,2486 | 0,2694 | 0,2648 | 0,2343 | 0,1804 | 0,1083 | 0,0303 | 0
0,02 | 0 |0,2121 | 0,3502 | 0,4503 | 0,5028 | 0,5086 | 0,4651 | 0,3789 | 0,2520 | 0,030 | O




0,03 | 0 |0,2571 | 0,4510 | 0,5975 | 0,6854 | 0,7061 | 0,6577 | 0,5448 | 0,3839 | 0,1764 | O
0,04 | 0 |0,2750 | 0,5044 | 0,6855 | 0,7968 | 0,8302 | 0,7822 | 0,6577 | 0,4757 | 0,2379 | O
0,05 | 0 |0,2661 | 0,5090 | 0,7061 | 0,8302 | 0,8729 | 0,8302 | 0,7061 | 0,5194 | 0,2704 | O
0,06 | 0 |0,2312 | 0,4645 | 0,6577 | 0,7822 | 0,8302 | 0,7968 | 0,6855 | 0,5115 | 0,2765 | O
0,07 | 0 |0,1764 | 0,3785 | 0,5448 | 0,6577 | 0,7061 | 0,6854 | 0,5975 | 0,4510 | 0,2543 | O
0,08 | 0 |0,1030 | 0,2520 | 0,3842 | 0,4748 | 0,5177 | 0,5093 | 0,4503 | 0,3502 | 0,2121 | O
0,09 | 0 |0,0303 |0,1083 | 0,1804 | 0,2408 | 0,2693 | 0,2715 | 0,2459 | 0,2061 | 0,1387 | O
0,1 0 0 0 0 0 0 0 0 0 0 0
Pexyppent popmynanap épaamuzna xucobmanran V(X, Y, th) xyunmmunr kuitmatiapu
Kanpan 3.1.26.

y X1 o 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
0 0 0 0 0 0 0 0 0 0 0 0
0,01 | 0 [0,1394 | 0,2054 | 0,2471 | 0,2681 | 0,2637 | 0,2336 | 0,1800 | 0,1081 | 0,0298 | O
0,02 | 0 |0,2123 | 0,3497 | 0,4498 | 0,5028 | 0,5091 | 0,4662 | 0,3783 | 0,2525 | 0,1026 | 0
0,03 | 0 |0,2562 | 0,4508 | 0,5975 | 0,6855 | 0,7064 | 0,6582 | 0,5454 | 0,3842 | 0,1759 | O
0,04 | 0 |0,2744 | 0,5049 | 0,6857 | 0,7972 | 0,8307 | 0,7828 | 0,6582 | 0,4757 | 0,2381 | O
0,05 | 0 |0,2659 | 0,5101 | 0,7066 | 0,8307 | 0,8734 | 0,8307 | 0,7066 | 0,5193 | 0,2705 | O
0,06 | 0 |0,2315 | 0,4661 | 0,6582 | 0,7828 | 0,8307 | 0,7972 | 0,6857 | 0,5112 | 0,2761 | O
0,07 | 0 |0,1759 | 0,3775 | 0,5454 | 0,6582 | 0,7064 | 0,6855 | 0,5975 | 0,4508 | 0,2536 | O
0,08 | 0 |0,1026 | 0,2525 | 0,3844 | 0,4747 | 0,5173 | 0,5086 | 0,4498 | 0,3497 | 0,2123 | O
0,09 | 0 |0,0298 | 0,1081 | 0,1800 | 0,2399 | 0,2682 | 0,2701 | 0,2447 | 0,2054 | 0,1394 | O
0,1 0 0 0 0 0 0 0 0 0 0 0

ITporonka ycynuna onunrad T(x, y, tn) TeMneparypanusr kuiiMatiaapu  JKansan 3.1.3a.
0 01 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

0 90 90 90 90 90 90 90 90 90 90 90
0,01 | 90 | 90,052 | 90,433 | 90,721 | 90,869 | 90,899 | 90,825 | 90,647 | 90,355 | 90,001 | 90
0,02 |90 | 90,427 | 90,904 | 91,164 | 91,197 | 91,063 | 90,803 | 90,449 | 90,005 | 89,704 | 90
0,03 |90 ]90,703 | 91,153 | 91,287 | 91,161 | 90,864 | 90,465 | 90,004 | 89,613 | 89,413 | 90
0,04 |90 90,832 | 91,166 | 91,144 | 90,877 | 90,473 | 90,002 | 89,573 | 89,254 | 89,234 | 90
0,05 | 90 | 90,847 | 91,015 | 90,834 | 90,459 | 89,999 | 89,54 | 89,165 | 88,984 | 89,152 | 90
0,06 | 90 | 90,765 | 90,745 | 90,426 | 89,997 | 89,526 | 89,122 | 88,855 | 88,833 | 89,167 | 90
0,07 |90 | 90,586 | 90,386 | 89,995 | 89,534 | 89,135 | 88,838 | 88,712 | 88,846 | 89,296 | 90
0,08 | 90 | 90,295 | 89,994 | 89,55 | 89,196 | 88,936 | 88,802 | 88,835 | 89,095 | 89,572 | 90
0,09 |90 |89,998 | 89,644 | 89,352 | 89,174 | 89,1 89,13 | 89,278 | 89,566 | 89,947 | 90
0,1 190 90 90 90 90 90 90 90 90 90 90

X

Pekyppent dhopmynanap Epaamuna xucodsanran T(X, y, tn) TeMrepaTypaHUHT KAHMaTIapu
Tabmuua 3.1.36.

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

0 |9 ] 90 90 90 90 90 90 90 90 90 90
0,01 |90 | 90,1 |90,792 | 91,318 | 91,576 | 91,621 | 91,475 | 91,14 | 90,593 90 90
0,02 190 | 90,792 | 91,643 | 92,111 | 92,16 | 91,903 | 91,421 | 90,768 90 89,406 | 90
0,03 |90 | 91,318 | 92,111 | 92,346 | 92,102 | 91,552 | 90,816 90 89,231 | 88,859 | 90

X




0,04 |90 | 91576 | 92,16 | 92,102 | 91,601 | 90,851 90 89,183 | 88,578 | 88,524 | 90
0,05 |90 | 91,621 | 91,903 | 91,552 | 90,851 | 90 | 89,148 | 88,447 | 88,096 | 88,378 | 90
0,06 |90 | 91,475 91,421 | 90,816 | 90 | 89,148 | 88,398 | 87,897 | 87,839 | 88,423 | 90
0,07 |90 | 91,14 | 90,768 | 90 | 89,183 | 88,447 | 87,897 | 87,653 | 87,888 | 88,681 | 90
0,08 |90 | 90,593 | 90 89,231 | 88,578 | 88,096 | 87,839 | 87,888 | 88,356 | 89,207 | 90
0,09 |90 90 |89,406 | 88,859 | 88,524 | 88,378 | 88,423 | 88,681 | 89,207 | 89,899 | 90
01 |90 ] 90 90 90 90 90 90 90 90 90 90

Kyiinna kenrupuiran .3.1.1.a, 6-3.1.3a, 6 pacmiap opKaJu Kyduuuiap,
TEMIIEpaTypa Ba IUIACTUK 30HAJAp TapPKAIUMLUIAPWUHU KypUII MyMKHUH. Xap Xuil
ycyJulap OWJIaH COHJIM HATWKaJapHU TaKKOCHAII 3ca, KYJUIAaHWIraH ycyJulap Ba

MOAC TCHIITaMaJIapHHUHI SllpI/IHJ'II/I OKaHHJIMTMHH KS"pCElTaI[H.

a) IPOTrOHKA YCYJIH

a) A; — 0.87
C/ vl

— 0.75
— 062
— 05
|— 037

b 0.25

— 0.12
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3
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0) pekyppeHT dopmyanap
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Puc.3.1.1. Pactipenienienre 3Ha4SHNST KOMIIOHEHTBI IepeMenieHus u(X, y, tn)
B IIPSIMOYTOJIbHUKE 10 METO/ly IIPOTOHKH (@) U PEeKYpPPEHTHBIM COOTHOLIEHUsM (0)

a) MPOTOHKA METOIH

0) pekyppeHT hopmynanap




Pacwm. 3.1.2. Temnieparypanusr T(X, Y, tn) TVFpu TYpTOYypUaKaaru TAKCHMITAHHIIN: TIPOTOHKA
ycynu(a) Ba peKyppeHT dhopmynanap Oyiinda (0)




) IPOTOHKA YCYIIH.

Pacm. 3.1.3. IMnactuk 30HanapHUHT Haiifo GYIUIIN: TIPOrOHKA YCYIH (a) Ba PEKYPPEHT
dbopmynanap 6yiinga(o).




AMaJani JacTypjap naketjapuaaH WIMHI-TaAKUKOT HaTHxkajJapunu 2D Ba
3D Bu3ya/uIalITMPHUII BA TAXJIWI KIWIHILAA (oiaaiaHuIl

Xo3upru kyHua “Uexnm snementTnap ycyian” acocuaa ANSYS, NASTRSAN,

COSMOSM, Abaqus, FEM, Lira xabu xatop amanuii gactypiap sipaTwirat. by

JAcTypiap *yJa KeHI TapKairaH O0ynu0, amalvii MacajalapHU €YMINJa MYXUM

axamustra sra. by Oynmumaa myxuTiapja Temieparypa TapKaJUIIUra JTOUp

MaCaJlIaHM €YMIIl HaMOMIII 5THUJITaH.

ANSYS

Turli muhitiarda temperatura
targalishini Ansys Apdl orgali




Ansys Multiphysics ( Mechanical APDL) ANSYS

Chekli elementlar metodiga asoslangan
= universal , ko'p tarmoqli mexanik
programmalar sistemasi.

Bu mexanik programmmalash paketi orqali:

4 issiqlik targalishini,
elektromagnitizmni,suyuqlik va gaz
mexanikasi masalalarini,
gidrodinamika,optimallashtirish, o’zaro
bog’liglilik va boshqa masalalarini yechish
mumkin

Ichki imkoniyatiga Fortran yoki C++ dan
T foydalangan holda o'zgartirish kiritish
mumkin

Bugun biz ko‘rib chiqadigan NANSYS

masalalar

* Muhit bir jinsli elastik, izortop bo’lgandagi
issiqlik tarqalishi (issiqlik o’tkazuvchanligi bir
xil)

* Muhitda issiqlik o’'tkazuvchanlik koeffisienti
tempuratura bo’yicha chiziqli bo’lakli
(KyCcoO4YHO-NUHENHanN)




Asosiy tenglamalar NANSYS

» Uzluksizlik tenglamasi
. ﬂ_p j =
e T div(pd;) =0

* Fur‘e - Kirxgofning issiqlik tarqalish
tenglamasi.

ar ar ar ar atr  a*r  air
" — R _—
O S+0, 5+ 8 (

237~ S\az VT oy T 322
e L= —

CpP
- Qattiq jismda w; = 0 uchun
ar (631' a°T ﬂlr)

dx? T ay? + az?

Asosiy tenglamalar

» Statsionarholatuchun:

a‘r a‘r _a’r
Tzt
dx ay dz
* Ichki energiyani inobatga olsak

a*r a*r _ a*r

dxz - dy? v dzt

= 0 Laplas tenglamasi

= ? Puason tenglamasi

o JEEE ANEWE i) Gl rRdY regETe R 5 AHEYES b Propristery




Chegaraviy shartlar va uning |m

i ko’rinishi

- Dirixle masalasi: Neyman masalasi:
T(x,y,2,17) = @(x,9,2,7) at
—A—=vYx vz
Sohani ma‘lum bir an_ YX2.27T)
qismidagi temperatura Sohani ma‘lum bir

o’zgarishini “Apply gismidagi temperatura
Temp “ orqgali o’'zgarishini “Apply
programmada HFLUX" orgali
ifodalaymiz. programmada
ifodalaymiz.

Masalani qo'yilishi: Ko‘ndalang ANSYS

kesimi quyidagi ko‘rinishdagi temir uchun.

I I~ Is 0 0
{=750°C [, =900 C
i
t s —400 C
X "
E:r_'l
=
-
‘ )
L t =250°C
02 m 4 =" :
O'zgarmas issiglik v - -
o'tkazuvchaniikga [RELEEEE T
ega bo'lsin
O’zgaruvchan . : . .
issiglik Temperatura-, °C 0 [2% [800 [1000
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Ha30paT caBoJlIapmn

1. Cownnu ycynnap,

2. Yexnm aiiupmany TEHriIamaap

3. Uekuu >nmeMeHTIIap yCyIu

4. Jlactypiaill TEXHOJIOTHUSIIApH,

5. OObeKTra MyHaITUPUITaH AaCTypJiall TEXHOJOTHUSICH,
6. C# nmacrypnam THIH,

7. Amanuii makeriaap Maxxmyacu

8. ANSYS amanwuii naketu,

9. MATHLAB amanuii naketu

10. Busyamnamrupui.




YKUTHII INAKJUIAPHA

Maskyp mMoayn Oyiinua KyWuaaru YKUTHII IIakJiapuaad poigananumamu:
Mabpy3ajap, aMaJui MalIFylIo0TIapuia Xucoosam ycyiapu (aHiapHu YKUTHLI
METOJMKACH COXaCHUJaru sHICM MabIyMOTJIap, 3aMOHAaBMM TEXHUMKA XaMJa
TEXHOJIOTHsUI1ap OWjlaH TaHUIITUPUILL, Ha3apuil OMIMMIIapUHN MyCTaxKaMJlalll.

VTKasunaguras amanuii MaIIFyJIoTIapia TeXHHK BOCHTANApJaH, rpaduk
opraHaisepiapiaH, KedcmapaaH QoWgaNmaHuIl, TYypyxJd QUKpIam, KAYUK
rypyxJjap OuiaH unuiam, OJMI-CYpOBIapJaH, CUHKBEIH Ba OOIlIKa MHTEPAKTUB
TaBJIMM yCYJUIAPUHM KYJUIall Ha3apJa TYTHIIaIu.

V. KEMCJIAP BAHKHA

1-kuuuk-keiic. “TepmodacTHK MacajajJapHU COHJIM €YHUINra JOUP
MyJ0xa3a”.

Myammonune Kyuunuwiu: Yexnu alvpMalii TEHIJIAMAIAPHU HWTEpAUs
yCcyJu €pJlaMuia COHJIM €YUl YCYJIWHU TYIIUHTUPUHT.

1. TuHrnOBYMIAp/IaH OJIMHTAH kKaBOOIap Kyluaaruya:
Tenrnama Ba yerapaBui mapTiapAard XOCWJIaJdapHU YEKIU auupMain
MyHOcabaTiap OwjlaH aaMallTUpUII Kepak. YiapHu [aycc meronu
épAamMuzia COHJIM €UMINl 3apyp Ba OJIMHTAH HaTWXajap TEHIJIaMaHU
KaHOATIAHTUPA]IH.
2. TuHTIOBUMIAp/IaH OJIMHTAH ’kKaBoOJIap Kylumaarnya:
Ueknu alimpmanu myHocabatnap €pnamuna nud@epeHnnanb TeHriama
U3NIaHyBYM (DYHKIIUSHUHT TYTYH HyKTajlaparu KuiMariapura Hucoata
anreOpavik TEHIJIaMajap CHCTeMacHura KeJlTUpuiaad. Xocui Oyirax
YeKIIM alupMald TEHrjJamanap W3JIaHyBUd (DYHKIIUSHUHT MapKa3uid
TYr'yH HyKTajapura HucOataH euuO oyivHaau Ba Oy udoja acocunaa
KEeTMa-KeT SIKUHJIAIIHII )KapOEHU TAITKUI ATHIIA]H.

Huma yuyn Oynnaii >kaBoOnap Kenu0 4YMKIU Ba YHUHT ca0a0WHU, Ba3UATIaH
YUKUII UYJIMHA KYPCATUHT .




2-KUYMK-KeHlC. “DIacTUK-TJIACTUK MACJIaJapHU COHJIM eYHIIIa KeTMa-
KeT IKMHJIANIUIIN YCYJUHH KyJ1am Oyiinya myJioxasza”.

Myammonune Kyuuauwiu: Yn3ukam OYMaraH miacTUK MacaUTapHU €UYHINTa
YpraHuiaran WTepanus yCyJdu OWIaH €YUl TEPMOAJIACTHK MacajaHu COHJIN
CUMILJIaH HUMa OuiiaH (hapK Kuiiaau Kuiaan?

1. TuHTIOBYMIApIaH OJTMHTAH JKaBOOJap KylHIarnia:

Ymsuknn  guddepeHnnans TEHIVIaMajJapHU €UWIl  YCYJIMHH YHU3UKCU3
TEHIJIaMajlapra XaMm KyJulalll MyMKWH. DyYHHHT y4yH, TEHIJIAMAaHWHI YHU3UKCHU3
KUCMUHU aXpaTud ONUII 3apyp Ba YHU TEHIJIAaMaHUHT YHT TOMOHHM cHUdaauia
Kapal, urepauus *Kapo€HUHH TAIIKHWII STUII MYMKHH.

2. TuHTIOBUMIIAPIaH OJIMHTAH KaBOOJIap Kylumaarnya:

[InacTUk MacagapHu €UYMIIHHU, TEPMOIJIACTUK MacajJaHy COHJIM €UYUII yCyIura
yXmam ycys €pJaMHuIa aMmanra omupuil MyMKAH. Dapku, IUIACTHK Macanapia
YU3UKCU3 KUCM, IUJJACTUK 30HAara YTUII IIAPTH acocuja TEHIJIaMajia MHoOaTra
OJINHAJIH.

Huma yuyH OyHpail xaBoOnap KenuO 4YMKIW Ba YHUHI cababu Humana?
BazusaTnan 4uKuIn HyIMHU KYyPCAaTUHT.

VI. MYCTAKWJI TABJIUM MAB3YJIAPU.

MycTaKuJI HITHA TANIKWI 3THINHUHT MIAKJIA Ba Ma3MYyHH.

TUHTIIOBYM MYCTAKWJ HIIHU MYyaWssH MOJIYJTHU XYyCYCHUATIAPUHH XHUCOOTa
OJITaH XOJIJIa KyWHaaru makiuiapaas donaananu0 Taiépiariy TaBCUsl dTHIIA]IN

- MEebEPUM XyxOKaTIap/aH, YKyB Ba WIMUM anaOuérnapaaH ¢oigamaHuIn
acocuia MOAYJ MaB3yJapyHU YPTraHMUIIL

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH Y3 THPHUILL;

- aBTOMATJALITUPUIITAaH YPraTyBud Ba Ha30paT KWJIYBUM JacTypiap OujiaH
UIIUTAILL;

- Maxcyc ajnabuérnap Oyitmua momyia Oyiaumiiapu €Kd MaB3yjapu YCTHAA
UIIUTAILL;

-TUHTJIOBUMHHUHT KacOuil paonusaTu OunaH O0FIUK OYIran MoayJ1 OV IumMiapu
Ba MaB3yJIapHU YYKYp YpraHuiil.

VI. MYCTAKWJI TABJIUM MAB3YJIAPU.

1. Tyramr MyXUT MEXaHMKACU MacajajJapuHUHT KYWWIMIIA — XaKWJa.
bomuanfruy Ba yerapaBum maptiap.




2. Diinep xapakaT TEHIJIAaMAacUHHU YCKJIM alupMalid ycys €paaMmulia COHJIU
CUMIIL

3. HaBbe-CTOKC TEHIIIaMacHHU YSKJIM alupMalld yCyIl EpIaMu/ia COHITN SUHIIT

4. JleopMaiinoH Hazapusi aCOCH/Ia TUTACTHK MAaCaJaHUHT KyHUIIUIIIH.

5. OKuUM TUTACTHUKIIMK HA3apHUsICH

6. FOxnanum cuptu aedopmanmsuiap dhazocua OYaraH OKHII Ha3apusIapy.

7. Tonay KOMITO3WTIAPHU YH3UKIN JIe(hopMalHsUIaHUII JKapOSHUHU COHIITA
MOJICJUTAIITHPH TIT

8. Tyram MyXUTHUHT HOKJIACCHK MOJICIUIAPH.

9. DNaCTHUK-TUIACTHK MyXUTIIAP.

MYCTAKWJ NI TONNHINPUKJIAPHU

MycTaKWJ HITHA TANIKWI 3THINHUHT MIAKJIA Ba Ma3MYyHH.

TUHTIIOBYM MYCTAKWJ WIIHU MYyaWssH MOAYJIHU XYCYCHUSITIapUHU XucoOra
OJITaH XO0JJ1a KyWuJard makiuiapaan Gogananu6d taiépiaiiy TaBCUsl STUIIAIN:

- MeBEPUI XyXOKaTiap/iaH, YKyB Ba WIMUN afgabuérnapaan (oiganaHuIil
acocua MOAYJ MaB3yJIapUHU YPraHUIIL;

- TapKaTMa MaTepuasuiap oyiinya Mabpy3ajiap KUCMUHH V3IaIITHPHUILL;

- aBTOMATJAIITUPUIITAH YPraTyBYd Ba Ha3opaT KWJIYBYM JacTypiiap OujiaH
UIIan;

- Maxcyc anabuérnap Oyinua mMoayn Oynumiapu €ku MaB3yJlapu yCTHIA
UIIan;

- THHTJIOBYMHUHT KacOui haonusiTy Omiiad O0FIUK OYiran Moays OViaumiaapu
Ba MaB3yJapHU YyKyp YpraHuil.

MycTakui TabJAMM MaB3yJIapu:

1. Jlaruac TeHrnaMacuHM YeKIIU aliupManu ycyn €épAaamMuia COHIIM eUnil
2. VIcCUKINK TapKaJIWIIN MacajJaCHHA COHJIN €UHUIIT

3. TepmMoanacTUK Macajia yuyH YeKJIM allpMaliy TeHIJlaManap Kypuul.
4. BOFMK TEpMO3JAaCTUK MacalaHUHT Kyirmuimu.(1 YraoBiau xou)

5. M3otpon xxucmiap yuyH nedopmManuoH Ha3apus

6. TpaHcBepcab U30TPOI JKUCMIIAP YUYH JIepopMaIiuoH Hazapus




VII. TJIOCCAPUI

Tepmun

V36ek THUIHAATH Hapxu

HNurans tmianaaru
Hapxu

Yexiu aiupMmasin

Typran Hucbaran
XOCHJIAJIAPHH YEKITH
altupMainap OwiaH

Finite difference relations,
derivatives replaces with a
finite differences

yeya
AJTNIOTHPUIIT
Coxanu yubypuax,
TypTOypYaK, TeTpas’ip Ba
napajc/Ienuieap Cover the considered area
Yexn KypUHHIIAAIT HCKIIN with finite elements in the
JleMeHTIap PIICMEHTIAP OUIAH 3 | 000 of triangle, rectangle,
Oynakiapra a)xpaTHiil Ba
ycyJu “ tetrahedron and
XOCHJI OYJITaH TYT'YH _
HyKTajuapra Hucbatan parallelepipeds.
anredpauvk TeHraamaiap
CUCTEMACHUHU XOCHUJI KUJIUIIT
The considered
Coxana Kapanaérran differencial equations
Yerapasuii Au(depertmanapun replaces with a integral
3J1eMEeHTJIap COXAHMHT AcTapacuia equatins defined on the
Oepwiirad UHTerpasn ..
yCyJan. boundaru of the domain in
TEHIJIamMasiap OuiiaH S ) )
anManrTHpuI Ba cormy eqwmr | WIth given d!ﬁerenc'al
equation
N XyCyCHSTIap 6apua Proporties depend on the
P itynamumnapna Typauya | considered directions in
KHCMTAp OyJraH MyxuT the body.
J1aCTHK Hsnxm Solids with linear strains.
nedopManusIaHyBIN tim
JKHCMIIAp SHCMITAD Ime
Hexin aiupmam Approxiation, stability and
AnnpoxkcumMaunusl, | TeHrIaMatapHu(cxeMaTapHu)

TYPFYHJIMK Ba

AKHHJIAIIINII

CUMMJIAPUHUHT aHUK €YUMIa
UHTHJIAIIHHA TAMAHOBYH
mapTiap

convergence rovides
approximation to the exact
solution




AHU30TPOII JKUCMIIAPTHUHT

The Hooks love describe

Ymymiiamirax YU3UKIH JIehopMaIusIaHUIIT the linear deformation
I'yK KOHYHH )apo€HuHu udoanaiauran process of anisotropic
KOHYH materials
Yuzukcus Residual deformation
Haacru AeopmanusIaHuII occurs during plastic
aegpopmauus Kapo€HM1a XOCHUJT OyIaauran

KOJIHK AehopMaIius.

deformation process
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