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YdumMmcknit yHUBepCcHUTET HAYKHM M TEXHOJOTHI coBMecTHO ¢ WHCTHTY-
toMm Martemaruku ¢ BIl YOUIL PAH exkeromso, naunsas ¢ 2012 r., nmposo-
JUT MeXKIyHapOIHble HayJHble KOH(MEPEHIINN, OCHOBHBIE TEMAaTHUK! KOTO-
PBHIX CBA3aHBI CO CIMEKTPAJIBHOI Teopmeil, ¢ HeJIMHEHHBIM W KOMIIJIEKCHBIM
a"aan3oM, auddepeHnaIbHBIME YPABHEHUIMI U MaTeMATHICCKUM MOIe-
nuposaHreM. Bpibop Takmx HaIpaB/IeHUI ONPeIessICs KaK aKTHUBHOM pa-
060TOIl B yKa3aHHBIX OBJIACTIX MHOTMX MAaTEMaTHMKOB m3 BamkoprocraHa,
B3aMMOIIPOHUKHOBEHHEM HAEH W METOJ0B CIEKTPAJIbHON TCOPUH, HEJIMHEH-
HOTO M KOMIUIEKCHOT'O aHAJIN3a IIPH PEIIeHNN MHOIHX AKTYAJIbHBIX 3339
B YKa3aHHBIX 00JIACTAX, TAK U COTPYJHUIECTBOM C KOJIJIETAMH M3 MHOTHX
HAy9HBIX IIeHTpoB Poccun u 3apybeknbs.

B nocnenune rompr 0cO6EHHO aKTUBHBIM CTAJIO COTPYIHUTIECTBO B YKa-
3aHHBIX ODJIACTAX MATEMATHKU C YIE€HBIMU U3 D13 HAYIHBIX U 06pazo-
BaTeJbHBIX Opranu3aruii ¥3bexkucrana, Kazaxcrana u Tamxukucrana. Co
MHOTMME OPraHU3AINIMU 33K/II0YeHbl COOTBeTcTByIOmue Jlorosopa o Ha-
VYHOM COTPYIHUYECTBE.

Haumnuas ¢ 2019 r. koudepennusa mpuodpesa HOBBIM CTaTyC, Tpeodpaso-
BaBIIKCh B "YduMcKy0 oceHHIOIO MaTemMaTndeckyo mkony". Teneps, Ha-
pAay ¢ 0BCYIKIeHMeM HOBEHITHX HAYYHBIX Pe3yIbTATOB U OTKPBHITHIX IIPO-
671eM, BayKHOE MeCTO B paboTe KOH(pEPEHITNN 3aHNMAT 0030PHBIE JIEKITHH
BEeAYINUX yYeHBIX [IJIsI ACIIIPAHTOB M MOJIOIBIX YI€HBIX.

Hayunas mporpamma koudepenmuun YOMII-24 oxBarsiBaeT ciemyio-
TFe HaIPaB/ICHUs:

® CIICKTPAaJIbHAsA TEOPHUs OIIEPATOPOB;

® KOMILJIEKCHBIN U (DYHKIMOHAJILHBIN aHAINS;

® HeJMHeliHble ypaBHEHNU;

o nuddepeHnnaIbHble YPABHEHUS U UX IIPUIOXKEHNSI;

® MaTEeMaTHUYIECKOe MOJC/IMPOBAHUEC.
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JIOKAJIN30BAHHBIN TOIIOJIOTUYECKUN MHAEKC "
HEIIOABU>KHBIE TOYKN
X.X A66ac, A.}JO. CaBun
haydar-abbas@outlook.com, a.yu.savin@gmail.com

C neficTBHeM TPYNIIBI Ha MHOTOOODA3UM ACCOIMMPOBAH KJIACC HEJIO-
KaJIbHBIX OII€PATOPOB, IIOPOXKAGHHBIN IICeBAOAU(d DepeHITHaIbHBIMU
OIepaTopaMH W OIEPATOPaMU CABHUra BAOJL OpouT aeiicTBus. B man-
HOI1 paboTe TIpeIbsaBseTCsS GOPMYJIA MHIEKCA JIs HEM30MeTPHIeCKO-
ro geiicrBud rpynmsl Z X F, rne F' — koHeuHas rpymnmna. B gactHOCTH,
HaliZeHbl BKIaAbl B HHAEKC OT 3JIeMEHTOB KOHEYHOr'O IIODSIAKA ¥ COOT-
BETCTBYIONINX TOMHOT000pa3Nii HEMOABUKHBIX TOYEK.

Kamovesne cao6a: xapakrep HepHa, KJIaCC TONIA, HETIOABIKHBIE TOU-
K, Teopema 06 MHIEKCE.

LOCALISED TOPOLOGICAL INDEX AND FIXED
POINTS

The action of a group on a manifold is associated with a class of non-
local operators generated by pseudo-differential operators and shift
operators along the orbits of the action. In this paper, we present an
index formula for a non-isometric action of the group Z x F', where
F is a finite group. In particular, we find contributions to the index
from elements of finite order and the corresponding submanifolds of
fixed points.

Keywords: Chern character, Todd class, fixed points, index theorem.

B maremaTtwueckoil (pusnKe M HEKOMMYTATHBHON T€OMETPHUHU BO3HUKAIOT
oIepaTopbl BUIA JIMHEHHON KOMOWMHAITAN

D =Y D,T,: C*(M)— C™(M) (1)
geG

oneparopos caura (Tyu)(z) = u(g™ " (z)), oTBeUAIOMIX AEHCTRUIO TPYIITLI
G nma ragkoMm MHoroobpaszuu M muddeomopdusmamu, rae kodddurmen-
o1 Dy aBmsiiorca (ncesno)nuddepennmanpbapivm oneparopamu Ha M.
Omneparopy (1) comocraessiercst cumpon o(D) € C*(S*M) x G xak
snemMenT (anreGpamIecKoro) CKPEMEHHOTO MPOM3BEICHU aareOphl (hyHK-
nmii Ha KOCEPUYeCcKOM pacCI0eHun MHOroobpasus u rpynnbl G, mAeii-
crByIOmEd Ha 3TOH anrebpe. [Ipu 9TOM yC/IOBUE S/LIMIITUYHOCTA COCTOUT

VccneoBanue BBIIOJIHEHO 33 CUeT IpaHTa Poccmiickoro HaywdHOro ¢ponga Ne24-21-
0033.
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B TpeGOBaHWN OOPATUMOCTH HTOTO 3JIeMeHTa (JJIsi TPOCTOTHL OyaeM Tpe-
6oBaTh OOPATVMOCTH B yKA3aHHOM CKPEIIEHHOM TPOM3BEICHHUN). JTO TIO-
Ka3bIBaeT, YTO CHMBOJI JIMOTUYECKOTO OIEPATOPA OLpesessieT SJIEMEHT
[0(D)] € K1(C*(S*M) x @) B K-rpymie CKpeIeHHoro mponseezennst. Te-
nepb TOIOJIOTMYECKUH MHAEeKC oneparopa D, obo3nataeMsrit gepes ind; D,
MOXKHO CTPOUTH Kak crapuBanue depra—Konma

ind;D = ([o(D)],Td),  Td € HP**(C>(S*M) x Q)

kiacca B K-Teopuu, onpeesseMoro CUMBOJIOM OIEPaToOpa, U HEKOTOPOro
knacca Td (amamora xmacca Tomma B TOMOMOTWH) B IEPROTAYECKAX TTAKTA-
HYECKUX KOT'OMOJIOTUAX CKPEIIEeHHOTO IIPOU3BEIACHUA.

Ienb mamHOM PabOTHl — MIOCTPOUTD JIOKAJIU30BAHHbBIE HA KJIACCE COIIPI-
wemHocTH (f) C G kmaccet Tomma Td/ € HP(C™(S*M) x G) sy nna
BCEX JIJINIITUYICCKHUX SJICMCHTOB f, T.€. JId 3JIEMEHTOB KOHCYHOI'O IIOPAIKa.
Hame nocrpoenne ocaHoBano Ha 0000IIEHNN SKBUBAPHUAHTHOIO XapaKTepa
Yepna u3 [1] Ha caydail, KOrma paccMaTpPUBAETCS PACCIOEHNE HAJ MHOXKe-
CTBOM HEMOIBUKHBIX TOYEK d7IeMEHTa f, a TakxkKe omneparmusx B K-teopumn,
TIO3BOJIAIOIUX YYI€CTH IIOIIPAaBKKU K KJIACCY TO,H,Z[H, OoTBEYaIonue HOpMaJib-
HOMY DACCJIOEHUIO K MHOIOOODA3HIO HEIOBIKHBIX TOUeK (CM.[2]).

OcHOBHBIM pe3ysibTaToM PabOThl ABJISIETCA TeopeMa 00 WHIAEKCE s
rpyunsl G =Z X F| rne F' — npousBoJibHAast KOHEYHA TPYIIIIA.
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ACUMIITOTUYECKOE PA3JIOKEHUE PEIITEHU A
SAJAYM OJIAd CUHTYJIAPHO BOSMYIIIEHHBIX
JINHEMHBIX UMIIVJIBCHBIX CUCTEMBI C
CUHIYVJIAPHBIMU NMITYJIBCAMMU
H. ABuiaraii,
avyltay.nauryzbay@gmail.com

YIK 517.9

B macrosmeit pabore mOCTPOEHO ACHMITOTHIECKOE DPA3JIOKEHUE pe-
ITeHAs CUHTYIAPHO BO3MYIICHHON HAYaJbHONM 33J1a9M € IIPOU3BOJIbL-
HOW CTEIEHBI) TOYHOCTH 10 MajoMmy mapamerpy. CdopmymupoBana
TeopeMa 00 OIEHKe OCTATOYHOIO YI€HA ACHMIITOTHYECKOTO PA3JIOZKe-
HUd, YTO MOKA3bIBAET OIIeHKY PAa3HOCTU MEZK/y TOYHBIM pelleHneM U
ero npubJm:keHHbIM pelneHueM. lIpuBenen npuMep ¢ MOJEIMPOBAHU-
eM, IIOATBePK AN TeOPeTHIeCKA pe3yIbTaT.

Kawwyesvie cao6a: CHHTYASPHOe BO3MylneHwne, mauddepeHrmaababe
VPABHEHUS C CUHIYJIADHBIMU MMITYJIbCAMU, MaJIb mapaMerp.
Asymptotic expansion of the solution for singular perturbed
linear impulsive systems

In this study, an asymptotic expansion of the solution of a singularly
perturbed initial problem with an arbitrary degree of accuracy for a
small parameter is constructed. A theorem for estimating the resid-
ual term of the asymptotic expansion is formulated, which estimates
the difference between the exact solution and its approximation. The
theoretical results are confirmed by a modelling example.

Keywords: singular perturbation, differential equations with singular
impulses, small parameter.

PaccMoTpuM  CHHTYISIDHO BO3MYINEHHYIO cucTeMy auddepeHInaIbHbIX
ypaBHEHHUH, B KOTOPOIl IMIIYJIbCHI TaKKe ABAAI0TCH CUHI'Y/ISPHO BO3MYIIEH-
HbIMU. B 1mieHTpe Halmero obCy K AeHus HaXOAUTCs CJIeIyIOmiast CUCTEMa

dz

EE = A1(t)Z + B (t)y + 6f1 (t)’
% = Az(t)z + BQ(t)y + fQ(t)7

eAz|i—o, = C1(0;)z + Ca2(0;)y + €1 (6:),
Ayli=o, = C3(0:)y + 12(0;)

PaGora seimosinena npu dhuHaHcoBOR moaepxkke PODU (npoekT Ne 19-01-00000).
Apunrait Haypsis6ait, maructp, KasHY (Anmarer, Kazaxcrar); Aviltay Nauryzbay (
Al-Farabi Kazakh National University, Almaty, Kazakhstan)



C HAYAJIBbHBIMU YCJIOBAMU

2(0,6) = 2%, y(0,¢) = 3°,

rie € > 0 Massi mapamerp, z° u y° HEKOTOpBIE KOHCTAHTHI, HE 3ABICSIE
o1, 0< 01 <b<...<0,<T, 0;,i=1,2,..,p, ABIAIOTCA PA3JINIHBIMU
momenTamu paspeisa B (0,7).

Bo muOrUx pafoTax pacCMaTpUBAIUCH UMITYJIHCHBIE CUCTEMBI ¢ MAJIBIM
nmapamMerpoM TOJBKO B AudpepeHrmaabubx ypaBHenusax. Mbl BBegeM Ma-
JIBI TTApaMeTp W B YPABHEHWE HMMITYJIbCA. YCTAHOBAM HEOOXOIMMOE YCJI0-
BUE JJId TOTO, 9TOOBI MPEIOTBPAINATH KOJIJIAINC UMITYIbCHON (DYHKIMU TTpU
YMEHBIIEHUN TTapaMerpa 10 Hysd. [[oCTpouM acCUMITOTUYECKOE PA3JIOXKe-
HUE DPEIIEeHUs] CHHTYIAPHO BO3MYIEHHOW HAYAIBHON 33/1a91 C ITPOU3BOIh-
HOM CTENeHbIO TOYHOCTH [0 MAJIOMy TapaMerpy. JJid mocTpoeHns UCKOMBIX
ACUMITOTIIECKUX PEIIeHHI UCIIOMb3yeM METO/T TPAHUIHBIX (byHKIIIA.

Teopema 1. Ilpu ycaosuax I-IV pad (7) asasemca acumnmomuie-
cKuM padom daa pewenus 3ad0awy (1)-(8) npue — 0 na ompesxe 0 <t < T,
m.€. CNPasediuBa OUEHKA

20e

Zn(te) = ZP (t,€), Ya(t, ) = Y, (t,€),0; < t < 0y,

ZW(t,e) = Zs Zi(t —&-Zsk (’) t_ei,

€
Y(Z)te ZE T (t +€Z€ky<) )t =1,2,...,p.
k=0 k=0
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CUMMETPUU MATUMEPHBIX >KECTKHUX
H-TIPOCTPAHCTB Hs;
A.B. AmusoBa, /I.P. XakumoB
asya.aminova@kpfu.ru, dzhamoliddink@mail.ru

VIIK 514.763

Wccnenyrorcsa msaitumepHbIe TICEBA0PUMAHOBBI MHOT000pa3ns B popme
h-upocrpancts Hsz tuma {32}. Hana kraccudukanus h-npocTpancTs
Hszo mo (meromorermaeckum) anrebpam Jlm wHGUHAUTE3HMATH-
HBIX IPOEKTUBHBLIX W ad@PUHHBIX npeobpa3oBaHuil, HalIeHBI BCe
[IPOEKTUBHO-IIO/IBUKHbBIE METPUKH U YKA3aHbI PA3MEPHOCTH, 6a3UCHBIE
3JIEMEHTHI W CTPYKTYPHBIE YPABHEHUs MeHCTBYIONAX B HUX MAKCH-
MaJIbHBIX HETOMOTETHYECKUX MMPOEKTUBHBLIX asrebp Jlu.

Karouesvie caosa: cucremsr mudepeHnmnaabHbIX YPABHEHUH C 9aCT-
HBIMH [TPOM3BOAHBIME, auddepeHIuaabHasd reOMeTPUs, MATUMEPHOEe
[ICEeBIOPUMAHOBO MHOroo0pasme, h-mpocrparcreo Hsp Tuma {32},
HErOMOTETUYIECKOE IIPDOCKTHUBHOE [IBUZKEHUE, YPDaBHCHUA I{I/IJ’IJ’II/IHI‘E},7
mpoekTuBHAA aaredpa JIu, MpOEeKTUBHO-T€OMETPUYIECKAs TEOPUS CH-
crem OJTV.

SYMMETRIES OF FIVE-DIMENSIONAL RIGID H-
SPACES Hsz 2

Five-dimensional pseudo-Riemannian manifolds are investigated in the
form of h-spaces Hsz of type {32}. We classify h-spaces Hszz 2 by
(non-homothetic) Lie algebras of infinitesimal projective and affine
transformations, find all projectively movable metrics, and indicate the
dimensions, basis elements, and structure equations of the maximal
non-homothetic projective Lie algebras acting in them.

Keywords: systems of partial differential equations, differential geom-
etry, five-dimensional pseudo-Riemannian manifold, h-space Hs2 of
type {32}, non-homothetical projective motion, equations projective
Lie algebra, projective-geometric theory of ODE.

IIpoekTuBHOE Ipeodpa30BaHUE IICEBAOPHMAHOBA MHOroobpasmsa M"™ ¢
npoekTuBHOM crpykrypoit I coxpansier npoekrusayio crpykrypy I u ue-
PEBOINT TeoAe3ndecKre IMHUNA CHOBA B Te0Ie3MIeCKue.

Pabora BbmosHeHa B pamkax peasgusanuu IIporpammver  passurus  Haywumo-
06pa30BaTENILHOrO MATEMATHIECKOrO EHTpa [IPpHBOMIKCKOrO deaepaabHoro oKpyra (co-
riamtenne Ne 075-02-2024-1438).

AwmunoBa Aca BacuibesHa, n.¢.-M.H., npodeccop, KOV (Kaszans, Poccus); Asya
Aminova (Kazan (Volga Region) Federal University, Kazan, Russia)

Xaxumosn JI.P.; k.d.-M.H., gonent, KOV (Kazaus, Poccua); Dzhamoliddin Khakimov
(Kazan (Volga Region) Federal University, Kazan, Russia)



B passuroit A. B. Amwnonoit m H. A.-M. AMWHOBBIM TTPOEKTHBHO-
reoMeTpUUecKoit Teopun cucreM nuddepeHnuanbHpX ypasaeauii [1—9] or-
MEYaeTCs, YTO IPOEKTUBHBIE TPE0OPA30BAHUS CUCTEMATHYIECKN BOSHIUKAIOT
MIpY UCCJIEIOBAHNUU CUMMeTpuil nuddepeHnnaIbHbIX yPABHEHNN MaTeMa-
THdeckoil ¢dusukn. B wacrHOocTH, anrebpa Jlu mHOUHATE3MMAIBLHBIX TO-
qedHbIX cnMMeTpuii ypaBaenns Kopresera-me @pusa saBisieTcs moaaareo-
poit IPOEKTHMBHOI, TouHee, addunnoit anrebpsr JIu, a ypasuenne Pukkarn
MOYKHO PacCMaTpPUBATL KaK 'CBOCOOPA3HYIO pean3aruio’ TPyImbl MPOeK-
TUBHBIX Npeobpas3oBanmii Ha npamoii [10].

JIoKJIa TIOCBSIIEH WCCJIETOBAHUIO CUMMETpHil cucteM auddepeHmy-
AJILHBIX YPABHEHUH reoe3ndecKux B popme anrebp Jlu urduHnTesnmain-
HBIX MPOEKTHUBHBIX MPEOOPa30BaHuil (IPOEKTUBHBIX IBUKEHHN) D-MEPHBIX
TICEBJIOPUMAHOBBIX MHOT00Opasmii (M 5,g) — h-mpocTtparcTs H3z o THIA
{32} [11], [12], [13]. Ompenensiorcst HEOGXOMUMBIE U JOCTATOYHBIE YCJIO-
BUH, IPH KOTOPHIX H32 2 ABIAETCS MPOCTPAHCTBOM MOCTOSAHHOHN (HyJI€BOM)
KpuBU3HBL. HaxoaaTcss HeroMoTeTHIeCKue TPOeKTUBHEIE TBUKEHUS B H32 o
HEIIOCTOSTHHOM KPUBU3HBI, MCCJIEIYIOTCS TOMOTETUN ¥ M30METDHH yKa3aH-
HBIX IPOCTPAHCTB, OIPEIEIATCS DPAa3MEPHOCTH, Oa3WCHBIE SJEMEHTHI H
CTPYKTYpPHBIE YPABHEHUS AEUCTBYIOUNX B HUX MAKCHMAJBHBIX ITPOEKTHUB-
uoIx anarebp Jlu. B urore mosydena ksaccudukanus h-npocrpancts Hso o
tuna {32} no (meromorermyeckum) aurebpam JIu uHGUHUTESHMAIBHBIX
MPOEKTUBHBLIX U addUHHBIX Tpeobpa3oBaHuil.
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OB VIIPABJIEHUU CYETHBIMU CITIEKTPAMU
XAPAKTEPUCTUK KOJIEBJIEMOCTU JIMHEMHBIX
O/ITHOPO/IHBIX JTU®PEPEHIINAJIbBHBIX YPABHEHUN
A.E. AptuceBuu
artisevichangela@gmail.com

VIK 517.926.4

Iltst m060r0 CYETHOTO MHOXKECTBA HEOTPHUITATETBHBIX HUHUCEJ, COMep-
JKalllero Hy/b, CYIIeCTBYET YPABHEHNUE C HAIlepe ] 3aJaHHBIM TIOPSITKOM
n > 2,y KOTOPOr0 CIIEKTPHI XaPAKTEPUCTUK KOJIeOIeMOCTH COBIIQTAIOT
C 9TUM MHOXKECTBOM.

Karoueswie caosa: muddepeHmanapHoe ypaBHEHUE, UNCIO HYyJIEH, Xa-
PaKTEPUCTHIECKA JACTOTA, [IOKA3ATEIb KOJIeBIeMOCTH.

On the control of countable spectra of oscillation character-
istics of linear homogeneous differential equations

For any countable set of non-negative numbers containing zero, there
exists an equation with a predetermined order n > 2, whose spectra
of oscillation characteristics coincide with this set.

Keywords: differential equation, number of zeros, characteristic fre-
quency, oscillation exponent.

Jis 33aHHOTO HATYPAJIBHOIO 1 PACCMOTPUM MHOXKECTBO &" JIMHENHBbIX
OTHOPOJHBIX YPaBHEHUIT N-TO HOPAIKA

Y™ +ar )y 4t an (g +an(t)y =0, t € Ry = [0;400),

3a71aBaeMbIX HabopaMu Henpepvieno GyHkmmi a = (a1,...,an): Ry —
R™, ¢ KoTOpBIMU B JaJibHEHIIEM U OYAeM OTOXK/IECTBIATH CAMHA YPABHEHMSI .
MHOKECTBO BCEX HCHY/ICBbIX PELICHUI yPABHCHHA @ € &" 0603HaMUM Yepes3
S8«(a).

Onpenenenne 1[1,2]. Beprnas (HUsCHAA) TAPAKMEPUCTNUMECKAA %G~
cmoma nyaet gyrurxuyuu y: Ry — R s3adadum popmyaoti

o) = T Tt (o) = im Juin0).

t—+oo t t—+oo

2de v(y,t) — wucao nyael gynryuu y na npomescymse (0, ).

VlccnemoBaHue BBITIOJIHEHO IPH (DUHAHCOBOM MO Iep:KKe MUHHUCTEPCTBA HAYKU U BBIC-

urero obpaszoBanus Poccuiickoit Penepanyu B paMKax rocy1apCTBEHHOro 3aganus Ne 075-
03-2024-074 o npoekTy «VlccaemoBannue aCHMITOTHYECKUX XapPaKTEPUCTUK KOJIe0IeMOCTH
nuddepeHuaIbHbIX YPABHEHUH U CUCTEM, d TAKXKe ONTHMU3AIMOHHBIX METOHOBY.

Aprucesuy Anxena Esrennesna, crapummii npenogasarens AI'Y (Maiikon, Poccust);
Angela Artisevich (Adyghe State University, Maykop, Russia)
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Ounpenenenne 2 [2,3]. Beprnue (nuoscnue) cusvhudl v crabod noxa-
sameau Koaebremocmu nyael mobozo pewenua y € 8.(a) xavscdozo ypas-
nenua a € E" 3adadum popmyaamu

)= ot S Trm) (0= ot B Fomn).

. — ... ; . N

o) = B ok, From) (o= i at, Trtm),
2de v(y,m,t) — wucao wyael CKAAAPHOZO TPOUBEIEHUA 6EKIOPG M U
eexmop-pynxuuy (Y, 7, .. ., y("fl)) na npomesrcymue (0,t].

g pemrenuii AUHEHHBIX OJHOPOJHBIX YPABHEHN ITI€PBOr0 IOPAIKA BCe
XapaKTePUCTUKN KO0JIeOIEMOCTH PABHBI HYJ/IIO, TAK KAK 9THU DEIICHUS B CHU-
JIy TEOPEMBI CYIIECTBOBAHU U €/IMHCTBEHHOCTH HE UMeIOT Hysel. CrekTpsl
(MHOKECTBA 3HAMEHWI HA HEHYJIEBBIX DENICHUAX ) XaPAKTEPUCTAK KOJIe61e-
MOCTH JIIO00T0 yPaBHEHUS BTOPOTO MOPSIKA COCTOAT U3 OJHOTO HEOTPUIA-
renpaOro wncaa [2]. B [4] npoaeMorCTpHpPOBAHA BO3MOKHOCTD YIIPABJICHHS
CYETHBIM CIICKTPOM BepXHEl XapaKTepUCTUYICCKON 9acTOTHI HyJIei ypaBHe-
HUs TpeThero mopsaka. OKa3aaock, 9T0O STOT Pe3yaIbTaT MOXKHO 06001UTD 1
Ha OCTaJ/IbHBIE XaPAKTEPUCTUKH KOaebremocTr mud depeHnuaaibHbIX ypaB-
HEHUHN MOPsIIKa BBIIIE BTOPOTO.

Teopema. Jlaa 41066x 1 > 3 U CHEMHO20 MHOHCECTNEG S MOAONHCU-
TMEADHBLT %UCEN CYULLCTNBYEM maKoe ypasHenue a € E™ ) wmo cnpasediués
PaseEHCMBa

JIuteparypa

1. Cepzees U.H. Onpenesiernue u CBOMCTBA XapaKTEPUCTUICCKUX IACTOT
smuetinoro ypasaenna // Tpynpt cem. nm. I1. I Ilerposckoro, 25 (2006),
249-294.

2. Cepzees U.H. Xapaxrepuctuku KosebaemocTu u 6J1yK1aeMOCTH pe-
nrenwii smueiaoN muddepennmanbuoit cucremer // Uzsectus PAH. Cepus
Maremarudeckas, 76:1 (2012), 149-172.

3. Cepeees H.H. Tlonubiit HAOOP COOTHOUIEHUN MEXKIy MOKA3ATEIAMU
K071€6/1€MOCTH, BPAIAEMOCTH U OJIYK/1aeMOCTH pelrennit nud dbepeHimaib-
ueix cucreM // Useectust MHcTuryra Maremaruku u uadopmaruku Yal'V,
46:2 (2015), 171-183.

4. Botdesesuyw A.C. CymectBoBaHne OECKOHEYHBIX BCIOJY Pa3PbIBHBIX
CIIEKTPOB BEPXHUX XaPAKTEePUCTUIECKNX YACTOT HyseHl U 3HAKOB JIMHEHHBIX
muddepernnanpabix ypasnennii // s, HAH Bemapycn. Cep. dusuko-
MmareM. Hayk, 3 (2015), 17-23.
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MULTI-POINT BOUNDARY PROBLEMS
2K. ApreikbaeBa,
artykbaeva.zhanar@gmail.com

YIK 517.9

In this report questions of number and type of conditions requirements
to some equation for it to have a unique solution in the designated
space.

Keywords: Differential-algebraic equation, differential-boundary op-
erator, boundary value problem, inverse operator, uniqueness of solu-
tions.

We study a differential-boundary equation incorporating algebraic terms
over the finite interval 0 < z < 1

k s
1) = 4 (24 S h@) + S Ne )

+r@ P 4 @y = f(@)

A key aspect of these equations is that, along with the function to be
determined, a number of unknown values must also be found. This prompts
the important question of unique solvability: What number and type of
conditions need to be applied to equation (1) to ensure that the problem
has a unique solution in the designated space?

Such equations fall under the classification of differential operator
equations as noted in [1].

Reference

1. Dezin A. A. Differential Operator Equations: A Method of Model
Operators in the Theory of Boundary Value Problems, Proc. Steklov Inst.
Math., vol. 229, 1-161, 2000.

Apreikbaesa 2Kamap Hypaaskessl, marucrp, KasHY (Aamarer, Kaszaxcran);
Artykbayeva Zhanar Nurlankyzy ( Al-Farabi Kazakh National University, Almaty,
Kazakhstan)
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BITSADZE-SAMARSKII PROBLEM FOR AN ELLIPTIC
EQUATION IN AN INFINITE DOMAIN
R.R. Ashurov
N.Sh. Nuraliyeva
ashurovr@gmail.com, n.navbahor2197@gmail.com

VIIK 517.518

Keywords: Fourier method, abstract operator, complete system, ellip-
tic equation.

Let H be a separable Hilbert space with an inner product (-, ) and a norm
|| - ||. Let A be an unbounded, positive, self-adjoint operator on H with
domain D(A) C H. Let {Vi} be the orthonormal basis of H consisting
of eigenfunctions of operator A, and we can assume that the positive,
countable eigenvalues A\ is nondecreasing and does not have a finite limit
point: 0 < A1 < A2 -+ — +00. Let 7 be an arbitrary real number. One can
define the the power of operator A, acting in H as follows

=> NehaVi,
k=1

where hy are the Fourier coefficients of element h € H: hy = (h, Vi). It is
evident that, the domain of this operator has the form

DAY ={heH: Z)\ |hi|? < oo}

For elements of D(A") we introduce the norm
lIRII7 = Z)\ |l = [|AR|I?,

and together with this norm D(A") turns into a Hilbert space. Consider
the following nonlocal boundary value problem

us(t) — Au(t) = fg(t), t>0;

u(0) = au(to) + ¢, to > 0; (1)
lim u(t) =0,
t—o0

The authors acknowledge financial support from the Ministry of Innovative
Development of the Republic of Uzbekistan, Grant no. F-FA-2021-424.

Ravshan Radjabovich Ashurov (Doctor of Physical and Mathematical Sciences,
Professor, Institute of Mathematics, Uzbekistan Academy of Science, Student Town str.,
100174, Tashkent, Uzbekistan,)

Navbahor Nuraliyeva (PhD student, Institute of Mathematics, Uzbekistan Academy
of Science, Student Town str., 100174, Tashkent, Uzbekistan,)
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where g(t) € C[0,00) is a given scalar function. f,p € H are known
elements of H, « is constant. This problem is called a forward problem.

To solve this problem, the method of dividing the main problem into
auxiliary simple problems was used (see, for example, [1]). Let us note that
if we take the Laplace operator as the operator (-A), we obtain the classical
Bitsadze-Samarskii problem in an infinite domain [2].

Definition 1. A function u(t) € C([0,00); H) with the properties
uee(t), Au(t) € C((0,00); H) and satisfying conditions (1) is called of the
nonlocal problem (1).

Theorem 1. Let a < 1 or a > 1 and 1 > ae™ V110, If for such M > 0,
lg(t)] < M and g(t) € C[0,00), ¢ € D(A%), f € H, then there is the unique
solution of problem (1) and it has the following form:

) = Y[l VR o)

=1Ll —ae™ Akto

t oo
v (t) = fL {sh\/)\kt/e_\/gng(n)dn—ke_ ’\"'t/sh\/)\kng(n)dn}
A 0 t
Moreover, there are the constants C > 0 and Cv > 0 (Cuy =
max{5M?,C}) such that the following coercive type inequality holds:

[lure (D] + [Ju@)I[} < Car(L+ )| + CE 2T, ¢ > 0.
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1. Ashurov R.R., Fayziyev Yu.E On the Nonlocal Problems in Time for
Time-Fractional Subdiffusion Equations., // Fractal Fract., 6:41 (2022),
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2. Bitsadze A.V., Samarskii A.A. Some elementary generalizations of
linear elliptic boundary value problems; // Dokl. Akad.. — Nauk SSSR,
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O CXOOMMOCTU PABHOCTHBIX CXEM IOJId
HEJIOKAJIBHBIX KPAEBBIX 3AJ/IAY C ITPOU3BOJIHOMN
JAPOBHOTI'O ITIOPAKA
A .K. Bas3zaes, a.k.bazzaev@yandex.ru

VIK 519.633

B macrosmeit pabore ncciiemyercs ceMeiCTBO PA3HOCTHBIX CXEM C Be-
CcaMu JiTd yPaBHEHHUS TEIIONPOBOJHOCTHU APOOHOTO MOPAIKA C HEKJIAC-
CHYEeCKUMU KpaeBbIiMu yCaopusivu. C TTOMOIBIO MPUHITATIA, MAKCHMY-
Ma /IS PA3HOCTHOM 33/Ia49H MOJIyIeHa allPUOPHAS OIEHKA, U3 KOTOPOH
cJIe/lyeT YCTOMYMBOCTB PA3HOCTHBIX CXEM H CXOJUMOCTH YHCJIEHHOTO
peternst K ToaHOMY B HOpMeE C.

Karouesvie caosa: npobHas mpoussoaHas Kamyro, ypapuenue 1po6HO-
T0 TOpsiJKa, ypaBHeHne mud@dy3un ApoOHOTO MOPsIKa, KpaeBas 3a-
Jada, He/lOKaJ bHad Kpaebad 3aJada, IPUHIIAI MaKCHMyMa, allpuop-
Has OIEHKA, AlllIPOKCUMAIINsA, YCTOMYNBOCTh PA3HOCTHON CXEMBI, CXO-
JAAMOCTDH Pa3HOCTHOI CXEMBI.

On the convergence of difference schemes for nonlocal bound-
ary value problems with a fractional derivative

This work is devoted to the study of the boundary value problem for
the fractional order diffusion equation with nonlocal boundary con-
ditions. For the problem under consideration, a family of difference
schemes with weights o, 0 < o < 1 has been studied. Using the maxi-
mum principle for the grid equation, an a priori estimate is obtained,
from which it follows that the difference schemes are stable and the
numerical solution converges to the exact one in the C' norm.

Keywords: fractional differential equation, Caputo differential opera-
tor, maximum principal, an a priori estimate, the difference schemes,
stability and convergence of the difference scheme.

1 IlocraHoBKa 3aga4u

B pab6ore [1] uccaemyercss ceMeiicTBO PA3HOCTHBIX CXEM C BECAMU IS
YpaBHEHUA TEIJIOIIPOBOJAHOCTHU C HEJIOKAJIBHBIMU KPAa€BbIMU YCJIOBUAMU. C
TIOMOIITHIO IIPUHITUIIA MaKCUMYMa /151 pa3HOCTHOI‘/,I 3a1a44 IIOJIyY€Ha allpU-
OpHag OlleHKa, U3 KOTOPOil ClelyeT yCTOHYMBOCTh PASHOCTHBIX CXeM 1 CXO-
AAMOCTDb YHCJ/JIEHHOTO pelreHrud K TOYHOMY B HOpMeE C TaK)Ke B ,Z[aHHOﬁ

Pabora BrImONIHEHA TIpU (PUHAHCOBOH NmoAaep:KKe MUHHCTEpPCTBA HAYKU M BBICHIETO
obpazoBanusi Poccuiickoit @emeparnuu. Cornamenue Ne 075-02-2024-1447

Bazzaes Aumsekcamap Kasbekosud, K.d.-M.H., gouent, (Biaaukaskas, Poccus);
Alexander Bazzaev (1) North Ossetian State University, Vladikavkaz, Russia; 2)
Vladikavkaz Institute of Management, Vladikavkaz, Russia)
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pabore mpeasoxkeHa MOAUMUKAIVST METO/IA TTPOTOHKY JIJIsI PETIIEHUST TIOJTY-
uennoit CJIAY. Ilo ananorun ¢ paGoroit [1] MBI cTPOUM PA3HOCTHBIE CXEMBI
nns ypasHenus and@y3un ApoOHOTO TOPIIKa C AHAJOTTIHBIMYU HEKJIACCH-
YECKUMHU KPAEBbIMU YCJIOBUAMY W TIOKA3BIBAEM CITPABEIJIMBOCTE TIPUHITATIA
MaKCHUMyMa JJIsi PACCMaTPUBAEMOIl 33 a4H.

Urak, B mpamoyrompauke Qr = {(z,t), 0 < z < ¢, 0 < t < T}
PACCMaTPUBAETCA 331249

o« 0 ou
OGyu = P2 (k(:c,t)%) —q(z,t)yu+ f(z,t), (z,t) € Qr, (1)
ou

u(0,t) = u(f, 1), %(&t):(], 0<t<T, (2)
u(w,O) = @($)7 0<z< 67 (3)

t

o 1 uy(z,m)dn
rae Opu = T —a) O/ t—n)o apobHast mpowspoaHas ['epacumona

— KamyTo mo Bpemenn mopsigka o, 0 < a < 1.

Bynewm npeamonarars, aro dyuxmuu ¢(z, t), f(z,t) nenpeposas, k(z,t)
HENnpephIBHO aud dhepeHtmpyeMa, uo () YI0BIETBOPSIET KPAEBBIM YCIOBHIM
(2), 0 < 1 < k(zx,t) < e, 0<q(z,t) <cs, c1, C2, C3 — TMOTOKATETHHBIE
MTOCTOSTHHBIE.

2 PasdnocrHag cxema

Beenem Ha orpeske [0,/] cerky wp = {x; = th: i =0,1...,N} ¢
marom h = ¢/N no nepemensoii z u na orpeske [0,7] cerky W, = {z; =
jT: 3=0,1...,50} ¢ marom 7 = T'/jo no nepemennoii t. Ha muoxecrse
Q PACCMOTPHUM CeTKY Whr = Wy, X Wr = {(w4,t;), 1 = 0,1,2,...,N; j =
0,1,2,...,j0}.

B pab6ore [2] mosyuen auckperHb aHAIOr APOCHON LPOM3BOAHON IO
BpEMEHHN

0, u = Afy,u+ O(r° %), (4)
1 ! 11—« 1— s us+1 —u®
Agﬁju = m ; (tj—;+1 - tjff:) ug, up = —

Jnddepermmannroii 3amadae (1) — (3) mocTaBuM B COOTBETCTBHE OTHO-
napamerpudeckoe 1o o, 0 < o < 1, ceMeHCcTBO Pa3HOCTHBIX cxeM [3]

Ay = Ay —diy(” + fi, i=1,2,... N -1, (5)
(anyz.n)'” = 0.5k (Agtij + (dvyn) - fN) ’ (6)
y(]) :yjj\ﬁ j:011727"'7j07 y? = @i, i:07172a"'7N7 (7)
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Te yfa) = o9 + (1 — o)y, Ay = (ayz)e, ai = 0.5(k:i11 + ki), ki =
k(*rivi)v dl = Q(l‘%i)a fl = fz7 = f(x%ﬂv Yi = QD(”&), t = tj + 0'57_7
j j j YN "YN-—-1

R b | — 0 oy — a1 —
Yy=1y; y Y=Y, Y=1Y; y Yz,N = h
Teopema 1. Ilycmb 6uinosHens: Ycao8ua

0<o< 1.

N (2 —2'"7")n?
(=9 S S5 e+ ah?)’

Tozda

a) pasnocmuaa crema (5) — (7) pasromepro yemoGuuss no HAYAALHOMY
YCAOBUID U NPABOT YACTU YPABHEHUA;

6) pewenue pasnocmnot sadawu (5) — (7) pasnomepno crodumes k pewse-
nuto 3adawu (1) — (8) u umeem mownocmo, co6nadaOWY0 ¢ NOPAIKOM
NOZPEUWHOCTNY ANTPOKCUMGYULUU.
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nopsiaka //2K. Bbraucs. marem. u mareM. ¢us. 2006. T. 46. Ne10. C. 1871
— 1881.
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O METOJIE IIOCTPOEHUS PET'VJISIPHBIX PEIIIEHU
OJHOTO KJIACCA OBOBIIIEHHBIX CUCTEM
KOIIInNn-PUMAHA CO CJIABO OCIIJIJIMPYOITIIMMA
KO®PUIMNEHTAMUA
C. BaiizaeB, P.H. Baporos
sattor bayzoev@rambler.ru, ruzmet.tj@mail.ru

YIK 517.9

st 0606menuoit cucrembr Komun-Pumana ¢ koagdunmenrom Bua
€% IpU CONPSIKEHUHM UCKOMOH (DYHKIMU MOCTPOEHBI PEryJIsipHBIE, B
TOM 9HCJIe OTPAHUYIEHHBIE BO BCEH TIJIOCKOCTH PEIIEHUS.

Karoueswie crosa: 0bobmenns cucrema Kommu-Pumana, orpanndenssie
K03 UIMEHTDI, PEryJIsipHbIE U OIPDAHUYEHHBIE PEIIeHUs.

On the method of constructing regular solutions of a class of
generalized Cauchy-Riemann systems with weakly oscillating
coefficients

For the generalized Cauchy-Riemann system with a coefficient of the
form e'™?, regular solutions have been constructed upon conjugation
of the sought function, including solutions that are bounded through-
out the entire plane.

Keywords: generalized Cauchy-Riemann system, bounded coefficients,
regular and bounded solutions.

PaccmorpuM ypasHeHDE

Lpw = ws + ¢ (2) e™w = 0, (1)

3meck m € Z— MHOMKECTBO Tedmx wmcen, z = re'? u e(z) =
{ |12;|’ EEII;I ‘lj § i’ U3 pesynabraros paborsl [1] caexyer, uro omepa-
10p L @ CL — C, Gyner HéTepOBBIM, HPHYEM HHIEKC TOTO OIEPATOPA
6yner pasen mmiexcy Komu xoaddurmenta € (2) e'™¢ ma Geckoneunoctu,
T.e. indL,, = m.

JTok1a/1 TIOCBAIIEH METOY IOCTPOEHUS PETYIISAPHBIX BO BCEHN IIJIOCKOCTH
pe]ﬂeHHﬁ, T.€. IPUHAJJICZKAINUX KJIACCY 017 B 9aCTHOCTU OTPAHUYICHHBIX BO
BCeif ITOCKOCTH, perrennii ypasaeHus (1) .

Teopema 1. I[Iycms m— wemnoe um > 0. Tozda pezyaapnvie peusenus
ypasrnerus (1) onpedesaromes Popmyaot

Baiizaes Carrop, a.d.M.H., npodeccop, TT'VIIBII (Xymxana, Tamkukucran); Sattor
Baizaev (Tajik State University of Law, Business and Politics, Khujand, Tajikistan)

Baporos Py3uboit HymomkonoBud, npenomasarens, XI'Y umenn ak. B. Tadyposa
(Xymxann, Tamkukucran); Ruziboy Barotov (Khujand State University named after
Academician B. Gafurov, Khujand, Tajikistan)
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w(z) _ T‘% Z (Anlﬂi% (’I”2) eintp_zn[%7¥ (T2) ei(rnflfn)w)

4

+ Z (BnK%,L-H (7’2) e +§nK%7L_3 (7“2) ei(m_l_"w) mpu r < 1,
n=g

w(z) = r% i (Cn[n,% (27”) + DnKn,% (27")) eine _

- (671]”_% (2r) — ﬁnKn_% (27’)) e“m*l*")w] upu r > 1,
3decv I, — Ppynxuyusa Becceas muumozo apeymenma, K, — dynrxyus Max-
donaavda nopadka v, A, NPou3eosvbHGA KOMNAEKCHAA nocmoannad, 6 Cp
u Dy 0dnosnauwno evpasicaromes wepes An u Bi,.

Teopema 2. ITycms m— wemnoe u m > 0. Tozda ozpanuuenmnovie 60
6celi maockocmuy pewenua ypasuenus (1) onpedeasromea caedyroujum 06-

Pa3om:

Anly s (%) +BuKy s (%)) €7 4

£
X
I
S
3
wit
Yoy

(—Zn1%7m4_3 (7‘2) +§nK%7m4—3 (7"2)) ei(m_l_”)@} mpur <1,
m—1 ) . 1
w(z)=rz Z DnKyom (2r)e™ +DnK,_m_2 (2r) e 7"”] mpu > 1,
Y 2
n:%

20e D, — npoussoavhwie , a A, u B, swpasicaromea wepes Dy,.

N3 Teopembl 2 ciemayeT, 9TO Pa3MEPHOCTh MHOXKECTBA OTPAHUYEHHBIX
BO BCEHl IIOCKOCTH pemennii ypasHenus (1) Kax JMHEHAHOE TPOCTPAHCTBO
HAJI TIOJIEM BEITeCTBEHHBIX YMCEJ PABHA M.

AHajlOrMYHbIE YTBEDIKIEHUST WMEIT MECTO W JJIsi CJyYasi HEYeTHOTO
m > 0. Jns m < 0 ypasuenue (1) 8 C uMeeT TOJIBKO HYJIEBOE DEIIEHEE.
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O PEI'VJIAPHBIX PEIMTEHUAX OJHOT'O KJIACCA
MHOTOMEPHBIX OBOBIITEHHBIX CUCTEM
KOIIIN-PUMAHA C CUHTVYJIAPHBIMUA
KO®PUIMNEHTAMUA
C. BaiizaeB, M.M. IllokupoBa
sattor bayzoev@rambler.ru, shokirova2002 1977@mail.ru

VK 517.9
TlocTpoeno  obOmiee  perneHwe MHOTOMEDHOH — OOOOINEHHON — CH-
CTEMBI Komu-Pumana c CHHTYJISPHBIMHA Kodd durmeHTa
mu Buga z “z %A, «, B— BemecrBeHHBIE WHMCIA, IpUYEM

a+ >0, a— [ —uenoe, A— maTpura.

Karoueswie caosa: MHOroMepHasa 0bo0IeHHas cucreMma Komu-Prumana,
CUHTYJSIpHBIE K03 DUIMEHTHI, 00IIiee pelnreHme.

On regular solutions of a class of multi-dimensional general-
ized Koshi-Riman systems with singular coefficients

A general solution of a multi-dimensional generalized Cauchy-
Riemann system with singular coefficients of the form z~*z~# A, where
a, B are real numbers, a+ 3 > 0, a— 3 is an integer, and A is a matrix,
has been constructed.

Keywords: multi-dimensional generalized Cauchy-Riemann system,
singular coefficients, general solution.

B nmokmame w3maraercs cxema mOCTPOEHUs OOTIEro penrenHusi MHOTOMED-
HOH 0600menuoi cucrembl Komu-Pumana suma

wz + Aw =0, (1)

zozf
rae w € C™ — KOMILIEKCHOE M-MEPHOE TPOCTPAHCTBO, (, [3— BEIIeCTBEHHbIE
uncia, Takue 9to o + > 0 u o — f— mnenoe, A— KOMILTEKCHAS MAaTPUIIA
MOPSIKA, 1.

CupaseyiuBa cieayomast

Teopema 1. [Tycms wucao s = f—a—1 newemnoe u 6ce cobecmeenmvie
snanenua A mampuyvi AA noaynpocmue. Tozda o6usee peusenue cucmemos
(1) umeem 6ud

w = Z {wn (r) ™ + wp,nei(p_"w},

n>p

Baiizaes Carrop, a.d.M.H., npodeccop, TTVIIBII (Xymxana, Tamkukuctan); Sattor
Baizaev (Tajik State University of Law, Business and Politics, Khujand, Tajikistan)

ITTokuposa Myx6upa MyxTopxoHnoBHa, crapmuii npemnogasarens, TTVIIBIT (Xyx-
xany, Tamxukucran); Mukhbira Shokirova(Tajik State University of Law, Business and
Politics, Khujand, Tajikistan)
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sdeco p = *EL w, (1) = Suin, ..., ugn), S— mampuya, cmoabyw, xo-

Mopoti cOCMOAM U3 COBCMBERHHL 6ERMOPO6 mampuys, AA, omeseuarouwux
COOCMBEHHBIM SHAMEHUAM Aj,  KOOPIUHAMO, BEXKMOP-PYHKUUT Ujn NPU
v # 1 u Aj #0 naxodamea no gopmyase

2iv/Aj
v(r)=r"°Z, (f ]rlw> ,
-7

2de Z,—uyuaundpuveckan Gynxyus nopadke v = %, anpuy=1-no
popmyae
C’lrfo‘*% + Cgrfo‘*% npu p # 0,
vy ={ G,
r~*(C1+ Calnr) upu p =0,
3decw Cy, Cy— NPOUSBONDHBLE KOMNAEKCHDLE NOCMOAHHbLE,
un =24/(a+ n)2 + 4N, sexmop-gynryuy Wp—n onpedessromMca U3
CUCTNEMBL

Ay (1) = 5 [0 ) + 2w (1)

Anagormanoe yTBepXKaeHne nMeeT MeCTO U IJId ClIyvdad HEYeTHOTO S.
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BOCCTAHOBJIEHUE ®YHKIINN 11O EE
NMHTETPAJIBHBIM JAHHBIM HA JIAMBJIA-JIMHNAX

A.X. Bermaros, akbar begmatov@mail.ru
YAK 517.968

Paccmorpena 3apmada  wuHTerpasibHONH TreoMeTpUM JJjisd  CceMeicTBa
AMOIa~-TMHIA HA IJIOCKOCTH € MIUPOKUM JIHAIA30HOM YTJIOB M BECO-
BOW (pYHKIMEH SKCIIOHEHITNAILHOTO TUMA. /[0Ka3aHbl TEOPEMBI €JIMH-
CTBEHHOCTU W CYIIECTBOBAHHUS pelleHus 3aadu. llosydeHbl OleHKH
YCTONYMBOCTH B MPOCTPAHCTBAX CODOJIEBCKOTO THUIIA, & TAKKE sIBHA
dopmya obpamenns. [IpeacTaBieHbl pe3yIbTATH IO e TUHCTBEHHOCTH
U YCTOMYHUBOCTH COOTBETCTBYIOINEN 33a0a9d WHTErPAJIBHONM ITeOMeTPUH
C BO3MYIEHUEM [T JIOCTATOTHO MIUPOKOTO KJIACCA BECOBBIX (b YHKITHI
BO3MYTIEHNS.

Karouesnie caro6a: 0OOpaTHbIE 3314491, HHTEI'DAIbHAS PE€OMETPHSL, UHTE-
rpajbHBbIe TPeobpa3oBaHus, (OPMYIbl 00pAITEeHNs, OEHKN YCTOWYIN-
BOCTH.

Reconstruction of the function from integral data on lambda
lines

The problem of integral geometry for a family of lambda lines in the
plane with a wide range of angles and a weight function of exponential
type is considered. The theorems of uniqueness and existence of the
solution of the problem are proved. Stability estimates in Sobolev-
type spaces and an explicit inversion formula are obtained. Results
on the uniqueness and stability of the corresponding problem of inte-
gral geometry with perturbation for a sufficiently wide class of weight
functions of the perturbation are presented.

Keywords: inverse problems, integral geometry, integral transforms,
inversion formulas, stability estimates.

PaccmarpuBaercs 3aqa4a BOCCTAHOBIIEHU (DYHKIIUHN 110 €€ HHTErPAIbLHBIM
JaHHBIM C 33aJaHHBIM BE€COM BI0OJIb CceMenCTBa MIOCKUX JIMHUM. HPOI/I3BOJ'H)—
Hasd JIUHUA CeMeMCcTBAa 00pa3yeT JIOMAHYIO C BEPIIUHON, OMUPAIOTILYIOCST Ha
ock OX.

Ilosygenb! HOBBIE PE3YJIBTATHEI II0 YKA3aHHOH 3aa19e HHTEIPAJILHOM Teo-
mverpun [1,2] ansa BecoBol (GyHKIMM YKCIIOHEHITUAIBHOTO THIA, U ITUPOKOrO
JVANA30HA YIJIOB, KOTOpBble 00Pa3yIT B BepIIMHE OTPE3KH JIOMaHbIX. llo-
JI0GHBIE 33Ja"l PACCMATPUBAJIUCH PaHee B CTAThAX aBTopa [3-5].

Bermaros AxGap Xacanosnd, g.¢d.-M.H., mpodeccop, CubYIIK (Hosocubupck, Poc-
cus); Akbar Begmatov (Siberian State University of Consumer Cooperation, Novosibirsk,
Russia)
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B pabote mpecTaBaeHBl TeOpEMa €IMHCTBEHHOCTN ¥ OIEHKA YCTOWUH-
BOCTH PelIeHus 3313491 B IPOCTPAHCTBAx cobosieBckoro tuma. Ha 3Toit oc-
HOBE€ IOKa3adHa TeOopeMa CYIIEeCTBOBAHUA PEIIEHUA 3aa9U. Honyqua ABHaA
dopmya obpalmeHust JIsT UCXOJHOTO WHTErPAIBLHOTO OMEPaTopa 33/1aqu,
IIPeJICTABIEHHOIO Kak 06o0menHstil oneparop Panona [6].

MSy‘{E‘LETCH TAaKZK€ COOTBETCTBYIOIIAA 3a/1aad HHTeI‘paJ’IbHOﬁ reoMeTpun
C BO3MYIIEHHEM, KOTOPOE ITPeCTaBIIsieT coD0i NHTErpaJl OT HCKOMOMH (hyHK-
OMY C IVIAZKUM BECOM II0 BHYTDEHHEH 9acTH JIOMAHOH. 31eCh TaK¥Ke IIOJIy-
YE€HbI TEOpEMa €ITMHCTBEHHOCTHU W aHAJIOTHYHaA OIIECHKa yCTOfI‘{I/IBOCTI/I.
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3AJTAYA MHTETPAJIBHOM TEOMETPUN
BOJIBTEPPOBCKOI'O THUIIA II0 CEMENCTBY C®EP B
ITPOCTPAHCTBE
A.X. BermatoB, A.C. cmonjioB
akrambegmatov@mail.ru, alisher 8778@mail.ru

VIIK 517.946

B sTom pabore paccmarpuBaeTcs 3ajava BOCCTAHOBIIEHUs (bYHKITHI
1o cemeiicTBaM cdep B mpocTpancTse. JJoKa3bBaeTCd eIMHCTBEHHOCTD
PeTIeHst 33/1a49n Iy TeM CBE/IeHNsI K MHTErPAJILHOMY ypaBHeHnio Bob-
Teppa MepPBOro, a 3aTEM BTOPOTO POJA.

Karouesnie crosa: 3amada MHTErpAIbHON T€OMETPIH, CeMeNHCTBO cdep,
WHTerpaJjbHOe ypaBHeHne BosbTepa, eUHCTBEHHOCTD PelleHus.
Volterra-type integral geometry problem on families of
spheres in space

This paper discusses considers the problem of recovering a function
from families of spheres in space. The uniqueness of the solution of
the problem is proved by reducing it to the Volterra integral equation
of the first and then the second kind.

Keywords: Integral geometry problem, family of spheres, Volterra in-
tegral equation, uniqueness of solution.

SajagaMu MHTErPaJIbHOM T€OMETPUN BOJIBTEPOBCKOI'O THIIA HA3BIBAIOT-
CsI 337aH, KOTOPBIE MOTYT OBITH CBEIEHBI K HCCIEJOBAHUIO OEPATOPHBIX
ypasuenwnit Bombrepa B cMmbicie onpenenenns, ganaoro M.M. Jlaspentne-
BeM [1].

B pat6orer M.M./laBpenTheBa OBLIA TPEIIOKEHA BECHMA ILIOTOTBOD-
Hag Ued CBEINEHMs IMUPOKOTO KJIACCA 33/1a9 WHTErPATHHON TeOMETPUU K
HCCIIE0BAHUIO YPABHEHMS YBOIIOIMOHHOIO THIIA, JJis HEKOTOPOM BCIIOMOTa-
TeJbHOH (QYHKINNA. DTO, B YACTHOCTH, IIO3BOJIN/IO JOKA3AThH TEOPEMY €IUH-
CTBEHHOCTH pentenus UCXOMHoH 3amaun. Cie1yer OTMETHUTh, 9TO HEKOTOPBIE
KJIACCHI 3a/1a49¥M UHTEIPAJIbHON reoMerpun BoabTeppoOBCKOro Tuiia uslyda-
Jnck Takxke A.JI.ByxreiimMom.

Hosble knacchl 33129 HHTErPAJIbHON MeOMETPUN [TOJLY YU CBOE PA3BU-
e B paborax Axp. X. Bermarosa [2 u ap.]. B ero paborax msywanucs
3339 MHTErPAJILHON reOMeTPHUM BOJLTEPPOBCKOIO THUIA HA ILIOCKOCTH K
B mpocrpancTee. B paBorax [3,4] m3y4eHbI HOBBIE KJIACCHI 339U WHTE-
rPaJIbHON reOMETPUM U BBEJEHbI HOBBIE MOIXO/bI K MCCJIEAOBAHUIO 33,129

Bermaros Axpam Xacaunoswd, a.d.-M.H., npodeccop, CBYMUIITK (Tamkent, Y3-
Gexucran); Akram Begmatov (Joint Belarusian-Uzbek intersectoral institute of applied
technical qualifications, Tashkent, Uzbekistan)

Ucmounnos Ammmep Crmpukosud, K.d.-m.H., ¥Y3-Ouualll (Camapkanzn, Y3bexkucras);
Alisher Ismoilov (Uzbek-Finnish pedagogical institute, Samarkhand, Uzbekistan)
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BOCCTAHOBJIEHUsT (DYHKIINH ITO BECOBBIM (DYHKIIMSIM C 0COOEHHOCThIO. B pa-
Gore [5,6] n3yuena zamada BoccTaHOBIeHUs (DYHKIMU 10 ceMeiicTBaM cdep
B TPEXMEPHOM IIPOCTPAHCTBE.

B crathe paccmaTpuBaeTcs 3a7ada BOCCTAHOBJIEHUsI (DYHKIMH TI0 Ce-
MeiicTBaM cep B TpocTpaHCcTBe. /l0Ka3bIiBaeTCd € IMHCTBEHHOCTD PEIleHus
331391 Iy TEM CBEJIEHHS K MHTETPAIbHOMY ypaBHEeHNO BosbTeppa mepsoro,
a3aTeM BTOPOro poga. IIpumenstioTcest MeTobl Teopu ud dhepeHInaabHbIX
ypaBHeHI/II;'I C YaCTHBIMU ITPOU3BOJIHBIMU. ﬂOKa3aTeﬂbCTBO TeOpeMbl €ITUuH-
CTBEHHOCTHW OCHOBaHbI Ha U3yY€HUUN KPaE€BbIX 3a/1a4 AJ15 BCIIOMOT'aTE€/TIbHbIX
dbyurumit. Ucnonp3yercst Tak:ke Meros mpeobpasosanus Pypre. A Takke
pacCMOTpeHa 33/1a49a MHTErPAIHHOM IeOMEeTPHH I CeMeHCTBA IIOBEPXHO-
CcTell BTOPOTO ITOPSAIIKA.

3agaun TaKOro poJia BOZHUKAIOT B reodU3nKe W KOMIBIOTEPHON TOMO-
Fpa(l)I/II/I. HpaKTI/I‘{eCKaH 3HAYMMOCTDh CTaTbU 3aKJAIOY9aeTCd B TOM, 9YTO IIO-
JIY9€HHbIC PE3YyJ/IbTaThl MOTYT OBITH HCIIOJIb30BAHbBI IIpu YHUCJICEHHOM pemie-
HIU 33729 OTIPe/IeIeHUsT BHYTPEHHEH CTPYKTYPHI 00bEKTOB, BO3HUKAIOITNX
B 00J1aCTH MEIHUITMHBL U TeOMU3UKA.

ITocranoBKa 3aga4u. PaccMOTpHM 3a/a4y MHTErPAIbHON NEOMETPHA
J71d ceMeMCTBa MOBepXHOCTel B mosynpocTpancTs 2z > 0. IloBepxHOCTD, TIO
KOTOPOU BeIETCS WHTETPUPOBAHNE, TIPEICTABIAET OO0 cdhepy

==+ -

O6o3masum Lp = (z,y,2) :x € R,y € R,0< z < D.
Dyuxmus u(-) npeamosaraercsa GuHUTHON 1O T, Y, TO ecThb U(Z, Yy, 2) = 0
npu (z,y) € D , rme D - orparmaenHag 06/1acTh Ha IocKocTr 2 = 0 .
3agaua 1. B noaynpocrpancts Lp BOCCTAHOBUTH (DYHKIHUIO TPEX TIe-
pemenHbix u(x,Yy, z), €CJIM U3BECTHBI MHTETPAJIBL OT HEE 0 IOBEPXHOCTIM
cemeiicta Y (z,y, 2):

f(@,y.2) = / 4z, QulE, 1, C)dw,

(Y (2,y,2))

r/ie IIPOU3BOJIbHAA IOBEPXHOCTH CEMEHMCTBA MIPEACTABICHA BHIPaKECHUEM
2 2 2 2

JIemma 1. ITyemo dynkyua f(x,y, 2) useecmna 04 6cex u3 noAynpo-
cmpareme Lp, eecosan dynruyua q(z,() = 1

[22_¢2’
Tozda pewenue ypasnenus (2) 6 kaacce deascdn nenpepuiero dudde-
DERYUPYEMBLT Purumnbss Gynkuyul ¢ nocumenesm 6 noaynpocmpancme Lp

eduHCMEERHO.
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YUCJIEHHOE MOAE/IMPOBAHUE 3AJJAYUN
MHTETPAJIbHOW TEOMETPUU 11O CEMEVWCTBY
IIAPABOJI C 3A/TAHHO BECOBOI ®YHKIIVEN

A.X. BermatoB, H.Y. Yreyauen, A.C. VlcmousoB

akrambegmatov@mail.ru, utewlievn@mail.ru,
alisher 8778@mail.ru

VIIK 517.946

B pabote nccaenyercs 3a/1a498 MHTErPAIBHON FeOMETPHA B IIOJIOCE HA
ceMelicTBe MapaboJI ¢ 3aJaHHON BecoBOH (yHKIMel obmero suma. /lo-
Ka3aHa TeopeMa €IUMHCTBEHHOCTH 1 TeOpeMa Cy]l[eCTBOBaHI/IH pe]l[eHI/IH
Saga‘{n, HO.]'Iy“IeHO AHAJIUTHUYECKOe Hpe,ZI;CTaB.HeHI/Ie pe]l[eHI/Iﬂ B KJ1acCce
IJ18,IKUX KOHeuHbIX (byHknmil. [IpuBenens! yucientsie u rpaduaeckue
peSyﬂbTaTbI HpI/IMeHeHI/IH ITUX aHI‘OpI/ITMOB 1A pe]l[eHI/Iﬂ 3ada4q9u.

Karouesnie cao6a: 3a1a9a HHTErPAIBHOM reoMeTpun, 0OGpaTHBIE 3372~
4K, HEKOPPEKTHBIE 33/1a49M, YUCJIEHHOE perienue, rpeobpasosanue Py-
ppe.

Volterra-type integral geometry problem on families of
spheres in space

The article deals with the study of problems of integral geometry in
a strip on a family of broken lines with a given weight function of a
general form. The theorems of uniqueness and existence for the solu-
tion of the task are proved; an analytic representation of the solution
in the class of smooth finite functions is obtained. The numerical and
graphical results of applying these algorithms to the solution of the
task are given.

Keywords: Problem of integral geometry, inverse tasks, ill-posed tasks,
numerical solution, Fourier transformation.

3agadun MHTErpajgbHOM TeOMETPUHM - WHTEHCHUBHO Da3BHUBAIOIIEECS
HallpaB-JeHUe COBPEMEHHOH MaTeMaTHKW, KOTOpOe HABJIAeTCd OJHHM U3
KPYIHEHAIUX HANMpPaBJIEHN B TEOPUU HEKOPPEKTHBIX 33Jad MaTeMaTude-
ckoit ¢u3uku u ananuza. Ee 3amaum TeCHO CBA3aHBI C MHOTOYNCICHHBIME
NIPUJIOKEHHUSAMHY - 3aJa<daMy HHTEPIIPETAIINN JAHHBIX reO(MU3NIECKUX HC-
CJTeZIOBAHMIL, 3JIEKTPO-PA3BEIKH, AKYCTUKN U KOMIILIOTEPHO! TOMOTrpadun.
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OmfHo# W3 TEHTPATBHBIX TIPOOJIEM WHTETPATHHOW TEOMETPHUH SBJISET-
¢S BOCCTAHOBJICHUE (DYHKITUH, €CJIM W3BECTHBI €€ MHTETrPAJIBI TI0 33 IAHHBIM
MHO-TOO0PA3UAM.

ITpuseneM ompejesieHne 3a7a4u MHTErpagbHON reomerpun [1]. Ilycrs
u(x) - mocTaTouHO TyIaaKasd (GYHKIWS, ONMpPEIECHHAs B 7 - MEPHOM ITpPO-
crpauctBe & = (Z1,...,Zn), © M(N) - ceMeACTBO TIaIKMX MHOTOOODA3WMit
B 9TOM IIPOCTPAHCTBE, 3ABUCIINUX OT mapamerpa A = (A1, ..., \g). Ilycrs,
masee, oT GyHKIMA u(T) U3BECTHBI MHTETPAJIBI

u(xz)do = v(N).
M(\)
rae do onpenensier smemenT Mepsl o M (A). Tpebyerca mo dyrkmum v(\)
naifitn Gynknmio u(x).

B pat6orer M.M./IaBpenTheBa ObLIA MTPeIIOKeHA BECHMA ILIOIOTBOD-
Hasl Wjes CBEJIEHWs IMUPOKOTO KJIacca 3a/ad MHTEerPAIbHON reoMeTpHH K
WCCJIEJIOBAHNIO YPABHEHUS SBOJIIOITHOHHOTO THUIIA /1Js HEKOTOPOii BCIIOMOTa-
TeJbHOH QYHKINNA. DTO, B YACTHOCTH, IIO3BOJIN/IO JOKA3AThH TEOPEMY €IIH-
CTBEHHOCTH PENTeHHs HCXOAHOM 3agaun. CiieyeT OTMETHTD, YTO HEKOTODBIE
KJIACCHI 33/1a9N MHTErPaJIbHOI reoMerpun BoabTeppOBCKOrO THIIA H3yda-
Jnck Takxke A.JIL.Byxreiimom.

Hosple Kacehl 3389 HHTENPAIBLHON M€OMETPUN [TOJLY YHU/IH CBOE Pa3BHU-
Tne B paBorax Akp. X. Bermarosa [2 u ap.]. B ero paborax msyuammck
3aa9M MHTErPAIbHON reOMETPHUM BOJLTEPPOBCKOIO THUIA HA ILIOCKOCTH K
B mpocrpancree. B paBorax [3-6] m3yueHB HOBBIE KJIACCHI 334U WHTE-
TPAJILHON TeOMETPHUY U BBEJEHBI HOBBIE MOIXOLI K WCCIEJOBAHUIO 33121
BOCCTAHOBJICHUS (DYHKITUY 10 BECOBBIM (DYHKIMAM C 0COGEHHOCTHIO. B pa-
6oTax [7,8] m3yueHBI AHATMTAYECKOE TIPEACTABICHUE PEITEHM 339K HHTE-
TPAJILHON TEOMEeTPUN B KJIacce TJIaIKNX (MUHUTHBIX (DYHKIUH. Y IUTHIBAT,
9TO IPU U3MEPEHUTX BCEra IPUCYTCTBYIOT 3allyMJIEHHbIE HHTErPAJIbHEIC
JAHHbIE, HA OCHOBE W/IEH Peryaspu3anui THXOHOBa CTPOUTCS YCTONYUBBII
AJICOPUTM JJIsT 9IHUCJICHHOTO PEITeHNs 33a9i WHTErPAJIHHON TeOMeTPUN Ha
ceMelicTBe JIOMaHBIX. [IpoBeqeHHBIH YMC/TeHHBIN SKCIIEPUMEHT IOKA3bIBAET,
9T0 pa3paboTaHHBIN agroput™m 3G GPEKTUBHO BOCCTAHABIMBAET M300parKke-
HI€ BHYTPEHHEH CTPYKTYPHI UCCIEAYeMBIX 0OBEKTOB C JTOCTATOTHON TOU-
HOCTBIO.

B nannoit pabore nuccienyercsa 3a1ava NHTETPAJIHHON T€OMETPAM B IO-
Joce Ha ceMmeiicTBe mapabos ¢ 3aIaHHON BecoBOil (dyHKIWMeH 06Inero Bu-
ga. Jokazana TeopeMa €IMHCTBEHHOCTH M TEOPEMa CYyUIECTBOBAHUS pellle-
HUS 33/1a4H, [OJIYYeHO aHAJIUTHYECKOE IIPEJCTABIEHNE DEIleHUs B KJIaC-
ce TVIaJKUX KOHeuHbIX yHKImi. [IpencraBieHa oneHKa perieHnust 33 adu
B mpoctpancTtBax CoboseBa, m3 KOTOPOU BBITEKAET €€ ciabas HEKOPPEKT-
HOCTH. IloyUeHHbIE TEOPETHYECKNE PE3YIBTATHL UCCIIEIYIOTCH 10 SKCIIePH-
MEHTAJIbHBIM JaHHBIM. [IpuBenens! unciennbie u rpadpudeckue pe3yaIbTaThl
NPUMEHEHHUsI 3TUX AJTOPUTMOB [JIs pelleHus 3a7a4u. Takue 3a7au nme-
0T MHOT'OYHUC/IEHHbBIE IIPUIOKEHHSA B MATEMATHIECKOM H3y4YeHUN IpobieM
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ceficMOpa3BeIKM, MHTEPIIPETAINH Te0MU3NIECKUX U a9POKOCMUIECKUX Ha-
GsmioneHuit, B penreHuH OOPATHBIX 33039 ACTPOMU3UKN U TUIPOAKYCTUKIY.
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ACUMIITOTUYECKHUE ®OPMYVYJIbI BBICOKMNX
IMOPAOKOB OJISA BOBMYH_[EHI/Iﬁ
MVYJIBTUIIJINKATOPOB TAMMNJIBTOHOBBIX CUCTEM
A.C. BeaoBa
belovaas@uust.ru

VIIK 517.518

B pabore paccmarpuBaeTcs BOMPOC O MOCTPOEHUN KO3(h(DUITMEHTOB
AaCHUMIITOTHYECKUX paS.]'IO)KeHI/Iﬁ MYJAbTUIIJINKATOPOB TaMWJIBTOHOBBIX
CUCTEM, 3aBUCSIINX OT MaJOro MapaMeTpa.

K./LTO“L@G?)LE CA06G: I'aMHUJIbPTOHOBA CUCTEMA, yCTOI‘/’I“II/IBOCTI)7 MYJIbTHUILJIN=
KaTop.

On the stability of motion of a dynamically symmetric satel-
lite relative to the center of mass

The paper considers the issue of constructing coefficients of asymptotic
expansions of multipliers of Hamiltonian systems depending on a small
parameter.

Keywords: Hamiltonian system, stability, multiplier.

PaccMaTpuBaeTcss JIMHEHHAs TEPHUOJMYECKAs TaMUJIBTOHOBA CHCTEMA,
(JITTIC), 3aBucsamas OT MaJIOro MapaMeTpa &, BUIA

dx 2N
E = JA(t,&)J?, reR s (1)
rne A(t,e) — BemecrBenHas cuMmerpudeckas (2N x 2N) marpuiia, a Mar-

0 I
-1 0
(N x N) marpuna. IIpenmonaraercs, aro marpuna A(t, €) apnaerca T-nepu-
OIMIECKOM U HENPEPBIBHO 3aBUCAIIEH TI0 T, TJIQIKON C MOPAAKOM INIATKOCTH
k (k > 1) mo mapamerpy .

ITpu € = 0 cucrema (1) npunumaer Buz
dx

o =J Az, we RN, (2)

puna J ompenesieHa paBeHCTBOM: J = [ ; 370eck | — equHWYIHASA

rae Ao(t) = A(t,0). Cucremy (2) Gynem Ha3blBATH HEBO3MYIIEHHOMH, a CH-
cremy (1) — BO3MymIeHHOM CHCTEMOT.

BaskHy10 pOJIb IpY U3Y9Y€HUN JUHAMUKY cucTeMsl (1) urparor acumirro-
Trudeckue HOPMyYJIBL JJist COBCTBEHHBIX 3HAYEHUI [1(€) MATPUIBI MOHOAPO-
mvun V (g). Ussectrbie 3nech paboTer (cM., manpumep, [1, 2]), xak npasmio,

VceneioBanue BBIIOJHEHO B PAMKAX FOCYJapPCTBEHHOTO 3a4aHus (KOJ HayIHOH TeMbl
FZWU-2023-0002)

Benoea Amma Cepreesma, accucrent, YYHuT (Vda, Poccus); Anna Belova (Ufa
University of Science and Technology, Ufa, Russia)
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OTPAHUYIMBAIOTCST TIOCTPOEHUEM TOJIBKO TIEPBOTO TIPUOJIMNKEHUSA COOCTBEH-
moro 3uadeHws p(g). B TO ke Bpem#, W3BECTEH psf MPUMEPOB, KOTJa B
3a71a9€ MCCIE0BAHAA CHCTEMBI (1) MPUXOANTCS yUUTHIBATH W HEKOTOPHIE
TOCTIEYIONTHE KOA(P PUIMEHTHI ACUMITTOTHIECKUX PA3IOKEHHUIA.

B pa6ore mpemiaraercss IpOIEIypa IOCTPOEHUS aACHUMITOTHIECKIX
(OpMyYIT BEICOKMX MOPAIKOB sl BO3MYTIEHUH MYJIbTHILTAKATOPOB [1(€) B
psAie OCHOBHBIX ciydaeB. Ha ocHOBe MOIyueHHBIX (hOPMYJ MPEIaraoTcs
HOBBlE KPMTEPWH YCTONYMBOCTH TAMHUJIBTOHOBBIX cucTeM (1) mpum masrbix
SHaYEeHUsX |e|.
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O PABPEIIINMMOCTU YPABHEHUSA JU®P®Y3UU C
OITIEPATOPAMU JNXXPBANIIAHA-HEPCECAdHA
®D.T. BoraTbipeBa
fatima bogatyreva@bk.ru

YIAK 517.95

Wccnenyercss ypaBHeHMe B YaCTHBIX IIPOM3BOMHBIX C TPOGHBIM aud-
depeHIpPOBaHTEM 10 OJHON U3 ABYX HE3aBUCUMBIX [IEPEMEHHBIX, aC-
couumupyeMoii co BpemeneM. Takwe ypaBHEHUs IIPUHATO OTHOCUTH K
KJIaccy ypapHeHui npobmoit mudgdyzum. Omepatop apobHOTO mud-
depeHIMpoBaHUS TPEACTABIsIeT COOON TMHEHHYI0 KOMOMHAIIAIO ABYX
omnreparopos xxpbamsua—Hepcecsina.

Karouesne caosa: ypaBHeHme mpoOHON muddy3um, omepaTopb
Ixpbamsaua—Hepcecsana, npoGHast TpON3BOIHASL.

On the solvability of the diffusion equation with
Dzhrbashyan—Nersesyan operators

The paper investigates a parabolic partial differential equation with
fractional differentiation with respect to one of two independent vari-
ables associated with time. Such equations are usually referred to
the class of fractional diffusion equations. The fractional differentia-
tion operator is a linear combination of two Dzhrbashyan-Nersesyan
operators.

Keywords: fractional diffusion equation, Dzhrbashyan—Nersesyan op-
erators, fractional derivative.

B obmacte D = {(z,y) : ¢ € R,0 < y < T'} paccMOoTpuM ypaBHEHHE
aD§y " Mu(a,y) +bDE M ule,y) - uss(2,y) = f(2,y), (1)

rie Dé:‘ By Dé; 9} _ oneparopsr  mpobroro  muddepenruposanmst
Hxpbamsina—Hepcecsina mopsiakos u =a+ S —1>0,v=vy+d5—1>0,
COOTBETCTBEHHO, [t > U, «, 3,7, €]0,1],a,b — const, f(z,y) — 3anannas
peficTeuTenbHAA QyHKINA.

Omneparop apobuoro muddepenmposanus Jxxpbamsua—Hepcecsaa
ACCOLMUPOBAHHBII ¢ yIopsinovueHHoH mapoit {€,n}, nopsaxka o = & +n — 1,
ormpesiessieTca cooTHomenueM [1]

D3y = Dy, D5, (2)
rae Dg,y_ 'y Dgy — ApOoOHEBIN MHTErpaja u ApobHas Ipom3BoaHad Pumana—
JluyBuiis, coorBercTBeHHO [2].

Borareipesa ®aruma Taxuposra, UIIMA KBHII[ PAH (Hamsauk, Poccus); Fatima
Bogatyreva (Institute of Applied Mathematics and Automation, Nalchik, Russia)
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HWcemeoBan BOTPOC Pa3pENIMMOCTH HAMANBHBIX 33714 JJIsT Y PABHEHUS
(1) B 3aBECUMOCTH OT PACIPEIIE/ICHAs TTAPAMETPOB 1, 3,7, d.
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OB JIJIUIITUNYHOCTU OITEPATOPOB CO
CKPYYUBAHUAMN
A.B. Boiaraues
boltachevandrew@gmail.com

YK 515.168.5, 517.96

PaccmarpuBaiorcs HesloKaJIbHBIE KPAaeBble 3a/1a9d, B KOTOPBIX OCHOB-
HOM OLEePaTOp M ONEPATOPHI IPAHHYHBIX YCIOBUN BKIOYAOT maudde-
PeHIMAJIbHBIE OIIEPATOPHI U OIepaTOpHl CKpyumBaHud. /laHo ompese-
JIEHHE TPAa€KTOPHBIX CUMBOJIOB JJIA 3TOr0 K/JIaCCa KPa€BbIX 3a/da4. ITo-
Ka3aHO, YTO JLIUIITHIECKHUE 33491 OIIPEEIAIOT (PPEAroIbMOBBI Ole-
PATOpHI B COOTBeTCTBYIOMMX mpocrpancTsax Cobosena. /lano yciaoBue
SILITAIITUYIHOCTH TaKHX HEIOKaJ/JIbHBIX KPa€BbIX 3a/1ad4.

Karwwesve  caoea:  HeJIOKAJIbHBIE — 33a49d,  ()yHKIMOHAJILHO-
nuddepeHabHble ONIEPaTOPbI, (PPEAroJIHMOBOCTD.
On Ellipticity of Operators with Shear Mappings

The nonlocal boundary value problems are considered, in which the
main operator and the operators in the boundary conditions include
the differential operators and shear operators. The definition of the
trajectory symbols for this class of problems is given. We show that the
elliptic problems define the Fredholm operators in the corresponding
Sobolev spaces. The ellipticity condition of such nonlocal boundary
value problem is given.

Keywords: nonlocal problems, functional differential equations, Fred-
holm property.

PaccmarpuBatoTcss HesIOKaJbHBIE KPaeBble 3a/a4i, B KOTOPBIX OCHOBHOMN
01IepaTOPO M OLEPATOPHl B I'DAHMYHBIX YCJIOBHUAX BKJIIOYAIOT B cebsi one-
PaTOPBI CKPYIUBAHUS.

®Durcupyem o > 0, Hecomsmepnmoe ¢ . PaccmoTpnM 6eCKOHETHBIH 111~
muaap Y = S! x R, Ha koropom rpyiua I' = Z jeficrByer CKpy dMBAHUSMU
NePIeHIUKYIAPHO 00Pa3yIomeil UINHIPA

(z,t) — (v + kat, t),k € Z.
OnpemenuM omepaTop CABUTA, OTBEYUAIOMNH CKPYINBAHUAM, HOPMYIIOn

(Tu)(z,t) = u(z — at, t).

Pabora BeImOSHEHA IpK HOAAep2kKe MHUHECTEDPCTBA HAYKM U BBICIIETO 00Pa30BAHUMN
Poccuiickoit ®enepanuu (MerarpanT corsamenne Ne 075-15-2022-1115)

Boaraues Angapeit Bragmuumposmu, PYIH (Mocksa, Poccus); Andrei Boltachev
(RUDN University, Moscow, Russia)
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Ha xomewriom mummiape M = S' x [0,1] C Y paccMoTpuM HeTOKaIbHYIO
KpaeByIo 3a/1ady

(.*B) CH (M) — @
! H =129, V).

Bnece D — nuddepennuaabHblii OnepaTop CO CABUTaMuU Ha, muauHape M,
omeparop B = (Bo, B1) — napa nuddepeHnuaabHbX OnepaTopoB €O CABH-
TaMHU Ha J'IeBOM/HpaBOM OCHOBaHUAX TUJIWHIPA.

OHpe,Z[e.HHIOTCH TPa€KTOPHBIC CHMBOJIbI HEJIOKAJIBHBIX KPa€BBIX 3ada4
Buma (1). IToka3aHo, YTO SJUIUNTUYIECKHE 339U OIPEIeIIOT Gppearosb-
MOBLIE OIIEPATOPHI B COOTBETCTBYIOIIMX mpoctpancrsax Cobosesa. [lamo
YCJIOBUE SJIJTMIITUYIHOCTHU TaKUX 3a1a4.
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OB OITEPATOPHbBIX OIIEHKAX JIS QJIJIUIITUYECKUX
YPABHEHU B JIBYMEPHBIX OBJIACTYIX C BBICTPO
OCHWJIJINPYIOIIIEN 'PAHUIIEN 1 YACTOM CMEHOM

KPAEBBIX YCJIOBUM
.. Bopucos, P.P. CyseiimatoB
borisovdi@yandex.ru, radimsul@mail.ru

YIK 517.956

B pabore paccmarpuBaercs mosysmHENHOE SJIMITUYIECKOE yDaBHE-
HE€ BTOPOTO IOPSIKA B IPOU3BOJILHON AByMepHOH 06/1acTi ¢ OBICTPO
OCHMJIMPYIONIEH TpaHuIled ¢ Majaod aMmIuTyaoi ocruianmii. Oc-
MUY LIPEJII0JIAraloTCs IPOU3BO/IbHBIMU, HUKAKON [I€PUOAUIHO-
CTH WU JIOKATBHON TIEPUOMIHOCTH He mpeanoaraercs. Ha takoit oc-
MWUIAPYIONIeH MPAaHUIe 3aJaeTCd 9acTasd CMEHA TPAHUYHBIX YCJAOBHIA
Hupuxite u Hefimana. PaccmarpuBaerca ciydait, KOrja 1pu ycpeee-
HUHW B TIpejie/ie BO3HUKaeT 3amada Jlupuxite ¢ Tem ke muddepenim-
AJIbHBIM BbIpazkeHueM. OCHOBHON 10J1ydeHHBIH pesyiabrar — Wi- u
La-oreparopHbie ONEHKH.

Karoueswvie cao6a: OCIIMILIUPYIONMIAsi TPAHUIIA, OMEPATOPHAS OIEHKA,
TMOTyINHEHbIE JUTUITUIeCKAe YPABHEHUs, JacTas CMEHA KPAeBBIX
YCIOBHH.

On operator estimates for elliptic equations in two-
dimensional domains with frequently alternating boundary
conditions on rapidly oscillating boundary

We consider a second-order semilinear elliptic equation in an arbitrary
two-dimensional domain with a rapidly oscillating boundary with a
small amplitude of oscillations. The structure of oscillations is arbi-
trary and we suppose no periodicity or local periodicity in any form.
On the oscillating boundary we impose frequent alternation of the
Dirichlet and Neumann conditions. We consider the case, when the
homogenization leads to the Dirichlet problem for the same equation.
The main result is W21- and Ls- operator estimates.

Keywords: oscillating boundary, operator estimates, semilinear elliptic
equations, frequently alternating boundary conditions.

HUccnenoBanue BBIIOTHEHO 33 c4ér Poccumiickoro Haywaoro dorma (rpamt Ne 23-11-
00009), https://rscf.ru/project/23-11-00009/.

Bopucos lennc panosud, a.¢.-m.H., npodeccop, MMBIT VHIT PAH (Vda, Poccus);
Denis Borisov (Institute of Mathematics, Ufa Federal Research Center, RAS, Ufa, Russia)

Cynefimanoe Pamgmm Pajgukoswu, acmnupant, YYHuT (Vda, Poccus); Radim
Suleimanov (Ufa University of Science and Technology, Ufa, Russia)
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OB YCIIOKOEHUU CUCTEMBHBI VIIPABJIEHUSYA C
I'JIOBAJIBHBIM ITOCJIEAEVNICTBUEM HA
BECKOHEYHOM BPEMEHHOM TI'PA®E-3BE3/1E
C.A. Byrepun
buterinsa@sgu.ru

YIK 517.9

Uccmenyercs 3amava 06 yCIIOKOGHNN YIIPABISEMON CHUCTEMBI, 331aH-
HOIl byHKIMOHAIBHO-IndGdEPeHNNAIBHBIME YPABHEHUSAMU IIEPBOTO
MOPSIKA 3aMa3bIBAIOIEr0 TUIA C II0OAJIbHBIM 3ala3JIblBAaHUEM Ha
rpade-3Be37e €O CIETHBIM YHUCJIOM pebep. YCTAHOBJIEHA OHOZHATHAS
Pa3peIuMOCTDb BAPUAITHOHHOM 33031 0 MUHUMYMe COOTBETCTBYIOIIe-
ro QYHKIMOHAJA JHEPIUH, & TaKKe €€ SKBHBAJEHTHOCTh HEKOTOPOM
KpaeBoil 3a/ade Ha rpade 1JIst ypaBHEHHH BTOPOrO IOPSIIKA € IBYHA-
NPABJIEHHBIME CABUTAMH apryMeHTa u ycjaoBueM tuna Kwupxroda Bo
BHyTpeHHel BepIInHe.

Karouesnie caosa: 66CKOHEYHBIH KBAaHTOBBIN rpad, rirodaibHOe 3aras3-
JBIBAHUE, OTITUMAJIFHOE YITPABJICHNE.

On damping a control system with global aftereffect on an
infinite temporal star graph

We study the problem of damping a control system determined by
functional-differential equations of the first order and retarded type
with global aftereffect on a star graph with countably many edges. The
unique solvability of the variational problem on minimizing the corre-
sponding energy functional is established along with its equivalence to
a certain boundary value problem on the graph for second-order equa-
tions with bi-directional shifts of the argument and a Kirchhoff-type
condition at the internal vertex.

Keywords: infinite quantum graph, global delay, optimal control.

B [1] Kpacoscknm 6pLTa MOCTaBIeHA W UCCAET0BAHA 330293 00 YCIIOKOSHHH
YIpaBIdeMON CHUCTEMEBI C IOCTAeIeHCTBIEM I YPaBHEHUI IIepBOro Iopdai-
Ka 3al1a3/IbIBAIONIEr0 THUIIA, C IOCTOSHHBIMU BeEIeCTBEHHbIMU KO3(hdum-
earamu. Iloznaee CkyGauesckuil [2] paccMorpesn Gosiee TpynHBIA corydait
ypaBHEHHA HeUTPaJIbHOIO THUIIA

y' () +ay’ (t — 1) +by(t) +cy(t — ) =u(t), t>0, (1)

rae a,b,c € R u 7 > 0. [IpegpicTopust CUCTEMBI OMPEIE/ISIeTCS YCIOBHU-
em y(t) = p(t),t € [-7,0]. Aua mexoroporo duxcuposanuoro T > 27

PaGora seimosnnena npu dbunancosoil mogaepxke PH® (mpoekr Ne 24-71-10003).
Byrepur Cepreit Anekcannposnd, x.d.-m.H., gonert, CI'Y (Caparos, Poccus);
Sergey Buterin (Saratov State University, Saratov, Russia)
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TpeGyercsa momobpars ympasienue u(t), IPUBOJSIIEE CUCTEMY B COCTOSI-
uue papHosecus y(t) = 0 upu t € [T — 7,7T] v MUHUMU3UDPYIOIIEE HOPMY
[l £y 0,1y - Taxmm obpazom, moTyIaeTCs BAPHAIIOHHAS 3a0a49a O MUHHMY-
Me COOTBETCTByMoIIero GbyHKIMOHANA Heprun. B [2] ycraHoBeHa ee K-
BHUBAJICHTHOCTh HEKOTOPOH CAMOCOTPSAKEHHON KPaeBoil 3a7ade JUIs ypaB-
HEeHHs BTOPOIO HOPAKa ¢ PasHOHAIIPABIEHHBIMH CIBUTAMHU apryMeHTa H
J0Ka3aHa OTHO3HATHAS PAa3penmMocTh obenx 3amad. IIpu 3ToM permmenne
KpaeBoH 3a/1a9M MOHUMAETCH B OGOOIIEHHOM CMBIC/IE. A MMEHHO, JOJIKHO
BBITIOTHATELCA BKIIOYUCHIE

A+a®)y ) +ay’ t—7)+ay (t+7) € Wa[0,T — 7).

Kpowme Toro, B [2] nonydens: HeoGxoauMble U JOCTATOUHBIE YCJIOBUS B TEP-
muEax o(t) € Wa[—7,0] ans Toro, wrobn Takoe o6obmerroe permenme y(t)
npunaexano Wi [—r, T] upu k > 2 (cum. Taxsxe monorpadmio [3]).

B paforax [4, 5] nannas 3anada 6bL1a HepeHeCeHa HA TaK HA3LIBAEMbLE
KBaHTOBble Tpadbl ¢ TI0OAIBHBIM MMOCIEIeHCTBIEM, KOT/Ia 3alla3/IbIBAHUE
IPOXOIUT Yepe3 BHYTPEHHUE BepuuHbL [6]. DT0 npuseso Kk KOHIEnmu Bpe-
MeHHOTOo rpada, Korja epeMeHHas Ha pebpax 0TOXK IeCTBIATCI CO BpeMe-
ueM. IIpu 9TOM KaKJast BHY TPEHHsIS BEPIIUHA CTAHOBUTCS TOYKOM Pa3BETB-
JIEHUS [IPOLIECCa, JAOMEN HECKOIBKO DA3JIMYHbIX CIIEHAPHUEB JAJIbHEHNIero
ero nporekanus. O6e paGorsl [4, 5] 0XBaTBIBAIOT Ciydail IPOU3BOILHOIO
JepeBa, HO B [5] ObL1a paccMOTpeHa O6Iast HECTAITMOHAPHAS YIIPABIAEMAS
CUCTeMa IIPOU3BOJIBHOIO IIOP/IKA HEHTPAIBHOIO THIIA C HEIVIQIKUMHU KOM-
IUIEKCHBIMU K03 MUIMeHTaMH, IT0 TAKXKe IIPUBEJIO K MHTEPECHOMY Pa3BU-
THUIO umen 00OOIIEHHOTO PEeIeHnsi COOTBETCTBYIONIEHN KPaeBoi 3a/1a4m.

B [|4] 6pura pana Tak Ha3blBa€MAad CTOXACTHUECKAS HMHTEPIIPETALMS
yIpasiseMoil cucreMbl Ha BpemeHHOM rpade. Hampumep, x cucreme Ha
Jepese mpuseneT 3aMena kKo3GGumenTos nexoaaoro ypasaenus (1) coy-
Ya¥HBIMM [IPOLECCAMU B JIMCKPETHOM BPEMEHHM M C KOHEHYHBIM YUCIOM CO-
crogauii B R.

CueTHOE YUCAO COCTOSHUN OYIET COOTBETCTBOBATH CIydar0 OECKOHEY-
HOTO JIepeBa, KOTOPOMY IOCBSAITEHA HACTOAMIAS paboTa.

Jl1g KpaTKOCTH OrPAHUTINMCH 31eCh GeCKOHeIHBIM rpadoM-38e310i1 [N
¥ CTAIFIOHAPHON CUCTEMOI IEPBOTO MTOPAIKA 3aIIa3/IbIBAIOIIEr0 THIIA.

[IpenamonoxumM, 4TO /10 MOMeHTa BpeMeHHU t = T, aCCOITMUPOBAHHOIO C
€/IMHCTBEHHOM BHyTpeHHell BepmmHoit v1 rpada ['o, Hama ynpasisemas
cucreMa ¢ 3anaszgpiBanueM 7 < 11 ONHCLIBAETCH ypPaBHEHHEM

Ly(t) == y1(t) + by () eyt —7) =ua(t), 0<t<T,
3a7aHEBIM Ha pebpe e1 rpada ['oo, M UMEET IPeIBICTOPHIIO
yl(t) = Qp(t)v te [_7—7 O]

IIpu t = T1, T.e. B BepiIuHe v1, MOSIBAIETCH DECKOHEIHOE YUCIO0 BO3MOMKHBIX
CIIEHAPUEB JTAJBLHENIIEr0 TEUYeHUs TIPOIECCA, OTMCHIBAEMBIX YPABHEHUSIMUA

Ciy(t) ==y (t) + bjy;(t) + cy;(t —7) = u(t), t>0, j>2,
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¢ o01elt ipeapIcTOpUeit
yﬂ(t) :yl(t+Tl)7 te [_7-70]7 ] > 2. (5)

CooteercrBenHO, j-oe ypaeHeHue B (4) 3amano Ha peGpe e; rpada [o,
NIPeICTABIIAIONEM €000, BOOOILE rOBOPs, OECKOHEIHBIH JIyd, BBIXOISIIINI
nu3 vi.

BeposTHOCTE TOTO, 9TO ByeT Peanm30BaH UMEHHO j-ii CIIeHapwii TIpe-
nojaraeTcd paBHOI p; > 0, mpudeM pz + p3 + ... = 1. Takxke mosoxuM
p1 = 1.

IIpeanonoxkum njist TPOCTOTHI, 4TO K03 dunmeHTs! bj, ¢j, j € N, Be-
NIECTBEHHBI W OTPAHUYEHBI TI0 MOJYJIIO B COBOKYIHOCTH, & (byukmusa ¢ (t)
BEIICCTBEHHO3HAYNA I IpuHaLiekuT Wa [—7, 0].

Baduxcupyem T > 7 u BeIGepeMm upoussoisuble 1; € (1,7],j > 2.
Takke paccMOTPUM THIBGEPTOBO TPOCTPAHCTBO Wi ), 1= | W20, T;],
k >0, co ckanspubiv npousseaenuem (y, z) = > 7% pi(y;, 2)j, rae y = [y;]
uz=|z],a (-, ); - ckamsproe mpomssenerne B WF[0,T}].

Herpy/Ho mokasarh, 40 i BCAKOTO U = [u;] € Lo, := W3, 3anaua
Kommu (2)—(5) umeer eauncrsentoe pemenue y = [y;] € Wy, u, naobopor,
nocienHee Beerna Biaeder Ly := [£;y] € Lo p.

Homycrum, uro Tpebyercs momobpars yupasienue u € Lo p,, KOTOpOe
upusener cucreMmy (2)—(5) B cocrosHue pasHOBecHst

y](t) = 07 e [TJ - T7Tj]7 ] > 2. (6)

ITockonbKy Takoe yupaBjieHne JAIeKO He eMHCTBEHHO, eCTECTBEHHO TIOIIbI-
TaThCA MHHUMH3HPOBATH HeoOxomiMele yeumms ||u|| L, ,,-

Takum 06pa30M, NIPUXOMUM K BAPHAIMOHHON 33/1a4€ O MHHUMYME CO-
OTBETCTBYIONMIETO (PYHKITMOHAIA IHEPTHM:

> / ' (€y(£)? dt — min (7)

npu yenoeuax (3), (5) u (6).
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Teopema 1. Kopmeoic y = [y;] € W3, obpasyem pewenue 6apuayuon-

1ot 3adawu (3), (5)-(7) mozda u moavko moada, Kozda on npunadaescum

1172 .

maxoice npocmpancmsy Ws,, U ABAAEMCA PEULEHUEM CLMOCONPAACERHOT
Kxpaecot 3adayu B, cocmoswed us ypasrnenut

cilry(t + 1), 0<t< Ty —m,

(Lry)' (1) = bilry(t) +{ &
Zpuc,,ﬁ,,y(t—k T—T), Th—1<t<T,

v=2

(Uiy) (1) = bjly(t) + cibjy;(t+7), 0<t<Tj—7, j>2,

¢ yeaosuamu (3), (5) u (6) smecme ¢ yeaosuem muna Kupzezofa 6 vy :

( Zpy )yl (Tv) +( Zpgcg)zn (Ty —7) Zpyy]

j=2

2de W3, omaunaemes om W3, moavko samenoti Ty na Tj — 7 npu j > 2.

Bumecte ¢ reopemoil 1 ciie/yrouas reopeMa JlaeT OJHO3HAUHYIO Daspe-
muMOCTh BapuanuoHHoH 3axauu (3), (5)—(7).

Teopema 2. 3adavwa B umeem eduncmeennoe pewenuey € W21pﬂW22p
Kpome mozo, cnpasediusa anpuophas 0UeHKa

HyHWip < Cllellwg—r.op

rae C me 3asucur ot ¢(t).

AHHHOFI/I“IHI)IQ pe3yJibTaTbl MOZKHO II0JIYYIUTHb U B CJIy4dae 1IIPOU3BOJIbHO-
ro Jepesa u GoJiee ofimeil ynpasisieMoll cucTeMsl u3 [5).
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OB SJIJIMIITUYECKOM YPABHEHUN B MHOT'OMEPHOM
OBJIACTU C PABPE30OM
B.B. Bacuawses, X.®. 'ebpecaacu
vbv57@inbox.ru, rhadishfe@gmail.com

VIOK 517.95

PaccmarpuBaercsa omHOpOmHOE SJTMOTHYECKOE MCeBA0v]p hepeH -
aJbHOE YyPaBHEHWE B YETHIPEXMEPHOM ITPOCTPAHCTBE C BHIPE3AHHBIM
CITENMAILHBIM KOHYCOM C ABYMS MHTETpaJIbHbIMU yeaoBusmu. [Ipu ma-
JIMYUH CIENUAJIBHON BOJIHOBOHU (PaKTOpH3AINU SIUTUITUIECKOTO CUM-
BOJIA TOKA3bIBACTCS OJHO3HATHAS PA3PEIINMOCTDb STOH 33Ja4H B IPO-
crparcree CoboseBa—Cmo60EIKOr0 U UCCIeIyeTCs TIOBEIEHUE Perie-
HHsl, KOT/Ia PACTBOP KOHYCA CTPEMUTCS K HYJIIO.

Karweswie carosa: ncesnonuddepennuaabHble ypaBHEHUST, MHOIOMED-

Hasg 00/1aCTh, PA3PEIInMOCTb.
On an elliptic equation in multidimensional domain with a

cut

A homogeneous elliptic pseudo-differential equation with two inte-
gral conditions in four dimensional space outside of a cone is con-
sidered. Under existence of special wave factorization of elliptic sym-
bol the unique solvability for this problem is proved in the Sobolev—
Slobodetskii space. and behavior of the solution is studied when pa-
rameters of cone tend to zero.

Keywords: pseudo-differential equations, multidimensional domain,
solvability.

Mer uccnenyem ypaBHeHue

(Au)(x) =0, zeR? \ C§ x Ci (1)
C UHTETPATBHBIMU YCIOBAIMA
/u(acl,mz,ms,u)dwa = fi(x1, 23, 24), (2)
R
/U($1,$27$37$4)d$4 :f2(56171’271’3)7 (3)
R

rme: C¢ CR?, CY CR?*m

CY x C% = {z € Rz = (@1, 2,23, 1), T2 > alz1],z4 > 23|, a,b > 0},

Bacmises Braguvup Bopucosmd, m.d.-um.u., npodeccop, HUY "Beal'V"(Bearopog,
Poccus); Vladimir Vasilyev (Belgorod State University, Belgorod, Russia)

Tebpecnacn Xaamm, acmmpast, HHUY "Benl'V"(Benropox, Poccms); Hadish
Gebreslasie (Belgorod State University, Belgorod, Russia)
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f1, f2 — samammee byuxmym uz H*TV2(R3, A — ncesnomuddepenmmas-
HBIH omepaTop ¢ cuMBoJIoM A(£), yIOBAETBOPAIONIAM yCIOBHIO

a <JAGIA+E)™" <c2, a€R,
T IOTYCKAIONTIM BOTHOBYIO haxropmsarnmio [1] orrocurensro —(CE x C4)

A(€) = A£()A=(€),

C MHJEKCOM &, TAaKWUM, 910 & — § = 1 + ¢, |¢| < 1/2. Pemenue ypaBuenns
(1) paseickmBaetcs B mpoctpanctse H*(R* \ C¢ x C%) [1].
Bsenmem onepaTopst

1

rae I — eqUHUYHEBINR onlepaTop, Sk — OJHOMEpPHbBIE CUHTY/ISPHbIE HHTEIDAJIb-
HbIE OLIePATOPHl BUA

. +w~
(Slﬂ)(£17§27£37€4) = %Up / W7

—o0

. +Oo~
($10)(61,€2,60,81) = Lup. [ TEnEnMEND

— 00

snak "~"man dynkimeit o6o3nauaer ee npeobpaszosanue Pypobe.

Teopema. Ecau cumson A(E) donyckaem 60aH06y10 Harxmopusayuro
omnocumenvro —(CT x (0,400) ¢ undexcom & maxum, wmo & —s = 1+
g, |e] < 1/2, u eywecmesyrom npedens

lim A(6) = B(€),

lim A4 (€) = Ba(€),

mo 3adava (1),(2),(3) umeem eduncmeennoe pewsenue, onpedeasemoe Pop-
MYA0TU

a(§) = A1 (6)3(9), (4)

3(&1,62,€3,4) = (P P3h)(&1+0a€s, &, Es+b6a, £4)+(P1Qsh) (§1+a&s, £2, Es—bEa, &)
+H(Q1Psh) (&1 — aba, &2, &3 + b€a, &) + (Q1Qsh) (&1 — aba, &2, &3 — bEa, &),

2de pynryus E(§1,§2,§3,§4) sadaemes Popmyaot

h(€1,62,63,8) = Fi(&1, &3, &) + Fa(&1, &2, 6) — F1(61,63,0),

Fy(
Fi(&1,83,6) = B1(£1,0,&3,&1) f1(&1, &3, €a),
Fa(&1,&,63) = Ba(61,62,€3,0) fa (&1, &2, E3).
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C ydeToMm 3TOI TEOPEMBI MCCJIEIYIOTCS CUTYAIlUV, KOTJA OIUH W3 TIa-
pameTrpos unu oba BMecTe cTpemaATcs K Oeckoneunoctu. Ilokazamo, 9o
pemenne (4) MOKET UMETD MPENETBI IPH A, b — 00, €CJU TOJIHKO (DYHKIMH
f1, fo yIOBIETBOPSTIOT HEKOTOPOMY WHTErPATHLHOMY COOTHOIITEHUIO.

HekoTopble aHAJIOIMUHBIE CATYAIMYU OBLIM PACCMOTPEHBI panee [2,3].
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CPABHEHUWE BPEMEHU IMMPOBEJEHU S HEKOTOPBIX
XNUMMNYECKNX PEAKIINN, OIINCHIBAEMBIX
KVUHETUYECKUUMU CUCTEMAMMN.

O.A. BacuibeBa
vasilievaca@mgsu.ru

YIK 517.9

Jli1st MaTEMATHYIECKOT0 MO/IEJIMPOBAHNS XUMUYECKIX DEAKIHI ¢ pa3-
JWYHBIM 9UCJIOM PeareHTOB IPUMeHAIOTCH JUCKPEeTHbIe KUHEeTUIeCKue
CHCTeMBI ypaBHeHUH. PaccMOTpeHbl MaTEMATUIECKHE MOIEITH, OIUCHI-
Baemble cucreMamu ypasaenuii Kapaemana, lojynosa-Cysrrarazuna u
Bponsena. Ha ocrOBe UX 4HCIeHHOr0O UCCIEIOBAHUE IIPOBEIEHO CPAB-
HeHHe BPEMEHH XAMHWYeCKHX PeakKIIdi ¢ Pa3/IMgHBIM YHCJIOM peareH-
TOB.

Karuessie crosa: MareMaTHdeCKasd MOJeJIb, XUMHYIECCKad PEaKIHA,

KWHETUIECKAsT CHCTEMa, YPaBHEHMIA.
On the rate of stabilization of solutions of the Cauchy prob-

lem for the two-dimensional kinetic Broadwell equation with
periodic initial data (regular process)

Discrete kinetic systems of equations are used for mathematical mod-
eling of chemical reactions with different numbers of reagents. Math-
ematical models described by the Carleman, Godunov-Sultagazin and
Broadwell equation systems are considered. Based on their numerical
study, a comparison of the times of chemical reactions with different
numbers of reagents is made.

Keywords: mathematical model, chemical reaction, kinetic system of
equations.

WcemenytoTes ponecchl XUMUIECKUX PEAKIMH, TTPOBOIMMBIX B GECKOHET-
HOM TAJIMHIPE s PA3AMIHOTO IUCI PEATEHTOB, a MMEHHO, s NBYX,
TPEX W YeTHIPEX PEareHToB. B KavecTBe MaTEMATHIECKNX MOJIE/IEH YKA3aH-
HBIX XUMWYECKUX DEaKInil paccMaTpuBaioTcsa 3amaqun Komm myist cucrem
knHeTnIeckux ypasuenunit Kapiemana, l'onyrnosa-Cynrarasuna u Bponses-
JIa IS Cydas OAHON mpocTpaHCTBeHHONM mepemennoit [1-4]. Ha ocmose
YUC/IEHHOTO WCCJIEOBAHUA MATEMATHIECKUX MOJETEH MPOBEIEHO CPABHE-
HUE BDEMEHH ITPOBE/ICHNS XUMUIECKIX PEAKITAH ¢ PA3TMIHBIM THUCIOM pea-
renToB. 110y IeHHbIE INCICHABIE PE3YIBTATHL COTJIACYIOTCH ¢ IMEIONIIMUACS
TEOPUTHUECKUMU pe3ysbraTamu [5, 6].

Bacmibesa Ousbra Asekcamzaposna, k.b.-Mm.H., gonent, HUY MI'CY(Mocksa, Poc-
cus1)); Poccuiickmii xumuko-TexHomorundeckuit yuusepcurer umenu . V. Mennenee-
Ba, Bercmmit xmmumueckmit xosmremxk (Mocksa, Poccust) Olga Vasilieva (Moscow State
University Of Civil Engineering (National Research University), Moscow, Russia; Russian
University of Chemical Technology named after D.I. Mendeleev, Higher Chemical College,
Moscow, Russia)
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O BU®YPKAIINUAX ThbIOPUHTA I AHAPOHOBA-XOII®A
B TPEXKOMIIOHEHTHBIX CUCTEMAX TUITA
“PEAKIINA-TNDODY3NA”

H.A. Baceunna
zhiber.na@gmail.com

VIAK 517.938

Pabora moceemana mcciaenosanuro 3amad o 6udypkarmax TbiopuuH-
ra ¥ BOJIHOBOI Ou(pypKanmm B TPEXKOMIIOHEHTHBIX CHCTEMAaX THIIA
“peaktusi-mud dy3us’ ¢ OTHOPOIHBIME KpaeBbiMu ycioBusmu Heitma-
uHa. IIpoBomuTca o6Cy ) IeHNE TOCTATOYHBIX YCJIOBH Takux Oudypra-
U, a TaKKe U3yJaAlTCAd CBOMCTBA BO3HUKAKNIUX PENIeHUN.

Karoueswie caosa: peaknmsa-gunddysns, oudypkarus Teiopusra, Bo-
HOBas 6udypranys.

On Turing and Andronov-Hopf bifurcations in ternary com-
pounds of the ”reaction-diffusion” type

The work is devoted to the study of problems of Turing bifurcations
and wave instability in three-dimensional systems of the ‘reaction-
diffusion” type, namely, the problems of the occurrence (when the
system parameters change) in the vicinity of the equilibrium positions
of the system of new spatially inhomogeneous equilibrium positions
or wave (periodic) solutions. The main goal is to develop new ap-
proaches to the qualitative and analytical study of these bifurcations
in systems defined on a segment with homogeneous Neumann bound-
ary conditions. The bifurcation conditions for these three-component
reaction-diffusion systems are discussed

Keywords: bifurcation, equilibrium position, diffusion.

PaccmaTrpuBaercs TpeXKOMIIOHEHTHA CHCTEMA “peakiua-aud dy3usd”’, omu-
coiBaeMas auddepeHImaIbHbBIM yPABHEHNEM

wy = f(w) + D - was, w€R3, (1)

B kotopom f(w) — rumagkas dynkmma, D — mapuna quddysun TpeTbro
MOPSIIKA C IOJIOXKHUTEIBHBIMU dJIeMeHTaMu. ¥ paBHenue (1) msydaercs Ha
orpeske {z:0 <z < 7}. B KauecTBe IpaHWYHBIX YCJIOBUH PAcCMATPUBa-
oTcsa yeaosus Hefimama

w2 (0) = wa(m) = 0. (2)

IIpenmonaraercs, aro cucrema (1)-(2) mMeer crammoHApHOE OXHOPOIHOE
II0JIOKEHHE PABHOBECHA W = Wo.

Bacennna Harambs AmarosbeBra , k.@.-M.H., moument, YYHuT (Vda, Poccus);
Natalia Vasenina (Ufa University of Science and Technology, Ufa, Russia)
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L1 MCCIeOBAHUST YCTOWYMBOCTH TTOJTOKEHNsT PABHOBECUS W = Wo CH-
cremnt (1)-(2) w 6udpypkammii B €ro OKpeCTHOCTH OOLITHO (CM., HATTPUMED,
[1]) mepexongar k sMHEAPH3OBAHHOMN CHCTEME, ITO IPUBOIAT K HEOOXOAUMO-
CTW U3y9EHWUS CTIEKTPOB MATDHIL

By =A-kD, k=0,1,..,

B KOTOpO A = f’(vo). Oco0blit MHTEpPEC BBI3BIBAIOT 330a9H, IPUBOIAIINAE
K 6udypkanun Teiopuara u BosHoBOM O6udypkannn. Budypkanus Toio-
puHra CBs3aHa C HajaW4dueMm cobGcTBeHHOro 3HadeHus A = 0 y HEKOTOPON
MaTpunbl By, npu ko > 1, a BosiHOBag 6udypKanud BOZHUKAET IIPU YCJIO-
BHUM, 9TO HEKOTOpas Marpuia By, npm ki > 1 umeer coOCTBEHHBbIE 3HA-
gyeHust A = tiwp. [Ipm 3TOM BCe ocTabHBIE MATPHILI Bj [MO/IKHBI OBITH
YCTORHUBBIMA.

B moknaze nprBOasATCS HOBBIE Pe3Y/ILTATHL, CBSI3AHHBIE C U3y ICHUEM 3a-
Ja¥7 O JOCTATOYHBIX YCJIOBHAX s peanm3anuu oudypkamnuu Teropumra
¥ BOJTHOBOM OmQypKaImy, a TakXKe C BOIPOCAMHU O CBOHCTBAX YCTONIHBO-
CTHY BOZHUKAIONIUX MPHU yKA3AHHBIX Ondyprarmit pemennti cucremsr (1)-(2).
Pabora npomosnkaer mccoefoBanmsi, HadaThe B [2, 3].
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YHUBEPCAJIbBHA YA ATITIPOKCUMWP YIOIIIA A
OYHKIINA OJId MMOJIYUYEHU A ®YHIAAMEHTAJIBHBIX
PEIIIEHUN JU®PEPEHIINAJIbBHBIX YPABHEHUN 1
CUCTEM B YACTHBIX ITPOU3BOJAHBIX
IL.T. BesqukanoB, 2K. XyaH
pvelikanov@mail.ru, 17559434789@qq.com

VIIK 531.39

OnanM u3 Hambosiee YCIENIHBIX COBPEMEHHBIX HHCJIEHHBIX METOJIOB
pacueTa COOPYKEHUIA ABIACTCA METOJ] TPAHMIHBIX dmeMerTos (M)
B Pa3/IMYHBIX ero MoaudUKaludX, OCHOBAHHBIX Ha HCIOIH30BAHHU
[IPEIBAPUTE/ILHO BHIYMCIEHHBIX TOYHBIX (DyH/IAMEHTa/IbHBIX PEIECHHE.
B craThe IOKa3aHO, KaK C TMOMONILI) YHUBEPCAJBLHOH AIlllIPOKCAMUDY-
1omet GyHKIMU MOKHO CYIMIECTBEHHO OBICTPEe U ¢ HAMMEHBITUMHU YCH-
JIMAMU [10J1y4aTh pas/iM4Hble QyH/IaMEHTaIbHbIE PEIICHUs 33184 Me-
XaHUKH AepOPMAPYEMOTO TBEPIOTO TEJA.

Karweswie caosa: obobuennsie (yukimm, GyHIaMeHTAIbHBIE Delle-
HUsl, METOJ] FPAHUYHBIX 3IEMEHTOB.

A universal approximating function for obtaining fundamen-
tal solutions and systems of partial differential equations

One of the most successful modern numerical methods for calculat-
ing structures is the boundary element method (BEM) in its various
modifications based on the use of precomputed exact fundamental
solutions. The article shows how, with the help of a universal approx-
imating function, it is possible to obtain various fundamental solutions
to problems of deformable solid mechanics much faster and with the
least effort.

Keywords: generalized functions, fundamental solutions, boundary el-
ement method.

B crarpe ¢ mOMOIIBIO YHUBEPCAJBHOM ANIPOKCUMUPYIOMeH GyHKIMI
VCIIENTHO peaIM30BaHA 337139 MAKCUMAJIBHO VIPOCTUTH METOIUKY BBI-
quceHus (pyHIaMeHTANBHBIX penreHuil Jud depeHInanbHpIX YPaBHeHTH C
YaCTHBIMH TPOU3BOAHBIME C IIOCTOSHHBIMU KO3 durmenTamu 6e3 Heobxo-
JAUMOCTH TIPEABAPUTEIHHOTO I‘JIy6OKOFO I/I3y‘IeHI/Iﬂ MaTEeMATUIECKO Teopuun
06001TeHHBIX (DYHKITHH, aJITOPUTMOB METO/Ia HHTErPAJbHOTO Tpeobpa3oBa-
HMA (I)ypbe U Op., TEOpHUU BBIYETOB M3 KOMIINIEKCHOTI'O aHaAJIHW3a U MHOTHUX

Benukanos Ilerp lennaabesud, k.¢d.-m.0., gonent, KHUTY-KAW(Ka3zaunb, Poccus);
Peter Velikanov (Kazan National Research Technical University named after A.N.
Tupolev-KAI, Kazan, Russia)

Xyan 2Kyi, crynenrka, KHUTY-KAMU (Kasans, Poccus); Huang Rui(Kazan National
Research Technical University named after A.N. Tupolev-KAI, Kazan , Russia)
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apyrux. Jdnast cucrem mudpdepeHImanbHBIX YPABHEHU B YaCTHBIX MTPOU3-
BOIHBIX IIPEJIOXKEHHA ANIPOKCUMUPYIONas (PyHKIHS YCIENIHO COIeTAeT-
Cs1 C IPEIBAPUTETHHBIM UCIIOIb30BAHNEM aCCOITMUPOBAHHOTO Mud depeH -
aibHOTO omneparopa. Ilepetunciennsre TeOpHUK, AJITOPUTMBL M METOJIBI YaCTO
BOCIIPHHUMAIOTCS HHKEHEDAMHU-UCCIeI0BATE/IAMI, KAK TPYIHbIE /I [IOHU-
MaHHU#, YTO TOPOii orpanmduBaer obnactb npumenenus MI'D. Ilpusenen-
Hasl B CTATh€ METOJMKA TO3BOJISIET 3HAYUTEIHLHO YIPOCTUTH OTMEUEHHBIE
ciaoxkuaoctr MI'D, 4T00BI, KaK U B APYIUX YHUCIEHHBIX METOIAX, OCHOBHOE
BHUMAaHNE WHKEHEDA-MCCJIE/IOBATEIS ObLITIO YIETEHO BOIPOCAM MUHUMH3a-
Y TIOTPENTHOCTEN ANMPOKCUMAIN, TUCKpeTn3anun u caeta. C ucmosrb3o-
BaHUEeM HaWIeHHBIX (YHIAMEHTAIbHBIX penleHuil ¢ moMmombio MI'D 6bpuim
BBITIOJIHEHBI PACYETHl PA3/IUYHBIX 33/1a9 M3rN0a U ITOCKO-HAIIPSIKEHHOTO
COCTOSHUA U30-, OPTO- U AHU3OTPONHBIX IIACTUH B JIMHEWHONU U HeJIMHEN-
HOU ITOCTAHOBKAX.
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O MOPOXK/JIEHUU PA3PEIIIAIOIIINX CEMENCTB
OIIEPATOPOB YPABHEHUN C IIPOU3BOJHOM
PUMAHA — JINYBUJIJIA
.A. Bepmuuuna, B.E. ®emopos
vd2400@mail.ru, kar@csu.ru

VIIK 517.95

ITosy4enst ycmoBus Ha omepaTop mpu UCKOMOUN (DYHKINK B JTHHENHOM
YPaBHEHHU, pa3perieHHOM OTHOCUTETBHO ApOOHOM mnpoussogHoi Pu-
Mana — JInyBuis mopsaaka oT Hysst 10 OBYX, HEOOXOOUMBIE U JOCTA-
TOYHBIE /I CYIIECTBOBaHWUA CHUJIbHO HEIIPEPBIBHOTO Pa3pPEIIarmiero
CeMeNCTBa 3TOTO ypaBHEHMUsI.

Karowesnie caosa: qpobuas npomssogHasa Pumvana — JluyBuis, pas-
perraiIiee CeMelCcTBO OmepaTopos, Ipeobpasosanue Jlammaca, pe-
30JIbBEHTA OMEPATOPA.

On the generation of resolving families of operators for equa-
tions with the Riemann—Liouville derivative

Conditions for an operator at the unknown function in a linear equa-
tion resolved with respect to the Riemann-Liouville fractional deriva-
tive of an order from zero to two are obtained, necessary and sufficient
for the existence of a strongly continuous resolving family of this equa-
tion.

Keywords: Riemann—Liouville fractional derivative, resolving family
of operators, Laplace transform, resolvent of an operator.

Paccmorpum 3amauy tuna Komm
DR 0) =2, k=0,1,...,m—1, (1)
I8 YpaBHEHUS
Dz(t) = Az(t), t € Ry, (2)

rmem—1<a<meN, D? — npoSuas npoussonuas Pumama — JImysm-
qs ipu 8 > 0 wam apobusiit unrerpan Pumana — JInyswmaa npu 8 < 0,
A — JmHeNHbIH 3aMKHYTBIA OLEPATOP € IJIOTHON 06/1aCThIO OlpeeseHus

VccnemoBanue BBIOJIHEHO 3a c4eT I'paHTa Poccuiickoro Hayunoro ¢donma u [Ipasu-
TenbcTBa Jenabuuckoit obnactu Ne24-11-20002.

Bepmuanna apbs AnexkcaHapoBHA, J1a00paHT-UCCIEI0BATENb, UenabuHCKuil ToCy-
papcrsennsrit yausepcurer (ensbunck, Poccus); Darya Vershinina (Chelyabinsk State
University, Chelyabinsk, Russia)

®enopor Bmagumup Esrenbesud, n.¢.-M.H., 3aBeayoomuili kKadeapoii maTeMaTutde-
ckoro amasmsa, lensburckmil rocymapcrsemnbiii ymmsepcurer (Yensbmuck, Poccms);
Vladimir Fedorov (Chelyabinsk State University, Chelyabinsk, Russia)
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D 4 B 6anaxosoMm mpoctpaHcTse Z. Perrennenm 3amam (1), (2) nasosem ta-
kyo dyakmmio z € C(R4; Da) N L1 joc(R4;2), aro J™ "%z € O™ (R+; 2),
BBINONIHAIOTCS ycaoBnd (1) m paBencreo (2) mpu ¢t € Ry

CewmeiicTro omeparopos {S(t) € £L(Z) : t € Ry} HaseiBaeTcs pasperia-
IOLIUM JJIsi ypaBHEHUs! (2), e/ BBIIOJIHSIOTCS CAeAYIOMNe YCIOBHS:

(i) eymectBytor Takme komcTanTer K > 0, w > 0, aro [[S(t)]|c(z) <
Ke“'t*™™ nna Bcex t € Ry;

(ii) post oGoro zo € Z S(t)z0 € C(R4; 2), s- tli%1+ JmTeS@E) =1,

(iii) S(t)[Da] C Da, S(t)Azo = AS(t)zo upu Bcex zo € Da, t € Ry,

(iv) mast mxo6oro zo € Da S(t)zo sBasiercs penreHueM 3aaaun tuna Ko-
o D" 2(0) = 20, D" 2(0) =0, k =1,2,...,m — 1, aaa ypaBuenus
(2).

Byzem mucars A € C*F(w), e cymecrsyer paspemratomee cemeii-
CTBO OIepaTopoB ypasHenust (2) ¢ nocrosuHoi w > 0 B ycaosuu (i).

JInHeMHBIN 3aMKHYTHI TJIOTHO OIIpeNesieHHbIH B Z omepaTop A Ha3bI-
Baercs oneparopoM kiacca Co,r(w) Ipu HEKOTOPOH KOHCTaHTE w > 0, ecim
BBINOJIHSIOTCS CJIEJLYIOIIUE YCIOBUL:

(i) ecm Red > w, 1o A* € p(A) :={p e C: (u—A) "' c L)}

(ii) cymectByer K € Ry, Takoe, ato mpu Re\ > w mma Bcex n € Ny :=
Nu {0}

Kl'(a—m+n+1)
— (Re)\ _ w)a—nz+n+1 )

-4

H CD\” £(2)

Teopema 1. Mycme m — 1 < a < m € {1,2}. Toeda C*F(w) =
GQ,R(w).

Teopema sBistercss obobuernnem Teopembl Xute — VMocuapt 0o mopox-
mauanu (Co)-HenpepsBEBIX noxyrpynmn oneparopos [1, 2]. dma oneparopa
A € Ca,r(w) mocTpoensl ammpoxkcumanuu Tuna Pusutunca [1, Teopema
6.3.3] paspematomero cemeiicrsa ypasHerus (2): npun € N, ¢t >0

e k+1 gk
S ntz n+w)) d (>\TVL 1()\ A)7

| Ak |A:n w’
2 k: [CE X -

Ormerum pesymbrarst A. B. Iuiymaxa mus ypassenus (2) npu a € (0,1)
[3l-
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O KPATHBIX BU®YPKAIINAX B OKPECTHOCTAX
ITOJIO>)KEHUIN PABHOBECHUSI CUCTEMBI
“PEAKIIUA-ITNODPY3UA”

P./. T'abapaxMaHOB,
gabdrahmanov.robert@gmail.com

VIIK 517.518

B mokmame o6cyKgaloTcst BOMPOCH ycToiumBocTH 1 Oudyprarmit
TOJTOKEHUI PABHOBECHUsST CUCTEMBI ‘“‘peakius-aud¢ysuss’ B CHUTya-
MM KPATHOTO BBIPOXKIEHUS JIMHEeapru30BaHHON cucrembl. Onpenese-
HBI YCJIOBUSI KPATHOTO BBIPOXK EHUSI, IIPE IJIOKEHBI TIOIXO0IbI UCCIIeI0-
BaHud 33,734 00 ycroiiunBocTy u 6udypKanuax B OKPECTHOCTAX II0JI0-
KEHNU PaBHOBECHUS.

Karoueswvie caosa: cucrema peakumn nuddysun, KpaTHble COOCTBEH-
HBIe 3HAYEHNd, OUDYPKAIHA.

On multiple bifurcations in neighbourhood of fixed points of
the reaction diffusion system

The report discusses problems of stability and bifurcations of station-
ary points of the diffusion reaction system in case of multiple degen-
eracy of the linearized system. Conditions of multiple degeneracy are
defined and new approaches for studying problems of stability and
bifurcations in neighborhood of fixed points.

Keywords: reaction diffusion system, multiple eigenvalues, bifurcation.

PaccmarpuBaerca cucrtema

d 0
X Aw+ DAw+ h(w), 22| =0, (1)
dt on |,

B KOTOpO# A,D — KBaJpaTHble MaTPUIBI MOPSIIKA N, IPHYEM 3JjIe-

MEeHTBI MaTpHupl D SBJISMIOTCA HeoTpHUIaTenbHbIMH, A - omeparop Jla-
miaca, a HeqamHelHOCTH h(Ww) ymoBaerBopsier cootHomenuio: ||h(w)| =
o(J|lw|) mpmu w — 0. Bmecr Q - 310 mnapamwrenenmmem ) =
{z :0<z1 <7, 0Kz <7}

Cucrema (1) nmmeer HyneByo TouKy pasHOBecus w = 0.

Jokman MOCBANIEH H3yYeHWIO HEKOTOPBIX BOIPOCOB YCTOMYMBOMCTH
ToYKM paBHOBecns w = 0 m OGudypkranuii B ee OKPECTHOCTH B CHTYaIld-
AX KPATHOTO BHIPOKAEHUs JIMHEHHON 3a1a9n.

BaxkHBIM BOIPOCOM TIO M3Y9IEHUIO CUCTEMBI (1) ABASETCA BO3HUKHOBE-
Hre 6mdypKaIMil B OKPECTHOCTH TOYKH paBHOBecuss w = 0.

Ta6apaxmanos PoGepr Wabruszosuu, acnupant, YYHuT (Vda, Poccus);
Gabdrakhmanov Robert Il’gizovich (Ufa University of Science and Technology, Ufa,
Russia)
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CroiicTBa yCTOWIMBOCTH TOYKM paBHOBecust w = (0 CBSI3aHBI CO CBOI-
CTBaMU CIEKTDA JIMHEHHOTo omeparopa [1]

OnpenenuM cemMeficCTBO MaTPHIL
Br=A—(ki+ks+..+k2)D;

31ech k - MmynbrunHgaexc: k = ki, ko, ..., km, a k; - 11e716Ie HEOTPHUIATE/IHHBIE
9HCIA.

ITo marpuram (3) ompegenum aucia py = ki + k3 + ... + k2,.

O6o3nauum gepe3 Zp - MHOXKECTBO YUCEJ BUIA Pk; OHO ABJAETCS TIOM-
MHOYKECTBOM MHOXKECTBA 4 BCEX IIEJIBIX HEOTPUIIATEbHBIX UHCEJI.

Sameuanwne. [lpu m > 4 umeem mecmo pasencmeo L+ = Zo (meo-
pema Jazpanoca o cymme wemmper xeadpamos). IIpu m > 4 muoorcecmso
cobemeennnr 3navenul onepamopa (2) coenadaem ¢ mmosicecmeom cob-
cmeennus 3navenul ecex mampuy B = A—jD,j e Z4 .

OnpenennM TakKe MHOXKECTBO Z1, COCTOLAIINEE U3 TeX p € Zg, JIJIsl KOTO-

PBIX CYIIECTBYET €AWHCTBEHHBIN MyIbTUUHIEKC kK = ki, ko, ..., ky, Takoii,
aro p = ki+k3+. . .+k2,. Uepes Zy o603HAYMM MHOKECTBO TeX p € Zo, A1
KOTOPBIX CYIIECTBYIOT [ABa Wian 0oJiee MyIbTHUHHIEKCOB k = ki, k2, ..., km

TAKUX, qTop:k’f—l—kS—&—...—i—k?n.

Kpatubie cobcTBeHHBIE 3HAYEHUS OMEPATOPA S) BO3HUKAT TIPU p €
Z5. A WMEHHO, PACCMOTPEHBI CHUTYAIlUM, KOTJA [PU HEKOTOPHIX p € Zo
cooTBerCcTByIOmue MaTpuipl By, nmeror cobcrsentoe 3nadenne A = 0 uwiu
mapy COOCTBEHHBIX 3HAYEHWII A = Ziwp, IPU 9TOM OCTATHHBIE MATPHUIIHI
Bj, siBasiiorcs ycroituusbiMu. B 9T0M ciiyuae omnepaTop Sp uMeeT KpaTHOe
cobcTBenHOe 3HadueHnme A = 0 WM KpaTHBIE COOCTBEHHBIEC 3HAYCHUS \ =
iiwo.

IIpenmararoTcss HOBBIE TIO/IXOIBI /ISl U3YUIE€HUST YCTONIUBOCTH 1 6udyp-
kanuii B cucreme (1) npu yKa3aHHBIX YCJIOBUSIX.

JIuteparypa

1. FOmazynroe M.I., Bacenuna H.A. CuekrpasbHbie CBOMCTBA OIIEPaTO-
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K 3ATAYE VIIPABJIEHUS CUHTVYJISAPHO
BO3MYVYIIIEHHOM CUCTEMOM C 3AIIA3IBIBAHUEM
IIPY UHTETPAJIBHBIX OTPAHUYEHUAX
N.B. I'pebeHHUKOBA
giv001@mail.ru

YIK 517.977

PaccmarpuBaerca 3amada ympasiaeHms 0O MUHMMAKCHOMY KpPHTE-
PUIO A7 CUHTYJISSPDHO BO3MYIIEHHOII CUCTEMBI C 3alla3/IblBAaHUEM IpU
HeoIIpeJie/IeHHbIX HAYaJ/IbHBIX YCJIOBUAX U MHTETDAJIBHBIX KBaIPaTH4-
HBIX OTPAHUYEHUSX Ha Pecypchl yupasiaerusd. [Ipengaraerca nrepam-
OHHad IIPOIEIypa MOCTPOEHMUs YIIPABJIAIONEr0 BO3AeUCTBUA, allIPOK-
CHUMUPYIOIIEr0 OIITUMAJIbHOE PelleHne ¢ 3aJaHHO0 CTelleHbI0 TOUYHOCTH
OTHOCHUTEJIPHO MAJIOTO IOJIOKUTEJIBHOTO ITapaMeTpa.

Karouesnie ca06a: CHHTYISIPHO BO3MYIIEHHAsS CUCTEMA C 3ara3/blBa-
HMEM, ONITHMAJbHOE yrpaBJeHne, nuddepeHnmaabHble yPaBHEHUS.
To the problem of control for singularly perturbed system
with delay with integral constraints

The control problem for the singularly perturbed system with de-
lay with indeterminate initial conditions and integral quadratic con-
straints on the control resources according to the minimax criterion is
considered. Iterative procedure of constructing control response that
approximates the optimal solution with given accuracy with respect
to a small positive parameter is proposed.

Keywords: singularly perturbed system with delay, optimal control,
differential equations.

PaccmarpuBarorcsi ynpaBiseMble CHHTYISPHO BO3MYIIEHHBIE CHCTEMbBI
(¢ Mambiv mapamerpom p > 0, samasapiBanmeM h > 0) :

M(p)dz/dt = A(t)z(t) + G(t)z(t — h) + B(t)u(t),

raet € T = [to, t1], marpuna M (u) = diag(Ey, nEw), tae By — equHuaHas
k x k marpumna. Hagamsroe cocroanme cucremsr z(t) = 1(t), to —h <t <
to, zo = z(to) TOYHO HEM3BECTHO W 33aHBI JIMIIb OrPAHUYEHHI 20 € Lo,
Zo — BBITyKJBIH KommakT B R™T™5 () € U(t), to —h <t < to, U(t) —
3a/IaHHOE MHOTO3HAYHOE O0TOOparKeHWe CO 3HAYEHUSIMU B BUJIE BBIILYKJIBIX
KOMIIAKTOB, HEIIPEPBIBHOE 110 ¢ B MeTpuke Xaycaopda. Peamnzamun yupas-
serng u(t), t € T — mamepumbie o JleGery GyHKIMHU, yAOBIETBOPAIOIAE

I'pebennmkopa Vpuna Bnagmmmposna, crapmuil npeomasarens, YITV (Exarepun-
6ypr, Poccus); Irina Grebennikova (Ural State Mining University, Ekaterinburg, Russia)
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yeaosuo u(-) € P, P — c1abo KOMIIAKTHOE BBITYKJI0e MHOKeCTBO B L (T).
B nannom ciydae

P={u()]| /u'(t)R(t)u(t)dt < A} A = const > 0,

to

R(t) — cumMeTpuHHAA, TOJIOKUTETHLHO ONMPENETCHHAS MATPUIA ¢ Herpe-
PBIBHBIMK 3JIEMEHTAMH; IMTPUX — 3HAK TPAHCIIOHUPOBAHUA. BBIMOIHEHO
YCJIOBHE aCHMITOTUIECKON YCTOHYIMBOCTH I JIMHEHHBIX CHCTEM C 3ala3-
JIBIBAHHUEM.

PaccmarpuBaercas MuHMMAaKCHAsA 337343 yrnpasiaenus [1]: cpemm u(-) €
P maiire u° = u°(+), gocrasnsomee

e'(tr, ) = J(«*) = min_ J(u(),

J(u() = nax w(glgg(_)w(Z(tl;u(~)7ZO7¢(-))),

rae o(-) — 3amaHHas Beinykas yskiws; z(4;u(-), 20,1(+)) — perrenue
UCXOMHOM CUCTEMBI, Ucxoasinee u3 Zo, upu HekoropoM ¢ (-) € ¥(-) u dux-
cuposarraoM u(-) € P.

[Tpenaraemas poneLypa [2] mo3BOJIseT MOCTPONTH YITPABIIAIONIEe BO3-
JIeHiCTBHE, JIOCTABJAIONICE ONTHMAJBHOE 3HAYEHUE C 33/JAHHON CTENeHBIO
rounoctu o(p”). Pa3permocTs HCXOAHOM 3a[a4H YIIPABICHHS, 8 TAKKE
JIOTYCTAMOCTH UCTIOTH3YeMBIX AHAJATHIECKIX KOHCTPYKIUH OTTPEAeIAeTC
paa0oM TpeGoBaHMIA.
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MNCCJIEJJOBAHUE OBOBIIIEHHON KPAEBOM 3AIAYN
AJId INOPEPEHIIMAJIBHOTO YPABHEHUSA
BECKOHEYHOTO ITOPAJKA
A.JIL. /I>xabpansioB
ahmed 0065@mail.ru

YIAK 517.95

B pabore paccmarpuBaerca npobiieMa cBeseHHA OTHON 06001eHHON
MHOTOTOY€YHO-( YHKIIMOHAIPHON KPAeBOM 3aa4u /Ui HEJIUHEHHOTO
nuddepeHaIbHOr0 ypaBHeHUsT GeCKOHEYHOr0 MOPSAIKA K KPaeBoi
3amade s 6eCKOHEeYHON cucTeMbl udepeHrmaaIbHbIX ypaBHEHIH
IIyTEM HKCIOJIb30BAHUS Teopwil OECKOHEYHBIX OIPEIE/IEHUH M pa3pe-
MUMOCTH GECKOHEYHBIX CHCTEM AJrebpamdyecKux ypaBHeHUH, 060CHO-
BamHbIX B paborax Koxa u Ilyamkape.

Karwwesnie caosa: muddepennuaibible ypaBHeHNUs, ypaBHeHNe GeCKo-

HEYHOT'O MOpsIKa, 0000MeHHas KpaeBasl 3a,/1a9a.
Study of a generalized boundary value problem for a differ-

ential equation of infinite order

The paper considers the problem of reducing one generalized
multipoint-functional boundary value problem for a nonlinear differ-
ential equation of infinite order to a boundary value problem for an
infinite system of differential equations by using theories of infinite
definitions and solvability of infinite systems of algebraic equations,
substantiated in the works of Koch and Poincaré.

Keywords: differential equations, equation of infinite order, general-
ized boundary value problem.

Pabora mocssimmena paccMoTperuio ayist o01ero auddepeHmaaTbHOT0 ypas-
HeHns GECKOHETHOTO MOPAIKA

[e']

Za,](‘r)y<7) :f(m7y7y/"“7y(y_l)"“) (1)

=0

KpaEBOﬁ 3aJda49u C MHOFOTO‘{E‘{HO-@yHKHHOHaJ’IbeIMI/I YCJIOBUAMMA

k;— _ v—

y( 1)(1‘2'»@,) - <I)zk7 (yv ylv s 7y( 1)7 ce )7 (2)

e Tk, € [a,b], ki = L,ni, ¢ = 1I,m, m € {1,2,...,n}, n—koHeuHoe

HaTypasbroe aucno, n; € {0,1,...,n}, npuaem ni +nz + -+ + Ny = n;
y(i_l)(aji) = @i(y,y/,...,y("_l),...),i =n+1ln+2... (3

Pabora sBeimonuena npu (uHAHCOBOH noxgep:kke MunmoOpraykm PD (FEGS-2020-
0001).

Ixabpannmos Axmen Jlewaesmu, UI'Y (T'posmeiii, Poccus); Akhmed Dzhabrailov
(Kadyrov Chechen State University, Grozny, Russia)
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Kpaesaga 3a1a9a B TAKOH MOCTAHOBKE HE BCTPEIAIACK.
Oyukmpn a;(z),j = 1,2,..., f(z,y, vy, ...y, ...) cauraorcs mempe-
PBLIBHBIMHM TI0 CBOMM apryMeHTaM B 00J1acTh

D:{ly?|<di, i=0,1,..., x €[a,b]}
(cM. [3]) u momyckaeTcs BBILOJIHEHHE HEPABEHCTBA

@,y y™ Y, < M, (4)

M — HEKOTOpPOe 9UNCJI0, U ycJIoBud JIummuia

|f (@, un,un, s ) — f(@, 01,02, .., 00, ... )| < L(z Z|ul—v1| (5)

—1 —1
“pi,ki (u,u/,...,u('/ ),...) — Dk, (v,v',...,v(" ),...)‘ < L, [lu—],

i =1,m,

’<I>i (u,u',...,u<"71>,...) -9, (v,v/,...,v(ufl),,..)’ < Lillu—v||, (6)

i=n+1,n+2,...

Hora mobbix u = (u;)52q,v = (vi)j2 € D, L(z) — menpepriBras Ha [a, b]
dyukImMa.

Pewenue 3azaun (1)—(3) 6yzem uckars B mpocrpancrse O (a,b)
Geckoneuno menpepeBaO muddepermmpyembix byukmmit y(z) ¢ HOPpMOK

llyl| = max, S, [y 7Y (2)| 1 coorseTcTByOmEi MeTpuKOii. EcTecTBemto,
a<z<
suavenus y(z),y' (z), ...,y (x),... npux € [a, b] He TOMKHBI BBIXOTATH

u3 obmactu |y V()| < di_y, i=1,2,...

Teopema 1. ITycmb 6vinosnenv. cAeIY0UUE YCAOGUA:

1) Pyrryua flxyy, ..y, u PYHKUUOHAADL
i, (1,0 sy ), By Y,y TY L) 6 obaacmu D ydosae-
meoparom ycaosuam Junwuya (5) u (6);

2) dynxyuu aj(z), 7=0,1,... us ypasnenua (1), anemenmoi
aij(z), i, = 1,2,..., mampuyn A(z), dynxyuu L(x) us (5) u wucsa
Ll kl,i us (6) marosw, wmo wucaosve pade Y oo LT, S0, f;f Li(t)dt

hpa f Li(t)dt cxodamesn;

3) smnommemc;z HEPABERCTNEO

b

P=>"[L; +2/L(t)dt+/ii(t)dt} <1
=1 a ¥

i

Toz0a 6 yeaosuaz meopemv 3adaa (1)—(8) umeem moavko eduncmeen-
Hoe pewenue.
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OB O/THON KOS®OUIINEHTHOM-OBPATHOM 3ATAYE C
HEJIOKAJIbHBIMU YCJIOBUAMU AJId TPEXMEPHOTO
YPABHEHU A TPUKOMMU B ITAPAJIJIEJIEIIUIIE/TE
C.3. xamamsoB A.A. IIlakupos
siroj63@mail.ru, shokirov.abduvosiq96@gmail.com

YIK 517.956.6

Kak mam m3BecTHO, /iTsi ypaBHEHWS CMEITAHHOTO TUIA KAaK MIEPBOTO,
TaK U BTOPOrO POa BTOPOIO MOPs/IKa NPAKTUYECKUE HE HUCCIIEN0Ba-
Juch K09 pUITMEHTHBIE O6pATHBIE 3a7a91 (CBA3AHHBIMA C TTOUCKOM
penienne,k03bGunmenT ypaBHEHUS W 3JIEMEHT TPABOH 9aCcTH) B OTpa-
HUYEHHBIX U HEOTPAHUYEHHBIX 00J1acTsIX.

C 31011 11e1b10 B JaHHOM paboTe ¢ UCIIOIB30BAHUEM PE3yJIbTaTOB paboT
[1], m3y9atorcst ogHO3HAUHAS pa3pemuMocTs Koad durmeHTHOH 06paT-
HOM 3a/1a9M C HEJIOKAJIHHBIMU KPAEBBIMU YCIOBUIMH IS TPEXMEPHOTO
ypaBHeHus TPUKOME B MapPaJIIe/IeNnIeIe.

Karwwesvie caosa: Meron Pypbe, €—perynasapu3anusi, CKUMAIOLINE
0TOOpaKEHMSI.

As we know, for equations of mixed type of both the first and sec-
ond kind of the second order, coefficient inverse problems (related to
finding a solution, coefficient of the equation and element of the right
side) in bounded and unbounded domains have not been practically
studied.

To this end, in this work, using the results of [1], we study the unique
solvability of the coefficient inverse problem with nonlocal bound-
ary conditions for the three-dimensional Tricomi equation in a par-
allelepiped.

Keywords: Fourier method, e—regularization, contraction mapping.

B obaactu
G=(-1,1) x (0,T) x (0,£) =Q x (0,¢) =

={(z,t,y)] —1<z<1, 0<t<T, 0<y<{}

PaccMOTPUM TPeXMepHOe ypapHeHue 1 puromu:

Lu = 2us — augs — Uyy + a(z, t)ur = c(z, t)u + ¥(z, t,y), (1)

Joxamanos Cupoxugaus 3yxpuaaunosnd, a.¢.-M.H., upodeccop, UM um. B.1. Po-
manosckoro AH P.V3. (Tamkent, Y36ekucran); Sirojiddin Dzhamalov (V.I.Romanovskiy
Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan)

IMTakupos AbmysBacux A6gypaxmon yrum, acunupant, UM um. B.U. PomaxnoBckOro
AH P.V3. (Tamxkent, ¥Y3bexucran); Abduvosik Shokirov (V.I.Romanovskiy Institute of
Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
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Ie a—I0CTATOUHO Gosbimoe uncio, Y (z, t,y) = g(z, t,y)+h(z, t)- f(z,t,y),
g(z,t,y) m f(z,t,y) samannere dbynkmun, a byakoun h(z,t) n c(z,t) nox-
JIEXKAT OTIPEEIEHHIO.

Kosdppuimentuasi oGparuas 3agada

Haiitn bynkuun (u(z,t,y), h(z,t), c(z,t)), yrosaeTsopsiomme ypas-
mermio (1) mourn Bcwoay B obnacru G, takue, 9To u(Z, t,y) YAOBIETBOPIET
CTIEIYIOIUM YCIOBUSIM:

1. IOIyHEIOKAIBHBIE KPACBHIE YCIOBHS

yD¥Yuli=o = DYuli=r,
pD£u|m=—1 = D£u|ﬂ9=1a b= 07 17 27

uly=0 = uly=¢ =0

rae vy, p - HEKOTOPOe IIOCTOAHHOE YHCJIO, OTINIHOe OT HYJId;
2. JOMOJIHUTEIbHBIE YCJIOBUSA

u(zx,t,4o) = polx,t)

u(x,t,ﬂl) = @1(1’,t),
0<lyp <t <l<4o0

n Bmecre ¢ bynxmusamu h(z,t), c(z,t) npuHAIIEKAT KIACCY
U={(u h ol ueWiHG), he W3(Q), ce W(@Q), licliy, <r}
rie r—II0J0KUTEIbHOE YHCI0 TOYHOE 3HAUYEHNUs, KOTopoe Oymer ompeneste-

2,
HO HUXKE. 37eCh 4depes3 WQ’E(G) 0003HAYEHO AHN30TPOIHAS MPOCTPAHCTBA
Cobonesa ¢ HOpMOI

2 = s
()i, = IIUHQNG) = \/;Z(l +AR)* Juk (x, t)llﬁvzz(@ ;
k=1

rme Wi(Q) mpocrpanctea CoGosera, uy(z,t) o3HawanoT kosdbdummenTor
DOypoe bynakumn u(z,t,y), Ay = kT”, k=1,2,3....
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FORWARD AND INVERSE PROBLEMS FOR A MIXED
TYPE EQUATION WITH THE GERASIMOV-CAPUTO
FRACTIONAL DERIVATIVE
U.Kh. Dusanova
umidakhon8996@gmail.com

VIIK 517.95

In this paper the forward and inverse problems of determining the
right-hand side in mixed-type equations are considered. In one part
of the domain, the considered equation is the subdiffusion equation
with a fractional derivative in the sense of Gerasimov—Caputo of the
order p € (0,1] and in the other part—a wave equation with a frac-
tional derivative of the order T € (1,2]. The elliptic part of the equa-
tion is Laplace operator, considered in n-dimensional domain 2. The
right-hand side of the equations has the form f(z)g(t). Three inverse
problems are investigated: in the first problem the unknown is g(t)
for t > 0, in the second - for ¢ < 0, and in the third problem g(t) for
all t.

Keywords: Gerasimov—Caputo fractional derivative; subdiffusion
equation; Laplace operator; forward and inverse problems.

Let 0 < p<land1l <7 <2 Inan arbitrary n dimensional domain €
with a sufficiently smooth boundary 02, we consider the following mixed
type equation:

Lu = F(x,t), (1)
with the boundary
u(z,t) =0, z€9Q —a<t<p, (2)
the initial B
u(x7 —Oé) = QO(JL‘), T e Q7 (3)
and the gluing conditions in the form
u(z,+0) = u(z,—0), lim Dfu(x,t) = us(x,—0), z€Q. (4)
t—+0
Here
Dfu—Au, 0<t<p, fi(x)gi(t), 0<t<p,
Lu = - F(z,t) =
Dipu — Au, —a<t<O0, fa(x)g2(t), —a<t<O,

The authors acknowledge financial support from the Ministry of Innovative
Development of the Republic of Uzbekistan, Grant no. F-FA-2021-424.

Umida Dusanova (PhD student, Institute of Mathematics, Uzbekistan Academy of
Science, Student Town str., 100174, Tashkent, Uzbekistan.)
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Df, and Dj, are the right-hand and left-hand fractional derivatives of
Gerasimov-Caputo, A is the Laplace operator and o > 0, 5 > 0 are given
real numbers, f;,g:;,9 = 1,2 and ¢ are known functions.

Next, it is convenient to introduce the following designations: D_ =
Q x (—,0], Dy = Q x [0, 8).

The initial-boundary value problem (1)-(4) is called the the forward
problem.

Definition 1. A function u(x,t) with the properties

1. u(z,t) € C(Q x (—,0) U (0, 8)),

2. D§u(z,t) € C(DY),

3. ui(z,t) € C(D7),

4. Dhyu(z,t) € C(D x (—a,0)),

and satisfying conditions (1)-(4) is called the (classical) solution of the

forward problem .
Let

Au(k) = E-1(=Xia7) — aXiEro(=)ia7), k> 1.

When solving the forward problem, the following statement occupies an
important place.

Lemma 1. There exists a constant oo = ao(A1,T) such that for a > ag
the following estimate is true Ao (k) > 6o > 0, k > 1, where the constant
0o = do(a) does not depend on A.

Similar forward problems in the case of p = 1 and 7 = 2 were
investigated in the work of K. Sabitov [1]. Note that in the work [1] the
classical Fourier method is used to solve problems and the operator u,, +bu
on the interval is taken as the elliptic part. The eigenfunctions of such
an operator are trigonometric functions, which significantly simplifies the
study of the uniform convergence of the corresponding Fourier series.

In our case, the elliptic part of the equation is the Laplace operator
defined in an arbitrary multidimensional domain with the Direchlet
condition. The explicit form of the eigenfunctions in this case is not known,
moreover, the eigenfunctions grow with increasing their number. To study
the uniform convergence of Fourier series, we use the fundamental result of
V.A. Ilyin [2].

Based on the result of V. A. Ilyin [2], some conditions for the smoothness
of the functions p(z) and F(z,t) are found, guaranteeing the existence and
uniqueness of the solution to the forward problem. It is also shown that the
solution has the form:

W) =3 (ﬁ’gk)Ep,l(—Aim) o)

k=1

+/ ((t = 8)° " Epp(= i (t — 8)°) fir(s) ds) v(x), >0,
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W)=Y (AL%EM(_WT) + It\flk(+0)Er,2(—Ai|tV)) o (@)
e [

1

= YA Ry B (AR (@)

+ Z/ ((t— S) T B (= AR (t — 5)T) far(s) ds) vg(z), t<O0, (5)
k=1
where
W = @ — afik(+0)Era(=Aia”) — /(—a M (—)\i(—a — s)T) for(s) ds.

—a

Following K. Sabitov [1] let us formulate three inverse problems.
Problem 1. Find functions u(z,t) and g1(t) satisfying the conditions:

u(z,t) € C(Q x (—a,0) U (0,8)), Dhu(z,t) e C(D), (6)
u(z,t) € C(D7), Dipu(,t) € C(D x (—a,0), (7)
g1(t) € C[0, 5], (8)
Lu(z,t) = F(z,t), (z,t)€ Dy UD_, (9)
u(0,t) =0, z€IdQ —a<t<p, (10)
u(z, —a) = p(z), = €Q, (11)
u(zo,t) =hi(t), z€Q, 0<t<p, (12)
where fi(x),1 = 1,2, g2(t), h1(t) are given functions, xo is a given point
from the domain €.
Problem 2. Find functions u(x,t) and g2(t) satisfying the conditions
(6)-(7), (9)-(11), and :
92(t) € C[*CM,OL (13)
u(zo,t) = ha(t), z€Q, —-a<t<O, (14)

where fi(x),1 =1,2, g1(t), ha(t) are known functions.

Problem 3. Find functions u(z,t), g1(t), g2(t) satisfying conditions
(6)-(14); here fi(x),i = 1,2, hi(x),i = 1,2, are given functions.

Based on the overdetermination conditions (12) and (14), natural
conditions are imposed on the functions fi and fa:

Ji(wo) #0,  fa(xo0) #0.

When solving inverse problems using the classical Fourier method, to
determine unknown functions g;(t) we obtain integral Volterra of the first
kind. In order to reduce these equations to the Volterra equation of the
second kind we apply fractional differentiation. In this connection, the
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following conditions on the functions from the overdetermination conditions
arise:
Dgha(t) € C[0, B8], Dioha(t) € Cl—a,0].

In each of the three inverse problems, by solving the Volterra integral
equations of the second kind, the existence and uniqueness of solutions of
all three inverse problems are proven.
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NCCJIEJOBAHUE YCTOMYNBOCTU CUCTEM
JIN®PEPEHIIMAJIBHBIX YPABHEHUM C
3AIIA3/IbIBAHUEM HEWTPAJIBHOI'O TUIIA
.C. EBTuna, A.I1. 2Kab6ko
diana.evtina@mail.ru, a.zhabko@spbu.ru

VIK 517.929.4

Harnasg paboTa MOCBLAINEHA YyCTOMYHBOCTU CHCTEM uddepeHnnain-
HBIX YPaBHEHUI HEHTPAILHOTO TUIA ¢ HECOM3MEPUMBIMU 3aI1a3/IbIBa-
ausiMu. OCHOBHBIM Pe3yabTaToM paboThl aBageTcsa Teopema 06 ycToit-
YUBOCTH JIJIsI CKAJIIPHOIO YPAaBHEHHS, KOTOPas MOXKeET ObITh 00001e-
Ha JUIA CUCTEMBI, MATPHULBI B HEUTPAJIbHON 9aCTH KOTOPOH KOMMYTH-
pytor. Ilomydenssie ycaoBus yCTOMIUBOCTH MOTYT OBITH IIPHUMEHEHB
HA [IPAKTHUKE /15T OIEHKH PEIleHn U IOCTPOEHNs CTA0UIN3UPY IOIIETO
yupasienus. B 6yaymeM pe3yabTar IIaHUPYeTCs PACIPOCTPAHUTE Ha
ciIyvail, KOrJa MaTPHIlHl B JIEBON YACTH CUCTEMbBl HE SBJISIOTCS IIe€pe-
CTaHOBOYHBIMU.

Karoueswie caosa: muddeperimaabHble YPaBHEHNS, CHCTEMBI C 3aI1a3-
IBIBAHUEM, 3aTa3bIBAHNE HEATPATHLHOTO THUIA, HECOM3MEPUMBIE 3a-
TMa3/IbIBAHNS.

Stability analysis of time-delay systems of neutral type

This work is devoted to the stability of systems of differential equations
of neutral type with incommensurate delays. The main result of the
paper is the stability theorem for a scalar equation, as well as for a
system whose matrices in the neutral part commute. The obtained
stability conditions can be applied in practice to evaluate solutions
and construct a stabilizing control. In the future, the result is planned
to be extended to the case when the matrices in the left part of the
system are not commutative.

Keywords: differential equations, time-delay systems, neutral type de-
lay, incommensurate delays.

BBenenne. BaxkHbIM pa3mgesioM TeOpWH YIPABJICHUS SIBISETCS HCCITE-
JOBaHUE yCTONUIUBOCTH cHUCTeM auddepeHnuaabHbIX yPaBHEHNN C 3amas-
apiBaomuM aprymeaToM. Ocobbiil ©HTEpeC mpu ITOM MPEACTABJISIOT CH-
CTeMBI ¢ HeHTpaJIbHON mpasoil dacTbio. OTKyma GepyTcst Takme CUCTeMbI?
B 3amagax crabumsarun gacto ucmoab3yorcs I I-peryagaropsr, cocTos-
[pe U3 JUHEeHHOM, mHTerpaabHol u qud depennmanbuoit yactu. [1pu 3ambi-
KaHUY CUCTEMBI ITPY IIOMOIIM TAKOTO YIIPABJIEHUST BOSHUKAIOT HEHTPAIbHEIE

Esruna nama Cepreesma, acumpant, CIIGI'Y (Carkt-IlerepGypr, Poccusi); Diana
Evtina (Saint Petersburg State University, Saint Petersburg, Russia)

2Kabxo Asexkceit [Terposus, g.¢.-M.H., npodeccop, CIIGI'Y (Camxr-Ilerepbypr, Poc-
cus); Alexey Zhabko (Saint Petersburg State University, Russia)
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3ama3gpBaHus. UTO KacaeTcsl MPUPOIBI MPOUCXOXK IEHNUS HECOU3MEPUMBIX

3ama3gbpIBaHui, TO STOT IPOIECC MOXKHO PACCMOTPETH HA IIpHUMepe 33 a9u

crabunmsarnun Kopabssi. B Takoit 3asade mpucyTcTBYeT 2 THIIA PETYIISITO-

POB, 3aIa3/IbIBAHUST KOTOPHIX HECOM3MepHUMBL. BriepBhie 3aqa1a cTabmm3a-

LMY CUCTEMBI ¢ HeHTpaIbHON IPaBoil 4acThio Oblila ocTaBIeHa B padore [1].
ITocTtanoska 3agauu. PaccmorpuMm cucremy BHAa

—~
—_
~—

0
%[:p(t)_plx(t—ﬂ —DQI(t_h)] = Aom(t)+A1m(t—h)+/Q(@)x(t+0)d6,
—T
rae Ao, A1 u D1, D2 # Opnxn — 33JaHHBIE MATPUIBI PA3MEPHOCTH 1 X M,
4 KOMIIOHEHTBI MATPUIBI Qpnxn(f) — OrpaHUYEHHBIE KYCOUHO-IIOCTOSHHEIE
dbyakmum. Bygem momarats, ato 7 > h, B nporuBaOM caydae Q(0) = Onxn
upu 6 € [—h, —7].

B crmywae, xorma 7 = 7, m,n € Z, cucreMa CTaHIAPTHBIM 00pa3oM
CBOAUTCS K CHUCTeMe ¢ OofHuM 3anasiabiBanueM [2]. ITosromy paccmorpum
CJTy9ait, KOT/]a COOTHONTEHNE 3ATIA3/IbIBAHUM 7 ABJIAETCA IUCIOM UPPAIAO-
HaJIbHBIM, TO €CTh 3ala3JabIBaHUd ABJIAIOTCA HECOU3IMEPUMBIMU.

Hama 3amaga - pa3paboTKa KPATEPUEB YCTONUIMBOCTH TAKUX CUCTEM K
B IIEPCIIEKTHUBE PEIICHNE 3adaIU UX CTa6I/IHI/I3aHI/II/I.

IIpenpapurenbHble cBegeHUsA. XaPaKTePUCTUYIECKON MATPHUIIEN CH-

cremsl (1) siBasiercst

0
G(s)=s [I—e_STDl—e_ShDQ} —Ag—e A - / e Q(0)d0 = sG1(s)—A(s), (2)

—T

Gl(S) =71 — 6_57—D1 — e_ShDQ,
0
A(s) = Ao+ e *"A1 + [ e*°Q(0)d6.

Kopuu xapakrepucruaeckoii dyukuuu cucreMst f(s) = det[sG1(s) —
— A(s)] Ha3bIBAIOTCS COBCTBEHHBIMM YHUCJIAMHM CUCTEMbL U O0pasylor eé
CIIeKTD:
A= {s|f(s) = 0}.
Ksamparnag marpuna K (t) HaseiBaeTcsa byHIAMEHTAIBHON MAaTpUIEH
cucrems! (1), ecom yIOBIETBOPAET CIEAYIONAM yCTIOBHSIM:

1.

071><717 t < 0

K(t) =
®) I, t=0.
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%[K(t) CDyK(t—7) — DaK(t — h)] = AoK (£) + A1 K (t — h)+

0
-|-/Q(9)K(t—|—0)d€7 t>0, t#mr, t+#kh.

3. Marpuna K(t) — D1K(t — 1) — D2 K (t — h) menpepsisHa npu ¢ > 0, T.e.
K{t+0)—DiK{t—7+0)—D:K(t—h+0)=K(@t—-0)—D1K(t—71—
0) — D2K(t —h —0).

DyHnaMeHTAIbHAS MATPULA IPETEPIeBAeT PA3PHIBEL B TOYKAX MT +
+ kh, m,k >0, m,k € Z.

OcHoBHO# pe3ynbTat. PaccMoTpum ckansapHbiil ciaygait cucremst (1).

[m(t)fdlx(th)fde(tfh)] - aom(t)Jral:c(tfh)Jr/q(0)m(t+0)d0 (1)

—T

a
dt

Teopema. Ecau ypasnenue (1) axcnonenyuaidno yemoliuuso, mo neob-

ZOOUMO BBINOAHEHUE CACIYIOULE20 YCAOBUA:
|d1] + |d2| < 1.

N nes nokasarenscrsa. Ussectro [1], 9T0 11 9KCIIOHEHIAATBHOM yCTOMH-
unBoCTH ypasHeHus (1°) mocTaTouHO, YTOGBI XapPAKTEPUCTUIECKUH MOJIH-
HOM ypaBHEHUs! ObLJ UIYPOBCKUM. BpimmineM aHaior xapakTepucTHIeCKOro
nosmHOMa (2) [71 HAITEro yPaBHEHMUS:

0
g(s) = 5[1 —e dy — E_Shdz] —ao—e *"ar — /eseq(ﬁ)de = 5g1(s) — a(s).

C TouUKHM 3peHHusl YCTOWYMBOCTA HAC WHTEPECYET TOJMHOM ¢i(S), OTHOCH-
mmiica K HelTpaapHOHN Yactu ypasHeHusd. Paccmorpum s = iw. Torma

g1 (S) -1 e*iw'rdl _ 67iwhd2’

OTKYZa cJeayeT orpaHuuenne Ha koaddunuentst di,da: |di] + |dz2| < 1.

CuepncrBue. Ilosyuennas Teopema CupasBeyuBa W JJisl Cydas CHCTEM

Buna (1), xorma marpurel D1 u Do IBLASIOTCS TIEPECTAHOBOTHBIMHE.
JIuteparypa
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MEPUOANYECKUE PEINIEHU YA HEKOTOPBIX
VYPABHEHUN
H.A. EBxyTa
evhuta@gmail.com

YIK 517.9

Paccmorpena obmiasi cxema TOCTPOEHHS IEPUOAMYCCKAX PEITeHHH
nud dbepeHImaIbHbIX YPABHEHUI B 0AHAXOBBIX IIPOCTPAHCTBAX.

Karouesvie ca06a: cUCTEMBl OOBIKHOBEHHBIX duddepeHInaIbHbIX
ypaBHeHwuit, nepuogudeckue pemerns, merox A.M. Camoitienko.
Periodic solutions of some equations

A general scheme for constructing periodic solutions of differential
equations in Banach spaces is considered.

Keywords: systems of ordinary differential equations, periodic solu-
tions, the method of A.M. Samoylenko.

B paGorax A.M. Cawmoitnenxko, H.J1. Pouro [1,2] npensoxen meron
OTBICKAHW:A TEPUOAMIecKux pemenuii. B paborax [3,4,5] mpemnoxkena 06-
mas TeOPeTuKO-(PYHKIUOHAIbPHAA CXEMa [IOCTPOEHUS IEPUOINIECKUX pe-
LIeHU 119 KBa3UWINHEHHbIX Tud QepeHraaIbHbIX YPABHeHU B 6aHAXOBBIX
MPOCTPAHCTBaX. DTa CXeMa [03BOJsgeT nHTeprperupoBars meron A.M. Ca-
MOMJIEHKO KaK IIpOIeJypPy pelleHus SKBHBaJICHTHONU MCXOMHOH 3aade, co-
crosmeil U3 MHTErPAJILHOIO YDABHEHHS C IIAPAMETPOM, DEIIaeMOr0 MeTO-
JIOM TIOCTIEIOBATEIBHBIX TPUOTNKEHIN M HEKOTOPOTO HEJIMHEHHOT0 OTepa-
TOPHOTO ypaBHEHHud /Il STOr0 mapamerpa. llpm 3ToM mccienoBanme Cxo-
JUMOCTY CBOIUTCS K aHAJU3Y [IO3UTUBHOTO crekTpa [6,7,8] smueiinoro uu-
TErpaJIbHOTO OIEPATOPA C HEOTPUITATETHHBIM SITPOM.

Cxema nepexosa oT 1epruoAuvecKoil 3aauu wis auddepennuaibHbIX
VPaBHEHMH K HEJHMHEHHBIM MHTEIDAJbHLIM YPABHEHUTIM JOIYCKAET (GOop-
MaJibHOe ormcanue. 1, TakuM 00pa3oM, Uaeio MOXKHO IPUMEHUTD sl Kpa-
eBbIX 33734 nuddepeHnmatbapx ypaBHeHuil pasubix tuios (auddepen-
OUAJIBHBIX YPABHEHMI C 3ala3plBaHHeM, MHTEIDAJLHBIX YPABHEHUMH, 9BO-
JIIOTINOHHBIX yPABHEHUH ).

Ormiem a1y cxemy.

[Iycts X — 6aHaxoBO IIPOTCPAHCTBO, X( — €ro JOIOJIHLIONIEee IOIIPO-
crpauctBo, I — mpoekmusa X wa Xo, L — HeorpaHWYeHHBIN JTUHEHAHBIN
omeparop B X, F' — HelmHeHHBIN TIaaKuil ommepaTop B X, OCTaBISIONIHI
MOANIPOCTPAHCTBO X( MHBAPHUATHBIM.

EsxyTa Hukonait Anexcannposnd, k.d.-Mm.H., gonent, IOPTITY (HIIN) uv. M. Ilna-
roBa (HoBouepkacck, Poccus); Nikolai Evkhuta (Platov South-Russian State Polytechnic
University (NPI), Novocherkassk, Russia)
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Hac unTepecyeT penrenne ypaBHeHUS
Le = F(z), (1)

Jexalee B mpocrpancrse Xo.
IIycte Tak:Ke 3amaHBI JIUHEUHBIH omepaTop ', melCTBYIOIIHUI U3 IIPO-
crpanctBa Y mapamerpos £ B X m omepatop K u3 X B X, ;11 KOTOPBIX

dopmyna
¢ =TE+Kf (2)

oTIpeiesiSeT pelleHre JTUHEHHOr0 ypaBHeH!s
Lz = f. (3)

ITpu sTom Kaxk0Oe pelleHre & STOTO ypaBHEHUs, Jexkariee B Xo, MOXKET
6b1Th IpencTaBiaeHo B Bue (2). DT0 CBOHCTBO 9KBHBAJIETHO COOTHOIIEHUIO

D(L) ()Xo C T¢ + KLX,, (4)

rae D(L) - obmacte onpenenenns oneparopa L.
Takum 006paszom, 3a7a9a 0 permmenansx ypasHerus (1) u3 Xo paBHOCHIb-
Ha CHCTEME

x=1T¢ + IK Fa, (5)

(I —IT¢+ (I —T)KFa = 0. (6)

Ecim nepBoe ypaBHEHWE PaspermmMo OTHOCHTENBHO T 1

v =We (7)
ero pemenne, T0 cuctema (5), (6) SKBUBAJEHTHA OTHOMY yDPABHEHUIO

HE=0 8)

¢ IefCTBYOIINM M3 Y B JOTOJHUTETbHOE K X TOMIPOCTPAHCTBO Y1 =
(I — II)x oneparopom
H=T+IIKF —-W. (8)

Bamada o pemennsx ypasaennd (2) B Xo CBOOUTCA K TIOC/IEIOBATE b
HOMY DEIIEHWIO NBYX ypaBHEHWI. ¥YpaBHeHHE ¢ mapamerpom (5) B mpo-
crpanctee X W ypaBHEHHE i 9TOro mapamerpa (8) B mpocrpancrse Y.
Omnepatop IIKF, kak mIpaBuio, ONepaTop CKaTus, I03TOMYy omepatop W
HAXOIUTCS KAaK Pees MOCIe0OBATETbHBIX TPUOTHKEHNH.
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PEIIIEHUE JIBYXMEPHOW OJHO®A3HOM 3AJAUN
CTE®AHA OJI4 ITOJIYIIOJIOCHI
P.T". Baiinynana
zaynulin _r.g@mail.ru

YIAK 517.958:536.2

W3znaraerca npuMmeneHne MeTOqa PA3I0KEHN IO COOCTBEHHBIM DYHK-
UM CAMOCOITPSKEHHOT0 I dEepPEeHIMaIbHONO OIlepaTopa K pere-
HUIO OJHON HeCTaIoHApHON oqHO(A3HON ABYXMEPHOH 3339l Tell-
006Mena ¢ (Ha30BBIM MMEPEXO/IOM TIPU CIEITHAIBHBIX KPAEBBIX YCJIO-
BUsIX HA IPUMEPE IIPOIECCA ITPOMEP3AHUS HEKOTOPOM CILIONIHOM Cpe-
OBl YCTaHABIMBAETCH MApaboIHMdIecKuil 3aKOH IBUXKEHUs CBOOOIHOM
rpaHunpl. 3aaa4qu NOZ00HOrO THUIA BOZHUKAIOT [IPU MaTEMATHIECKOM
MOJEMPOBHAHUH IIPOIECCOB TEII000MEHa B CTPOUTEIBCTBE, 0COOEH-
HO B pafiOHaX BeYHON Mep3JI0TH, B HedTera3zonoderde npu GypeHun u
SKCIIJIyaTallny CKBAXKWH, B METAJIYPIHHA U T.]I.

Karouesvie crosa: Gpa3oBaiil mepexo 1, CBOOOTHBIE TPAHHAIIG, JTBUK Y TIIH-
ecst rpanunpl, 3a1ada Credana, KOHeYHbIE WHTErPaJIbHbIE ITpeobpa-
30BaHUs, BEIPOK,IEHHBIE THIIEPreOMeTpUTIecKue (b yHKIUH, BO3MYIeH-
HBIH 1ud depeHImaIbHBIM OIepaTop.

Solving a two-dimensional single-phase stefan problem for a
half-strip

The application of the eigenfunction decomposition method of a self-
adjoint differential operator to the solution of a non-stationary single-
phase two-dimensional heat transfer problem with a phase transition
under special boundary conditions is described using the example of
the freezing process of a continuous medium. The parabolic law of
motion of the interface between the two phases is established. Prob-
lems of this type arise in the mathematical modeling of heat transfer
processes in construction, especially in permafrost areas, in oil and gas
production during drilling and operation of wells, in metallurgy, etc.

Keywords: phase transition, free boundaries, moving boundaries, Ste-
fan problem, finite integral transformations, degenerate hypergeomet-
ric functions, perturbed differential operator.

PaccmoTpM 3amaty O IMHAMWKE 3aTBEDPIEBAHHUA IIOCKON MeTEepPHab-
Hoit obmactu D = {|z1]| < b,x2 > 0} mox JefcTBHEM CTEPKHEBOTO HCTOU-
HUKA XOJI0[a, OTDAHUYEHHOrO C ABYX CTOpoH. Jlomycrum, B Hada/bHBIH
MOMEHT BpeMeHm 06sracTh D 06/1a71a€T IOI0KUTEIHHON TEMIIEPATYPON U
noz, meficTBreM MCTOYHMKS xommona J = {|z1| < b,z2 = 0} ¢ Temmeparypoit

Baitnyanun Pudar Tuabmerausosud, K.d.-M.H., pouent, ¥ YHuT (Vda, Poccus);
Rifat Zaynullin (Ufa University of Science and Technology, Ufa, Russia)
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to < 0 moumxaercst o Temnepatypel ¢ = 0. B Takom ciaywae B obmactn
D obpasyercsa 30na 3arsepaesanusa D(x, 7), u rparuma (ha3oBoOTo mepexoma
S : x2 = &(z1,7) nmpomsuraerca BEyTpb obmacta D (cum.puc.l).

.\’2
X, = &(x,7)
S
D(x, 1)
-b 0 b &

Puc. 1: Cxema pacrnosioxkenusi 30Hbl 3aTBED/ICBAHMS

MaTeMaaneCKon MOJeJIb 3TOr0 IPOoIeCCa ¢ MOMEHTA 3aTBEepAeBaHUA
MOZKHO OIIMCATh YPABHEHUAMM:

or T g M

Ot(x1,®2,7) o 0*t(x1,z2,T)
i S R AP A .
i=1 i

(x1,22,7) € D(x,7) = {|o1] < b,0 < z2 < &(x1,7)},0> 0,7 > 0,&(x,4+0) > 0.

t(z1,22,0) = (1 - L) to; (2)

§(1,0)
t(z1,0,7) = to; (3)
(w1, &(x1,7),7) = 0; (4)
t(+b, z2,7) = (1 - f(::TiT)) to; (5)
ot(z1,€(21,7),7)  Ot(z1,€(21,7),7) O&(21,7) _ov. 0&(x1,7) (6)
Oz O 01 A or

[1e 00— CKPBITas TEeIUIOTa KpucTammsanmd, a’; \— k03¢ dUInenTs Temme-
PATYPOIIPOBOIHOCTH W TEIUIOIPOBOAHOCTH, COOTBETCTBEHHO, I/— TLJIOTHOCTD
obpasyromeiica dasel. Tpebyercs watitu byukimu ti(r1,z2,7); £(x1,7),
yaosnerBopsiomee pasencrsaM (1) — (6). Pemenue 3anaun Hauunaercs
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TIpeobpa3oBaHms 00JIACTH C TIOMOIIBIO COOTBECTBYOIIMX TOICTAHOBOK K 00-
JIACTY C HEIOABMKHBIMH I'DAHUIAMH, 3aTEM [JIs PEeIleHus Ipeobpa3oBaH-
HOM 3a/a49M CTPOATCH KOHEYHble HHTErpajbHble NPeoOpa30BaHus [0 IPO-
CTPAHCTBEHHBIM KOODIMHATAM C HEM3BECTHBIMH SPAMU, HAXOXK IEHHE KOTO-
PBIX CBA3AHO C IIOCTAHOBKOM U PElIeHNeM COOTBETCTBYIOIINX CIIEKTPAIbHBIX
3a/1a4; OJTHO U3 f/IEP BbIPaXKaeTCs 4epe3 BhIPOXKIEHHBIE THIIEPreOMeTprYe-
ckue dyukmym. Haxomsires cobcTBeHHbBIE UHCaa ¥ COGCTBEHHBIE (DYHKIINMA,
a Takke (HopMysnsl obpameHus IS BBEIEHLIX MHTErPAJIbHBIX IPeobpas3o-
BaHMIii, YTO ITO3BOJISET BBHINUCATH AHAJUTHYECKOE DElleHHe 3a/1a4u.
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KAYECTBEHHBIE CBOMICTBA PEIIIEHUYA
BAPUAIIMMOHHOI'O HEPABEHCTBA J1JIsI PASPBIBHOI
CTNJITBECOBCKOM CTPYHBI
M.B. 3BepeBa,
margz@rambler.ru

VIK 517.927.21

Jloka3aHBl TEOPEMBI CYIIECTBOBAHAA U €IWHCTBEHHOCTH DEIleHUd Ba-
PHAIMOHHOTO HEPABEHCTBA, MOJEIUPYIOIIEr0 AedOPMAITMH PA3PHIBHON
CTUITHECOBCKOH CTPYHBI (TIEMOYKA CTUNTHECOBCKUX CTPYH, CKPETI/ICH-
HBIX MEXKTy CO0O0I NPy KWHAMME) C JIOKATM3OBAHHBIM HA OTHOM U3 KOH-
1I0B TIPEISATCTBHEM Ha mepemerierne. B sBHOM Bume mosydena ¢dop-
MYyJIa IPeJCTaBIeHNS TOYHOIO PelleHns. YCTAHOBIEHEl KadeCTBEHHbIE
CBOMCTBaA penieHust (3HAKOPETYJISPHBIE, IKCTPEMAIbHBIE).

Karwwesnie cao6a: BApHAITMOHHOE HEPABEHCTBO, nuTerpas Cruirbeca,
Mepa, IPOU3BOAHASA 110 Mepe, MYHKINS OrPAHUYEHHON BapUAIIAH.
Qualitative properties of the solution of the variational in-
equality for a discontinuous Stieltjes string

Theorems of existence and uniqueness of the solution of the variational
inequality modeling deformations of a discontinuous Stieltjes string (a
chain of Stieltjes strings fastened together by springs) with an obstacle
to movement localized at one point are proved. A formula for repre-
senting the exact solution is obtained in explicit form. Qualitative
properties of the solution (sign-regular, extremal) are established.

Keywords: variational inequality, Stieltjes integral, measure, deriva-
tive with respect to measure, function of bounded variation.

ITpoBenerno mccmeoBarme BAPUAIIMOHHOTO HEPABEHCTBA

l l l l l l

[ v [pildn+ [woa@ - [wd@l~ [vair)+ [udry=o

0 0

¢ paspeiBHBIME peutenusivu Ha [0, [], Momesupymomero nedopmanuu pas-
PBIBHO} CTU/ITHECOBCKOH CTPYHBI (IIEMOYKH CTHITHECOBCKUX CTPYH, CKDETI-
JIEHHBIX MEKJy c000i npyxunamu). 3uech GbyHknus u(x) oupenesnser ae-
dbopmammIo CTpYHBI IO BO3IEHCTBIEM BHEIIHEH CUbL; p(T) XapaKTepus3y-
et cmry HaTsxkeHnd; Q(x) n F(z) onuceBaOT yIpyryo PeakIyio BHENTHEH

Pabora BoimosiHeHa npu (PUHAHCOBON mojjiep:kKe MUHKUCTEPCTBA MPOCBelneHus: Poc-
cutickoii Meepanuu B paMKaxX BBIOJHEHUS TOCYAAPCTBEHHOTO 3aJaHus B ¢hepe HAyKH
(momep Temsr OTGE-2024-0002)

3Bepesa Maprapura Bopucosna, K.d.-M.H., nouent, BI'Y, BI'TIY (Boponex, Poccus);
Margarita Zvereva (Voronezh State University, Voronezh State Pedagogical University,
Voronezh, Russia)
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CPEIBI ¥ BHENTHIOIO HATPY3KY COOTBETCTBEHHO. [IpeImomaraercs, 9To B TO4-
Ke T = | yCTAaHOBJICH OTPAHMINTEh Ha, BEPTUKAILHOE IEPEMEITEHIE TIPABO-
IO KOHIIA CTPYHBI, IPEJCTaBIeHHbIN oTpeskoM [—m, m], T.e. |u(l)| < m. Jle-
BBII KOHEI] CTPYHBI ¥KECTKO 3aKPEIUIEH, T.e. BHIIOHeHo ycuosue u(0) = 0.
Dyuxnuu p(x), F(z) umeor orpanudennyo sapuanuio Ha [0,[], npuaem
[igllf]p > 0; bynkmua Q(z) me yowiBaer Ha [0, !]. IlepBoiit m BTOpOii mHTErpa-

et B (1) mormmatorca no Jlebery - CTunThecy Kak MHTETPAJBL MO MEpE,
TIOPOXKIEHHOH cTporo Bodpacratomeit va [0, ] dbynxmueit p(z). Ocrampabie
MHTErpaJsibl MOHUMAIOTCA B 0000mennom cmbiciae no Crunrbecy, mpenyo-
sxerroM H).B. ITokopubiv B [1], Korga npoucxoaut "pacigensenue' Mepsl B
TOYKAaX paspbiBa. UTOOBI MOIIEPKHYTH, 9TO PEUb HIET O TAKOM HWHTErPa-
Jie, Mbl 3aKJ09aeM (DYHKIUIO, CTOAILYIO 1107 3HAKOM guddepenimaia B
KBaJIPATHBIE CKOOKU.

IIycte K — mMHOXKECTBO L — abcomoTHO-HenpepbiBEbIX HA [0,1] dyHk-
LA, /4 IPOU3BOHBIE KOTOPBIX U, HMEIOT OrPAHUYEHHYI0 Bapuauuio Ha [0, 1],
yaossersopsomux yeaosusaM u(0) = 0, [u(l)| < m. Pemenus u(z) sapua-
MOHHOTO HepasercTBa (1) Mbl mmem B kaacce K; v(x) — mpom3BosbHBIE
dbyaxnmu, npunagexamue K.

Teopema 1. Pewenue u(x) eapuayuonnozo nepasencmea (1) cyue-
cmeyem U eJUHCMEEHHO.

Teopema 2. IIpednoaooicum, wmo cyuwecmeyem pasbuenue [0,1] mou-
Kamu & makoe, wmo na kadrcdom npomesicymre &, i+1] Pynkyua F(x)
MoHomonHa; das ecex 1 < i <k — 1 swnoaniemcsa HepaBeHcmMso

(F(&) — F(&i—1)) - (F(&+1) — F(&)) < 0.

Tozda coomeememeyioujee HEMPUEUAALHOE pewente U(T) 6aPUGUUOHHOZO
nepasencmea (1) umeem na (0,1] ne Gosee k — 1 nyaesol mouru.

JIuteparypa
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O JE®OPMAIINU ®YHIAAMEHTAJIBHOTO PEIITEHU A
OITIEPATOPA JIATIJIACA B KOHTEKCTE KTII
A.B. Banos, H.B. Xapyk
regull@mail.ru, natakharuk@mail.ru
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JlagHOE HCCIenOBaHNe MOCBANIEHO U3YIEeHUIO IIPIMEPOB PACXOIAIIIX-
cd MHTErpajoB B KOHTEKCTE aHaJ/lM3a KBaHTOBO-IIOJIEBBIX MOZENei, a
TaK2Ke METO/IOB UX pery/ispusaiuu nyreMm pedopmanuu dyHIaMeH-
TAJbHBIX DENICHUN.

Karouesnie caosa: oneparop Jlamnaca, GyHIaAMEHTAJIbHOE DEIIeHNe,
peryngapusanusi, nedopMariys.

On a deformation of a fundamental solution of a Laplace
operator in the context of QFT

This study aims to investigate examples of divergent integrals within
the framework of the analysis of quantum field models, along with
methods for their regularization through a deformation of fundamental
solutions.

Keywords: Laplace operator, fundamental solution, regularization, de-
formation.

Kak wm3BectHo, cM. [1,2], ucnons3osanne nepTypGaTUBHOTO MOAXONA TIPU
U3yYEHNHM KBAHTOBO-IIOJIEBBIX MOJEJeHl MOXKeT IPUBOAUTH K IIOSBJICHUIO
PACXOAANUXCA BEIUYUH. DTO CBA3aHO ¢ TeM (HaKTOM, 9TO 060DIIeHHbIE
QyHKIMN, KOTOpBIE JOJIKHBI PACCMATPHUBATHCI HA HEKOTOPOM TECTOBOM
KJlacce, B AEMCTBUTEIBHOCTH JEHCTBYIOT Ha JApyrue 0obobiieHHble (yHK-
muu. B wrore, mosywaromuecs: KOMOMHAIIMN MOTYT CO/EPKATh HE TOJIBKO
HENHTErpUpyeMble TIJIOTHOCTH, HO ¥ CHHTYJISIpHBIE (DYHKIIMOHAIIBI B 0COOBIX
TOUKAX. DTO IPUBOIUT K HEOOXOMMMOCTH BBOJUTD PErYJISIPU3AINIO, KOTO-
pasd, KaK [IPaBUJIO, CBOANTCI K HEKOTOPOi medopmarmn dyukrmn I'pura.
B HacrosimeMm mccIemoBaHUM, CM. sl mpuMmepa [3-5], paccMmarpusaer-
CsI cepusl IPUMEPOB, COEPKAINX «PACXOTUMOCTH S, U3y IAIOTCI METOIbI UX
PeryJIsIPU3aIini, a TAKIKE IIPEJJIaraeTcsl HOBas Pery/sapu3salms oOpe3annemM
B KOODJMHATHOM IPEJCTABICHNMN, YIOBIETBOPSIONIAs «YCIOBAIO TPUMEHN-
MOCTH», KOTOPO€ IapaHTHpPyeT HEOTPUIATEIHHOCTh B HMILYJIHCHOM IIPEI-
crasyiennn. B wacTHOCTH, mCcaeayercss ceMeicTBo medopmaruii ais QyH-
JAMEHTAJIbHOTO DelIeHus onepaTopa Jlammaca crnenuaapbHOro BUIA.

Pabora Bemmonnaena npu (unancoeoit mogaepxxke PH® (mpoext Ne 23-11-00311).

UBanos Anekcaugp BanentmuoBud, x.d.-M.H., HayuHBIH coTpymuuk, [IOMIU PAH
(Cankr-Tlerepbypr, Poccusa); Aleksandr Ivanov (St. Petersburg Department of Steklov
Mathematical Institute of Russian Academy of Sciences, St. Petersburg, Russia)

Xapyk Haranpsa BsauecmaBosHa, K.b.-M.H., Hay4dHbI corpyauuk, [IOMW PAH
(Camkr-Tlerepbypr, Poccms); Natalia Kharuk (St. Petersburg Department of Steklov
Mathematical Institute of Russian Academy of Sciences, St. Petersburg, Russia)
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OB O/THO3HAYHOW PA3PEIINMOCTU 3AJAYN
BUIAA3E-CAMAPCKOTO JdJId BBIPOXKJTAIOIITETOCHA
QJIJNINIITUYECKOTO YPABHEHUSA
B. 2K. Kagupkymaos, @®. X. Berumkyion
kadirkulovbj@gmail.com, begimkulovfkh@gmail.com

VIIK 517.518

Ansorauusi. B mammoit pabore /it BBIPOXKIAIONIETOCS SJLITAMITHYIE-
CKOrO ypaBHEHUs B BEPTUKAJIbHOM IOJIYIIOJOCE MCCIEI0BAHA 3a39a
tuna buragze-Camapcekoro. CrieKTpaabHBIM METOIOM JIOKA3AHBI TEO-
PeMBI O CYIeCTBOBAHUYN W €IMHCTBEHHOCTHU PelleHns 3aaadu. B pabo-
Te TaKXKe U3Y4YeHbl CIIEKTpPaJjbHble CBOHCTBA 3ama4uu Tuna Buranze-
Camapckoro Ajst OOBIKHOBEHHOrO qudpepeHImaIbHoro ypaBHEeHUs
BTOPOTO TIOPsIKA, HANIEHBI COOCTBEHHBIE UWC/A, a TAKKE COOTBET-
cTByIOIne coOCTBeHHbIE (DYHKIMHU, JOKA33aHA WX MOJHOTA W 0a3mc-
HOCTh, TAK¥Ke UCCIEI0BAHA, COMPsIKEeHHAs 3a,1a49a.

Karouesnie cr06a: mOMYNONOCa, BHIPOXKIAIONIEECS YPABHEHHE, 33/1a49a,
tuna Bumaaze-Camapckoro, MomndunuposanHoe ypapHenue Beccens,
TOJTHOTA, DA3UCHOCTD.

On the unique solvability of the Bitsadze-Samarsky problem
for a degenerate elliptic equation

Abstract. In this work, a nonlocal Bitsadze-Samarskii type problem
is investigated for a degenerate elliptic equation in a vertical half-
strip. Theorems on the existence and uniqueness of a solution to the
problem are proven using the spectral method. In this work we also
studied the spectral properties of the Bitsadze-Samarskii type problem
for an ordinary differential equation of the second order, found the
eigenvalues, as well as the corresponding eigenfunctions, proved their
completeness and basis property, and also investigated the adjoint
problem.

Keywords: half-strip, degenerate equation, Bitsadze-Samarskii type
problem, modified Bessel equation, completeness, basis property.

3ajaum ¢ KpaesbiMu ycsoBusMmu tuna Monkuaa-CaMapckoro s BbI-
POXIAONIerocd ypaBHEHHd, € HCIOJIb30BaHHEM CHEKTPAJbHOTO METOa,

Kagmpkynos Baxrusap 2Kammnosudw, mouent, (Tamxent, Y3Gexucran); Kadirkulov
Baxtiyar (Alfraganus University, Tashkent, Uzbekistan) um Akamemus Hayk Pecmy6-
sukn Y3bexucran Wncruryr maremaruxku mmenu B. . Pomanosckoro (Academy of
Sciences of the Republic of Uzbekistan Institute of Mathematics named after V. I.
Romanovsky, Tashkent, Uzbekistan).

Bernukynos @ozmi  Xmauposmw, npenomasarens, (Tamkent, Yz6exucran);
Begimqulov Fozil (Tashkent Perfect University, Uzbekistan).
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n3yuensl B padorax [1,2]. B mauHON paboTe 1uIst BRIPOK AAIOIIETOCS HJUIATI-
THYECKOTO YPABHEHUSA BTOPOTO TOPAIKA BHIA

Lu = t™ugs + uee — b2t™u =0,

B nostynosioce 2 = {(z,y) : 0 < z < 1,y > 0} COeKTpaJbHBIM METOIOM
m3ydaercd 3a7a4a tuna Bunanze-CaMapckoro B Caeayromneil moCTaHOBKe:

3agauya BS. Haiitu orpanudennyo B obnactu ) dbyskmo u(x,t),
YIOBJIETBOPSIOILYIO YCJIOBUSIM:

u(z,t) € C(Q)NC*(Q), Lu(z,t) =0, (z,t) € Q,

w(0,t) =0, u(1,t) =u(zo,t), t €[0;400),u(z;0) =7 (x), z € [0,1],

rre 7(z) - 3amamHas dpyskmud, o € (0,1),b, m > 0.

B nannoii pabore 3ama4da BS usyuaercda B IByX pasiimyHbIX 3HAYCHUIX
To, a mMeHHO upu o = 0,5 1 zg = 0, 2.

1. Cayqait xg = 0,5. s pemenus 3amacu BS ucnonb3yercs crek-
TPaAJBHBIN METOI, B PE3yJbTaTe KOTOPOTO PACCMATPUBAEMas 3a1a4a CBO-
JUTCST K M3YUIEHHUIO CIIEKTPAJILHON 3a/1a49M /17151 OOBIKHOBEHHOTO T depeH-
OUAJILHOTO YPABHEHUS BTOPOTO MOPSIKA II0 IPOCTPAHCTBEHHOHN IepeMeH-
svoit. Uccnenyrorcs cnekTpasbHBIE CBOMCTBA MOJIYIEHHOM, & TaKKe COIpPs-
JKeHHON 3a/1auu. HadineHol cOOCTBEHHBIE 3HAYEHMS, & TAK¥Ke COOTBETCTBY-
0Imre UM COOCTBEHHBIE (DYHKIMM, TOKA3aHO MX OasucHOCTh. /Jlatee mpu
OTIPEJIETIEHHBIX YCJIOBHUAX HA 33/IaHHBIE (PYHKIUH JOKA3BIBAIOTCS TEOPEMBI
0 €IMHCTBEHHOCTH U CYIIECTBOBAHUS PEIIEHUsT STON 33 Iam.

2. Cayuaii o = 0,2. CrnekTpajabHble BOIPOCH 3a0aYN HCCIETYIOT-
cd aHAJIOru9IHbIM 06pazoM. OTMETHM, YTO B ITOM CJy4ae, CIEeKTPaIbHAs
3a/Jada, TMOJIyUeHHAs B Pe3yJbTaTe IMPUMEHEHNs CIeKTPAIBLHOTO METOa, &
TaKKe 33123, COIPSIAKEHHAs K 9TOH, KpoMe COOCTBEHHBIX (DYHKIINH, TaKXKe
WMEET TIPUCOeTMHEHHBIE BDYHKITAN.

JInteparypa

1. B. U. Moucees O pemeHnn CreKTpaJbHBIM METOIOM OJHON HEI0-
KaJIbHOM Kpaesoit 3anauu // duddepenn. ypasrenus, 1999, rom 35, Ne 8,
109471100.

2. K. B. Cabumos, O. I.Cudopenro. OO 0THO3HAUHON pa3peIrruMOCTH
HEJIOKAJIBHOM 33139 I8 BBIPOKIAIONMIETOCS SIIUIITHIECKOTO YPABHEHUS
cnekTpanbHbiM MeTonoMm // Tpynpt mexaynapomnoit koudepernun. Crep-
muramak, 2003 r., ctp. 213-219.
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EIVMHCTBEHHOCTB U PA3BPEIIINIMOCTBH OJHOM
YETBIPEX TOYEYHO 3ATIAYN J1JId YPABHEHUSI
TEILJIOITIPOBO/IHOCTU
I'. Kaiipar
gulzairakairat536@gmail.com

VIK 51.77
Katouesbie cA06a: €TMHCTBEHHOCTb DEITEHWs], YPABHEHUS TEILIONPO-
BOJHOCTH, CIIEKTPHI, OIIEPATOPHI.
Uniqueness and solvability of one four point problem for the
heat conduction equation

B mpegaraemom coofuieHnE pacCMaTPUBAETCA IETHIPEX TOUYETHAS II0
BpeMeHHU 33Ja9a JJId yPaBHEHUd TEIJIOIPOBOIHOCTU HAa BCEU OCH.

The proposed communication considers a four-point time problem for
the heat equation on the entire axis.

Keywords: uniqueness of solution, heat equations, spectra, operators.

Uccnenyerca 3amaga

ou(z,t)  9’u(w,t)
% oa2 , xe€RO<t<T

a0u(,0) + arule, 3) + azu(e, 5 ) + asu(e, T) = ()

rae

Oéo+0¢1+042+0(3=1,040750, 063750

B mepsoit 9acTu cOOBIIEHNS BLISCHAETCS, UTO €IMHCTBEHHOCTL PEITeHHS
sagaum (1.1)-(1.2) mocTuraerca Toraa U TOMBKO TOTAA, KOTJA CIIEKTPHI CJIe-
JAYIOIKX JBYX OIEpaTopoB

A= %71)(,4) = {y(t) € W3[0, 77 : Zajy(%) =0}
=) () = (W2 (o0, +00))

HE IIEPeCeKaloTCs. B 3aK/II0YNTeTFHON YaCTh TOKJIA1a BBISBIEH KIIACC
paspemnmoctr 3anaawm (1.1)-(1.2). Meroapr 10Ka3aTebCTBa €IMHCTBEHHO-
¢ty MOXKHO Hafitu B paborax [1, 2]. Knaccsl paspenmMocTs momgoGHbBIX 3a-
a9 BBIACHAIOTCA B pabore [3]. ABTop BBRIpaxkaer GraromapaocTs podec-
copy Kanryxuny B.E. 3a korTpOoss Ha/L paboTOil B X0/ €€ BBIIOJHEHMUSI.

Kaitpar I'., Kazaxckuit HanuonaabHbili YHuBEpcuTeT nmenu Anb-Papabu
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HEJIOKAJIbBHAYA KPAEBAA 3AJTAYA /1J151 YPABHEHUN A
CMEIITAHHOT O TUITIA B OBJIACTHA, DQJIJIMIITUYECKA S
YACTH KOTOPOM ITOJIVIIOJIOCA
K.Bb. Kaszak6aeBa
qalligul96 @gmail.com

YIAK 517.956.6

B pabore gns ypaBHeHHSI CMENIaHHOTO THIIA C CHHIY/ISIPHBIM KO-
GUIMEHTOM M3yUYeHA HEJOKAJIhHAS KPAeBas 33/a9a B HEOTDAHUYEH-
HOW o01acTu. ENMHCTBEHHOCTH pelnenns 33,191 J0KA3aHa C IIOMOIIHIO
NPUHIAIA YKCTpeMyMa. [lpu 10Ka3aTenbCTBe CYNECTBOBAHMS Pelle-
HUS 33J1a9¥ TPUMEHEHBI METOJIbI MHTETPAJbHBIX YPAaBHEHUN U pas3mie-
JIEHVSI TIEPEMEHHBIX.

Karwweswie caosa: lomymoroca, ypaBHeHHe ¢ CHHTYJISIPHBIM K03Gbdu-
muenToM, ¢yarius Beccers, mpeobpa3oBamne XaHKes, PAJl, €IAH-
CTBEHHOCTH DEIIeHusl, CyllecTBoBaHue pemtenus, meros; Pypoe, cun-
TyJIIPHOE MHTErPaIbHOE yDaBHEHUe.

PaccmorpuMm ypasBHeHUE

signyly| s + iy + 2, = 0, 1)
rme m > 0, —% < fo < 1 B obmactu D, orpanwdgennoil mpameivu  Jo =
{(z,y) 12 =0, y >0}, J1 ={(z,y) : z =1, y >0} u xapakrepucTuKamu

m42 2

OC:z— 25(~y)™% =0,BC:x+ 25(~y)"% =1 ypasnemms (1),

soixomgmumu u3 Todek 0(0,0), B(1,0), u orpeskom OB mpsamoit y = 0.
Mycrs D = D UDYUJoUJ1, DT = Dn{(z,y) : y > 0}, D~ = DN {(z,y) :
y < 0}.

Samava. Haiitn yrxmmo u = u(z,y) co cBoiicTBamu:

1) u(z,y) € C(D)NCHDT U JoUD™)NC?*(D' U D™) yrosrersopsier
ypasaeruio (1) 8 DY UD™;

2)

lim w(z,y) = 0, paBrOoMepro o x € [0, 1];
y—+oo

3) u(z,y) yIOBIETBOPAET KPAECBBIM YCIOBHSIM
u((),y)fu(l,y) :@1(y), y >0,
uz(0,y) = ¢2(y), y>0,

ualoc = via). o [0.].

Kazakbaesa Kammuryn (Basoswiii poxrtopant, WHeTuTyT MareMaTuku WM.
B.l1.Pomanosckoro Axagemunm HaykK Pecmybmmxm VY30exmcram, 100174, r. Tamkenr,
yi. Yuusepcurer, 9, Y3bexkucran)
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U YCJIOBHIO COTPSIKEHUST

yl—i>m+o yuy = yl—iglo (=), e (0,1),

rae o1 = 1(y), g2 = ¢2(y), ¥ = P(x) — sanammmie ynkupm, Taxue, ITo
Ba

210 1. o, ot dmd A L
P(x) € [07 2] , 0i(y) € C7(0,00), y— 4 @i(y) € L1(0,00), 7= 1,2,

p1(00) = ¢1(0) = 2(0) = 0, lim u(z, y) = $(0).

y—0

Teopema. Ilycte ¢1(y) =0, ¢2(y) =0, ¥(x) =0, z € [0,3]. Torma

3a71a9a HE MOYKET MMETh (GO0JIee OIHOTO PENIeHHSI.

oka3aTeabCTBO TEOPEMBI IIPOBOMTCI € MOMOIIBIO IIPUHITAIS SKCTPe-
MyMma. CymiecTBoBaHMe peIIeHus N3ydaeMOoil 3aa4N YCTAHABINBACTCS Me-
TOIAMU PAa3[e/IeHAA IIePEMEHHBIX U HHTeIDAJIbHBIX YPaBHEHHI.

OTMeTI/IM7 YTO JIOKAJIbHBIE W HEJIOKAJIbHbIEC KPa€Bbl€ 3a/a491 /14 YpaB-
nenus (1) B caydae, Korga usydens! B [1,2]. 3agaua [lupuxse s ypasHe-
HUs CMEIIAHHOIO THUIIA B BEPTUKAJBHOM IIOJIYIIOJIOCe PAcCMOTpPeHa B [3].
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METOZ OPTOTOHAJIBHOTO MPOEKTUPOBAHUS B
OBPATHBIX 3A/TAYAX OB UICTOYHUKE
A.B. Kanuann, A.A. ToxTtuua
avk@mm.unn.ru, tyukhtina@iee.unn.ru

YIK 517.9

Wccnenyrorca obparubie 3a1a4m 00 MCTOYHUKE JJIsi CACTEMBI yDaBHEe-
muit MakcBesia B KBa3UCTAIIMOHAPHBIX IPUOINKEHUAX. XaPAKTEPH-
3YIOTCS KJTACCHI €IMHCTBEHHOCTH PENTeHusi 00PATHBIX 33,1a9 TPU Pa3-
JIMYHBIX BUIAX MPAHUYHBIX N3MEPEHMUIA.

Karwwyeswie caosa: cucrema ypasuennit Makcsesa, KBa3UCTAIMOHAD-
HOe npubsuxkenne, obpaTHbe 3aJa9n 00 MCTOYHUKE, IPAHUYHBIE Ha-
6sroterust, (GuHAIBHOE HAGIIONEHNEe, OPTOTOHAJILHOE IPOEKTHPOBA-
HUe.

Orthogonal projection method in inverse source problems

Inverse source problems for the system of Maxwell equations in quasi-
stationary approximations are investigated. Uniqueness classes of so-
lutions of inverse problems for different types of boundary measure-
ments are characterized.

Keywords: system of Maxwell equations, quasi-stationary approxima-
tion, inverse source problems, boundary observations, final observa-
tion, orthogonal projection.

Banauu 06 onpeeeHn UCTOYHUKOB YJIEKTPOMATHUTHBIX TI0JIEH 110 Pe3yJIb-
TaTaM I'PAHUYHBIX HADJIIOIEHUN sIBJISIOTCS KIIACCUIECKUM PA3/IeJI0M TE0OPUK
00paTHBIX 33,189 MAaTeMATHIeCKOH (DU3UKU U HAXOIAT IIHPOKOE IIPUMEHe-
HUE B pa3iu4HbIX 0bsacTsx ecrecrBosHamus [1-6]. B macrosmeit paGore
00CyK/TaI0TCH IIOCTAHOBKYU U CBOMCTBA pelneHuit o0paTHbIX 331349 00 ucTov-
HUKe I CUCTeMBI ypaBHeHn# MakcBesua B PA3JIMTIHBIX KBA3UCTAIIMOHAD-
HBIX NPUOIMKEHUAX B HEOJHOPOIHBIX CPEaX 0 PE3YJIbTaTaM IPAHUIHBIX
u unanbabix HaboeHunit. O6Cy XK 1AI0TCs 0CODEHHOCTU IOCTAHOBOK IIPsi-
MBIX 1 00pATHBIX 33,134, 00YC/IOBIEHHbIE UX IPUIOKEHNEM K MOIeINPOBa-
HUIO 9JIEKTPOMArHUTHBIX IPOIECCOB B atmocdepe. B kadecTBe rpaHmIHbBIX
HabJII0/leHMiT PACCMATPUBAIOTCH U3MEPEHUsl HOPMAJIbHBIX U KaCaTe/IbHbIX
KOMIIOHEHT 3JIEKTPUIECKOT0 U MAarHUTHOI'O IIOJIed.

ccnemoBanue BBIMOJHEHO 33 CUYeT rpaHTa Poccmiickoro mayunoro ¢pouzga Ne 23-21-
00440, https://rscf.ru/project/23-21-00440/

Kamuuun Anexceit Bsuecnasosudw, a.¢d.-m.m., HHI'Y wnmenun H.M.JIo6auesckoro
(Huxunit Hosropon, Poccus); Aleksey Kalinin (Lobachevsky State University of Nizhny
Novgorod, Russia)

Troxruna Asnna Anekcagaposua, K.d.-m.H., HHI'Y umenn H.UM.JTo6a4ueBckoro (Hux-
uuit Hosropox, Poccus); Alla Tyukhtina (Lobachevsky State University of Nizhny
Novgorod, Russia)
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Msr mpemmaraem gBa BapuwaHTa 3azadn Komwm A8 ypaBHEHWs
IMIrypma-Jluysusns va rpad-3se3ne. Ilepsrwiit Bapmant 3amatn Ko-
U 33/1aeTC C TIOMOMIBI0 KOHCTAHT CBsideil. BroisicHen dusmueckuit
CMBICJT KOHCTAHT CB#A3eil. Bropoil BapmaHT 3a7a4mM 3aJaeTCd C IIOMO-
IIHI0 YCJIOBUH 3aKperIeHnil TPAHNYHBIX BepinuH rpada. Oxa3niBaer-
cd, 9TO IpedJjIo’KeHHble HAMH aHAJIOTH 3ama4uu Komm nna ypasHeHMI
Trypma-JInyBrias BCIOAY pa3perninMbl, €CIH BBIIOJTHSIETCS HEKOTO-
poe TpeGoBaHMe Ha JJIVHBL AYT Tpada-3Be376I.

Karoueswie caosa: I'pad,rpad-mepeso,crektp,ycmosust Kupxroda.

W3BectHO, uTO 33ma4a Komu 1115t HEOTHOPOIHOTO JTUHEHHOTO Mud dhepeH -
aJIbHOTO yPAaBHEHUSI BBICIIETO IIOPS/IKA HA OTPe3Ke KOPPEKTHO Pa3PeIrnMa,
HE3aBUCHUMO OT BU1a HEOTHOPOIHOCTH. B JaHHOIM cTaThe N3y9aeTcs aHaJIoT
s3amaun Komu g ypasuenus IHltypma-Jluysunnsa wa rpad-3sesze. Oka-
3aJ10Ch, 9TO JIJI PA3PEeIIMMOCTHA TaKOH 3a/Ja4d HaI0 TPeOOBaTh JIOIIOJIHH-
TeJIbHBIE YCJIOBHUS HA, TPAaBYIO 9acTh HEOTHOpPOaHOTO ypaBHeHusa IllTypma-
JlmyBusnsa. B moksame mokasaHo, UTO [IOIOJIHUTEIbLHbIE TPeOOBAHUS HA
IIPaBYK YaCTb HEOAHOPOJHOI'O0 ypaBHEHHUA CYIIECCTBEHHDI. Hx menn3sa wr-
HOPUPOBATH. HpI/IBe,ILeHbI WIITIOCTPATUBHBIE TIPDUMEPDHI, KOT/Ja HapymiaeTCda
€/INHCTBEHHOCTH PEIeHus], ecjiu 3T TpeboBanus uranopuposars. Hano cka-
3aTh, YTO CYIIECTBOBAHUE DENICHUE TapaHTUPYETCHd, KOrJa yKa3aHHbIE J10-
MOJTHUTEIbHBIe TpeOoBaHUs HapymaloTcs. B obimeM ciaydae Takue HEOTHO-
pomHble YpaBHEHHSA MMEIOT MHOXKECTBO PelleHU.
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B pabore uccienosana 3anasa @paHkiis i TPEXMEPHOTO YPABHEHUS
CMEITAHHOTO THIIA, ¢ CUHTY/ISAPHBIM KO3)PUITHEHTOM B CMEIIaHHON 00-
JIACTH, JJUIMITUIECKAS YACTh KOTOPOU IOIy[WIMHAD, & ruepdosm-
YeCKad YaCThb - TPeyrojibHad IpdaMad IIPpU3Ma. Ha OCHOBAHHU CBOIi-
CTBA MTOJTHOTHI CUCTEM COOCTBEHHBIX (DYHKITHI IBYX OTHOMEPHBIX CITEK-
TPpaJibHbIX 3a/ja4, A0Ka3aHO TeopeMa €JMHCTBEHHOCTH. PeIHeHI/Ie I10-
CTaBJICHHOH 3a7a491 IIOCTPOEHO B BUIE CYMMBI IBOMHOIO pana Pypbe-
Beccens.

Karoueswvie caosa: 3amada Dpasknasg, CHHTYIAPHBIN K03bduimenT,
¢yukIus Beccens, cekTpaabHas TEOPHS.

Frankl’s problem for an equation with a singular coefficient
in a three-dimensional domain

The paper studies the Frankl problem for a three-dimensional equa-
tion of mixed type with a singular coefficient in a mixed domain, the
elliptic part of which is a semicylinder, and the hyperbolic part is a tri-
angular right prism. Based on the completeness property of systems of
eigenfunctions of two one-dimensional spectral problems, the unique-
ness theorem is proved. The solution to the problem is constructed as
the sum of a double Fourier-Bessel series.

Keywords: Frankl’s problem, singular coefficient, Bessel function,
spectral theory.

B pabore ypaBuenus
. . 2
sign(xz + y) [Uze + signy - Uyy] + Uz + ?’YUZ =0, (1)

paccmarpuBatores B obnactu D = Q x (0,¢), roe )— KOHedHass OIHO-
cBsi3Hasg obnactb mnockoctu x(Oy, OrpaHuYeHHAs JAYroi 0o W OTPE3Ka-
vu MM*, M*P, rae 60 = {(z,y) :2°+y* =1, 2>0, y >0}, MM* =
{(z,y) :2=0,-1<y<1}, M*"P={(z,y):x—y=1,0<z < 1}.
Beenem ob6ozmauwenms: o = QN (y>0), U = QN
{(z,y) :y<0,z4+y>0},Q=0N{y<0,z+y <0}, D; =Q; x(0,c),

Kapumos Kamonuaana TyianGoesnd, x.¢.-m.H., gouert, Pepl'Y (Deprana, Y3bexn-
cran); Kamoliddin Karimov (Fergana state university, Fergana, Uzbekistan)

IToxupoe Acpop Mypomxonosud, nokropant, Pepl'y (Deprana, Ysbexucran); Asror
Shokirov (Fergana state university, Fergana, Uzbekistan)
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2, 0P = Qn(y=0), 0Q = {(z,y):z+y=0,0<z<1/2},
{(z,y):2=0,0<y <1}, OM* = MM*\OM, 0O(0,0), M (0,1),
M* (0,—1), mpmaem 3mech v = const € R, 0 < v < 1/2.

B o6smactu D ypasuenus (1) TpUHAIIECKHAT CMEMTAHHOMY THILY, 4 AMEH-
HO: B 001acTu Do — 3/UNTHYIECKOMY THILY, a B 001actsax D1 u Dy — rumep-
G6osmmaeckomy Tury. Ilpamoyrompank OP X (0, ¢) ABIAIOTCA IIIOCKOCTAMEA
W3MEHEHUsS TUTIA, YPABHEHUS.

Samerum, aTo 0b1acTh Do ymobHee OIpesenTh B MUIHHIPUIECKAX KO-
opaomHaTaX (T, @, 2) B CJIEAYIONEM BUJIE:

Do ={(r,p,2): 7€ (0,1), p € (0,7/2),2 € (0,¢)},

r=+/x2+y% ¢ =arctg (y/x).

Hra ypasrenna (1) B o6macTa 2 uccenyem CAeayonyo 3a1aHy:
Samaua F. Haiitu dynknmo U (z,y, 2) , yI0BAETBOPAIONIYIO B 06JaCTH
D ypasrermio (1) u cieayommM yCIOBAAM:

U(z,y,2) € C(D)NC222 (Do UDy UDs);

U (2395 2)|y—cos o, y=sing = f (©,2), ¢ € (0,7/2), 2z € (0,¢);
Us (2,9, 2)loarx0,0) = 0» ¥ € (=1,00U(0,1), 2 € (0,0);
U(@,y,2)|,m0 = Uz, ~y,2)|,o, y€[0,1], z€[0,¢],

U(@,y,2)|,c = U(2,9,2)._. =0, (z,9) €Q,

a TaKXKe yCJIOBUIO CKJIEUBAHUA

y1~I>H30 Uy (1’7%2) = yliELIO Uy (CL’,y,Z), T e (071)7 z e (O,C),

rae f (p,z) — 3a0aHHAsA YHKIH.
[Mocrassennas 3amada npu v = 0, uccaenoBauo B padore [1].
JIuteparypa

1. Moiseev E.I., Nefedov P.V. Frankl problem for the Lavrent’ev-
Bitsadze equation in a 3D-domain // Integral Transforms and Special
Functions, 2013, Vol. 24, Issue 7. P. 554-560.
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OB OIIEHKAX I'JIAJKOCTU HA PEIIIEHUSA OJHON
MOAEJIN ATMOCO®EPHI
10.10. KanesBuoBa, klevtsovayulia@mail.ru

VAK 517.957

Ilosy4geHs! onfeHKY Ha IVIAOKOCTH DENIEHUH OTHON CTOXACTHIeCKOH MO-
Hean aTMocdepsbl.

Karouesnie ca06a: CTOXaCTUYIECKAS MOIETb aTMOCKEPHI, IIaIKOCTh pe-
1IEeHUT.

On the smoothness of the solutions of a stochastic model of
the atmosphere

Estimates for the smoothness of solutions of a stochastic model of the
atmosphere are obtained.

Keywords: stochastic model of the atmosphere, smoothness of solu-
tions.

B pabote moka3bIBalOTCS HEKOTOPBIE OIEHKY IVIAIKOCTY Ha PEIIeHUs CTOXa-
CTHUYIECKON CHCTEMBI OTHOM MOje/ i OApOKINHHON aTMoCcdephl, BO3MYIIEH-
HOM Ciry9dadHbIM TIyMoM. 1ToKa3bIBaeTCs, ITO 3T OIEHKN MOTYT OBITH HC-
HOJIL30BAHbL JJI JI0Ka3aTeIbCTBA HEKOTOPBIX CBOMCTB CTAlIMOHAPHBIX pe-
mIeHui ITON cucTeMbl. ABTOP MPOIOAKAET CBOU HMCCIENOBAHUSA, KOTOPBIE
6bLn TIpoBesieHsl B paboTax [1-3].

JIuteparypa
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// Siberian electronic mathematical reports, 19:2 (2022), 984-1014

3. Klevtsova Yu.Yu. On the rate of convergence as t — +oo of the
distributions of solutions to the stationary measure for the stochastic
system of the Lorenz model describing a baroclinic atmosphere // Sb.
Math., 208:7 (2017), 929-976
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VARIATIONAL INEQUALITIES WITH G-CONVERGENT
NONLINEAR ELLIPTIC OPERATORS
AND MEASURABLE BILATERAL CONSTRAINTS
A.A. Kovalevsky
alexkvl71@mail.ru

YAK 517.9

We discuss the application of G-convergence and strong G-convergence
of nonlinear elliptic operators in divergence form to the study of the
convergence of solutions of variational inequalities with bilateral con-
straints coinciding on a set of positive measure.

Keywords: variational inequality, bilateral constraints, G-convergence
of operators, convergence of solutions.

In the talk, we consider variational inequalities with invertible operators
As: WeP(Q) — W=7 (Q), s € N, in divergence form and the constraint
set
V={veW;”Q):¢<v<yae in Q},
where Q is a nonempty bounded open set in R™ (n > 2), p > 1, and
©,1: Q — R are measurable functions.
We assume that the following conditions are satisfied:

(C1) int{p =9} # @ and meas(d{p = P} NQ) =0;
(C2) there exist 3,9 € Wy P(Q) such that ¢ < @ < ¢ < ¢ ae. in Q and
meas({¢ # ¥} \ {¢ # ¥}) = 0.
One of the results we discuss is that if the sequence {A,} G-converges
to an invertible operator A: Wy (Q) — W~ (Q) and a sequence {f.} C

W’l"”/(Q) converges strongly to a functional f € W’I’I’I(Q)7 then the
solutions us € V of the variational inequalities

\V/’Ue‘/, <Asu5_fsau5_v><0 (1)

converge weakly in Wy?(Q2) to the solution u € V of the variational
inequality

YoeV, (Au-— f,u—v)<0. (2)
This result was stated in [2]. A similar result was obtained in [1] with the

difference that, instead of conditions (C;) and (Cz) on the constraints ¢
and v, we assumed that the following condition is satisfied:

The research funding from the Ministry of Science and Higher Education of the

Russian Federation (Ural Federal University Program of Development within the Priority-
2030 Program) is gratefully acknowledged.
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(C) for every nonempty open set w in R" with @ C €, there exist ¢u, 1., €
Wy P(Q) such that ¢ < ., < 9w < 1 ae. in Q and @, < 1, a.e. in w.

At the same time, in addition to the assertion that the solutions us of the
variational inequalities (1) converge weakly in W, *(Q) to the solution u
of the variational inequality (2), we proved that Asus — Au strongly in
W_I’T’I(Q)7 which implies that the energy integrals (Asus, us) converge to
(Au,u). In this regard, we note that, by condition (C), meas{p =9} =0,
while, by condition (Cy), the measure of the set {¢ = 9} is positive, which
essentially influences the behavior of the sequence {Asus} and causes the
absence of the strong convergence in W~ 1% (Q) of the sequence {A.us} in
the case where conditions (C1) and (Cz) are satisfied.

However, as stated in [2], if the sequence {A} strongly G-converges
to an invertible operator A: W, P (Q) — W_l"p/(Q) in divergence form,
a sequence {fs} C Wﬁl’p,(ﬂ) converges strongly to a functional f €
Wb (), and, in addition to conditions (C1) and (Cz), the coefficients of
the operators A and the functions @ and v satisfy an extra condition, then,
for the solutions us of the variational inequalities (1) and the solution u
of the variational inequality (2), we have us — u weakly in W, (%),
Asus — Au weakly in W’l’p/(Q), and (Asus,us) — (Au,u), where
A: WP (Q) — Wb () is an operator in divergence form, and in general
the equalities Au = Au and (Au,u) = (Au,u) do not hold. This result is
also discussed in the talk.

Concerning the notions of G-convergence and strong G-convergence of
operators and the related results, see, e.g., [3,4].
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MIXED PROBLEM FOR A SEMILINEAR NONSTRICTLY
HYPERBOLIC EQUATION OF THE THIRD ORDER
V.I. Korzyuk, J.V. Rudzko
korzyuk@bsu.by, janycz@yahoo.com

YIAK 517.956.35

We study the classical solution of a boundary value problem for a
semilinear nonstrictly hyperbolic equation of the third order in the first
quadrant. We pose Cauchy conditions on the lower base of the domain
and the Dirichlet and Neumann conditions on the lateral boundary.
By the method of characteristics and the Duhamel principle, we obtain
an implicit analytic expression in the form of two integral equations
for the solution of the problem. For the problem under consideration,
the uniqueness of the solution is proved, and conditions are established
under which a classical solution exists.

Keywords: classical solution, mixed problem, method of characteris-
tics, third-order equation, semilinear equation, nonstrictly hyperbolic
equation, matching conditions.

In the domain @ = (0,00) x (0,00) of two independent variables (¢,z) €
Q C R?, consider the nonlinear nonstrictly hyperbolic third-order equation

(8¢ — adz + b1)(0¢ + ady + bg)2u(t7 z) = f(t,z,u(t,x)), (t,z) € Q, (1)

where a, b, and by such that a > 0. We supplement Eq. (1) with the initial
conditions

u(07 T) = @0(37)7 O:u(0, CC) =1 (I)7 afu(07 CC) = 902(55)7 T e [Oa o0), (2)
on the lower base of the domain @ and the boundary conditions
u(t, 0) = po(t), Owu(t,0)=pi(t), te€ [07 00)7 (3)

on the lateral part of the boundary 0Q.

Previously, we have considered the Cauchy problem for third-order
hyperbolic semilinear equations similar to (1) in the works [1-3].

Our main results can be formulated as follows.

The work was published with the financial support of the Ministry of Science and
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Theorem 1. Let the conditions f € C*(Q x R), ¢o € C*([0,00)),
p1 € 03([0700))7 P2 € 02([0700))7 Ho € 04([0700))7 and M1 € CS([O,OO))
be satisfied, and let the function f satisfy the Lipschitz condition

|f(t,x,u) - f(t,fL',Z)| S L(t,at)\u - Zl

with a continuous function L: Q > [0,00). The mized problem (1) - (3) has
a unique solution u in the class C*(Q) if and only if the following matching
conditions are satisfied:

10(0) = ¢0(0), Dpo(0) = ¢1(0), D*po(0) = ¢2(0),
D?1o(0) = £(0,0,0(0)) + @’ D00 (0) — a*b1 D*0o(0) + 2a°b2 Do (0) +
+ a®>D*p1(0) + ab3Dipo(0) — 2abiba Dipo(0) —
— 2aby D1 (0) — aDga(0) — b1b3po(0) — bap1(0) — 2b1bagy (0) —
— b1p2(0) — 2b202(0),
#1(0) = Do(0), Du1(0) = Dip1(0), D*p1(0) = Dp2(0),
D*110(0) = —b1 (0,0, £0(0)) — 2b2£(0,0, 0 (0)) +
+ ©1(0)8u £(0,0,u = ©o(0)) + 8: f(t = 0,0,u(0,0)) — bra® D*po (0) —
—2a%b2 D00 (0) + a®D?01(0) + a®b3 D% (0) — 4a®b3D% o (0) —
— 2a2b1D2<p1 (0) + a2D2<p2 (0) — 2ab§Dapo(O + 3ab1b§D<po(O) +
+ 2abTba Do (0) + 2abi D1 (0) + ab3 D1 (0) + 2abiba D1 (0) —
— abi1 D2 (0) + 2abs Dip (0) + 2b1b300(0) + b3b30(0) +
+ 2b51(0) + 4b1b501(0) + 20321 (0) + b3 2(0) + 3b32(0) +
+ 2b1b22(0) — aD3,u1 (0).

= =

In Theorem 1, we have denoted the Newton-Leibniz operator as D.
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CJIABOE PABHOBECHE 110 BEP>XKVY B
TMMOJIMMATPUYHOM UTPE C HEYETKOMU I[EJIBIO
K.H. Kyapsasuen, 1.B. IamecTbeB
kudrkn@gmail.com, j748e8@gmail.com

YK 519.833

PaccmarpuBaerca mosmMaTpudHas Urpa, TPEX JIUI C HEYETKUMU Tie-
JISIMU, 33/IAaHHBIMU B BHJIE HEYETKUX YUCEJ C TPEYrOJIbHON (hyHKImel
MPUHAIEKHOCTH. [ TaKo#W Urphl TPeToyKeHa KOHIE s C1aboro
T-pasuoBecus o Bep:xxy u pazpaboTan airopuTM TOCTPOEHUST TAKOTO
paBHOBecHs.

Karoueswvie caosa: pasHOBecme 1o DBepiky, OeckoanmimoHHas HUIpa,
HeYeTKUE TIEJIH.

Weak Berge equilibrium in a polymatrix game with a fuzzy
goal

A polymatrix three persons game with fuzzy objectives given as fuzzy
numbers with triangular membership function is considered. For such
a game the concept of weak Berge T-equilibrium is proposed. The
algorithm for constructing weak Berge T-equilibrium is developed.

Keywords: Berge equilibrium, noncooperative game, fuzzy number.

IIpob6aembr, cBI3aHHBIE ¢ HETOYHOCTHIO U HEIIOJHOTON uH(MOPMAIIAN, ITPAK-
THUYIECKH TTOBCEMECTHO IPOSIBJIAIOTCS IIPU MOJEJUPOBAHUN PEAJIHHBIX IIPO-
neccoB. OMH U3 MOAXOA0OB K YYETy TAKUX HETOYHOCTEHN, 3aK/II0YAETCH B
HCIIOJIb30BAHUM HEYETKUX Yucesl. B mpeicrasisemMom JokJajue Oyuayr uc-
HI0JIB30BATHCS. TPEYIOJIbHBIE HedeTKue yucia [1].

A Ha3BIBAETCA TPEYrOJbHBIM HEYCTKHM 9GHCIIOM, €CIH €ro (hyHKIHL
[IPUHA/IJIEZKHOCTH UMEET BUJL

w77+l, T e [a‘ - l? a]7
palz) =4 =t zcla,a+r7],
0, uHave,

rae, a, | m r — aeicTBUTENbHBIE (YeTKUE) 9UCHTA, W [, T — HEOTPHUIATEIHHBI.
MmuoxecTBo Takux dmces 0603HAYUUM HU€pe3 3.

WccnemoBanune BBIMOMHEHO 33 cYeT rpaHTa Poccmiickoro mayunoro ¢omza Ne 23-21-

00539, https://rscf.ru/project/23-21-00539/
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B mokiate paccMaTpUBAETCS TOINMATPUYHAST UTPa TPEX JIUI[ C Tpe-
YTOJIbHBIMUA HEYETKUMHU ILUIATEXKAMHU. TAKyI0 UIDYy MOYKHO 33JaTh C IIOMO-
b0 Tpex nosmmarpur, (Tpexmepubrx MaTprn) A, B u C ogurakosoit pas-
MEpPHOCTH, 3JIEMEHTAMM KOTOPBIX SIBJISIIOTCS TPEYTOJIbHbIE HEUETKUE UNCTIA.

CywmecTByer psiJi MOAXOJOB K DENIeHHI0 HeueTKux urp. B [2,3] Gbum
mpeoKensl oasaTusd 1-pasHoBecuit o Hamy u 11 7-cemmoBoit TOUKM,
3aBHUCSIINE OT BBHIOOpa Crocoba CPaBHEHUS] HEUETKUX HUCEJN, & MMEHHO, OT
BBIGOpa oneparopa medasudukamuy T'(-). DTH MOHATHA, TPA PAZTUITHBIX
T(+), Brmogator B cebs GOTBPIIUHCTBO APYIWX MOHATHH pemenud. AHaso-
rUaHBIM 06pa3oM, cienyst [4], Moxker GBITh (OPMATM30BAHO U TIOHSITHE CJ1a-
6oro T-pasHoBecus mo Bepxy.

Paccmorpum 6eckoanurnonuyo urpy N Juil ¢ TPEyroabHBIMU HEYET-
KVMMHU BBIUTPBINIAME B HOPMAaJIbHOM dopme

T = (N, {X;}ien, {fi(2) }ien),

B koropoit N = {1,2,..., N} — MHOXKECTBO MOPIIKOBBIX HOMEPOB HUTPO-
KOB; MHOXKECTBO crpareruil z; y i-ro urpoxa (i € N) obozuaqeno uepes X;,
rae X; € R™. B pesynbrare BbIGOpa UTPOKAMU CBOMX CTPATErwii, CKJja-
AbBaeTca curyarmaa & = (21,...,28) € X = X1 X Xo X ... x Xy CR"
(n =n14+n2+...+nn). Ha MaoxecTBe curyarmit X 1s KaKJI0ro UTPOKa
i (i € N) ompenesiena HedeTkas (GyHKINA BLIUTPhIIA fi(z) : X — Fs. Bua-

uenne f;(r), peasm3oBaBIIeecs HA BRIOPAHHON UTPOKAMH CATyarmu & € X
€CTh BBIUTPHITI $-T'O UT'POKA.

Onpenenenne 1. Bydem nasweamv cumyauyuro x* = (z¥,..., x5

caabom T-pasrosecuem no Bepoicy, ecau daa xaocdozo uzpoka i (1 € N)
€20 CIMPAMELUA Ty ABAALMCA ONMUMGALHOT no [lapemo asvmepramueod
6 N — 1-xpumepuasvroti 3adave HeLemMKEUMY

I =(X;, {f](xlv %) eN\{i})s

2de OMHOWERUE NPEINOUMERUA ST, 03HAUGIOULEE <MEHDULE UAU DAEHO TO
onepamopy dedasuduraeyuu T», 3adaemca onepamopom Jdedasudurayuu
().

Crnenys [2] u [4], MOXHO IpeJIOKUTH AJITOPUTM TIOCTPOEHUsI CIa00T0
T-pasHOBecud 1o Bepxy:

1. Conocrasuts urpe I' gerxyio urpy I'r, momydermiyo us I' samemott
JUIs Kaxkaoro urpoka i (¢ € N) ero Hederkoit ¢dpyuknum Beurpeima f;(x)
wa fi(z) = T(fi(x)).

2. Ilo urpe 't mocTpouTh BCIOMOTATEHHYIO UIPY

I' = (N, {Xi}ien, {gi(2) }ien),

rie MHOXKeCTBO urpokoB N u MHOKecTBO cTpaTernit X; (i € N) Toxke camoe,
uro u B urpe ['r, a GyHknun Bearpeima g; () uMeT By

giz) = Y fila).

JEN\{i}
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3. ITocTtponts curyaruio pasHOBecus o Hamy B urpe . 9ra CUTyaIs
u 6yzmer cnabeiM T-paBHOBecueM o Bepxy B ucxommoit urpe I'.

Jtst mpubmzkeHHOro oncka ciaboro T-pasHoBecnst o bepxky B mosn-
MaTPUYHON Wrpe TPeX JIUIl C TPEYTOJbHBIMA HEUeTKUMHY ILIATEKAMU OBII
ucronb3osad 3LP-anropurm u3 [4]. PesynbrarTsl YnC/IeHHBIX SKCIEPUMEH-
TOB IIPUBOJSATCS B JIOKJIAZE.
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OB YCIIOKOEHUU CUCTEMHI YIIPABJIEHUA HA
TPA®E-3BE3/IE C I'NIOBAJIbHBIM 3AITA3/IbIBAHUVEM ,
IIPOIIOPIIMOHAJIBHBIM BPEMEHU
A.Il. Jlenuos
lednovalexsandr@gmail.com

YIK 517.9

Uccneayercs 3amada 00 yCIOKOEHWH YIIPABJISEMOM CHCTEMBbI, 3a/1aH-
HOM (yHKIMOHAIBHO-A( EPEHITNATPHBIMI YPABHEHUSMI IIEPBOTO
nopsiKka Ha rpade-3Be3e ¢ ri106aJ bHBIM 3aIa3bIBAHIEM, IPOIOPITU-
OHAJIbHBIM BpeMeHH. J[0Ka3aHa SKBHBAJIEHTHOCTH BAapPUAIMOHHON 3a-
Jlavu 0 MEHUMYME COOTBETCTBYIONEro MYHKIMOHAIA SHEPIUU HEKOTO-
POt Kpaesoil 3a1ade 471 hyHKIUOHAILHO-11(bdEePEHITNATIBHBIX YPaB-
HEHUil BTOPOTO MOPsKa. YCTAHOBIEHA OJHO3ZHAYHAS Pa3PElIrMOCTh
obenx 3anad. IIpm 9TOM OLTHUMA/IBHAS TPAEKTOPHUS Y/JOBJETBODHET
yeaosusMm Kupxroda Bo BHyTpeHHel BepinnHe.

Karwesoie cao6a: KBAaHTOBHIH rpad, riobaapHoe CXKATHe, OIITHMATIb-
HO€ YIIPABJIEHHE.

On damping a control system on a star graph with global
time-proportional delay

We study the problem of damping a control system determined by
first-order functional-differential equations on a star graph with global
time-proportional delay. The equivalence of the variational problem
of minimizing the corresponding energy functional to a certain bound-
ary value problem for second-order functional-differential equations is
proven. The unique solvability of both problems is established. The
optimal trajectory obeys Kirchhoff’s conditions at the internal vertex.

Keywords: quantum graph, global delay, optimal control.

Bagaua 00 yCHOKOEHWH YIPAaBAAEMOW CHCTEMBI C ITOCTOSHHBIM 3aIias3-
JBIBAHWEM, OMUCHIBAEMON YDABHEHUEM 3aIa3bIBAIONIErO THUIA, GLLIA T0-
crasnena n uccnenosana H.H. Kpacosckmm B [1]. Bonee Tpymmsrit ciy-
4alf, KOTJla yPaBHEHHME COAEPKUT 3ala3/IbIBAHAE W B IJIABHBIX Y/ICHAX,
T.€. TIPUHAICKUT HEATpasbHOMY THIy, ObLT paccmorpen A.JI. CkyGa-
uesckuM B [2]. ITospuee C.A. Byrepumbim B [3] GbL1a mpemoxkeHa KOH-
mennusa QyHKIUOHAIBHO- U@ DEPEHINAIBHBIX OIIEPATOPOB HA I'€OMeTPU-
"ecKuX rpadax ¢ ra0baTbHBIM 3aTMa3IbIBAHIEM, KOTOPOe "TIPOXOIuT’ uepes
BHyTpeHHmE Bepmmabl rpadpa. B paborax [4,5] ¢ momombo maHHON KOH-
mennuu Ha rpadsr ObLIa PacHpOCTPAaHEHA YKA3aHHAA 33/1a9a 00 yCIIOKOe-
HUU YIPaBJIsSeMOil cucTeMbl ¢ nocieneiicreueM. B [4] 6bu1 pazobpan coyqait

PaGora seimosnnena npu dbunancosoil mogaepxke PH® (mpoekr Ne 24-71-10003).
Jlemros Anekcaunp Ilerposma, CI'Y (Caparos, Poccus);
Alexander Lednov (Saratov State University, Saratov, Russia)
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YDABHEHUsI TIEPBOTO TIOPSIIKA 3aMa3IblBAIONIEro TUMa, a B [5] paccMoTpen
o0Imuit cydail HeCTAIMOHAPHON yIIPABIAeMO CUCTEMBbI, YPABHEHUS KOTO-
poil mpuHAAIEeXKAT HERTPAJIbHOMY THILY W MMEIOT IIPOU3BOJIBHBIN HNOPAIOK
n € N. Cayuait, Korma 3ana3aplBaHue He MOCTOSTHHO, a TPOTIOPIIMOHAILHO
BPEMEHH, JIs1 YPABHEHUS HEHTPAJIBLHOIO TUIA Ha MHTEpBaJse ObII pACCMOT-
pen JL.E. Poccosckum B [6].

B macrosimeit pabore paccMaTpuBaeTCs 3aaada 00 YCIIOKOEHUN CHUCTe-
MBI yIpaBJjeHus Ha rpade Tuma 3Be3abl ¢ II00aIbHBIM 3ala3IbIBAHUEM,
IIPONOPIINOHAIBHBIM BPpEMEHH, /IS ypaBHEHNd 3alla3IplBaIoIero THIIA.

Sadwmkcupyem 11 > 0 u ¢ > 1. IIpeanomoxkmM, 9T0 70 MOMEHTA BpeMe-
vu t = ¢I'1, aCCOIMUPOBAHHOTO € €IMHCTBEHHONW BHYTPEHHEHN BEPINUHON VU1
rpada I'y,, cucrema yupasiieHus ¢ 3aIa3abIBAHHEM, IIPOIOPIMOHAIBHBIM
BpeMmeHU, Ha [, onHUCEIBaeTCa ypaBHEHIEM

Ory(t) == y1(t) + bryi (t) + C1y1(q_1t) =ui(t), 0<t<qli, (1)

3a7aHHBIM Ha pebpe e rpada 'y, ¢ HAYaATbHBIM yCTOBHIEM

y1(0) = o. (2)

IIpu t = ¢T41, T.e. B BepiIuHe v1, CUCTEMa pPa3BeTBIAAETCI HAa m — 1 He3a-
BUCHMBIX ITPOTECCOB (TI0 9MCIy OCTABIMIMXCA pebep), OMUCHIBAEMBIX yPaB-
HEHUAMNA

Liy(t) ==y () + by (t) + cy; (g 't — Ta(g — 1)) = u;(t), .
3

t>0, j=2m,

HO MMEImUX OOy UCTOPUIO, OIpe/ieiseMylo ypasHenueM (1) ¢ Hagamb-
HBIM yCJIOBUEM (2), 8 TaKzKe YCIOBUSIMU IPOXOXK JEHU 3a11a3/IbIBAHUS Yepe3
V1

yj(t):yl(t+qu)7 te(Ti(l—-q),0), j=2,m, (4)
7 yCJIOBHSMH HEIIPEPLIBHOCTH B BEPIIUHE U1, KOTOPBIE B JAHHOM CJIy<ae
cormacyorcd ¢ (4) nmpu t — —0:

y](o) =Y (qT1)7 Jj=2m. (5)

CooTrercTBenno, j-oe¢ ypasHerme B (3) 3amano Ha pebpe e; rpada [,
IpeCTaBASIONEM cO00#, BOODIE TOBOPs, DECKOHEIHBIN /Iy, BBIXOISIIII
n3 v1. Taxxe npeanosiozxum, 410 Yo € R u Bce bj,c; € R.

Baduxcupyem T; > Ti(q — 1), j = 2, m. Ycuoxoenue cucremsr (1)—(5)
o3naqaer, a0 y;(t) = 0 mpm t > ¢T; nna kaxzaoro j = 2, m. Jns qoctuxke-
HUs 9TOr0 JOCTATOYHO OTBHICKATH yupassienud u;(t), j = 1, m, upusoggainue
CUCTEMY B COCTOSTHIE

yj(t) = 07 te [T‘]ﬁqu]a .] = 27m7 (6)

u nosoxuts u;(t) =0 npu t > ¢T; u j =2, m.
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IMockosmbky Takwe u;(t) He eIMHCTBEHHBI, €CTECTBEHHO HCKATH MX M3
YCAOBUSA MUHEMYyMa (PyHKIMOHATA Hepruu. [IpMXonmM K BapHAIlHOHHOMN

3a1a4e
Z / % dt — min (7)
upu ycuaosusax (2) u (4)7(6).
Ob6oznauum  4epe3 B  kpaeBylo 3amady s (DYHKIMOHAIBHO-
g depeHImaabHbIX Y PABHEHUN BTOPOTO MOPSIIKA
Liy(t) = —(Ly) (1) + b;ly(t) +aly(t) =0, 0<t<l, j=Tm,
npu ycnosuax (2), (4)—(6) u yciosun
(8)

1(qTy) Zyj ) + By1(qTr) + vy (Ty) = 0,

rie
c1l1y(qt), 0<t<T,

by(t) =4 &
! > enbry(a(t — Th)),
0<t<T;—Ti(qg—1),

T <t<qlt,

_ ciliy(q(t+Ti(q —1))),
Tj*T1(Q*1) <t<T]’,

Liy(t) =
0,
and j=2,m, n
hi=qh, =15 j=2m,
ﬁ':lh—ij, 'y::cl—ch.
k=2

k=2

Teopema 1. Kopmeotc

y=[y1,...,ym] € Wa(T) := P W:[0,qT}]
j=1

ABAAENCA Peweruem 6apuayuonnol sadawu (2),(4)-(7) mozda u moavko

mozda, Ko2da
m

y € W5 (T) := W3[0, qTh] © @ W3[0, T;]
j=2

U ABAAEMCA peweruem Kpaesot sadawu B
YenoBue (8) MOXKHO 0XapaKTepU30BaTh KAK HEJIOKAIBHOE yCJIOBUE THUIIA

Kwupxroda. B mactaoctr ecim 8 = v = 0, To coorHOmenne (8) cTaHOBATCS

KJIaccuieckuM ycaoBueMm Kupxroda
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Crenyromasi TeopeMa JaeT OZHOZHAMHYIO DAa3PEITMMOCTh BAPUAINOH-
Hoit 3ama4u (2), (4)—(7).

Teopema 2. Kpaesas zadauwa B umeem eduncmeennoe peuseHue
Boaee mozo, cyuwecmeyem C > 0 maxoe, 4mo

Hy||W21(fT) < Clyol-
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IIOCTPOEHUE ITPUBJINXKEHHOTO PEITTEHU A
JAPOBHO-IN®PEPEHIIMAJIBHOT'O OBOBIITEHU A
YPABHEHUA 'EJIBMTI'OJIBITA
C.IO. JIykamyk, B.B. Cmese
Isu@ugatu.su, spele.vv@Qugatu.su

YAK 517.958

PaccmarpusBaerca 3anada Jupuxie B Kpyre ¢ OJHOPOJHBIM I'DaHUY-
HBIM YCJIOBHEM Jijisi ApOoOHO-Trudh(epeHInaaTbHoro 0b600menns ypas-
Hernus 'esbMrosbiia ¢ 1pobHO cTemeHbio omepaTopa Jlamiaca, 6am3-
koi1 K exuuune. [lomyvueno pasnoxkerHue pOOHOTO JIAIIACHAHA 10 €r0
TMOPAIKY. DTO JTAeT BO3MOKHOCTD CBECTH 33[a9y OTHICKAHUS TPUO/IT-
JKEHHOT'O PENIeHMs] PAcCMaTpUBaeMol 3a7auu JIupuxje K perieHuio
LEIIOYKH AHAJIOIMYHbBIX 33124 /IJIsl KJIACCUYECKUX HEOHOPOHBIX YPaB-
menuii ['esbMrosbIa.

Karowesvie caosa: npobHast cremeHb omeparopa Jlamraca, mpobHO-
nuddepenrranbaoe ypasaenue ['eIbMrosbia, MaIbil mapaMerp, Ipu-
OJIMZKEHHOE pelleHue.

Approximate solution of fractional Helmholtz equation

The Dirichlet problem in a circle with a homogeneous boundary condi-
tion for a fractional differential generalization of the Helmholtz equa-
tion with a fractional degree of the Laplace operator close to one is
considered. The decomposition of the fractional Laplacian in its order
is obtained. This makes it possible to reduce the problem of finding
an approximate solution to the Dirichlet problem under considera-
tion to solving a chain of similar problems for classical inhomogeneous
Helmholtz equations.

Keywords: fractional Laplacian, fractional Helmholtz equation, small
parameter, approximate solution.

st HeOmMHOPOAHOTO ApOoOHO-Tud (hepeHnnaaTbHOro 0600IeHsT yPAaBHEHNsT
Tembmromsia B kpyre S, = {r € R? : || < a} craswrcs BHYyTpeHmHss
3aga4a Jlupuxie ¢ 0THOPOJHBIM I'DAHUYHBIM YCJIOBHEM:

—(-A)Zutwiu=f, 2€S., weR, ac(,2); ulu==0, (1)

o
rae (—A)2 — gpobras cremens omeparopa Jlamraca'. B mokmane pacemar-
puBaeTCs CIaydail, KOT/Ia CTEeHb IPOOHOT0 orepaTopa O/IM3Ka K eIUHHUIIE:
a=2-—¢(0 < e < 1). Pemaerca 3a7a9a MOCTPOCHUSA TPUOIUKEHHOTO

Jlykamyk Crammcnae IOpbeswd, m.d.-m.H., mpodeccop, YVHuT (Yda, Poccus);
Stanislav Lukashchuk (Ufa University of Science and Technology, Ufa, Russia)

Cnene Braguvup Baagmvuposndg, acnupasr ¥ YHuT (Vda, Poccus); Vladimir Spele
(Ufa University of Science and Technology, Ufa, Russia)
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pemrennst 3amaun (1) B Kjacce IBakKIBI HENPEPHIBHO v depeHrmpyeMbrx
dyukIUi B Buge GOpPMAIBLHOTO PA3I0XKEHU [0 MAJIOMY IIapaMeTpy E.
B pamMKax ¢/ieJIaHHBIX IIPEITOIOKEHNU, CIIPABEIJINBO [IPE/ICTABJICHIE

(-A)'"2u = AK"u, (2)

rae

(Ku)(z) = c;s) //s E fff2_€ A, ea(e) = 2T () sin T

— morenmuman Puccal. Toxaszamo

Vreepxkaenue. [aa nomenyuasa Pucca (2) cnpasedauso pasaoowce-
Hue

(K@) = ate) 2 [ (3= m2)uto) + 1 [ o= lutyae] +o0) @)

20e v =~ 0.5772157 — nocmoannaa IJiaepa.

IMoncranoeka (2) u (3) B ypasuenue lesbmronsua us (1) npusonur ero ¢
TOYHOCTBIO 10 0(€) K uHTerpo-1ud QepeHuanbpHOMy YPABHEHUIO C MAJIBIM
mapaMeTpoM. B mpocreiiieM ciiydae ero pelieHue MOXKeT UCKAThCS B BUIE
dopmansaoro pazmoxenus u(x) = uo(z) + eui(x) + o(e). Torma, mocue
paCIIEIUIEHUs 110 MAJIOMy I1apaMeTpy, UMeeM

Aug (@) + w?uo(z) = f(x), (4)

Ao () + s (@) = (102 — ) Aug(z) — - A2 / /S n? |z — Eluo(E)de.  (5)

B coorBercTBHM ¢ paccMaTpuwBaemoit 3amadeii Jlupuxie, ypapuerus (4) u
(5) MTOMOMHATOTCA OMHOPOJHBIMU TPAHMIHBIME YCJIOBAIMHA

u0||z\:a = 07 ul|\m|:a =0. (6)

Takum obpasom, 3aga4da OTHICKAHUSA TPUOINKEHHOIO PEIIeHNUs 33, 1a 0
(1) cBemena x uBym cBasanubiM 3ajgadam Jupuxue (4)—(6) nis xiaccu-
HeCKOT0 JIMHEHHOTO ypaBHEHHs |'ebMroJblia, peleHne KOTOPHIX He MIpei-
CTaBJSET CJIOKHOCTH.

B mokname obcyxkmaercsas TakXKe BaxKHBIM JACTHBIM Ciaydail, Kormia
byakmma f(x) aengerca paguaIbHON.

JIuteparypa
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Hble IPOOHOTO MOPAAKA U HEKOTOPhIe ux npuiokenus. — Murck: Hayka u
TexHuKa, 1987. — 688 c.
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KPAEBAYA 3A/TAYA C OBOBIIIEHHBIMHU YCJIOBUSIMU
TUITA ITIITYPMA JId ANP®PEPEHIIMAJJIBHOTO
YPABHEHU A JPOBHOTO IMOPAJKA C
3AITA3IBIBAIOIIIVM APTYMEHTOM
M.T. MaxruxoBa
mazhgihova.madina@yandex.mail.ru

VIK 517.91

Istst muHeHHOTO 0OBIKHOBEHHOTO Aud HePEeHINATIBHOIO YPABHEHNS BbI-
COKOr0 APOOHOrO MOPSIKa ¢ 3aIa3JbIBAIONIMM APTyMEHTOM HCCIIeI0-
BaHa KPaeBas 33/1a9a C ycaoBusaMu, obobmaoninvu yeaosus L typma.
Pazsur meron dyukimmm ['puna gyis pemenuns stoit 3agaun. [losyae-
HO YCJIOBH€, FAPAHTHUPYIOIIee OJHO3HAUHYIO PAa3peInMocTs. Jlokaszamna
TeopeMa CyIeCTBOBAHUS U €[IMHCTBEHHOCTHU perienus. Pemnrenve 3ama-
9H [IOJIy9€HO B TepMuHax dyHkrmu ['puna.

Karoueswie crosa: nuddepenimanpaoe ypaBHEHUE JPOOHOTO OPSIIKA,
g pepeHImaIbHOe YPABHEHNE ¢ 3aI1a3IbIBAIOITHM apTyMEHTOM, Kpa-
eBas 3a7a4a, yemosus Ltypma, dyakmus 'puna, dyukrms Murtar-
Jledbdraepa.

Boundary value problem with generalized Sturm type con-
ditions for a fractional order differential equation with delay

Boundary value problem with conditions generalizing Sturm’s condi-
tions for a linear ordinary differential equation of fractional order with
delay is studied. The Green’s function method has been developed.
A condition that guarantees unique solvability is obtained. The exis-
tence and uniqueness theorem of the solution is proved. The solution
to the problem is obtained in terms of the Green’s function.

Keywords: fractional order differential equation, delay differential
equation, boundary value problem, Sturm conditions, Green’s func-
tion, Mittag-Leffler function.

PaccmoTrpuMm ypasHeHue
DGu(t) — Mu(t) — pH(@E —m)u(t — 1) = f(t), 0<t<1, (1)

rne Dgiu(t) — npobrast npoussognast Pumana—/Iuyemws [1, c. 11|, o €
(n—1,n], A\, 4 — TPOU3BOJIbHBIE IOCTOSHHBIE, T — (PUKCUPOBAHHOE TTOJIOKH-
TeTbHOE IHCIIO.

Pafora BBIIIOMHEHA B pAMKaX TOCYJapCTBEHHOro 3ajanus Munobprayku P® (mpoext
FEGS-2020-0001).

Mazruxosa Majauna I'ymapsosra, K.d.-m.H., UIIMA KBHIT PAH (Hanpauk, Poc-
cus1); Madina Mazhgikhova (Institute of Applied Mathematics and Automation of KBSC
RAS, Nalchik, Russia)
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Pezyaapuvim pewenuem ypasrerust (1) Hazsopem byurmmo u(t) us
kmacca Dg "u(t) € C™(0,1), u(t) € L(0,1), yI0OBIETBOPSIOLYIO STOMY
ypaBHenwuio ayis Bcex 0 <t < 1.

B pabore ayst ypasaerus (1) ¢TpOUTCST peleHne 3a1a9m:

Samaua. Hatlimu peeyaaproe pewenue ypasuenua (1), ydoeaemsopa-
HULEE YCAOBUAM

n
kz aix lim Do u(t) = ¢, i=
=1

];1 bjk lim DG~ u(t) = dj, j =

npuvem p + q = n, ik, bk, ci, d; — 3adannvie nocmoarHvLe.

Ioxazana TeopeMa CyIeCTBOBAHUSA M €JIMHCTBEHHOCTU DeINeHUs JJIst
uccsepyemoit 3aaaqu (1), (2)

JIuteparypa
1. Hazywes A.M. Ipobuoe ucunciaenue u ero npumernenne. — Mocksa:
®uzmarimmT, 2003.
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O BAJAYAX VIIPABJIEHUA JOJISd CUCTEM C
JPOBHBIMMU ITPONU3BOJTHBIMU U1 ITOCJIEAENCTBUEM

B.II. MakcumoB, maksimov@econ.psu.ru

VAK 517.529

Jast TMHEeHON CuCTeMbl yIIpaBJIeHus ¢ IPOOHON TPOM3BOIHON U TIO-
CJeICCTBUEM PACCMATPUBACTCA 3a/1a49a YIIPABJICHUS 110 OTHOIIEHUIO K
3aJaHHON cucTeMe IeeBbiX (yHKIHoHAI0B. [lomydens! ycaoBus pas3-
PEenIMMOCTHT 9TOH 330a9M W OMMCAHUe MTPOTPAMMHOTO YIIPAaBJICHNU, pe-
IMaloInero 3aJady OpU BHIIOJIHEHWH YKAa3aHHBIX ycaoBHiU. B ocHoBe
BCeX ITOCTPOeHMUI 1eKkuT (GOPMysIa IPECTABICHNS PEIIeHNI PAacCMaT-
PUBAEMOI CHCTEMBI ¢ HMCIIOIB30BAHMEM aHaJIOTa Marpuiel Komrm, me-
TAJIbHOI M3YYEeHHOU I CUCTEM C IeJIOM IIPOU3BOIHONM.

Karwesoie caosa: GyHKINOHATLHO- UG dEPEHIINAILHBIE YDABHEHHUS,
cucTeMbl ¢ IPOOHBIMU IPOU3BOIHBIME, 334a9H yIIPABJICHUSI.

On control problems for systems with fractional derivatives
and aftereffect

For a linear control system with a fractional derivative and aftereffect,
the control problem is considered with respect to a given system of ob-
jective functionals. The conditions for the solvability of this problem
and a description of the program control that solves the problem when
those conditions are met are obtained. All constructions are based on
a formula for representation of solutions to the system under consid-
eration using an analogue of the Cauchy matrix, studied in detail for
systems with the derivative of an integer order.

Keywords: functional differential equations, systems with fractional
derivatives, control problems.

PaccmarpuBaercsa cucrema yupasienus ¢ ApoOHON TPOU3BOIHON U MO-
caeaeficTBUEM

(D) (t) = (Tz)(t) + (Fu)(t) + f(2), t €[0,T],

rae D — npoussoxnas Kamyro [1] mopsiaxa o € (0,1); T u F — juHelinbie
BOJIHTEPPOBBI OTIEPATOPDI, OTPE/IETEHHbIE Ha HAHAXOBOM TPOCTPAHCTEE (da-
30B0it tepemennoit z(-) : [0,7] — R" u russ6epTOBOM IPOCTPAHCTBE YIIPAB-
ssromuedt mepemernoii u(-) : [0, 7] — R, coorBecTBeHHO. 3a1aHO HATAILHOE
cocrogrue cucrembl z(0) = 8. Llenp ynpasieHus 3a12€TCA PABEHCTBOM

lr = i Asx(t;) + /T B(r)z(r)dt = v € RV,

0

Maxcumos Braguvup Ilerposry, g.¢d.-m.H., npodeccop, IITHUY (Ilepms, Poccus);
Vladimir Maksimov (Perm State University, Perm, Russia)
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rae t;, ¢ = 1,...,m ¢pukcuporanuse Touku mpomexxyrtka [0, T, A; — mocro-
sunast (N x n)-marpuna, B(-) — (N X n)-MaTpuna ¢ CyMMUPYeMbIMA 316~
MeHTaMH, $ — 33JaHHBIA BEKTOP IIEJEBBIX 3HAYEHMI. B Takoll mocTaHOBKE
3371214 IeJIeBOT0 YIIPABJIEHUS CYIIECTBEHHO 0000IAeT KIACCHISCKYIO 3a0a-
1y yIPaB/ICHHS O IE€PEBO/IE CUCTEMBI YIIPABICHHA U3 33, JAHHOI0 HAYAILHOIO
COCTOAHMA B 33J]AHHOE KOHETHOE W OXBATHIBAET KJIACC 33/1a9 YIIPABICHU C
KOHETHBIM YUCJIOM MHOTOTOYETHBIX W WHTETDATBHBIX TIEJIEBBIX YCIOBHIA.

Jig IOCTABJICHHON IIEJIEBOr0 YIPABICHUS I[IOJIYUEHBI YCIOBHA DPa3-
PENTUMOCTH W OMUCAHWE TPOTPAMMHOIO YIPABJECHUS, PENIAIONIETO 3a7a-
Uy TPU BBITIOJHEHWN YKa3aHHBIX yCJIOBHil. B OCHOBe BCeX MOCTPOEHMIt
sexxuT (HOpMyJIa IPeICTABICHUS PELICHUH PACCMATPHBAEMON CHCTEMBL C
ACIIOJTb30BAHAEM AHAJIOT MATPHIBI KOomm, meTanpbHONW WM3Y9eHHON muIst
dbyuKIOHATBHO- TN BEPEHITMATBHBIX CUCTEM C II€JIOH TPOU3BOIHOMN [2].
IlosyaeHHbIe PE3YILTATHL COMOCTABIAIOTCH C U3BECTHBIMM, B TOM <THCIE,
YIIOMSIHYTBIMU B M3BECTHOM 06G30pe [3].

JInteparypa
1. Kilbas A.A., Srivastava H.H. , J.J. Trujillo J.J. Theory and
applications of fractional differential equations. — Amsterdam, etc.:

Elsevier, 2006.

2. Maxcumos B.II. Bomnpocsr o0b6meit Teopun (OYHKIMOHAIBHO-
muddepenruanbubx ypasuenuii. lI36pannste Tpyasl. — Ilepms: Ilepu. yu-
T, 2003.

3. Bymxosckuti A.I., Ilocmmnos C.C., Iocmwnosa E.A. pobGuoe
wHTErpo-1ud depeHInaabHOe UCINCTIEHHEe W €r0 IPUJIOXKEHUS B TEOPHH
yupasienus. 1. pobHple TMHAMUYECKHE CHCTEMBI: MOIEIMPOBAHNAE U All-
maparHast peanusanusi // ABromaruka u tesemexanuka, Ne 5 (2013), 3-34.

110



AJITOPUTM PEIIIEHUYI MAKCUMUWHHOMN 3AJJAYU
YKJIOHEHU A-CBJIN2KEHM 51
A .P. Mamaros
akmm1964@rambler.ru

VAK 517.977

PaccmaTpuBaercs 3asa1da nepeBoia TpaeKTOPUN ANMHAMUIECKOM CHUCTE-
MBI, YOIPaBJIAeMOil AByMS UTDOKaMU, ITeJIM KOTOPBIX TPOTUBOIOJIONK-
HBI, U3 TOYKU B TepMHUHAJIbHOEe MHOXKeCTBO. JlaHHaa 3amada cBoaUTCA
K MPOBEPKY CUCTEM HEPABEHCTB H/WJIH K PEMIEHHUIO CHCTEM JIMTHEHHBIX
HepaBeHCTB. lIprBOAMTCA aNrOpMTM pelleHns PacCMaTPUBAEMON 3a-
Ja4u.

Karowesnie cao6a: Nrpa, yKIOHEHUST, COMMKEHNUST, AJTOPUTM.
Algorithm for solving maximin problem of evasion-approach

We consider the problem of transferring the trajectory of a dynamic
system controlled by two players whose goals are opposite from a point
to a terminal set. This problem comes down to testing systems of in-
equalities and/or solving systems of linear inequalities. An algorithm
for solving the problem under consideration is given.

Keywords: game, evasion, approach,algorithm.

ITycts Ha (purcupoanHoM orpeske spemenu T = [0, ¢*], noBeneHue cu-
CTeMBbI, yIPABIAeMOii By Ms UTPoKaMu (yIaCTHUKAMH ), OTIUCHIBACTCH -
dbepeHIaTbHBIM yPaBHEHAEM:

&= Az +bu+dv, z(0)= zo. (1)

3neck x = x(t) = (z1(t), v2(%), ..., Tn(t))’ — n - BEKTOP COCTOTHIA CUCTEMET
B MoMmeHT t;u = u(t),v = v(t), - 3HAYEHUS] YUPABJIAIONAX BO3MEHCTBII
[IEPBOrO U BTOPOIr0 MI'POKOB COOTBETCTBEHHO B MOMEHT t; A - 3a/aHHas 110~
cToAHHAS N X N— MaTpuna; b,d, To- 3aJaHHBIE N - BEKTOPHI; (mTpmx)’ -
3HAK TPAHCIIOHUPOBAHUSI.

Kycouno-nocrosanaa dynkuma u(-) = (u(t),t € T), neupepniBHAs
cipaBa, ynoBaeTBopgalomas mepasencTsam f. < u(t) < f*,t € T, nasnr-
BAeTCA YUPABJICHUEM TEPBOro mrpoka (fy, f* - 3amannbie amcia).

Kycouno-nocrosanaa dynxuua v(-) = (v(t),t € T,) neupepbiBHAsS
cipaBa ¢ (BO3SMOXKHBIMH) TOYKAMH DPa3pbiBa (MHOKECTBOM KBAHTOBAHWA )
7 = {t1,t2, ..., 1}, 0 = 1 < t2 < ... < t; < ti31 = t*, yIOBIETBOPAIOM AT
mepasencrBaM g« (t) < v(t) < ¢g*(t),t € T,na3biBaeTca yrnpasaeHueM BIOPO-
ro urpoka (g« (t),g"(t),t € T, — 3amaHHBIEe KYCOTHO-TIOCTOSHHBIC (DYHKIIAN
€ MHOYKECTBOM KBAHTOBAHUS T).

Mawmaros Axman Pasmanosud, K.d.-M.H., CHC, CamI'V (Camapkan, Y36exkucraH);
Akmal Mamatov (Samarkand State University named after Sh.Rashidov, Samarkand,
Uzbekistan)
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O603HAYAM MHOXKECTBA YITPABJIEHUI TTEPBOTO W BTOPOTO MTPOKOB COOT-
BeTCTBeHHO depe3 U, V.
IMycte H € R™*™;g € R™. BpemeMm B paccMOTpeHHE TEPMUHAILHOE
MHOKECTBO
M ={z€R"| Hz = g}.

JBa urpoka, BEIOHpAIOT ympasieHus u(-) U v(-) MOOUEPETHO, CHAYAIA
TepBhlil UrpoK BbIOUpaer u(-), 3arem, 3Had u(-), BTOPO UTPOK BHIOMpAET
v(+).

3adaua yraonenua. Boibpars yrpasienme u’(-), Tax, arobH He JOIMy-
CTUTH TIOAIAHUS TPAEKTOpUH cucTembl (1) B MoMeHT t* B MHOXKECTBO M
(YKJIOHUTH TPAEKTOPHUIO OT BCTPEHYH C TEPMHUHAJIBHBIM MHOMKECTBOM B MO-
MeHT t*) nipu joGom yrnpassenun v(-).

3adaua cbarumcenus. Beibpars ynpasrenme v°(-), Tax, urobnr "mepese-
ctn' TpaekTopmuio cucremsr (1) m3 Toukm o B MuOkecTBOo M mpm t* (npm
n3BeCTHOM u(+)) .

IIpeayaraeTcs aarOpuTM pENIEHWs PACCMATPUBAEMON 3amadam (3amad
VKJIOHEHNUS, COJIMKEHNS ), OTIMIAIONTYI0 OT aJropurMa [4]  oCHOBaHHYIO Ha
IIPOBEPKY CHUCTEM HEDABEHCTB U /WM K DEIIeHUI0 CUCTEeM JIMHEHHBIX Hepa-
BEHCTB.
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IMOJINTUYECKUI ACIIEKT B KOHKYPEHIIUU SI3HIKOB
A.B. Measenen, O.A. Ky3eHkoB
a.medvedev.unn@gmail.com, oleg.kuzenkov@itmm.unn.ru

VIAK 517.518

Ilenp HacCTOAIIErO HCCIEIOBAHUA: OIpeIeIeHHe 3aBUCHMOCTH IIapa-
METPOB S3BIKOB OT IOJMTHYECKON MMOBECTKU B CTPaHE W COIMAJIBHOMN
obcTaHoBKU B oburectBe. JljIst 5TOrO CTPOMTCS MaTEMAaTHIECKAsT MO-
JeJIb IBYA3BIYHOrO COODIIECTBA, KOTOpasl YUUTHIBAET 3D deKT Jek-
CHYeCKOM CXOXKECTH KOHKYPHPYIOIIHMX sA3BIKOB. Momenp ucciaemyercs
KJIACCUYECKUMHU METOJAMU KadeCTBEHHON TEOPUN ITUHAMUYECKUX CH-
CTeM IIPU HEOTPAHWYIEHHOM YBEJIMYEHHH BPEMEeHM IuHaMUKW. 1IpoBo-
IATCS MCCTIeIOBaHHe 3aBIUCUMOCTH [TaPaMeTPOB SI3BIKOB OT IIOIUTHYe-
ckoit obcranoBku B crpaHe. Ha ocHoBanum HabIIOTa€MBIX CTATUCTH-
YeCKUX JAHHBIX, OIPEIENISAIOTCS TapaMeTPhI ABYX CAMBIX PACIIPOCTDaA-
HEHHBIX A3bIKOB YKDaWHBL: YKpPanHCKui, pycckuii. OmupesiesieHa 3aBu-
CHUMOCTH TIAPDAMETPOB SI3BIKOB OT MOJUTHYECKON 0GCTAHOBKHU B CTPAHE.
CocTaBjieH IPOrHO3 U3MEHEHUd YHUC/ICHHOCTH HOCHUTEJIEeH PacCMaTpH-
BaEMBIX H3BIKOB.

Karouesnie ca06a: NCIE3HOBEHUE T3BIKOB, JIEKCUIECKOE CXOJICTBO, A3bI-
KOBasl BOJIATHUIHLHOCTh, OMIMHIBU3M, SI3BIKOBAST KOHKYPEHINS, SI3BIKO-
Basg JMHAMWUKA, COXPAHEHWE S3BIKA, MATEeMATUIECKasT MOJIE/b, OOBIK-
HOBeHHbIE /() hepeHImaIbHbIE YPABHEHNSI.

The political aspect of language competition

The purpose of this study is to determine the dependence of language
parameters on the political agenda in the country and the social sit-
uation in society. To do this, a mathematical model of the bilingual
community is being built, which takes into account the effect of lex-
ical similarity of competing languages. The model is investigated by
classical methods of the qualitative theory of dynamical systems with
an unlimited increase in the dynamics time. A study is being con-
ducted on the dependence of the language parameters on the political
situation in the country. Based on the observed statistical data, the
parameters of the two most common languages of Ukraine are deter-
mined: Ukrainian, Russian. The dependence of the language parame-
ters on the political situation in the country is determined. A forecast
of changes in the number of native speakers of the languages under
consideration has been made.

Measenes Anekcanap Bukroposuy, HHI'Y (Huxuuit Hosropon, Poccus); Alexander
Medvedev (N.Novgorod University of Nizhniy Novgorod, N.Novgorod, Russia)

Kysenkos Oner AnarombeBud, K.d.-M.H., gorent, HHI'Y umenn H.U.J/To6aueBckoro
(Huxnuuit Hosropog, Poccus); Kuzenkov Oleg (Lobachevsky State University of Nizhny
Novgorod, Russia)
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Keywords: disappearance of languages, lexical similarity, language
volatility, bilingualism, language competition, language dynamics, lan-
guage preservation, mathematical model, ordinary differential equa-
tions.

Jiis MofeMpoBaHusl KOHKYPEHIIUU S3bIKOB MIPUMEM THIOTE3bI, PACCMOT-
pennbie B pabore [1-6], a Mmoaesp HA nx ocHoBe HONOIHUM YD DEKTOM JIEeK-
CHYeCKOTO CXOJCTBA, S3bIKoB. Koaddumment k Gymer ompenensaTs JeKCHIe-
CKO€ CXOZICTBO #A3bIKOB, k = 0.76 [2, 7, 8]. [InHaMmWKa HOCHTEsEH A3BIKOB B
0b1recTBEXaPAKTEPUIYETCS CIEAYIONEN CHCTEMO:

Z1 = (1 — k)erirziz — biz1(22 + z12)%,
Zo = (1 — k)carzia — baza(z1 + 212)”,
zio = biz1(22 4 212)* + baza(21 + 212)° — (1 — k)rz1e,

Jannas Moesab HMCCIeI0BAHA KIACCHYECKMMN METOJAMM KadeCTBEHHOM
TEOPHH OVHAMHYECKUX CHCTEM IIPU HEOIDAHUYEHHOM YBEJIHTIEHHU BpEMe-
HU JUHAMUKU. DBBIAB/IEHO 1Ba KateCTBEHHBIX CJIydas: COCYIIeCTBOBAHHE
s3pikoB Tipu 1 < o < 2b1,1 < 8 < 2bs wian BBITECHEHHWE OMHOTO SI3BIKA
apyrum. B paBorax [9, 10] npuBenena cTaTuCTWKA 1O JONAM <HCIEHHO-
CTH 4YeJIOBEK HA TEPPUTOPUU YKPAWHBI, KOTODBIe HAEHTUDUIUPYIOT cebs
KaK YKPaWHOTOBOPAIIUeE WK pyccKoropopamnye, 3a 1994 — 2012 roma. B nuc-
rounnkax [11-13] npusenena ananormgnas crarucruka 3a 2001-2023 roga.
SHadeHnst IMHAMUKY 110 OTCYTCTBYIOUIAM T'OJaM OBLIVM JOMOJHEHBl YCPeI-
HEHHLIMU 3HaYEHWAMY Ha mHTepBane (Puc. 77).

Ha ocrOBe maHHBIX CTATHCTHUKM, METOIOM HAMMEHBIINX KBaIPATOB, ObI-
JIM NASHTUGUIMPOBAHBI TapaMeTphl a3bIKOB. [0y drmiocs 9To yKpanHCKuit
U PYCCKHH F3BIKH OTINYIAIOTCH NPeCTHKHOCTRIO ¢ = 0.9, c2 = 0.1 coorseT-
CTBEHHO, a mapaMeTpsl «, 3,12 OKa3aauCh PABHBIMHU [JIs [BYX SA3BIKOB.
TounocTh MOAeMMpOBaHUS OKa3ajaach gocrarouno Huskoi dif f = 0.316,
9T0 HAET MOBOJ UCCIEA0BATH JUHAMUKY I3IKOB PA3Ie/IbHO 10 60ojee KOpOoT-
KMM BPEMEHHBIM IIePHOAAM. Y UNTHIBas IAPAMETP JIEKCUIECKON CXOKeCTH
SI3BIKOB k B HAIIEHl MOesN, MBI IPUHUMAEM €ro KaK JTOCTATOTHO ITOCTOSTH-
HBIH BO BPEMEHHN apIyMEHT, IIPETEPIIeBAIOIINI CYN[eCTBEHHbIE N3MEHEeHUS
JINIIb H3 JOCTATOYHO OOJIBIIOM BPeMeHHOM mepmoge. To ke camoe MOYKHO
CKa3aTh M O IIApaMeTPax sI3bIKOBOI BOJIATWILHOCTHU «, 3, & TakkKe 0 Ko3(d-
dunmenTax, XxapakTepuU3yOUIUX U3yUeHNe BTOPOro sa3biKa by 2. Onpeness-
IOLUM IIaPAaMETPOM JJIsl I3BIKOBOM JUHAMUKI B HEIIPOIOJIKHUTEIHHBIN Bpe-
MEHHO [IepUOT SIBJISEeTCS IPECTUKHOCTD 3BIKOB C1,2. IlapamMerpsr Moxenn
Oblm ompenesieHbl Ha 60Jiee KOPOTKUX BPEMEHHBIX WHTEPBAJIAX, UX 3HA-
4gennst npuseaersl B Tabiurie 1. Ilomyyennsie pe3yapTaTsl JAOT OCHOBAHHE
YTBEpPKIATH O HAJIMINN 3aBUCUMOCTH IIPECTUKHOCTH I3BIKOB OT ITOJIUTH e~
CKOT'0 KypCa TOCYJapCTBa U COIMAJIbHBIX HACTPOCHU B 001IECTBE: IPOPOC-
CHHCKHM TEHIEHINSIM COOTBETCTBYET YBeJIMHUeHNe [IPECTHKHOCTH PYCCKOTO
SI3BIKA, A [IPO3ATATHBIM YBEJINTIEHNE IIPECTIKHOCTH S3bIKa, YKPAMHCKOTO.
Tax »ke BBISIBIEHO, YTO IIPX BHEIIHEM BO3IEHCTBUN Ha S3BIKOBYIO [HHA-
MUKY OILPEeESIONMY SBJISIIOTCS [IapaMeTPhl sI3BIKOBOM IIPECTUKHOCTH.
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Tabaumna 1: I[IpecTuzKHOCTH SI3BIKOB 1O TOIAM.

1998 2002 2005 2012 2015 2022 2023

C1
C2

0,8 0,2 0,1 0,1 0,9 0,9 0,95
0,2 0,8 0,9 0,9 0,1 0,1 0,05

YuuTeiBas TEHIEHITUN TTOCTAEIHUX T, KOTOPhIe IPOUCXOIAT Ha Y KpanHe,
O0XKHIAETCs [IOJHOE MCYE3HOBEHME PYCCKOro a3bika u3 obmecrsa. ObocHo-
BaHNEM 3TOMY CJIYKUT IIPEIEIbHO HU3KAs MPECTHKHOCTh PYCCKOTO SI3BIKA
(c2 = 0.05) m cTpeMHUTENHPHO COKPANTAIONTAACA IACIEHHOCTD €T0 HOCUTEIEH:
-37% 3a mepmom 2013-2023rr.; B TO BpeMA KaK NMPECTUAKHOCTD YKPAUHCKO-
ro s3BIKa BBICOKA (¢ = 0.95), a M3MeHeHWe UYNCJIEHHOCTH TOBODPSIIUX Ha
mém +36% 3a mepmon 2013-2023rr. OpHako, TaKWe TEHIECHIMA OYIAYyT CO-
XPaHATHCA JIUIIH [IPA HE MEHSIOMENCS TOUTHIECKON IOBECTKE B CTPAHE.
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HEJIMHEMHA Y OBPATHAS 3AJTAYA JJI9 JPOBHOM 110
BPEMEHU CUCTEMBI KEJIbBUHA — ®ONI'TA
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YAK 517.518

WccmenoBana oqHO3HAYHAA PA3PENINMOCTh HEJIMHEHHON 06paTHO 3a-
nadu Ay MOAUDUIUPOBAHHON CUCTEMBI yPABHEHUN € IPOOHBIMY TIPO-
usBoaubiMu [k pbamsaua — Hepcecsina 110 BpeMeHH ¥ ¢ HEM3BECTHBIMU
KO3 PUIUEHTAMEI TTPU MJIAIINX U3 HUX.

Karouesnie caosa: npobHas npoussognas />kpbamsana — Hepcecsana,
obparHasa Ko3ddurmenTHad 3343513, cucTeMa ypasHenuit Keappuna —
Doiirra, Ha4aIPHO-KPAEBas 3a/1a4a.

Nonlinear inverse problem for a Kelvin—Voigt time-fractional
system

The unique solvability of a nonlinear inverse problem for a modified
system of equations with Dzhrbashyan—Nersesyan fractional deriva-
tives in time and with unknown coefficients at the lowest of them is
investigated.

Keywords: Dzhrbashyan—Nersesyan fractional derivative, inverse co-
efficient problem, Kelvin—Voigt system of equations, initial boundary
value problem.

PaccmoTpum 3amaay

(A= A)D{"w(§,t) = vAw(E,t) — (S, 1)+

O = 8) S w D w(E, 1) + un(Dg(E) + hED), (61 €Qx[0,T], (1)
k=0

V-w(&t) =0, (&¢t)eQx][0,T], (2)

w(&,t) =0, (&t) € x][0,T], (3)

D7kw(&,0) =wi(€), €€Q, k=0,1,....,n—1, (4)

/<77J(§)vw(§vt)>ﬂ§ddf:w](t)v te [OvTL jzovL"'?”v (5)

VccnemoBanue BBIOJIHEHO 3a c4eT I'paHTa Poccuiickoro HayuHoro ¢donga u [Ipasu-
TenbcTBa densbunckoit obnactu Ne24-21-20015.

Megaexuna Jlapbsa BraguMupoBra, accucTeHT, YessaOUHCKUN roCyIapCTBEHHBIH yHE-
Bepcurer (Yenabunck, Poccus); Daria Melekhina (Chelyabinsk State University,
Chelyabinsk, Russia)

Denopor Buagumup Esrenbesud, n.¢.-M.H., 3aBeayomuii Kadeapoii maTeMaTude-
CKOro amasmsa, lensbunckmil rocymapcrsemnblii ymmsepcurer (Yemsbmuck, Poccms);
Vladimir Fedorov (Chelyabinsk State University, Chelyabinsk, Russia)
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rme Q C R? — orpammvennas obmacts ¢ rmagxoi rpamvmeir 9Q, (- -)pd
— BHyTpennee mpomssegenme B RS, DI* k = 0,1,...,n € N, — mpo6-
mbie ipomn3sogabie Ixpbamana — Hepcecana mo ¢ [1], coorBercTByOMmme
wncaaM {ai}, 0 < ar < 1, a0 = 1; \,v € R, A = Aly, tne Iy — enu-
mranas d X d-marpuma, A = DE 4+ DZ, + - 4+ DZ, — oneparop Jlamwraca,
h:Qx[0,7] 2R, wp : Q@ =R, kE=0,1,....,.n—1,n : Q = RY,

0, 7] - R, j = 0,1,...,n, 3amansr. Bekrop-byHKInu CKOpPOCTH
w= (w',w?, ..., w?) u rpaguenra masmenns r = (r',r?,... ,rd) = Vp mus
HeKkoToporo masjenus p € H'(Q), a taxxe byuxmum u;(t), j =0,1,.

SIBJISIIOTCSI ICKOMBIMH.

[ycrs Lo = (L2(Q))%, H! := (W3 (Q)%, H? := (WZ(Q))%. Bambikamme
noampocrpancta £ = {v € (C§ ()% : V-v = 0} B HOpMe mpocTpam-
crBa Lo Gyzer obosHauarscs H,, a B mopme H' — H.. Takaxe Gysem uc-
nob30Barh obosHauenus: HZ := H: N H?, H, aBasercs opToroHAILHLIM
gomomuenneM K Hy B Lo, ¥ @ Lo — H,, II := I — ¥ cooTBeTcTByIOMUE
opronpoekTopsl. Ilycrs A — oneparop B Lo, aefictBytommit kax A, ompe-
neseHHbId Ha H2.

Teopema 1. [2] Hycmb wy, € Hoy kK = 0,1,...,n =1, ap = 1
0 <o <1,k =12, nDU’“l/)JGC([ })k—Ol ,n,
nj € L27 <7]J() ()> = %( ) ] - 0 1 EREXLY g7h € C([O7T}7 )
detHaﬂCij 0 75 0, detHb (t)HJk? 0 7é 0 0'/Lﬂ (2SS [O,T], 1206 Ak =
150) 0 (Nas b = 0, Lo — 1 agn = (150), (A — A)1Sg(-,0))e,
j = ()1 S, bjk(t) = f’fwj, E = 0,1,....,n — 1, bju(t) :=
< (A=A "12g(, >]L , j = 0,1,...,n. Toeda cywecmeyem T €
(0, } maxoe, wmo obpamnaa 3adaua (1)-(5) umeem eduncmeennoe pe-

wenue na ompeske [0,T1].
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KAYECTBEHHBI AHAJIN3 ®A30BBIX IIOPTPETOB "
BO3HUKHOBEHUE ITPEJAEJIBHBIX ITUKJIOB B
CUCTEMAX JIN®OPEPEHIINAJIBHBIX YPABHEHUN C
IMEPEKJIIOYEHUEM
9.M. MyxamanueB , 1./1. Hypos
emuhamadiev@rambler.ru, nid1@mail.ru

VIIK 517.19

M3ygaerca BOmpoC O TOBeIeHWH TPAEKTOPHUI peIeHWil KYCOYHO-
JIMHEHRHBIX CUCTEeM ABYX AucdepeHInajbHbIX YPABHEHHI IePBOro II0-
panka. Kycouno-nnuetinsie mnddepeHnmaabHble YPDaBHEHN BO3HU-
K0T B MPUKJIATHBIX 33/1a9aX MEXaHUKH, JIEKTPOTEXHUKHA W TEOPUN
aBTOMATHIECKOr0 yrpasieHus. VHTepec mMpescTaBIsgoT yCIOBUS BO3-
HHUKHOBEHUS TIPEeIbHBIX IUKJIOB B OKPECTHOCTH 30HBI MOKOSI TAKHUX
cucrem guddepeHimanbubx ypasHenuil. Ilosyuensr ycaosus cyre-
CTBOBaHUS IIPEIEJIHHOIO MUKJIA JJIsl CUCTEM C IPAMON JIMHUEH CIIIBa-
HHAS.

Karoueswvie caosa: Kycodno-iumueiinbie muddepeHImaabHble ypaBHe-
HUS, CHIMBAaHUE TPACKTOPUH, TOUKA KOHTAKTA, 30HA IOKOs, (ha3oBas
[LJIOCKOCTh, TIPE/IETbHBIN UK.

Qualitative analysis of phase portraits and occurrence of
limit cycles in systems of differential equations with switch-
ing.

The question of the behavior of trajectories of solutions to piecewise
linear systems of to first order differential equations is studied. Piece-
wise linear differential equations arise in applied problems of mechan-
ics, electrical engineering and the theory of automatic control. Of
interest are the conditions for the emergense of limit cycles in the
vicinity of the rest zone of such systems differential equations. Con-
ditions for the existence of a limit cycle for systems with a straight
stitching line are obtained.

Keywords: piecewise linear differential equations, trajectory stitching,
contact point, rest zone, phase plane, limit cycle.

PaccmoTpum KycotHO- JIMHEHHYIO CUCTEMY

dzx { Ayx+by  ecom h(z) >0,

dt | Az +b_ ecm h(z) < 0. (1)

MyxamaaueB Dpramboit Mupzoesud, 1.¢d.-M.H., mpodeccop, Kadeapsl MaTeMaTHKa 1
nudopmaruka (Bol'Y, Bonoraa, Poccus); Mukhamadiev Ergashboi Mirzoevich( Russia)

Hypos Hcxokboit J[:xymaeBud, 1.d.-M.H., mpodeccop Kadeapbl HHOOPMAITMOHHBIX
71 KOMMyHHEKAnuoHHHX Texaosormit, THY (Hymante, Tamxukucran).; Nurov Iskhokboi
Jumaevich (Tajik national University , Tajikistan)
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roe Ay = (afj),z}j = 1,2 - MaTpusl BToporo nopsaka, h(x) = (a,z) +
c— muneitnas ymKIWM, a, by € R?, ¢ € R.

Ormermm, uTo ecoim Ay # A_, To ma mamm h(x) = 0 mpasas 9acTb
cucrems! (1) nMeeT pa3pbiB EpBOro poja.

VYpasuenue Buga (1) Hasemanor  "cumrbiM"unm  "ckieen-
ueiv" mudpdepennnanbaeiv - ypasHeHueM. Kax wusBecrno [1], k  pac-
CMOTPEHUIO TAKWX CIIUTHIX JAMHAMHUYECKAX CHUCTEM MPHUBOAAT MHOTHE
safaum w3 npunoxkenwit. OUpese/ieHns DEIeHns s TaKuX U OoJeee
06IINX CHINTUX CHCTEM IPUBEIEHO B [2,3]

Tpaekropunu cucremsr (1) B kaxnoil obunactu G+ = {x : £h(z) > 0},
OTIPEIENISIOTCA TI0 TPACKTOPHSIM JIMHEHHBIX CACTEM

dr _ Asx + by, (2)
dt

coorsercTBenno. Ha mmanm cimmBanms TpaekTopusa cuctemsl (1) criermannb-
HO JIOONIPEJETAETCA B 3aBACHMOCTH OT HOBEICHUS TPACKTOPUI JMHEHHBIX
cucrem (2).

[TpuBeseM mpaBwWia CIIMBAHUS CACTEMBI (2), B OKPECTHOCTH JIMHWH
h(z) =0. Ecrm x4 (t) m x—(t) , x4+ (to) = z—(to), h(x+(to)) = 0 pemenne
cucreMel (2), paccMaTpUBaeMoe Ha BCell IJIOCKOCTBL COOTBETCTBEHHO, TO

2(t) = x4 (t), ecmu x4 (t) € Gy mpu t > to(t < to)
S| z=(t), ecm z—(t) € G mpm t < to(t > to)

ABAgETCA penteruem cucremb (1) mpm mMambix |t — to| > 0.

B ciyuae, korna 4 (t) € G4 (G-) u 2_(t) € G4 (G-) upu t > to(t <
to), Touky z4(0) = x_(0) npsamoit h(z) = 0 cUNTAIOT AHAJOIHIHON TOUKE
nmokost cucrembl (1) m permenme cucrembr (1) ompenensieTca paBeHCTBAMEI
z(t) = x4 (t) mpu t > to u x(t) = x4 (to) upu t < to (x(t) = z4+(t) upn
t <toux(t) =x4(to) upu t > to) u, anagornuno, z(t) = z_(t) npu t < tg
uz(t) =xz_(to) upu t > to (x(t) = z—(¢) upu t > to u z(t) = x4 (to) upn
t < to).

Touky x4 (0) smemu h(z) = 0 B mepBOM Ciiydae HA30BEM TOUYKOH CO-
IVIACOBAHHOCTH, a BO BTOPOM CJIy4ae TOYKOIl HECOIVIACOBAHHOCTH (IIOKOS)
CHCTEMBI.

Js sicHOCTH TIporecca CUIMBAHMs CHAYAJIA ONUIIEM IOBEJEHIE TPAeK-
TOPHUM JIMHEHHOU CHCTEMBI

dx o 2
E:Aerb, A= (aij),1,7j=1,2,bER (3)
OTHOCHUTEJLHO 3a7aHHON npamoit h(z) = (a,z) + ¢ = 0. Orpammnmca coy-
yaeM, KOrjia COOCTBEHHBIE 3HAYEHUsI MATPULBL A KOMILIEKCHBIE YNCIIA, T.e.
guckpuvuaaaT D(A) = (a11 — a22)2 +4a12a21 XapaKTEPUCTIIECKOTO yPaB-
Henus orpunaresnsusii: D(A) < 0.

ITycrs z(t)— pemenue cucremst (3) u h(z(0)) = 0. Ecau upsamas h(z) =
0 He siBistercs KacaTenboit B Touke x(0) Tpaekropuun z(t), To roBopar [2],
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uro mpsiMast h(z) = 0 He nMmeeT KoHTaKTa ¢ cuctemoil (3) B Touke x(0).
OrMmernm, uTo TOUKH TpsaMoit h(x) = 0 WMeroT mpejcTaBienue & = pa +

0 0 - T 1 T

z°,u € (—o0,+0), THe  z° = e @ = (a1,a2)", a= = (—az,a1)
— _ (a1,b+A20)

O603Ha4UM (10 = CWES)

Jlemma 1. ITyemo D(A) < 0 u a € R*— nenyaesot eexmop. Tozda
(a,Aat) # 0, 20e a* = (—az,a1)” u npamas h(z) = (a,z) +c = 0 ne
uMeem KOHMAKMA 6 MOYKAT T = pa™ + To npu u # lo, o To = poa™ +
To Aeasemcs moukol xowmaxma ¢ cucmemol (8), npuwém daa pewernus
z(t), z(to) = pat + 2° cucmemn (3) fywruua f(t) = a1z - h(z(t)) npu
[ # o MOHOTMOWHO 603PACTMAEM, G MPU [b = o U poa’ + xo # —ALD
ydosaemsopaem ycaosuro f(t) > 0 npu docmamouno maaws |t — to| > 0.

[peanonoxkum, aro marpunel A4 B cucteme (1) yIOBIETBOPSIOT YC/IO0-
BusiMm D(A+) < 0. Corsacao nemme 1, npsimas h(xz) = 0 He MeeT KOHTAKTa
¢ cucremamu (2), pacCMaTPUBAEMBIME Ha BCEHl MIJIOCKOCTH, COOTBETCTBEHHO,
_ (abit+Aya”)

(@Azal)
Oxa3bBaeTCd, XapakTep IOBEJCHWs TpPaeKTopmu cucrembl (1) cymie-
CTBEHHO 3aBUCUT OT DACIOJIOKEHWs TOUKYU T4 U T_ upsamoit h(z) = 0 u
3HAKa 37EMEeHTOB ay U aj, Marpun Ay m A_.

Jlemma 2. ITyemo D(AL) <0 u afy - ap > 0 (afy - apy < 0). Tozda
moury x = pat + ° npamoti h(z) = 0 A6AAOMECA MOUKAMU COZAGCOBAH-
noemu (necoznacosannocmu) npu p & [p1, p2](p € (u1, p2)) u necozaaco-
sannocmu (coznacosanrocmu) npu p € (1, p2)(p & (11, po]) cucmem (2),
2de 1 = min{u®, u”}, p2 = maz{p*, p”}

U3 iemMBbI 2 Cieyer, 9T0 30HA HECOTJIACOBAHHOCTH (30HA IOKOs) CHCTE-
mbt (2) (cucremsbr (1)) orpanm<IeHa TOIBKO B TOM CJIyHdae, KOT/IA SJIE€MEHTHI
a, MaTpur AL OTHOBPEMEHHO JTH60 MOMOKUTENBHBI NGO OTPHTIATETHHBL.
B yCnoBHsIX OrpaHUYeHHOCTH 30HA HECOTJIACOBAHHOCTH MPEJICTABJISIET HHTE-
pec noeejieHns TpaekTopun cucrembl (1) BHE Kpyra 10CTATOYHO GOJIBIIOrO
pazmyca. Crupaseniusa ciaenyomas

Teopema 1. IlTycmo mampuys Ay yJo6AeMBOPAIOM YCAOSUAM:
D(Ax) <0, afyap, >0 u (afi+as,) —D(A-)+(ay;+axn)y/—D(Ay) <
0. Tozda awboe pewsenue x(t) cucmemv, (1) oeparnuenno npu t > 0.

KauecTsenHoe TOBezieHMe TpaeKTOpuu pernenus cucrembl (1) cymre-
CTBEHHO 3aBHCHT OT DPACIOJIOXNKEHHUs CTAIMOHADHBIX TOYEK OTHOCHTEJILHO
upsmoit h(z) = 0 u Touexk KoHTakTa HpsaMoil h(z) = 0 ¢ TpaekropusMu
cucreM (2), paCCMATPUBAEMBIX HA BCEH MIIOCKOCTH.

Corsnacno nemme 1 Touku korrakTa npamoil h(z) = 0 ¢ rpaekTopuaMu
cucreM (2) ONpPENENTIOTCS PABEHCTBAMEI

33 UCKJIIOYEHUEM TOYKU T+ = [+ at + z°, Toe pt =

o = prat 2% py = _ (@b + Axa®)
’ (a, Axat)
Teopema 2. ITycmo swnoanens ycrosus meopemsr 1. Hycmo af, +
agy > 0, afy(pu— — py) > 0 u cmayuonapmve mowry —AL by cucmem

121



(2) ydosaemsopaem ycaosuam h(—AL'by) > 0. Tozda cucmema (1) ume-
em Yuka, 02paHUNUBEIOWUT 06AGCTNG, COOEPAHCAUYI0 MHOICECTNEE TNOUER
nokoa cucmemuvs (1).

Ecmu B yemosusx reopembt (2) Bemrauna afy(p— — py) < 0, To cucre-
Mma (1) MOXKeT He MMeTh MUKIa. B 3TOM ciiydae Tpefyercs MOMOTHATENBHOE
YCJI0BUE OTHOCHUTESTHHO TIOBeIeHusT pentennit x4 (t) m x—(t) cucrem (2), ymo-
BJIETBOPSIIONIUX OOIIMM HAYAJIBHBIM YCJI0BUAM T+ (to) = x4, 2—(to) = x4,
roe £+ = pya’ + 2°— Toura xomrakTa mpamoi h(x) = 0 ¢ cmcTeMoi
(2) ¢ marpuneit Ay. O6o3maumm €wepe3 t1 HAMOOJBITEE PENTEHNE CKIIAD-
moro ypasaerust h(z_(t)) = 0,t < to u dUepe3 tp HaANMEHbIIEe DEIICHUE
h(z4(t)) = 0,t > to. Touku z_(t1) u x4 (t2) UMEOT IpenCTABIEHAS

z_(t1) = T 0t 2, xy(te) = — 220 4 2°,

Teopema 3. ITycmo swnoamenv, yeiosus moepemv 1. ITyemo af] +
ad, > 0,a((at,z—(t1)) — (at,z4+(t2))) > 0 u cmayuorapHvie Mok
—AZ'b1 cucmem (2) ydosaemesopsrom ycaosua h(—AZ'be) > 0. Tozda cu-
cmema (1) umeem yuka, 02paruvuUEaOUUT 064aCb, COOEPIHCAWYIO TROWKY
noxoa cucmems. (1).
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3AJTAYA IIPECJIEJOBAHUS OJId OJHOM
JIN®OEPEHIITMAJIBHON UT'PHI C IPOBHBIMU
ITPOU3BOJHBIMU XUJIB®EPA
E.M. MyxcunoB, P.I. XakumoB
yodgor.mukhsinov@gmail.com, rahmatjon@gmail.com

VIK 517.9

B mammoit pabore B 6aHAaX0OBOM IIPOCTPAHCTBE HCCJIELYETCS Dpa3pe-
IIUMOCTh 3aJa<H IpeciaefoBanus Aas muddepeHnuanbHol Urpel ¢
npobHBIMU TIpon3BOnHBIME Xnibdepa nopsaka «,0 < a < 1 Tuma
1,0 < p < 1. Vicnons3yst nepsbiii Meron Ilonrpsruna [1, c. 320] moka-
3aHa TEOPEMa O PA3PENMMOCTH 33/a9K ITpecaenoBanus [2, c. 143].

Karouesvie caosa: muddepenimmaabaas urpa ¢ JpOOHBIMHA TPOU3BOJI-
HEIMU Xuabdepa, 3a/1a9a Ipecae0Banns, 6aHAX0BO IPOCTPAHCTBO.
The pursuit problem for a differential game with Hilfer frac-
tional derivatives

In this paper, we investigate the solvability of the pursuit problem for a
differential game with fractional Hilfer derivatives of order o, 0 < a <
1 of type 1,0 < p < 1 in a Banach space. Using the first Pontryagin
method [1, p. 320], we proved a theorem on the solvability of the
pursuit problem [2, p. 143].

Keywords: differential game with Hilfer fractional derivatives, pursuit-
evasion problem, Banach space.

B 6anaxoBom mpocrpamcTBe X paccMmarpuBaercd auddepeHiraabHaas ur-
pa, ormcbiBaeMast v hepeHITMAIBHBIM YPABHEHUEM JTPOOGHOTO TIOPSIIKA

Da(t) = Az(t) + F(t, u(t), v(t))
Iéi—ﬂ)(l—#)x(o) =10

U 3aMKHYTBIM TepMHHAJIbHBIM M C X, rae 3akaHumpaeTrcd urpa. B mr-
pe (??7) t € (0,7, T > 0, z(t) € X, Y,Z - GaHaxoBble LPOCTPAH-
ctBa, U((0,T],Y) - MHOKECTBO M3MEPUMBIX OTOOpaKeHU, MEHCTBYIONHX
u3 (0,7) BY, u(-) € U((0,T],Y) - ynpasienue npecienoBanus, v(-) €
U((0,T], Z) - yupasmnerue yGeranus, Dg} - npobras mpousogHas Xub-
depa mopagka ,0 < o < 1 mwmuna 1,0 < p < 1, A - smHefiHbiii 3aMKHY-
TBII OMEPATOp, UMEIONINH TIOTHYI0 B X 00JIaCTh ONpEIeIeHusT, KOTOPHIi

Myxcuroe Exrop Mupsoesnd, n.d.-m.H., gonert, TI'VIIBII (Xymxanxn, Tamxukn-
cran); Edgor Mukhsinov (Tajik State University of Law, Business and Politics, Khujand,
Tajikistan)

XakuMoB Paxmatmkon THOMOBHY, penojgasaTensb, X1'Y uMmenu akajaemuka b. I'ady-
poBa (Xymxangn, Tagxukncran); Rahmatjon Hakimov (Khujand State University named
after academician B. Gafurov, Tajikistan)
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OPOXK/JAeT CHJILHO HEIPEPBIBHYIO mosyrpymmy S(t),t > 0, a Iérw(l_“) -

ApobuBT maTerpan mopaaka p = (1 — a)(1 — p). [omaraem, aro musa Jmio-

6b1x momyctnmbrx u(-) m v(-) orobpaxkenme t — F(t,u(t),v(t)) moxamprO

naTerpupyemo u 3amada Kommu (1) nmeer ciaboe pemenne [3, c.5].
CrpaBeyinBa CaeIyIoIIast

Teopema. I[lycmb 66noAHAIOMCA CACOYIOULE YCAOBUA:

1) X,Y - cenapabeavhvie 6anaro6s, npocmpancmen;

2) nauaavhas mowka xo € X\M maxan, wmo npu wexomopom T > 0
UMEETT, MECTNO BKAIOULEHUE

T
Sau(T)xo € M — ﬂ Ko (T — s)F(s,Y,v)ds,

0 veEZ
2de Sau(t) = I(’)’f‘(’)Ku(t), Kot) = o7V - Pu(t), Pa(t) =
[ asM.(s)S(t*s)ds,
0
Ma(z) = 3 (=2)"! b<a<l, st ()
= (=T —an)’ & ;  e0e z) - eamma-
PynKyuL U
T I'(1+6)
"M, A C L)
Ofs (s)ds F(1_’_0[6),5_0

3) omobpaocenue F : [0,00) X Y X Z — X ydosaemeopaem ycirosuim
Kapameodopu.

Tozda u3 navaavrot mouku xo € X 6 uepe (1) s03mooicro sasepuenue
npecaedosanua 36 epema 1.
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IIOTPAEKTOPHO-IETEPMIUHNUPOBAHHBIN ITPMHITUII
MAKCUMYMA IJI1d CAY B CJIIVUHAE
HE®PUKCUPOBAHHOT'O BPEMEHU
®.C. HacrwipoB
farsagit@yandex.ru

VK 519.2

IlocTpoen mpuwHIUIT MaKCUMyMa s CTOXaCTHIECKUX audhepeHtim-
AJIBHBIX yPABHEHUHN B CIy4Yae MOTPAEKTOPHOIO MEIeBOro (yHKIINIOHA-
J1a, KOTJIa KOHITHI 3aKPETJIEHBI, 8 KOHEUHBI MOMEHT He (pUKCUpoBaH. B
YaCTHOCTH, JJIA 330a9u OBICTPOEHCTBUS HalimeH 3¢ (DeKTUBHBIH CIT0-
cob permreHusi KpaeBoil 3a39u MPUHITUIEA MAKCUMYMa, IPEJICTABIISIO-
wuit F'BS D-cucremy.

Karouesvie caosa: JleTepMUHUDPOBAHHBIN MPUHIIAI MaKCHMyMa, 3a-
faga OBICTPOZEHCTBHS, HEYIPEXKTAIONEe YIPABICHAE, CTOXACTHIE-
ckoe auddepeHnnaIbHOe yPaBHEHNe ¢ CHMMETPUIHBIM MHTETrPAJIOM,

FBSD-cuctembl ypaBHEHUH C CUMMETPUYIHBIM HHTEIPAJIOM.
On stochastic and path-wise maximum principal

The nonlinear stochastic heat and combustion equation is investigated.
4 cases of noise impact on various terms in the right part of the equa-
tion are considered. Theorems have been obtained that allow us to
construct exact solutions of the nonlinear heat and combustion equa-
tion with noise. Special cases are given.

Keywords: Deterministic maximum principle, time-optimal control
problem, non-anticipatory control, stochastic differential equation
with symmetric integral, F'B.S D-systems of equations with symmetric
integral.

IIycte  Ha  (PUABTPOBAHHOM  BEPOATHOCTHOM  TIPOCTPAHCTRE
(Q,F,(Ft)tepo,r), P) 3amam  Hi;-m3mepuMmbiii  Caydaiimbiii  mporecc
V() = V(t,w), t € [0,T], ¢ menpepbBHbIMU peasu3anuavu. B pa-
GoTe mceseayeTes 3a0aMa MAHUMUA3AIASA [IeIeBON (byHKIN

T
Ju()) = / Jolt,(t), u(t)) de + ho(T, 2(0), 2(T)) (1)
(0]
B KJIACCE HEYIPEXKAAOMNX KyCOUHO-HENIPEPBIBHBIX ypassiaeHuid u(t), rae

z(t) ecTb pemeHme CTOXACTHIECKOTO Mud()EepeHITIANbHOTO yPABHEHHS
(CAY) ¢ cummerpuunbiM uaTerpazoM (cM [3]):

z(t) = xo +/O b(s,u(s),z(s)) ds +/0 o(s,z(s)) *dV(s), t € [0,T]. (2)

Haceipos @aput Carmroend. x.¢.-m.H. npodeccop, YYHuT(Yda, Poccus); Nasyrov
Farit Sagitovich, doctor of Physics and Mathematics, Professor (UUST, Ufa, Russia)
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PaccmarpuBaercs 3ama4da ¢ 3akpemteHHeMu Kouramu, x(0) = zo (1) =
T U ¢ HeUKCUPOBAHHBIM 1.

Ilon, meympexmaemMocThio ynpasnermsa u(t) mnonmmaerca ee Hy-
COTJIACOBAHHOCTb. DTO O3HAWAET, UTO yIpaBjeHue u(t) CTPOUTCS TOJBKO
Ha OCHOBe HMHQOPMAIMH, JOCTYIHONR K MOMEHTY BPEMEHH ¢, & He Ha OCHO-
Be Beel madopManmy, Kak 3T0 MPUHATO B JeTEPMUHAPOBAHHOM MTPWHITATIE
MaKCUMYMA.

Ussectro (cu. [1, 4, 6]), uro mpoGseMa HOCTPOEHUS ONTUMAJIBLHOIO
HEYIPEXKTAIONET0 YIPABICHAs B 33/1a9€ MUHUMU3AITAA YCPEIHEHHOTO
dynkponasa E(J(u(.))), To ecTh B BUIE MaTEMATHIECKOTO OXKMAAHMS OT
MOTPAEKTOPHOrO (DYHKITMOHAJIA KAUeCTBa, DU OTPAHNYEHUX B BHJIE CTOXa-
crudeckoro muddepennuanpaoro ypapuenus Crparonosuya miu Uro or-
HOCHUTEJIHHO BHHEPOBCKOro mporecca V (t) = W(t) Moxer GBITH pelreHa ¢
IIOMOINBIO CTOXACTUHIECKOTO IIPHUHITUITA MAKCIMYMa, B KOTOPOM KPaeBasdt 3a-
Java MPUHITNIA MAKCUMyMa IIPeCTaBisieT coboil cucteMy “BHepen-Ha3a
croxactuaeckux muddepeHnnagabHbIX ypasuennii. C 1pyroit cropoHsl, st
KJIACCUYECKOro (IOTPAEKTOPHOTO B CJIydae CJIydaifiHBIX IPOLECCOB) HMPUH-
U8 MAKCUMYMa C OTPAHUYEHUAMHI B BUZE OOBIKHOBEHHBIX uddepeHTn-
anbubix ypaerenuii (O/1Y) kpaesas 3amada ects cucrema OJY (cm. [2]),
O/IHAKO yIIPaBJIeHNe, IIOCTPOSHHOE TAaKMM 00pa3oM, He OyIeT HeymperIga-
omuM. B paccMarpuBaeMoii 3a71a9€e, B OTJIMIHE OT CTOXACTHIECKOTO TIPUH-
IIUTIa MaKCEMyMa, (PYHKITHOHAJ KadIecTBa (1) MOTPAaeKTOPHBIH, a He yCpes-
HEHHBIN.

Teopema Ilycrs dynxmoun b(t,z,u), o(t,z), fo(t,x,u), ho(T,z(0),y)
JIBAXKJIBI HETIPEPHIBHO MH(MOEPEHIIHPYEMBbI IO BCEM CBOUM IT€PEMEHHBIM,
o(t,x) # 0 mrs Beex (¢, ).

Hycrs (T, x(s), 1(s), A(s,x(s))) ecrp pemenne cucrempr

dz(s) = b(s,z(s),u(s))ds + o(s,z(s)) xdV(s), x(0)= zo,
dip(s) = [(fo)u (s, 2(s),u(s)) — 1 (s)bi (s, 2(s), u(s))]ds
AL (s, 2(s)) — ¥(s)0 (s, 2(s))] * dV (s),
Z(T,zr,¥(T),uw(T)) =0, z(0)==xo, z(T)==xr, s€[0,T],

anecs  Z(T,z,,u) = H*(T,z,¥,u) + hp(T,z0,x), un(s) =
u(s, xn(s),¥Yn(s)), Gyaxmus u(s,x(s),y(s)) Haiinema u3  ycio-
Bug  maxcmMmyma  H(s,x,1,u(s,x,v))=max,cu) H(s,xz,,u), rze
H(s,z,¥,u) = ¥b(s,z,u) — fo(s,z,u).

Torma cucrema sBJS€TCA KPAEBOH 3ahadedl NPHHIHIA MaKCHMYyMa
s mecaeayemoli 3ana4m, 1o ectb tpotika (T, x(s),v(s)) ymopmersopser
HEOOGXOMMMBIM YC/IOBHAM HPHHIIATA MakCHMyMa, A 3agaqan (1)-(2)
Qyuxkmun T,  z(s), ¥(s) m A(s,z) woryr ObiTh Halime-
HBl W3  9TOH  CHCTEMBI  METOJOM,  IIPEJJIOKEHHBIM  aBTODPOM.
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OCOBEHHOCTHAU ®A30BOT'O MHOT'OOBPA3USA
MATEMATUYECKOIN MO/IEJIN XO® DA
H.T'. HukoisaeBa, H.A. MaHakoBa
nikolaevang@susu.ru, manakovana@susu.ru

YIAK 517.9

CraThs HOCBSIIEHA U3YYEHUIO CTPYKTYPHI (HPA30BOro MHOTO0Gpasms
MaTeMaTuIecKoil Monesu aedopmariuu AByTaBpoBoil 6anku, KoTOpoe
JIEXKUT Ha IJIAJKUX OAHAXOBBIX MHOT00Opasusax ¢ ocobennocrsvu (k-
cbopka YUTHH) B 3aBECUMOCTH OT TAPAMeTpoB 3agaqdn. Maremarnde-
CKasl MOeJIb U3yUeHa B CJIy4ae, KO/ Pa3MePHOCTD fpa OLEPATOPa
IIPU IPOU3BOIHOM IO BpeMeHH paBHA 1 mwiam 2.

Karouesvie caosa: ypasHeHust CO60IEBCKOTO THIIA, ypaBHeHne Xodda,
cbopka YurHU.

Features of the Phase Manifold of the Mathematical Hoff
Model

The study of the phase manifolds structure of the mathematical model
deformation of an I-beam, which lies on smooth Banach manifolds
with features (k-Whitney assembly) depending on the parameters of
the problem, is devoted to the work. The mathematical model is
studied in the case when the dimension of the operator kernel with a
time derivative is equal to 1 or 2.

Keywords: Sobolev type equations, the Hoff equation, Whitney as-
sembly.

IIycts 2 C R™ — orpannyennas obacts ¢ rpanuneii kiaacca C. Pac-
cmoTpum Mozens Xodda [1]

(4 A)ue = au + u®, z € Q,t e (0,T), (1)

u(z,t) =0, (z,t) € 0Q x (0,T). (2)

Mozmens Xodda omuceBaer auHaMuky gedopMaruy JByTaBpOBOil GaiKy.
Henssecrnaa dynxmusa v = u(z,t), © € Q, t € (0,T), umeer dusnaecknit
CMBICJI OTKJIOHEHUsI 0aJIKM OT MOJIoKeHus: paBHoBecus. [lapamerp p € R
XapaKTepu3yeT IIPOIOJBHYIO HArpy3Ky Ha 0ajky, a mapameTpsl o, € R
XapaKTePHU3yIOT CBOMCTBA MaTepuasa OasIKu.

VccnemoBaHue BBIMOJIHEHO 3a c4eT TpaHTa Poccuiickoro Hay4yHOro domma Ne24-11-
20037, https://rscf.ru/project/24-11-20037/
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Mamnakosa Haranbsa AjexcasposHa, ja.¢.-M.H., npodeccop, FOVpI'Y (Henabuuck,
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[enpr0 TAHHOTO HCCIIETOBAHUS SBIISETCS N3y UeHHne CTPYKTYPHI (a30Bo-
ro muOr006pasua Momemm (1), (2) u BolgB/ICHHE YCAOBUIA HAKJIATHIBAEMBIX
Ha mapamerpol o, B (af < 0), mpu KOTOPBIX (Ha30BOE TPOCTPAHCTBO MMEET
ocobennoctn ipn dimker(pp + A) =1 u dimker(u + A) =2 [2].

B pabote [3] mokazano, uro ¢azosoe mHOrooGpasue momemu (1), (2)
sABgeTCA NPOCTHIM GanaxoBbiM C'°°-mHOrOOOpasuem B ciay4ae aff > 0 u
IIPUHUMAET CJIeAYIOIIHi BT

B = u€L4(Q):/(a+,6’u2)ugozdw:0,l:,u:)\l ,

Q

rae {\i1}, {¢1} — cobcTBennbre 3HAMEHNA U COGCTBEHHBIE DYHKITHM OTHOPOZ-
Ho#t 3agaqun Jupuxse omepartopa (—A).

Hampuwmep, mra dim ker(u+A) = 1 muoxectso B C — muddeomopd-
HO MHOMECTBY

B = {(s1,u”) € R x La(2) : o, @nmmzsl//wkl et dodyt

+ 51 //(pkh ko (U dmderaﬂ +//<,0k1, ko (U d:cdy—O}.

Cdopmynupyem Teopemy o CTpykrype (ha30BOro MHOro0Opa3ms MOIEIN
1), (2):

Teopema 1. ITyemo p, o, € R u aff < 0, moada
(i) ecau dimker(pu 4+ A) = 1, mo mnoscecmeo B obpasyem 2-cbopry Yum-
HU;
(1) ecau dimker(u+ A) = 2, mo muoocecmeo B obpasyem k-cbopry Yum-
HU.
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KJIACCHI HEABTOHOMHBIX TTOJIMHOMUWAJIBHBIX
MHOTOMEPHbBIX JTUP®PEPEHIIMAJIBHBIX CUCTEM C
KPATHBIMU KOMIIJIEKCHO3HAYHBIMU
IMOJIMHOMUWAJIBHBIMU YACTHBIMU NMHTETPAJIAMU
I1.B. ITaBatounk, A.®. IIpoHeBuY
p.pavlyuchik@grsu.by, pranevich@grsu.by

YIAK 517.936

B pa6ore BbIeI€HBI KIACCHI HEABTOHOMHBIX IIOJIMHOMHAJIBHBIX CHCTEM
YPaBHEHUH B IIOJHBIX qud depeHraiax, y KOTOPBIX IepBble HHTerpa-
JIbl HAXOOATCA II0 KPATHBIM KOMILIEKCHO3HAYHBIM IIOJIMHOMHUAILHBIM
YaCTHBIM HHTErpaJiaM. YCTAHOBJIEHBl AHAJUTHUYIECKHE BUIBI IIEPBBIX
WHTErpajoB HEABTOHOMHBIX MHOTOMEPHBIX U depeHnaIbHbIX CH-
CcTeM C 33JaHHBIMI KPATHBIMU KOMILIEKCHO3HAUHBIMHU IIOJIMHOMHUAIb-
HBIMH YaCTHBIMHU MHTEr DAJIAMU.

Karwwesnie caosa: cucTeMa ypaBHEHHI B IOJHBIX nuddepennuaiax,
TepPBBIN UHTErPaJI, TaCTHBII WHTETrPaJi, KPATHOCTD.

Classes of non-autonomous polynomial multidimensional dif-
ferential systems with multiple complex-valued polynomial
partial integrals

In this article we identify the classes of non-autonomous systems of
total differential equations, which first integrals can be constructed
via multiple complex-valued polynomial partial integrals. The suffi-
cient conditions for building first integrals of non-autonomous systems
of total differential equations by multiple complex-valued polynomial
partial integrals are obtained.

Keywords: system of total differential equations, first integral, partial
integral, multiplicity.
PaccmoTpuMm cuctemy ypaBHeHuUi B MOJTHBIX uddepenmaiax

dmi:ZPij(t,x)dtj, i=1,...,n, teR™ zeR", m<n, (1)

Jj=1

rme Pj: T xR" =R, i=1,...,n,j =1,...,m, CyTh HOJIUHOMBI IO 3a-
BUCHMBIM TIEPEMEHHBIM T1, . .., Ty C TOJOMOPGHBIMYA IO HE3ABUCAMBIM TIE-
peMeHHBbIM i1, ..., ty Ha OOmactu T C R™ kosdpdunuenramu. Ilpu m = 1

IMapnrounk Ilasen Bosecnaposud, K.d.-M.H., gouert, [pl'Y um. Jukn Kynansr (I'posg-
o, Bemapycs); Pavel Pauliuchyk (Yanka Kupala State University of Grodno, Grodno,
Belarus)

IIponesuu Angpeii @pannesud, K.d.-M.H., gouent, I'p['Y um. duku Kynaasr (I'pon-
HO, Benapycs); Andrei Pranevich (Yanka Kupala State University of Grodno, Grodno,
Belarus)
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muddepenrmansHas cucrema (1) siBIsIETCST HEABTOHOMHON TTOJIMHOMUAITh-
HOI OOBIKHOBEHHOM r( pepeHnmaTbHON CUCTEMON N-TO TOPSIIKA.

B xomne XIX Beka dpanmysckum maremarmkom 2K.I. Hapby (J.G.
Darboux) 6611 chOPMyIMpPOBaH TOIXO O TMOCTPOCHWH TIEPBOTO WHTErPa-
JIa 110 W3BECTHBIM YaCTHBIM MHTerpajam [1], KoTopelil B HacTOsIee BpeMst
Ha3bprBaeTcsa 3amadeit Japby. B nampmeiimnem HaXoXK/IeHWe WHTETPAJIOB THU-
ma Jlapby moyunio cBoe pa3BUTHE, KaK B IOCTAHOBKE 33/1a9d, TaK U B
pa3HoOGpa3uM MEeTOMOB ee pelreHus (CM., Hanpumep, MoHorpaduio [2]).

Iesb paGoThl — BBIIEIUTH KJIACCHI HEABTOHOMHBIX MOJMHOMUAIBHBIX
CUCTeM ypaBHEHMI B MOJTHBIX quddepenrmaax (1), y KOTOphIX epBhie WH-
TErpajibl CTPOSATC IO KPGTMHOIM KOMIAEKCHO3HEGUHBLM TLOAUHOMUGALHDLM
wacmuvim urmezpanram. CTaThba TPOIOIKAET UCCIENOBAHAH [3—7| 10 m3y-
YEHNIO AHAJIUTUYIECKOH CTPYKTYPHI MEPBLIX MHTErpasioB g depeHnaib-
HBIX CHCTEM B 3aBHCHMOCTH OT IIOJMHOMUAJILHBIX YACTHBIX MHTEIDAJIOB.

Bynewm rosoputs [2, ¢. 173], 9T0 KOMILIIEKCHO3HAIHBIH TIOJIMTHOMUATBHBIH

YACTHBIA WHTETPAJT 10| CACTEMBI B OJHBIX quddepenmmanax (1) ssagercs
¢

[
KPAMHbLM C Kpamuocmsro 5 =1+ Y, f(p €CJIn CyITeCTBYIOT MYHKITUN
¢ =1

0

m[[]<lg<[j7 bgl 6N7 g(, :17"'afC[7 C[:L"-veh j:17~--7m7

"
IhC,gC,

SBJIAIONINECS TIOJUHOMAMHA MO X1, ..., T, C KOMILIEKCHOZHATHBIMU TOJI0-
MOpdHBIME 1O tq,...,1t,, Ha obmactu T KoaddurmenTamu, TaKue, 9To

A, ﬁIhC[gC[(t,x) =R, EC[j(zf,gr:), ji=1,...,m, (2)

St
rae dymkmm 8 (t,z) = , a JuHeitHble muddepeHy-
C[ C[
w, ()
n

aJTbHBIE OMEPATOPHI mepBoro mopsaka A;(t,x) =0, + >, Pi;(t,x) 0, .

A ‘
OTmeTnM, 9TO a/IbTEPHATHBHAS TOYKA 3PEHUS HA MOHATHE «KPATHOCTD
YACTHOTO MHTErpaJia» il ABTOHOMHBIX OOBIKHOBEHHBIX auddepeHmaib-

HBIX cucTeM Oputa npemoxkena B paborax J. Llibre u X. Zhang [8; 9].
Juns cucremsr B nonuerx nuddepennnanax (1) Bepra coenyomas [7]

Teopema 1. IIycmo cucmema (1) umeem xpamnvie KOMNACKCHO3HAY-

HBLE TLOAUHOMUGADHBLE HACTIHBE UHMEZPaab, W0 xpamuocmet 3 = 1 +
[4
[
> fc, marue, wmo ewnoanaromea moowcdecmea (2) npul=1,...,s. Tozda
=
PyHKYUA
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F(t,z) = (“0‘“9 ., Reﬁ[hC[ gC[(t, @)+

Im & £,
Y " “)CIQCI( 33))

6ydem nepevim unmezpasom cucmems (1) moada u moavko moezda, xozda

npu Kascdom undexce j = 1,...,m umeem mecmo moscdecmeo
E[ fcl
ZZ Z (Wth o BeRyy g j(h2) + 9 o ImRy o (t ’3)):
¢, 9¢, ¢, 9¢, ¢, 9¢, ¢
(=1 ¢ =19, =
0,

2de GEWECTNBEHHBLE YUCAA QD[hC o u ’(/)[hC o 00H06p6M€HHO He pasHbl HYAN0.
[ [ [ [

Tak, HampuMep, HEABTOHOMHAS TIOJUHOMHUAIbHAS CACTEMa YpPaBHEHUI
B IOJHBIX T depeHrmagax

dx,= (751752334(15%541l —z3—taiws) — ;Tl) dty +titezs (2] — a3 —tixix,) dis,
1

dwy = titem iz, (17 21 — 25 + At i xy) (dty + dts), (3)

1
dxg = t§t2x1x4(;t§ — t‘llxﬁ + 4t%m3mi)(dt1 +dty), dvy= (_ - T4 —
1

— by (03 — thad) + Btowiwgad ) dts + (= toa (03 — thad) + (Htamzgad) dbs

MMEEeT NBYKPATHBIE [7] KOMILIIEKCHO3HAMHBIE TIOTMHOMHAAIBHBIE TaCTHBIE HH-
Terpassl W, (¢, ) = t127 + 12y u wy(t, ) = x5 — it 23 Takme, 9TO

A, Ry () = Ay ﬁ = (24 )tz = Ripa (b @),
Ay Ry11(t,2) = Ay ﬁ = — 2+ )t tyxay = Ri11,2(t, x),
2y Roni (t, @) =2y @ = — (1 + 20t tamyzy = Ror1 1 (4, ),
sy Ror1 (8, 7) = Ay @ = — (L+ 2t tyzy24 = Royy o(t, T),

rae dyaxmuanm Q11 (¢, z) = 1w Qo (6,z) =1, wmcma by =1un b, =1,a Ay
n Ay ecTh onepaTopsl AU dEPEHITMPOBAHUS B CULy CACTEMBI (3).
IIo Teopeme 1 crpomm 1Ba (DYHKIMOHAIHLHO HE3ABUCHMBIX IIE€DPBBIX
WHTErpaJja CUCTEMBI yPaBHEHNH! B mOMHBIX muddepenmmanax (3):
1 1 o tlflﬁ + 2[132

Fi(t,x) =Re —————2-Im

= =1, =2
w, (L, z) w,(t,z) 2zt + a2 (P11 Y1 )
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n

1 1 25 — t3 22
Fy(t,z) =2R -1 = =2, =—1).
2(t,2) CoD Myt @ida T ivm=-D)
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3AJAYA E JJI1d OJHOTO YACTHOTO CJIVUHAA
YPABHEHUS SMJIEPA-TAPBY C JIBYMS JINMHUSAMUN
BBIPOKJIEHUA
C.B. IloakierHoBa
podkletnova.sv@ssau.ru

VIIK 517.518

B wmacrosameit crarpe paccmarpuBaercsa 3amada E s gactHOTO Caty-
Jasi ypasHeHus Ditsepa-/lapby ¢ AByMs JIMHUSAMU BBIPOXKIEHWS TIPU
YCJIOBUY TPUBHUAJIBHOCTH OHOTO U3 TapaMeTpos. Pemmennme 3amayn 1mo-
JIYYEHO B IBHOM BHUJE TIPU ONPEAEIEHHBIX YCIOBUAX, HAJI0KEHHBIX Ha
mapaMeTphl ypasHenwus. /lokazaHa TeopeMa CyIIeCTBOBAHUS W €JIWH-
CTBEHHOCTHU PETIeHVS.

Karwesnie caosa: MaTeMaTuka, qud epeHnuaababe yPABHeHU, Kpa-
eBas 33/1a4a.
Problem E for a special case of the Euler—-Darboux equation

This paper discusses the problem E for a special case of the Eu-
ler-Darboux equation with two degeneracy lines under the condition
that one of the parameters is trivial. The solution to the problem is
obtained explicitly under certain conditions imposed on the parame-
ters of the equation. The theorem of the existence and uniqueness of
the solution has been proved.

Keywords: mathematics, differential equations, boundary value prob-
lem.

PaccmorpuMm ypasHeHme
(§-sgn&—mn) - ugy —f-ug =0 (1)

Ha MmHOXKectBe G, = Gy UG_, tne G+ = {({,n)|0< & <n<h}, G- =
{(&m [0 < =& <n<h}.

Samaua E. Hatimu pewenue ypasnernua (1) na muoocecmee Gy, ydo-
BAETNEOPAIOULEE KPLECVIM YCAOBUAM

u(§,8) =7+ (8), £€10,h],
u (g, =€) =74+ (£), £€[=h,0]

U YCAOBUAM CONPANCEHUA

I =Ali h
Jim u(€,n) = A lim u(€n) +7(n), 1 €[0,h],

IMopxnernosa Ceernama Bmaguuupoera, k.d.-m.H., goment. (Camapa, Poccus);
Svetlana Podkletnova (Samara University, Samara, Russia)
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3
Jim 22 [ (€= utem de =
-n

n

ol
_ng%a?/(t O u(tn)dt+6(n),m € (0,h), 0 <A< L.
3

Teopema. IIpu 0 < \,8 < 1,A+ B # 0 cywecmsyem eduncmeer-
noe pewenue 3adawu E daa ypasnenus (1) na mmoowcecrnee Gy, xomopoe
6LIPACAEMCA HOPMYAGMU

3
(n—¢&"'""° f1(t) .
+(A+B)B(ﬁ,175)/n p(€ -0

¢
n(n—¢&"'"" , B
+(A+B)(1*5)B(ﬁ,17/3)/f2(t)(7i—t)ﬂ X

x F1 (1_ﬂ7_)\’1_6;2_B;B,B>dt+
n n

2 n
n ' .=t
+A+B§/f2(t)F(167)‘71a n )dt,ée(ﬂ,h),

Bfi(n)
A+ B

0
B(n+8)' " /fl( &7 drt
" (A+B)B(3,1-5 77+t

13
0

An? n+£ /
TATB-HBGBI-F /“ ) (n+1)”
3

¥ Fy <1—5, A1 B 2—5,"Jr§ ’7+5>dt+
n+t

n
g ) e (1)
HF|1-8,—-X\1,—— | dt, £ € (—h,0),
[ rawF(1-5 L)t g (-h.0)
3
ecat

fim=A-7(n) -1 (=n)+~v("n),
fam)=6m)+B-7(n)-n A—T (=) -2,
f1(0) = f2(0) =0, fi(n) € Cio > f2 (1) € Cpopy-

w(é,n) =7-(-n) +
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U smo pewerue nenpepuieho 6 kaoicdoli ud samxrnymux obaacmet Gy
u G_.
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O JIEBETOBBIX MHO>KECTBAX CJIABBIX
IIOKA3ATEJIEN KOJIEBJIEMOCTU KOPHEWM PEIITEHUN
JINMHEMHBIX CUCTEM
B.A. IloxauyeBckuii
pokhachevskiy@gmail.com

VIK 517.926.4

Cnabore OKa3aTen K0J1€0,1eMOCTH KOpHeIA, BBEJIEHHBIE
M.H. CepreesbiM, u3ydaroTcs Kak (DYHKIMOHAJBI HA JIEKAPTOBOM
NIPOM3BENCHUH TTPOCTPAHCTBA N-MEPHBIX JHHEHHBIX muddepenmas-
HBIX crucreM ¢ beckoHedHO-Amd depeHnmpyeMbiMu K03d burimeHTaMmu
¢ C°°-KOMIIAKTHO-OTKPBLITON Tomosorueit u mpocrpancrsa R™ \ {0}
Ha9aJbHBIX BEKTOPOB WX pemenwii. [loka3amo, 910 mpooGpas BCd-
goro may4ua (r,+oo], r € R, nng HWKHETrO NOKA3ATEJNs ABJIAETCS
F,-MHOX)ecTBOM, a Ipoobpa3 BCSIKOrO Jjyda [r,+oo], r € R, mas
BepxHEro — F,5-MHOXKeCTBOM.

Karouesvie caosa: muueitnas muddepeHnmanbias CUCTEMa, KoJebe-
MOCTb, KJacChl Bapa.

On Lebesgue sets of the weak oscillation exponents of roots
of solutions to linear systems

We study the weak oscillation exponents of roots introduced by
I.N.Sergeev as functionals on the product of the space of n-
dimensional linear differential systems with infinitely differentiable
coefficients equipped with C'°°-compact-open topology and the space
R™\ {0} of initial vectors of their solutions. It is shown that the preim-
age of any ray (r,+o00], r € R, for the lower exponent is an F,-set,
and the preimage of every ray [r, +oco], 7 € R, for the upper one is an
F,s-set.

Keywords: linear differential system, oscillation, Baire classes.
Jna 3amaraoro n € N o6o3uauum gepes €M™ MHOKECTBO CHCTeM
t=Alt)r, zeR", teRy=]0,+00), (1)

¢ 6eckoneuno muddepennupyembivu Gyrkmuavu A: Ry — R™™™ (koTo-
PbI€ MBI OTOXKIECTBIISIEM C 33/IABAEMBIMU UMK CHCTEMAMH) U METPHKO

p(A,B) =" 27" sup min{|[AM (1) - BP(1)|, (¢t +1)7'}, A, BeeM".

o teR

IToxauesckuit Bcesoson Amnppeesudu, acnupant, MI'Y wumenn M.B.JIomonocosa
(Mocksa, Poccus); Vsevolod Pokhachevskiy (Lomonosov Moscow State University,
Russia)
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Ounpenenenne. [1,2] Beprrum u HUNCHUM CAGODMU TOKA3GMEAAMY
Koacbaemocmu Kopret HemymeBoro pentenns z(-) cucrembl (1) HazpIBAIOTCH,
COOTBETCTBEHHO, BEJIHINHBI
pF()= Im inf ~vt((z,m),t), vF(z)= lim inf —v*((x,m),t),

t—+oco meRY 1 tS+oo MERT T
re vt (y,t) — KomrgecTBO KopHeit (T.e. Hye# ¢ yI8TOM KpaTHOCTH) bYyHK-
mm y(-) ma mpomexyrtke (0,t], (-,:) — CKamsApHOE MPOM3BENEHME, & 3BE3-
JOYKa CHU3Y 0003HAYaeT BBIKAJIbIBAHUE HYJIS.

Hwmske pacnimpernyio 9uc/ioByo mpamyio R = RU{—oco, +oo} mamemsem
CTaHJAPTHBIM HOPSAIKOM U MOPSIIKOBON TOIOJIOTHEH.

IIycte M u N — kakue-mubO KIIACCH TTOMHOKECTB METPUIECKOTO TIPO-
crpamctea M. Bymem ropoputs [3, c. 223-224], uro byuxmms f : M — R
npuraexur kmaccy (M,°) (xmaccy (*,0M)), ecom mua Beakoro r € R
cupasennupo pmodenme f((r, +00]) € M (COOTBETCTBEHIHO, BKIOYCHHE
F([r,+oc]) € M). Hamommumm, uro uwepes F, obo3HAMAETCS KJIACC, CO-
CTOSIIUHN U3 BCEBO3MOXKHBIX CUETHBIX 00bEIMHEHMI 3aMKHYTHIX MHOXKECTB,
a 4gepe3 Fy5 — KJace, COCTOAIMMUN U3 CYETHBIX HEPECEUCHUN MHOXKECTB U3
knacca F,. Yepes X 4(-,-) ycnosumcs: 0603Ha4mTH oneparop Komm cucre-
Mbl A.

Teopewma. Jlaa 4106020 n > 2 cnpacedausvl cALOYOUUE YMEEPIHCICHUA:

1) dymryua CM™ x R? — R, deticmeyrowan no npasusy, (A,€) —
vF (X a(:,0)¢8), npunadaescum wxaacey (Fr,*).

2) dynwyus oM™ x R — R, deticmeyiowan no npasuay, (A,€) —
(X a(-,0)8), npunadaescum xaaccy (%, Fus).

Cunencreue. Jasa a060l cucmemv, A € C=M™ CNEXmpPv, CAG-
6o noxazamenets Koaebaemocmuy KopHel cucmemvr A, m.e. MHOHCECTNGE
{0 (Xa(-,0)€) : € € RY} u {0 (Xa(+,0)€) : € € RY} asamomen cycaun-
CRUMU T0OMHOICECTNEAMY PACUIUPEnnotl “uca060tl npamot R.
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MHTETPAJIBHOE TTPE/JICTABJIEHUE OBIIIET O
PEIIIEHUYA U TPAHUYHBIE 3AJTAYN AJ1d OJHOTO
OBBIKHOBEHHOTO /IN®PEPEHIINAJIBHOT'O
YPABHEHU A CIIEIIMAJIBHOT'O TUITA
A.T. Onumu, H.K. OxyHusona
Abdumanon1950@mail.ru, okhunov_ 73@mail.ru.

VIK 517.927.21

Ilonydeno murerpaspHOe IIpeICTAaBICHUE OOIIEr0 DEIIeHus ypaBHe-
HUSI, TIOJIy9€HHOTO UTEPUPOBaHUEM i} epeHInaIbHOr0 OmepaTopa
LEPBOr0 LOPSAKA € ABYMsI BHYTPEHHUMW CHHI'YJISPHBIMH M IIPAaBOIl
I'PAHUYHON CBEPXCUHTYJIAPHON TOYKAMU U C €e IOMOIIBI0 U3ydeHBI
CBOWCTBA pelIeHni, TIOCTABIEHBl U UCCIeA0BaHbI 3a1a4u Komu — Pu-
Kb€ W THUIA JUHEWHOI'O COLPSIKEHMS.

Karwweswie caoea: nuddepeHnnaipHoe ypaBHEHNE CIENUAILHOTO TH-
[1a,CUHTYJIsIPHAST U CBEPXCHHTYJISIPHAsI TO4YKH, obiree pemienue, Gop-
Myssl obpamtenus, Komn — Pukbpe u Tuma IuHEHHOro CONpsiKeHUsT
3aa4u

Integral representation of the general solution and boundary
value problems for one ordinary differential equation of a
special type

An integral representation of the general solution of the equation ob-
tained by iterating a first—order differential operator with two internal
singular and right boundary supersingular points is obtained and with
its help the properties of solutions are studied, Cauchy-Riquier prob-
lems and the type of linear conjugation are posed and investigated.

Keywords: differential equation of a special type, singular and super-
singular points, general solution, inversion formulas, Cauchy-Riquier
and linear conjugation problems.

Ypasuenue
3
Al myy = f (@) [ ] le —b:] 7, (1)
i=1

3 3
Ay my =y +p@) [[lz—bl "y —q@) [ lz— b,

i=1 i=1
paccmorpuM Ha MHOKecTBe I'(py = I'\ (b) BemecTBermHO#M unc10B0it OCH, Tae
I'=(a,b), (b) ={b1,b2,b3}, a<bi <b2a<bz=b, (o) ={ou,az,03},

Onmmu A6xymanson ladopsozna, k.¢.-m.u., nonert, XI'V (Xymxang, TaakukucraH);
Olimi Abdumanon Gaforzoda (Khujand State University, Khujand, Tajikistan)

Oxynzona Hosmmaxor Kobmn, couckarens., XI'YV (Xymxawx, Tamkukucra®);
Okhunzoda Nozimjon Qobil (Khujand State University, Khujand, Tajikistan)
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a1 = a2 =1, a3 > 1, To ectb b;, @ = 1,2 cuHryJApHBIE TOUKH, b3
CBEPXCUHTY/IAPHAS TOUKA YPABHEHUS, N - HATY pAIbHOE 9anC0, a p (), q ()
u f () - u3BecTrbe DYHKIMN, HEIPEPHIBHbIE HA OTPe3Ke I Kpome, GBITH
MOYKeT, TOUeK b;, B KOTOPHIX MOTYT UMETh Pa3phiB EPBOTO POJIA.

Teopema. Ilyemv I'yy = To U I1 Uy [T = (a,b1), I =
(biybit1), 1 = 1 2 ) Purcuposannas mowra unmepeasa Iy = I UTZ,
Fil (bhx?} ) = [‘Tza l+1)'

1) ¢yHmt,uu pl ( ), p?(z), onpedessemvie pasercmeamy

3 3
—ay 2 —oy
pi@@) =p) [] le—bl" pi@=p@ [] lz-bl
k=1 k=1
k#1 k#i+1

ydosaemeoparom, coomeememeenno, yerosuto Ieavdepa
|pz1 (z) —pi (bs +O)| < Hil(x — bi)h%, H! —const. >0, 0< h; <1
mpu x — b; +0, i =1,2,
|92 (bisr — 0) — p? ()] < HE(bisr — @), H? — const. >0, 0 < h? <1, npn

x = bip1—0,i=0,1, a Pyrryua p3 (x) ycaoeuso
’pg (b3 — 0) — p3(z )| < H3(bs—x )hg, H2 >0, h2 > as—1 npu x — b3 —0;
2) umeem wmecmo caedyrowee couemanue 3uaxos wucea p(b; £0)
p(bi+0)>0, i=1,2 pb;—0)<0, i=1,23;
Tozda obuee pewenuve ypashenus (1) u cmenenu onepamopa Aqy, v
om 1ezo na muoncecmee I'(p) 6uPaNCAEMCA NPU NoMOWL POpMY.bL

Ale), )y =
K;];Ts [pg ($)vqg (x)vfg (‘T)vcgwco(erl)" "Cg(n—l)] , T € FOQ
Kblij'—s [p% (‘r) 7Qi (l’) ’ fll (:E) 01.57 Cl(s+1)’ ) Cll(n—l)] , T € Fll
= bo,s [p% (:c),qf (z), [} ($)7015701(s+1):~ ~7O12(n71)] o elt (2)
. [p% (‘T) 7q% (]J) ’ f21 (l‘) ’ 0219, 021(5+1)7 i) 021(7171)] » T € F21

bo
K?j; [p% (:C) 7q§ (l‘) f (:C) C2sv Cz(s+1): ety sz(n—l)] T € F22

s = 0,(n—1), ade K;lj; [..], K27 [..] unmeepaavrve onepamopu,
onpedeasemoie, coomsememsenno, popmysamu (4), (8) [1, ¢. 71,72] wu
(8) [2, c. 13], ¢} (ac)7q? (), fl(x), ff (), Pynxuyuu, onpedessemvie no-
dobno Pynxuut pr (z), p?(z), o ng, C’}J, C’EJ, 1=1,2, 7=0,(n—1)
- MPOU3IGOALHBLE TOCTOAMHDIE, 2PYNNLL U3 KOMOPHLT OMHOCAULUECH K
npomesrcymxy i, i = 1,2, 00H03HGUHO CBA3AHDL, COOMBETMCMEEHHO,
cAedYOUWUMY ONPEICAEHHBMU C.N.C.Y:

Kz}lt [ ( )7 q%(fE), f11 (:E)7 011.5‘7 Cll(s+1)7 ey Cll(nfl)} x:x?—o =

= KbIQ’TS [p% (:C) ) q% (CL‘) 7f12 ({E) ) 01257 C12(5+1)7 EERN Cl2(nfl)]$:m(1)+07
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K;é: [p%(x)a Q% (CU), f21 (‘T)7 02137 021(s+1)1 ey C(21(7L71):|I:10 0o

2
as,— 2
= Kb;s I:p% (x),q% ($),f22 (:L')v CZSaCQQ(s+1) 7C22(n71):|

s=0,(n—1).

Teopema ocraercs BepHON Tak:Ke 1pHU JI000M JAPYyroM COYETAHUU 3HA-
xoB wucen p (b; +0). [pu 3ToM, mHOTAA Hy)KHO GymeT TpeGoBaTh, 9TOOBI
HexkoTophIe n3 byHKIuit q; () ,q? (z), f(z), ff (z) obpamanucs B HyJIb €
OTIPE/IEJIEHHBIM MTOBEIEHNEM B COOTBETCTBYIOINIEH 0CODOH TOUKe.

Yeranosseno, aro: a) npeacrasaenue (2) o6parnmo, 6) penteHus ypas-
mernd (1) B OKPECTHOCTH CHHTYIADHON M CBEPXCUHTYIAPHON TOYEK BEIYT
cebst T0/T06HO CTEIEeHHO 1 IKCIOHEHINAIbHOM (DYHKIINN, COOTBETCTBEHHO,
U CTPpEMATCA K 6eCKOHe“IHOCTI/I W HYJIO B 3aBUCHUMOCTU OT 3HaKa YHCEJT
P (bL + 0).

[omywenroe mpeacrasienne (2) TPUMEHEHO K WCC/IETOBAHUIO TOTHON
KapTWUHBI Pa3PEMUMOCTHU I'PAHUYHBIX 3a/da4 C YCJIOBUIAMU B OCO6I)IX TOYKaX.
Hampumep, B aBHOM Bz HafieHbl penrenus ypasaerns (1) mo ycmosusm:

—,0 ’
17124—0

_p2 — s
1. [(b1 _ x) Po (b1 O)A(a),(b)y:| o =
xr=by —

1y s
= ag,, [(w — by )" 1+0)A<a>,<b>y} b0 ai
x=b1

{exp [p% (bs — 0) w{,?’f (m)} Aﬁ“%(b)y}z:z@fo =a3,, s=0, (n—1);

n—1
— 2 — s
2. Z bi; [(b1—m) Po(by 0)A<a),(b)y] o
§=0 e
n—1 1
b(r i |:$—b Pl(b1+0)Aj ]
; k() | ( 1) @.0Y] _, 1o
n—1 R
—p2(ba—0) 4]
+ Z bk(2n+,7') [(bQ - -T) P12 )Aga),(b)y] z:b270+
=0
n—1 ) ]
+ D bganry[(@ = b2)2 VAL Lo ot
j=0

n—1

+ Z bi(an+j) {exp [p3 (bs — 0) wpd ™ ()] Afog.(b)y}z:bg 0 =&k k=1,3n

Jj=0

rae aZ, i=0,1,2, bij 4 ek, j=0,(5n—1) - sadannsie seusecmeenmsie
YUCAQ.
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OB YCJIOBUAX PASPEIIINMMOCTHA
IIEPEOIIPEJEJIEHHBIX CUCTEM B 3AJJAYAX
IIOCTPOEHUS TAMMJIBTOHOBBIX KOOPAMHAT OJIA
YPABHEHUS JIVPBE
T.C. Opumnos
turdimurod1955@mail.ru

VIK 517.91

B nokiaze 06cy )k 1a10TCH BOIIPOCH! Pa3PEIIUMOCTH IIEPEOIIPE/TETIEHHBIX
CHCTeM, BO3HUKAIOIIUX B 33Jade IOCTPOEHNd TaMIIBTOHOBBIX KOODIU-
HAT /I ypaBHEHUs Jlypbe

Karouesnie cao6a: miepeonpeiesieHHble CUCTEMBI, Pa3peinuMoCTh, Ta-
MUJIBTOHOBBI CUCTEMBbI.

On the conditions of solvability of overdetermined systems
in problems of constructing Hamiltonian coordinates of the
Lurie equation

The report discusses the issues of solvability of overdetermined systems
arising in the problem of constructing Hamiltonian coordinates for the
Lurie equation

Keywords: overdetermined systems, solvability, hamiltonian systems.

B mpemraraemoit pabore paccmarpuBaercs nud dbepeHITnaIbHOE YPaBHEHHe
d d
L{— =M|— 1
(5)v=2(5) 10, 1)

4

B KOTOPOM

Lp)=p"" 4+ ap™ > +ap™ "+ .. 4 an 1D’ + an,

M(p) = bop°™ + b1p®™ 2 + ... 4+ by1D” + b,

— B3aumHo npoctsie Muorounensl (0 < m < n), a f(y) — ckanspHas Hempe-
poiBHas Gynxnus. Ypasnenue (1) gacro Ha3BIBAIOT ypasHenuem JIypoe.

Mmuorownennt L(p) m M(p) comep:KaT CTENEHU TOIHKO YETHBIX TOPJI-
koB. K TakuM ypaBHEHUSM IPHUBOAAT MHOTHE 33Ja9H TEOPUH TaMUIBTOHO-
BBIX cuCTeM u ee npuiioxenuii. Ecrecrsenen BOPOC 0 KOHCTPYyHPOBAHUK
ana ypapuennd (1) 9KBUBAJIEHTHOW TaMUIBTOHOBONW CHCTEMBI BUIA

¢ =JVH(z), =€ R™,

Opwunos Typaukyn Cadaposud, x.d.-M.H., goneHT, JleHayCcKu#t WHCTATYT IPEANPH-
HuMaTeabceTBa U negaroruku (Jlenay, Ya6ekucran); Oripov Turdikul, Denau Institute of
Entrepreneurship and pedagogy (Denau, Uzbekistan)
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B KOTOPO#

0 I oH ol \"
J*|:7[ 0:|7 VH(T)7<87561”6CL’2”> )

3neck 0 1 [ —9TO, COOTBETCTBEHHO, HY/IEBas U €IMHATHASA (MOPIAKA 1) MaT-
puupl, H(z) — ckansapHAs BelECTBEHHAA IJI1aJKas (PYHKIMs, HA3bIBAEMAs
20MUABTNOHUAHOM.

Tammrbronman H (z) SBAAETCA PENIEHWEM CHCTEMBI yPABHEHHIA

JVH(z)=JAz + £f(y),

B KOoTOpOit JA — Marpuria HopMaabHON (HOPMBI, COOTBETCTBYIONIEH JINHEN-
moit wactu ypasuenus (1). Cucrema muddepernmannuprx ypasuenuit (2)
OTHOCUTE/TbHO Hem3BeCTHOM byukimm H(x) aBAgeTca mepeonpene/enHoi.
JIOKI1a,/T TIOCBAIIEH U3JI0KEHUIO PE3YIBTATOB OTHOCHTEIBHO PA3PEITUMOCTH
HIepeoTIpeieIeHHOM cucTeMsl (2).
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O CBOMCTBAX PEIIIEHU BOJIBTEPPOBBIX
UHTEIPO-IN®PEPEHIIMAJIBHBIX YPABHEHU
B I'MJIBBEPTOBHBIX ITPOCTPAHCTBAX
H.A. PayTuan
nrautian@mail.ru

YIK 517.968.72

Wccnenyrorca abcrpaktasie mHTErpO-1ud depenuaibHble yPaBHEHNS
¢ AApaMy MHTErPAJbHBIX OMEPATOPOB OBIIEro BUIA M3 MPOCTPAHCTBA
byHKINH, HHTErPUPYEMBIX Ha, [I0JI0XKUTE/IHHOMN ITOJIyOCH, KOTODBIE SB-
JISTIOTCSL OTIEPATOPHBIMYU MOMEIAMHU 33739 TEOPUH BA3ZKOYIIPYTOCTH.
PaccmarpuBaioTcss BOpochl KOPPEKTHON Pa3pentnMOCTy U 9KCIIOHEeH-
HAAJIBHON yCTOMYMBOCTY PENICHUI YKa3aHHBIX yPaBHCHUM.

Karwesnie ca066: BOIBTEPPOBBI MHTErpPO-Iud depeHInaJ bHbe yPaB-
HeHus, JguHelHbe auddepeHInaaIbHbe YPABHEHNS B THIbOEPTOBBIX
TPOCTPAHCTBAX, OMePATOP-(PYHKITHS.

On the properties of solutions for Volterra integro-differential
equations in Hilbert spaces

The abstract integro-differential equations where the kernels of inte-
gral operators are of general type and lie in the space of functions
integrable on the positive half-line are studied. These equations are
operator models of viscoelasticity theory problems. We discuss the
well-posed solvability and exponential stability of solutions for the
equations of this type.

Keywords: Volterra integro-differential equation, linear differential
equation in Hilbert spaces, operator semigroup, operator-function.

B Teopun omnpesensromux COOTHOIIEHUH JTNHEHHON BA3KOYIPYTOCTH 0OJIb-
LIYIO POJIb UTPAIOT CBSI3U HAMPSIKEHMH 1 JedOopMariii B BUJe NHTErPAJIb-
HBIX OIIEPATOPOB C SAPAMU, SABJISIOIINMUCH MATEPUATHHBIME QYHKIUAMHA,
KOTOPBbIE MOXKHO HA¥TH U3 yCTAaHOBOYHBIX IdKCIepHMeHTOB. Ecim marepu-
aJIbHBbIE (DYHKITHN 3aBUCAT TOJIBKO OT OJHON BPEMEHHOH ITepeMeHHOH, B3-
KOYIIPyTHe CpeIbl HAa3bIBAIOT HecTapemmumMu. 11oacTanoBKa JAHHBIX OIpe-
JeA0IIuX COOTHOIIEHUN B IOCTYJIaThl MEXaHMKM CILJIOIIHOHM Cpeabl HpH-
BOIUT, B JAaCTHOCTH, K YPABHEHUSM JIBUKEHUs, [IPEICTABIISIOIIME cO00i

Pabora Beimosnena mpu ¢uHAHCOBOH mnozzgep:xkke Mwuuobpnayku Poccumu B pamrax
peasm3anuu mporpaMMbl MOCKOBCKOTO TIeHTpa (PYHIAMEHTAJIBLHON M MPUKJIAIHON MaTe-
MaTUKU 10 coryiarenuto Ne075-15-2022-284.

Payruan Hanexna Anexcangaposua, jg.¢db.-M.H., gorent, MI'Y umenun M.B.JTomonocosa
(Mocksa, Poccus); Nadezhda Rautian (Lomonosov Moscow State University, Moscow,
Russia)
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BOJIBTEPPOBBI MHTErPO-Tu( hepeHIaIbHbe YPABHEHUs ¢ HEOTDAHUIEHHBI-
MU OII€PATOPHBIME K03 duImeHTaMu B ryibbepTOBBIX IIPOCTPAHCTBAX. By-
JIeM Ha3bIBaTh WX Jajiee aOCTPAKTHBIMU WHTErpo-auddepeHmaabHbIMH
VPABHEHUSIMU.

Ha mpumepe abcrpakTHOro naTerpo-auddepeHnnaasHoro ypaBHeHns,
BO3HUKAIOIIETO B JIMHEHHON TeOpHUH BA3KOYNIPYTOCTH, OyZeT IpeCTaBIeH
001Ut TTOIX0/T, CBSI3AHHBII ¢ MCCIe0BAHIEM OJHOIIAPAMETPUIECKUX TIOJTY-
TPYII ISt JIMHEMHBIX BOJIIONUOHHBIX YPABHEHNH, KOTOPLIH MOMKHO IIDH-
MEHHTh KO MHOTHM JIPYTHM JIMHEMHBIM MOJIEJISIM, COIEPIKAIIHM BOJIBTED-
POBBI MHTErpAJIbHBIE OMepaTopbl. JIAaHHBIN TOIX0M SIBJISETCS TIPOOJIKe-
HUEM ¥ PAa3BUTHEM HCCJICIOBAHNMN, MOCBAIIEHHLIX CIEKTPAJILHOMY AHAJIN-
3y oneparop-QyHKINH, ABISIONAXCSA CHMBOIAMHU BOJIBTEPPOBBIX MHTEIPO-
nuddepenrmansabx ypasaenuii (cm. [1]-[3]).

JIuteparypa

1. Baacoe B.B., Paymuan H.A. KoppekTHas pa3pemiuMOCTh U TIPeJi-
CTaBJIEHUE PENIEHUH BOJIBTEPPOBBIX HHTErPO-1udHepeHnaabHbIX yPaBHe-
HUI ¢ APOGHO-3KCIOHEHIMAIBHBIME siapaMu // Jokmazsl Akagemun Hayk,
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meimu uHTerpasamu Crunrbeca // Juddepennuansable ypapaenus, 57:9
(2021), 1255-1272.
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BOJIBTEPPOBBIX MHTErPO-audpepeHIuaIbHbIX YPABHEHN, BOSHUKAIONINX B
Teopun Baskoynpyroctu // dnddepernmampabe ypasaenns, 60:4 (2024),
533-549.
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3AJTAYA KOIIIN C CYMMUPYEMOWM HAYAJIBHOM
OYHKIIMEN JJI9 ITIAPABOJINYECKOI'O OIIEPATOPA C
ITPOCTPAHCTBEHHBIMU CABUTAMWU B
IIOTEHIITNAJIAX
I'.JI. PoccoBckmii, grossovski@yandex.ru

VIIK 517.518

B pabore paccmarpusaerca 3amaga Korrn myis mapaboimaeckoro ypas-
HEHHs CO CABHUIAMU II0 IIPOCTPAHCTBEHHOH IEPEMEHHOH B MJIAJIINX
anenax. Hagampras QyHKms momaraercs cymmupyemoii. Boaurcs
pelleHre 33/1a4u B BUJE CBEPTKY $/[Pa BBIIMCAHHOIO I1apabo/ImyecKo-
r'o oIlepaTopa ¢ HadaabHOH dyHkuueit. lamgee uccaenyercs nosegeHmne
[IOJIyYEHHOTO PENleHrs] ¥ €r0 IMPOW3BOIHBIX IIPY OOJIBIINX 3HAYEHUAX
BPEMEHH.

Karwwesvie caosa: muddepeHImaIbHO-PA3HOCTHBIE yPDABHEHNs, Ha-
qaabHAd 33792, TapabomaecKkuil onepaTop.

Cauchy problem with summable initial-value function for a
parabolic equation with spatial translations in potential-like
terms

In this paper we study a Cauchy problem for a parabolic operator with
spatial translations in potential-like terms. The initial-value function
belongs to the class of summable functions. We construct the solution
of the mentioned problem in the form of convolution between the
kernel of the parabolic operator and the initial-value function. Then
we investigate the behaviour of the solution and its derivatives.

Keywords:  differential-difference equations, initial-value problem,
parabolic operator.

ITycts mapameTpst ax u hi, k = 1,...,n - BelleCTBEHHBIE.
Paccmorpum cienytomyio 3agady Komm:

%:g%g-p > aru(@ — h,t), zER, t>0
k=1
u(z,0) = uo(t), wo € Li(R).

OnpemennM caeayouyo yHKIHIO:

k=1

tee —t({z— i aj, cos hk§> n
&(x,t) = e k=1 cos | € — tZak sin hx€ | d€
0

Pabora BeimoOsiHEHA TIpU (DUHAHCOBOH mogaep>kke MUHHCTEPCTBA HAYKW W BBICIIETO
obpazosanusg P® (merarpant corsamenue Ne 075-15-2022-1115).

Poccoeckuit [puropmit Jleommposma, PTY MHUPIA (Mocksa, Poccms), PYIH
(Mocksa, Poccus); Grigorii Rossovskii (RTU MIREA/RUDN, Moscow, Russia))
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B yKa3aHHO# momyrmiockoct © € R) ¢ > 0. Dta dyHKINS yI0BIETBODSIET
YPaBHEHMIO 33,729 B KJIACCHYECKOM CMBICJIe U Ha3bIBaercs aapoM Ilyacco-
Ha.

Bremewm pemrenne mocraBieHHON 3aaun Komum B BHae CBEPTKU Aapa
Ilyaccona ¢ magampuO# dyHKIHEN 3ama8m:

“+oo
[ e e tuoe) . (2)

Brimu mostydeHs! caegyiolue pe3y/IbTaThI.

Teopema 1. Oynxuua (2) ydosaemsopaem sadane Kowu (1) 6 cmuvicae
0606wennns Gynryut u ydo6AemEopAEm UCTOOHOMY YPAGHEHUIO 6 TLOAY-
naockocmu © € R, £ > 0 6 KAaccuseckom cmuieae.

n
Teopema 2. ITycms eunoaneno yeaosue . |aglhi < 2. Tozda pewe-
k=1

nue (2) pasnomepno crodumca K wyawo npu t — 0o daa ecex T € R, u
cKopocms y6’bLSGHU.ﬂ O’U,eHUGaemC.ﬂ CJLedymw,um HEPABEHCIMBOM.
[[uwoll L, (r)

lu(z,t)] < 077

2de C' - xoncmarma.
Teopema 3. IIycmo evnosneno ycaogue Z lax|hi < 2. Toeda wacm-

HoLe NPOU3BOdHBIE pewenus (2) npouasonbnoeo nopm?na m+n pasHoMeEPHO
crodames x Hyao npu t — 0o das ecex x € R, u ckopocmsv ux ybusanus
0UEHUBRENCA CAEIYIOULUM 06DA30M:

1

luolley® |5 —aot . N~
Ce '+ C; [mt2;+1)/2
i=0

™

8m+nu
’ Ox™m ot

20e C; (j =1,..,n) - Koncmanmos.
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SAJAYA INPUXJIE AJId TPEXMEPHOT'O YPABHEHUSA
CMEIITAHHOT O TUITIA, MAJIBIE SBHAMEHATEJIN
K.B. Ca6buros
sabitov_ fmf@mail.ru

VIIK 517.95

B pabore gia ypaBHEHHS CMEIIAHHOTO SJLIMIITHKO-TUIIEPOOIHMIECKOrO
TUIIa B IPAMOYTOJIHPHOM IIapasiesienune/ie N3ydeHa lepbad IPaHnIHaA
3a/7a4a. YCTaHOBJIEH KpuTepuil equacTBeHHOCTH. Pemenne nocrpoeno
B BHJE CYMMBI OPTOTOHAJIBLHOTO psana. [Ipu obocHOBaHMN CXOOUMMOCTH
psiZia BO3HWKJIA MPOOIEMa MAaJIbIX 3HaAMEHATEeTeH OT /BYX HATypPaJb-
HBIX APIYMEHTOB. YCTAHOBJIEHBI OIIEHKH 00 OTJEIEHHOCTH OT HYJIS
C COOTBETCTBYIOUIEH aCUMIITOTHUKOI, YTO IIO3BOJIUIO JOKA3aTh CXOHOHU-
MOCTB PAfia B KJIacCe PeryIAPHBIX PEIleHuil 1 yCTON9INBOCTD PelleHnd
OTHOCUTEIHHO TPAHUIHBIX (DYHKITHN.

Karowesvie caosa: TpexMepHBIR aHAIOT ypapHeHnd JlaBpeHTHEBA — BU-
nazase, 3aaa4a Jupuxie, Kpurepnil € JMHCTBEHHOCTH, Psifl, MaJIble 3Ha-

MEHATeJ/H, CYyIeCTBOBAHNIE, YCTONINBOCTD.
Dirichlet problem for a three-dimensional equation of mixed

type, small denominators

In this paper, the first boundary value problem for a mixed elliptic-
hyperbolic equation in a rectangular parallelepiped is studied. A
uniqueness criterion is established. The solution is constructed as
a sum of an orthogonal series. When substantiating the convergence
of the series, the problem of small denominators of two natural argu-
ments arose. Estimates of separation from zero with the corresponding
asymptotics are established, which makes it possible to prove the con-
vergence of the series in the class of regular solutions and the stability
of the solution with respect to boundary functions.

Keywords: three-dimensional analogue of the Lavrentiev-Bitsadze
equation, Dirichlet problem, uniqueness criterion, series, small denom-
inators, existence, stability.

PaccMoTpuM ypaBHEHHE CMEITaHHOTO 3/IIHITHKO-THIepOOJIHIeCKOro THIIa,
Lu = uz. + (sgnz)(use + uyy) = F(z,y,2), (1)

KOTODOE ¢BJISIETCS TPEXMEDHBIM AHAJOroM ypasHeHus JlaBpeHTheBa-
Bunaaze, B obmactu

Q={(z,y,2)|(z,y) € D, —a<z<p}, D={(z,y)|0<z<p, 0<y<q}

Caburos Kamuns Bacmposwd, x.d.-m.m., npodeccop, YYHuT (Crepamramak, Poc-
cus); Kamil Sabitov (Mavlyutov Institute of Mechanics Ufa Federal Research Centre of
the Russian Academy of Sciences, Ufa, Russia; Sterlitamak branch of Ufa University of
Science and Technology, Sterlitamak, Russia)
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e o, B, p, ¢ — 3aJaHHBIE TIOJIOKUTEIbHBIE JeHCTBUTEHHBIE YNCIIA, W TI0-
CTaBHM CJIEAYIONTYIO KPAeBYIO 33/1a9y Ha CONPAKEeHNd Ha IUIOCKOCTH M3Me-
HeHWs THIa, KOTOPYIO Ha30BeM 3amadqeit lupuxiie.

Bamaua Hupuxne. Hadmu gynkyuro u(z,y, z), ydossemsoparouyro
CAECOYNOULUM YCAOBUAM:

w(z,y,2) € CHQ)NC*(QrUQL), Une,Uyy,uz. € L(D);

Lu(xvy,z) EF(:L‘7y,Z), (:r,y,z) €Q+UQ—;
U(LL‘7 Y, Z)‘I:O = U(Ia Y, Z)|I:p = u(m7 Y, Z)|y:0 = ’LL(.CL‘7 Y, Z)|y:q = 07
—a<z< B
u(x,y,z)L:_a :¢(m7y)7 u(m’y’z)’z:,(i = a,p(ac,y), (x7y) 65:
2de Fi(z,y,2), 1= 1,2, ¥(z,y) v o(z,y) — 3adannve docmamouro zaadxue
dynryuu, npu smom Y(x,y) v e(x,y) ydoeaemeopaom Ycio6UAM COZAACO-
samuA ¢ epanurnbimy dannomu (5), Q+ = QN{z >0}, Q- = QN{z < 0}.

WrTepec x 3amaue [Iupuxiie i ypaBHEHUN CMEMTAHHOTO THIA BOZHUK
nocsie paborsr @pankias ©.11. [1], rae Buepsbie 6bLIO IOKA3AHO, UTO 32~
42 IIepexoa depes 3ByKOBOH 6apbep YCTAHOBUBIINXCS IBYMEPHBIX Oe3BUX-
PEBBIX TEYEHWH WIIEATHHOTO Ta3a B COIJIAX, KOTJA CBEPX3BYKOBBIE BOJIHBI
NIPUMBIKAIOT K CTEHKAM COILIA BOJIM3U MUHUMAJIBHOTO CEYEHUsl, CBOAUTCS K
samage /lmpuxmie nig ypaBHEHUH CMEIIAHHOTO THIIA.

ITepBBie IOCTAHOBKY aHAJIOTA 3373491 T PUKOMU JJIsT TPEXMEPHOTO yPaB-
menus tuna (1) npunaggexar A.B. Bunazaze [2], C.IL. Ilymekuny [3].

B nanmoit pafore oKa3aHO, YTO KOPPEKTHOCTD IOCTAHOBKY 3a1a4u (2)
— (5) cymecrBenHBIM 0GPA30M 3aBUCHT OT JTHH pebep p, ¢ W o mapaJLIe-
nenunena (Q— runepbosmaeckoil gactu obmactu (. YCTaHOBJIEH KPpUTEpPU
€/IMHCTBEHHOCTH DENIeHus TOH 3amaum. PenreHne mocTpoeHO B BUAE CyM-
MBI OPTOTOHAJBLHOTO psaaa. IIpym 060CHOBAHMM CXOMMMOCTH P BOSHUKJIA
Tpo6IeMa MATTBIX 3HAMEHATEIEH OT JBYX HATYPAJIBHBIX APTYMEHTOB. YCTa-
HOBJICHBI OTIEHKHU 00 OTIEJEHHOCTH OT HyJs ¢ COOTBETCTBYIONIEH aCHMIITO-
THKOH, 9TO TO3BOIAJIO JOKA3aTh CXOOUMOCTh PAJa B KJIACCE PETYIAPHBIX
PeIeHui U yCTOHIMBOCTD PEINEHNsl OTHOCUTEIHHO TPAHUIHBIX (byHKITHIA.

Bamaua Jdupuxme mia nByMepHOTO aHasora ypasHenws (1) m3yden B
pabore [4].
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3AJJAYA O COBCTBEHHBIX BHAYEHUSAX JJIdA
JIBOSKOIIEPMONYECKNX PEIIIEHUN YPABHEHUSA
OBOBIIEHHBIX AHAJIMTNYECKUX ®YHKIIUN
.C. Cadapon, C.K. Muparon
safarov-5252@mail.ru, safarkhonop@mail.ru

VIIK 517.95

B pabore mmst ypasmenns 0000IMEHHBIX AHAIUTHYIECKHX (QYHKINNA B
KJIacCe JBOSIKOTIEPUOINIECKUX (DYHKIINH pelreHa 3a7ada 0 CoOCTBEeH-
HBIX 3HAYEHUSX.

Karwesnie caosa: cCOBCTBEHHOE 3HAYEHUE, TBOSKOIEDPUOIUIECKUX Pe-
MeHni, SINITHYIecKasa QyHKmA, cOOCTBeHHBIE (OYHKITUN
Eigenvalue problem for doubly periodic solutions to the equa-
tion of generalized analytical functions

In this work, the problem of eigenvalues is solved for the equation of
generalized analytic functions in the class of doubly periodic functions.

Keywords: eigenvalue, doubly periodic solutions, elliptic function,
eigenfunctions.

Iycts HY u Cl— K1acchl IBOAKOIEPHOAMYECKUX (DYHKIMH ¢ TepUOIAME
hi,ha, Im(ha/hy) > 0, npuHaAIEKAUX COOTBETCTBEHHO
H*(Q),C*(Q)NC(Q), 0 < a<1, Q— 0CHOBHOI MAPATTETOTPAMM MEPHO-
JIOB.

g ypaBHeHNS

wz + (a(z) + Ab(2))w(z) = f(2), 1)
PaccMOTPpUM 33429y HAaXO0XKIEHHUA PelleHHl, YI0BIeTBOPAIONNe YCIOBUAM
w(z+ ki) = w(z), w(z+ ha) = w(z), (2)

A— mem3sBecTHBIN mapamerp [1],[2].

IIpu ycnosum a(z),b(z), f(z) € HY OymeM HCKAThb pelIeHWE 3a/1a4d
(1),(2) u3 xmacca C).

B pa6orax [3],[4] upu A = 0 mokasauo, uro 3anaua (1),(2) dpenromas-
MoBa B kmacce C, a B Kiacce GYHKIMH TOMYCKAIOMNUX TIOTIOCOB, 33149
HeTepoBa.

Cadapos JIxxymaboi, g1.d.-m.H., mpodeccop, Box.I'Y (Boxrap, Pecrnybauka Taxku-
kucraH); Safarov Dzhumaboy (Bokhtar State University, Bokhtar, Tajikistan

Muparos Cadapxon Kynparosud, K.d.-Mm.H., Box.I'V (Boxrap, Pecnybauka TapKu-
kucraH); Miratov Safakhon (Bokhtar State University, Bokhtar, Tajikistan)
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Beenem oGosmauenns ag = = [, a(2)d-Q, bo = L [, b(2)d.Q, rme
d.Q—syement mmomamy, do = ao + Abp u I' = {mih1 + mahi, my,ma —
TIEJIbIe } — PENIeTKa TEPHOIOB.

Torma myst mo6oro pentenust ypapreruns (1) u3 knacca C) cipapemimsa

3)

w(z) = { {c exp[fzc(a(z) + Ab(2)) +dz], mpua €T, m w(z) =0,
0, mpu a€ T,

Ije ¢c— NPOM3BOJbHAs NOCTOstHHAsS, T¢p(z)— HHTErpaJIbHBIA OIEpaTop C
anpom ((z)— n3era-dynxmusa Befieprmrrpacca, mocroannoe d m Go pemenne
CUCTeMbI

771&0+h1d: 27T’i/€1, (4)
n200 + hod = 2miks,

rae ki, k2 — mexoropwre nesbie unucaa, 1; = 2¢(h;/2), j = 1,2, nukimmaeckne
MOCTOSHHBIE CBA3AHBI C h1, he cooTHOmenmeM Jlexamapa n he —n2h1 = 27
[5]

Teopema 1. ITycmo ypasuenue ao + Abg = mih1 + maha umeem pe-
WEHUE 6 UEABLT “UCAAT M1, M2 U oo, doo— 00HO U3 peweHul cucmems
(4). Tozda npu by # 0 sadaua (1),(2) umeem becuucaenmnoe MHOHCECMEO
COBCMBEHHBLEL 3HAUEHUT

1
Amims = Aoo + %(mth — maha),

0MEEMAIULUE UM COOCTNEEHHBLM PYHKUUAM
Omima(2) = Cmym,€p[=Tc(a(2) + Amymy0(2)) + dingms 2],

20e dmlm2 =doo + (mﬂh — mgm), mi,mg = 0,+1, 2.

Teopema 2. Ilycmv ewnoanersv ycaosus meopemvs 1, mozda sadana
(1),(2), nu 6ydywu nemeposot, nu 6ydyuu Gpedz0abmo60l HOPMAALHO Pa3-
pewuma no Xaycdoppy [6].

Ecnu mapymeno Teopema 1, 1o s060e uncio A € C' gBJIsieTCS peryasp-
HbIM 3Ha"eHmeM 3amaqa (1),(2).
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BBIPOKJEHHOE 9BOJIIOIIMOHHOE YPABHEHUE
C IIPOM3BO/IHON JINYBUJIJISI
H.M. Ckpunka, B.E. ®egopos
vio.nadezhda@ya.ru, kar@csu.ru

YIK 517.9

Uccnenyercs numeiinoe meomaopomnoe muddepeHImaibaoe ypaBHe-
HHe B 0AHAXOBOM MIPOCTPAHCTBE C BBIPOXK/IEHHBIM OIEPATOPOM IIOJT
3HAaKOM ApoGHOM Npou3BogHOH JIuyBmwuisa. YpaBHEHHe PACCMATPUBA-
eTcst Ha BCell TpsSMOM W He HAJEJIeHO HAYaJIbHBIMA ycaoBusmu. Jlo-
Ka3aHbl CyNIECTBOBAHUE M €AMHCTBEHHOCTH pemenus B ciay4ae (L, p)-
OTPAHHUTEHHOIO OIEePATOPA B IIPABOH YaCTU yPABHEHUS.

Karouesvie caosa: tipowspognas Jluyswinsa, auddepeHImaIbHOe
ypaBHeHMe 6€3 HaUaJIBHBIX yC/IOBUIL, IpeoOpa3oBanue Pypre.
Degenerate Evolution Equation with the Liouville Derivative

Linear inhomogeneous differential equation in a Banach space with a
degenerate linear operator at the Liouville derivative is studied. The
equation is considered on the whole real line and are not endowed
by initial conditions. The uniqueness and existence of a solution are
proved in the case of (L, p)-bounded operator in the right-hand side
of the equation.

Keywords: Liouville derivative; differential equation without initial
conditions; Fourier transform.

IIycre X, Y — 6anaxosst npocrpaucrsa, £(X;Y) — 6anaxoBo upocrpan-
CTBO BCEX JIMHEHHBIX HENMPEPBIBHBIX oneparopos w3 X B Y, CI(X;Y) — mmo-
JKECTBO BCEX JIMHEHHBIX 3aMKHYTHIX OIIEPATOPOB C TUIOTHOH 001aCThIO OIIpe-
menenus B X, gefictBytlomux 8 Y, L € L(X;Y), M € Cl(X;Y). Paccmorpum
JIMHeWHOe HeonHOpoAHoe ypasHenue ¢ ker L # {0} u sananHoil dyHKIWmed
g9 € C(R;Y)

D*Lx(t) = Mz(t) + g(t), teR. (1)

3nech ucrosnb3yercd npoussonnast Jlumysuiws [1, 2]

t

. m [ =8 x(s)ds

D =D — -1 < .
sy mpm [UE ey cacmen

— o0

Pabora Boimonuena npu dpuHaHCcOBOMH noanepkke PH® u IIpaBurenscrBa Yensbun-
ckoii obusactu (poext Ne 24-11-20002).

Ckpunka Hajexja Muxaitnossa, aciupant, Jeal'V (Yeasbunck, Poccus); Nadezhda
Skripka (Chelyabinsk State University, Chelyabinsk, Russia)

Denopor Bragnmmp Esrennesnd, x.d.-m.H., npodeccop, Tenl'V (Yensburck, Poc-
cus); Vladimir Fedorov {Chelyabinsk State University, Chelyabinsk, Russia)
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®dyuakuuio ¢ : R — Dy Oymem Ha3wBaTh pemeHneMm ypasHenust (1),
ecm Mz € C(R;Y), D¥Lx € C(R;Y) n ana Beex ¢ € R semosnmagerca (1).

JIemma 1. IIyemo onepamop M (L, p)-oepanuuen v = {A € C: |\ =
r > a}. Tozda caedyrowsue onepamopol AGAAOMCA NPOEKTMOPDAMU

1 1
Pi= o /Rﬁ(M)du €L, Q= L(M)du € £(Y).
Y Y

O6osznaunm X° := ker P, X! := imP, Y° := kerQ, Y* = imQ, L :=
L)y, My := M|kaDMa k=0,1.

Teopema 1. [3] IIycmo onepamop M (L, o)-oeparnusen. Tozda

(i) Lr € L(X*;Y%), My € CU(XF;Y%), k=0,1;

(i) cywecmeyrom obpammnme onepamopw L7+ € L(YLXY), Myt €
£(Y°;%°).

Has p € Ng := NU{0} oneparop M naseisaerca (L, p)-orpaHU4eHHbIM,
ecim ontepatop M, ~ Lo HunenorenTer crenenu p. Ilpu ¢ € R obo3raunm

1

Xo(t) = o

/((—iw)a — L7'My) e dw.
R

Teopema 2. IIycmo « > 0, p € No, onepamop M (L, p)-ozpanuyen,
{(miw)* : w € Rynol(M) = 0, g € CRY), Qg € L2(R;Y),
(DM — Q)g € C(R;X), k=0,1,...,p. Tozda dynxyus

P

() = / Xa(t - )L Qg(s)ds — S (D H)* My (1 - Q)g(t)
R

k=0
ABAAETNCA COUHCTNGEHHBIM Pewernuem ypacsrenuds (1).

Jlnteparypa

1. Camxo C.I., Kunbac A.A., Mapuses O.H. VIHTErpaibl U NpOU3BOI-
HbIe TPOOHOTO TOPsAAKA W HEKOTOphle mxX mpuiaoxkenus. Mumck: Hayka u
TexHuKa, 1987. 688 c.

2. Kilbas A.A., Srivastava H.M., Trugillo J.J. Theory and Applications
of Fractional Differential Equations. — Amsterdam, Boston, Heidelberg:
Elsevier Science Publ., 2006. 541 p.

3. Sviridyuk, G.A.; Fedorov, V.E. Linear Sobolev Type Equations and
Degenerate Semigroups of Operators. — VSP: Utrecht, The Netehrlands;
Boston, USA, 2003.
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OBPATHAA4A CIIEKTPAJIbHASA 3AJAYA OJIdA
O/THOMEPHOTI' O OIIEPATOPA IIIPE/JIMHTEPA HA ITEJION
OCHUu C HEITOJIHBIMU JAHHBIMUA
H.®. Bajeen, 41.T. Cyaranaen
valeevnf@yandex.ru, sultanaevyt@gmail.com

VIIK 517.518

Wccnenyercs mocTaHOBKA OMTUMHUIAITMOHHOM 00PATHOM CIIEKTPAIBHOMN
331297 C HEMOJHBIMH CHeKTPAJbHBIMUA JAHHBIMHU IS OJHOMEPHOTO
oneparopa Illpenunrepa Ha BCeil ocu: I 33JaHHOTO MOTEHIIUAIA o
HalTH 6/Kafyo K HeMy MYHKITMO § TAKYIO, 9TOOBI TEpBBIe M COO-
CTBEHHBIX 3HaveHUi omeparopa lllpesuHrepa ¢ HMOTEHIMAIOM § COB-
majau ¢ 3aJaHHBIMHU 3HadeHusMH A\, € Rk =1,...,m.

Karwesvie cnoea: o6paTHBIE CIIEKTPAJIBHBIE 33a9M, CUCTEMa HEeJIN-
uettapix ypasuenuit lllpeaunrepa, omeparop peauurepa teopus
Inverse spectral problem for one-dimensional Schrodinger
operator on the integer axis with incomplete data

We investigate the statement of the optimization inverse spectral prob-
lem with incomplete spectral data for the one-dimensional Schrodinger
operator on the entire axis: for a given potential qo, find the closest
function ¢ such that the first m eigenvalues of the Schrodinger operator
with potential ¢ coincided with the given values \} € Rk =1,...,m.

Keywords: Inverse spectral problems; System of nonlinear Schrodinger
equations; Schrodinger operator;

B runs6eprosom mpoctpanctse H = L?(R) paccMaTpuBaeTcst CaMOCOTIps-
KeHHbIt oneparop lpenunrepa

Llglp := =" () + q(z)¥ (), (1
rae norernuan ¢(z) yaoBIeTBOPAET yCIOBAAM

q(x) = qo(x) + h(z), rach € L*(R), g0 € C"**(R), o ao(w) =too. (2)
Hsocnexmpanvnvm muozoobpasuem onepamopa L[g] dan cnexmpanvhox

daHHbBLT
a={(A1, A3, AR < A5 < ... <\, €R}

Basees Hypumyxamer @yarosmd, k.p.-m.H.,, IMBI[ YOUI] PAH (Yda, Poccus);
Nurmukhamet Valeev (Institute of Mathematics with Computing Centre, Ufa, Russia)

Cynranaes fdygnar Tanrarosud, g.¢.-M.H., npod., BIIIY nmenn M. Axmymie (Yda,
Poccusa); Yaudat Sultanaev (Bashkir State Pedagogical University named after M.
Akmulla)
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6ydem Ha3veamsb MHOCECNBO (MHO2006pasue) nomenyuasoe ¢ € W na
KOMOPHLT nepsvie M cobemeennnt snavenul onepamopa L]q] npurnumarom
sadannsie snavenua \pk =1,...,m, mo ecmo

ISM(L[g], W5 AT, A2, M) i= {g € W[Ai(q) = Ab, b =1,2,.,m; }.

B pabore 0bcyxkmaeTcsa onmumudauuoHHas 06pamnas cnexkmpaabHoa 30-
daua B craegyoomeil GopMyInpOBKe.

(P°) Iycmo sadanwor onepamopw L[q] , qo € W u usocnexmpasvroe
mnozoobpasue ISM = ISM(L[q], W; AT, A3, ..., A\n). Tpebyemea natimu
seuwecmeeHHuili nomenyuas ¢ € 1SM maxoti, wmo

inf — =||qg — .
S0 Mg = aoll = 11G = gol
OCHOBHOI 11€J1bI0 TAHHON PaGOTHI SIBJISETCS TOKA3ATETHCTBO YTBEPIK /16~

wuit 0 cymecrsopanmu penrermit OOC3 (P0), a Taxske ormcanue Cosa3m MeK-
ay (CPO) ¥ cUCTeMO# HenWHeUHBIX ypaBHeHui Illpenunrepa.

JIuteparypa

1. V. A. Sadovnichii, Ya. T. Sultanaev, N. F. Valeev Optimization
Inverse Spectral Problem for the One-Dimensional Schrodinger Operatoron
the Entire Real Line //Differential Equations, 2024, V.60(Issued), pp. 465-
471
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ASYMPTOTIC SOLUTIONS OF THE STURM-LIOUVILLE
EQUATION IN VECTOR-FUNCTION SPACE
Ya.T. Sultanaev, N.F. Valeev,A. Yeskermessuly
sultanaevyt@gmail.com, valeevnf@yandex.ru,
alibek.yeskermessuly@gmail.com

YIK 517.926.7

We study the asymptotic behavior of fundamental systems of solutions
to the Sturm-Liouville equation with rapidly oscillating potentials in
a two-dimensional vector-function space. We consider different cases
where the coefficients do not satisfy the regularity conditions. Addi-
tionally, we investigate the asymptotic behavior of solutions in reso-
nance cases

Keywords: asymptotic methods, rapidly oscillating coefficients,
vector-function, L-diagonal system, resonance case

We consider the Sturm-Liouville equation in two dimensional vector-
function space:

$’+<Ao+%‘:)m)¢:o, A =A0>0, a>0, (1)
p(e) =Y 5™, s €C,pr € R\ {0}, (2)
k=1
Substitution
¢ =Ty, ®3)
transforms equation (1) to the equation
2
?7,+ M1 02 g'-l-p(m)BZj:Q 230§II}<OO70£>07 (4)
0 1253 T

where

2
riar= (4 0). B=TAT= (), gk =T2

Theorem 1. Let o > 1/3, and let a function p(x) have the form (2).
Moreover, suppose the following conditions hold:

The studies of Valeev N.F. and Sultanayev Y.T. Ya.T. Sultanaev are supported by the

Ministry of Education of the Russian Federation (agreement No. 073-03-2023-010 dated
26.01.2023). Yeskermessuly A. is supported by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (Grant No. AP14869090).

Sultanaev Yaudat Talgatovich, Doctor of Physical and Mathematical Sciences,

Professor, BSPU (Ufa, Russia)

Valeev Nurmukhamet Fuatovich, Candidate of Physical and Mathematical Sciences,

Associate Professor, Institute of Mathematics with Computing Centre - SUFRC RAS
(Ufa, Russia)

Yeskermessuly Alibek, PhD, Altynsarin Institute (Arkalyk, Kazakhstan)
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> ¢ # 0, the condition
=1

1. For any set of numbers {ci, ..., cm }, where ¢; € OUN,
i=

15 met: .
Z CkPk 7& 0. (5)
k=1
2. For any pr, k=1,...,m, it is true that
pr & {201, F2p2, Ty £ po} (6)

Then, for the fundamental system of solutions of equation (4), as x — +oo,
the following asymptotic relations hold:

i@ —ip@
S (Z;ZW?” ZZZ_WQ'T') (I 4+ o(1)go, cjx = const, j,k =1,2, 5o = const.
Resonance case.
We consider the resonance case where pr € {+2pu1, £2u2, £u1 £ p2}., ie.,
condition (6) is not satisfied. Let p(x) = cos(p1 + p2)z, p1, p2 € R\ 0. Then
the dominant part of asymptotic solutions has the following form:
-ifl1/2<a<:

et

7~ ehor -exp{f Bo}(I+M~0(1))Zg,

-«
-ifa=1:
LA 17170(
Z~e? 0“”-exp{l Bo}(I+M~0(1))ZO,
-«
where Z = colon(y1,y2,y1,95), Z0 = const, By, M are 4 x 4 constant
matrices, and
©1 0 0 0
o —m o o
Jo=1y ¢ pz O
0 0 0 —pm
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O PA3BPEIINMOCTU HEJIMHENHBIX KPAEBHIX 3AJIAY
PABHOBECU YA HEITIOJIOTUX AHU3OTPOITHBIX
OBOJIOYEK TUIIA TUMOIIIEHKO C
HE3AKPEIIJIEHHBIMU KPAAMUAU
C.H. Tumeprasues,

Samat tim@mail.ru

YIK 517.958

Uccnenyerca paspenimmocte KpaeBoil 3a7au JijIs CHCTEMBI IISATH
HeJINHEHHBIX nuddepeHImaIbHbIX YPABHEOHNH ¢ TaCTHBIMU IIPOU3BOI-
HBIMH BTOPOT'O HOPAAKa IPU 33JaHHBIX 'PAHUYHBIX YCIOBUAX, OIIUACHI-
BaloLell COCTOAHME PABHOBECHUHA YIIPYIMX HEIIOJIOI'MX aHU30TPOIIHBIX
HEOTHOPOIHBIX 000JI0YEK € He3aKPEIUIEHHBIMI KPASMU HyJIeBOH IJIaB-
HOI KPUBU3HBI B PaMKax CABUIOBON Mozemm TuMoOIIeHko.

Karoueswie crosa: muddepenmaababe ypaBHeHUS PaBHOBeCHsT, 0000-
LIEHHOE PENIeHUEe, TEOPEMa CYIECTBOBAHMUSL.

On the solvability of nonlinear boundary value problems of
equilibrium of non-flat anisotropic shells of Timoshenko type
with loose edges

We study the solvability of a boundary value problem for a system of
five nonlinear differential equations with partial derivatives of the sec-
ond order under given boundary conditions, describing the state equi-
librium of elastic non-sloping anisotropic inhomogeneous shells with
loose edges of zero principal curvature within the framework of the
Timoshenko shear model.

Keywords: differential equilibrium equations, generalized solution, ex-
istence theorem.

PaccmarpuBaerca 3amada 0 paBHOBECHMH YIUPYIOH HEIIOJIOrON aHU30-
TPOMHOH HEOTHOPOMHONH 000J0YKM C HE3AKPEIIEHHBIMUA KpPasiMU HYIeBOM
TJTABHOW KPWBMU3HBI B pPaMKaX CIABUTOBON Mojmenn TwMOIIEHKO, KOTOpas
OIMCHIBAETCS CUCTEMON u3 matu auddepeHrmaIbHbIX YPAaBHEHUN ¢ 9acT-
HBIMU IIPOU3BOTHBIMU BTOPOI'0 IIOPAIKA IIPU CTATUYECKUX I'PAHUYIHBIX yCJIO-
pusax. Iunddepennmransapie ypaBHEHN U TPAHNYHbBIE YCIOBUS JTMHEHHBL OT-
HOCUTEJIBHO YIJIOB IIOBOPOTA Y1, 2, HEJIMHEMHBI OTHOCUTEIHHO TAHTEHITH-
AJILHBIX [I€peMeleHuii wy, we u npornda ws. Lleapio paboTol aBIIsIeTCA BBI-
BOJT YCJIOBWI1, IIPU BBITTOJTHEHUN KOTOPBIX CYIIECTBYET ODOOTIIEHHOE PEITeHne
cucreMbl muddepeHnraabHbIX YPABHEHNH, YAOBIETBOPSIIONIEe TPAHNTHBIM

PaGora Beimosinena npu dbunancosol moaepxke PH® (mpoekr Ne 23-21-00212).

Tumepranues Camar HuzamerauaoBud, 4.¢.-M.H., npodeccop, KIACY (Kazansb, Poc-
cus); Samat Timergaliev (Kazan State University of Architecture and Engineering, Kazan,
Russia)
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yesoBusiM. [IpesioskeHHBIE MCCIEOBAHNST PA3BUBAIOT PE3YJIBTATHI CTATHY
[1] ma ciywait aHE30TPOMHBIX 0BOIOUEK.

B ocHOBe MeTOma MCCIIEOBAHUS JIEKAT WHTETPAJIBHBIE ITPEICTABICHUS
151 0DOOIIEHHBIX TIEPEMEIeHni, COAepIKaIire MTPON3BOIbHEIE (byHKITHIH,
KOTOpBIe mocTpoeHbl B pabore [1]. IlpomssosbHble GyHKIUM HAXOLATCH
Tak, 9T00Bl 0OOOIEHHBIE TIEPEMEITEHNS YA0BIETBOPIIN JINHEHHON CuCTe-
Me YpaBHEHUH ¥ JINHEHHBIM TPAHWIHBIM YCIOBUSIM, KOTOPBIE CIIEITHATHFHBIM
006pa30M BBIIE/ISIOTCS W3 UCXOQHOM HeJImHelHoH 3anaqdu. B pesynbrare uc-
XOIHAA KPaeBad 3a7a9a CBOJUTCA K HEJMHEHOMY OIEPATOPHOMY ypaBHE-
HUIO BHUJIA

a— Ls(a) — Le(a) — G(a) = ax +ar
OTHOCHUTEJIbHO BekTOpa a = (w1, wsz,ws,P1,1P2) 0BOBIIEHHBIX TepeMere-
HUM B COBOJIEBCKOM IIPOCTPAHCTBE Wp(2)(ﬂ), p > 2, tme Ls u Le - nuneii-
HBIE COOTBETCTBEHHO OTPAHUYIEHHBIN U BIIOJIHE HEITPEPhIBHBIN, G— HeJnHe-
HBEIH OTPaHHYeHHLIH OmepaTophl B WZSQ)(Q), p > 2, ax M AF— W3BECTHBIE
BEKTOD- DYHKINH, 3aBUCANINE COOTBETCTBEHHO OT MPOW3BOJIBHBIX ITOCTOSH-
HBIX W BHEIIHUX CHJI.

B cayuae msorponmbrx o6omouexk [1] Ls = 0.

IIpu nccrenoBanun paspemumoctr ypasuenus (1) manGosee CI02KHBIM
MOMEHTOM $IBJISIETCS TOKA3aTe/IbCTBO 0OPATHUMOCTH JIMHEHHOTO OIEePaTopa
I —Ls — L., I— TOXJECTBEHHBIHN OIEPATOD, KOTOPOE CYIIECTBEHHO 3aBU-
cuT 0T (PUBUKO- FEOMETPUIECKHUX XapaKTepucTuk 00004k, Ilpu mmomonim
obparsoro omeparopa (I — Ls — L.)™' ypaerenue (1) mpeobpasyerca k
skBuBAEHTHOMY Buiy a — G4 (a) = ap C HEIMHEHHBIM OTPAHMYEHHBIM B
WIIEZ)(Q)7 p > 2 oneparopom G, U C W3BECTHOH MPABOW YACTHIO A, 3a-
BHCAIIEH OT BHEIMHUX CHJI, PA3PEIIMMOCTh KOTOPOTO yCTAHABIMBAETCH C
WCIIOIH30BAHMEM TIPUHITUIA CKATBIX OTOOPAKEHUH.

JIuteparypa

1. Tumepeasues C.H. PazpemunMocTs HEJMHENHBIX KPAEBBIX 33149 J1JIs
HEIIOJIOTUX U30TPOMHBIX 000/I09UeK Tuna THMOIIeHKO HyIeBOH IJIABHOM KPH-
Busubl // Ydumck. marem. xxypH., 16:1 (2024), 81-98.
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PETYJJIAPN3AIINA 3AJAYN KOIIIN IJIA JIMHEMHBIX
QIINIMIITUYECKUX CUCTEM ITEPBOTO IIOPAOKA C
IIOCTOAHHBIMU KOPPUIITNEHTAMMN
®.P. TypcyHoB,
farhod.tursunov.76@mail.ru

YIK 517.946

B crathe uzygaercs mpogoskenne pemenns 3aga4ua Koy mst muHeti-
HBIX JUTUIITUIECKUX CUCTEM TEPBOTO MOPS/IKA C MOCTOAHHBIMU KO-
dunumenramy B obsiactu G 10 €€ M3BECTHBIM 3HAYEHUAM HA IJIAJIKOM
qactu S rpauursl OG. TIpenmnonaraercs, 9To pelleHue 3a1a9u CyIie-
CTBYeT 1 HENPePbIBHO muddepeHmpyemMo B 3aMKHY TO# 06J1aCTH C TOU-
HO 33/1aHHBIM JaHHBIMU Komm. g 9T0ro ciaydas yCTaHABIUBAETCS
sABHAs (POPMYIa TPOIOIKEHUS PEITeHUS.

Karouesnie caosa: Bamaga Komu, HekoppekTHbie 3ama4u, (BHYyHKIUS
Kapsemana, peryiisipu3oBaHtble pelieHusi, pery/ispusanus, GopMyJibl
TTPOIOIKEHMUSI.

Regularization of the Cauchy problem for linear elliptic sys-
tems of the first order with constant coefficients

The thesis studies the continuation of the solution of the Cauchy prob-
lem for linear elliptic systems of the first order with constant coeffi-
cients in a domain G from its known values on a smooth part S of the
boundary 0G. It is assumed that the solution of the problem exists
and is continuously differentiable in a closed domain with exactly given
Cauchy data. For this case, an explicit formula for the continuation
of the solution is established.

Keywords: Cauchy problem, ill-posed problems, Carleman function,
regularized solutions, regularization, continuation formulas.

Iycts x = (z1,22,23) 1 y = (Y1, Y2, Yy3) ToOUKH TpéxmepHOro EBkimmoso-
ro mpocrpancTsa R, u G— orpammuenmas oxHocBs3Has obmacts B R® ¢
rpanureit 0G = S U Q cocrosmeil n3 KOMIAKTHOM CBA3HON gacTu () IIoc-
xoct y3 = 0 u rIaaKoro Kycka mnoBepxHoCTH JlsmymoBa S, jexxamieil B
noaympocrpanctse y3 > 0. Ionoxmv G = G U 0G.

O6o3rasam wepe3 Ajxn(x) xmacc marpwmrm D (a:T), 3JIEMEHTAMH KO-
TOPBIX SBJISIOTCS JIMHEHHbIE (POPMBI ¢ KOMILIEKCHBIME KO3 bunmeHTamMmm
TaKWX, 4TO BBIOJHAETCA paBeHcTBO D™ (xT) D (xT) =F (a:2u0); 3/1eCh
D (acT) - conpsaxkeHHad K D (TT) marpuna, a F(z) - nnaronajbaas MaTpu-
1ma pasmeprocTs (n x 1), n,0 >3, v’ = (1,1,...,1) € R*, 27 = (21, z2, .’L’3)T
- TPAHCIIOHUPOBAHHBIM BEKTOD .

TypcynoB ®@apxoxn Py3suxkynosud, nok.dun. no ¢bus. mar. nHayk, Caml'V (Camapkann,
Vabekncran); Tursunov Farkhod Ruzikulovich (Samarkand State University named after
Sharof Rashidov, Samarkand, Uzbekistan)
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B ob6mactu G paccmorpum cucremy andepeHnnaabHbIX yPaBHEHNH
0
D(%) U(z)=0, ze€gG, (1)

T
e 4% = (%7 Bog %) , U@) = (Ui(2), Uz(),..., Un(2))".

Tpeyercs nmaiirn bywxmmo U(z) € CH(G) N C(G) sensomuecs: perre-
mreM cucteMbl (1), y KOTOPOTO M3BECTHO 3HAYEHWE Ha 9acTh S TPAHMITB
obractu G T.e.

Ulz)], = f(x) 2)
OTHOCHWTETHHO HeM3BeCTHOH BhyHKIAN
Ulz) = (Ui(z),Us(x),...,Un(x)"; n > 3, 3nech, f(z) - HenpepsisHas
dyukua, 3amannaga Ha dactu S rpaxunsl obnactu G.

Ecmm dynkmua U(z) € C'(G) N C(G) aBastercss pemeHneM CHCTEMb
(1), To BepHO cieyIOmIee UHTETPAJIbHOE IpecTaBieHue [1]:

U(z) = M (z,y)U(y)dSy, (3)
oG

v (+(54) (2))o(0)

t = (t1,t2,t3) - eNMHWYHAA BHENTHAS HOPMAaJsb, MPOBEJICHHAd B TOYKE y
rparunsl 0G.

Iycts ¢ > 0. Onpenemam mpu o > 0 byakmun @, (z,y) caemyommm
pasencTBoM [2]:

“+oco ow?
2 _oa} _ e du — i/u2 2
—27“e 3<I>(,(ac,y)—/0 Im |:’LU—£L‘3:| u2+a2’w_l u?+a?+uys, (4)

rae
yl:(y15y2)7 .17/:(171,1'2), a:’y/*f’:
r=ly—z[=0a"+(ys —23)°, o=y —21)°+ (y2 — 22)°.
OtTnessst MHEMYIO 9acTh paBeHCTBO (4), nmeeM

2
1 ~ o gmou? oo —
B, (1,y) = —e (P Ho3-vs) [/ e=7" cos 20y’ £ o2
0

272 u? + 72

2
/°° e 7" (y3 — x3)sin 20ysvu? + a2 du
0 u? +r? Vu2Z + o2
Dopwmyna (3) BepHa, ecan ﬁ samennThb bynkmmeit P, (x,y) ompeme-
nsgeMoii pasencrsoM (4). Torga murTerpajbHOe mpezcTasieHue (3) mMeer
BU

U(z) = No(z,y)U(y)dSy, =z € G (5)
aG
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rae

ITomoxum
U, (z) = /S N, (2,9)U(1)dS,, € G. (M)

Teopema. ITycms U(x) sexmop- dynmyua us xaacca CH(G) N C(G),
ABAAETNCA Peuwternuem cucmemst (1) na wacmu S epanuys. OG ydosaemeo-

parouee 1auanvromy yeaosue (2) u na wacmu Q epanuys OG 6wnosnero
HEPABEHCTE0

Uyl <M, M>0, yeqQ. ®)
Tozda dan mobozo x € G u o > 0 cnpasedauss, oueHKy
70'11)2
U(z) — Us(2)| <23 (0,23) Me™ "3, 9)
oU(z) OU,(x) oz .
= TN < i (o, x8) Me™ ", i=1,2,3, 1
l Ers 5w | SV (o,23) Me i 3 (10)
2de
5 1 1
. =>4+ -y - = t
¢s (0, x3) <27r + Soa2 + 4:53\/%) ¢, c= const,

w1 (0, 23) = (1%5—#2\/\/7;—&—4\/%%34—\/\;ig)c,wz(a,mg)zwl(a,mg),
o loan — [ V7 Vo (11 + 4oa3) 1 (27234161
“’”(w* e

Caenctue 1. IIpu xaocdom € G cnpasedaiuso pasencmeo

lim Uy(z) = U(z), Tim 202 _0U@) o

o—00 o—00 8901 8;151 ’

—1
Obosnavum wepes G, MHooCECTNBO
—1
G. = {(m,xg,xa) €eG, a>wx3>e, a= qu}xh(zl,:pg) ,0<e<a, }

—1
Jezko samemums, wmo mnosrcecmeo G, C G asasemea xomnaxmrom [3].

Cnencreue 2. Ecau x € GL, mo cemeticmeo dynryut {Uys(2)} u
{aUUu)

ox;
Uy (xz)  OU(x)
8.%‘1' (%Z ’
Caencreue 1 maer tounoe pemenme 3amaam Komm (1)- (2) B cayuae,
Korza aanHable Komrm Ha nmopepxHOCTH S 3aJaHBI TOYHO.

Us(z) = U(z),

i=1,2,3.
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HEJIOKAJIBHBIE 3ATAYN [JJ1d YPABHEHU A
CMEIITAHHOT O TUITA BTOPOT'O POJA
II1.P. ®apmoHos,
farmonovsh@gmail.com

YIK 517.956.6

B nacrosmeit pabote chopMysmpoOBaHBI TPH 33a491 C HETOKAILHBIMHA
YC/JIOBUAMM Ha JIMHUAX BBIPOKJICHUA U Ha 6OKOBI)IX XapaKTEPUCTUKaAX
A9 YPaBHEHUA CMEIIaHHOTO THUIla BTOPOTO pPOJa C ABYMA JIMHUAMU
BeIpox AerHns. ChopMyInpOBaHHbIE 331291 YKBUBAJIEHTHO CBEJIEHBI K
COOTBETCTBYIOIIIUM 3a/ladaM B O6.]'IaCTI/I SJJIUIITUIHOCTH YPAaBHEHUA.
HpI/IBe,ILeHbI TeOPpeMHbI O CYIIeCTBOBAHNU €JUHCTBEHHOTO peNieHnud U3y-
qa€eMbIX 3aJda4q.

Karouesoie crosa: YpaBHeHHE CMEIMAHHOTO THIIA BTOPOrO PO, 3a/1a-
4a Tuna OpaHK/ia, IPUHIIAI SKCTPEMYMA, CUHTY/ISPHOE HHTErPAIHBHOE
ypaBHEHUE.

The main tasks of mathematics

In the present work three problems with non-local conditions on the
lines of degeneracy and on the lateral characteristics for mixed type
equation of the second kind with two lines of degeneracy are formu-
lated. The formulated problems equivalently reduced to problems in
the elliptic part of the considered domain. The existence and unique-
ness theorems for studied problems are proved.

Keywords: Second kind mixed type equation, Frankl type problem,
extremum principle, singular integral equation.

IIycTs € - KOHEYHASA OTHOCBA3HAA 061aCTh TIOCKoCTH £OY, OTPAHTYIEH-
masg orpeskamu AB = {(z,y) :x+y = 1,2 > 0,y > 0}, BA* = {(z, y) :
z=0,-1<y <1} ugyroit A"A = {(z,y) : Vo ++/—y=1,2 >0,y <0},
aQ=0n{(z,y):y >0}, %, =0n{(z,y) : (1) (z+y) <0,y <0},
7=12.

Sapaua A, [A,]. Haittu byuxmmo u(z,y) € C (ﬁ)7 VIOBJIETBOPSIONLY IO
CIIeTYIOTIUAM YCTOBUSM:

1) B obsactu €y €CTh PETyIAPHOE PEIeHue ypaBHEHUs

TUza + YUyy + Uz +auy =0, 0< a = const < (1/2); (1)

2) B 211 u Q12 ectb 0606mennoe pemenne ypasuerua (1) n3 kmacca Ra[l];
3) Y/IOBJIETBODIAET yCIOBHIM

u(x,y) = @(m,y), (xvy) € E§ (2)

®apmonos [Ilep3onbek Paxmonkonopud, PepracKuil rocygapCTBeHHBIN YHUBEPCH-
ter (Qeprana, Yasbekucran); Sherzodbek Farmonov (Fergana state university, Fergana,
Uzbekistan)
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u(0,) +u(0, —y) = f(y), -1<y <1

wlz,—(1-va)?] —u[(l—va)? —z] =p(z), (1/4)<z<1 (4)
Jm 2%ua(z,y) = g(y), 0<y<1; (5)

: «@ R O a _ — . ’
g 2us(z,y) = lim z%us(z, —y) = g(y), 0<y<1L (5)

yl_i}rr_l() (—y)* uy(z,y) = — y1_1>m+0 yruy(z,y), 0<ax<l. (6)
rae o(x,y), f(t), p(t), g(t) — 3anannabie HENpepbIBHBbIE GYHKIMH, IPUIEM
p(1/4) =0, ©(1,0) + ¢(0,1) = p(1) + f(1).

Ormernm, ato ypasaerme (1) B obnactu (o IPUHAIIEKUT J/LTATITHIE-
ckoMy Tuity, a B {211 u {212 — runepbosmaeckomMy Tuity, mpuaeMm orpe3ok OA
SIBJIIETCS JIMHUEH M3MEHEeH!s THUIIA.

Ouesumno, uto (3) u (5') aeastoTca yeposuamm Tuma, yeaopus OpaHk-
sg, a ycaoBre (4) CBA3BIBAET 3HAYEHNA MCKOMOU (DYHKITMH B TOUKaX, Jie-
skamwmx Ha ayrax A*D u DA xapakrepuctuku /x + /—y = 1 yparaeHns
(1), tme A(1,0), A*(0,—1), D(1/4;1/4).

Iycre u(x,y) pemenne 3amam Ai. Beeném obosmaenns:

mi1(t) = u(t,0), 7i2(=t) = u(0,—t), 72(t) =u(0,t), 0<t<1;

+ T a 1 o\ .
Vll(t)_yl_lfgoy uy(t,y), 1/11(t)—y1_1>H_10( y) Uy(t,y), tE(O,l),

Vh() = lim a%un(e,t), via(—t) = lim a%us(w,~t), ¢€(0,1);

wy(z,y) = u(z,y), (z,y) €y,
O6o6mennnie pemenns u1;(x,y) € Ro, ypasuenus (1) B obmactax Q11

n Q12 mpeacTaBuMbl B Buze|2]

j=12

n

3
uy(ey) = [T+ g [ PN (@)
0 3

e § = a - (1/2, ¢ = [VEI- VB[, 0 = (VEI+ V)

a2
T1y(2) = sign(:) 545 [ (2 =9 [ns) = s (0)lds,
0
Nij(2) = Tiy(2) + (1) x [H1° 7 vy (2), 2= (17T, =132
o= (€D — 1), x = 27711 — a) Leos(BmIT(2 — 2B)T2(1 — B),
x1 = sin(Bm)(8m) "1, T'(2)-ramma-dbyuxnus Ditnepa.
Kpowme Toro, B cuny u(z,y) € C (ﬁ) , CIIPABEJIJINBO PABEHCTBO

dim o (ey) = Jim sy, 0<a< (1/4) (8)
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Ioncrasass dyukmm ui;(x, y), onpenensiemsre popmymavu (7), B pa-
BeHCTBO(8), TIOC/IE HEKOTOPBIX TPEOOPAZOBAHMIA, TTOJTY TUM

Ti(t) — Th2(—t) = Xta_l 11 () + vi2(—=t)], 0<t< 1l (9)

Hanee, ¢ momompio ¢opmyn (7) maxomum uii [z, —(1— /)],
ui2 [(1 — /z)?, —2] u noacrasazem B ycnosue (5). Barem, HCIOIBb3ys pa-
BercTBo(9), yeaosue (3) u cunras 71;(0) = 0, umeem

() +m21(t) = f(t) + P1(t), 0<¢t<1, (10)
i ¢
1-¢)° d’ 14+/5)2
rae 21(t) :leﬁdfdfgz /(C—s)ﬁp {%} ds.

Pasenctso (10) aBasterca (QyHKIMOHATHLHBIM COOTHONIEHUEM MEXKILY
711(t) m 721(t), MOMYyIAEMBIM W3 TOTO YCJOBHs, 9TO peme-Hue 3amaam Aj
JIOJIKHO yznoBJieTBoputh yciosusaM (3)-(5) u (8).

DTuM 33/1a9a A1 SKBUBAJEHTHO CBEJIEHA K CISAYIONIEH 3a,1ade Ay Haii-
TH perymapHoe B obmacth (o pemenwme u(z,y) € C(Qo) ypasmenms (1),
yaossersopamomee ycnosuaMm (2),(5) u (10).

AnanormaseIM MeTOIOM, 3a7a49a Ay SKBHUBAJIEHTHO CBEIETCS K 3a]a4e
Ay, 06 onpeesenuu pery/asapHoro B obaacru o pemenus ypasuenus (1),
yaosseTBopgmomero ycaosuaMm (2),(10) n

vai(x) = vy (z) = @2 (),

t

m(hﬂﬂf/ o [(L+/3)?

e Oso(t) = — t— —— | ds.

re $o(t) = g(x) + M= (t—s)"p 1 s
0

EnuucTtBennocTh pemenust 3amad Aj ([h) u As (Az) MOKA3BbIBAETCSA

MEeTO[OM MPUHITUIA IKCTPEMYMa, a CYIIECTBOBAHUE-METOIOM WMHTErDAJIb-

HBIX yPaBHEHUM.

Teopema. [Iycms 3adannve Pynruyuy ydo6aemeopaom caedyrousum
YCAOBUAM.:

1) e(x,y) =z —2)"gx), &) eC0,1], e>1+a

9) [ = A 1]+ f0), FO=A J1) €™, 5>

0;
3)p(t) =t —1/4)" (1-4)"p(t), p(t) € C[1/4,1], 1 >2-4B, 72>
4;
; 4) g(t) =t'"g(t), §(t) € C[0,1]N L(0,1),

28 g2 L
4= %@éﬂ))/@(t)[m ey,

Torpa 3anaaa A (A2) umeer e MHCTBEHHOE PELICHHE.
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IMPUHIIUITI CYBOPAMHAIINU AJI1 OJHOTO KJIACCA
YPABHEHUI C PACIHPEJIEJIEHHOW IIPOU3BO/JHON
B.E. ®enopos, H.B. ®uiun
kar@csu.ru, nikolay filin@inbox.ru

VIIK 517.95

JlokazaH mpuHIAN CYyOOPIMHAINN s OJHOTO KJIACCA YyPaBHEHUH ¢
IIPOIIOPITMOHAIBHBIMA PACIIPE/IEIEHHBIMI IPOOHBIMHU IPOU3BOTHBIMU
B 6AHAXOBBIX ILIPOCTPAHCTBAX.

Karoweswie caosa: npobHas nponssoanas ['epacnmosa — Kamyro, pac-
npezesieHHAsA IIPOU3BOJHAdA, pa3pellaloliee ceMeifiCTBO OIepaTopoB,

mpuntmn cybopuaanym, byaknua tuna Paiira.
Subordination pr1nc1ple for a class of equations of equations

with a distributed derivative

The principle of subordination is proved for a class of equations with
proportional distributed fractional derivatives in Banach spaces.

Keywords: Gerasimov—Caputo fractional fractional derivative, dis-
tributed derivative, resolving family of operators, subordination prin-
ciple, Write type function.

IIycts ¢1 > c2 > 0, paccmMoTpuM /1Ba yPaBHEHMs C PACIIPEIE/IEHHON IPOu3-
BomHOI I'epacumosa — KamyTo:

/Daz(t)dul(a) = Az(t), t € Ry, (1)

/Daz(t)dug(a) = Az(t), t € Ry, (2)

rae A — nuHeMHBIA 3aMKHYTBIM ONepaTop € IVIOTHOU 06JacThIO ornpese-
JieHusi B 6aHaX0BOM IpocTpaHcTee 2, u; € BV (0,¢], i = 1,2 (bynkuum
orpaamaenHoi Bapuarmn). [lycts v := c2/c1 € (0, 1), du2(8) = dui(8/7)
npu 3 € (0,c2), Torna npu |arg \| < 7

Wi () = / N dpuy () = / Ndjur (8/7) = / Ndpua(B) = Wa(N).
0 0 0

VccnemoBanue BBIOJIHEHO 3a c4eT I'paHTa Poccuiickoro HayuHoro ¢donga u [Ipasu-
TenbcTBa Yensbunckoit obnactu Ne24-11-20002.

®emopor Braguvmup EsremveBud, f.¢.-M.H., 3aBeayoomuii kadenpoil mMareMaTmte-
CKOro anasm3a, JensabuHckuil rocymapctBeHHbifi yuuBepcurer (Yemsbunck, Poccus);
Vladimir Fedorov (Chelyabinsk State University, Chelyabinsk, Russia)

®unun Hukonait BragumupoBud, accuctenT, YendaObUHCKUN rOCy/TapCTBEHHBIN YHU-
Bepcurer (Yensbunck, Poccus); Nikolay Filin (Chelyabinsk State University, Chelyabinsk,
Russia)
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Bynem rosoputs, uto omeparop A mpumasexur kiaaccy Cw (w), eciu mpu
HeKOTOPBIX K, w > () BBIIOJIHAIOTCS YCAOBU:

(i) if ReX > w, then W(X) € p(A);

(ii) if ReA > w, then for all n € N

H dd/\: (@(W()\)I - A)71>

Kn!
< —
~ (A—w)ntt

£(2)

Eciin A € Cw, (w) npu w > 0, To paspemaioniee ceMefiCTBO OIIEPATOPOB
ypasrenus (i) o6oznaunm {S;(t) € L(Z):t >0}, i =1,2.

Oupenenum knace Aw (6o, wo) npu 0y € (7/2,7], wo > 0 Kak MHOXKe-
CTBO OIIEPATOPOB A, TaAKHX, ITO:

(i) mpu mobom A € Sgyw, = {1 € C: Jarg(p — wo)| < bo, b # wo}
umeem W(A) € p(A);

(ii) upu nrobeix 0 € (7/2,00), w > wo cymecrsyer Takoe K (6,w) > 0,
aro pu Beex A € Spo [[(W(NT — A) g2y < W) K (0, w).

Teopema 1. IIyems 2 > ¢1 > c2 > 0, v = ca/c1 € (0,1), du2(B8) =
dur(B/7) npu B € (0,¢2), w > 0, A € Cw, (w). Tozda A € Aw, (6o,w'"),

o = min ym, 3= ¢, unpu d € (0,1) dan 6cex z € Z,

%) d+ioco
Sa(t)z :/ 77D, (st77)S1(s)zds :% / vaafm[&(ﬂz](a)da.
0 d—ico

3necy @, — dyukima Tumna Paiita, 91 — npeobpasosanue MesuHa.
[Ipusanun cybopauHaruy [y Pa3jIndHbIX KJIACCOB YPABHEHUH MOXKHO
maiitu B [1, 2].
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OB OTHOM JINMHEMHOMN OBPATHOW 3AJIAYE C
HEJIOKAJIbHBIMU KPAEBBIMU YCJIOBUAMU
IMEPUONYECKOT'O TUITA AJISI TPEXMEPHOTI'O
YPABHEHU A CMEIIIAHHOTI'O TUITA BTOPOI'O POJIA
YETBEPTOTO ITOPAJKA B ITAPAJIJIEJIEIIUITEJIE
B.b. Xaaxamxkaesn, C.3. /I>xamaJjioB
xalxadjaev@yandex.ru, siroj63@mail.ru.

YIK 517.956.6

B mamHoit pabore mpeayaraeTcsa HOBBIM METO JIJIS UCCACTOBAHUA O~
HO3HAYHON pa3pemunMocTu 00PATHBIX 33129 /Il YPABHEHN CMELIAH-
HOT'O THIIa BTOPOTO POJa, YeTBEPTOro MOPAIKa B TPEXMEDHOM ITapaJ-
Jenenunesie.

Karuesvie caosa: METOAbI €—Peryjadpu3anuda U CZKUMAKOIIe 0T06pa—
KCeHUA.

This paper proposes a new method for studying the unique solvability
of inverse problems for a mixed type equation of the second kind,
fourth order in a three-dimensional parallelepiped.

Keywords: e—regularization and contraction mapping methods

B TpexmepHOM mapamnesenuiese
G=(0,1)x (0,T) x (0,6) = Q x (0,0) =

={(z,t);0<z<1; 0<y<40<t<T < +o0}
PACCMOTPUM yPABHEHHUSI CMENTAHHOTO THIA BTOPOTO POZIA IETBEPTOTO TIO-
pagKa
Lu= Pu— Mu+ Nu=v¢(z,t,y).
Brﬂer Pu = Z?:O K; (CL', t)Dzu, Mu = auzzrs — bt — ClUgx; Nu = uyyy‘yz
rae Ka(z,t) = Ka(t), K4(0) = K4(T) = 0; a,b,c — const > 0, Dju =
(1=0,1,2,3,4), D2u = u.

Ypaerenwne (1) OTHOCHTCA K ypaBHEHHSM CMENIAHHOTO THUIIA BTOPOTO
pofia, Tak Kak Ha 3HaK GyHKImM K4(t) 10 mepeMeHHOW ¢ BHYTPH OTpe3Ka
[0, T] He Hamaraercss HUKaKUX orpanudenuii [1,2].

B nanpretimem Gyaem npeanosorats, aro ¥ (x, t,y) = g(z,t,y)+h(z, t)-
fz,t,y), vme g(z,t,y) u f(z,t,y)— 3ananuse yukuum, a Gyukuus h(z, t)
TIOZJIEXKAT OTIPEEICHUIO.

Xamnxamkaes Baxtuép BarbipoBud, acmupant, UM um. B.M. Pomanosckoro AH

P.V3. (Tamxkent, Y36ekucran); Bakhtiyor Khalkhadzhayev (V.I.Romanovskiy Institute

of Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
J>xamanoB CHPOXUAIUH 3yXpUAAUHOBUY, J.d.-M.H., npodeccop, UM um. B.U. Po-

manosckoro AH P.V3. (Tamkent, Y36ekucran); Sirojiddin Dzhamalov (V.I.Romanovskiy

Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan)
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Junetinas obpamnas 3adava. Hatitn byuxmun {u(z,t,y), h(z,t)},
YIOBIETBOpsIomme ypasHenwio (1) B obmactum G, Takme, uTo QyHKIMS
u(x,t,y) yIOBIETBOPSIET CICAYIONUM KPAEBBIM YCJIOBUIM

’yDtp U“t:o = Df u|z=T; p=0,1,2
D3 ul,_, = D3 ul
Dy ul,_, = Dy ul

¥ JOTIOJIHUTEIBHOMY YCJIOBUIO

¢=0,1,2,3
q=20,1,2,3

xz=1 )

y=£7

u(z,t, o) = po(z,t), rme 0 < £y < £ < o0
n BMecTe ¢ byrkmmueit h(x,t) IpUHAIIEKAT KIACCY
U ={(u,h)| ueW;*(G);h € W (Q)}-

4,3 .
3necs W5 (G) anmsorponnsie npocrparcrsa Cobonesa ¢ HOpMoit

2 oo
ol 080 = \/; SO+ 1d)? (e, ) g o
k=1

a mopMa, B mpocrpancree Cobosesa Wi (Q) ompemeaseTcs CeayonuM 06-

pa3om
gy = 3 [ 1D dadt,

lal<4

e a—3To MyJbTuuHAEeKC, D — ecTb 06001eHHAs TPOU3BOAHAS IO TIEpe-
MEHHBIM T 1 t.
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2. Bpazos B.H. O mocTaHOBKe W DA3PEIIMMOCTH KPAEBBIX 33a9 JJIs
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O PACXONMMOCTHU HOPMAJIN3YIOIIINX PAJ0B AJISA
BBIPOKJEHHBIX OCOBBIX TOYEK BMHAPHBIX
JIN®PEPEHIITMAJIBHBIX YPABHEHU
E.A. YepenanoBa, gloomsonl13@mail.ru

VIIK 517.518

Ilist  BBIPOKIEHHBIX OWMHAPHBIX auddEpPEeHInaIbHbIX yPABHEHUN
IIpeabsaBieH npuMep GopMaIbHONR HOPMAJILHON (POPMBI, sl KOTOPOM
HOPMAJIU3YIOIINE PAObI, KaK IPABUIO, PACXOIATCA.

Karoueswie crosa: bunapusie auddepeHinaabable YPABHEHNs, HOPMa-
JIN3YIOIINE PSIIbl, HOPMAJTbHBIE (DOPMBI.

On the divergence of normalizing series for degenerate sin-
gular points of binary differential equations

For degenerate binary differential equations, an example of a formal
normal form is presented for which the normalizing series, as a rule,
diverge.

Keywords: binary differential equations, normalizing series, normal
forms.

Bunaproe muddepennmanbroe ypaBHeHne — 3T0 HesiBHOe nudpdepeHim-
aJIbHOE ypDaBHEHHe BUIA
d
ap2+2bp+c:0,p:—y (1)
dx
¢ xoapburmentamu a = a(z,y), b = b(z,y), ¢ = c(z,y), ananuTHIECKIMET
B okpecraoctu Touku (0,0). B caygae

a(0,0) = b(0,0) = ¢(0,0) = 0 (1)

rouky (0,0) GymeMm Ha3bIBATH 6uposicdennoll 0cobotli mowkol GEUHADHOTO
muddepermuanproro ypasaenus (1). 3amaga 0 kmaccmdukanmm BHIPOK-
JEHHBIX 0COOBIX TOUYEK OuHAPHBIX andQepeHrmaIbHbIX YPABHEHUI ITOCTaB-
seHa B [1]; Tam xe mosydeHa (OCTATOYHO MPOCTAsi) UX TOMOJIOTMYECKA
KJTaCCUPUKAITHS.

Anammruaeckan (m maxe dopmanabHan) kmaccudurarmu OUHAPHBIX
muddepermuanpabx ypasuenuit (1), (2) mamuoro cioxuee. K macroamemy
BPEMEHHU IIOJIYyUEHbl CJIEAYIONe Pe3yIbTaThl. AKeCTKOCTh: JJisd TUITMIHBIX
6unapubx qud depennmanbabix ypasaenuii (1), (2), u3 dopmanbHOit 9xBU-
BaJIEHTHOCTH CJIEJIYET aHATUTHIECKAsT. AHAOTUYHOE YTBEDIK IEHIE O KECT-
KOCTH IOJIy4€HO B [2] ¥ IpU HEKOTOPBLIX HAPYIIEHUAX yCIOBUH TUIIUYHOCTH.
OpHako, sIBJIEHUE KECTKOCTU He yHUBEPCAJIBHO.

Yepenanosa Esena AmnarompeBHa, crapmnmil npemogasarensb, denl'V (Hensabunck,
Poccus); Elena Cherepanova ( Chelyabinsk State University, Chelyabinsk, Russia)
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Teopema 1. [asa 6unapnuz Jupdepenyuarsvnos ypashenud, @Hop-
MANBHO IKEUBAAEHTIHBLE MOJEAU
dy

(x+zy)p” +2ap+22 +y =0, p=_

HOPMAAUSYIOULUE PADL, KK NPAEULO, DACTOOANCH.

Jlureparypa
1. Bruce J.W., Tari F. On binary differential equations // Nonlinearity,
8:2 (1995), 255-271
2. Voronin S.M., Cherepanova E.A. Linearizability of Degenerate
Singular Points of Binary Differential Equations // Journal of
Mathematical Sciences, 269:2 (2023), 143-164
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KPAEBAY 3A/TAYA PUMAHA JJId OBOBIIIEHHOM
CUCTEMBI KOIIIN-PUMAHA C CBEPXCHUHI'VJISIPHON
JINHUEN
I1.JI. ITTa6aauna
pavel.shabalin@mail.ru

YIK 517.54

Hnsa o6ob6mennoit cucrembl Komun—Pumana, koadduiment KoTopoi
nMeeT 0COGEHHOCTH BBICOKOTO TIOPSI/IKA HA, MHUMOKN OCHU TIOJTydeHa, (pop-
Mysia OOINEro pemleHus M PacCMOTpPeHa 3aJada Pumana ¢ kpaeBbiM
YCJIOBHEM HA Pa3pese 10 BEIEeCTBEHHOM MOJIyOCH.

Karoueswie caosa: 0bobIIEHHBIE aHAINTUIECKHE DYHKITUNA, CHHTYISAP-
Hasg JIMHUS, KpaeBad 3a7ada Pumana.

Riemann boundary value problem for a generalized Cauchy-
Riemann system with a supersingular line

We obtain a formula for the general solution of a generalized Cauchy-
Riemann system with high-order singularities on the imaginary axis.
For solutions to this system, consider the Riemann problem with a
boundary condition on a section along a real semi-axis.

Keywords: generalized analytical functions, singular line, Riemann
boundary value problem.

B mrockoctu C KOMIUIEKCHOTO TEPEMEHHOTO z = T + 1Y PaCCMOTPHUM
obsractb D, TpaHUIeil KOTOPOH CIYKUT JeHCTBUTEIbHAS TOJ0KUTEIHHAS
noayock ', mw mamMyo ock L = {z: Rz = 0}. B obnacrm D paccmorpum
YaCTHBIA ciay4ail o6obmennoit cucremsr Komn-Pumana ¢ cBepxcuHrysp-
HOlt jmuwmeit L :

8:U — A(2)U = F(2), A(z) = %

1<a<?2,
re a(z), F(z) € C(D\ L). Crenya merony u3 [1] (passurme 3TOTO Me-
roma B mocaenyromux paborax A.B. Pacymosa (cm.,mampumep, [2])), mbr
Gyziem npejiosarars, 4o jyia A(z) cymecrsyer Taxas aHaIMTHYECKAd B
D, orpannyennas B D dbyHKIma ag(z), 910

(z + z)a(z) — ao(2)
Z+ 2ot

Ao(z) == €L,y(D), p>2, 1<p <2.

PaGora Beimosinena npwu dhuHaHCOBOR moaaepxkke PODPU (npoekT Ne 23-21-00212).
ITa6anur ITaen Jleornmoend, n.¢d.-M.H., gonerr, KITACY (Kaszaus, Poccus); Pavel
Shabalin (Kazan State University of Architecture and Engineering, Kazan, Russia)

175



B orsmirame ot pator [1], [2], nae ao(z) € C(D), MBr 6ysem cantaTh, 9TO 3T
dyHKINS HMeeT HapyIIeHHe HEIPEPBIBEOCTH B ToUKax z = 0, z = oco. Ilpu
9TOM, HOTPeGyeM BBIIIOJIHEHUS yCJIOBHIL

lao(z) — ao(—2)| < K(|z+%°), =—0, 0<B, y#0;

ao(z) =0(|z]), 2z—0, y#£0;

uecmu o = 1, TO
ao(2) = O(|2l ™), 2= 00, 7 >0, y #0.

Ipannaneie 3naqenns byskmm ao(z), Ha paspese no I, Te. dbynxmum
ad (%), ag (x), 6ymem cuurars HenpepbBHbIME 10 [81b1epy HA mHTEpBA-
se (0, +00). Ilpn cre/TaHHBIX TPEIIONIOKEHAIX Oy 9eHa (POpMYJIa 00IIero
pettennst yKa3aHHON 0000mienHo# cuctempr Komu—Prvana.

Hua pemennit U(z) s1oit cuctemer B obmactu D uccienyem 3agaay Pu-
MaHA ¢ KPAEBBIM yCJIOBUEM Ha jyde [

UT()=GMU (t) +g(t), teT,

¢ HempepbIBHBIME 110 lesnbnepy Bciogy Ha [', Briouas GeckoHedHO yma-
JgeHnay0 Touky, (ymkmuavm InG(t) m g(t). B mocnemmeit dopmyse
U™ (t), U™ (t)— npemenvubie 3uauerus byakmun U(z) mpu z — t cieBa
u crpaBa. BeiBeiena dopmMysta 00IIEro pemeHns: KpaeBoil 3a1adu U B Tep-
MHHAX XaPaKTEPHUCTUK ba‘; = limg_ 04+ aéﬁ (z), bim = limy s4oo aat (z)
JIOKa3aHbl TEOPEMBI CYNIECTBOBAHUS U eJIMHCTBEHHOCTH DEIIeHWi B KJIacce
OTpaHUYIeHHBIX B 001acTH D 0000IIeHHBIX aHAINTUIeCKUX (DYHKITHIL.

JIuteparypa

1. Pacyaos A.B., Coadamos A.II. KpaeBas 3amada njisa 0606mEHHOTO
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peHrmasbable ypasaernus, 52:3 (2016), 637-650.

2. Pacynos A.B., Axuewux H.B. 3amada JTUHEHHOTO CONPAKEHUS s
ypasaenust Komn—PumMana ¢ cuyibHOM 0c06eHHOCTBIO B MytaireM Ko3ddu-
IIMeHTe B OOJIACTH € KYCOYHO IVIaZKOW rpanureil // VITorn HayKW M TeXH.
Cospem. mar. u ee mpmit. Temar. 063., 231 (2024), 115-123.
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PUNJIBTPAIINSI ®JIFONJIA B TPEIIIMHE KOHEUYHOM
JJINHBI
A.A. ITITammaroBa, A.W. Ucaamosa , 9.B. l'asmakbaposa ,
stasya 7@mail.ru, bashalisa@yandex.ru,
emi.galiakbar@yandex.ru

VIIK 532.59

Wsyuaerca dumbrpanus aonga B TpelnHe, 00pa30BaHHON ITyTeM
TUAPOPA3PEIBA INIACTA, NAPAJJICIBHON OCA BePTAKAJJILHON CKBAYKWHBL.
PaccvarpuBaerca BepTukasbHAS CHMMETDHUYHAS TPEIINHA KOHEWHOMN
JJIAHBL.

Karouesvie caosa: I'PIL, uaTerpo-mud pepennmanpuoe ypasHeHne, qu-
HAMUKa, JIaBJIeHus, HeTsaHAS CKBAXKUHA, Te6UT KUIKOCTH.
Fluid filtration in finite length fracture

Fluid filtration in a fracture formed by hydraulic fracturing parallel
to the axis of a vertical well is studied. Vertical symmetric fractures
of finite length are considered.

Keywords: hydraulic fracturing, integro-differential equation, pressure
dynamics, oil well, fluid flow rate.

Tpemmra I'PII, paccmarpuBaemast B pabore, mpeacrapisieT u3 cedst 061acTh
B HeDTAHOM IUIACTE B BUIE OUEHb Y3KOT'O MAPAJIIENIENNIesd, JINHA KOTO-
pOro CyriecTBeHHO GOJIBIE €ro BBICOTHI, cocrasismomeit 10 — 30 meTpos,
mupuHa Tpemwmusl 1 — 5 MuaImnMeTpoB. PacmosoikeHna TpermmHa CHMMET-
PUYHO OTHOCUTE/ILHO OCK He THHOM CKBAaKUHBL. B caydae HarnerateabHOM
CKBaXKWHBI U3 CKBaKUHBI B TPEITUHY IMOCTYIIAET KUIKOCTh, KOTOPAs 3aTEM
nepeTrekaeT B TAcT. [Ipy 5TOM mipeImoraraercst, ITo JKUIKOCTH B OCHOBHOM
TedeT NePIeHINKY/ISIPHO CTeHKaM TpemuHsl. Kpome TOro mpemmosaraeTcs
, 9T0 B TOYKAX TPEIINHBI, PACIIOIOKEHHBIX Ha OJTHON BEPTUKAJIH, JTABIEHIE
OIMHAKOBO. DTO JOMYIEHNe ITO3BOJISIET HAM WCIIOJIB30BAThH JIBE MTPOCTPAH-
CTBEHHBIE KOOPJUHATHI BMECTO TPEX.

B paBore pemaerca maTerpo-auddepernmmaasaoro ypasuenme [2-3],
OTIHCHIBAONIEE (DUIBTPAIMIO (DITIONUJIA B TPEITUHE:

t
a2APf7X OAP; Ot

81:2 f ] 87’ T (t —_ 7')

)

[TammaroBa AHacracus AHATOJNBEBHA, cTapmui npenogasaresas, YIHTY (Vba, Poc-
cus); Anastasia Shammatova (Ufa State Petroleum Technological University, Ufa, Russia)

HUcnamosa Anmca Unsnaposra, CHOMA - CEPBUC (Ya, Poccus); Alisa Islamova
(Ufa, Russia)

Tanmaxbaposa Ommaus Bumbesna, a.¢d.-m.r.,, YTHTY (Vda, Poccus); Emiliya
Galiakbarova (Ufa State Petroleum Technological University, Ufa, Russia)
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AP,

Tpu TpaHW4HBIX ycnosusx AP .o = 0, —5 o=t = 0, APf t>0 =
1§0 v z=0
APy() = const — OTKJIOHEHNE IABIEHUS OT [EePBOHAYA/ILHOIO 3HAYCHUS

Ha ckBaxkuue. 3aecs Py = Py(z,t) — naBjeHue B TPEIUHE HA PACCTONHUN
x oT crenkn ckBaxwubl, 0 <z <[, t> 0; APy = Py — Py — OTKJIOHEHMe

2my /Fp
dymy Ky

JABJIEHUsI OT IIePBOHAYAJIBHOIO IIJIACTOBOrO JAasieHus Fo, x5 =
TIe Myp, My — ODOPUCTOCTH, Kp, Kf — KO3DDUIHEHTHI MTHE30IPOBOIHOCTH.
Hixrne manekcsl p 1 f COOTBETCTBYIOT 3HAUEHUAM IAPAMeTPOB B IIJIACTE
u Tpemmue ['PII.

Pemenne, ommceiBatoniee quHaMuky gasjieHust B Tperune I'PII momy-
9aeM B CIeLyIONeM BHJE.

—pt
< dp|,
p

400
1

APy (t,aﬁ):APf(w)~ 1—;- P -

0

rae

chA-cosA-shB-sinB—shA-sinA-chB-cosB
ch?B + cos?2B — 1
A=(—a) x5 p V2, B=1- x5 pt V2.
C noMoup0 HAWAEHHOrO pelleHnrs OIYUYeHo u3MeHeHune nefuta CKBa-

JKYHBI U U3YYEHO BIUAHME KOJUIEKTOPCKHUX XaPAKTEPUCTHK ILIACTA U TPe-
IIUHBI HA IUHAMUKY JaBjeHus B Tpemwune ['PII.

o =
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NHTETPAJIBHBIE IIPEICTABJIEHUSA PEINTEHU JI
OJITHOW ITEPEOIIPEJIEJIEHHOMN CUCTEMBI
JIN®OEPEHITNAJIBHBIX YPABHEHUN IIEPBOI'O
IIOPS/JIKA C CUHI'VJIAPHON TOYKOI
®d .M. MIamcyaunos, /1. N33arymimoes, M.III. Tanuen
faizullo100@yahoo.com

YIK 517.955

B pabore paccmarpusaercsa cucrema tpex quddepeHImaabHbIX yPaB-
HEHUH IIepBOro MOPSIKA ¢ TPeMs HEe3aBUCUMBIMHU II€PEMEHHBIMU, [IPHU-
YeM 3TU YPABHEHWs CBSI3aHbBI B CHJTy Hem3BeCcTHOM dyHukimu. s pac-
CMaTPUBAEMOU CHCTEMBI IOy Y€HbI IIPEICTABIEHNST MHOI000pa3us pe-
IMeHUY IPU IOMOIIY OJHOM IIPON3BOAbHOI nocTogHHON. 3ydena cBOM-
CTBA TIOJIyY€HHOE PEIeHNe W PACCMOTPEHA 33/1a9a C HAYAIbHBIMHU TaH-
oM K1.

Karuesvie crosa: mepeonpeseneiHas CUCTEMa, MHOI000pa3us pele-
HUI, IPSIMOYTOJIBHUK, CHHIYJISIDHBIN K03(hUIHeHT, CBOUCTBa pelre-
HUii.

INTEGRAL REPRESENTATIONS OF SOLUTIONS FOR
ONE OVERDETERMINED SYSTEM OF FIRST-ORDER
DIFFERENTIAL EQUATIONS WITH A SINGULAR
POINT

The paper considers a system of three first-order differential equations
with three independent variables, where these equations are related by
virtue of an unknown function. For the system under consideration,
representations of the manifold of solutions are obtained using one
arbitrary constant. The properties of the obtained solution are studied
and the problem with initial data K is considered.

Keywords: overdetermined system, manifold solutions, rectangle, sin-
gular coefficient, properties of solutions.

Yepes obmactu () 0603HAYNM MTapaJLIeeIIIe]T.

D ={(z,y,2),0<z<a, 0<y<b 0<z<c}

IMTamcyzuaoe Paitzyano Mamanynnoesud, a.d.-m.H., npodeccop, Box.I'Y (Boxrap,
Pecnybniuka Tamxukucran); Faizullo Shamsudinov (Bokhtar State University, Bokhtar,
Tajikistan

Wszarymnoes Jocru, k.d.-M.H., Box.I'V (Boxrap, Pecmy6anka Tagxukucran); Dosti
Izzatulloev (Bokhtar State University, Bokhtar, Tajikistan)

Tanmes Mypognbek, x.p.-m.H., Box.I'V (Boxtap, PecmyGnuka Tamkuxucras);
Murodbek Ganiev (Bokhtar State University, Bokhtar, Tajikistan)
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COOTBETCTBEHHO 0003HAUMM:
Qn={z=0,0<y<b0<z<c} Qu={y=0,0<z<a,0<z<c},
Q1 ={y=0,0<z<a,0<y<b}, T''1i={y=0,2=0,0< z < a},

o1 ={x=0,2=0,0<y<d}, T's1 ={x=0,y=0,0< z < ¢},

B obnactu €2 paccMoTpuM CIEAYIONIYIO JTUHEHHYIO TIEPEOIPeIeIeHHYI0 CH-
cremy auddepeHuaIbHbIX yPABHEHNUN CJIEAYIOIErO BHJIA

@ + a(%?hz)u: fl(xvyaz)7

ox re ro

Ou  b(x,y,2) _ fa(z,y,2)
gyt T r YT M

Ou (‘rvsz) _ f3(967217 Z)
0z + Y v= Y

rae r = / 2 +y? + 22, a(z,y,2), b(mﬁh z), c(@,y,2) filz,y,2), (3 =
1,2,3) - samamase Gynxmmu B obmacta 2.

IIpobaema nccmemoBanmio qud hepPeHITNATBHBIX YPABHEHNI U TIePeoTipe-
JEJIEHHBIX CUCTEM ¢ CHHTYJISIPHBIMY KO3 DUITHeHTaAMN MTOCBATIEHRBT pABOTHI
[1] - [6]

B macrosmeit paGore Ha ocHOBe crocoba paspaboranHoro B [2] u [3]
TIOJTyYeHO TIPE/ICTAB/ICHAE PEIEHni cucTeMbl ypasHenuii (1) mpw momommn
OHOU IIPOU3BOJIBHOU ITOCTOAHHON.

)

Uccneayerca cucrema ypasrennii (1) Kora TpeTbe ypaBHEHUE SBJIAET-
€Sl OCHOBHBIM.

Teopema 1. ITycmv cucmeme ypasnenud (1) a =1, B = v = 2 xoap-
duyuenmo. u npasvie wacmu yoOEALMEOPAIOM, CACOYOULUM YCAOSUAM

1. a‘(m7ya Z) S CZI(Q)7 ‘32(5137%2) € Oalc(Q)v
c(z,y,2) € Cy(Q), b(z,y,2) € CL(Q)
a(z,y,0) € C;(Qzl), b(z,y,0) € CL(Q21)

fl(mvyVZ) eC (Q)v f3($,yaz) € C;(Q),
fa(z,y,2) € C2(Q), fa(x,y,2) € Cy(Q)
f2($7y70) € C;(921)7 f1($1y7 0) S C;;(QQl)7

2. a(0,0,0) < 0, ¢(0,0,0) < 0, b(0,0,0) < 0;

c(x,y,z) —¢(0,0,0)| < H 1p1 , Hi = const, v2 > 0,
($ Y,z ) ( 7070)‘§ 27'2 HQ—CO'I’LSt 0<’}/2<17
,0,0)| < H3z", Hs = const, v3 > 1;
z)

( ach7 )) 6 Q.
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[b(0,y,0) — b(0
z,Y,z

4oy g (o)



y x2 4+ y? Yy r?
b) 7’3% <7f1(x;y’z)> + c@,y,2) fs(2,y,2) = 7’3% (7]‘1(36;3;,2)) +
a\z,y, Z)f3(xay7z)7
r4% (7]02(06;%'2)) + c(z,y,2) f2(2,y,2) = 1"3% <7f1(a:;ny7z)) +
a(:c,y7z)f3(x7y7z)7

(@ + ") (Va2 + 2 )(% (%) +a(z,y,0) f2(z,y,0) =

— @ TP, @%) + 02,0 /1(2,,0), 0 O

5. fi(z,y,z) = npu a(0,0,0) < 0 ¢ acumnmomuyeckum nosedenuem
fl(xayaz) = O(T’Yl)v "> |CL(0,0,0 + 1)| r >0,
fa(2,y,0) = o(r™), 1 > [b(0,0,0)|, r > 0.
Tozda moboe pewenue cucmemnt (1) us kaacca CH (D) npedecmasumo 6
eude

z
U\r,y) =exXp | —we(x,Yy, =z —_— —_—
(.9) [ o n) - —

? fd(x7y7<) 2 C(0707O) C
X ) c\ Y, t
<r<x R e |0+ TEE D actan

2 2
’7'(27, y) = exp [—wé (‘T7 Y, O) - a(07 0, O) In W X
t s/t2
< / fltz 4,0 exp [wi(t,y,()) +a(0,0,0) In VB Y dt>
VE+y?

pa(y) = exp {_wg(()’y’()) _ W} y

X (6’5 + /y Wexp [w?(O,s,O) + 6(0’78070)} ds) = N1(Cs, f2(0,y,0)),
0

20e

2 _ * c(r,y, C) — 0(0707 0)
we(z,y,2) = /0 221571 (2 ds,
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wclL(x’ v, 0) — / C(t, Y, O) - a(ov 0, O) dt,
0

VE+y?

W2(0,y,0) = /O b(0,¢,0) 5—2 5(0,0,0) “

Cs - npou3eosvHaA NOCTNOANHAA.
Hoayuennoe pewenue obaadaem c60tGcmeom
1° Eeau z — 0,mo

lim u(z,y, z) = 7(z,y).
2° Ecau z— 0, uxz — 0, mo

lim {lim u(x,y,z)} = 14 (y).

z—0 Lz—0

3° Beruz—0, 2 —0uy— 0 mo

ty {1y (1 3. 2)) } = 0 (oxp |- 2L )

lim {exp [b(o’+0)] lim (1im u(z,y, z))} - Cs.

y—0 x—0 \z—0

40

3anaua K. Tpebyerca nalitn pemenune cucrembl ypasraenunii (1) w3 kmacca
C'(Q) To HAMATLHOMY YCJIOBHIO

lim {exp [_W] lim (1im u(z,y, z))} =p,

z—0 \z—0

e p1 — 33JaHHad U3BeCTHaA MOCTOAHHAA.
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BAPUAIIMOHHKBIN IOAXO0/ K IIOCTPOEHUIO OIIEHKU
IIEPEPEI'YJINPOBAHUS YIIPABJISEMOW
JIMHAMWYECKON CUCTEMBI
B.A. IITapurykoB
st044546@student.spbu.ru

YIK 517.929, 517.972

B mannoit paboTe mpeacTaBeH HOBBIA MOIX0 K MOCTPOEHUIO OTIEHKHT
TePepPeryInpOBaHNs SKCIIOHEHITNAIBHO YCTOMIHBOTO JTUHEHHOTO Tud-
depeHIMaIbHOrO YPABHEHNSI C [IOCTOSHHBIM 3aIla3/IbIBAHIEM, OCHO-
BaHHBIN HA MUHUMHA3AMUN (PYHKIMOHAIA TOJHOTO TUIA, Ha 33JaHHOM
KJIACCe HAYAJIbHBIX (DYHKITHN.

Karoueswie caosa: nuddepenimaapaple ypaBHEHNS 3aIa3/IbIBAIOIIETO
TUIA, BAPUAIMOHHOE UCYUCICHIE, BHITTYKJIBIH aHAJIAS.

A Variational Approach to Overshoot Estimation of a Dy-
namic Control System

In this paper, we provide a new approach to constructing an overshoot
estimate for an exponentially stable linear differential equation with
constant delay, based on minimizing a complete type functional on a
certain class of initial functions.

Keywords: retarded differential equations, variational calculus, convex
analysis.

MHorme peasibHBIE IPOTIECCHI U STBIEHUST OTTUCHIBAIOTCS 1 hepeHITHATHHBI-
MH yPaBHEHUSIME C 3ala3AblBaomumM aprymenroM [1; 2]. s psajga npumo-
JKEHUI aKTyaJbHBIM OKA3bIBAETCHA BOIIPOC KAYECTBEHHOTO TIOBE/ICHUS MO/Ie-
JINPYeMOM CUCTeMBI ITPY BHENIHEM BO3AeiicTBhu. B wacTHOCTH, CKIIOHHOCTH
CHCTeMBI K KOJIEOAHUAM MOXKeT OBITh 0XapaKTepPH30BaHA IIePEepPeryInpoBa-
HueM [2].

CyuiecTByIOT pa3andHbIE TOAXOIbI K TOCTPOEHUIO OIEHKY MTepeperyin-
posanusg. K mpmMepy, BeCbMa pacnpOCTPAHEHBI METOIbI, OCHOBAHHBIE HA
DEIleHnn JIMHEHHBIX MATPUYIHBIX HepaBeHCTB (Hampmmep, [3; 4]). Ocunos-
HOE X MPEUMYIIEeCTBO 3aK/II0YAeTCI B TOM, 9TO 33,1343 ITOCTPOEHUST IKCITO-
HEHIINAJILHON OIeHKY, CHOPMYINPOBAHHAY B TEPMUHAX MATPUIHBIX HEpa-
BEHCTB, MOXKeT ObITh 3 (HEKTHBHO PEleHa ¢ UCIOIL30BAHNEM BBIYKJIOTO
MIPOTPAMMUPOBAHUSI.

B macrosmeit pabore paccMaTpuBaeTCa CKaIIpHOe qud hepeHImaIrHoe
ypaBHeHHE

z(t) = aoz(t) + arz(t — h), (1)

HWccnemoBanue BBIIOJTHEHO 33 cUeT rpanTa Poccuiickoro mayumnoro domga Ne 23-71—
10099, https://rscf.ru/project/23-71-10099/.

IMTapmykos Bnagucaas Asekceend, cryaent, CIIGI'Y (Carkt-IlerepGypr, Poccus);
Vladislav Sharshukov (St. Petersburg State University, St. Petersburg, Russia)
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rame h > 0,a1 # 0, mpuvuéM B KadecTBe KJIACCA HAYAJIBHBIX (DYHKINH ¢
IIOJIOKEH KJIACC HEIPEPBIBHEIX Ha orpe3ke [—h, 0] dynkuuil ¢ paBHOMepHO
HOPMOWM.

Bymem cumrars ypasHeHue (1) 9KCIOHEHITMAIBHO YCTONUMBBIM: CyIIe-
ctByoT v > 1 m o > 0 takue, aTo mra moboro pemenns x(t, p) crpasesm-
JIABA OIIEHKA

lz(t, o)l <ve” " llell,,  t=0.
OTrMeTnM, 94TO TIOCTOSHHYIO Y HA3BIBAIOT [EPEPEeryIupPOBaAHUEM.

U3 teopun dynrimonasnos JlsnyHoa-KpacoBckoro mssectHo [5], dro

I (DYHKITHOHAJIA, TIOJTHOTO THITA

olie] = u(0)5*(0) + 2a1(0) [ u(=h — 0)p(6)dt+
Zh

0 0
+a%/<p(91) /u(91 — 02)(02)d0s | dO1+
—h —h

+ / [wi 4 (h 4 6)w2] ©*(0)d6

CIIpaBE/IJINBa OIIEHKA

a19%(0) < wle] < calle@)llz, ¢ € C([=h,0)), (2)

rae u(7) — dbynknua JIamyroBa, COOTBETCTBYIOMAA IUCIY W = wo + w1 +
hwsz, a 1 1 (2 — HEKOTOPBIE HOJIOKUTETbHBIE KOHCTAHTHI. [l01B3ysich 1mo-
JIYIE€HHOI OIEHKOM, TTepeperyIMpoBaHne MOKeT OBITh HANTEHO KAK

a2
Y=
[e%}

B nacrosimeit paboTe mIpeCcTaBIeH TOIX0T K HAXOXKTEHUIO TTOCTOSTHHOMN
(1, OCHOBAHHBIM HA, MUHUMH3AIMY (DYHKIFOHAJA TIOJHOTO THIA VU[p] Ha
kiacce C (pyHKIMIA, HEMTPEPHLIBHBIX HA OTPE3KE [—h7 0] " PABHBIX €IUHUIIE B
Touke t = 0.

IlepBbiM pe3yapTaTOM AHHON PAOOTHI SBJIAETCSH TOKA3ATETHCTBO Cile-
IOYIONE TeOpeMBI.

Teopema 1. Qyuxyuonas v(Q] asasemea cmpozo eunYKAbM Ha A1060M
BHINYKHOM NOOMHONCECTNBE MHONCECTNEA KYCOUHO-HENPEPOEHHT PYHKUUTL
PC([—h,0)).

W3 nauHO# Teopems! caenyer [6], uro ecau y dyHKunoHama v[@| Ha BbI-
nyksiom muoxectse G C PC([—h,0]) mHalinércst cranuoHapHas TOYKa, TO
OHA €IMHCTBEHHAS U B Hell (DYHKINOHA IPUHIMACT MUHUMAJILHOE 3HATE-
mue Ha G. 3HAIUT, HEOOXOMMMOE YCIOBHE dKCTpeMyMa dv[p] = 0 aBageTcsa
TaKXKe U JJOCTATOYHBIM.
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Jns GopMyInpoBKY OCHOBHOTO PE3y/IbTaTa HaM MOTpebyercs

Jlemma 1. Oynxyua Jlanynosa npedcmasuma s sude
2

Z pl(e)qb(t)v 0—te [O> h}a
w(®—t) =< 5!

Z:lql(e)pl(tL 0—te [_h’7o]7

20e pi(0) u ¢i(t) — aunetino nesasucumoie nenpepoervie Ha R dyrryuu.

Breném obo3HaueHus:

PO = o g 0w g €02
p1(t)aqi(t) P2()qi(t) G)ai(t) G@t)aq(t)
A(t) = —a? Pr(t)g2(t)  pa(t)ga(t)  @(t)g2(t)  G2(t)g2(t)
e @pt) p(Wpi(t) @t)p(t)  G@®)pi() |
p1(t)p2(t)  P2(t)p2(t)  qi(t)p2(t)  G2(t)p2(t)
r1(t) 621 (®)
X(t) = 28 . b = —awu(t+ h) ng
s52(t) D2(t)

IIycte Wy — MHOXKECTBO MapaMeTpoB Wy, W1, W2, [Jisd KOTOPBIX CyIIe-
crByer pemenue cucrembl O1Y

X(t) = A()X(t) + b(t)

C Ha4aJIbHBIMHA

1 KPaeBbIM

YCJIOBUSIMU.
OcHoBHOI pesysnbrar paboTbl MOxKeT ObITh CHOPMYIUPOBAH CJE/ILYIO-

M 06pazoM.
Teopema 2. Jlasn 406wz (wo, w1, w2) € Wo:

1. cywecmeyem eduncmeennan sKCmpemars Gyrruuonass v[p] na xaacce C.
Ima sxcmpemans onpedeaena npu t € [—h, 0] u 3adaémea gopmyaod

B0 = at S a0 () — o Y o) - D

u 6 netd Pynryuonas docmuzaem murumyma ne C;
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PEJISTUBUCTCKOE Y>KECTYEHUE U CMATYEHUE
BBICTPO ABUMXKVYIINXCHA IIPY2KIWNH.

P.A. IITapumnos r-sharipov@mail.ru

VK 514.822
PaccvarpuBaioTcss nBa MOEHTUYHBIX TPYKWHHBIX MAsiITHUKA B BHJIE
aprkoB Ha npykuHkax. OOuH U3 HEUX PACHOJIAraeTcs B IIOKOAIIEH-
csl cucTeMe OTCYéTa, a APYrofl — B OBICTPO IBHKYIIEMCH 3BE3/I0JIETE.
PaccmarpuBatorcs Masble KoebaHusT TAKMX MAsiTHUKOB. VI3 cpaBHe-
HUSI 9ACTOT TAKUX KOJIEOAHUI BBIBOAATCH 3aKOHBI PEISTHBUCTCKOTO
VKECTUEHNS W CMATYEHUS IPYKUH.

Karouesbie ca06a: PEAATUBUCTCKOE YKECTUYEHHE, PENATUBUCTCKOE
cMsrdYeHue, ObICTPO ABUKYIIMECH 1Py XKUHbL.
Relativistic hardening and softening of moving springs.

Two identical relativistic spring-mass systems are considered, one in
a frame at rest and the other in a fast moving starship. Their small
oscillations are studied in the frame at rest. Comparing the frequencies
of these oscillations the relativistic spring hardening and softening laws
are derived.

Keywords: relativistic hardening, relativistic softening, fast moving
springs.

Cravasia pacCMOTPUM KOJIOQHMs MIAPUKOB HA MPYKUHKAX B HAPAB-
JIEHUH OCH I, BJOJIb KOTOPOH CO CKOPOCTBIO U JBHKETCH 3BE3I0JIET:

z(t) = zo + a sin(wt) + ..., Z(t) =To+vt+asin(@t)+ .... (1)
Co CcTOpOHBI IPYKUH HA MAPUKH AEHCTBYIOT CHIBL:

Ft) = —k (z(t) — 0) + ..., F(t) = —k(@(t) — %0 —vt) +.... (2

Nmnynbpcsl maprkoB B peISTUBUCTCKON AMHAMUKE 33/1a10TCs popMyaaMu

mu(t) _ mo(t)
plt) = 228 o) = 20 ®)
Voo e V.o a0)?

2 2

rae v(t) = &(t) n ﬁ(tfbé Z(t) — 910 CKOPOCTH IIAPUKOB. clgrcymy HemHeH-
HOP 3aBUCHMOCTH UMILYJILCOB OT CKOPOCTEH KOJIe0aHus MAPUKOB AHTAPMO-
HWYHBI, ITO MPOABIAETCA B HOSBJICHUN MAJIBIX MONPABOK, 0003HAYEHHBIX
mHOroroumneMm B dbopmynax (1) u (2).

IlTapunos Pycaan A6aynosud, K.b.-M.H., gouent, ¥ YHuT (Vda, Poccus); Ruslan
Sharipov (Ufa University of Science and Technology, Ufa, Russia)
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Cuutel (2) SIBASIIOTCST IPOM3BOAHBIMU 110 BpEMEHN OT nMIysbeos (3). C
yuaéroum sroro B [1] u3 (1), (2), (3) Gbiu BeiBeneHBI HOPMYIIBL IS TACTOT:

sk &?

m’ T—\3
Uy

B dopmymax (1), (2), (3) u (4) gepes cor o'ge)‘BHaqua TIpeIeTbHAS CKO-
POCTH It OOBITHOM 6aprOHHOM MaTepuu. B cTangapTHON SUHIITEHHOBCKOM
TEOPHM OTHOCHTEIBHOCTH OHA COBIAAET CO CKOPOCTBHIO CBETa (CKOPOCTHIO
3JIEKTPOMArHATHBIX BOJ‘IH): Chr = Cel. B HOBO# HE3IUHIITEHHOBCKON Teopuun

3 [

rpasuranuu (cM. [2], [3] u xkuury [4]) paBeHCTBO Chr = Cel HE SBIISETCS
AIPHOPH 00A3ATETHHBIM.

WsBecTHO, 9TO BpeMms Ha GOPTY OBICTPO JIBUKYINETOCS 3BE3107ETA TEIET
MeJJIEHHee, 9€M B HEMOABIKHOM cucTeme Koopamuar. U3 (1) Mbl 3Haem,
9TO (0 — ITO YACTOTA KOJeOaHUM GOPTOBOrO MasTHUKA, HAOJIOMaeMas U3
HETIOABUKHON cucTeMbl oTcuéra. OTcoma @ < w, 9To BEIET K (Gopmysie

- 1-
w=w U2
e
U3 (4) u (5) HeMeIEHHO ClIeAyeT COOTHOLICHHE
= k
k=
1—
02
2
S

T o
Dopmyna (6) mHTEPIPETHPYETCH B BUIE CIEAYIOMEH TEOPEMBI.

Teopema 1. Becaxaa npyscuna, u320mosaennad usd bapuonHot mame-
PUU U HATOOAUWLGACA Ha Gopmy Owviempo deusicyusezoca 36e3doaéma, 0as
HENO0IBUNCH020 HabAIOdaMENa 6bi2AA0uM B0Ace HCECTIKOT, “WeEM OHaE €CTNY,
6 CAYUAE €CAU OHQ OPUECHTNUPOSAHG 6004 JEUNCEHUA 36€300AEMA.

Bo BTOpOM BapmaHTe, PACCMOTPEHHOM B [l|, Ipy’KWUHHBIE MAATHUKH
OPHEHTUPOBAHBI TIOMEPEK HAIPABJIEHUS JBUKEHUST 3B€3/0JIETA:
z(t) = zo, Z(t) = To + v,
y(t) =yo+asin(wt) + ..., g(t) =go + asin(@t) + ... .

JlJ1s momepevHbIX KOMIIOHEHT HMITYJIBCOB 34€Ch IIOJIy9IaloTcs (DOPMYJIBL

(t) =

m vy (t) ~ m Uy (t)

2 2
B dopmynax (9) Hepes va(t) = (1), w.(t) = #(1), W,(t) = §(t) n
Ty (t) = 7(t) 0BO3HAUEHBI TPOIOMBHBIE U TIOTEPETHbIE KOMITOHEHTHI CKO-
pocreil mapuKoB. 3aBUCUMOCTb KOMIIOHEHT HMILYJIbCOB OT KOMIIOHEHT CKO-
pocreit B (9) aBnsiercs Henuueitroi. ITosromy KosieGaHUsI aHraPMOHUYHBL

by (t) =
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n B dopmynax (8) mpocrasiensl MHOroTOuns. B opmynax (7) mHOTOTO-
il HeT, IOCKOJIbKY KOJ1e6aHus B IIPOJOJILHOM HAIPABIEHUN IOIABIISIIOTCH
Clenyas bHBIMU HANPaBJIAOMUMY crepxkHsamu (cM. pucysok 3.1 B [1]).

Jl71s1 IoTIepevHBIX KOMIIOHEHT BEKTOPA CHUJIBI MUNLYTCst (hOPMYJIIBI, aHA-
JIOTHYHBIE paHee HAmMCAHHbIM (opmymam (2):

Fy(t) = =k (y(t) —yo) + -, Fy(t) ==k @) —Go) + ... (10)

KomnounerTer cuit (10) SBISIOTCS NPOM3BOAHBIME 110 BPEMEHU OT KOMIIO-
nenT uMmiyiascos (9). C yuérom asroro B pabore [1] us (7), (8), (9) u (10)
OBbL/IN BBIBEIEHBL CJIeLYIONIe (GOPMYJIBL Ik 9acTOT:

[k @? k
w=1/—, —_—_—
m 1— m

A/ 02

2

c
Teneps ocraéres moxcrasuth gopmyay (5) Bo Bropyio dopuyay (11) u
yaecTs nepByio dhopmyay (11). Dto mpusommt x dhopmyme

(11)

vl{. (12)

2
Chr

T
Il
N

®opmyna (12) naTEpUpeTHPYETCH B BUAE CIEAYIOMEN TEOPEMBI.

Teopema 2. Beaxaa npysicuna, u320mosaennad ud bapuonnot mame-
PUU U HATOOAWGACA Ha Gopmy Guicmpo deuscyusezocs 3eesdoséma, das
HENOIBUMHCH020 HAOANWIAMENA BVL2AAIUN MEHEE HCECTNKOU, “eM OHA eCTNb,
6 CAYUAE €CAU OHG OPUEHMUPOBAHA NEPNEHIUKYAAPHO HANDAGAEHUIO I6U-
otcenus 36e3doaéma.

IIpu BBIGODE Chr = Ce1 B dopmymnax (6) m (12), To ecTh mpu coBUAACHAN
Cbr CO CKOPOCTBIO CBETA, 3TU (DOPMYJIBI U COOTBETCTBYIOIIVIE UM TeOpeMbl 1
7 2 YKJIQZBIBAIOTCS B PAMKU TEOPUH OTHOCHTEJILHOCTH DUHIITEHHA.

B HOBOIT T€OpUH rpaBuTanyyu u3 [2—4] 10MyCKaeTCa BO3MOXKHOCTD CYIIe-
CTBOBAHUS HEOAPWOHHON TEMHON MaTepuu, MpeebHas CKOPOCTh Chp KO-
TOPOI OTJINYIHA OT CKOPOCTH CBETA Cel. KCIIM MPEIIIONIOAKHUTE, 9TO B COCTaBe
TaKOM TEMHOW MaTepUH NMMEIOTCH CTabU/IbHBIE CTPYKTYDBI THIIA TPYKUH U
3BE3/I0JETOB, TO BeJIMUUHY Chy B GopMynax (6) u (12) MOKHO 3aMeHUTH
BEJIMYUHOM Cnp U epedopMyIupoBaTh TeopeMsbl 1 u 2 Ha ciyuail mebapu-
OHHOI TEMHOI MaTepuw.

OTMeTHM, YITO IPEIITOI0KEHNE O BO3MOXKHOM HECOBIAIEHUS Cph 7 Cel
I 9aCTHUIT TEMHOM MaTepuu ObLia BhICKasaHa Jlymcom [onsanesom Mec-
tpecom B 1995 romy B pabore [5]. JonycTwB BO3MOXKHOCTH BBIIOITHEHHS
HEDaBEHCTBA Cpb > Cel, B paboTe [6] OH Ha3Bas Takue YacTULBL CyHepOpa-
guoHaMu. depes 25 sier mocie 3TOro cynepbpaayoHbl HALLIN CBOE MECTO B
paMKax HOBOH Teopum rpasurarmu u3 [2—4]. 3pech g aux Opuin BbIBEIE-
HBI YPABHEHUS JBIKEHUS B IDABUTAIMOHHBIX IIOJISX.
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PA3PEIIINMOCTDb YPABHEHUNS BBICOKOT'O ITOPAJIKA

HA IPSIMOM B KJIACCE 9KCIIOHEHIINAJIBHO
OIrPAHUYEHHBIX ®YHKIINI
I1.C. IITuntankas, B.E. ®exopos
polinachka2003@icloud.com, kar@csu.ru

VIIK 517.95

JlokazaHa TeopeMa O CYIIECTBOBAHWH U €JWHCTBEHHOCTH PeIIeHUs
ypaBHEeHHsT B 6AHAXOBOM IIPOCTPAHCTBE C OTPAHHYIEHHBIM OIIEPATOPOM
npu UCKOMOM (QYHKIMH, PAa3PENIEHHOIO OTHOCUTEIBHO IIPOH3BOHOMN
CTapIIero ImopaaKa.

Karoueswie caosa: muddepennuaabHoe ypaBHEHHE Ha paMoi 6e3 Ha-
JaJbHBIX YCJIOBHIl, BYCTOPOHHee IIpeobpa3opamue Jlammaca, 9KCIO-
HEHIINAJIHHO OIDAHUYIEHHAs (DYHKIHA.

Solvability of a high-order equation on a real line in a class
of exponentially bounded functions

A theorem is proved on the existence and uniqueness of a solution
of an equation in a Banach space with a bounded operator at the
unknown function, which is resolved with respect to the highest-order
derivative.

Keywords: differential equation on a real line without initial condi-
tions, two-sided Laplace transform, exponentially bounded function.

Hycts 2 — 6amaxopo mpocrpancTeo, a,b € R, a < b, Cl,(R;2) =
{ € CYR;2) : mpu moBom € > 0 e~ @+t z(*) () orparmuena mpu t > 0
w e~ (B (1) orpammdena mpum t < 0, k = 0,1,...,1}, Cup(R;2) :=
C? ,(R; 2). Ananornno oupesemny CL ,(R_UR; 2) upu | € Ny := NU{0},
Cop(ROURy;Z), tne R_:={ceR:¢c< 0}, Ry :={ceR:c> 0}

IIpu m € N paccmorpum ypaBHeHUE

2™ (1) = Az(t) + f(t), tER, (1)

¢ oneparopom A € L(Z) (mmuueitastit orpanudenusiii), f € Cqb(R;2) nua
HekoTopbix a,b € R, a < b. ®yuxuua z € C™(R; Z) N Cgfb_l(R; 2), ynosiie-
TBOpsifOIIas paseHCTBY (1), Ha3bIBAETCH PEIIEHHEM STOrO yDABHEHUS.

VccnemoBanue BLIIOTHEHO 32 cueT rpanTta Poccuiickoro maywHoro ¢ouga u [Ipasu-

TesbeTBa Yenadbunckoit obmactu Ne24-11-20002.

IMMumankas ITonuaa CepreeBHa, nabOpaHT-UCCIEA0BATENb, HeasiOUHCKHUI rocymap-

crBennblil yuupepcurer (Yemsabuuck, Poccus); Polina Shishatskaya (Chelyabinsk State
University, Chelyabinsk, Russia)

®enopor Buagumup Esrenbesud, n.¢.-M.H., 3aBeayomuil kKadeapoii maTeMaTude-

ckoro amasmsa, densbunckuil rocymapcrsemnbiii ymmsepcurer (Yesnsbmuck, Poccus);
Vladimir Fedorov (Chelyabinsk State University, Chelyabinsk, Russia)
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Hunddepenimanbapie ypaBHeHNsT Ha, IPAMON 6e3 HAYAIBHBIX YCJIOBUM
BCTPEHAIOTCS MDY MATEMATHICCKOM MOAEIMPOBAHUE (DU3MIECKAX TTPOTIEC-
coB [1] 1 IO3TOMY BBI3BIBAIOT MHTEPEC Y HCCIEAOBATENEH M C MATEMATHIE-
ckoit Touku 3penust [2,3]. B maHHOM ciiyuae OHM MCCJIEAYIOTCS METOIAMU
TEOpUH ABYCTOPOHHEro Ipeobpaszosanus Jlamnaca [4].

JIemma 1. ITyecmos m € N, A € L(Z), ¢ € (a,b), nput € R

27 R—00
e

R
ct .
Zm(t) == v.p. €L (A" — A)teMd = lim ;—ﬂ_ /((c—l—iw)m—A)_leMtdw.

Tozda

(i) npu a > ||A||2/(TZ"> m(t) = 0 daa t < 0, npu scex b > a Zy, €
Cy 2 (R £(2))NCT H (R-UR; £(2))NC™ (R-URy; £(2)), Zi (04) =0
dank=0,...,m—2 25" V(0+) =1

(ii) npu b < ||A||Z/<7;) m(t) =0 daat >0, npu scex a < b Zy, €
O 2 (R £(2))NCTy (R UR 43 £(2)NC=(R- URy; £(2)) 28 (0-) = 0
onak=0,...,m—2, 2" Y0-)=1I.

Teopema 1. IIycmvs m € N, A € L(Z), a < b < f||A||i/(7;) UAU
HAHZ/(ZL) <a<b, feC,(R;2). Toeda Pymryusa

24 (t) = (Zo # ) (1) = / Zon(t — 3)f(s)ds

R
Asasemea eduncmeennsm pewenuem ypasrerua (1).
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YUCJIEHHOE PEIIIEHUE OBPATHOM 3AJTAYUN OB
OIMPEJAEJIEHN TOYEYHBIX NCTOYHUKOB

C.A. Illmopran, s shmorgan@ugrasu.ru
YAK 517.518

Mabr paccMarpuBaem 33124y OIPE/IEJIEHUS TOI€YHbIX UCTOYHUKOB, T.€.
MPaBoi 9aCcTU B MapabOJMIeCKOM YDPABHEHUW, MTPEICTABUMON B BHUIE
cymmbr genbra Gymakruit Jupaka ¢ kodddunpmentaMu 3aBUCAITAMEA
oT BpeMeHu. 3ajiava HekoppekrHa 1o Amamapy. Ilocrpoen wucsien-
HBIHA AJTOPUTM PEIIeHUs 3a7a9u, OCHOBAHHLINA Ha METOJe KOHEYHBIX
3JIEMEHTOB U METO/Ie KOHEYHBIX PA3HOCTEl, U POBEIEHBI YNCIECHHBIE
9KCIIEPUMEHTHI. Pe3ysibTarbl YUC/IEHHBIX SKCIIEPUMEHTOB [I0KA3aJId XO-
POTIYIO CXOIMMOCTh M YCTONIMBOCTH AJTOPUTMA K CJIYIANHBIM BO3MY-
EHUAM JAHHDBIX.

Karouesnie caosa: mapabosumdeckas 3a7ada, TOYEYHBIN MCTOYHUK,
KOHBeKINA-Iud O y3us.

Numerical solution of the inverse problem of determining
point sources

We consider the problem of determining point sources, i.e. the right-
hand side of a parabolic equation, represented as a sum of Dirac delta
functions with time-dependent coefficients. The problem is Hadamard
ill-posed. A numerical algorithm for solving the problem based on the
finite element method and the finite difference method is constructed,
and numerical experiments are carried out. The results of the numer-
ical experiments showed good convergence and stability of the algo-
rithm to random data perturbations.

Keywords: parabolic problem, point source, convection-diffusion.

Mg paccmarpuBaeM BOIIPOC 00 OIPE/IESIEHUH TIPABO 9acTh B ypaBHe-
HAH

Mu = uy — Lu = us — div(c(z, t)Vu) + b(x, t)Vu + a(z, t)u =

r

fo+ Z:loéi(tﬁ(«’r = bi),
b(x,t) = (by(2,1), ... ba(z, )T, Vu = (2%, ..., 22T n =23

dxq " ) Oxp

KOTOpOE paccmarpusaerca B obmactu Q = G X (0,7). Cumraem, 910 mpo-
cTpaHcTBeHHas obaacth mveer Bug G = Q0 X (0,7) B cayqae n =3 u G -
IpAMOYTOJTFHUK B caydae n = 2. 3maech 0(x — b;) — nenbra-bynkmma Jn-
paka. Paccmorpum caywait n = 2, G = (0, X) x (0,Y). Ionoxum I' = 9G,
S =(0,T) xT.

IMTmoprar Cepreit Arapeeswmd, acnupant, IOT'Y (Xarnter-Mancniick, Poccus); Sergey
Shmorgan (Ugras State University, Khanty-Mansiysk, Russia)
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IIpu permennn 06paTHON 3a1a9M MMEIOTCST TOTIOTHUTEILHBIE M3MEPEHNUST
BUJIA
u(y27t) = wl(t)7l = 17 27 A 7/’)7 yl G G'

HaganpHO-KpaeBble yCIOBHA:
ult=0 = uo(x), uls =0.

Onpesie/IeHnIo TOIeKAT PEIIeHne U W HeU3BeCTHble (DYHKIUA (; W3
[PaBOI Y9aCTU PACCMATPUBAEMOr0 ypaBHEHUs. 3a/a4a BO3HUKAET IIPHU Ha-
XOXKICHAN MOITHOCTEH TOYETHBIX UCTOTHUKOB (MCTOIHUKOB 3arPA3HEHN).
B ciyuae pacmpesieleHHBIX MCTOYHUKOB 3Ta 3aa9a [PU ECTECTBEHHBIX
yCJIOBUSX HA JIaHHBbIE KOppeKTHA B nnpocrpanctBax Cobonesa u Tenbiepa u
WIMEIOTCS MHOTOUUCIEHHBIE PAOOTHI, TOCBAMEHHBIE KAK TEOPETUIECKUM Pe-
3yJIbTaTaM, TaK U YACIEHHBIM aJITOPUTMAM €€ pelleHus. B Hamem ciaydae
3a/1a49a, sABJIAETCS HEKOPPEKTHOM 110 AjlaMapy, Te0OpeTuvIeCKue Pe3ysIbTaTbl O
CYIECTBOBAHNN U €IMHCTBEHHOCTH PEIeHnH MOy YeHbl TOIBKO B ITPOCTEH-
mmx caydaax (cMm., sanpumep, 1). Vmeercss psam MOAXOM0B K YMCIEHHOMY
PelIeHHIO 3a/[a4u € IIOMOIIBIO CBEJEHUs 3aJa9u K 33/ia9€ YIPABJICHUS WU
MUHUMABAINANA COOTBETCTBYIOMETO (DYHKITMOHATA.

OtHaKo, Kak MOKA3bIBAIOT IIPUMEPDI, TaKOHU crrocob moCTpoeHus perre-
HUsl HE BCErjia KOppekren. Hail 4uc/IeHHbIM MeTO, OCHOBAH HA METO/e KO-
HEYHBIX 9JIEMEHTOB (10 MPOCTPAHCTBEHHBIM TIEPEMEHHBIM ) U METOJE KOHEY-
HBIX pasHocTell (mo Bpemenn). IIpm moCTpOEHMM peNIeHwi TAKKE HCIIOb-
3yercs MeTos peryiagpusanuu Tuxonosa. [Iposejen psiji 4ucaeHHBIX KCIIE-
PVMEHTOB C Pa3UIHBIMU BXOTHBIME JaHHBIMH. OHM TTOKA3a/M XOPOTILYIO
CXOJIMMOCTH AJTOPUTMA U €r0 yCTONYIUBOCTH K CIAyYadHBIM BO3MYIICHUIM
AaHHbiX. OLHUCaHbl PE3y/IbTaThl YUCACHHBIX YKCIIEPUMEHTOB, 110 TBEDXK 12~
0Ire KOPPEKTHOCTh MOJIYYEHHOTO AJrOPUTMa. MBI B34IU W0 TOCTPOe-
HUs aJITOPUTMa U3 PaboThI 2.
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2. Hlepzun C.H. On Some Inverse Coefficient Problems with the
Pointwise Overdetermination for Mathematical Models of Filtration / S. N.
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9KBUBAJIEHTHBIE JIN®PEPEHIINAJIBHBIE
YPABHEHUA I CUCTEMbI C TIEPUOJANYECKUMUAU
KO9®PUIINEHTAMU
M.TI. FOmarysos, JI.C. I6parumoBa,
yum mg@mail.ru, lilibr@mail.ru

VIAK 517.938

IIpennaraiorcs HOBBIE MOJAXOBL B 33/1a4€ KOHCTPYUPOBAHUS SKBUBA-
JIEHTHBIX CHUCTeM it AuddepeHIma pbHbIX YPABHEHNH C TIEPUOIIIe-
cknMu Kodgdurmentamu. 1101x0161 OCHOBAHBI Ha, TIEPEXOE OT JINHEH-
HOI JaCT! ypaBHEHUA K SKBUBAJIEHTHBIM CHCTEMaM C IIOCJIeaYIOMIIM
mpuMeHeHneM MeTo10B Teopun Doke M TEOPHHM BO3MYIIEHUI.

Karouesvie crosa: nuddepeHrmaibHble YPABHEHUS C IEPUOTHIECKUMEA
KO3 durmeHTaMu, SKBUBAJIEHTHOCTD, HAOIIOIAEMOCTD.

Equivalent differential equations and systems with periodic
coefficients

New approaches are proposed in the problem of constructing equiva-
lent systems for differential equations with periodic coefficients. The
approaches are based on the transition from the linear part of the
equation to equivalent systems with subsequent application of meth-
ods of Floquet theory and perturbation theory.

Keywords: differential equations with periodic coefficients, equiva-
lence, observability.

PaccmarpuBaercs qud pepeHmaanbHoe ypaBHeHne
d d
L{—,t =M|—,t 1
(dt,)y (dt,)f(y% (1)

2n—2

B KOTOPOM

2n—4

L(p,t) =p™" + a1 (t)p ot an (P +an(t),

M(p,t) = bo(£)p*™ + bi()p*™ % + ...+ b1 (£)p” + bm (t) ,

— oneparopsre muorownensl (0 < m < n) ¢ T-nepnogmaeckumu k03pdn-
muentamu, a f(y) — cKajgpHas HempepbiBHas GyHKIma. ¥YpasHerue (1)
OIMCBHIBAET IUHAMUKY HECTAITMOHAPHON OMTHOKOHTYPHOM CUCTEMBI yITPAB/Ie-
HUsl, COCTOAIIEH U3 JIMHEAHOTrO 3BeHa, C APOOHO-pPAIMOHAIBHON Iepe aToy-
noit dyuximeit W(p,t) = M(p,t)/L(p,t) n HenuHeitHO# 06paTHON CBA3MU C
XapaKTepuCTUKOH [ (y).

+ az(t)p

IOmarynos Mapar Taszoeud, g.d.-m.H., YYHuT (Vda, Poccus); Marat Yumagulov
(Ufa University of Science and Technology, Ufa, Russia)

Ubparumopa Jlmmus Cynararosra, x.¢.-mH., YYHuT (Vda, Poccms); Liliya
Ibragimova (Ufa University of Science and Technology, Ufa, Russia)

195



V3yuaeTcs 3a0a49a 0 KOHCTPYMPOBAHNY fist ypasHeHnst (1) sKBUBaJIeHT-
HOH MEpHOJMTECKOH CUCTEMBI, & TaKxke n obpaTHas 3ama9a, (CM., HampuMep,
[1, 2]). B macroamem mokmame o6CYKIAIOTCS HOBBIE MOAXOABI K U3Y9IEHUIO
YKa3aHHOTO BOTpoca. lIpeamaraercs cxeMa KOHCTPYWPOBAHWS IS ypaB-
mernd (1) SKBUBAJIGHTHON CHUCTEMBI. B Ka9eCTBE MPUIOKEHAA PACCMATPHU-
BAIOTCA AHAJOTMYHBLIE 3aJa<H B TEOPHN TaMHIJILTOHOBLIX cHCTeM. Paborta
Pa3BUBaET WCCJIE0BAHNs, HAYAThIe B [3].
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O IPUMEHEHUU METO/A ITIOCJIEJJOBATEJIbBHOM
CMEHBI CTAIIMOHAPHBIX COCTOSIHUN
E.A. Anekcanaposa , 3.M. Haraesa , P.A. Bammakos ,
lisaaleksandrovaa23@mail.ru, Nagaeva Zilya@mail.ru,
Bashmakov_Rustem@mail.ru

VIK 532.59

TTokasbiBaeTcs, 9To mpu onucanuu GUIbTpanun GJIOUIA B TPEIIHHE
T'PII mero rocstefoBaTe/IbHON CMEHBI CTAITMOHAPHBIX COCTOSHUM 26T
VIAOBJIETBOPUTEIbHBIE PE3Y/IBTATHL I MTPAKTUIECKOTO TTPUMEHEHUSI.

Karoueswvie caosa: IacT, TPEMHUHA THAPOPA3PHIBA, AABJIEHHE, METO

TMOCIETOBATETHHON CMEHBI CTAITMOHAPHBIX COCTOSTHUIN.
On Application of the Method of Successive Change of Sta-

tionary States

It is shown that when describing fluid filtration in a fracture fracture
the method of successive change of stationary states gives satisfactory
results for practical application.

Keywords: reservoir, fracture, pressure, method of sequential change
of stationary states.

[Ipu pemrerny pa3auaHbIX 331349 0 QUILTPAIUH KUIKOCTH UCIIOIb3YeT-
csI IPUOJIMKEHHBIN MeTO/, [I0C/IeI0BATEIFHON CMEHBI CTAIIMOHAPHBIX COCTO-
stamit, npeoxennntit M.A. Yapaei [1]. O ocHOBaH Ha IIpe/IOJIOKEHNH,
9TO JaBJIEHHE B ITACTE MEHAETCA BO BpEMEHN 3HAMUTEILHO MejIeHHee, 9eM
o koopaunaTtaM. IToaroMy Ipou3BoAHYIO 110 BpeMeH! B IIEPBOM HPUOJIHKe-
HIY MOYKHO OTOPOCHTB, B PE3YJIBTATE Uero JJIs TABJICHUS [TOJIYIaeTCs YPAB-
Henwme Jlammaca, onmcHIBalOIee CTAMOHAPHELIH 1porecc. 1Ipm sToMm mmact
JeJINTCS Ha JiBe€ 30HBI: BO3MYINEHHYIO U HEBO3MYINEHHYIO. PaccrosiHnue no
TPaHUIIBI 30H OIpeJIeIAeTCs YpaBHEHHEM OaJIaHca.

Qunprpanus duronga B BeprukaabHoit Tpemune ['PII, mapasmensmoit
0CH BEPTHKAJIbHON CKBAJKWHBI U B IIOPUCTOM ILIACTE, OKPYZKAIOUIEM Tpe-
IIMHY, OIMCHIBAETCS CUCTeMOH AByX ypasHenuii (cum. [2], [3])

Py 0’P;  _my Ky (OP,
== g e (2P !
at " oz? myds \ 9y )|, O<z<ip,
0P, %P,
8;:’%83/; O<z<ly, 0<y<o0),

Anekcannposa Enmsasera Auzxpeesna, cryment, Y VHUT (Vdba, Poccusa); Elizaveta
Aleksandrova (Ufa University of Science and Technology, Ufa, Russia)

Haraesa 3uns Myruposna, x.d.-m.H.,, YTHTY (Vda, Poccus); Zilya Nagaeva (Ufa
State Petroleum Technological University, Ufa, Russia)

Bamuakos Pycram AGgpaydoemd, x.d.-m.u., YYHUT (Vda, Poccms); Rustem
Bashmakov (Ufa University of Science and Technology, Ufa, Russia)
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3mech HUKHME WHIEKCH ¢ = f W p COOTBETCTBYIOT 3HAYEHWAM TTAPAMET-
POB B TpeLIUHE W OKPYKAIOIIeil ee IOPUCTOHM Cpesie m; — HMOPUCTOCTD, lf
(0 < z <ly) — monynjvHA TPEIMHBL, K; = % — k03 UIMeHTH TIhe-
30IPOBOIHOCTH, KOOPAMHATA T OTCUATHIBAETCA OT CTEHKY CKBAYKUHBL BIIOJTH
TPENIMHBI, KOOPJMHATA Y OTCYATHIBAETCS OT CTEHKHU TpemmHbl. Mbl nipes-
TIOJIATAEM, 9TO KUJKOCTH CHAIAA JBUKETCA BIIOJIb TPEITAHBL, 3aTEM, TI€P-
TIEHMKYIAPHO CTeHKaMm Tpemmabl P, = P, (t,2,y), Pr = Py (t,z) . Usme-
HEHUEM JABJIEHUS B TPEIUHE 110 BEPTUKAJN [IPEHeSPEraem.

Jra 3amaay mpy 330aHHOM (DUKCHPOBAHHOM JABJICHWH KUIKOCTH HA

CKBazKHHE HaXOIUTCA HpI/I6J'II/I)KeHHO€ pelrenne

APf:APf(w)eXp (7\/A/\/Z$>, (t>0, 0<:E<OO)

A x
1/4 /
AP = APy, exp <72 / z) , z= S /A

; sin 1/4 1/4
/ 67"72" dn.
0

W3 cpaBHeHMs TOJYUEeHHBIX (POPMYJT CAEIYeT, 9TO OTHOCUTEIbHA Pa3-
auria He 6osee 3 — 4 mporenToB. [loka3biBaeTcs, pe3ysbTAThI, MOIyIae-
MBIE METOIOM TIOCTETOBATEIBHON CMEHBI CTATIMOHAPHBIX COCTOSTHUN XOPOIITO

1 TOYHOEe

am

TIPUTOAHDBI /I IIPAKTUYIECKUX PaCHCTOB.
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IMIPUMEHEHUWUE MOAEJIN TRANSFORMER IJId
MOJEJINPOBAHUS U ITIPOTHO3MPOBAHU A
BPEMEHHHBIX PA/10B
M.K. ApaboB
cool.araby@mail.ru

YIK 004.8.

B nocnennme rogwpi apxurekrypa Transformer akTuBHO UCHOIB3yeT-
cd B 337a9aXx 0OpabOTKU eCTECTBEHHOTO sS3hIKa, HO €€ MOTEHIWA B
HpOI‘HO3I/IpOBaHI/II/I BpeMeHHbIX pH,I[OB TaKXKe€ BBI3bIBaeT I/IHTepeC. CTa—
Thsl aHAJIU3UPYeT npuMenenue mogeneii Transformer g sTux 33184,
BBLIAECJIAET UX HpeI/IMyH_[eCTBa 10 CpaBHeHI/IIO C Tpa,)II/IHI/IOHHbIMI/I Me-
tomamu, Takumu kKak ARIMA u RNN, u paccmarpuBaer mocjenHue
WCCJIEIOBAHM M HAIIPABJIEHUs OYIyIero pa3BuTus..

Karouesnie caosa: Transformer, momennpoBanve BPEMEHHBIX DsIOB,
TPOTHO3WpOBaHNe BpeMeHHBIX psifoB, ARIMA, RNN, nccienosanns,
MEePCIeKTUBBI PA3BUTHA.

Application of the Transformer Architecture for Time Series
Modeling and Forecasting

In recent years, the Transformer architecture has been actively used
in natural language processing tasks, but its potential in time series
forecasting is also gaining interest. The article analyzes the application
of Transformer models for these tasks, highlighting their advantages
over traditional methods such as ARIMA and RNN, and discusses the
latest research and future development directions.

Keywords: Transformer, time series modeling, time series forecasting,
ARIMA, RNN;, research, future directions.

ObbeM Te3ucoB — 70 ABYX cTpaHuIl, moarorosiaeHusx B LaTeX nmo qammoMy
obpa3iry.

IIporao3upoBanne BpEMEHHBIX PsIOB [1-3] urpaeT KI0IeBy 0 poss B Ta-
KX 06JIacTSX, KAK SKOHOMHKA, SHEPreTUKa M MeIUINHA. 1 DaJuIOHHbIe
merosel, Takre kak ARIMA u RNN| xopoimro paboTaior ¢ BpeMeHHbIMY Dsi-
Jamu, HO OoJiee CIIOXKHBIE U 00 bEMHBIE JaHHBIE TPEOYIOT MOIITHBIX MOZETEN.
ApxurekTypa Transformer, 61aronapsa UCIOIB30BAHUIO MEXAHN3MA BHIMA-
mug (attention) m crocofHOCTH MOIENMMPOBATDH TOJTOCPOTHBIE 3aBUCAMOCTH,
MOKET 3HAYMUTEHHO YIYYIIUTh TOYHOCTD IIPOTHO30B.

Dra pabora 6bLTa moggep:KkaHa IIporpamMMoii cTpaTerndeckKoro akaaeMUuIecKoro Jiu-
zepcrea Kazanckoro denepansroro yamsepcurera (PRIORITY-2030).

Apa6os Mysmomapad Kypborosud, K.b.-M.H., cTapimuii npenojgasarens, KOV (Ka-
3aHb, Poccus); Arabov Mullosharaf (Kazan Federal University, Kazan, Russia)
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Transformer [1-2] 6asupyercss Ha Mexarnsme self-attention, koTopsrii
BBIYUC/IAET BAYKHOCTH KAaXKJIOTO 3JIEMEHTA II0CJIE/I0BATEIbHOCTH II0 OTHO-
IMIEHUIO K OPYTHM dIeMeHTaM. J[mg BXOZHON mOC/IenoBaTelbHOCTH X =
[z1, 22, ..., 2] cosmatorcs Tpu maTpuns [1]: Query (Q), Key (K) u Value
(V):

Q=XWq, K=XWg, V=XWy,
rne Wo, Wk u Wy — obyuaemsbre marpuiibl BeCOB. MexaHu3M BHUMAHUS
BBIYUC/ISAETCS TI0 CJAeAyIOIei hopMyIie:

QK"
Attention(Q, K, V) = softmax ( > V,
vy
rae dji — pa3MepHOCTH KJIOUel. DTOT MEXaHU3M II03BOJIAEeT MOIE/N yIUThI-
BaTh KOHTEKCT BCEHl II0CIEI0BATEIBPHOCTH, a HE TOJIBKO IIPEbIIyIIHe JJjIe-
MEHTHI, KaK B PEKyPPEHTHBIX HeipoHHbIX ceTax (RNN).

Cronr OTMETHUTH, BPEMEHHBIE Dbl MOTYT OLITH IIPEICTABJIEHBI KaK
[I0CJIEIOBATEJIBHOCTh BEKTOPOB, I/l KaKIbIH BEKTOD COAEPKUT 3HAMEHHS
NPU3HAKOB B ONPEIEIEHHBIN MOMEHT BpeMmeHH. OCHOBHBIE APXUTEKTYDHI
Transformer myist aHa/IM3a BpEMEHHBIX DPSOB BKO9aT [1-2]:

e Temporal Transformer: [Ipumenser cTaHIapTHYO apXUTEKTYPY, 06pada-
TBIBAS KAaXKIbI BPEMEHHON TMar KakK 3JIEMEHT I0C/I€/I0BATE/IHHOCTH.

e Informer: Yayumennas Bepcusi ¢ Mexanu3moMm "probSparse attention orm-
TUMHUSUPOBaAHHBIM IJI4 JJIMHHBIX HOCIIe,ZI;OBaTeIIbHOCTeﬁ.

o Autoformer: Vcnosp3yer aBTOKOPPEISITHOHHBIE MEXQHU3MBI 17151 BBISBJITE-
HUdA CE€30HHBIX U TPEHAOBBIX KOMIIOHEHTOB.

Takum 06pa3oM, UCHOIbL30BaHKE apxXUTeKTYpbl Transformer B anasmse
BPEMEHHBIX PSIJ0B OTKPHIBAET HOBBIE BO3MOXKHOCTH JJIs1 TIOBBIIIIEHNST TOTHO-
CcTH IporHo3uposBanud. HecmoTpd Ha C/I0XKHOCTH, CBA3aHHBIE C €€ BHEIpe-
HUEM, JAJIbHENITNE NCCAE0BAHNS U Pa3pabOTKN MOTYT 3HAYNTETBHO YIIy -
IIUTH PE3YJIbTATHL B 3TOH 00IacTH.
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NCCJIIEJOBAHUE YNCJIEHHBIX METOJ0B
OIITUMUSAIINN AJ1d PEIIIEHU YA 3ATAYUN
OINMPEAEJIEHN YA JE®PEKTOB KOCTPYKIIMOHHBIX
MATEPUAJIOB
T.P. Basmmu, A.C. Cyxos, E.I'. Xurpos
timur.bavshin@gmail.com, sukhovtema@gmail.com,
yegorkhitrov@gmail.com

VIK 519.6

B pabore n3yvena cxoauMOCTh HECKOJIBKUX CTOXACTUYECKUX METOI0B
ONTUMHU3AINNA HA IPUMEPEe MUHIUMHU3AIUU ABYX (DYHKIINI TOTEPH PHU
o0ydeHnr MOeJN WCKYCCTBEHHON HeHpOHHOH ceTn-TpanchopMmepa
YOLO. IIpaxTuteckoii 11eabio SB/ISIOCH 000CHOBAHIE BRIOOPA METOA
MUHUMHA3AUN TP 00YyI€HNN MO KOMIIBIOTEPHOTO 3PEHUs, TIPel-
Ha3HAYEHHOM J7Ia omnpeseseHns 1edeKTOB APEBECUHBI HA ITH(POBBIX
CHUMKAX, HMHJ’IGMeHTpreMOﬁ B aBTOMATU3SUPOBAHHYIO CUCTEMY KOH-
TPOJId Kavde€CTBa KOHCTPYKIIMOHHBIX MaTE€PHUAJIOB.

Karouesvie cro6a: MUHEUMU3AIHMS, TIyO60KOe 00ydeHre, KOMITbIOTEPHBIH
SKCIIEPUMEHT, CETMEHTAIINs, PACIO3HABAaHNE 00pa30B.

Study of Numerical Optimization Methods for Solving the
Problem of Defect Detection in Structural Materials

The study investigates the convergence of several stochastic optimiza-
tion methods by minimizing two loss functions during the training of
a YOLO transformer neural network model. The practical goal was
to justify the choice of optimization method for training a computer
vision model designed to detect wood defects in digital images, to be
implemented in an automated quality control system for structural
materials.

Keywords: Minimization, Deep Learning, Computer Experiment, Seg-
mentation, Pattern Recognition.

Pemenne MHOrIX 33144 MaTEeMATHIECKOTO MOAETUPOBAHUS CBA3AHO C De-
IIEHUEM ONTHMHU3AIMOHHBIX 3a7ad. Hampnmep, npu paspaboTke Momesei
MAIIUHHOTO O0yYeHUs W UCKYCCTBEHHOIO HMHTEJIJIEKTA, BBIIOJHSETCS IIO-
MCK TOYeK MUHEMyMa (GYHKIHA MHOTHX TepPEMEHHBIX — (YHKIHUH IOTEPh
(mrpada) (T.m. 06yuenune mozmeneit [1]). B wacTtrOCTH, B 333498 riry6OKOro
o0yueHust fyist MozesIeil KOMIILIOTEDHOIO 3DEHUs] KOJIMIECTBO II€PEMEHHBIX

Bapmun Tumyp Pycnanosnd, cryment, UTMO (Cankt-IlerepGypr, Poccus); Timur
Bavshin (National Research University ITMO, Saint Petersburg, Russia)
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Sukhov (National Research University ITMO, Saint Petersburg, Russia)

Xurpoe Erop lepmanosud, a.1.1., gouert, UTMO (Canxr-Iletepbypr, Poccus); Egor
Khitrov (National Research University ITMO, Saint Petersburg, Russia)

202



NCYUCTIICTCA MUJLTUOHAMU, (byHKHI/II/I TIOTEeph HeBbIl'IyK,HBI 1 HETJIaJIKWu, 9TO,
C yIeTOM KOHEJHOM pa3psaHoil ceTku DBM, nenaer emsa ju BO3ZMOXKHBIM
TOYHBIH TTOUCK TOYKHU 7100 TFHOTO0 MUHUMYMA. B 3T0i CBA31 UCHOIB3YIOT-
Csl pa3JINYHBIE MPUOJINKEHHBIE METOIB MUHUMHUBAIIY TIeJIEBBIX (BYHKIHH
[1]; cxonumocTs wacTy U3 HUX #aXKe IJIs [VIKHAX BBILYKJBIX 3389 CTPOTO
HE JIOKa3aHa [2], HECMOTPS HA WX IMUPOKOE PACIPOCTPAHEHHE B IPAKTH-
Ke TpeaMeTHoi obnactu. Hakorienue cBeIeHn 0 CKOPOCTH U CXOIUMOCTH
HpI/I6J'II/I)KeHHBIX METOJA0B MHUHUMUW3AIIWUW IIPU PEIICHUU 3ada9 C 60ﬂblﬂoﬁ
PasMEPHOCTBIO ABJIAECTCA AKTYaJbHBIM HaIIPAaBJACHUEM DPa3BUTUA YIUCJIEH-
HBIX METOZOB onTuMu3anmu [1], Ha HacTosIeM STale MCCJeI0BaHui Heob-
XOUMBIM JIJTsT Pa3pabOTKU MOe/eill KOMIILIOTEPHOTO 3PEHUs, TpeIHA3HA-
YEHHDBIX /14 PEIMICHNA IMPAKTUYECKUX 3a/da', a B IIEPCIIEKTUBE — OJI4 JdaJIb-
Helmero amaan3a u 0000IIeHN.

B paboTte 3KCIIeprMeHTAIHFHO W3YI€HA CXOIUMOCTD TPEX METOI0B MUHU-
Mu3armu GYHKITMA TOTePh TpU 00YIeHUN MOIEIN UCKYCCTBEHHOM HEMPOH-
noit cern (MHC) YOLOv8u.pt [3] ¢ apxurekrypoit UHC-rpancdopmepa,
cBsi3aHHBIX ¢ cermenTarueii (box loss) uzobpaskenuii u pacrosHasanus 06-
pasos (cls_loss) Ha mudPOBEIX CHIMKAX, & AMEHHO:

e SGD (croxacTudeckuil rpaAueHTHBIH ciycK)|[4]:
W41 = Wt — Ot Ge,
rae w — npub/IMKEHVE K PENTEHUT0, (¢ — NIAT METOJa, ¢ — NPUOIMKEHne K

rpagmenty ("croxacruaeckuii rpaguent’)[4| u t — nomep mrepanmu.

e RMSProp (Meros 9KCIOHEHIIMAILHOIO CKOJIb34INero cpeatero)|s, 6]:
Vo = 0,

v = Poe—1+ (1 — B)gf7
o

ﬁgm

W41 = Wt —
Ijie v — BEKTOD 3aTyXaHUs.
e Adam (Meron amanTuBHOrO MOMeHTa)[T7]:

o
Wt41 = Wt — ——=M,

Ve

L V¢ — AJANTUBHBIEC TIapaMeTPhl MeToa,

[3
1-87

1

me I/IUAt = 17/Bt
2

e my =

me = frime—1 + (1 — B1)ge,

vy = PBavi—1 + (1 — 52)9?,
rme $1 u 2 — YUCTOBBIE TAPAMETPHI.

Bce omeparmu Han BeKTOpaMy IPOM3BOIATCS IIOdJIEMEHTHO [7].
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Jnsa mpoBemenust uccienoBanust mpu obyuennn momean NHC 6wt we-
0JIH30BaH HAOOP MAHHBIX, COAEPIKAINUI N300paKeHUA KOHCTPYKIIMOHHBIX
MarepuasnoB m3 apesecuusbl [8]; mabop cocromr m3 20276 amHOTHPOBAH-
HBIX m300paxkenuii ¢ gedexktamn 10 Tumos, pasmep Habopa MJAHHBIX W
9UCI0 KJIACCOB OT/IMYAET IIOJIyYeHHBIe Pe3yIbTaThl OT OIyOJIMKOBAHHBIX
pamee. Borumciienns nposesieHsl ¢ uCHoOb30BaHMEM (peitmBopka Pytorch
TIpY CTAHIAPTHHIX runeprapamerpax ooyuerns IHC YOLO [3], pasmepom
n3obparkenwit 640 mukcesnei u pa3zmepom 6arda paBHBIM 16.

IIpakTuveckoil 11eJ1bI0 ABJISI0CH OOOCHOBAHME BHIOOPA METO a MUHUMU-
3anmy IpU 00yYIEeHNH MOJEIN KOMITBIOTEPHOTO 3PEHMUs, MpeTHA3HATEHHOMN
JJIsT OlIpeJieieHusl Je)eKTOB APEBEeCUHBI HA IU(POBLIX CHUMKAX; MOIEJb
NpeHA3HAYEHA JJId [TOCJIE/IYIONeld UMILIEMEHTAIINA B aBTOMaTU3UPOBaH-
HYIO CHCTEMY KOHTDOJISI Ka9eCTBa KOHCTPYKIMOHHBIX MaTeprnayoB. OcHOB-
HbI€ Pe3yJIbTATHl IIPUBEIEHBI HA PUCYHKe 1.

DyHKUMA box_loss

4.5 A
| —— Adam ! — Adam
2241 --- SGD 4091 --- 5GD
1 —-= RMSProp @ 3.5 ‘I —-= RMSProp
H o<
209} w'30q 1
i 5] I|
=
18- ‘I\ 523571
X
\TQ&\ 520
161 . 1.5
1'4 L T T T T T T T 1-0 1 T T T T T T T
0 25 50 75 100 125 150 0 25 50 75 100 125 150
Yucno 3nox obyyeHus, epoch Yucno anox oby4venns, epoch
(a) ®yEKuMSA DOTEpPE cerMeHTAnUM (b) DyHKNES NOTEPH KIACCH(UKAAA

Puc. 1: PeSyﬂbTaTbI IKCIIepUMEeHTOB

B xome wccnemoBanusi ObLIO BHIsSIBAEHO, uTo Meronm Adam mpose-
MOHCTPHUPOBAJI HAWJIYUIINE PE3yJbTAaThl st 00enx (GYHKIUH OmmnboK.
RMSProp mokazan nocrofinble pe3yabTaThbl Ajsd (DYHKIMH IOTEPb KJac-
cudukanuy, HoO MeHee TOYEH B ONPEIeIeHUN HAYAJIHHOTO IPUOIMKEHUS U
ycTymaeT B MuHHMu3anuu GyHKmun norepb cermentanmu. Merom SGD B
IKCIIEPUMEHTE OKa3aJicsad HauMeHee 3¢ HEeKTHBHBIM.

B kadecTBe MePCIEKTUBHOTO PEIIEHUS I MUHUMM3AINH GYHKITHH 10~
Tepb npu ODYHUeHUN MOHE/IM KOMIILIOTEDHOTO 3DEHUS, IIPEIHA3HATEHHOMN
JJTsl cerMeHTaluu u Kiaaccudukanuu nedeKToB KOHCTPYKIMOHHBIX MaTe-
pUAJIOB U3 JPEBECUHBI, HA HACTOSIIEM 3Tale HUCCIeTOBAHMM, PEKOMEHTY-
erca meron, Adam. C y4eTroM YyBCTBUTEJBHOCTH METONOB K HACTPOIKaM
THIIEPIIAPAMETPOB [2], coremyer masee MPOBECTH IYKCIEPUMEHTHI [0 WX Ha-
CTpO¥iKe, ITO HYXKHO [JIsi COCTaBJIEHUs 0O0Jee MOJIHOTO M CUCTEMATH3UPO-
BAHHOIO NIpeICTaBIeHns 00 3 PeKTUBHOCTH NCIEHHBIX METOI0B MUHIMU-
3aruu B pemntennn 3a7a4u raybokoro obyvenus. IlocTenennoe HakomieHne
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IMIMPUTIECKUX CBEIEHMI Oymer crocoGCTBOBATEH TMOIYUeHUIO Hojee CTpo-
TUX AO0Ka3aTe/JIbCTB CXOAMMOCTHU YUCJICHHBIX METOI0B IIPU PEHICHUNW 3a1a9
MYJIbTUKJIACCOBOM CErMEHTAIINN M KJIACCH(DUKAIIHH.

JInteparypa

1. Hutter F., Kotthoff L., Vanschoren J. Automated Machine Learning:
Methods, Systems, Challenges. — Springer, 2019. DOI: 10.1007/978-3-030-
05318-5.

2. Sun S., Cao Z., Zhu H., Zhao J. A Survey of Optimization Methods
from a Machine Learning Perspective. — arXiv, 2019, 1906.06821, DOI:
10.48550/arXiv.1906.06821.

3. YOLOv8 Documentation [Ssekrpornsiii pecypc|. — Pexum mocty-
ma: https://docs.ultralytics.com (mara obpamenus: 10.08.2024).

4. Robbins H., Monro S. A Stochastic Approximation Method. —
The Anmnals of Mathematical Statistics, 1951. 22 (3): 400.
DOI:10.1214/a0ms /1177729586

5. Hinton G., Srivastava N., Swersky K. Neural Networks
for Machine Learning: Lecture 6a Overview of Mini-batch
Gradient Descent. [dmexrporHblit pecypc]. — Pexum mocryma:
https://www.cs.toronto.edu/tijmen/csc321/slides/lecture_slides_lec6a.pdf

6. Graves A. Generating Sequences With Recurrent Neural Networks. —
arXiv, 2014, 1308.0850. DOI: 10.48550/arXiv.1308.0850

7. Kingma D., Ba J. Adam: A Method for Stochastic Optimization. —
arXiv, 2017, 1412.6980. DOI: 10.48550/arXiv.1412.6980.

8. Kodytek P., Bodzas A., Bilik P. A large-scale image dataset of wood
surface defects for automated vision-based quality control processes //
F1000Research. 2021. T. 10. C. 581. DOI: 10.12688/f1000research.52903.2.
PMID: 35903217; PMCID: PM(C9277195.

205



HOBBI CIIOCOB KOJIMYECTBEHHOT'O OIIMCAHU ST
TJIABHBIX KOMIIOHEHT
BOJIBTAMITEPOMETPUYECKUX BA3 TAHHBIX
«JIEKTPOHHOTI'O A3bIKA» C UCIIO/Ib3BOBAHUWUEM
JIPOBHO-PAITMOHAJIBHBIX ®YHKIINI
3.A. Bammuposa , I.I'. BuxxkanoBa, I'.P. Ab6yimmaxmuna,
A.B. Cugesbaukos, P.P. Hurmarynunu, I'K. Bygankos
bashirova2903@gmail.com, bizhanovalll@mail.ru,
abushahmina g@mail.ru, Artsid2000@gmail.com,
renigmat@gmail.com, Herman.Budnikov@kpfu.ru

YIK 517.518

ITenpro mamuOit PabOTHI SIBUIOCH WCCAEIOBAHHAE BOJIHTAMIIEPOMETPH-
YEeCKOT0 MOBEIEHUS HEKOTOPBIX 00pa3IioB (PPYKTOB C HUSKHUM COAEP-
JKaHWeM 3/IEKTPOAKTUBHBIX BelleCTB € HUCIOJIb30BAaHMEM TEMIIOPaJIib-
HOTO TOAX0Aa K CTPYKTYPHPOBAHUIO BOJIbTAMIEDHBIX BPEMEHHBIX PdA-
J0B IO METO/y IVIABHBIX KOMIIOHEHT M KOJIMYECTBEHHOMY OIMCAHUIO U
TTONCKY BEIYNUX TJIABHBIX KOMITOHEHT (1-3) KazKmoH CHOKHOW Kum-
KOCTH (B HAINEM CIy9Iae — AOJOYHBIX COKOB Da3JIMTIHON KHCJIOTHO-
CTH,/CaxapucToCTH) € NOMOIIBI0 MUHUMAJIBLHOTO 9HCJA II0IOHOTHBIX
apaMeTposB.

Karouesnsie caosa: METOO INIaBHBIX KOMIIOHEHT, TUHaMHWYIeCKad CUCTe-

Ma, TEMIIOPAIBHOCTb. . L .
A new method for the quantitative description of the main

components of voltammetric databases of the ”electronic lan-
guage” using fractional rational functions

The purpose of this work was to study the voltammetric behavior of
some fruit samples with a low content of electroactive substances using
a temporal approach to structuring voltammetric time series using the
principal component method and quantitative description and search
for leading principal components (1-3) for each complex liquid (in our
case, apple juices of different acidity/sugar content) using a minimum
number of adjustment parameters.
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Keywords: principal component method, dynamic system, temporal-
ity.

Meton ritaBHBIX KOMITOHEHT IIPUMEHWTH J1si OOIIEr0 OMMCAHUS BOJIBTAM-
MEPOMETPUIECKOTO TIOBEIeHNST (PPYKTOB C UCTIOJIB30BAHUEM «3JIEKTPOHHOTO
SA3bIKa» — MEpPBas 33a49a, KOTOPYIO CTABIT U PEITaloT BO MHOTHX HAYYIHBIX
CTaThsIX MPUKJIAIHOTO XapaKTepa B 00/IaCTH MYJIBTHCEHCOPHOTO AHAJIN3A,
B TOM YHCJIE C WCIOJb30BAHUEM <«3JEKTPOHHBIX SI3BIKOB U HOCOB», W UX
rubpuaHbIX BapuaHnTax. Bropas 3a1aua saBisieTcss 0COOSHHOMN ISl JAHHOTO
BUZIA YTEKTPOXUMUYECKNX UCCJIEIOBAHUI C NCIIOIb30BAHNEM IIPUHITUIIOB X€-
MOMeTpuKH — moaydenne ucxoaubix MI'K- nanspix misa anpobarmm MeToa
JAPOOHO-PAITMOHATBHBIX (MYHKITHH J/TsT KOJUIECTBEHHOTO OMUCAHUS IBOJIIO-
¥ SIEKTPOXUMUYECKNX CUCTEM IIPU WX HEMPEPBIBHOM (DYHKITHOHUPOBaA-
HUJ U B3aUMOJEHCTBUN Ha TPAHMUIE Pa3zesa 3jeKTpoi/pactsop. Ilepsuy-
HBIA aHAJIM3 BOJIHTAMIIEPOTPAMM II0 METOY TJIABHBIX KOMIIOHEHT BBISIBHI,
uro sabsoku "Cumupenko "Tana Japk Bapon "Dkonom "Crasa ITo6equre-
JgM"'M TUMOH OTJIMYIAIOTCA IO BOJBTAMIIEPOMETPHIECKOMY TOBEICHUIO B
MIPOCTPAHCTBE TIEPBBIX TPEX TJIABHBIX KOMITOHEHTAX MeXK Iy cODOM n B Cpas-
nernuu ¢ gapyrumu abaokamu "Bpeiibepn "Tonaen "Pen Henmmec " Aiima-
pen "Kyb6aunckue Barpsubie "I'pean Cut "Cemecra «Kpurnc [Murks. B ca-
37 C 9TUM JJTsl XaPAKTEPU3AINN CXOKECTH U PA3IAINS MEK/IYy TAHHBIMH,
CIJIBHO OTVIMYAIOIIUMUCS IJIEKTPOXUMHUIECKHU, TOCTATOYHO OBLIO HCIIOJIb-
30BaTh TPU MEpPBBbIE TJIABHBIE KOMIIOHEHTHI, KOTOphle 00pa30Bayn BHIOOD-
Ky JAQHHBIX JIsI KOJTUIECTBEHHOTO OMUCAHUS IBOIONUNA JIEKTPOIHBIX CHU-
CTEM II0 TEMIIOPAJIBHOMY METOAY ApOoOHO-parmonaababix dyrkimit. Havmu
MIPEIOKEHO PACCMATPUBATE HE TOJBKO CTAIMOHAPHOE COCTOSHUE BOJIBT-
aMIepoMeTpuaeckoi cucremsl o Kiaaccngeckomy MI'K, #o 1 kak oma 3BO-
JIIOITMOHUPYET HEIIPEPBIBHO C MOMEHTA, HAYaJIa, PETUCTPAIMH BOJIBTAMIIEPO-
rpamum 1o nocaegaeit 400-it Tourn. OcHOBHAS 33,1298 - HAUTH COOTBETCTBY-
Oy (BDYHKITUIO TOATOHKY, KOTOPAsi MO3BOJISTET KOJIMIECTBEHHO OIMCATH
OCHOBHBIE KOMIOHEHTHI (1-3), KOTOPBIE HCIOJIB30BAIUCH B TPAUIHOHHOM
PCA. Kaxk u3sectno, coBpemennbiii PCA MOXKHO OXapaKTepH30BaTh Kak
Ka4eCTBEHHBIH METO/I, U CUCTEMATHIECKOE ONMCAHNE STUX KOMIIOHEHTOB OT-
cyrcrByer. Ilpeanaraemas dynkius noabopa goskHa b1t "yHUBEpCaIb-
HOI OTHOCUTEIHBHO TIPOCTON U CO/IEP:KATH MUHUMATHLHOE KOJIUIECTBO Tapa-
MeTPOB moAbopa.

Jlureparypa

1. Nigmatullin R.R., Budnikov H.C., Khamzin A.A., Sidelnikov
A.V., Maksyutova E.I. Temporal multi-sensor system for voltammetric
recognition of L- and D-tryptophan enantiomers based on generalized
principal component analysis // New Journal of Chtmistry, 2018. V. 42. Ne
1. P. 465-475.

207
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YAK 517.518

W3BectHO, uTO B 11060M METO/IE AHATUTUYIECKOM XUMUHN [IJIsI IIOJIye-
Hus HOOPMAIMH O KATECTBEHHOM U KOJIMIeCTBEHHOM COCTABE UCIIOJIb-
3YIOT aHAJUTHYIeCKui curHajl. 1 obHapyKeHus BelecTs GUKCUPY-
0T NOgBJEHNe aHAJUTUIECKOr0 CUTHAJIA, a JJIA OIpeaesIeHUs BelleCcTB
— KOJIMYECTBEHHO €r0 OIEHUBAIOT C UCIIO/Ib30BaHHEM BH3YyaJIbHBIX WA
HHCTPYMEHTAJBHBIX MeTONOB. I KOJIMIeCcTBeHHOU OIIeHKH, KaK IIpa-
BILJIO, HEOOXOIMMO 3HATH BU/T MATEMATHIECKON 3aBUCHMOCTY aHAJINTH-
YeCKOI'0 CUT'HaJIa OT KOHIEHTPAINN aHAJIU3APYyEeMOro KOMIIOHEHTa — TO
€CTb BUJ] AHAJIUTUIECKON (DYHKIMHU. DTO [IO3BOJIAET ISl O eIeHUS
KOHIIEHTPAITNA BeIleCTB PeaTnu30BBIBATDH TaKHe IIOAXOIbI, KaK MeTO[
rpaayupoBOYHOrO Tpaduka, MeTom 706aBOK, METO TUTPOBAHUS U JP.

Karoueswie crosa: dpakTa, MeTos 106aBOK, aHAJIATUIECKAH CUTHAJT
A new approach to estimating the temporal parameters
of formation/dissolution of nanostructured composites, us-
ing the example of aluminum microfilms, using the PLS-T
method’

It is known that in any method of analytical chemistry, an analyt-
ical signal is used to obtain information about the qualitative and
quantitative composition. For the detection of substances, the ap-
pearance of an analytical signal is recorded, and for the determination
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(Ufa University of Science and Technology, Ufa, Russia)
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of substances, it is quantified using visual or instrumental methods.
To quantify, as a rule, it is necessary to know the type of mathemat-
ical dependence of the analytical signal on the concentration of the
analyzed component — that is, the type of analytical function. This
makes it possible to implement approaches such as the calibration
graph method, the additive method, the titration method, etc. to
determine the concentration of substances.

Keywords: fractal, additive method, analytical signal

TIpu cnemoBBIX KOMMYECTBAX, HAIIPUMED, B TOHKUX METAJLTUYECKUX ILIIE€H-
KaXx, HOKPBITUIX, MUKPOIIPOBOJIOKAX WJ/IM, KOTJA BEUIECTBO — JIEFUPYIOIIAs
CIIaB 00aBKAa HEAKTHUBHO, MIN OOLEKT MMeeT HAHOpa3MepHBIe (OpMEL,
AHAJUTUYIECKHI CUTHAJ YacTO HACTOJIBKO MaJj, 4TO KJIACCHYECKUMU Me-
TOHAMU CTATUCTUYIECKON 0OpabOTKH JAHHBIX XaPAKTEPU3YETCH NIUPOKUM
JOBEPUTEIBHBIM HHTEDBAJIOM M, B CBA3U C 9TUM, OMINOOTHO ONEPATOPOM
MOXKEeT TPUPABHUBATHLCHA K IIyMOBBIM CHUTHAJaM. I/ UCKIIOYEHUs] TOTO
[PE/JIOKEHO B paboTe HAKAILUIMBATH CUIHAJBL B (pOPMATE BOJIBTAMIIEDHBIX
BPEMEHHBIX PSII0B U UX PACHIN(POBHIBATE, KOJIMHIECTBEHHO OIUCHIBATE C HC-
OJIb30BAHUEM AaBTOPCKHX IIOIX0/I0B Ha OCHOBE TeOpuHu (PpaKkTaoB u 0600-
[IEHHBIX METO/I0B IJIABHBIX KOMIIOHEHT.

QOcTaToyHbIE TOKK
R ﬂGﬂJ'lD)HI{MV_.

o0
gom Tt
?“g“oi?.c'?

IBONIOUMA MAKPO

3

Puc. 1. TemmopanbHas KpHBas pacTBopeHHsS (OJBITPOBAHHOTO AJIIOMUHHIS
o mMerony IIJIC-T -MoenpoBatus ¢ HCHOMB30BAHUEM JIBYX IJIABHBIX KOM-
nonent PC1-PC2.

B wacTtHOCTH, B maHHON paboTe MCC/IEIOBAJIM IIOJIHOE AHOHOE PACTBO-
peHre TOHKHUX CJIOEB MeTaJlIa, HAa mpuMepe (OIbIHPOBAHHOTO ATIOMUHHUS,
MIpY TIepexoie pa3MepHOCTH 00bEKTa OT MAKPO 10 HAHO(MOPM U IIEPEBOJIE U3
TBEPAOT0 COCTOSAHUS B noHHOe. C MCIOIL30BAHNEM METOA [VIABHBIX KOMIIO-
HEHT BIEPBBIE OIIPEEICHa TEMIIOPAIbHAA CTPYKTYPaA IEKTPOXUMUIECKUX
JaHHBIX. Hafinen HOBBIM TN aHAJUTHYIECKUX CHTHAJIOB IJId JNOIIOJTHEHHO-
ro MOHHUTODHHTA IIPOIECCOB AHOTHOIO PACTBOPEHUSA U KOPPO3UU METAJLIOB,
PACKPBIBAIONMI BKJIAJT KAXKOTO KOMIIOHEHTa, CIJIaBa,/pacTBOpa B oOmme
3aKOHOMEPHOCTH Pa3PYyINIeHHd MATePHAJIOB.

PesyapraTs! ncc/reoBamus, Ha HAII B3IVISLI, MOLYT OBITDH IIOJI€3HBL IIPU
Ppa3paboTKe eTajieil aBUAIMOHHOT0, HA3EMHOTO TPAHCIIOPTA W HA BOEHHBIX
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O6’beKTaX7 a TaKXKe I CO3TaHUs BBICOKOUTYBCTBUTE/IBHBIX TAaTYUKOB MO-
HUTOPHUHTAa KOPPO3WMOHHBIX IIPOIECCOB B IIOJICBLIX YC/JIOBUAX U B IIPOMBIII-
JICHHOCTH.
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3AJTAYA MHTETPAJIBHOM TEOMETPUN
BOJIBTEPPOBCKOI'O THUIIA II0 CEMENCTBY C®EP B
ITPOCTPAHCTBE
A.X. BermatoB, A.C. cmonjioB
akrambegmatov@mail.ru, alisher 8778@mail.ru

VIIK 517.946

B sTom pabore paccmarpuBaeTcs 3ajava BOCCTAHOBIIEHUs (bYHKITHI
1o cemeiicTBaM cdep B mpocTpancTse. JJoKa3bBaeTCd eIMHCTBEHHOCTD
PeTIeHst 33/1a49n Iy TeM CBE/IeHNsI K MHTErPAJILHOMY ypaBHeHnio Bob-
Teppa MepPBOro, a 3aTEM BTOPOTO POJA.

Karouesnie crosa: 3amada MHTErpAIbHON T€OMETPIH, CeMeNHCTBO cdep,
WHTerpaJjbHOe ypaBHeHne BosbTepa, eUHCTBEHHOCTD PelleHus.
Volterra-type integral geometry problem on families of
spheres in space

This paper discusses considers the problem of recovering a function
from families of spheres in space. The uniqueness of the solution of
the problem is proved by reducing it to the Volterra integral equation
of the first and then the second kind.

Keywords: Integral geometry problem, family of spheres, Volterra in-
tegral equation, uniqueness of solution.

SajagaMu MHTErPaJIbHOM T€OMETPUN BOJIBTEPOBCKOI'O THIIA HA3BIBAIOT-
CsI 337aH, KOTOPBIE MOTYT OBITH CBEIEHBI K HCCIEJOBAHUIO OEPATOPHBIX
ypasuenwnit Bombrepa B cMmbicie onpenenenns, ganaoro M.M. Jlaspentne-
BeM [1].

B pat6orer M.M./laBpenTheBa OBLIA TPEIIOKEHA BECHMA ILIOTOTBOD-
Hag Ued CBEINEHMs IMUPOKOTO KJIACCA 33/1a9 WHTErPATHHON TeOMETPUU K
HCCIIE0BAHUIO YPABHEHMS YBOIIOIMOHHOIO THIIA, JJis HEKOTOPOM BCIIOMOTa-
TeJbHOH (QYHKINNA. DTO, B YACTHOCTH, IIO3BOJIN/IO JOKA3AThH TEOPEMY €IUH-
CTBEHHOCTH pentenus UCXOMHoH 3amaun. Cie1yer OTMETHUTh, 9TO HEKOTOPBIE
KJIACCHI 3a/1a49¥M UHTEIPAJIbHON reoMerpun BoabTeppoOBCKOro Tuiia uslyda-
Jnck Takxke A.JI.ByxreiimMom.

Hosble knacchl 33129 HHTErPAJIbHON MeOMETPUN [TOJLY YU CBOE PA3BU-
e B paborax Axp. X. Bermarosa [2 u ap.]. B ero paborax msywanucs
3339 MHTErPAJILHON reOMeTPHUM BOJLTEPPOBCKOIO THUIA HA ILIOCKOCTH K
B mpocrpancTee. B paBorax [3,4] m3y4eHbI HOBBIE KJIACCHI 339U WHTE-
rPaJIbHON reOMETPUM U BBEJEHbI HOBBIE MOIXO/bI K MCCJIEAOBAHUIO 33,129

Bermaros Axpam Xacaunoswd, a.d.-M.H., npodeccop, CBYMUIITK (Tamkent, Y3-
Gexucran); Akram Begmatov (Joint Belarusian-Uzbek intersectoral institute of applied
technical qualifications, Tashkent, Uzbekistan)

Ucmounnos Ammmep Crmpukosud, K.d.-m.H., ¥Y3-Ouualll (Camapkanzn, Y3bexkucras);
Alisher Ismoilov (Uzbek-Finnish pedagogical institute, Samarkhand, Uzbekistan)
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BOCCTAHOBJIEHUsT (DYHKIINH ITO BECOBBIM (DYHKIIMSIM C 0COOEHHOCThIO. B pa-
Gore [5,6] n3yuena zamada BoccTaHOBIeHUs (DYHKIMU 10 ceMeiicTBaM cdep
B TPEXMEPHOM IIPOCTPAHCTBE.

B crathe paccmaTpuBaeTcs 3a7ada BOCCTAHOBJIEHUsI (DYHKIMH TI0 Ce-
MeiicTBaM cep B TpocTpaHCcTBe. /l0Ka3bIiBaeTCd € IMHCTBEHHOCTD PEIleHus
331391 Iy TEM CBEJIEHHS K MHTETPAIbHOMY ypaBHEeHNO BosbTeppa mepsoro,
a3aTeM BTOPOro poga. IIpumenstioTcest MeTobl Teopu ud dhepeHInaabHbIX
ypaBHeHI/II;'I C YaCTHBIMU ITPOU3BOJIHBIMU. ﬂOKa3aTeﬂbCTBO TeOpeMbl €ITUuH-
CTBEHHOCTHW OCHOBaHbI Ha U3yY€HUUN KPaE€BbIX 3a/1a4 AJ15 BCIIOMOT'aTE€/TIbHbIX
dbyurumit. Ucnonp3yercst Tak:ke Meros mpeobpasosanus Pypre. A Takke
pacCMOTpeHa 33/1a49a MHTErPAIHHOM IeOMEeTPHH I CeMeHCTBA IIOBEPXHO-
CcTell BTOPOTO ITOPSAIIKA.

3agaun TaKOro poJia BOZHUKAIOT B reodU3nKe W KOMIBIOTEPHON TOMO-
Fpa(l)I/II/I. HpaKTI/I‘{eCKaH 3HAYMMOCTDh CTaTbU 3aKJAIOY9aeTCd B TOM, 9YTO IIO-
JIY9€HHbIC PE3YyJ/IbTaThl MOTYT OBITH HCIIOJIb30BAHbBI IIpu YHUCJICEHHOM pemie-
HIU 33729 OTIPe/IeIeHUsT BHYTPEHHEH CTPYKTYPHI 00bEKTOB, BO3HUKAIOITNX
B 00J1aCTH MEIHUITMHBL U TeOMU3UKA.

ITocranoBKa 3aga4u. PaccMOTpHM 3a/a4y MHTErPAIbHON NEOMETPHA
J71d ceMeMCTBa MOBepXHOCTel B mosynpocTpancTs 2z > 0. IloBepxHOCTD, TIO
KOTOPOU BeIETCS WHTETPUPOBAHNE, TIPEICTABIAET OO0 cdhepy

==+ -

O6o3masum Lp = (z,y,2) :x € R,y € R,0< z < D.
Dyuxmus u(-) npeamosaraercsa GuHUTHON 1O T, Y, TO ecThb U(Z, Yy, 2) = 0
npu (z,y) € D , rme D - orparmaenHag 06/1acTh Ha IocKocTr 2 = 0 .
3agaua 1. B noaynpocrpancts Lp BOCCTAHOBUTH (DYHKIHUIO TPEX TIe-
pemenHbix u(x,Yy, z), €CJIM U3BECTHBI MHTETPAJIBL OT HEE 0 IOBEPXHOCTIM
cemeiicta Y (z,y, 2):

f(@,y.2) = / 4z, QulE, 1, C)dw,

(Y (2,y,2))

r/ie IIPOU3BOJIbHAA IOBEPXHOCTH CEMEHMCTBA MIPEACTABICHA BHIPaKECHUEM
2 2 2 2

JIemma 1. ITyemo dynkyua f(x,y, 2) useecmna 04 6cex u3 noAynpo-
cmpareme Lp, eecosan dynruyua q(z,() = 1

[22_¢2’
Tozda pewenue ypasnenus (2) 6 kaacce deascdn nenpepuiero dudde-
DERYUPYEMBLT Purumnbss Gynkuyul ¢ nocumenesm 6 noaynpocmpancme Lp

eduHCMEERHO.
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YUCJIEHHOE MOAE/IMPOBAHUE 3AJJAYUN
MHTETPAJIbHOW TEOMETPUU 11O CEMEVWCTBY
IIAPABOJI C 3A/TAHHO BECOBOI ®YHKIIVEN

A.X. BermatoB, H.Y. Yreyauen, A.C. VlcmousoB

akrambegmatov@mail.ru, utewlievn@mail.ru,
alisher 8778@mail.ru

VIIK 517.946

B pabote nccaenyercs 3a/1a498 MHTErPAIBHON FeOMETPHA B IIOJIOCE HA
ceMelicTBe MapaboJI ¢ 3aJaHHON BecoBOH (yHKIMel obmero suma. /lo-
Ka3aHa TeopeMa €IUMHCTBEHHOCTH 1 TeOpeMa Cy]l[eCTBOBaHI/IH pe]l[eHI/IH
Saga‘{n, HO.]'Iy“IeHO AHAJIUTHUYECKOe Hpe,ZI;CTaB.HeHI/Ie pe]l[eHI/Iﬂ B KJ1acCce
IJ18,IKUX KOHeuHbIX (byHknmil. [IpuBenens! yucientsie u rpaduaeckue
peSyﬂbTaTbI HpI/IMeHeHI/IH ITUX aHI‘OpI/ITMOB 1A pe]l[eHI/Iﬂ 3ada4q9u.

Karouesnie cao6a: 3a1a9a HHTErPAIBHOM reoMeTpun, 0OGpaTHBIE 3372~
4K, HEKOPPEKTHBIE 33/1a49M, YUCJIEHHOE perienue, rpeobpasosanue Py-
ppe.

Volterra-type integral geometry problem on families of
spheres in space

The article deals with the study of problems of integral geometry in
a strip on a family of broken lines with a given weight function of a
general form. The theorems of uniqueness and existence for the solu-
tion of the task are proved; an analytic representation of the solution
in the class of smooth finite functions is obtained. The numerical and
graphical results of applying these algorithms to the solution of the
task are given.

Keywords: Problem of integral geometry, inverse tasks, ill-posed tasks,
numerical solution, Fourier transformation.

3agadun MHTErpajgbHOM TeOMETPUHM - WHTEHCHUBHO Da3BHUBAIOIIEECS
HallpaB-JeHUe COBPEMEHHOH MaTeMaTHKW, KOTOpOe HABJIAeTCd OJHHM U3
KPYIHEHAIUX HANMpPaBJIEHN B TEOPUU HEKOPPEKTHBIX 33Jad MaTeMaTude-
ckoit ¢u3uku u ananuza. Ee 3amaum TeCHO CBA3aHBI C MHOTOYNCICHHBIME
NIPUJIOKEHHUSAMHY - 3aJa<daMy HHTEPIIPETAIINN JAHHBIX reO(MU3NIECKUX HC-
CJTeZIOBAHMIL, 3JIEKTPO-PA3BEIKH, AKYCTUKN U KOMIILIOTEPHO! TOMOTrpadun.
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OmfHo# W3 TEHTPATBHBIX TIPOOJIEM WHTETPATHHOW TEOMETPHUH SBJISET-
¢S BOCCTAHOBJICHUE (DYHKITUH, €CJIM W3BECTHBI €€ MHTETrPAJIBI TI0 33 IAHHBIM
MHO-TOO0PA3UAM.

ITpuseneM ompejesieHne 3a7a4u MHTErpagbHON reomerpun [1]. Ilycrs
u(x) - mocTaTouHO TyIaaKasd (GYHKIWS, ONMpPEIECHHAs B 7 - MEPHOM ITpPO-
crpauctBe & = (Z1,...,Zn), © M(N) - ceMeACTBO TIaIKMX MHOTOOODA3WMit
B 9TOM IIPOCTPAHCTBE, 3ABUCIINUX OT mapamerpa A = (A1, ..., \g). Ilycrs,
masee, oT GyHKIMA u(T) U3BECTHBI MHTETPAJIBI

u(xz)do = v(N).
M(\)
rae do onpenensier smemenT Mepsl o M (A). Tpebyerca mo dyrkmum v(\)
naifitn Gynknmio u(x).

B pat6orer M.M./IaBpenTheBa ObLIA MTPeIIOKeHA BECHMA ILIOIOTBOD-
Hasl Wjes CBEJIEHWs IMUPOKOTO KJIacca 3a/ad MHTEerPAIbHON reoMeTpHH K
WCCJIEJIOBAHNIO YPABHEHUS SBOJIIOITHOHHOTO THUIIA /1Js HEKOTOPOii BCIIOMOTa-
TeJbHOH QYHKINNA. DTO, B YACTHOCTH, IIO3BOJIN/IO JOKA3AThH TEOPEMY €IIH-
CTBEHHOCTH PENTeHHs HCXOAHOM 3agaun. CiieyeT OTMETHTD, YTO HEKOTODBIE
KJIACCHI 33/1a9N MHTErPaJIbHOI reoMerpun BoabTeppOBCKOrO THIIA H3yda-
Jnck Takxke A.JIL.Byxreiimom.

Hosple Kacehl 3389 HHTENPAIBLHON M€OMETPUN [TOJLY YHU/IH CBOE Pa3BHU-
Tne B paBorax Akp. X. Bermarosa [2 u ap.]. B ero paborax msyuammck
3aa9M MHTErPAIbHON reOMETPHUM BOJLTEPPOBCKOIO THUIA HA ILIOCKOCTH K
B mpocrpancree. B paBorax [3-6] m3yueHB HOBBIE KJIACCHI 334U WHTE-
TPAJILHON TeOMETPHUY U BBEJEHBI HOBBIE MOIXOLI K WCCIEJOBAHUIO 33121
BOCCTAHOBJICHUS (DYHKITUY 10 BECOBBIM (DYHKIMAM C 0COGEHHOCTHIO. B pa-
6oTax [7,8] m3yueHBI AHATMTAYECKOE TIPEACTABICHUE PEITEHM 339K HHTE-
TPAJILHON TEOMEeTPUN B KJIacce TJIaIKNX (MUHUTHBIX (DYHKIUH. Y IUTHIBAT,
9TO IPU U3MEPEHUTX BCEra IPUCYTCTBYIOT 3allyMJIEHHbIE HHTErPAJIbHEIC
JAHHbIE, HA OCHOBE W/IEH Peryaspu3anui THXOHOBa CTPOUTCS YCTONYUBBII
AJICOPUTM JJIsT 9IHUCJICHHOTO PEITeHNs 33a9i WHTErPAJIHHON TeOMeTPUN Ha
ceMelicTBe JIOMaHBIX. [IpoBeqeHHBIH YMC/TeHHBIN SKCIIEPUMEHT IOKA3bIBAET,
9T0 pa3paboTaHHBIN agroput™m 3G GPEKTUBHO BOCCTAHABIMBAET M300parKke-
HI€ BHYTPEHHEH CTPYKTYPHI UCCIEAYeMBIX 0OBEKTOB C JTOCTATOTHON TOU-
HOCTBIO.

B nannoit pabore nuccienyercsa 3a1ava NHTETPAJIHHON T€OMETPAM B IO-
Joce Ha ceMmeiicTBe mapabos ¢ 3aIaHHON BecoBOil (dyHKIWMeH 06Inero Bu-
ga. Jokazana TeopeMa €IMHCTBEHHOCTH M TEOPEMa CYyUIECTBOBAHUS pellle-
HUS 33/1a4H, [OJIYYeHO aHAJIUTHYECKOE IIPEJCTABIEHNE DEIleHUs B KJIaC-
ce TVIaJKUX KOHeuHbIX yHKImi. [IpencraBieHa oneHKa perieHnust 33 adu
B mpoctpancTtBax CoboseBa, m3 KOTOPOU BBITEKAET €€ ciabas HEKOPPEKT-
HOCTH. IloyUeHHbIE TEOPETHYECKNE PE3YIBTATHL UCCIIEIYIOTCH 10 SKCIIePH-
MEHTAJIbHBIM JaHHBIM. [IpuBenens! unciennbie u rpadpudeckue pe3yaIbTaThl
NPUMEHEHHUsI 3TUX AJTOPUTMOB [JIs pelleHus 3a7a4u. Takue 3a7au nme-
0T MHOT'OYHUC/IEHHbBIE IIPUIOKEHHSA B MATEMATHIECKOM H3y4YeHUN IpobieM

215



ceficMOpa3BeIKM, MHTEPIIPETAINH Te0MU3NIECKUX U a9POKOCMUIECKUX Ha-
GsmioneHuit, B penreHuH OOPATHBIX 33039 ACTPOMU3UKN U TUIPOAKYCTUKIY.
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IIOCTPOEHUE MOJEJIEV BA3KOVIIPYIOI'O "
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ura.4132@yandex.ru
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Pa6ora BKJIIOYAET IKCIEPUMEHTAJbHBIE UCCJIEIOBAHUS U YUCJIEHHOE
MOJIETMPOBAHNE TIOBEICHUS WCCIETyEMBIX MATEPUAJIOB W KOHCTPYK-
nmit, B KOTOPBIX OHU NIPUMEHSAIOTCA. BBIIOMHEH aHamu3 rernodusn-
YEeCKUX U PEOJIOTHYECKUX CBOHCTB HAOOPa MOJUMEPHBIX U CMa309YHBIX
MATEPHAJIOB B ITUPOKOM auana3one temmeparyp [- 40; + 80] °C. Ilo-
CTPOEHA YIHCJIEHHAS IPOTIETYpa UIAHTH(DUKAIUN MOJIesIel TIOBeIeHUs
MaTepHuaOB B pAMKaX BA3KOYIPYTOCTU U BABKOYIIPYTOILUIACTUIHOCTH.
TIpoaHaMM3NPOBAHO BJAWSTHHUSA MOJIEJIEH TOBEJIEHNE MATEPHUATOB HA WX
nepOpMALMOHHOE TTOBEJIEHNE TIPA CTATUYECKUX W JUHAMUYECKUX Ha-
Tpy3Kax Ha TECTOBBIX U MOJETBHBIX 3371a9aX, & TAK¥XKe mpu paboTte cde-
puueckoii onopuoii wactu npoussoacTsa OO0 «AnbdaTexs 1. Ilepms.

Karouesnie caosa: mosmmMep, cMa3Ka, BA3KOCTb, TEPMOMEXAHUKA, METOJT
KOHEYHBIX 3JIEMEHTOB, OIPE/Ie/IAIONNe COOTHOIIEHUS, MOJEIIb.
Construction of viscoelastic and viscoelastoplastic models be-
havior of antifriction polymer and lubricant materials used
in bridge design

The work includes experimental studies and numerical modeling of the
behavior of the materials under study and the structures in which they
are used. An analysis of the thermophysical and rheological properties
of a set of polymer and lubricant materials in a wide temperature
range [~ 40; + 80] °C has been completed. A numerical procedure
for identifying models of material behavior within the framework of
viscoelasticity and viscoelastoplasticity is constructed. The influence
of material behavior models on their deformation behavior under static
and dynamic loads in test and model problems, as well as during

Pabora Bbinosinena npu GuHAHCOBON noiepxkku MUHUCTEPCTBA HAYKUA U BBICIIErO
obpasosanus Poccuiickoit @enepanun (nmpoekt Ne FSNM-2023-0007)
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Hocos FOpuit Onerosuy, acnupant [THUIIY (Ilepms, Poccus); Yuriy Nosov (Perm
National Research Polytechnic University, Perm, Russia)
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operation of the spherical support part manufactured by AlphaTech
LLC, Perm, was analyzed.

Keywords: polymer, lubricant, viscosity, thermomechanics, finite ele-
ment method, constitutive relations, model

Cornacno Yka3za IIpesumenta or 28.02.24 r. Ne 145 «O crpareruun Hay4HO-
TEXHOJIOTHYECKOTO passutus Poccutickoit Geneparums m. 21 a, e ayst obec-
MeIeHUsl CyBEPEHNTETA CTPAHBI TpebyeTcs Mepexo K IepeIoBbIM TeXHOJIO-
UM [POEKTUPOBAHUS U CO3/@HUS BBICOKOTEXHOJOTMYHON MPOIYKIMH, B
TOM YHCJIe B MOCTOCTPOUTE/ILHON OTPACIH s 00eCIeteHnsT CBA3aHHOCTH
teppuropuii. OQHUM U3 HAIPABICHUN DPA3BUTUS TPAHCIOPTHON OTPAC/IH
CTPaHbl ABJISETCH WCIOJb30BAHUE COBPEMEHHBIX MOJUMEPHBIX M KOMIIO3H-
[IMOHHBIX MATEPUAJIOB IIPU CTPOUTENHCTBE MOCTOB M HECYIINX 3JIEMEHTOB
KOHCTpYKImit [1]. AHAIN3 BO3MOKHOCTH IPUMEHEHUSI HOBBIX MaTePUAJIOB B
KOHCTPYKITUSIX [IPEITIOIAraeT KakK UCCIeI0BaHnue uX (hU3NKO-MEXaAHUIECKUX
¥ TePMOMEXaHUIEeCKUX XapPAKTEPUCTUK, TaK U MOIEJIUPOBAHME UX IIOBE/Ie-
HUS B YCJIOBHUSIX HPUOIMMKEHHBIX K IKCILUIyaTaruoHHbIM [2]. Ilostomy BCe
GoJibliiee PACHpPOCTPAHEHHE MOJIYyYA0T COBPEMEHHBIE METObI KOMIIBIOTEP-
HOTO WHXKUHUDHWHTA JJIS CO3TaHUs TUQPPOBBIX AHAJIOIOB COBPEMEHHBIX Ma-
TepUasoB ¥ KOHCTpyKuuii [3].

OmnopHbIE YACTH MOCTOB OTHOCATCA K OTBETCTBEHHBIM 3SJIEMEHTAM
TpaHCHOPTHBIX cucTeM [4-5]. OHM BOCHPHHUMAIOT KOMILIEKC HATPY30K OT
MOCTOBOI'O IPOJIeTa M BHENIHWEe KJINMATHIeCKNe M TeXHOIEHHBbIe BO3ZIEil-
crBus. Takue KOHCTPYKITMH TO3BOJISIIOT MOCTOBOMY COOPYKeHUIO0 3P dek-
THUBHO BBINIOJIHSATEH BO3JIOXKEHHBIE HA Hero dbyHkumu. Pabora cdhepuaeckux
OIIOPHBIX YaCTEH MOCTOBOTO COOPY?KEHHUs BO MHOTOM 3aBUCHT OT IIOJIIMED-
HBIX ¥ CMA30YHBIX MATEPHUAJIOB, UCIIOJIb3YEMbIX B KAa9eCTBE OTHOCUTEIHHO
TOHKUX AHTHU(MPUKITHOHHBIX CJI0€B, MO3BOJISIONINX BOCIPUHUMATH U FACUTh
Harpy3Kd OT TPAHCIOPTHOIO IIOTOKA M BHEIIHUX IPUPOJHBIX U TEXHOI'€H-
moix (axTopos [5]. IlocToarHBIN TpPOrpecc MaTepuanoBeneHns B 001acTh
CO31aHUs (PYHKITMOHAILHBIX [OJIUMEDHBIX M KOMIIO3UIIMOHHBIX MAaTEPHAJIOB
CTABUT TIEPE/I NHKEHEPAMU U UCC/IEIOBATEISIMU 33291 00 aHAIU3 BO3MOK-
HOCTM WX I[PUMEHEHHS B OTBETCTBEHHBIX JIEMEHTAX MOCTOB, TAKHUX KaK
OIIOpHBIE YACTH.

B pamkax pabGoThI BBIIOJIHEHO HCCAEIOBAHNUE TEIIO(MUINIECKUX U PEO-
JIOTMYECKUX CBOMCTB IIOJIMMEPHBIX M CMa304YHBIX MaTepuajax B IIUPO-
KOM IHMAIIa30He TeMIIEPATYP. Y UeT TeMIEePATYPHBIX PEXKUMOB PAabOTHI KOH-
CTPYKIUH CBA3aH C PACIIUPEHUEM MOCTOCTPOUTEIHHON HNeATEJHHOCTA HA
PEruOHBI CTPAHBI CO CJAOXKHBIMUA yCJIOBUSMU IKCILUIYATAIHA.

DKCIIepUMEHTAIbHbIe KCCIeJOBAHUS BKJIIOYAIN TEePMOMEXAHUIECKUHA
aHaau3 moBeneHusi HABOPa MOJUMEPHBIX MATEPUAJIOB: KOMITO3UIIMOHHBIN
MaTepuaJ Ha OCHOBe (PTopoIuiacTa € JE€HAPUTHBIMU OPOH30BBIMU BKJIIO-
wennavu u aucyabguaom momubmena (MAK (P4BP40M2)); cBepXBBICOKO-
mosekyngpubiii nommstuaed (CBMIID) memenkoro npomssoacrsa; Apdion
AR-200 (crpyxrypuo-momudunuposBannsiii nomurerpadroparuae?’n (IIT-
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D)); Apdror AR-202 (cupeccorarnast cmeck mopommkos IITOD u jmreii-
HOTO KOKCa, 06paboTaHHas BBICOKOTEMIEDPATYPHON pajmarmeii); Apdion
AR-204 (cupeccoBannas cmech mopomkos IIT®D m yrmesosmokna, o6pa-
GoTaHHAA BHICOKOTEMTIEPATYPHOH pajmarmedi); KOMIIO3UIIMOHHBIA MaTepu-
aJI Ha OCHOBe (PTOPOILIACTA, MOANMUIMPOBAHHBIN YIJIEDOJHBIMHA BOJIOKHA-
mu (Cynepdaysnc SF-1); droponmacr-4. Takoit Habop anTI] PAKITMOHABIX
MAaTepPUAJIOB s NCCJIeIOBAHNS BHIOpAH M3-3a psija (GaKTOPOB: YacTh MaTe-
PHUAJIOB B HACTOSAIINH MOMEHT IIPUMEHSIETCS B MOCTOCTPOUTEBHOM 001acTH
(MAK, CBMIID); 9acTh MaTEPHATIOB PACCMATPHUBAIOTCA KAK MEPCIIEKTHB-
HbIe, Ha, OCHOBE MHOTOJIETHUX HAYYHBIX UCCJIEIOBAHUN COBMECTHO C TPOU3-
BoacTeennoi kommanmeirt OO0 «AmbdarTex» 1. Ilepms (Apdaor AR-202,
Cynepdayeuc SF-1). UccnemoBanng HANPABIEHBI HA OIPEIETIEHUA BO3-
MOYKHOCTH TIEPEX0/Ia MOCTOCTPOUTEBHBIX KOMITAHHUH Ha UCITOIb30BAHIE CO-
BPEMEHHBIX MaTePHAJIOB C YJIYUYIIeHHBIMH (DU3MKO-MEXAHUIECKUMU, DPEeO-
JIOTUYeCKUMU, (DPUKITUOHHBIMU ¥ IKCILIyaTAIIMOHHBIMY CBOMcTBaMu. s
CPaBHUTEIHLHOTO AHAJIN3A TOBEIEHIST COBPEMEHHBIX aHTH()PUKIIMOHHBIX Ma-
TEPUAJIOB B Ka9eCTBE KOHTPOJIHLHOTO 00pa3Iia BHIOPAH YUCTHIN PTOPOILIACT-
4, kax HanboJIEE PACIPOCTPAHEHHBIN MAaTEPHUAJl CJIOS CKOJIbKEHUS KIIACCHU-
YECKUX OMTOPHBIX YacTell MOCTOB.

Cma3zo4Hble MaTePUAJIbl UCIOJIb3YIOTCH IS CHUXKEHWs] TPEHUs Ha I10-
BEPXHOCTSAX COIPSAYKEHWs IJEMEHTOB OMOPHBIX 4acreil. B pamkax paGors
BBITIOJIHEHBI 9KCIIEPUMEHTAIBHBIE WCCIEI0BAHNS I Habopa CMAa309YHBIX
MaTepUaJIOB, IPUMEHSEeMBIX B MocTocTpoenun: IITMMATIIM-221; TIMATIVIM-
221F, TOM®JIOH CBC 240 FM »u TOM®JIOH CK 170 FH.

Ha ocHOBe 3KCIIepUMEHTAIBHBIX TAHHBIX TIOCTPOEHA IIPOIIEIyPa INCIIEH-
HOU uAeHTH(UKAINY BA3KOYIPYTUX U BA3KOYIPYTOIIACTHIECKUX MOIesIei
[IOBEJICHUS] MATEPUAJIOB: B PAMKAX YPABHEHUI MaKCBEJLIOBCKOTO TUIIA C UC-
noJsib3oBanueM psifos IIporu u Mojenn AHawm, mojHAas Momeab AHaHI ¢
YYeTOM 3aBHCHUMOCTEH MaTepUAIbHBIX KOHCTAHT OT TEMIIEPATYPHI.

B pamkax paGoThl MOIyY€eHbI OMPEIeJIsoNnue COOTHOIIEHNs], OIUCHIBa~
ONye TTOBeIEHNS MATePHAJIOB ¢ YI€TOM BSI3KOCTH HA NIMPOKOM JTHAMIA30HE
remneparyp ot — 40 go + 80 °C. Bomosinena Bepudukarysa Ha TECTOBBIX
M MOJIEJIbHBIX 3371a9aX € HCIOJIb30BAHUEM KOHEYHO-JIEMEHTHOI'O MOJIEJIU-
poBanus B npukiaaaoM nakere ANSYS Mechanical APDL. Uccirenosano
MOBEJICHUE MATEPUAJOB IIPU CTATUYECKOM W JIMHAMUYECKOM HATPYIKEHUMN
cdepuueckoit onopuoit yactu JI-100 npoussoacrea OO0 «AnbdaTexs.
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PACITPOCTPAHEHUE ITAHAEMUUN C ABYMSA
YCTOMYUBBIMU COCTOAHUAMM 110 TEPECEYEHHOM
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B nokiane npescrasiieHa mpocTas MaTEMATHIECKAsT MO/IENb JJIs OIN-
CaHUA PACIPOCTPAHEHUA NAHAEMUAHN ¢ JBYMS YCTONYIUBBIMU COCTOAHU-
JIMU 1O TIePeced€HHON MeCTHOCTH, OCHOBAHHAs HA WCIIO/IH30BAHUM A~
BEKTHBHOI'O “LJIEHA C KOO DUIMEHTOM, 3aBUCSIIUM OT IIPOCTPAHCTBEH-
HOU KOOPIHWHATHIL.

Karwwesovie caosa: JarpaH:keBa KOOPAWHATA, 3HIepoBa KOODIWHATA,
METOJI, XaPAKTEPUCTHUK.

The spread of a pandemic with two stable states over rough
terrain

The report presents a simple mathematical model for a describing the
spread of a pandemic with two stable states over rough terrain, based
on the use of an advective term with a coefficient depending on the
spatial coordinate.

Keywords: Lagrangian coordinate, Eulerian coordinate, method of
characteristics.

IMagmemma COVID-19 s 2020-2022 rogax BeI3BaJIa, BCILIECK HHTEPECA K
3a1a9aM MaTeMaTuaecKkoii srmaemuosornu (cM. [1] m cepnku tam). Onna-
KO Cpesiu BCel 3TOH MAacChl MOSABUBIINXCA 34 3TOT IIEPUOJ, BPEMEHM CTaTel
s orHa, pafora [2] Moxker 6BITH mCHOAB30BaHA [T ONEHKH 3¢ dEKTHB-
HOCTYU KAPAHTUHHBIX MEPOLPUATUI 1IPU HPOHUKHOBEHUU [IAH/EMHUIA CKBO3b
TPAHUIBI HAIMOHAIBHBIX TOCYJAPCTB.

B crarbe [3] unes paborsr [2] 06 onucanun murpanun GOIBHOM MOy JIs-
M C TIOMOINBIO AIBEKTUBHOIO WieHa ObLa MpUMeHeHa K 3a00JI€BAHUIO C
JBYMsl YCTONYUBBIMH COCTOSHUSIMH.

B mammO#t pabore paccMaTpmBaeTCs MHUTPaIus OOJTBHON OMYJISIIAN C
JBYMSI YCTONYIUBBIMU COCTOSTHUSIMU TI0 MTEPECEIEHHON MECTHOCTH.
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C MaTeMaTHYeCcKo TOYKY 3PEHHs B PAMKAX TAKOH TMAPaUTrMBI 9Ta TIPO-
6J1eMa CBOJUTCS K PENIeHnto creayomeit 3amaun Komm na npsmoit x € R:

Ou Ou _ 2 — unls
a+c(1) xfulnu(l In"u), u(z,0) = uo(z) .

17)
Bamaua Komm (1) permaercs ¢ mOMOMIBIO METO/IA, XaPAKTEPUCTHK:

Inuo(Y(z,t))
VInZuo(Y (2, 1)) + [1 — In®uo (Y (2, t))] exp(—21¢)

u(z,t) = exp

I

rae y = Y (x,t) — CBA3D MEXKJY JIATPAHKEBOW W SH/IEPOBOI KOODAMHATOMH,
COOTBETCTBYIOMAsl CKOPOCTHU TePEHoca 3aboseBanns c(z).

B pa6ote Bhipaskenue (2) HCCI€I0BAHO JJIst HAYAJIBLHOTO YCIOBUS Uo(T)
B BHJE TayCCOUIBI U [BYX PA3JINYHBIX 3aBUCHMOCTEHl CKOPOCTH ILIEPEHOCA
3200/IeBANKS OT IPOCTPANCTBEHHON KOOPAMHATH & Buma: ¢(x) = cosh™! (x)
uc(z) = 1+ (14+exp(—x)) ™. DTu QyHKIME TAKKE MOTYT CJIYKUTh HYyJIe-
BbIM IpUO/IMMKEHUEM JJIsi AaCUMITOTUYECKOTO DelIeHust MONU(pUKALMA 3a-
maan Komwm (1) ¢ momompro BBeaeHus audde3nmoHHOT0 ©IeHa ¢ MAJIBIM
xo3ddunuentom qudGy3un B paMKaxX TEOPUN CHHTYJISPHBIX BO3MYIIICHHUH
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B nmoxmane npencrapiera mpocTas MaTeMaTHIecKas MOJETh I OTIH-
CaHMs PACHIpPOCTPAHECHUA NMaHIEMUN C JBYyMs yCTOWYABBIMHA COCTOSHI-
AMH II0 IIepeced€HHOM MeCTHOCTH, OCHOBaHHAA Ha WCIOIb30BAHUN all-
BEKTUBHOI'O WIEHA C KO3 DUIMEHTOM, 3aBUCSIIAM OT IPOCTPAHCTBEH-
HOII KOOPIWHATHI.

Karwwesnie caosa: Jarpam:keBa KOOPAWHATA, 3HIepoBa KOODIVHATA,
METOJI, XapaKTEePUCTHUK.

The spread of a pandemic with two stable states over rough
terrain

The report presents a simple mathematical model for a describing the
spread of a pandemic with two stable states over rough terrain, based
on the use of an advective term with a coefficient depending on the
spatial coordinate.

Keywords: Lagrangian coordinate, Eulerian coordinate, method of
characteristics.

IMagmemuma COVID-19 B 2020-2022 rogax BeI3BaJIa, BCILIECK HHTEPECA K
3aauaM MaTeMaTHaecKoil smmaemuonorun (cM. [1] u cepraku tam). OnHa-
KO Cpeliy BCel 3TOH MacChl MOABUBIINXCH 3a 3TOT IEPUOM, BPEMEHU CTaTel
Jumb orHa pabora [2] Moxker 6pITH mCHOB30BaHA Ut ONEHKH b dEKTHB-
HOCTH KapPAHTUHHBIX MEPOIPHUSTHN ITPH TPOHUKHOBEHNUH TAHEMU CKBO3b
TPAHUIIBI HAIMOHAJIBHBIX TOCYAAPCTB.

B crarbe [3] unes paborset [2] 06 onucanuu murpanuu GOJIBHOM HOILyJIsi-
WY C TIOMOIIBI0 AIBEKTUBHOTO WiIeHa ObLIa MpUMEHEHA K 3a00J/IEBAHUI0 C
ABYMsI YCTOMYIUBBIMU COCTOSHUSMMU.

B mammoit pabore paccMarpuBaeTcs MUrpanus OOJTBHON IMOMYJISIIUN C
JBYMsl YCTOHYMUBBIMH COCTOSTHUSIMU IO TIEPECEYEHHON MECTHOCTH.
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C MaTeMaTHYeCcKo TOYKY 3PEHHs B PAMKAX TAKOH TMAPaUTrMBI 9Ta TIPO-
6J1eMa CBOJUTCS K PENIeHnto creayomeit 3amaun Komm na npsmoit x € R:

Ou Ou _ 2 — unls
a+c(1) xfulnu(l In"u), u(z,0) = uo(z) .

17)
Bamaua Komm (1) permaercs ¢ mOMOMIBIO METO/IA, XaPAKTEPUCTHK:

Inuo(Y(z,t))
VInZuo(Y (2, 1)) + [1 — In®uo (Y (2, t))] exp(—21¢)

u(z,t) = exp

I

rae y = Y (x,t) — CBA3D MEXKJY JIATPAHKEBOW W SH/IEPOBOI KOODAMHATOMH,
COOTBETCTBYIOMAsl CKOPOCTHU TePEHoca 3aboseBanns c(z).

B pa6ote Bhipaskenue (2) HCCI€I0BAHO JJIst HAYAJIBLHOTO YCIOBUS Uo(T)
B BHJE TayCCOUIBI U [BYX PA3JINYHBIX 3aBUCHMOCTEHl CKOPOCTH ILIEPEHOCA
3200/IeBANKS OT IPOCTPANCTBEHHON KOOPAMHATH & Buma: ¢(x) = cosh™! (x)
uc(z) = 1+ (14+exp(—x)) ™. DTu QyHKIME TAKKE MOTYT CJIYKUTh HYyJIe-
BbIM IpUO/IMMKEHUEM JJIsi AaCUMITOTUYECKOTO DelIeHust MONU(pUKALMA 3a-
maan Komwm (1) ¢ momompro BBeaeHus audde3nmoHHOT0 ©IeHa ¢ MAJIBIM
xo3ddunuentom qudGy3un B paMKaxX TEOPUN CHHTYJISPHBIX BO3MYIIICHHUH
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CPABHEHUWE BPEMEHU IMMPOBEJEHU S HEKOTOPBIX
XNUMMNYECKNX PEAKIINN, OIINCHIBAEMBIX
KVUHETUYECKUUMU CUCTEMAMMN.

O.A. BacuibeBa
vasilievaca@mgsu.ru

YIK 517.9

Jli1st MaTEMATHYIECKOT0 MO/IEJIMPOBAHNS XUMUYECKIX DEAKIHI ¢ pa3-
JWYHBIM 9UCJIOM PeareHTOB IPUMeHAIOTCH JUCKPEeTHbIe KUHEeTUIeCKue
CHCTeMBI ypaBHeHUH. PaccMOTpeHbl MaTEMATUIECKHE MOIEITH, OIUCHI-
Baemble cucreMamu ypasaenuii Kapaemana, lojynosa-Cysrrarazuna u
Bponsena. Ha ocrOBe UX 4HCIeHHOr0O UCCIEIOBAHUE IIPOBEIEHO CPAB-
HeHHe BPEMEHH XAMHWYeCKHX PeakKIIdi ¢ Pa3/IMgHBIM YHCJIOM peareH-
TOB.

Karuessie crosa: MareMaTHdeCKasd MOJeJIb, XUMHYIECCKad PEaKIHA,

KWHETUIECKAsT CHCTEMa, YPaBHEHMIA.
On the rate of stabilization of solutions of the Cauchy prob-

lem for the two-dimensional kinetic Broadwell equation with
periodic initial data (regular process)

Discrete kinetic systems of equations are used for mathematical mod-
eling of chemical reactions with different numbers of reagents. Math-
ematical models described by the Carleman, Godunov-Sultagazin and
Broadwell equation systems are considered. Based on their numerical
study, a comparison of the times of chemical reactions with different
numbers of reagents is made.

Keywords: mathematical model, chemical reaction, kinetic system of
equations.

WcemenytoTes ponecchl XUMUIECKUX PEAKIMH, TTPOBOIMMBIX B GECKOHET-
HOM TAJIMHIPE s PA3AMIHOTO IUCI PEATEHTOB, a MMEHHO, s NBYX,
TPEX W YeTHIPEX PEareHToB. B KavecTBe MaTEMATHIECKNX MOJIE/IEH YKA3aH-
HBIX XUMWYECKUX DEaKInil paccMaTpuBaioTcsa 3amaqun Komm myist cucrem
knHeTnIeckux ypasuenunit Kapiemana, l'onyrnosa-Cynrarasuna u Bponses-
JIa IS Cydas OAHON mpocTpaHCTBeHHONM mepemennoit [1-4]. Ha ocmose
YUC/IEHHOTO WCCJIEOBAHUA MATEMATHIECKUX MOJETEH MPOBEIEHO CPABHE-
HUE BDEMEHH ITPOBE/ICHNS XUMUIECKIX PEAKITAH ¢ PA3TMIHBIM THUCIOM pea-
renToB. 110y IeHHbIE INCICHABIE PE3YIBTATHL COTJIACYIOTCH ¢ IMEIONIIMUACS
TEOPUTHUECKUMU pe3ysbraTamu [5, 6].

Bacmibesa Ousbra Asekcamzaposna, k.b.-Mm.H., gonent, HUY MI'CY(Mocksa, Poc-
cus1)); Poccuiickmii xumuko-TexHomorundeckuit yuusepcurer umenu . V. Mennenee-
Ba, Bercmmit xmmumueckmit xosmremxk (Mocksa, Poccust) Olga Vasilieva (Moscow State
University Of Civil Engineering (National Research University), Moscow, Russia; Russian
University of Chemical Technology named after D.I. Mendeleev, Higher Chemical College,
Moscow, Russia)
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PazpabaThiBaeTcs MeTO/ ANMPOKCAMAIANA BEPOATHOCTH TIEPKOJIATIII
Ha H6eckoneunbix rpadax. OH OCHOBaH HA KOHCTPYUPOBAHUM 110CJIE0-
BATEJIbHOCTHU «AIPOKCUMUPYIONUX> BECKOHEUHBIX IpadhOB CIIeIHa b
HOTO THITa, HA3BIBAEMBIX NEPAPXUIECKAMHA. BBIYUCIeHNE BEPOSTHOCTH
MIEPKOJISIITUYN CBOAUTCA K AHATU3Y IMOIXOAINIET0 MAPKOBCKOTO BETBS-
IIEroCst IPOLECCa € JTUCKPETHBIM BPEMEHEM.

Karoueswie caro6a: 6eCKOHEIHBIH rpad, BEPOATHOCTD IIEPKOJISIIAN, BET-
BAIIUACA CIIy9aiHBIA ITPONECC, HATKPUTHICCKAI PEKUM.
Approximations constructing in problems of discrete perco-
lation theory

A method for approximating the percolation probability on infinite
graphs. It is based on the construction of a sequence of infinite graphs
of a special type called the hierarchical ones. Calculating the percola-
tion probability is reduced to analyzing a suitable Markov branching
process with discrete time.

Keywords: infinite graph, percolation probability, branching random
process, supercritical regime.

PaccMarpuBaerca 3amada TeOpUM IePKOIAAN Ha GeckonedrnoM rpade Z2,
Ha3bIBAEMOM KBaApaTHON pemterkoil (cM. [1]). Dror nepuogmaeckmii rpad
npu norpyxernn a R? ompeesisercs GUHAPHBIM OTHOIICHHEM CMEKHOCTH (0
TaK, 9To Ty, ecrm y = rtej, j € {1,2}. Pazpabaremaerca merom mocTpoe-
HUS AIIPOKCUMAIM [Ist BeposiTHOCTH P (¢) mepKoJisiiuy Ha GeCKOHETHOCTh
Y3 3aJaHHOI BEPIIMHBI, TO €CTh CYIIEeCTBOBAHUS OECKOHEYHOTO HEeCaMOIIe-
PECEKAIONETOCA My TH Y 1O BepmuHaM rpada, B KOTOPBIX Ciaydaiinoe Gep-
Hynuenckoe osie p(x), ¢ € Z* npummmaer 3uauenue 1 u c = Pr{p(x) = 1}.

MeTom 0OCHOBaH Ha MOCTPOEHUH TOCAemoBaTeabHOCTH (s m € N) Gec-
KOHEYIHBIX IPadOB CIENHMATBLHOTO THIA, KOTOPBIE HA3BAHBI UEPADLUECKU-
mu. OHE TIOTy9aloTCs BHIpe3aHmeM m3 Z° KBaIpara ¢ pasmepoM 2m -+ 1
¥ [IPOIIEAY PO ITOCTIeI0BATEIFHOIO TIOAKICUBAHUS K €r0 BHEITHIM T'DaHIY-
HBIM BEDIIMHAM TAKUX K€ KBAPATOB, COBMENIAs HYJIEBYIO BEPIIUHY KazK-
JIOTO W3 HUX ¢ TPAHMYHON BepIIMHONA KBaIpaTa, K KOTOPOHW NPOU3BOAUTCH

Yepxamun JIMurpuit Augpeesnd, acnupant, BI'TY (Benropox, Poccus); Cherkashin
Dmitriy (Belgorod State Technological University named V.G. Shukhov, Belgorod, Russia)

Bupuenko ¥Opuit Ilerposud, a.¢d.-M.H., npodeccop, BI'TY umenu B.I"IITyxosa (Be-
ropog, Poccms); Virchenko Yuri (Belgorod State Technological University named V.G.
Shukhov, Belgorod, Russia)
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noakjenBanre. Permenne 3a1a4uu TeOpUH MEPKOJIAINN HAa HEPAPXHMIECKUX
rpadax CBOAUTCH K PEIICHUIO AJredpaniecKoro ypaBHeHMs

Qe = Y QM1 —o (1)

g BepostaocTH Q(¢) = 1 — Ppy(c), tme Pp(¢) — BEPOATHOCTH IEPKOJIA-
nun Ha rpadge 'y, KOTopoe MMeeT eIUHCTBEHHOE pelleHue, OTJINYHOE OT
€UHULBL TIPA C > Cy, T Cx — T.H. IOPOT MEPKOJISIIINN, KOTOPBIN ABJISETCS
PEelIeHreM yPAaBHEHUS

1= Y [Al @ — oAl

ACIm,

JokasaHo, YTO BBIIOJHAETCH ALIIPOKCAMAIMOHHOE HEPABEHCTBO
P,(c) < P(c). llpu sroM wuMeeT MeCTO IpeIebHOE COOTHOIIEHUE
limp,— 00 Pm(c) = P(c), 9T0 MO3BOMSET DPEmaTh MPUOJIMKEHHO 37Ty
nepkoJsnuyu Ha KsanparHofl pewerke. IIpum m = 0 ypaBhenuem s
Q(c) mpunmvaer sux Q(c) = 1 — ¢ + cQ*(c). CoorBercTBYyIONCE 3HAMCHYE
mopora ¢, = 0.25. ITony4eno u npoaHaM3NPOBAHO YPABHEHNE CJIEIYIONTEr0
nupubsmxkenus ¢ m = 1. Ypasuenue (1) umeer crenens 12

g=1—c+c(l—c)'+4c*(1-c)’q+2c2(1—¢)°[3—2d¢° +

+4ct(1 =)' 2+ c(1 — )¢ + ' (1 — ¢)*[20 — 7d¢* + 4c* (1 — ¢)*[1 4 4e(1 — ¢))¢°+

5 3 6 6 3 7 6 2 8 7 2 9
+8c’(1—¢)’B—clg +24c’(1—¢)’q" +2c’(1 —¢)°[6 — c]g” +16¢" (1 —¢)°q¢ +
7 2\ 10 8 1, 912
+2¢'(1—=¢c")g +4c°(1—¢c)g +c'q
¢ ¢ = Q(¢). Jas nopora mepkoJSnuyM B 3TOM NPUGJIMYKEHWUH, IIOJLYIaeTCst
3HaveHue (C HeHOCTATKOM) ¢y = 0.343.

JIOCTOMHCTBOM IPEIOKEHHON CXEMBl AIIIPOKCAMAIAH BEPOATHOCTH
HEePKOJISIUN SIBJISIETCS TO, YTO OHA, HAPSALY CO CXOIUMOCTBIO AlIPOKCAMA-
il K ICTHHHOMY 3HAYEHUIO 9TON BEJIMHTUHB, JAET JJIs HEe TADAHTHPOBAH-
HBlE BEPXHHE OLEHKH.

Jlnreparypa

1. Hammersley J.M. Percolation processes: lower bounds for the critical
probability // Ann. Math. Statistics, 28:3 (1957) 790-795.

228



AKYCTUYECKOE CKAHUPOBAHUE
HU3KOIIPOHUITAEMBbBIX IIJIACTOB C TPEIIIMHAMMU
T'PII YEPE3 IIEPECEYEHHVYIO CKBAKHY C
DJIFON10M
9.B. lNanmakb6apoBa, 3.P. XakumoBa, A.O. Ilauraena
emi.galiakbar@yandex.ru, zulfya.hakimova@yandex.ru,
nastya.pangaeva@yandex.ru

YIAK 532.59

M3y‘1aeTCﬂ BO3MOXKHOCTD OIlpee/IeHUud IIPOBOIUMOCTU TPEIIWHBL C IT10-
MOIIBIO aKYCTUYIECKUX METOI0B.

Katouessie €A06a: TUIACT, TPENIMHA TUAPOPA3PHIBA, KHUJIKOCTb, HM-
IyJIbC, TaBJIEHUe.

Acoustic scanning of low-permeability formats with fractures
through a crossed well with fluid

The possibility of determining the conductivity of a fracture using
acoustic methods is being studied.

Keywords: formation, hydraulic fracture, liquid, impulse, pressure.

B pabote Teoperntecku uccaeayeTCs HU3KOIIPOHHUIIAEMBIH IIJIACT C CHM-
MeTPHYHBIMU ['M/IPOPA3PbIBHBIMY TpemuHamu. Tpenuna paccMOTPEHa KAk
IIPOCTPAHCTBO MeXKJAY IIOPUCTHIMHA IPOHUIAEMBIMHU IIJIOCKOIAPAIeIbHBIMHI
CTEHKAMH, 3aKPeIlJIEHHBIME IIPOIIIAaHTOM, GeckoHeuHOM nymHbl. [lomaraer-
cst, 4r0 B cKBaxkuHe ¢ duongom (Boao# i HedThO) CO31aeTCs aKyCTH-
HeCKHUl CHTHAJI KOHeYHO! IMTeIbHOCTH. B Mozenu yIuTeIBaeTcd 3aTyXa-
HU€ CUTHAJIa IIPOUCXOAUT U3-3a BA3KOCTH (III0UIa, KOTOPAs IPOSBIISIETCS B
TIOTPAHUYHOM CJI0€ BOJIM3H BHYTPEHHUX CTEHOK CKBAKHHBI. B Moneu mpu-
Hara OusmueiiHas cxema dumbrparuu ¢uonaa u3 tpemuns I'PII B miact.
Samauu pematorca B ABa rana. Ha mepBoM srane aHAIUTHYECKH CTPOUTCS
JUCTIEPCUOHHBIE YDABHEHUS IS 3aTYXAIONUNX BOJH B CKBakmHe. Ha BTO-
POM 3Talle ¢ HCHOJIb30BAHUEM AJTOPUTMa ObICTpOro mpeodpasosanug Dy-
pPbe BOCCTAHAB/IMBAETCS AUHAMUKA CUTHAJIA B AJTOPUTMHYECKUX JATINKAX
JaBJIEHUs Ha yCThe U 3a00e ckBakmuHBL. [10/IyteH0, BO3MOXKHO AUATHOCTH-
poBaTh mpoBoguMOcTb TpemuH ['PlI, KoTOpble pacmoaokeHbl IMOM, IPOU3-
BOJIBHBIM yTJIOM OTHOCHTE/IBHO CKBAKUHBI II0 BO3HUKAIOIINM HMILYIBCAM
pa3rpy3ku. ToYHOCTE MeTo/1a MOBBINTAETCS IPY CKAHUPOBAHUN C TIOMOIIHIO

Tanunax6aposa dmumiusa Buiasesna, npodeccop, a-p dus.-mar.u., YTHTY (Vda, Poc-

cus); Emiliya Galiakbarova (Ufa State Petroleum Technological University, Ufa, Russia)

Xaxkumona 3ynbdusa Pasudosna, nonent, kaug. dus.-mar. nayx, YIHTY (Vda, Poc-
cus); Zulfiya Khakimova (Ufa State Petroleum Technological University, Ufa, Russia)
TTaunraesa Awnacrtacust Oaerosna, maructpasTt, [T-uncruryt, MAD09-24-02, YITHTY

(Vda, Poccus); Anastasiya Pangaeva (Ufa State Petroleum Technological University, Ufa,

Russia)
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30HIa ,HIIHHOfI HECKOJIBKO METPOB HENMOCPEACTBEHHO B OTKPBITOM yYacCTKe
CKBaZKWHBI U3-3a BO3MOXKHOCTU IIPUMEHEHUA KOPOTKUX UMITYJIbCOB B boJiee
Y3KOM KaHaJIi€ MEXKILY CTE€HKO CKBasKUHBI U 30HI0M.
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TEMITOPAJIBHBIE ITIOAXOAbI K NCJIEJOBAHWIO
QJIEKTPOXMMNYECKUX JMHAMNYECKUX CUCTEM C
NCITIOJIB3OBAHUVEM ITPOEKIIVMOHHBIX METO/10B
XEMOMETPUKUA
H.A. Baceuunna, I'.'K. Tl'aauna, 1. A. T'apees, K. O. Jlebenesn, IO.
A. Xapisaamosa, /1. JI. MuHrasosn
zhiber.na@gmail.com, g.k.galina@mail.ru,
ildargareev2002@mail.ru, lebedevk60@mail.ru,
harlamova03@yandex.ru, denchig.mengazov@bk.ru

YIAK 517.518

B nmacrosimee Bpemensa B obsacti HHGOPMAIMOHHBIX TEXHOJIOTHI BCe
GoJIblllee BHUMAaHME Y/IEIS€TCH TaK HA3bIBAEMBIM TEMIIOPAIbHBIM Oa-
3aM JIAHHBIX, Pa3pabarblBAIOTCH HOBbIE METO/Ibl UX CO3JaHUs U Obpa-
6OTKN ¢ MCIIOJIB30BAHUEM IU(MPOBLIX TEXHOJOTHH. DTO SBJILETCH JI0-
[IOJIHATEIBHBIM TTOOYIUTEIPHBIM MOTHBOM K IIOJIY9€HHIO W HCCJIE/I0-
BAHHUIO TAKUX JIAHHBIX C MCILIOJIb30BAHUEM MYJIBTHCEHCOPHBIX CHCTEM,
¥ II03BOJIUT ¢ 60Jiee BHICOKUMU IOKA3ATEIAMI TOTHOCTH IIPOTHO3UPO-
BaTh CBONCTBA M PACIO3HABATH CJIOKHBIE XUMHIECKHE 0ObEKTHI, N3y-
qaTh HUSHKO-XUMHUYIECKHE MIPOIECCHl C X YIACTHEM, B TOM UHCTIE B
NPUCYTCTBUHN HAHOKOJIMYIECTB WM CJIe0B BEIIECTB.

Karowesnie €106a: «3EKTPOHHBIN SI3BIK», XeMOMETPHUKA, METOZ, TJIaB-
HBIX KOMIIOHEHT, TeMIIOPA/IbHOCTD, PACIIO3HABAHIE 00PA30B.

Temporal approaches to the study of electrochemical dynam-
ical systems with using projection methods of chemometrics

Currently, in the field of information technology, increasing atten-
tion is being paid to the so-called temporal databases,new methods
of their creation and processing using digital technologies are being
developed. This is an additional incentive to obtain and study such
data using multisensory systems, and will allow predicting proper-
ties and recognizing complex chemical objects with higher accuracy,
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studying physico-chemical processes involving them, including in the
presence of nanoparticles or traces of substances.

Keywords: ”electronic language”, chemometrics, principal component
method, temporality, pattern recognition.

Ha mam B3rsin, TeMnopasbHOCTD, Kak 6a30Bas IIIOMAKA A1 XaPaKTEPH-
3alud HOBOTO <«BPeMeHM» WM BPEMEHHON CTPYKTYDBbI IMHAMHYIECKUX CH-
CTeM B €CTECTBEHHBIX HAayKax, I03BOJAeT cebs PACIO3HATH C HCIIO/IL30Ba-
mueM cnermanbabx npuemoB xemomerpuku (MI'K m ITJIC). Tak, mampn-
Mep, HAQ PUCYHKe IpeicTaBjeHbl pe3yabTaTel MI'K-monmenuposanma mac-
CHBA TEMIIOPAJIBbHBIX JTAHHBIX JI€KTPOXUMHUYIECKOT0 IIOBEICHUS PASINIHBIX
ITEKTPOXUMHUIECKAX 00 BEKTOB TUIIA «IJIEKTPOT/ PACTBOPA» (DYHKIMOHUDY-
OIIUX B YCJIOBUSAX ITMKJ/IMYECKOM BOJIbTaMIIepoMeTpun. B KawuecTse ucciey-
€MBIX PACTBOPOB UCIIOIL30BA/IN A0I0YUHEIE, IUMOHHBIN U IPYIIEBLIN CBEXK e
COKH.

Puc. 1: «Kaprer obpasnoes /rpaduxu cueros MI'K-Monennposanust amiie-
POMETPHIECKHX JIAHHBIX A0/10K, JimMona u rpyun #Ha miockoern TK1-T'K2

Kak BuaHO Ha PUCYHKE, B IPOCTPAHCTBE TPEX IJIABHBIX KOMIIOHEHT BCE
0OpasIBl 3aHUMAIOT CBOE OTpeIeIeHHON MecTo. TeMmopaapHbIil crocob 3a-
KJTIOYAeTCS B DPEruCTpaIuy s Kaxka0ro obpasma mociaemoBaTeabro 400
aMIIEpOrpaMM, KOTOPBbIE TTPeOoOPA3YIOTCA MO METOIy TJIABHBIX KOMIIOHEHT
B OJHY TOYKY Ha KaxXKJ0il m3 mIockocTeil. IIpmMveHeHMe MaTeMaTmIecKo-
TO annapaTa METOJa I'JIaBHBIX KOMIIOHEHT B COYE€TaHUH C TeMHOpaﬂbHBIM
MOJXO0/IOM K HAKOIJIEHHIO ITOJIE3HON XMMUYECKOM MHMOPMAIIHA T03BOJISIET
PaCKpBITh TPOCTPAHCTBEHHYO-BPEMEHHYIO CTPYKTYPY 3JEKTPOXUMHUYIECCKON
cucrembl. Kaxkaprit 06paser; nMeeT CBOIO YHUKAILHYIO GOPMY KPUBOM TeM-
HOPAJIbHOTO Jipeiida cO CBOMMU CTAUSIMM, UX KOJAYECTBOM U IIPOTAXKEH-
HOCTBIO BO BpeMeHI/I. HpI/IMeHeHI/Ie HpOGKHI/IOHHBIX METOJ0B XeMOMeTpI/IKI/I
(magano paseurma Hagasto 20 BEKa) M TEMITOPAIBHOTO CIIOCO0A PETUCTDAITAN
BostbTaMneporpaMm (Hagaso 21 Bexa) HE OrPAHMIUBAECTCSA TOJTHKO IPAMEHE-
HUEM METOJIa TJIABHBIX KOMITOHEHT U aHAJU30M I'PA(QUKOB CIETOB UCCIIETye-
MBIX 00pa3roB. uHaMuKy U KOJIMIeCTBO CTAAuil SJIeKTPOXUMHUIECKOH IBO-
JIFOITUX JIEKTPOAOB 110 ,Z[EI‘/’ICTBI/IQM AIIEKTPHUYIECKOIO TOKa WM XMMHUYIECKOro
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Puc. 2: «Kaprut obpasnoss /rpaduku cueros MTK-monenuposanus aMie-
pOMeTpHUYecKHX JTAHHBEIX A0IIOK, THMOHA U rpymH Ha mwiockoctn TKI1-TK3.

COCTaBa AHAIM3UPYEMBIX PACTBOPOB, a, CJI€I0BATE/ILHO, U €r0 TeMIODAJIb-
HYIO CTPYKTYPY KOJIM4YeCTBEHHO onmcanbl MeTozoMm ILJIC — mpoeknmii Ha
JIATEHTHBIE CTPYKTYPbI C UCIIOJIb30BAHUEM aBTOPCKOro nozixoia ¢ ITJIC-t'-
MeTOAUKO, KoTopas 6y1eT OCBAINEeHA IIPUMEHUTE/IHHO K T0I0MHBIM 00pa3-
IIAM W PA3JIMIHBIM MATEPHAJIAM JIEKTPOIOB (Meb, AMIOMUHUIA U JKeJIe30)
B C/IeJyIOonuX HAmuX paborax.
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PET'VJISIPHA SI PASPEIIIMMOCTBD ITIEPBOM
HAYAJIbBHO-KPAEBOW 3AJJIAYN JIJI1 YPABHEHUN
KBA3UTNJIPO/JNHAMUNKN B IIPUBJIN>KEHNUN MEJIKOMN
BO/IbI
®.A. EBcees, fedor evseev@rambler.ru

YK 517.95

B pabore paccmarpuBaercs pa3peninMoCTb AHAIOrA 1IEPBOM HAYAJIb-
HOII KpaeBO# 3aJa9W s KBASUTHIPOIUHAMHAYECKON CUCTEMBI ypaB-
HeHUH B npubIMKeHnn MesKoH BoApl. 1Ipu ompeseseHHBIX yCIOBHAX
Ha JIaHHbIE 110Ka3aHO, YT0 CyNeCTByeT €IUMHCTBEHHOE pery/dpHoe pe-
IIeHHAE 333491 JIOKAJbHO II0 BPEMEHH.

Karouesnie caosa: HavaJ/IbHO-KPaeBad 3a/a1d, KBASUI'UAPOJANHAMNYIEC-

CKas CHCTEMA, PEryIapHOe pelleHHe.
Regular Solvability of the first initial-boundary value prob-

lem for the quasihydrodynamics equations in the shallow wa-
ter approximation

In this paper we consider the solvability of the analog of the first initial
boundary value problem for the quasihydrodynamic system of equa-
tions in the shallow water approximation. Under certain conditions
on the data, it is shown that there exists a unique regular solution of
the problem locally in time.

Keywords: Initial-boundary value problem, quasi-hydrodynamic sys-
tem, regular solution.

PaccmoTpuM BOmipoc 0 CyIecTBOBAHNN PETY/ISIPHOTO PETIeHMS aHAJIOTA TIeP-
BOU HAYaJIbHO-KPAaeBON 3a/1@9u Jid KBA3UTUAPOIUHAMUYIECKON CHCTEMBI
YPaBHEHW B IPUOIMAKEHUA METKON BOJIBL:

oh

5 + div (h) = div (hid), & = (@, V)i + gVh),
— 2
a(gtu) + div (h@ ® @) + gV(%) = 2div (vh (@) + div (hF ® @ + hil ® ©),

(t,x) € Q=(0,T) x G, GCR> (1)

- TJe TeH30p ckopocTeil gedopmanym & umeer HopMmy:

o) =6 = 1[(V®ﬁ)+ (Veoa) ], oy = !

2 Q(UZLJ +U3‘LL)7

G — orpanmdennas 061acTs ¢ rpanumeii I' € C?, kosddumpent kunemaTy-
9eCKOHM BA3KOCTH JKUIKOCTH V, XapPaKTEPHOE BPeMsI PeIAKCAILIUU T CIUTa-
IOTCS 33JAHHBIMI IOJIOXKUTEILHBIMU KOHCTaHTaM. Ilycts S = (0,7) x I.

Escees ®enop Amexcangpoeud, acnupant, IOI'Y (Xanre-Mancuiick, Poccus); Fedor
Evseev (Yugra State University, Khanty-Mansiysk, Russia)
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BekTop @ = (u1(t, z1,22), u2(t, 1, x2)) — YCpEIHEHHAS IO BHICOTE CKOPOCTD
regenns. Bemwauna h = h(t, x1, T2) MHTEPIPETHPYETCA KAK PACCTOSHUE TIO
BEPTHKAJIA OT POBHOTO [THA BOJOEMA, PACIIOJIOKEHHOTO B IIJIOCKOCTH T10%2,
J0 cBOGOTHOM TTOBEPXHOCTH KUAKOCTH. CucTeMa BKIIOUYAET KOHCTAHTY [a-
muness g = 9.8 m/c?, paBHYIO MOIY/IIO yCKOPEHHS CBOGOIHOrO IAICHHS B
T'PaBATaIMOHHOM IIOJIE BeMIII/I.

Cucrema (1) moNONHAETCA HAYATHHO-KPACBBIMA YCIOBUSMMT:

ﬁls = 0, (’Lﬁ . ’f[)|s = 0, ﬁ‘t:() = ﬁo(wl,xz), h|t:0 = ho(xl,xz).
rie 7 — BeKTOp BHENIHeH e uHUTHON HopMasm K [

Cucrema (1) mpencraBaser co6oit perymspusoBannyio cucremy Cen-
Benana, aHa0roM KOTOPO# B ra30BOM JUHAMUKE SBJAETCH KBA3HTA30IH-
HaMWYeCcKasl CHCTeMa ypaBHeHWH, nosydenHas Ejmsaposoit u Yersepyin-
xuHbIM [1, 2]. BoiBox perynspusosanubix ypasaennit Cen-Benana u ux mo-
ApobHbIit anam3 npencrasieH B [3]. Panee Bonpocer perymsproii paspemn-
Mocru 3anaqan (1)-(2) He paccMaTpuBaIUCh.

B nacTosimeii pafoTe MBI MOKA3BIBAEM, UTO B KAXKJOM U3 CIYUA€B [IpU
OLIpeIeJIEHHBIX YCJIOBUSX Ha NaHHBIE 3a1a4a (1)-(2) jaoxaibHO 1m0 BpemeHu
HMeeT eIUHCTBEHHOE PENICHHE, TTPUHAIJIEKAIEe KIIACCY WZ}Q(Q)
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OLIEHKA OBJIACTU I'VPBUIIEBOCTHA ITIOJIMHOMOB B

IIPOCTPAHCTBE KO9®®PUIIMEHTOB
A.TI. 2Kab6ko, /I.H. T'anouos
a.zhabko@spbu.ru, st076870@student.spbu.ru

VIOK 517.929.4
B pabore paccmarpmBaercsi BOIpoC OmeHKH OOJIACTH TyPBUIEBOCTH
nosmHoMoB. Ilosydenst Mepbl obsacreil yCcrofiYuBOCTH B PA3/IMYHBIX
MPOCTPAHCTBAX MPH HEKOTOPBIX NOCTATOYHBIX YCIOBUSAX YCTOMIHBO-
cru. IIpou3sBeneHo cpaBHEHUE TIOTEPD JOCTATOYHBIX YCIOBUH.

Karoueswie caosa: yCTORNINBOCTH TTOJTUHOMOB, KO3(M(UIMEHTHI yCTOM-

YHUBOCTH, 'y PBUIIEBOCTD.
Estimation of the Hurwitz domain of polynomials in the co-
efficient space

In this paper we consider the question of estimating the Hurwitz region
of polynomials. Measures of stability regions in different spaces under
some sufficient stability conditions are obtained. A comparison of
losses of sufficient conditions is made.

Keywords: polynomial stability, determining coefficients, Hurwitz sta-
bility

PaccMoTpuM mOMHOM € BeIeCTBEHHBIME KO3 dUIMeHTaMu
n
k
P(z) = E DEX .
k=0

O6o3naunm K03dPUIUEHTHl yCTORINBOCTU

o = pj—lpj+2’ j=T,n—2.

PiPj+1

B paborax [1-8] Gbumn mOKa3aHBI HOCTATOYHBIE YCJOBHUs yCTONYHBOCTH,
KOTOpBbIe BBIPAXKAIOTCA depe3 o, Kodpduimentsr. [na ananmmusa obactu

YCTOMYMBOCTU BBOAUTCA PeAYyIMPOBAHHBIN IIOJIMHOM

n—3
-1 -2 k
Q@) =a" +a" ' +2" 2 + ) quat,
k=0
K03} UIMEHTE! KOTOPOTO OMpeessSioTCI PEKYPCUBHOM (hopMyoit
k—1

qn—-3 = 01, gn—k = Ok—2 I I gn—j-
Jj=0
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Jasee B pabore 10Ka3aHa SKBUBAJIEHTHOCTh 33/[a91 YCTONINBOCTH JIJIST TTO-
muaoMoB P(z) m Q(x), a Takxke ¢ moMOmbi0 momHOMa Q(T) TPOBOIATCS
AHAJIN3 W OLEHKa 006JI1acTel IyPBHUIIEBOCTH IIOJTHHOMOB.
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YCJIOBUE JIAIIYHOBA 1JId OJHOPO/IHBIX CUCTEM
A.TI. 2Kab6ko, H.A. 2Kabko

zhabko.apmath.spbu@mail.ru, ztasha@mail.ru

VIIK 517.929.4

Jltst TuHEHHBIX CTAIMOHAPHBIX CUCTEM OOBIKHOBEHHBIX TrdepeHtm-
AJIBHBIX W PA3HOCTHBIX YPABHEHMI M3BECTHBI yCJIOBHUS JIAmyHOBa Cy-
IECTBOBAHNS U € JUHCTBEHHOCTH PEIIEHNST COOTBETCTBYIONUX MATPUY-
HBIX ypaBHeHUi JIamyHoBa. DTO yCaoBre GOPMYIUPYETCS B TEPMUHAX
CcOOCTBEHHBIX YMCE MaTpPHUIbI cHCTeMbl. B mammoil pabore paccmar-
PUBAIOTCS CUCTEMBI OTHOPOHBIX UM dEePEeHITNAIBHBIX YPABHEHUH, U
IpeIaraeTCsad BAPUAHT YCIOBUs JIAMyHOBA, UCPAIOIIUI aHAJOTHIHY O
posb. B koHIie paboThl pacCMOTPEHBI MPUJIOKEHUS IOIYIEHHBIX De-
3yJIbTATOB.

Kmoveeve caosa: oppopoamble uddepennpaibable  ypABHEHUS,
dyuknun Jlanynosa, ycTofuuBoCcTh, yeaosue JlamyHnosa.
Lyapunov conditions for homogeneous systems

The Lyapunov conditions for the existence and uniqueness of a solu-
tion to the matrix Lyapunov equations are known. These conditions
are formulated in terms of the eigenvalues of matrices of differential
and difference linear systems. In this paper, systems of homogeneous
differential equations are considered, and version of the Lyapunov con-
dition is proposed that play a similar role. At the end of the paper,
applications of the results obtained are considered.

Keywords: homogeneous differential equations, Lyapunov functions,
stability, Lyapunov condition.

IlocTtanoBka 3agaun
Paccmorpum ypasHeHue B YaCTHBIX IIPOU3BOIHBIX

(2@ s = weo) )

rae npennonaraem byaxmun f(z) m W(x) omaopomabiMu GbyHKIUIAMEA 110~
pankoB pt > 1 ul = k+ p — 1 coorBercTBeHHO. 3ajada 3aKJIIOYAETCH
B ompeziesieHnn yciaoBuil Ha GbyHKImo f(x), npu KoTopex ypasHenue (1)
VMEET PEeINeHne B BHUJIE OMHOPOAHON nopanka k > 1 dbyakmum V().

2Kabko Agjexce#t IlerpoBuu, g.d.-Mm.H., npodeccop, 3aBenyomuit kKadenpoit Teopuu
yupasienus, CII6I'Y (Caukt-IlerepOypr, Poccus); Alexey Zhabko (St. Petersburg State
University, St. Petersburg, Russia)

Kabko Haramua AnekceeBna, K.d.-m.H., gouent, CII6I'Y (Cauxr-Ilerep6ypr, Poc-
cus); Natalia Zhabko (St. Petersburg State University, St. Petersburg, Russia)
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Hamee 6ynem cumrars dysxmm V(z), f(x) u W(x) momoxwnrens-
HO OJHOPOTHBIMH, ONPEIEJEHHBIMA B TPOCTPAHCTBE R™, HENpephIBHBI-
MHu ¥ HenpepbiBHO auddepennmpyembivu. Toria CymecTByeT eInHCTBEH-
HOE HETPEPHIBHO Au(PEPEHIMPYEMOe TI0 CBOWM TMEPEMEHHBIM DEITEeHE
z(t — to, To) BCIIOMOTATEIHHON CUCTEMBI yPABHEHWH

dx
] @)

OueBuHO, 9TO

dV(:UC(li, z0)) _ (8‘(;iﬂc)>T - f(x).

Bce mampreimme yTBepK IeHUA OCHOBAHBI HA, AHAIU3E TTOBEICHUS TIPO-
exnmii permenmit cucreMbl (2) ma mosepxHOCTH ||z|| = 1. C 3T0# TEMBIO

BBeném ynsxmmo y(t) = m - z(t), KoTOpaa ABIAETCA MPOEKIHEH De-

menus z(t, xo) B dasosom npocrpancrse R™ Ha nosepxHocTs ||z]| = 1, 1

¢
dbyrkmmo T = /Hx(y, x0)||“~" - dv. Torma pemenue cucTeMbL

0

dy
W _ o~ )
7 = JW = f) -y 3)
!
1
¢ HaYaIbHBIMU yeaoBusaMu 7o = 0, yo = m -0 YJAOBJETBOPSET PABEHCTBY
0
1
v ) = g )

Onpenenenne 1. Bydem zo6opums, wmo gynxyusa f(x) ydosaemeops-
em yeaosuto Jlanynoea daa 00nopodnmx gynkyut, ecau daa A10600 noso-
orcumenvro 00rnopodnot dynkyuu W(x) nopadkal = k+pu—1 (k> 1,u>1)
cyuecmeyem pewenue ypaskenus (1) 8 sude nosoorcumensvro 00HOPodHOT
nopadra k > 1 pynxyuu V(x).

OcHoBHBIE pe3yJbTaTbl

Teopema 1. Ecau cucmema ypasnenud (2) umeem pasHosecroe
z(t, Zo) = To # 0 uau nepuoduvecroe x(L, Zo) = To pewenue, mo Gyrkyus
f(x) ne ydosaemeopaem yeaosuro Jlanynosa.

Teopema 2. ITycmo gynryua f(x) ydosaemeopaem ycarosuro Janyro-
6a (onpedeserue 1) daa NoA0KHCUMEALHO 00HODOOHBLT PYNKUUT.

Ecau daa mexomopoti mouku To # 0 ewnoaneno ycaosue f(Zo) =
a(||Zol]) - o, npuwém a||Zo|]) # 0, uau das nexomopozo pewenus x(t, &o)
ypaenenud (2) ewnoaneno yeaosue (L, To) = a-To, nputem o # 1, mo daa
#1060 N0A0HCUMEADHO 00H0PodHOT Pynryuu W (x) nopadke l =k +p—1
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~

(k> 1,1 > 1) mobue dsa pewenua V(z) v V(z) ypasnenua (1) ydoese-
MEOPAIOTN PAGENCTNEAM

V(y-&) =V(y &), v>0

UAU

V(z(t,y-20)) = V(x(t,y-20)), 720, te (—o0,+00).

CaenctBue 1. Ecau ¢ynxuyun f(x) ydosaemeopaem yciosuam meo-
pemovy 2 0ns 6CET MOYEK, MO UMEEM MECTNO eJUHCTNBEHKOCTNY PEULEHUSA

ypaenenua (1).

Hasmee paccmorpuv Gyarmmio f (), yIOBIETBOPAIONIYIO OIIPEIETCHIIO
1, n pemenue z(t, xo) cucremsr (2), OTIMIHOE OT PACCMOTPEHHBIX B TEOPE-
Me 2 pemenuii. IlycTs uHTEpBas CyljecTBOBaHUs pelreHus ectsb ¢ € (a,b).
Ilyctes dbymnkmma W (x) aBageTcsa MOJIOKHUTEIBHO OTHODOHON, TOI0KE-
TEJILHO OIpeneJ€HHON B R", HenpephlBHON M HenpepblBHO auddepeHim-
pyemoii, a Gyrkmms V (z) ecth penrenmne ypasaenus (1). Torma Bo3MoKHBI
CTIeIYIOTHE AJTBTEPHATHBHI.

1. CymecTByer moCIe10BATEIBHOCTD {t;}]° oo ewm b Takas, 9TO
{z(tj,20)}7" — 0.
Jj—oo
2. Cyuecrsyer nocaenoBarenbHocTh {t;})° —— a wm b takas, 4ro
Jj—o0
{2ty 20)}7" —2 w #0.
j—o0
3. CymrecTBy1oT GECKOHEUHBIE TIPEIeIThI
z(t, zo)l| —— 00 m [[a(t, zo)[| — oo
t—a t—b

Sameuanne. [Hockoavky dynryua f(x) onpedeaena 6 R™, mo 6 cayuae

BUNONHERUA AALMEPHAMUSH, 1 UAU 2 CNPABedAuBd, PAGEHCMEE 4 = —O00
uau b = +oo.

Jlemma 1. B cayvae asvmepramuss, 1 6epro pasercmeo

V(zo) = V(zo) — V(w0) = 0.

Jlemma 2. B cayuae arvmepramuss, 2 6epHO PAEEHCME0

V(zo) = V(zo) — V(x0) = 0.

Jlemma 3. B cayuae asvmepramuss, & 6epro pasercmeo

V(z)=V(z) = V(z) =0.
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Teopema 3. Ecau gynxuyua f(x) ydosaemeopaem ycaosuro Janyro-
6a, mo dan mobol Pynxyuu W () cywecmeyem eduncmeennoe pewenue
ypasnenua (1).
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NCIIOJIB3OBAHUE 9BPUCTUYECKUX METO/0B AJIA
PEIIEHUYA 3ATAY OIITUMU3AIINN CJIOXKHBIX
OPUBNKO-XNUMUYECKUX IMPOITECCOB
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YIK 517.977.5

B crarere paccmarpumBaorcs 0COOeHHOCTH 33/a9M  YIIPABJIEHUS
(PUBUKO-XUMUIECKUMHU TIPOIECCAMHU, JTOCTOMHCTBA, W HEIOCTATKHU TeHEe-
THYIECKUX METOIOB.

Karowesnie ca066: IBPUCTUHECKUH METO I, TeHeTHIECKUH aJIrOPUTM, 3a-
J1ada, ONTUMU3AIAN

Using heuristic methods to solve problems of optimization of
complex physical and chemical processes

The article discusses the features of the problem of controlling physical
and chemical processes, the advantages and disadvantages of genetic
methods.

Keywords: heuristic method, genetic algorithm, optimization problem

K psiay Kiro4ueBBIX IPaKTUIeCKY 3HAYUMBIX IPOOJIEM IIPU OPraHH3aIlnT
KOMILUIEKCHOT'O HCCJICTOBAHUSA CJIOKHBIX XMUMHUKO-TEXHOJOTHIECKIX CHCTEM
MOXKHO OTHECTH DeIlleHHe 3aJaqy IUIAHUPOBAHHS IPOU3BOACTBA, KOTOPOE
BKJIIOYAeT B cebsl MOMCK ONTMMAJILHBIX DEIIeHuil sl MoBhIeHns 3bdek-
TUBHOCTH IIPOM3BO/ICTBA ¥ MUHUMU3AINN 33TPAT. DMIIMPUIECKHE UCCIIET0-
BaHMs 3a9aCTYI0 HEBO3MOMKHbI M3-33 BBICOKON CTOMMOCTH MCXOJHBIX MaTe-
pUaI0B U HEOOXOIMMOCTHU HEIIPEPHIBHON pAabOTHl AEHCTBYIONEr0 IPOU3BOI-
CTBa, B CBA3U C IeM BCe 00Jjiee 3HAUYNMBIMU CTAHOBSITCSI MATEMATHIECKUE
METO/IbI, KOTODBIE IO3BOJIAIOT € IIOMOIN[BI0 OPTaHU3AIMHA CEPUH BbIYHC/IN-
TeJIbHBIX UCHBITAHUN OIPEIeINTh 3HAUMMBIE 3aKOHOMEDHOCTH MPOIECCa U
HaHTH ONTUMAJIbHBIE YCIOBHS.

MaremaTH4ecKoe ONUCAHHE CJIOXKHBIX IIPOIECCOB TOJIKHO yYHTHIBATH
MHOXKeCTBO (HPaKTOPOB, a BBICOKAS PA3MEDPHOCTH U HEJMHEHHOCTH 3aTPYI-
HSIET MCIOJIb30BAHNE KJIACCUTIECKUX METO/I0B OITUMUBAIINMN.

B ycnoBusix HaaW4Hs HOCTATOYHO GOJIBIIOrO KOJIMYECTBA IIaPAMETPOB
cucremel HauGosiee 3(OEKTUBHBIMI SBIISIOTCS SBPUCTUYECKUE MeToIs! [1],

WccnenoBanne BBIIOIHEHO B PAMKax IOCYZAapCTBEHHOIO 3aJaHust MUHHCTEPCTBA Ha-
yKu u BeiCmero o6pasosanust Poccuiickoit Penepanmu (kox mayunoi tembr FZWU-2023-
0002)
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Mudraxos Dnpnap Haunesws, n.¢d.-M.H., HaywHbI coTpyaruk, Y YHuT (YVda, Poc-
cus); Eldar Miftakhov (Ufa University of Science and Technology, Ufa, Russia)
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KOTOpBIE JTAIOT HYKHBbIe MHCTPYMEHTHI JJIs1 aHAJIN3a U YCOBEPIIEHCTBOBA-
HUA KMHEeTHYEeCKUX NapaMeTPOB, PeaKIMOHHBIX MEXaHU3MOB U YCJIOBUI pe-
akruu. Cpesu 9TUX aJIrOPUTMOB BBIJIEISIIOTCS SBOJIIOIMOHHBIE METOIBL U, B
YaCTHOCTH, TeHeTHuecKne anroputmsl [2]. OHu MoryT paforaTh ¢ KPyHHBI-
MM IPOCTPAHCTBAMHE IIOUCKA U CJIOKHBIMHU (DYHKIUSMU OLEHKI.

K coxasennio, reHeTU9ECKUE AJITOPUTMBI, PAOOTAIOINTHE CO CIIOKHBIMHA
IPOCTPAHCTBAMU TIOUCKA, HYXKJTAIOTCA B 3HAUUTE/IHHBIX BBIYUC/IUTETHHBIX
pecypcax. Pa3Burue 06/1a4HBIX TEXHOJIOTHI U BO3MOXKHOCTH DAclapaJiie-
JIMBAHUS TIO3BOJISIET MUHNMHU3UPOBATH ITHU MPOOJIEMBI TIPH ONMITHMU3AINH
c0XKHBIX MHOro(daxTopHbix cucreM [3]. Takike cepbe3sHBIM HEIOCTATKOM
AJITOPUTMA ABJISETCA HU3KaT 3PGIEKTUBHOCTh B CUTYAIIUAX, KOTJA IIapa-
METPBI aJITOPUTMa, HE HACTPOEHBI A5l KOHKPETHOM 3aJa4u ONTUMH3AIINN,
910 00ycIaBaMBaeT GOJIBINO MHTEpeC K U3YUEHUIO BO3IEHCTBUS TTapaMeT-
POB T€HEeTHYeCKHUX aJITOPUTMOB Ha pe3yJ/bTaT pellleHud 33039 ONTUMHU3A-
117178
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®OPMVYJINPOBKA ®U3NKO-MATEMATUYECKOMN
MOAEJIN PACITPOCTPAHEHU A BOJIH TOPEHUA N
JETOHAIIVU B TPYBAX C YHACTKAMMI
IMIEPEMEHHOTO CEYEHUS
E.Il. Kanonupona, A.5l. 'mabmanos, A.Il. ITleBenéB
stud0000123797@study.utmn.ru, a.y.gilmanovQutmn.ru,
a.p.shevelev@utmn.ru

YIK 536.711

PaccmaTrpuBaerca akTyasbHAA 330a9a TAIl€eHUS BOJIH TOPEHUS U TETO-
HAIUH B TPYOOIIPOBOAAX, TPAHCIIOPTUPYOLINX YHUTAPHOE TOILIHNBO, 33
CIéT HAJIMYHUS YyIACTKOB MX pacriupernsd. QPopMyaupyeTcs MaTeMaTH-
YecKad MOJIeIb TaKOr'o MpOolecca ¢ yUTOM HMUINHIPUYIECKOH CUMMeT-
pun 3ama<u. lIpoBogurcs nmponeaypa 06e3pa3MepuBaHUs U BbIIEICHIE
KOMILJTEKCOB, TTO3BOIUBIINX CHOPMYINPOBATH (DUIMIECKYIO TTOCTAHOB-
Ky 337290 B paMKaxX 0OOCHOBAHHEBIX JOMYINEHUN HA OCHOBE KPUTEPU-
aJIbHOTO aHaju3a. 10Ka3aHo, YTO OIpPEessIoIyI0 POJIb B IIPOIECcce
pacupoCcTpaHeHnd BOJIH TOPEHHWA W JIeTOHAIMHA OKa3bIBAIOT PeaKIun
TOpeHusl YHUTAPHOTO TOILIUBA.

Karowesnie cao6a: Ppusmko-MaTeMaTHIecKast Mo/IeIb, 06e3pa3MepuBa-
HHUe, MEXaHNKa MHOTO(A3HBIX CUCTEM, KPUTEPHUAJIBHBIN aHAJIN3, TOpe-
HH€, YHUTAPHOE TOILIUBO
Formulation of a physical and mathematical model of com-
bustion and detonation waves propagation in pipelines with
variable cross-section

The actual problem of combustion and detonation waves decline in
pipelines transporting unitary fuel due to the presence of their expan-
sion parts is considered. A mathematical model of such a process is
formulated considering the cylindrical symmetry of the problem. The
procedure of de-dimensioning and introduction of complexes is carried
out, which made it possible to formulate the physical formulation of
the problem within the framework of reasonable assumptions based
on a criterion analysis. It is shown that the combustion reactions of
unitary fuels play a decisive role in the propagation of combustion and
detonation waves.
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Keywords: physical and mathematical model, de-dimensionong, me-
chanics of multiphase systems, criterion analysis, combustion, unitary
fuel.

B pa3mutHBIX TEXHOJIOIMYECKHX MPONECCaX aKTYAJIbHON 3a1adeil sIBISeT-
cs 6e30macHas TPAHCIIOPTHPOBKA YHATAPHOIO TOIJIMBA 110 TPYOOIIpOBOZAM.
B xozme Takoro mporecca MOryT BO3SHUKATL BOJIHBI TOPEHUs] U JETOHAIIHHN.
JJ1s mpefoTBpAIeHNs MX PA3BUTHS 33 CIET TAlIeHUs IePCIeKTUBHBIM CIIO-
coboM sIBJIsIeTCs TOOABJIEHNE YYIACTKOB DOJIBIIETO IUAMETPA B TPYyOOIIpO-
BOJIE, T/Ie IPOUCXOAUT auabaTUYecKoe pacuiupenne ra3ooil ¢asbr. s
JOCTHKEHUST MAaKCUMAJIBHOU 3 (EKTUBHOCTH TameHns HeoOX0IuMO IIpo-
BOIUTDH MOZIEJUPOBAHNE [IJIsI ONIPEIeJICHNs TapaMerpoB rpybomposoga. Ilo-
ITOMY TIETIBIO pabOTHI siB/IsieTCs POPMYAUPOBKA (pu3naecKkn 000CHOBAHHOMN
MaTeMaTHIeCKON MOJEIN PACIPOCTPAHEHUs BOJIH TODEHHS W IeTOHANN B
TPyOOIIPOBOAAX ITEPEMEHHOI0 CeUeHNU .

B ocuoBe npeyioxxennoi mogenau jexkur pazpurue mogaxonos P, Hur-
varymmna, A.I. Kyrymesa, C.II. Pomuonosa, M.K. I'mmantauHosa. Pac-
cMaTpuBaeTcd TpéxdasHas CUCTEeMa, COCTOANAA U3 ra3000PA3HBIX POy K-
TOB rOPEHHUsi, ra30B, He BCTYHAIONIMX B PEAKITUIO TOPEHUS, ¥ YACTHUIL yHU-
TApPHOTO TOILUIMBA. JAIUCHIBAIOTCS 3aKOHBI COXPAHEHUST MACCHI U MMITYJIHCA
da3, 3akoH COXpaHEHHs KOJUYECTBA YACTUI], 3aKOH COXPAHEHWUS SHEPrUn
reTepPOreHHOro0 MOTOKA, YPABHEHUE IIPUTOKA TEILIa, K YaCTUIAM TOILIUBA, C
YIETOM HUIHHIPUTIECKOH CHMMETPHN 337a<M, & TAKXKEe 3aMBIKAIOIINAE CO-
orroueua. PopMyMPYIOTCA HAYAJIbHBIE U TPAHUIHBIE YCJIOBUS, COOTBET-
CTBYIOIME HAYAJY IIPOIECCOB TOPEHUs U JIETOHAIINN.

OcymecTBasercsa nponenypa o6e3pa3MepUBaHNs 3AIHUCAHHON CHCTEMEL
YPaBHEHHI U BBIAEIAIOTCS He3pa3MepHble KOMILIEKCHI, XapaKTePU3yoNiue
ocobennocru npornecca. C oMOIIbI0 KPUTEPUATIHLHOTO aHAJIN3A IPOBOAUTCS
dopMymupoBKa (pusndIecKr 060CHOBAHHBIX IO IEHUH.

Ha ocuoBe mnosydenno#i (pu3nMKO-MaTeMaTUIECKOH MOJEH ITPOBEIEH
uuciaeHasblit dxcrepument. Cucrema ypaBHEHHI NPUBOAUTCH K KOHEUHO-
PA3HOCTHOMY BHIy HA OCHOBE METOJOB KOHTPOJIBHOTO 00bEMA M KPYIIHBIX
YaCTHUI], KOTOPBIH MOATBEP/IMII BOSMOXKHOCTD TAlll€HUs BOJH FOPEHUs U JIe-
ronanuu. [Tosy4eHHbIi IPOrpaMMHbBII IPOYKT [IO3BOJIAT IIPOBECTH AHAJIUS
HyBCTBHTEILHOCTH MOZIENH U BBLIEIUTH PSA/T IAPAMETPOB, IIPEUMYIIeCTBEH-
HO BJIUSIONIMX HA MPOIECC PACIPOCTPAHEHMS BOJH TOPEHUS U JAETOHAIIWH,
oupeennThb 3P deKTUBHBIE XaPAKTEPUCTUKN TPYOOIIPOBOIA.

Ha ocuoBe kpurepmaiabHOro aHAIN3a IOKA3AHO, UTO OMPEeIe/ISIONryIo
POJIb B TIPOIECCE PACIPOCTPAHEHUS BOJIH FOPEHUs] U JIETOHAINU OKA3bIBa-
0T PEeaKIMy MOpeHus yHuTapHoro rommsa. Oupezeseno, 4ro repmodapu-
YeCKUMU YCIOBUAMH B HAYAIbHBIN MOMEHT BDEMEHN MOXKHO NpeHebpets o
CPaABHEHHMIO C YCJAOBUIM HA (DPOHTE BOJIHBI.
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AHAJIN3 TEMIIOPAJIBHBIX OTKJINKOB
METAJIJIOKCJHOTO "9JIEKTPOHHOI'O HOCA"IIO
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«BosibramnepomeTputecKuil HOC» IIPEICTaBAAEeT CO00M MHHOBAIIMOH-
HBII MHCTPYMEHT, MMO3BOJISIONTUN KOJINIECTBEHHO OMNCHIBATH YPOBHU
3arps3HeHNs BO3AyXa. B HEM WCIOJIB3YIOTCS AATYNKN, KOTOPBIE 00-
JIAJAI0T PA3IMYHON MapPIHaIbHON TyBCTBUTEIBHOCTHIO K AHAJIM3UDY-
eMoMy 00/1aKy 3amaxoB. B TO ke BpeMsl KaxKplil CEHCOD MAacCCHBa B
Habope nMeeT CBOM COGCTBEHHBIN MHIUBUIYAJIBHBIN NPOMUIbL OTKIIN-
Ka, OTBEYAIOIINI 33 OIPEeIeIeHHBIA AUANIA30H TEeCTUPYEMBIX 3aIaX0B.
B pesynpraTe 0600meHHBIN TPOMMIB CYMMapPHON PEAKIUN CEHCOPOB
3JIEKTPOHHOTO HOCA TSI PA3JIMTIHBIX 3AIIaX0B UMEEeT JOBOJBHO CJIOXK-
HYIO CTPYKTYPY ¥ MOZKeT OBITh pacmudPOBaH /i Terell uaeHTudn-
KAIAHU 3a11aX3 TOJIBKO € UCHOIH30BAHIEM XEMOMETPUIECKAX (KOMIIBIO-
TEPHBIX) METOMOB PACTIO3HABAHUS 00PA30B W KJIACCU(PUKAITIA.

Karwwesvie caosa: 6a3pl  JaHHBIX, BoJbTammeporpamma, I1IJIC-
mapaMerp

Analysis of temporal responses of a metal oxide ”electronic
nose” using the projection method on latent structures of
voltammetric databases

The Voltammetric Nose is an innovative tool for quantifying air pol-
lution levels. It uses sensors that have different partial sensitivity to
the analyzed cloud of odors. At the same time, each sensor array
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in the kit has its own individual response profile, responsible for a
certain range of tested odors. As a result, the generalized profile of
the total response of electronic nose sensors for various odors has a
rather complex structure and can be deciphered for odor identification
purposes only using chemometric (computer) pattern recognition and
classification methods.

Keywords: databases, voltammogram, PLC parameter

DddexruBnas 06paboTKa MHOTOMEDHBIX [JAHHBIX, [IOJIYYEHHBIX OT MAaCCH-
Ba CEHCOPOB B PEXWMEe HENpPepHIBHOTO (hYHKIMOHUPOBAHMUS, UIPAET KJLIO-
9eByI0 POJIb B AHAJUTHYIECKOM KOHTDOJIE IIPOU3BOJICTBEHHBIX IIPOIIECCOB U
IKOJIOTUIECKOM HabaomeHn. B paboTe KOJIMYECTBEHHO OIUCAJIN BPEMEH-
HBIe DALl TOKOB — OTKJINKOB «3JIEKTPOHHOTO HOCA» HA CYTOYHOE M3MeHeHne
COCTaBa BO3/IyXa KUJIUITHON 30HBI. JKCIIEPUMEHT Hada ca 6 ampesis B 9:48
u 3aBepimics 10 anpess 8 00:00, To ects anmica 4 cytok. B Tedenne sToro
BpeMeHU KaKJble 6 CeKYHI PErHCTPUPOBATIACH BOJIBTAMIIEDOrDAMMA, C ITe-
pepbiBaMu Kaxkaple 40 cexynn. IlomydeHHBIN MacCHB BOIBTAMIIEPOTDAMM,
cocrosttuit w3 970 3ammceit, 6611 I0ABEPIHYT KOMOMHATOPHOMY AHAIHU3Y C
ucnonbzosaruem MI'K/TIJIC-monemmposatmst. JlaHHBIN aHAIN3 TO3BOJILII
YCTAHOBHUTDH, UTO BEJMYHHA H3MEPAEMOr0 TOKa BO3PACTAET C yBeJIMICHU-
eM KOHITEHTDPAIINH 3arPsA3HAIONINX BEIIECTB B Bo3ayxe. [Ipoekrnus matenT-
eI ¢TpYKTYD (PLS) - 9T0 METOM CTATHCTHYECKOTO M MAIIMHHOTO 00y IeHMst
JUTA QHAJTA3a TAHHBIX, KOTOPBIA TO3BOJISET N3y9aTh CKPBITHIE (JIATEHTHDIE)
dakTOpBI, ONPEIESIONIKE TOBEJIEHUE JTAHHBIX. DTOT METOJ NCIOJIb3yeTCs
JJIsT M3Y<I€HUs CKPBITHIX WM JIATEHTHBIX (DAKTOPOB, KOTOPBIE OLIPeIesIsioT
[IOBEJICHNE JAHHBIX, HO HE MOTYT OBITH HEIOCPEICTBEHHO H3MEDEHBI MM
nabmonaembl. Meron PLS nossossier anaau3upoBaTh JaHHBIE, UCIOJb3YS
HECKOJIbKO 3aBUCHUMBIX IIEPEMEHHBIX OJHOBPEMEHHO, UTO JaeT boJiee IoJIHOe
NIPeICTAB/ICHNE O IOBEIEHUH JAHHBIX BO3/YIIHBIX MAaCC KaK JUHAMUICCKUX
CHCTEM.

C momormpio mepBoit ['taBHo#t KoMIOHEHTHI OIIpe/1eIeHbl: KOIHIECTBO
CTaznii ¥ CKPBITHIX 00OOIIEHHBIX CUTHAIOB, KOTOPBIE B IIEJIOM OIPEIEIseT
TEMIIOPAJIBHOCTD BCEM IMHAMUYECKOM CHCTEMBI BO3/IYIIHBIX MacCC, TO €CTb
€€ KOJIMYIEeCTBO CTAAWM, UX aMIUINTYIBl U KOJieGaHus, MPOTIKEeHHOCTh. Ha
PUCYHKe TIpUBEIeHa AUArpaMMa PAaCIpPe/Ie/IeHns HHTErPATFHOTO TapaMeT-
Pa HACHINEHHOCTU 3arPA3HUTEISMU BO3/IYIIHBIX MACC KUJIOH 30HbBI, 3ape-
reCTPUPOBAHHOIO B TE€EHHE IeTHIPeX CYTOK.

Pesynbrars mokasanu, 9ro narenn=cuBHocTb [1JIC-mapamerpa «3Jiek-
TPOHHOT'O HOCA» IIOBBIMIAETCA B MEPUOM YTPEHHUX W BEYEPHHX GaCOB pa-
6ounx gueil. Vcnosb3ys MyJIbTHCEHCOPHBIE CHCTEMBI, OCHOBAHHBIE HA Ia30-
YYBCTBUTEIBHBIX CEHCOPAX C M3MEHAEMON IYBCTBUTEIHHOCTHIO, M METOIBI
aHAJIM3a TAHHBIX, TAKME KAK XeMOMETPHUsS U MAIIUHHOE 00yUIeHNe, YIAI0Ch
CO3[1aTh CHCTEMY [Jis ODHAPYKEHUs M AHAIM3A CIOXKHBIX CMeCel 3araxo-
BBIX COEIMHEHUI.
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Pue. 1: TIJIC-auarpamMMa pactpe/ieleHNs TapaMeTpa HACBIEHHOCTH 3arpsis-
HEHHBEIMH BelllecTBa aTMocdepHOoro BO3yXa KWIol 30HEL
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MOAEJIMPOBAHUE TEIIJIOOBMEHA MEXK/1Y
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Hcnonp3oBanne TepMOCTabMIN3aTOPOB aKTYaIbHO B YCIOBUSX KPHO-
JINTO30HBI JIJIT COXPaHEHUs yCTONYINBOCTH BO3BEIEHHBIX 3JaHUI U CO-
opy:xenuit. MomenupoBanue MHOrO(a3HBIX IOTOKOB B TAKUX YCTPOI-
CTBaX MO3BOJIZeT OIEHHUTb WX IapaMeTPhl A0 YCTAHOBKH B MEDP3JIBIi
rpyHT. leasio paboThl sBIseTCS CO3MaHMe (PUMKO-MATEMATHIECKOH
MOJEJIN JIsT PAcYETa MEPCIEKTUBHBIX KOHCTPYKIMH T€PMOCTAOMIN3H-
aToposB. Mozesp MCHOIB3yeT OCHOBHBIE yPABHEHHUS TeIIOMACCOIEpe-
HOCA C BBIJEJIEHNEM XapaKTePHBIX YyIacTKOB mporecca. OmpetereHs
napaMeTpsl XJIaJareHTa B BOCXOAAIIeM IIOTOKe U paclpesesieHue TeM-
epaTypsl IPYHTA 10 IiIyOuse..

Karouesnie cao6a: TepMocTabUIN3aTop, KPUOJIUTO30HA, BEUHAS MEP3-
JIOTa, XJIAJAreHT, (DIM3UKO-MATEMATHIECKOEe MOIEINPOBAHIE, TEPMOCH-
dom.

Modeling of heat transfer between promising designs of a
heat stabilizer and a pile

The use of heat stabilizers is relevant in cryolithozone conditions to
preserve the stability of constructed buildings and structures. Model-
ing of multiphase flows in such devices makes it possible to estimate
their parameters before installation in frozen ground. The aim of the
work is to create a physical and mathematical model for calculating
promising designs of heat stabilizers. The model uses the basic equa-
tions of heat and mass transfer with the allocation of characteristic
sections of the process. The parameters of the refrigerant in the up-
stream flow and the distribution of soil temperature over depth are
determined.

Keywords: heat stabilizer, cryolithozone, permafrost, refrigerant,
physical and mathematical modeling, thermosyphon.
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CyurectBennast gacth Teppuropun Poccuiickoit Penepanym oTHOCHTCS K
KpuonTo30He. CTPOUTETHCTBO 3JaHUI UM COOPYIKEHUH B ITHUX PErHOHAX
COTIPSAXKEHO C PUCKaMH IIPOTAWBaHNA I'PYHTa M pPa3pylIeHWs TaKHX KOH-
crpykimit. Jyst mpeqoTBpalieHnst 3TUX HEeraTUBHBIX SIBJICHUI HEOOXOINMO
HOAAePKHUBATh I'PYHT B 3aMOPOXKEHHOM COCTOSHUU 3a CUET OTPUIATENIb-
HBIX TEMIIEPATYD OKPYIKAIOIero BO3/ayxa B 3uMHHUN mepwoz. lms sToro
3G dEKTUBHO MCIOIB30BATH TEPMOCTAOUIM3ATOPHI, TPEICTABIISIONIAE CO-
601t 3araybisieMble yCTPOMCTBA, BHYTPH KOTOPBIX IUPKYIUPYET XIaJar€HT,
obecrrieunBaONHi TEILIOOOMEH TPYHTA € HAJA3EMHOM JacThi0 ycTpoiicTBa. B
KayKJIOM PACCMaTPUBACMOM CJIy4dae 14 MePCIeKTUBHBIX KOHCTPYKITNAHN CBail
¥ TePMOCTAOUIN3aTOPOB HEOOX0IUMO IPOBOANTH MOIEINPOBAHNE, T0O3BOJI-
W0Iee YCTAaHOBUTh OIITUMAJIbHBIEC 3HAYMEHUA IMapaMEeTPOB TaKHUX yCTpOﬁCTB.
Ilensio paboTsl sBAsSETCA CO3MaHMe (DU3UKO-MATEMATHIECKON MOJIEIN IS
pacyaéra MepCIeKTUBHBIX KOHCTPYKIMHI TepMOCTabUIN3HATOPOB.

DT1a MOJEIh OCHOBAaHA HA PACIIEIVIEHUH [IPOIIECCOB B YCTAHOBKE HA CJIe-
JYIONIHe COCTABJISIONINE: TeIJI000MEeH HaI3¢MHONU YacTh TepMOCTabuiIn3a-
TOpa ¢ OKpY2KamIeill cpenoii, TEIIOMACCOIEePEHOC B HHUCXOAAIIEeM II0TO-
K€ XJI3/IaT€HTa, TEII000MeH BOCXOMSINEro MOTOKa XJIaJareHTa ¢ KOPIIYCOM
YCTPOMCTBA, TEIJIO0OMEH KOPITyca YCTPOHUCTBA C TPYHTOM U cBaeil. Vcmoas-
3yercd KOMILJIEKCHBIH TIOAX0I, I/ICHOIH)3yIOH_LI/Iﬁ AJId MOJEJIUPOBAHUA KaK
KpHATepHUaJIbHbIE yPaBHEHUA W dMIHPUYECKIE KOPPEIANNH, TaK U 3aKOHBI
COXpaHEeHWsI MAaCChl, UMITYJIbCa ¥ SHEPIUMN.

[Tonyuerno pacupenesieHue TeMIepaTyphbl B IPYHTE U IIPOBEIEHA OIEHKA
HecyTeil CIIoCOOHOCTH T'PYHTa € MPUMEHEHUEM MEPCIIEKTHBHON KOHCTPYK-
U CBaW, COCTOSINEN U3 HECKOIBKUX CerMeHTOB. OIpe/ieieHbl TapaMeTpsl
XJI3JareHTa B BocxondineM noroke. Ilokasano, ITo cermeHTHpOBaHMe pa3-
JEJISIONIEro OTOKH yCTPOMCTBA MO3BOIsieT H0Jtee PABHOMEPHO OXJIAaZKIATh

TPYHT.
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B pamkax paboTbl BBIIIOJHEHO MOJIEIUPOBAHUE IIPOLIECCA SJIEKTPOIPO-
3MOHHOM 06pabOTKM MaTepHasa ¢ UCIOIb30BAHNEM €INHUYHOTO U Ce-
pUH JIEKTPUYECKUX UMITYJIbCOB. IlocTpoeHa mapaMeTpu3npOBaHHAS
YHUCJIEHHAs MO/IEJIb € IPe0OpPa30BAHUEM UMILYJIbCOB B TEMIIEDATYDPHOE
Bo3aelicTene. Peaymsamua somonnena 8 ANSYS ¢ menonb3osanmem
rexaonormu <EKill-EAlive», mosposgomeif HCKIIOYIATh 9JIEMEHTBL C
TeMIepaTypoii 6osee TeMiepaTypsl LaBaeHns 00padaTbBaEMOro Ma-
TepuaJia. BeimonHena BepuduKanysa MOMEIN ¢ JAHHBIMA HATYPHBIX
3KCIIEPUMEHTOB M MaTeMaTHIecKuM onucaaneM nporecca B MATLAB.

Karwwesnie ca06a: 3IEKTPOIPO3UOHHAT 00pABOTKA, IBOJIIONNS TOBEPX-
HOCTH, JIEKTPOJL, MOJEIUPOBAHNAE, METO/I KOHEYHBIX JJIEMEHTOB, TEM-

R/elpaTy Hasl 3a7ada. . . L
odeling of the electrical discharge machining process of ma-

terials based on the temperature problem

Modeling of the electrical discharge machining process of material us-
ing single and series of electrical pulses was performed within the
framework of the work. A parameterized numerical model with
transformation of impulses into temperature effects is constructed.
The implementation was carried out in ANSYS using the <EKill-
EAlive> technology, which allows excluding elements with a temper-
ature higher than the melting point of the material being processed.
Verification of the model with data from experiments and a mathe-
matical description of the process in MATLAB were performed.

VccnemoBanus BRIIOJIHEHB Ipu (DUHAHCOBOH noanepkke Poccuiickoro HayaHOTo (hoH-
aa no rpanty Ne 23-29-00104. https://rscf.ru/project/23-29-00104/

Kponanes Hukura Awnatonbesud, cryzent, ITHUITY (Ilepms, Poccus); Nikita
Kropanev (Perm National Research Polytechnic University, Perm, Russia)

Topoxos Anekcaunp ¥Opbesud, crapmuii npenonasarens, ITHUITY (Ilepms, Poccus);
Alexander Gorokhov (Perm National Research Polytechnic University, Perm, Russia)

Kamencknx AHHa AJIEKCAHAPOBHA, K.T.H., gouent, IIHUIIY (Ilepmb, Poccus); Anna
Kamenskikh (Perm National Research Polytechnic University, Perm, Russia)

IIneixos Eprenuii Cepreesmd, k.T.H., souert, [IHUIIY (Ilepms, Poccus); Evgeniy
Shlykov (Perm National Research Polytechnic University, Perm, Russia)

A6nsa3 Tumyp Pusoewmu, x.1.H., gonert, ITHUITY (Ilepms, Poccus); Timur Ablyaz
(Perm National Research Polytechnic University, Perm, Russia)

252



Keywords: electrical discharge machining, surface evolution, electrode,
modeling, finite element method, temperature problem.

Metom 31eKTpOoHCKpOBOI 06PabOTKU METAJLIIOB, OTKPBITHIA U 3aIIaTEHTUPO-
Bausblii Bopucom n Harammeit Jlazapenko B 40-x rogax XX Beka, 6a3upy-
€TCs Ha HAYJIHBIX M3BICKAHUAX aHrymiickoro yaenoro X VIII seka /Ixxo3eda
ITpuctin, koTopseIit ycTanoBUA 3P dEKT IPO3UN METAIIA IO AeHCTBHEM
3JIEKTPUTIECKOTO 3apsifa. B paMKax TeXHMIEeCKOTO M HAyIHOrO IIPOrpecca
MeTo 00paboTKN MAaTEPHAJIOB € UCIOIL30BAHUEM JIEKTPUTIECKUX UMILYJIb-
COB TIOJTy9IW/I HA3BAHUE — JIEKTPOIPO3MOHHON 06paborku (3D0). Tanubrit
MEeTO/T CTaJ OTJANYHON aJbTePHATUBON MEXaHUIEeCKOro crocoba obpaboTku
ansg GopMoobpa3oBaHUsA TOKOIIPOBOISAIINK TPYIAHOOOPAOATHIBAEMBIX MaTe-
puasos, 06J13TAI0ITAX CJIOKHBIMA (HDU3UKO-MEXaHUIECKNMHE CBOMCTBamu [1].
DIEKTPOIPOZUOHHYIO 00PAbOTKY MOXKHO CMeEI0 HA3BATH BEJIUIAUIINM TIPO-
peiBoM 20 Bexa.

C 1970-x no Hacrosiiee BpeMs BeJyTcs pa3paboTKu, HAPABIEHHBIE HA
MaTeMaTHdeckoe ommcanue nporecca [2-3]. Ilepesle Momesmu Gasupyrorcs
Ha TEPMOMEXAHUKe U TelIO(]pU3UKe MPOIECCa, T.e. PACCMATPUBAIOTCA TEP-
MUYeCKre miam dJIeKTporepmmuaeckue 3amaqu [2]. Ilpomecc obpaborkm 3a-
BUCHT OT OGOJIBIIOTO YUC/Ia (PAKTOPOB, 0DIATAIONNUX PAHON MEXaHUIECKON
MIPUPOJIOH, ITO MPUBOJAUT K CJAOKHOCTU MOJIETUPOBAHUS TEXHOJIOIUIECKOTO
npomnecca 3nektposposun [4]. Croxactuueckas npupoga 990 ocaoxuzET
HUCIeHHOe MOIEINPOBaHMe IPOIecca, 0COOEHHO IIPH ydeTe MHOTOKPATHOTO
JefCTBUSA SAEKTPUIECKUX UMITYJIbCOB HA MOBEPXHOCTH 3JIEKTPOIA-IeTaIu.
MopenupoBanue Iporecca B paMKax TEMIIEPATYPHOM 331241 HE TEPSIeT CBO-
eif akTyasbHOCTH [5].

Ha 6aze IKII «Ientp agmuruBabix Texmomormits [THUITY r. Ilepmb
BBINOJIHEH B0/ IION 06'beM IMIIMPUIECKUX UCCIIEA0BAHUI 110 JIEKTPOIPO3U-
OHHOM 00pabOTKe TOBEPXHOCTEN METATUIECKUX U KOMIIO3UTIMOHHBIX MATe-
puanos. Ilpu 3TOM akTyaseH BOIPOC IIPOTHO3UPOBAHUS IBOJIONUN TTOBEPX-
HOCTU 06pabaThIBAEMBbIX JETAJIeil ¢ UCIIOJIb30BAHUEM COBPEMEHHBIX YHUCJIEH-
HBIX METOJ0B, TAKUX KAaK METO]I KOHEUYHBIX 3JIEMEHTOB. B maHHo# pabore
BBITIOJTHEHO MOJIeMPOBaHue rnpornecca D0 mpu MHOMOKPATHOM JI€HCTBUN
JIEKTPUYIECKUX MMILYJIbCOB HA, OCHOBE TeMIleparypHoil 3ajaquu. Momgenn-
pOBaHMe BBIIOJHEHO B IporpamMmHoM Komiutekce ANSYS ¢ ucmosib3oba-
mneMm texuonormn «EKill-EAlive», koTopas mo3po/igeT NCK/II0YATh U3 MO-
J€JIA JIEMEHTBI 110 33/[AHHBbIM KPUTEpUsiM. B JIAaHHOM Ciiydae HPOMCXOIUT
HUCKJIIOMEHNe 3JIEMEHTOB C TeMIepaTypoil 6ojee TeMIepaTyphl IIABJICHUS
MaTepPUAJIa IIEKTPO/IA-IETAIIH.

MogenupoBanue BKJIIOYAET OIPAHUYMEHUs] U TUIIOTE3bl, HAKJIABIBAIO-
1[ye OIpesesieHHble OrPAHYeHNs HA Pe3yJIbTaThl: MaTepuas obpabaroiBa-
MO ITOBEPXHOCTH U30TPOIHBIH, (PUBNKO-MEXaHUIECKUE CBOMCTBA HE 3aBH-
CAT OT TEMIEPATYPbI; K0P DUIMEeHT KOHBEKTUBHOIO TEILIOOOMEHA HE 3a-
BUCHT OT YCJIOBUM SKCIIEPUMEHTA U SIBJISETCA KOHCTAHTOH; HE YUNTHIBAETCS
3a30P MEXKJY 3JIEKTPOJIOM-/IETAIBIO U JEKTPOIOM-UHCTPYMEHTOM, & TaK-
K€ LOTePs SHEPIMM HA M3MEHEHHUE arDEraTHOIO COCTOSHUS MaTepUaJid U
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TIPECCHI TEIJIOTIePeatH.

B pamvkax paGoTbl pacCMOTPEHO AeiiCTBUe eIMHIUIHOTO MMIIYJIbCA U Ce-
PUH UMITY/IHCOB Ha 00pabaThiBaeMyIO TIOBEPXHOCTD. BoimosHena Bepuduka-
IS MOJE/IN Ha OCHOBE JAHHBIX HATYPHBIX IKCIEPUMEHTOB. McciaemoBana
3BOJIIONMS 00pabaTHIBAEMON IOBEPXHOCTH M YCTAHOBJIEHHbBIE 32KOHOMEDHO-
CcTU u3MeHeHus TJIyOMHBI U paauyca mpobosd OT YHCJIA MOCIEN0BATETbHBIX
VIMITYJTbCOB B PaMKaX UTEPAIMOHHOMN MIPOIIETyPHhI.
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OBb AJITOPUTME YTOYHEHUA ®OPMbI I TEH30PA
VAEJIBHOM DJIEKTPOIIPOBOHOCTH JIOKAJILHOU
HEOJHOPOJHOCTMU 110 JAHHBIM I'EOJIEKTPUKU
B.H. Kpusckuii, II.H. AjekcaHapoB
M.JI. Baagos
krizsky@rambler.ru, alexandr@igemi.troitsk.ru,
vladov ml@mail.ru,

YK 550.8.013

Ha ocuose pemenns o06paTHBIX KO3GbDOUIMEHTHBIX 33739 Ie0dJIeK-
TPUKHU HOCTOSHHOTO TOKA B JIMHEHHON [TOCTAHOBKE W3/IaraeTCsi CIO-
€06 yrouneHuss (HOPMBL ¥ AJITOPUTM HAXOXK/EHUsI KOMIIOHEHT TEH30DA
YAEJIbHON 3JIEKTPOIIPOBOIHOCTHI JIOKAJBHOI'O BKJIIO-TUEHUS, HAXOISIIe-
rocs B KYCOYHO-IIOCTOSIHHOM CpPeie.

Karoueswvie caosa: obparHas Ko3(PUIMEHTHAS 339U I'€0JIEKTPU-
KW, KYCOYHO-TIOCTOSTHHBbIE AHU30TPOMHBIE CPEIbl, (hOpMa JIOKAJIHHOTO
BKJIIOYEHWSI, TEH30D YAEJIbHON 3JIEKTPOIPOBOJHOCTH.

ABOUT THE ALGORITHM FOR REFINING THE FORM
AND TENSOR OF SPECIFIC CONDUCTIVITY OF LO-
CAL HETEROGENEITY ACCORDING TO GEOLEC-
TRIC DATA

Based on the solution of inverse coefficient problems of direct current
geoelectrics in a linear formulation, a method for refining the form is
presented and an algorithm for finding the components of the electrical
conductivity tensor of a local inclusion located in a piecewise constant
medium.

Keywords: inverse coefficient problem of geoelectrics, piecewise con-
stant anisotropic media, form of local inclusion, conductivity tensor.

Onpeenenre mapaMeTpoB JIOKAJIHHON HEOTHOPOTHOCTH HEOTHOPO/THOM Cpe-
B TIPEICTABJISACT AKTYAJIBHYI0 NpOO/eMy HPU U3YUEHUM DYIHLIX MeCTO-
POXKIeHuUI, TOKATbHBIX TEXHOTEHHBIX 00 bEKTOB, IIPU PENTEHNN PSIJIa IPYTUX
TE€OJIOTUIECKUX 3a1ad.

Pemenme 3T0#t 06paTHOM 337a9M CTAIKUBAETC C TPOOIEMOIl OTHOBPE-
MEHHOTrO orpesenaeHns GOPMBI U PUINIECKUX CBONCTB Ie0JIOrHIeCKOro 00mb-
€KTa, YTO TPUBOINT K ee HeKOPPEKTHOCTH. 37eCh CIeAyeT YINTHIBATh, UTO
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dopma Tena M €ro 3JIEKTPOIMPOBONHOCTH B3aWMOCBSI3aHBI W HEOIHO3HAY-
HOCTBH B DEIIEHUU IIPUBOIUT K BOSHUKHOBCHUIO MHOZKECTBA 3KBUBAJICHTHBIX
pelreHnii — JIOKAJbHBIX Te/I C PAa3IUYaONUMUCH (pOpMaMu U 3JAEKTPOIIPO-
BOJHOCTAMM. HHB&pI/I&HTOM TIPU TaKOM TIOUCKE ABJJACTCA JIUIIHh HEKOTOPAsT
G yHKIMOHAIBHAA 3aBUCUMOCTD, CBI3BIBAIOIIAS YAEIHHYIO 3JIEKTPOIPOBOI-
HOCTBH ¥ oTpakamomue ero ¢hbopMy 06beMHBIE XAPAKTEPUCTUKH TEJA. DTO
03HAYAET, YTO TMPOIECC TMONCKA (DOPMBI U YAEIBHOMN 3JI€KTPOIPOBOIHOCTH
Tea HeMb3s PeAJM30BBIBATH TIOC/IEI0BATETHHO TI0 OTACIBHOCTH (CHAMAA,
dopmy, 3aTEM TEKTPOMPOBOTHOCTD MM HAOOOPOT, CHAYAIA IIEKTPOIIPO-
BOHOCTH, a 3aTeM — (opmy). [lonck GopMBI U yACTHHON 3TEKTPOITPOBOI-
HOCTH CJIeZ[yeT BECTH HMApaJUIebHO, YTOYHAS UX IO0YePeTHO.

B pabore wusmaraercs mporieaypa yTOdYHeHHs (HOPMBI W TEH30POB
VIEJbHBIX 3JIEKTPOIIPOBOIHOCTEH MOI001aCTel JIOKAIHHOTO AHU30TPOITHOTO
BKJIIOYE€HAA KYCOYHO-IIOCTOSHHOU IO YIe/JIbHOM 3JI€KTPOIPOBOTHOCTH Cpe-
AbI 110 JaHHbIM I/ISMEP@HI/II‘/’I II0JIA IIOCTOAHHOI'O IJIEKTPUIECCKOIr0O TOKa.

HpOBe,Z[eHHOQ KOMIIBIOTEPpHOE MOJC/JIUPOBaHUE C NIPpUMEHEHUEM IIPOoIie-
Jypbl pelieHnst 0OpaTHON 33aJa<H I'e03IeKTPUKH ITOCTOSHHOTO TOKA B JIK-
HEWHON! MOCTAHOBKE HA OCHOBE 00BEMHBIX MHTErPATIGHBIX ypaBHEHMIT [1] me-
MOHCTPUDPYIOT BOSMOXKHOCTH YTOYHCHUA (l)OpMI)I JIOKAQJIBHOI'O BKJIFOYECHUA U
TEH30pa YAEAbHOHN 3/IeKTPONPOBOAHOCTH. [j1a 3TOro cesyeT MHOTOKpAT-
HO IIPOBO/MTH PelIeHre 00paTHOM 33,/1a49H, OIIpedessis IPAHUIHbBIE JTUCKPET-
Hble 6JIOKT OKaWMJISIONIETO TEJTA, KOTOPBIE C HEKOTOPOH 3aJaHHOH CTEIIEHbIO
TOYHOCTH MOXKHO MHTEPIIPETHPOBATDH, KAK OJIOKM BMEIIAIOIIEr0 IIPOCTPAH-
CTBa U UCKJIIOYATH UX PaCCMOTPEHNE Ha IIOCJICAYIIEM UTEPAITMOHHOM IIare
AJITOPUTMA.

Boraucanrenpabie IKCIIEPUMEHTDI IIOKA3bIBAXOT, ITO IJjd OIIpEIe/JICHUA
CTPYKTYPBI JIOKAJIbHONW HEOAHOPOAHOCTH M pacIIpe/ie/icHIdA B Hell 3JIeKTPo-
(l)I/I3I/IquKI/IX mapaMeTpoB He BCeraa J0CTaTOYIHO H3MepeHHI>‘I II0JI4d JINIIIHh Ha
JHEBHOH mosepxHocTH. [IjIs1 permenust Takoil 3aqa4u He0bX0nuMo 3artybJte-
HIe WCTOYHUKOB, YTO HA IMPAKTHUKE TpebyeT OypeHns CKBaKUH.
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EMPIRICS ON PORTFOLIO TURNOVER
Andrew Kuliga
andrewkuliga@gmail.com

YIAK 51.77

This study examines the forecasting of the turnover of a portfolio made
up of two algorithmic trading strategies with crossing positions. We
conducted experiments to compare empirics on the quality of forecast-
ing. In some experiments, comparatively better results were obtained
in terms of forecasting quality.

Keywords: Algorithmic Portfolio Management, Portfolio Turnover,
Cross Trade.

Today, there are trillions of dollars under the management of hedge funds
around the world and this amount continues to grow every year. There is a
desire to find and combine the alpha streams of hedge funds. We will explore
the possibility of crossing trades between algorithmic trading strategies
(alphas). In this research, we aim to explore, propose and compare several
approaches to modeling the turnover of a portfolio consisting of two alphas.
Based on these empirics experiments were conducted.

Algorithmic trading strategies (Alphas).

Algorithmic trading strategies have been built in which short and long
positions are equally occupied (neutralization). In the alphas "delay 1
alpha since we do not know the future.

The work carried out experiments on the following sets of algorithmic
trading strategies:

Experiment 1. 10 alphas, the ratio m between alphas differs up to 7
times.
Experiment 2. 10 alphas, the ratio WJT%L) between alphas differs up to 4
times.
Experiment 3. 8 alphas, the ratio WﬁnL) between alphas varies by up to
24 %.

Empirics.

The formula is an empirical Kakushadze-Liew formula for the turnover
of a portfolio consisting of two alphas, from the article [1]:
14 1-—
T*KL = Tp (HJ1T1 + WQTQ) + Tp |w1T1 — 'LUQTQ‘ s

where T is the turnover of the alpha j, w; is the weight in the alphas
portfolio j , p is the correlation between PnL alpha 1 and alpha 2

This work was supported by the grant of the state program of the B«SiriusB»
Federal Territory B«Scientific and technological development of the B«SiriusB» Federal
TerritoryBs.

Kuliga Andrew, Sirius, Russia
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Formulas are proposed by us to model the turnover of a portfolio made
up of two alphas:

w1T1 w2T2
Ty = ( S + sids ) \/wfstd% + 2pwiwastdy stds + wstd3

\/w1 std? + 2pwiwastdy stds + wistd3

Tio = (w111 + w2T?)
? ( o ? 2 \/wlstd1w25td2

td2 2 tdy std td2
Ty = (w1T1 +w2T2 \/wls + 2pwiwastdy s 2+w23 7
Vwistdy + wastds

where T} is the turnover of the alpha j, w; is the weight in the alphas
portfolio j , p is the correlation between PnL alpha 1 and alpha 2,std; is
the standard deviation PnL alpha j.

Metrics for experiments.

To conduct a comparative analysis of empirics, quality metrics were
proposed to predict portfolio turnover with crossing positions.

Let T\ (d) be the turnover of the algorithmic trading strategies (alpha)
portfolio according to empirical data per day d, T(d) be the turnover of
the alpha portfolio per day d with a crossing of trades, Tmax(d) be the
turnover of the portfolio without a crossing of trades per day d, k - number
of trading days.

k k
PIT) = LS TW@) ) = L) - T(@)
> (T(d) - T(d)) > |Tu(d) — T(d)]
pa(Te,T) = —= pa(T., T) = ==
> (Tinaa(d) = T(d)) > (Tnaa(d) = T(d))
d=1 d=1
Results.

Experiments were conducted and the results of the metrics were
calculated. The experiment number indicates an alphas pool. For each of
the experiments 1,2,3, we took all possible combinations of two alphas with
the same weights (w1 = wy = 3) and with different weights (w1 = 3wy = 2

and w; = é, wy = ) calculated the metrics, took the module and averaged
the results.
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The research was conducted in collaboration with I. Shnurnikov and

N. Chadromtsev. In experiments with different orders of the -L- ratio for

std
alphas, it turned out that the Kakushadze-Liew empiricism, on average,
gives better results. However, in experiments where the ratio is of the same

order, our empirics, on average, showed better results.
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®YHKII MHBECTUIINI I CBEPEXKEHUN B MOIEJIN
B. YAHTA — /1. CMUTA HA ITPUMEPE ITEHTPAJIBHOT O
OEAEPAJIBHOTO OKPYTA
E.}O. Jluckuna, A.B. AabinoB
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B maremarmaeckoit momemm mesosoro mukiaa B. Yamra — . Cumwmra
WCIIONIB3YIOTCH HeJMHEeHHbIE 3aBUCUMOCTH WHBECTHUIW U cOeperkenni
OT KAIIMTAJIA ¥ HAIIMOHAJIBHOIO JI0X04a, 00/IaJaionye OnpeaeeHHbIM
THIIOM BBIIYKJIOCTH II0 HAIIMOHAJIBHOMY A0X0xy. B n1aHHO# cTaThe MbI
paccMaTpuBaeM MACHTU(MUKAIMIO 3TUX 3aABUCUMOCTEH 110 CTATHCTUIe-
CKUM JaHHBIM peruoHoB LlenTpasbaoro dbenepasbHOro OKpyra.

Karouesvie caosa: muddepeHnmaabHbple YPABHEHU, TE/TOBON ITHKII,
IKOHOMMKO-MaTEeMaTUIeCKas MO/JIEJIb, HeJuHeiHad (PyHKIU, perpec-
CUOHHBII aHAJIN3.

Investment and savings functions in the W. Chang —
D. Smith model on the example of the Central Federal Dis-
trict

The mathematical model of the business cycle of W. Chang —
D. Smith uses nonlinear dependencies of investments and savings on
capital and income, which have a certain type of convexity in income.
In this article, we consider the identification of these dependencies
based on statistical data from the regions of the Central Federal Dis-
trict.

Keywords: differential equations, business cycle, economic and math-
ematical model, nonlinear function, regression analysis.

PaccMOTprM MoOzesb IeI0BOrO IUKJIA, IIpe/JIoKEeHHY0 B pabore [1]:

K=1Y,K)—ukK,

B KOTOPOH SKOHOMUYECKHUI ITUKJI JIOJIKEeH OBITH ONpene/ieH HeJHHEeHAHBIMA
dbyuxmuavm wasecrunmit (Y, K) u cbepexennit S(Y, K), xoTopble 3aBU-
CAT OT BAJIOBOTO BBIMTYCKA B JIEHEKHOM Bbipaxkenun Y (t) u karmrama K (1),
a > 0 — xovddunment aganramun (CKOPOCTH, C KOTOPO# f0x0m Y pearnpy-
€T Ha W3MEHEHHe COOTHOIIEHMSI MeXK1y WHBecTumaMu [ u chepexeHnsMu
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S). IIpu 9TOM TIPEATONAraeTCsl, 9TO HHBECTUIAN SIBJISTIOTCS BO3PACTAIONIENH
JlorucTudeckoil pyHknueil HarpoHaIBbHOTO qoxona Y (t), a cbepeskenus —
HeJIMHEWHOM BO3PAaCcTAONIell QyHKIHeH C IPOMeKYTKaMH, ¥ KOTOPBIX THII
BBITTYKJIOCTH TTPOTUBOTIOIOXKEH COOTBETCTBYONINM TTPOMEXKYTKAM b YHKIIHN
WHBECTUIINH.

JlanrOe mcciteI0BaHNE COCTOUT B uAeHTHGUKAINN (HYHKINNH WHBECTH-
muii (Y, K) un c6epexennii S(Y, K) mo maunusm [2]. Ilpu sToM ncmosn3o-
BaJIaCh CJIeAYIONIasi WHTepIpeTanus BeauanH: K — CTOMMOCTbH OCHOBHBIX
donnos, Y — BasioBoii pernonansubiii npoaykr, I — uasecturuu. Coepe-
JKeHUsT S — 3TO YaCTh MOJYUIEHHOTO 32 HEKOTODPBIHM MTePUOJT JOX0A, He II0-
TpadeHHAsa Ha TEKylmee mOTpeb/enne, a COXpAHEHHAT W OTIOKeHHAT (BIO-
JKEHHAs) [T UCIOIb30Banug B Oyaymem. Onpenenmm Gynkmio cbeperxe-
HU S KaK PasHOCTb MEXK]Y CPEIHEIYNIEBBIMU JOXOMaMu HacejeHus X U
cpenHemyIeBbIMHU pacxomamu Hacenenns C, o ectb S = X — C.

Wneatndukanms npoBOAUIaCh 0 KaxkAoMy cyobekTy LlemrpasbHOTo
deepasbHOTNO OKpPYyTa OTAEBHO. OIeHnBaAINCh, KO3(DGUImenTs mo 16 Tu-
OB ypaBHEHWII MHOXKECTBEHHOW HeJMHeHol perpeccun s [ u gas S,
110 CTATUCTUIECKUM XaPAKTEPUCTUKAM OTOMPAJINCH JIy4Ilne ypaBHEHUd. Y
11 permomos m3 18 HamIyYIINM OKa3aJI0Ch YDaBHEHMe IJI HMHBECTHUITHI
I(Y,K) = Y*1eP15+C1 ;1 v 12 permonor u3 18 HammydmmM 0Ka3aioch
ypasuenue as cbepexenuii S(V, K) = e42Y TB2K+0z,
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MATHEMATICAL MODELING OF STOCHASTIC
OSCILLATIONS OF A VISCOELASTIC ROPE WITH A
MOVING BOUNDARY
V. L. Litvinov, K. V. Litvinova
vladlitvinov@rambler.ru , kristinalitvinova900@rambler.ru

VIK 517.518

The study of viscoelasticity includes the analysis of the stochastic sta-
bility of stochastic viscoelastic systems, their reliability, etc. The pa-
per considers stochastic linear longitudinal oscillations of a viscoelas-
tic beam with moving boundaries, taking into account the influence
of damping forces. The case of a difference kernel makes it possible
to reduce the problem of analyzing a system of stochastic integro-
differential equations to the study of a system of stochastic differen-
tial equations. To estimate the expansion coefficients, it is proposed
to apply the statistical numerical Monte Carlo method.

Keywords: stochastic longitudinal oscillations, vibrations of a vis-
coelastic rope, moving boundaries

Currently, reliability issues in the design of machines and mechanisms
require more and more complete consideration of the dynamic phenomena
occurring in the objects being designed. The widespread use in technology
of mechanical objects with moving boundaries necessitates the development
of methods for their calculation. The problem of oscillations of systems
with moving boundaries is associated with obtaining solutions of integro-
differential equations and partial differential equations in time-varying
domains [1-10]. Such problems are currently insufficiently studied. Their
peculiarity is the difficulty of using known methods of mathematical physics
suitable for problems with fixed boundaries. The complexity of the solutions
obtained is explained by the fact that there is still no sufficiently general
approach to analyzing the features of the dynamics of such systems. In
connection with the danger of resonance, the study of forced oscillations is
of great importance here. Attempts have been made to study this process,
but the results obtained are limited mainly to a qualitative description of
dynamic phenomena [1-4]. In addition, it is recognized that deterministic
modeling of systems cannot be adequate for some types of problems, so
it is necessary to move on to probabilistic-statistical modeling, where
random variables and stochastic fluctuations are present. When solving
here, predominantly approximate methods are used [5-9], since obtaining
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University (Syzran, Russia)
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exact solutions is possible only in the simplest cases [10]. If the damping of
transverse vibrations occurs primarily due to the action of external damping
forces, then in the case of longitudinal vibrations, the damping is mainly
affected by elastic imperfections in the material of the vibrating object
[5-10]. The study of viscoelasticity includes an analysis of the stochastic
stability of stochastic viscoelastic systems, their reliability, etc. The work
examines stochastic linear vibrations of a viscoelastic rope with moving
boundaries. The case of a difference kernel allows us to reduce the problem
of analyzing a system of stochastic integrodifferential equations to studying
a system of stochastic differential equations. To estimate the expansion
coefficients, it is proposed to use the statistical numerical Monte Carlo
method [11].
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OBOCHOBAHUE PEOJIOTUYECKON MOJJIEJIN JAJI4
OIIMCAHU A BA3SKOYIIPYTOCTU ITOJIMMEPHBIX
CUCTEM
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Pazpaborannasa MO UITMPOBAHHAS MOJIEJH Bunorpamosa-
TlokpoBCKOTO TIO3BOJIIET AHATW3UPOBATH KAK JUHEHHBIE, TaK U
HenwHeHble 3(PEKTh, BO3HUKAWIINE TPU CABUATE W PACTIKEHUN
paciuiaBoB mosimMepoB. Mozesb  KOPPEKTHO —OMHUCHIBAET — BSI3KO-
yIOpyroe IOBeIEHNE MaTepHajd, a TAaKXKe IEePeXOIHbIe IIPOIECCH,
IPOUCXOSAINNE TIPA TEKYIEeCTH W PACTIKEHUMN.

Karouesvie cA06a: PeOOTHUsI, TOJAMEPHI, ME30CKOMMIECKUA MOIXO/T,
BS3KOYIIPYTOCTh, HenuHelHbe 3¢ eKTh, TPOCTON CABUT, OIHOOCHOE
pacTsKeHue.

The main tasks of mathematics

The developed modified Vinogradov-Pokrovsky model allows us to
analyze both linear and nonlinear effects occurring during shear and
tensile behavior of polymer melts. This model correctly describes the
viscoelastic behavior of the material, as well as the transient processes
occurring in yielding and tensile conditions.

Keywords: rheology, polymers, mesoscopic approach, viscoelasticity,
nonlinear effects, simple shear, uniaxial elongation.

Yuer MHOXKeCTBa BPEMEH DeJIAKCAIMM IIPEICTABIIAeT CODOH Kirtode-
BYIO 33/1a9y B peoJIoruu noanMepos. IlpuMenenne MHOrOMOIOBOTO ITOAXOIA,
HeoOX0aMMO JlazxKe /jia pa30aBIeHHBIX PACTBOPOB MOHO/IMCIIEPCHBIX IIOJIU-
MepOB, TaK KaK UX MOJIEKYJIBI UMEIOT IeNodYedHyio cTpyKTypy. Mccmemo-
BaHUA II0KAa3bIBAIOT, YTO BpeMs peJIaKCAaIlud MOIbI YMEHbIIAeTCd IIPOIOpP-
IIMOHAJIBHO KBAJPaTy €e HOMEDPA, YTO COOTBETCTBYET «PAY30BCKOMY» IIO-
Benenno. OQHAKO C yBeJMYeHHeM KOHIIEHTDAIUH IIOJUMEDPHOTO PACTBODA
IPOUCXOAUT YCAOXKHEHUEe AUMHAMUKH, CBA3aHHBIMH C IEPENyTaHHOCTBIO W
CIIEIJIEHUEM MOJIEKYJI, B PE3YyJIbTAaTe Yero BO3HUKAIOT <CBEPXMeE/IJIEHHbIE>
PeJIAKCAIIMOHHBIE IPOIECCHI, U JOMOJHATEIHHO (POPMUPYIOTCS HOBBIE TIjIe-
HBl B YPAaBHEHHUH JJIsI T€H30DA HANPsKeHu#. s mosmaucnepcHsix u pas-
BETBJIEHHBIX IIOJIMMEPOB BO3PACTAET 3HAMUMOCTb YUE€Ta MHOXKECTBEHHBIX
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Malygina (Altai State University, Barnaul, Russian Federation)
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BPEMEH peJIaKCalluu, yCIIO)KHSIH NX 3aBUCHUMOCTHU. 9TO TTOTYECPKUBALCT HeO6—
XOOIUMOCTH Ha,ILe)KHOﬁ MOOeJIN 14 PEOJIOTUU KOHIIEHTPUPOBAHHBIX ITOJIUME-
pos. Me3ockonmdeckuii oax0/1 OMMUCHIBAET TOJIUMED KAK CHCTEMY OYCHHOK
(CerMeHTOR), COeTMHEHHBIX TIPYKWHAMH, C XaPAKTEPUCTHKAMHE, BKIIOYAI0-
My K03 urmeHT TpeHnsa u pa3Meps KiIyOka.

Takum 06pa3oM, mpeIo:KeHa HOBasg MoaudUKaIusa Moaean BuHorpa-
noBa—1IoKpOBCKOro, Ha OCHOBe KOTOPO# IMPOAHAJIM3UPOBAHBI JIMHEUHbIE U
HesuHeHbIe 3D GEKTH IPU OTHOBPEMEHHOM BO3AEHCTBUYU IIPOCTOTO CIBUTA
¥ OJIHOOCHOTO PaCTsKeHWs Ha 00pa3Iibl u3 moaudTuieHa. Mogens agexkBar-
HO OTUCHIBAET YaCTOTHBIEC 3aBUCUMOCTU KOMITOHEHT JUHAMWYICCKOT O MOJYJ/IA
CABUTd U IIEPEXOJHBbIE IIPOIECChI B CABUTOBOM TEYCHUWU W OJHOOCHOM pac-
TAXKEHHUH, COIIOCTABJICHHBIC C 9KCIIEPHUMEHTAJIbHBIMU JaHHBIMA W3 JIUTEPa-
TypHl. IIpu HaIOXKEHNHN OCIIUILTHPYIONIETO CABUTOBOTO TE€UEHUS HA, IPOCTO
caBur HabJIIOMAIOTCH PA3/IMIHbIE H3MEHEHUs (hOPM BepXHEH U HUKHEH I10-
JIYBOJIH OTKJ/IMKA. HeCMOTpH Ha TO, YTO IPEAI0KEHHaA MHOIOMOOOBaA MO-
AeJIb dBJIACTCAd PA3BUTHEM TEOPETUYICCKUX OCHOB, KaCalOIMUXCAd JTUHAMUKN
JAHENHBbIX TOJUMEPHBIX IeIlell, OHA JeMOHCTPUPYeT aJeKBATHOE OIIUCAHUE
HECTAaITUOHAPHBIX 3aBHUCUMOCTEH BA3ZKOCTH PacCijiaBOB PAa3BETBJIEHHBIX IIO-
JUMEPOB OT BpEMEHU B YCJIOBUAX OAHOOCHOTO PACTAYKEHUI. STa HOBad Bep-
CHsT MOJIE/TA SBJIST€TCS HAIEKHON OCHOBOM 171 00Jiee CIOKHBIX PEOIOTHYe-
CKHUX I/ICC.]'Ie,ZI;OBE‘LHI/II‘/,I7 BKJIIOYad BSaI/IMO,Z[efICTBI/IH B reOMEeTPUYECKHU CJIOXKHBIX
IIOTOKaX.
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IMIPUMEHEHUE KBA3UKJIACCUYECKON
ATIIMTPOKCUMAIIN K OCHOBHOMY KUHETUYECKOMY
YPABHEHUIO
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XapakTepUCTUKH OCHOBHOTO KUHETUIECKOTO YPABHEHUS B YACTHOCTH
BEPOSITHOCTY HAXOXKJIEHUS B j-OM COCTOSHUM MOYKHO BBIPA3UTH Hepe3
dyHKIIMOHATBHEIN nHTErpaa. B pabore mpesiaraercs UCIOIb30BAHNE
KBA3WKJIACCUIECKOHN AMTPOKCAMAIINHN /TSI BRIYUCAEHUS (PYHKIIMOHA -
HOT'O MHTErpaJia U CJIeI0BATE/IHHO BHIUUC/IEHUS BEPOATHOCTHBIX XapaK-
TEPUCTHUK CTOXACTUYIECKUX CUCTEM, ONUCHIBAEMBIX OCHOBHBIM KHHETH-
YEeCKUM ypaBHEHHMEM.

Karwesnie ca066: OCHOBHOE KMHETHIECKOE yDaBHEHNE, KBA3UKJIACCH-
qeckas anmpoKcuMarus, GyHKIIMOHATBHBIA UHTEr PaJL.

Application of semiclassical approximation to Master equa-
tion

The characteristics of the Master equation, in particular the probabil-
ity of being in the j-th state, can be expressed through a functional
integral. The work proposes the use of a semiclassical approximation
to calculate the functional integral and, consequently, to calculate the
probability characteristics of stochastic systems described by the Mas-
ter equation.

Keywords: Master equation, semiclassical approximation, functional
integral.

OcHoBHOE KMHETHYIECKOE ypaBHeHne (yIpaBisomee ypasHenue nam Master
equation) MUPOKO UCTIOMB3YIOTCA TIPU MOJETUPOBAHAN PA3TUYHBIX (DU3U-
YECKUX, XUMHYECKUX U Omosiormyueckux cucreM. OCHOBHOE KHHETHYECKOE
VPaBHEHHE [IPe/ICTaB/IsieT cOO0M PA3HOBUIHOCTD ypaBHeHus KomMoroposa-
Yenmvena /111 MAPKOBCKUX IIPOIECCOB U SIBJISETCS YPABHEHUEM OAJIAHCA I
BEPOATHOCTH KaXKJI0T'0 COCTOSIHUS B HEKOTOPBIM MOMEHT BPEMEHH.

O/iHAKO OCHOBHOE KHHETUYECKOE YDaBHEHHE MMeET OOBIYHO [T0CTATOY-
HO CJIOXKHYIO CTPYKTYDY, YTO 3aTPYIHAET €ro pellleHue M UCCJIEIOBAHUE.
TIoaro- My 15t €ro ucc/en0BaHus MOXKHO HCIOIB30BATh (DyHKIIMOHAIbHbIE
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(

MHTErpaJjibl Yepe3 KOTOPhIé BBIDAIKAIOTCS XapPAKTEPUCTUKY YIIPABIISIONIe-
r0 ypasHeHus (MponsBoaamada GyHKINA, BEPOATHOCTH HAXOKICHAA B j-OM
COCTOSHHW W JIPYTHE).
11 OCHOBHOTO KMHETHYECKOTO yPABHEHUsI
Op,, ()

n J—

o = =1+ N)p, s (t) = pa(n+ N)p, (1)
IIPU TIOMOIIY TEXHUKH PACCMOTPEHHOH B pabore [1] MBI MOKeM BBIPA3UTH
BEPOATHOCTH HAXOXKJIEHHUS B j-OM COCTOSTHIH pj (t) 9epe3 dyHKIMOHATBHBII
HHTErpaj

=1 _1 _1 b, L2
pa(t)—j! exp{ 2u1tN}/exp{(N 2) ln(y)lo — p1 7y

%yi)j /D[y] exp —;/t (z)Q(T) _ W %2)((5)7 N u?yj(r)) dr ¢ dyp.

C HOMOIIBI0 KBA3UK/IACCHYIECKON AlIPOKCUMAIIIE Mbl MOXKEM BBIYHUCIUTH
dyaRIMORATLHBIN WHTErpaT B BhIpaXKkeHun (1) M TakuM 0Opa30M BBIYHUC-

JTh 3Hadenue p;(t).
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PACYET TEMITEPATYPHOTO II0JId B ITIOPUCTOM
IIJIACTE C BA3KOIIJIACTUYHON HE®THIO
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Uccnepyercs 3aza4a pacdera TeMIEPATYPHOIO LOJS B ILJIACTE C B3-
KOIUTACTUYHON HeTHIO NPU €CTECTBEHHBIX YCIOBUAX C YIETOM 3JKC-
TOHEHIMAIBHON 3aBucuMocTy K03(ddurpieHTa BA3KOCTH OT TPAINEHTA,
napiienud. IIpuBeieHbl PE3yJIbTATEL BBIYUC/IUTEbHBIX SKCIIEPUMEHTOB
B OJHOMEDHOM CJIydae BOH3M CKBAaXKUHBI M3 KOTOPBLIX CJIEIYeT, [ITO
TeMIIEPATYPa BA3KOIUIACTUYHON HedTH B HAYaIbHBIN IEPUO BpeMe-
HY II0CJIE 3AILyCKa PE3KO OTIMYAeTCs OT TEMIIEPATYPBI HbIOTOHOBCKOM
HedTH.

Karwwesnie c4066: BA3SKOIIACTUYIHAS HE(DTH, TPAIUEHT JABICHUS, T€M-
mepaTypa, HEHBIOTOHOBCKHE HEMTH, T'PA/IMEHT JABJIEHUS, TOPHUCTA

cpena.
Calculation of the temperature field in a porous formation

with viscoplastic oil

The problem of calculating the temperature field in a reservoir with
viscoplastic oil under natural conditions is studied taking into account
the exponential dependence of the viscosity coefficient on the pres-
sure gradient. The results of computational experiments in a one-
dimensional case near the well are presented, from which it follows
that the temperature of viscoplastic oil in the initial period of time
after startup differs sharply from the temperature of Newtonian oil.

Keywords: viscoplastic oil, pressure gradient, temperature, non-
Newtonian oils, pressure gradient, porous medium.

IIportecc HectanmonapHO# GUABTPAIAH BI3KOILIACTHYHON HEPTH B OCECHM-
METPUIHOM TIIACTE (MOPUCTOH Cpesie) B IMUINHAPUICECKON CUCTEME KOOP-
JMHAT OMMCHIBAETCS CAEAYIOIINM yYpaBHEHUEM COXPAHEHUST MACChl ¢ha3:

«0p 10 0
= r) + - (pVz), 1
5 = 7 5y (PU) + o (p:) (1)
rae B° = mPBe + Bsk - xk0dddunmenT yupyroéMkoOCTH ILIIACTA, M - IO~

pUCTOCTD, ffe, Bsk - KO3PUmenTs CKUMaeMOoCcTH (HIIOUIa U 00 bEMHOM
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VIIPYTOCTY TIOPUCTOM cpenpl, ¥y U ¥, - CKOPOCTU (DUIBTPAIMY B PATHAITB-
HOM ¥ BEPTUKAJILHOM HAIIPABICHUIX.

kr Op k.
Oy = ——2 2L, = —“2(ZE — , 2
o or . ( 55 pog) (2)
kr, k. - IPOHUITAEMOCTH B PAINAIHLHOM U BEPTHKAJILHOM HAIIPABJIEHUAX,

p = p(r, z) - maBnenne, p = p(r, z) - WIOTHOCTD hHIIONIA

p(r,z) = po[l + Bre(p — Po)l, (3)

po - IWIOTHOCTH (aonza upu gasiaenun Py, g - yckoperue cBoOOIHOTO
MaIEHUST.

BsaskomracrudHas HedTh OTHOCHTCH K HEHBIOTOHOBCKUM JKUIKOCTSIM
7 3aKO0H (DUIBTPAMY TAKUX JKUIKOCTEH HOCHT HeJUHEHHBIN XapakTtep. B
HacTOsIell paboTe IIPeAIoIaraeTcs, UTO BA3KOCTb 3aBHUCUT OT I'DAIMEHTa
JaBJieHus! caeayomuM obpasom [1, 2, 3]:

=G = T @
1+e7'a

3nech G - TpaIMEHT JABJIEHUS TIPEIEIHLHOTO PA3PYIIEHUs CTPYKTYPHI
(CAIIPC), pp - BA3KOCTD HEDTH ¢ HEPA3PYNIEHHOW CTPYKTYPOH, (i, - BA3-
KOCTh HeDTHU NPU JOCTUKEHUU TPAMeHTOM nasieHunsa 3Hadenus [IIIPC,
B - mapamerp, 3aBHUCSINIL OT CBOMCTB HedTH.

TenoBoe 110JT€ 3AIUCHIBACTCS C IIOMOIIHIO YPABHEHNS COXPAHEHUST SHEP-
ruu:

oT oT oT 10 oT o, 0T
Cgp TPy +9:50) = L5, (%, )+az(Aaz)]
op op
+mnpcat epc(Vr or + 9. 82) (5)

Baecwr C = mpc + (1 — m)pskCsk, - 06BEMHAS TEMIOEMKOCTD HACHITIEH-
HOI TIOPUCTOH CPempl, ¢ - yAeTbHAS TEIIOEMKOCTb CKEeTa, A - TEILIOIPO-
BOZIHOCTb, 1) -aguabarudeckuil k03dduruent, € - k0d3bdurment xoymsa-
Tomcona

Cucrema ypasaenuit (1) - (5) pemmaercsa METOIOM KOHEYHBIX PA3HOCTEH
C UCIOJIb30BAHUEM JIOKAJIBHO OfHOMepHbIX cxeM A.A. Camapckoro. ITosy-
HUeHHBIC B PE3yIbTETe PA3HOCTHBLIX AIIPOKCHMAITIH CHCTEMBI HeJIMHEHHBIX
YPaBHEHHI PemalTCsa ¢ UCIOIb30BaHneM MeToga Heorona. PesynbraTs
Pac4éToB B OJHOMEPHOM CJIy<dae IPUBEJEHBL B padore [1].
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TEMIIOPAJIBHBIN ITOJAXO/I K
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ITPOIIECCOB C YHACTUEM CJIEAOB KOMIIOHEHTOB
JUHAMUYECKUX CUCTEM, HA ITIPUMEPE
« SJIEKTPO,Z[/SHEKTPOAKTHBHbIﬂ ITIOJINMEP /BAB»
9.A. MakcioroBa, P.C. CakaeB , 3.A. Bammuposa ,

10.B. CabyposBa, A.T. Mycracdbmnu, M.I'. FOmarysios
maksyutovaelza@gmail.com, himrom@mail.ru,
bizhanovalll@mail.ru, saburova.yb@mail.ru,
agmustafin@gmail.com, yum mg@mail.ru

VIIK 517.518

ApTopamu paspaboTaHa HOBasi XeMOMETPHUYECKAs METOAMKA IIpeobpa-
30BaHUsI MHOTOMEPHBIX BPEMEHHBIX PSIIOB BOJIbTAMIIEPHBIX JTAHHBIX B
JTaHHBIE MEHBIIEH Pa3sMEpPHOCTH I OUpeIeeHus SHTAJBIIUHHOTO U
sarponwmitaoro dakropos. IIpu srom ucnomssyerca ILJIC-T-daxrop,
YIIOPSJOUEHHBIA 10 BpeMeHu BausHus cjienos BAB, na mpumepe Bu-
TAaMUHOB, HA 3JIEKTPOIOJIUMEPU3ANNI0 aHmInHa. HeobxommmocTs pe-
IeHus 331291 00YCIOBIEHA OTCYTCTBUEM YETKO BBIPAYKEHHBIX ITUKOB
OKWCJIEHNUs /BOCCTAHOBJIEHNS MOHOMEDA, M HU3KOW KOHIIEHTpanmel uc-
cJeAyeMbIX KOMIIOHeHTOB BAB — ciieqaMu - B MCXOHOM pacTBOPE MpU
COXPAHEHWH WX JIATEHTHOTO BJMIHW:A Ha 06pa3oBaHme/pPOCT MOAUMED-
HBIX TJIOOYJI M TEMIOPAJBHYI) CTPYKTYPY SJEKTPOXUMHYIECKUX JTAH-
HBIX.

Karwwesvie ca06a: BPEeMEHHOHM Dpsifl, PErPECCHOHHAS MOIE/b, TeMIIO-
pPaJIbHOCTb.

A temporal approach to the thermodynamic analysis of elec-
trode processes involving traces of components of dynamic
systems, using the example of ”electrode/electroactive poly-
mer/BAS”
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The authors have developed a new chemometric technique for convert-
ing multidimensional time series of current-voltage data into lower-
dimensional data to determine enthalpy and entropy factors. In this
case, the PLC-T factor is used, ordered by the time of the effect of
traces of BAS, for example vitamins, on the electropolymerization of
aniline. The need to solve the problem is due to the absence of clearly
defined peaks of oxidation/reduction of the monomer and the low con-
centration of the studied components of BAS — traces - in the initial so-
lution while maintaining their latent effect on the formation/growth of
polymer globules and the temporal structure of electrochemical data.

Keywords: time series, regression model, temporality.

CyThb IpeIoKEeHHOT0 MOIX0/1a 3aKII0UAETCS B IOCTPOEHNN PErPeCCHOHHOM
MOJIeJIN, CBA3BIBAIOIIEH BPEMEHHOM (PaKTOD C KOJIUIECTBOM II0C/IeI0BATE/ b
HO 3aPEruCTPHPOBAHHBIX BOJIBTAMIEPOrPAMM OKHCJIEHHUS /BOCCTAHOBJICHHS
MOHOMEDA.

W3BecTHO, 9TO CHIa TOKA U IVIOTHOCTH TOKA IPAMO IIPOMIOPIINOHAIBHBL
CKOPOCTH JIEKTPOXUMUYECKNX PEAKITUI B U3YIAEMBIX IEKTPOXUMUIECKUX
cucremax. 1103ToMy IITOTHOCTH TOKA B HAIIHX CHCTEMAaX TaKiKe 3aBUCHT OT
TeMIEepaTyphl B apPEHUYCOBBIX KOODAMHATAX:

i= A exp(Q/PT),
T' = const - i,

InT' = Inconst + Ini = Inconst +InA — Q/PT -1/T

Ha ocu opmmmar otnoxen sorapudm mapamerpa T’, KOTOpEBIH mOIydeH
KaK COBOKYITHOCTBH ILJIOTHOCTU ToKa 100 mocjie1oBaTeIbHBIX BOJABTAMIIEPO-
rpamm. Pesymbrarsr IIJIC-monenupoBanusi B AppeHUYCOBCKMX KOODIMHA-
Tax MPeJCTABIEHBl Ha PUCYHKE.
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Puc. 1: Pesyapratsr ILJIC-MoenupoBanysi BpeMEeHHBIX PSJIOB PeaKI[Uu Mo-
JVMepu3aAlNA AHWIHHAA, 0-aHM3WINHA W O-TONMYHIVMHA B YCITOBAAX TeMTepa-
TYPHOTO 3KCIIEPUMEHTA

Ha pucynke BHAHO, 9TO yIJIOBOE W3MEHEHUE TEMIEPATYPHON 3aBUCH-
MOCTHU 3aBHCUT OT TWIIA MOHOMEDA, 33efICTBOBAHHOTO B IIPOIECCE SJIEK-
TpomomMepu3anur. ITobbl OmpesesnTh, KK COCTAB PACTBOPA BIUIET HA
TEPMOAUHAMUKY JIEKTPOIOJUMEPU3AIUN AHUINHA U IPOTECTUPOBATH Me-
TOZ, MCITOJIH30BAJINCHh BUTAMUHBI rpymnel B n Butamun C B KadyecTBe Map-
KEPOB CO CJAEJOBBIMU KOJUYECTBAMU. BBIOGOD ITHX BUTAMWHOB OCHOBAH HA
pesyabpratax MI'K-momemmpoBanus, KOTOpOe MMOKa3aJi0, 9TO WHQOPMAITHS
0 CXOJICTBE U PA3JINYNN B BOJBTAMIIEPOMETPUIECKOM TTOBEIEHUN CEHCOPHOM
CHCTEeMBI B IPUCYTCTBUYM BUTAMUHOB COXPAHAETCS B 7-# TVIABHON KOMITOHEH-
Te, obbsacHsaromel 98 mporeHToB 0bIIeil JucIepcun.
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B PaMKaX UCCJIET0BaHNUA IKCIIEPUMEHTAJIBHO IOy 1€HbI TeH.]'IO(i)I/ISI/I“Ie-
CKUe U TePMOMEXHUYCCKUEC CBOMICTBA JJIA Haﬁopa COBPEMEHHBIX TIOJIN-
MEPHBIX MAaTePHAJIOB, UX MOJHU(MUKAINN U KOMIIO3UTOB HA UX OCHOBE.
B kadecTBe KOHTPOIBLHOrO 00pa3Ila UCCAETOBAH YACTHIM (DTOPOILIACT.
C WCTOSIb30BAHMEM UNC/IEHHON TIPOIeIyPhl UACHTU(DUKAIINN MOJIE/I
MaKCBEJUIOBCKOTO THUMA HA OCHOBE PAMOB IIPOHU TIOJIyYEHBI MaTepH-
aJIbHBIEC KOHCTAHTbBI U BBIIIOJIHCHA UX UMILJIaHTAIIUA B HpHK.]'Ia,ZI;HOﬁ I1a-
KeT KOHedHO-vjIeMeHTHOTO aHaan3a ANSYS. Hccaenosano noseieHne
MaTepHaJIOB B paMKaX MOJEJIH, IPHOINKEHHON K KIaCCHIeCKOH 33,13~
ve [lepra. IIpoaHam3upoBaHO BIMAHUE PEOJIOIMHA MATEPHAJIOB HA HUX
HAIPSIKEHHO-Te(POPMUPOBAHHOE COCTOSTHUE.

Karouesvie ca06a: HOJUMED, KOHTAKT, METOJ KOHEYHBIX 3JIEMEHTOB,
YOPYTOCTh, IJIACTUYHOCTD, BA3KOCTh.

Comparative analysis of the stress-strain state of a polymer
sliding layer at elastic, elastic-plastic and viscoelastic mate-
rial behavior

Thermophysical and thermomechanical properties for a set of mod-
ern polymeric materials, their modifications and composites based on
them were obtained experimentally as part of the study. PTFE was

Pabora BbImosiHeHA IIpu DUHAHCOBON MONIep:KKM MUHHCTEPCTBA HAyKU U BBICIIETO
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studied as a control sample. The material constants were obtained us-
ing a numerical procedure for identifying a Maxwell-type model based
on Prony series and were implanted into the ANSYS finite element
analysis application package. The behavior of materials within the
framework of a model close to the classical Hertz problem is investi-
gated. The influence of materials rheology on their stress-strain state
is analyzed.

Keywords: polymer, contact, finite element method, elasticity, plas-
ticity, viscosity

Cdepuieckne onopHbIe YaCTH MOCTOB BKJIIOYAIOT IUIOCKHE U C(eputieckne
[IOJINMEPHBIE CJIOM CKOJIbXKEHWs, O0ECIIEYHBAIONINE OJTOBPEMEHHYIO II0-
JIBUKHOCTB W PaBUWILHYIO pabory koHcrpykmmu [1, 2]. ITupokoe pacmpo-
CTpaHeHWe IIOJLYHUNUIN CJION U3 (PTOPOIIACTA, €10 MOAUMUKAINNA U KOMIIO-
3uTOB Ha ero ocuoee [3]. Bsaromaps mOCTOAHHOMY PaCIIMPEHHIO TIPOW3-
BOZCTBEHHBIX MOIIHOCTE}, COBEPIIEHCTBOBAHUIO TEXHOIOTHI N3TOTOBJICHS
¥ M3MEHEHUIO COCTABa MOABJISIOTCS HOBBbIE (DYHKIMOHAJIbHBIE MATEPUAJIBI
IPUTOIHBIE JIsl MCTIOJIb30BAHUSA B KA9UECTBE CJIOEB CKOosbxkeHus [4]. s
OIIEHKY BO3MOXXKHOCTH WCITO/IH30BAHUS MATEPHAJIOB B KOHCTPYKIUH OIOD-
HBIX JacTell TpebyeTcs aHaN3 MX MMOBEIEHHUS B PAMKAX IKCIIEPUMEHTAJIb-
HBIX MCCJIEIOBAHUI M IMCIEHHOTO MOAEMpoBanus [2, 4].

B pamkax maHHON paboThI BEIIIOJIHEHA CEPHUsT HATY PHBIX SKCIIEPUMEHTOB
111 Habopa COBPEMEHHBIX IOIMMEPHBIX M KOMIIO3UIIMOHHBIX MATePHAJIOB,
BBI/IE/IAHHBIX B KAYECTBE [IEPCIIEKTUBHBIX [IJIf CO3JAHI OTHOCUTEIHHO TOH-
KIX IUIOCKUX U C(hepUIecKuX CJI0eB CKOJIBXKEHHUs OMOpHBIX udacteit. ITouck
U [IE€PBUMHBbIE HAYIHbIE M3BICKAHUS BLIIOJIHSINCH IIPOU3BOICTBEHHON KOM-
nanrueit OO0 «AnbdaTex». Ha 6a3e maboparopun nnacrmace ITHUITY no-
JIy9IeHBI TeIIO(pU3NTIeCKUe U TePMOMEXaHHIeCKre CBOMCTBA Ay 7 MaTepu-
aJIOB: 2 OJIMMEPHBIX MaTEPHAJIA PA3HOTO COCTABA U IIPOM3BOIUTEIEH, 2 MO-
mudunmposanabix nosmrerpadropsTmena (IITO3), 3 KOMIO3UITMOHABIX
Marepuasa Ha ocuose IIT®D. B uccienoBanusax B KadecTBe KOHTPOJILHOTO
obpasna paccMaTpuBacd YUCTHIA (TOPOILIACT. DKCIEPUMEHTHI IIPOBOIH-
JINCh HA NUalla30HE PabOvuX TeMIepaTyp MOCTOBBIX COOpy2KeHus or -40
10 +80 °C. Ha ocHOBe HOJIy9YeHHBIX 3KCIEPUMEHTAIBHBIX JAHHBIX [TOCTPO-
€HBI MOJE/IN MOBEJEHUs] MATEPHAIOB ¢ YYETOM DEeTaKCallud U BA3ZKOCTH C
WCIOIB30BAHUEM DaHee Pa3pabOTaHHOM NPOIE/y Dbl UIeHTU(UKAINN MaTe-
pHAJIBHBIX KOHCTAHT [5]. B paMkax mepsoro mpuGimsKeHus: Jyisi ONUCAHUS
HEJIMHEHHOTO MOBEJICHUs] MAaTEPUAIOB B PAMKAX BA3KOYIIPYTOCTU HCIIOJIb-
3yeTrcsi MOJE/Ib MAKCBEJIJIOBCKOIO THIIA Ha OCHOBe DsjioB IIponn. Yupyras
¥ YHOPYTOILUIACTHYECKas MOJeaN ObLIM IIOCTPOEHBI B 60Jiee DAHHUX HCCIIe-
JOBAHUSX Ha OCHOBE 3KCIIEPHUMEHTAJbHBIX JAaHHBIX, [OMIy4YeHHBIX Ha 0a3e
WMnacruryra mexanuku cruomubix cpeay YpO PAH a.d.-m.u. A A. Ajamo-
BBIM.

B pamkax aHaIM3a HAIPsKEHHO-1eDOPMUPOBAHHOTO COCTOSHUS MOJIU-
MEDPHBIX CJI0EB CKOJIbXKEHUS U3 PA3HBIX MaTePUAJIOB PACCMATPUBAETCHA MO-
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JIeJib KJIACCUYECKOTO KOHTakTa Iepria o medopMMUpOBaHUM MOJIyNPOCTPAH-
CTBa CTAJIbHBIM C(OEPUIeCKUM UICHTOPOM. BhInosiHeH aHan3 BIANSHAS CTe-
MIeHN NUCKPeTn3anuy cucreMsl. 1[poaHaIn3upoBaHO BIAMSHASN MapOK M MO-
Jesieil TIOBeJIeHUsT MAaTepUaJiOB Ha XapaKTEPUCTUKM TATHA KOHTaKTa TIpHU
MI'HOBEHHO IIPUKJIAJIBIBAEMON CTATHIECKON HArpy3Ke U IpU ee BblAEpXKKe.
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CTATUCTUYECKUM MMOJAXO0/J OIIMCAHUS
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PasBuBaercsa dmaokTyarmonHas <«KBa3UMHKPOCKOIHIECKAST» TEOPHUs
Pa/IMAIIMOHHO-KOHAYKTUBHOTO TEILNIOOOMEHA B TBEPAOTEIbHBIX [IH-
TEKTPUKAX HA OCHOBE CTATUCTUYECKUX MOTY(HEHOMEHOIOTHIECKUTX
npeacraiaennii. OHa UCXOAUT U3 KUHETUYECKUX TTPE/ICTABICHU epe-
HOCa TeIl/Ia U3JIy9eHHeM B Cpeie I B MaTeMaTHIeCKyI0 MO/Ie/Ib TeOPHUH
BKJIIOYIAETCH IIePEHOCHIIee TEIJI0 N3JIyIeHne 3IeKTPOMATrHUTHOE II0JI.

Karouesvie caoea: Temaopbie (OIYKTYAIUNA, /TEKTPOMATHATHOE W3JTY-
genue, ypasHeHus: Makcsesuia.

Statistical approach to the description

of thermal radiation transfer

The fluctuation jquasi-microscopic; theory of radiation-conductive
heat transfer in solid-state dielectrics is being developed on the basis
of statistical semi-phenomenological representations. It proceeds from
kinetic representations of heat transfer by radiation in the medium
and the mathematical model of the theory includes electromagnetic
fields transferring heat radiation.

Keywords: thermal fluctuations, electromagnetic radiation, Maxwell’s
equations.

B pamMkax moaxona, UCIOIB30BAHHOrO B pabore [1], usyuaercs onHOMepHas
3aza49a 06 BosIONME pacnpeaeaeana teMneparypor 1'(z, t) B OrpaHmeHHOM
0bpasiie ¢ y9€TOM PaJuaOHHO-KOHyKTUBHOIO Teiooomena. I3smenerne
co BpemereM T'(x,t) OMACHIBAETCA YPABHEHUEM TEILTOTPOBOIHOCTH

: 2°T 0P

T(z,t) =a" 5% — =, (1)

ox? Oz

rae P(z,t) — mOTOK SHEPruM W3/Iy9eHusd, IIepeHocaIero rermo. Paccmarpn-
BAETCA LEPEHOC TEIIOBOIO JIEKTPOMAIHUTHOIO W3JIyH€HUs B JIUJIEKTPU-
YeCKOH JUCIEePrupyoleil cpee, KoTopas 06/1a1aeT 3aBUCAIUMUA 0T YacTo-
THl W HOJISL AUAJIEKTPUIECKON €(w) U MAarHuTHOMN [i(w) IPOHUIIAEMOCTSIMH.
Jly1s1 OLpesesIeHHOCTH LIOCTAHOBKY 3314491 BBIYHAC/IAETCA IIJIOTHOCTD IIOTOKA
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P(x,t) sHEPTUH 3JIEKTPOMArHUTHOIO TIOJISl B TOUKE & CPEIbI B MOMEHT Bpe-
MeHU {, M3/Iy<IaeMOro MaJIbIM 00beMOM, OKpYKaomuM To4Uky z. [l1oTHOCT
noroka P(z,t) paccmaTpuBaercs Kak QyHKIMA OT JOKAJIBHON TEMIIEpPaTy-
pet T'(x, t).

Oyuaxmumonan P(x,t), B cly9ae UACATbLHON NUSJIEKTPUIECKONH CPespl,
OIIpE/IesIsIETCsT B BUIIE

Pla.t) = YV (B(e, 1) B, 1), |

c2

TIE €, [t — COOTBETCTBEHHO, 3JICKTPUICCKAT U MATHATHAS BOCTIPUUMYABOCTH
cpenst, E(z,t), H(z,t) — BEKTOPHBIE TOMA HJIEKTPUIECKON M MATHATHON
COCTABJISIONIME TELIOBOIO 3JIEKTPOMArHUTHOrO u3syyuenust. [lons E(x,t) u
H(z,t) momawnennsr ypaBaernsm Makcsenna B cpese,

i

. 4 .
rotH:EE—|—’yE—|—irj(;1:,t)7 rotE=—-2H,
c c c

divE =0, divH=0.

Tox j(z,t) OMMCEIBAET MPOIECC TEHEPAITAN M3JTYIeHUS TEILIOBBIMU KOIe6a-
uusamu cpeapl. Croxacrudeckue E(z, t) u H(z, t) mopox1aiorcst TemIoBBIMEI
dbaykryammsamu. B cBasu ¢ stum croxacruaeckuii ucrounux j(z, t) moaesm-
pyercs 0BOOIIEHHBIM TayCCOBCKUM CIYUAHHBIM TIPOIECCOM Ge/I0T0 IyMa,
KaK 110 BPEMEHH, TaK ¥ TI0 MPOCTPAHCTBEHHON KOOPIAMHATE.

((z, 1)) =0, (r(z, t)jz(w/, t/)> =0 A[T (x,t)]0(t — t/)é(m — x/) .

Ero ammauTyna B KaxK/10# IPOCTPAHCTBEHHO-BPEMEHHON TOYKE OIIPEesIs-
eTcs JIOKaIbHOM Temmneparypoit T'(x,t). Jua Beraucienus moroxa P(z,t),
pelraeTcs CTAlOHAPHAS 33aIa Ha OTPE3Ke BEIIeCTBEHHOM OCH /IS CUCTe-
MBI CTOXaCTHIECKUX yPAaBHEHMIA (2) ¢ TPAHAYHBIMEU yCIOBUAMY HETIPEPHIB-
Hoctu nosteit E n H n nx mpon3BogubIx mo x. MaTemMaTuaeckoe OXXHUIaHUE,
ormpenenstiomee moTok P(x,t), BBIMUCAIeTCa B KOPOTKOBOJIHOBOH aCHMIITO-
THKe, KOTZJa 9acToTa w (pypbe-obpazos moseit E m H crpemurca k 6ecko-
HEYHOCTH.
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O COBCTBEHHBIX KOJIEBAHUSAX >KNIKOCTU B
HE®TAHOU CKBAYKUHE
J.A. HaceipoBa
dinasyrova@mail.ru

YK 532.5.013.3

Paccmorpenst cobecrBennbie Konebanus cTo0a XKUIKOCTH B HEMDTIHON
CKBaKWHEe, BO3HUKAaIOME npu ruapoymape. [lepuon xkonebanmit, mu-
TEHCUBHOCTD 3aTyXaHWUs KOJeOAHUIN ONpeIesaiOTCS MPOTIARKEHHOCTHIO
cT010a KUIKOCTH, €€ PEOJOTTIeCKUMU CBOUCTBAMHU, & TAKKe KOJLJIEK-
TOPCKUMU XapaKTePUCTUKAMU 1IPpu3aboiinoil 30Hb mtacra. Ha ocHoBe
MaTEeMATHIECKON MOIEN, ONHUCHIBAIONIEH IBUKEHWE CTOI0A KUIIKO-
CTU B CKBaxKuHe 1 (pUIbTPAIIAIO B IPU3a0OMHON 30He, ITOABEPKEHHOMN
I'PII, mosy4enst pernenus 3a1a9u 0 COOCTBEHHBIX 3aTYXAIOIAX KOJIE-
OaHngx cToA0A KUJKOCTA B CKBAYKUHE.

Karouesvie ca06a: COOCTBEHHBIE KOJI€DAHUS, aMILTUTYHa KOJEOAHMIA,
HedTsIHAS CKBAXKWUHA, TUIPOPA3PHIB ILIACTA, PUABTPAINSA KUJTKOCTH
The main tasks of mathematics

The natural oscillations of the liquid column in an oil well arising from
a hydraulic shock are considered. The oscillation period and the in-
tensity of attenuation of vibrations are determined by the length of
the liquid column, its rheological properties, as well as the reservoir
characteristics of the bottomhole formation zone. Based on a mathe-
matical model describing the movement of a column of liquid in a well
and filtration in a bottomhole zone exposed to hydraulic fracturing,
solutions to the problem of intrinsic damping vibrations of a column
of liquid in a well are obtained.

Keywords: natural oscillations, amplitude of oscillations, oil well, hy-
draulic fracturing, liquid filtration.

B macrosinee Bpems 1ipu 100bde HedTU IIHUPOKO IIPUMEHSETCS TEXHOJI0-
rus rugpopaspeiBa macta ([PIT). B mmacte co3marorca TpemuHbl, KOTO-
PbI€ 3aKPeIuIsioTCs MPONAHTAMHY JIJIsl ITPEIOTBPAIIEHUs] UX CMbIKaHUsA. 1 pe-
[MHBI, KOTOPblEe BO3HUKAIOT B pe3ysbrare npumeHeHus: rexaosoruu I'PII
VBEJIUYIUBAIOT IUIOMIA b, ¢ KOTOPOH MOXKHO M3BJI€Ib HedTHh U3 H0OLIBAIO-
meil CKBaKUHBI WM PACHIUPAIOT MOBEPXHOCTh 3aKAYKU JKUIKOCTHU, ECJIA
9TO HATHETAIOIIAs CKBAYKIHA.

Pabora BbIOSIHEHA WPU NOAAEPXKKE CPEACTBAMH TOCOIOKETa IO TOC33TaHUIO
NeQ75-00570-24-01 ("T'maporazoquHaMuKa MHOTOMA3HBIX, TEPMOBIA3KUX U MUKDPOIUCIIEPC-
HBIX Cpex")

HaceipoBa [una Axmerosna, acnupant (Yda, Poccus); Dina Nasyrova (R.R.
Mavlyutov Institute of Mechanics of the UFIC RAS, Ufa, Russia)
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PaccmoTpensr cobcTBeHHBIE KOTebaHMsT CTOI0a *KUIKOCTH B BEPTUKAITh-
HOP He(TSHOW CKBaykKWHE IPU 3aKpBITOH[1] ¥ OTKPBITON BepxHed rpaHu-
ne[2]. KoneGarnsa BOBHMKAIOT IIPU PE3KOM 3aKPBITAN MU OTKPBITHU HACO-
coB CKBaXXUHBI (ruapoynape). [lepnos kKoebanmii, ”HTEHCUBHOCTh 3aTyXa-
HIS KOJIeOAHUH OIPe e ISIOTCS IPOTIKEHHOCTHIO CTOI0a XKUTKOCTH, €€ PEeo-
JIOTUIECKUMH CBOMCTBAMME, & TaKKe KOJLIEKTOPCKHMH XaPaKTEPUCTUKAMH
mpu3aboiiHO 30HbI TacTa. Ha 0CHOBE MaTeMaTHYIECKON MOJIEJN, OTIUCHIBA-
oueil ABUKEeHUe CT0/I0a JKUIKOCTH B CKBaKHHE M (DUIBTPAIMIO B IIPU3A-
6oiiroit 30ne, moasepxkennoi 'PII, moxydens! pemrenns 3a1a<um 0 cOOCTBEH-
HBIX 3aTyXaOIUX KoaebaHnsx cTosda KuakocTu B ckBaxkwune. [lomy«mnm
XapaKTePUCTUIECKOe YPABHEHUE Il ONPEeIeeHUsI COOCTBEHHON YacTOTEHI
KoJIe6aHmiA.

Tax>ke paccMaTpuBaeTcs: 00CaKeHHAsT TOPU3OHTAIBHAS CKBAYKUHA JIJTH-
HOM , KOTOpas COOOMAETCS C IIACTOM IOCPEACTBOM DPAIUAJIbHLIX TPEIIHH
I'PII, pacro/ioeHHBIX PABHOMEPHO BJIOJIb CKBAaKWHBI. B pabore mosyue-
HO TPAHCIIEHEHTHOE YPABHEHNE U3 KOTOPOTO OIPEIEIISIIOTCS KOMIIJIEKCHBIE
COOCTBEHHBIE YACTOTHI, II0 KOTOPHIM HAXOAATCH YACTOTa KOJIeOAHMI, KO-
s dumenT 3aTyxaHns, aMIVINTYAa KoIeDaHWili U APyrre XapaKTePUCTHU-
KU, OIHCHIBAIOIINE COOCTBEHHBIE KOJICOAHMNs KUIKOCTH B TOPU30HTATILHOMN
CKBaXXKWHE C CHUCTEMOHN TPEIUH, MEPIEHINKYITPHBIX CTBOJIY CKBAYKHWHBI.
ITocTpoensr rpaduku 3aBucuMocTeil COOCTBEHHON 4acTOTHI, KO DHUITTEHTA
3aTyXaHUsT U JEKPEMEHTA 3aTYXAHUS OT MPOBOIUMOCTU TPEITUHBI, TPOHU-
[AeMOCTH IJIACTA U KOJIMIeCTBA TPELINH HA eIuHUIly AauHbl. 113 rpadukos
C/TEJTAHBI BBIBOJIBI O TaM KaK BJIMSIOT M3MEHEHUs MMUPUHBI TPEITUHBI, KOJIU-
YeCTBa TPEI[UH U IPOHUIAEMOCTD IIJIACTA HA COOCTBEHHBIE TACTOTHI.

[Tokazamo, ©TO aKycTHIeCKas NUATHOCTHKA OCHOBAHHAS HA AHAJIN3E
CcOOCTBEHHBIX KO€OAHMI B CKBAajKWHE MOXKET CIYXKUTHh JE€HCTBEHHBIM HWH-
CTPYMEHTOM JIJTsi JUATHOCTUKY Mpu3abOoNHON 30HBI CKBAYKIHEI.
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B nammoit pabore mpemsiaraercss HOBBIM METO OIIMCAHUS IBOJIIOIIAN
BOJIBTAMIIEDPOIDAMM BO BPEMEHH B (POPME TEMIIOPAJIBHBIX KPUBBIX. By-
JLyYH IIPONHTErPUPOBAHHBIMY OHH OKA3bIBAIOTCS CAMOTIOMO0HBIMU, TTO
[TO3BOJISET IIPE/ITIOKHATH [TOITOHOYHY IO (DYHKITUIO, KOTOPAs BEIBOIUTCS
W3 [IPHUHINA CaMOIOIO0Ms U IO3BOJISET apaMeTPU30BaTh ITU CJIy-
YaliHble KPUBHIE.

Karowesnie caosa: camononobre, TeMIIOpaIbHast KPUBAs, TTOITOHOTHA S
GyHKITHS.

Assessment of the temporal structure of glass carbon fractal-
ization under conditions of voltammetric analysis using the
principal component method

This paper proposes a new method for describing the evolution of
voltammograms over time in the form of temporal curves. When in-
tegrated, they turn out to be self-similar, which makes it possible to
propose a fitting function that is derived from the principle of self-
similarity and allows parameterizing these random curves.

Keywords: self-similarity, temporal curve, fitting function.
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,ZLHFI OIMUCaHUuA TeMHOpaJ’IBHOfI SBOJIIOITUN BOJIbTAMIIEDOTPaMM U WX Tlapa-
MeTPU3AIMH B CTUWIE OOUIEIPUHATON aMIUINTYIHO-IaCTOTHON XapaKTepu-
ctukm (AYX), Bragase HEOGXOAMMO MOHATH, KAK MOXKHO NIaPaMETPU30BATH
CaMOTIOIO0HBIE KPUBBIE, MMEIOIIIIE TeTKO BHIPaYKeHHBIH TpeH . Ecin kakas-
smbo Kpusag camonomobua S(z) (rme z — TpOM3BONBHAS TIEPEMEHHAS JTEH-
CTBUTEJIbHAAd UJIN KOMHJ’IeKCHaH)7 TO OHa YJOBJIETBOPAET @yHKHHOHaJH)HO-
My YPaBHEHUIO BUIA

S(z8) = S(z).
" MeeT pemeHI/Ie BUIA
S(z) = PT(@)_ K>Z>2[Ac cos(27rkln—z)+As sm(zﬂkl”l)]
B Ing/ o F In& k Ine/) 1’

Jlerko ybeuThCsl B TOM, UTO 3TO PEIIEHNE - BLIPOK IeHHOe. Jlefic TBUTeIhHO,
3aummem ypasaenue (1) B Buge

EeS(z) = 5(26),

B peampHOCTH 9Ta Pa3HOCTH HE PABHA HYJI, 8 MMEET HEKOTOPYIO MAJIyiO
pesmuuHy €. [losToMy 3ammmem gBa ypaBHEHUS

S(2£%) = 5(26) = 5(26) = S(2) = e,
(E§ — 1)25(2) = (Eg — 1)81 ~ €2.
Tosropas sror mpomecc K-pas, cumras uro pasmocts S(z€5) — S(z) ~
€1 OPUMEPHO OJIMHAKOBa A Bcex k = 1,2,..., K, HeTpyOHO MHOJIyUUTH
ciefyionee ypaBHeHue
= e Inz
S(z) ~ Yk.(z)( ; (@) )PT(E).
Hns mpakTuyeckux 1esiel u obecrneveHuss HEOOXOAUMOM TOYHOCTH JI0CTa-
TOYHO OTPAHUYIUATHCA caydaeM K = 2 U y9ecTb (QIYKTYAInN WA OTIUOKHI
MOZTrOHA /10 BTOPOTO MOpsiaKa. 1orma moAroHovYHas QpyHKIws, KOTOpas Oy-
JeT UCIOJIb30BAHA JJIs [apaMeTPU3alNK JAHHBIX, MOXKET ObITh 3aIMCaHa B

e v Inz Inz Inz
2(2z) = Ao + Pr1 (E>+<E)Pr2 (E)

Iogronounasa dynxmmsa (7) COMEPKUT TOMBKO ONWH HEJMHEHHBIH TI0/TO-
HOYHBIN mapameTrp [nf. oCTajpHBIE TTAPAMETPHI JIMHEHHBI M HAXOIATCH C
nomomrsio MHK. Henuueitnstit mapaMerp Iné HaXoAUTCS M3 MUHUMU3AIINN
OIIUOKHY TTOATOHKH.

Takum 06pazoM, ONMHUPAsiCh HA IIOJIYyYEHHBIE BBITIE (HDOPMYIIBI MOKHO
pa3paboTarh aJropuTM MapaMeTPU3AINN TPeX WHTEIPAJILHBIX KPUBBIX, KO-
TOpBIE OIKCHIBAIO IBOJIIOIHIIO BOJILTAMIIEDOIDAMM II0 BCEM KOJIOHKAM HCXO-
ot maTpurtbt N X M | rae N- gucsao cTpok marpuibl, M — uucio croiab-
1I0B, COOTBETCTBEHHO. AJITOPUTM TapaMeTPU3AINHA SBOJIOINOHHBIX KDH-
BBIX CTPOHUTCS CirefyiomuM obpazoMm. W3 kaxkmoii KOIOHKH OepyTCs TOJIb-
KO TDPM WHBAPMAHTHBIE TOYKW/KPHBBIE (MAKCHMAJIbHAA, MUHAMAJIbHAA W
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CpenHsisi), KOTOPBIE He MEHSIIOTCS TIPU TIePECTAHOBKe BCEX OCTAJbHBIX. Ecin
TIPOMHTErPUPOBATE 3TH TpU pacrpeaeneans Ymx(m), Ymn(m) u Ymin(m)
(m=1,2,3,...,M) mo BceM KOJIOHKaM, TO 00PA3yIOTCs TPH HAKOTLUIEHHBIE (Ky-
MyJSTUBHBIE) Kpubble Jq(m), g=up, mn, dn, KOTOpbIe MOTYT OBITH TIapa-
MeTpHU3UpPOBaHbI 110 Gopmyne (7) B COOTBETCTBAM ¢ MTPUHITUIIOM CAMOIIOI0-
Ous.

Puc. 1: Tpacduk cueror MTK-MoZemupoBains BOALTAMIED OMETPHUICCKOTO
MOBe TeHHUS CTeKJIOYTJIePO/THOTO JUCKOBOTO 37IeKTPOIa B YCJIOBUAX HellPephIB-
HOll IUKJTHYIeCKOi pasBepTKH MOTEHIHATIOB (c1eBa — dhoTorpadus nopepxHo-
CTH 3JIEKTPOJIa B HAYAIIE HKCIIEPUMEHTA, cripaBa — dhororpadus norepxHOCTH
anexTpofa 1o sasepiennu 2000 MHKIOB OKHCICHNS /BOCCTATOBICHNS MATE-
pHana 3MeKTpoJa).

Jlureparypa
1. Nigmatullin R.R., Budnikov H.C., Khamzin A.A., Sidelnikov
A.V., Maksyutova E.I. Temporal multi-sensor system for voltammetric
recognition of L- and D-tryptophan enantiomers based on generalized
principal component analysis // New Journal of Chtmistry, 2018. V. 42. Ne
1. P. 465-475.
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YUCJIEHHOE PEIIIEHUE TPETHEN
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WcenenoBana HavabHO-KpaeBas 33/a4a JjIsd HArPY:REHHOTO audde-
PEHINAJILHOIO YyPABHEHUS TEIJIONPOBOJHOCTA C KOMIIO3UIMeR Ipob-
HOW mpom3BoaHoi Pumana-Jluysmisa nu Kanyro-I'epacumosa u ¢ rpa-
HUYHBIMU YCJIOBUAMU IIEPBOTO U TPETHEro poaa. C IIOMOIIBIO METOJa
SHEPreTHIeCKNX HEePABEHCTB II0JIyYeHa AllPUOPHAs OLEHKA B PA3HOCT-
HoWt popwme. Ilomyuernbpie HEPABEHCTBA O3HAYAIOT €NHCTBEHHOCTD Pe-
IMeHUd W HEMPEPBIBHYIO 3aBUCUMOCTL DEIIEHUA OT BXOAHBIX JaHHBIX
3amaqan. [locTpoena pas3HOCTHAS CXeMa, ANMIPOKCHMUPYIOMIAS HCXOI-
Hyto 3amaqy ¢ mopsakom O(1 + h?~7).

Karouesnie caosa: KpaeBasi 3a7a4a, allpUOPHAs OIEHKA, METOJ JHEP-
TeTUYECKUX HEPABEHCTB, AaIllIPOKCUMAIWs, IPOOHAsT TPOU3BOTHAS
Kamnyro-T'epacumoBa, npobuas npoussonaas Pumana-Jluysumiis.
Numerical solution of the third initial-boundary value prob-
lem for the nonstationary heat heat conduction equation with
fractional derivatives

An initial boundary value problem for a loaded differential heat equa-
tion with a composition of the fractional derivative of Riemann-
Liouville and Caputo-Gerasimov and with boundary conditions of the
first and third kind is studied. Using the method of energy inequali-
ties, an a priori estimate in difference form was obtained. The resulting
inequalities mean the uniqueness of the solution and the continuous
dependence of the solution on the input data of the problem. A dif-
ference scheme is constructed that approximates the original problem
with an order O(r + h*~#).

Keywords: boundary value problem, a priori estimate, method of en-
ergy inequalities, Caputo-Gerasimov fractional derivative, Riemann-
Liouville fractional derivative.
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Kpaessie 3amatm st quiddepeHImaaIbHBIX YPABHEHNH ¢ KOMITO3UITHEH
Apobubrx npomssoguerx Kamyro-I'epacumoBa paccMOTpPEHBI B UCCJIEI0BAHN-
ax [3,4], 3mech paccmarpuBaerca muddepeHITMANbHOE YPABHEHAA ¢ KOMIIO-
surmeit 1pobHoit mponssoanoit Pumana-JInysumns n Kanyro-T'epacnmona.

B o6nactu D = {0 < z < L, 0 < ¢t < T} uccaenyem HadabHO-KPAEBY O
3a7a49y:

Oyu(z,t) = DY (9 ulx, b)) +r(z, t) 2420 — g(a, t) u(wo, t) + f(z,t), (1)

REDP=1(95,u(0,1)) = by (t) u(0,t) — pa (t), (2)
— DI (05, u(l, 1) = ba(t) u(l, t) — pa(t), 3)
u(z,0) =uo(z), 0<z<], (4)
rae Ogyu(z,t), agru(x,t) — uacrHble JpOOHBIE npou3BoAHBIE KaryTro-

Tepacuvosa [1], #XDf (agzu(m, t)) — xommo3nIMs NPOGHON MPOM3BOIHOM
Pumana-JInysumra u Kamyro-Iepacumosa, 0 < a < 1, 1/2 < 8 < 1,

lg(z,t)l, Ir(z, )|, lg(z, D)), [b1(B)], [b2()] <, ()

¢ = const > 0 — 3aBUCANIAA OT BXOAHBIX JAHHBIX.

Iocrpoum uncnennoe pewenue (1)—(4), 1yist 91010 HA paccMarpuBaeMoii
06J1acTH BBEJeM 10 TIePeMEeHHOH T U ¢ PaBHOMEPHYIO CeTKy ¢ ImaroMm h 1o
T | T o t:

Whr = Wp X wT{(xm,tn), Tm =mh, m=12,....M, Mh=1L,
tn=n7, n=0,1,2,...,N, Nrt=T}.
Tounoe perrenne 3anaan (1)—(4) obosHaunm wepes uy, = U(Tm,tn), &
IpUG/IMKEHHOE penenne 0603 M 9epe3 Yy, = Y(Tm, tn). Juddepenmm-

ampHOH 3amate (1)—(4) mocTaBuM B COOTBETCTBHE PA3HOCTHYIO CXEMY IIO-
pamka O(h?~?% + 1)

Ay = DALy + 1 yz + 17 Yo — ¢(YmoTmg + Ymo+1Zrhg ) + @, (6)
DT A, yo = biys — pa, (7)

DP7IAL yar = boyly — o, (8)

Ym = to(Tm), 0< am <1, (9)

rae

«@ 1 —Q
Agey = T2—a)r Z (i1 =t %) Ay(Tm, tr),

Aog;l/ rz— 5 n Z ( m—j—k+2 mi:;fj—kqtl) Ay(zr,tn),

(Aoﬂ/) = b A, Yo + iajAgmy,

=0
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yr — Yo  Ymt1 — Ym  Ym — Ym—1

A T/ A2a\L3 T — b T — - 71
=40 = o = gype Y7 h v h
r(Zta) =r, |rl=r"—r", T =05(r+]|r[) >0,
T :05(7‘_| |)<O7 y:y:;u @Zf(ff:tn): Q*q( 7t’n—)7 bl:b(tn)7
. — Tmo+1 — To Lo — Tm
p=pltn), =12, wpy = SR, = S

HUccnenyem ycroftauBocTts pasnocTroil cxembl (6)—(9) ¢ nomompio meto-
JTa SHEPTeTUIECKAX HEPABEHCTE. BBEeM CKaJITPHOE TPON3BE/ICHAE M HOPMY
B BuzE [2]

N-1 N
(u,v) = Z uivih, (u,v] = Zuiwh,
i=1 i=1
N-1
(U, u) = uz2h = Hu”g? u u Zu7h - HuHO

Teopema 3. Ilycrb BbinosHeHb! yesosus (5), TOra pa3sHOCTHAS 33,1444
(6)—(9) ycroliumBa nipu T < To ¥ JJIA €€ PEIICHUs CIPABEI/INBA, ATIPUOPHAST
orenka (10)

. 2
[ < o (el + gma, ([ [+ +42) ) (10)

riae M = const > 0, koTopasi He 3aBUCHT OT T U h.
U3 anpuopwnoii onerku (10) cemayer eMHCTBEHHOCTD W yCTONYIUBOCTD
pemenns 3amaan (6)—(9) Mo HAYATHHBIM JTAHHBIM U MIPABON TACTH.
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PEOJIOTUYECKASYA MOAEJIb IJIAd OIIMCAHUA
CXOOAINXCsI TEYUEHUN ITOJIMMEPHBIX CUCTEM
10.A. IlaBarok, I'.B. IIsimiaorpaii
pawlyk1996@yandex.ru, pyshnograi@mail.ru
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U3yuatorcd ByxXMepHBIE TEUEHUsI PACILIABOB IIOJUMEDPOB Pa3InIHON
CTPYKTYPBHI B KAHAJAX C MPSIMOYTOJHHBIM CEYEHUEM U C BHE3ATHBIM
cyxenueMm. Vcciemyercs BIUSHUE TEMIIEPATYpPbI MOJTUMEDPHOTO Pac-
IJIaBa HA Pa3Mepbl BUXPEBON 30HBI. AHaIM3UPYIOTCsH Tpodum npo-
JOJBHON W TOTEPEYHOM CKOPOCTH B PA3JNYHBIX CeUeHMsX. B Kade-
CTBE MATEMATHUYIECKON MOJE/N HUCIO/IH30BATACh MATEMATHIECKAST MO-
nenb Bunorpagosa-ITokposckoro.

Karoueswie caosa: peostorusi, BA3KOCTh, PACILIABHI OJIMMEPOB, BUXPeE-
BOE TeUeHMe, MeTO]] KOHEUHBIX 37€MEHTOB.

RHEOLOGICAL MODEL FOR DESCRIPTION OF CON-
VERGING FLOWS OF POLYMER SYSTEMS

Two-dimensional flows of polymer melts of various structures in chan-
nels with rectangular cross-section and with sudden narrowing are
studied. Influence of polymer melt temperature on vortex zone di-
mensions is investigated. Profiles of longitudinal and transverse
speed in different sections are analyzed. The mathematical model
of Vinogradov-Pokrovsky was used as a mathematical model.

Keywords: rheology, viscosity, polymer melts, vortex flow, finite ele-
ment method.

C ucnosib3oBaHneM peosiornyeckoit momeau Bunorpagoa-IlokposBckoro
IIPOBEIEHO UCC/IE0BAHNE TEYEHHUS MOJUMEPHOTO PACIIABA B IPAMOYTOJIb-
HOM KaHaJle ¢ PE3KUM CyXKeHHeM.

OnpesiesieHbl KOMIIOHEHTBI TIPOJIOJIBHON U MOTIEPEYHOM COCTABJIAIONTAX
BEKTOPa CKOpPOCTH [l| M BBHIIOJHEHO CPABHEHWE C JKCIIEPUMEHTAJIBHBIMU
panabiMu [2,3]. Ucciie1oBaHO BJIMSIHME MOJIEKYJISIPHOM CTPYKTYDBL IOJIU-
Mepa Ha ocoberHocTu Tedenus. QOOHAPYKEHO, YTO MPU TEYEHUN TIOJIAMEDA
C Pa3BeTBJIEHHOIN CTPYKTYPOIl BO3HMKAET BTOPUYHBINA IIOTOK, OTCYTCTBYIO-
Ui TPU TeYeHWH JUHEHHOTO momuMepa. OCHOBHOM (HaKkTOp, OTpeaeasio-
muit 3ToT 3 PEeKT — BpeMs pedaKcalmy IoJauMepHoro obpasia. Teuernue
Pa3BETBJIEHHOTO IOJIMMEPA TAKXKE OT/IMIAETCs HemapaboamaeckuM npodu-
JIeM CKOPOCTH, KOTOPBIiT 60JIee BBIPAsKEH II0 CPABHEHUIO € JIMHEHHBIM II0JIH-
MepPOM.

IMasnok FOpuit Anekceesuu, acuurpant, Axtl'IIV (Bapuayn, Poccus); Yuri Pawlyk
(Altai State Pedagogical University, Barnaul, Russia)

IIemmuorpait I'puropumit Baagumwuposud, a.d.-M.H., mpodeccop, Aarl'TV wume-
mn W.N.Ilonsymosa (Bapmayn, Poccms); Grigorii Pyshnograi (Altai State Technical
University, Barnaul, Russia)
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HpOBe,Z[eHO CpaBHEHHWE TUAPOAUHAMUYICCKUX CBOWCTB TIOJIUMEPHBIX pac-
ILJTABOB IIPU PA3/IMYIHBIX TEMIIEpaTypaX B CXOAAINEMCd KaHaJie C IIPpAMO-
yroibHBIM cedenneM. [I0Ka3aHo, 9TO Ipu PE3KOM CyKEHUU KaHaja 00pasy-
eTCqa BHXpeBOfI TIOTOK, pa3Mep KOTOPOTO YBC/JIUYUBACTCA TIPU TTOBLITMIEHUN
TeMIIepaTyphl PACILIaBa, YTO IOATBEPXKAAETCS SKCIepuMenTaMu [4].

Takrke U3y4eHO M3MEHEHNE PA3MEPOB BUXPEBOHM 00JIACTH B 3aBHUCHUMO-
CTU OT PACXOOHBIX XapPaKTEPUCTUK. BfCTa,HOB,]'IeHO7 YTO MOBBIIIECHNE O6"béM—
HOT'O PACX0/1a IOJUMEPHOr0 PACIUIaBa IO JAOCTHKEHUS TOYUKU MAKCHMyMa
npuBoguT K Gosiee 6GpicTpoMy 3aryxanuio Buxpda. OIHAKO, HECMOTPS HA TO,
YTO pa3MepPhl BUXPA YMEHBINAKTCA C YBEJIMYCHUEM TeMIIePpaTypPhl, CKOPOCTH
9TOr0 YMEHbIIEHUs 3aMeJISeTCs IIPU YBeJIMIeHn pacxona [4].

WccmemoBaHo BaMsIHAE ITapaMETPOB HaBEIEHHOM aHU30TPOIUN HA IIPO-
s TPONOIBHON cKOpocTr. HysieBble 3HaAYEHUs COOTBETCTBYIOT TEUEHUIO
HBLIOTOHOBCKOH kuakoctu. OIHAKO, IPU yBEIUUCHUN 3HAYUCHUH IapaMeT-
POB aHU30TPONUY MOBEIECHHE KUAKOCTH BCE DOJIbIIE OTKJIOHAETCH OT Iapa-
60 IeCKOr0 TpOMUIIS.

Taxum 06pa3oM, HOIyUeHHbIE PE3y/IbTATHI HOATBEPK AT D hEeKTHB-
HOCTb PeoJIormdeckoi mozenu BunorpasmoBa-IIoKpoBCKOTO Ayl onucaHus
TeUeHNH MOIMMEPHBIX PACIUIABOB B 00JIACTSIX CO CJIOXKHOM reomerpueit. Pas-
paboTaHHAs MOAEh MOYXKET CTaTh OCHOBOU Jjist OYLYIINX MUCCIEIOBAHMIA.
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HOJIb-MEPHA S MHTETPAJIBHA S1 MOJIEJIb
ITAPOTPABUTAIIMOHHOI'O JIPEHAXKA
O.H. IMTuuyrun, M.A. Amepxanos, K.M. ®emopos,
A.4. Tunbmanmos, A.IL. ITleBenén
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VIIK 536.76

IIpuvenenne mEpPCIIEKTHUBHOTO TEILIOBOIO METO/A yBejamdeHus Hed-
TEOTIaYW — MAPOrPABUTAIIMOHHOTO JIPEHAXKA TpebyeT mpeaBapuTeih-
HOTO MATEMAaTHIEeCKOTO MOIETMPOBAHUS JIIsi Ompesenenns dddex-
TUBHBIX Hapamerpos uporecca. ChopMympoBaHHbIA B paboTe HOJIb-
MEPHBIH IIOAX0M, K MOJEANPOBAHUIO TAKOTO IPOIECCA II03BOJLeT IOy -
9aTh OBICTPBIE DEIIeHUs], IPUMEHUMbIE TIPH TPUHITUH OTEPATUBHBIX
pemtenuii. B ocHOBe Mozeu jexar OaIaHCOBBIE COOTHOIIEHUST MACCHL
¢a3 u sueprun. [lokaszana BO3MOKHOCTH BOCIIPOU3BEICHUS TUHAMIUKHA
IpoIecca € yA0BIeTBOPUTENbHONH TOYHOCTHIO.

Karouesnie ca06a: TaporpaBUTAIIMOHHDBIN JIPEHAYXK, WHTErPAJIbHAS MO-
J1eJIb, MATEMATHIECKOE MOJIEJMPOBAHNE, TEILUIOBbIE METO/Ibl yBeJye-
HUs He(PTEOTIAIN, BICOKOBA3KAA He(Th, TApAMETPUIECKUN aHAII3.
Zero-dimensional integral model of steam-assisted gravity
drainage

The application of a promising thermal enhanced oil recovery method
— steam-assisted gravity drainage requires preliminary mathematical
modeling to determine the effective parameters of the process. The
zero-dimensional approach to modeling such a process formulated in
the paper allows to obtain quick solutions that are applicable for op-
erational decisions. The model is based on the balance ratios of phase
mass and energy. The possibility of reproducing the dynamics of the
process with satisfactory accuracy is shown.

IMuayruna Osner Hukonaesnd, k.¢.-M.H., 3amecturesns gupekropa, AT'TY BIITH (Ane-
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Russia)
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Keywords: steam-assisted gravity drainage, integral model, mathe-
matical modeling, thermal enhanced oil recovery methods, high vis-
cosity oil, parametric analysis.

CyurecTBeHHYIO JOJIIO 3ar1acoB Hedrera3zosoro koMiuiekca Poccuu cocras-
JISIIOT BBICOKOBA3KME HeDTH. DKCILUIyaTAIUA TAKUX MECTOPOXK IEHUH Ha IPO-
MBINIJIEHHOM YDPOBHE HEBO3MOKHA 0€3 MPUBJIEYEHHS METO0OB VBEJIHMICHHS
HepreoTmaun. Cpeay TaKUX METOIOB BCE OoJiee TEPCHEKTUBHBIM CTAHO-
BUTCS [TAPOIPABUTAIIMOHHBIN ApeHaX. D GEKTUBHOE UCITOIb30BAHUE 3TOM
TEXHOJIOTHH TPEOYET MPEIBAPUTETIBHOTO dTANa (PU3UKO-MATEMATHIECKOTO
MOJEJIMPOBAHNS TOTO Iporiecca. Vcmoap30BaHne KOMMEPUIECKUX CHUMYJIs-
TOPOB, XOTs U IIO3BOJISET yUECTh 3HAUNTE/LHOE KOJIMIECTBO (HDU3MIECKUX
3¢ dexToB, TpebyeT HEOIPABIAHHO BHICOKINX BPEMEHHBIX 3aTPAT U 33TaHHST
6osbuioro o6béma BxOmHOH mHbOpMarum 06 06bekTe pa3zpaboTKM, KOTO-
pasd 3a9acTyi0 B MOJHON Mepe He WM3BeCTHA. 1109TOMY 1Me/bio paboThl SB-
JdeTCd CO3JaHNe IIPOCTON HOJBL-MEPHOI MHTErPaJbHON MOJIETH ITPOIECCa
MapOrpPaBUTAIIMOHHOTO JIPEHAXKA, [T03BOJIAIONEH IPOBOAUTEH OIEPATHBHBIE
MIPOTHO3BI 3P HEKTUBHBIX MAPAMETPOB STOTO MPOIIECCA.

B ocnoBe mMozenn siezkaT ypaBHEHUsT COXPAHEHNsT MAaCCHI BOJIBI, HeDTH U
napa B IapOBOi KaMepe, UMeroIeil GopMy IPpU3MbL TPEYTOJIBHOTO CEUeHH,
ypaBHEHHE TIPUTOKA TEILTA B TAPOBYIO KAMEPY U 3aKOH COXPAHEHUS UMITYIh-
ca B BHUJE COOTHOIIEHMI PACX0/I0B HATHETAEMOT0 U JO0OBIBAEMOr0 (DITIOUIOB,
oIIpeessieMbIX 10 3akoHy Jlapcu. 3aMbIKAIOMUMY yPABHEHUSMU SIBJISIOT-
Csl COOTHOIIEHHE HACHIIMEHHOCTEH (pa3 1 CKOpOCTel pocTa mapoBoil KaMephbl
B BEPTHUKAJIBHOM U TOPU30OHTAJHHOM HAIIPABJICHUAX, OTHOIIEHNE KO3 hu-
OMEHTOB TeIUIOOTAAYN B 3THX HAIPABICHUAX OIPENEIsoTcs 0 (opmyme
Dnmynnca-Ilerepcona. Ilpu sroM ofun u3 kKo3dhGUIMEHTOB onpeaengeTcs
HA OCHOBe J1A00PATOPHBIX MCCAEIOBAHUM WIH SMINPAIECKAX KOPPEJIATIHIA.
Hauanbubre ycsioBus COOTBETCTBYIOT 33JaHUIO HYJIEBOTO 00bEMa IApOBOM
KaMephbl ¥ MAKCUMAIbHON He(d TeHACHITIIEHHOCTH.

Paccumrana junamuka ko3 dunmenra u3siedenus HedTH, ITApOHE-
¢GTaHOTO OTHOIIEeHNS U 0OBOTHEHHOCTH 10OBIBaeMOil poaykimu. [Iposee-
HA BaJIMAIAINs TTOIYYEHHBIX PEITeHi TyTEM COTIOCTABJIEHUS C [IPOMBICIIO-
BBIMM JIAHHBIMH 110 MecTopoxAeauto Senlac. [TokazaHa BO3MOXKHOCTH BOC-
NPOU3BENCHUST TUHAMHUKY IIPOIECCA C YI0BIETBOPUTEIHLHON TOYHOCTHIO.
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PEKOHCTPVYKIINA 2D BEKTOPHOTI'O ITIOJIA TI0O
JIYVHEBBIM ITPEOBPASOBAHUAM ET'O MOMEHTOB
N.E. Cseros, A.Il. IToxsakoBa
svetovie@math.nsc.ru, apolyakova@math.nsc.ru

YIK 517.44:517.95

Hpe,Z[IIO}KeHI)I 1 000CHOBAHBI AJIrOPUTMbI BOCCTaHOBJIEHUA BEKTOPHOTO
110J14 110 U3BECTHBIM IIPOJOJIbHBIM WJIA IIOIIEPEYIHBIM JIY1€BbIM Hp606-
pa3oBaHUdM €ro MOMEHTOB.

Katouesnie ca06a: BEKTOPHOE M0JIe, JIy49eBOe IIPeoOpa30BaHHe MOMEH-
TOB, muddepeHaIbHOe CBOWCTBO JIYUEBBIX MMPEOOPa30BAHMI, aIro-
PHATM PEKOHCTDYKITHUH.

Reconstruction of a 2D vector field from ray transforms of
its moments

The algorithms for reconstructing a vector field from known longitu-
dinal or transverse ray transforms of its moments are proposed and
justified.

Keywords: vector field, ray transform of moments, differential prop-
erty of ray transforms, reconstruction algorithm.

JlyueBbiM TIpeoGpa30BaHWsIM MOMEHTOB TEH30DHBIX IMOJIefl B IOCTIeTHUe
HECKOJIBKO JIeT IIOCBSAIIEHO JOBOIBLHO MHOro pabor (cMm., Hampumep, [1]-
[4]), B Gosbreft 9acTH KOTOPBIX UCCIEYIOTCS TPATUIINOHHBIE BOIPOCHL Pe-
KOHCTPYKITUHM TEH30DHBIX T0JIeH, 33/ JaHHBIX HAa PUMAHOBBIX MHOTO0ODa3u-
SX WJIM €BKJIMJOBBIX IPOCTPAHCTBAX, [0 UX MW3BECTHBIM IIPOJOJIBHBIM JIy-
9eBBIM TTPeoGpa3oBaHusM MOMeHTOB. CyliecTBEeHHO MeHbIe paGoT, B KO-
TOPBIX NpEIIATaAOTCs HOPMYJIBI WK TIPOLEIYPbl O6paleHus, KOHCTPYK-
THBHbBIE METO/IbI ¥ aJITOPUTMBI PEIIeHUs 33139 BOCCTAHOBJIEHHS TEH30PHbBIX
TIOJIEH TI0 JIy9€BBIM IPEOGPa30BaHmaM X MOMEHTOB. B Henasueit pabore [5]
MIPEJJIOKEHbl OTHOCUTEIHLHO MPOCTHIE TIOAX0IBI BOCCTAHOBJIEHUST BEKTOPHO-
rO IOJISL TI0 JIy9eBBIM IIPeo0pPa30BAHUSM MOMEHTOB O0OWX THIIOB — IIPO-
JOJBHBIM WJIA TIOTIEPETHBIM.

B pokmazne mpeioKeHbl U 000CHOBAHBI AJTOPUTMBI BOCCTAHOBJIEHWS
BEKTOPHOTO TIOJISL TI0 M3BECTHBIM TPOIOJIBHBIM WJIF TIOTIEPETHBIM JTy 9eBhIM

Pabora ocymecTBiena npu dunaHCcOBO# noamepxkke Poccuiickoro Haydnoro ¢onma
(mpoext 24-21-00200).
CperoB UBan EsrenwpeBuu, k.d.-Mm.H., MHCTUTYT MaTtemaruku um. C.JI. Cobose-
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Ivan Svetov (Sobolev Institute of Mathematics SB RAS, Novosibirsk State University,
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Mpeobpa30BaHNAM ero MOMeHTOB. Vccre1oBaHbl CBOMCTBA HECKOIBKMX aJl-
TOPUTMOB B 3aBUCHMOCTH OT QUCKPETHU3AINN JTAHHBIX, YPOBHS 1 XapaKTepa
IyMa, TJI3JIKOCTA BEKTOPHOrO TOJId. DKCIEPUMEHTHI MOKA3aIu XOPOIINe
Pe3yabTATHl BOCCTAHOBJIEHNSI BEKTOPHBIX TIOJIEH TI0 JIyUIeBHIM ITpeodpa30oBa-
HUSIM UX MOMEHTOB.

Pabora ocymiecTtBiaena npu ¢unramCcOBOM TOmmep:xkKke Poccuiickoro Ha-
yaroro ¢gorga (mpoexkt 24-21-00200).
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KOPPEKTHASI IOCTAHOBKA OBPATHOW 3AJTAYN
OIMPEJEJIEHU A KO9PPUIINEHTA TEIIJIOITEPE/TAYN
HA TPAHUIIE C NCITIOJIBSOBAHVEM MOAEJIN
TEILJIOIIPOBOJHOCTU
A.A. Ilorankos, a_potapkov@ugrasu.ru

VIIK 517.518

B manmoit pabore paccmarpuBaiorcsa 0OpaTHBIE 3aJa4d BOCCTAHOBJIIE-
HUsT K03 uImeHTa TemIonepe adr Ha TPAHMIE [0 WHTErPAJIbHBIM
n3MmepenusM. Koaddumment rensonepenadnu Gurypupyer B yCIOBUIX
repesayvn TeIia NIl HeueaJ bHoro Koutakra. OH IIpeICTaB/IsieTcs B
BHUE KOHeUHOH JacTu psana Pypbe ¢ BpeMEHHO-3aBUCUMBIMU K03b Du-
IMEeHTAMH.

Karouesvie caosa: muddepennmaababie ypaBHeHNs, 00paTHAS 331394,
KO3 DHUIUEHT TerIonepeadu.

The Well-Posed Identification of the Interface Heat Transfer
Coefficient Using an Inverse Heat Conduction Model

In this work, the inverse problems of recovering the heat transfer co-
efficient at the interface of integral measurements are considered. The
heat transfer coefficient occurs in the transmission conditions of an
imperfect contact type. This is representable as a finite part of the
Fourier series with time-dependent coefficients.

Keywords: differential equations, inverse problem, heat transfer coef-
ficient.

B pabote paccmarpuBaercs mapabonieckoe ypaBHEHUE

Mu =u; — Lu = f, (1)

n a n
Lu = Z %aij(t,l‘)uzj - Zai(t7 T)uz, —ao(t,z)u, € G.
i,j=1 B i=1
rae G C R™ — orpanmaenmas ofmacTs ¢ rpammmeit I' kmacca C2, t € (0, 7).
Mycte Q = (0,T) x G, S = (0,T) x T'. TIpeamooxum, aro obmacrte G
pa3IeseHa Ha B3 OTKPLITHIX MHOXKectBa GT u G~, G- C G, GTUG— =G,
Gt NG~ =0. yecrs T'o = 0GT NOG™, So = I'o x (0,T). Ypasnenue (1)

AOIOJIHACTCA HaYa/JIbHBIMU U I'PAHUYHBIMUA YCJIOBUAMUA

B(t,x)uls = g, uli=o = uo(z), (2)

Ilorankos Amnekceit Ausexcanaposud, acnmpant, ®I'BOY BO IOI'Y (Xantser-
Mamncutiick, Poccus); Potapkov Alexey (Yugra State University, Khanty-Mansiysk, Russia)
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_ Ou _ du  __ n . .
rae Bu = g + Bu wm Bu = u, 5y = >0 aij(t, @)ua; (, 2)vi, THe
v = (v1,v2,...,Vy) — BHEUIHsS €IUHUYHAS HOPMa/b K S, H YCIOBUAMU
COTIPSIZKEHMU
out

W(@ z) — J(t7x)(u+(t7x) —u (t,x)) = g+(t,x), (t,z) € So,

ou~ ou™
ON (tv'r) = ON (t,l‘), (t,"ﬁ) € SOv
ouE (p oy i e
TAe 3N ( va) = Mgcgt, zz0ely Zi,jzl QijUz,; Vi,
uF (t, ) = lim,cgt, poyager, U(t, *), @ ¥ — eqUHIIHAS BHEIIHAS HOPMAJIb
K O0G ™. YcioBusl epeonpeeenns UMeOT BULL:

/u(t,x)c,pk(x)dx:wk(t), k=1,2,...,m.
G

O6parHas 3a1a4a 3aKJII0YAETCS B HAXOXKICHUM DELICHUs U JJIs 3313~
an (1)-(4) u dyskuuu 0 = >0 ¢i(t)Pi(t, x), rae bynkuum ¢; ABIAOTCH
HemsBecTHbIMU, & D, (¢, ) — HEKOTOPHIMM GAZUCHBIMU (DYHKIUSMU.

YenoBust conpsizkenust (3), (4) coracyiorcst ¢ OGBIYHBIM yCJIOBAEM
HEHICaIbHOr0 KOHTAKTa Ha rpanune paszgena |1]. B stom ciaygae o ss-
astercs KoaddunuenToM remonepenadn. B ciaydae 0 — 00 MBI IPUXOAUM

_ + -
tou w2 =% gy G,

K 3a1a4e qudpakimu |2| ¢ yeI0BUSME BULA U SN o

B macrosimee BpeMst CyIIECTBYET MHOXKECTBO ITyGJIMKAIHi, MTOCBSIIEH-
HBIX 9IUCAEHHOMY pemeHuio 3asa4 tuia (1)-(5) B pasnmaHbX N0CTAHOBKAX.
HawGosiee mpuMeHAMas TPeryCMATPABAET TOYETHBIE JOTIOTHATETHHBIC W3-
MepeHUs, B 3TOM Ciy4ae yciosue (5) 3aMensiercs Ha ycnosus u(t,b;) =
Y;i(t) (j = 1,2,...,m). Hacro koadpdunuenr o 3aBucur ToabKO OT Bpe-
MEHU UJIM IPOCTPAHCTBEHHBIX IepeMeHHHIX. B crarbe |3| ocymecreasiercs
YHUCIIEHHOE ompezienerne K03 dUIMeHTa TEmIonepesadn mo U3MepeHusM
Ha JTOCTYIIHOM YacTW BHENIHEH IPaHuIlbl 061acTH.

B mammii pabore MBI m3y9IaeM BOIPOCH KoppekTHOocTH 3amaam (1)-(5)
¥ YCTAHABJIMBAEM TEODPEMbI CYIIECTBOBAHHS W EIUHCTBEHHOCTH DENICHUI
JTAHHOU 33/1a4U JIOKAJILHO IO BpEMEHN.
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HEJIMHEMHOE B3AUMOJENCTBUE YJIBTPA3BYKOBHIX
MEAUIIMHCKUX MHCTPYMEHTOB C
BUOJIOTUYECKOUN TKAHBIO
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VIK 531.8:519.2

B crarpe paccmorpensl 0COOEHHOCTH HEJIMHENHOIO B3aNMOIEHCTBU
YABTPA3BYKOBBIX MEIUIIMHCKAX MHCTPYMEHTOB € GHOJIOTUIECKON TKa-
HBIO U YUCJIEHHBINA MeTO, PacuéTa aMIIIATYJHO-9aCTOTHOI XapaKTepu-
CTUKHU TOPCHOHHOI'0 BOJIHOBOIA-KOHIIEHTPATOPa C y4eTOM HeJMHeiH-
HOTO MOMEHTA B3aMMOJEHCTBHs ¢ 00pabaThiBA€MOi ITOBEPXHOCTHIO.

Karouesvie ca06a: HETUHEMHHBIH MOMEHT, UHCJIEHHBIH MeTO/I,
AMIUTATYTHO-9aCTOTHAS XAPAKTEPUCTUKA, OWOIOTMYeCKass TKAaHb,
VABTPA3BYKOBBIN MEAUITMHCKHUIT WHCTPYMEHT.

Nonlinear interaction of ultrasonic medical instruments with
biological tissue

The article considers the features of the nonlinear interaction of ul-
trasonic medical instruments with biological tissue and a numerical
method for calculating the amplitude-frequency response of a torsional
waveguide concentrator, taking into account the nonlinear moment of
interaction with the treated surface.

Keywords:  nonlinear moment, numerical method, amplitude-
frequency response, biological tissue, ultrasound medical instrument.

PacropenesmeHubiit MOMEHT B3auMOAENCTBYS YIbTPA3BYKOBBIX M€ TUIHH-
CKUX WHCTPYMEHTOB C HUOJIOTHIECKON TKAHBIO M.p (puc. 1a) ¢ yaerom Ka-
gecTBa 00pabOTKM MOBEPXHOCTH BOJIHOBOJA WM JBHMKEHUS KHUIAKON (a3bl B
3a30pe MEXKIy BPAIIAONIMMUCST PAOOUINM OKOHIAHUEM U 3aXKUMOM OITUCHI-
BaeTCd HeJMHENHOU 3aBUCIMOCTHIO!

_p>\7rd4 dp 2 [
me =200 (52) 40005 1)

rme d — auamerp paboUuero OKOHYAHWS BOTHOBOIA; A — KO3(] durment
CONPOTHBIICHAsI TPEHUIO; (® — yroJI IOBOPOTA CEYEHMsI BOJHOBOJA; b(z) —
K03 PUIUEHT BAZKOTO COMPOTUBJIEHHUSI.
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Aung (Bauman Moscow State Technical University, Moscow, Russia).)

T'puropses FOpuit Bcepononosud, K.T.H., qouent, MI'TV um. H.D. Baymana, (Mocksa,
Poccus); Grigoryev Yuri Vsevolodovich (Bauman Moscow State Technical University,
Moscow, Russia)
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YpaBHeHNe KDPYTUJIBHBIX KOJIE€GAHWI ¢ yUETOM MMOJIyUeHHOTO pacIpe-
JIQJIEHHOTO MOMeHTa TpeHus (1) M BHEIIHEro pacupejeseHHOIO MOMEHTa
mo(z) cos(wt) 3anmmem B BUE:

9
0z

dp ot O  mpAd?

Oz ot? ot 16

{Gl(z)—} +pI(2) S2 4+ b(z) 22 4 T2 <%§)2 H(z —1) = mo(2) cos(wt).

(2)

rae H(z — l.p) — dynxmusa Xesucaiina.

my(z)cos (wi)

[

ul

i wactoTa, KT
(a) (b)

Puc. 1: (a) Cxema s3aumogeiictBus pabo4ero OKOHYAHUsI TOPCHOHHOIO
BOJIHOBO/IA-KOATICHTPATOpa ¢ Onosnorudeckoit Tkanpio, (b) AYMX pabGotero
OKOHYAHUS BOJHOBOIA B OKPECTHOCTH PE3OHAHCHOM HaCTOThHI

B pabore BBIMOHEH aHAJIM3 HEJTWHEHHOrO B3aWMOIEHCTBUS YALTPa-
3BYKOBBIX MEJUITMHCKAX WHCTPYMEHTOB C OHOJIOTMYIecKOil TKaHbio. Brise-
JIEHO HeJMHENHOe ypaBHEHWEe BBIHYKIEHHBIX KOJieOaHmii pabovuero OKOH-
vauusi TopcuoHHOTO Y 3MU. YwncieHHBIM WHTErpUpPOBAHWEM TIOJIYUEHA
AMIUTATYHO-9aCTOTHAS XaPAKTEPUCTUKA Pabd0Iero OKOHJAHUS CITOZKHOTO
TOPCHOHHOT'O BOJIHOBOJIA, COCTOSIIIETO U3 ITUJINHIPDUYECKOTO, KOHUYECKOTO
¥ 9KCIIOHEHITUAHHOTO yIaCTKOB.

JIuteparypa
1. Bymaes J.A., Kaamwxosa 3.A., ITodsuds JI.I., C6opHuk 3amav
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N3MEHEHUE ®OPMBbI TAYCCUNAHA ®YHKIIVN BPOCKA
NT'POBBIX KOCTEN HA IIPUMEPE UT'Pbl CATAN
K.C. Pa6os
ksriabov@edu.hse.ru

YIK 518.794

B crarbe paccmarpuBaercs mameHeHne (GopMbI rayccumaHa yHKIAN
Opocka WrpoBHIX KocTedl Ha mpuMepe mrpbl Catan. ABTOp aHasM3uU-
pyeT peasm3aruio QYHKINNA BHIOOPA CIYIANHOTO YHUCIA U3 33/ IaHHOTO
AVAIMO30Ha U COOTHOINCHUE IOJYYCHHBIX JAaHHBIX C DeaJIbHBIM JKCIIe-
pI/IMeHTOM.PGByJ'H)TaTbI uccjae10Banud MOryT 6I:>ITI) TIOJIE3HbI Ijid Pa3-
pabOTYMKOB M UT'POKOB HACTOJIBHBIX W'D, CTPEMSIIUXCS YIIYUIIATE Oa-
JIAHC U CIIe/1aTh Urpy 00jiee MHTEPECHOM U 3aXBATHIBAIOIIEH.

Karwwesnie caosa: MaTemaTnka, pyHknus laycca, HACTOIBHBIE DL
changing the shape of the gaussian dice roll function using
the example of the Catan game

The article discusses the change in the shape of the Gaussian of the
dice roll function using the example of the Catan game. The author
analyzes the implementation of the function of selecting a random
number from a given range and the ratio of the data obtained with a
real experiment.The results of the study may be useful for developers
and board game players seeking to improve balance and make the
game more interesting and exciting.

Keywords: mathematics, Gauss function, board games

WN3menenne Gpopmer rayccnana GyHKIIE 6POCKA UTPOBBIX KOCTEL - 3TO OJTHA,
W3 BaYKHBIX KOHIIEIIUH, KOTOPas MOYXKeT MOBJIUATH Ha Pe3yJIbTaThl UTPhI U
crpareruio B urpe "Catan". "Catan 310 crparerndeckasi HACTOIbHAS UTPA,
KOTOpasi BKJIIOYaeT B cebsl 3JIeMEHThl yIIPABJIEHUs PECYyPCaMu, TOPrOBJIU U
MOCEIEHYECTBa HA BBIMBIILJIEHHOM OCTPOBE.

Urposbie koctu B "Catan"gaBagiorca KIiOYeBbIM MEXaHH3MOM, OIpe-
JEJISIONUM KOJIMYECTBO U THIL PECYPCOB, KOTOPBIE UI'POKHU IIOJIyYalOT Ha,
Kaxk oM xoay. OOBIYHO B KaXKIOM X0y UIPOKK GpPOCAIOT [Be MIeCTUrPAH-
HBIE KOCTH, PE3YJIbTAThl KOTOPBIX ONPEEAI0T, KAKUE PECypChl OyayT mo-
JIyYEHBbI.

Opnako opma rayccuana (QyHKIMU GPOCKa UTPOBBIX KOCTEH O3HAYIA-
€T, YTO HEKOTOPBIE YHUCIA UMEIOT 60J1ee BHICOKYIO BEPOATHOCTD BBITIAICHUS,
dem apyrue. Hanpumep, gucsio 7 umeer caMyo BbICOKYIO BEPOsITHOCTD BbI-
naIeHust Ipy 6POCKe IBYX [MIECTUTPAHHBIX KOCTEH, UTO NeJIaeT ero 0COGEeHHO
BayKHBIM JIJIsI UTPOKOB.

Pabor Kupunn Cepreesud, crynent marucrpatrypsl HUY BIIID - Huxuuit Horro-
pox, (Huxrnit Hosropox, Poccus); Kirill Ryabov (Higher School of Economics, Nizhniy
Novgorod, Russia)
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N3yuenne n moHnMamue n3MeHeHust (GpopMbl rayccrana dbyHKInn 6poc-
Ka UIPOBBIX KOCTEH MOXKEeT IOMOYb UI'POKAM JIYHIIe PACIPEeIeIATh CBOU pe-
CYDCBI, TIPE/ICKA3bIBATH BEPOATHOCTH MOJIyYeHNs HYKHBIX PECYPCOB M pa3-
pabareiBaTh 60see 3P PEKTUBHYIO CTPATETHIO IJIsT JOCTUKEHUST TTO0EIBI B
urpe.

B nmanmoit ctaThe MBI PACCMOTPUM HPUMEPHI rayccuana GyHkmmm 6poc-
Ka urpoBbeIx Kocteit B urpe "Catan'u o6cynmmM, Kakue CTpATerny u TAKTUKYI
MOT'YT OBITH HCIIOJB30BAHBI NTPOKAMH, ITOOBI UCIIOJIH30BATH 9TO 3HAHUE B
cBOIO 1OJIB3y. MbI Takke 0OCYIMM Ba:KHOCTb IOHUMAHHUS W IIPUMEHEHUS
KOHIIETIIINN M3MeHeHus1 (HOPMBI TrayccuaHa (pyHKIHMN GPOCKA MIPOBBIX KO-
creil A7 co3manus 6oJiee YCIENIHBIX UTPOBLIX crpareruit B urpe "Catan".
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PEIIIEHUE N30NNEPUMETPUYECKON SAJAYNM! OJIA
HEBBIIIYKJIO OBOJIOYKN
E.A. CaBBuna
lena.savvina09@mail.ru

VIIK 514.8
ITomy<ueHO WACTHOE DEIICHHWe N30MePUMETPUIeCKON 3aadu [jIf II0-
JBUKHON TPAHUITHL ABYX Cpesl. B kagecTBe DU3MIECKOTO aHAIOTA 3a-
aum BeIOpaHA TOHKAs IJIEHKA XKUJAKOCTH, IPAHUIEI KOTOPOH C BO3Ly-
XOM 00pa30BaHbl 'HOKOM HUTHIO KOHEYHOM JJINHBL, CBOGOIHO ornbaio-
el BEPITUHBL TPOU3BOJIBHOTO HEBBIITYKJIOTO MHOTOYTOJIBHAKA.

Karwwyesnie caosa: m3onepuMeTpuieckas 334ava, TPAHUIEI CPEJl, HEBbI-
myKJIasi 000JI0UKA.
Solution of the isoperimetric problem for a non-convex hull

A particular solution of the isoperimetric problem for a moving bound-
ary of two media is obtained. A thin film of liquid is chosen as a
physical analogue of the problem, the boundaries of which with air
are formed by a flexible thread of finite length, freely enveloping the
vertices of an arbitrary non-convex polygon.

Keywords: isoperimetric problem, boundaries of media, non-convex
hull.

PaccmorpuMm rpanuity AByX IOABUAKHBIX CPEJl, HALIPUMED, TOHKOM KU/
KO IUIEHKH U ra3a, 00pa30BaHHOM HUTHIO OIPAHUYIEHHON IJINHBL, CBODOI-
HO ormbaromieii BePIIMHLL @i, i = 1,7n, TPOM3BOJLHOTO HEBHITYKJIOTO -
YTOJIBHUKA.

CrpeMyeHne MAEHKN TPUHATH KOH(PUTYPAIUIO ¢ HAMMEHBITEH MOBEPX-
HOCTBIO (ITO COOTBETCTBYET MAHUMYMY MTOBEPXHOCTHOH smHepruwm [1,2] mpn-
BOAUT K (DOPMUPOBAHHIO €€ I'DAHUIl, MMEIOIINX B COOTBETCTBHH OOIAM
pellleHreM u30LepuUMeTpudeckoil 3amaun [3,4] dbopmysn ayr mi,...,my
OKPYKHOCTEN ¢ HEKOTOpBIME pajmycamu Ri,..., R, u meaTtpamm B TO4-
kax O1,...,0y,.

CraBurbcs 3a7atda AHAIUTUIECKOTO TO0KA3aTEIbCTBA PABEHCTB Ry =
Ry, ..., Ri = R,, BBIIOJHAMOIMAXCSA TPH MIPOUIBOJBHBIX JIUHAX b1, ..., by
CTOPOH HEBBIILYKJIOI'0 MHOIOYTOJIbHUKA.

Beeném obo3mauenns: P — miomaas n-yroabHuKa; S — IUIONA,Ib LIEH-
ku; P; — mwromanb cermenta, 00pa30BaHHOTO XOPmAOit ¢; m mayroit m;; ¢; —
yroa cexkropa O;mg; A, — AMUHA Iy M.

W3 reomerpuvueckux n300parkeHUH TTOIYIUM BBIPAXKEHUS /I BBEIEH-
HBIX BEJIMIWH:

CapBuna Enena Wropesna, cryment, BI'TY (Boponex, Poccus); Elena Savvina
(Voronezh State Technical University, Voronezh, Russia)
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4

Ri(¢pi) = ———;
(60) 2sin(%)
B2 RZsin ¢,
Pin T = Pt~ RO

ChopmympyeM 3a/1a9y MTONCKA MUHUMYMA, TLTOTIATN TITEHKN:

n
S=P-> P, —min. (1)
1=0
[Mockospbky KOHpUrypanmsi TUIEHKW OrpAaHWYEHa 33JaHHBIMU 1-
yroJbHUKOM ¢ P = const, u HuThi0 gauuO DD = const, TO perraeMyro
3a/1a41y IIOCTAaBHM B BHU/E€ 3a/1a91 MATEMATUYIECKOTO IIPOTrpaMMHUPOBaHUA C
OTrpaHUYeHUEeM DPAaBEHCTBOM:

i P; — max, i Am, = D. (2)
i=0 i=0

Jns  aHasurudaeckoro pemenus 3agaun  (2) cocraBuM  (hyHKIUIO
Jlarpamxa:

n n
L((;Sl,...,qﬁn,oe):ZPi+a(D—ZAmi)—>max. (3)
i=0 i=0
Pemenne ypaBHeHHi, COCTABIAIONNX HEOOXOAMMOE YCIOBHE [T BbI-
nosaeHnst (3)

VL($1,..cbn, ) =0 (4)
JIA8T ICKOMYI0 KOH(UIYPAIUIO TIOABIIKHON CPebL:
¢; = arctg b (5)
' Vaa? — 2’
Ri(¢i) = o (6)
D
o0==m—, t=1,n. (7)

n )
27;:0 ¢z
3aMeTHM, UTO TIOIyHUeHHOe pelleHie CIpaBesauso mpa 4o’ > 7 | T e.:
L;

Ri>§,

1 HE€ 3aBHCHUT OT AJIHWHBbI HUTU D.
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NCCJIEJOBAHUE TIPOITECCA TEIIJIOITEPE/ITAYU B
CTEKJIOITAKETAX C NCIIOJIbBOBAHUVEM
MATEMATUYECKOTO 1 KOMITBIOTEPHOTO
MOJEJINPOBAHUS
II.A. ComoBa, E./. I'ypuna
polina.somova0l@yandex.ru, elena.gyrina@mail.tsu.ru

VIK 519.6, 532

B nacrodmeil paboTe paccMarpuBaercd aKTyaJIbHAA 330398 MOIEJIU-
POBAHUS TEIVIOBBIX OTEPh B COCTABHON KOHCTPYKIINK TEILION30JISIIIH-
OHHOTO OKHa C HATIOJTHEHNeM MeYKCTEeKOJIbHOTO TPOCTPAHCTRA OJTHOKA-
MEpHOI'0 U JBYXKaMePHOr0 CTEKJIOIMAKETOB OCYIIEHHBIM BO3IYXOM.

Karouesnie ca06a: ypaBHEHNE TeIJIOMIPOBOIHOCTH, MMUTAIIMOHHOE MO-
IemmpoBaHue, MeTon KoHeuHblx pasHocteil, ANSYS Fluent, omroka-
MEPHBIE CTEKJIONAKETHI, JBYXKaMepHbIEe CTEK/IOMAaKeTh, I PoBas MO-

JIEJTh.
Study of the heat transfer process in double-glazed windows

using mathematical and computer modeling

The actual problem of modeling heat losses in the composite structure
of a heat-insulating window with filling the interstitial space of single-
glazed and double-glazed windows with dried air is considered in this
paper.

Keywords: the equation of thermal conductivity, simulation modeling,
finite difference method, Ansys Fluent, double-glazed windows, digital
model.

BBeAeHI/Ie- B cBere mocrostHHOTO Pa3BUTHUA HOBBIX CTPOUTE/JIBHBIX Ma-
TEPHUAJIOB W TEXHOJIOTWI, NCCIeNOBAHNA 3aKOHOMEPHOCTEH TEIIONePeHoca
" TIOBBIIIIEHUE 3Hepr03(1)(1)eKTI/IBHOCTI/I 3,[(&HHI>'I CTAHOBATCA TPUOPUTETHBIMUA
3a/a9aMy COBPEMEHHOIO CTPOUTEIbCTBa [1].

®dusnyeckas MOCTAHOBKA 33Jlauu. B pafore aHamM3MpyeTcs pac-
[IPOCTPAHEHWE TEIIA B COCTABHOM KOHCTPYKITHMH TEILJIOU30JIAIMOHHOIO OK-
Ha, B HapYYKHOW M BHYTPeHHEH CTBOPKAaX KOTOPOTO YCTAHOBJIEHBI OTHOKA-
MEpPHBIN ¥ JBYXKAMEPHBIH CTEKJIOMAKeThl. BendnHa BO3IYIIHOTO IIPOMe-
XKyTKa Mexk Ay crekionakeramu - 200 mm. Ha nepsom aTane momenuposaics
TIPOIIECC PACTIPOCTPAHEHWsT TeTIa BHYTpH OmHOKamepHOoro (4M1-16-4M1)
u nByxkameproro (4M1-14-4M1-14-4M1) cTek/IOmaKeTOB ¢ HALOJIHEHUEM
MEZKCTEKOJIBHOTO TIPOCTPAHCTBA OCYIEHHbIM Bo3myxoM (Puc.1).

Comosa Ilosmna Amaronbesna, acmmpant, MM® TT'V (Tomck, Poccus); Polina
Somova (Tomsk State University, Tomsk, Russia)

T'ypura Emena Wsanosra, k.Q.-M.H., gomertr, MM® TT'Y (Tomck, Poccus); Elena
Gurina (Tomsk State University, Tomsk, Russia)
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4M1-14-4M1-14-4M1

e W .

AVCTAHILMOHHAAR gm\j ANCTAHLNOHHAR

PAMKA PAMKA

Prc. 1: ®usnuaeckas nmocranoBKa JATATH JIJTA JIBYXKAMEPHOTO) CTEKJIOIAKETA

C MaTEMATUYIECCKUMU ITOCTAaHOBKAMH 3a/1a4 A4 OTHOKaMEPHOTO U ABYX-
KaMepHOTO CTEKJIOMAKETOB MOXKHO IOIPOOHO o3HakoMuThest B [2, 3]. Ha
TPEeTheM 3Talle IIPOBOIUIOCH MOAEJIHPOBAHME IIPOIECCa PACIPOCTPAHEHUS
TeIJIa BHYTPH BCEHM COCTABHOM KOHCTPYKITUN TEIJIOU3OJIAIITMOHHOTO OKHAa
o ¢popmymne ocrekyuenns 4M1-16-4M1-200-4M1-14-4M1-14-4M1. Hucmen-
HOE MOIEeIHPOBAHHUE PACIPOCTPAHEHNd TeIIa B JeBATHCIOMHON IIacTHHE
(1 cnoit - crexso, 2 CI0H - OCYIIEHHBIN BO3MYX, 3 CJIOH - CTEKJIO, 4 CJIoi -
OCYTIEHHBIN BO3YX, D CJIOI - CTEKJIO, 6 CJIOH - OCYTIEeHHBIH BO3YX, 7 CJIOH
- CTEKJIO, 8 CJI0H - OCYIEHHBIH BO3MyX, 9 CJIOi - CTEKJIO) MPOBOIMIOCH C
TIOMOTITHIO MEeTO[a, KOHETHBIX PAa3HOCTEIl HA OCHOBE SBHOU PA3HOCTHOI cXxe-
MBI ¢ JaJIbHENIIel 9uCcjIeHHoNM peaan3anyeil Ha A3bIKe MPOTPAMMUPOBAHNS
C++ u ¢ TOMOIIBIO TAKETa BBIUUCIUTEIbHON ruaporazomuanamuku ANSYS
Fluent. Tommusa KaK10T0 U3 CI0EB KOHCTPYKITUN CTEKJIOTAKETA TIPUHSITA
caenyromeit: 1 cioit - 0.004 M.; 2 cmoit - 0.016 M. 3 caoit - 0.004 m.; 4 croit
- 0.2 m.; 5 cmoit - 0.004 m.; 6 cmoit - 0.014 Mm.; 7 cyoit - 0.004 m.; 8 cyi0it -
0.014 m.; 9 cmoit - 0.004 M.

MaremaTudecKasi IIOCTAHOBKA 3aJa4u. B mepsoM npubamkeHun
K aHaJIN3y TEIIOIIEpeIain B COCTaBHOM KOHCTPYKIIMU OKHA HE YyIUTbIBAIOT-
Cd TeIJIONIOTEPH 33 CYET KOHBEKITHN:

or;

0*T;  O°T;
PiC = )\1( 02 + Tyz

Pi at

),Li-1 <z < L;,0<y<H;iel,9,

rme Lo = 0,Lg = L = 264 mm - obmas mupnHaa KOHCTpyKinu, H = 1470
MM - BBICOTa KOHCTDYKIWH, A1 = A3 = As = A7 = Ag = 1,15 (Br/M -°C);
p1 = ps = ps = pr = py = 2560 (xv/m °); Cpy = Cpy = Cps = Cp; =
Cpy = 670 (Ox/kr -°C) — mapamerpsl crekiaa mMapku MI1; o = Ay =
Xe = As = 0,0257 (Bt/m-°C); p2 = ps = ps = ps = 1,186 (xr/m 3);
Cpy, = Cp, = Cpy = Cpy = 1005 (Hx/kr -°C')— mapaMmerpsl OCyILIEHHOTO
BO3JLyXa.
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B mawanbHBIN MOMEHT BpeMEHM B KaKJIOi TOYKe PACUYETHOrO JIOMEHa
IPUHUMAETCH 3HaUeHne TeMIIepaTypHl 1o = 25° C. Ha nieBoii n npaBoii rpa-
HUIIAX paccMarpuBaercs rpanmvsoe yciaosue 111 poma. I'pammynsie ycmo-
Bug IV poma peficTBYIOT B 30HaX KOHTAKTOB CTEKJIa U MEKCTEKOJILHOTO
mpocrpancTsa [4].

PesyabpraThl YHCIIEHHOTO MOJEJIMPOBAaHUA W Bepudukamus.
Bepudukanys mosy4eHHBIX 9UCIEHHBIX Pe3ynbraToB Ha C-++ Ha OCHOBe
MeTOHa KOHEYHBIX PA3HOCTEH ¢ MCIOJb30BAaHWEM ABHONW PAa3HOCTHOM CXe-
MBI IIPOBOJUIACH C JAHHBIMU, [IOJIYICHHBIMHA B PE3YJIbTaTe KOMIIBIOTEPHO-
T'0 MOZEJMPOBAHUSI [IPOIECCA TEIIONEPETaui B KOHCTPYKIUH TEIION30JIs-
nporHOro okHa B makere ANSYS Fluent. s omeHkY Teriodu3nIecKux
CBOMICTB ONHOKAMEPHOI'O M JBYXKaMEPHOI'O CTEKJIONAKeTOB B pabore ObI-
JIa UCIOJIF30BaHa TUIIOTeTHYECKasd MOEIb, B KOTOPO# CTEKI0HAKeTh! ObLIH
YCTAHOBJIEHBI MeXK, Ty HeOOJIBIION KOMHATOH U IOMeleHreM GO/IbITero pas-
Mepa.
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O ITIPUMEHEHUU TSP-PACIIPEJAEJIEHUA I1PU
AHAJIM3E MHOTOKPATHHBIX HEPABHOTOYHBIX
PE3VJIBTATOB NU3MEPEHUI
A.B. CrenanoB, A.I'. YyHoBKIHA
stepanovl17@yandex.ru, annchunl3@gmail.com

YIK 519.25, 520.88

W3yten Bonpoc 0 BAMSHAN 32KOHA PACIPEIEICHIS HA CTATUCTUIECKHE
KPUTEPUHU MIPOBEPKH TOYHOCTH PE3YJIHTATOB HEPABHOTOYHBIX M3MeEpe-
uwuit. [losy4deHbl OIEHKM MaKCHMAJBLHOTO TPABIONOA00Us A mapa-
MeTpa IIOJI0XKEHUs HA OCHOBE BHIOODKHU HEPABHOTOYHBIX JAHHBIX, PAaC-
[PeIESICHHBIX 10 3aK0oHaM u3 cemeticrBa TSP. Brimonneno comocras-
JIEHIE C OIEHKAMH, [IOJIYIeHHBIMY B IIPEIIIOIOKEHNN 0 HOPMAJIHHOCTH
3aKOHOB PaCIpeIeIeHuA.

Karowesvie cA06a: CTATUCTUYECKOE MOIEINPOBAHNE, PACIpeIe/eHne
CIIyYIATHOM BEJIMIWHBI, HEOIPEAeIeHHOCTh W3MEPEHNUsI, METOT MAKCH-
MaJIbHOrO mpasaornoaobus, meron Moure-Kapo.

On the use of the TSP distribution in the analysis of multiple
heterogeneous measurement results

The question of the influence of the distribution law on the statisti-
cal criteria for checking the accuracy of the results of heterogeneous
measurements has been studied. Maximum likelihood estimates for
the location parameter are obtained for data distributed according to
laws from the TSP family. A comparison was made with estimates
obtained under the assumption of normal distribution laws.

Keywords: statistical modeling, random variable distribution, mea-
surement uncertainty, maximum likelihood, Monte Carlo method.

CranmapTHBIE TPOTEIYPHI 0OPaGOTKM PEe3yJbTATOB MHOTOKPATHBIX
HEPABHOTOYHBIX M3MepeHuil (Hanpumep, pe3ysapTaToB camdennit [1]) npes-
TOJIATAIOT HOPMAJbHOCTL 3aKOHOB WX pacupenenenud. OTeHKa m3Mepse-
MO BE/IMYMHBI IIPH 3TOM BBIMHC/IAETCA KaK CPeJIHEB3BEIIeHHOe 3HaYeHHe,
¢ BecaMu, 0OPATHO IIPOIOPIMOHAILHBIMU KBaJpaTaM HEeOIpee/1eHHoCTei
n3Mepennii. Kpurepuil moaTBepxK IeHUS TOTHOCTH KasKI0TO PE3yIbTATA, OC-
HOBaH Ha HEIPEBLINIEHHH OTK/JIOHEHHEeM KasKIO0TO pe3ybTaTa OT OIEHKHU

Crenanos Anekcamngp Baagmmuposud, x.¢.-m.H., Beg.n.c., BHUMM um. .M. Men-
neneeBa (Canxr-Ilerep6ypr, Poccus); Aleksandr Stepanov (D.I. Mendeleev Institute for
Metrology (VNIIM), Saint Petersburg, Russia)

Yynoskuua Amna I'ypresra, 4.1T.H., npodeccop, I'VAII (Canxr-IlerepBypr, Poccus);
Anna Chunovkina (Saint Petersburg State University of Aerospace Instrumentation,
Russia)
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I/I3MepﬂeMOI‘/JI BEJIMYUHBI, OTHECEHHBIM K €ro HEOTPEeIeJICHHOCTU, COOTBET-
CTBYIOIIECTO KPUTUYIECCKOT'O 3HAYCHUA (HOJ'Iy‘-IeHHOI‘O, KaK IIpaBUJI0, B IIPDEI-
TIIOJIO2KEHUHU O HOPMaJIbHOCTH SHKOHH).

B pabore paccMoTpeH BOTPOC 00 OTKJIOHEHWH (OT 3a7aHHOTO YPOBHS
JIOBEPHsA) BEPOATHOCTEH TIOITBEPKACHUS 3aABICHHBIX HEOTPEIETCHHOCTEH
[0 CTaHJAPTHON MPOIEAype, KOT/Ia PacIpe/ieseHue U3MepseMOi BeIndu-
HbI JJId OJHOTO U 60J1ee H3MepeHHfI OTJINYHO OT HOPMaJILHOTO. B Ka4dyeCcTBe
MOJIE/IBHOTO PACIPEE/IeHNs JJIs HUX PACCMOTDEHO JIBYCTOPOHHEE CTEleH-
noe (TSP) pacupenenenue [2] (cuMMeTpudHBIi 1 ACHMMETPUYHBIN CILydan).
Ouenka mpoBogmiach Metomom MouTe-Kapio ajis pasivudHbIX 3HAYEHUHR
napaMeTpPOB MOJENBHBIX pacCIpefesieHn, 9ucia W3MepeHHil M COOTHOIIIe-
HUll ux BecoB. Ecim oT/imyme 0T HOPMaJIbHOTO 3aKOHA, PACIPEIE/IeHUS TIPE/I-
ToJIaraeTCd JIUINL JOJId OJHOTO U3MEpPeHUdA, TO OTKJIOHEHUA YKa3aHHBIX Be-
POSITHOCTEH OTHOCHUTEJIbHO HEBEJIMKHY; T€M He MeHee, paclpee/ieHue 3Haue-
HUli OIIEHKW M3MEPSEMOl BEJTMYUHBI MOXKeT ObITh (B CJIydae acCMMMETPhd-
HOTO MOgeabHOro T'SP-pacnpesenenns) 3aMeTHO ACMMMETPAIHBIM. B 3TOM
CIydae MOYKeT OKa3aThCsl IeJeCO0ODPa3HbIM MEePEeHTH K HOCTPOEHHUIO ACHM-
METPUIHOTO WHTEPBAJA OXBaTa KaK Mepbl PACHIMPEHHON HeOompeaeaeHHO-
¢t u3Mepsiemoro 3Hauenusi. Ilo anasoruu ¢ paboroit [3], usy4en Bompoc o
BJIUSTHUN BBIOPOCOB.

Bo Bropoit wactu paboThl MCCIEAYIOTCST CBOMCTBA OIEHOK MaKCHUMAaJIh-
HOTO TIPABIOIOIO0MS [IJIsT HEPABHOTOYHBEIX PE3YJIBTATOB M3MEPEHMl, nMe-
omux pacipenenenns u3 cemeiictsa 1TSP. Ilokaszano, B wacTHOCTH, 9TO
pe3yabTUpPYIONIee PacIpese/eHne OIEHKH, IIOJIy9YeHHOEe IIPHU 3TOM, MOXKET
WMEeTh MEHBIIYIO JUCTIEPCUIO, YeM PACIIPEIeIeHre, TIOJyIYeHHOe TP TTOMO-
¥ CTAHAAPTHOM MPOIe Ay phl. Peaim30BaHO COOTBECTBYIOIIEE IPOIPAMMHOE
obecrrevuenne.
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AJITOPUTM YUCJIEHHOTO MOJEJINPOBAHUSA
PACIIPOCTPAHEHN Y BOJIH B CPEJIE, OIIMCBIBAEMO
JPOBHO-/IN®O®EPEHIIVIAJIBHON MO/JIEJIBIO 3UHEPA
M.®. Cyaranos, C.FO. Jlykarmyk
sultanov.murat.far@gmail.com, Isu@ugatu.su

VIAK 517.958

Ha ocuoBe gapobHo-muddepenuabHOro 0600meHus peoIornIecKoi
Momenu 3WHepa 3aMUCHLIBAETCS CHUCTEMa YPABHEHWH IBUKEHUS W30-
TPOIHOMN BA3KOYIIPYTOH Cpepl ¢ TamMaThio. lIpemtaraercs adbdexkTus-
HBIH aJICOPUTM €€ YUCJIEHHOIO PElIeHUs, BEIYUC/IUTE/IbHAS CII0KHOCTD
KOTOPOT'O He BO3PACTAET € YBeJUTIeHHEeM HOMepPa BPEeMEHHOTO CJIOS.

Karoueswie caosa: npobHAs TPON3BOIHAS, BOTHOBOM IIPOTIECC, IUCTIEH-
HBIA aJATOPUATM.

A numerical algorithm for wave propagation simulation in a
medium modeled by fractional Zener’s law

We present the equations of motion for a viscoelastic medium with
memory obtained based on a time-fractional generalization of Zener’s
rheological model. An efficient numerical algorithm is proposed for
solving this system. The computational cost of the algorithm does
not increase with modeling time.

Keywords: fractional derivative, wave process, numerical algorithm.

Pabora nocesmena pa3paborke 3(pHeKTUBHOIO aJropuT™Ma IUCIEHHOTO
MOJIEJIMPOBAHUS BOJIHOBBIX IIPOLIECCOB B BA3KOYIIPYIO# CpeJie ¢ HaMAThIO,
oICBIBaeMolt 1pobHo-ud depennuanbHol Monenbo 3uHepa [1]:

§ D loig] + 7w 0ij = 6ij [1 72 — 2u7=] § Di*[enr]+ Q)

120225 D [ei5] + 0i; T2 enk + 2p €.

3neck 04;(t) m €;;(t) — Tensopel HampsixkeHus u gedOPMALUU, T, Tp, Ts
— BpeMeHa peslaKcaIyii HanpsKenns u medopmarnmit (TOI0KUTETHHEIE To-
CTOAHHBIE), (I — MOJIY/Ib CABUTA, T — OOHEMHBIH MOTYTh,

C o _ 1 ¢ f(T)
SO0 = ey |

— npobras npoussonHas lepacumosa—KanyTo [2] mopsinka o € (0,1) mo
BPEMEHHOU IIepeMeHHOI t.

Cynramos Mypar ®@apmroemu; Murat Sultanov (Ufa University of Science and
Technology, Ufa, Russia)

Jykamyk Crammcnae IOpeeswd, m.d.-m.H., mpodeccop, YVHuT (YVda, Poccus);
Stanislav Lukashchuk (Ufa University of Science and Technology, Ufa, Russia)
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Ha ocuose (1) sammcwiBaercss mosHast cucreMa auddepeHImaIbHbIX
YPaBHEHMIA, ONMCHIBAIONAA PACIIPOCTPAHCHHE BOJIH B JIAHEHHON BA3ZKOYIIPY-
roit m30TpornHol cpege ¢ mamMaTbio. CII0KHOCTH €e YUCJEHHOTO DPelleHUs
00yCIIOBIeHa, HAIUYINEM APOOHBIX MPOM3BOIHBIX, KJIACCUYIECKNE ATTPOKCH-
Malyu KOTOPBIX TPeBYIOT XpaHeHNe PelleHus] Ha BCEeX BPEMEHHBIX CJI0sX [2].
B Pe3yabTaTe CKOPOCTh PACYETOB CYIMIECTBEHHO 3aMEIIAeTCA C YBEJINICHU-
€M HOMepa BPEMEHHOT0 cJjIos1. st penreHnst 3Toi mpobeMbl MpeIaraeTcs
ucosb3oBarh GbicTpyio L1 cxemy [3], koTopas mompasyMeBaer XpaHeHHe
perrennst Ha GUKCUPOBAHHBIX Negp BPEMEHHBIX IIArax.

Ha tekymiem BpeMeHHOM cjioe t = t,, BBITIOJHSETCS JTEKOMTIO3UITHS

(?D?f(tn) = Cl(tn) + Ch(tn)7
e JIOKaJIbHAs YacTh annpokcumupyercs L1 cxemoit [2]

L[ P g L ft) = f(te)
Ci(tn) r(l—a)/t oo~ B TG-a)

n—1

rae At — mar mo BpeMeHH, a BAMSHUE MaMATH PACCUUTBIBAETCS 10 (popMyIie

L e,
On{tn) r(1fa)/0 (s ® 7

SO S {5 B (YR O / =% ()
I'(l—a) | Ate to —~ ")y ’

TJIe S;, W; — MAaPaMeTPhl AJTOPUTMA.
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O MOJIEJII CO CBOBO/JIHO I'PAHUIIEN
SKOSMUJAEMUOJIOTUYECKNX B3AUMOJIENCTBUI C
BMEITATEJIbBCTBOM XUINTHNKOB 1 THOEKIINAMUN

J.0O. Takhirov , B.B. Anvarjonov
@prof.takhirov@yahoo.com, @bunyodbek.anvarjonov@bk.ru

YIK 517.956

Kparkas apaoranmsa.lccaeayercsa nuaavMuka Moenn co CBOOOTHOM
TPaHUIEH XUIHUK-KEePTBA ¢ G0/IE3HBIO B MOMYJISINN KEPTBEI U TEM-
IIOM POCTa JK€PTBBI, CHUKEHHBIM CTPAXOM Iepe]] XUIMHUKOM. Jloka3a-
HO CYII[ECTBOBAHHE, EMHCTBEHHOCTD U OIEHKH TJI00AIbHOTO PElleHus,
a TakyKe I0BEIEHNe KOMIIOHEHTOB DENIeHNs M HEeM3BECTHON TDAHMIIBI
Ha OGOJIBIIMX BPEMEHHBIX MHTEepBaJjiax. Pe3ymbrarn! adekra crpaxa
JKePTBBI U [IOBE/ICHI HEM3BECTHON I'DAHUIBI 00eCIednBaiOT COCYIIe-
CTBOBaHHE XUIHUKOB U YKE€PTBEL.

Karowesnie caosa: Momennb, cBODOIHAST TPAHNIIA, ATIPUOPHBIE OIEHKM,
[OBEJIEHUE PEIIeHUs.

On a free boundary model of eco-epidemiological interactions
with predator intervention and infections

Abstract.The dynamics of a free-boundary predator-prey model with
a disease in the prey population and a prey growth rate, reduced fear of
the predator are investigated. The existence, uniqueness and estimates
of the global solution, as well as the behavior of the components of
the solution and the unknown boundary on large time intervals are
proven. The results of the effect of prey fear and the behavior of the
unknown boundary ensure the coexistence of predators and prey.

Keywords: model, free boundary, a priori estimates,solution behavior.

Introduction.

The dynamic relationship between predators and their prey is one of the
dominant topics in theoretical ecology due to its ubiquity and importance.
Predator-prey interactions are modified by various ecological factors. In
many well-known models, predators affect prey population density only
through direct killing. A new point of view is that the presence of predators

Taxupos 2Kozun Ocronosud, m.¢.-m.H., nmpodeccop, THCTUTYT MATEMATUKNI
AH PV3 (Tamgenr, Y36ekucran); Jozil Takhirov (Institute of Mathematics, Uzbekistan
Academy of Sciences, Tashkent, Uzbekistan)

AmnsapxxonoB Byuéabex Baxoguposmd, 6a3zoBas goxropantypa, UHCTUTYT MA-
TEMATUKU AH PVY3 (Tamxkent, Y36ekucran); Bunyodbek Anvarjonov (Institute of
Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan)
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can also change the behavior and physiological characteristics of prey to
some extent, affecting the prey population density, and its effect is even
greater than the effect of direct killing. The authors of [1] were the first
to introduce the fear factor F(k,w), which takes into account the cost
of defense against a predator due to fear, into the predator-prey system.
On the other hand, in the natural world, a species does not exist by
itself, and more and more studies show that competition for resources and
space between populations, as well as infectious diseases, affect population
growth.

Mathematical model.

In [2] an eco-epidemic ODE model of one predator and one prey with a
disease in the prey population is proposed, including a fear factor (F(k,w)
=1/(1 + kw)) for the predator, under certain assumptions. To investigate
the impact of spatial dynamics on this model, we extend it by including
spatially random diffusion and unknown boundaries that represent the
predator’s spread front

Ut :uerHﬁufdufbu(u+v)fﬁuv,t> 0,—l<z<l,
(V)Vt = Vgz + Buv — prw — dv,t > 0, -l <z <,

dz(w)wi = Wae + cpvw — pw, t > 0,g(t) < z < h(t),

t,x) =0,t >0,z ¢ (g(t) < = < h(t)),

Ug (t, —1) = ug(t,1) = va(t, —1) = v, (t,1) = 0,¢ > 0,

§(5) = —puwa(t,g(8)),t > 0,1 (£) = —Buw (t, h(D), £ > 0,

u(0,2) = uo(z),v(0,z) = vo(x), -l <z <,
(0,%) = wo(x), —ho < x < ho, h(O) = *g(O) =ho <.

g

where u(t,z),v(t,z) and w(t,z) are the density of the uninfected
(susceptible) prey, the infected prey and the predator, respectively.
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NIEHTUOUKAIINSI CTPYKTYPHI COIIMAJIBHOM CETU
B IN®P®Y3MOHHOM MO/IEJIN
M.A. Toacreix, physicisto@yandex.ru

VK 519.6:316.472.45

IIpegmaraercs Mo/1eb PACIpOCTpaHEHsT NHMOPMAIUN B COMUATBHBIX
ceTsix Ha OCHOBe (b y3MOHHBIX MPOIECCOB MEXAHWKH CILIOMIHBIX
cpen. Pemaercs TectoBast 3agava naeHTHGUKAIAN TPOCTPAHCTBEHHOM
GbyHKINN, ONUCHIBAIOMEH CTPYKTYDPY CETH B BIJE HAIIPABJIEHHOTO IPa-
da nosbzoBareseit. OurunManbHas uaeHTUMUKAIAS PEATU30BbIBAIACH
TPAMBIM 3KCTPEMAJIbHBIM TIOJIX0I0M. HpO}_'[eMOHCTpI/IpOBaHa BBICOKadA
TOYHOCTD WIEHTU(DUKAIINN.

Karouesvie cA066: MATEMATHIECKAsT MOETh, COIMAIbHBIE CETH, WICH-
Tud UKL

Identification of the social network structure in the diffusion
model

A model of information dissemination in social networks based on dif-
fusion processes of continuum mechanics is proposed. The test prob-
lem of identifying a spatial function describing the network structure in
the form of a directed graph of users is solved. Optimal identification
was implemented by a direct extreme approach. High identification
accuracy has been demonstrated.

Keywords: mathematical model, social networks, identification

CymectByeT 60JbIIOE PA3HOOOPA3NE MOMENEH pPaCIpPOCTPAHEHUS WH-
dopmarun B conmaabHBIX ceTsgX. OOBIYHO 3TO WA CTAIMOHAPHBIE
OPOCTPAHCTBEHHO-PACIIPE/IEIEHHBIE, WM IUHAMUYECKIE COCPEI0TOYUYEHHbIE
nponeccsl. B paGore [1] npegmaraercss naeHTHGUNMPOBATE JUHAMUIECKY IO
IIPOCTPAHCTBEHHO-PACIIPEIeIEHHY 0 MO Huddy3HoHHOM gorucTuku [2]
B 9aCTHBIX IIPOMU3BOJHBIX.

B macrosmeit pabote mpemiaraeTcss MOIU(PUKAITNS YKAZAHHON MOJIE/IH,
B IIPEIIOJIOKEHNN, JITO MOTOKYU MHMOPMAITUY B CETHX IIOIIUHAIOTCH (Hu3n-
decknM 3akoHaM guddy3un. Ilpu sToM mapameTpsl Moe mpuodpeTaT
TTOHATHYIO CMBIC/IOBYIO U KOJIUYIECTBCHHYIO OIICHKY. A UMEHHO: TIPOIIYyCKHad
CIOCOGHOCTD (CTPYKTYPa) COMAANBHOMN ceTr (h — KOJMIECTBO TOIh30BaTe-
sieit B rpade cern); nonysapuaocTs nadopmanmn (p — ckopocts auddy3un
mHOOPMAINH ) ; AKTABHOCTD TO/Tb30BATEEH (T — W3MEHEHne IOTOKA HH(DOP-
Maryn).

VccnemoBanne BBIMOJHEHO MpU (DUHAHCOBOM moaaepkke A30B0-UepHOMOPCKOrO Ma-
remarudeckoro nenrpa (Cornamenue or 29.02.2024 Ne 075-02-2024-1446).

Toncreix Maprapura Amarossesna, acnupant, Joul'Y (Hdomenk, Poccus); Tolstykh
Margarita (Donetsk State University, Donetsk, Russia)
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JIucKpeTHBIE TIPOTIECCH B CETH ANMMPOKCUMUDYIOTCS (DU3HMIECKUMHU TTPO-
[ECCAMU MEXAHUKU CILIONIHBIX Cpel. 110CPeCcTBOM MPSAMOro 3KCTPEMAJIb-
HOTO moAxoma [3] pemaercs TecToBas 3a7a49a WACHTH(MUKANIMK PaCIIpese-
séuHoi GyHKIWY h(Z) TPAJUEHTHBIM METOIOM.

[Ipenmaraemast MOIETh COCTOSHUS TTOTOKA, WHQPOPMAITH U B CETU OIIH-
CBIBAETCH MAaPabOTMIecKuM ypaBHEHREM

v 9%

o Por2
rJe & — 3TO PACCTOSHME OT IePBOMCTOYHMKA HOBOCTHU B rpade ceTu, n3me-
pAeMoe MUHMMAJIbHBIM HAOOPOM PEGEP, IT0 KOTOPHIM MOXKET OBITH IepeIaHa
nadopManys, HAIPUMED, B BUIE KOJWYIECTBA PEIOCTOB €IUHUTHON HOBO-
¢t v(z,t), BOSHUKIIEH B T, B MOMEHT tg, f — TaTa-dynxmma Xssucaiiia,
KOTOpas OTIMTHA, OT HYJIS, KOTJIA B TOUKE T € (Zq, Tp) B AH000€ BPEMS TIOAB-
JISETCSL IOCTATOYHO 3HauMMasi BeandnHa uadopmManmu v(z,t) > &, tae € —
nopor 3HaammocT. diaen r7hl (v — €) — BO3MOKHBIC BHENIHWE MCTOIHUKHA

*Th@(’t}*f:‘):o, x,tEQ:(ma,xb) X (t(),t1),

uHGOPMAITUH.

®yukuuu 7(t), ¥ 9UCI0 P CUUTAIOTCS U3BECTHBHIMM B JAaHHOR pabore.
Heobxomumo nneatudrmmposarsh ontrMmanbayio dbyakmmo h(z). Eé memo-
YUCJIEHHOE [IPE/ICTABICHHUE HA TEJI0YUCIEHHOM PACCTOSHUN T, MOXKET JATh
JIOCTOBEPHYIO CTPYKTYPY HANPABIEHHOTO (M3 MCTOYHWKA HOBOCTH) rpada
ceTn.

Kpurepnit kauecrBa naenTnduKaImy 33/1aBaIcCa OYHKITHOHAIOM

J(h) = // (v — ve)? dedt — min,

IJie Ve — SKCIEePUMEHTAILHO HabJII0jaeMast (TecToBast) HHQPOPMAIs B CETH.
Bour Hatinen rpagueHt

Zp
VJ = —/fr@(v —¢e)dz,

rae f — COnpsKEHHOE COCTOSIHUE, YIOBJIETBOPSAIONISEe yPABHEHMUIO!

7] 0?
—8—{ —pa—m]; —fhrd(v—e)+2(v—wve) =0,
rae 0(v — ) — menpra-dyakrma Jupaxa.
I'paauenTHsiil MeTox ajs npsiMoil Munuvmsanuu J(h):

W (z) = hF (z) — bE VT (hk;m> . k=0,1,...,

rje napaMerp wmara b® BHIGHPAJICS aJAIITHBHO [3]. Urepampm 3axkamansa-
mmcn ipu ||[RFHE — BF|| /||RF|| < 1070, Pemenue momyueno sa k = 475 nre-
pammit. Hafinenrnas dyukmus na rpaduke BU3yaabHO MOTHOCTHIO COBIIAIA
C TOYHBbIM 3HAYECHHUEM.
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TecrtoBast 3a7a9a MACHTUMUKAIIN PACIPEICTIEHHON TPOIMYCKHOMH CIIO-
cobHOCTH B IpemyoxKeHHON Momudurammn muddy3HoHHON MOmean Cco-
IMAJTBHON CEeTH TPOJEMOHCTPUPOBAJIa BO3MOXKHOCTD IPUMEHEHUs TIPIMO-
0 IKCTPEMAJIBHOTO MMOIXOMA JJIs JOCTATOYHO TOTHOTO BOCCTAHOBJICHIS
crpykTypsl cetu. Ha paccrosmmm xaxkmoro pebpa B rpade cerm, Korma
z =1,2,3,... Mbl uMeeM HAeHTUMUITNPOBAHHOE KOJINIECTBO TOJIH30BATE-

seit h(z).
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MOAEJINPOBAHUE ITPOIIECCA 3AJIUBKU "N
3ATBEPJAEBAHUA JIUTHIX 3ATOTOBOK
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VIK 538.91

Pa3paboTaHbl METOOUYIECKHe DPEKOMEHIAUM II0 HCIOIb30BAHMIIO
CHUCTEMBI KOMIBIOTEPDHOTO MOICIUPOBaHUA JIMTEHMHBIX IIpoIeccoB
«PoligonSofts> (CKM JIII «PoligonSoft»). IIposenen aHaIn3 BO3MOK-
HBIX MeCT 00pa3oBaHusa JeheKTOB YCAIOTHOTO XapaAKTepa Cpasy IocIe
HaHECEHUs NIPUIIYCKOB HA MEXaHMYIeCKyo 06paboTKy. YIaIocs COKpa-
TUTH BpEMsI Ha TPOEKTUPOBAHNE JINTHUKOBOM MUTAIONIEH CUCTEMBI, 3a
cdeT Homdopa MeCT MOABOIA MEeTajUla M MeCT YCTAHOBKM IpUOLLIei
IJI5 KOMIIEHCAaITU! yCaJ0YHBIX IIPONECCOB B TEIJIOBBIX Y3J1aX OTJIVUBKMU.
OrmpesiesieHsl 30HBI BO3MOXKHOTO 00pa3oBaHus 1edeKTOB yCa,I0THOTO
XapakTepa U UX IpeoOpa30BaHUe U PACIpeneIcHHe B TeJe OTIUBKH.
ITosy4aensr pexomenaIIm, TO3BOJISIONINE 00ECTIEIUTDH OTCY TCTBHUS J1e-
GeKTOB yCagouHOrO XapakTepa B Teje JUTOH 3arOTOBKU.

Karowesnie cA060: TOMOIOTUYIECKAsT OIITUMU3AIMS, JIUTHE [I0 BBIXKUATA-
eMBbIM MOZEIAM, ycamodnbie nedekTol, Momeanpoanne, PoligonSoft,
METO/1, KOHEYHBIX 3JIEMEHTOB.

Modeling of the electrical discharge machining process of ma-
terials based on the temperature problem

Methodological recommendations for the use of the computer model-
ing system for foundry processes <PoligonSoft> (CMS LP «Poligon-
Soft>) have been developed. An analysis of possible locations of
shrinkage defects formation immediately after applying allowances for
mechanical processing was carried out. The time for designing the
gating feed system was reduced by selecting metal supply locations

MarepuaJsibl HOJIYYeHbl B PAMKAX MPOrPaMMBI DA3BUTHUS NEPEIOBON MHKEHEPHOH MIKO-
Jbl «BpICIIas mKosa aBHAMOHHOrO Asuraresecrpoenuss [THUITY r. [Tepms (dbenepans-
Hbll poekT «Ilepe[oBble MHXKEHEPHBIE IIKOJIbL» ).

Ydbumckas Bacmnmca Anexceesna, cryment, ITHUIIY (Ilepms, Poccus); Vasilisa
Ufimskaja (Perm National Research Polytechnic University, Perm, Russia)

ITycroBanoe dmurpuit Oserosud, crapmuii npenogasaresns, ITHUITY (Ilepmsb, Poc-
cus); Dmitrij Pustovalov (Perm National Research Polytechnic University, Perm, Russia)

IlTapos Koucrantun Bnamumuposud, crapuuii npenoxasarens, ITHUITY (Ilepmsb,
Poccus); Konstantin Sharov (Perm National Research Polytechnic University, Perm,
Russia)

A6nsa3 Tumyp Pusoewmu, x.1.H., gonert, ITHUITY (Ilepms, Poccus); Timur Ablyaz
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and riser installation locations to compensate for shrinkage processes
in the casting heat units. The zones of possible formation of shrinkage
defects and their transformation and distribution in the casting body
are determined. Recommendations have been obtained to ensure the
absence of shrinkage defects in the body of the cast blank.

Keywords: topology optimization, investment casting, shrinkage de-
fects, modeling, PoligonSoft, finite element method.

CHuKeHre MeTaJUIOEMKOCTH JeTajieill aBUaCTPOEHHUs SABJIAETCH BaKHON
HAaYJIHO-TIPAKTUYIECKOH 3aaueil. CHU3UTH MaTepuaiOEMKOCTh, &, CIeI0Ba-
TEJTbHO, MACCy JeTaJjeil, moMoraeT Tonorpadpuieckas ontumusanms. OmgHa-
KO M3TOTOBJIEHUE TAKUX JeTAJIEH TPATUITNOHHBIMU METOITAMU N3-38 HECTAH-
JApTHBIX (GOPM M HU3KOU TEXHOJOTUIHOCTU SIBJISETCST CJIOKHOM 3asaxedl.
IlepcrreK TUBHBIM CYINTAETCS MOJIYUeHNs OIBITHBIX JINTHIX 3ar0TOBOK METO-
JIOM JTAThS IO BBIZKUTAEMBIM MOJEJISIM, N3TOTOBJIEHHBIM 110 TeXHOIOTHH 3d-
neuaru ¢porornosmMepHbMu cMosaMu [1, 2]. Takoi MeToz TO3BOJISeT TOJTY-
YUTH 3arOTOBKY 0€3 M3rOTOBJICHUS CJIOXKHON M JOPOTOCTOSINEH OCHACTKH
[3]. Tem He MeHee, HU3KAsl TEXHOJOIMYHOCTH BbI3bIBAET U IPObGIeMy obec-
MeYeHHUs] IOy YeHNs IJIOTHOM OT/IMBKY: HEOOXOAuMO 00eCednTh NUTAHME
BCEX TEILUIOBBIX y3JI0B, a TaKJKe IIPOJIMBAEMOCTb BCEX UacTell oTiuBKu. B
CBSI3HM C 3THM AKTYaJbHOMN sIBIASETCA 337aYa MOJIETUPOBAHUS IIPOIECCA 3a-
JINBKY U 33TBEDPIEBAHUS OTJINBKYU U OIEHKU BEPOSTHOCTH IIOJIYIEHUS JIe-
(dexToB yCcamodIHOro xapakrepa.

B manmoit pabore B KadecTBE ONBITHON T€TAJIM BHIOPAHO M3/E/IMe THUIIA,
KpoHIITeHH. /[aHHas 1eTasp yCTaHABIMBAETCS B XBOCTOBOM OTCEKe CaMOJIe-
Ta ¥ CJIy2KUT JJIs U3MEHEHHs IBUKEHUsS 0T KOMAHJHOIO OPraHa K MCIIOJIHU-
resibHOMY. CTernenb TOYHOCTH OBEPXHOCTEN U3e/niil JAHHOIO TUIA PABHA
7, TAKYI0 TOYHOCTH IOBEPXHOCTH MOYKHO IOJIyYHUTH IPU JIUTHE M0 BBIKU-
raeMbIM MozesisM. Marepuast 3aroroBku: tutaHoBbiil ciias BTHJI TOCT
19807-74. s MomenpOBaHUs IMPOIECCA 3AJTUBKUA H3E/THS MCIOIb30Ba-
smace nporpamma CKM JIIT «PoligonSofts.

Temneparypa 3amuBaemoro paciiasa 1760°C; remneparypa dpopmbr 900
°C; mapaMerp OXJIaxKJeHHsl CUCTEMbI: OXJIaxK/ieHus Ha Bo3ayxe npu 20°C;
ckopocts 3asmueku 0,6 M/c. Temnodusnaeckue mapaMerpsl 3a1UBaeMOr0O
Merasa Obm crerepupoBanbl BuyTpenuauM momxyiaem CKM JIIT Tosmron.
Ternodusnyeckne napamMmerpbl MaTepuasia (GOPMbI, IIPUHATHL «PA30Basi Ke-
pammdeckas dopmas. Pacdernsle mapaMerpbl OBYXMEpPHOH ITOBEPXHOCTH
CETKH I TIOCTIEYIONIEro (DOPMUPOBAHUS TETPATOHATHHON 00 bEMHOM CeT-
KU 33/IaBAJIMCh KaK TPEYTOJIbHUK C TPAHBIO 2 MM /IJIsI OTJINBKH, U TPEYTOJIb-
HUK C TPaHBIO 5 MM jist ¢opmbl. Jlasee MOXKHO IIepeXOIuThb K HAJIAIKe
IIPOTECCa ANHAMUIECKOM TPOBEPKE H3IE/TUs, 33aB HEKOTOPhIE YCIOBHUS.

IlepBbiM mIaroM BBISBIISIIACH 30HBI 0OPA30BAHUS YCATOIHBIX JePEKTOB
B TeJte 3aroToBKu. 1oy eHHbIe JaHHBIE T03BOJIHIIH OIIPEIEINTH [IEPBUTHOE
pacmonokenne TpUOLLIBHBIX YacTell. 3areM ObLIO MIPOBEIEHO BTOPUYHOE
MOZIESTMPOBAHNE 33TBEPEBAHUS OTJINBKH, KOTOPOE BBISBUJIO, YTO CHCTEMA
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NpuOBLIElt TIO3BO/INIa KOMIIEHCHPOBATh YCATOUHbIE HedeKThl 1 COKPATUTH
30HBI X BOSHUKHOBCHUS, HO HE IIO3BOJIN/Ia U3 IIOJTHOCTHIO BBIBECTU B IIPU-
O6p1u. Vlcxozst u3 MOyYeHHBIX JAHHBIX, OBLIO TIPHUHATO PEIIeHne JI0IO0J-
HUTH CUCTEMY TIpMOBLIEeH Ha MecTax 0o0pa3oBaHus 1e(EKTOB YCATOTHOTO
xapakTepa. ITo pesysbraraM MomemMpoBanus ne@eKTHl YCAJ0UHOIO XapaK-
T€Pa BBIABJICHBI He6bI.HI/I.

Ucxonst u3 MOIyveHHBIX JAHHBIX MPOIECCA MOMEINPOBAHUS 3aTBED/Ie-
BAaHUS JINTOH 3aroTOBKU «KpOHH[TeﬁH», MOXKHO CAeJIaTh BBIBOM, ITO CIIPO-
EKTUPOBAHHAS CUCTEMA, IPUOBLIEH ABIIeTCA KUIHECTIOCOOHOM 1 MO3BOISIET
MOJIyInTh ee 6e3 medeKToB ycaJ0vIHOTO XapaKTepa.
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OB OTHOM 3AJJAYE OIITUMAJIBHOI'O YIIPABJIEHUSA
JJISA DJIJINIITUYECKON CUCTEMBI C HEJIMHENTHBIM
COCTOSHUEM, CO CMEIIIAHHBIM 'PAHUYHBIM
YCJIOBUEM
M.3. ®aiipysoB, fairuzov@mail.ru

YIK 517.977.56

Hacrosamas pabora mocBsiieHa mOCTAHOBKE M UCCJIEAOBAHUIO Ha KOP-
PEKTHOCTEH 33/1a9W ONTUMAJBHOTO VIIPABJIEHUSA M SJUIMITHICCKOHN
CHCTEMBI C HEJIMHEUHBIM COCTOSHUEM, CO CMENIAHHBIMU DAHUIHBIMU
YCTTOBUSIMU.

Karouesnie caosa: 3a/1a4a ONTAMAIBHOTO YIIPABJIEHHS, SJLIHITHYECKA S
CUCTeMa yPaBHEHUN, CMENIaHHAsT KPaeBas 33/1a4a, PA3PeNnMoCcTh 3a-
Ay ONTUMAJIBHOTO YIIPABJICHMUS.

On one optimal control problem for an elliptic system with
a nonlinear state and a mixed boundary condition

This work is devoted to the formulation and study of the correctness
of the optimal control problem for an elliptic system with a nonlinear
state, with mixed boundary conditions.

Keywords: optimal control problem, elliptic system of equations,
mixed boundary value problem, solvability of the optimal control prob-
lem.

XapakTep KOHKPETHBIX IIOCTAHOBOK 3313 OITHMAJIBHOIO YIIPABJIEHUS I
PaCOpenesieHHBIX CHCTEM CYIIECTBEHHO 3aBUCHT OT TOTO, KYJA BXOIAT
yupasjerus (B cBOOO/JHbIE WIEHB! yPABHEHUIN COCTOSIHAS WU B K03 durm-
€HTHl ypaBHEHUIT), IUHENHbIMY WK HenauHeHHbIMU aud depeHnnatbHbIMI
ypaBHeHUsAMH MaTeMaTu4ueckoil ¢pusnukn (YM®) OmUCHIBAIOTCS COCTOSHUS
cucreM ynpasienus (cuM. [1]-[4]), a Taxxke 3aBucHT 0T TOro, KaKoil rJIaaKo-
CTHIO 00IaNAI0T BXOJHBIE MAHHBIE CHCTEM ynpasieHus. B HacTosdimee Bpe-
M3l HamboJIee IOJIHO UCCIeN0BAH CIy<Iail TAKUX CHCTEM YIPAaBJICHUS, KOTIA
VIPaBJIeHNsd BXONAT B JIMHEHHBIE YPABHEHNS COCTOSHUS U JIMHEHHBIE IIpe-
JebHbIE YCIOBHUS, 3 TAK/Ke KOIIa BXOIHbIE NAHHbE U (YHKIIUH COCTOSHHU
CHCTeM fBJISIOTCS TOCTATOYHO IJIASKUMHU. XapaKTePHOH 0COOEHHOCTHIO 3a-
[ OITUMAJILHOTO YIIPABJICHNS HEJIUHEHHOrO THIIA SABJISETCS TO, ITO 0TO0-
Pa’KeHHe U3 MHOXKECTBA MOIMYCTHMBIX YIIPABJIEHHI B IPOCTPAHCTBO COCTO-
SAHUI ABJIseTCs HeqnHeHHBbIM. Hemumeiinble 3a1a4u ONTUMAILHOTO YIPAB-
nenns aasa Y M® oTHocaTcs k HanbosIee CJI0XKHOMY KJIACCY 3aad ONTHMU-
zarun. [Ipo6eMa “MC/IEHHOTO pelreHus 3a4a49 ONTHMAIBHOTO YIIPABJICHHS
IPUBOIUT K HeOOXOOMMOCTH UX ANIPOKCUMAINY 33aaIaMu (oJee IpoCToit
LIPUPOIBL — «KOHEYHOMEPHBIMU 3aJa4aMu onTumusanuus (M. [1]).

Daiipy3os MaxmyT DprCTOBEY, K.b.-M.H., gonert, Y YHuT (Vda, Poccus); Mahmut
Fairuzov (Ufa University of Science and Technology, Ufa, Russia)
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IIpn mccaenoBanMM MHOTHX TIPOIECCOB B JIBUXKYIIMXCST CPeIaX B Kade-
CTBE OCHOBHBIX MOKHO BBLIEIUTD A y3UOHHBIN IEPEHOC TOH WM MHOM
cy6CTaHIIMM W [IEPEHOC, 00YCJIOBIEHHBIN IBUKEHUEM CPEIbl, TO €CTh KOH-
BeKTHBHEIH neperoc (cum. [4]). 3anaun korBeknun-muddy3nn IBITIOTCS TH-
NUYHBIME I8 MaTeMATHIECKAX MOJesell MeXaHuKY KUIKOCTH U ra3a. Tak,
pacupesiesieHre TeIta, IPUMecell MOXKET IIPOHCXOIUTh HE TOJIBKO 3a CYeT
auddy3un, HO U OBITH 00YCIOBIEHBIM JBIUKEHUEM cpefbl. IIpuHImnmmas-
HbIe 0COOEHHOCTH (DUBMKO-XUMUTIECKHX IIPOIECCOB B MEXAHUKE YKUIKOCTH U
ra3a MOTYT OBITH IOPOXK IEHBl KMEHHO YI€TOM JBUXKEHUS CPeJT 10T NefCTBHU-
€M TeX WM WHBIX . KOHBeKTUBHBIN-TH(O)Y3NOHHBIN TPOIECC MOXKET
WUIDATH OIPEAeJIAIONIyI0 POJIb IIPU MOJEJINPOBAHUN CAMBIX PA3HOOOPA3HBIX
nporieccoB. B gacTHOCTH, BaKHOE 3HAYEHHE TPHOGPETAIOT YKOJIOTHIECKUE
po6JIeMBI, CBST3aHHBIE C OTIMCAHNMEM ITPOIIECCOB PACIIPEIeIeHNsT TPUMeECeil B
aTMocdepe U BOZOEMAX, C MOAEJINPOBAHNEM 3arPA3HEHNs IPYHTOBBIX BOJI.
B razo- u runponuHamMuke B KadecTBe 6a30BbIX MO/Ie/Iell MHOTHX IPOIECCOB
BBICTYITAIOT KPAaeBble 33,191 KaK JJIsi CTAIMOHAPHBIX, TAK W HECTAIMOHAD-
HBIX ypPaBHEHMI KOHBeKInu-muddy3um — 3IIunTrtieckue Uiy mapadbosn-
YeCKre ypaBHEHH: BTOPOIO MOPsIKa ¢ MJIAIIMUMA 4wieHaMu. B HacTosIee
BpeMsI B TEOPUHU HHCJIEHHBIX METO/I0B pelnenus: 3amad Y M® u 3amaw on-
THUMAJIBHOTO YIIPABJICHUS Hanbosee IyybOKHE pe3y/bTaThl IIOJIYy9eHDLI IIPHU
PaCCMOTPEHUN IIPOILECCOB € CAMOCOIPSKEHHBIMH OIEPATOPAMU. JTO OTHO-
CUTCA KaK K MeToJaM, Ga3UpyONMMCS HA KOHEYHO-DA3HOCTHBIX AMIIPOK-
CHMAIUAX COCTOSHUS, TAK M K METOJAM Ha OCHOBE KOHEYHO-3JIEMEHTHBIX
AMTPOKCUMAITHI.

Hacrosmas pabora moCBdIeHa ITOCTAHOBKE U MCCJIEJOBAHUIO HA KOD-
PEKTHOCTD 3@~ OIITUMAJIBEHOTO YIIPABJICHUS JIs SJUIUITUYIECKON CUCTe-
MBI C HEJIHHEHHBIM COCTOSHUEM, CO CMEIIaHHBIMU TPAHUYHBIMU yCIOBUIMHU.
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IIOAXOAbI AJId TEHEPAIIUU JAHHBIX ITPU
IIPOBEJEHUN COIIMOJIOTUYECKNX NCCJIEJOBAHUN
H.C. ®or, A.A. Bunapckuii
fotikolay222@gmail.com, vinarskii.aa@phystech.edu

YAK 311.213

B nacrosiniee BpeMsi 3HAYNUTETHHOE YHUCIO BHIIYCKHUKOB BHIOUPAET Ka-
PbEpHBIE IIyTH, HE COOTBETCTByMOmuEe ux KomuereHrusaMm. Ouuoil u3
MPUYUH JAHHOTO SBJ/IEHUS SABJISETCS HEBEDPHBIH BHIOOD CIEIHAJIBHO-
cTH, 00yC/IOB/ICHHBIN HEXBATKON MeCcT B y4eOHBIX 3aBefenHusx. [lms
pemenust 3Toil IpobaeMbl 1Eaeco06pa3sHO IPOBOAUTD IIPOrHO3HPOBa-
HUe TOTPeGHOCTH B OI0MKeTHBIX MecTaX. OTHAKO TaAKHEe WHCTPYMEHTHI
TPeOYIOT aHAIU3a JAHHBIX, KOTOPBHIE HE IIPE/ICTABIEHBI B OTKPBITHIX
HCTOYHUKAX. JTO IOIIEPKUBAECT HEOOXOIUMOCTD IIPUMEHEHNS MATEMa-
TUYIECKUX METOJIOB, MO3BOJISONNX T€HEPUPOBATH UeI0BEKOTIOI00HBIE
HAHHBIE.

Karwweswvie caosa: MaremMaTuka, MalIWHHOe OOytdueHwe, MaTeMaTHde-
CKasl CTaTUCTUKA.

Approaches to the generation of data during processing of
sociological research

Currently, a significant number of graduates choose career paths that
do not align with their acquired competencies. One of the reasons for
this phenomenon is the initial incorrect choice of specialty, driven by
a lack of places in educational institutions. To address this issue, it is
advisable to forecast the demand for budgetary places. However, such
tools require data analysis that is not available in open sources. This
highlights the need to apply mathematical methods that allow for the
generation of human-like data.

Keywords: mathematics, machine learning, mathematical statistics.

st co3manmst mofo00HOr0 MHCTPYMeHTa Oblau coOpanbl, 06paboTaHbl U
CKOMITOHOBAHBI DE/IEBAHTHBIE JAHHBIE W3 OTKPBITHIX UCTOYHUKOB: ITPOTPAM-
MBI BY30B, CPEJIHME 3apIUIaThl [OCJE BBIIIYCKA W3 BY30B, TOPOIA, U JIP.
YuureiBast MaIbil pa3Mep LOC/IEIHNAX, IPUMEHEHNE AJITOPUTMOB MAIINHHO-
ro 0bydeHus HEBO3MOXKHO, IOTOMY HEOOXOAMMO TPUMEHSIThH K/IACCHIECKUE
MO/IXObI TEOPUM BEPOSTHOCTEN U MaTEMATUIECKOM CTATUCTUKH — TPOBEPKH
CTATUCTUIECKUX TUIIOTE3 O XapaKTepe PACIPEICTICHI JAHHbBIX.

®or Hukonait Cepreesud, crynent, OI'Y (Openbypr, Poccus); Nikolay Fot (Orenburg
State University, Orenburg, Russia)

Bunapckuii Anexcannp Anarosnbesud, crygent, MOTU (HUY) (Mocksa, Poccus);
Alexander Vinarsky (Moscow Institute of Physics and Technology, Moscow, Russia)
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Jlas mpuMeHeHNsT KJIACCUIECKUX TO/IXOI0B TEOPUN BEPOSITHOCTEH M Ma-
TEMATHIECKON CTATUCTUKHU GbLTH BHIOpaHBl HWHCTpyMeHTh Matplotlib (mm-
CTPYMEHT Jlsl BHU3YaJHM3allil W aHAIM3a JaHebX), NumPy (macTpyment
s paboThl U 00PabOTKA JTAHHBIX), Scipy (MHCTpYMEHT J7ist paboThI ¢ Ha-
YUHBIME U WHXKeHepHbIMU pacuétavu) u Pandas (mrcTpymenT /s paGoTh
¢ 6OMBPITMMU TAHHBIMHA) — TOIyIapHbIe Oubmmorekn B cpene Python, ¢ xo-
POIIIO TIPOPABOTAHHON JTOKYMEHTAIHEN.

ITocpenctBom kputepusi [lupcona, Ha yposae 3uaunMoctu 0.05, 6Gputa
[IOITBEPXK IEHA TUIIOTE33 0 HOPMAIbHOCTH PACIIPEIEeHNs PEAJbHBIX JaH-
HBIX 110 oreHKaM OI'D mo maremaruke [1]. Ha ocHoBe mpesmosioskeHust o
HOPMAJIbHOCTY PACIPEIEICHUS 3TUX JAHHBIX, OB PeaJn30BaH aJrOPUTM
TeHepaIuy [TOCPEICTBOM MHCTPYMEHTA «SCipys.

[Ipumensiss TaHHBIX TOAXOM W K APYIUM HCCIEIYEMBIM ITOKA3ATEISIM
(most, Bospact, pesyabrarer OI'D w EI'D, 3apmmata, cemeiinoe mookeHue,
370pOBbE W TIPOUee), OBLIM MOJYYEHBl BHIOOPKH, TAK K€ TIOTTHHSIONIIECS
HOPMAJIbHOMY 3aKOHY DaCIIpPe/IeJIeHVSI.

Takum 06pa3oM, pacCMAaTPUBAEMBIN IIOIXOMN MOXKET CTATh IIOJIHOIIEH-
HBIM HHCTPYMEHTOM 151 PEIIeHs TPOOIEMbl OTCYTCTBHS JAHHBIX B cdepe
COLMOJIONMYIECKUX HCCIIEIOBAHNI ITyTeM TeHePAINH “eJI0BEKOITOT00HBIX ITa-
paMeTposB.
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MAKCUMUBAIINSA 9PPEKTUBHOCTU IIPEAIIPUATIAA
TP OBHOBJIEHUU CPEZCTB 3AIIINTHI
VHO®POPMAIIMOHHBIX AKTUBOB
A.WN. Dramos, II.H. Byparo
albert810@yandex.ru, burago.pasha@yandex.ru

YIK 519.863

PaccmarpuBaerca 3amaua makcumusanmy 3G GEKTHBHOCTH TPEIITPHUsi-
THsI BO BpeMsl IJIAHOBOTO OOHOBJIEHUST €10 CPEICTB 3AIUTH WH(POPMa-
IMUOHHBIX aKTUBOB. IlocpencTBoM mpeobpa3oBaHus BECOBOM MATPHUIIHI
ee MaTeMaTHYeCKas MOJE/b CBOAUTCH K KJACCHYECKON 3ajade O Ha-
3HAYEHUSX.

Karowesnie cao6a: 3amada 0 HA3HAYEHUAX, CPEICTBA 3AIMUTHL HH(MOP-
Marm, 3pHeKTUBHOCTD.

The enterprise effectiveness maximization in the updating of
information asset protection tools

The problem of maximizing the efficiency of an enterprise during a
planned upgrade of its information asset protection tools is considered.
By converting the weight matrix, its mathematical model is reduced
to the classical assignment problem.

Keywords: the assignment problem, information security tools, effec-
tiveness.

[IpenmonoxuM, eCTh HeKas OPTaHU3AIMA, y KOTOPOH MMEeTCH M pas-
JUYHBIX TPyni uHGOPMAIMOHHBIX aAKTUBOB, KOTOPBIE SABJIAIOTCH 00beKTa-
MU 3AIMUTHI U TIO/IBEPKEHBI PA3TUYHBIM BUIAM WH(MOPMAIMOHHBIX YIPO3.
Banymepyem ux ot 1 no n. Pacuer adbdexrusnocTu Bcex rpymnn nudopma-
ITMOHHBIX AKTHBOB NPEANPUATHS ([IOTEHITUAIBHON TPUOHLIN HA CJIETY IOTIHN
MECHII, TIOJY9IaeMOil 3a ¢9eT pabOThl ITOM IPYIIBI AKTHBOB) OCYIECTBIIA-
eTca pa3 B Mecar (g ONpEeeJEHHOCTH, HAITPUMED, TEPBOTO 9UCJ/A) Ha,
OCHOBAaHWMH JIAHHBIX O NMPUOBLIM KOMIIAHUU, TOJIYyYEHHON OT (PUHAHCOBOTO
osIpa3iesieHus B IpeablaymeM Mecsare. [Ipenmomsoknm, CTONMOCTE TOTEH-
UAJIbHON TPUOBLIM B CJIydae OTCYTCTBUS KUDEPYrpo3 JIst i-Of TPYIIIBI
AKTHBOB B j-BI¥I MECHIl paBHA C;; pybueii, 1 = 1, n.

O6HOBIEHNE CPEICTE 3AIMUTHL ITPOU3BOIUTCS Pa3 B MECSIl TOJBKO IS
0oHOTO MHGOPMAITMOHHOTO aKTUBA. KCaU j1si COOTBETCTBYONIEro HHGpOP-
MAaITMOHHOTO aKTHBa MOKYIIKA CPEICTB 3allUThl COBEPIIEHA, TO CIUTAELTCH,

Qramos Ansbepr Mcemamnosud, K.d.-M.H., goment, HHI'Y um. H.M.Jlo6aueBckoro
(Huxnuit Hosropog, Poccus); Albert Egamov (Lobachevsky State University of Nizhny
Novgorod, Russia)

Byparo ITasen Hukonaesud, acnmpart, HI'TY um. P.E.Anekceesa (Hmxunit Hosro-
pox, Poccus); Pavel Burago (Nizhny Novgorod State Technical University, Russia)

324



9TO 3TOT MH(MOPMAIMOHHBIN aKTUB MOJHOCTHIO 3aIIuIeH U ero 3dbdek-
TuBHOCTH paBHa 100 mpouenTos. Eciau B j-brit Mecsi 06HOBIICHHE [T 4-TO
HHOOPMAITMOHHOTO AKTHBA HE YCTAHOBJIEHO, TO €r0 3P HEKTHBHOCTD BCIIE-
CTBHUE BO3MOXKHBIX Knbepartak paBHa x; - 100 IpOIEHTOB, a CTOMMOCTE €ro
HOTEeHIUANBHON NpubbLIM paBHa XiCij, Xi € [0;0.5].

[IpenmosoxuM, ITO MOKYNIKA M YCTAHOBKA HOBBIX CPECTB 3AIMUTHI I
1-T0 AKTUBA OCYINECTBIISIETCS B 0 (1)-blil MECHI], TJIe 0 — IIePECTAHOBKA TUCES
ot 1 10 n. Takmm 006pa3oM, 3a N MECATIEB ONPEIE/ITeTCS KBAIPATHAS MaT-
puna C TIOPsiIKa M. & CTOUMOCTH BO3MOXKHOMN MPUGHLIM nHGOPMAIMOHHOTO
KOMILTEKCA, OPTAHU3AIINN 34 1 MECSIEB OYIeT BBIUYUC/IATHCS 0 (hopMysie

n o(i)—1

S(U):Z(Xi Z Cik + Z Cik)-

i=1 k=1 k=0 (i)

o(i)—1
Ecmm o(i) = 1, To cmaraemoe x; Y, Cix paBHO Hya0. HeoGxommmo Mak-
k=1
cuvmsupoBarh Gyrkmmo (1) 3a caer BHIGOpA MEPECTAHOBKH 0.
Herpyamo BumeTh, 9T0 MOCTABIEHHAS 33,1894 CBOINTCY K KJIACCUIECKOMN

3a/la4e 0 HA3HAYEHUSX C BECOBOU KBaJIpaTHON Marpuuei D nopsiika n ¢

SJIEeMEeHTaMU
Jj—1 n
dij = Xi Zcik + Zcik
k=1 k=j
" 11e/1eBOH DyHKIHe
n
flo) = diow
=1

Takum 00pa30M, K TTIOCTABICHHON 3a/1a9€¢ TTPUMEHUMBT METOBI, KOTOPHIE AC-
MOJIB3YIOTCS MIPH PENIeHUN 3a/1a491 O Ha3HAYEeHUAX, HaIlPUMEp, OIMUCAHHBIE
aBTOpaMM Hacrosmell crareu B [2].
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PORTFOLIO OPTIMIZATION WITH TURNOVER
MODELING
Nikita Chadromtsev
nick.chadromtsev@gmail.com

YAK 51.77

This research explores portfolio management with transaction costs
proportional to turnover. We compare turnover estimation models
f(z) to optimize the after-cost Sharpe Ratio (SR). Simplified mod-
els balance efficiency and performance well, while Disciplined Convex
Programming (DCP) achieves strong results without complicating the
optimization.

Keywords: Algorithmic Portfolio Management, Portfolio Optimiza-
tion, Disciplined Convex Programming.

First Experiment: 2-Alphas Case. In the first experiment, we used two
alphas and formulated a straightforward optimization problem: maximize
SR with different models for cost estimation:

B sV E[R] — f(x) - fee

, subjecttoz >0, z71=1,
zTVar(R)x

minimize

where z is the vector of portfolio weights, E[R] is the expected return
vector, and Var(R) is the covariance matrix of the returns, and f(z) is
a specific formula for cost estimation (or a precise calculation). Table of
Models and Formulas is below:

Model Formula

"
Naive fl@) =3 a;7;
i=1 i
T—1 n icet
1 price?
Honest fay=—= 3 > a;|witt —wl——i
T =1 i=1 price!
. 1+p 1—0p
Kakushadze & Liew [1] fla) = (2171 + T272) + |z171 — @a7al
Equal W. N/A
r1 91 T2 92
wy op TP T o)
Model 2 fz) = (x171 + xo79)
4
No costs f@)=o0
2,2 1 - 3.2
- - 2262 4 2poy 0wy + w20
Model 1 Fay =L+ 2 171 272
o1 oo 4

Tabmmia 2: Models and Formulas for Turnover Estimation

Since the problem was neither convex nor concave, convergence was not
guaranteed. To address this, we ran Monte Carlo simulations 1,000 times

This work was supported by the grant of the state program of the «Sirius» Federal
Territory «Scientific and technological development of the «Sirius» Federal Territory».
Chadromtsev Nikita, Sirius, Russia
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starting from random initial points. The errors were negligible, and the
distribution of the models on the IS and OS periods remained similar. The
results on the OS data are shown in the table below:

Model SR (no costs) SR (with costs)  Turnover  Time
Naive T.74 1.28 0.13 3.0
Honest 1.73 1.27 0.13 139.0
Kakushadze & Liew [1] 1.63 0.87 0.14 69.0
Equal W, 1.55 0.61 0.15 N/A
Model 2 1.41 0.22 0.16 37.2
No costs 1.19 -0.29 0.17 3.7
Model 1 1.19 -0.29 0.17 45.3

Tabauna 3: Portfolio Statistics on OS with models for cost estimation (1st Experiment).

The Naive model shows the highest post-cost SR, and requires one of
the smallest computation time.

Second Experiment: 30 Alphas and DCP. In the second
experiment, we developed 30 alphas based on the 101 Formulaic Alphas
[2] and applied a DCP [3] approach. The objective function is concave,
ensuring convergence.

maximize z” E[R] — y1z” Var(R)z — 2 f(z) - fee, sub.to x>0, 271 =1,

where ~; are parameters forming the grid. Optimization problem is
solved at the each point on the grid. Using the solutions, SR values were
calculated. We first found ~; to maximize pre-cost SR, then used models
from the table as f(z) to optimize post-cost SR on the 2 grid. Also, we
took 1 and f(x) = O such that the corresponding after-costs SR is the
highest. We refer to this approach as Post-cost 1. Post-cost 1 leaded to
the only positive SR on the OS data and took relatively small time for

calculations.
Model SR (no costs) SR (with costs)  Turnover  Time
Post-cost v 1.04 0.41 0.14 9
Equal W. 0.59 -0.30 0.06 N/A
Kakushadze [4] 0.86 -0.50 0.08 9
Honest 0.60 -0.80 0.09 767
Naive 0.56 -0.82 0.09 9
No costs 0.24 -1.65 0.13 9

Tabamnma 4: Portfolio Statistics on OS with models for cost estimation (2nd Experiment).

The research, in collaboration with I. Shnurnikov and A. Kuliga,
compared various turnover estimation models and their effects on portfolio
performance. We found that simplified models, like the Naive approach,
strike a good balance between efficiency and performance. Additionally,
DCP, used in the second experiment, achieves strong results without over
complicating the optimization problem.
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PCA-TEMIIOPAJIBHBIN OHJIAMTH AHAJIN3
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Pa6ora mampassiena Ha pa3paboTKy M NPAKTUYIECKOE IIPUMEHEHHe
HI/I(i)pOBbIX AHAJIUTHICCKHUX METOJA0B KOHTPOJIA IIPOMU3BOACTBEHHBIX
TIPOIIECCOB T4 MUIEBO IPOMBIIIIEHHOCTH U KOHTPOJIS KAUeCcTBa IPo-
AYKTOB IUTAHWUA B OHJTAITH pexumMe IIponu3BoaCTBA. AKTyaJILHOCTL pa-
GOTHI CBA3aHA C BO3PACTAIONMEH TOTPEGHOCTHIO MOBBINEHAA KATIECTBA
TIPOAYKTOB MUTAHUA U KOHTPOJIA HHmeBOﬁ IIEHHOCTU B YCJIOBUAX IITU-
POKOTO PaCIpOCTPAHEHUsI CIIOCOG0B MCKYCCTBEHHOIO Moaudumuposa-
HHUS IUTATEIbHBIX CBOMCTB M «XKMU3HEHHOTO UKJIa» IIPOAYKTOB IIUTa-
HUA TPOU3IBOAUTEIISAMMU.

Karouesvie cA06G: XEMOMETPUKA, TEOPUS TIEPKOIAIIHN, KIACTEP.
RSA-temporal online analysis of the voltammetric behavior
of cream under conditions of dilution with distilled water

The work is aimed at the development and practical application of
digital analytical methods for controlling production processes for the
food industry and food quality control in online production mode.
The relevance of the work is related to the increasing need to im-
prove the quality of food and control nutritional value in conditions of
widespread methods of artificial modification of nutritional properties
and the ”life cycle” of food by manufacturers.

Keywords: chemometrics, percolation theory, cluster.
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TemmnopaspHbIe CITOCOGHI OCHOBAHBI HA HEMTPEPHIBHOM (b YHKITMOHUPOBAHUN
CEHCOPHBIX CUCTEM C IEJbI0 HAKOIUIEHWS MAJIBIX II0 MHTEHCHUBHOCTH CHUT-
HaJ0B Ha (GoHE OOIBINUX, NX YCUJIECHUN M1 (PUKCUPOBAHUS IIPUCY TCTBHS
MUKPOKOMITOHEHTOB U TIOBBINIEHUST CEJIEKTUBHOCTU OTKJIMKOB IIPH PACIIO-
3HABAHUU CJIOKHBIX II0 COCTABY IPOJAYKTOB IUTAHUA. B KadecTBe OCHOBHOTO
VHIUKATOPHOTO MIPOIECCA B JAHHON paboTe MCIIO/Ib30BAIH YK TPOXUMUIE-
CKYIO aJICOPOITMIO OPTaHWYEeCKUX BEImECTB (6e/KOB, KUPOB) HA TTOBEPXHO-
CTH 3JIeKTPOAOB. B pe3yinbrare B IPAKTHYECKOM AHAJIUTHUIECKOM ACIIEKTE
C IIOMOIIBI0 METO/IOB MAIIMHHOTO 00yYeHus, B 9aCTHOCTHA MeTO/Ia IJIABHBIX
xommorerT (MI'K mmm ¢ amrm. PCA), ofecrieuanmBaeTca BBICOKAS TyBCTBU-
TEJIBHOCTD U CHEIU(UTHOCTS MOHUTOPHUHIA IBOJIIOIY JJIEK TPOXUMUIECKOMN
CHCTEMBI 97eKTPoa/pacTBop mpomaykra. CpapHuBas GAM3KHME TIO COCTABY
MPOIYKTHI, BBISIBJISIIOTCS UCKYCCTBEHHO M3MEHEHHBIE 00DA3Ihl — MOIETIKY
(Puc. 1)

Pwue. 1: TIJIC-grarpasvya pactipeeeHus MapaMeTpa HACKIIEHHOCTH 3arpsis-
HeAHBIMA BEIecTBa aTMocdepHoro Bo3ayXa HKWIoil 301

wrockocTH riaaBHbIX KoMnoHeHT PC1-PC2. OcHOBHOI BBIBOZ: MYJIBTH-
CEHCODHAs CHCTEMa YyBCTBHTE/IbHA K Pa30aB/IEHUIO U CLOCOOHA OT/IMYATh
danmscudrkare o ganHoMy dakTopy moamenku. Ha puc. 2 npencrasienst
PCA-muramudeckue KpuBble apeiida JTaTeHTHBIX CUTHAJIOB BOJIBTAMIIEPO-
MeTPUYeCKOil 6a3bl JAHHBIX, PELUCTPUPYEMBbIX B TeueHue 16 9acoB HCKyC-
CTBEHHOTO CKMCAHWS TIPOJAYKTa ¢ comepxanuem xkupa 10 %.

CwmereHne ToO9YeK B/I0JIb IIEPBOM IIABHOM KOMIOHEHTHI 00YCIOBIEHO H3-
MEeHEeHUEM OOIIEro COLPOTUBIIEHHS JIEKTPOXUMUYECKON CUCTEMBL B PE3YJib-
TaTe MOAU(DUIVIPOBAHUS SJIEKTPOIHON IIOBEPXHOCTH, aACOPOINH KOMIOHEH-
TOB, U3MEHEHHEM B COCTaBe MCCJIEIYEMOr0 DACTBOPA, YACTHYHBIM AHO/I-
HBIM PACTBOPEHMEM MaTepuaJia 3aeKTpoua u T.u1. Habsronaiorcs neperudsb,
VYIACTKU C BDEMEHHOM KJIaCTePHU3AIHel TOUeK, CKAYKO0OPA3HO CMEIIAONIN-
ecsi OTHOCHUTEBPHO IPYD Jpyra B XOJe KCIepHUMeHTa. Ha sS3bIKe Teopuu
JAMHAMUAYECKUX cucreM (Ha30Bble 1HOPTPETHl UCC/IeyeMbIX MOJIOYHbIX 00b-
€KTOB C PA3JIMIHBIM XUMIIECKIM COCTABOM OTINIAIOTCI MeXK Iy coboit. [las
KOJIMYEeCTBEHHOT'O OIMCAHHUS BOIBTAMIIEPOMETPUYECKOTO [TOBeIeHus 1 Hotee
ray6okoro GakTOpHOro aHaau3a TPeOYITCS OCOOEHHBIE METOIbI MAaTeMa-
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PC2 (5%)

;gx?ﬂ 30

50 40 30 20 ﬂ 1o
7

PC1 (92.1%)

Puc. 2: Junamudeckue Kpupsle jpeiida TokoB, npeobpazoBaHHBIE IO METOTY
MaBHeX KommonenT fa mwiockoetn PC1-PC2 na done 10% cnupok

TUIECKOTO MOMIEIMPOBAHNS TEMIIOPAJILHBIX 0a3 JAHHBIX C UCIIOJIH30BAHIEM
Teopun GHPAKTATIOB, TIEPKOJIATIHM.
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YNCJIEHHOE PEIIIEHUE OBPATHOM 3AJ/IAYUM OB
OIMPEJEJIEHUN TOYEYHBIX NCTOYHUKOB
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YAK 517.9

Msr paccmarpuBaem Bompoc 06 OmpesiesIeHn i IPaBoil 9acT B yPABHEHUN
Mu = u; — Lu = us — div(e(z, t)Vu) + b(z,t)Vu + a(z, t)u = fo +

Yoo ai(t)d (z — bi) .

b(z,t) = (bi(z,1),. ... bu(z, )", Vu = ( ou . ou ) n=23 (1)

Dy’ Day
KOTOpOe paccmarpuBaerca B obmactm Q = G X (0,7T). Cumraem, aro
IpOCTpAHCTBEHHAs 061acTh mMeer B G = 2 x (0,Z) B cayuae n =3 u G
- IIpAMOYTOJMBHUK B caygae n = 2. 3mecw 0 (z — b;) menbra-pynkuma Jlu-
paka. Paccmorpmm cay=ait n = 2,G = (0, X) x (0,Y). ITonoxum I' = 9G,
S = (0,T) xTI'. IIpu pemennn 06paTHOMN 33149 UMEIOTCS TOIOJIHITE/IEHBIE
W3MEPEHUS BUJIA

u(yi,t) = i(t), 1 =1,2,...,ry; € G.

HauanpHO-KpaeBble YCIOBHA:
Ul,g = uo(x), ulg =0

3)

OnpemeneHnio OIERAT PEINEeHNe U W HeW3BeCTHBIE (DYHKITAM «v; U3
NIPABO# 9aCTH PACCMATPUBAEMOrO yPaBHEHHs. 3a/1a98 BO3HUKAET ITPU Ha-
XOKICHUN MOUTHOCTEH TOYETHBIX UCTOIHUKOB (MCTOIHUKOB 3arpA3HEHN).
B ciydae pacmpejiesleHHBIX MCTOYHUKOB 3Ta 3aJ@da IIPH eCTECTBEHHBIX
YCJIOBHSAX HA JaHHBIE KOPPEKTHA B mpocTrpancTBax Cobonesa u lenbaepa u
WMEIOTCS MHOTOYHUC/ICHHBIE PABOTHI, TOCBAIIEHHBIC KAK TEOPETUICCKAM Pe-
3y/JbTaTaM, TaK ¥ YUCIEHHBIM aJIrOPUTMaM €€ pelleHus. B Hallem ciydae
3a/1a4a ABJIAeTrCd HEKOPPEKTHOH 110 A laMapy, TEOPETHYECKUE PE3Y/IbTAThI O
CyWECTBOBAHNN U eIUHCTBEHHOCTH PENIEHT MOyIeHbl TOJBLKO B IPOCTEH-
mmx caygasx (cuM., manpumep, [1]). UmeeTcsa psag moaxomoB K IMCIEHHOMY
PEelleHuIo 3a/1a4u ¢ 1IOMOIIbIO CBEJEHUA 3a/la4M K 3a/la4e yIPaBJeHUs U
MUHUMU3AIAN COOTBETCTBYIOMEro GpyHKmmonama. OTHAKO, KaK TTOKA3bIBA-
10T TIPUMEPHI, TaKoii CIoco0 MOCTPOEHMs peleHus He BCErla KOPPeKTEH.
Hau umncsieHHBIM METO OCHOBAH HA METO/E KOHEYHBIX 3JIEMEHTOB (110 Lpo-
CTPAHCTBEHHBIM TIEPEMEHHBIM) W METO/E KOHETHBIX PA3HOCTeH (o Bpeme-
uu). [Ipu mocTpoeHUM penreHmil TAKIKE UCIOJIb3YETCS METOH PEryssph3a-
nuu Tuxonosa. I[IpoBeieH psi)] YUC/AEHHBIX IKCIEPUMEHTOB C Pa3/IA4HbIMU
BXOAHBIME JaHHbIMA. OHM TOKA3a/Id XOPOIIYI CXOAUMOCTH AJTOPUTMA W

IOT'Y, Xanre-Mancutick, Poccus
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€ro yCTOWYIMBOCTD K CJIyYIaWHBIM BO3MYIIEHUSIM JAHHBIX. OMHUCaHbl Pe3yib-
TaTHl YUCJIEHHBIX KCIIEPIMEHTOB, IIOATBEPKIAIONINE KOPPEKTHOCTE IIOJIY-
YEeHHOTO aJrOpUTMa. MBI B3N U0 TTOCTPOEHUS AJTOPUTMA U3 PAbOTHI

[2].
JInteparypa

1. IIamxoe C. ., Heycmpossa JI. B. O paspemmmoctn 00paTHBIX 3a-
Aa4 06 OnpesiesIeHn TOYEIHBIX UCTOYHUKOB // MaremMaTwmaeckne 3aMeTKn
CB®Y. 2022, T. 22. C. 31-43.

2. Hlepzun C.H. On Some Inverse Coefficient Problems with the
Pointwise Overdetermination for Mathematical Models of Filtration / S. N.
Shergin, E. I. Safonov, S. G. Pyatkov // Bulletin of the South Ural State
University. Series: Mathematical Modelling, Programming and Computer
Software. 2019. Vol. 12, No. 1. P. 82-95.

333



MOAEJIN OJId OBOPOTA MHBECTUIIMOHHOTO
IOPT®EJISI, SBABUCHIINE OT KOBAPUAIIN
JTOXOTHOCTEN
N.H. IIIaypaukoB, shnurnikov.in@talantiuspeh.ru

YIK 51.77

NMuBecTurnmonnsiit moprdesb ABIAeTCS JUHEHHON KOMOUHAIMEH N aJl-
ropurmudeckux Toproeoix crpareruii (ATC), kax/as u3 KOTOPbIX siB-
ngetca sekTopoM Aiuebl N. Kakymanze u JIbio IpeaToxKuIm MoesIb,
B KOTOPOIT 000poT mopTdens mpubIHKEHHO BbIPaKAETCS Yepe3 MaT-
puIly KoBapuarmii moxoaHocTeir u oboporsl ATC. B manHoi paGoTe
dopmamzosana momens Kakymanse n JIbio u mosmydeno yciaosue ee
KOPPEKTHOCTH.

Karouesvie ¢a066: aJIrOPUTMUYECKUAE TOPTOBBIE CTPATETHWH, MATPHUIIA
KOBapHUAIHil JIOXOTHOCTEH, OIEHKU 000pOTa, B3aWMHOE COKPAIIeHue
TOPTOBBIX OTEPAITHi

Covariance of returns based models for investment portfolio
turnover

An investment portfolio is a linear combination of n algorithmic trad-
ing strategies (alphas), each of which is a vector of size N. Kakushadze
and Liew proposed to estimate portfolio turnover via covariance ma-
trix of returns and alphas turnovers. We formalize Kakushadze and
Liew model and get a condition for its correctness.

Keywords: algorithmic trading strategies, returns covariance matrix,
turnover estimations, crossing of trading operations

Anzopummuseckotc mopeosoti cmpamezuet; (ATC) maspBaeTcsa mpo-
rpaMma, KOTOpasi K OIIpe/ieJIeHHBIM MOMEHTaM BPEMEHH BBIYHC/ISAEeT BEKTOD
MO3UINIA, KOTOPbIe HYKHO 3aHATH 110 N HHCTPYMEHTaM OUPIKEBOTO PBIHKA.
Hneecmuyuonnoll nopmgeav asiserca juuaedHon kombunammeir n ATC,
JJTs KaxKJIOM M3 KOTOPBIX BBIJEIEH OIPE/esIEHHBIN KauTag — i HOpMa
BekTopa nosurmit. O6opomom ATC (mmm moprdens) maswpsaercsa |1 HOp-
Ma Pa3HOCTH BEKTOPOB IIO3UIMI B IIOC/IE€I0BATEIbHbBIE MOMEHTHI BPEMEHN.
Hcnonuenne moprdestst TAKOBO, YTO IPOTUBOIIOIOXKHBIE 110 3HAKY TOPIO-
Bhle omeparuu (IOKYNKA,/TIPOJIaXKa) OJHOTO aKTHBA Y PA3HBIX CTPATEruit
cokpamalorcsa. Kak caencrsue, 060poT moprdresist OKa3bIBAETCA MEHbIIE,
uem suHeiHas komOunamus oboporoB ATC ¢ Temu xe kodbdunmentamu.
Hoxodnocmo i—it ATC Gymem paccMaTpuBaTh KaK CAYYARHYI BETHUIHHY

PesynbraThl mosIydeHB! B pAMKaX PeaJM3alUN IOCYAAPCTBEHHON NporpaMMsbl deqe-
panbHO#l TeppuTopun «Cupnycs «HayduHo-TexHosornaeckoe passurue denepasbHOil Tep-
puropuu «CHupUycs.

ITaypurkos Urops Hukonaesund, k.d.-M.H., gonert, HTY «Cupuycy (Coun, Poccus);
Igor Shnurnikov (Sirius University of Science and Technology, Sochi, Russia)
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Q, UIST KOTOPOH y¥Ke TOJydeHa BHIGOPKA HA MCTOPUYECKUX TAHHBIX, U TI0
[IPOIIECTBUY TOPIOBOTO MHTEPBAJIA K BEIOOPKE T00ABIAETCS 0UePETHOE 3HA-
YeHwue.

JlamHast MOCTAHOBKA BO3MOYKHA W MPUHSITA B KPYIHBIX XeK—(hOHIAX,
3aHUMAIOIIUXCS AJTOPUTMHUYECKON TOprosieil Ha (DOHIOBOM, CPOYHOM K
KPHUIOTO PBIHKAaX. XeMK—(OH B YIPOIIEHHOM BHIE COCTOUT M3 JECATKOB
cnermanmcTo (quantitative researchers) m HECKOMBKUX TOPTQOJUO MEHE-
mxepos. Creruasmctol co3gaor Gonabmoe koguuectBo ATC, moprdosmo
MeHeKePbl O0bEeTUHSIOT WX B MOPTEENN, UCIOIb3Yd METOABI ONTAMU3a-
IT1N. OHTI/IMI/I33J_II/IH TaCTO OCYIIECTBJJIACTCA C YICTOM TPAH3aAKITMOHHBIX W3-
ACPXKEK W BJIMAHUA Ha PBIHOK, KOTOPbIE MOXKHO CYUTATH Cl)yHKLII/IHMI/I oT
obopora moprdes.

Ipepnonoxkenue momesm Kakymanse u JIbio, [1,2]. Cpemnnit
060poT OpT(desisa IpUbINKEHHO BEIPAKAECTCS Ie€pe3 CpeHue 060POTHI BXO-
agamux B Hero ATC u MaTpuily KoBapuarmii ux JOXOMHOCTEH.

B mammoit pabore popmanmzosana momens Kakymaaze u JIp0 u mosy-
YEHO YCJIOBUE €e KOPPEKTHOCTH, BBITEKAIOI[ee U3 TeOPEMBbI 1.

IIpu n > 2 HazoBeM N—MepHBIN Ciyvaiinblil BeKTOp & = (Q1,...,Qn)
Ha BeposTHOCTHOM upoctpaHcree (Q,F,P) donycmumvim, ecam mucnep-
cust Da; = 1 gma Becex ¢ = 1,...,n m HeHyneBasd JuHeiHas KoMOmHa-
s KOMIIOHEHT BEKTODPA HE MOXKET PABHATHCA KOHCTAHTE IIOYTH HABEPHOE.
Yepes V(o) 0603Ha9MM JUHEAHOE MTPOCTPAHCTBO JIMHEHHBIX KOMOWHATIAH
> miou, x; € R. Bynem cuntars, uro moxonuoctu ATC obpasyror no-
nycrumbiii BekTop. Torna coorsercreue mMexay ATC m ux mOXOmMHOCTAMEA
TIPOJIOJIZKACTCA TIO JIMHEHHOCTH 10 B3AUMHO OJHOZHATHOTO COOTBETCTBHSI
mex gy moprdensavu u npocrpancrom V(a). @ymkmma f(v) : V. — R
Ha JIMHEHHOM IIPOCTPAHCTBE V' HA3BIBAETCS G6COANMHO 00H0POOHod, ecoun
FOw) = |A\|f(v) ana Bcex A € R m v € V. 3amernm, 910 060pOT MOPT-
dena aBnaerca abcomoTHo omrOopomHOi dbyHKIMei HA V(o). Hepes C u D
00603HAMUM MATPUITY KOBAPHUAIMIA U JUCIIEPCHI0 COOTBETCTBEHHO.

Teopema 1. IIycms o — amo donycmumsil cayuainsl 6EKMOD U
f:V(a) > R — amo abcomommno odnopodnaa dynwyus. Tozda cywecmeo-
sanue gynkyuu F, das xomopot

flé1 + &) = F(C(&1,&2), f(&), f(&2)) dnn scex &1,62 € V(a)

DABHOCUABHO CYwecmeosanulo Koucmarnmos fo, maxod wmo f(§) =
for/D(E) dan scex € € V(a).

Ycnosue kKoppekTtHocTtu. Momens Kakymanze u JIpoo KOppekTHa,
eciu 060poTsl ATC, OTHOPMUPOBAHHBIX K €MHUYHON JTUCIIEPCHN JOXOTHO-
cTell, COBITAIAIOT.

Pa6ora coBmectrnas ¢ A.B. Kymuroit u H.JI. Yagpomiesbiv. Mbr nipe-
JIOXKMJI OIEHKH JIJIsT 000pOTa OPT(eJIst, TOUHbIE [P YCIOBUN KOPPEKTHO-
cru. A.B. Kynura npoBesi 9ucC/IeHHBIE SKCIEPUMEHTHI, CPDABHUBAIOIINE Ka-
9ECTBO OIEHUBAHMA 060POTa B paMKax nmoaxona us3 [1,2] m mamrero. B gact-
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HOCTHU, TIpU HpI/I6J’II/I)K€HHOM BBITTIOJTHEHUN YCJIOBUA KOPPEKTHOCTU TOYHOCTH
omenuBanusa o6opora mosbimaiack. H.JI. YagpoMmmes mposesn dmciieHHBIE
IKCIIEPUMEHTHI II0 IIPUMEHUMOCTHU OIIEHOK Ha O60pOTbI AJIA OIITUMH3AITUH
WHBECTHUIIMOHHBIX TOPTQhEIeil C yIeTOM TPaH3aKIMOHHBIX n31ep:keK. MHomo
BBITIOJTHEHA, (popMmasn3arus mogenn Kakymiaase u JIbio u Haiimerno ycioBue,
Ipy KOTOPOM €€ IIPeIIOI0KeHne KOPPEKTHO.

HOpT(bOIII/IO MEHeIZKephl MOTYT WCIIOJIHb30BATh MPEIJIOKEHHBIE HaMU
omeHKH 0060POTa IS ONTUMHU3ANNN TOPTdQeseil ¢ yIeTOM TPAH3aKIMOHHBIX
HU3OEPKEK U BJIUAHHUA Ha PBIHOK. A yCi0BHrE€ KOPPEKTHOCTU UCIIOJIB30BAThH
JITA TIPOBEPKT TOTO, HACKOJIBKO TOYHBI HATITH OTeHKH (1 orieHkn Kakymase
u JIbo).

JIuteparypa
1. Kakushadze Z., Liew J.K.-S. Is it possible to od on alpha? // The
Journal of Alternative Investments, 18:2 (2015), 39-49

2. Kakushadze Z. Spectral model of turnover reduction // Econometrics,
3:3 (2015), 577-589.
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MATEMATNYECKOE MOJAEJIMPOBAHUE TEIIJIOBOT'O
COCTOSHUS CJINTKA IIPU PASHON ®OPME CTEHOK
CJIABOBOTO KPUCTAJIJIN3ATOPA MHJI3
n.M. duukos, T.A. ITlacdbukoB
iachikovim@susu.ru, asp21sti028@susu.ac.ru

YAK 621.746.27:047

Paszpaforana MaremMarnueckas MO/IeIb TEIJIOBOIO COCTOSHUSA (GOPMHU-
PYIOLIErocs CTATBHOIO CAMTKA B KPUCTALIN3aTOPaX ¢ pa3Hoit dop-
MO YIJjiOB Y3KHUX CTCHOK B casg00BOM MalnHE HEIIPEePBbIBHOI'O JIMThA
sarorosok (MHJI3). Cozmana KOMOBIOTEpHAS TPOTPAMMA I MOHHI-
TOpUHTA TIporiecca hOPMUPOBAHUST KOPOIKHU CIIUTKA U €r0 YCAIKA st
BbIOPAHHON MapKH CTaJ/IM M 3a/[AHHBIX [apPaMEeTPOB Pa3/IMBKU.

Karwesvie cao6a: MareMaTHIeCcKasi MOJEIb, TEILIOBOE COCTOSHUE
CJINTKa CO CKOHMIEHHBIMUW W 3aKPYIJIECHHBIMU YIJIaMW, METO PaCHIeIl-
JIEHUA I10 KOOpAuHaTaM, METO IIPOrOHKH.

Mathematical modeling of the thermal state of ingot with
different shape of walls of slab crystallizer of CCM

mathematical model of the thermal state of a forming steel ingot in
crystallizers with different shapes of narrow wall angles in a contin-
uous slab casting machine (CCM) has been developed. A computer
program has been created to monitor the process of ingot crust for-
mation and shrinkage for a selected steel grade and specified casting
parameters.

Keywords: mathematical model, thermal state of an ingot with
beveled and rounded corners, coordinate splitting method, run
method.

B xpucrammusarope MHJI3 nporecc obpaszoBanust TBEpAOi CTAJTBHOMN
KOPOYKH TTPOUCXOUT 33 CUET OXJIAXK/IEHWS TOBEPXHOCTH (DPOPMUPYEMOTO
C/IUTKa IIpU Iepeaade Teiljla OT PacCIJIaBJIE€HHOI'O MeTaJlla K OXJIazK/I1alo-
H_Lef/ll BOJE, HpOTeKaIOH.[eﬁ B KaHa/JdaX MEIHBIX CTEHKAaX KPUCTAJLIN3aTOopa.
IIpu sToMm Ha BRIXOZE M3 KPUCTAIIN3ATOPA NPIMOYIOJILHOIO CEUCHUS B yI-
Jax Ha6.]'IIO,Z[aeTCH IIEpeoxJIaK IeHue CJINTKa U Pa3HOTOJIITUHHOCTD KOPO1KH,
qT0 CHOCO6CTByeT U CTUMYJIUDYET BOSHUKHOBCHUEC TEPMHUYCCKUX HAIIPDAXKE-
HUU W TPemUH B IIPOIlecCe HeIIPEePBIBHOM PA3/IMBKH, KPATHO yBEIUINBAET

PaBora Beimosinena npu dbuHaHCOBOR moaepxkke PO Munobpuayku Poccun (Ne 075-
15-2022-1243).

Sdamkoe Urops Mumxaiinoeud, a.T.H., npodeccop kadenper MHuT, IOVpL'Y (Te-
nabunck, Poccus); Igor Yachikov (South Ural State University (National Research
University), Chelyabinsk, Russia)

IMTadukos Tumyp Wabaycosud, acuupant kabdenpsr UHuT, FOVpI'Y (Yenabunck,
Poccnst); Timur Shafikov (South Ural State University (South Ural State University
(National Research University), Chelyabinsk, Russia)
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Opak mpy JaJbHEHNIIel JUCTOBON MPOKATKE CANTKA, & TaK¥Ke YBEJIMINBa-
€T M3HOC HIKHEH YacTH MEJHBIX CTeHOK. /[y KoMIeHcarmn HOpMAaJIbHOMR
COCTaBJIAIONIEN CHUJIBI BO3JAEHCTBY Ha CTEHKY KPHCTAJ/IN3aTOPa U Pub/IH-
JKEHUST TOJIIMHBI KOPOYKY B YIJIaX, K TOJIIUHE ITO TIEPIMETPY TOPU30HTAb-
HOT'O CEYEeHMs CJIUTKA, DbLIA MOJEPHU3UPOBAHA KOHCTPYKIINS Y3KHUX MeI-
HBIX CTEHOK KPHCTAJIM3ATOPa IyTeM H06aBJIEHHS TOPIEBBIX CKOCOB WJIH
HCIIOJIB30BAHUSI TOPIEBOTO 3aKpyryeHus [1].

115 cocTaBaeHnst MaTEMATHIECKON MOIEIIN TEIUIOBOTO COCTOSIHUS CJIAT-
ka B kpucrawm3arope MHJI3 ucnonb3oBaiack KBa3upaBHOBECHAs TEOPUS
sarBepesanus [2]. [Ipukenne ciistba MPOUCKXOIUT € TIOCTOSTHHON CKOPOCTBIO
V II0 BEPTUKAJN B IIOJIOCTY KPUCTAJLIN3ATOPA CBEPXY BHU3, IPU KOTOPOM
MIPOMCXOMT €r0 OXJIaXK/IeHHe M 3aTBepjeBaHue. B MOmenm nCHoap30BaHa
JeKapTOBast CUCTEMa KOODIUHAT U IIPUHSAT PsiI TOY IEHII 1 O DAHIIEHITH.
CunTasoch, 9TO TEIIOBOM PeKMM KBAa3UCTAIMOHAPHLIN, TO €CTh TeMIIepa-
Typa B KaxK/Oi TOYKE CINTKA HE MEHSIeTCs, MCIIOJIb30BaI0Ch CTAIMOHAD-
HOe ypaBHEHIe SHepTuH, yuuThiBaomee ¢ha30oBbil nepexosd. Paccmarpusas
crucTeMy KOODIHMHAT, CBI3aHHYIO C IIPOM3BOJIBHBIM ABUKYIIUMCH 00BHEMOM
METaJIIa, YYUThIBas COOTHOUIEHNE W UCIIOJIb3Ys MOJACTAHOBKY , YDaBHEHHUE
CTAHOBUTCS HECTAIIMOHAPHBIM M €70 MOXKHO 3aIMCaTh KaK

or oy 9 ,0T o, 0T o ,, 0T
o2 5 1% = 0y T2y D).
PV or e T M) T a0 ar)
e 1 — nons teepaoit daswl (Y]p_py = LYlp_p, = 0); T0,Ts — rem-
nepaTypbl JUKBUAYCa W COMMUAYCa CTaJdr COOTBETCTBEHHO; L — Temmora

TJIABJICHUST; TEIIO(MU3NIECKUe CBOWCTBA CTAJIN MPEJICTABIISIETCS KYCOTHO-
HenpepbiBHEbIME QyHKIMamu tennoemkoctu ¢(T), koaddunmenta Temto-
nposogaoctu A(T) m mwmorroctu p(T). dna pemmenus ypasuenwus: (1) 6Gbri-
s chOPMYJIMPOBAHBI KpaeBble yCIoBusi. HavaapHas TeMIepaTypa CauTKa
BO BCEX TOYKAX PACUYETHOH 006/IaCTU COOTBETCTBYET TEMIIEDATYPE MeTaJlIa
B IPOMKOBIIE. B ¢BA3m ¢ CHMMeTpUYHOCTBIO POPMBI CIMTKA C MPSMBIMH,
CKOIEHHBIMU WJIM 3aKPYTJIEHHBIMU YIJIAMHM B KadecTse pabouedl obmacTum
pacdeTa pacCMaTpHBaJach €ro 4eTBEPTh, W 33/1aBAJIHCh I'DAHUYHBIE YCIIO-
Bus 2 poga. IIIIOTHOCTH TEIZIOBOrO MOTOKA HAIPABIEHHOTO 110 HOPMAJIH OT
KPHUCTAJUIU3YIONErocst MeTasuia ¢(z,v) K pabodeil MOBEPXHOCTH KPUCTAJI-
JIN3aTOPA 3aJaBAJIACH C UCIIOJIb30BAHUEM SMIINPUIECKOHN 3aBUCHUMOCTH.

Jra pemenns (1) mcnonp30Bacs METOZ PACHIEIIEHU 10 KOODIMHA-
TaM. YPaBHEHUs TI0 OCSM X W y OBLIM NMPUBEIEHBI K BUIY TPeXIHaroHaIh-
HOU MaTpuIpl. KaXkaas 13 Moy YeHHbIX CHCTEM JIMHEHHbIX anrefpandecKux
VPaBHEHHIT pPelrasach MeTOnoM UpOoroHkw. Ilogyuennas pacueTHas cxema
JIOKAJILHO-OJHOMEepHAs U 6e3yC/IOBHO yCTOMYINBASL.

Ha ocHoBe cO31aHHON MaTEMaTHIECKON MOIEIN U IIPEIJIOKEHHOIO aJl-
TOPUTMOB pelleHnd KPaeBOoM 3a/a49u W JMHEHHOHN yCaJK| CJANTKa CO3Ja-
Ha KOMIIBIOTEpHast mporpaMma [3]. YcraHoBIeHA alJeKBATHOCTD CO3TAHHON
KOMITBIOTEPHOM MOJie/in OblIa Ha OCHOBE COIOCTABJIEHUS C ITPOMBIIIIEHHbI-
MU TaHHBIMH.
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