CAMAPKAH/J JABJIAT YHUBEPCUTETH
XY3YPUIATH WIMHUHA JAPAJKAJIAP BEPYBYH
DSc30.08.2018.FM/T.02.09 PAKAMJIN WJIMUU KEHT' AL

CAMAPKAH/I JABJIAT YHUBEPCUTETH

XYJIAUBEPJIUEB 30KUP BO30OPEOEBUY

YU KATJAMJIA KOMIIO3UT IVTIACTUHKAHUHI' HOCTAIITMOHAP
TEBPAHULLIJIAPU

01.02.04 — ledopManusiaHyBYaH KATTHK KHCM MEXaHUKACH

¢usuka-maremaruka gpaniaapu 6yiinua dasncapa gokropu (PhD) quccepramusicu
ABTOPE®EPATHU

Camapkang — 2019



VIK:539.3

dusuka-marteMaTuka pannapu 6yiinua gasacada noxkropu (PhD)
AUCCEPTALMACH aBTOpedepaT MyHAAPHKACH

OruasjieHne apropedepara aucceprauuu
noxtopa ¢pusocopun (PhD) mo pusuko-mareMaTnyecKUM HAyKam

Contents of dissertation abstract of the doctor of philosophy (PhD) on
physical-mathematical sciences

Xynaioepaues 3oxkup bozopooeBuy
VY4 katnamiii KOMIO3UT IUIACTUHKAJIAPHUHT HOCTAIMOHAP TEOPAHUIIUIAPH ........... 3

Xynaiioepaues 3oxkup bo3zopooeBny
Hecrarnmonapapie KoJieOaHus TPEXCIOWHBIX KOMITO3UTHBIX TIACTHH .......cveerves.. 21

Khudayberdiyev Zokir Bozorboyevich
No stationary vibrations of three layered composite plate............cccocevevvveviieiiennnen, 39

JbJIOH KMJIMHIaH MIJIAP PYHXATH
Cnucok ormy0JIMKOBaHHBIX pabOT

List Of PUDLISNEA WOTKS ......oveieeeeecee e 43



CAMAPKAH/J JABJIAT YHUBEPCUTETH XY3YPUJIAI'
NJIMHH JAPAXKAJIAP BEPYBYHU DSc30.08.2018.FM/T.02.09
PAKAMJIN NJIMUHU KEHI'AII

CAMAPKAH/I JABJIAT YHUBEPCUTETH

XYJIAUBEPJIUEB 30KUP BO30OPEOEBUY

YU KATJAMJIA KOMIIO3UT IVTACTUHKAHUHI' HOCTAIITMOHAP
TEBPAHULLIJIAPU

01.02.04 — ledopMmanusiiaHyBYaH KATTHK KHUCM MEXaHUKACH

¢usuka-maremaTuka pannapu 6yiinua gancada noxropu (PhD) quccepramusicn
ABTOPE®EPATHU

Camapkana — 2019



®uzuka-MaTeMaTaxa pannapn 6yinua panacadga noxrops (PhD) msccepranssicn MaB3ycH
Visexncron Pecny6nuxacy Basnpiaap Maxkamacu xysypuaara OQumii aTTecTanus KOMHCCHICHAA
B2017.3.PhD/FM135 pakam 6n.mm p¥ixarra OJIRHTaH.

Jlucccpraum Touncemr 'narm"ar TEXHHMKA yHuUBepCcUTETH Ba CaMAapPKAHJ NaBIAT YHHBEPCHTECTUAA
HadxapHiIraH.

Hucceprauua asropedepatn yu Twnga (¥36ex, pyc, uHrmms (pestoMe)) Unmuii xenram Beb-
caxuacuga (www.samduuz) Ba «Ziyonet» AxGopor TaRIMM TopTamHia (Www.ziyonet.uz)
FKOWNIAWTHPUITaH.

Wnmmii paxGap: Xynoiinazapos Xaipy.uia
TeXHUKa ¢anrapu JOKTopH, npodeccop

PacMuit OIIMOBCHTIAP: AbaaxapuMoB PycramMxan AJIEMXAHOBHY
¢u3uxa-MaTeMaTrka (paHNApU ZOKTOPH, mpodeccop

VYeapos Maxamatasm KopaGoesna
- - dusuka-MaTemMarTuka GpaHnapu AoKTOpH, Ipogeccop

ETak49n TamKrRjIoeT: TomkenT TEMHAp WY TPARCHOPTA MYXAHAMCAADH
KHCTHTYTH.

5 o Huccepramus xuMoscH CaMapKaHR JarjiaT YHHBEPCUTETH XySYPHﬂarH UM Jxapaxcanap 6epysun
DSc3O 08.2018.FM/T.02.09 pakamiu wimuii KeHramrauar 2019 dun «_{__» HE ? KYHH COAT __7)/ Ldd
naru maxmcuna 6ynub yramm (Mansun: 140104, Camapkang ui, YHnBepcm'eT xuebonn, 15. Temn.:
(8366) 2351938, Pakc: (8366)2351938. E-mail: sasu_mfo@edu uz.

,leccep'raum; 6unan CaMapkanz HaslatT yHHBEPCHTETH AXO0pOT-pecypc MapKasuia TaHWITIWIL
mymxun (/OO paxam Ounan pyiixarra omumran). Mansun: 140104 Camapxal-m ., YHUBEPCHTET
xXuébonu, 15. Tem.: (8366) 2351938. Maxc: (8366)2351938.

Hucceprauus asropedeparu 2019 i « (é 2HMEZ ‘z»/gé' KYHH TapKATUIIIH.
(2019 #an « & » Ml Qé nard _&°  pakamiu peectp HaéHHOMACH).

. P.N. Xanmypa,'ms
I/Imwml napaxanap OepyBud WIMHM KeHramni
pauch, TeXHUKa (aHapu JOXTopH, npodeccop

A AGupamHI0oB
Unmuii  mapaxkanap OepyBum wWiMHiT KeHramr
WIMUL mm@, tusnka-MaTemMaTHka (aHIapu

A.3.XacanoB
Ui napaxanap 6epyBuM WIMHI KeHram Koum-
HIMHE CEMHHAD paWCH, TEXHUKA (QaHmapu
JOKTOpH, npodeccop



KHWPUII (pancada noxkropu (PhD) nuccepranmsici aHHOTAIUSICH)

Juccepranmss MaB3yCHHUHI [0J3ap0uauru Ba 3apypartu. JKaxoHaa Ttex-
HUKA Ba KypWIMIIHUHT Typiud coxajapuja UIUIATUJIAJAUrad  KaTJaMiu
KOHCTPYKITUSTIAP JUHAMHKACUHU YpraHUWIAa, XyCycaH, TWHAMUK aedopMarius-
HUHT SIHTU MOJCIMHMA WINUIA0 YHMKUIIAA, SKCIEPUMEHTTa SKWH, camapaid
MaTeMaTHK Ba COHJIM yCYJUIAPHU KyJUlalra Karra ypTHOOp KapatuiaMokiaa. CyHru
numrapaa AKIL, ®panmus, Anonus, Xutoit, Poccus denepanmsicu Ba Oormmika
PUBOKJIAHTaH MaMJjlakaTiap/la MyXaHIUCIUK KypuiMalapu MYCTaXKaMJIMTUHU
OIIMPHUIII  MaKcaauaa TypJd XWIJard  KaTjaMid  KOHCTPYKUHsUIap/laH
doiimanaHnaMOKIa Ba YJIapHM XHCOONAllJa HOKIACCUK MoOAeIap Kyiuia-
HuaMokaa. [IlyHUHT yuyyH 3aMoHaBu#M Tanabiapra kypa KypwIMaJapHUHT TallKd
OFUPJUK KYpPCATKUWIAPUHM KAMaWTUPUII OpPKajlud CaHOATAA Ba KypHJIMIIIA
MYCTaXKaMJIMJIMKHUHT TaAbMUHJIAHUIIN HATWXKACKA UKTUCOAUM KuXaTaan Qoiina
OJIMHUIIK MYXUM axamusTra sra. Kynruna xoprxuii Mamiiakatiapaa, xKymiiajaaH,
AKII, Poccus, Aurmus, ®@pannus, Amnonus, ['epmanust Ba 60mika pUBOKIIaHTaH
Japiatiapia IyHAal coxXajlapHu JIoMUXanall METOJJIapUHU PUBOKIIAHTHPHUII Ba
TaKOMWUIAIITUPHUIL y4yH KYpWIMIIAQ, MAIIMHACO3JUK Ba KEMaco3JHUK]a,
IUHAMUK  KywilaHrad-neopmanusiianran  xonatu  (KAX)au  ypranwm,
KOHCTPYKIUSIJIAp TYTUO TypuIl JaéKaTUHU OIIMPUII MacajlaCh Ba XHCOOHU,
JMHAMHK FOKJIAHUIIUIAp, XyCycaH, 3JacTUK 3ap0a, UMIYJbCIH Ba Ky3FallyBuaH
IOKJIAHUII XaMJa 3ap0a TYJIKUHU TabCUPUTa AJIoXuaa YbTUOOp Oepuiaam.

Kaxonna kyn KaTiamiid KypwiMaiap TapKuOuM 3JE€MEHTIapUHUHI HOCTa-
UOHAp XapaKaTJapuHU, XyCycaH, TypJy TAlIKA JTUHAMUK HOKJIAHUIUIAP TabCUPHU
OCTHJIaT¥ y4 KATJaMJIM TUTACTUHKAJIApHU YPraHUIITra KapaTwiraH Kyriad HIMMii-
TAIKUKOT HIuiapu onubd Oopuiamokaa. byHmaill mycraxkamimk OuiiaH OOFIHMK
Macajianapia, XycycaH, JUHAMHK FOKJIAHUIUIAp TabCUPU OCTHAArH Y4 KaTiamiid
TUTACTHHKA AJIEMEHTJIAPUHU XMCOOJIaIll Macajalapua MaTeMaTUK MOJIEIUIApHU Ba
XUCcOOJaNl yCyJUIapUHU TaKOMUWJUIAIITUPHUINTA alloXuja bTUOOp OepHiIMOKIa.
Hocranuonap tebpanunuiap »xapa€HUHUHT MaTEMAaTHK MOJICTMHU TY3HI, €p Ba
CyB OCTH MYXaHJIMCIUK KOHCTPYKIMSJIAPH, adPOKOCMOCHAru OyHaaill 3JIeMEHT-
napuuHr KJ[X xamza yiapHU COHJIM TaAKUK KWIAII JeopManusiaHyBYaH KaTTUK
KUCM MEXaHUKACH COXacHJia 3apyp XucoOJaHaIu.

PecnyOnukamMu3aa Kypuwiaull Ba TEXHUMKA coXacuaa TYpJiaud JUHAMHK
IOKJIAHUIIIJIAP TAbCUPHU OCTUAA OYJIraH TyTUO TYpyBUM Ba KYTapyBUM KOOWUIUSTIH
KypWIUII  KOHCTPYKIUsIapu  JaeopManusiciHd — XHcoOjialn — MOJEId  Ba
QITOPUTMHUHM SIPATUIl Ba aMaluéTra KEHT TaJ0WK OSTHUIl Yopa-TaaOupiapuHu
unriad  YMKUITra  aloxuga dbpTHOOp KaparmiaMokma. 2017-2021  #imnmnmapna
V36exucton PecryOnukacuHM sHaga PUBOMKIAHTHPHIN Oyiinua Xapakatiap
CTpATeTUsACUIA, )KYMIIQIaH, «... HILJIA0 YUKAPUIITHU MOJICHU3AINS KUJIHIIL, TEXHUK
Ba TEXHOJOTWK KUXATJIAH SHTHWIAN, WIIad YWKapuil...., .. TEXaMKOp Ba
camMapaJii 3aMOHABUN TEXHOJIOTHSUIAPHU OOCKMUMA-OOCKWY KOPUU OTHII ...»!

1 ¥36exucton Pecry6nukacu Ipesunentunnnr 2017 iinn 7 pepannaru I1D-4947-con «Y36exncton
PecniyOnmkacuny siHa/ia pUBOKIIAHTHPHUII OYinYa Xapakariap cTpaTerusicy Tyrpucuaa» ru dapmonu.



Bazudanapn Oenrmwnanrad. Maskyp BasuQalapHH amalra OLIUPHIL, >KyMiaJaH
KypWIMaJQpHUHT 10K KYTapuill KOOWJIUATIAPUHM Y4 KaTJIaMIId KOMIIO3UT
IJIACTUHKANIap OpKadu OWIMPUII MAaKCaauaa KypuiMaiap 3JIEMEHTIAPUHUHT
nedopMalsIaHuI  KapaCHIapuHu UGOAATIOBYM TAKOMWUIAINITUPUITAH MaTe-
MaTUK MOJICJUIAPHU SIPATUIL MyXUM Basudaniapaad Oupu XucoOIaHaIu.

Vatexucron Pecriyomxacy Tpesunermurmar 2017 i 7 deppamaru [1D-4947-con
«V36exucTon PecryGnuKacHHM sHAja PHBOXKIAHTUPUIN Oyiinua XapakaTiap
ctparerusicu Tyrpucugayru ®dapmonn, 2017 wun 9 asryctmaru [1K-3190-con
«Y36exucton PecryOnukacn Xydymu Ba axXOMMCHHHHT CEHCMUK XaB(CH3INIH,
CEMCMMK YMJAaMJIM KYpWJIMII Ba CEMCMOJIOTHS COXACuJa WIMHNA TAaIAKUKOTIIAP
VTKa3UIITHY SHA/1a PUBOKIAHTUPHUII Yopa-Taa0upiaapunu Tyrpucunantu, 2018 iun
27 anpengmaru [IK-3682-con «VHHOBanMOH Fosutap, TEXHOJOTHSJIAD Ba
JOMUXATapHU aMaJIui KOPUMA KWW TU3UMHUHU SHAJa TAKOMUJUIAIITHPHII YOpa-
tagoupnapu Tyrpucunay, 2018 #un 2 ¢espanmaru [1K-3502-con «2018-2022
Hwinapaa axoid NYHKTIApUHM Oowl pexanap OujgaH TabMUHJIALI, JIOMHXa
TAIKWIOT/IapH (AONUATUHHU SAXIIWIAILI, IIYHUHTJEK, MIaXapCco3JIMK coxacuua
MyTaxaccuciap Taiépnaml cu(aTuHU OMMPHUII YOpa-TaAOUpIapU TYFPUCHIANTU
Kapoprnapu xamaa Ma3kyp GaoausiT coxacura TErHILIN OOLIKa MEbEPUN-XYKYKUN
XyAoKatiaapaa OenrumiaHrad BasudanapHu Oaxapuiura ymoy Jauccepranus
TaJKUKOTH MyalsiH JapakaJaa Xu3MaT KHJIaau.

TagKuKOTHUHI pecnyOMka ¢GaH Ba TEXHOJOTMSJIAPU PHUBOKJIAHUIIM-
HHMHI YCTYBOP MyHAJIMILJIAPUra MOCJUIH. Ma3Kkyp TaAKUKOT pecrnyOnuka ¢paH
Ba TEXHOJIOTHSJIADHU PUBOXKIAHTUPUIIHUHT [V. «Marematnka, MEXaHHKa Ba
nH(pOpMaTHKa» YCTYBOP MYHAIUIIM JoMpacKuia Oaxapuiras.

MyaMMOHMHI VpPraHWITaHjauK Jaapaxacu. IOprtumusna Ba XOpWKUN
JaBjlaTiapAa TEXHUKA Ba KYPWIMIIHUHI TypJid coxXajapuia Kyl KaTJIaMJId,
XyCyCaH, yd4 KaTjaMiid IUIaCTUHKalap KEHr KYyJulaHWiaad. byHma kyza Kyon
XOJUlap/ia IUIaCTUHKaJapHUHT AuHaMMK xucoou Kupxrod runoresanapura
acocjaHraH KJIacCHK Haszapusra TasHraH Xojjaa oiaud Oopunanu. bynnail unuiap
xyna kym. Kmaccuk HazapusHuHr OyHpaH keduHru puBoxu C.I'.JlexHuikwuii,
C.A. Am6Gapiymsan, I'.W.Ilerpamen, WN.I'.®unmunmos, X.Anten6ax, E.Reysner,
O.N.I'purosok, B.I1.IlIeBuenko, M.B.®omeHko, X.X.XynonHa3zapos,
M.Mupcaunnos, P.1U.Xanmypanos, A.b.AxmenoB Ba OoIllKa TaHUKJIN OJUM Ba
TaJKUKOTYMIIAp TOMOHUAAH amaira OMUpuiAn, OyHaall TaAKUKOTIaApHA KyHnaaru
UKKU MyHamumra Oyaui MyMKHH: aCUMTOTUKIIMK Hazapus xamaa THMOIIeHKO Ba
Peiicchep Tunuparu HazapusiapHu unmad uukum. KelinHru Oup Hewa VH
nmumkiapaa .M. IleTpallieHHUHT aHUK e4nmIiIap yCyJura acoClIaHTaH IUIaCTUHKA
TeOpaHMILIIApU  Hazapusjiapy uiiad YMKWIrad. Ymly YCyJIHHUHT —TypIid
BapuaHT/Iapu OWp KUHCIAM Ba Y4 KAaTJaMJid 3JacTUK Ba KOBYIIOK-3J1aCTHK
1acTUHKanap yuayH npogeccop U.I'.Oununmnos Ba yHUHT YKyBUMJIapU TOMOHUAH
unutad YuKwirad. Yoy yd KaTJIamiid TUTACTHHKAIap TeOpaHUIl TeHIIaMalapuHu
oNuIIAa KyWHJard KaMuuWiaukiapra Wym kyhwiarad: 1) ¢dakaT CUMMETpUK
CTpyKTypara sra OyiaraH y4y KaTJlamju IUIaCTUHKajap KapajiraH; 2) W3JaHyBUd
KaTTalIuKIap cudaruja miacTUHKA TYIIMPYBUYU KaTJIaMU YypTa CUPTH KYy4HILJIapu
KOMITOHEHTAJapUHUHT OO0Il KUCMJIapH KaOynd KuinHHO, OyHAall HOMabiym
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W3JIaHYBYWJIAPHUHT YMYMUW COHHM OJITHTa TEHT. Arap 4erapaBwil mapTiap aHWK
MIaKJUTaHTUpWIaAuran  Oynca OyHgalk  HOMAablyM  M3JaHYBUMJIAD  COHH,
MyaTUGIapHUHT Y3TapUHUHT TaH oUILIapura kypa, 12 (YH ukku) tara etaau; 3)
YyerapaBuil IIapTiap TYIUPYBUM KarjaM VypTa CUPTH KYUUIUIAPUHUHT OOII
KUCMIIapura HucOaTaH IIaKJUIAaHTUPUITAHKK, YMyMaH oJjrasjga Oy Hapca
NpUHIUIKAT HOTYFpU; 4) caHa® yTunraH ¢axkTopiiap, OXHUp-OKHOATIa MYyXUM
COIIANAIITUPUIIUIAPHU aMalira OUIMpUINTra MaxkOyp 3TraH, y3 HaBOatujga yd
KaTJIaMJTi TUIACTUHKAHWHT OJIMHTaH HATWKAaBUA TEOpPaHWUIN TEHTIaMaJapwHHU OUp
KUHCIM TUIACTUHKAHUHT TEOpaHWII TEHTJIaMajapura >KyJda SKdAH Xo0JaTra
KeNTUpUO KyWraH; 5) yd4 KarjaMjid IUIACTUHKAHWHT OJMHTaH TeOpaHMII
TEHIJIaMaJIapu, XYCYCHHA XOJJa, WKKA KATJIaMJId IUIACTUHKAHWUHT TeOpaHMII
TEeHIJIaMaJlapura YTMauan (YyHKH Kapaina€Trad yd KaTJIaMid IIAaCTUHKAHWHT
CTPYKTYpacu CHMMETPUKIIUTH y9yH, TJIAaCTUHKA TAIlIKK KaTjJaMJapuaaH OMpUHUHT
0JIMO TaIUIaHUIIK ABTOMATUK Tap3/ia UKKUHYHY TAllIKA KAaTJIAMHUHT WYKOTHIIHMIIINTA
0J0 Keaam).

byryHru kyHpma Typau TallKd JWHAMUK OKJIAHUIUIAD TahCUPU OCTHIArU
KaTJaMJIM TUIACTUHKAJIAPHUHT 3JIACTUK-KOBYIIOKIMK XOCCallapy XUCcOoOra OJIMHTaH
y4 KaTJIaMJId KOBYIIOK-3JIACTUK IUIACTUHKAHUHT HOCTallMOHAp TeOpaHUIILIapu
HA3apUsACH, MacallaJlapuHU €YHIIl YCYJIM Ba aJITOPUTMIIAPHU WIUIA0 YWKHIIIATH
MyaMMoJiap eTapiiu Aapaxkaja ypraHuiMaras.

Juccepranus TAAKUKOTHHUHT JUCCEPTANMS OaKapWIraH OJIMil TabJIUM
MYacCaCaCHHMHI WJIMMIA-TAAKMKOT HILIAPH peKajapu OWJIaH OOFJIUKJIUIHU.
Hucceprauus TtaakukoTiaapu CamapkaHJ [MaBJIaT YHUBEPCUTCTUHUHT WIIMHI
TAaIKUKOT WIIIApH PEKACHHHUHT «JledopmanusianyBun MyXuT OWIaH 3¥3apo
TabCHUPJIAITYBYH JTUCKPET-Y3ITYKCH3 cucremMasap YCTUBOPJIUTH Ba
TeOpanunuiapuHu Taakuk Kuiaunn (2000-2020) maB3ymaru TaIKUKOT HUILIapU
noupacuaa Oaxxapuiras.

TagKMKOTHHHT MAaKCaAW Y4 KarTjaMiId I[UIACTUHKAHUHT HOCTAIlMOHAP
TEOpaHUIIITIAPH TUHAMUK XMCOO YCYJIMHU UIUIA0 YHKHUII; TeOpaHyBUYM TJIACTHHKA
UXTUEPUN KYHIAIAHT KECUMHU HYKTaJIapW KyWIAHUII Ba KYUYMIIJIADUHYU aHUKJIAIHA
MaTE€MaTUK MOJICJIMHU Ba aJTOPUTMUHU SPATHII; WUIIA0 YMKWITAaH METOJUKAHU
CTaTUK, MMIYJLCIM Ba OOIIKA IOKJIAHWIIIAP TAabCUPH OCTHAATH Y4 KATJIaMITU
MJIACTUHKAJIAPHYU XHUCOOJIAIll XoJIaTiiapura KyJianaad nuoopar.

TaagKuKoTHUHT Basudaiapu:

JUHAMUK  IOKJIAHWIIIAD  TabCUPUAATH  KaTjaMIM  IUIaCTHHKAJapHH
XUCOOJIAITHY SIHTH YCYJIUHU UIUTA0 YMKHUIIL;

JUHAMUK IOKJIAHWIIUTAp TabCHpWTa YydYparaH Yyd KaTjJaMid IIJJacCTHHKA
TEOpaHUILTIAPHU SHTM aMaluil MacajJaCMHU KYWHII Ba MOC COHJIM XMCOO yCYJIUHU
UIUIa0 YUKUILI,

TallyBUd Ba TYJIAUPYBYM KaTJaMJIApPHUHT TEOMETPUK Ba  DJIACTHUK
XApaKTEPUCTUKATAPUHUHT  TUIACTMHKA ~ TEOpaHMIIIApW  YacToTacura  Ba
aMIUTUTYJlaCl ~ XaMJla KydJaHTaH-neopMaiusiiaHral  XoJlaTUra TabCUPUHU
AHUKJIOBYHM KYPCATKUWIAPHU XUCOOJIAIIL;

TYypAW XU JUHAMUK FOKJIAHUIUIAD TabCUPUIATH Xamja Xap XWJl derapaBuil
mapTid yd KarTjaMjid TUIACTUHKaHW XucoOJsiamra WMKOH OepajauraH, WKKU
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KaTJaMiid Ba OWp XKUHCIM TUIACTHHKAJIAp yYyH XaM YPUHIM OYJIraH aaropuTM
SPATHILL

TagkMKOTHUHT 00beKTH cudaTuga 3aMOHABUM TEXHUKAa Ba KYypPWIMILIA
KeHr (oiigalaHuIaurad KOBYIIOK-3JIaCTUK Y4 KaTJIaMJIM TIACTUHKA OJIMHTaH.

TagKMKOTHUHT TpeaAMeTH TYpPJIM, BaKTra OOFIHMK Y3rapyBUM FOKJIAHUIILIAP
TabCUPHUIATA KOBYIIOK-AJIACTUK Y4 KaTJIaMJIM IIJJACTUHKA JUHAMUKACUHU YPTraHUIII
TaIIKWI 3TA]IH.

TagKuKOTHUHI ycysuiapud. TagkukoT kapa€Hulla aCOCUUA TAAKUKOT YCYJIU
cuparuga [ .W.Ilerpamen — WN.I'.OUIUNTOBHUHT THUIOTE3a Ba aKCHOMAJIApPHU
KYyJUTlaMaclaH TEHTJIaMaJlapHU KenTupuO ymkapuin ycynu, @ype Ba JlaruracHuHT
MHTErpAT aJIMAIITUPULLIAD YCYJJIapy, XamMJla TaJKUKOTYWIAP TOMOHHUIAH KYTI
MapoTaba CHHaJTaH 0OIIKA aHAMTHUK Ba COHJIM yCyJUIapiaH (porgamanuiraH.

TagKUKOTHUHT MJIMHUI SIHTUJIMIH KyHugaruiapaad noopar:

OUHAMHUK  IOKJAHUOUIAp  TabCUPUAArM  KaTiaMid  [UIACTUHKAJIAPHU
XUCOOJIAIIHU SIHTU YCYJIU TaKIu( STUIITaH;

3ap0 TYJIKUHM Ba JUHAMHK IOKJIAHMIILIAP TabCUpPUTA y4YparaH yd KaTjiaMiu
IUTACTHHKA TEOpaHUIIUTApU XaKK/a SHTY aMalIiii Macasajiap KyWnuirad Ba €UnJIraH,

IUTATUHKAHUHT TEOpaHMIIIApU Ba KywlaHTaH-IeopMalusiaHrad XoJjJaTura
TallyBYM Ba TYJJIUPYBUYM KATJIAMJIAp TEOMETPUK Ba 3JIACTUK XapaKTEPHUCTUKAIAPU
TabCUPHHU aHUKJIOBUU KYpCAaTKAYJIAp OJUHTaH;

TypJid XWI JUHAMUK IOKJIaHUIIAP TabCUPHUIATUA Xamja Xap XWJ derapaBuil
mapmiM y4 KaTJlamyiM TUIACTUHKAHW XHcoOJalmra WMKOH OepajauraH, HKKU
KaTJiaMJIM Ba OUp KMHCIM IUIACTUHKAJIAp YYyH XaM YpUHJIM OYJIraH ajaroputm
SIpaTUJITaH.

TagKMKOTHUHT aMaIMii HATUKACH Kylraruinapaad noopar:

JVHAMUK IOKJIQHUIIAP TabCUPU OCTHIATM Y4 KaTJIAMJIM IUIACTUHKAJIApHU
AHAIMTHK Ba COHJIM XucoOJam yuyH dopmyriaiap Ba MaTeMaTUK MOJEN Takiaud
KWINH]IH;

yu Kaminamiau T1oiactuHka  KJ[X  xucobmamr Ba »pkuH  TeOpaHUILIAp
yacToTajlapy Ba IMIAKIUIADMHU aHUKJIAIl Macajlach, Xamja IUIACTUHKA 4YeTyiapu
Typiu4a MaxkKamMJjaHTaHJa y9 KaTJIamJId TUIAaCTUHKAa TeOpaHUIIIapu Macajaiapu
euuMIIapu XUCOOJIaH I,

JWHAMHK, XyCyCaH HMITYJIbCJIHM FOKJIAHUII TabCUPU OCTUJIATU Y4 KaTJIaMiv
MJIACTUHKAHUHT TeOpaHUIIUIApU MacaJTaCUHUHT €4UMHU OJTUH/IH;

TypJiM 4YerapaBuid IIapTiapAa Ba TallKM MOKJIAHUOUIApAAa Y4 KaTJIamiiu
MJIaCTUHKaIap JWHAMUKACHMHU XHCOOJaIra MMKOH OepyBYM COHJIM XuCOOJIall
AJITOPUTMHU MIILIA0 YMKHUIIIH.

TagKuKOT HATUKAJAPUHUHI MINOHWIMJIUIH. TaaKUKOT HaTHKaJapUHUHT
UITOHWIMJIUTH aCOCUM HATIKaJIap 3aMOHABUM KYyPWJIMII Ba TEXHUKAHUHT amMauil
AXTUEKIAPH 3aMUpPHIA IIAKIUIAHTaH Macajiajlapra acoCjIaHraH Ba TaJKUKOTUYUIap
TOMOHHJIaH KyT MapoTaba CHHaJITaH MaTeMaTWK Ba COHJIM YCYJUIAPHU KYyJIarll
HaTxkacuaa onuHrad. Wmmad uyukwiran dopMmynaiap Ba COHJIM €UYUMIIAPHUHT
UIIOHWIWJINTA ~ CUCTEMAaTUK TEKIIUpHUILIIAp, OOIIKa YXIIaml TaJAKUKOTIap
HaTWXanapy OWJIaH COMUIITHPUII, XaMa XyCYCUM X0Jaa OUp KUHCIIHA TUTACTHHKA
Y9yH KEHI MUKECTA MabJIyM OYJTaH HaTIKajaap TaKKOCIAIl OMIaH H30XJIaHAIH.

8



TagKUKOT HATWKAJTAPUHUHI WIMHMHA Ba aMajMi axamMMATH. TaakukoT
HATWKAJAPUHUHT WJIMHA axaMUATH Y4 KaTjaMJjd IUIAaCTUHKajIap AUHAMUKACU
MacaJlaJlapuHU €YMI YCYJUIAPUHU PHUBOKIIAHTUPHUIL; BaKT JAAaBOMUJA Y3rapyBud
IOKJIAHUIIIAD TabCUpPUIArM y4 KaTJIamlid IUIACTUHKAHUHT  TeOpaHUIILIapu
XaKuJard sIHTU MacajalapHd €4MIl Xamja HIUIad YUKWIraH METOAMKaTapHU
YeTJIapy TypJinya MaxXKaMJIaHTaH IUIAaCTHHKAa Ba XyCycaH MKKH KaTjamid Ba OHp
YKUHCIIM IUIACTUHKAJIAP YUYYH YMYMJIAIITUPUII UMKOHUATUA OUJIaH U30XJIaHAIH.

TagkUKOT  HATHXKAJTAPUHUHT  aMajdui  aXxaMusaTH  TalllKd  JUHAMHK
IOKJIAaHUIUIAD TabCUPH OCTUAATM Y4 KaTJIaMJIM 3JACTUK Ba KOBYIIOK-3JIACTUK
mactruHkanapHuHr KX xakuparn amanui MacajalapHU €4uIl y49yH aHAJIUTHK-
COHJIM aNTOpUTMIIAp SPATUIIAH MOOpaT, YHAAH TallKapyu OJUHTaH HaTwKajiap
YMYMUH XapakTepra era OYnu0 ymapHH XyCycHH XoOJulapra, macajlaH HKKU
KaTjlaMiii Ba Oup KaTiamiid IUIACTUHKAJIAPDHUHT KaTJIaMJIapUuIard peoJIOTHK,
AHU30TPOIUK Ba OOIIKAa XOCCaJlapuHU SbTUOOpra OJiraH XoJja KyJulall MyMKHH.
OnuHran HaTWXKalapHU KypWIMII Ba TEXHUMKA COXACHAArd Y4 KaTJiaaMJiu
IUTACTHHKAJAp XOJATMHM COH Ba cuUdar >KUXaTHaH TaxJIMi KWINHIL aMaliuid
MacajajapHu equinia GonaaHuill MyMKUHIIUTH OWIaH W30XJ1aHA IH.

TagKuKOT HATHKAJAPHUHT KOPUIl KWJIMHUIIKA. Y4 KaTjiaMJId KOMIIO3UT
IUTACTHHKAJAp HOCTAlMOHAp TeOpaHWILIapy COHJM TaxXJWIM Y4YyH UILIa0
YUKUAJITAaH MaTeMaTUK MOJEIIap, XUcooall yCcyJuiapy, aaropuTMiap Ba JacTypui
TaMUHOTJIAp aCOCHJIA KyWHIaruiap aMajira OmUpUIIIn:

Ky3FalMac JIeKWH JWHAMUK KYy3FalyBuaH IOKJIap TabCUPU OCTUAATA Y4
KaTjlaMJid [UIaCTUHKa Jruimimu xucoou «Mebmop YT1kup Yoskay MUYKna
IJJACTUHKA 3WWIMTMHU TaMHUHJIOBYM KaTjaMJM anmaTtypanap yiadamiiapuHu
ANIMAINTHPHII  kapaéHura kopuil Kumuaran (Y36exucToH Pecrmy6nmkacu
Kypunum Basupauruauar 2018 iiun 8 utongaru Nel186/30-01-con mabiaymoT-
HoMmacH). HaTwkana miacTMHKaHM apMaTypaJlapHUHT YpTa 3W4 KaTjaMu OujiaH
Ky4aTUpUIITHUHT oyiau onuHau. by apmarypanap opacumaru macodanu 0.05 m ra
y3aUTUPUIITra UMKOH Oep/iu Ba MeTaill capdu ONIUHIAH OelTUiIaHTaH MUKIOpra
uucoarad 20% Texanau;

y4 KaTJIaMJId TIJIACTUHKAHUHT JedopMallisuiaHral xoJiatu xucoou «MebMop
VY1xkup Yoska» MYUXKna niacTHHKaHUHI 53HI KaTTa OSTWIMII  HYKTaJlapUHU
aHUKIAlI skapadHura sxopuit stmiran (Vs6ekucron PecryGmukacn Kypumnim
BazupiuruHuHr 2018 #iun 8 wurongarm Nel186/30-01-con MabiiyMOTHOMACH).
Hatmxana OyHpgall HyKTaldapHM MyCTaxkKamialml MWYIM IUIACTUHKAHUHT — FOK
KyTapuil KoOunsaTuHu 12-14%ra ommpuin IMKOHUHU OepraH;

MabJIyM KpuTepusiap Oyiinya yCTUBOPJIMK MIAPTIAPUHM CaKJIaraH Xojaa, y4
KaTjaMJM Ba WKKW KATJaMJd IUTACTHMHKAaJIap YCTUBOPJIMIMHU Oaxoniaml Y4yH,
IUTACTUHKA TEKHUCIUTUIa HOpMasl KywilaHunuiap waiiaonu xucodu «CBII
MACKAH» MYXna yu kamnamnu miactuaka KX Ba ycTyBOpJIMTMHU aHUKIAII
KapaéHura  okopuit  stmiaran  (Y36ekucton — PecnyGmmkackn  Kyprmmmn
Ba3upauruHUHT 2018 iinn 8 wutonmarm Nel186/30-01-coH mabiyMOTHOMACH).
Hartmxana 6y matepuan capbunu 5-10%ra Texai UMKOHUHU OepraH;

Ky3FaJMac JIEKMH AUHAMHUK Ba Ky3FaJlyBUaH FOKJIAHUII TabCUPHU OCTUAATU Y4
KaTmamMiii  riacTHHKaHuHar oSrwmmmu - xucoon «CBITI MACKAH» MUYXna
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IUIACTUHKAHM apMAaTypaHUHT 3M4Y KaTiaMd OwWiaH Ky4alTupuO OOOpUITHUHT
ONIMHH OIWII >kapaéHWra kopuii KunmeraH (Y36ekucToH Pecry6nmkacnu
Kypwmm  Bazupnurununr 2018  #iun 8  wumronmarm  Nel186/30-01-con
MabIyMoTHOMacH). Hartwkana opaénMa MUIaCTUHKAHUHT Y4 KaTJIaMJIMJIMTUHU
xyucoOra oJiraH XojdJa YHUHT KyWJIaHraH-AehOopMalHMsUIaHTaHINK —XOJIATUHU
XHUco0Jal KypuIMAaHUHT OFUPIUTUHU 7% ra KaMauTUpULI UMKOHUHU OepraH.

TagkukoT HATHKAJTAPDUHHUHT  anpolaummsicd. Ma3kyp  TaaKUKOT
HaTIKanmapu 1 Ta xaiakapo Ba 7 Ta pecrnyOinMKa WIMH-aMalnii aHXKyMaHJIapuaa
Mabpy3a KUJIMHTaH Ba MyXOKaMaJiaH yTraH.

TaaKuKOT HATHXKAJAPUMHUHT IBJIOH KWIMHTAHJIUTH. TaIKUKOT MaB3ycH
6yiinua skamMu 13 Ta WIMMI WMII 9OI STWATAH OYIHO, IIymapiaaH Y30eKHCTOH
PecnyOimkacu Onwmii arrectanms komuccusichHuHT ¢ancada mokropu (PhD)
AUCCepTalMsUIapd aCOCUW WIMHUN HATMKaJapUHA YOM OJTHUIN TaBCHUS JTHUITAH
WIMHHA Halpiapaa 5 Ta uaMuil Makona, )Kkymiiajgad, 4 Tacu pecnyonuka, 1 tacu
XOPIKUN KypHaJIJIap/ia YoM STUIITaH.

JluccepTalusiHMHT TY3WJIMIIK Ba Xa:kMH. Jluccepranus kupuil, yura 600,
xynoca, (¢oinanaHwiradn anabuérnap pyhxaru Ba wWiIoBajdapAaH HOopar.
JluccepranustHUHT XakMHU 120 OSTHU TaITKKIT STaJIH.

JACCEPTAIUSIHUHI ACOCUM MASMYHHA

Kupum xucMmuga MyaMMOHMHT J0J3apOnurud Xakujga Oatadcusi Mabiy-
MOTIap OepwiraH, AWCCEpPTAIMs HWIIMHUHT MaKcaad, WIIIad YUKWIUIIN JIO3UM
Oynran acocuil Mmacananap €pUTHITaH, XUMOSITa 0JIM0 YMKUIIAETTaH aCOCUI MIMUN
SHTHIIAKIIapU 0aéH KunvHrad. Mimna onmuHTraH HaTWKaJapHUHT WIMHKA Ba aMalnuid
axaMuATH, JUCCEepTaIMs HaTWKajlapu Mabpy3a KWJIUHTaH KoH(pepeHIs Ba
CeMHUHapJap pyhxaTu KeNTUPUITaH, UITHUHT TY3WIUIIN Ba XaKMU Oa€H STUIITaH.

JluccepTalsiHUHT «Y4 KaTJIamMJM KOBYIIOK-)JIACTHK IJIACTUHKAHUHT
HOCTAMOHAP TeOpaHuniapu. UiaMuil TaAKHKOTIap WApXu» 1e0 HOMIIAHTaH
OupuHYM O600HM 3JIACTUK JKUCM Ba KYN KaTJIaMJId CTEp)KEHJIap, MIacTUHKalap Ba
KOOMKJIap KaOu HWHXKEHEPJIMK KOHCTPYKIMS DJIEMEHTIapu YMyMHUW IIapXu Ba
XOJIATUHU YpraHuiira Oarunuianrad. Jluccepranus v goupacuga oaud Oopu-
JaUTraH KEWUHTH TAJAKUKOTIAp YYYH YMyMUW NACTypHHU HILIA0 YMKHUII, Xam[a
aCOCHI XaJI 3TYBYM YU KAaTJIaMJIU TUIACTUHKA TEOPaHUIIT TeHTJIaMaJlapUHA TaHJIaIl.

1.1 maparpadma guccepTamusi WA MaB3ycHu OYiiMya WIMHIA MakKoJalapHU
ypraHumi HaTWwkacuga Kymn KarTjaMjid CTEpKeH IUIaCTMHKa Ba KOOHUKIIap
JVHAMUKACHU aCOCUU MyHanuIuiapyu €Eputwirad. bynaa acocuil ypry MHKEHEPIIUK
KOHCTPYKITUSUTApU KYT KaTJIaMJIHM dJIEMEHTIapura, XyCcycaH MKKU Ba y4 KaTJIaMmIu
IUTACTUHKAJapra KapaTUiraH.

Jnccepranuys uimmaa Kapanaérrad Macajiaa y4y KaTjiaMiid TUIACTUHKA aCOCUH
teOpanum TeHramanapu npodeccopiap [.W.Ilerpamen Ba W.I'.®Oununmos
Takaug 3TraH ycysl acocuja KelITUpuO yukapwirad. YmolOy Oyiaum goupacuiaa
KYpcaTWIraH TeHIJIaMaJapHy UILIA0 YUKUIIIA UITUTATUIIAUTaH aCOCHI Fosap Ba
EunamryBnap Oatadcun Eputmiarad. byHnman Tamkapu auccepranusga WIn OuiaH
OofnuK OynraH makonanap OwiaH Oupraiukia y30€K OJMMIIAPUHUHI XyCycaH
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akamemuk T.P.Pammmos, T.II.IupuakynoB, M.MupcaugoB Ba mpodeccop
K.C.CynranoB, T.MasnonoB, A.b.AxmenoB Ba Oomikanap unuiapu Oartadceui
Ypranu6 YUKW Ba TaX M KWJIMHIY.

MyXaHIUCIUK KOHCTPYKUMSUIAPU KYI KaTJIamiid 3JIeMEHTIapu TeOpaHuIl-
Japura ouj Karrta MUKAOpAard anabuétinap ManOanapu TaxjIMJI KWIMH]IU.
Hatmxkana, kynm Karjamid MyXaHJIUCIMK DJJIEMEHTIApU Hazapuscu Kyriad
MyaMMOJIapu XyCycCaH, y4 KaTJIamJId Ba KYN KaTJlamMId IJJAaCTUHKA Ba KOOUKJIAp
Ha3apusulapy  €Tapiinya PUBOXKJIAHMATaHJIWITA Kauj OTWIAH. Y4 KaTJIamiu
MJIACTUHKAJAP TUHAMHUKACUHU XUCOOJIAI YCYJUIAPUHU STHAJAa PUBOKIAHTHUPHUII Ba
TaKOMWJUTAIIITUPHUIL, IIYHUHTJICK YJIapHUHT HOCTAIlMOHAp TeOpaHUlLIapura Te-
TUIJIM aMaJIui MacalajlapHy Xall KWIKII Kepak JIEraH XyJocalap YUKAPUIIIK.

1.2 maparpad nguccepranus HIIM JOUpACUlla TAJKUK KUIMHAETraH Y4
KaTJIaMJIM TUIACTUHKAHUHT TeOpaHUIUIapy yMyMHH Macajiacd Ba YHU CUMIII
ycynura Oarunuianrad. Yekcus ymuamjard KOBYIIOK-IJIACTHK Y4 KaTJIaMIid
IJIaCTUHKA  Kapajiras. Kapanaérran  z
IUTACTUHKA y4  VJIUOBIM JKUCM  J1e0 hd
Kapanaau. [lmactunka kKaTiamiiapu Oup
XWI Ty3WIMaJU Ba OMp XUJI TEOMETPUSIT  j,
KOBYILIOK-3JIACTUK MaTepUaIaH
Taii€pianran OYynuO [OKOpH Ba KyHu 0
KaTyiamyiap T€OMETPUK Ba (PUBHUK YMBUKIU h,
mapriapjia Xap Xwil KAJIWHJIMUKIapra ora 1 PacMm. Y4 KaTnaMiM IJIacTUHKA 2J1€MEHTH
0yuo, TEKUCIIUK]IA YyeKJIaHMaraH
KaTjaMJiap opacujard TyTall Yerapajap TEKHC Ba Xap XWI KOHTAKT TabCHUP
maptiapuaa oepuiaau (1-pacm). ByHia macTkyu Ba FOKOPH KaTjamiiap «TallyBYd
KaTjiamiap» 1e0 HoMJIaHadu.

[Inactunakanu TYFpu Oypuakim Oxyz JEKapT KOOPAMHATAJIAPH CHCTEMAacHa
kapaiimMu3 (1l-pacm). IlnacTuHkKa KaTiamIapuHH |-pacMaarujaek HoOMepJiaiMu3
SbHU FOKOPU TalllyBUM KATJIAMHH OWPUHYM KaTJiaM, MAacTKU TAITyBYH KaTJIaMHU —
UKKUHYH, YpTa KATJIAaMHU €KW TYJITUPYBUUHU — HOJIMHYM KaTjiaaMm 1e0 HOMIaiMu3.

bupuHuM, HOMMHYM Ba MKKWMHYM KaTjiamjap KaJIUHJIUKIApuHU h, 2h, Ba h,

x

OpKanM OeNrunaiMums; 4, — KaTaamilap MaTepHalld 3JIaCTUK y3rapMaciapy sbHU
Jlame xo>dduumentnapu; , — KaTaamuaap XaXMHH 3H4IMKiIapu. bynpa «my»
ungekc 0,1,2 kuiiMartinapHu KaOyn kuiaau. Katimamiap maTepuaid KOBYIIOK-
AMACTHK XOccacura odra Oynrawnmurugan  bonbiman-Bonbreppa wuHTErpan
orepaTropu Kyluaaruia Xxucooaanaan

L (4)=ﬂm[é(t)—ir<m (t—f)J(T)df} Mm(¢)=ﬂ{c(t)—]sz(t—r):(r)dr} (1)

Oy epaa Ky (7), K,y (7)— KaTJIaMJIap MAaTEPUATMHHUHI XOCCACHUAAH O0ofmuk Ly, Ba
M, (m=012), KOBYIIOK — 3JIaCTUK omeparopiapu saaponapu. bynga L, Ba M
(m=042) omepaTopiap TeckapuiIaHyB4aH, Ky, (&) Ba Ko (&) smpomap sca nxtuépwuit

ne6 dapas Kkumamus.
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IlnacTvHKa KaTiamiapu HyKTalapy KydIaHUIUIapH o™ (i,j=123 m=012) Ba

I[e(popMauI/mcu gigm) (i, j=12,3;m =O,L2) opacuaaru 6OFJIaHI/IHIJIap YU3UKJIN
orieparopaa bonbliMaH HHTETpaJLUIapy KaTHAIITAH XOJI1a KyWugarnda €3uinau:
o™ =Ly 6™ r2m (6M): (1=123),
o =Mm(gi<jm)); (i, j=123; i ])
ox!x2x3 NeKapT KOoOopAuHaTajgap CUCTeMacHhJa IUIaCTHHKA KaTjaMiiapu
HyKTaJlapd XapakaTUHU TaBcHdall y4yH XapakaT TEHIJIaMacMHM KyWujaruda
KaOys1 KUjiamu3

)

e+ e+ 6D (m=012) (2)

aza(m)
—

(m

oA <o O (m=012), ®

ot

Oy epna U(m)- KaTjiaM HyKTajapu KY4ulll BEKTOpH; t-BakT. ¢, CKalsip Ba ¥
BEKTOp NOTCHIMAIIAPUHY Kyiuaaru Gopmysa OuiiaH KUpUTaMU3
U™ = gradg, +roty,, , (4)
U(m):lj(U (m)’v(m),w(m)); ij :'/7('/’1m"/’2m"ﬂ3m); (m=0,1,2)
bynna v, BEeKTOp MOTEHIIMAIN BEKTOp MaWJOHHUHT KyHUJAru COJCHOUIIIUK
MapTUHA KaHOATIAHTUPHIIH KEPAK
diviy,, =0, (m=012) (5)
(3) cucremara (4) Hu KyWnO ¢, OyinamMa Ba V., KYHIAJaHT TYJIKHH
MOTCHITMAIM  Y9yH  KOBYIIOK-AJIACTHK  KaTjaMJIM  IUTAaCTHHKA  Xapakar
TEHTJIAMAJIApUHU TYJIKWH TCHTJIaMaJIapy KYPUHHIINIA OCOHTHHA OJIaMU3

62 m " 62 %m
Lo(Apy)= pr 6:[: : Mm(Al//m)=pmat—V2; (Mm=0.12), (6)
Oy epaa Kyhuaaru OeirmianiapHd KUpUTaMu3
0> o* ¢°
L, =Ly +2M 5 A=——+—+_—.
o’ oy’ oz

Kyuum Bexkropu, nedopmaiius Ba KywIaHUIT TEH30PH KOMIIOHEHTAJIAPH ¢, Ba
Vi (m = 0,1,2). MOTEeHIHAIIAP OpKaiu udoaanaHau.
t<0 fga muacTMHKa TUHY XxoJjlatga Oynrad, t=0 maiTaa yHUHT 4erapaBuid
cupTiapura (TallyBuM KaTjiamiap cUpriapura) z=+h"; h'=h,+h, (=12) na
JTUHAMHK TabCUp OOILJIAHTaH J1e0 X1UCOOJauMMu3.
ol(xy,zt) . =+FD(xyt) ol(xyzt)

z=th;

=Ryt

z=h;

al(x, y,z,tj +h*=iFZ(‘)(x, y,t), (i=12) (7)

Z=th;
t <0 1a ruracThHKA TUHY 10 (papa3 KujaamMu3 MIyHUHT Y9yH Oapda KaTiamiap
XaM THHY Ba OyHaaH t=0 ma OonutaHFuy mapTiap HOJra TEHT 1e0 Xucoomaimus
O =i = 2= im0, (m=012) (8)
(7) verapaBuii mapTAaH TalIKapu MACTKA Ba FOKOPHM TAIlyBYM KaTJiamiap
OWwIaH TYJIIUPYBYM KOHTAKT CHUpPTIapUaa KyHUJarn IMHAMUK Ba KHHEMAaTHK
KOHTAKT IIapTJiap OaKapuIUIIN Kepak:
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a) IOKOpY TAalllyBYM KAaTJIaM Ba TYJJIUPYBYHM OpacUJard KOHTAKT cUpTaa z = h,

nia:
o0 — 0 50 0. 50 _ 50y v v W, =W, (9)

2z 2z Yxz — Yxz1%Yyz yz
0) macTKM TalllyBYX KaTjaM Ba TYJIMPYBUM OpACHIArd KOHTAKT CUPTAA SbHU
z=-h, na:

agg) =o?: 50 =50 50 - 5. Uy =U,; Vo =V,; Wy =W,.  (10)

zz Xz XZ yz yz ?

t=0 ma (8) moTeHnmamap yayH Oonuranrud maptaad U, V., W, (m=0412)

KY4YUILUIap YYyH Kyiuaara OOLUTaHFUY IIAPTIApPHUA OJIaMU3:
Uy =V, =W, =0; 8;'“ =a(\3/tm =a\étv”‘ =0, (11)

ynsaail Kuaubd MJIaCTUHKA HOCTAUMOHAp TeOpaHUIUIApU MacaJTaCHHHHT
YMyMHUI KYyWWIMINIUMAA MacajlaHd €4YMIl YYyH Xap Oup Kariamja TypTTaaaH
(MacanaH, ¢y,vi19,¥20, W30 HOIUHYUN EKH TYJIIUPYBYH KaTJIaM YUyH aHUKJIaHAWTaH
dyukmusuap) — (6) Terrinamanu (7) yerapaswuii Ba (9), (10) xonrakr Ba (8) éxu (11)
HOJI OOIIIJIAaHFUY TIapTaap/ia €YUl Kepak.

by nmaparpad nmoupacuna Macananu yMyMHil eduin ycyiau 0epunubd Kyiuaa yu
KaTjaMJId TUIACTUHKAHUHT CHMMETPUK TeOpaHUIIIapU MAacallaCMHHM —CYMIIA
UIUIATUIIAIH.

1.3 maparpada y4 KaTiiamiid TUTACTMHKA TeOpaHUIUIApU aMaliuii Macaiacu
yuTa rypyxra aXpaTuiras:

1°. BupuHYM TypyXra Ty3ylUIIM Ky4JIaHHII TabCHPU HYHAIMIIMIAH XaMaa
yIAPHUHT KUAMAaTUAaH OOFIMK Macananap kupaau (WYK €k Hoira TEHT
KywiaHunuiapaad Qapkiu). ByHra ruracTiHka TeOpaHWIIUHWHT WKKH KYPHHUIINA
CUMMETPHUK Ba aHTUCUMMETPUK T€OpaHUIILIAPU TETUILLITH.

2°. VikkuHum rypyxra IIaCTMHKA KaTJaMJIapM OPAcHIard KOHTakKT TypiaMda
mapmiap OujiaH OepuiraH IUIaCTUHKanap TeOpaHMIIIapU MacajlaCu TETHIILIH.
Bynna mynpmait yd Typiaaru macananap Kapanaau: 1) OMKp KOHTakT; 2)ujeal
KOHTaKT; 3) KysnoH KoHyHU O6Viinya UIIKATaHUO CUIHKUIIT

3%, VuuHuM rypyxra IiacTHHKA 4YeTJap¥ TypiM IIapmiap OwminaH Gepuirad
Macajajap Terunum. byHmall XoJija IJIacCTUHKA YeTJIapd MaxKaMJIaHUIIUJIaH
OOFIMK TYpJIM 4YerapaBWil IapTiap Ty3ulll MyMKWH. Jluccepranusnma TypTTa
myHaaik anabuér wManOamapuaa KENTUPWITaH IUIAaCTUHKA —TeOpaHuIIapu
yerapaBuii MacaJlaCH KyWWiIran XycycaH: 1) IilacTHHKa TYpTana YeTH XaM OHKp
MaxKaMJIaHTaH; 2) TUIACTHMHKA TypTaja 4YeTH XaM IIAPHHUPJIA MaxKamilaHTaH; 3)
IUIACTHMHKA TypTajga 4YeTH XaM JpKuH TasHraH; 4) FOkopuaaru Xoiap Typid
KOMOMHaNuMsAga OJMHradH. MacanaH, TJIacTUHKa MKKM 4YeTH  I[IApHUPIU
MaxKaMJlaHTaH, OOIIKA WKKUCHM DJSpPKUH TasHraH, WKKU YeTH [IapHUPIU
MaxKaMJlaHTaH, OOIIKa MKKMCH KUCTUPUO MaXKaMJIaHTaH, Ba X.K.

JluccepTalUsiHUHT «Y4 KaTJaMJIM KOBYIIOK-)JIACTHK IJIACTMHKA HOCTA-
HMOHAP CHUMMETPHUK TeOpaHuNLIApW» Je0 HOMJAHTaH HMKKUHYH O00M yu
KAaTJlaMJid ~ KOBYIIOK-JIACTUK TUJIACTUHKAHWHT HOCTAIlMOHAp TeOpaHuIIapu
HA3apUSICUHH aHUK €4uMJIIap yCyau Oyiinda uniad ynkuiira Oaruiianrad 0ymuo,
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OyHIa I0KOpHJa KypCcaTWITaH KaMYWIHKIapaH X0Jdu Ba TEKUC Macaja KapaJraH.
TamryBum KatiaM Ba TYJIIMPYBUM OpacHIard KOHTaKT OUKp Ae0 XxucoOaaHaau.

2.1 maparpad y4 KaTiiamyid KOBYIIOK — 3JAaCTHK IUIACTMHKA CUMMETPHK
TeOpaHUIITIApU YMYMHUN TEHIJIAMAJIapUHU KEJITUPUO uYuKapuilura OarvIUIaHTaH.
MacajlanuHr yMyMHM KYWWIWIIA OKopuga 1.2 OynuMaa yd YIIYOBIM X0Jija
kenTupwirad. [lnacTHHKaHUHT Yiyamiapyd 4YeKIaHMaraHjiMruHu xucoOra oiuo
Kyhuga Oy TeHrJamanap TYFpu TYpTOypyakiu Oxz JIeKapT KOOpAuHaTaiIap
cuctemacuza (1-pacm).

Texuc nedopmamms Xxonwma KarjiaM HYKTaJdapu KY4YWIl BEKTOpPJIApH
KyWujaruda

Um=u,-i+W, -k; U, =U_(xzt); W, =W, (xzt), (12)

Oy epma i, k— KoopaumHara YKMHMHI OWpiuK opranapu, (4) na Kylimparuda
oJammu3

§0m = (Dm (X’ Z’t); lr/7m = l//m (X’ ZJ)T (13)

Oy epaa j— Oy, yKu OUPIHK OpTAacH, IUIACTHHKA KaTJaMlIapH HYKTaJapUHUHT
Xapakar TeHrmamaimapu (6) garm  YH MKKuTa oaaud  auddepeHnman
TeHrIaManapaad ¢, (x,z,t) Ba w,(x,z,t) noreHiman QyHKuusIapra HucOaTaH
OJITUTA TYJIKUH TEHIJIaMajapura kenrtupuiaau. bynpma Jlammac omepatoprHHHT
KYpPUHHIIN Kyuaarnda
A=0%/ox? +8%/6z°. (14)

benrunanuiapnas, w, BEKTOpP MailloH cojeHou UMK maptu (5) aBTOMaThK
xonaa (13) kypuHHIITa yTajam.

OHIM TUIACTMHKA KaTjamjapuard KYy4HIll BEKTOPHM KOMITIOHEHTAaJIapWHHU,
XaMmaa aegopmainus Ba KyWIAHHNUIAD TCH30PHHU KHPUTHITAH (3) MOTeHIMAN
GyHKUHMsIAp OpKajdu ocOHrMHa udonanaimus. Macanan

2 2
U, =2 W, o OO0 OVn, (m=01,2). (15)
OX oz X oXoz

KoByIok-aacTukIMK ~ YM3UKIM ~ Hazapusicura kypa (12)  kyuunuiap
MalJIOHUHU KYPCAaTWITAHUACK KyMuJaru KypuHHILIAa CHMMETPUK Ba aHTUCUMMET-
PUK KHUCMJIapra akKpaTuO TacBUpJIALl MyMKHH

U,=U3+U2, (16)
Oy epma U®-IIacTMHKAa KaTIaMIapd Ky4WIDIap MalJOHMHUHT CUMMETPHUK
(6yinama), U?-antcumMeTpuk (drunMingard) xkucmiaapu. bynpa (16) huruamu
Maiion (7) derapaBuil MIapTHH KaHOATJIAHTHPAIW, YHUHT CUMMETPUK KucMH (7)
IAPTHU KAHOATJIAHTUPHUILINA KEPaK

(9000 =—1200) =2 (F+ 2 £9(x0)= 190 = (O +FD) (27)

S'’HHHU MacaJaHuHr (7) yerapaBuii MapTH KyHUIard KYpHUHATIIA
o) (x, z,tjzz(_l)i,lh: =fi(xt)  o¥(xzt)

e =0 B =hy+hy,(i=12)

2=(-1)7h - fZI (X’ t)’ (18)
Gl(llz) (X’ Z’ tX Z:(fl)F
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byHpaH Tamkapu TYIIUPYBUMHUHT Z =+h, CUpPTHJA AUHAMUK Ba KUHEMATHUK
KOTaKT apTjiap Kyiuaarnya

€] ®
o,/(X,z,t , o, (X, z,t ,
a9(x,z tX =1 . ( )(Z:% o-if)(x,z,t)( = ( )'Z:hO
o O-Z(Z)(X’ Z'tjz:—h ' o O')(é)(x, Z’th:—h ’ (19)
(0) _
)(x,z tjz . =0,
Ba
U,(x,z,t),, ; W, (x,z,t) ., ;
Uolx.z.t), +hy _{U (x,z,t), . W (x.zt),. My _{Wz(x,z,t]z__ho. (20)
t =0 ;na OolUIaHFUY IIAPTJIAp HOJITa TEHT z:e6 XUCOOIaHa I
op oy
= g O’ m = —m e 0_ 21
P =¥ i (21)

Mynaait Kuaub, y4 KaTiaaMid TUIACTUHKAHUHT HOCTAIlMOHAp TeOpaHUIIapy
MacajaCMHU €UYMIll OJITUTa HUKKUHYM TapTuomu (6) wuHTEerpo-muddepenmman
teHrinaMaigapau VH ukkuta (18)- (20) yerapaBuii Ba KOHTAaKT mIapTiap Xamja
Hojra TeHr (21) GonulaHFUy MapTiIapaa SUrInra TYFPH Kellaau.

Kyiunran Macanany e4MIl y9yH TalIKU Tabcup QyHKuusaapu seau f2(x,t)

Ba f"?(x,t) auHr (17) KYpHHUIIMHY Kyiuaruda TacCBUpPIaiMu3

kx -
£02(x,0) = [ ¥ g [ Fra(k, plePdp; £02(x,t) = dk [ T4 (k. pledp, (22
D(x.t) gsmkx I (k,ple™dp; £29(t)=] " " (II) (k,ple™dp, (22)

6y epna f(k,p), Ba Tk p), (i=12) — Rep>0 perynap ¢ynxuusmap. By
(GyHKIMAIAp Y9eKIM COHparu KyrOmaapra sra, (—iw,, iw,) MaBXyM YKHH Y3 HumMra

2 sinkx

0

OJIyBYM Ba KyJa 5THOOpra oJIMaciMK Japaxana Kuuuk k >k, yayn Q(k,p) Gupop
COXAaHMHI MYMIa MXTUEPUI KuiiMaTHH KaOyn Kunaad. (I)— kouTyp (P) KOMILIEKC
coxama Rep=v >0 K 6yiinua yauman yur tapadaarn Q(K, p) koran kucmu.
Yoy xalyn kuiauHran ¢apasznapra TasHUO TalKd TabCcup (YHKIUsIApU
yayH (6), (18)- (20) Ba (21) macananuHr eunMuHU (22) KYpUHUIIA H3JIAHMU3
HaTmwkaaa (6) TeHrIaMaaaH MOTeHIUaN (yHKIUsIapra HucOaTan omanui nudde-
peHIMan TEeHTJIaMajiapra kejaamu3. XOCWuJ OyJaraH TeHTJIaMaJlapHUHT YMyMUN
eunMiIapu Kyiugarnda 0ynaau
on(z.k, p)= A" (k, pkha,z+ A (k, p)sha,z;

23
71 (2, p)=B{" DA,z + Bk, P, z; (m=0L2), &)
Oy epna

2 _ 1,2 27 -1. 2 1,2 207 -1.
%m_k +pmp Lmv~ ?m_k +pm~p va (24)

I-m =(Z“m+2,um)[1_ Klm(p)} Mm=:um|:1_ K2m(p)}

p)=IKim(f)e“’tdt: aga=ag =0, p>0na.
0

(17) ra MOC CUMMETPHK TabCUPJIAp XOJIN/IA,
f(z) :_f(l) Ba f(z)_f(l)

X X yA z

(23) mau Kyiugara Keiauod YuKaau
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A =0, B =0, (m=012)

bynnan (6) TeHrJIaMaHWHT CUUMH IUTACTHHKA CUMMETPHK TeOpaHHIILIAPH
XoJua Kyiuaarnya

(2K, p)= A" (K, pha,z; 77, (2 k, p)=B{"(k, p)shp,z, (m=012) (25)

U, Ba W, KydunuiapHu xam (22) KypuHUIIUAA TacBUpiaiimu3. bynapau
kyunmnapauar (15) ndomacura kyim6 U Ba W, alIMalITUPMITaH KydHILIAp
yuyH (popmynanapau onamu3. OnuHran udoaaaa runepOoOINK QyHKIUIIAPHUHT
Japaxalid KaTopjapra CTaHmapT &hlmnmanapunan ¢oiganannd KyHugaruau

OJIaMHu3
2n

_ S 2n (m) _ p2n+d (m) S 2n+2 (m) 2n+ln (m) 22n+1
_nzc;[ Al _ g2 ](2 ).’W nz;‘[ — kg2 B! ]—(2n+1)!. (26)

Vy KaTjidaMJIn IINIaCTHHKAaHWHT Te6paHI/IH_I TCHIIaMaJlapyuaaru H3JIaHyBYU
(1)YHKI_II/I$IJ'Iap CI/ICI)aTI/II[a HOJIWMHYMU KaTJIaMHHHT I_HYHI[aI/I CUPTH HYKTACHMHUHI

anMarnTupwiran U, Ba W, KyYHIUIAPHUHT GO KUCMIAPUHA Kabyil KMIAMU3KH Oy

CUPTHUHT y3u z=0 TEKMCIMKIaH Kyhuparu (opMmyla OWIaH aHUKIAHYBYH
macodana €raau

E=y-hy, 1< y<0; 0<y<1 (27)

Oy eplia y -y3rapmac COH —1< y <1 TEHICHU3JIMKHU KaHOATJIAHTHPAId. ByHHHT yuyH

(26 ) Tenrnamaza z=¢, m=0 Ba n=0 1e0 KaOyn Kuimamus. Y xomnma UL Ba w°

OeNruIanuIapHy KMPUTUO KyHUJIATMHY OJIaMHU3

Lo g
A g :
(24

WO()—ocoU(0

um\z—

—— A= (28)

2 2
a, —k

Cyurpa Kyuuiuiap Ba Ky4iaHHIUIapHu kuputiirad U Ba W ¢yHKimsiap
opkaiin HQonanad dverapaBuil Ba KOHTAKT LIApTiapAa KyHuJaru yd KaTJIamiid
KOBYILIOK-3JIACTUK ~IJJACTUHKA CHUMMETPUK TeOpaHUILIapU TEHIJIaMaJapuHu
0JIaMH3

o* o* ‘ 6 0 a W)
G g TG gy T s o szt hg = Wo (X 0+

4 4 4 2 2
0 0 0 0 (0)
+<d;y—+d +d +di,—+d;e— Uy (X, 1)=
{ 11 126X 13 14 2 158)(2} 0 ( )

ot ot ot 02 02 1 _
2{511—+512 y + 3513 o +314¥+515y+516 fx( )(X’t), (29)
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Oy epaa c;, d, s; koddduuuennap Typnu popMmyiianapiad aHUKJIaHAIU
1 By 1)1 (hg +hy)ng : .
Q1= _E (%PlMl L+ (1_ Ch)Po'—ol)PlLll % + ((ZQ1P0M01 +3(1+ O — %Q1),01M1 b

) ) ) 3 4 4\ °he |
+20g0109 Lol)PlLll + ((1+ %)PoMol +(1+ %)%Po Lol)lel Lt 3do (1— ql)plLllplLll)% )

OnuHran TeHrnamajiap TUNEpOONMK  TUIAArd  XyCyCHM — XOCHJIalU
TEHTJIaMallapAup. by miacTMHKaHUHT HOCTalMOHAp TeOpaHUIILIApU >KapaéHapu-
HU TYFpu TaBcU(Iam ydyyH MyXUM axaMusTra sra. byHaaH Ttamkapu ymoy
TEHTJIaMajap alIaHWIl WHEPUUACUHU Ba KYHJAJAHT CHJDKUII AedopManuscuHU
xucoOra oJyBYM Xajyuiapra sra. byHnaH myHaail xyigoca Kean0 YMKaJIuKd XOCHII
kwnHrad terrinamanap C.ILTumomenko Tunmaarn TeHriamanzapra yMyMUHPOK.
Bynna miyHu Ttapkuanam jgo3uMkd Oy TeHriamanap KupxrodduuHr kimaccuk
TEHIJIaMaJlapy Ba THMOIIEHKO TeHrJaManapujaH (papkid paBUIIa YUKAPHUITaH
0ynub OyHaa KyIMMya TunoTe3ajiap Ba akcuoMalap Xamaa CyHUH KUPpUTUIIAIUTaH
TYFPUIOBUU KOA(DPUITMEHTIIAPCU3 YNKAPUIITAH.

2.2 maparpadaa KOBYIIOK-31aCTHK IJIACTUHKA CUMMETPUK TeOpaHHIILIapHIa
KywiaHraH-aepopmanusiianran xonatd (KAX)Hu anukiam ydyH ¢opmysianap
KUpUTHITaH. (25) ymymuii ednm opkanu udomamanran 6apua uO(xt), wO(xt)
KY4uIUIap Ba Ky4wIaHUII TeH30pd o, o, o™, (m=012) KOMIOHEHTa-JapuIaH
KOBYUIOK-3JIACTUK Y4 KAaTJIaMJId I[UIACTUHKA KyWIaHraH-AedopMalusiaHrad
XOJIATUHU XMCOOIAIl aTOPUTMH TY3HUJITaH.

Ymby Bazuda miacTuHKa ypTa KarjiaMu Y9yH ajloXHja TallyBYH KaTjaMu
YUyH aJloXua 6akapuiras. U, Ba W, Kyaunuiap Ba ¢9, 9, 50 kyumaaum xkommo-
HeHTamapu U (xt), w(xt) u3manyBun GyHKIHsIAp OpKaau udoganaHrad 6yimo,
Oy ¢GyHKUMsUIap Y4 KaTjaMiM IUIACTUHKAHUHT YpTa KaTjaMuJaH KOOpJuHaTa
TEKUCIIMTUHUHT Oz VKU WyHanumuaa ¢ Macodaja >Koiialrad CUPT HyKTajapH-
HUHT OVilamMa Ba KyHAQJIaHr Kyuunuiapu Oom kucmu. KelnH sca TamnryBuu
KATJIAMHUHT UXTUEPUN KecuMHMaaH OepwiraH aHukiauk Owinan KX mapa-
METPJIApUHU  AHUKJIAIl HWMKOHUSTHHU  O€pyBUM aHAIUTHK  QopMmyanap
YUKApUJITaH.

2.3 maparpad y4 KATIAMJIM KOBYIIOK-3JIACTUK TIUIACTUHKAHUHT YMYMHN
CUMMETPUK TEOpaHUIIIApU TEHTJIAMaJlapUJaaH KeluO0 YMKAJAWTraH XyCyCHud Ba
JUMUTUK XoJIapHUHT Ba Oynapra moc KX Hu anuknam ydyH dopmyianapHu
TaxJIM Kuiumra Oarunuianrad. Jlactna®d y4 KaTinamiad  KOBYIIOK-3JIACTHK
IUTACTUHKAHUHT KeNITUPUO unKapwirad tedpanuin tearaamanapu C.I.JlexHuikui,
C.A.AMOapiymsH, E.PeliccHep HazapuslapMHUHT MabJiyM OYJIraH TEHIJIaMallapu
OmlaH TaKKOCJIaHUO yjapra HUcOaTaH yMyMUNHPOK SKaHIUTH UCOOTIAHTaH.

Cyurpa (29) Tenrmamanap cUCTEMacHJaH Y4 KATJIaMJIM  DJIACTHUK
IUTACTUHKAHUHT CHUMMETPUK TeOpaHMIIapu TEHIJaMajapu XyCyCcuil — Xoll
cudaruna ynkapuwirad. Kelimnyaiuk OoIka aBTOpJIApHUHT TEHTJIamMaiapy OujiaH
TaKKOCJAlll yU4yH Ba COAAANAIITUPHUII YIyH UKKH KaTJIaMJIl Ba Oup KaTiamiu (Oup
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KUHCJIM) TUTACTUHKAIAp TeOpaHUII TeHTIIaMaJapuHA Kapaliaa 3JacTUK TUTACTHHKA
TeHraamManapuaan (honaagaHuIraH.

bomika myanmnudaapHUHT HaTvKanapu OWJIaH TaKKOCTAIl MakKcaauja HKKU
KaTJIaMJIi Ba OUp KUHCIM TUTACTUHKAJIAPHUHT TEHTJIamMajapu 4YuKapuiraH. bup
YKUHCIIN IUIACTHUHKA XO0JIHa

0,0006 4 (0) 0 ——————
HaTHXanap I'"N.Ilerpamen Ba ° o\ b 0E
10,0004 ;
2.B.XuneH HaTWXKaJlapu OmnaH ~0,00002 ]
0,0002 4
TAKKOCJIaHI'aHAa Xap HKKajJla Has3apus -0,00003

i

Oyiinya TEHIJIaMaJapHUHT KYpPUHUIIH 5 1 -Dooud]

TY3WIHIIA SKHXaTHIaH MOC amMmo 0% ~0.000057

-0,00006

O0ap3u  koedduuumeHTIApU  KUiimMar- 00004
o -0,000074 \,, (0)
W
jJapu Owiman da WINIIA Kypca-  -0.00s- 0
p Cb pK K yp = TleTpalleH HazapuAcH = []ETpalIEH HaZapHACH
THJIT'aH. — AT MUHHASTIAH HAZaphd TAKH FUTHASTIaH Hasapd
a) 0)

.. 24 Faparpa(bna Oy Hasapusnap 2-pacm. byitnama kyuum U HUHT Ba
6y1/II/ILIa KYYHIIJIapHHUHT COHJIN XI/ICO6I/I KYHJANaHT Kydum W HUHT t=0.6 A3 Typiu

(2-a) Ba 0) pacM) JeApIU MOC TYIIUIIN  pasapusiap  OYilMua  TAaKKOCHAHHLLK;
KypcaTiiiuO OJMHTaH HATIKAJAPHUHT  0<x<1

UIIOHYWIMJIUTH UCOOTIIaHTaH.

HuccepranustHuHr «YeTiapy Typamya MaxKaMJIaHTaH Y4 KaTJamMid
IUVIACTUHKA CMMMETPHUK TeOpaHulIIapw» /10 HOMJIaHTaH YYUHYM O00M Taliku
IOKJIAHUIIJIAD TabCUPH OCTHAA >KOWJIAIraH y4 KaTjlaMJId 3JIaCTHUK IUIACTHHKA
CUMMETPUK TeOpaHWIUIApH aMajuii MacajaCMHU aHWK COHJIM  EYHINra
OaruIIIaHTaH.

3.1 maparpadaa yekcu3 y3yHIMKIArd Ba | KEHIJIMKIArd y9 KaTJIaMid
AJaCTUK TIUIACTMHKA CHUMMETPUK TeOpaHUILIapu TEKUC Macajlacu €4MJIraH.
[InacTuHka  yeTiapu  WAPHUPIAM  MaxkamjaHran  Je0  XucoOmaimus.
[InacTUHKAHWHT YeTKM TeKUCHHKIapu z=+(hy+h)i=12 ma f9(xt)=f(xt) Ba
fO(xt)= tA(xt)=f,(xt) (17) kyumap OwmaH Ky3ranuuuiap OepuiraH Oymuo
MJACTUHKA CHUMMETpPUK TeOpanagu ne0 xucoOmaiimMu3. Macananu evuin
METOJMKAaCUHU MILIA0 yuKuIaa Oy QyHKuusuiap MXTUEPUM Ba HOKOpUIa KaOys
KWIMHTaH MIapTIapHu KaHOATJIaHTUpaau e Kadyn kuiiamus (hopmyna (22)).

f(xt) Ba f,(x,t) aHUK KYpUHHUIUIAPH MacallaHH COHJIA CYHINIa OCpHIIaIH.
Ymby wmacama ukkuH4M 0001a WNUIA0 YMKWITAH TUTACTUHKA TeOpaHUIILIapu
TaKpHOHWI TEHIJaMalapd Ba IUIAaCTUHKAHUHT Kecumiapuma KX aHukmam
AIrOpUTMH  acocuaa euwinrad. [lnacTuHKa KaTiamiapu MaTtepualyIapUHUHT
OepuniraH TEeOMETPUK Ba (U3UK-MEXAHUK TMapaMeTpiiapd KuMMaTiIiapu ydyH
«Maple» wmaremaTuk makeTd EpaamMuaa HM3MaHAETraH MHUKIOPJIAPHUHT COH
KUMMaTHU aHUKJIAHTaH.

ImactuHkanuHr Xx=05 §ypra KecMMHAAH dYal TOMOHAA JKOMJALIraH
MJJACTUHKA  KECUMHU  HYyKTajapW Kyduliapu MycOaT dKAaHIWUTH  SbHU
MJJACTUHKAHUHT Yall sipMH OYiiylaMa TOJAJTapUHUHT YY3UIIUINTa WINUIAETTaHIUTH
ucbotinanrad. bomika tapadman sca Xyaau 1y BakT MOMEHTHA TJIACTUHKAHUHT
x=05 ypra KecuMuZaH VYHI TOMOHJA KOWJIAITaH IUTACTUHKA KECUMU
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HyKTaJlapuaa MaHQuil Ky4uuiap Ky3aTHIIU SbHU TUIACTUHKAHUHT YHr OVitnama
TOJNIAJIApU CUKWJIUIITa MIUTAETTaHU KYpCaTHIIraH

[lyHn Tapkuiam JIO3UMKM IUIACTMHKA YpTa KECUMUHUHI Xap XWjl
Tapadiapuna OyHIal MKKH XWJI XO0JlaT edyniaéTraH MacajaHu (U3HK MabHOCHUTa
Tyna Moc Kenaau. ByHIaH Tamlkapy IUIACTUHKAHUHI HyKTaJIapuiard KUWMaTu
KyJda KHYMK Japakana OYiaraH KYHIaJIaHT KYduIjiap Xam Ky3aTuiaaau. byHnai
KYYUIUIQPHUHT Taigo OViauium OViiaMa TaIllKu IOKJIApHUHT IJIACTUHKA TaIllKd
CUPTJIapUIa TabCHpPU HATHXKACUIUpP. DyHJa OJMMHraH HaTWXajlap yd4 KaTiamiH
IUIACTUHKAHUHT ~ CUMMETPUK  TeOpaHMILIapUHU  XHcoOiamjga  IUTACTHHKA
HYKTaJApPUHUHT KYHAQJIAHT KYYMIJIApUHU XucoOra oiMaca xam Oynaau Jeras
XyJI0ca KWJIHMII UIMKOHUHH OepajiH.

3.2 maparpad ONAMHTY KUCMHUHI MaHTUKUN naBomu OYynub «Yetnapu
HIapHUPJIH MaxKaMJIaHTaH y4 KaTJIAMJIH MJIACTUHKA Ky4JaHTaH-
nedopMalMsUIaHraH  XoJaTu» 1e0 HOMJIAHMO IUIACTMHKA YpTa Ba TallyBYHd
KaTjaMmjiapy KyWwIaHTaHIUK-Ae()OPMALMSUIAHTAHINK XOJATUHU COHJIM  TaXJIHII
Kwnmra Oarunuranrad. MkkuHum 0600ma  Takiaud KWJIWMHTAH — IJIACTHHKA
karnamaapu KJIX anukiam anropurMura OMHOAH YpTa KaTJaMHUHT HYKTaJlapu
Oyilama Ba KYHOAJdaHr Kyudunuiapu xucoOnananu. OMHTaH —HaTWXKalap
pacMiiapia y4 YI4OBJIM Ba KY4YHMIIl Ba KyWIaHUIUIAPHUHT KOOpAWHATAra Ba BaKTra
OOFNMK rpaduKIapyu KYPUHUIIN TACBUPJIAHTaH.

3-a), 0) pacMaa ypra Kariam (TYIJUPYBYM) HHUHT HyKrajgapuaaru Ug(xt)
OyiimamMa  Ba  Wy(xt)  KYHIaJIaHT
KYYUIIAPHUHT rpaduKIapu
TacBupiaHran.  bymapman  kenu0
YUKQJAUKA KatiaMHUHT U, OViinama

W, KYHJQJIaHT Ky4uIIJIapu

aMIUTMUTYJacl BaKTHUHT  J1acTJIaOKu
KUHAMAaTIIApUaa *KyJla KHIUK, KCHHH 3Cca

BaKT VTHUILH ouninan KaTjiaM a) ‘ 5)

Kyquiiapnu . aMPHHTyHaCHHHHF 3-Pacm. Ypra katnam kyuummmapn Ug(x,t) Ba

abcomoT KniMaTIapu e 6opam. W, (X,t) HHMHT BaKITa Ba KOOpJuHaTara
Takkocna HAaTWXKaJIApUIaH

. O0FIHK Y3rapuil rpaduKiIapy.
MyHAan XYyJ0Ca YHMKApHUIIl MYMKHWHKH,

IUTACTUHKAHUHT TAlllyBUM KAaTJaMH KywIaHTaH-Ae(popMalusiiaHTaH X0JaTH COHJIN
TaxJu1 KuinHrad. FOxopuaarn HaTwkanapra yXmam HaTwkanap KyWd TallyBud
KaTiaaM y9yH XaMm YpuHiau. ONUHTaH HaTHKAIAPHUHT UIIOHWIMIUTHHN TeKITHPHUTIT
yUyH TallyBUd KaTjaMm Ba TYJIJIUPYBUM KAaTJIAMHHMHI TyTall CUPTHIArH OUp XM
HyKTaslapuaa Oyitnama kyuuin Ba OVitlaMma HOpMaJl KyWIaHUIITHUHT (popMyJianapu
Oyinya BakTIaH OOFIMK XucoOsanap Oaxkapuiaau. XucoO HaTwKaimapu Oyinua
XaM KY4JHuIliap XxaM KyWwIaHHIUIap AESIpiu uaeall MoC Kellau.

3.3 maparpadga UKKM UYETH KHCTUPUO MaxKamJlaHTaH yd4 KaTJaMiH
TUTACTUHKA CUMMETPUK TeOpaHUIIapu Macanacu edmirad. ONMHraH HaTHXaiap
yd VIIUOBIM Ba KYYHII Ba Ky4JaHHWIJIAPHUHT KOOpAWHATara Ba BakTra OOFIUK
rpadukiIapy KYpPUHUIOM pacMmiaa KelaTupwirad. Takkocmamn HaTuxXalapuaaH
NIyHAal XyJioca YHMKAPWII MYMKHWHKH, TUIACTUHKAHWHT TallyBUd KaTiaMiiapu
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TYIAUPYBUM KaTjaamra HucOataH Kynpok nedopmanusianaan. byHnma wmoc
HyKTajap/ard Kyuuiuiap Kuimariaapu oup oupuaas 1,5 mapra Ba yHAaH Kyn Gpapk
Kunaad. Xyaaud UIyHJal IUIacTUHKa TallyBUM KaTjamylapura TabCUp KUIyBUH
Ky4JIaHUIIJJAPHUHT KUWMaTiIapu ypra Kariamra (TYIIupyBud) TabCHUp ITa€Tra
KyWIaHHIIIAp KuAMaTIapura Hucobarad 1,5 Maprta Ba yHIaH KaTTta GapK KAJTaIau.

3.4 maparpad «Yu kaTmamum toiactuHka KJ[X ra Marepman XocCacHMHHHT
TabCUpHU J1€0 HOMJIAaHTaH. YHJIa MaTepHall XOCCACUHUHT TabCUPUHU AHMKJIAII Ba
0axoJlall yyyH yeTJIapu LIAPHUPJIM MaXKaMJIAaHTaH Y4 KaTiamJid [JIaCTUHKaAHUHT
KX anukiam macanacu KapainraH. byHpa ypragaru KaTJIaMHHHT XOCCAJIapH
y3rapmacaaH KoJiaJy, TallyBYd KaTjamiap Xoccajlapy MIUIATUIAJUIraH MaTepuall
Typura MyBo(uK KaOysn KuiauHaau. MacanaHUHT KYHWINIIN, €4UII aJrOPUTMHU Ba
YHH amaJira OIMpHUII ycyiu yimlOy 600HUHT OupuHYM naparpaduaa KeITUPUITaH.
OnuHran Hatwxkanap Oyirya TErHILIM XyJlocanap YUKapUuiau.

XVYJIOCA

«Y4 KaTiamyii KOMIIO3UT IUIACTUHKAHUHT HOCTallMOHAP TeOpaHUIILIaApU»
maB3ycunaru (ancada gokropu (PhD) nuccepramusicu OVitmya onu® Oopuira
TaJAKUKOTIIAp HaTHXKAacK1a KyHUaaru acocuil Xynocaiap Keiaud YuKa/Iu:

1. Tunore3a Ba akcMoManapcus y4 KaTjJaMIM KOBYHIOK-3JIACTHK IUIACTUHKA
HOCTallMOHAp CHUMMETPUK TeOpaHUILIApU TEKUC MacajllaCh Ha3apuscu HILIa0
YUKUJITH.

2. Y4 KaTiamiid KOBYIIOK-3JIaCTHK IJIJACTUHKA HOCTALIMOHAp CUMMETPUK
TeOpaHUILIapU TEKHC Macajlacl yMyMHUIl TeOpaHUII TEHIJIaMalapuiaH XyCycui
X0J/1a Y4 KAaTjJaMJId DJIaCTHK IJIACTHHKA, MKKH KaTJiamJId KOBYIIOK-DJIACTHK Ba
AIACTUK TUTACTHHKA, OWp KaTJIaMJM dJacTUK Ba KOBYIIOK-AJIACTUK IUIACTUHKA
TeOpaHUIILTIAPH TEHIJIaMaJIapy OJIMHTaH.

3. KoBymIOK-3/1acTUK IUTACTUHKA CHMMETPHUK TEOpaHUIIUIApH YMYMHMA
TEHTJIAMaNapUAaH XyCYCHUH XONJa MYXaHAMCIUK aMalu€TH YYyH SPOKIU
C.IL.TuMomIeHKO THUMUIATH AHUKJIAIITUPWITAH TEHIJIaMallap XamJa TapTUou
MKKHUIaH KaTTa OyIMaraH KJIacCHK THUIJIard TEHTJIaMaTapHU OJIUII MyMKHH.

4. Kentupub ynkapuirad y4 KaTjaMiM MJIaCTUHKA TeOpaHUII TeHIIamanapu
acocuzia BakTAaH OOFJIMK XOJJa Y3rapyBud IOKJIAHUII TabCUPU OCTHAArH Y4
KaTJIaMJIF TUTACTUHKAHUHT TeOpaHUIIUTAPH YUIYH SHTH Macajaiap KeITHPUITaH,

5. Tamky MOKIaHUIUIAP TabCHPU OCTHUJA YErapaBuil  IIapmiap Oumad
Oepuiirad yd4 KaTJlamJId TUTACTUHKA TEOPAHUIIJIAPWHU XHUCOOJAIIHUHT CaMapaiu
MaTeMaTUK MOJICNIM, XUCOOJIalll METOJIWKACH, XHMCOOJaIl aaropuTMHd Ba 0ap3u
AHAIUTUK €YMMIIAP UIIUTA0 YUKHIITaH.

6. WNnuta0 4ywkuiarad  yYCyJUIApHUHT Ba  OJIMHTAH  HATWKAJIAPHUHT
WIIOHWIMJIUTUHU UcOOTNIall yuyH OMp KaTop aMaiuii Macajanap eywirad 0ymuo,
OJIMHTAH HaTIXajap OolIka MyauTM(IapHUHT aHWK Ba COHJIM €YUMIIapu OujaH
TaKKOCJIaHTaH;

/. JIMHAMUK IOKJIAHWII TabCUPH OCTHAArd Y4 KaTJIaMJId TUTACTUHKAHWHT
TeOpaHUII TEHTJIaMaJIapy CHUCTEMAacH BapUaIlMOH UTEpallUs yCYIH OWIaH COHIIU —
AQHAJIUTUK €YUII aITOPUTMHU TaKIU(] KUJIUHTaH.
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BBEJIEHUE (anHoTamusi Auccepranuu Jokropa ¢puaocopun(PhD))

AKTYaJIbHOCTh U BOCTPEOOBAHHOCTHb TeMbI auccepranuu. B Mupe uzyde-
HUE BOIPOCOB AMHAMHUKHU CJIOHUCTBIX KOHCTPYKIIMH MMEET Ba)KHOE NMPAKTUYECKOE
3HAUYEHHWE B PAa3JIMYHbIX O00JIACTAX TEXHUKU M CTPOUTENHCTBA, B YACTHOCTH,
pa3paboOTKe HOBBIX MOJIEJIEH JMHAMHYECKOro HX AehOopMUpOBaHMS, OJIM3KUX K
AKCIIEPUMEHTAILHBIM, MPUMEHEHUIO d(PPEKTUBHBIX MATEMaTHUYECKUX U YHCIICH-
HbIX MeToA0B. B mocnegnue roasl B CIIA, Anonun, ®@pannuu, Kurtae, Poccuii-
ckoMm Denepannu U B IPYTUX PAa3BUTHIX CTPAHAX JUJIA MOBBILICHUS MPOYHOCTH WH-
KEHEPHBIX KOHCTPYKUWW HCIIOJB3YIOTCS PA3JIMYHBIE CIOUCTBIE KOHCTPYKIMU H
MPUMEHSAIOTCS HEKIIACCUYECKUE MOJENN UX pacueta. [loatomy, mo cOBpeMEHHBIM
TpeOOBaHUSIM CHIM)KEHUEM BeCOra0apUTHBIX MOKa3aTeleil KOHCTPYKIUMW B MpPO-
MBIIJIEHHOCTH U CTPOUTEIBCTBE MOJIYYEHUE YKOHOMUYECKOU BBITOJIbI, 0Oecmeye-
HHEM HAJICKAIIYIO IPOYHOCTh KOHCTPYKIM NUMEET BaXKHOE 3HAUYCHUE.

Bo MHorux 3apy6exnbix ctpanax kak Poccusa, CIIA, Aurmus, ®pannus,
I'epmanus, SAnoHus W B APYrUX pa3BUTBIX TOCYJApCTBAX, UIsl PAa3BUTHS U
YCOBEPILICHCTBOBAHUSI  METOJOB  IPOCKTUPOBAHUSA TaKUX  OTpPACIEH, Kak
CTPOUTEIBCTBO, MAIIMHOCTPOCHHE M KOPAOJIECTPOCHUE, UCCIEAOBAHUAM JTUHAMU-
yeckoro HJIC, pacuety u mnpoOiiemMe TMOBBIINICHHS HECylell CrnocoOHOCTH
KOHCTPYKLMH, HAXOIAIINXCS I10J BO3ACUCTBUEM JTUHAMHUUYECKUX HArPY30K, TAKUX
KaK YIpYyruil ynap, BO3AEHCTBUE MMITYJIbCHBIX U MOJIBM)KHBIX HArpy30K, a TaKXKe
yAapHBIX BOJIH yAEJIEHO 0CO00€ BHUMAHHUE.

B mupe npoBoasiTCsS Hay4HO-UCCIIEN0BATEIbCKUE padOThI, HAPABJICHHBIE Ha
M3y4YCHUE HECTAlMOHAPHOTO MOBEACHHUS MHOTOCIONWHBIX KOHCTPYKIMOHHBIX 3Jie-
MEHTOB, M, B YACTHOCTH TPEXCIIOWHBIX TUIACTUH, HAXOIAIIMXCS MOJ JCHCTBUEM
Pa3IMYHBIX JUHAMUYECKUX HArpy30K. Takue 3JEMEHThI UCIOJb3YIOTCS B pa3idy-
HBIX MHXKECHEPHBIX KOHCTPYKILMSAX, CBSI3aHHBIE C TUHAMUYECKONW YCTOMYMBOCTHIO U
IIPOYHOCTHI0 KOHCTPYKIIMOHHBIX 3JIEMEHTOB, B YACTHOCTH, B 3aJa4ax O JACHCTBUU
yIapHBIX, UMITYJIbCHBIX U B3PBIBHBIX HAarpy30K Ha JAeOPMUPYEMBbIE TPEXCIIONHBIC
IJIACTUHKU. [locTpoeHne MareMaTuuecKux MOJAENEN MPOLECCOB HECTALMOHAPHBIX
konebannit 1 HJIC Takux 371€MEHTOB B a9POKOCMHYECKHUX, TTOJI3EMHBIX U MOABOI-
HBIX WHKEHEPHBIX KOHCTPYKLMAX, & TAKIKE UX YUCIEHHOE UCCIIECI0OBAHUE AKTyallb-
HBI B 00J1aCTH MEXaHUKH 1€(OPMUPYEMOT0 TBEPIOTO Tea.

B nameit PeciyOninke B 06;1aCTH CTPOUTENBCTBA M TEXHUKH, CO3JJaHUIO MO/Ie-
Jiel ¥ aJlfOPUTMOB pacueTa, MOBBIIICHUIO HECYIEH CTTIOCOOHOCTH CIIOUCTHIX KOH-
CTPYKILIMH, HAXOISIIIUXCS MOJ JACHCTBUEM PA3JIMYHBIX JUHAMUYECKUX HArpy30K U
pa3paboTKe MEPONPHUATUIA MO HMIMPOKOMY HX NMPUMEHEHHIO B MPOU3BOJICTBO MpPH-
KOBaHO ocoboe BHMMaHue. B Ctparerun aeicTBui Mo JanbHEIIeMy pa3BUTHIO
Pecnyonuku Y30ekuctan B 2017-2021 romax mocTaBiieHbI 3aJauyd, B TOM YHCIIC
«... MOJIEpHHU3AIIUHU MTPOU3BOJICTBA, TEXHUYECKOE U TEXHOJOTHUYECKOE OOHOBJICHUE,
MPOU3BOJICTBA ..., ... TIOITAIMHOE BHEJIpPEHUE pecypcocodeperaronux u 3G HexTuB-
HBIX COBPEMEHHBIX TEXHOJIOTHH ...»'. BHINONHEHHE >THX 3aJaHHM, B TOM YHCIIE
CO37]aHME MAaTeMAaTHUUECKUX MOJIeTIeH N3yUYeHUs MPOIecCOB NeHOpPMUPOBAHUS KOH-

lykas lpesunenta Peciybnuku Y36ekucran «O cTparerun aeicTBHil 110 nanbHeleMy pasButuio PecryOmuku
V36ekuctan» NeYI1-4947 ot 7 depans 2017 1.
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CTPYKLUH, C LENIO MOBBIIIEHUSI HECYIIEH X CIIOCOOHOCTH BHIOOPOM ONTUMAIIb-
HbIX MapamMeTpPOB 3alOJIHUTENS] U HECYUIUX CJIOEB, CUMTAKOTCS OJHUMH M3 BaXK-
HEHIMX 3aj1a4.

Brinonnenuto 3anay, npeaycMoTpeHHbIXx B Ykase Ilpesunenta PecnyOnuku
V30ekuctan NeVII-4947 «O Crparerun AeHCTBUN MO JaJIbHEUIIEMY Pa3BUTHIO
Pecniyonuku Y36exkuctan B 2017-2021 romax» ot 7 depans 2017 roga u
noctaHoBIeHUSIX NelIlI-3190 «O mepax mo COBEpIICHCTBOBAHHUIO MPOBEICHUS
HAyYHBIX HCCJENIOBAaHUN B 00JIaCTH CEHCMOJIOTUH, CEHCMOCTOMKOTO CTPOUTEINb-
CTBa U CEMCMHYECKOU 0€30MMacHOCTH HaceJIeHUs U Tepputopuu Pecryonmku Y306e-
kuctad» oT 9 aBrycra 2017 roga, Nelll1-3682 «O Mepax mo manpHEHIIEMY COBEp-
IIEHCTBOBAHUIO CHUCTEMBI IIPAKTUYECKOTO BHEAPECHHSI HHHOBALIMOHHBIX HUJEH, TeX-
HOJIOTUH U TpoekToB» OT 27anpens 2018 roma, Nelll1-3502 «O mepax no obecrme-
yeHnto B 2018-2022 rogax reHepaibHbIMU IIJIJaHAMH HACEJIEHHBIX ITYHKTOB, YIy4-
IICHUIO JEATEIbHOCTH NPOEKTHBIX OPraHU3alvil, a TaK)Ke IMOBBIIICHUIO KayeCTBa
MOJITOTOBKH CIIEIIMAIIMCTOB B c(pepe rpagocTpoutenbectBay ot 2despans 2018 ro-
J1a, @ TaKKe€ B JIPYTHX HOPMATUBHO-TIPABOBBIX JOKYMEHTAX, OTHOCSIIUXCS K JIaH-
HOW cdepe NEesATENbHOCTH B ONPEAEIEHHON CTENEeHH CIYKUTh JUCCEPTALMOHHOE
UCCJIEI0BAHNUE.

CooTBercTBHE HCCJICI0BAHUS NPHOPUTETHBIM HANPABJICHUSM Pa3BUTHS
HAYKHU U TeXHOJI0orui pecmy0auku. J[uccepranioHHas paboTa BbINOJIHEHA B CO-
OTBETCTBUU C NMPUOPUTETHHIM HAMNPABICHUEM Pa3BUTHs HAyKH U TEXHOJOTUH pec-
nyonukn «P4-maremaTrka, MEXaHUKa U UHHOPMATHKA.

CreneHb M3y4eHHOCTH MpoodJemMbl. B Haieil ctpade u 3a pyOexoM B pas-
JUYHBIX O00JACTSAX TEXHUKH M CTPOUTENIBCTBA IIUPOKO MPUMEHSIIOTCS MHOTOCIOM-
HbIE, B YaCTHOCTHU TPEXCIIOHbIEC TUIACTUHKU. [Ipy 3TOM BO MHOTHX Cly4asx JuHA-
MUYECKHE pacyeThl IJIACTUH OCHOBBIBAIOTCA HA KJIACCMYECKUE TEOPHUH OIHUpPalo-
muxcs Ha runote3bl Kupxroda. K Takum npunaiexxars Hemano padoT. Jlamb-
Helllee pasBUTHE W YTOYHEHHE KJIACCHYECKOM TEOpUH  OCYIIECTBISIOCH
C.I' Jlexuunikum, C.A.Am6apuymsinoMm, [.W.Ilerpamenom, W.I'.OumunmossiM,
X.Anrenbaxom, E.Reysner, 3.W.I'puromtokom, B.ILIIleBuenko, M.B.domenko,
X.X.XynornHazapoBeiM, M.Mupcannossim, P.1.XanmypanoseiM, A.b. AXMe10BbIM
U IPyTUMHU aBTOPAMH, UCCIEOBAHUS KOTOPBIX, MOKHO Pa3[eIUTh HA JBa HaIpaB-
JeHus: pa3paboTka aCHMIITOTHYECKUX TEOpHM M TEOpud THMa THUMOIIECHKO H
Peiiccuepa. 3a nmocliiefHUE HECKOJIBKO JIECATUIIETUI pa3paboTaHbl TEOpUHU Kosebda-
HUSl TUIACTMH, OCHOBAaHHbIE HAa METOJE TOYHBIX pEUICHUH B MpPeoOpa3zoBaHUAX
I''N.I1lerpamens.

VYKa3zaHHBIM METOJIOM pa3paboTaHbl pa3IMYHbIE BapUAHTHI OJHOPOIHBIX U
TPEXCIOMHBIX TJIACTUH B YIPYroM M BA3KOYNPYroll MOCTaHOBKax mpodeccopoM
N.I".®OununmnoBbIM U €ro yuYeHuKamMu. B HUX Mpu BBIBOJE YpaBHEHUH KoJieOaHUS
TPEXCIOMHBIX IUIACTUH JOIMYLIEHBI CIEAYIOIIHME MPEANnochbulku: 1) paccmarpu-
BAIOTCS TPEXCIONHBIE IUIACTUHKUA TOJIBKO CUMMETPUYHON CTPYKTYpbI; 2) B Kaue-
CTBE HEU3BECTHBIX OEpyTCs TJIaBHBIC YACTH COCTABIISIOMIMX MEPEMELIEHUN TOYeK
CPEIMHHOW MOBEPXHOCTH 3aIOJIHUTEINS, KOJUYECTBO KOTOPHIX B OOIIEM ciydae
paBHO mectu. Ecnu ke, mpu 3TOM, TpaHUYHBIE YCIOBUS CPOPMYITUPOBATH TOYHO,
TO YHCJIO HEM3BECTHBIX BO3PACTET, MO MPU3HAHUIO CAMUX aBTOPOB /10 ABEHALIATH;
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3) rpaHuuHBIE YCIOBUS (DOPMYITHPYIOTCS OTHOCUTENBHO TIaBHBIX YacTel mepemMe-
IMIEHUI CPEeTMHHOIN MOBEPXHOCTH, YTO B MPUHIIUIIE HE BEpHO; 4) yKa3aHHbIC (ak-
TOpPbl B KOHEYHOM HUTOT€ BBIHYKJAIOT aBTOPOB K BBHIMOJHEHUIO CYIIECTBEHHBIX
yOPOUIEHUH, TPUBOASIINE K HEKOTOPHIM HETOYHOCTSIM, MPUOIMKAs MOJIydaeMbie
ypaBHEHUS KoJIeOaHUSI TPEXCIONHOM IMJIACTUHKUA K YPaBHEHHUIO KOJEOaHHsS OJHO-
POJIHOM TUIACTUHKH; S5) TOJyYEHHbIE YPAaBHEHHS KOJIeOAHUs TPEXCIOWHOW Iuia-
CTUHKH, B YACTHOM CJIydyae HE MEpPEXOJAT B YpaBHEHHMs KoyieOaHUs JBYXCIOWMHON
IJIACTUHKU (M3-3a CUMMETPUYHOCTH CTPYKTYpPbl pacCMaTpUBAEMOM TPEXCIOMHON
IUTACTUHKH, OTCYTCTBUE OJTHOTO M3 BHEIIHHMX CJOEB BIICYET 3a COOOW OTCYTCTBHE
BTOPOTO BHEIIHETO CIIOS).

Ha cerognsimHuii neHp pa3pabOTKa TEOpUM HECTALMOHAPHBIX KOJeOaHUN
TPEXCIOWHOW BA3KOYIIPYrOM IUIACTUHKM C YYETOM YIPYTHX M BSI3KOYIPYIHX
CBOWCTB MaTE€pHaJIOB B JOCTATOYHOW CTETIEHU HE U3YUYCHBI.

CBsa3b JAucCCepTAIMOHHON padoThl ¢ Temaruyeckumu Iuianamu HUP.
JluccepTallMOHHOE UCCIIEI0BAHUE BBIIIOJIHEHO B COOTBETCTBUE C IUIAHAMU HAY4YHO-
uccienoBarenbckux padbor CaMapkaHACKOTO TOCYJapCTBEHHOTO YHHUBEPCHUTETA
«HccnenoBanue kojaeOaHUN M YCTOMYMBOCTU JUCKPETHO-HEIPEPBIBHBIX CHCTEM,
B3aUMOJICHCTBYIOIIMX C aeopmupyeMoit cpemoin» (2000-2020).

Heabo ucciienoBanuii sBISAIOTCA: pa3padOTKa METOAUKU JUHAMUYECKOTO
pacuera HECTallMOHAPHBIX KOJEOAHWN TPEXCIOWHBIX IJIACTHH; CO3/laHue MaTeMa-
TAYECKOW MOJENH W AJTOPUTMA ONPEACICHUS YCUIMNA U NEPEMEIIECHAN B TOYKAX
MIPOU3BOJIBHOTO TMOMEPEYHOI0 CEYEHUS! KOJICOTIOENCs TIIACTUHKU; TPUMEHEHUE
pa3pabOTaHHOM METOJMKH Ha CIly4aW pacdeTa TPEeXCIOWHBIX IJIACTHUH, HaxoJs-
LIMXCS MO BO3AECUCTBUEM CTATHYECKUX, UMITYJIbCHBIX U IPYTHX HATPY30K.

3axayu uccieI0BAHNS

pa3paboTKa HOBOM METOJMKH pacdeTa CIOMUCTHIX IJIACTUH HA JCHCTBUE IU-
HaMHUYECKUX HArpy3oK;

MIOCTAaHOBKA M PEIIEHNE HOBBIX MPUKIIATHBIX 33/1a4 O KOJICOAHUSIX TPEXCIIOM-
HBIX IJIACTHH, MOJBEPTHYTHIX JACUCTBUIO JUHAMMUYECKUX HArpy3ok U pa3zpaboTka
COOTBETCTBYIOIIMX METOIHUK YUCICHHBIX PACYETOB;

pacyeT KOHKPETHBIX I10KA3aTesIed BIIMSAHUSA T€OMETPUUYECKUX U YyIPYIUX Xa-
PaKTEpPUCTUK HECYUIUX CJIOEB U 3aIOJHUTENS Ha aMIUIUTYIy M 4acTOThl KoJyieOa-
HUH, a TaK)Ke Ha HaIPsHKEHHO-1e()OPMUPOBAHHOE COCTOSTHUE IJIACTHHKU;

CO3[IJaHHE AJITOPUTMA, MO3BOJISAIOIIETO MPOU3BECTH PACUET TPEXCIONHBIX I1J1a-
CTUH C PA3JUYHBIMU TPAaHUYHBIMHU YCJIOBUSIMH IIPU JEWCTBUM PA3JIMYHOIO BHJA
JUHAMUYECKUX HArpy30K W MPH NEPEXOJIC HA JBYXCJIOWHBIE U OJHOPOIHBIE ILIA-
CTUHKU;

O0BbeKTOM HCCIEeI0BAHMS SBIIIIOTCS TPEXCIOWHBIE BA3KOYNPYTHE TIACTUH-
KH, [IIAPOKO UCIIOJIb3YEMbIE B COBPEMEHHOM TEXHUKE, CTPOUTEIBCTBE.

IIpeaMeTom mcc/IefOBAHUM SBISIETCS U3YYEHUE TUHAMHUYECKOTO MOBEICHUS
TPEXCIIOWHBIX BA3KOYIPYTHX IUIACTHH MPU PA3IMYHBIX, IEPEMEHHBIX BO BPEMEHU
Harpyskax.

MeTtoabl HCCAeA0BAHUM: METOJ BbIBOJAA pA3PELIAOIINX YPABHEHUU
I''M.Ietrpamens-N.I'.®ununmnosa 6€3 NpUMEHEHUs TUMOTE3 U MPEANOCHIIOK, Me-
TOJIbI MHTETpaJIbHOTO MpeoOpa3zoBanus Pypre u Jlamnaca, METOJ TapMOHUYECKOTO

25



aHaM3a, IPyrue aHATUTHYECKUE W YUCIICHHBIC METOJIbI, MHOTOKPATHO anmpoOupo-
BAaHHbBIE HCCIIEIOBATEISIMU.

Hay4yHasi HOBM3HA JMCCEPTAMOHHOIO HCCIEIOBAHUS 3aKJIIOYAETCS B Clie-
TYHOLIEM:

NPEAJIOAKEHA HOBasg METOAMKA pacyeTa CIOMCTBIX IUIACTUH HAa ACHCTBHE IHU-
HAMHUYECKUX Harpy3oK;

MOCTABJICHBI U PEUIECHBI HOBBIC MPUKIIAIHBIC 3314l O KOJIEOaHUSIX TPEXCIIOM-
HBIX IUIACTUH, MOJBEPTHYTHIX IEUCTBHI0 JIUHAMHYECKUX HArPy30K WU yHapPHBIX
BOJIH,;

MOJyY€Hbl KOHKPETHBIE IMOKA3aTENW BIIASHUAS TE€OMETPUUYECKHUX WU YIPYTUX
XapaKTEPUCTHUK HECYIIIUX CIIOEB U 3alOJIHUTEINSI HA aMIUIUTYly U 4acTOThI KosieOa-
HUH, a TAaK)Ke HA HAPSDKEHHO-e(OPMUPOBAHHOE COCTOSIHUE TIIIACTHHKU;

CO3JIaH AJIITOPUTM, MO3BOJISIOIIMNA MTPOU3BECTH PACUET TPEXCIOMHBIX IIACTUH
C pa3IMYHBIMU TPAHUYHBIMU YCIIOBHSIMU IIPU JIEVCTBUU PA3IMYHOTO BUJIA JUHA-
MHUUYECKUX HArpy30K U MPU NEPEXOJE HA JBYXCIONHBIE U OJTHOPOIHBIC IUIACTUHKMU.

IIpakTHYeckHe pe3yabTaThl HCCIACAOBAHUSA 3AKIOYAIOTCSA B CIEAYIOLIEM:

NpeaJio’KeHa MaTeMaThyeckas MOJeib, (GOPMYJbl I aHAIUTUYECKOTO U
YUCJICHHOTO pacueTra TPEXCIOUHBIX IUIACTUH, HAXOMALIMXCA MOJ JEHUCTBUEM JIU-
HaMHUYECKUX Harpy3o0kK;

pe3ynbTaThl pacdera mapaMeTpoOB HaIPSKEHHO-Ie(POPMUPOBAHHOTO COCTOSI-
HUSI TPEXCJIOWHOW TJIACTUHBI U PEIICHUE 3a7aud MO0 ONpeeSICHUI0 (JOPM U 4acTOT
CBOOOIHBIX KOJICOAHUM, a TAKKE 3a/1a4 O KOJICOaHUAX TPEXCIONHOMN MJIACTUHBI TTPU
Pa3JIMYHBIX CIOCO0AX 3aKPEIICHUS KPOMOK TIJIaCTHUHBI;

pe3yabTaThl pelieHus 3ajlad O KoJeOaHUSX TPEXCIOWHOM TIaCTHUHBI, HAXO-
JALICUCS MOJT JEUCTBUEM JUHAMUYECKUX, B YACTHOCTH UMITYJIbCHBIX, HATPY30K;

AJTOPUTM YHCJIIEHHOTO PacyeTa, MO3BOJISIONIErO MPOU3BECTH JTUHAMUAYECKUM
pacyeTr TPEXCIOMHBIX IUIACTHH MPU PA3JIMYHBIX TPAHUYHBIX YCIOBUAX U BHEIIHHX
Harpy3kax.

JloCTOBEPHOCTH Pe3yJabTaTOB JUCCEPTAIIMOHHON pabOThI IeTaIbHO 000CHO-
BaHa. OCHOBHBIE PE3yJbTAThl MOJYYCHBI B UTOTEC NMPUMEHEHUS 0OOCHOBAHHBIX U
MHOTOKPATHO anmpOOUPOBAHHBIX MCCIIEIOBATEIIMIA MAaTEMAaTUUECKUX U YUCIICHHBIX
METOJIOB K 3aj7adyaM, OOYCJIOBJICHHBIM MPAKTUYECKUMH 3alPOCaMU COBPEMEHHOM
TEXHUKU U CTPOUTEIHCTBA. JJOCTOBEPHOCTH BBIBEJEHHBIX (DOPMYJT pacuera U Yuc-
JICHHBIX PEIICHUN 3a/1ad MOATBEPKIAECTCS CUCTEMATUYECKON MPOBEPKOM, U COMO-
CTaBJICHUEM C PE3YJIbTAaTaMH JIPYTUX HCCIEAOBAaHUM, a TAKXKE B YACTHOM CJIydae
MPEIEIbHOr0 mepexoaa K OJHOPOAHOMY IUIACTUHKE, C IIMPOKO M3BECTHBIMU JIA
HEE PE3yIbTaTaMH.

HayuyHasi ¥ mnpakTudeckasi 3HAYUMOCTbL Pe3yJbTATOB HCCJIEI0BAHMS.
Hayunasi 3Ha4UMOCTBh pe3yJbTaTOB MCCIEIOBAaHUSI COCTOUT B Pa3BUTHUU METOJIOB
pelIeHus 3a/1a4 TMHAMUKHU TPEXCIOWHBIX IUIACTHH; B PEIIEHUU HOBBIX 33]1a4 O KO-
ne0aHusIX TPEXCIOWHON TUTACTUHKY TPU BO3JCHCTBUY HA HETO U3MEHSIOIIUXCS BO
BPEMEHHU HArpy30K, a TaKKe B BO3MOXKHOCTSIX 000O0IIeHUsT pa3pabOTaHHBIX METO-
JUK JJIS pa3IM4HbIX 3aKPEIJICHU KpaeB IUIACTUHKYU U Ha Clly4au JABYCIOWHBIX U
OJHOPO/IHBIX TIACTHUH.
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[IpakTHueckass 3HaYUMMOCTb PE3YyJIbTATOB MCCIEIOBAHUS COCTOUT B CO3JIaHHUH
HEO0OXOIUMOT0 aHAMTUKO-YMUCICHHOTO ajrOpuTMa JUIsl PEelIeHUs] TPUKIaAHbIX 3a-
Ja4 O HampsHKeHHO-Ie(hOPMUPOBAHHOM COCTOSIHUM TPEXCIOWHBIX YIPYTHUX U BS3-
KOYIPYTUX IJIACTUH MPU IEWUCTBUY BHEIIHUX AUHAMHUYECKUX Harpy3ok. Kpome to-
ro, OJIy4Y€HHbIE Pe3yJIbTaThl B CUJIY TOTO, YTO UMEIOT JOCTATOYHO OOLIUH Xapak-
TEP, MOTYT OBITH PACIIPOCTPAHEHBI HA HEKOTOPbIE YACTHBIE CIIy4au, HAPUMEp IS
JIBYXCJIOMHBIX U OJHOPOAHBIX IUIACTHH C YYETOM PEOJIOTUYECKUX, AHU30TPOIHBIX
U JIp. CBOMCTB MAaTe€pUajoOB CJIOEB IUIACTHHKHU. [lonmydeHHbIE pe3ysbTaThl MOTYT
OBITH MCIIOJIB30BAHBI JIJIsI KOJMYECTBEHHOTO U KAUECTBEHHOT'O aHalIN3a MOBEICHUS
TPEXCIONHBIX IACTUH NPH PEIICHUH MPAKTUYECKUX 337a4 B OOJACTH CTPOUTEIIb-
CTBa U TEXHUKHU.

BHenpenue pe3yabTaToB McciaenoBanusi. Ha ocHoBe pa3paboTaHHBIX MaTe-
MaTUYECKUX MOJEJIEH, BBIYMCIUTEIbHBIX METOAOB, AJITOPUTMOB U ITPOTrPAMMHOIO
oOecnieyeHus AJi1 YUCICHHOIO aHalW3a HECTAlMOHApHOrO KOJIeOaHUsl Tpexcloii-
HBIX KOMITO3UTHBIX IUIACTUH IIPOBE/ICHBI:

pacueTbl  NPOrMOOB  TPEXCIOWHBIX  IUIACTUH  MOJ  BO3JIEHCTBUEM
HETOJBMUKHBIX, HO TUHAMUYECKHX M IOJABI)KHBIX Harpys3ok, BHeapena B OO0
«Mebpmop YTkup YoBKa» B pe3ynbTare KOTOPOrO IPEAOTBPALIEHO YpPE3MEPHOE
YCWJICHHE TUIACTHHBI IUIOTHBIM CJIOEM apMaTypbl (ClpaBKa MUHHCTEPCTBO
CrpoutenbctBa PecniyOnuku Y36ekuctan Nel186/30-01 ot 8 urons 2018 r.). D10
MO3BOJIMJIO YBEJIWYUTh PACCTOSIHUE MEXy apMarypamu A0 0,05M, 4TO mpuBEIIO K
SKOHOMMH MeTauia 10 20% 1mo CpaBHEHHIO C NEPBOHAYAIBHO MPENYCMOTPEHHBIM
UX KOJIMYECTBOM,;

olleHKa Ae(hOPMUPOBAHHOTO COCTOSIHUS TPEXCIONHOM MJIACTUHKU BHEJIPEHA B
00O «Mebmop VYTkup YoBKka» Ha NpoLECC ONPEAETEHUsS TOYEK IUIACTUH
HauOosplero mnporuba (cnpaBka MuHUCTEepcTBO CTpourtensctBa PecmyOnnku
V36ekuctan Nel186/30-01 ot 8 urons 2018 r.). B pe3ynbrare cnoco6om moakper-
JICHUS] TaKUX TOYEK JOCTUTHYTO MOBBIIIEHHE HECYLIEH CIIOCOOHOCTU IUIAaCTUHKU
Ha 12-14%;

pacyeT HOPMAJIBHBIX K INIOCKOCTH IJIACTUHKU I1OJIEW HANPSIKEHUN TPEXCIION-
HOM U JIBYXCJIOWHOM IUIACTUHOK JJIs1 OLIEHKU YCTOMYMBOCTH MO U3BECTHBIM KpHUTE-
pusM, MpU COXPAHEHUM YCIOBUM ycToiumBocTH, BHenpeH B OO0 «CBII MAC-
KAH» (cmpaBka wmunmctepctBo CrpoutennscTBa PecmyOmmku —Y306ekucran
Nel186/30-01 ot 8 utons 2018 r.), KOTOPBIA MO3BOJMI CIKOHOMUTH PACXOAHBIN
martepual 10 9-10%;

pacueT mporuOOB TPEXCIONHOMN MIACTUHKUA Ha JCWCTBUE HEMOJBUXKHBIX, HO
JUHAMHYECKHUX W MOABMKHBIX Harpy3ok, BHeApeHbl B OO0 «CBII MACKAH» Ha
IPOLIECC MPEAOTBPALIEHNS YPE3MEPHOE YCUJIEHWE IUIACTHUH IUIOTHBIM CIIOEM
apmatypsl (cnpaBka MuHHcTepcTBO CrpourtenbctBa PecnyOnuku VY30ekucrtan
Ne1186/30-01 ot 8 utons 2018 r.). B pe3ynbraTe OCyIIECTBICH pacyeT HaMpsHKEH-
HO-J1e(OPMHUPOBAHHOTO COCTOSIHUSI IJIACTHH MEPEKPBITUS C YIETOM UX TPEXCIOii-
HOCTH J1aJ1 BO3MOXHOCTbh CHU3UTh BEC KOHCTpYKUUU 7%.

AnpobGanus pe3ybTaTOB HCCaeI0BaHMA. Pe3ylbTaTel JaHHOTO HCCIeq0Ba-
HUs ObLTH 00CYKJIEHBI Ha 8 Hay4YHUX KOH(PEPEHLUAX, B TOM 4ucie Ha | MexayHa-
POJHBIX U 7 peciyOIuKaHCKUX.
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IMyoaukanust pe3yabTaToB muccjaenoBanusi. [lo Tteme auccepranuu
onyOnukoBaHo 13 HaydHbIX pPabOT, U3 HUX 5 BXOAAT B MEPEUCHb HAYYHBIX
W3JIaHUH, TpemIoOKEHHBIX BrIciieit aTTecTaniMoHHOM Komuccuer PecryOnmku
VY306ekuctan i1 MyOJIMKAIlMM OCHOBHBIX HAyYHBIX PE3yJIbTAaTOB JUCCEpTAIlUi, B
ToM yucie 1 omyOnmkoBaHa B 3apyOeKHOM KypHaie M 4 — BpecmyOJHUKaHCKUX
HAyYHBIX U3IaHUSX.

O0béM U cTpyKTypa amccepramum. JuccepTarusi COCTOMT W3 BBEJICHHS,
TpeX TJaB, 3aKIIOUCHHUS W CIHMCKA WCIOJIL30BaHHONW JjmTepaTypbl. OO0beMm
muccepramuu coctasisier 120 cTpanui.

COJAEPXKXAHUME IMCCEPTALIMHU

Bo BBenennu naHa pa3BepHyTas XapaKTEPUCTHKA aKTyaJIbHOCTH MPOOJIEMBI,
MOCTaBJICHa I€Jb JHUCCEPTAIMOHHON paboThl, BBIIEJICHBI TJaBHBIC BOIPOCHI,
nojyiexalinue pa3paboTke, OXapaKTepPU30BaHbl OCHOBHBIC TOJIOKEHHUS HAy4YHOMU
HOBU3HBI JINCCEpPTAllMM, KOTOpPbIE BBIHOCATCS Ha 3allUTy M 0O0OCHOBaHa
JIOCTOBEPHOCTh TMOJIYYEHHBIX pe3ylbTartoB. JlaHa KpaTkas XapaKTepUCTHKa
HAyYHOW M MPAKTUYECKOM 3HAYMMOCTH TOJYYEHHBIX B paboTe pe3yJbTaToB,
pPUBEACH CMHUCOK KOH(EPEHIU U CEMUHAPOB, T/I€ JOKJIAIbIBAIUCH PE3YyJIbTaThI
JTUCCEPTALINH, OITUCAHBI CTPYKTYpa U 00beM paboTHI.

IlepBasi rnaBa nuccepranuu, HazBaHHOU «HecTranmoHapHble KoJieOaHUSI
TPEXCJOMHBIX BA3KOYNPYIUX IUIACTHH. O030p HAYYHBIX MCCJIEI0BAHUIN», TIO-
CBSIIIICHA U3YUYECHUIO COCTOSIHUS M 00111er0 0030pa MpooJieMbl IMHAMUYECKOTO pac-
YyeTa yIpyrux TeJl U DJIEMEHTOB MHKEHEPHBIX KOHCTPYKIUNA THUIA MHOTOCIOMHBIX
CTEPKHEM, MIIACTUH U 000JI0YEK; BbIPaOOTKE OOIIe mporpaMmsbl JaIbHEUILINX HC-
CJIe€JOBaHUM, TPOBOIUMBIX B paMKaxX JUCCEPTALIMOHHOW paboOThl, a TAKXKE BHIOOPY
OCHOBHBIX pa3pelIarouX YpaBHEHUN KoJIeOaHUs TPEXCIONHOM MIACTUHBI.

B napacpaghe 1.1 B pe3ynbraTe HM3yyeHUs HAy4YHBIX MYOJIMKaUUWA MO TEMe
JTUCCEPTAIIMOHHON pabOThI BbIIEIEHB OCHOBHBIC HAMPABIICHUS MCCIEIOBAHUM 10
JTUHAMHKE MHOTOCJIOWHBIX CTEp)KHEH, I1acTUH U obosouek. [Ipu 3ToM ocHOBHOM
aKIIeHT B 0030pe M0 MHOTOCJIOMHBIM AJIEMEHTaM WHKEHEPHBIX KOHCTPYKIIUI Jera-
€TCS Ha JIBYX - U TPEXCJIONHBIE TIACTUHBI.

3amauu, paccMaTpuBaeMble B JUCCEPTAIMOHHON paboTe, OCHOBHIBAIOTCS Ha
YpaBHEHUSAX KOJIeOaHUsI TPEXCIOWHBIX IUIACTHH, BBHIBEJIEHHBIX Ha OCHOBE METOJA,
npemtoxkeHHbIx mpodeccopamu .U .Ilerpamenem u N.I'.dwmmnmoseim. [TosTomy,
B paMKax 3TOro pasjelia 6oJjiee moApOOHO OCBEIICHBI OCHOBHBIC UJICU U TOIXOIbI,
UCIIOJIb30BaHHBIE MPU pa3pabOTKe yKa3aHHBIX ypaBHeHUU. Kpome Toro, getaibHO
IPOAHAM3UPOBAHBI OMYOJIMKOBAaHHBIE M MMEIOIME OTHOIICHHE K BOMPOCaM, HC-
CIeAyeMbIM B JUCCEPTAIUU, PAOOTHl Y30€KCKUX YYE€HBIX, B YACTHOCTH, aKaJCMHU-
koB T.P.Pammposa, T.II.IIIupunkynoa, M.MupcaumoBa u mnpodeccopon
K.C.Cynranosa, T.MasnonoBa, A.b.AxmenoBa u Jip.

[Ipoananu3upoBaHo OOJIBIIOEC KOJUYECTBO JTUTEPATYPHBIX HMCTOYHHKOB TIO
KOJIeOaHUSIM MHOTOCIIOWHBIX DJIEMEHTOB WHKEHEPHBIX KOHCTPYKIUiA. B pe3ynbra-
T€ CJIeJIaH BBIBOJ] O TOM, YTO MHOTHE BOMPOCHI TEOPUHU KOJICOAHUSI MHOTOCIIOMHBIX
3JIEMEHTOB KOHCTPYKIMW, B YACTHOCTH, TPEXCIOMHBIX U MHOTOCJIOWHBIX IIACTHUH
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U 000JI0YeK, Pa3BUTHl HEAOCTATOYHO M HEOOXOAMMO JAaibHEillee pa3BUTHE, U
YCOBEPIIEHCTBOBAHUE METOJMKM pacueTra JUHAMUKU TPEXCIOWHBIX IUIACTHH, a
TaK)K€ pelICHUE aKTyalbHBIX MPHUKIATHBIX 33/1a4 O HECTAllMOHAPHBIX UX KoyeOa-
HUSX.
llapaecpagh 1.2 mocssieH MOCTaHOBKE OOIICH 3agaduM O KOJCOAHUAX TpeX-

CJIOVHOM IUIACTUHKUA U METOAY €€ pElICHHUs IMOJJIeKAIINX, B JaJbHEUILIEM, HCCIIe-
JIOBaHUIO B paMKax auccepTaiuu. PaccMaTtpuBaercs OeckoHeUHas B IJIaHE TPEX-
CJIOMHas Bsi3Koymnpyras miacTuHka. CyuTaeTcs, 4To paccMarpuBaemasl IIACTUHKA
ABJISIETCSI TPEXMEPHBIM TeIOM. CIIOM MIACTUHKH HU3TOTOBJEHBI U3 BSI3KOYIPYTHX
MaTepuaioB OJUHAKOBOM CTPYKTYPBI M TOM € I'€OMETPUU IIPHU YCIOBUU T'€OMET-
pudeckod M (PU3MUECKOW JIMHEHHOCTH, Az
CBEpXYy U CHU3Y (puC 1) UMEIOT pa3HbIe 77
TOJILUMHBI, © HE OTPAHUYEHBI B IUIOCKO-
CTH, TPAHULBI pa3Jena MEXAy CIOSIMU AB- '
JISFOTCS MIIOCKUMU U HAXOJATCS B TEX WIIH
WHBIX YCIOBUSIX KOHTAKTHOTO B3aUMOJIEH- 0
ctBus. Ilpu STOM HWXKHUKA U BEPXHUM ™
CJIOW B JTAJIbHEWIIIEM Ha3BaHbl «HECYLIU- Pric. 1 DieMeHT TPeXCIIOHOf MIaCTHHKH
MU CIIOSIMU.

[InacTMHKa OTHECEHa K JEKapTOBOW CHCTEME MNPSAMOYIOJBHBIX KOOPAHMHAT
Oyz (puc.l). Ciou miIacTUHKU NPOHYMEPOBAHBI KaK Ha puc.l, T.e. BEpXHUN HeCy-
IIM{ CIIOM Ha3BaH MEPBBIM CIOEM, HUKHUN HECYIIUWA CIIOW — BTOPBIM, & CPEIIHH-
HBIW CJIOW WJIM 3aMOJIHUTEb — HYJIEBBIM CJIOEM.

Uepes h,, 2h, u h, o003HaYEHBI TONIIMHBI MEPBOrO, HYJIEBOTO U BTOPOTO

x

CIIOEB; YEPE3 4, — YHPYTUe NOCTOSHHBIE MATEPHAIIOB CIIOEB, T.€. KO3()(OULUEHTHI
Jlame; p — 00BEMHBIE MIIOTHOCTH c10€eB. [Ipn 5TOM HHIIEKC «M)» Beeraa npoderaer

3HaveHus 0,1,2. Cunraercs, 4To BA3KOYNPYrue XapakKTEPUCTUKU MATEPHAIIOB CIO-
€B OIKCHIBAKOTCS I/IHTeraJ'IbHBIMI/I ornepaTopaMu BonbuMaHa-BonLTeppa

le@):{ -t )dr} Mo ()= { -t ()dr} )

3nmech K, (7),K,,(7)— fA0pa BI3KOYNPYTHX OMepatopoB Ly, u My (m=012),
3aBHUCSAIINAE OT CBOMCTB MarepuaioB ciioeB. [Ipu 3ToM mpeamnosaraercs, 4ro omne-
patopa Ly 1 My, (m=012) — 06paTuMsL a sapa Ky, (£) 1 Koy (£)— mpoussomnbhsle.
3aBUCMMOCTH  HANPSIKECHUI oi"(i,j=123 m=012),  OT nedopmaruit
m) (i,j=123m=012), B TOYKax CJOEB IUIACTMHKU OIMCBLIBAIOTCS JIMHEHHBIMU
orneparopaMu B BUAE BOJBIIMAHOBCKUX MHTETPATbHBIX COOTHOILLICHUM:
o™ =L 6™ r2m [6M): (1=123),

o™ =M, (6™ ) (i, j=123;i=])

)=l o)+, (m-012) (2)

I[J'ISI OIIMCaHUuA JIBI/I)KGHI/Iﬁ TOYCK COCTABIIAIOMINX CJIOCB IINIACTHUHKHU B CUCTC-

M€ JIEKapTOBBIX KOOPAUHAT 0x'x°x® IIPUHATHI ypaBHEHHUS JIBUKCHUS

- =012, ®
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rae U(m)— BEKTOpPHI MepeMenieHui Touek cioeB; t-Bpems. Jlaiee BBenEHbI CKa-
JISIPHBIC - @, ¥ BEKTOPHBIE - ¥/, TIOTEHITUAIBI TTO (JOpMyIIam
U™ = gradg, +roty,, (4)
lj(m):lj(U (m),v(m),w(m)); V7m :l/j(,//lm,y,zm,l/,sm); (m:O,LZ)

[Ipn »TOM cuMTaeTcs, YTO BEKTOPHbIE MOTEHIHAIBI ¥ YIOBJICTBOPSIOT
YCJOBUSIM COJICHOMJATbHOCTH BEKTOPHBIX MOJICH

diviy,, =0, (m=012) (5)

[ToncraBuB (4) B cuctemy (3) HETPYAHO MOJIYYUTh YPABHEHUS IBUKEHUS

TOYEK BS3KOYNPYTUX CJIOEB IUIACTUHKHU B BUJE BOJHOBBIX YPaBHEHUU JUIsl MOTEH-
[[MAJIOB MPOAOJIBHBIX ¢, U MOMEPEUYHBIX ¥, BOJH

o° _ 0%y
Lo(A@n)=pn = Ma(A77y)=py 5 (M=012), (6)

1€ BBCACHDBI 0003HaUYCHMS

o o* ©o°
t—t+—.
ox?  oy? oz’
Jlanee KOMIIOHEHTHI BEKTOPOB MEPEMEIIEHUN, TEH30POB Jepopmaruii u
HaIpPsDKEHUM BBIPAXKEHBI Yepe3 NOTECHIUAIBL ¢, U v, (m = 0,1,2).

Lp=Ly+2M,; A=

[Ipeanonaraercs, 4yTo npu t <0 IUIACTUHKA HAXOAWJIACh B IIOKOE, a B MO-
MeHT t=0, K €€ rpaHMYHBIM IJIOCKOCTSAM (K BHEIIHUM IUIOCKOCTSIM HECYILIUX CJIO-
eB) IpH Z=+h"; h =hy+h;, (i =12) NpUKIaLBIBAIOTCS TMHAMIYECKIE BO3ICHCTRYS.

ol (xy.zt) =R yt)h ol (xy.zt) . =+FI(xy.t)

z=%h; z=h,

a(x, y,z,tj . =+FV(x,y,t), (i=12) (7)

z=*th
B cooTBeTCTBHM C NMPUHATHIM MPEANOIOKEHUEM O TOM, YTO IpH t <0 IuIa-
CTUHKA HaXOAWIach B MOKOE, Oy/ieM CUMTaTh, YTO BCE CIIOM HAXOIATCA B IOKOE,
YTO PAaBHOCWJIBHO HYJIEBBIM HAa4YaJbHbIM YCJIOBUSAM IpH t=0
—y =P _ 0P _ -
Pn =V =5 =75 © 0, (m=012) (8)
Kpome rpannunbix ycioBuii (7), HA KOHTAKTHBIX C HIDKHEW M BEpXHEH He-
CYLIMMH CJIOSMU IUJIOCKOCTSIX 3aIIOJHUTEINS, UMEIOT MECTa JTUHAMUYECKUE U KUHE-
MAaTUYECKUE KOHTAKTHBIE YCIIOBHS:
a) Ha KOHTAKTHOM TUIOCKOCTH MEXIY BEPXHUM HECYIIHMM CJIOEM U 3aIlOJHHU-
TEJIEM IIpHA z =h;:
oD=ol);  oP=ol; o¥=oW; ©)
Uy =Uy; Vo=V Wy =W,.
0) HA KOHTAKTHOM IJIOCKOCTH MEXy HKHUM HECYIIUM CJIOEM U 3aIlOJIHU-
TEJIEM IIpH Z=-h;:

oo ool oo 0
Uy =U,; Vo=V, Wy =W,.
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CrnenyeT MOAYEpPKHYTh, YTO HAYaJbHBIC YCJIOBHS Il ToTeHIanoB— (8)
aleKBaTHBl HAYalbHBIM YCIOBHAM IS MepeMelteHuii U, V,, W, (M=012) npu
t=0:

Uy =V, =W, =0; 8;"‘: &mz at”‘=0. (11)

Takum oOpazom, pu oOIIEil MOCTAHOBKE 3a/1a4ll O HECTALIMOHAPHBIX KOJIe-
OaHMAX TUIACTUHKH, 3a7a4a MPUBOIUTCS K PEHICHUIO JIJIST KAKIOTO CJIOS YEThIPEX
ypaBHEHUHN (HAMpUMEP, OTHOCUTEIBHO (GYHKIHUU @g,¥10:Woq, W3 I HYJIEBOTO
CJI0SI WJTU 3amoJTHUTENs ) — (6), mpu TpaHu4YHbBIX (7) U KOHTaKTHBIX — (9), (10) u Hy-
JIeBBIX HAaYaJIbHBIX yCI0BUAX — (8) mim (11).

Jlanee, B pamkax 3Toro maparpada, IpuBeaeH OO METOJ peuieHHs To-
CTaBJICHHOW 3aJjauM, KOTOPBIM OyAeT MpOAEMOHCTPUPOBAH HUKE HAa MPHUMEpPE pe-
IICHUS] KOHKPETHOM 3a7]a4il O CHMMETPUYHBIX KOJEOAHUSIX TPEXCIONHOM IMIacTH-
HBI.

B napaepage 1.3 chopmynupoBaHbl TpHU TPYNIBI MPUKIAIHBIX 33729 O KO-
Ne0aHUsIX TPEXCIOUHOM IITACTUHKU:

1°. K nepBoii rpymime oTHOCATCS 3a1a4u, (GOPMYIMPOBKA KOTOPBIX 3aBHCHT
OT HampaBJeHUs JACHCTBUI HANpPsDKEHUN, a TaKKE OT UX 3HAYCHUH (OTIUYHO OT
HyJIA HanpsbkeHue win HeT). Crofa OTHOCATCA /1Ba BHJIa KOJIEOAHUM - CUMMETPHUY-
HbIE 1 AHTHCUMMETPHUYHBIE KOJIEOaHU IJITACTUHKH.

2°. Ko BTOpOI TPyIIIE OTHOCATCS 33129 O KOJNEOAHUAX CJIOUCTHIX ILIACTHH
C Pa3IM4YHBIMM KOHTAaKTHBIMU YCJIOBHUSIMU MEXIY CIOSIMHU INTACTUHKH. IIpu sTOoM
MOTYT OBITh TPH THUIIA TAKMX 3a/iay: 1) KECTKUI KOHTAKT; 2)uJcalbHbIi KOHTAKT;
3) Hanuume TpeHus ckobxkeHus no Kynony

3% K TpeTheill rpymme OTHOCATCSA 3a4a4d C Pas3iMYHBIMH YCIOBHSAMHU Ha
KPOMKax MJIACTUHKU. B 3TUX ciayyasx MOXKHO c(hOpMyJIMpOBaTh pa3nyHbIE rpa-
HUYHBIE YCIIOBHs B 3aBUCUMOCTH OT 3aKpEIUICHMs Kpaes IIaCTUHKU. B nuccepra-
LY IPUBEAECHBI YETHIPE TAKUX, N3BECTHBIX U3 JINTEPATYPHBIX HCTOYHUKOB, CIIy4an
MOCTAaHOBKM KPAaeBbIX 3a7ay KoJieOaHUs TUIACTHH: 1) Bce YeThIpe Kpas MUIACTUHKHU
KECTKO 3allleMJICHbI; 2) BCE YEThIpe Kpasl IUIACTHMHKU IIAPHUPHO 3aKpEIUIeHbL; 3)
BCE€ YEThIPE Kpasl MJIACTUHKH CBOOOJIHO ONEPTHhI; 4) pa3anvHble KOMOMHAIMU MPU-
BEJICHHBIX BbIIIE ciiyyaeB. Hampumep, nBa Kpas IUIACTUHKH KECTKO 3alEMJIIEHBI, a
JIBa Ipyrux CBOOOJHBI; JIBa Kpas IIAPHUPHO 3aKPEIUICHbI, a JBa JPYTUX KECTKO
3aIleMJIEHBI, U T.[I.

Bropas riasa guccepranuy, Ha3BaHHOW «YPAaBHEHUS HECTALMOHAPHBIX
CHMMETPHUYHBIX KOJe0AHUH TPEXJIOHOH BA3KOYNPYIrol IUIACTHHBID», IOCBS-
IeHa pa3paboTKe TEOPUU HECTAIMOHAPHBIX KOJEOAHHUM TPEXCIONHOM BSI3KOYIPY-
roi MJIACTUHKHU 110 TOMY K€ METOJly TOUHBIX pEUICHHH, HO CBOOOIHOM OT yKa3zaH-
HBIX BBIIIE HEJOCTATKOB M B IUIOCKOW MOCTaHOBKE. CUMTAETCS, KOHTAKTBl MEXIY
HECYLIMMH CJIOSIMH U 3AIIOJTHUTEIIEM KECTKUE.

llapacpag) 2.1 mnocesiieH BbIBOAY OOIIMX YpPaBHEHHM CHUMMETPUYHBIX
KOJIeOaHUN TPEXCIOWHON BSI3KOYNPYToW IMmiuacTUHKU. OO0Imias mocTaHOBKA 3aauu
NpUBEJICHA BbIlIe, B pazaene 1.2, I TpEeXMEpPHOro ciy4as. YUHUThbIBas
HEOTPAHUYEHHOCTh Pa3MEpPOB IUIACTUHKH, B JAJbHEWIIEM CUYUTAETCS, YTO OHAa
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HAaXOAUTBhCS B YCIOBHUSX IUIOCKOM nedopManud M, OTHECEHa K CHCTeMe
HPSMOYTOJIBHBIX KOOpAUHAT Oxz (puc.l).
B ciyuae mimockoi nedopManiii BEKTOPHI MEPEMEIICHUI TOUYEeK CJI0EB paB-
HBbI
Um=u,-i+W,-k; U, =U_(xzt); W, =W, (xzt), (12)

m m

rae i, K —eIMHUYHbBIEe OPTHI OCell KOOPAMHAT, JOCTATOUHO B (4) MONOXKUTH
On=0a(x21); G =ya(x2,0)] (13)
r7e | — CIMHWYHBIN OpT ocu Oy, YTOObI YpaBHCHHS JIBMKCHHS TOYCK CIIOEB ILTa-
CTUHKH W3 JIBEHAIIaTH OOBIKHOBEHHBIX NU(dEepeHIINaTBHBIX YpaBHEHUH (6) Mpu-
oOpenu BUJ MECTH BOJHOBBIX YPaBHEHWU OTHOCUTEIHHO MOTCHIHUAIBHBIX (yHK-

i ¢, (x,z,t) 1y, (x z,t) [Ipx aToM omeparop Jlamaca mpuMeT BUJL

A=0%/ox* +0%/oz°. (14)
3amMeTuM, 4TO YCJIOBHE COJICHOMJAIBHOCTH BEKTOPHBIX mosie v, - (5), B

ciydae npeacraBieHuit (13) BBIMOJHSIOTCS aBTOMATUYECKH.

Jlerko BBIpa3uTh KOMIIOHEHTHI BEKTOPOB MEPEMEIICHH, a TaKkKe TEH30POB
nedopMalvii 1 HANPSHDKEHUM CII0EB TUIACTUHKY Yepe3 BBEJCHHBIC MOTCHIIMATIbHBIC
¢byukuuu (3). Hampumep

2 2
U, =0y o OO OV, (m=012) (15)
oXx oz OX OX0Z
B cuity nTMHEHHOCTH TEOPUU BSI3KOYIPYTOCTH MOYKHO IIPEACTABUTH BO3ECH-
CTBUS OOIIETO BHJA, a CIENOBATEIbHO, COOTBETCTBYIOIIETO €MY IOJISI CMEIIEHUI
(12), B BUAE HAJIOX)KEHHSI CAMMETPUYHON M AHTUCUMMETPHUYHOMN YacTen
U,=U;+U2, (16)

rae US -cuMmmerpuunas (pononbHas), U? -aHTucuMMeTprdHas (M3rubHas) 4acTu

noJIeH mepemMenieHuit cioeB mmiacTuHbl. [Ipu 3ToM cymmaproe nose (16) ymosie-
TBOpSICT TPAaHUYHBIM yclIoBUsIM (7), a CHMMETpHYHas €€ YacTh JOJKHA YIOBJIC-
TBOPAT ycioBusiM (7) ripu

(00 = 1200 =Y +FO) 1000 = 1P0)= LEDFP)  (17)
T.C. 'PAaHUYHBIC YCJIOBHA 3aa4n (7) B 3TOM CJIydaC NMCIOT BU/
(i) _ i . (i) _fi .
Oy, (X’ Z’t12=(—l)i_lh: - fX (X’t)’ O (X’ Z’txh(—l)i’lhi* - fz (X’t)’

aW(x, Z’t)izz(,l)iflh; =0; h'=h,+h,(i=12)

z

(18)

KpOMe TOIro, Ha HOBerHOCTHX 3AIIOJIHUTCIIA Z = iho NMCHOT MECTa AUHAMMU-
YeCKHE U KMHEMATHUECKUE KOHTAKTHBIC YCHOBI/DI
@ ()
o¥(x, z,t]zzh , . fo (X’Z’t)‘z:h ,
ity ) @) v ekt =1 g ".
| o@(xzt) Mo |od(xzt) o (19)

z=—hy

ag’)(x,z,tX

o (xz,t) =0,

Y z=%h,
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xz,t) W, (x,z,t) , ;
UO(X’Z'th:J_rhO :{U (.2 t] hy * W L(x,2 t] i :{W;(x ) t)‘ h (20)
1T z=—hy "

HauanbHble yCnOBUS 3a1a4 CUATAOTCA HYJIEBBIMH, T.€. IpU t =0
OPn _Wn _g

= =0. (21)

ot ot

Takum o0Opazom, pelieHHe 3a7adyd O HECTAIlMOHAPHBIX KOJEOAHMSIX TpeX-
CJIOMHOM  IUIACTUHKM  TNPUBOJMUTCA K  PEHIEHUIO  IIECTH  UHTErpo-
muddepeHranbHbIX YpaBHEHU BTOPOro nopsiaka (6) ¢ ABeHaANaThlo TpaHUYHBI-
MU U KOHTaKTHBIMH ycioBusiMu (18)- (20), a Takke HyJI€BBIMU HAaYaJIbHBIMHU YCJIO-
Busimu (21).

Jlist perieHust IOCTaBICHHOW 3a/iauyu (YHKIIMM BHEIIHUX BO3JEHCTBUM, T.C.
byHKIII fx(l’z)(x,t) 51 fz(l’z)(x,t) u3 (17) mpencraBieHsl B BUE

}dk [ 142k, ple™dp,  (22)
(1)

—cos kx

P =¥, =0,

zcoskx] ¢ = [ sinkx
£02)(x,t) = !Sm kx}dkg) £42(k, pledp; £ (xt)= !

rie Tk, p), u f9kp), (=12) — dyskmuu, peryasprsie mpu Rep>0. DTu
(QyHKIMY MMEIOIIIOT KOHEYHOE YKCIIO MOJIOCOB, IPUHUMAIOT NPOM3BOJIbHBIE 3HA-
YeHUs BHYTPH HEKOTOPOH obmactu Q(k, p), comepKaliuii IPOMEKYTOK (—iawy,, i)
MHHMOM OCH ¥ TIpeHeOpeKuMo Majbie pu Kk >k,; (I)— konTyp Rep=v >0 Ha

KOMIUIEKCHOU oOstacTu (P), octaBstoiiero o01acThb Q(k, p) npasee ceds mo K.

B cooTBeTcTBHE C TPUHATHIMU MPEACTABICHUSAMU 11 PYHKITUI BHEITHUX
BO3/IeHcTBUM, perenue 3anaqdu (6), (18)- (20) u (21) Oyaem uckarb B Buue (22),
MOJICTAaHOBKAa KOTOPBIX B ypaBHEHHUs (6) IPUBOAUT K OOBIKHOBEHHBIM AuddepeH-
[IMATBHBIM YPaBHEHUSM OTHOCHUTENIBHO MOTCHIMANBHBIX (yHKIMA. OOmue perie-
HUS TIOJIYYCHHBIX YPABHEHHUI UMEIOT BUJT

on(z.k, p)= A"(k, p)che,z+ A (K, p)she,,z;

23
7 (2., )= Bk, plh.z + Bk, phz; (m=0.2) @)

rae

arﬁ =k? + Pm P L_l /Bm k? + Pm pzl\zn_wl; - :(Zm +2:um)[l_ PZlm(p)];
I\7|‘m :,um[l_ K2m p)]’ lzim(p):(zKim(r)e_ptdt; arga =arg =0, npu p>0.

B ciydae cuMMeTpUYHBIX BO3JIEHCTBHIA B COOTBETCTBUU C (17),
fO=_f0 u (D0

(24)

YTO BJIEUET 3a c000¥ TO, 4TO B (23) cienyeT moJjaraTh
A =, B{M =0, (m=0212)

Torna, pemenusiMu ypaBHeHH (6) B Ciydae CHMMETPUYHBIX KOJICOaHMI T1a-
CTHHBI OYIyT

o (z.k, p)=A™(k, pchea,,z; 7., (z.k p)=BM™(k, p)shB,z, (N=012). (25)
[Tepememienust U, u W, Takxe npeacraBuM B Bujae (22). Iloacrasnsisi KoTo-
pPBIX U B BhIpaKEHMS mepemenieHnid Tuma (15) moxyuum Gopmysibl i npeodpa-
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30BaHHBIX nepemenieHuii U, u W, . FMicrosib3ys B MOJYyYEHHBIX BBIPAKEHUAX CTAH-
JNApTHBIE PA3I0KEHUS anep60ﬂquCKI/Ix (GyHKUMIA B CTETICHHBIE PSIIbI, nonyIH/IM

T _ 2 2n 2n+1p(m) z° . 2n+2  p(m) 2n+lp(m)
U = £ ki A = g B o5 = 5 a2 A -k ](2 ),( 6)

B kadecTBe HMCKOMBIX (PYHKIUN, B YpaBHEHUSIX KOJEOAHUS TPEXCIONHOM
IUTACTUHKY, TIPUMEM TJIaBHbIE YacCTH MpeoOpa3oBaHHBIX nepemenieHuid U, u W,

TaKOM MOBEPXHOCTH HYJIEBOIO CJIOS, PACCTOSHHME OT MOBEPXHOCTUH Z=0 KOTOPOH
omnpeaensercs GopMyIoi

4§=)('h0, -1<y<0; 0<y<1 (27)
€ y -IIOCTOSHHOE YKUCIIO, YIOBIETBOPSIONIEE HEPABEHCTBY —1< y <1. J{1ist 3TOrO B
ypaBHeHusaX (26 ) mpumeM z=¢&, m=0 u n=0. Torna Beeas o6o3nauenus U u w®

MOJTy4YUM

—kU® EVV O _q20®

L (28)

Jlanee BhIpaXkasi IEPEMENIEHHs M HANPSOKEHUs 4EPE3 BBEACHHBIE (DYHKIUU
U u W u moacrasiss MX B IPAHMYHBIE U KOHTAKTHBIE YCIOBUS, TIOIYYEHBI ClIE-
OYIOIIME YpaBHEHUS CUMMETPUYHBIX KOJIEOAHUM TPEXCIOWHOM BSA3KOYNPYTron
IIACTUHKU

1\
5

4 54 64 52 2 )( )
+ +Cip— + X, 1)+
C11 C2 axzatz Ci3 aX4 14 atz Cs— 8 +Cer
o’ o* o’ & & |0
+<d;y—+d +d +di,—+d;e— Uy (X, )=
{ 11 8t4 12 8X28t2 13 8X4 14 atz 15 8X2 0 ( )
o o* o* 0° 02
=4S$,—+S +5S +5 +S5—5+S X, t 29
{ 11 P 12 oot 13 o 14 5 o2 15 X2 16 ( ) ( )

Lot ox*
riae Kod(QpQULIUEHTHI c;, d;j, s; ONPEAEIAI0TCA 0 (OpMyJIaM TUIIA

1 (h +hy g
12

o* o’ o* o° &° )
=<5 +5S +5S +5S +5S +S,6 ¢ F,7(X 1),
{ 22 x2ot2 23 24 5 o2 25 7 o2 26 ( )

1 _ _ _ _ _
1= _Eli(qolel L+ (1— Q1),00 Lol)PlLl + ((2%00'\/'01 +3(1+ 0, — %Q1),01M1 b

) B § . 4 q\(hy+h FRZ |,
+20,0; 0 LOl)plLll + ((1+ 0; )PoM 0l +(1+ %)qopo LOl)lel L+ 3%(1— 0; )Pl'—llpll—ll)% )

HonyquHHe YpPaBHCHHU: ABJEIHOTCA YPABHCHUSAMHU B YaCTHBIX IMMPOU3BOAHBIX
anep60queCI<or0 THIIA. DJTO SBISIETCS Ba)KHBIM IJis1 IIPABHJIBHOT'O OIIMCAHUA
IMpoHecCCOB HECTAIMOHAPHOT' O KoJIeOaHUs IIJIACTHH. KpOMe TOro, OHMN COACPIKATH B
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CBOMX CTPYKTYpax 4JCHbI, YUUTHIBAIOLIME WHEPLUIO BpallleHUs U AepopMaiuu
HOTIEPEYHOro cABUra. J[aHHoe 0OCTOATENbCTBO MO3BOJISIET CAENIATh BBIBOJ O TOM,
YTO MOJIyYEHHBIE YPAaBHEHMs SIBISIOTCS Oojiee OOLIMMH, Y€M ypaBHEHHs THUIIA
C.I1.Tumomenko. IIpu aToM, cieayer MOAYEPKHYTh, YTO 3TH YPAaBHCHMS BBIBEC-
HBI, B OTJIMUYKE OT Kiaccuueckux Kupxrodda u tuna TumomieHnko ypaBHeHuil, 03
IIPUBJICYCHUS] TONOJHUTEIBHBIX TUIIOTE3 U MPEAIOCHIIOK, a TAKXKE UCKYCCTBEHHO
BBOJMMBIX ITOIPABOYHBIX KOA()(PULIMEHTOB.

Bo napacpage 2.2 BbiBeneHbl (HOpMyINbI A ONpeneieHHs] HampsKEHHO-
nepopmupoBannoro cocrostaust (HC) cnoeB Bs3kOyrnpyroil MiacTHHKU Hpu €€
CUMMETPHUUYHBIX KojeOaHusax. Anroput™ pacueta HJIC TpexcioliHol BA3KOyIpy-
roi IMJACTUHKH COCTOMT B BBIPAKEHUU BCEX KOMIIOHEHT TEH30pPOB HaIPSHKEHUI
oM, oM, &M (m=012) U mepeMeImenuit U,, W,, (m=012) 4epe3 oOLIME PEIICHUS
(25).

JlanHas 3aja4ya BBINOJIHEHA IS CPEAMHHOIO CJIOSI U OTACNIBHO JUIS HECYIIHX
CJIOEB IUIACTMHKW. BHauase nmepeMeneHus U, U W,, 1 KOMIIOHEHTbI HaIPSOKEHUS

9, 69, 50 Bppaxens! uepes uckomble GyHKIUH UO(x t), WO (x,t), KOTOpBIE SBJIS-
FOTCS TJIABHBIMHU YACTSIMH MPOJIOJIBHOTO U MOIMEPEYHOr0 MEPEMEIICHUN TOYEK TO-
BEPXHOCTH, OTCTOSIIIEM OT KOOPJAMHATHOM TJIOCKOCTH B HANPAaBICHUU OCU Oz Ha
pPacCTOSIHHUE ¢, CPEAMHHOTO CJIOA TPEXCIOWHOW TIACTUHKHU. 3aT€M BBIBEJICHBI aHa-
JIOTUYHBIE (POPMYJIBI, TO3BOJISIONINE OMPEIECTUTh C 3apaHee 3a/IaHHONM TOYHOCTHIO
napametpbl HJIC npon3BoIbHBIX CEYEHUI HECYIIIUX CIIOEB.

Ilapaepagh 2.3 nocBsIleH aHAIN3y YACTHBIX U MPEACIbHBIX CIy4aeB, BbITE-
KalolUX M3 OOIIMX YPaBHEHUN CUMMETPUUYHBIX KOJICOAHUM TPEXCIOWHOU BSI3KO-
YOPYrol MIaCTUHKUA M COOTBETCTBYIOWMX (popmyn ana onpenenenuss HIAC mna-
ctuaku. CriepBa JI0Ka3aHa, YTO MOJYyUYCHHBIC YPaBHEHUS KOJIeOaHUsI TPEXCIOMHON
BSI3KOYIIPYTOM IJIACTUHKU SBJISIOTCS 00Jiee OOIIMMU 110 CPABHEHUIO C U3BECTHBIMU

ypaBHGHI/IHMI/I TCOpI/II/I 01,0006 - U (0) il . . . .
0 02 04 06 02

C.I'.Jlexnuukoro, C.A.AMOapuyMsaHa, u, -0,00001 - x

E.Peiiccuepa. -000002

00,0002 4
3aTeM M3 CHUCTEMbl ypaBHEHUMU ~0,00003

(29), kak 4acTHBIN Cily4aid, BBIBEICHbI
YpaBHEHUSI CUMMETPUYHBIX KOJICOaHU
YOPYIroM TPEXCIOWHOW IITACTUHKHU. B

i

1 -0.00004

-0,0002 -0,00005

00004 ~0,0000¢

-0,00007 -

W(O)

. ~0,0006 - 0
JaJIbHCHUIIICM JI1 IIPOCTOTBI M IJIA —— e rpamen asapuscH —HET‘paLHBHHaBE.l.pHHCH
CpaBHeHI/IH C ypaBHeHI/I;[MI/I ﬂpyrHX aB- —Tm¢a1§amaéwan Hazapua —TaI{J'J}IflJ Iﬂ{%ﬂ{)aETT‘aH Has apHa
TOPOB, PaCCMOTPCHBI YPABHCHMS KO- 2-pacM. CpaBHEHHE NPOJOIBHOTO IIEPEME-

ne0aHus ﬂByXCHOﬁHBIX A OOHOCJIOW- mieHus U U MOMEPEYHOro nepemenieHust W 1o
HBIX (OJHOPOJHBIX) IUIACTUH MCIIOJIb-  PA3NMYHBIM TEOPUAM NpH t=0.6; 0<x<1.
30BaHbl YPABHEHUS YNPYroM MJIACTHUH-
KH.

BriBeieHbl ypaBHEHUS NBYXCIOWHOM TUIACTUHKU U OAHOPOIAHOW IUIACTUHKHU
IUIl CPABHEHUSI C M3BECTHBIMHU PE3YJIbTaTaMH APYTUX aBTOPOB. B ciydae omHO-
pPOIHON MiacTUHKKU cpaBHeHHe ¢ pesynbraramu [.M.Ilerpamens n O.B.XuHeHa
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II0Ka3aJI0, YTO YPAaBHEHUs KOJIeOaHUs 10 00EUM TEOPHUSIM COBHANAIOT MO CTPYKTY-
pe, HO UMEIOTCSI HEKOTOPhIE pa3inyusl B 3HAUCHIX KOA(DPUIIMEHTOB.

B napazcpagpe 2.4 aucnennsie pacueTsl nepeMenieHuit (puc.2 a) u 0)) 1Mo 3Tum
TEOPUSIM, KOTOPBIE MOKa3ajal MOYTH MOJHOE COBIAJIEHUE PE3YJIbTATOB, UTO SIBIIS-
€TCsl J0Ka3aTeIbCTBOM JOCTOBEPHOCTH MOITYUYEHHBIX PE3YJIbTATOB.

Tperbsi raBa guccepranuu, Ha3BaHHOW «CHUMMeTpHYHbIE KOJIEOAHUS
TPEXCJAOMHBIX  IJIACTHH, 3aKpelJIeHHbIX Pa3jIM4YHbIMH  CIOCO0aAMM»,
MOCBSIIICHA YWCICHHOMY PEIICHUI0O KOHKPETHBIX TMPHUKIAJHBIX 3aJad O
CUMMETPUYHBIX KOJIEOAHUSAX TPEXCIOMHOM yNpYyroil IJIACTUHKH, HaXOIAIIEHCS
O/ ICMICTBUEM BHEIIIHUX HArpy3o0K.

B napacpagpe 3.1 pemena 3amada O CHMMETPHYHBIX KOJEOAHHSIX
TPEXCIOMHOW YIPYroul IUIACTUHKH, HEOTPAHWUYEHHOW JJIMHBI W IIUpUHOU | B
IJIOCKOM mocTaHoBKe. IlnacTWHKa cyWTaeTcss  IIAPHUPHO 3AKPEIIEHHOM IO
topuam. CYuTaeTcsi, YTO CUMMETPUYHBIE KOJEOAHMs TUIACTUHKU BO30YXKIAIOTCA
cumamu (17) t0(xt)=f,(xt) 1 f9(xt)=f2(xt)=f,(xt) 3a1aHHBIMA Ha TPAHHYHBIX
TUTIOCKOCTSIX TUIACTUHKUA TpU z=+(hy+h ) i=12. DT GyHKIUH TIpH pa3paboTke
METOJIMKH PEILICHUs 3aJa4d CUUTAIOTCS MPOU3BOJIBHBIMU, YJIOBIECTBOPSIOIIUMU
YCIIOBHSIM, C(POPMYJIMPOBAHHBIMU BbI1IE ((hOopMyJbl (22)).

Konkpernsie Bumpl QyHkmmii f,(x,t) u f,(xt) 3agaHBl TOPH YUCICHHON
peanu3anuy 3ajlayu. 3ajadya penieHa Ha OCHOBE pa3pabOTaHHBIX BO BTOPOH TiiaBe
npUOJIMKEHHBIX ypaBHEHUN KoJsiebaHusi u anroputMa onpenenenus HJIC B ceue-
HUSX TUIACTUHKH. YHUCITIOBBIE 3HAYEHUS] UCKOMBIX BEJIMYUH MOJIYYEHBI C ITOMOIIBIO
maKeTa NPUKIAAHBIX mporpaMMm Maple 12, npu 3agaHHBIX 3HAYCHHUSIX
T€OMETPUYECKUX U (PUBHKO-MEXaHUUECKHUX MapaMeTPOB CI0EB TUIACTUHKU

Jloka3aHo, YTO TOYKM CEUYEHHMH TMJIACTUHKU, HAXOASIIMXCS JIE€BEE CPEIUHHOIO
ceyeHuss X =0,5 MOJy4yaroT MOJOKUTENbHBIE MEPEMENIEHUS, T.€. TPOJOJIbHBIE BO-
JIOKHA TUIACTUHKY B JIEBOU €€ MOJIOBUHE UCIBITHIBAIOT pacTskeHus. C Ipyroiu cro-
POHBI B T€X K€ MOMEHTaX BPEMEHU TOUKH CEUYCHUMN IUIACTUHKH, HAXOJSIIUXCS
paBee CPEAMHHOTO ceueHHs X =05, MoaydarT OTPUUATEIbHBIE MEPEMENICHU,
T.€. IPOAOJIbHBIE BOJIOKHA IJIACTUHKU B MPABOW €€ MOJOBUHE HCHBITHIBAIOT CHKa-
tue. Crnenyer MOAYEPKHYTh, YTO JAHHOE JBOSKOE MOBEICHUE CEUCHHM, HaXOHs-
IIUXCS [0 Pa3HbIM CTOPOHAM CPEAUHHOTO CEUYECHUS ITACTUHKH, MMOJTHOCTHIO COTJIa-
cyeTcs ¢ (PU3UUECKOM CYITHOCThIO PelIaeMoi 3a/1auu.

Kpome Toro, nmokazaHo, 4To MOKHO HaOJII0JIaTh MOSBJICHUE TONIEPEUYHBIX TIE-
pEMEIIeHUI TOYEeK TUTACTUHKH, UMEIOIIUX HE3HAYUTEIbHbIE YHCIIOBBIC 3HAYEHUS.
[TosiBneHne 3TUX TEPEMEIICHUM SIBISIOTCS CJIEACTBUEM HAJIMYUS MPOIOJIHHBIX
BHEIIHUX HArpy3ok f, , AEHCTBYIOUIMX Ha JIMIIEBOM M OOpaTHOM CTOpOHAX Iuia-
cTuHKU. [losiydeHHBbIE MPU 3TOM pe3yJIbTaThl MO3BOJSIOT CAEIaTh BBIBOA O TOM,
YTO TPU CHUMMETPHUYHBIX KOJICOAHUSX TPEXCIOWHON TUTACTMHKU MOYKHO TIpEHE-
Opeub MOTIEPEYHBIMH TIEPEMEIIICHUSIMH TOYCK.

Ilapazcpagh 3.2 aBnsieTcst TOTHUECKUM TIPOJOJDKEHUEM TTPEABIYIIETo pasiena,
HazpiBaeTcsi  «HampspkeHHO-TeOpMUPOBAaHHOE  COCTOSIHUE — TPEXCIOWMHOU
IUTACTUHKU C IIAPHUPHO 3aKPEIUICHHbIMU TOPLIAMHU» M TOCBSILIEH YUCICHHOMY
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aHaJIM3y HaNpsXKEHHO—IePOPMUPOBAHHOTO COCTOSHUSA, CPEIMHHOTO U HECYIIETO
CJI0€B IIJIACTUHKH.

ITo mpemsioxkeHHOMY BO BTOpOMl riaBe anroutmy omnpenenenus HJIC croes
IJIACTUHKHU BBIYHMCIIEHBI MPOAOJIBHOE U MONEPEYHOE MEPEMENIEHUS TOUEK CPEAUH-
HOTro ciosl. [lomydeHHbIe pe3ybTaThl MPEACTaBICHBI B BUAEC TPEXMEPHBIX U300pa-
KEHUM U TpadUKOB MEpEeMENICHUN U HAMPSHXKEHUN B 3aBUCUMOCTH OT KOOPIUHATHI
Y BPEMECHH.

Ha puc.3 a), 6) npuBeeHbl TpEXMEPHBIE H300paKEeHHs MPOJOILHOTO Ug(X,t)

U TOMEPEYHOTO W,(x,t) MEpEeMENICHUN TOYEK CPEIUHHOIrO cyios (3anonHuTtens). 13
HUX CJEYET, 4TO aMIUIMTYJIbl KaKk OpoJosibHOro — U, Tak u momepeyHoro — W,

NEPEMEILICHUN CJI0S B HayaJbHbIH MOMEHT BPEMEHHM HE3HAUMUTENbHBIE. 3aTEM, C
TEYEHUEM BPEMEHH, aOCOIIOTHBIC 3HAYCHHS aMIUIUTY]l NEpEeMEUICHUI cosl BO3-
pacraror.

Takxe NMpoBEeAEH YMCIICHHBIN aHa-
JIU3 HANPSHKEHHO — Ne()OPMUPOBAHHOTO 1.4
COCTOSIHUSL BEPXHETO HECYLIETO CIIOS
IUTACTUHKU. AHAJIOTUYHBIE PE3YJIbTAThI
MMEIOT MECTA U JUISl HUPKHETO HECYILETO
cnost. [l mpoBepKHU TOCTOBEPHOCTH 10
JIy9EHHBIX PE3YJIbTATOB OBUIM BBIYMCIE- ¢ o
HBl IIPOJIOJIBHOE NEPEMEIIECHUE U MPO- ,
NOJIbHOE HOPMAJIbHOE HAIIPSHKEHUE 10
dopMynaM Il HECyLIEro cjosi U 3a-
IIOJIHUTEISI B OJJHOM TOYKE KOHTAKTHOM
IIJIOCKOCTH B 3aBUCUMOCTH OT BPEMEHH.
Pe3ynbTaTel pacdyeToB MOYTH UACAIBHOE COBIAJAEHUE KaK 110 MEPEMEIICHUSM TaK U
10 HAIIPSKECHUSIM.

B npacpaghe 3.3 naHHOM T71aBBI pelieHa 3a/1a4a 0 CHMMETPUYHBIX KOJICOaHMIX
TPEXCIOWHON TUIACTUHKH, 3aIIEMIIEHHOM IO IBYM IIPOTUBOMOJIOKHBIM KpasM. [1o-

025 pp
a) 0)
Puc.3. TpexmepHbie n300pakeHus1 3aBUCH-
mocreit mepemernenuit Ug(x,t) u Wy(x,t)

CPCANHHOTO CJIOS OT BpEMEHU U KOOPAUHATHI

JIy4eHHbIC PE3yJIbTAThI IPHBEICHBI B BHIE TPEXMEPHBIX H300pakeHuii n TPapUKoB
MIEPEMELICHUN U HAINPSXKEHUN B 3aBUCUMOCTH OT KOOPJAWHATHI U BpemeHu. [Ipose-
JICH CPaBHHTEIIBHBIN aHAJN3, HCXO/sI U3 KOTOPOTO, MOKHO CIENATh BBI goj 0 TOM,

YTO HECYIIIHUE CJIOW TPEXCIOMHOM MIIACTUHKHU Je(DOPMHUPYIOTCS OOJIbIIIE,

YEeM 3aM0JIHUTEb. 3HAYEHNE OTHOIIEHUS NEPEMENIEHUN B COOTBETCTBYIOIINX TOY-
KaxX IMpHU OJMHAKOBOM 3HAYCHUU BPEMEHH IpeBbImacT B 1.5 u Oosee pa3. AHajo-
TUYHO, HECYIIHE CIIOU TPEXCIOWHOW IUIACTUHKHU IMOJIBEPTAIOTCS AECUCTBUIO HaIps-
YKEHUH MPEBBIIAIIIMX 10 3HAYEHUIO HANPSIKEHUH, NEUCTBYIOIIUX B CPEAUHHOM
cioe (3amonHuTENe) B 1.5 U OoJee pas.

Ilapacpagh 3.4 nazpiBaeTcs «BiumsHue xapaktepucTuk matepuana Ha HJ[C
TPEXCJIOMHOW IUIACTUHKW». B HeEM 1 oOmnpeaeneHuss W OLEHKW BIIHMSHUS
XapaKTepUCTUK MaTepuajia paccMoTpeHa 3amada o0 omnpenenennn HJIC
TPEXCIOMHON IUIACTUHKH, LIAPHUPHO oneprod mno kpasam. Ilpu sToM,
XapaKTEPUCTUKU CPEAUHHOTO CJIOS OCTABJICHbI HEM3MEHHBIMU, & XapaKTEPUCTUKHU
HECYIIUX CJIOEB IMPUHATHI B COOTBETCTBUM C TUIIOM IPUMEHSEMOI0 MaTrepuasa.
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ITocraHoBKa 3afauu, AJICOPUTM PEIICHUS U METOJ €€ peanu3alusi ITPUBEJICHbI B
nepBoM maparpade naHHOW TiaBbl. [lo MONMy4eHHBIM pe3yJbTaTaM CIEIaHbl
COOTBETCTBYIOIIIUE BBHIBOJIA.

3AK/IIOYEHUE

OcHOBHBIE pe3yNbTaThl, MOJYYEHHBIE B JUCCEPTAIMOHHON paboTe Ha TeMy
«HecrammonapHuele KoeO0aHUs TPEXCIOMHBIX KOMIO3UTHBIX TIACTHUHY», CBOJATCS K
CIEAYIOIIUM BBIBOJIAM:

1. Pa3paboTtana Teopusi HECTAITMOHAPHBIX CUMMETPUUYHBIX KOJICOAHUH TpexX-
CJIOMHOM BA3KOYIPYTOM MJIACTUHKHU B TJIOCKOM MOCTAaHOBKE CBOOOJHOM OT TUIOTE3
Y PEANOCHUIOK.

2. [Ipeqmoxensr  oOmue  ypaBHEHHS ~— KOJeOaHHMS — HECTallMOHAPHBIX
CUMMETPUYHBIX KOJIEOaHUH TPEXCIOMHON BSA3KOYNPYTOM IJIACTUHKU, B ILIOCKOMN
MMOCTAHOBKE M3 KOTOPBIX, B YACTHBIX CIydasiX, CICAYIOT YpaBHEHUs KojeOaHUs
YOPYTUX TPEXCIOWHBIX IJIACTHUH, JJIS JIBYXCJIOMHBIX BS3KOYNPYTHMX U YIPYTHUX
IJIACTUH, OJHOPOAHBIX YIPYTUX U BSI3KOYIPYTHUX IUIACTHH.

3. 3 BbIBEIEHHBIX OONIMX YpaBHEHUW CHUMMETPUYHBIX KoJieOaHUM
BS3KOYIIPYTOM IUUJIACTUHKM MOKHO TIOJIYYUTh HPUTOJHBIE JJISI WHKEHEPHOU
npakThUKd yTouHeHHble, Tuna C.I1.TuMomeHKo ypaBHEHHs, a Ta)k€ ypaBHECHUS
KJIACCUYECKOTO TUIIA, UMEIOLIHUE TTOPSAO0K HE BBILIE BTOPOIO;

4. Ha ocHOBe BBIBEJICHHBIX YpaBHEHUI KOJI€OAHUS TPEXCIOMHON IMJIACTUHKH,
JaHbl TIOCTAHOBKM HOBBIX 3a/lad  KOJICOAHHMS TPEXCJIOWHOW  TIUIACTUHKH,
MOJIBEPTHYTOTO AECHCTBUIO U3MEHSIOIINXCSI BO BDEMEHU HAarpy3o0K.

5. Pazpaboranbl >(pdekTruBHAsT MaTemMaTH4YecKass MOJIelb, METOJIUKA pacuéra,
BBIYHCIIUTEIbHBIA AJTOPUTM W HEKOTOPHIE AHAJIUTHUYECKUE PEIICHUS pacyera
KoJIeOaHUM TPEXCIOMHOM TIACTUHKH C 33JITaHHBIMU TPAHUYHBIMHM YCIOBUSIMU MPU
BHEIIIHEM Harpy>KECHUH.

6. Db dexkTuBHOCTD pa3pabOTaHHOW METOJMKU M JJOCTOBEPHOCTH MOJYYCHHBIX
pe3yJabTaTOB JOKa3aHbl PEIICHUEM psAlla NPUKIATHBIX 3ajlad, CpaBHEHUEM
MOJIYYEHHBIX PE3YJIbTATOB C M3BECTHBIMH TOYHBIMU WU YUCIECHHBIMU PELICHUSIMU
IPYTUX aBTOPOB.

7. [IpeqyoxeHo o00IIee aHATUTUKO-YUCICHHOE PEIICHUE MPEAJIOKEHHBIX
CHUCTEM YpPaBHEHHMM KOJICOAHWUN TPEXCIOWHON TUIACTUHKHM Ha OCHOBE MeETOja
BAapUALIMOHHBIX UTEPALU HA IEUCTBUE TUHAMUYECKUX HArpy30K.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is: development of a methodology for the dynamic
calculation of unsteady oscillations of three-layer plates; creation of a mathemati-
cal model and algorithm for determining the forces and displacements at points of
an arbitrary cross section of an oscillating plate; application of the developed
methodology for cases of calculation of three-layer plates under the influence of
static, pulsed and other loads.

The object of research is three-layer viscoelastic plates, widely used in
modern technology, construction.

The scientific novelty of the dissertation research is as follows: a new
method for calculating laminated plates on the action of dynamic loads is pro-
posed; posed and solved new applied problems of vibrations of three-layer plates
subjected to dynamic loads and shock waves; specific indicators of the influence of
the geometric and elastic characteristics of the bearing layers and aggregate on the
amplitude and frequency of oscillations, as well as on the stress-strain state of the
plate are obtained; an algorithm has been created that allows the calculation of
three-layer plates with different boundary conditions under the action of various
types of dynamic loads and when switching to two-layer and homogeneous plates.

Implementation of research results. Based on the developed mathematical
models, computational methods, algorithms, and software for the numerical analy-
sis of unsteady oscillations of three-layer composite plates, the following were car-
ried out:

calculations of deflections of three-layer plates under the influence of fixed,
but dynamic and moving loads, were introduced at Memor Utkir Chovka LLC,
which prevented excessive reinforcement of the plate with a dense layer of rein-
forcement (certificate of the Ministry of Construction of the Republic of Uzbeki-
stan No. 1186 / 30-01 of June 8, 2018 ) This made it possible to increase the dis-
tance between the reinforcing bars up to 0.05 m, which led to metal savings of up
to 20% compared with their originally provided amount;

assessment of the deformed state of a three-layer plate was introduced at
Memor Utkir Chovka LLC on the process of determining the points of plates with
the greatest deflection (certificate of the Ministry of Construction of the Republic
of Uzbekistan No. 1186 / 30-01 of June 8, 2018). As a result, the method of rein-
forcing such points achieved an increase in the bearing capacity of the plate by 12-
14%;

calculation of stress fields normal to the plane of the plate of the three-layer
and two-layer plates to assess stability according to well-known criteria, while
maintaining the stability conditions, was implemented in SVP MAS-KAN LLC
(information from the Ministry of Construction of the Republic of Uzbekistan No.
1186 / 30-01 of 8 June 2018), which allowed to save consumables up to 9-10%;
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calculation of the deflections of a three-layer plate for the action of fixed but
dynamic and moving loads was introduced by SVP MASKAN LLC on the process
of preventing excessive reinforcement of plates with a dense layer of reinforcement
(certificate of the Ministry of Construction of the Republic of Uzbekistan No. 1186
/ 30-01 of June 8, 2018). As a result, the stress-strain state of the floor slabs was
calculated taking into account their three-layer nature made it possible to reduce
the weight of the structure by 7%.
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