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OVHIAMEHTAJIBHBIE I OBOBIIIEHHBIE PEIIIEHU A
YPABHEHUM JVMMHAMUNKU TEPMOVIIPYI'IX CTEPXKHEI.
2. IEPBAY KPAEBA Y 3AJIAYA CTAIITMOHAPHBIX
KOJIEBAHUN

PaccmarpuBaercs muHaMmka T€PMOYIPYTOro CTEP:KHS KOHEYHON IJIMHBI IIPU
TMEPUOINIECKUX BHENTHUX CHUJIOBBIX U TEMJIOBBIX BO3IEHCTBUAX C (DUKCH-
poBanmHoOI gacToToil. s ee onmcaHus WCIOIb3YIOTCS yPABHEHUs CBI3aHHON
TEePMOYIIPYIOCTH, YINTHIBAIONINE BJIMSHUE TEMIIEPATYyPhl Ha yupyrue medop-
MaIliy ¥V HATMPSKEHUsl, & TaK¥Ke BJUSHUE CKOPOCTH YIpyroil medopMarvu Ha
TeMIepaTypHoe mmojie B ctepxkie. Ha ocroBe MeToma 06001meHHbIX bYyHKITHH T0-
CTPOEHBI AHAJIMTUYECKHUE PelleHus KPAEBbIX 3a/ia4 JUMHAMUKU T€PMOYLPYIOro
CTEPXKHS TIPU PA3JIUTHOM THUIE TPAHUYHBLIX ycjaoBumii. [IpoBesiena KoMmboTep-
Hasl pean3alus PelieHus IIepBOil KpaeBoil 3a/1a4u PHU 33JaHHBIX IIepeMele-
HUAX U TeMIlepaTrype Ha KOHIAX CTEePXKHSA U JeHCTBYIOMIUX 1I€PUOJUIECKUX 110
BpEMEHU MaCCOBBIX CUJIAX M TEIJIOBBIX MCTOYHUWKAX. [IpmBemeHbl pe3ysbTaTh
pacydeToB IIlepeMeNeHn ¥ TeMIIEPATYPhI CTEPKHS IIPU PA3HBIX YACTOTAX U IIPO-
BeJleH CPABHUTEJILHBIN aHAJIU3 PelIeHnit.

KiroueBbie cioBa: TepMOYIIpYroCcTh, CTAIIHOHAPHBIE KOJIEOAHIE, CTEPIKEHDb, KPa-
eBasl 3a/1a4a.

CTep)KHeBble KOHCTPYKIUU MIMPOKO MCHOJIB3YIOTCA B MAaIlIMHOCTPOEHUN B
Ka49eCTBE COCJUHHTEJ/IbHBIX M IIEePEeJaTOYHBLIX 3BEHLEB OJId KOHCTPYKTHUBHBIX
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6 JILA. Anekceesa, M.M. AxmerkaHoBa

QJIEMEHTOB CaMbIX PAa3HBIX MalllUH 1 ME€XaHU3MOB. B oporecce SKCH.Hya,TaJ_[I/H/I
OHH IIOJBEPrafOTCs MEPEMEHHBIM MEXAHHIECKUM U TEePMUYECKHM BO3eliCTBU-
sIM, KOTOPBIE CO3AI0T CJI0XKHOE HAIPSKEHHO-1e(POPMUPOBAHHOE COCTOSHUE B
KOHCTPYKTHUBHBIX 9JIEMEHTAaX, 3aBUCAINEE OT UX TEMIIEPATYPhI U BJIUSIONIEE HA
nx MIMpOYHOCTH W HAJAC2KHOCTD. HOSTOMY orpeJgesieHne TEePpMO-HAIIPAZKEHHOTI O
COCTOSTHUSI CTEPXKHEBBIX KOHCTPYKIIUIL C yI€TOM UX MEXaHUIECKUX CBOWCTB (B
YACTHOCTH, YUPYIOCTH) OTHOCUTCS K YUC/LY aKTyaJbHBIX HAYYHO-TEXHUYECKUX
mpobJieMm.

U3ydenne TepMOAWHAMUYECKUX IIPOIECCOB METOJOM MaTeMaTHIeCKOTO
MOJIEJIMPOBAHUST IPUBOIUT K KPAEBBIM 3aJiadaM Jjist repmoynpyrux cpej. Cy-
MIIECTBYIOT PA3JIMIHBIE MOJIETN TEPMOYTIPYTUX cpe. [Ipn n3ydennn Mei/IeHHbIX
JUHAMAYECKUX IIPOIECCOB Yallle MCIOJIb3YeTCd MOMEIb HECBA3aHHON TEpMO-
YIIPYTOCTH, B KOTOPOit He YINTHIBAETCS BIANTHWE IBUKEHWS CPEJIhI HA ee TeM-
mepaTypHoe moJjie. BeicTpble BUOpAIMOHHBIE TIPOIECCHl B KOHCTPYKIUAX BJIUSI-
IOT Ha TeMmieparypHoe moje B Hux. [Ipm m3ydennnm Takmx mMpOIECCOB CJIEIyeT
HACIOJIB30BaTh MOJEIb CBA3aHHOI TEepMOYIPYTI'OCTH, KOTOpasd 3/1eCh pacCMaT-
pUBAETCA JAJIsT MOJEJTMPOBAHNS JUHAMUKNA TEPMOYIPYTUX CTEPXKHEN.

B npexppbuiymieit crarbe [1] mocrpoensr dyngamenTanbHble n 06001eH-
HBIC PelIeHns YPaBHEHMII TePMOYIPYTOCTH B IPOCTPAHCTBEHHO-OTHOMEPHOM
cydae, KOTOPBIE ONMPeNeIsioT HalPsSyKeHHO-1eOPMUPOBAHHOE COCTOSTHUE W
TeMIeparypy 6eCKOHEYHOr0 TEPMOYIIPYTOrO CTEPXKHS IPHU JCACTBAU pa3/imd-
HBIX CHUJIOBBIX U TEILIOBLIX UCTOYHUKOB CTallMOHAPHBLIX KOJeOaHWil, OLUCbIBa-
€MBIX 00OOIEHHBIMI (DYHKINAMI KaK PEryISIpHBIMHU, TaK W CHHIY/ISPHBIMIA,
LO3BOJISIONUMU UCC/1€/I0BATh JefCTBUe COCPEJI0TOUYEHHBLIX UCTOYHUKOB Pas-
JINYHOTO THIIA.

31ech perraoTcs KpaeBble 3a1a9 JNHAMIKA TEPMOYIIPYTOro CTEP:KHIA KO-
HEYHON JIJIMHBI IPU CTAIMOHAPHBIX KojebaHusx. PaccMOTpeHbl deThipe THia
KPaeBbIX YCJIOBUHU HA KazKJOM M3 KOHIIOB CTEPZXKHHA, 3aJaI0INX KOMILJIEKCHYIO
AMILIATY/ly KOjiebaHuil mepemMeriennii, Halpsi2KeHnil, TeMIepaTyPbl U TEII0BO-
ro noroka. Ha ocnoBe merona 06061ieHHbIX (DYHKIINI TOCTPOEHBI aHAJTUTUAYE-
CKUe pellleHns KPaeBbIX 3a/1a4 MPU 33JaHHBbIX YeThbIpeX KPAaeBbIX YCJIOBUAX U3
BO3MOJKHBIX BOCBMM Ha JBYX KOHIIAX CTEPXKHS.

[IpoBeena KoMIbIOTEPHAS peau3alius penrerns 1-o0it KpaeBoii 3a/1a9u Ipu

3a/[@HHBIX IIEPEMEIIEHNIX U TeEMIIEPATyPe Ha KOHIax crepxxkas. s ummocrpa-
[V TTIPUBEIEHBI TPAMDUKY Perenwmii.

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



QynamenTaabHble 1 0000IIeHHbIE PEIlleHns] YPABHEHUN JUHAMUKA ... 7

1. TIOCTAHOBKA KPAEBBIX 3AJIAY.

Paccmorpum Tepmoynipyruit crepkens AauHbl 2L, KOTOPBIA XapakTepusy-
€TCsI TJIOTHOCTBIO p, XKECTKOCThI0 F.J 1 TepMOynpyruMu KOHCTAHTAMU 7Y, 1) U
k. llepemerienns ceveHuii CTEPKHS W TEMIIEPATYPHOE I10JI€ CTEPIKHS OIMUCHI-
BAIOTCs CHCTEMOiT Tuiep6o/10-mapabo/InIecKuX ypaBHeHuii Buia [2]

PC Uz — Pl — Y0, +pFy = 0,

1 (1)
eamx —K eat —NU,xt +F2 — 0

Baeck u(x,t) — mpooIbHbIE TIepeMelennst crepKus, 0(x,t) — oTHOCHTeNbHAS
remneparypa (0 = T'(z,t) — T(x,0)) , T — abcosorHast Temneparypa, ¢ — CKO-
POCTH PACIPOCTPAHEHUsI YIPYTUX BOJIH B CTEPIKHE, € = 4/ %.

IIpeamonaraercs, 4To HA CTEPKEHb MOLYT J€HCTBOBATH [IEPUOUYECKAE BO
BPEMEHU MPOJIOJIbHAS CUJIA W TENJIOBONH UCTOYHUK BUA

Fj(z,t) = Fj(x)exp(—iwt), j=1,2, (2)

Fy = (\ok) "W (x,t), W(x,t) = W(x)exp(—iwt), rae W — KOJM4ecTBO Bbljie-
JIEHHOTO (MOTJIONIEHHOT0) TerJia Ha eJWHWILY JIIMHBI CTEPKHS 3a eJUHUILY
BpeMeHu, A\g — KO3(DDUIUEHT TEIIOTPOBOTHOCTH.
Tepmoynpyrue Hampsi)KEHHUsT B CTEPKHE OTMPEIETTIOTCST  DOPMYIOit
Hroamenga-Heitmana:
o = pc*u,, —0. (3)

Bcrony cumBout nocie 3amnaToli 0603HaYaeT YACTHYIO ITPOU3BOIHYIO 10 YKa3aH-

2
HOI B MH/IEKCE ePEMEHHON (U, = %, Uygy = % U T.IL).

Kpaesble ycoBusa Ha KOHNAX crepxkud (r = x1 = —L, © = x9 = L) MoryT
OBITH Pa3JIUIHBIMU. 371eCh CHOPMYJIUPYEM WX JIJIsi 9eThIPeX KPAEBBIX 3a/1ad,
OBBIYHO PACCMATPUBAEMBIX B K/JIACCHYECKON TEOPUH TEPMOYIPYTrocTH [2]:

1K3
u(zj,t) = wjexp (—iwt), 6O(xj,t) =0jexp(—iwt); j=1,2, (4)
2K3

o (:B]7t) = PJ €xp (_ZWt) ’ ex(xjat) = dqj eXp(_ZWt)7 ] = ]-a 27 (5)

MATEMATUYECKUI KYPHAJ 2015. Tom 15. Ne 3 (57)



8 JILA. Anekceesa, M.M. AxmerkaHoBa

3K3

u(zj,t) = wjexp (—iwt), 0Oy(z;,t) = qjexp(—iwt); j=1,2, (6)
4K3

o (zj,t) = Pjexp (—iwt), 6O(xj,t) =0jexp(—iwt); j=1,2, (7)

rae wj, 05, Pj, ¢j — KOMIIeKCHBIe aMILTHTY/IbI TIEPEMEITeHN T, TeMIepaTyphl, Ha-
NPSIZKEHU U TEIJIOBBIX MOTOKOB COOTBETCTBEHHO, W — 9aCTOTa KOJIEOAHMI.
Hapsany ¢ anMu MOXKHO TOCTaBUTEH KpaeBble 337]a1Un, KOTAa Ha OTHOM KOHIIE
CTEP2KHA 33JaI0TCd yCJIOBUA OJHOI KpaeBOl 3a/Ja4u, & Ha BTOPOM — YCJIOBUA
JIpyTroii. 371ech MOCTPOUM peIleHne TePBOil KPaeBoil 3aa4u.
B CUJ1y TapMOHUYHOCTHU 11O BpEMEHU ,ZLeI';ICTByIOIILHX CUJI 1 TPAHUYIHBIX YCJIO-
BUM, pelleHne 3a7a91 MOXKHO UCKATh B BAJE

(u,0) = (u(z),0(z)) exp(—iwt),

/e KOMILIEKCHBIEe aMIuTy/abl (u(x), 0(x)) yA0BIETBOPSIIOT CJIe/IyIOMel cucre-
Me nuddepeHInaIbHbIX YPABHEHNIA:

2 2
P Usge +pw t = V0,0 +pF1(2) = 0, ®
0,00 +iwr 10 + iwnu,, +Fy(x) =0.

OmnpesesmM KOMIIEKCHBIE AMIUIATY/IBI PEIIeHust, yaoBaeTBopstomue (5) u
oproMy u3 ycaosuit (4)-(7) coorsercrBenno pernraemoit K3.

JJtst perienus 3a/1a9u MCHIOIb3yeM Teopuio obobmennbix dbyuknuii [3]. Ha
ee OCHOBE, C MCIIOJIb30BAHMEM MaTpuIlbl (DyHAaMeHTanbubix pemenuii U(z, w),
nojiyunM anajgurudeckoe pemenne K3, koropoe umeer sup (4] qis |x| < L:

u(z) = Fi Ul + Fyx U+

2

+A7 (=1 (o = 300) Ul (2 = (1)L, w) + up (@)U} o (2 = (-1 L w)}+
k=1

[\V]

n (—1)’“”{ (e + iwnwy) U? (a: _ (—1)kL,w) FOp (W)U, (a: _ (—1)kL,w)}
1

T

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



QynamenTaabHble 1 00001IeHHbIE PellleHns YPaBHEHU AUHAMUKA ... 9

0 (x) = Fy*Uy + Fy* Us+

2
+ Y (U (= 300 U @ — (-1 Low) + wnlde 2 — (- Low) | +

+Z k“ (qr + iwnwy,) U22 (a: — (—1)kL,w) + GkUg,x (m - (—1)kL,w) ,

e § = v/pc?.
CBepTKI/I ,H;J_[H perﬂHpHI)IX CHJI U TEILJIOBBIX MCTOYHUKOB UMEIOT BI/I,ZI;:
L
Fy U] = H(L — |z]) / () Ul (x — . )dy.
—L

Jna cunryasprex Fy, Fy creyer moip30BaThes OnpeenenneM ceeprka |3).

@opwmynsr (9), (10) ompeensiroT mepeMelneHre W TeMIepaTypy BHYTPH
CTEpPIKHS 10 M3BECTHBIM TTEPEMEIICHUSIM, HATIPAKEHUSIM, TEMTIEPATYPe W TETLIO-
BBIM TIOTOKAM Ha ero Koumax. OHaKo, /s KazKI0il KpaeBoil 3aaui N3BECTHBI
TOJIBKO YEeThIPE TPAHWYIHBIX 3HAYEHUST KOMILUIEKCHBIX aMILIuTyx. s ocras-
IIUXCS YeThIPEX HEM3BECTHBIX KPAEBBIX YCJIOBWIl M3 TOW CHCTEMBI HETPYIHO
HOJIyYUTh Pa3PELIAIONLy0 CUCTEMY yPaBHEHUN, UCXO4d U3 yCJIOBUI Ha KOHIIAX
CTepKHSA W aCUMITOTHIeCKUX ycaoBuil U U ee IpOU3BOIHOI B HyJIE.

2. MATPULIA ®YH/IAMEHTAJIbHBIX PEIIEHUN U(z,w)

Dynjamentanbaas marpuia U (z, w) panee nocrpoena vHamu B [1] ¢ ucrosinb-
3oBanueM rpeobpazoBanus Pypbe 00001eHEBIX QyHKINI. OHA TMEET Caemy-
IOIIMA BUJ:

' j . .
U9 (5, ) = §1sgn(x) {iw/{_l(smx\/g sm:):\/)\»l)

2(A1 = A2) Ve VA
+(V A sinzy/ A — \/Esin:r\/)\»g)}

7528gn <cosx\/>—cosx\/>> j=12

2(A1 —

MATEMATUYECKUI KYPHAJ 2015. Tom 15. Ne 3 (57)



10 JILA. AnekceeBa, M.M. Axmer:kaHoBa

Ug(:vjw) =

S22 fmffeos /Ay = cosi/3g) —u (DL S )

02<\/)\>1$in:v\/)\>1 ﬁsmxf)é%} j=1,2,

rje

A2= 5 2{(w +iyn)+ic?k~t + \/ (w—+i(yn+ k1)) — 42‘w02k—1}
BABUCAT TOJBKO OT TPEX TEPMOYIPYTUX KOHCTAHT CPEJIbI:
¢, a=y, B=ckh

Pasmepnocts [a] = [8] = [w]. Ee komnonentsr U] menpepbiBHEI B TOUKe = = 0,
a MX MPOM3BOHBIE B 9TOH TOYKE TEPIST PA3PhIB MIEPBOr0 PoIa:

~ 1 . ~ 2
Uf,x (io?w) = i§5{7 Uiaz (Zl:O,W) = :l:%d{

Ee acumnrornueckne coiicrsa moapobro onucansl B [4]. Ha ux ocrose u dop-
My (9), (10) B crarbe [3] mocTpoena 06IIast pa3peraoIas CHCTeMa ypaBHeHHI
AJIA OTIpEIEJICHUA aMIIJINTY HEU3BECTHBIX I'DAHUYIHBIX (byHKL[I/Iﬁ C UCIIOJIB30-
BaHMeM IDaHUYHBIX YyCJIOBUII COOTBETCTBEHHO pellaeMoil KpaeBoil 3a1adve.

3. PABPEIIAIOIINE YPABHEHUST KPAEBBIX 3AJIAY

Pazpematomast cucrema ypaBHeHu! Ha KOHIAX CTEPXKHS MPEICTABAMA B
MaTPUYHOM BHJIE:

w1 wWo
Al x ]«;i 1 A2 zz — b, 9)
q1 q2
rie
0.5 0 0 0
A —(U%,m—éwnU%)@L) —U11(02L,w) (_Wll;g%”)““ _U?(2L,w)

(_U217x +ZW77U22) _I'J21 (2L7 OJ) - (§U21 - U227$) (2L) _U22 (2L7 W)

(2L)

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



OyumamenTaababie u 0000IIEHHBIE PEIIeHNsT YPaBHEHUN JuHAMUKHA ... 11

(U117:E +Z.W77U12)(,2L) Ul1 (_2[’7(";) (_\’)7Uv11 + UIQ?I)(,QL) le2 (_2[” w)

e 0.5 0 0 0
(U +iwonU3) _ypy Ub(-2Low) —(FU+U2) Ly UR(-2L.w) [
0 0 0.5 0

x T r=—

(Fu+ 03+ B 03)
x x

B B z=L
(Fx03 + P2+ 03)
x x

\ z=L J

3/1ech B HUKHUX UHJEKCAX 33 CKOOKOI YKa3aHbl 3HAYEHU X, J/1sd KOTOPOro
BBIYUC/ISIOTCS BbIPaXxKeHus B CKOOKax. V3 310t cucrembl JIErKO IOCTPOUTD JIvi-
HEWHYIO CUCTEMY aJredpamvdecKux ypaBHEHU s J000# n3 pacCMOTPEHHBIX
KPAaeBbIX 3aJa4, OCTaBAAd B JIEBOI YaCTH cjaaraeMble C HeM3BeCTHBIMU KPAEeBbI-

MU 3HAYECHUAMU NCKOMBIX d)yHKI_[I/IfI " IEPEHOCH B TPABYIO 9aCTh C U3BECTHBIMMA.

4. KPAEBAM 3A/TAYA 1 U EE PEIIEHUE

Paccmorpum niepByio KpaeByio 3a/ady: W3BECTHBI TEMIIEPATypa U IepPeMe-
MIeHNd Ha KOHITAX CTepPXKHA (4) B sToM citydae pa3pemnraronias CUCTeMa ypaB-
HEHUII nMeeT BU]

b1 w1 b1
q1 01 b2
{AZ] (L’ W)}4><4 p2 = {Bl] (L7w)} Wy + b3 Y
q2 02 b4
r7e syieMeHThl MaTput] A u B BeIpaKatoTcs depes smeMenTsl MaTpui; Al u A2
dopmynamu:
Alyp Al A21p A2y Al Alyz A21p A2q3
A= Algy Algy A299 A2y B— Algr Algz A2y A293
Alys Alyy A240 A2y Alyr Alyz A2y A243
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Pemenne 3anaun 1 peanuszosano B cucreme MathCad. 3aecs paccmorpen
3aKpeIIEHHbBIN Ha KOHIIAX CTePXKEeHb, TEMIIEPATYPa KOTOPOro Ha KOHITAX KOJ1e0-
JIETCsI C OTIPEJIeJIEHHOM YacToToi. Pacuers poBeieHsl /st Cpeibl ¢ be3pasMep-
oeiMu mapamerpavu: L =1, ~v=1, n=1, k=1, ¢=3, p=1

Ha pucynkax 1, 3, 5, 7 (a,0) mpeacraB/ieHbl aMILTUTYbI TePEMeIeHnii
TEeMIIEPATYPHI 10 JJIMHE CTEPXKHs Jjist pasubix vacror: w = 0.1,1,10, 100.

Ha pucynkax 2,4, 6, 8 (a,0) n300pazkennbl 1efiCTBUTE/IbHBIE U MHUMbIE YACTH
KOMILIEKCHBIX aMILIUTY/I IIEPEMEIIECHUA U TEMIIEPATYPbl, KOTOPHIE ONACHLIBAIOT
peasibHoe cocroghue crepxkus npu t = 0+ 27n/w (4epes yersepTh nepuoOA).

ITo mepemenennam HabI01aeTCd 0O0pa3oBanme cTogunx BoH. [Ipn AU3KMX
gacrorax (w = 0.1) cepeuna CTEPKHS HEMOJABUKHA, MAKCUMATBLHBIE TTPOIO/Tb-
Hble CMeIeHus HaOIIOJAI0TCS HA YETBEPTH JJINHBI OT KOHIIOB CTEpXkKHS. A
MaKCUMaJIbHad TEMIIEPATYPa — B C€peanHE CTEPZKHA.

[Ipu HW3KWX YacTOTAX MAKCAMAJIHHAT TEMIEPATYyPa B CepeIuHe CTePXKHS
BBIIIIE, UeM TeMIepaTypa Ha ero Koutax. [Ipu moBeIennn 9acToTH KOJITIECTBO
JIOKAQ/IbHBIX 3KCTPEMYMOB BO3paCTaeT M aMIJINTY/la TEMIEPATYPhl YBEININBA-
€TCd B CPABHECHNHU C €€ 3HAUEeHNEeM Ha KOHIAX CTePXKHH, NOABJIAIOTCA Y3JI0BBIE
TOYKM, TJIe¢ W IEPEMEIIEHNs, U TeMmieparypa Oiuskum wium pasubl HY/110. HO
SKCTPEMYMBI aMILJIUTY/T IIEPEMEIICHNN 1 TeMIIEpaTyp CABAHYTHI OTHOCUTEIBHO
JApyT apyra (Tam, rje nmepeMenienus HyJaeBbie, Hab/II01aeTCs MAKCUMYM aMILIH-
TY/Ibl TEMIIEPATYPHI).

B Tabaume 1 mpesgcraBieHbl MaKCUMAJIbHBIE AMILIATYIbI TEPEMEIIeHud 1
TeMIepaTypbl B pacCMOTPEHHOM jauamazone dacTor. C pocToM YacTOThI aM-
JINTY/a MePEMEINEeHniT PE3KO BO3PACTAET, a 3aTeM HAUMHAET MaJfaTh. DTO Ke
HabJTI0jaeTcs U Ay TeMepaTyphbl. [lpu Kojebanngx TeMnepaTypbl Ha KOHITAX
MaKCUMaJIbHAs aMILINTY1a KOIe0aHuil TeMmepaTypbl B CTEPIKHE TTOBBIIAETCS

ma 20%.

Tabauna 1 — MakcumaibHbIe aMILTUTYIbI TEPEMEIIEHUN U TeMIePATYPbI
w U max | T max
0.1 | 0.0022 | 1.001
1 0.032 1.168
10 | 0.443 1.2
100 | 0.28 1.04
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Pucynok 1 — AMmuTyaer nepemerrenuit (a) u Temneparypsl (6)
o jgnuHe crepxkug: w=0.1
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Ru(xn, Wwr)

Tu(xn . wr)

RT(xn.wr)

IT(xn . wwr)

Pucynok 2 — Tlepemernenus u TeMmeparypa o JjiuHe CTepXKHA npu t = 271n/w
ut=2mm/w+mr/2w: w=0.1
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Pucynok 3 — AMmumTynet mepemeniennit (a) u Temneparypsi (6) 1o

JJIUHE CTepxKHs: w=1
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el
Fu{xn _w=r) -“
Tugma wer) - ]
ERORAY
e et
TYTI1 —oE—oe—0a—02 o 2 - & = 1
n
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I | | | | I
o ! | | :
B T{xn _wr)®-3
IT(®n . W) :j .
_ = ~=l
.
Yy —ocE—oe—0Da—0o= ¢© 2 4 & E 1
pouul

Pucynox 4 — [lepemerienuda n TeMeparypa 1o JJIMHE CTEPXKHSI TTPU
t=2mnj/wunt=2mn/w+71/2w: w=l1
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Pucynok 5 — Ammuuryabl nepemenienuii (a) u remueparypsl (6) 1o
AJuHe cTepxKHA: w=10
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Pucynok 6 — [lepeMemenns u TEMIIEpATYpa MO JJIMHE CTEPKHS NP
t=2mn/wut=2mn/w+ r/2w: w=10
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Pucynok 7 — AMmunTyne nepemerriennit (a) u Temneparypsi (6) 1o

JnuHe cTepKkHa: w=100
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Pucynok 8 — [lepeMeIennss u TEMIIEPATYPA IO JJTMHE CTEPKHS P
t=2mn/wut=2rn/w+ 7/2w: w=100
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Anexceea JI.A., Axmerxkamosa M.M. TEPMOCEPIIIM/II ©3EKTET'T
KO3TAJIBIC TEHAEYLIEPIHIH ®VYHIAMEHTAJIIBI XKOHE 2KAJI-
[NBIJTAMA IHEMIIMAEPI. 2. CTAIOMOHAPJIBI TEPBEJIICTEPIIH
BIPTHIIII IMIETTIK ECEBI.

Y 3BIHABIFBI aKBIPJIBI TEPMOCEPIIIMII ©3€KTiH OeKiTiAreH XKuijaikTeri mepu-
OJITHI CBHIPTKBI KYINTIK KoHe KBLIYJILIK dcepJsep Ke3iHIeri KO3FaabIChl Kapac-
TeIpbLIaA6l. OHBI cUMaTTay YIMiH 0AlIaHBICTHIPHLIFAH TEPMOCEPTIMIIIIK TEH-
JleyJiep KOJIAHBLIAIbI, MYHA TEMIIEPATYyPAHbIH CepiiMl gedopMalnusiapra
JKOHE KEepHEeyJIepre dcepi, OraH Koca cepriMl medopMarus KbLIIaM IbIFBIHBIH
©3€KTiH TeMIepaTypa epiciHe ocepi ecKepiirer. Op TYpJIi MeKapajblK MapTTap
VIIIiH TEPMOCEPUIMILIIK 036K KO3Fa/IbICHIHBIH MIETTIK eceOiHiH aHaATuTUKAJIBIK
HIEeNTiMi yKaJIbLIamMa (PYHKITUSICHIHBIH TOCLI Heri3inje KypacThIPbLIAbl. O3ek
VIITaPBIHIAFEl OEPIIr€H OPbIH AyBICTHIPY/IAP MEH TeMIEPATypa KOHE MaCCa-
JIBIK, KYIITED MEH KbIJy KO3JIEPiHIH yaKbIT OOWBIHIIA [EPUOJITHI OCEP eTeTiH
JKaFJaiiaphbl YIMiH OIPIHII IMeTTIK ecenTiH KOMIbTEPJIK KY3€ere achIphLIyhI
OPBIHIAJIBI. O3EKTIH OPBIH ayBICTHIPYIAPHl MEH TEMIIEPATYPACHIHBIH Op TYPJI
JKUIIKTepl VIMiH ecenTeyaep HOTHUKeJepl KeaTipiaal yKoHe IeNTiMIep/Iis ca-
JIBICTBIPMAJIBI TAJIAY Bl KYPTi3LII.
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Alexeyeva L.A., Ahmedzhanova M.M. FUNDAMENTAL AND
GENERALIZED SOLUTIONS OF THE EQUATIONS OF THE DYNAMICS
OF THERMOELASTIC RODS. 2. THE FIRST BOUNDARY VALUE
PROBLEM OF STATIONARY VIBRATIONS

Here the dynamics of thermoelastic rods of a finite length under the
action of periodic external force and thermal impacts with a fixed frequency
is considered. To describe this the model of connected thermoelasticity
is used which is taking into account the impact of temperature on the
elastic deformation and stresses, as well as the effect of elastic deformation
in the temperature field in the rod. Based on the method of generalized
functions the analytical solutions of boundary value problems of the dynamics
of thermoelastic rod with different type of boundary conditions has been
constructed. The computer implementation of the solution of the first
boundary value problem has been elaborated when the displacements and the
temperature at the ends of the rod and acting periodic by time mass forces and
heat sources are given. The results of calculations of the displacements and the
temperature of the rod at various frequencies are presented and comparative
analysis of the solutions are performed.
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O PA3PEIIINMOCTU CEMEINCTBA KPAEBBIX 3ATAY
BAJIJVIE-ITYCCEHA AJ14 OBBIKHOBEHHBIX
JN®OEPEHIIMAJIBHBIX YPABHEHUI

PaccmarpuBaercsa cemeiictBo KpaeBbix 3aza41 Basure-Ilyccena nys 0ObIKHOBEH-
HBIX 1@ ¢epeHmaIbHbIX YPABHEHU BHICOKOTO MOPSIKA C TEPEMEHHBIMU KO-
sdbdunmenTamu. YCTaHOBIEHBI JOCTATOYHBIE YCIOBHUS CYyIIECTBOBAHUS €IIHH-
CTBEHHOTO DpEIEeHUs HCCIeAyeMON 3aa4d B TEPMUHAX HCXOJHBIX JAHHBIX.
IIpenoskeH aropuTM HAXOXKIEHUS TPUOJIMKEHHOTO PENTEHNsT CEMEHCTBA Kpa-
eBbIx 337249 Banme-Ilyccena qms o6bikHOBEeHHBIX and depeHnmaIbHbIX YpaBHe-
HA BBICOKOT'O IOPAIKA.

KmroueBsie ciioBa: cemeiictBo 3amad  Basne-Ilyccena, augepenimaisHoe
YPaBHEHHEe BBICOKOIO MOPSIIKA, OJHO3HAYHAS Pa3PEHIHMOCTh, METOJ PEIIeHHST.

Paccmarpusaerca cemeiicTBo Kpaesbix 3a7a49 Baste-Ilyccena s 06bIKHO-
BeHHBIX I depeHInaIbHbIX YPABHEHUI BHICOKOTO IMOPSIKA C IMEPEMEHHBIMI
koddurmenramu B npsimoyrosbHoit obaacru [0, 7] X [0, w]:

oy A "
ot _;Axt,x)atn—i+An(t,x)u+f<t7w>v (1)
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ou(t;, x Vi u(t;, x Vi
u(ti,x) = d (z), (at) =d (), ..., 8t(1) =d" V@), (2

i = 1,m, z € [0,w], rne xko3pdbunuentor Ay (t,x) — menpepbiBHbIE Ha () =
[0,T] x [0,w] dynknuu, k = 1,n, npasasg yacrs f(t,x) — nenpepbisaas na 2
m
dbynkmmsa, 0 =t <to < ... <tp1 <tm =T, > v;=n.
i=1
Pemennenm cemeiicrra 3amaa Bane-ITyccena (1), (2) naswiBaercs dynkmnms
u(t, x), menpepoiBHag Ha ), UMEIONAasd HEMPEPHIBHbIE YACTHBIE MPOU3BO/IHbBIE
ILO n-ro HOpHﬂKa Ha Q nu y’Z[OB.HeTBOpHIOU_LaH ﬂHCI)(bepeHHI/Ia.HBHOMy ypa,BHeHI/HO
BBICOKOTO Topsizka (1) mpu Beex (¢, ) € Q, KpaeBbiM ycaoBuaM (2) HA JTUHUAX
ti, 7= 1, m.

Mmuororodeunbie KpaeBble 33a4l OTHOCSTCSA K OJHON M3 BAYKHBIX U aK-
TUBHO Pa3BUBAIOIINXCS 00/1acTeil KadeCTBEHHON Teopun auddepeHna bHBIX
YPABHEHUI B CBI3W ¢ MHOTOUYNCTEHHBIMHU TPUIOKEHUAMNI B TEOPUH KOJeba-
HUl, B TEOPUU MMITYJbCHBIX CHCTEM, BAPUAIMOHHOM WCYHUCAEHWH, ONTHMAJIb-
HOM YIIPABJIEHUN U TEOPUHN CILIAiHOB. PaccMarprBaemMass MHOTOTOUYETHAS Kpa-
eBasl 3aJ1a4a i OOBIKHOBEHHOTO JinhDEPEHIINATBLHOIO YPABHEHUS BBICOKOTO
nopsizika — 3a1a4a Basre-Ilyccena (1), (2) umeer mpsvoe OTHOIIEHHE K TEOPUT
MHTEPIOIMPOBAHUS U UCLOJIB3YETCs. B T€OPUM MHOIOOIOPHBLIX Ganox [1]-[4].
TTpn ncenemoBaHUT MHOTOTOYETHBIX KPAEBHIX 3a1a9 11T OOBIKHOBEHHBIX Ard-
depeHnmaTbHbIX YpaBHEHWH BBHICOKOTO TOPSIKA BOSHUKAET psif TPYIHOCTEI,
CBSI3AHHBIX C TPOMEKYTOYHBIMIA TOYKAMU, BXOISAIINMHA B KPAEBbIE yCJIOBUS,
HAITpUMEp, HAPYIIeHNe TJIaIKOCTH (PYHKINY [ pruHA, OTCYTCTBIE COTPSKEHHOM
zagaun u ap. s permenust yKa3aHHBIX MTPOOJIEM MIPEIaraloTCd Pa3HbIe MOJI-
x0zBI 1 cioco0s! [1]-[5]. OxmuM u3 myTeit MpeosoIeHns TPYIHOCTEll SIBIISTeTCS
pazpaboTKa KOHCTPYKTUBHBIX METOJIOB MCC/IEJOBAHMS MHOIOTOYEYHBIX KPae-
BBIX 33724 JIJisi OOBIKHOBEHHBIX JudepeHInaibHbIX ypaBHeHuil, He mpuberas
K dysamenTanbHoii Mmarpuie n dynkipun puna. B paborax [6], [7] muoro-
TOYEeYHAST KPaeBas 3a/ad9a Jijisd CHCTEMBI OOBIKHOBEHHBIX TudepeHTHaTbHBIX
ypaBHeHuil uccsiejoBasiach Merogom napamerpusanun [8]. Ha ero ocuose 6bl-
JIN TIOJIy9eHbl HEOOXOJNMBbIE W JOCTATOYHBIE YCAOBUS OJHO3HAYHON KOPPEKT-
HOW Pa3PeNnImMOCTH PACCMATPUBAEMOH 3aIaUN B TEPMUHAX MCXOTHBIX JAHHBIX
U MTOCTPOEHBI AJTOPUTMbI HAXOXK/IEHUsI €€ PerleHus .

B nacrosieit pabore ucciiemyercs cemeiictBo kpaesbix 3a1a4 Basie-Ilycce-
Ha 1719 OOBIKHOBEHHBIX anddepeHnaababIX yPABHEHUH BBICOKOTO TOPSIKA,
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rje poJib TMapaMeTpa UrPAeT MepeMeHHasl X, HEPEPBIBHO M3MEHSIIOIAsICS Ha
orpeske [0,w]|. CemelicTBa kpaeBbix 3amau Base-Ilyccena g 0ObIKHOBEH-
HBIX JudHepeHnnaibHbIX yPaBHEHN BHICOKOTO MOPSIKA, 9aCTO BCTPEIAIOTCs
[IpU peIleHny HAYaTbHO-KPAEBBIX 3a/1a4 Jjisd AuddepeHiinaabHbIX ypaBHEeHT
B 9aCTHBIX IPOU3BO/IHbIX BBICOKOro nopsijxa [9]-[11]. Haxoxaenue sdpdexrus-
HBIX IPU3HAKOB PA3PEINMOCTH ceMeiicTBa KpaeBbix 3aj1a4 Base-Ilyccena ot-
HOCHTCS K AKTYaJIbHOM ITPoOJIeMe TeOPUH HAYAIbHO-KPAEBBIX 334 JIJIsl YPaB-
HEHUIl B YaCTHBIX TPOU3BOJHBIX BBICOKOTO MOPsiaKka. Ha OCHOBe MeToma BBe-
neHns (DYHKIHOHATBHBIX MapaMerpoB [12] moCTpoeHsl aJropuTMbl HAXOXK e
HUsT TTPUOJIMKEHHOTO PEIeHnsT UCCIenyeMoii 3aa4an. [1oIydenbl JoCTaTOuHbIe
yCJIOBUST OJTHO3HAYHON PA3pEeInMOCTH CeMeiicTBa KpaeBbix 3aa4u Basre-Ilyc-
cena (1), (2) B Tepmunax xko3ddunuentos muddepennuaabHOro ypasHeHus.
Pesynbrarsl nanuoit paboThl IpU OTCYTCTBUN EPEMEHHON T, aHOHCHPOBAHBI B
[13]. VcranoBieHbl jocTaTOuHbBIE YCIOBUS CYIIECTBOBAHUS €IMHCTBEHHOIO pe-
meHus B TepMuHax KoaddurmenTos nudepeHImajibHoro ypaBHeHUs.
Cxema Mero/ja BBEeJIeHUS JIOMOJTHUTE/IbHBIX TapAMETPOB.

[Mycrs A\ (x) = u(ty, x), Aao(x) = W, oy An() = %.

B zamaue (1), (2) ocymecTBuM ciegyronryio 3ameny byskimun u(t, x):
n 1 \k—1

ww=mm+;%gfmw
=1

n mepexoanm K SKBUBAJIEHTHOMN 3a/1a4e:

n, n n—i, n i _ k—1
A U NI LARCINE @l WS i Gk LA W UG 1% N
=1 =1

otn otn— — — (k—1)!
B O0z(t1,x) ?z(ty,x) O Lz(ty,x)
Z(tl,l’) = 0, T = 0, T = 0, ceey 8‘[:”71 0, (4)
= (t; — )"
(o) + 3 o) = o),
k=1 ’
Oz(t;,x) 2 (4 — )k
(875 ) + ( ¢ _13)' Ak+1(x) = dgl)(a?), e
k=1 ’
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8”712(?5@', l’) n—vit+l (t‘ _ tl)kfl
1

_ 1) .
i1 Metvi—1(z) =d"" (z), i=T1,m. (5)

ol
—_

Pemennem zamaun (3)—(5) ssasiercs (n + 1)-KoMIoHeHTHasi cucrema
(z(t, z), A (x), A2 (), ..., \p(2)), mme dbyukuumsa z(t,z) HenpepbiBHA TIO ¢, T Ha
(), umeer HermpepbIBHBIE YACTHBIE POU3BO/HBIE 1O ¢ JI0 N-T0 nopsijika Ha ),
dbyukimun \;(z), i = 1,n, HenpepwiBHbl 10 x Ha [0, w], YI0BIETBOPSET ceMeii-
crBy muddepennuanbabX ypasHenuii ¢ pyHKInoHabHbIME TapaMerpamu (3),
HaIaIbHBIM yCaoBuaM (4), KpaeBbIM ycaoBuaM (D).

Bagauau (1), (2) u (3)—(5) sxkpusanenrusl. Ecin dyuxuus z(f, x) — peme-
Hue cemeiicTBa Kpaesbix 3a1a4 (1), (2), o (n + 1) — KOMIOHeHTHas cucTeMa
(z(t,z), M(x), A2 (), ..., Ap(2)), re )

M) = ult,z), Ao(x) =240 N, (2) = L),

Gyser pemenuem sajaqn (3)-(5). U naobopor, ecim (n + 1) — komuonenTHast
cucrema (2(t, ), M (2), Ao (2), ... An(z)) — pemenne sagaan (3)—(5), To dyHK-
st

n

u(t,x) = z(t, x) +Z t_tl ~(a:)
k=1

Bysier pereHneM NCXOAHOrO cemeiicTBa Kpaesbix 3aj1a4d (1), (2).

[Ipu buUKCHpOBaHHBIX 3HAYEHUAX MapameTpoB \;(z), ¢ = 1,n, 3a1aqa (3),
(4) aBisierca cemeiicrBom 3asa4d Komm st 06bikHOBeHHbBIX nudbdepennuaib-
HBIX YpPaBHEHUI M-TO MOps/IKA C HAYAJbHBIMEU YCJAOBUAME Ha JUHUU { = 11.
Coornomenus: (5) 1O3BOJISIOT ONMPEIEJNTHL HEU3BECTHBIE MApPaMeTPhl A1, A2,
ey Appe

Pemenne 3ayaun Ko — dynxnus z(t, ) yioBaerBopser uHTerpajibHOMY
COOTHOTITEHNIO

= 1 t — 8)" (s, x)ds x
o(t,2) = )/tlu lp(s,a)ds, (L)€, (6)

(n—1)!
e o(t, w) = G,
U3 npezcrasiaenns (6) MoXKeM OMPEJETUTH TPOU3BOIHbIE

Ol z(t, ) 1

t
= _ \n—l-1 0
ot! (n—1-1)! /t1 (t—s) p(s,z)ds, (t,x) €,

o~
I
—_
S
—~
EN{
~—
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Dyuxys @(t, T) yI0BIETBOPSIET CEMENCTBY MHTErPAILHBIX YDABHEHUT
BoabTeppa BTOpPOTO poma

o(t,z) = K(t,s,z)p(s,x)ds + F(t,x), (t,z) € Q, (8)

t1

rae sapo K(t,s,x) nu dyuxnus F(t,x) onpeaesenbl COOTBETCTBEHHO BbIPazKe-
HUSMHA

K(t, s, z) ZA (t,z) )12)1 (t,z) € Q, s€l0,T], (9)

7

(t —t1)kt
F(t,xz) = f(t,x —|—ZA (t,z Z ) Ae(), (t,z) € Q. (10)
i=1 k=1

Bumecro ¢(s,x) B (6), (7) nojcraBus coorBeTCTBYIONIEE BhIpazKeHue u3 (8), npu
t = S MOJIydnM

1 t s
z(t,x) = / (t—s)""t | K(s,s1,2)0(s1,2)ds1ds+
(n - 1)‘ t1 t1

1 /t 1
F— t— )" "F(s,x)ds, t,x) €. 11
=1 tl( ) (s,) (t,z) (11)
8lz(t,:c) 1 ! n—Il—1 *
G = =1 /tl (t—s) ; K(s,s1,z)p(s1,x)ds1ds+
oty [ s, @pen, 1=Tm (2
n—i—n ), "7 e e A

Ompenenum uz (11), (12) suavenus dynkuuu u(t,r) U ee IPOU3BOIHBIX [0
(v; — 1)-ro nopsizika Ha juauu t = t; U, NOJACTABUB B COOTBETCTBYIOIIUE COOT-
Hommennst u3 (5), MOIyIUM CHCTEMY JTMHEHHBIX (DYHKIMOHATBHBIX yPABHEHUI
OTHOCUTENIBHO A1, A2, ..., Ap:

ti (4. s n—1 mn j . b1
/t (t<n—)1)' PIEHCEDS %Am)dﬁ
1 . ]— |
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n o k—1 ti (4. s n—1
k=1 " '

ti(ti_s)n—l S
— R K(s,s1,x)0(s1,x)dsids,
L | K st s

ti (¢ — g\n—2 2 J s — ¢ )h—1
/ (tén _)2)! ZAj(s,x)Z( 0 fl)l)! Mol ds+

n—1 .
(ti —t)*! b (t; — s)n2
+ 2 G _1 X Aer1(w) = dz(l)(;,;) /tl (n =2 f(s,z)ds—
/tz (t S)n—2 s
- by (n=2) Jy K(s, s1,2)¢(s1, 2)dsrds, ;
1 ity — s)" Y J (s — 1)1
(n—)! / ()l & Ailss2) ) =y Aulo)ds
n—v;+1 (ti — tl)k—l (1) t; (ti _ S)n—l/i
+ 2 WAIH_W_I(Q:) = dz (ZE) - /tl Wf(ij)ds_

[ ks gt s, i=Tm (19
— —_— s, 81, x)p(s1, x)ds1ds, i=1,m.
t1 (’I’L - l/l)' t1

B coornomenusx (13) marpuiy, cocrasiennyio u3 ko3ddumnuentos npu \;(x),
i = 1,n, oboznaunm gyepes Q(t1,ta, ..., tm,x). Torma cucremy ypasuenuit (13)
MOKHO NEPENucaTh B BUJIE

Q(tl,tg, ves by l’))\($> = —F(tl,tg, ...,tm,:c) — G(tl,tg, vey b, T, (p), (14)

rne * € [0,w], F(t1,t2,...,tm,x) — N-BeKTOP-DYHKIUSA, COCTABIEHHAS W3
dgj_l)(m), j = 1,v;, u unrerpasnos bynxkmuu f(t,z), G(t1,t2, ..., tm, T, ©) — n-
BeKTOP-(DYHKIUA, COCTABICHHASA U3 CIATaE€MbIX, COIEPKAIIIX WHTETrPAIbI HEM3-
BectHOi dynkmmn @(t, ).

Coornomenus (8) u (14) cocrasasitor 3aMKHYTYIO (1 + 1)-KOMIIOHEHTHYTO
cncreMy ypasHernwii otrHocnTensHo ¢(t, x), Aj(x), j =1, n.
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Ecan uzsecrna dyuxust ¢(t, ), 1o u3 (14) MOXKHO onpejenuTh napamer-
pel \j(z), j = 1,n, npm obparmmoctr Marpunsl Q(t1,t2, ..., ty, ) 1IS BCEX
x € [0,0J], a u3 coorHomenus (6) — dyukuuio z(t, ) u, cocraBissi cymmy

z(t,x) + Z (th) k 1), k( ), HaxomuMm u(t,x) — pemenue ucxoxnoit sagaun (1),

(2). O6paTH0, eCJI M3BECTHBI mapaMerpsl \j(x), j = 1,m, 10 u3 cemeiicrsa
UHTErpaJbHbIX ypaBHeHuit Bosbreppa sroporo poxa (8) maxomum dyHKIMIO
o(t, z), 3aTem u3 COOTHOMIEHIS (6) ompenensem dbyuxnuio z(t,x) u, CHOBa CO-

craBysig cymmy z(t, ) + Z %)\k( ), onpenensiem u(t, x) — pemenune 3a-

naau (1), (2).

Tax KaK HEM3BECTHBIMHU ABJIAIOTCA Kak (byHKmusa ¢(t, ), Tak u mapamer-
pot Aj(z), j = 1,n, ajs Haxox/ienus perenus cucreMbl ypashenuii (8), (14)
MTPUMEHSIETCS UTePAIMOHHBIN TPOIECC Ha OCHOBE CJIEIYIOIEro aJrOpuTMa.

O-mar. ITycrs marpuna Q(t1,te, ..., ty, ) obparuma misa BCex T € [O w.

U3 cucrevsr (14) npu ¢(t, x) = 0 HaxoauM HaYAJILHBIE HpI/I6JII/I}KeHI/IH )\ ( )
j = 1,n. U3 cemeiicTa nnTerpanbHbIX ypasHeHnit (8) mpu Aj(z) = (1‘)

j = 1,n, naxomum @0 (¢, ) nus seex (t,z) € Q, 3arem u3 coornomenus (6)
onpenensiem 20 (t, ) nus Beex (t,z) € Q.

RONE

(), j =
maxomum o1 (t, ) s Beex (t, ) € Q, crosa u3 coorromenus (6) ompeesenr
2D (t, ) pst Beex (t,x) € Qu T

1-mar. 13 cucremsr (14) npu @(t, ) = 0O (t, 2) naxomum )\g
()
J

I3 cemeiicrBa uurerpasbubix ypassenuit (8) upu Aj(x) =

k-mar. 13 cucremsr (14) mpu ¢(t,z) = ¢*(t,z) maxomum )\gk)(aj

)
);
j = T,n, maxomam o) (t, ) pus Beex (t,x) € Q, cuosa u3 coorHomenus (6)

ompegensem zF) (¢, x) nas Beex (t,x) € Q.
Beenem 0b603nauenus

j = 1,n. U3 cemeiicTBa unTerpasbHbix ypasrenuit (8) npm A;(z) = )\g-k (x

7

B t tl k 1
a(t,z) = max [K(ts,2)|, 5z )—trrf%ZlA it )] 223 G

(t;—tp)n I+t

9 = Imax Imax W

i=1,mj=1,v;
Crepymomiee yrBepKaeHNe 00€CIeUnBACT PEAJM3YEMOCTh W CXOJUMOCTD
TPEIJIOKEHHOTO aJITOPUTMA, YCJAOBUA KOTOPOTO OOJHOBPEMEHHO TaPAHTHUPYIOT
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CYILIECTBOBAHNE €JIMHCTBEHHOrO perenns 3a1a4dn (1), (2).

TEOPEMA 1. IIycrs (n X n)-marpuna Q(t1,ta, ..., tm, ) obpaTuma Jasd BeexX
x € [0,w] u BBIIOMHAIOTCS yCI0BUS

D |[Q(t1,t2, ooy tm, )] 7| < v(2), e v(z) — noroxurenpuas, Henpepss-
nas va [0, w]| QyHKIHSI;

2) q(z) = y(z) - - B(z) - max [e*to®)Ei=t) — 1] <y <1, rge x — const.

i=1,m
Torma cemericTBo KpaeBbix 3a,1a4 Basie-1lyccena st 00bIK HOBEHHBIX Jich-
dbepennmanpabix ypasaennii (1), (2) nmeer eqnHCTBEHHOE pelIeHHe.

JlokazaTeabCTBO TEOPEMbl MTPOBOIUTCS M0 CXEME JIOKA3ATETHCTBA TEOPEMBI
1 u3 [6] 1 HpeTIOKEHHOrO AIrOPUTMA.

Takum obpazoMm, TeopeMa yCTaHABIUBAET yCJIOBUS OJHO3HAYHON pa3periu-
MocTu cemeiicTBa KpaeBbix 3asad Basute-Ilyccena st 00bikHOBEHHBIX Aud-
depeHnua bHBIX YpaBHEHUN BBICOKOTO HOPSA/Ka B TepMUHAX K03 DUImeHTos
A;(t,x), i = 1,n, paccrosinuii Mex ity junuamu ¢ = t; u t = t1, rae j = 1,m.

IIpegmaraembrit aaropuT™ MO3BOJISET HAWTH NPUOIMKEHHOE perneHne (pyHK-
IUOHAJIBLHOTO ypaBHeHusi (14) mpw HalieHHBIX TPUOTMKEHUAX DeIeHuii ce-
meiicTB 3a7aa Komm misg oObikKHOBEHHBIX AuddepEeHITHAIBHBIX YPABHEHUN C
napamerpamu (3), (4). YcioBusi TeopeMbl 00€CIIeINBAIOT CXOMMOCTD TIOCTPO-
€HHBIX MPUOJINYKEHHBIX PEIeHni K TOYHOMY PEIeHNI0 CEMENCTB KPAEBhIX 3a-
nada Bame-Ilyccena (1), (2).

SAMEYAHUE 1. PaccmarpuBaemoe cemeiicTBO KpaeBbix 3ajad BaJuie-
Ilyccena MOXKHO CBECTU K CEMEHCTBY MHOTOTOYEYHBIX KPAEBBIX 33/a4 JJIs CU-
creMbl OOBIKHOBEHHBIX (b dEpEHIInaIbHBIX YPABHEHUIT CO CHEIUATbHBIMEI KO-
s dunmerTHON MaTpUIeil 1 MATPUIAMEI B TPAHTIHOM ycaoBun. K moryaennoit
3a/1aue MOXKHO MPUMEHUTDb Pe3yIbTaThl paboThl [12].

3AMEYAHUE 2. I/ICHO.}IBByﬂ KJIACCUYECKWIT TTOIX0 — IMPEJCTaBJICHUE Perre-
HIEsI CeMeiiCTBa MHTerpabHBIX ypaBHeHui Bosbreppa BToporo poma (8) wepes
ee pe30JIbBEeHTY, olpe/jieenne DyHKIMOHAILHBIX apameTpos \;(z), i = 1,n,
MOXKHO CBECTHU K PEIIEHU0 HEKOTOPOTO (DYHKITMOHAHLHOTO YPaBHEHNU I, TTOCTPO-
eHHoro aHasiorndHo (14) ¢ uzBecrHoil npapoii yacrsio. Takoil 110x0s1 6L pea-
JIN30BaH NMPUMEHUTEIbHO K 3ajade Basute-Ilyccena st 06bIKHOBEHHOTO Jud-
depeHnna bHOrO YPaBHEHUsI BBICOKOIO MOPSIJIKA [IPU OTCYTCTBUU IIE€PEMEHHOTT
x B pabore |14].
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Crartps nocrynuia B pegaxmuio 05.10.2015

Acanosa A.T., Mvanuanes A.E. JKOIT TNOOPEPEHITNAJIIBK TEH/IE-
VJIEP YIIIH BAJUIE-IIYCCEH HMIETTIK ECEITEP OYJIETIHIH IIIE-
TITLIIMILTITT TYPAJTBL

Kosddurmentrepi aiiubiMaibl KOFAprbl peTTi kol muddepeHmaiibik-
teneysiep yirin Bamre-Ilyccen mmeTTik ecenTep oyieTi KapacThIPBLIAIbI. 3epT-
TEJIII OTBIPFAH €CENTiH YKAJIFBI3 MIeMTiMiHiH 6ap 60y bIHBIH KETKIIIKTI IITapTTa-
pbl bactankbl OepiiiMaep TepMUHIHAE Taraiibragaaran. 2Koraprbl perTi XKoit
muddepennmanasik Teraeyaep yiria Bamne-Ilyccen merrik ecenrep dysierinin
JKYBIK MIEMTIMIH Taby aJrOpPUTMi YCHIHBIIFAH.

Asanova A.T., Imanchiev A.E. ON SOLVABILITY OF VALLE-POUSSIN
BOUNDARY VALUE PROBLEM FOR ORDINARY DIFFERENTIAL
EQUATIONS

The family of Valle-Poussin boundary value problems for high order
ordinary differential equations with variable coefficients is considered. The
sufficient conditions of the existence of a unique solution of the problem in
the terms of the initial data are established. The algorithm of obtaining the
approximate solution of the family of Valle-Poussin boundary value problem
for high order ordinary differential equations is proposed.
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SIMILARITY ESTIMATION ALGORITHMS FOR NATURAL
LANGUAGE SENTENCES

The article examines the problem of creating algorithms for estimation of
semantic similarity between sentences of a text and a search query. One of
the methods described in this work allows to match paraphrased variants of
sentences based on analysis of their syntactic structure. The algorithm is based
on processing and using link diagrams created by Link Grammar Parser. The
second method allows to estimate relevance of sentences by representing them
as first order predicate calculus formulae. On the basis of this representation it
is possible to check a number of logical properties of these sentences allowing
to determine their similarity.

Kurouesnie cinosa: Information retrieval system; Link Grammar Parser;
syntactic analysis; semantics; relevance

1 INTRODUCTION

Under conditions of rapid growth of volumes of information resources,
there is a necessity of quality improvement of information search. It forces the
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developers of search systems to improve the algorithms of search and document
ranking so that they be capable to consider the query semantics.

Many researchers tend to the necessity of carrying out deep semantic
analysis in order to make some semantic images of texts on the basis of
which it is possible to carry out ranking of documents [1, 2|. This approach,
undoubtedly, is the most reasonable; however, it requires careful and long-
term work on creation of suitable tools for automatic text processing [3].
In particular, the detailed description of various fields of knowledge can be
required. Therefore, search of partial solutions, one of which is presented in
this work, is also expedient.

The main goal is to construct algorithms which can deduce an adequate
estimation of the text relevance by getting into its structure. It is important
that the given estimation would be deduced on the basis of the context of
search query, and would not be limited only by keywords, their similarity or
frequency.

The method described in this work allows us to compare the natural
language constructions and in some cases to identify even the paraphrased
variants of sentences on the basis of the analysis of their syntactic structures.
Thus we can compare a search query with a text in order to find out its
relevance to this search query. The method is based on processing and using
the diagrams of links created by Link Grammar Parser software [4], [5].

The basic algorithm for calculating the degree of correspondence between
link diagrams and natural language constructions was described in [6], [7]. The
studies were completely focused on the English-language sources. Based on the
above ideas, the information retrieval system ViNet Search was implemented.
Testing has shown that the proposed algorithm efficiently solve the problems
of information retrieval.

Then the approach was essentially generalized. Here were considered
methods based on using logical rules. It was shown that the basic algorithm
considers only the so-called invariant connectors, not taking into consideration
more complicated logics. For the English language, we have 19 rules. Thus,
some of them allow three to five modifications. As a result, approximately 30
rules may be used.

But it is also possible to make a conclusion that further development of
this method will not lead to substantial improvement of the obtained results.
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One of the reasons is that the possibilities of Link Grammar Parser at the
current stage of work are almost completely exhausted. And, in spite of the
fact that Link Grammar Parser possesses a number of advantages (high speed,
partial coverage of semantics, many examples of its successful application
in the systems of Internet texts filtration), it makes us to stay at the level
of syntax with partial semantics coverage. Therefore, if we want to have
essential advancement, it is necessary to move to a higher level, to knowledge
engineering.

2 METASEARCH SYSTEM INETSEARCH

The system iNetSearch is installed on the user part and requires the
Internet connection. It uses the results of inquiries to existing search systems
(for example, the search service nigma.ru was used for testing, because this
system forwards an query to other search systems, thereby increasing the
possible area of search). The implemented system iNetSearch corrects the
search results and specifies (filters) them.

The search base of iNetSearch contains the text content of Internet-pages,
which are taken from the download manager built into the system. The input
sentences are translated into syntactic diagrams. The compiler carries out
lemmatization of words adding some meta-information and adds syntactic links
between them attributing types to these links. The syntactic parser allows
us to consider attributing dependences between subordinate sentences. Thus
we obtain rather essential information about a sentence. The syntactic parser
generates the diagrams of syntactic analysis used in the system. They reflect
the syntactic interrelation between words.

The main goal consists of estimating the relevance of the text to the search
query. It becomes as follows. There are the available diagrams of a syntactic
analysis for the given query and for a specific proposal from the text. In the
basic algorithm it is supposed, that if these diagrams are similar on a lexicon
and on a structure of links than we suppose, that sentences (and as a whole
the text) are relevant to query. In a case when the rephrasing are considered,
the generalized algorithm on the basis of the logic approach has a more refined
form, but basically the same idea is used.
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3 A SOFTWARE SYSTEM LINK GRAMMAR PARSER

Link Grammar Parser is a syntactic analyzer of the English language
developed in 1990th at the Carnegie Mellon University, USA. Note that, in
general, the underlying theory differs from the classical theory of syntax.
Having received a sentence, the system attributes it with a syntactic structure
which consists of a set of marked links connecting the pairs of words. The
detailed description of the system can be found in [4], [5].

Link Grammar Parser includes approximately 60000 dictionary forms. It
allows us to analyze a huge part of syntactic constructions, including numerous
rare expressions and idioms. The parser work is stable; it can skip a part of
a sentence, it cannot understand and define some structure for the rest of
the sentence. It is capable to process an unknown lexicon, and do reasonable
assumptions about the syntactic category of unknown words based on the
context and writing. The parser contains data about various names, numerical
expressions, and punctuation marks.

The rules of words connection are described in the set of dictionaries. For
each word in a dictionary, it is fixed what are its connectors with other words
in a sentence. A connector has a name with which the considered unit (word)
can enter a sentence. For example, the mark S corresponds to communication
between a subject and a predicate, O is a connector between an object and a
predicate. There are more than one hundred most important basic connectors.
To denote the direction of a connector, the sign ”"—" is used to indicate a
right connector and the sign ”—” to indicate a left connector. Left-directed and
right-directed connectors of the same type (see Fig. 1) make up a connection

(link).

+-Ds—+——Ss—+ +——-D*u—+
| | | | |
the fox.n ate.v the rabbit.p

Figure 1 — An example of syntactic analysis of a sentence

The obtained diagrams, as a matter of fact, are analogues to the so-called
trees of submission of sentences. In the trees of submission, it is possible to
raise a question from the main word in the sentence to the minor one. Thus,
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words are built in a treelike structure. The syntactic analyzer can give out two
or more diagrams of analysis of the same sentence. This phenomenon is called
a syntactic synonym.

The main reason why the analyzer is called a semantic system is the unique
set of connectors (about 100 basic ones, and some of them have three or four
variants). In some cases, the authors of the system pass on to almost semantic
classifications constructed exclusively on syntactic principles.

For example, the following classes of English adverbs are allocated in the
system: situational adverbs concerning the whole sentence (clausal adverbs);
time adverbs; introductory adverbs which stand in the beginning of the
sentence and are separated by a comma (openers); the adverbs modifying
adjectives, etc. As for the advantages of the system, it is necessary to notice that
the procedure of finding the variants of the syntactic representation is organized
very effectively. The process of construction is not top-down or bottom-up,
but all the hypotheses about the relations are considered simultaneously: at
the beginning, all possible connections are constructed by dictionary formulas,
and then the possible subsets of these communications are allocated.

Of course, it leads to some algorithmic opacity of the system, because it is
very difficult to track all relations at once. Secondly, it leads not to a linear
dependence of the speed of the algorithm on the number of words, but to
exponential one, because the set of all variants of syntactic structures of the
sentence containing N words in the worst case is equipotent to the set of all
spanning trees of the full graph with N nodes.

The last feature of the algorithm forces the developers to use a timer
to stop the procedure which works too long. However, all these lacks are
compensated by a linguistic transparency of the system in which rather simple
valences of words may be registered, and the order of gathering the valences
in the algorithm is not strictly fixed, i.e. the connections are constructed
simultaneously, which completely corresponds to our linguistic intuition.

Let us note also the negative moments.

1. The practical testing of the system shows that, during the analysis
of complicated sentences of length more than 25-30 words, a combinatorial
explosion is possible, and in this case the result of the analyzer work is the
"panic" graph which, as a rule, has several variants of syntactic structures,
which is inadequate from the linguistic point of view.
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2. The application of the ideas described above is complicated for inflective
languages, such as the Russian language, in view of the considerably increasing
volume of dictionaries because of the morphological complexity of inflective
languages. Each morphological form should be described by a separate formula,
where the bottom index of a connector name should provide a coordination
procedure. This leads to an increasing number of connectors. For agglutinative
languages (for example, Turkic), the system becomes even more complicated.

4 THE BASIC ALGORITHM OF THE COMPARISON OF SENTENCES

We assume that two sentences T =< x1,...,Tn >, =< Y1,...,Ym > are
given, i.e. the sentences are considered as vectors whose components are words.
We suppose that their analysis is made by means of the system Link Grammar
Parser. Let us consider the set of all pairs < i1, i >,< j1, jo > such that the
words x;, , T3, and y;,,y;, are connected by links of the same type. Thereby the
words x;,, y;, and x;,, y;, are close according to some criterion, for example,
their normalized forms are identical, they are synonyms, words are similar
by writing, etc. Some variability of the algorithm is possible here. Also, it is
possible to ignore the auxiliary words: articles, unions, pretexts, interjections,
etc. Let us assume now that I is a set of the pairs mentioned above and taken
into consideration, and its cardinality |I| = n.

Next, let n1, ng be the numbers of links obtained as the result of
the analysis of the sentences Z, ¥, respectively. As a measure of similarity
of two sentences, it is possible to introduce puo(Z,y) = n/max(ni,ng2) or
wi(Z,y) = 2n/(n1 + n2). In the following section, the approach will be
essentially generalized. It will be shown that the basic algorithm considers
only the so-called invariant connectors, not taking into consideration more
complicated logics.

Thus, the method described above allows us to introduce certain measures
of the closeness (similarity) between sentences. These measures take into
account both lexicon and syntactic relations between words. The minimum
variant giving good results is when only eight connectors are used (see Table
1).

Six links have been allocated that can dramatically aggravate the situation.
Therefore it is useful to omit them. Approximately 45 connectors were
analyzed.
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Experiments with different types of sentences and links took almost one
year. It was observed that there is no need to use too many links. First, the
use of some links leads us to the analysis of diagrams which correspond badly
to intuition and principles of classical linguistics, and it is not clear what we
can do with them further. Second, there is also a complexity aspect. If there are
fewer links, the algorithm works faster. Therefore, a compromise is necessary.

Table 1 — The list of the most important links of the system Link Grammar Parser
(pasuocredi maorHoctn) or gucaa y3a0B id WENO u ENO cxembr

LiNK DESCRIPTION

C connects subordinating conjunctions, verbs or adjectives with
the subjects of subordinated sentences

CC is used to connect coordinating conjunctions

S connects subject-nouns to verbs

SI connects a subject to a verb in the sentences with an inversion
of the main parts of a sentence

SF connects a subject expressed by ”it” or ”"there” to a verb

SFI connects a subject expressed by ”it” or ”"there” to a verb in
a question sentence with an inversion of the main parts of a
sentence

SX is used to connect the pronoun ”"I” to the verbs "was” and
R am77

SXI is used to connect the pronoun ”"I” to the verbs "was” and
”am” in the cases of a subject-verb permutation

5 LOGICAL METHODS OF EVALUATION OF THE SENTENCE SIMILARITY

As before, we suppose that L is a set of words in a natural language. For
any word z € L we will denote its normalized form by Norm(z). The formula
Syn(x,y) means that x,y are synonyms.

There are two forms of equivalence:

1) z1 = x9 <> 21 = 22 V Syn(z1, x2)

2)x1 = x9 <> Norm(xz1) = Norm(za).

A sentence may be considered as a vector with words as its components,
T =< x1,...,2, >. The function Norm can be naturally extended onto
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sentences: Norm(z) =< Norm(xi),..., Norm(z,) >.

The text T' =< Z1,...,T, > is a sequence of sentences.

Let the formula Z = P(z;,z;) mean that, in the link diagram of the
sentence ¥ =< z1,...,T, > obtained by Link Grammar Parser, there is a

connector of the type P going from the word z; to the word z;. The sign =
means that we consider a model. The basic set of the model is the set of pairs
{< 1,21 >,..., < n,z, >}. Because the same word can occur in the sentence
two or more times, it is necessary to consider the pairs instead of separate
words. This imply that Z |= ¢, where @ is, for example, a formula of the first
order logic, is a correct designation. Indeed, Z is a designation both for a vector
and a model at the same time.

Let us assume that two sentences are given: £ =< z1,...,2, > and § =<
Y1,---,Ym >. It is interesting to consider the function f such that dom(f) C
{1,...,n}, range(f) C {1,...,m} with additional properties of the form:
f(i) =7 = x; = y; and f(i) = j = x; = y;, and others. When comparing two
sentences, or more exactly, when performing the analysis of their similarity,
verification of some logic properties is carried out. For example, let us consider
f(i1) = 71, f(i2) = j2. The examples of such properties are given below.

1. The invariance of a connector
z ': P(xhvxh) — Y ': P(yjuy]é)'

2. The replacement of a connector by a disjunction of others
x ': P(xiumm) — ?j ': \{Qt(yjuyjz)'

3. The splitting of a connector into two connectors

4. The splitting of a connector into two connectors with an inversion
z ': P(xi17$iz) — 3k (g ): Q(yj27yk) A R(yk;,yjl))-

Taking into consideration that ¥ is a designation for a corresponding model,
the third formula can be rewritten in the form z = P(z;,,2,) — U E
FyQ(yj,,y) N R(y,yj,). Analogously, the fourth formula can be written in a
similar form.

An example of analysis of two sentences, one of which is the paraphrased
variant of another, is shown below (see Fig. 2).
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+-Ds—+——Ss—+ +——D*u—+
I I I I I
the fox.n ate.v the rabkbit.p

+-——Js——+
+-—D*u-+--Ss——+-—Pv-—+-MVp-+ +-Ds—+
I I I I I I

the rabbit.p was.v eaten.v by the fox.n

x,=the x,= fox X, = dte x, =the x. = rabbit

v, =the y,=rabbit v,=was y,=eaten y.=by yv,=the v,= fox

.

Figure 2 — The results obtained by Link Grammar Parser

Thus, we havef(1) =6, f(2) =7, f(3) =4, f(4) =1, f(5) =2.

As a result, we obtain:

1) Norm(ate) = Norm(eaten) or ate = eaten;

2) the connectors Ds and D*u remain, i.e. they are invariant;

3) T = Ss(fox,ate) — y = MVp(eaten, by) A Js(by, fox), i.e. a splitting of
the connectors Ss with an inversion takes place;

4) T = Os(ate, rabbit) — gy = Ss(rabbit, was) A Pv(was, for), i.e. there is
a splitting with an inversion, but of another connector Os.

To summarize, it is possible to say that there are rules of the form
Rz pi(z1,72) = ¥ F Yi(y1, y2).

Further, a function f is constructed and it is verified whether there are
indexes i1, i2, j1 = f(i1), Jj2 = f(i2) such that the rule R; is satisfied
on the concrete words from the sentences z,y, i.e. T | ¢i(xi,i,) — § E
¥i(yj,, yj,)- For simplicity, it is possible to say that the rule is satisfied on the
pair < i1, %2 >.

Let us consider a set of all such pairs < ¢;, 4¢3 > on which one rule is
satisfied. We denote this set by I, and its cardinality is [I| = n. Let us notice
that the analyzer Link Grammar Parser assumes the presence of only one
connector between two words. Therefore, no more than one rule is satisfied.
Let n1, no be the number of connectors obtained as a result of the analysis of
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the sentences Z, ¥y, respectively. As a measure of similarity of two sentences, it
is possible to introduce uo(Z,y) = n/ max(ni,na) or p1(z,y) = 2n/(n1 + na).
This approach generalizes the approach used in the basic algorithm. More
exactly, the basic algorithm takes into account only invariant connectors, not
considering more complicated logics.

Let us consider an example of the comparison of two sentences (see Fig. 3).

+-8§5—+-MVp-+  +-—-Ds-——+-—-Mp—+-——-J-——+
| | | | I I |

he went.v to.r the institute.n of Hydrodynamics

Figure 3 — The comparison of two sentences

It is easy to see that ny = 4, ny = 6. Further we see that all the four
connectors Ss, MVp, Ds, and Js from the first sentence remain (are invariant),
therefore n = 4. As a result, we obtain uo(Z,y) = 4/ max(4, 6) =4/6 =2/ 3
and p1(Z,9) =2-4/(4+6) = 8/10 = 4/5. Thus we see that these measures of
similarity are different.

For the English language, we have 15 rules in addition to the three rules
mentioned above. Thus, some of them allow three to five modifications. As a
result, approximately 30 rules may be used.

With respect to other languages, it is expedient to speak about classes of
languages. For example, the types of links and rules are practically identical
for the Russian and Polish languages. In the Polish language, in addition to six
cases (the same as in Russian), there is an additional vocative case. Thus, it is
possible to enter additional types of links. And for example, the types of links
and rules are essentially different for the Russian and German languages. There
are German constructions which are absent in Russian, but it is desirable to
consider them.

According to the morphological typology, there are analytic and synthetic
languages. Synthetic languages are divided into agglutinative, fusional, and
polysynthetic. Omitting the details, we say that the considered approach is

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



Similarity estimation algorithms for natural language sentences 43

most easily implemented for analytic languages, for example, English. The
situation is more complicated for synthetic languages, in particular for fusional
(for example, Russian) and agglutinative (for example, Turkic) languages.
There are two variants for these types of languages. The first variant is to
use a small set of links that is enough for retrieval systems. The second, more
difficult variant is to use a large number of links. It is appropriate to use the
second variant in translators. Polysynthetic languages include Paleo-Asiatic
(for example, Chukchi and Eskimo) and some African languages. In this case,
the situation is even more difficult, but the described approach is applicable.

Taking into consideration possible errors, it would be desirable to know how
the algorithm itself will perform the analysis of similarity of such sentences:
"the fox eats rabbits" and "the fox does not eat rabbits". Will the second
sentence be considered equivalent to the first one?

It is a very interesting question how to differ automatically the positive
and negative statements about the same thing. Omitting the details, we can
say that the above two sentences will not be considered as similar. But if the
sentences are long and the words in these sentences are the same except for
their beginnings (”the fox eats” and ”the fox does not eat”), then the proposed
algorithm will identify these statements as equivalent. Certainly, it is possible
to modify the formula for the evaluation of the similarity of sentences, for
example, to assign a heavy weight to a link connecting a particle "not” with
the verb entering the denominator of the formula. It is clear that further in-
depth investigation is necessary.

To summarize, we notice that [8] and [9], where various measures of
proximity between logical formulas are considered, have appreciably affected
our research considered in this section.

6 CONCLUSION

To demonstrate efficiency of iNetSearch, experiments have been made using
this system. Ten simple inquiries from the field of inorganic chemistry have been
generated. For each query, the lists of addresses with their description, usually
returned to the user by a search system, have been loaded. On the basis of
these short snippets, the resource estimation has been made. For comparison
with another search system (namely, with the system nigma.ru, since it can
readdress inquiries to other systems), the statistics of queries relative to ten
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sentences of inquiries has been made. The system left relevant references,
rejecting irrelevant by its estimation. As a result of testing, on the average,
the system allocated 5-15 qualitative relevant references out of 100 references
received from nigma.ru, accepted about 5 incorrect references as relevant and
rejected others as irrelevant, which corresponds to reality. This demonstrates
that the system could make filtration at a good level.

Further, two methods for natural language constructions have been
compared the basic, used in the initial version of the iNetSearch system,
and a new one, which takes into account the sentences rephrasing. The
original method is based on comparison of links diagrams for an query and
a phrase from the document under estimation, and comparison uses some
generalizations and simplifications for taking into account the possibilities of
paraphrasing. The inquiries, paraphrases of which had to be found, were made
on various subjects. The sources of the inquiries are as follows: a collection
of scientific papers on more than 20 subjects and a collection of educational
texts.

As a result, we see high efficiency of the approach here presented. On
the other hand, the method that uses rephrasing allowed us to improve the
results of the iNetSearch system, but testing showed that this improvement
is insignificant in comparison with the basic algorithm. It is also possible to
make a conclusion that further development of this method will not lead to
substantial improvement of the obtained results. One of the reasons is that the
possibilities of Link Grammar Parser at the current stage of work are almost
completely exhausted. And, in spite of the fact that Link Grammar Parser
possesses a number of advantages (high speed, partial coverage of semantics,
many examples of its successful application in the systems of Internet texts
filtration), it makes us to stay at the level of syntax with partial semantics
coverage. Therefore, if we want to have essential advancement, it is necessary
to move to a higher level, to knowledge engineering.
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Baitxxamos B.C., Barypa T.B., Mypaun ®.A., Hemuenko M.IO., [Tepdu-
e A A. AJITOPUTMBI OIIEHKIN CXOJ/JCTBA HPEJIIOXKEHIIT HA
ECTETCBEHHOM {A3bIKE

B crarpe paccmorpena 3ajada MOCTPOEHUsT aJIrOPUTMOB JIjisi OIEHKU Ce-
MaHTHYECKON O/IM30CTH IPeTOXKEHNI TEKCTa U IMOUCKOBOTO 3ampoca. OanH u3
METO/I0OB, OIIMCAHHBIX B JAHHOI padoTe, MO3BOJISIET COMOCTAB/IATE mepedpasn-
POBAHHBIE BapUaHTHI IIPEIT0XKEHN, OCHOBBIBAsICh Ha aHAJIN3€ WX CHHTAKCH-
YECKUX CTPYKTYP. AJIrOpUT™M OCHOBaH Ha 00pabOTKE M UCIOJIb30BAHUU JUa-
rpaMM CBsi3eif, co3maBaemMbix crcremoii Link Grammar Parser. Bropoit meton
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MTO3BOJISET OIEHNBATH PEJIEBAHTHOCTH MTPEJIJIOKEHMT TTOCPEICTBOM ITPEJICTABIIE-
HUs UX B Bue (pOpMyYJT UCUUCIEHUS IPEIUKATOB TIEPBOTO mopsijika. Ha ocHose
TAKOT'O TIPEJCTABJIEHUS OCYIIECTBJISIETCH TPOBEPKA PsA/ia JOTUIECKUX CBOMCTB
9TUX IPEJIOKEHNI, TO3BOJIAIONINX TOBOPUTH 00 WX CXOJICTBE.

Baitzkanos B.C., Barypa T.B., Mypsua ®.A., Hemuenko M.FO., Ilep-
dmmpes A.A. TABUFU TIIIELT COMJIEMIEPIIx YKCACTHIK TAPBHIH
BATAJTAY AJITOPUTMIEPI Makanama MoTiH ceiiieMIepi MeH i371ey cypa-

HBICBIHBIH CEMAHTUKAJIBIK KAKBIHIBIFBIH Oarajiayra apHAJFaH aJIrOPUTMIED
KypacTeipy ecebi KapacTbipbliraH. OChl 2KYMBICTa CUMNATTAJIFAH OJiCTEPIUH
Oipi ceitmeMaepain OacKala TYKbIPhIMIAJIFaH HYCKAJIAPHIH, OJIAPIbIH CUHTAK-
CUCTIK KYPBLIBIMJIAPBIH TaJay apKbLIbl COUKECTEH/Ipyre MYMKIH/IK Oepei.
Auropurm Link Grammar Parser xyiteci »kacaran GaifjiaHbicTap JguarpaMma-
JIApBIH OHJIEyTe KoHe MaiijamaHyra Heri3jeared. ExiHMI ojic ceitaeMaepiiH
COUKeCTirTiH OipiHmm peTTi MpeauKaTTapabl ecenTey (opMyasapbl TYpiHe-
ri keifinremesiepi apKbLIbl Haragayra MyMKIHIIK Oepemi. OcbiHgail Keitinreme
Herizinge ochlHIail ceitaemaepmin, OipKaTap JOTMKAILIK KACHETTEPIHIH YKCa-
CTBIKTAPBI TyPaJIbl afiTyFa MYMKIHIIK OepeTiH TeKCcepy »Ky3ere achbIPbLIaIb.
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O PA3PEHNINMOCTMH 3AJAYN KOIIN IS
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Haiinensr mocTaTodvHbIE YCIOBHS pa3pemuMocT 3amadn Komw st Hen-
HEWHBIX WHTErpo-andepeHnnaIbHbIX yPABHEHNN B YaCTHBIX TPOU3BOIHBIX
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B nanmoit pabore ucciemyercs pa3pemmmMocTsb 3aaa9u Korn i HeuHeii-
HBIX HHTErpo-auddepeHnnaabHbIX YPaBHEeHNH B JaCTHBIX IPOU3BOJHBIX TpPe-
Thero NnopsdjKa BUa

u(t, ) + afu(t, ©) — gy (t, )] — Uzt (E, ) = f(t, 2,0, up, ug)

+/0 N(t,s,z,u(s,z))ds (1)

€ HaYJaJbHBIM yCJIOBHEM
u(0, ) = ¢(). (2)
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YcnoBuE (A). Ipeanosnoxum, aro B obuacrax G = {(t,z,u,w,v) : t €
0,T], —0 < z,u,w,v < oo}, Gi = {(t,z,u) : t € [0,T], —00 < z,u <
oo T > 0}, bynkuun f(t, x,u, us, uy),N(t, S, T, %) HENPEPLIBHBI U OrPAHUYEHBI,
If(t, 2, u,ug, ug)|| < M, N(t,s,z,u) <N (3)

U yJOBJETBOPAIOT YCJOBUIO JIUIIINIA IO TIEPEMEHHBIM U, Ut , Uy

1t @, u, ) = f(E 2,0, us ug)l] < L0 —ull + e — uell + o — uell),

Nz, a) = N(t,z,u)|| < Li (la =), (4)

L, L) — HeKOTOpbIE MOJI0KATETbHBIE TIOCTOSTHHBIE; HauaabHas HyHKIUA @(x) €
C*(R), a>1.
Pemenwe 3amaun Komm (1)—(2) 6ymem uckath B BHjIE

ult, z) = / / eI K ( — p)Q(s, p)dpds, (5)

rae K(x — p) — nekoropas uzsectHasg (DyHKIUs, KOTOPasi yJ0BJIETBOPSAET CJie-
AVIOMIUM yCIOBUSAM:

K(0) # 0, KOk (9) >0, (6)

Q(t, z) — noBasg uckomas dyuxiwms. 13 (5) nocaeqoBaTe/ IbHO HAXOAUM TaCTHBIE
IpOU3BOAHBIE IO [ U Tt

w= [ Ke-pQtpio—a [ [ IR G- ) pdods =
= [ K@= pQtt.pdo - alutt.a) - p(o)] ™
= () + / a9 K (0)Q (s, ) s+
/ | IR = Qs p)dpds ®)

t
Uzr=¢" (1) —1—/0 eolt- S)K(O)Qz(s, x)ds +/0 e*a(t*S)K;(O)Q(s, x)ds+
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/ / UK (= p)Q(s, p)dpds; ©)

Ugar = K(0)QL(t, %) — /0 e ) K(0)Q (s, x)ds + KL (0)Q(t, x)—

t
—o [ IR OQ s+ [ KL= QU pdp-

— 00

- / / =) K (2 — p)Q(s, p)dpds = K(0)QL(t, @) + K'(0)Q(t, )~

a [/ — ) K (0)Q) (5, 2)ds + / I K (0)Q(s, 2)ds +
0

xT

/ / K (- p)Q(S,p)dpdS} +/ Kyo(x —p)Q(t, p)dp =
= K(0)Q,(t,z) + K'(0)Q(t, ) — a [ugy — ¢"(2)] +
/ K ( )Q(t, p)dp. (10)

Torma u3 (10), yuursiBas (9), moxydnm
—Uggt — QUgy = — [K<0)Q/ <t7 .%') + K/<0)Q<t7 .%')] - O‘SOH('%')_

/ K ( )Q(t, p)dp. (11)
U3 (8) mmeem

ut + au = /_a: K(x — p)Q(t, p)dp + ap(z). (12)

CaenoBarenbho, ckiuaapiBas modaedto (11) u (12), nosygaem
Up + ofu = Uga] — Ugar =

- — [K(0)QL(t.2) + K'(0)Q(t,2)] + ap(x) - ag(x)+
+ [ K p) - K"~ )] Qe )y =

—00
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t
= f(t, 2z, u, u, uy) +/ N(t,s,x,u)ds.
0

Orciona, yaursiBas (5), (7), (8), numeem
t

K(0)QL(t, )+ K'(0)Q(t,z) = — f(t, x,u, ug, ug) —/0 N(t,s,x,u)ds+ap(x)—

—a(z) + /_x [K(z—p) = K"(z—p)] Q(t, p)dp = — [ [t, z, p(x)+

t x T
+/0 /_Oo e IR (2 — p)Q(S’p)dpds,/_oo K(x —t)Q(t, p)dp—

t x t
—/ / e K (2 — p)Q(s, p)dpds, @' (z) + / e K (0)Q(s, z)ds+

0 J—o0 0

w [ R s s + aple) - a0+

[ K ) - Ko = )] Qe [ Nios.nolo)+

t rx
—a(t—s) .
+/0 /ooe K(z — p)Q(s, p)dpds).

Ilocnemnee ypaBHenue OymgeM paccMaTpuBaTh Kak OObIKHOBEHHOE JuddepeH-
UaJIbHOE yPABHEHUE EPBOrO MOPsAIKA OTHOCUTENBHO (Q(t, ) ¢ n3BeCTHOM 11pa-
BOIT gacThio. Tormga mmeem

Qe[ FF I 00 / / e K (y - p)Q(s, p)dpds+
/ K(y = p)Q(t, p)dp — / / K(v = p)Q(s, p)dpds(v)+
+/0 e DK (0)Q(s, d8+/ / =K (v — p)Q(s, p)dpds]+

Fap(y) — ag(y) + / Ky — p) — K"(y — p)]Q(t. p)dp—

—00
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/ N[t s, 7, ¢ / / K(y—p)Q(s, p)dpd s} dy = PQ. (13)

ITIycrs 2 — MHOXKECTBO HELPEPBIBHBIX 10 0bouM aprymentaM dyukmit Q(t, )
B mosioce {t € [0,T], —oo < & < o0}, npuuem ||Q|| < h, rme h — HekoTopoe
MOJIOKUTEJILHOE YHCJI0, KOTOPOE OTpPeJIesisieTCsl 033Ke, || - || o6o3Hauaer HOpMYy,
onpenenennyio B npocrpancrse C {[0,T], x € R}.

CyirecTBOBaHUE PEIeHnii HEJIMHEHHOTO WHTErpabHOTO ypaBHeHus BoJib-
reppa Il poma (13) Gymem TOKa3bIBATH, UCIONb3YsI MPUHITAI CKATBHIX 0TOOpa-
xkenmit. [Ipasyio wacrs (13) paccmorpum kak oneparop PQ), meficteyrommii va
dbynknmio Q(t, z) B Q.

U3 (13), yunrsiBas (4), npoBejem OLeHKN

z KO (.,
1PQl < | [ FEEEI G4 dnyan.

rne M = max | f(t, 2w, ue,up) + ap(z) — ap”(z) + NTp,

d= H/ — K" (z - p)] dp‘ Tp < T.
[Iycrs K(O) .
K(0)] < 5 (14)

Torga BeiOepem h, T Tak, 9TOOBI BBITOJIHSIIOCH COOTHOIIIEHUE

M

KO KO
wo) R =" 15)

ITpu Takom BBIGOPE h omeparop PQ nepesoaut map ||Q|| < h B cebsa: PQ : Q —
Q.

Ucnonb3yst (4), oreanm pasHoOCThH

x 7K/(O) o t x —alt—s
HPQl—PQzllg{\/ e~ KO ¢ ”L[// e =9 | K (v — p)|dpds+
—00 0 J—oo

Y t y t
4 / K (v~ p)ldp+ / / 9K (3 — p)|dpds + / =9 K (0)ds +
0 —00 0

—00
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t oy
[ e G = p)ldpdsian+

x Ty rx
+ / K (2—p)—K" (@—p)|dp+ Ia Ty / / ¢~ | I (y—p) [dpds} | Q1 — Qe
0 —00

—0o0

[Tycts Ty < T. Hanoxum vHa dynkmmio K(x — p) eme 0JHO JOMOTHATENTLHOE
YCII0B1E

’ K(O) (z— ’Y —a(To s)
/ o~ KO / / K (7 — p)ldpds + / K (7 — p)ldp+

—00

To v To
+ / / ==K (v — p)|dpds + / =T K (0)|ds+
0 —00 0
To T
+ / / e~ T0=)| K" (y — p)|dpds|dy+
0 —00
[ K@ p) - K- pldp

To x
+L1Tp / / e~ T0=3) | K (v — p)|dpds| < 1. (16)
0 —00

B wacrrocTH, rpeGosanusam (6), (14), (16) yrosaersopsier dyuknus K (z—p) =
e B@=p) B> 0, npuuem f ya0BIETBOPSIET HEKOTOPOMY HEPABEHCTBY, KOTOPOE
carenyer u3 (16).
B camowm nene,
K(x—p) = —Be 70,

K3(0)

K (0) o ] g0

3 (16) mveem

L

To
(=N, [ / / a(To—s) ,—B(v— p)dpds—i—

v 1
+/ e PO=Plgp + &(1 —eTo)4

—0o0
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To T
+/ / e*a(TOfS)gefﬁ('yfﬂ)dpdS dy+
0 —00

T To x
+ / (1 BYe P@=Pdp + LTy / / e‘“(TO‘S)e‘B(”_p)dpdSI =
0 —00

—o0
- —B(z—) 9=~ 4 -4 (1—e T —
/_Ooe e +B+a( e M)+~
1— 2 1 L _1—eT
+ + LTy— |dy < 5 2———F5—
B 1 00(6 /8[ Oéﬁ
1 1 1 1
+B + a(l — e_aTO) + B +L1TO@ = B(Oé,ﬁ,To)-

B namnom ciryuae ycmosue (14) mmeer Bug

z 1 1-52 1
[ e g =gt <

OueBuHO, YTO Jisi IOCTATOYHO Gobimux [3 > [y npesmnosoxkenue (14)
BeInosiHeHo. Takxke gacHo, 4To cymectByer 3y > 0 Takoe, aro npu 5 > By, Ty <
T nmeem B(a, 3,Tp) < 1. Yto m TpeboBamoch 10Ka3aTh.

Coryiacno npuniuiy cxkarbix orodbpazenuit uz (16) caepyer, 4o HejguHed-
HOe nHTerpanbHoe ypasuenne (13) npu ycaosusx (14), (15) nveer eauHcTBEH-
HOe u orpannvennoe pemerne Q(t, z). [loncrasus wainennyo dyuxiwo B (5),
nmeem pererne 3agadn Kormm (1)—(2).

Uccnemyem rerepsb muddepentmaababie cBoiicTBa pemennii 3aga4uun Kormm (1)—
(2). st Beex {t € [0,Tp], —o0 < x < 400} u3 pasercrsa (5) BbITEKAET HEpa-
BEHCTBO

t rx
Jutta)tl < gl +1 [ [ IR = )@ p)dpds] <

Kh
< o+ — = My = const,
a

riae K =max [*_|K(z — p|dp.
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Awnamornuno u3z (7)-(10) MOXKHO JI0KAa3aTh, YTO BCE NPOU3BOJHBIE, BXO/Is-
mue B ypaBaerue (1), paBHOMEPHO OTpAHWYEHBI.
Teneps chopmympyem MOJTy 9€HHBIN PE3YJIHTAT.

TEOPEMA 1. Ilycrs Boiiosneno yciaosue (A). Torpa 3agada Komm pist neu-
HEHHOro mHTErpo-ancpepenquaIbHOro ypaBHeHHsT B 9aCTHBIX TPOU3BOIHBIX
rperbero mopsiaka (1)—(2) paspemmmva i ©MeeT HHTErpajabHOE MPECTABICHHE
B Buge (5). Kpome Toro, Bce npoussoambie, Bxoasmue B ypasaenne (1), pas-
HOMEPHO OTPAHHYEHE.
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Baiizakos A.B., Axeposa x.A. YIIIIHIII PETTI JEPBEC TYBIH-
JTBLJIBL CBI3BIKCHI3 MHTETPAJIIBIK- TNO®EPEHIINAIIBIK TEH-
JIEVJIEP YIITH KON ECEBIHIH ITEITLIIMILIITT TYPAJIHI

Yrmiami  perti  gepbec  TYBIHIBLIBI CBhI3BIKCHI3  WHTETPAJIIBIK-
mupdepeHmanIbK,  TeHgeyaep yimH Komm  ecebiHin  ImermimiM i iriHin
JKETKLUIIKTI MapTTaphl TAOBIIFAH YKOHE OCBIHIAN MIeMM IepanH HHTETPAJIIBIK,
KeifinTeMeci TYpPFBI3bLIFAH.

Baizakov A.B., Akerova Dzh.A. SOLVABILITY OF THE CAUCHY
PROBLEM FOR NONLINEAR THIRD ORDER PARTIAL INTEGRO-
DIFFERENTIAL EQUATIONS

The sufficient conditions of solvability of the Cauchy problem for nonlinear
third order partial integro-differential equations are established and the integral
representation of such solutions is constructed.
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MOJEJINPOBAHUE B3AMMOJIENCTBUS ITA TAIOIIIEN
VIAPHON BOJIHBI C IIOTPAHUYHBIM CJIOEM

C moOMOMIIBIO TPEJIOKEHHOTO AJTOPUTMA PENIeHusl OCpeaHeHHbIX 10 DPasBpy
ypasuennii HaBbe-CToOKca iyisi T€YeHUs] COBEPIIEHHOTO MHOTOKOMIIOHEHTHOTO
rasa Ha ocHoBe WENO-cxembl 4ucieHHO MOzge/mpyercs B3auMojefcTBue ma-
MAIOIIEe YIApHON BOIHBI C TOTPAHUYHBIM cjI0eM. I MOomeTMpoBaHus Ma at0-
mero cKadka yIJIOTHEHHWS BO BXOTHOM CEYeHUU CTABATCA yCJIOBUA W3 PelleHusd
HeBA3KOH 3a7a4u 0 Kocoil ymapuoii Boue. [Ipon3Beneno cpaBHeHue C OIBITHBI-
MU JaHHBIMH. VI3ydeHo B3amMoieiicTBUE T Ial0meil yIapHOi BOJIHBI C TIOTpa-
HUYHBIM CJI0€M B YCJIOBUSX OTPBIBHOTO U 0€30TPHIBHOTO TEYEHUS B 3aBUCHMO-
cru oT dmcia Maxa Haberamounero moToka.

KioaeBrie ciioBa: CBEpX3BYKOBO€ Te€YeHHE, COBEDHICHHBIH Ia3, IMOrDAHHIHBIH
ciori, ypasaenus Hapbe-Crokca, ynapHaas BoJiHa.

1 BBEJIEHUE

BzanmojeticTBre yaapHOI BOJTHBL C TOTPAHTIHBIM CJIOEM SIBISETCS BayKHOM
TEOPETUIECKOW M NPUKJIAIHON 1pobsemMoil, aKTya bHOMU s CBEPX3BYKOBBIX
JIeTaTeJbHBIX allapaToB. B ciydae AOCTATOYHO CHUJIBHOTO B3aWMOIeWCTBUS
BOBHUKAIOT 00/IACTU OTPHIBA IIOTOKA, U3MEHSIONINE [IMHAMUYECKUE U TEILIOBbIE
Harpy3KH, 9TO SIBJSIETCS KPUTUIECKUM JIJIsT JeTarejpHoro ammapara. CTpyk-
Typa MOTOKA B 0OJIACTH B3aUMOIENUCTBUS CYIIECTBEHHO 3aBUCUT OT PEKUMHBIX
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wave
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rmapamMeTrpoB TAaKWX, KAk, Hanpumep, uncaa Maxa Haberaromero moToka u WH-
TEHCUBHOCTH CKAYKa YIIOTHEHUS. 3a/1a9a B3aMMO/IEHCTBUS M Iaf0Iel yaap-
HOU BOJIHBI € IIOPPAHUYHBIM CJI0EM U3ydeHa Jocrarodno xopouo [1]-[7]. K sxc-
[EepUMEHTATBHBIM paboTaM oTHOCUTCA [1], T7e BBIIOSHEHO HCCIeZOBaHUE OT-
PBIBHOTO T€YEHUs B 30HE B3AMMO/IEMCTBUS IAIA0IIEH KOCOH yIapHOil BOJIHBI C
TypOy/I€HTHBIM [OTPAHUYHBIM cjioeM npu uucjie Maxa Mo, = 2 u gucne Peii-
Houbca Re = 2,7 —3,5% 103, Tlosyuensl JanHble O PACIPE€/ICHIN JIAB/ICHNST
BJOJIb MTOBEPXHOCTH MOJe u. B pabore MpWBOASTCS JaHHBIE JETAJTBHBIX TEp-
MOAHEMOMETPUUIECKUX U3MEPEHN B HAOETAIOIEeM TOTPAHUIHOM CJI0€, 00IaCTH
B3aMMOJIEHCTBUSI U B 30HE BocCTaHOBJeHust. OOHapyKeHa HECTAIMOHAPHOCTH
OTPBIBHO 30HBI U OTPAKEHHON yaapHoil BoyiHbI. [lokazaHo BausSHUE KpaeBbIX
3¢bdeKToB Ha KBa3WBYMEPHYIO CTPYKTYDPY OTPBIBHOTO TedeHusi. B pabore [4]
SKCIePUMEHTA/IHHO MCC/IE0BAIOCH B3AUMO/IeCTBIE CKAYKA YIIJIOTHEHUS C Ty -
OyJIEHTHBIM MMOIPAHUYHBIM CI0eM. J[marHocTrka moToKa MpoOBOMIACE C TIOMO-
b0 OECKOHTAKTHOTO ONTHYECKOTO METO/a BU3YaJIU3aIUK — MLIUPEH-METO/IA.
B xoj1e ucciietoBanust ObL10 N3y Y€HO BJIMSHUE HAIPEBA, TIOBEPXHOCTU HA JIJTUHY
OTPBIBA MOI'PAHUYHOTO CJIOfA. BBISIBIEHO, YTO IPHU HAIPEBE MTOBEPXHOCTU 3aBU-
CUMOCTH JJTUHBI OTPBIBA OT TEMIEPATYPHOTO OTHOIIEHUST AMMPOKCUMUPYETCS
arHeltHbIM 3aKkoHOM. Cpey Teoperryuecknx paboT ciegyer orMeruTh [5], riae
MPUBEIEHBI PE3YJIbTATHl PACUETOB, MOTYIEHHBIX METOJ0M KPYIHBIX BUXPE.
OcHOBHOE BHUMaHUE yIEISIETCA N3Yy9YeHUI0 CTPYKTYPBI TEYEHUs, PA3MEPOB OT-
PBIBHOII 30HBI, 8 TAKKE IUHAMUYIECKUX U TEILJIOBBIX HATPY30K, PEATHIYIOTIUXCS
npu 3TOM B3amMmojeiicteuu. Binsanwe majaromeil ygapHOi BOIHBI HA TYypOy-
JIEHTHBIN TIOTPAHWYHBIN CJION IHCIEHHO MCCIEI0BAHO B 6], T7e HHTEHCUBHOCTH
YIAPHOI BOJTHBI M3MEHSLIACH C TIOMOIIBIO PETYINPOBKH YIJIa T€HEPATOPA CKAIKA
yitoTHeHus. B pabore pean30BbIBa/INCh TaKue MOE/N TypPOYJIeHTHOCTH, KaK
k—e, k—e/k—w rubpupnas Moje/b U MOJIE/b C OJHUM YDABHEHUEM JIJIs TYD-
OyseHTHOI Ba3kocTu. ABTOpamu paboTel |7| pacCMOTPEHO THCICHHOE MOJIEIH-
pPOBaHME B3aUMOJIEHCTBIUS CKAYKA, YILIOTHEHUST C TYPOYIEHTHBIM TOTPAHUIHBIM
cioeMm Ha miactuae. VccmemoBano BansgHue Ha B3aUMOIEHCTBAE TaKUX (DaAKTO-
POB, KaK CTereHb TYpOYJIeHTHOCTH BHEIITHErO TOTOKA U TOJIIIUHA TTOTPAHUIHOTO
cJ10sT Ha OOKOBBIX CTEHKAX KaHaja. UWC/IeHHOe MOJEINPOBAHUE BBITIOJIHIIOCH
Ha OCHOBE WHTErpupoBaHus cucrtembl ypaBuenuit HaBbe-CToOKCa, OCpeTHEHHBIX
o Peitnosbacy, u aByxmapamerpudeckoii mogenn typoynearHoctu SST k—w.
Kaxk m3BecTHO, TpW B3aMMO/I€ICTBUN TOTPAHUTHOTO CJIOS € TTAIAIONIEN yIapHOoit
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BOJIHOV B OCHOBaHWM CKadKa (pOpMUPYeTCs CJA0XKHast A -0Opas3Hasi CTPYKTypa
[8] m mpomcxoauT OTPBIB MOrpaHuvIHOrO Ciosg. CxeMaTndecKasi KApTHHA B3am-
MO)IQI?ICTBI/IH yﬂa,pHOI‘;I BOJIHBI C IOTPAHUYHBIM CJIOEM Ha CTEHKE IIPpUBEICHaA Ha
pucynke 1. 31ech 1 — roJIOBHOI CKAYOK YIJIOTHEHUS, MAJAONINI Ha CTEHKY, 2
— BOJIHA CXKATHUsl, 3 - OTPAXKEHHBIN CKAYOK yILUIOTHEHUs, 4 — Beep BOJIH pa3ps-
JKEHNd, D — BOJHA CXKATHS, BOSHUKAIONIAS B MeCTe NMPUCOeINHEHNS OTPBIBHOTO
[IOTOKA, S — TOYKA OTPbIBA HOTOKA, R — Todka npucoejuHeHust moroka. U3
PUCYHKa CJeIyeT, 9TO TOJOBHOI CKAadoK 1, jgocTurasi BepXHeil T'PAHUIBI, CO-
3/TaeT TOJIOKUTETbHBIN TPAJINEHT JaBIEHN, KOTOPHIN OKa3bIBAETCI JOCTATOY-
HBIM [IJIg OTPBIBA MOTPAHC/IOA HA BepxHeil crerke. [Ipu 3ToM cBEpX3ByKOBast
00J1aCTh TIOTPAHUTHOTO CJI0SI OTKJIOHSIETCS U TIOPOXK/IAeT BOTHY cKaTust 4, KO-
TOpas PacCIPOCTPAHAETCT B BUJE OTPAKEHHOrO CKadka H. [Ipm paccmorpenun
TypOYJIEHTHOTO OTpPBIBA 0cO00E BHUMAaHUE HEOOXOIUMO YAEIATh MEeXaHU3MaM
OTPbIBa U IIPpUCOCIUHEHUA ITOTOKA, THTEHCUBHOCTU CKa4YKa YIIJIOTHEHUA U BJIA-
SIHUIO PEKMMHBIX TTAPAMETPOB Ha XapakTepucTuku moroka. lless namuoit pabo-
Thl — YUC/I€HHOE MO/IeJIMPOBaHUE B3aUMOAeCTBUA 11a/1af0Iell y1apHOi BOIHbL C
[IOTPAHUYHBIM CJIOEM Ha CTEHKE, & TAK2Ke U3ydeHue BiausgHus ducia Maxa nabe-
TAIOIIEro TMOTOKA U YIJIa TeHepaTopa CKavKa YIJIOTHEHN Ha yIapHO-BOTHOBYIO

CTPYKTYDY.

1. TIOCTAHOBKA 3AJAYU

PaccmarpuBaeTcsi cBepX3BYKOBOe TedeHHE BO3JyXa B KaHase IPU HAJIU-
YUY [31ATOIIEll yIAPHON BOJIHBL, [/ yA00CTBA BEIYACIEHUS PACCMATPUBAETCS
TOJIKO HUKHsis cTeHKa (pucyHok 1). Cucrema ABYMEpPHBIX OCDEJIHEHHBIX IO
DQappy ypasuenuit HaBbe-CTokca /1711 MHOTOKOMITOHEHTHOI Ta30BOi CMech OT-
HOCHUTEJILHO JIeKapPTOBBIX KOOD/INHAT B KOHCEPBATUBHOI (popMe IIpecTaBsgeT-
cd B BUJE
ov 0(E-E) o(F-F)

-+ + =0 1
ot oz 0z ' (1)

U = (p, pu, pw, By, pY)"

9

E= (pu,pu2 + P, puw, (Bt + P) UaPUYk)T»
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Pucynok 1 — Cxema Tedyenus

F = (pw, puw, pw* + P, (E; + P)w, prk)T ,
E’u = (07 Taas Taz, UTzx T Wz — Qx, Jzk)T )

nl T
F, = (O7Tx2; Tozy UTpy + WTay — (2, Jzk) ,

ol Yy
P = W = — Y. =1,
o Y gw )t
1 o f
Ei=—Lh-Pt p®+u?), h=) Yih, hk—hk+/cpde7
Yoo M 2 k=1
= To
Cor /W E (ou 2( + w;)
Cpl = = — — - \u
pk pk ky»  Tzz Re z g\t z) | >
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2
T:px:;;e<2wz_3(u:r+wz)>, T:pz:Tz:p:%(uz“‘wx)a
Np Np
_u>8£1 hed _(ﬂ)@il hed
qx_(PrRe 8m+%oM§o; kleky 92 =\ PrRe 82+%0M30kzl hozk
po 0Yy o p Y

Jak = T ScRe 0z° 7T T ScRe 9z

Cucrema ypasuennii (1) zanucana B 6e3pa3MepHOM BuJE B OOIIENPUHS-
THIX 0003HAUEHUIX, B KAUECTBE OMPEJIE/IAONINX TPUHATHI TapaMeTPhl TOTOKA
Uso, Poo, Tho; AaBierne P u nosnas sueprusi Fy OTHECEHBI K 3HAUCHUIO ool ;
yaenpras sHTATbInA hy — K ROTn /Weao; MOJISIDHEIE y/I€IbHbIE TEILTIOEMKOCTH
Cpr — k RY; xapaxkTepHbIM MapaMeTpoM JUIMHBI sBJISETCS JMaMerp coia. Be-
JINYWHA, Y} — MaccoBasi KOHIEHTpamust k-0if KOMIIOHEHTHI;, WHIEKC MaCCOBOit
kounenTparun k = 1 coorBerctByer O, k = 2 — Hy, k = 3 — No; Np = 3
— 9HCJI0 KOMIIOHEHT cMecu Ta30B. Wi — MOJIeKyJIsSpHBI BeC k-Oif KOMITOHEH-
To1; Re, Pr, Sc — uncna Peitnonbaca, [panaraa u IIIvmuara, cOOTBETCTBEHHO;
Trxy Tazs Tezs Tex — TEH30PBI BA3KWUX HAMPSIKEHWH; (g, sy, Jyk, Jop — TETIOBBIE
u nuddysuonnsie moroku (audy3nOHHBIE TTOTOKH BBIYUC/ISIIOTCS IO 3aKOHY
Duka); p = p + i — 3bdekTuBHAsT BAZKOCTL (ONPEJETACTCA 9epe3 CyMMy
JIAMUHADHO# 1 TypOyIeHTHOl Bst3kocTn). [Iisi onpeesieHust (i; MCIOTb3yeTCst
mozenb bosgynna-Jlomakca.

2. 'PAHUYHBIE YCJIOBUYA

Ha Bxogme:
Yi = Yioo, Wi = Wieo, P = Poo,, T = T,

U = Moo/ Yoo R0Too/Weo, w=0, =0, 0<z<H.

Ha mmxmeit cTeHKe 3a1aeTcd yCa0BUe IPHINIAHAS 1 TEILIOR30/ I, Bo Bxo-

HOM CedeHur BOJIM3W CTEHKHM KaHaja 3aJaeTCsl TOTPAHUYIHBIN CJI0#, TOJINHA
—0,2

KOTOPOTO omnpeaensercs no dopmyne: 01 = 0,37x (Re)” “. Takxe 3amaercs
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npuctenHblii cinoit 4o = 0, 161. [Ipomonpras cocrapasiionmas CKOPOCTH MPUHU-
MaeT CJIeIYIOIINA BUAL:

2
u=01(2)409(Z) ., 2=0, 0<z2<d,
5 5

B Pa3BUTOM TYPOYJIEHTHOM IMOTPAHTIHOM CJI0€ TIPOMUIL TPOJIOIHLHON CKOPOCTH
3a1a€TCA CTEIICHHBIM 3aKOHOM:
1
2\ 7
u=|— z=0, =0, 6y <z<94.

(5 ) )

1

B zaBucmmocTn 0T pacnpesenenust CKOpOCTH 3HAYEHUST TEMIIEPATYPHI W TLI0T-
HOCTHU IIPUMYT BUI

1
T:Tw+u<1_Tw)7 p:T7
roe Ty, = (1 + r@M&) — TemIiepaTypa Ha crenke, r = 0, 88.
Ha Bepxmneii rpanuiie — ycjaoBue CUMMETPUHU, ¥ HA BBIXOIHOI rpaHUIE 3a-
natoTcs yeaosus neorpazkenus [9]. Ilpu 3amannm magaromnieil yaapHO BOTHbI

BO BXOJHOM CedYeHNW BOJIM3W BEPXHEH TPAHUIIBI I/ Ta30JNHAMUIECKUX TTapa-
METPOB CTaBUJUCH YCJIOBUS U3 PEIIeHUd 3aa9l O KOCOM CKA4YKe yIIJIOTHEHUT:

2 1 A2 (sin B)?
P = Poo‘ ’Yngo (Sinﬁ)Q - 7 ) P = 2 ) —~ (Sln_ﬁ) 2
v+1 y+1 1+ 55=M2 (sin )

e 6 — yroj HakJIOHa reHepaTopa CKadka YILIOTHeHus , [ — yroj, obpaszo-
BaHHBIN JTUHUEH CKAYKa C HAIIPpABIEHNEM HAa0OEraloIero moToka (HafmeH u3 3a-
BucuMocT 6 or B s ceMeiiCTBa JIMHMIL C Pa3IddHBIMU 3HadYeHHIMH Maxa
noToka [10]).

3. METO/1 PEIIEHUS

Ha crenke B MOrpaHUYIHOM CJIO€ BBOAUTCS CTYIEHNE CETKU s 00JIee TOU-
HOI'O 4uCJIeHHOro pemennst. Torga cucrema ypasaenuit (1) B npeobpaszoBannoit
cucTeMe KOOPJAWHAT 3aIUIIEeTCs B BU/JIE
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aU OE L oF OF aEUQ OEym N OF,o N OF,m @
o a¢ o€ on on '

FILeU U/J E—ﬁxE/J F—nzF/J Eyp = & UQ/J Eym = & Um/J
Fo = e UQ/J F,, = s Um/J J =090(,n)/0(x, z) - drxobuan npeobpa3zo-
BaHU4.

[Tapamerps! mpeobpa3oBanus KOOPAMHAT MOIPOOHO omucanbl B [11].

KouBekTuBHBIE U/IEHBI ANTPOKCUMUPYIOTCS ¢ ucnogb3oBannem WENO-
CXeMBbI, ujiesi TOCTPOEHUsT KOTOpoit ocHoBana Ha KNO-cxeme, momapobHO U310~
xkeunoit B pabore [11]. B mpemmaraemoit WENO-cxeme nipu uHTEpIOIUPOBA-
HUM KYCOqHO—HOCTOHHHOfI TIOJIMHOMU AJILHO d)yHKL[I/II/I TPUMEHAIOTCA TTOJIMHO-
Mbl HbI0TOHA TpeThero mopsijika, MOCTPOEHHbBIE C UCIIO/IH30BAHUEM BBITYKJIOMN
koMOuHanmu 11ab10H0B. B pesyibrare yero mopsigok amnmnporcumarmn WENO-
CXEeMBI BO3PACTAEeT JI0 YeTBepToro. Perenne cucrembl ypaBHeHuil (2) u ompe-
JleJIeHEe TeMIIePATyPbl OCYIIECTBIISIIOTC B COOTBETCBUM ¢ paboroii [11].

4. PE3VJIBTATH PACYETOB U UX AHAJIN3

[TapameTpbl BBIYUCIUTENHHON OOJACTH CJIEAYIONINE: BHICOTA U NIUPUHA
H = 20cm u L = 120cm. Ilpu guciennom pacdere BO BXOJHOM CEUECHUU 3a-
JIaeTCsl TOJIIUHA IOrPAHIYIHOro ¢j1og 01 = 3.5, Beruuciennas aisg x = 300cm.
Crymienue ceTku BOJIM3U CTEHKHU OCYIIECTBJISIETCS TAKUM 00Pa30M, 9TO Jijis
IepPBOro OT CTEHKH y3J1a CeTKH BLINOJIHSAeTCA ycaosue: 2T = 1.5, a1 npucTen-
HOI'O CJIOS HMPUXOJAATCH H-8 y3JI0BBIX TOYEK 110 HAIPABJIEHUIO OCH Z, a pacyder
BCEro MOrPAHUYHOTO CJIOSI BBITIOTHSIETCS C WCHoJib3oBanueM 35-40 y3/108B pac-
geTHOH ceTku. Pacuer Bceit ob1acTu mpon3BoanTcst Ha ceTke ¢ yaaamu 401x281.
JLtst arpobanuyu IUCIEHHOTO METO/1a OBLT BBITIOIHEH CJIETY IO SKCIIEPUMEHT:
paccMaTpUBAETCs CBEPX3BYKOBOE TEUYEHHE BO3/yXa BJIOJIb TOHKOM MJIACTUHBI C
FE€HEPATOPOM CKAYUKA YIJIOTHEHUsI HA BEPXHEH I'DAHUIE C IMapaMeTrpaMu 3a/1a-
9H, COOTBETCTBYIONMMHU JKcIepuMenTaMm paborsl [6], rae wmcio Maxa mabe-
raforero motoka M, = 5 , uncio Peitronsaca Re = 40 - 108, remmeparypa
creaku T, = 300K. DkcrnepuMeHT TPOBOJUICH [JIs YIJIA T€HEPATOPA CKad-
ka a = 10°, KOTOpEIil COOTBETCTBOBAT GE30TPHIBHOMY TEUEHUIO HOIPAHIIHOIO
ciosi. Ha pucynke 2 mpejicTaBjieHbl Pe3y/bTAaThl CPABHEHUS C SKCIIEPUMEHTA-
mu ko3ddunmenta tpenus (puc. 2a) u gasaenus (puc. 20) Ha CTEHKE; 37€Ch
YEePpHBIE KBaJAPATHhlI — IKCOEPUMEHT U CIJIOIITHAA JIMHUA — PE3Y/JIbTAaThI rﬂ;aHHOI;’I
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paborsr. I3 rpadukoB MOXKHO OTMETUTH y/IOBJIETBOPUTEILHOE COTJIACUE KCITE-
pumMeHTOB u pacderoB. Takxke na durype 3 mokasausl muper gpororpadun u
pacIpe/ieIeHnst IOTHOCTH JIjTsl YIyIoB reHeparopa ckadka o = 100 u a = 140,
Tax mpu, 6e30TpbiBHOM Tedennu myist o = 100 BIAHO maeHne yaapHOil BOIHEL
1 Ha crenky u ee orpazkenne. IIpu o = 14% sy orpeIBHOTO TeueHns HAGIIOLA-
eTcs (pOPMUPOBAHEE CIOKHON A\ -00pPA3HON CTPYKTYPHI OTPHIBA MTOTPAHUTHOTO
caos. 37eck 1 — rojIoBHON CKAYOK YIUIOTHEHUs], MAJAOIIUi HA CTEHKY, 2 —
BOJIHa C2KaTHA, 3 - OTpa)KeHHBIﬁ CKQYOK YIIJIOTHEHWAI, 5 — BOJIHa CXKaTud, BO3-
HUKAOIIAsT B MECTe MIPUCOeIMHEeHNsT OTPBIBHOTO MOTOKAa. V3 rpacdukos ciemyer
Ka9eCTBEHHOE COTJIaCOBaHME PACYETHBIX M IKCIHEPUMEHTAJIBHBIX JaHHBIX. ﬂa—
Jiee TIPOUBBOIMIOCH MCC/IEIOBAHNE B3aUMOIEHCTBYSI CKauKa, YILJIOTHEHHs (yToJ1
reHeparopa o = 100) C NOTPAHUYHBIM CJIO€M Ha CTEHKE IPU W3MEHEHUU YUCIa
Maxa maberatoriero moroka. AHaan3 BAusgHUS dnciaa Maxa MOTOKa Ha MoJje
BEKTOPA CKOPOCTH OTpaxken Ha pucynke 4 (da — My =5, 46 - My = 4,5,
48-My, = 4, 4r — My = 3,5). Pesyaprarsl MOKa3bIBAIOT, YTO MPU HUUCIAX
Maxa, paBabix 5 u 4.5, npoucxoauT 0€30TPHIBHOE B3AMMO/IEHCTBYE 1a/1aI0IIeit
YZIAPHOI BOJIHBL C MOrPaHUIHBIM cioeM (durypsr 4a u 46) . Ilpu ymenbinernn
qncia Maxa moToka 70 4 u HiKe yKe MOKHO HaOJTI0/JaTh BO3BPATHOE TEUEHIE
Ha crenke (puc. 4a n 46). Yeeandenne uncia Maxa noToka 3aMeTHO yMeHbITTa-
€T JO3BYKOBYIO 00JIaCTh BOIN3U CTEHKN U WHTEHCUBHOCTH CKAYKA, YILJIOTHEHUS
HEeZOCTATOYHO 15T (POPMUPOBAHNST 0OJACTH OTPHIBA. Y MEHbITIeHNe dncaa Ma-
Xa MoToKa ¢ 4 710 3,5 TPUBOINUT K YBEJINIEHUIO 30HBI OTPHIBA ITOTOKA HA CTEHKE,
9TO0 MOXKHO HAOJIIOIATh W3 PACIPEIETIeHNS JUHWI TOKA, MPEJICTABIEHHBIX HA
rpaduke 5 ( ba — Mo, =4, 56 — My = 3,5). [Ipu uamenenun uucaa Maxa c 4
J10 3.5 30HA OTPHIBA yYBEJIUYUBAETCH 110 JyimHe B 1,55, a mo BbICOTE — B 1,2 paza.
[Ipu ymeHbIIEHUE CKOPOCTH OCHOBHOTO ITOTOKA YTOJI HAK/JIOHA KOCOT'O CKadKa
YILUIOTHEHUS yBEJIMYUBAETCs, 9TO, B CBOIO OU€PE/ib, BjaedYeT 60/1€€ NHTEHCUBHOE
B3aUMO/JIeNiICTBUE YIAPHOM BOJIHBI C IOMPAHUYHBIM cjioeM. KapTuna pacmpee-
JIeHus u306ap, mpejcTaBaenHas Ha pucyake 6 (6a — Mo, =5, 66 — My, = 4,5,
68 — Mo =4, 6r — My, = 3,5), 1eMOHCTPUPYET YIapPHO-BOJHOBYIO CTPYKTYDY
TedeHus. 31eCh BUIHO, 9TO mpu My, = b u My, = 4,5 npoucxoanT majaenne u
OTparkeHme CKavdka yriaoTHenus ot crenku (1 m 5 ma rpadukax 6a n 66). To-
raa Kak st caydaeB Moo = 4 u My, = 3,5 (durypst 68 u 6r) yxe BOSHHKAET
A -0bpasHas yJapHO-BOJIHOBasl CTPYKTypa TedeHusi. Pacipeesienne 1aBjeHust
Ha CTEHKe, Ipe/ICTaB/IeHHoe Ha pucyHke 7 (muus 1 — My = 5, inans 2 — — —
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Pucyrok 2 — Koaddurment Tpenus v pacrnpeneeHne 1aBIeHUs Ha CTEHKE

Mo =4, muansg 3 — - -— My = 4, w quang 4 — - — Moy, = 3,5) mokasbiBaer,
YTO JIaBJEHNE HA CTEHKE PAacTeT ¢ Bo3pacranmem unciaa Maxa moroka. st or-
PBIBHBIX TeUYEHUi TPOUCXOIUT TOTIOTHUTETHHOE MOBBINIIEHNE JABIEHNS 33 CUET
OTPBIBA MTOTPAHUIHOTO CJIOST HA CTEHKE.

SAKJIIOUEHUE

Pazpaborannas dncieHHas MOJIeIb JIJIsi PacyeTa TypOYIeHTHBIX TedeHui
Ha ocaoBe WENO-cxeMbl 1103BOJISIET MOJIETUPOBATH TEUEHUE CBEPX3BYKOBOTO
MHOTOKOMITOHEHTHOTO Ta3a MNP HAJUYUN Tajafollei yaapHoit Bosabl. Coto-
CTaBJIEHWE PACUYETOB C OMBITHBIMU JTAaHHLIMU MTOKA3LIBAET Y/IOBIETBOPUTETHHOE
coryiacoBanre pe3yabraToB. C MOMOIIBIO MTPOBEIEHHBIX YHCJIEHHBIX IKCIIEPHU-
MEHTOB BBIABJIEHO, YTO JJIs yIJIa TeHepaTopa cKauka ymmroTHenns o = 109 ¢
yBesmmuenne ducaa Maxa moroka ¢ My = 4,5 u Beie dopmupyerca 6e30T1-
PBIBHOE B3aMMOJIEHCTBHUE MaJIAIOMIEd yAapHON BOJHBI C IOIPDAHUYHBIM CJIOEM
BCJIEJICTBUE YMEHBINEHUS [T03BYKOBO# 0OsiacTu BOJIM3U CTEHKU, B PE3y/IbTaTe
Yero MHTEHCUBHOCTU CKAYKa YILJIOTHEHUS HEIOCTATOYHO Jjid (DOPMUPOBAHUS
obsractu orpoiBa. M3ydena nuaamMuka 00pa30BaHUs 30HBI OTPHIBA B 3aBUCUMO-
CTH OT yBEJINYEHNsI CKOPOCTH HADEraoIero moToka, a TakyKe MPOBE/IEH aHAIN3
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5.00
4.46
3.91
3.37
2.82
228
173
119
0.83

0.10

Pucynok 3 — Tenesnie dororpacdun Tedenuns u pacupeneseHne II0THOCTH
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Pucymnox 4 — ITome BekTOpa CKOPOCTH

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



MogenupoBanue B3amMOIeCTBUA A IAIOMIEH YIaPHO BOJIHBI ...

67

Pucynok 5 — Pacupenenennve juamit TOKa

MATEMATUYECKUI KYPHAJ 2015. Tom 15. Ne 3 (57)



68

A.O.Bekeraena

Pucynok 6 — Pacupenesrenne uzobap
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0 20 40 60 80 100 X120

Pucynok 7 — /laBneHne Ha CTeHKe

n30BITOYHOIO JaBJICHUA Ha CTEHKE B 3aBUCHUMOCTH OT 4YHCJIa Maxa CBEPX3BY-
KOBOI'O T€YCHUA.
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Crartps nocrynuia B pegaxmuio 25.06.2015

Bekeraera 9.0. LIEKAPAJIBIK KABAT IIEH KYJ/IAMA/JIBI TOJIKBIH
COKKBICBIHBIH ©3APA OPEKETTECYIH MOIEJIB/IEY

Keringipiiren KONMKOMIIOHEHTTI ra3 arbiagapbl yima @asp GoifbIHITA Op-
ramananran HaBbe-CTOKC TeHjieyiH MIENTy/iH YChIHBLIFAH aJrOpUTMi KOMeri-
MEeH IIeKaPAJIbIK KabaT IeH Ky/1aMaJjibl TOJKbIH COKKbICHIHBIH 63apa OPEKETTe-
cyinin cangpik Momesi WENO-cyibacer Herizinge xy3ere acajbl. Kipe 6epic
KMMAaCBhIH/IaFbl HBIFBI3/[AMAHBIH Ky/J1aMaJibl CEKIpICIH MOJE/Ib/ey VIIH KAFalll
TOJIKBIH TYpaJibl YHKEJICCI3 eCcenTiH, MEeNTMiHeH aJbIHFaH TapTTap KOWbLI-
nbl. Toxipubemen aabiHFaH OepiIiMIepMeH CaTbICTRIPY *Kacaaabl. Kymamasibt
TOJIKBIH COKKBICHIHBIH IMTEKAPAJIBIK KAOATIIEH ©3apa OPEKETTECYl eKITiH I arbIH-
HbIH Max caHbrHa ToyesiIi OOJATHIH Y3iaMesI KoHe y3iIMeNTIH arblH Karaaii-
JIapPbIH/A 3EPTTEJII.

Beketaeva A.O. SIMULATION OF THE SHOCK WAVE AND
BOUNDARY LAYER INTERACTION

Numerical simulation of 2-d supersonic shock wave and boundary layer
interaction have been carried out by solving the Favre averaged Navier-Stokes
equations for the flow of a perfect multi-component gas using WENO-scheme.
To simulate the shock wave in the inlet section the conditions for the solution
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of a non-viscous problem on a oblique shock wave are set. The results are
compared with the experimental data. The shock wave and boundary layer
interaction under the conditions of separated and unseparated flow, depending
on the free-stream Mach number are studied.

MATEMATUYECKUI KYPHAJ 2015. Tom 15. Ne 3 (57)



ISSN 1682—-0525. MATEMATUYECKUI KYPHAJL. 2015. Tom 15. Ne 3(57). C. 72-83

VIK 517.95
H.A. EcCuPKETEHOB, M.A. CAJIBIBEKOB

Hucturyr MareMaTuku 0 MATeMaTHIECKOTO MOAETHPOBAHHIST
050010, Anmarsr, yi. [Tymkuna, 125, e-mail: makhmud-s@mai.ru
Kaszaxckuii HanmoHaIbHBIH yHEBEpcHTET uMeHHd ajb-Papabu, Asmvarel, Kazaxcran
050040, Anmvarer, mpocrekT anb-Papabdu, 71, e-mail: nurgisa@hotmail.com

KOPPEKTHAS 3AJTAYA C JAHHBIMU HA BCEN
I'PAHUIIE OBJIACTN AJ14d OJJHOMEPHOI'O BOJIHOBOI'O
YPABHEHUA

B nmacrosmeit paGore HaMU MPEIJIATAIOTCS JBE HOBBIE IMOCTAHOBKH KPAEBBIX
3a/1a4 [IJIsl BOJHOBOI'O YPaBHEHUS B IPAMOYIOJIbHOMN 06JsiacTu, B KOTOPO Kpa-
€Bbl€ YCJIOBUS 33/al0TCS Ha BCeil rpannre obsactu. /{oka3pIBaeTCss KOPPEKT-
HOCTHh C(HOPMYIMPOBAHHBIX 337129 B KJIACCHYIECKOM U OOOOIIEHHOM CMBICTIAX.
izt 060CHOBaHMSA KX KOPPEKTHOCTH HEOOXOAMMO uMeTb 3 dEKTUBHOE IIPe/l-
CTaBjieHue OOLIero pelreHust 337adu. B 3TOM HANpPABIEHUM HAMU IIOJIy9eHA
ymobHas (opmysia mpecTaB/IeHus OOIIEro pelrennsi BOJTHOBOTO YDABHEHUS B
IPAMOYTOJILHOM 00/1aCTH, OCHOBAaHHAS HA Kjaaccuaeckoil opmyste Jamambepa.
IIpu sTOM TOCTpOEHHOE 0ObIiee pelreHne y»e 3aBeIOMO YIAOBJIETBOPSIET Kpae-
BBIM YCJIOBUSAM IO IPOCTPAHCTBEHHON mepementoil. lasee, 3amaBas pasind-
HblE€ KPAEBbIE YCJIOBUs 110 BPEMEHHON 1I€PEeMEHHOM, Mbl 110JLy9aeM HEKOTOPbIE
dyukImonanpHble MK GYHKIMOHAIBHO- UM hepeHnaIbube ypaBHeHus. Ta-
KuM 00pa30oM, JOKA3aTeIbCTBO KOPPEKTHOCTH CPOPMYIMPOBAHHBIX 33,1249 CBe-
JE€HO K BOIIPOCY CyHmieCTBOBaHWYA U €JMHCTBEHHOCTU penreHnda COOTBETCTBYIO-
mero GyHKIMOHAIBHOTO YPABHEHNUS.

Kmouessie cioBa: BosiHOBoe ypaBHeHHe, KOPDPEKTHOCTH 3a/a4, KJIACCHIECKOe
perienne, cujibHOE penieHne, popmysa lamambepa.
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1. BBEAEHUE

IIycrs 2 C R? — npaMoyrosbHas 06/1aCTh, OrpaHIYeHHAs TpaMbiMir: AB :
0<z<a,y=0;BC:z=a,0<y<b;CD:0<zx<a,y=bu AD :2=0,
0<y<b.

B obmactn €} paccMoTpuM HEOIHOPOIHOE BOJHOBOE YPABHEHNE

Ugy — Uyy = [(2,9). (1)

Xoporo u3BecTHO, 9T0 3a7a4da Iupuxsie s BoJHOBOrO ypapHaerus (1) B
IPSIMOYTOJIbHOI obsiacTi He siBjisiercst KoppekTHoii [1]. Konkperno, B ciyvae
obstactu ) JIErKO BUJIETH, ITO OTHOPOIHOE ypaBHeHue (1) ¢ ycaosuamu Jupu-
XJ1€e

ulaBuBcuap =0, (2)
ulcp =0 (3)

UMeeT  CYETHOe YNCJO  HEHYJEeBbIX — DEIIeHUH  BUARA  Ump(T,Yy) =
sin *7% sin "%{y, m,n = 1,2, ... Ipu BBIIOJHEHNN yCJIOBHUI na = mb.

Bagaqua Jduprxiie 1151 BOJTHOBOTO yPABHEHUST SIBJISIETCS OIHOM M3 HanboJIee
CTIOYKHBIX MOjeseit MaTeMaTnydeckoil puzuku. BosHoBOE ypaBHEHME OMUCHIBA-
eT MOYTH BCE PA3HOBUIHOCTU MaJIbIX KOJeOaHWil B PACIIPeIe/IeHHBIX MEXaHU-
YeCKUX CUCTeMaX TaKWX, KaK MPOJI0JIbHBIE 3BYKOBbIE KOJieOaHNs B Ta3e, JKU/I-
KOCTH, TBEPJIOM TeJjie; TOoNepevdHble Kojebannst B CTpyHax U T.i. KoMITOHEHTHI
3JIEKTPOMATHUTHBIX BEKTOPOB U MTOTEHITUAJIOB U, CJI€J0BATEIHHO, MHOTHE 3JI€K-
TPOMArHUTHBIE siBJeHUs (0T KBA3UCTATHKY JI0 ONTHKHU) B TOH MJIM MHOI Mepe
O00bACHSIOTCSI CBOMCTBAMY PEIIEHUI BOJITHOBOTO YpPaBHEHUS.

BriepBrie mHeeamHCTBEHHOCTH perieHnst 3agadu JInpwxie s BOJTHOBOTO
ypaBuenus 6bi1a oTmedena B paborax 2K. Anamapa [2], A. T'y6epa [3]. B cBo-
eit pabore /1. Bopxkun u P. Jaddun [4] pacemorpenn 3amaay dupuxie s
opuopororo ypasaenus (1) B npsvoyronsauke {0 < ¢t < T, 0 < z < X}.
Ucnons3ys npeobpasosanue Jlamnaca, oan nmokaszasu, 9ro ecau auciao 1/X —
UpPpAIUOHAIBHOE, TO UMEEeT MEeCTO eJMHCTBEHHOCTDb PEIIeHns 33/[a9l B KJIACCe
HenpepwiBHO Auddepennupyembix GyHKInit ¢ cymmupyembivu 110 Jlebery BTo-
pbiME pou3BoOHBIME. A B pabore 5], korma T/ X sasnsiercs anrebpanveckum
YUCJIOM CTEMEeHU 1 > 2, MOJIYUEHO yCJIOBUE CYIIECTBOBAHUS U €JIMHCTBEHHOCTH
pemenns 3agaun upuxie.
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B pabore [6] st runepbosinueckux ypaBHeHU BTOPOro MOPsijIKa C MHTe-
IPAIbHBIMU YCJIOBUSAME B TIPAMOYTOJIbHUKE JOKA3AHbI CYIIIECTBOBAHNE U €JTHH-
CTBEHHOCTH ODOOIIEHHOTO PEIeHUS.

B pabore [7] nqokazana KOppEKTHOCTH KPAEBBIX 33184 /I BOJTHOBOTO yPaB-
HEHUs B IPSIMOYTOJILHOM 0bstacTu B ciyvae a/b = 2, B KOTOPOii Kpaesble ycJ10-
BUS 3aJIal0TCsl Ha BCeil Tpanurie 06/1acTu.

OTMeTrM TakKe, 9TO B MOCIEJHEe BPEMs YCHJIUJICT UHTEPEC K MCCIe0-
BAHWIO KJIACCHYECKUX HAYATBHO-KPAEBBIX 33/a4 JJisi BOJHOBOTO YDABHEHUS B
NPAMOYTOIBHBIX 00JIACTAX B CBA3U C 3aJa9aMU 110 UCCJIEJIOBAHUIO ONTHMU3a-
[IUU TPAHUIHOTO YIIPABJIEHUS IPOIleccaMu Koyiebanuii CTpyHbl (CM., HAIIpUMep,

[8]-[10]).
2. IIPEACTABJIEHUE PEIIEHHNS [IEPBOM HAYAJIbHO-KPAEBOW 3AJIAUN

3AJIAYA 1. B obnacru Q npu a/b = 2 maiitu pemenmne ypasuenus: (1),
V/IOBJIETBOPSIOIITEE HAYATHHBIM YCJIOBHSIM

u(@,0) =7(z), 0<z <a, (4)
uy(z,0) =v(z), 0<z <a (5)

U KPAa€eBbIM YCJIOBUSM
u(0.9) =0, ulay) =0, 0<y < & Q

3ajiaua 1 9BasIeTCS KIACCUIECKON TepBoii HAYAIHHO-KPAEBOI 33/1a1ei.

Pemenne 3amaun Komm s ypasuenus (1) ¢ HaganapapiMu yeaoBuamu (4)
u (5) cymecrByer u eauucTBeHHO. HO OHO OIHO3HAYHO ONPEE/ISETCA HE BO
Beeit obmactu €2, a Topko B ee wactu 1 = {(z,y) : (z,y) € Qy <z <a-—y}.
A B obnacrn Q\Q perienne He onpeneaseTCs OJHOZHAYHO U3 JlaHHbIX Komm
(4), (5). Ono ompeaensiercss 0JHO3HATHO TOJBKO C MCIIOJB30BAHUEM KDPAEBBIX
YCJIOBHI pacCMaTpUBAEMBIX 3a71ad.

[Iycts u(z,y) — pemenne 3amauu 1. Beesem B paccMoTpenne HOBYIO (DyHK-
uuio u(z,y), onpeiesennyro B obsactu {2, KOTopas CojepxuT B cebe UCXOAHYI0

oGracrs Qi = {(,y) 1 0<y<Sy—$<a <Xy}
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Dyuxmio u(z,y) 3agaaum 1o Gopmyste

—U(—l"y), _% <z < 07
u(z,y) = qu(z,y), 0 <z <a (7)

YuuTsiBasg Kpaesbie yCaosus (6), HeTpyaHO yOeAUThCSA B TOM, 9TO (DYHKIIHS
u(x,y) Oymer HenmpepwIBHOI 1 HEMPEPHIBHO aud epernupyemoit Ipu mepexoe
muanit ¢ = 0u x = a. A tak kak Gynknus u(x,y) ABJIACTCS TIAIKOI B 006,1aCTH
Q, To dynknus u(x,y) Oymer raaakoi B obmactu 2.

Haiimem ypaBHeHue, KOTOPOMY Y/IOBJETBOpsSeT B 0bacTw Q dyHKIINIA
u(z,y). Herpyano ybemThest HEIIOCPEICTBEHHBIM BBIYUCIEHUEM B TOM, 9TO 9Ta
¢yHKIINS yIOBIETBOPSET B 06/1aCTH Q HEOTHOPOIHOMY BOJTHOBOMY YPABHEHUIO

ﬂm«" - ﬂyy = f($7y)7 (8)

rae
~ —f(=z,y), =5 <x <0;

fla,y) =4 f,y), 0<w <q 9)
—f(2a—:c,y), a<zx< 37(1-

W3 magambabix yenosmit (4) u (5) ¢ ygerom (7) moTydaeM HadaIbHBIE yCTO-
Bug ayist byukuun u(x,y) B obaactu (2

u(z,0) =7(x), 0 <z <a, (10)

Uy(z,0) =v(z), 0 <z <a, (11)

rie dbyskun 7(z) n v(x) 3a1a10TCs paBeHCTBAMA
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B o6uacru € permenne sagaun Komu (8), (10), (11) cymecrsyer, eun-
CTBEHHO U BBbIpayKaeTCs Kjaaccudeckoit popmyiioit lasrambepa:

- Tty +T@—y) 1 Hyg RN e
(a,9) = e [ ey [ f(fm)ds}(ldg.

-y
HernocpeicTBeHHBIM BBIYHMCIEHNEM JIEMKO TPOBEPUTH, 4To dyHKIus U(x,y)
yZI0BJIeTBOpsieT ypaBHeHnio (8) n HadambHbIM yeaoBusM (10) m (11).
[Mokaxkem Ternepsb, uro B cuiy (12) u (13), a Takxke ¢ yuerom (9) dbyukiums
u(z,y) ynosraersopsier KpaeBbiM ycaosusM (6) Samaun 1.
Borancisiem

w0.0) = "L M agae- g [ [ Femaefan 1)

2 2 )y —y+n

B cuny (12) nerko mosyanTs

T(y) +7(—y) =7(y) — 7(y) = 0. (16)

13 (13) mpocToii 3aMeHoit IepeMennoii B MHTerpasie HaXoaum

0

[ o= [ wteries ["weac= [Cvieres [“vgac=o. an

B rperbem ciaraemom u3 (15) jesiaem OveBUJIHBIE 3aMEHbI 1€PEMEHHBIX.
Tak xaxk 0 <y —n < a/2,—a/2 <n—y <0, To mosygaem

[ e an= [{ [ Femachan- [{ [ enac)an -
- /oy {/yo_n f(g’”)df} dn = /Oy {/Oy_n f(f,n)df} dn=0.  (18)

Cymmupys naiigennoe B (16)-(18), moayuaem u3z (15), aro u(0,y) = 0. To
€CTb, TIEPBOE M3 KPaeBbIX yCI0BuUil (6) BBIIOTHEHO.

AHa/I0rMuHO MPOBEPSETCs BBIIOJIHEHNE BTOPOrO KPaesBoro ycaosus u3 (6).

Cremosarensno, dopmyna (14) maer permerne 3amaqu 1. Bommumiem ee pe-
urenne B obaacru () yepes dyukuun f,7,v. g sroro B dopmyiy (14) noa-
craBuM 3Hadenus f,T,V, Beipakaembie o dhopmynam (9),(12) u (13).
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Beegem oboznauenusi: 1 = {(z,y) : (z,y) € Qy <z < a—vy}, Q=
{(z,y) : (z,y) € Qx <y}l uQ3={(z,y): (z,y) € Qz+y >a}.

Tbrﬂa HEIIOCPEJCTBEHHBIM BBIYUCJ/IEHUEM IIOJIyIa€M IPEeACTaBJICHUA Derle-
Husg 3amaqn 1.

B obmactu €9

o) = T ey [T remac hao-

—z—n

T+y—mn
/ { / X dé} (19)
T—y+n
B obnactu

ey = LT ey [ [ steonaefan

(20)
B obsractu 23
— _ VO 2a—x—
ay) = TR0 2 g
T—y
1 T+y—a 2a—z—y+n
_Z ,n)dE v dn—
2/0 {/IW7 f(&m) 5} n
1 [Y TH+Y—n
—— d€ ¢ dn. 21
2/9£er_(1{/%_2;+17 f(&m) 6} U (21)

3. DOPMVYJIMPOBKA U HJOKABATEJIBCTBO OCHOBHOI'O PE3VJIBTATA.

IIycrs E = (b,b), F = (a — b,b) — rouku na rpanune CD.
BAJIAYA 2. Haiitu pemenne ypaBHerus (1), yJa0BiIeTBOpsIOIee KPaeBbIM
yeaoBusim (2) u ycaoBusim va rpanuie CD:

ulcg =0, (22)

uy|pE = 0. (23)
Hapsiny ¢ 3agatueit 2 paccMoTpuM CIEAYIONLYIO 33739y 3.
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3AJIAYA 3. Haiitu pemenne ypasuerus (1), ya0BaeTBOPSIONIee KPAEBHIM
yeaoBuaM (2) u yeaoBuam na rpanune CD:

uy](;p = 0, (24)

u|lpr = 0. (25)

Kak o6bruno, dbynkunio u € Lo({2) HazoBeM cHJIBHBIM pelieHneM 3ajadn
2 (3agaum 3), ecw CymeCTBYeT TOCTeI0BATEIBHOCTE bYHKIH U, € W2 (L2),
YAOBJIETBOPAIOINNUX KPAEBBIM YCJIOBUAM 3a/1a9U, TaKad, 9TO Uy U Lun CXOgATCA
B Lo() K uu f COOTBETCTBEHHO.

TEOPEMA 1. ITycte b = 1,a = n € N un > 2. a) Torna knaccuaeckoe pe-
menne 3aza4dn (1), (2), (22) n (23) cymecrByer, eqHHCTBEHHO, IPHHAIEAKAT
kaaccy u € C2(Q) N CYQ) u ycroitumso mo Hopme npocrpancrsa C(Q) s
dyuxmmr f € CH(Q), yropaeropsaromeii HeOGXOMIMOMY YCIOBHIO COTJIACOBA-

/ f(,w)dt =0, (26)

(n,0) = 0; (27)

f ( 1) =0. (28)
6) Hdma smoboii ¢yuxumn f € Lo(QY) sanaua (1), (2), (22) u (23) nme-

eT eIMHCTBEHHOE CHJIBHOE DEIIEHHE. DTO DEIeHHe NPUHAJIEKHAT KIACCY U €
W1(Q) N C(Q) n yaosrersopser onenke:

HUA:

lullwy () < CllfllLa()- (29)
TEOPEMA 2. Ilycts b = 1,n € N un > 2. a) Knaccuueckoe perenune 3a-
aaqan (1), (2), (24) u (25) cymecrByer, equHCTBEHHO, NPHHAIIEKUT KJIACCY

u € C*(Q)NCL(Q) u yeroitampo o mopme npocrpancrsa C1(Q) pra pynxmmm
f € CY(Q), yrosrersopsrommeii HEOOXOAMMOMY YCIOBHIO COIIACOBAHMSI:

1
/O f(n—y,y)dy = 0; (30)

£(0,0) =0 (31)

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



KoppekTHas 3amava ¢ JaHHBIMEA Ha BCel TpaHUIEe 00IacTH ... 79

£(0,1) = 0. (32)
6) s moboii pyaxnuu f € Lo(Q) zamaua (1), (2), (24) u (25) nme-

eT eJHHCTBeHHOE CHJIBHOE PEIeHHe. DTO PENIeHHe MPHHAICKAT KIacCy U €
WHQ) N C(Q) u ynoprersopser onenke:

lullwy) < Clf L, @)- (33)

Zoxasameavcmeo. lokazaTeabCTBO MPUBEIEM TOJBKO 71 TeopeMbl 1. Jloka-
3aTe/IbCTBO TEOPEMbL 2 IPOBOJIMTCH aHAJIOrM4YHO. Tak Kak a = n > 2,b = 1,
MBI HCIIOJIB3yeM mpezcraBirenns perrenns (19)-(21) B xome gokazareincrsa
Teopembl 1.

a) YuurbiBag u3 (2), uro u|ap = 7(x) = 0, moACTABUM I[pEJCTABICHHE
pemenus (19) B kpaesoe ycaosue (23). Torpa:

v(e+1) —v(l—2)+ F,(z,1) =0, 0< 2 < 1, (34)

e

y—z zHy—n Y z+y—n
A== [T emacan— [T pieniefan

Teneps nojcrasum npejcrasiaenue pemerusi (20) B kpaesoe ycsosue (22).
Torma

z+1
/ WEVdE + Fo(a,1) =0, 1<z <n—1.
x—1

Bepem npousBoHyio 110 T, TOrIa MOJIyYaeM

viz+1)—v(@w—1)+ Fy(z,1) =0, 1 <z <n-—1, (35)

Fy(z,t) = —/Oy {/x:;n f(é,n)dff} dn.

B ypasuenun (35) ais kax0ro uz n — 2 orpeskos [i,i + 1],7 = 1,n — 2
nmenaem 3ameny r =1+ 1—-¢,0<¢t < 1:

e

v(i+2—t)—v(i—t)+ Fp(i+1—61)=0, 0<t<1l,i=1,n—2. (36)
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Teneps nojcraum npejcrasienue pemrernst (21) B kpaesoe ycsiosue (22).
Torma

2n—x—1
/ v(€)dé + F3(z,1) =0, n—1 <z <n.
z—1

Bepem mpom3Bo/Hy0 10 &, TOrAA MOIyYaeM
—v@2n—z—-1)—v(z—1)+ Fy(2,1) =0, n— 1<z <n, (37)

rmae

T+y—m 2n—z—y+ T4+y—
Fya.t) — / ’ { / ’ "f<s,n>ds}dn -/ + o remaeyan,
T zt+y—n

—y+n T—y+n

B ypasuenun (37) nenaem 3ameny z =n —t, 0 <t < 1:
—vin+t—1)—vn—t—1)+Fy,(n—t1)=0,0<t<1. (38

Takum 06pa3oM, CyIIECTBOBAHWE W €AMHCTBEHHOCTH perenus 3agadn (1),
(2), (22), (23) sKBHBAJEHTHO CYIIECTBOBAHWIO W €JMHCTBEHHOCTH (DYHKIINH
v(x) = uy(x,0), ynosrersopsitommeit ypasuenusiv (34), (36) u (38).

MbI mMeeM N HEOJHOPOJHBIX YPABHEHWI NI 7 HEM3BECTHBIX (DyHKIHUiT
v(z;),i—1 < x; < i, i = 1,n. Torga cymecrBoBanue u €JIMHCTBEHHOCTDH
dynkumn v(x) SKBUBATEHTHBI CJIEAYIONIEMY:

1 0 -1 0 0 0 O
o 1 0 -1 0 0 0 0
0 1 0 -1 0 .. 0 0 O
0 0 0 0
0 0 . 0 0 1
detA =det o0 o .. o . . 0 =2(—1)"""#£0.
0 0 0 1 0 -1 0
0 0 o 0o 1 0 -1
o 0 ... .. oo -1 -1
-1 1 0 P 0 0

Urak, Mbl j10Ka3a/1 CyIIECTBOBAHUE U €JIMHCTBEHHOCTD pertenust 3a1a4 (1),
(2), (22) u (23).
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Teneps mokaxem ycroitamBocts 1mo mopme npocrpancrsa CH(Q). B cury
(26)—(28) n u3 ypasuenuii (34), (36), (38) momyqamm, aTo

v(i—0)=v(i+0),i=1n-1, (39)

V(i —0) = 1,(i +0), i=1,n— 1. (40)

[Tosromy perrenue 3amaan (1), (2), (22) u (23) ycroitunBo mo HOpMe IpO-
crpancrsa C1(Q).

6) U3 cymecTBOBaHMS M €IMHCTBEHHOCTH KJIACCUIECKOTO DEIeHus 3a1a-
au (1), (2), (22) n (23) cTaHZAPTHBEIME METOJAMHE MOIyYIaeM CYIeCTBOBAHIE
eJIMHCTBEHHOTO CUIbHOrO pertenns 3agaun (1), (2), (22) u (23).

U3 mpejicTaBieHysl PeIeHns] 3a/1a91 JIEPKO 3aMeTHTh, UTO CHJIBHOE peliie-
uue 3apucur or v(x) u f(z,y). Tak kak detA # 0, To u3 ypasuenuii (34), (36)
u (38) Bugno uro, pyuknua v(x) 3aBucur ToabK0 0T f(X,Y).

Torna

lullwioy < Cillv@)Ly@) + Coll fllLa) = CLIAT FllLy() + Coll fll o) <

< 3l ATYIf o) < CllFllrae)-

Teopema moxkazana. ]
Pa6ora BwImo/iHEHA TIpu TOjJEp:KKe rpaHToBOoro duHancupopanus KH
MOH PK, rpaut Ne 0824 /T'®4.

JINTEPATYPA

1 Hadamard J. Sur les problemes aux derivees partielles et leur signification
physique // Bull. Univ. Princeton. — 1902. — V. 13. — P. 49-52.

2 Hadamard J. Equations aux derivees partielles. Les conditions definies en
general. Le cas hyperbolique // Enseignement Math. — 1936. — V. 35, Ne6. — P. 5-
42.

3 Huber A. Die erste Randwertaufgabe fur geschlossene Bereiche bei der
Gleichung u,y = f(z,y) // Monatshefte fur Mathematik und Physik. — 1932. - V. 39,
Nel. — P. 79-100.

4 Bourgin D.G., Duffin R. The Dirichlet problem for the vibrating string equation
// Bull. Amer.Math.Soc. — 1939. — V. 45, Ne12. — P. 851-858.

5 Caburos K.B. Ypasuenus maremarudeckoil ¢pusukn. — M.: @uzmaraut, 2013.

- 352 c.

MATEMATUYECKUI KYPHAJ 2015. Tom 15. Ne 3 (57)



82 H.A. Ecupxkerenor, M.A. Canpioexon

6 Pulkina L.S. A non-local problem with integral conditions for hyperbolic
equations // Electronic Journal of Differential Equations. — 1999. — V. 1999, Ne45. —
P. 1-6.

7 Ecupkerenos H.A. O6 oiHOIi 3a/1a4e /111 BOJHOBOI'O ypaBHEHUs C JAHHBIMU HA,
Beeit rpannne // Becruuk KasHY. Cep. mar., Mex., uad. — 2013. — T. 79, Ne4. — C.
43-51.

8 Unbur B.A., Moucees E.M. Onrumusanus rpaHATHOrO YIPABIEHUS CMEIe-
HHEM WJIM YIOPYTOi CHJION HAa OMHOM KOHIE CTPYHBI 33 MPOU3BOJBHOE TOCTATOYHO
Goabioe Bpemst // Apromar. n rememex. — 2008. — T. 69, Ne3. — C. 7-16.

9 Moucees E.U., Xonomeera A.A. OnruManbHOe TPaHWUYHOE YIPABICHHE CME-
HIEHHEM KOJIEOAHUSMHU CTPYHBI C HEJOKAJIbHBIM YCJIOBUEM Y€THOCTHU BTOPOrO poja //

Huddepent. ypasrenusa. — 2011. — T. 47, Ne1. — C. 126-133.

10 Mouceer E.U., Xonomeesa A.A. Pa3permnmuMocTsh CMEIaHHON 33 1a9u 15T BOJTHO-
BOTO YPABHEHWs C THHAMWYIECKUM IDAHWIHBIM yeiaosueM // Tuddepeni. ypapaeHus.
—2012. - T. 48, Ne10. — C. 1392-1397.

Crartps nocrynuia B pegaxmuio 03.10.2015

Ecupkerenos H.A., Cagsibekos M.A. BIP OJIIIIEM/II TOJIKBIH TEH-
JAEYI YIIIH OBJIBIC IMEKAPACBIHBIH BAPJIBITBIH/JIA BEPLJIIM-
JEPI BAP KOPPEKTIJIT ECEIL

By xymbicTa TIKTOPOYPHIIITH 0OJILICTAFBI TOJKBIH TEHJEyl VIIH IIeT-
TIK IIAapTTApbl OHbBIH, IEKAPACHIHBIH OAPJ/bIFbIH/IA OepljreH eki KaHa IIer-
TiK ecenTi ychiHaMbBI3. OCBI €CENTiH KUCHIHIBLIBIFB KIACCUKAJIBIK, YKOHE YKaI-
TOBLIAHFAH MarblHaa gojengen . OJapabiH KUCHIHIBIIBIFBIH HErI3Aey VIMiH
€CeNTIH >KaJIbl MEeNiMIiHIE THiMIl Keitinremeci 60ybl kepek. Ocbl GarbITTa
TIKTOPTOYPHIIITEI 00/IBICTAFBI TOJKBIH TEHIEYIHIH YKAJIIIbI eI MiHIH KeiinTe-
MeCiHiH BIKIaMIbl POPMYIACH KaaccuKaablk lamambep dopmynaceiaa Heris-
JieJiin anbiaabl. KypacThIpblIrad YKaJIibl MEMiM KEeHICTIK allHbIMAaJIbIChI 00ii-
BIHIITA, METTIK MAPTTAP/IbI AJIIBIH a1 KAHAFATTAH/IBIPHIIT OTHIP. YaKbIT OOWBIH-
I1a 9PTYPJIi MIETTIK IapTTap Koubii, 613 6esrism 6ip GyHKINOHAJIIBIK HEME-
ce byHKImoHAIIBIK- UM OEPEHInAIBIK TeHeyiep ajgaMbl3. COHBIMEH TYKbI-
pPbIMJIaJIFaH €CenTep/iH KUCHIHJIBLIBIFBIH JIo/Iejiey CofiKec (DyHKITMOHAI/IBIK
TeHJAEY/IIH MeMTMIiHIH 6ap KoHe KaIrbl3 60y MoceaeciHe ajbIl Keaei.
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Yessirkegenov N.A., Sadybekov M.A. A PROBLEM FOR THE ONE-
DIMENSIONAL WAVE EQUATION WITH DATA ON THE WHOLE
BOUNDARY OF THE DOMAIN

In this paper we propose two new boundary value problems for the wave
equation in a rectangular domain in which boundary conditions are given on
the whole boundary. We prove the correctness of boundary value problems
in the classical and generalized senses. In order to show the correctness of
these problems it is necessary to have an effective representation of the general
solution of the problem. In this direction we obtain a convenient representation
of the general solution for the wave equation in a rectangular domain based on
D’Alembert classical formula. The constructed general solution automatically
satisfies the boundary conditions by the spatial variable. Further, assigning
different boundary conditions for temporary variable, we get some functional
or functional-differential equations. Thus, the proof of the correctness of the
problems is reduced to the question of the existence and the uniqueness of
solutions of the corresponding functional equations.
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ITOBEPXHOCTDb K O/JTHOCOJINTOHHOMY PEIIIEHUIO
HEJIMHEMHOI'O YPABHEHUS IITPEJIMHITEPA

Paccmorpeno menuueiinoe ypasuenue lllpenunrepa. Haiinena mosepxaocts B
cuvbicae Pokaca-T'esbdarnsa, COOTBETCTBYIOMIAS OJHOCOJIUTOHHOMY DEIIEHHIO
nesmueitnoro ypasuenus [IIpeaunrepa B caydae KOHEYHOH IJI0THOCTH.
KuioueBbie cnoBa: HesmmHEHHOE ypaBHEHHE, HMMEDCHs, KOHEYHas ILJIOTHOCTD,
OHOCOJINTOHHOE PEelICHHE.

1 BBEJEHUE

3a mocjieiHue JABAANATH jeT OOJ/IbII0e KOJUYIECTBO HCCJIEIOBAHUI ITOCBSI-
[IEHO M3YYEHUIO HeJinHelHbIX ypasHeHuil. Hekoropsie nejimueiiHbie BOJHOBbLIE
YDaBHEHUsI MOTYT TIOSIBJISIThCS B PA3IMIHbIX 3aza4dax dusuku [1]-[5]. Hanpn-
Mep, TAKUMHU YPaBHEHUSIMHU SBJISIOTCS XOPOIIO W3BeCTHBIe ypaBHeHUs Kopre-
Bera je Bpuza, lllpeaunrepa, sin-l'opmona.

Teopusa COMUTOHOB ABASETCA MOIIHBIM aNlapaToM [JIg W3yUeHUd Hesu-
HEIHBIX YPABHEHUI, BKJIIOUAs UX reoMeTpudeckuii cMbici. C reoMeTpudeckoit
TOYKU 3PEHUs COJIUTOHHBIE CUCTEMbBI PACCMATPUBAIOTCS, KAK UMMEPCHH HECKO-
HEYHOMEPHBIX MPOCTPAHCTB. Ipyrumu ciioBaMu, nepapxus COJTUTOHHBIX yPaB-
HEHUii PACCMATPUBAECTCS KaK CHCTEMA, OMPEIEISONas UMMEPCHIo (WUl Io-
rpyzkenune) maoroobpasust V" B npocrpanctso V', rae n < m. Cesa3b mexy
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Teopueil COTMTOHOB U TEOPUeil MOBEPXHOCTEH YCTaHABINBALTCS BBEJICHUEM 3BO-
JIIOTINOHHBIX YPABHEHMUIH, aCCOIMUPOBAHHBIX ¢ anre6poii. Cesa3b (1+1)-MepHbIX
COJINTOHHBIX YPAaBHEHUl C Teopueil MOBEPXHOCTEN JaeTcyd ypaBHenueMm [aycca-
Kogammu-Maitrapau. B sToMm caydae COMUTOHHBIE YpaBHEHHUS PAacCMaTpPUBA-
IOTCS, KAK HEKOTOPBIE HHTErpuUpyeMble pejayKinu ypasueaus [aycca-Komarm-
Maiirapa.

B pmannoit pabore Mbl paccMarpuBaeM HPOCTERINNE ACHEKThI COJTUTOHHBIX
uMMepcnit B MHOroMepHOM TipocrpaHcTse B cmbicie Pokaca-Tenndanma [1].
B coBpemennoii uTepaType MOHITHE UMMEPCUHU JTOCTATOYHO IITUPOKO PACIIPO-
CTPaHEHO M OTHOCUTCS HEe TOJBKO K Teopun coanToHOB. Ilepexom oT ncxomHO
3a/1a9u K Oojiee TpoCToii 3ajaue Ha3biBaeTcs uMmMepcueit. CiaoBo "uMmmepcus”
MPOUCXOAUT OT JIATUHCKOTO CJI0BA iIMMersio u mepeBonTCs Ha, PYCCKU sI3bIK,
kak “morpy:kenue” [6]. CTpororo ompesenenus JaHHOTO TOHATUS HET.

Coruacuo pabore @okaca-Tensdanga [1] npusesem onucanne coauTOHHOM
nvmmepcnu. B (1+1)-meproMm ciydae menuneitabie qudbepeniaibHbie ypas-
HEHUA B YaCTHBIX ITPOU3BOAHBIX Jal0TCA B BUIE YC.HOBI/Iﬁ HyﬂeBOﬁ KPUBU3HDBI:

Ug— Ve +[U, V] =0,

rae [U,V] = UV — VU, marpunia U 3amana, a marpuria V BBIpAKaeTcs B
TepMuHaxX daeMenToB marpurbl U. Takxke nenmueitable anddepernaabHbe
YPaBHEHUS B YACTHBIX TPOU3BOJHBIX SBJISIIOTCS YCJIOBHEM COBMECTHOCTH CH-
CTE€MBbI JINHEAHBIX YpaBHEHUM

¢C£ = U¢7 (bt = V¢

B s10M ciiyuae cymecTByer noBepxHOCTh ¢ MMMEPCUOHHOM dyukumeit P(z,t),
orpejiesisieMast CaeAymnMu hopMyIaMu:

oprP

-1
%_(ﬁ X¢7

opr

_ -1
ot =97 Y.

[MosepxuocTh, oupeaenennas nocpeacrsom P(z,t), upenrudunupyerca ¢ no-
BEPXHOCTBHIO B TPEXMEPHOM TIPOCTPAHCTBE, OTIPeJIeIeHHON KOOPIMHATAMI T =
Pj(z,t), j =1,2,3 [1]. Penep na nosepxaoctu gaercst Tpoiikoit [1]:

oprP oP

_ 41 e | _ 41
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rae J = &?%, | X |=v< X, X >. 31ech 1o onpeiesennio

1
<XY >=—otr(XY),

rae X,Y gamiastoTcda HEKOTOPbIMEU Marpuiiamu. llepsas u BTOpas dyHIaMEH-
rasbHbIe (hopMbl B cMbicie @okaca-Tenpdanma naores kax [1]

I=<X,X>di’+2< X,Y >dzdt+ <Y,Y > dt?, (1)
II_<%+[X,U], J > dx +2<§+[X,V],
Y
J>d:cdt+<%t+[Y,V], J > dt%. (2)

Kaxk mokazano B pabore [1], dynkuus nmvepcun P mMoxker ObITh ONpejiesena,
KakK

3
P=96"ton+ 6 Mo =Y Pif,
j=1

rjae My saBisierca marpudHOil GyHKIMel, onpeieseHHol 1o A, x,t. 3uech fj =
4 "

— 50 ABIFeTCA 6A3ICOM COOTBETCTBYIONIEl anreOphl, 0 ABIAIOTCS MATPHIAMM

Maynu u [f;, f;] = fx. B 9rom ciyuae X, Y mMoxHO 3amucars, Kak

X = U+ My, + [M1,U,Y =~V + My + [My1,V].

2. COJIMTOHHBIE UMMEPCHUU B (1+1)-U3MEPEHUU

IIycts marpumsr X, Y, J umeror Bus

air a2 b1 b2 c11 C12
X = Y = ,J = . @)
a1 @ ba1 b2 c21 €22
B 5TOM CiIydae 5/eMEeHTH MATPUIILI J BBIPAYKAIOTCSA Uepe3 3JIeMEHTH MATDPHIL
X n'Y B coorBercTBMM CO cienyioinmMu popmyIamu:

oy = a12ba1 — bi2az ag1 (b1 — bo2) + boi(aze — ar1)

Yy r o X, Y]] ’

C21 =
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Cry = biz(a11 — agz) + a12(ba2 — b11) _abiz — ba1arn (4)
| [X, Y] ’ | [X. Y] |

Co2 =
Torma nepsast dyngamentaabaas dhopma (1) IByMepHOit MOBEpXHOCTH GyIer
I = Edz? + 2Fdzdt + Gdt?,

e

1 1
E = —§(a%1+2a12a21 +a3,), F= —5((111511 +ai2ba1 +ag1b1a+anbee), (5)

1
G = —5(5’%1 + 2b12bar + b3y). (6)

B xagecTBe mpuMepa COTUTOHHOTO YPaBHEHWS, IPUBOALAIIETO K TaKOM mMMep-
cuu, paccmorpuM HesmHeitnoe ypasuenue [Ilpequnrepa

it + e + 28|12 = 0,

e B = 41, ¢ aBasiercss KOMILIEKCHOM (byHKIMer. B aToMm ciayaae maTpuirbt
U,V nwmeror Buzx [3]

_ Aog (0 g
U—2Z,+UQ,UQ—Z<q 0),

iA2 L2 (0 q 0 G
V—703+z|q\ Jg—z)\< ¢ 0 + e 0 ) (7)
CrpasemnBa CIeIyomast JeMMa.

JIEMMA 1. Bropas ¢yrramenranpraas ¢popma B cmbicie Pokaca-Ienppansa,
COOTBETCTBYIOINIasi COTHTOHHOMY PEIIeHHIO ¢ HeJquHeHHOoro ypaBHeHus Illpe-
JIMHTePa B CIy4dae KOHEYHOH IJIOTHOCTH, UMEeT BUIT

IT = Ldx® 4 2Mdxdt + Ndt?, (8)

riae

1 .
L= —§{a11xc11 + a120¢21 + a212C12 + a222622 — Ni(ag1c12 — a1ac21)+
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+ig(aizci1 + agaci2 — ar1c12 — a12c22)+

iG(asica + ajica1 — agecal — agicin)}, (9a)
1 .
M = _i{alltcll + a1atCa1 + ag1¢c12 + aarcan + (A2 + 2|q)?) (az1c12 — arzcan )+

+(gz + Nig)(a11¢12 + a12¢c22 — a12¢11 — agaci2)+

+(qe — Mq)(a11c21 + ag1co2 — agicir — agacar)}, (90)
N = _%{blltcll + biogear + bargcia + baogcan + i(A% 4 2|q|?) (barcra — bracar )+

+(ge + Mig)(br1c12 + biacoa — biaci1 — baacio)+

+(Gx — Niq)(b11c21 + barca — barcir — bagear) }, (9¢c)

JOKABATEJLCTBO. Iloacrasiasem marpurst (3), (7) B (2). Ilocre Hekoro-
peix Beraucaennit noayanm (8), (9). JTemma nokazana.

3. OJIHOCOJINTOHHOE PEUIEHWUE HEJUHEUHOI'O YPABHEHUA IIIPE-
JOVWHTEPA, COOTBETCTBVYIOIIEE TTOBEPXHOCTU

Paccemorpum wactHbIil cay4ait ummepcun npu Yo = 1, M; = 0. B gan-
HOM CJIydae mMeeM

S 0o —-L
X:UA:21¢<(1) _01)71/:1&:_1( q/\ ;]\>7J:< . g@)
Vaa
(10)

u P = ¢ ¢y YToOb! BLIYUCINTD SBHBIC BHIPAYKEHHS I/ (DYHKIHI HMMEPCHH
P, paccMOTpUM OJIHOCOJIMTOHHOE PEIeHne HeJIMHEHOTo ypaBHeHus Tpeua-
repa B CIyYae KOHEYHON MIIOTHOCTH, KOTOPOE MMEET BT

1+ ePexp{v)(x — vt — x0)}
1+ exp{v(z — vt — xp)}

Q(‘T7t) = ) (11)

rjge v = —wcosg, To = V%lm"yl; w, 0,71, V] ABAAIOTCA HEKOTOPHIMU HAPAMET-

paMu MOJEeH.
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TEOPEMA 1. OxHOCO/IMTOHHOMY perieHui0 HeuHeitHoro ypaprenns I pegmna-
repa B Caydae KOHEYHOH IIJIOTHOCTH COOTBETCTBYET IIOBEPXHOCTH B CMBICTIE
QDoxkaca-l'enpanga co caegyromumu Kod(puiuenTamu nepBoi (pyHIaMeH-
TaJIbHOH (DOPMBI:

viexp*{vi(z — vt — o)} 4pz?

E= (14 exp{vi(z — vt — z0)})* (A — A\1)4

(2 —e? — e70)4

4(e — 121 4+ v1z(1 — eexp?{v1(x — vt — x0)})]?
(1 + e?exp{vi(z — vt —x0)})*
o 2p2u%vxeirp{l/1 (z — vt — 20) (e + e —2)
(A = A)*(1 + exp{vi(z — vt — x0)})?
dvdvrerp?{v1(z — vt — x0) }(€ — 1)2(e? — exp?{vi(x — vt — x0)} — 1)
(A= A1)2(1 + exp{vi(x — vt — 20)})*(1 + eexp{vi(z — vt — z0)})*
X (14 vz — vzeexp*{v (x — vt — x0)}), (12b)

_ v2viexp{vi(z — vt — x0)} 200 _ ify2
“= (A= A)4(1 + exp{r1(z — vt — x0)})* ™ )7 (14

+2exp{vi(z — vt —xz0)})? + p*(e? — e — 2)?+
dvia? (e — 1)*(Peap{vi(z — vt —w)} — 1)

], (12a)

+

: 12
(1 + eexp{vi(z — vt — o) })* ) (12¢)
e A1 = const.
JTOKA3BATEJIBCTBO. Perenne quHeHON cUCTEMBI HaiileM B BUJIE
Y = ¢67(A§f m+§03t)' (13)
YunreiBast (13) u upumensist (7), umeem
)\0'3 )\03 )\0’3 )\03 )\03
L = (223 DY Rde e DYDY R} =[==, . (14
Yo = (2 + o)y — o2 = 2 — 9222 1+ Upth = [, 9]+ Uy, (14)
Bozsmem
A . a b 10 *
¢_[f7>\_)\,{’ A_<5 J>’1_<0 1), A} — const. (15)
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IMoxcraum (15) B (14), nosyanm

UpA 1. g .
i Al - — 21
A= AL 31784l

wx:UO_

C apyroit cropoust, u3 (15) creayer

wx:_

A=A

N3 (16) u (17) umeem

Ax U[)A ]. ~ )\T ~
o T Tl Al !

Taxkum obpazom,

3amerum, 4TO
[03,21] :03A—A03:2< —05 b )

Barem, moxcrasiss (20) B (35), mosyanm

170 b
UO_i(—é 0)'

IToncrasnasa (20) B (19), mmeem

N3 (7) u (21) nosyunm

(0 @\ _1/0 b iq=1b =—q
Z(q O>_i(c O>:>{iq:%c:> c=q.

(16)

(18)

(19)

(20)

(21)

(23)
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Takum 00pa3om, Mbl Hau MaTpuily A B aBHOM Buje ¢ KomnoneaTamu (22).
Ucnonssys (11), mosmyamm

ivyzexp{v(x — vt — xo) (e — 1)

a=— . — A, (24
“ (1 + exp{vi(z — vt — x0)})(1 + ePexp{v1(x — vt — z0)}) (24
U3 (22) crenyer: @ = —%= — A\ = a = —1 [ gqdz. Vcnomsys (11), momym
- 1
Torma .
~ qu *
a= -1 (26)
[Tosromy, u3 (22), (23) caemyer
B I’; = .
P VN S /) N ST (27)
b (—a)
Ucnonssysa (11), mosmyuamm
J— ivizexp{vy(z — vt — mo'?g}(e_ie -1) o (28)
(1 + exp{vi(z — vt —x0)})(1 + e~ Pexp{vi(x — vt — x0)})
13 (22), (23) cremyer
. 1 -
dy = —~éb, (29)
i

Bousnee toro, uz (28), (29) creayer
d= % / qqdz. (30)
Yunteisas (30), momyanmm (25) B Bue
d=—a. (31)

Taxkum o6pazom, maTpuria A 11 OTHOCOMUTOHHOTO perenust (11) HeauHeRHOTrO
ypasuenus lIpeaunrepa npuHuMaer BuI

ivizexp{v1 (x—vt—x0)} (e’ —1) o

A: " (4exp{vi (@—vt— :cg} Y(1+-e@exp{vi(xz—vt—20)}) 1
1+ePexp{v1(z—vt—x0)}
1+exp{vi(z—vt—xz0)}
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_p1+e_ieeic{p{2/1(m—vt—§?)}

1+-exp{vi(z—vt—2x

il/lmexp{yl(m—vt—;o)}(e_iggl) O : (32)
(14-exp{vi(z—vt—20)})(1+e~Pexp{vi(x—vt—x0)}) 1

Temeps BozbMeM ¢ = [ — ﬁ])” TJie A ABJISETCS MMOCTOSIHHOM, TOTa U3

(

(10) umeem

A A

P=o"lo =+ 3005 (33)

C zapyroit CTOPOHBI, Oy IUM

_ et o 3P —3P1 =3P
P_E; Pifi==3 JDJUJ_(_;PNL%P2 i, S8

0i
13 (33), (34) mocpencreom (29) mmeem P3 = ﬁ Teneps ¢ momompio (31)
Haiimem P3 B sBHOM Bue /1 pernenus neanneiinoro ypasuenns llIpenwarepa
B CJIly4ae KOHEYHOl IJIOTHOCTH:

2 zexp{vy(x — vt — 29)} (e — 1)

P = = - —
5T V=121 + exp{vi(z — vt — 30)}) (1 + ePexp{vi(z — vt — z0)})
2iN;
S S 35
(A —A1)? (35)
13 (33), (34) umeem Py = ﬁ. Takum 06pazoM,
i(E+b e—b 2id
12(7—)2, P2:(7_)2, Py= ——=.
(A= A1) (A= A1) (A= A1)
13 (33), (11), ucrionn3yst nu3ecTHbe (DOPMYIIbI
et —e~¢ e +e ¢ et +e i elC — e %
ShC = 42 ) ChC = 9 ; cosC = 9 ; sinG = 2 ’ (36)

rae ¢ = vi(z — vt — xg), nonyuum sBuble 3Hauenust Py, Py, P3 marpunsr P:

ip(e? — e Nexp{vi(x — vt — x0)}

M= DR+ captin (e — vt —20)))

(37a)
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P - p(2+ ewea:p{yl(:_v — vt —x0)} + e Pexp{vi(z — vt — x0)})
’ (A= A0)2(L + exp{vi(z — vt — 20)})

Teneps BoraucinM K03dpuimenTs 1epBoit dpyHIaAMEeHTAIBHON (POPMBIL, T.€.

(37b)

E = P}, + P;, + Pi,. (38)

st aToro BeraucanM Py, Po,, P3;. Temepb Bo3BOAUM B KBaIpaT MEpPBBIE IPO-
u3BOJHBIE U nOzCTaBUM B (38), Torma

viexp?{vi(z — vt — x0)} 4p?z?

E= (14 exp{vi(z — vt — z0)})* (A — A\1)4

(2 — e — ")+

4(e? — 1)2[1 + 12(1 — ePexp®{v1(x — vt — 20)})]?
(1+ eexp{vi(z — vt — x0)})*

[TomobubiM 06pazom, coryiacHo (popMyiam

+ ].
F = P1. Py + Po, Poy + P3Py, G = Pf, + P, + P3,
nosyunm 3uadenune F:

_ 2p*vfvzeap{vi(x — vt — o)} (e + 7 — 2)
(= )+ eaplui (e — vt — @) })?

4vdvrerp?{v1(z — vt — 20) (€ — 1)2(e? — exp?{vi(x — vt —x0)} — 1)
(A= A1)2(1 + exp{v1(x — vt — 20)})*(1 + eexp{vi(z — vt — 20)})*

X (1 + vz — vzeexp®{vi (x — vt — 0)}),

_v2V126xp{V1 (x — vt —x0)}
(A =241 4 exp{vr(z — vt — x0)})*
+2exp{vi(z — vt — 20)})? + p*(e? — e — 2)2+
4222 — 1)%(ePexp{vi(x — vt — 20)} — 1)?
: (1 + e?exp{vi(z — vt —xp)})* I (39)

Ucnomwsyst (35), (37a), (37b, naitnem ko3 dunmentsr BTopoii dbyHnmamenTa b
Hoit popmbr L, M, N. /1asg 3TOro HaM HYYKHO BBIYHC/IATH

n= rz\/XKrt, VA = VEG — F2. (40)
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Hemnocpeacreennoii nogcranoskoit snavennit (35), (37a), (37b) B (40) naiigem
KOMIIOHEHTHI BeKTOpa N. Beraucanm ¢ nmomomsio (39) 3navenne

VA = (EG — F?)2.

Teneps HalIEM
Pl:m:a P233337 P3xx-

Barem moxkem Haiitu L. Ilomobmbim obpaszom maxomum M, N. /lamree moxkem
HafiTu rayccoBy u cpeanioio kpususnabl K u H. Teneps uz (5), (6), ucnonbsys

(10), mng mamsoro ciydas 7o, M; = 0 Mbl umeeM KO3(DDUIHEHTEI EPBOIi
dyngamentanbaoii hbopmbl, coorsercrBytomeit (11), kak
1 A
E=-, F=-2, G=X+4qq.
4 9 +aq

CoorBercrBenno us (9), ucnoapsya (10), Mbl HailjeM KO3 UIIMEHTHI BTOPOM
) )
dbyrgaMmerTaabHOi popMbl. Temepb M0xKeM BBIYUCINTD

1
A:EG—FQ:ZQq.

Teopema mokazana.

4. 3SAKJIFOUEHUE

Takum 06pazoM, MbI HCCIEIOBATN COJUTOHHYIO uMMepcuio B (1+1)-
n3Mepenun. B kadecrse npumepa, 3a/aIOIIEr0 TAKyl0 MMMEPCHIO, PACCMOT-
peau (1+1)-meproe menuueiinoe ypasuenne Illpenunrepa. Haiizena mepsast
dyngamentanbaas dopma ¢ coorsercrByiommuMu Koddbdunmentamu (12) st
UHTErpupyeMoii IIOBEpXHOCTH, COOTBETCTBYIOMNIEN OHOCOJIUTOHHOMY PEIIEHHTO
nesmaelinoro ypasuenus peauarepa B caydae konednoit mirornoctu. Omnpe-
JTeJIera TayCCcoBa M CPeIHssT KDUBU3HBI JAHHOI TTOBEpXHOCTH. Bosee Toro, mpe/t-
MOJIOXKUJIU, ITO UMMepCusi 3- u 4-MEepHOT0 MHOTO0Opa3usi, TPOU3BOIBHO BJIO-
KeHHOTO B RM, momyckaer mHTerpupyemble CIIydan.
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Kynycopa 2K.X. CBIBBIKTBHI EMEC IIPEAVHTEP TEHIAEVYIHI2
BIPCOJIMTOHABIK IIEINIMIHE COMKEC BET

Coisbiktel emec [lpeaunrep tengeyi kapactbipbliarad. CBIZBIKTBI €MEC
[Ipenumarep Tenmeyinin O6ip coMMTOHALIK Ierrimine coiikec ®oxac-I'enbdamg
MAaFBIHACBIHIAFBI 0€Ti aKbIPJIBI THIFBI3IBIK YKAFIaibl YIMTH TaObLIFAH.

Zhunussova Zh.Kh. SURFACE TO ONESOLITON SOLUTION OF THE
NONLINEAR SCHRODINGER EQUATION

Nonlinear Schriodiner equation is considered. Surface in the sense of Fokas-
Gelfand corresponding to onesoliton solution of nonlinear Schréodinger equation
is found in the case of a finite density.
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1 BBEJEHUE

Paccmarpusaem nudpepenimanbublil omepaTop, 3aIaHub auddepenim-
AJIBHBIM BBIDa2KEHUEM

Lo(u) = —u"(x) + q(z)u(z) = Mu(zx), ¢(z) € C[0,1], 0 <z <1, (1)

¥ KPAeBBbIMU YCJIOBUSAMU OOIIETrO BUIA,

Ul(u) = auu’(()) + algu'(l) + a13u(0) + CL14U(1) =0, (2)
Us(u) = a21ul(0) + agzul(l) + ag3u(0) 4+ agqu(l) = 0. (3)

B cnyuae, korma kpaesble ycaoBus (2), (3) ABASIOTCA YCHIEHHO PEryJIsip-
HbiMu, 13 pesysabraros B.IT. Muxaitiosa [1] u I'M. Kecenbmana [2] caenyer 6a-
sucHocTh Pucca B Lo(0, 1) cucrem cOGCTBEHHBIX M TIPUCOEMHEHHBIX (DyHKIIMI
(Cull®) 3amaun. B ciayuae, Korga KpaeBble YCJIOBUS SIBISIOTCS PETYIISIPHBIMU,
HO HE YCUJIEHHO PeryJsipHbIME, BOmpoc o 6asucuoctu cucrem Cull® mo konia
OKOHYATEJILHO eIlle He PEIleH.

Beemem B paccmorpenue Marpuily 3 Kod(pMUIMEHTOB KPAEBbIX YCJIOBUil

(2), 3):

A= a1l a2 aiz a4
a1 a2 a3 G4

Yepes A(ij) byaem 0603HaUaTh MATPHILY, COCTABIEHHYIO U3 {-I'0 U j-I0 CTOJIO-
nos Marpunsl A, A;; = detA(ij). Ilycts kpaessle yciosus (2), (3) aBisgiorcs
peryJsipHbIMU, HO He ycusieHHo peryisipabivu. Corutacho |3, ¢. 73] upu Bblios-
HEHUN YCJIOBUIA:

A1g =0, Ay + Aoz #0, Ay + Asg = F(A13 + An), (4)

kpaesbie yciaoBus (2), (3) GyayT 9KBUBAJIEHTHBI PErYJISIPHBIM, HO HE YCUIEHHO
PEryJISIPHBIM KPAEBBIM YCJIOBHUSIM.

B [4] A.C. MakuHbBIM TIPEJJIOKEHO BCE PETY/ISpHBbIE, HO HE YCUIEHHO pery-
JIAPHbIC KPaeBbl€ yCJIOBUA PA3/IC/JIUTH Ha Y€ThIDE TUIla. HpI/I 9TOM MM BbIJICJICH
OJIUH THII He YCUJIEHHO PeryJsipHBIX KPAeBbIX YCJIOBUIL, MPU KOTOPHIX CHCTEMA
Cull® 3azaun (1)-(3) obpasyer 6asuc Pucca npu r00bix norennuanax q(z).
B caywae ¢(z) = 0 3amava o 6azucuocrn cucrembr Cull® 3amaum ¢ obmmmu
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PeryJIsipHbIMU KPAeBbIMU YCJIOBHUsIMU OJHOCTHIO pemiena B [5]. B pabore [4]
III-Tum KpaeBbIX YCJIOBUI OMpe/iesieH B CJIEAYIONEM BUJE:

A1y # Azz, Az = 0.
9TI/I yCﬂOBI/Iﬂ BCerJa SKBUBAJIEHTHBI KpaeBBIM yCJIOBI/IHM, 3a/laBa€MbIM MaT-
1 -1 0 0
A= .
0O O 1 0

DToT ciydail u Oyjer npejMeroM HAIUX MCCJIEJOBAHUI B HACTOSIIEH pabore.

puneit A:

2 TTOCTAHOBKA 3AJIAYM U OCHOBHBIE PE3VJIBTATHI

Bamaua (1)—(3) ¢ xpaesbivu ycaousmu 111- tuna npu ¢(x) = 0 asisercs
Hecamoconpsizkenuoi 3azaqeit 8 Lo(0,1). dng caydas mHecaMoconpsizKEHHOIO
MCXOJHOTO OTIEPATOPA BOMPOC O COXPAHEHWN CBOHCTE GA3MCHOCTH TIPU HEKOTO-
poM (caboM B OMPEIeTeHHOM CMBICTIE) BO3MYIIEHUN HCCIeoBaics B [6].

Croiicreo 6GasucaocTn Pucca cucreMbl COOCTBEHHBIX W TTPUCOETUHEHHBIX
dyukImit mepuognveckux u antu-nepuogndeckux 3agad [rypma-/lnysusiis
uccsegoBanock B [7]. B sroit pabore nosydens acumnrornyeckue hopMysibl
JIIsE COOCTBEHHBIX 3HAYEHUI U COOCTBEHHBIX (DYHKITHI MEPHOINIECKUX U AHTHU-
nepuoanueckux 3aad Llrypma-JluyBuiiig — 3a7a49 ¢ rPAHUIHBIMEA YCJIOBUSIMU,
KOTODBIE ABJIAIOTCS He YCUJIEHHO PEry/ISpPHBIMU B CIydasiX, Korjaa ¢() aB/iser-
Csl KOMILJIEKCHO3HAIHOM, abcoi0THO HenpepbiBaoi dynkumeit u ¢(0) # ¢(1). C
HOMOIIBIO ITUX ACKMITOTHIECKUX (POPMYJT JOKA3aHO, YTO KOPHEBbIE (DYHKITHH
9TUX oneparopos obpasytor 6asuc Pucca B upocrpancrse Lo (0, 1) [8], [9].

B [10], |11]| nccreroBanbr BOMPOCH! yCTORIHBOCTH Oa3MCHBIX CBOWCTB MEPHO-
JIMIeCcKOit 3a1a4n Jijist ypaBaerus (1) mpu HHTErpaJbHOM BO3MYIIEHUH KPAaeBo-
ro yciosus (2) I-ro Tuna, To ecth npm BeIMOHEHNN yeaoBuit A1y = Aoz, Asy =
0. A rakxe B pabote [12] anamornusbie Bonpocs! u3ydenst npu ¢(x) = 0. B Ha-
crosiiieit pabore paccMaTpuBaerTcst 6m3Kas K ucciaesosannsm [12] cnekrpasib-
Hag 3a7aua npu ¢(z) = 0 ¢ UHTErpajbHBIM BO3MYIIEHHEM KDPAEBOTO YCJIOBUS
(3), xoropoe ornocurcs K [II-my Tumy:

Li(u) = —u"(z) = u(x), 0 <z <1, (1)

Up(u) = u/'(0) — /(1) =0, (2"
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Us(u)

]‘7
u(0) :/0 p(x)u(x)dz, p(z) € Ly(0,1). (3)

Ecmu p(z) = 0, To zamaga (1')—(3") maswiBaerca 3amaueit Camapckoro-
Nonkuna [6].

U3 paborer [13] cnemyer, uto cucrema Cull® 3amaun (1')-(3") monna n mu-
aumanbia B L2(0,1). TIpu srom cucrema Cull® npu mobbix p(x) obpasyer
6asuc Pucca co ckobkamu. Harreit 3aadeit siBasieTcss 1eMOHCTPAIUSA TOTO, YTO
ceoiicTBo Gazucnoctu B Lo(0,1) cucrembr Cull® samaqm (1')—(3') asnserca
HEYCTOWYIMBBIM TIPU MaJIbIX M3MEHEHUsIX siyipa P(Z) MHTErpaJbHOrO BO3MYTIE-
HUS.

B [14] npejgioxkena MerouKa MOCTPOEHUSI XaPaAKTEPUCTUIECKOTIO OIpe/ie-
JIATEJIS CIIEeK TPAJIbHOM 32,1891 IPU HHTETPATBLHOM BO3MYIIEHUH KPAEBOTO YCI0-
BU4A. BOHpOCbI yCﬂOBHOfI 68.3I/ICHOCTI/I n UCCIea0BaHNE CIIEKTPAJTBbHBIX CBOHCTB
HEJIOKAILHBIX 33134 paccmorpensl B [15]. CeoiictBa 6asucuoctu B Ly(—1,1)
KOPHEBBIX (DYHKIWI HEJIOKAJTHHON 3aa49u [jIsi YPABHEHUsI C WHBOJIIOIUEN M3y~
gensl B [16]. HeycroitunBocTs cBOICTB 6a3MCHOCTH KOPHEBBIX (DYHKITHII Omepa-
ropa IIpejuurepa ¢ HEJIOKAJIBHBIM BO3MYIIEHUEM KPAeBOIO YCJIOBUS UCCIIE/0-
Basacoh B |17].

B [18], [19] paccmorpenbl HEKOTOpbIE ClieKTPaJsibHBbIE CBONCTBA peryJisip-
HBIX 3aja4 Itypma-JInyBusis co CHeKTpaJbHBIM MapaMeTPOM B TPAHUIHBIX
ycaoBusix. Jloka3anbl TEOPEMBI O PA3JIOKEHUH 10 COOCTBEHHBIM (DYHKIUSIM B
MOIpUIIPOBAHHOM THILOEPTOBOM IpocTpancTse La(a,b).

3 XAPAKTEPUCTUYECKHUI OIPEJEJIUTEb 3AJAYN

B11ech BOCTIOIB3yeMCsi METOIMKOI Hateit paborkl [14] mocrpoenust xapakre-
PUCTHYECKOTO ONPEILTUTENS 3829l ¢ HHTETPATHHBIM BO3ZMYIIIEHIEM KPAaeBOTO
YCJIOBHSI.

OpnHolt 13 0cOGEHHOCTEN PACCMAaTPUBAEMOl 3a/Ia9H SIBJISIETCST TO, UTO CO-
npsikennoit kK (1')—(3') smnserca cnekTpanpEas 3amava s HATPYKEHHOTO
nuddepeHInasibHOT0 yPaBHEHW:

Li(v) = =v"(z) + p(2)v'(0) = (),

Vi(v) ='(1) =0, Vo(v) = v(0) —v(1) = 0. (5)
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[MocTponm cradasa XapaKTePUCTUIECKHI OTIPETIETUTETh CIEKTPATIHHOMN 3a-
naun. [Ipeacrasngasa obmee pemenne ypasuenus (1) mpu A # 0 mo dbopmyse

u(x, \) = Cy cos VAz + Cosin vV Az

U yJIOBJIETEOPsis ero KpaesbiMm yeaosusm (2'), (3'), monygaem smueitnyto cucre-
My oTHOCHTETLHO KOaddurmentos Cr, Ca:

Clsinﬁth’g (1 —cosﬁ) =0,
C1 [1 — fo ) cos fxdx} Cy fo )sin v Azdz = 0.

Ee onpesenurens n Gyger xapakTepucTuiaeckum onpeenantenem 3agaan (1)
(3"):

sin v\ (1 — Cos \FA)
1-— fol p(z) cos vVzdr — fol p(z) sin vV \zdx
IIpu p(x) = 0 mosyyaercs: XapaKTePUCTUIECKHIT OMPEIeJUTEb HEBO3MYIIEeH-
roit 3aaan Camapckoro-Morknma. O6ozraumy ero gepes Ag(\) = 1 —cos v/\.

Yucmo A) = 0 apstercss o HOKPATHBIM COOCTBEHHBIM 3HAUCHTEM HEBO3MY-
mennoit 3amaan Camapekoro-Moukuna, a ug(z) = +v/3x — coorsercTByomeit

A1(A) = (6)

cobcTBEeHHOI QyHKITHEIA.
Ocranbuble cOGCTBEHHBIE 3HaYeHns HeBO3MymenHoi 3agaun (17)-(3) as-
agrotes aBykpatHem: A} = (2km)? k= 1,2,3,.., a “20 = /2sin 2knz —
0 _ V2

COOTBETCTBYIOIMAs UM COOCTBeHHast (DYyHKIMS, Uy, = ~5° oS 2kTr — mpuco-
eaunenHast pyaknus. C yuaeroM ycjIoBusi OMOPTOTOHAIEHOCTH <u21, ’Ukl) =1

mveem 09, = 4v/2 cos 2kmz coberrennyio u vh, = 2v/2(1 — ) sin 2k7 — npuco-
eIMHEHHYI0 (DYHKINN CONPSIKEHHOI 3a1aun K 3agade Camapckoro-llonknua.
®ynkuuio p(r) npejacraBuM B BUje GHOPTONOHAILHOTO PA3JIOKEHUs B PsiJl

0 0 \.
Qypbe 110 cucreme {vko,vkl}.
(o9} o
— 0 0 _
)= ) aroVro + Y ar1Vp =
k=1 k=0

= Z aro2V2(1 — ) sin 2kma + Z ap14V2(1 — z) cos 2kmz. (7)
k=1 k=0

MATEMATUYECKUN KYPHAJ 2015. Tom 15. Ne 3 (57)



06 ycroitanBoCTH CBOMCTBA OA3UCHOCTH ... 101

Ucnonszysr (7), maiimem Gosiee ys00HOE NPEJCTABIEHUE ONPEETUTES
A1 (N). dyst sroro cHavasia BraucanM Bxogmue B (6) uarerpassl. Hecoxubie
BbBIYUCJICHUA IMOKA3bIBAIOT, 9YTO

1
[
/0 p(x) cos VAzdz = 4v/2\sin )\Z)\ (k)2

> 2kmary 2v/ A sin v\
+2\/§kzzl ()\ - (2k7?)2 [1 N — (2km)? D ’

2k
—2v/2sin /\Z)\ ko

1
/0 p(x)sin VAzdz = —2v/2)\ sin )\ZA e +

(k)

~
4V2A(1 —
+ COS\/> kzzo P 21”

Ucnonesys mostydennoe, omnpemenutesib (6) craHgapTHBIME Mpeobpa3oBa-
HUSAMW TTPUBOJIUTCS K BUJLY:

k

AL(N) = Ag(N) - A(N), re A(N) = 1+4f7rzak0 )

(8)

Taxum obpazoM, TOKa3aHA

TEOPEMA 1. Xapakrepucruueckuii onpejaenre b CleKTpaabHok 3aaaan (1)
(3) mpu q(x) = 0, 1o ectp (1')~(3') ¢ BO3MymEeHHBIMH KpaeBBIMH yCJIOBUS-
mu, npejcrasum B Buje (8), rae Ag(\) — xapakrepucruueckuii onpejemmrein
HEBO3MYIIEHHOH crieKTpa/bHoi 3aayn Camapckoro-Vonkuna, agy — K03phgu-
nuentsl Oypbe 6HOPTOroHATLHOTO pasioxkenus (7) ¢yukmun p(x) mo cucre-
me Cull® conpsi>keHHOI HEBO3MYIIIEHHOH crieKTpa/abHoi 3agaun CaMapCcKoro-
Honxknna.

Oynxiua A(N) uz (8) umeer nosiroca 1epsoro nopsika B Toukax A = A0
a dyaxmusa Ag(A\) uMeeT HyIM BTOPOTO MOPSIKA B 3THX K€ TOYKax. Ilosromy
dbynkuusa Aq(A), upegcrasiennas no dbopmyie (8), aBasgercs neaoil aHa U TH-
qecKoil (pyHKIHEN MepeMeHHoTo A.
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XapaKTepUCTUIECKUI OTPESeINTEeNb, KOTOPBIA SIBISIETCS 1110 aHAJTNTH-
qeckoil DyHKITHel, CBA3AHHON C 3a/1a4ueil Ha COOCTBEHHBIE 3HAYEHUS [Tt -
depeHImaIbHOr0 OnepaTopa TPETHEro MOPs/iKa C HEJOKAJbHBIMUA KPAEBBIMU
yCJIOBUSIMHE, HCCIeoBaicsa B pabore [20].

4 YACTHBIE CJIYYAU XAPAKTEPUCTHUYECKOTO OIIPEJEJINTEJIA

Ou4eBuIHO, YTO, €C/IU IPU HEKOTOPOM MHJEKCE j KOI(DDUIMEHTHI pa3/i0Ke-
uug (7) ajo = 0, Torga AL = )\ gpngerca nByKpaTHBIM COGCTBEHHBIM 3HAUE-
nuem Bosmytnennoit sagaqan (1)—(3’). Tosromy Gosiee TPOCTO XapaKTEPUCTH-
geckuii onpezenuresb (8) BBIVIAAUT B Caydae, Korja p(T) MpejcTaB/isercs B
Buge (7) ¢ koneunoii nepsoit cymmoii. To ecrb, KOra CymecTByer Takoi HoMep
N, aro agg = 0 st Becex k > N. B arom ciyaae dopmysia (8) mpuHUMaeT Bu

N
A1(A) = Ag(N) |1+ 4v2r ZakoA_(kW (9)
k=1

U3 sToro wactroro ciaydas hopMyasl (8) HECTO0KHO 060CHOBATE CJIETYIOIIEe

CHEACTBUE 1. s j1r00bIX HAIIEpE)T 33/ JaHHBIX THCEI: KOMILJIEKCHOI'O A H Ha-
TYpaJIbHOIO T Beerja CymecTByer rakas Gyakuus p(x), aro X Oyaer siBasTbes
cobcreennbM 3HavenneM sagadn (1')—(3") kparmocrn m.

13 dopmynsr (8) umeem nBe cepun COOCTBEHHBIX 3HAYEHMIT BO3MYIIEHHOT
sagaan (17)—(3'):

2 2
A =20 = <2k7r> AP — [2k7r+cm<\/§+0 (ﬁ))] .

N3 ananmza dopmyas (9) Takxke JErko BUaeTh, 4T0 Aj (Ag) = 0 g

Becex k > N. To ectb Bce cOBCTBEHHbIE 3HAYEHUSI /\2, k > N, neBo3myIieH-
Hoit 3aaun Camapckoro-MoHKIHA SBJISIIOTCS COOCTBEHHBIMU 3HAYEHUSIMU BO3-
MyTeHHoil cekTpaabroil 3amaun (1)—(3'). Takske mHeTpymHO y6eauThCs, 9TO
COXPAHSETCS U KPATHOCTH COBCTBeHHBIX 3Hauennit \), k > N.

Bosiee Toro, u3 ycaosuii oproronansaoctu p(z) L u?o, p(z) L u?l IpH BCEX
j > N cnemyer, 9TO B 9TOM C/Iydae

1 T
/0 p(x)ufo(z)dx :/o p(z)uy (z)dx = 0.
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0

0
[Tosromy coberpennble usg(T) M MPHCOEMHEHHbIE U

71(z) dynxmun meposmy-
mennoit 3amaun Camapckoro-Monkuna npu Beex j > N yJA0BI€TBOPAIOT Kpae-
BoiM yestosusim (2), (3) u, cienoBarenbho, sBASIOTCA COOCTBEHHBIMU M IPUCO-
eMHeHHBIME (DyHKIIAME Bo3Mymernoi sagaqn (17)—(3"). 3naunrt, B 3TOM CITy-
vae cucrema Cull® Bosmymennoit 3agaun (1')—(3") u cucrema Cull® neposmy-
mennoii 3aga4un Camapckoro-Monkuna (o6pasyromnias 6asuc Pucca) orimaaror-
sl JIPYT OT JIpyla JIMIb 110 KOHEYHOMY 4uc/ly nepsbix dienos. CiejoBare/ibHo,
cucrema Cull® Bozmymennoit 3amaun (1')—(3") Takxe obpasyer 6asuc Pucca
B L2(0,1).

MuoxecrBo dbyukimii p(x), npejcTaBuMbx B BUjE KOHedHOTO psiga (7),
apsiercst IoTHBIM B Lo(0,1). Takum o6pazom, gokazana

pasyer 6asuc Pucca B Ly(0,1), asrserca nmorasiv B La(0,1).

5 HEYCTOMYUBOCTHL CBOMCTBA BA3BUCHOCTU

ITokazkem Temeps, 9To ¢BOiicTBO basucHocTu cucrembl Cull® Bo3MyIIEHHOM
sagaan Camapckoro-Nonkuna (1')—(3') smngercs HeycTOIYMBBIM TpH CKOJTH
YTOJIHO MAJIOM MHTErPaJbHOM BO3MYIIEHMH KpaeBoro yciaosus (3').

TEOPEMA 3. Ecim A1y # Ass, A3y = 0, 1o ectb kpaesrie yeaopua (2'), (3')
npunagexkar tuity I, Torga muoxkecrso pyukuuii p(x) € La(0,1) rakux, uro
cucrema Cull® sosmymennoii zagaun Camapcekoro-Honkmnna (1')—(3") we o6pa-
3yer jgazke obbranoro 6aszuca B Lo(0,1), rakxke apagercsa maorabiv B Lo(0,1).

Jokasameavemeo.  Ouerujno, uro muoxkecrso dbyukuuii p(x) € Ls(0,1),
peCTaBuMbIX B Buje psaa (7), K03 UImenTsl KoToporo aCUMITOTHIECKH
(TO ecTh, HAUMHAS ¢ HEKOTOPOTO HOMEPa) 00.1a1al0T CBOCTBOM Gk 7 0, agy =
0, 6yzmer mmorabivM B Lo(0,1). TTosTomy aist roka3aTesCTBa TEOPEMBI JTOCTa-
TOYHO MOKA3aTh, 9TO s Takux (yukimit p(z) cucrema Cull® 3amzaunm He
obpasyer 06bIIHOTO Oas3muca.

ITycts j — qocraTodnHo HOIBINOHE HOMED TaK, 9TO ajo # 0, aj1 = 0. Torga u3

2
(8) HETPYIHO BUAETH, ITO )\? = <2 jw) SIBJIIETCSI IPOCTBIM COOCTBEHHBIM 3HA-

genmnem 3ajaan (1)—(3"). HenmocpecTBeHHBIM BBIYHCIEHUEM JIETKO TIOJIYYUTh,
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9TO COOTBETCTBYIOIIEH 3TOMY 3HAUEHUTIO COOCTBEHHON (DYHKIMEN CONMPAKEHHON

2
3amaun (5) ABasgeTcs v} (z) = V2 cos <2j7m') ijl(x)H -1
)—(3"). st mocraTouno 6oJIb-

u
Haiinem co6ersennyto dynkmuo 3amaun (17

2
mux A = )\? = (2jﬂ') epBOe ypaBHEHWE CUCTEMbI U3 MyHKTA 3 00paImaeTcs

B TOXKJIECTBO, & BTOPOE ypaBHeHUe mpeodpa3yercs K BUILY

\/ia‘o \/i > k a;0
C|1- 2" 4 22 | —Cy—= =0.
1 ir + - k§¢»ak0j2_k2 2\5

:7 J

Tax xak ajo # 0, To orcioga BeipazkaeMm Co depe3 (. IlosTomy cobcTBenHas
dbyuxunsg samaun (1')-(3") umeer sun:

2 250 - k
u}(x):Cl cos(2j7ra:>+;jf0 1—l§?+\f Z .70]'2_7]{2 sin(2j7rx)

Koucranty C] BbIOMpaeM U3 yCJI0BUS OGHOPTOrOHATBLHOCTH (u;L (x), vjl- (:U)) =1.

Jlerxo Bumets, uto C = /2. OKOHYATEIbHO HAILTH COGCTBEHHYIO (bYHKITIIO
sagauan (17)—(3'):

1 2 V2 k
1 . . .
uj(z) = V2 cos (2]7r33>— ———|1-— E k053 | | sin (2]7T:c>.

\/§]7r a;o T ey iy j k

HenocpencreennbiM Bbranciaennem Haxoanm ee Hopmy B Lo (0, 1):

. 2
1 2 1) 1 2 V2 k

wi ()| =1+ = - —|1-— E a0 ——=

W13 reopembr FOura |21, reopema 276, c. 240] caeayer, uro

> k
Gm > T =0,
J—+o0 ey 17— k
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O9TOMY ,
lim Hu;(x)HQ =142 lim |—| =+o0.
J—+00 J—+00 | 40
CnenoBaresibHO,
tim{[uj] - fJoj || = oc.

Jj—o0
To ecTb He BBIIOJHEHO YCJIOBHE PABHOMEPHON MUHUMAJbHOCTH |22, ¢. 66| cu-
CTeMBI U, CJIeIOBATEILHO, OHA He obpasyer maxe obsranoro Gaszuca B Lo(0,1).
Teopema 3 mokazama.
Tak Kak COmpsiKeHHBIE OMEPATOPhI OJTHOBPEMEHHO O00JIaai0T CBOMCTBOM
6aszucuoctn Pucca kopHeBbIx QyHKIINI, TO OTCIOIA MOJIYIaeM

CaejcTBUE 2. IMycrs A1y # Ags, Asq = 0, 1o ectb kpaesbie ycaosus (2'),
(3") mpumamnexkar tumy-II1. Torna mmoxecrso P ynknmii p(z) € Lo2(0,1),
JIsl KOTOPBIX CHCTeMa COOCTBeHHbIX (pyHKIui 3aa4mu (5) st HANDYKEeHHO-
ro auchpepennmannrroro ypasaennst obpasyer 6asuc Pucca B Lo(0,1), Bcromy
mrorao B Lo(0,1). Muoxkecrso Lo(0,1)\ P raxske Bcrogy miorao B Lo(0,1).

Pesynbrarel Hacrogmeit paborel, B oramune or [13|, memoHCcTpHpyROT
HEYCTONYMBOCTH CBOMCTB 0a3UCHOCTU KOPHEBBHIX (DYHKIUN 3a/a49u P WHTE-
TPaIbHOM BO3MYIIIEHUN KpaeBbIX ycaoBuit Tuma-11I, apasromuxcsa peryaspHbI-
MU, HO HE YCUJIEHHO PEery/IdPHbIMU.

Pabora Bbino/iHeHA TIpu TOjJEp:KKe rpaHToBoro duHancupoBanus KH
MOH PK, rpaut Ne 0825 /I'®4.
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Crarpst nocrynuia B peagaknuio 03.10.15

Nman6aes H.C. CAMAPCKUNII-MOHKNH TEKTEC KYHIENTLJITEH
EMEC PEI'VJIAPJIBI ECENTEPAEIT IMTETTIK ITAPTTAPBI MHTE-
I'PAJIJIbI AVBITKBITAH KAFJIAMJIAP YIHIIH IITYPM-JIMYBUJLI
OINEPATOPBLIHBIH TYBIPJIEC BEKTOPJIAP »KYNECIHIH BABNCTIK
KACHUETIHIH OPHBIKTBL/IbIEBI 2K ANJIbI

Byn xywmbicta exi per nuddepeniumanianarsia auddepeHuaiibk op-
uekren xone Camapcknii-MIOHKUH TeKTec TeTTIK TaprrapMed Oepiiaren qud-
depeHInaIIBIK OTepaTop KAPAaCTHIPBLIFAH. By/1 mapTTap peryasp/ibl, Oipak
KYIIERTIITEH eMeC PeryJisapJibl meTTik maprrap Oosbin Tabburagsl. [lerTik
MAPTTAPBIHBIH OipeyiH WHTErpaJiibl aybITKYbIHAH Maiiga OOJFaH aybITKbIFAH
OTIEPATOP/IBIH, MEHIIIKT] YKOHE KOCAJIKBI (DyHKIMAIAD KyiieciHiy 0a3ucTik Ka-
CUETIHIH OPHBIKTBIIBITEI MeH OPHBIKCHI3ABIFBI MOCEIeCl 3epTTeTe .

Imanbaev N.S. ON STABILITY OF THE BASIS PROPERTY OF
THE SYSTEM OF ROOT VECTORS OF THE STURM-LIOUVILLE
OPERATOR WITH AN INTEGRAL PERTURBATION OF THE
BOUNDARY CONDITIONS IN A NOT STRENGTHENED REGULAR
PROBLEM OF THE SAMARSKII-IONKIN TYPE

In this paper we consider an operator given by the differential expression of
twofold differentiation and boundary conditions of the Samarskii-lonkin type.
These conditions are regular but not strengthened regular. We investigate the
problem of stability and instability of the basis property of the system of
eigenfunctions and associated functions of a perturbed operator obtained by
integral perturbation of one of the boundary conditions.
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O PA3PEIINMOCTU KPAEBOW 3AJTAYUN MATHUTHOI
TA30IMHAMUKU C IINJINHAPUYIECKOI "
COEPUYECKOI CUMMETPUAMMU

B mammoit paboTe ncCaeayOTCS HAYAIbHO-KPAEBBIX 3343 JJIs YPABHEHMWII 1BH-
ZKE€HUA BA3KOI'O TEIJIOIIPOBOAHOTO Tra3a C y49eTOM MArHUTHOTO IIOJId. KpOMe
TOTO, JIeTaJIbHO TIOKA3aH Mepexo] OT OCHOBHOTO TPEXMEPHOTO ypaBHEHUS K dii-
JIEpOBOII TIepeMeHHOU U MOCJeAyIomeil JIarpaHKeBoOil KoopauHaTe. g ypas-
HEHUM TEILJIOIIPOBOJAHOIO r'a3a B MAarHUTHOM II0JI€ JOKa3bIBA€TCA OJHO3HAYTHAA
Pa3pemmMocTh B CIIydae, KOrJa 00JacTh TeUYeHWs! He BKJIYaeT OCh (TOUKY)
CUMMETPUH. O,E[HOBpeMeHHO pacCMaTpUBAIOTCA ABUXKEHUA C IMUJIUHIAPUICCKU-
MU U ChHEepUIeCKUMH BOJTHAMH.

KmoueBsle coBa: ra3oanHaMHUYIeCKHe YDaBHEHHsI, KPAEBBIE 3a/a4M, chepude-
CKasd CHMMEeTpUd

1. YPABHEHU A BA3KOTO TEIIJIOITPOBOJHOT'O 'ASA B MATHUTHOM
ITOJIE

Henbro jgaHHO paboOThl ABISETCs  J0Ka3aTeIbCTBO KOPPEKTHOCTU B

1ejioM” 10 BPEMEHU HAYAJIbHO-KPAEBON 3a/1auu Jijid YpPaBHEHU, ONMUCHIBAIO-
IUX OJJHOMEPHBbIE TE€YEHUS BA3KOIO TEIJIONPOBOIHOIO I'a3a C y4eTOM MarHUT-
HOTO TTOJTsA. VI3BECTHBI PE3YAbTATHI JIJIS JIBUKEHNS BI3KOTO TETLIONMPOBOIHOTO

© B.4. Komanos, T.B. Yrees, 2015.
Keywords: gas dynamics equation, boundary value problem, spherical symmetry
2010 Mathematics Subject Classification: 39A10, 35J66, 35J67



O paspemmmocT KpaeBoil 3a/1a4u MArHUTHON Ia30UuHAMUKHA ... 109

raza 6e3 y4era BAMsSIHUSI MAPHUTHOTO 1104151 [1], ¢ y4eTom BiusiHMSI MarHUTHOTO
OJTSL JTsl JIBUZKEHNS C IIJIOCKIMU BOJTHAMHE |2].

1.1 TIOCTAHOBKA 3AJAYU U OCHOBHBIE PE3YJIBTATHI

OcHoBHbIE ypaBHEHWsI MArHUTHON ra3oBoii auravukn [1]-[3]:

0
i div(pu) =0, P = Rpb,

ot
p[g? + (@ V)] — pe(H -V)H = =V(P + %fi?) +(V-71), (1)
c,,p[% + (@ - V)] = div(xVh) — Pdivii + pepn(V x H)> + (1-V) - @,
%iI:Vx(uxﬁ)—Vx[uH(Vxﬁ)],

rie
. 8uz Ouj 8uk
Tij = (ij + 8952) + i 8xk

54

— TEH30p HAIPSKEHUs] OTHOCUTETHHO KO3(DMUIIMEHTOB BA3KOCTHU, TEILIOMPO-
BOJIHOCTH, TPOHUIIAEMOCTU U HAIPKEHHOCTA MATrHUTHOIO TOJid Oyjem mnpeji-
[0JIaraTh IIOCTOAHHBIMU,

1
M1+ g:u =0, (u,ue,R, Cyy &, /’LH) > 0.

[Iycts @ — pajuaabHasg KOOPANHATA B IIMIHHIPUYIECKON (cdeprueckoii) cucre-
Me KOOPJMHAT U TepEMEHHas, BJ0JIb KOTOPOI TTPOUCXOINUT JIBUKEHUE TLIIOCKUX
BOJIH B JIEKAPTOBOI TPAMOYTO/IbHOI cucTeme. TeueHne 4acTUIbl napasiiesbHo
OCH & U UMEET TOJILKO OJIHY KOMIIOHEHTY CKOPOCTH U. HanpsizKeHHOCTh MarHuT-
HOTO moJig H sBjIseTCS TJIOCKUM U TEepPIEeHIUKYIIPHBIM K TOJIF0 CKOPOCTU U.
Eciu 661 H 661510 HapaJLIeIbHO CKOPOCTHU U, TO OHO HE BJIMSLIO Obl Ha I'a30/MHa-
Muyeckue ypaBHeHusd. B aTom ciiydyae He ObLI0 ObI dBJIEHUS B3aUMO/I€HCTBUS.

Bce Besmmuunbl B cucreme (1) saBiasiorcss (DyHKIUSMU NPOCTPAHCTBEHHOI
(pagmanbhoit) KoopauaaThl & n Bpemenn t. Torma ypasuenws (1) mast ogmo-
MEPHLIX IBUKEHNI IPUMYT BUJIL;

o p 9

7 —l—x—max(x u) =0, P = Rpb,
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diu_f_ E__Q(P_’_ H72)_|_ g ia(l‘mu)
Pag THe = oz He™y “ax ™ Oz ’

pdt_ ™ Ox ™ 0 &L ox

P ERCu] > e {8(55)}9; _Bm o 9"

™ Ox x? 2 xm Oz ’
_,O0H 0 _ 0 _,0(xH)

m—1~"" Y ,m—1 _ Y m—2

v ot oz (@™ ) oz (,uHx Oz > ’

rme m = 1,m = 2 COOTBETCTBYIOT JIBUKEHWIO C IUJIUHIPUIECKUMU U Chepu-
YeCKIMHU BOJTHAMU.

(2)

st ybemmTebHOCTH TOKayKeM BbBIBOJ YeTBepTOro ypasHeHnust (2) u3
HaYaIbHOTO ypaBHeHns (1).

Bynem momarath KoopamHaThl BeKTOpa H =
(H,, Hyp, H,) B ntumuapuaecknx KoopamHaTax. Torga KOMIOHEHThI 9€TBEPTO-
ro ypasuenus (1) mpumyT BuI:

OH, 1.0
o ;{%(UTHG —ugH,) — B (ruH, — ru, H,)}—
1.0 pu 0 OH, 0 OH, OH,
“rtagly GprHe) = g )l = g lrin (G5 7 = =5l
OHy 0

0
W - @(UQHZ — UZHQ) — E(UTHH - UGHT‘)*

_Q{MH[aﬂz 8(7’[’[@) 0 UH 0 H B(Hr)

o0 Cag ~ o gt [g e = =5 )l

OH, 1,0 d
ot ;{a[r(qur - uT‘HZ)] - %(UOHz - UZHG)}—
1 0 0H, B 0H, _2 I % B O(rHp)
Al = 50 = 55157 (g 5. M

B pmamnom ciayuae u = (u, = u,0,0),H = (0,Hy = H,0),r = x, Torga u3

BTOPOTO YPABHEHUsI BBIIIIE IPUBEIEHHBIX (DOPMYJT UMEEM sl IIUJINHIPAIECKUAX
KOOpINHAT

OH 0 0 o(xH

ot  Ox

_ax( x Ox )
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AnajiormyuabiM 00pa30M BLIBOAUTCA U st C(DEPUUECKUX KOOPIUHAT:

OH 10 10, 0(zH)
T+ o (wuH) = S (un T ),

Bepuemca x ypasaenuio (2). HekoTopble KOHCTAHTBI, HMEIOIINECS B CUCTE-
me (2), 6e3 orpannvenus: o6mEocTH 1OM0KkMM 32 1. Cucrema ypasnenuii (2)
paccMaTpUBAeTCsl HA IIPOU3BOJIBHOM KOHEYHOM oTpeske Bpemenu ¢ € [0,77],0 <
T < oo B obyactu x € [a,b],a > 0, 6e3 uauu BeIpoKteHus = = 0.

B naganbabiit Mmoment Bpemenu t = 0 cYnTarorcs 3aJaHHBIMU CKOPOCTD,
ILJIOTHOCTD, abCOMIOTHAS TEMIIEPATYPa U HAIPAKEHHOCTh MATHUTHOTO IIOJIS:

(u,p,e,H)(SL‘,O) = (UO(ZE),po(SC),Qo(x),HQ(x)),SU € [CL, b]v (3)

npuYeM HadaJbHAs ILUIOTHOCTH U abCOJIIOTHAS TEMIIEpPaTypa — CTPOrO I0JI0-
JKATEJbHBIE U OrpaHUYeHHbIe (PYHKIIUN.

I'panuunbie ycjioBuS NPUHUMAIOT CJIEAYIONIUME 3HAYEHUSI:

ol 00
(u,%,H)(a,t):(u,%,H)(b,t)ZO, le [OaT] (4)
Kaxk n B ciywae miocKnx OZHOMEPHBIX aBuzKenuii [6], 3azaqay (2)-(4) ymob-
HO PACCMATPUBATH B MACCOBBIX JIATPAHKEBBIX MepeMenubiX. [lycts mpu t = 0
OJIO?KEHNE YaCTHUIbl ONIPeesd/IOCh KOOPAUHATON 7, TOr4a JJid S1J1epOBOi KO-
opauaaThl (7, t) 3TONH YACTUIIBI CIIPABEINBO MPEICTABIECHIE

x(r,t) =r+ /u(r, T)dr. (5)
0

Macca raza, 3ak/04ueHHas B 00beMe, OCTAeTCsi MMOCTOsTHHOM BO BPEMEHH, TT0-

3TOMY UMeeM
dz(r,t) _ r™ po(r)

or ™ p(r,t)

Cornacuo dopmye (5)
Ox(r,t)

5 = u(r, t). (6)
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[Mepeiinem B 3amaue (2)-(4) x narpanxesbim koopauaaram (r,t). Cucrema
YyPaBHEHUIT HECKOJIBKO YIPOIIAETCsI, €CJIH BBECTH 0003HAYEHIE

T

qg=q(r)= /pg(r)rmdr.

0

Torma ypaBHeHNS U KpaeBble YCJOBUS B HOBBIX MACCOBBIX JIATPAHIKEBBIX
HEePEMEHHbIX NPUMYT Bu/I ([OIAraeM Jyisi IPOCTOTHI [L = fle = L = ¢, = 1):

dp  50(x™u)

ou H? m 0 ( O0(z™u) moP . OH
i = () )
9 _ aeg z?m o + Oamu))* +
ot~ “ag Paq) TP | aq
1 [0@H)]? A(x™u)  3m O(x™ 1u?)
2(m—1) _ S S
+px { 34 } P 3q 5 g ) (9)
OH A(xm 1y 0 _nO(xeH
o T pr(aq) =y, <P$2(m b (Gq )> ; (10)
(U, P, 95 H)(Qa 0) - (uﬂv Po, 00) HO)(q)a q € [05 b]y (11)
00 00
(u,%,H)(O,t)—(U,%,H)(b,t)—O,tE [OaT] (12)

Dyuxius z(r,t) ssasgercs uckomoit u nosromy B cucremy smecre ¢ (7)-(10)
BXOUT ypaBHenue (6), /i KOTOPOro HAYAJIBHBIM YCIOBHEM CJIY2KUT COBIAe-
HUE UJIEPOBOIl M JIarpaHzKeBOil KOOPAMHAT B HAYAJIbHBIIT MOMEHT:

r(q,0) = r(q), q € [0,b]. (13)

N3 epuucrsennocru pemenus 3aadn (6), (11), (13) Berrexkator coiicrBa 9ii-
JIEPOBON KOOPJAWHATHI:

v =x(r(q),t) = x(g; 1),
x(q,t) € [a,1] npu t € [0,T], ¢ € [0, b).
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ONPEAENEHUE 1. ITox cuabubiv pernennem 3ajadn (6)-(13) 6ynem nonnmars
¢yarmun p,u,0, H, P,x, y KOTOPBIX CYIIECTBYIOT IIPOU3BOJHbBIE, BXOAMIINE B
ypasuerus (6)-(10), cymmupyembie B Q = (0,0) x (0,7) u ynosiaersopsomne
JIAHHBIM ypaBHEeHHIM H KpaeBbIiM ycaopusm (11)-(13) mourn Berogy. Ilpu srom
p(q,t) u0(q,t) — crporo mos0KuTE/IbHBIE U OrPAHUYEHHBIE (DYHKIIHH.

TEOPEMA 1. IlycTp HavabHDIE JaHHBIE YAOBAECTBOPIIOT BKIIOUYEHHIM:

wo(g) € W), (pola). 60(a), Ho(a)) € Wi (),

0 <mo < (po(q),00(q)) < Mo < oo.

Torga cymecTByer eqMHCTBEHHOE cHIbHOE pentenne 3aa4qu (6)-(13) u ars mero
HMEIOT MECTO OIEeHKH

[kl Flluell o) + I1H w21 () + 10llyz1 )t

La(0,75W2(9) WA (9)

ol rwi)y £ C <o0; 0<m < (p,6) <M < oo,

e @ = Q x [0,7],Q = (0,b).

1.2 BCIIOMOTATEJILHBIE MPEAJIOXKEHUSA U YTBEPYKJIEHU S

s wrotaocTu p(q,t), KaK U B CIydae MIOCKUX OJHOMEPHBIX IIJIOTHOCTEN
[1], coxpansitorcst cieyonpe cBoicTBa.

JIEMMA 1. 1) Mz sro6oro t € [0,T)

b
/[p(q,zﬁ)]1 dgq = const > 0,
0

2) nust moboro t € [0,T) cymecrsyer Touka z(t) € [0,b] rakas, yro

p(z(t),t) = a = const > 0.
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Vumuoxas (8), (9), (10) na u, 1, % COOTBETCTBEHHO, HHTEIDHPYST [0 9aCTIM
B ) = [0,b] u mcmostb3yst ypaBHEHHE HEPAa3PBIBHOCTH, HOLYYAEM CIIETYIOILYIO
AINPHOPHYIO OLEHKY:

b b
’LL2 H2 ’LL2 HO
— 40+ — ) dg= D4+ ") dg< ) 14
[(Froegg)aa=[(Frmegp)wsa<e
0 0

Nmeer mecTo cirepyromias

JIEMMA 2. Jlns moboro t € [0,T) cnpasesimBa onenka

E@t)+ [ Vi(7) + k1Va(T) + ko Va(7)] dr < E(0), (15)

o

riae

v / @z [00]2  22m=D [9(zH)]? 4
0= () + = o] g
0

b b
1 [o(zmu)]? vu? 1
VM:/W[ - )] g, V) = [ e, o=
0 0

ki (i = 1,2) — HEKOTOpBIE MOJOKHUTETBHBIE KOHCTAHTHI.

TOKABATELCTBO. Yumosas (7), (8), (9), (10) na 1- +, u, 1-3, H coor-
BETCTBEHHO, HHTEIPUPY 10 ¢ B {), B pe3yabTaTe nMeeM

m b xm—1u2
dEdit) + Va(t) + Va(t) = 32/0 ;8(&])@. (16)

g nomyaennst onenku (15) u3 mocieHEr0 COOTHONIEHUST, CHAYAIA PACCMOT-
puM cay4dait m = 1. YUIuThIBast CBSI3b MEXK]IY BBEJIEHHBIMU KOOPJIHUHATAMU

ou 10(xu) wv

dq =z Oq x2’
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npasag 9acth (16) ¢ y4eToM 1MoC/Ie[Her0 BhIpakaercs Kak

2
)gdq = " g = )qd 9.
/0 q 3/9 3/(9 Tu) q3/$29q

[leperpynmuposas, nmMeem

dE(t) b vu? b1
_— t t dg = dq.
7 +V1()+V2()—|—3/ xeq 3 Hx(xu)qq

Ucnonp3ya nepasenctso Komm a71a mpaBoit 9acTw TOC/IeTHETO YPABHEHNS, Ha-
XOJTAM

dEdit) +VA(t) + %V2(t) + ZVP)(t) =0

Nurerpuposanue 1o t gaer coornomenus (15).
Teneps mokaxeMm (15) mis cayuaas m = 2. Uenonaw3ys caeyomuie ¢hopmy-
JIBI
(z%u), 2uv (z%u), wv

Ug = R (xu)g =

x x2’

npaBasg J9acth (16) mpeobpasyercs K BUILY

b b b 2 b 2
1, B 1 B u (z°u)q / vu
3/0 e(xu )qdq = 3/0 e[aju ug +u(zu)yldg = 6/0 7 o dqg—9 ; x29dq.

Orcrona nmeem

dE(t) bou P u(2Pu),

Ucnonbzysa wepasencrso Oura (p = 9,9 = 9/8) B mpasoit vactu nocseHero
YpaBHEHUS, TOCJI€ I'PYIIIINDOBKN UMEEM

dE()

1 11
= VAW + Va0 + S V() <0

3 3

Wurerpuposanue 110 t mnocaeanero ypassenus jaer cooruomenus (15). Tem
caMbIM, JeMMa 2 JIoKa3aHa.
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JIEMMA 3. ITycte m = 1 u HavajbHbIE JJaHHbBIE YJOBJIETBODSIOT BKJIIOYe-
HHSIM, YKa3aHHBIM B ycjaoBau TeopeMmbl 1. Torja cyimecTByroT HOCTOSHHBIE
mo > 0, My < oo, 3aBucsmme or HadaabHbIX JaHHbIX 3ajgaun (7)-(10), (11),
(12) rakue, aro (my(t), mg(t)) > mo, (My(t), My(t)) < My, kpome Toro,

T
2 2 2
<
e gl [ QU + )l + )] < € < oc,
T T
/ My(T)dr +/ ||(ln9)q||2d7- < (C < .
0 0

SAMEYAHUE 1. YTBepxKjeHue jieMMbl 3 BEDHO H B CAy4dae m = 2.

1.3 OUEHKU /JIJIsl TPOM3BOJIHBIX OT MCKOMBIX ®YHKIMA. EJI1H-
CTBEHHOCTb CUJIbHOTI'O OBOBIIEHHOI'O PEIIEHUSI

Ouenku it MPOU3BOAHBIX OT UCKOMBIX (DYHKIMI MPOBOJAATCS CTaHIAPT-
HBIM 0Opa30M COOTBETCTBYIOIIMMHU MAaTeMaTHYeCKUMU BbIKjIajkaMu. [is co-
KPAIEHUs M3/10KEeHUsI MaTepUua/ia Mbl UX He npuBegeM. JIoKaxKeMm euHCTBEH-
HOCTH CHJIBHOTO PEIIEHnst B CIydae 0CeBoit cummerpun (m = 1), aHaIormaHo
MPOBOJSITCST BCE BBIKJIAIKU st cheprueckoii cummerpuu (m = 2). Ipeamo-
JIOXKWM, 9TO €CTh J1Ba pasamuaubix pemtennst (ug, 0;, H;, vi, P, x;), i = 1,2, ymo-
BJIETBOPSIIOIIIE CHCTEME ypaBHEHUi u KpaeBbiM ycyaousam (6)-(13). Pasunocts
stux pemenwnii (u, 0, H,v, P, ) yJ0BI€TBOPSET ypPaBHEHUSIM

ov 0
a = %($u1 + SCl'U), (17)
ou 0w 0  x10ug 0, v O(xiug)
ot _x(?qxl gc@q v1 0q )+x28q(vlv2 J0q H
0, x Ouy 0 uv 0 u
+x 3*(](;287(]) fﬂzafq(v*;) %(g)
0 ,x90u oP; oP 0H,
200w ag) T g Ty T M oy
OH, OHo H? H? H?
ro(Hy B4 Ho 94 ) U +U2(CL'1 s )5 (18)
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00 _ 0300 0 5 B on
ot 0q vy Og 0q - v1 vy’ Oq
01 0y O(xiuy) 62 O v 8(x1H1)}2+

+ ——(vu1 + z2u) —
vl U dq Vo 8q( ! 2u) V1V3 dq

8(.%'1H1) ) 8(.%'2[‘[2) }_
dq dq

+—{[==(zH, — 22H)]* — Q[Q(l‘gHg)]z +2

P+ (g o — va)

O(wiur) O(waug)y 39 5 o
9 9 } 28q(u 2us — 2uqug),

oH _ 0

ot dqg v g

+i a(le — ZEQH)
(%) 8(]

i 8($1H1) )ZL’UQ + g[_La(lel) +

8 16(%21‘12)
9w og T

a(azlul)
dq

|xovy — vg

+uiHxo + uHoxy — xusHo + Huo+

O(zau)
dq
oz
at "

(u,v,0,H,x)(q,0) =0,

00 00

(1, 5 H)(0,0) = (1, 5 H)(0,) = 0.

N3 (17) m (21) ¢ y4eToM HAYATBHBIX YCJIOBHUil CJEIYeT, 9TO

(9(.’EQH2)
oq

+6(:1:u1)

H
9 2V +

HQUQ — UHQ

)dT,

T~ + gul + T2 +

v—/t( ou; Ox ov v%
o Oq¢ dq dq dq

t ¢
T = / udrT, @ = @dr
0 9q o 9q
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Yumuoxum ypasuenus (18), (19), (20) va u, H cooTBETCTBEHHO U IPOUHTErPHU-
pyem 1o ¢ or 0 no b. IleperpynnmpoBaB 4ieHbl W IPUMEHNB HHTEIPHPOBAHIE
[0 9aCTSM, HOJIy UM

d [°u? H? a;2 ou 4
7 ( +0+—-)dg +/O (8q)dq—|—

x2 BH
+ /O vz ZJ (24)

Hanbreiimme meficTBUsS TPOBOAUTCA TaK. lIpomHTerpmpyeM KaxKILIil WIeH B

npagsoii wactu (24) no wacrsam, byHKIME T, U, %—I; samenuM 1o (opmysam (23),

mocJjie dero npuMmenuMm HepaBeHncTBa lenbnepa um Komu. Kpome Toro, 6ymem
110J1b30BaThCd HepaBencTBoM Dpuipuxca

t b 2 rtopb
b ou
2 2
u“dqdr < // — )*dqgdrT,
/o/o 2 Jo Jo (Gq)

a MpH MaKOPUPOBAaHUU cjiaraeMbiX B (24) — mepaBencrsom FOnra. B urore or
(23) npujem K HEpaBeHCTBY

d [ u? H? OH
o (u +9+—)dq+a2N /{ +( )}dq<

b U b
< [ (g (g dq+/0 (2 + H?)dgt

Zc@//{ )2 + >}dqd¢

Beibupast €; Tak, 9T00Bl y , £; < %azN ~1 monyunm pra byHKIHN

y(t) = /b(u2 + 6+ H2)dq+

+a*N~ //{ )}dda>0
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HEPABEHCTBO CJIEIYIONIErO BUA!

y'(t) < K(t)y(t).

Baecy K(t) — cymmmpyemast no ¢ na [0,T] dynxuus. Orcrioga caepyer, uro
y(t) < 0. [TosTomy, Ha camom gene, y(t) = 0 u, 3Ha9nT, U3 = U2, = 09, Hy =
Hy. U3 ypasuenuii (23) pis © u v BoiTekaer: © = 1 —x2 = 0,v = v; —vg = 0,
9TO W O3HAYAET eIMHCTBEHHOCTH permenns. Teopema 1 MOJIHOCTBIO JOKA3aHA.

Ecnu kpaessie ycioBus (12) ma rpanuiie 3aMeHUTh KPACBBIME YCIOBUSIMA

00 ~, O0(x™u) 00
(u,%,H)(O,t)—(p 8(] P» Oq’

TO CIIpaBeJIUBa CJIeyIollasd TeopeMa.

H)(b,t) =0,t € (0,77, (12)

TEOPEMA 2. Ilycrp Havya/ibHDIE JAHHBIE Y0BJIETBOPSIIOT BKIIOYECHHUSIM

uo(q) € W3 (), (po(q), 00(q), Ho(q)) € W3 (),

0 <mo < (po(q),0o(q)) < Mo < oo.

Toryja cymecTByer equHCTBEHHOE CHIbHOE perienne 3aaa4qu (6)-(13) u s nero
HMEIT MeCTO OIIeHKH

+H9”W22»1(Q) 1ol L 0w ) < € < 00
0<m<(p,0) <M<oo, tne @=Qx1[0,7],2=(0,b).
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Komanos B.J., ¥Yrees T.B. HUNJINHIPJIIK 2KOHE COEPAJIBIK
CUMMETPUAJIBI MATHUTTI T'A3AblI JMHAMUKAHBIH HIETTIK
ECEBIHIH ITEMIIJIIMALIITT TYPAJIBL

Byn makamama TYTKBIP KBLIYOTKI3TIMITI Ta3/ablH, KO3FAJIBIC TEHIEYJIePH
yIIiH 6acTamKBI-IIETTIK ecelTep MATHUTTIK OpICTi ecKepe OTBIPHIN 3epTTe-
gemi. OraH KOca Herisri yir eJimeM/ii TeHJeyaeH Ditaep ailHbIMaJIbIChIHA Opi
omaH Keitinri Jlarpam:K KOOpAWHATTApBIHA KOITyl eKyKel-TerzKeilyii KopCceTi-
red. MarauTTik epicTeri KXbLIyOTKI3TiNITI ra3/IblH TeHIeyIepl YIMTiH arbiH aii-
MAaFBIHBIH CHMMETpHUs OCiH (HYKTeCIH) KaMTHIMANTHIH YKaFTaibiH1a OipMoH/Ti
merniaiMaiairi gpaengenred. OcbliapMed OipMesrijjie HUIMHIPJIK KoHe cde-
PaJIbIK, TOJKBIHIAPEI 6ap KO3FAJIBICTAP KAPACTBIPBLIAIbI.
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Koshanov B.D., Uteev T.B. ON SOLVABILITY OF BOUNDARY VALUE
PROBLEM OF THE MAGNETIC GAS DYNAMICS WITH CYLINDRICAL
AND SPHERICAL SYMMETRIES

In this work the correctness "as a whole" by time, of the initial-boundary
value problems for the equations of motion of the viscous heat-conductive gas
under of the magnetic field is proved. The transition from the basic three
dimensional Euler equation to the Euler variable and then to Lagrangian
coordinate is shown in details. The main results are proved simultaneously
for the motion with cylindrical and spherical waves.
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MATEMATNYECKAZ{ 2KN3HDb

HA3APBAI KAJILIPOBUY BJINEB
(K 80-JIETHIO CO JHS POXKJEHUS)

Wcnomannock 80 jeT akaIeMuKy
HAH Pecny6nuku Kazaxcran Ha-
zapbaio KaapipoBuay biwneBy, ns-
BECTHOMY yYEHOMY, CIEIUAJIACTY B
obacT Teopun OOOOITEHHBIX aHa-
JINTHIECKUX (DYHKITUI, KPACBBIX 3a-
Jad  MaTeMaTH4IecKol (U3ukKu u
CUHTYJISSPHBIX UHTErPaJIbHBIX YPaB-
HECHUN.

H.K. Biues poguncs 15 cenrsio-
pst 1935 roma B mocenke 2zKapKraMbic
Baiiranunckoro paiiona AKTIOOMH-
CKOIl 00JIaCTH B CEMbE CJIY2KAIIero.
B 1952 romy om moctymmia Ha Ma-
TeMaTUIeCKoe OTIejieHne (DU3UKO-
MaTeMaTnIeckoro gakxyabrera Kas-
I'V um. C.M. Kuposa (abire KazHY
um. anb-Papabu). [lox pykosogcrsom akagemuka K.II. Tlepcuiackoro B 1957
roJly OH 3AIlUTHUJI JUIJIOMHYIO paboTy 1O TEOPUU YCTOMIUBOCTA U OKOHUUJI C
ormanem Kasl'y um. C.M.Kuposa. Beur vanpasien Ha pabory B I'ypbeBckuit
neuHCTUTYT (HbIHE ATbhIpayckuil yHHBepcuTerT), rje paboTas mpernojaBare-
JIeM, 3aTeM CTapIuM IpernojaBaTesieM 10 1960 roma.

B 1960 romy on moctynui B acnupanTypy MareMaTrnaeckoro HHCTUTYTa WM.
B.A. Creknosa AH CCCP. IlepBbiM ero Hay9IHBIM PYKOBOIUTEIEM OBLT JI..-
M.H. Braguvmup Cepreesua Bunorpanos — yaenuk akagemuka AH CCCP Unbu
Hecreposuua Bekya. Hazap6ait KaibipoBud Havaa 3aHUMaTHCS U3y 9€HUEM 110~
BEJIEHNST PEIIEHN SJTUINITHIECKUX CUCTEM MM MEepeHInalbHbIX YPaBHEHWH B
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OKPECTHOCTH OCOOBIX TO4UeK KodddurmenTosB. VM ObLIn moTyIeHbl HEOOXO0I1-
MBI€ U JOCTATOYHBIE YCJIOBUsI CYIIECTBOBAHUS AHAJUTUIECCKUX PENICHUl BbI-
POXK JAIOTIIIXCS SJITUNTHIECKAX CUCTEM TIEPBOIO MOPSIIKA B OKPECTHOCTU TOUEK
BBIPDOXKJICHUS. DTU PE3YJIBTATHI MOJIOXKUIU HAYAJIO JPYTUM UCCICTOBAHUIM O
BOBMOXKHOCTHU CYIIECTBOBAHUS HEIIPEPBIBHLIX PEITEHUI, CBA3AHHBIX C BOIIPOCA-
MU TEOpUH MTOBEPXHOCTEN B reoMeTpuu. YKazaHHble pe3yiabraTel H.K. Bianesa
obLu BoicOKO orenenbl I.H. Bekya, 4To mocsykmjio HavaaoM majibHEHIero
UX TECHOI'O COTPY/IHHYECTBA.

B 1965 roxy H.K. Biues ycremnrso 3amuT KaHIAXIATCKYIO UCCEPTAIIIIO
"O cymecTBOBaHNN aHAJIUTHIECCKUX PEIICHUH Y BHIPOXK TAIOIIMXCST S/IIHIITHYE-
CKHX CHCTEeM B OKPECTHOCTH TOYKU BprO)KﬂeHI/IH” B JUCCEPTAIIMOHHOM COBETE

MI AH CCCP.

Axkanemuk AH CCCP U.H. Bekya npeioxKuit eMy 3aHUIMATHCSI POHJIeMOit
0 BO3MOKHOCTH ITPOJOJI2KEHHSI TEOPUU OOODIIEHHBIX AHAJIUTHICCKUX (DYyHK-
nnit Ha KpaiiHue mpejiesibHbIe CIydaud, a MUMEHHO, Ha KJAacC KO3(pPDUIIMEHTOB
JUIMITUIECKUX CUCTEM, CyMMHPYEMbBIX B CTelleHH He Oojiee, ueM jBa. B Te
rogel H.K. Bimer paborasn B Jsraboparopun npodeccopa T.M. Amanosa, siB-
JISTIOITETOCS W TUPEKTOPOM HHCTUTYTa, yueHuka akagemuka AH CCCP C.M.
Hukosbckoro. 9To HABEJIO €ro Ha MBICb OOPATUTHCS K IKaJje MPOCTPAHCTB
Hukonbckoro-Becosa, koTopbie emte He ObLIM MPUCIOCOOIEHBI /T U3y I€HUST
ypaBHeHuit ¢ nepemenabiMu kKodddunuentamu. H.K. BiaueBy ymamock 1oka-
3aTh YTBEPKJICHUSI O MYJIbTUILIMKATOPAX U ITOJIyIUTH COOTHOIIEHUST MEXK Ty I1a-
paMeTpaMu IIPOCTPAHCTB, B KOTOPBIX Teopusi Bekya ocraercs B cujie. DTO 103-
BOJIMJIO BHECTH YTOYHEHUS B YCJIOBUS CYIIECTBOBAHUS KJIACCUIECKUX PEICHU
auddepeHnnalbHbIX YPaBHEHIH B 9aCTHBIX IPOU3BOIHBIX, ODIIIX KPAEBBIX 3a-
naq tuita, Pumana-I'unbbepra, 38181 COMPsIzKeHNs, KBA3UKOH(MOPMHBIX 0TOOpa-
JKEHUM, ABJISIIONINXCS HEMPEPBIBHO AuddepeHIupyeMbIMI TOMEOMOP(MU3MaMHU
Benbrpamu. IM ycraHOBJIEHA HETEPOBOCTH CHHIYJISIPHBIX HHTErPAJIbHBIX YPaB-
HEHMI B KjaccaxX (pyHKIW, HEIIPEPBIBHBIX B TepMUHAX IpocTpaHcTB Becosa,
YTO YCUJIUJIO BO3MOYKHOCTH U PACIITUPUIIO KPYT MPUIOXKEHUH 0000IIEHHBIX aHA~
JINTUIECKUX (DYHKITAN.

Pezynbrater H.K. Binesa, orHocsimuecs: Kk quddepeHnuajibHbIM yPaBHE-
HUSIM U KPAEBBIM 3aJ[aaM B OIPDAHUYEHHBIX ODJIACTSX, BOIIJIU B €r0 JOKTOD-
CKYIO JuccepTaluio "QIUIMNTHYecKe CuCcTeMbl T epeHinabHbIX YpaBHe-
HUI [EPBOI'O MOPsiJIKA Ha IJIOCKOCTH B JPOOHBIX MPOCTPAHCTBAX M KPAaeBbIE
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sagaan" | yenemno samumenayio 8 M4 AH CCCP B 1980 romy.

B naspHeitiiem wcciieloBaHMs, Kacarommecs: (byHKIIMOHAJBHBIX CBONCTB
00ODIEHHBIX AHATATUIECKUX (DYHKIHI, BOLTH B MoHOTpaduio "O600rmentbie
aHauTUIeCKue (PYHKIUU B JAPOOHBIX mpocrpancTBax", Asma-Ara: Hayka,
1985. Jlannast moHorpadusa moJIyduaa IIUPOKOe OJ00pEHne M IPEJIOKEHUE
CIEIUAJINCTOB U3 JAJIbHErO 3apyOerKbsi JJIsd W3JIaHUs HA AHTJIUHCKOM SI3bI-
Ke. Pe3yabrars! j1s1 HEOrpaHUYIEHHBIX 00JIacTell comepxKaTcss B MOHOrpadun,
M3IaHHON B NPECTUKHON MexkayHapomHoii cepun "Pitman Monographs and
Surveys in Pure and Applied Mathematics 86" na anrauiickom sizbike: N.K.
Bliev "Generalized analytic functions in fractional Spaces", USA, Addison
Wesley Longman inc., 1997.

C 1963 roga mayunas nesrenbroctb H.K. Bauesa cesizana ¢ UncturyTom
(o 1965 roga 6bisiero Cekropom) maremaruku u Mexannkun AH Kasaxckoit
CCP, B KOTOPOM OH TOCJIEIOBATEHHO IIPOXOJIUT BCE CTYIIEHU ITPOMhECCHOHATD-
HOI'O0 POCTa OT MJIQJIIIEr0 HAyYHOrO COTPYIHUKA O JAUPEKTOPA MHCTUTYTA: C
okTs10psa 1963 roma — MHC, ¢ 1966 roga — CHC, ¢ 1978 roga — 3aBeayronmii ja-
boparopueil pyHKITMOHAJILHOTO aHam3a u Teopun dyHKIwmit, B 1988 r. uzdpan
aupekTopoM HHCTUTYTa, ¢ 2000 roma — MOYETHBIN ITUPEKTOP, PYKOBOIUTEID
Tembl (110 coBMectuTesiberBy) Mucruryra maremaruku HAH PK.

[Monyuus scradery aupekTopa MHCTHTYTa U3 pyk akamemuka HAH PK
V.M. Cynranrasuna, H.K. Biines BHec cBoit BKJ1aJ1 B HAy THO-OPraHU3AIMOHHY O
JIeSAITeJIBHOCTh UHCTUTYTa. HecMoTpsi Ha SKOHOMUYECKHE TPYIHOCTH TeX Iepe-
CTPOEYHBIX JIET, & TAKXKE HAYTAJIO MOJIydeHus He3apucumocTu Kaszaxcranom, o
CyMeJl OpraHu30BaTh CIIOKOHHYIO TBOPUYECKYIO armMocdepy, aKTUBHO IOJIep-
JKUBas CIHOCODHBIX MOJIOJBIX MaTEMATUKOB U CIIOCOOCTBYS YYACTHUIO YUCHBIX
UHCTUTYTa B Pa3/IMIHBIX MEXKIYHAPOIHBIX MaTeMaTHIeCKuX (opymax. ITo
Jla1o cou 1iojbl. MHCTUTYT (TEOpeTUYecKOl U NPUKJIAIHON MaTEeMATUKH B
1992-1999 roxpi) cran oguuM u3 Beaymux uHcruTyToB OTiesnenus dbusnko-
mareMmarndeckux Hayk HAH PK| ycununach TeHpeHnms MexK1yHAPOTHON Ha-
YUHOI JIeATeTbHOCTA U YKPEIUJINCh MEK/IlyHapo/iHble KOHTAKThl. B 1995 rojy
11 corpynuukos nonyumau rpaatel COPOCA, tpoe — rpant INTAS. ITosiBu-
JINCh CTUMCHIUATHI PA3JIUIHBIX MEXKIYHAPOIHBIX MATEMaTUIECKUX OOIIECTB,
10 coTpy/HUKOB MHCTUTYTA OBLIU WIEHAMHU MEXKIYHAPOJHBIX HAYYIHBIX ACCO-
nuaruit. MactutyT B ToM roay cras obaamaresnem rpaata INTAS. B aru rojst
psn crareil u Monorpaduit COTPYIHUKOB HHCTUTYTA ObLIM U3JAHBI HA, aHTJINI-
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CKOM 3BbIKeE.

OnHOBpeMeHHO ¢ Hay4dHOl nesitesibHOCTRIO H.K. Bimes mHOro Bpemenm
yaessieT mpenojaBaresibekoit pabore. C 1964 roma on paboras 1Mo COBMECTH-
resiberBy B Kasl'V (wpine KasHY unm. anb-®apabu). B cenrsipe 2000 roga,
[0 TPUIJIAIIIEHUIO peKkTopa, Hazapbait KablpoBUY MOJTHOCTBIO MIEPEXOIUT HA
[1e/IArOTTIECKYI0 pabOTy U CTAHOBUTCS 3aBeLyIONuM Kadeapoit pyHKIIMoHAIb-
HOTO aHaJin3a u Teopun BeposirHocTeir KazHY um. anp-Papabu. C 2009 roma o
HACTOAIIEe BpeMs OH siBJIsseTcs mpodeccopoM Kadeapbl PyHIaMEHTAILHON Ma-
TeMaTHKN MeXaHnko-mMareMarudeckoro gaxkyaprera KazsHY nm. ann-Dapadu.

H.K. bymeB akTuBHO 3aHHMAaeTCsl HAYJIHO-OPIaHU3aTOPCKOW u oOIIe-
CTBEHHOI J1esiTeIbHOCTBIO. OH SIBJISIETCS UJIEHOM DPEIKOJIJIETHl YKYPHAJIOB
"Ussectust HAH PK. Cepust pusuko-maremarundeckas” , "Maremaruaeckuii
xkypuan" , "Becrauk KasHY um. anp-Papabu". HeogHoKpaTHO OH siBJISLICS
TIEHOM JuccepTannouubix COBETOB MO 3allinTe JOKTOPCKUX U KAHIHIATCKUX
nuccepraruit Macruryra maremaruku MOH PK.

B 1999-2002 romel oH paboTaj IO COBMECTUTEIHCTBY AKaJIEeMUKOM-
cexkperapeM Otnenennst pusnko-maremarndeckux Hayk HAH PK. B reuenune
HECKOJIbKUX CPOKOB OH ObL1 wienoMm npesmauyma BAK (I'AK), npencemare-
JIEM CEKIINU (DUBUKO-MATEMATHIECKNX HAyK '1epMUHOJOTMIECKON0 KOMUTETA
npu Kabunere Munucrpos PK, airenom Komurera 1mo rocymapcTBeHHBIM IIpe-
vusim PK, Tlpesumuyma HAH PK| 3amectuTesieM 0TBETCTBEHHOTO peIakTOpa
xypuana "Ussectuss HAH PK. Cepust pusuko-maremarndeckas" | TIaBHBIM
penakropoMm "Maremarmdyeckoro »KypHaJsa'" , 9IEHOM PEIKOJIIErdU XKy PHAJIA
"Becrauk MOH PK" | Qunuknoneaun PK, ®onna passurus HayKu, JuccepTa-
uoHHBIX coBeToB UHCcTUTyTa Maremarnku AH Yzbekucrana, AKTIOOMHCKOTO
yuusepcurera uM. K. 2KybanoBa. Bl oguuM n3 opraHn3aTopoB W aKTHBHO
YYIACTBOBAJI B OPraHU3AIlMUA W IPOBEICHUM Psijia, MEXKIYHAPOIHBIX HAYIHBIX
dopymor B ropogax Anamarel, AkTobe, Cemeit u Kaparasmsr.

Nm onybmkoBano Gosee 140 maydnbix paboT, cpean KOTOPBIX 1 MOHO-
rpadust, psjl cTareil B TAKUX BBICOKOPEUTHHIOBBIX MAaTEMATUICCKUX U3IAHU-
ax, kak "okmager AH CCCP", "Cubupckuii Mmaremarundeckuii *Kypaaj"
"Complex Variables and Elliptic Equations" u mp.

3ab0TsACh 0 KAYeCTBEHHOM U MPOMECCHOHATLHOM 00pa30BAHUE I0/IPACTA-
IOIero mokoJienus Ha rocyrapcrBernHoMm sizbike H.K.Bimes mammcan ma ka-
3aXCKOM sI3bIKe yuebHoe rmocobue "Merpukasbik keHicrikrep" . Anvarsr: "Ka-
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zak yHuBepcureri 2005r. n yuebHUK "OYHKIMOHAJIBIK aHaaun3". AJMaTs:
"Yuausepcurer" , KazHY nm. ajgp-Papabu, 2014r.

Cpeu ero npsiMbIX YIEHHKOB — 18 KaHIUIATOB U 3 JIOKTOPa HAYK, KOTOPBIE
UMEIOT CBOU IIIKOJIbI U YIEHUKOB.

Hayunble 3acayru H.K. BummeBa mnostyunin jocroitnyio onenky. B 1985
rojly OoH mnojydus 3Banue rpodeccopa, B 1989 roay Obu1 m3bpaH UIEHOM-
koppecnongeaToM AH Kazaxckoit CCP, B 1996 rony — axajgemukoMm Poccumii-
CKOI aKaJIeMHUU eCTECTBEHHBIX HAYK, a B 2004 101y OH CTAHOBUTCS aKaIEMUKOM
HAH PK. B 1998 rogay emy npucBoeHo rodyeTHoe 3BaHue "3aciyKeHHBIN Je-
arenb Haykn n Texuuku Pecrmybanku Kasaxcran" |, B 1999 rogy om ymocroen
Mex ryHapojiHo#t npeMun Xope3Mu MePBOil CTEleH .

H.K. bsmes BoicTyman ¢ poxksagamu Ha Mexayaapogaom Konrpecce ma-
remarukos (1983r., Bapmasa, [Tosbma), Bropom eBporeiickom KoHrpecce Ma-
remarukoB (1996r., Bynanermr, Benrpus), kondepeniusx eBporeiickoro Ma-
remarmaeckoro obmecrsa (2004r., 2006r., Bedlewo, [Toabma), ¢ Ilienapabim
JIoKJIaIoM Ha MexxryHaposHoi Koudepennun " nddepeniuanibable ypaBHe-
Hust, Teopusi pynkuuit u npusokenus" (2007 r., HoBocubupcek, Poccust) u mp.

B macrosmee Bpemsa Hazapbait KanbipoBud mpomonkaeT HaydHbIE UCCIIe-
JoBaHudA B 00J1acTi 0OOOIIEHHBIX aHaauTHIecKux GyHKIuit B MHcTuryTe Ma-
TeMaTuKU U MaTeMaTudeckoro mojesupoBarus KH MOH PK: ou siByisiyicst Ha-
YIHBIM PYKOBOAUTEIEM TpoeKkTa " O600ITeHHbIe aHATUTHICCKIE BEKTOPHI U UX
[IPUJIOXKEHUsI, PA3PEINTUMOCTb COJTUTOHHBIX HEJIMHEHHBIX YPABHEHUI pa3MEpPHO-
cru (1+1)" wo rpantoBomy dunancupoanuto Ha 2012-2014 roapr. B Hacro-
silliee BpeMsl OH sIBJIsIeTCS HAyJIHBIM PYyKOBojuTesieM rnpoekTa "Kpaesbie 3a-
Jladl U CUHIYJISIPHBbIE WHTerpaJjibHble yYpaBHEHHUs C siapoM Kormm co caBurom
Kapnemana B 1pobHBIX pocTpaHcTBax" 10 rpaHTOBOMY (DPUHAHCHPOBAHUIO HA
2015-2017 rompr.

Axkanemuk H.K. Biues moion cu u 3Hepruu njist OCYIIECTBJICHUST CBOUX
HOBBIX MaTEMaTUIECKUX 3aMBbICJIOB.

Komnexkrtup MHCcTHTYyTa M pelaknpuoHHas Kojaerus "MaremMaTmyeckoro
xxypHasa'" mosnpasiisier Hazapbast Kagsiposuda ¢ 80-eranm FObuteem u wxe-
JlaeT eMy KPEIKOI'O 3/I0POBbsl, JIOJTHUX JIET YKU3HU, HOBBIX TBOPUYECKHUX YCIIEXOB
B €ro IJIOJIOTBOPHOI JiesiTeIbHOCTH!

Penakmmonnast kosmernst
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Obwue noaootcerus

B "Maremarndaeckom kyprase" myOInKYIOTCS OPUTHHAJBHBIE CTATBU TIO
OCHOBHBIM Pa3/IejiaM COBPEMEHHOI MaTeMaTuKu: Teopus (PyHKIHit, PyHKIIHO-
HaJIbHBII aHa 13, 0OBIKHOBEHHBIE (D epeHInaIbHbIE YDABHEHUSI, YPABHEHUSI
C 9aCTHBIMU TPOU3BOIHBIME, aaredpa, MaTeMaTuuecKas JIOTMKa, TEOPUsT TUCEI,
reOMeTpHsi, TOTOJIOTHs, TEOPHUsl BEPOSITHOCTEH W MaTeMaTUudecKasi CTaTUCTU-
K&, BBIYUC/IUTEIbHAS MaTEMATUKA, MaTeMaTudecKas PU3nKa, MaTeMaTUudeCKOe
MogtesinpoBanre. 2K ypHaJ BBIIIYCKAETCS €XKEKBAPTAJIBHO, Y€ThIPE HOMEPA CO-
CTABJIAIOT TOM.

Cratbs 10o2KHA OBITH HANMCAHA HA BHICOKOM HAYYHOM YPOBHE, COJEPKATH
HOBBIE, 9€TKO C(OPMYIUPOBAHHBIE MATeMATHIECKUE PE3YIbTAThl U UX JOKa-
3aTesbCcTBa. Bo BBeJeHUN HEOOXOIUMO TPUBECTH UMEIOIIUECS Pe3yJIbTaThl 110
TeMe MPEeJCTABIEHHON PA0OThI, JaTh KPATKOE COJIEPKAHNE CTAThbU U OTPA3UTH
aKTyaJbHOCTb, HOBU3HY IOJIYYEHHBIX aBTOPOM PE3Y/IbTaTOB.

Crathbu KypHaja pPa3MeaiTcsd B CBOOOJHOM [OCTyIe Ha caiiTe
www.math.kz Nucturyra mMaremMaruku m MaTeMaTHIECKOTO MOIEINPOBAHUS
MOH PK, ux pedepupytor HII HTU (Kazaxcran), Zentralblatt Math (Tep-
MaHus).

B "MaremarudeckoMm kypHasie" myb/iuKy0Tcs cTaTbu 06beMoM 10 25 XKy p-
HasbHbIX crpadull. Crarbu 00beMom Oosiee 25 crpaHull myOJUKYIOTCS 110 CIie-
[IMabHOMY PeIEeHUI0 peJiKoJulernn KypHasa. llpuaumarorcs craTbu, Hau-
CaHHBIE HA KA3aXCKOM, PYCCKOM ¥ aHTVIHICKOM si3biKaX. CTaThu pereH3npyoT-
col.

Tpebosarus x opopmaenuro cmamed

1. Pykomuchk ctarhu [0KHA OBITH MTOATOTOBJEHA B WM3MATEIBCKON CUCTEME
ITEX-2e n ipecTaB/iera B BUIE JBYX TBEPJABIX KOMU, a TakyKe B BUe tex u
pdf - daiisios Ha TFOO6OM 3/IEKTPOHHOM HOCUTEJIE WU IIPUCTAHA TI0 JIeKTPOHHO
noure zhurnal@math kz, mat-zhurnal@mail.ru. Crarbs m0J12kHa OBITH HOJIIN-
cana BceMu aBTopamu. llpaBuia odopmieHus PyKOIUCH U CTH/IEBbIe (hailibl
MOXKHO HaiiTu Ha caiire VHCTUTYyTa MATEMATUKU W MaTEMaTHIECKOTO MOJIE/IU-
posaunmsa MOH PK http://www.math.kz B pazmene "Maremarudeckuii xKyp-
wasa".

2. B neBoMm BepxHeMm yTiry HeobxoanMo ykazarh uuaekc YK, naxee naurma bt



u pbamuinu aBTOPOB B aaPaBUTHOM TIOPsI/IKE, MECTO PAOOTHI C IOYTOBBIMU AJI-
pecamMu, a TakzKe 3JIeKTPOHHbBIE aJpeca, 3aryiaBue cratbu. Ha oTaessHoM jucTe
[NpUTAraflOTCs Ha3BaHUE CTaThW, (DaMUIUU U WHUIMAJBl aBTOPOB, KJIIOUYEBbHIE
cyioBa, pedepar Ha PYCCKOM, aHIVIHICKOM U Ka3axCKoM (Jyist aBropoB m3 Ka-
3axcrana) a3pikax u nageke Mathematics Subject Classification 2010. Pedepar
JIOJIPKeH OTPaXKaTh CojiepKaHue cTaTbu. TakxKe IMpeicTaB/IsdoTCs CBeJeHus 00
ABTOPAX, MECTO PabOThI, MOYTOBBII AJPEC ¢ UHIAEKCOM OYTOBOIO OT/EJIEHMUSI,
HoMep TenedoHa ¢ yKazaHWeM KO/a TOPOJIa, aIpec 3TeKTPOHHON TOUTHI.

3. Cromcok JuTepaTyphbl COCTABISETCS B MOpsjake urtupoBanus. CCbLIKKA Ha
HEOMyOJIMKOBaHHBIE PAbOThHI, PE3YIBTATHI KOTOPBIX WCIOIB3YIOTCS B JI0Ka3a-
TeJIbCTBAX, He NOomycKaoTcsd. CIUCOK JIUTepaTyphl TPUBOIUTCS B CJIETYIOIIEM
BUJIE:

JIUTEPATYPA

1 Meiubaes K.T., Oresnbaes M.O. BecoBbie (hyHKIIMOHAIBHBIE TIPOCTPAH-
crBa u crekTp muddepennuanbabix oneparopos. — M.: Hayka, 1988. — 288 c.
(mms monoOrpadumii)

2 Kencrixbaes A.A. MoHocIIaitHbl MUHUMAJIBHON HOPMBI U HAWJIY YIITHE

kBaJparypubie dpopmynsl // Yenexu marem. Hayk. — 1981. — T. 36, Boim. (win
Ne)y4. — C. 107-159.

Pyxonucu, me ymoBIeTBOPSIONINE TMEPEINCTEHHBIM BBIMIE TPEOOBAHUAM,
BO3BPAIIAIOTCS aBTOpaM Ha odopMiieHne, T0paboTKy. Pegakiius ocTtapseT 3a
coboit TpaBo Ha OTKJIOHEHWE CTATHY, ECJIM €€ COMep:KAHue He OTBevYaeT Tpebo-
BaHUAM KypHaJa.
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