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PEJAVKIINS PASHOTEMIIOBOM 3AJTAYM YIIPABJIEHU S
JJId POBOTA C YIIPYTUMU COYJIEHEHUSIMU
.C. Anekcanapos, H.B. Boponaea
den98sedyshi@mail.ru,voropaevantl @mail.ru

VIIK 517.928

PaccmarpuBaercs 3aqatda yrpaBaeHus JJIsl CHHTYISPHO BO3MYIIIEHHOM MO-
JIeJIH IBYX3BEHHOI'O MAHUITY/ISTOPA C YIPYIHUMHE COYIeHeHusAMU. IIpou3Bo-
JMATCS PeLyKIMd MOJIE/IH € UCIOJIb30BAHUEM METO/1d MHTErPAJIbHBIX MHO-
roobpa3uii. YIpas/dioliee BO3IefCTBIE CTPOUTCA HA OCHOBE MeJJICHHOM
[IOJICHCTEMBI.

Karouesvie cn06a: poOOOTHL, CHHIYISPHO BO3MYIIEHHbIE CHCTE€MBI, WHTE-
rpaJjibHble MHOT000pa3ust

Reduction of multitempo control problem for robot with
flexible links
A control problem for a singularly perturbed model of a two-link manip-
ulator with elastic joints is considered. The model is reduced by using
the method of integral manifolds. The control law is based on a slow
subsystem.)

Keywords: robots, singularly perturbed systems, integral manifolds

PaccmarpuBaercst  3ajada ympaBieHus s ABYX3BEHHOrO — pobora-
MaHunynsaTopa ¢ rubkumu cowienenusmu [1]. Tubkocrs cBsi3eil Monesupyercs
HpYKMHAME KpydYeHusi OoJbinoii xecrkocru. llpeanosiaraercs Hajudue B
cucreme cyraboi auccunanuuu, 00yCIOBIEHHONW BSI3KUM TPEHUEM.

JlnHaMuKa, pacCMaTPUBAEMON CUCTEMbBI YIIPABJIEHUS OMUCHIBACTCS] CHHTYJISP-
HO BO3MYIIEHHON CHCTEMOI BOCHMOIO MOPSIIKA C Y€THIPbMS MEJIEHHBIMUA U HYe-
TBIPbMs OBICTPBIME TIEPEMEHHBIMHU. X apPAKTEPHOI 0COOEHHOCTHIO N3y IAEMOM CH-
CTEMbI SBJISETCS HAJMYUE CIab0 MACHYIUX BBICOKOYACTOTHBIX KOJIeOaHuil.

C mMaremMaTw4eckoil TOUKM 3peHusi MpobJieMa 3aKJII0YAETCsT B TOM, UTO IIJIst
PaCCMaTPUBAEMOI CHCTEMbI HE BBIMOJHSIOTCS YCAOBUS KJIACCHIECKOW TEOPEMbI
TuxoHOBa. ITO OOCTOATENHCTBO EIAET HEBO3MOXKHBIM HCIOJIb30BAHUE 0O/Ih-
IIITHCTBA TPATUIUOHHBIX ACUMIITOTHYECKUX METOJIOB.

Tem He MeHee, UCIOTB30BAHKE [TOX0/IA, OCHOBAHHOI'O HA TEOPUU WHTErPATIb-
HbIX MHOIOOOPa3uil MeJJIEHHbIX JIBUXKEHUil [2], 103BOJILET LPOU3BECTH DEIYK-
A0 UCCIeayeMoil cucrembl. HTErpabHOE MHOTOOOpa3ne MeIIEHHBIX TBUKE-
HHi, 00J1aa501ee CBOMCTBOM IMPUTSIKEHHsI, MOXKET OBITH MOCTPOEHO C JIF00Oit
CTEMeHbI0 TOYHOCTHU B BHUJIE ACHMITOTHIECKOTO PABTOKEHUS 110 CTEIEHAM MAJIO-
ro mapamerpa. [lomydensr popMyanl 11 KO3(MDMDUITMEHTOB JAHHOTO ACHMIITOTH-
YECKOrO PA3JIOXKEHUSI.

B kauecTBe ympoOINEHHON MOIENN PACCMATPUBAETCS TOICUCTEMA, OMUCHIBA~
IOIAs IBMKEHNE HA WHTErPAIbHOM MHOr0o0Opaswu. Vcmomb30Banme peaympo-
BAHHOM MOJIE/IU O3BOJIMIO UCIIOIH30BATH MPU MOCTPOEHUHN 3aKOHA, YIIPABICHUS
TOJIBKO MEJIJIEHHBIE COCTABIISIONINE JIBUKEHUS U, TEM CAMbBIM, TOHU3UTH Pa3Mep-
HOCTH 3aJ1a49U BJBOE.
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Aleksandrov (Samara University, Samara, Russia)
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TECTHI I1IO MATEMATUYECKOMY AHAJIN3Y B CUCTEME
JNCTAHIINOHHOT'O OBPASOBAHNS HA
MEXAHUKO-MATEMATNYECKOM ®AKVYJIBTETE
CAMAPCKOI'O YHUBEPCUTETA
B.A. Anakun, P.®. ¥Y36ekoB
alyakinl1953@mail.ru, uzbekov_ roman@mail.ru

VIIK 517.518

B ycmoBusix mepexosia K AUCTAHIIMOHHOMY OOPA30BAHUIO CTAHOBATCS OCO-
6eHHO AKTYaJIbHBIMU WHHOBAITMOHHBIE METO/bl IIPEIIoJaBaHUuA MaTeéMaTh-
KH. Cpe,I[I/I HUX BaXHO€ MECTO 3aHUMAIT TECThI. ABTOpaMI/I 6I>IH COCTaBJICH
COOPHUK TECTOB M0 MAaTEMAaTUIeCKOMY aHAJM3y JJIsi CTYJIEeHTOB 1 Kypca
MexaHUKO-MareMarudeckoro dakynprera Camapckoro ynusepcurera. 13-
JIOJKEHA CTPYKTYPa 3TOro cOOpHUKA TecToB. Ilocse ampobariui BblsSBIEHbI
JOCTOMHCTBa XU HEIOCTATKH IIPUMEHEHUA TaHHOTO C60pHI/IKa Ha 3aHATHUAX
110 MAaTeMAaTUYEeCKOMY aHaJIU3Yy.

Katouesbie ¢a06a: MaTeMaTHIECKUI aHAIN3, TECTUPOBAHME, JIUCTAHIAOH-
HOe 00pa3oBaHUe

Tests on mathematical analysis in the system of distance
education at the Faculty of Mechanics and Mathematics of
Samara University
In view of the transition to the distance education, innovative methods
of teaching of mathematics are becoming especially actual. In particular,
tests are very important. The authors have compiled a collection of tests
related to mathematical analysis for first year students of the Faculty of
Mechanics and Mathematics of Samara University. Here, a description
of the structure of this collection is presented. We indicate also some
advantages and disadvantages of this collection, which were revealed by

repeated using of these tests in classes on mathematical analysis.

Keywords: mathematical analysis, testing, distance education

B coBpemMeHHBIX yCIOBHAX yCKOPEHHOIO MEPEX0/a K JUCTAHIIMOHHOMY Obpa-
30BaHMIO, B OOJIBIIEH CTENEeHN BBHIHYKACHHOTO W3-33 SMUIEMUOJIOTHYIECKOH 00-
CTAHOBKE B CTpaHe M MHUpPE, CTAHOBATCS OCOOEHHO aKTyaJIbHBIMA WHHOBAITMOH-
HbBIE METOJbI MpenoaaBanns MmareMaruku. Cpean HIX BaXKHOE MECTO 3aHUMAIOT
TECTHI.

B 2020 romy aBropamu ObLin COCTABJIEHBI U OILyOJIMKOBAHBI TECTHI it 1
ceMecTpa U3y4deHus MATeMaTuIecKoro anasiusa [1].

Jlanupre TecThl mpormm anmpodbarmio B 2020-2021 romax Ha MEXaHUKO-
mMareMmaTuveckoM dakyiaprere CamMapcKoro yHUBEPCUTETA B IPYIIIAX M0 CIEIH-
aspHocTH "®yHIAMEHTaIbHAS MaTeMaTUKa 1 MexaHuka'. AHAIU3 01y YeHHBIX
PE3YJIBTATOB TECTHUPOBAHUS IO MATEMATUIECKOMY AHAJIU3Y CTYAEeHTOB 1 Kypca
MEXaHUKO-MATeMATHIecKOro (axysibrera CaMapckoro yHUBEPCUTETA MOITBED-
JKJIAET, 9TO OHJIANH-00yYeHNe 00ecTieanBaeT Jydiinee B3anMo/IeiiCTBIE TIPerno/ia-
BaTEJIsT CO CTYAEHTAMH TIPHU WCIIOIH30BAHUU TAKOM (DOPMBI KOHTPOJIS 3HAHUMA.
Vcnonp30BaHue TECTOBBIX 33/IaHUH B MATEMAaTHYeCKOM AHAJN3E YIIydIIaeT CO-
TPYIHUIECTBO U OOIEHne MeXK Iy OObeKTaMu 00pa30BaTETLHOIO IPOIEcca, yBe-
JIMYUBAET YMCTBEHHYIO HAIPY3KY CTYJIEHTOB, 3aCTABJISET UX YJEIATH OOJIbIIEe

Ansgkun Bragumup AnekceeBnd, K.d.-M.H., gonent, Camapckuii yausepcurer (Camapa,
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BPEMEHU CAMOCTOSATENILHOM pabore. Apodaliust TaKyKe BBISIBUJIA CJIEIYIOIINE 10~
CTOMHCTBA, MIPUMEHEHUS JAHHBIX TECTOB B 00PA30BATEIHHOM MPOIECCE: HAININE
OyMarKHOTO ¥ JIEKTPOHHOI'O BAPMAHTOB TECTOB, OOIIUPHOCTD PECTABIEHHBIX B
recrax TeM (OHU 3aKPbIBAIOT [IPAKTUYECKU BCIO IporpaMmy 1 cemecrpa Marema-
TUYECKOI'O aHAIM3A), HAJMYUK B TECTaX PA3HOILIAHOBBIX 3a4aHuil (KaK Teoperu-
YECKUX, TaK U MPAKTUUECKUX), nuddepenimanus 33JaHuil B TECTE 10 YPOBHAM
CJIOKHOCTHU, HAJWYNE 33JaHUI PA3HON MOJAJBHOCTH.

TecTbl BKIIOYAIOT B ce0si TEOPETUIECKUE CBEICHUS, TPUMEPHI PEIIeHns 3a-
/a4 ¥ HEIOCPE/ICTBEHHO CAMW BAPUAHTHI TECTOBBLIX 3a/aHuil. lamubiii cOOpHUK
TECTOB COCTOUT U3 CJEAYIONINX BaKHEHUIINX TeM, U3ydaeMbIX Ha 1 Kypce B Ma-
TEMATHYECKOM aHAJIM3e: TEOPUS MHOKECTB, CBOMCTBA (DYHKIUH (MOHOTOHHOCTD,
YETHOCTD, MEPUOINIHOCTD, OTPAHNIEHHOCTh, ACUMIITOTHI, rpaduKu, ONEKITuu 1
T.71.), upees MYHKIUUA OJHON NepeMeHHON, CUMBOJIbI JIaH/ay, HEeIPEPbIBHOCTh
U PaBHOMEPHAs HEIPEPBIBHOCTH (DYHKIMH, [TPOM3BOIHASN, N€OMETPUYECKUN U
dusmIecKuii CMBICTBI TPOU3BOIHOM, IPOU3BOAHASA CJA0KHON (DYHKIINN, IPABUIO
Jlommrans.

Kaxgast Tema COmEPKUT YeThIpe BAPUAHTA TECTOB, YTO OYEHBb YIA0OHO, IMO-
CKOJIbKY OOIIMPHOIO KOPITyCa 3339 XBATAET HE TOJIBKO [JIsi IPOBEICHUS Ay/IU-
TOPHBIX 3aHATHH, HO W I JOMAIIHAX 3aJaHNH, CAMOCTOATETbHON paboThl 1
[IPOBE/IeHNA KOHTPOJIbHBIX MepPOIPUATUHN.

Ounako, umeroTcs U HeJocrarku. [uiaBHbiM U3 HUX (KaK [10KA3aJa 1PakK-
THKA) ABJISETCS, KAK HU CTPAHHO, TPUMEPHO OJWUHAKOBBIH YPOBEHB CJIOKHOCTH
BCEX YeThIPEX BAPUAHTOB TECTOB. BhLIO ObI MpaBU/IbHEH UMETh CPEIU IeTHIPEX
BapUAHTOB, OJINH IPOCTON, OJUH CJIOYKHBII U JBa CPEJIHET0 YPOBHHA CJIOXKHOCTH.
910 M03BOMMIIO ObI THOKO TOAXOIUTH K PACIPEIETIEHUIO 33JaHUil Cpein CTy/1eH-
TOB BBUJLy UX Pa3HOI IIOJIOTOBKMU.

OmnJtaifH-TeCTUPOBAHNE YCOBEPIIIEHCTBOBAIO OIEHUBAHWE 3HAHUN 00ydaro-
IIUXCSA, OHO MOMOTAET CIEJIUTH 33 yCIeXaMM KazKJI0TO CTyJEHTAa B OCBOCHUU TEM
¥ 32 TPOTPECCOM B TIOJIYIE€HUH 3HAHW, MOMYyIeHHbIX Ha JeKiun. llogsoms uror,
MOKHO OTMETUTH CJeJylollee, IPU HCIOJIb30BAHUM TECTUPOBAHUA B IIpoliecce
obygenwns:

1. yBeImumBaeTCss CaMoCTOATEIbHAST paboTa 00y YAIOIIMXCS;

2. TIOBBIMIAETCSA OO BEKTUBHOCTD TOJYIEHHONW CTYIEHTOM OIEHKH;

3. yMEeHbIIaeTCs 3arpyKEeHHOCTh MTPETIOAABATE/IS B OIEHKN 3HAHUI 00y IaI0IINX-
ce;

4. HarIAAHOM CTAHOBUTCA KAPTHHA YCIEBAEMOCTH CTYAEHTA IO Te€M WA WHBIM
pasjiesiaM MaTeMaTu4eCKOro aHajlu3a.

B 1miesiom TecThI IO MaTeMaTHYECKOMY AHAIU3Y TMOKA3an CBOK 3¢hdeKkTrB-
HOCTb 7 TOJIE€3HOCThb KaK JJId CTYAEHTOB, TaK U JJId IIPENnoJaBaTesei.

JIutepaTtypa
1. Ansxun B.A., V3bexos P.®., Tecrol 10 MareMaTu4ecKOMy aHaju3y. Jacrb 1ep-
Basi. — Camapa: UII 3yes C.A., 2020.



O IMOBHIIIIEHU MATEMATUYECKO T'PAMOTHOCTH
CTYIEHTOB 1 KYPCA MEXAHNUKO-MATEMATNYECKOT O
PAKVYIIBTETA CAMAPCKOTI'O YHUBEPCUTETA
B.A. Ansixun, P.®. Y36ekoB
alyakin1953@mail.ru, uzbekov_ roman@mail.ru

YIK 517.518

IIpobsrema HEZOCTATOMHOMN IIKOIBHON IIOArOTOBKN aOUTYPUEHTOB K OCBO-
€HUI0 CJI0KHOHM TPOTPaAMMBbl MEXaHUKO-MATEMATHIECKOrO (DaKyIbTeTa B
CaMapCKOM YHHUBEPCUTETE AKTyaJbHA HA CETOIHSIIITHUN TeHb. Y Ka3bIBa-
0TCA HpO6J’[eMbI7 C KOTOPBIMU CTAaJIKUBAIOTCA 06yqa10mI/Iec51 B OCBO€HHU
yIeOHBIX IUCTIAILINH 1 Kypca, & TaKKe MPeJIATAeTCs [IyTh WX PeIleHns.
Karouesvie cr06a: MaTeMaTHIeCKUI aHAIN3, TPAKTUKYM IO 3JIeMEeHTaPHOT
MaTeéMaTUKe, MaTeMaTH4IeCKad I'PaMOTHOCTD

On improving of the mathematical literacy of first year
students of the Faculty of Mechanics and Mathematics of
Samara University
The problem of weak school preparation of applicants for mastering the
rather complicated program at the Faculty of Mechanics and Mathematics
of Samara University is relevant nowadays. We indicate problems faced

by first year students and also suggest ways to solve them.
Keywords: mathematical analysis, practical course in elementary mathe-
matics, mathematical literacy

[Ipobiema HEIOCTATOUHON MIKOJIBLHON MOATOTOBKH aOUTYPHEHTOB K OCBOE-
HUIO CJIOZKHOM MPOrPAMMbI MEXaHUKO-MaTeMaTudeckoro dakynprera B Camap-
cKkoM yHmBepcuTeTe He HoBa. OHa BO3HMKIA M OblIa ocozrana B 90-e rombr 20
BeKa.

HawnbGosee sIBCTBEHHO 3Ta HEJOCTATOYHOCTH MPOSIBJISIACH U IPOSIBJISIETCS B
TaKOM TPYAHO KOAUPHUIUPYEMOil cdepe U OOJACTH TETOBEIECKOTO 3HAHUS KakK
JIOTUKA U ODIast MaTeMarudeckas KyJabrypa. KOHKpeTHO 3T0 4aime BCero mpo-
sBagercs B caeayomem. Obydatompecsi 1 Kypca MEXaHUKO-MATEMATHIECKOIO
dbakynbrera: nmyraor npuuuny u ciaeacrsue (mo tumy: - Ilouemy myer Berep?
- Tloromy 9TO JepeBbsi KadaloTcs!); HE PA3IMYIAIOT HEOOXOIAUMBIE U JIOCTATOY-
HBIE YCIIOBUST MATEMATHIECKUX YTBEPIKICHII; HE YMEIOT COCTABIATH COCTABIATh
JUTHHHBIE JIOTHYECKHUE [EeMOYKN; He MOTYT MOCTPOUTh OTPUIIAHUE K HEKOTOPOMY
MATEMATUIECKOMY [PEJJIOKEHIIO; HE MOHUMAIOT U He yMeoT pabOTarh ¢ KBAH-
TOpaMu OBIITHOCTH U CYIECTBOBAHUS (XOTSA CYyTh UX UM AKOOBI MOHSATHA); HE TO-
HUMAIOT BayKHOCTH U HEOOXOJMMOCTH aKCHOMATHYIECKOTO METO/Ia B MATEMATHKE;
HE MOT'YT Y€TKO Pa3jIndaTh JIOKa3aHHOE M HEIOKA3AHHOE; He HMOHUMAIOT 3a4eM
HYKHBI JIOKA3aTeJIbCTBA TEOPEM, JIEMM U T.J.; He YMEIOT 9eTKO (POPMYTUPOBATH
U APTUKYJIUPOBATH CBOM IIPEOOPAZOBAHUS, MBIC/IA U Cy2K/ICHUS.

Pazywmeercsi, mpobieMoit /1151 MHOIUX CTYJIEHTOB OCTAIOTCS C1abast KyJIbTypa
MaTeMaTUIeCKNX MpeoOpPa30BaHMil, HApYNIEHNEe JIOTUKHM BBICKA3BIBAHM, GOIh-
I110€ KOJINYecTBO apudMeTHIeCKIX ONMOOK, BHI3BAHHBIX HEJOCTATKOM KOHIIEH-
Tpamnuu. Boobire, KOHIEHTPAIMH ¥ MHOTHX 00y Jaionuxcsa 1 Kypca XBaTaeT TOb-
KO HA HECKOJIBKO JIECSTKOB MUHYT, He DOJIbIe, TOIIA KaK MAaTeMaTUKa TpedyeT
3a9aCTyI0 HECKOJIbKMX 9aCOB HEIPEPBIBHBIX yMCTBEHHBIX HATDY30K.

Ansgkun Bragumup AnekceeBnd, K.d.-M.H., gonent, Camapckuii yausepcurer (Camapa,
Poccus); Vladimir Alyakin (Samara University, Samara, Russia)

V36ekoB Poman ®aruxosud, K.d.-M.H., nonent, Camapckuii yuusepcurer (Camapa, Poc-
cus); Roman Uzbekov (Samara University, Samara, Russia)



s mukBuUgAnuyM 310N HEroTroBHOCTH B CaMapCKOM TOCYJapCTBEHHOM YHU-
BepcuTeTe B y4eOHOe pacnucanre 1 Kypca MEeXaHUKO-MaTEMATHIECKOTO PaKyIb-
rera ([Jisi HEKOTOPBIX CIENUATIBHOCTENH) B KOHIE JEBIHOCTHIX I'OJOB - HAYAJIE
HYJIEBBIX ObLIM BBEJEHBI TaKUe Kypchbl Kak "'BBeseHue B MaTeMaTuiecKuil aHa-
sin3 "IIpakTukym 10 3j1emeHTapHoil Maremaruke " JlonoJiHuTe/IbHbIE TJIaBbL Ma-
Temarudeckoro anasm3a'. Ha napax y4eOHBIX QUCIUILIVH, IEPEUYNCIEHHBIX BbI-
1€, CTYAEHThI YCTPAHSJIM OTMEUYEHHbIE HeJOCTAaTKU (B GOJbINeli cremneHn).

OnHako, B pe3yabTare COKPAIIEHUs Ay IUTOPHOM HANPY3KH OOYUAIOMIUXC W
BBIZETIEHUTO OOJTBINEr0 KOJIHIECTBA yIEeOHBIX TaCOB HA CAMOCTOSATEIHHYIO paboTy
91U yueOHbIe JUCIUILTHHBL ObLIM UCKJIIOYEHBI U3 Y9eOHbBIX IIJIAHOB KAK OCHOBHbIE,
MPUOOPEIIN CTATYC AUCIUIIINH TTO BEIOOPY. A B MOCsIeIHee BpeMsl U BOBCE KYIa-TO
ucue3su. Harmra nmpakTuka mpenogaBaHus MaTeMaTHIeCKOro aHaan3a Ha 1 u 2
KypCax MEXaHWKO-MATEeMaTHIeCKOro (haKy/abTeTa MOKA3bIBAET HACTOATEIHHYIO
HEOOXOMMOCTh BO3BpATa B TOM WU WHOM BHUJE AHAJOTMYHBIX OMOJHUTEb-
HbiX (aKyIbTaTUBHBIX) KyPCOB, HOCKOJIbKY O0O3HAYEHHDBIE IPOBJIEMbI HUKY/A
He JIeJINCh W JTasKe 0DOCTPHUIINCH.

Mbl BHAMM BBIXOZ, W3 CJIOYKUBINEHCS CUTyallid B OPTaHW3alUUd COOTBET-
CTBYIOIIIETO MAaTEMaTHIeCKOro (haKyJIbTaTUBA I BCeX OOydarommxcs 1 Kyp-
ca MexaHuKo-mareMarwaeckoro gakynbrera Camapckoro yauBepcurera. s
KOHKPETHOI'O CTYZEHTa 9TO OyeT JOMOTHUTEJIbHON MOTUBAIMEN I yCIEeITHO-
IO OCBOEHMSI OCHOBHOH OOPAa30BATEIBHON HPOIPAMMBI, TAK KAK B 9TOM CJIydae
obyuatoruiics OymeT 0CBOOOKIATHCS OT TOCEIIeHUsT (DAKYIHTATHBHOTO KYPCA.

Ha mam B3risj, mpenogaBaTesib MEXaHUKO-MATEMATHIECKOr0 (DaKyJabTeTa
CamapcKoro yHUBEPCUTETA MPU COCTaBIeHUU pabodeit mporpaMmbl (hakyiabTra-
TUBHOIO KypCa W MPOBEICHUN 3AHATUI TOJIZKEH HUCIOJIb30BATh HE TOJBKO CTAH-
JIapTHBIE ¥ PACIPOCTPAHEHHBIE COOPHUKY 33144 U YIPAXKHEHU, HO U ONUPATHCS
Ha ciexyionme kuuru [1]-[13].
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BBIYUCJIEHNE ITIAPAMETPOB MEXAHUKW PASPYIITEHU A
C IIOMOIIIBIO METOJA TOJIOTPA®PNYECKOU
NHTEP®EPOMETPUN
I'.C. Auucumos
Anisgennady@gmail.com

VIIK 517.518

O06BbEKTOM HCCIETOBAHUS SIBJISIOTCS COBPEMEHHBIE TIPUHITUTIHB BBHIUUCIIE-
HUS TTAPAMETPOB MEXAHWKH PA3PYIIEHUs C IOMOIIHI0 METOa TOI0Tpadu-
qeckoil uarepdepomerpun. B mporecce paboTsl mpoBenéH aHAIN3 CyIe-
CTBYIONIUX METO0B TOJIOTpadUIeCcKoit mHTep(epoOMeTprn, N3yIeHa JIUTe-
paTypa I0 JAHHOMY HAyYIHOMY HAIIPABJIEHHIO, COOpaHa rosorpadudeckas
YCTAaHOBKA, IIPOBEJIEH DAl SKCIIEPUMEHTOB U II0JIy9€HO U300pakKeHue ro-
JIOTPAMMBI.

Karwesoe croea: MareMaTnka, 6aHAXOBO IIPOCTPAHCTBO, JIMHEHBIN OITe-
paTop

Calculation of fracture mechanics parameters by the
holographic interferometry method

The object of the research is the modern principles of the calculation of
fracture mechanics parameters by the holographic interferometry method.
In the course of the work, was carried out the analysis of holographic inter-
ferometry methods, was studied the literature on this scientific direction,
was assembled a holographic installation, was experimented with, and
obtained with a hologram image.

Keywords: holographic interferometry method, polarization - holographic
installation, method of two exposures.

B nammoit paboTe paccMOTPEHbBI PUHIMIBI BHIMACICHUS TAPaMEeTPOB MEXa-
HUKH Pa3pylIeHUs C MOMOIIBI0 MeToAa ronorpadpuydeckoii mHTepdepoMeTpun
[1], u3yuensr nepenoBble HapaboTKu B 310i obnacru [3]. Paccmorpen npunnumn
LPOBEIeH s IKCIIEPUMEHTA [2], pe3y/ibraroM dero crajiu: cobpannas pabodas ro-
sorpadudeckasi yCTAHOBKA, U TOJIOTPAMMAa ¢ KAPTUHOM TTOJI0C 00pasIia, CXKAaToTo
MO TMAMETPY COCPEIOTOYEHHBIME CHJIAMHE, TTOJy9IeHHAS TIPH JUHEHHO MOJIApHU-
30BAHHOM CBETE€ BJOJb BEPTHUKAJBHOTO W TOPU3OHTANBHOrO Hampasienus. Ha
pucynke 1 — ¢ororpadus ronorpaduieckoit ycTraHOBKH, KOTOpas ObLIa cobpa-
HAa JIJIsl IPOBEIEHUS SKCIIEPUMEHTA.

Pucynok 1. T'omorpadutieckas ycTaHOBKA

Anncumos Tennannii Cepreesus, Camapckuit yausepcurer (Camapa, Poccus); Gennady
Anisimow (Samara University, Samara, Russia)
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B skcmepuMenTe HCIIONTB30BAJICA 3€JI€HBIH Jla3ep C JJINHOM BOJHBI M3JTyde-
aust (532 Hwm). JIas mosydeHusi TOJIOTpaMMbl ObLI MCIOIB30BAH METOJ, JBYX
skcno3uruii. [lomydenne mepBoil IKCIIIO3UU [1€71AI0Ch IPU COCTOSHWUH, KOTIA
YCTAHOBKA HAXOAUJIACH IOJ, HAIPY3KOH, IOCJIe YeT0 /s MOy YeHNs BTOPOH 9KC-
[IO3UIMK I'PY3 C YyCTAHOBKM CHUMAJICH. Jljid 9KCliepuMenTa uCIosb30BaJICs JUCK,
CIoeJaHHbBIN U3 OprcTeKiIa AuaMeTpoM 80 MM, U TOJIIUHON 6 MM, OTHOCUTETHHAS
OCBEIIEHHOCTD u3Mepsiiach Jiokcmerpom FHO - 16, m mmeeT moka3arTesb PaBHBIH
18, BBIZAEpKKA AId KayKI0#M W3 IKCIO3UIMUI COCTABISAIN 2 CEKYHIbI, HArPY3Ka
JIsE TIEPBO#i SKcro3ummu ObLTa POBHA 3,5 KT, a /s BTopoi 2,5 kr. l'osorpamma,
HOJIyYeHHasl B Pe3yJIbTaTe UCCJIe/IOBaHU, IIPE/ICTAaB/IeHa HA PUCYHKe 2.

Pucynok 2. l'osorpamma, mosnydyennas SKCIEPUMEHTAIbHBIM 1y TEM
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TE3AYPYCHBIN IIOAX0d K OBYYEHUIO MATEMATUKE
CTYAEHTOB ECTECTBEHHOHAYYHHIX " .
TYMAHUTAPHBIX ITEJJATOTNYECKHUX ITPO®NJIEN
IIOArOTOBKM
B.H. Auucbkun, O.A. dHKeBUY
vnanickin@gmail.com, yankevich@pgsga.ru

YIK 378.147

B pabote amamm3upyeTcss IMIAKTHIECKUN TTOTEHIINAJ TEXHOJOTHN Te3ay-
PYCHOT0 IOOXOa B IIPENOJAaBAHUHA OTAEJIbHBIX BOIIPOCOB MATEMATUKHU CTY-
[EeHTaM €CTEeCTBEHHOHAYIHBIX W I'YMAHUTAPHBIX IE€JATOTUIeCKUX MPOdU-
JIe#l TIOATOTOBKU, OIpeNessdeTCs BIUAHUE IIPUMEHEH!S MaTeMaTHYeCKHX
MEeTOOB B DEUIEeHUH 3IeMEeHTAPHBIX (DU3UIECKUX U ACTPOHOMUIECKUX 3a-
ma4 Ha GOPMUPOBAHUY U PA3BUTHUE MIPEIMETHOTO Te3aypyca OyayIux me-
JaroroB.

Karouesoe ca06a: Te3aypyCHBIN ITOAX0/I, IIOATOTOBKA I1€1Ar0r0B, 00y YeHne
MaTeMaTHKe.

Thesaurus approach to teaching mathematics to students of
natural science and humanities pedagogical training profiles
The paper analyzes the didactic potential of the thesaurus approach tech-
nology in teaching certain questions of mathematics to students of natural
science and humanities pedagogical training profiles, determines the im-
pact of the use of mathematical methods in solving elementary physical
and astronomical problems on the formation and development of the sub-

ject thesaurus of future teachers.
Keywords: thesaurus approach, teacher training, teaching mathematics.

DopmMupoBanue u pa3BuTHe MPOQPECCHOHATHHO-IEJATOTHIECKOTO U IIPE/IMET-
HOI'O T€3ayPYyCOB OyAyUuX yIuTeaeii-pe/IMEeTHUKOB €CTeCTBEHHOHAY YHbIX U I'y-
MAHUTAPHBIX YIEOHBIX JUCIUILINH SBJISETCS OTHONW M3 AKTYaIbHBIX 331249 BBIC-
IIero eJarOruIecKoro obpasosanus [1].

OueBugHO, YTO B YCIOBHUAX TMepexona K nudpoBU3AUE 0OpPA30BAHUS
BayKHYIO POJIb WIPAET OBJIAJEHWE CTYJAEHTAMU BCEX I1€JarOruvYecKuX IIpo-
dusell OArOTOBKH COBPEMEHHBIMU M IEPCIEKTUBHLIMU HH(OPMAINMOHHO-
koMMyHUKAIUOHHBIMU  SMART-TrexnonorusMmu, KOTOpoe, B CBOIO OUYepelb,
HEBO3MOXKHO 0€3 JOCTATOYHOTrO YPOBHSI YUEOHBIX W OOIMIEnpodheCCHOHATBHBIX
KOMTIETEHIHH, CBSI3aHHBIX C YMEHNEeM 00y 9YaloNnXcsi TPAMOTHO, JIOTUYHO U apry-
MEHTHPOBAHHO (POPMUPOBATH COOCTBEHHBIE CY?K/ICHUS U OIIEHKHU; OTIHIATDH (PaK-
TBI OT MHEHWiI, HHTEPIPEeTAIil, ONEHOK APYTUX YIACTHUKOB 00pPA30BATETHLHOI
7 WHOW JeATeNbHOCTH; 001a1aTh CITOCOOHOCTSMM YCTAHABINBATEL PA3HBIE BUILI
KOMMyHUKaIuii (y4eOHbIX, 1eI0BBIX, HeDOPMAJILHBIX U JIP.); & TAKYKE CIIOCOOHO-
CTAMU OCYIECTBIIATE IIEJarOTHIECKYIO /TeATebHOCTh HA OCHOBE CIIENHATbHBIX
HAYYHbIX 3HAHUI.

B mamrem mncciie1oBanuy MPEANPUHSATA MOIBITKA OIPE/IeJIEHUS BIUSHUS TEX-
HOJIOIMH T€3ayPYCHOI'O LO/AX0/1a Ha (DOPMUPOBAHUE U PA3BUTHUE BBIIIECYKA3AHHBIX
KOMTIETEHIHH OyIyIInX MeIaroros.

Anucekun Bragumup HukosmaeBud, K.I.H., J01EHT, gekad, CaMapCKuii rocy1apCTBeHHBIN
conmanpHO-nemarornyeckuii yausepcurer (Camapa, Poccus); Vladimir Aniskin (Samara State
University of Social Sciences and Education, Samara, Russia).

SAukesna Ousibra AJIEKCAHAPOBHA, CTApIIMH mpenogasaTenb, CaMapCKuil roCylapCTBeH-
HBIH conmasbHO-nienarormdeckuil ynusepcurer (Camapa, Poccus); Olga Yankevich (Samara
State University of Social Sciences and Education, Samara, Russia).
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Opnna w3 33729 pabOTHI — MOKA3aTh, KAK TPUMEHEHNE MATEMATHIECKUX Me-
TOZOB K PEIEHUIO TPOCTEHINX 33134 10 (HU3NKE U ACTPOHOMUU BO3IAEHCTBYET
Ha MOBBLIIIEHNE ODIEH rPaMOTHOCTH CTYAEHTOB. Pa3ymeercs, cO CTOPOHBI OT-
JEeTbHBIX O0YYaOMMUXCI — «TYMAHUTAPUEB», «ECTECTBEHHUKOBY» W HAXKe <«Ma-
TEMATUKOB» II0 CKJIAJy UX yMA M IPHUBBIYHBIX IIPE/ICTABICHUN O CO/IEPKAHUU
y4eOHBIX MPEIMETOB B MPOIECCe O0YUIEHUs] BCTPEUAETCS HEKOTOPOE HEIOMOHMU-
MaHWe U COPOTUB/IEHUE TOAPOOHOMY MATEMATHIECKOMY Pa300pPy PEIIeHnst ITUX
3312, ITO BIIOJHE MOKHO OObSICHATH HEOOXOANMOCTBIO TOTYIeHHs B OOTbIITNH-
CTBE 3371a9 KOHKPETHOI'O OTBETA, a He CIIOCODa PEIeHNns.

OHAKO, BIIOC/IEACTBAN TAKUE CTY/IEHThI, KAK LIPABUJIO, COIVIALIAITCs ¢ 00si-
3aTeIbHOCTHIO MPUMEHEHUST MATEMATHIECKUX METOI0B, KOTJIA BUAAT PA3HBIE Ba-
PHAHTHI OTBETOB (U J[ayK€ HEBO3MOKHOCTD MOJIYYeHU KOHKPETHOTO OTBETA), Ha-
OpUMeEp, B OJIMHAKOBBIX 3a/[a9aX C PA3JIMYHbIMU HAYAJbHBIMU YCJIOBUIMHU (pac-
cMoTpenre 337a9u N TPaBUTHPYIOMMUX Tes; 331a9, CBI3AHHBIX C YPABHEHUAMHI
BHYTPEHHErO CTPOEHHs 3BEe3Ibl — 3AKOHAMHU COXPAHEHMS SHEPTUU U €€ IEPEHOC,
U3JIyYeHNEeM UM KOHBEKIIMeH; W JaXKe KWHEMATUUECKUX 33134, TPEINOIArat0-
IIIUX CBS3b MOBCEIHEBHO HADIIONAEMBIX B PEAIbHOMN KU3HU JBUKEHUS MATEPU-
AJIbHBIX TOYEK W TeJ C 3AaKOHAMU MEXaHUKH).

Ananu3 u3BECTHBIX KMHEMATHYeCKUX 3ajad [2] Tpebyer olpeesieHHOro
ypoBHs Biamennsa AudepeHuaabHbIM U HHTEIPATbHBIM HCIUCICHAEM, [TOITO-
My HHOT/IQ BBI3BIBAET 3ATPY/IHEHHS y O0y4HAIOMUXCA HA HAYaJIbHOM dTame. Bro-
CJIe[ICTBUU TIONABJIAONIEE OOIBITUHCTBO CTYJAEHTOB BBIPAYXKAET COTJIACHE C TEM,
9TO rOPa3/0 MPOIE OCBOUTH HECKOJBKO METOIOB U OJHY COOTBETCTBYIOIIYIO UM
TEPMUHOJIONHIO (T€3ayPyC) U € UX HOMOIIBIO PEIIATH GOJIbIIOE KOJIUYIECTBO Pa3-
HOOOPA3HBIX <«THUIHUYHBIX» 33739, HEXKEJTH 3alOMHHATH JOCTATOYHO CJIOKHDLIE
Pe3yJIbTaThl PEIIEHUsT KA2K 10l KOHKPEeTHOHN 3aia4du (KosebaTebHble ABUKEHKs
MASITHUKA ¥ IATYHA, KPUBOIITUITHO-TOJI3YHHOTO MEXQHU3Ma,; BPAIIIEHIE TUCKA TTa~
POBOil TypOMHBI U BpAIlEHUE BaJia MMpeld, MOJBEIIEHHOM K HeMy HA HUTH U T.II.).

B 1esiom, HaIT OIBIT MOKA3BIBAET, YTO CUCTEMATHIHOE UCIIOJIb30BAHIE MATe-
MaTHYIECKUX METOIOB IMPUMEHNMO K PEIeHN0 3IEMEHTAPHBIX 3a/1a9 000TraIaeT
KaK MPeIMEeTHBIN, TaK U TPOdeCcCHOHATBHDIN Te3ayPyC CTYIEHTOB €CTECTBEHHO-
HAYYHBIX U TYMAHUTAPHBIX TMpoduieil Hampasiaenns moaroroBku Ilemaroruye-
CKOe 0Opa3oBaHme.
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PEIIIEHUE IIJIOCKOM 3A,Z[Aqy IIOJIBYYECTU JLJI5A
HACJIEACTBEHHO VIIPYTOU ITPAMOYTOJIBHOU
OBJIACTU B YCJIOBUAX AHN30TPOIINN
E.FO. Apananosa, E.H. Oropoguukos, A.A. KpacuibHukosa
earlanova@gmail.com, eugen.ogo@gmail.com, krasilnikova.aa99Q@gmail.com

VAK 539.313:517.968.72
PaccmoTpera mmockast 3aata TMOA3YIECTH s IPSIMOYTOJILHON 001acTH
Ha OCHOBe mpoOHOro amasora momenn PoiixTa B yCIOBUIX AHU3OTPOINHN.
ObocHoBaHa KOPPEKTHOCTH IIOCTABJICHHON 3a/a4u, JI0Ka3aHa HelPepbIB-
Had 3aBHCHUMOCTD HAMJIEHHBIX PENIEHU OT IIapaMeTpPOB.

Karouesoe ca06a: TION3yIeCTh, APOOHOE MUCUHCIIEHNE, AaHN30TPOITHST

Solution of the plane creep problem for a hereditarily elastic
rectangular region under anisotropy conditions
The plane creep problem for a rectangular region is considered on the basis
of a fractional analogue of the Voigt model under anisotropy conditions,
the correctness of the problem posed is substantiated, and the continuous
dependence of the found solutions on parameters is proved.
Keywords: creep, fractional calculus, anisotropy

XOPpOIIO M3BECTHO, ITO B IMPEIMNOIOKEHNHA AHN30TPONHH 0000IEHHDBIH 3aKOH
I'yka s mmockoit nedpopmariuy MOXKHO 3aINCATh B BUIE

Oy oy
e = 7 — M7

B, "B, )
oo M
y—Ey MyEx7

re €5, €y — JedbopMalyn, 0., 0y — Hanpskerud, F,, Iy, — MOTyIH yIpyTroCTH,
s by — KO3bduImenTs Ilyaccona B HampaBIeHNN yKa3aHHBIX OCei.

Ecnu B pasencrBax (1) 3amennrs momynu lOwra E, u E, Ha nuddepen-
uaJbHbIEe onepaTropbl Fi + 7)1% u By + 7]2% COOTBETCTBEHHO, TO MOJIYYUM
BSI3KOYILIPYI'YI0O MOzesib Tuna mozaenu Poiixra /i aHM30TPOIIHOIO MaTEPHUAJIA
B TJIOCKOM CJIyYae:

(Br+mg) (B mg)ee = (B2 +m2 ) 00 — o (Br + 10 ;) 0y,

2
(Brtm) (Bstmd) ey — (Br+m) oy — iy (Bztmd)on.

Mycrs 0, = o0H(t) m o, = ogH(t), toe o, oy — const > 0, a

H(t) — dyuxuus Xesucaiiga. !

Cucrema ypasuenwuii (2) siBigercs cucremoii nuddepeHuaibHbX ypaBHe-
HUU BTOPOIO HMOPSIKA C IOCTOAHHBIMA KO3(bUIMEeHTaAMY 1 H3BECTHHIMU IIPABbBI-
mu gactsiMu. HerpynHo HaliTH ee perrieHne ¢ Ha9albHBIMU YCIOBUME £, (0) = 0,

£0(0) = = — 1220 2,(0) = 0, £,(0) = Fx — a7,

ApmanoBa Ekarepuna FOpweBHa, K.d.-M.H., noment, CaMapCcKuii TOCYIapCTBEHHBINR TeX-
muuecknit yumsepcurer (Camapa, Poccus); Ekaterina Arlanova (Samara State Technical
University, Samara, Russia)

OroponuuxkoB Eprenmnit Hukomaeswd, K.d.-M.H., goueHT, CaMapcKuil rocygapCTBeHHBIH
rexuamueckuil yausepcurer (Camapa, Poccus); Evgeniy Ogorodnikov (Samara State Technical
University, Samara, Russia)

KpacunbaukoBa Anacracus AJeKkceeBHA, MArucTPanT, CaMapCKuil TOCYIapCTBEHHBIH TexX-
nudeckuii yusepcuter (Camapa, Poccus); Anastasia Krasilnikova (Samara State Technical
University, Samara, Russia)
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Ouo Oyzer mMmeTb BU:

€x(t) = %(1 - ef%t) — ”;Zy (1- e*%t)’ N
3
Ey(t) = %(1 — 67%t> — %(1 _ e*%t).

WN3BecTHO, 9TO MEPexXoa OT KJIACCHIECKUX PEOJIOTHYECKUX COOTHOIMEHUH K
JPOOHBIM MOJEJISM BA3KOYIPYTOro MOBeeHus 1eOPMUDPYEMBIX CPEI MOXKHO
OCYIIECTBUTH 3aMEHON BA3KHUX JIEMEHTOB CTPYKTYPHOU MOIEIH, TTOMYUHEHHBIX
3akony Hprorona, snementamu Crorr Bispa. Torma cucrema onpemensiommx
COOTHOIITEHUI MEKIY HANPSIKEHUSIMHU U JeHOPMAIIUSIMA 3AMUIIETCS B BUIE

(Er+m Dot ) (B +m2Dg? )ew = (B2 + 12 DG ) 0w — pio(Er +m Dgtt )oy,
(Ey +mDgt ) (B2 +n2Dgf )ey = (Ey +mDgl oy — py (B2 + 02 D7 )0,

rne DG, Dg? — ppobuble npoussoxubie Pumana—JIuyBusuia 10paakos
a; €(0,1),i=1,2.

B pabore 060cHOBaHA SKBUBAJEHTHOCTb PEIYKIUU CHCTEMbI IPOOHBIX aud-
dbepennmanbubix ypasaenuii (4) K cucremMe JABYX HE3aBUCUMBIX MHTEIDAJIbHBIX
yPaBHEHUI BOJIBTEPPOBCKOrO Tuma. Hanpumep, mepBoe MHTErpajbHOE ypaBHe-
HUE UMEET BUJL;

(1= MIg) (T = Aal§P)es = f2(1),

rae Iy — mpoGHbIe I/IHTeI’paJ)\IbI PI/IMaHa—J'[I/IiIBI/IJmH, i = —FE;/m;, i =1, 2;
_ 1 g o TO2 2 Ta1taz Mo yor+og o
fau(t) = nTIOt Op— U—ZIOt oy — nTIOt Ozt TIOt 0y, I — TOXKIeCTBEHHDILH
OTIepaTop.
Ero peitienue B TepMuHax Pe30JIbBEHTHOIO oneparopa [1]

x

Epain = /EXP(Oau; Xy —t) f(t)dt,

a

rae Exp(a, p; A\ t) = tFLE, (MY 1) — obobmiennas ApobHast SKCIIOHEHIIHATb-
nas ynkuust, E,(z; u) — dyukuus tuna Murrar—J/leddiepa, 3anucbizaercs
B BUIE
ai,a g,
ex(t) = (I + MEG )+ A B ) ().

Amayornamoe paBeHCTBO CIPABEINBO B I £, (1).

Ucnonp3yst anrebpy omepaTropos Eggf/\, HEKOTOPBIE CBOWCTBA IPOOHBIX IKC-
MOHEHIMATIBHBIX (DYHKIUN, mopoxKAeHubix dyuknueii Tuma Murrar—/Jleddie-
Pa HECKOJBKUX APIyMEHTOB, PEIIeHHe MOCTABICHHON 3a/1a9M yIAeTcss HAWTH B
CJIEJIYIOIIEM BH/IE:

eot) = ZE[1 = Bxplar; 15 Ars £)] — 228 1 — Exp(an; 1; Ao 1)],
Fy Es (5)
g Oy

ey(t) = Fi [1— Exp(ag; 1; Ag; )] — % [1—Exp(aa; 1; Ay 1))

IIpn @3 — 1 u as — 1 moaydenHoe permenue (5) MEPEXOIUT B DEIEHHE
3a/1a4n 0 MOI3ydecTr (3) B paMKax KIacCHYecKuii Momenn (2).

JIurepaTtypa
1. Ozopodnuxos E.H., Paduenxo B.Il., Yneaposa JI.I., Maremarmaeckoe Mose-
JIMPOBAHUE HACJEICTBEHHO YIPYToro medOopMUPYEMOTo Tejla Ha OCHOBE CTPYKTYPHBIX
Mogesneii n ammapara npo6uoro uaTerpoauddepenunposanus Pumana—/Inyswias //
Becrr. Cam. roc. rexn. yu-ta. Cep. @u3.-mar. maykm, 2016, Ne1(20). 167-194.
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MATEMATUYECKOE MOJEJINPOBAHUE
NMHANBUAVAJIBHBIX ITIOKA3SATEJIEU HAJTE2ZKHOCTU HA
CTAINN SKCIIJIVATAIIAN 110 N3AEJINIO-JINTEPY
E.A. AdanacreBa
afanasieva.ea@samgtu.ru

YIK 539.3

3BecTHBIE METOBI IPOTHO3UPOBAHU S MHIUBU/1YAJIbHOM HAJIEKHOCTH D16~
MEHTOB KOHCTDYKIHI TpeOyioT 60JbuIoll 06beM CTaTuCTHIeCKOi nudop-
MaIu, KOTOPBIA HE BCErja MOXKHO MOIyduTh. B cBa3m ¢ 3TUM paszpabo-
TaH METO/I, IPOIHO3UPOBAHUS 110 W3/IEJIUIO JIAJEPY, TPEeOYIONuUii MUHUMY M
undopmanuu. Aupobanus MeTojga pacCMOTPEHA HA IPUMEPE 1I0JI3Y 4eCTU
pe3bboBoro coemuuenus u3 craau 45 nmpu T = 723 K.

Karouesoe cA06a: MATEMATHIECKOE MOJIE/IMPOBAHNE, MHINBUIyaIbHAS Ha-
JI€3KHOCTh KOHCTPYKIIUU, METOJ HAMMEHbBIIUX KBAIPATOB

Mathematical modeling of reliability indicators at the stage of
operation for a leader product

The known methods for predicting the individual reliability of structural
elements require a large amount of statistical information, which is not
always possible to obtain. In this regard, a forecasting method for a prod-
uct leader has been developed, which requires a minimum of information.
Approbation of the method is considered on the example of creep of a
threaded connection made of steel 45 at T = 723K.

Keywords: mathematical modeling, individual design reliability, least
squares method

NmeroTcst 1Ba OMHOTUITHBIX KOHCTPYKTHUBHBIX JJIEMEHTA, HAXOASIIUXCS B OIH-
HAKOBBIX YCJIOBUAX IKCILIyATAIINN, OJHAKO OTHO U3 M3IE/ni HadnHAEeT (DYHKIH-
OHHPOBATh HA HEKOTOPOE BpeMsi T paHbIie BTOporo. Jlanuorii ¢pakT memaer BO3-
MOXKHBIM OCYIIECTBJICHUE ITPOrHO3a ITOBE/ICHUS TIEPEMEIEHNST BTOPOIO W3IeTHsI,
ucxons u3 nopegenusi nepporo (mmuepa). s MeraniimuecKux KOHCTPYKIuii
3HAYEHUS] KOPPEJISIIUOHHON MaTPHUIIBI IO BCEMY OObEMY KPHUBBIX ODOOIIEHHOTO
nepeMertieHnss UMeroT Topsaok 0.7—0.9. YdauTbiBasg 3TO, BBOIUTCS ITPEJIIOJIO-
JKeHWe, 9TO MPH OJWHAKOBBIX BXOIHBIX BO3IEHCTBUSAX KPHUBBIE I HMapPbl W36~
st OyayT nmonodubl. CBA3b MexK1y 0DODIIEHHBIMU IEPEMEIIEHUSIMU JI€MEHTa-
JILJEPa U UCCIETYEMOrO SJIEMEHTA, MOKET OBITH IIPEICTABICHA, B BU/JIE

p= kD +E,
_ T . "
rne p = {p(t1),p(ta),...,p(tn)} — BekTOp 3HAUYEHUIT OOGOOILEHHOIO me-
PEMENIEHUST HUCCIEMLyEMOrO 3JIEMEHTA HA HAYAJbHOM 3TAIe SKCILLyaTAIUH;
. T N .
0 = {po (t1),p° (t2),...,p° (tn)} — BEKTOp 3HaYeHmi 0OOOIIEHHOrO mmepeme-
_ T

[IEHUS] 3JIEMEHTa-TPOTOTHIA; € = {&1,€3,...,64} — BEKTOD HECMEIIEHHBIX,
HEKOPPEJIMPOBAHHBIX, HOPMAJIbHO PACIPEIEIEHHBIX U MMEIOIIUX OJUHAKOBYIO
JECIIEPCHUIO OIMHIOOK.

MHK-oreHKz HEM3BECTHOIO TIAPAMETPa U JUCIEPCUN OMHOO0K HAXOIATCS IO
dopmymam

AdanacreBa Esena AmgpeesHa, acnupant, CaMapCKuil rocyJapCTBEHHBIH TeXHUYECKUAN
yuusepcurer (Camapa, Poccus); Elena Afanaseva (Samara State Technical University,
Samara, Russia)
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n n n n
) 0 0\2 2 2 _ 12 02
kzzpi'pi/z:(pi) » S0 = Zpi_k Z(pz) /(n—1) (1)
i=1 i=1 i=1 i=1
ITporuos 060OIIEHHOTO MepeMeIeHNs HCCIEYEMOTO IJIEMEHTa KOHCTPYKITUH
OCYIIECTBJIAETCS C TIOMOIIBIO COOTHOIIEHUS

pt)=k-p° (1),
roe t > t,, t,— KpaifHdasa mpaBas TOYKa 6a3bl HaOJIIOIEHMIA.
Tax Kax perpeccopbl pY, i = 1,m, U OTKIUKH p;, i = 1,n, ABIAIOTCA Be-
JIMYUHAMU HECIydaiiubiMu, mosromy mnocrpoerue N - 100(1 — a))— npouneHTHbIX
JIOBEPUTEJIbHBIX UHTEPBAJIOB MOTYT OCYIIECTBIALIOTCS 10 (hopMyJie

n
By U0 (1400) 2 ol = 4 60)° /D ()7 5= TN,

i=1

rae N— aucno peanusanuit, suadenus UL, 6epyTcs u3 CrienuanbHbIX TabmuIL,.
PaccmorpuM npuMeHEeHHEe HM3JI0:KEHHONO METOJa Ha MPUMEpPE MOJI3YydeCTH

pe3nboBoro coemmuenus n3 craan 45 npn T = 723K [1]. B kadecTBe 0600611eH-
HO¥ CHJIBI BBICTYITAeT PACTATUBAIOINee yeuiue (), a 0000IIEHHBIM epeMellieHueM
SIBJISIETCSI OCEBOE IepeMelienne pe3bbosoro coenunenust Al,. ITo dbopmymnam (1)
onLnu Berauciaenbl MHK-onenkn koagdumumenrta momobus kwu JTACTIEPCHST OIIIH-
6ok s3. Kax Bunno u3 puc.l, nporuos na spementoit unrepsan [17.4—75] (1),
KOTODHIit Gosbie 6a30Boro Bpemenn [0—17.4] (1) maér xopommit pe3ysbrar.

Al -
MM pras

0.08| B
-- ’

0.04)

( 20 10 60 tou

Puc. 1: Inausnayanproe nporHo3npoBanne ocesoro nepemeniennst Al, or mos-
3ydectu 00pasma 1 mo u3menuio-auaepy 2: KPyKOUKH — IKCIEPUMEHTATHHBIE
3nadenus Al, 00pa3na 2; KpeCTUKH — IKCIepPUMeHTaJbHble 3Hauenus Al, 00-
pasia 1; 3aKpalieHHble KPy’KOUKH — pacdeTHble 3nadenud Al, obpasua 1; myHk-
TUPHBIE JTUHUU— 95-TIPOIEHTHBIN JOBEPUTEIbHBIN HHTEPBA

Takum obpazom, B maHHON paboTe MpejAcTaB/IeH METOM WHIWBUILYATILHOTO
MIPOTHO3UPOBAHUS 110 U3AETUIO-TINIEPY, KOTOPbIH He TpedyeT DOJBIIOro 00beMa
CTATUCTUYIECKOI nHdOpMAaIuu.

JInreparypa

1. Toms B.®., llpumenenne Teopuu yIPABIEHWS K HUCCAEIOBAHUIO TIOI3YYIECTH
pe3nboBhIX coequuennit // IIpouHOCTH M HaAEKHOCTH KOHCTpyKimit: C6.Hayd. Tp.-
Kyii6prmes: KyiiGom. nommrexa. na-t (1981),160-164.
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OITPEJAEJIEHUE ITAPAMETPOB MEXAHUKUA .
PA3SPYIIEHUA METOA0OM TOJIOTPA®ONYECKOU
NHTEP®EPOMETPUN
J.B. Baxapes, }F0.H. Baxapesa
baharevdv@gmail.com, bakharevayuQ@Qyandex.ru

YK 539.376

PeanmzoBan anroputm 00pabOTKM KOMILIEKCA SKCIEPUMEHTAILHBIX TaH-
HBIX, [I0JIyY€HHBIX MeTOA0M rosiorpaduueckoit uarepdepomerpun. Oupe-
AEJIEHBI METOAOM TaPUPOBKU ONITHYIECCKNE KOHCTAHTHI MaTepHUaJjia U BBIYUC-
JIeHBbI IIapaMeTpPhl MeXaHUKU pa3pyLIeHHd.

Karoueswie caosa: ronorpadudeckas narepedepoMeTpusi, HAIPAKEHNAT Y
BEPIIVHBI TPEINHbI

Determination of fracture mechanics parameters by
holographic interferometry method
Full set of experimental data obtained by the method of holographic in-
terferometry is implemented.The optical constants of the material are
determined by the calibration method and the parameters of fracture me-
chanics are calculated.

Keywords: holographic interferometry, crack tip stress

Ananu3 pacnpezesieHus KOMIIOHEHT TIOJIs HAIPSIXKEHUN B OKPECTHOCTH BEp-
IIUHBL TPEIIUHBL SBJIAETCS OJHOW U3 IVIABHBIX 3a/1a9 MEXAHWUKH Pa3pyIIeHus,
MPOBECTH KOTOPBI MOXKHO TpPEMs TMPUHIMMHUAILHO PA3BHBIMU METOJAMU: aHA-
JUTHYECKUM, YUCIEHHBIM U KcrnepuMeHTanbHbIM[1]. Cpenn Beex skcrepuMeH-
TaJbHBIX METOJ0B MEXaHUKHU AePOPMUPYEMBIX TBEPILIX TEJI OCOOBIIl MHTEPEC y
uccseoBaTesieil BbI3bIBAOT ontudeckue Meroabi[2]. JdelicTBurensHo, ux mpume-
HEHHE [O3BOJISET MOJIYyIUTh OTBETHI HA 3a/Ja9¥ MPAKTUKU TaM, [JI€ AHAJUATH-
YECKMI pacyder 3aTPY/HEH WU HOPOH JIaXKe HEBO3MOXKEH, a TAKXKE IIPOBEPUTH
TOYHOCTH W MPABUJIBHOCTH MPUOINKEHHBIX PACYETHBIX METOIOB.

HaubosbImasi Tpym0eMKOCTb 9KCIIEPUMEHTAIBHBIX METOIOB 3aKJ/II0YAETCS B
00pabOTKE TAHHBIX, MOJYIEHHBIX B pPe3y/abTaTe dKCIEpUMeHTa. Pa3paboran u
peanu3oBaH B cpega paspaborku Anaconda gns Python anropurm mudgposoit
00pabOTKHU SKCIEPUMEHTATBHBIX JAHHBIX, [TOJYyYEHHBIX IOJOrpadpuIecKoil WH-
TepdepoMeTpIH, 3aKIIOUAIONTHIICS B CII6/IyIOIIEM:

1. Ilpomenypa KOPPEKTHUPOBKKH M300paKEHUH M MOA00pa IMapaMeTpPOB UX
dunbTparun;

2. IonyaBromMaruyeckoe HAXOXK/IEHUE TOYEK U30POM (U30XPOM) C HAUMEHb-
tmrefi (HanbOJIBINel) OCBEIIEHHOCTHIO;

3. Omnpenenenne KOOPAMHAT STUX TOUEK U TOPSIKOBOTO HOMEPA COOTBETCTBY-
TOIIEH TTOJIOCHI, B MOCTEAYIONINM COXPAHEHNEM B TEKCTOBBIH (Daii;

4. Peanmuzamus MeToma TAPUPOBKH [Jis ONMPEIETEHHe ONTUIECKHX KOHCTAHT
MaTepuasa;

Pa6ora BemonHeHa npu dhuHaHCOBOH noamep:kke POOU (mpoext Ne 19-01-00631).

Baxapes [Imutpuit Banepsesuy, acnupant, Camapckuit yuusepcurer (Camapa, Poccust);
Dmitry Bakharev (Samara University, Samara, Russia)

Baxapesa FOnua HukosaesHa, K.d.-M.H., gonent, Camapckui yuusepcurer (Camapa, Poc-
cus); Yuliya Bakhareva (Samara University, Samara, Russia)
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5. Ompenenenne mapaMeTpoB MEXaHUKHU Pa3PyIneHus: - KOI(DMOUINEHBI WH-
TEHCUBHOCTY HANPSIKEHU, KOMIOHEHTHI TEH30Pa HAIIPSIKEHW B OKPECT-
HOCTY BEPIIUHBI TPEIUHBI.

JIutepaTtypa

1. Josaeux B.C., Ilyavkun A.B., Muponosa E.A., Iexwesa A.A., Cmenano-
ea JI.B., TeopeTnko-sKCIIepIMeHTAIbHOE HCC/IeJOBaHIe HAIIPABJIEHUS POCTA TPeIIu-
mol. Jacte I // Becrauk Camapckoro ymusepcurera. EcrecTBenHOHay4HAst cepus.
2019. Ne2

2. Pasymoscrut H.A., VlaTepdepeHInOHHO-ONTHIECKUE MeTOIbl MEXaHWKHU Jie-
dopmupyemoro tBepmoro tena. M.: Uzparesbcrso MI'TY wum. H.D. Baywmana,
2007. 240 c.
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AJITEBPBI B OBPATHBIX 3AJTAYAX MATEMATUYECKOU
PU3UKN
M.A.Benuies
belishev@pdmi.ras.ru

VAOK 510.512

JloKJas TIOCBAIIEH CBSI3M OOPATHBIX 33739 MAaTEeMATHIeCKOH (GU3nKu C
Teopueil 6GaHAXOBBIX aareOp. DT CBA3U JEMOHCTPUPYIOTCS Ha IIpUMepe
3a/1a49M JIEKTPO-UMIIEeTAHCHON ToMorpadnn mosepxHocTeit. OCHOBHO# MH-
CTPpYMEHT pelreHusi - aareOpsl roioMOpGHBIX (DYHKIHI Ha JBYMEPHBIX
PUMAHOBBIX MHOT00ODA3UsIX.

Karwwesoe crosa: 0dpaTHbIe 33290 MATeMATUIECKOH (Ppu3uku, GAHAXOBBI
asreopol

Algebras in inverse problems of mathematical physics

The talk is devoted to connections between inverse problems of mathemat-
ical physics and Banach algebras theory. These connections are demon-
strated by the example of the Electric Impedance Tomography problem.
The main tool for solving is the holomorphic function algebras on two-
dimensional Riemannian surfaces.

Keywords: inverse problems of mathematical physics, Banach algebrasd

o ITycrs (2, g) ecrb AByMepHOe raJIKoe KOMIAKTHOE PuManoBo MHOrooGpasue
(nosepxuocth) ¢ kpaem I'. Paccmorpum (npsimyio) 3anady

Agu=08Q\T, u=fmal,

rie A, ects oneparop Benbrpavu-Jlannaca, f - riagkas dbyskuus, u = u’ ()
- pemenue. 3azade comnocrasigerca JIH-oneparop (orobpaxenue "Tupuxiie-
Heitman") A : f +— 0,uf|r, tue v - Buemmss HopMab K Kpaio.

Obparnas 3asada COCTOMT B BOCCTAHOBJIEHWH moBepxHocTu 1o ee JIH-
omneparopy. Ilox perenrem nornmaercst mopepxuocthb (', g'), ¢ kpaem IV u TH-
omeparopoMm A’, Takumm, uTto BemoJHeHO IV = I' m A’ = A. MbI Ha3bIBaEeM
(€, g") xonued opurunamna (€2, g). ITocrpoeHre KONUM - €AUHCTBEHHO a/IEKBAT-
HOE TIOHWMAaHWe OOPATHOH 33 Ia9H.

o Ilycrs mosepxmocTs €2 opuentupyema u 2A(2) C C(2;C) ectb KOMMyTaTHB-
Haga Ganaxosa ajrebpa rosomopdubx dbyuaxnuii. Ee cnekrp 2A(Q) (MHOKECTBO

xapakTepos) romeoMmopden nosepxuoctu: 2A(Q2) = .

IIycrs A(T) := {wlr| w € A(N)} ecrp anrebpa rpanudnbx 3uadenuii. B
cuiy npuHIna Makcnmyma anre6opst A(Q) n A(I') m3omerpraeckn n3oMopdHLL.

~

Kax cnexcreue, ux crnekrpbl romeomopdubsr: A(T) =2 A(Q) =2 Q.
Obparnas 3amada permraercs 1o cieayiomei cxeme. Ilo A, ¢ ucnonb3osa-
uuem yciosuii Komu-Pumana na I, onpenensierca anrebpa 2A(I") u maxoxurcs

€e CIeKTp QT(F\) Crektp ocHamaercs amekBarHoii Tomosorneit (Teandanna),
mpeBpamaiomeil ero B mpocrpancTso (Y, romeomopduoe mosepxuoctu 2. B '
naeatndunupyerca rpaanna Illnnosa IV anrebpsr npeobpasosanmii lenbdania
A(Q). D1u ke npeobpazosanus onpexpesaior Ha ) Merpuky ¢’, Takyo 4TO

PaGora BeimosiHeHa npu dbrHaHCOBOH noanepxkke PODU (mpoekr Ne20-01 627A).

Benumes Muxaun Uropesud, a.¢d.-m.1., Cankr-Ilerepbyprcroe Otnemenune MaTtemarude-
ckoro Uucruryra uM. B.A.Creknosa PAH (CII6, Poccus); Mikhail Belishev (St. Petersburg
Department of Steklov Mathematical Institute of RAS, St. Petersburg, Russia)
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/

(€, g’) okaswBaercs n3omerpuunbM (£, g). Takum obpasom, (', ¢') sBasercs

UCKOMOIi Konmeit opurunania (€, g), pemaiomeil 3a1a4y.

e Bepcust 3TOr0 mMOIX0/IA TTO3BOJSET BOCCTAHABINBATL HEOPHEHTHDPYEMbIE MO-

BEPXHOCTH ¥ TIOBEPXHOCTH C JIAKyHAMu. B 9Tux ciiydasx 3a/ada peraercs Ie-

PEXOJIOM OT IIOBEPXHOCTH K ee (OpUEHTUPYEMOii) ABYJIUCTHON HAKPBHIBAMOIIEH.
Pemiena 3asaga o zapaxmepusdayuu daHHHLT, T.€. OMUCAHUH HEOOXOIUMBIX

U J0CTaTOuYHBIX ycqouii Ha omeparop A : C®°(T;R) — C°(T;R), npu KoTO-

pbix on sBigerca /TH-oneparopom HekoTopoii nosepxuoctu ({2, g). Xapakrepu-

3alldsl PEIIAET BOMPOC O Pa3PEIMMOCTH OOPATHOM 3ajadu Jjisd 33JlaHHOrO A.

JIurepaTtypa

1. Belishev M.I. The Calderon problem for two-dimensional manifolds by the BC-
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3. Belishev M.I., Korikov D.V., On determination of nonorientable surface via
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problem for surfaces with internal holes // Inverse Problems, October 2021, Volume
37, Number 10, 105013.

5. Belishev M.1., Korikov D.V., On characterization of Dirichlet-to-Neumann map
of Riemannian surface with boundary // arXiv:2103.03944v1 [math.AP] 5 Mar 2021.
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MO,Z[EJII/IPOBAHI/I];) TETEPOTEHHOMN
IIOJINMKPUCTAJIJINYECKOU CTPY_KTYP]':)I TIIK-ME/JIN
METOOJAMMU MOJIEKYJIAPHOU JTNMHAMUWKU C
NCITIOJIB3BOBAHUEM IIOAXOJA BOPOHOTI'O-INPUXJIE
C.A. Bpounukos, JI.B. CrenanoBa, A.A. KymoTHukoBa
bronnikov@infaculty.ru

VIK 51-72

MO/Ie/IMPOBaH 0Dpa3el], reTepOreHHON IOJIMKPUCTAJUIMYECKON CTPYK-
TYphl C HECKOJIbKAMHU IIEHTPAMU KPHUCTAJ/UIM3AIUNA MeTOJ0M pa3bue-
nusi Boponoro-/Iupuxsie. CBoiicTBa IOJy9E€HHON MOIEIU U3YYEHBI Me-
TOAAMU MOJIEKY/ISAPHON JMHAMMKHM W MOJIEKY/IAPHON Mexanuku. Jliis
MOJIEKYJISIDHO- TMHAMUYECKUX PACUYETOB UCIIOJIH30BAJICH IIPOrPAMMHBII Ta-
ket LAMMPS. Mogesib co3mana rnpu noMoiy aBTOPCKON MporpamMmbl
Karouesoe ca06a: MareMaTUIECKOE MOJIEIUPOBAHUE, MOJIEKY/ISPHAS U~
HaMWKa, yrpyrue cBoiicrea, LAMMPS

Simulating heterogenic polycrystalline structure of
FCC-copper using molecular dynamics (MD) and
Voronoi-Dirichlet tiling
Heterogenic polycristalline specimen with several crystallization centers is
simulated using Voronoi-Dirichlet tiling. Mechanical properties and be-
havior of the model is studied with molecular dynamics (MD) approach.
MD simulations are conducted using LAMMPS package with EAM po-

tentials.

Keywords: mathematics, Banach space, linear operator

BryTpenHss CTPYKTypa KPUCTAJLIOB UTPAET CYIIECTBEHHYIO POJIb B MEXAH-
qecKoM TmoBeseHnn Merajia. CylnecTByeT HECKOIbKO KPUCTATINIECKUX CTPYK-
TYP MOHOKPHCTAJITUIECKON MeIu C PA3HBIMU PENeTKAME, TAPAMETPAMY PerreT-
K{ U TPyIIIaMi CHUMMETPHUH.

Muoroobpasue KpuUCTAIMIECKHX CTPYKTYP MeIu IPUBOIUT K PasdHoobpa-
3UI0 MPOSBJISEMBIX €10 CBONCTB, W 3a9aCTYI0 KAYeCTBEHHOE M3MEHEHUWE TIOBEIe-
HUST KPUCTAJIJINIECKON CTPYKTYPhI MOXKHO OTCJIEIUTDH IO MEPEXOIy aTOMOB OT
OJTHOM TIPOCTPAHCTBEHHOM KOHMUTrypanuu K Apyroit. O 1HaKO MOHOKPUCTATLTHYE-
CKHe CTPYKTYPbI PeIKH, U PeajbHbIE METAJIIIBI COCTOAT U3 DOJIBIIOTO KOJIMIeCTBA
3€peH, MOABUBIINXCH U3 PA3JIUYHBIX HEHTPOB Kpucrasu3aruu. g momesn-
POBaHUs MOIOOHOTO 0Opa3Ia MBI MCMOIb30BaIN pa3buenre Boponoro-/Iupuxie
TJIOCKOCTH, & TaKyKe Mocyeayiomnee 3anonanenne mpocrpancTtsa 'IIK-sgueiikamu.
'K (rpaneneHTpupoBaHHas KyOUdecKas) KPUCTAJNIMYECKas CTPYKTypa Me-
JlU CUUTAETCH [0 YMOJIYAHWIO [JI MOJIEKY/ISPHO-IMHAMUYECKUX PacdeTos. |?]
Boubiuncrso norennuasnos muorux res (nanpumep, EAM win mEAM) Gyuyr
paboTaTh TOJBKO C TOM KPUCTAJNIMIECKON CTPYKTYpoii, MbI paccuantaan TeH30p
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Tabmuna 1: Kpucrajanuaeckue CTpYKTYPbI MeIH

®opwmyna IIpocrpamcT-  Dueprus O6bém  Ilnormocrs Kpwucrammmaeckast
BEeHHasi IPyn- 0Opa30oBaHUsA CHHTOHWU ST
na (3B)
Cu Fm3m 0 11.872 8.888 Kybuyeckast
Cu P63/mmc 0.004 47.264 8.93 reKcaroHaJibHas
Cu P63 /mmc 0.006 23.617 8.936 reKcarotHaJjbHasd
Cu Im3m 0.035 11.853 8.903 KybOudeckasi
Cu I4/mmm 0.035 11.875 8.886 TeTparoHaIbHA
Cu Cmem 0.15 24.777 8.518 OPTOPOMOWIECKasT
Cu P3m1 0.158 138.316 4.577 TPUTOHAJIHHAS
Cu P2/m 1.942 603.475 0.175 MOHOKJ/IMHHASA

Tenzop ynpyroctu I''IK-memn

Cpennne 3HAYCHASA

161 119 119 0 0 O

119 163 119 0 0 O Momyns Bcecroponnero cxkarus 130 GPa

119 119 163 0 0 O Moayab FOura 117 GPa
0 0 0 67 0 O Mopynb caBura 43 GPa
0 0 0 0 67 O Koaddunuent Ilyaccona 0.35
0 0 0 0 0 67

[Tonydennbrie 3HAYMEHUS COMOCTABUMBI C TTADAMETPAMHU MEHU, UCIOIb3yeMbI-
MU B yPaBHEHUAX CILJIOIIHOHN CpeJibl.

3.
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PACYET N30OTPOIIHBIX IIJIACTUH HA YIIPYT'OM
OCHOBAHUUUN BUHKJIEPA METOJ0M
KOMIIEHCUPVYIOIIVX HATPY30K (HEIIPAMBIM
METOAOM I'PAHUYHBIX SJIEMEHTOB)
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VIIK 531.39

Bagaun pacdera, cogeramux B cebe JIErKOCTb, SKOHOMUYHOCTh, BBICO-
KyIO IIPOYHOCTb M HAJEXKHOCTb, TOHKOCTEHHBIX KOHCTPYKLMI Ha yIPYy-
TOM OCHOBAHWH aKTYaJIbHBI JJIs COBPEMEHHOI0 MAIIMHOCTPOeHus. B cBs-
34 C 9TUM HKCIIOJIb30BAHUE W30TPOIHBIX MATEPUAJIOB HA YIPYIrOM OCHOBa-
HUHU [IPEJICTAB/IAETCH OIPABAAHHBIM. 331291 TEOPUM IJIACTUH U 000JI09eK
OTHOCATCS K KJIACCY KPAEBBIX 3334, AHAJUTUYIECKOE DelIeHHe KOTOPBIX
B CWIy Pa3/IMIHBIX 06CTOATENbCTB (HeMMHEHHOCTH muddepennnaababx
ypaBHEHUH U Ap.) OLPENeIUTb HEBO3MOXKHO. Pemurs 3Ty npobiaemy mo-
MOTAIOT JIMCJIeHHbIe MeTombl. Cpeu “MCIeHHBIX METOI0B HE3aC/Ly KEHHO
MaJI0 BHUMAHUS yZeJIeH0 MeTOoLy TpaHndHbIX dnementos (MI'D). B cesisu ¢
TUM najbHelmee pasdsurue Henpamoro MI'D (merona kommencupyomux
HArpy30K) JIJIsl PENIEHUs 33,129 TEOPUU W30TPOIHBIX TIJIACTHH HA YIPYTOM
ocHOBaHMM BuHKIIEpa, OCHOBAHHBIX HA IPUMEHEHUU TOYHBIX (DYHIAMEH-
TAJIbHBbIX PELIEHUH, ABJIAETCH AKTYAJIbHbIM.

Karoueswie crosa: MexaHnmka, MaTeMaTwKa, auddepeHnnaabHble ypaBHe-
HUsl, IJIACTUHKU HA yUPyroM ocHOoBaHuu Bunkiiepa, dyHIaMeHTabHbIE
penIeHusi, MEeTO| KOMIIEHCUPYIONMX HATPY30K (HEMpsiMO#l METOM TPaHWY-
HBIX 3JIEMEHTOB)

An isotropic plates on an elastic Winkler base calculation by
the compensating loads method (indirect boundary elements
method)

The calculation tasks combining lightness, economy, high strength and
reliability of thin-walled structures on an elastic base are relevant for

modern mechanical engineering.

In this regard, the use of isotropic materials on an elastic base seems jus-
tified. The problems of the theory of plates and shells belong to the class
of boundary value problems, the analytical solution of which, due to vari-
ous circumstances (the nonlinearity of differential equations, etc.), cannot
be determined. Numerical methods help to solve this problem. Among
numerical methods, undeservedly little attention is paid to the boundary
element method (BEM). In this regard, the further development of indi-
rect MGE (the compensating loads method) for solving problems of the
theory of isotropic plates on an elastic Winkler based on the application
of exact fundamental solutions is relevant.

Keywords: mechanics, mathematics, differential equations, plates on an
elastic Winkler base, fundamental solutions, compensating loads method
(indirect boundary elements method)
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PaccmarpuBarorcst masibie gedbopManyy TOHKON JIMHEHHO-YIPYTOi TIacTHH-
K7, 1ebopMUpOBaHTIE KOTOPO OMUCHIBAETCS MOIEIbIO, OCHOBAHHON HA THIIOTE-
sax Kupxroda-Jlasa B pamkax Tteopuu masoro usruba [1]. [Ipu paccmorpenun
IJTACTUH TMOCTOSHHON TOIMUHBL nosyanM auddepennuaibioe ypaBHEHHE PaB-
HOBECHSI U30TPOIHON IJIACTUHKY HA YIPYI'OM OCHOBaHuu Bunkiepa, B KOTOPOit
ObLT BBIZEJIEH CJIeBa JIMHEHHBIN auddepeHuaabablii OmepaTop 3a/Ja4u W3TH-
0a W30TPOMHON IJIACTUHBI HA YNpyroMm ocHoBaHuu Buukiepa. [lis pemenus
nocrapennoi 3agaan MI'D HeoOX0muMO MpeaBapuTeIbHO OMPEIeTuTh (DYHIA-
MEHTAJILHOE DPEIlleHre 331a9i U3rn0a W30TPOMHON NJIACTHHBI HA YIIPYTOM OC-
noBannu Bunkiepa. s onpenenenns QpyHIAMEHTAJIBHOTO PEIICHHUS 33Ia9U
n3ruba M30TPOITHON MJIACTUHBI HA YIPYTOM OCHOBaHWU BuHKIepa ObLIA MCIOIIb-
30BaHa METOJWKA, NPeJIOKeHHas B [1-3] n HOBBIe MeTomuKY. [Is perenns 3a-
a9y w3rnOa M30TPONHBIX MJIACTUH HA YIPYTOM OCHOBAHUU C TIOMOYBIO METOIA
KOMIIEHCUDYIOIIUX HArPy30K (HENPSMOrO METOAA I'PDAHMYHBIX JIEMEHTOB) Obl-
JIa UCIIOJIL30BAHA YHUBEPCAJIbHAS METOJMKA, OLMCAHHAA B [4] /18 M30TPOIHBIX
¥ OPTOTPOMHBIX MIACTHH. [[JIsT OTPAbOTKYM METOIMKY OBLIN PEIEeHBI HECKOJIBKO
33124 n3ruba U30TPOIMHBIX IJIACTUH HA YIPYrOM COHOBaHWHU BuHKEpA.
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CoBpeMeHHOE MaNIMHOCTPOEHUE CTABUT 33a9d PACUeTa TOHKOCTEHHBIX
KOHCTPYKUui, coderaiomux B cebe JIErKOCTb U 9KOHOMUYHOCTH C OJHOMN
CTOPOHBI ¥ BBICOKYIO IIPOYHOCTD U HAJEXKHOCTD C Apyroit. B cBa3u ¢ stum
HCITI0JIb30BaHUE AHU30TPOITHBIX MATEPUAJIOB U ILUIACTUKOB IIPECTABIISETCS
OLIPABJAHHBIM. 3a@4i TEOPUU ILUIACTUH U 0D0JI0UEK OTHOCATCH K KJIACCy
KPAaeBBIX 33/1a4, aHAJINTHIECKOE PEIIeHNe KOTOPBIX B CUJIY Pa3JIMIHBIX
obcroarenscTs (HenmHeRHOCTD MuddEPEHITMATBLHBIX yPABHEHUNA # 1p.)
OTIPEIESINTh HEBO3MOXKHO. PemuTh 3Ty mpobjeMy MOMOTAIOT YMCIEHHBE
Metoasl. Cpesu INCIeHHBIX METOI0B HE3aC/IyKEeHHO MAJI0 BHUMAHUS yIe-
JIeHO MeToAy rpaHudHbIX dseMentos (MI'D). B cBs3u ¢ stuM nanbHeinee
passuTme Henpamoro MI'D (MeTosa KOMIEHCHPYIOIUX HATPY30K ) I Pe-
IIEHUs 331" TEOPUU AHU30TPOIHBIX IIJIACTUH, OCHOBAHHBIX HA IIPIMEHe-
HUM TOYHBIX (DYHIAMEHTAJbHBIX PEIIEHUM, ABIIeTCsd aKTyaIbHbIM.

Karouesve crosa: MexaHmka, MaTeMaTuKa, auddepeHnnaabHble YypaBHe-
HUST, AHU30TPOIIHBIE TUIACTUHKY, (DYHIAMEHTAJIHHBIE PENTEHIsT, METO/T KOM-
MIEHCUPYIONWX HATPY30K (HENPAMO METOJ, TPAHUYHBIX 3JIEMEHTOB)

An anisotropic plates calculation by the compensating loads
method (indirect boundary elements method)

Modern mechanical engineering sets the tasks of calculating thin-walled
structures that combine lightness and economy on the one hand and high
strength and reliability on the other. In this regard, the use of anisotropic
materials and plastics seems justified. The problems of the theory of
plates and shells belong to the class of boundary value problems, the an-
alytical solution of which, due to various circumstances (the nonlinearity
of differential equations, etc.), cannot be determined. Numerical meth-
ods help to solve this problem. Among numerical methods, undeservedly
little attention is paid to the boundary element method (BEM). In this
regard, the further development of indirect MGE (the compensating loads
method) for solving problems of the theory of anisotropic plates based on
the application of exact fundamental solutions is relevant.

Keywords: mechanics, mathematics, differential equations, anisotropic
plates, fundamental solutions, compensating loads method (indirect
boundary elements method)

PaccmarpuBarorcs: masibie gedbopManyuy TOHKON JIMHEHHO-YIPYTOi TIacTHH-
k1, nedOpMUPOBAHNE KOTOPOH OMMCHIBAETCS MOJEIBI0, OCHOBAHHOW HA THUIIO-
re3ax Kupxroda-JIgasa B pamkax teopuu masoro usruba [1]. IIpu paccmorpe-
HUW IJIACTUAH HOCTOAHHOM TOJIIMHBI HOJyduM auddepeHuaibHoe ypaBHEHNE
PaBHOBECHSI aHU30TPOITHON MJIACTUHKU, B KOTOPOI OBLI BBIIEIEH CIEBA JIMHEMH-
HbIil auddepeHmanbHbIi OmepaTop 3aJa49u W3rnda, AHW30TPOITHON TIACTUHBI.

Benukanos Ilerp IemmanweBnd, x.d.-m.H., monent, Kasanckuii (IIpmeoskckuii) dene-
panbublil yausepcurer (Kasanb, Poccus); Petr Velikanov (Kazan Federal University, Russia)

Xasmrosa Imana Mapcemesna, marucrpaut, Kasanckuil (IIpmBoszkckuil) denepanpabrii
yuusepcurer (Kaszaus, Poccus); Diana Khalitova (Kazan Federal University, Russia)
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s permenust mocTaBaeHHoM 3amaun MI'D HeoOX0anMO TpeaBapUTEILHO ONpe-
nenuTh (PyHIAMEHTAIbHOE PElieHne 33a9u W3rnda, aHM30TPOIMHON TIJIACTUHBI.
s ompenenenns: GyHIAMEHTATHLHOTO PEIIEHNs 33140 N3TH0a AHM30TPOITHON
ntacTuHbl ObLIA UCIOAB30BAHA METOAUKA, npejioxkennas B [2, 3. duas pewe-
HUd 3372494 u3rn0a aHU30TPOIHBIX ILUIACTUH C HOMOYbI0O METOHA KOMIIEHCHDY-
IOIUX HATPY30K (HEMPSIMOrO METOd MPAHUYHBIX 3JIEMEHTOB) ObLIA MUCIOIB30-
BaHa yHWMBEpCAJbHAs METOAWKA, ONMWCaHHAs B [4] 1yl OPTOTPONHBIX MJIACTHH.
Jlmst oTpabOTKH METOMMKHN OBLIHM PelIeHbl HECKOIBKO 33434 U3rnOa aHU30TPOII-
HBIX IJIACTHH, 8 TAKXKE€ OPTOTPOIHBIX IJIACTHH, [IJIs KOTOPHIX T€OMETPUYECKUe
n PpU3NIECKHE OCH HE COBIAIAIOT.
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JAEKOMIIO3UIINA 3AJAY O KPUTUNYECKUX BETI'VIIINX
BOJIHAX
0O.B. Buguauna, B.A. Cob6oJsieB, M.A. fdmuHa
hsablem@gmail.com

VIOK 517.928

eoMeTPUIeCKHuil MeTo, JeKOMIIO3UINY, OCHOBAHHBIN Ha IIPUMEHEHNN TeX-
HUKHU OBICTPBIX W MEJIEHHBIX WHBAPUAHTHBIX MHOTOO0OPa3Mii, TPUMEHSET-
Cs /1T PeleHus 337129 0 KPUTUIECKUX OEryInX BOJTHAX.
Karouesvie cr06a: CHHTYISIPHBIE BO3MYIIEHNS, THBADUAHTHBIE MHOTOO0Pa-
3Usl, KPUTHYECKHE Oerymme BOTHBI

Decomposition of problems of critical travelling waves
The geometric decomposition method, based on the application of the
technique of fast and slow invariant manifolds, is used to solve problems
of critical traveling waves.
Keywords: singular perturbations, gluing function, invariant manifolds,
critical travelling waves

Cpenn OCHOBHBIX TPYIHOCTEH, BOSHWKAIOIINX TPH WCCIEIOBAHUN IWHAMU-
YECKUX MOJIENIEH CIOXKHBIX OOBEKTOB W MPOIECCOB B PAMKAX MATEMATHIECKOM
TEOPHHU CHCTEM, CJIEILYeT BBLIEIATH BHICOKYIO PA3MEPHOCTH U HAJIUYHAE HECKOJb-
KUX BpeMeHHbIX mKaja. CHCTEMBI C HECKOJIbKMMHU BPEMEHHBIMH IIKAJIAMU €CTe-
CTBEHHO BO3HUKAIOT [IPH PEILICHUY IHUPOKOro KPyra 3a/1a4 JUHAMUKHU U yIIPaBJIe-
uust [1,2]. Takue cucrembl MogeaupyoTcs TuddepeHInaibHBIMA yPABHEHUSIMI
C MAJBIMHA MHOMKHUTEJISIMH TP MPOU3BOAHBIX. UTOOBI yIPOCTUTHL DEITEHWE Ta-
KOTO POJa 3aJad, MBI HUCIOIB3yeM METOJ JEKOMIIO3UINHU, HO3BOIIOMHAA MPOo-
BECTH PACHICIUICHHE PACCMATPUBACMON CHCTEMbI HA HECKOJBKO HE3aBHCHMBIX
nogcucreM. IIpeobpasoBatue pacileIeHns OCHOBAHO HA NPUMEHEHUU TeXHUKU
OBICTPBIX W MEIJIEHHBIX WHBAPMAHTHLIX MHOro0Opasuii. ITomydennbie maTema-
THYECKUE Pe3yabTaThl TPAMEHSIOTCA JJIsi PEIIECHUs 33Ja9 O KPATHYECKHX Oe-
IyI@x BosHaX [3]. DbbEKTHBHOCTD MpeIaraeMoro moaxo/a JeMOHCTPHPYeTCs
pelIeHreM KOHKPETHBIX 3a/ad HAXOXKJIEHHA KPUTUYCCKUX OeryluX BOJH I
(buBMKO-TEXHUIECKUX U XMMHUKO-TEXHOJOTHIECKUX CUCTEM H Iponeccos. Paspa-
GOTAHBI AJITOPUTMBI ¥ TTPOTPAMMBI YUCIEHHOTO AHAIN3a PEAYKIAA CHHTYJISPHO
BO3MYIIEHHBIX CHCTEM W ONEHKH CKOPOCTH PACITPOCTPAHEHWS KPUTHYECKUX Oe-
IYIWX BOJIH [T TAKUX 3a,1ad.
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IIPUMEHEHUWUE METO/A ACUMIITOTUYECKOM

AEKOMIIO3UITIN B SAJAYE VIIPABJIEHUS

PASHOTEMIIOBOU HEJIMHEMHOV CICTEMON
H.B. BoponaeBa, A.N1. Tucceu

voropaevanbl@mail.ru, tissen_ anya@moail.ru

YK 517.928

PaccmarpuBaercsa 3azada OnNTUMAIBHOIO YIIPABJIEHUH I CHUHLYJIAPHO
BO3MYIIEHHOM HEJMHEHHON AuHAMHYecKoi cucreMbl. [IpousBomurcs se-
KOMIIO3UIYA KpaeBoil 3a/1adn IPUHINITA MAKCHIMyMa Ha TP 33349 MeHb-
el pa3MepHOCTH.

Karouesvie cro6a: TeOpUs YIIPABJIEHUs, CHHTYISPHO BO3MYIIEHHBIE CUCTE-
MBI, MHTETPAJIbHbIE MHOT000pa3ust

The application of the method of asymptotic decomposition in
the control problem for a nonlinear system whith different
time scales
An optimal control problem for a singularly perturbed nonlinear dynamic
system is considered. The boundary value problem of the maximum prin-

ciple is decomposed to three problems of lower dimension.

Keywords: control theory, singularly perturbed systems, integral mani-
folds

PaccvarpuBaeTcda 3ajada ONTUMAJIBLHOTO VIPABJIEHUS C KBAIPATUIHBIM
GyHKIIMOHAIOM KAYECTBA, I INHAMUYIECKON CHCTEMBI C OBICTPBIMU W M€IJIEH-
HBIMU TTlePEMEHHBIMY, MATEMATHIECKOU MOAETHI0 KOTOPOU SABASIETCS CUHTYISIPHO
BO3MYyIIeHHAs AudpepeHnuatbHas CUCTeMA C JUHEHHO BXOIANUME ObICTPBIMUT
IIEPEMEHHBIMA U yIPABIAIONIAM BO3IE€HCTBUEM.

OnruMmaibHOE YyIPaBJIEHNE B PACCMATPUBAEMOI 33/1a9€ CTPOUTCS C UCTIOJIb-
30BaHHUEM DeIIeHNH CUHTYJISAPHO BO3MYIIEHHON KPAaeBON 33/1a49U JJI TaMUAIbTO-
HOBOI cucTeMbl. UHUCIEHHOE PeIlleHne TAKUX CHCTEM 3aTPYIHEHO BBUIY BBHICOKOIT
Pa3MepHOCTH 1 HAJIUINA PA3HOTEMIIOBBIX IEPEMEHHBIX, UTO JAeIaeT aKTyaJIbHOMN
33/1a9y JEeKOMIIO3UIIUH.

Jst TEKOMTIO3UITIY KPAEBOH 387]a91 UCTIOIb3YETCST TEOMETPUIEeCKHH TIOIXO,
6a3upyroImuiicss Ha TEOPUH MHTErPAITHHBIX MHOr000Opaswii [1]. Pacmierienne kpa-
€BOIl 33/1a9M IIPOU3BOUTCA B HECKOJIBKO JTAIIOB.

Ha mepBoMm 3Tame cTpouTCcs MHTErpaJTbHOE MHOTOOOpa3ne MEITEHHBIX IBH-
JKeHW TaMUJIBTOHOBOM cucTeMbl. Jlajee B paccMOTpeHne BBOAUTCS PACIIAPEH-
Hasg BCIIOMOTATEJIbHASA CUCTEMA, /I KOTOPOIt CTPOUTCA WHTErpajbHOE MHOIO-
obpasue ObICTPhIX ABUKeHwmit. VCmop30Banne JAHHBIX WHTETPAJbHBIX MHOIO-
obpa3wnii mO3BOJIIET MOCTPOUTH 3aMEHY MEPEMEHHbBIX, TIPUBOISIIYI0 PACCMATPU-
BAaEMYIO CHCTEMY K «OJIOUHO-TPEYTOJBHOMY» BHIY C HE3aBUCHMOIN MeITeHHOI
MTOJCUCTEMON U JUHEHHOM 10 OBICTPBIM TTEPEMEHHBIM OBICTPOIl TOACHCTEMOTH.

Ha cnemytommem sTare cTpouTcs 3aMeHa IEPEMEHHbBIX, ITO3BOJILIONIASA Pa3ie-
JIUTH OBICTPYIO TOACUCTEMY HA JIBE HE3ABUCUMBIX MOICUCTEMBI.

Boponaesa Haramms Bnagmmmposra, k.d.-m.H., gonert, Camapckuii yausepcurer (Ca-
mapa, Poccus); Natalya Voropaeva (Samara University, Samara, Russia)

Tuccer Amna MBamosma, Camapckuii ymmeepcmrer (Camapa, Poccms); Anna Tissen
(Samara University, Samara, Russia)
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Pacmemnsitornue npeoOpa3oBanusi CTPOSITCA B BHUIAE ACUMITOTUYECKUX Pa3-
JIOXKEHUH TI0 CTENEeHsSM MaJIoro mapaMerpa. B pabore mosmydensr hOpMysIbl s
K03(bPUITNEHTOB ACUMIITOTHIECKUX PA3I0KEHUH.

IMocrpoennbie 3aMEHBI IEPEMEHHBIX TTO3BOJISIOT IIPOM3BECTU JTEKOMITO3UIUIO
KpaeBbIX ycJjosuit. B pesysibrare 3aada cBOIUTCH K KPAEBOH 3a/1a49€ JIJisi MeJi-
JIEHHOM MOICUCTEMBI U JIBYM HAYAJIbHBIM 331a9aM I OBICTPHIX TOICUCTEM.
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OOPMYJIA COKPAIIIEHHOTO IM®PEPEHIINPOBAHU A
AJIAd ®YHKIINU T'OPHA Hj
P.P. I'azusos
rainurrrr2000@mail.ru

VIIK 517.58

IIpu pemennn 3a1a49 MaTeMaTHIeCKON (PU3UKH UCHOIB3YIOTCS PA3IUIHbBIE
crrermaibabie pyuknmn. Crerumaibable (DYHKINNA SBIISIOTCS PENMIeHUSIMI
OOBIKHOBEHHBIX M depeHInaabHbIX yPaBHEHNH nin ux cucteMm. B cBs-
3U C 9TUM B JAHHOU DabOTe PACCMATPHUBAETCHA PE3yJIbTAT IIPOU3BOIHOM
BTOPOTO TIOpsKa OT cooTHoemenust ¢pyukrmu [opra Hs.

Karoueswie cao6a: cokpaieHroe aud hepeHmpoBaHmie, THIepreoMeTpude-
ckag dyukmus [aycca, koudimostnas dyukuus [opra, ocecummerpunbie
3a1a4n

The reduced differentiation formula for the Horn function Hs
When solving problems of mathematical physics, various special functions
are used. Special functions are solutions to ordinary differential equations
or their systems. In this regard, in this paper, we consider the result of
the second-order derivative of the ratio of the Horn function Hs.
Keywords: reduced differentiation, Gaussian hypergeometric function,
confluence Horn function, axisymmetric problems

B Teopun 060011IEHHOTO BOJTHOBOTO YPABHEHHUST M OCECUMMUTPUIECKOTO YPAB-
HeHMst [eIbMroJIbIla BaskKHY10 posib urpaer KoHdbuosTHas dyukims Topra [1]:

oo oo
(@) m—n(B)m 2™ t"
H; (o, B;6;z,t) = meniEm T 2 1
rae () - cumson IToxrammepa.
st rumepreomerputdeckoil pyukiun [aycca n3sectrna ¢popMysia COKPAIIeH-

Horo auddepennuposanus [2]:

2
% [(1 - Z)QHF(O&,B;&Z)] =

_ (—1)2(0(@()555—5)2 (1—2)" " F(a+2,80+2:2) (2)

HUcmonr3yst bopmyamy [3]

% [(1—2)"Hsz(a, 3,8;2,t)] = (1 — z)o‘*1 [1jaH3 (a—1,8,0;2;t) +

—a(6 - p)

R

Hyfa+ 18,5+ 1is,0)| 3)
Jnokazana popMmysia

82

@ [(1 — Z)a+1 H3 (Oé,ﬂ,(s; Z,t) — (1 . Z)afl

—t
QEHB (O[ — 1,6,57Z,t) —+
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Bepcurer (Kaszanb, Poccus); Rainur Gazizov (Kazan Federal University, Kazan, Russia)

34



t(§ — B) . t?
+27H3 (avﬂad + ].,Zﬂf) + m

5 HS(a_27575;Z;t)+
Hs(a+2,8,0 +2;2,1) (4)

(=1)?(@)2(8 = B)2
()2

U3 dopmyast (4) npu t = 0 cienyer dopmyaa (2).
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O PA3SPEIINMOCTHN OJJHOM HEJIOKAJIbBHOM 3AJIAYN
I'VPCA
A.B. 'nnés
toshqaaa@gmail.com

VIIK 517.95

B maumoit pabore paccmorpena HesokasabHas 3amada ['ypea mst rumep6o-
JIMYECKOTO yPaBHEHUs C JOMUHUPYIOMEN cMenranuoi mpon3sogaoit. [Ipes-
JIOZKEHHDBINT MeTOJ] JI0KA3aTe/IbCTBa PA3PELIMMOCTY IIOCTaB/IEHHON 3a/ia4u
3aKJ/II0YaeTCd B CBEIEHMM JAaHHOM HeJOKaJIbHOU 3amaum ['ypca x 3amade
T'ypca gnsa marpy:xensoro rumepboimdeckoro ypasuenus. B mporecce mgo-
Ka3aTe/IbCTBA 110JIyY€eHbl YCJIOBUH, 1IPU KOTOPBIX CYyLIEeCTBYET €UHCTBEeH-
HOe pellleHHe PacCMaTpUBaeMOil 3aJa4u.

Karouesoe crosa: HeKnaccuaecKad 3a/1a9a, HeJIOKAIbHbBIE YC/IOBUL, HATPY-
JKE€HHOe ypaBHeHwme, 3a7a4a ['ypca, nHTerpaabHble YCI0BUS BTOPOTO POA,
CYIIeCTBOBAHUE W €UHCTBEHHOCTH PEIIeHUsT

On the solvability of a nonlocal Goursat problem

In this paper, we consider the nonlocal Goursat problem for a hyperbolic
equation with a dominant mixed derivative. The proposed method for
proving the solvability of the problem posed is to reduce this nonlocal
Goursat problem to the Goursat problem for a loaded hyperbolic equation.
In the course of the proof, we obtained the conditions due to which there
is a unique solution to our problem.

Keywords: non-classical problem, non-local conditions, loaded equation,
Goursat problem, integral conditions of the second kind, existence and
uniqueness of a solution

B o6mnactu Q1 = (0,a) x (0,b) paccmorpum 3amaay [ypca ¢ HenokajibHbIME
HMHTErPAJILHBIME YCIOBUSAMHU

Uzy + Auy + Buy + Cu = f(x,y), (1)
b
u(z,0) + / Ka(e,y)u(z,y)dy = (x), € [0, ] 2)
0
u(0,y) + / Ky (2, y)ulz, y)dz = p(y),y € [0,b]. (3)
0

B cBsi3u ¢ HaMMHYueMm HeNOKaJIbHBIX yeoBumit (2) — (3), mpumeneHne Kiaccu-
YECKUX METOJIOB MCCJIEJOBAHWS PA3PEIIMMOCTH PACCMATPUBAEMOI 3aa9n CTa-
HOBUTCSI HEBO3MOXKHBIM. IIpw pabore ¢ HeTOKATHHBIMU WHTETPATIHHBIMHA YCJIO0-
BUAMH HEOOXOIUMO 00OpaIaTh BHUMAHUE HA WX BUJ,. Pa3pernmMocTh HEJTOKAIb-
HOIt 3ajauu ['ypca ¢ uHTErpajdbHBIME YCJIOBUSMU LEPBOIO POJA i OOLIEero
YPaBHEHHS C JOMUHHUPYIOIIEH CMEaHHOM IPOU3BOTHOM BTOPOIO MOPsIKa ObLIA
uccrnenosana B [1]. B mocrapnenHoil 3amade, ycaopusi (2) — (3) ABIAIOTCS HEJIO-
KAJHHBIMHU YCIOBUSIME BTOPOTO POja. B ¢BA3W ¢ 9THM, MBI TTpejiaraeM JApyroii
MeTo/, JJOKa3aTeIbCTBa paspemmMocty 3aga4du 'ypea (1) — (3).

I'mnés Amror Bragmuuposmu, acnupant, Camapckmit yamsepcurer (Camapa, Poccus);
Anton Gilev (Samara University, Samara, Russia)
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Bregem HOBYIO HEM3BECTHYIO (DYHKIIUIO

a b
U(Z‘, y) = U(JZ, y) + K (fa y)u(ga y)df + KQ(£7 77)“(937 n)dn’ (4)
/ /

npexanonarasi, 9To u(x,y) - pelleHne TOCTaBIeHHON 3azaun. Torma, B CHiIy
(2) — (3), a rakxe mozacraBnsis u(x,y) w3 (4) B (1), nomyunm 3amaay I'ypca
JlIS HATPYZKEHHOTO IUIepOOJIMUecKOr0 ypaBHEHHs C JOMUHUDPYIOMIEH CMelaH-
HOI IPOU3BOJHON

'Uwy'i'AUac+va+CU:f(xay)+P(m7y’u)’ (5)
v(z,0) = p(x), v(0,y)=1(y), (6)
riue
0 / 0
P(a.yvu) = Alw) - [ Kaenule.min+Blay) / (6, y)de+
0 0

+ C(z,y) /Klé“y) (éyd§+/szn) (z,n)dn).

[Monyuennas 3amaya (5) — (6) npeacrasiser coboil Kiaccuyeckyto 3anady [yp-
ca, HO y2Ke JIjIsl HArPY>KeHHOro ypasHeHus. /lanbreiimee 10Ka3aTebCTBO paspe-
IHMMOCTNU I/ICXO'H,HOI‘/JI 3a1a491 COCTOUT B IPDUMEHEHUU MEeTO/da 1TOCJIe10BaATE/IbHBIX
MPUOTNKEHUH.
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MATEMATUYECKOE MOAEJINMPOBAHUE BJINMAHUA
OITEPE2K AIOITTIET'O TIOBEPXHOCTHOT O
IIJIACTUYECKOTI'O JE®OPMUPOBAHUA HA
TEOMETPUYECKUE ITAPAMETPBI H.T[ACT“I/IH]':)I C
KOHITEHTPATOPOM HAIIPAXKEHUUU
B.E. I'ne6oB
queb770200@mail.Tu

YIK 539.3:621.787

HWccmenoBano BAMSTHIE OCTATOYHOTO HAPSIXKEHHO-1e(OPMUPOBAHHOTO CO-
CTOSTHUS HA T€OMETPUTIECKYI0 (POPMY CKBO3HOIO KOHIIEHTPATOPA HAIIPSIZKe-
HU IIACTUHBL BCJIEACTBHUE IIPOIEYPbl OIEPEKAIONEr0 II0BEPXHOCTHOTO
mractudeckoro gedopmuposanusi. [IprBeiena MeTOIMKa PEKOHCTPYKITUN
OCTATOYHBIX HAIPSZKEHUI u miactudeckux gaedopmanwmii. [lokazamno, aro
OTKJIOHEHUS Ie€OMEeTPUYECKUX [1aPaMeTPOB B KOHIIEHTPATOPE HAIIPAXKEHUHI
He3HAUYUTebHBI.

Karouesvie cno6a: reomerpudecKue apaMeTpPbl, OCTATOYHBIE HAIIPIKE-
HUdA, KOHIIEHTPATOD HaIpAKeHUit

Mathematical modeling of the influence of advance surface
plastic deforming on the geometric parameters of a plate with
a stress concentrator
The influence of the residual stress-strain state on the geometric shape
of the through stress concentrator of the plate after the procedure of
advanced surface plastic deforming has been examined. The methodology
of reconstruction of residual stresses and plastic deformations is presented.
It is shown that the deviations of the geometric parameters of the stress

concentrator are insignificant.

Keywords: geometric parameters, residual stresses, stress concentrator

B nacrosuiee Bpems cpenu 33,129 SHEPreTUYECKUX, MALIMHOCTPOUTEIbHBIX
7 A9POKOCMHUYECKUX MPOU3BOIACTB OCOOEHHO BBIIEISIETCS MPODIEMa YIIy dIeHUs
XapaKTEPUCTUK U3HOCA 3JIeMeHTOB KOHCTpyKiwmit. [IITaTHO# TexHoMIOTHEH perte-
HUs 3TOrO BOIMPOCA SIBJISETCS MOBEPXHOCTHOE ILIACTUYIECKOE AedOopMuUpoBaHue,
KOTOPOE BMECTE C YBEeJMYEHHEeM DPecypca JeTajid, MPOUCXOILAIIero Osaromaps
GOpPMUPOBAHUIO CKMMAOIIUX OCTATOYHBIX HALIPAKEHUN B [IOBEPXHOCTHOM CJIOE,
MPUBOIUT W K HEXKEJIATEIHHBIM MOCIeICTBUASIM — KOpoOaerHuto meraseii. [ToaTo-
MYy I€JIb JAHHOW PAOOTHI — U3YYUTH BIUSHUE OMEPEIKAIOINIETO YIHTPA3BYKOBOTO
YIPOYHEHUs HA F€OMETPHIO IIJIACTUHBI C KPYTOBBIM CKBO3HBIM KOHIIEHTPATOPOM
HaIPAXKEHUN.

Ucnonp3yem meTos pacuéra 1o mepBOHAYAIBHBIM JedopManusimM, B COOTBET-
CTBUM C KOTOPBIM CHAYAJIA HEOOXOAMMO BBITIOJHUTH PEKOHCTPYKIHIO OCTATOY-
HBIX HANPSKEHUN U TIacTUIecKuX nedOopMaluil 1Jis mInThl 663 KOHIIEHTPATO-
pa. DTa 3aJada paccMoTpeHa B [1], OTKy/Ja MMeeM CJielyioniee pelieHue:

1—-v

Tgra qz = —2qz,

Ox = Oy, o, =0, e = 4y = —

rae 04, ¢; (1 = {x,y,2}) — KOMIOHEHTbI TEH30Pa HAIPIKEHU U IIACTHIECKUX
medopMaImii COOTBETCTBEHHO. AHaIUTHYIeCKOe BLIPAXKeHHe JJif 0, ONpPeIesisd-

I'me6os Buxrop EBremneBmd, cryment, CaMapCKuil rOCYSAPCTBEHHBIM TEXHUIECKUH YHU-
Bepcurer {Camapa, Poccusa); Victor Glebov (Samara State Technical University, Samara,
Russia)
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JIOCH TIO 3KCIIEPUMEHTAJIbHBIM JTAHHBIM C UCIIOJIb30BAHUEM METOIUKH, TPUBEIEH-
HOi1 B [2]. [TorpentHocTh ammpoKCHMAIMHI IO OTHOIIEHHIO K 9KCIIEPUMEHTATIBHBIM
JIAHHBIM He Tpesbicuia 6%.

Hasee B coorBercrBuu ¢ MoauduKaimeil MeTosa pacyéra 1o IepBOHAYAIb-
HbiM gedopmanuam miactudeckue jreopManun MOJEJUPYIOTCH YIPYIUMU B
HEOTHOPOIHOM TEMTIEPATYPHOM TIOJIE€ € MCIIOJIH30BAHUEM COOTHOIIEHUH

qi(2) = Bi(T(2)[T'(2) — To),

rae B; — KO3(pPULIMEHTHbI TEMIEPATYPHOIO pacllupeHus, 1y — Temieparypa
MJIACTUHBI HA, TPAHY, TPOTUBOIMOJIOXKHON YITPOYHEHHOA.

Ha cienyromiem stame cTpouTcsi KOHEUHO-3JIEMEHTHAs FeOMeTpHYecKast Mo-
Jieqib, U B Bhraucaureabaom kommiekce ANSY'S pemaercs kpaeBas 3a1a49a HuK-
TUBHOI TepMoyupyrocru s miaacrud Beicoroit H = {10,6,4,2} mm. Cpexnne-
KBa/[PATUYIECKOE OTKJIOHEHHUE PACYETA [1JIsi KOMIIOHEHTHL 0, OT SKCIIEPUMEHTA He
npeBbIcHIo 6%, 9TO MILTIOCTPUPYET aIeKBATHOCTH PACIETHONW CXEMBI.

Ha mocsierem stare Ha MIaCTUHY HAHOCHTCS KOHIIEHTPATOD, MATEPUAJT yIa-
JISIeTCs, & B OCTAJIbHON YaCTH IJIACTUHBI TEMIEpPATypPHBIE nehOpMAIUK TOJIa-
raloTCs TAKUMHU JKe, KaK U B IIafko# mnactuHe. CHOBAa CTPOUTCA KOHEYHO-
SJIEMEHTHAS MOJIEJIb U PEIIAeTCs 33/1a9a TePMOYIIPYTOCTH yKe s [JIACTHHBI C
KOHIIEHTPATOPOM HAIIPSKEHUH.

JedopManroHHbie TPOIECCHI, BHI3BAHHBIE MEPEPACIPEIETIEHINEM HAPsIKe-
HU, TPUBOAAT K W3MEHEHUIO M€OMETPUH KOHIIEHTpaTropa Hampskenuii. Ha pu-
CyHKe TpHuBeaeHbl rpadukn mpoduisa f obpasyroreil mo paguycy KOHIIEHTPATO-
pa, U3 aHAIN3a KOTOPBIX CJIEIYET, YTO OTKJIOHEHHUSI FTEOMETPUIECKUX TaPAMETPOB
KOHIIEHTPATOPA HE3HAYUTEIIbHBIE.

H, mm

0, -
- 1 2 3 f, MKM

IIpodunb obpaldyromeil 10 BHyTPEHHEMY PAIAYyCy KOHIIEHTPATOPA

Takum 00pa3oM, MPUBEIEHHAS METOMOJIOTHUS] MOMWMO BBITOJTHEHUS PEKOH-
CTPYKIIUU HAMPSKEHHO-T1eOPMUAPOBAHHOTO COCTOSIHUS TTO3BOJISET U3YIUTDH 1€~
dopManroOHHbIE XaPAKTEPUCTUKH TJIACTUHBI TOCJIE YIIPOIHEHUS.
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Kparkas anmnoranus. B pabore paccMOTpeHBI HEKOTOPBIE METO/IbI MOEJIH-
POBaHMS BJIUSTHUS CHCTEMBbI IIOATOTOBKH CIIEIUAIMCTOB Ha (DyHKIMOHUPO-
BaHMe LIPOMbIUIIEHHOCTH. [IpOaHaIM3UPOBAHO [IOCTPOEHHE MATEMATHYe-
CKUX MOJesieil sl IPOMU3BOICTBA B (pOpMe IPON3BOICTBEHHBIX (DYHKITHIA.
Karouesvie ca06a: MaTeMaTHUeCKOe MOIEIHMPOBAHUE, MOJIEJIN, BBICIIALA
LIKOJI&, IIPOU3BOJICTBO, METO/IbI, PErPECCUOHHBIE MOJIEIH, IIPOM3BO/ICTBEH-
Hble HYHKINM.

Analysis of methods for constructing mathematical models of
higher education and production

Short abstract. The paper considers some methods of modeling the impact
of the training system on the functioning of industry. The construction of
mathematical models for production in the form of production functions
is analyzed.

Keywords: mathematical modeling, models, higher school, production,
methods, regression models, production functions.

Maremarumdeckoe MOJECTHPOBAHUE ABJAETCHA d(P(MEKTUBHBIM CPEICTBOM WC-
CJIeTOBAHUST PA3JINIHBIX TIPOIeccoB. [IpOBOANTHCS aHa N3 HEKOTOPHIX METO/OB
MTOCTPOEHNS] MAaTEMATUYIECKUX MOJIEJIel CBS3M BBICITIEH IIKOJIbI U IPOM3BO/ICTBA,
KOTOPBIE MOT'YT OBITH MPE/ICTABJIEHBI B PA3INIHON hopMe: airedpanvecKoii, Cio-
BECHOM mn rpadpuIecKoit.

B 3aBucumocTu oT IpoTeKaHus UCCIAELYEMOrO MPOIECCa, MOIETH MOYKHO CUU-
TaTh JIMHEHHBIMU, B KOTOPOU MapaMeTphbl OCTAIOTCS MOCTOSTHHBIMU, HA HUX HE
BJIUSIOT YCJIOBUSI TIPOTEKAHUS MPOIECCOB U HEJUHENHHBIE, KOTOPBIE YUUTHIBAIOT
HU3MeHeHNe XapaKTepHCTHK BO BpeMeHH [T7].

Eciu maremaTndeckoro onucanus 00beKTa He CYIECTBYET, TO ¢ UCIOTb30Ba-
HUEM 3KCIEPUMEHTAJIbHBIX JAHHBIX HEOOXOAMMO PeliarTh 3a1ady UIAeHTH(DUKA-
uuu. Eciiu MmaremMaTuyeckue MOJENN CUCTEMBI OTPAXKAIOT BPEMEHHOE [MOBEJICHUE
00beKTa, MX MIPUHSITO HA3BIBATEH AUHAMUYECKuMU. EC/in BHyTpEeHHME XapaKTepu-
CTUKHU U CTPYKTYypa 00bEKTA HEU3BECTHA, TO 9aCTO /U1 UACHTH(MUKAIIUN TTPUME-
HSETCST METOJI, <9EPHOTO SIIIUKA», TPU KOTOPOM UCHOIb3YeTCS JIUIID KOPPETSAIUs
BXO/IHBIX U BBIXOJHBIX XaPAKTEPUCTUK [4].

B ciygae masioit madoOpManum 0 CTPyKType 00bEKTa il UCC/IEOBAHNS BH-
JI0B 1 (DOPM 3aBUCHUMOCTEIT, MCITOIH3YeTCsT KOPPEISIMOHHO-PETPECCHOHHBIN aHa-
JIn3, KOTOPBIH 3hMEKTUBEH MPU PEIIeHnr 331349 CONUAILHOTO MPOrHO3UPOBA-
nust. CraBuTCs 33/1a49a, yCTAHOBUTD CBsI3b U AHAJNTHYECKH HOJ00paTh ypaBHe-
HUE, OMUCHIBAIOIIEE KOPPEJISIITUOHHY IO 3aBUCUMOCTD MEK/Ty BXOIHBIMU HAaPAMeT-

Pabora mognep:kana mpoexkToM Poccuiickoro dorma (GyHIAMEHTAJIBLHBIX HCCIIETOBAHUMK
(mpoexT Ne20-08-00240).

Tonosanos [TaBen AmekcaHApoBUY, cTapInuil npemnoaasaTeab, CaMapcKuil rocyaapCTBeH-
HeIA TexHuIeckuii yaueepcurer (Camapa, Poccus); Pavel Golovanov (Samara State Technical
University, Samara, Russia)

Tynonocosa Enena Ilasnosna, crapmmit npemogasarens, CaMapCckuil rocy1apCTBEHHBIN
rexundeckuil yuusepcurer (Camapa, Poccus); Elena Tuponosova (Samara State Technical
University, Samara, Russia)
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paMu By3a M BBIXOIHBIMHU EPEMEHHBIMU, B KQUECTBE KOTOPBIX OEPYTCS PE3YiIb-
TaThl (DYHKIINOHUPOBAHUS TPOMBINIIEHHOCTH. B3anMOCBA3b MEXK/Iy BXOIHOM U
BBIXOJHOW IIepeMEeHHOIl HaXOJUTbhCA C MOMOUIBIO IOCTPOEHUS MHOYKECTBEHHON
JMHHEHHON perpeccnonHoi Mozenu [8].

B obmem ciydae 3t mapamMerpbl MOUYT OBITH OIPEIETIEHbI PA3JTAIHBIMA
crocobamu, HAIPUMED, METOJ, MUHUMYMa Xu-KBaapar (meros [Tupcona) uiu me-
TOJ, MAKCAMYMa TIPABONOM00MsI, XOPOIINii PE3yJIbTAT JAET METOl HANMEHBITHX
kBagparos (MHK), KoTopblil IIMPOKO UCIIO/IB3YeTCs B PErPECCHOHHOM aHAJIU3E.
JIOCTOMHCTBOM TIOCTPOEHUSI PErPECCHOHHBIX MOJENeil sBIgeTcs MPOCTOTA BbI-
YUCJIEHUN U HADJISIHOCTD PE3YIbTATOB 1pu rpadudeckom nocrpoenun. K vu-
HyCaM OTHOCUTbCSI HEBBICOKAsI TOYHOCTD MTPOTHO30B MTPU WHTEPTIOIANINN JAHHBIX,
CyOBbEeKTUBHBII XapaKTep BbIOOPA BU/Ia, KOHKPETHON 3aBUCUMOCTH, (POPMAIBHBIH
BBIOOD WMCXOMHBIX JTAHHBIX MOIENIN W HEBO3MOXKHOCTH OObSICHEHUS TPUIUHHO-
CJIeICTBEHHBIX CBs3eit [1].

[MTupokoe pacopocTpaHeHre B KAYECTBE MOJEEH TaKyKe MOIYYuid [MPOu3-
BozcTBennbie (byukuuu (IID), ONMUCHIBAIONMX B3aUMOCBI3b MEYXKIY 3aTPaTaMu
PA3IUIHBIX PecypcoB u pe3yiabTaroM. II® paboTocmocobHBI /1S aHAIN3a WC-
MTOJTF30BAHUST TPY/AOBBIX U KAIUTAJBHBIX PECYPCOB KPYIIHO U CPEIHEMACIITA0-
HBIX TPOU3BOJCTBEHHBIX OOBEKTOB, KOTOPBIE XapAKTEPU3YeTCs yCTOWYUBBIM U
crabuibabiM DyHKIMonupoBanueM [2, 5]. IIpoussoicreennbie GyHKIMU MOXKHO
Pa3/e/IUTh HA TPU OCHOBHbIE I'Pyuibl: oguodakropubie (nuneitnas 1P, napa-
6osnueckas [1D, crenennas [1®, nokazarenbuas [P u runepbosmyeckas T1D),
nByxdakropubie (bynkuusa Jleontbesa, Asena, Ko6ba-dyrmaca, Comoy, -
HeifHast, GyHKIMS ¢ mocTogHHON 3macTuaHocThIo 3aMernienns (CES)) u muoro-
dakropubie [3, 5, 6].

B pabore 6butm paccMOTpEeHBbI HECKOIBKO BAPUAHTOB IIOCTPOEHUS MaTEMa-
Tdeckux momesneii. Hanpumep, maremarundeckast momesas B ¢popme [TO Kobba-
Jyriaca MOxKeT OBITH TIOCTPOEHA IJIsT CBA3M TOKA3aTeJeil MMOITOTOBKHU CIIEeIH-
QJINCTOB B yHUBEpcHUTETE U 3PDEKTUBHOCTH HEMDTIHOIO MPOW3BOACTBA. Takas
MaTeMaTHYecKasi MOJIEJb PeJICTABISETCS aKTYATbHOM, KaK /i PA3BUTHS By3a,
TaK U /Ui PE3YJIbTATUBHOCTH OTPAC/U B IIEJIOM.
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MOAEJINPOBAHUE ITPOIIECCA BA3KOYIIPYTOI'O
JAE®POPMUWUPOBAHUA PASYIIPOUHAIOITIETOCHA
MATEPUAJIA
C.B. T'op6yHos
gorbunovsbor@gmail.com

YIK 539.376

C moMOmBIO COOTHOIIEHUN PEOSIOTUIECKON MOJE/ BA3KOYIIPYTOi CPeIbl
C SJPOM II0JI3y4YeCTH HKCIOHEHIMAIbHOIO BUJA U C BO3MOXKHOCTHIO yué-
Ta 3bdeKTOB pa3ympOTHEHUsT MATEPHAJIA OIMCAHA II0JI3yYeCTh HEKOTO-
PBIX KOMITO3UTOB. Penrenus ypaBHEHUN MOJIE/N MCCAEIOBAHBI HA yCTOU-
YHUBOCTD 1O JISIYHOBY DU IOCTOSHHBIX HAIIPAKEHUAX U yCTAHOBJIEHA 00-
JaCTh YCTOMYMBOCTH, COOTBETCTBYIOMAA ACHMITOTHYECKN OT DAHWYIEHHO
OJI3y9YeCTH MaTepuaJia. BhIsiBIeHa CBA3b MEXKy yCTOMYMBOCTBHIO Perre-
HUil 110 JIATYHOBY M yCTOWYMBOCTHIO BBIUYUCIUTETLHOTO AJTOPUTMA TIPU
YHCIEHHOM MHTErPUPOBAHUY CUCTEMBI ypaBHEHU Momeu. Habomaercs
COOTBETCTBHUE PACYETHBIX M HKCIIEPUMEHTAJIBHBIX JAHHBIX II0 OJI3YYECTH
¥ TQHHBIX TI0 TIPeJIesTy IJINTEIHHOTO COTTPOTHUBIICHNS .

Karouesoe cao6a: BSI3KOYNpPYTHil MaTepuas, (PEeHOMEHOJIOTHYeCKast MO-
eJib, YCTOMYUBOCTD TI0 JIAIIyHOBY, 9KCIIepUMEHTAIbHAA IIPOBEPKA

Modelling softening material’s viscoelastic deformation process
The variant of mathematical model of monoaxial straining for viscoelastic
material with exponential creep kernel is proposed. Stability by Lyapunov
solution of the model in case of permanent stress is investigated. Corre-
sponding to asymptotically restricted creep of material stability region
of solutions of mathematical model’s differential equations is established.
Instability region of solutions is in accord with appearance of tertiary
creep. Relation between stability by Lyapunov solutions and stability
of numerical iterative calculation system of equation is established. Com-
parison of calculated and experimental creep data and long—term strength
limit data is executed. Correlation between calculated and experimental
data is observed.

Keywords: viscoelastic material, phenomenological model, Lyapunov sta-
bility, experimental proof

B kHure [1] sKcrIepuMeHTANBHO OMWCAHO PEOJIOrnYeckoe ehopMUPOBAHIE
HEKOTOPBIX KOMIIO3UITUOHHBIX MaTE€PHUAJIOB IIPU OJHOOCHOM PAaCTAZKEHUU 06paS—
1a C MPHUCYIIeH UM OCOOEHHOCTHIO: TIPH MOCTOSAHHONW HArPy3Ke B 3aBUCHUMOCTH
orT eé BeJIMYUHDBI IIPONECC HUX IIOJI3Y4Y€CTH MOXKET 6I)ITI) J'[I/I6O ACUMIITOTHUYECKN
3aTyXalOIIAM BO BPEMEHW W JJISIIAMCS CKOJIb YTOIHO IOJTO, JAOO HEOTpaHu-
YEHHBIM U TPUBOIAIIIM 00pa3elr] K paspyiieHuio. [lepBoiii BapuanT peajmsy-
€TCd IIpnu Ha,l"py:ﬂ(a){7 COOTBeTCTByIOH_[I/IX HaIIPDAZKEHUAM O, MEHBIINM IIpEJIesIa
JUTATEIBHOTO COIPOTUBIIEHUS Opine, BTOPOH — €CIH HAIIPAYKEHUSA OONbIIE Oyye.
BeJTI/I‘II/IHa UH;[C JJIA KazKJI0I0 MaTe€pHuaJia IIPU KOHKPETHBIX BHEIMHUX YCJTIOBUAX
onpeaesdercd dKCIIepuMeHTaJIbHO.

XapakxTep TaKOro BI3KOYIpyroro nedOpMUPOBAHNS MATEPUANA MOYKHO OIHU-
CaThb MaTEMATHYECKHU C ITIOMOIIIBIO ABYX aHHpOKCI/IMI/IpyIOH_H/IX 3aBUCUMOCTEN JJIA
CIAY4IaeB 0 < Opne U 0 2> Opne, COOTBETCTBEHHO; TP STOM 3HAYEHUE Oy JOTKHO

T'opbynos Cepreit BranumupoBud, crapimuii npenogasaTenb, CaMapcKuil rocyaapCTBeH-
HBIA TexHmIecknuid yausepcurer (Camapa, Poccus); Sergey Gorbunov (Samara State Technical
University, Samara, Russia)
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ObITH W3BECTHBIM. B HacTosieil ke pabore Jisi 9TOM LETH NCIIOIb30BaHbI CIIEIY-
IOIIIe COOTHOIIIEHNST SHEPIETHIECKOrO BapuaHTa (PEHOMEHOIOTNIECKONH TeOpHn
M30TEPMUIECKON O3y 9€CTH U JTATENHHON NPOTHOCTH /Il OTHOOCHOTO HAIIPSI-
JKEHHOIO cocrosiHusd [2]:

a(t) = oo(t) (1 +w(t));
w(t) = ao(t)p(t);

rae t — Bpems, p(t) — nedopmanus nonsydectu (BA3KOyIpyrocrtu); pi(t) —
cocrapJsomme gedopManuu noa3ydecru (IKCHOHEHIUAIbHbIE CJIAraeMble);
00(t) — HOMEHAIBbHOE HANpsizKeHne (OTHONIEHUE CHJIBbI K IIONIA/IN TIOTEPETHOTO
ceuennsi HenedOPMUPOBAHHOTO 00pasna), o(t) — MCTHHHOE HampsiyKeHue (OT-
HOIEHUE CUJIBI K Tekyineil 9¢bdEeKTUBHON TI0Ia U MONepeYHOro ceueHus 00-
pasua); w(t) — CKaJIAPHBIA apaMerp MOBPEXAEHHOCTH; Ak, Ak, 0%, Na, @, § —
KOHCTaHTBI MOgeH. s ux onpenenennst HEOOXOIUMO PACIOIAraTh MAHUMYM
TpEMSs SKCIEPUMEHTABHBIMU KPUBBIMU OJJHOOCHOM II0JI3yY€CTH, JBE U3 KOTOPBIX
OTBEYAIOT CIAYYAI0 0 < Opne, TPEThsI YKe TOCTPOEHA TIPH T > Oypne-

ITo ombITHRIM JaHHBIM PAGOTHI [1], JIsi M3yUeHHBIX B Hell KOMIO3UTOB, Obl-
JIv HaiiIeHbI KOHCTAHTBI paccMarpusaeMoil mozenu (1). Eé nuddepennuanbibe
ypaBHEHUs ObLIN PEIIEHBI TUCIEHHO MeToI0M Jitnepa. [lomyyennbe B pesynbra-
Te pacYEéTHbIE KPUBBIE [OJI3y4YecTu (B YMC/e KOTOPBIX U T€, YTO HE UCIIOJIb30Ba~
JIMChH TTPU OINIPEJIEJIEHNH TAPAMETPOB MOJIE/IN) B OOJIBINIMHCTBE CILy 8B MOKA3a/IH
YZIOBJIETBOPUTEIHHOE COTJIACOBAHUE C IKCIEPUMEHTATBHBIMU JAHHBIMA.

YcTaHOBIIEHO, YTO MPU HATIPSYKEHUSX, OJIM3KUAX K Ogne, MTPOUCXOIANUT MOTEPS
YCTONYMBOCTH UTEPAIMOHHON BBIUMCIATELHON TPOIEAYPhL. DTO A0 OCHOBA-
HUs JJid MCcJeoBanus peinenuii quddepennuanbubix ypasaenuii mojgenu (1)
Ha ycroitanBocTh 10 JIsamnyHoBy. B pe3ysibrare 6110 BBIBEIEHO CIIEYIOIIEE YCII0-
BHe: perenne p(t) cucremsl (1) aCHMIITOTHYECKN YCTONYUBO MPH 3HAUEHUSAX HO-
MWHAJIBHOTO HATPSXKEHNs 0(, KOTOPBIE YIOBJIETBOPSIOT HEPABEHCTBY

anzogpo < 1, (2)

S
rJie po ABJIMETCH pellleHueM YPaBHEHUs pg = (%)nz eom200P0 N g,
k=1

Benuunna Hanpsizkenus o), obpamaomas (2) B pABEHCTBO, TAKAM 00pa3oM
B Mogesu (1) urpaer posib, aHAJOIUYHYIO [PEJENy JJIUTEILHOrO COLPOTHBIIE-
HUSL Oppe PEATIBHOTO MPOIECCa MOJI3YY€CTH, IOCKOIbKY IPH 3HAYCHHUAX,, OJIM3KUX
K 04", Ipw umcaenHoM penterun (1) BBIMUCANTENbHAS TPOIELYPa TepsIeT yCTOii-
anBocTh. HaiizeHnsie ¢ moMompio (2) /st peasbHbIX MATEPHAIOB 0" XOPOIIO
KOPPEJIUPYIOT C KCIEPUMEHTAIBHO OMPEJeTEHHBIME Oy pe-
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O MATEMATNYECKUX MOJAEJIAX BOZMVYIIIEHHOTO
ABV2KEHU A KPYITHOTABAPUTHBIX KOCMWYECKNX
KOHCTPYKIINUN
10.H. Topenos
yungor07@mail.ru

VK 629.78

PaccmaTpuBalorca Mozesn BO3MYIIEHHOTO JBUMKEHUS YIPYTHUX KOCMUYe-
CKUX alllapaToB U KPYIMHOTAOAPUTHHIX KOCMUIECKUX KOHCTPYKITHI, KOTO-
pble B 00meM CiIydae CyTh CHCTEMBI C PACIpPEIeIeHHbIMU IIaPAMETPAMU.
IIpuBenena omeHKa XapaKTepPHBIX 3HAUEHUI DPa3MepOB KOHCTPYKIIUU Ta-
KNX OOBEKTOB YIIPABJIEHWS, /I KOTOPBIX ITPUMEHUMBbI KOHEYHOMEPHBIE
MOJeJI ABUZKEeHU.

Karouesoie caoea: KpymHorabapuTHbIE KOCMUYIECKHE KOHCTPYKIAN, YIIPY-
Tue KOCMHYeCKHe amapaThl, MOJEeIH BO3MYIIEHHOTO IBUXKEHUH, CUCTe-
MBI C pacHpeieJleHHbIMU IIapaMeTpaMu, KOHeIHOMePHbIe MO/Ie/n, I'PaHu-
Bl IPUMEHNMOCTHA KOHETHOMEPHBIX MOesTei

On mathematical models of perturbed motion of large-sized
space structures

Models of perturbed motion of elastic spacecraft and large-sized space
structures are considered, which in general are systems with distributed
parameters. The estimation of the characteristic dimensions of the design
of such control objects for which finite-dimensional motion models are
applicable is given.

Keywords: : large-sized space structures, elastic spacecraft, models of per-
turbed motion, systems with distributed parameters, finite-dimensional
models, limits of applicability of finite-dimensional models

NurencusHoe pazsurue pakeTHO-KOCMUYECKON TEXHUKH B CEPEIUHE [IPOIILIIO-
IO BEKa BBISBUJIO Psi TPOOJIEM, CBI3aHHBIX C OTPDAHMYEHHON KECTKOCTHIO KOH-
crpyKimu KpynHorabapurabix kocmuueckux cucreMm (KI'KK), K KOTOpbIM OTHO-
caT u yupyrue kocmuueckux annaparsl (KA). Akryanbras npobiaema yupasie-
HU$ IBUYKEHHEM TaKUX KOCMUYECKHX O0BEKTOB OOYCJIOBJIEHA B3aUMOIEHCTBUEM
UX CHUCTEM YIIPABJIEHUsI OPUEHTAIMEN C yUPYIMMHU KOJIEDAHUSAMU KOHCTPYKIHMH
[1]. Ona rTecHo cBsizana ¢ 3agauamu (HOPMUPOBAHUS THHAMUYECKAX CXEM U TMO-
CTPOEHUST MATEMATUIECKUX MOJeNeil BO3MYIIEHHOro ABusKenus ynpyrux KA u
KTKK [2 - 4]. Caeayer ormerurs, uro ocHoBHOM ocobernocTsio KKK sBs-
eTCsd TO, YTO OHM CYTh CHUCTEMbI C PACIPEIeTEHHBIMU Mapamerpamu. B srom
cjydae ypaBHEHUs BO3MYIIEHHOI'O [IBUKEHUS TAKUX OOBEKTOB yIPAaBJIEHUS 3a-
MUCHIBAIOTCS B BuIe AudGepeHInajibHOro ypaBHEHUs B YACTHBIX TPOU3BOIHBIX
C COOTBETCTBYIOIIMMY HAYATHHBIMU YCAOBUSAMHU W OJHOPOIHBIMU TDAHMIHBIMU
ycaoBuamu [5)].

B npuknaHbIx 3aadax JUHAMWKA W YIIPABJIEHUs JBUKeHueM ynpyrux KA
n KT'KK 1mmmpokoe mpuMeHsaoTCs KOHEIHOMEPHDBIE MOIE/IH IBUKEHHsI, KOTOPbIE
[IOJIy4al0T C [OMOIIbLIO, HAIPUMED, OJHOIO U3 Hanbojiee yHUBEPCAIbHBIX METO-
108 - merozna A.U. JIypse [6]. TIpu arom ynipyrue nedopmannm HexKECTKO dacTu
koucTpykmnn KI'KK 3amatorcsa B Buie cMelnnennit m3 HATYpPaJbHOTO COCTOSHUS
Ar(p) Touek, 33]aBAEMbIX PAJMYC-BEKTOPAMHU P B CBA3aHHOW C HECYIIUM CKe-
aeroM (uim HamboJiee MKECTKOM 4acTbio OObEKTA) CHCTeMEe KOOPAMHAT, KOrJa

Topesos FOpuit Hukonaesud, 1.1.H., npodeccop, Camapckuii yuusepcurer (Camapa, Poc-
cus); Yuriy Gorelov (Samara University, Samara, Russia)
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3a/IAI0TCS B BHUJIE PA3JIOXKEHUs 10 TIapIuaIbHbIM (hopmam Kosebanwmii [2, 7]. ITo-
JnydaeMble Tpu 3ToM ypaBHeHns apmxkenns KI'KK maxonaT npuMmenenne mpu pe-
[IIeHNN 33,02 aHATN3a, ITMHAMHIYIECKUX CXeM M CHHTEe3a CIeIHaTH3nPOBAHHBIX MO-
Jeseil IBUKeHMsI, KOTOPbIe HEOOXOIUMBbI JIjIsI PEIeHns] COOTBETCTBYIOIMIMX 3a,1aT
yupasienus asuzkenueM [8]. [Tocrpoenue rakux mozeneit Tpebyer KOPPEKTHO-
ro omucanuns auanamudeckoit cxembl KI'KK n cooTBeTcTBYyIOMIIEH PEIYKITUN 3TUX
MO/TeJTel, BKIIIO9as BOIPOC 00 WX MPUMEHUMOCTH. B KOHEYHOM CYeTe, IIPu MOIe-
nuposannu Bo3mytmennoro apmkenns KKK neobxomnma omneHKa rpaHul mpu-
MEHUMOCTHU ee KOHEYHOMEPHOI Mozenn, Koropas Obuta nmoaydena B 1996 1. u, B
YACTHOCTH, IIOBTOPHO npusejeHa B [7, 8]. B nannoii ouenke yuurbiBaercs 10, 4T0
yrnpyrue xonebanns KI'KK ¢ wacroramu BbITlie HEKOTOPOTO 3HAUEHUST He JTOTyC-
KaIOT WX KOPPEKTHOrO onucanus. [10CKOIbKY Qnar & QﬂkaCpL;{%KK , TJIe Ucp
— CKOpPOCTb PACIIPOCTPAHEHUs yIpyrux aedopmanuii, a LKkrkk — XapaKTepHbIT
pa3sMep KOHCTPYKIWH, TO /s €€ NPEJEIbHOrO pasMepa, JOIMyCKAIOIero KoHe'-
HOMEpHbBIE AlIPOKCUMAIUU MOJIE/IH JIBUKEHUs, U3 YCIA0BUA ) > (g HOITYHUM
Lgrrk < 2mkquepQ~1. Hampumep, mnst kg & 1,ve, = 5000m/c n Q = 100 I'n,
nonyanM Lxrgk < 300 M.
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MOAEJINMPOBAHUE PEXKUMOB ITPOKAYKU B
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PaccmarpuBaercss mMojiesib TPOTOYHOTO WHKYOATOpA, MpeTHA3HAYEHHAS
AJ1d MOJAEJIMPOBAHUA yCJ‘IOBI/Iﬁ KYyJ/JIbTUBUPDOBAHUA KOM6I/IHI/IpOBaHHbIX KJie-
TOYHBIX KYJIBTYD ¥ BHIOOpA PEXKMMOB IIPOKAUKN POCTOBOI cpensl. B ocHo-
BY MOZ€/IN IIPUHATA IIPUHITUIINAJIbHAA CXeMa (byHKLLI/IOHI/IPOBaHI/IH KYyJb-
TypaJIbHOr0 Moay/d uaKybaropa. Vcxons u3 npearmonoxenus 0 XapakrTe-
pe TedeHns pOCTOBOI Cpeabl B HEM, IPEAJIOKeHa KOHeTHOMEpHAasd MOJIE/b
COCTOSIHMY TIPOTOYHOTO MHKYOATOPA /I CHHTE3a PEKUMOB IPOKAYKHA PO-
CTOBOW CpeJpl.

Karouesvie cr06a: MHKYOATOD, KYIbTYPAJIBHBIN MOIY/Ib, YCIOBUS KYIbTH-
BUPOBAHUSA, PEXKUM IIPOKAIKA

Simulation of pumping modes in a flow incubator for the
cultivation of cell cultures

A model of a flow incubator designed to simulate the conditions of culti-
vation of combined cell cultures and the choice of pumping modes of the
growth medium is considered. The model is based on a schematic diagram
of the functioning of the culture module of the incubator. Based on the
assumption about the nature of the flow of the growth medium in it, a
finite-dimensional model of the states of a flow incubator for the synthesis
of pumping modes of the growth medium is proposed.

Keywords: incubator, cultural module, cultivation conditions, pumping
mode

Pa3BuTre KJIETOYHBIX TEXHOJOTUN TECHO CBSI3aHO C MPUMEHEHUEM DPAa3JInd-
HBIX UHKYOATOPOB /11 KyJIbTUBUPOBAHUS KJIETOYHBIX KyIbTyp. s Momeaupo-
BaHUSA (PUBMKO-XUMHUYECKUX YCJIOBUI KY/JIbTUBHPOBAHUS, HATIPUMED, KOMOWHIM-
POBAHHBIX KPOBETBOPHBIX U BCIIOMOIATEIbHBIX KJIETOK HPUMEHSIIOTCS TPOTOY-
HBIE WHKYOATOPHI, KOTOPHIE B TOM CJIYYae MOTYT UCIOJIH30BATHCS U IS CO3IA~
HUSI SKCTPAKOPIIOPATIHHON MOJEIN KOCTHOTO MO3ra uejioBeKa M, 0ojiee TOTo, C
UX MOMOIIBIO MOYKHO TOJIy9aTh (hOPMEHHBIE KOMIIOHEHTHI KpoBu. Kpome Toro,
IIIUPOKOE MPUMEHEHNE TaKUX WHKYDATOPOB HAXOIUT B PEreHepaTUBHONU Meu-
[HHE, B TOM YHCJE MIPUA TPOBEJIEHUU KCIEPUMEHTOB B 0OJIACTH KOCMUYECKOM
6UOJIOrUM U MEJIUIUMHBL Ha ABTOMATUYECKUX KocMuyeckux antaparax [1]. IIpu
CO3JAHUM TAKWX WHKYDATOPOB W TPU ODECTIEYEHWH YCJIOBUIl KYJIHTUBUPOBAHUS
B KaXK/IOM KOHKDETHOM CJIy9ae WX MPUMEHEHWs aKTyaJbHOM 3a/adeil sBisier-
Cs1 MOJIETTAPOBAHNE PEKUMOB TTPOKAYKH POCTOBOM CPEJIbI Yepe3 KyJIbTYpPATbHBIE
MOy WHKyOaTopoB. Perrenmne 3roit 3amaun ompenesnsier 3pHeKTHBHOCTD I1e-
JIEBOTO MPUMEHEHNs WHKyOaTopa u ero texumdeckuii oomuk. g mocrpoenus
MOJIESTH PEKUMOB MPOKAYKH JIajIee TPUHUMAELTCS CIAEIYIOIIast CXeMa, WHKY0aTo-
pa, a UMEHHO: IyCTh €r0 OCHOBHOMN 3JIEMEHT - Ky/bTypasibHbid Moxyib (KM)
C MPUCOEIVMHEHHBIMY K HEMY MHTAIONIEH u cOpocoBoit marucrpasisamu. [lepBas

Topesos I0puit Hukonaesud, g.1.1., npodeccop, Camapckuii yrusepcurer (Camapa, Poc-
cus); Yuriy Gorelov (Samara University, Samara, Russia)
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MpeIHA3HAYEHA, /11 MTOIa9y CBexKeil pocToBOil cpeabl B 00bem KM, a Bropas -
s coOpoca orpaboranuoit cpeabl. Kpome Toro, KM oxBarhiBaeTCs MUPKYIAIIN-
OHHO¥ MATHCTPAIBIO, B KOTOPYIO BKIIOYEH CATYPATOD JIJIsi PEryIUPOBAHUS KOH-
nearpaiuu COy B nogaBaeMoit poctoBoit cpeze. IIpokadka pocToBoii cpeibl BO
BCEX MAUUCTPAJILAX OCYIIECTBISETCS € [MOMOIIBIO HEPUCTATBTHYECKUX HACOCOB.
CoOTBETCTBEHHO, [IJIsi OPTAHW3AINHU TPOIECCA MOAEIUPOBAHNS DPEKUMOB MPO-
KaIKU HEOOXOIMMO MPUHATH PsJ JOMYIIEHU! U npeamnosoxenunii. Urak, mycrs
BayTpenanit 00bem KM - mpsmoyrosbabiil napasienenumnes ¢ o0beMom Vi u
pabouum cedenueM (LEPIEHAUKYJIAPHBIM OCH HPOKadku) Sk . BHyTpeHHuit
obbem KM wm3osmpoBaH OT Marucrpaseil MOJEKyJIapHbIMA MeMOpaHaMu st
MPEIOTBPAIIEHNST TPAHCIOPTA KJIeTOK B MarucTpaim. OCHOBHON mapamerp me-
PUCTATBTUIECKUX HACOCOB — BBITAJIKMBAEMBIN 00bEM KUIKOCTH Vi MEXKIY CO-
cenHelt napoit padouux poaukos. IIpu srom Vi = ngayd Vg, niy > 1. Toroa
MOXKHO BBECTH B PACCMOTDEHHE djaeMeHTapHble 00beMbl B KM, KoTopbie obpa-
3yI0TCd pabOYUMK CeYEHUAMU HA PACCTOAHUU APYr OT apyra 0y = 0V /Skm
7 KaXKJIOMy U3 HUX MOYKHO MPUCBOUTH HEKOTOPHIE COCTOSIHUS, HATPUMED, KOH-
nerrpaio COz POCTOBOI Cpebl B HEM M/WJIH JINTEIHHOCTH €6 HaXOXKIEHHs
Cpeabl B 9TOM OObEME C yIETOM MPEABbICTOPUU €€ MEePEMEINEHNS W3 COCETHUX
SJIeMEHTAPHBIX 00beMOB. B crity mpemoraraeMbIX MaIbix CKOPOCTEH MPOKAIKHI
poctoBoit cpensl B oobeme KM cocrosramnsa 3/1eMeHTapHBIX 00bEMOB OYyIyT II0-
CJIEJIOBATEJIBHO CMEHSITH JIPYT Apyra 6e3 CynecTBEHHOIO U3MEHEHUs COCTOSHUT
Cpe.

Pexxumbl (DyHKIITMOHUPOBAHUS MPOTOYHOTO MHKYy0ATOpa XapaKTepU3yITCsS
nporeccaMu mpokadku (nogaum cBexkeil u c6poca 0TpabOTaHHOI) Cpelbl ¢ T0-
MOIIBIO TEPUCTATBTHIECKOrO HACOCA B HMOJAIOIIEH MATUCTPAJIHU, YIIPABIAIONIAI
napamerp koroporo nyy = {0,1} : npu nrp = 0 npoxauku mer. To ke camoe
OTHOCHUTCS M K IUPKYJSAIMOHHON MATrUCTPAJIHU, IJIS HACOCA KOTOPOH YIIPaBJIsi-
formuit mapamerp nyp = {0,£1}: opu n;p = £1 - npokadka (mpsMas u o6par-
Hag). Takum 00pa3oM, peKUM IIPOKAYKM 3aJA€TCs HEKOTOPOH HpOrpamMMoil -
{nn(?),n(¢)}, ¢=1,2,...,N. B xoneunoM cdere, MaTeMaTHIeCKas MOIEIb
PeRMMA IPOKAYKU TPOTOYHOTO HHKYOAaTOpa Oy/1eT IpeicTaBieHa MOIEIbIO JUC-
KPETHOI yIpaBjseMoil CHCTEMBI, IIEJIBI0 YIIPABJIEHNST KOTOPOil OyaeT Tpebyemoe
WHTErpaJjbHOE COCTOSHUE POCTOBOI Cpeabl K MOMEHTY 4 = N .

JIureparypa
1. Iopeaos FO.H., Kypeanckas JI.B., Illepbax A.B., Hayunas annaparypa KAP-
BOH, MPT u CUT'MA njia mipoBeseHnsl KOCMUYECKUX SKCIEPUMEHTOB Ha OOPTY KOC-
Muaeckux ammapartoB «Bmor-M» Nel m «@orton-M» Ned // Ussectmss CamHIL PAH,
18:4(6) (2016), 1039-1047.

47



ITAPAMETP KAK KOMIIOHEHT 3A/TAYNAN
JI.H. EBenuHa
evelina@pgsga.ru

VIIK 372.851

Kparkaa amnoranmusa. B crarpe paccmarpuBaercs OOWH M3 aKTYaJIbHBIX
JUIsT METOIUKY O0yYeHMsI MAaTeMaTHKe BOIIPOCOB — 334N C IIaPAMETPOM.
ABTOp mpesaraeT UCHOJIb30BATh TEPMUH <«IIAPAMETP» B IBHOM BHUJE HA
JI060M 3Tare 00ydeHusl, HAYMHAA C KypCa MATeMATHKU OCHOBHOM LIKOJIBL
HEe3aBUCHUMO OT M3y4aeMOoro pasiesa.

Karouesve crosa: 3amada, mapaMeTrp, OTJHO3HAYHO ONpeesIeHHbIe, HEOI-
HO3HAYHO OIIpejiesIeHHbIe 3aJa9i, MeTOAbl PelleHnd 3a0a4.

Parameter as a component of the task

Short abstract. The article deals with one of the relevant questions for
the methodology of teaching mathematics — problems with a parameter.
The author suggests using the term ”parameter” explicitly at any stage
of learning, starting with the basic school mathematics course, regardless
of the section being studied.

Keywords: task, types of tasks, parameter, unambiguously defined, am-
biguously defined tasks, methods of solving problems.

Tepmun 3a7a9a COMPOBOXKIAET HAC TOBCIOLY: OT €XKEeIHEBHBIX OBITOBBIX CH-
Tyanuii 10 npodeCCHOHATBHBIX, CONMATBHBIX, HAy4YHBbIX B Apyrux. Obmenpu-
HATON TPAKTOBKM CAMOIO IIOHATUs HE CPOPMYIMPOBAHO /IO CHX IIOP, OJHAKO
KayK bl 4€JI0BEK BBIIE/ISET B JTIO0O0M 33/1a9€ YKE U3BECTHBIC BETUUUHDI WU OT-
HOIEHUsT MeK1y HuMuU (ycjioBue) u TpeboBanue (BbIPayKeHO HEPEJIKO CIOBAMU:
JIOKA3aTh, HANTH, BEIYUCIUTH, IIOCTPOUTH, 0OOCHOBATD U T.II.). 3aMETHM, YTO U3
KOMILTIEKCA JIAHHBIX BEJIUYMH B yCJIOBUYM 33Ja9W OJHY WM HECKOJBKO BEJNIWH
MOKHO 3a(PbUKCHPOBAThH, & JAPYIUMe MEHSATH, HAOI01asd IPKU TOM 33 M3MEHEHHEM
XapakTepa OMUCAHHOTO B 33Ja9e TPOIECCa, a TAK¥KE CPABHUBAS MOJIYYaeMbIe
orBerhl. IIpu 3TOM 331a4a CTAHOBUTCS 3a/a4ell B MOJHOM CMBICJIE ITOrO CJIOBA,
TOJILKO B TOM CJIydae, KOrJia TOT, K KOMY OOpallleHa JaHHasd 33/a49a, IPUHUMAET
€e W OCYIIECTBJISIET BCE HEOOXOIMMBIE NEHCTBUS sl BHINOJHEHNST TPEOOBAHUS
3aza4u (periaer ee).

Bce cymecrByonume Bu/ibl 33,124 B TON UM MHOW MEpe OKa3bIBAIOTCS BOC-
TPEOOBAHHBIMU YEJIOBEKOM HE TOJIBKO B y4eOHO, HO U B MpOdeCCHOHATbHON
JIeATEIbHOCTH, a MOTOMY OOLIME MOAXObl K DENIEHUI0 3a0a9 KaXK/blii 00sd3aH
HE TOJBLKO 3HATH, HO M YCBOMTH MX JI0 YPOBHS HABBIKA, 9TOOBI 3aTEM II€PEHECTH
obue paccy K/I€Husl ¥ NPUOOPETEHHBIN OIBIT PEIeHUsT HECTAHJAPTHBIX 331a4
B J100yI0 curyanmio. JIiobas u3 3a1a4 B cocraBe ycjoBus uiu TpeboBaHus Co-
JIEP’KAT HECKOJIBLKO KOMIOHEHTOB, KayKIbIi W3 KOTOPBIX MO3BOJIAET BHIIEIATH
KOHKPETHYIO CHUTYallUIO U3 MHOXKECTBA JPYIUX U OIEHUBATH €€ PE3y/IbTat.

O/HO3HAYHO ONpEIeJIeHHbIE 33/[a49U — 9TO 3aa4i, B KOTOPHIX 3a/[aH0 HEOD-
XOIUMOE M JOCTATOYHOE YHUCJO 3JEMEHTAPHBIX YCJOBHH sl YAOBIETBOPEHUS
rTpeboBanusiM. Pentenne Takmx 3ajad, KAK IPABUIIO, IIOIIUHAETCS OLPeIeIEH-
HOMY AJITOPATMY.

Esesmna Jlo6oes Hukosaeena, k.m.H., gonent, CI'CIIY (Camapa, Poccms); Lyubov’
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B meonrO3HAYHO ONpeIeNIeHHON 3a1a1u€e HeTb3sT YCTAHOBUTD OTHO3HAYHOE CO-
OTBETCTBUE MEXK/y MMEIOIIMMUCS yCJIOBUSIMU U TpeboBaHueM. B obyuennn ma-
TeMaTHKe TaKHhe 33/Ia9d CIIOCOOCTBYIOT PA3BUTHIO HEJIUHEHHOCTH W KPUTHIHO-
CTH MBINLIeHNS, (POPMUPOBAHUIO YMEHUsT HECTAHIAPTHO MOIXOINTH K PEIIeHUTO
AMEIOIUXCA IPOOIeM U YMEHHUs JIOTUIEeCKHA BBICTPAMBATD IEIIOYKY CBOHX Pac-
CYyZKIEeHUN.

AHaju3 MKOJbHBIX YIeOHUKOB MATEMATHKH TIOKA3BIBAET, YTO OHU COIEPIKAT
Bpojie Obl ocTarodHoe (Mopoil gazke u3bbITOYHOE) KOJIUYECTBO 33124, HA OCHO-
BAaHUHM KOTOPBIX YUIUTE/b MOXKET JeaTh MOAOOPKH K yPOKaM, OPHEHTHPOBAH-
HbIe HA Pa3Hble KJIACCHI, PA3HbIE TEMbI U HA Pa3HbIX ydamuxca. Ho ocHoBHast
Macca TPEeACTABJIEHHBIX 3a7a49, ¢ TOYKN 3PEHUs TMOJHOTHI W ONPEAEJIEHHOCTH
YCJIOBHSI, OJIHO3HAYHO OMpeeIeHbl. A Tak Kak GOJIBITHHCTBO 33144, Mpejiarae-
MBIX B y4eOHUKE U PACCMATPUBAEMBIX HA, YPOKAX — OJHO3HAYHO OMPE/IEIEHHBIE,
obydgaroruecs B OOJBIINHCTBE CBOEM HE 33 yMBIBAIOTCS O BO3MOXKHOCTH HEIIO-
CTATOYHOCTHU, U3OBITOYHOCTH W IMPOTUBOPEUYMBOCTH yCJIOBHUs, IMOTOMY 9UTO, KaK
MPaBUJIO, B 3a/1a9€ UMEETCS POBHO CTOJIBKO YCJIOBHUI, CKOJIHLKO HEOOXOMMMO st
BBITIOJTHEHUST TPEOOBAHMSI.

3aaun ¢ mapaMeTpaMu — 9YaCTHBIN CIIydail HeJI0OnpeaeeHHbIX 3a1a4. Jleii-
CTBUTEJIbHO, B YDABHEHUU IIOMUMO IIEPEMEHHOI COZep:KuTCa ere ojaHa (umu 6o-
Jlee OJIHOIT) HeM3BeCTHasl BeinduHa — napamerp. s Toro, 4robbl peimTh Takoe
ypaBHEHHE HEOOXOIUMO HANTH KOPEHDb yPABHEHUS JJisi KAK/I0I0 3HAMEHU ITON
nepeMeHHOM.

B mporecce obyueHus IMKOJBHUKOB BAaXKHO CHAYa a pa3padoTaTh OOIIYIO
KOHIIEIIIAIO BKIOYEHHS 337349 C IMapaMeTpaMu B y4eOHBIH KypC MaTeMaTHKH,
a 3aTeM HAMOJTHUTH KAXKIBII pa3fesl COOTBETCTBYIOMINMA 3aJaHUIMMU.

Hamnpumep, st mKogAbHAKOB 6 — 7 KJIaCCOB 1EIECO00PA3HO IPE/ITararh Ta-
KHUe 33/1a4H.

1) Onpezenure 9UCI0 KOPHEH ypaBHEHHUS:

20 +7=5—-2x;2x +7=5+6x —4x;2x +7=14: 2 + 2x.

2) HazoBure BO3MOXKHBIE YHCJIOBble 3HadeHUs KOIDODUIMEHTOB M U N B
ypPaBHEHHH M - & = N, 9YTOObI yDAaBHEHUE MMEJO: OJUH KOPeHb; Oojiee OIHOTO
KOPHH; HE UMEJIO KOPHEH.

3) CocraBbTe U peruTe 3a/1a49y Ha OCHOBE 33/JAHHOTO yPABHEHMUS.

4) Jauo ypaBHeHue oTHOCHTE/IbHO . Hanuimure ypaBHeHHE, KOTOPOE MOJIY-
gurcd npu a) m= 3; 6) m = -3; 8) m — 0,8; r) m :% ; 1) m=0.

B caenyromux ksaccax MOXKHO IPe/JIaraTh YYallUMCH PEIIaTh Pa3IndIHbIe
ypaBHeHHsI, B TOM 4ucje cojepxkamue mnapamerp. Hanpumep, mano ypasnenue
OTHOCHUTEJILHO TIEPEMEHHOI X, B KOTOPOM TIEpEMEHHAs & TPUHUMAET JII00bIe J1eii-
cTBUTEIbHBIE 3HAUeHUs1. OTIpeeTe 9uC/I0 PEIeHnii ypaBHEHUs B 3aBUCUMOCTH
OT 3HAYEHUI mapameTpa a.

B nasbmeiiem, ¢ nosBiieHuEM B IIIKOJIBHOM KYPCe MATEMATHKN HOBBIX BHIOB
yPaBHEHUI ¥ HEPABEHCTB, I1€J1eCO00PA3HO CTABUTDH IIEPEe]l MIKOJbHIUKAMU T€ K€
BOIPOCHI U MPEIJIaraTh aHAJIOTUYHBIE 33JaHUsT, YTOOBI CIIOCOOCTBOBATE CHCTEMA~
TU3AIUU 1 0OOOIIEHUIO MTPUEMOB U METO/IOB DEITIeHNs YPABHEHUN 1 HEPABEHCTBE.

Cpenn MeTOOB pereHns BCEX MEPEINCTICHHBIX 33/1a9 MOXKHO BBIJIEIUTD /IBA:
AHAIMTHYECKHIT U Tpadudeckuii. 3ameTnM, 9To rpadpudeckuii MeTo uMeeT mpe-
WMYIIECTBA [I€Pe]T AaHATIUTUIECKUM B TOM, UYTO B IIPOIECCE UCCJIEIOBAHNS 3a/1a4-
HOH CHUTyanuu Mbl C HOMOIIbLIO0 IPAGMHUKOB XOPOILIO IIPEJACTABJIAEM Ty CHTYALMIO,
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KOTOpas OMMCAHA B JaHHON 3amade. IIpn 3TOM ocTaeTcs IHUITh AaHATUTHYIECKN 3a-
MHCATh OTBET K 331a4€. I paduku 3aBuCHMOCTEN, OTPAXKAIOIINX YCAOBHS, MOXKHO
CTPOUTH B pazaudHbix cucremax Koopauaat XOV mwim XOA.

BazkHO OTMETHTDb TaKzKe HEKOTOpbIE OOLINe CUTYAIMK, [IO3BOJIAOINE YIIPO-
CTUTh JAHHOE B YPAaBHEHUHU WJIM HEPABEHCTBE YCJIOBHE 4Y€pe3 BBEJEHHUE BCIIO-
MOTATEJILHOM MepeMeHHOM Wi (DYHKIMH, TOTIA PEIeHre 33a9i 3SHATNTEIHHO
yopoiaercs. [lociie mpoBeaeHHON 3aMEHbI B TAKUX 33/1a9aX HEPEIKO MOy IAI0T
KBaJIPATHLIA TPeXdieH, U 3a4a49a CBOAUTCI K UCCIAEIOBAHUIO 3TOMO TPEXUICHA.

Hpyrum HampapieHreM (pOPMHUPOBAHUS y IIKOJHHUKOB CIIOCOOHOCTH K aHa-
JIM3Y 3aJIa49HOI CUTYalMKu U BbIOOPY IIyTH PELIEHHs SBJIMIOTCI TaK HA3bIBAEMbIE
MHOTOBAPUAHTHBIE MJIAHUMETPUYECKHE 3a0a9d (MBI UX TaK¥Ke OTHOCUM K HEOJI-
HOBHAYHO OIIPEJIEIEHHBIM 33[a9aM ).

W cHOBa mpuX0aUTCS KOHCTATUPOBATH AEMUIUT, & WHOTIAA UM OTCYTCTBUE B
IIKOJIbHBIX YYeOHMKaX 3a/1ad, IIPeIIloaralollnX HEeOJHO3HAa4HbIi orBer. IIpu
sroM B 3amanus EI'D cocrasurenn Bxiaodaror nomobnble 3amadu. HamonHurb
CoZepyKaHe yIeOHMKa HEOIHO3HAYHO OMPEIEIEHHBIMU 33JaYaMU JOCTATOUYHO
MPOOIEMATHIHO, XOTS W BO3MOXKHO, & 3HAYUT, METOIUCTHI W YUUTENsT OOS3aHbI
yIeIsTh BHUMAHUE STUM aCIeKTaM B mporecce obyuenus. C 9T0ii mes1bl0 MOXKHO
HCII0JIb30BAaTh 33/a4l U3 PA3JIMYHbIX COOPHUKOB, OO COCTABIATD UX CAMOCTO-
SITEJIbHO, OCOOEHHO Ha 3TallaX BBEJEHHUs HOBBIX TEOPETHYECKHX (PAKTOB M Ha
3Tale ux 000OIEeHUA U CUCTEMATU3ALUN.

Mo>KHO TOBOPHUTH O 33/la49aX C MapaMerpaMu B JTIIOOOM pa3zesie Kypca Ma-
TeMaTuKu. BaxkHO, 9TO0OBI yUIuTE s IEJIEHAPABIEHHO BBOIWIM TaKUe 33139
B y4eOHBIH MPOoIece u cOOMIOATNA BCe HEOOXOAMMBbIE TPEOOBAHUS K METOINKE
oby9IeHnsT UX PEIIeHnTO.
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SKOHOMETPUYECKUVE MOAEJIN 3ABI/ICI/IMOCTI£I
COINUAJIBHO-OS9KOHOMUNYECKUX ITOKA3ATEJIEU
PETTIOHA P® OT MHBECTUIINU B IIOPTOBVYIO
NHOPACTPYKTVYPY
H.A. 3aiiuukoBa
zajnaQyandez.Tu

VIIK 519.2

B crarpe npeacraBiieHbl pe3yIbTaTbl SKOHOMETPHIECKOTO MOIE/INPOBAHNS
3aBUCHMOCTH COIMAIBHO-IKOHOMUYIECKUX IOKA3aTeJell IIPUIIOPTOBOrO pe-
ruona Poccuiickoit Pereparum 0T UHBECTHUINI B TIOPTOBYIO MHGMPACTPYK-
Typy Ha ocHOBe maHHbIX Poccrara o 11 permonam 3a repuos 2010-2019 rr.
TlocTpoentbie Mome MOTYT OBITH MCIIOJIB30BAHBI JjIs IPOTHO3UPOBAHUST
BJIMSIHUS WHBECTUIINH HA TTOKA3ATE N SKOHOMUIECKOTO PA3BUTHS PETHOHA.
Karouesvie ca06a: perpecCHOHHbBIE MOJIEJIN, MOPCKOM MOPT, PEruOHAILHOE
pa3BuTHe

Econometric models of the dependence of the socio-economic
indicators of the region Russia from investments in the port
infrastructure
The article presents the results of econometric modelling of the depen-
dence socio-economic indicators of the port region of the Russian Feder-
ation from investments in port infrastructure based on the Federal State
Statistics Service data for 11 regions for the period 2010-2019. The con-
structed models can be used to predict the impact of investments on the

indicators of the economic development of the region.

Keywords: regression models; seaport; regional development

IIpoGemMbl ONEHKN BAUSHASA TPAHCIOPTHO-TIOTHCTHIECKON MHMPACTPYKTY-
PBI HA PErHOHAJIBHOE PA3BUTHE TPAJUIIMOHHO PACCMATPUBAIOTC B HAYYHOM Jiv-
reparype. OmHaKO, BONPOCHI O CYINECTBOBAHMM M BUJIE 3aBUCUMOCTU MEXKJLy
Pa3BUTHEM TIOPTOBOM MHMPACTPYKTYPHI U MPUJIETAONIEN TEPPUTOPUN HA CErO-
JTHSIITHAN 1eHb OCBEIIEHBI He JTOCTATOYHO MosiHo. B [1] mpuBomsdTcst ocHOBHBIE
MOJIXO/TIBI K OIEHKE BIIUSHUSA MOPCKUX TIOPTOB HA SKOHOMUYECKUN POCT PErvOHA.
BuiBombl 06 0COOEHHOCTSAX BIUSHUASA PASA COMUATBHO-9KOHOMUIECKAX (DAKTOPOB
HA KCIOPT U UMIOPT MOPTOBOrO pernona P® Ha ocHOBe aHAIM3a ITAHEJbHBIX
JTAHHBIX PACCMOTDEHBI B [2].

s anagm3a cobpanbl mganuabie PemnepasbHON CIy»KOBI TOCYIAPCTBEHHON
craructuky (http://www.gks.ru/): nanuble 06 MHBECTHIHSX MATH MOPCKUX TOD-
roB Poccun (Bosbuioit nopr Cankr-Ilerepbypr, Mypmanck, Ouss, Hosopoc-
cuiick, Bocrounblit); crarucruyeckue nanubie 06 oGbeMe 3KCIOPTa U UMIIOPTA,
JIOJIe 3QHATOTO TPYAOCTOCOOHOTO HACEIEHUS W YPOBHE MPOKUTOYHOTO MUHUMY-
Ma B 11 mOpPTOBBIX U OJIM3/IEKAIIUX K TIOPTaM pernoHax 3a mepuos 2010-2019 rr.
Perunonpr, mo KOTOPBHIM MPOBEIEH aHAIN3: TePPUTOpHs Bosbinoro nopra CaHkT-
[Merep6ypr oxsareiBaer r. Cankt-Ilerepbypr, Jlenuurpasackyio u Bomorogckyro
obstactu; Teppuropusa mopra MypmaHcK oxBarbiBaeT MypMaHCKYIO 00JIaCTh U
Pecuybuiuky Kapesnuo; reppuropust nopra Quisi oxBarbiBaeT ACTpaxaHCKyO U

PaBora BeimosiHeHa npu dbuHaHCOBOH noaaep:kke POOU (mpoekr Ne 19-510-23001)

Baituukosa H.A. k.¢p.-m. H, nouent, PI'AOY BIIO "Camapckuil rocyapcTBeHHbIR S9KOHO-
mmaeckuit yamsepcurer” (Camapa, Poccus); Nadezhda Zaychikova (Samara State University
of Economics, Russia)
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Bosrorpazackyto obmacru; reppuropus noprta Hosopoccuiick oxBarsiBaer Kpac-
momapckuit u CTaBpOMOIbCKHIT Kpail; TeppuTopus mopTa BocTounbrit 0XBaThI-
Baer IIpumopckuit m XabapoBCcKuit Kpaii.

B kadecTBe dpakTOPHOI IEpEMEHHOI, BIUIIOIIEH HA H3MEHEHNE TIOPTOBO WH-
dpacTpyKTypbL ¥ COIUATBHO-9KOHOMUYECKUX LIOKA3ATE el HOPTOBLIX PETMOHOB,
B34Ta, MEPEMEHHAs, ONMUCHIBAIOIIAs 00HEeM WHBECTUIIUN TO TPYIITaM MOPTOBBIX
peruonos P® B myn. py6. (In). Pesynbrarusubie npusnaku: skcnopr (Export),
ummnopr (Import), auciaennocrs pabogeit cusbt (LaborForce), yposens 3ansaro-
CTH, BEJINYUHA TIPOXKUTOTHOIO MUHUMYMAa HA JIYILY TPYAOCIOCOOHOIO HACETEHUS
3a 2010-2019 roubil. B nannbix upeobiasaor abcoaoTHbIe 3HadeHus (UCKIII0Ye-
HEUE COCTABJIAET yPOBEHb 3aHATOCTH, B %). B pabore nCmonb30BaInch METOIBI
MaTeMaTUYECKON CTATUCTUKU U SKOHOMETpUKY. AHajim3 u 06pabOTKa, CTATUCTH-
9eCKOit mHMOpMAIUY TPOBOIUIUCH C UCIOIb30BAHIEM ITAKETA, TPUKJIAIHBIX TTPO-
rpamm Gretl u cpexcrs Microsoft Excel.

Jljisi  OIEHKH CYIIECTBEHHOCTHM BJIMSHUS WHBECTHIMHA HA  CONUAJIBHO-
-9KOHOMWYECKUE TMOKA3ATEeJIM PErMOHOB OBLIM  MCIOJB30BAHBI  METOIBI
KOPPEJIAINOHHO-PETPECCHOHHOTO AHAJIN3a U HeJuHEHHbIX Momeseii. [1o uroram
aHAN3a PA3JIUYHBIX PErPEeCCHOHHBIX MOeeil ObLIn OTOOpAaHBI  JIydIlne
U3 HAX B CMBIC/IE CTATHCTHYECKOTO KAYeCTBA U OMUCATETHHON CIOCOOHOCTH.
Huzke mpuBogTCs pUMeEpPBI JIy9InX MOJEJEH Pa3InIHbIX BUIOB.

1) Xabaposckuii Kpaii:

Import = 1245,880 — 0,247In + 1,978¢(—05) * In®>, R? =0, 843;

2) Pecniy6inka Kapemus: Import = 592,366—50,11791n(In), R? = 0,690;
3) Bosrorpajickas o61acTh:
Import = 104,932 x exp(0,001041n), R? =0,622;

4) CraBpouoJbcKuil Kpaii:

Export = 781,883 + 0,213In — 3,051e(—05) x In®>, R? =0, 664;

5) Ipumopckuii Kpait: Export = 2272,670 + 0,550In, R? = 0, 369;
6) Pecrry6mmka Kapemms: Export = 1316,190 — 0,132In, R? =0,657;
7) Xabaposckwuit kpait: Labor Force = 752,327 —0,004142In, R? = 0,837,
8) Mypmanckas 06/1aCThb:
LaborForce = 490,713 — 0,04804In + 9,197¢(—06) * In?, R? = 0,622;

9) BosrorpaJickas 06/1aCTb:
LaborForce = —66,460 + 1,156In — 2,394e(—04) * In?, R* = 0, 746.

JIjisT ©TOTOBBIX MOZEJIENl BBIMTOJHEHBI YCJIOBUS CTATUCTUYECKON 3HAIUMOCTH
OIIEHOK KO3 DUIMEHTOB, CTOAIINX TPU MEPEMEHHBIX, 10 KpuTepuio CThIOmeHTa,
3HAYMMOCTH MOJIEH B 1esioM 110 Kpureputo Pumiepa-Crenexopa (or 1 % o 10%
YPOBHS CTaTHCTUYECKON 3HAYUMOCTH), U IIPOBEPEHO BbIIIOJIHEHUE YCJIOBUIl TEO-
pembr Iaycca-Mapkosa. it ycrpaHeHus MOCTEICTBUNR T€TEPOCKETACTHIHOCTH
MCIOJIb30BAHBI POOACTHBIE CTAHIAPTHBIE ONMMOKH.

B pesymbprare mcciemoBanus MOATBEPKIEHA 3aBUCAMOCTD IKCIIOPTA, UMITOP-
Ta U YUCJIEHHOCTH pabodeil CUIbI PErMOHa OT WHBECTHUIWH B MOPTOBYIO WHOPA-
CTPYKTYPy. XapakTep MOJy9YeHHBIX PErPECCHOHHBIX 3aBUCUMOCTEH OTIMYaeTcs
[0 PErHOHAM B CJIEJICTBUE 3HAYUTEIHHBIX OCOOEHHOCTEH PA3BUTUS SKOHOMUKHU
PErHOHOB W PA3/INYMil B XapaKTepe U CTPYKTYPE WHBECTHUITHIA.
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NCIIOJIB3OBAHUWUE AKTUBHBIX ®OPM 1 METO/J10B
OBYYEHUA HA YPOKAX MATEMATUKU, KAK CPEJICTBA
JOCTN2KEHWS IIJIAHNPYEMBIX PE3VYJIBTATOB
M.E. UBanmwok, T.B.CuaybaeBa
wanyuk.maria@yandez.ru

YIK 372.851

Kparkas annoranus: B crarbe mpuBeseHbl mpuMepbl aKTUBHBIX (HOPM U
MEeTO/IOB, KOTOPBhIE MOYKHO WCITOJIH30BATE JJIs JOCTUKEHUS TIIAHUPYEMBIX
pesysabratroB ®I'OC OO0

Karuesoe cao6a: METOIUKA OOyUEHHST MATEMATHKW, aKTUBHBIE (DOPMBI
o0y ueHust

The use of active forms and methods of learning in the lessons
of mathematics as a means of achieving the planned results
Short abstract: The article provides examples of active forms and methods

that can be used to achieve the planned results of FSES LLC

Keywords: teaching methods of mathematics, active forms of teaching

Maremarwka Kak 00Ie00pa30BaTeIbHbBIN yIeOHbIH MpeaMeT 00a1aeT 00JIb-
IITUM BOCITUTATEIHHBIM, 00PA30BATEIHFHBIM U PA3BUBAIOIINM TTOTEHIIHAJIOM. BHO-
cuT GOJIBINON BKJIAJ B PEIEHHE MOCTABIEHHBIX mepes Kool 3aa4d. [Ipomecc
o0ydeHUs MATEMATHKE B IKOJIE CTPOUTCA HA y9eTe WHIUBUYyATbHBIX OCOOEH-
HOCTEH y4daluxcsd, UX UHTEePecOB U CKJIOHHOCTEH.

B coBpemennoe obpasoBanue, OMpeIesiss OCHOBHBIE 33a9W TPHU MOATOTOB-
Ke 00yYaloIIerocs, B MPUOPUTET HAJ HAOOPOM HEOOXOMMMBIX 3HAHUN, yMEHU
¥ Ka4IeCTB, CTABAT YMEHUs MPUMEHSITH MOJIyIE€HHbIE 3HAHUS B HOBBIX CHTYAIlU-
SIX, B YCJOBHUSAX CAMOCTOSITENIbHOM YKU3HU, a TAKyKe YMEHUS HECTAHIAPTHO MbIC-
JINTh, AHAJIM3UPOBATH M API'YMEHTUPOBATH CBOIO TOYKY 3peHus. Jljis perneHus
MMOCTABJIEHHBIX 33734, TpeOyoTcs 3 dekTuBHbEe (hOPMBI OpraHu3aIum 00pPa3o-
BATEJILHOTO TTPOIECCA, HOBBIE MEJATOTHYECKNE TEXHOJOIHH, AKTUBHBIE METOIbI
o0ydeHusi, TaK KaK TPAJUIIMOHHOE PEIPOIYKTUBHOE O0YI€HNE OTBOIUT TACCUB-
HYO POJIb YYEHUKAX U HE MO3BOJISIET MOJHOCTHIO PACKPBITH WX ITOTEHITHAI.

OcuoBoit peanuzanuu PenepasbHOrO rocyIapCTBEHHONO 0OPA30BATEIHLHOTO
CTaH/APTAa OCHOBHOI'O ODOIIEr0 00PA30BAHUS CIIY2KUT CUCTEMHO-/IEATEIbHOCTHBII
noaxon. Ha ceroguantauii 1eHb TJIABHOW IEJIHIO TeJarora, ABJISETCs CO3TaHue
COIMAJILHO-IEIATOTMYECKHUX YCJIOBHI /1Jisi CyObeKT-CYOHEeKTHOIO ODINEHHST MeK-
JIy yIaCTHHKAMU 0O6PA30BATETHLHOIO MPOIIECCa, CIIOCOOCTBYIOIIEr0 JIHIHOCTHOMY
Pa3BUTHIO 00YYAIOITUXCsI. BOIIPOC AKTUBHOCTH JTUIHOCTH B OOYYEHUH — OJWH U3
AKTYAJIbHBIX B 0OPA30BATEbHON IPAKTUKE.

AKTUBHBIE METOIBI OOYUYEHUST — 3TO METOIBI, KOTOPhIE CTUMYJIUPYET Y yda-
IIUXCA AKTUBHYIO MBICJUTEIbHYIO W MPAKTUIECKYIO AEATEILHOCTH B XOIE U3Y-
qeHnsi y9eOHOro Marepuaja. B ocHOBE COBpeMEHHOro OOydeHHs — CHCTEMA Me-
TOJIOB, HANPABJIEHHAS HE HA U3JI0XKEHHE YYUTeIeM TOTOBBIX 3HAHWUM, WX 3aI10-
MUHAHUE ¥ BOCIPOU3BEIECHUE, & HA CAMOCTOSTEIHLHOE OBJIAJCHHUE YUAIMMUCS

Usaniok Mapus EBrenbeBna, K.II.H., JOIEHT Kadheapbl MATEMATHKH U METOIUKH 00yte-
uus, CaMapcKuil TOCYJapCTBEHHBIN coluanbHo-nenarorndeckuii ynusepcurer (Camapa, Poc-
cus); Maria Ivanyuk (Samara State University of Social Sciences and Education, Samara,
Russia).

Cunybaepa Tarbsna  Bukrtopoena, CaMapCckuil roCcyJapCTBEHHBIH  COIUAJIBHO-
nenarormdeckuii yuusepcurer (Camapa, Poccus); Sidubaeva Tatiana (Samara State
University of Social Sciences and Education, Samara, Russia).
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3HAHUSMY ¥ YMEHWSMH B MPOIECCE AKTUBHON MBICJUTEIBHON U MPAKTUIECKOMN
JIeSITeIbHOCTH.

AxTuBHBIE METOIBI OOy YEHUS CTPOSITCS MO CXEME B3AUMOEHCTBUS «yIUTENb
- yuenuk». OHU NPENOIAraIOT PABHOZHAYHOE YIACTHUE [TEJAr0ra u 00y 4atoIero-
csi B y4e0HOM HPOIIECCE, TO eCTh, 00y YaloNuecs BbICTYIAIOT KAK PABHBIE y4acT-
HUKJ W CO3/ATENU YPOKA.

Wnesi akTMBHBIX METOIOB ODydYeHHMsI B Temaroruke He HoBa. [lpusnakm ax-
TUBHBIX METOJIOB O0yUYeHUs:

— aKTHBHOCTH OOYYAIOMUXCs COXPAHIETCS HA MPOTIKEHUH BCEro y4ebHOro
porecca;

— CaMOCTOSITEIbHAS MOCTAHOBKA WM MOWCK PEITeHUI OCTABIEHHBIX 3314,

— BBICOKAsi MOTHBUPOBAHHOCTD K OOYJIEHUIO.

AKTUBHBIE METO/IBI OOyUYEHUsI CTPOATCS: HA IUAJIOTAX, T MPOBOIUTCS CBO-
GOHBIN 0OOMEH HIeIME O BO3MOXKHOCTH BBIXOJA U3 CHUTYAIMU; HA MPAKTHIECKOMN
HAIPABJIEHHOCTH, UIPOBOM JIEHCTBUM U TBOPYECKOM XapakTepe oOydeHus; Ha
KOMMYHUKAIIMH MEXKIY YIACTHUKAMU ODOPa30BATEIHHOrO MPOIECCA; HA, PUMe-
HEHUU 3HAHWI U OMBITA 0OYYAIOIINXCS, WHAWBUIYAJIHHON (GOpMe OpraHu3aiunu
uX pabOTHI; AEATETHHOCTHOM IOIX0e K 00YIEHHUIO.

IIpu BBIOOpE AKTHBHBIX METOIOB OOy I€HNSA B OCHOBHOII IIIKOJIE CJTEIYET PYKO-
BOJICTBOBATBCS CJIEYIONIUMU KPUTEPUAMHE: COOTBETCTBUE 33149 MOCTABIEHHBIM
LEJISIM;

— COOTBETCTBHUE MPUHIIUIIAM ODYUEHUS MATEMATHUKE;

— COOTBETCTBUE CONEPXKAHUIO M3y4aeMOil TeMbI II0 MaTeMaTHKe B OCHOBHOM
IITKOJTE;

— COOTBETCTBUE BO3MOXKHOCTSIM OOyYaeMbIX - UX BO3PACTY U MCUXOJOTHYE-
CKOMY DPa3BUTHIO;

— COOTBETCTBUE YCJIOBUSIM U BPEMEHU, OTBEJIEHHOMY Ha 00y JIeHUE;

— COOTBETCTBHUE BO3MOXKHOCTSM IT€Iarora.

1 MOTMBAIIMY U TIOBBIMIEHUS 3AMHTEPECOBAHHOCTH 00y JAIONINXC B MaTe-
MATHKE HEOOXOIUMO CTUMYTUPOBATH AKTUBHYIO TO3HABATEILHYTO JIESITETLHOCTD
HA MPOTS?KEHUU BCErO yPOoKa. AKTUBHOCTH O0YYAIOMIEroCcs MPEeXkK e BCero obec-
MEYUBAETCS IEJICHATTPABIEHHBIM U MAKCUMAJIbHBIM UCTOJIb30BAHUEM MEIATOTOM
Ha, YPOKE CJIEAYIONNX 3adauuii: chopMyIupyit onpenesienne, J0KaXK M, 00bsICHH,
BBIpAOOTAl aJIbTEPHATUBHYIO TOYKY 3PEHUS U TOMY m0100H0e. JIomoTHUTEIbHO,
MeJIArOr MOYKET HCIOJIB30BATh MPUEMBbI [0 HCIPABJIEHUI0 «HAMEDEHHO CIesTaH-
HBIX» OMMOOK, (POPMYTUPOBAHUIO U PA3PAOOTKE 3ATAHUMN 1 YIAITHXCS.

ITo wroram u3ydeHus Hay4IHO-METOIUIECKON JIUTEPATYPHI U HPAKTUIECKUX
MPUMEPOB MBI MPUIIIN K CJAEIYIOMINM BBIBOJAM: TPUMEHEHUE AKTUBHBIX METO-
JIOB 00ydYeHrsT HA YPOKAX MATEMATUKHU OKA3bIBAET MOJIOKUTEHHOE BIIUSHUE HA
yUeOHYI0 eATeNbHOCTh W Ha MOBbIeHne Moruaiuu yaenus. CoBepuieHCTBY-
0TCS KOMMYHUKATUBHBIE YMEHUsI OOydJaroInuXcs BO BCEX BHJAX y4eOHOM Jesi-
TEJIbHOCTH, YMEHUE [JIAHUPOBATH CBOE PEYEBOE M HEPEUYEBOE TIOBEJICHUE, DA3BH-
BAIOTCSI KOMMYHWKATHBHBIE HABBIKM, PA3BUBAETCS KOMIIEHCATOPHAS KOMITETEH-
nusi. PazBuTne o0mMUX U CenuaIbHBIX YIeOHBIX YMEHUH MO3BOJISET COBEPIIEH-
CTBOBATH yI€OHYIO IEATEHHOCTD W MO3HABATEIbHBIX MHTEPECOB.
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HEPABEHCTBA TUIIA BOPA 1N OIIEHKU
KOPPUIMEHTOB OTPAHUYEHHBIX AHAJINTUYIECKUX
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Hawmu mosmywenoo obobuienne kjaaccudeckoil Teopemsl Bopa. B katectse
IPUIOKEHU TOJIyI€H aHAJIOT TeopeMbl Bopa myist 06006méHHbIX OmrepaTo-
poB Yezapo.

Karoueswvie caosa: HepaBeHCTBO Bopa, paauyc Bopa, cBépTka, rumepreo-
merpuueckne dyuknun [aycca, 0606ménnse oneparopsl Hezapo

Bohr type inequalities and estimates of the coefficients of
bounded analytic functions
In this work we prove a generalization of the classical Bohr theorem.
As an application, we obtain a counterpart of the Bohr theorem for the
generalized Cesaro operator.
Keywords: Bohr inequality, Bohr radius, convolution, Gaussian hyperge-
ometric functions, generalized Cesaro operators

Yepes B o0603HAMMM KjIacC AaHAJINTHYECKHX oOrobOpaxkemmit f(z) =
S n
Yor g anz", 3agannbx B equandHoM kpyre D = {z € C : |z| < 1} u Taknx,
qro |f(2)] <18 D.
Coruacuo Teopeme Bopa [1], mia dyukumii f € B mepaBeHCTBO

o0
Z lan|r™ <1
n=0

BBINIOJTHSAETCS TIpH 7 < % Koncranra % Ha3bpIBaeTcs paaunycom Bopa. Xoporro
U3BECTHO, 9TO OHA HE MOXKET ObIThb yJIydIIeHA.

IMycrs {pk (1)}, — mocren0BaTeIHLHOCTL TAKINX HEOTPUIIATETBHBIX HETpe-
poiBHbIX (yuxmii B [0, 1), 910 psix Y po o @k (r) CXOAUTCS JTOKAIBHO PABHOMEPHO
oraocuTenbho T € [0, 1).

Crnenyiomas Teopema — ecrecTBeHHOe 0600menne pesynbrara bopa.

y Y-

Teopema 1. ITIycmo f € B, f(z) =3 i arz® up € (0,2].

Ecau @o(r) > 2357 @r(r), mo ewnosnaemea credyrousee nepasencmeo:
0 D k=1 ’

By(e,p,7) = lao[Po(r) + > larler(r) < @o(r) ans meex r < R,
k=1

Patora Karomosa I1.P. u Xammarosoit J.M. BBIIOSHEHA B PAMKAaX IPOIPAMMBI PA3BUTUS
HayYHO-06pa30BaTEILHOIO MATEMATHIECKOTO IteHTpa [IpHBO/IZKCKOro (eepalbHOro OKpyra
(morosop Ne 075-02-2020-1478).
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2de R — MUHUMAALHOLT NOAOACUTNEALHBILT KOPEHbL YPABHEHUA

o0

B cayuae, ecau @o(x) < (2/p)> pey vr(x) Ha nexomopom unmepsane
(R, R+ ¢), wucao R ne moorcem Guumsv yaywueHo.

Eecau o (x) (k > 0) — 2aadkue dynxyuu, mo nocieduee ycaosue IK6uea-
AEHTMHO HEPABEHCTNBY

Omneparop Yesapo mopsaaka « s anagutudeckoit B D dyukuun f(z) =
Y e arz”® onpenensiercs caenyiomum obpasom (cu. [2]):

cfx) =Y (AjH ZAg_kak> o,

n=0 " k=0
Amagiorom Teopemsr Bopa st oneparopa de3apo nopsaIKa o SBJISETCS CJie-
AYIOIIUI pe3ysIbTar.
Teopema 2. ITycmo f(z) =Y poarz® € B and a > —1. Tozda

oo

. a7
Cf(r)g(a+1)zn+a+1:ra+1/o 1—tdt s r < R,

n=0
20e R = R(a) — MUHUMAALHOLT NOAOHCUMENLHOLT KOPEHD YPABHEHUA
S n o0
T 2 a+1-—2n
3(1 = €. — " =0.
( +Q)Zn+a+1 1—z =% Zn—l—a—i—lx

n=0 n=0

Yucao R neavsa samenums wa 66AbWY0 KOHCMAHMY.

B pabore Tak:ke npuBeieHbl OneHKU, Bepuble g r € [0, 1), u npeacrasis-
IOIMe Pe3yJIbTaThl, AHAJIOTUYHbIE TeM, YTO ObLiu 10Jy4eHbl B crarbe [3]. dus
HATJIAIHOCTH MTPOU3BEIEHDBI PACUETHI IJIS CIy4as o = 1 v HaliIeH mpuMep, moKa-
3BIBAIOIIHI, HACKOJBKO TOYHA, TIOJYyUYEHHAs OIEHKA. [Ipyu MOCTPOEHUN MpUMepa,
OB NCIOJIB30BAH METO] PEIeHHsI, IPUBEJAEHHBIN B pabore [4].
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MATEMATUYECKOE MO,Z[EJIHPQBAHHE KOJIEBAHU
BETPOSHEPTETUYECKOU YCTAHOBKU
A.C. KupcanoBa, B.A. Cob6oJieB
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PaboTa mocesiesa uccjie 1I0BaHII0 JUHAMAYECKOM MO/ I KOJIeOaHuii BeT-
POYHEPTETUIECKON YCTAHOBKY, KOTOPAs OMMCHIBAETCS OBICTPO—Me€ IJIEHHOMN
cucremoii. Ha ocHOBe MeT01a MHBapUAHTHBIX MHOr0OOpa3uil ncc/ie10BaHa,
IVWHAMUKA, MO/IEJIN.

Karouesoe ca06a: MATEMATHIECKOE MOJIE/IMPOBAHNE, OBICTPO-MEJIEHHAS
JAHAMAYeCKad CUCTEMa, BeTPO3HEePreTudeCcKa yCTaHOBKa, METO MHBAPU-
AHTHBIX MHOT006pa3nit

Mathematical modeling of oscillations of a wind power plant
The work is devoted to the study of a dynamic model of oscillations of a
wind power plant, which is described by a fast-slow system. The dynam-
ics of the model is investigated on the basis of the method of invariant
manifolds.

Keywords: mathematical modeling, fast-slow dynamical system, wind
power plant, method of invariant manifolds

Bazkmeiimuit pecypc coBpeMeHHOro mupa — 3ueprus. I3-3a Toro, 94To 3K0J10-
ruvYecKue mpobsieMbl CTAHOBATCS BCe DOJiee OCTPHIMU, BO BCEM MUPE UIET AKTUB-
HOE Pa3BHUTHUE AJIBTEPHATUBHON YHEPreTHKH, B YaCTHOCTU BeTpOdHepreruku. B
CBSI3U C 9TMM AKTYAJbHON HAYJIHO-TEXHWIECKOW 3a/aadeil siByisiercs 3hdexTun-
HOE MCIIOJIb30BaHUE BETPOBOT'O MOTEHITNAJIA, KOTOPas 3aKJII0YaeTCa He TOJIBKO B
VIAY4IIeHNN adpPOJNHAMUYECKUX XapPaKTEPUCTUK BETPOIHEPIeTUUYECKUX YCTAHO-
Bok (BOY), B yBesimyeHun n1pou3BoUTESbHOCTH, HO U B ONTUMU3AIUY [IPOLECCA,
ylIpaBJleHud paclpeesieHus 3HepreTuIecKuX MOIIHOCTeH.

B mammoii paboTe MpOBOAUTCS MaTEMATHIECKOE MOIETMPOBAHNE KOJIEOAHMIA
B3Y.

Wcxonnas moesns npeacrasiser coboit nuddepeHuanbHy 0 CUCTEMY C IBY-
Msi OBICTPBIMU ¥ OJIHMM ME/IJIEHHBIM YPABHEHUSIMU:

JQU = —kI + M(Q),
LI =kQ— (R+ 7)1, (1)

R=¢F(Q,1,R),

rae J — MoMmMeHT wHepruu, L — WHIyKTUBHOCTH, | — TOK, () — yrjoBas CKO-
poctb, R — BHemnrHee conporuBienne, M — MOMEHT a3POAMHAMUAIECKUX CHJI, TIa-
pamerp k omnpesesisercd 3a1aHHbIM MArHAUTHBIM IIOJIEM, I XaPAKTEPU3yeT MaJjioe
BHyTpPEHHEe COMPOTUBJIEHNE. 3/IeCh TOYKA 03HAYAET MPOU3BOIHYIO IO BpEMEHN t,
€ — MaJIblii TIOJIOKUTE/IbHBIN Tapamerp. Pyuxmus M () 3amaerca rpadukom,
TIpeICTaBJIEHHBIM HA PUCYHKE 1, MOJyIeHHOM Ha OCHOBE IKCIEPUMEHTATHHBIX
JTAHHBIX.

Pabora BeimosiHeHa npu dbuHaHCcOBOH noanepkke PH® (mpoext Ne 21-11-00202).
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ve

Puc. 2: T'padux byuxkuuu M ()

MeromamMmu Ka4eCTBEHHOI'O UCCIIEI0BAHNS, B OCHOBE KOTOPBIX JIE2KUT [€OMET-
pudecKkast Teopust MHBAPHUAHTHBIX MHOTO0OPAa3uil, M3ydeHa AWHAMWKA DPEITeHuit
ObIcTpO—MeIeHHOl cucTembl (1). Pe3ybrarsl YHCIEHHOTO UCCIIEN0BAHNS MO~
TBEP/UJIN [1OJIyYeHHbIe BBIBOJIBL.
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MHOTOITAPAMETPUYECKOE PA3JIO2KEHUWE YUNJIBbAMCA
KAK OVH N3 9PPEKTUBHBIX METOJ0B MEXAHUKN
PA3PVYIIIEHUA
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Pabora mocBsimieHa OMMCAHUIO IPUMEHEHUs pa3joxkenus M.Ywuabamca B
MeXaHHUKe Pa3pyLICHH.

Karouesvie cnosa: pazinoxenue YUIbsiMCA, MEXAHUKA PA3PYIIEHUA.

The multiparametric Williams expansion as one of the effective
methods of fracture mechanics

The work is devoted to the application of the M. Williams expansion in

fracture mechanics.

Keywords: Williams expansion, fracture mechanics

[pemoxentnoe M. YuabsaMcoOM OMUCAHWE TOJIS HAIPSIYKEHWH B OKPECTHOCTH
BEPIIHUHBI TPEITUHBI TOCPEJICTBOM ACUMIITOTHYECKOTO PA3JIOKEHUS ABJISETCS OJI-
HAM U3 [IAPOKO HCIOJB3YEMBIX METOIOB PEIIeHUsT 3379 MEXAHUKW Pa3pyIie-
aust. M. Yuibgamc ucmosib30Bas (pyHKIUIO HAPSKEHUH, TPEICTABIEHHYIO B BU-
e pasyoxenns B s 10 cobersennbiM Gynkmuam x(r,0) = . fi(0)ri, rae
fi(0) m A\; — cobereennpie byHKIMKM W COOCTBEHHBIE 3HAYEHWS] COOTBETCTBEH-
HO, a , 0 — MOJIApHBIE KOOPAUHATHI. B 3TOM Cly94ae KOMIIOHEHTHI HANPSIKEHUH
UMEIOT CJIeAYIOINI BU,

2 [e's)
oii(r,0) =3 > a™ M (O)rE, (1)

m=1k=—oc0

rJle MHJIEKC M B KPYTJIbIX CKOOKax orBevaer Tuily Harpyzkenus dyukuu (m = 1

COOTBETCTB =2 (m) (g
yeT HOPMAaJIbHOMY OTPBIBY, M = 2 [OLEPEYHOMY CABHLY), Thi j( )

ABIAIOTCS YHUBEPCAILHBIMA YTJIOBBIMU (DYyHKIIUSAMHA, & AMILIATYIHBIE KO3hdhu-
IIUEeHTHI a;m) YUATHIBAIOT MHOXKECTBO KPAaeBBIX 3a7a9 MEXaHWKHU pPa3pyIIeHust
(reomeTpuio 06pa3ua U CUCTEMY HAIDY30K).

ITepsbie nBa ciaraembix s paga Yuubsamca (1) gocrarodHo npocro oupe-
JIETIAIOTCA W CYIIECTBYET GOJIBITIOE KOTUIECTBO AHAINTHYECKAX PENTeHnii, MoTy-
YEHHBIX MOCPEICTBOM PA3JIOKEHUS Y UIbAMCA, [IJIsT PA3JINIHBIX 00pPA3IoB ¢ Tpe-
muaamu. OTHAKO B psizie 9KCIEPUMEHTABHBIX W TEOPETHIECKHUX pador [1-3], mo-
KazaHa HeoOXOIUMOCTh ydeTa OOJIbIIero Yucja cjlaraeMbIX, YTO B JefCTBUTe b
HOCTH SABJISIETCA TPYIHON 3amadeii. MacmTabHbIe MHOKATEIN alim) MOTYT OBITH
OIIpEIe/IeHbI PA3HBIMU Criocobamu: 1) 9KCIEepUMEHTANBHO; 2) TEOPETHUIECKH; 3)
YUCJIEHHO C MOMOIIBIO METOIA KOHEYHOTO deMenTa. Vicmonp3osaame MeToaa (ho-
TOYHOPYTOCTH MPUBOJUT K CHCTEMe HeJIMHeHHBLIX ainrebpamdecKuX ypaBHEHUIA,

peliierre KOTOPOil B Ciiydae OOJIBIIONO KOJIUYIECTBA YIEPKUBAEMBIX CIArAEMbIX
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B aCUMIITOTHYECKOM DPA3JIOKeHun M. YUIbaMca HATATKUBAETCS HA CYIIECTBEH-
HbIE MaTEeMATUYECKHe TPYIHOCTH. [109TOMYy HEOOXOAWMBIM MpPEIBAPUTEIHHBIM
11aroM sBJfeTcd OIEHKa YHUCiIa 4JI€HOB PdAjla, KOTOPYI0 MOXKHO IPOBECTH Ha
OCHOBE aHAJIM3a PA3JIUIHbIX KOHbUrypauuil wacTu ¢ rpemunamu [3].
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HBI TPEIIUHBI I [IJIACTUHBL ¢ DOKOBBIMI HAIPE3AMU: TEOPETUTIECKOe HCCIIeOBAHIE U
BbraucauTesbHbI sxkcuepument// Becrauk Camapcekoro yrusepcurera. 2(2018). —55-

66.
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SKCIIEPUMEHTAJIBHOE I KOHEYHO-9JIEMEHTHOE
OITPEAEJIEHUE ITAPAMETPOB MEXAHUKUA
PA3BPYIIEHUA ITPU NCIIOJIB30OBAHUN METOJA
DOOTOYIIPYTOCTHA
A.B. MupoHosn
maronov.sanyok2015Qyandez.Tu

YK 517.518

IIpumenenue meroga GOTOYUPYroCcTH [1Jisi BBIMUCIEHUs PiAa PACUETOB,
9TOOBI MMETHh XOPOIIne, HAmbOJIee YIOBJIETBOPSAIONINE HAC JAHHBIE TIO
9KCIIEPUMEHTAJBHOMY OIPEJIEJIEHUI0 [aPAMETPOB MEXAaHUKU Pa3pyliie-
uus. Vcuonb3oBanue BblYUC/IEHU, KOTOPbIE Obliau 1IpoBejeHbl B Simulia
Abaqus 119 cpaBHEHUsI C Pe3yJIbTaTaMM YKCIIEPUMEHTA.

Karoueswie crosa: Mmeron (pOTOYNPYrocTH, MEXAHUKA pa3pyIIeHus, KOdd-
dbuKMeHTH UHTEHCUBHOCTY HAIIPAXKEHUS

Experimental and finite element determination of fracture
mechanics parameters using the photoelasticity method
Application of the photoelasticity method for calculating a number of cal-
culations in order to have good, most satisfying data for the experimental
determination of the parameters of fracture mechanics. Using calculations
that were carried out in Simulia Abaqus for comparison with experimental

results.
Keywords: photoelasticity method, fracture mechanics, stress intensity
factors

B pmamnoit pabore Obuin moydeHbI KO3 DUIMEHTHI MHOTOIMapaMeTpuie-
CKOTO DAa3JIOXKEHUsT pPsga YUIbsIMCA JJIs TIOJIsT HANPSKEHU B OKPECTHOCTH
TPEIIUH TPIMOYTOJBHON TJIACTUHBI C JABYMs TOPHU30HTAJIBHBIMU HAIPE3aAMHU C
HCIIO/Ib30BAHUEM METO/Ia KOHEYHO-3JIEMEHTHOrO anaan3a.OmHuM u3 OCHOBHBIX
MOIAPUIAIMOHHO-ONTUYECKUX METOIOB, KOTOPBIA YACTO MPUMEHSIIOTCS JJIs U3y~
YeHUsl HAIPSKEHHO-I1e(POPMUPOBAHHOIO COCTOAHUS O0pa3la SABJIAETCH METOZ,
doroynpyroctu. BeuIN MTPOBEIEHBI PACYETHI IKCIEPUMEHTATHHOTO OTIPEIETIEHUS
mapaMeTpoOB MEXAHUKHU PA3PYIIEHUs C TOMOIIBI0 MeToaa GpoToynpyrocTu. duc-
JIEHHBI JKCIEPUMEHT BO3MOXKEH IIPU WCIOJIb30BAHUN KOHEYHO-IJIEMEHTHOTO
pacuera ¢ IepeornpeIeieHHbIM MeTomoM. JIisa uccmeamyeMoro obpasiia ObLT BbI-
MOJIHEH PsiJI, 9KCOEPUMEHTOB UCnoJb3ys maker Simulia Abaqus. Bermosasiiocs
MO/IEJIMPOBAHKUE TPEIIUHbI C [IOMOIIBI0O MEeTO[a KOHTYPHOro umurerpasa. llpu
CPaBHEHWM PACITUPEHHOTO METO/a KOHEYHOTO JIEMEHTA C METOIOM KOHTYPHOTO
WHTErpaJjia , 0Y4eBUIHO , YTO METO[ KOHTYPHOIO WHTErpaja cjoxkuee. B To xe
BpeMsI MeTO[ KOHTYPHOIO WHTErPaJia JAeT BO3MOXKHOCTH BBIBECTH KOMITOHEHT
TEH30pa HAIPSKEHHUH , MOJIMH mepemerennit u gedopmaruii, T-Hanpskermit
u kodddunuent nareHcuBHOCTH Hanpskenwit. B Simulia Abaqus mogenupyer-
C TMyTh B BUJE OKPYKHOCTU MO TOYKAM. B BepiimHe TpENUHBI 33JaeTCs Ha-
qaJj10 KoopauHAT. s GOJIBIITIOr0 KOJIMYECTBA, TOYEK, KOTOPhIE PABHOYIATEHHBI
OT BEPINWHBI TPEIWHBbI ObLIN BBIBEIEHBI 3HAYEHUS TPEX KOMIIOHEHT TEH30pa
HANPSKEHUH ¢ MOMOIIBI0 KOHETHO-3JIEMEHTHOro aHau3a.CucreMa ypaBHeHHil,
KOTOPYIO MbI [OJIy4aeM, sBjsgercs nepeonpenenennoit. s momydenus Oosee
KAYECTBEHHBIX PE3YJIbTATOB YPABHEHWII B CHCTEME MHOTO OOJIBIIE W3BECTHBIX,

Mupouos Anekcangp Biaumuposud, acuupant 1-ro roga, Camapckuit yausepcurer (Ca-
mapa, Poccus); Mironov Aleksandr (Samara University, Samara, Russia)
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9eM HEeW3BEeCTHBIX. Ha/l0 TpUMEHSTHh TOYKHU, PACIOJIATAIONINECS HA PASTUIHOM
PACCTOSHUY OT BEPIITIHBI TPEITUHBI, UCIIOIb3Ys JaHHBIE HECKOJIBKIX KOHIIEHTPU-
YeCKUX OKPYxKHOCTEH. AropursM ObLI BBIIOJIHEH € IIOMOIIBIO makera Maple. ITo-
Ka3aHO CPABHEHUE PEe3YJIbTaToB KOI(DMUIMEHTOB MHTEHCUBHOCTU HANPSIKEHUI
u T-nanpskenuit B nporpaMmMuom komiuiekce Simulia Abaqus ¢ pesysibraramu
TTPOBEIEHHOTO YKCIIEPUMEHTA , TIOKa3aHo moctpoenne 2D Momenn B 1ist mostyte-
Hust K09 DUIUEHTOB UHTEHCUBHOCTY HanpsKennit u T-nanpsikennit. Koadbdu-
[IAEHTHI PA3JIOXKEHUS PAIa Y MIbAMCA UMEIOT XOPOIIYI0 TOYHOCTb.

JIutepaTtypa

1. Aytollahi M.R., Nejati M., Ghouli S., The finite elementover-deterministic
method to calculate the coefficients of crack tip asymptotic fields in anisotropic planes
// Engineering Fracture Mechanics,(2020)- V.231-106982.

2. Vivekanandan A., Ramesh K., Study of interaction effects of asymmetric cracks
under biaxial loading using digital photoelasticity // Theoretical and Applied Fracture
Mechanics,(2019)- V. 99.-104-117.

3. Jobin T.M., Khaderi S.N., Ramji M., Experimental evaluation of the strain
intensity factor at the inclusion tip using digital photoelasticity // Optics and Lasers
in Engineering, (2020)-V. 126. ~105855.

4. Ramesh K., Pandey A., An improved normalization technique for white light
photoelasticity // Optics and Lasers in Engineering, (2018)- V. 109. — P. 7-16.

5. Sastkumar S., Ramesh K., Applicability of colour transfer techniques in Twelve
fringe photoelasticity (TFP) // Optics and Lasers in Engineering,(2020) — V. 127. —
105963.
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TEOPEMA THUIIA IIDMNJIN-BUHEPA-IIIBAPITA .
JAJId OJHOT O KJIACCA YJIIBTPAPACIIPEAOEJIEHNN
n.X. Mycun
musin_ildar@mail.ru

YK 517.5

B Tepmunax mpeobpaszosanus Pypse-Jlanmaca GyHKIMOHAIOB IOy I€HO
ONKMCAaHWE HOBOTO KJIACCA Y/IbTPAPACIPEIEsIeHUN C HOCUTEJEM B 3aMKHY-
TOM HEOTPAHWYEHHOM BBIMYKJIOM MHOYKECTBE MHOTOMEDHOTO BEIIeCTBEH-
HOT'O IIPOCTPAHCTBA.

Karoueswe caosa: ynbrpamuddepennupyembie GYHKIUN, TyaJIbHOE TIPO-
cTpaHCcTBO, npeobpazosanue Pypoe-Jlamtaca Gyunknuonamos, rosomopd-
uele GyHknnn, npeobpazosanne FOura-DPemnxemns

Paley-Wiener-Schwartz type theorem
for a class of ultradistributions

A new class of ultradistributions with their support on an unbounded
closed convex set of multidimensional real space is described in terms of
the Fourier-Laplace transformation of functionals.

Keywords: ultradifferentiable functions, dual space, Fourier-Laplace trans-
formation of functionals, holomorphic functions, Young-Fenchel transform

IIycts C' — OTKPBITHIN BBIMTYKJIBIH OCTPBIl KOHYC B R™ ¢ BEepHINHOI B HavaJe,
b — BBINyKJIasi HEMIPEPBIBHAS TIO3UTUBHO OAHOPOaHAs crenenu 1 dyukius wa C.
[Mapa (b, C') onpejesisger 3aMKHYTO€E BBIILYKJIOE€ HEOIPAHUYEHHOE MHOXKECTBO

U={£eR": —(&y) <b(y), vy e C}.
Bayrperuocts U HemycTa u COBIAIAET C MHOXKECTBOM
V={¢eR": —(&y) <bly), ¥y e C}

a 3aMbIKanue V' ecTh MHOXKeCTBO U.
Mycrs H = {h }$5_ 1 — cemeiicTBo BbinyKabix GyHKuuii by, : R — R rakux,
a0 A Jiroboro m € N:

i1). b (x) = b (J21], - - -y |znl), £ = (21,...,2,) €R™;

i2). cy:kenue h,, Ha [0,00)™ He yObIBaeT MO KasKJIOH MEepeMeHHOII;
h

i3). () = +00;

z—oo |[|z|
o0

i4). CYLIECTBYIOT YHCIA Y, > 0 U 8y, > 0, mpuaéM Y 0§y, = 00, TaKHE, ITO

m=1

hon () = hg1 () > 0, - ij — Ym, T = (T1,...,2,) € [0,00)";
j=1

i5). sup (hm41(a+ B) = hm(a)) < 0o ms moboro B € Z7 ¢ |f] =1,
€Ll

i6). KakoBO Obl Hu 66110 k € N cymecrsyer gucio | = I(m, k) € N rakoe, uro

Z exp(hmsi(a+kB) — hp(a)) < o0,

Q€LY

Mycur Unppap Xamurosud, g.¢.-M.H., IHCTUTYT MAaTEeMaTHKH C BHIUUCIATEIHHBIM IIEH-
tpom YOUIL PAH (Vda, Poccus); Musin Ildar (Institute of Mathematics with Computer
Centre of Ufa Scientific Centre of Russian Academy of Sciences, Ufa, Russia)

65



rme B=(1,...,1) € Z%.
V'm € N onpezenum npocrpatctso &, (U) C°(U)-byukuuii f, 1/ KOTOPbIX

(DA @A + flelh)™

Pm(f) = sup
m ) seViaery ehm (@)

[Iycrs E4(U) = ﬂ Em(U). Hagenum E3(U) rTonosorueil mpoeKTUBHOrO mIpe-
m=1

pena npoctpancts En, (U).
ITpeotpasopanne FOura-Penxenst bynkunm g : R™ — [—o00, +00] ectb GyHK-
st g* : R™ — [—00, +00], onpeziesisieMas o MpaBHILy

g (z) = yselﬁl((x, y) —g(y)), z € R

g kaxgoro m € N onpenenum GyHKIUIO
om(2) = hi(In™ |z1], ..., InT |z,]), 2= (21,...,2,) € C™.

Iycts Ay 3(Tc) MHAYKTUBHBIHA IpeIesT IPOCTPAHCTB

f(2)
eb(lmz)"ﬂpm(z)(l + 1 )m <o

Apn(Te) = {f € A(Tc) : | fIl,, = sup
2€T, )

C

Baecs A(Te) — upocrpancrso rosomopdubix GyHkumil B 1pybuaroii obiacru
Te =R"™ +4C, d(z) — paccrosiaue ot Touku z € Te 10 rpasuns Te.
ITpeoGpasosanue @ypne-Jlamnaca dyuximonana @ ua Ey(U) ectb dynkuus
B(z) = B(e62)), 2 € Te.
Yepes &5 (U) obosnaunm cuibHOe conpszkennoe s npocrpancrsa Ex (U).
Teopema 1. Omobpascenue L : & € £5,(U) — b YCMAHABAUBAET, U3OMOD-
dpusm meacdy E5,(U) u Ay 3 (Tc).
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MATEMATNYECKAA MOJIEJIb BBITECHEHU A
TEIIJIOHOCUTEJISA N3 ITOA3EMHBIX ITOPUCTBIX
PESBEPBYAPOB
JI.A. HacbeipoBa
NasyrovaL@yandex.Tu

VIIK 517.518

Ha ocHOBe 3aKOHOB COXPAHEHU I[IOJIyI€HA M UHC/ICHHO PeAIM30BAHA MO-
JAeJIb HalrHeTaHnA XOHO,ZLHOﬁ KHUAKOCTU B IIOPUCTYIO Cpeay, 3all0/JTHEHHY IO
B MCXOJHOM COCTOSTHUHW TOPAYUM TTapoM (BOJIOH ), KOTOPAdA TTO3BOJIAET PAC-
CMOTpPETh THUIPOJNHAMHUYECKHE U TeIIOMU3NIECKHUe IPOIECChl, IPOTeKa-
IOIIe B IOPUCTOM Cpede MPU BBITECHEHUN TEIJIOHOCUTEJIH.

Kamouesve caosa: dbuaprpanus, neperpersii map, BOJa, TEIIONEPEHOC,
¢da30BbIE TIOBEPXHOCTH

Mathematical model of displacement of the coolant from
underground porous reservoirs

On the basis of conservation laws a model of cold liquid injection into a
porous medium filled with hot vapor (liquid) in the initial state is obtained
and numerically realized, which allows one to consider hydrodynamic and
thermophysical processes occurring in a porous medium when displacing
the coolant.

Keywords: filtration, superheated vapor, liquid, heat transfer, phase sur-
faces

ITpoGiiema 106BIYM OrPOMHBIX 3AIACOB HKOJOIMYECKU YUCTOrO ChIpbs (ro-
psvas BOZA, Hap), aKKyMYJMPOBAHHOIO B IOJ3EMHBIX PA30IPETHIX MOPUCTHIX
reoTepMaJIbHBIX Pe3epByapax, MPUBEIA K HEOOXOIAUMOCTH CO3AAHUS HAIEIKHBIX
CXeM PACYeTOB, MO3BOJISIOMIUX OIEHUBATH TEIIOPU3NIECKUE [IPOLECCHl DU W3-
BJIEUEHUH ITOTO CHIPbHSI.

PaccmarpuBaemast MOJETh TPEIIONIATAET, YTO /I HarnboJIee MOJTHOTO U3BJIe-
YEHUS TEILTOHOCHUTE ST U3 TOA3€MHOr0 BBICOKOTEMIIEPATYPHOIO PE3epByapa co-
3IAETCST UCKYCCTBEHHAS UPKYIAINUOHHAS CHCTEMA TIOCPEICTBOM 3aKAYKK BOJIbI
B HAIPEThIE MPOHUIIAEMbIE MOPO/IbI, BCJIEJACTBUE YEr0 IPOUCXOAUT BbITECHEHUE
TerioHocuTeNst (ropsiuasi BOJA, map) K JOOBIBAIONINM CKBAYKUHAM.

Jljis onrcaHus TPOIECCOB (DUIBTPAIUN U TEJIOMACCOIEPEHOCA TTPU 3aKAUKE
BOJIbI B TIOPUCTYIO CPEY UCIOJb3YIOTCS YPABHEHNS COXPAHEHNS MACC [IJIsT BOIBI
u napa, 3akon Japcu, ypaBaenue 6ajanca Temia (B CraHAapTHLIX 0003HAYEHUAX

[1]):

a(mp;) N
T—’—T 5(7" mpl‘/l) —07 (1)
k Op
i — T T 4/ 2
mV; 1 Or (2)
T orT 0 0T
arn + mPiCz‘ViE =r 5(7‘ A ar ), (3)

rue ¢ = I, v (obo3Havyenue | OTHOCUTC K BOJE, 0003HAUEHHE I — K mapy).

HaceipoBa Jlana AxmeroBHA, K.(D.-M.H., ZOIEHT, YhDUMCKUH TOCYLAPCTBEHHBIH ABHAIM-
oHHBIH TexHHuecKuil yHusepcurer (Yda, Poccusa); Nasyrova Lyalya (Ufa State Aviation
Technical University, Ufa, Russia)
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s mapa mpumem ypasuenne Knaiinepona-Mengeneesa
D
— = 4
Pv R,T’ PL = Pio, ( )

roe p; (i = s7l,u) — miorHoctu a3, p u 1T — JaBjeHwe W TEeMIeparypa, m —
TOPUCTOCTH, R, — ra3oBas MOCTOAHHAS, HUKHWI WHIEKC 0 COOTBETCTBYET 3HA-
YeHUAM [apaMeTpPOB JJId HA9aJbHOI'O HEBO3MYIIIEHHOIO COCTOAHUA.

ITocramoBka 3ama9n MPEAIOIAraeT, ITO MPHU 3aKAYKe BOIALI B TOPAYIHIl I1aCT
¢az0BbIE TTEPEXOIBI MOJHOCTHIO IPOUCXOAAT HA (PPOHTATHHON MOBEPXHOCTH,
pazzaensiomeii obsacTu HACBIMEHus BOgoil m napom. Ha stoit moBepxHOCTH
T = T'(s) BBIMOJHSIIOTCS] COOTHOIIEHNS, CIIEYIONINE U3 3aKOHOB COXPAHEHNUSI

mpl(VZ - 7;'(s)) = mpu(vu - 7;'(8))’ (5)
oT .
{)\ar = mpll(Vy — ’I“(S)), (6)
. d
rae 7(5) = Z(t” , | — ynenpras Temmora Ga3oBOro nepexona, KBaJapaTHbie CKOOKH
BBIPAYKAIOT CKAIOK )\‘?)—z Ha TMOBEPXHOCTH (HhA30BOI0 MEPEXOIA, & HUKHUN HHIEKC

(s) — 3HaYeHMs IAPAMETPOB HA TON I'DAHUIIE.

ITocsie npeobpaszosanuii ypasuenuit (1) - (6) ¢ yyerom 3aaHHbIX HAYAJIbHBIX
U TPAHUYHBIX YCIOBUH TOIYUYEHBI CUCTEMbI YPABHEHUN OTHOCUTEIHHO TEMTIepa-
TYpbl W JABJIEHUs B 30HAX (DUJIBTPAIMK BOIABI U Mapa, a Takyxke Ha (PPOHTE
dazosoro mepexoma. KpaeBasi 3a/mada perieHa 9UCICHHO, YTO MO3BOJIUJIO MO-
JIy9UTh PEIICHUs I PACIHpeNeSeHrs TeMIEPATyp U JABJICHU B 00eHX 30HAX
duabTpanym.

[Tosrygennnie kpuTepun, MO3BOJSIONINE B 3aBUCAMOCTH OT BHIOPAHHBIX Ha-
YaJIbHBIX U TIJIACTOBBIX YCJIOBUH OMPENE/IUTh PEXUM (DUIBTPAINN, 0D0OIIAI0T
pesyiabrarsbl paborst [2]. ITokazaHo, 9TO /7151 BBICOKOMIPOHUIIAEMBIX CPEJI OIPeie-
JIFIONLYI0 POJIb MI'PAET KOHBEKTHUBHBIA IEPEHOC Teria ([IPOMCXOAUT UCHAPEHNE
HarHeTaeMOoii BO,ILI)I), a /1714 HU3KOIIPOHUIIAEMON OPUCTON CPelibl OIIPEIeJIAIOIIEt
ABJIETCS TEIIONPOBOAHOCTD (LIPOMCXOAUT KOHJICHCALMS 11apa).

JIureparypa
1. Jledibenson JI.C., [IBuxKenue TpUPOAHBIX KUIAKOCTEH U ra30B B MOPUCTON cpeie.
— Mocksa: OT'I13, 1947.
2. Illazanos B.II., Pazmamyasun HU.P., Hacviposa JI.A., TunpoquaaMudeckue u
TEIJIOBBIE TIOJIs B TOPUCTOM Cpesie Py WH2KeKImu meperperoro mapa // Mss. PAH.
Mexanuka x)ujakocru u rasa. 4:4 (2005), 113-126.
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O KOPPEKTHOCTU OJHOTO HEJIOKAJIBHOTO AHA.T.[OEA
SAJAYN KOIIIN-TVYPCA JISd CUCTEMBI YPABHEHUU
BUITAA3E—JIBIKOBA
E.H. Oropognaukos, E.FO. Apnanosa
eugen.ogo@gmail.com, earlanova@gmail.com

YIK 517.956

Paccmorpena cucrema n BBIPOKJIAIONUXCA TUMEPOOIMIECKUX yPABHEHUN
Tuna ypaBuennd Bunanze—JIbikoBa. VI3BecTHO BinsHUE CIEKTPa MAaTDU-
1Bl K03 GUIMEHTOB IpU MJIA Il IPON3BOIHON HA KOPPEKTHOCTD ITOCTa-
HOBOK 3asauu Komu—TIypca: mist MaTpuiibl npocToil CTPYKTYPbI, CIIEKTD
KOTOPO# npunasyexxur orpesky [—1,1] B 3agauax Komn—Typca ¢ pan-
HBIMU HA JII000i TPAHNTIHON XapaKTePUCTUKE 00IACTH CYI[ECTBOBAHUS pe-
menus 3ana49u Komm orcyrcrByer equacTBeHHOCTD pemenus. O6ocHOBaHA
KOPPEKTHOCTh HEJIOKAJIHHOTO aHajora 3amaun Komu—I'ypca ¢ ycaoBusamnm
tuna Bunanze—Camapckoro, B caydae, Korga agredbpandeckast KDaTHOCTD
CcOOCTBEHHBIX 3HAYEHUM \; = £ 1 He COBIAJaeT C MX reOMeTPUIECKON KpaT-
HOCTBIO.

Karouesoe ca06a: CACTEMBI BBIPOXK TAIOMINXCST TUIEPOOINTIECKUX yPaBHE-
uuii, ypasuenune Buranze—/IbikoBa, 3amaua Komu-I'ypca, memokambuabe
KpaeBble 3a/ja4u, JApOOHOE MCUUCIIeHHE, Clienuabable (hyHKIu

Well-posedness of a nonlocal analogue of the Cauchy—Goursat
problem for the Bitsadze—Lykov system of equations
A system of n degenerate hyperbolic equations of the Bitsadze—Lykov type
equation is considered. The influence of the spectrum of the matrix coeffi-
cient with the lowest derivative on the correctness of the Cauchy—Goursat
problem is known: for a matrix with a simple structure and spectrum in
[—1,1] the Cauchy—Goursat problem with data on any boundary charac-
teristic of the domain of existence of the solution to the Cauchy problem
is not unique. The correctness of the nonlocal analogue Cauchy—Goursat
problem with Bitsadze—Samarskiy type conditions is justified.
Keywords: systems of degenerate hyperbolic equations, equation of
Bitsadze—Lykov type, Cauchy—Goursat problem, nonlocal boundary value
problems, fractional calculus, special functions

2 2
Paccmorpum B obnactm ) = {(:z:, y):0<z -4 <o+ %< 1} cucTeMy

nuddepeHnTnaabHbIX yYPaBHEHHIT
Y g, — u,, + Au, =0, (1)

rae u(z,y) = (ui;us;...;u,)? — BekTOp MCKOMBIX byHKIMI, A — MocToAHHAS
yucaoBas [n X n]-marpuna, cnekrp koropoit A(A) = {\;}, i = 1,n, cocrout u3s
gucen \; = +1, anrebpamdeckas KpaTHOCTh KOTOPBIX HE COBIAIAET C TEOMET-
pUYeCKOIl KPATHOCTDIO.

B sTOM ciydyae MOXKHO yKa3aTh HEBBIPDOXKIEHHOE MPeo0pA30BAHUE C MAT-
puneit T Taxoe, 9TO B KaHOHHYIecKOH ¢opme marpmuma Ay = T AT 6yzer

OroponuuxkoB Eprenmnit Hukomaeswd, n.d.-M.H., gouerTt, CaMapCcKuil rocygapCTBeHHBIH
rexuamueckuil yausepcurer (Camapa, Poccus); Evgeniy Ogorodnikov (Samara State Technical
University, Samara, Russia)

Apananosa Exarepuna FOpbesna, K.(.-M.H., qorent, CaMapckuil rocy1apCTBEHHBIH TeX-
mudeckuii yuusepcurer {Camapa, Poccus); Ekaterina Arlanova (Samara State Technical
University, Samara, Russia)
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saBnarbess marpuneit Ay = diag{Ey, —Fn, §+)7J7(L:) }, toe Ey = (d;;)

s—m—k
(ivj = ]-77]{)7 E, = ((5”) (27.7 =k+ 17 k+ m); JS(+)7 Jr(z:)s—m—k — KJIeTKHA }KOp—
JlaHa, OTBEYAIOIIe COOCTBEHHBIM 3HAYeHUAM \; = 1 1 \; = —1 COOTBETCTBEHHO.

B psage nyGiukaruii ¢ yd4acTHeM aBTOPOB HACTOsIIEH paboTbl (cm. OGubil.
crucok B [1,2]) cucrema muddepenimanbabix ypaBHeHuit (1) ¢ HHBOIIOTHBHOMN
MaTpuleil A NpuBOAUIACh KaK IPUMEP CUCTEMbI yPABHEHMI, [1J1si KOTOPOM B 3a-
magax Komm—I'ypca ¢ mamHbiMu Ha J1000# XapaKTEPUCTUKE, OrPAHMINBAIONIEH
00JIACThH CYITECTBOBAHMS pereHust 3aaadn Kori, oTCy TCTByeT enHCTBEHHOCTh
perernnsi. B pa6ore [3] 6bu10 MOKa3aHo, YTO MOTEPST €ANHCTBEHHOCTH B 3a/1a9aX
Komm—I'ypca cBsi3ana He ¢ MHBOJIOTHBHOCTHIO MaTPUYIHOrO Koddduipenra, a
C HAJIMYKMEM B CIeKTpe MaTpuilbl A cobcrBeHHbIX 3Havenuii A = 1. Iens na-
crosieil paboThl: BBIIEIUTH TAKUE KJIACCHI HEJIOKATbHBIX KPAEBbIX yCJIOBHIA, KO-
TOPbBIE 00ECHEYUBAIOT BOCCTAHOBJIEHUE €MHCTBEHHOCTH PEIIeHUs TON 3a/a49u B
Caydae YKa3aHHON BBIIIe MATPHUITHT A.

Xopormo u3BecTHo [4], uro mius cucrembl aud depeHnnaNTbHBIX YPaBHEHMH
(1) xoppekTHa o A mamapy 3amaga Komm B xnacce dbynxmmit u(z,y) € C(Q2) N
CH(QU(0,1)) N C?(Q) ¢ nauampubiv yeosuem u(z,0) = 7(z) u

u, (z,0) = v(z), (2)

rie z € [0,1], a BexTop-bynkmmu 7(x),v(x) € C[0,1] N C%(0,1).

B ycnoBusix orcyTeTBus euHCTBEHROCTH pernenns 3aaaa Komm—Iypea mo-
CTATOYHO CBA3ATH JIOOYIO XaPAKTEPUCTUKY € HEM3BECTHBIM 3HAYEHUEM HCKOMOTO
BekTOpa u(x, () ¢ MOMOIIBIO HEJIOKANBLHOTO YCIOBUS, HAIPUMED, TAKOIO BHIA:

A(z)u[©i(z)] = B(z)u(z,0) + H(x)uy(z,0) + c(z). (3)

rae O(z) = (£,/x), O1(z) = (12,1 — ). Pewenue HesokaibHoll Kpaesoit
3agaun ¢ ycaosueM (2) u yemosueM (3) mpu ¢ = 0 wnm ¢ = 1 naiineno B dopme
pemenns 3amadu Korrm.

B ycnosun (3) A(z), B(x), H(x)—cuemmambHbiM 06pa3oM momoOpaH-
HbIE CKAIAPHBIE (DYHKIINH, OIEPATOPBI APOOHOT0 HHTETPO-anddepeHITnPOBAHTST
uauM KoHcrauTbl, ¢(x) —wu3Becrublii BekTop. Bo Beex ciyuasx Bekrop T(r) =
u(x,0) = Tv(z,0) omHO3HAYHO OTpe/IeIIeH.
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MATEMATUYECKWE MOAEJIN HACJIEACTBEHHO
YIIPYTOTI'O TEJIA TIOPAOKA BOJIEE EJIMHUIIBI
E.H. Oropoauukos, JI.I'. Yaraposa
eugen.ogo@gmail.com, algluiza@gmail.com

VIK 539.313:517.968.72

Haiitensr aHamTHYecKrie pereHns 3aa9n O MOy YeCTH TPHU TOCTOSTHHO
JedcTByOmeil Harpy3ke g APOOHBIX aHAJIOTOB MAaTEeMAaTHIECKUX MOJIe-
JIell BA3KOYLIPYIOIO TeJia LOPs/Ka BbIlIE e€JuHUlbl. VICIo/Ib30BaH MeTo/L
CTPYKTYPHOTO MojeinpoBanus. Omnpemessioniue COOTHOIEHNST HANIEHbI B
unTerpabHoi popme. PaccMoTpeHHbIE MO IPUMEHEHBI IIPU ATIIPOK-
CUMALMU HKCIEPUMEHTAIbHbBIX JAHHBIX 110 PACTHAKEHHUIO [10JIMBUHUIIXJIO-
PUIHOTO ILJIACTUKATA, TIPEICTABICH METO WACHTU(DUKITUN TapaMeTPOB.
Karowesoie cA06a: BSI3KOYIIDYTOCTb, pOOHBIE WHTETPO-
nud dbepeHuaIbHbe YPAaBHEHNS, TAPAMETPUIECKasT NACHTU(UKAIIIST

Mathematical models of a hereditarily elastic body whose
order is more than one

Analytical solutions are found for the problem of creep under constant
load for fractional mathematical models analogs of a viscoelastic body for
which the order is higher than unity. The method of structural modeling
was used. The constitutive relations are found in integral form. The
considered models are used to approximate the experimental data on the
stretching of PVC compound, and a method for the identifying parameters
is presented.

Keywords: viscoelasticity, fractional integro-differential equations, para-
metric identification

B pa6ore [1], orrankuBagch OT CTPYKTYPHBIX MEXAaHUYECKUX MOJeJIel Bs3-
KOyLpyroro Teja u runoressl B. Bosbreppsl 0 naciencrsennoit yupyrocru [2],
M3y9€Hbl HEKOTOPBIE 9ACTHBIE CJTy9au OJHOMEPHOI 000OIEHHO POOHOI PeoJTo-
ruveckoii Mozenu [3]: momear Ckorr Bispa, npobrbre ananorn mozesneii ®oiix-
ta, Makceesna, KenbpBuna n 3eHepa. YKa3aH0, 9TO €CJIH B ONPEIeISIONEM CO-
orHommennr B. Bombreppsl, CBA3LIBAOIMMM HANpsKeHne U AedopMaIiuo Tea,
MPUCYTCTBYET WHTErPAIBHBIN OMeparop ¢ abeseBbIM SAPOM, TO BBIIIE TIEPednc-
JIEHHBIE PEOJIOTHYECKHe MOJEeIn OyIyT cOomepKaTh APOOHbIE MPOU3BOIHBIE Pu-
MaHa— JInyBu/IsT HA OTpe3Ke BpeMeHHOI ocu. [[jIsi BO3HWKAMIOIIWX B 33/1a9aX
MO/I3y49ecTr APOOHBIX MuddepeHna bHbIX YPABHEHN OKA3BIBAETCS KOPPEKT-
HO# OHOpOAHAS 3ada49a Ko OTHOCUTETBHO ONpeIeIEHHBIX JIUHEHHBIX KOMOU-
Haruit pyHKIEH HAIPSKEHU U 1eOPMAINH, 9TO TMO3BOJIIIO HAWTH U KCCIe-
JIOBaTh SBHBbIE PEIIEHUS 339U O3y YECTH JJId BCEX MEPEIUCIECHHBIX MOIeIeN.
OHu UCTTOTH30BAINCE IS PEIIEHUST 33a9HU MapaAMeTPUIEeCKON WIeHTH(DUKAIINN
¥ ANMPOKCUMAIMY PE3YIbTATOB IKCIEPUMEHTATHHBIX JAHHBIX MO PACTSIKEHUIO
HOJIMBHHUJIXJIOPUIHOTO MiacTukaTa [4].

OroponuukoB Eprenunit Hukomaeswd, K.d.-M.H., gouneHT, CaMapcKuil rocygapCTBeHHBIH
rexuamueckuil yausepcurer (Camapa, Poccus); Evgeniy Ogorodnikov (Samara State Technical
University, Samara, Russia)

Yuraposa Jlyunza lagunnesna, k.db.-M.H., accucrent, CaMapcKuil rOCYyJaPCTBEHHBIN TeXHU-
geckuii yausepcurer (Camapa, Poccus); Ungarova Luiza (Samara State Technical University,
Samara, Russia)
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PaccMoTpeHbr HEKOTOpPBIE CTPYKTYPHBIE MOIEIN BA3KOYIPYroro aedOopMu-
POBaHMS MATEPUAJIOB, MATEMATHIECKUE MOJE]N KOTOPBIX CBOAMJINCH K IPOD-
HBIM I depeHITnATbLHBIM YPABHEHUAM TOPSIKa OOIbIe eTUHUIBI. [losBaeHne
JIOTIOJTHATEJIbHBIX CBOOOIHBIX MAPAMETPOB B 9TUX MOJEISAX THO3BOJISIET JOCTUIh
60siee TOYHON aNIPOKCUMAIuU. Bbuin yKa3aHbL JBE TPEXIJIEMEHTHBIE MOJIEJIN.
[TepBas npescraBisier coboit TOCTEIOBATEIHLHOE COeTUHEHNE TPOOHOTO aHAIOTa
mojienn Doiixta ¢ sanementom CkoTT Biapa. Onpesesnsiomiee COOTHOIIEHNE JITIst
91O Momenu B auddepeHIuanbHoit popMe uMeeT BU,

mne Dy} Doie +n2E1Dgie = Ero + (m Dy +n2Dg¢ )o. (1)

Bropas,— cyTh mapasiesbHOe CoenHEeHre IPOOHOr0 anaaora moaenn Makc-
Besa ¢ anemenToM Ckort Baspa. Onpesensiioiee cCOOTHOMEHHE IS 9TOH MO-
JIeJTA 3AMUCHIBAETCS B BUIE

mne Dy} Doie + Ev(m Dy +m2Dgf e = Evo +m Dy o. (2)

B pasencrBax (1) u (2) € = e(t) — aedopmanus, o = o(f) — HaUpsIKEHHE;
E1, m, N2 — HEKOTOpPbIe HEOTPUIATENIbHBIE IIOCTOSTHHBIE BenInHbr; D, — ore-
parop apobuoro muddepennnposanus Puvana— JIuysusiig ¢ Hagaaiom B HyJI€,
ag, az € (0,1).

3amedeHo, 4TO J1I00ble BO3MOYKHBbIE KOMOMHAINK HI€AJIHHBIX YIPYTUX dJIe-
MeHTOB ¢ JByMs amemerTamu Ckort Bimpa OyayT mpuBOIUTH K ONpEIENIsio-
M COOTHOIIEHUSAM B auddepeHnaabHoi ¢popMe, MOPSII0K KOTOPBIX OOJIbIIe
eJMHUIIbL, HO He Gosibie AByX. [IpuBesieHO ompejiessonee COOTHOIMEHUE J1JIst
MOCIEIOBATEIHLHOTO COETMHEHNsT IBYX MPOOHBIX aHaIoros mojeneit doirxra:

771772Dgt1D8t2 + (EinDgtl + ElT]QDth)cf =+ EIEQE =
= (El + EQ)O' + (ThDgtl + ’1721)8‘t2)o'7

1 HaliIEHO pelleHre 33Ja49K O II0JI3yYECTH.

B nacrosimeit pabore 1OKa3aHO, 4TO ONPEAE/IOIUe COOTHOLIEHUS PEO0JIO-
TUYECKUX MOJeNell MOrYyT OBITh MOJIYYEHBI CPA3y B WHTErpPAIBbHON dhopMme. ITO
n30aBJIET OT HEOOXOIUMOCTH pernarh Aud depeHnraabHble ypaBHEeHUsT TPOOHO-
T'0 TIOpsiIKa, OOOCHOBBIBATH KOPPEKTHOCTD TOCTABICHHOM 331a49¥ C HAMAILHBIMI
JAHHLIMU ¥ 3KBUBAJEHTHOCTH PEAYKIMH K COOTBETCTBYIOIIUM HHTErPAJIbHBLIM
ypapHenusiM. Hajimdue onpenessiomux COOTHOLIEHHI B MHTErpasibHON (opme
MTO3BOJISIET CPA3y TMEPEeHTH K PEIEHNI0 33Ja9N PEOJIOTHIECKOTO 1ehOPMUPOBA-
HUsT HACJEICTBEHHO YIPYTrOro TEJa MyTeM TOCTPOEHUS PE30JbBEHTHI COOTBET-
CTBYIOIIETO MHTEIPAJIHHOIO YPABHEHUS UJIU €T0 UNCJICHHOTO PEIIeHMUS.
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PII-IBAPHAHTHOE MHOI'OOBPA3UE CO CMEHON
YCTONYNMNBOCTU B MOAEJIAX PEAKIITMOHHBIX CUCTEM
M.A. Ocumuyk
ostpchuk.mariya@mail.ru

VIIK 517.928

Jlannas paboTa COMEPKUT Pe3y/IbTATHI UCCIEIOBAHUS OHOTO KJIACCA IH-
HaMHUYECKUX MO,HeHefI B OCHOBE€ KOTODPBIX JIEKHUT pPeaKIud BeJIOyCOBa-
2Kaborunckoro. Ilosydensl ycmoBus CymiecTBOBaHAH HHBAPUAHTHOIO
MHOT000pa3usI CO CMeHO#t ycToitunBocTu. VlcceoBaHmne OCHOBAHO HA reo-
MeTPUIECKOM TOIXOTIE.

Karouesvie cA06a: CHHTYIsPHBIE BO3MYIIEHN, MHBADUAHTHOE MHOI000pa-
3Me CO CMEHOM yCTodamBOCTH, peakimsa bemoycoBa—2KaboTuHCKOTO

Invariant manifold with stability change in models of reaction
systems

The paper contains the results of a study for a class of dynamic models
based on the Belousov—Zhabotinsky reaction. The conditions for the exis-
tence of the invariant manifolds with a stability change are obtained.The
is based on the geometric approach.

Keywords: singular perturbations, gluing function, invariant manifolds
with a stability change, the Belousov—Zhabotinsky reaction

Teopus cUHTYIAPHO BO3MYIIEHHBIX CHCTEM TU(PDEPEHITNATHHBIX YPABHEHUH
YCIIEIITHO TMPUMEHSIETCS JIJIsT PEIIeHNsT MMUPOKOTO KPYra 330a49. DTO CBSI3AHO C
TeM, YTO TAKWE CUCTEMbI BO3HUKAIOT MIPU MOJIENPOBAHUY U UCCJIEIOBAHIT 00b-
€KTOB DA3INYHON mpupoabl. K d9uciy TpaaulmOHHBIX OOBEKTOB MPUMEHEHUS
METO/IOB BO3MYIIEHUS OTHOCAT AWHAMUYECKUE CHUCTEMbI C OBICTPHIMU W ME/I-
JIeHHbIMU 1lepeMenubiMu. st ux onucanust ucnonb3yior auddepennnatbube
CUCTEMBI, KOTOPHIE COAEPIKAT MAJIBIH TapaMeTp MPU YaCTH MPOU3BOIHBIX. Tax,
B MOJEIAX XUMUIECKON KNHETHKHU HAJUYINE MAJIOrO TMapaMeTpa CBS3aHO C TEM,
9TO B PEAKIIMOHHBIX CHCTEMAX OJHOBPEMEHHO ITPOUCXO/IAT PE3KO OTIMIAIOIINEC
1o cKopocTH nporeccs [1].

B pabore paccmarpuBaerca 3ajada MOCTPOEHUsT WHBAPHAHTHOTO MHOT000-
pa3usd CO CMEHOW yCTOMYMBOCTU JJId KJIACCa JUHAMUYECKUX MOJeJed B OCHOBE
KOTODBIX JIEKUT peakunsi Bemoycora-2KabornHckoro [2]. O6branoe mpemnoo-
JKEHUe TEeOPUU COCTOUT B TOM, YTO OCHOBHOU (DYHKIIMOHAJIBHBIN ONPEIE/UTENh
OBICTPOI MoICUCTEMbBI OTTHYeH OT Hyss. OJHAKO BO MHOTHX MPUKIATHBIX 3313~
9ax TO yCJIOBUE HAPYIIAETCSH, U BOSHUKAIOT PA3INIHbIE KDUTHIECKHE CUTYaluH,
HAIPUMED, HOABISIOTCH TpaeKTopuu-yTKu. COrlacHO reOMerpuyYecKoil TeOpuu
CUHTYJISIPHBIX BO3MYIIEHUI TPAEKTOPUIO-YTKY MOXKHO DACCMATPUBATH KAaK pe-
3yJIbTAT CKJIEMBAHUS YCTONYUBBIX W HEYCTONYUBBIX MEJIEHHBIX WHBAPUAHTHBIX
MHOrooOpa3uil B OZ/HON TOYKE IOBEPXHOCTU CPbIBa, (B KPUTUYECKOH TOYKE Ou-
dbypraimontoro nmapamerpa). C dbusndyeckoil TOYKU 3peHUs TPAEKTOPUS — YTKA
MO/IEJIUPYET KPUTUYECKHIT PEXKUM, PA3IEAIONINI [Ba OCHOBHBIX TUIA PEKUMA
XUMHUYECKON peakIuy — TMPOIEeCC ¢ MEJIJEHHOW JUHAMUKONW M TIPOIEecC C CaMo-
yckopenneM [1]. C ToUKH 3peHnst FeOMETPUYECKOIT TEOPUH CHHTYIISIPHBIX BO3MY-
IIIEH Ui, BEIOOPOM KPUTHUYIECKOTO 3HAUEHUS] CUCTEMBI MbI CKJIEMBAEM YCTONINBOE

Ocunmuyk Mapus Amarosnbesra, acmupant Camapckuii yausepcurer (Camapa, Poccus);
Osipchuk Mariia (Samara University, Samara, Russia)
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¥ HEYCTOWYMBOE MEJJIEHHbIE MHOTNOOOpA3ws B OMHOI TOYKE KPUBOU CPbHIBA, TO-
Jydad, TeM CaMbIM, HEIIPePBIBHYI0 TPACKTOPHUIO HUCCIIEeAyeMOU CUCTEeMBI, KOTO-
pad Iocjie y4acTKa JBUKEHUA 110 YCTOWYMBOMY Me€JIJIEHHOMY WHBAPUAHTHOMY
MHOTO00OPA3UIO MMPOIOJIXKAET [IBUKEHHE 10 HEyCTOMYIMBOMY MEIJIeHHOMY WHBA-
pHAHTHOMY MHOrooOpasmio. Pa3BuBasi 9TOT IOIX0/I, ObLIU IIOJIY9€HbI YCIOBHUS
CYIIIECTBOBAHUS WHBAPUAHTHOIO MHOTO00OPAa3Wsi CO CMEHOM yCTONYIMBOCTH st
OJTHOTO KJIACCA CHHTYIAPHO BO3MYIIEHHBIX CHACTEM, OINUCHIBAIOIIETO JUHAMAYE-
CKHe MOJe/IM PEAKIMOHHBIX cucreM. llocTopoena wHBapWaHTHAS MOBEPXHOCTD
CO CMEHOU yCTONYUBOCTH, HEJUKOM COCTOLAIIAA U3 TPACKTOPUI-YTOK.
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SKCHEPHMEHTAHBHOE n YUCJIEHHOE NCCJIEJOBAHUE
ITIOJIEUM HAIIPSIZKEHVU ¥V BEPIIINHBI TPEIIIUHBI B
JINMHEWHO VIIPYTI'OM MATEPUAJIE
.M. ITerpoBa
petrova_darya96@mail.ru

VIK 517.518

B nmamnoit paboTe mosytueHsl IEpBble ISATHAANATH KOIGDOUIMEHTOB MHO-
TOIIAPAMETPUIECKOTO ACHUMIITOTHIECKOTO PA3JIOKEHW Y UIbsIMCA B IIIa-
CTHUHE C ABYMS I'OPU30HTAJIbHBIMY KOJJIMMHEAPHBIMU TPELIMHAMUA PA3HON
mymHbL. 1 nogygenus koddduimenTa MHTeHCUBHOCTH HanpsikeHuit, T-
HaIpsKeHui 1 K03 GUIMEHTOB BBICIIEr0 MOPAIKa ObL/I KCIOIE30BAH IKC-
nepuMeHT Ha (OTOYIPYTrOCTh M KOHEYHO-3JIEMEHTHBIH pacder. ITosy«en-
HbI€ 3HAYEHUS XOPOIIO COIJIACYIOTCS.

Karowesoie caosa: GOTOYIPYrocTb, METON KOHEYHBIX JIEMEHTOB, Iepe-
OIIPE/IEJIEHHBIN METOJ], MHOIOIIAPAMETPUIECKOE aCUMIITOTUIECKOE PA3JIo-
JKeHme Y MIbsSIMCa

Experimental and numerical study of stress fields at the crack
tip in a linearly elastic material

In this paper, the first fifteen coefficients of the Williams multiparameter
asymptotic expansion in a plate with two horizontal collimnear cracks
of different lengths are obtained. To obtain the stress intensity factor,
T-stresses and higher-order coefficients, an experiment on photoelasticity
and finite element calculation were used. The obtained values are in good
agreement.

Keywords: photoelasticity, finite element method, over-deterministic
method, Williams multiparameter asymptotic expansion

Jlannast paboTa MOCBSINEHA YHUCJIEHHOMY U JKCIEPUMEHTAJTLHOMY OTpeIe-
JIEHUI0 KOI(MDPUIMEHTOB MHOTOMAPAMETPUIECKOTO ACUMITOTHIECKOTO PA3JIOKE-
HUAS YUJIbsAMCA B ILUIACTUHE C ABYMs KOJIJIMHEAPHBIMU TPEITUHAMA PAHOMN /11U~
ubl. 1 3T0r0o B MHOrOd yHKIHoHATFHOM Hakere Simulia Abaqus BbimosiHeH psif
KOHEYHO-3JIEMEHTHBIX PACYETOB HAPYKEHUsI [IJIACTUHBI C JIBYMsI KOJJIMHEAPHBI-
MU TPEIUHAMA PA3HON IJIMHBI, PA3HBIX KOH(MUTYPAIWH — [IJIsT TIACTUHBI 00Ih-
Iero pa3Mepa OTHOCUTENHHO JJIUH TPEIUH U MJIACTUHBI aHAJTOTMIHON MCIIOJIb-
30BaHHOII B HATYPHOM dKcrepumMenTe. C mOMOIIBIO PACCUNTAHHOTO HATPAZKEHHO-
1ebopMUPOBAHHOTO COCTOSHHST OIPEIeTeHbI KO (DUIHMEHTHI MHOTOIIaPAMETPH-
9eCKOro aCUMIITOTUYIECKOrO passiokeHus M. YuibsiMca, B KOTOPOM y/I€P?KAHBI
MATHAANATD cjiaraeMbix. Takzke ObLTa mpom3BeeHa 00OPabOTKA JTAHHDIX IKCIIE-
pUMeEHTa, MPOBEIEHHOrO C MOMOIIBIO MeToma (oroynpyroctu.Peanmn3osan mepe-
OTPEe/IeJIEHHBIN METOI [IJIs1 BEIYUC/IEHNS TTaPAMETPOB MEXAHUKU PA3PYIIEHUs HA,
OCHOBE dKCIepUMeHTaTbHON mHdopMmarun. ITokazamo, 9To pa3zpaboTaHHBIE AJI-
TOPUTMBI TIO3BOJIIOT HANTH KOIDDUIMEHTHI ACUMITOTHIECKOTO PABTIOKEHUS C
BBICOKO# TOYHOCTBIO, BK/IIO9asd KOI(PPUITUEHTHI BBICIIUX TPUOTHKEHMIA.
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INPOEKTUBHO-IIEPECTAHOBOYHO YHUTAPHA £
9KBUBAJIEHTHOCTDb KOHEYHHBIX ®PEVIMOB

B.B. CeBocTbhsiHOBa
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VIIK 517.518

M3yuaorcss Kacchl KOHEYHBIX (PPEHMOB € TOYHOCTHIO O IIPOEKTHUBHO-
TIepeCTaHOBOYHO YHUTAPHON 3KBUBaseHTHOCTH. [IpHMBOASITCS MHBApUAHTHI,
olpeieIonye TaKue KJIacChl S9KBUBAJIEHTHOCTH.

Karoueswie caosa: dpeiiM, HaOOP BEKTOPOB, MPOEKTUBHO-TIEPECTAHOBOYHO
YHUTapHad 9KBUBAJICHTHOCTDb, NHBAPUAHTHI

Projectively unitarily equivalence up to reordering of finite
frames
Projectively unitarily equivalence up to reordering of finite frames is stud-
ied. We observe invariants defining the equivalence class in general posi-
tion.
Keywords: frame, vector system, projectively unitarily equivalence up to
reordering, invariants

IIycrs Hy — yuurapuoe npocrpancrso Hag nosieMm F = R, C pasmeprocru d.

Onpepenenne 1. HaGop sektopos {¢;}7 ; B npocrpancrse Hy Gynem Ha-
3pIBaTh (peiimom, eciu cymiecrByioT KoHcTanTel 0 < a < b < oo, Takme, 94TO
nuist Beex X € RY,

n
allx|* < I(x, 051> < bllx|*.
j=1

Ha mmoskecTBe (hpeiiMoB MOXKHO BBECTH PA3IMUHbBIE KIACCHI IKBHBAIECHTHO-
cru. O6osmatum © = {p;}7 1 U = {¢;}1" ;.

Onpenenenue 2. Opeiivbl & u U HABBIBAIOTCA YHUMAPHO IKEUGAAEHTT-
HbLMU, €CITTH CYIIIECTBYET YHUTApHOE TTpeobpazoBanue U, TepeBo/isinee BEKTOPI
onHOTO (bpeiima B BeKTOpbI Apyroro: ¢; = Up;, Vi.

Xopoumro n3BecTHO, 1T0 MaTpuIs I'pama Gram(®) u Gram(¥) nByx cucrem
BekTOpoB ¢ 1 ¥ COBIAIAIOT TOIIA U TOIBKO TOTAA, KOLA STH CHCTEMbI YHUTAPHO
9KBUBAJICHTHBL.

Onpenenenue 3. @peiivbr ¢ 1 ¥ HABBIBAIOTCHA NPOEKMUEHO YHUMAPHO K-
BUBAAECHTNHBLMU, €CJIA CYIIECTBYeT yHUTapHOE Ipeobpasosanue U u umcia «;,
|a;] = 1, nas Koropwix BbimosHsiercs ¥; = «; Up;, Vi.

VYMHOXKEHHE BEKTOpa p; HA 9HUCJIO «; MeHger marpuily ['pama Gram(®)
dbpeitma crenyrommum obpazom: i-s crpoka (i-it crouben) B Gram(®) ymuoxa-
ercd Ha @; (HA ;). 3aMeTHM, 4TO U3 HPOEKTHBHON YHUTAPHON HKBUBAJIEHTHO-
CTH He CJIeJlyeT yHHTapHAs SKBHBAJEHTHOCTb, & KJACC IIPOEKTUBHO yHHTAPHO
KBUBAJIECHTHLIX (DPEHMOB ONPENeIsaeTcss MOPAIKOM, B KOTOPOM PAaCMOJOKEHBI
BekTOpa (peiima.

Pabora BbImOJHEHA B paMKax peaJH3aldd OPOrpPaMMbl  pa3BuTha  Haywmo-
06pa30BaTENBHOIO MATEMATHYECKOTO IleHTpa lIpmBOJKCKOro denepasbHOTO  OKpyTra,
corsamenue 075-02-2020-1488/1.

CesoctbsHoBa Bukropus Bnaaumuposna, K.d.-Mm.H., Camapckuii yuusepcurer (Camapa,
Poccus); Victoria Sevostyanova (Samara University, Samara, Russia)
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Onpenenenue 4. m-upousBenenusivu dpeiima P HA3BIBAIOTCT YHUCTA
Alin, iz, - yis) = (@i Pin) (Piny is) - - (P Pi )
JI0Ka3aTeIbCTBO CAeAYyONeil TeopeMbl MOKHO HaliTH B [2], [3].

Teopema 1. Ha6opsoi BekTopoB ¢ n ¥ mpoeKTUBHO YHUTAPHO IKBUBAJIEHTHDI
TOT/IA ¥ TOJBKO TOTJIA, KOTIA [IJIsT HUX BCE 1M-TIPOU3BEICHNUST PABHBI.

Bosiee TOHKag XapaKTepUCTHKa MPOEKTHUBHO YHUTAPHON 3KBHBAJEHTHOCTH
bpeiiMoB ¢ 1 BeKTOpaMu Jaercs ¢ MOMOIIBI0 AHAJIN3A LUKJIOB B HEKOTOPOM
nocrpoeHHoM 1o dpeiimy rpade ¢ n BeprmHamn [1].

Omnpenenenne 5. Bynem roBoputsh, uro asa ¢peiiva @ u ¥ npoexmusto-
NEPECMAHOBOUHO YHUMAPHO IKGUBALEHMHDBL, €CITU CYIIECTBYET TEePECTaHOBKA
o € Sp, nna KoTopoit dbpeimbr {@;}i ) 1 {Yg(;) }7; YHATAPHO SKBUBATEHTHBL.

Teopema 2. @peiivbr @ 1 U TPOEKTUBHO-TIEPECTAHOBOTHO YHUTAPHO IKBU-
BAJIEHTHBI TOTJIA W TOJBKO Toraa, Korpa Gram(¥) = C*Gram(®)C, roe C —
MAaTPHUIA, B KAXKIOW CTPOKE U KaXKIOM CTOJIOIE KOTOPOW CTOWUT €IWHCTBEHHOE
HEHYJIEBOE 9HCJIO, MOIYJIb KOTOPOro paseH 1.

Teopema 3. [ns dpeitma ¢ B 00I11eM TOMOKEHUH €0 KJIACC TPOEKTUBHO-
MEPECTAHOBOYHO YHUTAPHON SKBUBAJIEHTHOCTH OJHO3HAYHO ONPEIETITETCS 3HA-
YEHUSMU CUMMETPUYECKUX (DYHKIUN OT m-NPOU3BEICHUI CIIEIYTONIEro BHUIA

Ty sy = O AL, i3, i VAT, 43, 02,) L AG, i, iE), (1)

snech 1 < iy, 4%,...,i < n, Va # b umeem @, # i}, a cymymmposanue Gepercs

' 11 i1 2 -2 -2 k ok &
10 BCEM BO3MOMKHBIM THKIaM (41,13, ..., 15, ), (11,15, -« -, 05, )5+, (17,75, . . ., dg, )
C COOTBETCTBYIOMMMY (DUKCUPOBAHHBIMHA IJINHAMU 51, 52, . . . , Sk-

B nokaaze Gyner npuBeieH ajuropuTM, H03BoJsoIuMil 10 3Havenusm (1) Boc-
CTAHOBUTH IIPEICTABUTENb U3 KJIACCA YKBUBAJIEHTHOCTH.
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HEJIMHEVHBIE 3AJAYN HA COBCTBEHHBIE BHAYEHU A
CJIEAVIOIIINE N3 KPAEBBIX 3A/TAY MEXAHUKN
PASPYIHIEHUA AJId CPE CO CTEIIEHHBIMUA
KOHCTUTYIIMOHAJIbHBIMUMW YPABHEHU MM
JI.B. CrenanoBa, K.H. AnbnebeHeBa
stepanova.lv@ssau.ru, aldks@Qyandez.Tu

VIIK 519.624

B pabore npuseseHbl Pe3y/bTaThl YUCAEHHOIO U AHAJUTHYECKOIO pelne-
HUST HEJIMHEHHBIX 332 Ha COOCTBEHHBbIE 3HAUECHUS, CJICIYIOIINX U3 Kpae-
BBIX 331294 MEXaHUKM Pa3PYyIIEHUs I CTEIEHHBIX OIPEIeISIONIX COOT-
vourenuii. B kauecrBe OLPee/IaomuX yPABHEHUI MOI'YT PACCMATPUBATH-
cs1 cootHoutenust Pambepra — Ocryna ¢ mpenebpekuMo MaJIbIMA YIIPYTAMI
nedopManusgMy WK CTEIEHHOM 3aKOH TEOPHUU YCTAHOBUBIIENCS 110JI3Yde-
cru Beitnm — Hoprona. Hanpsizkenno-aedopmupoBantoe cocrosiaue BOJm-
37 BEPIIUHBI TPENUHBI PA3BICKUBAETCS C ITOMOIIHIO METOMA PA3JIOKEHUS
110 cOOCTBEHHBIM (DYHKIMAM, 9TO IPUBOJANAT K KJIACCY HEJIMHENHBIX 3a71a9
Ha COOCTBEHHbIE 3HAYEHUs!, PELIEHUs KOTOPBIX 110J1y9eHbl aHAJIUTHICCKH
C MIOMOINBIO METOJA MCKYCCTBEHHOIO MAJIOr0 MApaMeTpa W UHUCICHHO I0-
cpeactBoMm metoma Pymre - KyrTer - @ennbepra.

Karouesnie cro6a: HelmHeHHbIe 3aa9M HA COOCTBEHHBIE 3HAYEHUS, HEJIH-
HellHas MeXaHWKa Pa3pyLIeHus, MaTePHasl CO CTEIEHHBIMH OIIPe/IesIedio-
IIIMU YPABHEHUSIMI

Nonlinear eigenvalue problems arising from boundary value
problems of nonlinear fracture mechanics

In the study numerical and analytical solutions of nonlinear eigenvalue
problems arising from nonlinear boundary value problems of fracture me-
chanics for power law constitutive equations are presented. The Ramberg-
Osgood relations with negligible elastic strains or the Bailey-Norton power
law of steady creep theory can be considered as the constitutive equa-
tions. The solution to the problem of determination of the stress-strain
state near the crack tip is sought using the eigenfunction method, which
leads to a class of nonlinear eigenvalue problems, the solutions of which
are obtained using the artificial small parameter method and numerically
through implementation of Runge-Kutta Fehlberg technique along with
shooting method.

Keywords: nonlinear eigenvalue problem, nonlinear fracture mechanics,
power law materials

Oupeseierre HAIPsKEHHO-1E(DOPMUPOBAHHOIO COCTOsIHUSL BOJIM3U BEPILIU-
HBI TPEIIUHBI SIBJISETCS OIHOM 13 (DyHIAMEHTAIbHBIX 33129 COBPEMEHHOH MeXa-
HUKH Pa3pylIeHus, PelleHne KOTOPOil NMeeT BaXKHOe IIPAKTUIECKOe 3HAYCHUE 1
TpedyeT MpUBJICYEHUS CJA0KHOTO MATEMATHYECKOrO anmapara, nbo 3a1a9a CBO-
JIUTC K CUCTEME HeJMHEHHBIX YPaBHEHUN B 4acTHbIX npou3Boiubix [1-3]. Ox-
HUM U3 HaI/I6OJ'Iee 9aCTO UCIIOJIb3YEMBIX U IIEPCIIEKTUBHDBIX METOJ0B IIPDU PEIIEeHUN
JIAHHOTO KJIACCA 33Ja4 SABJISETCS METOI PA3JIOKEHUS IO COOCTBEHHBIM (DYHKIIH-
siM [1-3], KOTOPBIil MPUBOIUT K HEJIMHEHHBIM 3aa4aM Ha COOCTBEHHbBIE 3HAYEHWS

PaGora BeImosiHeHa npu dbuHAHCOBOH noamep:kke Poccuiickoro nay4asaoro ¢pouga (mpoexT
Ne21-11-00346).
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JLJIsE OOBIKHOBEHHBIX Ju(DepeHITnalIbHbIX YPABHEHUN BTOPOTO TOPSIKA B CIIyIae
33491 O TPEITuHEe AHTUIIIOCKOTO CJIBUTA, M Y€TBEPTOTO MOPSAIKA B CIydae 3aaT
O TPelrHaX HOPMAJILHOIO OTPBIBA, MOTIEPEYIHOrO CIBUTA W CMEITAHHOTO HAIrPYy-
kenusi. QJTHO COOCTBEHHOE 3HAYEHUE JAHHOIO KJIACCa 3329 XOPOIIO U3BECTHO U
COOTBECTBYET KJIACCHYECKOM 3a1aue XarauHcoHa - Paiica - Pozenrpena. Ogaako
B HACTOSIIEEe BPEMsT HHTEPEC MPEICTABJISIOT COOCTBEHHBIE 3HAYEHUS, OTINIHBIE
OT COOCTBEHHOI'O 3HAYEHMSI, OTBEUAIONIEro 33 aue XaTdanuHcoHa - Paiica - Po3en-
rpena. Hacrosimee uccienoBanue MOCBAIEHO OTHICKAHUIO HOBBIX COOCTBEHHBIX
3HAYEHUH C MOMOIIHIO YUCIEHHOTO AJITOPUTMA, IPE/IJIO2KEHHOTO CIIEIUAIIBHO I
3a/1a4 O CMEIIAHHOM HArPyKeHHH TeJia C OCTPOH TPEILIUHO|, U aHAJIUTHIECKOTrO
MOIX0A, OA3MPYIOMIErOCS HA, METOE MaJIOr0 HCKYCCTBEHHOTO MapaMeTpa.

3aa9u O CMENIaHHOM HATPYKEHUU TEJI C TPEIUHON BBI3BIBAIOT OCOOBIN WH-
Tepec B MeXaHHKe pa3pymieHus [4]. B ciydae cMemanHOTO Harpy:KeHus OpU
ITOCTPOEHUU YUCIEHHOTO ¥ ACUMIITOTHIECKOrO PEIEeHUl PACCMOTPEHUS CHMMET-
pUU U AHTUCHMMETPUH 33/[a91 OTHOCUTEJIHLHO JIMHUY ITPOOJIZKEHUS TPEIIUHbI He
MOTYT OBITh MCIOJIB30BAHBI M HEOOXOIUMO PEIIaTh 3339y IJis BCETO OTPE3Ka
U3MEHEeHUs TIOJITPHOTO YTJIa B MOJAPHBIX KOOPAMHATAX C MOJIOCOM B BEPIITHHE
TPENIUHBI TPY 33JaHHOM 3HAYEHUU MMapaMeTpa Harpyxkeuus. Eciu cobcTBeHHOE
3HAYEHNE 33/a9YU HE SIBJISIETCH W3BECTHBIM W3 JOMOJHUTEIbHBIX COODPaKEHM
¢u3nueckoro xapakrepa, TO Ha PEIIeHue CJIeIyeT HAJIOKHUTH JOMOTHUTETIbHOE
ycaosue. Panee takoe ponosnuresbuoe yciosue o6cyzxkaanocs B paborax [1,2]
¥ MPUHUMAJIOCH, UTO HA JIMHUHU TPOIOJIZKEHUN TPEIINHBI TOJIKHO OBITH Hempe-
PBIBHBIM pajuajibHOe HanpsKkerne. OIHAKO, 9Ta TUITOTE3d TPUBOINUT K KYCOTHO-
HEIMPEPLIBHOMY TIOJII0 HAmpsizkeHuil. B HACTOAIIEM MCCIIeIOBAHUN YHCIEHHOE U
AHAJIUTUYECKOE DEIIeHus IOCTPOEHbI U3 TPeOOBAHWS TUVIAAKOCTU PAJAUATIBLHOMN
KOMITOHEHTBI TE€H30pa HampszKeHnwii. B pe3ynbrare BuIYuCIeHHN HAWJIEHBI HO-
BbIe COOCTBEHHBIE 3HAYEHUST U COOCTBEHHBbIE (DYHKIIUU IJIsT BCEX MPAKTUIECKH
Ba’KHBIX 3HAYEHUI NTOKA3aTe A HEJIMHEHHOCTA MaTepHuaJa.

ABTOpHI BRIpakaloT O1aromapHocTh Poccuiickomy HayIHOMY (DOHIY, TTPOEKT
21-11-00346.
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IIOCTPOEHUE IﬁIHBAPP{AHTHbIX MHOT'OOBPA3UI CO
CMEHOU YCTOUYINBOCTHU B 3AJATAX
MATEMATNYECKOUM BMOJIOTN
K.C. TesbHoBa
kstelnovalbQyandez.ru

VIOK 517.928
IIpencraBnennas pabora mOCBsAIIEeHA W3Yy9IEHUIO OCOOEHHOCTEH yCTONYn-
BOCTM WHBAPHUAHTHBIX MHOTOOODPA3Mil OJHOTO KJIACCA CHHIYJISIPHO BO3MY-
MIEHHBIX CHCTEM, KOTOPBIEe IIMPOKO HCIOJIb3YIOTCS IPU MATEMATHIECKOM
MozesimpoBanuu O6uosnormdeckux cucreM. Paccmarpusaercs HOBBIU I1IO-
X0 K TIOCTPOEHUIO OJHOMEPHBIX MHBAPUAHTHBIX MHOT000pa3nii CO CMEHOM
YCTOWYMBOCTH /ISl KJIACCA CHHTY/ISPHO BO3MYIIEHHBIX CHCTEM C ABYMSI
Me/IJICHHBIMU U OHOU OBICTPOI IT€pEeMEHHbBIMH.
Karouesve caosa: cuHry/IsipHbIE BO3MYIIEHHs, HHTErDAJIbHbIE MHOI000-
pas3ust, TMHAMIYECKNE MOJIe/IH, OMOIOTMHIeCcKne CUCTEMBI, O ISIFOHHA
IMHAMHIKA

The change of stability of invariant manifolds in problems of
mathematical biology

The presented work is devoted to the study of the stability features of
invariant manifolds of one class of singularly perturbed systems. Such
systems are widely used in mathematical modeling of biological systems.
A new approach to the construction of one-dimensional invariant mani-
folds with a change in stability for a class of singularly perturbed systems
with two slow and one fast variables is considered.

Keywords: singular perturbations, integral manifolds, dynamic models of
biophysics, biological systems, population dynamics

B mannoit pabore paccMarpuBaioOTCs OCOOEHHOCTH CMEHbBI yCTONINBOCTH WH-
BAPUAHTHBIX MHOTOOOPA3Uil OJHOrO KJIACCA CHHTYISPHO BO3MYIIEHHBIX CHCTEM,
KOTOPOE MIHPOKO MCIOJIb3YIOTCS MPU MATEMATHIECKOM MOJIEIUPOBAHUU OMOJIO-
rudeckux cucteM. VICmomb3ys reoMerpuvecKyio TEOPHUI0 CHHTYJISPHBIX BO3MY-
IMEHNi, B 9aCTHOCTH METOJ MHBAPUAHTHBIX MHOTr00Opa3uil, MOKHO HANTH TOU-
Hbl€ YCJIOBU#A, MaPAHTUPYIOIIME CYIIECTBOBAHUE [I€PUOAUYECKUX pelleHuil oco-
60Oro TUIA [IJIsT CUCTEM BHYTPHU KJIACCA.

B pabore paccMaTpuBaIOTCS CHCTEMBbI:

j: = f(a:‘?y?Z?g)?

Y =g(x,y,2,€),
ez = zp(x,y,z,a,¢€).

31ech € — MaJIbIil TOJIOKUTEIbHBINA MapaMeTp, (¢ — CKaJIAPHBIA TapaMeTp, T,
Y, 2 — CKaJsgpHbIE TepeMennbie, f, p, g - JOCTATOYHO TIaJKue (DYHKIIUU, TPU-
4yeM 3HAK [PoM3BOAHON Op/0z Mensiercs B paccMmarpusaeMoil obsacru. Orme-
THM, 9TO TIOJ00OHBIE CUCTEMBI SIBJISTIOTCS TUTTHYHBIMHA JIJTST 33,189 TIOMYJISIITHOHHOMN
JauHAMUKA. [JIABHBIM OT/IMYMEM TAKUX CUCTEM SBJISIETCS HAJUYINE TOYHOTO WH-
BapMaHTHOIO MHOTO00pasus co CMEHO# ycroiunsoctn [1, 2].

B kadecrBe WILTIOCTPUPYIOIIErO MpUMepa MOJAOOHBIX JUHAMUYIECKUX CHCTEM
PACCMATPUBAETCST MOJIEb, OMMCHIBAIOIIAS B3AUMOIEHCTBIE IBYX BUJOB XUIIHH-
KOB, KOHKYPUPYIOIMX 33 0Hy 100b14y [3]. Ocoboe Buumanue B pabore yiues1eHo

TemsroBa Kcenus Cepreesra, acnupant, Camapckuii yaueepcurer (Camapa, Poccus)
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KOJIE0ATE/ILHBIM TIPOIECCAM, TPAEKTOPUH KOTOPBIX SBJISIOTCA TPAEKTOPUSIMU-
yTKaM#. 9TO TPACKTOPUH CHHTYJISPHO BO3MYIIEHHOM CHCTEMBI, KOTOPbIE CHAYA~
J1a TIPOXOJIMT BJIOJb YCTOMYMBOIO MHTEIPAIIHLHOIO MHOr00Opa3wns, a 3aTeM BI0/Ib
Heycroituusoro [1, 2]. Takue TpaekrTopuu upencTaBisior coOON OJHOMEDHBIE
MHBAPUAHTHBIE MHOrooOpa3us co cMenoil ycroituusocru. Hasmane nsymepHoro
TOYHOTO WHBAPUAHTHOIO MHOTOOOPA3MUS CO CMEHON YCTONIUBOCTH B TPEXMEPHO
CHCTEMe TI03BOJIAeT (POPMUPOBATEH KOJIEOAHNS TP ITOMOIIY BHIOOPa (pOPMBI Tpa-
€KTOPHil IBYX ee IBYXMEPHBIX npoekinii. MOXKHO OTMETUTBH, YTO IO CPABHEHUIO
C TPAIUIIMOHHBIMU METOJAMU, OOCYKTAeMBbIil IMOAX0/T KaXKeTcs Hojiee IpoCThbIM.
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IIOHN2>KEHUE PASMEPHOCTU B BAJJAYAX O
KPUTUYECKUX BET'YIIINUX BOJIHAX IJId OTHOTO
KJIACCA TITAPABOJINMYECKHUX CUCTEM
E.A. Tpoukuna, E.A. ITlemrakuna
elena a.85@mail.ru, shchepakina@yahoo.com

VIIK 517.928

Pabora mocsinieHa METOAY DEIyKIUU 33139 HAXO0XKIEHHsS KPUTHIECKON
Oerymieil BOJIHBI [jIs OZHOIO Kjacca napadosmdeckux cucreM. Vcmosp3o-
BaHME METOA MHBAPUAHTHBIX MHOTO00DPA3Wil CHHIYJISIPHO BO3MYIIEHHBIX
CHCTEM II03BOJIIET 3aMEHUThH HCCIeI0BaHue Oeryueil BOIHbI UCXOIHON CU-
CTEMbL B YACTHBIX [IPOM3BOHBIX aHAIU30M UX 1poduiieil B cucreme 0ObIK-
HOBEHHBIX AU depeHInaIbHbIX ypaBHeHnil 00/Iee HI3KOrO IOPSIKA.
Karouwesoie cao6a: Kpurudeckue Oeryinre BOJIHbI, HHBAPUAHTHOE MHOT000-
pasue, TPAEKTOPHUA—yTKA, [IOHUKEHUE PAa3MEPHOCTH

Order reduction for critical traveling waves problems for one
class of parabolic systems

The paper is devoted to the order reduction for critical traveling wave
problems for one class of parabolic systems. The use of the method of in-
variant manifolds of singularly perturbed systems allows us to replace the
study of the traveling wave of the original PDE system with the analysis
of their profiles in the ODE system with a lower order.

Keywords: critical traveling waves, invariant manifold, canard, order re-
duction

Crarbs HOCBAIIEHA METOLY PEAYKIMH I OHU2KEHUsT PA3MEPHOCTH 33134
HAXOXKIEHUsS KpUTHIeCKux Oerymwmx BojH. Cruemumduka Takux Oerymmx BOIH
COCTOUT B TOM, YTO OHM PA3IEJAIOT BOJHBI ¢ KATECTBEHHO PA3JIMIHBIM ITOBE-
ngenuneM [1, 2]. B pabore mokaszaHo, Kak MPUMEHEHHE N€OMETPHYECKON TeOpHH
CUHI'YJISIPHBIX BO3MYIIEHHH IIO3BOJISIET CBECTHU 33/a4dy Oeryliieil BOJIHBL [IJisl UC-
XOIHON CHCTE€MbI B YACTHBIX [IPOM3BOAHBIX K aHAJIM3Y HPOEKIMH CUCTEMbI Ha, €€
MeJIJIEHHOEe WHBAPUAHTHOE MHOTOOOpasne. JaHublii OIX0oI TPOUIIIOCTPUPOBAH
Ha, 33/1a9€ UCCIEIOBAHNS KPUTHIECKUX DETryIuX BOJTH PA3HOTO THIIA, B MOIEIISIX
Tuna peakiui—auddy3ud—aaBeKIus:

2

9u = 5DQ — Aa—u + F(u),

ot 0s? s
rae u = u(s,t) € R”, s € R — upocrpancrsennas Koopaunara, t > 0 — Bpems,
D — BemecTBenHas guaroHajbHas Marpuna ko3 dunmnentos auddy3un, A —
BeIIleCTBEHHAsl TMArOHaJbHAs MaTPHUIA CKOpOCTel mporeccoB aasekmnu, F(u)
— BEKTOD PEaKIMOHHBIX WieHoB. MaJbiii mapamerp 0 < ¢ < 1 mpeacraBiisieT
co0oit OTHOCUTETbHBIE pa3Mepbl auddy3un.

B pabore ycranosieno, 9To npoduIsiMu KPUTHIECKAX OETyIIUX BOJIH SIBJIS-

I0TCS1 TPAEKTOPUN—yTKH [2-4]. HanoMHWM, 9T0 TpaeKTOphsa—yTKa MpeCcTaBisieT

Pabora Beinmosnena npu dunancoBoit noggep:kke PODPUN u 'PEH Kurtag B pamMkKax Ha-
yuaHOro nmpoexkta 20-51-53008.

Tponkuna Enena Aujgpeesna, k.d.-M.H., nonent, Camapckuii yausepcurer (Camapa, Poc-
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co00it OTHOMEPHOE MEJIEHHOE MHBAPUAHTHOE MHOrooOpaswe CO CMEHOH yCTOii-
YMBOCTH CHHTYJISPHO BO3MYIIEHHON CHCTEMBI [5].
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ATITTIPOKCUMAIINA SKCIIEPUMEHTAJIBHBIX JAHHBIX
IIOJINBUHNJIXJIOPUJIHOTO IIJIACTUKATA TIPA
KYCOYHO-IIOCTOAHHBIX HAIIPAKEHNAX HA OCHOBE
JAPOBHBIX MATEMATNYECKUX MO,Z[E.T[EfI
JI.I. Yuraposa, E.H. OropoaHukosB
algluiza@gmail.com, eugen.ogo@gmail.com

VIK 539.313:517.968.72

Haiimensl aHamTHYIeCKUe pelleHus 330a4Ud O IMOJI3YYeCTH IPU KYCOUHO-
TMOCTOSHHBIX PEKMMAaX HATDYKEHUs [ JINHEHHBIX U HEeJTUHEHHBIX ApO0-
HBIX aHAJOTOB MAaTEeMAaTUIECKUX MOJeseH BA3ZKOYIpyroro Tesa. [Iposeme-
Ha aIIPOKCUMAINAA SKCIEPUMEHTAJIbHBIX JAHHBIX II0 PACTAXKEHUIO IIOJIH-
BUHIIXJIOPUIHOTO IIJIACTUKATA C PA3JIMIHBIMU YPOBHSIMU HArpy3ku. llpm
OIleHKE TEeOPEeTHIECKMX W IKCIEPUMEHTAJIbHBIX pPe3yJIbTaTOB CHEJIaH BBI-
BOZ, O XOPOIIel KOPPeJMPOBAHHOCTHA PACYETHBIX W ONBITHBIX JAHHBIX IIO
BCEM PACCMOTPEHHBIM MO/IEJIM HE TOJIBKO I KBAa3UCTATUYECKUX, HO U
KYCOYHO-TIOCTOSTHHBIX PEKMUMOB HATPYKEHM.

Karouesnie cA06a: BABKOYIIPYTOCTh, IpOGHBIE HMHTErpo-
muddepeHnpaabHble  ypAaBHEHMs, IapaMeTPUTIeCKas KIeHTH(MUKAI,
ANIIPOKCUMAIUS SKCIEPUMEHTAIbHBIX JAHHBIX

Experimental data approximation of PVC compound at
piecewise constant stresses based on fractional mathematical
models
Analytical solutions are found for the creep problem under piecewise con-
stant loading conditions for linear and nonlinear fractional mathematical
models analogs of a viscoelastic body. The experimental data approxima-
tion on stretching of PVC compound with different loading levels has been
carried out. When evaluating the theoretical and experimental results, it
was concluded that there is a good correlation between the calculated and
experimental data for all the considered models, not only for quasistatic,

but also piecewise-constant loading modes.
Keywords: viscoelasticity, fractional integro-differential equations, para-
metric identification, experimental data approximation

PaccvoTpenn! muHeliHbIe M HETMHENHbIE MAaTEMAaTHIeCKHe MOJEIN C Olepa-
Topamu Japobuoro uaTerpo-auddepenmuposanus Pumana-JIuysunnsg: apobubie
anasiorn mozeneit Tuna Qoiixra, Makcpesia, Kenpsuna, Ckorr Baspa. Toka-
34HO, YTO TAKUE MOJIEJU XOPOIIO OMUCHIBAIOT J1e(POPMUPOBAHUE BIA3KOYIPYTUX
cpen [1-3]. VI3BecTHBI pelrieHnst 3a1a9i BSI3KOYTIPYTOCTH JIJIs CIIydasi HaTpsiyKe-
uust o(t) = (H(t) — H(t — T))oo (rae t— Bpemsi Harpy»KeHusi, T — MOMEHT Dpa3-
rpy3kn, og = const, H — dbynkuus Xesucaiiza). B pabore [2] pemena 3amaqa
uIeHTUDUKAIIY TAPAMETPOB PACCMOTPEHHBIX APOOHBIX MOJETElH ¢ UCIOIb30Ba-
HUEM CHeluaJTbHON MEeTOIUKY uieHTU]hUuKAIIY, PA3PaAbOTAHHON IPUMEHUTETHHO
K JAHHBIM MOIEJISIM.

B macroseii pabore mpoBeIeHa MpOBEpKa aJeKBATHOCTH APOOHBIX MaTe-
MATHIECKUX MOJEJIel SKCIePUMEHTATbHBIM JTaHHBIM TPU KYCOIHO-TIOCTOSHHBIX

Yuraposa Jlyunza l'agunnesna, k.d.-M.H., accucrent, CaMapCcKuil rOCyJaPCTBEHHBIN TeXHU-
geckuii yausepcurer (Camapa, Poccus); Ungarova Luiza (Samara State Technical University,
Samara, Russia)

Oropoguukos Eprennit Huxosmaeswmd, x.d.-Mm.H., moment, CaMapCcKuil roCyJapCTBEHHBIH
rexundeckuil yausepcurer (Camapa, Poccus); Evgeniy Ogorodnikov (Samara State Technical
University, Samara, Russia)
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pexmMax HarpyxKenus. Vcmomb30BaHbl IKCITEpUMEHTATbHBIE JTaHHBIE TI0 PACTSI-
KEHUIO TOJMBUHUJIIXJIOPUIHOIO IJIACTUKATA MPHU PA3JIUYHBIX YPOBHAX HAIpHd-
JKEHUS W JIBYX TEeMIIePaTypPHBIX pexkumax. Haiizierbl perriennss WHTerpaabHbIX
YPaBHEHUIl /i HAIIPAKEHUA BUJIA

7
O'(t) e UlH(t) + Z(O’Z — O'i_l)H(t — tz’—l) — O'7H(t — t7), 0<t<7,
1=2

rae t; (i = 1,7) — MOMEHTbI BpeMeHHM OKOHYaHUs JAefCTBUsl HAIPSKEHUS 0.
Ha pucynke 1 mnpejcraBieHbl SKCIIEPUMEHTAIbHBIE U PACIETHBIE JIMHUU 10
HeuHelHo# Monenn tumna KeabBuna:

S\ U\ ™ S\ m\ ™
nDg, —(E) B —(E) —o), ()

rae € = e(t) — medopmanus, o = o(t) — nanpsikenue; Fr, Eo, 1, ny, ng —
HEKOTOpble HeOTPUIATeIbHbIE IIOCTOAHHBIE Beaumduubl; D, — oneparop Ipoo-
Horo muddepernuposanus Pumana— Jluysuinsa ¢ Hasanom B Hyne, o € (0,1).
st 3TOi MOMIeN N CpeHsIs TIOMPEINTHOCTD AMMPOKCAMAIINN SKCIIEPUMEHTATBHBIX
manubx IIBXII A = 10.25%. Anasorndmno TIOJIy9€HBI PE3YJIbTAThI AMIIPOKCUMa-
OUA U A9 OCTATbHBIX MOJIETe.

€ T T T T

T T
.
- B
L - , 4
'

4 |

'

|

R4
‘
0.06 % 1
|- ’/” N 4
’ =
II 5 ==
L < 5 i
0.04 M ~——

0 . . . . . . .
0 1 2 3 4 5 6 7 t, vac

Pruc. 3: DxcnepumenrasibHbie (CHIOMIHBIE JIMHAN) H DACYeTHbIE (IITPHXOBBIE JIMHUH)
o HesmHEHHOH Mogean tuna Kemspuna (1) kpusble BA3KOyNIpyroro aegopMupOBaHI:
ITOJTMBUHUJIXJIOPHTHOTO TJIACTHKATA TIPH KYCOYHO-TIOCTOSTHHOH HATDY3KEe C YPOBHSIMH
Hanpskennii oo = 4.655 MIla (1), o9 = 6.288 MIla (2), oo = 8.738 MIlIa (3), oo =
10.372 MITa (4), 0o = 6.288 MIIa (5), oo = 10.372 MIIa (6), 0o = 4.655 MIa (7)
¢ mocaemyiomeit pa3rpy3skoii oo = 0 MIla (8) npu T = 24°C
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©OPMVYJIBI CJIEJOB OTHOCUTEJIBHO-KOMITAKTHbBIX
BOSMVYIIIEHUU OIIEPATOPOB C IJMCKPETHBHIM
CIIEKTPOM.
3.10. ®asynnun
fazullinzu@moail.ru

YIK 517.984.4 + 517.547

B pabore mpuBommTCs HEOOXOAMMOE W AOCTATOYHOE YCJIOBHE PABEHCTBA
HYJIIO CyMMbl PEryJIsPU30BAHHOIO CJIEJA CO CKOOKAMU C BbIYETOM LIEPBOMI
TOMTPABKY TEOPUU BO3MYIIEHWIA.

Karouesoe cao6a: KOMIAKTHBIN OIepaTop, CHeKTp, GhopMysIa caena, pe-
30JIbBEHTA

Trace formulas for relatively compact perturbations of
operators with discrete spectrum.
We give the necessary and sufficient condition of vanishing of the regu-
larized trace sum with first correction of the perturbation theory to be
subtracted and with groupings.

Keywords: compact operator, spectrum, trace formula, resolvent function

Paccmorpum B cenapabeibHOM IuibOEPTOBOM IPOCTPAHCTBE H CaMOCOIIPs-
JKEHHBIH [OJIyOrPAHUTIEHHBIH CHU3Y AUCKpeTHLIH omeparop Lg. Ilycrs {A,}32
— cobcTBeHHbIe uncaa orneparopa Lo, MPOHYMEPOBAHHBIE B TOPSIJKE BO3PACc-
TaHud € yderoM uX ajrebpamdeckux kparHocreir (A < Apr1,k = 1,2...),
{fx}32, — 6asuc B H U3 OPTOHOPMUPOBAHHBIX COOCTBEHHLIX (DYHKITH, COOT-
BETCTBYIOIINX COOCTBEHHBIM dnciaM A;. amee, mycts V — cuMmmerpudeckmit
Lo-xommakTabrit oneparop B H. Torma, mo xoporno u3sectHoi Teopeme Karo-
Pennuxa, omeparop L = Lo+ V 3aMkHyT B 00J1acTH Onpeenenns oneparopa Ly,
HOJIyOTPAHKIEH CHU3Y U UMeeT JUCKPeTHBIH crekTp. O6o3natum depes {uy }72
— cOOCTBEHHBIE YHCJTa OmepaTopa L, TPOHyMepOBAHHBIE B MOPSIKE POCTA C yUe-
TOM KX KPATHOCTEN.

Iycts Ro(—=A) = (Lo + AI)"H XA > 0, u Ko(A) = (Ro(=\)V)2Ro(=\).
Torna, ecin K(\) — siepHBbIii OmepaTop, TO, BOCIIOIB30BABIINCH PE3YTbTATAMI
§ 1 paborsl [1], ycranaBiamBaem, 9To mpu A >> 1 cnpaBeinBO PaBEHCTBO

> Ml ) olR-AVI . ()
k=1

riae
+002 [Yr(s)ds + 3 [V s fi)? — (e — 1x)?]

A =s [ BN Gev i
0
()= > Y = M)V s fn)?
A<8Am>s

HccnenoBanue BBIIOJHEHO B DAaMKaX DeAJH3anud NPOTPAMMBL  DasBuTHs HaydHO-
06pa30BaTENBHOrO MATEMATHIECKOTO MeHTPa [[puBOIKCKOTO heepaNbHOT0 OKPYTa, IO, CO-
i Ne 075-02-2020-1421/1 k cora. Ne 075-02-2020-1421.

®aszymnue Suramyp IOcymosma, a.d.-m.H., mexkar ®MuWT, Baml'V (Vda, Poccus);
Ziganur Fazullin (Bashkir State University, Ufa, Russia)
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Pasencrso (1) mo3Bosisfer I0Ka3aTh CIIPABEIJIUBOCTD CJIEIYIOIIErO yTBED-
KICHUS.

Teopema 1. IIycmv V. — cummempuyeckuti Lo-xomnaxmuuil onepamop 6
H u tr Kp(\) < oco.
Toz0a cywecmeyem nodnocaedosamesvnocms {ny, 150 C N maxaa, wmo

m

lim > (O + (Vi fi) = ) =0

m—00
k=1

mozda u Mmoavko mozda, k0206
fiN) =0(A7?), X — 4oo.

Jlajiee pacCMOTPUM OJIMH U3 CIIOCOOOB PACCTAHOBKYU CKOOOK CyMMUDOBAHMS, A,
UMEHHO PacCMaTPUBAETCA DA,

00 Vi

Z(Lkzz Z(S\k—ugk))-‘rtfpkv . (2)
k=1

k=1 Li=1

5\;.C < 5\k+1, Vg — KPATHOCTH 5\;@. Py — cobcTBEeHHBIH TPOEKTOP, COOTBETCTBY-
IO iA ;\k-

Kak nmpaBuimo Takas paccTaHOBKa CKOOOK BO3HHKAET IPH MCCIEIOBAHNN BO3-
MYIIEHUI JBYMEPHBIX MOJEJIbHBIX ONEPATOPOB MaTeMarudeckoil dgusuku (cm.

[2])-

CrpaBeIyiuBHI.

Teopema 2. ITycms pad (2) cxodumces. Toeda das pasencmea nyao cymmoe
pada (2) 1eobxodumo u docmamouno, 4mobot

AN =0(A"?) npu A — 4oo.

Teopema 3. ITycmo pad (2) cxodumca. Tozda das cnpasedausocmu coom-

HOWEHUA
oo
E ar =c¢g >0
k=1

He0bT0duMO U docmamouro, 4mobvl

fiA) ~coA™2 npu X — +oo.
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APPVMHHBIE CUCTEMBI, IIOPO2K/IEHHBIE CILJIAMTHAMMU
C.A.YymaueHKO
chumachenkosergei@gmail.com

VK 501.1

B nokiazie yka3aH aJrOpUTM LOCTPOEHU CHCTEM IIPOU3BOJILHON CTelleHn
TJIQIKOCTH, SIBJISIONIHECS DA3UCOM B IIPOCTPAHCTBE HEIPEPHIBHBIX (DyHK-
Uil ¥ ITOPOXKIAIOMKUX KpaTHOMACIITabHbIN aHam3. KparHomacurrabHbIi
AHAJIU3 HE ABJIAETCH PUCCOBCKHUM, T€M He MeHee Oyuer yKas3aH LOPHAIOK
npubmmxkenus Gysknwit n3 mpoctpancTs CoboseBa MOAIPOCTPAHCTBA-
mu (Vn).

Karouesvie cao6a: Ga3ucHbIe CIIANHbBI, [JIAAKasd UHTEPIOJIAS, KPATHO-
MaCHITaOHBIM aHATIN3

Affine system generated by splines

We found a method of generation basic splines system with pre-ordered
degree of smoothness. This systems have not Riesz basis but we found
the order of approximation from Sobolev function subspaces.

Keywords: mathematics, Banach space, linear operator

ycrs If(z) = [ f( (z € [0,1]) — omepaTop WHTErpPUPOBAHHUS,
0
Won_1(z) = H ri(z) — Gynknun Youma, n € Nyn > 2.

Onpenenenne 1. Oynruyuro

Qn, NINWan_1(z), €0, 1]
0, x ¢ 0,

¢n,N(z) =

bydem Ha3v186amMBb 060UNHBIM OA3UCHBIM CNAGTHOM N~ cmeneHu N -20 nopaoka
eaadkocmu(N < n,N € N), a2de Q, N - nopmupyrowuts xosgpuyuenm 6 C0,1]

Byzem paccmaTpuBaTh CHCTeMY CxKaTuii n ¢IBuUToB @™ (1) = ¢, (2™x — j)
Teopema 1. Cucmema @) (x) asasemca basucom 6 npocmparcmee
Co[0,1], u cnpasedauso nepaserncmeo

1 1
|f(z) = Samyj(2)] < wf(m) + W}%(2m+2)~
[1]
Teopema 2. Cnpa6edaueo pacencmeo
1 =1 t
Yo () = 271/%,71 (22 —0) + Z Wzﬁn,n (2x 2n> + 5n¥nn 2z —1).
t=1

PaBora BeimosiHeHa npu dbuHaHCOBOH noaaepkke PODU (npoekr 16-01-00152).
Yywmauenko Cepreit AsexceeBud, acnupant, CapaToBCKUN rOCYJapPCTBEHHBIN YyHUBEPCUTET
(Capatos, Poccus); Sergey Chumachenko (Saratov State University, Saratov, Russia)
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JIemma 1. ITycmo F(x) = ¢ (2%) Onpedeaum npeobpasosanue Pypove pa-
BEHCTNEOM

f = [ swere.

. Qn " 1 n+l n ok
F - ¥ _ (1 _ wlw)
@ =" kgl ‘

IIpu m € Z obpasyem noampocrpanctsa Vi, = (2% F(2"x + k)rez)

Tozda

Ounpenenenune 2. Ecau 6unoanens, ycaosus (arxcuomol)
AI) Vin € Vm+1,
Ag) UmEZ Vi = LQ(R)7
43) Ny Vi =0,
mo cosokynnocms (Vi )mez Ha3w18a10M 0000UEHHbLM  KDPAMHOMACWMAOHBLM
anasudom. Fosopam maxoice, wvmo dymuxyus © nopoosicdaem obobwennmi KMA.

Teopema 3. Cosoxynnocmo (V,,)necz 06pasyem obobuenmviti KMA.

3ameuanne 1. U3 gemmbr 1 BugHo, uro KMA He sBjsercss pUCCOBCKUM,
TaK KaK He CYIIeCTBYeT TOJIOKUTETbHON KOHCTAHTHI, OTPAHUIUBAIONIEN F' cHI3Y.

Onpegnenenune 3.1Tycmo f,g € Lo (R). Buipasicenue
df —
[0 @) =D fwtk)glw+k)

keZ

HA3BLEAIOM, CKODOUHDLM npousee&enuem.

Onpenenenune 4. [Tycmv s > 0. Bupasicenue

W3 (R) = {f € Lo B) : fllwsey = (1 + |- )" Fllaey < o0}

Ha3ov6a101MM NPOCMPAGHCTIIEOM Cobosesa.

Onpenenenne 5.1Tycmo ¢ € Ly (R), om k() = 2% ¢ (272 + k). Onepamop

B f = > (fr0nk) Pk

keZ

HaA3bL6010M KEA3UUHTMEPTIOAAUUOHHBIM OTLEPATIIOPOM.

Onpenenenue 6.0nepamop [, docmasasem anNPoOKCUMAUUN NOPAOKG
te Ry, ecau ||f = B fllL,m) = O27™).

Teopema 4.0nepamop By, nocmpoennnd no gynxyuu p(x) = C, F(z) do-
CTNAGAAELTN, ANNPOKCUMALUI OPAdKa 1.

JIureparypa
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NCCJIEJOBAHUE KPI/ITI/ILIECKI/I‘?( BETI'YIIINX BOJIH B
SBAJJAYAX XUMNYECKOU KUHETUNKN
E.A. IITenakuna, O.B. Buauauua, B.B. Muaocepaos
shchepakina@yahoo.com, olgavidilina@mail.ru, slavmiloserdov@mail.Tu

VIIK 517.928

B mammoit pabore mM3y<daroTCss BOIPOCHI CYIECTBOBAHMS U CBOWCTB KDPH-
THYeCKuX Oerymux BOJIH [1Js HeTHHeHHbIX quddepeHnaibHbIX CHCTEM B
3a/1a9aX XUMUIECKON Kuneruku. B KkOHTekcTe Hamero uccjejoBanus Kpu-
THdeckas Oeryiias BOJIHA UIPAET POJIb HEKOrO BOIODPA3Jesa MexIy Oery-
IIUMH BOJTHAME, OTBEYAOIAMH PelleHndaM ABYX NPUHIUINAJIHHO PA3HBIX
THIIOB.

Karouesoe cro6a: KpuTHIecKue OeryImre BOJIHbBI, MHBAPUAHTHOE MHOT006-
pasue, TPaeKTOpUA—yTKa, XUMUIeCKad KAHETUKA

Study of critical traveling waves in problems of chemical
kinetics

In this paper, we study the existence and properties of critical traveling
waves for nonlinear differential systems in problems of chemical kinetics.
In the context of our study, a critical traveling wave plays the role of a
kind of watershed between traveling waves corresponding to the solutions
of two fundamentally different types.

Keywords: critical traveling waves, invariant manifold, canard, chemical
kinetics

Pabora mocsimena uccaeI0BaHNIO TaAK HA3BIBAEMBIX KPUTHIECKUX OETyIITIX
BOJIH CHHTYJISSPHO BO3MYIIEHHBIX AU (DEPeHIInATbHBIX CUCTEM HEeJMHEHHBIX 1a-
pabonuaeckux ypapHenuii. [TousTtue «kpurudeckas O6eryinas BOHA» ObLIO BBE-
JIEHO BIIepBBIe B padore [1] mpn nccieoBaHnn THHAMWYECKOH MO aBTOKATa-
JINTUYECKOro TOpenus ¢ yaeroMm auddy3un. OCHOBBIBasICH Ha TOM (arTe, 9TO
JUHAMWYECKAsS MOJIETb PEAKIMOHHON CHCTEMbI MMEeT KPUTUYECKUE PerieHwus,
OTJIEJISTONINE PEXKUMbI MEJ[JIEHHOIO TOPEHUsI OT B3PBIBHBIX PEKUMOB, HCIIOIb30-
BaHKE T€OMETPUYECKON TEOPUH CHHIYJIIPHO BO3MY IIEHHbBIX JudPepeHnnaibHbIx
YPABHEHUI MO3BOJUIO YTBEPKIATH O CYIIECTBOBAHUUA HOBOTO THIMA OETYIIUX
BOJIH, Pa3JeJISIONINX BOJIHBI Me/JIEHHOTO FOPEHNs ¥ BOJIHBI B3PBIBHOIO THIA [2].
[Ipu uccienoBanmyu 33439 XUMAYIECKONH KUHETUKU MBI UCIIOIH3YEM ITO MOHATHE
B TOM CMBICJI€, YTO JAHHBIN BUJI BOJTH MOXKHO PACCMATPUBATH KAK OOBEKT, COOT-
BETCTBYIONUI KPUTHYECKOMY PERUMY B MoJen (PU3NIECKOrO IMPOIECCa, € OJi-
HOM CTOPOHbBI, U KAK BHJI, BOJIHBI, KOTOPasi PA3esier BOJIHbI, COOTBETCTBYOLIUE
MPUHIUTAAIBHO PA3IUIHBIM TPOIEccaM, ¢ Apyroit. OTananTenbHol 0COOeHHO-
CTHI0O KPUTUYIECKUX OETyIIHUX BOJIH SIBJISETCS TO, 9TO X MPOMUIIN MPEICTABIISIOT
co06oii TpaekTopun-yTKH (OHOMEDHBIE HHBADUAHTHBIE MHOIOOOPA3HUst CO CMEHOM
ycroituusocru) [2—4].

Pabora Beimonuena npu dhunancoso#t nogaepxke PODU u 'OEH Kuras B pamkax Ha-
yaHOro npoexkta 20-51-53008.

Illenakuna Enena AnatonbeBna, 1.¢.-M.H., npodeccop, Camapckuil yausepcurer (Cama-
pa, Poccus); Elena Shchepakina (Samara University, Samara, Russia)

Bugmniuna Ousbsra Bukroposna, K.d.-M.H., gonent, Camapckuii ynusepcurer (Camapa,
Poccus); Olga Vidilina (Samara University, Samara, Russia)

Muocepnos Bsauecias Bukroposud, marucrpant, Camapckuil yuusepcurer (Camapa,
Poccus); Vyacheslav Miloserdov (Samara University, Samara, Russia)

92



Ocoboe BHIMAaHME B pabOTE yIEIEHO 33a4UaM CYIIIECTBOBAHUS U OIEHKE CKO-
POCTH PACIPOCTPAHEHWS KPUTHYECKUX OEryIIUX BOJIH sl HEJUHEHHBIX ud-
depeHImaIbHBIX CHCTEM B XUMHYIECKOH KHHETHKe. Pa3paboTaHbl aJrOpuTMBbI
U MPOTPAMMbBI YHMCJIEHHOIO AHAIM3A KPUTHYIECKUX OEryIMX BOJH B MOJEJISX
XUMHUKO-TEXHOJIOMMYECKUX MPOIeccoB. Mbl JeMoHCcTpUpyeM pa3paboTaHHbLil ati-
mapar HA MpUMepe HeaInabATHIECKOTO CIIyUas PEAKIINNA ABTOKATAIUTHIECKOTO
TOPEHUS B OJHOM MPOCTPAHCTBEHHOM U3MEPEHUH.
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THE RIP-PROPERTY AND THE SPARK OF THE VECTOR
SYSTEM
A.V. Kiptenko, S.Ya. Novikov, M.E. Phedina
kiptenkoandrei@Qyandex.Tu, nvks@ssau.ru, phedina75@gmail.com

VIIK 517.518

The relationship between the RIP (restricted isometry property) and the
spark of a vector system is shown

Keywords: restricted isometry property, vector system, spark (the least
number of linear dependent vectors)

Let Hy be the unitary (euclidean) space over the field F with dimension d.
Definition 1. The set of vectors {p;}7_; C Hj is said to have the restricted
isometry property (RIP) for a given integer k and § € [0,1) if

(1= 0)llx[* < [[@x|* < (1+8) x| 3)

for all k-sparse vectors x € F™ that is for all x € F" with at most k& nonzero
entries. The matrix ® has vectors {¢;}7_; as columns.

The restricted isometry property (RIP) characterizes matrices which are
nearly orthonormal, at least when operating on sparse vectors. The concept was
introduced by E. Candes and T. Tao and is used to prove many theorems in the
field of compressed sensing.

Lemma 1. (2, 3] The set {p;}7_, € (k,0)-RIP if and only if || @3 ®x — 1|, <
d for all k-element subsets K of [n] = {1,...,n}, where @i denotes the synthesis
operator of {¢;}jex-

Definition 2. The least number of linearly dependent vectors among the
{¢j}7-1 is called the spark {¢;}7_;.

Lemma 2. If {¢;}}_, is (k,0)-RIP for some k > 2 and 0 € [0,1), then
spark{p;}j_y >k + 1.

Definition 3. The (mutual) coherence of any sequence of {¢;}_; is the
number

— max 1P @il
i7" llesl el
Lemma 3. For equal norm (k,d)-RIP vectors {¢;}?_, with k > 2 the

inequality § > p, where p is the coherence of {goj};‘:l, 18 valid.

Theorem 1. [1, 3| Let {¢;}7_; is a set of unit norm vectors and p1 ({goj};-‘:l)
denotes the coherence of this set. If k < 1/u+1, then {¢p;}}_, is (k,0)-RIP with
< (k—-1)p.

Corollary. We have the inequality spark{y; =1 = i + 1 for any equal
norm set of vectors {¢;}7_;.

The work of the second author was carried out as part of the implementation development
programs of the Scientific and Educational Mathematical Center Volga Federal District,
Agreement No. 075-02-2020-1488/1
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WAVELET APPROXIMATION IN ORLICZ SPACES
A. Krivoshein, M. Skopina
krivosheinav@gmail.com, skopina@gmail.com

YK 517.5

Approximation properties of wavelet decompositions in the Orlicz spaces
are investigated. Both dual wavelet frames and frame-like wavelet systems
are considered.

Keywords: wavelet expansion, order of approximation, modular conver-
gence, Luxemburg norm

Dual multivariate wavelet frames with a matrix dilation constructed in
framework of multitesolution analysis are studied. Under the assumption that
the generating scaling functions ¢, @ and wavelet functions ), ) v =
1,...,r, have enough decay (that is satisfied for almost all known examples), an
error estimate in the Orlicz space Ly for the corresponding wavelet expansion of
functions f from Sobolev Orlicz spaces Wy' is obtained. This estimate provides
approximation order n (in the sense of modular convergence) whenever each

{/;(”) has vanishing moments up to order n. A similar estimate given in terms of
the Luxemburg norm is obtained for the Orlicz spaces satisfying As-condition.

Analyzing the methods for construction of wavelet frames one can see
that we have to overcome substantial difficulty to provide vanishing moments
for all wavelet functions ) ) which is a necessary condition for the
systems {lﬁgz)}i,k,u, {‘[/;Z(;:)}ml, to be frames in Lg(Rd). However, engineers
often do not take care of this. Providing vanishing moments only for the
functions ¥(*), they successfully apply such “frames” (which are really not
frames) for signal processing. Thus, it makes sense to study a wider class
of dual wavelet systems which are not dual frames but preserve important
properties of frames. Construction of compactly supported dual wavelet systems
{Tﬁg;)}i,k,m {ng)}i,k,w where ), () are functions or distributions, that
provide frame-type decompositions, was developed in [1], see also [2]. Such
systems (called frame-like) can be constructed starting with any appropriate
pair of trigonometric polynomials mg, mg (refinable masks) and using an explicit
method for ﬁnding~¢("), J(”), v = 1,dots, r. Vanishing moments up to order n
for the functions () are guaranteed if only the corresponding assumptions
are satisfied for mg, mo. The functions ¥*), 1) constructed in this way and
the corresponding wavelet decomposition may belong to different spaces. The
estimates in L,-norm providing approximation order n for the frame-like systems
were proved in [1]. In the current paper, these results are extended to the Orlicz
spaces satisfying A’-condition.
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MATHEMATICAL MODELING OF NONLINEAR VIBRATIONS
OF A ROPE WITH A MOVING BOUNDARY
V.L. Litvinov, K.V. Litvinova
vladlitvinov@rambler.ru, kristinalitvinova900Q@Qrambler.ru

YIK 517.5

Until now, the problems of longitudinal - transverse vibrations of objects
with moving boundaries were solved mainly in a linear setting, the energy
exchange through the moving boundary and the interaction between
longitudinal and transverse vibrations were not taken into account.
The paper presents a new nonlinear mathematical model of transverse
vibrations of an unbounded rope with a moving boundary, in which
geometric nonlinearity is taken into account. The obtained mathematical
model allows one to describe high-intensity vibrations of a rope with a
moving boundary.

Keywords: nonlinear mathematical model, vibrations of a rope, moving
boundaries

Until now, the problems of longitudinal - transverse vibrations of
objects with moving boundaries were solved mainly in a linear setting, the
energy exchange through the moving boundary and the interaction between
longitudinal and transverse vibrations were not taken into account [1-5, 7-10].
In rare cases, the action of the forces of resistance of the external environment
was taken into account [6]. Real technical objects are much more complicated,
for example, with an increase in the intensity of oscillations, the geometric
nonlinearities of the object have a great influence on the oscillatory process.

In connection with the intensive development of numerical methods, it
became possible to more accurately describe complex mathematical models of
longitudinal-transverse oscillations of objects with moving boundaries, taking
into account a large number of factors influencing the oscillatory process.

The paper presents a new nonlinear mathematical model of longitudinal-
transverse vibrations of a rope with a moving boundary, which takes into account
geometric nonlinearity, viscoelasticity, energy exchange across the boundary.
The boundary conditions are obtained in the case of interaction between the
parts of the object to the left and to the right of the moving boundary.

The resulting model is linearized. In this case, the principle of homogeneity
is observed: in the particular case of small fluctuations, the obtained linear
models coincided with the classical ones, which indicates the correctness of the
results obtained. The obtained mathematical model allows one to describe high-
intensity vibrations of a rope with a moving boundary
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