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Pakam Ganan pyiixatra onuaran.

Toxropmex  smccepramuscs Tomxent axGopoT TEXHONOIHIADH  YHHBEPCUTETH
Xy3ypupara  JlacTypwli Maxcynomnap Ba anmapaT-AacTypHii  M@KMyanap ApaTHIn
MapKasuia Gaxapunran.

Hnrccepranmps asTopedieparTd y4 Tinaa (Y36ek, pyc, murmms) Wivpli kenTammmeEr Be6-
caxnacaTa (Www.tuit.uz) Ba «ZIYONET» TanzeM axGopor TapMoFrza (Www.zivonet.uz)
KOANAMITHPWIraH.

Hamnmit macnaxaran: [Ha:mpoa MoaMankya A6aapo3axonny|
(pusEKa-MaremMaTKa ¢annapy I0KTOpH, Mpodeccop
PacMmBii onnoreATaap: Kann6eprenos Bateip6ex Tynen6eprenossa
TEXHHKa (paHNapH A0OKTOPR

Myxamennena Anano3 Tyaxynosna
TexHWKa (aniiapu AOKTOpH, npodeccop

Hopmypoaos Yopna Geratuesny
(¢m3nka-MaTemaTika QarsIapa ZOKTOpH, npodieccop

ETaKkvn TaUIKHIOT: H.M.I'y6xnn romagara Poccas aaBnaT HedTh Ba
ra3 yHABepcHTCTHHHAT TOIIKeRTAarH ¢uinann

Jnccepramms  x#MosAcH ToWKeHT axGOPOT TEXHOMOTHANIAPA YHHBEPCHTETH Ba
V3bexncron Mmwumit yAmBepcETeTn Xysypumarn  16.07.2013.T/FM.29.01 paxavm
Wmvait kearamrner «f L » _LAOAL 2016 #un coar 10.00 garm Maxnucuaa 6¥mn6
yrann. (Mamsar: 100202, TomkenT m., AMAp TeMyp kyach, 108. Ten.: (99871) 238-64-
43, daxc: (99871) 238-65-52, e-mail: tuit@tuit.uz.).

Hoxropmmx  maccepraupscd  Omman  Tomkenr  axGopor — TEXHOMOMMANapu
YHABEPCHTETHHUHI AXGOPOT-pECcypc MapKasuaa TAHLUIMIN MyMKHH ( ZS/€ pakaMi Grutan
pyiixarra omunran). Mawsan: 100202, Tomkenr m., Amup Temyp KjuacH, 108. Ten.:
(99871) 238-64-43.
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KHPHUII (IoKTOpPAHK JUCCEPTALMACH AHHOTAIMACH)

JAuccepranss MaR3yCHHHHI Ron3ap6nurm Ba 3apypard. ByryHru xymma
TEeXHMKAa COXaCHA2 3/EKTPOMArHMT MaiiIOHNApHUHT 3MEKTP JTKA3yBUYaH/INK
Ha3apMACH, XyCycaH, HMKKM €KM YHOaH OpTMK (H3MK MaligOHMapHMHr ¥3apo
OOFMUKIHIH HA3apPUACHra acOCNAHraH TaJXMKOT MILUIapM M3YWI Cypariaappaa
puBoxciaHmMokaa. JKaxonpa MarHuT anacTuk gaTdmknapra Gynran Tanab omwuG
6opmoxna, 6upraHa asromobune Mmnab gukapuin Gozopupa 2012 #iun MarHuT
JOATYHKNAPHUHT COTYBHAaH 812,2 MmH. A0NNapaMK FapoMaT TaHmIKMN KHIraH
6ynca, ymby xypcarkuy 6up Hungan cynr 2013 #iun 9,5% ra omran. Keiunrra
HKKM HHga aca Ma3Kyp coTysiap 6-7% ra omumy Ba 2016 jimn oxupura Kenub
1,1 wpa. AKI 40/LIAPUMHY TAUIKAN STHINM KYTWIMOKAA -

Y36eKUCTOHAA 3NEKTPOMArHHT MalAOHMAPHHHT [OMKA 3NEKTP YTKasyBdYaH
XKHUCMJIADHUHr ZehOopMalMOH XOJIaTMra TabCHP JTHII > KApaSHmapura OMN
Tanbupnapuny caMapand TaIIKWI STUII 03aCHIAH KeHr KaMpoOBJIM €opa-
Tanbupsap amanra owMpwiMokna. By 6opapma, xymmapan, lonka Mypakka®
KOHCTPYKIMOH INAK/JarH IUIaCTHHA Ba KOOMKIAPHMHI MAarHATOACTHKINK
JApaKACHHH aHUKIOBYH OOUUTAaHFMY Ba 4erapaBMii IMapTiM XyCYCHM XOCHJIAMM
mupdepenypan TEHINAMATAPHY EUYMIIHMHT COHJH-AHAIMTHK YyCy/Mapd Ba
MaTeMaTHK MOJENMHM HIab YHKHII, MAarHUTOKYMYJIATAB reHeparopiap,
TEPMOAAPO KypHIManapuia, Ia3MaHd CaKIOBYH )KHMXOIIAP, MArHUTOAHUHAMMK
TeaTTHWIap, XapakaTiaHaeTraH TH3UMHHHI KOHTaKTCHM3 MarHUT TasHWIapH,
3MEKTPOMArHUT MaHROHHUHI XapakaTIaHMII COXACHAA HHILIOBYH  YITHOBR
ac6obnapHHUHr MUUIAIl MEXaHH3M Ba TEXHOJIOTUANAPMHH TAKOMWLIANITHPUIN
xampa doiinananuin My naaTHHY y3aiTHpHIL Ba cuatum sHana omwupmi.

HyHéna oanekTpoMarHMT MaMAOHMADHMHT IOMKA OJJIEKTP YTKa3lyBuaH
KHCMIIAPHUHT  AeOpPMALMOH  XONATMra TAbCHP STHIN KapatHNapUHU
MOJEJUIAIITHPYLI, Mypakka® koH}pUrypauuanm MarHHTO3/aCTHK IUIACTHHA Ba
KOOHKNAapHUHr acocuit uerapaBMii MIApPTIApHHKW KOHUKTHPYBYM €UHMNAp
MaXXMyacH Ba Ty3WIMacHHH R-QpyHxuusa ycynuaa MogennaloTUpHII anropuTMIapH
Ba JACTyplaHraH BOCHMTANMAPHUHT AHTH ABJIOJMHA HMIWA0 4MKAIN anoxuia Kach
3TH6 Oopmoxaa. By O6Gopaga Makcagn¥ WIMRA-TAOKUKOTNAPHHA, KyMianaH,
Kyfunard #yHanMIUNApAard WIMHH HVUIAHULUIADHH aManra OLWMPHMII MYXHM
Ba3udanapnan 6upy xucobnanagu: Mypakkab KOHCTPYKUMOH HIaK/Inard lonka
nacTHHKa Ba xoﬁmmapmmr MardMTO3JIaCTHKMIMKJIMTHHH HleJ.IaJIOB‘-lH
TeHrnamanap TH3MMMHH edYMIHMHr (az0Buii  y3rapyBumnapra HHcOaTan
OUCKpeTNam Ba IONKA >XHCMIIAPHMHI MAarHHTOANACTHIUIMK AapaXacH HHCKpET
MOJEHHM Kypuul, anrebpamk Ba onaauil IuddepeHumaniap TEHrIamanap
TH3NMHHH BEKTOp-MaTpHIAIH ycnyQnapra acociaHrad xucobnam
anropMTMIapuHd uuuiab uYMKMIL; Mypakkab luaknard IOnKa IVIaCTHHAa Ba
KOOMIJIADHMHI MATHMTOZMACTHKIMK CUHOMra GOFRMKIMK MacalalapHHH e4uin
amroput™mnapuay  R-pyHxkuma  ycynu  €paamMmpa IONKa  JKMCMITAPHHMHT
MarHYTONaCTHKIHKIMK NAPAKaCHMHM XMCOONAIHMHr OacTypuili BOCHTAlIapH

! http://www.digitimes.com



M@OKMYWHH WINab avkvm; Mypakkab KORCTPYKUHMOH WIak/ard tOmKa MhactuHa
Ba KOOMKNapuuHr AedOpMALMOH XONATHra 3J1EKTPOMArHUT MaiiloHHHHHT TabCup
3THII AapakacWM amwxnam 6¥iiwaa xucobnam TakpuGanapwHd ¥TKa3um Ba
IONKa JRKUCMIAPHUHT MarHWTORJIaCTHIIIMK AapakKacHHW TabMHHNAWra GoFmmMK
CTaTUK Ba IHHAMHAK MacanajiapHi euull alropuTMHHU nnat gyuKuml.

Va6exncron Pecniybmuxacw TlpesupenTnHwAr 2012 iun 21 Mapraard

[MK-1730-con «3amoHaBuit axGOpOT-KOMMYHHKAUMS TEXHOAOTrHANAPHHH sHALA
JKOpHii 3THIN Ba PHBOAUIAHTHPHID 4opa-TanOupnapu Tyrpucuaanru Ba 2010 iun
15 mexabpmarn ITK-1442-con «2011-2015 innnapaa V36exucron Pecniybnuxacu
CaHOATWHHM pPHWBOXUIAHTHPWIDHHAI YCTYBOp WyHaTWmnapn TYFpHcHpa»rH
Kapopnapuaa xamaa Va6exncron Pecry6mvikack Basupnap MaxkamacHuur 2012
Wan 7 wmapraar  64-coH  «Canoarna Hmiab  YHKapu XapakaTnapuHH
KHCKapTHpHII Ba MaxcyJIOT TaHHapXWHM MacaifTHpHmrIa JOHp KylIMMYa bopa-
TaaGHpnap TYFpUCHAA»TH Kapopuaa Xamzaa Maskyp daomuaTra TerHuln Golika
MeBEPHIT-XyKyKHiH XyXokaTnapia GenrwiaHrad Basuanapuu amanra olMpHIura
ymO6y nHccepTals TaAKHKOTH MyaiisH qapakafa XH3MaT KUTajH.

TagkAKOTHUAr pecmy6auxa ¢aH Ba TEXHOJNOTMANADH PHBOAIAHWINH-
HHMHT ycTyBop HyRanmumuapura GOFMMKAUTM. Maskyp TagkMKOT pecnyOnuka
¢an Ba Texmonorusnapu pusoxctaHMumHuHr 1V. «AxGopoTnawTHpum Ba
axBOpOT-KOMMYHHWKALMA  TEXHONOTUANADHHW  PHBONJIAHTHPUMII»  YCTYBOP
AyHamMmM goupacuna Gaxapuiras.

Jucceprauas Mas3ycn Gyiiada XopazRil WIMAK-TAIKAKOTAAP mapmz.

OREKTPOMArHUT MalilOHNapHHAT I0MKA TUTAaCTHHANAp Ba KOGHKMapHWHT
AedOPMAIMOH XONATHra TAbCAP ITHIN KapagHIAPUHUHT MATEMaTHK MOZeNIapH,

aHANMTUK Ba COHNM eYMII YCyWlapd, XucoGnaw anroputmnapu, macrypwit
BOCHTAIAPHHH WIUIA6 YHKWIIra WYHANTHPWITaH WIMHI HITAHWIINAp KAaXOHHUHT
g:zxk:n :;;Muﬁ :Aapkasnapu Ba OJIMiA Tahm.m Myaccacauapn, KymnanaH, Compa}ny
» Allegro Microsystems, Purdue University (AKLL), Infineon Technologies,
Cargo Care Solutions, University of Bonn (epmanmus), Hefei University of
- Technology, Shanghay Jiaotong University (Xwroif), Seoul National University
(Kary6uit Kopes), Yamaha ga Alps Electric, Asahi Kasei Microsystems
(fInonus), National Technik University of Athena (T'peuns), Micronas
(Ilseiiuapna), Melexis (Bemerus), OAO DnekrpoanmnapaT, Mocksa AasiaT
yHusepcuteth (Poccus), OAO SnekTpousmepuTens, Kines Muinmii yunpepcHTeT
(Ykpavna), «®ax Ba Tapakkuér» AaBNaT YHATap KOPXOHAacHja ('3'136eKHcT°")
HIMAH-TJIKHKOT HITapH onub GopnaMOKIa. sa
UM3AKIH 3NacTHIUIHK Ha3apWsAcH JOHMpacHia MCXaHHI:; n;ne:;;p;g:na;““;m 5
i lapura

g(c)cuxnnk MaliIOHIapHUHT  GOFIMKIMK I pexTiap omant,  Kyftwiars A
pWiTaH TagKWKOTJap Harwkachaa Karop ’mmm&qap HA3ADHACHEHHT

HaTKANIAP OIHHIaH: 3JIEKTPOMarHUTIIacTHK “;‘;‘,‘; cundura opy pHAC
(H3KK BapHauvoH Tamodnnnapy acocunas Maxe Tenrnamanapy

i - ma]m:ihmmw“""‘~'"'ezc v, http://docslib
2 ol M s : . L 01 ttp: 11D,
Juccepramms  massycn Gyfnaa xopiond http:/fwww.sciencedirect, W, http
purdue.cdw/, hnpdlwww.carsm'«"““"“.’"‘"f;/y _di,.,:z,.y.eu, btp:/iwww digigi http://ink springer -°°'“/;
hittp://erwrw.iccm-central.org/, hitp:/fwww.universt €5.com/ https.//www.ihs.com’
Ba G 6:
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€YMIIA MHTEPNOMAUMOH MaTpula ycynu uunab uuxuwirad (Hefei University of
Technology, Shanghay Jiaotong University, Xwuroif); MaTemaTuk ycymap
épaamMmnaa MarHMTOINacTHK Myxutinapaa Peneii Ba JI3mM6 3nexTpomMarHMTaIacTHK
cuptT Tynkuanapy, Kupxrog-JIae Ba anekTpoMarHMT MaliioHIap runoTesaiapHura
acocaH 3MEKTPIJIACTHK 10MKA fUIACTHHA Ba KOOMKI2PHUHI MAaTEMaTHK MOZAE/LIapH
aparwiran (National Technik University of Athena, I'peuus); nbe303nexTpHK Ba
NbLEIOMArHAT JUIACTHHANAD 3NEeKTPOMArdUT-3JIaCTHKIMK XYCycHii MOJEeniapu
umnaé umkunrad (Seoul National University, JXXany6unit Kopesa); caHoaTHMHr
TYpANn COXANapHAAa MAarHMTIIACTHK JONKA JKHCMIAPHHHr KEHr Kyjnamaa
Ky/U1aHUIOM MexaHu3mu uunab unkunras (Eriez Manufacturing Company, Fluke,
AK]l1l, Cargo Care Solutions, 'epmanns).

HOyHEna >nekTpoMarHMT  MAaHJOHNApDHHHr IOIIKA [UIACTHHANap Ba
KoOMKnapHuHr nepopMalMOH  XoONaTMra TAabCHP OJTHII  JKapaSHIApUHMHI
MaTeMaTHK MOJEJUIADHHY, 3MEKTPYTKAasyBYaH Ba MNLE303JIEKTPUK JKHCMIAp
3NEKTPOMATHUT-3NIaCTHKIIMK ~ COXAacH, YJApHMHT YHM3HKIM Ba  HOYM3HKIH
MoAeinapuHd muiab unkMim 6yinua Karop, JKymnaagaH, KyAupard YCTYyBOp
HyHannmnapaa TagKuKkoTaap onub 6opuimMokaa: jonka Kobuknap Ba nnacTHHanap
3NMEKTPOMArHUTO3NACTUKIMK THIOTE3aNapHHH PHBOMUIAHTHPMIL, 4YM3MKIM Ba
HOYM3MK XO/U1apAa IOMKA JUIACTUHA Ba KOOWK/ap MarHMTO3NaCTHKIMK
MacananapHHu €dYdil YCYNIapd Ba XucoOsall anropUTMIApUHM, MaTeMaTHK
MOAS/UIAIITUPHIL  YCYJUTapUHH HIUIG0 uMKMll, Mypakka6 KOHCTPYKUHMOH
[IAKNZArH IONKAa [UlacTMHa Ba KoOuKnapHuHr JpedopMaimoH Xosjartura
NEKTPOMArHNT MaHAOHMHUMHI TAabCHP 3THUI AAPAKACHHM aHMKjam Gyiiuga
xucobnaml TaxpubanapuHM YTKa3Mml Ba CTAaTHK Ba JHHAMHK MacajlajlapHHH
R-pyHKnMs ycynupa euydil OpKanH IONKA XMCMJIAPDHMHT MAarHHTOSJIACTHIIMK
JapaXaCHHH TAbMUMHIAILIa SPHILHKLL.

MyaMMOHHHI JPraHWITAHJIMK JapasRacH. OJIEKTPOMArHuT MaiioHnap-
HMHI IONKA 3IEKTP YTKAa3yBYaH XMCMIADHHHT AedOpMaliMOH XOJIaTHIa TabCHP
3THUI JKapaéHNapyHU MOJE/IANTHPHIIL, IONKA Mypakka® KOHCTPYKIHMOH INaKiard
[UTACTHHA Ba KOOMKJIADHMHI MarHUTINAaCTUKINK JapaKaCHHH aHMKIall, Mypakkab
KOH(Urypaumsii MarHUTO3/1aCTHK IUIACTHHA Ba KOOHIIApDHHHT acOCHi Herapasuii
IIAPTIaPHHA KOHMKTHPYBYH €UHMJIAp MAXMyacH Ba Ty3wiMacHHH R-dysxums
yCynH EpAaMHAA INAK/IAHTHPHIL, MyPakkal KOHCTPYKIMOH INAK/IJAr# IOMKA
[NACTHHKA Ba  KOOMKNapHUHI  MAarHMTO3/ACTHKIMKJIMCHHH  HGoZanoByH
TeHrnaManap TH3HMHHU euuin, (azoBuii y3rapyBunnapra HucGaTaH OHCKpeTiam
Ba IONKA J>KMCMIADHMHI MarHMTO3JIaCTHKNMK [JAPAXKAcH JUCKPET MOJCIHHH
Kypuw, aAndpdepeHuuannap TeHrnamanap TH3HMUHHM  BEKTOP-MAaTpHLANM
ycny6napra acocnaHral XucoOnall anropyTMiapMHy Miab uukuin macananapu
6up karop onmmnap: S.Kaliski, K.Hiroyuki (Hefei University of Technology),
J.Tani (Shanghay lJiaotong University), D.Georg, Z.B.Kuang (Seoul National
University), D.Hasanyan, J1.W.bapnsokac (National Technik University of
Athena), C.A.Am6apuymsan, I[.E.Barpacapai, M.B.benyGexan, B.J1.Psaues,
J1B Kypna, JL.B.Monbuenxo (Kues wmuwumii ynueepcuretn), H.T.Cenesos,
M.P.Kopotkuna  (Mocksa  paBnat  yHuBepcureTd),  X.A.Paxmatymuh,



BXKXKabynos, I1.A.Ha3npos, T.IOngames, P.HanaMuHOBNap kabu uer 1 Ba
MaMJIaKaTUMH3 OIMMIIAPH HAMHA-TROKUKOT MILTApUHH ONHO GopHuuras.

DneKTPOMarHWUTO3NaCTHK  10MKa  [UTaCTHHANApHWHT  TeHTJlamManapy  Ba
MaTeMaTHK MofRemiapuna  apatwm  S.Kaliski, K.Hiroyuki, J.Tani, D.Georg,
JI.B.Monbyenxo, P.Muanamutos, M.P.KopoTknHa, 3NMeKTpyTKazyBHaH MIacTHHa
Ba KOOMKNZpHWHI MarHWTOTEPMO3NACTWK YHIMKIH TEHTIIAMATAPHHH  e9uI
ycynnapr Z.B.Kuang, D.Hasanyan wimnmapwna, MarHUTOS/NacTHKIHK COXacHia
L.Knopff ToMoHMIaH 10MKa NNacTHHA Ba KOGMKNAPHUHI 3MEKTPOMArHHT MaiioH
Ounan ¥3apo TabcupnaHyBuM Ep MarHut MalimoHWHMHT JKHCMIIapra TabCUPH
cogna Momemd Mmuiab  wmxwirad.  C.A.AmGapuymsw, T.E.Baraacapsau,
M.B.Beny6exsHs, JI.W.Bapazoxac, U.T.Cene3oB Mmnapd omnKa Xucmiap yuyH
JNEKTPOMATHHTINIACTHINIMK ~ runotesanapuin,  B.JIPpaues,  JI.B.Kypna,
LII.A.HasupoB R-¢ynxkimsa ycynwan wmnab gukum, X.A.Paxmaryiun,
B.K.KabynoB, T.OnmamieB MarHWTOINacTHUKAMK UYH3HKJIM Bd  HOYM3MK
TeHrnamanapuHy equin 6opacuna TamkHKOTAap onk6 GopuuraH.

OnekTp Ba MAarHHTO3NIACTHIUTHK coXacuiaa onu® GopwiraH aespmu 6apua
TaAKAKOTAAp XYCYCHH derapaBWii maprtnap, KyJUlaHWIHLI  COXajlapHaa
KOHCTPYKUMOH Ty3WIHLIM OAAuH KJJACCMK TFEOMETPUK Iuawjiapra Jra lonka
Kucmiap, Kobuknap (mnacrMHanap)iu ypramuwra kaparunradH. Mypakka6
FeOMETPHK KOHCTPYKLHOH KOH(urypauusra sra Gynran IorUKa JKHCMItap
MarHATOJIACTHKIMIH MacaNanapHHH eyuil, sbHU Tabuuii yerapashii WapTiapHy
HHODATra ojarad Xojiga MareMaTHK MoaSIUTalITAPHILL, anropuTMiallTUpUIL
Ha3apMACH Ba aMaMETH HYKTaW HasapwiaH TaXkVMK KWW, TYpiH BapHaHTIapaa
KOHCTPYKIMOH Ty3WwiManap spaTull MacaiajlapHH{ edum HyHaaviInia TaJKuk
Kunuiura OGarpmiadraH HIMWI  M3NaHMIINEp XO3UPrH KYHAA Aespiu onuG
GoprimMaraH.

Aucceprauns MaB3yCHAMAT AUCCEPTaMUA 6aKapuiIran WIMAN-T2IKHKOT
MyaccacacHHHHAT AJIMMIE-TaAKWKOT uiapu 6unan 6orauanru. [Jucceprauus
TamkukoTh  TomkenT axGopoT TeXHONOrMANApH YHUBEPCHTETH Xy3ypuaaru
Hactypwii Maxcynotiap Ba annapat-xacTypuii MaskMyanap SPaTUIll MapKasMHUEHT
WIMHHA TaAKUKOT WIILTapU pexacHHHHr ®-1.2.4, «MyxuTnap Ba mMaiionnap y3apo
TaLCHP CHHG MacananapuHH euwmHyu amroputmuawrTupawy (2003-2007), BA-
P1-D009. «ANTOPHTMIAIITUPHITHUET METANMHTBUCTAK Ha3apusCWHH  MILTaG
UHKHUI BAa yHH MaTemaTHK (u3HKaBuii Kyn ynuammu macananap e4MMIapHHH
KYPHIIHH  aBTOMaT/IalLTUPHILAR Kymiawy»  (2007-2011), O4-DA-D00S5.
«Mypakkab KOH(HUrypauManap yuyH MaTeMaTHK GU3HKa Kyl JITdamMITH HOUHIHKIH
Macananap cuH(Napu ednmiap arOPUTMHUK YCYJLTapHHH wmab MMKHU B2
TaKHKOT Kiumuwy» (2012-1016), xamaa ©5-016. «KoHCTPYKTHE R-W“';‘:)‘f; z:y""
acocHia ONTHMAUIAUITHPHITHWHT kYN §imdoBmm umsum B2 (20121 0?;"
MacalalapuHH €YMIl yCy/ITapM Ba BOCWTanapwmm ApaTHI? )

MaB3ycuaard ¢gyHaameHTan Jofinxanapy 1oupacuia Smp“m;{a:};r jonka e
TaIKHKOTHMHT MaKcag 3EKTPOMArHuT MaizioHNap

YTKazyB9aH KUCMNAPHRHT Ae(OpMaLMOH XONaTHra TabeHp STUIL KapatHnapiyy
R-GyHKuMst Ba COMTM-aHaNMTHK YCYJUIapuna MarcMaThi MOACTNAMTHPHW Yk -

anropwTMapy Ba AacTypuil BOCUTANapHHH uunab yuknaaH néopar.
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TagKNKOTHHHI BasH(aNapH:

10MKA MJIACTHHA BAa KOOHKIAPHUHI MarHUTO3IACTHKIMK MATEMATHK MOAENUHU
HIUTA0 YMKHINAA 3IEKTPOMATHUT Ky'nap TabCHPH OCTH SJIEKTP-YTKAa3yBUYaH IOMK2
KMCM MaTEPHATMHHHT XyCYCHAT/Iapy Ba KOHCTPYKUMACHHK HHOGaTra onran xonaa
YY3UKIIH EKTPOAHHAMHMKA BAa YM3MKJ/M 3NACTHIVIMKHHHT Ty3WIMaBUil FreOMETPHK
Ba ¥3apo (u3uk MyHocabamiapMHy akNaHTUPHLD,

R-QyHKkMA HasapuAcd Ba BapHalMOH ycy/iapaaH (Qoiinananu6 1omka
Mypakkalb KOHCTPYKUMOH IIAkK/AAary flacTHHa Ba KOOGHUKIapHUHI MarHWTAMacTHK-
JIMK JapaKacHHU AHMKIOBYM OOLLTAHFMY Ba wYerapasuii IapTM XycCychii
xocunanu audepeHIHan TeHrNaMaIapHH eYUMIIHUHT COHMHM-aHANIMTHK YCYJUTapH
Ba MaTEMAaTUK MOJICJIMHHY HULTA0 YMKHII;

Mypakkab koR(uUrypauusny MarHHTO3JIaCTHK INACTHHa Ba KOOMKIAPHMHT
acochid yerapasuil 1IapTNapHHM KOHHKTHDYBYM e€uMMiap MaKMyacd Ba
Ty3nnMacuHi R-dyHkuus ycynmm épaaMuia WakuiaHTHPHIN;

Mypakkab KOHCTPYKUMOH IIAKLATH IONKA IUIACTHHKA Ba KOOMKAApHMHI
MarHUTOSNACTHKIIHKIMTUHY U(OAANOBYM TEHTNaManap TH3UMMHHM edHIHHHT
(hazoBuii y3rapyBumnapra HucbaTaH [mUCKpeTsiam Ba [ONKA KUCMJIADHMHT
MarHMTO3/1aCTHKIIMK AApaXkach AUCKPET MOAENUHM HLLIa6 YuKuL;

Mypakkab 1aknjary 101xa iacTuHa 8a KOOMKIADHNHI MarHHTOJIACTHKINK
cuHdura GOFNMKIANK MacananapyHH BeKTOpP-MaTpHLAIM yciy6napra acociaHub
€4MIll ANMOPHTMANAPH BA IOTKA XKMCMITAPHMHI MArHHTOIACTHIJIMKIIMK JAapaXkach-
HM XucoOMalIHHHT DAaCTYpUil BOCHTAIapH M&KMYMHH UNUTA0 YMKMmI;

R-dyHKUMA ycyNMHHM amanza KyUiam HaTIDKACMAA SPUINWIraH Xucobnam
HATWKANAPHHUHT TYFPHIMIM Ba MIIOHWINAMIHHHY, IOTIKA IUTaCTHHA Ba KOOGMKHUHT
MarHMTOINACTHKIMK  JapaxacuHu u(OAanoBYM MATEMATHK MOZE/UIAPHUHT
afeKBaTNUIHHY TabMMBHIIANI;

Mypakka® KOHCTPYKHMOH WIaKiJarH [ONKa IUIaCTHHA Ba KOOHMK/IapHMHT
JedopMalLHOH X0/1aTHra MEKTPOMArHUT MaHOHHUHUHT TALCHPUHH AHMITAINIHUHT
xucobnam Taxpubanapuuy YTKA3UII Ba 10NKA )KHCMJIAPHUHT MarHATO3N3CTUKIH-
FMHH TabMHHIawra GOFMMK CTaTMK Ba JUHAMHK MacalaNapHd ETHIIHUAT
TakoMwulairad R-pyHkuna ycynusm umnad auxui.

TaaKHUKOTHHHI 60beKTH Mypakkab KOHCTPYKUHOH KOHPHrypalMsmH IONKa
aneKTp YTKA3yBUaH XKHCMIIAPHHHT (NI2CTHHA Ba KOGHUK/IapHUHT) MarHATO3/1aCTHK-
JINK AapOKACHHH TAbMUHIIALI TALIKWI KHIaaH.

TagKHKOTHHHI NpeAMETHHH MypPpakkal KOHCTPYKLMOH IIAKigard Ionka
3NEKTPYTKa3yBYaH JKMCMIADHUHI Je(OpMallHOH XONaTHra 3JEKTPOMarHuT
MaMIOHHUHI TABCHPHHH R-dynxis ycynu &pmamupa nopanoB4m MaTeMaTHK
Mozennap, COMIM-AHANKMTUK YCY/UIap Ba AITOPUTMHMK-ZACTypuil BOCHTanap
MaXKMYH TaLIKH/ 3TagH.

TaAKBKOTHHUHI YyeynaaapH. TaoKMKOT jkapaéHMAAa MaTeMaTHK Ba COHJIH
MOJENAINTHPHIN, TH3UMIH TaxJIWi, JEKTPOAHHAMMKA HA3APUACH, BapHALIUOH
xucobnawl MareMaTMKacu, AIrOPpUTMNANTHPUIN, MOAY/UIH Ba TY3WIMaIH
JacTypiall TEeXHONOTHANapH, Xamaa XucoOsall JKCNEPHMEHTIapH ¥ TKa3Hm
yCVJUIapy K¥JL1aMraH.



TanKHKOTHUAT WIMHII SHIAIHIA Kyiinaaroiapaan ubopar:

3NaCTHKIIMKHNBET YH3UKIHIHK Ha3apHAcH Ba JIopeHIl 2/IEKTPOMArHUT Ky4HHH
xampa Tavumston-OcTporpaickdii yMyMUalral BapHauHoOH XHCOONAID yCysTHHM
vHODaTra ONTaH  1OMKA  INEKTPYTKasyB4aH JKACMIIApra  3NEeKTPOMarHuT

MalSOHHNHT TAECHPH XaPaéHMHA MAaTEMATHK MOAENM HmNab YHKWIraH;

R-pyrxums Ba ByGHoB-IanepkuH BapHalMOH YCyNNapHHH OGHprainkia
Kyinaran  Xona Mypakkab  KOHCTPYKUWOH  KOHQWIypauusanu  Iomka
3NeKTpYTKasyBYaH jKHCMJIapra (niacTHHa Ba KOOHK) 3/IeKTPOMAarHUT MaliloHHHHT
TabCHPHHHA OOILIaHFHY-4erapaBAil [MAapTiapia H30XJOBIH XYCYCHH XOCHIANM

mvpdepeHuman TeHriaMa TH3WMWHH CYHITHHHT COHJIM-aHATHTHK YCyTH Ba
QITOpATMH HIINab YHKANITaH;

MypakKab KOHCTPYKUMOH KOH(HIypauHsid (FOBaKIN) MarHUTO3MACTHK
IUTACTHHA Ba KOOMKMapHHWHT KaTTHK MaXKamNaHTraH, IIapHHAp-TAfHraH derapasuit
LIAPTIapHA KOHHKTYPYBYH €4HMIap MO)XMYacH Ba Ty3WIMacH Hunab uyukuaran;

Mypakkab KOHCTPYKUMOH IIAKijard IonKa IUlacTHHa Ba KOOHMKAApHUHT
MarHHTO3NaCTHKIIMK CHA(Hra MaHcyb MacaianapHu €4l aIrOpHTMIapH Ba FOMKa
MHMCMIIAPHAHT MarHUTOINACTHKIIAK JApakacHHH XWCOOMAIIHWHI  JacTypwit
BOCHTaIapH MaOXMYH HLLIa0 YHKMIIraH;

COHJIM €YAMNIApHH aHMK aHAIMTHK eyumiiap GunaH Takkocnam Ba eyHmnap
TY3WIMACHHWHI KOOPAWHAT QYHKLMANAp COHWra HHcOaTaH YTKasunraH Taximi
AKUHIAMIBIITA Ba I0MIKA NEKTPYTKa3yBYaH KUCMIIAPHHHT MarHHTONTACTHIIIMIMIa
SPHILAITAHIKHIH acOCIIaHTaH;

MYpakkab KOHCTPYKIHOH INAaKJUTH IOTIKA 3JIEKTPYTKasyBHYaH KUCMIIADHHHT
3NEKTPOMAarHHT MaliJOHHIHT CTaTHK Ba JAHAMUK TabCHPH JapakacHHU Xucobnam
ANrOpUTMH MIINA0 YHKUIITAH.

TamcaoTaMAr amanmii HaTIKacH Kylinaarunapaan néopar:

MCKTPOH TeXHWKAa HIUiams CNaTHHH omMUpMm MMKOHMATUHM Xucobra
Oyt MypaKkaG reoMeTpHK KOHCTPYKLMOH KOH(urypauusra sra 6¥nraH tonka
SNEKTPYTRASYBHAK HHCMIIAPra AEKTPOMArHAT MaliIOHHWHT TabCHpH HapKACHHH
4HPKIIOBYH 10MKA TIaCTWHA Ba KOOHKHWET MarHWTOSNaCTHKIMK MaTeMaTHK
MOJeJUIapH Uiunal IuKuIrasx;

Mypakka®G  KOHCTPYKUMOH IIAKiUM  1ONKa  [ulacTMHa  Ba KOGHK
MarHHTOINACTHKNINK aManuii Macananapuiv R-dymiums KOHCTPYKTHB yCyTH
acocupa  CYMIIHWAT  KOMMBIOTEDNZ  TYPIM  papuawmnapuna  XUcobhaw
TAXpUGANApUHH YTKASHIl MMKOHMHH O€DYBUM comnm-awamutuk ycyn Ba
AacTypHH-aNropHTMAK BOCHTAIAPH HILIA0 YHKMITaH;
lletlm}[{:ll;:lalgmanum Xon:lm *a Zg:;HmK oy L KOGk Kynaru:
€pHamuna Mypakkab reOMC’I'PHIl() KOHdJ" MATCMATHK Mozennaurtupuul ycynapy
HKHCMIIapra 3JIEKTPOMarHuT MailoH il : 3 forka anekTpyTRasyBean
XO/Napa YHRAH XaM OpTHK 6 Tascup 10-12% ramaan stamomrs, afipum

T o Hﬂmpa'l:: YIHIAHTY amanuii 6axonanrany.

ANKHK PHHAHT HmoHwiIurd. Tagxukor HaTHKanapHHUHT
WIIOHYTHNATH yCITy6Hit AWXaTHaH MacalaHMHT MaTeMaTik KYMwIAIIA B2 YHU
CUHIN ydyH Kymranwiran [amuibToR-OCTporpanckuil Bapyamon ycyW1apHHANE
KaTbHHNIAIY, 1ONKA XMCMNApHUHN MarHUTANACTHKIIAK MacalacHHWHT KOPPEKT

10



KyHWimuy, macanasu edmiupa acocnanrad R-gymxmus Ba By6uos-Tanepkun
ycy/ulapuaad ¢oiinananuii, xucobnal anropuTMHHMHI SKHHIALIMIIHHH TafKUK
KAWL, IOYHHHIAGK aHWK aHAIMTHK €4uM OMnaH Tax/MIMi €YMMHH TaKKOCHIA
COJMIMITHPHIL  OPKANH  OJIMHraH  HAaTWKaNapHMHr  MyBodukmMrd  Ouinan
H30XJIaHAY.

TagKnKoT HATWKANAPHHHHI MAMHE Ba amammii axammsru. Tazxukor
HaTWKaNapHHHUHE MU aXaMHATH 3MEKTPOMATHAT MaiiJOHIApHUHT I0NIKA SJIEKTP
yTkazyBuan UCMIAPHHHT AeopMaUMON XONATHIA TALCHP 3THII Kapa€HJIapHHU
R-dyHKums ycynuna TaokMK STHUIMMHC YHHBEPCAN aNrOPHTMMK YCY/UIADHHH,
MaTeMaTHK MOAC/UTAINTHPHI METOAONOrHACHHH PHUBOMUIAHTHPHII Ba HuLIab
gpkprad  R-gynixama nasapuscu Ba BapHauMoH ycyanapuHM GHprasmkia
KyJUarad Xonna COHNM-aHAIMTHK YCY/ Ba XMCOONAIN anropUTMapuuy SPaTHIL
IWYHHHIACK MYpakkab KOHCTPYKLMOH KOHQWIypALUMAIM IOOKA IUACTHHA Ba
KOOHMKNapHUHT MAarHMTO3/IaCTHIUIATHIA 6GoFyuK MacananapHu e4um
XKapagHNapuHH aBTOMAAUITHPMIN HMMKOHMHM OepyB4uM anrOpUTMHK-AACTypHii
BOCHTANapHH ApaTHIl GHUIIaH H30XJIaHARH.

TankuKOT HaTWXanapMHHHr amanuii aXaMHATH [ONKA SJeKTPYTKa3yBYaH
JKACMIIap, XyCyCaH 3/eKTPOMarHMT MaijjoHAa JKoinamraH  Mypaxkal
KOHQUrypaumam KOOUK Ba IUIaCTMHANAP TAIUKWI KHNYBYM KOHCTPYKUMSIADHH
NOMMXaNaH  onguHru  XMcoG  kuTOOnapuMHW, XaMAa — MarHHTO3NIaCTHK
NATYHKIADHMHr YpHM aBTOMOOWLNIAPHMHC XaB()CHIIMK THIMMHUHM Me&pHii
XydoKaTnap Tanabura MOC/AMIHHH, TPAaHCHOPT BOCHTACHMHH KYy4WIN XaB()HUHH
ONIIMHH ONMII YYYH SApAaTHIraH 3AeKTPOH OOIIKAPYBHHUHT TYPFYH/IMTHHH,
MacajiaH pyJiHMHr Oypuin 6ypyaru KHMMaT AaT4MKIapra HucbaTaH, camapanop Ba
cudatiM aMaira OIMPHLIra XN3MaT KHIagH.

TagKMKOT HATIKANAPHHHHI KOPHH KWIMHMIH, DJIeKTPOMarHUT
MaiiIOHIApPHHHT IOTIKA 3JIEKTP YTKa3yBuaH XUCMIAPHHHT JedopMamMOoH XonaTura
TabCHP 3THIN XapaéunapuHd R-pyHxkuma ycynuiaa MaTeMaTHK MOAEIAITHPUIN
3JIEKTPOMATHMT Ba AehopMallnOH MalROHIAPHUHT Y3ap0 TahCHPHTa OHJ| Macaia-
nap cHH(HHH eYHIIHH aBTOMATNAWTHPUITHAHT AACTYPUl BOCHTANAP KOMIUIEKCH,
R-¢yHKIHNA KOHCTPYKTHB ycynu Ba ByGHOB-T"anepxuH BapHallMOH yCynu acocHa
Ty3WIraH Xuco6nam anropurmnapy «Y36ekxummaln 3aBOJM» Xamia «AJITOPUTM-
Umxunnpusr UTH»pa kymnasunmu  (V36ekncron Pecnmybnuxacu Ax6opor
TEXHOJIOTHAIAPH Ba KOMMYHHMKAIMUIADHHH PHBOMUIAHTHPHUII Ba3sHPIUTMHHUAT
2015 #inn 22 mounnarn Ne 24-8/2475-con MantymMoTHOM2cH). MMyl TaAKHKOTIAp
HATWKANAPH JJEKTPOMArHHT MaiAOHNapHHHT IONKA DJNeKTP YTKa3yB4YaH
KUCMNAPHUHT AeOPMALUOH XOJIATHIa TALCHP STUIN Xapaéwiapuim R-ynknus
yCyllH Ba MAaTeMAaTHK MOJAC/UIAIITHPHIN anropuTMiapH &Epaamuia Mypaxkab
reOMETPUK KOH(QMrypauusAra 3ra IO0KA ONEKTPYTKa3yB9aH IKMCMIIapra
3JIEKTPOMArHUT MaiiloH TabCHPHHH aHMKNAall jkapaHHHH AaBTOMATIAMITUPHIN
UMKOHMHH GepraH.

TagKHKOT HATHKANAPHHMHAT anpofanuacu. luccepTaAIMAHHHT Hasaphii Ba
amManuil KMXaTiapyW Ky#Maarm xankapo Ba peciyOnMRa KoH(EpeHIHs Ba
CeMHHapnapAa Myxokama KwmHraH: «Marematurk ¢usnuka Ba axGopor
TEXHOJNIOrMANIAPMHUHT 3aMOHaBuif Myammonapu» (Tomkent, 2005), «Mexannka-
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HUHT 3aMOHaBHH MyaMMonapu Ba HctHkGomi» (Tomkewt, 2006), «ICI 2006»
(Tomxenr, 2006), «AxTyansHble npoOnAeMbl NpPUKNaAHON MaTEMaTUKH U
MexaHuKm» (XapbkoB, 2006), «AKTyanbHbie MpobaeMbl MEXaHWKH CIUIOLIHOM
cpeaBl M TPOYHOCTH KOHCTpyKumin» (JuenponetpoBck, 2007), «CoBpeMeHHBIC
npoBeMbl MATEMaTHYECKOTO MOAENHPOBAHUA U BLIMHCAMTENLHBIX TEXHONOTKA»
(Kpacroapck, 2008), «HoBele MaTeMaTHIeCcKHE MOAENH B MeXaHWMKE CIUTOMHBIX
cpen: moctpoeHne W m3ydenme» (Hoeocubupck, 2009), DSMSI-2009 (Kues,
2009), «PacnpocTpaHeHHE YMPYrOMIACTHYECKMX BonH» (BMUIKEK, 2009),
«MexaHNKaHWHT 3aMOHaBHIX Myammortapu» (Tomrkent, 2009), « X1 MexgyHapoa-
Hajg HayYHad KOHQEPEHUMA NMaMATH axadeMwka M. Kpapuyka» (Kues, 2010),
AICT2010 (Tamkent, 2010), ND-KhPI (Cesacronoms, 2013), «KHU-TUIT
International Conference for ICT & Knowledge Economy» (TawkeHT, 2014),
«International scientific and practical conference» (Dubai, 2015); «CoBpeMeHHOe
COCTOSHHE M TEPCNEKTHBLI Pa3BUTHA HHOOPMALUMOHHEIX TexHonoTHII» (T OUWKEHT,
2011), «HH}pOpMaLIOHHEIE TEXHONOrMH M TpofneMs! TeeKOMMYHHKaUHH»
(TowkenT 2013).

TazKHKOT HATHXAJIAPHHAHT YBJIOH KHWIMHumM. JluccepralMa MaB3ycH
Oyitnua xamu 52 Ta UMM HIDH YOM STHIraH, V36ekucron Pecirybnukacu Onuit
aTTecTalys KOMMCCHACHHMHI JOKTODNMK AWCCEpTalMsnapu acoCHil HIMHW
HaTIOKAIapHAY Y07 3TUIN TaBCH# 3TWITaH WIMWIt Hamprapma 13 T4 MaKona,
Kymiiana, 9 Tach pecirybnvka Ba 4 TacH XOpHXHI XypHannapaa HaWp STAIraH.

JnccepramsaHaRr XakMHA Ba TyswnumH. dncceprauus Ty3unyiuyd KApHIl,
Gemra 606, xynoca, (oiixananunran anabuétnap pyiixatn sa wiosanan nbopar.
JuccepramusaHyHr Xaxkmn 182 6eTHH TAIKKWI 3TTaH.
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AHCCEPTAIIAAAHUHT ACOCHM MA3MYHH

Kupmn xucmupma VTkasunras TaOKUKOTJIAPHHHT N0N3ap6iHTH Ba 3apypath
acocnadraH, TaAKMKOT Makcamy Ba Basudanapu, o6rekT Ba npenmernapu TaBcug-
NaHraH, pecny6nuka ¢aH Ba TEXHONOTHANADH PHBOXKIAHUINKUHHHT YCTyBOp
HyHanumnapura MOCIHIH KYPCATWIraH, TANKMKOTHHHI WIMMH SHIMIMTH Ba
amaTHi HATHXXANApH 0a€H KWIMHIAH, OMMHIAH HATIDKANAPHUHI WIMHH Ba aMaNuil
axamuATH 04M6 Gepunra, TaAKMKOT HATHXANAPMHM aManuérra JKOpHiT KWIHII,
Hallp STWITaH HAAD Ba AMCCEPTAUM Ty3wnumm 6yilMua MawiyMoTnap
KENTUPUIIraH.

AvccepTaumaHHHr «NeKTp JTKA3yBYaH ONKa HHCMIAPDHHHMT Jedopma-
HHOH XO0JATHra JIEKTPOMATHUT MRHJOHIADHHMI TALCHPMHH TaXIWImw» aed
HOMNaHra Ouput4M 606una 3M1EKTPOMArHNT MalZIOHNAP-HUHT JMEeKTPYTKa3yBUaH
I0NKa JKHCMIIApra OYNraH TabCHPH TaX/IWI KWIMHIAH, SNEKTPYTKA3yBYaH KOMKA
XKHUCMJIApra 3/CKTPOMArHHT MaiOHIapHUHI TAabCUPUHH AHMKNAIL 3aMOHABHIi
yCyanapu B2 pUBOMUIAHHIN TeHACHUMANAPH YPraHHnraH XaMaa Mypaxka6 maxnra
ra 3JIEKTPYTKAa3yB4aH 10NKA KMCMIIApra 3JeKTPOMArHHT Kywiap TabCHDHHHM
MareMaThk  MOACIAWITHPHIN  Macanac R-QyHxums  ycynu  &pmammpa
topMannamTHpiIran.

Marauroanactuknnk coxacuia Wik WiMmil nanammm J1LKeondd mumma
KesTupunran 6ymu6, connanamrmupunras Monenaan Goinananu6, MarnUTINACTHE
TabCUpnap TYMKMMIapHM Ep Maraur Maiiionuna Tapkaqmiura Kam Tabcup
THLIMHH aHUKJIaraH,

fOnka sxucmnap marnuToInacTHrK pHBOXHM yuyH Ilombina OMMMIApMHMHT
WIMMHA UUIapH MyXHM OynraH. Ynap aneKTpOMarHMT MaiffioH GuiaH 31acTHk
KHCMNAp Xamja IIacTHK AedopMauManaHraH >xucMiap Gunan y3apo Tancupura
OHJl KyNrdHa MacaalapHHHHT e4uMuuHY Tonran. Xymnanan, C.Kamucckuii wnean
yTkasyBuaH MIACTHHKANAP Ba MArHUTOINACTHK CTEPXEHNIAPAA MArHMT MAalioHH
TeGpaHMILNAPH YCTHIA TANKMKOTIAp YTKasraH. Bakyymaa MakcBesut Ba MNacTUH-
Ka XapaxaTiaHMIll TeHrNaManapuau 6Mpraymkaa Kypu6 uMKunrampga TapkdOuna
Kenub UMKMUIM ONEKTPOMAarHWT xogucacu 6unan Gornmk Gynrau Xaznap
MIaCTHHKA KyHAIaur TebpanMuuap TeHrnamacnaa xocun 6ynamu. Maskyp
TEHrNaMaHH e4yHl] OpKanM IUTACTHHKA MEXaHMK napaMeTpsiapH Ba IUTACTHHKA
JKHCMHUIArU XamMAaa [U1aCTHHKA TeOpaHaauraH MyXMTHHHI 3JIEKTPOMArHHT MaifioH
XyCyCHATNapH aHMKNaHamd. Yexcw3 mUacTHHKaHMHI Jaspuii  MaxOypuii
TebpaHuuLUIapy TYFPUCHAArH Macana Kypub uukmwiran. Bynmau TAIIKApH, MarHUT
MaiifoHMfary Maean JTKasyBYaH IUIACTHHKAHMHL MAarHMTO3JAaCTHK  SICCH
pe3soHancny TefpaHMImnapn MacanacumHe Kypub 4uxnb, yHAa IIacTHHKA Y3HMHH
¥pab Typran MyxXuTra 3neKTpOMarHuT TYIKMHAAD TAPKAIMIIY Tydaiinu MIacTHHKA
TeOpaHHLLIap aMNIHTYAACH YekTaHraH 6YNu6 KonMIIM aHMKNaHraH.

YeT 31 ONUMIAPHUHT I0MKA IACTHK ACCH LIWIMHAPHK NAHEJHHHI CTATHK Ba
ANHAMHMK TYPFYHJIMTMra MarHHT MaiJOHHMHI TabCHPHH Ypranu® GHKHINraH,
6ynfa Tawknn 3TyBYMra napawnen HYHATTHpWAraH, Ky3FaTWIMaraH TeTMKAA
IOMIIOK ¥TKa3yBYM CHIMJIIaH ra3 TallKM TOMOHMAAH TABCHP 3TYBYHM Ba TAIKHN
3TYBYMra MOC ifyHanrad ned Kapanrai. Macana reoMeTpHK HOYM3HK, Ky AHTIHAA
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By6roB-T"ajiepkuH ycyny €pAaMuaa equnrad. MarHuT MaiiZIoRH Ky<IaHWIHHUHT
OLIMPHITHMIIM MACTKM KECKWH KyWIaHUUIHWHI Kamaiiuuura onub kemaan, amMmo
IaTTep KeCKHH TEIMIHHHHT CE3UNAPNU Aapaxkaa OUIHIINTa o6 Kenamu.

Yer 31 OMMMNIAPHMHT WOUIAPHAZ JIEKTPOMarHUT MaiJOHHHHT 3JEKTp
yTkasyBdaH 3MACTHK MYXHWTHNapAa TYJIKWHIAap Tap3HiAa TapKaiuilH TaakuK
Kunuarad. BapkapoprammaraH Ba XapakaTiaHyB4W MarHUTO3NacTHK TYJIKWHAap
TapKAIMIOH XaMZla MarHUTOaKyCTHK TYNKHHIap EARMMIIMHUHT AHTH Macaanapu-
HA OGepuwiraH euuMnap TaxaWnuaad OOFNAaHraH MAarHUTO3NACTHK  ¥3apo
MyHocabatnap adidexrnap TascHpHHUHT CRAT Ba COH XHXaTAaH Haxonapy OJHH-
TaH. MyXHMT 351eKTp ¥TKasyBUaHNUIY Ba TAIKH MarHWT MaiifioH KyWwIaHHITWHHHT
OIAPHIIA &HMNTaH Mai/IOHNIap WHTEHCUBITMIMHU MacaiTupaad Ba Hynanui
JuarpaMManapuia HyJUlap Ba OSKCTpeMymiap IKONMaluWmMHM - y3rapTupand.
Bynnas Tamxapw, GWp Xun 6YnMaran aHWM30TpON MiasManga 3MEKTPOMarHuT
TYNKMHNAp ERUINIIN TECKAPH MACANACUHWHT eUMMH KYpHJITaH Ba €1HM ATOHANUTH
ucbotnanrad. Maraut Maiizionn Ba JerapaBuii KaTNaMHUHT (raTTepnd TebpaHuiL-
napra GyiraH TabCHpH XaM Kypu6 wuxwirad. [lact YTkasysdaH MyXutT Gunau
Ypanran IMaNEKTPHK TNACTHHA y9yH MaTEMaTHK Macana KYINUTHIIH KYpHO
YUKWITaH, TYPFYHJIMK TEHIVIaMacH YHKApPWIrad Ba COHMM Taxjun Gaxapunran.
TypryHinKka MarHuT MaiifoHHMHT GapkapopiawrTupyByu Xampaa Gapkapopcus-
JIAMTHPYBYH TabCHPra 3ra NMapamMeTpJIapHHWHT TYPIH KuiiMaTiapyd aHWKIIaHTad.
Pean MarnuT Maiiionnap ¢naTTepHUHT KPHTHK TE3NMKIapura ce3unapin aapaka-
Ja TabCHp 3THIIH MyMKHH/IMIM aHMKnaHrad. Xamza atpoduiura KaTTHK TabCcHpra
sra UWIHHAP Macalajlapy eYHMHAa Ba KOOWKIap TreoMETpHK HOUM3HKITH
nupdepeHunan TeHrnamanapia acociaHrad 6mp wM3MkiIM GynmaraH ¢martrep
TeOpanuuuiap Xam kypub uukwirad. By6HoB ycynnpaa (MKKMXaMJiK anpoKCHMa-
1MA) KBafpaTnd LWIMHAPIM MaHel CTAaTHK Ba QHHAMUK TYPFyHJIMTH TanKWKOT
KWIHHTaH. KpHTuK Kyunanumsiapra MarHHTOrHApOAHHaMHK d((eKxTnap Tabcupu
Gaxonasran.

HopMan 311eKTpOMArHHTOINacTHK 3/eMeHTra HucOaTaH TUTacTHHKa Ypra
fo3ackia 3 y3yWIMIHHH Y3rapTpuG, neopmauwsiaHuim OYAMm  MYMKMH
3KAHIHIHHYM YKpaWHalMK ONMMMJIAp Minjapuja KypcarHumirad. YHAar¥ Xap 6up
NeOPMALMOH XOJNAT 3PKMH 3MEKTp KyBBAaTHHM KaiiTa TaKCHMJIaHHIIAra onn6
kenagy. Uly 6unan GHpra aNekTp 3apsanap KydNaHWIIN JHT I0KOpH KuCMIapla
TYrnanaau. Hopman snemeHT y3yHnuru Y3rapuIBMHUHT xucobura MnnacTuHka
3NMEKTP NOTEHUHATH ¥3rapyuinura cesuiapny gapaxaja TabCHp 31‘8.11";

TInacthHa ékut KOGHK MaTepyany uaean yTkasyBdanivKka ra ekt fIacTHHa
YeKcH3 GYiica aneKTpyTkasyBYaHTHK qekim Gynam. YMyMuil X0JAa I1acTuHa Sk
KOGWK ueKiIH §19oBNapra 3ra 6Y/Ica, YHHHT MaTepHaia dekinn yTrasyBua Gyaran
XONMaT/a Gephiran MacanaHWHT eIUMH KHMHIWIHKIapra onub KesakH. Tarukm
apMaH OTMMJIADWHWHT MarHWTO3JIaCTHKITHK COXacuaard TAKHKOT/IAPHIR YMYMHR
3MaCTHKIMK Ha3apusicl Ba ONEKTPOAMHaMMKa yd ynuamm TeRraMatapHn
ACHMIITOTHK MHTErpa/LIAI OPKATH, GeKITH JTKazyBIaHIHIKITH 10MTKE HHCHIAP yayH
MarHUTO3IaCTHKITHK THITOTE3aCH MakuiaHTHpUAraH.

Tawky marEuT MaligoHuAa Jofinamran anexTpyTKasyBiaH  M3oTpon
TUIaCTHHKa TeGpaHuIn Macanacy MUIaCTHHKa WYKH COXacH y4yH MarHurossactuk
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Int¢epenuyan TEHIIAMaNap Ba TAMIKH COXaCHAA NMEKTPOAMHAMHUKA TEHIIaManap
cuTeMacu yMyMuii eunmura 6ornuk. Taknud KuwiMHran ycyn MarHur maiinoHnap
MaBXy[QMriaa 4YeKknH YTKasyByaH MaTepHanjaH AcairaH 4YeKid yndamum
IUIACTHHAMAP MACHMTOYNACTHKIMIMHMHI TYPJM MacalianapuHM eYHIl Y4YyH
Kynnaawnanu. Kefinury ninnapaa Ko6MK Ba fUlacTHHANap TYpAArd I0NKa xucMiiap
MarHMTO3MaCTHKIIMIMHHMHE &COCHil FOSJIapH MyXOKama KwiuHand. HazapusHuur
yMyMHIi XaMmJa aMaidii HyKTal HasapaH KM3MKMIM VAFOTaaMran KynruHa
macananapy euumnapu kypub umkunraH. XycycaH, TebpaHuminap Ba Typmu
INEKTPYTKA3yBYAH/INKKA 3ra Cyloknuk €k raz OumnaH ypanrad usotpon Ba
aHu30Tpon KoOMKnap Ba mnacTuHanapaa (naTrep MacananapH ypraHunraH, TOK
yTKa3yBuM MiacTHHanap Ba KOOMKIap TYPFYHITMIH Ba TeGpaHHILIapy MacananapH
TanKHK KMJIMHIaH.

Marnuroanactuimmkka paoup Oam3u  Xycycuid MacananapHHHHE aHHUK
AHATNTHK €YMMAPH HATIDKANapH TaXJTWI KWIMHMAH XaMzaa KOOMKIap Ba
IUIaCTHHANAap XONaTH MAarHWTO3MNACTHIUIMTH Y4 YiYamiM TEHTJIaMajJapHHHHT
YMYMH# aCHMITOTHK €YMMNapH acOCHAA 1ONKA XUCMIAp MarHHTO/IACTHIJIHK
rMNoTe3acd IIAK/UIAHTHpHIraH. Ma3skyp rumote3a lonka Kobuknap Ba
[UIACTHHANAp MAarHMTOJIACTHIJIMIH YMYMHH HAa3apHACHHM ApaTHIIrA XaMAa
KYNruHa amMalvii MacalanapuHHHI CaMapaly €duD) HYJUlapyHM TONHIIra HMKOH
6epau.

BynnaH Tamkapy 0an3u MacananapHHHT aHMK €YHMIApH KEeNTHPWIaTUKH,
ynap Taxand) KIWIHHMAH aMaiyii HA3apUAHKHT 6axoaHMIINAa MILIATHIAIHU.

V36ekucton Ba Poccus, VKpaHHa ONMMIAapHHHHT GHp KATOp HMmIapuia
TallKY MarHMWT MaiJoHOa 3JaCTHK TH3HMIAD TYPFYHIHTH Ba TeGpanummnapu
ypranwirad. Talmkyu MarHuT MaiiioH TabCHPUAA TYFPH TYpTOYyp4Yak IuiacTMHanap,
CTepKeHnap Ba aiinaHa LWIHHOPAK KOOMKIapHMHr KHYMK Tebpanmunapu
YaCTOTacH aHHK/aHraH, NaBpHil XapaKaT/iap MaBKy4UIHHY TABMUHIOBYH MarHuT
MaliOHMHMHI KPUTHK KuiimMamiapn TonwiraH. Baxru-aktu Gunan y3rapub
TYpyBYM MarHuT MaiilOHMAA MNACTHHANAD BA ainaHa LEUTHHAPHUHT NapameTpUK
pe3oHancu kypub umkwirad. IlnacTHHa Ba yHHHT ypTa cHpTH 4y3wimuu Owian
6ornuk MeMmOpaHanapHMHr HOYMK MacanacH Y3 €YMMHHM Tongd. Maruur
Maiinonna ainaHa UWIHHIPHK KOOMK MarHMTOS/acTHKIMK TeHrnamanapud Ba
UWIBHADP BAa YHHHT SCCWIMIMIOArH aiinaHaavuraH sNacTHK XalKa YHHHT HHepLms
KyumMa Ba KOPHOMAMC Ky4napH Ba 3JEKTPOMArHHT KywlapAaaH TaKCHMIJIAHIaH
MOMeHT/IapHH XHcobra osrad xonga 3nacTHk Tebpanmuulap KypHO YHMKHWIraH.
Xanka Ba wanuHapaa gedopmauns Tydaiiiu kenu® 4YMKaaMrad rHIPOMarHUT
addexTn aHuknanrad. I'upockon GunaH GOFMMK 3MaCTHK XHCM XapaKaTiaHHLTH
ypranunran. Oxupnapuja TaKCHMIAHraH Maccara Ba IHPOCKONIa 3ra 3JIaCTHK
ADKUPAH  TU3MM  aiUtanma  TefpaHMIInapH Xampaa TCUPOCKOMHMK —Kywiap
MaBXYIUTHa SPKMHIMK YEKCH3 COHJIM JApaxaiapura sra TH3MM chdaTnia
3/IEKTPOMEXAHUK TH3UM TYPFYyHJIMTH, THMPOCKOMMK TH3MM IEMEHTH cH}atHIa
TANIKM MAarHKUT MalAOHJA 3MacTHK CTepxeH (Ban) aiinaHma TeOpaHumuiapn xam
Kypu6 umxwiran. ByHJas Tallkapd NBE3037EKTPUKIAP TAaAKHKOT KHWIMHIraH,
fLe30KaMepaaa KUTHHIATH Gyiiuya KyTOnamraH 103a TYIKHHAAPH MABKyIHIH Ba
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TapKaJMIIM Macajanapy, Nbe30KepaMHK JUCKIap paanan-KyHaanaHr GoFnaHraH
TeOpaHHUWIAapH KYpHO YHKHIIraH.

IOnKa nnacTHHanap Ba KOOHWKIIap MarHMTO3NAacTUKNHIH, 3NEKTPONACTUIIIMIH
Ba 3MEKTPOMarHHTOIACTHKIIMIU COXAaCHAard TaAKWKOTAap Xamzaa oxupru 15-20
Awiaa yJapHH €4HIl YCY/UIapd TaXJIWIH IIYHH KypcaTalMKH, I0NKa 35eKTpyTKa-
3yBYaH JKHCMIIapra 3JIeKTPOMAarHuT MaiJlOHNIap TabCHPUHM  MaTeMaTHK
MOZe/UTaliTHPHII YCYJUTapUHH TANKWKOTY Xalurada ¥3 eYMMHHM TonMaraH, Ba by
Gopana 6¥nraH MyaMMO MyXHM WIMHi-TEXHUK aXaMHATTa Jra. :

JuccepTauMsHHHT «QJeKTP ¥TKalyBYaH IONKa >KHCMIapHMHT xedopMa-
OHOH XOJATHIa JJIeKTPOMATHHT MailJoHJapHMAI TabcHPH KapaéHIapHHU
MaTeMaTHK MoJe/UIamTHPAm» Ac6 HomuaHTaH MKKWHUM 60611a ronmKa anexTp
yTKasyBuYaH sxucwiapra (MIacTHHA Ba KOOMKNAap) 3€KTPOMarHWT MaiiaoHnapH-
HUHT TAbCHUP 3THIN kKapa&HNapHHH MaTeMaTHK MOAEJUIAWTUPHIN TaMoitunnapy Ba
MaTeMaTHK MOAEUIapuHH Hiunab YuKuira 6aFyinanras.

By epna 1onka ruiacTHHanap Ba KoOHKIap 3MacTHKIMK Ha3apHUACHHUHT acochii
TeHrNaManapn IaMureTOH-OCTPOrpafckvuii  BapHauMOH TaMOMWIHTA acocaH
KeNTHpHO uuKapanaad. MyalsH Monpewiap KypwmMmnga Komu reomerpuk
MyHocabatnapu Ba I'yK KOHYH Teckapl WiakiuBa, ¢usuk myunocabatnap xamza
KYYMMHU Y3rapTHpumuiap KOHyHM KyanaHuwnagd. TeHrnama 4nMKapuiuana TYEpH
Oypaasm KoOpIMHaTanap TH3MMH HINaTHIAnM. | aMuibTOH-OCTporpanckHii
BapHauMOA TAMOWMITH KyHMAarn KYpruHHINIA E3Unanu:

sf(r-m+aa=o. 1))
t

6y epna: T — kuneruk Ba I7 — noTenuman 3Heprusnap; A — Talllky Ky4iap uiiu.

Kobuknap (rwtacTunanap) Ha3apuiACH reOoMEeTpuK rHUIoTe3ara acoClaHraH,
yHra Kkypa ¥Ypra 1osacura HopMan KoGHKHMHI TYFPH  YU3HUKIH DJIEMEHTH
Ae)opMaMANaH KeHWH TYFPH TM3MKH, ym6y 103acHTa HUCOaTaH YHMHE X0JaTHIa
HOpMall Ba §3 y3yWIMTHHH caxnab Konamu. Maskyp rumnoresana (Kupxrog-Jias)
KOGHK AedopManmsick Kyaum nedopmaunscus Ba HopMan KecMarnap lozanapuja
KOOHK KamAmHry 6iinua uy3unum fedopMaischs aMmaira Ommmm MYMKHH.

Kobuknap TexHMK Hasapuachia COANANAIITHPHIraH TEHINAMANap SHr kyn
TApKATTaH, ABHH 6ab3M KYWMMYa HMKOHUATIApra acociawraH Mymrrapu-
Honenna-Bnaco KoOWKNMap HasapusacH TeHCiamanapura acocnaHamv. Slccu
KobuKnap ne6 KoOMK ¥pTa ro3acMra Xoc ¥nuamnapura HHcharaH cesmnMac:
KaBapBKjapra sra KoOuknap TywyHunaad. JKymnamaw, B.3. Bnacos
MOHOrpaHacHAa AccH KoOuKnap feraHaa ruiaHuaa tyrpu Oypdax IIakiura ara,
KaBapHKIHIA HOpMal Yku 6¥itnab Tyrpy 6ypyakHHUHT SHI KWMMK TOMOHWHHHT 1/5
KHcMMra sra 6ynran koOuknap TywyHunaau. Maskyp koOuKnap KaTeropuscHra
6Hpo3 SrwiTaH NIacTHHANApPHW XaM KupuThiiagu. Slccu KoGwknap ydyH ypra
TEKHCITUTHHHHT reoMeTpuacH EBiuiHA reomerpusacHra OFACHHHIIM TyIIYHHIAIN.
MyBo3aHaT TeHrfaMajlap O3Hr OJAWif Iakny JekapT KoopaWHaTanapuia
KypcaTwiran. AHamMTHK Tap3ga Kupxrog-Jlse rmmoresacHHM  Ky#mWiarn
KYpHHHIIAA €311 MyMKHH:
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u,=(1+k,z)u-z@,
ox
ow
=( w-z—, 2
u, = (1+ kz)v zay (2)

w = w.

Byuma u;, up; u3; — KOOMK (mmacTvua) MXTHEpHMIT HMyKTacuja Ky“HILInap

(srunum); u, v, w — KoOMK (IU1aCTHHA) YPTa 103aCHHHMHT Ky4muwiapy (Srummmu);

k, — ypTa 103aHHMEI 2COCHH IrPH/IHKIADH; k,=1/R,, k;=1/R,, 6y epna R, R; —
SrPUIMKHUHT acOCHil pajyyciiapH. InacTuHanap XolnaTHAa k;=ky=0.

Kenu6 uMkumy S0MeKTpOMArHUT OynaraH Ky4wiapHH xucofra onraH Xoyaa

MILAAp BAPHALMACH KyHNAArH KyPHHHUILA 6enrunaHand:

|asds = ”[(X + pK,)3u, + (¥ + pK Yo, +(Z + K, )au, vt +

+ [[flig. + T8 + (g, + T, + @, + T3]

1yx

+ [P+ T8+ (B, +T,)80 + (&, +T.)5u) Ldzdde

_dmﬁdt+

tys

+ [[JF + T8 +(F, + 1,08 + (F, +T,)8) Iyd.zdxdr , 3)
Bynna X.Y,Z, pK,, pK,. pK, — X&KM Ky4napuHHHT udonanapH; q. =4: +q;,
T,=T,+T,, T, =T;+T; — 103a

q,=q;+4;, 4.=4;+4;» T==Ta+Ta
Ty5» Tyz— KOHTYpIH

Ky'wWiapMHHHT Honanapy; Py P, Py T, Ty To Fy F, F, Ty
Kyunap ndoaanapu.
Tawxy kyunap (3) HIMHUHT BapHALWLIapUa MOC pasumza (2) KyuuuiapHy
KyAMHM3, MOC QHAIMTUK aMaLIapHH, AKywiafad MHTerpavaum, 6ynaxnab
MHTErpaUiam, yXiam XaapHH KenTHpHIl Ba ndonanapHy aNMMAIITHPHILIADHU
6axapn0, KyinnarunapHH onamus:
fatdi == [[f| ¥, + R+ kM, + kM bt T ka (D rha D)

ryx

Ty T D

h h h h
+(N, +R +k,M, +k,My +q, + T, +kzq'"(i)+kzq’(——2_)+sz"(5)+k1T"(—E))&+
a a 0 0

(Nx +R, +4q, +TE—E‘-M,"&'MR‘—5:M’—6;M,Q+

8, by, 2ty Ly Lt
+5(q,(5))+5(q,(--2-))+ aJ[(T,x(z))+ ax(T“( 2))+

d h 7] h a h _a_ _!l_
+ 5(‘],(-2')) +5;(Q,.(E)) + Ey'(T,y(E)) + c?y(T"'( 2)) )&V]W +

b [ NN+ N+ b + M)+ (N + Ny, +leMp, + M, )0+

ty
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d d h h h h
Now ¥ N 4 oM+ = M = 0.3) =0, = Tl - Tul-3)~

h h h ho| .
-q,(E) —qy(i) - T""(E)- T"(_i) )bw] deydl +

+ kM, + kM) +

b4

+ I.ﬂ(NFt + Ny, + koM, +kZMTxy)&‘+(NEy + N,
tx

2 0 h h h h
Won ¥ N+ 2 M My, = 0,0)=4,-5) =T, (D)~ T, (- 5)-

—ay—g By By B -
q,(z) q,( 2) Tu(z) T.( 2))&] Iydxdl

_ﬂMn+4Vru+M,.,+M,w+MF,+MT},+MFY+M,\,,}5Wl I de.
t N iy x|y
Bynpa

N.= [, N, = [vie, 0.~ fza, u, - [ox, b, = [ors,

o e i o, -
N, = JP,dz, N, = ]Pydz, 0, = fP,dz, M, = Iz;’,ak, M, = j”yd;’

Now= [Tut, Moo= [T, 0 = [T, '

M, 2 2T, dz, M,,,; 2T, dz, ! ;,= JeTe,

Np = ,fﬁfﬁ, Na = [Fek, 0, = JFde, My = [se, M, = o
Ny, = ;[T,,(t:, Ny, =xjr,,z£, O = [T ‘
My, = ’IzTFdz, M,w; JoT, &, M,:, = [T,

Y N N h h
M= 0. Mi=a.50 Mi=q,Q). M5 =g,-0),

. hy - h h h
M = - = — M -
Fix Tz(z), M =T 2), My, _T;y(E)‘ MTv‘Txy(’E)'

Keitnn kunernx, norenuman 3HEprHs Ba TallkKM Ky4iaap WIOH OJIHHTaH
udonanapnu TamunbTou-Octporpanckuit  Bapwauuon Tamoiimme (1) ra
KHpHTaMH3. OnuHrax BapHaUMOH TEHIJIaMa Xap KaHZJad XakM v xKuiMaTuaa
Ypurm. IIyHUHE yayH v coXacuHuHT HXTHEpHE 6YNMIIKTa acocal KOGMK Xapakat
TeHINIamManapuiy Ba Tabumit Gownanruy Ba yerapaBuii WapTAapHHH ONaMH3:

2U o, N,

oM
"dl atz = ay +(k|—kz)?n-+Nx+&+q'+Tx=0,
o N,
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a’W & M, M. d
Ph ag“"’ &r&:+ ayzu+k|Nn+kzsz"klen"kzzMzz"'Qx"'Rz_E(Mz"'Mn:)"
a + - + + - + -
—E;(M,+Mﬂ,)+q,+T,,+§(M,,,+M + My, + My, )+ay(M”+M0+M,v+M,,,)=O,

ByHparn TeHrnamauuur 6ab3d XamnapH TAasCHPH Xyaa xam Gyiarannnry
cababnu onub Tauuianral.
Tabuuii yerapaBuii IapTiap KyAumarn4a:
(=Ny + Np + N YSU|, = 0,(=N,, + N, + Ny, )V], =0,

KO _oM, oM, o
( 12 axdr ax“' ayu*Qr: + O, — M, - M, - M;, - M7 )W|,=0,

(M, —M,, Mih)‘) | =0, (-M\,— -Mp, Mﬁy)aayl =0, (5)

Ny + Njy + N,,,)su|, =0, (~Ny; + Ny, + Np,)oV|, =0,
o'W aM,, M + - + -
Dok a oy ontdeMo—M o~ Mio = M7 )|, =0,

(M~ My, - M,,,)a——| =0, (M= M~ My, )52 | =0.

Ilynnait  xunn6, Kupxrod-Jlas mnomacmm Kymwiab [aMHILTOH-
OcTporpanckuii BapuaUMOH TAMOHWIM acoCHIAa scCM KOOHMKKA KyHwiraH
yerapasuii wapTnap (5) Ba Xxapakar TeHraamac (4) Kypunau.

Macananpsr 6yHpail KYHWIMMAA TYIMK X2KMIN Kydnapra KyIInjiajguras
Kenu® UMKHMIIM SNEKTPOMArHUT GynraH XaxMui Kywiap KyHufard KypuHHMIIA
Oynanu:

£ =P = (ot rot U X H)H, ©6)

Bynna U(unuyuz) — xyuumnap sexropd; H(H,H,H) — Mariut MainoH
KY'WIAHMAHNUIY BEKTOPH.

Tyna 1032 Ba KOHTYpAH (YerapaBuii) Kywiapra Makcee/ul 3n1eKTPOAMHAMHK
Ky'WIaHHII TEH30PH Kynnaan

1 e € . e e .
T, =1t +hH,]_—'*hH = 4M[Hh.wz‘hr]- Ou ez, )
0,i#k,
rae b ={1 i'-k

(6) Ba (7) MyHocabarnapuu xucobra oiran xonpma (4) Ba (5) TeHrnamanap
JONKa TUIaCTMHANAp Ba KOOMKNap MAarHMTO3/MACTHIHHHMHI MATeMaTHK MOAEIUTapH
aHUK/TAHaIH.

IOnKa Mypakkab IMakniary nnacTHHanap Ba KOOMKIap MarHMTO3NaCTAKIATH
MacalanapHH) ANrOPUTMIALITHPULL KYPHO YAKMATaH.

Juccepraunanutr «FONKa XKUCMIAPHHHI MarHMTOYJIACTHKJIMK Yerapa-
phii Macasanapunn R-pynxuus épnamMuas ednm ycyanapw» neb Homnadran
yunHud  606uMpa  10NKa JKMCM/IAp  MarHUTOIIACTUKIHIHHHHI  “erapasuii
macananapuii R-dynkums Hazapuacy épaaMHza e4HUIl yCysu1apura 6arunuianras.
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Kyitunran macanawm ewsm yuyH fomka MarHMTO31acTHK nnacTdHanap Ba
AccH KoOMKnap TeGpanuumapn yuyH BybuoB-T'anepkiH BapuauMoH ycysu
KjtaHunami. Masnymku, yuaa macananapHM edMIl OKapatHW  Kyiuaard
Gockuanapnan ubopar:

® OGenrunasran  werapaswuit wapmiapra MOC KejlaauraH KOOpAWHATa
DYHKUMANEDH KeTMA-KETHIHHH (€THMITAP TY3WIMANAPHHHA) Ky pHULL;

= dazopnit yarapypamnapura  mucbaraH  aMckperuzaums, JAUCKpET
TeHrnaManap, AbHH AHCKpeT MOAEIUIAPHH KypHIL; '

" JMCKPET TeHrNaMaNapHW eYWI Ba €duMIAp Ty3WIMAaNapHHHHT HOMahIyM
KOMTIOHEHTANapHHH TONNI;

® HOMabiyM q)ymumxnap(-m aHuKnam, OM3HUHT MHCOMMH3Na KOOMK Vpra
CUPTHHHHT TaHreHLaN Ba HOpMall KYyYHLLTAPHHY aHHKIaLI.

HRactinabka Gockirana Gepunran uerapapuit mapTnapra kaeo6 GepamuraH
KOOpIHHaTa  ¢yHKuMANapu KeTMa-KeTMHIMHM  Kkypumna B.JI.Psaves R-
(yHKUMANap KoHCTpyTHB ycynu kynnauunrad. lllyHu TabKumnab §Tuin sxousKu,
R-dyrxumsnap KOHCTpyTHB ycynmu (RFM) koopnunara dyHkumsnapu kerma-
KETIMTHHY  KOOMK KOHTYPUHWHT Mypakkab KOH(HTypauuscuaa a Jeapnu
HXTHEpUIit Yerapasuii waptnapra xaso6 Gepanuran eunMIap Ty3unMacH wakauoa
AdomanaHany.

YMymnii xonatna RFM YCynH €pnamMuiia APaTWITaH €9UMIap Ty3HIMAcCHHH
Kyinaars maknaa udonanam MYMKHH:

u=u(w,d,), v=v(o,d,), w=wa,®,), 8)
6y epna
N, Ny+N; Ny+Ns 4N,y
B =2600.(x3); D= Y ey, P, = 2405
1= i=Ny 41 =N+ Na+
Y Xonaa wanana&rran u, v Ba w QyHKUMANapHY KyHUIarH KypHHMIAa E3um

MYMKHH:
N Ny+Ny=N,

Ny-N,
"=20.(t)u,(w,x,y), v= Y cv(@xy), w= D ctw(exy). 9

is) ixN, 41 =N 4N+l
By epaa o — kobux uerapanapuHuHr HOPMALIAWTHPWITAH TEHITIAMacH; o, ,
¢ Ba f, — dynKkuusanap mawnym TYnMK (6a3sdcnn) Tusumnapu (UeGsiwes,

TPUTOHOMETPHK MONMHOMIap Ba Gowkanap); C; — aHWKNam Kepak 6ynran
€IHMIIap HOMabITyM koadduueHTnapy.

Tenrnamanapra (8), (9) ewnmiap Ty3unMacHHu Kyin6 Ba x Ba y ¢asosuii
Y3rapysaunap Gyiiuaa IMCKpeTH3aOMs aMami §Tkasub edumnap TysuwiMack
HOMabiyM Ko3bbHueHTnapun anuknam y9yH AWCKPET TEHINamanap (muckper
MOJIeJTb) OJTMHTaH.

JuHamHka XonaTmma muckper TeRTIamManap OlmMA  amddepeHiman
TeHrnaManap TusuMn (OTT) makmaa Gepunand

AC+BC=F (10)
Kyiingara Gownanrug waprnapy 6una- ) )
Cl, =Cor ., =Cor (11)

byHnna
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4 0 0 B, B, B, G
A=|0 4, 0|,B=|8, B, By|,C=[C],
0 0 4 B, B, B; G

4= Hl.,u,u,dQ, i=LN,, j= i:Nl_’
o

4 = [[Lyy,de, i=N,¥IN¥N,,j =N, ¥ LN, *N;,
a

4,= [[Loww,d0,i= N TN, FLN TN, 78, , j=N AN, AN+ N, 7,
Q

B” = !’J‘L“u,uldQ, i=K-AT|’ j=I’W;’

B,= L[L,zv,u,&, i=N\+LN;+N,, j=1N,,

B,= !‘IA,W‘quQ,i:mNF—L—N—,TNF—N;, j=r~:’

By = [[Lyuv,dQ, i=LN,, j= N*LN,+N;,
Q

By, = .ULszi"j@’ i=N+LN+N,,j=N+LN,+N,,
a

By = [[Lawv,dQ,i= N+ N, ¥ LN+ N, ¥N;, j=N+LN+N;,
[}

By = [[LyuwdQ, i=UN,, j=NFN,*LN,+N,+N;,
Q

By = [[Lyww,dQ,i= N ¥ N, ¥ LN+ N, *N;, j=N+* N, +LN,+ N, +N;,
Q
c| = _Uqlw,m’ J= LN| ’
Q
C; = J]q;wl-ma j= N;-Q-.L—N] m; »
Q
C,= Hq,w,dﬂ, j=N,+N;+LN,+N,+N,,
Q
yHpa L,, L, — TeHrnamanaphuHr nuddeperuuan onepaTopiapu.
CTaTHKa XONnaTuAa AMCKPET TEeHrjiamanap 4HM3HMKIH anrefpavk TeHriaManap
T3umn (YATT) maknnaa 6epnnanu
BC=F (12)
JInckpeT TeHrnamanap evMm yuyH anrebpa Ba aHaTM3HHHI COHJIH yCyJulapH
umnatunany, xkymnanad (10)-(11) OATTHu eunws yuyH Heromapk ycymn, (12)
YATTHu eumn yuyH [aycc ycynu wuviatunapn. llly 6unan Gupra moc Marpuua
KOMITOHEHT/IapHHH, XaMJa TEHINIAMAHUHT YHT TOMOHH BEKTOPH KOMNOHEHTaJIapu-
HH MQOJANOBYM aHHMK HMHTErpaiapHd xucobnampa ukxn kappamu [aycc
MHTErpaUIam Ba Xucobnail COHM ycynu Kynnanwnany. Homawiym QyHKumsnap
aHMK/aNl — KOGHK YpTa CUPTH TaHreHUHan Ba HOPMan KY4HLLTapHHA — Ty3WIMaBHH
¢opmynanap 6yiiuua amanra owMpunagu. YUerapasuii mapTiap ydyH €dHMiap

TY3HIMACH. KaTTHK MaxXKamMiaaHHI qerapaauﬁ mapTH
u=ad,, v=0ob,, w=0'd,;
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IapHUP MaxXKaMJIaHWII YerapaBui mapTu
u=od, v=ad,w=0®,-0*(O,(D,0+vio)+2Dd,)/2; BaXK.
6y epna D,, D,, T, — magdepenunan oneparopnap.

Hucceprauuanunr «R-pyHKIHA ycy/iMaa naacTHHa Ba KoGHKnapHuMHAT
MarHHTOIACTHKIMIHHM XHc06Jaam gacTypuii xomrwiekcH» 1e6 HommaMvrad
TypTHHIM 606uaa Mypakkal maK/UHM 10NKa MiacTHHa Ba KoGUKap XonaTtHHH R-
dyHkumanap ycymu €paamMupa xucobnaml y4yH nacTypuit MaxMya wimia
gukwirad.  IOnka  Mypakkab waknnM  nnacTMHanap  Ba - KoGMKnap
MarHuTO2/IaCTHKIINTH MacalalapHHA e4HIL aNrOpUTMIAPUHUHT MOXYIUTH TaXHNH
Ba Wmiab YMKMITaH aIrOPUTM acoCHAa AHIH AACTYpHil BOCHTaNap MaXMYH
(ABM) umnab uukwirad. JIBM 6nowiap Tyswimack 1-pacvia KenTUpwiras.

Tumap B2 KORCTaHTaRap
MOZYAH

R-amannap 8a kapTex Hnrerpan octi Coxa rcoMeTpHscH

amMannap yayH MOAy.1 ndoaarapun dyHKRHAAPH YUYH

xucobnam yuyH Moayn
MOZYN

Tysunmasuit Wurerpan Bazunapk Ba
dopmyaanap yuyn HyKTajap reHepanss
Moayn KWIHIO YTyR MOIYA

JIACKpeT TeHTnaMa 3NeMEeHTAAPHHN WaKANAHTUPUID YIYH MORYJ

JIRCKpeT TeHTnaManapHa Bomkapys nactypu XHcobnam HaTHAANaPHEN
— euHlll YUYH MOy — [——| pacMHILTaIITHPALL Y9YH J
Mozy;t

Kupypuu ax6opor

Yukysun axGopoTt

1-pacm. lacTypaii BOCHTa/1ap MAXKMYHEEHT (ABM) TY3AJMAacH.

Sluru pactypnap maxMyn Maexyx JIBM acocuna umna6 YHKWIITaH, YHUHT
Ty3WIMacH Kyluaarn 6noknapaH TalKUiI TONraH:

1. Tunnap Ba koHcTaHTaNap MOIY.H.

2. R-amanniap Ba KapTex aMamiap yuyH Mogy.

3. Aurerpan octu uonanaphu xucobnam yqyw MOAyJI.
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4. Coxa reomerpuacu ¢yHximsanapu (Ba yNapHHHT eTapiH TapTuOpard
XOCHIAIapH) Y9yH MOAYII.

5. Tyaunmaeuii dopMynanap yayH MOIyI.

6. VlHTerpan Ba3siwiapy Ba HyKrajlap reHepauus KWIHI YIyH MOAYJL.

7. IucKpeT TeHrIaMa JIeMEHT/IapMHY MIAKUUTAHTHPHIN Y4YH MOIYJI.

8. Jlnckper TeHrnamanapHn equin yq9yH MOyI. )

9. Xucobnam HaTiKanapHHy pacMUANAIITHPYII YIYH MOAYH.

10. BowikapyB JacTypn KUCMH.

Hactypnap MaxMyd Xap Oump Onoku npouenypanap Ba dyHKUHANAp
Kypunnmnarn OuMp Heda MopnysulapgaH ubopaTr. Maskyp MoOAymnap KuCM
Jmactypnap 6noxnapunas spatwnrad. Ymby JIBM Delphi mmna MS WINDOWS
MYXMTHAA aMaira OMMpUIraH.

Hmna6 wuxapwiran JJBM mypakka® maxipard niactyHanap Ba KoOukmap
MarHUTO3NACTMIUIMK YerapaBuii Macananap, XycycHii xocunamu aubdepeHuman
TeHrnamanap TH3uMH (yj1apra TyTa MyXHT/ap MEXaHHKACH KyNTruHa Macaanapy
MOC KeJTHIIHM MyMKHH) Y9YH €4HMHMHH aBTOMAT/IAINTHPHINTa HMKOH Gepanu.

JacTypuii TabMMHOTHH HIINaTHM G¥iiMya ifypuKHOMa HNab YMKAIraH.

Huccepraumaruir «R-pyHxuus ycynuaa onxa IIacTUHA Ba KoGuxap-
HHHI' MArHHTOYJIACTHKIHK MAaCQ/JajIapHHM eMMIHAHT xpcobiam Taxpuoa-
napmw» 1e6 Hommanran Oemunau GoOupga lonka IIacTHHanap Ba KoOHKnap
MarHYTOINACTHINIMIM Macananapuun R-QyHxnusanap ycyms éEpoamuaa eumm
6yiinaa xucobnamr Taxpubanapura Oarmmunanrad. COHIM €YMM TYFPHIMIMHH
acocnaml yyyH 4erapasMi IIapTiapH KaTTHK MaxKamJlaHraH Ba 3PKMH TasHraH
Xamja aiinaHa Ba KBaApaT [LAKIMra 373 MAarHUTO3aCTHK IUIACTHHANAp ydyH
CcraTMka Macananapd Kkypu6 umkwnran JKapsanaa ONMHraH HaTiKanap
Takkocnaurad. JKaneanmpa kBagpaT, aiiylaHa IUIACTHHanap MOC derapasuii
IapTiapaa TYpau HyKranapaa macanaHuHr R-¢yHxumsanap cowm (Wp) Ba aHHK
(Wr) eunmmiap kuiimMamiapu kemrupwirad. By epma 6u3 omram xucobnam
HaTWXANapH aHWK €YHM HaTipkanapuzaH kaMm ¢apx xwnamm, Oy 3ca ertapnu
JapaKaja aHMKIMK Ba Mypakka0 Inasjine [lacTuHanap Xucobnam yuyH
R-dyHKumMsNap ycynu KynaiaHuil MyMKHHIIMrnaaH kadgonar 6epamu.

JKaaBaj. ANHK Ba COMJIH edHMIAP KRECAH TAXIHIH

(x,y) |Kpan. Kar. maxk.| Ksan. maph.Maxk. | Aiin. KaT.Maxk.

X\|Y Wr Wr We Wr Wy Wr
0.0 | 0.0 | 0.96787 | 1.0000 | 0.99745 | 1.00000 | 1.00002 | 1.00000
0.20.0]0.89655 | 0.9216 | 0.94895 | 0.95105 | 0.92160 | 0.92160
0.410.010.69533 | 0.7056 | 0.80787 | 0.80902 | 0.70561 | 0.70560
0.6]0.0]0.40978 | 0.4096 | 0.58741 | 0.58779 | 0.40960 | 0.40960
0.810.0{0.13136 | 0.1296 | 0.30845 | 0.30902 | 0.12961 | 0.12960

Junccepranuana MarHuT Maiinon H(H, H, H,) 6epuiaran KydnaHHI BEKTOPH
MaBXyJ MarHMT MaHOoOH[Ja JKOJaluraH MarHHTO3aCTHK IUIACTHHA OJrHIHM
Macanacu Kypu6 unkwiras. Maskyp nnacTuHa XOJIATHHH TaCHBIOBYH YIIHNOBCH3
KOOpAMHATANApAaru TeHrnamacH (4) ra Kypa Kyiuaard KypuHamra sra:
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a'w o'w 'w a'w o'w &*w ’w 'w
kg th gt e Sk T e =k 2 =g, (13)
oy oy axdy oy ox axdy oy
By epna
I(H*+H?) LH_H LjA(H? + H* +2H?) IPH_H
=1+ b2 2 : ==2 X ; =2.z x ¥ z ,k ==2 x y;
k D ok D BT 4D 8 4D
40752 2 20712 _ py2 -2 2a (H? - H?
ks=j'+lj (H’+H');ks= ha”(H, H,): k= 4hja H,H¥;I‘s='u a’(H, H,)'
47D 42D 4D 4nD

Mucon Tapukacupa 7-pacMma KeNTHPWIraH MKKMAA ainaHa Liakiaark
KECHMTra 3Ta TEeHT I0KNaHraH Ky4 ¢ TabcpHaa 6¥nrad Muc niacTHHAHH ofaMus.

Xucobnamaa KyWnIard MeXaHUK Ba TeOMETPHK napameTpiapHu KaGysn
xunamus: H, = H, = H, = 10 k3, (1 3 = I x"%/(m"%cex)); p=89*10" xe/m’ —

TUIaCTHHA MaTepHANMHWHT 3MWrH; A = [0° m — nnacTMHA KaTHHIHTH;
4
q=aD—%=l— TUIaCTHHAra Tascup 3TyBuM Kyy; E = 10" H/m® — 3nacraxmk

Mogynd; v = 0,3 — Iyaccon xoapduuentu; R=1m; r = 02m; a = 0,5 M.
By epna w=FA(F,AF). F, F; n F; tasHu coxanap YYYH MaHTHKHIi
bynKimanap Kyiunary KypUHULIAa TaKOUM 3TaMu3
F=R-x*-y*20,F,=(x-a)* +y* —r* 20, F, = (x+a)* + y*—r’ 20,
yHEa: R — aitnana nnacTHHA panWycH, r — Mapkasd (a,0) v (-a,0) HyKTanapaa
6/ran macTHHAHVHT aiiflaHa KECUMM PayCH.

Eunum Tyswimacura kupysuu 6asuc mommHOMM cudaTHAa Kyn  Xamiu
TIONIHHOMHY OJlaMH3.

Ky#nna 2-5 pacmnapaa Ox n Oy xecmanap 6¥#ivga (nk) HONMMHOM JapaxacH
Ba laycc Tyrymnapwra (clutoch) uncbaran W srWIMIIHMET Y3rapymy rpadury
keiarhpwiran. 2 Ba 3 pacMmiapaa  Ox kecMa O¥ilnua SrUNMLIHMHT §3rapHiuu
KenTHpHnraH, clutoch=20 na nk 2 pan 4 raua yarapamy, nk=3 6¥nraupa clutoch
3ca 20 Ba 32 6ynamu. 4 M 5 pacmnapaa Oy kecMacu G¥iiua Moc pasvmna nk Ba
cIutoc}g Xyanu Wy KuiMariapra ara 6yaran Xosnnapaa akc STTHPHITaH.

00009 - 0,0008
s Y, 008 \
00005 --orry bl Y
FY accos - a2 3 00004 \\ T dutochet0
00003 - . ‘: ¢ oo “‘ ~~~~~ dutocte32
LT JERN. Y ¢ opom
=Y Sz
0 - o Co [ SN T
Q 02 oA os Y] 1 12 . o 02 as a6 or 1 12
ox [
2-pacm. Ox ¥KH 6Yiinua sramam 3-pacm. Ox ¥k 6¥iinua sruann

Maskyp 2-5 pacmiapaa KearspwiraH rpaduxnapaan KypuHu®G Typu6ankm,
sri Oy kecmana x=0, y=0.5 Hykrara AKHHJIAWIraHAa Y3HHUHT MakcHMan
KuiiMaTura eraad. nk=3 kniiMatMaa SKAHnawvm axwu  6ynrannurn  Gouc
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KyiuwiraH MacajlaHM TaixMK KHIMII YJIyH erapmu xucoOnmanmamy. lllymm
TabKMANAL JIOIUMKHM, clutoch olum 6unaH AKMHIAINMII AXMHIAHATHE.

Iilynra yxmam xuco6-xkurobnap TypT aiinanamy KecHMMJaprad 3ra aijasa
[1aCTHHA yuyH Kentupwirad. TaxpubGanap 6upuuan macanagargaek TEXHHK Ba
TeOMETPHK NapaMeTp:apaa YyTKa3wiraH.

e - C e
anone o ~\ - N ‘
/// \*‘\. eomr K4 K
acor B I
/ 'tr . o ! ¢ v,
oo /‘(;;' %’\ » aoon d_,// \
: 2 acme i \‘ ...... o e
Q0008 "\ e
Q0004 k bl .‘\
acoa ‘\ ° . Lo os i: Lo d .!‘ »
4-pacm. Oy ¥ku Gyitn4a sranum 5-pacy. Oy yxu Gyiiava Sratam

Bynnan Tamkapu caxku3Oypuakny maiaMra sra Ba GyTyH KoHTyp 6Viimab
KaTTHK MaxKamJIaHTaH MarHUTO3/IaCTHK [UIaCTHHA 3THJIMII MacaaacH KypuIrad.

YHpa o =(F, A F,)v(F; A F}), by epna

F=a*-x20GF=a-y"20;F,=b" —(x+y)' 20, F, =b* - (x—y)* 20.

Xucobnap a=1/v2 Ba b=/ kuiimaTnapaa yTkazwiany.

Juccepraumsna 3MEKTPOMArHMT KyWIaPHHHI, XYCYCaH MArHHT MaiJ{OHH
KYWIaHHIIMHUHET CTAaTHK TabCHPH Mypakka® Iuakum derapacd OyTyH KOHTYp
6yiin4a mapHup MaxkamnaHrad Xonaraa kKypwiran. Mioga yunapu aiiaHaCHMOH
6ypuaknu TYprOypyakin IONKa INIACTHHA JOHMHI MarHMT MaliJOHHAA KypMIraH
6Ynn6 MarHuT MaiiIoH MarHUTOCTATHKA MAacalaCHHH €HWTHIITH OPKAIH TOMHIANA,
Xamfa Typ/u YerapaBuii IapT/IN Xa1KaCHMOH IUIacTHHA Kapanamu. Moc paBamzaa
MNacTHHa TacBUpnapy 6 Ba 7 pacmnapaa KenTHPUITaH.

Ay
v - \\
; l/ N
; ; 1 \
—p— . A4 A,
: T :
: L \\' . /0 /l
: \ 4
SN S \ L/
3
- s
‘\‘~-.. _'_’—/
6-pacm. Yunapu aiitasacumon Typrfypaax 7-pacm. Xa1KacHAMOR NIACTHHA

Kyiiuparu 8 Ba 9 pacmnapna uerapaga 6yTyH KOHTypH 6yHH4a KATTHK
MaxKamnaHrad Mypaxkxal imaxira sra, SbHH ywiapu alinasacHmoH Oyp9akmu
TypT1OypYaK IUIACTHHAHMHI TYP/JHM HYKTanapHAa MarHMT Mai[loHH TabCHpHAard
(mag) pa maruuT Mai{loHu 6yaMaraH (mex) XoNnaT/iapH KEJTHPWIraH.
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Xucobnam  HaTWKalapHWHT TaXJWAH  10MIKA  ONeKTp  YTKasyBYaH
IIaCTHHAJIApra 37IeKTPOMarHHT MaiiIOHNapHUHT TabCUPH KYpCaTHITaH.

0.0m0 4 - mag

0018 4 aos

o.ooie - ) 5 A \ ‘_ ,."\\ ‘/ i
= /\ \;'\/ /\'!‘\f"u\f%;.

00000 -

§

“.0002

8-pacwm. (-0.9,0) mykTana nnacTana TeGpanumE  9-pacM. (0, 0) HyKTaaa NIacTHHA TeGpanau

R-byHxums ycynu &épaammiaa Kypunras Ty3WIMaBUit eduM KYpUHUIINAA
apajyaii yerapaBHii mapnap KaHoaT/IaHTHPYBYM KOOpAMHaTa (GyHKLUMANApH KeTMa-
KETIIMI'H KyiHaarugaa Kypuwiau:

2 2
W=D +—2 {—%[D;” +(2 —V)D,(”Tz‘”]x

2} +af)
x(0f®, - a2 [D(e}®, )+ VI (@®,))- D2 (a0, - (i,))
Ri—xl—y? 2_ 22 n
6y epna o, = ;R Y o= ;r 2, 0= Y'C,x(X)x,(»); @; — TawKy aiinana

ij=0
qerapacH (QYHKUHACH; w2 — MUKW aiinaHa uerapacd ¢yHxuusicu; R, » — Moc
paBHIIIa TAlIKH Ba MYKH aliflaHa paauycnapu.
TMapamerpnap: D = 5.3 mu (R=D/2), d = 1.9 mm (r=d/2), h = 0.6 mm,
Ke

0=910"2  E=89TTMa=89*10°"%, p=83*10""5, G=34ITa=34%10'"Z,
[~} [+ oM M

M

v=03, ¢= 4400% (g= 44005in(-?—)"—22).

-nn

Piiiii.

ff—————— ==
a— V‘“A _ —
10-pacwm. (0.15,0) ayKTaiara SruTAIAKAT 11-pacm. (0.15,0) nykraaarn
JAarpaMmacH KyWIaHHIIHAAT RRArPaMMacH

10 Ba I1 pacmnapia Moc paBHIDAa 3TMIMIN Ba Ky4NaHWIIHUHT coXara
TErHIUTH XapaKTepiM HyKTanapaark HaTHKanapy KeITHPHIraH.
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XVJIOCA

«DNeKTPOMarHuT MaiIOHNapHUHT I0MKa MEKTP §TKa3yBHaH JKMCMIIAPHUHT
AedOpPMALMOH XONaTMra TABLCHP STHIN JKAapaEHnapHHH R-dynxuus ycymmpa
MATEMaTHK MOIEJUIALITHPHUILY MaB3yCHAard AOKTOPJMK AMCCEPTALMACH oyimua
onu6 GopuiraH TANKUKOT/AP HATHWKANApH Ky AuAariiapaaH ubopart:

1. UM3HKIM SNACTHKIMK HA3aPUACH BAa UYM3MKIM 3NEKTPOIMHAMHKAHHHI
reomeTpuxk Ba (M3IMK MyHOCHGMMKIapy acocuaa  JEKTpOMArHHT Kyunap
Tabcupua Gynras OneKTpyTKasyBuaH IOMKA JKMCMIAp  YuYH Marepuan
KOHCTPYKLMACH Ba MEXAHMK XyCyCHATNApH aHMK/IaHATH.

2. FamunbToH-OcTporpaackuii yMymnamTHpuirad TaMOMUNKMIra acocaH IonKa
UCMIAp YUYH YM3MKAA JNAacTHKIMK Haszapuacy Kowu myHocabatnapu Ba ['yk
KOHYHH XamJa 3/IeKTPOAUHAMHKA YH3HKIIN HazapHacH My'raHocuﬁnnm, KyMnanaH
MaKcBen TeHraManapuHu Xucobra onraH Xonaa, AbHH MEKTPOMarHuT Maiinon
JIopeHL| NOHAEPOMOTOP XKMHI Ky'iapy, CUPT Ba KOHTYP Ky'L1ap 3ca Makceemn
7IEKTPOMArHNT TEH30PH OPKAIH aHMKNAHAHMIUM acOCHIA ONKA HUCMIAP YHyH
Kupxrod-JIas rumoresacuuu Kyuiab  1onka KobuKnap Ba mIacTHHanap
MarHMTOONACTHKAMK WKKM VNuaMiM SHCH MATeMaTdK MOJenapn  HMiiab
YUKHIAAH.

3. Mypakka® Imakngard IOnka 3MIEKTPYTKA3yBYaH  SKMMCAAPHUHT
(mnactunanap Ba KOGMKAapHHHT)AeOPMAUMOH  XONATHIA  JJICKTPOMATHHUT
Mai{fioMJap TabCMp STHIIMHM TaBCU(IOBYM yerapaBuil lMapTnapd Mamxyn
xycycuit xocunanyu auddepeHiuan TeHramanap TH3MMAHH SUHII aNropUTMiIapH
Ba cudar KUXaToaH COHNHM-TAXwmii By6HoB-I'anepkiH BapHaudoH Xamzaa R-
¢ynxumusnap tyswimasuii (RFM) ycyniapunn Guprannkna KynaHyiM OpKanu
JINCKPET TeHrnamanap (IUCKpeT Mozieniap) Hiunab ynKunany.

4. Mypaxkkab KOHQUIypaUMand 10NKAa MarHMTONACTHK NMacTHHANAp Ba
KOOMK/JApHMHT acOCHH uWerapasuii I[NapTiapy Y4YyH e€4MMIap Ty3ulmacu
(xoopauHaTa GYHKUMANAPHHAHT KeTMa-keTimrH) R-ynkuuminap ycynu épaamuna
APATHNAIM, XaMAa 101Ka JKMCMNIAp Mypakkab coxanapu (MKkHM Ba TYPTTa aknaHa
KECHMNM aiinaHa, kynbypuak, aiinawacumon Oypdawniu TyFpu TYpT Gypuak Ba
6owmxanap) yuyH R-¢yHxuusanap anrebpauk MaHTHKWi Ha3apHUACHHHHT KapTex
amayuiapu €paaMua HOPMAUIAWITHPHITAH TEHrIaManap Kypriiany.

5. IOnka >xucMnap MarHHTONIACTHIUIHK AMCKPET MOIENNapH y4yH BEKTop-
MaTpHua KYPMHMUIMAA AHWMKIAHTaH, YU3MKIM anrebpank Ba GouutanFud WwapT/H
opanii  audipepeHian  TeHrnamanap cHCTEManapH aHPKIaiaWrad,  1onka
KOHCTPYKUMSNAPHH MOAENNAIITHPHIIHKUHT GAOKIH MaTpPHUUANApH [MAKIUIAHTHPH-
nanu, ksanparyp ¢opmynanap, Heiomapk ycynm, aycc yCyanapuHu Kysuiamra
aCOCNAHraH CHUCTEMANADHH COHJIM €YHII YCy/lapH Ba aIrOpHTMIIapH Huwiab
YUKUAAIH.

6. Mypakkab WaKUIM 10NKa NIACTHHANAp Ba KoOMK/Iap MarHUTO3acTUK
cHH( MacanalapMHH euHlll aNropHTMIAPHHWHT MOZY/UTH TAXIH/IH YTKAa3WIraH sa
JonKa xaicmnaphu R-byHkuusnap ycynu épramua xucobnai yayH KoMnbiotepaa
yHTa acocuii MOdynAaH HOOPAT AACTypnap MaXXMya WAKIHAA AACTypHi TabMHHOT
uuyiab YHKKUnanu.

27



7. Knaccux makngarn (ksagpar, alinaHa) 10NKa [UTACTHHANAp MarHWTo-
MACTHRNATHHY XHCOONAIN/A OTWHTAH COHMIM HATHXanap TYFpuanru R-¢yHxuus-
Jlap yCylHAa ONMHTaH COHJIM edHMIap aHMK eguMaap OWiaH TaKKocnaHub,
acocnab Gepuiran, my Gritan GMpra KaTTHK Ba IIapHHP MaXKaMIaHTaH 4erapasui
WapTM MnacTHHanap Kypunamy. Mypakkab KOHCTPYKUMOH IUAK/UTH  FONKA
NiacTHHANap MarHKTOANACTHKIIMIBHY R-dyBkumsiap ycynau paamuia Kypwiran
CYMMNap KOOpAMHAaTa (YHKUMANAPM COHMra HHCOAaTaH XamIa MKKM Kappa
HHTerpajiapky xucobnamaa Gornanmanap (vykranap) condra HucbataH XHco6-
Jamt NrOpPHTMH SKAHNAIMIOA TAAKWK KWIMHraH. Basuc momiomu cudathaa
A3pOKATA MOJIMHOM TamHnal ONUHTAH Ba TIONHHOM Rapakacd 3-4 6ynranmga
(xoopmnata ¢pyHKumsTapy 10-15 ra TEHT) SXIIH AKWHIAMKAIIN Ky3aTHIaau.

8. Nmuiab wyuxwiran amropur™uk IacTypuii HHCTpymeHTapui (MaxMya)
3COCHIA Mypakkab wawum (MKkM EKM TYpPT ailaHa KECHMIM, MypaKKa6
Kynbypuak, Xamka mWwakmunars) fonka MIACTUHKANAPHH MAarHWTOATaCTHIJIUK
CTaTAKACH MacananapuHi eudm G¥iuga Xucobnaun Tampubanapn yTkaswiras.
BepwiraR MaruuT maiinonn TYP/IH KHiiMaTnapra Ba MarHUT MailloH KyWUlaHUm
TYPIH HyHanumuiapra 3ra Gynran Xomataa derapaja [mapHWp Ba KaTTHK
MaxKamnaHrad [UIACTHHANAPHHHT JeOpMALIOH  XONaTHra  3JIEKTPOMATHHT
Mal{JIOH CTATHK TALCHPH AHHKJIaHARH.

9. Yerapanapy KaTTHK, II4PHUP MaXKaMNIaHTaH, 5pKHH [UIACTHHANAPHHHT
Aedopmaupion XonaTWra MIUIA6 GMKRUITaH aNrOPUTMHK AacTypHii Maxmya
aCoCHAa NCKTPOMArHUT MaliIOHHHHT IMHAMWK TabCHPH Kypn6 unkunrad a R-
bynxmmanap ycynuaa Mypakkab malsumM ONka XHCMIIap MarHHTO3NACTHKIMK
AMHAMHMKACH MacalalapHHA eqnm 6¥iinva xucobnam TaxpuGanapy yTkasuira.
Tamka snexTpomarHuT MaiimoHaa >oilalliral 3MeXTpyTkasyBdaH MarepuanaaH
ficaNTal y3rapMac KalHHIMKKA 3ra [UIaCTHHANAp MacalacH Kyph6 THKuTaH. By
Macana HMKKH OOCKMYAa edunamy: GWpHHuM GOCKMYMEA — SNEKTPOCTATHKA
Macanacy eYMMH TOMWNAZH Bad MarHHT MaiiIoN Ky'WIaHWI KUAMATH aHMKIaHaIH,
WKKMAIHCHAA 3Ca MarHHT MaiiJoH KYpcaTKH91apH  MarHUTO3MacTUKITHK
Macanacira KMpUTWMG Gaxapunamu. Mypakka6 KOHCTpYKIMOH MK KONKA
XHCMIp KedopMaLUMOH XONATHIa STEKTPOMArHHT MalOHHUHT JUHAMHK TabCHPH
aHHKJ1aHamH.

10. OmuHTan HaTWkanap Ba aNTOPHTMUK HACTypHii MaXMya Mypakkab
AU JONKa KOOWKIap Ba IUIaCTHHAIap MarHWTOSNACTUINIMIHHMHI MyalsH
MacananapiHi UMl YCy/UTapHHHM TATOMK KHIMID HaTukacuaa 127,8 MnH. cymmm
HMKTHCOJIHI caMaJIopNuKKa SpHInagH.
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HAYUHBIi COBET 16.07.2013.T/FM.29.01 npr TAIIKEHTCKOM
YHUBEPCHUTETE HHOOPMALIMOHHBIX TEXHOJIOTHH u
HAIMOHAJIbHOM YHUBEPCUTETE Y3BEKHCTAHA 11O
NPUCYXKAEHNIO YYEHOM CTENEHM JOKTOPA HAVK

TAWKEHTCKHMA YHUBEPCUTET HHOPOPMALUOHHBIX
TEXHOJIOTHH

HYPAJIMEB ®AXPUIANH MYPOJUJLIAEBHY

MATEMATHYECKOE MOJAEJHPOBAHHE NPONECCOB
BJUSHUA DJEKTPOMATHATHBIX IOJIEM HA
JE®OPMAIIHOHHOE COCTOAHHE TOHKHX
3JIEKTPONNPOBOAHBIX TEJ METOAOM R-®YHKITNN

05.01.07 — MaTemaTHtiecKOe MO/IeSIHPOBAHHE.
Yucaennsie METOAbl B KOMILTEKCHI IPOrpamMMm
(TeXHHYECKHE HAYKH)

ABTOPE®EPAT AOKTOPCKOIi AMCCEPTALIHH

Tamkeut - 2016



Tema goxropexoit aucceprauns 3aperacrpaposana 3a Ne30.09.2014/B2014.5.T302 &

Buicmedt  arrecranmonnolt  xommccam npn  Kabumere Mnanncrpos Pecny6ankn
Vibexncran.

Hokropckas auCcepraums BHmONEEHA B LlenTpe paspaGorkd DpOrpaMMHBIX MPOAYKTOB H
AMNapaTHO-NPOTPAMMHLIX KOMIIIEKCOB MPH TaumkeHTCKOM yHuBepcHTeTe HH(OPMALMOHHBIX
TEXHOJIOTHI.

ABTOpefiepaT JHCCEpTAAA Ha TpeX AIWKAX (y36ekckaif, pyccknii, aHTIDMICKHi) pasMeLIeH
Ha Be6-crparmne Haywnoro coBeta www.tuituz w obpa3osare:bHO# ' HHQOPMAIHOHHON ceTH
«ZIYONET» (www.ziyonet.uz).

Hayammit xoucyasTasT: [Haznpos Moamaniys AGanposnxosys]
Z0KTOp (DR3HKO-MATEMATHIECKHX HayK, npodeccop

O¢ummanuLie ONBOREHTEI: Kann6eprenos Barupbex TynenGeprenosas
JAOKTOP TCXHHUECKHX BAYK

Myxamexuena JAnnno3 Tyakynesna
ROKTOP TEXHHUECKEX HaYK, npodeccop

Hapmypagos Yapa Berasmesuw
JOKTOP (PH3HKA-MATEMATHYECKUX HAyK, npodeccop

Bexymas opranasamas: ®uanan  Poccmiickoro rocynapcersennoro  ynmBepcnTeTa
gedra | raza amM. H.M.I'y6xana B r. TamkenTe

3ammra maccepraupn cocrontca «/2» _UsOR. 2016 r. B 10.00 dacos Ra 3accnanmn
HayTHOro coBera 16.07.2013.T/FM.29.01 npw TamKeHTCKOM YRHMBEPCHTETE WH(IOPMAMMOHHEIX
Tex@oNoru# W HammosameHoM yRmBepcHTeTe ViGekmcrana. (Aapec: 100202, r. Taumenr,
ymna Amppa Temypa, 108. Ten.: (99871) 238-64-43, dakc: (99871) 238-65-52, e-mail:
tuit@tuit.uz).

C nokropcroii aEccepTanieil MOKHO 03HAKOMUTLCH B HGOpMANMOHHO-peCcypCHOM LIEHTpe
TamxeHTCKOr0 YHHBCPCHTETA ME(OPMANHOHHEX TEXHONOTHiT (PErACTpalMOHHE HoMEP.LSIL).
Anpec: 100202, TamxenT, ya. AMapa Temypa, 108. Tea.: (59871) 238-64-43.

Asropedepar maccepram pasocnan «ofS» LAOHA 2016 roza.
(npotoxon paccsutkn Neg@hl o S » ®roHp 2016T.).

X.K.Apunos

Ipencenarems RaydHOro COBETa O
TIDHCYKRCHHIO YHEROI CTEIIEHN JOKTOpa HAYK,
A.¢.-m.1., mpodeccop

M.C.AkyGos

— Vaeurili cekpeTapb Hay4HOTO COBETA RO
NPACYRIEeHHIO YYEHOI CTENeHH JOKTOpa HaykK,
A.T.H., npodeccop

H.Pasinanos

Tpencenarens rayInoro ceMnHapa npu

"  HaydHOM COBETE 110 IPHCYXKICHHIO YIEROHK
cTeneHy A0KTopa HayK, A.T.H.



BBEJEHHE (AHHOTAIMS AOKTOPCKOM AUCCEPTALHH)

AKTYaJIbHOCTL H  BOCTPeGOBaHHOCTE TeMbl JHCCEPTaLHH. Ha
CerogHALIHMI AEHbL B TEXHHKE HabniopaeTcs CTpeMMTENbHOE Pa3BUTHE TEOPHH
CBA3AHHBIX nNONel, B YaCTHOCTH, THMMYHLIM [MPHMEPOM TAKOIO HarpaBJICHHA
HCCNeNoBaHuit ABNAETCA MArHUTOYNpYrocTh, T.e. TEOPMH B3aMMHOrO BIHAHHA
oByx unu Gonee ¢uamueckux mnosned. B mupe 3/eKTpPOMarHUTHBIC [NATIHKH
NOJb3yI0TCA GOMbUIHM CIPOCOM, 110 CTATHCTHKE TONLKO HA ABTOMODHIBHOM
pblHKe poxonpl OT MX npogax B 2012 romy cocrasunu 812,2 mmH. JOJLTapOB
CILA, B cneaytomem 2013 rogy oun Bospocny Ha 9,5%, a B mocieayrolue 1jga
roga JaHHBIA MoKasaress BLIPOC Ha 6-7%, M K KOHLY 2016 rogy OXHjaercs, 4To
00beM oT OXO0A0B AocTUrHeT 1.1 Mipa. Jomnapos CLIA'.

B V3fekucraHe npoBeneHn! LIMPOKOMAciTaOHEIE MEpOMNpPHATHA 1O
NpUMEHEHNI0 MATHUTOYNPYTMX TOHKMX TE€d B TEXHHYECKNX KOHCTPYKUMAX H
BLIABJICHMIO BJIMSIHMS 3/IEKTPOMArHUTHBLIX Mosneif Ha nedOpMaLMOHHOE COCTOSHHE
TOHKMX O3REKTPONMpOBOAHLIX Tel. B 3ToM nnaHe, BaXHOE 3HAUCHHE MMeEET
pa3paboTka METONOB onpefeneHUs BIMAHHMA 3/eKTPOMArHWTHBIX NOneH Ha
nedOpMalMOHHOE COCTOAHHME TOHKHMX  JNIEKTPOMPOBOLHBIX Tejl  CJOXHOMH
KOHUrypauuy, pa3paboTKa METONOB M @IFOPHTMOB DEIEHHA CHCTEM
nuddepeHunaNbHEIX YpaHeHHH B YACTHBIX MPOM3BOAHLIX C HAYANBHO-KPAEBHIMH
YCNIOBHAMH ONpEAENAIOUe MAarHUTOYNpPYTOCTh TOHKMX mnactHH M Obonouex
CJIOKHO# KOHCTPYXKUHMOHHOH (OpMBl, HALIENIEHHOE HA HMCCNEefOBaHHE NPUHLMIIOB
CO3JaHHA MArHUTOKYMYJIATHBHBIX TE€HEPAaTOpPOB, YCTPOHCTE HO YAEPIKAHHIO
fU1a3mMbl B TEepMOAAEPHLIX yCTaHOBKax, MarHMTOruApOAHHAMHYCCKHX
ycxoputeneii, GECKOHTAKTHLIX MArHMTHBIX OMOP ABMKYIIMXCA  CHCTEM,
KAUECTBEHHOE W NOJIFOBPEMEHHOE HCMOMb30BaHHE H3MEPHTENLHOH annapartypsl,
paboratoiweit B o6nacTu AeiiCTBHA IMEKTPOMArHHUTHBIX NOJEH.

B mupe ocofoe BHUMAHHE YJENAETCA MOJCIHPOBAHHMIO MPOLIECCOB RIMAHHUS
3MIEKTPOMArHUTHEIX  mofieii  Ha  NePOPMaLMOHHOE  COCTONHHE  TOHKHX
3NIEKTPONPOBOHBIX TeN, Pa3paboTke MATEMaTHYECKMX MOAENed M HHC/eHHO-
AHANMTHYECKHX METONOB pelleHns AuddepeHuHansHbiR ypaBHeHUH B YaCTHBIX
MPOM3BOAHKIX C HAYAILHBIMM M KPaeBbHIMM  YCIOBHAMM  ONpeAesuouue
MAarHHTOYTPYTOCTh TOHKMX MNACTHH H 000NOYEK CNOXKHOH KOHCTPYKUMOHHO#H
dopmpl, ¢ nomowsio meroga R-QyHxunii ¢opmupoBaHHe CHCTEM H CTPYKTYp
pellieHHli yNOBNETBOPAIOLWNE TPAHMYHBIM YCMOBUAM UL MArHUTOYMPYTHX
M1acTHH ¥ obonouek cnoXxHOM KoHGHUrypauuy, 4To BbI3bIBAET 0cobklil HHTEpPEC CO
cTopoHel HayuHoro coobiutectRa. B 3Tol  ofnactu  ocyiecTsiieHHe
LCNICHAMPABJIEHHLIX  HAYYHbIX MCCIEAOBAHMA  ABMAETCA  NPHUOPHTETHBIMH
3aja4amu, B TOM YMCIie, Hay4yHEIE UCCIENO0BAHUN B CNEOYIOIUX HAIPABICHHAX:
pa3paboTka YKC/IEHHO-aHANIUTHHECKHX METOJI0B M aNrOpPHTMOB pEIICHHSA CHCTEM
IntdepenpanbHblX YpaBHEHNH B YaCTHBIX NPOH3BOAHBIX C HaYalbHO-KPACBLIMH
YCNOBHAMH, ONUCHIBRAOIIME BAMAHME 3NEKTPOMATHMTHLIX TNONCH HAa TOHKME
3NIeKTPOTIPOBOAHEIE Tena (IACTHHBI, OBGONOYKH) CROXHOH KOHGHUrypauuu;

! hutp:/fwww digitimes.com/
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pa3paboTka KOMIUIEKCA IPOrPaMMHBIX CPENCTB C MOMOUILI0 MeTona R-dyHkumif,
MarHATOYNPYroCTH TOHKUX TeR CNOXHOH (JOpMbI, ajiIrOpuTMOB pacdera Kiacca
3afad MarHATOYNpYrOCTH TOHKMX TNACTHH M o0ojioueKk ClIOKHOH (OopMBI;
MPOBEACHHE BLAHCIWTENLHEIX 53KCMEPHMMEHTOB 1O ONPEICiCHHIO  CTEMEHH
BJTHSHHE 3JIEKTPOMAarHMTHOTO TNONA Ha TOHKHE TUTACTHHBI U 060I0UKH CO CROMXHOI
KOHCTpYKUMOHHO# ¢opMmoii, paspaGoTka anropuTMOB pelleHHs 3aiaq CTaTHKH W
JHAHAMHMKHA MarHWTOYNIPYTOCTH TOHKHX Tell.

JlaHHOE JMCCEpTaHOHHOE HCCIIeAOBAHUE B ONMpENEIEHHON CTENEHN CITyXHUT
BHIMIONHEHHIO  3aia4, MpedycMoTpeHHEIX B [locraHoeneHusx [IpesugenTta
Pecrrybmaxn Y3bexucran 3a Ne II1-1730 ot 21 mapra 2012 roga «O Mepax no
JanpHeHleMy BHEAPDCHHI0O W pasBHUTHIO COBPEMEHHBIX HH()OPMALMOHHO-
KOMMYHHKALIAOHHBIX TEXHONOTHi», Nelll1-1442 ot 15 pexabps 2010 roaa
«O mpHOpHTETaX Pa3sBUTHA NPOMEIILIEHHOCTH Y36ekucrana B 2011-2015 rogax»
n Kabunera Munuictpos Peciy6nikn Y36ekucran 3a Ne64 ot 7 mapra 2012 rona
«O JONONHHUTENLHEIX MEpaXx NO COKPAllEHWIO MpOM3BOACTBEHHBIX 3aTpaT M
CHDKEHHIO Ce6ECTONMOCTH NPOAYKIHH B NPOMEIILIEHHOCTHY, & TAKKE B APYTHX
HOPMATHBHO-ITPaBOBBIX JIOKYMEHTAX, NIPHHSTHIX cdepe.

CooTBercTBHE HCCACNOBAHAA ¢ MNPHOPHTETHLIMH HAaNpPaBJCHHAMH
pa3sBHTHA HAYKR M TexXHoJornii pecnyGamxm. J[aHHOE ucclenoBaHUE
BBHITIOJIHEHO B COOTBETCTBWH NPHOPHTETHOTO HampaBieHws PasBUTHS HAYKH M
TexHosoru#t pecrmry6nuxa IV. «Passumne nadopmarusaumn W MHGOpMaUHOHHO-
KOMMYHHKAIHOHHBIX TEXHONOTHIt».

OG630p 32py6ekHLIX HAYIHLIX HCCIAOBAHHH IO TeMe JMCCepPTAUMM .
Hayugneie MccnenoBanys, HanpaslieHHble pa3paboTke MaTeMaTHYecKux mogeleil
NponeccoB BAMAHWA 3JIEKTPOMArHHTHHIX Mosel Ha AeopMaUHOHHOE COCTOAHHUE
TOHKHX 3/1EKTPONPOBOMHLIX [UIaCTHH M 060M049€K, aHAIMHTHYECKHX H UHCIEHHBIX
METOJI0B pEIEHHA, BBIYMCIHTENLHRIX @IFOPHTMOB, MNPOTPAMMHBIX CpPENCTB
OCYIUECTBIAIOTCA B BEAYWIMX HAYYHbIX MEHTPaX M BBICIIMX 00pa3oBATENBHBIX
yIpeXIEHHASIX MAPa, B ToM wicne, Company Fluke, Allegro Microsystems, Purdue
University (CLLIA), Cargo Care Solutions, University of Bonn (Cepmanus), Hefei
University of Technology, Shanghay Jiaotong University (Kuraii), Seoul National
University (IOxuas Kopes), Yamaha sa Alps Electric, Asahi Kasei Microsystems
(SImorms), National Technik University of Athena (I'peums), Micronas
(LiIseftuapna), Melexis (Benerns), OAO Dnextpoannapar, MockoBckui
CocynapcTeennstfi YHusepeurer (Pocens), OAO Bnexrponsmeputens, Knesckuii
HallMOHALHEIH yHNBEpCHTET (YKpanHa), «DaH Ba TapakknéT» roCyNapCTBEHHOE
yHHpaTHOe npermpnasTve (Y3bexucran).

B pesynbratre wuccnenosanwii, npoBefeHHMX B MHpE 06 addexrax
CBA3AHHOCTM MEXaHMHECKHX, 3MEKTPOMArHUTHBIX W TEMIEPaTypHHIX moneii B
paMKax JIMHEHHLIX COOTHOWICHMH MOJY9EeHE! PAA HAYYHBIX PE3yNLTAaTOB, B TOM
YHCJIE. C HMCNOJNbL30BAHHEM YpaBHEHHH MakcBenna Ha OCHOBe ¢pn3nyeckux

2 0630p 33py6 X HAYTHRIX i 1o Tenc PTALHR OCYIICCTRIILETCK Ha OCHOBC
http://www criez.com/, hitp://docs.lib.purduc.cdw/, http://www.cargocaresolutions.con,
hitp://www.sciencedirect.com/, http://link. springer.comv, http:/www.iccm-central.org/,
http://www.univessity-directory.eu, http://www.digitimes.com/, https://www.ihs.com/ u APYTHX HCTOUHHKOB.
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BAPHALMOHHBIX IPHHUMIOB COCTABJICHbI YPaBHCHHA TEOPUH MArHUTOYIpPYrOCTH
TOHKMX MNACTMH M MPEHJIOKEH METOJ MHTEPNOALHMOHHBIX MATpHIl HX pemeHns
(Hefei University of Technology, Shanghay Jiaotong University, Kuraif); na
ochose runoTes Kupxroda-Jiasa M 3MeKTPOMArHHUTHBIX noneii MOCTPOEHHI
MATEMATHYeCKMe MOJENH IMEKTPOyNpyruX MIacTuH M 0BONOYEK M C MOMOLIBI
MaTEMaTHUECKMX METO/IOB H3y4YeHbi NOBEPXHOCTHbIC BOJIHE! Penes u JIamb6a B
marsuToynpyrux cpenax (National Technik University of Athena, I'peums);
yueHbiMH CeynsCcKOro HAUMOHAILHOIO YHHMBEPCHTCTA paspaboTaHEl 4YacTHbIE
MOOENHN 3NEKTPOMArHUTOYNpPYroCTH [BLE303NEKTPUHECKHX W NBE3OMarHHTHEIX
mnacrun (Seul National University, Oxuas Kopes); Ha OCHOBE aHamu3a
NMPaKTHYECKOro NPHMeHEeHUs paspaboTans! MeXaHH3Mb! LIHPOKOro HCNONB30BAHHAS
TOHKHX MArHMTOYNpyruX Tel B PasM4HbIX OTPAC/LAX MPOMBILIEHHOCTH (Eriez
Manufacturing Co, Fiuke, CLIA, Cargo Care Solutions, ['epmars).

B Mupe MPOBOJATCS MCCAENOBAHNA NO PALY MPHOPHTETHRIX HanpagNeHni 10
paspaboTKe MATEMATHYECKHX Mofeneii dSMEXTPOMArHMTOYIpYrocTH —IBe3o-
3MEKTPHYECKHX H 3JIEKTPONMPOBOAHBIX TeJN, TMOCTPOCHHE HX NUHEHHBIX H
HenMHeHHHX Monenedl, B TOM uMCiIe: PasBHTHE THIIOTE3  3JIEKTPO-
MAarHUTOYNPYFOCTH TOHKMX o0onoyexk H IUIACTHH; paspaboTka METOMOB H
BLIYMCIMTEILHBIX ANrOPUTMOB PElIEHMA 33734 MAarHUTOYNpPYTOCTH TOHKMX
MNacTue K obonouek B JIMHEHHOH M HenuHeHHOH MOCTAHOBKAaX, MPOBEJCHHE
BBIMMCIMTENBHbIX JKCEPHMEHTOB TNO  ONpelenieHne  CTeneHH  BIMAHHUA
2MEXTPOMAarHMTHbIX Moneit Ha AedopMAUHMOHHOE COCTOSHME TOHKMX IUIACTHH M
060/104€eK CIOMHON KOHCTPYKLUMOHHO# (opMbi, obecneunBatolee peleHne 3a1at
CTaTHKM W AHHAMHKM MAarHHTOYMpPYTOCTH TOHKMX Tel C IOMOINLIO METOAZ
R-dyHkuni.

Crenenn M3ydenHocTH mpoGiembl. MareMaTHUeCKOMY MOIEIHPOBAHHIO
MPOLECCOB BIMAHMA MEKTPOMACHHTHBIX Mojed Ha Aed)OpMAUHMOHHOE COCTOAHME
TOHKMX SJEKTPONPOBOAHBIX TEN, HCCNENOBAHHMIO MArHMTOYNPYFOCTH TOHKHX
WIACTMH K O0OJIOMEK, HMEIOLIHUX CHOXHYI KOHCTPYKLUMOHHYIO dopmy,
(OPMHMpOBAHMIO CUCTEM M CTPYKTYp pelleHHH yNOBNETBOPSIOMHE IPAHUIHBIM
YC/IOBMAM ApPH CIOXHOW KOH(PHIypauny MarHNTOYNpYrux IJIACTHH K obonouek ¢
noMouip0 Meroha R-(pyHKuMi, pelieHHI0 CHUCTEM auddepentnanLHEIX
ypaBHeHui, OMUCHIBAIOMUX MArHKTOYNPYroCTh TOHKMX IUIACTHH H obosoex co
CJIOXKHBIMHM KOHCTPYKUHOHHBIMH dopmamu, JIUCKPETU3ALHH no
MPOCTPAHCTBEHHLIM NEPEMEHHBIM M MOCTPOCHMIO  AMCKDETHBLIX Mopenei
MarHUTOYMpYroCTM TOHKMX TeJd, pa3paboTke METOAOB PpelIeHMd  3anad
3/IEKTPOMArHMTOYNPYOCTH TOHKHX TeJl Ha OCHOBE BEKTOPHO-MATPHHEIX METO/10B
peLIeHUs NOCBALEHbI HAYTHO-UCCIEA0BATE/IECKHE paboTsl Takux 3apy6eRHBIX H
pecry6naukaHckux y4eHbix, kak S.Kaliski, K.Hiroyuki (Hefei University of
Technology), J.Tani (Shanghay Jiaotong University), D.Georg, Z.B.Kuang (Seoul
National University), D.Hasanyan, J1.M.Bapasokaca (National Technik University
of Athena), C.A . AmGapiuymana, I'.E.barnacapsna, M.B.Benybexsna, B.J1.PBauesa,
J1B.Kypna, JLB.Monpuenxo (Kuesckuit HALMOHANBHEI  YHMBEPCHTET),
W.T.Cenesos, M.P.KopoTkuHoil (MoCKOBCKHii NOCYAapCTBEHHbIH YHHBEPCHTET),
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X.A Paxmatynmna, B.K.Ka6ynosna, I11.A.Hasuposa, T.IOnpaiuesa,
P MupnamutoBa v apyrux asTopos.

Pabotet yueHbrx S.Kaliski, K.Hiroyuki, J.Tani, D.Georg, JI.B.MonbuenKo,
P.MiHgnamuroga, M.P.KopoTkrHo#i nocesmeHst MOCTPOCHHIO MATEMaTHHECKHX
MOZieNiel  JNEKTPOMArHWTOYNPYTOCTH  TOHKMX IUIACTHH M 0BONOuex,
ZB.Kuang, D.Hasanyan — mnocssmenst H3yYEHHIO IIHHCHHBIX YypaBHEHWIA
MariMTOTEPMOYNIPYTOCTH  3MIEKTPOYTIPYTHX I[UIACTHH M o6onodek. B paborax
HA.W.Bapasoxaca, U.T.Cenesora, C.A.AmGapuymsna, I'.E.Barmacapsna, M.B. )
Benybexana wu3ydemm rumortesmt JMEKTPOMArHHTOYNIpyrocTH, B  paboTax
B.Jl.PBavesa, JI.B.Kypna, I1.A.Hasupoea paspabotansl metoa R-dywkuuii, a
paboter  X.A.Paxmarynmna, B.K.Kabynosa, T.JOnmameBa mocBAMmEHs
HCCIIC/IOBAHMIO JIMHEHHBIX H HENHHEHHbIX ypaBHEHHI MarHuTOynpyrocTu
IacTuH K oboNouek.

TpaxTiaeckn Bce uccnenosanus B obnacty SNEKTPO- U MarHUTOYNPYrocTH
CBOAATCA K pacCCMOTPEHHMIO TOHKHMX Tejl, 060oueK (MnacTHH) C KJIACCHYECKHMH,
TIPOCTEIMH  KOHCTPYKTHBHBIMH T€OMETPHYECKUMH KOH(GMIypauuaMu obNacTH c
HacTHLIMA TPaHWTHBIMY yCIIOBHAMH. PaccMoTpeHHe pelieHus MMpoKOro Kiacca
3ajad  MarHATOYMPYrOCTH  TOHKMX  Tell,  ONMMCHLIBAIOIIMECA  OOLIUMH
MATeMaTUICCKHMU MOZE/IAMH C  €CTECTBEHHBLIMH TIPaHWYHBLIMH  YCIOBHUAMH,
HMEIOMMX  CNIOXHYIO  KOHCTPYKUHOHHYIO —TeOMETPHYECKYHO KOHQHTypaLmio
06NacTH C WCIIOTb20BaHUEM TEOPHH MaTeMaTHYECKOro MOZENNPOBaHUA W
&IrOpHTMHU3AUAH, COBPEMEHHBIX KOMINBIOTEPHEIX CPEACTE B HACTOAUIEE Bpems
HEJIOCTATOTHO IMOJIHO MPOREJCHE HAYYHBIE H3BLICKAHNA.

CBa3b TeMBI AHCCEPTALAN ¢ HAYYHO-HCCHEAOBATENhLCKHAME paboramu
BLICIIEr0 00pa3oBaTeNLHOTO YupeaeHHs, Iie BLINMOJHEeHA AHccepTanms.
HEccepranHoHHOE HcCEOBAaHHE BLITIONHEHO B pamMkax njgaHa Hay4Ho-
HCCNIENOBATEMCKIX  paboT QynnamenTansHbIX mpoextos Llewtpa pa3paboTku
NIpOTPaMMHEIX  MPOJYKTOB M  annaparHo-NpOrpaMMHbLIX KOMNJEKCOB  MpH
TamwxenTckoM  yHHBepcuTere HH)OPMALMOHHLIX  TexHomormii ®-1.2.4. —
AJITOpHTMH3AINA pelleHHs KITaccoB 3aiad B3aMMOIEHCTBHSA cped H Tonei»
(2003-2007), @®A-D1-D009. «Pa3paboTka MeTanHHrBMCTHYECKOH TeopHK
IrOPHTMH3ALMHE U €€ MPUMEHEHWE K aBTOMAaTH3AUMH [IOCTPOEHHS PELICHHA
MHOTOMEpHBIX 3ajia4 MareMaTHdeckodt ¢usuku» (2007-1011), Bd4-OA-OO0S.
«Pa3paboTka M HCCNENOBAaHHE ANFOPUTMUYECKHX METOIOB pEIIeHNa KiaccoB
MHOTOMEPHEIX HENMHEHHBIX 3anau MareMardueckod (M3MKM ans  obnacreii
CnoxHOK KoHGHrypanum» (2012-1016), $5-016. «Pa3paboTia MeTOOB U CpeACTR
PEIICHNA 3a71a91 MHOTOMEPHON ONTUMH3AUWM B JIHHEHHOH W HeNMHEHHON
TIOCTaHOBKE Ha 6a3e KOHCTPYKTMBHOTO MeTozia R-(yHKuuii» (2012-1016).

Iemsio AccnenoBaHAs sensercs paspaboTka anrOpuTMOB M MPOrPaMMHEIX
CPEACTB MaTEMaTHYECKOTr0 MOAETHPOBAHNA BIMAHUA SNEKTPOMArHUTHBIX TONEH
Ha JAeOpMAUMOHHOE COCTOAHHE TOHKHX SNEKTPOMPOBOAHLIX TEA CIIOAHOM

KOHQHUTYpalHH C NOMOmEBI0 MeTona R-dynxkimii w gucnenno-ananutHyeckux
METOHOB.

34



3agaun HccaeJ0BAHMS.

(opMHpoBaHUMe OCHOBONONAralOWMX TIEOMETPHYECKMX M (u3nyeckux
COOTHOIUEHHI NUMHEHHOA TEOpUH yNpYrocTM M JHUHEHHOH 3MIEKTPOAWHAMHUKH C
Y4YETOM CBOJCTB KOHCTPYKUMM U MEXAHMYECKMX XapaKTEpHCTHK MaTepuana Iyis
3/IeKTPONPOBOAHbIX  TOHKHX  Ten, HaxoAsInXcs noj  BIMAHMEM
3NEKTPOMACHHUTHBIX ~ CWI, M  MOCTPOGHME  MaTEMATHYECKMX  Mopeneil
MArHUTOYNPYroCTH TOHKHX NIACTHH M 060NI0ueK;

pa3paboTKa  YMCIEHHO-AHANIMTHYECKMX  METOAOB  PElIeHHs  CHCTEM
AuddepenunanbHLIX YPaBHEHHH B HAaCTHEIX NPOM3BOAHBIX € HAYalbHO-KPaeBbIMH
YCIIOBHAMM, OTPEAENAIOMX MATEMAaTHYECKHE MOEH MarHUTOYTIPYTOCTH TOHKHX
TU1aCTHH M 000M104eK CIOXHON KOHCTPYKLHOHHOH ¢opMbl Ha 6aze BapHALMOHHEIX
METO/OB C HCTONb30BaHKeM TeopuH R-dyHkiuii;

(opMupoBaHMe CTPYKTYP M CHCTEM pELICHHH U4 OCHOBHBIX KPaeBbIX
yCJIOBHMii 3a/ja4 MarHUTOYNPYrMX [UIACTMH M 000/IOYEK, HMEKLMX CIOXHYI0
kon¢urypauuio meronom R-yHnkumii;

pa3paboTka BbIYHCIMTENbHBIX aNrOpUTMOB PELIEHMA CHCTEM paspeilaloliux
ypaBHEHHH MArHUTOYNPYrOCTH TOHKMX MJIAcTHH M 060youeK CloxHOH GopMmbl,
YTO BKJIIOYAET OUCKPETH3aLMI0 N0 MPOCTPAHCTBEHHBEIM NEpPEMEHHHIM H
[IOCTPOEHUE ANCKPETHBIX MOJE/EH MarHUTOYNPYrOCTH TOHKUX Te;

pa3paboTka anropuTMOB PELIEHHs KJIaCCOB 3371a4 MArHUTOYNpPYrocTH TOHKHX
MIACTHH N 000104EK CNOXHON KOHCTPYKLMOHHOH (JOPMBI HA OCHOBE BEKTOPHO-
MATPHYHBIX 4YMCIEHHBIX METOZOB H CO3NAHHE MPOrpaMMHOro obecnedeHus B BUAE
KOMILIEKCA NIPOrpamMM;

060CcHOBaHHE JOCTOBEPHOCTH MONYYEHHBIX YHCIEHHBIX PE3yNbTaTOB pacyera
meTonoM R-(yHKunii H afeKBaTHOCTH MareMaTHYECKMX MoOJeNeil MarHuTo-
yIPyrocTH TOHKMX TUTacTHH M o6onouex;

NpoBeEHHE BLIMHCAHUTEIbHBIX JKCIIEPMMEHTOB IIC HCCEAOBAHHIO BIWSHUA
3/IEKTPOMArHUTHLIX Moneil Ha JedOPMALMOHHOE COCTOSHHME TOHKMX ILTAaCTHH U
00010ueK CNOXKHOM KOHCTPYKLUMOHHOW (OPMBL M pellleHue 33a7au CTATHUKH H
JMHAMHKH MAarHMTOYNPYFOCTH TOHKHMX TEN Ha OCHOBE YCOBEPIIEHCTBOBAHHOTIO
meroaa R-dyHxumit.

O6GrexToM MCCIeNOBaHHH sBJAeTCA obecneyeHue CTENEHH MArHWTO-
yINpyrocTd TOHKMX Tesl (INACTHH M 000JI0YEK) CIIOMHOH KOHCTPYKUMGHHOM
KOH(Urypaunu.

IpeamMerom HCCile0BAHNA SBIAIOTCS MAaTEMATHYECKHE MOJENH, YHCJIEHHO-
AHAINTHUECKNE ANTOPHTMBI M ANrOPUTMHYECKH-NPOrPaMMHbIE CPEACTBA AJs
HCCNeNoBaHKa BAMAHMA OJJIEKTPOMArHMTHBIX noseit Ha AedopmannonHoe
COCTOSHME TOHKHMX DMEKTPOMNPOBOAHBIX TEN CNOXKHON KOHCTPYKUMOHHOH (OpMBI
metonoM R-yHkumit.

Meroasl uccienoanns. B nipouecce nccnenoBaHus NPUMEHEHbBI NPUMEHbI
MaTeMaTHYECKOE M YHMCIEHHOE MOJENHpPOBAHME, 3aKOHbl 3JJIEKTPOAUHAMUKH,
BAPUALMOHHBIE MPMHLMALL,  BLIMHCIMTENbHAA  MAaTeMaruka, METOAOOrHs
ANTOPUTMH3ALMY, TEXHONOTHA MOAYNLHOTO H CHCTEMHOTO MPOrPaMMHPOBAHHS U
METObI BLIYMCIUTENBHOIO JKCIIEPUMEHTA.
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Hayunas HOBH3HA BCCJCAOBAHAA 3AKTIOYAIOTCA B CJIEAYOIEM:

Ha OCHOBe OOOOWICHHOIO BAPHALMOHHOrO MpPUHLMARA [ aMHILTOHa-
OcTporpafickoro ¢ HCNONB30BaHHEM IHHEHHON TEOpHH YMPYTOCTH C Y4YETOM
aekTpoMarANTHEIX cwn  Jloperua paspaGoTaHel MareMaTHdeckue MoOJENH,
ONHCHIBAIOMIME TPOLIECCHl BAWAHMA JJIEKTPOMarHUTHLIX mnoneil Ha Aaedop-
MHPOBAHHOE COCTOAHHE TOHKHX 3N1EKTPONPOBOHEIX TEJT;

pa3paboTaHEl YHCIEHHO-aHATHTAYECKHE METONbl W alNrOPHTME! pelleHHs
cucreM AxddepeHIMANLHEX YPaBHEHHH B YacTHBIX MPOH3BOXHBIX € HAYaTLHO-
KpacBLIMH YCIOBUAMH, OITHCHLIBAIOMIHE BIIMAHHE SJIEKTPOMArHHTHHIX Tonel Ha
TOHKAE 3JIEKTPONPOBOAHEIE Tejta (MnacTWHel W O0ONIOYKHM)  CJIOXKHOTO
KOHCTPYKIMOHHOrO OvYepTaHHsA [PH COBMECTHOM TNPHUMEHEHWH BapHaLMOHHOIO
Meropa By6Hosa-I"anepknna 1 cTpykTypHOro Metona R-¢yHkiuii;

c)OpMAPOBAHE! CTPYKTYphl H CHCTEMBI peleHHil, YAOBJIETBOPSIOLIHE
TIPAKTHYECKHM KpacBEIM YCNIOBHAM IIPH JKECTKO-3alEMIICHHOM, LIapHWPHO-
OIEpTOM Kpae MAarHHTOYNpPYTMX INACTHH M 000JIOYMEK WMEIOIIUX CIOXHYIO
xoHdHTYpammo (c BrIpesamu);

Ha OCHOBE aNTOPHTMOB PEMICHMA KacCOB 3271a4 MarHUTOYNMPYrOCTH TOHKHX
TIAcTUH ¥ 0600ueK COMKHON KOHCTPYKUHOHHOM (opMBI pa3paboTaH KOMIUIEKC
TIpOTpaMMHBIX CPEACTB pacueTa MarHHTOYNMPYIOCTH TOHKMX IUIACTHH H o6onoyek
Ha KOMIIbIOTEpE;

MoKa3aHa CXOUMOCTL  BLIYMCIMTENBLHOTO  @IFOPUTMA  OTHOCHTENLHO
KOIHYeCTBa KOOPAMHATHBIX GyHKUMH CTPYyKTYypHl pelueHHl, 060CHOBaHB!
TIpaKTHIeCKas IPUMEHAMOCTL METOAA H JOCTOBEPHOCTD IMONYIEHHBIX THCIEHHBIX
PE3YNBLTATOB pacyera MarHWTOYTIPYTOCTH TOHKMX TeNl NyTeM CPaBHEHHA C
TOYHBIMH PElICHHAMM;

paspafoTaR aNTOPHTM ANA NPOBEACHWS BEIMHCIHTEIBHLIX 3KCIIEPHMEHTOB
JUIA UCCIIEAOBaHNA CTATHYECKOTO M AWHAMHYECKOTO BANAHHA JJIEKTPOMATHHTHLIX
noneii Ha JAegopMALMOHHOE COCTOSHHE TOHKMX HACANBHO-NPOBOAAMUX TeN
CIIOXHOM KOHCTPYKHMOHHO# (opMEL.

TpakTHYecKne PesyabTaThl HCCIEJ0BAHMS 3AKTIOYAIOTCA B CIEAYIOMEM:

NOCTPOCHEI MATEMATHYECKHE MOZIEH MArHHTOYNIPYTOCTH TOHKHX TUIACTHH U
oGonodyek, ONpEAENAOMME BIMAHHE INEKTPOMATHMTHBIX IONEH HAa TOHKHE
3MEKTPONMPOBOAHEIE TEJNIA, HMEIOIIHE CIOXHYIO F€OMETPHIECKH KOHCTPYKUMOHHYEO
KOH(HIYpaUMIO y4eT KOTOPHIX MO3BONHMT YBENMYATH KAUECTBO paboThi
3NEKTPOHHOM TEXHAKH;

paspaboTaHBl  YHCIEHHO-AHATHTUYECKHE  METOABI W TIPOrPaMMHO-
IrOPATMHIECKHH HMHCTPYMCHTapuif Ha OCHOBaHWM CTPYKTYPHOrO MeToAa
R-¢pynkumit, 4TO JAET BO3MOKHOCTL MPOBOAMTH CEPHH  BEIMHCIMTENBHBIX
3KCTICPHMEHTOB 10 PEIMEHHIO NPAKTUIECKMX 3afau MarHUTOYNPYTOCTH TOHKHMX
TIacTHH H 060/109€k CIIOXHOA KOHCTPYKUMOHHOM ¢opmer;

MOCTPOEHHBIC HOBLIE METO/LI MaTEMaTHIECKOro MOAENUPOBaHUA MPOLECCOB
HanpsKEHHO-Ae()OpPMHPOBAHHOTO  COCTOSHHUA MarHATOYNpYrux IIacTiH H
o6onogek no3sonuitH oueHHTb 10-12%, a B nekoTopBIX NMpaKTHIECKUX Cly4asx w
Gomsmee BIMAHAE NEKTPOMATBHTHLIX Nojielt Ha TOHKME 3JIEKTPOTIPOBOAHbIE TeNa,
HMeIoLIKE CIOKHYI0 FeOMETPHYECKH KOHCTPYKUMOHHYIO KOH(HIypauuio,
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JlocToBepHoOCTh pe3yibTaToB HCCIe0BaHHSA 060CHOBBLIBaETCH
KOPPEKTHOCTbIO MOCTAHOBKM 3aAayd Ha OCHOBE BapHalMOHHOIO MpHHUKMMA
I'amunsToHa-OCTpOrpaacKkoro,  CTPOroCThi0  MaTEMATHUYECKMX  BBIKIANOK,
HCrons308aHHEM 0OOCHOBAHHBIX METOJOB PelLeHHs, HCCEAOBAHUEM CXOAHMOCTH
BBIYMC/MTENBHBIX ANTOPUTMOB Ha ocHoBe Merona Bybnopa-I'anepknna u meroza
R-tyukuwmii, a Takke MyTeM CpaBHEHHA MONYUYEHHBIX NPUONMKEHHBIX pelleHHi ¢
TOYHBIMH pelLlieHUAMH B AHAJIOTHYHBIX [ICCTAHOBKAX.

Hayunas ¥ NPaKTHYeCKAasl 3HAYUMOCTh Pe3yibTATOB HCC/EAOBAHHS.
VcoBsepuiencTBOBaHME M pa3paboTka  CYLIECTBYIOIIMX  YHHMBEPCANbHBIX
METOHONIOrMii  HAay4HOTO  MCCNENOBaHMS  ANTOPUTMHYECKHM  METOMOM,
MaTEMaTHYECKOr0 MOACINPOBAHMSA, CO30AHHE YHUBEPCANBHBIX BEIYHCIAHMTENBHBIX
ANrOPUTMOB HAa OCHOBE 4YHUCIEHHO-AHANIMTHYECKMX METOJOB, TaKHX KaK
BapUalOHHbL METOA M CTPYKTYpHbIi Meton, Gasupyroumpmxcs Ha Teopus R-
$yuxuuit, a Taloke ATTOPHTMHYECKO-IPOrPAMMHOIO MHCTPYMEHTAPHA TNO3BOMAT
aBTOMATM3MpOBATh PpeELIEHNE IIMPOKOr0 Kpyra HOBBIX 3afga4 B obnactu
MarHMTOYMpYrocTH TOHKMX [UIaCTHH M  OGONOYEK, MMEIOMHX CHOKHYIO
KOHCTPYKUHOHHYI0 KOHUrypauuio obnactu.

Mpaxtyeckas 3HAYMMOCTb paboThl 3aKITIOYAETCA B TOM, YTO HCCAENAOBaHHA
I103BOJIAT [OBBICHTb KAYECTBO M YCKOPHTh IIPOBEAEHHE MPEANPOEKTHEIX PacueToB
KOHCTPYKLHii, OCHOBY KOTOPLIX COCTaBNfIOT YMpyrHe TOHKHE TeNa, B YaCTHOCTH
[IACTMHKY 4 000/I04KM CHIOXKHOM KOHCTpYKUMM B IUlaHe, HAaxOAfdluecs B
3MEKTPOMAarHMTHOM NONE, a TakKe NPUMEHEHHE MAarHMTOYNpYrHX AaTYMKOB,
MoKasanu KIio4eBylo ponib B cucTemax Ge3omacHocTH aBToMoOmnel, TpebyeMbix
HOpMaTHBHbLIMH NOKYMEHTaMH, CHUCTEMbI ANIEKTPOHHOr'O ynpassiieHNa
YCTOBYMBOCTBIO, CO3AaHHLIE AN MNPEeNOTBPALEHHd 3aHOCA TPAHCIOPTHOIO
CpEACTBA, OTHOCHTENTLHO IOPOrHX AATHHKOB YIiia OBOPOTA pyJs.

BuegpeHue pe3yabTaToB HCCAeA0BaHMA. MaTeMaTHueckoe MOJENHpPOBaHUE
NPOLECCOB BAMAHMA SNMEKTPOMArHWTHLIX Monei Ha AeopMaALMOHHOE COCTOAHHE
TOHKHMX 3JIEKTPONPOBOAHBIX Ten MeroaoM R-dyHkuuii B BHae pa3paboraHHBIX
MaTeMaTHYeCKHX Mojeeii, BLIYMCIHTENLHBIX ANrOpUTMOB Ha 6aze xoMOuHaiuu
BapuauuoHtoro Meroga BybHosa-I"anepkuna 1 crpyxrypHoro meroga R-pysxunii
¥ KOMIUIEKCA MPOrpaMMHBIX CPEICTB PEIUCHMS KIaccOB 3a[ad B3aMMONEHCTBUA
3NEKTPOMArHUTHLIX M AedopMalMOHHBIX noneHl MCMONB30BaHbl B paMKax
xo3porosopa 22/08 B «HHHU Anropntm-unxuuupunr» (cnpaska Ne 24-8/2475 or
22 mions 2015 roga MHHICTEPCTBO NO Pa3BHTHIO HHPOPMAUMOHHEIX TEXHONOrHH
¥ KOMMyHHKauunii Pecnybnuxy V3bekucran). [IpumeHenne HaydHBIX pe3ynsTaToB
MO3BONWJIO ABTOMATH3UPOBATh MPOLECC OUEHKH BIHAHHA JJICKTPOMArHHTHLIX
fonei Ha AedOpMaLMOHHOE COCTOAHHE TOHKMX 3NE€KTPONPOBOAHLIX TEN CIOKHOM
reomerpuyeckoil KOHpUrypauny ¢ nomMowsio Merona R-yHKUMH U IroOpHTMOB
MaTCMaTHYECKOro MOIEIMPOBAHHS.

Anpofauun  pa6orbl. TeopuTnueckHe H MPHKIAAHBIE  PE3YJILTAaTh
AuccepraunM  anpoOHpoBaMbl B CHEAYIOMIMX H3  MEKOYHAPOOHBIX ¥
pecnyGnukanckux KoHpepeHumsx H cemunapax: «CoBpeMeHHblE Npo6GneMbt
matematHueckoii QU3UKM ¥ HHDOPMALMOHHLIX TexHonoruity (TamkeHt, 2005);
«Cospemennnle npobiembl ¥ nepcnektusbl Mexauukuw» (Tamxent, 2006); «ICI
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2006» (Tamxent, 2006); «AKTyambHBIE Npo6IEMBI MPHKIATHON MaTEeMaTHKH H
MexaHukH» (XapbkoB, 2006); «AKTyanbHble npoONeMbl MEXaHHKH CILTOIIHOM
cpednl M TMPOYHOCTH KOHCTPYKumMit» (JRenponerpoBck, 2007); «CoBpeMeHHEIe
npoGeMEl MaTeMaTHIeCKOro MOJENHPOBAaHAS ¥ BBITHCIHTENBHBIX TEXHOMOTHI
(Kpacnosapck, 2008); «HoBele MaTeMaTHUYeCKHe MOJAENH B MEXaHHKE CIUIOIHBIX
cpen: nocrpoeHHe M usydeHne» (Hoeocubupck, 2009); DSMSI-2009 (Kues,
2009); «PacnpocTpaHeHue YNpyromnacTwueckWX BoiH» (Bumkek, 2009);
«CoBpemennbie npobnemer Mexanukn» (Tamkent, 2009); «XII MexayHapoaHas-
HaydHas KoHQepeHIMs mnamMATH akajemuka M.Kpaeuyka» (Kues, 2010);
AICT2010 (Tamxent, 2010); ND-KhPI (Cesacronons, 2013); «KHU-TUIT
International Conference for ICT & Knowledge Economy» (Tamxeur, 2014);
«International scientific and practical conference» (Dubai, 2015); «Cospemennoe
COCTOSHME H NEPCNEKTHBE! Pa3sBHTAA HHGOPMaMOHHEIX TexHonoruiy» (TamkeHT,
2011); «MndopMalMOHHBIC TEXHONOrHM M MNpoGNEMBl TENEKOMMYHMKAIMID)
(TawkenT, 2013).

Ony6naKoBaHHOCTL Pe3yaLTaTOB HeciexoBanms. [To Teme Auccepramyu
ony6iMKoBaHBI Bcero 52 HaydHbIX paGor. U3 Hux 13 HayuHbIX craTeif, B TOM
aucne 9 B pecnyOmikanckuX W 4 B 3apyGeHBIX JKypHanax pexoMeHIOBaHHBIX
Beicmeii arrecrammonHoit komuccneit Pecrry6miku Yabexucran s my6Gmmukanuu
OCHOBHBIX HayYHEIX PE3YJILTATOB HOKTOPCKHX XUCCEPTALMIA.

O6nem u cTpykTypa amcceprammn. CTpyKTypa JMCCEPTALNN COCTOUT M3
BBEJICHAA, [ATH [71aB, 3aKMIOYECHHs, CMMCOK MCIIONL3OBAHHON JINTEPATYpEI,
npaiioxkeHuit. O6bem MMccepratiin coctasnser 182 crpanmm.
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OCHOBHOE COAEPXAHUE JUCCEPTALIUN

Bo BBegeHHHM 060CHOBBIBAaETC aKTYalbHOCTh H  BOCTpeOOBaHHOCTB
MPOBEAEHHOr0 HMCCAEAO0BAHMA, LENb W 33JaYH MCCIEHOBAHHS, XapaKTepH3yIOTCH
O0BEKT M npeaMeT, IMNOKa3aHO COOTBETCTBHE HCCI€NOBAaHHMA HOPHOPHMTETHRIM
HamnpasfeHHNAM pa3sBHUTHA HayKH U TEXHOIOrHH pecny6mum, H3naralTcs Hay4dHas
HOBM3HA M NPAKTHYECKHE PE3Y/bTaThl MCCIEHOBAHHA, PACKPHIBAIOTCA Hay4dHad H
ApaKTHYecKas 3HAYMMOCTh MOJYHEHHBIX PEe3Y/ALTAaTOB, BHEJPEHUE B NpPAKTHKY
pe3yNLTAaTOR HCCAEAOBAHUA, CBEIeHHA 10 ONyOAnKOBaHHBM paboTam U CTPYKType

JAHCCEpTaUHH.
B nepBoii rnaBe «AHaNM3 COBPEMEHHOI0 COCTOSIHHSI BJIHAHMS
JIEKTPOMArHHTHBIX nojei Ha nedopmannoHHoe cOCTORHME

3/1eKTPONPOBOAHLIX TOHKHX Te/» JUCCEpPTaUMM AAETCA aHAIM3 COBPEMEHHOro
COCTOSIHMA ~ MCCAENOBaHMil  BAMAHMS  DJJIEKTPDOMArHMTHBIX  fl0Ned  Ha
3MEKTPONPOBOJHEIE TOHKHE TeNla, H3yYeHbl TEHJEHIMH Pa3BHTUA H COBPEMEHHBIE
METOMbI ONpeAeNeHHs BINSAHHUS 3NEKTPOMArHATHEIX MOMEH Ha 3NEKTPONpOBOAHbIE
TOHKME Tena ¥ faHa GopMaiM3aumi 33aa4d MaTEeMaTHYECKOro MOJENHMpPOBAHHS
BAMAHUA 3/1IEKTPOMArHUTHBIX CHWJ1 HA 3JIEKTPOHPOBOAHBIE TOHKHE TENNa CO CIOKHON
¢opmoii metoaoM R-dyHKumii.

Ilepsoii paboToii B o6nacTu MarHuTOynpyrocti 6sina pa6ora J1.Knondda, B
KOTOPOH HMCNOMb3ys YMPOIIEHHYIO MOAEIb I[0Ka3aHO, YTO MArHUTOYNpYyrHe
BO3JEHCTBHA Ha pacnpejieneHye ynpyriux BoiH B MarHUTHOM noJjie 3eM/IM MrpaioT
JIHIIb HE3HAYHTENLHYIO POJb.

BaxHbIMH jans pa3BHTHA MarHMTOYAPYroCTH TOHKMX Ten Obuid pabGoThi
MONBCKMX y4eHbX. OMH pemmnn 60NblIOE KONMYECTBO paziMYHbIX 3a4ad H
BOMPOCOB B3aMMONEHCTBHA 3NEKTPOMArHUTHOTO MOJA C YIpPYro-, a TaKke H
MIaCTHYECKH JedopMMpyeMbIMH TelaMH. B 4acTHOCTM, MMM HCCIEJOBaHHI
MarHuToynpyrue konebaHua uaeanbHO NPOBOASIUMX [UVIACTHHKM M CTEPXKHA B
MarHMTHOM none. IlpH COBMECTHOM paccMOTPeHHH ypaBHeHMs MakcBeiia B
BaKyyM€ W YPaBHEHHA IBUXKEHMA IUIACTHHKHM (CTEPXKHZ) MOJNYYEHO ypaBHEHMe
MonepeyHbIX KoneGaHHi IUIaCTUHKH, COMEPIKAHIEE UNEHBI 3/IEKTPOMArHHTHOTO
npoucxoxeHHs. Pead 310 ypasHeHHe, onpenestoT MEXaHHYECKHE NapaMeTphl
MUIACTHHKH M XapaKTEPUCTHKH 3fEKTPOMArHUTHOTO MO KAK TeNa IIaCTHHKM, Tak
M cpeael, B KOTOPOH konebnercs mnnacTuHka. PaccmorpeHa 3agawa o
MEPHOANYECKHX BLIHY)KAEHHBIX KoNeOaHuaX OecKOHeuHOM mnacTHHKM. Takoke
pPacCcMOTpEHa 3aja4ya MarHUTOYNMpPYIMX [UIOCKHX pPe30OHAHCHBIX KoneGaHHi
HAealbHO MNpOBOAAINEH IIACTHHKH B MarHMTHOM Iojsie, rae MOKa3aHo, 410 B
MarHMTHOM MoOJie, BCAGACTBME H3NYYEHHWA OSNEKTPOMArHHTHRIX BOAH B
OKPY»Kaloly10 NNAaCTHHKY CpeRy, aMIUIMTyAa konedaHmii mnacTMHKM ocTaercs
OrpaHHYEHHOM.

3apy6exxHble yueHble HMCCNEROBANM BAMAHME MarHMTHOrO Monsi Ha
CTaTHYECKY!0 M [HHAMHMYECKYI0 YCTOHYMBOCTb TOHKOH yNpyroi monoroi
LWIMHAPHYECKOH MaHeNy, OxaToii Baons obpasyowei u o6rekaemoii ¢ BHemHeH
CTOpOHBI CBEPX3BYKOBbIM MOTOKOM CXXHMAEMOI0 HEBS3KOro C1abonpoBOaAIIEro
raza C HEBO3MYLICHHOH CKOPOCTbIO, HampapjieHHOH MapawienbHo obpasylomei.
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3agaua pemieHa B reoMETPHYECKY HETHHEHHON TMOCTaHOBKE C WUCNONB30BAHHEM
meroga bByGHosa-I'anepkina. Ilokazano, 4TO yBenHuYEHHE HANPAKEHHOCTH
MarAATHOrO MOMS MPHBORAT K YMEHBIICHHIO HAJKHETO KPUTHYECKOTO YCHIHSA, HO
K CymeCTBEHHOMY YBENUUEHMIO KpHTHWdeckoit ckopoctw ¢narrepa. [anee B
paborax poccHiiCKHX Y4YEHBIX HCClICNyeTcs PpacipoCTpaHeHHe BOMH B
3NeKTPOMPOBOAANIAX YWIPYTHX Cpefax B 2JleKTpoMarAuTHoM none. M3 anammaa
TIOCTPOCHHBLIX PEIICHMH HOBBIX 33/la4 paclpoCTPaHCHHA HEYCTAHOBWBIIMXCA H
Gerymmx MarHHTOyTIpyriX BOJH, a TaKXKe paccesHHs MarHUTOaKyCTHYECKHX BOJH
TIONMyqeHBl KaueCTBEHHEIE W KONMYECTBEHHBIE OLIEHKW BiusAAA 3ddexros,
CBA3aHHBIX  MATHMTOYNPYIMX  B3aMUMOJCHCTBMH.  YBENMYEHHE  JJIEKTPO-
TIPOBONHOCTA CPENB! H HANpsHKEHHOCTH BHEDIHEro MAarHHTHOTO TMOJA CHHKaeT
MHTEHCHBHOCTH pPacCesHHBIX TONEH W H3MEHAET PacnoJIoKEHNe HyneH H
3KCTpEMYMOB B JHarpaMMax HampaBlleHHOCTH. TIoCTpoeHO Takke pemeHue
ofpaTHOili 3ajadm pacCcesHUA SNEKTPOMArHUTHLIX BOMH HAa HEOXHOPOAHON
aHM30TPONHON mMnasmMe M JOKa3aHa COWHCTBEHHOCTL pemieHHAa. Taxke
WCCNeRyeTcs BIMSHHE MarHWTHOrO WOMM M TIOTPaHWYHOTO ciiof Ha ¢dnarrepnbie
xonebanma. PaccmatpuBaeTcd MaremaTHdeckad TOCTaHOBKAa 3afady Ui
JAvpnieKTpadecKoii ruiacTuHE, obrekacMol cnabonposoasmei cpeAofi, BEIBEAEHD!
ypaBHEHHA YCTOYHMBOCTH M BbINONHEH YHCNEHHB awanu3. OOHapyXeHb!
Ka4eCTBEHHO pazmidHEie 06/1acTA NapaMeTpoB, B KOTOPLIX BAMSHWE MarHWTHOTO
nofid Ha YCTOIYMBOCTE MOXET MPOABNATHCA KaK cTabunuiaupyroulee, Tak u
pecrabmwmsnpyromiee. IlokasaHo, 9TO peanbHble MarHMTHbIE MONA  MOIYT
CYHECTBEHHO BIIMATE HA KPUTHYECKHE CKOpocTH ¢uiatTepa. PaccMOTpEHE! Takke
HelmHefinsle  ¢QnaTTepHble  konebaHMA, OCHOBaHHbIE HA pEIMEHHWAX 3aaaqu
o0TexanAHs LMITHHAPA C BO3MYIIEHHOH MOBEPXHOCTHIO M Ha AuddepeHUHanbHEIX
yPaBHEHHAX TeOMETPHIECKH HeNMHelHol Teopun obonodek. Meronom By6Hopa
(#ByaneHHasd anmpOKCHMAlMA) HCCIemyeTcd crarudeckad W AdHamudeckas
YCTOHUMBOCTh KBAOpaTHOW UMMMHApUUeCKOH naHemu. OueHuBaeTCs BIHAHME
MarHATOTMAPOINHAMAYECKHX 3P (EeKTOB Ha KPUTHIECKHE YCHITHA.

VueHsle H3 YVKpawHbl B CBOMX paboTax NMpeUTtoXmId, YTO HOPMAIBHBIA X
CpPEAMHHON TNOBEPXHOCTM TUIACTHHKH JJEMEHT B 3ajladaX  3eKTpo-
MarHMTOYNPYroCTH MOXET AedOopMHpOBAaThCS, H3MEHAA CBOIO MHY. ITokasaHo,
q10 HedopmallHOHHad HEONHOPOAHOCTHL OOycloBIHBaeT TepepacnpenesicHHe
ceoGoaHoro anexrpiaectsa. [TpH 3ToM 3nekTphyeckye 3apaibl KOHUEHTPHPYIOTCH
B HauGofnee HANPMKEHHBIX y4YacTKaX. YYeT M3MEHEeHMR MIMHBI HOPMAaNbHOro
3/leMeHTa CYINECTBEHHO RBIMACT Ha W3MEHEHWC OSNEKTPHYECKOro HOTEeHIHana
TUIACTHHKH,

B wacTHEIX cly4asX, KOrAd MaTepHal NNacTHHHI WK OGONOYKH HACANLHO
npopofsmui MMM OeCKOHEWHad MNMACTHHKA MMEET KOHEYHYIO 3NeKTpo-
MPOBOAHOCTE, 3a/1a4a MarHKTOYNIPYTOCTH PEMAeTcd OTHOCHTENHLHO NPOCTO.

B obmem ciyqae, Koraa rIactTHHa WM 060104Ka HMEET KOHEYHBIE pa3MepEl,
a ee MaTepHall KOHETHOTIPOBOAALHS, pellicHHe TIOCTABIEHHON 3aa4¥ CTAHOBHTCH
JOCTATO4HO CIIOKHBIM.

HssecTrte  mccrmeposaresm apMAHCKOI TIKOJIbE B obnacti
MArHMTOYNpyrocTH, CBOeoGpa3sHO TPakTys MEYOAd COBMECTHOrO acHMNToO-

40



THHECKOr0 HHTCIPHPOBAHHA TPEXMEPHBIX YPaBHEHHH ANEKTPOIMHAMAKY H TEOPHH
YNpyrocTd, CHOpMyNMpOBaNM THMOTE3k MarHMTOYTIPyroCTH TOHKMX Tel,
MMEIOIIUX KOHEUHbIE Pa3Meph U KOHEYHYIO TIPOBOLUMOCTS.

3anava xonebaHus 3NEKTPOMPOROAHO!M H30TPOMHOH IUIACTHHKH BO BHEIUHEM
MarHMTHOM ~ MON€  CBOAMTCA K  COBMECTHOMY  pEIIEHHIO  CHCTEMBl
AupdepenunaNbHLIX yPaBHEHNH MArHUTOYNpYrocTH s BHYTpeHHell obmacTu
IACTHHKH W YPaBHEHUH 31EKTPOAHHAMMKH BO BHeILHeil 06/1acTH.

[Ipennoxenubiit MeTon Obn npumenes ana PelicHHs PA3MHYHbIX 337ad
MarHHTOyNpyrocTH NIACTHH KOHEYHBIX Pa3MepoB, H3rOTOBMEHHBIX M3 MaTepHana
KOHEYHOH NPOBOAUMOCTH NPH HANHYMH MArHHTHBIX MO,

Janee B paborax oOCYyXHalOTCA OCHOBHEIE NOMNOKEHHS MarHUTOYNPYTOCTH
TOHKHX TeJl THNa 000N0YeK H IUIACTHH. Paccmartpueaiorcs kak ofuue BOMpockl
TEOPHH, TAK W PELIEHHA MHOTOYMCIEHHBIX 3afay, HpeACTARNAIOWMX GoMbLIol
MHTEPEC C TOYKM 3DPCHHMA MpUNOKEHMA. B gacTHOCTH, MCCNEAYIOTCS BOMpPOCH!
konebauuii M YCTOMUMBOCTH pa3NMYHBIX THIOB 0GOMOYEK M  ILIACTHH,
H3FOTOBJIEHHLIX M3 MaTepHana KOHe4YHOH npoeoaummocTH. Paccmatpuaiotcs
3apayn  ¢raTTepa M3OTPONHBIX M AHM3OTPONHBLIX OGOMOYEK M [UIACTHH,
o0TexaeMbIX NEKTPONPOBOAALLEH HKHAKOCTBIO WIH [30M, HCCEMYIOTCA BOTPOCH!
KonebaHKi U YCTOMYMBOCTH TOKOHECYINHX LIACTHH U 060/104eK.

Ha ochope aHanu3a pesynsTaToB, NOMy4YeHHBIX NP TOYHOM pelICHHH
HEKOTOPbIX 4aCTHBIX 3aja4 MAarHMTOYNPYFOCTH, M pacCMOTPEHMA oO6uIMX
ACHMITTOTHYECKUX DEIICHHA TPEXMEPHBIX YPABHEHMil MArHMTOYNPYTOCTH B
ciyyae ofonouex M MIACTMH CQOpMyNMpOBasa rMNOTE3a MarHHTOYNpPYIOCTH
TOHKMX Ten. 3Ta THIOTE3a [O3BONMNA [OCTPOMTh OOIIYI0 TEOpHIO
MAarHUTOYNpPYTOCTH TOHKMX 0G0NI0YEK M MNACTHH M YKA3aTh MyTH 3 (EKTHBHOrO
peLIEHHA MHOTOUHCIIEHHBIX NMPHKIIAAHBIX 3a0aY.

[IpHBOJATCA TalKe TOYHbIE pEWlEHHS HEKOTOPhIX 3a4ay, KOTOPHIE
OZIHOBPEMEHHO MCMONB3YIOTCA [UIA OLEHKH TOMHOCTH MPEQIOKEHHOH TIPHKIATHOIM
TEOPHH.

B coeMectHbix pafoTax poccHiiCKHX, YKpauHCKMX M Y36EKCKHX Y4EHbIX
H3y4aloTca konebaHua H yCTOH4HBOCTL yIIPYrHX CHCTEM BO BHELIHEM MAarHHTHOM
none. OnpenendloTcs 4acTOThl MaNbIX COOCTBEHHbIX koneGanuii NPAMOYTO/IbHBIX
MNacTuH, CTEPXKHEH H KPYroBbIX LMAMHAPMYECKMX 00OROYEK BO BHEMIHEM
MAarHMTHOM MOJIE, HAXOAATCA KPHTHYECKME 3HAYEHMA MAarHUTHONO [OJIA,
orpanyuuBaiomiero  o6nacTh  CyWIECTBOBAHWS  NEPHOAMHUECKMX ABIKEHHI.
PaccmarpusaeTcs napaMeTpuHecKuii pe3oHaHC IUIACTHH M KPYTOBOIO LWIMHADA B
NePHOAMYECKH M3MEHAIOIEMCS MAarHUTHOM mone. Pemaerca Henuueiinas 3anaua
¥3ru6a MNacTMHE! ¥ MeMOPaHbl, CBA3AHHATL C Y4ETOM PacKaTHsl €e CPEeaMHHOf
noBepxHOCTH.  COCTABIEHB  yDaBHEHMA  MArHMTOYOPYroCTM  KPYTOBO¥
uuanHapHyeckoii 060MOYKM B MPOJONEHOM MArHHTHOM fOfie H PacCMOTPEHbI
ynpyrve xonefauus UWIMHIPA M BpAILAIOWErOCS YOPYroro KOJAbLA B €ro
IIOCKOCTH C YYeTOM MEePEeHOCHOH ¥ KapHONMCOBOM CHI HHEPUMH H
pacnpeReneHHeiX ~ MOMEHTOB  OT  3MEKTPOMarHMTHeIX cwi  OTMedeH
rHpoMaruuTHulii 3(¢extT aedopMaLMOHHOrO NpPOMCXOMNIEHHA B KOMLLE M
upnuuape. M3yyaerca ABIDKEHHE yNpyroro Tesa, CBA3aHHOTO C FHPOCKOMOM.
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PaccMatpuBaroTcs  KpyTwibHbie KoneGaHWA YMpYrod HEMHON CHCTEMBI ¢
pacnpenieneHHoi Maccoli, CTepXHA ¢ MaccamMy Ha KOHLUAaX H THPOCKOIOM,
YCTOHYHMBOCTE 3JIEKTpPOMEXaHWYECKOH CHCTEMBI KaK CHCTEMEI C OECKOHETHEIM
THCIIOM CTeneHed cBOOOHBI MPH HANMWIHUHM THPOCKOIMUMYECKHUX CWI, KpPYTHIbHLIe
KoneGaHus BO BHEITHEM MarHWTHOM M0JIE YIIPYroro CTEpXHs (Bana) Kak 3NeMeEHTa
TUPOCKOTIMIECKO#  CHCTeMBI.  Takke  MCCIeAyloTcs NMbE303NeKTPHKH,
PacCMaTpHBAIOTCA BOMPOCH! CYIECTBOBAHNA W PacpOCTPaHEHHA NTOBEPXHOCTHBIX
BOJIH B NIEE30KEPAMMKE, TTONAPH30BAHHOMN MO TOJILUWHE, BOMPOCH! CBA3AHHBIX Paiy-.
aNBHO-MONEPETHBIX KoneGaHuit Mhe30KepaMHYeCKHX AHCKOB.

TlpoBenenueli o630p wHccnenoBaHMit B 006NMacTH  MarHHTOYNpPYTOCTH,
3NEKTPOYTIPYTOCTH W 3JIEKTPOMAarHMTOYTIPYTrOCTH TOHKHX TUIaCTHH M 060J09eK, a
TakKe€ TO METOAaM HX pelleHHs 3a TocieaHue 15-20 ner maeT OcHOBaHue
YTBEPXKAATH, 9TO HCCNEHOBAaHME METOAOB MaTEeMaTHYECKOro MOIESITMPOBaHHs
BJIHAHMSA 3JIEKTPOMAarHHUTHBIX MMOJIeil Ha TOHKHE IEKTPONPOBOANLIE TeNa OCTAaeTCs
HEpelleHHO# M BocTpeboBaHHOI mnpoGnemoli, AMelowel BakHOe HAY4YHO-
TEXHHYECKOe 3HadeHue.

Btopas rnasa «MaremaTAgecKkoe MOAENHPOBaHMe MPOLECCOB BINAHHSN
3/IEKTPOMAarHMTHEIX Mojeli Ha AedOpPMAIIHOHHOE COCTOSHHE TOHKMX
3JIEKTPONMPOBOAHBIX T AHCCEpTAaUMU MOCBsAIIEHA TIpHHLHNAaM
MaTeMaTH9eCKOro MOMACITHPOBaHMA W pa3paboTke MaTeMaTHYeCcKHX MOAeNeH
MPOLIECCOB BJMSHUA 3NEKTPOMAarHMTHBIX Monedl Ha TOHKHE B3JIEKTPONMpPOBOAHEIE
TeJia (IWIacTHHB]I B 000I0UKHM).

3peck OCHOBHEBIC YPaBHEHWMA TEOPHW YTIPYTOCTH TOHKHX FUIACTHH W 060nogek
BBIBOOATCA HA OCHOBaHHH BapHaUWOHHOI'O npyuHOAna CamubTOHA-
Octporpanckoro. [IpH HOCTpPOEHWMM KOHKPETHBLIX MOAENeil HCMonb3yloTCs
reoMerpudeckie cooTHomeHnns Komm u ¢usudeckne cooTHomeHus, B o6paTHOI}
¢dopme 3zakoHa I'yka, a Taioke 3aKOH WU3MEHEHHA nepeMemeHuii. Tlpu BhIBOnE
YPaBHEHHS HCIMOJB3YETCA NMPAMOYTOJIbHAA CHCTEMA KOOPAWHAT.

BapnpamwonHeti npuHImMT [aMHnbTOHa-OCTPOrpagckoro 3afUChHBAETCA B
cneqyomeM BHIE:

5]’(7'-17+A)d:=0, 63
t

rhe: T— kuHeTHdeckas u /7 — noTeHuHanbHas 3Heprun; 4 — pa6ora BHEIIHUX CHII,

Teopus oGomouexk (TIacTMH) OCHOBaHa Ha TreOMETPUYCCKON ruNoTese,
COrJIaCHO KOTOPOIi HOPMaNbHBbI K CPEAHHHON IOBEPXHOCTH MPAMOJIMHEWHbIX
aneMeHT 000M109KH nocie aedopMali OCTAeTCA MPAMONMHEHHBIM, HOPMATBHBIM
K 3Toii NMOBEPXHOCTH B e¢ AedOPMHPOBAHHOM COCTOSHMH M COXpaHAET CBOIO
mnuny. Jlanuasx rurnoresa (Kupxroda-JIasa) nomyckaer, 4to aedopmalius
obonowin mpomncxonuT Ge3 medopmalvmM casWra M B TUIOCKOCTSX HOPMANBHEIX
cedcHHii M 63 nedpopManMH YUTHHEHHS 10 TOJIOHHE 0600YKH.

B Texnuyecko# Teopun ofonouek HanGonee pacnpoCTPaHEHH! ynpoUICHHbIE
YPaBHEHMS, TaK Ha3kIBacMbic ypaBHEHHs Teopuu oGonodek Mymrapu-JloHenna-
Bnacosa, Gasupyromuecs Ha HEKOTOPBLIX JOMONHMTEILHLIX AomymeHusx. INox
nojoruMH oGOJIOYKAMH TOHMMAIOT 060/I0uKkKM, WMEIONIME HE3HAUUTENbHEI]
MOABEM 110 CPaBHCHHIO C XapaKTepHBIMH pa3MepaM# CPEAHHHOW MOBEpPXHOCTH
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ofomouxn. B  wacthoctn, B  Mmouorpajguu B.3.Bnacoa  nonorumu
floApasyMeBaloTca 000/10uKH, MMelie B IiaHe (opMy NpAMOYrONbHUKA C
MaKkCHManbHOH cTpenoil nogsema He Oonee 1/5 oT HauMeHbluell CTOpOHBI
npamoyronsHuka. K 3ToH kareropumm 06070YeKk OTHOCATCA TamKe Cierka
MCKDMBJIEHHBIE MNACTHHEL [Ina nonorux o60J0YEK BHYTpEHHAS TEOMETpUS
CPEINHHOH TNOBEPXHOCTH OTOXAECTBIAETCA C €BKIMAOBON reoMeTpueil Ha
nnockoctd. HanGonee npoctan dopma ypaBHeHus: paBHOBECHS MPEACTABISETCH B
ZeKapTOBbIX KOOPAHHATAX.
Ananutuyecky runotesa Knpxroda-Jlasa umeer pua:

u =(l+klz)u-zz:1,
ax

u, =(l+k,z)v—z%—yl. @

U, =w,
TAE uy; u; u3; — NEPEMEIUCHHA B TIPOM3BOJIbLHOH Touke 000NOUKM (TLTACTHHBI);
u, v, W — fepeMeLIEHNs CPeMHHON MOBEPXHOCTH 060M0uKH (MNACTHHEI); k; k) —
FNaBHblE KPUBU3HBI CPeAMHHON moBepxHocTH; k,=I/R;, k,=I/R;; 3nech R, R; —
FaBHbIE pafiMych! KpUBU3HLL B cnyyae mactus k;=k,=0.
C yuyeToM cHn 3JIEKTPOMArHMTHOTO MPOMCXOXKACHHA Bapuauua paGoTsi

onpegensercs B BUae

[atdr = [[lX + pK )8 + (¥ + 0K, )3, +(Z + pK )G v +

1 iv

+ [ fla.+ 1084 + (@, + T80, + @, + )8 ] LW +

tyx

+ [[ P+ T80 + (B, + T ), + (P, + T, )60, ‘xdzdydn

tyez

+ [[[(F, + T 080 + (F, + T, ), +(F, +T,)6, Iyrbdxdt , 3)

txz
roe X,Y,Z.pK,pK, pK, — COCTaBNAIOIME OOBEMHBIX CHI, q, =g] +q,
9,=4,+4,, 4, =q; +q,. T, =T +T,, T, =T +T_, T =T +T_ — COCTaRIAIOMMHE
MOBEPXHOCTHBIX CUL;, Py Py, Py Tn Ty T, Fy F Fo Tn Ty Tz -
COCTaBJIAIOLINE KOHTYPHBIX CHII.

INogcraBnas B Bapuauuu paboTel BHEWHHX cun (3) COOTBETCTBEHHO
nepeMeleHus u3 (2) U BLIMOJHASN COOTBETCTBYIOIHE OMNEpaliMH, B YACTHOCTH,
HHTErPUPOBAHKA, MHTEPHPOBAHUA 10 YacTAM, MpUBEACHME NOAOOHBIX 9IEHOB,
TaloKe 3aMeHb! BbIPAXKEHHH NONYYNM:

h h
[asae == || J[uv, +R A KM, + kMo +q, + T+ kg, ) +ha(-5)+

tvr

h h
+hTL () + kT (=50 +

+(N +R + M, + kMg +q,+T + k,qy(g) + k’q-'(_g) + kaTxy(g) + k,Tﬂ(—g))é'v +
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2 a
+(N,+R +q,+T, '5”’ —gM"‘ _%
+ i(q,(ﬁ)) + i(qx (-g)) + %(T,,(ﬁ)) + %(r,(-g)) +

h 3
5(‘1, —)) —(q,(—))+ (7',,(3))+ Y

+ j J'[(N,, + Ny + oM, + My )8+ (Nyy, + Ny, + koM, + oM, )60+
1y

i
M’—-a'_yMAy +

EO) )av}dxdym +

a a h h h i
# N+ Ny 42 M+ M =0,)= 0,5~ Tul) ol )~

0,00, G)-T, )T, 2]

xd)dl+
+.”I(Nﬁr+ ne I Mp, + koM Y+ (N, + Ny, + oM, + kM ) +

a

0 h
+(NFx+Nr,u+aMh+ax 9,( ) q,(- ( ) T(_“)—

h

—I[MP‘ M+ Mp + M + M, + M,
L

rae
N, jxa: N, ijz Q.= jzdz M, = J’zmz M, = [z¥dz, R, = [pK.d,

R, = ij &, R, = ij dz, My = jsz dz My, jsz &z, Ny, = [Pdz, Ny = [Pz,
0, = jpdz My, = szdz My = dez Ny, = jT &, Ny, = IT &z, On, = [Toz,
My, = [T 2, My, zrdz My, = [2T.dz, N, dez Ny, IFdz QF,—IFdz

M, = [2Fdz, M, = szdz,N jrdz Ny, = jra'z Oy = IszM,y, jz

. - h
My, = jzrdz My, = (2T, M, _q,( ). My =q,(- ), M, =4,; R My =g, 2

M =Tu @), Mi =Too3). My, =T, ), Mz =T, 5).

3areM TIOJTYyYEHHbIE BbIpRKCHUA BapHauHH KHHETHYECCKOH U MOTEeHUHaNbLHOIM
3HEpruM M paboThl BHEIIHWX CHJI TNOACTAaBIIEM B BApHAUMOHHBIA ITPHHIMT
amwisToHa-Octporpanckoro  (1). TlomydeHHOE BapHAaUMOHHOE ypaBHEHHE
CYWICCTBYET NpH MoboM 3HaveHnu ofnema V. TIoaToMy, B CHITy NMPOM3BONLHOCTY
obnacth ¥, noNiyuaeM ypaBHEHHs IBIKEHMA W €CTECTBEHHBIE HAYaILHBIE W
rpaHHYHEIE YCIOBHS 000NOTKH:

Sl B B ) B sk 4R g, 7, -0
&V _aN, aN, M,
-2 B B ) BN, 4R 4,47, =0, @
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12 azle
2 + 2

a ' oy Oy

—%(M, M) +q T (Mt Myt M, +M,;)+%(M;+M;+M;,, +M;)=0.

2 ~2 2 [
_pha d += My +6 M + N, Ny, = kM - Moy + O, ‘*‘Rz"a(Mx"'an)‘

TIpy 3TOM HEKOTOpbIE YIEHBI YPAaBHEHHA, B 43CTHOCTH, OTOPOMIEHE! B CHITY HX
He3HaYUTENEHOTO BITHAHUS.
EcTecTBeHHble TPaHHIHEIE YCIIOBUA CERYIOMIHAE:

(=Ny + Ny, + Ny YU|, =0,(=N, + Np, + Ny JV|, =0,

B &W oM, M, e
P40, +Q - M, - M., - M}~ M7 )0W|,=0,
12 axdt & ay QP: an qx gr Ix 1‘3)

ow
(M”—M,,x—M,h)c')'a—&W—L:O, (_Mlz_MPy“szy)537|r=o' (5)

(=Ny3+ Ng + Ny )J8U|, =0, (=N, + Ny, + Ny )oV], =0,

K oW oM, oM, _ .
- - +Op + O, = My, = My, — My, — M7 )W|, =0,
12 ajlii,‘ ax 53, QF: sz (4 (/4 ) Ty ﬁy) y

ow
(My,— Mg, - Mnx)‘szx-ly =0, (M- MF)‘ - MT»')‘S 3y

Takum obpasom, (4) ecTb ypaBHeHHE OBIDKEHHA U (5) — rpaHUYHEIE YCIIOBHA,
HajaraeMbie Ha BecbMa nonoryto ofo/louKy, MONy4eHHele Ha OCHOBe
BapHalMOHHOro npuHLHNa I'aMuneTOHa-OCTPOrpajckoro NpH HCMOML30BAHWH
runoressl Kupxroga-Jlisa.

B Takoit nocraHoBke 06BLEMHBIE CHIIHI 3JIEKTPOMArHATHOIO IPOHCXOXKIAECHHS,
nobasiseMbie K NONHBIM OGBEMHEIM CHITaM, MPEACTaBIIAIOTCA B BHAE

£ = K= (Gon(rot (Ux I H, ®)

rae Ulu,uzuz) — Bexrop nepemeniennii; H(H, H,,H;) — BEKTOp HanNpKEHHOCTH
MarHUTHOro TOJs.

K nonoit moBepXHOCTHOH M KOHTypHOMH (rpaHnWdHON) cmie ZoGaBnsroTCs
3NeKTPOAHHAMHYECKHE TEH30pbl HaNpskeRuiH Makcemna

(

|, =o.

1 6y 75 e 1 '3 ¢rre 6, refye
Ta=o [H,h, +h,H,]———4:_ AL T = [Hehe + 1 H,]——-4;h ae, %)
0,i %k,
rAe 6 ={1 ::k

Ay

Cootnowernns (4) u (5) c yuerom (6) 1 (7) onpenensroT MareMaTHIECKYIO
MOJIeJb MarHUTOYNIPYTOCTH TOHKHUX TUIACTHH M o6onovek.

Jlanee paccMOTpHBalOTCA BONPOCH! AMTOPUTMH3ALMM B MarHUTOYNpPYTOCTH
TOHKMX ILIacTHH U 0bosouek cioxHoit Gpopmel.

Tpetbs raBa «MeToabl pelmieNHd KpaeBLIX 3334 MAarHHTOYNPYTOCTH
TOHKHX Tejl MerofaoM R-dyHkumin» nocBsmeHa METONAM PEUICHHA KPaEBRIX
3a71a4 MarHUTOYTIPYroCTH TOHKUX TeJl C MPHBJIeYeHHeM MeTona R-dyHkumii.

Jois pemenns nocTariicHHOHN 3aa4i Kole6aHHA MarHUTOYNPYTHX TUIACTHR H
NOJIOrMX TOHKMX ofonouYek MpUMeHAeTcd BapHauMOHHBIH wMeton ByOHoBa-
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l'anepknna. Kak M3BECTHO, NPH 3TOM NpOLleCC pelleHMs 3ajaud COCTOMT M3
ClIeAyIOIMX 3TaNoB:
® NOCTPOEHHE NOCNEAOBATENBHOCTH KCOPAMHATHLIX (YHKUMHA (CTPYKTYp
pelueHnii), yIOBIETBOPAIOHNX 3aJaHHBIM [PAHKYHLIM yCIOBHAM;
® JHCKpETH3aUuMsA [0 OPOCTPAHCTBEHHBIM MEPEMEHHLIM, MOCTPOEHHUE
pa3pemaoluX ypaBHeHMi, T.€. I0CTPOSHUE AUCKPETHOM Moy,
® pelieHHE paspellAlONX YPABHEHHH, M HAXOXKOEHHWE HEHW3BECTHBIX
KOMIOHEHT CTPYKTYPH! PELICHHIA;
® onpejeneHUe HEM3BECTHBIX (GYHKUMIA, B HAILIEM C/y4ae TAHTEHIHANLHBIX U
HOPMJIBHOTO MepeMelieHnHi CPEAUHHON MOBEPXHOCTH 000I0UKH.

Ha nepeoM sTane npH MOCTPOEHHH NOC/AEAOBATENLHOCTH KOOPIAHHATHBIX
GyHKURH, YAOBNETBOPAIOIMX 3afaHHBIM TPaHMYHBIM YCJIOBHAM, MCHOJIb30BaH
CTPYKTYpHBIH MeTon R-pyHkuuit B.J1.PBauesa. OTMETHM, YTO C HCNONL30BAHUEM
3TOr0 METOJa CTPOMTCA NMOCJEAOBATENbHOCTh KOOPAMHATHLIX (YHKLKI B Buge
CTPYKTYphl  pelU€HHii, YJOBNETBOPAIOINMX [PaHM4HBIM  YCIOBHAM  NpH
NPaKTHYECKH MPOM3BONLHOM COXHOH KOHHrypammu KoHTypa ofonodex B
IUIaHe.

B obmem cmyyae CTpykTypy pelleHHii, MOCTpoeHHylo MerogoM RFM,
MpEACTaBASEM B BUIE

u=u(a,d,), v=v(e,d,), w=wo,d,), (8)

rae
Ny+Ny+Ny

N. N N,
@, =Y cO0(x), &= Y cOp(xy, D= > cOfxy).

=] i=Ny+l inN+Ny+l

Toraa uckomsre dyuxunm (4, v u w) 3anucsiBaem 8 hopme

N N, +Ny Ni+Ny+N,
=Y oOu@,5y), v= S cm@xy, w= Scom@xy).  (9)
t=1 N+l 2N, +Ny+1
3pech @ — HOPMaM30BaHHOE ypaBHEHHE rpaHulb o6nactn 060104Ky; ¢,, 4,
H f, — HekoTopeie nonHble (6asucheie) cucteMsl yHKUMA (CTeneHHOH,
Yebpilepa, TPUTOHOMETPHYECKHE MONMHOMBI M T.L); C; —~ HEONpeneneHHnIe

K03 HUMEHTEI CTPYKTYDEI PELIEHHI, NOIEKALINE ONPEAEIEHHIO.

[Noxacrasisis CTPYKTypEI perieHni B ypasueuns (8), (9) u nposens npoueaypy
OUCKPETH3aMM NO [OPOCTPAaHCTBEHHLIM MEPEMEHHBLIM X H Y, NOJy4aem
paspelnaoniee  ypaBHEHHE  (OMCKPETHYK)  MOMENb) VIl HAXOXICHHUA
HEOMPEAESIeHHBIX KO3(()HLIMEHTOB CTPYKTYpbl pELIEHHI.

B cmyuae muHamuky paspemraioliee ypasHeHHe NpPEACTABASETCA CHCTEMO#
06LIKHOBEHHBIX MU hepeHIHaNbHbIX ypaBHeHHil (COY)

AC+BC=F (10)
C Ha4aNbHBIMH YCITOBUAMM
C,.., =Co> Cll_lo =G, an
Al 0 0 Bll Blz BIJ C[
rme A=| 0 4, 0},B=|B, B,, B,|,C=|G|,
0 0 4 By, By, B, C,
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A= J]-Llu,ujdﬂ, i=LN,, j=LN,,
Q

A, = ﬂlqvivjdﬂ, i=N+LN,+N,, j=N,+LN,+N,,
o]

A = HLJW,WI&,'-=NFN2+LN|;"Nz"‘N:n J=N+N;+LN,+N,+N,,
0

B, = J.[l'll“l"jdn’ i=LN,, j=LN,, B,= .Ul"zvlu}m’ i=N+LN+N,, j=LN,,
O Q

B”=ﬂ'LUw,ude,i=Nl+Nz'+l,N,+N,+N,, j=LN;,
Q

By, = [[LuyvdQ, i=TN,, j=NFLN+N;,
Q

By = .Uanlvdes i=N+LN,+N,,j=N,+LN+N,,
o

By = [[Lwv,dQ,i= N+ N ¥LN ¥ N, +N;, j=N+LN+N;,
Q

B, = IIL,,u,w,dQ, i=,N,;, j=N+N,+LN, ¥ N, +N,,
n

B, = J]'[,,,g,w,dn, i=N¥LN¥N,, j=N+N,*LN,¥N,+N,,
Q

By, = ﬂl'sswﬁvjdﬁ,i: N ¥N,+LN,+ N, +N;, j=N+N,+LN+N,+N,,
3

C= quwldﬂ, j=ﬁ, G= H%w/‘ﬁ): j=N+LN+N,,
o o

C, = Hq,w,dﬂ, j=N+N,+LN,+N,+N;,
Q

3mech L, L, - COOTBETCTBYIOmMHUE auddepeHunambHEIe ONEpaTopLl ypaBHEHHH.

B ciyyae CTaTMKH pa3spemaioliee YPaBHEHHE TNPEACTaBIAETCs CHCTEMOM
nuHelnsx anrebpanaeckux ypasuenwit (CJIAY):

BC=F. (12)

Jing pelieHus pa3peltaroliX ypaBHEHUH MOXHO MCNONB30BATh W3BECTHBIE
YHCIeHHEIE METOAB anrefpt ¥ aHann3a, B YaCTHOCTH, Ans pemenns COMY (10),
(11) — merox Helomapka, a ans pemreHus CJIAY (12) — meron nckmodeHHs
Taycca. Tlpu 3TOM A  BLMUCHEHAA  ONPERCNEHHEIX  WHTETPaloB,
NPEACTABJIAIOWMX KOMITOHEHTBI IUIN MaTpHll MacChl M JKECTKOCTH, a TaKke
KOHTIOHEHT BEKTOpa TpaBOil YacTH, BIONIHE TPHMEHAM YHCIEHHBIH MeTox
BBIYHCIICHUS ABYKPAaTHEIX HHTerpanos ["aycca.

Y, HaxkoHel, ofpeneieHue HEW3BECTHHIX (YHKUHMI — TaHTEHLHANbHLIX H
HOPM@JILHOrO  MEpeMElleRUli  cpelMHHOM  NOBEPXHOCTH  oOonoukH  —
OCYHIECTBIISETCSA 110 CTPYKTYPHEIM JopMynaMm.

CrpyxTypa pemeHnii ANA rpaHuIHbIX YCHOBHIA:

JKECTKO 3aLEMIIEHHOrO Kpas
u=owd, v=o0b,, w=0'd,;
(WAPHUPHO 3aKPEMIEHHOTO MPaHUYHOTO YCIOBHSA
u=od, v=o0d,,w=od, -’ (®,(D,0+vL,o)+2Dd,)/2
UTA.
3necs D, D, T: — mddepeHunantHbie onepaTopsl.
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B d4ereeproii rmase «IIporpamMMEBIi KoMILIekc
MAarHHTOYNPYrOCTH ILIACTHH H 000J104ex MeToaom R-dynkuniny aucceprauus
paspaboTaH NMpoOrpaMMHbIH KOMILIEKC A PacieTa MarHUTOYNpPYroCTH TOHKHX
mnacTHH 4 o6onoyek co cnoxuoii popmoii ¢ ucnonb3opatueM MeToaa R-dyHkum#

P

pacuera

BubmsoTexa THOOD B
KOKCTaHT
BufinuzoTexa mogyncii A1a Bubnusorexa s Bubnsorexa min
R onepanmii 1 xepreaaux onpeaencH yHxuii reomeTprH
onepatgsii NORIHTCrPANLHAIX obnacti
BRIPJKCHHH
Bufnuorexa ans BubnuoTexa aaa rexepauuu
CTPYKTYpHEIX TOHEK K BCCOB MITCIPANIOB
Gopuyn
Bubnrorexa aua dopuup 0B pa3p 0 YT
BubnuoTrexa Moxyneit ans Ynpasasion@as Bubarorexa mogyneit g
PeIIeHHR Pa3peINAIONIX ] nporpamma ] odopsuichma pesynsraros |
Yypasuenui pacucra
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L Bxoanas undgopmamus —I

Puc.1. CTpyKTypa KOMI/IeKCa IPOrPaMMHBIX CPEACTB

[ u

Ha ocrome paspaboransoro anroputMa 4 MNPOAESAHHOrO MOAYNBHOTO
aHaIM32 ANrOPHTMOB PpEIlEHUs 3a0a4 MarHMTOYNpPYroCTH TOHKHMX IUIACTHH H
" ofonovex co cnoxuoil (opMoii paspaboTaH HOBBII KOMILIEKC MPOrpaMMHBIX
cpeacts (KIIC). Ha 6ase cymectBylomero KIIC pa3paOoTaH HOBbA KOMILIEKC
NPOrpaMM, a €ro CTPYKTYPa COCTOMT M3 CeRyIOLHMX 6I0KOB:

1. BuOMHOTEKA THITOB M KOHCTAHT.

2. Bubnuoteka momynel s R onepaumii U KapTexHbIX onepauui.
3. BubnuoTeka iA onpeneneHNs NOABHTErPANBHBIX BEIPAKEHHIA.

4. Bubnuoteka ma QyHxumii reomerpun obnacté (M HMX NPOH3BOIAHBIX
HeoOXOOHMOro NopAAKa).
5. bubinnoTeka A1 CTPYKTYPHBIX Gopmyn.

6. bubnnoTeka A0 reHepaLUK TOUYEK U BECOB MHTErPANoB.
7. Bubnnoteka ana GopMMpPOBAHHS EMEHTOR Pa3pellAIOIEro YPABHEHH.

8. bubnnorexa moayneit [ pelieHHA pa3pellalolMX ypaBHEHH.

9. Bubanorexa Moayne#i nnsa oopMneHns pe3ynapTATOB pacuera.

10. bnok «Ynpaensionias nporpamMmay.



Kaxcaptit 60K KOMIUIEKCA NpOrpaMM COCTOMT M3 HECKONBKMX MOMyINeH,
oopMneHHbIX B BuAe npoueayp H QyHkumit. W3 3THX MoAymel CO3NAHBI
6u6mioTexu moanporpamm. Jaunsiit KTIC peanmnzosan Ha s3sike DELPHI B cpene
MS WINDOWS.

PaspaGorannstit KIIC no3poJiieT aBTOMaTH3HPOBATh PEINEHHE KpaeBbIX 3a71at
MarHUTOYMpYTOCTH TUIACTHH M o6onodek co cnoxwo# ¢opmoli B muiane amd
cucreM IudpdepeHIHATBHBIX YPAaBHEHMH € 9aCTHBIM NMPOK3BOXHEIMH, K KOTOPHIM
CBOAATCA MHOTHE 3aa4yl MEXaHNKH CIUIOIIHLIX CPeX.

CTpyxTypa ¥ B3anMozeiicTBHe ocHOBHEX 6noxos KIIC noxasana Ha prc. 1.

TMpHBeaenHa HHCTPYKIHA K HCAOB30BAHHIO IIPOrPAMMHOT0 00€eCICICHHA.

B narto#i rnase «BhreACMTENLHBIE JKCIIEPHMEHTRI N0 peleHHI0 33439
MAarHATOYNPYTOCTH TOHKHX Tel MeroAeom R-dysaxmuipy auccepralioHHOM
paGoTsl IMPUBOXATCS PE3yNBTaThl BEITHCIUTENLHEIX 3KCIIEPHMEHTOR M0 PEMICHNMIO
3ajay MarHMTOYIIPYTOCTH TOHKHX SUIACTHH M 060Joyek ¢ momolunpio Meroaa R-
byHKnHE.

Jina of6ocHOBaHHMA XOCTOBEPHOCTH MPHOMVIXKEHHOrO PEmeHHs PacCMOTPEHEI
3aja4d CTaTHKW JUIA MarHWTOYTNIPYTHX IUTacTHH, MMerommx ¢opMy Kpyra R
KBafpaTa C JKECTKO 3aMIEMIEHHBIMH W CBOOOAHO OMNEPTHIMH KpPacBhIMH
YCIIOBHAMH.

B tabnuue cpasuuBaloTCA 3Havenus TouHoro (Wr) w nprémmxenHoro (W)
pewenni 3agaud MerogoM R-(yHKumit KBaapaTHBIX, KpYribIX MIACTHH HNpH
COOTBETCTBYIOIIMX FPaHHYHBIX YCIIOBHAX B PasiMYHEIX TOUYKaxX, OTKYAa BHAHO,
YTO MONyMeHHBIC HaMH Pe3yNbTaTel pacueTa Mano OTIHYAloTCA OT pe3yibTaToB
TOYHOTO peUlieHnd, a 3TO TFapaHTHPYeT MACCTaTOYHYI0 JAOCTOBEPHOCTE H
NpUMEHAMOCTL MeTofa R-(yHkumit Ana pacdera MarHHTOYmpyrmX NIIIacTHH CO
crnoxHOH dopMoit.

Ta6nana. CpasEBTEILALIA AHAAH3 TOYHOr0 A MPHOIHXCHHOTO peINeHB

(x,y) | Ksan. xecr.3am. | Ksan. mapH.zaug Kpyr. xkecr.3am.

Y Wa Wr Wr Wr Wr Wr

0.0 0.0 0.96787 | 1.0000 { 0.99745 | 1.00000 | 1.00002 | 1.00000
0.2]0.0]0.89655|0.9216 | 0.94895 | 0.95105 | 0.92160 | 0.92160
0.4[0.0]0.69533 | 0.7056 | 0.80787 | 0.80902 | 0.70561 | 0.70560
0.6 (0.0 | 0.40978 | 0.4096 | 0.58741 | 0.58779 | 0.40960 | 0.40960
0.810.0]0.13136 | 0.1296 | 0.30845 | 0.30902 | 0.12961 | 0.12960

B nucceprauMH paccMoTpeHa 3aja¥a H3ru6a MarHMTOYNpYTOH [UIRCTHHEI
Haxoaswelics B MarHUTHOM TIONie C 3a[JaHHbLIM BCKTOPOM HAINPAOKEHHOCTH
maruutHoro nons H(H, H, H,). Ypasnenne cocrosHus B Gespasmepnnx
KCOpAMHATAX JAHHO# MNACTHHEI, B CHITY (4) HMEET BAX

o'w ., d'w 3w o'w , d'w  dw , Fw , dw
ky— P +k, &’@”’aﬁaf”‘w’””&""k P k’axay”‘ a——q, (13)
rac
I(H} +H}) le JHH, a1 *(H!+ H! +2H?) °H.H,
sl =2y = 2j k=2 ;
h=lr 4D ok = 4nD 4nD
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gl +H,2).k __hH;-HY) | 4Wa’HH, Ka'(H}-H})
4D ¢ D T T T 4D
Coepsa, B KauecTBe IpHMepa BO3LMEM MEOHYIO ILTACTHHY, MMEIOLLYIO
Kpyrjiyio ¢opMy ¢ ABYMsA KPYroBLIMH BLIPE3aMH H HAXOAALUYIOCS FIOA ReiiCTBHEM
PaBHOMEPHO PaCIpe/IeNeHHOMN Harpy3KH g.
3nece @ = F, A(F, AF,). Jloruueckue GyHKUMM A/ ONOPHBIX obnacteii F), [
4 F; npeacrasnsem B BUAE
R=R -3 -y 20F=(x-a)l+y -r* 20, F,=(x+a)* +)* - r* 20, .
rae R — pagMyc Kpyrno#i IUTaCTMHBL, ¥ — PagMyC KPYroBOTO BBIPE3a ILIACTHHLI C
LieHTpaMH B Toukax (a,0) u (-a,0).
Ilpu pacdere nNpMHATEL ClefylOIME BXOAHLIE MEXaHHUYECKHE M
reomeTpudeckue napamerper: H, = H, = H, = 10 k3, (1 3 = 1 k2""/(n"cex));
p=89%10° xz/»’ — mnoTHOCTH matepuana miactuusl; b = 1077 m — Tommuna
a‘*Q,
Dh
MOAyslb YIPYrocTy; v =0.3-ko3dpduuuent [lyaccona; R=1I/rr=02m a=035
M.

ks=j*+

IUTACTHHBL, g = =1- Harpyska, AefCTBYIOLIaa Ha mwiacThHy; E = 10" H/m* —

B xauectBe 0a3UCHOrO MOJMHOMA, BXONALIEr0 B CIPYKTYpY peILeHus,
BO3bMEM CTENEHHOil MOTMHOM.

0008 0,0008
a0 .. o
00007 3\ 00005 &%
\ 0,000% 1
3 008 Py ceena L 200000 3
a0c0e ‘{ B oscs Vo e cheoche10
0,001 x et : “, ~~~~ datoch=32
00002 X 0.0002
ol o I
o N e, ° LN e
o o2 o4 05 OB 1 12 6 02 04 0§ 08 1 12
Oox ox
Pac. 2. Iporu6 no ccu Ox Puc. 3. IIporu6 no ocn Ox
aans - o
//":\ o ) N
amie P \‘\ //
P by ooty ,/ -
4 oz s %
) 2
J/ \ i Ve
o o)
» ax08 i \ ecos \ :
el aso ki
_— osoaz §
: B )
emm - - . . . S ° o Y] o es 1 (%
: Oy
Pac. 4. IIporu6 oo ocu Oy Puc. S. Iporu6 no ocu Oy
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Ha puc. 2-5 npusemeHb! rpadukd M3MeHeHHs mpornba H OTHOCHTENLHO
crenexnu nonnHoMa (nk) ¥ uncna yanos Iaycca (clutoch) no cevennam O4 u OB.
Ha pucyHkax 2 ¥ 3 npuBeAcHB! rpadmky H3MeneHus nporuba no cegenmo OA,
npy clutoch=20, a nk uamenserca ot 2 no 4 u nipu nk=3, a clutoch npaanMaer 20
u 32 coorsercrBenHo. Ha puc. 4 u 5 npu Tex xe 3HaueHwsx nk w clutoch —
COOTBETCTBEHHO 110 ceueHMro OB.

CornacRo rpadukaM, NPUBENCHHBIM Ha pHC. 2-5 fporm® AocTHTaer
MaKCHMAJILHOTO 3HadeHns B ceueHHH OB npu mpubmokennu k Touke x=0, y=0.5,
9710 CNEeAyeT OXMAaTh. SHaUeHHe nk=3 ABMAETCA AOCTATOTHBIM A HCCIEAOBAHAA
NOCTaBJIEHHON 3anauW, Npu koTopom Habmomaercs xopomas CXOOMMOCTS.
CneqyeT TaKkiKe OTMETHTD, UTO C YBENIMYeHHeM clufoch CXOIMMOCTh YyIIIacTcA.

AHanornyHble pacyerbl MPHBEICHHI A KPYIJIoH MUIACTHHBI C YeTHIpbMA
KPYTOBEIMH Bbipe3amu. MccnefoBanus UPOBENCHH IPH TEX € BXOAHBIX
TEXHHYECKUX H FreOMETPHIECKHX MapaMeTpax, YTo ¥ B NiepBoji 3anave.

Taroxe paccMOTpeHa 3aja4a W3rnba MarHUTOYNpYToH IUTAaCTHHE, HMCIOMEH
¢OopMY BOCEMHUTPaHHHKa, XKECTKO 3aleMIEHHOTO [0 BCEMY KOHTYPY.

3neck @=(F AR)V(F AF,),

F=a-x20,F,=a*-y* 20, F, =b* —(x+y)* 20; F, =b* — (x—y)" 0.

Brmuucrnenns TpOBOAATCA NPU 3HA9EHWIX a=1/v2 u b=1.

Jlanee B mucceprauMH  HCC/ICHOBAaHO  CTaTH4ECKOe  BITHAHHE
97IEKTPOMAarHUTHBIX CHN, B YaCTHOCTH, HaMpAXEHHOCTH MarHMTHOIO Nojs Ha
HanpAXeHHO-RePOPMHPOBAHHOE COCTOSHHE, KOTAA Kpad MacTHHEI IMapHMpHO-
3aKpPEIUIEHBI 1O BCEMY KOHTYPY H HMEIOT CIIOXKHYIO opMy.

Ay

h
v o N
Y 4 \
4 N
I’ N
: e \
(s] > ,/ L
4 g -
. Ngle
\ A
p 4
\'\ e //
Pac. 6. IIpamMoyroabREIK ¢ OKPYIICRHBIME Pac. 7. Konbnesas niacTAAa
yriaama

Takxe paccMoTpeHb! KojnefaHNA MarHUTOYNpyroid TOHKOH NMpAMOYrofbHOMH
[UTACTHHBI C OKPYTNEHHBIMH YrjlaMM B TOCTOSHHOM MAarHATHOM flofie, KOTZa
MarHUTHOE TIONie BRIYMCNAETCS W3 3a0add MArHATOCTATHKH, H KONBLLEBOK
UIACTHHBI CO CMEMaHHBIMH TPaHHIHBIMM YCJIOBHAMH (XKECTKO-3aEMIEHHAd Mo
BHELIHEMY KpYry ¥ cBoOOJIHas MO BHYTPEHHEMY KpYry), NPeACTaBICHHbIE HA PHC.
6 U 7 COOTBETCTBEHHO.

Ha puc. 8 U 9 npusemeHsl rpaduku pacyeroB NoBeAeHHA mipornba B
PazNUYHBIX TOYKAX KECTKO-3alIEMJIEHHO MO BCEMY KOHTYPY IUIaCTHHEL,
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HMEIOMEH CoXHYI0 (OpMy, T.e. NPAMOYrOJIHON [UIACTUHLI C OKPYIICHHBLIMH
YIJIaMH NpY AEHCTBUM MarHHTHOIO M0 (Maz2) U NP €ro OTCYTCTBHH (Mex).
AHanu3 pe3yNETaTOB pacieTa MO3BOJSET CMENO YTBEPXKIATh O BIMSAHHH
JEKTPOMArHMTHBIX [I0fIefi Ha TOHKME O3JIEKTPONPOBOAHBIE ILUIACTHHE. B
YaCTHOCTH, BJIMAHUE 3JIEKTPOMArHHTHBIX CHI 3HAYMTE/IbHEE B LEHTPE MIACTHHEL.
IocnenoBaTensHOCTE  KOOPAMHATHEIX — (YHKUMH,  yNOBNETBOPAIOLIMX
CMEMAHHBIM TPAHUYHEIM YCMOBHSAM, NOCTpOeHHas MeToaoM R-gyukumii B suae
CTpPYKTYph! penieHuit, npe,ncrame'n:n B BHAE
w=al®, oD ooy 5 ‘{_%[D;'u(z—v)u,")r;’)]x
(‘”lzd’l '“’I[Dz T®, )+ VT ( 20,)D—D,2(m,’¢1)—y7'22(q’¢,)},
2 2 n
3pech w,=R —x -y , mz=r =x' oy » @,= D Cx.(0)x,(»);
2R 2r i,j=0
w; — GyHkupa rpasHuupl no auametpy 6OMBUIOTO Kpyra; w, — QyHKumua
BHYTPEHHEH rpaHMUe IO AMAMETPY MAJIOro Kpyra; @; — ¢opmysa pazaeneHus
BPEMEHHOH M NpPOCTPaHCTBEHHO# nepeMmennsix; D,,T - auddepenunanshsie

(R

OII€PATOPEkI; R, r — cooTBercTBEHHO paguychl GoNbImoro u MaJioro Kpyros.

-~—max
00020 - mag moag

] S
/f ey /‘,] | {r
\ "1 ’\/1 } \
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Pac. 8. KoneGaune maactuun B Touxe (-0.9y=0) Prc. 9. Koneanue naacrunmt @ Touxe (x=0,y=0)

. Mapamerper: D = 5,3 mm = 0,53 cm (R=D/2),d = 1,9 mm = 0,19 cm (r=d/2),
h=0,6mm=006cm, o= 910— E=89TTla=89*10" =5 X2 o= 83341075 xe

G =34ITla=34*10" "z,v 0,3, g=4400— (g= 4400sm[ )"—i).
oM’ t, Jem

-na o—atin

o

Pac. 10. igarpamma npora6a 8 Toaxe (0.15,0)  Puc. 11. luarpamma usopsxennii 8 Touke (0.15,0)

52



Ha puc. 10 u 11 npuBeneHsb! pe3ynbTaThl pacyera nporn6a A HanpsKeHHi B
XapaKTEPHLIX TOYKaX obnacTi.

3AKTIOYEHME

Ha ocHOBe mNpOBEAEHHBIX WCCIEAOBAHME NO HOKTOPCKOM AHCCEpTALMA
«MaremaTHIeCcKOe MOJEHMPOBAHHE TNPOLECCOB BIMAHMA 3NEKTPOMarHATHEIX
nonei Ha xeopMaLMOHHOE COCTOSHHE TOHKHX 3JIEKTPOTPOBOHEIX TENl METOHOM
R-¢dyHkuuii» npencrapieHs! ClEXYIOIHE BLIBOIL:

1. OnpeneneHs! OCHOBOMOJNAraloUIME TIEOMETPHYECKHE H  (H3HMYECKHE
COOTHOMIEHHS ITHHejiHON TEeopHH YMNpPYrocTH M JIAHEHHON 3IeKTPOAMHAMAKA C
YyHUeTOM CBOMCTBA KOHCTPYKIIWM M MEXaHWIECKNX XapakTepHCTHK MarepHajia At
JNEKTPONPOBORHBIX  TOHKMX  TeJ,  HAXOAAMMXCA  TNOX  BIHIHHEM
3MEKTPOMarHUTHBIX CHII.

2. Pa3paGoTabl HOBbIE MaTeMaTHYECKHE MOJENH H NOCTPOCHE! ABYMEPHEIC
MaTeMaTHYecKHe MOAENH MarHHTOYNPYrocTH TOHKHMX ofonoYek M mnacTHH Ha
OCHOBE o60ob1eHHOrO pUHLMNIA FamnieToHa-OcTporpagckoro c
Hcnomb3oBanyeM runoress! Kupxroda-Jissa Wid TOHKHX TEN C YIETOM JIHHEHHEIX
cootHomeHuii Komm u 3akona ['yka TeopHM YNpYrocTH HW COOTHOHICHHH
JTUHeHHON TeopHH JNEKTPOAMHAMHKH, B JaCTHOCTH YpaBHEHWI Makcsesuia, IpH
3TOM  BIHMAHHE 3JIEKTPOMarHATHOTO TONA  ONpedeNsdioTcs  OOBEMHBIMH
NOHAEPOMOTOPHLIMH cullaMit JIOpeHNa, a MOBEPXHOCTHEIE H KOHTYPHEIE CHIIE! —
3NMeXTPOMarHUTHBIM TeH30poM Makcaeia.

3. Pa3paboTaHbl 9HCNEHHO-aHATNTHIECKAE METOAE! H TOPHTMBI pemeHs
cucreM IuddepeHIIHATEHEIX ypaBHEeHHI! B YaCTHBIX MPOM3BONHEIX C HAaYalbHO-
KPaeBbIMM YCI/IOBHAMH, ONWCHIBAIONMX BITHAHWE 3NEKTPOMArHMTHHIX noneli Ha
IedopMalMOHHOE COCTOSHWE TOHKMX 3NEKTPONPOBOAHEIX TeNl (IIacCTHHH H
060:104KH) CIOXKHOTO OYEpTaHHA MPH COBMECTHOM NMPAMEHEHHH BapHAMOHHOTO
merona ByGHoBa-I'anepkuna ¥ cTpykTypHoro meropa R-dyHkipii, # nomydeHM
paspeLniaroliue ypaBHeHua (AMCKPETHBIE MOENHU).

4. CidopMupoBaHBl  CTPYKTYpPH  pellleHHWit  (NocienoBaTeNbHOCTH
KOODAMHATHEIX  (YHKUMi) N9 OCHOBHBLIX KpPAaeBBIX YCNOBHH  3ajad
MarHYTOyNMpyrux [IUIacTHH Y ofonoyek, HUMEIOMUX CIOXKHYI0 KOH(HIypaumio
obyiacti (Kpyr ¢ IBYMS M YETHIPEMSA KPYTOBHIMH BLIPE3aMHM, MHROTOYTOILHHK,
NMPAMOYTOIbHHK € OKPYTJIECHHBIMM YIrJlaMH H JAp.) MeroAoM R-QyHRKuwH,
NOCTpOEHB! HOPMAIH30BAHHEIE YPABHEHHA JUIA CIOXKHEIX ofnactedl TORKHX Tel, €
HCMONMB30BaHAEM KaPTEXHEBIX ONepaluii anrebposiornueckoit Teopun R-dyHiumii.

5. Pa3paboTaHBl BEKTOPHO-MATPHYHEIE COOTHOMICHHA IUIA NHCKPETHBIX
Mopeneil MarHHTOYNPYrocTH TOHKHX Teil, c()OPMHPOBAHEI COOTBETCTBYIOIMHE
6novHLIe MaTpHILI AeMNUPOBAHHA M Jp. TiPH MOJAENHPOBAHMH TOHKOCTEHHBIX
KOHCTPYKUWI{, ONpelesiseMEle CHCTEMaMM JIHHeWHBIX anrefpawveckux H
OOBIKHOBEHHBIMM AM(epeHIMATLHLIMY YPaBHEHHSAMH C RaYalTbHEIMH YCROBUAMU
H YUCNEHHbIE METOIbl PElIEHAA JaHHBIX CHCTEM YPaBHEHHM, OCHOBaHHBIC Ha
TNpHMEHEHWH KBaJPaTypHEIX CYMM, MeToioB Helomapka 1 uckioueHns ['aycca.
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6. Ha ocsoBe MpOBENEHHOr0 MOJYJ/ILHOrO AHANK3a ANTOPHTMOB pElUEHHs
KJIACCOB 3ajlad MarHMTOYOnpyrocTH TOHKMX IUIACTHH M 000JI0YEeK CJIoKHOMH
KOHCTpYTUBHOM ¢opMmbl paspaboraHo nporpamMmHoe ofecnedenne B BHAE
KOMIUIEKCa MPOrpaMM UI pacyeTa MarHHTOYNPYTOCTH TOHKMX Tesl MeToJoM R-
$yHKIMHA Ha KOMIIBLIOTEPE, COCTOAILErO U3 AECATH CCHOBHBIX MOAYJICH.

7. PazpaboTaHbl 4HMCIEHHO-aHAIMTHYECKME MeToabt M oOOCHOBaHa
LIOCTOBEPHOCTD MOMYYEHHbIX YHUCIIEHHBIX pe3y/bLTaToB pacuera
MarHMTOYNpyrocTd TOHKMX IUlacTMH O obnactedl  xiaccuyeckoit  (opmsl
(xBagpar, Kpyr) MyTeM CPaBHEHHsS TOYHBLIX H MPHOMMKEHHBIX peuleHui METogoM
R-dyHkumii, npd 3TOM paccMOTpeHBl IUIACTHHLI, HMEIOIMHME KaK IKECTKO-
3aleM/IeHHble, TAaK M LIAPHUPHO-OMEPThie KpaeBble ycnoeus. Kccnemopana
CXOZMMOCTb BHIMHCIMTENLHOIO alropyTMa pacyeTra MardMTOYNpyroCTH TOHKHMX
0o60n04eK M [IACTHH CO CJIOKHOM KOHCTPYKLUMOHHOHM (hOpMOil OTHOCHTENRHO
KONMYECTBA KOOPAMHATHBIX (YHKUMA CTPYKTYpPhl peElUEHHid, IOCTPOEHHBIX
MeronoMm R-pyHkuwii, a Taioxke OTHOCHUTENBHO KOJHYECTBA Y310B (TOYEK) npH
BBMMHCIEHUH HBYKPATHLIX MHTerpanoB. B xauectBe 6aszucHoro mnonuHoma
BLIOMpaeTCs CTeNeHHOH NONHHOM, W XOpOWAas CXOAMMOCTh Habmiojaercs mpH
crenedy nonHoMa 3-4 (4ro cooteercreyer 10-15 KoOpAMHATHBIX DYHKLMIA).

8. Ha ocnoBe pa3paboTaHHOIO  ANrOPUTMHYECKH-IIPOrpaMMHOTO
MHCTPYMEHTapus (KOMIUIEKCZ MporpamMM) MpOBEA€Hbl  BEIMHMCIIHTE/bHBIE
SKCOEPHMEHTEI [0 PElleHHMIO 324a4 CTATMKH MAarHUTOYMNPYrOCTH TOHKMX ILUIaCTHH
s obnacreéi co cnoxHoit xoudurypaumedi (Kpyr € OByMa H 4EThIpMA
KPYroBbIMH BHIpE3aMH, MHOTOYTONBHUK C0XKHOrO 0uepTaHHs, KonsLo). [Tokasano
CTAaTHYECKOES BAHAHHUE IJIEKTPOMArHBWTHOTO MOJIA Ha nedmopmauuonuoe COCTOAHHE
IUVIACTHHBl C JKECTKO-3alUEM/IEHHBIMM M IUADHHPHO 3aKPEIUIEHHBIMH KPaeBhiMH
YCNOBHAMHM MpH 3aJaHHOM MAarHMTHOM [Ofieé C PA3NUYHBIMM 3HAYEHUAMH H
HaNpaBJIEHHAMH HANPA)XCHHOCTH MarHUTHOIO NOJIA.

9. HccnepoBaHO AMHAMHYECKOE BJIMAHME 3JIEKTPOMATHUTHOIO MOJsA Ha
ne(hOpPMALIHOHHOE COCTOAHHE MJIACTHHEI C JKECTKO-3aUIEMIEHHBIMU U LIAPHUPHO
33aKpEIUIEHHbIMH  KpaeBbIMH  YCNOBHAMH Ha  OCHOBe  paspaboraHHoro
ANrOPHTMMYECKH-NIPOTPAMMHOIO KOMILIEKCA M MPOBEACHLI BBLMUCIHTENbHbBIE
3KCHEPHUMEHTHI 110 PEIICHHIO 33134 JHHAMMKH MarHHTOYIpYrocTtd TOHKHX Ten AN
obnacteii co croxHo# koH(purypanueii merogom R-¢dyHkumi. PaccMorpensl
IUIACTHHB! ITOCTOAHHOM TOJIMHbI, U3rOTOBJIEHHBIE U3 MaTepdana C KOHEUYHOM
INEKTPONPOBOAHOCTBIO, HAXOAALMECA BO BHEIDIHEM 3JICKTPOMArHMUTOM INone. an
3TOM 33j4a4a pelaeTcd B OBa 3Tana: Ha nepBoM  — PpelIaeTcs  3apaua
3MEKTPOCTATHKH M OMNpPERENAIOTCS 3HAYEHMS HANPSXKEHHOCTH MArHHTHOIO Moss,
Ha BTOpPOM —~ pellaeTcs 3ajada MarHUTOYNpyrocTH C MCHONB30BAaHHEM B HeH
3HAYEHMA MarsuTHoro moma. OnpepeneHo AMHAMMYECKOE BAMAHME 3JIEKTPO-
MArHMTHOIO NoJis Ha Ae(OpMaLMOHHOE COCTOSHUE TOHKHX TeN CIOMXKHOMH (HOpPMBL.

10. IlonmyuenHble pesynsTaTsi B BHAE AIrOPHTMHUECKH-TIPOrPAMMHOIO
HMHCTPYMEHTapUs BHEAPEHDI [IPH PEIICHUH KOHKPETHAIX 3371a4 MarHUTOYNPYroCTH
TOHKHX 600JI04EK M MNACTHH CO CIOXKHOM KOH(HTypalueli B paMKax X0340roBopa,
H B PaMKax BHeJPEHHs IMOJlyYyeHa 3KOHOMH4EcKas 3¢¢eKkTHBHOCTL B pazmepe
127,8 MaH. cym.
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INTRODUCTION (Summary of the doctoral dissertation)

The topicality and significance of the subject of dissertation. Recently
science has seen a rapid development of theory related fields, i.e. the mutual
influence of two or more physical fields, in particular, a typical example of this
direction of research is magneto-elasticity. Electromagnetic sensors are in high
demand at the present time in the world, according to forecasts only for the
automotive market the proceeds of their sales in 2012 amounted to 812,2 million
US dollars, next 2013 year they increased by 9,5%, and in subsequent two years
this indicator grew by 6-7%, and the end of 2016 it is expected that the amount of
revenue will reach 1,1 billion U.S. dollars’.

In Uzbekistan, held large-scale activities on the use of magneto-thin bodies
in the technical designs and identify the influence of electromagnetic fields on the
on deformation state of thin electro-conductive bodies. In this area, it is important
to develop methods for determining the effects of electromagnetic fields on the
deformation state of thin electro-conductive bodies of complex configuration,
development of methods and algorithms for solving systems of differential
equation in partial derivatives with initial-boundary conditions defining the
magnetoelastic thin plates and shells of complex structural shapes, aimed at study
the principles of creating magnetocumnulative generators for plasma confinement
devices in fusion devices, magneto-hydrodynamic accelerators of contactless
magnetic poles moving systems, high-quality and long-term use of measuring
equipment, operating in the area of influence of electromagnetic fields.

In world practice, focuses on process modeling effects of electromagnetic
fields on the deformation state of thin electro-conductive bodies, development of
mathematical models and numerical-analytical methods for solving partial
differential equations derived from the initial and boundary conditions governing
magnetoelastisity thin plates and shells of complex structural forms, using the
method of R -functions formation of systems and structures of solutions satisfying
the boundary conditions for the magnetoelastic plates and shells of complex
configuration that is of particular interest from the scientific community. In this
area, the implementation of targeted research are priority tasks, including scientific
research in the following areas: development of numerical and analytical methods
and algorithms for solving systems of differential equations in partial derivatives
with initial-boundary conditions, describing the influence of electromagnetic fields
on the thin electro-conductive bodies (plates, shells) of complex configuration;
development of complex software tools using the method of R-functions,
magnetoelasticity thin bodies of complex shape, calculation algorithms of the class
of problems of magnetoelasticity thin plates and shells of complex shape;
conducting computational experiments to determine the degree of influence of
electromagnetic fields on thin plates and shells with complex structural form, the
development of algorithms for solving problems of statics and dynamics
magnetoelasticity thin bodies.

! htp://www . digitimes.com/
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In Uzbekistan, the modeling of the effects of electromagnetic ﬁ?lds on the
state of deformation of thin electro-conductive bodies, theory of magnetic elasticity
for the interaction of the deformation field and the electromagnetic field in a so.hd
elastic body is aimed at the study of the principles of creating magnefo-cumUIa“Ve
generators, devices for plasma confinement in thermonuclear facillty, magneto-
hydrodynamic accelerators, contactless magnetic bearing of the moving systems,
measuring equipment, working in the field of action of electromagnetic ﬁe.lds.. In
various industries technical and economic reliability from the practical application .
of magneto-elastic sensors is characterized by the error of their component errors
of 2-3%. _

The thesis is directly serve the implementation of the tasks set out in the
following provisions of the President of the Republic of Uzbekistan: PP-1730 of 21
March 2012 «On measures for further implementation and development of modern
information and communication technologies», the PP-1442 of 15 December 2010
«On the priorities of industrial development of Uzbekistan in 2011-2015 years»,
and in the decree of the Cabinet of Ministers of the Republic of Uzbekistan Ne64 of
7 March 2012 «On additional measures on decreasing production expenses and
reduction of production cost in industry» and also in other standard legal
documents accepted to the sphere.

The use of thin electro-conductive bodies in the elements of constructions of
devices and machines under the influence of electromagnetic fields in modern
electronic, medical and other measuring systems, as well as in communication
devices, radio engineering and computer science establishes topicality of the
research problems of mutual influence of electromagnetic fields and electro-
conductive thin bodies having a complex configuration by R-function method
(RFM).

Relevant research priority areas of science and developing technology of
the republic. Relevance of the research to priority directions of the development
of science and technology of the Republic of Uzbekistan. Dissertation has been
completed in accordance to priority areas of basic science and Information
Technology of the Republic of Uzbekistan on the Program of Fundamental
Research 1V. «The development of information and information-communication
technologies».

Review of international scientific researches related to the subject of
dissertation’. Research in the field of development of mathematical models
influence of electromagnetic fields on the deformation state of the conductive thin
plates and shells, analytical and numerical methods of solution, computational
algorithms, software tools are carried out in cutting-edge companies, research
centers and educational institutions by scientists of Company Fluke, Allegro
Microsystems, Purdue University (USA), Cargo Care Solutions, University of
Bonn (Germany), Hefei University of Technology, Shanghay Jiaotong University

2 Review of forcign scientific research on the topic of the thesis is based on the http://www.eriez.com/,
hitp://docs.lib.purdue.edu/, http://www.cargocaresolutions.com/, hitp://www.sciencedirect.com/,
hutp://link springer.conv, http://www.iccm-central.org/, http://www .university-directory.eu,
http://www.digitimes.com/, https://www.ihs.com/ and other sources.
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(China), Seul National University (South Korea), Yamaha Ba Alps Electric, Asahi
Kasei Microsystems (Japan), National Technical University of Athena (Greece),
Micronas (Switzerland), Melexis (Belgium), public company Elektroapparat,
Moscow State University (Russia), public company Elektroizmeritel, Kiev
National University (Ukraine), state unitary enterprise "Science and Progress”
(Uzbekistan).

Among the companies on the development of magneto-elastic sensors is
headed by Asahi Kasei Microsystems (Japan) thanks to electronic compasses for
mobile phones and tablets, as well as Allegro Microsystems (USA), Infineon
Technologies (Germany), Micronas (Switzerland), (Melexis) (Belgium), NXP
(Netherlands), Yamaha and Alps Electric (Japan), AMS (USA and Austria) and
Diodes (U.S.) took the leading positions. :

The effects of coupling mechanical, electromagnetic and temperature fields
in the framework of linear relations were defined in the works of scientists. The
use of Maxwell's equations based on physical principles defined variational
equations of the magneto-elasticity theory of thin plates and offered the method of
interpolation matrices of solutions (Hefei University of Technology, Shanghay
Jiaotong University, China). Mathematical models of electro-elastic plates and
shells was built and surface waves of Rayleigh and Lamb in magneto-elastic media
(National Technik University of Athena, Greece) were studied with the help of
mathematical methods based on the Kirchhoff-Law hypotheses and
electromagnetic fields,. Scientists at Seoul National University determined the
particular model of electro-magneto-elastic piezo-magnetic and piezoelectric plates
(Seul National University, South Korea). The wide use of thin magneto-elastic
bodies in various industries (Eriez Manufacturing Co, Fluke, USA, Cargo Care
Solutions, Germany) was also determined on the justification from the scientific
point of view and analysis of practical application.

In the world of research carried out on some of priority areas for the
development of mathematical models electromagnetoelasticity piezo-electric and
electro-conductive bodies, construction of linear and nonlinear models, including:
development of hypotheses electro-magneto-elastisity of thin shells and plates;
development of methods and computational algorithms for solving problems
magnetoelasticity thin plates and shells in linear and non-linear problems, carried
out computing experiments for determining the degree of influence of
electromagneitic fields on the deformation state of thin plates and shells of complex
structural forms, providing a solution problems of statics and dynamics of
magneto-elastisity of thin bodies by the method of the R-function.

Level of the study the problem. Mathematical modeling of the effects of
electromagnetic fields on the deformation state of thin electro-conductive bodies,
the study of magneto-elastisity of thin plates and shells with complex structural
forms, the formation of systems and structures of solutions satisfying the boundary
conditions at the complex configuration magnetoelastic plates and shells by the
method of R-function, solving systems of differential equations describing
magnetoelastic thin plates and shells with complex structural forms, sample the
spatial variables and the construction of discrete models magnetoelasticity thin
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bodies, development electro-magneto-elasticity problem solving methods of thin
bodies on the basis of vector-matrix methods solution dedicated to research and
development of foreign and national scientists, such as like S.Kaliski, K.Hiroyuki
(Hefei University of Technology), J.Tani (Shanghay Jiaotong University),
D.Georg, Z.B.Kuang (Seoul National University), D.Hasanyan, D.l.Bardzokas
(National Technik University of Athena), S.A.Ambartsumyan, G.E. Bagdasaryan,
M.V .Belubekyan, V.L.Rvachev, L.V.Kurpa, L.V.Molchenko, (Kyiv National
University), [T.Selezov, MUXRXKorotkina (Moscow State University),

. H.A.Rakhmatulin, V.K.Kabulov, Sh.A.Nazirov, T.Yuldashev, R.Indiaminov and
other authors.

The works of scientists such as S.Kaliski, K.Hiroyuki, J.Tani, D.Georg,
L.V.Molchenko, R.Indiaminov, M.R.Korotkina were devoted to the construction of
mathematical models of electro-magneto-elastic thin plates and shells. Z.B.Kuang,
D.Hasanyan devoted their work to the study of linear equations of magneto-
thermo-power electro-elastic plates and shells. D.[.Bardzokas, 1.T.Selezov,
S.A.Ambartsumyan, G.E.Bagdasaryan, M.V.Belubekyan studied the hypothesis of
electro-magneto-elastic, V.L.Rvachev, L.V.Kurpa, Sh.A Nazirov developed the R-
functions method and the works of H.A.Rakhmatulina, V.K.Kabulov, T.Yuldashev
were devoted to the study of linear and nonlinear equations of magneto-elasticity
of plates and shells.

Almost all of the researches in the field of electricity and magnetoelasticity
reduced to consider the thin bodies, shells (plates) with classic, simple design
geometric configurations area with private boundary conditions. Consideration of a
wide class of problems magnetoelasticity thin bodies, are described by the general
mathematical models with natural boundary conditions, which have a complex
structural geometric configuration area using the theory of mathematical modeling
and algorithmization, modern computer tools currently insufficiently conducted
scientific research.

Connection of the dissertation with the plans of scientific-research works
is reflected in following projects. The research of this dissertation are reflected in
the projects of the Center of software products and hardware-software complexes
under Tashkent University of information technologies: F-1.2.4. «Problem class
solutions algorithmization of environment and fields interaction» (2003-2007), FA-
F1-F009. «Development of a metalinguistic theory of algorithmization and its
application to the automation of constructing solutions of multidimensional
problems of mathematical physics» (2007-1011.), F4-FA-F005. «Research and
Development of algorithmic methods for solving classes of multidimensional
nonlinear problems of mathematical physics for regions of complex configuration»
(2012-1016.), F5-016. «Development of methods and means for solving problems
of multidimensional optimization in linear and nonlinear formulation on the basis
of R-functions method design» (2012-1016.).

The purpose of research is to develop algorithms and software tools of
mathematical modeling of electromagnetic fields influence on the deformation
state of the thin electro-conductive bodies of complex configuration using the R-
functions and numerical-analytical methods.
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Tasks of research work:

determination of fundamental geometrical and physical relations of the linear
theory of elasticity and linear electrodynamics based on the properties of structure
and mechanical properties of the material for electro-conductive thin bodies under
the influence of electromagnetic forces and the construction of mathematical
models of magnetic elasticity of thin plates and shells;

development of numerical-analytical methods of solving systems of
differential equations in partial differentiation with initial-boundary conditions,
defining the mathematical model of magnetic elasticity of thin plates and shells
with complex structural forms on the basis of variational methods using the R-
functions theory;

the formation of structure and systems of solutions to the basic boundary
value problem of magneto-elastic plates and shells having complex configuration
of the R-functions method;

development of computational algorithms for solving systems of allowing
equations of magneto-elasticity thin plates and shells of complex shape, which
includes the discretization by spatial variables and construction of discrete patterns
of magnetic elasticity of thin bodies;

development of algorithms for solving classes of problems magneto-elasticity
thin plates and shells of complex structural form based on vector-matrix of
numerical methods and the development of software in the form of complex
programs;

justification of the obtained numerical calculation results reliability by the R-
functions method and the adequacy of mathematical models of magnetic elasticity
of thin plates and shells;

conduction of computational experiments to investigate the effects of
electromagnetic fields on deformation state of thin plates and shells with complex
structural forms and the solution of problems of statics and dynamics of magnetic
elasticity of thin bodies by R-functions method.

Objectives of the research is degree of cover the magnetoelasticity of thin
bodies (plates and shells) with complex structural configuration.

Subject of the research is mathematical models, numerical and analytical
algorithms and algorithmic-software to study the effects of electromagnetic fields
on the deformation state of thin electro-conductive bodies with a complex
structural shape by R-functions method.

Methods of the research. The study used mathematical and numerical
modeling, the laws of electrodynamics, variational principles, computational
mathematitcs, methodologies of algorithmization, technology of modelar and
structured programming and methods of the computational experiment

Scientific novelty of dissertational research consists in the following:

a mathematical model describing the processes of influence of
electromagnetic fields on the deformation state of thin electro-conductive bodies is
built on the basis of the generalized variational Hamilton-Ostrogradsky principle
with the terms of the linear theory of elasticity and Lorentz electromagnetic forces,
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the mathematical model of magnetic elasticity of thin plates and shells is
constructed;

qualitative numerical-analytical methods and algorithms for solving systems
of differential equations with initial-boundary conditions describing the effect of
electromagnetic fields on electro-conductive thin bodies (plates and shells) with a
complex structural shape of the joint application of the variational Bubnov-
Galerkin method and the structural R-functions method is developed;

solutions structures and systems to practical boundary conditions at rigid-
clamped, hinged-simply supported edge magnetoelastic plates and shells with .
complex configuration (with cuts) is formed;

complex software for calculation of magneto-elasticity of thin plates and
shells is developed on conducted algorithms for solving problem classes of thin
plates and shells magneto-elasticity with complex structural form;

the convergence of the computational algorithm concerning the number of
coordinate functions of the solutions structure is shown, the practical applicability
of the method and the reliability of the obtained numerical calculation results of
magnetic elasticity of thin bodies by comparing with the exact solutions is proved;

the algorithms for carrying out computational experiments to study the static
and dynamic effects of electromagnetic fields on the deformation state of the thin
perfectly conducting bodies with complex structural form is developed.

Practical results of the research consist in the following:

a mathematical model of magnetic elasticity of thin plates and membranes
defining the influence of electromagnetic fields on a thin conductive body having a
geometrically complex structural configuration is built calculation of which allows
to increase the quality of electronic devices;

analytical and numerical methods and the algorithmic and software toolset
based on the structural R-functions method, allowing to carry out series 9f‘
computational experiments on the solution of practical problems of magnetic
elasticity of thin plates and shells with complex structural forms is developed;

new methods of mathematical simulation of stress-strain state of magneto-
elastic plates and shells allow to evaluate the influence of electromagnetic fields on
a thin conductive body having a geometrically complex configuration by 10-12%,
and for some practical cases more.

Reliability of obtained results of the study is substantiated by the correctness
of the formulation of the problem based on Hamilton-Ostrogradsky variational
principle, rigor of mathematical calculations, using of reasonable methods of
solutions, convergence analysis of computational algorithms anc! alsc? by
comparing the obtained approximate solutions with the exact soluthns in an
analogous statement on base using combaned methods Bubnov-Galerkin and R-
function.

Science and practical value of results of the research. ]mprovemel_n at!d
development of existing generic methodologies of the research by the algont!tm:c
method, mathematical modeling, the creation of a universal computational
algorithms based on numerical-analytic techniques such as variational method and
structural method based on R-functions theory as well as algorithmic and software
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tools allows to automate a wide range of new tasks in the field of magnetic
glals;icity of thin plates and shells with complex structural configuration of the
€id.

. The practical significance of the work lies in the fact that the obtained results
wxl! allow to improve the quality and accelerate the pre-calculations of structures,
which are based on thin elastic bodies, in particular, plates and shells with
complex constructional form in plan, located in the electromagnetic field and the
application of magneto-elastic sensors showed a key role in vehicle safety systems
reqpired by the normative documents of the system of electronic stability control
desxlgned to prevent skidding of the vehicle, relatively expensive sensors steering
angle.

Realization of the research results. The results obtained in the form of
mathematical models, developed a computational algorithm based on the
combination of Bubnov-Galerkin variational method and the structural R-functions
method and set of software tools used within the contract Ne 22/08 at «SRI
Algorithm-inginiring», which directly applied scientific and technical solutions
proposed in the dissertation (certificate No. 24-8/2475 the Ministry for
development of information technologies and communications of the Republic of
Uzbekistan dated 22 June 2015). Application of scientific results helped automate
the process of assessing the impact of electromagnetic fields on the state of
deformation of thin electro-conductive bodies of complex geometric configuration
using the method of R-functions and algorithms of mathematical modeling.

Approbation of the work. Scientific and practical results of the
dissertation are tested in international and national seminars and conferences:
"Modern problems of mathematical physics and information technologies”
(Tashkent, 2005); "Contemporary problems and prospects of mechanics®
(Tashkent, 2006); "2006 ICI" (Tashkent, 2006); "Actual problems of applied
mathematics and mechanics" (Kharkiv, 2006); "Actual problems of continuum
mechanics and strength of structures” (Kiev, 2007); "Modern problems of
mathematical modeling and computer technologies" (Krasnoyarsk, 2008); "New
mathematical models in continuum mechanics: construction and investigation"
(Novosibirsk, 2009); DSMSI-2009 (Kiev, 2009); "Propagation of elastoplastic
waves" (Bishkek, 2009); "Contemporary problems of mechanics” (Tashkent,
2009); "XII1 international scientific conference named after academician M.
Kravchuk” (Kyiv, 2010); AICT2010 (Tashkent, 2010); ND-KhPI (Sevastopol,
2013); "KHU-TUIT International Conference for ICT & Knowledge Economy"
(Tashkent, 2014); "International scientific and practical conference" (Dubai, 2015);
"Modern state and prospects of development of information technologies"
(Tashkent, 2011); "Information technology and telecommunications problems"
(Tashkent, 2013).

Publication of the results. According to the thesis topic published 52
scientific papers, including 9 papers in national journals and 4 articles in
international journals of recommended scientific editions for publication of basic
scientific results of doctoral dissertations by Supreme attestation commission of
the Republic of Uzbekistan.
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Structure and volume of dissertation. The structure of the dissertation
consists of an introduction, five chapters, a conclusion, references and appendices.
The volume of the dissertation is 182 pages.



THE MAIN CONTENTS OF DISSERTATION

In the introduction the urgency and relevance of the study, the purpose and
objectives of the study, characterized by the object and the subject, research
indicated the priority areas of science and technology of the republic, outlines the
scientific novelty and practical results of the study revealed the scientific and
practical significance of the results, implementation of the results research,
information on published works and the t dissertation structure.

In the first chapter “Analysis of the modern state of influence of
electromagnetic fields on electroconducting thin bodies” the current state of the
research effect of electromagnetic fields on the conductive thin body is analyzed,
development trends and modemn methods of determining the effect of
electromagnetic fields on the conductive thin body is studied and the formalization
of the problem of mathematical modeling influence of electromagnetic forces on
electrically conductive thin bodies with complex shapes using R-functions is given.

The first work in the field of magnetoelasity was the work of L.Knopoff,
where using a simplified model showed that the magnetoelastic effect on the
distribution of elastic waves in the magnetic field of the earth, play only a minor
role.

Works of Polish scientists were essential for the development of magneto-
elasticity of thin bodies. They solved a number of different problems and
questions of interaction of electromagnetic fields with elastic as well as plastically
deformable bodies. In particular, magneto-elastic vibrations perfectly conducting
plate and rod in a magnetic field was investigated by them.

An equation of transverse vibrations of the plate containing terms of
electromagnetic origin was obtained in the joint consideration of the Maxwell
equations in vacuum and the equations of motion of the plate (rod). Solving this
equation, the mechanical properties: of the plate and the characteristics of the
electromagnetic field are determined, as the body of the plate, and the environment
in which the plate vibrates.

The problem of periodic forced oscillations of an infinite plate is considered.
They also considered the problem of magneto-elasticity of planar resonant
oscillations perfectly conducting plates in a magnetic field, which shows that the
amplitude of oscillation of the plate remains limited in the magnetic field due to
the emission of electromagnetic waves into the surrounding medium plate.

Russian scientists investigated the effect of magnetic field on the static and
dynamic stability of thin elastic shallow of cylindrical panel, concised and
streamlined along the generator from outside with the supersonic flow of a
compressible in viscid weakly conducting gas with unperturbed velocity directed
parallel fashion. The problem is solved in a geometrically nonlinear formulation
using the Bubnov-Galerkin method. It has been shown that increasing the strength
of the magnetic field reduces the lower critical effort, but a substantial increase in
the critical flutter speed.

Further the propagation of waves in the conductive elastic media in an
electromagnetic field is investigated in the work of Russian scientists. The

65



qualitative and quantitative assessment of the impact of the effects of coupled
magnetoelastic interactions were obtained from the analysis of the solutions of new
problems of a transient and traveling magnetoelastic waves, and the scattering of
magnetoacoustic waves.

Increasing of the electrical conductivity of the medium and the strength of the
external magnetic field reduces the intensity of the scattered fields and changes the
location of the zeros and extremum in the radiation pattern. The solution of the
inverse problem of scattering of electromagnetic waves by inhomogeneous .
. anisotropic plasma is built and the uniqueness of solutions is proved. The influence
of the magnetic field and the boundary layer on a flutter is also investigated. The
mathematical formulation of the problem for the dielectric plate, streamlined
weakly conducting medium was considered, the stability equations were derived
and numerical analyses were performed.

Qualitatively different areas of parameters were detected, where the influence
of the magnetic field on the stability can manifest itself both a stabilizing and
destabilizing one.

It is shown that the real magnetic field can significantly affect the critical
flutter speed. The nonlinear flutter based on solving the problem of flow around a
cylinder with a perturbed surface and on the differential equations of geometrically
nonlinear shell theory is also considered. The static and dynamic stability of a
square cylindrical panel is investigated by Bubnov method (binomial
approximation). The influence of magnetohydrodynamic effects on the critical
effort is estimated.

The Ukraine scientists suggest in their works, that the normal to the middle
surface of the plate element can be deformed by changing its length in problems of
electro-magneto-elasticity. It is shown, that the deformation inhomogeneity causes
the redistribution of free electricity. The electric charges are concentrated in the
most stressed areas. Allowance for change in length of the normal element
significantly affects the change of electric potential of the plate.

In particular cases, when the material of the plate or shell perfectly conducting
or infinitely extending plate has a finite conductivity, the problem of
magnetoelasticity is solved relatively simply.

In general, when a plate or shell has finite dimensions and it is finitely
conducting material, the solution of the problem becomes complicated enough.

Famous researchers in the field of magnetoelasticity of Armenian school
formulated the magnetoelasticity hypothesis of thin bodies of finite size and finite
conductivity interpreting peculiarly the method of joint asymptotic integration of
three-dimensional equations of electrodynamics and elasticity theory.

Objective of fluctuations of conductive isotropic plate in an external magnetic
field is reduced to the joint solution of differential equations system for the inner
area of the magneto plate and the equations of electrodynamics in the outer area.

The proposed method was applied to solve various problems of magneto-
elasticity of plates of finite dimensions, made of finite conductivity material in a
magnetic field.
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Further papers discuss the main regulations of the magnetoelasity of thin
bodies such as shells and plates. They are considered both general questions of
theory and solution of numerous problems that are of great interest from the point
of view of applications.

In particular, questions of oscillation and stability of different types of shells
and plates made of a material with finite conductivity are investigated. The
problem of flutter of isotropic and anisotropic shells and plates, streamlined
conductive liquid or gas are considered, issues of oscillations and stability of
current-carrying plates and shells are explored. .

The hypothesis of magneto-elasticity of thin bodies is formulated on the base
of the obtained results of analysis with the exact solution of some special problems
of magneto-elasticity and consideration of general asymptotic solutions of three-
dimensional equations in case of magnetoelasity of shells and plates. This
hypothesis allows to construct a general theory of magneto-elasticity thin shells
and plates and specify the effective solutions of many applications.

The exact solution of some problems that are simultaneously used to assess
the accuracy of the proposed application of the theory are also given.

The oscillations and stability of elastic systems in an external magnetic field
have studied in joint works of Russian, Ukrainian and Uzbek scientisrs . The
frequency of natural oscillations of small rectangular plates, rods and circular
cylindrical shells in an external magnetic field were determined, the critical values
of the magnetic field, limiting the region of existence of periodic motions were
found.

The parametric resonance of plates and a circular cylinder in an alternating
magnetic field was considered. The nonlinear problem of plate bending and
membrane connected with the account of its uncoiled middle surface was solved.
Magnetoelasticity of circular cylindrical shell in the longitudinal magnetic field is
equated and the elastic vibrations of the rotating cylinder and an elastic ring in its
plane based portable and kariolisov’ forces of inertia and moment distributions of
electromagnetic forces are examined.

Gyromagnetic effect of strain origin in the ring and the cylinder is marked.
The motion of an elastic body, associated with the gyroscope is investigated. The
torsional oscillations of an elastic chain system with distributed mass, the rod with
the masses at the ends and a gyroscope, the stability of the electromechanical
system as a system with an infinite number of degrees of freedom in the presence
of gyroscopic forces, torsional vibrations in an external magnetic field of an elastic
rod (shaft) are considered as an element of the gyroscopic system.

Piezoelectric is also investigated, problems of existence and propagation of
surface waves in piezoceramics polarized in thickness are considered, questions
related to radial- transverse oscillations of piezoceramic disks are discussed.

A review of research in the field of magnetoelasity, electroelasity and
electromagnetoelasticity of thin plates and shells, as well as methods for their
solutions over the last 15-20 years give the reason to believe that the study of
mathematical modeling method’s impact of electromagnetic fields on thin
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conductive body remains unsolved and in demand issue which is of great scientific
and technical value.

The second chapter «Mathematical modelling of processes of influence of
electromagnetic fields on deformation condition of the thin electroconducting
bodies» of the dissertation is devoted to the principles of mathematical modeling
and development of methods of mathematical modeling process of the impact of
electromagnetic fields on thin conductive body (plates and shells).

Here, the basic equations of the theory of elasticity of thin plates and shells
are derived from Hamilton variational principle. Geometric Cauchy relations and
physical relationships in the reverse form of Hooke's law, and the law of change of
displacement are used in the construction of specific models. The rectangular
coordinate system is used in the derivation of the equations.

The Hamilton variational principle is written as following:

sfr-n+mar=o. m

where: T - kinetic and P - potential energy; 4 - the work of external forces.

Membranes theory (wafers) is based on geometric hypothesis according to
that the normal to the surface of the middle straight shell element after deformation
remains straight, normal to this surface in its deformed state and retain its length.
This hypothesis (Kirchhoff-Love) admits that the deformation of the shell occurs
without shear deformation and in planes normal sections and without deformation
elongation of the shell thickness. The most common simplified equations are the
so-called equations of the theory of Mustary-Donnell-Vlasov shells, based on some
additional assumptions in the technical theory of shells. Shallow shell is a shell
having a slight rise compared with the characteristic dimensions of the middle
surface of the shell.

In particular, rolling refers to the shell having in plan the form of a rectangle
with the maximum boom raising of not more than 1/5 of the smallest side of the
rectangle in the monograph by V.Z.Vlasov. Shells with slightly curved plate also
belong to this category. For shallow shells of the internal geometry of the middle
- surface is identified with the Euclidean plane geometry. The simplest form of the
equilibrium equation is represented in Cartesian coordinates.

Analytically, Kirchhoff-Love hypotheses can be written as:

=0+ ka2,
u,=(1 +kzz)v~z%, @

U =w.

where ul, u2, u3 - displacement in an arbitrary point of the shell (plate); u, v, w -
displacement of the middle surface of the shell (plate); k/ k2 - the principal
curvatures of the middle surface; kI = I/RI, k2 = 1/R2, are RI, R2 - are the
principal radii of curvature. In the case of plates kI = k2 = 0.

Taking into account the force of electromagnetic origin variations of the work
the following is defined:
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where X.Y,Z, oK., PK,.pK, — components of volume force; g, =g’+q;,
q,=q, +4q,, 9,=q9;+q;, T,=T.+T., T,= T,; +7T,, I. =T +T; — components of
shallow force; P, P, P, Ty, Ty To Fy, F,, F, T,y T,, T,;— components of
boundary force.

Putting into (3) variations work of external force according to displacement
from (2) and performing appropriate operation, in particular, integration,
integration in parts, bringing similar members, also replacing of expressions, we
obtain:
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Then obtained expressions of kmehc vananons, potential energy and wgrk_ of
external force is put into Hamilton variation principle (1). Obtained variation
equation exists in any value of ¥ volume. That’s why, force of arbitrariness of V

area, we obtain the equation of motion and natural initial and boundary conditions
of shells:
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in this case some members of equation , in particular , rejected into the force of
their insignificant impact.
Natural boundary conditions are following:
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Thus, (4) there is an equation of motion and (5) boundary conditions, applied
to very depressed shell obtained on the base of Hamilton variation principle in
application of Kirhgow-Law hypotheses.

In such formulation of volume force of electromagnetic origin, added to full
volume force, is represented in the view:

1
f=PK=E(f0t(f0t(U><I'D))X H, ©6)
where Uu,uzuz) — vector displacement; H(H,H,H,) — vector of stress of
magnetic field.
To full surface and boundary forces are added electrodynamic tensors of

Maxwell stress:
1 6, == 1 6, =, =
T,=—|Hnh +hH, |--%hH, T{=—|HK + H [--Lh°H, 7
e 4”[ P 3 l] ar @ 4/‘”[ Th +h k] ar ()

0,i =k,
Li=k.

Relations (4) and (5) with (6) and (7) determine the mathematical model of
magnetoelastic thin plates and shells.

Further, the issues of algorithmic in magnetoelastic thin plates and shells with
complex shape are considered.

The third chapter «Methods of the solution of boundary-value problems of
magnetoelasticity of thin bodies by R-function method» is devoted to the
methods of solution boundary value problems of magnetoelasticity of thin bodies
using R-function method.

To solve the problem of magneto-elastic vibrations of thin plates and shallow
shells are applied the variational Bubnov-Galerkin method.

As is well known in this solution process task consists of the following
stages:

. construction of sequencing coordinate functions (solution structures)
that satisfy the given boundary conditions;

. discretization of the space variables, the construction of governing
equations, i.e., construction of a discrete model;

. decision resolving equations and finding the unknown component
structure solutions;

. identification of unknown functions, in our case, the tangential and
normal displacements of the middle surface of the shell.

At the first stage in the construction of the sequence of coordinate functions
that satisfy the given boundary conditions, a structural R-functions method of
V.L.Rvachev is used. Note that the structural R-function method (RFM) builds a
sequence of coordinate functions in the form of the structure of solutions satisfying
the boundary conditions at almost any complex configuration contour of shells in
the plan.

where 6, ={
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In general, the structure of the solutions constructed by RFM can be
represented as form:
u=u(@,d,), v=v0,d,), w=w0o,d,), (3)
Where:
Ny+Ny Ny+Ny+Ny

0, =360, B SOhE, = S e
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Then reqired function can be (u, v u w) can be written in the form:

N,
u=3e0u@,x,),
t=]
Ny+Ny

v= Y cw(o.xy), ©

iaNy+L
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w= zc,(t)w,(w.x,y)-
inN,+N;y+1
Here o- the normalized equation of the boundary of the shell, and ¢,, ¢, u f, -

some complete (basic) system functions (power, Chebyshev, trigonometric
polynomials, etc.) - the structure of solutions of undetermined coefficients subject
to be determined.

Resolving equation (discrete model) for finding the structure of solutions of
undetermined coefficients is obtained by substituting the structure of solutions to
the equation (8), (9) and carrying out the sampling procedure in the spatial
variables x and y.

In the case of the dynamics governing equation is a system of ordinary
differential equations (SODE)

AC+BC=F (10)
with initial conditions
Cly=Co> €, =Cos ()
where
jll 0 0 BII BIZ Bl! Cl
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HereL,, L, - the relevant differential operators equations.

In the case of static governing equation is a system of linear algebraic
equations (SLAE)

BC=F (12)

To solve the governing equations can be used known numerical methods of
algebra and analysis, in particular for solutions the SODE (10)-(11) - Newmark
method, and for solving the SLAE (12) — Gaussian elimination method. In this case
the calculation of definite integrals representing the components for the mass and
stiffness matrices, as well as vector component of right side, quite applicable
numerical method for calculating the double integrals of Gauss.

And finally, the determination of the unknown functions - norma! and
tangential displacements of the middle surface of the shell is carried out on the
structural formulas.

Structure of solutions to the boundary conditions:
Rigidly clamped edges
u=wd, v=o0d,, w=0'd;
Hinged boundary condition
u=aod, v=od,w=o0d, - (P(Do+vLw)+2Dd,)/2
Etc.
Here D,, D,, T, — differential operators.

In the fourth chapter «Program complex for calculation of
magnetoelasticity of plates and shells by F-function method» of the thesis
software system for settlement magnetoelastic thin plates and shells with complex
shapes using R-functions is developed.

On the basis of the algorithm and performed modular analysis of algorithms
for solving problems of magneto-elasticity of thin plates and shells with complex
form, a new complex of software tools (CST) is elaborated. On the basis of the
existing CST a new complex of programs has been developed, and its structure
consists of the following blocks:

1. The library of types and constants.
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2. The library of modules for R-operations and R-card transactions.

3. Library to determine the integrand.

4, Library for functions of geometry area (and their derivatives necessary
order).

5. Library for structural formulas.

6. A library for generating points and weights of integrals.

7. The library elements to form authorizing the equation.

8. The library modules for solving governing equations.

9. The library of modules for processing the results of the calculation:

10. Block — Control program.

Library of types and
constant

Library of modules for R
operation and R-card

Library for definition
subintegral expressions

Library for function of
geometry area

operation

Library for structural
equations

Library for generation of
points weights of integralss

Library for formation of elements resolving equation

Library of modules for
L1 solution resolving equati

Control program Library of modules for design

of accounting results

Input information

Output information

Fig. 1. The structure of complex software.

Each unit of the complex program consists of several modules, designed in the
form of procedures and functions. A library of routines is created of these modules.-
This CST is implemented in DELPH]I in the medium MS WINDOWS.

Designed by CST allows to automate the decision of boundary problems
magnetoelasticity plates and shells with complex shapes in terms of systems of
differential equations with partial derivatives, which reduce many problems of
continuum mechanics. :

The structure and interaction of basic blocks of CST is shown in Fig. 1.
74



An instruction for using the software is given.

In the fifth chapter «Computing experiments according to the solation of
problems of magnetoelasticity of thin bodies by R-function method» of the
thesis computational experiments on solving problems magneto-elasticity of thin
plates and shells by the method of R-functions is given.

Static problem of magnetoelastic plates having circle and square form with a
rigidly clamped and simply supported edge conditions are considered to
substantiate the reliability of the approximate solution. The table below shows
comparisons:

Table. Comparative analisis of exact and approximate solutions

(x,y) Square, r.c. Square, s.s. Circle, r.c.

X Y W, R WT W, R W‘r WR Wr
0.0 1 0.0 [ 0.96787 | 1.0000 | 0.99745 | 1.00000 | 1.60002| 1.00000
0.2]0.0[0.89655 | 0.9216 | 0.94895 | 0.95105 | 0.92160| 0.92160
0.4 [0.00.69533 | 0.7056 | 0.80787 | 0.80902 | 0.70561| 0.70560
0.6 0.0 0.40978 | 0.4096 | 0.58741 | 0.58779 | 0.40960| 0.40960
0.810.0]0.13136 | 0.1296 | 0.30845 | 0.30902 | 0.12961] 0.12960

The table compares the exact values (#7) and approximate (#3) solutions of
the problem by R-functions method of square, circular plates under appropriate
boundary conditions at various points, which shows that obtained results have very
slight difference from the calculation results of the exact solution, which
guarantees a sufficient accuracy and the applicability of R-functions method to
calculate the magnetoelastic plates with a complex shape.

The problem of bending of magnetoelastic plate in a magnetic field with a
given magnetic field vector H (Hx, Hy, Hz) is considered in the dissertation. The
equation of state in dimensionless coordinates of the plate, by (4) has the form

RO B S S B B O T (13)

Vot ] axgay 3 axzayz 4 axay; ] 6y‘ ¢ 7 axdy ayz 9,

where

I(Hj+Hf)‘

2 2 2 2 3
. LJ (H‘+Hy+2H,);k4__21_/ HH,
4D

4D T T 4w
4 pr2 2 20772 _ gy -2 2 1rg22 _ gy2
b=yt ed (I:;-SH‘);I“ __ha (Z;D HD) - 4h;¢;’;1),11, e (:;,D HY)

First, as an example, take a copper plate having a circular shape with two
circular cutouts, shown in Fig. 2, under the action of a uniformly distributed load q.
here w=F, A(F, A F,). Logic functions for the reference fields F7, F2 and F3 are
represented in the form:

F=R-x*-y20F=(x-a)+y -r' 20, F =(x+a)*+y' —r’ 20,

where R — radius of the circular plate; r — radius of the circular cutout plate with
center at (a, 0) and (-a, 0).

The following input mechanical and geometric parameters are assumed in
calculation

k =1+

k=25 +

LH H
k=2 LjH .
4D
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H.=H,=H, = 10«3, (13 = 1 k2"*/("cex));
p=89*10° x2/u’ — the density of the plate material;
h = 107 m—thickness of the plate;
4
q =aD—% =1- load acting on the plate;
E= 10" H/% —modulus of elasticity;
v=0,3— Poisson's ratio;
R=1m; r=0,2 m; a=0,5 m. .
Power polynomial is taken as a basic polynomial included in the solution
structure.
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Fig. 2-5 shows the variation of # — deflection with respect to the polynomial
degree (nk) and the number of nodes of the Gauss (clutoch) on the cross sections
OA and OB. Fig. 2 and 3 show graphs of the variation of deflection in the cross-
section of OA at clutoch = 20, and nk is changed from 2 to 4, and when nk = 3,
and receives clutoch 20 and 32, respectively. Fig. 4 and 5 show the same values of
nk and clutoch respectively over the cross section of OY.

The graphs given in Fig. 2-5 show that the deflection reaches a maximum
value in the cross section of OB approaching the point x = 0, y = 0.5, which should
be expected. And the value of nk = 3 is sufficient for the investigation of the
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problem in which there is a good convergence. It should also be noted that
convergence is improved with increasing of clutoch.

Similar calculations are shown for a circular plate with four circular cutouts.
The study is conducted with the same input of technical and geometrical
parameters as in the first problem.

The problem of the bending of the plate-shaped magnetoelastic octahedron is
also considered, rigidly clamped around the whole contour.

Here o =(F AF)V(FAF),
where F=a*-x*20.F,=a*—y* 20, F, = —(x + y)* 2 0; F, =b* —(x— )" 20.
Calculations are conducted in value of a=1/v2 and b=1.

Further, the dissertation investigated the influence of electromagnetic forces,
in particular the strength of the magnetic field on the stress-strain state, when the
plate is pivotally mounted around contour and has a complex shape.

1“
. e .
S : / N
o > e an
i x 1 7 !
A
i . L
3 . . e
Fig. 6. Rectangle with rounded corners Fig. 7. Circular plate

Next, the fluctuation of magnetoelastic thin rectangular plate with rounded
corners in a constant magnetic field when the magnetic field is calculated from the
magnetostatic problem is considered, the annular plate with mixed-boundary
conditions (rigidly clamped around the external circle and simply around the
internal circle) which are represented in Fig. 6-7, relatively.

The calculations of deflection state in different points of rigidly clamped
around the whole contourplate with complex shape, i.e. Rectangled plate with
rounded corners under the magnetic field and without it are shown in Fig. 8-9.
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Fig. 8. Fluctuation of the plate at the point (-0.9,0) Fig. 9. Fluctuation of the plate at the point (0, 0)
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Analysis of the results of calculation enables to submit about the impact of the
effects of electromagnetic fields on the thin conductive plate. In particular the
influence of the electromagnetic force is greater in the center of the plate.

Sequence of coordinate functions satisfying the mixed boundary conditions

built by the R-function method in the form of the decision structure is presented as
following:

2 2
T '{‘”"leé” +@-VDPTO
x(0f®, ~0}[D3(0{0,) +v7 @0, )} Di(0}0, - 12 (a0}
R -x*- r—xt- 2
here dJ, =xTy2’ ﬂ’z =Tyz ) ‘D, = szZ,-(x)Z,(J’)-
r 1J=0
where w, — boundary function on diameter of great circle, w, — function of internal
boundary on diameter of small circle, ®, —division formula of provisional and
spatial variable, D,,T, - differential operators, R, r —respectively radius of the great
and small circles.
Parameters: D = 5,3 mm (R = D/2) — diameter of great circle;
d = 1.9 mm (r = d/2) — diameter of small circle;
h = 0,6 mm — thickness of the plate;

material - brass (/170), o =9102% _ yield point;
oM
E=89Tla=89*10'~5 — modulus of elasticity:
[+24
G =34ITIa=34*10'——— modulus of rigidity;
[+

v =10,3 —Poisson's ratio; p =833 10" ﬁ ~ density of the material;

g= 4400-% (g= MOOsm(?]ﬁ) — theoretically maximum pressure;
M

here t changes from #p 1o ,, #%=0, 1,=0,003276 cex — load running time.
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Fig. 10. displacement diagram ib the point  Fig. 11. Stress diagram in the point (0.15,0)
(0.15,0) . -
Fig. 10-11 show the calculation results of the deflection and Stress in
characteristicpoints of the area.
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CONCLUSION

On the basis of studies on the doctoral thesis « Mathematical modeling of
processes of the electromagnetic fields® effects on deformational condition of thin
conductive bodies by the method of R-function» presented the following
conclusions:

1. The fundamental geometric and physical relationships of the linear
elasticity theory and linear electrodynamics are defined taking into account
properties of the structure and mechanical characteristics of the material for
electro-conductive thin bodies under the influence of electromagnetic forces;

2. new mathematical models are developed and a two-dimensional
mathematical model of magnetic elasticity of thin shells and plates is built on the
basis of generalized principle of Hamilton-Ostrogradsky using the Kirchhoff-Lyav
hypothesis for thin bodies taking into account the linear Cauchy relations and
Hooke's law of elasticity and relations of the linear theory of electrodynamics, in
particular, Maxwell's equations, the influence of the electromagnetic field is
determined by the volume of Lorentz ponderomotive forces but the surface and
contour forces are defined by Maxwell's electromagnetic tensor.

3. analytical and numerical methods and algorithms for solving systems of
differential equations with initial-boundary conditions describing the effect of
electromagnetic fields on the deformation state of the conductive thin bodies
(plates and shells) complex shape with a joint application of the variational method
of Bubnov-Galerkin method and the structural R-functions method are developed
and the resolving equations (discrete model) are obtained.

4. solution structure (sequence of coordinate functions) to the basic boundary
value problem of magneto-elastic plates and shells with complex configuration
area (a circle with two and four circular cutouts, polygon, rectangle with rounded
corners, etc.) by the method of R-functions is formed and normalized equations for
complex fields of the thin bodies, using card operations of algebraic the R-
functions theory is constructed; '

5. Vector-matrix equations for discrete models of magnetic elasticity of the
subtle bodies, formed by the corresponding block of the matrix of damping, etc.
when modeling thin-walled structures defined by systems of linear algebraic and
ordinary differential equations with initia! conditions and numerical methods for
solving these systems of equations based on the use of quadrature sums, methods
of Newmark and Gaussian elimination is developed;

6. software in the form of a complex of programs for calculation of magnetic
elasticity of thin bodies by the method of R-functions on the computer, consisting
of ten core medules is developed on the base of modular analysis of algorithms for
solving problem classes of magnetic elasticity of thin plates and shells with
complex shape;

7. numerically-analytical methods are developed and the validity of the
obtained numerical calculation results of magnetic elasticity for thin plates of areas
a classic shape (square, circle) by comparing exact and approximate solutions by
the R-functions method is substantiated, moreover the plates having rigidly-
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clamped and hinged-simply supported boundary conditions are considered. The
convergence of the computational algorithm of calculating the magnetic elasticity
of thin shells and plates with complex structural form with regard to the number of
coordinate functions of the structure of the solutions built by R-functions method
and on the number of nodes (points) when calculating double integrals is studied.
As the basic polynomial is selected by power polynomial, and good convergence is
observed when the degree of the polynomial 3-4 (which corresponds to 10-15
coordinate functions). : .

8. computational experiments on the solution of problems of statics of
magnetic elasticity for thin plates of complex configuration (with two circle and
four circular cutouts, complex polygon shape, a ring) are described on the basis of
the developed algorithmic and sofiware Toolkit (software package). The effect of
static electromagnetic field on the deformation state of the plate with rigidly-
clamped and hinged boundary conditions at a given magnetic field with different
values and directions of the magnetic field is shown;

9. The dynamic effect of the electromagnetic field on the deformation state of
the plate with rigidly-clamped and hinged boundary conditions on the basis of the
developed algorithmic and software complex and computational experiments on
problems of dynamics of magnetic elasticity of thin bodies for areas with a
complex configuration by the R-functions method is studied. Plates of constant
thickness, made of a material with finite electrical conductivity in an external
electromagnetic field are considered. This problem is solved in two stages: the first
is the problem of electrostatics and determine the values of the magnetic field, the
second solves the problem of magnetic elasticity using the values of the magnetic
field. The dynamic effect of the electromagnetic field on the deformation state of
the thin bodies of complex structural forms is defined.

10. The results obtained in the form of algorithmic and software tools are
implemented in the solution of specific problems of magnetic elasticity of thin
shells and plates with complex configuration in the framework of the contract and
economic efficiency in the amount of 127.8 million soums is obtained as a resuit of
the implementation.

80



IbJIOH KWJIIMHTAH MIILJIAP PYIXATH
CITUCOK ONYBJIHMKOBAHHBLIX PABOT
LIST OF PUBLISHED WORKS

1 6¥nmm (1 @acte; I part)

1. Nuraliev F.M. Algorithmization in Magneto-elasticity of Thin Plates and
Shells of the Complex Configurations / Computer Science and Information
Technology. — USA, 2015. — Vol. 3(3). — PP. 66-69. (05.00.00; Ne6).

2. Anarova Sh.A., Nuraliev F.M., Dadenova G.K. Mathematical model of
spatially loaded bars with account of torsion function and transverse shears //
International Journal of Technical Research and Applications. — India, 2016. — Vol.
4. —Issue 1. —PP. 28-38. ISSN 2320-8163. (NeS) Global Impact Factor, IF=0,314.

3. Nazirov Sh.A., Nuraliev F.M. Mathematical modeling of state of
magneto-elastic plates of complex form // Vi6excxmii xypHan "TIpo6nemet
MHGOPMAaTHKH U 3HepreTnku”. ~ TamkerT, 2003. — Ne 4. — C. 20-25. (05.00.00;
NeS).

4. Hypanues ®.M. UucneHHoe HCcClEHOBaHHE CXOOMMOCTH INCPHTMA
pacuera AMHaMUKH MarHUTOYNpyrux nnactul // Y3bexkckuii xypaan "TIpo6nems!
uHbOpMATHKH U IHepreTHku". — Tamkent, 2004. — Ne 6. — C. 58-61. (05.00.00;
Ne5).

5. Hypanuee @®.M. Pacyer nuHaMHKNW MarHHWTOYNpYTHX IUTaCTHH CO
cnoxol  ¢dopmoit  // Y3bekckuii kypHan "lpo6nembl HHPOPMATHKH H
aHepreTuxky”. — TamwkeHT, 2005. — Ne 3. — C. 99-103. (05.00.00; Ne5).

6. Hypanues ®.M. MopnyibHblil aHanW3 anropuTMOB PELIEHHS KIIACcCOB
3apad MarHHTOYNMPYTOCTH TOHKMX TiacTHH W ofoouek // Y30ekckuii KypHa
"TIpobnembt HHOpMaTHKK U SHepreTukn”. — TamkeHT, 2006. — Ne 5. — C. 32-36.
(05.00.00; Ne5).

7.  Hypanues ®M. Anropat™M pacdeta MarHWTOYNPYTHX [IONOTHX
obonouek metonom R-pynxiit // Vabekckuii xkypuan "TpobGneMn unpopmaTiky
" 3HepreTukH". — TamxenT, 2007. — Ne 5-6. — C. 89-93. (05.00.00; Ne5).

8. Kabynos B.K., Hypanues ®.M. ANropuTMusauns 8 MarHHTOYIIPYrOCTH
TOHKHX MNacTHH U obonouek cnoxHo# ¢opmer B rwiaue // Joknamsr AH PV3, —
Tatkenr, 2008. — Ne 4. — C. 43-48. (05.00.00; Ne9).

9. bonnapedko B.A., Kabynos B.K., Hypanues ®.M. TlonunuHeiinas
BEKTOPHO-MaTpHIHat MOJENb O0OCMEHHBIX ypaBHEHWIT Makceeiula ¢ y4eToM
JWCCHNALIMKA M OTIEPaTOpHOE TNpEACTaBlleHHe HX pemenuit / Y3bekckuii xypHan
"[Tpo6nemst nHGopMaTHKH K 3HepreTuku”. — Tawkent, 2008. — Ne 6. — C. 3-7.
(05.00.00; NeS).

10. Hypanue ®.M. OmicaHue NpOrpaMMHEIX CPEACTB A/ aBTOMAaTH3alldH
pEmIEHHs KIaccoB 3ala4 MarHHTOYNpYrocTH TOHKHX MIacTHH H obonouex //
Becthuk TYWUT. — Tamrkeur, 2011. — Ne. 3. — C. 55-58. (05.00.00; Ne10).

11. Hypannes ®.M. Onucanne momyneH NMpOrpaMMHOrO KOMIUIEKCA JJiA
pacuera MarHMTOYTIPYTOCTH TUTACTHH U 06osouek co cnoxHoit ¢popmoit // BecTHik
TYUT. — TauikenT, 2014, — Ne. 2 (30). — C. 110-113. (05.00.00; Ne10).

81



I 6ynum (11 9acre; 11 part)

12.  Anarova Sh.A., Nuraliev FM. Study of Stressed State of Elastic
Prismatic Bodies of Arbitrary Section with a Cavity in Problems of Constraint
Torsion // International Journal of Scientific and Innovative Mathematical
Research. — India, 2015. — Vol. 3. —Issue 2. — PP, 1-15. ISSN 2347-3142.

13. Hypanuee @M. O nocrpoenmn MaremaTuueckux — Mopeneii
MarHMTOYNPYIrOCTH TOHKHMX IUIACTHH M o6osiouek // TexHMKA H TEXHONOrHA. —
Mocksa, 2009. — Ne 1. —C. 14-17. ISSN 1811-3532. '

14. Hasmpor IILA., Hypanues ®.M. Anropurmmsaums peuwenns 3agau
MarHHTOYDPYTOCTH TOHKMX Teil Merogom R-dymkumii  /  [IpoGnemsi
MaIHHOCTPOeHN, — Xapbkos, 2011. — T. 14. — Nel. — C. 61-69. ISSN 0131-2928.

15. Nazirov Sh.A., Nuraliev F.M. Mathematical Modeling of Processes of
Electro-Magnetic Fields® Affection Thin Conducting Plates by Complex Form //
American Journal of Computational and Applied Mathematics. — USA, 2012. —
Vol. 2 (1). — PP. 30-33. ISSN 2165-8943.

16. Nazirov Sh.A., Nuraliev F.M., Anorova Sh.A. Study of Numeric
Convergence of the Method of R-functions in Problems of Constraint Torsion //
American Journal of Computational and Applied Mathematics. — USA, 2012. —
Vol. 2 (4). — PP. 189-196. ISSN 2165-8943.

17. Hypames &.M. Hasupos 1.A., IOnpames T.O BbiBOAE
MAaTeMaTHYECKMX Mopeneii MarHMTOyNpyrocTM TOHKuX o6osodexk u miacTvH /
Bonpock! BerMmci. ¥ npuki. Matematuky: C6. Hayun. Tp. — Tamxent: UMUT AH
PV3,2006. —Brmn. 117. - C. 63-72,

18. Hypamwes @©.M. BbiBoa ypaBHeHMil [ABWOKEHMS MArHMTOYNpPYIMX
WIacTHH B cHcTeme Maple / Bonpock! Bemauch. u npukii. matematukn: C6. HayH.
1p. — TamxenT: UMHT AH PV3, 2007. — Bom. 118. - C. 110-116.

19. Hypamues ®.M. MaremaTuyeckse MoeNny MAarHNTOYNPYIOCTH TOHKHX
obonovek n IwiacThH / Bonpock! BEMHCH. M NPHKIT. MaTeMaTHKU: C6. HayyH. Tp. —
TamkeHT: Llentp PITINATIK npu TYUT, 2012. — Buim. 128. —C. 53-63.

20. Hypamues ®.M., Airrmyparoe B.UIIl. Pacuer MarHuTOynpyrux
aHM30TPONHAIX MIACTHH CO CJIOXKHOH (popMoit / BockMoil BCepOCCHIICKHIA Chesn
A0 TeopeTHYecKodl W mpuxnaaHoi mexanmke: Tes. moxn. 23-29 asrycra 2001. —
Ilepms, 2001.

21. Hypamues ®.M. AnropuTMuzaimsa CTaTHYECKOr0 M AMHAMHYECKOro
pacyera MarHMTOYNpPYrux IUIACTHH CO CROXHBIMM KOHQHMrypauuamm //
CoBpeMeHHble MPOONEMBl ANTOPUTMM3AUMM M OporpaMMHpoBaHuA: Tes. pow.
Pecry6nukanckoii Hay4HO# KoHdepeHLyu. 5-7 centabpa 2001. — TaukenT, 2001.
-C. 121-122.

22. Hasupos UILA., Hypammes ®.M., AiirMyparoB B. AJIrOpMTM pelleHMs
MATHMTOYTIPYTHX TOHKHX [UIACTMH BO BHEWUHEM MarHWTHOM none //
Maremaruyeckue METOAbLI B Texnuke M TexHonorusx: CGopunk Tpynos XVi
MexayHapoagHoii HayuHoi koHdeperuyu. T. 5. Cexams 5. PTACXM I'OV. —
Pocros-Ha-Jony, 2003. — C. 73-74.

82



23. Hypanwee ®.M. MareMaTHdeckoe MOJAENHPOBAHME MArHWTOYNIPYTOro
NOBefleHUss TOHKMX TJIACTHH co cnoxHoll dopmoit / HudopmaumoHHO-
BEIMUCHUTENBHEIE TEXHONOIMMH B pemeHMy ¢yHAaMEeHTATLHEIX H MPHKIAIHEIX
;\ldaymrx 3aga4: Marepuainsl 3eKTpoHHON KoHbepeHimH. http://www.ivin.ru. —

- 2004.

24. Hasupos UIA., Hypamwes ®.M., A#itmypatoB B. AnropHT™ pacdera
MarHUTOYNpPYTHX KoneGaHuit TOHKMX SIIEKTpOTIpOBOAKMEIX IUIaCTHH CO CITOXKHOM
dbopmoit B cTauMoHapHOM MarHMTHOM none / MH(OKOMMYHHKAUMOHHLIE H
BEMMCIMTENEHBIE TEXHOJNIOTHH B HayKe, TexHWke W ofpasoBanmm: Tes. JOKI.
gdemnyuaponnoﬁ koHdepenimn. 28-30 cenrabps 2004. — TamxenT, 2004. — C.

38-242.

25. Hasupos I.A., IOnpawes T. Hypamues ®.M., Aittmyparos B.III.
Mopenuporanve mpoueccoB koieGaHWit TOHKMX MArHWTOYTIPYTHX IUIacTWMH B
npoaonsHoM MarnutHoM none // TIpoGrnemMbl MeXaHUKH W CelicMOAMHaAMMKH
coopyxenuii: Te3s. nokn. MexayHaponHoit HayuHoll koHgepeHuuu. 27-28 Mas
2004. — TamkeHT, 2004. — C. 347-349,

26. Hasupoe 1A, Hypames ©&M. MaremaTHueckue MOMETA
MarHMTOYNpyruX TOHKWX miacTiH // CoBpemenHble NpoGneMEl MaTeMaTHaeCKo#
¢u3uku M WMHPOPMAUMOHHBIX  TexHONOrWit: Tpyasl  MEXAYHapOAHOMH
KoHbepeHuun. 18-25 anpens 2005. Tom Ne2. — TamkenT, 2005. — C. 194-198.

27. Hasupos LI.A., Hypamuer @M., Aiitmyparor B.III. AnropurMHasanus
PelleHHs KJIaCCOB MHOTOMEPHBLIX 3a7ad MarHWTOYMpPYTOCTH TOHKMX TLIACTHH A
obonovek // CoBpeMeHHble MPOGNEMBI M MEPCMEKTHBEI MEXaHWKH: MarepHaibi
MEKKXYHapOQHOW HayYHO-TeXHW4ecKoi xoHdepeHmun, moceamennod 100-nermo
M.T.Vpaz6aesa.17-18 mas 2006. — Tawmkent. — C. 318-321.

28. Hypanues ®M., Aiirmyparoe B.III. O6 omHom anropuTve pemICHHs
3anayud koneGanus MaruuToynpyroif ToHkol nnactunet /' HMudopmaupuoHHo-
BBIYMCAIHTENbHLIE TEXHONOTHA B pelleHHH (yHIaMEHTANbHBIX H MPHKAAKHBIX
HayTHBIX 3aa4: Marepuanbl 3/eKTpoHHOH KoHdeperuwm. hitp:/www.ivtn.ru. —
M., 2006. .

29. Nazirov Sh.A., Nuraliev F.M. Algorithmization of the decision of classes
of multidimensional problems of magneto-elasticity of thin plates and shells // 1CI
2006. September 19-21 2006. — Tashkent, 2006. http://www.omidyar-
institute.org/ici2006.

30. Hasupos LU.A., Hypames ®.M., Aifrmyparos B.I1I. Anropurvusaiius
pelleHus 3ajad MarHMTOYNMpYroCTH TOHKMX Tel MerofioM R-ynxmmit //
AxTyanoHele npobneMbl TpHKIAOHON MaTeMaTHKH W MeEXaHMKH: Martepraimsl
MexayHapoaHoii koHgepeHunu. 23-26 okrabpa 2006. — Xapekos, 2006.

31. Hasupos I[LI.LA., Hypanwes .M., Airmyparos B.IL. Komebanue
MarHHTOYNpyTolf TOHKOH ILUIAaCTHHLI B TOCTOSHHOM MarHWTHOM mone //
AKTyasibHble NpobnemMsl MEXAHHKH CILTOLIHOM Cpefibi H MPOYHOCTH KOHCTPYKUMH:
Marepuanst MexAyHapoaHOW HayTHO-TEXHWYECKOH KOH(EpeHUHH IIaMATH
akanemuka B.M.Moccakosckoro. 17 - 19 oktabpa 2007. — JlHenponeTposck, 2007.

32. Hypanuee M. AnropHTMH3auMs B MarHHTOYNpYroCTH TOHKHX
nnactuH W obGomouek // CoBpeMeHHbie MpobnemMbl  MaTeMaTHYECKOTO

83



MOAEIUPOBAHUA U BEIMMCIHTENEHBIX TeXHONOrMH: Matepuans: Me ‘ i
Hay“HOH Kon(eperumn. 18-24 aprycra 2008, — Kpacuoxpgx, 2008 JKIYHAPOAHOM

33. Hasupor LILA., Hypanues @M., Aitrmyparos B.I11. Moznenuposanue
ABIKEHHS IUIRCTHHE! CO CNIOXHOH (opmoii B anexTpomarauTHOM none // Hoesie
MareMaTHIEeCKHEe MOJEJIH B MEXaHUKE CIUIOMIHLIX CpeA: NOCTPOEHHE M H3ydeHuUe:
gdozl;l’m Bcepoccuiickoi kongeperumn. 23-28 anpens 2009. — Hoeocubupck,

34. Hasupor UI.A., Hypamer ®.M. Anropurmusauus pacuera KiaccoB
ABYMEPHBIX 3a/iad B3aMMOACHCTBHA IJEKTPOMATHUTHBIX M Ae(OPMALMOHHBIX
none# // MogenupoeaHne ¥ MCCNEAOBaHHE YCTORIUBOCTH JMHAMHYECKMX CHCTEM
(DSMSI-2609): Matepuanei MexuaynaponHoit koH(epeHuuu. 27-29 masa 2009. —
Kunes, 2009.

35. Hasupop IIlLA,, Hypanuen @M. Pacyer B3aumoneiicTBHUS
neOpMAlMOHHEIX M 3JIEKTPOMArHUTHBIX NOJel maa obonouek (IWIACTHH) CO
cnoxHON opmoii // PacnpocTpanenye ynpyromnactnueckux BOaH: Marepuanst
MexnynapomHoii kondepeHunu, nocesmenHodl 100-nerwo co mHA POXIEHHS
akanemuka Xanmuna AxmefoBuya Paxmatymuna. 28-29 man 2009. — Bumkek, 2009.

36. Bondarenko B.A., Nuraliev F.M. The operator representation of the
solutions of Goursat’ and Rique’ problems for the iterated polyvibrating equations
// 111 KOHTpecC MaTEMATHKOB TIOPKCKOTO MHpa. 30 moHs 2009. — AnmaTsl, 2009.

37. Hasupor [ILA., Hypaines ®.M. Mopenupopanne ned)opMHpOBaHHOTO
COCTOAHHMA TOHKHX IUJACTHH M O0OJOYEK CNOXHOW (JOPMEI, HAXONALIMXCH B
3NEKTPOMArHNTHOM nosie // CoBpeMeHHEIE npoGneMbl MexaHHKH: MaTepnaibi
MexaynapogHoi HayqHO-TeXHHYECKOH KoH(pepenuun. 23-24 cenrsopa 2009. —
TamkenT, 2009.

38. Hypamuep ®.M. Pemenve OIHOH 33jJa4H MArHUTOYNPYroCTH TOHKOM
iacTHHE! B MAPLE // MopenupoeaiHe M ynpasjieHHe B peanbHOM CEKTOpe
3KOHOMMKM: Marepuanst Pecny6nukaHckolf HaydHoii koudepexuuu. 23-26
ceATa6pa 2009. — TamkenT, 2009.

39. Hasnpor II.A., Hypaimues ®.M. MaremaTtuueckoe Moe/IHpoOBaHMe
NpOLIECCOB B/IMAHMUA MArHUTHOIO MOJI1 HA 3MEKTPONpPOBOAHBLIE TOHKHE TeNa
CNoxHoro ouepTanms // Mareppane XIII MexagyBapoaHoii  HayuyHO¥
koH(epeHnpH NamATH akanemMuka M. Kpasuyka. 13—15 masg 2010. — Kues, 2010.

40. Hasmpor IIL.A., Hypanuer ®.M. MateMaTtnueckoe MOZETHPOBAHIE
OpOLECCOB BJMAHHA 3MIEKTPOMArHMTHOIO TIOJI1 HAa TOHKYIO MPOBOOMALLYIO
IUIaCTHHY croxHol tdopmel / The 4th International Conference on Application of
Information and Communication Technologies (AICT2010). 12-14 October 2010.
— Tashkent, 2010. http://aict2010.qafqaz.edu.az.

41. Hasupos LA, Hypanues ©.M. AnroputMHu3anus B MArHHTOYNIPYTOCTH
TOHKHX IUIaCTHH M obonouex cnoxHo#i Gpopmbl // Xank Xyxanura TapMoKnapuaa
KapagHIapHH MAaTEeMAaTHK MOAe/UIAIITHPHIN Ba OowmkapHm MyamMmonapu:
Marepuans PecnyGiukaHckoli Hay4HO-[IPAKTUYECKOi KoH(epeHuMH. 22-23
anpens 2011. — Kapuin, 2011. - C. 147-148.

42. Hasupos ULI.A., Hypammes ®.M. Marpuunblii meron HpioMapka ana
pelueHus cucreM oObikHOBesHbIX AuddepeHuuansHbx ypasHeHuii // TlpoGaemsi

84



CoBpeMeHHOM MaTemaTvky: Tpyas1 HayaHol kondepertmm. 22-23 anpens 2011. —
Kapumy, 2011. - C. 458-462.

43. Hypanuer M. ANropdTMHZalNS  pemeHds KiaccoB  3amad
MArHUTCYNpYTOCTH TOHKMX Ten CloxHo# koHurypamm // CoBpeMeHHOe
COCTOAHKE H NMEPCIEKTUBE! Pa3BUTHA MHGOPMAUMOHHLIX TeXHONOrHM: Tes. oK.
pecrybmkancKoii  HayGHO~TeXHUYeCKOl KoH(pepeHuUnH. 5-6 ceRTsbps 2011. —
Tamkenr, 2011. - T. 1. - C. 203-208.

44. Nazirov Sh.A., Nuraliev F.M. Mathematical models of nonlinear
vibrations of thin shells and plates in a magnetic field // Proceedings of the 4th
[nternational Conference on Nonlinear Dynamics (ND-KhPI 2013), June 19-22
2013. — Sevastopol, 2013. — PP. 315-318.

45.  Nuraliev F.M. Mathematical modeling of the effects of electromagnetic
fields on thin conducting bodies by complex form // 1st KHU-TUIT International
Conference for ICT & Knowledge Economy. August 25-26 2014, — Tashkent,
2014.-PP. 121-131.

46. Hypamues ®.M., Cadapos LII. ANMrOpHTMH3AIMA B MArHHTOYIPYTOCTH
TOHKHX ofoso9ek M macTHH cnoxmolt komgurypamwm // TlpoSmemes
MHGOPMALMOHHLIX ¥ TENeKOMMYHHMKAUWOHHBIX TexHonorwi: CO6. HOKI.
Pecry6nukanckoit HayuHo-npakHueckol koudepemumm. 12-13 mapr 2015. —
Taarken, 2015. - Y. 2, C. 143-147.

47. Nuraliev F.M., Saparov Sh. Mathematical modeling of processes of the
electromagnetic fields’ effects on thin conductive bodies by the method of R-
function // International scientific and practical conference, WORLD Science.
Proceedings of the conference Scientific issues of the modernity. April 20-21 2015.
— Dubai, 2015. — Vol. 11, PP. 24-29,

48. Hasupos III.A., Hypamies ®.M., KapumoBa B.A. ABTOMaTH3HpOBaHHAA
CHCTEMa JUIA UCCIIEAOBAHHA CTATHKH H JWHAMHUKH YTIPYTHX, YIPYTOILIacTHYECKMX
U MarHWTOYNpYruX [UIaCTHH CO CJIOKHBIMH KoRGurypauusmu // I'TIB PVs.
Ceunerensctso Ne DGU 00327. 26.05.2000 .

49. Hazmpos UIA., Hypamses ®.M., Aitrmypatos B.IU. Tlporpammusif
KOMILUIEKC JUIi aBTOMaTu3allMH pelleHHs KiIaccoB 3aiad  B3aMMONCHCTBHA
SNEKTPOMAarHUTHLIX ¥ JedopmauroHHbx noneit // TTIB PY3. Ceagerensctso Ne
DGU 01434. 14.11.2007 r.

50. Hasupos I.A., Hypanuer ®.M., Cynranos BIK. AsToMaTn3upoBaHHasA
CHCTEeMa pacyeTra CeT4aThIX IUIACTHH CO CJIOKHOM KoHgurypaumeit // I'TIB PVYs.
Ceunerenscrso Ne DGU 01953. 21.04.2010 .

51. Hasupos L.A., Hypamer ®.M., XKymaes C.C. ABTOMaTH3HpPOBaHHaA
CHCTEMa pacdeTa MHOIOCROMHBLIX [UIACTHH co ciokHol dopmoit / TTIB PVa.
Caunerenscteo Ne DGU 02240. 07.07.2011 .

52. Hasupos UILA., Hypames ®M. Xymaes C.C. [lporpammHoe
obecneyerne M pelicHHs MHOTOMEPHRIX NHHEHHBIX ypaBHEHMH KIIacCOB 3anad
maTeMaThueckoit ¢uauku / TTIB PYa. CeugeremsctBo Ne DGU 02387.
22.12.2011 r.

85



Amt.)’ped)epar “TATY Xabapnapu» WIMuii xypHaTH TAXPUPHATUIA TAXPHPAAH
yTKasunu B2 Y30ek, pyc, HHINK3 TILTapUAArY MATHIAPHHM MOCAHTH
TeKIIHpHANK (25.05.2016 ).

Bocumra pyxcar stanpm: 24.06.2016 iiun
Buuumm 60x84 1/16, «Times New Romany»
rapHMTypana pakamiu 6ocma ycynuaa 6ocunan.
1llaprnu Gocma Taboru 5. Agapu: 100. Bytoprma: Ne 171.

V36exncron Peciy6rmkacu UUB AkaneMHACH,
100197, TomxkenT, UnTH30p Kyyacy, 68

«AKAJIEMHS HOLLIMPJIMK MAPKA3H» YK



