MUHUCTEPCTBO HAYKHU 1 BBICILIEI'O OBPA3OBAHIMA PO
BAIIIKUPCKWH I'OCYJIAPCTBEHHBI YHUBEPCUTET
NHCTUTYT MATEMATHUKU
C BbIYNUCJIMTEJIbHBIM LIEHTPOM YOUIL[ PAH
HAYYHO-OBFPA3ZOBATEJIbHBII MATEMATHUYECKUI LIEHTP
[MTPUBOJIKCKOI'O ®EAEPAJIBHOI'O OKPYT'A

CBOPHUK TE3NCOB

MEKJYHAPOJHOH HAYYHOH KOH®EPEHI[UH
«YOUMCKAA OCEHHAA MATEMATHYECKAA LIIKOJIA — 20205

r. Yda, 11 — 14 nos6ps 2020 r.

CEKIIUS «<HEJIMHEUHBIE YPABHEHU S »

CEKIIUA <MATEMATHYECKOE MOJIEJIUNPOBAHHUE»

HAYYHO-U3JATEJILCKUN LIEHTP « ADTEPHA»
YDA - 2020



YIAK 517.9
bbK 22

MeponpusiTue TpoBOAUTCS MPU PUHAHCOBON MOAIEPIKKE
PODU, npoekt Ne 20-01-22025

Peoakuyuonnan xonnezus:
1.¢.-m.H. 3.10. ®a3y/uiuH (0TB. peaKTop);
n.¢.-m.H. M.I'. FOmaryJios;
n.¢.-M.H. O.A. KpuBomieeBa;

A.C. BeJsioBa (0TB. cEKpeTaphb)

MEXKAYHAPOJJIHAS HAYYHASA KOH®EPEHIIUS
«YOUMCKASA OCEHHSSI MATEMATHYECKAS HIKOJIA -
2020»: coopuuk Te3ucoB (T. Yda, 11-14 Hos6ps 2020 r). / otB. pen. 3.10.
dazymmH. — Yda: Arrepna, 2020. - 276 c.

B  cOopHuke TmpeAcTaBie€Hbl TE3UCHl  JIOKJIAJOB  yYaCTHUKOB
MexayHaponHoi — HaydyHOWl — KoHepeHIMH  «Ydumckas  OCeHHsA
MateMatndeckas mkoia - 2020» (r. Ya, 11-14 nHos6ps 2020 r.). Lenbro
KOH(epeHUMHU ABIISUIOCH ACTAIbHOE 00CYXJACHHE HOBEUINX PE3yJIbTaTOB U
OTKPBITBIX IPOOJIEM B CHEKTPAIbHON TEOPUH, HETMHEMHOM M KOMILIEKCHOM
aHaJIN3€, BBIYMCIIUTEIIBHON MaTeMaTUKE, MATEMATUYECKOM MOJCIUPOBAHNUM.
Martepuansl cOOpHMKA TpeAHA3HAUY€Hbl JUIsI HAy4YHbIX pPaOOTHHKOB,
IIpenoAaBaTeiiel, aCIUPaHTOB U CTYAEHTOB, MHTEPECYIOIIMXCS YKAa3aHHBIMU
npoliemMamu.

ISBN 978-5-00177-038-1 © baml'Vy, 2020
© 000 «ADTEPHA», 2020



MEXIYHAPOJTHAS HAYYHAS KOH®EPEHI[UA

«YOUMCKAA OCEHHAA
MATEMATHYECKAA IHLIKOJIA — 2020»

CEKIIUA «<HEJJUHEHWHBIE YPABHEHU S »

r. Yoa, 11-14 nos6ps 2020 r.



O ITIOCTPOEHNU OBJIACTEN CUHXPOHU3AIINN
HEABTOHOMHOTO YPABHEHU A BAH-AEP-TIOJISA
A.B. Abxynnun
a.v.abdullin@gmasl.com

VIIK 517.91

B noksiazne o6cy»KIaroTcsl BOPOCHI O CHHXPOHHU3AINK TEPHUOINIECKAX
Kosnebanuit HeaBTroHOMHOrO ypasuenuns Bam-mep-Iloma. Ilpemmaratorcs
HOBBIE (POPMYJIBI TPUOTUKEHHOTO MTOCTPOEHHUsT 0bTacTell CHHXPOHMU3Aa-
MU B [JIOCKOCTHU [apPAMETPOB CHCTEMbI.

Karoueevie caosa: nepuonndeckne KojaeOaHusi, CAHXPOHU3AIMS, YCTOM-
9UBOCTb.

Periodic solutions of the non-autonomous Van-der-Pol
equation

Synchronization of oscillations (phase synchronization) is the process
of establishing and maintaining the oscillation mode of two or more
coupled oscillators, in which the frequencies of these oscillators are close
to each other (or their ratio is close to the ratio of two small integers).
Synchronization of oscillations is possible only in the case of nonlinear
oscillators. The report discusses questions about periodic solutions of
the non-autonomous Van-der-Pol equation.

Keywords: periodic fluctuations, synchronization, stability.
PaccmarpuBaerca nuddepenimaibaoe ypaBHeHTE:
t' = A(Q)z + a(z, o) + Bg(t), =€ R? (1)

3aBuCsiiiee OT JIByX napamerpos a u 3. 3mech A(q) — KBaJpaTHas Bele-

CTBEHHAsI MATPUIA, HEJUHEHHOCTD a(T, @) yI0BIETBOPAET yCa0BHUIO: (T, o) =

O(||z||?) npu x — 0; bynknusa g(t) asaserca T-nepuommaeckoit: g(t + T) =

g(t). Illpenmonaraercs, 910 mpu HEKOTOpoM « = g Marpuma Ay = A(ap)

HMMeET Iapy 9uCTO MHUMBIX CODCTBEHHBIX 3HAUEHUN A\ = Fiwq; 3mech wg > 0.
Ilpu B = 0 cucrema (1) aBageTCS aBTOHOMHOI BHIA

/

¢’ = A(a)z + a(z,a), =€ R%. (2)
B cuny mammx mpeamnosiockeHuil 3HAUEHUE (@ = (g SIBJSIETCS TOUYKOW Ou-
dbypramun Angponosa-Xorda cucreMer (2), TO €CTh TIPU MEPEXOIE O YE€PE3
ap B cucreme (2) B okpecrnocTu pemenua r = () BOSHMKAIOT HEHYJIEBbHIE

EPUOIUIECKUe PeIleHnst MaJioi aMmitury/ael. [lepuon T'(«) sTux perenuii

T
HelpepbIBHO 3aBucutT ot «, npuaem T (ag) = Ty = w0

[Iycts mepuon T dyukuuu ¢(t) paser win 6su3ok K ducay Tp. B arom
caydae (cM., Haupumep, [1]) BO3MOKHA CUHZPOHUSAUUA NEPUOOUMECKUT KO-
aebanut B cucreme (1). A mvenno, B cucreme (1) npm o, 6auskux K ag, u f,

A6nynnun Aiipar Basmesuna, Baml'V (Yda, Poccus)



bumskux K B = 0, B okpecTHOCTH TOUYKY T = () BOSHUKAIOT HEHYJIEBBIE [IEPUO-
ANMY9eCKUe pernenmnd MaJIoM AMTIJIUTYAbBI C TEPUOJ0OM T BuernaHero BOS/IQI?ICTBI/IH
9(t).

B nokmaze 06CyKAa0TCs BOMPOCH! ONMCAHUs 001acTell CHHXPOHW3AINH
cucremsl (1) B tockocTn napamerpos (a, (). B kadecrBe ocHOBHOTO 06beKTA
paccMaTpuBaeTcd HeaBTOHOMHOE ypapuenne Ban-mep-ITosa.

JIureparypa
1. FOmaeynoe M.I., UHmaneysrosa 3.C. Meron hyHKIMOHAIM3ANN TapAMETPA

B 3a/a49€e O Ce/I0-y3JI0BbIX OndypKAIUaX IMHAMAYECKHX cucTeM. // ABTomaTmka
u resieMexanuka. 4 (2017), 63-77.

O CYIIECTBOBAHUU N E/IMHCTBEHHOCTU
MOJIOYKMNTEJBHOI'O PEIIIEHISI KPAEBOI 3AJJAYN
AJId OJHOT O HEJIMHENHOTO
OYHIINMOHAJIBHO-INOPEPEHIINAJIBHOT O
YPABHEHUA BTOPOT'O ITIOPA/IKA
I'.9. A6ayparumoB
gusen_ e@mail.Tu

VIIK 517.927

PaccmarpuBaercs KpaeBas 33/7a4a [Ijisi OXHOTO HEJWHEHHOro (yHImo-
HATbHO-In(GEPEHITNATBEHOIO YPABHEHHS BTOPOTO MOPSIKA C OTHOPOI-
HBIMHU TPAHUYHBIME yCIOBUAMH. Ha OCHOBE TeOopHWu IMOJIYyIOPsI09YeH-
HbIX IIPOCTPAHCTB C IIOMOIIbIO CII€NUAJIbHBIX TOIIOJIOTUYECKUX CPEJCTB
JIOKA3aHO CYIIECTBOBAHUE €IUHCTBEHHOTO TIOJIOKUTEIHHOTO PEIIEHUST C-
ciieayeMoit 3a1a4n.

Karouesvie caosa: 11010KuTeIbHOE PEIIEHNE, KPAeBas 33249, KOHYC

On the existence and uniqueness of a positive solution to a
boundary value problem for one nonlinear functional -
differential equation of the second order

We consider a boundary value problem for one nonlinear functional -
differential equation of the second order with homogeneous boundary
conditions. Based on the theory of semi-ordered spaces using special
topological tools, the existence of a unique positive solution to the prob-
lem under study is proved.

Keywords: positive solution,boundary value, cone

A6nyparnmos 'ycern dubaepxanosud, k.d.-m.H., gonent, AI'Y (Maxaukama, Poccus);
Gusen Abduragimov (Dagestan State University of Makhachkala, Russia)



O6osnauum gepes C' — npocrpaucrso C[0,1], gepes L, (1 < p < 00) —
mpoctparcTBo Ly(0.1) n wepes W? — npoCTpPaHCTBO BEIECTBEHHBIX (DYHK-
i, ompeesieHHbIX Ha [0, 1], ¢ abCOTIOTHO HEMPEPBIBHON MTPOW3BOIHOM.

I[Iycrts K — KOHYC HEOTPHIATEIBHBIX (DYHKIIHT x(t) mpocrpancrea C.

Paccmorpum KpaeByio 3ajady

() + f(t,(Tx)(t) =0, 0<t<I, (1)
z(0) =0, z(1) =0, (2)

rie T: C — L, (1 < p < 00) — JMHEHHDIH [TOTOKUTEIBHBIH HeIPephIB-
HBIil oneparop, dynknms f(t,u) HEOTPUIATENBHA, BO3PACTAET IO BTOPOMY
apryMeHTy, yaoBjaerBopsier yeaosuto Kapareomopu u f(-,0) = 0.

[Tox mostoxuTeBHBIM perterneM 3a1a4au (1)-(2) Oyxem moEnMaTh ByHK-
mmo © € W2, monoskurensryio B untepsase (0, 1), yI0BIeTBOPSIONLYIO HOYTH
BCIOTy ypaBHeHUO (1) m KpaeBbIM ycoBusiM (2).

Teopema 1. IIpednonosicum, wmo T: C — L, — noaosicumenvrod na
ronyce [1,¢.59] K onepamop u 6vinoamnens Ycaosus.

l.p>qg>1;

2. Y(u) < f(t,u) <buP/?, te[0,1], u>0,
20e b>0, 1<qg<oo, ¥P(u) —makasa neompuuyamervhas Heyowveao-
()

was Gynxyua, wmo limy o —~ = 00

Tozda xpaesas 3adava (1)-(2) umeem no Kpatned mepe 00HO NOAOAHCUMEND-
Hoe pewenue.

Teopema 2. ITpu swnosneruu yeaosul meopemos 1 xpaesas sadaua (1)-
(2) umeem eduncmeennoe nososcumenvhoe pewenue, ecau gynkyus f(t, u)
dugpepenyupyema no u, npouseoduas f,(t,u) eospacmaem no emopomy ap-
2YMERMY U

6], < 4,

q

1

2de O(t) = fl (t,o0 (T1)(t)), o = <

1 1 _

p—q
5 , ¥ — nopma onepamopa 1 : C' —
brya

JIureparypa
1. Kpacnoceavcruti M. A. TlonoxxurenbHbIe PEIIeHNs ONEePATOPHDLIX yPABHEHUI. —
Quzmarruz, M., 1962



YCTOMYUBOCTH U BNOYPKAIINN
HEITPEPBIBHO-/IMCKPETHBIX JIMHAMWYECKNX
CUCTEM
C.B. AkmanoBa
svet.akm_ 74 @mail.Tu

YIK 517.938

Wccnemyrorcst BOIPOCH! yCTOWIHMBOCTH 1 Oy PKAIINii HEITPEPBIBHO-HCK-
PETHBIX JMHAMUYECKUX CUCTEM. BBIsIBJIIEHBI YCIOBUS YCTORIUBOCTH, OC-
HOBHBIE CIleHapuu Ou@ypKamuii B OKPECTHOCTSIX TOYEK DABHOBECHS B
3aBUCUMOCTH OT KOI(MDMUIMEHTOB CUCTEMBI U TapaMeTpa BPEMEHH.

Karouesvie caosa: HENPEPHIBHO-IUCKPETHAS CHUCTEMA, TOYKA pPaBHOBE-
CHsl, yCTOWIHBOCTD, OndypKaIms

Stability and bifurcations of continuous-discrete dynamical
systems

The questions of stability and bifurcations of continuous-discrete dy-
namical systems are investigated. The conditions of stability, the main
scenarios of bifurcations and bifurcation points of these systems are
revealed, taking into account their coefficients and the time parameter.

Keywords: continuous-discrete system, the equilibrium point, the sta-
bility of the system, the scenario of bifurcation

PaccmaTtpuBaeTcs HemrpepbIBHO-ANCKPETHAST CUCTEMA

{ ml(t) = f(:L‘(t)) + y(tk)a (1)
Y(te+1) = ax(tps1) + by(te),

rae a,b € Ryt € [tg,tgs1),k=0,1,....n—1,n € N, f(x) - HeupepbiBHO nud>-
depennmpyemas gynknuns takast, uro f(0) = 0. Torma cucrema (1) nmeer
TOYKY paBHOBecud x* = y* = 0. Benuuuna h = ¢4 —t; > 0 npeamonaraer-
Cs TOCTOSIHHOIA, T.€. He 3aBucuT oT k. Ilpn n3ydyennn BOIPOCOB yCTOWYUBOCTH
u 6udpypraimii cucremsl (1) B OKpecTHOCTH 9TOM TOUKM B KadecTse 6udypa-
IMOHHOTO MapaMeTpa PACCMaTPUBAETCS BeTHIUHA h.

[Iycrs f/(0) # 0; 6e3 orpanudenust 06IIHOCTH MOXKHO cauTaTh, 410 f'(0)
1uwm f'(0) = —1. Tanee ayia onpenenennoctr Oygem nojgarats, aro f'(0) =
—1.

JLtst w3y ueHust IOCTABICHHOM 31491 OCYIIECTBIIAETCS JIMHeAPU3AIUs Ch-
crembr (1) B okpecTtHOCTH TOUKM T = y = (0 U IEpexos OT MOJIYIeHHON Jin-
HelHo! cucrembl K AUCKPETHON cucreme

T = e oy + (1 — e My, )
Ykt = ae Pap + [a(1 — e™) 4 blyg.

AxkwmanoBa Cserana BiaauMmupoBHa, K.ILH., IOLEHT, MarHUTOrOPCKWH TOCyIap-
cTBeHHbIN Texanaeckuii yausepcurer uM. [.J1.Hocosa (Marauroropck, Poccus); Svetlana
Akmanova (Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia)



Ha ocnoBe anasn3a JjiuHEHHON JMCKPETHON cucrembl (2) 110J1ydeHbl HOBbIE
TeopeMbl 00 YCIOBUSAX YCTOWYMBOCTH W OCHOBHBIX CIIEHApPUAX Oudyprarmm
cucrembl (1). C yuérom [1, 2| mokazaHo, 9T0 B 3aBUCUMOCTH OT KO3 durm-
€HTOB a U b BO3MOXKHBI PA3HOBUIHOCTH CrieHapueB Oudypkanum AHIPOHOBA
-Xomda.

JIuteparypa

1. Hluavwukos JIIIL., Hlusvnukos A.A., Typaes JI.B.,Yya JI. Meronpr kade-
CTBEHHOI Teopuu B HeMMHeTHOM nuHaMuKke. JacTth 2. — MockBa-UxeBck: UucTuTy T
KOMIBIOTEPHBIX ucciaenoanuii, 2009. — 548.

2. FOmazynroe M.I., DIycaposa H.U., Mypmasuna C.A., @asrvimiunos M.D.
OneparopHble METO/bI BBIYUCIEHUs JIANYHOBCKUX BEJIUYUH B 33a9aX O JIOKAJIb-
Hbix Oudypkauuax punamudeckux cucrem // Ydumck. marem. xkypH. . Tom 10.
Nel. 2018.— 25-49.

KPUTEPUN O,Z[HOBHA‘IHOI.;I PASPEIIINMOCTHA
CHEKTPAJIBHON CMEIIIAHHO SAJTAYN JJIA
MHOT'OMEPHOTI'O YPABHEHUI A
JIABPEHTBEBA-BUIIAI3E
C.A. AnnanieB
aldash51@mail.ru

VIIK 517.956

B pabote nzyuaercs crekTpasibHas CMeIIaHHAs 3a/a4a JIJisi MHOTOMep-
nHoro ypasuenus JlaBpearbesa-bumanze. [IpuBoasres: cobcrBeHHbIe 3HA-
YeHHS U COOTBETCTBYIOINIHME UM COOCTBEHHbIE (DYHKIMH STONH 3a/Ia4H.

Karouesnie caosa: crieKTpanbHas 3a7a49a, COOCTBEHHbIE 3HAYUEHUs, COO-
crBennbie Gyukimn, Gyskmn Beccens.

The criterion of the unique solvability of the spectral mixed
problem for the multi-dimensional Lavrentiev-Bitsadze
equation

We study the spectral mixed problem for the multi-dimensional Lavrentiev-
Bitsadze equation. We find the eigenvalues and the corresponding eigen-
functions of this problem.

Keywords: spectral problem, eigenvalues, eigenfunctions, Bessel func-
tions.

PaGora Bpmosnena upu dunancosoit nongepxke Gonna maykn KasHITY (mpoexr 8
ot 05.01.2020).

Annmames Cepuk Atimypsaeswd, m.¢d.-m.u., mpodeccop, KasHIIY (Anmarer, Kazax-
cran); Serik Aldashev (Abai Kazakh National Pedagogical University, Kazakhstan)



Beenenue /IpymepHble clieKTpaJibHbIE 384a41 Jjis yPaBHEHUH ruiepobo-
JIO-3JUTHIITHYECKOrO THIa Xoporto u3ydens! ([1-3]). OxHako nx MHOrOMeEpHBIE
anajorn Masio uccaenosansl ([4,5]). B mamHOil pabore mosydueH KpuTepwii
O/IHO3HAYHON pa3PeNnInMOCTH 3aa4u [Ijisi MHOTOMEPHOTO ypaBHeHus Jlas-
peHTheBa-buia3e.

IHocranoBka 3ajauu u pesyabrat [lycts (), - kKoHeunas ob61acTh €B-

KJINZI0Ba IPOCTpancTBa Ey, 1 Tovyek (1, ..., Tm,t), orpanundensas upu t > 0
ceprueckoit mosepxaocthio o : |2 + 12 = 1 a mpu t < 0 mEAEHAPOM
I' = {(z,t) : || = 1} m maockocteio ¢ = 0, rae |z| - maauHA BeKTOpa

r = (21,0, Tp),m > 2. O6oznaunm vepes QT u Q) vactu obnacru €,
Jexkamue B oaynpocrpancTBax t > 0 u t < 0. Ilycts manee I'y, - 9acTp 1im-
JIMHJIPA, orpanuduBaroas obacrs (1. B obsacru (1, paccMorpuMm MHOIO-
MepHOe ypaBHenue JlaBperTheBa-bBuiagze co CrieKTpaabHBIM JeHCTBUTE -
HBIM TTAPAMETPOM (i

Agu — (sgn t)uy = pu

rae A, - oneparop Jlammaca 1no nepeMeHHbIM 1, ..., Ty,. PaccMOTpUM Cyie/y-
JOIIYT0 CHEKTPATLHYIO CMEIIAHHYIO 3a1aMy.

Samaua 1. Haiitu permenve ypasuenust (1) B obsmactu €, npu ¢t # 0 u3
kracca C(Qq)NCH(Qa)NC?(QFUQ,) yrosaeTRopsIoNTee KpaeBoMy yCI0BHIO

U =0.
oUly
CupageinBa
Teopema. 3ajiaua 1 0/HO3HAYHO pasperuMa, < (1 # —72
CuiescrBue. 3ajada 1 nMeeT COOCTBEHHBIC 3HAUEHHA (I = —7Y2 W CO-

OTBETCTBYIOIIHE UM CODCTBEHHBIE (DYHKITUH, TJI€ Yo - MOJOKUTENbHBIE HYIN
dbyukipn Beccens nepsoro pona J,(z) nesoro nopsigka £ > mTH
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O HEKOTOPBIX OBOBH_[EHI/IHX ITIOTEHIINAJIOB
KAJIOI2KEPO, MOP3E A MEITJIS-TEJIJIEPA
E.C. AnekceeBa, A.9. Paccaguu
kometarella@mail.ru, brat_ras@list.ru

VIIK 517.925.42

B pabore mpemayioxkeHbl 0OODIIEHNUS Ppsiia, XOPOIITO M3BECTHBIX TTOTEH-
[MAJIOB, MPUBOIAIINE K WHTETPUPYEMBIM B T€PMUHAX SJIIATTHIECKUAX
dbyukinit Axobr OIHOMEPHBIM TaMHJIBTOHOBBIM CHCTeMaM. lIpumene-
HUs 9TUX [OTEHIMAJIOB B PA3JIMYHLIX Pa3/iefax MeXaHUuKu u (hU3UKU
TakXKe 00CYKIEHBI.

Karouesvie cro6a: Kiaccuieckast MEXaHNKa, KBAHTOBAsE MEXaHNKa, (HyHK-
musa lamunbrona, ypasaenne [lpénunrepa, HenHERHDIE BOTHDL.

On some generalizations of Calogero, Morse and
Poschl-Teller potential wells

In the paper, generalizations of a number of well-known potentials car-
rying into one-dimensional Hamiltonian systems integrated in terms of
Jacobian elliptic functions have been proposed. Applications of these
potentials in various branches of mechanics and physics have been also
discussed.

Keywords: classical mechanics, quantum mechanics, Hamiltonian, Schrédinger
equation, nonlinear waves.

IIpu obydenun CTy/IEHTOB YHUBEPCUTETOB KaK KJIACCHYECKOH, TaK 1 KBAaH-
TOBOI MeXaHUKE Ha MPOTSKEHUU MHOIUX JIECATUJIETUH OOIBINON TOmyJIsip-
HOCTBIO IIOJIL3YETCHd LeJIbI pAJl OQHOMEPHBIX IIOTCHIINAJIOB [1, 2], a MMEHHO,
norernura Kajomkepo:

1
U(a) =+ . )
norernmaJ Mop3se:
UM(z) = exp(—2x) — 2 exp(—x) (2)

n norennmas [1émura-Temrmepa:

UPT(z) = tan® z. (3)

AnexceeBa Enena Cepreesna, ujen HuKeropomckoro MaTeMaTHIeCKOro OOIIECTBa
(Huxamit Hosropom, Poccusa); Elena Alekseeva (Nizhny Novgorod Mathematical Society,
Nizhny Novgorod, Russia)

Paccagma Anexcanap Dmyapaosud, ainen [Ipasnerna Hukeropomckoro maremaTude-
ckoro obmecrsa (Huxuuit Hosropox, Poccust); Alexander Rassadin (Nizhny Novgorod
Mathematical Society, Nizhny Novgorod, Russia)
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Taxast norynspHocTbh 00yC/OBJIEHA TEM (DAKTOM, YTO B KJACCUYECKON
MeXaHUuKe JIJId raMUJIBTOHOBOW CUCTEMBI BHUJIA:

2
H(p,a) = % +U(x) 4)

npu BeIOOpPE B KadectBe norennmana U(x) moboro u3 norennmanos (1), (2)
i (3) HenmmeitHO 3aMenoil mepemenubix y = f(x) cucrema (4) cBomurca
K FapMOHUYECKOMY OCLMLIATOPY [1], a B KBaHTOBOM MexaHUKe Jijisi CTaino-
Hapuoro ypasuennst [IIpéaunarepa ¢ raMuasToRnaHOM (4) W TTOTEHIMAIAME
(1)-(3) siBHO BBHIMMCHIBAIOTCS W COOCTBEHHBIE (DYHKIMH, M COOCTBEHHBIE 3HA-
YeHust SHepruu [2].

Wcnonsaysa oueBuambie 3aMeHbl 0000IMEHHOT KOOPAMHATDI, HECIOKHO 10~
Ka3aTh CJIEIYOILYI0 TEOPEMY:

Teopema. Jlia 2amusvmonogol cucmemvl (4) ¢ NOMENYUAAGMY 6UIQ:

Ug(:r):UC(x)+ax4+bx6, (5)
Ué\/‘[(x) = UM(z) +a exp(z) + b exp(2x), (6)
UfT(:U) =UPT(z) 4 asinz + b sin’x (7)

npu a, b € R pewenusa ypasrnenuti d6UiCENUA BBPAANCAIOMEA HEPES IANUTL-
muyeckue Gynxyun dxobu.

Taxue obomenus norernuagos (1)-(3) mose3HBl He TOJBKO IPH TOCTPO-
eHun MOMUIIMPOBAHHON Teopun MOy Ay Yusema [3] auist HenuHeRHbIX
ypasuennii Kieitra-Loprona-®oka ¢ norenrmasamu (5)-(7), HO u pu ompe-
JIeJIEHUN XapPaKTePUCTUK HEJIMHEHHBIX 3JeMEHTOB OJHOPOJHBIX lenovek [4]
10 9KCIEPUMEHTATBHBIM JTAHHBIM C TIOMOIIHI0 METO/[a HANMEHBIINX KBaIpa-
TOB.

Merozsom, passurbiM B pabote [5], MOKHO ommcarh craboe 3aTyxXaHUe
JIBMZKEHUS 9aCTUIBl B TOTeHMuaabHbix amax (5)-(7).

Hakowerr, ciieyer oxKuaTh mporpecca B pernenun 3agaqan Ko wa mpsi-
MO#t st HeCTamOHApHOTo ypasuenus [Ipémunrepa ¢ ramuabrornanom (4)
u notennuaaamu (5)-(7) B paMKax IpeJIozKeHHOTO B cTaThe [6] hopmanmsma
kBasndernManOBCKIX (HOPMYJT .
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MHTEIT'PUPOBAHUWE MOJIUN®UIINPOBAHHOTI'O
YPABHEHUA KOPTEBET'A-JIE ®PU3A C
HATPY2KEHHBIMU Y/IEHAMN
T.2K. Asutanazaposa, ¥.B. Mymunos
j-tazagul86@mail.Tu, umuminovl53Q@Qgmail.com

YIK 517.957

Kparkas annoramus. B sToit pabore merom oOpaTHOi CIEKTpPaIbHON
3339 TPUMEHSETCS K MWHTErPUPOBAHUI0 MOAUMUIIMTPOBAHHOTO YPaB-
wenusi Kopresera-ge ®@pusa ¢ HArPYKEHHBIMY YJIEHAMU B KJIACCE TEpPU-
onuueckux (He 00s3aTeIbHO KOHEYHO30HHBIX) (DyHKIUiA.

Karouesnie caosa: Momudunuposanmbie ypasaerust Kopresera-me @pu-
3a, omeparop Hdupaka, obparHast CeKTpaibHasA 3a/4a49a, (POPMYJIbL CJie-
JIOB, cucrema ypapHenwuii /lyopoBuHa.

Integration of the modified Korteweg-de Vries equation with
the loaded term

Short abstract. In this paper, the method of the inverse spectral prob-
lem is applied to the integration of the modified Korteweg-de Vries
equation with the loaded term in the class of periodic (not necessarily
finite-gap) functions.

Keywords: Modified Korteweg-de Vries equation, Dirac’s operator, in-
verse spectral problem, trace formulas, Dubrovin system of equation.
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Ob6parHbie CIEKTPAJIbHBIE 33/Ia9i UTPAOT 3HAUYUTEBHYI) POJIb IIPU WH-
TErPUPOBAHUN HEKOTOPHIX BAYKHBIX IBOJIIONMOHHBIX YPABHEHWI MATEMATH-
qeCcKO# (pUBUKI.

Paccmorpum 3agawa Komm qyia momudurmposamaoro ypasaenus Kopresera-
e Opusa ¢ HATPYKEHHBIMU YJI€HAMHU BUA

a = a(t)q(zo,t) [66°q — quaz] + b(t)q (z1,1) (1)

IPpU HAYAJBHBIX YCJIOBUAX

q(z,t),_g=q(r), T€R (2)

B KJIACCE JIEHCTBUTEIBHBIX T - MEPUOANIECKUX T10 = (HE 06s3aTeIbHO KOHEU-
HO30HHBIX ) (DYHKIWI, yIOBIETBOPAIONINX YCJIOBUASIM T/IAKOCTH

qr+mt)=qlx,t) €CEt>0)[)Clt>0)[)CE=0). (3)

B ypasuenue (1) koadbdunpentsi a (t),b(t) € C [0,00) - 3aganHas jgeiicTBu-
TeabHAsl OrpaHudeHHast QYHKIHI, a g, L1 € K.

ITesb macTOsAMIElH PABOTHI ABISAETCA AITOPUTM TTIOCTPOEHUS pernennst ¢ (1, 1),
x € R, t > 0 3amaun (1)-(3) B pamKrax oOpaTHOIl CIEKTPAJIBLHOMN 3a/1aun s
omeparopa JIupaka:

L(r,t)y=By +Qx+7t)y=Xy, TER (4)

v ( 0110)’ e = ( Q(Z,t)q(x(’)t) > - < Z; )

O6oznaunm uepes ¢ (x, A, 7,t) = (c1 (z, A, 7, 1) , e (2, \, T, t))T us (x,\,7,t) =
(s1(z, A, 7,1), 52 (2, A, 7,1))! pemenns ypasnenus (4) ¢ HAYATBHBIMU yCIO-
susvn ¢ (0, A, 7,t) = (1,007 u s(0,\,7,¢) = (0,1)7. Oyuxmus A (N) =
c1 (my A\, T, t) + so (m, A\, 7, t) Ha3BIBAETCA byHKIWMIT JIsyHOBA 17151 ypaBHEHUS
(4).

CroexTp omeparopa L YMCTO HENPEPLIBHO B COCTOUT U3 CJIEIYFOMIEr0 MHO-
JKEeCTBA:

rae

o(Ly=fAeR: AN <2} =R\ [ (on-1,220),

n=—oo

pu 9TOM MHTEPBAJb (A2p—1, A2p), N € Z HABBIBAIOTCS JAKYHAMM, 1€ Agk—1, Adk
cobcTBeHHBIE 3HAUEHUsT epuoanyaeckoii 3agadn (y (0,7,t) =y (7, 7,t) = 0), a
Adk+1, Mgl COOCTBEHHBIE 3HAYUEHUA AHTUITEPUO/INYECKON 3a/aun

(y (07 T, t) =Y (7[', T, t))
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Jyisi ypasHeHust (4).

Kopuu ypasaenust s1 (m, A\, 7,t) = 0 oboznaunm uepes &, = &, (1,t), n €
Z. Onu coBiaatoT ¢ cobcTBeHHbIME 3HAMeHUsIME 33 1aqn [upuxte (yy (0, 7,t) =
0, y1(m,7,t) =0) ana cucremsr (4).

Ha6op {An(7,t), &u(T,t), on(T,t), n € Z} - HA3BIBAIOTCS CHEKTPAJILHBI-
MU JaHHBIME omeparopa L(T,t), rie

on = op (T,t) = sign{se (7,8, 7,t) — c1 (7, &, 7, 1) } = 1.

OcHOBHOIT pe3ysibTaT HACTOSIIEN PABOTHI COIEPKUTCS B CASAYIOMIEH Teo-
peme.

Teopema 1. lycm q(x,t), v € R, t > 0 pewenue sadawu (1)-(3).
Tozda A\, (T,t), n € Z - epanuyvi cnexmpa onepamopa upara L (T,t) ne
aagucam om napamempos T u t, m.e. Ay (T,t) = Ay, n € Z a cnexmpanvhoie
napamempos &, (T,t), o, (T,t), n € Z ydosaemeopaom anarozy cucmemol
ypasnenut Jybposuna

én (7-7 t) =2 (_1)n On (7_> t) hy (5) {_2£na (t) q ($0, t) ’

@ () + ) (1,1) +260] — b(t)E,q (x1,1)}, n € Z. (5)

Baeck 3HaK 0y, (T,t) = +£1 MeHseTCs HA NPOTUBOMOJIOKHBIA TPU KK I0M
CTOJKHOBEHU{T TOUKY &, (T,1) ¢ PpaHUIAME CBOEHT JTAKYHBI [A2n—1, A2n] - Kpo-
M€ TOI'0, BBIIIOJIHSIOTCS C/IE/YIOIIe HA4a/IbHbIE YCIOBUSL

&n (T, 0)l—g = &0 (1), on (T t)lieg =0 (1), nEZ, (6)

mpu sTom &9 (1), 0% (7), An, 1 € Z - cueKTpaibHBIE ITapaMeTpPhl OTIepaTopa

Hupaxa L (7,0) ¢ koaddunmentam qo (x + 7), 7 € R.
3ameuanue 1. Hcnoavsys dopmyave caedos

Rt R (W—gé(m)), (7)

k=—oc0

o0

g(rt) = Y (=D o (rt) i (€ (1)) (8)

k=—o00
cucmemy (5) moocno nepenucams 6 3aMKEHYMOU Hopme.

oo

én (Ta t) =2 (_l)n On (T7 t) hy, (5 (T, t)) {—2a (t> &n (T7 t) Z (_l)kilgk (va t) )

k=—oc0

00 )\2 o A2
i (€ (20, 1)) [ ) (% = &1, ) + 20O (T, 0] = (9)

k=—o00
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[e.9]

—b(t)&n(r,t) > (=1 o (w1, 8) bk (€ (21, 1))},

k=—oc0
e
_ — — - (Aok—1 — &) (Mo — &)
k= oo k= gn)
k#n

Samedqanue 2. Imo meopema daem memod pewenusn sadauu (1)-(3).

Jlas amozo, cranana natidem cnexmpanvisie danmvie An, 9 (1), o0 (1), n €

Z onepamopa Tupaka L (1,0) coomeememsyrowue kosdduyuermy qo (z + 7).
Tenepov 6 ypasnerue (9) u navarvrom yeaosuam (6) nocaedosamenvro no-
aooicum T = xo u T = 1. Pewas noaywennyro zadawy Kowwu, narodum
&n (0, 1), opn (0, t) u &y (21,1), o (21,1). Bamem us dopmyav (8) onpede-
aum pyrnkyuy q (zo,t) u q(x1,t) Hocae smozo, nodcmasaas smu darnve 6
cucmemy ypasnenut (5), u pewasn sadawy Kowu (5), (6) npu npouseons-
Hom 3nauenuu T, naxodum &, (T,t), op (1,t), n € Z. Uz dopmya caedos (8)
noayuaem q (T,t), m.e. pewenue 3adanu.
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HEJIMHENHBIE MHTET'PAJIBHBIE YVPABHEHIISA TUIIA
CBEPTKU B KOMIIJIEKCHHBIX I[TPOCTPAHCTBAX
C.H. AcxaboB
askhabov@yandez.ru

VIIK 517.968.4

MeTtogamu TeOpUM MOHOTOHHBIX ONEPATOPOB JOKA3AHBI TEOPEMBI CYTIe-
CTBOBAHUS W €JUHCTBEHHOCTH PEIIeHNus I PA3TUIHBIX KJIACCOB YPaB-
HEHUHN Tuna CBEPTKU ¢ MOHOTOHHON HEJIMHEHHOCTBIO B KOMILJIEKCHBIX
npocrpancrsax Jlebera L,(R). ITokaszano, 4ro pemenuss MOryTr ObITb
Hajiensl B pocrpancTBe Lo (R) MeTOMOM MOCIeI0BaTEIBHBIX TPUOIH-
JKEHU.

Karouesnie caosa: HeTMHEHHBIE MHTETPpATbHBIE YPABHEHNUS, CBEPTKA, MO-
HOTOHHBII OIEpaToOpP

Nonlinear integral equations of convolution type in complex
spaces

By methods of monotone operators theory, existence and uniqueness
theorems are proved for some classes convolution type equations with
monotone nonlinearity in complex Lebesgue spaces L,(R). It is shown
that the solutions can be found in space Lo(R) by a Picard’s type suc-
cessive approximations method.

Keywords: nonlinear integral equations, convolution, monotone operator

MHuorue 3ajauu COBpEMEHHON MaTeMaTHKu, (DU3UKHU, MEXAHUKH U OHO-
JIOTUW TIPUBOJAT K HEJUHEHHBIM WHTETPAJIbHBIM YPABHEHUSAM THTIA CBEPTKMU.
Tax, HampuMep, 00K KJTaCC HETHHEHHBIX CEPBOMEXaHU3MOB (CIEIAINX Ch-
CTeM) OIKUCHIBAETCS HEJIMHEHBIM MHTErPAIBHBIM YPABHEHUEM TUIA, CBEPTKH

BHIA
[o.¢]

u(z) + / h(z —t) - Flt,u(t)]dt = f(x), (1)

—00

rjie HeOHOPOTHOCTE f(x) ecTh BXOMHOI curHas, a saapo h(x) ecrb orBer-
HbLT UMIYJILC cucTeMbl. YpapHeHue (1) BO3HUKAET Tak:Ke B TEOPUM JIEK-
TPUUECKUX CeTell (CUTHAMBHON TPAHCMUCCHU Yepe3 OBIILYI0 3JIEKTPUIECKYTO
CeThb), COJEPKAINUX HEJUHEHbIe JIeMEHTH (HeJInHeHHbIH pesuctop). [lpu
f(z) = 0 ypasuenue Buja (1) onucbiBaer jJeTepMEHUCTHYECKIE MOJIEH TTPO-
CTPAHCTBEHHOI'O PACIIPOCTPAHEHUs SMUIEMHN, & TakKyKe HCIOJIb3yeTCsd Kak

PaGora Bemmonmena npn dbuHaHCOBOH moamep:kke PODU (mpoext Ne 18-41-200001) m
yOMKyercs B paMKaX BBIIIOJIHEHHs I'OCYIaPCTBEHHOIO 33JaHus B coorsercrsuu ¢ Jo-
HOJIHUTENBHBIM coriantenuneM ot 07.07.2020 Ne 075-03-2020-239/2 peectp Ne248 KBK
01104730290059611 (mpoekt «Hemumeiinbie cuarymsapable naTErpo-mud depennmatbabe
YDAaBHEHH:A U KPAaEBbIE 33191 ).

Acxabos Cynran Haxmymuroswd, a.¢d.-m.H., mpodeccop, YIITY, UYTI'Y (T'posrsbrii,
Poccus); Sultan Askhabov (Chechen State Pedagogical University, Chechen State
University, Grozny, Russia)
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MaTeMaTHYECKas MOJE/b HEKOTOPHIX MHMEKIIMOHHBIX 3200 1eBaHIN MM KaK
ypaBHeHWe POCTa HEKOTOPHIX BUIOB momysiinn (nogpobree cuM. [1] u npuse-
JeHHYIO B Hell 6ubanorpaduro).

B nammoit pabore Merogamu Teopun MOHOTOHHBIX (110 Bpaynepy-MunTn)
OIEpaTOPOB YCTAHOBIEHBI TEOPEMBI CYIMIECTBOBAHUSA M €IUHCTBEHHOCTH PE-
IMEeHUs I PA3JIAYHBIX KJIACCOB MHTETPATLHBIX YPABHEHWI THIA CBEPTKH C
MOHOTOHHO! HEJIMHEHHOCTBIO B KOMNAekCHuL TTIpocTpancTBax Jlebera L, (R),
p > 1, B npeanonoxkennn, uto aapo h(x) € L1(R) u ymosnersopsier ycaoBuo:

Re / h(t) - exp(—ixt)dt > 0, Vx € (—00,0). (2)

— 00

Beesiem B paccmoTpenne HeJMHeHHBI orneparop cyneprosuimn (onepa-
top Hemsikoro) (Fu)(z) = Flz, u(x)], HOpOXKIeHHBIH KOMIJIEKCHO3HATHOM
dbyuxupeit F(z, z) : RxC — C, ynosaersopsionieil yciaopusiv Kapareomopu:
oHa m3MepuMa 10 = € R npu kax oM dbukcuposanaom z € C u HenmpephIB-
Ha 10 z mouTH A5 Beex x € R. O6ozmaunv qepes L (R) mmoxkecTso Beex
HeoTpunareabHbIx dynkiuit u3 Ly(R) n nogoxum ¢ = p/(p—1) npu p > 1.

Teopema 1. [Iycmv p > 2, h(z) € Li(R) N Ly(R) u ydosaemsopaem
yeaosuro (2). Ecau neaunetinocmo F(x, z) ydosaemsopaem ycaosusm:

1). Cywecmeyrom c(x) € L (R) u dy > 0 makue, wmo dasn nowmu ecex
z € R u wobozo z € C sunoanaemea nepasencmeo:

|F(z,2)| < c(x) +dy - |2P7Y, dy >0

2). Jasn nowmu ecex © € R u ecex 21,29 € C swnoansaemes nepasen-
cmeo:

Re{[F(x,zl) — F(x,29)] - (21 — 22)} >0 npu 21 # 29;

3). Cywecmeyrom D(z) € L] (R) u ds > 0 maxue, wmo das nowmu ecex
x € R u scex z € C sunosnaemca nepasencmso:

Re{F(z,z)-Z} > dy - |2|P — D(z).

Tozda ypasnenue (1) umeem eduncmeennoe pewenue uw*(z) € Ly(R) npu
aobom f(x) € Ly(R). Kpome mozo, ecau yeaosus 1) u 8) evinoanaromea
npu c(x) =0 u D(x) = 0, mo cnpasedausa ouenka:

. d
e 3)

Tax:ke B paboTe, KOMOMHIPOBAHHEM METO/Ia MOHOTOHHBIX OTIEPATOPOB 1
MPUHITATIA, CRUMAFOTINX 0TODPaYKEeHU, MOKA3aHO, YTO PEIeHNs PACCMATPH-
BaeMbIX ypaBHEHUiT MOryT ObITh HaiifeHbl B mpocrpancTBe Lo(R) meromom
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HOC/IEIOBATE/IbHBIX TPUOJINKEHUI ITMKAPOBCKOIO TUIIA U JOKA3AHBI OLEHKH
CKOPOCTH CXOIMMOCTH STUX Tpubkenwii. Bee mostydentnie pe3yabTaThl B
pamkax mpocrpancTsa Lo(R) oxBaTbhiBaroT, B YaCTHOCTH, JIMHEHHbIE WHTE-
rpaJbHBIE YPABHEHUS TUIIA CBEPTKH. J[0KA3aTeILCTEO AHATOTUIHBIX PE3Y/Th-
TAaTOB B CiIydae seujecmeennbis npocrpatcts L, (R) u Ly(—m, 7) npuseneno
B [1].

B sak/toueHne 0TMETHM, 9TO UMEIOT MECTO JUCKPEMHbE AHATIOTH T0Ka-
3aHHBIX TEOPEM KaK B CJIydae BEIeCTBEHHbIX [2], TaK U B CJaydae KOMILTEKC-
HbIX [3] mpocrpancrs £p.
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About non-linear oscillations

In this article, a procedure supplementing the linearization method is
suggested. More exactly, in the Taylor expansion of the retracting force
function the cubic term is taken into account.

Keywords: differential equations, oscillations, linearization
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Paccmorpum cienytomee nuddepennmanbuoe ypaBHeHue
i=f(x);  2(0)=z0;  #(0)=uo. (1)

Ecmu mpu mepexone depe3 Kakyo HEOYIb TOUKY ([IOJI0KEHHE DPABHOBECH)
dbynkums f() MeHsgeT 3HAK C IIIOCA HA MUHYC, TO JAHHOE YPABHEHHE OIIU-
ChIBaeT KOIeOaHus BOKPYT [OJIOKEHUs PABHOBECH. VI3BeCTHO, 9TO B TaHHOM
3a/1ave COXPAHSIeTCsT CJIeIyomast Beananna (sueprus) (eum. [1, § 2| nmm [2])

E=2(t))2+ U@) = #2(0)/2+ U(0),  Ulz) = — / F(a)da.

CrenoBaresbHO,

dzx
=/ T —T0) @)

To, uro cayuait suneiinol Bo3ppamatomieit cuibl (f(z) = kz, k < 0) He sB-
JIA€TCA € AMHCTBEHHBIM CJIYy9a€M, KOTAd perreHne yJaaeTCd BhIIINCAaTh B ABHOM
BUJIE JIOKA3BIBAET CJEIAYIONINI pUMep:

x(t) = arcsin ( 1 fE sin ( 2(1 4 E)t)>

KOTOpOe gBJjdeTcd pelleHueM ypaBHeHUs

2si
i = —%; 2(0)=0; @(0)=yo>0;  —m/2<a(t)<m/2. (3)
OrmermM, 9TO ypaBHeHHIO (3) coorBercTByer motennman U(x) = tg2x.

Ypasaenne (3) MOxKHO 06001TUTH BBEJSA TAPAMETPHI:

2acsin fx
r=———

pa, B> 05 2(0) = 0; #(0) = yo > 0; —m/(28) < z(t) < 7/(28)
(4)

cos3 Bz

OHO UMEET CBOUM pelenreM DyHKIIUIO

v

x(t) = ;arcsin n fE sin (\/ 2a8(1 + E)t) : (5)

Baech E e ecth sHeprus B ganHoi 3amaue. OHa CBs3aHa ¢ Hefl COOTHOIICHN-
em E = BE /a, B 9eM Jsierko yoeanThest npoanddepentmnponas (5) n BhIpa3us
E aepes z(0).

Pazymoxum Temeph hyHKIMIO M3 npasoit yactu ypasuenus (4) mo dop-

myne Teitnopa

8aB? 4

o si
_Zasinfiz (—2ap)x — —3 % +o(z?) mpm x —0.

cos3 Bz
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Ecyin nevernas dyuknus u3 npapoit yacru ypasuennst (1) rakxke pasnara-
erca 1o dopwmyste Teitnopa f(z) = ax + bx> + o(x?) mpn 2 — 0 w0 MBI xXOTHM,
9T0OBI KOG DUITMEHTHI TPU COOTBETCTBYIONIUX CTEIEHAX T COBIAJIAJN, TO
CJIeIyeT PeIuTh aaredPAnTIecKyr0 CUCTEMY YpaBHEHMIT

—2af8 = a,
—8af3 = 3b.

ITpu a100BIX OTpUIIATETBHBIX @ W b OHA MMEeT eIMHCTBEHHOE PEITeHne

[a 1 /3b

[TopcraBum Haiinenuble Beipazkenust 1t o u B (5). MOXKHO yTBEpKIaTh,
4T0 QYHKITHSA

v

E N
x(t) =24/ 2 aresin - sin < —a(l+ E)t)
3b 1+ F B3 ¢
=3t p=—

b 2 /4 2 _ b 2
=24/ 2 aresin % sin Mt (6)
3b 3byg — 4a? 2/]al

JlaeT Xopoliee TpubJINAKEHHOE PellleHre YPpaBHEHUsT

i=f(z)=ax+bx>+ ..., z(0) = 0; (0) =yo > 0.

OTmerum, 4TO OIMUCAHHYIO HPOLEAYPY MOXKHO MCIOJIB30BATDH /sl PA3BUTHUA
W YTOYHEHUsI PE3Y/IHTATOB MOIYYeHHBIX B [3].

JIureparypa
1.Apnoavd B.H. Maremarudeckue meropl Kiaccuieckoii mexanuku // Hayka,
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2.Tabop M. Xaoc v MHTErpUPYeMOCTh B HenmHeliHo nuaamuke // YPCC, M.,
(2001).
3. Gubaidullin M.B. Commensurability and Molchanov’s hypohesis // Theoretical
and Mathematical Physics, 187 (2016), No 1, 570-582.
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NCCJIEJJOBAHUE JIOKAJIBHBIX BI/I(I)VPKA]_[I/Iﬁ
IFTrAMMNJIBTOHOBBIX ABTOHOMHBIX JITUHAMNYECKNX
CUCTEMAX
A.C. Benosa
89177662488Q@mail.ru

VIIK 517.938

B pabore paccMaTpuBarOTCS OCHOBHBIE CIIEHAPUHN JIOKAJBHBIX OmdypKa-
I.[I/If/i TaMHJIBTOHOBBIX aBTOHOMHBIX JUHAMHYECKUX CUCTEM, 3aBUCAIINUX
OT MaJIoro mapamerpa. V3ydenwe 3Tux 3a7a4d 0a3upyercsi HA HOBBIX
dopMmyIax TEOpHH BO3MYINEHUH JTUHEHHBIX TaMUJIBTOHOBBIX OIEPATO-
POB.

Karwuesvie caosa: budypkanus, TMHAMAIECKAE CHCTEMBI, TAMIIHTOHO-
BBI CHCTEMBI, YCTOMINBOCTH

Investigation of local bifurcations of Hamiltonian
autonomous dynamical systems

In the work we consider basic scenarios of local bifurcations of Hamilto-
nian autonomous dynamical systems, depending on a small parameter.
The study of these problems is based on new formulas of the perturba-
tion theory of linear Hamiltonian operators.

Keywords: bifurcation, dynamical systems, Hamiltonian systems, equi-
librium point, stability.

PaCCManHBaeTCH TaMHIJIBTOHOBa CHCTEMa

dx

dt
BABUCAIIAA OT CKAJSIPHOTO MM BEKTOPHOTO TapaMeTpa €. 31ech J — Koco-
cuMMeTprdecKas 6s10unast Marputa pazmeproctu 2N X 2N, A(e) — cummer-
pudeckasa Oi0unas marpuia pazmepaoctu 2N X 2N .

[Tonoxum, aro cucrema (1) umeer Touky paBHoBecust ¥ = () mpu Bcex
3HaYEHUdX [1apaMerpa €.

JA®e)x + Ja(z &), zeR?*M, (1)

ITycte matpura JA(0) mMeer cobcTBeHHOE 3HAYUECHHE C HYJIEBOI BeIre-
CTBEHHOH 4acThiO, TOrAa 3uadeHue € = (0 sBjigercd TOYKON Odudypkarum B
okpecrroctn & = 0 cucremsr (1).

B jpoksazne obcyxkaaercs 3agada 06 OCHOBHBIX CIIEHAPUAX JIOKATBHBIX
budpypranuii cucrembr (1) B CIeayrommux OCHOBHBIX CJIyYasX:

19 marpuma J A(0) mvMeer mpocToe cobCTBEHHOE 3HAYMEHHE BHAA +iwg , wo >
0;

20 marpuma J A(0) mveeT moaynpocToe (HEmoayIpocToe) HyJIeBoe COBCTBEH-
HOe 3HadYeHne KPATHOCTH 2;

Benosa Amna Cepreesna, actmpant, Baml'Y (Yda, Poccna); Belova Anna Sergeevna
(Bashkir State University, Ufa, Russia)
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30 marpuna JA(0) umeer moaymnpocroe (HEmOaynpOCTOe) YHCTO MHHMOE
cobcTBenHoe 3Havenne +iwg , wo > 0 kparHocTh 2.

Uccnenosanue cucremst (1) 6a3upyercs Ha METO/IAX TEOPUH BO3MYIIEHHSI
[1] 1 pa3BuTHEM HEKOTOPBIX PE3YJILTATOB, HOJLYYCHHBIE B [2].

JIuteparypa
1. Kamo T. Teopusi Bo3myIenuit auHeiabix omeparopos. M.: Mup. 1975. 740

2. FOmazynroe M. I'., Hbopazumosa JI. C., Beaosa A. C. Meronpr uccienoBaHus
YCTOWYUBOCTH JIMHEHHBIX TEPUOAMIECKAX CUCTEM, 3ABUCSIIUX OT MAJIOr0 MapaMeT-
pa, duddepenmuanbabie ypasuenus, Utorn wayku u texu. Cep. CoBpem. mar. u

ee mpuit. Temar. 063., 163, BUHUTU PAH, M., 2019, 113-126.

BBEJIEHUE B HEJIMHENHBIT AHAJIN3
AJITEBPANYECKNX YPABHEHUN
A. /1. Bpiono, A.B. Barxun
abruno @keldysh.ru, batkhin@gmail.com

VIK 517.55

3/1eCh M3JIAraloTCs 1B MPOCTEHIINX METO/IA PEIleHsT TOMHOMUAAbHBIX
ypaBHeHHﬁ, OCHOBAQHHBIX Ha MHMOCTPOEHUUN BBIITYKJIOTO MHOI'OyroJibHUKa.
[TepBrIit MeTO TTO3BO/ISET HAXOAUTD MPUOIMKEHHBIE KOPHU MHOTOUJIE-
Ha C TOMOIIBI0 MHOrOyroJibHuka Anamapa. Bropoit Meron mossosisier
HAXOIUTH BETBHU aaredbpanm<ieckoi KpuBoi BOIU3U €€ 0co00H TOIKH C MO~
MOIIBI0 MHOPOYTOJbHUKA HBIOTOHA M CTPOUTH CKHU3bI BENIECTBEHHBIX
anredpanvecKuxX KPUBBIX HA IIJIOCKOCTH. Y KA3aHbL AJITOPUTMbI KOMIIHIO-
TepHOIT aarebpbl, KOTOPhIE YIPOIIAIOT STH BHIYUCICHUS.

Karouesnie ca06a: BHITYKIIbIT MHOTOYTOJBHUK, KOHYC 33/Ia9H, TTOJTUHOM,
somanast Aramapa, anrebpanyeckas KpuBasi, MHOrOYyTOJIbHUK HbI0TOHA,

Introduction to nonlinear nanlysis of algebraic equations

Here we demonstrate two simplest methods of solution of polynomial
equations, based on constructing a convex polygon. The first method al-
lows to find approximate roots of a polynomial by means of the Hadamard
polygon. The second one allows to compute branches of an algebraic
curve near its singular point and near infinity by means of the New-
ton polygon and to draw sketches of real algebraic curves in the plane.

PaGora Boinonnena npu dbunancosoii nogaepxke PODI (npoexr Ne 18-01-00422a).

Bprono Asnekcanap JImurpueBnd, n.¢d.-Mm.H., mpodeccop, UIIM wuv. M.B.Kengpinra
(Mocxksa, Poccna); Alexander Bruno (Keldysh Institute of Applied Mahematics, Moscow,
Russia)

Barxun Anexcangp Bopmcoswd, k.d.-m.H., moment, UIIM um. M.B.Kengpma (Moc-
kBa, Poccua); Alexander Batkhin (Keldysh Institute of Applied Mahematics, Moscow,
Russia)
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Computer algebra algorithms are specified, which essentially simplify
these calculations.

Keywords: convex polygon, polynomial, Hadamard’s open polygon, al-
gebraic curve, Newton polygon]

s MHOTOWIeHA
m
fula) =) aga® (1)
k=0

C BEIECTBEHHBIMY MM KOMILIEKCHBIMEU KO3(PMUITMEHTAMA G, €70 KOPHU BCE-
[/1a BhIpazKkaioTcs B pagukanax ecam m < 4 (popmynst Kaprano u @eppapu
— XVI Bek).

Ommmmem HoBwiit crioco6 [1, T 4, n. 2.1] Beruncaennst npubnKEHHBIX
sHaveHuit KopHeit Muorowiena (1). st 3T70ro Ha BEIECTBEHHYIO TLI0CKOCTD
q1, @2 HAHOCATCS TOYKM

Qr(q,q2) = (k,In|ax]), k=0,...,m,

00pazyoIme cynepHocuments S = {Qo, . ,Qm}, ¥ CTPOUTCH UX BBITTYKJIAs
0boJiouKa

m
H=13Q=pmQo+ + timQmy e >0,> =10,
k=0

KOTOpasl Ha3bIBAeTCs Mhozozpannuk Adamapa [2]. I'panuna OH sapisgercs

aomanoli sunuets. Kaxaomy pebpy F§1) u Bepiune [’ ;0) sroit rpanunsl OH
(d) (d)

COOTBETCTBYET TPAHUIHOE TIOJMHOXKECTBO S j  TOUeK Qp, nexkanux Ha, ' P

U YKOPOUeHHBIH MHOTOYIeH
F(d X d
f]( )(x) = g arz® mo Qy € Sg- ). (2)

B yKOPOU€HHBIl MHOIOUWICH BXOJSAT T€ U TOJIBLKO T€ CJaraeMble apx’, y KoTo-
PBIX MOZLY/Th |agz®| manGombimit pu dbukcaposannoM |z| @ In |z| = p1, w60
TorIA

‘akazk‘ = exp <Q, (p1, 1)> ,

a 9KCIOHeHTa — MOHOTOHHAg (dyHKIwst. I[TockoabKy BeKTOp (p1,1) sexkur B
BepXHEl MOMYIIIOCKOTH IBOUCTBEHHON IIJIOCKOCTH Rz, TO KOHYC 3a0a4U €CTh
K ={P = (p1,p2) : p2 > 0}, a coorsercrayormast vacts OH(K) rpannus 0H
— 9T0 €€ BEePXHsIsl 9aCTh, Ha3bIBaeMasi somahot Adamapa [2] n obo3HaTaeMAasT
H.
(d) .
Ecmm T’ j ~— BEpIIHHA, TO YKOPOYCHHbIH MHOTOWICH (2) siByIseTCST MOHO-

(d)

MOM, KOTOpBII He nmeeT Hemysesoro kopus. Ecau I';7 — pebpo, o yKopo-
YEHHBII MHOTOU/IEH (2) MMEET HeHY/IeBble KOPHU, KOTOPBIE JAI0T MPUOINKEH-
Hble 3HAUEHNUST JIJIs KOpHeit nossoro Muorowrena (1). Kpome uckimoanTesns-
HBIX CJIy9aeB, YKOPOUEHHBIE MHOTOY/IEHBI (2) CyIIECTBEHHO IIPOIIIE UCXOIHOTO
MHOTrO4YIeHa (1) U NX KOPHU BBIMHC/IAIOTCA JIerde.
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Bropoit MmeTos 1103B0/I9€T HAX0AUTh BEeTBU a/aredpanieckoit KpuBoit BO -
31 e€ 0coboit TOYKM U BOIM3N GECKOHEYHOCTH C TIOMOIIHI0 MHOTOYTOJBHIKA
Heiorona. O Tax:ke MO3BOJSET CTPOUTH SCKU3BI BEIIECTBEHHBIX aarebpan-
YECKUX KPUBBIX Ha IJIOCKOCTH. DTU METOJbl 060011ai0Tca Ha OOJIbIINE pas3-
MepHocTH [1].

Bce mpennaraembie B paboTe anrOpWTMBI COMMPOBOXKIAIOTCT WX PEAIH-
zarnuell B HanboJiee PACIPOCTPAHEHHBIX CUCTEMAX KOMIBIOTEPHOU ajredphl.
W3z noxkenne cHA0XKEHO TPUMEPAME W YIIPAKHEHUIMU.

Jlureparypa
1. Bproro A.J[. JIoKaJbHBIN METO/ HEJIMHEHHOTO aHaIu3a, 1ud dhepeHmaIbHbIX
ypasuennii. — M.: Hayka, 1979.
2. Hadamard J. Etude sur les propriétés des fonctions entieres et en particulier
d’une fonction considérée par Riemann // Journal de mathématiques pures et
appliquées, 9:2 (1893), 171-215.

BOSMVYIIIEHUE HEJIMHEVHOT'O SJIJINIITUYECKOTI O
OITEPATOPA TITIOTEHIINMAJIAMMU N3 ITPOCTPAHCTBA
MVYJIBTUIIJIMKATOPOB
B.®. Buasganosa, ®.X. MykMuHOB
gilvenera@mail.ru, mfkh@rambler.ru

YIK 517.956.25

JlokazaHbl CylIeCTBOBAHUE, €IMHCTBEHHOCTh U YCTOWYUBOCTH PEIIeHU
3amaun Jlupuxie B OrpaHuYEHHON 00IaCTH [IJIsT SJIUITHIECKOTO YPaB-
HEHUd C MOTEHIINAJIOM U3 IMPOCTPAHCTBA MYJILTHILINKATOPOB.

Karouesvie cao6a: CyIiecTBOBAHWE U €IWHCTBEHHOCTD, JJLIHITAIECKOE
ypaBHeHHE C p- JlalljlaCMaHOM, I[IOTEHIMAaJ] U3 IIPOCTPAHCTBA MYJILTU-
TIJTUKATOPOB

Perturbation of a nonlinear elliptic operator potentials from
the space of multipliers
Existence, uniqueness and stability of solutions to the Dirichlet problem

in a bounded domain are proved for an elliptic equations with potential
from the space of multipliers.

Keywords: existence and uniqueness, an elliptic equation with p- Lapla-
cian, potential from the space of multipliers
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B pabore [1] paccmarpusasicst oneparop Buja

L= Y D%ug(x)D’

laf,|8]<m

B R". 'naBHag vacTh omeparopa L CHJIBHO JIAMOTUYECKAS, & MJIQJIIINAE KO-
s dunnenTe ¢, g, || +| 5| < 2m, sasiorcs pacipenenenusivu. [Tpn meko-
TOPBIX YCIOBUAX HAa HUX YCTAHOBJIEHO, UTO OMepaTop L KOPPEKTHO OIpeje-
JIEH B CMBIC/IE KBAJIPATUIHBIX (DOPM.

B nacrosiimeit pabore paccMarpubaeTcs 3aada Jlupuxie B orpaHndeHHON
obaactu )

—Apu+pu+du=f, feW, (Q),ueW,(Q), A=>0. (1)

Yenosus na pacupegenenne € D'(Q) npusenens nuxe.
Crenys [1], nazoBeM My BTUILTHKATOPOM Takoii smement p € D'(Q), nrs
KOTOPOTO BBIMOJHEHO HEPABEHCTBO

|ollpr—1 < Cl @llp1, Yo € D(K).

Muanmywm nocrosiaroit C' B 9TOM HEpaBeHCTBE HA30BEM HOPMOIl MyTbTHILIA-
karopa p € Mp(Q).

Bynem roBOpHTB, ITO MyJBTHILINKATOD 001a18eT GECKOHETHO MaJIoii Cy-
UleCTBeHHOﬁ HJaCTbhIO, €CJIN BBITIOJTHEHO HEPABCHCTBO

Ve >0 uplly,—1 <ell ¢llpr +C@E) ¢l » Ve € D(Q).

Bynem roBopuTh, 4TO MYALTUILINKATOD HEOTPUTIATEIEH B TJIABHOM, €CJIN
BBITTOJTHEHO HEPABEHCTBO

(e, @) > =\l ¢35, Ve € D(Q).

Teopema 1. Ilyemo p > 2. Hycmo myavmunauxamop p € My(€2) obaa-
daem becKoHeuHo MAAOT CYULLCTNBEHHOUT HACMbIO U HEOMPUUAMEAEH 6 2A06-
HOM.

Tozda cywecmeyem eduncmesennoe pewenue 3adayu Jfupurie u ono yemoti-
YUBO.

ITon yeToRInBOCTBIO 37€CH TTOHUMAETCS CXOTUMOCTE PEIIeHU H Uy, 3318~
qn 1] ¢ p, BMECTO (K pEIeHHIo U MPU YCJAOBHU CXOIUMOCTH [, — [t B
npocrpancTse My (§2).

JIuteparypa
1. Neiman-zade M. I. and Shkalikov A. A. Strongly Elliptic Operators with
Singular Coeflicients // Russian Journal of Mathematical Physics, , 13:1 (2006),
70-78.
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KJIACCUDPUKAIIN A HE.T[IﬁIHEfIHbIX
I'NITEPBOJINMYECKUNX YPABHEHUU CITELHIMAJIBHOTI'O
KJIACCA C UHTEI'PAJIAMNU BTOPOI'O 1 TPETBEI'O
IHOPAIAKA
1O0.T. BopouoBa, A.B. 2Kubep
mihaylovaj@mail.ru, zhiber@mail.Tu

VIIK 517.9

B pabore paccMOTpeH KJlacC HEJIWHEHHBIX TUIEPOOIUYECKUX ypaBHE-
HUIl ¢ y—HHTErpajgoM BTOPOTO MOPSIKA, CBOAAIIMXCs A depeniinaib-
HOI TIOJICTAHOBKON K YPABHEHUSIM C Y—MHTEIPATIOM TEPBOrO IMOPSIKA.
C ucnosib3oBanueM HHBApUaHTOB Jlaliaca Onucan CrenuaaibHbIi KIace
TUEPOOINIECKUX YPABHEHMI, 00IAIAIONINX §—MHTETPAJIOM TEPBOTO MO-
pAKa W T—WHTErpajlaMd BTOPOrO W TPEThEero mopsiakoB. IIpuBemenbr
T—MHTErPATIBI.

Karwuesvie caosa: maBapuanTh! Jlammaca, r— u y—uHTErpasbl, nudde-
PEHITHAIBHBIE TTOICTAHOBKH

Classification of nonlinear hyperbolic equations of a special
class with integrals of the second and third orders

The work considered class of nonlinear hyperbolic equations with y -
integral of the second order, which are reduced by differential substitu-
tion to equations with y - integral first order. Using Laplace invariants,
we describe a special class of hyperbolic equations with y - integrals of
the first order and x - integrals of the second and third orders. The x -
integrals are given.

Keywords: Laplace invariants, x - and y-integrals, differential substitu-
tions

Nzsecrro (cm. [1]), uro ypasuenust Bujga

b= Pu q

Ugy = Ug + — /Uy, (1)
SOuy Uy

00J1a/1a10IIHe Y—UHTErPAJIOM BTOPOTO mopsjika jnddepeHInajbHol 10jcTa-

HOBKOIl CBOJSITCS K yDABHEHUSM BUIA

Ugy = Pz + Pully, D = D(T,Yy,u). (2)

JIsne comepxarca B Kaacce ypasnenuii (2). B pabore mokaszana ciemyromas
Teopema 1. Ecau ypasnenue (2) obaadaem T-unmezpasom mpemvezo no-
PAJKG U Y-UHMEZDALOM NEPEO20 NOPAJKG, MO PEGAUYEMCA 00UH U3 CAEY-
OWUL HeMBPET CAYUAES:

Boponosa HOmmsa lennagpesna, k.d.-m.H., cTapmmii npenogasateab, YLTATY (Va,
Poccus); Julia Voronova (Ufa State Aviation Technical University, Ufa, Russia)

YKubep Anmartonmmit Bacumbesud, 1.¢.-M.H., BeIyIuii HayIHBIH COTPYIHUK, HCTATYT
maremaTuku ¢ BIT YOUIT PAH (Yda, Poccus); Anatoly Zhiber (Institute of Mathematics,
Ufa Federal Research Centre, RAS, Ufa, Russia)
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p=e"+a(z,y),

1 U
W=—--u-7—« . {a;,; <3 —u1(2uy + 3z)> — amx} - S/ax(x,y)dy,
Qpg — Qg2 Uy
3decv z = Z—f — U1, @ YJOBACMEOPAEM YPASHEHUIO Uyy + 20 - Gy = GzE(Y)

Aub0
L,
=—u
p ot
3 2
e R (“2> .
(75} 2 (75}
AU60
p= a(%iU) - u,
W = e bus — et (azug — agzpuy) — efbamx u1,
Ay Gy
2de by = a, £ = 6az; — 8% (%), F = 2a, — %{;ylnaﬁ U BBINOAHEHO
ycaosue
F, 2a
D |- —3a+ 4| =0,
[F * ag
AUHO
b= eu - H(y)eiqﬂ
2
us 3 (%) 1 2
W=——=-(—1| —=uj.
U1 2 <U1> 2 1

Takxke B pabore HaiijeHbl Bce ypaphenusi Buga (1), obnagarounme x-
UHTETPAJIOM TPETHETO NOPAJKaA N Y-UHTET'PAJIOM BTOPOT'O MOPAAKA, & UMEHHO:

g = ) [y [, | - el But) )
_ {1 - f(F+ Buuy) £ /1 - f(F + Buuy) } G
Ug (Fy ;uBuuuy)’ (@)
e f(y) # 0,
F(y,u) = By + B> — u(y) — (y)B,

ay +a* — p(y) — e(y)a = 0.
[Mokazano (cm. [2]-4]), uro usBecTHble ypaBHeHus JI9HE SBJISIOTCS YaCTHBIM

ciaydaeM ypasHenwuii (3), (4).
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BEI'YIIIUE BOJIHBI B SIR MOJIEJIN C HEJIMHEMNHBIM
YPOBHEM 3ABOJIEBAEMOCTU U
ITPOCTPAHCTBEHHOU JTNO®DPY3UEU

T.A. TamxumypamaoB, A.M. Aramapos, A.A. Banakun, B.I'. 2KyJsero

gta-1987@mail.ru, aglarow@mail.ru, balyakinaa@gmail.com, zhulego@mail.ru

VIIK 517.957; 51-76

B pabore paccmarpuBaercsi BOMPOC CYIECTBOBAHWS OEryImInX BOJIH B
snumeomosiorndeckoit SIR Mozmenu ¢ HemuHeiHBIM ypOBHEM 3a00J1€Bae-
MOCTH ¥ TIpOCTpaHCTBeHHON nuddy3ueit. Jlama HUKHAS OIEHKA CKOPO-
CTH PACHPOCTPAHEHUS BOJIHBI.

Karwuesvie carosa: yenuuénnas BoaHa, SIR Momens, peakiunorHo-aud-
dy3uonnas mMozenb, covid-19

Travelling Waves of a SIR Model with Nonlinear Incidence
Rate and Spatial Diffusion

This work is concerned with the existence of travlelling waves to a SIR
epidemic model with nonlinear incidence rate and spatial diffusion. An
velocity lower-bound estimate is given.

Keywords: solitary wave, SIR model, reaction-diffusion model, covid-19
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Puc. 1: Yucnennoe momenmposanue Gerymmx BOJIH 11pu ¢ > ¢*. (&) quHaMuka
BocupuuMmuusbix (b) nuHamuka nHGUIUPOBAHHBIX.

Berymme Bosiabl B peakninoHHO- 1M (Y3MOHHBIX MOJIE/IAX UMEIOT OTPOM-
HOE TIPUKJIATHOE 3HAYEHNE B XUMUW, ST IEMUOJIOTHH, TeIToMu3nKe, KOPPO-
sun MetasioB [1-3]. B manHoi#t paboTe paccMaTpuBaeTcs peakIHOHHO-Iud-
dyzuonnas SIR momesnn:

d asi
Os=20,. | ——_ -
£ m[l—i—az‘Q ’E] 1+ 0i2
. . st )
8tzzdiﬁiz+m—’yz,

s(z,0) = ¢(x), i(x,0) =¢(z),z €R, t €[0,+00),

TJIe BCe MapaMeTphl JeHCTBUTEIBHBI U TTOJ0KUTEIbHBI. B paMKax 3muaeMuo-
JIOTUM S U § TUIOTHOCTU BOCIPUUMYUBBIX U WHPUIUPOBAHHBIX COOTBETCTBEH-
HO, 0 XapaKTepPU3yeT BeJIMIMHY OIPDAHUYEHUI HA [IEPEMEIIEHNE BOCIPUHM Uk~
BBIX B 00JIACTH C MOBBIMIEHHON WHPUINPOBAHHOCTHIO, & 0 OMUCHIBAET BEJIU-
YUHY TPUHATHIX JIOKAJBLHBIX KADAHTHHHBIX Mep (CPeICTBa WHMBUITYAIbLHOM
3AIIUTH U T.JI.).

Bompoc waymuuns 6erymmx Bosn s(z,t) = s(§), i(x,t) = i(§), E =z — ct
B MOJIEJI CBOJUTCS K M3YUEHUIO CUCTEMbI AuhOEPEHIINATLHBIX YPaABHEHHI:

dgs'” s 2ds0ii's’ s
—— +cs — — — =
1+ oi? (1+0i2)? 1402

9

ats
/A -/ .
d;i" + ct +7.277220,

1401
AHaﬂI/I3 XAPAKTEPUCTUIECCKOT'O YPpABHECHUA /’.‘[&HHOI‘/JI CHUCTEeMBI IIPpU I'PaHUYIHBIX
yenosusix s(—oo) = sgp > 0, s(+00) = s1 < So, i(—00) = i(4+00) = 0 moxa-
3bIBAET, 4TO CcymectByer ¢ = 24/d;(spar — ), Takoit 4ro s Beex ¢ < ¢
peaximonHo-udOy3MOHHAS MOJENb He ToAepKuBaeT beryimx BoJH. [o-
IIOJTHUTEJILHO IIPU C 2 C* YUCJIEHHOE MOAE/INPOBAHNE YKA3bIBACT Ha HAJIUIUEC

TakKoro poja pemennit (cM. Puc. 1).
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Polynomial as a determinant of a matrix operator

The publication [1] published a result on the representation of a poly-
nomial of two second-order variables by a matrix determinant

Keywords: matrix operator, polynomial equations

B nmammoit pabore pemraercs Caeayiomas 3aJada: MyCTh JaH MHOTOYUIEH
OT JIByX TIEPEMEHHBIX MOPAIKA 7

n
P(l‘,y) :/ akmxkym
k=0,m=0

Haiitu marpuny c suneiinbimu koddduimentamMmu Bujia az + by + ¢, onpe-
JIeJTATENb KOTopoit paser P(x,y).
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Pemenue 310it 33,141 HYKHO JiJis CBEJIEHUA CUCTEMbI [10JIMHOMUAJIbHBIX
ypaBHeHuil BUIa

P (x,y) = fi:%o,j:o plszy] =0
Q (CC, y) = f’i=0,j=0 qijlily] =0

K BUT
y N '

Viz)=[_,viz" =0

Q) = [Lyup? =0

IIpu sToM ncmoab3yercs, Ha IepBOM 3Talle, IPeACTAaBICHNEe OJIHHOMA B
BUJIE OLPEAEINTEs, & Ha, BTOPOM PelleHre 0O0paTHOM 3a/1a4u, HAIPUMEDP KaK
B pabore |2]|. B 1anHOM COOOIIEHNH OMIICAHO HOBOE TIPEJICTABICHUE TIOJTHHOMA

n k, m
B BuJje oupejesurend P (x = Al T =
A pen (7,y) fk:(),m:o kmT"Y

T 1 0 0 0 0 0O 0 O 0 0 0 O
0 T 1 0 0 0 0O 0 0O 00 00
0 0 T 1 0 0 0O 0 O 0 0 0 O
0 0 0 x 1 0 0O 0 0O 0 0 00O
0 0 0 0o ... x 1 0 0 0 0 0 O
= 0 0 0 0o ... 0 1 0O 0 0 0 O
agn  A1p G2n A3p ... OGp_1p Gpp Y 1 0000
ap3 @13 G23 a33 ... Gp_13 Gap3 0 y 1 00
ag2 a2 Gz agz ... Gp-12 Gp2 0O 0y 10
apy air G21 Azl ... Gp-11 ap1 0 00y 1
agop @10 G20 A30 ... Gp—10 Gpo O 000y

IlocTpoen BBIMUCIUTENBHBIN AJTOPUTM [0 PENIEHUIO TTOJI00HBIX 3a/1a4.
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O CIIEKTPAJIBHBIX CBOMCTBAX IIPSIMOJIMHEMHBIX
TO‘IEKUHI/IBPAU;I/II/I
OT'PAHNYEHHOU 3AJTAYUAU TPEX TEJI
9.B. /dasBbimoBa
markwella@inbox.ru

VIIK 517.51

PaccvarpuBaeTcd miockas orpaHuYeHHAs SJTUNTHIECKAT 331498 TPeX
ten. I3y4daiorcs crieKTpasibHbIe CBOMCTBA MPAMOIUHENHBIX TOYEK JIUD-
palyy B 3aBUCHMOCTH OT IIapaMeTPa MAacCC U IKCHEHTPUCUTETA.

Karouesnie caosa: 3amada TPEX T, TOYKU JUOPAIAN, TAMIIHTOHOBAS
cucremMa.

Linear Hamiltonian systems of celestial mechanics

We consider a planar bounded elliptic three-body problem in Hamilto-
nian form. Properties of rectilinear libration points depending on the
mass parameter are studied.

Keywords: three-body problem, libration points, Hamiltonian mechan-
ics.

JBuxKenne Tesa Majoi MacChl B IUIOCKON OTPAaHUYEHHON SJIIUITIIECKOH
3ajade Tpex res (cMm., Haupumep, [1]) ouwmcsiBaercs auddepernnaibHbIM
ypaBHEHAECM

. p—1 p p
2"+ 2 = z— - - z ), 1
#2i7 = (st g~ e - ) W
ma9 1
B KOTOPOM = — — IIapaMeTp MaccC = ——, & — 3YKCIIEH-
POM 44 my + mo P b » P 14+ ecost’ .

TpucuTer. Ypapuenue (1) uMeeT mATH MOCTOSHHBIX PEIICHUil - TOUEK Jub-

1 V3

paiuu. /IBa u3 HUX - 9TO TPEYroJibHbIE TOYKHU jubpaimu zg = 3 + 72 u
_ 1 V3

Z0 = = — —1. T'pu apyrue Ha3BIBAIOTCS MTPAMOJMHEAHBIMU TOUYKAMU JIHO-
palliy; OHU B sIBHOM BHJI€ HE BBITHCHIBAIOTCS.

Baskapimu (Kak ¢ TEOPETUIECKON, TAK M TMPAKTUIECKON TOUEK 3DEHus)
[IPEJICTABJSIOTCS BOIMPOCH O CIEKTPAJIBHBIX CBOMCTBAX MPSIMOJIMHEWHBIX TO-
gek gubparmu. Ocobblit MHTEpeC BBIZBIBALT Cciaeayromuit Bompoc. [lpu ompe-
JIEJIEHHBIX 3HAYEHUSX TTApAMETPa MACC [ U € IPAMOJIMHENHbIE TOYKYU JIMOpa-
A MOTYT OKa3aThCd KaK rurnepOOInIeCKUME, TaK U HEruIepHboInaeCKuMu.
Bozuukaer Borpoc o rpanuiie 06,1acTy TuiepOboIMYHOCTH B IJIOCKOCTHU I1apa-
merpos (p, €). B noksaje npejjiararorcs HOBble Pub/IMKEHHbIE (DOPMYJIbI
JIJIS OTIPEIE/IEHUS TPAHUIL 001aCTH TUITEPOOTMIHOCTH.

Hasbiosa dvuimsa Biaaguvuposua, maructpant 2-ro roga obyuenna OMullT, Bam-
'Y (Vda, Poccua); Emiliya Davydova (Bashkir State University, Ufa, Russia)
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OB YCTOMYUBOCTU CTAIIMOHAPHBIX PEIIEHUN
CTOXACTUYECKUX JUPPEPEHIINMAJIbHbBIX
VYPABHEHU C IHOCJIEACTBUEM
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YcTaHOBIEHBI YCJIOBUS CYIIECTBOBAHUS, €IMHCTBEHHOCTH, aCCHMIITOTH-
YEeCKOI YCTOMYMBOCTH, U ACCAMITOTAYECKON yCTOWYMBOCTH NOYTH Ha-
BEepHOE CTAIMOHAPHBIX pereHnil nuddepeHuantbHbIX YPAaBHEHUH C TO-
caeneiicTBuEM B THJIHOEPTOBOM IIPOCTPAHCTBE.

Karouesvie caosa: cranuoHApPHBIE DEIEHWS, CIyYafiHbIN MPOIEcC, ac-
CUMIITOTAYECKAs YCTONIMBOCTH, ACCUMITOTAYECKAS YCTOWIMBOCTH IIO-
9TH HABEPHOE

On the stability of stationary solutions of stochastic
differential equations with delay

Conditions for the existence, uniqueness, asymptotic stability, and asymp-
totic stability almost surely of stochastic differential equations with a
delay in a Hilbert Space are established.

Keywords: stationary solution, random process, asymptotic stability,
asymptotic stability almost surely

ITycts H - ruasbeproBo mpocTpancTBo, R - uuciaosast ock u mycers U(t) :
R — H croxacruaeckuii nporiecc, By, (U) mMunumanbHas GepeseBckas aj-
re6pa oTHOCHTEIBHO KOoTOpOit U (t) m3MepuMa Jyist Kakoro t € [u, v]. Yepes
W (t)(W(0) = 0) oboznaunm H - 3HAUHBLIH BUHEPOBCKHIA [IPOIECC C COOTBET-
crBytomeit anrebpoit By, (dW) orrocurensro koropoit W (s)—W (t) n3amepn-
Ma it Kaxkaoro (t,s) ¢ u <t < s < w. Jlanee, mycTh JaHBI CTOXACTHYECK U

Wmonos Mamasmio, a.¢.-m.H., mpodeccop, LlenTp MHHOBAIIMOHHOIO Pa3BUTUS HAYKHA
7 HOBBIX TexHOsormii, Hammonampuas Axamevmsa mayx Tamxukucrama ([lymante, Ta-
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npouecc X (t),t € R u moboe dbukcupoannoe uncao s. Croxacruueckuii
npoecce

V() =nU=U(s+6),06<0

HasbIBaeTcs npegaucropueii npormecca U B MomenT s. Yepes C_ 06o3HAYINM

METPUIECKOe TPOCTPAHCTBO BCEX HEMIPEPBIBHBIX (DYHKITUI, OIPeIeIeHHBIX HA

(—00,0] co 3ravernnavu B H. llycrs a(f) n b(f) - HenpepriBHBIE OmepaTo-

pbr onpenenennbie Ha C_ orobparkennst co 3uauenuavu B8 H v £(H, H) -

IPOCTPAHCTBO BCEX JIMHEHHBIX OIpaHUYEHHBIX oneparopos u3 H B H.
PaccmoTrpum B H cTOXacTHYECKOe YpaBHEHUE

du(t) = (Au(t) + a(mU))dt + b(mU)dW (t),t € R (1)

npu yCJaOBUH, UTO ajarebpa

B,mt(U) U Bfoot(dW)

HezaBucuma o1 Bioo (dW) nust kaxaoro t € R. 3nech A siBisiercs nponsBo-
nsM otteparopom Cp - mosyrpynmst S(t).

Pemenne U(t) maspiBaercst cranmonapubiM, ecan U(t) n W(t) cuapro
CTAIMOHAPHO CBSI3aHBI, T.€. €CJIM PACIPEETEHUsT BEPOATHOCTEN CUCTEMBI

(U,dW) =U(t),t € R,W(v) — W(u),t € R

WHBApPUAHTHO IIPU C/IBUTAX BPEMEHU.
Ypasuennto (1) COOTBETCTBYET CTOXaCTHIECKOE HHTEIPATBHOE yPABHEHIE

U(t)=St)U(0) + / St —s)a(wsU)ds + /S(t —s)b(rgU)ds  (2)
0 0

C ycjioBHUEM Ha TIPOIILIoEe

Ut)=U_(t),t <0 (3)

riae U_(t),t < 0 - 3aganssiii nporecc.

B pabore HaiigeHb! yCaoBUs CYIIECTBOBAHUSA U €IMHCTBEHHOCTH OJHOCTO-
POHHUX M CTAIMOHAPHBIX perennii 3agaun (2)-(3). YcraHoBIeHbl TaKKe Hpu-
3HAKU aCCUMIITOTUYCCKON yCTOMYMBOCTU, ACCUMIITOTUYECKONH yCTONYNBOCTHU
[HOYTU HABEPHOE CTALUOHAPHbIX PELICHU.

()TMEBTI/IM7 qTo 6J'[I/ISKI/I€ BOIIPOCHI AJIAd CKAJAPHBIX CTOXACTUYICCKUX ypaB-
HeHuit u3ydensl B pabore [1]. Bonpocam ycToifanBocTH pereHnii 9BOJIONN-
OHHBIX CTOXaCTHUYICCKHUX ypaBHeHI/Iﬁ CO COCPEJOTOYCHHBIMU 3alla3AbIBAHUAMMN
[OCBAIIEHB! paboTe! [2, 3.
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PESOHAHCHBIE KUHK-ITPUMECHBIE
BBAHMOﬂEﬂCTBHHUB MOJEJIN CUHYC-TOPIOHA C
YYTOM BHEIITHEMN CUJIBI 1 HEOAHOPO/JHOTI'O
SATYXAHUA
P.B. KyapsBue, A.M. I'ymepos, E.I'. EkomacoB, K.}O. Camconos

VYpasuenue cunyc-Iopgona (YCI') umeer peienus B BUIE COJIUTOHOB — Y€/IH-
HEHHBIX BOJIH, COXPaHSAMIIAX CBOIO (POPMY U CKOPOCTH BO BPEMEHH, B TOM YHCJIE
npu B3auMozeiicreun apyr ¢ apyrom. Y CI' npuMensiercs B pa3/jMyHbIX pas3jeiax
GUBUKK I OLMCAHUsST MHOIOYUC/IEHHbIX siBjienuii. [Lns Gosiee ajgeKBarHOO MO-
JIeJIUPOBaHus peaTbHbIX (usndeckux cucreM B YCI' BBOAATCS HONOJHUTEIHHBIC
k03 durments! u dyHkuu. Bo MHOrUX myOIuKaIuaxX n3y4aeTcs B3anMOAeiicTBre
TOIOJIOTMYECKOTO COJIMTOHA — KHHKA — C IPOCTPAHCTBEHHON HEOJNHOPOIHOCTHIO
rmapaMerpa B BHJIE [IPUMECH, IPUBOJAIIEE K BO3OYKICHUIO Ha HEH IPUMECHONR MO-
bl [1-2]. Djisi Ka4eCTBEHHOrO0 HOHUMAHHUs M3Y4aeMOrO LPOLECca U Ul KOHTPO-
JIsl IPABUJILHOCTH YHUCJICHHBIX PACUETOB COXPAHAIOT aKTYAJILHOCTH AHAJTUTUYIECKUE
uccienoBanus. B Hameil paboTe ¢ MOMOIIBI0 METO/a KOJJIEKTUBHBIX MEPEMEHHBIX
noJiydyena, cucrema AudGepeHnnalbHbIX YPABHEHU, KAYECTBEHHO ONMCHIBAIOIIAS
OIHOMEPHYI0 pe3oHancHyo auHamuky kuaka YCI' u konebanus Bo3OYXKIAEMBIX
KM IIPUMECHBIX MOJ B MOJEJH C IIPOU3BOJILHBIM YHCJIOM PAa3HbIX TOYEYHbBIX IIPHMe-
ceif, PACMOJIOKEHHBIX HA MTPOU3BOJIBHOM PACCTOSTHUU APYT OT APYTa, B MPUCY TCTBUH
BHEIITHEH CUJIbI U HEOMHOPOAHOM auccutariu. C MOMOIIBIO MOJIYYEHHBIX YPABHEHUH
MOCTPOEHBI U MPOAHAIM3UPOBAHBI 3ABUCUMOCTH KOODPIWHATHI IEHTPA KUHKA U aM-
IUIATYJ, IPUMECHBIX MOJ, OT BPEMEHH B YACTHBIX CJIy4asx: KOJeOaHUs IPUMECHBIX

Pabora Beimonmena npn dbuHaHCOBOM moaaepxkke PODI (mpoext Ne 20-31-90048).
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MO/I IIPY HAJIMYUU OJIHOU, IBYX WJIA TPEX MpuUMeceil B OTCYTCTBUM KUHKA, JUHAMUKA
KMHKa B OTCYTCTBUM IIPUMECHBIX MO/I, COBMECTHAas JUHAMHUKA KMHKA ¥ IIPUMECHbBIX
MO/I IIPU HaJIMYUU OJIHON MM JIBYX IIpUMecell IIpU Pa3/IM4YHbIX IIapamMerpax Cucre-
MBI.
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YPABHEHUA CUHYC-TOPAOHA B MOAEJIN C
INPUMECAMHA
K.}O. CamconoB, A.M. I'ymepos, P.B. Kyapsasues, E.I'. Ekomacos
k.y.samsonov@gmail.com, bgu@bk.ru, xc.89@mail.ru, ekomasoveg@gmail.com

VIIK 517.957, 537.611, 51-73

C mOMOIIBI0 METOIa KOJIJIEKTHUBHBIX MEPEMEHHBIX HCCJIEIyEeTCs IWHA-
MWKa CBA3aHHBIX JIOKAJN30BAHHBIX HEJMHENHHBIX BOJH B MOJIEIN CUHYC-
Tloppona ans cydast TPEX OAWHAKOBBIX TOUEYHBIX MPUMECEN W MAJIbIX
aMIIuTy 1 Konebanwmii. [{ist onucanust moBe1eHu st JIOKATN30BAHHBIX BOTH
MOJIy9eHa CUCTEMA TPEX TAPMOHUIECKUX OCIUISATOPOB CO CBA3BIO YIIPY-
roro tumna. [IpoBesien anaiu3 BiusHUSA 1APAMETPOB CUCTEMBL U HAYAJIb-
HBIX YCJIOBUI Ha YaCTOTy M BUJ BO3MOYKHBIX DEITEHM.

Karuesve caoea: ypaBHEHUE CPIHy(Z—FOp,[LOHa, JIOKAQJIN30BAHHBIE HEJIN-
HeltHbIe BOJIHBI, IPUTATUBAIOIIaA IIPUMECH, IPUMECHadA MOJIa

Nonlinear localized waves of the sine-Gordon equation in the
impurity model

The dynamics of coupled localized nonlinear waves in the sine-Gordon

model is studied using the method of collective variables for the case

of three identical point impurities and small oscillation amplitudes. To

describe the behavior of localized waves, a system of three harmonic
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oscillators with elastic coupling is obtained. The analysis of the influence
of system parameters and initial conditions on the frequency and type
of possible solutions is carried out.

Keywords: sine-Gordon equation, localized nonlinear waves, attracting
impurity, impurity mode

Ypasuenne cunyc-Lopmona (VCI') apisiercd oIHUM 13 HHTEHCUBHO WU3Y-
YaeMbIX HEJUHEHHBIX MudhepeHInaabHbIX yPABHEHNI MaTEMATHIECKOH -
3uku. JlaHHOe ypaBHEHUE OMUCHIBAET BOJTHOBBIE ITPOIECCH B CAMBIX PA3HO00-
pasHbix obnacrsax ecrecrsosnanus [1]. Haiijiensl pazinunbie TouHbIe perie-
Hust YCI' Tuna kuHKa, 6pu3epa v HEKOTODPBIE JpPYyTHe pelieHus 60Jjiee CiIoxK-
HOT'0O MYJIBTUCOJIMTOHHOI'O THIIA. O6bI“IHO AJid UCIIOJIB30BaHUA B PEAJIbHBIX
dusnaeckux Mopensax Tpebyercsa mogndurarus Y CI, nanpumep, myteMm J0-
HaBJieHUsT JOMOJTHUTEIBHBIX CJIaraeMbiX u pyHKImil. OHU MOTYT OIMUCHIBATD
HaJIMYKe BHEITHEN CUJIbI, JUCCUMNAIIUN B CUCTEME, HEOJHOPOJHOCTh TTapaMeT-
pPOB Cpeibl U Ap. XOTs MOJIyIaeMOe B pe3yabTare MOAuMUITTPOBAHHOE YPaB-
nenne cunyc-Topgona (MYCT) yke He uMeer TOYHBIX AHAJIUTHYECKUX DPe-
meHuil, pa3zpaboTaH U MIUPOKO TPUMEHSETC Psiji AHAJUTUIECKUX METOJI0B
(HanpuMep, Teopust BO3MYIIEHWI JIIst COTMTOHOB MM METO| KOJLIEKTUBHBIX
koopauHar). C MOMOIIBIO JTAHHBIX METOIOB HCCJIEIOBAH MIHPOKHUI CHEKTD
pazauunbix 337a49. VHTEpecHO ¢ TOUKK 3peHus (HPU3UIECKUX TPUIOKEHUN
U3yUYeHUe BJINAHUS ITPOCTPAHCTBEHHON MOAY/ISIUY MEPUOIUIECKOTO TIOTEH-
nuasia (mim npumecu) Ha auHamuky coautonos YCI. Bosbyxuenune joka-
JIM30BAHHON HA MPUMECH BOJIHBI (ITPUMECHOIN MOJIBI) B PE3YIBTATE PACCESTHUST
KMHKA TPUBOIUT K 3HAYUTEILHOMY U3MEHEHUIO ero nuHaMuku. Panee 6bian
MPOAHAJIU3UPOBAHBl CTPYKTYpPa M CBONCTBA JIOKAJIN30BAHHBIX HEJIWHEHHBIX
BOJIH, BO3OYZK/IEHHBIX Ha OJHON W AByX mpuMmecsx [2,3]. Beuio mokaszamo,
9TO NPUTATHBAONIAA TPUMECHh MOYXKET OBITh MCIO/H30BaHA i BO3OYKIE-
Hust myabTuconuronoB YCI'. B ciyuae, Korja Ha IBYX npuMecsx Bo30yxK1a-
OTCA JIOKAJIN30BaHHBIC ITPUMECHBIC BOJIHBI, dHAJIUTUYICCKHA ITOKA3aHO, 9TO UX
KoJiebaHUsT MOYKHO OINNCATH CUCTEMOI JIBYX MapMOHUYECKUX OCIIMJLISITOPOB
CO CBfA3BIO YIIPYT'OT'O THUIIA. AHaﬂI/ITI/IquKI/Ie pPeE3yabTaThl KA9€CTBEHHO COB-
MaJaf0T ¢ pe3yabTaTaMu ducjaeHHoro momenupoanus YCI' (kak st aByx
TOYEYUHBIX, TAK M JIJIs JIBYX NPOTszKeHHbIX npumeceii). Cayuail aByx npume-
ceit maer 60/bITee pa3HOOOpa3Me HOBBIX MYJIBTUCOJUTOHHBIX PEIICHUN U [TH-
HaMUYIecKuX 3peKTOB 10 CPABHEHUIO CO CJAyUaeM OTHON mpumecu. MoxHO
OXKWIATE eIre DOJTBbITero pasunoobpazus pemrennit n 5 HEKTOB TPU HAJTUTUN
Tpéx u 60j1ee mpumMeceli B cucreme. B ganHo# paboTe ucciaenoBaHa JUHAMUKA
IIPUMECHBIX MOJ B MOAEIN CI/IHyc-FOp,ZLOHa C TpeMsd OJMHAKOBBIMU TOYCYHDBI-
MU [IPUTATUBAIONIUMI [IPUMECSMU, HAXOIAIUMUCH Ha OJIMHAKOBOM PacCTO-
gHur Apyr oT Jpyra. C MOMOIBI0 MeTOa KOJJIEKTHBHBIX TEPEMEHHBIX TI0-
JiydeHa crucrema JudepeHImaibHbIX YPABHEHUH, TPUOJINKEHHO OIUCHIBa-
IOIIaAd KOJ'Ie6aHI/IH IPUMECHBIX MOM. HOﬂyquHbIe YpaBHEHUSA TPEACTABIAIOT
coboit ypaBHeHUs K0/1e0aTe/IbHOM CHCTEMBI C TPeMs CTEIEHSIMHI CBOOOIBI MIN
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TPEX CBABAHHBIX FAPMOHUYECKUX OCIH/IATOPOB. Kosebanus cucrembl npej-
CTaBJSAIOT CODON CyMMY TPEX THUITOB rapMOHWYECKNX Kojebannii: cuudazHo-
ro, cuHdaszHo-anTHdga3Horo n anrudasnoro. Haiimemna 3aBUCHAMOCTL 9acTOT
TaPMOHUIECKUX KOJIebaHuil u nx KO3(POUITMEHTOB, ONPEIEIIIONINX, HAPAIY C
HAYAJIBHBIMU YCJAOBUAMM, BKJIAJ KaXKJIOW MapMOHUKH B KOJIeOaHUS ITpUMeEC-
HBIX MOJ, OT BEJINMYWH HEOAHOPOJHOCTU N PACCTOAHUA MEXKAY ITPUMECAMMU.
Beraucsiennsl npejiesibl KBapaToB 9acToT U Ko OUIuEeHToB 1pu 6ecKoHed-
HOM PACCTOSTHUN MKy TPUMECSIMU, COOTBETCTBYIONIEM CIYYaK) HEB3AWMMO-
JIeACTBYIOMUX TPUMECHBIX MOJI. 1Ipu yMeHbIIeHNN PACCTOAHUSA MEXK Ty [pPU-
MECSIMM 9aCTOTa CHH(A3HBIX KOIEDAHNN YMEHBITACTCS, 9acTOTa CUH@Aa3HO-
anTuda3HpIX KosebaHnil yBEeINUNBAETCH, YACTOTa aHTU(ABHBIX KOjebanmil
YBEJIMUUBALTCS HE TaK OBICTPO 110 CPABHEHUIO ¢ CHHMAZHO-aHTU(AZHBIM CJLy-
qaeM. Haﬁ,ﬁ[eHbI 3aBUCUMOCTHU aMILJINTYd TPUMECHBLIX MOJ OT BPEMEHUN. B
caydae BO30YKIEHUS OTHON TAPMOHUKHU HAOIOTaeMble KOJIeOaHusT TapMOHU-
geckue. [Ipn Bo3OyX)IeHnn ABYX TAPMOHWK BO3HUKAIOT OMEHUsI, KOjaebamus
[IOX0XKU Ha KoJiebaHus B CJIydae IBYX OJUHAKOBLIX mpumeceil. Ilpu BozOy K-
JeHun TPEX rapMoHUK (opma KoaedaHnnit CUIbHO yeaokugeTcd. [lokazano,
YTO PACCMOTPEHHAS MOJIEJIb MOYKET OBITh MCIOIb30BaHA, HATPUMED, JIJIS OIU-
CaHud U YIIPAaBJICHUA ,ZLI/IH&MI/IKOI?I BOJIH HAMAaIrHU4Y€HHOCTHU B MyﬂbTI/ICﬂOﬁHbIX
MarHeTUKax.
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PaccmarpuBaercs CHHTY/ISIDHO BO3MYIIEHHOE yPABHEHWE C JaCTHBIMU
MMPOU3BOIHBIME U € OBICTPO OCHULIHPYOmMUMU Kodd durmentamu. o-
Ka3bIBAETCs PA3PEIIUMOCTb UTEPAITMOHHBIX 33/1a4.

Kaouesnie cao6a: CHHTYIAPHOE BO3MYIIEHHE, HHTErPO-aud depeHinaIbHoe
YPaBHEHUE, PEryIsTpU3aIlns

Regularized asymptotics of solutions of a singularly
perturbed partial differential equation with rapidly
oscillating coefficients

A singularly perturbed partial differential equation with rapidly oscil-
lating coefficients is considered. The solvability of iterative problems is
proved.

Keywords: singular perturbation, integro-differential equation, regular-
ization.

Paccmarpusaercs 3anaua Kormm juist CHHTYASPHO BO3MYIIIEHHOTO WHTEr-
po-nuddepeHInaibHOT0 ypaBHEHUE ¢ YACTHBIM TTPOU3BOTHBIM:

Lay(x,t,a) = 6% - A(l’)y - f K(fL‘,t, S>y(s7t7€)d8 - Eg(x)x

o

X COs @By = h(:L‘,t), y(:no,t,s) = yO (t) ) ((xvt) € [SUQ,X} X [OvT]) )

1)

re A(z), g(z), h(z,t), y° (t), B'(z) > 0 (z € [x0, X]) — m3BECTHDIE CKANAD-
uble dyukmn, B = const, y =y (z,t,&) — HenspecTHAs DyHKIHUA, £ > 0 —
MaJTkli mapamMerp. CTaBuTCs 33292 TTOCTPOEHUST PETYJISIPU30BAHHOTO aCHMII-
roruueckoro pemenus [1] 3agaun (1). Ilpenenswsriit oneparop A(z) mmeer
cnektp A1 (z) = A(x), f/(x) — 9acToTa 6GHICTPO OCTMLINPYOIErO KOCHHY-
ca, dynxmmn Ao(z) = —if’'(z), A\3(x) = +if'(x) crekrp GbICTPO OCIUILIEPY-
fo1TIero KO PHUITHEHTA.

M1 npeanoJaraeM, 9YToO BBINTOJIHEHBI yCJIOBUA:

Pabora Bpmommena npu durancosoii mommepxke KH MOH PK (mpoekt Ne
AP05133858).
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1) gle), B(), A(z) € O (20, X],R) , h,t) € C ([z0, X] x [0, T, R)
Y0 (t) € C* ([0, T],R), K(z,t,8) € C®° ({zp <s< 2 < X,0<t<T}HR);
2) A(x) < 0 (Vz € [x0, X]).

O6osmasmm wepes o; = 0j(€), He 3aBUCAIINE OT ¢ BEJWINHBI 0] =

i i
e~ W) 5 = et 27(0) y nepenmmmen cucremy (1) B BusE

Ley(a,t ) = et — A(x)y — [ K(z,t,8)y(s,t,e)ds — h(z,t) =

o
—i [ g(0)do +1 [ 8'(0)do (2)
=&y le opte "0 o2 | By, y(xo,t,e) =y°(t).

X
BBeseM peryiaspusupyionie mepeMenHble T = %f)\j(ﬁ)de = ij(w), j =
o

1,3, u BMecTO 3azaun (2) paccMoTpuUM 3a7ady

- 3 - x
eop + L M@ — AW - [ K@t $)j(s,t, e e)ds+ -
J= xo
+e98) (7201 4 €™ 09)Bj = h(x,t), §(x,t,7,&)lamzer=0 = ¥°(1),

s byaxun § = g(x, t, 7, €), re obosnaveno: T = (11, 72, 73) , ¥ = (Y1, 2, ¥3).
dcno, aro ecnn § = §(x,t,7,6) — pemenne 3amaqu (3), To GYHKIHUA § =
y(x,t, w(f) ,€) SIBJIFIETCSI TOUHBIM perenneM 3ajaun (2), nosromy 3aiaqa (3)
SIBJISIETCST PACIIMPEHHO 0 OTHOIIEHUIO K 3aja4e (2).

[TpowsBessa peryagpusanny HHTEIPAJIHHOTO UJIEHA

P(s)

Mz/M%wm,, o)ds,
o

pazyioKuB K03 MUIIUEHTHI PACITUPEHHON 3a/1a9i B CTENEHHON Dsijl 110 CTe-
MEHSIM €, TTOJTYIUM ODIIENTePAITMOHHYIO 33[a9y BUIA:

3
x’taT EZAJ 8TJ ( )y—Roy:H(x,t,T),y(xo,t,O):y* (t)a

(4)

3 *
rae H(z,t,7) = Ho(z,t) + S Hi(z,t)e™ + S H™(x,t)e™?) € U,
i=1 2<|m|<Ng
y«(t) — wm3BecTHas dbyHKIMA KoMILIeKcHOTO npocrpancrea C, a omeparop
Ry umeer Buj

ROy(xutaT) = RO yO(mvt) + Zy (3} t)en + Z (TTL,T) =

i=1 2<|m|< Ny
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= / K(.’L’,t, S)y0<37t)d8'
T

HMeer MecTo crenyrolniee yTBepK IeHHE.

Teopema ITycmv svinoanenv, ycaosus 1), 2) u npasas wacmo H(x,t, ) =

3 *
Ho(z,t) + S Hi(z, t)e™ + S H™(x,t)el™7) ypasnenua (4) npunad-
i=1 2<|m|< Ny
aeatcum npocmpancmey U. Tozda ypasnenue (4) paspewumo ¢ U, mozda u
moAbKko moezda, Ko20a

< H(x,t,7)," >=0,Y (,t) € 20, X] x [0,T].

JIureparypa
1. Jlomose C.A. BBesienue B 00IILy IO TEOPHUIO CHHTYJISIPHBIX BO3MyIenuii. — Moc-
kBa: Hayka, 1981.
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B pabore paccmarpuBaercs cucteMa ¢ ObICTPO OCIUJLITHPYIONIEit MTpaBoii
qacrpio. less paborsr - 0bobImenne MeToma perynspusanuu Jlomosa u
BBISIBJIEHNE OBICTPO OCIMJIIMPYIOIIEH MpPaBOil YaCTW HA ACUMIITOTUKY
pelennsa NCXOIHON 3aJa4u.

Kaouesnie cao6a: CHHTYIAPHOE BO3MYIIEHHE, HTErPO-aud dpepeHinaIbHoe
yPaBHEHHE, Pery isipu3aliysi.

Asymptotic solution of a singularly perturbed
integro-differential equation with rapidly oscillating
inhomogeneity
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In this paper, we consider a system with a rapidly oscillating right-hand
side. The aim of this work is to generalize the Lomov regularization
method and identify the rapidly oscillating right - hand side to the
asymptotics of the solution of the original problem.

Keywords: singular perturbation, integro-differential equation, regular-
ization.

PaccMmarpuBaeTcs HavabHad 33/a9a sl CHHATYJISPHO BO3MYIIEHHON WH-
Terpo-uddepeHnmasbHON CHCTEMbI

5%—14 /K (t,s)y(s,e)ds = hi(t)+cha(t )smﬁit) y(to,e) = 4°, (1)

to

riae A(t), hi(t), ha(t), B(t) - cransipubie dbynkimn, [§'(t) — wacrora GeICTPO
OCIIH/LIAPYTOTIETo curyca, Yy — MOCTOSHHOE WHC/TO0, € - MAJIBIH TTapaMeTp.

Oynkrusa A\ (t) = A(t) aBaserca cOOCTBEHHBIM 3HAYEHHEM IIPEIETBHOTO
oneparopa A(t), a dbyukmun Ao (t) = —if'(t) u A3(t) = +if'(t) cpszamb ¢
HasmureM B ypasHenus (1) GbICTPO OCIULIUPYTOMEro CHHYCA.

[TocTpoum peryasgpu30oBaHHYO aCHMIITOTHIECKYO pernenuto [1,2], 3amaqn
(1) upu ciaeayrommx yeaoBUsX:

1) A(t))ﬁ(t)nu’(t) SHG ([tO’T] ) R) > hl(t)th( ) SHG ([th } ) (C) ’
K(t,s) e C®{t) <s<t<T,C};
2) A(t) <0, telt,T],
O6osnaunM, depes o; = 0; () He 3aBUCANIEE OT ! BEJUYIHHBI 0] =

e éﬁ(to), oy =et éﬁ(to), u nepenmniem ypasraenuto (1) B Buge

E%— ft (s g)ds—hl()

2
+zh2()< o b M), ylte) =y )

Beenem peryrapusupyioniye mepeMeHHbIe:

1/t ;
=t [ A@a="10 513
t

0

U BMECTO 33J1aui (2) pacCMOTPHUM 3319y

e+ A1) 2L — Ji K tsy(sw“s)ds:hmm
_+_2th2( ) ( 7—20-1 - 6T302)7 y(t77—7 E)’t:to,’rio - y ) te [t07T]7

3)

Anst yukuuu § = g (t,7,¢), tne 7 = (71,...,73), ¥ = (Y1,...,¢3). e
HO, uTO ecau § = (¢, 7,€) pemenne 3agaqu (3), T0 BeKTOP-pyHKIMS Y =

0] ( , w(t), ) SIBJISIETCST TOUHBIM pellleHueM 3a/a4du (2), mosromy 3amada (3)

SIBJISIETCS. PACIINPEHHO IO OTHOIIEHUIO K 3ajade (2).
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Perynapusaiyumn mHTErpaaibHOrO d1eHa
t
s
Jy= K(t,s)y (s,d)(),5> ds
to €

sagaun (3) u paznoxenne Ko3DOUIMEHTOB MOJTYIE€HHON DACIIHPEHHON 3a-
JIaud B CTEIEHHOU PsJl 110 CTEIEHSM €, HO3BOJLIOT Oy YUTh UTEPAUOHHBIE
3aJla9n B BUJIE:

MGE = Ay = oy = H(E.7).y(10.0) = 4, (4

Ly(t,7)
j=1

vae H (t,7) = Ho (t) + So_, H; ()€™ - u3pecrnas byHKius npocTpancTsa
U:

y( _yO +Zyl 6’73/0 t)ayl(t)ECOO([t(]aT]a(C)?Z:lvgv

a omeparop Ry umeer Buz

3
Roy = Ro <y0<t>+2yz-<t )d”” K (t,) yo (s) ds.
i=1 to

Hmeer MecTo crenyrolee yTBepKIeHHUE.

Teopema 1. [lycmov swnoanens ycaosus 1) u 2) u npasas wacmo H (t,7) =
H (t)+2?:1 H; (t) €7 ypasnenusa (4) npunadaescum npocmpancmey U. To-
20a das pazpewumocmu ypasuenus (4) ¢ U neobrodumo u docmamouno,
YOO UMEAY MECTNO TONCIECTNEA

Hi(t,7) =0, Vte l[to,T].
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B macrosmeit pabore paccMaTpuBaeTCs MOMYJIANNT HEKOTOPBIX 00beK-
TOB HAIIEH PeASbHON TPUPOIBI, B CUTyaInu. Takke pacCMaTpUBAIOTCS
HEKOTOPBIE 332491 OUOJIOTHH, 1 IKOJIOTHH, KOTOPHIE TPUBOIATCS B PEIlie-
Hun HeKOTOPHIX 331a49 OLY, u cucrem muddepenuanbHbIX ypaBHEHTH
B MOJIHBIX Auddepennuaiax B JefCTBUTEIBHOMN TIIOCKOCTH.

Karouesnie cao6a: omynsnus, HEITPEPHIBHOCTH (DYHKIIAN, «XUIIHAK- XKEPT-
Bay, IPUPO/IHbIE ABJIEHUs, CKOPOCTb JBUKEHUN U I10JIeTa

Application of differential equations to some problems of
ecology

In this paper, we consider populations of some objects of our real na-
ture, in a situation. Also some problems of biology and ecology, which
are given in the solution of some problems of ODE, and systems of dif-
ferential equations in total differentials in the real plane are considered.

Keywords: population, continuity of function, ”predator-prey”, natural
phenomena, speed of movement and flight

B paborax [1]-[3] 6bum n3yuensl npuioKenne oObIKHOBEHHBIX judde-
perrmaabubix ypasaenuit (OY), u HEKOTOpBIE KJIACCHI CHCTEMBI ypaBHE-
Huil B osHbIX auddepennmanax (.- cucrem) [4]-[6], nmerorue HekoTOpbIE
B3AUMOCBS3HM € 3aJa9aMi 9KOJIoruu. VIMu HalIeHbl MHOrooOpas3ust perennii
cucrem OJIY, m m..- cucrem B onpenenéHHbIX (HOPMax, TPUYEM, B SBHOM
BUJIE.

[Ipexe BCEro, 3amMeTnM, 4TO HayKa 00 9KOJOIMU M3YUAET B3AUMOOTHO-
[IIEHWEe YeOBEKa € KUBBLIMU OPTraHU3MaMU IIPUPOJbI, U BCA UeJTOBEUECKast
KU3HD ¢ IPUPOAHBIX (HPAKTOPOB, IKOHOMUKHU U APYIrux (hakTopOB, KOTOPbIE
3aBUCAT OT YKOJOTMYECKU UUCTOHN Hamreil npupoasl. OCHOBHBIM MTPeIMeTOM
9KOJIOTUY SABJISAETCS MOMYJISANNS KUBBIX OPraHU3MOB TPUPOJIbl, HAYUHAS W3
MAJIEHBKUX HACEKOMBIX JI0 JIIOZEH, KAK BBICIIEH KATErOPUH 3JIEMEHTA TPUPO-
BT

1. Tlycrs y = y(x) npejcrasiasger 9uciao ocobeil B MOMYJIAIMH B MOMEHT
ppeMenn X. Torga 4mcio a MoxKeM 0003HAYATh KaK UHCI0 0COOEH IIpu pozk-
JAIOIIUXCA B MOMYJIAIAN, b- KAK 9UCI0M 0CO0ei, BEIMUPAIONINX B TEUEHNE
MOMEHTOB BpemeHu X. Torma CKOpOCTb M3MEHEHWs YHC/Ia YKa3aHHBIX OCO-
Oeli poKIAOIMMICT 1 yMUPAIOMIUX B MOMEHT BDEMEHH IOMY/IAIUH, MOXKHO
3anucaTh caeayoiei dpopmyIioi

dy
2 —a—0» 1
il (1)

Kapomarynom A., TT®Y (dymante, Tamxukucran); Alexander Abanin (Southern
Federal University, Rostov-na-Donu, Russia)
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Bamerum, uTo paszHocTb 0cobeil (a - b) npeacTaBasoTCd KaK MOCTOSTHHBIM
qucsioM, Jinbo Kak (byHKIMHU 3aBUCsIIed 0T X, Janbo o (x,y) — B JUHEHHBIX
dopmax, mub0 HeJMHEHHBIM BuaaM. HekoTopble 3T ciiy4uan, paCCMOTPUM B
OT/IeJIHOCTH;

1. Ilycrs B ypasuennu (1) a, b = const., (a—b) = const. Torna B pe3yin-
TaTe MHTErpupoBaHus ypasHeHuil cucrembl (1) Gymem umers y(z) =
Yo + (a —Db) - (x — xp).

2. Ecnu pasuocts (a — b)- mpencTaBisieTcss Kak JUHEHHON dyHKINM, T.e.
06bémHO, TO ypasHenue (1) mpuHEMaET Bu

%:(a—b)'x'y, 160

@_a—b

dzx T

WaTerpupys 3T0or0 ypaBHeHUs, OyIeM UMeTh:

y(w)=yo-eXp{a2_b-(w2—w§)}- (3

B mporiecce uHTErprpoOBaHUs BTOPOrO ypaBHEeHUs U3 (2), HAXOIUM

y(z) =yo- (a*7" —a§™"). (4)
Fcam xxe ypaBHenve 3anmchbiBaeTCs B BUIE % = azb. y™, TO B pe3y/abTaTe
ee MHTerpupoBanus Oymem mMers yl " — y(lfn = % (2R — x(lfk),
Jmbo ()
1— (I—n)(a—b) 1-k 1-k -
y(z) = |Yo n+ﬁ'(9ﬁ — 2y ) : (5)

Ecnu B mpeapaymmx 3a7a9ax YUCI0 POKIAONIIXCS OyIeT MEHBIIE, 1eM
YUCI0 BRIMUPAOIUX 0C0o0ei, TO Ha HEKOTOPOM WHTEPBAJE TOJTYUUM MOJIEIN
ybuBaro-muxcst QyHKINH, KaK MOKAa3aTe bHOM, Jub0 CTENeHHOW U JAPYrux
byHKIHIL.

¢) llycte a, b aeagiorcs ocobei, HO He KaK MOCTOSHHBIE UHCIA, A
HenpepbIBHbIX (DYHKIMI 3aBUCANIME OT NEepeMeHHbIX, Kak: a = a(x), b =
b(z); a=a(x,y),b=0b(x,y), n qapyrux BUgOB QYHKIWHA OT OAHOrO, JNUGO
MHOTHX TEPEMEHHBIX, TaK HATIPUMEp;

% = a(x) — b(x) mbo

Y —a@) ot~ b(a) . (©

Torma B pe3y/ibTaTe MHTEIPUPOBAHUS ITUX YPABHEHUN, COOTBETCTBEHHO
HMEeM:
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y(r) = yo + A(x) — B(x), /mbo

x 1/ (k—1)
y(z) = exp(—B())- [yo +(1 - k:)/ a(t) - exp(1l — k) B(t)dt . (7

0

[Ipu sTom, dopmyta Buma (7) mpeacTaBIsgeTCd KAaK MAaTEMATHICCKAsT MO-
JleJTb HEKOTOPOH 331891 9KOJIOT UM, TIPEJICTABIICTC KAK HEIIPEPLIBHON (PYyHK-
LUH.

[Tycts MoOmenb HEKOTOPOU 3aa49¥ DKOJIOTHUU MPEICTABJSIOTCA B BUIAX
bYHKIINYT HECKOTBKNX JIEHCTBUTEBHBIX TEPEMEHHBIX, KAK HAIIPUMED;

S —alny) u o= o) u
, JIubo
G = ale.y) ml), G = brp) m(w) ®
ou du b
gz~ @@y~ f@y) -ml), o= 0@y = gl@y) -mw), )
60
5 = (o) = flop)) -m(w). 55 = Oy~ gle,w) (), (10)

rae a,b, f,g, m, n € CY(D), w=u(z,y) € C*(DxRY), a,b f, g>
0, 0 < u < k. YcaoBue coBmecTHOCTH cooTBeTCTBYMOmMX cucrem (8)- (10
COOTBETCTBEHHO MMEIOT BUJI:
a, = b, ma cucrem (8), (a— f), = (b—g);, Ana cucremsr (9), u cucrembl

Yy
(10)

~—

(a—f)y-m+(a—f)-(b—g)-m'-n=(b—g),-n+(a—f)-(b—g)-m-n. (11)

Korga ycnosue copmectHOCTH crcTeM (8) BBIIOJHSIOTCST TOXK IECTBEHHO,
T.€., [I0 BCEM IIEPEMEHHBIM, TOT/Ia MHOT00OPA3He PEIICHH THX CHCTEM Olpe-
JEeJITIOTCS HEIIPEPBIBHBIMI BO BCeil 00/1aCTH, COOTBETCTBYIOMUMEU (HhOPMY/Ia-
MU

u(z,y) = C-exp{A(z,y) + B(0 = a(x, }, mubo
u(z,y) = uo - exp{A(z,y) + B(0,y)} . (12)

Pertermenm 2-it cucremer u3 (9), onpenessieTcs Mo aHAJOTHH TTPEeJIBLTY TN~

Mu (QOPMYTaMU CEAYIONAM 00Pa30oM:
u(z,y) = M~ {C + A(z,y) + B(0,y)}, mbo

u(z,y) = M~ {uo + A(z,y) + B(0,y)} . (13)

46



Iycrs ycnosue cosmectrnocru (11) ms ..~ cucremsr 10) BbinoaseTcs,
HO He TOXKIECTBEHHO, TOT/Ia Peras ee KaK JHHEeHH0e HeOIHOPOIHOE YDaBHe-
HITe agrebpantdecknM crnocobom (cMm.[6]), oTHOCHTEbHO HeM3BeCTHON (BYHK-
i, umeem u = H (z,y). Ecan naiinennas byHKIMsT yI0BIETBOPSET KaxKble
ypaBHeHusI cucTeMbl (9), TorIa oHa Mpe/ICTaBIISIONee KaK ITPOU3BOICTBEHHOI
dbynkumn, 6ymer vacTHbIM pemenneM cuctembl (9). YeaoBueM coBMECTHOCTH
(11) mo aHAJIOTHIO ¢ TPEJBLIYIIUME CJIYIasiMU BBITIOJTHSIETCS TOKIECTBEHHO,
ecn

n(u) = {1 + 6_M(“)} -m(u), blx,y)—g(x,y) =Ly)- eAl@y)—F(y) (14)

Torma ncxonnas cucrema (10) pazpemmva B KBaIpaTypax, 1 MHOrOOOpa-
3Usl ee pelieHnuii Halércs cienyromieit apuoit dhopmyItoit

ey =0 { A + 31w+ 2 (B - Cw)] - 09

Teopema 1.1Tycms 6 n.0.- cucmemaz (8) — (10) dannwie dynryud ydo-
saemsoparom ycaosuti a, b, f,g, m, n € CY(D), u = u(x,y) € C*(D x R'),
a, b, f, g >0, 0 <u < k. Ecau dan cucmem 6uda (8) u (9) ux ycaosue
cosmecmuocmu ay, = by, (a — f), =, (b— g); no ecem nepemenrvim 6oi-
NOAHAIOMCSH, MO IMU CUCTNEMDL PASPEWUMDBLE, U MHO2000pA3 UL UL PEUEHUT
onpedeaaromesa dopmysamu suda (12) u (13). Hara coemecmmocmu cucmemot
suda (10) neobrodumo u docmamouno, wmobvs 63aUMOCEA3L MENCOY PyHEK-
yuu n(u), m(u) wb(z,y),g9(z,y), a(z,y), f(z,y) onpedeassucv popmyramu
suda (14). Tozda n.d.- cucmema (10) paspewuma, u muozoobpasue, Aub6O
eduncmeennoe ee pewenul onpedessemces Gopmysoti euda (15), nenpepois-
Hotll 60 ecetl dannoti obaacmu.

2. BaMeTnM, 9TO TOMY/ISNUKN MITAL, HATPUMED; 30J0Tas NypKa (maeso-
el1), KOTopasi MepesIeTalnT Ha TEPPUTOPUI0 TaXKUKUCTaH B KOHIE Almpess
MeCsIa, W MPOKMABAIOT JI0 TOJOBUHE CeHTAOps exxeroano. OHu mepeseraiT
u3 cTpaH 10XKHOM Asnun u ceBeproit Adpukn. 3nech B Haleil cTpaHe OHE B
IPOIECCce MOMYIANNT, PA3MHOKAIOTCA. DTH MTHILI MTUTAIOTCA HACEKOMBIMH,
OCSIMU, IIMEJIAMU, KY3HEIUKAMU, ITYe/JaMU U JIPYTUMU BUJAMEI HACEKOMBIMHU.
o BTOpOI#t I0JI0BUHE CEHTSIOPE MECsine €KeTHEBHO, OHM c¢beaatoT 1o 200-300
0Co00it T9es1, 09eHb CIJILHO BPEAAT SKOHOMUKY ITYEJIOBOIAM, & TaKKe XO35ii-
craM. Habupast cuty, ¢ THTOMIIAMY TIepeIeTaloT 0OpaTHO Ha CBOIO BTOPYIO
ponuny. Ipu srom, quddepennnansube mogenun 3azaun (1), Kak CKOPOCTH
PA3MHOKEHNS NTEHIOB, IPUHAMAET B CHCTEMBl YPABHEHUIT B IOTHBIX Iud-
bepernuanos (m.j.- cucrem) pasIUYHBIX CTETEHEl, ¢ HEMPEPBIBHBIMU KO(]-
dunmenTaMn:

Ju

5, = alzy) vt = flz.y) v, 5y @y v —gl@y)u. (16)



= [a(z,y) — h(z,y)] - u* = [f(z,y) — q(=.y)] - u,

4= [b(z,y) — pla.y)] - w™ — [g(@.y) — s(z,y)] - u. (A7)

{

e a,b, f,g € CY(D), wu=u(x,y) € C}(DxR'), a, b, f, g>0,0<
u < k. Yeaosuro copmectHoCTH cucTeMbl (16) mpeactasum hopMyIIoit:

@‘Q@‘Qﬁ
<cler|e

[a;—(k—l)a-g]~uk—[bgj—(m—1)b-f]-um+

+ab(k —m) - uF T 4 (gf — fo) - u=0 (18)

Ecnu yciosue (18) BBIIOJIHSAETCS, 0 BCEM [EPEMEHHBIM, HO HE TOXKJe-
CTBEHHO, TO pemiag (18), anrebpanaeckum criocobom, nmeeM u(z,y) = 0, u =
h(z,y). OueBuano, uro u = 0 Gyger TpuBMaIbLHBIM penternem cucremb (17).
Ecmu xe u = h(z,y) yaoBaeTBopsier KaxK/ple ypaBHeHus cucteMsl (17), To
OHa TaKKe OYJIeT, TOJBKO JIUIIb HEKOTOPBLIM YaCTHBIM PEIIeHueM CHCTEMBI.
B nporusnom ciywae, cucrema (17) Kpome TPUBHATHLHOTO, IPYTHE DENIEHUS
ue umeet. [Tycrs yemoue (18) mo BceM MmepeMEHHBIM BBIMOHSIETCS TOXKIE-
CTBEHHO, T.€.:

ay—(k=1)a-g=0, b,—(m—-1)b-f=0, k=m, g,—f,=0. (19)

IIpm sTOM, IpeabIIyINas II./.-CUCTEMa TPUHUMAET BUT:

gz =az)-exp[(k —1)G(z,y)] - u™ — f(z,y) - u,
gz = By) - exp[(k = DF(z,y)] - ™ — g(x,y) - u.

[MockonbKy autst moceHeit cucTeMsl yeaoBust (19) BBITOJHSAETCS IO BCEM TIe-
PEMEHHBIM, ITO3TOMY WHTETPUPYSI €€, TIOJIyInM MHOTOOOpa3ue perennti, 1ubo
eINHCTBEHHOE PeIlleHNe ICXOTHO 3a1a49n, ceayomell HelpepbIBHO (hYHKIH-
eil:

u(z,y) = exp [~Gla,y)] - [uo + (1 — m)Q(z,y)] Y/ 1™ (20)
w;: = [(z,y), wg/; =9g(z,y),
, = a(z)exp {(m — 1)(G —w)}, Q& = B(y)exp{(m - 1)(F —w)} .

Takum obpazom, dopmyaa (20) Gyger MareMaTHIeCKuii MOJETb HEKOTOPOT
321491 IKOJIOTHH.

Teopema 2. ITycmv 6 n.0.- cucmeme (17) a,b, f,g € CYD), u =
u(z,y) € C*(D x RY), a, b, f, g >0, 0 < u < k. Ecau ycaosue
(18) svinoanaemes, Ho Hwe Mmoscdecmeento, Mo u3 He2o HATOEMes Hexomo-
PAA PYHKYUA, 4ITO 603MONCHO ACAAIOULUECA HACTIHDIM DEULEHUEM CUCTEMDL
(17). Ecau yeaosue cosmecmuocmu (18) no ecem nepemernvim 6unosnaem-
ca moocdecmeenno, mozda cucmema (17) paspewuma, u mnozoobpasus ee
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pewenut, aubo eduncmeennoe pewenue cucmemvs (17) onpedeasemcen s6-
noti opmyaoti (20), nenpepwmenoti 6o eceti dannoti obaacmu.

3. Hamee, paccMOTpHUM CJIydan, KOrja MaTeMaTHIecKasd MOJAETb HEKOTO-
Ppoit 329N KOJIOTUN JAETCA B BUIE

ou ou &
2= . - = Cu— cuF 21
S =a@y) 5= by u = hy) (21)

rne dynaxmmn a,b,h € CY(D), u = u(z,y) € C*(D x R'), a, b, h > 0,
0 < u < k. Yenosue coBmectHoCTH cucrembl (21) nmeer Bu:

[b;—a;]-u—(h;;%—(k:—l)a-h)-uk:(). (22)

Homyctmm, aro yemosue (22) BBITOJIHSIETCS, HO HE TOXKIECTBEHHO, TOTA Pe-
masi ee asrebpandeckuM MerTojgoMm, noayanm: u = 0, u = h(z,y). OueBuj-
HO, U4T0 4 = 0 SABASIETCST TPUBWATHHBIM PEIIEHHEM CHCTEMBI, T.€. TMPUPOA
Hameit peciybauku, peanbra uncra. [Ipu srom dyskims v = h(z,y) kax
HEKOTOPBIM JPYTUM JaCTHBIM PeleHrneM CHCTEMBI 03HAYAELT, ITO HEKOTOPOe
SIBJIEHVE TTPUPO/IBI B Hamelt pecybamnku (kak yparas, mbo adranckast 6ypst)
HAbTIOaeTCsI, U OHU OTPHUIATETHHO BIUAIOT B 9KOJOTHIECKYIO TacTh TPUPO-
abl. st roro 4robsl ycsioue copmecTHOCTH (21) 10 BCeM IEepPEeMEHHBIM Bbl-
TOJTHSIACH TOXKIECTBEHHO, HEOOXOAMMO U JOCTATOTHO, YTOOBI B3aMMOCBI3h
mexy byuxknusamu a(z,y) ¢ b(x,y), h(z,y) oupenensiiack dopmynamu

b(z,y) = a(y) + Ay(z,y), h(z,y) = B(y)-exp{(l —k)- A(z,y)} . (23)

Torma cucrema (21) paspermuma, 1 MHOr0OOpasne ee PereHuii ompe/IesierTcs
caeayromet hopMyoit:

u(z, y) = eA@VTAW) [y + Qy)]Y P (24)

Teopema 3. ITycmo 6 cucmeme ypasnenuti (21) a, b, h € C1(D x RY),
u = u(z,y) € C*(D), a, b, h >0, 0<u<k. Ecau ycrosue cosmecmo-
cmu (22) 65MoAHAEMCA, HO He MOANCOECMEEHHO, O CYULLCTNEYEN HEKOTNO-
DOIE YACTHBLE PEWEHUA UCTOOHOT cucmembl. JTas MocicIecmeentozo 6binoi-
HEHUA YCAOBUE COBMECTNHOCTNY cucmembt (21) neobxodumo u docmamouno,
4mobvl 63auUM0OC6A3b meacdy dynrkyuamu a(z,y), b(x,y), h(z,y) onpedeas-
aucy gopmysamu suda (23). Tozda n.0.- cucmema (21) paspewuma A6Ho, u
MH02000pasue ee pewenul onpedessemca Popmyaot (24), nenpepviehol 60
ecetl 0baacmu.

S

Samedganwne. Eciu 1o anasnoruto ¢ cucremoii (21) paccmarpusarh cucre-
= [a(z,y) = f(z,9)] - u,

My
0
{ y = [b(l’,y) - g(xay)] "u+ [h([L’,y) - q(x,y)} ' ukv

TO 3aNUChIBas YCJIOBUE COBMECTHOCTH 3TOH CUCTEMBI B Buje (22), nposepum

<%

Q)

ee BBINIOJIHEHUE, JUOO TOXKIECTBEHHOTO BBITIOJIHEHUS, OIpPEIessieM HEKOTO-
pble dacTHBIE, JTUO0 MHOr0OOpasne permeHuii CUCTeMbl. A Tak»Ke Jjisd 9Tol
CHUCTeMBI BBITIOJTHSIETCS PABHOCUIBLHOE TPEIJIOKEHNe TEOpeMOoi 3.
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B pabore paccmarpuBaercs BOIPOC CYIIECTBOBAHUS PEIIEHUN 33139
Hupuxie njis HeJTUHEHHBIX SJUTMITUIECKUX YPABHEHUN BTOPOrO MOPS/I-
Ka B HeOrpaHmYIeHHbIX objacTax. Hemunelrocru omnpenensiorcsa QyHK-
musavu Mysunaka-Opanua M rtakwx, ato M He ymoBierBopsieT Ao-
YCJIOBHIO, & JOMOJIHUTeIbHAsA K Heil byuknus M nogauasgercs Agy-yCcI0BHIO.
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Existence of solutions of quasilinear elliptic equations in
Muzilak-Orlicz-Sobolev spaces for unbounded domains

The paper considers the existence of solutions to the Dirichlet prob-
lem for second-order nonlinear elliptic equations in unbounded domains.
Nonlinearities are determined by the Muzilak-Orlicz functions M such
that M does not satisfy the Ay -condition, and the additional function
M obeys the Ay -condition.

Keywords: Muzilak-Orlicz-Sobolev space, Dirichlet problem, non-reflexive
space

ITycts ) — mponsBoILHAST HEOTPAHUYEHHAsT 001aCTh TPoCcTpaHcTBa R™ =
{zr = (x1,22,...,2,)}, n > 2. PaccmarpuBaercs 3amada Jupuxiie st
KBa3UJIMHEINHOTO SJJIUTITUYUYECKOTO YpaBHEHUA BTOPOTO MTOPAIKA BUIA

—diva(z,u, Vu) + ag(z,u, Vu) = F(z), =€ (1)
C OJTHOPOJHBIM KDPAEBBIM YCIOBHEM

U = 0. (2)

Orpanunvennst Ha, pyHKIUEA
a(az S50, S) - (al(ﬂf7 S0, S)a e ,an(x, S50, S))a CLO(JI, S0, 8)7

Bxojganme B ypasHernue (1), GopMynupyrTCcs B TEPMHHAX CIEMUATBLHOTO
KJIACCA BBIIYK/IbIX pyHKIM, HaszbiBaeMbix 00600menabiMu N-QyHKIMAME.

B pafore jgokaszana teopema cylecTBoBaHust perenus 3azaqdu (1), (2)
JUTsT TIPOU3BOJILHON HeoTpaHuveHHOU objactu ) B HepedIeKCUBHOM MIPO-
crparcTBe Mysmraka-OpJuaa-CobosieBa.

JI1st paccMaTpUBAEMOTO KJIacca ypaBHeHU T0Ka3aTeIbCTBO TEOPEMBI CY-
EeCTBOBaHUA MIPOBOAUTCA Ha OCHOBE a6CTpaKTHOfI TeopeMbl OJId JOIIOJITHM-
TeJIbHBIX chcTeM |2]. BayKHBIM HHCTPYMEHTOM, KOTODBIi TT0O3BOJIUT 0600IIHTH
UMeEOIHecs Pe3yIbTaThl CYIECTBOBAHUS PEITEeHN pacCMaTpUBaeMblX ypaB-
HEeHU JIJIst OrpaHiYeHHbIX 00/1acTell Ha HeOrpaHnIeHHble 00JIACTH, ABJISAETCS
Teopema BiioxKeHus npocrpascts Mysuiaka-Opinaa-Cobosesa [1].

Iycrs bynakuus Mysuauka-Opanaa M (x, z) yioBIeTBOPSET CJEIYIONM
VCTIOBUSAM:

dz = 00, dz < 0. (3)

Z n 0 Z n

/°° M~Y(x,2) MYz, 2)
1

IIpeamnomaraercst, aro dbyHKIun a(x, sg, s), ap(z, S, S) K3MEPUMBI 110 T €
Q s s = (s0,8) = (80,51, -.,5,) € R"™ nenpeprisub mo s € R na
moutu Bcex x € (1.

Yenosua M. ITyemo w € WLEy u cywecmsytom neompuyamenvrvie
dynxyuu ¥, Vo, ¢ € L1(Q) u nososcumenvuvie xoncmarnmu A, Ag,a,d,d
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makue, 4mo oas n.6. T € Q u dan mobwx 9 € R, s;t € R*, s # ¢,
CNPABeINUBVL HEPABEHCMEA:

a(z, s0,5) - (s — Vw)+ag(x, sg, s)(so —w) > aM (z,dso) +aM (z,d|s|) — <;3((4)),
M (z, |a(z, s0,8)|) < ¥(z) + ﬁM(m,E!s]) + /AlP(x, (El\so); (5)

Mz, |ao(z, s0,5)|) < Wo(x) + AgP(z, d|s|) + AgM (z, dso); (6)

(a(zx, so,s) — a(z, so,t)) - (s —t) > 0. (7)

3decv Ppynruyua Mysuraxa-Opavva M(z,2) unmeepupyeman 6 ), do-
noanumenvhas K wet gynkyus M ydosaemeopsem Ag-ycaosuro, P(x,z) —
Pynryua Mysuaara-Opauvae unmeepupyeman 6 ) maxas, wmo P << M,

st =73 0 siti, |s| = (Z?:l 3?) g

Onpepesienne. O6o6menabM pemenneM 3agadu (1), (2) ¢ F = fy —
div f € W1L37(Q) nasosem dynkuuto u € WLy (Q), yrosrersopsioryto
HHTErPATLHOMY TOXKJIECTBY

/(a(x, u, Vu) - Vo + ag(x, u, Vu)v)dr = /(f -Vu + fov)dx
Q Q

Jutst tr06oit pyrkmun v € WLy (Q).

B pabore pmokazama ciemyrommast

Teopema. ITycmo svinosnenv, ycaosua M, (8), moeda das mobozo F €
WL7() cywecmeyem zoms 6o 00no pewenue sadawu (1), (2).

Takum obpazom, B pabore Hail/leHbl yCJIOBUS HA CTPYKTYDY KBa3uJIu-
HeMHBIX ypaBHeHnii B TepMuaax Gyukimit Mysuwraka-Opanda, 1ocTaToqnbIe
JIIS Pa3penmuMOCTH 3a1aun Jupuxiie B HeOrPAHUIEHHBIX 00TACTSIX.

JIureparypa
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equations in Musielak-Orlicz-Sobolev spaces // Bull. Belg. Math. Soc. Simon Stevin,
20:1 (2013), 57-75.
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Nonlinear Analysis, Variational inequalities in Orlicz-Sobolev spaces // Nonlinear
Analysis, 11:3 (1987), 379-392.
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ON THE INVISCID LIMIT OF STATIONARY MEASURES
FOR THE STOCHASTIC SYSTEM OF THE
QUASI-SOLENOIDAL LORENZ MODEL FOR A
BAROCLINIC ATMOSPHERE
Yu.Yu. Klevtsova
yy_ klevtsova@ngs.ru

It was obtained the sufficient conditions on the right-hand side and
the parameters of the Lorenz model for a baroclinic atmosphere with
white noise perturbation for existence of a unique stationary measure of
Markov semigroup defined by solutions of the Cauchy problem for this
system, for the exponential convergence of the distributions of solutions
to the stationary measure as ¢ — +oco and for the existence a limiting
point for any sequence of the stationary measures for this system when
any sequence of the kinematic viscosity coefficients goes to zero. A
similar result was obtained for the equation of a barotropic atmosphere
and the two-dimensional Navier-Stokes equation.

Keywords: the two-layer quasi-solenoidal Lorenz model for a baroclinic
atmosphere, white noise perturbation, existence of a unique station-
ary measure, exponential convergence of distributions of solutions to
the stationary measure, inviscid limit of stationary measures, the two-
dimensional Navier-Stokes equation

We consider the system of equations for the quasi-solenoidal Lorenz
model for a baroclinic atmosphere

%A1U+VA2U+A3U+B(U) =g, t >0, (1)
on the two-dimensional unit sphere S centered at the origin of the spherical
polar coordinates (A, @), A € [0,27), ¢ € [—g, %], i = sin . Here v > 0 is

the kinematic viscosity, u(t, z,w) = (u1(t, =, w), uz(t, z,w))" is an unknown
vector function and g(t,z,w) = (gl(t,x,w),gg(t,x,w))T is a given vector
function, x = (\, u), w € Q, (2, P, F') is a complete probability space,

—A 0 A? 0
A1_<O —A—F’YI)’ A2_<O AZ))
na= (e 2k A )

koA —(Qko + k1 + I/’Y)A + pl

B(u) = (J(Auy + 2p,u1) + J(Aug, uz), J(Aug — yug, uy) + J(Auy + 24, uz))T.

Also, v, p, ko, k1 > 0 are numerical parameters, I is the identity operator,
J(1,0) = 0, — 1,0, is the Jacobi operator and Ay = ((1 — u?)b,), +
(1 — u2)~14pyy is the Laplace-Beltrami operator on the sphere S. A random

Kletsova Yulia (Federal State Budgetary Institution Siberian Regional Hydrome-
teorological Research Institute, Siberian State University of Telecommunications and
Information Sciences, Novosibirsk, Russia)
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vector function g = f + 7 is taken as the right-hand side of (1); here f(z)=
(fi(x), f2(x))T and n(t,z,w) = (N (t,z,w),n2(t, z,w))T is a white noise in
t. In |[1] and in the present work it was obtained for existence of a unique
stationary measure of Markov semigroup defined by solutions of the Cauchy
problem for (1) and for the exponential convergence of the distributions of
solutions to the stationary measure as ¢ — +oo the sufficient conditions on
the right-hand side of (1) and the parameters v, v, p, ko, ki:

ko < min  ¢(4), (2)

1=1,2,..., Ts

/B2 6) () +7) + XU + () —)? (220G + ) + uj(i)x(j(z'))))

X() = (k1 +vV) (@ +vy) + (v + 1), jy) =yly+ 1), y >0,

Cy = { zg;’ ii z i ;’ [r] - the integer part of r.
In the present work it was also proven the theorem (for definitions of
{b;}2,, I, HP, p € Z, P(X) see the third paragraph of [1], for definitions
of HP? for all p € R, see publication [30] in [1]).
Let
f:Vf/7 bi:\/;b/ia 7::1727"'7
f"and {b';}3°, are independent of v.

Theorem. Let v, p, ko, k1 > 0 be such that inequality

424 7)
(2-7)?

is satisfied, let {V';}3°, €15 and let f' € H='. Then there exils a stationary
measure [, € P(H?) such that ju,(H3) = 1 for system (1) for all v > 0
and for any sequence of the probability measures {uy,,,vn—>0,n — 400}
there exits a limiting point u in the sense of weak-* convergence in P(H>~¢),
where € € (0,1] is an arbitrary real number and u (H3) =1.

Note that if (3) is satisfied and v > 0 then (2) is also satisfied.

A similar result is obtained for the equation of a barotropic atmosphere
and the two-dimensional Navier-Stokes equation. A comparative analysis
with some of the available related results is given for the latter.

ko < min {4@, (2ky + p)} (3)

Jluteparypa
1. Klevtsova Yu.Yu. On the rate of convergence as ¢t — +o0 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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O Cl-CXOZ[IgMOCTH KYCOYHO-IIOMHOMMWAJIBHBIX
PEIITEHV BAPUALIMOHHOI'O YPABHEHUNA 4-T'O
IMOPAJAKA
A A. Kangunn
aleksey.klyachin@uolsu.ru, klyachin-aa@yandex.ru

VIIK 517.95

B macrosimeit pabore moIydeHbl YCIOBUS CXOAUMOCTH KYCOYHO-TTOMHO-
MHATIGHBIX PeIeHnil paBHEHUs 4-TO MOPAIKA, TOCTPOEHHBIX HA ITPOU3-
BOJIBHOW TPEYTrOJIbHOU CeTKe.

Karouesuvie crosa: burapmonntdeckne GyHKINH, TPEYTOIbHAS CETKA, KYCOTHO-
TOJTMHOMUAJIbHBIE (DYHKIIWH, TOTPEITHOCTh BHIYUCICHWS.

On the C'-convergence of piecewise polynomial solutions of a
fourth-order variational equatio

In this paper, we obtain conditions for the convergence of piecewise poly-
nomial fourth-order solutions of equations constructed on an arbitrary
triangular grid.

Keywords: biharmonic functions, triangular mesh, piecewise polynomial
functions, computation error

Mpgpr paccmarpuBaem (QyHKIIMOHA BUIA

1) = [ 64,95, D), D2f=< & ) G
Q

8ﬂj‘i8.7,‘j ij=1

koTopeii onpegenen ms pynximuii f € C2(Q) u dynkuus G umeer Bus

G = G(x,u, &1, &ny ML, M125 oy Tm) -

Lo byuknmonamna I( f) MOXKHO 3ammcaTh COOTBETCTBYOIIEE ypaBHEHNE Diiie-
pa-Jlarpanrka BapuaIrmoOHHON 33191

Qlfl = Zn: (G;h.j(a:,f, v/, D2f)>" _

2,7=1 7

n

—> (G, £, VI, D) +Gilw, £,V £, D*f) =0, (2)

i1
floo = ¢laa, Vflaa = Vel (3)

Pa6oTa Bemonmena npm nommepxkke Martemarmaeckoro IlemTrpa B Akamemropopxe,
coruiamienne ¢ MuHHCTEPCTBOM HAayKd M BbICIIero obpasosanus Poccuiickoit Penepammm
uomep 075-15-2019-1613.

Koaaun Anexceit Anexcamaposud, m.¢d.-m.H., mpodeccop, Boal'V (Bosrorpan, Poc-
cus); Alexey Klyachin (Volgograd State University, Volgograd, Russia)
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Mpa1 npejnonaraem, 4ro 06actb {2 ecTh MHOMOYIOJBHUK, KOTOPBIN pas3bur
na Tpeyronbankn {1} | (Tpeyrombnas cerka).

B nacrosie#i pabore MBI ITOIy9IaeM YCIOBHS, B TOM YHCJE HA TPEYTOJIb-
HYIO PACUeTHYIO CETKY, KOTOPhIe TApPaHTUPOBAIN Obl PABHOMEPHYIO OTPAHN-
YE€HHOCTh, KaK MHHAMYM, BTOPBIX IIPOM3BOIHBIX NPUO/IMKEHHBIX PEIIeHuil B
sSuefKax CeTKU IIPU CTPEMJICHHH K HYJII0 Pa3MepoB 9Tux ddeek. Vcmomb3ys
JaHHBIE GaKT HAM ynaercs Hoka3aTb C'l-CcXoIuMOCTb KyCOUHO-TOMHOMHAb-
HbIX PELIeHUH K TOYHOMY PELICHUIO0 COOTBETCTBYIOLIEH KPaeBoll 3a1a4u.

Hamnee, 6ymem uepe3 o > 0 0603HAYATH MUHUMYM YIJIOB BO BCEX Tpe-
yrobHAKaxX Tk. MBI cauTaeM, 9T0 (v OTIE/IEHA, TOJ0KUTEILHOM ITOCTOSHHOIA,
HezaBucsIIell or h = max; <<y diamTy. Cdhopmynupyem emie ogHO ycaoBue
Ha, TPEYTOJbHYIO CeTKY. ByaeMm cumrarh, 9To Haiigercs nmocrosguanas C7 > 0,
HE3ABUCATIIAdA OT h M Takad, 9TO

h-Y 0| <Cy, (4)
I

rIe cymMma bepercs mo BCeM BHYTPEHHUM CTOpoHaMm ['; TpeyroabHUKOB TpU-
AHTYJIAIIHA. DTO yeaoBHe chOPMYIUPOBAHO B padore [1] u maeT HyKHYIO cTe-
I[IeHb TIOPEITHOCTH BhlYucIeHust uHTerpasa [ (f) npu 3amene f Ha KyCOUHO-
MOJTMTHOMUATBHY O (DYHKITHIO.

Bsenem B paccMoTperue BemuanHy

6(UI7U,/,€/,£”,T],,T]U) — G(x,ul/,é-”,n”)_

_G($7 ulv gl’ 77,) - G;J.(:Ev U,, 5/7 77/)(“// - U/)—

2 2
=2 Ge o EanE =) = 3 G (o &) oy = ).
=1 ij=1
Byziem npeamosiaraTh, 9TO /s HEKOTOPOiT OCTOAHHOM 1 > 0 cripase-
JIMBO HEPaBEHCTBO

2 2
5(’[’[/7 ul/? 5,7 5//7 77/7 77”) Z IJ/ Z(T];'IL - "77/11) (5)

i=1

/! " ! 1 / !
nas seex w,u”, §L 80, ' 0"
MuoxkecTrBo m pa3 HEnPepbIBHO AudOEPEHIUPYEMBIX KYCOYHO-IIOMHO-
MUAJILHBIX (DYHKIWH C HYJIEBBIMI KPAEBBIMHU YCJIOBUAMHU ODO3HATUM Uepe3
m m m
Piym+1, TO ectb v € Py, 1, ecmn v € C™(Q), B KazKI0M TPEYTOIbHUKE
T}, dyurmug v gapBaserTcss MHOTOUIEHOM crermenu 4m + 1 u ymoBaeTBOpAeT
yermosusim v = 0, Vo = 0 ma 0f.
Ecnu va ¢y v* € Pilym1 AOCTHraeTCH MUHUMYM HHTErpana [ (p+
v), cpeam Beex v € Py, ., To dyEkmmio f* = ¢ + v* bygeM Ha3bIBATH
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KYCOYHO-II0/IMHOMHUA/ILHBIM PEILIeHUeM ypaBHeHus (2), yJ0BJIeTBOPSAIONIEE rPa-
HUYHBIM yCJIOBUAM

[loa = ¢laa, V[ aa = Velaa.

Teopema 1. IIycmv f € CY™2(Q) - pewenue ypasnenua (2), ydo-
BAEMBOPANOULEE KPALBUM Ycaosuam (3) u [* — npubausicennoe Kycouro-
NOAUHOMUANDHOE PEWLEHUE C TNEMU IHCE KPAEGHIMU YCA06UAMU. Ecau 6vinoa-
neno yeaosua (4) u (5), mo

2
i mas|F7(@) = F@| =0, Jim > max |7, — ful

JIuteparypa
1. Kaawun A. A. OueHKa NOTPEINIHOCTH BbIYUC/IeHUsT (DYHKITHOHATIA, COIEPIKa-

LIEro [POU3BOJAHBIE BTOPOrO MOP#AAKa, Ha TpeyrouabHoil cerke// Cub. 31eKrpon.
mareMm. u3B., 16 (2019), 1856-1867.

CYHNIECTBOBAHUE DQHTPOINUMHBIX PEIIIEHUN
KBA3SUJIMHEMHBIX SJIJINIITUYECKNX YVPABHEHUI B
ITPOCTPAHCTBAX MY3UJTAKA-OP/JINYA-COBOJIEBA
JI.M. KoxeBHUKOBa
kosul@mail.ru

YIK 517.956.25

B pabore paccMarpuBaroTCsi HETUHEHHBIE SJLUIAINITUYECKUE YPABHEHUS
BTOPOTO TOPSAKA C IPaBoil dacTbio B Buae auddy3noit mepol. B mpo-
U3BOJIbHBIX ODJIACTAX JOKA3AHO CYIIECTBOBAHME YHTPOLUITHBIX DeIe-
Huii 3amaun Jlupuxisie B HepedIEKCUBHBIX MPOCTPAHCTBaX My3miaka-
Cobonesa-Opnmnya.

Kawuesvie car06a: KBa3UIWHEHHOE SJIIUNITHYECKOE YPABHEHME, 3371a9a,
Hupuxie, npocrpauctso Mysunaka-Opiunga-CobosieBa, SHTpONHITHOE pe-
menne, HepedIEKCHBHOE TPOCTPAHCTBO, MEPa

Pabora Beimonmena npn dbuHaHCOBOH moaaepxkke PODU (mpoext Ne 19-01-00000).

Koxesnnkosa Jlapuca MuxaiiioBua, 10KkTOp PU3NKO-MaTeMATHIECKIX HAYK, Ipodec-
cop, Crepimramakckmii puman Bamkupckoro rocymapcrsennoro yausepcurera (Crepm-
tamak, Poccust); Larisa Kozhevnikova (Sterlitamak Branch of Bashkir State University of
Sterlitamak, Russia)
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Existence of entropy solutions of quasilinear elliptic
equations in Muzilak-Orlicz-Sobolev spaces

The paper considers nonlinear elliptic equations of the second order
with the right-hand side in the form of a diffuse measure. In arbitrary
domains, the existence of entropy solutions to the Dirichlet problem in
nonreflexive Muzilak-Sobolev-Orlicz spaces is proved.

Keywords: quasilinear elliptic equation, Dirichlet problem, Muzilak-
Orlicz-Sobolev space, entropy solution, non-reflexive space, measure

[Tycts ) — mpoussosbHAs HeOrpaHUdeHHAs 06,1aCTh TpocTpancTea R =
{z = (x1,29,...,2)}, n > 2. PaccmarpuBaercs 3amada upuxite st
KBA3WJIMHENHOTO SJLIUITUYIECKOTO ypaBHeHI/IH BTOPOTO IMOPpAAKa BHUIA

—diva(z,u, Vu) + ap(z,u, Vu) = pu, x € (1)
C OJIHOPOJIHBIM KPAEBBIM YCJIOBUEM

U = 0. (2)
LT KBasUIMHEHHBIX SJTUNITHIECKUX YpaBHeHuii suaa (1) ¢ HemHeHOCTSIME,

onpegensiembivu dyskmsvu Mysninaka-Opanaa, u p € L1 () B orpannden-
HBIX 06acTax ) OBLIO JOKA3aHO CYNIECTBOBaHHE SHTPONMHHBIX (cM. [1]) m
peHopMasM30BaHHBIX (CM. [2]) pemennit 3agaun (1), (2). B macrosmeit pa6o-
T€ BBIJIEJIEH HEKOTOPBIH KIaCC HeJIMHEHHBIX SJTANTHICCKUX YPAaBHEHN BI A
(1) ¢ mepoii Pasiona p cnenuabHOro BUAA j1/1s KOTOPBIX TTIOCTPOEHBI SHTPO-
nuiiHble penienus 3aa4u Jupuxiie 1/ig MIpou3BOJIbHBIX HEOIPAHUYEHHBIX 00-
sacreit () B HepedtekcuBabIX pocTpancTeax Mysmiraka-Opiinaa-CobosieBa.

Orpanuuennst Ha KapaTeojopuesbl DyHKIUI
a(z, so,s) = (a1(x, s, 8), ..., an(x, 80,8)) : A X R x R" — R",
ap(zx, s0,8) : A xR xR" - R,
Bxojdiue B ypasaenue (1), (opMyaupyroTcd B TEpMUHAX CHENUATLHOTO

KJ1acca BRITYKIBIX Qyukimit Mysunaka-Opanaa. Yeaosus M. Ilpenmosa-

raercst, aro dyuknus Mysumnaka-Opiuaa M (z, z) uarerpupyemas B €2, 110-
nosHuTeIbHAsA K Heit bynkuua M yposiaersopger Ag-yeaosuio, P(z,z) —
dyukmua Mysmnaka-Opianaa waTerpupyeMas B () takas, ato P << M, u
BBIMIOJTHEHBI CJIE/IYFOIIME YCIOBUSL:

oo 1
/ M~ (2,2)z~ T/ = o, / M, 2)z~ ")/ < oo,
1 0

Iycts w € W'E M () u cymectBytor HeoTpunarenbhbie pyukuun U, ¢, &g €
L1(9), nenpepbiBHas neyObiparomas dbynknug b : RT — RT ., nosroxures-
Hble unciaa A, a,d, d Takue, aTo mys m.B. & € ) u gys Ja00six sg € R, s, €

R™ s#T1:
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(a(z, s0,8) — Vw) - s > aM(z,dso) — ¢(x),
M(z, |a(z, s0,)|) < U(z) + AM (z,d]s|) + AP(x, dso),
(a(z, s, 8) — a(z, so,t)) - (s —t) >0,
ao(x,s0,8) = M'(x, s0)+b(z, s0,8), |b(z,s0,s)| < /5(|80|) (M(x,s) + ®o(z)),
b(z, s0,5)s0 = 0,

1/2
rae s-t=y 1 sity, |s| = (30 s7) /2,
BygeM cauTaTh, 9TO MEpa [i UMEeT BUJ

p=f+fo—divf, feli(Q), foeEyQ), fe(Eyx@)". ()

Ompenennm bysknmio Tj(r) = max(—k, min(k, r)). Beenem oboznauenne
(u) = [udz. Yepes T4 (Q) ob6osnaumm MHOKECTBO H3MEpUMBIX DYHKIHIT U :
Q

Q — R rakux, uro Ty(u) € WLy (Q) npu arobom k > 0.

Omnpenesnienne. Durponuitabiv pernennem 3aja4u (1)—(3) nasbiBaercs
bynxmus u € T4 (Q) Takast, aro

1) B(z) =b(x,u,Vu) € L1(Q);

2) npu Bcex k > 0, £ € Cj(Q) cupasemmBo HepaBeHCTRO:

<(b<$, u, Vu)—i—M’(:c, u)_f_fO)Tk(u_§)>+<(a(xv u, Vu)—f)VTk(u—§)> <0.

OCHOBHBIM PE3YABTATOM PAOOTHI SIBJIAETCS
Teopewma. Ilycts BoinosTHEHB! YeaoBus M, Torga cyiecTByer SHTPOIHII-
Hoe pemtenne 3aga4n (1)—(3).

JIuteparypa
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STURM-LIOUVILLE DIFFERENTIAL OPERATORS ON
TIME SCALES AND PROPERTIES OF THEIR SPECTRAL
CHARACTERISTICS
M. A. Kuznetsova
kuznetsovama@info.squ.ru

We study Sturm—Liouville differential operators on the time scales con-
sisting of a finite number of isolated points and segments. Such opera-
tors unify differential and difference operators. It is previously proved
that the operators on time scales are uniquely determined by their spec-
tral characteristics. We obtain properties of the spectral characteristics
including asymptotic formulae for eigenvalues and weight numbers. It is
also proved that eigenvalues of two boundary value problems with one
common boundary condition alternate.

Keywords: differential operators, Sturm—Liouville operators, time scales,
closed sets, inverse spectral problems, asymptotic formulae

We consider the Sturm-Liouville equation with A-derivatives
2
ty == —y>2(2) + q(x)y(o(x)) = Ay(o(2)), z €T, (1)
where the potential ¢(z) € C(T%) is real-valued. The definitions of A-
derivative, o(z), and T% are given in [1; 2]. The closed set 7' C R in (1) is
called a time scale. Depending on the structure of 7', equation (1) can be the
classical Sturm-Liouville equation or the difference equation, see [3].

Let Lo and L; be the boundary value problems for equation (1) with the
following conditions:

Lo: y(minT) = y(maxT) = 0; Ly: y™(minT) = y(maxT) = 0.

Denote the eigenvalues of L; by {A,;}n>1, j = 0,1. We also introduce the
Weyl solution ®(x, \) of equation (1) under the conditions

A (minT,\) =1, ®(maxT,\) =0

and the Weyl function M(\) :== ®(min T, \).
We assume that the time scale is a finite union of N segments and M
points:
N+M
T = U [al,bl], a1 <b_1<a;<b,l=2,N+ M, al<bl<:>l€{lk}£/:1.
=1
Then, equation (1) is equivalent to the system of N classical Sturm-—
Liouville equations

_y//(xk) + Q(xk)y(‘rk) = )\y(l‘k), Ty € (alw blk)’ k=1,N,

This work was supported by the Russian Science Foundation (project 19-71-00009).
Maria Kuznetsova, PhD student, Saratov State University (Saratov, Russia)
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equipped with the jump conditions
ylar) = y(0) + fy> (), , 1=1,N+M ~1

Y™ (ar1) = Bula(b) = Ny(by) + [1+ 87 (q(br) — Ny (o),
I=1,N+M—-1—p,

where ) := a;y1 — by and 1 = 1if ayyar = byyar, otherwise pp = 0. Using
this fact, we proved the following properties of the eigenvalues and the Weyl
function.

Proposition 1. 1. For j = 0,1, all eigenvalues \,; are real and simple.
2. For j = 0,1, the spectrum {\,j}n>1 is infinite if N > 0, otherwise it
consists of M — 2 elements.
3. The Weyl function M(X) is a meromorphic function with simple poles at
Ant-

For each j = 0,1, assume that eigenvalues \,; are numbered in the

increasing order:

400, N >0,

)\nj<)\n+1,jv n=m7 Onm ::{ M—-2 N=0

Theorem 1. The eigenvalues alternate in the following way:

Al < Ao < Apg1,1, n=1,0nu,

where we put Ayr—1,1 := +00 if Onpy = M — 2.

Based on the last paragraph of Proposition 1, we introduce the weight
numbers as

an, = Res M(M).
)\:)\nl

The following asymptotic formulae are hold for the eigenvalues and the
weight numbers.

Theorem 2. Each spectrum {\n;}n>1, j = 0,1, can be subdivided into
N + 1 parts:

N
Dozt =4, ( U {(pﬁ?f}m)a j=01,
k=1

where Aj contains N + M + j(1 — po)sign(N — 14 p1) — 1 — 1 elements and

_ : 1
g;-):ﬂ%—i-o(l), neN, 6 e {05} dii=by,—ay, 1<k<N,
k

while po =0 if a1 < by and po = 1 otherwise.
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Theorem 3. The weight numbers are positive and bounded: o, > 0,

ap=0(1),n>1.

In [2] it was proved by the method of spectral mappings that ¢ can be
uniquely determined from the following sets of the spectral characteristics:

1) M(N); 2) {Anjln>1, 7= 0,15 3) {An1tn>1 and {an fn>1.

The obtained properties of the spectral characteristics can be used in

further studies of the corresponding inverse problems.
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INPUBJIN2KEHHBIE TOYUEYHBIE CUMMETPIN O/IHOI'O

APOBHO-IN®OPEPEHIIUAJIBHOI'O OBOBINNEHU A
YPABHEHN A HEJIMHEVMHOUW ®NJIBTPAIINN
B.O. JIykamyk, 9./1. TumupbaeBa
voluks@gmail.com, evelinatimirbaeva@mail.Tu

VIIK 517.95

Pabora mocBsieHa MOMCKY CHMMETPH HEJTUHEHHOrO MpPUOINKEHHOTO
YPaBHEHUS B YACTHBIX MPOU3BOJHBIX, MOJYIEHHOTO IMYTEM DA3JIOKE-
HUs ApOOHON mpom3BomuOil Pumana—JluyBuiansg B psa mo mMamoMmy ma-
paMerpy, BbIIEJIEHHOMY U3 MOPSIKa APOOHOrO auddepeHInpoBaHus B
apobuo-muddepennmaabHOM 0000IIIeHNH yPABHEHNS HETUHEHHON (PrTh-
TPAINN.

Karwuesvie cao6a: ypaBHeHUE HEJIUHEHHONW (DUIBTPAIMY, APOOHAS TPO-
W3BOIHASI, TPUOJINKEHHBIE CHMMETPUN

Approximate point symmetries of a nonlinear fractional
differential equation of filtration

The problem of finding approximate Lie point symmetries of a nonlinear
fractional differential equation describing filtration processes is consid-
ered. The coresponding equation with a small parameter is obtained by
expanding the Riemann — Liouville time-fractional derivative in a series
with respect to the order of fractional differentiation.

Keywords: nonlinear filtration, fractional derivative, approximate sym-
metries
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Paccmarpusaercs apobuo-auddepennuaibnoe 00001eHEe YPABHEHU S HE-
JHeHOM huabTpaun

Diug + f(u)ur = udtzy, u=u(x,t),ac (0,1), (1)

¢ apobHoit mpoussoaHOl PuMana-/luysuiis o spemenn [1]:

t
1 (7,
DS, = 9 / ur(r,2) o
0

t—T1)

rie I'(1—a)-ramma-byuknusa. @yuakrms f(u) B ypasHenun (1) mpon3BobHO-
ro BUJA, a 0 — NPOU3BOJIbHASA KOHCTAHTA, He paBHasa Hy 0. IIpeonaraercs,
YTO BAMSHAE IIAMATH CPEILI MAJIO, IIO3TOMY (& = 1 — &, TO €CThb U3 IIOPAIKa
JapobHoro audpdepernupoBannst BeIAEAsIeTCs MaIbiil mapamerp 0 < € < 1,
0 KOTOPOMY TIPOMCXOJUT Pas3jioykeHne B psijl Apo6HOit nponssogHoit [2]. B
pe3ysbrare UCXoHOe ypaBHeHust (1) mpub/mKaeTcs ypaBHEHHEM € MAaJibIM
apaMeTpoMm:

S _pst? ~ ulUgy, (2
(8+1)' t u]+f(u)ut Uy Uz, ( )

+e[n(t) + v — 1) +“’f+§: (1)
ugt + €[(In —Dug + —
tt Y T s
s=1
TJe Y — MOCTOsTHHAS Ditjaepa.
ITpu ¢ — 0 ypasuenue (2) mepexoquT B ypaBHEHUE HEJIUHEHHOH (huib-
Tpalyuy TUIEpOOITIIECKOTO THUITA

ugt + f(u)ur = udugy.

JI/1st HAXOXK IeHUsT CUMMETPHiT ypasHeHus (2) CHAYa/Ia BBITOIHIOCH TOCTPO-
eHpe JIOMYCKaeMOii TPYIINbl HEBO3ZMYIIEHHOIO YPAaBHEHNUSI.

B nannoit pabore, cienys [3], HaiieHbr TpuOIMKEHHBIE CHMMETDHH Y PaB-
nenus (2). Tlokazano, uro eciu o # 0, —2, a f(u) — npoussobHasg QyHKIMS,
TO ypaBHeHue (2) JOMyCcKaeT TPeXIapaMeTPHIECKy 0 IPYIILY TPUOIHKEHHBIX
Toueunbix npeobpasoanuii. pu f(u) — creneHHast winm KINOHEHIMAIbHAST
dbyHKIMA, TO NPUOIMIKEHHAs TPYINa PACIIUPAETCS 10 TATAITapaMeTpude-
ckoif; mpu f(u) — KOHCTaHTe, OTINIHON OT HYJIS, PACIIUPSIETCS O CEMU Mapa-
merpudeckoit; ipu f(u) = 0 — g0 gessrunapaverpudeckoii. Ecim o = —2 n
f(u) — npousBonbHAsA dyHKIWs, TO ypaBHEHNE (2) TPUOINKEHHO JT0TyCKAeT
MATUIAPAMETPAYEKYIO TPYIIILY, KOTOPas PaCIUPIETCA A0 CeMHUIIapAMETPH-
veckoi ipu f(u) paBHOI KOHCTAHTE, OTJIUYHON OT HYJIsSI, ¥ JI0 JE€BATHIIADA-
merpuyeckoit pu f(u) = 0.

JIuteparypa
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2. JIykawyr, C.FO. T'pynmnoBasa kmaccuduKaius OJHOTO HEJTHHEHHOrO mpud/Iu-
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E,Z[I/IHCTBEHI;IOCTB PEIITEHUN A O,Z[H()ﬁ HEJIOKAJIBHON
CMEIITAHHOM 3AJTAYN OJId BOJIHOBOI'O YPABHEHUA
B TPXMEPHOM IIPOCTPAHCTBO
M.X. MupzopaxumoB

VIIK 517.946

B macroseit pabore [1j1st BOJTHOBOTO YPABHEHUS PACCMATPUBAETCS TIPHU-
menenne Merona Pypee B TpéxmepHom mpocrpancTse. JlokazaHo cyrre-
CTBOBaHHNE €JIMHCTBEHHOI'O KJIACCUYECKOI'O PeIlleHUudA HEeCaMOCOIDIKEH-
HOI CMEUIAHHOW 3a/1a4u, YIOBJIETBOPAIOIIEH ee Ha4YaJlbHbIM U I'PDAHUY-
HBIM YCJIOBUAM.

Karouesvie crosa: HenokasibHas 337293, COMPSKEHHAS CMEITAHHAS 33~
Jlada, BOJIHOBOE ypaBHEHUE B MHOI'OMEPHOM IIDOCTPaHCTBe.

Solution of a self-adjoint mixed problem for the wave
equation in a multidimensional space

In this paper, for the wave equation is considered use of the Fourier
method in a multidimensional space. It proved the existence of a unique
classical solution of the mixed problem nonselfadjoint satisfying its ini-
tial and boundary conditions.

Keywords: djoint mixed problem, the wave equation in a multidimen-
sional space, non-local problem.

B pa6orax [2]|-[4] 61 paccMOTpeHBI HEJTOKATbHBIE 3aaH TSI BOJTHO-
BOIO ypaBHEHWE B OJHOMEPHBIX W ABYMEPHBIX Caydasx. My HaligeHHbII
e/IMHCTBEHHOE PEIeHIe ¢ HAYAIbHBIMH JTAHHBIMU.

B nacrosmue pabora kak B [5]-[6] paccmarpusaercs: nesokasbHas cMe-
IIaHHAs 331492 JII BOJHOBOIO ypasHeHue B R3 1 Haiiércest e MHCTBEHHOE ee
pemenne C Ha9aJIbHBIMA JaHHBIMH. A TaK2Ke JO0Ka3bIBaeTCAd e IMHCTBCHHOCTD
KJTACCHIECKOTO DEIIeHnsT HeJOKAJIbHON cMmermantoil 3amaqan ((1)).

Paccmorpum coteyroiny o cMerantyo 3a1a4y:

MupsopaxumoB Mypogasuu Xacanboesud, AkageMus roCcyJapCTBEHHOIO yIPABJICHUS
npu [Ipesunenre Pecnybankm Tamxukucran (Iymante, Tamxukuctan); Mirzorakhimov
Murodali Khasanboyevich, Academy of Public Administration under the President of the
Republic of Tajikistan (Dushanbe, Tajikistan);
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%— xz‘i‘ayz‘i‘azz"‘f(m%":t) (T,y,2,t) € Qr =2 x [0, T]
u(z,y,2,0) = p(z,y,2), (9, 2 )ERXRXR’R:[Ojl
[

Bagaua ((1)) asmsierca menokaabHOM cMmenrannoit 3agaqeii. Kpome Toro,
OHa SIBJIIeTCsT HECAMOCOIPSIZKEHHON 3a/1ateil.

Caenyst Mibuna B.A. 1], nagum cieayroee.

Ounpepesienne. Pyuknuu u(z,y, z,t) HA3bIBAEM KJIACCUIECKUM PEIIeHU-
eM cMemannoii 3agaan (1), eciin oHA YAOBIETBODSET CIEAYIONUM TPeGOBa-
HUAM:

1.®yuxnus u(z,y, z,t) € V(Qr)NC (Qr) u ynosrersopser BomHOBOMY
ypaBrernnio 3agaun (1) BayTpu mapantenenunena Qr;

2. YIIOBJIETBODSIET HAYAJIBHLIM M TDAHUYHBIM yCjIoBusM 3amaun (1) B
OOBIYHOM KJIACCHUYECKOM CMBICJIE.

I3 mamero uccaeqoBanue DOCTABIEHHON 3aa9u CIEAYET, 9TO KAACCHIe-
ckoe pemrenne 3agaun (1) mmeer mpejcTaBjIeHUE B BUJE CyMMbI OMOPTOrO-
HAJTBHOTO Psifia yKaszaHHoro B [5|-[6]. U muist Hero cmpaBeyinBo cieayronast
Teopema.

Teopema. llycrs magasnpuabie dyakmmu o(z,y,2), ¥(x,y,z) u upasag
vacthb f(x,y, z,t) 3amaun (1) COOTBETCTBEHHO YIOBJIETBODSIIOT YCIOBUSAM:

1.®yukmms ¢ (z,y, z) umeer B mapannerenumeaeR = [0,1] x [0,1] x [0, 1]
HENpepbIBHLIE TPOM3BOJHEBIE 10 9ETBEPTOTO TOpAIKa U pyHKIMU, ©, Ap u
A2y 10BIeTBOPAIOT KPAeBBIM yCIOBHAM 3aaurt (1) B 0GBIYHOM CMbICIE.

2.®yuknus ¢ (r,y,z) UMEeT HeNpPepbIBHbIE IIPOU3BOJIHBIE JI0 TPETHETO
nopaaka BR u 1), At yIOBIETBOPSAIOT KpaeBbiM yciosuaM 3agaun (1).

Tora must sio6oro orpeska spemenn ¢t € [0, 7] cymma 6HOPTOTOHATBEHOTO
pana (2) (u3 [5]-[6]) maer kmaccugeckoe B cmbicae B.A. Wabuna pemenne
cmemrannoit (1). IIpwm srom psax (2) (w3 [5]-[6]) n paaer ug, uy u moJytIeH-
HBIE U3 HEr0 OJHOKPATHBIM M JABYKPATHBIM HOYICHHBIM IudPepeHnupoBa-
HUEM II0 t CXO/sATCs abCOJIIOTHO M PABHOMEPHO BO BCell 3aMKHYyTO# objiacTu
Rx[0,T] = Qp. Kpome Toro, psapt nonydennsie uz (2) (u3 [5]-[6]) neyxpat-
HBIM TIOHJIEHHBIM THDDEPERTTPOBAHUEM Uy, ¢, Ug,z; (1, ] = 1,2) cxomsares ab-
COJIIOTHO ¥ PABHOMEPHO B JIt000# cTporo BHyTpeHHel nogobractu Qf C Qr
npu t> 0. Torma 3amaqga (1) mmeer He Gos1€€ OTHOTO KITACCHYECKOTO PEITEHMNS .

B xo51a nokazare/ibcTBa TEOPEMBI YKA3BIBaOTCs, 4T0 KoddurmenTo Cn,
m, k O6paH_LaIOTCH B HYJIb, 9TO IMOKA3bIBATH CYIIECTBOBaHNE € TMHCTBECHHOCTDH
PEIIeHNH 33/[a90 ¢ Hada bHBIME JaHHbMA (1).
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ug (2,9,2,0) = ¥(,y,2), (x,9,2) E RX Rx R, R =
u(0,y,2,t) = Oux(O Y, 2,t) = ux(1,y,2,t), (y,2,t) € Rx Rx [0,T],t €[0,T]
u(x,0,2,t) = 0,uy(z,0,2,t) = uy(x,1,2,t), (x,2,t) € Rx R x [0,T],t € [0,

[ u(2,9,0,t) = 0,u:(x,y,0,t) = u(z,y,1,t), (z,y,t) € Rx R x [0,T],t € [0,
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B macroseit pabore /1151 BOTHOBOIO YPABHEHUS PACCMATPUBAETCS IIPU-
mvenenue meroza Pypoe B Mmuoromepuom npocrpancrse. Jlokazano cye-
CTBOBaHMNE €JINHCTBEHHOTO KJIACCHYIECKOTO PEeIeHNs HeCaMOCOIPSIKEH-
HOM CMENIaHHOHN 3aJa4¥, YIOBJIETBOPAIOIIEH ee HAYaJbHBIM W I'DAHUY-
HBIM YCTTOBHSIM.
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Solution of one non-self-adjoint mixed problem for a
homogeneous wave equation in multidimensional space

In this paper, for the wave equation is considered use of the Fourier
method in a multidimensional space. It proved the existence of a unique
classical solution of the mixed problem nonselfadjoint satisfying its ini-
tial and boundary conditions.

Keywords: djoint mixed problem, the wave equation in a multidimen-
sional space, non-local problem.
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Paccmarpusaercs 3ama4a 06 onucannu KOMIOHEHT CBI3HOCTU CEMEHCTBA,
(BECOBBIX) KOMIOBMIMOHHBLIX OMEPATOPOB B MPOCTPAHCTBAX Beprmana roJio-
MODP(HBIX B €IMHUYIHOM KpyTe (DYHKITHI ¢ pABHOMEPHOI U WHTErPAJbHOM Be-
coBbIMU HOpMamu. Hawasio mamHO# Temaruke moaoxuaa pabora E. Bepkco-
Ha [1], B KOTOPOIi OBLIO YCTAHOBJIEHO CYIIECTBOBAHUE M30JIMPOBAHHBIX TOUEK
B MHO)ecTBe C(HP) BCEX KOMIIO3UIIMOHHBIX OTIEPATOPOB B IMPOCTPAHCTBAX
Xapau HP, cuabxenHoMm omnepatopHoit HopMmoil. Briociencrsun oHa mzyda-
Jach MHOruME aBropaMu [2|—(7] jss ABYX OCHOBHBIX KJIACCOB IPOCTPAHCTE,
KOTOPBIE B 3aBUCUMOCTH OT TEXHUKU UCCJIEIOBAHUS MOYKHO PA3JIEJINTh HA JTBE
TPYIIIBI, OTHOCAIUECH K TMIbOEPTOBBIM IIPOCTPAHCTBAM WM K MIPOCTPAH-
crBy H®™ Bcex orpaHnYeHHBIX TOJIOMOPQHBIX B €IUHAIHOM KPyTe (OyHKITHIA.

B noksagie byger npeicTaBieH HOBBIM METO[l, pa3pabOTaHHbBIM aBTOPOM
comectro ¢ JIe Xait Xoem m @am Tpour Trernom, KOTOPHIH TTO3BOJISET, C O-
HO#l CTOpOHBI, U30€XKATh MCIOIB30BaHUs CenunUKN THILOEPTOBA CIIydas,
a C JpyToil, — CYIIECTBEHHO PACIITUPHUTH KJIACC MPOCTPAHCTB, MHOMXKECTBO
KOMTIO3UITUOHHBIX OMEPATOPOB B KOTOPBIX UMEET TOMOJOTUIECKYI0 CTPYKTY-
py, momobmuyto C(H?) uma C(H™). Nmerno, peuhb TOHAET 0 MPOCTPAHCTBAX
Beprmana

H,:={feHD):|fll,= supM < oo}
z€eD U(Z)
¢ PaBHOMEDHOW HOPMOii, 3a/1aBaeMoil pajuaabHBIM BecoM v(z) obIero Buma
(sToT Ccayuait uccienosan B pabore [8]), u

AP =L F e HD) : |flpa = </D If(2)|P(1 — |Z|2)0f d)\(z)>p <00,

e d\ — mepa Jlebera B D.
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O ITPOCTBHIX BOJIHAX KOHUYECKUX Z[BI/I}KEHI/Iﬁ
T.®. MykmuaoB, C.B. Xa6upos
mukminov.tf@yandex.ru, habirov@anrb.ru

YIK 517.958, 533.7

O0BbEKTOM UCCIeIOBAHNS ABJISETCS MENMOYKA BJIOKEHHBIX mogaredp 11-
MEpHO# anredps! JIu [j1d uaeasbHON MOIEIN THAPOAMHAMUAIECKOTO TH-
ma. g momanredp BHIOMPAIOTCS COTTIACOBAHHBIE MHBAPHAHTHI. Ha mx
OCHOBE CTPOUTCH IEMOYKA MHBAPUAHTHBIX MOmMOzeseii. Pemrenus mom-
MOZIEJIH, IIOCTPOEHHOM 110 moaaarebpe Oosbieil pa3MmepHOCTH, OYIy T sB-
JISTHCS PEIIEHUSIMY TTOAMOIE e, MOCTPOEHHBIX 10 TOJAJre0paM MeHb-
MUX pa3MepHOCTeN M3 paccMaTpuBaeMoil nemnodku. llocTpoennbr wHBa-
pUAaHTHbBIE TIOJMO/IEIIN, BIOKEHHBIE APYT B Apyra. Lleas paborsr — miist
noamomenu panra 1 medekra 1 4-mepHOi momanredbpbl BHISCHUTH, BO3-
MOXKHA, JIU PEJIlyKIUsd K NHBAPUAHTHBIM [TOIMOIEIISAM, U KJiacCubuIupo-
BaTh YACTUYHO-WHBAPUAHTHBIE DEIEHUST TTOIMOIEIIH.

Karuesnie crosa: EeII0O4YKa BJIOZKEHHDBIX HOﬂaJ’II‘€6p, COrJiaCOBaHHbIE NH-
BapUaHTHI, UHBaPUaHTHBIEC TIOAMOJEJIN, YaCTUIHO NTHBaAPUAHTHBIC DEIle-
HUA

About simple waves of conic motions

We considered the chain of embedded subalgebras of 11-dimensional Lie
algebra for the models of the continuous medium mechanics. We chose
coordinared invariants for each subalgebra from the chain. Based on
chosen invariants, the chain of invariant submodels is built. It is proved
that solutions of a submodel constructed from a subalgebra of higher
dimension are part of solutions of submodels constructed on subalgebra
of smaller dimensions from the considered chain. Embedded submodels
are constructed. The aim of the work is to find out whether it is possible
to reduce the submodel of rank 1 defect 1 of the 4-dimensional subalge-
bra to invariant submodels, and to classify partially-invariant solutions
for the submodel.

Keywords: the chain of embedded subalgebras, coordinated invariants,
invariant submodels, partially invariant solutions

Bsenenune
VpaBHeHust MEXaHUKN CIJIOTTHON Cpenl nomyckaior 11-mepuyio aarebpy
JIm L11. PaccMoTpuM 11emovKky BIOXKEHHBIX momaaredp L1 w3 OOTHUMAJIBHON
cucremsl [1]: 1.6 C 2.5 C 3.2 C 4.3, rae noganrebpsl 3ajaHbl 6asucamn u3

PaGota BbInosiHeHa npu ¢uHaHCOBOH nognepxke PO®U (nmpoext Ne 18-29-10071).
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(Ufa State Aviation Technical University, Ufa, Russia)

Xabupo CamaBar Baneesuu, m.db.-m.H., mpodeccop, MHCTHUTYT MeXaHHKH WM.
P.P.Masmorosa YOUIT PAH (Vda, Poccus); Salavat Khabirov (Mavlyutov Institute of
Mechanics, Ufa Investigation Center, R.A.S., Russia)
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onepaTopor AuddePEHITMPOBAHMST

1.6 = {X7 + XIO} ,

2.5 ={X7, X0},

3.2 = {)(77 )(107 Xll},

4.3 = { X1, X7, X10, X11}

Buibepem cornacoBannbie WHBAPUAHTHI 9TOMH 1enodky. VHBAPUAHTHI TOMAJI-
rebpbl MEHBIEN PA3MEPHOCTH JIOJI2KHBI COJIEP?KATH NHBAPUAHTHI MT01AIrebphl
Gosblieil pa3sMepHOCTH. DTO BCerjia MOXKHO cjenars [2].

Tlonyaeno mpeacrapienne pererns, KOTOPOe TMOACTABIIEM B YPABHEHHUST
razoBoOi JWHAMUKM B yA00HOI crucreme kKoopauuat. Jlokazawo, aro mocse
nckrouenns Gyt 06IIero Bruma Moy InTCa CUCTEMA YPABHEHUH TOJIHKO
11t HoBBIX yHKuit [1]. Ecnm BbIOpaHbl coryiacoBaHHBIE HHBAPWAHTHI JIJIsI
IIEMOYKY TMOAAITe0P, TO BCIKOE PEIeHUE MOAMOACIN C MEHBIITUM YUHUCIOM
HE3ABUCUMbBIX [TEPEMEHHBIX Oy/I€T TOUHBIM DEIIEHUEM TTOAMO/IENTN C BOJIBITTIM
YHUCJIOM HE3aBUCHMBIX IMEPEMEHHBIX i TOAMOIEIEH OMHOTO MeheKTa.

MuBaprantaas mommonens 4-mepHOl momaaredpul Oyaer WMeTb TOJhb-
KO TpUBHUAJIbHBIE pertennd. HerpuBuaabHbIe PENIeHUs sABJASIOTCA YaCTHIHO-
WHBapUAHTHBIMU. 3ajadeii paboThl ABJISETCH BBISCHUTH, BO3MOXKHA JIH pe-
nykiust monMonesin paura 1 gedekra 1 4-mepHoit ogairebpel K MHBAPUAHT-
HBIM TTOAMOJIE/IAM ¥ KJTACCU(PUITUPOBATH HANIEHHBIE YACTUIHO-MHBAPUAHTHBIE
pelterus 3Toil mogaaredpho.

CorstacoBaHHbIE MHBAPUAHTHI B IUJIWHAPUYECKON CUCTEME KOODPAUHAT
Y100HO BBIYUCAEHUE TOAMOIETEH TeMOYKY TOoIaarebp TPOBOIUTDL B ITH-
JUHIPUIECKUX KoopamHatax t, ¢, y = rcosf, z = rsinf, 0 < r < oo,
0 <6< 2m,
u=U,v=Vcos —Wsinf, w="Vsint + W cos¥,
rje t — Bpewms, T = (z, y, z), & = (u, v, W) — AEKAPTOBBI KOOP/HATHI.
OrmepaTops! MENOYKHY TOAJIre0p IPUMYT B/

Xl :awa X4 :t8x+aua X7:697
Xi=0¢, Xq11=1t0+ 20y +10;.

ypaBHeHI/IH ra3oBoit JNHAMUKN (SaKOHbI COXpaHeHnud MMITYJIbCa, MaCChl 1
SHEPTHUH )
i@+ (@- V)i + p~1Vp =0,
pt+u-Vp+pV-u=0,
e+ -Ve+pp 'V -1=0

3aMBIKAIOTCS YPABHEHUEM COCTOsTHUS € = £(p, p).

Jlna MexaHWKM CILIONIHOM CPEesbl TEPMOIMHAMUYECKHUE XaPaKTEPUCTHKA
TaKOBBI: p — TJIOTHOCTB, p — jAaBJjeHue, 1 — TeMmepaTrypa, € — yaeabHas
BHYTpeHHsd sHeprust, S — surponust. Onu cBa3anbl ToXkIecTBOM 1'dS = de+

pdV,tne V =p~ L.
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Uusapuanter mopanredpor { Xy = 0, X4 = t0y + Oy, X7 = 0, X10 = O,
X11 = to; + 20, + 10, } BHIUMCHsOTCS U3 cucrembl ypasrenuit X;I = 0.
Bunno, garo I #e 3aBucut ot x, 6, t, r, U. HezaBucumbie uuBapuanter V', W,
P, p.

Uusapuanter nogaaredbper { X7, X7, X190 =, X11} He 3apucar or z, 0, t,
r. HezaBucuwmbie nasapuantet U, V., W, p, p.

Mg moganrebpor { X7, X109, X11} naBapuanTe He 3asucar ot 6, t. Un-

T
BapuanT st X117 pasen — = ®. Ocrayspabie nasapuantst U, V, W, p, p.

g { X7, X10} naBapuante! we 3asucar ot 0 u t. CornacoBaHHBIE HHBA-
puanTe Takoswel: 7, &, U, V., W, p, p.
g {X7 + X0} cormacoBaHHble WHBApUAHTHI TakoBbL: T = O — t, 7,

x
¢:77U7V7W7p7p‘
r

Takum o6pa3om, mMoJTyUeHa MEIMOYKa COTIACOBAHHBIX MHBAPUAHTOB:

{U, V, W, p, p} C{®, U, V, W, p, p} C
C{Tv q)7 UaMW7p7 p}C{Tv Tv Q)’ UaMW7p7 p}

YacTuyHO MHBAPUAHTHBIE PEIeHUS
B pabore [3| mist kaxkmoit mogaare6pbl u3 BRIOPAHHON IIEMIOYKH TOCTPO-
eHBI MHBapHWAHTHEIE TTogMonenn. [loganrebpa 4.3 He mMeeT MHBAPUAHTA, 3a-
BUCSIIEr0 OT UCXOJHBIX HE3ABUCHMBIX MEPEMEHHBIX, TIOITOMY MpeICTaBJIe-
ure waBapuantaoro permenus U, V., W, p, p — nocrogrubie. HerpuBnaabuoe
perttenrie monaarebpel 4.3 eCcTb YaCTUYHO WHBAPUAHTHOE peEIlleHue paHra 1
nedexTa 1 ¢ mpepcTaBIeHnEM
U= U(Oé), V= V(CM), W = W(Oé), p= p(a)v p= p(Oé), o = a(ta T, T,
D).
Boita BRIBemeHa cucrema
U'Da+ p~lr~pag =0,
V'Da+ p~ 1 (o — ;Ijoz@) =r W2,
W'Da + p~tr=Ypa, = —r~tVW,
o' Da+ pl(U —dVr~tag + V', +r~ YV + Wa,)] =0,
S'Da =0,
p= f(p> S)a
w 1
rae D= 875 + (7 - 1)87— + V&n + ;(U - V(P)ap
MCCJ’[Q,Z[OB&HHQ CUCTEMBI MO2KET TIPUBECTU K €€ PEeAYKIINU Ha MHBAPUAHT-
HBIE TTOJIMOJIENN B 3aBUCUMOCTH OT BHJA (L.
OyHKIMSA (v ONPENETSIeTCS ¢ TOYHOCTRIO 10 (DYHIMOHATBHOTO TTPOU3BOJIA
a = ¢ (a) (npeobpaszosanne sxpuBaseHTHOCTH). Ecmn a = a(®), To momy-

IUM WHBAPUAHTHYIO ITOAMOJE/]b PaHTa 1. STO KOHUYCCKHEe ABUKEHUA, OIIM-
cantbie B |4]. Ecm oo = a(®P, r), To cpean perenuii cucTeMbl MOI'YT HANTHCH
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pemenus noamogeu panra 2. Ecin a = a7, r, @), To Moryr noaydurses
pertenust MoaMOIe/IM PaHra, 3.

3aksroueHme

Paccmorpena menouka BiioKeHHBIX Tofasrebp 11-meproit aarebpwr Jln
JLIST UAeATBHOM MOJENW THAPOAMHAMIYIECKOTO TrTa. st momanrebp BeiGpa-
HBI COTJIACOBaHHbBIe HHBapuaHThl. Ha ux 0CHOBe mocTpoeHa Tenoyka WHBapU-
AHTHBIX TTOAMOJIEeN U PACCMOTPEHbI X permrennd. Jlokazano, 9To permeHns
ITO/IMOJIEJTH, IIOCTPOEHHON 110 nojairebpe 60sbIell pa3MepHOCTH, OYIyT SB-
JIATBCA PEIICHUAMN HO,Z[MO,ZLQ.HQI?I, IIOCTPOCHHBIX II0 Hozpam“e6paM MEHBITUX
Pa3MepHOCTEN U3 pPacCMaTPUBAECMON IICIIOYKU.

Ha ocnoBe corsiacoBanHbIX MHBAPUAHTOB IIOCTPOEHA HOAMOIEIb panra 1
nedekta 1. IToayduens: vacTHbie penienns, KOTOPbIE MOTYT OBITH HHBAPUAHT-
HBIME OTHOCHUTEIBHO TOAAIre0p, BJAOXKEHHBIX B YeTHIPEXMEPHYO OgaIrebpy
W3 PacCMaTPUBAECMON IETTOYKH.
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NCCJIEJJOBAHUE (I)A§OBBIX INEPEXO/J10B B
OPYCTPUPOBAHHOU MOAEJIA N3NHTA C
MATHUTHBIM IT1OJIEM
K.ITI. MypTazaeB , A.K. MyprazaeB, M.K. Pamazanos, M.A.
Maromengos

VIIK 538.9

HUccaenosanue dazosbix nepexoqos (PII) u kpuruyeckux sipienuit ppycr-
PUPOBAHHBIX CIIUHOBBIX CHCTEM B HACTOSIIEE BPEMSI SBJISIETCS OTHUM U3
Hanbo/iee aKTyaJbHBIX U CJIOXKHBIX 33734 B 00acTu (DU3UKU KOHJIEH-
cUpOBaHHBIX cpex [1,2]. DTo CBA3aHO ¢ TeM, YTO OCHOBHOE COCTOSHHE
CHCTEMbI CHJILHO BBIPOXKIEHO [IpH Hasmduu ppycrpanuit. [3-7]. Permya-
eI aaroput™ Meroma MK 6e3yciioBHO SBIsIETCS MOITHBIM AIIapaTOM
JIJIST PeIiennss TakuX 331a4. [103ToMy B JAHHOM WCCII€IOBAHUN OBLIT UC-
MMOJIF30BAH BHICOKO(M(DEKTUBHBIN PEILIMIHBIH OOMEHHbBIH aJITOPUTM Me-
Toma MK.

Karwuesvie crosa: bpycTpupoBannas Momens M3unra

Study of phase transitions in a frustrated Ising model with a
magnetic field

Investigation of phase transitions (PT) and critical phenomena of frus-
trated spin systems is currently one of the most urgent and complex
problems in the field of condensed matter physics [1, 2]. This is due
to the fact that the ground state of the system is strongly degener-
ate in the presence of frustrations. [3-7]. The replica algorithm of the
MK method is undoubtedly a powerful tool for solving such problems.
Therefore, in this study, a highly efficient replica exchange algorithm of
the MC method was used.

Keywords: frustrated Ising model

lamunbronuan anrudeppomarantaoit mojean Nzunra Ha 0bbeMHO-TIEH-
rpuposannoii kybmuueckoit (OITK) pemerke ¢ yuerom B3anmoseificTBust nep-
BBIX U BTOPBIX OJIMKAUTINX COCEEeil, a TaK»Ke BHENTHEr0 MATHUTHOTO IOJIs
uMeeT CJIeAYIOIUit Bu:

H=—21) (Si-8) =Ry (Si-S)—HY S (1)
(i) @0y (a)

Pabora Bemonnena npu ¢unancosoit nogmepxke POOU (upoextor Ne 20-32-90079-
acrmpanTsr w Ne 19-02-00153 —A.).

Myprazaes K.I11., Tacturyt dusukn JOUI] PAH, (Maxaukama, Poccus); Murtazaev
K.Sh., Institute of Physics, DPRC RAS, (Makhachkala, Russia)

Myprazaes A.K., Uacturyr dbusukn JIPUIT PAH, (Maxaukama, Poccus); Murtazaev
A K., Institute of Physics, DPRC RAS, (Makhachkala, Russia)

Pamazanos M.K., Uncruryr dusuku JPUI PAH, (Maxaukana, Poccus); Ramazanov
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rae JI m J2 — xoHcTaHThl 0OMEHHOTO AHTUMEPPOMATHUTHOIO B3AMMOIIElH-
ctust mepehIx (J1<0) n Bropeix (J2<(0) 6amxaitmux coceneit, Si, j, | = + 1
— M3UHTOBCKUI CIWH, H - BeJIMIMHA MATHUTHOTO MOJIsT (BEJTMIMHA MATHUTHOTO
noJig npusoauTcs B equuuiax H/[J1[). B ganuoit pabore paccmarpuBaercs
cay4ait, korga r=/J2|/[J1|=L1.0.

Pacuersr mpoBOIUINCE J7IS CUCTEM C IEPUOTUIECKIUMU TPAHUIHBIMH YCJIO0-
BuaMH U JuHeHHbIMEU paszMepavu 2X LX Lx L=N, L=18-+90, rne L u3mepsa-
€TCs B pa3Mepax JIEMEHTAPHOU AYeiKu.

Benwuwna 3HaveHnii BHENTHETO MATHATHOTO MTOJIS MEHSIJIOCH B HHTEPBAJIE
0.0 < H < 6.0. Inga amaym3sa opupoasl n xapakrepa PII ncnonb3oBanuch
TUCTOTPAMMHBI METOJ U METOJ KyMyJISSHTOB bunepa.

O ? = T d L] . T b Ll ’ T L b L] v T T ol
l)rL __a—A—a—s—‘—n—-—A—g.:% ]
0.6 - " —m— =18 =
1 —o—1=24 1

0.5 4 —a— =30 1
0.4 -
4 Y; _"1' ke I. -
0:4:] . kﬁ‘ =)
024 © l £A -
0.1 7.~3.510 " .

! : L
- e NN A
0.0 4 3 a8 s b 15 3 308 1 o N = '-2"'?‘7._‘F""---—=
ll'"'-f'/'l-ﬂl - ”
——
1.5 2.0 2.5 3.0 3.5 4.0 45

5.0
k,T/\J |

Puc. 1. 3aBucnMocTs KyMmynsaTa Buanepa UL oT Temnepatypsl ks1/].J1|
11 pasHeIX L ipn H=6.

Basucumoctu kymynsaTa bungepa UL or temmneparypsl mpu H=6 mid
pasHLIX 3HadeHnit L mpencraBientl Ha pucynke 1. Ha pucynke BumgHa 1eTKO
BhIpaykeHHas Touka nepecedenns (TN=3.510), koTopasa sBIg€TCSA KPATHIE-
ckuit Temneparypoii u csumereascrayer o @I Broporo poma [§].

Brimosineno uccienoBanue TpexMepHO#M aHTU(MEPPOMATHUTHONW MOJIETN
N3zuara #a 06bEeMHO-TIEHTPUPOBAHHON KYOWMYIECKON PEIeTKe C yIeTOM B3a-
MMOJIEHCTBIAS MEPBLIX W BTOPBIX OJMMKAUIINX cocemeil, a TaKKe BHEITHETro
MAaTr'HUTHOTO IIOJIA. PaCCMOTpeH nHTEePBAJI 3HAYEHWI BEJIMYMHBI MATHUTHOTO
mons 0.0 < H < 6.0.. YcTaHoBI€EHO, UTO JJId BCEX 3HAYEHUH MArHUTHBIX T0-
JIell B PACCMOTPEHHOM HHTepBaJsie Habsogaercs dha30Bblil 1epexoj BTOPOIo
poaa.
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O HPHBHH)KEHHQM IIOCTPOEHUNU I‘PI}HI/H_U:)I
OBJIACTH YCTONUYNBOCTHU HEJIMHEMWHBIX
INEPNOANYECKNX CUCTEM
N.2K. Mycraduna
fanina84@bk.ru

VIIK 517.518

PaccmarpuBaercs nHenvHeliHas MEPUOIAIECKAS CUCTEMA, 3ABUCSINAS OT
JBYX MaJIbIX CKAJISPHBIX apaMerpoB. VI3y4aioTcs BOIPOCHI IOCTPOSHM S
rpanwut obsracreil yCTONYMBOCTH TOYEK PABHOBECHUS B ILJIOCKOCTH I1aPa-
METPOB.

Karouesvie caosa: TOUKA PABHOBECHUS, YCTOWYMBOCTH, MATPHUIA MOHO-
JPOMUU, MYTBTHILIUKATOP.

On approximate constructions of the boundary of the
stability domain of nonlinear periodic systems

A nonlinear periodic system depending on two small scalar parameters is
considered. The problems of constructing the boundaries of the stability
regions of equilibrium points in the parameter plane are studied.

Keywords: equilibrium point, stability, monodromy matrix, multiplier.

PaccmoTprmM HEMHEHHYIO 1T€PUOIMYECKYI0 CUCTEMY

Ccli—j = [Ag + S(t,o, B)]z + a(x,t,a, B), x€ R, (1)
riae o u (- ckajggpHble mapamerpsl, Ag - BemectBeHnas maTpuia, a S(t, a, )
u BekTOp—yHKuus a(z,t, o, ) aBagoTcsa HenpepbiBHbIMU U T—11epuoguaec-
kuMu 110 ¢, Taaako (HenpepwiBHO quddepeHIupyeMo) 3aBUCIIe OT CKa-
JIIPHBIX TTAPAMeTPOB « U [3, mpu 5ToM a(z,t, o, ) TJIAIKO 3aBUCHT OT X U
YJOBJIETBOPSAET COOTHOIIEHMIO:

la(@,t, ., B)|| = O(||z]*)

Mycraduna Wmbvupa 2Kasarosma, YKI'TI (Vwamer, Poccma); Ilmira Mustafina
(Uchaly College of mining industry, Uchaly, Russia)
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upu ||z|| — 0 paBromephno 1o ¢, a u . Ilpu 9T0M BBIIONHSAETCS YCI0BUE
S(t,0,0) = 0. (2)

Ypasaenne (1) mpu Bcex 3HAYCHUSX MAPAMETPOB (v U [ UMEET TOUKY DaB-
HoBecust x = (, KOTOpad HPU OJHUX BHAUECHUSX MAPAMETPOB MOXKET OBITH
YCTONYMBOM, a TMpH ApYyTHUX - HeycTounBoit. MuokecTBO G B ILIOCKOCTH
IT mapamerpoB («, 3) 6yaeM Ha3bIBATL 06JACTHIO YCTORIMBOCTH (06IACTHIO
HeycToiumBoCcTH) TOUKN pasHOBecus x = 0 cucrembr (1), ecom s 060T0
(a, B) € G Touka paBHOBecust = () BJISIETCST YCTORYIMBOI (HEYCTONINBOIL).
Toury (a, fo) € II Gymem HasbIBATH PPAHUYHON TOYKON 061ACTH yCTO M-
Boctu (G, eciiu B 11000 €e OKPECTHOCTHU COMEPIKATCS TOUKNA KakK U3 00/1acTu
yeroftumBoctr (G, Tak w w3 obsactu HeycroiramBocTH. COBOKYITHOCTD T'pa-
HUYHBIX TOYeK MHOXKecTBa GG OyneM Ha3biBaTh rpanuteii I' mHoxkecrBa G.

O6ozuaunm yepes X (t, «, f) dyHIaAMEHTATBHYIO MATPUILY PEIIeHuil cu-
cremsl (1), a gepe3 V(a, f) = X (T, o, f) - MaTpHIly MOHOIPOMHUK CHCTEMBI
(1). Torma Bepusi pasencrsa X (t,0,0) = e40t u V(0,0) = eAoT,

CobcrBennble 3uavenus (i, vae ¢ = 1,2N, marpunst V(«, f) HazsiBaor
MYJIBTHIIHKATOPAMA CHCTeMBI (1).

B mammoit paboTe OCHOBHBIM SIBJISIETCS TTPEIATTOTOKEHNE:

P1 Marpuna Ay uMeeT B TOYHOCTH ONHY IIapy IPOCTLIX THCTO MHUMBIX
CcOOCTBEHHBIX 3HAUEHUH Wi, TAE Wy = ”Tko IPU HEKOTOPOM HATYPAJTHHOM
kg, a ocTajbHBIe €¢ COOCTBEHHBIE 3HAYUEHUS] ABJSIIOTCA IUCTO MHHUMBIMH U
JUTd I0OBIX ABYX APYIUX PAa3IUYHBIX CODCTBEHHBIX 3HAYEHUN +wi? W Fwal
BBIMOJIHSIETCST YCJIOBHE W1 — Wo 7 # [OpY LEJBIX k.

B rakom cayuae cucrema (1) npu o = 0 u f = 0 umeer noaynpocrsie
MYJABTHILINKATOPHI paBHBIE 1 B caydae, Korma kg — ABIAETCAd YETHBIM UHC-
jom; 1 —1 B caygae, korga kg — siBagercss HederHbiM uucsom; u rouka (0, 0)
IJI0CKOCTH apamMeTpos (v, ) gBisieTcs TpaHWIHOM TOYKOI 001aCTH yCTOM-
YUBOCTH.

Tax kak marpuria, Ay UMeer apy MPOCTHIX YUCTO MHUMBIX COOCTBEHHBIX
3HaUeHUN +wyt, TJIe Wy = % Ipyu HEKOTOPOM HaTypaabHOM kg, TO HaligyTcs
TaKue HeHy/eBble BEKTOPHL €, ¢, ¥, g* € R*V, wro Bumonnsiores: paBercTsa

Ao(e +1ig) = wi(e +1g), Aj(e* + ig*) = —wi(e* + ig"). (3)
Bynem mpeanoiarath, 9TO BEKTOPHI €, ¢, €%, g* HOpMUPOBAHBI PABEHCTBAME

(e,e") =(9,9") =1, (e,9%) = (g,€") = 0. (4)

Teopema 1. Ilycmv swnoaneno npednoaooicerue P1. Toeda uepes moury
(0,0) naockocmu napamempos (a, ) npoxodam e mownocmu 0ee 2paHuuHvLe
Kpuesie 1 2 obaacmu ycmotiwusocmu cucmemot (1), npu smom npamoie, 3a-
darnbie hopmysamu

B=Bo+Bia, B =P+ B,
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aeamomes Kacameavromy 6 moywke (0,0) & epanudnvim KPUSHIM Y12 004G~
CMU Ycmotuusocmu, 6 KOmopux B% u 621 ONPEJEASIOMCA U3 PABEHCMEA

(Vie,e*)? + (Vig, e*)(Vie,g*) = 0,
2de

T
Vi = /eAOT(S;(T,o,O) + B]S5(1,0,0))eM7dr, j = (1,2N).
0
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A.B. MypaBHUK
amuravnik@mail. ru

VIIK 517.9

IIpencrapnen 0630p CBEXKHUX PE3yIbTATOB O KAYECTBEHHBIX CBOMCTBAX
pelleHuii, 110JlyYeHHBIX (B PAMKAX €JMHOIO II0JX0/A) [JIs CUHIYJISPHBIX
SIUTITHYECKUX W TTapabOJIMIeCKUX YPABHEHUH BTOPOTO TIOPSIIKA, ¢ KBa-
suinHeiHbMy yienamu KPZ-tuna B Hen30TponHbIx ([UINHIPUIECKUX )
001aCTX.

Karouesvie cro6a: KBa3uImHENHbIE yPABHEHUS, SJLUIUNITUIECKIE YDaBHE-
Hud, napadonvecKue yPaBHEHUs, CUHTYJISIDHbIE YDABHEHUS

Problems in cylindrical domains
for singular quasilinear elliptic and parabolic equations

A review of recent results on qualitative properties of solutions, ob-
tained (from a unique viewpoint) for singular elliptic and parabolic
second-order equations with quasilinear KPZ-type terms in nonisotropic
(cylindrical) domains, is presented.

Keywords: quasilinear equations, elliptic equations, parabolic equations,
singular equations

PaGota BeinosiHeHa npu ¢uHaHCOBOH nogaepxkke PODU (npoext Ne 20-01-00288 A).
Mypasunk Amnpeit Bopucosua, a.d.-m.uH., AO «Konnepu «Cossesgme» (Bopomex,
Poccus); Andrey Muravnik (JSC “Concern “Sozvezdie”, Russia)
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1. CrammmoHapHbIil CIiry4ait
Hotst 3amaum

Au+ g|Vu\2 —a(z WP =0, 2’ == (21,...,0,) €Q, Ty >0, (1)
u

ou
uaa—n =0, 2/ €09, z,41 >0, (2)

e () —orpanndeHHas obJacTh ¢ JUNOMIANEBoH rpannneil B R, a a — orpa-
HUYEHHAA m3MepuMas (PYHKINs, HARIEHB! YCIOBUA, TP KOTOPBIX s JIFO-

6oro mostozkuresbHOro pemterns u(z) = u(x’, xp41) 3amaun (1)-(2) npemen
2(a+1)
3 p—1 , a+l /
erllrg Tain (x) cymecrByer s soboro ' u3 ), aBisiercss paBHO-

MepHBIM OTHOCUTebHO ' 3 ) 1 paBen b0 Hy/IH0, MO0 TOCTOAHHOM

a+1
p—1

2(20cc + p + 1)mes2
(o + 1)2/a(y)dy [(a+ 1)a(z’) — 1]2

Q

2. HecranuoHnapHblii ciayydaii

3anaqa

0
u:Au+%|Vu|2—a(:U)up, xeQ, 0<t<T, (3)

ot

ou
Y =0 N, 0<t<T 4
uan ,z e, 0<t<T, (4)

paccMaTpUBAETCA MPHU CIEIYIONINX MPEANOTOKEHUIX: T — IOJI0KUTETbHAS
(koreunas nam GECKOHETHAS ) TOCTOsTHHASL, () — OrpaHUYeHHAst 00IACTH C JIHI-
muteBoii rpanuneii B R, hbyHKINA @ OrpaHTIeHa i B3MEPUMA, & ITOCTOTHHAS
o oTangHa 0T —1.

TlokazwiBaeTcda 910 B MApabOJIMIECKOM CIyduae KadeCTBEHHBbIE CBOMCTBA

pellenuii CymecTBEHHO 3aBUCAT OT 3HaKa mpoussejerus (p — 1) / a(z)dr :
Q

® €CJIM OHO OTPUIATENHHO, TO MMEET MECTO MTHOBEHHOE (JIOKATBHOE, T10.I-
HOE) pa3pyIeHue MOJOKUTETbHBIX PEIeHUiH;

® €C/IM OHO PABHO HYJIO (OYEBUIHO, 3TO BO3MOXKHO TOJIBKO TIPU 0Oparre-
HUW B HYJIb HHTEI'PAJIBHOIO COMHOXKHUTEJIS ), TO HE CYIIECTBYET TI00ah-
HBIX MOJIOXKUTETBHBIX PEIEeHNI;

® €CJIM OHO IOJIOZKUTETBHO, TO UMEET MECTO PABHOMEPHAsT CTa0M/IH3aIHs
KazKJIOr0 T106aIbHOIO IOIOKUTE/ILHOIO PeIIeHnst (€C/I OHO CYIIECTBY-
eT) K HOCTOSIHHOIA.
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2.1. TloBenenue perieHuii mpu t — 0o
Jast coydgast, korma 1 = oo, HalgeHo ycjoBue, 0HecrednBaroIiee CrpaBe-
JINBOCTD CJIENVIONINX YTBEPXKICHNI IJIsl JI000T0 IMOJIOKUTEILHOTO PELIeHUs
u(z,t) 3amaum (3)-(4): cymectByer t&%tﬁuaﬂ(%t% oH paBHOMepeH B {2

14+«
1-p

mes (2
Q

-1
1 paBeH Jub0 HYJI0, JUO0 MOCTOAHHOMN L / a(y)dy

2.2. OTcyTcTBUe perneHmnit
[Ipeabssiiorest 1Ba HaGopa ycaosuit. [lepBriit obecrednBaeT OTCyTCTBHE
MOJIO’KUTETLHBIX OTPAHUYeHHBIX perrenuii 3anaum (3)-(4) B cayuae Gecko-
HeIHOTO ') T. €. YCTAHABIMBACTCS paspyuienue 2406aabnuir pewsenuti. Bro-
poit obecreunBaeT OTCYTCTBUE MOTOKUTETHHBIX OTPAHNIEHHBIX PEITeHUN 3a-
naan (3)-(4) mas r60ro (CKOJIB YTOIHO MAaJIoro) MOJIOKHTETbHOro 1)) T.e.
YCTAHABJIMBACTCS M2ZHOBEHHOE PA3PYWeHUe petuenud.

OBb OTPAHUYEHHBIX TPAEKTOPUAX TPEXMEPHBIX
ABTOHOMHBIX CUCTEM C I'NTABHOM I'PAAVEHTHOM
HYACTBIO
9. Myxamaauen, A.H. Hanmon
emuhamadiev@rambler.ru, naimovan@uogu3s.ru

VIIK 517.927.4

it TpexMepHBIX aBTOHOMHBIX CHCTEM C BBIJEJIEHHOW TJIABHOU T'pa-
JAEHTHONH YacTBhI0 MCCJAEJOBAH BOIPOC O CyIECTBOBAHUU U IIOBEJICHUN
orpanndeHHbIX TpaekTopuii. ChHOpMyIMpPOBAHBI U JOKA3AHBI TEOPEMbI
O CyIIECTBOBAHUY OrPAHMYEHHBIX TpaekTopuii. [locTpoen npumep Tpex-
MEpPHOU aBTOHOMHOIT CUCTEMBI, UMEIOIEN MHOXKECTBO HECTAIIMOHAPHBIX
OTPAHWYEHHBIX TPaeKTOpuit. [I71s1 MOCTPpOEHHON aBTOHOMHOW CHCTEMBI
HUCCJIeOBAHBI YCTONYUBBIE U HEYCTOWYMBBIE 3aMKHYTBHIE TPACKTOPUU N
BBIZABJIEHBI ITOBEPXHOCTH, COCTOLAIINE M3 HE3AMKHYTBIX OI'DAaHWYEHHBIX
TPaeKTOpHUii.

Kaouesnie cao6a: aBTOHOMHAS CUCTEMA, OTPAHTIEHHAS TPACKTOPHS, BPa-
IeHue BEKTOPHOTO TOJIst

PaGoTa BBIO/IHEHA TPH 9aCTUYHON (bUHAHCOBOH mozmep:kke POOU (mpoext Ne 19-
01-00103a ).

Myxamazmes Dpramboii, a4.d.-m.H., upodeccop, BoI'Y (Bonorga, Poccus); Ergashboy
Mukhamadiev (Vologda State University, Vologda, Russia)

Hammos Ammxon Habumkanosud, a.¢.-m.H., mpodeccop, BoI'Y (Bonorma, Poccuns);
Alizhon Naimov (Vologda State University, Vologda, Russia)
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About the bounded trajectories of three-dimensional
autonomous systems with the main gradient part

For three-dimensional autonomous systems with a dedicated main gra-
dient part is investigated the question of the existence and behavior of
bounded trajectories. Theorems on the existence of bounded trajec-
tories are formulated and proved. Is constructed example of a three-
dimensional an autonomous system with many non-stationary bounded
trajectories. For the constructed autonomous system, stable and un-
stable closed trajectories are studied and surfaces consisting of open
bounded trajectories are identified.

Keywords: autonomous system, bounded trajectory, rotation of vector
field

Jokna1 TOCBAIIEH NCCIEOBAHNIO OTPAHUYEHHBIX TPAeKTOPHUH TpexMep-
HBIX aBTOHOMHBIX CUCTEM CJIeTYIOIEero BUIA!

a' = Vf(x)+h(z), =ecR> (1)

Bnecs V f — rpaauent riaaaxoit dyrkmun f : R3 — Rl IIpeamonaraercs, uro
dbyHKIWs f M0I0KUTENBHO 0HOPOIHA opsaaKka m > 2, T. e. f(Ax) = A" f(x)
npu Jobom A > 0, kpome toro, Vf(z) # 0 mpu = # 0. Orobpaxenne
h : R? — R3 HenpepsIBHO U y/I0BIETBOPSIET YCIOBUIO
lim |z|"™|h(z)| = 0. (2)
|z| =00

Bomnpocs! cymecTBoBanus IePpROAMIECKUX U OTPAHUIEHHBIX TPAGKTOPHUI Cri-
creMm Buga (1) uccenosansl B paborax 1, 2|. B cBst3u ¢ pesynbraramu yka-
3aHHBIX PAbOT MPEICTABAIET UHTEPEC BOIPOC O CYIECTBOBAHUYU TIEPUOIATE-
CKUX U OTPAHUYEHHBIX TPACKTOPHI JIjIsl TAKUX CUCTEM, ¥ KOTOPBIX BEKTOPHOE
nosie V f umeer nynesoe spamenue (V f) na epunuunoit cepe |z| = 1.

CrpasejjmBa CJIeIyIoast TeopeMa O CYIIeCTBOBAHUU II€PUOIUIECKUX
TpPaeKTOpHUil.

Teopema 1. Jlaa wexomopozo w > 0 u arwbozo omobpasicernua h, ydo-
BAEMBOPANULE20 YCA06UI0 (2), Cyuecmeyem w-nepuoduseckas mpaexmopus
asmonomnotll cucmemst (1) mozda u moavko moeda, xozda y(V f) # 0.

B Bompoce cytecTBOBaHNS OTPAHUYIEHHBIX TPASKTOPHUH Y aBTOHOMHOMN
cucrembl (1) permaniyto posib UTPAET CTPYKTYPA HYJEBOW JIMHUK yPOBHS
dbyuknun f Ha equHIYHOMN cdepe || = 1. A UMEHHO HMEeT MeCTO CJIeTyToIast
TeopeMa.

Teopema 2. /las 4106020 omobpasicerus h, yoosiemeoparousezo Yycaosu
(2), cywecmeyem ozpanutennas MPAeKmMoOPus a6monomnot cucmemot (1)
mozda U MoAvKko mozada, K020a MHONCECNEO

K(f):={z: f(z) =0, [z[=1}

nycmo uau codeporcum boaee 00HOT C8A3HOU KOMTOHEHITIbL.
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B cayuae v(Vf) = 0 upeacrasisier uHTEPEC BOIPOC O NOCTPOCHUU 0TOO-
paxkenust h, yJOBIETBOPAIONIETO YCAOBUIO (2) M JIst KOTOPOTO aBTOHOMHAS
cucrema (1) wMeer HecTalMOHAPHBIE OTPAHUYEHHbIE TPACKTOpPHH. JlaHHBIM
BOIIPOC AKTYaJIeH TeM, 9TO aBTOHOMHagd cucrema (1) B 0bmeM ciydae siB-
JISTETCST TUTIEPOOTMIECKOl: OHa YaCTh TPAEKTOPUH yXOIUT B GECKOHEIHOCTH
pW BO3PACTAHWM BPEMEHH, 4 JIPYTast Y4CTh TPACKTOPHI yXOAUT B HECKOHEY-
HOCTb IIpH yOBIBAHWUU BpeMeHn. B obmien3pecTHBIX paboTax CyIIecTBOBAHUE
OTPAHWYEHHBIX TPACKTOPHI MCCJIEYETCA B OCHOBHOM B TEX CJydasiX, KOTJa
HET TPAEKTOPHUi, YXOAAINX B HECKOHETHOCTD TPpY YOBIBAHUHN MIN BO3PACTA-
uun Bpemern. Hanpumep, B cucreme JlopeHna HET TpaekTOpuUil, yXoaammx
B BECKOHEYHOCTH TTPU BO3PACTAHUU BPEMEHH.

B nacrostie pabore moCTPpOEeH NpUuMep aBTOHOMHO#M cucrembl Buga (1),
y koropoii 7(Vf) = 0 u cyuecrByior HecTalMoOHapHble 3aMKHYThIE OTDa-
HUYEHHBIE TpaeKTopuu. Vceaenyss yeTORInBBIE N HEYCTOWUNBBIE 3aMKHYTHIE
TPAEKTOPUY, BBISABJIEHBI TIOBEPXHOCTH, COCTOSAIINE W3 HE3AMKHYTHIX OTPaHU-
YeHHBIX TpaekTopuit. IIpuBogsaTcs rpadudeckne WITIOCTPAINA OTPAHWIEH-
HBIX TPAEKTOPWii, MOyIeHHbie ¢ npuMenennem makera MatLab.

Jlureparypa
1. Myzamadues 3. OrpanudeHHbe pPEIIEHUsT U TOMOTONMMYECKHE WHBAPUAHTDHI
cucreM HesuHelnbix auddepentuanbubix ypasuenuii // Jokia. PAH, 351:5 (1996),
596-598.
2. Myzamadues 3. Huciao Mopca nampasnsaomux GYHKINUH ¥ PEKYPPEHTHBIE
JIBIKeHUsT TuHamudeckux cucreM // 3s. PAEH, cepus MMMNY, 4:4 (2000), 37-
66.

O CIIEKTPAJIbBHBIX PAJINYCAX 1 HOPMAX
NMHTET'PAJIBHBIX OITEPATOPOB B 3AJTAYE JINPUXJIE
HA KBAJIPATE
9. Myxamaauen, A.B. Hazumos
emuhamadiev@rambler.ru, n.akbar54@mail.ru

VIIK 517.642.7

PaccmarpuBaerca 3amada dupuxmie nna ypaBuHenns Jlamnaca Ha KBaj-
pare. Haiinenor HOpMa ¥ CIIEKTPATLHBIA PAINyC HHTETPATbHBIX Ollepa-
TopoB. IIpuBeieHbl HEKOTOPBIE CBOWCTBA ITUX ONEPATOPOB. Y TBEPKIA-
€TCs OJIHO3HAYHAS PA3PEIIUMOCTh OJHOPOIHON U HEOJIHOPOHOM CUCTEM
WHTErpajbHbIX YPABHEHUN.

Karouesnie carosa: ypasuenue Jlamraca, 3amaga lupuxie, uarerpaib-
HBII1 olepaTop, HOpMa, CIEKTPAJIbHBIA PaauyC
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On spectral radii and norms of integral operators in the
Dirichlet problem on a square

The Dirichlet problem for the Laplace equation on a square is consid-
ered. The spectral radius and norm of integral operators are found.
Some properties of these operators are given. The unique solvability
of homogeneous and inhomogeneous systems of integral equations is
stated.

Keywords: Laplace equation, Dirichlet problem, integral operator, spec-
tral radius, norm

Pacemorpum 3anaay dupuxie nius ypaBuenns Jlamtaca
Au=0, (z,9)€G,  ulr="¥(z,y),

rme G = (0,1) x (0,1), I' — rpanurna obmactu G, ¥ — 3ajannas QyHKIUS HA
r.

Pemenme paccmarpuBaemoit 3amaqn, xkorma G — OTKpBITHIH KpyT, [ ero
TPaHWIA, SIBHO BBIPAXKAETCS Uepe3 CBOE TPAHWYHOE 3HAUEHWE C TTOMOIIBIO
naTerpasia [lyaccona. B obmem cirydae, korma JaHHAA 33,1293 PACCMATPUBA-
eTcst B 0OJIACTH C TJIAJIKOM PaHUIE, TO WHTErPAJbHOE YPaBHEHUE, TTOJTyda-
eMoe /I OPeAeeHNs HeN3BECTHON TJIOTHOCTH, ABJISIETCS YPABHEHUEM TH-
ma PpearoabMa U U €T0 pellennd npuMeHnMa Teopust @pearoabma. s
O6.HaCTI/I C YIVIOBBIMU TOYKAMU ITIOJIYHAIOTCA WMHTEI'DAJIbHBIE YPDABHCHUA TU-
a OpeJirosibMa ¢ UHTErPAJIbHBIMU OIIEPATOPAMU, He SBJISIFOIIUMUCS BIIOJIHE
HEIIPEPbIBHBIMUA. r[OSTOMy7 IPUMEHEHNEC U3BECTHBIX PE3YyJ/JIbTaTOB TEOPUU MH-
TerpajdbHBIX ypaBHeHuil OpearosbMa He TPEeACTABISIETCS BO3MOXKHBIM [1].
Huxe npemjraraercs meron perneHuss pPacCMaTPUBAEMON 331891, OCHOBAH-
HBIA Ha CBOMCTBAX HEKOTOPLIX MHTEIPAJbHBIX OIEPATOPOB, OJHO3HAYHON U
KOPPEKTHON Pa3peITuMOCTH CUCTEM WHTETPATbHBIX YPABHEHUN, COMepKaIne
TN MHTETPaJIbHBIC OTIEPAaTOPHI.

ITycts dyurums ¢(x) n3aMepuma Ha IUCIOBOH ocu (—00, +00), I KO-
TOpoit mpn y > (0 CyIIecTByeT MHTErpaJ

+00 d
U(ﬂj‘,y):i/_voo (x(_p(;.))gf_yza

nazbiBaembili maTerpaaom Ilyaccona. Ha nosynmockoctn y > 0 mmrerpad
[Tyaccomna sapisieTcst TApMOHUIECKON (hyHKITHEH.
Ilpeamonaras ¥ € C(T"), nomoxnm

Pi(z) = W(z,0), valy) =W(Ly), ¢s(x)=¥(z,1), valy)=¥(0,y);

1%l cry = max {|[¢illcoay s =1,...,4}.

Pemenne 3agaun lupuxse OyeM UCKATh B BIIEe CYMMBI 9eTBIPDEX TAPMO-
HUvecKux QyHKIML:
U = U + U2 + U3 + Us;
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1 1
Y e1(£)d§ -z / p2(n)dn
u1(x,y :/ T A9 9 w2\T,Y) = )
CO=2) Goepre VT L G0 o
1 —y/l w3(&)dE x /1 wa(n)dn
u3 :va = ) u4 x7y = - —7
C == ) Gt OV Er o0
rje 1, ..., P4 — HEM3BECTHBIE IJIOTHOCTH UHTerpajos [lyaccona. drtu mior-
HOCTU OHpe,ZLeJIHIOTCH 13 CUCTEMBI I/IHTeraJIbeIX ypaBHeHI/Iﬁ
(I+A)P=10,
rie [ — epwmmanas marpuia mopsiika 4; C = C[0, 1],
0 SK Ky K ©1 h
| KS 0 SKS Ko | 5 = = | ¢ = |
A= K, SKS o ks |¢7¢ ®= 3 |’ V= V3
K Ky SK 0 4 (N
1
z [ p(n)dn 1
K == <1 K = —(0);
Ko =2 [ HUU 0<a<l (Kp)0) = 54(0)
L[t p(€)de
K = — —_— S = 1-— 0<z<1.
Koo =+ | 525 (9@ =ell=a). 0<az

CripaBeuIMERI CIeAYIONMNE YTBEPK ACHNA:

1. Jast nroboro HaTypasbHOTO 1 omepaTop Ky AeficTByeT M3 mpocTpaH-
crea cymmupyembix dyukuuit L1[0,1] B mpocTpaHcTBo n pas HempepbIBHO
nuddepentupyembix dbyukiuit C™[0, 1] u siBageTCs BIOTHE HENPEPBIBHBIM.

2. Oneparop K geiicryer Henpepsigao B npocrpancrse C[0,1], Ho He
SIBJTISIETCST BIIOJTHE HETPEPBIBHBIM U €10 CIIEKTPAJBHBIN PAIUyC U HOPMA paB-
HBI: .

p(K) = [|Kl|lcese = 3

3. Yucno A = 1 apisiercss coGCTBEHHBIM 3HAUEHIEM omepaTopos A u A2,
neficteytonux B mpoctpancTse C0, 1], a mocTognHas BekTOp-pyHKIMT Po =
(0, 0, Y0, 0); wo(z) = 1 — enuncrBenHas cobcTBeHHas BeKTOP-hYHKINS
9THX OMEPATOPOB ¢ TOYHOCTHIO JIO TOCTOSHHOTO MHOKUATETS.

4. Taz moboro marypamsuoro n: p(4) = [|A"|g =1

5. Oxropognoe ypasuenue (I + A)® = 0 B mpocrpancTse C' BMeeT TOJTh-
KO TpUBHAJbHOE perenne. a HeogHopognoe ypasnenue (I + A)® = U jia

kaxoit byaknuu ¥ € C' umeer euncTBernoe pemtedue B C.

Jluteparypa
1. Hasumos A. B., Myxamadues 5. M., Moposos B. A. Knaccuueckuii u pery-
JISPU30BAHHBIN oneparopsl [lyaccoHa B HpOCTPaHCTBE HEIPEPBIBHLIX U OrPaHUYeH-
ubix Gyaknmit. — Bosorma: BoI'TV, 2010.
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NCCJIEJJOBAHUE YCTONMYNUBOCTHU HYJEBOI'O
PEIEHN A CUCTEMBI IN®PEPEHIIUAJIBHBIX
YPABHEHUU
S1. Myxrapos, T.9. Bypues
ya-muztarov@rambler.ru, tolibjonb@yahoo.com

VIIK 517.518

Onuum w3 mambosee 3PpPHEKTUBHBIX METOIOB MCCIEIOBAHUS YCTONYHU-
BOCTY TPUBUAJIHLHOTO pelieHusi CucTeM audGepeHImajIbHbIX YpaBHEHUH
sABJIseTCsT BTOPOit MeTo JIsnyroBa. OmHAKO 3/1€Ch TOSBIISETCH OIIPEIe-
JIEHHBIE TPY/IHOCTU HaX0oxkeHus dyukiuu JIamynosa. B pabore ykasbi-
BAeTCsl MOMXOJ, K OTBICKAHUIO 3TOM (DYyHKITHH.

Karwuesvie caosa: UccmenoBanusi ycToanBoCcTH, cucTeMbl nuddepeH-
[IMaJIbHBIX YPABHEHUil, YCTOWYMBOCTH TPUBUAJIHHOTO DEITICHS

Investigation of stability of the zero solution of a system of
differential equations

One of the most effective methods for studying the stability of trivial
solutions of systems of differential equations is the second Lyapunov
method. However, certain difficulties arise in finding the Lyapunov
function. The paper indicates an approach to finding this function.

Keywords: Studies of stability, systems of differential equations, stability
of a trivial solution

Hcenenyem yecTOMYIUBOCTD TPUBUAJBHOTO PEIIEHNS CHCTEMBI

{i':f(x)+f1(y)v (1)
y=¢@)+e1(y),

e f(0) = f1(0) = ¢ (0) = ¢1(0) = 0m f(2), f1(y),p(x),e1(y) nempe-

pbIBHBIE (DYHKITUN.
Qynknuto JIsiynosa Bo3bMeM B BU/JE

X Yy
9= /O f (@) — o(@)] da + /0 1 () — o1(9)] dy
U yYUTBIBAs, 9TO B CHIy cucTeMbl (1) Oymem nmersb

0= f2(x)+ f () fLly) —e @) f)+ fL (@) o1 (y) — o1 (@) e (x) — iy)

U OTCIOJIA HOJIyYUM JOCTATOYHBIE YCIOBUS YCTOWIHBOCTH TPHBHATILHOTO
pererns cucrembl (1) B mesom:

Myxrapos fxé, x.d.-m.u., gonent, CamI'V (Camapxann, Ysbexucran); Mukhtarov
Yakhyo (SamarkandState University, Samarkand, Uzbekistan)

Bypwes Tom6 Drameswd, x.d.-m.H., goment, Caml'V (Camapkanzm, Y3bexucran);
Buriyev Tolib Eshonkulovich (SamarkandState University, Samarkand, Uzbekistan)
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a) [f (z) =@ (x)]x >0, [fi(y)—p1(y)]y >0 npuzy #0;
6)19<0Hpﬂ:cy7é0

) fo [f (x) — ¢ (2)]dz — oo npu |z| = 0o umm
f [f1 (y) — ¢1 (y)] dy — oo mpu |y| — oo .

JIureparypa
1. III.P. Hlapunoe O6 oxgnrom merozne nocrpoenuss pyukiuu Jlsnynosa // C6.
ICSTM, Camapkamz, (1996).

ITPUMEHEHNWE MOJANP®PUITINPOBAHHOI'O YPABHEHU S
CUHYC-TOPOJOHA 1JId OIIMCAHUA JVHAMUWUKN
JIOKAJIN30BAHHBIX MATHNUTHBIX
HEO,Z[HOPO,HHOCTEﬂ B MVJIBTUCJIONHBIX
CTPYKTVYPAX
B.H. Hazapos, A.T. Xapucos, K.FO. Camconos, E.I'. Ekomacos
nazarovvn@gmail.com, khantaf@mail.ru, k.y.samsonov@gmail.com,
ekomasoveg@gmail.com

YIK 517.957, 51-73
Paccmorpena BO3MOXKHOCTH IPUMEHEHUsST MOAUMDUITTPOBAHHOTO yPaBHE-

Hus cuHyc-lop7oHa [y OnucaHus MATHUTHBIX HEOIHOPOIHOCTEH THIIA
6pu3epa u conuroHa. VI3y4uena 3Bosionus 1m0/ AefiCTBreM BHEITHUX Mar-
HATHBIX II0JIEHl CTPYKTYPbI MATHUTHOIO Opu3€epa u coauToHna, 06pasyio-
IIHECST B TOHKOM CJIOE TPEXCIOMHOTO (hbeppOMATHETHKA, TTPYW HAJTUIUN
guccuniauy B cucteme. HaliieHs! yc/ioBuS aBTOPE30HAHCHOTO YIIPaBJIe-
HUS AMILIATYJAMU MArHUTHOTO OpU3€pa U COJIMTOHA, TEPEMEHHBIM BHEIII-
HUM MarHUTHBIM TIOJIEM.

Karoueswie caosa: ypasuenne curyc-l'opmona, 6pusep, cOMMTOH

Application of the modified sine-Gordon equation to describe
the dynamics of localized magnetic inhomogeneities in
multilayer structures

The possibility of using the modified sine-Gordon equation to describe
magnetic inhomogeneities of the breather and soliton type is consid-
ered. The evolution under the action of external magnetic fields of the
structure of a magnetic breather and a soliton formed in a thin layer of
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a three-layer ferromagnet in the presence of dissipation in the system is
studied. The conditions for autoresonant control of the amplitudes of
the magnetic breather and soliton by an alternating external magnetic
field are found.

Keywords: sine-Gordon equation, breather, soliton

Paccmorpena Tpéxcioitnaa dpeppoMarHuTHAS CTPYKTYPA, COCTOANIAT U3
JIBYX IIIMPOKUX OJAMHAKOBBIX CJIOEB, Pa3/lel€HHBIX TOHKUM CJI0€M C U3MEeHEH-
HBIMU 3HAYEHUAMU [TAPAMETPa MArHUTHON anu3oTponuu. [lpu npoxox ieann
JOMEHHOM I'paHUIbl C IIOCTOAHHON CKOPOCTBLIO Yepe3 TOHKUM CjI0fl B 3aBUCH-
MOCTH OT IIAPAMETPOB ITOTO CJIO 00PA3YETCs MArHUTHAS HEOIHOPOIHOCTD B
BUJIE MAPHUTHOrO Gpu3epa nian coanTona [1]. B orcyrcreun BHernero mar-
HUTHOTO TOJIsT MATHUTHBIE HEOTHOPOIHOCTH CO BpeMeHeM 3aTyXaroT. [lad 3a-
Jad yIpaBJIeHus JUHAMUYECKON CTPYKTYPO MarHUTHBIX HEOLHOPOLHOCTEHR
HauboJjiee MHTEPECEH CAyYail NpUMEHEeHUS NEePEeMEeHHOT0 BHEITHEr0 MarHuT-
HOTO TIOJISI, KOTJa C TIOMOIIKI0 PE30HAHCHBIX 3(MdEKTOB MOKHO JT0OUTHCS
JIOKAQJIM30BAHHBIX KOJEeDAHUN HAMArHUYEHHOCTH OCTATOYHO OOJBINON aM-
WIATYABL. g 9TOr0 4mcaieHHo peraioch MOAuMUIUPOBAHHOE yPABHEHNE
cunyc-Lopaona [2]:

.1 )
AO— 60— §f(r)sin29: hsin 6 + af,

BKJIIOYAIONIEE B ce0d cjiaraeMbie, OMPEIe/IAIONINe TPOCTPAHCTBEHHYTO MOTY-
JIANMIO TTapaMeTpa OOMEHHOTO B3aUMOIECHCTBAA W KOHCTAHTHI aHH30TPOIINN
f (7"), JUCCUIIATUBHBIC 9JICHBI U CJAAraeMble, 331a101ne B (DYHKIIMU BHEII-
Hero MarHuTHOrO noJid. Pywriwsa f(r) MOgeTUpPYeTCs B BUIE IPSIMOYTOIbHI-
Ka, SIBJIAIOIIETOCS JJIsi TOMEHHON MpaHuIlbl MOTEHIINAJILHON MO, 6 - yTouI,
OHI/ICbIBaIOH_LI/Iﬁ BbIXO/ BEKTOPAa HaMarHMYeHHOCTU U3 TIJIOCKOCTH ,ZLOMQHHOP'I
T'PAHUIIBI, BHEIIHEE TI0J1e 3a/1aeTCdA B BUE

h = hg cos(wt),

rJie 9acrora siBsiercs juHeiiHoil dpykupeii Bpemenn w = wo — ut [3]. 3uecn
wo - paccunTanHag paHee B |1| cobcTBeHHAsT WacTOTA MATHUTHOTO Opu3epa,
JIOKQJIM30BAHHOI'O B 00/IACTH MAarHUTHOI'O CJI0s, [t - MaJiblil napamerp. [lomy-
YEHHOE YpaBHEHWE NBUXKCEHUA JIJI51 HAMATI'HUYEHHOCTU PENIaJIOCHh YUCJIEHHO C
MCTIOB30BAHNEM SIBHOW CXeMBI WHTErpUpOBaHusi. AHaans permennit ypasHe-
HUA ABUKEHHNA B IIEPEMEHHOM IT10JI€ TIOKA3bIBA€T BO3MOXKHOCTDH IIPpU OIIpeae-
JIEHHBIX YCJIOBUSIX YBEJIUUEHUE CO BpEMEHEeM aMILIUTY/Ibl MarHUTHOTO Opu3e-
pa. g KaxKmoro cayvad 3HAYEHWH MapaMerTpoB MArHUTHON aHU30TPOINN
HUMeeTCs TIOPOTOBOE 3HAUYEHUE AMILJIUTY/Ibl MArHUTHOTO TIOJIsI IPUBOJISINEE K
pesonancy. Ha pezonancubiit 93pdekT BAUAIOT TAKKE TeOMETPUICCKUE TTaPa-
METPbhI TOHKOI'O CJIOSi: TIPU YMEHBIIIEHUH IITUPUHBI CJI0ST POCT aMILIUTY/ bl Opu-
3epa MpoucxXoanT Mejsienuee 1m0 Bpemenu. [Ipu 6osbioit mupune C/10s BO3-
OyKIaercs erne u TPAHCIAIMOHHAs Mojia Kosebanuit 6pusepa [4]. B caygae
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MAarHUTHOM HEOJHOPOUHOCTH THUILA, COJAUTOHA, MOXKHO HADIIONATH IIEPEKII0Ye-
HUE HAITPaBJICHUA HaAMAal'HUWYEHHOCTUW B IEHTPE COJMTOHAQ, €CJIN TTPUJIOZKHUTH
[IOCTOAHHOE BHEITHEE MATHUTHOE ITOJIsI IPOTHB HAIIPABJICHIS HAMATHIIEHHO-
CTH B [IEHTPE MarHUTHOTO COJIMTOHA. B IEePpEMEHHOM MAarHUTHOM I10JI€ MOXKHO
JOOUTLCA yBEINYIEeHHEe Ha MOPSI0K aMIUIUTYAbI coInToHa. Kak m B ciaydae
¢ GpuzepoM, NP JOCTATOTHO OOJBITON MUPHUHE CI0s BO30OYKIAETCH eIre u
TPAHCIANHOHHAS MOJIa KOIeOaHmi.
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B moksane mpezgiaraercs MeTOJ, TIOCIEIOBATEBHBIX MPeoOpa30BaH
cUCTeMBbI JIMHEHHBIX auddepeHnraIbHbIX ypaBHeHui 1-ro mopsaka ¢
OBICTPO-OCIUIIUPY IOITIM KOIDDUITHEHTOM, TO3BOIAIONINHN IOy IUTh ACHMII-
TOoTHYeCKHEe (POPMYJIbI pelleHust IPU OOJIbIINX 3HAYEHUIX apryMeHTa

Kaouesnie caosa: cieKTpasbHble 3aa4u, quddepennuaaibHbe omepa-
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On the asymptotic expansion of solutions of a system of 1st
order differential equations with a strongly oscillating
coeflicient.

The talk proposes a method of sequential transformations of a system of
1st order linear differential equations with a fast oscillating coefficient,
which allows one to obtain asymptotic formulas for the solution for large
values of the argument

Keywords: spectral problems, differential operators

Xopoto uzsectHO [1,2], a0 oHUM 13 3DHEKTUBHBIX CITOCOOOB U3y IeHNUS
ACUMIITOTHYECKUX PazjioxkeHuil pemtenuit cucrem Jjmaedianbix OJLY mepsoro
MOPSITKA BH/IA

day

dr
rie y(z) = colon(yi (), y2(x), ..., yn(x)) -Hen3pecruas BekTop-dyHKIMs, A(X)
-KBaIpaTHAS MATPHUIIA MOPSIKA 1, YAOBICTBOPSIOIIAs PsiTy YCJIOBUI Ha d1e-
MeHTBI a;j(x), dBagercd npusegeHne cucrembl (1) K Tak HasbiBaemoil L-
JTraroHaabHoOl dopme |, [1].

Cdopmynupyem reopemy u3 [1] B 6osiee 0buieit dhopme s caydas n = 2.
Teopema 1. Ilyctb

1) dbynkums w(zr) cymmupyema Ha kaxqom unrepsaje [0,0],b > 0,

2) dbyukuuu c11(x), c12(z), c21(x), co2(x) cymmmpyemsr va narepsade [0, +00),

3) g gocraTovHO Gosibinoro x GyHKIUS Re w(r) He MeHseT 3HaK.

Torga cucrema

A(z)Y, z€]0,+00) (1)

(2)

dy2

% = c11(2)y1 + c12(x)y2,
B =w(x)y2 + ca1()y1 + ca2(x)y2

uMeeT eJJMHCTBEHHOE PelllellleHne, Y/I0BJIETBOPSIOIIee CAeYIeMy YCA0BUIO:

xh_)rgo yi(x) =1, xh_)rglo ya(x) = 0. (3)

BaMernM, 9TO yCIoBUs HA KOIMDMUIUEHTHI C;j(2) CINIIKOM KEeCTKHE.
Hamm ryraBabIil pesysbrar chopMyJIupOBaH B CIAIYIONIEH TeopeMe.

Teopema 2. 1) dyukims w(x) cymmmupyema Ha Kazk oM uarepsase [0, b, b >
0,

2) dyukmm ci2(x), c21(x), co2(z) cymmupyemsl Ha uaTepBase [0, +00),

3) aust gocraTodHo Gosibinoro x GyHKus Re w(x) He MeHsieT 3HaK.

Torna cucrema

% = sin(e”)y1 + ci2(x)y2,

% = w(x)y2 + c21(x)y1 + co2(x)y2

HMeET eJIMHCTBEHHOE PEINeHNe, YI0BIETBOPSIOIIEE CIEAYIONEMY YCIOBUO (3).
3ameuanne 1. Teopema, ananornanas Teopeme 2 cipaBennBa A CH-
CTEMBI C DBICTPOOCHMLIUPYONIUME KO3 duiimeHTamMmu Jiroboii pa3MepHOCTH.
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3ameuanne 2. Tak kak guddepennnaibHOe YPABHEHNE MOPIIKA 12 MO-
KeT OBITh CBEJEeHO K cHcTeMe mepBoro nopsaka, aas OY rak ke MoxKeT
OBITH TTOJIYYEH AHAJOT TEOPEMBI 2, U MBI UCCAEAYEM STOT CAyJall B OTIETb-
HBIX paboTax.

Bameuanune 3. Teopema 2 ocraercs B cuie, eCian MOJOKHUTL ¢11(x) =
r®sin(z?), tme a > 0, >a +1.
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B macrosimeit cooOIennn, paccMaTPpUBACTCA HEKOTOPBIE CUCTEMBbI Tud-
depeHnuanbHbIX YPABHEHU ¢ THHEHHBIMU IPABBIMYU YACTIME C CHHTY-
JIAPHbIMA KO(DDUIUEHTAME [E€JIOTO MOPAIKA. Y YUTHIBasd TOXK/IECTBEH-
HOIO BbIIOJIHEHHS YCJIOBAU COBMECTHOCTH CHUCTEM, HAXOMATCS HEKOTO-
pble pereHusi cucreM. TakKe MPUMEHsIsT UM TEOPEMBI 00 MHTErpajax
Kommu, a Takxke Te€OpeM BBIYETOB HAXOAATCS DPENIEHUE U3yYIAEMbIX CHU-
CTEM HEIPEPHIBHOE BO BCEl JAaHHOM 00JacTH.

Karouesnie crosa: muHeiinas mpaBas 9acTh C CUHTYASPHBIME KO3 du-
LUEHTAMEI

Representation of solutions of one class of a system of
differential equations in the complex plane

In this post, we consider some systems of differential equations with lin-
ear right-hand sides with singular coeflicients of integer order. Taking
into account the identical fulfillment of the compatibility condition of
the systems, some solutions of the systems are found. Also, using theo-
rems on Cauchy integrals, as well as theorems of residues, he finds the
solution of the studied systems continuous in the entire given domain.

Keywords: linear right-hand side with singular coefficients
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1.Paccmorpum cucremy auddepennualibHbIX ypaBHEHUN BHIA
ow _ p(zl7 22) LW ow _ Q(Zlv 22)

- n Y - n
Dz (Zl _ z§0)) 0z (ZQ _ 250))

rae p, qGClﬂA(D), W e C?NA(Dy),
Dia,b) = { (o A o1 = 27| < RAWI <}, k=1, 2).

W, (1)

0 77

Ecnu MHO)KecTBO TOUeK (2, z,(C ))‘ ‘zk — z,E/, )‘ < a < R gBaserca Kpyra
pajamycoM R, To BHyTpH 9T0i 061aCTH B IIPOIIECCe HHTETPUPOBAHNE CHCTEMBI
(1) moxem mpumenars teopem Komm mag mpOCTOTO, W BBICIIETO TTOPAIKA
TIOJTIOCOB.

Hauanbroe ycnosue g cucrenvst (1) craBurcst B BUje

W = Woupu ycinosuu z; = aj, (j =1, 2). (M)

Yeiopue coBMecTHOCTH cucTeMbl (1) 3auchiBaeTcs B BUJIE

s, q 0 D
05 \ () ) 0 (o)

Honyctum, uro HeussecTHO# dyHKImu W 1 ee YacTHBIE IPOU3BO/IHBIE TI0
KaKAbIM IICPEMEHHbIM Ha ,ZLaHHOfI O6J'[aCTI/I ABJIAIOTCA OTPaHMYEeHHBIMUA, U

=0, (2)

CYNIECTBYIOT IIPEETBl B OCOOBIX TOUKAX JAHHON 00/IACTH, IPHIEM KazKIble
. ; O)yn oW\ _ —
OHM PaBHBI K Hyio:  lim ((zk =2, )" g, ) =0, (=1, 2).

Torna u3 cucrems! (1) HAXOAUM TPUBHAIBHOE DEIIEHHE NCXOAHON CHCTe-
Mbl. TakzKe 3aMernm, 4To ecjiu ycjoBUe COBMECTHOCTU (2) HE BBILIOJIHACTCH,
To cucrema auddepennuanbubIx ypasaenuii (1) ne comectno. [lycts yero-
BHe (2) BBIMOTHSIETCS MO KaxkAbIM TepeMeHHbIM. Torga cunras B (1) dbyHK-
o p(z1, 22) BroJHE ONpeeéHHON MK JaHHOW (DbyHKIMeH, onpejessem

Bug dyukumn q(z1, 22)

q(z1,22) = (22—250))n‘(80(22) + AL (21, 22)) 5 Az, 22) = /()Zl %dt'
(3)

ITpu sTOM, ¢ y4éroMm HalijeHHBIM 3HAYeHWEeM (DYHKIHUU ¢- yCJIOBUE COB-
MECTHOCTH CHCTeMbl (6) BBINOJIHSIETCS] TOXKJIECTBEHHO, W TOTJa B IPOLECCe
9TOll maHHON (DyHKIMM, B IIPOIECCE MHTErPUPOBAHUE CHCTEMBI, TOJIYYaEM
MHOrooOOpasme perrernii ucxonuoii cucremel B Buzue (3) Wi(zy,22) = C -

1/ (1—n)
e { it Pk [P0 + A0 h @

TMonyuennoe pemenne garnol cuctemsbr (1) ¢ TpUMEHEHHEM TEOPEMBI BbI-
YETOB Ha BCEll TaHHOi 00JacTH, BKIYad 0COOBIX TOYEK, HEPEPBLIBHO.

2. Tlo ananoruio cucremoii (1) MoxkHO paccmarpusaTh cucremy gudde-
PEeHNIANbLHLIX yPABHEHUI BUA
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oW - p(Zl, ZQ) ' m(W) ow _ Q(Zh 2’2) . m(W) (3)
9 0 ’

0z (Zl B Z@)n
rae p, ¢,m € C'(A (D), W e C*NA(Dy),
D(a,b) = {(zk,zg)))’ ‘zk - z,(:?)‘ <a,|W| < b}, (k =1, 2). YcaoBue cos-

MECTHOCTH CHCTeMBbI ypasHenwii (3) npuaumaer sug (2). Ecim 310 yenosue
BBIMOJIHSIETCST, TO MHOTOOGpa3ue ee perieHnii mpeacraBisercst pbopMyoi Bu-

za,

W (1, 22) —C~M1{/OZ1 (W’?g))dt+/022[<p(<)+A'§(0,§)]d<},

Wodr

uw) = 7@

Samerum, ¢pyukimu M u ee 06paTHOrNO BO3MOXKHO B HEKOTOPBIX TOUKAX

JIAHHOU 00J1aCTH COXpaHseT OJHO3HAYHOCTH. B 9acTHOCTH, pACCMOTPUM MIPU-

OW __ zizo—zo+4z1 2 OW _ z120—221+622 2
Mepaaizl—T'COSW TZQ_T'COS w.
YciioBreM COBMECTHOCTH 3TOI CHCTEMBI BBIIIOJIHSETCS TOXKIECTBEHHO, U

MHOT000pa3Me ee pe perennii HaxoauTcs caepytomei bopmymnoii: W(zy, z9) =
arctg{z1z2 + 421+ (4 — z2)In|z1 — 1| + 622 + 61n ‘22772‘} .

[Honywernoe perenne 3T CUCTEMBI, KPOME YKa3aHHBIX 0COOBIX TOUKAX,
[IOYTHU BCIOJIy B O0JIACTH HENPEPBIBHO, & B JAHHBIX 0COOBIX TOUYKAX 00/1aCTH
uMeeT JA0TapuMUIECKYI0 OCOOEHHOCTD, TPUIEM OHO B 9THX TOYKAX MHOTO-

3HAYHO.
3. Byaem paccmarpuBath cucremy andpepeHInasbHbIX YpaBHEHWH BU-

aa

oW p(a1,22) m oW q(z1,22) .
521_(zl—z§0>>” (W), = 7 (W), (5)

029 <21 _ 250))

rue p, q,m,nEClﬂA(D), W e C?NA(Dy),

D(a,b) = {(zk,z}f))] ‘zk - z,(:?)‘ <a,|W| < b} L (k=1,2).

B nmammoit cucreme (5) Tpebyercs HaXOXK/EHHE HEIPEPBIBHON peleHun
cucreMbl auddepertnuanbibie ypapHerus. Heo6XoquMoil yCI0BUN CHCTEMBI
BBITIOJTHAETCS, €CJIN TTPU OTPAHUIEHHOCTH HEM3BECTHOM (DYHKINU, U €€ FaCT-
HBIE TIPOU3BOIHBIE TI0 KAaXKbIM MEPEMEHHBIM, CYNIECTBYIOT CJIEIYIONINE [Ipe-
J€JIbl 1 PAaBHBI HYJITO

lim (zl — z%o))n . 8—W =0, lim (zl — z%o))n ow = 0.

21—0 0 21 zo—0 822
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Orkyna numeem, aro W=C Oyjer TpUBHAJBHBIM PEIICHUEM JAHHOW CH-
CTEMBI.
YcoBre COBMECTHOCTH CHCTEMBI (5) TIPHHUMAET BUJL

n nf o 0
(Zl—zg))) (ZQ_Z;O)> 02y (Zl_ig))>" e (,zQ—qzéo))n !

+pg-(m'-n—n"-m)=0.(6)

Boimostnenne ycnosue (6) MOXKHO PACCMATPUBATH B PA3IUYHBIX CIIyIasax:

ITycrs B coornomenue (6) 8%2 <(Zl_i’(0)>n> =0, 6%1 <<Z2_Z(m)n> =0,
1 2

m’'-n —n'-m = 0.Torna noaydaem HEKOTOPHIH BUJ B3aUMOCBA3b KasK 100t
U3 JAHHBIX PYHKIWIA p,q,m,n B CACAYIOIHUX BAJAX

n(W) = Am(W), p(z1,22) = (21=2")"r(21), q(21,22) = (22— 20 ) " r(22) .

o __»° | _ 92 (__4a I'in —
A TakxKe B Clydanm z_ <(Zl_2§0))n> R ((22_250))n> #0,m -n

n' - m # 0 MoxKeM oIpe/ieInTh B3AUMOCBA3b MKy JaHHBLIMM PyHKIUAMU
orpeiesiéHHBIMU (DOPMYJIaMU, U MHOroobpasue perreHuiil, Tub0 e TMHCTBEHHOE
perrenre CXOMHOM CHCTEMbBI MOXKEM TPEACTABUTE (POPMYI0it

W (21, 22) = exp{A(z1, 22) — p(22)} - [C + (1 — k)H(ZQ)]l/(l—k:) 7

()W (21, 22) = exp {A(21, 22) — p(22)} - [Wo + (1 — k) H ()] 9 (5)

rae B 91oit hopmysae H, ¢, W-saBisoTcs BHOJHE ONpeIeTéHHbBIMI (DYHK-
IIASTMU, BO3MOYKHO HempepbiBHBIMEU. Ho B 9T0# oty u4eHHBIX (hOopMyIax Hens-
BecTHast PYHKIUsS BO3IMOXKHO Oyner MHOro3HadHbiM. CripaBe/jiInBa, CJe/1yi0-
mas

Teopema 1. [Iycmo 6 cucmeme duddepenyuarvnmx ypasnenud (1) dan-
HOIE U HEeU3BECMHaA Gynryua ydosaemeopalom yciosuem a,b,p € A (B) ,N0
Wu

WeA(DO),D(a,b):{zk,z}f))( ‘zk—z,io)‘ <a,|W| gb}, k=1, 2).

Ecau yeaosue coemecmuocmu (2) 6uinoanaemes, Ho HE MOHCOECTNEEHHO,
MO CUCTMEME BO3MONCHO UMEEM, HEKOMOPBIE YACTMHbLE ,AUDO 0CODBlE pewte-
nwus. Ecau ewnoanaemen yeaosuu (MO), mo cucmema umeem Auws mpu-
suaavroe pewenue W=0. Ecau 6 dannoti cucmeme xoauyuenmor umerom
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CAGOYI0 OCODEHHOCTIL, MO 8 CAYHAU MOAHCOECTNEEHH020 GHINOAHEHUSA YCAOBUE
COBMECTMHOCTAU, UCTOOHAA CUCTNEME PA3PEWUMA, U MHO2000pa3ue ee peuie-
nut , aubo ee eduncmeennoe pewenue onpedesemca Popmyrot euda (4),
(5) nenpepuisroe 60 6cetli dannol 06AGCMU, BOZMONCHO MHOLOSHAYHOE.
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Discrete magnetic breathers in monoaxial chiral helimagnet

We address the so-called phase of forced ferromagnetism, where in the
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the chiral axis. We investigate an effect of Dzyaloshinskii-Moryia (DM)
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Mg paccMarpuBaeM CIMHOBbBIN TAMUIBTOHUAH XUPAJIHHOIO MeJIMMArHETU-
K&, BKJIIOYAIONNI Teit3eH0eproBCckoe 0OMEHHOe B3anMOAeHCTBIE, JIETKOTIIOC-
KOCTHYIO aHH30TPOITHIO, 36€MaHOBCKOE B3aUMOIECHCTBUE CIUHOB C BHEITHUM
MaHTHUTHBIM ITOJI€M, HAIPABIECHHBIM BIOJbL XUPAJILHON OCH, W B3AMMOIElH-
crBue Hzsnomunckoro-Mopusi, cTrabuin3upyoiiee Te/IMKOUIaIbHOe CITITHO-
Boe yropamouenue. [Ipegmosmaraercs, 9T0O BHEINTHEE TOJIE TPEBOCXOINT KPU-
THUYECKOE [10JI€ MTEPEX0/ia B BBIHYK/IeHHOe dheppoMaruuTHoe cocrosinue. Vc-
MOJIb3Ysl YPABHEHUsI JBUKEHWS CIWHOBBIX OMEPATOPOB Jjid KOHEYHOM Ie-
ITOYKM, MBI HAXO/IUM HPUOJIMIKEHHOE peIleHue JJist JUCKPETHLIX Opu3epoB
¥ YCTAHAB/JWBAEM YCJOBUs WX BO3ZHUKHOBEHHUS B BHUJE OIDAHUYECHUN HA Ya-
CTOTY W CUJIy JIEPKOILJIOCKOCTHO# anuzorpornuu. Juckperubie 6puzepsbl akKy-
MYJIUPYIOT HE TOJbKO MArHOHHYIO IUIOTHOCTH, HO M TOIOJOIMYEeCKUI 3apsi/l.
Bennunna Tomoi0ruvueckoro 3apsiia OmpeaesisieTcss KOHKYPEHIINel MacIiTa-
Ha MpPOCTPAHCTBEHHON JIOKAJTM3AINN Opu3epa ¥ Iara MAarHUTHON CIUpaJIu,
dukcupyemoro BlanmoeticreueM JI3samommackoro-Mopus. Mbr Beranciagem
SHEPIUI0 TUCKPETHBIX OPU3EPOB, U MOKA3BIBAEM, UTO OHA BKJIFOYAET CJIarae-
MOe, TIOJIY9aeMOe B KOHTHHYAIbHOM TIpefiesie, W SHEPTUI0 MUHHUHTA, YIUThI-
BAOIIYI0 JUCKPETHOCTH CIIMHOBOI IETIOYKH.

O IMMTPEAEJIBHOM ITEPEXO/JE B HEKOTOPBIX
TAMUMNJIBTOHOBBIX CUCTEMAX KNUMYPHI
B.A. IIaBjgeHko
PVA100186@mail.Tu

VIK 517.925

PaccmarpuBarcs aBe raMuIbTOHOBBI cucteMbl KuMypsl. B pabore Oymer
HaliIeH TpeIeIbHBIN Mepexo, OT OJHON CHCTEMBI K Apyroi cucreme. A
nMeHHO auddepeHnaabable YyPABHEHUS OIHON CHCTEMBI MEPEXOIAT B
muddepeHiuantbHble YOABHEHUS IPYTOH CHCTEMbI, TAKXKE UX PEIIeHUs
[P 3TOM IIPEEIbHOM IIE€PEXO/ie IEPEXOAAT JAPYT B JApyra.

Kaouesnie crosa: raMuIbTOHOBA cucTeMa, MuddepeHnuaibHbe ypaB-
HEHUSsI, TAMUJIBTOHUAH, HesTnHeliHble ypaBaeHus L peauarepa, mpejieiib-
HBIN TIepexo/,

Passage to the limit in some Hamiltonian Kimura systems

We study two Hamiltone systems of Kimura. We find limited transfor-
mation from one system to another system. So, diffentional equations
of one system goes to diffentional equations of another system and so-
lutions trasform to each other by this lomited transformation.

Keywords: Hamiltone system, differential equations, nonlinear Shredinger’s
equations, limited transformation

ITaBrenko Bukrop Anekcamaposwd, k.¢.-m.m., moment (Yda, Poccma); Viktor
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B npegpraymux paborax Mbl TOBOPHJ/IM, 9TO B HACTOMIIEE BPEMS BO3PAC-
TaeT AKTYAJbHOCTH MCCIeA0BaHuA Au(PEePEHINATHHBIX YPABHEHWH, KOTO-
pBle WHTErPUPYIOTCS METOIOM m30MoHOApoMHOi mecdopmarun (M), Cy-
IIECTBYeT KOHEUHBIM CIMCOK Takux ypasHenuit. K wx auciay oraocarca perre-
HUSI HEPapXu TaMIJIbTOHOBBIX BBIPOXKAEHWH crcTeMbl 'apHbE, BHITTHCAHHON
B n3BecTHOi crarbe Kumypst [1]. B Hacrosmuii MmomenT aBropom Gblin pac-
CMOTpEeHbI HEKOTOPBIe U3 HUX. B KaxKk ol mpeapiayimeit pabore aBropa ObLIN
PacCMOTPEHBI IO J[BA, JTUHEHHX DBOJIONMOHHBIX YPABHEHUS C BPEMeHAMU tp
" ty, KOTOpPBIE 3aBUCEJM OT JABYX IPOCTPAHCTBEHHBLIX IepEMEHHBIX. Takne
SBOJIIOIIMOHHBIE YPABHEHWS MOYXKHO PACCMATPUBATL KAK AHAJIOTH YDABHEHUHI
IIpenmarepa, KOTOphIE ONpPEIeTAINCh raMuIbToOHHaHaMu KuMypsl. B Tep-
MuHaxX periennii coorBecTByommx auneinbix OJLY merogom WM Obuim
TOCTPOEHBI PEIIeHUs JAHHBIX YBOJIIONUOHHBIX YPAHEHHIA.

B sToit paGore Oymer mpeacTaB/IeH IpeaeaIbHBIA Iepexo] MeK Iy TaMUIIb-
ToHOBBIME cucTemamu Kumypsr. KuMypa BBITHCHIBA CBOM CHCTEMBI B Pas3-
HBIX Bujax. KuMypa ykazaJa TOJIbKO MpeaebHBIN ITepexol B PANOHAJIEHOM
BUjie. ABTODPY yAaJ0Ch HAWTHU Tepexo ] U B Apyrux Bugax. C moMOMIBIO 3T0-
ro TpeaeabHOTO MEPEX0/Ia TaKXKe TEPEXOIAT W PENIEHNs COOTBECTBYOIINX
ypasuenunit [ITpegunrepa.
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On the solvability of the antiperiodic problem for semilinear
differential equations of fractional order 1 < g < 2

We consider the solvability of the antiperiodic problem for a semilinear
differential equation of fractional order 1 < ¢ < 2 in Banach space based
on the Green’s function method.

Keywords: fractional differential equation, semilinear differential equa-
tion, antiperiodic problem, measure of noncompactness, condensing op-
erator

For a semilinear fractional-order 1 < ¢ < 2 differential equation in a
separable Banach space E of the form

CD9x(t) = x(t) + f(t,z(t)), t € [0,T), (1)

we consider the problem of existence of a mild solution satisfying the following
antiperiodic boundary value conditions

2(0) = —2(T),2'(0) = —2'(T), (2)

where ¢ D9z denotes the Caputo fractional derivative, A\ < 0, nonlinearity
f:[0,7] x E — E obeys the following conditions:

(f1) for each £ € E the function f (-,£) : [0,7] — E is measurable;

(f2) for a.e. t € [0,T] the map f(¢,) : E — E is continuous;

(f3) for each r > 0 there exist functions w, € L3°([0,77]) such that, for
each |||z < r, we have

I f(t, )] < wr(t) for ae. t € [0,T],

(f4) there exists a function p € L*°([0,T]) such that for each bounded
set A C E we have:

x(f(t,A)) < p(t)x(A),

for a.e. t € [0,T], x is the Hausdorff MNC in E.

Theorem 1. Under conditions (f1),(f2), f(4), suppose that condition
(f3) has the following form:

(f3') there exists a function o € LL[0, 7] such that

1t z®))llp < a1+ [[z(®)]g)-
If L
LX <1, (3)
where
B Eg()\Tq) — 14 3E,0(A\TY)E(NT?)E,2(A\T1)
(14 Eq(AT))? — Eq o(AT9) Ey2(AT9)]

+ E,(A\T?) —1,

k = max {||a|ls, ||¢t]lo } » functions @ and g are from conditions (f3’) and
(f4) respectively, then problems (1)—(2) have a solution.
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YCJI0BI 4 COBMECTHOCTI U MHOI'OOBPA3U 51
PEINEHNU HEKOTOPBIX HEJINMHEVNHBIX CUCTEM
YETBIPEX JTUODPEPEHIIWUAJIBHBIX YPABHEHUU B

YACTHBIX ITPOMN3BO/JHBIX 03 TPEMA HEU3BECTHBIMUAU
BR
P. IIupos
pirov_-60@mail.Tu

VIIK 517.956

Pabora BriIro9aeT B cebs MCC/I€I0OBAHNS HEKOTOPDIX EPEOITPEIeIEHHBIX
CUCTEM YKa3aHHbIE B 3aIlVlaBHHW THIIOB. HaﬁﬂeHbI ABHBIE YCJIOBUU COB-
MECTHOCTH O0ECIIEYMBAIOIIUE CYIIECTBOBAHUA MHOrooGpasmil comeprKa-
e He 60JIee MeCTh MPOU3BOIBHBIX (DYHKINK OT Z.

Karuesvie cao6a: iepeonpenesieHHble CUCTEMbI, YCJA0BUSA COBMECTHOCTH,
MHOT000Opa3nst peITeHnii, omepaiust MpeKpecTHoro anddepeHmpoBa-
uusa (0.11.11), cucrema B mojbaux quddepennuaax (I.-CucTeMa)

The work inclades studies of some overriden systems of the type in-
dicated in the title. Expelicit compatibility conditions are found that
ensure the existence of varieties contarning no more thau six arbitrary
functions of z.

Keywords: compatibility conditon, overdetermined systems, manifold
solition, cross differentiation operation, full differential sustem

Ecan 8 muorpadun E.T'ypca [1] pacmarpuBanuch ypaBHeHHs B 9aCTHBIX
MIPOM3BOIHBIX € OJHON MCKOMOI (DyHKIIHEH, TO B MHOTpadun [2] u pabors! [3]
U3Yy1aJIUCh HEKOTOPbIC CUCTEMBI C IBYMA HECU3BECTHBIMM beHKL[I/IHMI/I O6pa—
maeMcd K cucreMaM ¢ Tpemd HemdBecTHBIME U, V, W oT Tpéx He3aBUCUMBIX
LIEPEMEHHBIX T, Y, Z [4 — 7|, KOTOpbIe MOTYT OKa3aThCsl BECbMa BOCTPeOOBaH-
HBIMHU B TPEXMEpPHOM TEOPHH MO W MEXaHUKN JePOPMUPYEMOTO TBEPIOTO
Tesa.

B nanmoit pabore paccMaTpruBaeTcs TOMBKO ABa THUIA CUCTEM a WMEHHO

U:Ea Uya Vx, Wy = fi(fl%y, Z; Ua ‘/7 VV, Wz)vZ = 174,«’372’47261{3, (1)

Opmmakosbie oboswadenusa f' B (1) w (2) 3aBuCAMEX OT Pa3IMTHOTO
qucsia apryMenToB (7 u 8 COOTBETCTBEHHO) OLPABIAHO TEM, 9TO 9T CHCTEe-
MBI M3YYAITCA HE3aBUCHMO JDYr OT JApyra. B Hux HemssecTHble (DyHKIHN
U, V, W umytca & knacce C3([,), tae [ 1, = {(z,y,2) : |[z—0| < a, [y—yo| <
a,|z — zp| < a} npu mekoropom a > 0.

ITupos Paxmon, mokTOp uU3MKO-MaTeMaTudecKux HaykK, mpodeccop TIIIY
um.C.Ainu (Tamxukucran) (Pirov Rahmon, doctor phujicaland mathematical sciencej,
professjh, Tajik state pedagogical University named atter S.Aini
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1. Hycre gana cucrema (1). C nomompto samen W, = R(z,y,2) , V, =
O(x,y,z) 1 O.1.J1. IPUXOANM K KBA3UJINHENHON CUCTEMBI COCTABJISIIONIEE YKO-
POUEHHYIO T.J.-CUCTEMY C MAThI0 HemsBecTHbIMU (dyuKiusamu U, V, W, R, 0,
COBMECTHOCTH KOTOpOﬁ TECHO CB4d3adHa C TOXKACCTBCHHLIM BLIIIOJTHCHHUCM (I/I.HI/I
HE BDLITIOJHEHUEM ) YCTIOBUSI

H(z,y,2: U V,W,R,0) = fI—fS+ - f2 = fir- f' + /00— f3 R+ fiy - [~

~fv R+ PR PSS fT =0 (3)

(fi(z,y,2z : U, V,W,R,0),i = 5,8 aBHo BhIpaxkatoTca uepes f' — f* u nx
IIepBble U BTOPbIE YACTHbIe IPOU3BOJIHbIE, TAK UTO f CINTAIOTCH Jajee yiKe
U3BECTHLIMU.

Teopema 1. Tlycts mana cucrema (1), vae

fli=T1,4,UeC*(I), V,WeC*(I1);

(IT = TI(a;b)-upsmoyroibuuk B RT 3ajanuble nepaseHcrsamu:|r — o] <
a7‘y - y0| S aa’Z - ZO’ S CL,‘U - UO‘ S ba‘v - %| S b7‘W - WO| S
b, W, — W2| < b) u xpome Toro fh- fa — fa £ 0, fo — [ f§ # 0.

Ecmn o < min(a, ), M = max|f| u B HeKOTOPO#i OKPECTHOCTH TOUKM
s M/
(w0, 0, 20 : Ug, Vo, Wo, W2, Vyo) OymeT mMeeT MeCTO

a) yciosue (3) BBITONHAETCS TOXKIeCTBeHHO, Torya Ha I1(«, b) oqHo3Had-
HO pa3pernmmMa 3a,1a9a

[U]x:xo,y=yo = ¢1(2), [V]m:fco,y:yo = p2(2), [W]x:mo,y:yo = 3(2)

(Wale=wo,y=y0 = ¥4(2); [Vylo=ao,y=yo = ¥5(2)- (4)

B xmacce C3(Ilp);
6) coornomrenue (3) (B koropom § = V,)) pazpenmmo B Buze 0 = ¥(z,y, 2 :
U,V,W,R), ¥eC'(Il) n BLIMOMHAIOTCS YCAOBHS

U+ Uy fLlb Uy 24Uy R+ VUg- 5= f(z,y,2: U V,W,R, )

Uy + Uy f2 40004+ Ty - A4+ Tg- 0= f3a,y,2: U V,W,R,¥)
torma #a II(a;b) 3amaga (1) u
[U]ﬂﬂ:mo:y:yo = 901(2)7 [V]x:vo,y:yo = 802(*2)’

[Wa=z0,y=y0 = ©3(2)s Wals=zo,y=yo = P1(2). (5)

B xmacce C3(Ily) MMeeT eMHCTBEHHOE PeIeHne.
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Teopewma 2. [ycrs B cucreme (1) f4i = 1,4, UeC?(IT), V, WeC3(10), f1-

f% — f}% = (),f}o’z . ff% — f% + O,fxl, #0nma< min(a,%),M = max|f'|. Ec-
JI B HEKOTOPO#i OKPECTHOCTH TOUKH (X0, Yo, 20; Uo, Vo, Wo, Wg ) ©IMEeT MeCTO:

a) coorromenne H(z,y, z; U, V, W, R) = Dy-fG—Dxf7 = 0, To ua I(a, b)
sazaqa (1) (5) B kmacce C3(I1) mmeeT eTMHNCTREHHOE PeTITEHTe.

6) ecau coornomenne H(x,y, z; U, V, W, R) = 0 He BBINOJIHSIETCST TOX e
CTBEHHO, a paspemumo B Buge R(= W,) = ®(z,y,z : U,V, W) u BBIIOTHS-
IOTCS TBA, YCJIOBAS

O, + by fL 4Dy P4 Py - R= fO(a,y,z,U,V, W, ®),

D, + By f24Oy - Pt By fr= T (,y, 2 UV, W, ®)

torga Ha | [(a, b) 3azaqa (1) n

[U]m:vo,y:yo = ‘Pl(zla [V]x=mo,y=yo = pa(2), [W]x=x07y=yo = p3(2)

B xacce C3(Ily) uMeeT euHECTBEHHOE peITeHTe.

2. Ilepexomum K cucreme (2), comepzKaiasi B IPaBOil 9acTh JBE MPO-
usBogusie (W, Vy). Hccnenyemas cucrema 1mociie OCYIIECTBICHHST 3aMEHbI
Wy, = R(z,y,2),Vy =p(z,y,2) 1 py = Vyy = q(x,y, 2) 0.IL.J1. U HECIIOXKHDIE
Tpeobpa30BAHNST TPUBOJNTCS K YKOPOUEHHOMN I1.JT.-CHCTEMOM OTHOCUTENHHO
mecth HewsBecTubiXx U, V, W, R,p,q Ajs KOTOPOU yC/JIOBHUEM COBMECTHOCTHU
HYIYT CIETYIONINE COOTHOTIEHWST

P i P f o p— PR = Fa R+ P fO—Fr ot

+fp8q_}?f7+f§fg_}?fg(zﬁ(x7yazU)V7W7R7P7Q)):O (6)

Teopema 3. Ilycts B cucrema (2) fi,i = H,Y, WeC3(IT), UeC?(10),
f}%'f]?%'f?:"‘f]l%'fé"‘f}l%’fé_f%’f%'fé_f]%#O,fg # 0. Ecnu B mEKOTO-
poit okpectrOCTH TOUKH (T0, Yo, 20 : Uo, Vo, Wo, W2, Vyo,%%) TOKJIECTBEHHO
BhITIOTHAETCs yeaosue (6) (T.e. ﬁ(x,y,z : U, V,W,R,P,q) = 0), a Takxe
a < min(a,%),M = maxz|f?], To na [](,b) 3anava (2) u [Uls—zgyeyo =
©1(2), [V]z=20y=y0 = 2(2)s Wla=zoy=yo = ¢3(2), [Walo=ao,y=yo = #a(2),
Vilaoezow=yo = ©5(2),[Vyyloezow=yo = ©6(2) B xiacce C3(Ilp) oamoznadHo
pazpermma.

HeroxaectBertoe BoImosHeHE H =0 (mmm eé paspermmMocTh B BUJIE
qlqg = py = V) = ®(z,y,2 : U,V,W,R,p),®eC(Il) B xoneunom urore
NPUBOJUT K MHOTOOOPA3HUIO C NSTHIO TPOU3BOIbHbIMA (DyHKIHUAME OT 2 (T.€.
HA OJTHY MEHBIIIE).
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PASPEININMOCTHD KOS@@HHHEHTHOﬂ OBPATHOI
SAJTAYN IOJIA KBA3SUJIMHENHOL'O
ITAPABO/IMYECKOTI'O YPABHEHUA

C.B. IloabranieBa, A.JI. Cyrexxuk
siriuspsv@mail.ru, aidanasugezhik@mail.ru

VIIK 517.9

B pabore mokazana JoKajgbHAs OTHO3HAYHAS Pa3PeImrMOCTb KO3 du-
[IMEHTHON 0OpaTHOM 33,1a49M I KBA3UINHEINHOTO TapaboInIecKoro ypas-
HEHUsI B KJIACCe TJIQJIKWX OrpaHmdeHHbrx dyukmuii. Haiimeno yciosue
3aBUCUMOCTH BEpXHEH MPAHUIIBI MAJIOTO BPEMEHHOIO OTPE3KA OT MOCTO-
SIHHBIX OIPAHUYUBAIOININX BXOJHBbIE NaHHbIe. [IpuBemeH mpuMep BXOJ-
HBIX JIAHHBIX, YIOBJIETBOPSIONIAX YCJIOBUSAM JOKA3AHHBIX TEOPEM CyIIe-
CTBOBAHUS U €JIMHCTBEHHOCTHU DelleHusi OOPATHON 3a/1a4u.

Karouesnie crosa: koadpuimenTuas obpaTHas 3a1a9a, KBa3UIHHETHOE
napaboJsingeckoe ypaBHEHHe, YCIOBUe Iepeonpeesenus, 3aaada Komiu,
MeTOJ, CJIa00H AMTPOKCUMAITUT
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cus); Svetlana Polyntseva (Siberian Federal University, Krasnoyarsk, Russia)

Cyrexuk Aiinana Jleommnosna, acmmpanr, COY (Kpacmoapck, Poccusa); Aidana
Sugezhik (Siberian Federal University, Krasnoyarsk, Russia)
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Solvability of the coefficient inverse problem for a quasilinear
parabolic equation

Theorems of existence and uniqueness for the solution of the coeffi-
cient inverse problem for a quasilinear parabolic equation in the class
of smooth bounded functions are proved. The condition for the depen-
dence of the upper boundary of a small time interval on the constants
limiting the input data is found. An example of input data satisfying
the conditions of the proved existence and uniqueness theorems for the
solution of the inverse problem is given.

Keywords: coefficient inverse problem, quasilinear parabolic equation,
Cauchy problem, weak approximation method

B pabore paccmarpuBaeTcs 3a1a4a onpeneeHns PyHKINT UCTOYHUKA U
K03 durmenTa npu TPOUIBOIHON IO BPEMEHN B KBA3WINHEHHOM Tapado./m-
JeckoM ypaBHeHuu. OTMeTHM, 9TO KO3 UIHeHTHbIE 00paTHBIE 330a4U JIJIst
KBa3UJIMHENHBIX Hapa6OJ'H/ILIeCKI/IX ypaBHeHI/Iﬁ IPUMECHAIOTCA: B HMCCJIEJ0BA-
HUU BBICOKOTEMIIEPATYPHBIX IPOIECCOB, B KOTOPBIX YUUTHLIBAETCH 3aBUCHU-
MOCTB TeII0(PU3NIECKUX XaPAKTEPUCTUK OT TEMIIEPATYPHI, B UCCACIOBAHIN
HECTAIMOHAPHBIX IIPOIECCOB (PUIIBTPALIMY B TIOJI3EMHO THPOIUHAMUKE, TIPU
MOJEIUPOBAHNU HEJAWMHEHHBIX nporeccos audpdysuu u 1.7. Jlanabie 3amadn
uccae0Bannch B paborax [1-4| u ap.

Paccmorpum 3amaqy Koru

2

ay(t, x)us = aq (t, ) uze + ao(t, 2)uy + b1 (¢, 2)uu,, + bo(t, x)u, + bs(t, z)u+
—|—a2(t,l')f(t,l',2), (1)
u(0,z, 2) = ug(x, 2), (x, z) € Es. (2)

Oynxmun f(t,z,2) 1 ug(r, z) 3amanst B Gl = {(2;2)[0 <t < T,
x € E,z € Ei1} u Ey coorercrenno. Kosdbdmurenrsr o;(t, ), b;(t, z)
HenpepblBHO auddepeHnupyeMble JeiiCTBATEILHO3HAYHbIE (DYHKIIUH, TPH-
uem i (t,z) > ag > 0,b1(t,x) > bg > 0, rme 0 <t < T,T > 0,a9,by, T —
const,j =1,2,3,1=1,2, F, — n-MepHOe eBK/JIHI0BOE IIPOCTPAHCTBO, N € N.

IIpeano/Io:KIM, 9TO BEIIOTHAIOTCS YCJIOBHSA IIEPEOTIPEICICHI

u(t, z,a(t)) = p1(t, ), u(t, x,b(t)) = p2(t, z), (1, 2) € H[O,T}) (3)

rne Mo = {(t,2)|0 <t < T, x € Er};a(t) # b(t),a(t),b(t) € CH0,T};
o1(t, ), @a(t, z)-3ananHble DYHKIMN, YIOBJIETBOPSIONIME YCIOBUSAM COTJIA-
cosanud ¢1(0,z) = up(x,a(0)),  ¢2(0,2) = ug(z,b(0)),z € E.

Pemenwem sagaun (1)-(3) B mosoce Gjg 4+ Oysiem canrarh Tpoitky byHK-
it u(t, x, z), ai(t, ), as(t, z), KoTOpHIE yaOBIETBOPsIOT ypapHeHnio (1) B
Glo), 0 <t < T m yenosuam (2)-(3), mpudem yciosus (3) BHITIOTHAOTCS
mpu (t,z) € gy

JlokazaHbl TEOPEMbI CyIIECTBOBAHUS U €JMHCTBEHHOCTH PEIIEHUs 3a1a-
qu (1)-(3) B xacce Z(t*) = {u(t,z, 2),a1(t, 2), az(t, x)| u € CL2H(Gloum),

t,x,z
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ay(t, ), az(t, ) € Cp2(Gpou) b tae Cr s (Gloge) = L (2, 2)|f, fr € C(Gloe),
et € C(Gpoe >z = 0,2,k = 0,4}, CJ(Gow)) ={altx)] Zralt,z) €
C (I t*]) p = 0,1,2}, npuuem u(t,z,2), ai(t,x),az(t, ) yaosaersopsor

1,
2 4 itk 2 Py 2 5l
sepapecroan 3 3 [tru(t,, 2) < O, 3 | n) 3 [froa(t,0)] <
k=0 =0 =0

Cs, C1,Cy — const > 0; (t,x) € Hjgy), (t,7,2) € Gloy+). Bemmcano ycio-
BHEC 3aBUCHUMOCTHI t* OT IIOCTOAHHBIX, OPAHNYUBAOIINX JOCTATOYHO TVIQJKKE
BXOJHbIE JTaHHBIE. Jl0KAa3aTebCTBO TEOPEMBI CYIECTBOBAHNS PEIICHUST 33,1~
un (1)-(3) ocHOBaHO Ha CBEJEHMU C IIOMOLIBIO YCJI0BUI Hepeonpesiesenust (3)
ncxonHoit obparHoii 3agaun (1)-(3) K BcomorarenbHOl ipsimoii 3agade. Jo-
Ka3aTeIbCTBO PA3PEIMMOCTH MPSIMOif 331491 TIPOBEIECHO € TOMOIIBIO METOJIA
caaboit anmpokcnmanuu [5]. Perenne 3amaqau (1)-(3) Bolinucano B sitBHOM Bu-
Jle depe3 peleHne NpsAMoi 3aaqn. IIpusesieH npuMep BXOJHBIX JAaHHBIX,
YAOBJETBOPAOIUX YCJIOBUAM JJOKA3aHHBIX TE€OPEM CYIINECTBOBAHUA W €JWH-
CTBEHHOCTH pertenust 3aaa4n (1)-(3).
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MOAEJIMPOBAHUE ITIOBEJEHNA CIIMPAJIBHOTO CJIOA
CBEPXIIPOBOJAIIIEI'O CIIMHOBOI'O BEHTINJIA
H.T. Ilyrau, H.A. I'yces, .. Ixxenapos,
pugach@magn.ru, nagusev@gmail.com, didzheparov@edu.hse.Tu

VIK 538.945

[Iyrem permenns: ypasuenus Jlamgay-Jludmmna momemnpoBasiocs mepe-
KTIOY€HHue CJI04A CIIMPAJIbHOIO MarHeThuKa OT OJHOI'O HallpaBJIE€HUA Mar-
HUTHOM COUPAIH K JIPYTOMY. DTO HYXKHO JIJIsl YIIPABJIEHUS COCTOSHUSIMHA
CBEPXIIPOBOAHUKOBOI'O CIIMHOBOI'O BEHTHJIA

Karwuesve ca06a: CBEPXITPOBOIHUKOBDBIN CIIMHOBBINA BEHTUIb, CIUDPAJIb-
HBII MarHeTHK

The modeling of behavior of spiral magnetic layer of
superconducting spin valve

Solving Lanau-Lifshits equation we modelled the svich of spiral magnetic
layer from one spiral direction to other one. This is a method of control
of a superconducting spin valve.

Keywords: mathematics, differential equations, spectral theory

CBepXIIPOBOIHUKOBAS CIIMHTPOHUKA SIBJISETCS HOBOH 00JIACTHIO B HAHO-
QJICKTPOHUKE KBAHTOBBIX CHUCTEM, KOTOPad MOABUIACH B 21 BEKE 1 aKTHUBHO
pa3BHUBaeTCs MOCIeaHNe rofabl. Ké 0CHOBHOI npeeii, Kak U B OOBITHON CITHH-
TPOHUKE, SBJISIETCS MCIOJb30BAHUE MEPEHOCA CIMHE, 3JEKTPOHOB Jjisl Xpa-
Henusd u 00paboTKu HHMOPMAITHN, HO PEAJH30BAHHAS B CBEPXIIPOBOIAIINX
KOHTYPAaxX MpU HUBKOH TeMITepaType.

Pemmenunem npobiiem sreprocbeperkenusi 1 ObICTPOJIEHCTBUSA COBPEMEHHBIX
HAHOJIEKTPOHHBIX yCTPOHCTB 10C/1e HackIeHus 3axkorna Mypa, mor Ob1 ObITh
OTKA3 OT MCIOJJL30BAHUSA JECATUIETUAMU oTpaboTanubix Merogos KMOIIL
(KOoMILIEMEHTapHAsT CTPYKTYPa METaJLI-OKCHI-TTOJYITPOBOHUK ), W MEPEX0-
JIOM Ha CBEPXIIPOBOJsIINe Marepuasl [1].

DTa HOBasg 00J1aCTh MPU3BAHA PEITaTh CJAEAYIONINe 33a0aUu: dHeprochepe-
JKeHne, MUHMATIOPU3AINAS 3JIEMEHTOR, nX OBLICTPOIEHCTEIE, M HAKOHEI, obec-

Pabora mognep:kana MuHECTEpCTBOM HayKM M BBICIIEro obpasoBanust Poccmiickoit
®Deneparuu, Merarpant Ne 075-15-2019-1934.

ITyraa Haranus I'puropsesna, k.d.-m.u1., cac HUWAD MIY um. M.B. Jlomonocosa
n Hayuno-nccnenosarensckuiit Yuausepcurer Boicmas [1Ikosa Dxomomuku (Mocksa, Poc-
cus); Nataliya Pugach (SINP Lomonosov MSU and National Research University Higher
School of Economics, Moscow, Russia)

I'yces Huxonait Amexcanmposud, muc, Poccmiickmit Kanrosbiii llentp (Cromkoso
Mock.O6m., Poccus); Nikolay Gusev (Russian Quantum Center, Skolkovo Moscow Region,
Russia)

Hxenapos damuun BanoBud, cryment, Haydno-ucciaemoBaTeabCKuit YHUBEPCUTET
Beicuias ITkosa Dxonomuku (Mocksa, Poccus); Daniil Dzheparov (National Research
University Higher School of Economics, Moscow, Russia)
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IIe4cHue pa6OTbI IIPUHOUIINAJIBHO HOBOI'O THIIA yCTpOﬁCTB — KBaHTOBOI JIO-
ruku. OCHOBHBIMU, XOPOITIO pa3pabOTaHHBIMU Ha CETOIHSIIHUN IeHL 3J1e-
MEHTAMHU CBEPXIPOBOIHUKOBOW CIUHTPOHUKHU SIBJISIIOTCS CBEPXITPOBO/ISIITAE
CIIMHOBBIE BEHTUJIN. By,ZLyT O6cy}K,Z[aTbCH TIEPCIIEKTUBBI 1 HpO6.HeMbI nx mpu-
MEHEHHUs B KAYeCTBE COBMECTUMON MArHUTHON MaMsiTH JIjisi CBEPXIIPOBOJIHU-
KOBBIX KJ/JIACCHUYECKUX W KBAHTOBBIX JIOTUYECKUX ychOﬁCTB. He/:[aBHO HaMNn
ObLIN pa3paboTaHbl CBEPXITPOBOHUKOBBIE CIIMHOBBIE BEHTUJIM HOBOT'O THUIIA,
fasupyrolmecs Ha CIUPaJIbHO-YIOPSI0UYeHHOM MarHuTHOM CJioe [2].

B nanmnoii pabore ¢ momoimbio perenus ypaBHenus Jlaugay-Jludimmia
MOJIETUPOBAJIOCH TIEPEKJTIOYEHUE CJI0S CIUPATHLHOTO MATHETHKA OT OJHOTO
HalTpaBJICHU A MAarHUTHOM CTIUpPaJIii K APYroMy UMIYJIbCHBIM MarHUTHBIM T10-
sgeM. Takoe mepexsiroueHre TOMKHO 00ECTIeUNBATEH yIPaBJIeHNE MPOIECCOM
zanucy djgemenTa mamatu MPAM, Ha oCHOBe CIMPabHOTO CBEPXITPOBOJIS-
IIIET0 CIIMHOBOTO BEHTUJIS.
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B nokname paccmaTpuBaeTcs KBa3uIHHEHAS IePeonpeieIeHHas CHCTe-
Ma JBYX JUHEHHBIX AudDepeHnuanbHbIX YPAaBHEHUH ¢ TaCTHBIMHU IPO-
W3BOJIHBIMU TIEPBOTO TOPSIIKA C OJHON HEM3BECTHON QyHKIMEN OT ABYyX
BEIIIECTBEHHBIX ITePEMEHHDBIX.

Karuesve caoea: nepeonpeaeaeHnaad CUCTEMa ypaBHeHI/Iﬁ B YaCTHBIX
IIPOU3BOJHBIX, OrPaHUYECHHBIC BO BCe TIJIOCKOCTU pemenua

Paxmmosa Maxcyna Amw6osra, moment, TIVIIBII (Xymxkann, Tamkukucran);
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Bounded on the whole plane solutions of quasilinear
overdetermined systems of two partial differential equations

The report considers a quasilinear overdetermined system of two linear
first-order partial differential equations with one unknown function of
two real variables.

Keywords: overdetermined system of partial differential equations, bounded
on the whole plane solutions

Muorue 3a7a4u MaTeMaTUIeCKOH (DU3UKH IIPUBOIST K [EPeoIpeIe/IeH-
HBIM CHCTEMaM yPaBHEHUIi C YaCTHBIMU IIPOU3BOAHBIMY (CM., Haupumep, [1]).
Hanpumep, K TakuM CECTEMaM OTHOCATCA CUCTEMbBI YPABHEHHN MArHETOIH/I-
DOJIMHAMKKH, TEPMOYIPYroCTH U Jp. IlepeonpepesieHHbIM cucTeMaM ypas-
HEeHU# ¢ 9aCTHBIMY TTPOU3BOIHBIMY TTOCBSIIIEHO OTPOMHOE KOJIMYECTBO paboT
(cM., Hampmmep, [2-3]).

PaccmoTpuM KBa3UIMHEHHY IO EPEOTIPEIETIEHHYI0 CUCTEMY JBYX YPaBHEe-
HUI C 9aCTHBIMU ITPOU3BOHBIMU

uy = au+ f(z,y,u), 1)

uy = bu + g(z,y,u),

rie a, b - nocrosHEbe, GYHKIUE f, ¢ ONpPEEJCHbl U HEIPEPHIBHEL B RS,
OTPAHUYCHHLI TI0 X, Y U CYIeCTBYIOT YaCTHBIEC IPOU3BOAHEIE fy, Gz, fu: Gu
npunayieskarmme Ly jo.(R3). s cucremsr (1) paccmoTpena 3ajada o6 orpa-
HUYEHHBIX BO BCEl MJIOCKOCTH perenusix. VccaemoBanme 9Toi 3a1auu mpo-
BOJIUIOCH METOAaMU (hYHIIMOHAJILHOTO aHATH3A.

Yenore mOTHOH pa3pemuMocTy cucreMsl (1) nvmeer Bu

(bfu — agu)u + Jy — 9=+ (a+ fu)g— (b+gu)f =0 V(z,y,u) € R®. (2)

CrpaseyinBa CIeIyonast

Teopema 1. ITycmo ewnoaneno ycaosue (2) u xomasa 6ve 00HO u3 caedy-
H0WUT YCA06UT:

1. a # 0 u Ppynxyua f(x,y,u) pasnomepro no x, y, ydosaemeopaem
ycaosuro Jlunwuya no nepemernnoti u

‘f(lf,y,Ul) - f(x7y7u2)‘ S K’ul - 'U,Q‘,

2de K > 0 ne s3asucum om x, y, ui, ug, npuvem K < |al;
2. b # 0 u gynkyus g(x,y,u) pasHomepHo no T, Y, Yo08AEMBOPAEM,
yeaosur Junwuya no nepemertoti u

\g(:ﬂ,y,m) - g($7ya U2)| < L|U1 - U2|,

2de L > 0 ne sasucum om x, y, ui, ug, npusvem L < |b|.
Tozda cucmema (1) umeem edurcmeenroe ozpanusennoe na R? pewenue.
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T'PAHUYHBIE 3AJAYN 1JIA OJHOI'O KJIACCA
CHUCTEMHI B I1IOJIHBIX JINO®PEPEHIINAJIAX C
CUHTYJJIAPHBIMUA TOYKAMMUM
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B mpennaraemoii pabore paccCMATPUBAETCS OJWH KJIACC CHCTEMBI HEJIU-
HelHbIX auddepeHnnaabHbIX YPABHEHNI B MOMHBIX AuddepeHnmaaax
(n.g. cucrem) dyHKIME TPEX HE3ABUCUMbIX [EPEMEHHBIX, C CUHIYJISD-
HOIT TOYKO# B TPEXMEPHOM IPOCTPAHCTBE. Y UNTHIBAas B3ANMOCB3U TaH-
HbIX (PYHKUUH, OIIPe/Ie/isieTcs 3aKOHOMEPHOCTh MEXK/LY JAaHHbIMU (DYHK-
IUSIMH, KOTOPBIE 0DECTIEYNBAIOT TOKIECTBEHHOTO BBITIOJTHEHUS YCIOBUST
COBMECTHOCTH CHCTEM H €€ peIleHre HAXOJUTCS ONMpeIeTeHHBIMU (POop-
MyJIaMU BHYTDY U BHE JTAHHOW 00JIACTH.

Karwuesvie caoea: CUHTYIsIpHAS TOYKA, HEauHEHbIe muddepeHnaib-
HbIE yPABHEHUS

Boundary-value problems for one class of system in total
differentials with singular points

This work considers one class systems of nonlinear differential equations
in complete differentials (pd - systems) functions of three independent
variables, with a singular point in three-dimensional space. Taking into

Cannos Baxtuép Bobokamonosuy, k.d.-M.H., gouenT, Tamxukckuit ['ocymapcTBeHHbII
dunancoso-skonoMuaecknit yamsepcurer (dymanbe, Tamkmkucran); Saidov Bakhtiyor
Bobokalonovich, Tajik State University of Finance and Economics (Dushanbe, Tajikistan)

[MTagmamos Mupamn ¥Ypaxkbaesutd, K.d.-M.H., gorent, Tamxukckuit [ocynapcTBensbrit
dunancoso-skonomMuaecknit yausepcurer (JymanGe, Tamkukucran); Shadmanov Mirali
Urakbaevich, Tajik State University of Finance and Economics (Dushanbe, Tajikistan)
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account the relationship of these functions, it is determined the pattern
between these functions, which ensure the identical fulfillment of the
compatibility condition systems and its solution is found by certain
formulas inside and outside of this area.

Keywords: singular point, nonlinear differential equations

1. Paccmorpum cucremy ypaBHeHUE B MOJHBIX Judbepernuaiax Buia

%% = a(p, ,0)h(p,0,u)

Ou — b(ﬂﬁpﬁyu) (1)
9¢ — (p—po)"~!

ou C(p7¢707u)

90— (p—po)~1>

rie a,b,c,h € CY(D = D¥UL), u € C?(Dy), L— MHOMeCTBa TOUEK IpaHi-
TIBI TTAPA.
YCIOBUSIME COBMECTHOCTH CHCTEMbI Oy1yT:

ah b ab 8a
Wau + ap (p—po)n—1 - (p—po)n—1 890 h =0
_eh_9e 0 ( < ac B (b o) —
(p=po)"== du * Jp (P po)* =T )~ (p=po)"~1 8“ (p— Po J
- b
(p=po)" ' 85+ b5 — (p—po)" ' Gy —che =0.

(2)
[Mockonpky cucremy (1) B TOYKaX JMHUY BBIPOXKJCHUSA p = po UHTEIPUPO-
BaTb HEJb3sl, 1I09TOMY ydurbiBas aHajsoru padors JI.I.Muxaitiosa- [1-2],
HalIEM HEMPEPBHIBHOE PETeHne JAHHONW CUCTEMBI BCIOTY B 00JACTH, BKJIIO-
vas JINHUW BBIPOXKJIEHUs, U TpebyeMm, dToObl BBIMTOJTHSIUCH ycaoBue Jlem-
ma. ITycmo 6 n.0.- cucmeme (1) a,b,c,h € CY(D*UL), u € C*(Dy). Ec-
AU 8 CAYUAE OPAHUYEHHOCTNU YACTIVHBIE NPOU3BOOHBIE U O BCEM HE3AGU-

CUMDIM NEPEMEHHBIM, CYULLCTNGYIOM U DASHDL K HYMO Caedyroujue npedeani:

hrn (p po)”_lg—g) =0, hm (p po)"_l%) = 0, mo HeobToduUMO 6bINoAsHE-

nuu yeaosut b(0, @,G,U) = bo =0, h(p,0,u) = hy =0, c(0,p,0,u) =cy =
0. ITpu smom, cywecmsyrom Pynryuu euda u = hi(p,0), (k= 1, 2), xomo-
DBIE BOZMONCHO BYIYM HEKOMOPLLMU HACTHBIMU, AUOO OCOOBLMU PEULEHUAMU
darnoti n.9. -cucmemwi (1).

Ecnu xorst 661 ofHa w3 Tux dyHKIWi yaosaerBopsier cucreme (1), To
ona OyjleT HEKOTOPBIM €€ YaCTHBIM JTUO0 0COOBIM pereHneM. 3aMeTHM, 9TO
TOK/IECTBEHHOE BBIMOJIHEHUE YCJIOBHi (2) MOXKHO PAacCMaTpUBATL IaCTHY-
Ho, 6o B ciyqae: b(p,,0) = (p — po)" 1B(p,0), Alp,p,0,u) = (p —
p0)" 1y (p,0), m = const, c = const.

B sroMm ciydae B Clydam TOXKJIECTBEHHOI'O BBITIOJTHEHHUST YCJIOBHH COB-
MECTHOCTH TIO/Ty9eHHOE perenue cuctembl (1) Bo Beeit pacimmpenHoii obiactu
D*UL sBnserca HenpepbIBHBIMA [2,3], 1 onpeensiorca dhopMyIaMn BAIA

a)uF(p,p,0) =S {C+ A(p,,0) + A B(¢,0) + AC (¢,0)}  (3)
b)ut(p,,0) = H{0; V(p,0,C) + A(p,,0)} .
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2. PaccvoTpum cucreMmy ypaBHeHuil B HOJIHBIX JuddepeHimaiax Buia

8’U4 __ alp, 79
- Wp(&ux
% = %(I(e’u) (4)
ou _ clpe,fu)
96 — (p—po)"~!

rae a,b,c,p,q € CY(D = DTUL), u € C?(Dy), L—mmoxkecTBa TOUeK rpa-
HUIIBI IIapA.
Yeaousivu coBmectaocT cucrembl (4) GyaytT:

0 (_a |\, qab___9p _ 9 b . pab__ 0Oq
e ((P—PO)") Pt Gompe? T ou = Bp ((p*po)”‘l) 4+ Gomp) T du
0 c 4 ap Oc _ ac op 4 da + a@ =0
9p \(o=p0)" 1) T (o=po)T0u — (p—po)?—Tou + \Pao T %5p ) =

Q

0 c bg Oc _ bg 9q b 9q —
2 <(p—po)"*1) ™ (p—po)"~1 0u = (p—po)?"~1 Ou + (q39 + bap =0

(5)
AHaJIOTHYHO TPEIBIIYIIAM CIydasaM, 3aMeTHM, 9T0o cucreMmy (4) B TOUKe
p = 0 unrerpuposarb Heb3s. [loaromy yuurbiBas pesy/brarbl pabors [1],
TpebyeM, YTOObI BBIIOJIHSINCH CICAVIONINE PABEHCTBA!

, AN . no10uy . no1Ouy
m () =0 m(ra) =0 )= o

Torma uMeeM HEKOTOpPBIE YacTHBIE OO0 0cobble perenus cucteMbl (4). Te-
nephb JOIyCTUM, 9TO YCa0BUgA (5) BBIIOJHSIOTCA TOXKIECTBeHHO. Torma, B
pe3y/bTare WHTErPUPOBAaHUE IEPBOii Maphl ypaBHEeHHH cucreMbl (4) nmeeM:
H(97 u) = V(e) + ‘*‘-)0(:07 ¥, 0) L H(ev u) - wO(ﬂ? 1) 9) = V(H)

IIpn sTOM TIOC/TETHIE [1BA PABEHCTBA YCJIOBHI (6) BBITOJHAIOTCS TOKIE-
cTBeHHO, ecau dynkuus c(p, @, 0; u) npuHEMAET BUJ:

c(pupnbi0) = { G = Sl 1165 H(6,0) =l 0,001 6.0,

Torga MHOrOOOpaA3MsT pemeHnit NCXOAHON CUCTEMBI, TI0 aHAJOTHH 1.1, B 00-
nactax DT zamuceiBaiores apubiMu opmymamu ut (p, ¢, 0), HepepbIBHbIME
PYHKITASIMHA.
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ITPOCTPAHCTBA COBOJIEBA B KJIACCAX
ITOTEHIINAJIbBHBIX 1 BUXPEBbBIX I1IOJIEN
P.C. Caxkc
romen-saks@yandez.ru

VIIK 517.984.50

Nzyuarorcs anasaoru mpocrpancts Cob0JeBa B KIACCAX MOTEHIINAIBHBIX
W BUXPEBBIX TOJIEl, ONpeieaseMbIX OlepaTOpaMu T'PAJNEHT IUBEPTreH-
uuu u porop B A u B, - nogupocrpancrsax La(G).

Karwuesvie ca06a: oneparopbl I'PaIMEHT JMBEPIEHIMU M POTOP B II0JI-
npocrpancTBax A u B, KIacChl MOTEHIUAJBHLIX ¥ BUXPEBBIX IIOJIEH,
mikaJjia npocrpancts CoboseBa.

Sobolev spaces in the classes of potential and vortex fields

We study analogues of Sobolev spaces in the classes of potential and
vortex fields defined by the operators gradient of divergence and curl in
mathcal A and mathcal B, - subspaces mathbf Lo (G).

Keywords: operators gradient divergence and curl in subspaces mathcal A
and mathcalB, classes of potential and vortex fields, the scale of
Sobolev spaces

ITpocrpanctio Jlebera La(G) (Tpex KOMIOHEHTHBIX 1IOJIEl B OrpaHuYeH-
noit o6iacti G B R3) pasmaraerca ma oproroHagbHBIE TOAIpOCTpaHCTBA A
u B. Hazosem mx wmaccamu. B wmacce A HaxoasTcs cOOCTBEHHBIE TTOJIST
q;(x) omeparopa Vdiv, 3 KOTOPBIX COCTaBJISEM OPTOHOPMUPOBAHHbII 6a3mC
B A,. Ilpoexmmsa nong f € Lo nva A, npencrasnsgerca B Buge paga Oypse:
fao = lim, oo (fi) = Zjo.il(f,qj)qj (x). Oneparop

[e.e]

Nafa = hm Vdiv (fy ) = Zl/f (f,q;)q

¢ obmacreio onpenenenns A2(G) = {fa € A, : Nyfa € A} asnsercs
COMOCOIPSKEHHLIM paciupenneM omneparopa Vdivv B A. okazamo, 94To
fa € A2 ecyin £ € H? 1 uro N uMeer euHCTBEHHEI 0OPATHBIN OIEPATOP:
Nd_lfA =V (f,q;)q;, u3 A, B A2 Onepamop/\/d_l - KOMNAKMEH.
BBoggrca npocrparcTBa

A = {£E Ay (Vi) FE A} K21,

A,zyk C H? u aergerca npoexnuavu H? na A. Ouu 06pasyior jesyio qacTu
mka/jabl CoboJieBa B KJIACCE NOMEHUUAABHBLL noseti. ITOOBI COCTABUTH BCHO
MMKAJTY, TPUBJIEYEM TPOCTPAHCTBA A’zk(G) = (A%k)* W OTMETUM BJIOYKEHUS:

ACc..CA2CACA?C..CcA™™

Cakc Poman CemenoBuu, crapuuii Haydsbiii corpyauauk, Uuacturyr Maremaruku c

BII YOUII PAH (Vda, Poccus);
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Dra uenb umeer cummerpuio. OrobpazkeHust Ngk : A?/k — A‘zk, JLIsE
mo6oro k > 1, obparmmsr: Ny 2% A72F AZFy {u,ulyy = (N u, Nfu) =
NPV NTEY) = {v, v} o

Kiacc B cocTouT u3 JBYX OpTOrOHAIBHBIX mojmpocrpamcts VO u By.

[oaknace VO BUXpeBBbIX MOl IMeeT OPTOHOPMUPOBAHHLIN Ga3nc 13
COOCTBEHHBIX [MOJIei qf(x) pOTOpa ¢ HEHYJIEBBIMU COOCTBEHHBIMU 3HAYEHU-
aMu +\j, a KOHEIHOMEPHOE IPOCTPAHCTBO By COCTOUT 13 Oe3BMXPEBBIX
COJIEHOUJAJIBHBLIX ITOJIE.

[Ipoexnns monst f € Lo HaV? MIPEJICTABISIETCS B BUJIE CXOATIETOCS PATa
Oypre Py f =ty =

n—oo

[o.¢]
lim (£) = Y [(f, o ) + (£, a7 )q; ],
7j=1
a oneparopst S u S~ -npeobpazosanusimu vrux psos: Sty = lim,_, oo rot (£) =

ZA (f,q])al — (f,q;)a;],

Beoagarca mpocTtpancTBa,
={feV’ . (rot)"fc V', m>1.

W™ C H™ u asisorcs npoeknusavu H™ na V0. Onn o6pasyior J1esyio
vacty 1mkaabl CobojieBa B KaacCe BULPEEHE noaeti. ITodbl COCTABUTH BCIO
KAy, TpuB/edeM npocrpancrsa W = (W{)* u oTMeTHM BIOKEHHU:

W'c..cWcVlcewlc...cw™

DTa mens TaKKe MMeeT CHMMeTpPHio: omobpascenus S @ W™ — W™,
dna amobozom > 1, obpamumwi: S~ : W™ — W™ y {u, u},, = (S™u, S"u) =
(S™™v, ST v) ={v,Vv}_p.

Tounee, mokazaHo, 9T0 npu 3adanmom v € B/By u m > 1 ypasuenue
rot?™ u = v paspewumo 6 npocmpancmee W™ mozda u moavko mozda, xo-
2da v € W™, Eeo pewenue 3adaemcsa padom: u = S™2Mv
B xaacce cmeocrocmu B(G) /By noae u = S~3Mv onpedeasemca 00nosnan-
HO.

[Mpsivbie cymmvbr C(2k, m) = A?/’“ @ W™ 006paszyioT mapbl B CETU BEKTOD-
HbIX nojgnpocTpancts B Lo(G). JTokazauno, uro npu A # Sp(rot) onepamop
rot-+ A I omobpasicaem napy C(2k, m+1) na C(2k, m) 63aummno 00no03Ha4Ho
u nenpepvieho; a npu A # Sp(Vdiv) onepamop Vdiv+ X I omobpascaem na-
py C(2(k+1),m) na C(2k,m), coomsemcmsenno. Pabora ecTb 1poso/zKenne
uccuegoBanuii asropa [?]-[?], [?]
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ITPEJICTABJIEHUE PEINTEHN A CNCTEMBI YPABHEHU
B YACTHHIX ITPOU3BOJAHBIX
E.B. Cuaosa, O.T. lNaiinamak, O.I'. Kopobuunckas, B.A. JIynmeHko
lutsenko_v_i@mail.ru

VIIK 517.53, 517.98

PaccMOTpPEM IPOCTPAHCTBO PEIICHHH CUCTEMBI YPABHEHHI B 9aCTHBIX
UPOU3BOMHBIX, U, — v, = 0, u, + v, = 0, B eIMHAIHOM KpyTe, Ije
f(z,y) = u(x,y)+iv(x,y) ya0BIETBOPHAET CIEAYIONMM OIPDAHUYCHUSIM:

+1 1 27 .
- /0/0 (1=p%)" | (pe’)|" pdpd,

0 <oo,p>0,a>-—1.

Kaouesnie caoea: perienne, ypaBHeHUE B YaCTHBIX MPOU3BOTHBIX

Partial differential system solution representation

Consider the space of solutions of a system of partial differential equa-
tions, u, — vy =0, uy + v, = 0, in the unit circle, where

+ 1 1 27 o .
= / / (1= p»)"|f (pe®)|” pdpd
™ 0o Jo

0 <oo,p>0,a>-—1.

Keywords: solution, partial differential equation

B pa6ore (1) maiijeno npejcraBienne peniennii B Buje:

1 [l g2 o 10
1(z) = ozjr- /0 /0 (1-p?) 5 fz(pl;eie))o‘” pdpdh < o .

B craree (2) pesysbrar 0600IIHIM HA TIPOCTPAHCTBO C YCJIOBUEM

/01 /O%w(l - p) ‘f (pei9> ’p,od,odG < 00,

re BecoBad (PYHKIUS STBJIAETCA MEICHHO MeHdIomeica My HKIel.
B nammoit nybaukaimu yaaaock CyIMecTBEHHO CHU3UTH OTPDAHUYEHUS Ha
MOJIOKUTETBbHBIN BeC. A, NMeHHO,

/Olw(t)dt < 0.

Cunosa Enena Bukroposra, k.d.-Mm.H., monent, BamI'V (Yda, Poccusn); Silova Elena
Viktorovna(Bashkir State University, Ufa, Russia)

laiimamax Ousbra ['puropbesna, K.d.-m.1., goment, BamI'Y (Yda, Poccusa); Gaidamak
Olga Grigorievna (Bashkir State University, Ufa, Russia)

Kopo6uunckaa Onbra [ennaapesna, k.d.-m.H., gouent, BamIl'yY (Yda, Poccus); Olga
Gennadevna Korobchinskaya (Bashkir State University, Ufa, Russia)

Jlynenko Bragmvmp Usanosud, k.d.-m.H., gonent, Baml'yY (YVda, Poccua); Lutsenko
Vladimir Ivanovich (Bashkir State University, Ufa, Russia)
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Ecan pemenne npunaiiexur npoCcTPaHCTBY, CO CIAELYIONUM OrPDaHUYe-

/01 /O%w (p2) ‘f <pei0) ‘ppdpde < 00

TO pelleHne NMeeT BUJ

f(z) = /01 /OZWw (p2) w <zpe*i9> f (pew) pdpdd

HUEM

rae
(o]

Sk
W(z) 1 Z 2z

o (Lwtythdt
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HEJIOKAJIBHASI 3BAJAYA CO CBOBOJHON I'PAHUNEN
AJI KBABUJINHEVHOT'O YPABHEHUSI TU®®Y3UN C
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VIIK 517.956.45

B nacrosimeit pabore paccMarpuBaeTcs HEJTOKAJIbHAS 33/1a9a CO CBOOOI-
HO# Tpanureit Tuna @ropuHa 11 KBa3UINHENHOTO ypaBHeHus quddy-
30U C YIETOM HEJIMHEHHO! KOHBEKIMHU. YCTAHABJIUBAIOTCS AIPUOPHBIE
onenku [Ilaynepckoro tumna. N3ydaercs moBemenne cBOOOIHON IPAHUIIBI
¥ JOKA3bIBAETCS CYIIECTBOBAHUE W €IUHCTBEHHOCTU DEIIeHUs.

Karwuesve caosa: 3amada @Pnopuna, HewHeHAS KOHBEKINS, YpaBHE-
uus auddys3un, anpuopubie onenku [llaymreposckoro Turma.

Nonlocal problem with a free boundary for a quasilinear
diffusion equation taking into account nonlinear convection

In this paper, we consider a nonlocal problem with a free boundary of
the Florin type for a quasilinear diffusion equation taking into account
nonlinear convection. A priori estimates of the Schauder type are estab-
lished. The behavior of the free boundary is studied and the existence
and uniqueness of the solution is proved.

Keywords: Florin problem, nonlinear convection, diffusion equations, a
priori estimates of the Schauder type.

Typaes Pacyn Hoproxwueswd, k.d.-M.H., moreHT, YupunkCcKuil rocygapCTBEHHBIN
negarorudeckuiit uacruryr (Tamkent, Ys6ekucran); Rasul Turaev (Chirchikskiy GPI,
Tashkent, Uzbekistan)
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[Tociennue roapl B COBpEMEHHON HayKe 3aja4u €O CBOOOIHON rpaHureil
MIAPOKO TIPUMEHSTIOTCST TP MCCAETOBAHUN PA3JUIHBIX PobeM O6mo/I0THH,
9KOJIOTUY, MEJIUITUHBI U Ap. HampuMep, sBISIOTCS MATeMaTHIECKUMU MOJIe-
JgMU OHJIalH cetH [1], MaremMaTnueckuMu Mogessivu 6rosioruu [2], sKosornu
[3], MenuKo-6MOTOTHIECKON MO 3a KUBJIEHNS paH [4], a TakKe MaTeMa-
THYECKUMU MOJIEJISIMU HEKOTOPBIX A dy3noHHbIX mporeccos [5].

B nacrosieit pabore nzydaercst HeJIOKaIbHasl 3a1a9a o CBOOOIHOI rpa-
uureit Tuna PropuHa JTd KBA3WJIMHEHHOTO MapaboIuIecKOr0 YPaBHEHUS C
y4eToM HeJIUHEeHHON KOHBEKIIUH.

Ilocranoska 3ajauu. Tpebyerca naiitu Ha HEKOTOpPOM oTpe3ke 0 < t <
T uenpepsiBro quddepennupyemyto GyHKIuio s(t), Takyto, 910 s(0) = so >
0,0 < $(t) < N, s(t)—ynosnersopsier ycnosuto Lesbuepa, a dynkuns u(t, )
B obmactu D = {(t,2) : 0 <t <T,0 <z < s(t)} yaosiersopsier ypaBHEHUIO

w(t, ) = a(t, z, ug ) uge (t, ) + bui(t,z), (t,x) € D, (1)

" CJAeJYIOINNM Ha4YaJIbHBIM U I'DAHUYHBIM YyCJIOBUAM

u(0,2) = p(x), 0<z<s, (2)
ug(t,0) =(t), 0<t<T, (3)
au(t,0) = u(t,s(t)), 0<t<T, (4)
ug(t,s(t)) =w(t), 0<t<T. (5)

rie s(t)-ceobonnas (Hem3BecTHas) TPaHMIA, KOTOPAsl OMPEIeIAeTCs BMecTe
¢ dyukimeit u(t,z). a(t,x,u,)-kosddbunuent auddysuu, b-kosddunment
KOHBEKTHBHOTO MOTOKA.

B omnomepHOM mpocTpaHcTBe ypasHenusa audpysum peakimn KOHBEK-
UM C HEJMHEHHBIM WJIEHOM MOXKET OBITh 3alHUCAHO B CJIELYIOMEM O0IeM
Buie [6]:

Ut = gy + (b(w))z + c(u).

B sroit hopmyaupoBke npescrasienbl Koaddumnment auddysun, b(u) - He-
nuHeitHag QYHKIMA KOHBEKTHBHOTO MOTOKA, b/ (1)- MOKET paccMaTpuBaThCs
KaK HeJIMHEHHAs CKOPOCTh, ¢(u)- 0603HAYAET UIeH DEAKIIHH.

Hemuneiinbie 3amaun quddyzum co cBOOOIHBIMYU IPAHUIHBIMA yCIOBHU -
M OOBIYHO UCTOJIB3YIOTCS IS OTMMCAHNS PACIIUPEHUsT U PACIPOCTPAHEHHUS
6I/IOJIOFI/ILI€CKI/IX BHUJIO0B NJIN XUMHUYICCKUX BCIIECTB, a CBO60,}_'LHaH I'paHuna uc-
HOJTB3YEeTCs JIJIsd IPEICTABICHNs [PAHUIIBI 9TOrO pacuiupenus [6].

NccnenoBanne npoBoanTCa o cieayonieit cxeme. CHavama yCTAHABIIA-
BAIOTCSl HEKOTOPBIE allPUOPHbBIE OIEHKH Jist perennii s(t), u(t,x) n ux mpo-
u3Bogubie B HOpM lenbiepa. UrTobbl omeHUTh Uy (t, ), a TakKe HUCCIET0-
BaTh XapakTep M IVIAJKOCTh cBOGOaHOIN rpanumpbl s(t), Mbl HepeiijgemM K 3a-
nade tuna Credana. Ilpomuddepentmposas ypasuenune (1) B D mo x, mis
Uz (t,2) = v(t, ) mosyunM CAEAYIONIYIO 33aTy

vi(t, ) = a(t, z,v)vee(t, x) + a (t, z,v) - v2(t, z)+
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+al,(t, x,v)v.(t, z) + 2bv(t, z) - v.(t, ), (t,z) € D,
v(0,2) = ¢'(x), 0<z < s,
o(t,0) = 1), 0<t<T,
v(t,s(t)) =w(t), 0<t<T,

w(t) - $(t) = aa(t,0,9(t))v,(t,0) + a¢2(t) —a(t,s(t),w(t))v(t, s(t))—
—bw?(t),0 <t < T. (10)

Jamee, Ha OCHOBE YCTAHOBJEHHLIX OIEHOK WMCCJENYETCS TTOBeJeHNE CBO-
00HO rPAHUIIBI B PACCMATPUBACMOM IIPOMEXKYTKE BPEMEHU, JT0KABBIBACTCS
eJINHCTBEHHOCTH PeIleHns MepBoHadYadbHoM 3ama4un. U B mTore, mOKa3biBa-
€TCsl CyILIeCTBOBAHME PElleHus 110J1y9eHHbIN 1 IepBOHAYAJIBHON 3aja4n 11pu
TOMOIIH MeToaoM HernoaBukHOM Touku [laymepa.
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467.2018.p.1233-1257.
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HEJIOKAJIBHAA 3AJTAYA QUJJ—IOPI/IHA JJIA
HATPYZ?KEHHOT'O KBASUJIMHENMHOI'O YPABHEHU A
ANODPY3INUN
P.H. Typaesn, K.H. Typaen
rasul.turaev@mail.ru, k_turaev@mail.ru

VIK 517.95

B nacrosmeit pabore m3ydaercs HeJTOKaIbHAs 33439a CO CBOOOMTHOM
rpanuneii Tuna PopuHa i HAPY2KEHHOIO KBA3UJIMHEHOIO ypaBHe-
wus auddys3un. YcraHoBjenb anpuopubie onenku [1layaepckoro tuma.
Ha ocHoBe ycTaHOBJIEHHBIX OIIEHOK WMCCJIEAYETCsl TOBEJIEHUE HEM3BECT-
HOH IpaHMIIbI B PACCMATPUBAEMOM IIPOMEXKYTKE BPEMEHH, JTOKA3bIBAET-
Csl eJMHCTBEHHOCTD PeIlleHUsl IIepBOHAaYa/bHOM 3amaun. VI B mrore mo-
Ka3bIBAETCH CyIECTBOBAHUE PELIEHUs [IOJIy4YEeHHON M IepBOHAYAJIbHON
3aJa9¥ TTPU TTOMOIIN MeToaa HenoasuxkuOi Toukn [laynepa.

Karoueswie caosa: Samaaa PropuHa, HAMPYKEHHOTO KBA3UJIUHEHHOTO
ypaBuenus nuddy3un,anpuopubie onenku [1laymepoBcKOro Tuia.

The nonlocal Florin problem for a loaded quasilinear
diffusion equation

In this paper, we study a nonlocal problem with a free boundary of
Florin type for a quasilinear parabolic equation taking into account
nonlinear convection. A priori estimates of the Schauder type are estab-
lished. Based on established estimates, the behavior of the free bound-
ary in the considered time interval, the uniqueness of the solution is
proved the original task. And in the end the existence is proved solv-
ing the obtained and original problem using the method Schauder fixed
point.

Keywords: Florin problem, loaded with quasilinear diffusion equations,
a priori estimates of Schauder type.

B macrosmmiee BpeMst B COBpeMeHHON HayKe KpPyTI PacCMaTPUBAEMBIX 3a-
a9 JJIsi HAPYKEHHBIX 11apabO/IMIeCKuX YPAaBHEHUN 3HAYUTEIHLHO PACIIN-
PUIIOCH. DTO O0'bSICHAETCS TEM, YTO MHOI'ME NPAKTUYECKU BaKHbIE 33134,
CBSIBAHHBIE C AMHAMUKOI TIOYBEHHON BJIATH, ¢ MpoTieccoM mudpy3un IacTuy
B TyPOY/IEHTHOI T1a3Me, C OXJIAXK JeHNeM HEeQTHOPOIHOTO W30THYTOTO CTEPIK-
H¢, MOJIeIMPOBAaHMEM IIPOIlecca U3JIyUYeHUd Jjla3epa, TPUBOJAT K JIOKAJbHBIM
¥ HEJIOKAJILHBIM KPAeBBIM ycioBuaM. Vccienopanuda mocienaux et ybemam-
TeJIBHO [TOKA3BIBAIOT, UTO B MATEMATHYECKOH 6MOIOMHN BeCbMa 9acTO BO3HU-
KaIOT KaK JIOKAJIbHblE KpPaeBble, TaK M HeJOKaJbHble Kpaeeble 3ajaun [1].
TpeboBannus COBpeMEHHON HAayKW M TEXHUKU HPUBOJAT K HEOOXOTUMOCTH

Typaes Pacyn Hoproxkwuesnd, k.d.-M.H., mouent, ucruryr maremarnku AH PV3
(TamkenT, VY3s6ekucran); Rasul Turaev (Institut matematiki AN RUz, Tashkent,
Uzbekistan)

Typaes Kaxpamon Hoproxkwumeswd, cr.openmomasarenb, Tepmesckuit [ocymapcrsen-
weiii yausepcutet (Tepmes, Yabekucran); Turaev Kaxramon (Termezskiy Gos.Universitet,
Uzbekistan)
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pacCMaTpuBaTh HEJIOKAJIBbHBIC 3a/ia9U JIJId HAI'PDY2KEHHBIX Hapa6OJ_[I/ILIeCKI/IX
ypaBHEHUN.

Bajatu co cBOOOMHON MpaHuTIeil /s HArPYKEeHHbIX TapaboInIecKuX ypas-
HeHWH paccMoTperbl B paborax [2,3]. Bazaquu co cBoboHOM TpaHuIeii ¢ HeI0-
KaJIbHBIMU IPAHUIHBIMA YCJIOBUSMM 19 HATPYYKEHHBIX KBA3UINHEHHBIX Ma-
paboIMaecKnX ypaBHEHUH MOYTH HE W3YIEHbI.

B nacrogmeit pabore n3yuaercs nesokaabHasg 3agada co ¢cBOOOIHOI rpa-
HUTeH [j19 HATPYKEHHOTO KBA3WINHEHHOTO NMapabondecKoro ypaBHeHU .

ITocranoBka 3amaum. TpeGyercs maiitu napy byt s(t), u(t, z),
TaKyl uTO HenpepwiBHO auddepennupyemas dbyaximsa s(t) onpeaenena ua
orpesge 0 < t < T,s(0) = so > 0,0 < 5(t) < N, a dyuknus u(t,z) B
obinacru D = {(t,x) : 0 <t <T,0 <z < s(t)} yaosiersopsier ypaBHeHue

u(t, x) — alug)ug, (t,2) = F(u(t,0)), (t,x) € D (1)

u CJIeAYIOMUIM Ha9aJbHBIM U I'DAaHHYIHBIM YC/JIOBHAM

u(0,z) = p(x), 0<z < s, (2)
ux(t,0) = f(t), 0<t<T, (3)
au(t,xg) = u(t,s(t)), 0<t<T, (4)
ug(t, () = (), 0<t<T, (5)

rae s(t)-cBoboras (Hem3BecTHAS) IPAHUIA, KOTOPAs ONPEE/IseTCs BMECTE
¢ byuaknusam u(t, x). a(uy)-koaddunuent nuddysumn.

Kosddbunment nuddysun a(uy) sBasitommiics oauoi u3 naubosee Bax-
HBIX BEJIMYWH, OMPEIAEISIONINX CKOPOCTH AuchDy3un, 3aBUCAT OT TPUPOIBI
DACTBOPHUTENST U PACTBOPEHHOTO BEIECTBA, OT CTPYKTYPHBIX (HarTopos [4].

OTHOCUTENIHLHO JAHHBIX 33Ja4 B padoTe NnpeanoaraeM, 4To JJId 3aaH-
HBIX (PYHKIMI BLIOJHEHBI CJIEIYIONNE OCHOBHBIE YCIOBUS:

1. Oyskrmn a(ug) u a, (ug) ONpeseTeHsl U HEIPEPBIBHBL s JTO60r0
3HAYEHNs apryMEHTa U OrPaHUYeHbl Ha JHO00M 3aMKHYTOM MHOMKECTBE ap-
rymenTa, npuaem a(ug) > ag > 0.

2. IlocTostHuble Sg, ¢ YAOBJIETBOPSIOT HEPABEHCTBAM

5(0) =59 > 0,0 < g < 0.

3. @(x) rprxapr, ¥(t) n f(t) opna pa3 HenpepwiBHO anddbepeHnnpyemble
dbyuxmn, " (), (t), f'(t)-yrnosnersopsiior yeaosuo Lembaepa.

4. BBIOTHEHB! YCIOBHS COTJIACOBAHUS B YIJIOBBIX TOYKaxX (B T.4. B pac-
CMaTPUBAEMbIX BCIIOMOraTeIbHBIX 33 1a49ax ). B wacraocru ¢’ (0) = £(0), ¢'(s0) =
0,¢'(s0) = ¥(0), avp(z0) = ¥(50)-

Hcenemopanne npopoauTes nmo caemytomeii cxeme. CHagana 3a1ada CBO-
gurcd tuna 3agada Credana U JOKA3BIBAETCH UX 3KBUBAJIEHTHOCTH. YCTa-
HaBJIHBAIOTCs AIIPUOPHBIE OIIEHKY CBOOOIHON IpAaHHUIE U PEIeHnit 1 UX IPO-
u3BoaHBIX B HOPM [enbaepa. Jlasee, Ha OCHOBE yCTAHOBJIEHHBIX OIEHOK WC-
CJIEJTYeTCH TIOBeIeHne CBOGOTHOM TPAHNIILI B PACCMATPUBAEMOM TPOMEKYTKE

117



BpeMeHU, JOKA3bIBACTCA CANHCTBCHHOCTU PDCIICHUA HepBOHaqaﬂbHOﬁ 3ada4u.
A TaKXKe, JOKA3bIBACTCA CymeCTBOBaHI/Ie pernenmnda HOJIyquHbIﬁ n TIepBOHa-
YaJIbHOU 3a/1a4U.
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INEHTPAJIBHOE MHOTOOBPA3SUE B MATEMATUYECKON
MOJAEJIb PEAKIINUN BEJIOYCOBA-2KABOTUHCKOTI O
M.®. Pas3apITAUHOB
fazlitdin_marat@mail.ru

VIIK 517.93

B pabore paccmarpuBaeTcs crieHApuil BOSHUKHOBEHHS MAJIOAMILIATY/I-

HBIX KOJIEDATETbHBIX PEITeHnil B MoIesin peakiuu bemoycoBa-2KaboruHckoro,
Ha3bIBaeMOI operoHatop. lIpnMensercda cxema MOCTPOEHUS TEHTPATH-
HOT'O MHOT000pPa3nsi, KOTOPasi COAEPKUT BOSHUKAIOIINE KOmebaTe TbHbIE
pemenud B OKPECTHOCTH TOYKHU PAaBHOBECHMA.

Karoueswie caosa: peakius Besoycoa-2Kaborunckoro, Operonarop, Jisi-
MYHOBCKWE BEJIMYWHBI, YCTONYUBOCTD, TMEPUOIUIECKUE DEIIeHNUsl, IIeH-
TpaJbHOE MHOro0Opas3ue

Central manifold in the mathematical model of the
Belousov-Zhabotinsky reaction

The paper considers the case of the low-amplitude vibrational solu-
tions appearance in the Belousov-Zhabotinsky reaction model, called
the oregonator. The scheme for constructing the central manifold is
applied, in which contains the vibrational solutions that arise in the
vicinity of the equilibrium point.

Keywords: BZ-reaction, Oregonator, Lyapunov quantity, stability, peri-
odic solutions, central manifold

DazneitauaoB Mapar @moposnd, 'aznpomuedrs HTIL (Camkr-IleTepGypr, Poccus);
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Maremaruueckast mozesib peaknuu bemoycosa-2Kadorunckoro B 6e3pas-
Mepuoit popme mpegmoxennas Punmom n Hoitecom nmeer caemyrommii BuI

[1]:

v =s(y —xy +x — qx?)
v = i((—y—)merfZ) : (1)

e x ~ [HBrOs], y ~ [Br7], z ~ [M®D*]. A mapawerps s = 77,27,
¢q=28,375-10"% w=0.161,0 < f < 2.

ITpu mr06omM f > 0 eIUHCTBEHHBIM CTAITMOHAPHBIM PEIEHUEM B TOJIOKU-
TEJbHOM OKTAHE IPOCTPAHCTB X, Y, 2 sBJISETCS TOUKA

zo=01—f—q+/(1—F—q?+4q(f +1))/2q
yo = fzo/(1 + x0) )
Z0 — X0

Bamumiem marpuily Jrobu cucremsr (2) B ToOUKe paBHOBecHs (X, Yo, 20)

s(1 —2qx0 —yo) s(1—xo) 0
Ag = —Yo/s —(1+m0)/s f/s
w 0 —w

[Ipw snavennn mapamerpa fo = 1.52672725 matpura Axobu Ay nveer
cobcTeennble 3HaUeHHEe A\ ~ —20.5908 m A2 3 ~ £i0.1406. Touxa pasnoBe-
cug (o, Yo, z0) cucremsl (1) sBisercs Hernnepbosmaeckoii. IIpu mpoxoxte-
Hum napamerpa f uepes fg peanusyercs ciienapuii Oudypranun AHJAPOHOBA-
Xonda. B pabore npumeHsieTcs cxeMa [OCTPOEHUS EHTPATBEHOTO MHOr000-
pasus B cuenapun dudyprarmmu AuajiporoBa-Xotda, KoTopas Oblia Ipeio-
»KeHa B pabore [2].
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CUMMETPUMHBIN AHAJIN3 CUCTEMBbI YPABHEHUM
BAEPA — HAH3UATO
H.B. ®unun
nikolay _filin@inboz.ru

VIIK 517.95

N3yuena rpynmoBas CTpYKTypa cucTeMbl ypaBHeHuit Baepa — Han3ma-
10. C TTOMOIIHI0 CHUMMETPHU CHCTEMBI, 00PA3YIOIINX €€ IJIABHYIO aJIredpy
JIu, Hali/IeHbl PelleHns 1 OJMO/IE/IN CHCTEMbI B OOIIIEM CIIydae, a TaKXKe
[IPY 33/IAHHBIX JIABJIEHUSX.

Karouesnie caosa: nByxdasznas cpeja, rpylinoBOi aHAIN3, [IOIMOIEIb,
WHBAPUAHTHOE PEITeHre

Symmetric analysis of the Baer — Nunziato system of
equations
The group structure of the Baer — Nunziato system of equations is

studied. Using the symmetries of the system forming its principal Lie
algebra, solutions and submodels of the system are found in the general
case, as well as for given pressures.

Keywords: two-phase medium, group analysis, submodel, invariant so-
lution

Jlamnag pabora mocsamiena cucrteMe ypasuenuit baepa — Hamzuaro

0 0
Opr  O(prun)

ot or O

dp2 | O(paus2) _

o w0

d(pru1) N d (pui +miP1) P Om1  mipa(u — ug)
ot or oz T ’

Opauz) O (p2us +maPa) Omy  mapa(ur — us)
ot + Oor =h oz + T ’

0 0

% + ’U/Q% = —aﬂ’L1m2(P1 — Pg),

KOTOPAast OMUCHIBACT AMHAMUKY By xhazuoi cpensl. B mpenmoiomoxennn Ko-
HEYHOCTH OOBbEMHON KOHIIEHTPAIIMY JUCKPETHBIX YaCTHUIl U OTCYTCTBUSA TEM-

neparypubiX 3HGEeKTOB JaHHAS CUCTEMA COCTOUT U3 YPABHEHUI COXPAHEHUS
8m1 mlpz(ul — UQ)

MacChl ¥ UMIOY/IbCa Kaxk10it u3 pas. Ilpasas gacts Py
-
OTBEYAET 33 CUJIY BA3KOIO TpeHus Mex 1y dazamu. Kpome Toro p; = m;pi; —

CpeiHsds IIOTHOCTH -t pasbl, M;, Py, Wi, 5 — 0bbeMHAs KOHIIEHTPAISI,
HCTHHHAL [JIOTHOCTD, CKOPOCTh, JaBJeHNe -1 (ha3bl.

Oummr Hukonaii Brammvmposma, Yeal'V (Yenabunrck, Poccms); Nikolay V. Filin
(Chelyabinsk State University, Chelyabinsk, Russia)
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Teopema 1. Anzebpa Jlu epynn npeobpasosarutl IK6UCAAEHMHOCTNUY ClU-
cmemnt ypasnenuti bBaepa — Hansuamo nopootcdaemes onepamopamu

0 0 0 0 0 0 0

— Yy=—, Ya=t—+4 —
ot 2= 3o 3 + +

Y= 9z Tou Tav 1T ap oo

Teopema 2. fdpo ocnosunz anszebp Jlu cucmemor ypasnenui Baepa —
Hansuamo nopooicdaemes onepamopamu

0 0 0 0 0
X1=5, Xo=- Xg=t -+ —+ .
Y S 3 or Ou Ov
B wacTHoCTH, paccMOTpen caydall ¢ mgaBieHusMu P; = rlr)’Tll -1, P =
a1 (1 £ = 7"), KOTOpBIE WCIOJIL3yIoTCsi B Tipusioxkenusx [1]. K npuwmepy,

TOJTYIEHO pelTienne JIist oreparopa Xo mpu a7 # 1

po #0, oo #0,

f;_lw(mef1+bm1(t)(1+gg)dt/m(t)ef1+bm1(t)(1+g))dtdt+c;7
Po

Uy (ta 1‘) = ;
w(tz) = %+ bcle—f%+bm1(t)(1+;—g)dt Me—f%+bm1(t)(1+g—g)dtdt
) t t )

po®1(t) — oV (t)
CLCL10‘0€2\I/2(25) + alo'()(I)Q(t) + po@l(t) — 62\111(25)’

ma (t) =

rae
®1(t) = ¢ (aar00,1+ a(ar00 + po), a(l — ra1)t),

a @ u ¢ 310 Qpyukiun Kymmepa.

JIuteparypa
1. 2Kuaun A.A., @Pedopos B.E. Pacupocrpanenue yaapHbIX BOJIH B AByX(a3HOH
CMECHU C PA3JIMYHBbIMU JaBjieHusMu KomuonenTos // Ilpukia. Maremaruka u TexH.
dwusuka, 40:1, 57-63.
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OBOBIMIEHHAA 3A/TAYA KOIIIN J1J141
MATPUYHO-CBEPTOYHOTI'O OIIEPATOPA
B.H. ®uannmnos
viktory.filippov@yandex.rTu

VIIK 517.55

Acumnroruka pereHuit MHOPOMEDHBIX yYPABHEHWH CBEPTKH, ACHMIITO-
THKA MACCUBHBIX ONEPATOPOB U UX (PyHIAMEHTATHHBIX DEIICHUN U3y da-
Jtack B paborax B.C.Buragumuposa, FO.H.Ipoxxkunosa, B.11.3asbsuiosa.

Pabora mocssitiiena BOMPOCY CYIIECTBOBAHUS W €IWHCTBEHHOCTH PETIe-
Hus 331a49u Komm 1y MaTpuvHO-CBEPTOYHOTO OMEPATOPA.

Kanrouesvie carosa: obobmennas (pyHKIEsS, OIEpPaTop CBEPTKHU, 339
Kommu, dynmamenTanipHOe pereHne

Generalized task Cauchy for matrix-convolute operator

Asymptoty of decisions of multmeasure equations of convolution, asymp-
toty of passive operators and theis fundamental decisions studied by
V.S. Vladimirov, Y.N.Drozhzhinov, V.I.Zavialov.

This article is devoted to the problem of existence and unique of decision
of Cauchy problem for matrix-convolute operator.

Keywords: generalized function, operator of convolution, Cauchy prob-
lem, fundamental decision

Paccmorpum cucremy
Zxq=F, (1)
rne Z = (zkj), k= 1,N,j = 1N, z; € D (R"), q = (q1,.nqn), [ =
(flﬁ"'fN)a leglakzlaNa fjeg,aj:LN-

IMycre ' - 3amMkHYTHIIH oCcTPBIH TeaecHbI KOHYC B R™ ¢ Bepmuuoit B O.

Matrpuna Z oupejenser MacCUBHBIN OTHOCUTE/IbHO KOHyca [’ oneparop, eciu
A1t J060#t BeKTop-pyHKnun ¢ = (@1,...,on), ¢ € D, j = 1, N, BbIIOIHEHO
HEPABEHCTBO

Re/<Z*<p,<p>d§20. (2)
-T

Obosnaunm [ xonyc, compaxennstit K kouycy ', u C' = intI™*.
O6obmennoit 3agauetit Komm jjist MacCUBHOTO OTHOCUTEIBRHO KOHYyca I

oneparopa Z Ha3bIBAeTCS 3aJa9a 0 HaXOXKIEHUH peIneHns q u3 D’ (SiJr) cu-

cremsr (1) gna f; € ©'(S4), =1, N.

ITaccuBHLIT OTHOCTUTENBHO OCTPOTO KOHYyCa I’ omepaTop Z Ha3bIBaeTC HEBHI-

POXKOACHHBIM, €CJIN

detZ(z) #0, z € T, (3)

Ounurmmos  Bukrtopmit  Hukomaeswt, k.d.-m.m., goment, HHIY  unmenn
H.U.JIo6auesckoro (Hwmxuuit Hosropom, Poccums); Filippov Victoriy (Lobachevsky
State University of Nizhni Novgorod, Russia)
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rue Z(z) - npeobpaszosanue Jlamnaca marpunpl Z.
B [1] nokazana caenyrormas
Teopema. Ecau Z - naccusnviti omuocumesvro xouyca I neswvipoorcdermvii

onepamop, mo pewernue 0bobuennoli 3adavu Kowu cywecmeyem oas 0601t
f= (- In), fi € ©(S1), 5 = 1,N, eduncmeenno u ewpascaemca
Ppopmysof

q=Axf, (4)
2de A - Ppyndamenmanvroe pewenue onepamopa Z, Sy - 064aCMb, ACHCAULOA
nad C-nodobrnoti nosepxrnocmvio S. Hpu amom, ecau S - cmpozo C-nodobras
noseprrocmy u f; € S’ (ﬁ), mo pewenue 0606wennot sadavu Kowu cy-
wecmeyem u eduncmeenno 6 xaacce .’ (ﬁ)

Jokazana cupaBe/[JIMBOCTH aHAJOTHIHOTO YTBEPIK/IEHUS B CIyTae, KOTIa
Z ectb N x K - marpuna (N > K).
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OBOBIIEHHOE PEIIIEHUNE HAYAJIbHO-KPAEBOM
SAJAYN OJI14d HEKOTOPOT'O KJIACCA
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st HekoToporo Kiaacca pyHKIHOHATbHO-Iu(M (P EePEHITHATHHBIX yPaBHE-
HUU [IOCTABJIEHA HAYAJbHO-KPAEBas 33,1249 C HAYAJIbHBIMU U BTOPHIMU
KPaeBbIMU yCJIOBUsiMU. JIJ1s 9TOTO KJIacCca ypaBHEHUI 1aeTcs Ompeene-
HU€e ODODIIEHHOTO PEITeHrs, HE MPOTUBOPEYAIEe AHAJOTUIHBIM OIpPe-
JeJeHusaM I TMoM00HBIX 3amad. Jlokas3aHo, 9To ee 00OOIEHHHOE pe-
IIIeHNEe CBA3AHO ¢ 0OOOIEHHBIM PEIeHneM JTUHEHHONH BTOPOit HAYaIbHO-
KpaeBoii 3a/1a4u runepboumygeckoro tuna. Ilpeoxen anasor suepreru-
YeCcKOro HEPABEHCTBA IS BCTIOMOTaTe hHOM JanHeiinoi 3amadyn. Ha ero
OCHOBE [I€JTAETCS BBIBOJ €IMHCTBEHHOCTH TIOJIYYEHHOTO PEIeHUsT UCXO/I-
HOI 3aJa4u.

Kaouesnie crosa: GyHKIIMOHATLHO-AMp depeHnaIbHoe ypaBHEeHNe, BTO-
pasi HAYaJbHO-KPaeBasi 3a/1a49a, IUIepOOInIecKOe YPABHEHHE, TeopeMa,
CYIIECTBOBAHUS M €JUHCTBEHHOCTH

Oununmos  Bukropmit  Hukomaeswd, k.d.-m.u., moment, HHI'Y  wnmenn
H.U.JTo6aguesckoro (Hwmwxmmit Hosropon, Poccms); Viktory Filippov (Lobachevsky
State University of Nizhni Novgorod, Russia)

Sramos Asbbepr Vcmammosnd, K.d.-M.H., mouent, HHI'Y nmenn H.M.JIo6aueBckoro
(Huxuuit Hosropoxn, Poccus); Albert Egamov (Lobachevsky State University of Nizhni
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Generalized solution of an initial-boundary value problem for
a class of functional differential equations

For a certain class of functional differential equations, an initial-boundary
value problem with initial and second boundary conditions is set. For
this class of equations, we define a generalized solution that does not
contradict similar definitions for similar problems. It is proved that its
generalized solution is related to the generalized solution of a linear sec-
ond initial-boundary value problem of hyperbolic type. An analog of
the energy inequality for the auxiliary linear problem is proposed. It is
based on the conclusion about the uniqueness of the obtained solution
of the original problem.

Keywords: functional differential equation, second initial boundary value
problem, hyperbolic equation, existence and uniqueness theorem

B pa6orax [1], [2] paccmoTpen BOIPOC 0 KIACCHYECKOM PELICHUH /s JaH-
HOTO KJIACCa (PyHKIMOHAILHO- T hepeHIralbHbIX YPABHEHUI ¢ HadaIbHbI-
MU U KPaeBbIMU ycaoBusMu. [lepexom Kk 0600MeHHOMY PEITeHn0 JIIs 0100~
HBIX YPABHEHMI II03BOJIET MEpeiiTH K 3aa9aM TEOPUU YIPABJICHHs, OIITH-
MaJIbHOTO YIPABJIEHUSI, CBA3AHHBIX ¢ HUMHU, B KOTOPBIX, KaK MIPABUJIO, YCJIO0-
BUA Ha pelleHue 3aa49u JT0JKHBI ObITH caabee Kraccuueckux. Bosee gerkoe
IpeCTaBAeHAe O MOHATHU W CBOHCTBAX OOOOIIEHHBIX PEIIEHUI pa3ImIHBIX
OIepaTOPHBIX ypaBHeHnii nMeercsi B padore [3].

PaccMmarprBaercs HadaIbHO-KpaeBad 3a7ada 115 pyHKITOHATILHO-TU]-
dbepennmanbroro ypaprenus: na muoxkecrse QQ = (0,1) x [0, 7] ¢ rpanuneit
¥, maittn dynxmmio y(z,t) € Wi (Q), — pentenne ypasHeHHUs:

yi(x,t) = ayll,(x,t) + bz, )y(z,t) + B(t)y (. t) — Rlyly(z,t) (1)

C KPpa€BbIMU 1 HaYaJIbHBIMK YCJIOBUAMUA

Y (0,1) = 9/,(1,t) = 0, y(,0) = p(z), yi(z,0) =(z). (2)

Hauamsmbie dbynxman o(z) € Wi (0,1), ¥(x) € Lo(0,1), bynxmun b(z,t) €
Ly(Q), B(t) € L2(0,T). R[y] — mHTErpaybHbLi OIepaTop Buia

l
Rly) = / Fly(a,1)) dz,
0

rie dbyakmus y(z,t) € WH(Q), F — bynkuusa wenpepbisro mudbdepenmn-
pyeMasi OTHOCHTEIBHO CBOETO apryMEHTa, Takas, 9T0 marerpan Jlebera cy-
mecTByer s moboit y(x,t) € WH(Q) — aprymenta omepatopa R[y]. Bee
k03 punmenThI-napamMerpel, Bxojgamue B Kadectse dynxmmii B (1) u (2),
orpanuyenbl. VX CBOWCTBA OTHOCUTEJNHHO HEPABEHCTB (TO WJIM MHOE CpPaB-
HEHUe, OIPAHUYEHHOCTD, MOJIOKUTENBHOCTL U T. I.) TPAKTYIOTCA B CMBIC/IE
"mmouTn Beromy".
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Ananornuno [4] oy 06061eHHbIM perenuenm 3aaau (1), (2) 6yaem noHu-
math dymxmro y(z,t) — amement mpoctpanctsa Wi (Q), Kotoperit pm t = 0
pasen ¢(z) m ana moboit dbyskmm ®(x,t) € W)(Q), yaosmersopsiomei
ycaosuto ®(x, T) = 0, cipaBeyinBO TOXKIECTBO:

/Ol<p(x,0)¢(x>dx+/oT/ol @Q(x,t)yg(x,wdxdt—/OT/Olq»;(x,t)x

T
xaQy’x(x, t) dx dt + / / O (z,t)(b(z, t)y(z,t) + B(t)y;(z,t)) do dt—
o Jo

T rl
—/ / O(z,t)y(z, t)R[y] dx dt = 0.
0 0

JlokazaHna TeopeMa CyIIeCTBOBAHUS U €JMHCTBEHHOCTH OOOOIIMEHHOIO pele-
Hust 3azaau (1), (2). Tlokazana cBsa3b 91010 perneHust 1 0600IIEHHOIO pere-
HUSA JIMHEHHON BCIIOMOIaTeJbHON 3aJa4i, YTO JaJiee [O3BOJIAEeT BOCIIOJIb30-
BaThCS METOJAMU PEIIeHNH JUHEHHBIX 33/1a4, B YACTHOCTH, MeToI0M Dyphe.

HEKOTOPBHIE IMMTPUJIO2KEHUNU A OBOBITTEHHBIX
MHBAPMAHTHBIX MHOT'OOBPA3UI
N.T. Xabubysaanu, A.P. XakumoBa
habibullinismagil@gmail.com, aigul.khakimova@mail.ru

VIK 517.518

B macrosmeit pabore 06CyKIAIOTCS MPUIOKEHUs MTOHSTHsT 0O00IIEHHO-
0 WHBAPUAHTHOTO MHOrOOOpa3us B Teopun wHTErpupyemoctu. 00600-
[IEHHBIM WHBapUaHTHbIM MHOrooOpasuem (OMM) nuddepentpanbHOro
yPaBHEHHS B YaCTHBIX IIPOU3BONHBIX HA3BIBAETCS OOLIKHOBEHHOE Judd-
depeHIuaIbHOE yYpaBHEHHE COBMECTHOE C JIMHEAPU30BAHHBIM ypaBHE-
HHEM Ha JIIOOOM pEeIIeHnr PacCMarpuBaeMoro ypasHenus. Ilokazano,
9TO MOAXOAAIIM obpaszom momobpamnoe OVIM mo3BosisieT cTpOUTH Ta-
py Jlakca, oneparop peKypCuu U 4aCTHBIE PEIeHUsT IJIs 3aJaHHOIO WH-
TErpUPYEMOro ypPaBHEHHUS.

Karuesnie crosa: HennHeWHbIE WHTEIPUPYEMbIE YDABHEHUs, JTHHEAPH-
30BAHHOE ypaBHEHNE, NHBAPUAHTHOE MHOr00Opa3ue

Xabubymu WMemarmn Tamrarosud, a.¢.-m.u., mpodeccop, rua.c. OM®, HNuactu-
tytr marematukn ¢ BI YOUIT PAH (Yda, Poccus); Ismagil Habibullin (Institute of
Mathematics, Ufa Federal Research Centre, RAS, Ufa, Russia)

XakumoBa Aiiryss PuratoBra, nHxkenep-ucciaenosaresb OM®, THcTuTyT MaTeMaTu-
ku ¢ BI YOUIL PAH (Yda, Pocecna); Aigul Khakimova (Institute of Mathematics, Ufa
Federal Research Centre, RAS, Ufa, Russia)
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Some applications of generalized invariant manifolds

In this paper discusses applications of the notion of a generalized invari-
ant manifold in integrability theory. The generalized invariant manifold
(GIM) of a partial differential equation is an ordinary differential equa-
tion compatible with the linearized equation on any solution of the
considered equation. It is shown that an appropriately selected GIM
allows us to construct a Lax pair, a recursion operator, and particular
solutions for a given integrable equation.

Keywords: nonlinear integrable equations, linearized equation, invariant
manifold

PaccmoTpuyM nenmneiinoe ypaBHenne B YaCTHBIX TPOU3BOIHBIX BHUIA

du
u = fx,t,u, Uy, Ugg, - . ., UE),  Uj = pot (1)
Jluneapnsyem 5T0 ypaBHeHHE
of ~of of o of
(Y Y p, v+ D p2y Y pry 2
Ut <8u+8um +8um T +8uk | U (2)

Haiinem obwpikaOBeHHOE muddepenmaabHOe ypaBHeHNE BUIA
Um = F(J}, t7 U7 va U$$7 sy Um—l; U, Uz, Uggsy - - - 7“’71)7 (3)

coBMecTHOe ¢ (2), Ha MPOM3BOJLHOM pemtenun u = u(x,t) ypauenns (1).
[Tox coBmecTHOCTBIO ypaBHeHnit (2) u (3) MBI MOJpa3yMeBaeM CyIIEeCTBOBA-
ane byuknun U = U(z,t), yaosrersopsiomeii o6onm ypasHenusm. Kpowme
Toro Mbl Tpebyem, arobbl U = U(x,t) 6110 0BIIUM pelleHreM ypaBHEHUsT
(3).

Oupegnesienne. Ypasnenue (3) onpedeasem 0606usernoe un6aPUAGHMHOE
mnozo06pasue (OUM) dnn ypasnenus (1), ecau ycaosue

D7'Us = DiUnml 1y (2),3) = 0

BLINOARAECINCA MOdHCIeCBERHO 0aa 6cex 3nadenutli nepemennnx {uj} u U,
Ug, ..., Un—1.

Baech mepemennbe Uy, Uy M MX NPOU3BOJHBIE IO T 3aMEHSIOTCA B CH-
ny ypasuennit (1) u (2), a nepemennsie Uy, Upyt1,... — B CUILy DaBEHCTBA
(3). Ilockombky mepementbie x, t, U, Uy, Ugg, -, Un—1, 4, Uz, Ugg, -- -,
Up, Uptl, ---B YpaBHEHUHU (3) SIBISIOTCS HE3aBUCHMBIMHU, 33J1a9a OTHICKA-
anst byuxiyn F(z, t, U, Uy, ..., Up—1; U, Uy, . . ., Uy) SIBISIETCS TIEPEOTIPEJIE-
JIeHHOH 1 3 PEeKTUBHO pPeIaeTcs.

B mammx paborax (cM. [1]-[6]) mokazano, 4T0 06006IIEHHbIE HHBAPHAHT-
HbIE MHOT000pasus MOTYT OBITH IPUMEHEHBI [Jisi MOCTPOeHus map Jlakca,
OIIEpaTOpPOB PEKYPCUM U PENICHHUH HeJMHEHHBIX NHTErPUPYEMBIX Y PABHEHUIA.
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Kparkas annoranus. MeTox 00paTHOil CIEKTPAIBHON 33/1a91 TPUMEHSI-
eTcsd K MHTEIPUPOBAHUIO HATPy2KeHHOro ypaBuenus Kopresera-ne ®pu-
33 C UTOYHUKOM MHTEIPAJIbHOIO TUIIA B KJIACCE IIEPUOJMIecKuX (He 00si-
3aTEJIbHO KOHEYHO30HHBIX ) (DYHKIMIA.

Karwuesne caosa: Ypasuenue Kopresera-me ®@pusa, oneparop Xwuiia,
obpaTHas CreKTpaabHas 331a49a, GOPMYIbI CIEI0B, CACTEMA, Y PABHEHMIH
Jlyobposuma.

Integration of the loaded Korteweg-de Vries equation with an
integral type source

Short abstract. The method of the inverse spectral problem is applied
to the integration of the loaded Korteweg-de Vries equation with an
integral-type source in the class of periodic (not necessarily finite gap)
functions.

Keywords: Korteweg-de Vries equation, Hill’s operator, inverse spectral
problem, trace formulas, Dubrovin system of equation.
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B nacrosimeit pabore paccmarpuBaercs 3auadau Koum jiyis Harpy2KeHHOro
ypasuenusa Ka® ¢ CTOTHUKOM WHTETPAJIBLHOTO THUIIA

@ = a(t)q(0,t)[qeee — 6qg) + b(t)g(21,)gz+

+g£wmxw4mmeAaxww4mwaM &

Q(wvt)‘t:O = QO(x)a WS R7 t> Oa (2)

B KJIACCE T - MEPUOJINIECKUX 10 T (DYHKIIHIA
g(z +m,t) = q(x,t) € C3(t > 0)[|CL(t > 0)[\C(t > 0). (3)

B ypasuenne (1), koaddurmenter a(t),b(t) € C[0,00) n orpanndentse u
nefictuTesbable GYHKIHNT, & Tg, 21 € R. Kpome Toro S(A,t) € C([0,00) X
[0,00)) - 3asanHas JeficTBuTebHAS (PYHKINS, HMEIOIIAsi PABHOMEPHYO aCHUMII-
TOTHUKY

ﬁ@w:OéLA%m.

Yepes 1 = 11 (x, A\, t) 0603Ha"eHO pemenne Poke (HOPMUPOBAHHBIE YC/I0-
sueM 9+ (0, \,t) = 1) ypaBuenus Xwmiia

Lit)=—y" +q(z,t)y=N\y, z€ R, t >0, (4)

a s(x, A\, t) - pemenune ypapuernst (4), yJ0BIETBOPSIONIEE HAYATBHBIM yCI0-
suam s(0, A\, t) =0, §'(0,\,¢) = 1.

Llenpro HacToAmell paboThl ABIAETCA pa3paboTKa aJrOpHTMa IIOCTPOe-
nust pemenus q(x,t), Vi(z,\t), v € R, t > 0 3amauun (1)-(3) B pamxax
MeTo/1a 06PATHON CHEKTPAIBHON 3a1a4m 171t oneparopa Xusia (4).

OcHOBHOI pe3y/ibTaT HACTOSIIEN PADOTH COIEPKUTCS B CASAYIONIEH Teo-
peme.

O6ozmasmM gepes Ay, n > 0, £9(7),09(7) = £1, n > 1 cmekTpambHbIe
nanubie oneparopa L(1) = —y” + qo(z + 1)y, © € R.

Teopema. ITyemv q(x,t), Yi(x,\t), x € R, t > 0 pewenue 3ada-
wu (1)-(3). Tozda cnexmpasvnvie dannve \p(7,t), n > 0, &, (7),0,(7) =
+1, n > 1 onepamopa L(7,t) = —y" + q(x+7,t)y, € R, t > 0 ydosaemeso-
pAarom anaso2y cucmemst ypashenuti Jybposuna

An(T,t) = Ay n >0,

%L(;Z’t) = 2(=1)"on (7, t)hn(){a(t)q(wo, t)[29(T, )+

M&vﬁ}bwwno+/“MwaAﬁ

0 fn(Ta t) -A d)\}’ n=t (5)
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rae s(x, A\, t) pemenne ypasuenuss L(t) = Ay ¢ HAYaIBHBIM YCJIOBHUSIMU
s(0,\,t) = 0, §(0,\,t) = 1, a 3mak o,(7,t) = +1 mensterca wa npoTH-
BOITOJIOXKHBIN TIPU KAXKIOM CTOJKHOBEHUN TOYKHU &, (7,t) ¢ TpaHUIIAME CBO-
eit JIaKyHbI [A2n—1, A2y ). KpoMe TOro BBITOJHAIOTCS CeyIomye HadaabHbIe
YCJIOBUS

En(Tv t)|t:0 = 52(7—)7 Un(Tvt)|t:0 = 02(7—) = :l:1> n=>1 (6)

31ecn

hn(g) = \/<£n - )\Qn—1)<)\2n - fn) En(§)7

@)= |G- [[ Qoo @lus)

E/c - gn 2
P ( )
k#n
3ameduanue. Hcnoavsys Gopmyasy nepeozo cied
g(m,) = o+ Y (Aak—1 + Aok — 26(7, 1)) (8)
k=1

cucmemy Judepenyuarvnmr ypasrenud (8) moocem nepenucams 6 3aMKEHY-
moti popme

3&5:75) = 2(=1)"on(7, t)hn(§){alt) Ao + ;O‘Qk—1 + Ao — 28 (w0, 1))

‘[2)\04-2 Z()\Qk_l + Ao, —2§k(T, t))] —b(t)[)\0+2()\2k_1 + Ao, —2§k(a:1, t))]+

k=1 k=1
(9)

B\ t)s(m, A\ L, T)
—I—/O e (m ) — A dA\}, n>1.

CaeacrBue. dma meopema daem memod pewenus 3adawu (1)-(3). Tan
0

2M020 chavuasa Hatidem cnexmpasvrvie darmvie \n, n > 0, E9(7), 00 (1) =
+1, n > 1 onepamopa L(7). Obosnauum wepez \p, n >0, &, (7,1),0,(T,t) =
+1, n > 1 cnexmpaavnve dannwe onepamopa L(T,t). Tenepv 6 ypasuenue
(9) u mauaavHomM Ycaosuam (6) nocaedosamesvro NoAOHCUM T = To U
T = x1. Pewas noaywennyro sadavy Kowwu, nazodum &,(xo,t) u &y (x1,t).
3amem uz gopmyave (8) onpedesum pynxyuu q(zo,t) u q(x1,t). Hocae amo-
20 nodemasasem amu dannwvie 6 cucmemy ypaswenut (5), u pewas sadauy
Kowwu (5)-(6) npu npoussosvrom snavenuu 7, narodum &, (T,t), n > 1. Us
dopmyavs caedos (8), noayuum q(1,t). Caedyem ommemum, 4mo peweHus

Daoke Yy (x, N\, t) ypasnenua (4), MoocHo natimu o6buHbBIM COCOBOM.
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Integration of the loaded Korteweg-de Vries equation in the
class of rapidly decreasing functions

In this work, the inverse scattering method is applied to the integration
of the loaded Korteweg-de Vries equation with a self-consistent source
in the class of rapidly decreasing functions.

Keywords: loaded Korteweg-de Vries equation, Sturm-Liouville opera-
tor, Jost solutions, scattering data, inverse problem of scattering theory,
Gelfand-Levitan-Marchenko integral equation.

Meto o6paTHOM 3a1aUN pacCcesHus BEJET CBOe Hadasa ¢ paboThl [aptHe-
pa, I'puna, Kpyckana u Muypa [1]. Im ynasnocs Haiiti riobajabHoe perienne
sagaun Kormm mis ypapuenust Kopresera-ne @pusa (Ka®), ceenennem ee K
0obpaTHOM 3a7a4u pacCestHus JJIsi caMoconpsizkerrero oneparopa ITypma-
JluyBuaga. Ddra obparHas 3ajiada paccesiHusi BIepBble OblLIa pelleHa B pa-
6ore JI.JI.@aseesa 2], 3arem B paborax B.A.Mapuenko [3|, B.M.J/Iesurana
[4] m ap. B pabore [5] [1.JIakc moKa3as yHUBEPCATBHOCTE METOA 0OPATHOI
zagaun paccesuns u 0000 ypasaenue Ka®, BBens MOHATHE BBICIIETO
ypaBHeHus Knd.

33, nocJjeanue 1roabl B CBA3UM C MHTEHCUBHBLIM KMCCJICJOBAHUEM 3aJda4 OII-
TUMAJIBHOTO YIIPaBJICHUA anOSKOCI/ICTeMOﬁ CYIECTBEHHO TOBBLICUJICA WHTE-
pec K HarpyKeHHBIM ypaBHeHHsIM. HarpyskeHHbiMu anuddepeHImaTbHBIMI
YPaBHEHUSIMU B JUTePATyPe TPUHATO HA3BIBATH YPABHEHUS, COJEpPIKAIINe B
xo3uimenTax win B mpaBoi 9acTu Kakue-ubo GpyHKIIMOHAIBI OT periie-
HUA, B 9aCTHOCTU 3HAYCHUHA pPEIICHUA WJIN €ro IIPOM3BOAHBLIX Ha MHOFOO6-
pasusax MenbIneit pasmepraocTr. Cpean paboT, TOCBAMEHHBIX HATPYKEHHBIM
ypaBHeHusiM, ciegyer ocobo ormeruts paborer A. M. Haxymesa [7], A.I1.
Koxanosa [8] n npyrux.

B nmammoit pabore msywaerca marpyzxkennoe ypapuenne Ka®, a mmenuo,
PaCCMOTPUM CJIeNYIONIee ypaBHEHHe:

up + Bt u(zo, t)(Ugpr — 6uuy) + y(t)u(z, t)u, =0, (1)

rie B(t) u y(t) — 3amantble HeNpepbIBHBIE (DYHKIN, & Lo, 1 € R. YpaBHenue
(1) paccMaTpuBaeTcst NpU HAYATBHOM YCJIOBUU

u(z,0) = ug(z), = €R, (2)

rae HadasbHas GyHknms ug(z) obaagaer cBOWCTBAMY:

1)

oo
[ e o) de < oo Q
— 0o
2) omeparop L(0) := —% + uo(z), © € R umeer pasao N orpunaresnb-
HBIX cobcTBeHHBIX 3HadYeHnH A1(0), A2(0), ..., An(0).

Tpebyerca naiitu dyuxnmio u(x, t), KoTopasg ob1asaer J0CTATOIHON rIaI-
KOCTBIO H JIOCTATOYHO OLICTPO CTPEMUTCH K CBOUM IIpejenaaM Ipu o — 0o,
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/OO ((1+|x|)|U(x,t)|—|— ‘WMD dv<oo, j=123 (1)

oo Ox?

[Tenpio HacTOsTIEH PABOTHI ABASTETCS PA3PAbOTKA AJTOPUTMA TTOCTPOE-
Hust perenust u(x,t) 3agaun (1)-(4) ¢ moMombio MeToma 06paTHOM 3amadn
paccegruda aad camoconpskennero omeparopa [lrypwma-Jluysuiida.

OCHOBHBIM pPE3YJILTATOM JAHHON pabOThI SIAETCS CAeIYIONasi TeopeMa.

Teopema 1. Ecim dynknus u(z,t) ssasgercs pemtennem 3agaqdu (1)-(4),
To manmbie paccesamst {11 (k,t), An(t), Bn(t),n =1, N} oneparopa L(t) ¢
HOTEHITHAIOM U (x, 1) MEHSIFOTCS TI0 t CIeTYIOMUM 00pa3oM

()
ét =0,
dT—:Ef’t) = (8ik36(t)u(m0, t) — 2iky(t)u(xy, t)) T+<k, £).
dBJ O _ (833 8(tyu(ao, 1) + 2xr(O)u(zs, ) Balt), n=1,2,...,N.

IIpumep 1. PaccmoTpum Ciaegyromiyio 3a1a9y

up + B(t)u(0,t) (upger — 6uuy) + y(E)u(l, t)uz(x, t) =0, (5)
0) = 2 R 6
U(.T, ) - _%7 T € K, ( )
rie
2
_ 2 vt +1 (VP14 e
Bty =+ 1+ o, A1) = ( - +\/m+t> .

B stom cayuae pemtenue 3agaun Komm (5)-(6) uMeer crenyrommit BuI:

(@.1) -
u(z,t) = — .
ch?(x — arcsht)

N3BecTHO, 9TO pemrenne ypaBHeHusa Kia®d, ymoBeTBopsioliee HAYATLHOMY
yesioButo (6), BBIJISIINT CJIETYIOMIAM 00PA3OM:

2

u(x,t) = —m.

Paznamnma sTux ABYX perlenuil mpeacTaBiena Ha CIeTYIONeM PUCYHKE:
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t=0
igh ——KdV equation |
loaded KdV equation

16
1.4

0.2 1 +2H, +3H,
= =
o |
- 5 0 1 2

Taxum obpazom, obHApYXKeH ciepyomuil 3hdeKT: Mpu HAJIUIUN HATPY-
xKennero Kodpdunmenta win wiena B ypapuennn Ka® ckopocth pacmpo-
CTpaHeHusl COJUTOHA, B 3aBUCHMOCTH OT Kodddunuentos [(t) u y(t), yBe-
JIAIUTCA WJIW YMECHIINTCA, & aMILJIETY/1d HE MCHACTCA. C),Z[HaKO7 €CJIn UMITYJIbC
PacIpocTpaHseTcss B BUJEe COJUTOHA HArpyx)euHoro ypasuenus Ka® Buma
(1), To oH MOXKeT mepeHOCuTh WHGMOPMAIHIO Ha GOJBINNE PACCTOSTHUS 6e3
VCKaKeHuil 1 6e3 3aMeTHON TMOTEPY MHTEHCUBHOCTH U€M OOBLITHBIN COJTUTOH.
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Kparkas anmorammns. B mganmoit pabore MeTom 0OpaTHOI CIEKTPAIh-
HOW 3a/1a4M MPUMEHdAeTCS K WHTErPUPOBAHUIO HATPYKEHHOTO ypaBHe-
uus Kopresera-ge @pusa ¢ CBOOOIHBIM UJIEHOM HE3ABUCHIIUM OT TIPO-
CTPAHCTBEHHOH MEPEMEHHON B K/IACCE TEPUOINIECKUX (DYHKITHIA.

Karouesnie caosa: Ypasuenne Kopresera-ge ®@pusa, oneparop Xmiuia,
obparHas crekTpaibHas 33/1a49a, GOPMYJIbI CJIEJIOB, CHCTEMA YPABHEHUT
HybpoBuna.

Integration of the loaded Korteweg-de Vries equation with an
integral type source

Short abstract. In this paper, the method of the inverse spectral prob-
lem is applied to the integration of the loaded Korteweg-de Vries equa-
tion with a free term independent of the spatial variable in the class of
periodic functions.

Keywords: Korteweg-de Vries equation, Hill’s operator, inverse spectral
problem, trace formulas, Dubrovin system of equation.

B nacrosrmeit pabore paccmarpuBaercs 3amadu Komm 1 HArpyKEHHOTO
ypaBuenna Ka® co ¢cBoOOIHBIM WICHOM BHIA

@ = a(t)q(20,t)(qrax — 69¢:) + b(t)q(z1,t)qz + f(t), t >0 (1)

q(2,t)=o = qo(®), T € R (2)

B kacce neficTBUTEILHBIX T - TEPUOANIECKUX 110 & (He 00s13aTeIhHO KOHEY-
HO3OHHBIX ) DYHKIHI

q+mt)=qlz,t) €CEt>0)[)Clt>0)[)CEt=0). (3)

Koadpdunmentsr a(t),b(t) € C [0,00) u orpanndenubie QyHKIUH, a
xo,x1 € R, f(t) - 3amanHast HelpepbIBHASI OrPAHUYCHHAsS (DYHKITHSI.

[Menwro macTogmieir paboTbl dBIGETCA PA3pPabOTKA TPOIEAYPHI TOCTPOE-
uust pemenus ¢(x,t), g(xj,t), j =0,1 3aza4n (1)-(3) ¢ nomomupio 06paTHOH
CIIEKTPATBHON 381841 JIJIs Olleparopa XuJjiia

Lit,t)= —y"+qlz+71,t)y=Xy, t € R, t >0, (4)

Xacanos Temyp Tadypxanmosma, 2 kypc marmcrp, YpI'V (Ypremu, VsbGexucran);
Khasanov Temur (Urgench State University, Urgench, Uzbekistan)

Hopmypomos Xoxumypon Hopmywmuuosut, accuctent kadenpst muddepeHmasb-
meie ypasuernune, CamI'y (Camapkanm, ¥Y36ekucran); Normurodov Hojimurod (Samarkand
State University, Samarkand, Uzbekistan)
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Ob6o3uauum uepes c(x, \,7,t) u s(x,\,7,t) pemenus ypasnenus (4) ¢
naganeibiM yeaosusvu ¢(0, A\, 7,t) = 1, ¢(0,\,7,t) = 0 n s(0,\, 7,t) =
0, (0, \,7,t) = 1. ©yukuusa A(N) = ¢(m, A\, 7,t) + §'(m, A\, 7, t) Ha3BIBAETCH
dbynkunit Jlanynosa ais ypasuenus (4). Cnexrp oneparopa L aucTto menpe-
PBLIBHA U COCTOUT U3 CJAEAYIOIIEr0 MHOMKECTBA

[e.9]

o(L) ={X € R:|A(N)] <2} = R\((—00, %) | (A2n-1, Aon)),

n=1

npu 9ToM mHTEpBasbl (—00,Ag), (A2n—1,A2n), 7 > 1 Ha3bIBAIOTCH JIAKY-
HaMH, THE Mg, Adk—_1, A4k - CODCTBEHHBIE 3HAYEHUS IEPHOIUICCKON 3amgadn
(y(0) = y(m), ¥ (0) = y'(7)), @ A\gg—_3, \k—2 - COOCTBEHHBIC 3HAYEHUS AH-
tuneprogndeckoit 3amaun (y(0) = —y(w), ¥ (0) = —y/(7)) ana ypasHeHus
(4).

Yepez &,, n > 1 obozmaumm cobcTBenHble 3HAUEHUd 33aa9u Jlwpuxie
(y(0) = 0, y(m) = 0) arsa ypasHenus (4), IPU ITOM BBIMOJHSIETCS CIETYO-
e BRJIOYeHus &, € [Aap—1, Aoy, n > 1.

Onpenenenune. Yucaa &,, n > 1 emecmo co snaramu

on = sign{s' (m,&n, 7, t) — c(m,&p, T, t)} = £1, n > 1

U 2DAHUYDL Ay, 1> 0 CNERMPA HAZBLEAIOMCA CNERMPANDHBLMU OGHHBIMU OTIE-
pamopa L.

OcHOBHOIT pe3y/IbTaT HACTOSITEH PADOTHI COMEPKUTCS B CASTYIONIEH Teo-
peme.

Teopema. [lycmo q(z,t),x € R,t > 0 pewenue 3adawu (1)-(3). Toeda
An(T,t),m > 0 -epanuyss cnexmpa onepamopa L(T,t) ydosaemeopatom cu-
cmeme YpasHenu

}\n(T,t) = f(t)a >\n(7-7 75)|t:0 = A?p n >0, <5>

a crekTpasbHable apamerpsl &, = &, (7,t), o, = 0,(7,t), n > 1 oneparopa
L(7,t) yIOBIETBOPSIOT AHAJOTY CHCTeMBbI ypaBHeruil [yOopoBuHa

) — 2= 1)"a (7, )hn(€) {a(D)a(wo, D[24(r, )+ )
A€ (T, 0)] = b(Ba(er, O} + f(8), n>1

En(T,1)]1—g = E0(7), on(T, 1), = o (1), n > 1 (7)

e A2, n >0, 9(7),09(7) = +£1, n > 1 cuexTpaibHBIe JaHHBIE OMEPATOPa
L(7,0) ¢ koapdunmenrom qo(z + 7), 7 € R.
3ameuanue 1. Ucnoavaya dopmyry nepsozo caeda

q(7,t) )+ (apo1(t) + Ao (t) — 26(7, 1) (8)
k=1
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cucmemy (6) moorcem nepenucamo 6 3amrnymoti dopme

35%:0 = 2(=1)"0n (7, ) (€){a(t) [/\o(t)—i-i()\%fl(t)+)\2k<t)_2§k($07t))]'

k=1

2X0(6) + 2 ak—1(t) + Aow(t) — 26k (7, 1)) + 460 (7, 1)]—
k=1

—b(t)[Mo() +

WE

(A2k—1(t) + Aok (t) — 28k (21, 1))} + f(2) (9)

rie

hn(g) = \/(gn - A271—1)(A2n - gn) Bn(£)7

B I | e = )
k=1

k#n

CaencrBue 1. 9ma meopema daem memod pewenus 3adawu (1)-(3).
JTaz amozo cranana natidem cnexmpanvioe dannsie D n >0, €2(7), 00 (1), n >

1 das ypasuenus L(1,0)y = —y"+qo(z+7)y = Ay, © € R. Pewas ypasrerus
(5), nazxodum

Mnt) = N0 + /tf(s)ds, n>0. (11)
0

Teneps B ypaBHeHHs (9) W HAYAIBHBIM YCIOBHAM (6) MOCTETOBATETHHO
MOJIOXKUM T = Tog U T = x1. Pemas noaydennyio 3agady Komwm naxomum
En(z0,t) m & (z1,t). Barem u3 dopmyasl (8) yumreiBas (11) ompeennm
dbyurpn q(xo,t) u g(xy1,t). Tocse sT0ro MOACTABIsIEM ITH JAHHBIE B CH-
cremy ypasHenwuii (6), u perast 3amgaqy Kommu (6), (7) npu mponsBobHOM
sHavenun 7, Haxogum &,(7,t), n > 1. U3 dopmyn cnemos (8) momyuaem
q(7,t), T.e. pemenne 3amaun (1)-(3).

Bameuanne 2. U3 pasencme (11) sudno, umo cnexmp onepamopa Xua-
AG, 0aU2aEMCA HA OCU COTPAHAA HAYAALHYN CIMPYKMYPY, M.€. OAUHDL AGKYH
HE MEHACTNCA.
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OCOBEHHOCTH OMBWINYECKOI'O THUIIA PEIIIEHWI
YPABHEHUI OJTHOMEPHOM 'A30BOM JUHAMUKN
A .M. IIlaBaykoB
aza3727Q@Qyandex.ru

VIIK 517.958

Omnucana karacrpoda THIIA THIEPOOTHIECKOH OMOMIUKH (HOPMATHEHOTO
pelleHud CUCTeMbl YPABHEHUNA OJHOMEPHOI ra30BOi JUHAMUKHU.

Karoueswe caosa: maremaruka, quddepeHinaibable ypaBHEHNs, yPaB-
HEHHMS MATeMaTHIeCKOi (pM3MKW, ypaBHEHHII Ta30BOM JAWHAMUKH, TEO-
pus 0OCOOEHHOCTEI, TeopHsi KATacTPOd

Umbilic catastrophe of the formal solution of one gas
dynamics system

Hyperbolic umbilic catastrophe of the formal solution of the one-dimensional
gas flow system is described.

Keywords: mathematics, differential equations, mathematical physics
equations. gas dynamics equations, singularity theory, catastrophe the-
ory

I/I3yqaeTC5{ TUIIMYHAA (C TOYKHM 3PEHUA MaTEeMaTUYECKON TeOpumn KaTa-
ctpod) 0CO6EHHOCTH OMOUIMIECKOTO TUIa (POPMATBHOTO aCHMITOTHIECKO-
TO PeITeHusi CUCTEMBl YPABHEHUH TeUeHUsT OTHOMEPHOTO W309HTPOTTHIECKOTO
raza

{Ut + uug + 3Appy =0, (1)
Pt + (pu)ax =0,

[llaBaykos Azamar MaB/IeTOBWY, acIUpaHT 2 Kypca (aKyJIbTeTa MATEMATUKNA U WH-
dbopmammonnbx Texnosormit Baml'Y (Yda, Pocecna)); Azamat Shavlukov, (Bashkir State
University, Ufa, Russia)
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COOTBETCTBYIONIEH ra3oBoil osmrpore p = A(p®—p3). 3aech A — BemecTsen-
Had KOHCTaHTa, P — Ha9aJIbHAdA TIJIOTHOCTH T'da3a. B YpaBHEHUE TE€ICHUA BXO-
T p‘lg—ﬁ = 3Ap. YKazaHHasi CUCTEMa — JaCTHBIN Caydaii obmeil Momenn

OJTHOMEPHOW ra30BOW JMHAMUKHA

{ut + uug + a(p)pe =0, @)
pt+ (pu)ﬂf =0,

rie GyHKIus JaBiaeHnd o p) packaaipiBaercs B psj Teiisopa B oKpecTHOCTH
TOYKH Py > 0.

Cucrema (1) B maBapumantax Pumanma r = u + Mp,l =y — Mp
MIEPENUCHIBACTCA KAaK CUCTeMa ypaBHeHuit Xomda:

Tt +rry =0,
{ L+ 1y = 0. ®)

BeinBuraercs rumoresa 0 HETOUHOCTH PEICTABICHHOM B pabore [1] Krac-
cudukanmu 0COOEHHOCTEN MHBAPUAHTOB PuMana B CHjly OT/IMYHUs BO3MYIIE-
HUST POCTKA KaTacTpodbl OT HAIEro pe3ysianTara. BhlABUraercs rumoresa o
HACJIEIOBAHUY 0COOEHHOCTE perennii runepboTmIecKuX ypaBHEeHn BTOPO-
ro TOPsiJIKa OT JIMHEHHOTO OJHOPOJIHOTO BOJHOBOI'O YPaBHEHHS.

Uccnenosanmne oimosneno copmectro ¢ B, CynefimanoBoim.
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The representation formular solutions of an elliptic system of
second order equations class

In this paper is considered a class of elliptic systems of second order
equations with two independent variables.

Keywords: elliptic systems, second order equations, singular coefficients,
generalized Cauchy-Riemann systems.

Beeném oboznauenus: C'§ - knacc k-pas (k = 1,2) menpepbisro-audde-
peHnupyeMbix (GyHKIuUi; A - KJacC aHAJIUTUIECKUX (DYHKIIUN 110 HE3ABUCHU-
MO KOMIJIEKCHOUW IEepeMeHHOR z.

B paborax M. H. Bekya [1], JI. I. Muxaiinosa [2],[3] u apyrue, 6buin
u3ydensl 06o6ménnsie cucremsr Komu-Pruvana (o.¢.K.-P.) mepBoro nopsizika,
s vemspectHoit dyuxkmmu W = u 4+ iv or omgHoro, ubO ABYX, M MHOIHAX
HEe3aBUCHMBIX KOMILTEKCHBIX Tepemenunix xmaccax C(D), L(D), CL(D),Cz.
B wacroocTu Buga:

ow

oz
e f(z,Z; W) € CHD), f(z,z;W) = a(z) - W + b(z) - W + ¢(2), % =
1,0 - 0 0 1,0 -0\ 1 = _ =
5 i), & =54 —i4), D ={z]z - 200)| < a,|W| < R}.

BrirmeykazaHHBIME aBTOPAMHU PACCMATPUBAJINACH U 000DIIANNCH YCIOBUA

anaguTuaHOCTH (PyHKINU W = u+iv mo uzsectroit hopmyne Komu-Pumama:
0zW = 0, imbo neogropomaHoro ypasuenus (1). B [3] ucciemosamsl Borpocs
HérepoBocTn 0000IMEHHLIX ypasHeHuit Komu-Pumana.

f(z,z W), (1)

B macrosrieit pabore paccMaTpuBaeTCs JUIUITUIECKAS CUCTEMA TaK Ha-
3piBaeMoit 06obménnoit cucrembr Komu-Pumana BToporo nopsaka Buga:

aziw_i{( 7)87W+b( 7)87W+ ( 7)@4_
5% e WA gy TR G T an AT,
_ 0w _ e _
+(2,2) 5= +a(z )W +r(z )W+ f(2,2)}- (2)

Bamernu, uTo B ypasuenue (2) bynkmm a, b, ..., f € CX(D),W € C2(D).
Unrerpupys ypaBrenue (2) B Pa3JHYHBIX CIydasx, yOeIuMCs B TOM, UTO
MHOT000pA3Us €€ PEIeHnti BhIParKaeTcs Yepe3 JBe MPOU3BOJIbHBIE AHAIUTH-
qeckue GYHKIMN OTHOH mepeMeHHoit z, T.e. P1(2), Pa(z).

Paccmorpum Hekoropnie ciayganm obobmmiénmoii cucrembl Kommm-Pumana
(2).

1. Ilycrs npasag gacrb o.c. K.-P. (2) ToxKaecTBEHHO PABHO HYJIO, T.€.
02w

0z2 b 2 ~
noryanm gyraknuio: W(z,z) = ®a(2) + P1(2) - z. llpuuem dynknusa W(z, z),
COZIEPKAIIAS JIBE NPOU3BO/IbHbBIE aHATUTHYECKIE (DYHKIIMH, ABJISIETCS Herpe-
pbIBHOI (byHKIUEH BO Beeil maHHOI 00/1aCTH.

= 0. Torma muTerpupysa 310 ypaBHEHWE, MMOCICIOBATE/IHHO [BA Pa3a,
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2. Paccvorpum mHeoguopoanbiil ciayuait o.c. K.-P. Buna

82

822 ‘Z|2f( Z)v k: 1,f(Z,§) eczlvweca(b)- (3)

Pertenne ypasrenus (3) Beipazkaercst hopMyioii

W(22) = 2() + 81(2) 7+ o BT(),

rae T(f)- dbyngamenransublii unrerpad, a @1(z) u ®o(z) npoussosibHbe aHa-
auTHaecKue QyHKIWN.
3. Pacemorpum o.c.K.-P. Buga

PPW  a(z,7z) oW
0z2 z 0z’

a(z,z) € C2, W € C%(D). (4)
HenpepeiBroe pemenne ypasuenus (4) naercsa hpopmyioii:

W(z,z) = ®a(z) + exp{P1(2)} - Tg(exp{ sT1(z-a)}).
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O HEKOTOPBIX IIEPEOIIPEJE/JIHHBIX CMCTEMAX
JANPPEPEHIINAJIBHBIX YPABHEHU BTOPOI'O
IMOPAJAKA
B. Ilapumos, 9.X. Ixymaes

YIK 517.53, 517.98

Nsy4aercs 3a/1a9a 0 HEKOTOPBIX MIEPEOIPEIEIEHHBIX cucremMax andde-
PEHIHAIBHBIX YPABHEHWI BTOPOTO TOPSIIKA,

Karouesnie crosa: mepeonpenenéuube CHCTeMbI Au(EePEeHITHATBHBIX YPaB-
HEHU

On some overdetermined systems of second order differential
equations

We study the problem of some overdetermined systems of second-order

differential equations

Keywords: overridden systems of differential equations

B psize ussectHbix pabor M.H.Bekya [1], JI.I.Muxaitiosa (2, 3] u apy-
rux ObLIH n3ydeHbl 0000mEHHbIe cncreMbl Komm-Puvana (o.c. K.- P.) onmoii
menspecTHON (byukimu W OT OZHON ¥ MHOTHX HE3ABUCHMBIX KOMILIEKCHBIX
nepemennbix Kmaccax N1 (D),C2,---, HampuMep, B 9acTHOCTH yPABHEHMIT

BHJIA: %—VZ = f(z,z, W) tue

f(z,7;W) € CLD), f(z,2,W)=a(z,2) - W +b(2,2)- W +c(2,2) (1)

YauToiBag onpeleéHHbBle METO/IBl, aBTOPAMH B YKA3aHHBIX KJIaccaxX Haili-
JIeHBI MHOTO0OPa3us permeHnii YKa3aHHbIX 33a9, U UCCACIOBAHBI TIOBEICHUS
pelleHuit BHyTpU U BO BHE JAHHOM 00J1acTH.

AH&J’[OI‘I/ILIHO JIMIITUYECKOI cucTremMe ypaBHeHI/Iﬁ B 9aCTHBIX IIPOU3BO/I-
HBIX IIEPBOTO OPAIKA, B JI€ACTBUTEIBHON IJI0CKOCTH, OY/IEM PACCMaTpPUBAThH
CUCTEMY yPaBHEHUN 3JIIUIITUYECKOrO TUIIA BTOPOr'0 LOPAIKa, ABYX JAefCTBuU-
TEJILHBIX TIEPEMEHHbBIX, HAaIIPUMEPD BHU/1ad;

2 2 o2
%_273_ a(;f;;v):aax*’bl +taf+did , triut+ v+ fi

3273 %_826(%8_;):@20354_62 —I-CQ +d2 +p2U+L]QU+f2
(2)
riae KoapOUIMEeHTh ypPaBHEHNN CHCTEMbl KakK (PYHKITHMU IBYX JAeHCTBU-
TeTbHBIX HePeMEeHHBIX TpHHAIIeKAT Kaaccy C2(D) mo 1eilCTBUTEILHEIM TIe-
pemeHHbIM (1, y) TTPeobpa30BaHHOTO B KOMILIEKCHOI T/I0CKOCTH, Kak 0.c. K.
— P. oxmoro ypaBHeHUsT IEpEMEHHBIX 2, Z.

IMTapunos BoGoamm, k.b.-m.uH., gomeatr TIT®IY, (dymanbe, Tamkukucran);
Alexander Abanin (Southern Federal University, Rostov-na-Donu, Russia)

Opax XakHazapoBud, K.}.-M.H., goreHt duamuaga MI'Y um. M.B.J/lomonocoBa B T.
Oymante (dymante, Tamxukucran); Alexander Abanin (Southern Federal University,
Rostov-na-Donu, Russia)
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B ciayuae, korya B cucreme (2) nemssecrabie dynkuuit u nx kosddunu-
€HTOB 3aBUCST OT YETHIPEX AEMCTBUTENIHHBIX HE3ABUCUMBIX TIEPEMEHHBIX, TO
oHa Tpeobpasyercs B mepeonpeneaéHuoi 0606ménnnix cucreM Komm- Pu-
mana (mo.c. K. — P.) aByx kommiekcubix audepennuanpubx ypaBHEHUI,
KOMILJIEKCHBIX HE3ABUCUMbBIX TEPEMEHHBIX (DYHKITHI OT 21, 21, 22, Z2, BUIA

a;%v = A1 (21,21) 9% + B (21,2222% +C1 (21, 22) P4+
+Q1 (21, 22) W + Ry (21, 22) W (3)
2 _
821322’ = Ay (21, 22) (37‘41/ + By (21, 22) 27‘/[1/ + Oy (21, 22) 27‘41/ NS

Q2 (21,22) W + Ry (21, 22)

vie Ag(21,22), Bi, Hg, -+ , F), € C;k(D), W e C4(D), z1, = xp+iyy, (k=
1, 2).

[Ipu sTtom, anda m.o.c. K.-P. momkHO 3anmmucarsesd yCJIOBHEe COBMECTHOCTH
cucremsl (3). Eciu 910 ycioBue BBIIOJIHSIETCS, HO HE TOXKJIECTBEHHO, TO 110
HEll oIpejiesIsteTcsd HEKOTOPhIe YacTHBIE, JIuO0 0b1Ine pelenus cucreMm. Torma
B CJIyYae NPUPABHUBAHUS IIEPEKPECTHOrO JudPEePEHITMPOBAHNS CMEITAHHbBIE

IPOU3BOJHBIE TPETHEro MOpS/IKA, IPUOABUM CHCTEMY (3), TPETbUM ypaBHE-
2w
0z3"
meir cucteMmbl. [Ipm 3TOM, ToIydaeM IMOJHYIO CUCTEMY YPaBHEHHUI BTOPOTO
nopsiaka. emas 3ameny B cucreMe, BBOAUM HOBYIO (DYHKIINIO, Ipeodpazyem
cucreMy (3) K mOJTHOI cucTeMe ypaBHEHUI [IEePBOroO MOPS/IKA, U 0 BO3MOXK-
HOCTH, HAXOJUM peIleHnE UCXOIHON 3a/1a49u.

B wacrrOCTH, pacCMOTPUM OJHO¥ U3 YACTHIO CUCTEMBI ypasHenuii (3) B

HUEM II0 a IPaByIO ee 4acTb KaK B OCTAJIbHBIX YPaBHEHUAX IPeIbIIy-

BUIIE
*W ow O*W ow

= A - 4+ F —— =A — + F .
82% 1(21,21)621 + Fi(z1, 22), 9702 Q(ZI’Z1>621 + Fy(z1, 22)

(4)
1. Ilycts B cucreme (4) Ay =0, F, = 0, To 1aHHAs CUCTEMa TPUHIMAET
W _ 0 W _ 0
0z2 — ) 0Z:10z —
NMurerpupys 9Ty OJHOPOAHYIO CHCTEMY, HOJIydaeM (DYHKIUN BUIA:

BIJ, CUCTEMBI JUHEAHBIX OJHOPOAHBIX YPaBHEHUN

Wi(z1, 21, 22, Z2) = Fa(21, 22) + Fi(z1,22) - 21,

aubo
Wal(z1, 21, 22, Z2) = F1(21, 22) + Fa(z1, 22) - 22,

riae Fi(z1,22),, Fa(z1, 22) — npousBosibHbIe aHannTHaeckue GYHKIUU JBYX
KOMILTEKCHBIX IT€PEMEHHBIX.
2.Fcmu B mammoit cucteme Ap = 0, Fp, # 0, T0 uMeeM cucremy BU-
PwW W _
ma G = Fi(z1,29), 55 — F5(z1,29). B caygae BbImoJIHEHUS yCIOBUS
O0F, __ 0Fy
COBMECTHOCTH Gzl = 322, HCXOfHAs CHCTeMa MHTErpPHpPYeMa, W IO aHajIo-

run [2-3|, MEOr0OGpa3us ee peleHnii OmpeesaseTcs Caeayorei (hopMyIoii:
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Wl(zl, 21,29, 22) = FQ(Zl, 22) + Fl(Zl, ZQ) - 21+ T[TlFQ + S(TQFl)] BI1%10)0)
Wa(z1, 21, 22, Z2) = F1(21, 22) + Fa(21,22) - 22 + T[T Fy + S(T1F)] . (5)

IIpu stom, Wy, Wa- aBisgdce pereHusMu JJAHHON CUCTEMBbI, [TOJIY Yal0TCs
B IPOLECCE MHTEIPUPOBAHUA 1IEPBOI'0 yPaBHECHUA JAHHONW CUCTEMbl, U I110J-
CTAHOBKW €€ 3HAYEHUsI BO BTOPOE YPaBHEHNE CUCTEMBI, 1 HA000POT. A TaKKe
B dopmymnax (5) T, Ty, Ta, S- COOTBETCTBEHHO SIBJSIOTCSI WHTETDATBHBIME
oneparopavu Komm-Bekya, mubo ['ypca - Bekya, u unrerpan tuna Komm.
2. [lycte B cucreme (5) F, =0, A #0,(k =1, 2).

02 oW 02w oW
072 1(21’21)821’ 07,0 %y 2(21’21)621 (6)

Tlo amayiormio TpPeaBIAYIEro CAyYas, YIUTHIBAs BBIOJHEHWE YCIOBUE
COBMECTHOCTH cHcTeMbl (6), U ee MHTErpUPOBAHMUsI, 10 AHAJIOTUIO T. 1, mo-
JIyTaeM:

W (z1, 21, 22, 22) = Fa(z1,22) + ¢1(z1, 22) - T {exp[Th F> + S(T2F1)]}
aubo
W (z1, 21, 22, 22) = F1(21,22) + @2(z1, 22) - T {exp[Th F} + S(T2F>)]}

¢r = exp[F(z1, 22).
3.Terepn cumraem, uro B cucreme (4) Ap # 0, Fy, # 0. denas 3ameny

g—‘g = U, npeobpasyem ypaBHEHWIT cuCTEMBI (5) K CIEAYIONEMY BUIY:

ou oUu
—_— = Al(zl,zl) U+ Fl(Zl,ZQ), E = AQ(Z1,2:1 U+ FQ(Zl,ZQ) . (7)
2
ITycrs yeaosue copmectrocru cucremsr (7), 1.e. P(z1,29) - U+ Q(21, 22) =
0 BBILOJIHSAETCS, HO HETOXK JecTBeHHO. Torya perasi ee ajreGpandecKuM Cro-
cobom, monyaaem U = h(z1, 22). YIuTbIBas OPeALIAYINYIO 3aMEHY, U B Pe-

3yJIbTaTe WHTEIPUPOBAHUS %—Vg = h(z1, 22), moTyInM

W (21,21, 22, 22) = Fi(z1,22) + T'(h).

[Tpu 3TOM moJIydaeM, 4To eCJIu TOCaeAHAsT (DYHKIUS YIAOBIETBOPSET JAHHYIO
CHUCTEeMY, TO OHa OyIeT HEeKOTOPHIM YACTHBIM ee permrenueM. B mpoTuBHOM
caydae cucrema (8) m (D) COOTBETCTBEHHO HE MOTYT OBITH COBMECTHBIMH.
Takke, eciu B ycja0BHE COBMECTHOCTU CHUCTEMBI XOTs OBl O7Ha U3 PyHKITHI
P(z1,22), Q(z1,22) paBHa HYJIIO, a ApyTas OTJIAYACTCA OT HYJISA, TO TaHHAS
CHUCTEeMa HEeCOBMeCTHAZ.

B ciryaae Tox qecTBeHHOTO BIOTHERNS yeaoust P (21, 22) =0, Q(z1,22)
0, cucrema (7) paspemuma, u MEOrOOGpasus ee pertennit onpegensaercs Ghop-
MYJIO#
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W (z1, 21, 22, 22) = Fa(z1, 22)+
+Fy (21, 20)Tel 20 4 (20T (1)) + T(T20)S(T1 (02))  (8)

[Tpu sTOM, MHOTOOOpa3me pemennit cucremsbr (7), Haiimércs dhopmymoit
(8), stBaistrorTEeCsT BO Beeil maHHOi obgacTu OyIer HeMPephIBHO, HO HEe aHa-
JINTUYECKOM 110 BCEM HE3aBUCHUMbBIM IIEePEMEHHBIM.

Takske jyis cucreMbl (7) MOXKHO JOKa3aTh AHAJIOT T€OPEMBI €JIUHCTBEH-
HocT Kapiemana B MHOTOCBsI3HOM obmact D.

4. Jomyctum, uto B cucreme (3) mana (mepeonpeneséanasi) m.o.c. K.-P.
BH/JIA

O*W oW 191%1%
oY 4 2 B
82% 1 (2’1, 21) o7, + b1 (2’1, 22) o7 )
O*W 191%1% 191%1%
IV 4 2 B ais
97107, 2 (21, 22) 9%, + Bs (21, 29) 971 (9)

Henast 3ameny g% = U, npeobpasyem ypasreruit cucremy (9) K Bugy:

8—[_] = Ay(z1,21) U + Bi(z1,29) - U, SZ = Ay(z1,21-U + Ba(z1,22) - U .
(10)
[To aHaIoTUW NpemblIyIMM CIydasiM, TPOBEPAs BHIOJHEHUS YCIOBUE
COBMECTHOCTH cucTeMbl (9), ToJydaeM, 9TO B CJydae MPOCTOTO BLITOJIHE-
HIS YCJOBUE COBMECTHOCTH, HAXOAMTCS HEKOTOPOe YaCcTHOe pellleHre CUCTe-
MBL. A B CIy4ae TOXKIECTBEHHOIO BBINOJHEHUS YCIOBHE COBMECTHOCTH CH-
cremsl (10), MEOrOOGpa3Ue perennii HCXOMHOM CHCTEMBI BBIPAXKALTC Uepes
JIBe TIPOU3BOJbHbIE aHaJnTHIeCKUe (DYHKIINIA.
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Ob yCTOﬂ‘IHBpCTH CTAIIMOHAPHOI'O PEINIEHN A
OJHOUN HEJIMHENHOU CUCTEMBI .
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VIK 517.91
Uccnenyercss acCHMITOTHYIECKAsT YCTOMIMBOCTD CTAIMOHAPHOTO COCTOSI-
HUSA HEJIUHENHONH JUHAMHIECKON CHUCTEMBbI.

Kamouesnie crosa: muddepenimanbHoe ypaBHEHHE, CTAITMOHAPHOE Perle-
HUE, yCTONYMBOCTD, ACUMIITOTHYECKAs yCTONYUBOCTD, MaTpulia Akobu.

About stability of the stationary solution of the nonlinear
system differential equation

The researched asymptotic stability of a stationary solution of the dy-
namical systems.

Keywords: differential equation, stationary solution, stability, asymp-
totic stability, matrix Jacoby.

Hacrostimnmii mok/1a,1 ToCBAIIEH UCCIEIOBAHUIO YCTONUMBOCTH HETMHEHHOM
cucreMmbl onucbiBaonmit porocuures. To ects,

9t — —Jyba(l —y — 2) + k_1b(1 — 2)y — kobzy + k_ob(1 — z)z + ko(1 — ),

Y = kjax(l —y — 2) — k_ra(l — 2)y — keazy + k_sa(l — )z,
% = koaxy — k_gaz(1 — x) — k3z,

(1)
rie koadgdurnments! a, b, kg, k—1, k—o, k2, k3, ko- m00KATEIbHbIE KOHCTAH-
THI, & X, Y, z - uckoMble dbyukimu. Cucrema (1) 6bL1a npemmoxkena Tpodecco-
pom Pusanuenko I.FO. kak MareMaTnyeckas MOJE/b, ONACHIBAIONIAS KIOUe-
BOIl 9TANl B3aNMOIEHCTBUST CUCTEM TIEPBUYHBIX MPOIECCOB (DOTOCUHTE3A C CU-
cTeMoii MeTabom9IecKnX peaknuii B aBTOTPOMHBIX (POTOCUHTE3NPYIOINX)
CUCTEMaX U sIBJIAETCS PA3BUTHEM MOJesell, m3ydeHHbIX B paborax [1-2].
B pa6ore 2] mokazano, uro cucrema (1) B MHOKECTBE

M= (z,y,2) ;2 >0,y >0,2>0
MMeeT eJMHCTBeHHOe CTalMOHapHOe pelleHre, TpUHaIeKaIuii 001acT

OI={(z,y,2):0<2x<l,y>0,2>0,y+2<1}, (2)

IMTapudzona 3ebormco Wb6poxum, acumpant, THY (dymanGe, Tamxukucran);
Sharifzoda Zeboniso (Tajik national University, Dushanbe, Tajikistan)

Hypos Ucxok6oit Txymaesnd, a.d.-m.u., npodeccop, THY (dymanbe, Tamxukn-
cran); Nurov Ishokboy (Tajik national University, Dushanbe, Tajikistan)

145



KOTOpast MHBAPUAHTHA OTHOCUTEJILHO JIBUZKEHUSE BJIOJIb TPACKTOPUU CUCTEMbL
(1) mpu BO3pacTaHuM BPEMeHHU t.

Teopema 1. ITycms mouka (1,y,z) npunadaescum obaacmu (2). Tozda
6CE COBCMBEHHDBIE SHAUEHUA MATMPULLL STKOOU UMEIOM OMPUUAMEALHYIO Ge-
WECTMBEHHYIO HACTD NPU 6CET NOAONHCUMEADHBL 3Havenul KoaPPuyuenmos
a, b ko, k_1,k_2,ka, ks, ko.

Teopema 2. Cmayuonaproe pewenue cucmemnv (1) (o, Yo, 20) npunaod-
aesrcawgul obaacmu (2) ASAALNMCA ACUMNIMOTNUNECKY, Ycmotuuevim no Jla-
NYHOBY.

YeTaHoBIEHO, UTO CTAIMOHAPHOE pertenne cucTeMbl (1) apagercsa acum-
TOTUYECKU yCTOﬁLII/IBLIM 6e3 JOIIOJITHUTCJILHBIX OFpaHI/IquI/II'/'I Ha TIapaMeT-
pel a,b, ko, k_1,k_2, ko, k3, ko cucrema (1) Tpu eTMHCTBEHHOM YCJIOBUH UX
HOJIOKUTEILHOCTH. Bojiee TOro, JOKa3aHo, YTO CBOMCTBO aCUMITOTHYECKOL
YCTOWYHMBOCTH CTAI[MOHAPHOrO pernennst cucreMbl (1) siBisiercs ciencTBueMm
Bosee 00mmero croiicTra cucteMb (1), a UMEHHO, 9TO BCe COOCTBEHHBIC 3HATE-
HUS MaTPHIL YIKOOBI BeKTOp-(pYHKIMK, MDOPOKICHHON IPaBOil 9acThIO CH-
cremsl (1) B r060#t Touke 0bJsacTH (2), UMEIOT OTPUIIATEIbHYI) BEIeCTBEH-
HYIO 9aCTh.

JIuteparypa
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OBb OBBIKHOBEHHBIX /INOPEPEHIINAJIbBHBIX
YPABHEHUAX, JTOITYCKARIIINX TPEXMEPHYIO
AJITEBPY JIN
T. Dpramiboen, A./l. Bocurona, I11.M. Habuena
vositova.dilorom@mail.ru, manzura.nabieva.2014@mail.ru

VIK 517.97

B pabore nmpuBoanTCa METOM MOCTPOEHHS OOBIKHOBEHHBIX auddepen-
[UAJIbHBIX YPABHEHUN BTOPOrO MOPSIKA, JOILYCKAIONUX TPEXMEPHOIO
asrebpa JIu. BoiBogurcst oOIuit Bu TaKUX ypaBHEHWUH.

Karouesnie crosa: anredopa Jlu, nuddepennnanbubie ypaBHeHus, rpyi-
na Jlu, onpezensiomnee ypaBHeHne, AHBAPUAHT, OLIEPATOP.

Ordinary differential equations admitting a three-dimensional
Lie algebra

The paper presents a method for constructing second-order ordinary
differential equations admitting a three-dimensional Lie algebra. The
general form of such equations is derived.

Keywords: Lie algebra, differential equations, Lie group, defining equa-
tion, invariant, operator.

T'pynmer JIu umeror 60s1bI10€ 3HAMEHNE TPU HAXOXKICHUST pertenuil jaud-
depeHnna bHBIX YPABHEHW W TP WX KAUECTBEHHOM aHAJIN3e. SHAHUS 00-
mero Buga guddepeHnnaabHbIX yPaBHEHNH, JOMTYCKAOIINX TPYINY WA aJl-
rebpy JIu, 7a8T BO3ZMOXKHOCTH TTPUMEHUTH METOIBl TPYIITOBOTO AHAIN3A K
MCCIEOBAHNSIM TaKuX ypaBHeHuit. OCHOBHBIE TTOHATHS U (DAKTHI O TPYIIIAx
u anrebpax Jlu moxkno maiitu B paborax [1| u [2].

Pacemorpum mudbdepennnaibioe ypaBHeHUE, pA3PEITEHHOE OTHOCHTE b~
Ho " ciepyromero Bua,

y' = fz,9.9). (1)

Omnpejenisitoiniee ypaBHeHNEe UMEET BT

Nzx + (any - gmc)y/ - (nyy - 2£xy)y/2 - ylggyy =+ (77y — 26 — 3y/£y)f_

_[779[3 + (ny - éx)y/ - y/2€y]fy’ - ffa: - nfy = 07 (2)
rie {(z,y) n n(z,y) byskunn nHGUHUTE3UMATIBHOTO OIlepaTopa
0 0
X=¢2 yp .
oz T3y (3)

Apramboes Typcyn6oit, k.d.-m, monent, X'V (Xymxann, Tamkukucran); Ergashboev
Tursunboy (Khujand State University academician B.Gafurov, Tajikistan)

Bocurosa Iumopom AGmaypacynosra, monent, XI'Y mvenn B.ladyposa (Xymxamm,
Taxukucran); Vositova Dilorom Abdurasulovna (Khujand State University academician
B.Gafurov, Tajikistan)

Hab6wena Man3ypa [llokuposna, npenogasarens, XI'Y nmenn B.ladyposa (Xymkamsm,
Taxukucran); Nabieva Manzura Shokirovna (Khujand State University academician
B.Gafurov, Tajikistan)
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Ecsin 3aj1ana ojjHoIapaMerpuyeckas rpyuia peodpa3osBaHuit

(7,79) = Tu(z,y) = (0(z,y,a),¥(z,y,a)),
rae @’a:(] =Tru w‘a:O =Y, TO

_ ¢ _ oY
£(z,y) = 6a\a:om(ﬂc,y) = aa|a:0-

MHoxkecTBO BCex omepaTopoB Buja (3) o6pasyeT BEKTOPHOE MPOCTDAH-
CTBO. ECHI/I B 3TOM IPOCTPAHCTBE BBECTU KOMMYTATOPBI IBYX 3JIEMEHTOB, TO
[OJTyYeHHOE TPOCTPAHCTBO Ha3biBaeTcst anrebpoit JIu ([2], ¢.5).

PaccmaTpuBaercs B OCHOBHOM JIBE 33/1a4N:

1) Tlo 3amannoit anrebper JIn nocrpour auddepernuanbHoe ypasHeHHE,
JIOIIYCKAOIIIEE ITY aJIredpy.

2) Ilo zamantnomy nudpepeHImaIbHOMY YPABHEHHUIO MOCTPOUT aarebpy
JIu, (ecm 3TO BO3MOXKHO) OTHOCHTENIBHO KOTOPOI 9TO ypaBHEHWE WHBAPHU-
AHTHO.

B s1oit pabore Mbl ipuBenéM IpuMep MOCTPOEHUsT OOBIKHOBEHHOTO udh-
depennmaIHLHOTO ypaBHEHHE BTOPOro MOpsaKa Bua (1), mo 3amaHnoii Tpéx-
MepHOU ajaredpo Jlu.

[Tpuwmep. [Iycrs 3amana Tpéxmepnasa aaredbpa Jlu

0 0

[ycrs f(z,y,y")—uckomas dyuknus B ypasuenune (1).

Bozbmém omeparop Xi. g wero € = 0,7 = 1 1.e. J11 = x ecth wHBa-
puant. 113 oupenesnsioniero ypasuenus (2) umeem 7f, = 0. Torna fy, =0 un
f= f(xv y/)'

Jlis omeparopa Xo, & = 0, = = u onpeaensioniee ypaBHEHNE UMEeT BUT
fy —xfy =0, orciona f; = 0 u f = ¢(x). U3 onpenensromero ypasHeHus
aast X3 HaXOAAM

/
%) 2k — 1 2k—1
o T o) =Ca i,
Pl ()
Taxum obpaszom quddepentmansuoe ypasuenne suga (1) momyckaoree
3amanHyIo aareopy JIm mMeer B

261
y" = Cx 1+ (k#1).

[Monp3ysacek cayyuaem BoipakaeMm Hamm o1arofgapaoctu mpodeccopy Hamnn
Xaidtpynnoepuay Mb6paruMoBy 3a ero paboTsl 110 IpynnoBoMy anaiansy. bia-
rogaps ero paboram 1] u [2| MBI cMOrIH Cre/IaTE CKPOMHEBIE MIATY LIPU H3Y-
YEHUUU TPYIIIOBOTO aHa/m3a JuddepeHInajbHbIX yPaBHEHUI.
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DPOPMYJIBI TEOPUN BOBMYH_[EHI/Iﬂ B BAJTIAYE O
ITAPAMETPUYECKOM PE3OHAHCE JJIA
TAMMJIBTOHOBHBIX CUCTEM
M.T. FOmaryJios, JI.C. U6parnumosa, A.C. Besosa
yum_ mg@mail.ru, lilibr@mail.ru, 89177662488Q@mail.Tu

VIIK 517.938

[Ipennaraiorcst OCHOBAHHBIE HA METOJAX TEOPUU BO3MYIIEHWI JIMHEH-
HBIX OIEPATOPOB HOBbIE (DOPMYJIBI B 33/1a9€ MPUOINKEHHOTO TOCTPOe-
HUS MYJIBTUIIJINKATOPOB JIMHEHHBIX IEPUOAUIECKUX [AMUAIHTOHOBBIX CH-
cTeM, 3aBUCAIMX OT Mayioro napaverpa. [losygennnie popmysabl npu-
BOJISIT K HOBBIM TIPU3HAKAM YCTOWYMBOCTHU MO JIATYyHOBY TaKuX CHUCTEM
B KPUTHUYIECKUX CIydasx. PaccMaTpwBalOTCsS TMPUIOKEHUS B 33/a9e O
mapaMeTpPUIecKOM PE30HAHCE [JIsi JIMHEHHBIX MePUOIUIECKAX TaMUITIb-
TOHOBBIX CHCTEM B OCHOBHBIX PE30HAHCAX.

Karuesvie cro6a: TaMuIbTOHOBA CHCTEMA, YCTONIMBOCTD, MapaMeTpH-
YeCKUil pe30HAHC

Perturbation theory formulas in the problem of parametric
resonance for Hamiltonian systems

Perturbation theory methods based on linear operators, new formulas in
the problem of approximate construction of multipliers of linear periodic
Hamiltonian systems depending on a small parameter. The formulas
obtained lead to new criteria for the Lyapunov stability of such systems
in critical cases. Applications in the problem of parametric resonance
for linear periodic Hamiltonian systems in fundamental resonances.

Keywords: Hamiltonian system, stability, parametric resonance

PaccmarpuBaeTca 3aBUCAIIAS OT CKAJAPHOIO MM BEKTOPHOIO MAJIOLO
napamerpa £ JuHeliHag nepuogndeckas ramunbronosa cucrema (JITIT'C) Bu-

na:
d
d—j = JA(t,e)z, z€R*, (1)

FOmarynos Mapar lagzosud, a.¢d.-m.H., ipodeccop, Baml'yY (Yda, Poccus); Marat
Yumagulov (Bashkir State University, Ufa, Russia)

6paruvosa JIumma Cynararosra, K.d.-m.1., gouent, BamI'V (Yda, Poccus); Liliya
Ibragimova (Bashkir State University, Russia)

Benosa Amma Cepreesna, acmpant, BamI'V (Yda, Poccna); Anna Belova (Bashkir
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B KOTOPOit A(t,€) — BemecTBennas cummerpuydeckas u T -nepuouieckas 1mo
t marpuria (r.e. A(t+T,e) = A(t,¢)), a marpuna J onpejieseHa paBeHCTBOM:

0 I
J = 7ol sneck I — equnmanas (N x N) marpuia.
Ipeanonaraercs, aro A(t,0) = Ap, rae Ag — MOCTOSIHHAS CUMMETPUYECKast
marpuna. Jdpyrumu ciaosamu, JIIT'C (1) mpu € = 0 spisgercs JuHEHHOl
aBTOHOMHO} ramMubToHOBOM cucremoii (JTAT'C):

d
d—f:Jon, z e R (2)

[Tycts BCe cobcTBeHHBIE 3HAYeHUsT MATPUIBI J Ag SABAAIOTCS 9UCTO MHU-
MBIMU, & IMEHHO, UMU ABJIFAIOTCA 9UCIIA:

+iwy, Liws, ..., Tiwy, (3)

rae wj > 0. Ecan cpenn coberBennbix 3uadennii (3) marpumst JAg nmeerca
X0Ts OBl OTHO Wi, TAKOE, ITO

k
Wimo = 5 (4)

[PU HEKOTOPOM IEJI0M HEOTPHUIATEILHOM Ko, HJIH XOTs Obl OfIHA Hapa (W,
u iwy, (Mo # lp) Takast, 9To

Wmg — Wiy = —7— (5)

npu HEKOTOPOM 1esioM kg, T0 cucrema (1) moxer yzke He 061a1aTh CBOACTBOM
YCTOWYIMBOCTH TIPH BCEX MAJIbIX |&].

Bagady mccaeIoBaHus YCTORYIMBOCTH cucTeMbl (1) B yCIOBHSX, KOTJ/A
nmMeercsi cootHotenue tuna (4) nan (5), 9acTo Ha3LIBAOT (CM., HATIPUMED,
[1]) sadaueti o napamempuseckom pesonarce, a CaMH STH COOTHOIIEHUST Ha-
3BIBAIOT NAPAMETNPUUECKUMY DESOHAHCAMU.

B nokJaie 00Cy K 1al0TIOTCs BOITPOCHI O MPUOIHZKEHHOM TIOCTPOCHUH MYJIb-
TUTLIUKATOPOB JINHEHHBIX TIEPUOIMIECKUX TAMUIBTOHOBBIX CHCTEM U CBSI3aH-
HbIE C HUME BOIIPOCHI 06 ycToitunBocTr 1o JISAIyHOBY TaKUX CHCTEM B KpU-
Tuaeckux cayvaax. OCHOBHOE BHUMAHUE yJeaeTCsl UCCIEA0BAHNI) 3a1a491 O
napamerpuaeckom pesonance g JIIII'C (1) B ycaoBusix, KOT/Ia BBIITOJTHEHO
01HO u3 coorHouenuii (4) uau (5).

Jluteparypa
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MOAEJINPOBAHNE NUKJ/INYECKOI'O 3ABOJTHEHU A1
IIYTEM 3AJAHUA HEPHO,Z[H‘IECKI/!X YCJI0BUMN
JANPUXJIE OJ14 3AJAYN IBYXPA3ZHOU ®PUJIBTPALIN
A.P. AbagpaxmaHOB
aydarabd@Qyandez.ru

YIK 519.688

Hanmas pabora mocssaiieHa mpobieMaM paspabOTKU THIPOSTHAMUUIEC-
ckoro cumysisitopa. Ha ocHoee 3akona Jlapcu u ypaBHEHUI Hepa3pbIB-
HOCTH ITOJIyYeHA CUCTEMA YPABHEHUI B 9aCTHBIX MPOou3BOAHbIX. C TOMO-
L0 JAHHOW CHCTEMBI BO3MOXKHO CMOAEJINPOBATDH IUKJINIECKOE 3aBO/I-
HeHnue.

Karouesnie crosa: ypaBHeHUs HEPA3PBIBHOCTH, IUKJINIECKOE 3aBOJIHE-
Hue, 3akoH Jlapcu, cucrema ypaBHeHHI B 4aCTHBIX [IPOU3BOJHBIX

Cyclic waterflooding modeling by setting periodic Dirichlet
conditions for a two-phase filtration problem

This work is devoted to the problems of developing a hydrodynamic
simulator. Based on Darcy’s law and continuity equations there was
constructed partial differential equation system. This system can be
used for the modelling cyclic waterflooding.

Keywords: continuity equations, cyclic waterflooding, Darcy’s law, par-
tial differential equations system

HI/IKJ'II/ILIQCKOQ 3aBOAHEHNE OAVH N3 TUAPOANHAMUYICCKUX METOA0B JJId I10-
BhilieHus Koddduiuenta n3piedenns Hedrtu. OH IpUMEHsieTCd KaK Ha PaH-
Hell, TaK W Ha HO3/HeH cTajuu pa3paboTku MecTopoxkpenusd. Jlannomy me-
TOJy MOCBAIIEHBI COBpeMeHHbIe cTaThu |1-2]. s nporaosupoBanus paspa-
OOTKY MECTOPOXKJIEHUS UCITOMB3YIOTCA THIPOIUHAMUUIECKIE CUMY/ISITOPhI. B
X OCHOBE JIEXKHUT cucTtema quddepeHnnabHbIX YPABHEHUH B TaCTHBIX TTPO-
m3soaubix (JIVUII), koTopas mosryuaercst u3 ypaBHEHHUiT HEpa3PBIBHOCTEl 1
sakona Jlapcu [3-4].

[Menwro mammoit paboThl ABIAETCA PEANTU3ANNA JBYMEPHOTO THAPOINHA~
MUYECKHI CUMYJISTOD B CUCTEM HedTh+BO/Ia, KOTOPOM CBOMCTBA MOPOJLI U
(bI/ISI/IKO—XI/IMI/ILIeCKI/Ie CBOMCTBA HOCTOSIHHBI.

B boapmmncTBe KOMMeEpUeckux cumMyaTopoB Takux kak FEclipse, Roxar,
oregecTtBennblit «PH-KMM» meobxommmo MOAeInpOBaTh JAHHBIA IPOIECC
qgepe3d 3aJaHne 'PaHUYIHBIX yC.HOBI/Iﬁ B BuUJe UCTOPHUHN CKBa2KHNH, KOHTPOJIM-
pyd uUX pexxuM paboThl U Jpyrue napaMerpbl. B cuMyaaTope, onuchiBaeMOM
B JlaHHOW paboTe, BO3MOXKHO 33/[aHUE I'DAHUYHBIE YC/IOBUN SIBHO KaK YCJI0-
Bud wpuxse uepes mepuoamueckyio dyuxmnuio. Jlanaeit cnocod 3amamus
ropaszo mpolre U yaobHee it TePBUYHOTO aHAJIN3a MTPOEKTHOTO PEITICHUS.

A6apaxvanos Aiimap Panmkosud, Marucrpant 2 Kypca kad. maremarnku, YTATY
(Yda, Poccma); Aydar Abdrakhmanov (Ufa State Aviation Technical University, Ufa,
Russia)
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Jtst poctmxkennst ganaoi menan cucrema JIVUIIL, asastomasicss 0CHOBOM
BBIUUCJINTEJBHOTO AAPa CUMYJIATOPA, COCTOAIAA U3 YPaBHEHWIT Hepa3phIB-
HOCTel, JOMOJHEHHOro ypaBHenneM /[lapcu, OblTa IMCKPETU30BAHA C ITOMO-
MBI0 JIBYX KOHEYHO-PA3HOCTHLIX cxeM. llepmoit cxemoit 6pura cxema «Ipe-
JTUKTOpP-KOppeKTop» [5]. danHasg cxema yCcJOBHO yCTOHYMBA, W ee pEIleHne
KOPPEKTHO TPHU BBIMOJHEHUH yCa0BUs KypaHTa T/h2 > 1, rpe 7 - mar mo
BpeMeHnu, h - mar mo npocTpaHcTBy. BTopoil cxemoil 6bL1a moHasT HesIBHAS
cxema [3-4|. Tannas cxema yxxe 6e3yCJ0BHO yCTOYNBA, UMEHHO OHA UCIIO/Ib-
30BaJIaCh BO BCEX pacyéTax.

Pemenwne cozmannoro cumynsropa 06110 BepUUIIMPOBAHO CUMYIITOPOM
«PH-KIMIM» ¢ 11oMoIIbio HECKOJIBKUX CUHTETHYECKUX MOE/IeH.
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VIIK 519

Texmonorndeckne 0O0bEKTHI HedTEmepepadaThIBAIONIEH OTPACIH OTHO-
CATCS K XMMHUKO-TEXHOJIOMMYECKHUM 1iporeccaM. JIjist ux anajamsa u onru-
MUBANWK UCTIOIB3YeTCsT TeOpHus TpadOB: MOTOKOBbIE, WHMOPMAIIHOHHO-
MTOTOKOBBIE, CUTHAJIbHBIE MPadbl U Tpadbl HATEKHOCTH.

Karoueenie ca06a: IpoIeCC KATAINTUYIECKOTO pUMOpMUHTa

Representation of the catalytic process graph reforming

Technological facilities of the oil refining industry belong to chemical-
technological processes. Graph theory is used to analyze and optimize
them: streaming, information-streaming, signal graphs and graphs of
reliability.

Keywords: catalytic process reforming

K moroxoBbiM TpadaM OTHOCATCS MaTepuaibHbIe, MAPaMETPUYECKUe U
TeILIOBBIE TPa(bl, KOTOPBIM COOTBETCTBYIOT (PU3NKO-XMMUIECKNE [IPEBPAIIle-
HIA BCINECTB W 9HEPIUU B XUMHUKO-TEXHOJIOTUYECKON cucTeMe. HpeﬂCTaBHM
YCTAHOBKY KaTaJIATHIECKOI0 prpOPMUHTA B CTAIMOHAPHOM CJIO€ KaTaIn3a-
TOpa Ha OCHOBE Teopuu TpadoB. YCTAHOBKA KATAJIATHIECKOrO prudOpMuHTa
(puc. 1) 3aBHCHT B IEPBYIO 09epPeb OT PAOOTHI PEAKIIMOHHOTO OJI0KA, KOTO-
PBIii COCTOMUT M3 TPEX MOCIEIOBATENHLHO pabOTAONNX peakTopoB. Omuimem
UX C MOMOIIBIO TEIIOBOTO (PUC. 2) W MATEPUATLHOTO MOTOKOBOTO rpadamm
(puc. 3).

Ha mepeuuroM 3Tame ganabie Tpadbl HOCAT KAYECTBEHHBIN XapaKTep, HO
[IPEICTABACHHBIE MATEPUAJILHBIE U TEILIOBLIE TIOTOKOBBIE TPAMBI IO3BOISIIOT
OTIPEJEINTE TOPSIOK PACUETOB AIIAPATYPhl U COCTABATH MaTEMATHICCKIE
ABTOMATH3UPOBAHHBIE IIPOTPAMMHDIE AJTOPUTMbBI PEIleHns YPABHEHN CBs-
BaHHBIX C IPONECCOM KATAINTHICCKOr0 PuPOPMUHIA B CTAIMOHAPHOM CJIOE
KaTaJIM3aTopa C IOJydIeHueM IIPOAYKTOB ¢ 60jee HH3KOM cebeCTONMOCTRIO.

Hwmxe npencraBaent puc 1., puc 2. u puc. 3.

Pafora Boinonnena npu dbunancosoii nogaepxke PODI (npoexr Ne 18-07-000341).

Arzamosa Mwunayma Pamnosma, marmcrp YIHTY (Yda, Poccma); Agzamova
Milyausha Railovna(Ufa State Petroleum Technological University, Russia)
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BCT

3
[

Cripie], las

Kataansar

L

Pucyrox 1. Texuosiornueckast cxeMa yCTAHOBKU KaTAJIUTHIECKOTO PH-
dopmunra: 1 — 60K rUAPOOUUCTKHU; 2 — meub; 3,4,5 — peakTopsl pudop-
munra; 6 — cenaparop BCI; 7 — 60k crabuamsainmn.

Pucynox 2. MarepuasibHbIii TOTOKOBBIH rpad mpoiecca KaTaauTuaecKo-
ro pudOpPMUHTA CO CTATMOHAPHOM CJa0eM KaranmsaTropa: I — 6710k ruapo-
oanctky; 11 — neun; 111 — peakrop pudopmunra; VI — cenararop; VII — 6ok
CTAbUIN3ANNY; 1 — TTOTOK cbipbs; S — motok BCIY S1 — rasz; S2 — xaranauzar;

ql-q8 — maccoBwIii pacxo.

(M)

I pwg2—s{ Il pwg3—s{ Il }—wq3=q5— VI }—»q6—s{ VIl }—»q7—»{S, |
v v T
ql q9 a8
AR T r
(*s) (s,)

Pucynox 3. TemnoBoii moTokoBbIiil rpad nporecca KaTaauTUYeCcKoro pu-
¢dbopMuUHTa B CTAIMOHAPHOM CJI0€ Karajm3aropa: 1-7 HoMepa BepIInH, sB-
JISIOIIUXCS OTIepaTOpaMu i — MOTOK Chipbsi; S — nmorok BCI; S1 — rasz; S2 —
kataam3ar; HI1-H12 — TemmoBbie MOTOKKM BHYTPU CUCTEMBI.

(3) (s)
H —%H S
4 3 I H12
- H S H S H ~H ~_ H
: | L 1 z -I-. 2 —?h 5 |_ﬂ ’4 6 :_ HQ - 7 \ 10 81 I
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B nmoknaze Oyzner mpeacTaBieH Crocod permennsi 0OpaTHBIX 34149 OIpe-
JeJIeHNsT BeCa, TMPOMEXKYTOUHBIX MAaCC Ha OJHOPOIHOM OasKe 1Mo M3BECT-
HBbIM TpeM CO6CTBeHHbIM qacToTaM. By,ﬂ;eT IIOKAa3aHO BJINAHHUE IeOMeEeT-
PUYECKOI CUMMETPUU PACLIOJIOXKEHU 11ePBOI U TPeTbel MacChbl OTHOCU-
TEILHO CepeIuHbI OAJTKHM, KOTOPOE UTPAET BAYKHYIO POJIb s OIpejIe-
JIeHnd BeCa TPOMEXKYTOYIHBIX MacCC. HOqueHHbIe pe3yabTaThl MOATBED-
KTAIOTCS TPUMEPaMMU.

Karouesvie c06a6: cOCPETOTOYEHHBIN d7eMeHT, oOpaTHas 3a/a4a, co0-
CTBEHHBIE YaCTOTbHI

A method for solving the inverse problem of a beam with
lumped elements

Pab6ora BeimosHena mpu (GhuUHAHCOBOM HOAAepkke MunnCcTepcTBa 00pA30BAHUS U HAY-
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The report will present a method for solving inverse problems of deter-
mining the weight of intermediate masses on a homogeneous beam from
the known three natural frequencies. The influence of the geometric
symmetry of the arrangement of the first and third masses relative to
the middle of the beam will be shown. It plays an important role in de-
termining the weight of the intermediate masses. The obtained results
will be support by examples.

Keywords: a lumped element, an inverse problem, natural frequencies

Paccemorpum auddepentinanbioe ypaBHEHHUE OMEPEeIHbIX Kotebannit basi-
KU JJINHBI £ C MMAaPHUPHBIM 3aKPEIIEHNeM Ha 00enX KOHIAX:

EJyIV(/\,a:) = w?pAy(\, x), L <z< {7 T # a—g, T # b—g, x # c—g,
2 2 2 2 2
©
C TpeMs COCPEOTOYCHHBIMU 3JIeMEeHTaMu. IlepBas, BTOpas W TPEThs COCpe-
JIOTOUEHHBIE 3JIEMEHTBI PACIIOJIATalOTCs OT JIEBOTO KOHIA OaJKU Ha PaccTo-
saann a,b u ¢, coorBercreenHo. 3aechk Y(\, x) — cobcrBennbie DOyHKIMH MO~
[EPEYHOrO CTATHYECKOr0 OTKJIOHEHUs! Gajku; F — MOAy/Ib YIOPYIOCTH Ma-
Tepuana; J — MOMEHT WHEDIIMHU HONEePEYHOTO cedeHns baakm; \* = % -
COBCTBEHHOE 3HAYEHNE; W — YACTOTHBI TapaMeTp; p — IJIOTHOCTh MaTepraJIa,;
A — WI0ma/Ib NOMEePeIHOro CeYeHNs.

TToCKOTbKY M3MEHEHNsT BETMYUH COCPETOTOYEHHBIX MACC Ha HaIKe MOTYT
XapaKTepUu30BaTh CTENeHb W3HONIEHHOCTH JIUCKOB, TO AKTYAJbHO HCCIEI0-
BaThb MexaHn4eckue cucrembl ¢ n (1 < n < oo) snemenramu (npu n = 2) [1].
B pabore [1] Macchl HAXOAATCS OJHO3HAYHO € TOYHOCTHIO JI0 TEPECTAHOBKY
MX MECTaMHU.

B mannoM joK1aje OyIeT pacCKa3aHo O BLISBJIEHHBIX 3aKOHOMEPHOCTSX,
MCXOJs U3 KOTOPBIX ObLI pa3paboTan MeTos s PerieHus 00paTHBIX 3a0a4
IO OTIPEIENIEHNIO BECA COCPEIOTOYEHHBIX 3JIEMEHTOB Ha, OJIHOPOAHON Oaske
10 U3BECTHBIM TPEeM COOCTBEHHBIM YaCTOTAM.
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MATEMATUYECKOE MOJAEJIMPOBAHUE ITPOITECCA
CEPHOKMNCJIOTHOI'O AJIKNJIMPOBAHNA N30BYTAHA
OJIEOMHAMMA
N.A. Apednesn, JI.B. EnukeeBa
purgonga@gmail.com, leniza.enikeeva@yandex.ru
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Henbio mauHO# paboThI sABJIsIETCA Pa3pabOTKa MaTeMaTHUYecKoi Moje-
JIH CEPHOKHUCJIOTHOIO AJKUIUPOBAHUS W300yTaHa onepUHAME, yIUThI-
BaloIeil (PU3NKO-XUMUIECKUE 3AaKOHOMEDHOCTHU IIPOTEKAHUS IIPOIECCa.
BrisiBiernl 3HAUMMBbIE OCOOEHHOCTH TEXHOJIOTHN, KOTOPHIE HEOOXOINMO
YUIeCThb MPU MOIEIUPOBAHNY. PACCMOTPEHBI OCHOBHBIE CXEMbI ITPEBPAIIIE-
HUI CEPHOKMCJIOTHOTO JIKAINPOBaHus n300yTana onebunamu. [1o 3Ha-
9eHHI0 dHepTruu ['mbOCca oeHeHa BEPOITHOCTD MPOTEKAHUS BCEX pPeak-
nuit. 3a7102KE€HbI OCHOBBI JIJTsl TAJIbHERIIIEro MOJIEIMPOBAHUS BCETO XUMUKO-
TEXHOJIOIMYECKOIO IIPOIECCA.

Karuesnvie caosa: AJIKUJINPDOBaHUE, MaTeMaTHYIeCKad MOJEJIb, KUHETU-
YeCKad MOJEJIb

Mathematical modeling of the process of sulfuric acid
alkylation of isobutane with olefins

The purpose of this work is to develop a mathematical model of sulfuric
acid alkylation of isobutane by olefins, taking into account the physical
and chemical laws of the process. Significant features of the technology
that need to be taken into account when modeling are identified. The
main schemes of transformations of sulfuric acid alkylation of isobutane
by olefins are considered. The probability of all reactions is estimated
from the Gibbs energy value. The foundations for further modeling of
the entire chemical-technological process are laid.

Keywords: alkylation, mathematical model, kinetic model

B macrosiee Bpems, B CBA3U C TEHIEHIINEH K YIYUIIEHUIO SKOJIOTHUE-
CKUX XapaKTEPUCTUK TOILINBA TPU OJHOBPEMEHHOM COXPAHEHUU BBICOKOTO
OKTaHOBOTO YHCJIA, CEPHOKUCIOTHOE ATKMINPOBAHNE W300yTaHa onebuHaMm
SIBJISIETCS 3HAYMMBIM TIPOTIECCOM COBPEMEHHOIO HedTernepepabaThIBAIOIIEro
koMmILIeKca. [ToToMy Kak HA3HATUEHMEM DTOTO MPOTIECCa ABIAETCS epepaboT-
Ka OyTaH-O0yTuyieHOBOI (hpaKkiy C OJIyIYEHHEM BBICOKOOKTAHOBOI'O KOMIIO-
Henta Gensuna — askuaara [1].

K 4guciy pocromHCTB ajkmiaTa, B IEPBYIO OYepPEib, CTOUT OTHECTU €ro0
BBICOKOE OKTAaHOBOE 4uncji0: 96 — 1o mcciieoBaTeibCKOMy MeToy, 92 — 1o

PaGota BbInosiHeHa npu ¢uHaHCOBOH nognepxke PO®U (mpoext Ne 19-37-60014).

Apedres Unps Anekcannposma, IMex YOUIT PAH (Yda, Poccus); Arefiev Ilya
Alexandrovich, IMEh UFITS RAS (Ufa, Russia)
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Leniza Vasimovna, Candidate of Physical and Mathematical Sciences n.s. NSU
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MoTOpHOMY. IIpOAYKT aJKUJIMPOBAHKUS HE TOKCUYEH, HE COAEPKUT OEH30/1a,
W UMeeT HU3KOe JaBJIeHUe HACHIIEHHBIX TapoB, CIeI0BATEILHO, MaJI0 UCTa-
PSIOTCST TIPU XpaHEHWH ¥ TPAHCTIOPTHPOBKE.

MaremMaTuueckoe MOJETUPOBAHNIE YKe JABHO WCIOIB3YEeTCs s UCCJIe-
JIOBAHUS CJIOKHBIX TEXHOJOTHIECKUX OOBEKTOB B HedTenepepabarbiBaonieit
7 He(PTEXUMUIECKOHN TPOMBINIIEHHOCTH. [[pr 3TOM BasKHO y4ecTh TOT DaKT,
9T0 J06as MATEMATHICCKAd MOJETh XUMHUKO-TEXHOJOTHIECKOTO MPOTIECCa
CTPpOUTCA Ha CbI/I3I/IKO-XI/IMI/ILIeCKOI71 OCHOBE U YYUTBIBACT TCPMOAWHAMUKY W
XUMHUIECKYI0 KMHETHKY. TakuMm obpas3oM, s YCHENTHOTO MOACTUPOBAHNS
nporecca HeoOXOAMMO TITATEIbHOE M3YUEHNEe er0 XMUMHU3Ma U COCTAB/IEHUE
JleTaIM3UPOBAHHON KNHETHIeCcKoi Mogenn [2,3].

IIpu mopesmpoBanuyu J1aHHOTO IIPOIMECCA CTOUT MPUHSTH BO BHUMAHUE
CBOMCTBA, KUCJTOTHBIX KATAJIN3aTOPOB, 00T JAIONINX BHICOKON KOPPO3UOHHOM
AKTUBHOCTHIO W HU3KOH CEIEKTUBHOCTBIO, BEJAYITEH K TOMY, YTO HAPIAY C
TeJIEBhIMU PeaKIINAMU AJIKUJINPOBAHUA, TTPOTEKACT 60ﬂbm0e KOJINYECTBO I10-
Hounbix peaxiuit. OHU NPUBOJAT K MOTEPE AKTUBHOCTU W YBEJTUUEHUIO PAC-
X0JIa KaTAJIN3aTOPa, & TaKXKe K 00paz30BaHmIo O0JIee JIETKNX 1 H0J1ee TAKETBIX
YTJIEBOJIOPOJIOB, YeM TeeBoii mpoaykT [1,4].

Hawubosee monubiit yaér TepMOAMHAMUYIECKUX W KHHETUIECKUX 3aKOHO-
MEPHOCTEH TeTeBhIX W TMOHBOUHBIX PeAKIUil, TPH MOJETUPOBAHUN TTO3BOJIUAT
¢ HaubOJIBINEH CTENEeHbI0 JOCTOBEPHOCTH MPOTHO3UPOBATE BBIXOJ IEJIEBOTO
npoaykTa. Yro B OyAyIeM MOMXKHO MCIIOJIb30BATD JIJIs TIOUCKA ONTUMAJIbHBIX
TEXHOJIOIMYECKUX YCJAOBUI U mHTeHcuduKamuu npouecca [5].

Hawmu paspaborata geTaan3upoBanas KHHETHIECKAT MOJIETh CEPHOKNC-
JIOTHOTO aJKUJIUPOBAHUS, VIUTHIBAIONIAA CJACAYIONINE PEAKITUN: AJTKUIAPO-
Banme m300yTaHa oepUHAMY, PEAKITUN TOJINMEPU3AINY 0,1e(DUHOB, TUCITPO-
MOPITMOHUPOBAHNS, CAMOAJTKUIUPOBaHusi ¢ H-mepenocom u 1ecTpyKTUBHOTO
AJKUTUPOBAHUS.
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KOMIIBIOTEPHOE MO/JIEJINPOBAHNE IIETJIEBOM
N30TEPMNYECKOU AMIIJINM®OUNKAIINN
JLY. Axmer3zanoBa, O.}0. Kupsanosa, 1.M. I'yb6aiigynianu
www.lianab@mail.ru, olga.kiryanova27@gmail.com, irekmars@mail.Tu
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B nmammoit pabore npeacraBieH 0630p CyIIECTBYIOIINX KOMILIOTEPHBIX
POrpaMM Jijisi MOJEJIUPOBAHUS [IETJIEBOI N30TEPMUIECKOH aminduka-
i (LAMP) u mon6opa mpaiiMepos. OmuCaHbl OCHOBHBIE TTAPAMETPHI,
KOTOpbIE€ HEOOXOIMMO YUIUTHIBATH TIPHU TOAO0PE TMPAMEDPOB.

Karouesvie caosa: nusaitn mpaiiMepoB, W30TepMUTECKas TETJIeBas aM-
mndukamnus, LAMP, nporpamma.

Computer modeling for loop mediated isothermal
amplification

This paper provides an overview of existing computer programs for mod-
eling loop isothermal amplification (LAMP) and selection of primers.
The main parameters that must be taken into account when selecting
primers are described.

Keywords: primer design, loop mediated isothermal amplification, LAMP,
software package.

B nacrositiiee BpeMsi OCHOBHBIM METOJIOM MOJIEKYJIAPHON JTHATHOCTHKMY,
B TOM YWC/Je W HOBOI KopoHasupycHoil mnudexknun SARS-CoV-2, Bhi3biBa-
fomteii 3aboneBarne COVID-19 gsisgerca moauMepasHasd MEIHAs PEAKITIs
(IIITP)[1]. Omuako ceityac pacTyT MacuTadbl IPUMEHEHUS METOJa M30Tep-
mugeckoit neriesoit ammindukanuu LAMP (Loop AMPlification), paspa-
6orarnoro eme B 2000 1. [2]. Bo mHOorux paborax ormeuaercsi, uro LAMP
[0 IyBCTBUTEIBHOCTH 3HaunuTe bHO mpesocxonut P |3, 4. CymectByror
CYIECTBEHHBIE pasanunst Mexk 1y Meromamu [TITP uw LAMP.

B cpasuennn ¢ [1IP LAMP gapisiercss m3orepMudeckoii u He Tpebyer
CMEHBI TEeMIIEPATYPHOTO pexkumma, B TO Bpemda Kak I[P Tpedbyer cmenwr 3
TeMIIEPATYPHBIX PEYKUMOB B OJHOM IUKJE. BaXKHBIMU KOMIIOHEHTAMHY SIBJISI-
FOTCH TIpaiiMepbl — KOPOTKHME HyK/1eoTuAHbie hparMenTst. ig cranaapTHoi
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[IIIP Tpebyercs Bcero mapa npaiimepos, a jyisi LAMP veobxogum HabOp U3
MMECTH TPARMEPOB, UTO YCJAOKHSAET MPOIECC MOA00pa MpaiiMepoB.

TTogbop mpaiiMmepoB MOXKHO PACCMATPUBATEH KAK 33039y KJIACCH(DUKAITIT
Hoabioro Habopa nanubix. Hampumep, eciau pyivna npaiimepa 20 HYyK/Ie0TH-

4?0 rne 4 — kosmUECTBO

JI0B, TO KOMOMHANU# MoxKeT ObITh Gos1ee TpuInoHa, (
asorucTbix ocuoBanus (A, G, C, T), a 20 — ayiuHa mpaiimMepa) u IpoaHATH3U-
POBaTh WX BPYYHYIO MPAKTUIECKHA HEBO3MOKHO. U ecim jjia au3alina mpaii-
mepos 1P cymectByer 6osee mosyTopa COTEH Pa3JUYHBIX Iporpamum |5,
To st MosempoBanug LAMP rmakux mporpamm He GOJIBINE JTECSITH.

B pesyabrare npoeenennoro obzopa paccMoTpeHa mporpamma Primer-
Explorer (Bepcum 4 u 5), a takxke ase kKoMMmepueckue mporpavmbr LAMP
Designer n mporpamma FastPCR, mporpamva GLAPD, paccunrannas na
musaitn kraccudeckoit cucremsl LAMP [6]. meerca Takaxke naker Electric
LAMP, mpencrapasromnuit coboit 971eKTpoHHYT0 cuMyanuio nporekannst LAMP.
OHaKO, JaHHbIE HPOIPAMMbI JOBOALHO 2KECTKO «3aLUUThI» U HE [HO3BOJISIOT
BBOJUTH ClenudrYecKue mapaMerpsl Ipu Boibope npaiiMepos. OCHOBHBIE T1a-
paMeTphl, KOTOphIe HEOOXONMO YINTHIBATEL HPU MOAO0pE TPaiMepOoB:

1) nuamazon aawH npaitmepa: ot 15 10 30 HyKI€OTHIOB (/171 BHYTPEHHIX
or 30 g0 50);

2) remneparypa miasiaenus Tm, 3asucur or GC-cocrasa (55—65°C);

3) paccTosTHUST MEXKY MpaiiMepamu;

4) cpenHuii pazMep aMIITNKOHA;

5) GC-cocras, 3apucut or aymHb npaiivepa: ot 40% 10 60%.

B nmanmoit pabore OBLT MPOBEIEH TECTOBBIM MOAOOD TpaiiMepoB B MPO-
rpamme Lamprim |7]. OnHako oHa He TO3BOJIIET YIUTHIBATH HAJHINE THOPU-
MU3AIMMOHHOTO 30H/IA, KAK CAMOCTOSITE/THHOTO 3JeMEeHTa KOMILIEKTa TpaiMe-
poB. s perennst 3a,1a4n MOWCKa TTO3UITAN OTKUTA TTpaiiMepa wa memmn JJHK
6b11 puMeneH aaroputM boitepa-Mypa. 910 HE0DXOAUMO st OTIpeIeICHIs
YCHEITHOCTH IJIAHUPYEMOr0 HATYPHOTO IKCIIEPUMEHTA.

TlepBonaganbHbIil BApHaHT MPOrpaMMbl Au3alina mIpaiiMepoB peaIn30BaH
Ha A3bIKe IporpaMMuposanns Python ¢ mpuMmenenunem 6ubanorekn BioPython.

B nanpmeiiniem miaanupyercs mpUMEHEHNE METOI0B MAIUHHOTO 00yte-
HUsI, KOTOPBIE TIO3BOJIST 3HAUYUTEBHO YIYUIINTh TPOBEIeHNE T0100pa, paii-
MEPOB C yUYeTOM TuOpPUAM3AInOHHOTO 30H1a Jast LAMP.
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MODELING THE BASIS OF HOMODESMIC REACTIONS OF
CHEMICAL COMPOUNDS
A.lI. Akhmetyanova
ai-albina@mail.ru

VIIK 524.882

Hacrosimasi pabora mocBsieHa OMUCAHUIO MATEMATHIECKOrO alapa-
Ta, 00ECTeYnBAIONIEr0 TOMOAECMIUYIECKN MeTO/ pacdera dHepreThte-
CKIUX XapaKTEPUCTUK IMKJINYECKUX XUMWYECKUX coeamuenwnii. Pazpa-
00TKa MpOrpaMMbl OCHOBAaHA HA TeOpeTuko-rpaduieckom meroze. 1Ipo-
rpaMma reHepupyeT HabOp HEe3aBUCHUMBIX TOMOJECMHUYECKHUX DPEeaKIuit
JJld UCCJIEJyeMOIO COeJIMHEHMs, YTO IIOBBIIIAeT HaJ/Ie?KHOCTb TEOPETH-
YeCKOI'O OIPE/IeJIEHUs CTAHAAPTHON HTAIbINKU OOPA3OBAHUSA.

Karouesvie ca06a: XUMUYECKHUE PEAKINH, TEPMOIUHAMUYECKUN aHATU3,
0Opa3oBaHUE IHTAIBIINN

This work is devoted to the description of the mathematical apparatus
for providing a homodesmic method for calculating the energy charac-
teristics of cyclic chemical compounds. The development of the program
is based on the graph-theoretic method. The program generates a set
of independent homodesmic reactions for the test compound, which in-
creases the reliability of the theoretical determination of the standard
enthalpy of formation

Keywords: chemical reactions, thermodynamic analysis, enthalpy for-
mation
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Akhmetyanova Albina Ilshatovna, graduate student (Bashkir State University, Ufa,
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Determination of the energy content of chemical compounds is necessary
in various branches of industry and science. Formation of the relationship
between the structure of a substance and its properties is a fundamental task
of modern physical organic chemistry. The results can be used to determine
the quantitative characteristics of organic compounds and processes for the
analysis of chemical transformations. Quantitative information of this kind
is constantly used in the practice of scientific research. The results can
find their application when used in thermal calculations in the development
of technologies for the production of practically significant products, for
example, in petrochemical production or the development of high-energy
fuels. The aim of the work is to develop mathematical and software for deter-
mining the energy characteristics of cyclic organic compounds using modern
concepts of molecular energy. These calculations provide a comparative asses-
sment and allow you to find the optimal conditions for the reaction. Earlier,
the GDR method was applied in [2-4] to determine the standard enthalpy of
formation of acyclic compounds representing the classes of alcohols, ethers
and esters, carbonyl compounds. The calculation results turned out to be
insensitive to the level of complexity of the quantum chemical method.
This makes it possible to apply the GDR method, develop mathematical
and software support for more complex molecular systems, including cyclic
compounds. The algorithm for calculating the stress energy of cycles in
organic compounds of various classes is based on the design of homodesmic
reactions. Homodesmic reaction is a formal thermochemical equation, in the
construction of which the material balance, isogyric balance, bond balance,
group balance and non-valence effects balance are taken into account [3].
Revealing the basic set of group separation reactions is based on the graph-
theoretic representation of the analyzed structures. This makes it possible
to perform transformations on the adjacency matrix of the vertices of the
molecular graph, which uniquely describes a chemical compound, and, thus,
to rewrite the algorithm into machine language. An algorithm for calculating
the stress energy of cycles in organic compounds of various classes has been
developed [1]. The analysis of the dependence of the influence of structural
features on the energetics of compounds, non-bonded interactions, calculation
of the stress energy of the cycles of compounds, free from other non-bonded
interactions (gauche, intramolecular hydrogen bonds, effects of small molecules)
in reference compounds.
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INMECTHAAITATNKOMIIOHEHTHA A KNHETUYECKAA
MOJAEJIb ITPOIIECCA KATA/INTNYECKOI'O KPEKWNHTA
I'.P. Buk6oBa, U.M. I'y6aiinynauu, I.I. MaunaroBa
bikbovagul@gmail.com, irekmars@mail.ru

VIIK 51-76

B pabore mpeacrasiena, mecTHAIIIATHKOMIOHEHTHAS KHHETHIECKAS MO-
JeJTh TTPOIEcCa KaTAJIMTHIECKOTO KpeKnHTa. JlanHas MoJeb YIuThIBAET
MaCCOBBIil M CTPYKTYPHBIIf COCTaB KOMIIOHEHTOB, YTO IIO3BOJIAET OLIEHU-
BATh BBIXOJ, OEH3MHA, M UX OCHOBHBIE KAY€CTBEHHBIE ITOKA3ATE .

Karouesvie crosa: 6eH3uH, KOHCTAHTHI PABHOBECH S, KATAJIUTUIECKUN KPe-
KWHT, KHHETUYIECKAsd MOJEJIb, KOKC, MATEMATHIECKOE MO/IEJIMPOBAHME

Sixteen-lump kinetic model of catalytic cracking process

The paper presents a sixteen-component kinetic model of the catalytic
cracking process. This model takes into account the mass and structural
composition of the components, which makes it possible to assess the
yield of gasoline and their main quality indicators.

Keywords: gasoline, equilibrium constants, catalytic cracking, kinetic
model, coke, mathematical modeling

Ha cerogusginnumii jenb Bo BceM Mupe cyiiecTByer 60Jblias noTpedHOCTh
B IIOJIYUYEHUU aBTOMODOMJIbHBIX OEH3UHOB BHICOKOI'O KadecTBa. lIporecc kara-
JIATHIECKOTO KPEKUHTA, IBJISIETCS OJTHUM U3 OCHOBHBIX ITPOTIECCOB HedTEmepe-
paboTKH, B CBs3M C YeM pa3paboTka MaTeMaTHdecKol MOJIEN JIaHHOTO TTPO-
recca IBJIAEeTCd BayKHON W akTyaabHOU 3amadeit. cxoms m3 pacCMOTPEHHBIX
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HAMU MaTeMaTU4eCcKux Mogeseit [1-5], Mbl npejyiaraem 1mecrHa uarukoMIio-
HEHTHYIO MOJEIb MPOIECCa KATAJTUTUIECKOTO KPeKuHra. [IpwHiunraanbHas
cxXeMa MMPEeBPAITEHN TPeICTaBIeHa Ha pUcyHKe 1.

M Fh Ah
\

A r

| Am P Om Am

M ~ - [An-H a | Al

I

4 PFF BBF

Ph-Tmxensre mapadimmn

Wh-Taxemie sadTenm:

Ah-TsoRensle apoMaTHHM eCKHE COoeIHHEHHA
Om-Cpensme onedimm

Pm-Cpensie napadimemr

MNm-Cpensme HabTeHE

Am-CpenHHe apoMaTHYeCKHE CoeOHHEeHHA
Ol-CpenmHne omnedimsmn

nPl-Jlersste n-napadsnm:

iPl-Jlersxme mzonapadiosm

Nl-JTerkue HadTeHED

Al-Jleriaie apoMaTHISCKHE COSNMHEHIA
DG-Cyxoit ras
PPF-IIponaH-nmpoUIeHOBAA (bpakimsa
BBF-EByvran-6vriuneHoean dparxapa

Pucyrnok 1 — Cxema mpeBpamennii mecTHaIaTHKOMITOHEHTHON KIHETH-
YECKOI MOJIESTH TIPOIECCa KATATUTHIECKOTO KPEKUHTa
Cucrema suddepeHmanbHbIX ypaBHEHNT, XapaKTePU3yIOMas KNHETH-
YECKYIO MOJIENb KATAJUTHYECKOTO KPEKUHTA:
d[yl]/dt= -k1[y1]-k8[y1]
d[y2]/dt= -k2[y2]- k9[y2]
d[y3]/dt=-k3[y3]-k10[y3]-k15[y3]
d[y4]/dt= k1|y1]-k4|y4]-k11[y4]
d[y5]/dt=k2[y2]-k5[y5]-k12[y5]-k30[y5]
d[y6]/dt=k3[y3]-k6[y6]-k13[y6]-k16[y6]
dly7]/dt=k8[y1] - kO[y2| + k10[y3]-k7[y7]-k14[y7]
d[y8]/dt=k4[y4]-k18[y8]-k19[y8]-k20[y8]
d[y9] /dt=k5[y5] - k14[y7]-k21[y0]-k22[y9] + k23[y9] - k31[y9)]
d[y10]/dt=k6[y6]-k17[y10]-k24[y10]-k25[y10]-k26[y10]
d[y11]/de=k7[y7]+ k11[y4] + k12[y5] - k13[y6] -k27[y11]-k28[y11]-k29[y11]
d[y12]/dt=k15[y3] + k16[y6] + k17[y10] d[y13]/dt=k18[y8] +k21[y9] -
+k24[y10]+ k27[y11] + k33[y16]
d[y14]/dt=k19[y8]  k22[y9] + k25[y10] + k28[y11]+ k34[y16]
d[y15]/dt=Lk20[y8] + k23[y9] + k26[y10] + k29[y11] + k35[y16]
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d[y16]/dt=k30[y5]+k32[y9]-k31[y16]-k33[y16]-k34[y16]- k35[y16]

KWHeTHYecKHe KpuBkble
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Pucynok 2 — Knaernueckne KpuBble 3aBUCHUMOCTE KOHIIEHTPAIIUHA OT Bpe-
venu g ceipba u dpakiuu TKT U JIKT

KuHeTHUueckue KpUBble
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Pucynok 3 - Kunerndeckue Kpupble 3aBUCHMOCTb KOHIEHTPAIIMY OT Bpe-
MeHU! I OeH3WHOBON PPaKIINT W Ta30B

Taxkwum 06pazom, HA OCHOBE IPA(PUKOB MOKHO CHEIATH BBIBOJI, UTO HAIIA
MOJIeJTb XOPOIIO OMUCHIBACT KWHETUKY KATAJIUTHIECKOTO Kpekmura. Pacde-
THI MOKA3A/IM aI€KBATHOCTH MOJY9aeMbIX PE3yabTaTOB (PUCYHOK 2, 3). D10
[IO3BOJINT HAM B JAJbHEUIIEM IMOJYUUTh TOJHOIEHHYI0 MOJIEIb TEXHOJIOIH-
YECKOTO TPOITECCa KATATUTHIECKOTO KPEKIHTA.
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PASHOCTHAA CXEMA AJId PEIIIEHNA 3AJTAYN
MACCOITEPEHOCA B CUCTEME CETBH «TPEIIINH -
MATPUIIA »

10.0. BobpenéBa, U.M. I'ybaiigyniua
byulyaol12@mail.ru, irekmars@mail.ru

VIK 519.63

B pabore mpescraBiena pa3HOCTHAS CXEMa [Jisi yPABHEHUS B YaCTHBIX
[IPOM3BO/HBIX -ypaBHeHus mepenoca. [locTpoenbt cxembl Jjid OgHOMED-
HBIX YPABHEHUII C UCTIOJIH30BAHUEM METO/Ia KOHEUHBIX pa3HocTeil. B Ka-
qecTBe MpUMepa pacCMaTPUBAETCA 33/1a49a MaCCOTEPEeHOoCca KUJIKOCTH B
TPEIIXHOBATO-TIOPOBO# cpe/ie B He(TIHOM KOJIJIEKTOPE CO CMEIIaHHBIMU
KPaeBBbIMU YCJIOBUSMU.

Kaouesnie cro6a: mareMarudeckasi MOIENb, nuddepeHiinaabHble yPaB-
HEHUsI, PA3HOCTHAS CXEMa, TPEIINHOBATHIN KOJLIEKTOD

Difference scheme for solving the fluid flow processes
problem in the <fracture network-matrix> system

The paper presents an approximation of the boundary value problem for
a partial differential equation - convection—diffusion equation. Schemes
are constructed for one-dimensional equations using the finite-difference
methods. As an example, the problem of mass filtration of fluid in
a fractured-porous reservoir in an oil reservoir with mixed boundary

Pabora Beimonmena npn dbraanCcOBOM moaaep:xkku POOU (mpoext Ne 18-07-000341)
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conditions is considered. Computational experiments have been carried
out.

Keywords: mathematical model, differential equations, difference scheme,
fractured reservoir

Cywecrsyer BecbMa 60JiblIOe pazsHOOOpasue 3aJad O PACIPOCTPAHEHUH
9acTuIl B BemecTse. B paboTe paccMaTpUBalOTCsl yPaBHEHUS JaHHOTO THIIA
Ha TpUMepe 3aJadi MaCCONEPEHOCa B TPENMHOBATO-TIOPOBOM KOJLIEKTODE.
NccnenoBano ypaBHEHHE Ihe30MPOBOAHOCTH, OMHCHIBaomee ogHoba3Hoe U
onHOMepHOe TeveHne duonaa. Hamuane TpermmH 3HAYNTEIBHO YCI0KHSIET
pa3paboTKy MeCTOPOXKIEHUS, TaK KaK XapaKTepU3YIOTCs WHTEHCHBHBIM 00-
MEHHBIM [OTOKOM JKHJIKOCTH MEXKJy TPEeNMHAMH H IOPHUCTBHIME OJIOKAMI,
YTO BHOCHUT KOPPEKTUBBI B U3BECTHBLIC METOAbI OIIPpEIC/ICHI A (bI/IJ_[]:)TpaHI/IOH—
HBIX TTapaMeTpos |[1].

Pacmipenenenne maBieHns B CHCTEME «CETh TPEITUH - MATPUIIAY OMUCHI-
Baercs AuddepeHnuasbHbIMU yPABHEHUSAMU BTOPOIO HOPSA/IKA:

OPf _ 1 9 (ky oPf km

Bt = rgar o T ) — @ agtes - (Pr = P) 1)
9Py K
o a“'¢77t'ci'rrL ' (Pf B Pm)

Ha mpakTuke TPUXOAUTCS PEIIATh YpaBHEHHs! [E€PeHoCa B HEKOTOPOil
orpanwdenHoit obyactu. B mannom cayuae zagammmiry, <17 < 1, 0 <t < .
3aecyr a = %,L = @, ¢f— MOPUCTOCTb CETH TPEIIUH (J.e1), ¢, — 110~
pucrocTs MaTpuiibl (j1.e1),c; p—cxumaemocts cern rpemus (1/T1a),cpp—cxn-
maemocts Marpuist (1/Tla), ky — nporunaemocts cetn Tpemm (M2)ky, —
IPOHUIAEMOCTh MaTpuibl (M2), 1 — BaskocTs Hedbrr (Ila- ¢), Pf— mmacro-
Boe massenue B ceru Tpemma (MIla), Pm — miacrosoe gasnenune B MaTpure
(MIlIa), q - ge6ur xuaxoctn (M3/cyT), a — KosbdUIEEAT TPEIIHOBATON
noposst (1/M2), N — 9MCI0 B3AaWMHO TIEPHeHINKYISPHBIX TPYIIT TperuH, 1
~ pazMep 6710K0B (M2), a — JIMHA CTOPOHBI 6JI0Ka MATPHIE! (M), Ty - PaJIH-
YC CKBAXKWHBI (M),re - PAJUyC KOHTYDA NMUTAHULA, L, — 38aHHBIH KOHEIHbII
MOMEHT BpeMeHH (OKOHUYaHWe uccjaenoBanns) (cyT).

Jlis 3ajannsd HAYAAbHBIX W TPAHUYHBIX yCJIOBUil obpaTtuMca K usmde-
CKO#l mocTaHoBKe 3a1aun |2]|. st JIeBOro rpaHuvIHOTO YCIOBHS PACCMaTPU-
Baercs Caydail, Korja B CKBAXKMHE MHTEPBAJIbI nepdopanun HeOrpaHudeH-
HBI TTAKEPOM W TJIACTOBASA JKUJKOCTh 3ATTOJHAET MEKTPYOHOE TTPOCTPAHCTRO.
ITpu 3aKpBITHN CKBayKMHBI Ha MCCIEIOBAHNE BO3HUKAET HECOBIAJIEHUE Je-
OuTOB Ha ycThe u 3ab0e, TAKON TPOIecC HOCUT HA3BAHUE BIWAHUE 00BHEMa
CTBOJIA CKBaXKMHBI ¥ BHOCUT CBOW KOPPEKTUBLI B MOJIENh. Eine onun dhaxTop,
KOTOPBIH HEOOXOMMMO YUUTHIBATE 9TO CKUH-3(DGMEKT, KOTOPBIN OIpeaeasaeTcs
JIOTIOJTHUTE/ILHBIM [IEPeIaioM JIaBJIeHHUs, IPOUCXOSAIIM B 30HE MpeHebpe-
JKMMO MAJIOH TOJIIIUHBI BOKPYT CKBAaKUHBI.

Jlyist TIpaBoro TpaHuYHOrO YCJOBHsS OyJIeM CYUTaTh, YTO CKBAKHUHDLI €€
OKPYy2KEHUs pA0OTAJIN Ha, PEIKUME UCTOIIEHHS, TIOITOMY, Ha KOHTYPE MTUTAHUS
CKBaKMHBI 33/[aHO YCJIOBHE HEIPOTEKAHUS.
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Takum obpazom, yaursiBas d3PdEKTh, BAULIONINE HA IIPOIECC [TEPEHO-
ca JKUJIKOCTH, "PAHUYHBIE YCJIOBUS I MaTeMarndeckoi momenn (1) Gyayr
BBITJIAJIETH CJIEAYIONM obpasoM |3]:

) Prli=0 = Po; §f|t:0 = Py;

k P P

27h f( arf )T:rw =—q-B-+C;- (an)’T Tw Trf‘r:re =0 (2)
Tw = Ty - exp(—skin)

B obmactu G BBOIMTCS paBHOMEpHAas CETKA MO TPOCTPAHCTBEHHOMY Ha-
TTPABJIEHUIO W TTO0 BPEMEHH.

Wh—{rl—rw—i—zhz—Ol N, h = T} (3)
T—{t]—jT]—Ol MT—tk}

Torma pasHocTHas cxeMma i Mozesn (1) 3amuiercs B CJIeTyromeM Bu/Ie:

Pfin _ kaﬁ+1/2 an-l,-l ( ka(ﬁ+1/2+7‘z‘f1/2) + Thkno )an+1_

pceprih? ; Ppuceprih? brhcey (
TRFT; 1/2 n+1 Thmo P '(H—l 4
¢“wtf”h2k i ff“cﬁ [ W
T (0] n T o n
Pmi = (1+ o> )sz’ = Guem L /i

TIpoBemenm anmmpoKCUMAIINIO TPAHUYHBIX YCI0BUi. JIeBoe rpaHnvdHoe yCIo-
Bue 6ymeT BRIMISIETH CAEAYIONNM 00pa3oM:

Pyt = ; > Pfin+ 1+
1+ T + Cspvyhy  axghi
2x 27'rkh7‘w62 s 2X1
qBpuhy CsuhrPf0+ f() alpha,xdh,r Pm n+1 (5)
+ 2rkhrywe 271'k7" e_s 2)(17'
C h ax h
1+ _Cspyhe X3

2)(17' 2mkhrye?s 2x1

Juckpernzanusg OpaBoro TPAHUYHOTO YCJIOBUS TMPEICTABUTCS B BUJE:

Pl = ( i 1Pt i P hroxs (P — PmyN +1) (6)
- 2xat 2xaT 2x1
B pesysnprare anmpokcumaruu nosyuena CJIAY, maa pererus KoTopoit
HCIIOIL30BAJICS METOJ MATPUYIHON IPOTOHKHU. IIpoBeaennl BLIYuC/IMTEILHLIE
SKCIIEePUMEHTHI.

JIuteparypa
1. Hongyang Chu, Xinwei Liao, Zhiming Chen, Youwei He, Jiandong Zou, Jiali
Zhang, Juan Zhao, Jiazin Wei. A numerical model for pressure transient analysis
in fractures reservoirs with poorly connected fractures. [SPE-191246] Port of Spain,

Trinidad and Tobago : SPE Trinidad and Tobago Section Energy Resources Conference

held, 2018

2. Jleesa T.A., Kamapmdunos M.P., Kyaaeuna T.E., Manzazees II.B. T'unpo-
JWHAMAYECKUE UCCIEIOBAHNS CKBAYKUH: aHAJIN3 W WHTEPIPETAINs TaHHbIX. TOMCK
: 6.1., 2009.

3. Tuxonos A.H., Camapcrui A.A. YpaBuenus maremMmarudeckoit pusuku. Moc-
kBa: Hayka, 1972. cTp. 735.

169



MOAE/JINPOBAHUE ITPOCTPAHCTBEHHBIX
JANHAMUWYECKUX ITPOIIECCOB B BOJHBIX ITEHAX N
BCKUITAOIIINX CTPYAX
P.X. BoaorHoBa, 9.®. latinysuinaa, B.A. Kopobuunckasi, D.A.
PaiizysanHa
bolotnova@anrb.ru, elina.gef@yandex.ru, buzina_lera@mail.ru,
elnara_ fayzullina@mail.ru

VIK 532.529:5

IIpoBesieHo YmCIEHHOE MCCIEIOBAHNE THHAMUYECKUX MTPOIECCOB, COMPO-
BOXKIAIONINX YIAPHOE BO3JIEHCTBUE HA BOIHBIE MEHLI U CBEPXKPUTHYE-
CKHE PEKUMbBI CTPYHHOrO UCTEUEHUsI BCKUMAIOMIEH BOIBI Yepe3 TOHKOE
COILTIO, C MCIIOIB30BAHMEM MOIUMDHUIIMPOBAHHBIX PEIIATENEH TPOrpaMM-
woro komiiekca OpenFOAM. [lan ananm3 3BOIONME YAAPHOTO M-
ILy/IbCA B BOJHON II€HE C y4eToM sABJeHMi cunepesuca. V3yden npouecc
obOpa3oBaHus BUXPEBBIX TEUEHWH U WX BJIUSHUE HA CTPYKTYPY CTPYH.

Karoueswie caosa: naker OpenFOAM, maremarwdeckoe U YHCIEHHOE
MOZIE/TMPOBAHNE, YIAPHBIE BOJHBI, HCTEYEHUE BCKUITAOMIEH BOIBI

Modeling of spatial dynamic processes in aqueous foams and
boiling jets

Numerical study of the dynamic processes accompanying the shock im-
pact on aqueous foams and supercritical modes of the jet outflow of
boiling water through a thin nozzle has been carried out using modified
solvers of the OpenFOAM software. The analysis of the shock pulse
evolution in aqueous foam is given taking into account the syneresis
phenomena. The process of vortex flows formation and their influence
on the structure of the jet are studied.

Keywords: OpenFOAM software, mathematical and numerical model-
ing, shock waves, boiling water outflow

B macrosiieit pabore, kKak u B ucciegopanusx [1-3|, uzyuensr ocoben-
HOCTH yJapHOTO BO3/efCTBAs Ha BOJHBLIE NEHDI [1] 1 paccMOTPEHbI PeXKIMBI
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MCTEeYEHUs BOJISAHOI'O 11aPa YEPE3 TOHKOE COLLIO U3 CBEPXKPUTUYECKOI'O COCTO-
stHus |2, 3], IBASIOMMecs BaXKHBIMI HAITPABJIEHUSIMI HAY THBIX NCCIIeI0BAHM
B 00/IACTU 3KOJIOTHYECKO BAIUTHl U B3PHIBOOE3OMACHOCTH.

MopeupoBanue H3ydaeMblX sTBJIEHU IPOBEIEHO HA OCHOBE CUCTEMBI TPEX-
MEpHBIX ypaBHeHUH AByX(Pa3HON 11apo- ra30KUIKOCTHON CPEJIbl, BKJIIOYA0-
el ypaBHEHUS HEPA3PBIBHOCTH (Pa3 W AWHAMHUKN MeXK(Ma3HBIX MACCOOOMEH-
HBIX TIPOIECCOB, 3aKOHBI COXPAHEHUS UMITYIbCA U SHeprun ¢as:

6 o 05 . . a 0L ) . . )
(8th2) + div(eipivi) =T, (Zﬁptll) + div(aipils0;) = dlv(ai%vri)’
O(a;pivi) g L N B . . )
5 + div(a;pi0;0;) = —a;Vp + div(oey7;) + Fi drag + Fiom + Li0;,

O(aipi(e; + K; , . dovs . B
(alpl(glt ). + div(a;pi(e; + K;)vi) = —p aozl — div(a;up)+

+ div(aivierr(Vhi)) + Ene(Ti — Tj) + LiLs.

OcuoeHbIe 0603HAUEHN S, HCTIOIb30BAHHBIE B IPUBE/IEHHBIX BBIIIE YDaBHE-
HUAX: o — 00beMHOe cogepxKanue; I'; — ckopocrb MaccoobMmena; S¢; — dnc-
g0 IlIMuaTa; 7; — TEH30D BSI3KHUX HANPSIKEHUI; F;’dmg, F;-yvm — CHJIBI MEXK-
bazHoro CONpOTHMBICHUA W IIPUCOCAMHEHHBIX MacC; Y cff — dbdexTusHas
TEMIIEPATYPOIIPOBOIHOCTE; Kpy — Koadduiiuent reryioobmena; L; — CKpbI-
Tas TEII0Ta, MapoodPA30BAHNS; OCTAIbHBIE 0003HATEHNST — OOIIETPUHSITHIE.
Huxmnit nnnekc ¢ = 1, 2 cooTBeTCTBYET *KUAKOM 1 ra3oBoii dazam. Tepmoan-
HAMHUYECKHE CBOWCTBA (Da3 OMUCAHBI C IPUMEHEHUEM PEAJUCTUIECKUX YPaB-
HEHU COCTOSTHUS YKUJAKOCTH U Ta3a. TnucIeHHast peajn3amis MO BhITO,I-
HEHA B HOBBIX PEIATEsIX, MOCTPOEHHbIX aBTopaMu B cpeme OpenFOAM.

Ilpu uccnenosanuu aeMiduPYOIMUX CBONCTB BOJHON IE€HbI B yCJIOBU-
AX yAAPHOI'O HAI'DY2K€HUsl YUYUTbIBAJIOCh BJIMAHUE BABKOYIIDYT'UX CBOHCTB U
cuHepesnca (0CaxkeHus1) TeHbI 110 JeHCTBIEM TPABATAIMOHHBIX CHJT. YCTa-
HOBJIEHO CYINIECTBEHHOE CHUKEHUE AMILTUTYIBI U CKOPOCTH YIAPHON BOJIHBI
pU ee pacmpocTpaHeHwn BriyOb menbl. [Iporecc cunepeswca MPUBOANT K
VBEJINUEHUIO CKOPOCTHU YIapPHOTO UMITY/IbCA, U CHUYKEHWIO WHTEHCUBHOCTH CHU-
JIBI MeXK(PA3HOTO COMPOTUBJIEHNs. Pe3yibTaThl pacueTor CONIACYOTCS € 9KC-
nepuMeHTamu [4].

TTonyyennnie perenns B 3a/a4e O CTPYHHOM NCTEYEHNN BCKUTIAIONIEH BO-
JIbI 3 TOHKOTO COTLTA JJIsl YCJIOBHUi SKCIIEPUMEHTOB [5] TIeMOHCTPHUDYIOT JiH-
HaMWUKy 00pa30BaHUd BUXPEBLIX TEUCHUN B TA30BOH 00JACTH, BOSHUKAOIINX
BCJIEJICTBUE UHTEHCUBHO PACIIUPSIOINIeics mapoBosHoil crpyu. C TeueHuem
BPEMECHUN B3aNMHOE BJIMAHNE OTMEYCHHBIX SBJEHUII OPUBOAUT K OCIUJLIINPY-
IOIIEN CTPYKTYPE CTPYHHOTO TEYEHUSI ¢ COXPAHEHUEM [TOJIOCTHA BHYTPHU CTPYHU
¥ COMPOBOXKIaeTca (POPMUPOBAHUEM TEPE CTPyell chepraecKux BOJTHOBBIX
UMITYJIbCOB MEPUOINIECKON CTPYKTYDHI.
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TPEXMEPHOE MOJEJINMPOBAHUWUE JTMHAMUWKN
OJUVNHOYHBIX ITY3BIPBKOB B TPEVI'OJIbHOM
MUKPOKAHA/JIE

Bymaarosa A.3., Coanbinknaa O.A., ®Parkynianna H.B.

Muorodas3nbrit TOTOK HAOIIOIAETCS BO MHOIUX XHMUYECKO#, HeDTIHOH, CTPO-
UTEJIbHON, SHEPTETUIECKON TPOMBIIIEHHOCTSX. Kak M3BECTHO MAKPOCKOMMYECKOe
MOBEJIEHVE TUCIIEPCHBIX BO MHOTOM CHCTEM OIMPEIEISeTCsa X JUHAMUKON Ha MUKPO-
YPOBHE, TTO3TOMY MOIEJIMPOBAHNE MHOTO(hA3HBIX TIOTOKOB B MUKPOMACIITA0AX MO3-
BOJISIET PeliaTh MHOTHE TPUKJIIAIHBIE 33Ja4H.

Puc. 1. OrHOCUTEIBbHAS CKOPOCTH HMEHTPA MAacC Iy3bIpbKOB pasguyca a=0.007 B
TPEyroJIbHOM KaHAJIe

2.1
y=-0U04B IR, z=0.0833R
== cy=fl G4B1R, z=-008337
2105 =eey=) AR, z=0

0 0.5 1 1.5 2 2.5 3 3.5 4
!

PaGotra BbinosiHeHa npu ¢unaHcoBoi nognepxke PO®U (mpoext Ne 18-38-20102).
Bynarosa A.3., Cosmbimkuna O.A., @arkynnuna H.B. Bamkupckuit rocynapcrsen-
HbBI yHEUBepcureT, r. ¥ da, Poccus
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B nannoit paboTe mpuBeAEHO MHOTOMIAPAMETPUIECKOE UCCIIEIOBAHNE JUHAMUKY
HECJKMMAEMbBIX My3bIPbKOB BA3KO# XKUIKOCTH IIPHU MeIJI€HHOM IEPUOINIECKOM Teve-
HAW B MHUKPOKAHAJIE C IIOIEPEYHbIM cedenneM (popmbl Tpeyroiabauka. Paccmorpeno
BJIMSTHYE TIOJIOYKEHUSI My3bIPhKA OTHOCUTEIHLHO OCEBOM JIMHUU KaHAJIa, Ha, medhopMa-
U0 U OTHOCUTEIBHYIO CKOPOCTH IIEHTPA MacC.

Ha puc. 1 npeacrasiens: rpaduKu U3MEHEHUS OTHOCUTEIBHBIX CKOPOCTE 11eH-
Tpa Macc My3bIPHKOB PABHBIX PAJINYCOB, UMEIONINX PA3JINIHbIE TTOJOKEHNs B KaHa-
Je.

MOIJEJIMPOBAHUE XNMUNYECKON PEAKIINN
IHOJIVHEHU A BEH3NJIBYTUJIOBOT O 3dUPA
A.T. BoBaenko, M.K. BoBaenko, K.®.Koneanna, I.M.I'yb6aiiaynamu
vovdenkoann@gmail.com, mikhail _vovdenko@rambler.ru, koledinakamila@mail.ru,
irekmars@mail.ru

YK 544.431:519.876.5

Ha ocHOBe 3KCTIepUMEHTATBHBIX JAHHBIX, MOJTYYEHHBIX TPU PA3THIHBIX
TeMIIepaTypax, MPe/JI0KeHa MATEMATHIECKAsS MOJETb PEAKIIUU CHHTE-
3a, 6eH3UI0Y THTOBOTO pupa depe3 MeKMOJIEKYIAPHYIO TeruIPATAIIAIO
6GeH3UI0BOTO M H-OyTHJIOBOTO CITMPTOB TOJ JIEHCTBUEM KaTaJIN3aTOpPa
(6pomuzna memu (IT)). PaspaboranHast MaTeMaTHyecKast MOJENIb B Mpe-
JIeJIax JIOMyCTUMO TTIOrPEITHOCTH TO3BOJISIET &/IEKBATHO OINCATH JKCITe-
PUMEHTATbbIE JAHHBIE.

Karwuesvie caoea: MareMaTudeckoe MojaenpoBanue, nuddepeHnaib-
HbIE YPABHEHUS , XUMHUIECKAST PEAKIINs, CIOKHBIE IPUpbI

Mathematic modeling of reaction of benzyl butyl ether
synthesize

On the basis of experimental data obtained at different temperatures
mathematical model for benzyl butyl ester synthesis reaction ether by
the dehydration of benzyl and n-butyl alcohols in the presence of the
catalyst (copper (IT) bromide) is proposed. The developed mathemati-
cal model, within the permissible error, allows to describe experimental
data adequately.

Keywords: mathematical modeling, differential equation,chemical reac-
tion, ethers
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Benzunbyrunossiit a¢pup, obaagaommit ppyKTOBBIM U IBETOYHBIM 3a11a-
XaMU SIBJISETCS [EHHBIM JAYIUCTHIM BEIIECTBOM ¥ IMTUPOKO UCTIOJIB3YEeTCsT ISt
ApPOMAaTH3AINY IPOIYKTOB MapdoMepHOi, KOCMETHIEeCKOH 1 MUIIEBOM IIPO-
vbimierrocTu. [Ipuvenenne 6eH3uIO0Y THIOBOTO (pUPa PA3PEIIEHO BO MHO-
IUX CTPAHAX, B KAUECTBE aPOMATH3ATODA MUIIEBBIX TPOIYKTOB (/I MOPOZKe-
HOTO, JIbJIA, HAITUTKOB, JIECEPTOB, BBIIEYKH U T.11.). Bersunbyturossrit s¢hup —
KPYIHOTOHHAKHBIN MPOMBIILIEHHBIH TpoaykT [1,2]. Hanbosee mogxomstmmm
¥ TMEPCIEKTUBHBIM CIIOCODOM mosydenus: 6eH3uadyTuBoro supa sABIgeTCs
COBMECTHAS MEXKMOJIEKYJ/ISIPHAs JeruIpaTals 6eH31I0BOr0 U H-0y THIIOBOTO
CIIUPTOB B IPUCYTCTBUM KAKOr0-/1nb0 rajgorenn0B. Hamy e pe3ysibraThb
OBLIN JOCTUTHYTHL npH Hcmosb3oBanun o6pomuna Mean (II) [3]. Cunres Gemn-
310y THIIOBOrO 3upa NPOBOAMINA B3auModeiicTBueM OEH3UI0BOIO CIIUPTA C
H-OyTAHOJIOM B MMPUCYTCTBUN BBITIEYKABAHHOTO KATAIU3ATOPA, TPU TEMIIEPa-
Type B npegenax 140-175°C B Teuenne 2-10 9 mpu MOJBHOM COOTHOITICHUM
[CuBr2]:[BnOH]:[a-C4H9OH] = 1-5:100:100-400 [4]. Onpenenenne kuneTn-
YECKUX TTAPAMETPOB /I MOJIEH PEAKIIUU TPOBOIMJIOCH Ha OCHOBE TIOX0/IA,
onmcaHHoOro B [4], Korja mcciegosaressivu cocrapisiercsa cucrema gudde-
PEHIAJIBHBIX YPABHEHU, OTTMCHIBAIOIIUX TPOIIECC, U PEIlas 3aTeM IPAMYIO U
obpaTHble KUHETUYIECKUE 33/1a91. B JaHHOM CIyvae /i PEIeHus ITPAMOIL 3a-
Jlady UCIO/Ib30Banck MeTobl Pozernbpoka u Pyure-KyTroer. [lis perrenust
0bpaTHOI 33/1a9M MCIIOJIb30BAJICS TeHeTwdecKnit ajroputM. C HCIOIB30Ba-
HUEM JAHHOTO [OJX0/1a OBLIM MOJIYYeHbl PE3YJIbTAThl — IIapaMeTpPbl MaTeMa-
THUYECKON MOJIEJIN, TO3BOJILIONINE 3 IEKBATHO OMKUCHIBATH PACCMATPUEBAEMbIH
po1iecc.
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OB30P AJITOPUTMA TAPMOHUNYECKOTO ITOUCKA,
ncrormnd Co31AHUA AJITOPUTMA, CXEMA ET'O
PABOTHI, IIPUMEPHI ITPUMEHEHWA
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u314dorou@mail.Tu, leniza.enikeeva@yandez.ru

YIK 51-7

OnTtuMmusaius B Hallle BpeMs WIPAET UCKIIOYUTETBHO BAaXKHYIO POJIb.
[TosToMy onTUMU3ANMOHHBIE AJITOPUTMBI AKTUBHO Pa3pabaTHIBAIOTCS U
MOJIB3YIOTCS TOMYAAPHOCTHIO. OHUM U3 TAKUX AJTOPUTMOB SIBJISIETCS
JICOPUTM TapMOHUYECKOro moucka. Ero pabora ocHoBana xHa marema-
TUYIECKOW MOJETN UMIPOBU3AINY MY3bIKAHTA.

Karwuesvie ca06a6: ONTUMU3AIMOHHBIE AJITOPUTMbI, META3BPUCTUKA, Tap-
MOHHYECKHHN IOUCK

Review of the Harmonic Search Algorithm, history of the
creation of the algorithm, scheme of its operation, examples
of application

Optimization plays an extremely important role in our time. Therefore,
optimization algorithms are actively developed and popular. One of
such algorithms is the Harmonic Search algorithm. It’s work is based
on a mathematical model of a musician’s improvisation.

Keywords: optimization algorithms, metaheuristics, harmony search

Onrumuzanus HeobxouMa BO Bcex cdepax KU3HM YesIOBEKA, TaK Kak
OHa, CrIOCOBCTBYET 00ECIIEYEHUI0 MAKCUMATBHOTO KOMMOpTA (8 TaKzXKe 9KOJI0-
TUIHOCTH, 6€30MAaCHOCTH U MHOTHX JPYTUX KPUTEPHUEB) /I MOTpeduTeseil u
IIOBBIIIIEHUE BbII'O/bL JIJ1d IIPOU3BOIUTEIEN.

Onrumuzanus B 0BIIEM C/Iydae — [IPOIECC MAKCUMUBAIUNA BBITOIHBIX Xa-
PAKTEPUCTUK, COOTHOLIEHUI UM MUHUMM3ALUKA PACXOJ0B. 3aJa4uu, KOTOpbIE
pellIaeT ONTUMHU3AIUsd, KAK [PABUJIO OYEeHb CJOXKHBI U UMEIOT MHOXKECTBO
YCJIOBUM.

MeTo/p1 pertennit OMTHMHABAITNOHHBIX 33181 TOAPA3ACISIIOT Ha JIBE 60Ib-
HIMe IPYTIIbE TOYHBIE METOBI (IPSIMOTO 1epebopa, IMHAMUIECKOrO MPOrPaM-
MUPOBAHUS BETBEHl W T'PAHUI]) U MPUOJIUKEHHBIE METOAbI (METadBPUCTUIC-
CKUii MeTOo).

Toumbie METOABI JOCTATOYHO TPOMOBIKH, OCOGEHHO METO,T IIPSIMOTO TTepe-
6opa. [losTromy mCIIOIB3YIOTCS AATOPUTMBI COKPAIIEHHOTO 1epebopa, KOTO-
pble 6a3upyOTCd [JIABHBIM 00pPa30M HA METOJe JUHAMUYECKOrO [IPOrpaMMu-
pOBaHMs, TPEIYCMATPUBAIOIIEM TPOBEEHIE TOMAroBoi onTuMu3annn. s

Pabora Beinonmena npn dbrHaHCOBOM moanepxkkun POOU (mpoext Ne 19-37-60014)
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BBICOKOHA/IEXKHBIX CUCTEM, K KOTOPBIM OTHOCHUTCS 3JIEKTPOIHEPIETUICCKOE
obopyioBaHue, B Psijie CAy9aeB MOYKHO MCIOJIH30BATH MPUOIMKEHHbIE METO-
nbl. OHY JAf0T AOCTATOYHO TOYHBIE PE3YJIbTATHI.

MeTasBpUCTHKY SIBJISIFOTCST MOIIHBIM KJIACCOM OTITAMI3AIMOHHBIX METO-
JIOB, KOTOPBIE MTO3BOJIAIOT HAXOJUTH DEIIeHUs [IJIsi IITUPOKOr0 Kpyra 3a7ad
U3 pa3auYHBIX Tpuaokerwit. Cujia MEeTa’BpPUCTHK COCTOUT B WX CIOCOOHO-
CTH peIleHus CJI0KHBIX 3aj7a4 He3 3HaHWsS MPOCTPAHCTBA TOUCKA, UMEHHO
MOTOMY 9TH METOBI TAI0T BO3MOXKHOCTD PEIaTh TPYAHOPA3PEITUMbIE 33,12~
9y ONTUMUBANUY. B yIIpOIEeHHOM BUJIe META3BPUCTUKN MOYKHO [IPEJICTABUTD
KaK IIPAMON CIy4YaiHbIi IIOUCK BO3MOXKHBIX PelleHuil 3a4a4u, OIITUMaJ/IbHbBIX
nin Haubosiee OJIM3KUX K ONTUMAJILHBIM, TIOKA He OyJIeT BBIIIOJTHEHO OIIpe/ie-
JIEHHOE YCJIOBUE MJIM JIOCTUIHYTO 3a/IaHHOE KOJIMYecTBO urepanuii [1].

Harmony Search (nanee HS, Tapmonudeckuit monck) — 310 MeTasBpecTu-
YeCKUil aJrOpUTM ONITUMU3AINHN, BIOXHOBICHHBIN TPOTIECCOM TOUCKA MY3bI-
KaHTaM¥U TapMOHUU B My3bike. Bout npennoxen 'mvom (Zong Woo Geem) B
2001 romy.

Kak u nroboit anroputM, oH 00/1a1a6T CBOMME JOCTOMHCTBAMHU W HEIIO-
CTATKAMU. K CAMBIM SIBHBIM HEJIOCTATKAM MOXKHO OTHECTH CJIOXKHOCTH II0/I-
6opa 3HaveHnl CBOGOAHBIX mapaMerpoB ajaropurma. Momudukarmn HS npu-
3BaHbl YCTPAHUTL 3TU Hejocrarku. [losromy s m3ydenus Oblia BhIOpaHa
vomucukarust HS global optimization algorithm.

Hesib cTouT citeiytonas: u3y4uTh BCE BO3MOXKHOCTH, JIOCTOMHCTBA U HEJIO-
craTku HS v ipuMeHuTS €ro B JaJibHERIeM /i PEIIEHUsT XUMAIEeCKUX 33149
U JJIsT KHHETHYIECKOTO MOJIETUPOBAHUS MTPOIECCa KATAJIUTUIECKON N30MepH-
3allUK TPOTMaH-TeKCaHoBou (ppaxkmmu. i pemenus: nocaenueit 3agaan HS
OyaeT mpUMEHEH BIEpPBHIE.
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PACITOSBHABAHUE COPEP ME3O®PA3bBI UTOJIBYATOT'O
KOKCA HA N30BPAKEHUNUN C ITOMOIIIBIO
AJITOPNTMOB MAIIINHHOI'O OBYYEHUA

A.I11. Tasuu, M.P. EankeeB
aidar.galins@gmail.com, enikeev.marat.rus@gmail.com

VIIK 004.852

Wrospuarblii KOKC sIBJISE€TCS COPTOM He(TSHOrO KOKCa, KOTOPbIH Ha-
eI MUPOKOE TPUMEHEHNE B METAJIyprun. B yriieBomopoaHoM Chipbe B
uarepsasie Temneparyp 400-500C npoucxoaut hOpMUPOBAHNE JKUIKO-
KPUCTAJUIMIECKUX CTPYKTYP, Ha3bIBa€MbIX Me30(da3oit. Pazmepsr me30-
¢a3bl OIpemesa0T MUKPOCTPYKTYPHbIE XapaKTEPUCTUKU KOKCOB, IIPOY-
HOCTHbLIE U Apyrue cpoiicrBa. Pacno3nasas Me30(asy, HCIOIb3ysl ajlro-
PUTMbL MALUMHHOINO OOy4eHusl, Ha M300parKeHWU W CUUTbIBAs Pa3MeEp,
MOYKHO KOHTPOJHNPOBATH MPOIecC (POPMUPOBAHUS UTOJIHIATOTO KOKCA.

Karuesvie caosa: nrosbaarsiii KOKC, Me30¢hasa, rucTorpaMMa Halpas-
JIEHHBIX 'PA/IMEHTOB, METOJ, OLOPHbIX BEKTOPOB, MAIIUHHOE O0y4eHue.

Recognition of the coke mesophase in the image using
machine learning algorythms

Needle coke is a type of petroleum coke that has found widespread use
in metallurgy. In hydrocarbon raw materials in the temperature range
400-500C, the formation of liquid crystal structures called mesophase
occurs. The sizes of the mesophase determine the microstructural char-
acteristics of cokes, strength and other properties. Recognizing the
mesophase, using machine learning algorithms in the image and reading
the size, it is possible to control the process of the formation of needle
coke.

Keywords: needle coke, mesophase, histogram oriented gradients, sup-
port vector machine, machine learning

Pacnosmapamne 06pa3oB — 3TO OTHECEHHE MCXONHLIX JAHHBIX K OIpe-
JEJIEHHOMY KJIACCy C TTOMOIIBIO BBIJIEJEHUS CYIECTBEHHBIX MPU3HAKOR, Xa-
PaKTepPU3YIOMNX STH JaHHLIE, I3 0OIIell MacChl HeCYIIeCTBEHHBIX JaHHbIX. B
KavuecTBe 0ObEeKTa PACTIO3HABAHNS BRICTYIAET Me30(haza UTOIbIaATOTO KOKCA.
1 BLIe/Ienns IPU3HAKOB Me30(ha3bl IPUMEHSIeTCs aIropuTM «'nerorpam-
Ma HaIIPaBJICHHBLIX I'DaJUEHTOB», a KﬂaCCH(bHKaTOpOM ABJIACTCA aJITOPUTM
00yueHns ¢ yunresneM «MeTox OmOpPHLIX BEKTOPOBY.

BaxkupiM sTamoM B MPOM3BOACTBE UTOJILIATOr0 KOKCA, SBIIETCI PEry/In-
pOBaHME CKOPOCTH POCTA M KoajJecieHiun Me30gas3Hbix cdep, HhakTopos,
BJIMSIIOIINX Ha, IIPOXOISIINE [IPOIECCH B MEXAHU3MOB, II0 KOTOPBIM OCYIIECTB-
Jigercd 910 BiausHue. B nanuoii pabore OnmcaHbl aJropPUTMbL M IPOrPAMMA,

Tammu Aiinap Hlamunesuq, crynent, YIHTY (Yda, Poccua); Aidar Galin (Ufa State
Petroleum Technological University, Ufa, Russia)

Enwkees Mapar Pycremosmu, mpenomasatenn, YITHTY (Vda, Poccus); Enikeev
Marat (Ufa State Petroleum Technological University, Ufa, Russia)
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HAIMMCAHHAsT HA OCHOBE ITUX AJINOPUTMOB, C MOMOIIBK KOTOPOH BO3MOXKHO
pacrozHaBane Me30a3HkbIX chep Ha M300PaAKEHUN NTOJHTATOr0 KOKCA.

Hesbro mpoekTa sBJIsieTCS CO3/TaHUE aJTOPUTMOB PACIO3HABAHUS U TIPO-
IPaMMbl, OCHOBAHHOI Ha, 3TUX aJTOPUTMAX, KOTOPAs JaBaJjia Obl IpUeMJIeMoe
KA4eCcTBO JIJIsI PACIO3HaBaHUs 00beKTOB Ha uzobpaxkenuu. Kinaccudukaiius
B TIEPBYIO OUYEpEIb JOJIZKHA Pa3IesTh UCXOAHOe m3obpakenne Ha (DOH u
06BbEKT pacIO3HABAHMSA.

B nipoekTe pemarores CaeayrOmme 3a1a9m:

1. IlocTpoenne MaTeMaTHIECKOM MOIEIN PACIOZHABAHISA Me30da3 KOKCa, I
eé peanuzanus ¢ nomoniso HOG-anropurma u SVM-kiaccudukaropa
Ha A3BIKE IporpaMMupobanusg Python.

2. Hoxaroroeka m3obpakenuii Me30(haz KOKCA [Jjid PACIO3HABAHUS W II0-
Jlada Ha oOyueHne KjaacCupuKkaTopoM.

3. Omenka paboThl KIACCHMUKATOPA W TOTHOCTH PACTIO3HABAHMS O0bHEK-
TOB Ha U300paKEHUSIX.

1. TucrorpamMma HaNMpPaBJEHHBIX IPAIAEHTOB.

B xone npenpapuresibHOl 06pabOTKU TAHHBIX, 13 HCXOJIHBIX H300pazKe-
HUN TTOJIy9aeM Ha60pr TTOJIOZKUTEJIBHBIX 1 OTPUIATEIBHBIX BI)I6OpOK7 Ha 0OC-
HOBE KOTOPBIX Oy/IeT pacCUYuThIBaThCH JecKkpunTop. st Beraucienus je-
CKpUNTOPA HEOOXOIUMO BBIUHUC/IUTL TOPU30OHTAJIBHBIN U BEPTUKAJIBHBINA T'Da-
JINEHTBI, [PEJICTABISIONINE COO0M BEKTOP YaCTHBIX Npou3BojHbIX. Ha mpo-
M3BOJIHBIE M300PAXKEHUsT TPUMEHAETCH CBEPTKA C HOMOIIBIO (DUIBTPYIONINX
saep. B kaxkgom mukcese TpajueHT MMEeT BeIWYMHy u Hamnpasjienue. Ha
srarne (pOpMUPOBAHUST THCTOIPAMM I'PAIMEHTOB B d4UeiiKax n300parkeHne je-
JUTCA Ha d9efiKi pasMepoM 8 X §, W TUCTOrpAMMa TPaJNEHTOB PACCUU-
TBIBAETCS O KakKIbIX 8 X 8 dadeex. I'mcTorpaMma mpezpcTapiser coboi
BekTOp (mam maccus) w3 9 cronbros (uucen), coorBercTByomux yraam 0,
20, 40, 60, 80, 100, 120, 140, 160. dng Toro 4Tobbl IECKPUIITOD HE 3aBU-
cesl OT BapuaIiuii OCBEIEHNs THCTOMPAMMa, HOPMAJTA3YeTCsT ¢ TOMOTIEI0 L2-
HopMayin3anyu. Ilpu BEIYUCIEHNN OKOHYATEIBFHOIO BEKTOPA IIPU3HAKOB BCe-
r0 y9acTKa n300parkeHns, BEKTOPhI 00 bEINHIIOTCI B OJUH BEKTOP OOJIBLIIIETro
pasmepa.

2. Knaccudukarop MeTo1 omopHBEIX BEKTOPOB.

Ha mammom srame ncrnosnb3yercs BU aJIrOPUTMa METO/A OTTOPHBIX BEKTO-
poB, HazbBaeMblit SVM ¢ MstrkuM 3a30pom (soft-margin SVM), Tak kak jn-
HeHas Pa3aeInMOCTh 0OBLEKTOB BBHIDOPKHW HA TMPAKTUKE HE MTPEICTABISIETCS
BozmozkHbIM. K 3asiave SVM npumensercs yceiosue Kapyma-Kyna-Takkepa,
KOTOPOEe CBOAUTCS K TTOUCKY CemaoBoii Toukm pyukinu Jlarpamka. Heobxo-
JINMBIM YCJIOBUEM CEJIJIOBOI TOUKU SBJISETCS PABEHCTBO HYJIIO ITPOU3BOJIHBIX
Jlarpamzka. Oupegesnstorcs onopable 00bekTbl. Buiso: Ilocrpoennas Mare-
marudeckas moieas HOG-anropurma u SVM-kiaccudukaropa 6blia pea-
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JIN30BaHa HA s3blke nporpammupoBanus Python u obyuena kinaccudukaTo-
POM Ha TTPEIBAPUTEILHO TTOATOTORIEHHBIX N300PaXKeHNsTX Me30(da3 KOKca ¢
pesyabTaroM pacrosnaBanus 97%.
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MATEMATNYECKAA MOJAEJIb TOPEHUZS TNJIPATA B
3AMKHYTOM OB'BEME

N.K. I'mmantauaoB, M.B. CroanoBckuii, A.C. HUuranumnesa

Uccnenyercs mporiecc ropernst THAPATOB B 3aMKHyTOM obbeme. IIporece rope-
nus razoruaparo (I'T) ovyenb cioxHbIH HPOLECC, IPU KOTOPOM IIPOUCXOIAMUT OHO-
BPEMEHHOE IIPOTEKaHuE PAaa (PU3NKO-XUMUIECKHAX MPOoIeccoB: passoxkenne I'T na
ra3 u BOIy, 0Opa30BaHMe Tra30KUIKOCTHON MEHBI, CTEKAHNE YKUJIKOCTU C TTOBEPXHO-
cru ['T, mpormecc ropenust B ra30Boit hasze, Jyancroiii Temnoodmen u .1. Loperune I'T
SIBJISIETCST YHUKAJIBHBIM TTPOIECCOM, TIOTOMY YTO MACCOBOE COJAEPXKAHIE BOIBI B TH/I-
pare cocrapasier 87,1%. Ho, Kak mOKa3bIBAIOT IKCIIEPUMEHTANBHbBIE UCCIIEI0BAHNS
npu onpezenennbix ycaosusax ['T' ropurt. s uccienoBanus npuMeHSIOTCH METO/IbI
MEXaHUKU MHOTO(MDA3HBIX Cpel. 3amuChIBAETCS CUCTEMa YPABHEHWH, COCTOSIIAs U3
YPaBHEHW COXpaHEeHUs Macc, UMTyabca u 3Heprun. Ha rpannne I'T' 3amucsiBaioTcs
COOTBETCTBYIOINE TPAHUIHBIE YCJIOBUSA. UHUCI€HHBIE PACYETHI TTPOBEIEHDI C HCITOJIhb-
30BAHWEM METO/a KPYMHBIX dacTuil. 1lo pe3ysbraram mcciiemoBanuii pazpadboraHa
MaTeMaTUIecKas MOE/Ib TOPEHUs THIPATA B 3AMKHYTOM 00beMe B IPEIIIOI0KEHUN
MOJTHOrO mcrnapenns Boabl Ha rpanune I'T. IIpoananu3upoBaHbl o TEMIIEPATYD,
KOHIIEHTPAIINN COCTABJAIONMINX Ta30Boi da3bl. [lokazana IWHAMUKA MaKCHUMAJIb-
HOI TeMIepaTyphbl ¥ MAKCUMAJIHLHOTO JABJIEHUS B O0JIACTH, TEMIIEPATYPHI MTOBEPX-
HOCTHU THPAaTa, M3MEHEHUs JIMHEHHOTO pa3Mepa TuapaTa U T.7J. YCTAHOBJIEHO, 9TO
JJIS yCTOMYMBOTO TOPEHUs THAPATa HEOOXOAMMA WHTEHCHBHAS IePeIada TeIia u3
ra3oBoit (a3pl. OCHOBHAsI 9aCTh TEIJIOTHl FOPEHUS PACXOYETCs HA JIMCCOIUAIUIO
THIPATA W WCIAPEHUIO BBIIEIUBINEHCS TPU PABTIOKEHUN BOIHI.

Pafora Beinonnena npu dbunancosoii nogaep:xke PODI (upoext Ne 20-01-00526).
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OIITUMNBAIINA ITPOITECCA CUHTE3A
METWNJI-TPET-BYTHUJIOBOTI'O SCI)I/IPA IITYVTEM
PABPABOTKN MATEMATUNYECKOUN MOAEJIN

J.A. dy6osues, JI.B. EaukeeBa, U.M. I'ybaiiaynaun
dubovcev2@yandez.ru, leniza.enikeeva@yandex.Tu

VIIK 004.942

Uccnenyercss BiusiHue cOCTaBA WCXOMHOTO ChIPbsi HA KAYECTBO IMOJIY-
4aeMOl BBICOKOOKTAHOBOI 106aBku (MeTusi-rper-6yTusioBoro 3gupa),
a TaKXKe TEXHOJOIMYECKUX [1apaMeTPOB IPOILECCA [PU ee IOy YEHUH.
IIpenmaraercs mMaremaTndeckast MOJIEIh, OMHCHIBAIONIASA TPOIECC CHUH-
Te3a METUJI-TPET-0y THI0BOTO 3hUpa, JAjisd CDABHEHUS C IMIUPAIECKUMU
JIAHHBIMU.

Karwuesvie crosa: maremarndeckoe monenuposanue, MTHED

Optimization of the synthesis of methyl tert-butyl ether by
developing a mathematical model

The influence of the feedstock on the quality of high-octane additives
(methyl tert-butyl ether) and process parameters when it is received
is studied. A mathematical model describing the synthesis of methyl
tert-butyl ether is proposed for comparison with empirical data.

Keywords: mathematical modeling, methyl tert-butyl ether

Merum-rper-6yrunoseiit 3¢up (MTBD) — sddexTusHbIii HETOKCUIHBIIH
BBICOKOOKTAHOBBIN KOMIIOHEHT, OKTAHOBOE UHCJIO CMEIIEHNsT KOTOPOIO JTOX0-
aut 710 135 myHKTOB 10 MecaeoBaresibckoMy mMeromay. [lpumenerne MTHBD
[IO3BOJISIET IIPOU3BOIUTD BHICOKOOKTAHOBEIN OEH3MH HA OCHOBE IITHPOKOI TaM-
MBI bazoBoro Gensuna. [lepBonavuanbras neab sueaperus MTBD — uckiio-
YeHMe TeTPAITUJICBUHIIA KAk gobaBku k Oem3uny. [1pu ncrnons3oBannm MT-
b9 coxpammaerca pacxon HedTH Ha IPOU3BOACTBO 3aJAHHOTO KOJMIECTBA
TOBapHOro OEH3WHA, & TAaKKe MOCTUTAETCS €€ 3aMeTHAd DKOHOMUHA OHJ1aro-
Japs CMATYEHUIO TpeOOBaHni K OKTAHOBOI XapaKTEePUCTHKE TPAIAIIMOHHBIX
YIJIEBOZOPOJHBIX KOMIOHEHTOB Gensuna [1]. B macroamee spema MTBED siB-
JISIeTCsI OCHOBHOI BBLICOKOOKTaHOBOM n00aBkoil B Poccuu.

OCHOBHOI 1IE/TBI0 COBPEMEHHDBIX MCCIEIOBAHNI ABIAETCA CTPEMJICHHE Pe-
MUThH 33249y 3hdekTuBHOM onTuMuzanuu mnporecca cuaTeza MTB. Jliga
OIIpeesIeHNs ITaPAMETPOB, OKA3bIBAIOIINX HANOOIbINEe BIANAHNE Ha, KAIeCTBO

PaGora BeinosiHena npu ¢uHaHCOBOH nogaepxkku PODU (mpoekt Ne 19-37-60014)
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YOUIIL PAH (Y da, Poccus); Dmitry Dubovtsev (Institute of petrochemistry and catalysis,
Ufa, Russia)

Ennkeesa Jleamsa Bacmmosna, x.d.-m.1., H.C., HI'Y (HoBocmGupck, Poccnsa); Leniza
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U BBIXO/ 1IEJICBOI'O IIPOAYKTa, HeO6XOILHMO COCTaBUThb MAaTEMATUYCCKYHO MO-
JIeJIb TTPOTIECCa W OIEHUTH ee COOTBETCTBUE IMIUPUUECKUM JAHHBIM.

Texnosorus mponspojcrea MTB2 3akitouaercs: B IpucoeInHEHUN METU-
mosoro cnupta CH3OH k mzobytuneny C4Hg. MTBES monyuator B ofmy cTa-
JIUEO, TIPU «MATKHUX» YCJOBUSX MPOBEIEHUsI MPOTecca (HEBBICOKHE TeMIepa-
TYpbI U faBjieHus ). Peakiuio oCymecTBasgOT Ha CIIeNUAIbHOM KATATH3ATODE
(garme BCero 910 MOHOOOMEHHBIE CMOJIBI) C BBICOKOH CEJEKTHBHOCTBHIO W I10-
uTH HOJIHOM KOHBepcuei 3a 1npoxoj. CeipbeM siBjisierTcst OyTaH-0yTUIeHOBAS
dbpakmusa (BBD) karaauTruaeckoro KpeKuHTa, COAEPKAHUE METEBOr0 n300y-
THJIeHA, BCTYMAIOIIETO B PEAKITHIO CHHTE3a, B KOTOPOU cocTasisier g0 ~ 17
% wmacc. Peakums npoxogut mpu temmneparype 50-80 °C n masnenun 4-12
aTM.

TexromorMUeCKast CXeMa, COAEPKUT ABA y3/1a. B epBoM y3/1e TPOUCXOAUT
HEIOCPEJICTBEHHO CUHTE3 U BbljiesieHue 3(hupa, BO BTOPOM y3Jie — OUUIIEHNE
HEIPOPEAruPOBAHBIX YIJIEBOJOPOJIOB OT CIUPTA W BO3BPAT CHUPTA OOPATHO
B mporiecc. B TexHosIOTMYeCKOi cXeMe CHHTE3 W BhIIeseHne 3pupoB MPoOBO-
JISIT B PEAKITMOHHO-PEKTU(DUKAITMOHHOM aIllapaTte, KOTOPBI COCTOUT U3 JIBYX
30H, B TIEPBOM OCYIIECTBJSETCS MPOTECC PeKTU(MUKAINN, & BO BTOPOil — pe-
aKmud. YJIeBOA0Po/IHAsA (DPAKIINs MEPEMEITUBAECTCS CO CBEXKUM CIIUPTOM H
MOIAeTCA B PEAKTOP UCIAPUTETBHO-aHabaATHIECKOr0 THIIA. DTO OB 1H-
JIMHJIPUYECKUN alnapar, KOTOPBIA 3alojiHeH KaTajau3aTopoMm. Kro oriundne
B TOM, UTO MPOUCXOIUT CHSITHE TEIJIA 33 CYeT HATPEeBa PEAKIINOHHON MACChHI
or 30-45 °C no 70-80 °C 3a cyer ucmapeHus YacTu PEAKITUOHHON MACCHI.
JlapierueM B peaKTOPE PErYIUPYeTCs POIECC UCIAPEHUS.

Iyt pOBEPKY aIeKBATHOCTH OTMCAHNA OBIIN TTPOBEIEHBI SKCIIEPUMEH-
TaJbHBIE HCC/Ie0oBaHnusd. i 9TOT0 B TeueHUe 2 CyTOK PErUCTPUPOBAIUCH
nokasarenn cojgep:kanug n3obyrmaena B mucxogaom ceipbe (BB®), comep-
KaHug Meranosia B ToBapHoM MTBD, a Tak:ke TexHoOTUYIeCKUE TTAPAMET-
PBI TIPOBEIEHUS TTPOIECCaA: TEMIIEPATYPa KOHTPOJIBHON TAPEJKH PEAKIIMOHHO-
PEKTH(MDUKAIIMOHHOrO y3JIa, PAcX0oJl METAHOJIA B Y3€J CMEIIEHUS U PEAKTOP
cunresa, pacxog BB® B yzen cmemenns [2].

CocraBuM ypaBHeHNE MaTEPUATBEHOTO OAJTAHCA COTJIACHO MOJIETH PEAKTO-
pa uaeasbHOro BhITecHeHUAT 1o pearenty A [3|. Ilocrymienne pearenta A
B 3/IeMEHTapHEBIN 00beM dV), OCyIecTBIgeTcs CO BXOJHBIM OTOKOM, PacXoJ,
— € BBIXOJIHBIM TIOTOKOM U B PE3YJIBLTATE XUMHUUECKOTO IIPEBPAIIEHUsST B 9TOM
obbeme. B coorBercTBUN C 3THIM

nali = naliva + Wa(C)dVy,
otryna dna/dV, = —W4(C), nmu ¢ ygerom dV, = Sdl

dny/dl = —W(C)S,

r7le N4 — MOJbHAST CKOPOCTH TTOTOKA, peareHTa A.
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Ecsin o6bem peakimoHHOW cMecu B x01e peakiuu He usmensiercsa (V=
const), To n 0ObeMHAST CKOPOCTH MOTOKA ¥ = const. YUUTHIBASA, 9TO N4 =
vCx 1 V), = v7, B 3tux yeaosuax noayuum dCy/dr = —Wa(C).
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ITPOTHO3UPOBAHUE TEMIIEPATYP BCIIBILHIEK
YIJIEBOAOPOA0OB METOJ0M QSPR
M.IO. Hosomaros, O.C. Koaeagnn, K.P. AxtamoBa

Temueparypa BCIBIIIKA SBJIFETCI BaXKHBIM II0KA3aTEJEM B TEOPUU TOPEHWUS.
Omna xapakTepu3yeT HAMMEHBIIYIO TeMIepaTypy, IIPU KOTOPOH 00pa3yIoluecsa HaJl
HOBEPXHOCTBIO BEIIECTBA Mapbl CHOCOOHBI BCIBLIXUBATH B BO3/yXe OT BHEIIHEIO HC-
TOYHMKA Tella 0e3 1epexoja B upouecc ropenus. [1].

g onpejiesierysi TeMIIEpaTypbl BCOBIIIKY HAMOO/I€E 9aCTO MPUMEHSIETCs Jia-
GOpATOPHBIA METOJ, B OTKPBITOM THUILJIE, YTO ABJIAETCA TPYJOEMKHM IIPOIECCOM, Ha,
TOYHOCTb KOTOPOI'O BJMAET MHOXKECTBO (hakTopos [2].

CyIecTByI0T 3aBHCHMOCTH [3], MCIONB3YIONIAE BEJUYNUHY TENJIOTHI CrOPAHMUS
COEIMHEHNUIT /1l IPOTHO3UPOBAHNS TEMIIEPATYPbI BCIBIIIKH BEIIECTB.

C0KHOCTD OIEHKY TEeMIIEPATYP BCIBIMIKA MPUBEIA K HEOOXOAMMOCTH MOUCKA,
QSPR Mmozesm Ha OCHOBE CBHA3M TEMIEPATYPhI BCIBIIIKUA U CTPYKTYPhI BEIIECTB.

B kauecrBe XapaKTePUCTUKU PA3BETBACHHOCTH M IPOTAKEHHOCTH YIJIEPOIHOIO
CKeJleTa MOJIEKYJIbI, UCIOIb3yeM UHJIEKC MOJIEKYJISPHON CBA3HOCTH (MHIEKC Panu-
4a) u WHIeKc BuHepa cooTBeTCTBEHHO [4]:

1
=Y
no BceM pebpam v J
rae p — ungexkc Pangnya;
i m j — HOMEepa aTOMOB MOJIEKYJIbI, (DOPMAIHHO CBI3AHHBIX PACCMATPUBAEMOI
CBSI3bBI0;
Vi— 9uC0 pebep rpada OTXOISAIINX OT i-Oif BEPIIHUHBI,
vj— 9ucio pebep rpada OTXOZAMUX OT j-0ff BepIIAHBI.

Pa6ora Bomonnena upu ¢unancosoit nonaepxke POOI (upoekt Ne Ne 20-38-90085).
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n n
WzO.5E E di; (1)
i=1j=1
rne W — ungekc Bunepa;
Il — 9UCJIO BEPIINH B COOTBETCTBYIOIIEM MOJIeKyse rpade;
d;j— KpaTdaiilee pacCTOSHIE MeXK/ly BepIIMHAMHA 1 H j.
Bsenem meckpumrop N - mosHOE 9HCIO 3TEKTPOHOB B MOJEKyre. B psmy HOp-
MAJIbHBIX AJIKAHOB 1 m30aikanoB CnH2n+2, umeewm:

N=6n+1%x(2n+2)=8n+ 2

[JIe I — YUCJIO ATOMOB yIJIEPOIA,;
N — mosiHOe YUCJIO 3JEKTPOHOB, PABHOE YHCJY MIPOTOHOB B MOJIEKYJIE.
C yuerom 3naunmbix K03hdummenTos perpeccun Moaenb QSPR umeer Bua:

Toen. = ao+a1-N+as-R+as-W+as-N2+asR:+agW?+a; NR++agNW +ag RW

rae 4, (¢ = 0,...,9)- koadpdunuentor mopesu QSPR, nmonydenubie MeTomom
HAMMEHBITUX KBAIPATOB.

TBcm — TemmepaTypa BCIBIMIKH

st Toro, 4robbl OLpenesuTh TOYHOCTh PerpecCUOHHOro ypashenust (1) 6bui
BEIUHCIeH Kodbdunuent merepymuanmuu R2 = 0.998. IMockoasky R? > 0.9, MOXK-
HO YTBEPXKIATh, 9TO MOJENb 3€KBATHO MTO3BOJISET TPOTHO3UPOBATH TEMIIEPATYPY
BCIIBIIIKA.

Buisonsr: [Tonyduena momysMmoupudeckas HenHERHAS MHOTO(hAKTOPHAST PErpec-
cuonHas Mozesib « CTpyKTypa-CBONCTBOY, KOTOPAsi MO3BOJISAET aJeKBATHO ITPOrHO3HU-
pOBATh TEMIEPATYPY BCIBIIIKU AJIKAHOB OT TOMOJOIHYECKUX XAPAKTEPUCTUK MOJIe-
KyJs. B KagecTBe TOMOJIOrMTYeCKUX UHIEKCOB UCIOJIb3YIOTCS WH/IEKCHI, XapaKTEPU3Y-
OIUe IIPOTSKEHHOCTb U PA3BETBJIEHHOCTH YIVIEPOIHOIO CKEJIETA, & TAKKE MHIEKC,
PABHBIN TOJTHOMY YHCJIY SJIEKTPOHOB B MOJIEKYJIE.

A 1eKkBaTHOCTH MOJE/IEH MOATBEPXKIAEHA CTATHCTHYECKONH 0OpabOTKON MAHHBIX.
Maxkcumasibable aOCOMIOTHAST W OTHOCHUTEIbHAS OMMOKK /I TECTOBOI BBIOODKH
TeMTeparyp BCHbIeK coctapasior 7,09 ex. w 3,1 % cooTBeTCTBEHHO.
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S9BPUCTUYECKUE METO/bI l:IPI/I IHOCTPOEHUU
KNMHETNYECKNX MOAEJIEM XUMNWYECKHNX
ITPOIIECCOB
JI.B. EankeeBa, .M. I'y6aiinynnun, M.P. Eankeen
leniza.enikeeva@yandex.Tu

YIK 004.942,519.688

B pabore paccmarpuBaercs npuMeHeHue Psia IBPUCTHIECKUX METOO0B
JJ1s pereHus OOPATHBIX 33189 XMMUYECKON KMHETUKU C [EJIbIO IIOCTPO-
€HHUS KWHETUIECKUX MOJEJeHl XUMUIEeCKUX MPOIECCOB.

Karuesvie ca06a: MaTeMATHIECKOE MOIEJINPOBAHUE, XUMHUYECKAA KUHE-
THUKa, IBPUCTUYIECCKHNE METOIbI

Heuristic methods for building kinetic models of chemical
processes

The paper considers the application of a number of heuristic methods
for solving inverse problems of chemical kinetics in order to build kinetic
models of chemical processes.

Keywords: mathematical modeling, chemical kinetics, heuristic methods

OauuM m3 HampaBJeHU JabOpPATOPUN MaTeMaTHudecKoit xumun MHCTH-
ryta Hedrexumun n karaiauza Y OUILL PAH asiastercs mcciieoBanmne XuMu-
YECKUX PEAKITUI METOIaMU MaTeMaTUIeCKOTo MojaeupoBanus. Ha manubit
MOMEHT M3Y4YEHO OOJIBIN0e KOJUIECTBO CJIOKHBIX XUMUIECKUX MTPOIECCOB —
pPeaKIus MUKI0ATIOMUHUPOBAHUS AJKEHOB TPUAITUIAJIOMUHUEM B aJHOMa-
[IUKJIOTIEHTAHBI, PEAKITNS TUIPOATIOMUHUPOBAHNS OJIE(DUHOB AJTIOMUHUITOD-
FAaHUYECKUMU COEJUHEHUSIMHU, PEeaKIus CIUPTOB C JUMETHJIKAPOOHATOM U
ap. Maremarmdeckoe ONMCAHUE XUMUIECKUX PEAKITUH HEOOXOIUMO JiIsd 110~
CTPOEHUS MATEMATHYECKUX MOJejell XUMUYECKOW KWHETHKH, KOTODbIE Ha-
3BIBAIOTCA KMHETUIECKUMU MOJeasiMu. KnHeTn4ueckas MO/ Ib ABJISI€TCS 0C-
HOBOW MaTeMaTHUIECKOT0 MOJETUPOBAHUS XUMUIECKUX PEAKIINI M MCXO-
HBIM YPOBHEM TIPH MATEMAaTUYECKOM MOJEIUPOBAHUN XUMUYUECKUX PEAKTO-
poB. Ilpu pazpaboTke KMHETHUECKONH MOIETN MHOTOCTAIUHHON XUMUIECKOH
peakIum perraercss obpaTHas 3agada xumuaeckoit kuaetnkn (XK). O6par-
voit 3amageit XK B oOmiem caydae Ha3BIBAIOT MPOIECC BBHIOOPA MEXAHM3-
Ma, CJIO2KHOTO TIPOIECca U OINpejieeHre ero KOJUYECTBEHHBIX XapaKTepu-
CTWK — KOHCTAQHT CKOPOCTU ONHOCTAIUNHBIX DEAKIINI HA OCHOBE OITBITHBIX
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JIAHHBIX O JWHAMUKE IMPOTEKaHWd mporecca. B maboparopum paszpaborana
nHMOPMAIMOHHO-AHAJTUTUIECKAT CUCTEMA OOPATHBIX 33189 XUMUIECKON K-
Hernkn (MAC O3XK), koropas Br/IOUaeT B cebsi: 6a3bl JTAHHBIX KHHETHIE-
CKUX HCCHQ/I[OB&HI/H?I, METOIbI O6pa6OTKI/I KMHETUYCCKNX KPUBBIX 1 MEXaHU3-
MOB CJIOXKHBIX XUMHUYECKUX peaktuii [1].

JawHas paboTa HampaBJjieHa Ha TONoJHeHre OaHKa METOI0B perre-
Hust obparHbx KuHerwdeckux 3agada MAC O3KX sBpucTudecKuMu MeTO-
JOMU OIITUMUI3AIWH. 9BpI/ICTI/ILIeCKI/Ie METOAbI ONITUMUWIAIUN HAIIJINW IITHUPO-
KO€ PacupoCTpaHeHUe DU PENEHUN WHKEHEPHBIX ONTUMU3AIMOHHBIX 33,134
B Pa3HBIX O6.HaCTHX HAYKW W TEXHUKW, OAHAKO Ha CeFO,ZLHHH_[HI/Iﬁ AeHb J0-
CTATOYHO MaJOe KOJUYECTBO paboT MOCBSIIEHO MPUMEHEHUI0 COBPEMEHHBIX
IBPUCTUYIECCKUX METOA0B K 3aJaYaM MOJACTINPOBAHWA IIPOMBIIITJICHHBIX XUMHW-
Jeckux rporieccoB. Takum obpaszom, pereHue 0OpaTHBIX 33129 XUMUIECKON
KMHETUKN COBPEMCHHBIMU 3BPUCTUICCKUMU METOAAMU ABJIACTCA aKTyaJ'[bHOIU/I
3aJa9ei.

SBpI/ICTI/ILIeCKI/IMI/I AJITOPUTMAaMMU HA3BIBAIOT aJI'OPUTMBI, JJId KOTOPBIX
CXOIUMOCTD K IVIODAJIBbHOMY DeIIeHUI0 He JOKa3aHa, HO KCIEPUMEHTATLHO
YCTAHOBJIEHO, ITO B OOJILIIMHCTBE CIy9aeB OHU JAIOT JOCTATOYHO XOpOIIee
perenue [2].

Ha panwubiit MmoMenT 6aHK ajiropuTMOB SBPUCTHUYECKUX METO0B BKJIIO-
JaeT B cebd TeHETHYECKUN AJTOPUTM, aJITOPUTM TPABUTAIMOHHOTO TTOMCKA
U AJTOPUTM TapMOHWYECKOTO moucka. [enermueckuit amropurm ([A) — sro
9BPUCTUIECKUN METOAB MOUCKA, MMUTUPYIONINI TPUHITUIIBI HUOTIOTTIECKON
amantanun. OH ocHOBaH Ha Teopuu /lapBuHa O BhIKHBaHUN HauboJjee MpU-
criocobsernbix ocobeii. B I'A KaH uaaThl periennii SBIgioTCd UHINBUIAMU B
TTOTYJIATINH, KOTOPasd 3BOJIONMOHAPYET CO BPEMEHEM B 3apaHee OMpeJlesTeH-
Hoit cperne. B macrogrreit pabore KaHAMAATOM PEIIEHUS WA WHINBUIYYMOM
siBJisieTCst HAbOp KHHETHYECKUX [apaMeTpPOB IIPU pelleHnr 00paTHol 3aja-
UM XUMHUYECKON KWHETUKHU. AJITOPUTM IPABUTAIIMOHHOTO MTOUCKA UCIOJIb3YeT
AHAJIOTUIO JIBUKEHNS TAXKEJBIX Tes BCJIE/ICTBUE WX TPABUTAIMOHHOTO B3a-
umojelicrBus. Bee 00beKThl NPUTATUBAIOT APYT APYra MOCPEICTBOM CHJIbI
TPABUTAINY, TEM CAMBIM TTOPOYKTasd JBUKEHNE BCEH CUCTEMBI K CAMBIM TKe-
JibIM 0bbekTaMm. Kax) 1oMy 06BEKTY COOTBETCBYET TOJIOXKEHNE B TPOCTPAHCTBE
u HeKOTOpas Macca. Ilosoxkenne obbeKTa COOTBETCBYET perernto (Habop
KHHETHYECKAX MapaMeTPOB PEAKIINHN), a Macca OTPaykaeT HACKOJBKO perre-
HUE ABJISIeTC OM3KUM K ONTUMAIBHOMY (HACKOIBKO XOPOIIIO JaHHBIH HAGOD
MapaMeTPOB OMUIIET SKCIEPUMEHTAJIBHBIE TaHHBIE). 'apMOHUYIECKHiT TOUCK
(TTI) mHUIMUPOBAH NPOIECCOM TTOMCKA MY3BIKAHTAMU TAPMOHHUU B MY3BIKE.
Curyarnuu ujeayipHON rapMonuu 3BykoB asroputm [l craBut B cooTBeT-
crBre r100aIbHBIN SKCTPEMYM B 3a7a4€ MHOTOMEDHON ONTUMU3AIUN, & TIPO-
ITecCy UMITPOBU3ANNH MY3BIKAHTA — IPOIEeAYPY ITOMUCKA STOT0 IKCTPeMyMa.

O0bexTaMu UCCIEOBAHNS B IAHHON PaboTe ABJISIOTCS PsiJ] TPOMBIIILIEHHO-
BasKHBIX [IPOIIECCOB:
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® KATAIUTUYECKAsT M30MEPU3Alns [TeHTAaH-IeKCAHOBON (ppakinm,

o 1Ipe-puOPMUHT YIVIEBOAOPOIOB B CUHTE3-Ta3 C BHICOKUM COJIEPXKAHIU-
eM MeTaHa,

® CWHTE3 MeTHUI-TPeT-OyTriaoBoro acupa,

® CEpHOKWCIOE AJKUINPOBaHNe n300yTana oedrnamn.
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MOAE/JIMPOBAHUWUE HECTAITMOHAPHHBIX CITEKTPOB
OJIYOPECIHHEHIINU MOJIEKYJI B ITOJIAPHBIX
PACTBOPUTEJIAX
Epmoaenko WU.II., MuxaiiiaoBa B.A., IBanos A.I.

Onucanue ONTUYIECKOrO BO30YXKI€HUST MOJIEKYJIbL U AHAJIU3 JUHAMUKEA BO30Y K-
JIEHHOTO COCTOSIHUS TIPEICTABJISET HEMAJIBIH HAaydIHbIN uHTepec. lyisi MomenmnpoBa-
HUsI CIEKTPAJIBHON JUHAMUKN B PEAJIBHBIX CHCTEMAX MOXKHO OMUPATHCS HA XOPOIIO
Pa3BUTYIO W YCIEITHO MPUMEHSIEMYIO0 TEOPHIO CIIEKTPOCKOIUU C BPEMEHHBIM Pa3-
pemienuem [1]. CoBpemeHHble METOABI MOAEIUPOBAHKS CIEKTPOB HECTAIMOHAPHOMN
dutyopeciieHIny OCHOBAHBI HA, IPUMEHEHUU MPOCTHIX (DYHKITHOHAIIbHBIX 3aBUCUMO-
creii [2]. Ouu He Bkiovaror B cebst Kakue-1ub0 XapaKTepucTuku (pu3n4ecKoro upo-
necca (JOrHOpMaIbHOE PACHPEIEIEHNE, MEPBbI 1 BTOPOil KOPPEISIUOHHBIE MOMEH-
Tb1). Takoii MoIX0 K MOIEIMPOBAHKIO CIIEKTPAJIbHON JUHAMUKH 3aTPYIHAET PA3Ie-
nenre 3pHEeKTOB BHY TPUMOIEKYIIPHON KOTeOATeIbHON PETaKCAITNA U PETAKCAIII
pacTBOpHUTEss B JUHAMHUKE CTOKCOBA casura. Kak ciencrBue, moaronka 6e3 Tako-
PO pa3jesieHus MOXKET [PUBECTU K HEIPABUJIBHBIM OIEHKAM BPEMEH DEJIAKCAIUH
PaCTBOPUTEIS.

CeepxObicTpbie (POTOXUMUYECKHUE PEAKIMH TEPEHOCA 3apsijia, WHUIIHHPYEMbIE
KOPOTKUM JIA3€PHBIM MMIYJIbCOM (C Hecylieil 4acToToll we U JJIUTEIbHOCTHIO Te ),
[POTEKAIOT BO BpeMs pesakcamuu pacrBopuressi. Cpady mociie dhoroBo3Oyxie-
uusti, popmupyercst cocrosiune @panka-Kongona ¢ HepaBHOBeCHOI KOHbUTyparmeit
sepHOii TozicucTeMbl. B pabore [3] B pamMkax cnmH-GO30HHON MOJENH TMOJIyYeHO
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o011iee aHAJIMTUYECKOE BbIPAyKEHUE Il HeCTAI[MOHAPHBIX CIIEKTPOB (iyopeciieH-
WA MOJIEKYJISPHBIX CHCTEM, YIUTBHIBAIOIEE PEOPTAHNIANNIO PETAKCAITMOHHBIX MOJ,
¥ BBICOKOYACTOTHBIX BHYTPHMOJIEKYJISIPHBIX KosieOanuii. B orcyrcrBum nocsiemaux
€ro MOYKHO 3a1ncaTh B BHU/IE:

t 2 2 2 2
3,—1 [y1(w) — 2B X (1)] 2¢ = dwe (t)
I(w,t) ~ W Ze [ dfexp — 2b - 77_62 - W (1)

3necw h — nocrosgunas Ilnanka, kg — nocrosgunas Bosbumana T — remmeparypa,
AG — mapamMeTp 3K3eprOHNIHOCTH PEAKINN, F,.,, — SHEPTUsT PEOPTAHUBAINN CPEIHI,

o2(t) =b[1— X2(t)] + W72, b=2E,kgT
Ze = TC\/7T2b (b+ hQTe_Z)il exp {fy% (we) (2b+ 271277;2)71}

HOPMHUPOBOYHBIN MHOXKHUTEND, Y1 (W) = Aiw+AG—Eyy, idwe(t) = y1 (we)—y1 (w) X (£)+
2B X (1)

X(t) = (1 E) " /O (T (w) /) cos widw

- aBTOKODPEJUIAIMOHHASA (DYHKIHUS CPEIBL.

CuekrpanbHas mI0THOCTD J(w) = 1Jp(w) 4+ 22J¢(w) craraercsa u3 JByX KOM-
HOHEHT, BKJIaJ, KOTOPBIX PETrYIUPYETCH BeCOBBIME KoddduimenTaMu ;. s onuca-
Hus BILyKTyauuu H0Js8pu3anuu cpepl upumensercs Jebaesckas moueds [4] Jp(w) =

2. mTpw (1 + wZTl%) 71. s onmmcanusa HanOoJTee OBICTPOI PeTaKCaIui, CBA3aAHHOM
C MHEPUUOHHBIM JIBUKEHHEM IIOJIAPHBIX MOJIEKYJ PACTBOPUTEJIS, UCIIOIb3YEeTCsA MO-
aenn Taycea [2]: Jg(w) = V2176 Eimw exp (—w? 7). B1echTp 1 ¢ —~COOTBETCTRYIOM e
BPEMEHa, PeJIAKCAIUN.

Bripazkenue (1) onuchiBaeT AUHAMUKY CHEKTPOB U3JIyY€HUsT MOJIEKYISPHBIX CH-
cTeM B IOJISIPHOM pacTBopuTene. Besa cucreMa nepeBoauTcs B Bo30y K IEHHOE COCTO-
sIHU€ MMILYJIbCOM HAKa4YKH, 33TeM, C IOMOIILI0 30HIUPYIOIINAX UMIIY/ILCOB B Pa3HbIE
MOMEHTbL BpeMeHU t (BpeMsi 3aJ€pPKKK), MOXKHO LIOJYYUTh CIEKTPbL U3Jly4eHUs U
MIOTJIOIIEHUS W UCCJEN0BATh INHAMUYECKHAE IPOIECChI, IPOUCXOIAIINE B CUCTEME.
Ha puc. 1 noka3ana JuHAMUKa MAKCUMyMa, CIeKTpa (PJIYOPECIEHINH BIOJIb KOOP-
JMHATHL PEAKIUU [l PA3HbIX HAOOPOB BECOB X1 U To.

Approximation
—— Debay

tps
Puc. 1. [luHamika MakcHMyma crieKtpa duyopecnenmm. Pacuernsie mapamerps:: fiw =2 3B, AG=—-1.8 5B, E_ =1
3B, 7, = 0.1 mc, kET =0.0255B, 7, =5 meu 7, =0.5 nc
Wcnons3ys B KauecTBe CBOOOIHBIX TTAPAMETPOB BECOBbIE KOI(DDUITMEHTHI, MOK-
HO PEeryJIMpOBaTh BKJIAJ PA3IUYHbIX MO, 9TO PACLHIUPSET 00JIACTh HPUMEHUMOCTH

MO/IEJTH HA CJIOYKHBIE MHOTOPEKMUMHBIE TIPOIECCHI. JHEPreTUIECKUE U PETAKCAITUOH-
HbIE XaPAKTEPUCTUKAMU CPEJIbl, [OJIyYeHHbIe n3 (DUTUHIA IMIUPUIECKUX JTAHHDBIX,
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MTO3BOJISAT MOEJIMPOBATH X0/ PEAKIIMU MMEPEHOCA 3apsia Ha MacmTabax HEIOCTYII-
HBIX JIJTsT 9KCIIEPUMEHTA.
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MATEMATNYECKOE MOJAEJIMPOBAHUAE IIPOIIECCA
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VIIK 517.977.58

Kunerndeckmne pacyeTsbl XUMUYECKUX TTPOIECCOB TIO3BOJISIOT MaTEMAaTH-
YeCKHU ONMCATh MPOTEKAHNE 1IeJEBBIX PEAKIINiA, ONIPEeJeIATh UX CKOPOCTH
¥ KOHEeYHbIe KOHBepcuu. J/[ammble, MOTy9YeHHbIE HA OCHOBE STHUX pacde-
TOB, HY2KHBI JJIsl TAJIbHENIIErO Onpe/IeeHns HeOOX0INMOro KOJIMIeCTBA
KaTajau3aropa, Pa3MepoB U radDapuroB PEAKTOPOB.

Karouesnie caosa: maTeMaTndecKoe MoaeaupoBanue, muddepeHnnaib-
HBIE YPABHEHUS, KATAJIU3ATOD, PEAKTOP

Mathematical modeling of the process of hydrogenation of
polycyclic aromatic hydrocarbons

Kinetic calculations of chemical processes make it possible to mathe-
matically describe the course of target reactions, determine their rates
and final conversions. The data obtained on the basis of these calcula-
tions are needed to further determine the required amount of catalyst,
sizes and dimensions of reactors.

Keywords: math modeling, differential equations, catalyst, reactor.
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Pazpaborka sdpdexTuBHON TEXHOMIOTMYN IOJYUYEHUS PEAKTUBHBIX TOILIAB
JLUTST CBEPX3BYKOBOW aBUAIMU SIBJISIETCS MEPCIEeKTUBHON 3agadeit. OqauM u3
BApUAHTOB TAKOH TEXHOJIOTMH SIBJISETCS TUAPUPOBAHNE IOJAIUKIMIECKAX
ApOMaTHYECKUX YIJIEBOJOPO0B [1]. AKTyanbHOM siBiisiercst pazpaborka jie-
TAJIU3UPOBAHHON KUHETHIECKON MOIEIH MPOIECCa, THAPUPOBAHMUS IOJIHIINK-
JIMYIECKUX APOMATUIECKUX (/1€apOMATH3AINN ) YTJIEBOIOPOIOB C yIETOM BCEX
HeoOXOIMMBIX MIOKa3aTeseld, BLIIeIeHHEM CTaluil 1 KHHETHIECKUX IapaMeT-
poB, Bemymux K obpazoBanuio HadgrTenos. [locnemyromas paspaborka me-
TOMKN MHOTOKpuTepuaabhoii ontuMusanun (MKO) npomecca aeapomarn-
3aIMU Ha, OCHOBE KMHETHYECKONW MOJIEN, TTO3BOJUT OMPEIEAATh HANJTY IIIAE
YCJIOBHS TIPOBEJICHNsI, B 3aBUCAMOCTH OT KPUTEPUEB ONTUMAJTbHOCTH (HAIPU-
Mep, Juist 6osiee riry6GOKOro rupupoBaHust — 10JHOro Hachklenus) [2]. Takzke
TpUMEHERVE Pa3pPaboTAHHON KNHETHYIECKOH MOIEIN BOZMOXKHO W JJIST IPYTAX
MPOMBIIILIEHHBIX 33/1a4 (pacdeT HeOOXOAMMOTrO KOJIMYIECTBA KATATH3ATOPA U
rabapuToB PEAKTOpa).

ITenesas peaknms mpormecca ruAPUPOBAHNS HAMDTATUHOBBIX yTJIEBOI0OPO-
IOB IPHUBEIEHa HIXKE Ha, CXEMe.

+ 2H, + 3H,
— —
1 2

Peaxius nporekaer B NPUCYTCTBUU KaTaJIn3aTopa, 00JIa/IAIOIIEr0 IH/l-
pupytomeii pyuknmeit. K takum xaranmzaropam ornocarcd metasabl VIII
Ipynnel (IIATHHA, TAUIAIAH, HUKeJb, KOOalabr U T.J.). B Harmem cioydae
ObLI B3AT - KATAIU3aTOP HUKE/Ib HA KU3E/IbIyPE.

T'unpuposanue nadraanna npoxoaurt yepe3 2 crajguu. B pesysbrare mep-
BOI cTa/iun 06pa3yeTcs: TeETPAIUH — IPOJIYKT HEIIOJHOTO TUApUpOBaHus Had-
TaJIMHA, B PE3y/ibTaTe BTOPOU cTajiuy — JEeKaJ/IuH — LEeJIeBOM KOMIIOHEHT BbICO-
KOTIJIOTHOTO PEAKTUBHOTO TOMINBA. KaK MOKA3BIBAIOT UCCICTOBAHUS, TUMU-
TUDPYIOIIEH cTanneit TuapupoBanus HabTAINHA 10 TeKAJNHA, ABISETCA BTO-
pas craaus [3]. TIpoBesena meragusamysi CXeMbl XUMUYIECKUX TTPEBPAIeHN
C YUYeTOM TPOMEKYTOUHLIX CTAJWH peaklny TUAPUPOBAHUS CBHIPbS, CONEp-
JKAIUX APOMATUIECKUE YTIIEBOAOPOBI (M0IM-, 1 MOHOIMKIMIecKue). Jlis
MOJEINPOBaHNS KMHETUKH TPOIIECCa TPUMEHEHO MAaTEMATHIECKOe OMICAHNE
Ha OCHOBE 3aKOHA JIEMCTBYIOIIMX MACC, 4TO IIpejcTaBJiger coboil cucremy
M depeHIMaIbHBIX YPABHEHN ¢ HA9aJbHBIMU JaHHbIMA [4].

dx i
dt

J
:ZVijwj(kj,xi),i: 1,...]; kj :kj(k?,Ej,T), (1)
j=1

C madanpapIMI yeaoBuamm: mpa t = 0, 2;(0) = 2

;> The t — BpeMs, MUH,
(vij) — crexmomerpudeckne ko3 dunuenTer; J — KOIMIECTBO CTAMiA, Tj —

KOHIIEHTPAIUH BEIECTB YIACTBYIONINX B PEAKINU, MOJIb/JT; I — KOJTHIeCTBO
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BEIIECTB; W, — CKOPOCTH j-0ii cramuu, 1/MuH; kj — KOHCTAHTBI CKOPOCTEH CTa-
awit (mpuBenennsie), 1/vum; Ej, — 9Heprnu akKTUBAINN CTAJIHi, KKAJ/MOJIb;
T — tremneparypa, K; k:? — MPEIYKCIIOHEHITNAIbHbIE MHOKUTE N, 1/ MuH. Pe-
meHue cucTemMbl ypasHennii (1) npegcrasager coboi mpsaMy0 KHHETHIECKYTO
zasady. yisi BOCCTAHOBAEHUS KHHETHYECKUX MAPAMETPOB IIPOIIECCA JIeapo-
Maru3anuu Oyier pereHa obdparTHas KWHETHYecKasd 3a/1a4a Ha OCHOBE DKC-
MEePUMEHTAJIBHBIX JaHHBIX [5]. leTaspHo KHHETHKA PEaKIIny UCCIeTyeTCsT Ha
OCHOBE SKCIIEPUMEHTAIbHBIX JTAHHBIX MOCPEICTBOM TTOCTPOCHUST MATEMATH-
geckoit Momesm B nporpamme MatLab. Takum obpazom, pazpabareiBaemas
KMHETUYIeCKAd MOJIE/Ib OYIET IBIATHCI OCHOBOI ONPEIeICHUS OITUMAIBHBIX
VCAOBUN pPeaKINN THAPUPOBAHNS MOJUNUKINIECKUX apOMATHIECKAX yTJIe-
BO/I0PO/10B.
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PABPABOTKA MATEMATHUYECKOTI'O OIIMCAHUA
PACYETA OKTAHOBOTI'O UYNCJIA BEH3MMHOB .
KATAJINTNYECKOI'O PU®PMMHTI'A C I'PVYIIIIOBOMN
KUHETUKOM
E.C. 3aituesa, I.M. TI'y6aiigyninua
elenaacro@bk.ru, irekmars@mail.Tu

VIK 665.642

B nmamnoit pabore mpesicTaBiieH IJIAH M0 pa3paboTKe MaTeMATHIECKOM
MO/IET OCHOBHOTO TIOKA3aTesT Ka9eCTBa AaBTOMOOUIHHBIX OEH3MHOB, TAKOTO
KaK OKTAHOBOE YmCJI0. MareMaTndeckoe MOIETUPOBAHUE SIBJISETCS OIl-
TUMAJIBHBIM CIOCO0OM TOBbIeHUs 3(PHEKTUBHOCTH MPOIECCA KATAJIN-
Traeckoro pudopmunra. Ha OCHOBE JAHHBIX XPOMATOIPAMM ChIPbS U
MIPOYKTOB MIPOIECCa KATATUTUIECKOro pudopMuHra co3mana 6a3a 1an-
HbIX WHAWBUAYAJbHbBIX YTJIEBOJAOPOAOB C TAKUMHU XaPaKTEPUCTUKAMU,
KaK OKTAHOBBIE YUCJIA IO MOTOPHOMY M HCCJIEJIOBATEIHCKOMY METOIaM,
KOJINYECTBO aTOMOB YIJIepO/ia, KJIACC yTIeBOJOPO/IOB.

Karouesvie ca06a: OKTAHOBOE YUCIIO, KATAJIUTAYECKUN prudOpMUHT, Ma-
TEMATHIECKOE MO/IEJIMPOBAHUE

Development of a mathematical description of the octane
number of catalytic reforming gasolines with group kinetics

This paper presents a plan for the development of a mathematical model
of the main indicator of the quality of motor gasoline, such as octane
number. Mathematical modeling is the best way to imrove the effi-
ciency of the catalytic reforming process. Based on the data of chro-
matograms of raw materals and products of the catalytic reforming
process, a database of individual hydrocarbons was created with such
characteristics as octane numbers by engine and research methods, the
number of carbon elements, classes of hydrocarbons.

Keywords: octane number, catalytic reforming, math modeling

CrabuabHbBINT POCT MUPOBOTO MOTPEBJIEHUST BBICOKOOKTAHOBBIX aBTOMO-
OuabHBIX OEH3WHOB CTABUT Tiepen mepepaboTunkaMy HePTAHONW MTPOLYKITHN
BaKHYI0 33/1a9y ONTUMU3UPOBAHUS KATAJIUTHIECKOrO pudopMuHTra GeH3nHA
JIA YBEJIMYIEHUS PECYPCOB puddOPMATA C BBICOKMM OKTAHOBBIM UHUC/IOM. Bax-
Helne xapaKTepuCTUKON TOIIUB JIJId ABUTaTeel ¢ UCKPOBBLIM 3aKUraHueM

Pabora Beimonmena npn dbraanCcOBOM moaaep:xkku POOU (mpoext Ne 18-07-000341)

Baituesa Esena Cepreesua, maructp Y bumckuii locynapersennniit Hedraunoit Texuu-
weckmit Yausepcurer (Yda, Pocensa); Elena Zaytseva ( Ufa State Petroleum Technological
University, Russia)

I'y6aitnymmn Upexk Mapcosud, a.¢d.-m.1. Uacturyt Hedrexumun u karamunsa Y UL
PAH, YIHTY (Yda, Poccus); Gubaydullin Irek (Institute of Petrochemistry and
Catalysis, Russian Academy of Sciences, Ufa State Petroleum Technological University,
Russia)
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SIBJISIETCS. OKTAHOBOE YHUCJIO, [TOCKOJIbKY MMEHHO JTOT [IOKA3aTEe/b XaPaKTe-
pHU3yeT yCTOWYMBOCTH CMECH TOPIOYErO ¢ BO3yXOM K JIETOHAINU (B3PBIBHO-
MY CTOPAHUIO B IIIJIKHJPE) U, KAK CJIEJCTBUE, CIOCOOHOCTD TOIINBA 0becte-
YUBaATh pa60Ty ABUTATEJIA TTPU BBICOKUX CTEIEeHAX CXKaTUd. O 3HAYNMOCTHU
OKTAHOBOI'O YHCIa TOBOPUT TOT (PaKT, ITO OKTAHOBOE UHCIO BLIHOCHTCA B
Ha3BaHWE MAPKW OEH3MHA, U WMEHHO OHO B OOJILINMMHCTBE CAyYaeB OIpere-
Jger 1eny mocaegrero. Hanbossee onTuMaabHBIM U HHHOBAIIMOHHBIM CIIOCO-
6om mopbiternst 3P PEKTUBHOCTH MPOIECCE KATATUTHICCKOTO PU(POPMITHTA
SIBJISIETCSI CO3JaHNE MATEMATHUYECKHX W KOMIBIOTEPHBIX MOJEJe IIpoIecca
KaTaauTraeckoro pugopmura. CJI0KHOCTDH MPU PACUETE OKTAHOBOTO YHC-
Jia, OEH3MHOB OCJIOXKHSIETCSI TE€M, 9TO COBPEMEHHBIE aBTOMOOMJIbHBIE HEH31-
HBI IPEeJCTaB/JIAI0T CMEeCH KOMIIOHEHTOB, HOﬂyqaeMbIX Pa3/JIMIHBbIMU TEXHO-
JIOTHIECKUMHU TTpolieccamMu. B OeH3nHaxX B 3aBUCUMOCTH OT yTJIEBOLOPOIHOTO
COCTaBa ChIPhs W TEXHOJOTHU CUHTE3a MOXKET coAepKaThcda cBblite 300 nHIn-
BHAYAJBHBIX YIJIEBOJOPOJA0OB PA3JINYHOTO CTPOCHUS, COJEPXKAHNE KOTODBIX,
a TaK:Ke B3aMMOIIEHCTBHE MeXKIy coDOil OmpenessioT cBoicTBa OeH3uHa.

[Menbio paboTHl gBAsIETCA pa3pabdOTKA MATEMATHIECKOW MOJIEIN PacIeTa
OKTAHOBOT'O 9KC/Ia OEH3NHOB KATAJIATHIECKOTO pUGPOPMHUHTA C TPYIIOBOH K11~
HETUKOM, KOTOpasi OyJIeT CriocobHa OMUChBaTh auHamMuky uamenedus OY 1o
Mepe TIpoBeieHnst mporiecca. PazpaboTka MaTeMaTHIecKOro OMMCAHTST pacye-
Ta OKTAHOBOI'O UHCJIa OEH3WHOB /IS MOJEJeH KaTAIUTHIECKOTO propMMUH-
ra ¢ IPYMIOBOM KWHETUKOM, KOTOPad OyIeT CroCOOHa OMUCHIBATH TUHAMUKY
M3MEHEeHNs OKTaHOBOTO YHCIA IO Mepe MPOTEKAHUs IPOIECCa, MO3BOINAT HC-
IOIb30BATH JAHHYI0 MATEMATHIECKYI0 MOJETL /s ONTUMHU3AINHN TPOTECcCa
U COKPATHUTh BBICOKHE 3aTpPaThl Ha OIpEIe/leHre OKTAHOBOIO 9nCIa GeH3nHa,
CTaHJAPTHBIM METOLOM Ha HedTermepepadaThiBAOIEM 3aBOJIE.

3ajlagaMm UCCIeA0BATENLCKON PAabOTHI ABIAIOTCS:

e cozmanne 6a3pl JAHHBIX WHINBHIYAJILHBIX YIVIEBOIOPOIOB, BXOIAIINX
B cocTaB OEH3MHOB, HA, OCHOBE UCXOMHBLIX XPOMaTOIDAMM;

e OIpeJieSIeHre KPUTEPUEB TPYIINUPOBKA WHANBAAYAJIBHBIX YIJIEBOLOPO-
JI0B;

® HAIMCAHUE KOMIILIOTEPHO IIPOrpaMMbI A PACUETa OKTAHOBOIO YHCIa
OEH3WHOB 110 33, JaHHBIM TDYIIIHPOBKAM;

e pa3paboTKa MATEMATHUECKOTO YPABHEHWsI, aJeKBATHO OIMCHIBAIOIIE-
0 OKTAHOBOE YHMCI0 DEH3WHA, HA MPOTSIKEHNN BCETO TPOIECCA, OT MCXOIHOTO
CBIPBS J0 KOHEYHBIX MIPOAYKTOB IIPU PA3ANYIHBIX CIIOCO0AX IPYIIMUPOBKU WH-
JUBHUIYAJIBHBIX YIJIEBOLOPOIOB.

Pazpaborannas mareMaTndeckasd MOJEb IIO3BOJHT PACCUNTHIBATL OK-
TAHOBOE YHUC/I0 OEH3MHOB KATAJIUTUIECKOrO PUPOPMUHIE IIPUMEHUTEIBHO K
MOJEJISIM TIPOIIECCA, KOTOPhIE 00/1aJal0T TOJBKO JAHHBIMU COCTABOB TPYIIIO-
BLIX KOMITOHEHTOB.
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BOCCTAHOBJIEHUE KAPOTAKHBIX KPUBBIX

METOJAMUN MAINMINHHOTI'O OBYYEHUA

9.A. Bapumnosa, M.P.EaukeeB
zzaripova.eliza@gmail.com, Mat-83@mail.Tu

YK 004.852

B crarthe mpesncTaBieHbl pe3yabTaThl PAOOTHI AJITOPUTMOB MAITHHHOTO
o0yueHHUsI HA OCHOBAHHUH I'paJueHTHOro Oycruura. OOydeHusr MeTOmOB
MPOBOJUIACH C UCIIONB30BAHWEM Pa3pabOTAHHOTO MPOTPAMMHOIO MaKe-
Ta Ha g3biKe Python. B pabore mpeacraBierbl TOYHOCTH ITPEICKA3AHUS
AKYCTHIECKOTrO H IIJIOTHOCTOIO KApPOTazka Ha OCHOBE APYTOH NMeIOIeiics
CKBKUHHON MHGMOPMAINH YeThIPEX METOI0B MAITMHHOTO 00y IeHUS.

Kaouesnie cao6a: KapoTax, MaMHHOE OOydYeHHWE, IPAIAEHTHBINR Oy-
CTUHT, METPUKA, CKBAXKWHHAS WH(OOPMAIIHUS.

Recovery of logging curves using machine learning methods

The article presents the results of machine learning algorithms based
on gradient boosting. Training methods were conducted using a devel-
oped software package in Python. The paper presents the accuracy of
predicting acoustic and density logging based on other available well
information using four machine learning methods.

Keywords: logging, machine learning, gradient boosting, metrics, well
information.

B noksaze paccMarpuBaioTCs aJropuTMbl MAIIMMHHOTO 00y 9eHMS [1)Td BOC-
CTaHOBJICHUYA KPUBBLIX aKyCTUYECKOrO U IIJIOTHOCTHOI'O KapoTazKa, Ha OCHOBE
IPYToit MMEIoIelicsi CKBaKUHHON nHMOPMAIIH.

Kaporaxk — nonnas 3amnuck nadopmaluu, IoaydYeHHONl BO BpeMsi reodu-
BUYUECKUX UCCAeOBAHNN cCKBaXKnHbI. Takas nndopMmars 1aéT BO3MOXKHOCTh
IOCTPOUTH IOJHYI0 KAPTUHY I'€OJIOMMYECKOr0 pa3pesa, IPONICHHOIO JaHHONI

Bapunosa Dmmsa Asnbbeprosua, crymenr YIHTY (Yda, Poccua); Eliza Zaripova
(USPTU, Ufa, Russia)

Enukees Mapat Pycremosud, npenogasarens YIHTY (Vda, Pocena); Marat Enikeev
(USPTU, Uta, Russia)
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ckBaxxuHOM 1ipy Oypenun. Buibop umenno stux kaporaxeit 060CHOBBIBAETCs
TEM, ITO Ha WX OCHOBE MOXKHO TMPEICKA3ATH JTUTOJIOTHIO TIIACTA.

B crarucruke Xopoiio m3BECTHO WHTYUTUBHOE COOOPArKEHUE, COTVIACHO
KOTOPOMY YCpeIHEeHre Pe3yIbTaToB HAOIIOAeHn MOXKeT HaTh Oosee yCToi-
YUBYIO W HAJIEXKHYIO OIEHKY, TOCKOJBKY OCIAbIeTCd BAUSHUE CIyJIalHBIX
OTKJIOHEHWN B OTAeNbHOM m3Mmepennn. Ha amamormamoit maee GBLIO OCHO-
BaHO Pa3BUTHUE AJTOPUTMOB KOMOWHWPOBAHUS MOJeJel, B pe3yJibTare 4ero
MOCTPOEHIE WX aHCaMOsell OKa3aJ0Ch ONHUM W3 CAMBIX MOITHBIX METOI0B
MaIUHHOrO 00y YeHMs], HEPEJIKO MPEBOCXO/ISAIINM [0 KAYECTBY IIPEJICKA3aHMT
Apyrue MeTO/Ibl.

Metomom yuydrnenns mpeackasanuii sipaserca oycrunr (boosting), mmes
KOTOPOTO 3aKJOYAETCS B WTEPATHBHOM IIPOIECCE MOCJTEI0BATEIBLHOTO TIO-
CTPOEHNST YACTHBIX Momeneit. Kaxkmas HoBast MoIeh 00ydaercst ¢ NCmoah30-
BaHIeM HHMOPMAIMI 00 OIMMIOKAX, CACTAHHLIX Ha IPEILIIYIIIEM 3TAIle, a Pe-
ByJLTUPYIONAst (DYHKIINA TTPEICTABIIET CODON JUHEHHYI0 KOMOMHAIINIO BCE-
ro ancambis Mozesiell ¢ yueToM MUHUMHA3AIUU Ji000ii mrpadHol DyHKITHH.

CraTbst MOCBAIIEHA aHATH3Y PAGOTHI 9€THIPEX METOMOB PEATMIATINN AJl-
FOPUTMA TPAJUEHTHOTO OYCTUHTA JIJIS 331290 BOCCTAHOBJIEHUS KAPOTAXKHBIX
KPUBBIX.

[Iponeypa BoCcCTAHOBJIEHNST KAPOTAYXKHBIX KPUBBIX 3aKJIFOUAETCS:

1. Barpyska u MoAroTOBKA JAHHBIX,

2. Boruncienne KOppesIIOHHON MaTPHUIIBL,

3. Hopmanu3anus KpUBBIX,

4. Cozjanve TPEHUPOBOYHOM U TECTOBOM BHIOOPOK JJIsT BAJIVIAIINHN TTOJLY-
YAEMOT0 PEIIeHNs,

5. O6yuenme GradientBoostingRegressor(), GridSearchCV(),

6. O6yuenne LGBMRegressor(), GridSearchCV(),

7. O6yuenne XGBoostRegressor(), GridSearchCV(),

8. O6yuenne CatBoostRegressor(), GridSearchCV(),

9. Pacger MeTpWK ™ OIEHKA PE3YIHTATA,

10. Ananms moy9IeHHBIX PE3YILTATOB.
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O ITIOCTPOEHUN AHAJINTUYECKUX PEIIIEHU
YPABHEHUU PEAKIIUNA-TUPDPY3NSA C IBYMEPHBIM
BMHEPOBCKUM ITPOIIECCOM
A.A. 3apsiHoB,
artemzaryaov2013@yandez.ru

VIK 519.2

[Ipemyioxken Crocod MOCTPOEHUsT AHATUTUIECKOTO PEITeHust JJIst OTHO-
r0 KJlacca ypaBHEHUH peakius-auddy3us ¢ IByMEPHBIM BAUHEPOBCKUM
IIPOIIECCOM.

Karouesnie c06a: cCHCTEMBI CTOXACTHIECKUX TU(DEPEHITHATHHBIX YPaB-
HeHUi, ypaBHeHUs Peakiusi-1uddy3usi, aHATUTUIECKUE DEIICHUS ,BUHE-
POBCKMii TIPOITECC.

On the construction of analytical solutions of
reaction-diffusion equations with a two-dimensional Wiener
process.

A method for constructing an analytical solution for a class of reaction-
diffusion equations with a two-dimensional Wiener process is proposed.

Keywords: systems of stochastic differential equations, reaction-diffu-
sion equations, analytical solutions,Wiener process.

Pemaerca cnenyromas 3amada:

{ul — Ui = fg(ulxm + f1)ds + f(f g1 xdWi(s) + fot g12 * dWa(s), (1)

U — U0 = fg(UZxa: + fa)ds + fot g21 x dWi(s) + fg g22 * dWa(s),

rae u; = ui(x,t), fi = fi(t,z,u1,u2), i = 1,2, a pynknun g;; onpemens-
FOTCS CJIEYIOIUM 00pPa30M:

g1 = gu(x,t,u), 912 = gia(x,t, uz),

g21 = g21(x,t,u1), goa = goo(x,t, u1).

Haunnasi cucrema Oyer pemaThCs MeTOJIOM, MPEJIOKeHHbIM B padore [1].

B pabore nokasblBaercs, 9TO PEleHre CTOXacTudeckoil cucrembr (1) mox-

HO MOJIyYUTh, PENNB HECKOIbKAX cucTeM AuddepeHnnaabHbX YPaBHEHNIH,

KOTOpBIE YK€ He CONEPIKAT CTOXACTHYECKUX MHTErPAJIOB M0 BHHEPOBCKOMY

TTPOIIECCy.

Bynem uckars perrenue cucrems (1) B Bue
{Ul(%t) = ¢1(x,t, Wi (t), Wa(t)), (2)
ug(x,t) = gz, t, Wi (t), Wa(t)).

Bapanros Aprem Anekcamaposud, crymaent, YLTATY(Vda, Poccus); Zaryanov Artem
Aleksandrovich (USATU, Ufa, Russia).
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Crpoum 1enouKky ypaBHenuit, ucnobsys (2):

¢1’U1 (.’E,t,’l)l,’l)g) == 911<$>t77)2)7
¢1v1 (x7t77)17v2) = 912($,t,1/2),
P1oy (2,8, 1, v2) = go1(w,t,v1), (1)
¢2v2($,t,’l)1,’l)2) = gQZ(xvt,vl)a

D1(2,t, 01, V2) el =Wy (6) oo =2 (t) = Praa (@, 1, Wi (t), Wa(t)) + f1(d1, ¢2),
¢2 (.I‘, t, vy, U2)t|v1:W1(t),v2:W2(t) = ¢22m($> t, 44} (t)v Wz(t)) + f2(¢la ¢2)
(5)
Cucremsl (3) u (4) narerpupytorcst TpuuaibHo. Pemenue cucrembr (3)
NOJICTABIAEM B cUCTeMY (4) M permmB eé moJydaeM perrennst
(Zbl(ﬂ?,t,?)b?)Q) = g1101 +912’U2 +Cl($,t), (6)
¢2(x,t,v1,v2) = ga1v1 + gazva + Ca(z,1).

s onpeenienns npon3BobHBIX ocTostHEBIX C (2, 1) = Cp u Co(x,t) =
Cy noncrasum pemenne (6) B cucremy (5). Tocne anreGpanvecknx mpeod-
pasoBaHuii mosydaeM cucreMy audpepeHIaTbHbIX YPABHEHU B 9aCTHBIX
POU3BOIHBIX

{Cu = Clgz + Wi(g1122 — 911¢) + Wa(g1222 — q12¢) f1(t, &, d1, ¢2), (7)

Cot = Cope + Wi(92122 — 921t) + Walg22za — goot) f2(t, z, ¢1, P2),

KOTOPYIO MOYKHO 3aIlIACATh B MaTPUIHOM BHUJIE CACIYIONIAM 00pa3om
C;=C,z+ AGW + F,

rae C = (Cl,CQ)T, W = (Wl(t),WQ(t))T, F = (fl,fz)T, AG =
(gtz’j - gmz‘j)\i,j:m-

IIycts AG = 0, To ecTh QYHKIUN g;j JOMKHBI yAOBACTBOPATL OZHOMED-
HOMY YPaBHEHHIO TeILIOIMPOBOJHOCTH, TOI/Ia, BOCIOJIb30BABIINCE TeM, UTO
a1 Takoil cucrembl (7) CyIIECTBYIOT AHATUTHYECKHE DEIEHUS, HATPUMED
npn

(ug + U2)2 (up + ug — 2W))

nosiydaeM, 4ro u ucxojgHag cucrema (1) npu ycaosun AG = 0 u (8) umeer
AHAJIUTHYIECKOE DEIICHNEe

Ch(z,t) = % [1 +th <\/% (:L' + 5\/%15))} ,
U1($7t> = gnW1 (t) + 912W1 (t) + Cl(ac, ),
ua(x,t) = g1 Wi(t) + goaWa(t) + 1 — Ci(x,t).
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Takum 06pa3om, HalijeHbl yCa0BUs, Upu KOTOPbIX cucrema (1) mmeer ana-
JUTUYECKOEe PelIeHne.

JIureparypa
1. Hacwipos @.C. OO mHTErpupoOBaHUM CHCTEM CTOXACTHIECKUX nuddepeHtm-
anbHbIX ypasuenuil // Maremaruueckue rpyubl. 2016 T.4, Ne2. C.1-12.
2. Mapmuncon JI.K., Manros FO.U. [Tuddepeniimaibupie ypaBHEHUs] MaTEMa-
tugeckoit dpusuku. M.: MT'TV, 2002.

IMOCTPOEHUE NMHBAPNAHTHO-PA3BHOCTHOW CXEMBI
AJIAd YPABHEHUNA SMJEHA-®AYJIEPA
P.B. UcxakoBa
iskhakova.rv@ugatu.su

YK 519.62

Jtss aucieHHoro perrerus 3amadu Ko 1j1st 0ObIKHOBEHHOTO g de-
PEHIMATBLHOrO YPABHEHUsI 9aCTO BAYKHBIM SIBJISIETCSI TOYHOCTH BBIODAH-
HOit cxembl. nBapuanrno-pasnocrasie cxembl (UPC), ocnoBanubie na
BBITIOJIHEHUH YCJIOBH TeopeMbl O. HéTep, MO3BOIAIOT TOMYyYATE pere-
HUsI C BBICOKOW TOYHOCTHIO. B 1anHOI paboTe MOCTPOEHA M MCCIIEI0BA~
wa UPC ngna ypaBuenuns dmuaena-DPaysepa. [IpoBeneno cpaBuenne pe-
mennit, nonyderabix ¢ momorbio UPC u cxembr Pynre — KyrTer 2-ro
MOPS/IKA .

Karwuesnie croea: 00ObIKHOBEHHBIE MuddepeHITnaIbHbIE YPABHEHNUST, CUM-
METpHsl, TPyINa Mpeodpa30BaHuil, MHBAPUAHTHBIE PA3HOCTHBIE CXEMBI,
TOYHOE PEIeHne

Construction of an invariant-difference scheme for the
Emden-Fowler equation

For the numerical solution of the Cauchy problem for an ordinary differ-
ential equation, the accuracy of the chosen scheme is often important.
Invariant-difference schemes (IRS) based on Noether’s theorem allow
us to obtain solutions with high accuracy. In this paper, the IRS for
the Emden-Fowler equation is constructed and investigated. The solu-
tions obtained using the IRS and the 2-order Runge-Kutta scheme are
compared.

Keywords: ordinary differential equations, symmetry, transformation
group, invariant difference schemes, exact solution

Ucxakosa Poszammnma Baneesna, crynent YLATY (Vda, Pocens); Rozalina Iskhakova
(Ufa State Aviation Technical University, Ufa, Russia)
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NMuBapuanTHO-pa3HOCTHBIE CXEeMbI /it TuPOEPEHIINAIbHBIX yPABHEHMIT
CTPOATCA U3 TPEACTABJIICHUA ITUX ypaBHeHI/IfI B BUAE 3aKOHa COXPaHEHUA.
O6muit MeTo]] TOCTPOEHUS 3aKOHOB COXpaHeHust I nuddepeHImaibHbIX
ypaBHeHHﬁ, CBHSBIB&IOH_[I/H?I 3aKOHBI COXpaHeHUd C MHBAPWMAHTHOCTBHIO WHTE-
rpaJioB, OCHOBaH Ha Teopeme . Hérep.

Teopema 1.|3] Ilycmo ) = x; + X5, u* = v+ EU- undunumesumans-
HaA cummempua oaa aaepanscuanas L(x, u, %). Tozda ypasnenua Jlazpan-
otca JONYCKAIOM 34KOH COTPAHEHUA

ou \ OL
T=(T..T)T=LX+ U=y zj— | —, (1)
%: jal‘j Oul

3dech u; = g—z

B [1-2] npemsaraercst MeToanKa MOCTPOEHUST WHBAPUAHTHO-PA3HOCTHBIX
cxeM, KOTopble Oy/IyT COXpaHaATh cuMMeTpuu Aud bepeHInaIbHOT0 ypaBHe-
HUS.

B nannoit pabore paccmaTpuBaercs ypapaenne Dmiena — Payiepa Buya

[IpuMeHuB K 9TOMY YPaBHEHUIO METOJ, MPEJIOKEHHbI B [1], MOXKHO mOTy-

YUTHh TOYHYIO MHBAPUAHTHO-PA3HOCTHYIO CXEMY BU/la

0  _ Ug—um
u2}:+ - h™
h h—
v =& ym =& =const

Ha pucynke 1 mpejcTaBieHO CpaBHEHWE PEIIEHUH, MOIYYIEHHBIX 1O TI0-
crpoernnoit UPC n metomom Pyrre — KyTTht 2-r0 mopgaaka cOOTBETCTBEHHO.

Tousan WPC —e-
- [ irg—

Puc. 2: Pemenune O1Y

Kak Bugno 3 rpadhukoB, JOCTIKEHNE TPUEMIEMONR TOUYHOCTH PEITEHST
o UPC Tpebyer MeHblllee KOJIMIECTBO Y3JI0B, UeM pelreHue 1o cxeme Pynre
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- Kyrrbt 2-ro nopsjka. IIpu Berauciennn pemenust meroysom Pynre - Ky-
ThI 2-T0 TIOPSAJIKa, UMEeeM MaKCAMAJIBHYIO TOTPENTHOCTD 1075, mast TowUmHO
MHBAPUAHTHON PA3HOCTHON CXeMBI IOIPEITHOCTE cocTapmta 10710,
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PACYHET TOYHOCTHU ITPOTHO3NPOBAHUA OHEPA]_[I/Iﬂ
B TEXHOJIOTUYECKOM PEMOHTHOM ITPOIIECCE
HEOTAHBIX CKBA2KNH C UCIIOJIBBOBAHNEM
PEKYPPEHTHOU HEMPOHHOU CETU
9.P. KapamoBa, M.P. EnukeeB
elinaker28@gmail.com, enikeev.marat.rus@gmail.com

YK 004.852

Kaxaprit Bua pemonTa BKIIO4YaeT B ceOs Omepaluu, TPOBOAUMBIE C Iie-
JIBIO TTO/I/IEPYKAHNUS CKBAKUHBI B COCTOSHIY ITOJTHON paboTOCIIOCOOHOCTH.
[TocsenoBarenbHOCTD OnEpPALU PEIIAMEHTUPOBAHA U UMEET HEU3MEHsi-
eMyI0 CTPYKTypy. BcieacTBue 3T0Oro, BHIOpaB JIIOOYIO MOCIIEI0BATEb-
HOCTh DEMOHTHBIX ONEPAINil, MOYKHO HA €€ OCHOBE OIPEJIeJUTh CJIEIY-
IOIIYI0 PEMOHTHYIO OMEPAINIO HEHPOHHO ceThio.B pabore paccmarpu-
BaeTcs 3a/1ada IPUMEHEHUsT PeKypperHoil Heitporuoii cetu Buga LSTM
(Long short-term memory) jyis upejackasanus Cjeayiomweil peMOHTHOI
OTIEpPAINU HA OCHOBE MOCJIEIOBATETFHOCTH MPEIBIIYIINX OMEPATIHiA.

Kamouesnie caro6a: CKBaKIHA, PEMOHTHAS OTIEPAINs, PEKYPPEHTHAS Hel-
pomHas cerb, aaroput™m LSTM, npenckasanwme.

Calculation of the forecasting accuracy of operations in the
technological workover process of oil wells using a recurrent
neural network

Each type of repair includes operations carried out in order to maintain
the well in a state of full operability. The sequence of operations is
regulated and has an immutable structure. As a result, by choosing

Kapamosa Dmmna Pamdosna, crymenr, YTHTY (Yda, Poccua); Elina Karamova
(Ufa State Petroleum Technological Universityy, Ufa, Russia)

Mapar PycremoBna Enwmkees, mpemomasarens, YTHTY (¥Yda, Poccus); Marat
Enikeev (Ufa State Petroleum Technological Universityy, Ufa, Russia)
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any sequence of repair operations, it is possible to determine the next
repair operation by a neural network on its basis. In this paper, we
consider the problem of using a recurrent neural network of the type
LSTM (Long short-term memory) to predict the next repair operation
based on the sequence of previous operations.

Keywords: well, repair operation, recurrent neural network, LSTM al-
gorithm, prediction.

PeMOHT Hed)THHbIX CKBa?KUVH 3aKJIIOYa€TCAd B BbIIIOJTHEHUU MepOHpI/IHTI/Iﬁ
[0 TIPEIYIPENKIEHUS U YCTPAHEHUIO HEIMOJIAI0K paboThl MOJI3eMHON YacTH
obopynosanus. Kazkbiit Bus pemonTa BrJodaeT B ceba onepauu. [locaemo-
BaTEJbHOCTH ONEpaIuii peryiaMeEHTUPOBAHA U UMEET HEU3MEHSIEMYIO CTPYK-
Typy cornacto mwiany I'TM (reosoro-rexanueckux meponpusruii).

AKTyasibHOCTE JTaHHOW PAbOTHI COCTOUT B TOM, YTOOBI MOJIYUEHHBIE TTPO-
PHO3BI CJAEAYIONINX OTEPAINN MOTJIN TIPUMEHSITCA TPEANPUATHEM I -
d)eKTI/IBHOFO TIJIAHUPOBAHMU A ;[a.)'[bHeI‘/JH_HI/IX PEMOHTOB U 9KOHOMMJIN BpeMd Ha
UX COCTaBJIEHUE.

[Mesibto amHOi MCC/Ie/I0BATEIHCKON PABOTHI ABJISETCS OIIPE/IeJIeHIe TOY-
HOCTH TIPOTHO3UPOBAHUS, CJIEYIONIeH moce BeIOpaHHOW PEMOHTHOM omepa-
TN Ha OCHOBE «IIaMATH» O NPEABIAYIIINX OIIEPpAIlNdX, ITPOBOAUMBIX Ha CKBa-
JKHUHAX, C TOMOIIBIO PeKyPpPeHTHOI HeliporHoii cetn Buma LSTM (Long short-
term memory).

g nocTuKeHust MOCTaBJIEHHOH 11e/1i ObLn 0003HAYEHbI CIIeyIOIINe 3a-
Jauu:

1. mogobpaTh ¥ MOATOTOBUTH JAHHBIE;

2. peasn30BaTh HEHPOHHYIO CETh Ha si3bIKe NporpaMmmupoBanust Python,
00yunTh €€ Ha MOCIe0BATEILHOCTAX OMEPAInii;

3. COCTaBUTL YUPOIIEHHYIO PACUETHYIO CXEMY OIpeNeJeHus CJeayIomneit
OTIEPATTN;

4. cpaBHUTDH PEIYJBLTATHI, IOy IEHHBIE YIIPOIITEHHON CXeMO# 1 HEHPOHHOMI
CETBIO.

B cBs3u ¢ Tem, uTo Ha 00yUeHUE HEHPOHHOM CeTH HEIETeCO00PA3HO To1a-
BaTh CTPOKOBBIE THUIBI JAHHBIX, TO JIJIs KAXKJAOH PEMOHTHO OTEpaIiuy ObLI
OPUCBOEH CBOI yHUKAIbHBIN maenTudukarop. Jlamee ObLIM CO3MaHBI MaC-
CHUBBI JJAHHBIX, COAEPIKAIINE MTOCTIEI0BATENBHOCTH UIEHTU(MUKATOPOB OIEpa-
nwmit. losygennniit MmaccuB pa3duBaICs HA TOC/IEI0BATEITLHOCTH AIUHON IO 5
9JIEMEHTOB METOJIOM «CKOJIB3AIIEr0 OKHAY, T.€. IOCIeI0BATEILHOCTH TeHEPH-
poBasuch co casurom uepe3 1 anement. Beero 6n110 mosryaeno or 400000 mo
600000 mocsemgoBaTe/ IbHOCTENR B 3aBUCUMOCTH OT BBIODAHHOI JIJIMHBI OKHA,
KOTOPBIE comep:xkaan H96 maentudpukaropos oneparuii. [lonyuennbie mocie-
OBATEJLHOCTH ObLIu paszaenensl B coorHomennn 70% k 30%, roe ma 70%
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JIAHHBIX MTPOUCXOAMI0 00yueHue HeiponHoii cern, a na 30% - TecrupoBanne
00yJeHHON CeTH U MOJIyUeHNne Pe3yIbTaTa.

s 3ama9u oIpeie/leHnsa TOYHOCTH MPEACKA3AHNAA CAEIYIONel peMOHT-
HOIT OTIepaIy Ha OCHOBE ITAMSITH» O TIPEABIIYIIINX OMEPATINIX, TTPOBOIMMBIX
Ha CKBa)XWHaX, ObL1a BeIOpaHa pekyppeHTHas HeliponHoit cetn Bumga LSTM.
O0yuenue HEWPOHHON CETH TTPOUCXOANIO B TEUEHNE HEKOTOPOTO KOJUIECTBA
3II0X, 3aTEM OCYIIECTBASIACH IPOBEPKa HA TECTOBLIX TaHHLIX. B pesyabrare
JIIST KaXK0# omeparmu B Amamnas3oHe uaeHTudukaTtopos ot 1 mo 600 6blim
IOJIYYEHB! 3HadYeHns TognocTel 6imskue K 90%.

ITo ympomenno# cxeme Jjisi pacdera BEePOATHOCTH TPEACKAZAHUS P JJIst
CJIEIVIOIIEro SJIEMEHTA, ITOBTOPSIONINEC 3/IEMEHTHI ObLIN CIPYIIIIPOBAHLI 1
cpenm HUX ObLI HafigeH Hambosee 9acTo BeTpevarommiics n 0003HadeH Kak
maz. BepossTHOCTE Npenckazanus JJIs KaxK 0 omepalinn ObLIa pacCIuTaHa
o opmyne: p; = %, r7e n; 9acToTa TOSBICHUS KaXKIOTO 3JEMEHTa B
criucke. B pe3ysbraTe Jj1s KaXK0# Omeparuy B AUana30He WAeHTH(OUKATO-
pos or 1 1o 600 6bLTH TOTyUYeHbl 3HaYeHnsa TouHocTed 6anskue K 60%.

Taxkum obpazomM, B X0/e MCCIENOBAHNS OBILIO BBISBIEHO, UTO TOYHOCTH
OIpEeeICHNsT CIEAYIOMEro SIeMEHTa II0 BCEM PEMOHTHBIM TEeXHOJIOTHIECKIM
orrepanudaM HeﬁpOHHOfI CEThIO BBIIIE, 9Y€M BEPOATHOCTHBIM YIIPOUICHHBIM Me-
TogoM. [lo mTOraM JaHHOTO MCCIEIOBAHMIS, MOKHO CIENATh BBIBOM, UTO CO-
3aHHAs HEHPOHHAS CETb YJIOBAETBOPUTENBHO CIPABUIACH C ITOCTABJIEHHON
3ajadeii. PerysmpoBanme BecOB 1 apaMeTpPOB CETH, IIO3BOJIHUT IIOIYYIUTH
JIydIIni pe3yapraT JAad 3aJadd IPOIHO3UPOBAHUA OllePAlMU B TEXHOJIOTH-
TECKOM PEMOHTHOM IPOIIECCE.

JIutepatypa
1. Jason Brownlee Deep Learning with Python // (2016), 100-245.
2. Jason Brownlee Deep Learning for Time Series Forecasting // (2019), 50-354.
3. Tpack 5. T'pokaem riay6okoe obyuenne // CII6.: Ilurep (2019), 352.
4. JIwbumosa T.B. Perenne 3a/1a9 MPOrHO3UPOBAHUS C TIOMOIIBIO HEHPOHHBIX
cereit // Munepanbusie Bogst (2019), 20-25.
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METOJAUKA OIIPEJEJTEHUYA KOPOUITUEHTA
ITOCTEJIN B 3A/JAYE HOTE:;.PI/I YCTOUNYNBOCTN
CPEHEI'O CJIOAd TPEXCJIOMHOI'O CTEP2KHA 11PN
PACTAXKEHNN
P.A. Kaomos, B.®. Tasmokos, 11.3. MyxameagoBa
Kayumov@rambler.ru, Muhamedova-inzilija@mail.ru

VIIK 539.3

IIpemoxkena MeToauKa onpereienns KO3 UITUEHTa, IIOCTEH 11 CPeI-
HEr'O CJI0si TPEXCJIONHOIO CTEPXKHS HA OCHOBE CDABHEHUS AHAJIUTHYECKO-
T0 W YHUCJIEHHOTO permreHuii 3amaun 00 u3rube 6AJIKM HA yIPYTrOM OCHO-
BAHUU TPU M3BECTHBIX T€OMETPUIECKUX W MEXAHUIECKHUX MapaMeTrpax.
[IpoBeieHbI YUCTEHHbIE SKCIIEPUMEHTbI [0 BBISBICHUIO 3aKOHOMEPHOCTH
n3MeHeHns: KO3 PUIHEHTa MOCTEN, MOIYIeHa PEerpecCuonHas (PyHK-
11U, TIO3BOJILTOIIAs OMPEJENIATh KPUTHIECKYI0 HANPY3KY OT PA3TUIHBIX
mapaMerpoB.

Karouesnie car06a: MOIENb, YCTORINBOCTD, KOHEYHBIH 371€MEHT, Haaka

Method for determining the subgrade ratio in the problem of
loss in stability of the middle layer of a three-layer rod under
tension

A method is proposed for determining the bed coefficient for the mid-
dle layer of a three-layer rod based on a comparison of analytical and
numerical solutions to the problem of bending a beam on an elastic
foundation with known geometric and mechanical parameters. Numer-
ical experiments have been carried out to reveal the regularity of the
change in the bed coefficient, a regression function has been obtained
that allows one to determine the critical load from various parameters.

Keywords: model, stability, finite element, beam

MHuorociofiHble 3/1eMeHThI KOHCTPYKITHiL, 6/1ar01apsi BRICOKUM 3HAYUEHU-
AM y,ZLQI[bHOfI KEeCTKOCTU U MTPOYIHOCTU, YJAYHHICHHBIM 3BYKO- U TEIJI0OMU30.JId-
[IMOHHBIM CBOMCTBAM, AEMII(UPYIONIUM U BUOPOIIOTTIAIIAOIINM XapaKTepU-
CTUKaM, HaIlllJIX CBO€ IMMPOKOE IIpUMEHEHUE B CTPOUTE/JIHCTBE M BO MHOTUX
00J1aCTsAX TTPOMBIILIEHHOCTH.

Ha cerojiusrauii ienb ocoboe BHUMAHNE YAEIATCH U3YYEeHUI0 CTPYKTY P-
HBIX 0cOOeHHOCTEN U (PUBUKO-MEXAHUIECKUX CBONCTB MHOT'OCJIOWHBIX 3JIEMEH-
TOB KOHCprK]_[I/IIL/'I7 B 9aCTHOCTH, TAKHNX KaK MHOT'OCJIOMHBIE CTePXKHU U ILJIa-
ctuHbl. st orieHku paboTocrnocobHOCTH MHOTOCJIONHON KOHCTPYKITUU HEOO-
XOJUMO MCCJIEJ0BATE €€ HanpsizkeHHo-aedopmuposannoe cocrogaue (HIC).

PaGora Beimonmena npu dbuaaHCOBOM Moanepxkke PODI (mpoekt Ne 19-08-00349).

Kaiomos Pamur A6xynxakosud, a.¢b.-m.H., npodeccop, KasTACY (Kaszanb, Poccus);
Rashit Kayumov (Kazan State University of Architecture and Engineering, Kazan, Russia)
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Russia)

202



s oupenenennss HIIC Hapsily ¢ 9KCIEPUMEHTAJBHBIMEU METOIAMEI UCCTIe-
JOBAHUSA, BCE YAIlle TPUMEHSIOT METObI MaTEMAaTHIeCKOTO MOJCJANPOBAHUA
MHOT'OCJIOMHBIX 3JIEMEHTOB KOHCTPYKIIUH.

IIpu nccnenoBanny MHOIOCIONHBIX DAJIOK 1 TIAHEEH YacTO UCIIOJIB3YIOT
METOJIMKY CBEeJIEHUS UCXOJIHON 3a/1aun pacdeTa Hojiee 2KeCTKUX CJ0EB K 3a/a-
e 06 n3rube 6aJsIKM UM IJIACTHUHBI HA YIIPpYyToM ocHoBanuu. Tak, Jijis pacyera
Ha MECTHYIO YCTOMYMBOCTb TPEXCJAOMHLIX IIaHes el U MJIaCTUH CO CILJIOIIHBIM
CpeIHUM CJIO€M, MOXKHO IIPUMEHATH YIPOMICHHYIO JIMHEAHYI) TEOPHIO Pac-
Jera IJIACTUHOK HA YIIPYIOM OCHOBAHUH, B KOTOPOH YUUTHIBAETCH U3rnOHAS
KeCTKOCTBh HAPYZKHBIX CJIOEB ¥ MOAYJIb YIPYTOCTH CILJIOIITHOIO CPEHEro Ca0sd
B HAIIPABJICHUH, HOPMAJBHOM K BHEITHUM CJIOSM.

PaccmarpuBaercs crep:xkenb, y KoToporo kKoaddutuent I[lyaccona BHyT-
PEHHETO CILIONTHOTO CJIOSI MEHBIINE, YeM Y HapyKHBIX cjioes. Cpenauit cjoit
CTEPXKHY MUMeeT IIPEUMYIIeCTBEHHOe apMUPOBaHue IIOIepeK OCH, a BHEIIHUE
CJIOM aPMHUPOBAHBI BJOJb ocu cTeprkig. Cpeaunii cIoi mpu mpOJI0TEHOM Pac-
TS2KEHUU CTEPXKHsI UCIBbIThIBaeT cxkarue. ONHON M3 IPUYUH pa3pyLIIEHUS
TPEXCJAOWHOI'O CTEPXKHS MOXKeT ObITh OTC/I0€HUE BHYTDEHHErO CJIOs OT Ha-
pyxubIX. Pazpyiienue MoXeT MPONCXOIUTE HE TOJBKO B PE3yabTaTe MoTepn
IPOYHOCTH B IIPOJIOJBLHOM HAIIPABJICHUH, HO TaKXKe B PE3yJIbTaTe KPOMOUIHO-
ro addexTa, n TaK)Ke B PE3yJIbTATE MOTEPH YCTOWIUBOCTH CPEIHErO CJI0S OT
CYKMMAIOINX HampsKennit. PaccMarpuBaeTca mocaenamit caydati.

Ompenenenne KoM PUIUEHTA TOCTENN I CPEIHETO CIOST B JAHHOM pa-
6oTe OCHOBBLIBAETCHA HA METO/I€ CDABHEHUsI AaHAJIUTUYECKOTO U UNCJIEHHOTO pe-
nieHuit 3a1a4u 00 u3rnbe 6asaku Ha yupyrom ocHosanuu. [locrpoena Koneuno-
3JIEMEHTHAS MOJieJib DaJIKu Ha yIPYIOM OCHOBAHUU C IIPHUJIOXKEHHOMN cocpe-
nmoroueHHoit Harpyskoit P. /g pacuera BHIOpaH IMECTUY3/I0BOM KOHEUHBIN
3JIEMEHT.

IIpoBenentl uncIeHAbIE SKCIEPUMEHTHI 110 BBIABICHUIO 3aKOHOMEPHOCTH
n3MeHeHus KO(pQUIMEHTa TTOCTEIN B 3aBUCUMOCTH OT BaPbUPOBAHUA [€0-
MeTPHYeCKNX U MEeXaHUIeCKUX napaMeTpoB. Ha ocHOBe MUHUMM3AINNT KBa/I-
PATUYHON HEBA3KH, [TOJTyIEHa PErPeCCHOHHAA (PYHKIUS JIJId 9TOr0 Ko3hdu-
1ueHTa. BhIsiBJIEHO, YTO C IPOIOPIIMOHAJIBHBIM yBeJMYeHneM K03 duiireH-
toB Ilyaccona Gayiku u yrpyroro ocHoBauus KOI(PMUIMEHT TOCTEIN YBE/Ir-
yuBaercd. llonyuennas: perpeccuonnas GyHKIINA TO3BOJILIET IMOJYyYUTh KO-
3¢ UIMUEHT TOCTEN YIPYTroTO OCHOBAHUS B IMTMPOKOM JUAMTA30HE U3MEHEHHU T
TEOMETPUYECCKHUX U MEXaHUIECKUX MTapaMeTPOB 3a/1a91 U ONPeeaaTh KPUTH-
YeCKyI0 HAIpy3Ky JJisd 6ajaKku B yIpyroii cpese.
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MAMU, 2016. — 187-193.

4. Hatimywur B.H. AHanuTUKO-BBIYUCIUTEIBHO-3KCIEPUMEHTAIbHAS METOI0-
JIOTHSL OIIPE/IeSIeHUsT KPUTUIECKUX HATPY30K U YaCTOT CBOOOIHBIX KoJsiebaHuii se-
dopmupyembix TBepabix Tei. // Joknanpl akajgemun Hayk, 330:1. — Mocksa, 1993,
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ALGORITHMIC COMPLEXITY OF LINEAR
NONASSOCIATIVE ALGEBRA
R.K. Kerimbaev, K.A. Dosmagulova
ker _im@mail.ru, karlygash.dosmagulova@gmail.com

VIIK 517.518

W3BecTHO, 9TO C/IOXKHOCTH KOHEYHOMEPHOI aJredphl - 9TO KOJIUIECTBO
YMHOMKEHUH HECKATSIPHBIX AEJEeHUH ONTHMATBHOTO AJTOPUTMA, BBIYHC-
JIATOIIETO MPOU3BEeJeHNE ABYX DJIEMEHTOB 3To# anrebpnl. Takxke oTme-
TUM, 9TO AJTOPUTMHUIECKAs CJI0KHOCTH JTUHEHHBIX aareOp u3ydeHa [1o-
CTATOYHO MOAPOOHO, 8 UMEHHO, MPOCTast aaredpa J0KA3aHa IJIsl TTPOCTOM
aredphI U TPOU3BONIBHOM anrebpbr. I103:xe, Kak CIeICTBIE ITHX PE3YIIh-
TATOB JIJIs1 IPOU3BOJILHON KOHETHOMEPHOM aCCOMMATHBHON aareOphl mo-
JIydeHa OIeHKA IHNC/Ia MAKCHMAJIbHBIX IBYCTOPOHHHUX HUIEAIOB aaredphl.
OueHka CJIOXKHOCTU ajredp u3 Apyrux 0ojiee CJIOXKHBIX KJIACCOB aKTy-
asibHA. B 3T0it cTaThe MbI BHIBOJINM OIEHKY CJIOKHOCTHA HEBBIPOXK IEHHON
CUMMETPUIECKOU OUInHEHON (DOPMBI HAJ AJITEOPANIECKUM 3aAMKHYTOE
ToJjie JjIsi TIPOCTOi HOpaaHoBO# aiareOpbl, a TaKKe OIEHKa I TeJa
Ksnu-/Tukcona u s npocroro Anrebpa Jlu Haj XapaKTepUCTHIECKIM
TIOJIEM.

Karoueevie cao6a: CI0KHOCTH aareOpbl, ONTUMAJIBHBIA aJIFOPUTM, TIPO-
cras anredopa, reso Kanwm-/lukcona, anrebpa JIu, xapakrepucruaeckoe
noJie

It is known, that the complexity of a finite-dimensional algebra is the
number of multiplications of non-scalar divisions of an optimal algo-
rithm that calculates the product of two elements of this algebra. We
also note, that the algorithmic complexity of linear algebras has been
studied in sufficient detail, namely, a simple algebra has been proved

Kerimbaev Rashid Konyrbaevich, candidate of physical and mathematical sciences
Al-Farabi Kazakh National University (Almaty, Kazakhstan);

Dosmagulova Karlygash Almatkyzy, PhD student, Al-Farabi Kazakh National
University (Almaty, Kazakhstan);
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for a simple algebra and an arbitrary algebra. Later, as a consequence
of these results, for an arbitrary finite-dimensional associative algebra,
an estimate is obtained for the number of maximal two-sided ideals of
the algebra. Estimation of the complexity of algebras from other more
complex classes is relevant. In this paper, we derive an estimate for the
complexity of a nondegenerate symmetric bilinear form over an alge-
braic closed field for a simple Jordan algebra, as well as an estimate for

a Cayley-Dixon body and for a simple Lie algebra over a characteristic
field.

Keywords: algebra complexity, optimal algorithm, simple algebra, Cayley-
Dixon body, Lie algebra, characteristic field.

The complexity L(A) of a finite-dimensional algebra A is a multiplication
number (non-scalar:), divisions of the optimal algorithm, computing the
production of two elements of algebra.

In the work [1] for associated algebra the results are obtained:

1)L(A) > L(A/radA) + 2 x dim(radA),
where radA is a radical of algebra.

2)L(A) > 2xdimA — 1,
where A is a simple algebra. More general: for simple algebra A and arbitrary
algebra B it is proved, that

L(A® B) > 2+ dimA— 1+ L(B)

As a result, for arbitrary finite-dimensional associative algebra A the final
estimation is obtained:

3)L(A) > 2xdimA —t,
where ¢ is a number of maximal two-sided ideal of algebra A. Naturally, the
issue about complexity of algebra from other classes is arisen.

We note, that the 1-st result, as a sequence of structural theorems |[2],
are true for jordan alternative algebra.

B(f) = K1+ V is jordan algebra [2]-[3] of symmetric nondegenerated
bilinear form f:V x V — K, where K is a field, V is the vector space over
K dimensionality n. Multiplication in B(f) is defined:

(o * 1+ x)(yo * 1 +y) = (zoyo + f(2,9))(zoyo + yo).
Teopema 1. a) If K is algebraic closed field, then
L(B(f)) = 2n.
b) If K =R is a field of the real numbers, then

| 2n+1,if f is negative defined,
L(B(f))_{ 2n,in the other case.

Let C be a Keli-Dizon body, 1,11,...,l7 is a basis C.
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Teopema 2. C' is a Keli-Dizon body. Then

15 < L(C) < 30.

Teopema 3. Let sl(2, K) is Li algebra 2 X 2 with zero trace over the field
K of characteristics # 2.

Then L(sl(2,K)) = 5.

A dependence on the field of the complexity algebra is presented in
the paper. For example, there is a difference between the complexity of
nondegenerate bilinear form of algebra in the field of the real numbers and
complex numbers.

Jluteparypa
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CPABHEHUE TEHETUNYECKUX IMITPUX-KO/10B
POACTBEHHBIX COPTOB PACTEHUN
O.10. KupsganoBa, .M. TI'y6aiinynianu
olga.kiryanova27@gmail.com, irekmars@mail.ru

VIIK 51.76, 575.112

B pabore mpencTaBiaeHbI OCHOBHBIE WIEH PEIIEHUs 33Ja9W FaCTHIHO
COBIIAJAMIOIINX IIOCTEI0BATEILHOCTE Ha IpPUMEpPe CpaBHEHUS IeHEeTHU-
YeCKUX IITPUX-KOIOB. B KauecTBe METPHKM HCIIOJIb3YETCS PACCTOAHUE
Jlepenireiina,

Karouesnie ca06a: TEHETHIECKUH MITPUX-KOI, CPABHEHHE TTOCTIETOBATE b
HOCTel, paccTosguue JleBeHITeiHa.

Kupbanosa Ombra HOpnesna, accucrent, Ydumckuili rocymapcrBeHHbl HedTAHON
rexuuueckuit ynusepcurer (Yda, Poccus); Olga Kiryanova (Ufa State Petroleum
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Comparison of genetic barcodes of related plant varieties
The paper presents ideas for solving partially coinciding sequences on
test genetic barcodes. Levenshtein distance is used as a metric.

Keywords: genetic barcode, sequence comparison, Levenshtein distance.

Pemmenue 3aja4u npub/mKeHHOTO COBIIQJIEHUs] U CPaBHEHHUE MOCJIEJI0BA-
TeTbHOCTeH UTPAeT BAXKHYIO POJIb B BBIUHUCIUTENBHON MOJIEKYJISPHOI Ouo-
JIOTUUN. STO CBA3aHO C HaJIMYUEM OH_[I/I6OK B MOJIEKYJIAPHBIX JaHHBIX U OCYy-
IECTB/IEHUEM aKTHBHBIX MYTAITMOHHBIX ITPOTIECCOB, KOTOPBIE HEOOXOAMMO MO-
IeJIMPOBATDH U BBIABIATE. KpoMe TOro, B JaHHOM paboTe mpeiaraercs mpo-
BOJUTH CPABHUTE/IbHBIN AHAIN3 TAK HA3BIBAEMbIX T€HETUUECKUX TITPUX-KOI0B
JIJIST BBISIBJIEHUST POJCTBEHHOM OJM30CTH T€HOMOB.

CpaBHeHI/Ie TeHCTUYECKUX IMITPUX-KOA0B ITO3BOJIUT OIIPEACIUTDL POJCTBECH-
Hble MexJry coB0if T'eHOMBI pAcTEHUN W HAIJISIHO YBHJETH COBIAAOININE
yuactku. Mexy coboil cpaBHUBAIOTCH I0CJ€0BATEIHLHOCTH JyinHOM 450,
cocrosimmue u3 0 u 1. s Toro, 4Tobbl M3MepuTh paszjiuuue WU PACCTOSI-
HHUE MEXKJY JABYMs ITOCAEIOBATEIbHOCTAMU, IPUMEHSIETCS PACCTOTHUE Jle-
Benmrejina (penaknuontoe paccrognue)|l]. Ono ompenensgercs Kak MHHA-
MaJibHO€ KOJIMYeCTBO OJHOCHUMBOJIbHDBIX OlTepaHl/Iﬁ (a UMEHHO BCTAaBKH, yJa-
JIEHUST, 3aMEHBI ), HEOOXOAMMBIX JIJIsi TPEBPAIIEHNsT OJHOMN MOCIeI0BATETHHO-
CTU CUMBOJIOB B JIDYTYIO.

B obmmem caydae paccrosguue JleBeHmmTelHa ompeaesigeTcs CIeTyOITIM
obpazom [2]. ITycte S1 n So — jiBe CTPOKM JIMHOM M U N COOTBETCTBEHHO HA/
HekoTOpBIM asidasuroM. Torma pemakiuontoe paccrogaue d(S1,S2) MOKHO
MOCYUTATH IO PEKYPPEHTHOH (opmysie:

d(S1,S2) = D(m,n), tae

0, i=0, j=0

. i, j=0, i>0
D(i,j) = . L

Js 1=0, j>0

M i>0,j>0

riae m(a,b) pasua 0, eciin @ = b, B IPOTHBHOM Cyiy4dae paBHa 1,
M’I?’LZ?’L{D(Z,] - 1) + 1>D<Z - 17]) + 17 (Z - 1>j - 1) +1+ ’I?’L(Sl[Z], S2[]])}a

min(a, b, c) BO3BpaIllaeT HAMMEHBITHAI U3 APTyMEHTOB.
DKCIIEPUMEHTAIbHOM OCHOBOU MeTOa siBJIAeTCst MONUDUITHPOBAHHAS 110~
JUMEPA3HAd MeTTHaS PeaKIid, B OCHOBE KOTOPOH JEXKUT METO ] aMILIA(hUKA-
mun JJHK RAPD — Random Amplified Polymorphic DNA. IlTonyaaewmbie
JanHble 110 Haauduio / orcyrcersuto dparmentos JJTHK B korkpernoii JTHK-
siueiike Tpeobpas3yroTcd B OUHAPHBIH KO, CIyzKallnii OCHOBOHN [jist bopMu-
posatus remermdeckoro mrpux-kozaa [3]. To ecrs B puanasone mmun or 51
110 500 myrsteoru 108 hbopMupyercs nociegoparesbHocts 0 u 1, 1 — B caydae
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[PUCYTCTBUSL JIJIMHBI AMILUIMKOHA B HYKJICOTUIHOM moce10BarebHocT, () —
B caydae ee orcyTcTBusi. COOTBETCTBEHHO TIPU TIEPEBOIE OGWHAPHON mocte-
JoBaTeIbHOCTH B (pOpMAT MITPUX-KOma 1 cooTBeTcTBYeT moJioce, () cooTBeT-
ctByer mpobesty. Ha pucyrke 1 npencraBiieHbl TPUMEPBI IIITPUX-KOJOB I
muautt Arabidopsis thaliana.

BH[E / pa3HOEHIHOCTH I eHeTHUECKHE INTPHX-KOJEI

Arabidopsis thaliana
Col-0

A.thaliana
An-1

A.thaliana
Cc24

Puc. 3: leneruueckue mrrpux-rkonet aunnii Arabidopsis thaliana.
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IIAPAMETPUYECKHNI1 AHAJIN3 VCTOI.;I‘II/IBOCTJ/I
T'PAHUIIBI ITAPETO OIITUMAJIBHBIX YCJIOBUAU
INTPOBEJAEHNA KATAJINTUYECKHUX ITPOLIECCOB
K.®. Koneguua, I.M. I'y6aiinymauu, C.H. Konemunu
koledinakamila@mail.Tu, irekmars@mail.ru, koledinsrg@gmail.com

VIIK 517.977.58

HeobxomnmocTh uccae10BaHus yCTORIUBOCTH 3889 OTITUMU3AIIH K BO3-
MYIIEHUSM HEKOTOPBIX WX TaPAMETPOB BBI3BAHA IEJIBIM PII0M (DAKTO-
POB, TAKWX KAK HETOYHOCTDH MCXOIHBIX TAHHBIX, HEATEKBATHOCTb MOJIE-
Jieil peaslbHbIM TPOIECCAM, MOIPENTHOCTh YUCTEHHBIX METOJOB, OIIUD-
K OKpyrjieHus. B pabore pa3paboTaH aJIrOPUTM MIapaMETPUIECKOIO
aHaJIN3a yCTONYMBOCTHU TpaHUIlLI [[apero onTuMaIbHBIX YCIOBU TPOBE-
JIEHUST KQTAJUTUIECKUX TIPOIECCOB, MO3BOJISIONINI ONPEIeIaTh PATUYC
YCTOWYHMBOCTH BapbUPYEMbBIX TAPAMETPOB.

Karouesvie ca06a: MHOTOKPUTEPUATbHAS ONTUMU3AIN, KHHETHIECKAS
MOjiesb, Tpanuna [lapero, aaropurm pacdera paanyca yCTONIHMBOCTH

Parametric analysis of the stability of the Pareto frontier of
optimal conditions for carrying out catalytic processes

The need to study the stability of optimization problems to perturba-
tions of some of their parameters is caused by a number of factors, such
as the inaccuracy of the initial data, the inadequacy of models for real
processes, the error of numerical methods, and round-off errors. An al-
gorithm for the parametric analysis of the stability of the Pareto frontier
of the optimal conditions for carrying out catalytic processes has been
developed, which makes it possible to determine the stability radius of
the variable parameters.

Keywords: multicriteria optimization, kinetic model, Pareto frontier,
stability radius calculation algorithm

Mmuorokpurepuansras onrumusaius (MKO) yciosuit mpoBeienus ciox-
HBbIX KAaTAJIUTUYICCKUX peaKHI/Ifl Ha OCHOBE KHMHETHYECKOM MOJE/IN aKTyaJIbHa
KaK Jiid [POMBIIILIEHHBIX, TaK U J1abopaTopHbIX porieccoB. [urd 3amad xu-
MHUYECKON KUHETUKHU NPU aHaJUu3€ YCTONYUBOCTU MHOTOKPUTEPHUAJILHON OI-
TUMU3AINAY HEOOXOINMO OMPENESUTD PAJUYC YCTORNUNBOCTHU 10 KAXKIOMY TIa-
paMeTpy, ¢ IeAbK BO3MOXKHOTO U3MEHEHNA PACCYUTAHHBIX 3HAUEHNOH C 3a-

HccenoBanne BposHEHO 32 cuer rpanta Poccuiickoro mayanoro dgouaa (mpoext Ne
19-71-000006) u mpm dburancoBoit Momaepxkkn PODPU (mpoext Ne 18-07-000341)
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JAHHOM moTpernHocThi0. IIpuBeena mocTaHOBKA 331841 MHOTOKPUATEPUA b~
HOM OIITUMU3AIUYN YCJIOBUN IPOBEACHUA KATAJIMTUICCKON PeaK HA OCHOBE
KuHEeTH4IeCcKoi Mozesn |1, 2|. laHo onpesenenue yCTORIUBOCTH PEIIEHUST 3a-
paan MKO u pagmyca ycroitunsoctu. Pazpaboran ajroputM pacuera pain-
yca ycroituuBoctu perenns MKO-3anauu. Pajguyc ycroliunBocTy TpaHUIlbD
IMapero onpezensiercs kax [3]

supPj(A), P(A) #©

p4) = 0, P(A) = 0.

(1)
I'me A — maTpua ONTHMAJBHBIX 3HAYEHUH BAPBLUPYEMDBIX TAPAMETpPOB, § —
MOIIHOCTH MHOXKeCTBa permennit 3agaun MKQO; j = 1,...,n;n - aucio kpu-
repues ontuMasabHocTH 3319 MKO; P(A) - MHOXKECTBO IOIYCTHMBIX BO3-
MYIICHUHA.

B pabore jy1a KaTaauTudeckoii peakiuu cuuTe3a 6eH3ui0y TuI0Boro sgu-
pa permtena 3anagda MKO ycmosuit mpoBeiennst Ha OCHOBE KUHETUIECKONW MO-
AeJIn 1 paCCIuTaH ﬂOHyCTHMbIﬁ MHTEPBAJI N3MEHCHNA ONITUMAJIBHBIX 3HA4Ye-
HU TeMIEPaTyPbl, MOJTBHOTO COOTHOIIEHUsT UCXOIHBIX PEAT€HTOB U BPEMEHU
peaKnmun AJid HeAOIIYyHIeHUA CUJIBHOT'O M3MECHEHUA 3HAYEHU Kpurepues OIl-
TuMaJibHOCTH. PaspaboTaHHBIN aJrOPUTM pacdera YCTOWIMBOCTH TDAHUIIHI
ITapero Oymer npuMeHATLCS /ISt AHAIN3A APYTUX KATATUTHIECKUX TPOTIEC-
COB, B TOM YHCJI€ TIPOMBIIILIEHHBIX.
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KOMIIBIOTEPHOE MOJIEJINPOBAHNE KPUTUYECKOI'O
IIOBEAEHNA ®PYCTPUPOBAHHOU MOJJEJIAN ITIOTTCA
1.P. Kyp6anoBa, A.K. Mypra3aes, M.K. Pamaszanos, M.A. Maromenos

VIIK 538.7

B nacrosimeit pabore ua ocaose asropurma Banra-Jlanmay merona Monte-
Kapno wmbr ucciegyem BiusHue KOHKYDEHIMH OOMEHHOI'O B3aMMO/IEii-
cTBust HA (HA30BbIE TEPEXO/bI, TEPMOJIVNHAMUYIECKIE CBOWCTBA W Mar-
HUATHBIE CTPYKTYPhl OCHOBHOTO COCTOSIHWS JAByMepHOU momesnau [lorrca
C YHUCJIOM COCTOSHUiI CIMHA, ¢ = 4 HA TPEYTOJBHOM PEIIeTKEe C B3anMO-
JefICTBUSIMHA MEPBBIX M BTOPBIX OMMKANIINX cocemeit.

Karouesnie caosa: mogenn Ilorrca

Computer simulation of the critical behavior of the
frustrated Potts model

In this paper, based on the Wang-Landau algorithm of the Monte Carlo
method, we investigate the effect of competition of exchange interaction
on phase transitions, thermodynamic properties and magnetic struc-
tures of the ground state of the two-dimensional Potts model with the
number of spin states ¢ = 4 on a triangular lattice with interactions of
the first and second nearest neighbors.

Keywords: Potts model

Nzyuenne sddekToB dpycTpanun B CIOUHOBBIX PEIIETOYHBIX MOJEIAX
TpeICTaBasieT BOIBINON MHTEPeC B TEUEHNN MOCAeTHNX Jecaruieruii. MaTe-
pec K TakuM cucreMaMm oOycaoBjieH boraToit npupooit ¢paz30BhIX EPEX0I0B
n OCO6€HHOCTBIO X TEPMOAMHAMHUYICCKOTO U KPUTHUYICCKOTO ITOBEICHUA.

B nacrosieit pabore Ha ocHobe anropurma Banra-Jlanmay merona MorTe-
KapJsio mb1 uccienyem BansgHre KOHKYPEHITMH OOMEHHOTO B3AUMO/IEICTBUSI HA,
dazoBbIe MIEPEXOJIBI, TEPMOINHAMUYECKIE CBOUCTBA U MAarHUTHBIE CTPYKTY-
PBI OCHOBHOT'O COCTOSIHUST AByMepHON momenu [lorTca ¢ unciom cocTogHuMin
cnuHa ¢ = 4 Ha TPEYTOJIbHOI peleTkec B3auMoJIefiCTBUSIMEU EPBLIX U BTO-
PBIX DIMKANUIIINX COCemel.

lamuaproHran MOJIEN MOYKET OBITH MPEJICTABIEH B CJIEIYIONIEM BU/IE:

H=-J Zcos 0;; — Jo ZCOS 0.1
ik

1,

rae J1 u J2 — mapamerpbr obmennbix deppo- (J1>0) u antudeppomar-
HUTHOTO (J2<(0) B3aMMOJEHCTBUS COOTBETCTBEHHO /IS HEPBBIX M BTODHIX

Uccnenosanne Bermosineno mpu dbunancoBoil momuep:kke PODU B pamkax HaydIHOTO
mpoekTta Ne19-02-00153 u donga amxu MaxadeBa 1o momepkke HAyKu, 00Pa30BAHUT U
KYJIBTYPBI

Kypb6anosa [I.P., Myprazaes A.K., Pamazanos M.K., Maromenos M.A. Uucruryr
dusuku um. X.1. Avupxanosa JT®UIT PAH, r. Maxaukasa, Poccus
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O/nkaitmmnx coceneit, 04,7, 0,k — yribl MeXKly B3aMMOJIEHCTBYIONIUMA CIIN-
wavn Si—Sj n Si — Sk; r=|J2/J1|— Besmunua B3aMMOEHCTBUSA BTOPHIX
OMKaARImmX cocenei.

CorytacHo pesysibTaTaM HAIEro UCCAETOBAHUS, yIeT aHTU(epPOMarHuT-
HBIX B3anMOJENCTBUN BTOPBIX buimkaiimx cocesieit B unteppate 0.5 < r <
1.0 mpuBomuT K PpyCTPAINT U HAPYIIEHUIO MATHUTHOTO YIIOPATOUeHNd. YCTa-
HOBJIEHO, YTO B TOYKAaX (ppycTpanuil B JaHHOW Mojesu (ha30BbIH mepexo
OTCYTCTBYyeT.
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MATEMATNYECKOE MOJAEJINPOBAHUE
HECTAIIMOHAPHOI'O TEYEHN A MHOTI'O®A3HOI'O
ITIOTOKA B IIOPUCTOMU CPEAE
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mazitov.ainurl 3@gmail.com, irekmars@mail.ru

VIIK 519.63

PaccmarpuBaercs mporece Tedenns MHOTO(hA3HOTO MOTOKA, B TOPUCTHIX
cpemax. Muorodasubiit moToOK GOpMUpyeTCs myTeM cMmerneHus: HedTH,
ILUTACTOBOM BOBI U HEDTAHOrO ra3a. IlepBbIM IIAroM B HCCIIEI0BAHUU
SABJISIETCsl PEIIeHrEe CHCTEMbl yPaBHEHUIl, XapakTepulyIolleil TedeHnue
onHOMa3HON KUIKOCTH, TMyTeM MPeoOpa30BAHNS B CUCTEMY JIMHEHHBIX
YPaBHEHMUIA.

Karouesnie caosa: maTeMaTndaecKoe MoeaupoBanue, muddepeHnnaib-
HBIE YPABHEHUsI, METO KOHTPOJIbHBIX 00'HEMOB

Mathematical modeling of unsteady multiphase flow in a
porous environment

The process of multiphase flow in porous environment is considered.
A multiphase flow is formed by mixing oil, formation water and oil
gas. The first step in the study is to solve the system of equations

PaGora Beimonmena npu dbuaaHCOBOM Moanepxkke PODIL (mpoext Ne 20-37-90080).

Masuros Aiinyp Acrarosuu, acumpant, THK YOUIT PAH (Yda, Poccua); Ainur
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the Russian Academy of Sciences, Ufa, Russia)
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characterizing the flow of a single-phase liquid by transforming it into
a system of linear equations.

Keywords: mathematical modeling, differential equations, control vol-
ume method

B pabore paccmarpuBaeTrcs MHOTOKOMIIOHEHTHOE TedeHne B HedTIHOM
Iacre.

Jobbrda HeTH COMPOBOKIAETCA MOIMYTHON BOMON MM MOIMYTHBIMU Ta-
30M, KOTOPBIA BhIAEAIETCS U3 HeTH KaK B TOBEPXHOCTHBIX, TAK U B TILJIACTO-
BBIX yCJIOBUSIX. Pasnumune maBaeHuil B IIaCTe U Ha MOBEPXHOCTH IPUBOINAT K
TOMY, UTO 9aCTh I'a3a, PACTBOPEHHOTO B CLIPOH HeTH, IPH MOLbEME B CTBO,JIE
CKBayKMHBI TIEPEXOIUT B ¢BOOOIHOE cocTosiiue [1]. Takum obpasom mpomcxo-
IUT TepemMernupanne HedTH, MIACTOBOM BOALI U HeMTIHOrO Ta3a, obpasys
MHOrodasaeie morokn. Kax npapmiao MHOrodasable ra302KuIKOCTHLIE TIOTO-
KU XaPaKTEPHDBI /151 BCEX IKCIJIYATUPYEMbIX HerTHHbIX U1 I'a30BbIX CKBAKHWH.
B Takmx morokax KOHIEHTpaIis KOMIIOHEHTOB CMECH N3MEHIETCsS BO BpeMe-
HU ¥ 3aBUCUT OT PA3IUYHBIX (PAKTOPOB, YTO B CBOIO OYEPE/b IPUBOIUT K
HeCTa,6I/IJ'[bHOCTI/I CTPYKTYPHI TECHEHUA TTOTOKA U USMEHEHUIO €TI0 (bI/ISI/IL[eCKI/IX
cBofictB. OTCIONa MOXKHO CIEJIATh BBIBOM, YTO XaPAKTEPUCTUKHN HEPTEra3o-
BO,ZLHHOI?I CMECU dBJIAIOTCA CﬂyqaﬁHbIMH BpeMEeHHbIMU (byHK]_[I/IHMI/I

Kauecrsennoe onncanne MEHOropra3HbIX TIOTOKOB 1 KOJHIECTBEHHA OIEH-
Ka MX OCHOBHBIX ITapaMETpPOB HeO6XO,Z[I/IMbI JJIsL IIDOEKTUPOBAHUA KOHCTPYK-
nu#i JOOLIBAOMINX CKBAXKUH, TPAHCIOPTUPOBKH IIPOAYKIIAU, a TaKxKe JJIsd
KOHTPOJIST HAJT TOTOKAMY U JJISI TIPOTHO3A UX MOKA3ATeNeil.

N3yduenune 106010 00bEKTA HEBO3MOXKHO OIHUM JIHUIIMb €TI0 IKCIIEPUMEH-
TaJbHBIM uccjaenoBanueM. llosromy, cchopMmyupoBas 1e/in U BbISIBUB CAMOE
CyIIECTBEHHOE B 00beKTe, 9acTo npuberator K Moesuposannto. [lensio pabo-
TBI ABJISIETCS Pa3pabOTKa MATEMATHIECKOH MO N, KOTopas Hanbo/iee moJI-
HO OIMCBIBAET MPOMECC TEIIOMACCOIEPEHOCA, XKUJKOCTH B CJIy9ae MHOTOKOM-
IIOHEHTHOT'O ITIOTOKa. MSyquI/Ie 3aJa49m 6yﬂeT TTPOXOAUTH TTO9TAITHO.

Ha mepsom srame paccMarpubBaercs onHoda3Has JKIAKOCTE, TeIeHne KO-
TOPO#t ONUCHIBACTCH CHUCTEMOM nuddepeHIna IbHbIX YPABHEHNH B YaCTHBIX
IPOM3BOIHEIX:

op 10k op,
“ot ~ ror ,urar ’

‘lT_lﬁ(A‘lT) ((lT+ ‘lPH ¢, 28
Por T roror) PN T TPy

3aece ¢ — mopucrocTh (m.em.), ¢ —cxumaemocts (1/I1a), k — mponn-
naemocthb (M?), p — Bsaskocts ([a-c), P — mnactosoe masaerme (MIla), 7
— paguyc (M), t — BpeMs (CyT), A — TEIIOIMPOBOIHOCTh TOPUCTOH CPEJIbI
[Br/m3-K], ¢, — Tennoemkocts wumkoctu [/ m3-K], T— remmeparypa (K),
U — CKOPOCTHh KOHBEKTHBHOI'O TIEPEHOCA TEIJIa B MOPHUCTOM cpefe [M/cl, € —
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ko bunment Txoyus-Tomcona [K/Ila], n — koadpdunuenr asnabarnae-
ckoro pacumpennst [K/ITa).

[IepBoe ypaBHeHNE OMUCHLIBACT MPOIECC U3MEHEHUS JABJICHUS B ILJIACTE.
Bropoe - mporecc rertonepenoca xujkoctr. HagaabHBIM IIANOM K periie-
HUIO TIPEJICTABJIEHHON CUCTEMBI YPaBHEHUN ABJIsieTCS ero npeobpazoBaHue B
cucTeMy JIMHENHBIX aarebpandecKux ypaBHEHUH Ty TeM MOy YeHUsT TUCKPET-
HBIX AHAJOIOB UCXOJHBIX ypaBHeHWit. ljisi 9TOro ncrnoab3yercs Mero]] KOH-
TPOJILHBIX 00bEMOB, KOTOPBIH 3aK/TI0UAETCA B Pa30duenny pacaeTHoit obaactu
HA HEKOTOPOE YMCJIO KOHTPOJIBHBIX 00bEMOB, B KayKJ0M U3 KOTOPBIX CO/Ep-
KUTCsL OfiHA y3/0Bas Touka [2]. Juddepennpuaibible ypaBHeHHs] HHTEIPU-
PYIOTCS TI0 KazKJIOMy KOHTPOJIBHOMY OObEMY, Jjis BIYUCIEHUA UHTErPAJIOB
WCHIOJIB3YIOTCS KyCOUHBIE TTPOUIIN.

[Monyuennas MaTeMaTrdecKasa MOIEIb MO3BOJUT KOJTUIECTBEHHO OTUCHI-
BaTh TOBEJIEHUE TEMIIEPATYPHI U JABICHUS B He(DTIHBIX KOJJIeKTOpax. Pas-
paboTaHHbIe aJTOPUTM U IIPOTPAMMA /1Ay T T0JIH30BATENIO yI0OHbIN 1 JIETKO
AIANTUPYEMbIil K MOTPeOHOCTSM NPAKTUKU UHCTPYMEHTAPHUH JJid pacuera
CJIOYKHBIX [IPOIIECCOB, BOZHUKAIOIINX 1IPU PA3pabOTKe MOPUCTHIX KOJJIEKTO-
poB.
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JANHAMUWYECKUWE MOJAEJIN C HEITPEPBIBHBIM N
JANCKPETHBIM BPEMEHEM
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PaccmarpuBaiorcs nuHeiHbIe IUHAMAYIECKHE MOJe N B popMme (byHIIHOo-
HaJIbHO- 11 HEPEHITUATBHBIX CHCTEM, BKJIIOYAIONIUX OJHOBDEMEHHO yPaB-
HEHUSI C TIOCTIeIeHCTBAEM 1 HEMPEPHIBHBIM BPEMEHEM U PA3HOCTHBIE YDAB-
HEHUs C JUCKPETHBIM BpemereM. O0Cy K 1aeTcs TOCTAHOBKA 33,1449 YIIPaB-
JIEHUsI TIPU HAJIMYWHN TTOJINIIPAJIbHBIX OrpaHUYeHnit Ha yrupasserue. Jla-
eTCs OMUCAHUE KOHCTPYKIHH, TO3BOJISIIONINX CTPOUTH ANMIPOKCUMAITUT
MHOKECTB JIOCTHKUMOCTH U IPOIPAMMHBIE YIPABJICHUS, IPUBOISIINAE K
3a/IAHHDBIM JIOCTH2KUMbIM 3HAYEHUSAM HEJIEBbIX [TOKABATEJIEH.
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Karwuesvie crosa: dyHnmonanbHO-auddepeHnalbHble yPABHEHN, 33~
Jaud YIOPABJICHUS, MHOXKECTBA, JTOCTHKHAMOCTH

Dynamic models with continuous and discrete times

Dynamic models in the form of linear functional differential systems
are considered which include simultaneously equations with aftereffect
and continuous time and difference equations with discrete time. Some
control problems with respect to a given on-target vector-functional
and polyhedral constraints are discussed. There are proposed main
constructions for description of attainability sets and the programming
control bringing prescribed on-target attainable values.

Keywords: functional differential equations, control problems, attain-
ability sets

B noxsae Ha OpuMepe MOJIEIN SKOHOMIIECKO THHAMUKHE C IUCKPETHO!
naMsarbio [1] obcyxkpaercs moCTaHOBKA 3aJadu [eJeBOro yupasienus [2] u
OCHOBHbIE KOHCTDYKIIUH, HCIOJIb3yeMble J7Ist ee pertenns. Moeas BKI09a-
eT IPOM3BOACTBEHHY NOJCUCTEMY C OIUCAHUEM COCTOSIHUS B HEIPEPBIBHOM
BpeMeHH 1 (PUHAHCOBYIO HOJCHCTEMY, COCTOSIHIE KOTOPOii MeHsieTCsl B (QUKCH-
POBAHbIE MOMEHTHI BPEMEHH. YIIPABJICHUE, BXOJAIIEE B CUCTEMY, AeficTByer
II0 IPHUHITUILY HAKOILTEHHOTO 3 (heKTa I CTECHEHO IUHEHHBIME IOTOUETHbI-
MU OrpaHHYeHUsIMU-HepaBeHCTBaMu. 1lesb yIpaB/eHusl HA3HAMAETCS C 110~
MOIIIBIO JINHEHHOTO HETeBOro BeKTOp-(DyHKIMOHATA O6IIero BUIa, it KOTO-
POro 3asarorcs uesesble 3HadeHus. [IpescraBienbl pe3y/IbTaThl 10 OLEHKE
MHOZKECTBA JOCTUKUMOCTH — MHOYKECTBA TAKHUX IETeBLIX 3HAUEHNI, /I KO-
TOPBIX HANIETCST JOIMYCTHMOE IPOTPAMMHOE YIIPABJICHHE, PEIIAoIIee 3a1ady
yupasyenust. O6CYK/IAI0TCS TAKKe CIOCOOBI IIOCTPOEHNST TAKUX HPOTPAMM-
HBIX YIIpaBJICHUMH.

JIureparypa
1. Maxcumos B.I1. JlocTuzKuMble 3HAYEHUS TEJIEBbIX (DYHKIIMOHAJIOB B 331a49aX
SKOHOMUYECKOH JuHamuku // TIpuknagnas MaTeMaTuka U BOIPOCHI YIPABJIEHUS,
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2. Chadov A.L., Maksimov V.P. Linear boundary value problems and control
problems for a class of functional differential equations with continuous and discrete
times // Functional Differential Equations, 19: 1-2 (2012), 49-62.
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ONEHKA ®AKTOPOB, BJINATIOINIUX HA I'PAHUIIbI
ITPOTHO3A, B METOJE JIOKAJIbHOUMN
AIIITIPOKCMMAIINN HEPEI'YJIAPHBIX BPEMEHHBIX
PAI0B
II.1. Mapxkos, C.A. MaskoBa
door323Qyandez.ru, mayakovasa@mail.ru

VIIK 519.245

B pabore mpoBoauTCs aHa M3 BAUSHUS TAKUX (PAKTOPOB, KaK: OMTHU-
MaJlbHad TO3UIUA HadaJja IPOTHO3a, /IJINHA BEKTOPOB 33/1€P2KKU, KOJIU-
9eCTBO BEKTOPOB-COCEIell, Ha MPOTHO3UPOBAHNE BPEMEHHBIX PAIOB Me-
TOJIOM JIOKAJIbHOU AIIIPOKCUMAIIIH.

Karouesnie caoea: T0KaIbHAS aMTIPOKCUMAIINS, BpDEMEHHBIE PSIbI, TIPO-
THO3UPOBAHUE

Estimation of factors influencing on the forecast boundaries
in the method of local approximation of irregular time series

In this article we analyze the effect of such factors as: the optimal
position of the beginning of the forecast, the length of the delay vectors,
the number of neighboring vectors, on the forecasting by the method of
local approximation.

Keywords: local approximation, time series, forecasting

Ha cerogmsimuwmii nensh 60IBIMMHCTBO METOIOB, UCIOIB3YEMBIX /TS TPO-
THO3UPOBAaHWS BPEMEHHBIX PsIOB, TAK WM WHAYE CBSI3AHBI C MTOCTPOEHU-
€M aBTOPErPECCUOHHBIX MOJENEH, OTHOCAIINKCA K KIACCY MOJeett Taodah-
HOIl annpokcumaliuu. MeToibl BeIGOpa MapaMeTpoB 3TUX MOJEIei XOPOIo
mpopaboTaHbl, & CAMHU AMTOPUTMBI 3TUX METOJ0B BXOAAT B OOJBIMTHHCTBO
CTATHCTUYECKUX TporpaMMHEBIX makeTon: EViews, STATA, R Studio, SAS,
MATLAB u r.1.(cm. [1]). Paccmarpusaemsie B janHO# paboTe METOABI JIO-
KaJapHOM ammpokcuManun (JIA) [2] mMeror MHOTO 06IIEro ¢ aBTOPErpecCHoH-
HBIMU METOOaMH, HO B TO K€ BpeMA O6J'[a}_'[aIOT OHUM ABHBIM TIPDEUMYIIE-
CTBOM — OHO 3aK/II0YAETCA B TOM, YTO BMECTO UCIOJb30BAHUS €JUHON JIJIsd
BCEro Psaa 1vI00a/bHON AMTPOKCUMAIINN NPUMEHSIETCH KYCOYHO-JINHENHASI,
9TO TTO3BOJIAET yCHENTHO TPOTHO3WPOBATH HEPETYIAPHBIC (KB&BHHepI/IOrZ[I/Iqe—
CKUe, Xa0THIECKNE) BPEMEHHBIE PsIbl €3 JIOMOJTHUTETHHOM 00paboTKY (BhI-
JEJICHAA ePUOANIeCKON, TPEHJTO0BOM, Xa0OTHUYECKON COCTABIATONIEH pﬁ;ga). B
HACTOLAIIEee BPEMsI TEOPUsi METOJOB JIOKAJBbHON alTPOKCUMAIINN PA3BUBAETCS
JOCTATOYHO aKTUBHO, TOCKOJBKY B Ka9€CTBCHHBIX MOAEIAX ITPOTHO3a UCIILI-
THIBAIOT [MOTPEOHOCTD Pa3/IMIHbIe C(PEPHI KUIHEIEATETHHOCTH.

Mapkos Ilasen Unbu4g, crymenr, YLATY (YVda, Poccua); Pavel Markov (Ufa State
Aviation Technical University, Ufa, Russia)

Maskosa Ceerana Anekceesna, k..-m.1., nonent, YTATY (Vda, Poccus); Svetlana
Mayakova (Ufa State Aviation Technical University, Ufa, Russia)
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TnaBnasi orimunresibaast yepra MeTonoB JIA pu BBIYUC/IEHUN AlIPOK-
CHUMUPYIONIEro MapaMerpa — MeToJ| 3ajep:KeK [3]: mepexos oT CKaasgpHOro
BPEMEHHOT'O PsAJa K BEKTOPHOMY IpeJCTaBJICHUIO:

.’Iip TN
{[El,fBQ,... 71:N} — XpX(N—p-‘rl) =

rr ... wN_p+1

Tanee Beibupaercs Bu| JOKAJIbHOIO TIpe/icTaBienust Tyl = f(Xy, a), T.e.
BUJ (PYHKIUHU, CBI3BIBAIONIEH CJIEAYIOMee 3HAUYEHHUS PANA C MPEIALIIYIITHM.
[Mpumep dpyHKIMY TEPBOTO MOPIIKA:

f(x¢,a) = ap + xga.

ITpoucxoanT BEIOOD OIMKANUIINX K BEKTOPY XN _p41 COCEJHUX BEKTOPOB
X, VAOBIETBOPAOIINE YCIOBIIO:

e} s 3 Ixnpit — x| — min,
i€EN—p

e § € we, = - KOJIMIEeCTBO COCeeli, w= - Habop HOMEPOB BEKTOPOB-COCeIel,
TaKKe IPUCYTCTBYET HUZKHsAsI OIeHKa KOJIMIecTBa coceneii [2]: E > p + 1.

TTocie BEIGOpa coceieit TPOUCXOIUT OEHKA TAPAMETPOB JIOKAILHOTO TIPE/I-
CTaBJIEHUS U COCTABJIEHME IIPOTHO3a Ha O/MH Iiar Buepén. g mporHosa Ha
HECKOJIbKO IAroB cyliecrsyer Tpu Bapuanta JIA [2]|: upsmoit, nreparnsabiii
¥ MOAUDUITMPOBAHHBIN UTEPATUBHBIN, OTIMIAOIINECS CIOCOOAMW BBITHCIIE-
HUST allIPOKCUMUPYIONIETO TTapaMETPA.

Paccmarpusas haxTopsl, BAXLSIONIME HA IPAHUIILI ITPOTHO38 MeToI0M JIA
Pa3IMIHBIX TUIIOB BPEMEHHBIX PsIIOB, TTOPOXKIEHHBIX PEAJbHBIMU TPOIIECCa-
MU, MOXKHO CJIeJaTh HECKOJIBKO BBIBOJOB:

1. Naeanbuas no3unus Jjs CTapTa MPEJICKA3aHUI — CepeJinHa JIMHUN
Tpenaa, aubo — JOKAJTBHBIH SKCTPEMYM.

2. Bosbimas JimHa BEKTOPA 33/1ep2KeK 1 HOJIBINOE YUCJI0 BEKTOPOB-COCEEH
HE TapPaHTUPYET YBEJIUUEHUS TOUYHOCTH MPOTHO3A.

3. Meronpt JIA c10KHBI 11 aBTOMATH3ANNE (KaXKIblii mapamMerp Tpeby-
eTcs noadUpPATh BPYUHYIO) U3-33 TOMO OHU OTCYTCTBYIOT B CTATUCTUIECKUX
maKeTax.

4. CloKHOCTH TPOrHO3a IKOHOMUUECKUX W KAMMATHIECKUX MTPOIECCOB
CBSI3aHA C HAJMYUEM CMEH XapaKTePUCTUK BPEMEHHOTO Dsiia (BO3eiicTBre
KPH3HCA, CTOBOP M T.JI.) M CJIOXKHOCTBIO CaMOTO Iporecca (MHOTO(MAKTOD-
HOCTB). /I 151 IOIOGHBIX TUIIOB JAHHBIX METECOOOPA3HEE UCTIOIB30BATE MOJIH-
dbunmposanublit ureparusHbiil Merox JIA [3].

5. CaMbIMU TPYAHBIMU JJIs TTPEJCKAZAHUIN ABISFOTCS JAHHBIE SITHIEMUIO-
JIOTHYECKOT0 THUIIA, UMEIOINE B3PBIBHON XapaKTep Ha MaJIOM IPOMEKYTKE
BpeMmenn. VTepaTuBHBIN METO/] MOKA3BIBAET JIY YN PE3YJIBTAT, TAK KAK WC-
ITOJIb3YeTCsi HAUMEHbIIIee YUC/I0 IPOILIbIX 3HAYEHUN Psijia.
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[naBuas npuvnna, KOTOpasd OrPAHUYUBAET IPUMEHEHHUE METO/I0B JIOKA/Ib-
HOM ammpokcuMalmu: ux 3M@PEKTUBHOE UCIOIb30BAHNE BO3ZMOXKHO I Psi-
JIOB, 3HAYCHU A KOTOPBIX (PUKCUPOBAINCEH JOCTATOYHO MPOJAOIKUTEBHOE Bpe-
MSI.
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IMPUMEHEHUE SHTPOIINNHOIO JIUMUTEPA JJIA
PEIIIEHISI TPEXMEPHBIX YPABHEHUI I‘A?OBOI?I
JANHAMWKNU C UCITOJIbBOBAHMNEM HEABHOUW CXEMBbI
METOIA TAJIEPKNHA C PASPBIBHBIMU BA3NCHBIMN
OYHKIINAMN
B.®. Macaruu, P.B. 2Kanuuna, B.®. Tumkun
vmasyagin@mrsu.ru, zhalnin@gmail.com, v.f.tishkin@mail.ru

VIK 517.518

B pabore mpeacrasiiena HesBHAs cxema MeToa lajepkuHa ¢ pa3pbiB-
HBIMU OA3MCHBIMU (DYHKIUSIMU JIJI PEIIEHUs] TPEXMEPHBIX ypPaBHEHUH
ra30BOM JUHAMWKY HA, HECTPYKTYDPUPOBAHHBIX ceTKax. /s obecrede-
HUAS MOHOTOHHOCTHU YHCJIEHHOTO PEIIEHUS WCIOJIb3yeTCsl IHTPOMUAHDBIN
JIUMUTED, 00ECIIeTNBAIOIIHI HEOTPUIIATETHLHOE TPOU3BO/ICTBO SHTPOITUT
B KAXKJOM KOHEYHOM 3jieMeHTe. [IpoBeieHbl YnCIeHHbIe PACYEThl HEKO-
TOPBIX MOJETHHBIX 3334, TO3BOJISIONINE OIEHUTE (M (HEKTUBHOCTH Me-
TOZA.

Karoueevie cao6a: ypaBHeHUs] ra30BOi JUHAMUKHU, MeToJ] Lasepkuna ¢
Pa3pBIBHBIMU 0A3WCHBIME (DYHKIIASIMU, HESBHAS CXE€Ma, SHTPOMUHHBIN
JINMWUTED, HECTPYKTYPUPOBAHHBIE CETKU
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Application of the entropy limiter for solving
three-dimensional gas dynamics equations using the implicit
scheme of the discontinuous Galerkin method

The paper presents an implicit scheme of the discontinuous Galerkin
method for solving three-dimensional gas dynamics equations on un-
structured grids. To ensure the monotonicity of the numerical solution,
an entropy limiter is used, which ensures non-negative entropy pro-
duction in each finite element. Numerical calculations of some model
problems have been carried out in order to evaluate the efficiency of the
method.

Keywords: gas dynamic equations, discontinuous Galerkin method, im-
plicit scheme, entropy limiter, unstructured grids

B pabore paccmarpuBaercs Tpexmepras cucrteMa ypasuerunit Happe-Crok-

dp
5 TV () =0, (1)
6(8’:/)+V-(0VV)+VP+V'T:0’ @)
a(aptE)+v.((pE+p)v)—V-(T'v)=0, (3)

JIOMOJTHEHHAS TOAXOIAMIAMA HAYAIbHBIMA M FPAHMYHLIME YCJIOBAAME, KOTO-
pBIEé KOHKDPETU3UPYIOTCA st KaxK10i 3agaqaun. B cucreme (1)—(3) p — mnor-
HOCTB, V = (U, U, W) — BEKTOP CKOPOCTH, P - nasjenue, £ = p (e + M)
- HIOJIHAST SHEPIUs, € - BHYyTPEHHsIsT SHeTpust, T;j (i, j = &, Y, Z) — KOMIOHEHTEI
TEH30Pa BA3KNX HaHpH}KeHI/Iﬁ. CI/ICTeMa ypaBHeHI/IfI 3aMBbIKAETCHA ypaBHeHI/IeM
cocrostaust p = pe (7 — 1), Tj1e v — mokazarensb aInabaTh.

Tenzop BABKMX HAIPSKEHUI TPEIACTABICH B BUIE:

T= %u(v V)4 p(Vv + (Vv)T),
e (b — KOO PUIUeHT TUHAMUYIECKONH BA3KOCTH, I — IJIOTHOCTH MMITY/IbCA.

g mpocTpaHCTBEHHON allIPOKUMAIUU yPABHEHNI UCIIOIb3yeTCsl METO/T
lanepkuna ¢ paspeiBabiMu bazucHbIME PyHKITUAMY. 1[pon3BoHbIE 110 BpE-
MEHHU AMMTPOKCUMUPYIOTCS C UCMOJIB30BAHUEM CXEMBI DiljIepa.

Jlna HaxoXKAeHWs 3HAUYeHn (DYHKIWI HA FPaHAX B KOHBEKTUBHBIX CJIa-
TAEMBIX HUCIIOJIB3YeTCsT MOTOKOBasd (pyHKIMs [ 0AyHOBa. SHAUEHUS HA TPAHAX
B audPy3nOHHBIX CIAraeMbIX YPAaBHEHUN HAXOISITCI KaK cpegHee apudme-
THYIECKOE MEXKTY JABYMSI MOBEPXHOCTHBIMU COCTOSHUSIMU.

IlocTpoeniie HesTBHOI cXeMbl 6Ha3UPYETCS Ha [IPEJICTABIEHIN CUCTEMBI YPaB-
HEHU B TAK HA3BIBAEMO «JeTbTa~-HOpMey, KOTIa PACCMATPUBAIOTCA HE CAMI
HCKOMBIe QYHKIIMH, & WX OPUPAIIEHUs] Ha KaKJIOM IIare mo spement [1].

[onyuenmyto B pesymabrare CJIAY, pemaeM ¢ UCTOMH30BAHTEM peTITATE-
neit u3 6ubamorekn NVIDIA AmgX [2].
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g obecrieuenHusi MOHOTOHHOCTH YUCAEHHOIO PEIIEHUs Ha OCHOBE WJen
u3 pabor [3,4] 06061IeH 1 peasn30BaH SHTPONUNHBINA JIUMUTED B TPEXMEPHOM
caydae.

Jlis BepudpmKauy 9uCJIEHHOTO aJrOPUTMa PEIEHbI 2 MOJAEILHBIE 3a,1a-
qn. B mepBoit n3 HUX MOJEJUPYETCS TeUeHUEe HEBSI3KOTO CXKUMAEMOr0 1a3a, B
MJIOCKOM KaHaJie ¢ KJAWHOM Tipu unciae Maxa paBabiM 2. Bo BTOpO# 3amade
MOJIEJIUPYETCS TPAHC3BYKOBOE OOTEKHNE CUMMETPUYHOTO a3POIHHAMUYIECKO-
ro mpocuass NACA 0012. IIpescraByieHbl pe3yabTaThl PACIETOB.
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METOA POA HACTUIL]
d.®. MaxmyToBa, JI.B.EnnkeeBa
mahmutenko.dianka@gmail.com, leniza.enikeeva@yandez.ru

VIIK 004.021

B mocreamme roabl MHTEHCHBHO DPAa3BUBAIOTCS AJTOPUTMBI TTOUCKOBOLT
ontuMusanuu. Cpean HUX HAUOOJBIITYIO MOIMY/ISIPHOCTH HAOMPAIOT MO-
My ASAIHOHHBIE aITOPUTMBL. VIX 3 PEKTUBHOCTD 9acTO IMPEBOCXOIUT IBO-
JIIOIUOHHBIE AJITOPUTMbI. B pabore onucan Meron pos 4acTuil.

Karuesvie caosa: METOA POA YaCTHI]

Particle Swarm Method
Search engine optimization algorithms have been intensively developing
in recent years. Among them, population algorithms are gaining the
greatest popularity. Their efficiency is often superior to evolutionary
algorithms. Much attention is paid to the particle swarm method.

Keywords: particle swarm method
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Merog, pos wactun (particle swarm optimization) — merTos 4ucaeHHO
OTTUMUBAIWH, I UCIOJIB30BAHUS KOTOPOTO HE TPebyeTrcsd 3HATH TOYHOTO
rpajJueHTa OnTUMI3npyeMoit pyHKIuu. Janubii MeTO ] OTHOCHTCS K TPYIIIE
AJITOPUTMOB POEBOTO MHTEIEKTA (Swarm intelligence), KoTopbIe OMUCHIBAIOT
KOJUIEKTUBHOE TIOBEJIEHHE JElEeHTPAIU30BAHHON CaMOOPraHU3yIOIIeics Cu-
creMbl. CHCTEMBI POEBOTO MHTEJIJIEKTA, KAK MIPABUIIO, COCTOAT U3 MHOXKECTBA
areHTOB, JIOKAJbHO B3aHUMOJIEHCTBYIOMINX MEXK/y CO00W M C OKPYKAIoIIei
cpenoit. CaMmu areHThl OOBIYHO JOBOJBHO MTPOCTHI, HO BCE BMECTE, JIOKATBHO
B3AUMO/ICHCTBYsI, CO3/AI0T TAK HA3BIBAEMBIIl POEBOH MHTEJIEKT [1].

Buepsoie meron ObL1 CO37aH JJTsi CUMYJISIIAE COMMAJIBHOTO TIOBEICHUS
CTad NTHUI[ U KOCIKOB pbib. B pesyibrare pa3BuTusg MeToja €ro HadaJju
YCHEITHO IPUMEHITh K 33/1a9aM HAX0KJIEHUS JKCTPEMYMOB DYHKIIAHN.

Meron pos wactur 6b11 pazpaboran Jxeitvcom Kemmean n Paccemom
D6epxapTom B 1995 romy.

Monens, mooKeHHAS B OCHOBY 9TOTO METOA, ObLIa MOIyUeHa yIrpoIe-
HueM mojieau Pefinonzca, B pesyabTare 4ero oTAebHbIE 0CODU MTOTYIISIINT
CTaJIU TPEACTABIATHCI OTIE/IHLHBIMYU OO bEeKTaAMHU, HE MMEIOIIEro Pa3Mepa, HO
001 TAT0IIUME HEKOTOPOit CKOPOCTHIO.

B cuny xpaitreit cxoxkecTr ¢ MaTepPUATHHBIME TACTUIIAME TOTY IHBITHAECS
pocThie OOLEKTHI CTAIU HA3BIBATHCS YACTUIAME, a TMOMYJISIUS — POEM.

Meron pos wacTurl mpegHA3HAYEH i PEIIeHWd 33739 MHOTOMEPHOMN
HEINPEPBIBHOM ONTUMU3AIINNA U OCHOBAH HA MOJIEJINPOBAHUY COIUAJIBHOTO 110~
BEJEHUs KOJOHUIN KUBOTHBIX, BBIITOJTHAIONIMX KOJJIEKTUBHBIN TOUCK MECT C
HAWTYUIIAMEA YCIOBUAME CYIIECTBOBAHUSIMMY.

OCOBEHHOCTU METOJA POSA YACTUIIL. Metoa post 9acTHIT sIB-
JIFETCH, 0 CYTH, METAIBPUCTHUKON, XOPOINO 3apeKoMeHoBaBIeii cebe mpu
PEIIEHUH PA3IUIHBIX ONTUMU3AIIMOHHBIX 3aJ1a4.

FEro otnnuanrenbHOM 0COOEHHOCTHIO OT MHOTUX IPYTHAX METOIOB SIBJSIETCS
TO, UTO JJIs METOJA POs YaCTHI] HEOOXOUMO YMETH BBIUUCISITD TOJBKO 3HA-
deHud onTUMuU3Npyemoit pyukimu, e obga3ana ObiTh muddepennmpyeMoir,
BoJiee TOTO, OHa MOXKeT OBITh PA3PBIBHOIM, 3aIlyMJICHHON 1 T.. [2]

OIIMCAHUE AJITOPUTMA. Ugesa asropurMa Obljia YACTUIHO 3aWM-
CTBOBAHA, U3 WCCJICTOBAHUIN TOBE/ICHUSA CKOIIEHIH KUBOTHBIX (KOCSIKOB PBIO,
CTall ITUIL U T.I1.), MOJEJIb ObLIA HEMHOIO YIPOIIEHA U JA00AB/IEHbI JIEMEH-
THI TIOBEIEHUS TOJIIIBI JIIOJIEH, TOITOMY, B OTJINYNE, HATTPUMED, OT aJTOPUTMA
Y€/ APeHTHI AITOPUTMA (BO3SMOYKHBIE PEIeH s1) U OBLIN HA3BAHBI HEATPATb-
HO — JACTHUIIBI.

Y106bI MOHATH AJTOPUTM PO YACTHUIL, MTPEICTABbTE cebe N-MEPHOe MPo-
cTpaHCcTBO (061aCTh MONCKA), B KOTOPOM PBIILYT 9aCTUIBI (AT€HTHI AJITOPUT-
Ma). B magase wactumpl pazbpocaHbl cydaiiHbIM 00pa3oM 1o Beedi obmactu
MTOMCKA, W KAXKIAsl YACTUIE UMEET CAYyUIAHBIA BEKTOD CKOopocTu. B Kaxkm0i
TOYKe, TJie ToOBIBaJIa YaCTUIA, PACCUUTHIBAETCA 3HAYEHUE IT1eJ1eBOH (PYHK-
. TIpu 9TOM Kaxkjas 9acTuila 3aloMUHAET, Kakoe (1 r1e) Jiydinee 3Hade-
HUe 1eaeBoil (DYHKIMN OHA JIMYHO HAILIA, a TAKXKe KaKJasd J9acTUIA 3HAET
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rJIe PACIIOIOKEHA, TOYKA, sIBJISFOIIASICS JIYUIIeil CPejii BCEX TOYEK, KOTOPbIE
pa3Beman JacTUIlbl. Ha KaxKoi wrepanuu 4acTUMbl KOPPEKTUPYIOT CBOIO
CKOPOCTH (MOJIYJIb ¥ HATIPABJIEHHUE), IYTOOBI, C OTHOH CTOPOHBI, OBITH MO THIKE
K JTydIneii TO9Ke, KOTOPYIO YaCTHUIA HAILIA caMa (aBTOPHI aIrOPUTMa HA3Ba-
JI 3TOT ACIEeKT MoBejeHus "HocTaabrueit" ), u, B TO XKe BpeMsi, TpUOIN3NTh-
Cd K TOYKe, KOTOPAad B TaHHLIM MOMEHT aBjgeTcd rimobaabuo jgyurreii. Yepes
HEKOTOPOE KOJUYECTBO UTEPAIUN 9aCTHUIIBI JIOJKHBI COOPAThCA BOIM3N HAU-
6oJiee XOpoIeil TOYKU, XOTsT BO3MOXKHO, 9TO YaCTh YACTHUI] OCTAHETCS T/Ie-TO
B OTHOCHUTEJILHO HEILJIOXOM JIOKAJIBHOM 3KCTPEMYMeE, HO TJIABHOE, YTOOBI XOTS
OBl OfHA YACTUIA OKA3a/1ach BOIN3Y TI00A/BHOTO SKCTPEMYMA.

Camoe nHTEpECHOE B aJropuTMe — 3T0 KOPPEKIUsS CKOPOCTU, UMEHHO OT
9TOI0 IIara 3aBUCUT CXOAUMOCTD aJITOPUTMA. PaCC“H/ITbIBaeM 3Ha4YeHue neJsie-
BOU (DYHKIINM B KAXKIOM HOBOI TOUKE, KayK /1as YACTUIIA TTPOBEPSIET, HE CTAJIA
JI HOBasi KOOPAWHATA JIyUIlell Cpeii BCEX TOUEK, I/le OHA MOOBIBAIA. 3aTEM
cpeanm BCEX HOBBLIX TOYEK IIPOBEPsiEM, HE HAILJIN JIM MBI HOBYIO F.HO6a.HbHO
JIVUITYEO TOYKY, W, €CJIU HAILJIN, 3al0OMUHAEM €€ KOODJWHATHl U 3HAUEHNE
1esieBoi (PYHKITUN B HEl.

HEJIOCTATKU: Bo-tiepBeIX, 0H 06/1a186T BCEMHU HEJIOCTATKAMH, 9TO 1
APpYyrue CTOXaCTUICCKUE AJITOPUTMbBI OIITUMUIAINN - HE TaPAHTUPOBAaHA CXO-
JINMOCTb AJITOPUTMa TPU KOHEYHOM YMCJIe YaCTHUIl, OTCIOA U YBEJIUYEHUE
HEOOXOIMMOr0 KOJTMIECTBA PACYETOB 1eneBoit (yHkuuu (HO, pasymeercs,
MEHBIIE, YeM y IpOCTOro mepebopa), U, YTO XapaKTEPHO UMEHHO [T 9TO-
IO aJIrOPATMA, - 9TO OPUEHTAIAA Ha OJHY JIYYIIYIO TOYKY, 9TO YBEAUIUBACT
BEPOATHOCTH OCTAHOBKH aJITOPUTMa B HEIJIOXOM, HO HE I‘J'[O6aJ'ILHOM MWHU-
vyme. [IPEUMVYIIIECTBA: 5T0 ero MOHATHOCTH M BO3MOYKHOCTH OBICTPO
MEPECTPOUTH AJTOPUTM Ha APYTYIO hOPMYITY I PACIETa CKOPOCTH UACTHII.
Kpowme Toro, o 10BOIBHO 3(MEKTHO BHINISIIUT TPU BU3yam3armn [3].
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SKCIEPUMEHTAJIbHO-CPABHUTEJIBHBITI AHAJIN3
AJITOPUTMOB IIONCKA IIOJACTPOKU B TEKCTE
B.A. Muxaiinos, ®.M. Ab6aaes, T.A. MuxaiijioBa
v.mikhailov23@gmail.com

YIK 004.021, 510.522

B crarbe mpeacraBiienbr pe3yabTaThl HCCIEIOBAHNS AJITOPUTMOB, PEITia-
IOTIWX 33/Iay TOUCKA MOACTPOKHU B CTpoKe. IIyTém cpaBHUTEHLHOTO aHa-
JIN3a aCUMITOTUYECKUX OIEHOK CJIOYKHOCTHU JeTePMUHUPOBAHHBIX aJII0-
PUTMOB TIOCTPOEH BEPOSTHOCTHLIN anropurm noucka. CocraBiena mpo-
rpaMMHasd peajiu3aliid U [IPOBEJIeHbl BbIYUCIUTE/IbHbIE SKCIEPUMEHTHI,
MO/IeJIUPYIOIIe IIPDAKTUYECKUe [IPUMEHEHU S UCCIelyeMbIX ajllOPUTMOB.
Pe3ymbTaThl SKCIEPUMEHTOB OTPAKAIOT PEKOMEHIyeMble Ha3HAUYCHUS W
CIIOCOOBI TPUMEHEHHUsT KaXKJ0T0 aJITOPUTMA.

Karouesnie ca06a: aITOPUTM, TIOUCK, BEPOATHOCTHBIN aJITOPUTM, OIIEHKA,
CJIOXKHOCTH, CPABHUTEJILHBIM aHAINA3

Experimental and comparative analysis of string-searching
algorithms in the text

The article presents the results of a study of algorithms that solve the
problem of finding the substring in the text. The probabilistic search
algorithm is constructed by a comparative analysis of asymptotic esti-
mates of the complexity of deterministic algorithms. The software im-
plementation was compiled and computational experiments were carried
out, modeling practical applications of the algorithms under study. The
experimental results reflect the recommended assignments and uses of
each algorithm.

Keywords: algorithm, search, probabilistic algorithm, complexity esti-
mation, comparative analysis

[Towmck MOACTPOKY B TEKCTE — OJHA U3 TTOTMYISPHBIX 38189 MOUCKA, NHPOP-
MaIWK, Jijis PEeIeHns KOTOPO# CyIMecTByeT MHOXKECTBO ajaropurmos. JlaH-
HBILI KJIACC 33029 aHAJOTHYEH IIONCKY «UIOJIKH B CTOre CeHa» M OIHCHIBACTCS
CJIEIYIOIUM 00PazoM:

ITyemo 3adan mexem t u wabaon (cmpoka) p. Heobrodumo onpedeaums,
8x00um At HeKOMOPHl 300aHHBT WAbAOH CUMBOA08 68 UCTOOHMY mekcm. B
CAYUaE BTONCIEHUA — HATIMU MACCUE HOMEDOS CUMBOAOE, HAYUHAA C KOMO-
po20 p codeporcumcs 6 t, 8 NPOMUBHOM CAYYUAE — BHLBECTNU NYCMOT MACCUB.
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Hesibto ucciieyoBanus sBJSETC IPOIPDAMMHAs PEAJIU3AIMS JIeTEePMUHU-
POBAHHBIX W BEPOSATHOCTHOT'O aJTOPUTMOB TIOWCKA JIJIsT TIPOBE/IEHNST SKCITEPH-
MEHTAJbHO-CPABHUTEILHOTO AHAIN3A.

B xome pabors! 6bL1H paccMOTpPenb! 4 OCHOBHBIX a/ITOPUTMA TTOUCKA, TTO-
CTPOKH (MPOCTEHIIHiT mocIe0BaTEeIbHBIN aropuT™ noncka, Pabuna-Kapma,
Kayra-Moppuca-TIparra, Boitepa-Mypa) u 6bL1 MOCTPOEH BEPOATHOCTHBII
AJITOPUTM TIOUCKA.

B pesynbrarax oneHuBaHUS CJIOXKHOCTH anropuTMoB (Tabauna 1) Beibpa-
Ha MOJIEe/Ib OJIHOIIPOIIECCOPHON MAINWHBI C MPOU3BOJBHBIM JIOCTYIIOM K IIa-
MATH UM UCTIOJB3YIOTCs coepytomue 06o3nauerns: O(. .. ) — aCUMITOTHYECKH
BEpPXHsI OIEHKA CJI0XKHOCTH AJTOPUTMA, |%| — MOIHOCTE asdaBuTa X, n —
JUIMHA TEKCTa, M — jaauHa mabaona (CTpokn).

Tabavua 1.
OUueERKY CAONCHOCTNU OEMEPMUHUPOSAHHBE AALOPUMMOE NOUCKAE NOOCTNPOKU
CrnoxHocTh
CoxHOCTH CoxHOCTH
CpaBHEHUSA
Hassanue [IpeIBAPUTETBHBIX dazw
. B HAWXY/IIIEM
BBIYUCJIEHNT CpaBHEHUS
cydae
[Tpocreitmmmit
AJTOPUTM 0 O(m(n —m+1)) O(n?)
TTOWCKA,
Asroputm
KMIT O(m) O(n) O(n+m)
Ajiropurm
b)) b))
poopiet | 0t +1x) O(n) Ofn+m+|3)
Asropur™m
— 1
Pabuna-Kapma O(m) O(n) O(m(n—m +1))

B XO/J1€ U3Yy1CHU S BBITNEOIINCAHHBIX aJIFOPUTMOB Had A3bIKE IIPOI'PDAMMUPO-
BaHus Java ObLIa TOCTPOEHA, Pean3aliist, KOTopast TecTupoBajach Ha IBM,
UMEIOIEH CJIeTYIONTYI0 KOH(MDUTYPAITHIO:

e nporeccop Intel Core 15-9300h, 2.3 GHz;

e oneparusHas namats DDR4 16 GB DRAM 2666 MHz (nBykana/ibHbIi
PeXKUM [aMsITH).

Bruiu nipoBeieHbl YnCIeHHBIE SKCIIEPUMEHTHI, MOJIETUDYIOITHE TIOUCK WH-
dopmanum, COOTBETCTBYIONEH MMabJI0HY, B Pa3IUYUHBIX HEYTOPIIOUEHHBIX
0azax JaHHLIX B yIeOHIKAX.
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MATEMATNYECKOE MOJAEJINPOBAHUE
FTETEPOIEHHOM 9K30TEPMUYECKOM PEAKIINN
A — B HA BEPHE U B CJIOE KATAJIN3ATOPA
P.C. MyraanmoBa, K.®. Koaxegunna, I.M. I'ybaiigynana
mugalimova.r@mail.ru, koledinakamila@mail.ru, irekmars@mail.ru

Teopust KaTaIUTUYIECKUX TPOIECCOB HA MOPUCTHIX 3€pHAX HadYaja pas-
BuBaThcs ¢ KoHma 1930-x romos. IIpuMmenenre KOMIIBIOTEPOB JJIA periie-
HUS 33729 PACHIAPUIO BO3MOXKHOCTU KA9eCTBEHHOTO aHAJM3a, OIaro-
Japsi COYETAHUI0 AHAJIUTHYECKUX METOJIOB C YUCJIEHHBIMU DPACUYETAMU.
B pabore mpuBomasaTCsa pe3ynbTAThI, MOIYyIEHHbIE IPHA MOIETUPOBAHUN
MOJEILHON TeTepOreHHoi 3K30TepMuueckoit peaknun A — B B mHero-
JBVKHOM CJIO€ KaTaJIn3aTopa.

Karwuesvie caoea: MareMaTudeckoe MoaenpoBanue, nuddepeHnaib-
HbIE YPABHEHW S, IK30TEPMUIECKAsS PEAKIINsI, KaTaau3aTrop, nuddy3nas
KAHETHUKA, METOJ, MATPUIHON TPOTOHKA

Mathematical modeling of heterogeneous exothermicreaction
A — B on the grain and in the catalyst layer

The theory of catalytic processes on porous grains began to develop in
the late 1930s. The use of computers to solve problems has expanded
the possibilities of qualitative analysis by combining analytical methods
with numerical calculations. The paper presents the results obtained by
modeling a model heterogeneous exothermic reaction A?B in a station-
ary catalyst layer.

Keywords: math modeling, differential equations, exothermic reaction,
catalyst, diffuse kinetics
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B pabore npuBeserbl MaTeMaTuaeCcKue MOJE/IN MPOIECCa COTJIACHO TIPE/I-
goxenaomy M.I.CauHBKO mepapxudyecKoMy TMOAXO/Y: CHaYa a PaccMaTpu-
BAaETCsl MOBEJEHNE PEAKITMOHHON CUCTeMBl HA 3€pHE, a 3aTeM B CJI0e KaTa-
am3aTopa. To ecTh Momenk pa3bwBaeTca Ha JBe YACTH — AHAJIN3 W CHHTES.
Awnayms — perienre Ha KaKOH-TO JeMeHTapHO# dacTh (3epHO), a CUHTE3 —
o6ob6menne na Beeit 3amaum (caoii). Jlan kparkuit 0630p mOHATHS 9K30TED-
MuYecKoi peakiusi u jauddy3noHHON KUHETUKHU, a TAKXKe HEKOTOPbhIE OIpe-
ACJICHUA 1 IIOHATUA TCOPUN KUHETUKU CJIO2KHBIX XUMUYICCKUX peaKHI/Iﬁ. ﬂ.}'[ﬂ
MOJIEJIBHON 9K30TEPMUYECKON PEAKIINy MEPBOTO MOPsIKa pa3paborTaHa Ma-
TEeMATUIECKasT MOJIE/Ib, YIUTHIBAIOIIAS MPOIECCHl MACCHI- U TEIJIOMEPEHOCA
HA 3€pHe U B CJ0e KaTtajuzaropa. V3 nByx ypaBHEHUIl MaTepHAJIBHOIO U
TEIJIOBOTO 0a1aHCOB ObLIO 1MOJIyUeHO OHO JAuddepeHrnaibHoe YPaBHEHUE,
yunTbiBaiomniee quddy3noHubit 1 TepMoandy3noHHBINH TTEPEHOC B MOPaX
3epHa Karajgum3aropa. Takyke B paboTe TPUBOMUTCS AJTOPUTM UUCIEHHOTO
pemennd CucTemM ypaBHeHHﬁ MATEMATUIECCKOTO OIMUCaHUA METOJO0M MaTpPHUY-
Holt mporouku. [lonpobHo onmuchIBaeTCA UCIOIB3YEMbIN METOI, TPUBOIATCS
HeoOxoaMMbIe (POPMYJILI [IJId PEIIEeHWs] YPABHEHUN MAaTEPUATLHOTO W Terl-
JioBoro Hanancos. ChopMyIMPOBAH HOIMIATOBBII AJITOPUTM PEIIeHUs [T0CTAB-
JieHHO 3a1aun. [IpeioKeH aJrOpUT™M YUCTEHHOTO PEITEeHUs CUCTEMBI YPaB-
HEHNM MaTeMaTUIecKOro OIMUCAHUS U B IIporpaMMuoii cpeme Delphi pazpabo-
TaHa mporpamma pacuera. [IpuBoggarcs pe3yabrarhl peIneHus 3aaqu, KOTO-
phle IIpeJICTaBeHbl KAK B TabjimyHoM, Tak u rpadudeckom Buje. OTMedeHo
sIBJIEHUE THCTepesnca, HabJIraeMoe B jganHoM mpotecce. [lpu Bapbuposa-
HUM TTapaMeTpoB Mojeneil (agmabarnaeckoro pasorpesa m mapamverpa Tn-
Jie) TPOBENIEH BBHIYUCIUTEIbHBI SKCIEPUMEHT U OMPEJIEJIeHbI TEMIEDATYPhI
S3aKUTAHUA W 3aTYXaHUA. Haﬁ,[[eHbI yCiioBud CyHieCTBOBaAHUA TPEX PeEXKH-
MOB TIPOTEKAHUS PEAKITUHU, OJUH U3 KOTOPBIX siBAseTCst HEycToiunBbiM. U B
KoopamHATAX agmabarmyueckuii pasorpes — obparHbIit mapamerp Tume mama
rpaduyecKast HHTEPIPETAIis IPOTEKAHUS TPOIIECCA.
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MOAJEJIMPOBAHUE NMIIYJIBCHO-YACTOTHBIX
XAPAKTEPUCTUK N KOJIEBATEJIBHBIX ITPOIIECCOB B
CHUCTEMAX CO CJIO2KHBIMMU 3AITA3/IBIBAHUAMMN
C.M. My3zadapos
aygiz.muzafarov03@mail.ru

VIK 517.977

[Tonydensr ycioBusi mpu KOTOPBIX KOJI€0ATEIbHBIE IPOIECCHI CO CIIOXK-
HbIMHU 3al1a3/IbIBAHUAMYU MOXKHO U3Y4aTh Ha OCHOBE UCCJ/Ie/I0BAHUA JUHA-
MHUKH TPOCTEHINNX 3BeHbEeB. Pa3paboTaHbl aJrOpUTMbI YUCJIEHHOTO HC-
ce0BaHus KOJIE0ATEHHBIX TPOIECCOB B IUHAMUYECKUX CHCTEMAX CO
CJIOYKHBIMU 3aIa3/bIBAHUAMU.

Karouesvie carosa: MonesnpoBanue, TUHAMUYECKHE CHCTEMbI, 3a1a3/IbI-
BaHus, KojeOanus, JuHelHbIe 3BEHbs

Modeling of pulse-frequency characteristics and oscillatory
processes in systems with complex delays.

Conditions are obtained under which oscillatory processes with complex
delays can be studied based on research dynamics of the simplest links.
Algorithms for numerical studies of oscillatory processes in dynamical
systems with complex delays.

Keywords: simulation, dynamic systems, delays, oscillations, linear links

ITpw mogermpoBannu KOIeHATEMBHBIX MTPOTIECCOB HoTee PeATNCTHIECKAT
MOJI€ JIb JIOJI2KHA BKJ/TFOUATH HEKOTOPBIE U3 TIPEJIIIECTBYIOIUX COCTOSTHUN CHU-
CTEeMBI. Boﬂee TOTO0, MHOTHE 3a1a9U TEPAIO CMbBICJI €CJIN HEC YIUTHIBATH TaKNE
cocrostaus. Ha BaXKHOCTb y4era 3alla3/iblBaHusi B MOJIE/ISIX CJOKHBIX CUCTEM
yIpaBJjeHusl OJHUM u3 nepsbix obparui suumanue H. Munopckuit [1]. Ow,
B YaCTHOCTH, B CBOMX PaboTax, IMOCBAIIEHHBIX CTAOMIN3AINN Kypca Kopabd-
Jisi ¥ aBTOMATHYIECKOMY VIIPABJIECHUIO €0 JBMKEHUEM, BBeJI B PACCMOTPEHNE
3ama3abIBAHNs B MexaHusMme obpaTHoit cBasm. Hambosee obiiem momennio
SIBJIsIETCs JIMHeHHOe ckasstpHoe 3BeHo W, Bxo1 u(t) m BBIXOXT Z(t), KOTOPHIE
CBA3aHbI YpaBHCHUEM BUIad

+2/ )(t — s)daj(s Z/ J(t —s)dB;(s), (1)

roe n > m, a;(t) u B;(t) — GyHKIME orpaHUYeHHEBIH BApUAINNA HA OTpPE3-

e [0,r], a urrerpansl nonnmatorcsi B cmbicie Jlebera-Crunrbeca. K raknm
YPABHEHHSIM IPABOIATCA MHOTHE T depenInanbable ypaBHEHI 3aIIa3/bl-
BAOIIEro THUIA C PA3HBIMM BUJAMHM 3ama3blBanuii. B wacrrocTn, mMarema-
THYECKHE MOJIEJU CJIOKHBLIX IIPOIECCOB C MOCTEACHCTBUEM, HAIPAMED Ma-
TEMATUYECKUE MOJIEIN TEIIOTEXHUIECKUX YCTAHOBOK (IIPU MOJETMPOBAHUY

Mysadapos Canux Myxappamosud, k.d.-m.H, CU (bunmman) Baml'Y (Cubait, Pocus);
Salikh Muzafarov (Sibay Institute (branch) of Bashkir State University, Sibay, Russia)
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HAIDEBATE/IbHBIX M€Yl ¢ TOJCTBIMU CTEeHKaMu) u T.0. [Ipu usyvenun ypas-
nerust (1) Ba}KHyIO poJsL Urpaet XapaKTepI/ICTI/ILIeCKI/Ie mHOrousensl L(p) =

n+z p]fo “Pidoi(s) m M(p) = j 0p7 fo “P*df;(s). Torma ypas-

HEHUE (1) MoxkeT 6bITh hopmasnbHO 3amucano B Buge L(p)x = M(p)u nan

z = W(p)u, tne W(p) = %

OJHUM U3 OCHOBHBIX B IEPUOJUYECKON 3ajade JJid JUHEHHbIX CTAIMO-
HAPHBIX 3BEHLEB ABJIACTCA IIOHATHE I/IMHyJTbCHO—qaCTOTHOﬁ XAPaKTCPUCTUKHN
(MYX), onpenensiercd kak T-mneprnogndecKast peakiust 3peHa Ha 1-nepuoan-
YECKYIO 110C/JAe10BaTC/IbHOCTD 6eCKOHequIX MI'HOBE€HHBIX UMITYJ/IbCOB.

B wmacrogmeit pabore o6CcyKmaeTcs BOMPOCH PABIOKEHUST WUMITY/IHCHO-
gacroTHOl xapaktepuctuku (I1YX) 3gerna W B ps 1m0 9KCIIOHEHITHATBHBIM
PereHnsaM OJITHOPOIHOTO (1) YPaBHEHUS.

[Iycrs aucna 71, T, -« Tk, - - - (|| — 00) — 9T0 mpoCTHIE HYTH KBA3UIIO-
JUHOMA L(p)7 PAaCIOJIOXKEHHBIE B ITOPAIKE BO3PACTAHNA UX MOIYJIIEH.

Teopema 1. Ilycmo aj(t) — abcorrommno nenpepwenas dynxyua. Tozda

UMNYALCHO-wacmommuas xapaxmepucmura G(t,T) sunetinozo seena ¢ nepe-

damounoti pynryuets W (p) = % npedcmasaaemca 6 sude pada

eTk(t)
G(t,T) Z T ey 0<t<T), (2)

KOmMOopviti pasHomepno crodumvbea na xacdom ompeske 0 < a <t < T u
cxodumes no wopme 2uavbepmosa npocmparcmea Lo(0,T) cymmupyemus ¢
xeadpamom na (0,T) dynxyud.

[IycTe juis TPOCTOTHI M3y4YaeTcs JUHEHHAs CUCTEMA
L(p)a(t) = M(p)u(t), (3)

rie u(t +T) = u(t). Ilpu BBITOMHEHNE YCIOBUS L(:E%Tki) £0

(k=0,1,2,- - ), ypaBHeHue (3) uMeeT eTMHCTBEHHBIH 1 — MEPHOANTECKHUiT
BeIXO/, Z(t).

MopemmpoBanne KosebaTebHBIX BBIXOJ0B & (t) MOXkKeT OBITH OCYIIECTB-
JICHO 110 CJeAyIoleil cxeme.

1) Beraucasiorcs (TOYHO WM IPUOIHKEHHO) KOPHE Tj, KBA3UIIOJIHHOMA
L(p).

2) B zaBucnmMocTu 0T TpeOyeMoit TOUHOCTH MMITY ThCHO-9aCTOTHAS XaPaK-
tepuctuka G(t,T') 3Bena (1) momenupyercs B BUIE

G(th) ~ Gl(th) + 4+ Gn(tv T)a

rae Gi(t,T) — sro dbyakuuu G (t,T) = ijé’m

3) Kosnebarenbusiit Bbixos x(t) Mogeanpyercsa Kak cyMmma

x(t) = z1(t) + cdot - - + (),
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rae x(t) = fOT Gi(t — s, T)u(s)ds.
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Jlannast paboTa TOCBAIIEHa 0030PY METOIOB OIEHKH MPOYHOCTH 000-
JIOYKOBBIX KOHCprKHHﬁ. ABTOpaMI/I U3y4vCHbI 6 Pa3/INYHBIX METOIHK.
,Z[aHbI PEKOMEHAIIUHU 110 IIPUMEHECHUIO METOJINK, OCHOBaHHbBIC Ha 3KCIIE-
PUMEHTAJIBHBIX JaHHBIX U3 OTKPBITHIX MCTOTYHHKOB.

Karouesvie cr06a: TpOIHOCTH, 000JI0YKOBAsT KOHCTPYKITUST, TPYOOIPOBOZ,

Pipeline strength assessments, with corrosion defects

This work is devoted to the review of methods for assessing the strength
of shell structures. The authors have studied 6 different methods. Rec-
ommendations for application of the methods based on experimental
data from open sources are given.

Keywords: strength, shell design, pipeline

OnHOM 13 OCHOBHBIX MPUYNH CHUKEHUsT HECYITeH crocobHocTH TpyOorpo-
BOJIOB SIBJISIETCSI TOSIBJIEHUE JIOKAJIBHBIX KOPPO3UOHHBIX JePEKTOB MPU IKC-
mwiyararnuu. Jast oleHKu CTeleHn OITacHOCTH BBISBJIEHHBIX J1eEeKTOB U IIPU-
HATHE JaJBHENIIX PEIeHril M0 IKCILTyaTanun HeoOX0IMMO OIEeHUTh TPOU-
HOCTb W JOJIFOBEYHOCTH Tpyborposona. I[IpodHocTs u 10JrOBEYHOCTD Xa-
PAKTEPU3YIOTCS KOJMIECTBEHHBIMU MTOKa3aTe M. KomaecTBeHHBIN TTOKa-
3aTesb IPOYHOCTH - Pa3PYIIAIOIIEe JIABJIEHNEe, KOJTUIECTBEHHBIN TOKa3aTe/h
JIOJITOBEYHOCTH - TPEJAEABHBIN CPOK IKCILIyaTAlny TPYOOIIPOBO/IA.

CyiecTByOT pa3juyHble MOJEJN [JIsi OIEHKU pPa3pYIIAIOIIero aBJjie-
nusi. B marHol pabore pacemarpusatorcs caepyomme mogenu: ASME B31G,
B31Gmod, DNV, CSA, PB, Shell-92 [1-2].

Mynnasnosa Ammnaa @uparosna, accucrenr, @I'BOYBO YIHTY (Vda, Poccus);
Alina Mullayanova (State petroleum technological university, Ufa, Russia)

Ty6aitmymman Upek Mapcosma, a.d.-m.u., npodeccop, PTBOYBO YTHTY (Vda,
Poccus); Irek Gubaidullin (State petroleum technological university,Ufa, Russia)
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B ocnose Bcex merojuk upejcrasiena dopmyiaa Bapisoy [3] npejcras-
nennas B cpasuennn (1). Ypasuenne (1) onermBaeT BHyTpEHHee JaBJIeHWE,
KOTOPOE TPy0a MOYKET BBIJEPIKATh, YUUTHIBAS €€ TEOMETPUI) U MATEPHUAT.

rIe p — maBjeHue, geficTByiomee Ha Tpybomposom, D - BHermmHuit gmamerp
TpyGompoBoaa, 0 — TOJIIMHA CTEHKH TPYDOLI, 0 — KOJLIEBbIE HAIIPIXKEHIS
npu pa3pyIllieHun yIacTKa TPpyoormpoBoaa ¢ aedeKToM.

Ha ocHOBe sKCIIEpEMEHTANBHBIX JTAHHBIX U3 OTKPBITHIX UCTOYHUKOB IIPO-
AHAJTM3UPOBAHBI KOPPO3UOHHbBIE JiedekThl rybunoit 80% or ToammHbl cTen-
KU, OTIPEIEICHA, TIOIXOSIIAT MOJAETh.
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PASPABOTKA METOJ/JA BOCCTAHOBJIEHU A
CTPYKTYPbI CBA3ENM B CUCTEME U3 TPEX
ocIIn/JIJjidToroB C ITIOMOIIIBIO MOAEJINPOBAHN A
dA30BOM JANMHAMUKUN
E.B. Haspornkas, /1.A. Cmupnos, B.II. Bespyuko
sidakev@gmail.com
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B pabore mpenyoxkena moauduKaus U3BECTHOTO METOA aHAJIN3A, CBsi-
3aHHOCTH JIByX OCIMJIJIATOPOB IO BPEMEHHbIM psiam a3 Ha cirydait
aHAIM3a HAIIPABJIEHHDLIX CBaA3eil B aHcambiie m3 Tpex cucrem. Ha sra-
JIOHHBIX MaTEeMaTHYECKUX CHCTEeMaX TPOBEIEHO TecTupoBanmne 3ddex-
TUBHOCTHU MPEIJIOKEHHON MOIUpUKAIINN METO/IA.

Karwuesvie caosa: paszoBasi tTnHAMUKA, MOIETNPOBAHNE TIO BPEMEHHBIM
psitaM, aHAJII3 CBSI3AHHOCTH MEXKTY OCIUIIATOPAMY, OIIEHKA, CTATUCTH-
9eCKO# 3HAUUMOCTH, MMPOBEPKA HYJIEBBIX TMIIOTE3

Development of a method for reconstruction of the structure
of couplings in a system of three oscillators using phase
dynamics modeling

In this paper, we propose a modification of the well-known method
for analyzing the couplings between two oscillators from time series of
phases for the case of three systems. The effectiveness of the proposed
modified method was tested on etalon mathematical systems.
Keywords: phase dynamics, modeling from time series, analysis of cou-
plings between oscillators, estimation of statistical significance, testing
of null hypotheses

Bo MHOrmx obsracTax HayKu M TEXHHKH HEPEJIKO BO3HHUKAeT 3a1aqda |1-3]
aHaJIn3a HaJII/I‘{I/IH/OTcyTCTBI/IH cBa3eit MEXKAy KOJIe0QTE/IbHBIMI CUCTEMAMUA
II0 CATHaJIaM OT 3THX cucTeM. llepCHeKTHBHBIME IpH pelleHuHu MOZ00HOIrO
pofa 3a7a49 OKa3bIBAIOTCS METOIBI, OCHOBAHHBIE Ha BBEJCHUNU U aHATH3E (a3
KojebaHmit, TOCKOJIbKY (ha3a ABIAETCHI UYBCTBUTEILHON K BHEITHEMY BO3-
neiicTBUIO TIepeMenHoil. Panee B paborax [4,5] 6bLT TIpeIIOKeH METO, 03~
BoJIgIOmUi 10 hazaM CUTHAIOB OT ABYX OCHHJLISITODOB IOyYaThb OLEHKU
Ha/IMUusd W HAIIpaBJIEHUS CBA3H Mexkay HuMH. Meron 3akiouaercd B cile-
aytomem. Ilycrs umeercsa nsa curnasna 1(t) u a2(t). o mum, Hanpumep, ¢
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OMOIIBLIO0 TpeodpasoBanus ['niapbepra, PACCIUTHIBAIOTCS BPEMEHHBIE PsI/IbI
daz komedbanmit {¢1(t1),...,(f)1(t1v)} 171 {¢2(t1),...,¢2(t1v)} , rae t; = AL At
- uHTepBas BeIOOPKHU, N - aauna pgaga. [Ipenmonaraercs, uro ¢dazoBas nu-
HAMWKA KOPPEKTHO OTUCHIBAETCS CTOXACTHIECKNMU AuddepeHITnaTbHBIMN
YDABHEHUSIME [TEPBOTO TOPSIIIKA!

d(rbi/dt =w; + Gi(¢i(t)7 ¢](t)) + fi(t)v ivj =1, 27 (1)

rJe mapaMeTp w; OIpeessieT YIVIOBYIO dacTory Kosebanwmii, & (t) — Gesrbii
IIYM C HYJIEBBIM CPEJHUM M aBTOKOBapuannonHoi dyuxumeit (§x(t)Ex (1)) =
D¢, 0(t — t'), dyukimmGy, 2 -neproANYHBI 0 0G0UM apryMeHTaM 1 OIpe-
JIEJIAIOT B3AUMOEHCTBHE OCIUJLISITOPOB U COBCTBEHHYIO HETUHEHHOCTH WX
dazosoit guunamuku. [Ipn anann3e AUCKPETHLIX BPEMEHHBIX PII0B yI0OHO
paccMaTpuUBaTh PA3sHOCTHYIO (DOPMY ypaBHEHHUIl, COOTBETCTBYIOIIYIO WHTE-
rpupoBaHuo ypasaeHuii (1) Ha WHTEpPBAJIE MUPUHBI T

A¢i(t> = (Z)z(t +T) - ¢(t) = Fi(¢i<t)v¢j(t)vai> +5i(t)7 i, =1,2, (2)

rre g,(t) ~ [ &(t')dt’ - rayccoBekmii myM ¢ Hy/IeBBIM CDEIHEM ¥ ANCIEpCHefi
D., = D¢,7 , nareppas 7 6epercsa paBHBIM MOPs/IKa OJHOTO XapaKTepHOTO
nepuona konebanuii. [1o BpemernbiM pstmam dbas ¢1(t) u ¢a(t) oT 1BYX cucrem

CcTpOnUTCA MOAEND (2) ¢ TPUIOHOMETPUYECKUMU MHOTOYJIEHAMU HEBBICOKOTO
nopanra Fi(¢1, ¢2,a;) = wi + > (i m,n cos(me; — ngj) + Bimpnsin(me; —
n¢;j)) TAe a; — BEKTOpP KOIDQHUIMEHTOB, KOTOPBIE TOIYYAOT C TIOMOIIBIO
METOAa HaMMEHBINMNX KBaJIPaTOB. I/IHTeHCI/IBHOCTb BO3,ZL€I>'ICTBI/IH BTOpOfI Ccu-
CTEMBI Ha TEPBYIO Y21 PACCIUTHIBAIOT HA OCHOBE OIEHOK KO3(DDUINEHTOB
MOJEJIN: Yo_y1 = nQ(a%’m,n + ﬁfmn —2Dg4;,,,) » te Da, . . - OleHka
(m,n)

mucrepcun Ko3bduimeHToB Mojesnu, ¢M. [5]. AHAJIOrMYHO Oy 4aeTCs OleH-
Ka WHJEKCA HAIPABJIEHHOTO BO3JEHCTBUS MEPBON CHCTEMBI Ha BTOpYio. B
pabote [5] yepes onenku gucrnepcuit K03bOUINEHTOB MOJEIH IPEIIOKEHbI
dopMyJIBL Jjis OlleHKH 95 MpPOIEHTHBIX JI0BEPUTEIbHBIN HHTEPBAJIOB WHIEK-
COB ’7]'*)/[:.

Ornucanublii BBIIIIE METO/T paHee MoKa3aJl cBo 3b(MEKTUBHOCTE TIPU aHa-
JIN3€ CBA3aHHOCTHU PA3JIMYHBIX CUCTEM ABYX OCHUJIIATOPOB (TaKI/IX KakK, JI-
HellHble CTOXaCTUIEeCKUe OCITWIIATOPH, ocILIaATophl Ban-nep-Ilonda, Pec-
crepa u np.). Hepeako BO3HUKAET 3a/a4a NOUCKa CBsideil B aHcaMbJie Tpex u
6osee ocrmaTopos. Kak mokazano B pabote [6], momapHbIX aHa 3 CBs3eii
MEXKJTY KaXK/IbIMU CUCTEMAMMU, BXOSIIUMY B aHCAMOJIb, C TIOMOIIBIO JaAHHOTO
METO0/a, MOXKET /IABATH OMINOOYHBIE BEIBOJIBI KAK O HAJIMYHUM, TAK U O HAIIPAB-
JIEHUU CBsI3U, 0COOEHHO, KOT/IA BCE OCIUIATOPEI B aHCAMbJIe UMEROT O/IM3KNe
qaCTOTHI.

B nmanmoit paboTe OMMCAHHBIN BBINIE METOM OBLT MOTHMUIINPOBAH s
aHaJM3a CBA3aHHOCTH OJHOBPEMEHHO Tpex cucteM. st s3Toro B MyHKIMM
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Moges (pas3bl ObLIa BBEJEHA hasa TPEThEro OCHUIIATOPa. Bhimn mpesio-
JKeHBI MOAMPUIIMPOBAHHDBIE (DOPMYJIBI I OMEHKU WHIEKCOB HATPABIEHHO-
ro BozgeiicTeus. Takxke ObLIN TPEIOKEHB MOAUMDUITHPOBAHHBIE (POPMYJIIBI
I OTIEHKHY 95 TPOIEHTHBIX JOBEPUTEIBLHBIX HHTEPBAJIOB PA3BUTHIX B pabore
MHIEKCOB BO3AEUCTBHL.

Db PeKTUBHOCTH PA3BUTOTO B JaHHON paboTe MeTo/1a ObLIa MPOTECTHPO-
BaHa HA CHCTEMe TPeX CBs3aHHbIX ocrusisaTopoB Ban nep o ¢ mymowm.
3aaBasiack ONMpeaeIeHHast CTPYKTYPA CBI3ei MEXK Y OCIULIATOPAMEA W 3a-
Jlada, COCTOsijia B TOM, YTOOBI BOCCTAHOBUTL MCXOITHYIO CTPYKTYDPY CBHA3€M.
[Mapamerper ociumiaropos Ban gep Iosns (yposenb myma, aiuHa pajga u
Jp.) MEHSUINCh B IIMPOKOM JHama3oHe. Bbuim mosrydeHsl KOJMUIeCTBEHHBIE
3HAYEHUS [1aPAMETPOB TECTOBBIX OCHU/LISATOPOB, IPU KOTOPBIX METOH -
dexTrBeH - 1051 OMMUOOYHBIX BLIBOJOB HE TpeBhITaeT ypoBenb (.05, mpu
9TOM COXPAHSIETCS BBICOKAS UYBCTBUTEJBHOCTH METO/IA.
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PARAMETER ESTIMATION OF CHAOTIC MAPS USING
PARTICLE SWARM OPTIMIZATION
N.G. Nikolaeva, A.S. Sheludko
et1814nng42Q@susu.ru, sheludkoas@susu.ru

In this work, the problem of parameter estimation is considered for
discrete models of chaotic systems. The estimates of the unknown vari-
ables in the model are found using the minimization of the cost function,
which has a large number of local minima. The solution of this problem
requires the use of a global optimization algorithm. This work presents
the application of particle swarm optimization.

Keywords: chaotic map, parameter estimation, swarm intelligence

Particle swarm optimization (PSO) is one of the most widely used techni-
ques for parameter estimation of chaotic systems [1-3]. However, most of the
studies in this topic are only focused on continuous models of chaotic systems
(see review of these studies in [4]). This work considers the parameter esti-
mation problem for a class of discrete models, which are described by chaotic
maps [5].

Consider a general form of chaotic map:

T = f(xkflv )‘)7

where xj is the state variable, and k is the time step index. In parameter
estimation problem, it is assumed that the model parameter A\ and initial
condition xg are unknown, and the only available data is the sequence of
measurements:

Yp =2+ vk, k=1,2,..., N,

where vy, is the additive error, and N is the number of measurements.
In the context of optimization approach [1, 6], the estimates of the
unknown variables are found using the minimization of the cost function

N

Fp) =3 (e~ o)

k=1

where p = [ 29 A]" is the vector of the unknown variables, and f* is the
k-fold composition of the map f with itself. Due to the nonlinear properties
of the chaotic map, the cost function F' becomes multi-extremal [6]. It means

The work was supported by Act 211 Government of the Russian Federation, contract
no. 02.A03.21.0011.

Nikolaeva Nadezhda Gennadevna, student, South Ural State University (Chelyabinsk,
Russia)

Sheludko Anton Sergeevich, senior lecturer, South Ural State University (Chelyabinsk,
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that F' has a large number of local minima. This is the reason for the
application of global optimization algorithms, such as PSO.

PSO is based on the simulation of the swarm evolution |7]. The swarm
consist of m particles, which move in the search space to find the global
minimum of the cost function F. Let p;;, p;; p be the current position
of particle, the best individual position, and the best position among all
particles, respectively. Here, ¢ is the particle index, and j is the iteration
index. The swarm evolution from iteration j — 1 to iteration j is described
by the following algorithm |1, 2].

Step 1. Calculation of the particle velocity:

Vij = w;Vij-1+c1r1(Pi — Pij-1) + c2r2(P — Pij-1),

Wmaz — Wmin
M
where ¢1,co > 0 are acceleration coefficients, r1,79 € [ 0, 1 ] are uniformly
distributed random numbers, and w; > 0 is the inertia weight (Wmaz, Wmin
are its maximum and minimum values, respectively).

Step 2. Calculation of the new particle position:

W5 = Wmazr — X 7,

Pij = Pij—1+ Vi

Step 3. If the new position is better than the best position, then the last
one is updated:

F(pi;) < F(pi) = Pi=DPi;-
Step 4. If the best position of the particle was updated in the previous
step, then try to update the global best position:

F(pi) < F(p) = p=Dpi.

After M iterations of the algorithm, the best position p is considered as
the solution of the parameter estimation problem.

This work presents the cost function analysis, application of PSO to
different data sets, and comparison of the estimation results for different
control parameters of the algorithm.
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IIPOCTBIE PEIIIEHNSI YPABHEHUI JANMHAMUKUAU
OJHOATOMHOT O TA3A
P.®. HukonopoBa
shayakhmetova.renata@gmail.com

YIK 517.958

PaccmarpuBatorcst ypaBHeHUs ra30BOM JUHAMUKE C YPABHEHUEM COCTO-
SIHUSL OJJHOATOMHOIO ra3a. V3 onTuMalibHOM CHCTEMBbI JOIYyCKAEMbBIX 110~
Jaarebp BHIOPAHBI 4-X MEpHBIE TOIAIre0phI, COIEPIKAIINE TPOEK TUBHbBIH
omepaTop. Boerauciensr maBapuanThl 6a3uCHBIX OnepaTopoB. Ilosydenst
unBapuanTHbie pemenus panra 0 ("mpocrbie" perienus).

Karouesvie crosa: ypaBueHus ra30BoOil [UHAMUKH, IPOEKTUBHBIN Onepa-
TOP, MHBADUAHTHOE DEIlIEHHE

Simple solutions for the equations of monatomic gas
dynamics
We consider the gas dynamics equations with the state equation of
monatomic gas. From the optimal system of admissible subalgebras,
four-dimensional subalgebras containing the projective operator are se-
lected. The invariants of the basic operators are computed. Invariant
solutions of rank 0 are obtained(”simple solutions”).

Keywords: gas dynamics equations, projective operator, invariant solu-
tion.

Cucrema ypaBHEHHIT ra3oBOil JUHAMHUKH B CIydae OTHOATOMHOIO Ia3a
JIIT BEKTOPA CKOPOCTU U = (U, v, W), TWIOTHOCTHU p, JABJIEHUS P U SHTPOIIUN
S mmeer Bug [1]:

Dii+ p~'Vp =0,

Dp + pdivii = 0, (1)

PaGora Bemosnena npu ¢urancosoit momnepxke PODU (mpoekt Ne 18-29-10071) m
CPEACTB TOCYAaPCTBEHHOro 61omkera 1o roc3amanuio (Ne 0246-2019-0052).
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DS=0,5=pp 3,

rme D = 0y + 4 - V. Bee 3aBucuMbie MepeMeHHBIE CAUTATCS (DYHKITUSIMI
BpEMEHH t ¥ JEeKaPTOBBIX KOOpAWHAT T = (Z,Y, 2).

Cucrema (1) gomyckaer rpynny npeobpasoBanuii ¢ 14-mepHoii aare6poii
Jlu oneparopoB. OcobeHHOCTHIO YPaBHEHUsI COCTOsIHUS OHOATOMHOIO Ta3a
SIBJISIETCS. TO, 9TO JIoIyCKaemasd ajiaredpa JIu cogepkur npoektuBubiit X9 =
t20; + txdy + tydy + 20, + (x — tu)dy + (y — tv)dy + (2 — tw)dyy, — 3tpd, —
5tpd,. OnTuMmanpHas cucreMa nogaiaredbp 14-mepHoit anre6pe! Jlu mocrpoeHa
B pabore [2].

13 ontuMabHON cuCTEMBbl HEMOJOOHBIX mogaarebp B padbore [3] BeIGpa-
HBI TOHAJITeOPBI, COMEPIKAIME MPOEKTUBHBIM omepaTop Xi2. Paccmorpens:
BCe 24 yeTbIpEXMEpPHBIE MONAITeOPBI C IPOEKTUBHBIM ONEPATOPOM, JIJId HUX
BBIYNC/IEHBI MHBAPUAHTHI 0A3UCHBIX O11epaTopoB. [logydeHbl Bce mHBapUAHT-
HBIE DEIeHUs PAaHra HOJIb ([IPOCTHIE PEINeHNst), 33/ JaHHbIe TIPOCTBIMU SIBHBI-
vu popmynamu. Ux xommaectBo — 8. Bee perenus HebapoXpOHHOrO THUIIA,
6 W3 HUX ¢ JUHelHBIM IoJeM cKopoctTeil. Ecim permenne panra (0 uMmeeT OT-
pHUIATEIbHOE JaBJIEHNE, TO MOXKHO J0DABUTH MUHUMAJIBHBIN 1eeKT, ITOOBI
perrierie nMeao PUINIECKHit cMbICT. Tax, Aas momaarebp, OTIMYIAIOITXCS
TOJIBKO OTIEPATOPOM PACTSNKEHUs [0 TEPMOIMHAMUIECKUM MapaMeTpaM Ta-
3a X14, 4 w3 5 mHBApPWAHTOB OAWHAKOBKIE. JlIs Takmx momaarebp MOXKHO
paccMOTpeTh YaCTUYHO WHBAPUAHTHOE PEIleHre, B KOTOPBIX IJIOTHOCTH €CTh
dbyHKIMS 00IIEero Buaa, a OCTATbHBIE (PYHKITMH UMEIOT WHBAPUAHTHOE TPEeI-
crapienue panra (). Takue pererns 0006IIAI0T HHBAPDUAHTHBIE DEIIEHUS.
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MOAE/JINPOBAHUE ITPONECCA PACIIPOCTPAHEHU
BOJIHBI B MHOT'OCJIOMHOM CPE/E
JL.LIO. IIpuBaJioB
HungryDoodles@yandex.Tu

VIIK 51-72

PaccmaTpuBaeTca mpoxoXkKaeHWe TIIOCKONW aKyCTHYECKON BOJIHBI depes
MAYKy TJIOCKOTOPU30HTAJIBLHBIX CJIOEB Pa3HOi miaoTHOCTH. Vcmonb3ys
perrierre mpeobpazoBanHOTO Mo Pyphe aKyCTUIECKOrO YPABHEHUS U CB3b
MEK/1y CJIOMHU, PeaIn30BaHbl J1Ba METO/1a HAXOXK IeHUd aMILIUTY/IbL IPO-
meaeit ¥ OTpazkKeHHOU BOJIHBI.

Karouesnie crosa: akyCcTUKa, aKyCTHUIECKasT CPe/Ia, MHOTOCJIOWHAS Cpe-
1a, mpeobpasoBanue @Pypbe, TPOXONKIEHNE BOJTHBI

Modeling of wave propagation through a multilayer medium

In this work a problem of acoustic wave propagation through a pack of
flat horizontal layers of various desities is being addressed. Using the
solution of an accoustic equation transformed using Fourier transform
and the boundary condition between layers, two methods of finding the
amplitudes of the transmitted and reflected waves are implemented.

Keywords: acoustics, acoustic medium, mutilayer medium, Fourier trans-
form, wave propagation

B macTosiiiee BpeMms 33J1aua pacIpOCTPaHeHHUs BOJH B MHOTOCJIOHHBIX
cpeflax TMPUBJIEKAET MHOTUX HCC/IEIOBATE/ e, TOCKOIBKY ITOM0DHBIE 3a1a9u
BO3HUKAIOT B PsJie MHTEHCUBHO Pa3BUBAIONINXCA HAYIHBIX U IIPOU3BOJICTBEH-
HbIx orpacseii [1, 2|. Hanpumep, ¢ pazsurueM HaHOTEXHOJIOIUI BO3HUKAIOT
3a/1a91 MOJIeJTUPOBAHUS ITPOXOXKJIEHNS BOJIH Yepe3 TOHKHE ILJIEHKU U CJIO-
HUCThIe CTPYKTYPHI TOJIIUHON, He TPEBBIAONIEeH AIUHY BOJHBI A AOIIETO
n3nygenusd. B medregodbiBaionieit oTpacu, mpu J00BIYe YIIEBOAOPOIOB BO3-
HUKAIOT 33/Ia91 MOJIETUPOBaHUS, CBSI3aHHbBIE C HMHUTAIIEH TTPOoIlecca ceiicMu-
9eCKOM Pa3BeIKM, KOT/Ia, BOJHA ITPOXOANUT UepPe3 HECKOJBKO TeOJIOTHIECKUX
cioeB. M mogobHBIX IPUMEPOB MOXKHO IIPUBECTH MHOMKECTBO.

Hennio manHoil paboThl ABISETCS PEIleHne 3a0a4UN PACIPOCTPAHEHUS ITa-
JIeHUS TIOCKOH BOJIHBI B JKUIKON WM Ta3000pa3HO aKyCTUIECKON cpeme Ha
MMaYKy TOPU30HTAIBLHO PACIIOJIOXKEHHBIX CJ0EB C PA3HON MJIOTHOCTBIO U CKO-
POCTBIO PACIIPOCTPAHEHUA B HUX BOJIHBI.

Bosna B mpou3BoibHOI cpene B 00IIeM CiIydae 3a7aeTcd YpaBHEHHEM

Y = C2A<P7 (1)

rje ¢ — CKOPOCTH PAacIpOCTPaHEeHUs BOJHBI B cpese, ¢ = ¢(z, x,t) — moTeH-
[IMaJI CMEIEHNs, OpeeaseMblif BEKTOPOM CMeIeHud U = V.

IIpusanos JlaspenTnii FOpbesud, crynentr YTATY (Yda, Poccna); Lavrentii Privalov
(Ufa State Aviation Technical University, Ufa, Russia)
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Bosinosoe ypasuenue (1) npeobpazosatnem ®ypbe npuBoguTCs K BUILY
O, + k20 =0, (2)
rae k2 = w?/c? — k2. Pemenne (2) mMeer cieIyromumii Bu:
D = ¢y (kp,w)e®=? 4 cy(ky, w)e ™ H=2,

PaccmarpuBaercs ycioBue CITMBKH, KOTOPOE 33/1a6T HEPA3PHIBHOCTH CMe-
IEHUS 1 OCTOSHCTBO JIaBJIEHUS:

0Pg } —_ 0P |
0z lz=z 0z lz=zp’ (3)
po‘z:zo - pl‘z:zo;

Jlyist BOTHBI, WyINe BHU3 U BBEPX ¢ Koddduimentamu mpu e'F=?
~ik22 COOTBETCTBEHHO, C TOMOIIBIO PA3JIETEHNs TPAXOISITEl BOTHBI AMILIH-
Tymo#t 1 Ha IPOITeIyio ¢ M OTPAXKEHHYTO 7, 0000TWB J/1a adku u3 [N C/I0EB,

CTPOUTCA MaTPUILA TIE€PEX0/I0B

u Ipu
e

G =Bn_1EN_1...BaE>B1 E1 By,

rie B; — marpuita mepexo/a depes rpanuiy, E; — marpuna cMmenienus [3).
CorytacHo yCJIOBHUIO pa3jie/ieHusi BOJHBI HA TPOIIEIIYI0 U OTPAKEHHYEO
PACCUYUTHIBAIOTCH aMILIITYbl TUX BOJIH C IOMOIIBIO PENIeHNs CUCTEMBI:

“(7)-(7)

B nammom komTekcTe KOI(DPUIMEHTHI OTPANKEHUST U MPOXOXKICHUS BbI-
pa¥KaroT JIOJI0 OTPaYKEHHON WM TPOIIEITell BOJTHLI OT MaJalomnieil BOJTHBI
¢ yIéTOM M3MEHEHUEM YTJia W CKOPOCTH BV KeHWd. KOHEUHDBII BUI BOJIHBI,
TIOPOZKIAEMBIA STUMHU BEPOATHOCTSAMU, HAXOAUTCS € TOMOIIBIO PEKKYPEHTHO-
TO BBIYUCIEHUS BEPOSITHOCTEMH R;LL, Ti, RIL, TQ u3 Ri_l, Ti_l, Rg_l, T;_l C
[Ipe/IBAPUTESIBHO SBHO 33/ JaHHBIMU HaYa bHbIMU KO MUITMEHTAMY HA KPaii-
HUX CJIOSIX Ha OCHOBE YCJIOBHS CIIMBKH (3).

K ocHoBHBIM pesysibraram paboThl OTHOCATCS CIEYIOIINE OJTOKEHU: )
Ha OCHOBE M3/I0XKEHHOTO BBIIIE TTOAX0a Pa3paboTana mIporpaMMa, PacCIuThi-
BaIOIasd aMIJIATYAY OTPAXKEHHOI BOJIHBI, TIEPEBOIANIAA UCXOJHBIN CUTHAJI B
YaCTOTHOE TTPOCTPAHCTBO MPU TIOMOIIK IUCKPETHOTO mpeobpazosanus Pypoe
U IPOU3BOIAIIAS PACYET [0 TTOJOKUTETbHBIM YaCTOTaM, BOCCTAHABIUBA OT-
pUmaTe/IbHBIC YaCTOThI KOMIIJIEKCHBIM COIIPAXKCHHUEM 6) IIOKAa3aHO IIOJIHOE
COBIA/IEHNE CUT'HAJOB Ha TECTOBLIX CJOyYasX JJs JABYX Pa3HBIX CIOCOOOB;
B) IIPOBEPEHDBI 3JIEMEHTAPHDBIC CJIyYal MPOXOXKJACHUA 1M OTPaKeHUA BOJIHBI OT
T'PAHUIIBI MEZKAY BO3AYXOM U BOJOU, IIPOU3BOJBHON CPEIOi U BAKyyYMOM, I10/1-
TBEPKAAIINE KOPPEKTHOCTH METOA0B, I‘) BBIABJICHBI JOCTOMHCTBA METOA0B,
3aK/TI0YAIOIINECH B OY€Hb BBICOKON CKOpOCTH pabOThl U BBICOKOI TOYHOCTH,

239



HEJIOCTATKU — CJIOXKHOCTD 1IEPEX0/a B MHOIOMEPHOE MPOCTPAHCTBO, & TAKKE
obIIe orpaHmYennst W CTOPOHHNe 3@ EKTH TAKOTO TOAX0Aa — HeoOXoau-
MOCTBb OpaTh J0CTATOYHO GOJIBITIOE OKHO, YTOOBI TOJITOBPEMEHHOE MTePe0TPa-
JKeHMe He 0KA3BIBAJI0 UPE3MEPHOT0 BJWSHUS TIPHU MTEPEX0je Yepe3 TPAHUILY
BPEMEHHOT'O WHTEPBAJIA, B CUJIY MPEINOJI0KEHNs O IMTUKINIHOCTH CUTHAJIA.
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OIMMCAHVUE JITNHAMUWUKN HEJIMHEVIHBIX BOJIH B
OZ[HOMEPHOﬂ MOAEJIN C TPEMA
IIPUTATUBARKIIINMU ITPUMECAMHA C ITIOMOIIIBbHO
YPABHEHN A CUHYC-T'OPJIIOHA
K.IO. CamconoB, A.M. I'ymepos, P.B. Kyapasues , E.I'. Ekomacos

YK 517.957, 537.611, 51-73

VYpasuenue cunyc-Topaona (YCI') sBisiercs oHUM U3 UHTEHCUBHO U3Y-
9aeMbIX HeJTMHEHHBIX TudDepeHnnaTbHbIX YPABHEHUH MATEeMATHIeCKOM
duszuku. JlJanHOE ypaBHEHUE OMUCHIBAET BOJHOBBIE MPOIECCHI B CAMBIX
Pa3HOOOPa3HBIX ObsacTsax ecrectozHanus [1]. Haiiiens! pazandanbie To4-
wbie pemrenus ¥ Cl tuna kuuka, Opu3epa u HEKOTOPBIE APYTUE PEITIeHUsT
6oJtee CIIOKHOTO MYJIbTHCOTUTOHHOIO THUIIA.

Karouesnie croea: ypaBaenne cunyc-LIopmora

PaGora Bemmonmena npu dbuHaHCOBOM Moanepxkke PODI (mpoekt Ne 20-31-90048).

Camconos K.}O., Tiomenckuii rocynapcrsennstii yausepcurer, (Tomenb, Poccus)
Samsonov K.Yu., Tyumen State University, (Tyumen, Russia)

Pymepos A.M., Bamkwupckmii rocymapcreennbiii yamsepcurer (Yda, Poccus)
Gumerov A.M., Bashkir State University, (Ufa, Russia)

Kynpasues P.B., Bamkwpckuii rocymapcrsenubiii yausepcurer (Yda, Poccus)
Kudryavtsev R.V., Institute for Physics of Molecules and Crystals, UFIC RAS, (Ufa,
Russia)

Exomacos E.I'., Tiomenckmii rocymapcrsennbiii yauBepcuret, (Tiomenn, Poccus),
Bamxkwupckuii rocymapcrsennsiit yausepcurer (Yda, Poccust) Ekomasov E.G., Bashkir
State University, (Ufa, Russia), Tyumen State University, (Tyumen, Russia)

240



Description of the dynamics of nonlinear waves in a
one-dimensional model with three attracting impurities using
the sine-gordon equation

The sine-Gordon equation (USG) is one of the intensively studied non-
linear differential equations in mathematical physics. This equation
describes wave processes in a wide variety of areas of natural science
[1]. Various exact solutions of the USG of the kink, breather type, and
some other solutions of a more complex multisoliton type are found.

Keywords: sine-Gordon equation

OO06BITHO /TSI UCIIOJIB30BAHUS B PEAJTBHBIX (PUBHICCKUX MOJIEITX Tpedy-
ercs mopucukaius YCI', vanpumep, myTem m106aB/eHUs JTOIOJHATETBHBIX
CJIal'a€MbIX 1 d)yHK]_[I/Iﬁ OHI/I MOr'yT OIIMCbhbIBATH HAJIUIUEC BHeIIHEHR CUJIbI, JUC-
CUTIAINU B CUCTEME, HEOJHOPOIHOCTDL MAPAMETPOB CPEIbl W AP. XOTd TOJIY-
qaeMoe B pesysbrare MouduimposanHoe ypapuenue cuayc-Topmona (MVY-
CT') y»xe He MMeET TOYHBIX AHATUTHYECKUX DENIEHuil, pa3paboTan u mupo-
KO MPUMEHSIETCST Psijl AHAJTUTHIECKUX METOIOB (HApUMep, TeOpUsi BO3MY-
MIEeHWH [T COJTMTOHOB MM MeTO/ KOJIJIEKTUBHBIX KoopauHat). MaTepecHo ¢
TOYKU 3peHns PU3NIeCKUX MPUIIOKEHU N3y IeHUE BINSHUS IPOCTPAHCTBEH-
HOM MOZYJISIIIAN EPUOAMIECKOTO TOTEHIMAIA (MM TPUMECH ) HA JAUHAMUKY
commronoB YCI'. BosbyKenne soKaIM30BaHHON HA TPUMECH BOJIHBI (TIpU-
MeCHOM MO/I[EI) B pE3yJabTaTe pacCCedHnd KUHKA IIPUBOAUT K 3HAYUTC/IBHOMY
M3MEHEHUIO ero jJuHamMuku. Panee ObLIM POAHAJIU3UPOBAHBI CTPYKTYPa U
CBOMCTBA JIOKAJIM30BAHHBIX HEJIMHEHHBIX BOJIH, BO30YK/IEHHBIX HA OIHON U
aByX npumecsix [2,3]. Bouio mokazaHo, 9To IPUTSTHBAIONIAST TPUMECH MOXKeT
OBITH HCIOb30BaHA A BO3OY:KaeHust MyabrucoauTonos YCI. B cayuae,
KOr'Jla Ha ABYX HTPUMECAX B036y)K,ZLaIOTCH JIOKQJIN30BaHHBIEC TTPUMECHBIC BOJI-
HBI, AaHAJTUTUYECKU MTOKA3aHO, UTO UX KOJeDaHUS MOXKHO OMUCATH CUCTEMON
ABYX TaPMOHUYECKUX OCHUJIJIATOPOB CO CBA3bIO YIIDYTOr'O TUIIA. AHa.HI/ITI/I—
YeCKUe PEe3yJIbTaThl KAUEeCTBEHHO COBIAJAIOT C PE3y/IbTaTaMU UHUCJIEHHOTO
mogenmposanus YCI (kak fyist BYX TOYEUHBIX, TAK U JJIsl JBYX TIPOTIKEH-
HBIX ipuMeceii). Cirydail 1Byx mpuMeceii 1aet 60Jiblee pazHooOpasne HOBBIX
MYJIBTUCOJUTOHHBIX PEIeHUu U JuHaMuIecKux 3¢hPeKToB 110 CPABHEHUIO CO
ciaydaeM OfHON npumecu. MOKHO 0XumaTh erne OoJIbIIero pasHoobpasusd
perennit u 3PdEKTOB pU HaJIMINKU TPEX U Dojee npumeceil B cucreme. B
IaHHOM paboTe mMCCIeIOBAHA JIWHAMHUKA MPUMECHBIX MO B MOJETH CHUHYC-
lopmona ¢ TpeMs 0IMHAKOBBIMU TOUEUHBIMU TTPUTIATHBAIINMY TPUMECIMH,
HaXOIANUMHUCS Ha, OJIMHAKOBOM PACCTOAHUM APYT OT JApyra. C MOMOIIBLIO Me-
TOJa KO/UIEKTHBHBIX ITEDEMEHHBIX MOJydeHa cucrema auddepeHnnaabHbIX
ypasrernii (1), npubIMKEHHO OMMCHIBAIOMAA KOJTeOAHUA TTPUMECHBIX MO/,
[Tonydennble ypaBHEHUS IPEICTABISIOT cob0#l ypaBHEHHS KojebaTebHOl
CUCTEMBbI C TpeMd CTeIICHAMMN CBO60,ZLBI njain TpéX CBA3aHHBIX TaPMOHUYIECKHUX
ocimutaTopos. Kostebanus cucreMbl mpecTaBiasioT coboit cyMMy TPEX Tu-
TTOB TAPMOHUYECKUX Kojrebanuii: cuadasnoro, cnadasno-anTrda3Horo u aH-
tucaznoro. Haiijena 3aBUCHMOCTb YaCTOT MAPMOHUYECKUX KOJIeDaHUN 1 nx
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K03 PUIMEHTOB, ONPEIEIAIONNXK, HAPSIY C HAYaJ/JbHBIMU YCIOBUSIME, BKJIA/T
KaXK0i TAPMOHUKY B KOJIEOAHUSA MPUMECHBIX MOJ, OT BEJIUYIUH HEOIHOPOI-
HOCTU U PACCTOSIHUSI MEXKJy NPUMecsiMi. BBIUMCIeHbl npeJebl KBaIpaToB
9acTOT U KOI(DDUIMEHTOB TPU OECKOHEYHOM PACCTOSHUN MEKIY ITPUMe-
CSMU, COOTBETCTBYIOIIEM CJyYal0 HEB3aUMOAECHCTBYIONUX TPUMECHBIX MOJ.
ITpu ymenbiniennn paccTOAHUS MEXKAY MPUMECIMU 9aCTOTa CHHQAZHBIX KO-
JieOaHui yMEHbBIIAeTCsd, 9aCcTOTa CHH(AZHO-aHTH(ABHBIX KOJIeOaHTH yBeIm-
9MBAETCHA, YACTOTA AaHTU(ABHBIX KO/Ie0aHWil yBEIUIUBACTCI HE TaK OBICTPO
o cpaBHeHWIO ¢ cuHpazHo-anTudazubiM cayudaem. Haiinensr 3aBucumoctu
AMILIATY/T TPUMECHBIX MO, OT BpeMernu. B ciayuae Bo30yKaeHus OMHON Tap-
MOHUKH HabJojaeMble Kosiebanusi rapmonudeckue. [lpu Bo30yKaeHun 1Byx
FapMOHUK BO3HUKAIOT Ouenus, KojaebaHus mOX0Ku Ha KojebaHus B CIrydae
IBYX ONWHAKOBLIX mpuMmeceit. [Ipu Bo3OyxkaeHnn TPEX rapMOHUK (HhopMa, KO-
Jgebanuit cuabHO yoaoxkHsgercd. [lokazano, 9To paccMOTpeHHAsT MOIEIb MO-
JKeT OBITH MCIOIB30BAHA, HAIPUMED, /Il ONUCAHUS U YIPABICHAS INHAMU-
KO BOJIH HAMATHUYEHHOCTH B MYJIBTUCJIONHBIX MAarHeTUKAX.

41 + a1w? + agkia + azkiz =0
do + aswi + (ay + az) k2y =0
ds + azw? + a1kiz + agkia =0

r7e 1,2,3 — aMIUIUTYIBl TPUMECHBIX MOJT, JIOKAJIM30BAHHBIX Ha TEPBOH, BTO-
poit U TpeTheit mpuMecax w%, w%, k12, ko1, k13 — mapaMeTpnl, CBA3aHHbBIE C Pa3-
MepaMu PUMECH U PACCTOSTHUEM MpPUMeceil Ipyr oT JApyra.
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MATEMATNYECKOE MOJEJ/JINPOBAHUE XUMNWYECKUNX
PEAKIINWU: UCCJIEJOBAHWE BJINAHUA BAPUATINN
KVHETUYECKUNX ITAPAMETPOB HA O2KNJIAEMDbIU

COCTAB ITPOAYKTOB

JI.®. Cadbmymmua, I.M. T'y6aiiaymmu
Nurislamova_ LF@mail.ru, IrekMars@mail.ru

VIIK 519.6

N3y4dena 9yBCTBUTEILHOCTh MATEMATHYIECKON MOJEIN PEAKIHI KaTa-
JINTUYECKOTO pruPOPMUHTA OCH3WHA W KATAJIUTHICCKON M30MEpPU3aIINN
MMEHTAHTeKCAHOBOM (PPAKINN K BapUAIUSIM KOHCTAHT CKOPOCTEH CTa TN,
B x01e KOMIIBIOTEPHOTO IKCIIEPUMEHTA, BBIABICHBI PEAKIINH, OKA3BIBAT0-
e HaunbOIbIee BAUSHNAE HA BBIXO/BI IIEJIEBBIX MPOIYKTOB.

Karuesve ca066: KUHETUUYECKASA MOIeJb, aHaJIN3 YYBCTBUTEJIBHOCTH,
MaTEMATHYECKOE MOJEJINPOBaHNE

Mathematical modeling of chemical reactions: study of the
effect of variations in kinetic parameters on the expected
composition of products

The sensitivity of the mathematical model of the reactions of catalytic
reforming of gasoline and catalytic isomerization of the pentane-hexane
fraction to variations in the rate constants of the stages has been studied.
By means of a computer experiment, the reactions that have the greatest
influence on the yields of the target products were revealed.

Keywords: kinetic model, sensitivity analysis, mathematical modeling

Kumnerndyecknit MexaHM3M XUMHUYECKON PEAKITUU MOXKeT OBbIThL HCCJIEI0-
BaH HA OCHOBE CXEM PA3JIAYHON CTENeHW JeTaJInu3alii U ¢ PA3HOHN CTeNeHbIO
arperupoBaHus KOMIOHEHTOB. OJHAKO aJeKBATHOCTH MAaTEMaTHIECKON MO-
JeJid, IHOCTPOEHHOM 110 9TOM CxeMme, 3aBUCUT B IIEPBYIO O4epelb OT TOYHOCTU
HMCXOHBIX ITApaMeTpPOB, OCOOEHHO KOHCTAHT CKOPOCTU MHOXKECTBA, TaCTHBIX
peaKImii, TPOTEKAIOIINX B XOJIe PeakInu. KOHCTAaHTBI CKOPOCTH W SHEPTHUHU
AKTUBAITMN YACTHBIX PEAKIINi 3apaHee OmpemessaioT B JaDOPATOPHBIX YCI0-
BHUSX, & 3aTEM YTOUHSIOT, PeIlas 0OPAaTHYIO 3a1a9y XUMUYECKON KUHETUKN
IPUMEHNUTEIBHO K KOHKPETHBIM YCJIOBUAM MMPOBEACHUA PECAKITUHU.

Ilo »Toit mpuumHe aKTyaabHON ABIAETCd 3ajada OIeHKAa TyBCTBUTE b-
HOCTU MaTeMaTUYeCKOi MOIeAn K BapHAIlNU €€ KWHETHUYECKUX MapaMeTpPOB.
HauHBIf aHaaIn3 MOKa3bIBAET KOHCTAHTHI CKOPOCTH KAKWUX CTAINH TOJIXKHBI

WccnenosBanme Boernosineno mpu dbunancoBoil momuep:xke PODU B paMkax HaydIHOTO
mpoekTa Ne 19-37-60003).

Cadwuynnmaa JInana @anyposHa, K..-M.H., HayaHbH coTpymauk, BamI'y (Vda, Poc-
cus); Liana Safiullina (Bashkir State University, Ufa, Russia)

I'y6aitgynmmn Vpexk MapcoBu4, n.d.-M.H., Bemymwii Hay<HBI coTpyamuk, VHK
YO®UIT PAH (Yda, Pocena); Irek Gubaydullin (Institute of Petrochemistry and Catalysis
of UFRC RAS, Ufa, Russia)
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6])ITb U3MEPEHbl KaK MO2KHO TOYHEE, TaK KaK WX HCOIIPEAC/ICHHOCTb B Hau-
GoJIbINEll CTenenn BJIWSIET Ha MPOTHO3WPYEMBIT COCTaB MPOAYKTOB. A Takke
MOKA3bIBAET KOHCTAHTHI CKOPOCTH CTAJINI MOYKHO OMPEeATh ¢ OOJIbIIEH TT0-
TPEITHOCTHIO, TNOO BOBCE UCKAIOUNTH W3 MOJEIIH.

,HJ’[H AHaJIN3a YYBCTBUTEJILHOCTHU MATEMATHUYECKOM MOJEC/IN XUMUYCCKUX
peaxIuil aBTOpHI B paboTe UCIOIB3YIOT JOKATBHBI aHan3 9yBCTBUTEIHHO-
ctu (9aCTHBIE TIPOU3BOIHBIE IEPBOTO MOPSIIKA) U T10baabHbIH MeTos Cobos
[1,2]. MerogaMn aHa/M3a TyBCTBUTEIBHOCTH MCCIEJOBAHBI MATEMATHIECKIE
MOEIN PEAKIUI KATAJTUTHIECKOTO PUPOPMUHTA OCHIMHA U KATATHTHIECKON
M30MepU3aIuu eHTanrekcanoBoil (ppaxkiuu. Oupenenensl Hanbosiee BJHs-
TeJIbHBIE CTAAUU PEAKITUH, TPOBEIeHO (PUBNKO-XUMHUTIeCKOe 000CHOBAHME.

JIureparypa
1. Nurislamova L.F., Gubaydullin I. M. Mechanism reduction of chemical reaction
based on sensitivity analysis: development and testing of some new procedure //
Journal of Mathematical Chemistry, 55:9 (2017), 1779-1792.
2. Hypucaamosa JI.@., I'ybatidyasur H. M. Uucnennvlit anann3 uaeHTndum-
PYeMOCTH NapaMeTpoB MAaTeMaTUYeCKOi MOJIEIN XUuMUYecKol peakuuu // Borauc-
JIUTEJIbHbIE MEeTO/bl U porpammuposanue, 15(2018), 685-696.

3AJAYA O PACIIPOCTPAHEHUU ®NJIBTPAIIMOHHbBIX
BOJIH B IIOPUCTOM CPE/E, HACbI]J.[EHHOfI
MNYy3bIPHBKOBOM KNIAKOCTBIO
JI.®. Curaukosa

YIK 532.546:534.1

Ha ocHOBe TPOMBITIIJIEHHBIX JAHHBIX W UCCJIEIOBAHUN O MEXaHU3Me MPOo-
TEKAHUdA OCHOBHBIX XUMHUYECKUX PEAKIIUI COCTABJIEHA CXeMa MpPeBpallle-
HHU# KaTAJIUTHIECKON M30MEepu3aIii MeHTaH-rekKcanoBoit (ppakmun. I1o-
CTpOEHa MaTeMaTHIeCKasi MOIETb PEAKTOPHOI0 OJI0KA TIPOIECca U Ompe-
JleJIEHbl KNHETUYIEeCKNe TTapaMeTPHhI.

Karwuesvie crosa: pactnpocrpanenne (bUIbTPANMOHHBIX BOJIH, TOPUCTAs
cpena

The problem of the propagation of filtration waves in a
porous medium saturated with a bubbly liquid

On the basis of industrial data and studies on the mechanism of the
main chemical reactions, a scheme of transformations of the catalytic
isomerization of the pentane-hexane fraction has been drawn up. A

PaGotra BbinosiHeHa npu ¢unaHcoBoi nognepxke PO®U (mpoext Ne 19-31-60015).
Curnukosa JI.®., ¥Ydumckuil rocymapcTBenubiii HedTIHOM TEXHUIECKUH YHUBEPCATET
(Yda, Poccua); Ufa State Petroleum Technical University (Ufa, Russia)
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mathematical model of the reactor block of the process was built and
the kinetic parameters were determined.

Keywords: filtration wave propagation, porous medium

WccnemoBanue pacopocTpaHeHus: BOTH JABJICHUS PA3IUIHON WHTEHCUB-
HOCTHU B HACBIMICHHBIX MOPUCTHIX CPEAAX ABJIACTCA aKTYAJBHBIM B CBA3U C
uzyuyerneM 3pHEKTUBHOCTA BPEMEHHBIX 3AIUTHBIX COOPYKEHUMU, BOIIPOCA-
MM aKyCTHYeCKOIO KapoTaxka W 30Hauposanus [1-3].

B nacrosimieit pabote ucciieioBana SBOJIONUS UMIYJIbCA KOHETHON [N~
TEJIbHOCTY B NMOPHUCTON Cpejie, HACHIIEHHON ra30KUIKOCTHON CMEChIO, IIPO-
AHAJIM3UPOBAHBI JIBE CUTYAITMH PACIIOJIOKEHUS [TY3bIPBKOB B IIOPUCTO# CpeJIe.
HepBaH, KOrJia IMy3bIPEK OXBATbhbIBA€T HECKOJIBKO IIOD, U BTOPpadA CUTyaAlUAd —
IIy3bIPBKHU [a3a HAMHOTO MEHbIIE, YeM pPa3Mepbl [I0P U HAXOJATCS Ha CTEH-
Kax Iop. 3alncana 00Inas CUCTeMa ypaBHeHUH v (PU3UIECKUX COOTHOIIEHUIT,
OTIMCHIBAIONIASA PACIPOCTPAHEHNE BOJIH B MOPUCTOHM Cpejie, 30 THEHHOM my-
BBIPBKOBOI KUJIKOCTHIO. [loTyueHs! qucnepcnoHHbIe COOTHOTIEHUST 11t 000~
X CJAYYaeB, HA OCHOBE KOTOPBIX MCCIEIOBAHA 3aBUCUMOCTD (PA30BON CKOPO-
cTi U KO3(DPUIIMEHTa 3aTyXaHUs OT YACTOTHI Jjid «OBICTPOil» W «MeJJIeH-
HOI» BOJIH.

YCTaHOBJIEHO, 9TO JJIst «MEJJIEHHON» (DUIBTPAIMOHHON) BOJHBI CyIIe-
CTBYeT TPHU JAWAIA30HA 9ACTOT, TJ/i€ CYIIECTBEHHO PA3JIMIAIOTCH HE TOJBKO
KOJINYECTBEHHAsI, HO U Ka4eCTBEHHAs] KAPTUHA JIUCIEPCUOHHBIX KPUBBIX.

Meroom 6uicTporo npeobpazosanus Pypbe ncc/ie0BaHa IMHAMIKA BOJTH
KOHEYHO JUIMTEIbHOCTH /11t 000X CJIy9aeB COCTOAHUS ra3a B IOPOBOM IIPO-
crpaucrse. [loaydeno, aro «ObicTpasiy BOJIHA COXPAHIET CBOIO aMILIUTYILY U
dopmy HA TOCTATOIHO OOIBITOM PACCTOSHUU, B TO BPEMS KaK «MEITCHHAT
BOJIHA TIPAKTUYIECKUHN MOTHOCTHIO 3aTyXaeT yKe Ha paccroguun 0,1 M.
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CBOIICTBA YACTOT CEPTEEBA YPABHEHU Y XINJIJIA
A.X. Cram
aidamir.stash@gmail.com

VIK 517.926

Hacrositast pabora nocssitiera n3ydenunio dactor CepreeBa ypaBHEHUS
Xunma. YCTaHOBJIEHO PABEHCTBO MEK/y BepXHeW W HUMKHEH JacToTa-
mu Cepreesa qudepeHnuanbHOro ypaBHeHus: BTOPOro MOpsijKa ¢ Iie-
puoandeckumu ko3 durmentamu. I[lomydena gpopmysa, CBI3bIBAIONIAL
MyJIBTUIIMKATOPBI ypaBHeHus Xwujuia ¢ Henesoi dacroroit Cepreesa.
Haiinersr HeoOXOmUMbIE U JOCTATOYHBIE YCIOBUST YCTONIUBOCTH YACTO-
THI ypaBHEHUS XWUJLTA.

Karueeve caoea: ypaBHenne Xuiuia, YUC/IO HYJEl, TOKa3aTe/lb KoJeb-
JIEMOCTH, 9UCI0 Bpaiienusi, acrora CepreeBa, MyJIbTHILIHKATOPbI

Properties of the Sergeev’s frequencies of the Hill’s equation

This paper is devoted to the study of the Sergeev’s frequencies of the
Hill’s equation. Equality between the upper and lower frequencies of
the Sergeyev’s second-order differential equation with periodic coeffi-
cients is established. A formula connecting Hill equation multipliers
with non-integer Sergeyev’s frequencies is obtained. Necessary and suf-
ficient conditions of the stability of frequency of the Hill’s equation are
derived.

Keywords: Hill’s equation, number of zeros, exponents of oscillation,
rotation number, Sergeev frequency, multiplier.

PaccMoTpiM MHOZKECTBO £2 JIMHEHHBIX 0THOPOHBIX YPABHEHUH BTOPOTO
[OPSIKA,
y+a1(t)y+a2(t)yzoa teR-‘r = [0,00),

3a/JaBaCMBIX OTPAHUYCHHBIMU HETTPEPHIBHBIMN (byHKH;I/IHMI/I
_ , 2
a=(a1,a2): Ry — R,

C KOTOPBIMH B JIajIbHEHIIEM 1 OyIeM OTOXKJIECTBIIATH CAMHU YDaBHEHUS.
Oupenesnienne 1[1-3|. Beprnaa n nuostcnas wacmomos Cepeeesa CKaIsAp-
ot dyuknun y: Ry — R zamagum dopmysioin

- T 7T
v(y) = lim —v(y,t), v(y)= lim —v(y,t),
(v) = Jim Sv(y.1), #(y) = lim Sv(y,?)
rae v(y,t) — auciao nyaetd y Ha mpomexytke (0, t].

B cay4gae cornagenust Bepxueit wacrorsl CepreeBa QyHKINN Y C HUKHEH
Oy/ieM Ha3BIBATD €€ MOYHOT.

Cram Afimamup Xaszperosud, K.d.-M.H., go1eHT, KaBKa3CKuii MaTeMaTWIecKuit
nentp, Anprreiickuit rocymapcrsennbiii yamsepcurer (Maiikorn, Pocena); Aydamir Stash
(Caucasus Mathematical Center, Adyghe State University, Maykop, Russia)
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Bysem m3yuars ypasuenne Xuiia (0,p) € £2 ¢ HenpepbiBHOi T - 1re-
puogmyeckoii dynknneit p : Ry — R. M3secrno [1,4], 94ro Bce HeHysepble
PeIenns KaKoTo-n00 ypaBHeHns a € 2 MMeloT OfHy U Ty Ke BepXHIow (Kak
u HuKHIO) vacTory Cepreesa, npudeM Jiisi PEIIEHUIT HEKOTOPOTO ypaBHe-
Hug a € £2 Bepxume gactors Cepreepa He COBIATAIOT ¢ HUKHUME. OJIHAKO,
9TO HEPABEHCTBO HE MMEET MeCTa JIJIsl PDEIeHnl YPABHEHUA XUJLTa.

Teopema 1. /[asa 4106020 HEMPUEUAALHO20 PEUEHUA YpasHeHUus Xuaia
(0,p) € £% wacmoma Cepzeesa sacasemcs mounod.

Yacrory w(p) ypasuenus Xumra (0,p) € £2 onpegenmy Kak HacToTy
CepreeBa TIpOM3BOIBHOTO €r0 HEHYIEBOTO pertenns. Ecin sta wacrora w(p)
ypaBHeHust XH/LIa — [[eJI0e YUCJI0, TO O ero MYJIBTUIIINKATOPAX MTOYTH HIIero
OTIPEJIEIEHHOTO CKa3aTh HENb3sl — Pa3Be TOJIBKO, UTO OHU BEIECTBEHHBIE I
mveror zuax uncaa (—1)“?P). B npormeroM ciyuae no wacrore Cepreesa
OJIHO3HAYHO BOCCTAHABJINBAIOTCS MY/IBTUIIHKATOPEl YPaBHEHUS XU/Ta, Kak
[OKA3BIBAET CJICIYIOIas

Teopema 2. IIycmv wacmoma w(p) ypasnenus (0,p) € E? asasemca
HEUEA0t, Mo20a 04 MYALTNUNAUKAMOPOS 1L IMO20 YPAEHEHUA CNPABEOAUBO
PABEHCMBO LI+ = eFiw @)

Yacrors! Cepreepa OyeM paccMaTpuBaTh Kak (DyHKIIMOHAJBI HA JIMHEN-
HOM TOIIOJIOTMYECKOM IIPOCTpaHcTBe a € & 2 ¢ eCTeCTBEHHBIMH /IS byuKIITIN
JIMHEMHBIMU OIEepAIUsIMU U paBHOMepHO Ha R Tomosorueil. 9Tu 4acToThl
ABJISFOTCH HENPEPBIBHBIMU HA BCEM MHOYKECTBE £? [1]. B cBsi3u ¢ 91um BO3HU-
KaeT BOIIPOC: MOYXKET JIi 9aCTOTa ypaBHEHUS XWUJ1JIa B HEKOTOPBIX CJyYasX HE
MEHSITHCS, HECMOTPsI Ha TPOU3BOJIbHbBIE, HO JOCTATOYHO MAJIbIe BO3MYIIEHUS !

Omnpenesnenne 2[5]. Byzem nazsiBars yacrory ypastennst Xusia (0, p) €
£2 yeToitamBoii, ecu 118 HeKOToporo € > 0 1 /i To60To ypaBHeHns XHLTa

(0,q) € &2, ynosnerropstomero ornerke sup |q(t) — p(t)| < e, mmeer MecTo
teR+
paBeHcTBO W(q) = w(p). B mporusHOM ciydae GyzeM HA3BIBATH YACTOTY

ypaBHeHust XnJjia HeyCTOWIUBON.

Teopema 3. Ecau wacmoma ypasrerus Xuara uppayuoHaivbHa, mo oHa
HeYCmoUuuea.

Teopema 4. Ecau wacmoma ypasnenus Xuana pasna 7 (s € NU{0}, k €
N) u das aw0bozo ez0 pewenus T cnpacediuso HepaseHcmeo

7k 7k

ri(t) — #2(t) i (t) — #2(t)
0/332(75)+j:2(t)dt <7TSs uAu O/Mdt > Ts,

mo ama wacmoma Heycmoﬁ%uea.

Teopema 5. /las mozo umobo. uacmoma ypasrerus Xuaia bviaa ycmodi-
wusa, 1eobrodumo u docmamouro, wmobv. ona pasnasacy 1 (k,s € N) u daa
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HEKOMOPLIT €20 pe’LUEH’U/LZ T, 2 BUNONHANOCH HEPAGECHCIMGO

7k 7k

ri(t) — #2(t) 23(t) — 22()
O/Mdt—ws . O/Mdt—ws < 0.
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JANHAMUKA 1 TPAHCO®OPMAIIS BUXPEN B
IMPOBOAANINX HAHOCTOJIBYATBIX MATHUTHDBIX
CTPYKTVYPAX

Crenanos C.B., Exomacos A.E., Auronos I'.I.

AkryasibHON (pu3MYeCcKOil 1IPoOIEeMOIl ABJIseTCs pa3pabOTKa HOBOI'O IOKOJIEHMS
BBICOKOCKOPOCTHBIX ¥ 9PTOHOMUYIHBIX JIEKTPOHHBIX YCTPOHCTB. MarHuTHbIE HAHO-
cTosi09aThie CTPYKTYPbI, CoJepKaiine B cebe BUXPb, C HEJABHUX TIOD IMPUBJIEKAIOT
K cebe OombIloe BHUMaHKE O1aroaaps BO3MOXKHOCTH UX MPAKTHIECKOTO IPHMEHe-
HUsl, B YACTHOCTU, B MArHUTHOW NMAMSATU WJIM HAHOPA3MEPHBIX CIIMH-TOKOBBIX T'€-
Heparopax, ussiydaomux B ['Tn-1uamna3one, KOTOpble IIaHUPYeTCs HCIIOIb30BATh
B TEJIEKOMMYHUKAIIMOHHBIX MPUJIOXKEHUSX . B HacTOsIIee BpeMst OOJIBINON HHTEpeC
npusjekaer cnua-Tpancdepubiit nanorenepaTop (CTHIY) CBY, xoropbrii oTiuva-
€TCsl 3HAYUTEIHHOM BBIXOTHON MOITHOCTHIO, HEOOJIBIIONH MUPUHON U OTHOCHTEIHHO
OOJIBITUM CIEKTPOM YACTOT, JlaKe O€3 MPUJIOKEHUs BHEITHEr0 MATHUTHOTO IOJI.
Hanpuwmep, uccnenyercs Binsinue MOJISPU3OBAHHOIO JIEKTPUYECKOIO TOKA M Mar-
HUTHOTO TOJIS HA JUHAMUKY MATHUTHBIX BUXPEN, HAXOISIIUXCSA B IBYX MArHUTHBIX
CJIOSIX, BXOSIIUX B COCTAB HAHOCTOJI0YATON CITMH-BEHTUIHHOW CTPYKTYPHI.

PaGotra BbinosiHeHa npu ¢unaHcoBoi nognepxke PO®U (mpoext Ne 19-02-00316).
Crenanos C.B., Ekomacos A.E., Aaronos I'"U1., Bamkupckuii rocyiapcTBeHHbIR yHUA-
Bepcurer, r. Yda, Poccusa
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B pabore uccaegyerca CTHT, cocrosimuit n3 Tpéx cnoés (nepmasoesstii (Py) 4
um/Cu - 10 um/Py -15 um) kpyrosoro cedenus auamerpom 120 um. Hamarauyenno-
CTH O6OI/IX MArHUTHBIX CJIOEB HAXOOAATCA B BUXPEBOM COCTOAHHWM. PaCCManI/IBaeTCH
cnyt{af/’l, KOTrla ABa MArHUTHBIX CJIOA BBaHMOﬂeﬁCTByIOT gepe3 MMoJd pa3dMarHnyvu-
BaHUAd U CHI/IH—HOJI?IpI/IBOB&HHBIﬁ TOK H, IIPDA 3TOM, CUCTEMa HAaXOJUTCA BO BHEITHEM
MariuTHOM TIOJI€, TMEePINECHAUKYIAPHOM IIJIOCKOCTU CJIOEB. C IIOMOIIBIO MHKpOMar-
HUTHOT'O MOJEJHPOBAHUSA ObLIA MCCIEI0BAaHA IWHAMHMKA IBUXKEHUSA BUXpei, obOpa-
zoBanue C-CTPYKTYpbl BUXPEBOro cocrosiius. [TocTpoeHbl TpaeKTOpUH JIBUKEHUS
BUXpEil B PA3HDIX JUHAMHUIECKUX PeKuMax. st OObIINX TOKOB, IIPU BBIXOE KO-
pa BUXps HA Kpail JMCKa B TOJCTOM M TOHKOM CJjiosax Habmoganack C-cTpyKTypa
BEXPeBOro cocroguus [1]. s crydast HeGOMBIINX TOKOB, KOI1a HAOTIOIAETCS BaK-
HBIH JIJIsI MPAKTUIECKUX TPUMEHEHNH PEXKIM CTAITHOHAPHBIX CBA3AHHBIX KOJTEOAHMIT
MaIr'HUTHBIX BI/IXpeI‘/'I, B HAYaJIbHBIA MOMEHT JABU2KEHU A Ha6ﬂ}0ﬂa€TCH CHJIbHO HeEJIn-
HEMHbBINA PEXKUM JIBUKEHUsI. 3aTE€M TPACKTOPHS JBUKEHUS BBIXOIUT HA PACIIAPHAIO-
MIYIOCS CTTUPAJh M JOXOAUT A0 MAKCUMAJIbHHON BETNYNHBI.
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PaccmarpuBaercst KpaeBast 3a1ada s ypaBHEHHsT TapabOTHMIeCKOTrO
THIA HA IpUMEpe 33/a9u (DUIBTPAIUN KUJIKOCTH B HEMDTIHOM KOJLTIEK-
Tope. B pabore nmocrpoena pasHOCTHAsS cxeMa UCXOAHON 3aaaqu. Pacou-
CaHbI TPAHUYHBIE YCJIOBUS IS PA3JIMYHBIX ycaoBuii. [IpoBenen Bbraumc-
JINTE/IbHBIA IKCIIEPUMEHT, TIOCTPOEHBI 3aBUCUMOCTH KPUBBIX TABIEHUN
OT BPEMEHU W PAJUYCA.
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MODELING THE PRESSURE DYNAMICS IN A
FRACTURED RESERVOIR DEPENDING ON THE
BOUNDARY CONDITIONS

A boundary value problem for a parabolic equation is considered by
the example of the problem of fluid filtration in an oil reservoir. In
this paper, a difference scheme of the original problem is constructed.
Boundary conditions for various conditions are described. A computa-
tional experiment was carried. The dependences of the pressure curves
on time and radius were plotted

Keywords: pressure, differential equations, sweep algorithm

[TepcrexkTurbl pazsuTust HeTErA30BOM OTPACN HYKIAOTCA B U3y ICHUN
Pa3anYIHBIX BOMpocoB. CaMbIM OCHOBHBIM U CYIIECTBEHHBIM SIBJASIETCS OCBO-
enne n ahderTuBHAA pa3paboTKa, MecTopoXKAeand. CoBpeMeHHAs HayIHaAS
TeXHOJIOTHSI Ha3UpyeTcsd Ha TIIATEILHOM H3YYeHHH CBONCTB IPOAYKTUBHBIX
[JIACTOB M M3YYEHWHU CJIOXKHBIX TTPOIECCOB, MPOUCKXOMAITHX B ILIACTAX IIPU
9KCILIyaTallny CKBaKuH. Ha mamHOM 9Tame BaykKHO MOHUMATh (PUILTPAITHOH-
HBIE OCOOEHHOCTH KOJLJIEKTOPA, XapaKTep JABUKEHWd KuIKocTell. B mannoi
paboTe MPOBOIUTCS MOJETUPOBAHUE TUHAMUKW JABJICHUS B KOJUTEKTOpe |1,
2|. Pacupejesienune jaBienus ouucbiBaercs uddepeHiagbHbIMI ypaBHe-
HUSMH, KOTOPBIE BBILISIIAT CJAEIYIONIM 00pa3oMm:

OPf __ 1 9 (ks OPf km

ot T TQrCLf ) W(F T Tor ) e Hepreces ’ ( ;= Pm) (1)
P, = km . (P _ P )
8t ,u-(z)mctm f m

[TpocTpancTBeHHO-BpeMEHHON NHTEPBAJI, B KOTOPOM 33/1aHa CUCTEMa yPaB-
HEHUil, 33/1aH B BUJE:
Tw ST < Te 9
0<t<ty (2)

B 3amave paccMOTpeHBI PA3HOTO THTIA HAYAJbHBIE U TPAHTIHEIE YCJIOBUSI.
Ha mepBom sTame paccMOTPEHBI CJAeYOIITHE:

kpm\(;:o = PO; Pf’tzO = PO; Pf’r:Te = Pk; Pm’r:re = Pk;
P
QWhIf(TTTf)T:Tw = —q

3)

31ech ¢f — MOPUCTOCTH CETH TPEUuH (1.e7), ¢, — MOPHCTOCTH MATPHUIBI

(m.en),cep — caxumaemocts cern TpemuH (1/11a),¢yp, — cxEMaeMoCTh MaTpH-
uet (1/ITa),ky — nponumaemocts ceru Tpemus (M2), Ky, — IPOHUIAEMOCTD
marpmibt (M2), g — BaskocTs nedn (ITa-c), Pf- mracToBoe napaenne B ceTn
rpemmua (MTIa), Pm — mwracrosoe nasnenue B marpune (MIla), ¢ - gebur
wuakocTn (M3 /cyT), a — KoapdunmenT TpermmaoBaToi mopoas! (1/m2), ry, -
pasiMyC CKBAXKHUHBI (M),Te - PAANYC KOHTYDA IIUTAHUS, {), —~KOHEIHbBI MOMEHT
BpeMeHu (CyT).
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Takum oOpa3oM, 3aMKHYB 3a/atiy I'PAaHUYHBIMU 1 HAYa/IbHBIMHU YCI0BU-
MU, TIOJIy9a€M MOJIE/Ib, OMUCHIBAIONIY IO TePEPACTIPEIeIeHNE TABICHNUST B 11~
CTe U CeTH TPEIIUH B KoJleKTope. B pabore mpoBesieHa pasHOCTHAA AIIPOK-
CHMaIst 334y 9UCTO HEsIBHOI Pa3sHOCTHON cxemoit [3]. YHHBepcaabHBIM
METOJIOM PeIICHHUs alllIPOKCUMUPYIOIIEH 33/1a491 ABJIAeTCs MeTo/ CeToK. Jlrsa
YHCJIEHHOTO PeIIeHNs MOy 9eHHOM CeTOYHOHN 3a/1a49i BRIOPAH MeTO/] MaTpId-
Hoit nporouku [4|. IlocunTansl HadaabHEIE U IPOrOHOYHBIE KOAGbQHUIHEHTEI
MeTO/a, KOTOPbIe BRITVIAAT CIe/TyIOnIM 00pas3oM:

1
on = ——F—"—-—-
0 1+ hg X3ah%

27X1 2x1

2 2
aBuhe | M pen X3ohi poondl 4
BO _ 27rkhrw+27'7;<Pf0 2X1TPm0 ( )

1+ h72” _XSO’h%
27‘)(1 2)(1

an+1 _ hgpf}\lf - ahfxgerR,*l +2x178N -1
=

()

B pesyabrare paboThl mpoBeIeHBl BLIYUCIUTE/THHBIE IKCITepuMeHThI. 11o-
JIYUYEHBbl KPUBBIC 3aBUCUMOCTH JABJEHUA OT BPEMEHUW W PAJHAYyCa B KOJLJIEK-
TOpE P! PA3HBIX PEXKUMAX PAbOTHI CKBAXKUHBI. TaK2Ke MPOBEACHBI PACUYETHI
JUIA IPYyTuX HaOOpPOB HAYAJILHBIX U I'PAHHYHLIX YC/IOBHIA.

2x1T + hZ — h2xsar — 2x1Tan—_1
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PABOTA C BOJIBIINMI JTAHHBIMU ITP1 AHAJIN3E
IMPNJIOZKEHUM C MATASNHA APPLE STORE
A.C ®aneeB, E.B CagamnoBa
imetonyuk@gmail.com, SayapovaEV@gmail.com

VIK 004.62, 004.42

B nokmnane ommcana pabora ¢ OOJLIMHMK JaHHBIME. B KadecTBe mpu-
Mepa ObLTN BBIOpAHBI JaHHBIE W3 Mara3wHa npuiaoxkenuit Apple Store,
KOTOpbIE MOYXKHO HaiiTu Ha caiiTe COODIECTBA CIIEIUAIUCTOB 10 AHAJIN-
3y Janubix kaggle.com. AHayiu3 npoxouuT B ABa 1iara, HEepBbId - 10/~
TOTOBKA, JAHHBIX, BTOPO - BBIMOJHEHNE AHAJIN3A, IO TPEM KPUTEPUSIM,
KOTOpbIe onmcanbl B padore. llespio amann3a sIBISETCS BBHIOOD IMOIY-
JIIPHOTO, HO MIPX 3TOM Me€Hee KOHKYPEHTHOIO KAHPa JJis JajibHelei
paszpaborku npuioxkeHus. Pabora BeimoHeHa Ha A3bike Python.

Karoueswie carosa: Bosbiiue jannbie, ananus, Apple Store

Big Data analysis of apps from Apple Store

The report describes a work with big data. Data from the Apple Store
was selected as an example, which can be found in one the world’s
largest data science community kaggle.com. The analysis takes place in
two steps, the first is preparing the data, the second is performing the
analysis according to three criteria, which are described in the work.
The purpose of the analysis is to select a popular, but less competi-
tive genre for further application development. All work was done in
Python.

Keywords: Big data, analysis, Apple Store

Jl 151 TOITOTOBK Y aHaIM3a TaHHBIX ¢ Marasnta Apple Store 6BLTH BHITION-
HEHBI CJAeAYIOINe MeHCTBUL: OMPeeaeH0 KOJUIECTBO TAHHBIX, C KOTOPBI-
M npejicrouT pabora, ObLIA POYNTAHA JOKYMEHTAIUsS 110 HADOPY JaHHBIX
JIIST TOYHOTO MMOHWMAHUS KayKJI0i siueifku B HabOpe maHHBIX, OBLIN OTCes-
HBbI HEHYKHBbIE JIJIs [€JU aHAJIM3a Pe3yJIbTaThl, TaKie KaK KOIUU JAHHBIX,
MPUIOKEHNUS ¢ He PYCCKUMU UJIU HE aHTJIMHCKUMEI Ha3BaHUAME. B KadecTre
[IEPBOI'0 AHAJIN3a HYKHO OBLJIO BBITIOJHUTE OUCK CAMBIX PACIPOCTPAHEHHBIX
npuioxkenuit. Bropo#t anaan3 - mouck npusioKeauii ¢ OOJIBITUHCTBOM KOJIM-
YeCTBOM II0JIb30BaTesiell 110 KaHpaMm. Tperuil aHaau3 - BBIBOJ IOIYJISIPHO
OTIEHEHHBIX TPUIOKEHNH TI0 YKAHPAM.

Ja 1 amayimsa: O6bL1a paspaborana QyHKIMA s TEHEPAIUU FaCTOT-
HBIX TabJIUIT, KOTOPas TakKe 6yayT oToOpakaThk MPOIEHTRI, 1 BTOPas (BbyHK-
nnsg, KoTopad Oymer 0TobpazkaTh MPOIEHTHI B mopdagke yboiBanma. B pe-
3yJibTaTe OBLIN BHIBEJIEHBI MIPUJIOZKEHUS [0 YKaHpaM B mporeHTax: Games :
58.16, Entertainment : 7.88, Photo and Video : 4.96, Education : 3.66, Social

@anees Anron Cepreesuu, marucrpant Baml'V (Vda, Poccua); Fadeev Anton
(Bashkir State University, Ufa, Russia)

Caznosa Enena Bnammvmposna, x.d.-m.u., gonent, Baml'Y (YVda, Poccusg); Elena
Sayapova (Bashkir State University, Ufa, Russia)
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Networking : 3.28, Shopping : 2.60, Utilities : 2.51, Sports : 2.14, Music : 2.04,
Health and Fitness : 2.01, Productivity : 1.73, Lifestyle : 1.58, News : 1.33,
Travel : 1.24, Finance : 1.11, Weather : 0.86, Food and Drink : 0.80 Reference
: 0.55, Business : 0.52, Book : 0.43, Navigation : 0.18, Medical : 0.18, Catalogs
: 0.12. Ha ocHoBaHum 3TOr0 pPe3y/abTaTa MOMKHO CHIEIAThb BBIBOJ, UTO OOJIb-
MMUHCTBO GecriaTHbIX Tpmaoxkernii 8 Apple App Store sBjstrorcst urpamun
(58,16). Bropoe mecro 3ansi1 xaHp «PasBiedennss, 101 pbIHKA KOTOPOTO
cocTaBjseT Bcero 7,88, 3a KoTopbiM ciienyioT npunoxkenns «Doro u Bumeo»
- 4,96. C apyroit cTOpPOHbI, HAUMEHEE PACIPOCTPAHEHHbBIE TTPUJIOKEHUS CO-
croar u3 npunoxkennit «Hapuramusy, «Memunnaay n «Karamorny, Kaxmgoe
M3 KOTOPBIX 3aHuMaeTr He 6osiee 0,2 mpusioxkeHuil B HaieM HAOOpe JAHHBIX.
Ob6miee Brieuarienue TakoBo, 4ro B Apple App Store B HacTosiiee BpeMs
JAOMUWHUDPYIOT TPUJIOZKEHUA, TIPEIHASHAUYECHHDBIC JIJId PA3BJICYCHUA, TaKNE KaK
WUTPBI, pa3BjevdeHus U T. 1. B To BpeMs KakK MPUIOKEHUS C TPAKTUICCKUMHI
MEJIAMH, TAKAMHU KaK MPOU3BOIUTEIHLHOCTD, (DUHAHCHI W HABUTAINS, BCTPE-
varoTcsd pexke. OTHAKO KOJMIECTBO TIPUIOKEHNI /i pa3B/jiedeHus He obs-
3aTEJBFHO O3HAUALT, UTO Y HUX HAUOOIBITIEE KOJUIECTBO TTOIH30BATE e, TaK
KaK CIIPOC MOXKET HE COBIIAJIATH C IPEII0KEHUEM.

Jla 2 amanm3a: ObLIM W30/ TMPOBAHBI TPUIOKEHNSA KAXKIOT0 XKAHPA, CYM-
MUPOBaHbBI OIEHKU I0/Ib30BATEJEN ITOr0 XKAHPA, Pa3/esieHa CyMMa Ha, KOJIU-
YeCTBO MPUJIOKEHWI, IPUHAICKAINX K STOMY KAaHPY. B pe3yabrare 66110
BBIBEJIEHO, UTO KAHDP KHUT'Y UMEIOT HAUOOJIbIIIee CPETHEE KOJIMIECTBO OTIEHOK
MTOJIB3OBATEIIEH [TOC/IE TOr0, KaK ObLIM MCKJIFOYEHbl BCE OCHOBHBIE ITPUIOXKE-
HUSA, 3a KOTOPBIMU CJAEAYIOT TPUJIOZKEHUA JTJIsA COITUAIBHBIX cereii 1 mara-
sunoB: Kindle — Read eBooks, Magazines and Textbooks : 252076, Audible
— audio books, original series and podcasts : 105274, Color Therapy Adult
Coloring Book for Adults : 84062 - nepsbie 3 pesyabrata. [locie mpocmoTpa
OBLI CIEMaH BBIBO, 9TO HAWOOJIEE TOMY/ISIPHBIMYU TPUIOKEHUAMU I KHUT,
SIBJISTEOTCS TIPUJIOYKEHUsT OUOJIMOTEIHOTO TUIIA, TJE YEJ0BEK MOXKET HOJIYIUTh
AOCTYII K HECKOJIbKUM KHUTAM B OAHOM TIPUJIOKECHUN. KHI/I}KKa-paCKpaCKa -
€JIMHCTBEHHOE TTPUJIOXKEHNEe, HE OTHOCSINeecd K OUOInoTeKe, KOTOPOe NMeeT
HOJIBIITI0E KOJUYIECTBO TOIb30BATEIbCKUX OIEHOK. TeM He MeHee, XKeJIaTeTbHO
n30exKaTh CO3JIaHUs JAPYTOr0 Pa3BJIEKATEJBHOTO MPUJIOXKEHUS, TOTOMY UTO
Ha OCHOBAHWHK HAIICT'O IIEPBOI'O aHAJIN3ad KazKeTCsd, 9TO PBIHOK Yy2K€ IIepeHa-
CBIIIIEH TTPUJIOKEHUAMUN TaKOT'O TUIIA.

s BBITTOTHEHNS 3 aHAIN3A MOYKHO TTPEANOJI0KUATE, UTO, €CJIU JIFOIU T0-
TOBBI TPEAOCTABUTDH TTOJIO?KUTEJIBHBIC OT3BIBBI [IJjId OMPEJIC/JIEHHOTO 2KaHpa, Y
HUX TaKKe eCTb BEPOSATHOCTH MPOJIBUKEHUsT STUX TPUIOKEHUN CBOUM /Y-
3bgM. DTH JAHHBIE 3aTeM OyIyT 03HAYATH MOTEHIMAIBHYI CKOPOCTH POCTa
ITOTEHITUAJBHOTO TPUJIOKEHUs. B pe3ysibrare ObLIM [OJIYYEHBI JaHHBIE pe-
synbrarer: ("Medical’, 4.5) ("Book’, 4.375) ("Productivity’, 4.25) ("Games’,
4.19) - nepsble 3 pesyabTaTa B nopsigke yoosamusi. [lo qaHHOl COPTHPOBKH,
BUJTHO, YTO YKAHD C HAMBBICIIUM CPEJIHUM DERTHHTOM - MeaunuHCKuii (4,5),
3a HUM cyeayer KaHp Kuuru - 4,375, 910 ere 60sbIle YKPEIUISET HAITY
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nJier0 0 pa3paboTKe MPUIIOKEHUS B XKAHPE KHUIM.

B pesymbprare ObL1 cieaH BBIBOJ, UTO 003 PHIHKA yKE MEPEHACHIIIEHBI
pa3BJieKaTeTLHBIMI TPUIoKeHuAMU. [IoaTOoOMYy camMmoe onTUMAaTbHOE — HAYATh
pazpaboTky mpuioxkenus ¢ xanpoMm Kuuru. Hanpumep, MOXKHO TOMBITATHCS
pazpaborars npuioxkenue Book, ocHOBaHHOe Ha Pa3IUIHBIX PYKOBOJCTBAX
o ¢ororpacdpun. Harre npumoxkenne MOXKeT COAEPKATEH COBETHI O (HOTO-
rpaduu, crpaBoYHOe PYKOBOJICTBO OT IKCIEPTOB U JOCKKU OOCYKIeHWiT Ha
pazauunbie TeMbl hoTorpadun.
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Ob O/IHOM I\/IUETO,Z[E PEIIIEH ST CMEIIIAHHOW
KPAEBOU 3AJAYN OJ1d YPABHEHUA
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CETOK
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PaccmarpuBaeTca cMernmanHas KpaeBas 33/a9a JjId YPABHEHUS 3JITUTI-
THUYECKOTO THUIA JUBEPTEHTHOrO BUA C epeMeHHbIMU KO duimenTa-
Mu. B Hacrosieit pabore mpeioKeHa anmpOKCHMAIN UCXOTHON CMe-
MIaHHOM KPaeBoil 3aa4n TpeTheil Kpaepoii 3a1a4eii ¢ mapamerpom. Me-
TOAOM CYMMATOPHBIX TOXKJECTB MOCTPOEHA PA3ZHOCTHAS CXEMA JJI Tpe-
Thell KpaeBoil 3ajaun. PaccMorpena MojenbHas KpaeBas 3a7ada JIJIs
MIPOBE/IEHNS BBIYUCINTEIbHBIX SKCIEPUMEHTOB.

Karouesvie cao8a: 3IUNTHYIECKHE YPABHEHNUsI, CMEIIIAHHAS KPaeBas 3a-
Jada, pa3HOCTHAs ANMPOKCUMAIUs, METOJ CETOK.

On a method for solving a mixed boundary value problem for
an elliptic equation in combination with the grid method

A mixed boundary value problem for an elliptic equation of divergent
type with variable coefficients is considered. In this paper, we propose
an approximation of the original mixed boundary value problem by a
third boundary value problem with a parameter. The difference scheme
for the third boundary value problem is constructed using the summator

Daiipysos MaxmyT DpucroBud, K.¢.-m.H., gouent, Baml'y (Yda, Poccua); Mahmut
Fayruzov (Bashkir State University, Ufa, Russia)
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identities method. A model boundary value problem for conducting
computational experiments is considered.

Keywords: elliptic equations, mixed boundary value problem, finite dif-
ference approximation, the method of grids.

IMycrs Q = {:J: = (z1,22) ER?: 0 < 24 < lg,x = 1,2} — MIPAMOYTOJTh-
ik B R? ¢ rpanuneit 0Q =T, Q = QUT. g yuactkos rparumsl ' mpamMo-
yrosbuuka () BBe1eM, JIst Ol Ie/ICHHOCTH IIOCTAHOBKI CMEIIAHHON 331341,
caenyotne oboznadenusi: ['pq = {a:l = 11,0 < 29 < lg}, ., = {xl =
0,0<ay<l}, T o={0<z1 <l,52 =0}, Tio={0<z1 < ly, 2 =},
I'=00="I_ Uy Ul oUI'4e, I = F\Fl =D Ul U, Iy =T1"_4.

Paccmarpupaerca cienyiommas cMelIaHHas TPAHAIHALS 331294,

2
Lu(z) = - &i (ka(x)$> = f(z), zeQCR? (1)
a=1 o «@
u(a:) = ,ul(a:), zelhM =TI 1Ul' Ul s =T \ ', (2)
g;\?(m) = —kl(x)g;(x) = po(x), zelyg=T9y=T_1, (3)

e ko (2), f(2), pi(x), po(x) — sananmvie dynkmun, ko (r) € Loo(Q), f(z) €
LQ(Q), ,ul(s) € LQ(Fl), /JQ(S) € LQ(FQ), O0<1y < k:a(:c) <7vy,ax=1,2.

[TocTaBmernasa 3aga9a — 9TO 3a/1a49a ¢ PA3PBLIBHBIM TPAHUIHBIM YCIOBH-
eM. 3aJlaur TAKOr0 TUIA, CO CMEIIAHHBIME YCI0BUsIMU Ha rpanure I') coor-
BETCTBYIOIMUMU DAZJIUNIHOMY XapPaKTEPY B3aI/IMO,ZI;eI./JICTBI/IH paCCManI/IBaeMOﬁ
cpennl § Ha pasaudHBIX yuacTtkax 0€); = ['; ee rpanumsl ' = 9€) aensiiorcs
HanbojIee 9aCTO BCTPEYAIONMMUCS Ha MpakTuke 3agadamu (ma [ = 00 3a-
JTAI0TCs YCTIOBHUA PasHbIX TunoB). Ilo moBoay Gosee moaApoOHOI TIOCTAHOBKH
3agadn cM. [1].

B pabore paccmarpuBaeTcs MeTo, 3aKIIOUAMOINNHCA B TPHUOIMKEHHON
3aMeHe CMeIanHo# KpaeBoil 3aaun (1)-(3) Tperbeii 3a7ateit ¢ mapaMeTpoM
e >0:

- g; <ka(w)§gz> = f(z), zeq, (4)

a=1
Qs | (s)u. = g(s), s€T =T, UTs =00 (5)
N e(s)us = g(s), s =1 2 = O,
rioe
6(8)_ g, S€F1:F+1UF_2UF+2:F\F_1,
- 0, sely=T_4,
6#1(8), sel =T Ul suUl';9 = F\Ffl,
s) = e = const > 0.
9(s) {,ug(s), sely=T_q,
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B macrosimeit pabore mpoBeieHa PA3HOCTHAS AIMPOKCUMAITNS KPaeBoi
sagaqn (4)-(5). PaccMoTpen BOMpoc KOPPEKTHOCTH MOCTAHOBKHU TOJTY 9€HHOT
cerounoii 3amaun. Hambosee yHUBEPCATBHBIM METONOM YHCJIEHHOTO pere-
HUSI, ANNPOKCUMUPYIOIIEH KpaeBoil 3ajaqn, sipjsiercst meros cerok [2]-[3].
JIns aMC/IeHHOro pemenns MOy IeHHON CEeTOYHOM 3a1a9l METOIOM CyMMa-
TOPHBIX TOXK1ecTB (cM. [3]) mocTpoena pasHocTHas cxema. B kauecTse nmpumve-
pa ACIIOJIBL30BAaHUA PACCMOTPEHHOTO METOA, MPUBEIEHA, MOIEIbHAS CMEITaH-
Has KpaeBasd 3a/a4a. BhIIOIHeHb] BHIYUCIUTEIbHbIe SKCIIepUMeHThI. s pe-
[IEHMs CUCTEM JIMHEHHDLIX yPaBHEHMI, BOSHUKAIONIAX IIPU IIPUMEHEHUN Me-
TOJIa CETOK, UCIOJIB30BAMUCH TPEYrOIbHbIE NTEPAIMOHHbIE MeTO/b [4].
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MHOT'OHEJIEBAA OIITUMM3ALIN A KATAJINTUYECKOW
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YIK 519.688

[IpemtoxKeHBI MATEMATHIECKUE ONUCAHNS KPUTEPUEB OMTUMU3AINHN I
UCIOIB3yeMo Mozenu. [IpecTaBieHbl TeMepaTypHbie PEKIMbL Paho-
Thl GJIOKA PEAKTOPOB, YAOBIETBOPSIONINE KPUTEPUSIM ONTHMATHLHOCTH.
Ilosrygennbie pe3yabTaTbl MO3BOJIAIOT MOBLICUTDL 3(PDEKTUBHOCTD IPO-
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Karuesvie caosa: KaTamnTudeckas W30MepH3aIid, MHOTOINEeBas Ol-
TUMU3AIUs, PEAKTOPHBIH 00K, OKTAHOBOE YUCJIO.

Multi-objective optimization of Catalytic Isomerization
based on a mathematical model

Mathematical descriptions of the optimization criteria for the used model
are proposed. The temperature modes of operation of the reactor block
that meet the criteria of optimality are presented. The results obtained
make it possible to increase the efficiency of the catalytic isomerization
of the pentane-hexane fraction.

Keywords: catalytic isomerization, multi-objective optimization, reac-
tor block, octane number

B mociennme romnr HabIIOZAETCA CYIIECTBEHHBIN POCT TOTPEOHOCTH B
MTPOU3BOJICTBE BBICOKOOKTAHOBBIX KOMIIOHEHTOB aBTOMODWIBLHOTO OEH3WHA,
0CODEHHO OTBEUYAIOIIMM BCEM COBPEMEHHBIM 3KOJOTHUECKUM TPebOBAHMAM
[1]. YBeauuenne 5(hHeK THBHOCTH KATATUTHIECKIX TPOIECCOB MYyTEM BHIGODA
ONITUMAJIBHOT'O DEXKXWMa YIPAaBJACHUA XUMUKO-TEXHOJOTUICCKUM IIPOIECCOM
SBJSETCS aKTyaabHOU 3amadedl. OIHMM M3 METOIOB pPEIeHusl 3TOH 3aja-
YU BBICTYTIIACT MHOTOILIEJICBAAd OIITUMUIANNLA, YIUTHIBAIONAA KUHETUYCCKUE
ACIEeKThl KATAJIUTUYECKOrO MPEBPAIIEHUS UCXOJHBIX KOMIIOHEHTOB PEAKIIU-
OHHOI cpejibl BHYTpU peakTopa. OObeKTOM HCCAET0BAHUS ABJISIETCH PeaK-
TOPHBIA OJIOK [pOTecca KaTaJuTUIeCKONH M30MEPU3AIIUN IEHTAH-TeKCAHOBOMI
dpakimn. OKTAHOBOE UNCIO ABAIETCS BAXKHOHN SKCILTYATATMOHHOM XapakTe-
pUCTUKOH OeH3MHA, XapaKTePU3yIIee ero JeTOHAIMOHHYI0 CTORKOCThL. OKTa-
HOBOE YHCJO, TJIABHBIM 00pa30M, 3aBUCUT OT KOMIOHEHTHOTO COCTaBa MPO-
JYKTOBOJ CMECH M COOTHOIIIEHWsI B Hell BHICOKOOKTAHOBBIX KOMIIOHEHTOB [2].
NzBecTHO, 9TO cpe/iu 1eJIEBBIX WHANBUYAIbHBIX KOMIIOHEHTOB KaTaJIuTAYIE-
CKOI M30MEPU3AIUN TTeHTAH-TeKCAHOBON PPAKIINY WIOTIEHTAH U JTUMETUI3a~
MeITeHHbBIE YTJIEBOMOPOABI (2,2-mumernabyraH, 2,3-mumernabyran) obJia1a-
0T Ha,I/I6OJ'[b]_HI/IMI/I OKTAaHOBBIMUY YUCJJIAMU. B KOHEYHOM HUTOTe MOXKHO YTBEp-
2KJIaTh, 9TO IIPU YBEJIMUYEHUN CEJIEKTUBHOCTU JAHHBIX WHIUBUIYAJIbHBIX KOM-
MOHEHTOB KOHEYHOE OKTAHOBOE YMCJIO MPOJYKTOBOH cMecn (OGeH3uHa) TOXKE
MOBBICUTCS. DDPEKTUBHOCTE IPOIIECCA TAKXKE 3aBUCUT OT CTEIEHU IIPEeBPa-
IICHUA NCXOAHBIX KOMIIOHECHTOB, O6ﬂarﬂaIOH_H/IMI/I HU3KUMU OKTAaHOBBIMU YUC-
JIaM¥W, B JaHHOM CJIy4da€ H-TIEHTaHa U H-T€KCaHa, U BBIXOJd MPOAYKTOB TUI-
pokpexkmHTa. /JaHHyio 3a/1a9y MHOTOIEIEBON ONTUMUBAINYT MOXKHO TTPEJICTA-
BUTL B BUJEC:

extrF(X)=F(X*)=F" (1)

rme X — BekTOp Bapbupembix mapamerpos, X € Dy ; F — Bekrtop-
dyHKIINS KpUTepreB onTuMaJibHOCTH; Dx — 061acTh J0ITyCTUMBIX 3HAYCHUI
BekTopa X; X* - onTuMasibHBbIe 3HAUYEHUS BeKTOpa X; F* - omTumajbHbBIE
3HaUYEeHWsd BeKTOopa F.
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ITocrasiiennas 3a/1a4a MHOIOLEJIEBON OIITUMU3ALIMN JJIsl IPOLECCA KaTa-
JIMTUYECKOH M30MEpU3aIMy TIeHTaH-TeKCanoBoit dppakmun (1) 6uima perrena
renerndeckuM anaropurmom [3| 8 IIC Matlab. B pesyibrare 6bL1u mpe/iozke-
HBI OITUMAJIbHBIEC YCJIOBUA MIPOBEACHUA TIPOIECCa, B XOJ€ KOTOPBIX MOXKHO
JIOCTUYb TIOBBINIEHUS CEJIEKTUBHOCTH M30IEHTaHa, 2,2-nuMeTuadyrana, 2,3-
,Z[I/IMeTI/Iﬂ6yTaHa7 CTeIIEeHU IIPpEeBPalleHnd H-IICHTaHa W H-TEKCaHa, a TaKXKe
CHUYKEHUS BBIXOJa TPOIYKTOB I'MAPOKPEKUHTA.
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Ha ocHoBe MTPOMBITIIJIEHHBIX JAHHBIX W UCCIEIOBAHUN O MEXaHU3Me TIPO-
TEKAHUdA OCHOBHBIX XUMHUYECKUX PEAKIIUII COCTABJIEHA CXEMa MPEBPalIle-
HUI KATAJIUTHIECKON M30MEepu3aIlii MeHTaH-rekKcanoBoit (ppakmun. I1o-
CTpOeHa MaTeMaTHIeCKasi MOJETb PEAKTOPHOr0 OJI0KA TIPOIECca 1 OIpe-
JeJIeHbl KNHETUYIEeCKne TTapaMeTPhI.
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Study of the kinetics of catalytic isomerization reactions
methods of mathematical modeling.

On the basis of industrial data and studies on the mechanism of the
main chemical reactions, a scheme of transformations of the catalytic
isomerization of the pentane-hexane fraction has been drawn up. A
mathematical model of the reactor block of the process was built and
the kinetic parameters were determined.

Keywords: catalytic isomerization, kinetics, reactor block

B nmacrosiee BpeMsa MareMaTndeckoe MOASIUPOBAHNE XUMUKO-TEXHOJI0-
TMYECKUX IIPOIIECCOB, IIPOTEKAIONINX B TPUCYTCTBUU KATAJIU3aTOPOB, UTDaET
BaXKHYIO POJIb IPY PEITEHUN 3334 TOBBITIEHUsT 3(OGHEKTUBHOCTH CYIIECTBYO-
IUX TTPOU3BOJICTB U ONTUMAJIBHOTO yipaBjieHus uMu. O0beKTOM HCCIIeI0Ba-
HUS 9BJIAETCA PEAKTOPHBIN OJIOK IPOIECCa KATAJUTUYECKON M30Mepu3aiun
ITEHTaH-IeKCAHOBON (PPAKIUU — OJHOTO U3 TIEPCIIEKTUBHBIX IIPOIECCOB IIPOU3-
BOJICTBA BBICOKOOKTAHOBBIX KOMIIOHEHTOB aBTOMOOM/IbHOIO bensuua. OcHO-
BOM JIIT MTOCTPOEHNA MATEMATHYIECKON MOIETN KAaTaJJUTIIEeCKOTO TIpeBpalle-
HUS UCXOJIHBIX KOMIIOHEHTOB PEeaKIIMOHHON cpebl BHYTPH PEAKTOPA CIYKUT
KWHETUYECKad MOJETb XUMIUIECKUX PEAKITNI, TPOTEKAIOIITNX Ha, TTOBEPXHOCTH
KaTaJn3aTopa.

MaremaTuyeckas MOJeJb [IPOIecca Oy/IeT UMEeTh CJIEYIONIUi B

J
dz; ,
dTl = Z’L)i]’ Wy, = 1,..,[ (1)
j=1
—EF o ~E; Lo

wj = k?exp(Rijz) H(f)"l”" - ko_jel'p(Ri]{) H(F)Wijl

i=1 =1

¢ HavaIbHbIME yeaosusyu: ipu 7 = 0, 2;(0) = 2?,

I7Ie Ujj — CTEXHOMEeTpHYecKre KO3 MUIMEeHTHI CXeM XUMHUIECKIX TTPEBPa-
mennit; J — KOJWYIECTBO CTANi; T; — MOJBHBI pacXond ¢-T0 KOMIIOHEHTA,
YIACTBYIOIIET0 B PEAKIUAX, KMOJIb/d; [ -— KOJIM9eCTBO KOMIIOHEHTOB ; W)
— CKOPOCTbH j-Oif cTauu, KMOJh/ (4*Kr Kart.), Ej, E; — sneprun axrupanun
upsiMoit 1 06parHoil peakuuit, [Ix /Monb, R -— razoBast 110CTOsIHHASL, PaBHAsI
8,31 Ix/(moan*K); T — Temmeparypa, K; «j; — oTpuiarensubie seMeHThI
MaTpunpl (vij) , fij — TNOJOKUTENBHBIE SJIEMEHTBl MATPUIE! (Vjj), k:?,k:(lj -
IPE/IPKCIIOHEHINATIBHBIE MHOKUTEH, KMOJIb/ (4¥KD KaT.); 7 — yCaoBHOE Bpe-
MsT KOHTaKTa, (Kr KaT.); F' — MOJBHBIA pacxo[] MOToOKa, KMOJIb /d.

Maremarnaeckast Mogeb (1) yauThIBaeT CKOPOCTB TIOTOKA ChIPhs B PeaK-
tope [1]. Takxke B Momesm HEOOXOIUMO yI€CTh HEN30TEPMUIECKHI XapaKTep
TEXHOJIOIMYECKOT0 nponecca (2), HOCKOAbKY JaHHBIH IPOLECC HPOTEKALT C
BBI/IeJIEHUEM TeILIa 3a CIeT IPOTeKaHus peaknuii [2].
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d{L‘Z’
ar Tim(g - AHL)
dr Y (xi-CL)

AF - da;
dr _i=1 dr

: (2)

¢ mauanbupiMu yeaopuamu: npu 7 = 0,7(0) = T°, rne T — Temmneparypa,
K; AH%i — SHTAJBINS 00pA30BaHUs i-T'0 KOMIIOHEHTa npu Temneparype T
JIK /Mosib; C’g; — yIeabHasd TEIIOEMKOCTD $-T'0 KOMIIOHEHTA IIPU TeMITepaType
T, (dx/Moap*K); F' — MOJBHBIN pAcxo[l MOTOKA, KMOJIb /.

[TyTem pererns mpaMoit u 0OPATHON 331890 XMMUIECKON KHHETUKHY THC-
JIEHHBIMI METOJAMU OTPeIeTNIn KHHETHIECKNEe MapaMeTPhl KaXKI0U peax-
OuM, BXOA4Iell B CXeMy HPEBPALLCHUIA.

Jlamnasg MaTeMaTuIecKasd MOJIeTb MOXKeT CJIY2KUTL OCHOBOH JIJIs TpOBeIe-
HUS TIPOCHO3UPYEMbBIX PACYe€TOB U ONTUMHUBANAN MPOIECCa KATaTUTHIECKON
M30MepU3aIUuH [TEHTaH-TeKCAHOBOM (DPaKIUU.
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Control of dynamic object under constraints on control and
state variables

The state feedback control problem under constraints imposed on con-
trol function and the outputs is studied. The solution is based on the
method of Lyapunov functions and technique of linear matrix inequali-
ties. The conditions of existence for controllers are derived.

Keywords: mathematical model, linear matrix inequalities, stabilization
by state feedback

JInHeapu3aIus MO3BOJSIET BMECTO HEJIMHEWHOM MaTeMaTuIecKoi MoIean
n3yvaTh DOJIee TPOCTYI0 JUHEHHYIO MO/IeIb. BMecTe ¢ TeM BO3MOXKHA, CUTYa-
M, KOTJa IOJIYyIeHHOe JIIsT JUHEeAPH30BAHHON MOIE/IH PeIeHne (Pu3nIEeCKN
He MoxkeT ObITh peann3oBano. Hampumep, CHHTE3 THHEHHBIX 3aAKOHOB YIIPaB-
JICHUsT Ha OCHOBE JIMHEHHOH Moziem yrpasJisieMoro oobekTa [1] Mmoxer 6bITH
3 dEeKTUBHO TPUMEHEH TOJBKO TaM, Tre JIMHeHHas MoJenb bosee nam Mme-
Hee aeKBATHO ONHUCHLIBAET PEATbHBLIA 00DLEKT, T.€. B OrpaHHYIEHHON obJacTu
¢dazoBoro npocrpancTsa. B cBa3u ¢ 3TUM BO3HUKAET HEOOXOIMMOCTD Y IUThI-
BaTh B MOJIeJIK OTpaHuveHus Ha (a3oBbie mepeMeHHble obbekTa. [Ipobaema
CUHTE3a praBﬂeHI/IH Ipu 3a1aHHBIX OI'PDAHUYICHUAX ABJIACTCA CJIO?KHOM 1 aK-
TyaJabHON B Hacrosiiiee Bpems [2,3]. B manuoit paGore paccMoTpena 3ajada
CcTabMIM3AnK C [IOMOIIBIO OOPATHO! CBA3U IO COCTOSHUIO HEYCTONYMBOTO
00BHeKTa TTPU 3aJAHHBIX OTPAHUIEHUSX.

VpaBHEHNUs IBUKEHUS TEJIa B JIEKTPOMATHUTHOM MOIBECE OTHOCTOPOH-
HETO ,ZLeI';ICTBI/IH MMEIOT BUJ:

i — CpI? .
Ty
c, . Ol
L jy g+ RI=U, (1)

(6—-y) (6—y)
IZIe M — Macca BLIBEIIEHHOTO TeIa, Y — KOOPAUHATA BBHIBEIICHHOTO TeIa, ¢
— ycropenne ceoboaHOTO TageHust, (7 — KOHCTPYKTHUBHBIN TapamMeTp, 0 —
BEIMYMHA HOMUHAILHOTO 3a30Pa MEK/Y 3JIEKTPOMATHATOM M BLIBEIICHHBIM
Tegom, [ — cuia TOKa B 9ME€KTpOMArauTe, R — CONPOTHBIEHWE B Ienu
9JIEKTPOMarauTa, U — HanpszKeHue, OJaBacMOe Ha 3JEKTPOMATIHMT.
Cocrogaune paBaoBecus cucrembl (1) onpenensercsa paseacteamu Yy = 0,

. 2 [vy
y=0, I =1.rne I.= %CTQ . [Tepeiinem k 6e3pasMepHBIM BETHINHAM.

BBegem moBoe Oezpazmeproe Bpems t = \/%gtc n 0b0o3HAYMB T = %y,

Tg = ﬁg, T3 = I%I -1, u= \/W%(U — RI.) nuHeapusyeM CHCTEMY

B OKPECTHOCTHU COCTOAHUA PaBHOBECHUA. HOﬂqu/IM

& = Az + Bu, (2)
x1 0o 1 0 0
e x=| x2 |, A= 1 0 1 , B=1 0 ,a:% %.

T3 0 -1 —« 1
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Beenem z; = Cix + Dyu, ¢ = 1,2,..., N — BBIXO/Ibl, OIIPEIEISIONIAE
oTpaHWUueHWs Ha (DA30BBIE W YNpaBjsdiomne Tmepementwie, tne C;, D; —
3aJIaHHbIE MATPUIIBI, COOTBETCTBYIOIIETO Pa3Mepa.

Tpebyercst TOCTPOUTH yIPABACHUE BUIA

u = Ox, (3)

obecrednBaroIee aCHMITOTHIECKY IO YCTONINBOCTD 3aMKHYTOM CHCTEMBI (2),
(3) pu BBIOIHEHUY JIsi 33JAHHBIX 3HAYEHUSX 7Y; OIPDAHUYEHUIT

max |z (t)| <7 ,i=1,2,...,N.
>0
U OLEHUTb MHOKECTBO JOIYCTUMbBIX HAYAJIbHBIX COCTOSHUI cucrembl (2).
Yucnennoe pemenne nposegeno B nakere MATLAB. I1pu 3nauenun ma-
pamMeTpa «=7.5 TMOJYyIEHO YIIpaBIeHNE

u=—37x; — 25.79x5 — 2.88x3 (4)
KOTOpOe CTabuin3upyer 3aMKHYTYIO CUCTeMY [IPU ONPAHUYEHUSX

max |z1(t)] < 0.1, max |u(t)| <1,
>0 >0

e T} — BEJWYWHA, TPOMOPIMOHAILHAS CMEIEHUI0 Tema. B padore yka-
3aHO MHOYKECTBO HAYAJBHBIX COCTOSIHHUIl, DU KOTOPBIX peryarop (4) cra-
OuIM3MpPyeT 3aMKHYTyI0 cucTemy. [lpomeseno cpaBHeHme TOTYIEHHOTO 3a-
KOHa yIpaBJeHUs C 3aKOHOM YIIPABJIEHUsI 10 COCTOSTHUIO, 0DECIIeYnBaIOIIEr0
crabusmsanuio obbekra (2) 6e3 yuera orpanudenuii Ha x1(t) n wu(t). ITo-
Ka3aHO, YTO TAKOH DEryjasgTop He HPUMEHUM K PENIeHUI) JIaHHON 3a/avu.
Pacuersr nokazanu, uro peryaarop (4) crabunusupyer HeJIMHeAHY 0 MOIE/Ib
SJIEKTPOMArHUTHOIO TIOJABECA TIPU 33/IAHHBIX OIPAHUYEHUIX HA (Pa30BYIO Iie-
PEMEHHYIO U YIIpABJICHUE.
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PACYHET KO9®PUIINMEHTOB UHTEHCUBHOCTU
KOHTAKTOB C ITIOCJIEAYIOIIINM NMH®PUIINPOBAHNEM
B SIR-MO/IEJIN KEPMAKA-MAKKEH/IPUKA J1JI4
ITAHIAEMUN COVID-19 B BECEHHUU 1N JIETHUUA
ITEPAOABI 2020 TOIA
IIT1.1. Opiranos, A.C. Beaosa
TsyganovSI@Qufanet.ru, 89177662488Q@mail.ru

VIK 51.7

B pabore maHbl ONEHKU CBEPXY I KOIMDDUIMEHTOB WHTEHCUBHOCTH
KOHTaKTOB C TOCTEAYIOIUM HHDUIUPOBAHUEM B jierepMuHucTCKOM SIR-
mozenu Kepmaka-Makkenapuka s naggemun COVID-19.

Karwuesve cao6a: MaTeMaTudecKue MOJIEIN SMUIEMUN, JTeTePMUHUCT-
CKHEe MOJIETH

The calculation of the intensity coefficients of contacts with
subsequent infection in the SIR-Kermack-McKendrick-model
for the COVID-19 pandemic in the spring and summer of
2020

The paper gives upper estimates for the intensity coeflicients of contacts
with subsequent infection in the deterministic SIR-Kermack-McKendrick-
model for the COVID-19 pandemic.

Keywords: mathematical models of epidemics, deterministic models

MareMaTuyeckue MeToIbl, IPUMeHAEMbIE B MEJarOrnIeCKuX N3MEePEeHuIX
[1] u nokazaresnbHoOl MepunuHe |2, HocaT cxonHBI Xapakrep. B Hacrosiee
BpeMs B cB#3u ¢ pacnpocrpanedueM COVID-undekiuu mpuobpesn akTyab-
HOCTB BOIIPOCHI U3YUEHUS MATEMATUUECKUX MOeeil suugemuii. Maremaru-
JecKue METOJbI [Ijisi u3ydeHus 3aboJieBaHuil ObLIM BHEPBBIE TTPUMEHEHBI B
1760 roay Hanwmsnem Beprysnu, a 8 1840 rogy Yuibam @app ycnemto omu-
caJl JJAaHHbBIE TI0 CMEPTHOCTHU OT OCIBI B AHIJIUU KPUBO HOPMAJIHHOTO pacipe-
nenenns. Monens Kepmaka n Makkenapuka, mogBuUBITIagcd B Hadaae XX Be-
Ka JaJ1a HagaJ 10 IMUPOKOMY TPUMEHEHHUIO JeTepMUHUPOBaHHBIX SIR—Momemeit
(«Susceptible — Infected — Recovered» ), B KOTOPBIX OMUCHIBACTCS THHAMUKA
rpymnn BocnpunMunBbix 2(t), nHduimposanabix y(t) u BBI3g0pOBEBINX 2 (1)
UHAUBUIOB. JlaHHAS MOJIeJIb 3aIUCHIBAETCS CJEIYIONUM 06pa3oM:

dx

E - —5372%

dy

i Bry — vy,
ds _

dt - ’ny

Ipiranos [Mamuis Upukosud, x.d.-m.u., mouent, Baml'y (Yda, Poccua); Shamil
Tsyganov (Bashkir State University, Ufa, Russia)

Benosa Amma Cepreesna, acmpant, BamI'V (Yda, Poccna); Anna Belova (Bashkir
State University, Ufa, Russia)
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¢ naganbubiM ycaosuem (0) = xg, y(0) = yo, 2(0) = 0, rae B — ko3dbdu-
OUEHT MWHTCHCUBHOCTU KOHTAKTOB C HOCJIe/:LyIOH_LI/IM I/IH(i)I/IH;I/IpO]?)&HI/IQM7 "y -
KO3(DUIINEHT BBLI3I0POBICHNUS.

N3 cucrembl ypaBHeHUH BUIHO, UTO B AAHHON MOIEIN UWCIEHHOCTH I10-

x dy dz
OYASIAN TocTodHaa: — + — + — = 0.

dt
Mockomsky mist COVID-19 cpeamee Bpemst Tederus 60JE3HU B HACTOS-

Iee BpeMs ompefessdercd Kak 14 aHeil, TO WCIOoJb3ys MMERIINecs CTaTh-
CTUYeCKWe JaHHbIe 33 BeceHHUN W jeTHUN mepuoabl 2020 roga, MBI MOXKeEM
OIIEHUTb CBEPXY W CHU3Y napamerp [ B JONYIIEHUH, 9TO SMUIEMUS KO-
pekTHO ommchiBaerca mMomenbio Kepmaka-Makkenapruka (9To sBasgercs ot-
JeJTBHOM 3a/1aveil U B JTAHHBIT MOMEHT aBTOpAMHU HE pacCMaTpHBajach). B
paboTe moJyUeHa OIEHKHU CBEPXY s napamerpa ( jjs nepuoja ¢ 1 ampesis
no 31 masg (mepmof kécTKOro Kapantuna) u ¢ 1 wrong o 31 asrycra (mepu-
O MHUHHMMAaJILHOI'O CO6J’[IO/ZL€HI/IH KapaHTUHHBIX Mep) B MOMEHT HallMCaHUA
TE3UCOB UCCJIE/IOBAHNE HOCUT HE3AKOHUYEHHBIN XapakTep, [MOCKOJIbKY Haubo-
Jiee HHTEPECHBIM C TPAKTUIECKON U YIIPABIEHUECKON TOUEK 3PEHUS SIBJIAETCS
nccleIoBaHue JaHHOro napaMerpa 3 aias nepuonga ¢ 15 okrabpsa 2020 roaa,
KOTOPBIH, BHAUMO, MOXKET OKa3aThCsS MEPHOAOM "TOUedHBIX'"KApAHTHHHBIX
MEpOTPUATHI. ITO TMO3BOJTUT CPABHUTH KOIDPUIMEHTH MHMUITUPOBAHUS B
YCJIOBUSIX TTOJTHOTO U BBIOOPOYHOrO KApPAHTUHOB BECHOHM M OCEHBIO COOTBET-
CTBEHHO.

JIureparypa
1. IInieanos 1. V. Maremarudyeckue Teopun eJarorndeckux udmepenuii — yda:
Onaswuc, 2007. 92 c.
2. Betiau H. Maremaruka B 6mosorun u meaunnae — Mocksa: Mwup, 1970. 327 c.

Ob OI‘PAHI/I‘IEI-!I/IHX HA BBICOTY CBEPXBBICOKHMNX
3JAHNN C HAAYBHBIM KAPKACOM
P.A. ITTapumnos
r-sharipov@mail.ru

YIK 519.615.5, 69.04, 69.07

Bricora 3maHuit OrpaHUYNBAETCS BECOM U MPOYHOCTHIO CTPOUTEIBHBIX
MarepuasioB. TpaaunuoHHbIe MaTepua bl — OETOH W CTajb — HE MO-
IyT JaTh CyIIECTBEHHOTO YBEJIWYEHHUs] BBICOTHI MO CPABHEHWIO C Y¥Ke
cymecTByommumMu Hebockpébamu. HatyBHbBIE KOHCTPYKITUN C HCIOTH30-
BAHUEM I[OJIMMEDPOB CYUTAIOTCS B 9TOM ILIaHE DOJIee [MEePCIEeKTUBHBIMU.
B noknasme marorcst TeopeTndeckne OIeHKN TPeebHON BHICOTHI pa3jie-
JIEHHO Ha, CETMEHTHI MA30HANOTHEHHON TUINHIPUIECKON KOHCTPYKITNH,

ITapunios Pycnan A6mymosud, k.d.-m.m., monent, Baml'V (Yda, Poccna); Ruslan
Sharipov (Bashkir State University, Ufa, Russia)
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YCTPOEHHOI TaK, 4TO €€ CerMeHTbHl NMPAKTUYeCKH He HarpyzKaloT Jpyr
Apyra, mepeaBas MOYTH BCIO BEPTUKAJIBHYIO HArPY3Ky Ha (yHIAMEHT
4epes3 ras.

Karnuesnve caosa: CBEPXBBICOTHOE CTPOUTETILCTBO, H&;[yBHOfI KapKacC

On height limits for super-tall buildings with inflated carcass

The height of buildings is limited by the weight and the strength of
constructive materials. Regular materials — concrete and steel — can-
not provide much taller buildings as compared to the presently exist-
ing skyscribers. Inflated structures using polymers are considered to be
more prospective. The report presents theoretical estimates for the max-
imal height of an inflated cylindrical structure subdivided into segments
designed in such a way that they practically do not load each other
transmitting almost all of the vertical load to the basement through the
gas.

Keywords: super-tall buildings, inflated carcass

Hecymwme xkomorasbl coppeMennbix HeGOCKPEHOB M3TOTABAMBAIOTCS U3 CTa-
sin. K HUM KpersiTcss MeXK3TayKHble TIepEeKPhITHA U (acal U3 CTeKJITHHBIX
mameseit. KogoHHBI W3 apMUPOBAHHOTO 0ETOHA [T TAKWX 3IAHUN HEBO3-
MOXKHBI, u60 6eTOH y OCHOBaHUs KOJIOHH HE BBIJIEPKUBAJ Obl HAIDY3KH U
TpeCKaJICHA. BO3MO)KHOCTI/I CTaJIbHBIX KOJIOHH TAaK?K€ OI'DaHUYCHBI. HOSTOMY
JlaIbHENIITHE TEPCIIEKTUBRL CYIIIECTBEHHOIO YBEJNY€EHUs BBICOTHI 3/aHUIl CBS-
3aHbl ¢ UCIOJIb30BAHUEM HAJIyBHBIX HECYIUX KOHCTPYKIHMIT. DTO OIpeiesis-
eTCsa ABYMs acreKTaMu: 1) ra3 CyImecTBEHHO JIerde CTaju; 2) ra3 He TPecKa-
eTCs HU TIPU KaKOM JaBJICHUH.

JLtst TOoro, 9T00BI Ta3 BHITOJIHSLT HeCYIre (DyHKINH, ero Haa0 3aK/II0INTh
B ONpeesIEHHBIN 00beM U yIepKUBAThL B HEM. ['a3 mepenaér BepTUKATHHYO
HaTrpy3Ky BO BC€ CTOPOHBI, B TOM YHUCJIE U Ha 6OKOBbIe CTEHKN yAepzKUBa-
roriero 06béma, cozabasi MpobJieMy BBICOKON ITPOYHOCTH GOKOBBIX CTEHOK.
OxkasbiBaeTcd 3Ta TpobIeMa peraeMast TP UCIOIb30Barny mouMepos. Ha-
puMep, MOXKHO UCII0JIb30BaTh Kesjap. O B 14,5 paza nmpoyuHee Ha pa3phIB,
yeM CTaJlb.

Wnes cozmanns cBEpXBBICOKUX HATYBHBIX Oarmen mpunagme:xkuT A.A. Bo-
aoukuny (em. [1] u [2]). Ecre rakxke rpynna asropos u3 Kanajpt [3], oxun
n3 kKoTopbix moayuni marert US 9085987 B2 wa a1y Temy. HecmoTpst Ha 3710,
npozenanibie B [1-3] pacuérsl He BosiHE 3akOHUeHHBIE. OHU HE COMEPIKAT
pacuéra BepTHKaJbHBIX HArPY30K B CTEHKAX HAJYBHOTO cOoOpyKeHus. B [4]
ABTOD JOKJIAJIA TPEJIOKUI MOIUMDUITNPOBATE KOHCTPYKIHNIO u3 (3], caenas
JaBJICHUEC T'a3d B CEIMCHTAX ]_[I/I.HI/IH,Z[pI/ILIeCKOIjI KOJIOHHBI IEPEMEHHBIM 10 BBI-
COTE U YBEJIMIUBAIOIIUMCS CBEPXY BHI3. 3a CUET 3TOT0 yIAETCH TPAKTUIECKH
O6Hy.HI/ITb BEPTUKAJIbHBIC HAIIPAXKCHUA B 6OKOBBIX CTEHKaX KOJIOHHBI, II€epe-
naB Bce Hecyue dpyHkimu razy. CaMu cerMeHThl ¢ BHYTPEHHUM JIMaMETPOM
1 merp u jymmHOI 110 3 MeTpa KaXK bl 1pejiaraercsd n3roTaBJIuBaTh U3 pe-
3UHBI, ADMUPOBAHHON KeBjiapoM. Pacuér Tosmuuel KeBIapoBoil OMIETKN B
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3dBUCHUMOCTH OT AaBJICHHA I'a3a B CCI'MEHTEC BbLIIIOJIHCH Ha OCHOBE JinHeHONI
treopun ynpyroctu. asee B [4] BBIBOAWTCS ¥ 9GHUCIEHHO DEIaeTcsi PeKyp-
PEHTHOE ypaBHEHUE s 3aBUCAMOCTH IAaBJIEHHUS I'a3a OT BLICOTHI PACIIOJIO-
JKeHUs1 cermenTa B KosoHHe. OCHOBHbIe pe3y/brarhl paborsl [4] npuseserst
B CJIENVIONIEH TabIuIe.

laz-mamomHNTE L reauit | azoT
Bec nontesnoro rpysa na Bepmmue (Ha 1 kosouny) B Tonnax | 20 20
Yueso cermMeHToB (3TazxkKHOCTH ) 2391 | 1878
Bricora coopyxkenus B merpax 7173 | 5634
[Mombrit Bec mosie3noro rpysa (Ha 1 KOJ0HHY) B TOHHAX 1726 | 1336
[losHBIil BEC KOJTOHHBI C TMOJIE3HBIM I'PY30M B TOHHAX 3433 | 2653
(6e3 yuéra Beca rasa)

JlaB/ienre KOJIOHHBI HA (DYHIAMEHT B METAITACKAIAX 45,2 | 45,2

B pacuérax 3aj0:keH 4eTbIpEXKpaTHBIN 3amac mpodHocTr. OKa3amoch, 9TO
BbICOTa KOJIOHHBI JIMMUTHUPYETCH HE IIPOYHOCTBIO KEBJAApa, & IPOYHOCTHIO
pesumHbI, yaep:kuBaromeit ra3 (compressive yield strength of rubber). Tan-
HBIE 10 KeBJapy HalTH yIaJIoch, a mo pe3nHe - HeT. [lpumnuiocs moiitu Ha
XUTPOCTH - HUCIOJIB30BATH JaHHBLIC HpOI/I3BO,ZLI/ITeJIefI PE3MHOBBIX I/IS,ZLGJ'[I/H‘/'I7 a
MMEHHO IIJIAHTOB BBICOKOTO maBjeHus. Bemwumua 45,2 Mlla B Tabauie -
9TO JIydInii Pe3y/AbTAT [0 BHYTPEHHEMY PabodeMy JaBI€HUIO B IIIAHTE PN
YeTBIPEXKPATHOM 3allace MPOYHOCTH Ijs nuianra. Llganros ¢ keBgIapoBoit
OTLIETKON HUKTO HE MPOM3BOANT. BO3MOXKHO /i HUX BHyTpPeHHee pabouee
napjienne rasza OpL10 Obl Bhime 45,2 Mlla. Torma sto mago 6bn1 ermé 60/1b-
mure OLECHKU Ha Hpe/:[e.HI)HyIO BbICOTy Ha/:[yBHbIX KOJIOHH OIIMCAHHOM BBIIIE
KOHCTPYKITHH.

JIuteparypa
1. Bolonkin A.A. Optimal inflatable space towers with 3-100 km height //
Journ. of the British Interplanetary Soc., 56 (2003), 87-97. 2. Bolonkin A.A. Optimal
solid space tower. — arXiv:physics/0701093, 2007. 3. Seth R.K., Quine B.M., Zhu
Z.H. Feasibility of 20 km free-standing inflatable space tower // Journ. of the British
Interplanetary Soc., 62 (2009), 342-353. 4. Sharipov R.A. On upper limits for the
height of inflated towers. — viXra:2008.0185, 2020.
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AJITOPUTMBI ITOUNCK TAPMOHUUA N
DQJIEKTPOMATHETU3MA B OIITUMU3AIINOHHBIX
3AJAYAX
E.H. ITTBapena, JI.B. EaukeeBa
elenaniks@yandex.ru, leniza.enikeeva@yandez.ru

YK 004.942,519.688

Ornucanpl TApMOHWYECKUN U 3JIEKTPOMATHUTHBIN AJITOPUTMBI, IPOBE/IE-
HO TECTHPOBAHNE TECTOBBIX PYHKIHil. [apMOHUYECKHiT aaropuT™ ObLI
MIPUMEHEH JIJIsi PEIIeHns IIPON3BOJACTBEHHON 33141,

Karuesvie caosa: maTeMaTndecKue MOIENN, TADMOHNYIECKHUH aJTOPUTM,
SJIEKTPOMATHUATHBIN AJITOPUTM, XUMUIECKAsd KNHETHKA

Algorithms search for harmony and electromagnetism in
optimization problems

Harmonic and electromagnetic algorithms are described, test functions
are tested. The harmonic algorithm was applied to solve a production
problem.

Keywords: mathematical models, harmonic algorithm, electromagnetic
algorithm, chemical kinetics

Tapmonndaeckuii anropurm (I'A) — OTHOCHTEHHO HOBBII AITOPUTM, BIIED-
Bble paspaboranubiii Z. W. Geem [1]. ['A - 370 My3BIKOil BIOXHOBICHHBII
AJITOPUTM METa3BPUCTUYECKON onTuMmuzanuu. OH BIOXHOBIEH HAD/IIOIEHN-
eM, 9TO I1eJb MY3bIKA - [MOUCK COBEPIIEHHOTO COCTOSHUS TapMOHUH. IDTa
TapMOHHA B MY3bIKE AHAJOTUYHA ITOUCKY OINTUMAJJIBHOCTH B TIPOIECCe OIl-
TuMu3anuy. Korja My3bplKaHT UMIIPOBU3UPYET, Y HENO CTh TPU BO3ZMOXKHBIX
BapuaHTa:

® BOCITPOM3BECTH JIIOOYIO H3BECTHYIO MY3BIKATBHYO MHECY (CEPHI0 TapMO-
HUYECKUX TOHOB) TOYHO IO MAMSITH;

® ChIrpaTh YTO-TO MOXOXKEE HA W3BECTHYIO TheCy (TakuM 06pa3oM CIerka
perysmpyst BBICOTY TOHA);

® COYMHUTH HOBBIC NJIN Cﬂy‘{aﬁHbIe HOTBI.

Ecan mbr opmanu3yem 3tu Tpu BapraHTa ONTUMU3ANNWK, Y HAC €CTh TPHU
COOTBETCTBYIOIUX KOMIIOHCHTA: NCIOJIb30BAHNE ITAMATH FAPDMOHUN, PErYJIN-
POBKa BBICOTHI TOHA W pamgoMm3anud. Vcmoabp3oBanme MaMsaTH TapMOHUN

Pa6ora BhinosiHeHa npu (uHaHCOBOH nognepxkke PODU (npoext Ne 19-37-60014).

[Isapesa Enena Hukomaesma, crapmuii mpemomaBaresib, Y uMCKuil ToCy/1apcTBeH-
moiii medranoil rexaumveckuil ynusepcurer (Yda, Poccus); Shvareva Elena (Ufa state
petrochemistry technological university, Ufa, Russia)

Enmkeesa Jlennm3za Bacumosna, k.d.-m.u., H.C., HI'Y (HoBocubupck, Poccusa); Leniza
Enikeeva (Novosibirsk State University, Novosibirsk, Russia)
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BayKHO. DTO IapaHTUPYET, YTO JIy4IIue TapMOHUE OyIyT HEPEHECEeHbl B HO-
BYIO TTAMSITh TAPMOHWH.
Ilouck T'apmouun
Henesast dynxmms f(z),x = (21, ..., 2p)
[eneparust HAYAJIBHBIX TAPMOHUK (MACCHBBI TEHCTBUTENBHBIX THCET)

T

Ompeesure CKOPOCTH PETYIUPOBKU BBICOTHI TOHA U MPEJEThl BBICOTHI
TOHA
Ounpezgennre CKOPOCTH IPUEMa, TAMATH
while ( t < MaxkcmMasbHOE THCIO HTEpAInii )
TenepupyiiTe HOBbIE TAPMOHUKY, IPUHUMA JIYIIIINE TAPMOHUKT
OTperymupyiiTe BBICOTY TOHA, YTOOBI HOJIYIUTh HOBbIE TADMOHUKHY (pe-
LICHUS )
if (rand> T),
BBIOEpPHTE CYIECTBYIOIIEE TAPMOHIIECKOE CIAYIAHHO
else if (rand> ckopocTs perysmposkn)
PETYANPOBKA BBICOTHI CYIAHHBIM 06pa3oM B TIpereax moI0Chl TIPo-
MYyCKAHUAS
else reHepanu HOBBIX TAPMOHUK C TIOMOIIBIO0 PAHIOMU3AITHN
end if
IIpuMuTe HOBBIE TADMOHUKHN (PEIIeHNUsT), eCIU OHU JIydIIe
end while
Haiinwre Tekymme jydmmme OMeHKN
Jpyrasi HOBasi 9BPUCTUKA i [VIODAJIBHON ONTHUMUBAIMU — METOJ[ KUC-
TTOJIB30BaHUA MEXaHN3Ma MPUTAKEHUA-OTTAJIKUBAHUA JIJId TTEPEMEIeHnd TO-
9YeK BBIOOPKHU B HATPABICHUY ONTUMATBHOCTH 2], AJITOpUTM 3/I€KTpOMArHe-
tuzma (AD) cHaUasa TPOM3BOIUT HAOOD HAYAIBHBIX DEIeHWi CIydaiiHbIM
obpazoM M3 JONYCTUMBIX 0OJjacTeil, a 3aTeM ompenessder 00JacTh NPUTH-
JKEHWsI B COOTBETCTBUY CO 3HAUEHWEM I1eJIeBOi (DYHKITNN KAXKIOM TaACTHUILHI,
9T00BI TTPOU3BECTH HOBOE TTOKOJIEHHE YACTHI] B HEKOTOPHIX obmacTsax. AD
MOOEIUPYET MEXAHU3M NPUTAZKCHUA U OTTAJIKUBAHUA B 3JICKTPOMATHUTHOM
oJTe, CPABHUBAET KaXK0€ DEIIeHne ¢ 3apsiKeHHOW JacTHiet, a 3aTeM 3a-
CTAaBJIACT 9aCTUILIBI ABUTATHCA K ONTUMAJIBbHOMY PEIECHUIO B COOTBETCTBUU C
OTIpeJIEIEHHBIME KPUTEpUIMHU. UT0 erre Hos1ee BayKHO, JOKA3AHA CXOIAMOCTD
A, u pe3ysibTaThl IOKA3BIBAIOT, 9TO 10 KPAHEN Mepe O1Ha YaCTHUIA B MOIY-
JIATTUN IBUZKETCA B6JII/I3I/I FﬂO6aﬂbHOI‘O ONITUMYMa C BEPOATHOCTHIO € TUHUIIBI.
DUIEKTPOMArHUTHBIN AJIrOpuUTM (KOJTHIECTBO YACTHUII, MAKCHMATBHOE
KOJIMYECTBO nTeparuii)
Unnrnamsanus (KOJIXIeCTBA TaCTHII)
iteration = 1
while (iteration<makcumasnbHoe KoamdecTBo urepanuii) do
LOCAL (makcuMaabHOE KOJIMYECTBO MTEPANUil B JIOKAJTBHOM MOUCKE,
JIOKAJIbHBIN TTapaMeTp IIOUCKA)
Pacuer nenesoit pyurmmm /s KaXK 0 IACTUIHI (CI/I.HBI, JefcTByromei
HA KaXK/IyI0 J9aCTHUILY )
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JlBurkeHne 9acTuIl OTHOCUTEIBHO BBITUCIEHHON CHUJIbI.
iteration = iteration +1
end while
TIpoeemeno TecTupoBanme TECTOBBIX (PDYHKIMUH C TOMOIIBIO PACCMATPH-
BaeMbix 'A n AD.KaHoHnuecknii aJroOpUTM HCIOIBIOBAICA I PEIIEHUsT
IpsaMOoit U 00paTHON 33189 XUMUUIecKoi knneTuku. [losyaenras MOmAe b KOP-
PEKTHO OTUCHIBAET UMEIOITHECs SKCIepUMenTaabHbIe mannble. [lnannpyercsa
npuMeHnTh AD K 3aja9aM XUMHUUIECKON KUHETHKH.

JIuteparypa
1. Geem Z.W., Kim J.H., Loganathan G.V. Heuristic Optimization Algorithm:
Harmony Search // Simulation (2001), 60-68.
2. Birbil, S.I., Fang, S. C. An electromagnetism-like mechanism for global
optimization // J. Glob. Optim., 25 (2003), 262-282.

TOWARDS PLATFORM-INDEPENDENT SPECIFICATION
AND VERIFICATION OF THE STANDARD
TRIGONOMETRY FUNCTIONS IN COMPUTER
ARITHMETICS
N.V. Shilov
shiloviis@mail.Tu

VIIK 004.052

UccnenoBarensckmit mpoekT “ [lnardopMeHHO-HE3aBUCHMBIH MOIXOT K
dopmabHOM crenuduKaIun 1 BepUPUKAIANA CTAHJAPTHBIX MATEMAaTH-
qecKkuX (PyHKIWH 7 HAIPABIECH HA PA3BUTHE IOIMIAIOBOIO KOMOHMHUPO-
BAHHOTO TOAXO/A K CIenuUKAINN U TPOBEPKE CTAHIAPTHBIX MATEMAa-
Tudeckux (QyHKIUI HAmpuMmep texttt sqrt, texttt cos, texttt sin m
™. 1.). B noknaze Gyner npencraBieHo pe3ioMe CTAaTbu aBTOpa arXiv ¢
kosneramu. Bopuc JI. @aiidens, Crernana O. Ilunosa u Asnekceir B.
[Ipomckuit, ony6ukosanubiit B 2019 romy. Ilens BeicTyILIEHNS - 1T03HA-
KOMUTH MPOMECCUOHATIHHOE COODIIECTBO C UCCIIETOBAHUEM.

Karwuesvie crosa: Hucna ¢ pukcupoBaHHOIM 3aMsTON, YUCITa C TIABAIO-
el 3andaToil, KOMIIbIOTEPHAA / MAaIlTHHHO-JINHEHHAs apudMeTnka, pop-
MaJIbHas IPOBEPKA, YaCTUIHAS U MOJHASI KOPPEKTHOCTD, TPOHKH X0apa,
Meros mpoBepku Pioii1a NHAYKTUBHBIX YTBEPIKICHUM

Research project “Platform-independent approach to formal specifica-
tion and verification of standard mathematical functions” is aimed onto
a development of an incremental combined approach to the specification
and verification of the standard mathematical functions like sqrt, cos,
sin, etc.). The talk will present a summary of the arXiv paper of the
author with colleagues Boris L. Faifel, Svetlana O. Shilova and Aleksey

Nikolay V. Shilov (Innopolis University, Innopolis, Russia)
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V. Promsky that was published in 2019. The purpose of this talk is to
introduce the research to professional community.

Keywords: Fix-point numbers, floating-point numbers, computer/mach-
ine arithmetic, formal verification, partial and total correctness, Hoare
triples, Floyd verification method of inductive assertions

Platform-independent approach means that we attempt to design a re-
latively simple axiomatization of the computer arithmetic in terms of real,
rational, and integer arithmetic (i.e. the fields R and Q of real and rational
numbers, the ring Z of integers) but don’t specify neither base of the computer
arithmetic, nor a format of numbers’ representation. Incrementality means
that we start with the most straightforward specification of the simplest easy
to verify algorithm in real numbers and finish with a realistic specification
and a verification of an algorithm in computer arithmetic. We call our
approach combined because we start with a manual (pen-and-paper) verifi-
cation of some selected algorithm in real numbers, then use these algorithm
and verification as a draft and proof-outlines for the algorithm in computer
arithmetic and its manual verification, and finish with a computer-aided
validation of our manual proofs with some proof-assistant system (to avoid
appeals to “obviousness” that are very common in human-carried proofs).
Paper [1] presents steps towards a platform-independent incremental combined
approach to specification and verification of the standard functions cos and
sin (that implement mathematical trigonometric functions cos and sin),
namely formal specification and manual formal verification of these two
standard functions in fix-point computer arithmetic for fix-point arguments
in the range [—1, +1].

JIureparypa
1. Shilov N.V., Faifel B.L., Shilova S.O., Promsky A.V. Towards platform-
independent specification and verification of the standard trigonometry functions
// arXiv:1901.03414 [cs.LO] (2019). Available at https://arxiv.org/abs/1901.03414
(visited October 14, 2020).
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ACCRETION FLOW ON JOSHI-MALAFARINA-NARAYAN
NAKED SINGULARITY
R.M. Yusupova, I.D. Lavrik, D.D. Karamov
yu.rose@mail.ru, irina.lavrik.94@mail.ru, karamov_ danfis@bk.ru

VK 524.882

Using general framework for the study of spherical accretion onto spher-
ically symmetric compact objects we explored various features of the
fluid flow near naked singularities. We focused on dust, stiffmatter,
quintessence, and phantom dark energy accretion onto compact objects
and found that different fluids with distinct state parameters have dif-
ferent evolutions. Our results then compared with Jannis-Newman—
Winicour solution.

Keywords: naked singularitiy, accretion flow

It is well known that any spherical distribution of non-interacting particles
(thus in the absence of pressure) cannot sustain itself against the pull of its
own gravitational field and must undergo complete gravitational collapse.
The final outcome of such a dust collapse is either a black hole or a naked
singularity, depending on the initial density configuration and velocity dis-
tribution of the particles. There are many well known spacetimes, e.g. Joshi
Malafarina-Narayan (JMN) spacetimes |1, 2|, Janis-Newman-Winicour (JNW)
spacetime [3], which have central timelike singularities. We investigate the
accretion process for JMN solution that represents naked singularities.

JMN solution for the metric in the interior R < R} is then given by

R Mo dR2
ds? = —(1 — M) (—=—)T"Modt? + ——— 2402,
Se ( 0)(R0) 0 +1_MO+R

This metric matches smoothly to a Schwarzschild spacetime in the exterior
R > Rb
MyRy dR?

A2+ ———— 1 R240?
R ) +<1_M0Rb/R)+ ’

ds®* = —(1—

where R - physical radius, Rj - physical radius corresponding to the boundary
of the matter cloud in the final equilibrium state, My - mass of the compact
object.

Yusupova Rozaliya Mansurovna, post graduate student, Institute of Molecule and
Crystal Physics, Ufa Federal Reseach Centre, Russian Academy of Sciences (Ufa, Russia)

Lavrik Iraida Dmitrievna, student, M. Akmullah Bashkir State Pedagogical University
(Ufa, Russia);

Karamov Danfis Danisovich, Candidate of Sciences in Mathematics, Associate
Professor, Institute of Molecule and Crystal Physics, Ufa Federal Reseach Centre, Russian
Academy of Sciences (Ufa, Russia); M. Akmullah Bashkir State Pedagogical University
(Ufa, Russia)
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Using general formalism [4] we examine the accretion process for specific
spherically symmetric metrics obtaining the velocity of the sound during the
process and the critical speed of the flow of the fluid around the JMN naked
singularities. In addition, we study the behavior of the rate of change of the
mass for chosen metric for a barotropic fluid.
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NCCJIEAOBAHUWUE OBOJIOYEK CJIO2KHOM T'EOMETPUN
H.M. dkxynos, B.®. Tazwokos, X.I'. Kusmos, 11.3. Myxamengosa
yzsrr@kfti.knc.ru, kijamov.hakim@rambler.ru, muhamedova-inzilija@mail.Tu

VIIK 539.3

Pa3zpaborana mMeToanka, KOTOpas MO3BOJISET ONPEIE/ISITh HATPAZKEHHO-
1eOPMUPOBAHHOE COCTOSTHIE TOHKOCTEHHBIX KOHCTPYKITUI CO CII0KHOM
reomeTrpueil, Ha OCHOBE CILIAHOBOI'O BAPUAHTA METOJA KOHEYHBIX 3Jle-
MEHTOB.

Karoueevie cro6a: TpexmMepHbIe KOHEUHBIE 9JIEMEHThI, KyOnvYecKue criai-
HbBI, KOHIIEHTPAIUA HAIIPAKEHUH

Study of complex geometry shells

A technique has been developed that allows one to determine the stress-
strain state of thin-walled structures with complex geometry. Based on
three-dimensional finite elements with cubic approximation of the initial
variables, the behavior of various shell structures was simulated.

Axynos Hyx Maxmynosud, m.d.-m.u., rn. 5 ¢, UMM KasHIT PAH, (Kasamb, Poc-
cua); Nuh Yakupov (Institute of Mechanics and Engineering, FRC Kazan Scientic Center,
Russian Academy of Sciences, Kazan, Russia)

Tasokos Bynar ®spuposwd, k.d.-m.m., monent, KOV, (Kazamb, Poccus); Bulat
Tazioukov (Kazan (Volga region) Federal University, Russia)
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Poccusr) Hakim Kiyamov (Institute of Mechanics and Engineering, FRC Kazan Scientic
Center, Russian Academy of Sciences, Kazan, Russia)

Myxamenosa Wmswmus 3aymarosra, K.d.-M.H., c. H. ¢., UMM KasHII PAH, (Ka-
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Keywords: dimensional finite elements, cubic splines, stress concentra-
tion

IIpeamoxen moaxom MOIETNPOBAHNS TPEXMEPHBIX 3JIEMEHTOB KOHCTPYK-
1w, IMEIOIMNX CJA0XKHYIO TEOMETPHUIO, & TAKXKE PA3BUT IOIXOJ MOIEIUPO-
BaHUS MACCHBHBIX W TOHKOCTEHHBIX JIEMEHTOB KOHCTPYKIWH, 33TaHHLIX B
ccbepnqecm/lx KOOpAWHATAX TPEXMCPHbBIMKM KOHCYHBIMU 3IJICMEHTaMH, OCHO-
BAHHBIH Ha 6a3e cMHTEe3a WIeN TTPeIBapUTEILHON mapaMeTpr3alinm Beeit pac-
cMaTpuBaeMoii 00J1aCTH TapaMeTpaMu eJUHUYIHOTO Ky0a M MeToja KOHed-
HBIX 9JIEMEHTOB C Ky6I/ILIeCKOI71 aHHpOKCHMaHI/Ieﬁ NCKOMBIX TIE€PEMEHHBIX BO
BCeX TpeX HAIPAaBJIEHUIX B Mpelesax KaxKIoro aneMenTa. [loaxon mo3BosasgeT
TOJIY49aTh IMIPOCTPAHCTBEHHO NCKPUBJICHHBIC COTJIACOBAHHBIE TPEXMEPHBIE KO-
HEYHBIE 3/IEMEHTHI U TPOU3BOJIUTD PACUET HANPSIKEHHO - 1ehOPMUPOBAHHOTO
cocrostanst (HJIC), kak TpeXMEpHBIX MACCUBHBIX 3JIEMEHTOB, TAK M TOHKO-
CTEHHBIX djeMeHToB KoHcTpyKnwmii. Ilposenen ananuz HIC obnactu nepece-
deHus 000JI0UEK, 30H IIPUIOKEHUS COCPEIOTOUEHHBIX HATPY30K M TOUETHOTO
KpeIIeHus, JTIOKAJbHBIX JeheKTHBIX obJacTeil u T.1.
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