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UHQPACTPYKTYypaJIApHUHT PUBOXIIAHUIIN KypUIa€TraH MHILIOOTJIApHUHT XaBcu3
JUTH Ba OapKapopaurura 6yiaran tTanadiaap KOHCTPYKIUSUIAPHUHT 0K KYTapyBUU
AIIEMEHTIIApH MYCTaXKaMJINTUHU Ba OapIONIIMINTHHH OIIUPHUIT Oopacua sHTU
Baszudanap Kyimoxaa. Konctpykiusiiapau Joiuxanamiia yJIapHUHT MyCTaX
KaMJIMTY Ba OapKapOpIUTruHU Oamopar Kujia OJull Y4yH TaKOMUJUIAIITUPUIITaH
COHJIM XucoOall yCy/JIapuHU UILIa0 YUKW MEXaHUKAHUHT J10513ap0
dbyHIameHTan Macajganapuaan Oupu XucoOnaHaIn.

NHmoot Ba KOHCTpyKUMsUIapAaH ¢oiaaiaHuil XaBYCU3IUTUHU TAbMUH
Jamra Kapatwirad GyHIaMeHTal WiIMHUH-TaJKUKOT UIIJIapyura uiM Ba ¢aH yuyyH
aXpaTwiraH yMyMui xapaxatHUHT 4—5 dhousunu, xyminaaad EBpona Ba MJ[X
nasiariapuaa 3-4 GousHM, CAaHOATH I0KOPU Japakaja pUBOKIAHTaH MamJiia
Katiaapaa 7-8 pOu3HM TalIKWI 3TaIu.

MamiakatuMu3ia aMalira OIMpPHWIAETTal HKTUCOANI UCIOX0TIap apou
TUAa 6apro 3TUIAETral KOHCTPYKIIMS Ba MHIIOOTIapAaH ¢oiiiagaHuil XxaBpcus
JIUTHU Ba MYCTaxXKaMJIMTUHU TabMUHJIAIITa aJ0XUa YbTHOO0P KapaTUIMOK/IA.
Kymnanan yuum anmnapamiapuHUHT XaBPCU3 TAPBO3HHM, €p YCTH Ba €p OCTU
MHIIOOTIIAPUHUHT TYPFYHJIUTY Ba CEHCMUK OapJOLIUTHIMTUHHA XaM/1a TeOIOT sl
KUIUPYB UILIapyuia KyIaHWIaaurad Oypruiai acoo0-yCKyHalapuHUHT acOCUi
IOK KYTapyBYM KOHCTPYKUHUSTIAPU OapKAPOPIUTHHU TabMUHIIAI YUYH yJIapHU
TAIIKWIJI STYBYH IJIACTHHA Ba CCU KOOMKIAPHUHT MyCTaXKaMIIUTH MacallaJapuHu
€YU MyXUM axaMusT KacO 3Taju.

Ho€0 ¢u3nk Ba MeXaHHMK XyCyCHSITIAM KOHCTPYKLHOH MaTepuaiiap y4dyH
3aMOHABU TEXHOJIOTUSJIAP KEHI KYJUIaHWIAETTaHINTU MyHOca0aTh OWiaH TaIlKu
TabCUpP OCTUIArM IUIACTMHA Ba SCCH KOOMKJIAPHUHI MYCTaxKaMJIUTH Ba
YCTYBOPJIMTMHU XUCOOMal1a HOaHbaHABUN Ha3apHsUIapu Ba TAKOMHUII
JAIITUPWITAH YCYIIapHU IpaTuil aoi3ap0 macananapaas oupuaup. FOk
KYyTapyBUM Mypakkad MIaKUIM KOHCTPYKIMsUIap STWIMILIMHUHT Ha3apusiiIapuHu
TaKOMWJUTAIITUPUIL Ba MyCTaXKaMJIMTMHU OLIMPUIIIA BY>KYy/Ira KelaJaural
HOKJIACCUK MacaJlaJlapHU axOOpOT KOMMYHHUKALMOH TEXHOJIOrUsIapu €paamuaa
COHJIM €4MIII YCYJJIAPUHU UILTA0 YUKUII MyXUM WJIMHM-axaMusT KacO 3Tajau.
V36ekucron Pecnyonukacu Ipesunentununr 2002 #inn 30 maiinaru [1d-3080-con
«KomnbroTepaalITUPUILHY SHAJa pUBOKIAHTUPUII Ba aXO0pOT KOMMYHUKALIUs
TEXHOJIOTUANAPHHH JKOPHii STHII TYFpucHaay» ru DapMoHn Ba Y30eKHCTOH
pecnyonukacu Bazupnap Maxkamacuauar 2002 v 6 urongaru 200- con
«KomnbroTepaalITHpUILHY SHAJAa PUBOKIAHTUPHUII Ba aXO0POT KOMMY HUKAIUS
TEXHOJIOTUSJIAPUHHM KOPHI 3TUII Yopa TaAOUpIIapu TYFPUCUAANTH KApopHu Xam/a
Ma3Kyp (haonusTra TEruiuid 0oIKa MEbEPUN-XYKYKHA Xy KKaTiaapaa
OenruiiaHTaH Ba3H(anapHU amalra OIMIMPUIITra yuoy AuccepTaus TaJKUuKOTH
MyaiisiH 1apa)kaja Xu3mar KWIaIu.

TanKUKOTHUHT pecny0auKa (aH Ba TEXHOJIOTHAIAP PUBOKIAHUIIN
HHMHI YCTYBOP iiyHAJIMIIApPUTa OOFJIMKJIUTU. Ma3Kyp TaJKUKOT peciyOauka
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(baH Ba TEXHOJIOTHSIIAP PUBOKIAHUITUHUHT [V, « AXOOpOTIAIITHPHUIIT Ba aXOOpOT
KOMMYHHKAIUS TEXHOJOTUSJIAPUHN PHBOXKIIAHTUPHIID) YCTYBOP WYHATHIITH
noupacua Oakapuira.



Jlnccepranusi MaB3ycH OViimua XOpHKHMI MMMl TaAKHKOT/IAp mapxu'.
[InactTuna Ba KOOMKJIAPHUHT Ha3apusulapd Ba YJIAPHUHT MYCTaXKaMIIUTH,
OapKapopJIUry Ba OMKUPIUTH MyaMMoJlapura WyHalITUpUITaH WIMUN U3JIaHUILIAP
KAXOHHUHI €Takyd WJIMHA MapKa3jgapyd Ba OJUMHA TabIuM Myaccacalapi,
xymnanaH, Lawerence Livermore Laboratory (USA), 'amOypr texuomorusuiap
yauBepcutetu (I'epmanus), BapmaBa ynusepcuretu (Ilonbmia), MockBa maBnar
yHuBepcuteTd, Cankr—nerepOypr ynusepcuretu (Poccust), MexaHuka MHCTUTYTH
(Ykpauna), Ilonmumepnap mexanukacu HMHCTUTYTH (JlarBus), TOIIKEHT aBiaT
TeXHHKa yHuBepcuteTH (Y36eKUCTOH) TOMOHHAAH 016 GOPUIMOK/IA.

[Inactuna Ba siccu KOOMKJIap MyCTaXKaMJIMTHHU OIIMPHUII Ba OapKapop
JUTUHY aHUKJIAIIra OUJ1 )KaxoH 1a 0JIn0 OOpUIITaH TaIKUKOTIAp HAaTUXKACK A
KaTop, *KyMJlaJjaH KyHuaaru WIMAA HaTuKanap OJIMHIaH: KOMIIO3UT Marepua
JapHH CAaHOAT/AA KyJIIamia scCH KOOUKAAru 3ypuKHIL KyWIAPHUHT TAKCUMOTUHU
anukiam ycynu unuiad yukuiarad (Lawerence Livermore Laboratory, USA);
IUTACTUHAIAPHUHT MUKW KyWIaHUIIIAPHU KATUHIMK OYUYa Maxcyc TaKCUM
JIAHUIIY aCOCHIa HOKJIACCUK Hazapusicu sipatuirad (I'amOypr TexHoaorusiap
YHUBEPCUTETH, [ epMaHus); TUIacTHHA Ba SICCH KOOUKJIAp Ha3apUACUHUHT TEPMO
JTMHAMUK acocH uinad yukwiran (Bapimasa yausepcutetH, [lomnbina); naBpuii
CTPYKTypaJIi KOMIIO3UIIMOH TUTACTHHAJIAP MYCTaXKaMJIUTHHHU XUCOOJaIIra Joup
ycymiap TakoMuutamtupuiarad (Mocksa aBnaTt yHuBepcutetu, Poccus); mac
TUHAJIAPHUHT 0apKapOpIUTHHU XUCOOaIIIa HOKIACCUK Ha3apusiap UIL1ad
yukuirad (Cankr-IletepOypr ynusepcutetH, Poccus); nuanekTpuk Matepuan
JAPHUHT MEXaHUK X0CCAJIapUHU aHUKJIAI YUYYH COHJIM €UMIIl YCYIUIApU UIILIa0
yukuirat (Iloaumepnap MmexaHukacu UHCTUTYTH, JIaTBus).

JlyHéna niacTuHa Ba siccl KOOUKJIap HOaHbaHABUM Macajiapu Oyiinda Karop,
KyMJIalaH, KyHuaara ycTyBop MyHamuiiapaa TaaikKuKoTiaap oaud OOpuiaIMoKaa:
IUTACTHHA Ba KOOMKJIAPHUHT HOEO PU3UK-MEXaHUK XyCyCHUSTIApUHU YbTHOOPTa
OJIMII aCOCHU/Ia KOHCTPYKIIMOH MAaTepUAUIAPHUHT MyCTaXKaMJIUTUHU SHA/1a
OLIMPUII YCYJIUHU UIUTA0 YMKUIL; TAIIKA KyWwIap TAbCUPUAATU MIJIACTUHAHUHT
XapakaTUHHU U30XJIOBYM TEHIVIAMAJIAPHUHT aHUKJIMK Japa’KaCUHU OIIUPHUIIL; FOTIKA
JIEBOPJIU MHIIOOT Ba KOHCTPYKIUSJIAPUHUHT UIIOHWIUIIUTH Ba OapKapOpIUTruHU
OLIMPHUII YUYH 0K KYTapuIll Japa>KaCUHU aHUKJTAIIHUHT COHJIM €UUII YCYTUHU
unuIad YUKUII.

l)lnccepTaum MaB3ycH Oyiimda XOpwmXui wmiMuil Tagkukoriap mapxu Lawrence Berkeley National Laboratorywww.lbl.gov.; Kadenpa
MexaHHKH Komno3utoB MI'V.www.math.msu.su/department/composite/index.htm.; Tosctux ILE. Hexn.monmenn 6ajnok, ITacTHH M 00OIOYEK
//M3B.  CaparoBckoro ynuBepcutera, 2008. T.8, cepus Marmex.uad.,Boim. 3, c¢.74-85; VHCTHTYT MeXaHUKH MOJIUMEPOB
:www.citariga.lv/rus/teika/zinatne/polimeru-mehanikas-instituts/Cromos K.A.; Illemennn C.B. AcHMNTOTHYECKHH aHaNINW3 TEOPHU IUIACTHH
Peiicuepa-Munnmuaa. M. 3x. Bo MI'Y, Yopyrocts u Heynpyrocts, 2011 r,ctp. 236-240; Tumomenko C. I1., T'ynsep [x. Teopus ynpyroctin.—
M.: Hayka, 1979.— 560 c.; Kristensen R. Mechanics of Composite Materials — Courier Corporation, 2005, USA — 348 p; A ii 1 o i a JL.SI. Unrer.
BapHall. IPUHL. ¥ UX OpuM. B nuHamuke ynpyrux o6oin. u mr.. Juccept. —Tammn, 1967. —253 ¢; Manmeiicrep A. K. u ap. Conpor. monuM. u
KOMIIO3UTHBIX MatepuanoB.—Pura: 3unarue, 1980.—572 c; Reissner E, Wan FYM Further considerations of stress concentrations problems for
twisted or sheared shallow spherical shells. Int. J. Solids Structures 31(No. 16): 1994; AmbartsumianS. A. On the problem of oscillations
of the electrocon-ductive Plates in the transverse magnetic field: Theory of, Eds: North —Holland Publishing Company, 1980; Birac o s B. Ba
Oorrka MaHOanap acocuia UILIad YUKUITaH.
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MyaMMOHHHT YPraHWJITaHJIMK gapasxkacu. IOk ocTHIary 101Ka 1eBOpix
MHIIIOOTJIAp TEXHHUKA aMaJMETHIA KEHT TapKarad Oyiu0, aBBaiiaH TaJKUKOTYH
JIAPHUHT JUKKAT MapKa3nuaa WIMUA HN3JIAaHUIJIAPpUHHAHT aCOCUHUW TAIIKHJI KHHI/I6



KEJIMOK/IA.

Xopwxiuk onuminapaan S.bepuynnu (Opannus), Y. Kupxrodpd Ba . JIsaB
(I'epmanus), C. 11. Tumomenko Ba P. Kpucrencen (AKI), JI.5. AitHonna (Dcto
Hus), A.K. Manwmeiictep (JlaTBust) miactuHa Ba KOOMKJIAPHUHT 10K TahCUPHUJIA
KyWIaHUIIY Ba JAeOopMaIMsUTaHUIIN Ha3apusuiapy Oyirya uiaMui u3aHuIiap
onu6 6opumirad. [1nacTuHa Ba KOOMKIApHUHT HOAHbaHABUM Hazapusuiapu Oyiinua
E. Peiiccuep, C.A. AMOapuymss, B.3. Baacos, X.M. Mymrapu, U.I. Tperynosnap
WIMHUHN TaAKAKOTIAp 0JIUO OOPHIITAH.

Mamnakarumuzna B.Ka6ynos, T.Pammnos, T.bypues, @.b.baganos,
M.Mupcaunos, X. XynoitHazapoB, M.YcapoB kaOu ormmIiiap 1miacTiHa Ba KOOUK
JAPHUHT YCTYBOPJIUTY Ba OMKUPJIMIUATA OUJT TATOMKUI Macaliajap Ba YJIapHU €4MILl
yCTH/Ia WIIMHAN W3NIAaHUILIAp onnb OopHIlTaH.

[InacTuHa Ba KOOMKJIAPHUHT MAabJIyM Ha3apHslapy, OJ1aTAa, AACTUKINK Ha
3apUSCUHUHT Y4 YJIYOBJIM MacajlaCUHU UKKU YJIUYOBIIA KYPUHHUILTA KEITUPHUILTA
acocnanrad. llly ca6abnu uirapu cypuiaaéTrad HoaHbaHABUM Ha3apusiiap aHUK
Jaimijia Me30H cudaruia e4MMHU HYKTaja Oepuira 3MacTUKINK Ha3apUsICUHUHT
y4 YITYOBIM XapakaT TeHITIaMaCUHU KAHOATAAHTHPHUIIH KaOysl KUJIMHTaH.

Macana nryHaku, Xxo3uprada MabJiyM Hazapusiiap ¢apasziapra acociaH raHIuru
cababnu KywIiaHUIIap TEH30PUHUHT 0ab3U TAIIKWJ TYBUHIIApU IbTH Oopra
OJIMHMaWIM €K1 MabJIyM KOHYHUSITra OYMCYHIUpPHUIIaIv, HATHXKAla Y4  YITHOBIH
TEHINIaMa KaHOATIIaHTUPUIManIu. byHIaH Tamkapyu MabiayM Ha3apUsUIAPHUHT
Oapyacuia mIacTUHA TEKUCIIUTH 9y3MIMaian ne6 dapa3 KWiId HUIIY HATHKACH 1A
KYHJIaJIaHT Ky4lap TabCUpHUAA IUIaCTUHANApAA TYJIKUH TapKAUIMILIHHUHT
xapakrepu ypranwnmangu. FOxopuaaru mynoxasanap, IiIacTUHA Ba
KOOMKTapHUHT Oapya (apasnapiaH XoiIu MyKaMMal HOaHbaHABUI Ha3apy SICHHU
SIpaTUII WIMHAN-aMaaIui axaMUusATra MOJIUK SKAHJIUTUHA TabKUIJIan 1.

Juccepranusi MAaB3yCHHMHT M cCePTAUA 0AKAPWITAH OJIMH TABJIUM
MYyacCaaCMHMHT WIMHH—TAAKUKOT HIIAPU OMJIaH OOFJIMKIMIM. J(uccepranus
TaJIKUKOTU TOIIKEHT J1aBJIaT TEXHUKA YHUBEPCUTCTUHUHT WIMUN-TATIKUKOT UIIT
napu pexxacu OT ®1-123 «Tacoguduii Kyunap Tabcupuaaru Kalukok aepop
MalMsUIaHYyBYM TH3WMIIAPHA MaTeMaTHK MOAEJUIAIITUPUIIIHUHT Ha3apuil acociiapu
Ba CIEKTpaj MacajaitapHuHr AuddepeHnran MyaMMOCUHU COHIU eautn» (2007—
2011) xamna A—14-15 «Mypakka0 makJid KOMIIO3UITMOH TUTaCTUHAJIAp MYCTax
KaMJIMTUHUHT HOYM3UKJIA Macananapu xucoom» (2015-2017) massynapuaaru
Jolnxanap roupacuaa oOaxapuiraH.

TaaKUKOTHUHI MaKCAaJAH IJIACTHHA Ba SICCU KOOUKJIAPHUHT HOKJIACCHK
MacajajJapUuHHU COHJIM €YUl YCyJUIapUHU UIIa0 yuKuiiad noopar. Taakukor
Basudanapu: miacTuHa Ba sicCH KOOMKIAPHUHT CHpTIapuaaru Oapya uyerapaBuii
IapTIaApHUA KAHOATIIAHTUPUO, HOYM3UKJIH STACTUKINK HA3apUSICHHUHT Y4 YIYOBIU
MacaJIACUHU UKKH YITYOBIIM Macajara KeJITUPHUIL;
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aMaJIuii MEXaHUKAHUHT qerapaBPII?'I Ba CHeKTpaJ] MacaHaHapI/IHI/I COHJIN CUHUIII
yayH quddepeHnnan Ky9upuil yCyaMHE MyKaMMaJUTAIITUPHMILL; YTa Gaaan
MHIIOOTIADHUHT OFUPJIUKIIAPY Ba 3aMHMH/IA YPHATHIMII XYCyCUSTIAPUHU



BTUOOPra 0110, XOCHII OYJIUIIIN MyMKHUH OYJIraH PEe30HAHC XOJATIApPHU JTUHAMUK
CYHAUPUIN YCYJIJIApUHU OeJITHIIALLL,

¥3apo Ky1iMa Oyiamaras oneparopiap y4yH CIeKTpall MacajdalapHUHT
auddepeHnran MyaMMOCHHH Xall KWJIUIIHA WIMHMA acOCIalll.

TagnKuKOTHUHT 00beKkTH cudaruga Yyra OanaH] MHIIOOTIAp, IOK
TabCUPUAATUd MYpaKKkaOd MIAK/UTM OMKAa JEBOPJAM KOHCTPYKUHUSJIAp, KaJIuH
TIMTanap, yra 3JacTUK MJIaCTHHA Ba SICCU KOOMKJIAp OJIMHTaH.

TagKMKOTHUHT MpeAMeTH TallKU KYHJAJaHT JUHAMUK Ky4lap TabCUPHU
narv yta 6anaH] MHIIOOTIAPHUHT TEOPaHUIIH, IOK TAbCUPUIAru MypaKkkad
IIAKJUTA FOTIKA JIEBOPIIM KOHCTPYKIMsUIAP AehOpMAIMUTAHUINN Ba KAJIWH IUTATAJap
YUYH amMaJIuil MEXaHUKAHUHT Macaajapy TallKWI 3Ta/IH.

Tankukor ycymnapu. duccepranusiga y3apo kyumma Oyiamaran omneparop
Jap Yy4YyH CHOEKTpal Macajajapia XOoC COHjap Ba 0Oa3uc (QyHKUMUSIIApHH
aHUKJIAMHUHT auddepeHnmanr MyaMMOCHHU Xall KWJIUIl ycyutapu; nuddepen
MaJl KY4YHpUII Ba BAPUAIIMOH SKUHJIAIIUIN YCYJIJIapu KyJUUIaHTaH.

TagKMKOTHUHT HIMHUI SHTUJIMIH KyHuaaruiapaad noopar:

muddepeHnan oneparopiaapy KyliMa Ba KyliMa OyjiMaraH cekTpaj mMaca
JaJIapHUA COHJIM €UUI YCy/UTapy UITad YUKHUITaH;

TaKOMWUIAIITUPUIITAH BapUAIIMOH SIKWUHIIAIIUII Ba TuddepeHiman kyuu
puIl ycy/utapy Uiuiad YuKUIraH;

Mypakka0 MIAKIUT 0K KYTapyBYM KOHCTPYKIUSIapJard yra XaBQuid WIKU
KyWwIaHUII coXalapyu aHUKJIaHTaH Ba Ym0y XoJjaTiapHu Oaptapad >TUI yCyUiapu
WILIA0 YUKUJITaH;

yTa 6anaH MHIIOOTIAp/Aa TMHAMUK CYHIUPrUdiIap EpaMuia pe30HaHC
aMIUTUTYIAJIApUHU UKKU 6apobap KaMalTHpHUII yCylid UIUTad YUKUIITaH;
MJIACTUHAHUHT MaXKaMJIAHUII YCYJUTa MOC adpOIMHAMUK (uiaTTep Xo[uca cuaa
KPUTHK Te3TUKIap Oup Heua YH Gapobapra GpapKIaHUIIN aHUKJIAHTaH.
TanKuKOTHUHT amMaauii HaTuKacu. KannH noutanuHr Oup HyKTacuaa
KaMJIaHTaH KYHIAJIaHT KydJiap TabCUPUIA XOCHIT OYITyBUM UUKH KyUYJIaHUII
TaKCHMOTHU aHUKJIAHTaH.

TagKNKOT HATUKAJTAPUHUHT UITOHYJIMJIMTH. TaIKUKOT HaTWKAJIApUHUHT
UTIOHWIWIIATY Je(hOpPMANMsUTAaHYBYM KaTTHK KUCM MEXaHUKACH aCOCUU TTPUH
MUTUTAPUHUHT KYJUTAHWINIIW, MaTeMaTuK (u3nKa Ba GyHKIIMOHAT aHATU3HUHT
dbyHIaMeHTan acocnapuaad Gpoi1aJaHUITaHIuTy Ba aMainil MeXaHUKaHUHT
TaTOMKUI MacaJlaJlapuHM €UUIlTra MYJDKaJJIaHTaH aJITOPUTMUK JTaCTypJIAPHUHT
TECT Macajiajapyaa TaCAUKITAHHUIIN OWIaH N30XJIaHATH.

TaaKMKOT HATHKAJAPDMHUHI MJIMHI Ba aMaJiMil axaMUATH. TaJIKUKOT
HAaTWKAJAPUHUHT WIMUH axaMUsSITH Kapajla€TraH HOaHbaHABUW Macajaiap
nedopManmsIaHyBYM KAaTTUK JKUCM MEXaHMKACH UXTUCOCIUTHAA SHIM WYHAIUIITa
acoc OViuIIM, TallKU AUHAMUK KyWJiap TabCUpHUJA MUIACTUHA Ba sICCU KOOUKJIapaa
TYJIKUH TapKAJTUIIN KOHYHUSITUHN YPraHUIT UMKOHUSTUHUHT TTai10 OViuim,

g8
crieKTpan Macananapaa auddepeHimal MyaMMOHUHT XaJT KWJITMHHIIN OWTaH
U30XJIaHA/IH.
TanKkuKOT HATWXKAJIAPUHUHT aMajuid axaMusATH yTa OajaH] WHIIOOTIapia



pPE30HaHC XOJATJIapHU JAMHAMHUK CYHIAMPUII MEXaHU3MHU, MYpaKKaO MIaK/UIH FOK
KYTapyBYM MHIIOOTIApAaru yTa XaB(iau UUKU KyWIAHHII COXaJTapUHU aHUKJIAIll Ba
ymly XonamiapHu Oaprapad STUIN yCyiaapy CHEKTpal MacalajJapHU EdYuIlra
MYIDKaJUTAaHTaH aMaJiuid  JacTypiiap KOMIUIGKCHMHHM WNUIA0 YHKHUINTAa XHU3MaT
KHWJIAIN.

TagKUKOT HATHKAJAPUHUHT KOPUH KWIMHUIIK. Mypakkad Makiiu
sgccH KOOMKJIap Ba Mypakkad MIAKIUIM TUIACTHHAIAP YYYH CIEKTpall MacalajlapHu
COHNM euMil OYyimua onmuHran Hatmwkanap 15-026 «lHOx Tabcupumarum aBuaius
VHIIOOTIApUHU YEKJIN AIIEMEHTIIAP ycynuaa aBTOMAaTIALITUPUITaH
JOMMXANAIITUPUIIHN UIILIA0 YUKHII Ba TAJKUK STHUII» TPAHT JOMMXACHUa KUIILJIOK
XYKaJUIl y4yH MYJDKaJUIAHTaH CAaMOJETIIAPHUHT IOK KYTapyBUM 3JeMEHTIIapU
MYCTaXKaMJIMTMHU  aHWKJamga KymnaHnwiraH (PaH Ba  TEXHOJOTHSIIApHU
PUBOXKIIAHTUPUIITHN MYBOQUKIAMTUPHIT KyMuTacuHuHr 2016 #un 2 uroHmaru
0313/348 con wmabiaymMoTHOMacu). WnMuil HaTHXaJapHUHT  KYJUIAHWIMIIH
MypaKkal MIAKUIM COXaJapHU U30MEPUMETPUK KOOpAMHATA CUCTEMACH EpAaMuaa
aHbAHABUW coXajapra AakCIAHTHPUII OpPKaJd CaMOJETIAPHUHT KaHOTIApH,
XUMUKAT yYyH MYJDKaJJIaHTaH Oakjapy Ba INMAHTOYTIAPUHUHT YCTYBOPJIUTH Ba
MyCTaxXKaMJIMTUHU XucooOnam aHukauruan 30-35% ra oumupumr HMKOHUHH
OepraH.

TagKUKOT HATHKAJIAPUHUHT anpodamusicu. TankukoT Harvxkanapu 12 ta
WIMHM—aMaJIi  aHKyMaHiapaa, okymwiiagad: «MexaHnka W TEXHOJIOTHs
xomro3utoB» (bonrapusa, Bapua, 1987); «Ilomumepnsie kommno3uth» (I'epmanus,
Hpesnen, 1987); «UHTerpanbHble ypaBHEHHS B MPUKIATHOM MOICITUPOBAHUN»
(Onecca, 1989); «Ilo Bompocam paccesinus sueprun» (Kue, 1989); «Yuensie u
CHEIUATUCTHl B PEIICHUH COIMAJIbHO HSKOHOMHYECKUX TMPOOJIEeM CTpaHbDy
(Tamkent, 1991); «Mexanuka wMyammonapu» (Yumkent, 2007); «Amanuii
MaTeMarhka Ba HH(QOPMALIMOH TEXHOJIOTUSJIAPHUHT 10J13ap0 Myammoapu—Ali—
Xopazmuii 2012» (Tomkent, 2012); «CoBpeMeHHbIe TPOOIEMBI aITOPUTMHU3AIIAN
(Tamkent, 1991); «MaremaTuyeckoe MOJEIUPOBAHUE M  YHUCJICHHBIE METObI
perieHus 3ana4 npukiaaHod Marematukn» (Tamkent, 1992); «BeraucnurenbHbIN
AKCIIEPUMEHT, MaTeMaTHYeCKOE MOJEIUpOoBaHUE U uX npuMeHeHue» (TaikeHT,
1993); «IIpobnembl u Bompochkl MexaHuku» (Tamkent, 1993); «MoHUTOpPUHT
nerarenbHbIX anmapatoB» (Tamkent, 2000) maB3ymapuparu  pecmyOnvka Ba
XaJIKapo WIMHM-aMalinii KOH(pEpeHIUsUIapa Mabpy3a KYpUHUIINAA OaéH STUITaH
Xxama anpooanusgad YTKa3uiraH.

TaagKMKOT HATHKAJAPHMHI JbJOH KHJIMHMIIH. Jlucceprauus MaB3ycH
6yiinua sxamu 40 Ta maMmi nm, kymagad, 1| Ta MoHorpadus, Y36eKHCTOH
Pecnybnukacu Onuit arrectarisi KOMUCCUSCHHUHT JOKTOPJIMK JHUCCEepPTalUsIIapu
acoCHl MIMHUI HaTWKAJAPUHU YOIl STUII TaBCUS ATUITaH WIMUHN Hampnapaa 14 ta
Makona, )kymiaaasd, 10 Tacu pecnyOnuka Ba 4 Tacu XOpHKUM KypHauiapa Haiip
ATUJITaH.

99
JMccepTalMSIHUHAT TY3WJIMIIH Ba Xa:KMHU. Jluccepraius TapKuOW KUPHII,
oemra 000, xynoca, ¢doWmamaHwiraH anabuémiap pyixaTd Ba WIOBaIapiaH
noopar. JluccepTalussHUHT XXM 198 O€THU TaIIKUI TTaH.



JINCCEPTALIUSIHUHT ACOCHUI MABMYHHU

Kupum kucmuna yTka3wiral TaaJKUKOTIAPHUHT J0I3apONUrd Ba 3apyparu
acoCJIaHTaH, TAJAKUKOTHUHI Makcaaud Ba Basudanapu, oObEKT Ba MNpeAMETIapu
TaBcu(iaHraH, pecnyOnuka (aH Ba TEXHOJOTUSJIAPH PUBOKIAHUIIMHUHT YCTYBOP
WVHAIMIUIApUTa MOCIHUTU KYpPCaTWIITaH, TaJKAUKOTHUHI WJIMHMU SIHTUJIMTH Ba
aMauil HaTvKaiapu 0a€H KWIMHTAH, OJUHTAH HATHKAJTAPHUHT WJIMHUMA Ba aMaJIui
axamMusTH oyuO OepwiraH, TaJIKUKOT HATH)KAJIAPUHUA aMaMETTa >KOPUN KUJIHII,
Hallp ATWITaH HWIUIap Ba JUCCEPTAIUs TY3WIMIIM OYiindya MabiyMOTJIap Kej
TUPUJITAH.

JuccepranusHuHr «Mypakkad NAK/JIM IUIACTHHA BAa KOOMKJIAPHHMHI
HOAHbAHABUII Macajajapuw» 1e06 HOMJaHTaH OupuHYM O600uaa ¢azoBuil 3m1ac
TUKJIUK HOYM3HMKJIW HA3apUSCHHUHI TEHITIaMajlapd acoCHAa KY4MII BEKTOPU Ba
KyWIaHHII TE€H30pH KOMIIOHEHTAaJIapu TaKCUMOTUra Qapasziap KUPUTMACIAH ILIAC
THUHA Ba SICCM KOOWKJIAPHUHI HOAHbAaHABUW Ha3zapuscu spatuiras. Taxmud stumna
€Trad Hazapus Mypakkad IIaKUIA cOXallap YUyH PUBOXKIIAHTHUPUIITAH Ba MAbIIyM
Ha3apusIap KUECUM TaXJIMJIN KEJITUPUIITAH. V1a Ganany Ba yTa 3rujyBYaH UHIIO
OTJIAPHUHT HOYM3HUKIIM Macajaiapy uiuiad YuKUiIraH.

[eoMeTpuK HOUM3UKJIA HAa3apusICH acocua, OonuianFud (aedopmaimsrada)

TaJlapura HHrcOaraH Xdapakar TCHITIaMaCH
[(6 ik+U,~,k)O' i 1T Xi— pUg 8 .=0.(1) Aausorpon

MaTepHraiapia H4KU Ky4JIaHWII 0; Ba Y€KIU Ae(OpMalus e; JTapHUHT TEH30D
KOMITOHEHTAJIapH ypTacuaa GU3NK YU3UKIH
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YpuHIK OyaraHaa XaxXMui Ba CUPT Ky4dJapH Tabcupuaa OyaraH UXTUEpUil Gpazo
BUM )KHUCMJIAPHUHT UYKHU KyWIaHUII—Ie()OpMALMIIAaHUIIIMHNA aHUKJIAII YIyH MY
HOCabaTIap TM3MMUHM X0CuI Kunamus. bynpa: U7~ X=X+, uerapanusr 6up
KHCMUJA OepUiIraH TalKy Kydum komnonentaapu, UY, V.’ sxucMuunr Goutan
FUY XOJIATMHH TaBCUGIOBYM (QyHKuuMsIap, d;- Kponekkep cumBoiiapu, 7, —
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TalIK¥ HOPMAJI, p— 3U4IMK, Cy— QHU30TPOI MAaTepHaIAPHUHT TEH30P KOHC
TaHTaJIapHy.
[InacTuHanap SruIMIIKAa, KYHAAIAHT KYYUITHUHT OYilllaMa Kyduiiapra
HUCcOAaTaH IOKOPHU SKAaHIUTHHU 3bTHOOpra oud (1)-(5) HOUUBUKIIHN STTACTUKITUK
HUHT YMYMUH y4 YITYOBIM Macanacua OyiiamMa KYy4uIUTapHUHT HOUYM3HUKIIN Tall
KWJI 3TyBUMJIApUaH BO3 KeUHO, 3NIaHAETTaH €UMMHHU Z HOpMaJl KOOpAMHATACH
Oyiinya TYpTUHYM Japaxaraya Oyiaran Kynxaj KypuHuimmaa €3uo onamusz: = + +
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Ba OyH/aH KeluHru udoaanapaa y3rapyBuu unjaekciap daxar 1,2 Hu KaOyin
Kiiaau. Y XoJijia TaHTeHITHAT HUKHU Ky4JIaHUTIUIAP 0, YIYH
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TEHIJIaMajiap cucTeMacura sra Oyimamu3. byHma: Drmnta Oukupinuru, G —CHjl JKHIII
monynu, A — Jlannac oneparopu, , Z Z
" '—IIacTUHAra TabCUp dTYyBUU

Y4

Talku Kyuiap, v— Ilyaccon koagduninentu.
Kyuui BexTopu (6) Xamaa CAMMETPHUK Ky4YJaHUILIAP TEH30PU KOM MOHEHTIIApH V3
HaBOATH/IA X, X, Ba ¢ Y3rapyBUMIIAPHUHT HOMabiIyM (PyHK LUsUIapu OYITaH u, y;,w,
V, @ unterpan karranukiapra OOFIUK OYITaHIUTHAAH HOMAabJIyMJap COHUTA TEHT
OynraH xapakaTr TeHIIaMaJIapuHU XOCcHI Kuunill yayH (1) Tenramanapuu [-0,5h,
0,5h] uaTepBanuaa z y3rapyBuu Oyiinua UHTETpaijiall MpoLeIypacuHU aMmara
ompuO, 6yiinama — N,Ba KeCyBUM —(Q;MUKU 3YPUKHUILI JIAp, STYBYU MOMEHT—
M;napayn myomanara KUpuTHO, yerapaBuii mapmiap (5) Hu
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BTUOOPTra OJIraH XoJ1a Kyiujaaru Xycycuit xocuwnanu auddepeHiiuai TeHra

Majiap CUCTEMACHHU XOCHUJT KWJIaMHU3:
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bynpa: , p m ; Tamku OyitiaMa Kyd Ba MOMEHTIIAp, M — KYHAAJIAHT KECUM
Maccacu. [Inurara Terunumm acocui yerapaBui MapTJIaAp UHTETPaAJl KaTTAIUKIAP
yUyH KyWuaaru KypuHuiiia €3u0 oJIMHUIIN MyMKHH:

[. Ilapuaupnu 60FIaHUIIT

0,0,0,0,0NnMnwV, is5s55s=====0
I1. Kotupub maxkxamar
0,0,0,0,0,,uwVyBsssss=====(12) Ill. Opkun yerapa
NnMnQnVnngisssss=====0,0,0,,0,,08

Mynaait kumub, copmanamTupwui Ba (papaziapaad Xouu OyJIraH IiiTa
JApHUHT HOAHbAHABUN HA3apUSICH SIPATUIIAN. YOy Ha3apuslaH KAJIUH IJTUTA,
YpTa KaJTuHJIUKIAard Ba STHIYBYaH TUIACTUHATIAPHUHT YM3HKIH Ba HOUN3UKIIN
XapakaT TeHIJIaMaaapy XyCyCcuil Xoaa onuHAIY MyMkuH. Macanas, 0, 0, p m ;;

= =oynranuaa (10), (11)-TeHrmamanapga HOYM3HUKIU XaajapiaH BO3 Ke4yuo,
xamza Oyinama KyuuIliap Ba CHUDKUII Oypyakjiapy Y4yH MOTEHUUaiap KUPUTHUO,
ypTa  KaNMHIWKIArW  IJIACTHHAJIAD YYYH  CONJANAINTHPUITaH  Xapakar
TEHIIIAMaJIAPUHNA XOCHJT KUJTUIII MyMKHH.

VvV
1 Gu =
gy 1M
A+ -
4 2
2
lﬂ
A
h ’ e
2 |l_
D
VV?2
A+-+-yv
ST sa2y’ 1 a3
I(Allln
. ¥ NSbl
v - 88
+ ==+



s g VY0
I

Vpra kanuHIMKaary miactTuHanap yuyH, (13) TeHmaManap cucTeMacu OMpHHUHM
MapTa XOCUJI KWIMHAA. YUyHKH, IUIIaCTUHAJIAPHUHT YPTa TEKUCIIUTHU 4y 3WIManan
nerad (apa3 KyHAAJIaHT Kywiap TabCUpHUAA IJIaCTUHANapaa OyiinamMa TYJIKUH
TapKAJMIIMHU UHKOP 3Taau. (13) xapakaT TeHINIaMaJlapUHUHT OUPUHYUCH 3ca
IiacTUHaNapaa oyinama TYJIKUH TapKaTUIIHHA TaXJIUJI KWIUII UMKOHUHU
aparanu. Yy CUCTEeMaHUHT UKKMHYY TEHIJIaMacH 3JaCTUKIMK Ha3apUsACUHUHT
aHWUK Y4 YITHOBIIM MyHocabaTnapura o(h’) aHUKITHKIaTH YUUHYH JapakKali SKHH
JamyBun Mamxyp PeiiccHep-Munanue TeHmamanapuiad gaxkar xaajaapaaru y3
rapMac KymnaiTyBumiap 6uinan dapkiaHaau. YTa [0MKa miactuHazap yuyH (13)
VKKMHYH XapaKkaT TeHIIaMatapuaa /i’ KymaiTyBuy KaTHAIITaH XaaIapaaH BO3
KeunJica, aBBaiaH MabiiyM KupxropdHuHT anbaHaBUN TEHINIaMacu XOCHI Oya-

12 12
nu. Yiiby TeHIiama 3J1acTHKINK HA3apUsCHHUHT aHUK yd YI4OBIM MyHOCa0ar

Japura o(h) aHUKJIMKIArd OMPUHYM SKUHIAIIUIITHY TabMuHIaan. B.3.
BriacoBHUHT siccn KOOMKJIapra TETUIIUTH YMyMUH Ha3apUsSCUHU KYJI JJaraH XoJaa
OyiinaMa KywIaHHWIUIApHU KyHuaard KYpuHUIaa €3uo oNuImmuMu3 MyMKAH

(ew)2(ew) 0 ;=N =G X
O ,+ M ;=G X (14)

Bynna:;i S yuysau panrmu Tensop xommonenTanapy dakar 1 G 111= G 222 =

6y116, KONraHIapUHUHT Gapuacu Hoira X x— SCCH KOOMKHHHT KO
TEHT OYJajiu.

Op/MHATA YKIapu OYiNda STPUIUTHHN aHWKIAMI, 0 XOymranna siccn KOOHK

. — Oyitnama nedopmanusIapuHUT KOM
macthHara ainasagy. Komy—IpuHHUHT e;

noHeHTanapu (3) ¢popmynara MyBopUK aHUKIAHAAU. Slcch KOOUKJIAPHUHT STPUIIN

rutan maitno 6ymysau Vi X 1
Co6yinama 3ypuKUIIIap «KYIIMMUay KYHAAJIaHT

Ky4 cudaruaa ypTrd0opra onuauO, (11) kabu xapakar TeHIIaMacu XOCHIJI KIIN
Ha/I!.

IOxopuaa ninactuHa Ba sicc KOOMKIApHUHT HOAHbAHABUN HA3apUsACHU TYFpU
TYpTOypUak/ii aHbaHABHM coXaslap y4yyH uMuuiad yuKwiau. JIeKWH TallKy 10K Tab
CUpUAArd KYNrMHAa MHIIOOTIAp Mypakkald LIAKJIIM HOabaHaBUM coxaiapia aedop
MalMsUIaHUIIN MabiyM. Mypakka0 IIak/IIM IUTacTHHA Ba sicCHM KOOWKJapra Tak
aug sTunaéTraH HOaHbAHBAM HA3apUsSHU TATOMK 3TULI yuyH Oxy AeKapT KOOpIu
HaTa CHUCTEMAacuJa 3TPU YMU3UKJIW Tpaneuus MAaKIuIard ae@opMalusiaHyBuYd CO

xaun OCNu30nepuMeTpUK KOOPAMHATA CUCTEMACHHHI MyoMaJjlara KUpUTHO,
8

8



3.
xNENxyNgny
k 1 (’k)k,(’)

dbopmynanap Epmamuia Ba MOC paBuIga Mypakkad GyHKIUsIApIaH X0CHIIa OJIUIIT
Koujanapuian (oiganaHrad Xojja aHbaHaBHIl KBaJpaT coxara akClaHTHUpUIIaIu

(1-pacwm). bBynna: ( ) kk

X5 Veonmap Ky Tr 5rpy UM3UKIM TPANEHUSHAHT yuiapu B2

TOMOHJIAPU YPTACUJIa KOWJIAIraH M; HyKTaTapHUHT KOOpJAUHATAIApUHU aHUK
naiiau. byHna kapana€rran xycycuit xocunanu auddepeHiyan TeHriamManap cuc
TE€MacH y3ura yxumaim y3rapyBuu Ko3QQGUIMEHTIN TeHIJIaMallap cUcCTeMacura ai
naHaau. Mypakka0 Makui COXaHU U30TIEPUMETPHUK KOOPAMHATA CHCTEMACH OpKa
JIM KBaJIpaT coxara akCIaHTUPUIIIArd aCOCUH I0TYK KOOpAWHATA VKJIapu Oyiinya
y3rapyBUMIIApHU aXpaTUO OJUII OPKAJIM XeU KaH/Iail yerapacus MareMatuk Gusu
KaHUHT aHbaHABHUU TaxJIWII ycysutapuaad ¢hoigaaaHuil MMKOHUSITUHUHT TIaid10
OynuIuanup.

Taxnud sTrnaérran HoaHbaHABUN Ha3apus IJIACTHHA Ba CCU KOOUK JIADHUHT

MabJIyM Oapua aHbaHaBUN Ba TAKOMWJUIAIITUPUITAH HAa3apUsJIAPHUHT
ymymiiammacu cudaruia unuiad ynkuian. busra mabiiym moc dapasnap Ba
coIJlaNlallITUPUIIIIAPHU KYJUIall OpKaIu HazapusuiapJiad xap OupuHu Takiaud

1313
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1-pacm. Orpu YM3UKJIN TPaneuUsiHM AHbAHABUI KBaJpaT coxara akcJaHTHPHII.

ATUNAETTaH Ha3apWSHUHT XYCyCHH XOau cudaTuaa XOCHI KWIUII MYyMKHH.
Macanan, KupxropHuHr anpbaHaBUil Ha3apusICH TAalllKU YpUHMa Kywiap Oyamarax
xonna (6) udbonanapaan y,= — w,;, alIMaIITUPHUII Ba TUIACTUHAJAPHUHT KaJUHIIUTH
OVitnua d3uIMIKHY YbTHOOpra onmacaat (e,= 0éxul =0 = 0)xocun KUiIMHaIH.



[InacTuHa Ba siccu KOOMKJIap Ha3apusJIapuHU MyKaMMaJUTaIITUPUIIT OUp
TOMOH/IAH SHT'Y TaTOUKUH MyaMMOJIapHH XaJl KHJTUIIT UMKOHHSTHHU SpaTuo,
UKKUHYIU TOMOH/IaH, XUCOOIaI alTOPUTMIIAPUHHA MYpPaKKaOJaIITHPHIITA OO Ke
10 TaIKUKOTYHIIAP OJINra caMapaiiy XUCOoOall yCyIapuH HIIa0 YHKUIITHH
TaK030 KWJIAJIH.

AHUKIMK Japaxacu Oyinuya »Hr MakOyn HyHanmumuiapaaH Oupu —
KapamaéTraH MyBO3aHAT MacallajJapuH{ YerapaBUil MmapTiapHU OWUpOp HyKTara
Kyuupuin opkanu KOMWHUHT TEHT Ky4JId Macajajapura aijlaHTUPUIIIAD, YYHKU
Komm macanacu 3aMoHaBUi aXOOpOT TEXHOJOTHSJIAPH BOCUTACH 1A Tajdad ATUIraH
AHUKJIMK/A CYMIAITNT MyMKHH. YOy HyHaJIMIUIap MYuIa HT camapaiucy cuda
tuaa quddepeHIa KyIupuIn yCyTu TaH OJIMHTaH. by yCymHMHT acocHHH sipa
tumiaa A.A.Abpamos, 1. baGymka, H.Myxutaunos, @. b. baganos Ba Gomkanap
HUHT W3JIaHUIUIAPUHU TabKUJAIIMMU3 MyMKUH. ByH1a acocuii kaMuninK:
XycoOall anrOpUTMUHUHT Xap OUp YerapaBuil MAPTHUHT Typura 6eBOCUTa
OOFJIMK paBUIIIA UIIIA0 YNKWITHIIATIAD.

JucceprauusHuHr «YerapaBuii Ba CHEKTPAJ MACAJIAJAPHUA COHJIM €4MII
yeyau» 1ed6 HOMJIAHTaH UKKMHYM 000HMaa yMymulaliTHpuiran auddepeHuuan Ky
YUPHUII YCYJU acoCH1a OMp Ba UKKH YIIYOBIM YeTrapaBUil MacajajlapHH €UUIll yUyH
COHNMU ycymwiap wunutad uymkwirad. MxTu€puil derapaBwii ImapTAa CIEKTpam
MacaJlaJlapHUHT AuddepeHmanr MyaMMOCHHU COHJIM Xajl ATHUII YCYlIu Takjiud
sriirad. CoHNM ycy/ulap MINOHWIMJIMTHM Ba ACOCIUIUTH MablyM CTaTHK Ba
JUHAMUK Macajiajiap MUCOJIU/IA TaX, I KWUJIMHTaH.

AManuii MEeXaHMKaHMHI TaTOMKHI cTaThka Mmacanainapu y €ku Oy ycynuaa
ommii muddepeHIan TeHrIamManap CucTeMacura KenTupuwiaan. Yily dyerapaBuid
Macanagap yYMyMIAIITHPWITaH MaTPHIA-BEKTOp KYpUHHUIIUAA €3U0 ONMHMIIU
MYMKHH:

]

(Cx)VQEX)V) + AX)V'+B(x)V =F
+(15)
aV'+bV =1(16)

x = 0,/ 6ynranaa ,

14 14
bynna: C(x), Q(x), A(x), B(x), F(x( — Kapanaérran TarOMKUH MacaJlaHUHT (PHU3UK
MEXaHHMK XOCCaJlapMHU aHUKJIOBUU OJIIMH OepuiiraH MaTpuila Ba BEKTOp QyHKIUS
a,b, f— uxTuépuii YM3UKIM YerapaBuil IMAPTHU XapaKTEPIOBYH MaT
JTApIAUP.x x x
puiia €KUM BEKTOP y3rapMmaciap.

YMymuit xonma €3mnran (16) yerapaBuii mapTHA OUP TOMOHTA KYUHUPHIIT
yuyH (15) TeHrMaMaHuHT CTPYKTYpacuaH Keiaubd yukub, Kyhuaara EpaaMmau
MaTpUIIa—BEKTOP KYPUHUIIMAATH oAU AuddepeHuan TeHraMaiap CUCTe
MAaCHHU MyoMaJjiara KHpuTaMu3;

a (C(x) V'+Q(x)V )+p vV =1£,(17)
bynna: a, B, f — aHukaHuIIM J03UM OYraH HOMabJIyM MaTpHUIla Ba BEKTOP
bynkusnap. OXUpru TeHriiaManap cucteMacuiu x 0yiinya nuddepennuaniad: '

+(18)
a(C(x)VQ(x)V)+d (C(x)V+Q(x) V)+B V'+B"V = f xocun Oyaran



TEHIJIaMaHU TECKapy MaTpullara Kynmautupuo, CYHT Kaifta rypyx Jja0, Kyiugarura
ara OynaMus:

I

'+ (19)

111
(Clx)VQ(x)V) a(aC(x)B)Va(pQ(x))Vaf
+ I + I+ I+ =l
FOxopuna kentupwiran (19) Ba (15) renramanap cucremacu, xamza (17) Ba (16)
x=(0 6ynrania cOMMITUPUO, HOMabIyM d, 3, f MaTpuiia Ba BEKTOp (PYHKIIUSIIAPHUA

AHUKJIAII YIYH KYﬁHHaFH Kommu macamacura kenamus: - -
1
1

[

[1()()acAAB(),a0aCO,

Cx

()0 (0)
PO(),BObaCOQO,
BxQx 00

d(20) |

()

f(),fof.
a
Fx 0

Homabnmym  kxoaddumumentmap yuyaxocun Oynaran (20) wmarpumaBuit
muddepeHnran TeHraManap cucreMacu Kypununum Ko Macajgacuan kecMaza
ganjgaH YHrra kKapab eurad, o(x), PB(x), f(x )HOMabIymMIapHHHT KuWMariapu
aHWKJIaHau, )kxymnanan x=[ nykrana a(l), B(l), f(l) xkuitmatnap mabaym Oymanu. Y
xonga (16) Ba (17) mu »bpTHOOpra omncak V(I) , V'(l) Bekrop HOMabiIymjap
KOMITOHEHTaNapura HucOaTaH 2n anreOpauk TeHINIaMajap CHUCTeMacura »Jra
Oynamus:

OOOOOOMN
e e

alC1BlalQl ()
\Y ab = |



i
V

VYmby Tenriiamanap cuctemacunu ean0, x=/ Hykraaa anukianrad V(l) , V'(l)
«Oouanruy maptiaap»aan goigananu6 [/;0] kecmanga Teckapu HyHaaumaa
Komm macamacuam equtn opkaiy, axrapuiaaéTran V eduM KapaiaaéTraH KeCMaHUHT
Oapua HyKTacuaa Tyna aHukiaaHaau. Komm macanacura yTka3unnbd Kapajgaétran
(15) Ba (16) yerapaBuii Macana y4yH 3apypHil mapT

OO0

e

a1C1plalQ# |
I |))

de(22)

abn

oaxxapmn0, (16) TeHnIamanap cucteMacu KodOPUIUMEHTIAPUHUHT HOpMajapura
KyHuiarad 0ab3u yekiianuiap 6axapuiraiaa siroHa €4MMU MaBxKyz SKaHJIUIY UC
OOTIaHIN.

1515
DNACTUKIMKHUHT UXTUEPUIA OUpP YITUOBIM YM3UKJIM TMHAMHUK Macajaacu
QOypbeHUHT Y3rapyBUMIAPHUHT OYIaKiaml ycynura MyBo(UK XxaMMa BakT Kyilu
Jard yMyMIIAIITHPHUITaH CIIEKTPal MacalaHH SUHIra OJIM0 KeTHHAIN: |
[Cx)U QU] + Ax)U" ~[pM(x)-B(x)]U = 0
+(23)
x = 0,/ 6ynranga a, V' +b,V =0 (24)
Bbynna: p — xoc con. Xocun Oyiaran Oup >KMHCIM 4YerapaBuil macajga xam
MyKaMMaJTalITupwirad auddepeHian Kyaupui ycyau Oumnan eumwnanu. byHna
u3NlaHaéTraH XoC COH p — Oup kuHcnu (23)—~(24) dyerapaBuil MacallaHUHT HOJIJIaH
(GapKiIy e4MMH MaBXYIJIUK [IapTH —

OO0 0o

e

alClBlal =|
Q1 Bl
de(25)

abu

JaH aHHUKJIaHaaH.

Taxnmud kurHaETran MyKkaMMasIalITHPUITal AU depeHnnan Kyaupuii
ycymu épaamuaa (23)—(24) cnexkrpan MacaTaCHHUHT XOC COHJIap Ba 0azuc GpyHK
nusUap yuyH auddepeHipail MyaMMOCH Xall KWIMHTaHIaH CYHT, yMmyMuil eunm U

(x) ,6asuc Gpynkuusanap 6yitnya karopra éiunanu:



oo

>
VT (1)U (x),
=(26)

r0

oyuna 7,(¢) BakT OYitnua nuddepeHian TeHIJIaMaHUHT €YUMUIAP. DITACTUKITUK
HA3apUACUHUHT OUp YI4amiid JUHAMUK MAacajJaCUHUHT TYJa €YUMHUHU IOKOPH
aHUKJIMKIa xucoounam ycynu sipatuian. [y ounan Oup katopaa, mjiacTuHa Ba
scCU KOOMKJIApHUHT acOCUi TaTOMKUI Macajalapi KOOpAHUHAaTa OYHuYa UKKU
YIHOBIUAMP Ba yAApPHHU KOOPJWHATA YKIapu Oyitnya HOMabiyM (GYHKIUSHUA
oynaknad v (,) () ()iz1122

x x X x Xx ,=,, byOoHoB-I"anepkun npouenypacu
HU KYJIacak, Xap Oup koopAuHara 0yiindya MOC paBHILa OUp YI4OBIM Macaiara
kenamu3. kku Y14oBiaM MacananapHy Oup YI4OBIW Macajara KeJITUPHUIT YCyau
BapHUaIMOH SIKUHJIAIIUII YCYJIU 1e0 aTanaau Ba dJIaCTUKIUK Ha3apUsCUHUHT HO
YU3UKJIM CTATUK MacalaJlapUHU €4MII YUYH XaM YEKJIOBJIAPCU3 KYJUTaHWIHILN
MYMKHH.

KOxopuaarura yxmam miacTiHa Ba ScCU KOOMKIAPHUHT TUHAMUK Maca
Janapy XaMm BapHallMoH SIKWHJIAIIMII Ba MyKaMMaJUlalTupirad auddepenuman
KYYUII yCYIu OUpraivkia Kyjulalm OpKaJd e4iiaiv, ShbHA MOC KOOpAMHATA YK
pu Oyiinya Oup YITJ0BIM Macaia eduiano 0a3uc GyHKIUsIap aHUKTaHTaHIaH CYHT,
Kapana€Trad MKKU YITYOBJIM CIIEKTPAJI MAaCAJIAHUHT XOC COHU PesieiHuHT 3HEp
reTuK (GopMysiacu OpKajau aHUKJIAHA Y.

3aMoHaBUN ax0OPOT-KOMMYHHUKAIIMOH TexHonoruscuHuHr Typ6o—Ilackan
ANTOPUTMHUK TWJIM acoCHa IUIaCTMHA Ba $CCH KOOMKJIAPHHMHI TAalIKH KydJiap
TabCUPUAArA CTAaTUK Ba JAMHAMUK Macajlajapura JOMp AaHUK E€YUMU MaBKY[
Macajajgapu OpKajlyd HIuiad YMKWITaH COHJIM XMCOOJNalll ajaropuTMIIapu Y4YyH
APATUITAHKOMIUIEKC JACTYPJAAPUHUHT UIIOHWIWIIMTH Ba CaMapagopiIuru aHUK
naHrad. MacaiaH, crieKTpaj MacajanapJa TypJId YerapaBuil mapTiap yuyH
Kamu1a 7—8 xoc coniap Ba 6a3uc GyHKIHsIIap aHUKJIAHTH.

16 16

JuccepranusHuHr « KaJuH minMra MyBo3aHATH Ba XapaKaTHUra J10up
0ab3u MacaJjajap» 1e0 HoMJIaHTaH yYruHYM 00012 HOaHbaHABUI Ha3apUsTHU Ma
cajanapJa KyJUIaHWJIUIIN, UIIOHWIMIINTH, ACOCJIAHTaHJIUTH BAa OJIMHTaH HaTU
YKaJapHUHT aHUKJIMK J1apa)kacu TaxJIWI KWinHradH. Hykrana >kamilanras Kyd Tab
CUpPHIA KaJIHMH MIIMTAapAa X0Cua OVIIyBUM Ky4JaHUII Ba AedopMalusiiiap aHUK
nmaHraH.AGCOIOT KaTTHK Ba YTa TEKUC acOCIArd, TEKUC TapKairaH Mmima Kyd
TabCUPUJATU KAJIMH IUIMTAaHUHT OYiliaMa aepopMalisuIlaHuIIg XaMm/a T03a 3T1
JIMIIN Macalajlapyujia HOAaHbaHABUI Ha3apus JOMPACH]IA aHUK €YUM OJIMIITa dpU
mman. Tekuc élnnMa Kyd TabCUPUIary IAPHUPIIM MaXKaMJIaHTaH KaJuH IJIUTa
Jap STWIMILKA HOaHbaHaBU Hazapus OYilnama 3ypUKUIUIApHU XUCOOIAI UMKO
HUSTUHU SIpaTId Ba TUIMTAHUHT KAJIUHIUTUIa MyTaHOCUO, MabIyM Hazapusiap
HaTwkaitapunu 40 ¢pousrada SxXIuIaIm.

Xap KaHmal spaTWiIraH Ha3apUsSHUHT WUIOHWIWIMIKA Ba camapalopiuru



AMACTUKIIMK Ha3apusicHAa aHUK €YMMHM MaBxXya OViraH amaiauil MacallaHh €4uIIl
opkanu Taxjaui KwimHaau. [lynnait macana cudarunga acocan b. ®. BinacoBHuHr
cuHycouman EWniMa 0K TabCUPHUAATHA Y4 YITHOBIM ITAPHHUPIN OOFJIAHTaH KaJuH

IUIMTAHUHT 3TUiviy Kapainaau. l-xananaa mooutanudr (0,5; 0,5; 0,0) Hykracuma

wE v .
— OTWJIMII YYYH TaxJIWI KWIMHACTIaH Ha3apUsUIapHUHT KUECUN HaTWKaJlapyu

hg °
OepwiraH. 1->kagBanmaru A narv MHAEKCIAp Ha3apusuiap HOMJIAHHUIIUTA MOC
kenmanu. AnbpanaBuii Hazapus A/[ < 0,1 Oynran nuacTuHanap y4yH, Peiiccaep
Hazapuscu dca h/[<0,2 ypTra KaTuHINKIATH MIaCTUHANIAP, MyKaMMaJlIall TUPWITaH
Tumortenko Hazapusicu daxart A4//< 0,3 6yiran nmiauTanap yayyH KOHHKapIU
HaTWKadapHu OepuIin MyMKUH. JIeKrH Takmu@ dTHUIaéTraH HoOaHbaHABUN Ha3apus
yra xkanun A/l = 0,4 OynraH mIuTanapAa XxaM TaxJImI KAJIUII y9yH KYJTaHTAIH
MYMKUH.

Xo3upraua MabJIyM Ha3apusiap IIMTalap STHIMIIUAArd KYHAAIaHT J1e
dbopManusicH, S’bHU YIAPHUHT 33WIMIIUHYA YbTUOOpra oamaian. JIekun yu ymdos
JM MacallaHUHT aHWK €UMMHMJIaH TUTHTaIap/a STHINII TaUTHIArH 93UINIT KY3ra
SIKKOJI TantaHMokaa. OnuHran Hatuxanap (2-pacm), PeliccHep HazapuscH rnTa
HUHT HOpMaJ KoopJMHaTacu Oyiinya y3rapmac yprada, THUMOIIECHKOHUHT MyKaM
MaJUTAIITUPWIITaH Ha3apusiCH y3rapmac 10Kopu HaTmxa Oepaau. HoanbanaBuii
Ha3apysl IIMTAHUHT S3WIUIIMHA YBTHOOPTa OJTraH X0J/1a aHUK €4MMTIa JKy/a sIKHH
HaTWXKalapHu Oepaiu.

bupop M(x,,y,)HyKTana ;kamJIaHTaH Ky4:

(.)OOgxy=Pox—x
Oy = 3(27)
TabCUPUJIA TUIUTATAPHUHT 3TUJIMIIN MAaXCyCJIMKKA 3ra OYJIran MyXum amaaui
Macananapaan oupu cudaruna Kapanaau. bynna: P — tabcup 3TaéTrad Ky4 WHTEH
cuBnury; 0(x) — upakHuHr nensra pyHkiusicu. Kyd Tabcup sTaéTran HyKTaga
CUpTra HopMaJl Ky4JlaHUIIap YeKCU3 MUKJIOPTa SPUILIA]IH.

Yy macana miMTa TOMOHJApHW Ba KaJWHJIWTHHUHT Typiu HucOartiapuaa
TaxJWwil KuiuHau. JKamjaHral Kyd KyWWITaH HYKTaja TaxXJIWI JTUIAETTaH
MUKJIOPJIAPHUHT Oapyacu V3MHUHT MaKCUMyMHUTa JpUIIATUd Ba yIApHUHT
TaKCUMJIAHMIIIM FOKOpHU rpaaueHTra sra (3-pacm). P/E=0,00005 nucOat yuyH

1717
1-sxkanBaJ
b. ®. BiacoB MacajJaCMHMHT TYPJIM HA3apHAJIAP YUYYH KHECHH TaXJIUJIH
h/l | Anpana | TaxoMuUTamITHPUITaH Huc6wuit xaronuk, %
BUU Ba HOaHbaHABUU AHn
Hazapus | Hazapusap K
Peiicc | Tumo | Hoansb ey Ac | A | A | Ay
HEp IIIEHKO a
HaBUH

0,1 ] 280,26 | 296,06 | 292,03 | 294,38 | 294,24 | 48 | 0,8 0,6 | O,




0,21 17,51 21,47 20,26 | 21,07 | 2098 [16,5| 34| 23| O,
4
0,3 | 3,46 5,22 4,55 5,05 497 (30,5 85| 48] 1,5
0,41 1,09 2,08 1,63 1,99 1,97 (43,3154 79| 3,
3
0,5 0,45 1,08 0,75 1,02 0,96 |53,6(223|11,7| 5,
8

STWJIMIN VKU TUINTA KAIMHJIMTUHUHT 8% HHU, MIKM MOMEHT MaKCUMYMH 3Ca TUIUTa
oukup-muruauHT 35% HA Tamkun 3taau (A = 0,02a, a = b =1, a, b — nnura 6yiin
Ba DHUHUHT Y3YHJIUTH).

JKamnaHraH Ky4 KyWHWITaH HyKTaHUHT MapKa3JgaH yerapa TOMOH CUJLKUIIN
u3NlaHaéTraH MUKJIOpiap KuiMaTuHu YH 0apobap kaMautupau (4-pacm).

UzE/hq
3,7

3,5
3,3

3,1
-0.16700.167 z

Anuk eunm HoanbaH. Hazapus

Peiiccuep Hazapusicu TUMOIIEHKO Ha3apUsICH

2-pacm. Typiam nHazapusiaap 6yiinya 31
yuyH U ruJIMImHMHT z 0yitnua

[ =

TAKCUMJIaHUIIIH.
[nuTara Tabcup 3TYBYHM HYKTaJ1a )KaMJIaHTaH TUHAMHK Kyd KyHUaaru
KYpHUHHUIIITapra 3ra OYJICHH:

1. Hykrana »amMilaHraH KydHUHT OHUWA TAbCUPH:
gxyt=Pdx—-xO0y—-ydit-t
(99)()()()'000

2. Hykraja >xaMmyiaHTaH KYYHUHT TAPMOHHUK TabCUPH:
gxyt=POx—-x0y—ywt
(,,)()()sin.
00

3. Texucnukaa xapakanIaHyBYHd HYKTaJa KaMJIAHTaH Kyd:

gxyt=POx—-x-ctdy—-y-ct



(99)()()-0102

18 18

Hyxkrana xamiaHran Ky4dHUHT OHUM 3apOfid TabCUPHU OCTHUJIA IIUTAJA Kyd
Kylwiran oHaaH Oonutad TeOpaHMa XapakaT ro3ara KejlaJid Ba Kyd KYHWITaH
HYKTaJa XOCHJI OYIIyBYM WYKU KyWIAHHUIILIAP IOKOPU TPATUCHTH CaKJIaHUO KOJIa IH.
Hykrama »xamnaHraH Ky4YHMHI TapMOHHK TabCHUPHU OCTHAA Ky4Y KYWWITaH OHIAH
oommab TeOpaHMa xapakar ro3ara Kenud, ymoy >kapaéH IuiMTaza TUTpaIl XOoJiaTu
OwsaH OMpragvKaa TaBOM dTaau. THTpall aMIUIMTYJACH TAIlKd TAPMOHHUK TabCHP
YaCTOTACH KWYPAWHINNTA MPOTIOPIIMOHAT Kamasiau. TeKHCIUKaa XapakarjaaHyBUd
HYKTaJ[a )KaMJIaHTaH Ky4 TabCUPHUJIA TUTUTAZa BaKT YTUIIN OWIaH CUKUIUII Ba
gY3UIIMII coXanapu naigo 0Viaau (5-pacm). '

i

|
I h

lll[.

.-+J'

MPgmzdzWqmW()O0

- M (28)

-"+=(1)
RW Dx()0,

JlnccepTanusHUET «YTa 6ajJaHA MHIIOOTIAPAA Pe30OHAHC XO0JATJIAPHHH
TaxXJuJ KWIHII Ba CYHAMPHII» 1e0 HOMJIAHTaH TYpPTHHYM 000ja BakT Oyiinua
JaBpUN TaIlIKW Tab-CUPJAp OCTHAA KapajlaéTraH WHIIOOTIAp MaxKaMJIaHUII
YCYJIMHH, Y3 OFUPIUTHHUA Ba TEOMETPHUK IIAKIMHU YBTHOOpra oimbd pe30HaHC
XoJaraap TaxXJWIKWIuHTaH. JluHamuk CcyHmupruaiap €paaMmuaa pe30HaHC
aMIUTUTYIAJIApHU KECKUH KamaiTupuin €ku Oaprapad KWIHil MEXaHU3MH HIILIA0
YUKUJIIH.

V3rapyBuan OHKMPIMK Ba KYHJAJaHT KECHM MAacCAacHra sra yTa OalaH
WHIIIOOTJIADHUHT Y3 OFUPIUTH HIHTHOOPTa OJWHTAH XOjJa WYKA MOMEHT Ba
ATHJIHIITA HUCOATaH TEKUC TeOpaHMa XapakaTh KyHuaard XyCyCHi X0CHIaIu

W/h

0,2

0,06 0,1

0,08 0,04 0,05

0,02 y 0

0 Yy

X 0,75 X y
00,25 0,5 0,75 0,75

< 100,375 002505075

0,15 00,37

@) TN TAKCUMOTHU 6) MOMEHT TaKCUMOTHU 3-pacM. Mapka3IarnHyKTa/ia KoiJamran



KAMJIAHTAH KYY TAbCHPH/IA MJIUTAJA XOCUJ OYJIYBYM 3THUJIMII BA HIKH MOMEHTJIAPHUHT

MIOPACH.
19 19
0,015 0,01
y
0,04 0,03 0,02 0,005
M,,/D
Nu/qh
y 0,75
0,37
002505075
0,01 X 1
00,25 0,50,75
0 g 75 100.37

@) Oyiinama 3YpUKUII TAKCUMOTH 0) MOMEHT TaKCUMOTH
4-pacm. Yerapara siKMH KOMJIAIITAHHYKTA/AA JKAMJIAHTaH Ky4 TabCHPHUAA IJIMTAAA XOCHJI
OysayBuHM Oyili1aMa 3ypUKHIN BA HYKH MOMEHTJIAP 3MIOPACH.

muddepeHnnan TeHrmamanap cucreMacu ounan oepunaau: bynna;
t )

=—-= —J’ J’ — WHIIOOT MAaTCPHUAJIMHUHI BAKT S"TI/IHH/I RRtdR td(p TOTTT®

TT

L 0000

GUIAH THMHUKKAH KAMHIIKOK AMaCTHKINK XOCCATApUHN XapakTepiainm. Yra
OaylaH]l MHIIOOTJIAP ACOCHHUHT CHIDKHUIITA Ba STWJIUIITa MOWUJUIUTUHU YbTHOOPTa
OJITaH X0JIJIa KOTUPUJIUII HyKTacua KWHEMATUK Ky3FajlyBUM TalllkKu TeOpaHyBUH
TabCUpJIAP YUYH KyWHIaru yerapaBuil mapriapHu €310 OJUIIN MyM

KHH: WkMWt
[+=
)
o)
= + =
0 na, ! |
X
WkMO (29)
9
xIMM==="na0,

bynna: W(t) — uH1100T acOCMHUHT TeOpaHMa xapakatu KonyHu. Kapanaérran
MHIIOOTIAPHUHT KYHJAIaHT KECUMU Joupa OYJICUH. Y X0Aa TeJIeMHUHOpPA
HmIaKaIugary (6-pacM) HHIIOOTIAPHUHT AMaMETPH KyHuaaru Kypu HuIjga €3uo



OJIMHUIIN MYMKHUH:
0,04-0,06 0,04-0,06
0,02-0,04 0-0,02 0,02-0,04
N./ah 00,02

Nw/ah 000

0,08 y
o Y
' 0,06
0,04 P7
0,06-0,08

P7
0,06-0,08

0,020

0,020 002

123456789P1
P4 X 123456789P1P4X

5-pacm. Tekucankaa xapakaTJaHyBUM HYKTAa KAMJIAHTaH Ky4 TAbCHPHU/IA IUIATAAA

BAKTHHUHI Xap XWJI KUHMaTIapuia H4KU 3yPUKUILIAP TAKCUMOTH.

20 20

Imundxddd
—_— =4 - -
OO10O0O(O),HIxHIxdHx1

12021

1 l e

101

I

ppp
OO0, xHIxHIx=-+-(30)

0212

[]

HmundxdeHIxHxI
—_ =4 - -
OO .
ppp
OO0
xHIxHxI
=+ --

0121
bynna: H(x) — XsBucaiin GpyHkmusicu.

Opatna WMCCHKJIMK DJCKTPOCTAHNMSIAPU TYTYH MHHOpAlIapu acocuua
TUPrOBUY MaxKamJIaHTaH XOJIa MIUIATHIAAW. YOy MHIIOOTIAp YUyH KYHAaJaHT
kecuM quametpu KonyHusITH (30) udonanan /, = / kuitmar tTannad onmuHUO XOCHT
KWIMHUAIIA MyMKHH. TUPTOBHY aCOCHHUHT KEHTalUIIIA UHIIOOTIAPHUHT KHHE
MAaTUK KY3FaJMIIAIa Pe30HAHC YaCTOTAJAPHUHT TE3KOP OLIMIINTA, STbHU HHIIOOT

YCTYBOPJIMTUHUHT MyCTaXKaMJIAHHUIIIUTA oJiu0 Kenanu (7-pacm).

PiP1

15111



4

d(x) d(x)
Polipo
dydy

6-pacM.TesieBU3MOH MUHOPA IIAKJIUIATH YTAa OaJdaH/
HHIIOOTJIAPHUHT CXeMATUK TACBHPH.

VYTa Ganana MHIIOOTIApra maMoyl KyYHHUHT KYHJajnaHr tabcupu (g, = 0,1;
¢~ 0) Harwxkacujga aMIUIUTYyJAa—4acToTa OOFJIMKJIUTKM TaMOMuia OollKaya TycC
oJlau, S’IbHU YIIOY X0J1aT y4yH OOIll pe30HaHC YacTOTa acoCuira ainananu. (8-

obnactu do/d1=2
pacMm).
Ap
0,35
0.3 252
0,25
1,51
0,2
0,50
0,15 gam=1.5
Pe3oHaHCHbIe feneHus npu :
0,1 gam=1.0
0,05 8empo8bIx m=0
BnusiHue WnpuHLI d0/d1=1 rnepeoduyecKux Hagpy3kax
NoAMOPKU Ha Pe30HAHCHbIE o/q1=1.5 Ap Wy
0 w 1357911131517 19 21 23 25 27 29 31

p 333537
8-pacm. TyTyH unKapuin MUHOpAacura ma

1471013161922 2528 31 34 37

7-pacM. TyTyH YHKapuIl MUHOPACH ACOCH .
MOJI KYYMHUHI KYHAAJAHT TabCUPHAA

Pe30HAHC XoMcaJap XapaKTepH.

Jard THProBUY YHUHUHT KHHEMATHK KY3F0
JIMII XOIMCACH/IA PE30HAHC YacTOoTaJ apra
TabCHPH.

71 21

TeneMuHOpa makiIuIary yta 0agaH HHIIOOTIAp 1032 OUpIUTHAaru
TabCUPH KUXATUIAH MAacCacCu OFUP MHIIOOTIIAp KyMilacura Kupaau. Yoy UHIIO
oTJapJa EpPHUHT FeOJOTUK cU(aTIapruHu YbTHOOpPra oOJIraH X0J1/1a aCOCHUHT
KOTHPWJIHII yCYJUTApU XaM MyXHUM axaMHsT KacO STafu.

by MabHOMa pe30HaHC X0namiap Y4yH UHIIOOT OFUPJIMTH Ba ACOCUHUHT
KOTUPHWIUII YCYJIA TAbCUPUHU TAIKUK KWJIUIIL, YpraHuiaéTrad OObeKTHUHT
STWJIMIIIATH TeOpaHUIIapra KapIiininK 1apakacuHU aHUKPOK Oaxosall UMKO
HUSTHUHU sSIpaTau.

Hatmxkamap 1mIyHM — KYypcaTMOKJIAKH, HWHIIOOT  OFMPJIUTH  PE30HAHC
aMIUTUTYIaHu Oem OapoOapra Kajap OIIMINWATA OMUO Kelaau, JEKUH PE30HaHC
yacToTajiapu Yy3rapMmaiind. ByHIaH OFUpPIWMK Ky4d WHIIOOTHUHT STUJIUIIIATH
OMKUpIUTUTA TAbCUP KWJIMAraH xoyaraa (akat TeOpaHuIl aMIIUTyJaCUHH Y3rap
TUpuIITa oJud kenaau (9-pacm).

ACOCHUHT OTWIWINTa Ba CWDKUINTa OYAraH MOWWUIMTH — 3WJI3WJIa
TYJIKUHIApU TapKaJUIIUAa OKOPH YaCcTOTAId TallKU TabCUpJiapia, WHITOOTHUHT
STWIMIIIArY OUKUPIUTHMHUHT Kamaiuimura onub kemaaw, OuHoOapuH yiily
yacToTajap/ia pPe30HaHC AMIUIMTYJAJapHUHT OMMIIM Ky3atuiamokaa (10-pacm).
Bynpgan yra OanaH WMHIDOOTIAP AaCOCHHHMHI YPHATWIMIIMAA €p MaiJOHWHUHT
T€0JIOTHK XOJIATUHU YBTHOOPTa OJIUII MyXUM OMUJI DKAHJIUTY KeTTUO YUKAIH.

Vra GanaHa MHIIOOTIApAA PE3OHAHC AMIUIHTYIATAPUHHHT OLIMIIH HOXYII
xonucanapra onu0 kemaau. Illy cababmu pe3oHaHC aMIUIMTyHallapHU Tajaad
Japakacuaa KaMalTHpUIN AUHAMHUK CYHAMprudiap EpAaaMuaa amalira  OIIu



PWINMIIM MYMKUH. JIMHAMUK CYHAUpPIUWIApHUM YTa OajlaH] HMHIIOOTJIAPHUHT
ypracua >KOMJIAIITUPUIL SHT SXIIM camapa Oepulu aHuKJIaHau. byHna nuHamMuk
CYHIMPIrUYHUHI MacCach HMHIIOOT KYHJAJaHI KEeCHMMH MaccacuaaH YH OapoOap
OFUp OYIUIIN 3apyp.

Vra Ganasj MHIIOOTNApra KyHAAJAHT HMyHAIMILIA IIAMON KyYMHHMHT Ba
YHUHT acoCHJa KWHEMAaTUK KY3Falulll IIApOWTHAA JaBpUl KOHYyHHUATIApra
OYHCyHYBUM €p CUPTHJA TapKaJyBUM 3WJI3HIACUMOH TYJIKWHJIAPHUHT TabCUPHHU
aMIUIUTYAa-4acTOTaI OOFIaHMIIIIApAA OJIMHTaH HATHXKaJlap KYpUHUIIHIA OepuIT
rad (l11-12-pacmnap). OnuHran HaTwXaulap UIYHH KYpCAaTMOKIAKH, CYHIUD
ruyiapia OMKHUpIIMK/Macca MyHOCAOAaTHUHT YCHUIIU PE30HAHC aMIUIUTYAAJAPHUHT
UKKU OapobOapraua kamaiuiuura onud kenaau. byHaaH Typiu maccainu AMHAMUK
CYHAUpPrUwIapHU yTa OanaHa MHIIOOTIAPHU TaHJIAa0 ONMHTAaH OanaHIHKIapuia
SHT MakOyJ KeTMa-KeTIMKIa YKOWJIAIITHPHII OpPKAJIU PE30HAHC XOJaTJapHU Tyia
Oaprapad STUII MYMKHUHJIUTUA KEIUO 4YMKaaud. AMaiuil MEXaHUKAHUHI JUHAMUK
Macajnanapu y €ku Oy ycyn épaamMuia MareMaTuk (PU3MKaHUHT CIIEKTpal Maca
nanapuHy eyuira onuo kenuHaau. Crekrpan Macajanapaa Xoc COH Ba 6a3uc
GyHKUMSIIapHU aHUKJTalI (pyHIaMEeHTall MyaMMoJIapAaH XUCOOIaH Iu.
HMuccepranusHuar “FOk KyTapyB4u MHHIIOOT/IAP KUCMJIAPH YYYH CIEK TPaJj
MacaJjajgap» 1e0 HomIaHrad 6emuHun 000uaa y3apo Kyiima Ba Kyimma OyamMaraH
nuddepenpan oneparopiaap yuyH Xoc¢ Ba 0a3uc pyHKIUsIIap aHUKJIaHTaH.
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CrekTpasl MacajiaJJapHi €4UII AJITOPUTMIIAPUHUHT HINOHWINIIUTH Ba cama
panopiauru HoBO—AHIpeH NCCUKIIUK 3JIEKTPOCTAHIUACH TYTYH MUHOPACUHUHT
APKUH TEOPAHUILN TAXKPUOACH HATUXKAJApU OPKAJIM TaxJIMJI KWJIUH]IM, Ha3apui Ba
sKcniepuMeHTal Hatwxkanap papku 10-15 dbousnan ommanu.

AnsposnacTukagaru guarrep XoIucacuia TOByLIAaH T€3 y4yBYHM XaBo am
napatiapy 10K KyTapyBUu KUCMJIapuaa MabIyM KPUTUK — V T€3IUKKA SPUIIHIII
apadacua TycataaH CUHUII €KU EpUIIKII HaTkacua danokar pyi 6epuiiu
Ky3aTwiaau. Y0y XOAUCAaHUHT OJITMHM OJTUII Ba KPUTHUK TE3JTUKHU SHAJIa OIITU
put nomapd Myammonapaad 0Viub KeIMoKa.

Kapanaértran MyaMMOHMHI Ma3MyHWra MOHAHJ, OHWp YIYOBIM CHEKTpPAJ
Macaja e4miaad €KM €YMMHUHT CHUMMETPUKIIMK XyCyCHSITUAaH (oiiianaHuIaam.
Macanan, XaBO OKHMMHIa MOC HVHamuIml OYyiuya TJIacTUHAIApJArd KPUTHK
TE3JIMKHU aHMKJAIl SHT KYN y4YpaluraH yd 4erapaBWil maprtaa Oup Ya4oBIU
Mmacana cudaruaa kKapanau (13-pacm). OnwHraH HaTwKajdapAaH IUIAaCTHHAJAP
YerapacvHU MaxkKamJlall yCyJid KPUTUK TE3JIMK YUyH XaJl KWJIyBUYM OMHII cudaruaa
Kapall 3apypJiura Keamb YuKMOK/Ia:

1. Kotupu6 maxkamnami: V= 218.932;

2. llapuaup 6ornanum: V=>50.637;

3. Koncon maxkammnanuii: V'=6.323

Arap NJIaCTUHAHUHT Yerapajapy Typiu yCylla MaXKaMJIaHTaH €KU XaBO

BnusiHue nodamiueocmu OCHO8aHUs K u3auby

Ha

OKMMHU Oupop Oypyak ocTUIa TabCUP KWIAETTaH 0yJica, MKKU YITHOBIH CIIEKTpall



Macajiara K€jaMms.
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HUHT Pe30HAHC X0J1aTJIapra TabCHPH.
10-pacm. YTa 6ajaH HHIIOOT aCOCH
HUHT 3TWJIMIITa MOHWI-TMTHHUHT Pe30
HAHC X0JIaT/Iapra TabCHpH.

2-aJBaJia TUIaCTUHAIAP MaXKaMJIAaHUII YCYJIU Ba XaBO OKMMU WYHATUIIT
OypuUarvHUHT Y3rapuily 0yindya XucoOjJaHraH KPUTHK T€3JIUK KHUMaTIapu Kej
tupuiarad. OJIUHTaH HaTUXKaaapaaH KYpUHUO TypUOIUKU, CHMMETPUK OOFJIaHUIII
JIM TUTAaCTUHAJIAP/IA, XaBO OKUMU OypUYaruHUHT a€(00,900) OpajuK/aa y3rapuiinia,

KPUTHK Te3NMuK o = 45° 6y ranaa MUHMMYM KHAMATHAAH YTau.
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wp w, 1: ky/m=0, 2: ky/m;=0,5, 3: ky/m;=1 X0J1aT JITAPHUHT' THHAMMK
CYHIAUPUIUIIH.
12-pacm. Vra 6anana HHIIOO0TJIAPAA aCOC
JAard celCMUK KY3FaJauil TabCHPHUIATH
11-pacm.VTa 6anana HHIIOOT/IAP/A 1A pe 30HaHC X0JIATIADHUHT THHAMHK
MOJI KYYM TabCHMPHIAru pe3oHaHc CYHIMPH JINUIH.

JlexkrH CUMMETPHK OYJIMarad MapHUPIU-IPKUH OOFIaHUIILIAp Ba KOHCOJ
MaxKamJIaHUIIUIap/ia OKMM OypUariHUHT OUTUIITN OUJIaH KPUTHK TE€3TUKHUHT XaM
OIIMIIM Ky3aTUJIMOK/Ia. YIIIOy HaTv>Ka OKUM SPKHUH Yerapara rnapasiesn HyHanuil
ra sra OynraHuaa MIACTUHAHWHAT ATHINIITA KapIIWIATH TTacaluIg OWiaH Ta
cappy®d stunanu. [InacTuHAaHUHT XaMMa TOMOHH KOTUPUINO MaxKaMmIaHTaHa
KPUTHK TE3JIMK MUKJIOPH XaM I0KOpH OYiaau.

13-pacm.IlnacTuHara ToBylIIaH Te3 XaBO OKUMHUHMHI TabCHP KWIHII CXeMaCH.

14-pacma MmIacTUHAHUHT YOpaK KUCMUAa MYKH MOMEHT 0a3uc
(GYHKIMSACUHUHT XaBO OKUMH MYHAJIUIIIUTa MOC PaBHILIA TAKCUMOTH KEITH
punran. OnuHrad Hatwkanap, dakar o = 45°6ynranaa 6asuc QyHKIUSHUHT TaK
CUMOTH CUMMETPHUK OYIIHUIIHN, KOJTaH XoJulap/ia OKMM HYHaIUIIUra MOC paBUIIlIa
y3rapumuHan KypcatMokaa. Jlemak, y3apo kymma 0yamaran auddepeHiman
OMEPaTOPJIM CHEKTPAJI MacalaJapHU €UHUIIl Kapa€HU1a CAMMETPUK YeTapaBuid
HIapmiap y4yH Xam XaMMa BaKT CUMMETPUK 0a3uc GyHKIUSIApHU TaHIa0 OJIHUII,
KapajgaéTrad TaTOMKUI MacaJaHUHT MOXUSTUHU TyOlaH y3rapTupuO, KpUTUK
TE3JIUK YUyH HOAHHK HaT¥Kara o0 Kelaam.
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2-KaABAJ
[liacTuHaIap MaxXKaMJIAHUII YCYJIM BA XaBO OKUMU MYHAIMII
OYPYATMHUHI KPUTHK TE3JIUKKA TAbCUPU
Uynamum 6ypuarn 0° 30° 45° 60° 80°
Kotupu6 805.2 484.4 462.4 484.4 624.8
MaxXKaMJialll
[apuup 276.6 184.1 177.2 184.1 231.4
OOFJTaHUIII
Mapaupnu 50.6 58.5 71.6 101.3 163.9
3PKUH




OOFJIaHUIII

Koncon 6.3 7.3 9.0 12.7 21.5
MaXxKaMJIAHWII

Oparna, ciekTpan Macanaiapuu equiga Oypee ycynu TYFpu TYpTOypUax,
Joupa KaOu Typy HUXOAT/A YerapajaHraH aHbaHaBUIl TUIACTUHANIAp/AA KYJIJIaHU
naay. JIEKNH MHIIOOTHUHT KYNITMHA 0K KyTapyBUH 2JIEMEHTIAPU aHbaHABUI
maxksuiapaad gapkiaHaan Ba ymoy coxanapaa Oypbe yCyanHU KYJUlai MyMKAH
sMac. MyaMMoO IIyHAAKH, J€KapT KOOPAUHATA CUCTEMACH1a dOTPU YM3HUKIIU Tpame
s yerapa OMp BaKT/Aa MUKKajga KoOpAUHarara OOFIMK OYiIaau, 1eMak HO
MabJyMJIApHHU KOOPAMHATA YKJIapH OVitnda Oymakiam WUMKOHUSTH HYKOMaIH.
Ym0y MyaMMOHHU camapaiiy Xajl 3TUII YYyH W30MEePUMETPUK KOOpAUHATANIap
CUCTEMACHUHU KUPUTHUO, MypaKKad IIAKIUIM IJIACTUHATIAPHU aHbAaHABUHN KBaapaT
IIaKJIra akCJIAHTUPHUII yCyauaaH doiinananamus. Yily yCcyaHu EPKUHPOK
KYypcaTuil y4yH Mypakkal MIaK/uTy TUlacTUHANapAa KYHIAIaHT Kyd TabCUpUIa
Tapkanaérran Oyiiiama cTarmoHap TYJIKUHIIAp TapKAIUIIUTA TOUP CIIEKTpal Maca
JaHU KypuO YMKaMu3.

ByHuHr yuyH ypTa KanuHIMKIard miactTuHanapHuHr (13) xapakaT TeHria
Majapu CUCTEMACUHUHT OupuHUKrcura OypbeHUHT HOMabJIyMJIapHH OYIaKiaiil
YCYJIMHH KYJI1a0, KyWHIard UKKU YITYOBIIH CIICKTPAJl Macajiara KeJIaMmus3:

Mypaxkkab maxkuM miacTuHagapra Mucol cudaruaa Tyrpu TyprOypuax,
AJUIMIIC, TPAIlelys Ba TyPJIM KYPUHUIIAATH STPU YM3UKIIN Tpareuusiap Kapaiiu.
Tyrpu TypTOypuakiu riactTuHa yuyH (31) criekTpan Macaia aHUK €4uMra ara: 22
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A. 15-pacMary makuiap ¥4ua ynrdy coxara TErHIIUIM XOC COH  a b

| +
HUHT TACAMKJIOBYM KUHUMaTIapu KeITupuirad. Mypakkal MIakuiM MiacTUHanzap/a
xaM JedopManMsIaHUIT COXAcH IO3aCMHMHT KamMalumu OViiaamMa TYIKUH
TapKaJIUIIN aCOCUN YaCTOTACH A HUHT OILIUIINTA OJIUO KeJIa/Iu.
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a=45
a)°a=0.6)° c)’a =90
b
14-pacm.lllapHupau 00FIaHIaH NJIACTHHAAA MYKH 3TYBYH MOMEHTHHUHT 3MI0OpPacura
XaBO OKUMM HYHAJTMIINHUHT TAHCUPH.

+A U= (31
)90

IUIACTHHA KBAJAparra akCIaHTUPUITaHJaH
bynna:

A — xoc con. Mypakka6 maxsim
cyHr, (31) Tenrama y3rapyBun KodhPuimeHTm xycycuit xocunanu nudde

PCHIOMA TCHITIaMara KCJalu:
2

agU g+ aggU gq +angU g +agU gta,U +A U =(32)
9 2 299 0

bywna: ay, ag, a,, as a, — W30NCPUMETPUK KOOpIMHATA CHCTEMACcHIa
aHWKJIAHTaH y3rapyBud Kod(dduimeHTiap. Acocuii 4acToTa KUHWMaTuUra TabCUp
ATYBUM Xald KWIyBUM (akTopaH OUpHM TUIACTUHAHWHT MYpaKKal IIaKIIu
yerapacuaup. «fOnmy3» HIaKJIA1aru HOAHbaHABUU IJIaCTUHAJIApAA
KUppaJIApUHUHT YTKUPJANTYBU (¢ MUKJOPUHUHT OILUIILN), SHHU JIehopMarius
JAHYBUYM COXAHMHT MypaKKaOiallyBU HaTUKACUa aCOCUI YaCTOTAaHUHT OUITUIIIH
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15-pacm.Mypakka0 maK/1JIM NJIACTHHAJAPAA KYHIAJAHT Ky4 TAbCUPHAA TapKaJIaéTran
OyilyiaMa cTanMoOHap TYJIKHHJIAPHUHT X0C COHH MUKIOPJIApH.
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U/h
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18—
1 X X
0,5 y
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112233¢ccc======0,02 na 4,45, 0,08 na 5,08 , 0,14 na

7,48 A A A 16-pacm.JO11y3 makIuaarn HOAHbAHABHIH



IVIACTUHAJIAPAA KHPPAJap VTKUPJIANIYBUHUHI ACOCUI YacTOTAa MUKIOPUra Ba 0a3uc
(yHkuus smopacura TabCUpH.

Ba 11y OwiaH Oupranukga Moc 0a3uc (QyHKUIUsUIAp SIIOpacd HoaHbaHABUI
MJJaCTHHA MapKa3ura CHUKWIMO Topanimb Oopumm Xam Kysarwiaau (16-pacm).
OntopaHuHr ymi0y KYpUHUIIAArW V3rapuilyd IUIaCTUHA-HUHT MaxKaM-JIaHUII
yCyiH OuiaH U30XJIaHaIu.

XVJIOCA

«IInactuHa Ba sccu KOOMKJAPHUHI HOKJIACCUK MacallaJlapuHU COHJIM €UHIII
yCYJUITApUHU WNUIA0 YWKHII» MaB3yCHUAAru JOKTOPIMK JUCCepTanuscu Oyhnua
oJn0 OOpWIIraH TaJKUKOTIAp HaTHXKAcKa KyHuaaru Xyjiocaiap TakJIuM STUIIIN:

1. DMacTUKIMK HA3apUSCUHUHT Y4 YITHOBIM XApaKaT TEHITIaMaJlapd acocujia
IUTACTUHA Ba sCCH KOOWKJIApHHUHT (papazmapcu3 HOKJIACCHK — HA3apUSICHHUHT
SPATWININNA, MabIyM Hazapusiap OuiaH KUECHM TaXJIWIM OpPKAIM  OJMHTaH
HATWOKAJIAPHUHT CaMapaioOpiIuTry KYpCaTUIIUIIN XaM/la Mypakka0 IIaKJId coXajap
YYyH PUBOXJIAHTUPWIMIINA aMaliuid MEXaHWKa MacajlajapHd €4YUIIga MYXUM
axamusT KacO aTaau.

2. Iuddepenuman Kyynpuil yCyTMHUHT TAKOMUAJUTAIITAPUWINILY, JUd (hepeHuunan
oreparopiapu KyIiiMa Ba KylmMa OyaMaraH CreKTpal MacaialapHd COHJIM €UHIII
yCYJUIApUHU UIIA0 YMKWIUIIN, XaM/a YOy yCYJIJIApHUHT aCcOCTIaHTaHIIUTHY Ba
WITOHWIMJIMTUHUHT TAbMUHJIAHUIIIA MEXaHUKAHUHT TaTOMKUN MacallaJlapuHU
eUMIIa UJIMHUHM TaIKUKOTJIIADHUHT CaMapagopJIUTUHU OLIUPAIN.

3. Tamky cuHycOMAaNl TAKCMMJIAHTaH 0K TabCUpHUIA MAPHUPIU OOFJIaHTaH
KUIMH TJIMTA 3TWINMIIA MacallachJa OJIMHTaH HaTWKaJApHUHT IOKOPH Jlapakaliv
AHUKJIUTA HOAHBAHBUW HA3APUSHUHT KYJUTAHWINII YETAPACUHU KEHTAUTUPAIH.

4. Hykrazaa >xaMmJiaHTaH TalllKy Ky4 TabCUPUJIA XOCHII OYITyBUM KYUHII Ba
KYWIaHUIUIAPHU [UIUTAJAPHUHT UXTUEPUN HYKTAJIApUAArd TAKCUMOTUHUAHT
KOHYHUSTIIAPUHU Ba OYyiliama 3ypUKUILIAPHUHT MUKIOPIAPUHI aHUKIAHUIIIH
aMaJinii MEXaHUKaHUHI MAaXxCyC MacajlapHU €4UIIa KEHT UMKOHUAT SIpATaIN.

5. Kanun mnnurara TycarnaH TabCcUp 3TYBYM Ba XapakaTjlaHyBUM Oup
HYKTaJa >KamjlaHTaH Kywiap TabCUpUIA XOCWJI OYITyBUYM CHUKUIUII Ba YY3WUJIUII
coxajapujard HWYKH KyWIAHHWILIAD TAaKCHMOTUHHUHT BakT OYyilMda Y3rapuin,
Xamja [orKa IiacTuHaaa oyisiaMa TYJIKUH TapKaJTUIIMHUHT KOHYHUSTIApUHU

2727
TaxJ W KWIMHUIIY aMajiuii MEXaHUKAaHUHT TMHAMHUK Macajajapuaa MyXum
axamusTra srajgup.

6. VYra GanaHj WHIIOOTIAPHHHI OFUPIMIH, ACOCHHHMHI OIIUIMINTA Ba
CUWJDKHINTA MOWWJITUTHHYU YHTHOOpTa OJMMHUINK HATWXKACHIA PE30HAHC TEOpaHUII
aMIUTUTYIACUHM WKKU MapTa OIIMIIK Ba aMIUIMTYIa—4acTOTajlu MyHocabaTiapaa
SHTM PE30HAHC COXaJapUHU XOCHJI OVIMIIMHM aHUKJIAHUIIM, TeJIeMHHOpa
makjiyuaard yra OanaHj WHIIOOTIApAa JWHAMUK CYHAuUprudiap €paamuaa yuoy
PE30HaHC aMIUTUTYAIAPUHA KKK 0apo0ap KaMauTUPHIITa SPUIIAITUIITHN, 3aMO
HaBU axO00OpOT TEXHOJIOTHSUIAPUHM KYJUTall OpKanw YTa OallaH] HWHIIOOTIIAp
AKCIUTyaTalUsICH yYUYyH KYHJAJUK OOBEKTHUB HA30paT BOCHUTACHMHU WILIA0 YHUKUII



UMKOHUSITUHU SIpaTaJiu.

7. Typnu ycynaaa MaxkaMJIaHTaH IUIacTUHAAaru (riarrep XOAUCACUHUHT
TaxJWJ1 KWJIUHUIIM HATHXKAcHAa KPUTHUK TE3TMUKIap MaxXKaMIIaHWII YCYJIHTa
MYBO(MK TE3NMMKIAPHUHT Oup Heua Oapobap dapkiraHuiy Xucobiaad TOMMIIH.
XaBo OKMMH WyHanIUIM (apKIaHyBUM XoOJamiapla KPUTHUK TE3JUKIAP MUKIOPH
y4 Oapobapra y3rapuilid aHUKJIaHIH.

8. Mypakkab makuM IUIaCTHHANIApAa HW30MEPUMETPUK KOOpAMHATAAP
cCUCTeMacHuja KYHAAJIAHT TabCHUp OTYyBUM JMHAMUK TabCHUpJIAp HaTHXKacuaa
Tapkaitaérrad OVyilaMa TYJKUHJIAp XOC YaCTOTACMHUHI XUCOOJAaHWIIM Ba Oa3uc
byHK-IIUsIIap  TaKCUMOTH  AMIOPACMHUHT  aHUKJIAHUIIKA  JAedopMalldsiIaHyBUYH
KaTTUK JKUCM MEXaHWKACHHHWHT SIHTM IWHAMUK MacalallapiHH SYHINa MYXHM
omu1 Oyiaau.
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HAYYHBIN COBET 11O TIPUCYKJIEHUIO YYEHOMN CTEIIEHU
TOKTOPA HAYK 14.07.2016 FM/T 02.02 IIPY TAIIKEHTCKOM
T'OCYJIAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U
HAIIMOHAJIbHOM YHUBEPCUTETE Y3EEKUCTAHA
TAIIKEHTCKHUM T'OCYIAPCTBEHHBIA TEXHUYECKHUM
YHUBEPCHUTET
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M.Mupcaugos
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10 IPUCYKICHUIO YUCHON CTENEHU JOKTOpa HaykK, 1.T.H., Tpodeccop

30 30
BBEJIEHUE (AHHOTaMs JOKTOPCKOM TUCCEPTAIMHN)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl Auccepranuu. Pa3Butue
UH(QPACTPYKTYyp B MHpe U TpeOoBaHUS MO OE30MaCHOCTU U YCTOMYMBOCTU K
BO3BOJAMMBIM COOPY>KEHHSIM CTaBSAT HOBBIE 3aJlaud MOBBILIEHUS IMPOYHOCTU U
HAJEKHOCTH HECYIIHMX 3JIEMEHTOB KOHCTPYKUM. OIHOH U3 aKTyaJdbHBIX H
(yHIaMEHTaIbHBIX 3a7ad MEXaHUKH SIBISIETCSl pa3paboTKa yCOBEPUIEHCTBEHHOI'O
YUCJIEHHOTO METOJIa pacyeTa JJis MPOTHO3UPOBAHUS MPOYHOCTH U YCTOMYHMBOCTH



KOHCTPYKLMH MPU UX IPOEKTUPOBAHUU.

Ha ¢dynnamenTanbHble HAy4YHO-UCCIIEIOBATEIbCKUE PAOOTHI 1O 00ec
NEYCHHIO O€30MacHOM IKCIUTyaTallii COOPYKEHUI U KOHCTPYKIUHI BbIAesieTcs 4-
5%, w3 o0IMX 3aTpar Ha HAyKy U oOpa3oBaHUE, B TOM YucCie B cTpaHax EBpomsl n
CHI 3-4%, B IpOMBIIUIEHHO Pa3BUTHIX cTpaHax 7-8% .

B ycnoBusix 3k0HOMUYECKUX pe(opM, TPOBOAUMBIX B HAlIEH CTpaHe,
oco00e BHUMaHHE yiensieTcsa 0e30MacHOM IKCIUTyaTalui U TPOYHOCTH
BO3BOAMMBIX KOHCTPYKLIHMI U COOpYKeHH. B yacTHOCTH, U1l 0OecrieueHus
0€301acHOTO MOJIeTa JeTaTeIbHBIX alaparoB, YCTOMYUBOCTH U CEHCMO CTOMKOCTH
Ha/13€MHBIX U MOA3EMHBIX COOPY>KEHHUH, a TAK)KE JOJITOBEUHOCTH HECYIIHUX
AIIEMEHTOB MPUCIIOCOOIEHUN OypeHHs B T€0JI0r0-pa3Be/IouHbIX padoTax, pelieHne
3a/1a4 pacyeTa NPOYHOCTH COCTABIIAIOIINX UX 3JIEMEHTOB TUIIA IUIACTUH M MOJIOTUX
o6oouek nprodperaeT ocodoe 3HAUCHHE.

C pa3BuTHEM COBPEMEHHBIX TEXHOJOTHH, CO3JaHUEM KOHCTPYKLIMOHHBIX

MaTepHajaoB C YHHUKAJIbHBIMU (DU3UKO-MEXaHUYECKUMH CBOMCTBAMH CTaHOBSTCS
aKTyaJIbHBIMA BOIIPOCHI Pa3pabOTKH HEKJIACCHUECKUX TEOPUU U METOMOB pacyera
KECTKOCTH, MPOYHOCTH U YCTOWYUBOCTH TIJIACTUH M 000I0ueK. BaxxHoe HaydHO
NPaKTUUYECKOE 3HAUYCHHE MMEET YCOBEPILICHCTBOBAHME Teopuil wu3ruda u
pa3paboTKa YHCICHHBIX METOJOB pacueTa MPOYHOCTH CIOXKHBIX HECYIINX
AJIEMEHTOB KOHCTPYKIIUH C TPUMEHEHHEM COBPEMEHHBIX HHOOPMAIIMOHHBIX
TEXHOJIOTHM.

JlaHHO€ JHMCCEepPTAIMOHHOE WCCJIECAOBAaHUE B OIPEJACICHHON CTENeHU
CIY>XKUT BBINOJHEHUIO 33jad, MNOpPeAyCMOTpeHHbIX B Ykaze IIpesuaeHTta
Pecny6nuku VY3z0ekuctan Ne TIdD 3080 or 30 mas 2002 roga «O nanpHeHieM
Pa3BUTUM KOMITBIOTEPU3AIMU U BHEAPEHUU UH(POPMAIIMIOHHO—KOMMYHUKAIIMOH
HBIX TEXHOJIOTHI» W TmoctaHoBieHMu Kabmnera MuHctpoB Pecnybmuku VY30e
kuctad Ne 200 or 6 wurons 2002 roma «O Mepax AanbHEWIIEro pa3BUTHUS
KOMIIBIOTEpHU3AlMK W BHEAPECHUS HHPOPMAIMOHHO—KOMMYHHUKAIIMOHHBIX TEXHO
JIOTHI».

CooTBeTCTBHE HCCJIEIOBAHUS PUOPUTETHBLIM HANIPABJIEHUSIM pPa3
BHUTHSI HAYKHM U T€XHOJIOTHi pecny0jamnku. /[aHHOe HcclieIoBaHKE BBITIOJIHEHO B
COOTBETCTBHUU C MPUOPUTETHHIM HAIPABJICHUEM PAa3BUTHS HAYKU U TEXHOJOT UM
pecnyonuku 1V. «Mudopmaruzaius u pazButue nHGOPMaIMOHHO—KOMMYHHU
KaITMOHHBIX TEXHOJIOTHII.
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O0630p 3apyGesKHBIX HAYYHBIX HCCIeN0BAHMIT 10 Teme quccepTamuu’'. Hayunsie
MCCJIEIOBAaHMUsI, HAlIPpaBJIECHHBIE HA CO3/IJaHNE TEOPUHU IJIACTUH U 000JIOUEK, a TAKKE
Ha pelIeHne npoOiaeM UX MPOYHOCTH, )KECTKOCTH U yCTOMYMBOCTHU
OCYIIIECTBIISIOTCS B BEAYIIUX HAYYHBIX IIEHTPaX U BBICIIUX 00pa30BaTEIbHbIX
YUpEKICHUSX MUPA, B TOM YHCIIE B HAyYHBIX IIleHTpax Lawerence Livermore
Laboratory (USA), Texnonoruueckom yHuBepcutete ['amOypra (I'epmanus),
Bapmasckom ynuepcurere (Ilonbiia), MOCKOBCKOM ToCy1apCTBEHHOM
yauBepcutete (Poccust), Cankr —IletepOyprckomM rocyapc TBEHHOM YHUBEPCUTETE



(Poccust), Uucturyte mexanuku nonumepos (JlaTBus), TamkeHTCKOM
roCyJapCTBEHHOM TEXHUYECKOM YHUBepcuTeTe (Y30eKucTaH).

B pe3ynbrare ucciaeaoBaHui, MPOBEAECHHBIX B MUPE IO MTOBBIIIEHUIO
IPOYHOCTH U ONPEAEICHUIO YCTOMYMBOCTH IUIACTHH U MOJIOTMX 000JI0YEK,
HOJIyUY€H PsAJl HAy4YHbIX PE3yJIbTaTOB, B TOM YHCIIE: pa3pabOoTaH METO
onpeeeHus] HapsHKEHHOTO COCTOSIHUS TIOJIOTUX 000JIOUEK C UCTIOJIB30BAaHUEM
IPOMBIIUIEHHBIX KOMIIO3ULIMOHHBIX MaTepranoB (Lawerence Livermore Labo
ratory, USA); mocTpoeHa Hekjlaccuueckasi Teopus IJIACTUH HA OCHOBE CHEIU
aJIBHOTO pacIipeiesieHus BHYTPEHHUX HanpspkeHui (TeXHOMorn4eckuii yHuBep
cuteT ["'amOypra, ['epmanus); mocTpoeHbl TEPMOJIUHAMHYECKHNE OCHOBBI TEOPUU
MJIACTHH U nojorux odomnouek (BapmaBckuii yauepcutet, [lonbima); pa3pa
00TaHBI METOJIBI pacyeTa MPOYHOCTH KOMIO3UIIMOHHBIX TUIACTHH C TEPUOJUUECKON
cTpykrypoii (MoCKOBCKUI TOCYIapCTBEHHBIN YHUBEpcUTeT, Poccus); pazpaboTanbl
HEKJIACCUYECKHUE TeOpUH pacuera yctonunBoctu miactul (Cankr-IlerepOyprekuii
yHUBepcuTeT, Poccust); pa3paboTaHbl METO/IBI YHCIIEH HOTO pacyeTa MEXaHUUECKUX
CBOMCTB JUAJIEKTpUYECKUX MarepuaioB (IHCTUTYT MEXaHHMKHU NOJIMMEPOB,
JlatBus).

B pa3nauuHbIX cTpaHaX MO HEKJIACCHYECKUM 3ajadaM IUIACTUH WU MOJOTUX
000JI04EeK B MPUOPUTETHBIX HANPABICHUSAX MPOBOASTCS Psii UCCIEIOBAaHUMN, B TOM
gucie: pa3paboTka METOMOB TMOBBIIICHUS TMPOYHOCTH TUIACTUH U TOJOTHX
000J104eK ¢ YU4ETOM YHUKAJIBbHBIX (PU3MKO-MEXaHUYECKHUX CBOMCTB KOHCTPYK
[IMOHHBIX MaTEPHUAIOB; MOBHIIIEHUE CTEIIEHU TOUHOCTH YPABHEHUN JIBUXKCHUS
IUTACTHH MO BO3/IEMCTBUEM BHEIIHUX CHII;, pa3pabOTKa YUCIEHHBIX METO/IOB
ONpeaeeHUs] HECYIIEH CIOCOOHOCTH U Ha/IEKHOCTHU TOHKOCTEHHBIX COOPYXEHUIN
Y KOHCTPYKLIHAM.

Crenenb M3y4eHHOCTH NPo0aeMsl. VccnenoBaHus TOHKOCTEHHBIX
AJIEMEHTOB HECYIIUX KOHCTPYKLHM, UMEIOIINX [IUPOKOE MPUMEHEHHUE B TEXHUKE, C
JABHUX BPEMEH HAXOAUTCS B IIEHTPE BHUMAHUS YUEHBIX BCETO MHUPA.

'B 0030pe MEKIYHApOIHBIX HAYYHBIX MCCIEJOBAHMH II0 TeMe JHCCEpPTAlMM HMcmojib3oBamuch Lawrence Berkeley National
Laboratorywww.lbl.gov.;Kadenpa wmexanuku kommosutoB — MIY.www.math.msu.su/department/composite/index.htm.;  ToBctuk  ILE.
Hexn.monenu 6anok, maacTuH u obomouek //M3B. CaparoBckoro ynusepcurera, 2008. T.8, cepus Mar.mex.uno.,soim. 3, c.74-85; UucTutyT
MEXaHHKH TOJIMMEpoB :www.citariga.lv/rus/teika/zinatne/polimeru-mehanikas-instituts/Cronos  K.A.; Ilemenun C.B. AcuMnroTndeckuit
aHanu3 Teopuu miactHH Pelicuepa-Munnnuua. M. Usn. Bo MI'Y, Vnpyrocts u Heynpyrocts, 2011 r,ctp. 236-240; Tumomenxo C. I1., I'ynsep
k. Teopusynpyroctu.— M.: Hayka, 1979.— 560 c.; Kristensen R. Mechanics of Composite Materials — Courier Corporation, 2005, USA — 348
p; A it H o 1 a JI.A. MHTer. Bapual. npuHIL. U UXnpuMm. B nuHamuke ynpyrux o6ou. u mi.. Juccepr. —Tammun, 1967. —253 ¢; ManmeictepA.
K., ¥ #p.compoT. MONMM. M KOMIO3HTHEIX MarepuanoB.—Pura: 3unarue, 1980.—572 c; Reissner E, Wan FYM Further considerations of stress
concentrations problems for twisted or sheared shallow spherical shells. Int. J. Solids Structures 31(No. 16): 1994; AmbartsumianS. A.
On the problem of oscillations of the electrocon-ductive Plates in the transverse magnetic field: Theory of, Eds: North —Holland Publishing
Company, 1980; B 1a ¢ o B B. u 1ip. ncrounukm.
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3apy6exnbie yuensie, S.bepaymnu (Opanuust), M. Kupxropd n &.JIss
(T'epmanus), C.I1. Tumomenko, P.Kpucrencen (CILLIA), JI.5. Afinonna (3ctoHus),
A K .Manwmeiicrep (JIarBus) mpoBoAWIN Hay4HbIE UCCIIEIOBAHUS 110 TEOPUIM
HaNpsHKEHHO-Ae()OPMUPOBAHHOTO COCTOSIHUA IJIACTUH U oOonouek. Hekac
CHUYECKHUM TeopusiM nocBsmieHs! padotsl E.Peficuepa, C.A.Ambapiymsiaa, B. 3.
Bnacosa, X. M. Mymrapu, 1.I. Tperynosa.

B wnameit crpane B.Kabynos, T.Pammnos, T.bypues, @.b.bananos,
M.Mupcannos, X.XynonHa3apoB, X. JmmMaroB, M.YcapoB npoBOAWIN Hay4YHBIE



VCCJIEIOBAaHNs HAJ PEIICHHWEM IPUKIAIHBIX 3a1a4 YCTOMYMBOCTH M JKECTKOCTH
IUTACTUH U 000JI0YEK.

Heknaccuueckue TeopuM IUIACTUH M IOJIOTUX OO0OJOYEK OCHOBaHbI Ha
CBEJICHMM MCXOIHOW TPEXMEPHOM 3a1a4yd TEOPUM YIPYTOCTH K JBYXMEPHOM.
[ToaToMy ~ OOBEKTMBHBIM  KPUTEpUEM  JIOCTOBEPHOCTH  NIPEIOKEHHBIX
HEKJIACCUYECKUX TEOPUM MPUHSTA CTEIIEHb YAOBIECTBOPEHUS NOJYUYECHHBIX pelle
HUI TPEXMEPHBIM YPABHEHUEM JIBUKEHUS B MEXaHUKE 1€(OPMHUPYEMOT0 TBEPAOTO
Tena.

Bmecre ¢ TeM Bce U3BECTHBIE HEKIACCUYECKUE TEOPUM HECYIIUX H
TOHKOCTEHHBIX KOHCTPYKLIMM HCIIOJIB3YIOT T€ WJIM MHBIE TMIIOTE3bI, 3AMEHSIOT WU
BBOIAT HOBBIe. Hampumep, Bo Bcex Teopusix 0€3 MCKIIOUEHHUS HUCHOJIb3yeTCs
TUIIOTE3a O HEPACTSHKUMOCTH CEPEAMHHOM IUIOCKOCTH IUIACTHH. BcnencrBue
3TOT0, B YaCTHOCTH, HE NPEACTABISAETCS BO3MOKHBIM MCCIIEIOBAHUSA MEPEXOIHBIX
IIPOLIECCOB B TOHKOCTEHHBIX KOHCTPYKLUHMAX II0f JEUCTBHEM IIOIEPEUYHBIX
Harpy3ok. JIpyrMM CyIIeCTBEHHBIM HEIOCTATKOM HW3BECTHBIX TEOpPUH, B CHILY
BBOAMMOM CHJIOBOM THIIOTE3bl, SABISETCA HEIOCTHKCHHE BBIIIOJHEHHUS BCEX
IPAHUYHBIX YCJIOBUM W yPaBHEHUHN IBHUKECHHS TPEXMEPHOU TEOPHUM YIIPYTOCTH.
Beoimie npuBeneHHble (aKkThl YOEIUTENbHO YKa3bIBAIOT Ha aKTyalbHOCTb CO3/IaHUs
TEOPUU IUIACTUH U MOJIOTUX 000JI04eK 03 IPeBAPUTEIbHBIX TUIIOTES.

CBs3b TeMBI JUCCEPTALMH C HAYYHO—HCC/IE0BATEILCKUMH padoTaMu
BbICLIEr0 00Pa30BaTEIbLHOIO YUPEKACHUS, I71¢ BIIOJHEHA JHcCepTalUs.
JluccepTanimOHHOE UCCIEA0BAaHME BBIIIOJIHEHO B paMKax IUIAHA HAY4YHO
UCCIIEZIOBATENBCKUX PAa00T PyHAAMEHTAIBHBIX U IPUKIIAHBIX IIPOEKTOB
TamkeHTCKOro rocyaapcTBEHHOro Texunueckoro yuusepcurera OT @ 1-123
«TeopeTnueckre 0CHOBBI MATEMATUYECKOTO MOJIEIIMPOBAHNS HACIEACTBEHHO
nehopMHUPYEMBIX CUCTEM TTPHU BO3ACHCTBUN CITyUYalHBIX BO3MYIIEHUN 1
YUCJIEHHOE pelieHne quddepeHInanbHON MpoOieMbl B CIEKTPAIBHBIX 3a1a4ax»
(2007-2011 rr.), A—14-45 «Henuneiinple 3aa4u pacyera NpoOYHOCTH
KOMITO3UIIMOHHBIX TUIACTHH CII0KHOM KoHpurypauuu» (2015-2017 rr)

Henbro uccaeroBanus sBISIETCS pa3pabOTKa YUCIECHHBIX METOIOB
pEIIeHUs HEKJIACCUYECKUX 3a/1a4 IJIACTHH U MOJIOTUX 000104eK. 3axauu
HCCJIEI0BAHUA:

CBEJICHHE TPEXMEPHOW 3aJa4yd HEJIMHEWHOW TEOpHUHM YIPYTOCTH K
IBYMEPHBIM ypaBHEHMSIM JBIDKEHHS IUJIaCTHH U TOJOTHX o0ojodyek 0e3
IIPUMEHEHUS TUIIOTES;
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MoauduKanus Metoaa 1uddepeHnnuanbHON TPOroHKH Ul YMCIEHHOTO
pEllEeHNs KPAeBbIX M CIIEKTPAILHBIX 3aa4 IPUKJIAIHON MEXaHUKHU; pa3paboTKa
noaxona JJjisi JMHAMHUYCCKOTO ralliCcHUA pE30HAHCHBIX SIBJICHUN B 00060 BBICOTHBIX
COOPYKEHHUSX C y4ETOM MX COOCTBEHHOIO BECA M KMHEMATHYECKHUX yCIOBUIA
3aKpCILICHUA OCHOBaHI/Iﬁ;

Hay4yHOE 000CHOBAaHME MOIX0/1a YUCIEHHOTO paspenieHus quddepen
LII/IEIJIBHOIZ Hp06JIeMBI B CIICKTPAJIbHBIX 3aJa4dax AJisI HECAMO COIIPAKCHHBIX
OIIEpaTopOB Pa3pelIAlOIIUX yPABHEHUIA.



O0beKTOM WHCCJIeIOBAHUSA SIBISIOTCS  0CO00 BBICOTHBIE COOPYKEHUS,
AJIIEMEHThl TOHKOCTEHHBIX HECYIIMX KOHCTPYKIUMH CIOXKHOW KOH(Uryparuu,
TOJICTBIC TJIUTHI, THOKWE MJIACTUHBI U MOJIOTHUE 00O0JIOUKH.

IIpenmer ucciaenoBanms. Konebanus oco00 BBICOTHBIX COOPYXKEHUH MO
BO3/ICHICTBUEM BHEIIHUX TMOMEPEYHbIX JAUHAMUYECKUX CWI, Je(opMupoBaHme
TOHKOCTEHHBIX HECYLIUX KOHCTPYKIIMI CO CIOKHOM KOH(MUTypalel TpHUKIaaHbIe
3a7]a4M JJIs1 TOJICTBIX TUIHT.

Metoabl uccienoBanuid. B guccepranuy MpUMEHEHBI YUCICHHBIE METOBI
OTpeeIeHUs] COOCTBEHHBIX YHCEN U 0a3UCHBIX (DYHKIIUN B CIIEKTPAIBHBIX 3a7a4ax
MPUKIAJHOM MEXaHUKH [UI CAaMOCONPSDKEHHBIX W HECAMOCOIPSIKEHHBIX
OMepaTopoB; MeTOIbI AU(PdepeHIIMATBLHON MPOrOHKH U BApUALIMOHHBIX UTEPALIUH.

Hayunasi HOBH3Ha MCCJIeI0BAHMS 3aKJIIOYAETCS B CIEAYIONIEM: pa3paboTaH
YUCJICHHBIN TTOAX0 paspemnieHus qudepeHnnanbHoi Tpo0 JEMBbI B CIIEKTPATBHBIX
3aa4ax Juisi HECaMOCOIPSHKEHHBIX OMEepaTopoB; pazpaboTaH
yCOBEPILIEHCTBOBAHHBIN MeTO AU(dHepeHIInaTbHON MPOrOHKN U BapUAIIMOHHBIX
UTEpALUI JIJIs PEIICHUS CTAaTUYECKUX U IMHAMUYECKUX 3a7]a4 MEXAHUKHU;

pa3paboTaHbl METOIbl YCTPAHEHHUS BO3HMUKAIOIIUMX OMACHBIX 30H IS
BHYTPCHHUX HANpPsDKCHUH B CIOXKHBIX 007acTsIX aeGOpMUPOBAHUS HECYITUX
DJIEMEHTOB KOHCTPYKIMU;

pa3paboTaHbl METO/IbI IBYKPATHOTO YMEHBIIIEHUSI PE30HAHCHBIX aMIUIUTY]] C
UCII0JIb30BAaHUEM JTUHAMHYECKUX TaCUTENICH B 0CO00 BBICOTHBIX COOPYKCHUSX;
OTIpEICICHBI KPUTUUECKUE CKOPOCTH I (prraTTepa B adpoJMHAMHKE, KOTOPHIC
MOTYT OTJIMYATHCS HA MOPSIAOK B COOTBETCTBHUU C YCIOBUSIMHU 3aKPEIT JICHUS
IJIACTHH.

IIpakTuyeckune pe3ybTarbl UccaeA0BaHUA. OnpeneieHbl 30Hbl ONACHBIX
BHYTPEHHHUX HANpPSHKCHUN MPU BO3JICUCTBUU COCPEINOTOYEHHBIX CHJI B TOJICTBIX
IJIATAX.

JlocTOBEpHOCTH MOJYYEHHBIX Pe3yJabTaToB. JOCTOBEPHOCTh MOJYYECHHBIX
pEe3yJbTaTOB MOTBEPKIAACTCA NPUMEHEHUEM OCHOBHBIX ITPUHIUIIOB IPUKIIATIHOU
MEXaHUKH; UCIIOJIb30BaHUEM (yHIaMEHTAIbHBIX OCHOB MaTeMaTH4ecKoi (U3UKH
U (PyHKIIMOHAJILHOTO aHaIN3a; MPOBEPKOM MOJYYEHHBIX PE3YJIbTATOB MPUKIIAIHBIX
IIPOrpaMM Ha IPUMEPAX PEIIEHUs TECTOBBIX 3a]1a4 MEXAHUKH.

Hay4yHasi 1 npakTHYeCKasi 3HAYUMOCTb Pe3yJIbTATOB HCCJICA0BAHMS.
Hayunast 3HauMMOCTBh TPOBEAEHHBIX HUCCIIEIOBAHUN COCTOUT B CIAEAYIOLIEM:
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CO3[aHHE HOBOIO HAYYHOrO HANpPABICHHA B MEXaHHUKE Je()OpPMUPYEMOTO
TBCPAOIro TCJId, OCHOBAHHOI'0O Ha HpeI[HOX(eHHOI?'I HEKJIaCCHUYECKON TCOPUHU
1eOPMHUPOBAHUS HECYIIUX DIEMEHTOB KOHCTPYKIMH. BO3MOXHOCTh M3y4eHHs
PacipoCTpaHCHUA IIPOJOJIbHBIX BOJIH 10 B03HeﬁCTBI/IeM JUHAMHWYCCKHUX HArpy30K
¥ paspemenus quQepeHInansHON MpoOIeMbl B CIEKTPAIBHbIX 3a]a4ax.
HpaKTI/IquKaH 3HAYUMOCTD 3aKJIH0O9acTCA B TOM, UTO pa3pa60TaHHBIe MECXAaHNU3MBbI
AUHAMHWYCCKOT'O IralICHUA PC30HAHCHBIX SIBJICHUU B 0CO6O BBICOTHBIX
COOPYIKCHHUAX, MCTOABI OIIPCACIICHHA 30H OIIACHBIX BHYTPCHHHUX HaprDKeHI/Iﬁ B
HCKAHOHUYCCKHX HCCYIIUX 3JICMCHTAX KOHCTPYKHHﬁ CIIyXKat OCHOBOM JJIs1



CO3JIaHUsI KOMILIEKCA MIPUKJIIAIHBIX TPOTPaMM B CIIEKTPAJIbHBIX 3aa4ax.
BHenpenue pe3yiabTaroB uccjaeaoBanus. Pesynprarsl no «Hekano HU4eCckum
HOJIOTUM 000JI04KaM» U «HUCIEHHOMY PELICHHUIO CIEKTPATIbHBIX 3a1a4 IS
HEKaHOHMYECKUX IUIACTUH» MIPUMEHEHBI IIPU BBIMOIHEHUH npoekTa 15-026
«Pa3paboTka u uccineoBaHle aBTOMATU3alUU TPOSKTUPOBAHUS HECYIIIUX
ABUALIMOHHBIX KOHCTPYKIIMI METOJOM KOHEUHBIX 3JIEMEHTOBY /ISl pacyeTa
IPOYHOCTH HECYILIMX 3JIEMEHTOB CEJIbCKOX035IMCTBEHHBIX camoieToB (CrpaBka
0313/348 ot 2 utonst 2016 roga. Komurera no koopAnHaLMU HAyKU U
TexHoJorun). [IpennoxeHHHbIN MeToa 0TOOPaKEHHS C TOMOIIIBIO
U30MEPUMETPUUECKON CUCTEMbl KOOPAMHAT HEKAHOHUYECKUX TJIACTUH B
KJIACCUYECKYIO MO3BOJIWII IOBBICUTh TOYHOCTh PACYETOB MMPOYHOCTEH IIMOHIOYTOB,
KPBUIbEB M XUMHUECKUX 0aKOB CEITLCKOXO3SHCTBEHHBIX camoiieToB Ha 30—35%.
Anpodanus pe3yJbTaTOB HCCACAOBAHUA. Pe3ylbTaThl UCCAEAOBAHUSA W3JI0KEHBI
B BUJIC JICKIIUM U MPOILIN anpoOaliuio Ha 12 MexIyHapOIHbIX U
peCIyOIUKaHCKUX HAYIHO-TIPAKTHICCKUX KOHPEPEHITUAX, B TOM YHCIIE,
«MexaHHKa U TEXHOJIOTUSI KOMITO3UITMOHHBIX Marepuasio» (bonrapus, 1. Bapha,
1987 r.); «ITonmumepubie kommo3ute» (I'epmanus, r. pesnen, 1987 r);
«MHTerpanpHble ypaBHEHUs B MPUKIAAHOM MojenupoBanun» (Ykpauna, Ognecca,
1989 1.); «I1o Bompocam paccesinus sueprun» (Ykpauna, Kues, 1989 r.);
«IIpobmembr mexanukm» (UumkeHt, 2007); « AKTyanbHbIE POOIEMBI PUKIIATHON
MaTeMaThKU U MHHOPMAIIMOHHBIX TEXHOIOTHIN —AJb-Xopesmu, 2012y (TatkeHT,
2012); «CoBpeMenHble ipodiemsl anropurmuzauumn» (Tamkent, 1991);
«Maremarnyeckoe MOJEIMPOBAHUE U YUCICHHBIE METO/IbI PELICHUS 3a1a4
npukiagHoi MaremMatukm» (TamkeHt, 1992); «BeluucauTenbHbId SKCIEPUMEHT,
MaTeMaTuieckoe MojieupoBanue u ux npumenenue» (Tamkent, 1993),
KOH(EepeHIUs 0 MexaHuke crtomHbix cpef (Tamkent, 1989); nayuno
texandeckas koHpeperius TI'TY (Tamkent, 1993) «[IpobaemMbl 1 BOIPOCHI
MexaHukn» (TamkeHnt, 1993); « MOHUTOPUHT JieTaTeNbHBIX anmapatoBy (TaiikeHT,
2000).

Ony0/IMKOBaHHOCTBL Pe3yJbTATOB HMccJenoBanus. [lo Teme aucceprauuu
omyOnrkoBaHbl Bcero 40 HaydHbIX paboT, B ToM yucie 1 MoHorpadus, 14 HayuyHbIX
crareii, B Tom uucie 10 B pecrnyOnukaHckuX w 4 B 3apyOeKHBIX IKypHaJax,
PEeKOMEH/IOBaHHBIX  BpIcmielt  arrecranMoHHON — komuccued  PecmyOmuku
V30ekucTan g MyONUKAIlMM OCHOBHBIX HAy4YHBIX pe3YyJIbTaTOB JOKTOPCKHX
JIACCEPTALIHIA.

35 35
Crpykrypa u o0beM auccepramuu. CTpyKTypa AUCCEPTALMA COCTOUT U3
BBEJCHHS, TMSTH IJ1aB, 3aKIIOUYEHUSA, CIHCKA HWCIOJIB30BAaHHOW JIATEPATYPHI,
npwiokennit. O0beM auccepTanuu cocTaBisier 198 crpanwuir.

OCHOBHOE COIEPKAHUE JUCCEPTALINU

Bo BBegeHMH 00OCHOBaHa aKTyaJbHOCTh U BOCTPEOOBAHHOCTH TEMBI
auccepranuu, cHopMyaupoBaHbl €€ Ledb U 3aJau, a TakkKe OOBEKT, MpeAMET U
MeTonbl hcciienoBanus. [[puBOIUTCS COOTBETCTBUE UCCIEAOBAHUNA TPUOPUTETHBIM
HampaBJICHUSM pPa3BUTUSL HayKu U TexHojorumii PecmyOnuku VY30exkucras,



U3JIAraloTCs HayyHas HOBU3HA M NPAKTUYECKHUE pE3yJbTaThl MCCIEIOBAHUM,
00OCHOBBIBAETCS HX JIOCTOBEPHOCTh, PACKPBIBAETCA TEOPETHYECKass M MPAKTH
Yyeckass 3HauMMOCThb. lIpuBeneHbl pe3ynbraTbl BHEIPEHUS AHCCEPTALMOHHOMN
paboThl B TPaKTUKY, CBEICHUS IO ampoOanusM W OIMyOJWKOBAaHHBIM paboTam,
CTPYKTYpE U 00beMY JUCCepTaIuu.

B mnepBoii maBe nauccepramuu “Hekimaccmyeckue 3a1adyu IUIACTHH U
MOJIOTHX 000JI0YEeK €O CJIOKHON KOHGUrypammen” moCTpOCHA HEKIACCUYECKas
TEOpHUsl TUIACTUH M TOJOTUX OOOJOYEK CO CIOKHOW KOH(PUTypaluuel Ha OCHOBE
TPEXMEPHBIX YpaBHEHUN HETMHEHHOMN Teopuu ynpyroctu 6e3 runores. [Ipemnio
’KEHHbIE TIOAXOAbI PACTIPOCTPAHSAIOTCS Ha Ae(OPMUPOBAHUE TUIACTUH U MOJIOTHX
000s104eK HeKaHOHNYEeCKOH opMbl. CHOopMynHpOBaHbI HEIMHEWHBIE 3a1a4H O
KoJIe0aHUSAX 0CO00 BBICOTHBIX M THOKUX COOPYKEHHI /1711 KHHEMAaTHYECKOTO BO3
Oy’>KJIeHUS UX OCHOBaHUM NMEPUOANYECCKUMH HATPy3KaMHU.

JlJ1s IpOU3BOJILHOTO TPEXMEPHOTO Tella MoJ IeUCTBUEM 00BEMHBIX U
MOBEPXHOCTHBIX CUJI HA OCHOBE T€OMETPUUECKH HETUHEWHOW TEOPUU YIIPYTOCTH B
HauabHOM (10 a1e(GOpMUPOBAHHS) AEKAPTOBOM CUCTEME KOOPAUHAT, , 3 Ox x x
MMEEM CUCTEMY YPaBHEHU JIArPaH)KEBOTO IBUKEHUS OTHOCUTEIIBHO KOMITOHEHT

nepemereHus U’ [(6 ik+Ul-,k)O' o . o pU g 8 =0 (1) c muueiitnpME
OIIPEIEIIOMIMME COOTHOLICHUSIMH MEXKLY TeH30paMH HAMPSIKCHUH 0 1

KOHEYHBIX 1€()OPMALH e; VTSl yIIPYTOro aHU30TPOIHOIO Marepuana ;i g O =

Ce (2
KHUHCMATNUYCCKUMHU COOTHOUICHUAMU KOIHH-rpI/IHa
1
( ) i Uiy Ui UiUy
2
HpI/I BBIITOJIHCHUHN HaAYaJIbHBIX YCJIOBI/Iﬁ
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rne U7- 3ajaHHBIE Ha YacTH IPaHUNBI X=2,+%, nepemernenus, U, V. -pynkimu
KOODJIMHAT, XapaKTEPHU3YIOIIME HAYAIbHOE COCTOSHME TeNa, O; -CHMBOI
Kponekepa, n; - BHEUIHSAS HOpPMalb, pP—IUIOTHOCTb, Cjy; TEH30p KOHCTAHTBI
AHU30TPOITHBIX MATEPUATIOB.

N3 oO0meit TpexmepHOW 3adadyu HETWHEWHOW TEOpHH YMOpPYTOCTH, IS
nedopMUpOBaHUs TUTACTHH, C YYE€TOM MpeoOIaaroiero Xxapakrepa MmornepeuHoro
nepemetienusi, B (1)-(5) mnpeneOperaroT HEJIMHEHHBIMH COCTABJSIOMIMMU  OT

MPOAOJBHBIX CMENIECHUI. VICKOMBIE pelieHrs] TPEACTABUM B BUAE MTOJIMHOMA JI0
YETBEPTOU CTEIEHU 110 HOPMAJIBHOM KOOPIMHATE Z
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Komnonentsl BekTopa nepemenieHuit (6), COOTBETCTBEHHO CUMMETPUYHOMY
TEH30pYy HAIPSKEHUM, 3aBUCAT OT HEU3BECTHBIX UHTETPATIbHBIX BEIUYUH U, y;, W, V]
0, sesronuxcst GyHKIUSIMA KOOPAUHAT X;,X, ¥ ¢. C IENbI0 MONTyYeHUsT 3aMKHYTOU
CUCTEMBI pa3pellallINX YPaBHEHU OTHOCUTEIBHO 3THX
HEU3BECTHBIX, BBE/ISI B PACCMOTPEHUE BHYTPEHHHUE MOMEHTHI, OCEBBIE YCHIIUS U
nepepe3bIBaIOIINE CUIIbL, JIJISl TIOJYYEHUS YPABHEHUM JBUXKEHUSI YIPYTUX MJIACTUH

npousBeneM Mpoleaypy uHterpupoBanus (1) ¢ yderom (5) mo z B HHTepBalie
[-0,5h; 0,5h]:
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B TCPMUHAX UHTCIPAJIbHBIX BEJIMYWH TUIINYHBIC I'PAHUYHBIC YCJIOBUA

3aIIMUCBIBAIOTCA B CIICAYIOIICM BUC:!

. [lTapaupHOE 3aKpEIUICHUE:

1
NnMnw/V
0,0,0,0,0
i
0
55355 . KecTkoe 3aleMiIeHue:

1l
MWV 0509905709
(j?)=0=0=0 D333
wo
lZlZZZZ (12)
. CBOOOIHBIN Kpaii:
1l

NnMnQnVnn=====0,

Takum oOpa3zom, MMeeM OOIIYI0 TEOPHUIO, U3 KOTOPOM MOMKHO MOJIY4YUTh
JUHEWHbIE W HEJIUMHEWHbIC YPaBHEHUS JBMXKCHHUS TOJCTBIX IUIMT U THOKUX
wiactud. Hanpumep, B (10)—(11), nmpeneOperas BeTHMYMHAMH BBICOKOTO TMOPSAKA
MaJOCTH M HEJIMHEHHBIMHU YJIEHAMU, U BBEAS MOTEHIIMAJIBI OCEBBIX MEPEMEIICHHI
u yrioB casura, npu0, 0, p m ;;

= =MOHO MOJYYUTh YIPOIICHHbIC YPABHEHUS
JBUKEHUS TIJIACTUH CPEHEN TOJIIIUHBI
VYV
-

Gugh mull+-0
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JUiss mnacTMH cpenHed TONMHBL cucrema ypaBHeHUM (13) momyuena
BIIEPBBIE, IIOCKOJIBKY II€PBOE YpaBHEHHE JAE€T BO3MOXHOCTb HCCIIEIOBaHHUS
pPacIpoCTpaHEHUs IMPOMOJIBHBIX BOJH IO JACMCTBHMEM IIONEPEYHBIX Harpy3ok.B
CTaTUYECKUX 3a/layaxX MPHUKIATHON MEXaHUKU BTOPOE YPABHEHUE C TOUHOCTHIO J10
MHOKUTEIEN COOTBETCTBYET pa3pelIalolIMM ypaBHEeHHsAM PelicHepa-MuHanmHa,
OPEICTaBISIIOIMM CcO00M TpeThe MNPUOIMKEHUE s TPEXMEPHBIX YpaBHEHUH
paBHOBecusi. Ilpu 3TOM mnepBoe MNPUOIMKEHHE COOTBETCTBYET KIIACCUYECKOU
teopun Kupxrodda, kotopoe MOXHO noayuuTh U3 (13) npenedpekeHueM 4JIeHOB,
COZIepIKAIIIX MHOKHTEIb — /’.

[Tonw3ysick o6mielt Teopueit B.3.BiacoBa ajist moaorux 000104€K, KOMIOHEHTHI
IPOIOIBHBIX HANPSKEHUH MOXKHO NPEICTABUTD B BUIE ;s i1y Xt T = N =G X O +

M =G.(14)
(ew)2(ew)
38 38
3,HCCB KOMITIOHCHTEI TCH30pa TPETHETO paHra - ¢ ijIOHpe,HeJIHI'OTCH B
CIIEAYIOIEM BHIE, 1 G ;1= G 5, = ,. T€ Y;—KPHUBHU3HBI TOJIOT0M 000IOYKH TI0

KOOPAMHATHBIM ocsaAM. [Ipu 3TOM npononbsHbIe KOMIOHEHTHI TeH30pa Komm [ prna
-e;;C y4eTOoM (6) BBIUCTIAIOTCS 10 hopmyie (3).

B ypaBHeHusax naBuwxeHus (11) BiaMsHME KpPUBHU3HBI MOJOTOM OOOJOYKH
YUHMTBIBAETCS KaK JOMOTHUTEIbHAS MOTIEpedHas Harpy3ka OT OCeBbIX ycumuit N,
1S X

Heknaccuueckue obnactu neopMupoBaHUsi, BBEAS U30MEPUMETPUUYECKYIO
cuctemy koopauHat O¢&,¢, v BBITIONHSS onepanuu AU PepeHInpOBaHUs CIOKHBIX
GbyHKIMHI, C TOMOIIBIO claeayronei GopMyIbl

2
xNx¢C
( 91)29 ikik

k = 1



MOKHO OTOOpa3uTh B KBajpaTHou oOmactu (puc.l). 3mech (x;,Xx,) mapa 4ucen,
XapaKkTepU3yollas KOOpAUHAThl ToueK M), 3aJjaHHBIX Ha BEPLIMHAX U CEpeAMHAX
KOHTypa  KpuUBOJMHEHHOW  Tpameuuu. Ilpu  3tOM  paccmarpuBaemble
muddepeHnanbHble YPABHEHHMSI B YACTHBIX MPOU3BOAHBIX NEPEXOASIT B cede

N0JI00HBIE YPABHEHUS C IEPEMEHHBIMU KO3 (DULIEHTaMU.

n
M:

y Ms
Ms Me
Ms M.
Y|
M2
Mz
g
Ma o
g
X
Mz
Ms
M- Me

Me
Ms

Puc.1. Oro0pakeHue KpUBOJIMHEIHON TPaneuy B KJIaCCHYeCKYI0 00/1aCTh.

C npuMEeHEeHHWEM COOTBETCTBYIONIMX  YOPOLIEHWH W  TUINOTE3 U3
NPEAJIOKEHHON TEOPUU MOXKHO MOJIYYUTh U3BECTHBIE TEXHUUECKUE U YTOUHEHHBIE
Teopuu IacTuH. Hampumep, KilacCHYECKYI0 TEOPHUIO U3 (6) MOXKHO MOTYYHUTH MPU
OTCYTCTBMM KacaTeJbHBIX HArpy30K (popmanbHOU 3aMeHOU y,=—Ww,, IpeHeOperas

obGxatuem miactunsl ( €,,= 0, T.e. V' =6=0).

C  yCOBepIICHCTBOBAaHMEM TEOPUW  pacuyeTra HECyIIMX DJIEMEHTOB
COOTBETCTBCHHO YCIIOKHSIOTCS W pPCATH3AIMOHHBIC BBIYUCIUTEIBHBIC CXEMBI.
Hanbomee onTuManpbHBIM B CMBICJIE TOYHOCTH TIOTYyYaeMBIX YHCICHHBIX
pEe3yJIbTAaTOB  CUUTAIOTCS  TOAXOMbI  PEAyIUPOBAaHMUS  KpaeBbIX  3agad K
SKBUBAJICHTHBIM 3a7auaM Kol ¢ nmepeHocoM rpaHUYHbIX YCIOBUM HA HEKOTOPYIO
bukcupoBaHHyI0 TOUKy. Cpenu 3TUX IMOAXO0B HAauOO0JIee TIEPCIICKTUBHBIM

39 39
cuntaercs  Meron  AuddepeHunanbHOW  NporoHku.  OcHoBomoJararouue
UCCJIeIOBaHUsA METOoJa BBIMIOJNIHEHbI B paborax A.A.AOpamoBa, W. baOymika,
H.Myxutnunosa, ®. b. baganosa u ap. [ maBHBIM HEIOCTAaTKOM JAHHOIO METOAA
ABNIIETCS 0co0asi YyBCTBUTEIBHOCTh BBIUUCIUTENIBHOTO aJIropuT™Ma K THILY
I'PaHUYHBIX YCIOBHIA.
Bo Bropoi mase nuccepranny «YucaeHHbIe MeTOAbI peIIeHUs KPaeBbIX

U CHEeKTPAJBbHBIX 327a4» pa3padoTan MoauduimpoBanHbii MeToa nuddepeH



UaJIbHOM TPOTOHKU AJIsi cUCTeM U pepeHInanbHbIX YPAaBHEHUN € IPOU3
BOJIbHBIMU FPAHUYHBIMU yCIIOBUSIMU. [Ipenaraercs yncieHHbli Toaxo pa3pe
menus quddepeHranIbHOM mpoOiaeMbl B CHEKTPAIbHBIX 33/1auax, B TOM YUCIIE U
JUTSI HECaMOCONPSKEHHBIX OIEPaTOPOB PA3PEIIAOIINX YPABHEHU .

JIOCTOBEpHOCTh YHMCIIEHHBIX MOAXOJOB PELIEHUS KPAEBBIX U CIIEKTPAIBHBIX
3aad  JOKa3blBaeTCsd Ha IpPUMEpPE PpELICHUS U3BECTHBIX CTATUYECKUX U
JUHAMUYECKHUX 3aa4 NPUKIaTHON MEXaHUKU.

JInst yHuUIIMpOBaHHBIX OOBIKHOBEHHBIX U] PepeHIInanbHbIX ypaBHEHUH,
3alMCaHHbIX B MAaTPUYHO-BEKTOPHOH opme

’

(Cx)V Q(x)V) + AX)V'+B(x)V = F
'+ (15)aV'+ bV =fupux=0,/(16)

XXX

npeuIaraeTcss MOAU(PUIMPOBAHHBIA MeTo | 1 pepeHnanbHON IPOrOHKU AJIs
IPOU3BOJIBHBIX IpaHnIHBIX yeiaoBuit. 3meck C(X), Q(x), A(x),B(x), F(x(-a, b,
f —BekTOp M MaTPHIIBI
3aJJaHHbIE BEKTOP U MaTPULbl PYHKLHUU., ,
KOHCTaHTBI, XapaKTEpHU3YIOIUEe TUIl TPAHUYHBIX YCIOBHUN B MPUKIAAHBIX 3a7adax
mexanuku. C 1ebpio mepeHoca rpaHnyHbIX ycioBui (16), 3amucanHbix B Hanbosee
obmielt opme, ¢ y4eToM CTPYKTyphl pasperiaroiiero ypaBHeHus (15) BBemem B
pacCMOTpEHHE  CJIEIYIOUIYI0  BCIIOMOTarelbHYH0  CHCTEMY  OOBIKHOBEHHBIX
i depeHInanbHbIX YPAaBHEHUIN:
of C(x) V'+Qx)V )+ BV =1 (17)
rae o, B, f — nognexaiiue onpeneaeHu0 HEU3BECTHbIE KOA(PPULIUECHTHI.
[Tocnenutoro cucremy ypaBHeHUM, quddepeHupys mo x:
'

o C(x )VQ(x)V ) + o (C(x )V+Q(x ) V)+B V'+p"V = f
'+ (18) n ymMHOXkas Ha 0OPaTHYIO MATPHILY o', BHINOTHSIS
NEePEerpyNmUpPOBKY WICHOB, Oy/IeM UMETh:

'+ 77(19)
111
(Clx)VQ(x)V)a(aC(x)B)Va(BQ(x))Vaf
+ I + '+ I+ ='
CpauuBas (19) u (15) a Taxxke (17) u (16) npu x=0, noy4num CleayIOULYIO
3anauy Komm m1st HensBecTHBIX K03 duinenTos a, f, f:

1

r— =

[1()()aocAXABC (xx)00aCo,

0
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BoaBxBQx(PpObaCO0QO,
l () (20)
foaF(x(x fOf.

0

[Tonmyuyennyro 3amaqy Komm myist Marpuyaabix qudGepeHnnanbHpIX ypaB HEeHUN
(20), pemras mpsMbIM Xoa0M, Ha oTpeske [0,/] onpeaenum Heu3BeCTHLIC @, f, [
cienoBarenbHo, U B Touke x=/ . Torna, ¢ yuetom (16) u (20) OyneM uMeTh

40 40
CJICAYIOIYIO CUCTCMY JIMHEWHBIX 2n aJIFe6paI/IquKI/IX ypaBHeHI/Iﬁ OTHOCHUTCIIBHO

HEU3BeCTHRIX V , V'

OOOOOOM
" e

(XlClBlOtlQl.(zl)
\% ab = |

111f
Vv

[Tocne pemieHust cuctemsl anredpandyeckux ypaBHeHui (21) oTHOCUTENbHO V]
V', oOpaTHBIM XOAOM MeETOAAa MAaTpPUYHON audQepeHnrnaIbHOl MPOTOHKH, KaK
pewenne 3amaun Komm nns (15), moompepensieTcss UCKOMOE penieHue V. Ha
paccMaTrpuBaeMoM oTpeske [/;0].

st xpaeBo#t 3amauu (15)-(16) B metome marpuuHoit nuddepeHImaibHoMl
IPOrOHKM He Tpedyercs nuddepeHnrpoBanre Ko3PPUIUEHTOB, YTO OCOOEHHO
BXHO [UII pPAacCMOTPEHUS MPUKIAJHBIX 33lad C KyCOYHO-HENPEPHIBHBIMU
(¢u3NYEeCKUMH M TE€OMETPUYECKMMM XapakTepucTukamu. llpu BbeImOIHEHUH
YCIIOBUSL:

()OO0 o

| +
e

det 1Qlabu # |
«1Cl1Bla )]

IPU HEKOTOPHIX OrPAaHMYEHMSX Ha KOI(DPUIMEHTHI pa3pellaroluX YpaBHEHUMN
JIOKa3aHO CYIIECTBOBAaHWE M E€IUHCTBEHHOCTbh PEIIEHUS pPaccMaTpUBAEMbIX
KpaeBbIX 3ajay.
COOTBETCTBYIOIIYIO TMHAMUYECKYIO 3a/1a4y JTUHEHHON TEOPUH YIIPYrOCTH st
HEOHOPOAHBIX YJIMHEHHBIX KOHCTPYKIMH, C NpuMeHeHrueM metona dypee,
MOYKHO NPUBECTH K PELIEHHIO CIEAYIOIIEH CIIEKTPaIbHOM 3a1aun: |



[Cx)U QU] + AX)U" ~[pM(x)-B(x)]U = 0
"+ (23) a,V' +b,V =0 ipu x = 0,/ (24)
rae p— cobctBeHHoe yucio. [lonmydeHHas omHOpOgHAS KpaeBas 3a/iada perraercs
MOIUGUIIUPOBAHHBIM MeToAoM auddepenimanbHor nporoHku. CoOcTBeHHOE
YHUCIIO p OINpPEAEseTcs U3 YCJIOBUS HETPUBUAIBHOCTU PEILEHUS OIHOPOIHOM
KpaeBoit 3amaun (23) - (24):

OO0

| +
' @23
det 1Qlabu =|
alClBla bl

J{nst ynucnenHoro onpenesieHus p u3 (25) cTpouTcs UTEPaIIMOHHBIN POLIece
Bercreitna. [Tocne pemeHus criekTpaibHOM 3aaaun (26) — (27) pelieHue
JTMHAMUYECKOM 3a/1aui TEOPUH YIIPYTOCTH pa3iaraeTcs Mo COOCTBEHHBIM (DyHK

UM
VT (U (x),
= (20)

r0

rae Ty(t) - pemenne CoOOTBETCTBYIONIET0 OOBIKHOBEHHOTO AU ()epeHIINATEHOTO
ypaBHEHUS IO BPEMEHHU.

Takum oOpa3oM, uMeEeM TMOJHOE pelieHue JIMHEHHONW OIHOMEpHOMU
JAHAMHAYECKOM 3aJa4M TE€OPUH YNPYrocTh. BmecTe ¢ TeM MHOTHE MPUKIIAIHBIC
3a1a4M OTHOCATCS K KaTeropuy ABYMEPHBIX CTAaTUYECKUX UM AUHAMUYECKUX 3a]ad4,
pelieHrue KOTOPBIX MPEACTaBISET COO0O0Ml TOBOJBHO CIOXKHYIO MaT€MaTHYECKYIO
3a7a4y.
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BoimonHsisi  pa3fenieHre  MEPEMEHHBIX MO  KOOpAMHATaM  V.(X,X,)=
X (x,)X;5,(x,), BbIoONHsSA GdopmanbHyo mnpouenypy byOnoBa — Tlanepkuna 1o
KXo M3 KoopauHar x(s= 1,2), OyneM uUMeTb OIHOMEPHBIE KpPAaeBbIE 3aJauu.
Meton cBeaeHHs JABYMEpHBIX 3ajad K IOCJEA0BATEIBHOCTH OJHOMEPHBIX
HA3bIBACTCSI METOJIOM BapHAIlMOHHBIX HWTEpaIldid, KOTOPHIM 0O€3 OrpaHHYCHHSI
MOKHO TIPUMEHSITh K HSTMHEWHBIM CTAaTHYCCKUM 3aa49aM.

JIByMepHbIe TMHAMUYECKUE 3314 PEIIaloTCsl aHAIIOTMYHO, COBMECTHBIM
npUMEHEHHEM MOIU(PUITUPOBAHHOTO MeTo/a TudPepeHInaIbHON TPOTOHKU U
BapUalMOHHBIX uTepanuil. [locie onpeneneHus OTHOMEPHBIX 0A3UCHBIX (PYHKIIHI
0 Ka)KJI0M W3 KOOPJWHAT 10 OTJICIBLHOCTH IS HAXOXKICHHUS COOCTBEHHBIX YHCEIT
VCXOJHOW IBYMEPHOM CIIEKTPAIIbHOM 3aJa4l UCITOJIb3YETCSl SJHEPreTUIeCKas
dbopmyna Penes.

Ha mnpumepe pemieHuss TECTOBBIX 3aJad IOKa3bIBA€TCS JOCTOBEPHOCTH
MPEJIOKEHHBIX YUCJIECHHBIX METO/OB PEIICHUS] CTAaTUYECKUX M JUHAMUYECKHUX
3a7a4  TUTACTHH M TIOJIOTUX  000NOYeK, C TPUMEHEHHEM COBPEMEHHBIX



UH(OPMAIIMOHHO—KOMMYHUKAIIMOHHBIX ~ TEXHOJOTUM. YWClieHHass peanu3aius
CIIEKTPAJIBHBIX 3aJad ITOKAa3bIBACT, YTO [JIS1 PA3JWYHBIX TPAHUYHBIX YCIIOBHI
onpenensieTcs He MeHee 7-8 3HaYeHU COOCTBEHHBIX YHCEIL.

B Tperpein maBe nuccepranun «Hekoropble 3aJa4ud 0 paBHOBECHH H
ABMKEHUM TOJICTBIX IUIMT», C LEIbI0 YCTAaHOBJICHUSA JOCTOBEPHOCTH W
3¢ (HEKTUBHOCTU MPEAJIOKEHHON HEKJIACCUUECKOW TEOPUU TUIUT, pACCMAaTPUBAIOTCS
YacTHBIE 331a4M O Je()OPMUPOBAHUH TOJICTHIX IJIUT, UMEIOIINE TOYHbIE PELICHUS
B paMKax IUIOCKOM TEOpUH YNPYrocTH. B 3aBUCMMOCTH OT TOJNIUMHBI IUINT B
paMKax MPEIJIOKEHHOW TEOPUH HMMEEM BO3MOXXHOCTb YTOUYHEHUS PE3yJIbTaTOB
KJ1accuueckoi Teopuu 110 40%.

Ha mpumepe pemenus npoctpancTBeHHo# 3a1aun b.d.Binacosa 06 n3rube
HIaPHUPHO 3aKPETUIEHHBIX TOJICTBIX IUIUT MO AEHCTBUEM CHHYCOUIAIBHOM
Harpy3Ku OObIYHO MTPOBEPSIOTCS HA JOCTOBEPHOCTh Pa3IN4HbIE HEKJIACCHUECKUE
TEOpUH IUIUT. {1 TaHHOM 3a1a4i, UMEIOIIEH TOYHOE PELICHUE B TPEXMEPHOU
ITOCTAHOBKE, BBITIOJIHEHBI YUCJIEHHBIE CPABHEHUS PE3YJIBTaTOB U3BECTHBIX TEOPUH,
(0.3, 1 v=1[=1=1=) npu paznuuHbix oTHoeHusx h//. B Tabn. 1 npuBoastcs

o wE
CpaBHEHHUSA PE3YJIBTATOB U OTHOCUTEIILHBIX IIOTPEIIHOCTEU PACCMOTPEHHBIX B
touke (0.5,0.5,0.0).

TEOPHA JUISl IPHBEACHHOTO MPOTHOA -0

W3 mony4eHHbIX pe3yabTaToB CIEAYET, YTO MPEII0KEHHAs TEOPHS BBHITOIHO
OTIIMYAETCS OT JPYTUX YTOUHEHHBIX TEOpUH, MaKCHMajlbHas OTHOCHUTENbHas
MOTPEIIHOCTh KoTopoi, mpu h/I=0.5 nocturaer Bcero 5.8%.

B 1abn. 1 unaekcel B A COOTBETCTBYIOT Ha3BaHMsIM Teopuid. Kak BUIHO U3
TaONMUIBI, KJacCHMYecKass Teopusi HaT YHOBIETBOPHUTEIBHBIC pE3yJabTaThl s
h/[<0.1, Teopusi Peiiccuepa -4/[<0.2, a yTOYHEHHbIE TEOPUH THUMA THUMOIIEHKO -
h/[<0.3. BMecTe ¢ TeMm MpeNIOKeHHAss Teopwsl MPUMEHHMA JJisi MCCIICIOBaHUS
HaANPsHKEHHO-Ae(hOPMUPOBAHHOTO COCTOSHUS IITUT A0 h/[=0.4.

4242
Taoauna 1
CpaBHHTeJILHLIﬁ aHaJIu3 pemeHm?i 3ada4u BuaacoBa JJIS Pa3JINnYHbIX Teopnif[
h/1 Hexknaccuueckue Teopuu OTHOCUTENBHAS
Kiacc Tounoe MOTPEIIHOCTH BYo
n Peiicc | Tumo | Ilpen | PCHI Ac | A, | A | A,
qeckad | HEPA | WeHKO | mar | e
teopu’!
0. [280.26 | 292.03 | 296.0 | 2943 | 29424 | 48 | 0.8 | 0.6 | O.
1 6 8 0
0. [ 17.51 20.26 | 21.47 | 21.07 2098 | 165|134 |23 | 0.
2 4




0. 3.46 4.55 5.22 5.05 497 130.5| 85 | 48

3

0. 1.09 1.63 2.08 1.99 1.97 1433 (154179

4

0. 0.45 0.75 1.08 1.02 096 |53.6223(11.7 .
5 8

B u3BecTHBIX TEOpUAX HE YUUTHIBACTCS MOMEPEUHOE 00KATUE TOJICTHIX TUTUT
npu u3rube. Bmecre ¢ TeM, Kak ciaemyeT U3 peuieHusi TPEXMEPHBIX 3a71ad TEOPHUH
yOPYTroCTH, JAJIA M3ruda IUIMT CPeIHMUX TOJIIMH, HAOIIONAETCS SPKO BBIPAKEHHOE
nonepeuHoe ooxkarue (puc.2). Kak BUAHO U3 pUCyHKa, TEOpUM TUMA THMOIIEHKO
JIAFOT 3aBBIIIEHHBIC 3HAYCHUs, a Teopusl PeiiccHepa - ocpeaHeHHble 3HayeHus. [l
IIPEJIOKEHHONM HEKJIACCUYECKOM TEOpHUM MOJIYYEHHBIE pEe3yJbTarbl HMEIOT
XOPOILYIO KOPPEJSIUIO C TOYHBIM PEIICHUEM M aJIEKBATHO OTPAKAIOT MTONIEPEY HOE
CKaThe IJTUT P U3ruoe.

PaccmarpuBaercs aBymepHas 3aiada o IEMCTBUM COCPENOTOYEHHON CHIIBI
Pra npsMOyTOJIEHYIO TUIMTY B HEKOTOPOM Touke M(x,,y,) :

gxy=P0ox—-x0y—-y, (27
(,)()O(O)

rae o(x) — aenbra pyaknun Jupaka.

JlanHass 3ajmadya pemiaeTcs IPU  Pa3IMYHBIX COOTHOIICHHSX CTOPOH U
TOJIIIUHBI IUIATHI. B TOYKE NPHIOKEHHS COCPEIOTOUYCHHON CHIJIBI HMCKOMBIC
BEJIMUMHBI JOCTHTalOT MaKCHMMyMa, IpHYeM TpaJMeHT UX paclpeacicHus
sHauutened (puc. 3) Jna P/E=0,00005 ctpena mporumba coctaBisieT 8% OT
tonuHel (h=0,02; a=b=1) , a MakcuMyM MOMEHTAa - 35% OT JKECTKOCTH TLJTUTHI.

Cwmemenue Touku (x,=a/4, y,=b/4) NPUIOXKECHHUS COCPEAOTOUCHHOMN CHIIBI
IPUBEIO K YMCHBIICHHUIO 3HAYCHHH HMCKOMBIX BEJIMYUH Ha Topsjuok (puc.4). B
TOYKE TPHIOKEHHUS COCPEIOTOUCHHON CHJIbI BHYTPEHHHUH MOMEHT M IPOJIOJIBHOE
YCHJINE MMEIOT CYIICCTBCHHBIH T'PATUCHT M3MEHEHHUS. DTOT (PaKT CBA3aH C TEM,
YTO B JAHHOM TOYKE KOMIIOHEHTHI TEH30pa HANPSKCHUH IPHHUMAIOT
3HAYUTEIIbHBIC, 3 HOPMAJIbHOE HAIIPSHKCHHE - HEOTPAaHUUYCHHBIC 3HAUCHHMS.

[TpenmmonokuM, 9To BHEIIHSS HArpy3Ka MpeaCTaBiIsieT co00i
JTUHAMHAYECKYIO COCPEIOTOUYCHHYIO CHITY CIICAYIOIINX THITOB:

MTrHOBEHHOE MPUIIOKEHUE COCPETOTOYCHHOM CHITBI

gxyt=Pdx—-x0y-ydt-t,
..,)OO0)

000
["apMoHMYECKOE IENCTBHUE COCPENOTOUYCHHON CUIIBI

q(x, y,t) PO (x x)0 (y y )sinwr = = 4=,
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UzE/hq
3,7

3,5
3,3

3,1
-0.16700.167 z

ToyHoe pelueHue MNpeanar. Teopus

Teopus PenccHepa Teopust TUMOLLIEHKO

Puc. 2. Pacnpenenenne nporuéa U no z 1,1 pa3an4uHbIX Teopuii 31
h

[ToaBu»XKHast cCOCpeIOTOUCHHAS CUjla
qxyt=POx—-x-ctdy—-y-ct
(.00
0102
[lox nercTBUEM MOJABUKHOM COCPEAOTOUEHHON CHUJIBI B TOJICTBIX IUIMTAX C
TEYCHHEM BPEMEHU BO3HUKAIOT 00IACTH pacTsHKEHUs U cxarus (puc.S). B
yeTBepTOil maBe auccepranuu «McceaeqoBanue u rameHne pe3o HaHCHBIX
SIBJIEHUH B 0C000 BHICOTHBIX COOPYKEHUSIX» PACCMOTPEHBI 3a/1a41
UCCIIEIOBAHUS PE30HAHCHBIX SIBICHUM B 0COO0 BBICOTHBIX COOPYKEHHSIX THIIA
TEJICBU3UOHHBIX OallleH ¢ BOZMOXKHOMN MOIaTIIMBOCTHI0 OCHOBAHUHN K CIIBUTY H
u3rudy. MccnenoBansl BIusiHUS GU3UKO-MEXaHMUYECKUX, COOCTBEHHOTO Beca U
FEOMETPUYECKUX XapaKTEPUCTUK COOPYKEHUI HA pe30HAHCHBIC SBJICHUS IS
MEPUOIMYECKOTO BO3JICUCTBUS BHEITHUX HArpy3ok. C npuMeHeHueM
JTUHAMUYECKUX FaCUTENICH pacCMOTPEHBI BOMPOCHI YMEHbBIIICHUSI PE30HAHCHBIX
aAMILUTUATY/I.

YcranoBuBIMecs KojaebaHusi 0c000 BBHICOTHBIX BS3KOYMNPYTHX COOPYKEHHUM C
NEPEMEHHOM KECTKOCTbIO—D(X), OTOHHON Maccoi—m(x), ¢ yueToM COOCTBEHHOTO
BeCa OTHOCHUTEIIBHO W3TMOAIONIero MOMEHTa U mporuba, OMHUCHIBAIOTCS
CJIEAYIOLIEN CUCTEMOU pa3pellaroInX YPAaBHEHUM:

Ill['

,—+I

MPgmzdzWqmW ()0

- M , (28)
- =(1)



RW Dx()0,

IIPU  BBIIIOJIHEHUHA TPAHUYHOIO YCJIOBUSA, COOTBETCTBYIOLLENO KUHEMAaTUYECKU
BO30y)XJJaéMOMY M KOHCOJIbHO - 3aKPEIUIEHHOMY COOPYXEHMIO, C BO3MOXKHOMN
NOJATJIMBOCTHIO OCHOBAHUS K CIIBUTY U U3THOy

44 44
Mkk/D 0,2
0,06
0,08 0,04 y 0,15
0,02 075 0,1
W/h oy v
0
0,75
X
00,25 0,5 0,75 100.37
X
00,25 0,50,75

100,375

0,050

a) pacrmpezneneHue nporuda 0) pacrpeneneHrue MOMEHTa

Puc.3. Dnopa nporuéa u BHyTPEHHEro MOMEHTA HA MJIMTAX MO/ JAeiCTBHEM CUMMETPUYHO

PacnoI0KeHHOH COCPe0TOYEeHHOM CUJIBI.
0,005

N/gh
kk/q M,,/D
0,04 0,03 0,02
y 0,75
0,015 0,01 y
0,37
002505075
0,01 X 1
0 00,250,50,75
0,37
0 0,75 10
X

a) pacrpeziesieHrHe HOPMaIBHOTO YCHITHS 0) pacmpeesieHue MOMEHTa

Puc.4. Dnopa HOpMaJIBLHOIO YCHJIMS U BHYTPEHHEr0 MOMEHTA HA IJIMTAaX NOJ AelicTBUEM
HECHUMMETPHUYHO PACIIOJIOKEHHOI COCPEeI0TOUEHHOM CHIIbI.

[+=
WkMWt
X
0

o 1ipu 0, e
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BA3KOYIIPYTHE CBOIMCTBA MaTepualia KOHCTPYKIMU.31ech W(t) - 3aKOH JBUKECHUS
OCHOBaHMS COOPY>KEHUH, KOTOPhIE UMEIOT MEPUOUUYECKUN XapaKTep

Ni/ah

0,08 y

0,06

0,04

0,02
P4
0,06-0,08
0,04-0,06
0,02-0,04
0-0,02

0
123456789P1
-0,02

P7

Ni/ah

0,08
0,06
0,04
0,02

-0,02-0
P7

P4
0,06-0,08
0,04-0,06
0,02-0,04
0-0,02

123456789P1

X

Puc. 5. Xapaxkrep pacnpeneieHusi BHyTPEeHHero yCH/IMA B IJIMTaX
o[ 1efiCTBHEM NOJABHKHOI HATPY3KH B Pa3JIMYHBIX MOMEHTAX BPEMEHH.

[Tontepeunoe ceyeHne 0co00 BHICOTHBIX KOHCOJIBHO-3aKPETNICHHBIX COOPY
KEHUU OylieM cUuTaTh KpyribiM. Torna quaMeTp A MPUBEACHHBIX KOHCTPYKITUH

MOXKHO 3amucarhb B Buje (puc.6):

ImundxdddHleldexl_
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OO0,
xHIxHx!
=4 - -
0121 (30)

rne H(x) — dyakuus XeBucama.

B kadyecTBe IbIMOBBIX TPYO B TEIMIOAIEKTPOCTAHIMAX IIIUPOKO UCTONb
3YI0TCSI KOHCTPYKIMH, UMEIOIME MOIMNOPKU BOJIIU3U OCHOBAHUS, 1JIs1 KOTOPBIX
3aKOHBI U3MEHEHHUSI IMaMeTpa MONEPEYHOTO CEUEHUSI MOXKHO MOIy4yuTh U3 (30),
nonaras /,=I. 3 puc.7 BUJHO, 4TO YBETUUEHHUE IIUPUHBI OANOPKHU MPUBOJIUT K
PE3KOMY MOBBIIIEHUIO PE30HAHCHBIX YaCTOT.

KauecTBeHHO MHON XapakTep aMIUIUTYAHO-YaCTOTHBIX XapaKTepUCTUK
HaOJI0aeTCsl MpU BO3AEHCTBUU BETPOBBIX HArpy3ok tumna (45) ansa q,=0.1, ¢,=0. B
3TOM CJydae CYIIECTBEHHA TOJHKO OCHOBHAsl PE30HAHCHAs 4acToTa KosieOaHWi,
CJIEI0BATENbHO, 3[I€Ch PAcUeThl HAa )KECTKOCTh COOPYKEHUS THUIA TEIEBU3MOHHBIX
OarreH JOKHBI IIPOBOIUTHCS IS OCHOBHOM COOCTBEHHOM 4acTOThI (puc.10).

Oco00 BBICOTHBIE COOPYKEHUS TUIA TEJIEBU3UOHHBIX OallIeH OTHOCSTCS K
KaTerOpuy MacCUBHBIX KOHCTPYKLIHU MO CTENIEHU BO3/IEUCTBUS HA €AMHUILY

Iomaay ocHoBanus. [Ipy 5ToM HEMAIOBaXXHOE 3HAYEHHE 1)1 MACCUBHBIX 44 46
KOHCTPYKLMM NPUOOPETAIOT YCIOBHS 3aKPEIIEHUS UX OCHOBAHM, C YUETOM
re0JIOTMYECKUX CBOMCTB ITOYBBI.

B stoM 1ulaHe BnMsAHHME COOCTBEHHOTO Beca C YYETOM MOJATIMBOCTH
OCHOBaHHUA K M3ru0y U CABUTY Ha PE30HAHCHBIE SIBJICHMSI MO3BOJSAET OOJ€e TOUHO
OLICHUTH )KECTKOCTH 0CO00 BBICOTHBIX COOPYKEHUM K U3TMOHBIM KOJICOaHUSIM.

PiP1
15051

d

d(x) d(x)
Polipo

dydy



Puc. 6. Cxemaruutoe NpPeaCTAaBJICHUEC FTCOMECTPHYCCKUX 0COOEHHOCTEIA.
1,51 gam=0
0,50
Pe3oHaHCHbIe siereHus npu wp

0,35 0,3 0,25 0,2 0,15 0,1 0,05 86Mpo8bIX
BRusiHMe WUPHHBI repeodu4ecKux HazpysKax
noAanopKu Ha Ap
pe30HaHCHbLbIe OGJ'IaCTVI
do/d1=1
AP do/d1=1.5
do/d1=2
gam=1.5
252 gam=1.0
0 1357911131517 19 21 23 25 27 29 31 33
147101316 19 22 25 28 31 34 37 pe3yabTaToB
3537 I3 MOJTyYeHHBIX
w

p
Puc. 7. Bausinue IIMPHHBI OANIOPKHU

0CHOBaHHSI Ha pe3oHaHCHbIe yacTorpl. PHC- 8. XapaKkTep pe3oHaHcoB /s
NONEePEeYHBIX BETPOBBIX HATPY30K.

N3 mnonydeHHBIX pe3yiabTaroB cieayer (puc.9), UTO yBEIUYEHUE
COOCTBEHHOTO BecCa MPUBOAMUT K POCTY PE30HAHCHBIX aMILIUTY/ KOJIeOaHUMN MOYTH
B IIATH pa3, MPU ITOM PE30HAHCHBIC YaCTOTHI HE MEHSIOTCA. Oc000 BBICOTHBIC
COOPYKEHUS THTA TEIEBU3UOHHBIX OAIlleH B CUITy KOHCTPYKTHUBHBIX 0COOCHHOCTEH
JIOTTYCKAOT BO3MOXHYIO MOAATIMBOCTh OCHOBAHUM K M3THOY U cBUTY. JKECTKOCTh
COOPYKEHUs JJIS MOJATIIMBBIX OCHOBAHUM K M3rMOy M CIABUTY PE3KO CHUKAETCS
JUIS. BBICOKOUACTOTHBIX BHEIIHUX Bo3aedcTBuil (puc.10). OTcrona criemyer, 4To
XapaKkTep 3aKperieHUus: 0C000 BBICOTHBIX COOPYKEHHU HMMEET CYIIECTBEHHOE
BJIUSIHUE JUISl BBICOKOYACTOTHBIX BHEIIHUX BO3IeUCTBUU. Bmecte ¢ 1em
YMEHBIICHUE  HEXKeNaTeNbHbIX  SIBJICHUW TpU  PE30HAHCHBIX  KOJIEOAHUAX
JOCTUTAETCS C MPUMEHCHHEM THHAMHYECKUX TaCUTEIICH.

JIist 337129 O TaIlICHUU PE30HAHCHBIX SBJICHUW B TEJICBU3MOHHBIX OAIITHIX
IOJT BO3JICHCTBUEM BETpa, pacrojiarasi JTHHAMUYCCKHUE TACUTETN B CEPEIUHE

4747
COOPYKEHHUs, JOoCTUraeM HanOobLIe 3P PEKTUBHOCTH YMEHBILECHUS PE3OHAHC
HbIX aMIuTyA. [Ipu 3ToM Macca racuTens JOJKHA MPEBBIIATh 3HAUCHUE
NOTOHHOM Macchl cOOpy»keHus Ha nopsinok. Ha puc. 11, 12 npuBenenst
NOJIy4YEHHBIE PE3YIBTaThl AMIUIUTYIHO-4ACTOTHBIX 3aBUCUMOCTEN TP Pa3IMYHbIX
COOTHOUIEHUSIX KECTKOCTHU racuTens K e€ macce. M3 mojydeHHbIX pe3ynbTraToB
CJIEIY€T, UTO C YBEIMUECHUEM OTHOIICHUS k/m; HAaOIIOMaeTCsl yMEHbIIICHUE

BniusHue noGamnusocmu 0CHOBaHUS K u3eu6y Ha

pPE30HaHCHOM aMIUTUTY/IbI KoJieOaHuii Oosee yem B 2 pasa.

amnnumyOHO-4acmMoMmHbIe XapakmepucmuKku
A 1113151719212325272931333
P 537

2,5-2
1,51

050 q1=1.0 q1=0,5 q1=0,0

13579



2
0
147101316 19 22 25 2

Pe30HAHCHBIE ABJECHUSI 0C000 BHICOTHBIX
COOPY:KEeHMH.

Puc. 10. Bausinue nogatJiiBoOCTH
OCHOBAaHHUI1 HA AMILIUTYTHO-4ACTOTHbIE
XapaKTePUCTUKH.

Puc. 9. Bausinue co0CTBEHHOr0 Beca Ha

JlunamMuyeckue 3aJadyd  [PUKIAJHOM MEXaHUKM TEMU WM HHBIMU
croco0amMu IPUBOASTCS K PEIICHUIO CHEKTPaJbHbIX 3aaad. [Ipu 3ToM onHON U3
(yHIaMEHTAJIbHBIX 3a/a4 MaTeMaTH4eCcKOW (PU3MKU SBJISETCS pa3pelieHue
g depeHInanbHON MPoOIeMbl B CIEKTPATBHBIX 3a/auax.

B nsroii maBe muccepraiuu «CrneKTpajibHbIe 3a1a4M JJIs1 3JI€eMEHTOB
HEeCYIIMX KOHCTPYKUMI» pPACCMaTpuUBAIOTCSA  CIEKTPAJIBHBIE 3aadd  JUIA
CaMOCOMNPSHKEHHBIX Y HECAMOCOIPSHKEHHBIX — ONEpPaTOpOB  MPH  PA3IUYHBIX
TPAaHUYHBIX YCIOBUSIX.

C menbl0  3KCOEPUMEHTAIBHOTO  IMOATBEPKIACHUS  JOCTOBEPHOCTH
BBIIIOJIHEHHBIX ~ PacyeToB IO  MPEMIOKEHHBIM  aJrOPUTMaM  PACCMOTPEHO
coOcTtBeHHOE KosiebaHue AbIMOBOM TpyOsl HoBo-Anrpenckoit I'POC. Ananus
MOJIyYEHHBIX PE3YJIBTATOB MOKA3bIBAET, YTO NOTPEIIHOCTh HE mpeBbimaet 10-15%.
Pacuerbl BBIOTHEHBI C YYETOM MPOJOIBHOM CHJIBI COOCTBEHHOTO Beca U
BO3MOYKHOM MOJATIUBOCTH OCHOBAHUS K U3rHOy U CABUTY.

UccnenoBanus drarrepa B IMHAMUYECKUX 3a/ladyax adpoyIlpYyroCTH CBA3aHbI

C OMNpEAENICHHEM KPUTHYECKHX CKOpOCTeld 00TexkaeMoro rasa —U, mpu KOTOPBIX
HAUMHAETCS] HEOTPAHUYECHHBIA POCT aMIUTATYAbl M3THOHBIX KOJIEOAHWUN HECYIUX
AJIEMEHTOB CAMOJIETOB.

48 48




Puc.11. l'nmenue pe30HAHCHBIX SIBJEHUMI
IPH BETPOBOM BO3/1CiICTBHH.
Puc.12. 'amenue pe30HAHCHBIX ABJIEHUI
NMpH celCMUYeCKOM BO30Y:KIeHNUH
OCHOBAHHSI.

1: ki/mi:O, 2: ki/mi:O,S, 3: ki/mi=1,
wp (.Up 1: ki/miZO, 2: ki/miZO,S, 3: ki/mizl

B nmpomecce uuciieHHOro  pemieHds 3aad  OpU HEOOXOAUMOCTH
UCIIONB3YIOTCS  YCJIOBUS CHUMMETPUM JUIi MCKOMBIX pemieHuid. B stmx
NPEANONOKEHUSAX  paccMarpuBaeMble  3aJladyd  PElIalTCs B OJHOMEPHOM
noctaHoBke (puc.13). B kadecTBe rpaHUYHBIX YCIOBUN MO OCcU OX UCHOIb3YETCS
TpHU TUNA 3akperuieHui. [lomydeHHbie pe3yabTaThl CBUIECTEIBCTBYIOT O TOM, YTO OT
BUJIAa 3aKPEIUICHWH KpaeB IUIACTUHBI CYMIECTBEHHBIM O00pa3oM  3aBUCHUT
KPUTHUYECKAsI CKOPOCTh OOTEKaeMOro BO3yXa:

Puc.13. Cxema Bo31elicTBHSI CBEPX3BYKOBOI0 00TEKAHUS OKPYKAKIEro BO31yXa.

1. XKectroe 3amemnenue V= 218.932;
2. IllapuupHoe 3akperenue V=50.637;
3. KoHconbHoOE 3akperienue V=6.323
Ecnu HampaBieHust o0TekaeMoro raza MOryT ObITh MOJ pa3HbIM YIJIOM, a
TaKKe Kpas 3aKpeIUICHHs] IUIACTUH MOTYT OTJIMYaThCs, TO PacCMaTpUBAEMBbIE
3a1a4M JOJIKHBI PEMIAThCs B IBYMEPHOM MTOCTAHOBKE.
B 1abn. 2 npuBoasATCSA BHIYUCICHHBIC 3HAUEHUS O€3pa3MEepHON KPUTH YECKOM
CKOpPOCTH MPH PA3IMYHBIX yIJIaX aTaKh OOTEKAOIIEero raza Jiyisl pa3IndaHbIX
YCJIOBHM 3aKperuieHus miacTuH. Kak cieayer u3 noiy4eHHbIX pe3yabTaroB, C
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M3MEHEHHEM YIIa aTaky B uHTepBae ( )
" € 0,90npu CHMMETPUYHBIX YCITOBUSIX

3aKpEIUICHUs] KpUTHYECKas CKOPOCTh MEepexXoauT uepe3 MUHUMyM. [Ipu’a = 45
JOCTUTAETCSI MUHUMAJIbHOE 3HAaYeHHE JIJIsl KpUTUYECKOM cKopocTH. BmecTte ¢ Tem
JUISl HECUMMETPUYHBIX TPAHUYHBIX YCIOBUHM, TAKUX KaK IIAPHUPHO-CBOOOTHOE WU
KOHCOJIBHOE€ 3aKpEIUICHUE MPSIMOYTOJIbHBIX MJIACTHUH, YBEJIMUCHHE YIJIa aTaKu



IPUBOAUT K POCTY KPUTHUECKOM CKOPOCTU. DTOT (PaKT OOBSICHIETCS TEM, UTO
napajyieIbHOCTh HAPaBJICHHs] 00TEKaeMOro ra3a K CBOOOIHOM rpaHulle TPUBOJIUT
K MUHUMAJIHHOMY CONPOTHBIICHUIO MJIACTHHBI K U3THOY, CIeI0BaTEIbHO,
KPUTHYECKAsi CKOPOCTh TaK)Ke NPUHUMAET MUHMMAaJIbHOE 3HaueHue. [Ipu xxectkom
3aIlEMJICHUH KPaeB IUIACTUHBI IOCTUTAaeTCs HauOOobIllasi KpUTHUYECKasi CKOPOCTb.
Ha puc.14 npuBeneH xapaktep 3aBUCUMOCTH 0a3UCHOM PYHKIIMM BHYTPEHHETO
MOMEHTA Ha %4 4acTh MJIACTUHBI OT HaMpaBieHus o0TekaeMoro raza. 13
MOJIYYEHHBIX PE3YIbTATOB CIEIYET, UTO TOJIBKO IS’ O = 45SUMEEM CHUMMETPUYHOE
pacnpezenenne 6asucHon (QyHKIUU 1711 BHyTPEHHEro MOMEHTa. B ocTanbHbIX
clly4asix XapakTep pacrpezaesieHust 0a3ucHOM (PyHKIIMH OCHOBHOTO
a.
TOHA KOJIEOaHUM JIJIs1 KPUTUUECKOM CKOPOCTH V 3aBHCHUT OT 3HAUYCHHMS yIyia
Orcrona ciieryer, 4To B CIEKTPAIbHBIX 3aJja4ax JJIsl HECaMOCONPSKEHHBIX
OIIepaToOpoOB HE BCerja MOXKHO BbIOpaTh CUMMETPHUUHbIE 0a3UCHBIE (DYHKIIHH.
OObIuHBIE MOAXO/IbI PELIEHUS CIIEKTPAJIbHBIX 3a7a4 B OOJBIIMHCTBE CITy4YacB
PUMEHUMBI 1715 TUTACTUH B KJIaCCHUECKNX 00nacTax aegopmupoBanus. Bmecre ¢
TE€M MHOTHE BaXKHbIE HECYLUE MIEMEHTHI KOHCTPYKLUHU, ITOABEPTacMbIE
JMHAMHYECKUM BO3JIEHCTBUSAM, UMEIOT CIIOKHYIO KOH(UTYpaIuio, A1l KOTOPOil
MHOTHE KJIACCUYECKHUE TTOIXOAbl CTAHOBATCS HENTPUEMIIEMBIMHU. /[€J10 B TOM, UTO B
IJJACTUHAX TUIIA KPUBOJIMHENHBIX TPANEUUN HEJIb3S Pa3IeIUTh HCKOMBIE
IIEPEMEHHBIE 110 KOOPIANHATE, ITOCKOJIBKY KOHTYP, OTPAaHUYMBAIOIIMHI TUIACTUHY,
ABJISIETCS OJHOBPEMEHHO (PyHKLMEN ABYX KoopAHHAT. [loaToMy, ¢ moMoibo
U30MEPUMETPUYECKON CUCTEMBI KOOPIMHAT, BOCIIOJIB3YyEMCS MTOAX0I0OM
oToOpakeHUs CIOKHBIX 00JaCTeH B KIIACCUYECKYIO 001acTh, TPUBEICHHYIO B
nepBou mase. I HarIsATHOW WLTKOCTPAlMK JAHHOTO MOAX0Aa PACCMOTPUM
CHEKTPAJIBbHYIO 3a/1a4y ISl IPOIOJIBHBIX CTAMOHAPHBIX BOJH B IUIACTUHAX CO
CJIOKHOM KOH(UTYpaLIUEHd:
U +ANU

2UL+U, T (31)

XX

0

[Tocne orobpaxkeHust Isl IIIACTHUH CO CIOKHOU KoHuUrypanuei (31)
cTaHOBUTCA MU PepeHIMATBHBIM YPAaBHEHUEM B YACTHBIX ITPOU3BOIHBIX C

EpPEeMEHHBIMH KOA(hUIIMEHTaMU
2

agUg+ aggUgn+ aqqUn+ agUgt a Ut AU = (32)
20

me 4 4 ddd.,,,,, & nnepeMenHble K0d(D(UIMEHTEI, 3aJaHHbIE B
U30MEePUMETPUUCCKON cHucTeMe KoopauHar. OJHOPOAHBIC TPaHUYHBIC YCIOBUS

1s1(58) MoryT OBITH NMPOM3BOJILHBIMU. B KauecTBe MPUMEPOB MJis IUIACTHH CO
CIOKHOW KOH(UTYpaluii PacCMOTPEHBI MPSIMOYTOJbHUK, DJUIUIC, TpArenus M
KPUBOJIMHEHHBIC TPANICIIUU PA3TMYHON KOH(PUTYpAIUH.

50 50
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XapakTep BJAMSHHS HaNPaBJeHNUs yIJIa aTAKH M YCJI0BMIl 3aKpenieHus NJIACTHH HA
KPUTHYECKYI0 CKOPOCTh 00TEKaeMOI0 BO31yXa

Vo araku 0° 30° 45° 60° 80°

XKectkoe 805.2 | 484.4 462.4 484.4 | 624.8
3aIlEeMIICHU
e

[HapaupH 276.6 184.1 177.2 184.1 | 2314
oe
3aKperuieH
ue

apaupH 50.6 58.5 71.6 101.3 163.9
0
CBOOOJTHO
e

Konconbu 6.3 7.3 9.0 12.7 21.5
oe
3aKperieH
ue

yyy

a) 0) )

a= a=4
20270 609 og=90

Puc. 14. Jmopsl n3rudarmomero BHyTpeHHEero MOMEHTA MIAPHUPHO 3aKpenJIeHHOM
IUVIACTHHBI NPU PA3JIUYHBIX YIVIaX aTAKN 00TeKkaeMoro rasa.
B xnaccuueckux o6acTsIX TUMa NIpsIMOYTOJILHUKOB CIIEKTpasibHas 3aaa4a (32) mis
OCHOBHBIX OJHOPOAHBIX I'PAHUYHBIX YCJIOBI/Iﬁ HMCECT TOYHOC PCIICHUC 22
| T

|



CIICAYOIICTO BUAA

A. Ha puc.15 npuBonsarcst COOCTBEHHBIC uncia, ab

| +

)
COOTBETCTBYIOIINE PA3IUYHBIM KJIACCUMYECKUM M HEKJIACCHUYCCKUM OO0JIaCTSM.
3nech cleayeT OTMETHTh, UYTO JJIS MEPBBIX JABYX THIIOB KJIACCHYECKUX oOnacTei
UMEET MECTO pa3JeJICeHUEe HCKOMBIX TMEPEMEHHBIX IO KOOPJAWHATHBIM OCSM H
COOCTBEHHBIC 4YHCJA OMPEICNISAIOTCS TOYHO. B OCTanmbHBIX Ciy4asx CienyeT
HEPEUTH K  H30MEPUMETPUYECKONM  CcHCTeMe KoopauHarOfNc  alIeKBaTHOM
nepenavyeit KOHTypa UCCiIeayeMbIX 0ObEKTOB.

Ha puc. 15, nns kaxaoro cityyas 0o OTAeJIbHOCTH ONPEIeICHAa OCHOBHAS

cOOCTBEHHas 4acToTa A.
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(0] A=7,28
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Puc.15. 3naueHnst cOOCTBEHHOH YaCTOTHI CTOSTYUX BOJIH /ISl PA3JIHYHBIX HEKJIACCHYECKNX
o0Js1acTen.

uU/h U/

yy

A =4,45 npu h,= 0,02, \,= 5,08 npu h,= 0,08, \y= 7,48 npu hy;= 0,14 Puc. 16.
Bausinue 3a0cTpeHus YIVIOB «3B€31000pa3HOil» Tpanenun Ha pacnpenejieHne
0a3uCHBIX QYyHKIM.

N3 momydeHHBIX pPE3yabTaroB CJENyeT, YTO COOCTBEHHAs YacTroTra C
YMEHBIIICHUEM TUIOMIAN pacCMaTpUBAEMbIX OOBEKTOB MMEET TEHJCHIIMIO POCTA.
Bwmecte ¢ Tem Oosee CylIeCTBEHHOE BIUSIHUE HAa COOCTBEHHYIO YAaCTOTY MUMEET U
reoMeTpusi KOHTypa IuiacTuH. Jlma «3Be3gooOpasHoi» Tpamenuu (puc.16)
MOJy4YEeHBl CIIEAYIONIUE pe3yNbTaThl JiE COOCTBEHHBIX YHCENT M 0a3MCHBIX
(byHKIUH.

JIns MaHHOTO KOHTypa IUIACTHUHBI YacTOTa COOCTBEHHBIX YHCEI JIJISI CTOSYUX
BOJIH C YBEJIMYEHHUEM —/ pacTeT, MpU OSTOM cTpena Oa3ucHOM (yHKIUUA B
W30MEPUMETPUYECKOM CHUCTEME KOOpPAMHAT TaKXKe pacTer, MpUYeM BIMropa
CXKUMAETCSl B IEHTPAJIbHYI0 YacTh HEKJIACCHMYECKOM 00JacTH. DTOT pe3ysibTar
00BACHSIETCS XapaKTePOM 3aKPEIUICHHS KpaeB «3B€371000pa3HOM Tpareiuu.
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3AKJTIOYEHUE

Ha ocHOBe mpoBenE€HHBIX MCCIEAOBAHUU IO JOKTOPCKOM AMCCEpPTALMM Ha
Temy «Heknaccuueckue 3ajauu IUTACTUH M TOJOTMX O00O0JI0YEK M pa3padoTka
YUCJICHHBIX METOJOB UX PEIICHUS» MPEACTABICHBI CIEAYIOIINE BHIBODL:

1. ITocTpoeHue HEKIACCHUYECKOM TEOpUHU IUIACTUH M IOJOTMX 000JI0YeK
0e3 TUIOTe3 Ha OCHOBE TPEXMEPHBIX YPAaBHEHHU NBIKCHUSI HEJIMHEWHOW TEOPUH
yOpPYyrocTH B HEKAHOHWYECKUX O0JacTsaX AeOpMUPOBaHHUA, MOATBEPKICHHUE €€
3¢ ()EKTUBHOCTH CpaBHEHHUEM C HU3BECTHBIMU TEOpHUSIMHU MpHoOpeTaeT ocoboe
3HAYEHUE NPH PEUICHUU TPUKIAAHBIX 33]1a4 MEXaHUKHU.

2. Moaudukauuss Merona auddepeHIranbHO NPOrOHKH, pa3pabdoTka



YUCJICHHBIX  TMOAXOJOB  paspemieHus  auddepeHunanbHol  mpoOiieMbl B
CHEKTpaJbHBIX 3a7ayax JJIg CaMOCONPSIKEHHBIX W HECaMOCOMPSHKEHHBIX
OnepaTropoB, OOOCHOBAHHME JIOCTOBEPHOCTH YMCIIEHHBIX METOJOB IIOBBIIIAET
3¢ (HEKTUBHOCTD PEIICHUS 3a1a4 MPUKIIATHON MEXaHUKH.

3. Ilomy4yeHHbIEe pe3ysIbTaThl PELICHUS TPEXMEPHO 3a7]a4i O PABHOBE CHH
TOJICTOM IIAPHUPHO-3aKPETVIEHHOM TIIUTHI O/ AEHCTBUEM CHHYCOUIAIBbHON
Harpy3Ku NOATBEPKAAIOT paCUIMPEHUE IPaHULIbI IPUMEHUMOCTH 15
HEKJIACCUYECKOU TEOPHUH ILIUT.

4. HccnenoBaHO HaNpsKEHHO-A€(QOPMUPOBAHHOE COCTOSHUE IUIUT MOJ
JNENCTBUEM COCPENOTOYEHHOM CHIIbI, PACHOJIOKEHHOM B IIPOU3BOJBHOM TOUYKE
JUIEBON TIUJIOCKOCTU TMPU PA3NHYHBIX COOTHOUIEHUSIX CTOPOH U TOJIIMHBI.
BrepBbie BIYUCIIEHBI 3HAYEHUSI BOSHUKAIOIIUX MPOAOIBHBIX YCUIIHMA MO IEUCT
BUEM IONEPEYHBIX Harpy30K.

5. HccnemoBaHo IMHAMHYECKOE BO3JEMCTBUE BHE3AIHO ITPUIIOKEHHBIX
MOJBUKHBIX COCPEAOTOYEHHBIX CHJ Ha TOJCTYyI0 IUIMTY. OnpenesneHbl 30HbI
OPOAOJIBHOTO  CXKATUA M PACTSOKEHUS TNpPU  BO3ACHCTBUU  MOJBHXKHBIX
COCpPEINOTOYECHHBIX CHUJI. BIiepBble HCCIENOBAH XapakTep paclpOCTPAHEHUS
CTallMOHAPHBIX MPOIOJIBHBIX BOJH MTPU BHE3AIMTHOM BO3/ICHICTBUU KyCOYHO
MOCTOSTHHBIX MOMNEPEYHBIX HATPY30K HA TOHKUE CTEP>KHU U IUIACTUHEL. 6. B
PACCMOTPEHHBIX 3aJja4ax y4eT IPOAOJIbHOM CHIIBI OT COOCTBEHHOTO BecCa MPUBOJIUT
K IBYKPaTHOMY YBEJIMYEHHUIO PE30HAHCHBIX AMIUIMTY/ IPH YCTAHOBUBILUXCS
KOJIe0aHUAX B 0CO0O0 BBICOTHBIX COOPYKEHUAX. VI3MeHeHne yCIIOBUM 3aKpeIIeHHs
OCHOBaHUM 0CO00 BBICOTHBIX COOPY>KEHUM MPUBOAUT K TOSBICHUIO HOBBIX
pe30HaHCHBIX oOnacteil. Ha ocHOBE MpOBEIEHHBIX HCCIEAOBAHUI MO BHIOOPY
ONTHUMAJIbHBIX TAPAMETPOB TUHAMHUYECKUX FACUTENEH U MX MeCTa MOJIOKEHUS, B
COOPY>KEHHUSAX THUIA TEICBU3NOHHBIX OallleH TOCTUTaeTCs yYMEHbILICHUE
PE30HAHCHBIX aMIUIUTYJ IIOYTH B J1Ba pa3a. [I[poBeneHHbIE TEOpPETUUECKUE
UCCJIeI0BaHUs, C TPUMEHEHUEM COBPEMEHHBIX HHPOPMAIIMOHHBIX TEXHOJIOTHUH,
JUTSI TH)KEHEPOB U IPOEKTUPOBIIMKOB AAET HA/IEKHBIA MHCTPYMEHT IS
€XKEJTHEBHOT'O KOHTPOJI HAJIE)KHOCTU BBICOTHBIX COOpYyKeHui. 7. [IpuBenensl
YUCJIEHHBIE PEIIEHUS IBYMEPHBIX CHEKTPAJIBbHBIX 33/1a4 MPH PA3TUYHBIX YCIOBUAX
3aKpeIUIeHMs TUIACTUH MO JEHCTBUEM IMHAMHYECKUX Harpy3ok. OmnpeneaeHsl
3HAYEHUSI KPUTUYECKUX CKOPOCTEN 00TEKaeMOoro ra3a npu HcCciIeqOBaHUU
dmarTepa B IUIaCTHHAX TP PA3THYHBIX COOTHOIIIEHUSIX
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bu3MYeCKuX U TeOMETpPUYeCKHMX mnapameTrpoB. Kputuyeckas CKOpOCTh B
3aBUCUMOCTH OT YCJIOBHM 3aKpEIUICHUST MOXKET OTJIUYaThbCsl Ha TMOPSAJIOK.
UccnenoBan ¢narrep B MiacTUHAX MPU PA3IMYHBIX yIJIaX aTakd OOTEKAeMOTO
Bo3nyxa. IIpm W3MeHEHUM yriia aTaku KPUTHYECKHME CKOPOCTH JIpyr OT Apyra
MOTYT OTJIMYATHCS 10 TPEX pas.

8. C 1noMOmpI0 M30MEPUMETPUYECKOM  CUCTEMBbl  KOOPAWHAT B
HEKJIACCUYECKUX O0NaCTSAX OINpEeAeIeHbl 3HAaYEHUsI COOCTBEHHBIX YUCEI U SIIOPHI
0a3uCHBIX (YHKIIUN JJIST CTOSIMUX BOJH TPH PA3IMYHBIX YCIOBUSIX 3aKPETUICHUS
HEKaHOHUYECKUX IJIACTHH.
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INTRODUCTION (Abstract of the doctoral dissertation)

Actuality and claimed of theme of dissertation. Development of the
Infrastructure of the world and the requirements for resistance to without danger
and erected constructions putting new challenges increase the strength and
reliability of the bearing structural elements. One of the most urgent and
fundamental problems of mechanics is to develop Refine numerical calculation
method for predicting the strength and stability of structures in their design. In



fundamental research and development to ensure the safe operation of buildings
and structures allocated 4-5% of the total costs of research and education,
including Europe and the CIS 3-4% in industrialized countries 7-8%.

In the conditions of the economic reforms which are carried out in our
country special attention it is paid to safe operation and durability of the built
designs and constructions. In particular, for ensuring safe flight flying and
spacecrafts, stability and seismic stability of elevated and underground
constructions, and also durability of the bearing elements of devices of drilling in
geological exploration works, the solution of tasks of calculation of durability of
their constituent elements like plates and flat covers is of particular importance.

With development of modern technologies, creations of constructional
materials with unique physicomechanical properties, become actual questions of
development of nonclassical theories and methods of calculation of rigidity,
durability and stability of plates and covers. Enhancement of theories of a bend and
development of numerical methods of calculation of durability of the difficult
bearing elements of designs, using modern information technologies has important
scientific and practical value.

This dissertation research to a certain extent is the task of development and
introduction of modern computerization and information and communication
technologies, science and educational process of higher educational institutions of
advanced learning systems, based on the acquisition and active use of modern
computer technology in the development of numerical methods for solving
problems of mechanics provided in Presidential decree number PF 3080 of 30 May
2002 "on further development of computerization and introduction of information
and communication technologies" and the resolution of the Cabinet of Ministry of
Construction. The Republic of Uzbekistan Ne 200 of 6 June 2002 "On measures for
further development of computerization and introduction of information and
communication technologies"

Compliance of research to the priority directions of development of
science and technologies of the republic. This research is executed in compliance
by the priority direction of development of science and technologies of the republic
I'V. "Informatization and development information communication technologies".
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Review of foreign scientific researches on a subject dissertatsii'. Research
aimed at the creation of the theory of plates and shells, as well as to address the
problems of strength, stiffness and stability are carried out in the leading research
centers and higher educational institutions of the world, including scientific centers
Lawrence Livermore Laboratory (USA), the Technological University of Hamburg
(Germany) , University of Warsaw (Poland), Moscow state University (Russia), St.
Petersburg Non-govern Twain University (Russia), Institute of polymer mechanics
(Latvia), Tashkent state technical University (Uzbekistan).



As a result of research carried out in the world to improve the strength and
determination of stability of plates and shallow shells, obtained a series of research
results, including the following: A method for determining the state of stress of
shallow shells with industrial composite materials (Lawrence Livermore
Laboratory, USA); constructed non-classical theory of plates on the basis of a
special distribution of internal stresses (Technological University of Hamburg,
Germany); built thermodynamic foundations of the theory of plates and shallow
shells (University of Warsaw, Poland); developed methods for calculating the
strength of composite plates with a periodic structure (Moscow State University,
Russia); developed non-classical theory of calculation of stability of plates (St.
Petersburg State University, Russia); developed methods for the numerical
calculation of the mechanical properties of dielectric materials (Institute of
Polymer Mechanics, Latvia).

In the world in non-classical problems of plates and shallow shells on a
number of priority areas for further research is carried out, including: development
of methods for increasing the strength of plates and shallow shells in view of the
unique physical and mechanical properties of structural materials; improving the
accuracy of the equations of motion steppe plates under the fumes of external
forces; development of numerical methods for determining the carrying capacity
and reliability of thin-walled structures and designs.

Level of study of a problem.

Thin-walled elements bearing structural elements that have broad application
in the art, from the earliest times of their research is the focus of scientists around
the world.

Foreign scientists, Ya.Bernulli (France), I. Kirchhoff and F.Lyav (Germany),
S.P.Timoshenko, R. Christensen (USA), L.Y. Aynolla (Estonia), A.K. Malmeyster

'In the review of the international scientific researches on a thesis Lawrence Berkeley National Laboratorywww.lbl.gov.;Kadenpa mexanuku
xommozutoB  MI'Y.www.math.msu.su/department/composite/index.htm.; Tosctux IL.E. Hexn.monmenm Oanok, miracTHH u oGonouex //M3B.
CaparoBckoro  ynusepcutera, 2008. T.8, cepus  Marmex.uno.,Beim. 3,  ¢.74-85; MHCTHTYT  MEXaHHKM  IOJMMEPOB
:www.citariga.lv/rus/teika/zinatne/polimeru-mehanikas-instituts/Crxono K.A.; Illemennn C.B. AcuMNTOTHYECKHH aHaNIN3 TEOPHU IUIACTHH
Peiicuepa-Munnmuaa. M. U3x. Bo MI'Y, Yopyrocts u Heynpyrocts, 2011 r,ctp. 236-240; Tumomenko C. I1., T'ynsep [x. Teopusynpyroctu.—
M.: Hayka, 1979.— 560 c.; Kristensen R. Mechanics of Composite Materials — Courier Corporation, 2005, USA — 348 p; A ii 1 o 1 a JL.5. UnTer.
BapHal. MpHHI. W UXNpUM. BrauHamukeympyruxo6oin. wu  mi. [Huccepr. —Tamwmm, 1967. —253 c¢; MammeiictepA. K.,
unp.Conpot.Ilonum. MkomnosutHeixmatepuanoB.—Pura: 3unatue, 1980.-572 c; Reissner E, Wan FYM Further considerations of stress
concentrations problems for twisted or sheared shallow spherical shells. Int. J. Solids Structures 31(No. 16): 1994; AmbartsumianS. A.
On the problem of oscillations of the electrocon-ductive Plates in the transverse magnetic field: Theory of, Eds: North —Holland Publishing
Company, 1980; B i a c o B B. in other.
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(Latvia) conducted research on the theories of stress-strain state of plates and

shells.Nonclassical theories studied by E. Reissner, S.A. Hambardzumyan, V.Z.
Vlasov, J.M. Mushtari, 1.G. Tregulova.

In our country V.Kabulov, T.Rashidov, T.Buriev, F.B.Badalov, M.Mirsa idov,
H.Hudoynazarov, H. Eshmatov, M.Usarov conducted research to solve applied
problems of stability and rigidity of plates and shells .

Non-classical theories are based on the reduction of the original three
dimensional to two-dimensional problems. Therefore, the objective criterion of the
reliability of the proposed non-classical theories adopted by the degree of



satisfaction obtained by making three-dimensional equations of motion mechanics
of deformable solids.

However, all known carriers and non-classical theory of thin-walled
structures using these or other hypotheses introduce new or replaced. For example,
in all theories, without exception, used the hypothesis of no extensible midline of
the plates. Consequently, in particular, it is not possible to study transient walled
structures under transverse loads. Another significant disadvantage of the known
theories, due to power input hypotheses are not achieved perform all the boundary
conditions and equations of motion of a three-dimensional elasticity. Above cited
facts strongly suggest the relevance of the theory of plates and shallow shells
without prior hypotheses

Communication with thesis research work of higher educational
institution where the thesis is made.The dissertation research is carried out
within the framework of the plan of research works of fundamental and applied
projects of the Tashkent State Technical University FROM F1-123 "Theoretical
Foundations of mathematical modeling of genetically-deformed systems under the
influence of random disturbances and numerical solution of differential problems
in spectral problems" (2007-2011. ), A-14-45 "Nonlinear problems of calculation
of durability of composite plates of complex configuration" (2015-2017.).

Purpose of the research are solutions of no classical problems for plates
and shallow shells; development of numerical resolution of differential approach
problems in spectral problems for the stability of structures.

The tasks of research work:

reduction of three-dimensional problems of nonlinear elasticity theory for
two-dimensional equations of motion of plates and shallow shells without the use
of hypotheses;

modification of the method of differential sweep method for the numerical
solution of boundary and spectral problems of applied mechanics; to develop an
approach for dynamic damping of resonance phenomena in especially high-rise
buildings based on their own weight and kinematic conditions secure bases;

The scientific rationale for the approach of the numerical resolution of
differential problems in spectral problems for non-self-joint operators
razeshayuschih equations.
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The object of the research work. are especially high-rise buildings,
elements of thin-walled supporting structures of complex configuration, thick
plate, flexible plates and shallow shells.

The subject of the research. Fluctuations especially high-rise buildings by
the external lateral dynamic forces, bearing deformation of thin-walled structures
of complex configuration, and application problems for the thick plates.

Methods of the research:. The thesis applied numerical methods for the
determination of the eigenvalues and basic functions in spectral problems of
Applied Mechanics for self-adjoin and self-adjoin operators; methods of
differential and variation sweep iterations.



The scientific novelty of the research it is as follows:

developed numerical approach permits differential sample-Leme in spectral
problems for self-adjoint operators;

Developed an improved method of differential and variational sweep
iterations for solving static and dynamic problems of mechanics; methods have
been developed to address emerging danger zones to internal stresses in the
complex areas of deformation of bearing structural elements; developed methods
for halving the resonance amplitudes using dynamic dampers in particularly
high-rise buildings

The critical skorasti to flutter in aerodynamics, which may differ in the order
in accordance with the terms Fasten-tion plates.

Practical results of the research:

The zones in dangerous internal stresses when exposed to concentrated
forces in thick slabs

The reliability of the results approved by the use of the basic principles of
applied mechanics; using the fundamentals of mathematical physics and functional
analysis; verification of the results of applications on examples of test problems of
mechanics.

Theoretical and practical significance of the research: The scientific
significance of the research is as follows: the creation of a new scientific direction
in Solid Mechanics, based on the proposed non-classical theory of deformation of
load-bearing structural elements. The ability to study the propagation of
longitudinal waves under the influence dynamic loads resolution of differential
problems in spectral problems.

The practical significance lies in the fact that the developed mechanisms
for dynamic damping of resonance phenomena in particular high-rise structures,
methods for the determination of zones of dangerous internal stresses in the non
canonical elements of load-bearing structures are the basis for the creation of
complex applications in the spectral edge and backside chat.

Implementation of the research results.

On the basis of scientific advice received by the numerical solution of non
classical problems of plates and shallow shells:

Results for "non-canonical sloping shells" and "numerical solution of
spectral problems for non-canonical plates" used in carrying out the project 15-026
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"Development and research of design automation carrying aircraft structures using

finite element method" to calculate the strength of the load-bearing elements of
agricultural aircraft. (Reference 0313/348 of 2 June 2016 the Committee for
Coordination of Science and Technology).

Proposals for the application of the method of display using isoperimetric
coordinate system no canonical plates in the classical area allowed to
specifyframes, calculations, wings and chemical tanks, agricultural aircraft by 30-
35%.

Approbation of research results,The findings are set out in the form of
lectures and have been tested by 12 international and republican scientific and



practical conference, including,"Mechanics and technology of composite
materials" (Bulgaria, Varna, 1987.); "Polymer Composites" (Germany, Dresden,
1987); "Integral equations in applied modeling." (Ukraine, Odessa, 1989.);
"According to the dissipation of energy issues" (Kiev, 1989); Peoples' Friendship
University (Chimkent, 2007); "Recent developments in applied mathematics and
information technology -Al-Khwarizmi 2012" (Tashkent, 2012); at the republican
conference "Modern problems algorithms" (Tashkent, 1991); "Mathematical
modeling and numerical methods for solving problems of applied mathematics"
(Tashkent, 1992); "Computing Experiment, mathematical modeling and ap
plications" (Tashkent, 1993) for Continuum Mechanics, Tashkent, 1989; on scien
tific and technical conference TSTU, Tashkent, 1993. "The problems and issues of
mechanics" (Tashkent, 1993); "Monitoring of flying devices" (Tashkent, 2000).

Publication of the results.On a thesis only 40 scientific works are
published. From them 1 monograph, 1 author's certificate, 14 scientific articles,
including 10 in republican and 4 in foreign magazines of the main scientific results
of doctoral dissertations recommended by the Highest certifying commission of the
Republic of Uzbekistan for the publication.

The structure and scope of the dissertation.Structure of the thesis consists
of an introduction, five chapters, conclusion, list of references, applications.The
volume of thesis is 198 pages

THE MAIN CONTENT OF THE DISSERTATION

In the introduction of the urgency and relevance of the dissertation topics,
formulated its goal and objectives, as well as object, subject and methods of
research. Provides relevant research priority areas of science and the Republic of
Uzbekistan technologies, describes the scientific novelty and practical results of
the research substantiates the accuracy of the results obtained, revealed theoretical
and practical significance of the results, the results of the introduction of the thesis
into practice, information on testing and published works, structure and
dissertation volume.

In the first chapter, entitled '""Non-classical tasks of plates and shallow
shells with complex configuration" constructed non-classical theory of plates and
shallow shells with complex configurations on the basis of three-dimensional
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equations of the nonlinear theory of elasticity without hypotheses. The proposed
approach extends to the deformation of plates and shallow shells of non-canonical
form. Formulated nonlinear oscillation problem of high-rise and flexible structures
under kinematic excitation of their bases periodic loads.

For an arbitrary three-dimensional body under the action of body and surface
forces on the basis of a geometrically nonlinear theory of elasticity in the initial
(before deformation) Cartesian coordinate system , ,; Ox x x, we have a system of
equations of motion with respect to the Lagrange displacement component U,

[(d x+U,)o ], +X— o8 8= 0.(1) with lincar defining



relations between the stress tensor o, and finite deformations e; for elastically
anisotropic material

jin D = Ce (g
and kinematic Cauchy-Green relations
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where U~ defined on part of the boundary =% +%, displacement, U/V/’-
coordinate the functions describing the initial state of the body, J; -Kronecker
symbol, n; - outward normal, p— density, Cy~ constant tensor of anisotropic
materials.

From the total three-dimensional problems of nonlinear elasticity theory, the
deformation of plates, taking into account the prevailing character of lateral
movement, in (1)-(5) neglects the nonlinear components of the longitudinal
displacement. The desired solution is represented as a polynomial up to the fourth
degree in the normal coordinate z
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Similarly, from the boundary conditions for the normal stress
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where 12(1) +V Z_:— external loads.
Eh

= G, A- Laplace operator,, Z Z

The components of the displacement vector (6), a symmetric stress tensor
respectively, depend on the unknown integral values u,y, w,V, 6, which are
functions of the coordinates x;,, x, in ¢z In order to obtain a closed system of
equations for resolving these unknowns by considering internal moments, axial
forces and shear forces to obtain the equations of motion of elastic plates carrying
out the integration process (1) in view of (5) with respect to z in the interval
[-0,5h; 0,5h]: Np mu + — =

g8
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where»i :P M —distributions forces and moments of external loads, m - mass per
unit length.In terms of the integral values typical boundary conditions can be

written as follows
. Hinged
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Thus, we have a general theory, which can be obtained from linear and non
linear equations of motion of thick slabs and plates flexible. For example, (10)—
(11) neglecting values and higher order nonlinear terms and entering the axial
displacement and shear potentials angles can be obtained with the simplified
equation of motion of the plates average thickness
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For medium thickness plate system (13) is received in the first, because the

first equation gives the possibility of studying rasprostronenie longitudinal waves
under the action of lateral loads. The static problems of applied mechanics, the
second equation up to factors corresponds to the resolving equations of Reissner
Mindlin, which is a third approach to three-dimensional equilibrium equations. In
this first approximation corresponds to the classical Kirchhoff theory, which can be
obtained from (13) the neglect of containing factor — 4°.

Using the general theory of shallow shells V.S.Vlasov longitudinal stress

components can be expressed as

O=A-GXO+Hu—-GC.(14) ij ki ki 137 i §iIKT
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Here the components of the tensor of the third rank - ; ¢is determined in the

following form l1 G 11 = G 2, = . yx — curvature of the shallow shell on the
coordinate axes. The longitudinal components of the tensor of the Cauchy-Green -
e;; taking into account (6) calculated using the formula (3).
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Fig.1. Showing curvilinear trapezoid in the classical area.

The equations of motion (11) the effect of a shallow shell curvature is taken

into account as an additional lateral load from the axial forces!Vi 511G X - Non
classical field strain typing isoperimetric coordinate system O¢,¢,, by performing
the operations of differentiation of composite functions, using the following

formula
—8

2
X NG Ex
(1,2)
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it's possible display them in a square area (Figure 1). Here (x;;,x,,) pair of numbers
describing the coordinates of points Mk defined on vertices and midpoints of the
contour of the curvilinear trapezoid. At the same time we consider the differential
equation in partial pass a similar equation with variable coefficients.
With the application of the relevant simplifications and hypotheses of the
proposed theory, it is possible to obtain well-known technical and refined the



theory of plates. For example the classical theory of (6) can be obtained in the
absence of tangential stresses formal change w,= — w,;, neglecting the compression
plate (¢,,=0,1.e. V=60=0).

With the perfection of the theory of calculation of bearing elements,
respectively, are complicated and computational schemes’ implementations. The
most optimal in terms of accuracy of the numerical results are considered
approaches reducing boundary problems to equivalent problems with the transfer
of the Cauchy boundary conditions on a fixed point. Among these approaches, the
most promising is the method of differential sweep. Fundamental studies of the
method implemented in the works A.A.Abramov, I.Babushka, N.Muhitdinov, F.B.
Badalov and others. The main drawback of this method is special computing
algorithm sensitivity to the type of boundary conditions.

In the second chapter, titled "Computational methods for solving
boundary value problems and the spectral" developed a modified method of
differential sweep for systems of differential equations with arbitrary boundary
conditions. A numerical approach permits differential problems in spectral
problems, including for self-ad joint operators resolving equations.

The reliability of numerical approaches for solving boundary value and
spectral problems is proved by the example of the known solutions of static and
dynamic problems of applied mechanics.

For ordinary differential equations Unified recorded matrix-vector
form '
(Cx)V Qx)V) + AX)V'+B(x)V = F
+(15)
aV+bV=Ffbyx=0,(16)

it proposed a modified differential sweep method for arbitrary boundary
conditions. Here C(x), Q(x), A(x), B(x), F(x( — given vector and matrix a, b, f—
vector and matrix constants characterizing the type of
functions., ,
boundary conditions in applied mechanics. In order to transfer the boundary
conditions (16) recorded in the most general terms, taking into account the
structure allowing the equation (15) we introduce the following auxiliary system of
ordinary differential equations:
oa(C (x) V'+ Qx)V )+B V =1, (17)
where a, f, f —unknown coefficients to be determined.
The latter system of equations by differentiating with respect to
X'
oC(x )V Q(x)V) +a' (C(x)V+Q(x ) V)+B V+p"V = f
'+ (18)
and multiplying by the inverse matrix of o', carrying out regrouping of members,
we have:
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"+ (19)
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(C(x)VQ(x)V)a(aC(x)B)Va(pQ(x))Vaf
+ I + I+ '+ =l
Comparing (19) and (15) and (17) and (16) at x=0, we obtain the following
Cauchy problem for the unknown coefficients a ,j3, f:

[1()()aoAXAPBC (xx)a0aCO,
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0

The resulting Cauchy problem, differential equations for the matrix (20) by
solving the direct course, on the interval [0,/] we define the unknown «, £, f,
therefore, and at x=/ . Then, taking into account (16) and (20) we have the
following system of linear algebraic equations for the 2n unknowns V', V':
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After solving the system of algebraic equations (21) with respect to V, V,

retraction method of matrix differential sweep as the Cauchy problem for (15) is
extended to the desired V solution considered interval [/;0].

For the boundary value problem (15) - (16) in the method of matrix
differential sweep does not require differentiation factors, which is especially

important for the consideration of applications with piecewise continuous physical
and geometrical characteristics. When the condition:

OO0
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under certain restrictions on the coefficients of resolving equations proved the
existence and uniqueness of solutions of the boundary value problems. The
corresponding dynamic problem of linear elasticity theory for inhomogeneous
elongated structures using Fourier method can lead to the solution of the spectral
problem:

[C)U Qx)U] + AX)U" =[pM(x)-B(x)]U = 0
"+ (23)
a,V' +b,V=0atx = 0,/ (24)
where p— own number. The resulting homogeneous boundary value problem is
solved by a modified differential sweep. Own numberpdetermined from the

condition of a nontrivial solution of the homogeneous boundary value problem
(23) - (24):
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For the numerical definition of p (25), constructed iterative process
Vegsteyn. After the solution of the spectral problem (26) - (27) the solution of the
dynamic problem of elasticity expanded in Eigen functions
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>
VT (1)U (x),
= (26)
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where T,(t) are the solutions of the corresponding ordinary differential equation
with respect to time.

Thus, we have a complete solution of linear one-dimensional dynamical
problem of elasticity theory. However, many application tasks are categorized as
two-dimensional static and dynamic problems, the solution of which is a rather
complicated mathematical problem.

In carrying out the separation of variables in the coordinates var v.(x;,x,)=
X, (x)X5,(x,), doing the procedure Bubnov - Galerkin method for each of the
coordinates x,(s = 1,2), will have a one-dimensional boundary value problems.
information of two-dimensional problems of method to a sequence of one
dimensional, called variation iteration method, which is not limited to be applied to



non-linear static problems.

Two-dimensional dynamic problems are solved similarly, joint use of the
modified method of differential sweep and variation iteration method. Once the
one-dimensional basic functions for each of the separate coordinates for finding the
eigen values of the original two-dimensional spectral problem using the energy
formula of Rayleigh.

For example, solutions of test problems show the accuracy of the proposed
numerical methods for solving one-dimensional linear and nonlinear boundary
value problems. The results show the high accuracy of numerical methods
proposed. Numerical realization of spectral problems show that for different
boundary conditions defined by at least 7-8 of their own values.

In the third chapter, entitled '""Some problems of equilibrium and motion
of thick slabs" in order to establish the validity and effectiveness of the proposed
non-classical theory of plates are considered a private problem of the deformation
of thick plates, in the framework of plane elasticity theory with the exact solutions.
The problems of compression of thick plates uniformly distributed load, based on
absolutely rigid and smooth base, as well as the pure bending of thick plates
obtained exact solutions. At the same time, for those tasks previously known
theory allowed to receive only the basic strength of materials solutions without
taking into account changes in the thickness of thick plates in bending. The
problem of bending of thick plates with fixed edges under the action of a uniformly
distributed load, calculated values occurring normal force, in contrast to known
theories. Depending on the thickness of the plates, in the framework of the
proposed theories we have an opportunity to clarify the results of the classical
theory of up to 40%.

For example, the solution of the spatial problem of bending B.F.Vlasova hinged
thick plates under the action of a sinusoidal load. For this problem has an exact
solution to the three-dimensional setting, performed numerical comparisons of the
results of known theories, (0.3, 1 v =1, = [,=[ =)at various h// relations. B Table 1

provides a comparison of the results and relative errors discussed theories " in
point (0.5,0.5,0.0).

for the reduced deflection “hqo
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It follows from these results that the proposed theory favorably with other
refined theories, the maximum relative error which, ifh /1= 0.5 up to just 5.8%.

Table 1
Comparative analysis of the solutions of the Vlasov problem for the different
theories
h/1 Non-classical theory The relative error in %
Classi Exact
| Reiss | Tymo | Propo _ Ac | Ay | A | A,
cathe | per |shenko | sed | soluti




orY ol
0. |1280.26 | 292.03 296.0 2943 20424 |1 48 | 0.8 | 0.6 0.
1 6 8 0
0. 17.51 20.26 21.47 21.07 2098 [165]34 | 2.3 0.
2 4
0. 3.46 4.55 5.22 5.05 497 [30.5] 85 | 4.8 1.
3 5
0. 1.09 1.63 2.08 1.99 1.97 4331154 7.9 3.
4 3
0. 0.45 0.75 1.08 1.02 096 |53.61223|11.7| 5.
5 8

The table indexes A corresponds to the name of the theory. As can be seen from
the table the classical theory gives satisfactory results for 4//<0.1, theory of
Reissner - 4/[<0.2, a refined theory of Timoshenko type - 4/[<0.3. However, the
proposed theory is applicable for the study of stress-strain state boards to /4//=0.4.
In conventional theory does not take into account cross-compression of thick
plates in bending. However, it follows from the solution of three-dimensional
theory of elasticity for bending plates of medium thickness, there is a pronounced
transverse compression (Figure 2). As can be seen from the figure Timoshenko
ype theories give higher values, and the Reissner’s theory gives averaged values.
As for the proposed non-classical theory, the results have a good correlation with
the exact solution that adequately reflect the cross-compression plates in bending.
The two-dimensional problem of the action of a force P on a rectangular

plate at some point M(x,,y,) :

(.)OOgxy=Pox—x
6 Y= Vo (27)
whered(x) — Dirac delta function.

This problem is considered in various aspect ratio and plate thickness. At the
point of application of a force unknown quantities reach a maximum, and the
gradient of the distribution of significant (Figure 3). For P/E=0,00005 deflection is
8% of the thickness (h=0,02; a=b=1) , and the maximum torque - 35% of the
stiffness of the plate.

Offset point (x,=a/4, y,=b/4) the application of a force led to a reduction in
the required quantities in the order of values (Figure 4). At the point of application
of a force internal moment and longitudinal force have a significant gradient
changes. This fact is due to the fact that at a given point of the stress tensor
components are taking significant and unlimited normal stress values.

Let us assume that the external load is a dynamic type because of the
following concentrated:



1. Immediate application of a concentrated force
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gxyt=Pox—-x0y—-y0t-t,
(,)O00)

2. The harmonic effect of a concentrated force
q(x, y,t) PO (x x ) (y y )sinwt = — ,;— ,, 3.
Moving concentrated force
gxyt=Pdx—-x-ctdy—-y-ct.
(,,)0)0)

0102

000

UzE/hq
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3,1
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Exact solution The proposed theory

The theory of Reissner Theory of Timoshenko

h
Fig. 2. Distribution of deflection U.in z for the various theories 31 .
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Under the influence of a force in the mobile thick plates having a stretching
area and compression over time (Fig. 5).

As chimneys widely used in thermal power plants widely designs havin The fourth
chapter, entitled '""Research and quenching of resonance phenomena in
especially high-rise buildings" devoted to the study of resonance phenomena in
especially high-rise buildings such as television towers with the possible grounds
for the compliance of shear and bending. We investigated the influence of the
physical and mechanical, self-weight and geometric structures on the resonance
phenomenon for periodic external loads. Questions of reducing the resonance
amplitudes using dynamic absorbers were considered. Steady vibrations
particularly tall Viscoelastic structures with variable stiffness—D(x),linear mass —
m(x), based on its own weight, with respect to the bending moment and deflection
are described by the following system of resolving

equations
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when the boundary conditions corresponding to the exciting and kinematical
cantilevered and enshrined construction, with possible pliability to the base shear

and bending TR
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Fig. 3. Epyura of a deflection and the internal moment on plates under the influence of
symmetrically located concentrated force.
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viscoelastic properties of the construction material.
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Here W,(t) - the law of motion of the base structures that are periodic. Cross section
of a particularly tall cantilever-fixed installations, we assume round. Then the
diameter of the above structures can be written in the form (Fig.6):
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Fig. 5. The distribution of the internal forces in the plates,under the action of the moving

load in different time points.
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where H(x) — Heaviside function.

g struts near the base, to which the laws of variation of the cross-sectional
diameter can be obtained from (30) by setting /,=/. From Fig. 7 shows that an
increase in the width of struts leads to a sharp increase in the resonant frequency.
plated-frequency characteristics observed when exposed to wind loads of the type
(45) forg,=0.1, q,=0. In this case, the only significant fundamental resonant
oscillation frequency, therefore, in this case, rigidity calculations television
towerstype structures should be performed for the fundamental natural frequency
(Fig. 10). Particularly tall structures such as television towers, is classified as
massive structures, the degree of impact on the area of the base unit. At the same
time of great importance for the massive structures acquired conditions securing
their bases, taking into account the geological properties of the soil. regard, the
impact study of its own weight, taking into account compliance of the base to the
bending and shear in the resonance phenomenon can more accurately assess the
stiftness especially high-risefacilities to bending oscillations.

From the obtained results (Fig. 9) follows that the increase in its own weight



leads to an increase in the amplitude of the resonant oscillations is almost five
times, the resonance frequency does not change. Especially high-rise
buildingslnthis such as television towers because of design features allow for
possible compliance reasons to bending and shear. The stiffness of compliant
structures for reasons to bending and shear is sharply reduced for high frequency
external influences (Fig.10).
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high-rise structures such as television towers.
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Fig. 8. The nature of resonances in the

resonant frequency.

It follows that the nature of consolidation particularly tall structures has a
significant impact for high-frequency external impacts. However, a decrease in
adverse events at the resonance frequency is achieved with the use of dynamic
absorbers.

For the problem of repayment of resonance phenomena in the television
tower by the wind, having dynamic dampers in the middle of construction, it
achieved the greatest efficiency reduce the resonance amplitude. At the same time,
the damper mass must exceed the value of the mass per unit length on the order of
construction. The results of amplitude-frequency curves for different ratios of
absorber stiffness for its weight presented on fig.11,12. The results show that with



increasing relation k/m;, follows a decrease of resonant oscillation amplitude more
than twice.
Dynamic problems of applied mechanics in order, or otherwise reduced to
the solution of spectral problems. At the same time one of the fundam ental
problems in mathematical physics is to solve differential problems in spectral

problems.
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In the fifth chapter titled ""Spectral problems for items bearing
structures' are considered the spectral problem for self-adjoint and non-self
adjoint operators under various boundary conditions.

For the purpose of the experimental validation of the calculations on the
proposed algorithms, considered a natural oscillation of chimney at Novo-Angren
TPP.

Analysis of the results shows that the error does not exceed 10-15%.
Calculations are made based on the longitudinal force of its own weight and
possible base yielding to bending and shear.
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The study flutter dynamic aeroelasticity problems associated with certain
critical speed streamlined gas —U, at which begins the unlimited growth of the
amplitude of the bending vibrations of the carrier elements aircraft.

In the course of the numerical solution when necessary tasks using the
symmetry conditions for the desired solutions. Under these assumptions,
considered the problem solved in the one-dimensional formulation (Fig.18). In
boundary conditions on the Ox-axis is used three types of restraints. The results
indicate that the type of fixings edges of the plate is essentially dependent critical
speed streamlined air:

1. fixing as rigidly clamped V= 218.932;
2. hinged V=50.637;
3. cantilevered V=6.323.

Fig. 13. Driving the impact of the supersonic flow of the ambient air.

If the direction of the streamlined gas may be at a different angle, and may
vary in nature fastening edges of the plates, the.considered the problem should be
solved in two-dimensional formulation.

Table 2 shows the calculated values of the dimensionless critical velocity for
different angles of attack of gas flowing past for various conditions fixing plates.
As it follows from the results obtained with the change of the angle of attack in the

range ()



ae 0,90 . . .- . " .
00 7 with symmetrical conditions securing critical velocity passes

through a minimum. When ° a = 45it reached the minimum value for the critical
speed. However, for the asymmetric boundary conditions such as the hinged
cantilevered or free rectangular plates, increasing the angle of attack leads to an
increase of the critical speed. This fact is because the direction parallel to the
streamlined gas free boundary results in a minimum resistance to bending of the
plate, therefore, the critical speed also takes the minimum value. When pinching
hard edges of the plate is achieved the highest critical rate.

Fig. 14 shows the dependence of the base functions of the internal moment
at ¥4 of the plate from the direction of the streamlined gas. The results show that
only for °a = 45have a symmetrical distribution of basic functions for the moment.
In other cases, the nature of the distribution of the basic functions of pitch
oscillations for the critical velocity V 9 It follows that, in
depends on the angle
spectral problems for self-ad joint operators is not always possible to choose
symmetrical basis functions.

Conventional approaches for solving spectral problems in most cases apply
for the plates in the classic areas of deformation. However, many important
bearing structural elements subjected to dynamic stress, have a complex

74 74
Table 2
The nature of the influence of the direction of the angle of attack and secure the
conditions for the plates to the critical speed streamlined air

Attack angle 0° 30° 45° 60" 80°
Rigid 805.2 | 484.4 462.4 484.4 | 624.8
clamping
Hinged 276.6 184.1 177.2 184.1 |2314
Articulate 50.6 58.5 71.6 101.3 | 163.9
d free
.0 12.7 21.5

A A

yyy
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Fig. 14. Diagrams of internal bending moment hinged plate at different angles of
attack streamlined gas.

configuration, for which many of the classic approaches are unacceptable.
The fact that the type plates of curvilinear trapezoids must not separate the
unknown variables in the coordinate as the bounding contour plate is both a
function of two coordinates.

Therefore, using the isoperimetric coordinate system, we use the approach
mapping of complex areas in the classical area, described in the first chapter. To
illustrate this approach, consider the spectral problem for stationary longitudinal
waves in plates with a complex configuration:

PUL+U,+AU= (1)
0

After the display, for plates with a complex configuration becomes (31)
partial differential equation with variable coefficients,

2

agUg+ aggUgn+ aggUnn + agUgt a Uyt AU = (32) 20
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whered @ @ @ 4, , , , , & ¢ & € n - the variables coefficients defined in the
isoperimetric coordinate system. Homogeneous boundary conditions for (58) can

be arbitrary. As examples for plates with complex configurations considered
rectangle, ellipse, trapezoid and curved trapezoid of various configurations.
The classic areas such as rectangles spectral problem (32) for the main
homogeneous boundary conditions is the exact solution of the following form -
| T

{
) IU | )
A. Fig.15 provides the eigen values corresponding to various a b

| +
)

classical and non classical fields.

y
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A=4,44
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Fig.15. The values of the natural frequency of the standing waves for a variety of non
classical fields.

It should be noted, for the first two types of classical domains takes place the
eparation of the unknown variables on the coordinate axes, and the eigen values
re determined accurately. In other cases, go to the isoperimetric coordinate

ystemOf,r]With adequate transmission path of the objects.

U/h U/
X
X
X
y
yy
112233AANAN======4450,02, 5,08 0,08, 7,48 0,14 at h at h at h Fig. 16.The

effect of tapering the angles of the "star" trapezoid on the distribution of basic
functions.
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Fig. 16, in each case individually to determine the basic natural frequency A.
The results show that the natural frequency of a decrease in the area of these
objects is on the rise. However, a more significant influence on the natural
frequency and a circuit wafer geometry. For the "star" trapezoid (Fig.16) with the
following results for the Eigen values and basic functions. For this circuit plate
numbers for the frequency of the standing wave with the increase / is increasing,
with the boom of the basis function in isoperimetric coordinate system is also
growing, the curve is compressed in the central part of the non-classical field. This
result is explained by the nature of securing the edges of the "star" trapezoid.

CONCLUSION

On the basis of studies on a doctoral dissertation on the topic of "non
classical tasks of plates and shallow shells and methods of their numerical
solutions" presents the following conclusions:

1. The construction of non-classical theories of plates and shallow shells
without hypotheses based on the three-dimensional equations of motion of
nonlinear elasticity theory in non-canonical regions of deformation, confirming its
effectiveness by comparison with the known theories is of particular importance in
solving applied mechanics problems.

2. The modification of the method of differential driving the development of
numerical approaches to the resolution of differential problems in spectral
problems for self-adjoint and non- operators, the justification of the reliability of
numerical methods increases the effectiveness of solving problems in applied
mechanics.

3. The obtained results of solving the three-dimensional problem of
Renovo-these thick hinge-plate secured under the action of a sinusoidal load
confirms the extension of the limits of applicability to non—classical theories of
plates.

4. The stress-strain state of plates under action of concentrated force located
at an arbitrary point in the front plane at a different aspect ratio and thickness. For
the first time calculated the values of the emerging longitudinal force, under the
action of transverse loads.

5. The dynamic effect of suddenly applied concentrated forces moving on a
thick plate. Identified areas of longitudinal compression and extension when
exposed to moving concentrated forces. For the first time investigated the
distribution of the stationary longitudinal waves at a sudden impact piecewise
constant transverse loads on the thin rods and plates.On the basis of the survey on
his doctoral dissertation on the topic "Non-classical problems of plates and shallow
shells and numerical methods for their solution" presented the following
conclusions:

6. The tasks considered in the light of the longitudinal force of its own
weight leads to a twofold increase in the resonant amplitudes of steady oscillations
in sobolyata structures. Change the fixing conditions for a reason especially high-
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rise buildings leads to the appearance of new resonance regions. Based on the
conducted research on the selection of optimal parameters of dynamic vibration
absorbers and their location, the facilities, like TV towers, achieved a reduction of
the resonance amplitude is almost two times. We carried out a theoretical study
with application of modern information technology, for engineers and designers
provide a reliable tool for the daily control of safety of high-rise buildings.

7. The numerical solution of two-dimensional spectral problems under
various conditions of fixation plates under dynamic loads. The values of the
critical speeds of the streamlined gas in the study of flutter in the plates at different
ratios of physical and geometrical parameters. The critical speed depending on the
conditions of fastening can vary considerably. Studied flutter in the plates at
various angles of attack streamlined air. If you change the critical angle of attack
can vary up to three times.

8. With the help of isoperimetric coordinate system in non-classical fields
determined by the values of the eigenvalues and plots of basic functions for
standing waves under different conditions of fixation, non-canonical plates.
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