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AHHOTAITUS

MaB3yHUHT [0J13ap0auru. MarHuTinacTUK Ha3zapusachAa MEXaHUK
Mai0H OWJIaH 3JIEKTPOMArHUT MaWJOHJAPHUHT y3ap0 TabCUPH, KyMJaaaH,
AIEKTPOMArHUT MAaWJIOHJa >KOWJIAIraH IOMKA OJIrWIYBYaH IUIACTHHKAHUHT
TeOpaHumy ypranwiaaud. [TacTHHKaHWHT MIAaKIW Mypakkad Oyiran xoJuiapaa
MacajlaJlapHd €YUl KUMMHIAImMO  KeTKaHiuru cababiau OyHIal Typaaru
MacaJiajiap ypraHujiMaras.

NmHuHr Makcaau: Mypakka®d IIaK/UIM  MAarHUTAJACTUK — FOIKA
IUTACTUHKAJAPHUHT TEOPAHUIIIMHA MAaTEMaTUK MOJEUIAIITUPUII Ba XHUCOOJIAIT
Taxpubanapuau omubd Oopumi yuyH  MAPLEna nactypuiél TabMHUHOTHUHU
SIPATHIILL.

TaagkuKoT 00bEKTH Ba MpeAMETH: TAJKUKOT OOBEKTH MArHUTIIACTHK
Hazapusicu O0Ynu0, WIMUN TaAKUKOT MPEIMETH — AJICKTPOMArHUT MaWgoHAaru
IONKAa OrWIYBYAaH IUIACTUHKAJIAPHUHT  y3ap0  MarHUTCTaTUK, JHUHAMHK
nedhopMaloH Kapa€HIapuHA MaTeMaTUK MOJICUTAII TUPHIIL.

TagkukoTr ycy/uiapu: XxucoOjaml 53KCOEPUMEHTH Ba MAaTEMaTHK
MOJICIIJIAIITUPUIIT METOJIOJIOTUSICH, BapuallMoH ycyiiap, R-pyHkius ycymwu,
COHJIM yCYyJLIap.

NImHMHT MJIMHAN SHTHJIUTH.

o B.Jl.PBaueBHunr R-dynkmusicu Ba byOHOB-I'anepkuH ycymiapuHUHT
KOMOMHAIIMACH acocHuia Kapala€TraH MpeAMeT CcOoXacujaa TaJKUKOT
JIOUPACUHU KEHTaUTUpaaurad yMyMJaliraH JUCKPET MOJIEIU OJIUH]IN;

e Mypakka® IIAKIUIA MarHUTAIACTUK ITUIACTUHKAJAPHUHT TeOpaHUII
MacajacuHu euuinga xucoOmam Taxpubanapuau oputryBudn MAPLE na
JTaCTypuil TABMUHOT SPATUIIIN.

TaaKuKOT HATHKAJAPUMHUHT WJIMMH Ba amaauil axamusaiTu. OJIMHTaH
HaTKajap JioMuUxajgaml OJud HIUIapuja JoWMXajall WHCTUTYTIapuia,
PaIMOTEXHUKA/IA, SJIEKTPOTEXHUKAIA KYJUITAHUIIIK MYMKHH.

JuccepTanMsiHUHT Ty3wiumu. Jluccepranus wmm kupwil, 3 Ta 000,



XyJoca, oiinanaHuiran agaduéTiap pyixaTy Ba WioBajJapaad nuoopar.
Bakapuiran MIIHUHT acocHil HaTHXKajdapu: Mypakkad MIAKUIM FOTKa
IJIACTUHKAJAPHUHT TEOPAHUIIMHUHT MAaTEMATUK MOJIEIH, XUCOOJIalll alrOpUTMH
Ba MAPLE tusumunna nactypuii TAbBMUHOTH SIPATUIIIN.
Xyjgoca Ba TAKIU(PIAPHUHI KUHCKAYa YMYyMJIAIUTHPWITaH u@oaacu.
Maruut MaiiJoHH/Ia KOUJIAITaH 0TKa TVIACTUHKAHU TeOpaHuI skapaéHIapuHH

Xucobmam Taxxpubanapy YTKasmIIy.



THE SUMMARY

Relevance of the work. Magnetoelasticity studies the interaction of
mechanical field and the electromagnetic field, in particular the movement of
thin plates in a magnetic field. Complex configuration area of the plate in a
magnetic field, is unexplored.

The target and task of the research. The aim is mathematical modeling
oscillation magnetoelastic thin plate with a complex configuration and software
development tools allow to produce computational experiments on the system
MAPLE and for this purpose the following tasks;

Object and subject of the research: The study is magnetoelasticity.
Subject of study - mathematical modeling of deformation of statics and
dynamics of the interaction of elastic thin plates in an electromagnetic field.

Methodology and method of the research: methodology of
mathematical modeling and numerical experiments, variational methods, the
method of R-functions, numerical methods.

Scientific novelty of the work are:

- Developed a discrete model describing the process of vibration of a thin
plate of complex configuration in an electromagnetic field;

- A software package allowing computational experiments to study the
magnetoelastic behavior of thin plates with complex shapes;

- Results of computational experiments with the new challenges vibrations
of thin plates having complex configurations.

Scientific and practical significance of the study.

The results can be used during pre-calculations in the design institutes, in
radio engineering and electrical engineering

The composition of the work. The dissertation consists of an
introduction, three chapters, general conclusions and findings, list of references
and applications.

The main results of the work performed. Developed mathematical



model, computational algorithm magnetoelasticity vibrations of a thin plate of
complex configuration and the software on the system Maple.

Epitomized by the conclusion and suggestion. The results can be used
during pre-calculations in the design institutes, in radio engineering, electrical

engineering, etc.
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KHUPHUII

Mag3yHuHr aosa3aposauru. Keitmaru Baktiapja Gu3uK MaijoHIap y3apo
TabCUPJAPUHUHT  MATEMATHK  MOJCIUIAPMHU  SApPATUIl  KYMUYUJIUKHUHT
KU3UKUIIUHA ~ YiFoTMoKaa. lllyHpmail TankukoTiaap WyHAIUIIMHUHT OWUpU —
MarHUTANACTUK Hazapusicu Oynub, Oy Hazapusiia MEXaHHUK MalJoH Ouial
AIEKTPOMArHuT MAaWJOHJIAPHUHI y3ap0 TabCUPU YpraHuiaaau, KyMJaJaH,
AIIEKTPOMArHUT MaioHJa >KOMIAIlraH ONKAa OrWIyBYaH IUIACTUHKAHUHT
TeOpaHUIIM TAJAKUK KWIMHAIW. ByHmail Typaaru macananapHy €4Ydiia SHT
acocuii oMwUIapjiaH OWpH ITUTACTUHKAHUHT KOH(MUTypanuscu XHCOOJIaHAIH.
Knaccuk 1maknra sra OynraH (mowpa, TyFpu TYpTOypuYakidm Ba XaKo30)
IUTACTUHKAJAPHUHT TeOPAaHMIUIAPUHU TAAKUK KWW OWiaH Kymiad Mamxyp
olMMJIap Ba MyTaxaccuciap wuil oiaud Oopumirad. [ImacTHHKaAHUHT IIAKIHA
Mypakka0 OViran xoJuiapjia 3ca MacajajapHu €Udil KUHUHIANO KEeTKAHIUTH
cababnu OyHai Typjaru Macainajiap ypraHujaMmara.

NKKkrHYM TOMOHJAH, MaTE€MaTUK MOJACIUIAIITUPUIL YCYJUIapUuAaH KEHT
paBulga (QolganaHUIl Hazapuid TAAKUKOTIAPHUHT YMYMUU COJIOXUSTHHU
omMpud Ba YHU DKCIEPUMEHTAN TAAKUKOTIap OwmiaH Oupranukaa oiaud
Ooopumra é&paam Oepamu. MaremaTuk MOJCIUIAIITUPHUIIAA OOBEKTHUHT
(>kapa€HHUHT) Y31 OwiiaH 3Mac Oajnku OOBEKTHUHI MaTEMaTUK MOJENH OWIaH
um onub® Oopwiraniauru cababiu, xed KaHaka Xapakariapcu3  TaJKUK
KWIMHUETTaH OOBEKT XOCCAJapuWHU T€3 BaKTAAa AHMKIA0, MIACTUHKAHUHT Xap
XU BazuATaaru xonatuau ypranaau. llly 6mman Oupra matemaTuk Mozesiap
yctuaa onub Gopuiaauran Xpcoonam Taxpudanapu (KOMITbIOTEP, UMUTAIIUOH )
3aMOHaBUM XMCOOJaII yCyJiap Ba TEXHUKaIap acocuaa oiaubd 6opunaau, Oy sca
V3 HaBOaTHma oOBeKTHH HadakKaT Ha3apuil TOMOHJAH OalKh Xap TOMOHJIaMa
YyKyp Ba TYJIMK Ypranuiira épiam oepaiu.

3aMOHaBHI TEXHUK KypUJIMAJTaApUHUHT KOHCTPYKTHB JJIEMEHTIAP ACOCHUHU

IONKa TJIacTUHKanap Tamwkuia Kuwiagu. Iy cababmm mypakka® makiara sra



OyJraH J3JIEKTPOMAarHUT MaWJOHAA JKOWJAIIraH ONKA IUIACTUHKAIAPHUHT
TeOpaHMIIl MacajlaCk MaTeMaTHK MOJEIUIApUHM SPATHILL J0J13ap0 MacaianapaaH
oupu O6ynu6 xucobimananau. byHpait Macananmap SJ€KTpPOMarHuT MalJIOHHHHT
TabCUpPUJIa MATHUTIA XUMOS DSKPAHJIAPUHM SpaTUIIAA, 3aMOHABUIl YIIUOB
acOooOnapuHu wuNUIad YMKapUIlga, XHUCOOdall TEXHUKACH KypUIMalapuHH
APATUILA YIPAUIH.

MyaMMOHHMHI YPraHWJITAaHJIHK [Japa)kacu. ODJEKTPOMArHUT MailJIoHAa
JKOMJIalraH ONKAa IJIACTUHKAJIAPDHUHT TeOpaHWIl MacallaChHU MaTeMaTUK
MOJICJUTAIITUPHUILIA SJTACTUKIIMK HA3apUACH Ba JIEKTPOMATHUT MAWUJAOHHUHT Y4
VymuoBnM Macanmacura onm0O KenuHaau. by Macama  Xycycwil  Xocuuianu
muddepeHnran TeHriamanap Ba yjapra MOC 4YerapaBuii, OOIIaHFUY
mapmiapjaadn uoopat Oymaau. YmoOy KYypuUHUIIAArd MacajajapHu €4Yull Y4yH
Oup KaHYa aJITOpUTMIIAp SPATUIIMIINTA KapaMacTaH aMalnil MacaialapHu €4HIIl
MyaMMOJIUTHYa KOJIMOKJIa. AManu€Taa OyHaail MacalalapHu Xap Xujl ycyJuiap
éplaMusia cojalalITUpUIIapra oiaud KenuHaau. Macamnan, Xap Xui
TUMOTE3aIapHU KYJUTalll OPKajid, aHAIUTUK Ba TaKpUOWUW yCYJJIApHHU WIILIATHII
épaaMuia amanra omupuiagd. MarHUTANACTUKIMK Ha3apusiCH Ba YHU CUHIII
Macajanapy OwiiaH Kyrjiaran Mamxyp oinumiap myrymnanrad: C. Kammicckuid,
A.B. CeneszoB, X.A. Paxmarynun, B.K. KaOynos, FO.C. Illkenes, C.A.
AmOapuymsH, M.B. benyOeksin, I'.E. barpmacapsn, A.B. MoinbueHko Ba
xak030[1,2,5,6,8,9,11-14].

MarHuTanacTuk MacajaJlapUHUHT KIJIACCUK IIakira sra (Jgoupa, TyFpHU
TYpTOYypYaKIM Ba XaK030) IUIACTHMHKAJAPHUHT TCOpPAHMII MacajacHHU CYUHIII
YCYJUIAPUHHUHT KYm OYnuimMra KapamaclaH, MarHUTIJIACTHK COXacHaa KaTTa
axamusaTra sra OynaraH macajajapJaH OMpHM MarHuT MaiJIOHW[a Koilaliran
Mypakkad MIaKJIM ONKAa TUIACTUHKATAPHUHT JUHAMUK XYCYCHUSTIAPUHU
Yypranagurad MacajajapHH e4ril X031praya XxaM MyamMmmMo Oyiar0 KOJIMOK/A.

Taagkukor Makcaaum: Mypakkad MAKUIM — MarHUTAJIACcTUK  FONKA

IUIACTHUHKAJIAPHUHT Te6paHI/IHH/IHI/I MAaTCMATUK MOACIUIAIITHPHUIIL Ba XI/ICO6J'I3HI



Taxkpubanapuau o0 Oopumr yuyH MAPLEna nactypuii TapbMUHOTHHU
SIpaTUII.
Taakukor Basudaapu:
- Mypakka0 IIAKUIM FONKa IUIACTUHKA TeOpaHUIIM Macaidacu YYyH
XUcoOIall anrOpUTMUHU SIPATHILL
- Mypakka0 IIakjira sra IONKa IUIaCTUHKA TeOpaHWIl Macaiacuia
XUCOOJIALTHI aBTOMATJIAIITUPYBYH TACTYpUIl TABMUHOT SIPATHILL;
- OJIMHTaH HaTWXKallapHu, JacTypud TabMUHOTHHUHI MIUIAIIMHU Ba
XUCOOJIAI aTOPUTM TYFPIIIMTUHU acociiad Oepui;
- Mypakka0 IIakjira sra ONKa IJJACTUHKAaHUHI TeOpaHMII MacajacHHU
TaJAKUK KWW Oyiinya XucoOaml TaxxprudalapiHy YTKa3HILL;

Tagkukor 00bekTH Ba mnpeaMeTH. TaIKUKOT OOBEKTU MATrHHUTAJIACTUK
Hazapusicu 0ynu6 xucobmanagu. Unmuil TagKUKOT NpeaMeTH — IEKTPOMArHuT
MaiJJOH/ard ONKAa OSTWIyBYaH I[JJACTUHKAJAPHUHT Y3apO0 MAarHUTCTATHK,
JUHAMUK Je(pOopMalvoH jkapaéHIapuHi MaTeMaTUK MOJIEIUIAIITHUPHILL

TagkukoTr ycyaaapu: XxucoOjaml O3KCIEPUMEHTH Ba  MaTeMaTHK
MOJEIIIAIITUPUII METOJIOJNOTUSICH, BapualMoH ycymap, R-pyHkius ycynw,
COHJIM yCyJuIap.

NmHuHr wiMuid AHrwIdrd. TagkukoTiaap ojau0 Oopulll HaTWXKallapu
Oyiinya WIMHI SSHTUJIMKIIAp Kyluaaruiaapiad noopar:

e B.JI.PBaueBnunr R-dynkimsacu Ba byOHoB-I'amepkun (PuTir)
yCYJUIApUHUHT KOMOMHAIUMSCK acocHjia Kapaida€TraH IpelIMeT coxXacuaa
TaJKUKOT JOUPACUHU KEHraWTUpaJuraH yMyMIIalraH TUCKPET MOJEIU
OJIUH/IN;

® Mypakkad MIAKJUIM MarHUTANACTUK IJIACTUHKAJIAPHUHT TEOpAHMILI
MacajacuHU euuinga xucoOmam Taxpubanapuau oputryBun MAPLE na
JacCTypHUil TAbMUHOT SIPATUIIIN;

® 3JIEKTPOMArHUT MaiI0HAaru Mypakkad HIaKIUIH

IJIaCTUHKAJIApHUHT Te6paHI/IH_II/IHI/I xnco6namﬂa OJIMHI'aH HaTHXXaJIapH.



TaagkuKoT HATHKATAPUHUHT WJIMHI Ba amaauii axamusitu. Mmmab
YUKWITAaH MaTeMaTHK MOJCIN, spaTWiral xucoOjam anroputMu Ba Maple
TU3UMHUJArd JacTypudl TabMHHOT SIHTM Mypakka® IIak/UIM MarHUTAJIACTUK
MacajalapyuHy €YuIIa UIUIATUII MyMKHH. OJIMHraH HaTWXKalap JoMHXajaml
0JIIn uiiapuaa  JIoOMMxajamnt WHCTUTYTJIapHuaa, pPaauOTEXHUKAA,
DNEKTPOTEXHUKANA, MAXCyC TEXHUK WyHaJUIIMJAArd OJUUIoxjapaa YKyB
JKapaéHu1a KyJUIAHUIIA MyMKHH.

Nmuuur anpodamusinan  yrumu. [uccepranms OViinua oOJIMHraH
HaTIKajIap Kyiduaara KoHpepeHuusap XxaMm/1a WIMHANA ceMuHapiap/ia Myxokama
>TMO MabKysulanran: Maructpiap uamuid unuiap tynamu (Hykye, 2014 . ),
«21 acp uHTEJUIeKTyal aByioj acpu» wimuil koudepenuuscu (Hykyc, 2014 it.),
TomkeHT ax00poT TexHONOrUsIapu yHuBepcutetd Hykyc gpunnann «AxO60poT
TexHoJorusutapu» kadeapacu cemunapu (Hykyc, 2013-2014).

HarmkanapHuHI 3BJOH KWIMHraHu. Jluccepranys WUIMHUHT MaB3yCH
Oyiinua 3 Ta UJIMUN MakoJia Ba Mabpy3a T€3UCIapU IBJIOH KUIMHTaH (mryHaad 1
Tacu WIMHMM XypHajjaa, 2 Tacu KOHGEpeHIHsUIap Mabpy3ajapu Te3uciapuia
YOII 3TUJITaH).

JuccepTauMsIHUHT TY3WINIIH Ba Xa:KMHU. J(rccepTaius UIK KUPHUIL, 3 Ta

000, xyJnoca, ¢hoiganaHuiarad anadbuétiap pymxaru Ba uioBaiapian uoopar.
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I- BOb. MATHUT 3JIACTUK MACAJIACH

1.1. MarauT MaiiIoHU/1a )KOMJIAIITaH IONKA IUVIACTUHKA YYYH

TeOpaHUII MACAJIACHHUHI ACOCHH TeHIJIaMaJapu

W3otpon, srmmyBuaH, Kanuuiaurd 2h ra TeHr OynraH fomKa IUTACTHHKA
ANIEKTP TOKWMHU YTKa3yBUaH MaTepualjaH Talépianran OYau0, oJIMHIaH
OepwiraH MarHuT KyWIaHMIILIapra 5ra MarHuT MaloHuaa xoinamrad. Tamku
TOK Ba 3apsajiap MaBXKyJ 3Mac. DJIEKTPOMArHUT MalJIoH BakT Oyilmda CeKuH
y3rapanu[1,2].

[ImacTuaka JeKapT KOOPJAUHAT X,, X,, X, CUCTEMacH1a IIyHJIan

YKOMIIAITaHKK YpTa TEKUCITUK X,,X, OWJIaH ycTMa — YCT TyLIa/IH.

Maraut MaioHU/1a )KOMIalITraH FOIKa IUIACTUHKA YUYYH MaTEMAaTUK MOJIEIN
[amunpToH-OcTporpaackuii  BapuaunoH — toMounu[l] Ba  MakcBemn
TEHrJaMajlapu KYPUHUIIKJATH DJIEKTPOJUHAMUKA TEHTJaMallapd acocuja
onvHaau [2,3].

[TnactuHkaHuHr TeOpaHuin TeHriamacuuau JIse  [1,5-6] Ba Maraur

AIACTUKIIMK TUMOTE3CH €paMua KENTUPUO YMKapuiIain

oW oW
u, :_X38_x1’u2 :_X3a_x2’u3 =W(X,, X,,1),
e = (X, %, t),8, =w (X, X,, 1), hy = F(x,%,,1). (1.1.1)

By epma W-Homabiaym OVyiraH IJIaCTHHKAHWHT YpTa TEKUCIATHHUHT
Ky, ¢ = e(X,, X,, ),y =y (X, X,,t),f =f(x,,x,,1)- 9JICKTPOMArHUT
MaiIOHHU TAIIKWAJI KHJIYBYH HOMAbayM GyHKIHsIAP.

Komm TeHrmknapu Kyinaaru Kypunuiaa oepunanu [ 1-3]:
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o*W o'W O*W

&y =X, : &, =—X X 1.1.2
11 a “AL2 12 8)(18)(2 22 3 axzz ( )
['yk KOHyHHHH 3ca Kyhnaarnda ¢3amus [1].
E . E . E .
Gy = m(gn + V822)’612 = mglz’czz = m(gzz + V811)1
(1.1.3)

by epna v— mnyaccoH kodpduULMEHTH, p- Marepuag 3UWINTH, G-
VPTAIMKHUHTIJEKTp  YTKa3yBUaHIUK KO3 UITUEHTH, -  MarHuT
VTkazyBuaHmuk  kodbduiuentu,  E-srunmmm  MOaynH, € -IUAJIEKTPUK
VTKazyBUaHIUK. By KeaTUpwiIraH KaTTaIMKIAPHUHT XaMMacd KOOpPJAMHATIaH,
BaKTJaH Ba 3JIEKTPOMarHUTMalaH IeMeHTIapura OOFJIMK dMac.

IOnka muacTUHKAHWHT KYy4HWIll TEHIJIAMCUHU KEJITHUPUO YUKAPUIL YUYyH
okopuaa  Oepunaran  ['amwmnbToH—OcTporpaackuii  [1]  Tamoinmaan

doinananaMus.

S[(K—1T+A)dt=0 (1.1.4)

by epna K,II - knHeTHK Ba MOTEHIMAIb SHEPTHUIAD; A-TAIlIKK BA XaXMHU
KyWwiap HaTWxkacuaa Oakapwiran uil. Bapuanus KYpuHUIINAATMCH KyHnarnia

oynanu

foxdt=] | ( 8u256u2+au358u3jdvdt;
P E R At a

Iéﬁdt: J j 0,,06,, + 0,,06,, + 0,06, )dvdt;
t t Vv

baxapuiran UIIHUHT BapUaLUsACH:
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jaAdt ”[(x + pK AU, + (Y + oK), + (Z + oK, )dU, dvdt

+JJI ( dy +sz)&'l1 + (qy +sz)ajz + (qz +TZZ)&J3}1X1dX2dt+

t X X,

+J.I,[:(PX +TXX)&JI + (Py +Txy)&]2 + (PZ +TXZ)§J3}jX3dX2dt+

t Xy X3

TR 4T, 08, + (F, +T,)d, + (F, +T,,)a, Hxdxdt

t X X

by epna X,Y,Z,pK_, pKy, pK, - XaXMHUH Ky4Jiap KOMIIOHEHTAJIBPH;

d,=0d; +d,:d, =0, +0d,;d, =0, +q,; T, =T, +T_;
T, =T, +T,;T, =T, +T,;

zy ! 7z

Kucwm yerura tabeup KUilyBYM KOMIIOHEHTIIAP;

PP P T Ty T P B R T T T KOHTYP Ky4€iap

x1 Ty iz Txxy Txyr TxzrDoxa b o0t oz Dyxos

KOMIIOHCHTAJIApH.

Oxopumarn (1.1.1)-(1.1.3) TeHrMKIApHH, KHHETHK Ba IOTCHIIHAIIb
OPHEPrUM BapUaAllMAJIApPUHM, TallKK Kydjlap/aH TallKui TONraH WIIHH
["amunbToH-OcTporpaackuitHUHT Bapuaiuon Tamoinura (1.1.4) onud 60pud
KyWniIaau.

Keitun Oynakia® wuHTErpa/uianpiaHn Ba  0ab3ubup  YXIIaniapuHu
HUFUIITHpUIUIApAAH CYHr V- XaxmJa eduMmra sra OyiraH BapUalUoH
TEHIJIaMara sra Oyiamus.

Marunutanactuk (1.1) Tamoiinura acocan W, @,y (QyHKIMsIapra HucoataH
eUWIauran xXycycuil xocuianu auddepeHnuran TeHrjiaMagap CUCTEMacH

KYpPUHUILIUTA 3Ta OYIaau:
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2 Po
0%, 0%, 0X,

end’y  4dnoud old4nc, ow en-1 o'W o0*w
A\V_itti‘j]_ ZHW:H[ 2 Bm + = Boz _Bm , +
c” ot c° ot cotLc ot el OX,0X, OX,
EL, O°W
"o 8tﬂ
(1.1.5)
2 3 2 2 2 2
paw+2ph O W _p 2N ofg 0@ g 09 g OV g OV,
ot 3c OX; OX,0X, OX,0X, OX,

3 2 2 2
+2:2O-g i|53‘§2+|3ci'3 6—\;V+ iBgﬁ'Bga a—\2\/_3801'3026—\/\/ +
c” ot|\su OX; EU oX, &u 0%, 0X,

2ho B,, ow B,, ow
+——| By ¢p——2— |-Bylw+—2—1|
c { 02((0 c 6t] 01(1'” c atﬂ

by Tenrmamainap cucremacu KapanaéTraH IUTACTHHKAHWHT MOC YerapaByuil Ba
OonutaHfuy mapTiapuy Owigan Oupramukna eumnamd. (1.1.5) rtenrmamanap

CHUCTEMACH YUyH KEHI TapKajraH yerapaBuil luapTiap Kynuaa KeJITUPUITaH:

1) TlnacTMHKA  TEKHCIAWTHAAa  YHHHT  4erapacd  KaTTHK

Maxkamuianrai[8,12]:

W =0¢,=0y|,=0,—|, =0, (1.1.6)

an‘F

2)  DpkuH TasHY (CHPFaIyBYH IAPHUD):
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W‘on,M‘r:O,(p‘r:O,w‘r:O, (1.1.7)

3) CupraHyBuaH MaxKaMJIaHTaH:

ow

r AL :0’
on

T

(1.1.8)
= 0. (1.1.9)

by epna
2 2
o, =0y,l," +o,l, +20,l1,,

|2

2
=1

Th 20-12( - 2)"'(‘722 _011)I1!|2’

r - IacTUHKaHuHTr [ yerapacura ypunma,; |, =cosa, |, =sin «;

u oau v v 1 (owY owow . (ow)
O-ll:Bll&+8165+816_+812_+_|i811( j +2B P Blz(_J ];

Ay 16 Ay +
OX oy 2 OX OX oy oy
2 2
O3 :Blza_u“'sta_u"'826@"'822@‘*’l B12(8_W) +28268_W@+Bzz a_W )
OX oy OX oy 2 OX OX oy oy

2 2
O 28168_u+8665_u+826@+866@+1 Ble(a_wj +2866%@+826(@) '
OX oy oy ox 2 OX oX oy OX

4)  Illapaup BocuTacu OMIaH MaXKaMJIaHTaH:
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w =0,
M,|, =0, (1.1.10)
ul,=0,v| . =0.

By epma M, =M cos’a + M, cosasina + M,,sin’a.

byHnaH Tamkapu IJaCTUHKA YErapacHMHM —MaxkKamjaml —ycyJulapura
HucOaTaH, apajiail 4YerapaBuil maptiaap Xxam OYIUIIN MyMKUH.

[y 6unan 6upra Kyiuga 6epuiaran OoNUIaHFUY MIapTiIapaa eUuIaan:

P=Qo, Y =Wy, W=W, (1.1.11)
P=Qo, W =¥y, W=W,.

Oy epma U,U,,U, — IJJACTUHKAHWUHT KY4YHUII BEKTOPH KOMIIOHEHTAJApH,
e,,e,,h, — »anekTpomarHuT MalIOH KOMIIOHEHTamapw, W =W(X;,X,,t),
u=u(x,X,,t), v=v(X;,X,,t)—TacTuaka ypra TEKUCIUTHIATH H3JIAHUETTaH
HOMabJIyM KOMIIOHEHTaNapu, ¢ = (X, X,,t), w=wy(X,,X,,t), f=f(x,X,,t)
— M3JIaHUETTaH 3JCKTPOMArHUT MaiJIOHHUHI HOMAabIyM KOMITOHCHTAJApH, G —

IUIACTUHKA MAaTEPUATMHUHT JIEKTP YTKa3yBUAHIIUTH, C—EPYFIUK Te3nuru, Bg,—
MarHuT MHIYKLOUSCH KOMITOHEHTajJapu (TUIaCTUHKA HWYKH COXAacH Y4yH)
B, =(By, By, Bys), (1=1,2,3), p-—mnmacTuHKa Marepuany 3WWINTH, P—Tammku

MEXaHUK Ky4, €-JUANIEKTPUK YTKa3yBUAHJIMK, \-MAarHUT YTKa3zyBYaHJIHMK, D—
IJJACTUHKA KATTUKJWTH, N-TJIACTUHKAHWHT /[ Yerapacura Tallkyd Hopmadn, t —

BaKT.
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1.2 Acocuii yerapaBuii IAPTJIap YYYH CTPYKTYpPa e4uMJIapH

bepunran derapaBuii mapTAapHA  KaHOATJIAHAMPAIAUTraH CTPYKTypa
€UMMIIAPUHU Kapad yTalIuK.

by epna crTpykTypa €4MMHMHM KypHILJa HINTUPOK OSTaguraH (QyHKIUS
muddepeHIMaUIanyBYN QYHKIMS OyIuIIy mapt. Acocan OUp KUHCIU OYiraH
yerapaBuii mapTiap ydyH CTPYKTypa eduMiIapuHu Kapab yramus[12-14].

1. Kammuk maxkamnanzan niaacmMuHKA Y4UyH 4e2apasuil wapmiaap yuyH
euum CmpyKmypacu.

AWTallIuK XakJaral makiaaard ( coxaia IUIacCTUHKa Yy4yyH Oapua OC2
yerapaBuii KOHTYphl OyiiMya KaTTUK MaxkamJjaHran OVyicuH. Y Xxoiija

IUIACTUHKAHUHATUIMIKY - yHkiusicu W Kylugarun dyerapaBuil mapTiapHU

KaHoaTJIaHIUpaIau.
W =0 (1.2.1)
M =0 (1.2.2)
on

(1.2.1) maptuman W(X) dyHkmusacu o0Q na Oapuya KuHWMaTIapud HOJIbra

TeHrMruHu Oownaupanu. Arapaa®(X)=0 O KOHTypUHHHT KaHaaima Oup

dbyHkuusicu 6yica Ba

o(X)>0, XxeQ, (1.2.3)
‘Am‘ =1, Xed, (1.2.4)

y Xoiaa pyHKIusIap TymiaMu Kynaara ¢hopmysia OuiiaH aHUKIIaHATH.

W = od (1.2.5)

@ -pyHknusicuHy myHAal TannaHcuHkd (1.2.5) mwaptu Oaxkapuicul, Oy
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epna W-0epuiran MacajJaHUHT €UUMU.

VY xonpa @ -dpynkuusicu kyituaaru Gopmyna 6mian udoaaaaHagm.

W, XeQ
d=<
0, XxeoQ

Euyumra W ra D; omeparopunu Kysuaiimui3. By omepatop Kyhuaaruda

oynau.

oW ow N oW dw

DW =(V,Vo)W =
OX, OX; OX, OX,

. oW
D,Wudonacu D; oneparopunu xoccacura kypa o€ na an xocuiacura
n

aitnanany Ba (1.2.3) waprunn acocuna D,W|,, =0 tenr 6ynany.
D,W ¢ynkuusacura roxopuga W QyHkuuscura Oepuiran (UKpIapHU
XUcoOra ojiraH xoJjja HIyHAal , (YHKIMSACHHM TONAMU3 Ba KyHuAaru mapr

OakapuIIaJIy.

D,W=ov, (1.2.6)

bynu (1.2.5) onub 60pubd Kyitnbd Kyiinaarura sra 6ygamMus.

D, (0w®) = ®D,w + oD, ® = oy,
(1.2.4) maprura xypa D0 =1+ ot kenub ynkaau Ba (1.2.6) maptuaan

O = oy,
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kenu6 yukaau Oy epaa ¢y =y, — D, ® —t® . Tonwnran udonanu (1.2.5) ra

KyHuo

W =0’y

sra Oymamu3. Oxupru ¢opmynanaru y HA @ ra anMamTupud KyHugaru
dbopmyiara sra 6ymaMus.

W = @’® (1.2.6)

[ynpait kuaub KenTupud uMKapuwiran ¢opmysia OKopuja Oepuiiral
yerapaBui MapTiap y4yH Tyja CTPYKTypa €UMMUHU aHUKIANIH.

2 OpKuH Kyuunzan 6a MAXKaAMIAH2AH NIACMUHKANAD YYYH Ye2apasuil
wapmaap

By Typnaru yerapaBuii maptinap y4ayH srminum ¢yskipsicn W(X) derapana

0Q) Kyiinary mapTiapHi KaHOATJIAHIUPUIIINA KepaK

W(x)=0

oO*'W  o*W
_I_
on® ot

=0

bepunran wuwerapaBuwii mapT y4yH e4yuMIap CTPYKTYpPacHHU KEITUPHUO
YUKApUO YTUpMaMU3.
by xypuHumparu yerapaBud IMIAPT YYyH €YMM CTPYKTYypacu Kyuuaaru

KYpHUHHUILTA 3Ta OYIaau.

2

W =, ~ 7[D, (@xb,) + 1T, (axb,) ~ o, ] (1.2.7)

3 3PKMH MAXKAMIIAHCAR 64 KAMMUK MAXKAM/IAH2AH RNJIACMUHKAAD
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VUYH uezapaguii wiapmiap
Maiinu nnactuHa KoHTypu OQ ukkuta 0€), Ba 0Q), Oup Oup Ounan

KECUIIIMAMIMTaH WMKKUTA KOHTypJlapAaH Talkui TonraH OyicuH. butra

KOHTYpAa KAaTTHK MaXKaMJIaHTI'aH 6S’/JICI/IH HKKHMHYHCHa 5Ca KaTTHK J5Mac

OYJICHH.

UYerappuii maptiap KydWnaaru KypuHHINITa dra 0yaiu.

W:O,%zQ X € 0€),
on
2 —
oo, EW AW (v W
on ot yo, on

By epna moc xomna v,p°, k® — Iyaccon koapduimenTy, 62, HUHT KpHBH3HA

paaInyCcu Ba IUIaCTMHKA MaxXKaMJIaHTaHJIMK Japaxxacu, nN- 0QQ ra TalllKu

HOpMaJib.

By apanam yerapaBuil mapwiap y4yH €4UM CTPYKTypacu KyWhujauyuda

oynanu.

2
W=—2_lod +0ld, -2 0| DPw, -~ +k |+ 2D,
@, + , 2 yo,
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1.3. KoopanHat pyHKIMsJIap KeTMa-KeTJIUTHHA KYPHI

DNEKTPOAMHAMUK ~ MAWJOHHUHT  V3rapuillM, HWCCUKJIMKHUHT  JKHCMJIA
TapKAJTUIIN Ba MEXaHUK KYWIAPHUHT KHUCMTa TabCHP KWIWII MacalalapuHu
euuIl Mypakkad Macanajap/iaH xucoOiaaHaau. Xap Xuil Ky4JapHUHT MaiiloHTa
TabCUpPUAA YHUHT Y3rapuimu (axkaT ¢Gu3MK KOHyHIapra OOFIMK 3Mac, y
OepuiraH )KUCMHHHT IIAKIUTA XaM OOFJIMK Oyaau.

MaremaTuk HyKTau Ha3apjaH oJu0 KapaWauraH OYJcak MaijgoHJIapHU
xuco6 kuTo0 Kwmmm Oy Q coxacuga Xycycwil xocunanu auddepeHuan

TEHIrJIaMara 5ra 4erapaBuil MacajajlapHy euuIira oinuo kenuHaau[12-14].

Au= f (1.3.1)

KYWHJIard YerapaBuil mapriaapaa

Lu=¢, 0Q, (i=1,2,...n) (1.3.2)

by epna 0€),002,,..0Q0, - ) COXaHHUI 02 YerapaCuHHU TAIIKHUJI KUJIaJH.
YerapaBuii MacaJlaHUT KypUHUIIUTA Kapail eduM CKajsip (yHKIHS, BEKTOP

bynkuus €k TeHzop Oynumu MymMkuH. KelimHyanu Ou3 €4uMMHH «DYyHKYUA»

TEPMUHU OUJIaH aTaliMu3.

KOxopuna macanmanu Kyiwnmumuga keatupuiarad w,f, ¢, GyHKOusIapHu Ba
A,L, omeparopiapyHu 4YerapaBuil MacallaHW aHAIUMUK KOMNOHeHmaniapu, €
COXACHHHM, YHHHI 4YE€rapacMHu o Ba 4YerapacMHd TallKWI KWJIYBYH
KHUCMIIAPUHU 0Q); - 2ceomempux Komnowenmanap 1ned oputamus. by ukku xun
MabBIyMOTJIap  — aHAJUTUK  Ba TEOMETPUK  MABJIYMOTJIAp XHUCOOJaII
ANTOPUTMUTA  T€OMETPUK MAabJIYMOTJIADHU  KUPUTHILJA  KyIUIarad
KUMUHYWIMKIAp TyFaupagu. Kiaccuk ycymnapaa dypbe, HUHTETPATIIN

aKCIAaHTUPUIILIApa Ba OOIIKa ycyiuiapaa TeOMETPUK MAbJIyMOTIIAPHU XHCOOTa
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ONUII  KOOpAMHAT CHUCTEMacMHH TyFpu TaHimam  Ouiad, KoMdopm
aKCIIAaHTHPUIIJA AaKCIAHTUPHUII (QYHKUMSUIADUHM ~ KypuIl Hynd — OwuiaH,
BapHUallMOH YycyJulapjia OYJICakoOpJMHAT KeTMa — KETJIWUTWHU TYFpU TaHJIal
OJIMII OMJIAH €YHII MyMKHH.

R-dynkius €pnamuna yerapaBuii MacajalapHd TaKpuOWi aHAJIMK edraHnaa

T€OMETPUK KOMIIOHEHTAIapHU 3P (HEKTHB Ba OCOH THHA XUCOOTa OJIajIu.
Aitraiimk S, (t) = (t>0),t e R', t>06ymranma 1 KuiiMaTra sra akc Xoiuma
t<0 OyJnraHja HOJIb KHAMATTa 3ra NpeauKar OYJICHUH.
X = (Xyy Xy peeer X, )5 S,(x) ={S, (%), S, (X,),---, S, (X,)}. v X0J1/1a
y =f(X) pyukuuscn R-gpynxyus nevivnanu, arapia myHgai Byinb QyHKIusCH

Y =F(X), X =(X,,X,,..., X)) MaBxya 0yau0, Kyluaru mapt Oaxkapuica

S, LT ()]=FIS,(x)] (1.3.3)

by epna, Y =F(X) ¢ynkuusacu Bbyns ¢yHkums Oynmamu, arapma X, Ba
B,={0;1} tymam snemeHnTnapu, pakaT rTMHa UKKUTA SJIEMEHT/IAaH TAIIKUII TOTICA
OBal.

IOxopunaru (1.3.3) mapTtuaan ury Hapca HoMaéH Oynaauku xap oup R-
¢bynkuusira byns pyHkuuscu moc kenaau. Teckapucu ypuniu smMac outra bynb
bynkuuscura dekcus kyn R-dyHkuusanmap Tymiamm Moc  kemamu.  R-
GyHKUMsUIapAaH TAIIKWI TONTAH CHUCTEMa €Tapivya Tyja JeWuiagu, arapaa
M(H) tymnampan H-dyskumsicu R-GyHKUuMsHUHrT Xap Oup moxu OwiiaH
Kecummacu o6y Tyriam 6yiamaca. CUCTEMaHUHT eTapinya Tyia Oyluil mapTu
Oy H” cuctemacu O6apua Byns ¢yHKIMsIapuaa tyna Oyiauimum kepak. Xakiarad
Bbynb pynkuuscu mypakkad GyHKINS KYpUHUIIKAA OSPUITUIIIN MyMKHUH.

byn ¢pynkuusanap tymiamMuaa sHT Ky KYUIaHWIAAUTad Tyjia cucreMa

KyHUJaru cucreMa Xucooianaau
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H ={X AY,X vY,X}

by epna X AY konbronkuus, X v Y AU3BIOHKIHS Ba X OCKOp KUJIHIILL.
by bynb ¢pyHKUMsIIapura o1l reoMeTpUK MHTEPIIpETalns OepHILl

MYMKHH.

Macanan

Kyitunaru pacmaa Oepuiiran () coxacu mpeaukatiap Ounan oepunaau

Q=(Z, AZ,)AZL)
T,=(4-%20),%, =(4-x,20),%;=(1-x —X; 20) (1.3.4)

Y, - HM 2 TeHr OYyJraH rOpu30HTaN ynak (monoca) ; X, - 3HU 2 TEHT Oyiraxn
BEpTUKAN iynak (moiyoca); X,-mapkasu (0,0) >xoiinamaran paguycu 1 ra TeHr
oynran goupa.

by epnma mpeaukar TeHTIaMajapuIaH aHAIWTHK KypHINTa YTHIT KyHugard

bopmynanap épaamuia amanra ommupuianu [12-14]

XA, ysﬁ(x+ y—\/X2 +y? —2axy) ( R- KOHBIOHKIHS )

Xv,y Eﬁ(x +y+ \/XZ +y? —2axy) (R- qu3BIOHKINSA )

X=—x ( R- Gexop orum ) (1.3.5)
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by epna a.=o(X,y)- dyuknus —1< a <1 opiuruaa KoMIaIlraH.

Xycycuit xonuan Kapad yraimmk o =0.

XA, Y=(X+Y—-/x*+y?) ( R- KOHbIOHKIIUS )

XV, y=(X+Yy+-/x*+y?) ( R- nu3bronKuus )
X =-X ( R- 6exop >rumr ) (1.3.6)

VY xonma rokopuaa pacmaa 6epuiran (2 COXaCHHH YerapaBHil TCHIIIaMacu

@ =[(4-x2) Ao (4= X2)] Ay (L— X2 —X2) =0, (13.7)

OwmaH 6epuiay.
Oumu (1.3.6) dopmynacuman ¢oiiganann6 (1.3.7) tenrmamacuman R-

onepanusiapau Hykatnd o(X,,X,) =0, KYpUHUIINIATH aHAIUTHK TEHIJIamara
ora Oynamu3. By epma o(X,,X,)- ommuii snementap ¢ynkuus. Iy ouman Q
coxaHn wuukapucuma o(X,,X,)>0 Oymagu, Q coxaHM TaIIKapucHIa 3ca
o(X,,X,)<0..

Coxanu O dyerapacuHu TeHrmamach ®(X)=0ydyH HOpMasUIaIirad

TEHIJIAMACUHHU KYpPUIIl KYMUYWINKHUA KH3UKUIIUHU yirataau. Tapud Oyiinua,

o(X) =0renrmamacu  Q=[w(X)>0] coxacuaa OWPHHYM TapTHOIMTraya

HOpMaJUIalraH I[€I>'II/IJIaI[I/I arapaa

o(X)>0  Q coxacu nunzaa 6yica;
o(X)<0  0Q yerapana Oyica

dw

8\/‘89 =1

(v-0Q2 muku HOpMAaIT).

Arapna

24



62_60 0w _d"w

7l =25l == 2 =0 (1.3.8)

oyica ®(x) =0 TeHrmamacu N-mapmubdaueaua HOpMaLIauean TeHIaIu.

Ouau OepuiraH Macajia y4yH HOpMaJUlalliraH TeHIJIaMacUHU KypaMus3.

21

He-20)|z,= {20 |5 = S0 20|

CoxaHu uerapaBuil TEHIVIAMACMHU OUPHUHYM TapTUONM HOpMAalIallra

TEHIJIaMacH KyWHIaru Kypuruiira sra oyiaau

1 1 1
w=[z(4—><f)AoZ(4—XE)] Ao 5(1—xf - x2)=0, (1.3.9)

3HI[I/I MacaJlaHu qerapaBI/Iﬁ IIapTHHU KaHOaTJIaHJupaJgaral TCHIJIaMaHU

KYPHUILNMU3 KEPAK

u(x) =@ (X)@(x)

by epna ®(x) dyHKIMACH HOMAabIyM KOMIIOHEHTaJIap/laH TAIIKWII TONTaH
dbynkuus. KoMmmnonentanapau y3rapTupuil opkainu verapaaa u(x)=0 maptuHu
KaHOATJIAaHAUPAIUTraH QYHKIUSIHU OJIaMU3.

bup xuncnu OynMmaran maptiapa ca
u(x) = o(x) + @ (X)P(x)

Eunm kypuHUIIIa KUIUPUIIAIN.
YMymuii xoia yerapaBuii MacaJlaHu €4MMIIap CTPYKTypacu—O0y KyWujaru
dbopmyia
u(x)=B(D) + ¢, (1.3.10)
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Oy epna ¢,- Mabaym ¢yHkuus; B — onepatop, oQ uerapa makiujaH Ba
0Q,uerapa KucMiapusian 0oriauK oneparop. by oneparop myHaail Kypuiaranku
HOMAabJIyM QYHKIMSUIAPHU XaKJIaraH KypUHUIIIA OJICAKa YPUHIH OVIau.

Macananu xamMMa derapaBuil MAPTIIAPUHU KAaHOATJIAHUPAJUTaH CTPYKTypa
yMymMuil cTpykrypa aevmnamu. CTpykTypara OWp HeuTa IIapTiap KyWuiiaau
TYynanuK mwaptv, 0y €épaamuaa @ HOMabllyM KOMIOHEHTHHM TaHjalra €paam
oepu6d (1.3.10) cTpykTypacMHM MacajaHU aHUK €UMMHIa XaM alJIaHTUPHII
MYMKUH.

Homabnym OVnran crpykrypaHuHr d-KOMIOHEHTACUHM TaHJIAIl TaKpuOui
yCyJUIapHUHT Oupu €paamuja amanra omupuwiaad. Kymumink macananapaa R-
byHkuuss  ycynu  QoijallaHWATaH — Macajajapla  BapUaluoH  ycyJuiap
KYJUITaHWITaH, OOIIKa yCyJUIapHM XaM KYyJUlall MyMKUH (TYp, aiupmaiu-
aHAIMTHK, YEKJIM DJIEMEHTIIap Ba X.).

Eunmiap CTPYKTypacH KypHIraHjaH KEeUHH HOMAabJIyM
koadpureHTIIapHU aHUKJIAII MyaMMOCH TypajH. Crpykrypanu
bopmynanapuu  QoiinanaHrad MyauTMQIApHUHT  KYMUYWIATH — BapHALMOH
ycyapaan ¢dovinananran (Purtu, byOHoB-I"anepkun ycymiapu). By ycymnapaa

HOMAabJIyM QYHKIMSIIAPp KyHugaru KYpuHUIaa Oepuiaiu.
D(x) =Y. Cy; (x), (1311)
i-1

by epma vy, (x) (i=1,2,..) - tyna ¢yukuusuiap kerma-kemmru (YeOblies,
Jlexxanap, TPUTOHOMETPHK —IOJIMHOMIIAP Ba X.) Jaru HOMabJIyM
kodddummentinap C, BapualMOH YCYJUIADHUHT OJIUN cxemacu Oyiuda
TOTIMIIA]TH.

Acocuil KuMMHYWIMKIapAaH Oupn  ©,0,,y, QyHKOusIapura OOFIUK

nuddepeHuuIam Ba HMHTErpajjianuiapja KarTa aHAIMTHK HUdOJaTapHUHT
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naiina 6ynumm. by epna snementap QpyHkuusiiapau quddepeHnuaniamnga aHuk
anropuTMiiap OuiaH amaira oIMpuiIaau Iy cababnu xucoOianuiapia Ky
MalIuHa BaKTH KETaH.

WNuTterpamnanuiap 3ca TakpubOmii  dopmynamap Epaamuga  amanra
omupwiaad. UHTerpamianuiapaa KaJaMHUHT KaTTa KUYTKIUTUTA XaM OOFJIUK
Oynmaam arapga KaaaM KHYHMK Oyiica xucoOjamuiap Ky BaKTHU OJaaH, arapia
KarTa Oyiica WHTErpaulanriap HOAaHWUK OYyimmO XupcoOmiamr SKCIepUMEHTIIApH
TYHFYHCHU3 OYJIUIIIA MyMKUH.

Bapuannon ycymiapgaH OHMpWMHM KyJUlaraHfaH CYHI HaTHKala n Ta
HOMabIyMJIM h TEHIJamajlap cucremacura isra 0yimamu3 Ba Oy cuctema y3
HaBOaTtuga [aycc ycynu éEpmammuaa edunaau, arapia JAUMHAMHK Maciaia

cunnaétran 0yica Hetomapk ycynuaan ¢oitmananmianu[3,10].

bupunuu 606 6yitnya xynoca

Maszkyp 00012 (OmMKa IJIAaCTUHKAJIAPHUHT SJEKTPOMArHUT MailoHaaru
TeOpaHuIl Macajacu Oyinya yMyMud TajdkuH Oepwirad. MacamaHuHr
KYWUIUIIK Ba IONKA MYypakka® IIAKUIM FONKA TUTACTHHKA YYYH MaTeMaTHK
MOJICNTA KEJIITHUPUIITAH Ba aCOCHUU YeTapaBUid MapTiap, KOOpAUHAT QyHKIIHSIIAP

KeTMa-KETJIMTUHU KypHII Kapal yTHIIraH.
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2 BOb MATHHUT 2JIACTUK MACAJIACUHUHI' XUCOBJAI
AJI'OPUTMH

2.1 Dy1eKTPOMATHUT MAWIOHAATH IONKA MUIACTHHKA TeOpaHUII

MacaJaCHHUHI XHCcOoOaaml AJITOPUTMH

by maparpadaa MarHWTAIAacTUK FONKA TUIACTHHKAHWUHT Iokopuaa (1.1.5)-
(1.1.7) xenTupuaran TeOpaHMIIl TEHIJIAMacH Ba yHra MOC PaBHIIJa YerapaBHii
mapiapu  (1.1.8), Oomnwtanfuy IapTiapy  y4yH XHCOOJAll alropuTMHU
Kapasaiu.

Xucobuain anropuTM OMp HeuTa Oup-Oupura OOFIMK MacajallapHU €YUl
OOCKHYIapuIaH TallIKWJI TONTaH:

1.MaruuTcTaTuk MacajlacuHU €YHIIL:

- KoopAWHAT (YHKIUSIAP KeTMa-KeTIMTHHU KypHIl (euumiap Ty3WJIMacu
(euum cTpykTypacu) A=u(w,D));

- byOHoB-T'anepkun  ycynmu éEpnamuna ¢aszoBuil y3rapyBuwiap Oyiinua
TUCKPETIAIITUPHIN (AUCKPET TEHIIaMaaap CUCTEMAaCHHH KyPHIII);

- ym3ukiau anrebpauk TeHrnamanap cuctemacu (YATC)uum T[aycc ycynu
épaamMuia eUnl;

- gomawayM Oyiarad (B.,B._,B..) kuiiMaTiapudu edynmiiap Ty3WJIMacHUIaH
01 02 03

AHUKJIAIII.

(B,,,By,, By, JHUHT  KuilMaTIAapW ~ AHMKTAHTaHAAH  KEHHH  YJIapHH

muddepenHnan TeHrinamManap cuctemacura ombd 60pud Kynd MarHUTIIACTUK
Macayiacu €4mIa/Iu.

2.O1eKTpOMarHiuT MaiJJOH/1a >KOMIAILTaH IONKa 3TWIyBYaH TIACTUHKAHUHT
TeOpaHUIIl MacalaCHHH CYUMIIL;

- KOOpAMHAT PYHKIMIap KeTMa-KEeTIUTUHNA Kypull (eyuMIiap Ty3uIMacu);

- byOnos-T'anepkun ycynu épmammna ¢azoBuil y3rapyBumiap Oyiinua

JAUCKPCTIAIOTHUPHUIIL,
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- MarHUTAJIACTUK Macajach y4YyH YM3MKIM AuddepeHnnan TeHriamaiap
cucremacunu (YA TC) Heromapk ycynu épaaMuia equ;

- eyuMJIap Ty3WJIMACUJaH HOMablyM QYHKUIUSIIAPDHU aHUKJIAI,

- OJIMHTaH HaTHXXaJIapHU KaJABal EKU rpadUK KYPUHUILIAPUA YOI ITUII.

Mynaait KuinO, MarHUTANACTHK MacajlajJapHH XHcoOiaml alrOpUTMHU
UKKHUTa O0CKWYIaH ubopat 6ynub, OupuHUM OOCKMY/Ia MATHUTCTATUK Macallacu

€e4naud, HOMAabIyM OYyirax (B,,,B,,,B,; JHUHT KuiMATIapy TOMMIIAMH,
UKKUHYM OOCKMY/ia OWpHHUM OOCKMYIA TOMWITaH (BOl,BOZ,B ) KUHMAaTIapu

XyCyCHl ~ XOJjard TeHIlamajap cuctemacura oygu0d ©Oopubd KyHumuo,
AJIEKTPOMArHUT MAaWJIOHJAru IOMKa OJJACTHK IUIACTUHKAHUHT TeOpaHUII
MacaJlaCu €4MJIA]IN.

Maskyp Oynumia Xxycycui XoCHiIanu Yi3ukKin quddepeninan TeHriiaManap
CUCTEMAaCH MOC YerapaBuil MapTiapu YU4yH camopagopian XUcoOall alropuTMu
B.JI. PRaueBHuHT R-QyHKIMsicu Owiad oupranukiaa byOHoB-I'aniepkun  ycynu
épnamuna uniad yukuiau. Hatmwkana kenu6 uynkkan YJATC Heromapk ycymnu
épaamMuia €UnIIaIu.

MacananuHr xucoOiaiml aJrOpuTMUHU KEATHPMACaH OJAWH IOKOPUIATH

KEJITUPWITaH TEHIJaMaHUHT BEKTOp KypuHHMIIIa €3u0 onamu3. by yuyH

Y=[w,u,v, h/, h, ,f]" BexTOopHU KMpUTAMU3:

o%Y oY o*Y 0%y o%Y o%Y o%Y
—+A ——+A——+A + + + A ——
ot? & ot2ox? A 8t26x2 * Ot?ox, A 8t26x A Otox? & Otox,OX,
+ Ay

A

oY o%Y oY Y
+
oot Am An . M 5o AM

o%Y o%Y o%Y o%Y

%Y
+ [
XX, A X, OX? A o Aig o oax, 8x X, i Xz

+A22 Azs +AY =F.

+ A15 Ao

(2.1.1)
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by epna Ajnap Moc paBuliia MaTpuiaiap:
(2.1.1) TeHrIaMacMHM e€uYMaclaH OJJMH YIIYOBCH3 KOOpIWHATAJIap

CHUCTeMacHd KYpHHHMIITa Onu0 Keinamu3. Y YyYyH KyHugard OenruiianuiapHH

KUpUTAMU3
JR— X R X J— -
L=, =—2;W=ﬂ;t=l;
a b’ 2n ¢, (2.1.2)
X, = ax;;X, =bx,;w=2hw;t =t,t;

by epna a, b, h — y3ynnukau udoaanosun kuiimatiap.
bepunran wmacama ydyH eummiiap cTpykrypacu B.JI.PBaueBnunr — R-

GYHKIUACH acocuaa Kypuirad 0ynn0, Kyhinaarnya e3unaau [8,9]
2
W=a "D,

by epna ®,- CTPYKTYpPaHHHT HOMAbIyM KOMIIOHEHTalapH e

Kyhnaaruya udogananaam

n,—

®, =Y. 3P0 (e (¥), (2.13)

S
i=0 j=

o

by epna ¢, (x),¢;(y) - 6a3uc MOJMHOMIIADUHMHT TYJIHMK CHCTEMACH, XyCyCUH

X0JIJ1a lapa)kaiau, TPUTOHOMETPHUK Ba Xako3a OVIUIITN MyMKHH.
OHIM eyuMJiap CTPYKTYpPaCMHU KUPUTHIITAH BEKTOpJAp acocuja KyWujaaru

KYypHUHHULIJA E3aMU3.
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N,
=] Sew, Seu, Seou. Sein S, oo,

k=1 k=1 k=1 k=1

&~ (7) <~ (8) '
zCk h2k 72Ck fk .
k=1 k=1

EuuMmnap crpykTypacuHu TeHIUIamara oiubd Oopub KyhuO Ba Oabn3ubup
amMajulapHu  OaxapraHjaH  KEeWMH  KyWHMJard  KypUHULIJAArd  OAJUU

nuddepeHran TeHriamara

AC+BC+MC=F (2.1.4)

Ba OOITaHFUY WIAPTIApU dra Oynamus.

C‘t=t0 = CO;C‘t=tO = C':0;

C:{C(l),c(Z)’CB)’C(4)’C(5)’C(6),C(7)’C(8)}’ (2_1_5)
82Y o%Y. oY, oy,
A= Y. + L+ A —+ U.dQ
g {Al AZ A X2t ox A ij }
g7 A D, 2N +A382Y cA T A T AY, U e
5 ax ax X, X2 a Pox, T

4Y 4Y 3Y 3Y
+
{” {Alz ox; s ot OX2OX? A“ A15 x1 A OX20X, Ay OX,OX

%, oY,
Al8 + Aig Azo oX0X, A21 Azz + A, 6_)(2 +AY, :|U de},
= {jj FU jdg}, (i,j=1,8).

Co = ST, U, = Wy, Uy, Vo, by, 1y b, £}, S {j uiude},
Q

7o ={ﬂUOUde}, Gy =5, ¥, :{”UOUde}
Q Q
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by (2.1.4)-(2.1.5) macanacu Heromapka [10] ycynu epramua eqniaim.

lynnait kuaub, IOMKa MarHUTAJIACTHK IUIACTHHKA TeOpaHWII Macallach
y4yH X{COOJall ajarOpuTMU WIUIA0 YHMKWIIUW. MareMaTuk MOAeN TypTHHYU
TapTUOIM Xycycwil xocwnanmu auddepeHiman TEeHrjiamMa Ba MOC paBHUIIAA
yerapaBuii, OomnulaHFud maptiapu OwunaH Oepuianad. Maskyp Macana
B.JI.PBaueBnunr  R-dynkuuscura acocnanran byOHoB-l'asiepkun  ycynu
epnamuma euwnanu[3,7,10]. HWxkuHun TapTtHOmm ommui  auddepeHImai

TCHIJIaMaJIap CUCTCMACHU HBIOMapK yCyinu Oonta" cunJjiagu.

2.2 Maple Tuzumuaa gactyp Ty3WIHIIN

Maple-0y kommbrOTEp/]a aHATTUTHK Ba COHJIM XHCOOJAILIApHU Oa)KapyBuH,
2000 nmaH KYNpoK KOMaHAaJdapHH Y3 WYWra OJraH Ba airedpa, reoMeTpus,
MaTeMaTuK aHanui, AuddepeHuan TeHrjJamaizap, IUCKPEeT MaTeMaTuka,
¢bu3uKa, CTaTUCTUKA, MaTeMaTUK (U3MKA MacajlaJlapuHU JacTyp Ty3MacliaH
CUMIIl UMKOHUATUHU OCpYyBUM MaTeMaTHK TH3UM (CHCTEMa)-TIaKeTAup. ANTHII
MyMKUHKH, Maple Oy rokopuaa caHa® VTWUIraH CcOXaJapIurd MaTeMaTHK
MacajanapHd edu0 OepyBuM KarTa KaiabKyastopaup. Maple Ttaxkomumiamum6
6opmoxka, xo3up yHuHr Maple 9.5, Maple 11-Bepcusiiapy KeHT TapKaJiraH.

Maple-cumBosin Ba connm XucoOianutapHu Te3 Ba PQPEKTHB OarkapHIil
yU4yH MYJDKaJJIaHTaH XamJa JJIEKTPOH XyXOKaTjapHH Tauépniamn Ba rpaduk
BU3YaJUTAIITUPHUII, WHTEPAKTUB BOCHUTAJIapUra »dra OyiraH KOMIIbIOTEP
MaTEeMaTUKAaCMHUHT €TaKud TU3UMIapujgaH Oupumup. Maple TuszuMmugan
xaxongarn 300maH OpTHK SHI KaTTa YHUBEpCUTETNIApla YKyB »kapa¢Huaa
dbolinanaHuIMOKIa Ba Mypakkad ¢u3MK Jkapa€HJIapHU, THU3UMIIADHU Ba
KypWwIMaJlapHd MoOJeJUIallla KEHT KYJUIAHUIMOKIA. XO03Upru KyHaa d¢akar
Xxucobra onuHrad, ymoly TH3UMAaH (QoWJalaHyBUMJIAPHUHT COHU |MIIH JaH
OPTHK.

Maple snpocuman Mathematika, MATLAB, Mathcad Ba Gomika THU3uMIap
CUMBOJUTM XUCOOJapHM amaira omwupuiaa doigananmokaanap. Maple
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tusumuHu Kanananuar Waterloo Maple Inc ¢pupmacu sipatran Ba y y30K JaBOoM
ATraH PUBOKJIAHUII Ba CHHOBAAH YTHUII NaBpuHU O00ocub yTran. Anmbarra, Maple
TU3UMH Xalld JKyJa KyIpaTiud 3Mac, y aipuM coxauapaa Oomkanap KaOu
OKCaMOK/1a.

V3uHMHr  KMIUMH  MaTeMaTHK — XpcoOnapra  iyHaITHPUITaHINTHra
KapamaciaH Maple Tu3uMH CTyACHTIAp, YKUTYBUHMAp, ACHUpPAHTIAp, WUIMHIA
XOOUMIIap Ba IIYHUHI/IGK MakTad YKyBUWJapu y4yH XaMm 3apypaup. Maple
TU3UMU MaTEeMAaTUKAaHMU YPTaHUIIIa UHTEPAKTUB BOCHTA OYIMO XU3MAT KUJIHIIN
MyMKHH. Maple TH3UMUHUHT HHTEPAKTHB WMKOHHSTIApU Tools>Assistants,
Tools>Tutors Mentocuga koimamran. Yuaumar Calculus>Single-Variable,
Calculus>Multi-Variable, Calculus>Linear Algebra Oymumiapu OOpku, yJap
épramMua Oup ¥y3rapyBUWIM, KYI Y3rapyBUWId (QyHKUUsIAp, AuQdepeHuan
TEHIJIaMa, YU3UKJIU airedpara ouj| KYNruHa MacajajlapHU MHTEPAKTHB yCyJjaa
Tanmabanapra ypratuimn MyMKuH. JKymianaH, XOCHJIAaHH TE€OMETPUK MabHOCH
éplaMuia TYUIYHTUPUII MYMKHH: (DYHKIUSI, HyKTa Oepuiaju, KOMIIBIOTEp
KeCyBYM YTKa3aiW, YHMHI JMMHT XONaTH ypuUHMa Oymaaum. Exu, aHumk
WHTETPATHU MHTETPa WMFUHIWHUHT JIMIMATH cHu(aThaa aHUKTamaa GyHKIASTHA
TaHJall, HyKTajap COHU Ba YJIapHHU Typid XWJ YCYJUIApUHU TaHJIAI, OMMa0oT
TakpuOui ycymiapiaH QoiganaHuim HMMKOHUATIapU Mapxyd. Komanaa
Oepunrad WHTETpaJ WUFHMHIWHUHT KUHMATH Ba WHTETPATHUHT aHUK KalMaTh
kenu6 unkaau. Kommbiorepcus Oy uiHu (akaT 4M3UKIUM  QYHKIUATIAD YIYH

Oaxxapuil MyMKUH Xojoc. Kanuanuk ¢oiiganu Ba Kynail UMKOHUST.

Maple oiHACHHMHT TY3WJIMIIH.

Maple xommbroTepra YpHaTWITaHIaH CYHI, YHM CTaHAapT 2 iyn Owuiax
umra tymupuin MyMkuH: 1) Windows OT HuHT Ooill MEHIOCH OpKaiu €Ku 2)
N cromuma sipatwiran Epauk opkanu. bu3z Maple 9.5 Bepcus Owiian

UIUIaUMU3.
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Maple ovinacu Windows OT HuHT craHmapt oifHacura yxmam Oyiuo,
OMHAHWHT HOMH CaTpH, MEHIO CaTpH, KypoJulap MAHENIH, UITYM MaWlJIOH, XOJaT
caTpu, JUHelKa Ba yrupuin sudTiapugad uoopar:

Acocuil MEHIO TyHKTJIApu:

File(®aiin)- ¢aimnap OunaH uiuiaiaurad cTaHaapT KOMaHaalap, MacallaH,
(baliTHu cakJyall, OYHII, SHTUCHHU SPATHII Ba X0Ka30, TYIIaMUuAaH HOopart.

Edit(ITpaBka)- daimapau TaxpuUpiaoBUYM CTaHAAPT KOMaHAaIap, MacajaH,
HycXajall, aXpaTWwiraH MaTH KUCMHHHM Oydepra oiuil, KOMaHJIaHu OeKop
KUJTUIII Ba X0Ka30, TYTJIaMUIaH noopar.

View (Buna)- oifHaHW KYpPHHUIIMHU Y3rapTUPYBYM CTaHAApPT KOMaHIayap
TYIUTaMHUIaH uoopar.

Insert (BcraBka)- oliHara MaTHJIM, KOMaHJajdd MaijoHiap, rpadukiapHu
KYWUII yUyH MYJDKaJJIaHTaH KOMaHJalap TYIiaMuaH noopar.

Format (dPopmart)- XyxokaTHH Oe3all y4yH HILIATHIIAIUTaH KOMaHajiap
TYIUIaMHUIaH u0opar.

Options (ITapameTpbl)- MabIYMOTHH 2KOAHTa KUPUTHII Ba YUKAPUII OuIaH
OOFJIMK KOMaHJajaap TYIiaMuaaH noopar.

Windows (OxHO)- Oup ummuu oWHaJaH MKKWHYU WITYM OWHAra YTUII YYyH
MV JDKaJlJIaHTaH KoMaHanap TyrjaaMuiad uoopar.

Help (CnpaBka)- Maple xakuaa 6atadcusi MabIyMOTIApHU Y3 MUUTA OJIaIu.

Maple npa wnulam wmysnokaT (ceccus) Tap3uga  oiaub  Oopuiaau:
dolinananyBun Maple ra skpanna komanga OwiaH MyposkaaT Kuiaau, Maple
YHU Kaiita unurad SKpaHaa KOMaHJaJaH KEHHWHTH carpra kaBod KaWTapaau
(kyiimpnaru pacmra Kapasr). [llyHra acoacH, UIlIYM MailIOH ApTIX paBUIIAA Y4
KHCMra OYJIMHaIU:

1) Kuputuim (xomanjaa) MaimoHH-KOMaHganapaaH ubopar. Komanmamap
>command(pl,p2,...); (€km :)  KYpUHMINra »5ra, KU3WI PAHIJIM, 4Yanra
TEeKUCJIAHTaH;

2) Ywukapum (cxaBoO ) maioHu- Maple HUHT KUPUTWITAH KOMaHjara

34



xaBoOugan uobopar O0ynub, aHAMUTUK UGOJa, COHIU KUIMAT, TymiaM, rpaduk
00OBEKT, XaTOJUK XaKuJaru xabapjaan udopar OYIUIIN MyMKHH Ba KVK paHr/a.
’KaBoO koMaHIamaH KEWWHTH caTpra YMKapuiaad, MapKa3ra TEKHCIaHTaH
oynanu;

3)maTH (koMeHTapus) MaJI0HH - dbolinananyBuu TOMOHU/IaH
KUPUTUJIAJNTAaH UXTHEPUNA MaTHIAH HOOpaT Ba y MabJIyMOTHH KalTa WMIILTAIITa
TabCUP ATMANAM, Ba YHUHT MOXHUSTHHH TYITYHTHPHUII Y9yH WILJIATHIAIA, Ba
KOpa paHTJIu.

MaTH Ba KOMaHJa MalJOHHMra yTUIl Kyposuiap naHenuparu (€xu Insert

(BcraBka) meHtocuaru ynapra moc komauaanap | T ol [

TyrMajiapHu O0CHUII OpKaJiu OaskapuiIaiu.

ByTyH, paniuoHaJ Ba KOMILUIEKC COHJIAP.

Maple na connap tabuuii paBulia MaTeMaTUKagaru kabu OyTyH (integer),
panmoHai, xakukui (real) Ba komruieke (complex) OYnuim MyMKUH. Y JIapHUHT
MabHOJIapU Oup XuJil, Qakar €3WIMI KOMAATApUTra aHWK UTOAT KUJIMII Kepak.
Panonan coHsap yd4 Xujdl KYpUHHMILIJA TacBUpiaHaau: l)omouid Kacp
KYPUHUIIKMATH PALlMOHANl COH, MacanaH: 28/70; 2)yHaM Kacp KYpHUHHUILUIATH
(float) pammonan con: 2.3457; 3)mapaka KYpUIIMIIMAATU PAIMOHAT COH,
macaias, 1,602*10 *° con 1.602*10°(-19) kypunuiiga é3unamu.

Panvionan conHu TakpuOMil VHIM Kacp KYpPUHUIIA OJIMII YYyH OHpPOp

OyTyH COHHHU VHJIM HyKTa OuJIaH HOJIb COHMHM KYIIHO €3MIIl Kepak.

Hlapmnu  xenuwys: Maple 0a orcasob, 1wxopuda KypeaHumMu3oex,
KOMAaunOaoawn Ketiuneu campoa kypcamunaou. Komnaxm é3uut yuyH 2#asoOHU

ouz komanoa énuoa \\ benreudan Ketiun Kypcamamus, macanan, >a+b; \\a+b .

Komanna >1.2+3.4;
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caTpu 3.6

XKaBob carpu

Komanna >Sin(Pi/6);
catpu !

Karob catpu

Kenurrysra >sin(Pi/6.0); \\
acocaH 0.500000000

Maple na rpek andaButugan xam GoigaaHuil MyMKUH. ByHUHT y4yyH
caTpjia TpeK Xap(@UHUHT HOMH €3Wiaau, Karra XaphiaapHu €3ull y4yH TIpek

xap$uHUHT HOMHUIa 6ot xapd kaTTa Kuaub 3mnau kepak.Macaias,

a -alpha B -beta y -gamma 5 -delta
e-epsilon (-zeta n-eta 0-teta

1-ita K-kappa K-Kappa A-lambda
p-mu v-nu E-xi o-omikron
T-pi p-rho >-Sigma o-sigma
T-tau v-uosilon ¢-phi x-chi
-psi ®-0mega I'-Gamma Q-Omega

['pex xapdnapunu €3ull yayH dKpaHa Maxcyc MEHIO MaBXyI.

KomangasiapHUHI KYPHMHHMIIHM BA yJIapHU 02:KapTHPHUII YCYJLIAPH.

Maplena xomangamap HomJIM Ba Homcu3 OVnaau. Homuim komanna
Kyhunarunda oynmagu: >command(pl,p2,...); €ku >command(p1,p2,...): ,
SHbHA KOMaHJa HOMJIaH Ba KaBCJIap WYWJA TMapameTpiiapiaH uoopaT Ba HKKH
HyKTa €KW HyKTa Bepryib OwiaH Tyrauianagd. Komanma apudmeruk udoma

OyicaruHa YHUHT Maxcyc HOMHU OynMaiau. Arap KoMmaHIa HyKTa Bepryiib (;)
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OWwaH TyrajulaHCa YHUHI HAaTHXKacl HKpaHra YUKApWIaJAW, UKKA HYyKTa ()
OuJiaH TyrajulaHca KoMaHjaa Oa)kapuiia i HaTHKacu dKpaHra YMKapuiIManam.

Komannanap UKKd Xu1 ycyi Ouiian 0axapTUPUIUIIN MyMKHH:

1-yeyn-myepu ycyn. Komanoa mepunaou; éxu : ésunaou éa Enter 6ocunaou.

2-ycyn-cmapm ycya. Ugooa mepunaou ea ; xyuuiub Enter 6ocunaou,
HCABOO ycmuoa CUUKOH4a yHe myamacu 6ocunub ughooa KoHmexkcm MeHCUOaH
Kepaxiu KoManoa mauiaHaou.

[IpouieHT % CHUMBOJM OJJIMHTM KOMAaHJla HATHKACUHU  YaKUPUII YUYH
UINUTATWIAAM Ba KOMaHAQIap E3WIMHA KUCKAPTUPHUIN YYyH WIUIATHIAIIH,
MacajaH,

>1+2: >0%+3;
\ 6

V3rapyBunra KuiiMat GepHII YayH = HILTATHIAIH.

Maple umra Tymrad omnmepaTMB XOTHpaaa YHHHT OMpOpTa XaM KOMaHAAacH
Oynmaiau, ynap UIUIAl JaBOMHAA ONEpPaTHB XOTUpara 4YakdpuiIaauiap.
Komannanap onepatuB xoTupara YakKMpUIUIIUra Kapad y4 Typra oyiauHaau. 1)
Maple wmra Tymrad aBTOMAaTHK paBUIIAAa HWINTa TYIMIWPWIAJAATAHIAp, 2)
readlib(command) komanaacu opkajiu YakKupuiIaauraniap, 3) Maxcyc mnakeTiap
(package) man uvakupuiayBuM Komanpaanap. Package makerra Terunuim Oapua
KoMaHjanapuu vakupumn >with(package)  komangacu €pnamujia, makerra
TerunuIm oupop command gaHu yakupwmi 3ca  >package[command](options)
KOMaHaacu &paamMuja amajra omupuiaan, 0y epja Ba OyHAaH KeWuH options
CY3u KOMaHJIaHUHT TlapameTiapuHu ounaupanu. [laketnapra mucon cudaruna
linalg-um3uku  anreOpa  MacajnaJapuHd — €YHIN,  geometri-IIaHuMETPHUs
MacaiamapuHy euunl, geom3d-cTepeoMeTpusi MacafalapuHu edwmi, student-
CTyJEHTJapra MacajajJlapHu WHTEPAKTUB (MyJIOKaT) Tap3uaa  aHaJTUTHUK
KYpUHHUIIIA KajgaM 0a KajaM OpaliiK HaTWyKajJapHU HAMOWUIN KWJITaH XO0JjIa
CUHIII UMKOHHUSITIIApUHYU OCPYBYM MAKETIAPHA KEJITUPHUII MYMKHH.

Kyiimnran wacnanann MAPLE  tuzumun  €pnammuaa euamusz. MAPLE
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TU3UMUHU TaHJaraHuMu3 cababu Oy Tu3uMAa KyIjlaraH MaTeMaTuK
byukrusanap auddepennuamiam, uHTerpamuiam (oup,ukku ymdosiu), YATC
CUMIl, BHU3yAJUIAIITHPUIL, Y3rapyBuwiap THUIHWIa Ba Mpoleaypaiap OuiiaH
UIUIANl UMKOHHSITHTA 3ra. busnap y3uMu3HM MacaJaMU3HU €YUl YIyH (pakaT
MAPLE tusumuga kymmMua MoayJiapHu (mporeaypaiapHu) &€3ub aactyp
Ty3amu3. bomkaya aWTraHga KyWWITaH Macajara yKIIaml macajanap y4yH
UHCTpYMEHTapuil spatamu3. Makcagumus (akaT KOHKpPET TeHIJIaMaHU EIIHII
sMac, OWp XWJI THUIJArd TEHIJIAMAaJapHU e4yajuraH MAPLEna nactyp
spatuml. Ly ca6abmu nactyp MAPLE yuyn anoxuaa naker kypunumuga RFM

(R-dbyHKIWMS) spaTHIITaH.

Kyitnparu >xanBanma RFM mnaketura kupaguran Oapda mpolexypaiap

KCIITUPHWJITaH.

BepI/IJIF dH COXaHH YHU3HIITIa MYJIKAaJUIaHTaH IIponcaypaiap

No [Ipouenypa [Ipouenypa Bazudacu
HOMU
1 nStripX X  ykwra  mapaien — Oynaran — OWpUHYHU

TapTUOJIMraya HOpMaJJIAllraH TYFPU YU3UKHUHT

TCHIJIaMaCH

2 nStripY Y  Yykura  mapamien ~ OynraH  OUpUHYH
TapTHONWraya HOpMaJUIAIraH TYFPU YU3WKHUHT

TCHIJIaMaCHu

3 nCircle OupuHYIH TapTHOIUTaYa HOpMaJlIaIraH

JAOHUPAHUHI TCHIJIaMaCH

4 HalfPlane WkxuTa HyKTaJaH yTaAuraH sipuM TEKUCIUKHUHT
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TCHIJIaMadCH

5 nHalfPlane OupuHYM TapTUOIMraya HOpMaJUIallraH MKKHUTA
HYKTaJaH yTaJurad spuM TEeKUCIMKHUHT TCHIIaMacH

6 Ellipse DILIUIICHUHT TCHIJIaMacH

7 Astroid AcTpown] TeHTJIaMacH

8 OvalKassini Kaccunu oBalliHu TEHIIaMacu

R — onepamusinap 6mnan O0FIWK OYiraH mporesypanap

9 SetRSystem R-TU3UMUHY UIITA TYIIAPHII
10 “&Un’ Bbunap R-AM3BIOHKITHS

11 "&In’ bunap R-KOHBIOHKIIHS

12 "&Not yHap R-0exop Kumui

Huddepennman onepaTopiap Ba CKajsp Kynaitmanap

13 Grad ["aMuIBTOH OmepaTopu
14 Div JIMBEpreHITHs OnepaTopu
15 Lapl Jlammac oneparopu
16 & Bektop QyHKIUSHY CKaJIAp KynalTaaurad OuHap
omeparusIcu
Busyamnamrupum npoueaypanapu
17 PlotDomain Kypuiran coxanu TacBHpJIanl
18 PlotDomain Kypwiran coxanu 3D ma TacBupIan
3D
19 PlotIntPaths WuaTerpaiant Yu3uKIapHHA TaCBUPIIAII
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20 PlotIntPaths WuTerpannai Yu3MKJIApUHU Xap XWI PaHTIU
M1 YU3HUKIap OWjaH TacBUpiam (MHTerpaiamaa Oup
HeuTa hopMytaiapHu (o TalaHmII)
21 PlotSolution Eunmnapuu TacBupnam (COXaHH Ba COXAaHU
YyerapaBuil TCHIVIAMAJIAPWUHU TACBHUPJIAII)
22 PlotSolution Eunmnapuau 3D tacBupai
3D
WuTerpannaimira Ba HHTETpajuIallra Taiepiamra O0FIuK 0yaran
npoueaypaiap
2 PrepareForDblintl CoxaHH WHTErpajiamra Tauepiam sSbHU
0 TOPHU KypHII
2 PrepareForDbintl Coxanu HMHTETpaJlJIalia xap XHIT

OM1

Y3YHIIMKAAaru Ba aHUKJIIMKAAIrWn HWHTCPprajajiiamnl

dbopmynanapuaan (oiiganaHuIi

DbIntGauss10

Wkku xappanu UHTErpaiHd OepuiraH coxa
Oyiinua xucobnampga 10-nykranum  [ayce
dbopmynacu €paamunga X Oyinda XpcoOanau
VY Yyku maxcyc Oup ya4oBId nporueaypa Oyiinya

XUCOOJIaHAIN.

DbIntGauss10M1

WNkku kappanyu MHTETpalHU OCpHIITaH cOXa
Oyiinua xucoOnamga  10-mykranmm — [ayce
dbopmynacu €paamuna X Oyiinda XpcoOanau
Y Vku ['ayCCHMHT KEpakid aHUKJIUKAArd

dbopmynacu €paamuaa XucoOJaHaIH.

DbIntGauss10hf

Wkku xappanu uHTErpaiHd Oepuiiran coxa
Oyiinua xucoOmamnga 10-mykramm  [aycc
dbopmynacu épaamuna X Ba Y ykuiapu Oyiinua
["ayccHunr dbopmymnacu épnammia

xucobynanaau (MaiHa aHUKJIUTH OJIMHAN ).
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hf

DbIntGauss10M1

Wkku xappanu WHTErpaiHd Oepuiran coxa
Oyiinua xucobnampaa 10-mykranum [aycc
dbopmynacu €paamunga X Oyinda XucoOjanau
Y Vku TaycCHMHT (MalIMHa aHUKJIUKIATH)

dbopmynacu Epaamuaa XMCoOIaHa M.

IntGauss3

l'ayccaunr 3-ta HYKTanmu OWp yIIYOBIU

dbopmynacu Epaamuaa XucooIanaIn.

IntGauss3hf

l'ayccaunr 3-ta HYKTamu OWp yJIYOBIU
dbopmynacu épaamuga XxucoOjaHaau (MalImHa

apu(pMETUKACH aHUKJIUTUA).

IntGaussb

l'ayccHuHr 5-ta HYKTamum OUp YITYOBIU

dbopmynacu Epaamuga XucoOJaHaIH.

IntGauss5hf

l'ayccHUHr 5-Ta HYKTanmum OUp yIYOBIU
dbopmynacu épaamuna xucoOjaHaau (MalImHa

apu(pMETUKACH aHUKJIUTUA).

IntGauss8

l'ayccHuHr 8-Ta HYKTamum OUp yIYOBIU

dbopmynacu Epaamuaa XucoOIaHaIH.

IntGauss8hf

l'ayccHuHr 8-ta HyKTanmum OUp yIYOBIU
dbopmynacu €épaamuna XxucoOjaHaau (MalimHa

apu(pMETUKACH aHUKJIUTUIA).

IntGauss10

l'ayccuunr 10-ta HYKTamu Oup yI4OBIU

dbopmynacu Epaamuaa XUCoOIaHa M.

IntGauss10hf

lNayccaunr 10-ta HYKTamu Oup yITYOBIU
dbopmynacu €épaamuga XxucoOjaHaau (MalimHa

apu(pMETUKACH aHUKJIUTUIA).

IntGaussA

['ayccHUHr N-Ta HYKTanu OuUp YIYOBIH

dbopmynacu €paamuaa XucoOJaHaIH.

TeHrnaMaHnvHT €YMMIIAPUHN TOTIMIII Ba aHUKJIAIITUPHUI OyHnda
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npoueaypaiap

NewtonRaphsonBisec Eunman  Heioton-Padcon  ycynmmma
tion OucekIusuIap OWIaH aHUKJIAIITHPHIIL
FindRoots Edumnapau anukiam Oup Xuil Kagam
OWJIaH aHUKJIAII

OyHKIMsIAp KETMAa-KETIIMTHHUHT T'eHEepalysiiall NpoLeaypajiapu

GenPowerPolynoms bepunran AHUKJINKIAru Japakajiu
noJimHoMmIIap Owmitan reHepanusuiam (borrka
GYHKIOUSATIAPHU OJIMIIT XaM MYMKHH MacajlaH

YeOb1mes,JIexxanap, TPUTOHOMETPHUK,

CIUIAMH Ba XaKa3o)

Euum npoueccu Ouian OOFIIMK Mpoiieaypaiap

GenCoordFunctions Eunm cTpykTypacm Ba OepwiraH Tysa
KOOPAMHAT KETMa-KCTJIUTHHH TeHeparus

KHJIaIu

CreateLeftMatrix byonoB-I"anepkun CUCTeMacH1a

MaTpULAJIapHU XUCOOJIai i

CreateLeftMatrixM1 byonoB-I"anepkun CUCTeMacH1a

MaTpHUIAIapHU Xap Xui GopMynanap OuiaH

XHUcoOIanau

CreateLeftMatrixHF byonoB-TI"anepkun cucreMacuia
MaTpUIaIapHU MallyHa AHMKJIMTU/1A
XHUcoOIanan

CreateLeftMatrixM1 byonoB-TI"anepkun cucreMacuia

hf MaTpHUIATapHA Xap XwiI GopMynanap OuilaH
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MalllMHa aHUKJIUTHuaa XHCO6HaI>'I,HH

4 CreateRightVector

byOHoB-I'anepkun  cucremacuga VHT

TOMOHJIaT' BEKTOPHH XUCOOIaiau

4 CreateRightVectorM

byOHoB-I'anepkun  cucremacuga VHT
TOMOHJIaTd BEKTOPHU XHUCOOJAIIIN Xap XU

dbopmynanapaan Qoiinananuianu

4 SolveSystem

LinearAlgebra makeruman ¢oiinananuo

8 CUCTEMaHU €4a]In
4 CreateSolution byonoB-I"anepkun CUCTEMaCHHU
9 CUMMHUHM CUHMIIAP CTPYKTypacura KyiuO

KOOpJIMHAT (PYyHKIUsIapra KyMaWTUPUIITHU

XUCOOJIalIu.

2.3 Maple TuzduMuaru JacTypHH MIIra TyIIHPHII

REM naxemunu uwea kywuw 6a R- onepayusuu mannaw

RFM mnakernnu wumira Kymuim ydyH Maple HuHr cranpgapt Oyilpyruman

doitnananamu3 with(RFM). R-onepanusiHu TaHmam y4uyyH HOKOpHAA >KajBajjaa

kentupmirad SetRSystem nmponenypacu épaamuaa amanra OMAPUITIAIH.

> restart;

> libname:="C:\RFM", libname;

libname:="C:RFM", "C:\Program Files\Maple 9.5/lib"

> with (RFM) ;

[&., &In, &Not, &Un, Astroid, CreatelLeftMatrix CreateLeftMatrixHF, CreateleftMatrixM1
CreatelLeftMatrixM1hf CreateRightVector CreateRightVectorM1 CreateSolution Dbl ntGauss10,
DblntGauss10M1, DblntGauss10M1hf, DblntGauss10hf, Div, Ellipse FindRoots, GenCoordFunctions,

GenPowerPolynoms, Grad, HalfPlane, IntGauss10, IntGauss10hf, IntGauss3, IntGauss3hf, IntGauss5,

IntGauss5hf, IntGauss8, IntGauss8hf, IntGaussA, Lapl, NewtonRaphson, NewtonRaphsonBisection
OvalKassini, PlotDomain, PlotDomain3d, Plotl ntPaths Plotl ntPathsLegMZ, PlotlntPathsM1,
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PlotSolution PlotSolution3d PrepareForDbint10, PrepareForDbint10M1, SetRSystem, SolveSystem,
nCircle, nHalfPlane, nStripX nStripY]
Kapanuémean coxanu uezapasuii menanamacunu Kypuu
R-bynkuus meroaunan doinananrad xojjga COXaHU KypUIIMMHU3 3apyp Y
yuyH rokopujpa kenrtupwiran Nel-8 raga Oynaran mpolneaypanapiaH
doitnamanunaan. Ketima Nel0-12 mnponenypanapunam doimananrad  XoJaa
COXaHM MaHTUKUK ¢opmyrnacuHu (mpeaukar kypunumiga) oiamu3. MAPLE
JIOTHK aMajUlapHu Moc XoJjiga R-amamnapra anmamrupanu. by epna onuHran
COXaMU3HH TYFPH TYpPTOypUak OwiaH derapanad (4Ta 3J€MEHTIM HKKATA FOKOPH
Ba UKKHUTA MATKU Koop uHaTtaigapu) keitmHuanu Nel7 Ba Nel8 mpouenypanapaan
¢doitnanannb coxaHu rpadpuru YU3nIaau.

R-onepanuii curemacus Tannaimu3 o=0
> SetRSystem(0) ;

CoxaHy TalIKWI TYBYMJIAPHU KypaMu3

> Fl := nStripX(0,1);
2 2
17-(y-0)
Fli=xy)® —— ~
(xy) o1
> F2 := nStripY(0,1);
2 2
1°-(x-0)
F2.=x,y)® ——~
(xy) 51
> F5 := nHalfPlane(0,1,1,0);
? s 2,2 2,2
F5F4Ky)®(«0+x1+00—11+y1-y® 301+0)wﬂ2Gl+m20201+2x1y1+1 17 +y"1

+020%2-2x1y0+2x011-2x0y1+211y0+0%2-20011+200y1+0%+1%2+12

+2x0y0+2x100+x%12-210+x%02+y?0%-2y?10-211%y-20%0y-2x1%1

)

-2x0%0-2x%01)2

?

RSRNV)

CoxaHu tIel“an)aBI/II‘/’I TCHIJIaMaCHHHA I/I(bOI[aJ'IaB‘{I/I TCHIJIAMAaHU KypaMu3

> Omega := ((F1 &In F2) )
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2 1.2 1

W:= (xy)®l-_y _EX - «/2 2y +y 2x%+x4

CoxaHy 4M3uUll y4yH yerapajiap KUpuTamu3
> BoundRect := [-1,-1,1,1];

BoundRect:=1[-1, -1, 1, 1]
Kypunran GpyHKkuusHu 9yn3amMus

» PlotDomain (Omega,BoundRect) ;

Kelinaru kagamaa oMMHTaH COXaHW MHTerpauiamra taiépnainau. Kypunran
coxa Oyinya KyImaraH MKKM Kappajld WHTErpajylapHH XucoOjamnuiapra TyFpu
Kenaau 11y cababiu MHTerpajjialira OJJIMHAAH Talépiai mpoleaypaiapu
dornananunaau ynap Ne23Ba Ne24 npouenypanap. Coxanu Oyrakiapra OViaui
YU3HUKJIAPUHU BU3YAJUIAIITHPUIN MOpoueaypaiapu unuiatwiad yiap Nel9sa
Ne20. UMntperpannamra tait€pnam npoueaypaiapu OepuiiraH COXaHM WKKUTA
fiyHanum (x Ba y) Oyiinda Top Kupurtaau. by npouenypanap YM3wIrad COXaHu y
Vku Oyiinya Ba Oepwiran X KoopAauHATacu Oyiimda derapajapuHd aHUKJIAWIu
(Ne39 mponenypa). Ketinn Ne38 mponenypa €paamuaa Hetoron-Padcon ycynu
épnamuga euyuM tonuiand. by npouenypanu unuiatunuimian cababu MAPLE

TU3UMHJIa HOYM3HK TCHIIaMaJlapHU SUHII XM HaTHXKa OepMaiiu.

> PrepareForDbIntl0 (Omega, BoundRect, Mx1l, Myl, 8);
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[-1.,0.9999999972]
[-1., 1]
[-1., 1]

[-1., 1.000000000]
[-1., 1]
[-1., 1]

[-1., 1.000000000]
[-1., 1]
[-1., 1]

[-1., 0.9999999972]

> PlotIntPaths (Omega, BoundRect, Mxl, Myl);

1

105

|

-1,0 - 10

Koopounam pynxyusnapru Kypuw

by kamamma pactial mapakanu KymxXaJUlapHA Kepakid Japaxkacu Ouiad
ketMa—keTnuruan - NedO)  mpomenypagan  doiganmanu®  Kypamus.  Nedl
nporeaypagaln  ¢doiganaHud KOOpAWHAT (YHKIUSJIAD KETMa—KETIUTHHU

TalllKWUJI KWJIaMH3.

> Basis := GenPowerPolynoms (3) ;
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Baﬁs:=[1,x,y,xy,xz,yz,xzy,xyz,x3,y3]

Koopaunatr (yHKIUsAIapHU TeHEpanusianamn

> w := GenCoordFunctions (Omega(x,y)“*2, Basis):

CHUCTEMAaHH 4all TOMOHH XI/ICO6J'IaHaI[I/I

bybnos-I'anepkun cucmemacuru mawikui KUauud.

Jactypna YHr TOMOHAArn MaTPUL@HUHT JJIEMEHTIAPUHU aij KypUHUIINAA
¢3amu3. by martpumanu onum yuyH auddepeHunan omeparopiiap rpajaueHT,
Jlanac, AuBEpreHIMs Ba BEKTOP Ba CKaJsip KymailTMmanapnaaH (oiganaHunanm
(Nel13-16 mponenypanap). KelinH cucTeMaHMHT YHT TOMOHJArd MaTpUIIAHU
dbopMamamTUpUII TpoleAypaIapuH HIITa TYIIUpaMHu3. Yiap KypwiraH coxa
Oyiirya UKKW Kappajid MHTerpaiapau xucoomnainau (Ne25-37). JlacTypHUHT 3HT
KYTl XMCOO KAUTOOMHM Tajnad KuiIaJuraH KOoWd xam Iy 31abu xucoOnaHaau. by
YKapaeHHW TE3JIaTUII YYyH Xap XWI HMHTEerpauiall Opoueaypajgapd Uiuiad
yuKWIraH. MacajlaH COXaHM KMYMK KHCMJIapUra HMHTErpajuialiia KaM TYT'yH
HYKTajap OJMHTaH €KU MaliuHa apupmeTukacu Kyanuiran (Ne42-45). Keitun
MacajaHu €YMI Y4YyH COHJIM KUUMAaTiapHu KupuTamus (MacanaH IjiacTUHKA
Kajauaaury h, srunyByannuk moayiau E, [Tyaccon koaduIMeHTH v Ba Xakaso).
CYHT cUCTEeMaHHMHT YHT TOMOHUHU D; €3amm3. By xamnapau omum yayH Ne46-47

nporeaypanapuaan ¢oigananu0 HHTErpaiall 3apyp.
> GenTerm := (i,j) -> (Lapl(w(x,y)[i])*Lapl(w(x,y)[3])):
HWHTCpaJjiai yTKaSI/I6 qar TOMOH MaTpuiacu XOCWUJI KHJIMHAaAu
> A := CreateleftMatrixHF (GenTerm, Mx1l, Myl, BoundRect,

true) ;
A:=[[1.340361509, 0., -2.666853756 102 0., 05817796470, 0.5817796464, 4.400308698 10", 4102 0,
-2.855040748 10719,
[0.,0.7484828709, 0., 8.019797234 101, 0., -3 10", 0., 0.2311603922, 0.4818998740, 0.],
[-2.666853756 10712, 0., 0.7484828701, 7 10", 2.625597887 1071, -1.200084191 10, 0.2311603924,
0., 0., 0.4818998726], [0., 8.019797234 10", 7 10! 02700165366, 0., 0., -2 1071,
6.667134392 102, 8.801208446 107'%, 1 101, [0.5817796470, 0., 2.625597887 1072, 0.,

05535440981, 0.2039396572, 7.058296730 102, 0., 0., 2.666853756 101, [0.5817796464, -3 10",
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-1.200084191 1022, 0., 0.2039396572, 0.5535440972, 2.266825694 101, 4 10°1%, 0.,

-6.371214942 10°1Y, [4.400308698 10712, 0., 0.2311603924, -2 10", 7.058296730 10,

2.266825694 101, 0.1694150348, 0., 0., 0.1422964750],

[4 101 02311603922, 0., 6.667134392 1022 0., 4 10712, 0., 0.1694150346, 0.1422964754, 0.],

[0., 0.4818998740, 0., 8.801208446 101, 0., 0., 0., 0.1422964754, 0.4409923926, 0.], [

-2.855940748 102 0., 0.4818998726, 1 10", 2.666853756 102, -6.371214942 10", 0.1422964750,

0., 0., 0.4409923910]]

Tenrnama napamerpiapu KUpUTHIAIN

>E := 2ell: h := 0.01: nu := 0.3:

> DD := E*h~3/12/(1-nu*2);

DD :=18315.01832
YHT TOMOH BEKTOPH I'eHepaIvsIanl
> GenTermB := i -> w(x,y)[i]/DD;

W(X, ).
GenTermB :=i® — '
DD

MHTEOTpaJlIall YTKa3uO YHT TOMOH BEKTOPH XUCOOIaHa !

> B := CreateRightVector (GenTermB, Mxl, Myl,BoundRect) ;

0.0000077169544497
/)

-6.84 107165

2

-6.388521540 10"
0.3

?
0.000001435109358?

5
» 0.0000014351151507
?

-20?

-6.059485248 10 =
?

D
29107175
?

,')
4710175

?
?
?
?
?
?
?
?
?
?
2
: ?

)
?
?
)
?
)
?
)
?
)
?
?
?
?
)
?

-6.711836810 10 =

Cucmemanu eyut

Onmuarn kagamaa C; HoMabiayMm KoddQuieHTIapuaaH TallKWid TONTaH
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YU3WKJIM TEHTJIaMajiap cuTeMacura odra OynraH »auk. by kamamma mry
CUCTEMaHUu euuil 31adu Kapab yrtunanu (Ne48 mpouenypa). OnuHTraH BEKTOP
KYpUHHIIWIAard eunmiapaan Qorinamanud Ned9 mpouenypaman Qoitgananuo
MacaJaHUHT aHAUTUK €4uMU ofmHaau. OnuHTaH euyuMaaH GoimganaHud MKKH

Ba y4 Ym4yoBiM TpaduK KypUHUIUIAPUHU OJUIIMMU3 MYyMKHH (Ne21-22

poreaypaap).

CUCTEMaA CUnjIagn

> Solut := SolveSystem(A, B);
0.00001234053556843243083

2
-4.86976229038937076 10‘15,?)

2
2.41160314005727663 10‘153

?
-6.06110742745715474 10'253

5

-0.000007583484672334535447
Solut:= ?
-0.000007583468103382539902

5

9.68753663322087172 1013

5

1.55480585862749846 10‘15?,

2
4.92637623004344107 10
2

-15?

-3.91789019715344375 10°1%5

BORCECENEVEVEVENEVEVEVENESEVEVEVEVESEVEVEVESEVEVEVENEVEN)

€4UM KypHJIaau
> U := CreateSolution(Solut, w):
MaKCHMYM IUIACTUHKAHUHT THIIMLI HYKTAacu TONUJIaN
> evalf(U(0,0));

0.00000266092
> with (plots):
€4uMHHU rpaduk popmacu

> PlotSolution(Omega, U, BoundRect, 10);
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Nkxunaum 600 6yiinya xynoca

Nxxkunum 6061a B.JI. PBaueBHuHT R-dyHKIUSA Ba BapualmoH yCyJuiapuaH
doitnananran xoaaa edumIIap Ty3WiIMacH (CTPYKTYpacH ))HH Ba UILIA0 YMKUJITaH
XHUcoOual aifOpUTM Ba U1y aIrOPUTM acocH]a MypakkaO IIakira sra MarHut
MalJOHUIa KOWJAIraH ONKa IUIaCTUHKAJApHUHT TEOpaHUIIMHUA XHCOO-
KUTOOWHU aBTOMATJIAIUITUPYBYM JACTypuidl Makmyacu kentupuiarad. CraTHk
MacajaHu euula (MarHUTCTaTHMK Macanacu) — [aycc, AMHaAMUK MacajiaHu

euunaa 3ca Hetomapk ycynnapuaan (oiiianaHuiiam.
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3 BOb UIILJIAB UUKWITAH TU3UM EPJAMUIA XUCOBJIAILL
3KCHEPUMEHTJIAPUHU YTKA3UIII

3.1 Nm1ad YMKWIraH AacTypuil TAbPMUHOTHUHT TYFPHIUTHHU

acocj1am

JlacTypuii TabMUHOTHUHI Ba XHCOOJAIl aJrOPUTMUHUHT TYFPUJIMTUHU
acocjalll yu4yH JeKapT KOOpJAUHAT CUCTeMacuaa TYFpU TYpTOypUak IIaKJIura ara
IONKa TUIacTUHKAaHUHT F(X,y,t) y3rapyBuM Tamku Kyd TabCHpUAA TEOpaHUII
MacajJaCUHU C€UYMIIHU Kapal YTaluK.

[InacTuHKaHWHT Te6paHI/IIH TCHI'JIaMaCH KYﬁHﬂaFH TeHIVIaMa OwiiaH

oepuiiaau
vew+ PROW e v 1)/D, (3.1.1)
D ot?
by epna
F(x,y,t)/D= cosnxcosny(th + tzA);
2a 2b\ D
‘(1 2 1
A= n( +—+ j;
16\a* a’bh® b’
_ Eh?
W-nnactunkanuar sruaumy, D= =" - NIacTUHKaHWHT LUIHHIPHK
12(1-v°)
KATTUKJIUTH; P-TIACTHHKA MAaTePHAIMHU 3WWINTH; N —TIJIacCTHHKA KAJWHJIUTH, V
—Ilyaccon koaddummentu; E —ympyroct momynu; a Ba b — mmactunka
YII4OBJIApHU.

Te6panurn Tenrnamacunu (3.1.1) Kyiuaaru yerapaBuii maptiapaa SpKUH
OexuTwiaran (CBOOOJHO-OTEpTass TIUIACTMHA TIO KpasiM) Ba OOIUIAHFUY

niapTiap/a e4aMus:
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W/ =0, M,

=0, (3.1.2)

W(x,y,0) =0, W(x,y,0) =0
(3.1.3)

(3.1.1-3.1.3) macanacunu aHuK eduMu [14] Kyiiugaru KypuHHUIIIA.

Wr = t? cosﬁcosn—y
2a 2b

(3.1.1-3.1.3) macanacunu coryi eunin byOHoBa-I'aepkun ycynu Ba R-
GYHKIUS YCYIMHUHT acocuaa Kypwiran. MacaJaHuHT €YuM CTPYKTypacu

Kyiumaaruua oepunaau [12-14]:
(DZ
W = o®d, —2[D2(ooCI)1)+v0T2(co(Dl)—ooCDz] (3.1.4)

®- COXaHHUHT I-Iel“ElpElBI/IIh/'I TCHITIaMAaCHHHUHI' HOpMaJUIallITHpUJIarad

KYpUHUIIN
1 2 2 1 2 2
=—@ -x)A—(b" - 3.15
o= IS0 =Y) (3.1.5)

@, , D, - HomabayMm Qyakuusnap; D,, T, - UKKUHYM TapTHOIN
muddepenunaniam oneparopiapu ; v, - Ilyaccon koadduimenTu.
XucoOnamap HaTWKajmapu TYFpuTypTrOypyakiaa (a=b=1) kyihugaru
napameTpiapaa xucobmanu6 HaTwkanap 1-3 skanBaiapia KeITHPUITaH:
v=0,3;h=0,01m;E=1,1*10"10H/m?; p=0,0889 xr/m* , t=0,3;0,5;0,8.
Kanpamiapaa OupuHYM caTp TaKpUOUN KMMMAT €4MMU UKUHYUCH aHUK

CUYHM.
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XKansan 1. [Tnacturka srunuimy Ba MoMmenTiiap Kuiimariapu( Nk=3 INaycc=20)

X y W/Wr Mx/MxT My /MyT Mxy/MxyT
0 0 0.089814 0.28785558 0.28785558 0.0
.0 5544 57 52
0.090000 0.28868592 .28868592 0.0
0000 87 87
0 0 0.249484 0.79959884 .79959884 0.0
.0 8734 89 93
0.250000 0.80190535 .80190535 0.0
0000 75 75
0 0 0.638681 2.04697305 .04697305 0.0
.0 2760 31 42
0.640000 2.05287771 .05287771 0.0
0000 54 54
0 0 0.063489 0.20421111 .20384429 0.0
.5 5795 55 83
0.063639 0.20413177 .20413177 0.0
6103 78 78
0 0 0.176359 0.56725309 .56623416 0.0
.5 9430 85 19
0.176776 0.56703271 .56703271 0.0
6952 62 62
0 0 0.451481 1.45216793 .44955945 0.0
.5 4541 22 43
0.452548 1.45160375 .45160375 0.0
3399 35 35
0 0 0.044857 0.14251280 .14251280 0.877284
.5 3269 49 47 943
0.045000 0.1443429¢6 .14434296 0.863590
0000 43 43 3850
0 0 0.124603 0.39586890 .39586890 0.874680
.5 6858 23 20 413
0.125000 0.40095267 .40095267 0.863590
0000 87 87 3850
0 0 0.318985 1.01342439 .01342438 0.849581
.5 4356 00 90 857
0.320000 1.02643885 .02643885 0.863590
0000 77 77 3850
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XKanpan 2. [Tnactunka srumuinyd Ba MoMmeHTiIap Kuiimatinapu (Nk=4 INaycc=20.)

x v W/Wr Mx/MxT My /MyT Mxy/MxyT
0 0 0.090197 0.29106029 0.29106029 0.0
.0 .0 3979 99 99
0.090000 0.28868592 0.28868592 0.0
0000 87 87
0 0 0.250548 0.80850083 0.80850083 0.0
.0 .0 3277 32 34
0.250000 0.80190535 0.80190535 0.0
0000 75 75
0 0 0.641403 2.06976213 2.06976213 0.0
.0 .0 7191 32 36
0.640000 2.05287771 2.05287771 0.0
0000 54 54
0 0 0.063641 0.20349945 0.20338756 0.0
.5 .0 7332 15 48
0.063639 0.20413177 0.20413177 0.0
6103 78 78
0 0 0.176782 0.56527625 0.56496545 0.0
.5 .0 5923 43 79
0.176776 0.56703271 0.56703271 0.0
6952 62 62
0 0 0.452563 1.44710721 1.44631157 0.0
.5 .0 4365 11 22
0.452548 1.45160375 1.45160375 0.0
3399 35 35
0 0 0.045041 0.14280708 0.14280708 0.878678
.5 .5 9402 95 95 8370
0.045000 0.1443429¢6 0.1443429¢6 0.863590
0000 43 43 3850
0 0 0.125116 0.39668635 0.39668635 0.818552
.5 .5 5008 99 99 3250
0.125000 0.40095267 0.40095267 0.863590
0000 87 87 3850
0 0 0.320298 1.01551708 1.01551708 0.859493
.5 .5 2421 14 14 9521
0.320000 1.02643885 1.02643885 0.863590
0000 77 77 3850
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Oy nk-mapaxanu dyHkus napaxacu; ['ayce — ['ayce ¢popMynacuaaru Ba3H
(GYHKITUACH.

1,2 xanmBanmjgaH TaKKOCHanuIap NIYHH OEpajvKu Aapakanu (yHKIHS Xaau
kynaiiran capu (Nk=3;4), anuk Ba TakpuOwmii eaumiiap papku 2% , MOMEHTIIApIa
aca 3% TaIIKWII DTAIH.

DOHIM dYerapaBWil IMAPTHU Y3rapTHUpaMu3 XaMma TOMOHHUIAH KAaTTHUK
MaxKaMJIaHTaH TYFpu Oypuakid TypOypuak IMaKJIWAard IUTacTUHKara

KyWH1arnda Kyd TabCUup KWIIN

F(x,y,t) _2ph
D D
8(6x(x —a) +a’)(6y(y —b) +b?))

(x? —xa)’(y® —yb)? + t*(24y*(y — b)* + 24x*(x —a)* +

(3.1.1) Tenrnamacu Kyiuaaru mapTiapaa eqHIaIu:

w.=0, W _o (3.1.6)
on
W(X,y,0) =0, W(x,y,0) =0 (3.1.7)

by macananu (3.1.1, 3.1.6 - 3.1.7) aHWK eyUMH KyHHIard KypUHHIITA

ara[14]:

W, =(x* —2x%a+x%a*)(y* — 2y°’b + y*b*)t’

Hatwkanap xaaamuiapaa kentupuiaran (XKaasan 3-4).
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XKansan 3. [Tnacturka sruauimmy Ba MoMmenTiIap Kuiimariapu (Nk=3 IMaycc=20)

t X y W/Wr Mx/MxT My /MyT Mxy/MxyT
0 0 0 0.0153754 -0.0022555 -0.0034859 1.12732431
-3 5 -0 0.0197700 -0.0023670 -0.0033670 1.12833500
0 0 0 0.0525316 -0.0064460 -0.0096409 1.12354521
.5 5 -0 0.0549654 -0.0065320 -0.0099640 1.12654000
0 0 0 0.1385150 -0.0166806 -0.0255230 1.11545521
8 -5 .0 0.1406200 -0.0167500 -0.0256000 1.12833600
0 0 0 0.0107237 -0.0010183 -0.0010183 1.47246565
.3 5 -5 0.0111200 -0.0010255 -0.0010255 1.47426540
0 0 0 0.0304390 -0.0027464 -0.0027464 1.46634240
-5 5 -5 0.0308990 -0.0028544 -0.0028544 1.47424000
0 0 0 0.0775316 -0.0072725 -0.0072725 1.46232100
.8 -5 -5 0.0791010 -0.0073120 -0.0073120 1.47424200

XKanpan 4. [InactuHka sruauiM Ba MoMeHTIap KuiiMaTiaapu (Nk=4 Taycc=20)

t X v W/Wo Mx/MxT My/MyT Mxy/MxyT
0 0 0 0.0197654 -0.0023545 -0.0035859 1.12833521
.3 5 .0 0.0197700 -0.0023670 -0.0023670 1.12833500
0 0 0 0.0548316 -0.0065311 -0.0099609 1.12833521
-5 5 -0 0.0549654 -0.0065320 -0.0099640 1.12654000
0 0 0 0.1405350 -0.0167432 -0.0255000 1.12833521
8 -5 -0 0.1406200 -0.0167500 -0.0256000 1.12833600
0 0 0 0.0111237 -0.0010183 -0.0010183 1.47424100
.3 5 -5 0.0111200 -0.0010255 -0.0010255 1.47426540
0 0 0 0.0307840 -0.0028462 -0.0028462 1.47424100
.5 5 -5 0.0308990 -0.0028544 -0.0028544 1.47424000
0 0 0 0.0790816 -0.0072625 -0.0072625 1.47424100
8 -5 -5 0.0791010 -0.0073120 -0.0073120 1.47424200

HOxkopunarn onwHTaH HaTWXanap IIYHH KYPCATHIWKU HILIA0 YUKUJITaH

xucoOJamnl alropuTMH Ba AACTypUd TabMHUHOT TYFpPH WIUIAWIM Ba OYyiaérraH

YKapa€HHU TYFPU TaCBUPJIANIU.

3.2 Maple TH3MMH/Ia MATHUTCTATHK MACAJIAHH €YHIII

JlacTnaOku MarHUT MalWJoOHWMHU U(OJATOBYM MArHUTCTATUK Macajacu
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eumnamu[4]. Kyitmmarm 5-xagBanga aHWK Ba TakpuOWH  HaTWXKaJlapHU

TaKKOCJIallljIap KCITUPUIITaH.

0(. . 0AY, O OA|_4r.

+ Y ==t 3.21
5X(n 6xj Gy[néy] C . ( )
oA oA
=0, .. =0 3.2.2
8X X=ta a y=tb ( )

Oy épma a=b=Im,n=(u,n) " p,=1, pu=1,256*10° Tn/m. (3.2.1)-(3.2.2)
MacajlaCl YHT TOMOHH y-Ta TeHT KWinO onud moc paBumiia ['aycc HyKramapu
400 (clutoch=20) Ba 1024 (clutoch=32) 6ynranna, Ba nmoauHomiiap coHu 10
(skm=10), 15 (skm=15) xommapna euwitran (5-xkangsan). OnuHTaH

HaTWXKaJlapAaH IIyHW KypUIl MYMKHH KU, €YMMJIAp YYHHUYHM paKamrada moc

KEJIa/IN.
S-’KajBaj
Macananune anuk 6a makpuoutl eyumiapHuHe MakKoCIaHUuU
X y AHUK eunMm Taxkpubuii eunm
%(ya _3y) skm=10 skm=15
clutoch =20 clutoch =32
- 0,333333 0,331215 0,333132
0,50 |1,00
- 0,264000 0,264802 0,263993
0,50 |0,60
- - 0,189333 0,189070 0,189155
0,40 |0,40
-0,098667 -0,098804 -0,098501
0,20 |0,20

Onunaran HaTWXXAJIAPHUHI HWINOHYIMIHHKU TCKIOUPUIIL YYYH Xap XHII
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yerapaBuii Imaptiapra sra (KaTTUK MaxKamJIaHTaH, 3pKUH TasHY), Ba YHT
TOMOHMIA Y3rapyBuu Ky4 KyHWIran Macajanap e4uia/iu.

Kyiinna macanaHuHT aHUK €UMMHMHM MMOJMHOMHMHT Xap XWJI Japakajapuia
(nk=3;4) Ba l'aycc Hykramap coHM Xxap Xuil OydaraHuaa e4usiiu.
[[1acTUHKaHUHT MOC HyKTajJapAa STUIMIUIAPUHU COJUIITHUpUiranaa 2%ra,
MoMeHTIapaa 3ca Gapku — 3% TalKuI KUIaIu.

Macanann MAPLE tu3ummaa euuimn anropuTMuHU Kapaiimu3. Jlactiad

qerapaBHﬁ IIapTH KaHOATJIaHAUPAJAUTI'aH (I)YHKHHSI TaHJIaHAIH.
AL(X,y):=CL*(XM-2%a2* X 2)+C2* (yN3-3*bA2%y) +C3* (y5-5*hn4*y))

KYpUHUIIMAA TaHJIaHIW. BapuanumoH ycymwiapaaH OWTTaCMHU TaHJa0

eurniagu. MAPLE tuzumunaru gactypu Kyuaarnda 6yiaau.

Kynugarn Macasna eumnanmu I[lyaccCoH TeHIJIaMacu
o o
— A(X, +| — A(X, =
(axz ( y)} (8y2 ( y)j y
YerapaBuy mapTiiap X=-a X=a
0
x A y)=0
Yerapaeuym mapwTiap y=-b y=b
0
EuuM cTpyKTypacmu

"AL(xY):=", cl (x*—2x?)+c2 (Y*-3y)+c3(y°-5Y)

[-512

105 0
. 96 -256
A= 0 5 7
0 -256 -640
. 7 9 -
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e [ o, 716 -128}

5’ 21
Yusukamu anrebpamMk TeHIJIaMajlap CUCTEeMacCHMHU eumnb

Kynumary BEeKTOP OJIMHAaIOU

o=[oie]

EuumM cTpykTypacucura onmb 6opmb Kyumb macana

euyMMura sra 6O6ysramMms

1, 1
AT Y =5

OHIM MarHUT UHAYKIUsAcH B KuiiMaTiapyHu aHUKJIAIl Y9yH MarHUTCTaTHK
Macalia e4nsIaau.

MarHutcTaTuk MacajaHd €4l Y9yH KyWHJard napamerpiap UuuiaTUiIaan.
TOMOHIAPUHUHT Y3YHJIUTH a=IM TeHr OyiraH Tyfpu OypyakiM IUIACTHHKA,
kamumary h=0,01m terr Ba  nN=(u,n)", p,=1, p=1,256*10° Tn/m,
E=11*10° H/m?, p=8890 xr/m® v=0,3, 6=3,6%10" (Om m)?, c¢=3*108 wm/c,
P=5000 H/Mm?, j=-3,673205 A/m? eunnau.

Kyinnaru xanBanga MaroHuT HHAYKIUSICA KUAMATIIAPU KBaJApaT IIAKIUIaru
IIacTUHKa yuyH kentupwirad. [y Ounan Oupra miacTMHKa y4IapuHU aiiaHa
[IaKJaura oOJu0 KENWHTaH IUIACTUHKAIap YYyH XaM TagKUKOT WIUIApU
YTKa3uIAu.

6-xanBan

Kea()pam waxKkiau naamurKka y4yn macHum uHOyKuuﬂcu k;uﬁMamJlapu

X y KBagpar oypuaxnapu r=0,1 épnamuna

anJlaHa KWJIMHTaH KBaJIpar

Bz*10° Bx*1 By*10 Bz*10° Bx*10 By*103
03 3 3

0, 0, 0, 1,704 = 0,87059 1,7212 -
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90 |90 872325 912 1,704912 |1 76 1,721276
0, 0, 0, 1,637 - 0, 1,6255 -

90 80 |705175 707 1,334459 (703188 23 1,362721
0, 0, 0, 1,518 - 0,55685 1,5157 -

90 |70 |556794 123 0,960487 |6 82 0,960120
0, 0, 0, 1,334 - 0, 1,3627 -

80 |90 |705175 459 1,637707 {703188 21 1,625523
0, 0, 0, 1,310 - 0, 1,3032 -

80 (80 |567997 536 1,310536 |568667 60 1,30326
0, 0, 0, 1,207 - 0, 1,2066 -

80 |70 444910 995 1,023631 |443828 20 1,026147

[-xaaBan
Bypuaxnapu aiinana kypunuwuea onud KeiuHean Keaopam yyyH MacHum
unoykyusicu Kutimamaapu oepunean (r=0,2)

X y Bz*103 Bx*103 By*103
0,8

0 0,80 0,569048 1,304132 -1,304132
0,8

0 0,70 0, 444125 1,191414 -1,016833
0,7

0 0,80 0, 444125 1,016833 -1,191414
0,7

0 0,70 0, 346589 0,929476 -0,929476

6-7 xamBaymapuaaH Kyduaard xyiocara kKejaca Oynamu, joupa paanycu
KaH4a KMYMK OYJica MarHUT UHAYKIIUSICUHUHT KUMMaTh KUYKUK OViaau. Yunapu
alJlaHa KYPUHUILINWTA KEITUPUIMAraH Ba aljaHa KWJIMHTAaH IUIACTUHKAJIApHU

COJIMIITUPHINl HATHXKACHUAa MOC KHMMaTiap Oup Oupura SKUH KEIah M1y
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cababman kevnHTrH xucobmam Taxpuobanapuna yunapu r=0,1 pagyucnu moumpa
OwunaH aillaHa KWJIMHTAHW TUIACTUHKA ONMHTaH. by xucoOmamuiapga MarHuT
WHAYKIHUIACH KUHMaTiapu KoopJauHaTa Oommra HUCOATaH CUMMETPUK XOJIa
y3rapaau.

MAPLE tusumugaru nactypu

MAaTHUTOCTATUK MacalyiaCm

IlyaccoH TeHTJNamMacu ydyyH HemMaH Macanacu

"AL(x,y)= d1*3.*cos(1.570000000*x)*cosh(1.570000000*y)+d2*3.*cos(3.1400000!
*x)*cosh(3.140000000*y)+d3*3.*cos(4.710000000*x)*cosh(4.710000000*y)"

> Al1:=-.9093113280e-

12*3.*cos (1.570000000*x) *cosh (1.570000000*y)+.1102830798e-
11*3.*cos (3.140000000*x) *cosh (3.140000000*y) -.2136803216e-
12*3.*cos (4.710000000*x) *cosh (4.710000000*y) ;

Al := —.2727933984 107! cos(1.570000000 x) cosh(1.570000000 y)
+.3308492394 107 cos(3.140000000 x) cosh(3.140000000 y)
— 6410409648 1072 cos(4.710000000 x) cosh(4.710000000 y)

> plot3d(Al,x=-1..1,y=-1..1);
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3.1-paCM KBanpaT [IaKkjyra sra rjaCTuHKa y4yH MaroHuTCTaTuK MaCcaJlaCUHU CUUIIa

JKapacH KYpUHUIIN

3.3 Maruur 3jacTuk Macajacun Maple épaamuna eunin

Maple Tu3ummuaa spatTiraH JacTypuid TabMHHOTHM KJIACCHK INAKIra 3ra
OynraH IUTaTUHKA SIbHUMA KBaJpaT KypUHULIMAArd IUIAaCTUHKA TeOpaHuIl
MacajaCMHU Ba  Mypakkad [IAKIUIM  IUIACTUHKAHUHT  DJIEKTPOMArHUT

MaWJOHUHUHT TabCUPHUIA TEOPAHUIIIMHA Kapal yTamus.

2 8m 3
DAw + 2ph O W 7 O Oy [y BN (3.3.1)
ot ox | oy 3(1-v?)
h h h
m, = ijzdz, m, = ijzdz, Z= ijdz,
h h h
— (- 1loU —\ —=—
R(RX,Ry,RZ):E(e+EExBoijo (3.3.2)
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w, =0 M| —o (333)
on

w=w,f(X,y) W=wd(x,y) (3.3.4)

HOxopumarn (3.3.1-3.3.4) macajacy IUTACTUHKAHMHI KyHuaard OepuiraH
reoMeTpMK Ba (M3UK KuMiMarTinapu ydyH eumirad: a=1m, b=0,5m, h=102m,
E=11*10'° H/m?, p=8890 kr/m3, v=0,3, j=-3,673205 A/m?, u=1,256*10° I'u/m;
6=3,6%107 (Om m); e=1; C=3*108 m/c; P=5000 H/m?.

Y 054

o
LI LI T T Tor T T T 1 T T L 1

05 1 04
i ¥

0,59

3.2-pacm. KBagpar mrakiumg rracTuHKa
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-1,0-

3.3-pacm. Mypakkal makIIH IacTHHKA

Macananu euuinjia aBBajJO MEXaHUK Ky4 TabcHpuJa €4ud onaud CcYHrpa
MarHuT MaiJIOHMHUHT TabCUPHU YUYH XaM eduirad. by epna Hatwxkanap KaTTUK
MaxKaMJIaHTaH Ba OPKUH  TasHY 4YerapaBuil IIapTiiapd Y4YyH EUWJITaH.
Hatwmxanap xaaBamiap Ba rpaduk KYpUHHIILIAPHUIA KEITUPUIITaH.

Mypakkab coxa ydyyH eH ToMmMoHyapu goupa (paguycu 0.5 TeHr ) Owian
ailllaHa TIaKJIW KypUHUINW KUPKUO OJWHTaH  TYFpUOypUaKiM TYpTOypUaK
KapajiraH.

Tuzum Epnamuaa maklapy OJIUKA Ba Mypakkad OyiraH TIJIacTUHKA
TeOpanuin Macajanapu KapanradH. Kyiummarn Oyipyk €Epnamuna edumiiapu
Kypujagu Ba y3UMHU3ra Kepakjiyd OyJiraH HyKTa KOOPJMHATACUHU KUPUTHII

OpPKaJIM IJIACTUHKHUWHI STUJIMII KOOPpAWMHATACH aHUKJIaHAIH.

Solut := SolveSystem(A, B);
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0.00001234053556843243083

?
-4.86976229038937076 10‘153
3
2.41160314005727663 10'153

2
-6.06110742745715474 10'25,?)

2
-0.000007583484672334535447
Solut:= 2

-0.000007583468103382539903

?
9.68753663322987172 10" %2

2
1.55480585862749846 107
?

-157

4.92637623004344107 10°'%3
?

-3.91789019715344375 10'153

ESRSECENEVEVEVEVEVENEVEVEVEVESEVESEVEVESELEVECEVEVEVEVEN]

CUMM KYpHHHUIILIA KypHuJIadx Ba CHUMHHU OJIMII YIYH

»U := CreateSolution(Solut, w):

INTACTUHKAHWHI STWJIMIT HYKTACH CHI' KaTTa 6yJIFaH HYKTa KOOpAHWHATACH
TOIIXJIaan

»evalf (U(0,0));

0.000001058650586

Xyanu uryHaan Kuimb Mypakkad MIaKUId TIaCTUHKA YIyH €4rMIIap OJITH.

> Solut := SolveSystem(A, B);
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Solut:=

KYPUHHILJIA €YUM KypPHWIAIH

ECRSEVENESEVECEVENESEVEVEVEVEVEVEVENEVEVEVENESESEVEVEVEN]

0.00001234053556843243082

2
-4.86976229038937076 10‘153

?
2.41160314005727663 10‘153

?
-6.06110742745715474 10'25;

"7
-0.000007583484672334535447
5

-0.000007583468103382539902

2
9.68753663322987172 10713

1.55480585862749846 10

4.92637623004344107 10°

?
15?
?
?
15?
?
?

-3.91789019715344375 10‘153

> U := CreateSolution(Solut, w):

MypaKKa6 KYPHHHUIIAAT'U INICTUHKAHWHI' MAKCUMYM OI'HJIMII HYKTACH

TOIIKJIaan

> evalf (U(0,0));

5-xanBanga

Mypakka0  IIakira

0.00000266092

ora

Oynran

Ba TYFpuUOypUaKiIu

TYpTOypUYaKJIAPHUHT TEOpAHUIIM Ba 3JIEKTPMArHUT MAalJIOH KOMIIOHEHTJIApU

MOC HyKTayapja Oepuiras.

5-)xanBai

IInacmunxanune Moc HyKmanapoa eUNUULIApYU 84 dJIeKMpPOMASHUM MAUOOH

KOMNOHeHmanapu y32apuuiu

t w*(0;0;t)*10° w*(0,5;0,5;t)*10°
MEX Mmar MEX Mmar
C 0,2344 0,26443 0,76 0,75490
,05 |34 490
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d 27630] 296107 | 143 14163
4 54 63

¢ 02353 040525 034  0,35989
8 58 989

1 20203 300035 087 088227
2 67 267

1 17348 193487 | 092  0,90062
6 62 052

21,2304 122047 024  0,25237

79 237

J 34741 348414 | 136  1,37935
4 47 975

2 01726/ 019261 = 007  0,07454
8 16 444

3 40396 401961 = 1,37  1,38474
2 64 444

3 00393 001937 042  0,4348
6 62 46

4 37581 378810 | 084 087453

64 453

OnuHran HaTwkamap IIyHH KypcaTaJuK, TYFpUOypyakiid TJIaCTUHKA Ba
Oypuakiapu ailaHa IIakjIura olM0 KEeNWHTaH IUTACTUHKA MOC HyKTalapuaarud
STUJIMII KMAMaTIapu Oup-Oupuaan Gapku kamiuruau kypcatamu (3-pacm). By

9Ca MAarouT MaIOHMHUHT TabCUPH KATTUK MaXKaMJIaHT'aH qerapaBHﬁ apT y4yH

kam O0ynaau (3.3-pacm).
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0.01

0.00

3.4- pacm. x=0, y=0 HyKTanapja MarHuT MaliIOHMHUHT TAbCUPHJIa Ba MATHAT MaiJOHN

KyWwIiapu TabCUP KHUJIMAr'aH XOJUIapAaru mjIaCTUHKAHUHT STHUJIAIIN

Maple TuU3MMHHUHT sHa OWp HWMKOHMSATHIApuAaH Oupu Oy OJMHTaH
HaTWOKAJapHA WKKW Ba y4 YIYOBJIM KYpPUHUIIUIApUAA KypcaTa OJUIIHIND.
Eunnran MacanaMu3HH OJUi KBaJpaT Ba MypakkKal IMIAK/UTH TUTACTHMHKA yYIyH

KapaCHHU TaCBUpPJAWIUTaH KYpUHUIIUIApUIA Kyiuaaruya 6yiamam.

PlotSolution (Omega, U, BoundRect, 10);
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Onunran HatwxanapHu (a30BUN KypUHHUIIHAA XaM TacBUpJAIl MYMKHH.

MAPLE Tu3uMuza edwiraH MacaJaHUHT  HaTIWKAJIApUHM  KyHUJaru

KYPUHHILLIAPAA OJIMII MyMKHH.

10
05
00
05
10 0.2
00
: e O
Qe — 02
é ma 1 0 i' { 00
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OpKUH TassH4 4YerapaBuil IapTiapuaa TallKKH Kyd Ba AJIEKTPOMArHUT
MaiJIOH KyWIapHUHT TabCUpHUAA TEOpAHUIUIApU Kapajdagu. DJIEKTPOMArHUT
MaiJIOH KOMIIOHCHTAJIADUHUHT Ba MOC HYyKTajJap/a IUIACTUHKA STUJIULUIaApH
Kapayiaau (6-xaaBan).

OpkuH TassH4 OyiraH 4YerapaBuili Mmapmiapja IUTACTUHKara MAarHuT
MaWJJOHUHUHT TabCUPU Ba MAarHUT MalJOHW KywIapd TabCUp KUJIMara

xoJuiapaa IMJIaCTHHKAaHUHT MOC HyYKTaJIapuaaru Srujivijiapu

6->xaBa
t w*(0;0;t)*102 w*(0,5;0,5;t)*10?
MEX Mmar MEX Mmar
C
,05 0,1664 0,4414 0,01807 0,018008
C
4 0,9349 0,34655 4,7396 1,486299
C
8 0,12791 0,9681 5,7854 0,379888
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1
2 0,4895 0,22877 0,2987 0,862275
1
6 0,62658 0,23762 3,4517 0,930616
2 0,12846
7 0,7437 6,4484 0,262368
2
4 0,8736 0,35369 1,1212 1,349348
2
8 0,7288 0,2496 2,1168 0,075537
3 0,63347
2 3 0,34432 6,6656 1,387773
3
,6 0,40209 0,9682 2,3075 0,434801
4  0,12669 0,20911 0,9565 0,874533

Kyiingarn 4-5 pacmnapaa 3pKkUH TasHY LIErapaBHil MIAPTH YYYH €UWJITaH
MacaJlaHMHI MEXaHUK Ba MAarHUT Kywiapu Oupraiukia TabCcupua MOC
HyKTaJlapa OIWIMNLIAPM Ba JJEKTPOMArHAT MAaWJOH KOMIIOHEHTajap
KuiimMatinapu  Oepwirad. bepwiran pacmiiapgan  Oypuakiapu — ailyiaHa
KYpPUHUIIUTA OJMO KEJIMHraH IJIaCTUHKA MapKasuja STWIUII KaTTa Oyianu Ba

Te6paHI/IHI qaCTOoTacCcHu TC3J1amaau.
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4-pacMm. bepuiran x=0,0; y=0,0 HykTana 5-pacm. bepwiran x=0,5; y=0,5 HykTana
MarHuT MAaWJIOHUHUHT TabCUPW Ba YHUHI MArHAT MaWJIOHUHUHT TabCHPU Ba YHUHT

TabCUP KHUJIMAraH xoJuiapaaru KS"pI/IHI/IHII/I TabCUP KHUJIMAraH XoJuiapJaaru Kg’pI/IHI/IIHI/I

Yyunun 0606 Oyitnya xynoca

VYunrHun 60612 Mypakkab MIakira sra MarHuT MaiJIOHKU 12 JKOWIallrad F0IKa
IJIACTUHKAHU TeOpaHUII jKapaéHIapuHA XUCoOal TakpuOanapyu KeATUPUIITaH.
BoOGHuHT OupuHUM OYIMMHM XUcoOJaml alrOpuTMH Ba JacTypUd MakKMyaHUHT
TYFPWINTHHM acocyaura Oarunuianrad. OJUHTaH HaTHOKAJAPHUHT TYFPUIIUTU
MOC paBMILJATH IUIACTUHKANAP Y4yH OomKa Myayudaap TOMOHUAAH OJIMHIAH
HaTWKajgapu OwuiaH TakKociaaHagu. MarHuTCcTaTUK Ba  MAarHUTAJIAcTHK
Macajanapyd TaAKUKOT KwiMHrad. OJnuHraH HaTwkajgap jkaJBajuiap Ba

rpadukiap makiapaa Oepuiras.
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XVJO0CA

Jluccepranysi MIIMHUHT acCOCHMMA HATWKAacH Mypakkad IIaKJUId IOMKa
MJTACTUHKAJAPHUHT TEOPAHUIIMHUHT MAaTEMATHK MOJIEIH, XUCOOJIAIl alrOPUTMH
Ba MAPLE tusumuna nactypuit tabMuHOTH sipaTwiad. Onub Oopuirad
TAIKAKOTJIAPHUHI aCOCHM WJIMHKM Ba aMaJIMM HaTWXKAlapu KyWugaruiapaaH
noopar:

- DJIEKTPOMArHuT MaWJOHAArd KIJIACCUK Ba MYypakkad MIaK/UIM FOMKA
TJTACTUHKA TEOPAHUIIHN KapPAEHUHUHT MATEeMATHK MOJICITN UIIUIA0 YHKUJIIIH;

- B.JI.PBaueBHuHr R-(yHkiusicu Ba byOHOB-I'anepkuH ycyimapuHUHT
KOMOHMHAIIMACH acocHia Kapaja€TraHn TeOpaHMIIl MAaCaJaCUHUHT yMyMJIAITaH
JTACKPET MOJICII OJIMH]IN;

- OIJUW IIAKJIJIaT¥ IJIACTUHKAJaH TOPTUO HUXTUEPUM KOHOUTYpalUsiv
IUTACTUHKAJIAP YYyH XUCOO-KMTOOMHM amaira OIMpUII MMKOHUHU Oepaguran
XUCOOIaIl arTOPUTMHU  UIILIA0 YUKUIIIY;

- Mypakka0 [ak/uM IONKa IUIaCTUHKAJNAp y4YyH Xe4d KaHjaau
arMmpoOKCUMAlMJIAPCU3  YEerapaBuil MapTIapHU TYJIUK KAHOATIAHTHUPAIUATaH
KOOpJIMHAT (DYHKIHSUIAp KETMA-KETJIMTH Ky PHUIIIH;

- Mypakkad coxajapJa MKKU Kappalu HWHTerpauiapHu xucobmam ["aycc
TYTYHJIADUHU Ba KOOPJIUHAT (DYHKIUSJIAP COHMHU OIIUPHUILI OPKAIA XHCOOJAIT
aNTOPUTMHU TAJIKUK KUJIUH/IY;

- MAPLE Tusumyuga uiad 4MKWITaH ajifOPUTM Ba JAAcTypuil TabMUHOT
acocuza SIHTM Macajajiap, SbHU DJJIEKTPOMAarHUT MaWIOHJa >KOMJIAIITraH
Mypakka0 IIaKjira sra TUIACTUHKAJIAPHUHT TEeOpaHWIM Oyinda  TaaKUKOT

UIiapyu ojub 6opuian.
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