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OB DKCTPEMAJIbHBIX CBOMCTBAX
PEIIEHUS] YPABHEHU HABBE-CTOKCA'

AHHOTAINA

B pabore moka3zaHa crpaBeIMBOCTh MPHUHITUIIA MakcuMmyMa it ypaBHeHuit HaBre-Crokca (YHC). Ha ocHoBe
4Yero B BEIOPAaHHOM IPOCTPAHCTBE J0Ka3aHbl €JMHCTBEHHOCTD CJIa0bIX U CYIIECTBOBAHUE CHUIIBHBIX PELICHUI 3a/1a41
s YHC B uenom no spemenu ¢ €[0,T], VT < co.

KiroueBnie cioBa: CucteMmbl HenMHEHHBIX ypaBHeHu HaBbe—CTOKCa, MPUHIUI MaKCUMyMa Ui ypaBHEHHUH
HaBbe—CroKca, eqMHCTBEHHOCTh C1a0bIX pemeHuii ypaBueHnii HaBre—CTOKCa, CyleCTBOBaHHE CHIBHBIX PELICHUN
ypaBHenuit HaBre—Crokca.

KinT ce3nep: Oeiicb3bikTel HaBre—Croke TeHueynepiniy xyiieci, HaBbe—CTOKC TeHueynepi YIIiH MakCHMyM
Karunacel, HaBre—CTOKC TeHACYIEpPiHiH QJICI3 MIENTyiHiH XKaTKbUTBIFb, HaBhe—CTOKC TeHACYIIEPiHiH /i MIenTyiHiH
OOJIATBIHIBIFE.

Keywords: nonlinear Navier-Stokes equations system, the principle of maximum for Navier-Stokes equations,
uniqueness of weak generalized solutions of Navier-Stokes equations, existence of strong solutions of Navier-Stokes
equations.

Beenenue. OcHOBHBIE HepelleHHBbIE NpobiIemMbl Teopuu ypaBHeHuH HaBpe-CTOkca OIHOPOAHOIM
JKUIKOCTH puBeneHsl B [1-3] u ap. B wactHocTH, B MoHorpaduu O. A. JlagenkeHcko# ([ 1], ctp. 13) npu-
BeJICHBl HEpelleHHbIEe MPOoOJIeMbl MaTeMaThdeckol Teopun ypaBHeHmid HaBwbe-Ctokca. [lo-Bummmomy,
CpeIu HUX TIaBHOH SBISIETCS:

«HUmeem nu mecmo oonosnaunas pazpewumocms "6 yenom" obweii mpexmepHol HAYAILHO-KPAEBOU
3a0auu 6 Kakom-iubo xiacce 0000WeHHbIX peuleHull 0e3 NPeOnoNONCeHUN MAA0CmU 00 U36ECHHbIX
YHKYUAX U 0O1ACAX, 3ANOIHEHHBIX HCUOKOCHIBIO

B psine pabot aBTopa [7-9] u ap. mpuBeACHBI pe3yabTaThl MOMCKOBBIX MCCIEAOBAaHHUI ¢ 1eTbio 06oc-
HOBaHMs TpuHIMNa Makcumyma uis YHC. B urore mokazaHa crpaBeAJIMBOCTh MPHUHIUNIA MaKCHUMyMa
st YHC, 9To ¢ MaTeMaTH4ecKoi TOYKHU 3PEHUS SBISETCS KIIOYEBBIM.

IlocTtanoBka 3agaun. PaccMoTpuM HauanbHO-KpaeByio 3amady s YHC [1] oTHOcHTEnBHO BEKTOpa

ckopocrn U =(U,,U,,U,) u nasnenns P B obnactu Q = (0, T]xQ:

aaltj — AU + (U, V)U + VP = f(t, x), (1a)
divU =0, (1b)

U(0,x) = ®(x), (1¢)

U(t,X)[ ,0=0, xeaQ, (1d)

! Pabora BemonHeHa mpu moazepxkke KasaxcraHckoro (oHa (yHIAMEHTANBHBIX HCCIEIOBAHHIA, MPOSKT
NeO112PK00832.




Uszeecmus Hayuonanvuot akademuu nayx Pecnyonuxu Kaszaxcman

e xeQcR;y; Q- Beiykias 0071aCTh, 3allOJHEHHAs OJHOPOIHOM KUIAKOCTBIO, a OC)— TpaHMIa

oomactu €, te[0,T], T<oo; 0<p— IuHaMudeckuii kodddurment Bsskoctu; A, V — omeparopsl

0
Jlanmaca n I'amMmiIbTOHa COOTBETCTBEHHO. IIycTh J((2) —IPOCTPaHCTBO COJICHOMIANBHBIX BEKTOPOB, a
G(Q) cocrour w3 Vn, rme 1 ectb omHo3HauHas B () ¢yHkuus. M3BectHo [4], opTOroHaIbHOE

0 0 0
pasnoxenue, L, (Q) = G(Q) @ J(Q), npuuem anementsr J(Q) npu Vt npunamiexar J(QQ); fu @ —

BEKTOpP (YHKIUH COOTBETCTBEHHO BHEIIHUX CWJI M HadaJbHBIX JaHHBIX YIOBIICTBOPSIONIHE CIIECTYIOIINM
TpeOOBaHUSIM:

D EL0eCQNIQ); i) BX) e C@NW.,(@NIQ).

IlpuHuun makcumyma. BekropHoe ypaBHeHue (la) mepenumieM B BHUAE CHCTEMBl CKaJIIPHBIX
YpaBHEHUI:

ou
ot

rae (5 )~ cKansgpHOE MPOM3BENEHUE BEKTOPOB.

oP _
a —HAU, + (U, VU )+ = =f,, a=13, )
X

(24

Teopema 1. [Tycmo Q 3amkHymas ozpanuuennas oonacme 6 Ry ¢ epanuyen 0Q, u Q =[0,T]x Q-

yununopuyeckas obnacme 6 npocmpancmee nepemennvix t, X. Ilpeononoscum, umo  gyuxyuu
UeC(Q)NC*(Q)APeC'(Q) u yoosremsopsiom ypasnenusm (la), (1b). Tozda, ecnu npu Hexo-

mopom a gynxyus £,(t,x) <0 (f,(t,X) 2 0) 6 Q, mo ¢ynxyus U | npunumaem ceoii nonoscumenshoiii

maxkcumym (ompuyamenvuvii Munumym) 6 yununope Q ua Hudicnem ocnosanuu {0} x Q) umu na eco

6okoeoti nosepxnocmu [0, T] x 0Q, m. e.

U, (t,x)<max{ sup U (t,x), sup U,tx)}, (t,x)e Q, (3a)
t=0AxeQ te[0,TIAxedQ
(Ua(t, x)>min{ inf U (t,x), inf U, (tx)}, (tx)e 6), a=13. (3b)
t=0AxeQ) te[0,T]Axe0Q

2
Jlns mokaszatenbCTBa TEOPEMbI | HaM HYKHBI HEKOTOPBIC BCIIOMOTATEbHBIC YTBEPKICHHS .
BBenem o0o3HaueHne

ou
R=""—pAU—{(t,x).
s (t,x)

U MPUMEHHUM OIlepanui div K BeKTopHOMY ypaBHeHmio (la). Torma, ¢ yuerom (1b), momydaem 3amaqy
Heiimana quis ypaBHenusd Ilyaccona, csizbiBatoliiee aBiienue P ¢ Bektopom ckopoctu U:
: oP
—AP=divl, — =0, te[0,T], tne I=(U,V)U 4)
50

TaK Kak Rn‘ o= 0w In‘ 2o =0 cootBercTBenHo B cuty R € .(; (Q) u (1d), rne n ecTh €AUHUYHBIN BEKTOP
BHEIIHEH HOPMAJTK B TOYKE X rpaHuIsl OC2 .

ITo ycnosuio Teopemsl 1 pynxuus divl menpepsiBHa B orpanmuennoii oomactu Q npu Vt e[0,T],
TEM CaMbIM

dileL (Q), p>1  Vte[0,T]. (5)

Kpome Toro I divldx = I Indx =0, 1.e. BBIIOJIHEHO HEOOXOAUMOE U JTOCTATOYHOE YCIOBUE pa3pe-

Q oQ
IUMOCTH 3a1aun Heitmana (4).
Pemrenne 3amaun (4) mpeacTaBuM B BUIE 0OBEMHOTO TTOTEHITHATA

2 31H yTBepIKICHNS OYIyT OKA3bIBATHCS B TOMYIICHHSX TEOPEMbI 1.
76
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P(x) = j il(vsg) 4z, Vtel0,T]. ©)

Cnenys [5], oTMETHUM OJHO 06meH3BeCTHoe CBOKMCTBO 00BEMHOT0 moTeHIana (6).

Jdemma 1. Ecnu ons nnomnocmu divl umeem mecmo (5), mo ¢ynxyus P(X), onpedensemasn gpopmynoi
(6), capmonuuna 8 Kaxcoou uz obaacmett, OONOAHUMENbHBIX K 2.

JlokazaTeabcTBO. SICHO, 4TO BHYTpH 0oOnacTu €2 CyIIECTBYeT KOHEYHOE WJIM CYETHOE MHOXKECTBO
obmacreit €2 i J=1,2,---, nomomuurensupix k Q. Iycts Q ; —onHa u3 dTHX obnacredl. Bosbmem
NPOU3BOJIBHYO BHYTPCHHIOIO 10 OTHOIICHHUIO K 2 i o1001aCTh Qg U mycTh X € Q}. Torma B unTErpase

(6) paccTosiHUE 7 OTPAHUYEHO CHU3Y IMOJIOKHUTEILHBIM YHCIOM O DPABHBIM HaUMEHBIIEMY PAaCCTOSHUIO
N 1 .
MEXIy TOYKamMH rpaHui] obmacreir (2 ;o Q i OTkyna ciemyeT, Ha OCHOBaHWHM M3BECTHOW TEOPEMBI O

’ P(x) € C*(Q! '
CBOUCTBAX HMHTCrpajia TUIla MMOTCHUHAJIA, YTO (X) € ( J)’ TaK Kak Q_] MMPOU3BOJIbHAS BHYTPCHHSA

nogo6macte Q;, 10 P(x) € C* (€2;) u, B yactHoOCTH,

AP(x)——Idlv(I)A {( a)}dg 0, xeQ, (7)

T.e. pyHKuus P rapmonnyHa B o0nactu Q ;- Jlemma fokasana.

Joxa3zaTtenbcTBO Teopembl 1. [l 3TOro BOCHOJIB3yeMCsl M3BECTHBIM mpueMoMm [6, ctp. 510].
I[Ipeanonoxum ot mpotuBHOro, T. €. Gynkuus U (t,X) mocTuraer cBoero MakCHMalbHOTO 3HAUYCHUS B

HEKOTOpoi Touke M (t°,x") BHyTpu o6nacTu 6 =10, T] x Q.

U,M,)>max{ sup U_,(tx), sup U,(tx)}=C=0 (8)
t=0AxeQ te[0,T]AxedQ

O603naunm m = U _(M,) —C > 0 u BBesem ¢yHkuuro
m t
H,(t,x)= Ui(t, X) + 5(1 - ¥)
Orcrona npu Beex (t, X) u3 02 % [0, T] wm {0} x Q umeem
H,(t°,x")>H, (t,x) + %
To ects ¢dynkuus H(t,X) TaKkKe NPUHAMAET CBOE MAaKCHMAIbHOE 3HAYCHHE B HEKOTOPOH TOuKe
M,(t',x")eQ, npuaem H,(M,)>H_ (M,)>m. 1 mycts BMecTe ¢ HUM B MOMEHT BpeMeHH t'

dynkmus P(t,X) B Kakol-HUOY b ApyTOH TouKe X° € ) IOCTUTAET CBOErO SKCTPEMAILHOTO 3HAYEHHUS.
Temeph MOCTPOMM BHYTPEHHIO obmacts {2 o> JONOIHUTENILHOM K €2 Tak, 4YToObl TOYKH

M, (t',x") e Q, u M(t',x°) € Q,. Torma, HCTIOTB3ys yTBEPKACHIS TEMMBI |, TOTyHmIM VP‘Qe =0

Teneps BEIUIIEM Bce HEOOXOAMMBIE YCI0BHS MakcuMyMa ¢pynkmun H o B TOUKe Mi:

oH
6“20; AH, <0; VH, =0; VP=0. ©)
¢
W3 ypaBHeHus (2) ¢ ygeToM yciaoBHit (9) HalmeM 1T TOYKH M| T1emb HepaBeHCTB
cH 6P m
LH, =—2* , —M™M)) - — 2 —>0
“ ) o M,) TorT T

a
D10 03HAYaeT, 4YTO HEepaBeHCTRO (8) HeBepHO. CrenoBaTenbHO, cripaBemnBo (3a). Teopema 1 gokazana.
W3 teopemsl 1, crenys [6], HETPYIHO MONYYIUTH TOKA3aTEIBLCTBO CICIYIONIETO YTBEPKICHHUS:
Cneocmeue. Eciu sexmop-pyuxyuii f, ® yooseremesopsirom ycaosusim i) u i), mo onsa pewerutt U(t,X)
sadauu (1) cnpasedruea oyenka
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”U”C(Q) < ”(I)”C(Q) + T”f”C(Q) =A, VT <o, (10)
20e HUHC(Q) = maxsup\U (t,x).

I<a<3

Ciaaoble oﬁoﬁmeﬂﬂble pelieHusi. YMHOXUM ypaBHeHue (la) Ha MPOHM3BOJNBHYIO BEKTOP-(YHKIIHIO

— 0
Z(t,x) e C(Q)N Wz1 (QNJ(Q), pasuyro uymo npu (t = T) A (x € 0Q) . TlpousseieHne MPOUHTETPH-
pyeMm 1o o6aacti Q ¥ ¢ MOMOIIBIO HHTETPUPOBAHHSI [0 YACTSAM M3 MEPBBIX JABYX M YETBEPTOTO CIIAraeMbIX
npou3sBoHbIe nepeneceM ¢ U Ha Z. B pe3ynbraTe moiydum

3
[(cuz +p> VU, vz, +(U,V)UZ) dxdt =[ 0200 dx + [t Zaxar. (1)
Q k=1 Q Q
CuoBa ypaBHeHusi (la) yMHOXKMM Ha TpPaaueHT IPOU3BOJIBLHON OIHO3HAYHOW (QYHKITUH

ne LZ(O,T;WZl (QQ)). A zarem npouHTerpupyem mo obnactu Q, UCIONb3ys U3 [4] OPTOrOHAILHOCTH
0
noamnpoctparcts G(Q), J(Q) B urore HaX0AUM TOKIECTBO

jVPvndxdtz—j(U,V)Uvn dx dt .- (12)

3 o
Onpeoenenue’l. Hazoseem cnabvim 0600wennvim peuieHueM HayaivHo-kpaeso 3adauu Hasve—
Cmoxca (1) sexkmop-pyurxyuro U u ¢pynxyuro P uz npocmparcme

U e C(Q)NL, (0.T:L, () ML, (0,T; W, (2) N J(Q);

PeLz(o,T;wzl(Q))/\(J'P(t,x)dx=o,te[o,T]) (13)
Q
u yoosaemegopsowue moxcoecmeam (11), (12) npu no6wix

Z(t,x)e CQNW (QNIQ A(Z |y ein=0 ): Nt €L, (0.T; W ().

JInst cripaBeITHBOCTH 3TOTO OTIPEeeIeH s BCe MHTerpaibl, Bxosume B (11),

(12) momxHBI OBITH KOHEYHBI TS JTIOOBIX Z, 1| U3 YKa3aHHBIX KIIACCOB.

Hdemma 2 [7-9]. Ecau 6éxoonvie dannvie 3a0auu (1) yooenemeopsiom mpebosanusm i), i), mo 011
cnabwix 0000uenHblx pewenuil 3a0auu (1) cnpasednusvl oyeHku.

2 2 2 11g 112
U ||Loo((0,T];L2(Q))S 2| @ ||L2(Q) +AT[IE [T o Ly@)= A (14)
30t 2
2T
> 1702 Ol @< 1008 Ly 7 o = A2 (15)
=10
2 2 2
| VP ||L2(Q) <[[(U,V)U ||L2(Q) <9AT A, =A;. (16)

U3 npuHIMIAE MaKCUMyMa ¥ TMONYYCHHBIX alPHOPHBIX OIICHOK CIEIYeT SIUHCTBEHHOCTh PEIICHUS
3amaqn (1):

Teopema 2 [7-9]. Ecau éxoouvie dannvie f u ® yoosremseopsarom coomeemcmeeHHO mpebo8anusm i),
ii), moeda 3aodaua (1) umeem cnaboe eduncmeennoe obodouennoe pewenue U u P yoosnemesopsiowue
mooicoecmeam (11), (12) npu arobvix 1. u m uz onpedenenus 1.

CuiibHbIE peleHusl.

Onpeoenenue 2. Eciu 6 oonacmu Q pewenue navanvHo-kpaesoli 3a0auu Hasve-Cmoxca (1) umeem
6CEB03MOJICHbIE 0000UeHHble NPOU3BOOHbIE MO20 e NOPAOKA, YMO U CAMU YPABHeHUs, Mo 3mo 0600-
WeHHoe peletie Ha3bl8aemcsl CUTbHLLM.

3 3j1ech, Gnarogaps MPHHIKAIY MAKCHMyMa, C1abblie PEIICHHs PACCMATPHBAIOTCS B Goyee y3KOM Kiacce (MyHK-
1uii, gyem B [1].

—— 78 ——
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Teopema 3[7-9]. Ecnu exoousie doannvle 3a0auu (1) yoosremeopsiom mpebosanusim i), ii) u epanuya

o6nacmu 0Q € C*, mozoa y sadauu (1) cywecmeyem cunshoe eduncmeennoe 0606wennoe pewenue U u
P uz npocmpancme

Ue W2 (Q) N I.(Q): PeL,(0.T; WA(Q) A (| Pdx =0, vt e[0,T]),

yooesnemeopsrowue ypasuenusm (1a) u noumu eciody 6 Q u Onist HUX UMeIon MeCmo OYeHKIU:
ou

2 3
o <UD VP, L@ +5A5 + 2T L, omiwuy = Ass an

L, (Q k=1

||AUHi2(Q)SA5/MzEA69 (18)

V<A /u=A,, k=13 (19)
2 A _

OTL, ) <3AT A=A, (20)

|| U ||L2(0,T;W22(Q)) SAS || AU ||L2(Q)’

<A, [[AP |y, ) SA U]

” VU, ||iw(0,T;L2(Q)
2

| VP
A, —const, (2D

1Pl 0wz LoTwiay AprAc —const.  (22)

3ameuanne. Teopema 2 0 €AMHCTBEHHOCTH ClIaObIX 00OOIICHHBIX penieHuit 3anaun (1) crpaBeminBa
JUTSL UX CUJIBHBIX U KIIACCHYECKUX PEIICHHM.

Aemop evipasicaem 6razodapnocmo npogheccopam JI. A. Anexceesoii u H. U. Mapmuinogy 3a nekomopwie 3ame-
YAHUs U NONEe3HbIe CO8eMbl NO YIVUULEHUIO MAMEMAMU4ecKol Cmpo2ocmu pabomeoi.
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Pesrome
O. IIl. Axbru
(KP BFM matemaTHKa jkxoHE MaTeMaTHKAIIBIK YIITley HHCTUTYThI, AnMatsl, Kazakcran PecryOnukachr)
HABBE-CTOKC TEHJAEVYJIEPIHIH, IHEIIYIHIH 3KCTPEMAJIJIbIK KACUETTEPI )KOHIH/IE

Kympicra yr enmemai 6eiicb3bikTel HaBbe-Ctoke tenaeynepi (HCT) yurin MakcuMyM NMPHUHIMIIHIE OpBIHIA-
JMATHIHIBIFBL KepceTireH. OCBIHBIH HeTi3iHae TaHnanbiaFad keHictikre HCT-Fa KoMBUFaH ecenTiH OapiblK YaKbIT
te[0,T], VT < oo apaimbIFBIHIA 9JICi3 IICIIyiHiH >XaIKBUIBIFBIMEH KOCAa O IICIIyiHiH OONATBHIHABIFBI JOINEN-

JIEHTEeH.

Kinar ce3nep: Geiice3pikTel HaBre—CTOKC TeHAEynepiHiH kyieci, HaBbe—CTOKC TeHaeyepi YIIiH MakCHMyM
karugacel, HaBpe—CTOKC TeHIEYIEepiHiH AJICI3 HIeMIyiHiH KalKbUIbiFbl, HaBbe—CTOKC TeHIeyepiHiH oM/ HIeyiHiH
OOJIATBIHIBIFEIL.

Summary
A. Sh. Akysh

(Institute of mathematics of the Ministry of Education And Science of The Republic of Kazakhstan,
Almaty, Republic of Kazakhsnat)

ABOUT EXTREME PROPERTIES OF THE SOLUTION OF EQUATIONS NAVIER-STOKES

In the work the validity of principle of maximum for the Navier-Stokes equations (NSE) is shown. On what basis
in the chosen space are proved uniqueness of weak generalized solutions and existence of strong solutions of a
problem for NSE as a whole on time t €[0,T], VT <.

Keywords: nonlinear Navier-Stokes equations system, the principle of maximum for Navier-Stokes equations,
uniqueness of weak generalized solutions of Navier-Stokes equations, existence of strong solutions of Navier-Stokes
equations.

Tlocmynuna 26.06.2013 2.

YK 517.96

C. A. AJIJAILIEB

(Kazaxckuii HallMOHAJIBHBIN MEe1arorniecKiii yHuBepcuter uM. Abast, Aiamartel, Pecriy6Onnka Kazaxcran)

KPAEBBIE 3AJAYU 151 MHOTI'OMEPHBIX
I'MIHEPBOJIMYECKHUX YPABHEHUU

AHHOTAIIUA

B pabote noxa3aHbl 0JJHO3HAYHBIE PA3pEIIMMOCTH KPAeBbIX 3a/ad JUIi MHOTOMEPHBIX TUIIEPOOIMYECKUX ypaB-
HEHUH, KOTOpbIe ABISIIOTCS 00001eHNAME N3BecTHBIX 3a1a4 Komwm, JJapOy u I'ypcea.

Ki1roueBble c10Ba: KpaeBble 331a41, MHOTOMEPHBIE, TUIIEPOOINIECKUE YPaBHEHHSI.

Kiar ce3mep: meTTik ecentep, KO ONIIEM i, THIIePOONIANbIK TEHICYIIEp.

Keywords: regional tasks, the multivariate, hyperbolic equations.

PaccmoTpum ypaBHeHue
m
G105 — G2 (ENU gt + z a0ty + bOx, DUy + ot = o, (1)
i=1
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roe tg;{t) > 0,i = 1,2 1upu > 0 u Mmoxer obpamarses B Hys1b npu ¢ = 0, A, — onepatop Jlarmaca o
MEPEMEHHBIM X1, ..., Xp, M > 2.

K ypaBuenusm Buma (1) mpuHAmIEkKAT CTPOTO THUIEPOOTUICCKUE, BBIPOXKIAIONTHECS THIIEPOO-
JIMYECKHE YPAaBHEHUS, a TAKXKE YPaBHEHHS, Y KOTOPBIX OAHOBPEMEHHO BBIPOKAAIOTCS THII U MOPSIIOK TPU
t = 0, KOTOpBIE YaCTO BCTPEUAIOTCA B 3aJa4ax NPUKIaJHOro Xapakrepa [1-3].

Ilycts D)z — kOHeuHas 00IACTh €BKIMIOBA MPOCTPAHCTBA E,.; TOYEK (X,f), OTpaHUYEHHAs MOBEPX-

HOCTSAMU
r= _[r\‘g’({]fgijd‘f +e,r=1- -[r\lg-;{(f_),;gi(f]df

Y TUIOCKOCTRIO ¢ = 0, TIIe » = |x| — AyinHa BeKTopa

x=0,, ..., 0=t =¢, t.={1 _Ej/z =J;rmd{ .J‘g‘fgz e L0,t,). a 0 < &< 1. Yacts o1HX

HOBEPXHOCTEH, 06pasyromux rpanuiy Dz, cCOOTBETCTBEHHO 0003HAYNM 5:5,.5¢.
B nanpHeiiiieM Ham ynoOHO TepedTH OT AEKAPTOBBIX KOOPIWHAT X|, ..., Xy, ! K chepuyeckum

r.0,..0m . .t.r =000, <2m,0<f0;<smi=23,...m-1_
BAIJAYA 1. Haiitu perymspuoe B obmactu Dg pemenne ypasHenus (1) wu3  xmacca
CWInC*D, u S, ynosnersopsroniee KpaeBbIM YCIOBUIM
(@O + Bo0Ne)|s, = @(r.6). U5, = 0= 6) @)
WITH
(@0 + Byrue)|, = @(r.0). ufg = a.(r.6). (3)

3AJIAYA 2. Haiitu peurerne U € CIINC* D v S “In C*(D,.) ypasuenus (1), ynosneTBopsio-
11ee yCJIOBHAM

ulr, 8,0 =10,8),

+& ,T-£
AN (—— .T)=ﬁ,{r‘]ug(r.5,n)+,{?(r.5}£ «sTr<1.
3nech M B manbHeifmeM mpeanonaraercs, uto ypasHenus (1) = 0, fi=0,i=12 =ne

HUMEIOT KOpHEH, KpOMe TOXKAECTBEHHO PaBHBIX HYJIO, IPUYEM
aim+ B+ 0,i=12,vrels1], 8 =(0,,...0m.,)
3agaun 1, 2 saBnsrorest 0000menussMu 3anaun Komm, JlapOy anst ypaBHenus (1).
B kadecTBe MHOTOMEpHOTO aHajora 3aga4yu ['ypca MokeT OBITh paccCMOTpEHa ClIeayIoLIas:

3AJIAYA 3. Haiitm perymspaoe B obmactu L)z pemenne ypaBHenus (1), HempephIBHOE B D: u
YAOBJICTBOPSIIOIICE KPACBBIM YCIOBUSIM

u|5 = a:(1.6). u|£ = 0,(r.6)

B i .

CdhopmynupoBaHHbIE 3aJa4l B YACTHBIX CIIy4asiX UCCIEIOBaHBI B [4-6].

Ilyctp {erm('g)} — cHcTeMa JIMHEWHO 3aBHCHMBIX cdepudecknx  (yHKIuil  mopsaka

n1s= k< -iﬂn,knﬂ'n —2nl=m+m-222CGn+m- 2k H",ICS']'.E = U,l, - — mpoctpanctBa Co-
GoneBa, a 5 ¢ = {{r eScfe<r=< 1+ E]/Z} Nwmeer mecto ([7]).

JIEMMA 1. Ecm f0.8) € ME{S‘E‘] ul>m-1ropan
= ky

far.0)=3 > fFews, @) 4)

n=pk=1
CXOOUTCA 3.6COJ'IIOTHO " paBHOMCPHO.

Yepes l',O;."f (N.o é"n m.a i'{n (r.t).a ffn (r.0). E# .0 ff‘f r.0O.p ﬁ . )?#, 0003HaYUM KOO PUIMEHTHI

pasnokeHus psna (4) COOTBETCTBEHHO (YHKITHI

@, 0),0.0r,0),a,00),a;f@)pE),bp@),cp@) p@), f(@)pE)

KOTOPBIC ONPCACIIAOTCSA 110 q)OpMlee
o= [ (.6 (6)dr,,
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g0 =g;0p%j =12,

NIpHIEM
x.
pB)e C*(S),p@) # 0,f(0) =1, = ;‘ e C7(59),

Iy — exunmunas chepas Epp.i =1, ....m .
PaccmoTpum MHOXeCTBO DyHKIHN

w Kn

MO(SE) — f(T 0): f S Wz 5% 2 z(”fn( )“Cz ((&,1)

n=0 k=

+ ||fn"(r)||i([€,m) exp2n® < 0,l >m — 1},

(eo] kn

M' (%) ={| f(r,0):f € W;f(SE),Z Z( ||fnk("3||f;z((g,n) +

n=0 k=0

+ ||fn"(r)||z([£_m) (exp2expn®)expn® < oo, >m — 1}.
IIyctp

a; bEW(Dg)ﬂc (D), I:-m+1( /H) (bm) EC(DE)nr: (D¢).
i=1,. mcEW‘[D)I}m+1(C;g] e C(D,), *)

1
(gl/gz] h eC? ([ﬂ, tﬂ]) nC3 ((0.tp)). @y ). By ) € Ce, 1])nc1((z. 1)
TOrJaa crupaBeajinBa
TEOPEMA 1. 1°. Ecn @, 8) € MH(S), 0.0r, 8) e MH(59),
I (T'E) e M! (SEpE], TO 3a/1a4a 1 OHO3HAYHO pa3pelnma;
2 e @0 e MHSE),0.0r.8) e MI(S9),
0y(1.6) e M! (SE |SE), TO 3a/1a4a 3 SBISETCS KOPPEKTHOM.

TEOPEMA 2. Eeou T0.0LSG.8) e M'(S9), a ),
Bzt e Cae, [ ) CH (e 1),

TO 3aJa4da 2 UMeeT CANHCTBCHHOC PCIICHUC.

JoxazatenscTBO TEOpPEMHI 1.
Cuauama paccmorpum 3amady (1), (2) mpu B,0) % 0,wr e[£,1]. B chepuuecknx KoopamHATAX
1.6, ...0m_s. U ypasuenue (1) umeer Bus
i
m-=1 1
le(urr+ T u,-—r—jﬂu)—ggﬁ]ﬂ”+zaf(?'.5'.t)uxl+

+b(r.0.t s + c(r. 6.t u :lu , (5)

e

— §) ——
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m-1 1
& Z 1 0 {sin™7"6;0
=7 L Pysin™ -1+ 96, 20, ’
i=1

] 1
P, = 1,P; = (sinB,sinb,..sin6;_,)",j > 1.
Tak kax uckomoe pemenue 3aaa4uu (1), (2) IpuHAATIEKUT Kiaccy Efﬂglnfl (Ds US E)nf D
TO €r0 MOKHO HCKaTh B BUJE

= kn
ue,8.0= Y ¥ vk vk, @, 6)

n=e kK=o
rae 1*n(r L} — byHKIMH MOTIEeKAIIIE OTTPECTICHHUIO.
IMoxcrasss (6) B (5), MOIydeHHOE BhIpaKEHHE CHavyana yMHoxkuB Ha (), a 3arem nmpounTerpuposas
o equHUYHOU cdepe 'y, momydanm

n 1 A
2in= ozk [.‘3;1C (91 (V;frr + m?_ Lty Urj‘f) K szr}ftr) + Liei frl a;p(0) x

X (v?’fxi}’n"_m(é‘) + vk Y""m(B)) dry + bfvk, + ekvkl =0, A=nn+m-2) @

H3BecTHO, uTO [7, 8]

9 vk aQk
Y§.m(8) = const, 8_Y = x

371eCh Qﬁ[xj:?‘“}’fﬁm(ﬂ) — rapMoHHYecKass (QYHKIUS OT X, TPHIEM

-nre Yiim(6), (®)

aQ%
ox, ' _,

i r=1
— €CTb m-MepHas

ceprueckas pyHKIMSA ?}’f_l_m (6) nopsinka n — 1.
VYyureiBas (8) ypaBHeHHE (7) MOXKEM SaHI/IcaTL B BUJIE

g’”%ov&r.r - {g%ovétt £ ( 1o T Zz 1 ﬁm) V%r ¢ B},vét = 53”3 =0
glnvnrr {QZn ntt + ( ; + Z =1 dm) vnr o 2 bk +
+ ek — 5 g% + 2, (@4, - nagfn)] vk =0,k =2 kpn=12,.. 9)

Taxum o6pazom, MHor0MepHoe ypaBHenue (1) cCBeCHO K IBYMEPHBIM YPaBHCHHSIM.
Kaxxnoe ypaBueHne cucteMsl (9) MOKHO 3ammucaTh B BHIE
k — T m —
gR vk, — gk vk, + akvk. + bEvE, + ckvk=0,k=1kpn=0,1,... (10)
rae

k _ -
Cn = =K  —
nT ek - r,gm+2am —nak k=2knpn=12,...
i=1
B ypasuenuu (10), mpou3sBens 3aMeHy TIEPEMEHHBIX

=2 e [,y a)n == [ [P )

U:fg:! + a%(‘f: '])1':{5 + bk(f I])l ng + Cﬂ({: |])'|, =0, (11)

MOJIyYUM
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l
—k _ _akrn 91n(t)
2 |00k o

t

e

l
= Kot) RO Fin) ek (r t)
bE(§,m) = 7=~ 2 | ek ) = 2
201n ’~k ~k Gzn(0) fn
I1n2n ;
pu 3ToM ycioBue (2) ms pyakmmid Uy (f ,n), ¢ YYIETOM JIEMMBI 1, IepenuIieTcs B BUAC
ao(§)TEE) + Do(EWEE) = PEE), VE (£.5) = 0Ea(2), (12)
d
as(§) = :(28), T5(§) = vE(E.§), bo(§) = ¥2B.(28), V(€)= Ln"I

ke -
-7 aﬂlnn)lg- PEO =@ DD, k) -

a1-13
£ fa _ £y £ 1
- = K =1 = -
_(f+2) Jgn(fJ'z)’zS{ﬁz‘
Ucnonw3ys obmiee pemenue ypaBuenus (11) ([9]), HeTpynHO moka3aTh, 4To pemieHue 3amaauu Komm
Jutst ypaBHeHus (11) umeer Bug

vE(E,n) = 3 TRER (D, 1:8,0) + 5 TEERA(E. E:8,0) + (13)
_ aé, On,
+2 [ﬂﬁ(s’l-nl) Ot B, om ]| Rn(E &, )Tk, )]dfi,
rae Rp(&y.n,:¢,n)n = 0,1, . — pyuxuus Pumana yp:lBrI]-IleHI/ISI (11), cymecTBOBaHME KOTOPOIA JOKA3aHO

B [9].
&
W3 ypaBuenus (13) npu 1 = 3 ¢ yueTtoM ycioBus (12) momydaem WHTErpaibHOE ypaBHeHHEe BombTeppa

BTOPOTO pojia

2

£
GK(E) = TE(E) + L/ Gn(£,£1)TE(8,)dEs. (14)

rIe

M
S’

R (£,66,5) a5(0) = 2080 = 0k (5) Ra (5.5 6.5) -

R (§0,6056.5) 080, R (£,6:6,5) Gu(€.80) =

+
§1=n

R (£ 656.9)}

{2 6,608 - St

- o0& = 0
2@k n) 55+ G o) 3|

1=01

— Q4 ——
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VuuThiBas onpenenenue QpyHkuuu Pumana u Ky (f NIT4 g) > 0 w3 ypasHenus (14) naiizem eauHcT-
BEHHBIM 00pa3oM

£
THE) = Ak~ [, Rn(€.85 —1)aK(EdE,, (15)

rne Rn(€.&4; —1) — pesomssenta smpa G (£.&,),n =01, .. .

Takum o6pazom, pemenne 3aaaun (11), (12) zanumercs B Buze (13), rae TA(E ) Vii($) onpenensrorcs
COOTBeTCTBeHHO M3 popmy (15), (12).

CrenoBatenbHo, (QyHKIUA (6) sABISeTCS COWHCTBEHHBIM permmenmeM 3amauu (1), (2), rme
vEoLt k= Lkp,n =01, . naxomsres no popmye (13).

YuuteiBasg orpaHndeHUs Ha KodhdumueHTH ypaBHeHHsA (1), a Takke Ha 3agaHHbBIe (YHKIIAU

a, (). (N, @(1.0). o:(r, H), U TOT (akT, 4To (yHKIHMS PuMaHa ecTh pelIeHHEe WHTETPaTbHOTrO
ypaBHEeHUs BonbTeppa BTOPOTO poja, a TakKe OICHKH [7]

kn < en™-2, [V, (8)] < cnE, c = const > o

MOXKHO JIOKa3aTh, 4YTO TonydeHHoe pemenne UWILE.1) B Buge (6) npuHAmIEKUT Kiaccy
CngﬂE‘(DSUSF)nC’{DE},

Takxum o0pazom, 3amada (1), (2) UMeeT eTUHCTBEHHOE PEIlleHUeE.

Oxrosnaunble paspemmmocti 3agaan (1), (2) mpu B10 = 0 | a taxke 3ana4 2, 3 ycTaHABIMBAIOTCS
aHaJIOTHYHO.

OtmeTnM, 4TO B Teopemax 1, 2 MpUHAIIEKHOCTh 3aJaHHbIX (QyHKIUI K Kinaccy M(S) sBisroTCS Cy-
IIECTBEHHBIMU M X HApYLIEHUs] MOT'YT IPUBECTH K HEKOPPEKTHOCTH PELICHUS PacCMaTPUBAEMBbIX 3a/1a4
(cM.mipuMepsl B [5]).

Msl Teneps paccMOTpuM ypaBHeHHe (1) B Tex ciydasx, Korja ee Ko3()(UIHEHTH He yIOBIETBOPSIOT
ycnoButo (*). K TakuMm ypaBHeHHSIM, HallpUMep, OTHOCATCS ypaBHeHue Diinepa-Llapoy-Ilyaccona (2--11)

Ayl — Uy -%uz =0,k = const | (16)
a Taxoke 00o0meHHoe ypapaenue J-J1-11
Ayl —Ugt —@ur =0,a=const >0,

k
ecnu # e C([0.5,]).
Kpaessie 3amaun s ypasuenus (16) uccienoBassl B [5].

PaccmoTpum ypaBHeHue
m

g — thug + z a(uy + bithus +cthu = o, 17
=1
[ =const =0, OTHOCHTEILHO ee ko3 umreHToB Oymem [peAanoiarars, 4TO

gi.a;.ceC(0.tDi=1,...m, (g‘/EJ’lrz e L(0.t,). bty = pt)- qt' — -It'-2, q = const ,

p(f) — nmonoxurenbHas HerpepbieHas Gpynkims B Dg | npuuem gt —pt)= 0.
3AJJAUA 4. B obmactu Dg maittu  pemenme u(x,f) ypasmemms (17) wu3 Kmacca
UueCOINC*DInWDINWOD,) u ynosneropsiroree KpaeBEIM yCIOBHSIM
u|38={),u|si =0 (18)
WITH
Utlg, = 0,u; =o0. (19)
Torna cripaBemBa

TEOPEMA 3. Ecmu koaddunmentsl ypaBHeHHs (16) yIOBICTBOPSIOT OJHOMY U3 CICAYIOIINX
YCIIOBHH:
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1) g1 # 0y r ), a;0 < (1 -mg,);
=1
t! E, a; ¢ p
e C(D
o i ey Rl COE

4. EI=1 c t!
OF T or3 A o oy
npuueM q(r,f) < 0 mpu ¢ # 0, To pemenHue 3amauu 4 6,Z[I/IHCTB6HHO.
JoxazarenscTBo. Pemenne 3amaum (17), (18) Oyaem mckaTh B Buie psma (6), Torga Kak B ciydae
3a7auyd 1, IPUXOANM K 3a/1aue I[ap6y IUIsl ypaBHEHHS
PR OWEr — pEL VR + aKVE + DRV + cKVE =0 (20)

C 'PaHUYHBIM YCJIIOBUEM
t
vEr,o=0, vkl —J; 'gl/fldf.r =0, Q1)

ake.t=pk r g(t)+2a, bEty= pkbitrk =T kpn=0,1,.
=1

plethk=1n=
Cker.ty= ] - > —
n-0) p,‘{(c_?_i:gl)+ Z{pﬁ_l -nf¥)apk=2.knn=12,...

i=1
[Ipu BBHIMOTHEHUH YCIIOBHS TEOPEMBI 3 M3 pe3yibTaToB padoTsl [10] cnenyer, uto 3amaga (20), (21)
HMMeEET TOJIBKO TPUBUAIBHOE PEILICHUE.
CrnenoatenbHo, pemenue (17), (18) u(x,f) = 0.
CrpaBenmBoCTs TeOpeMsl 3 s 3axaqn (17), (19) moka3siBaeTcst aHAIOTUYHO.

e C(D:).qu. t}—rZa,Nm—ﬂg,

rIe
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Pe3rome
C. A. Anoawes
(AGaii arbiHaarel Kazak YITTBIK IeJarorukanblk yHuBepcuTeTi, Anmarsl, Kazakcran PecryOnukacer)

KOIIeJIIIEM/I TUITEPEOJIAJIBIK TEHAEVYIJIEPT'E APHAJIFAH
HIETTIK ECEIITEP

Maxkanaja kemenmemM i THIIEPOOTANBIK TCHICYICPTe apHaIFaH MICKTIK eCeNTepiH Oip MOH/II MIemIiMi OapIIbIFhI
nenenpaeHre. by ecenrep Genrini Komm, J{apOy >xone ['ypc ecenrtepiHin XairmbliIaHFaH TypJiepi.
Kinr ce3mep: mweTTik ecenTep, KO OIMIEM i, TUITePOOIANBIK TCHICYIIEP.

Summary
S. A. Aldashev
(Kazakh national pedagogical university named after Abai, Almaty, Republic of Kazakhstan)

REGIONAL TASKS
FOR THE MULTIVARIATE HYPERBOLIC EQUATIONS OF THE SECOND ORDER

In work are proved unequivocal to resolvability of regional tasks for the multivariate hyperbolic equations which
are generalizations of known tasks Koshi, Darbu and Gursa.
Keywords: regional tasks, the multivariate, hyperbolic equations.

IHocmynuna 5.07.2013e.

YK 517.956

JI. M. )KOJITAEB '?, A. BAHKOHBIC’, I'. OPAJIChIH '

(1I/IHCTHTyT MaTeMaTHKy 1 MaTeMatindeckoro monenupoBanust, MOH PK, Anmatsl, Pecniy6nmka Kazaxcran,
’Ka3axCcKuil HALMOHANBHBII yHHBepCHTeT MM, anb-Dapabu, Anmarsl, Pecniy6muka Kaszaxcran)

I'PAHUYHBIE YCJI0OBUSA OB BEMHOI'O IIOTEHIIUAJIA
JJIA YPABHEHUSA TPUKOMUA

AHHOTAIINA

B pabore [1] HalineHBI TpaHUYHBIE YCIOBHS OOBEMHOTO MMOTEHIMANa 1yl ypaBHeHus [lyaccoHa B mo0oii orpa-
HUYEHHON 00sacTi () MHOTOMEpPHOI'O CBKJIMJOBOTO MPOCTPAHCTBA. [ paHUUYHBIC YCIOBUS OOBEMHOIO MOTEHI[MAA
Juis OUTapMOHHYECKOTO ypaBHEHHs ObUIM MojydeHbl pabore [2], a Taxke ObLIO IMOKAa3aHO, YTO PEIICHUE MOTyYeH-
HOH IpaHUYHOM 3a7a4M COBIaIaeT ¢ 00BEMHBIM ITOTEHIMaIOM. B nanHO# pabore nccnenoBaHo ypaBHeHne Tpukomu
B JJUIMNTHYECKOH 00JAacCTH M TOJYYCHBI aHAJOTHYHBIE PE3YNbTATHI: MONYyYCHBl TPAaHUYHBIE YCIOBHS OOBEMHOTO
MOTEHIIMANA U YPaBHEHUS B SJUTMITHYECKON o0macTh. JJoka3zaHo, 4TO MOIydeHHAas HEeIOKAIbHAs TPAaHUYHAS 3a/1a49a
JUTS SJUTUNITHYECKOTO YpaBHEHUs Thma TPHUKOMH MMEeT €IWHCTBEHHOE PEUIeHHEe, KOTOPOe COBIAIAET C 0OBbEMHBIM
MOTEHITMAJIOM B 00JIACTH OTIPEICIICHIS OIlepaTopa.

KiroueBble cioBa: 0ObeMHBIN NOTEHIHAN, JUIMNTHYECKOE ypaBHEHHE, (DyHIAMEHTAIBHOE pEIICHHE, YpaB-
HeHue Tpukomu.

KiaT ce3nep: kejaeMIiKk NOTSHIMAN, UM THKAIBIK TEHACY, ipreii memriM, TpukoMu TeHIeyi.

Keywords: volume potential, elliptic equation, fundamental solution, Tricomi equation.

PaccMorpum B o6mactn Q € R ¢ rmaakoit rpanmueii 0Q crexyiomee ypasHerue TpHkoMu
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Eu= @Jr@—f(x ) >0 (1)
d ox? ay2 V) o
B o6macti € paccMOTpuM 0OBEMHBIH MOTEHITHAT
u(x,y) = [[q(x.yi7.6)f (z.6)dr dé @)
Q

3neck g — pyHmaMeHTaNBbHOE pelieHre ypaBHeHus (1) B 3JUIMNTHYSCKON MOMYIUIOCKOCTH, 3a/1aBaeMOe
BeIpakeHueM [1, ctp. 155]

48-2
q(x,y;faf)Zk(gj ) (U-0) P F(1-p, 1=, 2-2p; 1-0), 3)

rae F'— runepreomerpuueckas GyHKLIUS, U

72 3003y
Vot
7 9

AR SR B A ()
w 6 47\ 3 rQ2-2p8)
T.e. ¢ yIIOBIETBOPSET CIEAYIOIEMY YPABHEHHIO:
0’q(x,357,8)  0’q(x,37,8)
Y 2 + 2
ox oy
rie ¢ =(x,y), v =(r,&), — nenvra-pyukius Jupaka.
Teopema 1. Jns mo6oii dyrkuun f € L, (€2) o6bemHbIit moTeHmuan (2) U yJOBIETBOPSET TPAHUY-

=0(p-y),

HBIM YCIIOBHSIM Ha OC)
%—'— J.q(é:urdé —Mid’l') —M(fqrdé - quz-) = Oa (an/) € aQa (4)
o

rae g — GyHAaMeHTaIbHOE pelieHre ypaBHeHus (1) B armunTuveckoi miockoctu. OOpaTHo, eciu pelrie-
Hue ypaBHeHHs (1) U3 Kiacca w§ (Q)) ymoBieTBOpsIET TPaHUYHBIM YCIOBHM (4), TO OHO OIpenessieT
00BeMHBIN TToTeHITHAN 110 hopmydie (2).

Jlokaszateancero. Ilpumenss k dynxkmmn u € C2(Q)NC'(0Q) dopmyny I'puna mpu moGom
(x,y) € Q, monyunm paBeHCTBO

u(x,y) = Hq(x, »;1,8) f(7,E)ddé IJ-J.undz'dé‘ -
= [q(éu.dé -u.dr)-u(éq,dé - q.dr) + [[uBqdrdé =

= [q(udé —u dr)—u(ég,dé—q.dr)+u(x,y),  (x,))eQ,

OTCIO,[[a BBITCKACT TOXIACCTBO

Iq(fu,df—ugdf)—u(ﬁq,df—quf)=0, (x,y) Q. Q)

N3 (5), mo cBOHCTBY MOTEHIIMATIOB IPOCTOTO M IBOMHOTO CJI0s coryacHo iemMme ['emmepcrenra [1, cTp.
155], mpu (x,y) —> 02, Haxoaum

S [atu dg—u.de) -u(G dE-g.d7) =0, (x.y) 230 "

Urak, paBeHCTBO (6) sBISETCS TPAHUYHBIM yCIIOBHEM 00BEMHOTO TIOTeHIHAaNA (2).
Hanee, npenenbHBIM IIEPEX0J0M HECIOKHO MOKa3aTh, 4TO Gopmyiia (6) ocTaeTcs CripaBeaInBON U IS

Beex u € W} (Q).
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OO0paTHO MOKaXeM, UTO €CITH pelicHue u; ypaBHeHUs (1) yIOBIETBOPAET IPAaHUYHOMY YCIOBHIO (4),
TO OHO COBTANaeT ¢ 00BEMHBIM MOTeHITHATOM (1).

v 2 o
JIeHCTBUTEIIEHO, €CIH 3TO HE TaK, TO QyHKIms vV =u —u, € W, ({)), rae u — 00beMHBIil TOTEHIHAT
(2), yIOBIETBOPSIET OTHOPOAHOMY YPAaBHEHHUIO

2 2
ox~ Oy
Y OJJHOPOJHOMY YCIJIOBHUIO:
v(xz,y) + J‘q(f\/fdf —v.d7)-w(&q,dE—q.dT)=0, (x,y)€dQ. @)

oQ

[IpumenuB hopmyny I'puna x pyHKIHH V € W;z (Q), xak u Bbile, y6esxkx1aEMCSA B TOM, UTO

0=([qCey; 7. OF v drdé= [ q(&v.dé-v,dr)-v(Eqdé—q.dr)+|[vE ¢ dr d&=

= fq(ﬁvrdﬁ—vgdf) —w(q.ds —q.dT)+v(x,y),  (x,y)eQ

[q(&v,dé—v.dr)—(&g,dé - q.d7)+v(x,7) =0,  (x,))eQ %)
oQ
Otcrona npu (x, ) — 02, HaxoaUM

0= ”; D o [ q(&,dE —v,dr)~v(dg,dé - ,d7) +(x. ). (x,9) € 00 ®

oQ
Tak kak QyHKIMS v yAOBIETBOPSIET YCIOBHIO (4'), TO MBI HMeeM U3 (8)

v(x,y)=0, (x,y) € 0Q.

TlonBenem nroru:

82V+62V—0 (x,1) e Q 9)
y axz 6y2 b 9y .
v(x,y) =0, (x,y) € 0. (10)

W3 exMHCTBEHHOCTH pelueHus 3a1adu Jupuxie uist ypaBaerus (9) Bbitekaer, uto v=u—u, =0,

V(x,y) €2, 1.e. u; coBnagaer ¢ 00bEMHBIM MOTEHIUANOM (2).
Teopema 1 noka3zana.
Ipumep.
Paccmorpum oxHOMepHBIH noTernuan B uarepsaie Q = (0,1)

1
1
u(@)= [ =l f )y, (11)
0
Koropsii ynonerBopsiet
u'"(x)=f(x) . (12)
Tpe6yeTc51 HalTH TpaHUYHBIC YCIIOBUA MUIA CICAYIOLICTO OAHOMEPHOI'O IMMOTCHIUAJIa
u"(x) = f(x), xe(0,D), (13)

(dbyHIaMEHTaIbHOE PEIICHHe KOTOPOTro BeipaXkaeTcs hopmydoii [4, ctp. 198]:
1
5(x)=5|x|. (14)

Pemenue. HO,I[CTaBJ'IHH 3Ha‘{CHI/ICf(y), HaxoJum
1 X 1

u(x) = f%lx —y| u"(y)dy = f%lx—yl u "(y)dy—félx— | u"(y)dy =

0 0 x
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= %[—W(O) +u(x) —u(0)— (x— D' (1) —u(1) +u(x)] =

- u(x)—%[xu'(O)+u(0)+(x+l)u'(1)+u(l)1

CrenoBatensHO, FpaHUYHBIE YCIOBHS 00BEMHOT0 TIOTEHIIMANIA HMEIOT CIIeTYIOUIHN BUI:

u'(0)+u'(l) =0,
—u'(D)+u(0)+u)=0.

CrnenoBatensHo, ypaBHenue (13), rae u(x) onpeneneno mo ¢opmyne (11) onHO3HAYHO ompenenseT
rpaanuHbie ycrmoBus (15). C mpyroit croponsl, 3amada (13), (15) ogHO3HAYHO ompemeseT 0O0BEMHBIM
noteHmmai (11).

3axmouenne. OTHON U3 CaMBIX CIOXHBIX MPOOJIEM MaTeMaTUUYeCKOH (PU3UKH SIBISICTCS HAX0XKICHUE
SBHOTO peIleHUs TPAaHWYHOM 3afadu i ItoOoi obnactu EBkimmoBoro mpoctpanctsa. Hampumep, B
clydae KJIacCHMYeCKOM TpaHWYHOM 3ajauu NI ypaBHEHUsT TPHUKOMH Mbl MOXKEM HaWTH €€ pEeIlleHHE B
SIBHOM BHJIC JIMIIb I HEKOTOPHIX KaHOHWYECKUX oOnactei EBximmoBoro mpoctpancTtBa. HoBusHa nan-
HOM pabOTBI COCTOUT B TOM, YTO MBI ITOKa3aJIH, YTO MOJy4YeHHAs HOBas TpaHWYHasl 3a7a4a JJIs ypaBHEHUS
Tpukomu sSBISETCS pa3pemnMoil B sBHOM Buue. M3 Teopemsl 1 cpasy ke ClemyeT, 9TO €CJIH MBI OyaeM

paccMaTpHuBaTh CICAYIOUIYIO HEJIOKAIbHYIO T'PAHUYHYIO 3alady JUIs YpaBHCHUsS TPUKOMH B DJIIUITH-
YeCcKo# 00J1acTu:

(15)

ﬂ+a—2u—f(x ) >0
y8x2 8y2 V) o

~+ [aGu,dg —u do)—u(gg dg —q.d7) =0, (x.y) 00,

TO 3Ta 3ajiaya sBJSCTCS Pa3pelIMMOi B SIBHOM BHJE Ul JIFO0OOM orpaHudeHHO# oOjactu EBkinmoBoro
npocTpancTBa. bonee Toro, hyHmaMeHTaIbHOE pPEIICHUE JAHHOU 3a/1auH:;

4p-2
q(x,y;T,§)=k(§j ) (A-0)F(1-p, 1-p, 2-2p; 1-0)

aBisieTcs ee pyHkuumer ['puna aj1st 110001 orpaHUUeHHOM 001acTH.
Aemopul gvipascarom 6aazodapHocms ceoemy yuumento, 0.¢p.-m.H., npogeccopy, axademuxy HAH PK, ysa-
acaemomy T. I1l. Kanvmenogy 3a nocmanoexy 3a0a4u u 3a nOCMosHHOe GHUMAHUeE 8 npoyecce HANUCaHusa CIamyi.
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TPUKOMU TEHJIEVYI YIIIH KOJEMAIK IIOTEHHMAJIABIH HIEKAPAJIBIK IITAPTTAPBI

[1] sxymbicTa Ke3-kenreH (2 obubic ymiH [lyaccoH TeHaeyi yIIiH KeJeMIiK MOTEHIHAAbIH IeKapalbK MIapT-
Tapel TaOBUTFaH. [2] >KyMbIcTa OMTapMOHUKANBIK TEHJACY VINIH KOJEeMIIK MOTEHIMAJIbIH MIeKapalblK MIapTTaphl
TaOBUTFaH, COHBIMECH Oipre ajplHFaH IIEKapalblK €CElTiH MIeTTiMi KeJIeMIiK MOTEHIMAIMEH JoN KeJeTiHIH Kepce-
Tinred. OceI xKyMbIcTa TPUKOME TYPZAET] a3FbIHAANTHIH AIUIHNTHKANBIK TeHICY 3€PTTENTeH. DIUIHITHKANBIK 00JIbICTa
KOJIEM/IIK TOTCHIMAN/IbIH [IeKapalblK [IAPTTapbl AIbIHFAH. TPUKOMH TeHIEYl YIIIH SJUIMIOTHKAIBIK OOJbICTa
AJIBIHFaH JIOKAJIJIBI €MeC IeKapaliblK €Cell JKAIIFbI3 IIeIIiMi OOJIATIHBIFGI JanenaeHreH. O onepaTopAbIH aHBIKTaY
OOJIBICBIH/IA KOJIEMJIIK TOTEHIIMAIIMEHEH A9J1 Keuyeai. JKyMBICTa ajbIHFaH HOTHXKEJEeP/iH KOPHEKUIri YIIiH MbIcal
KapacTbIpblIaabl.

KiaT ce3nep: kejaeMIiKk NOTSHIMAN, JUTANITHKAIBIK TEHACY, ipreii memriM, TpukoMu TeHIeyi.

Summary
D. M. Zholtayev, A. Baykonys, G. Oralsyn

('Institute of mathematics of the Ministry of Education And Science of The Republic of Kazakhstan, Almaty
*Al-Farabi Kazakh national university, Almaty, Republic of Kazakhstan)

BOUNDARY CONDITIONS OF THE VOLUME POTENTIAL FOR THE TRICOMI EQUATION

In the paper [1] the authors found boundary conditions of the volume potential for the Poisson equation in any
bounded domain Q of multidimensional Euclidean space. In work [2] it was found that boundary conditions of the
volume potential for the bi-harmonic equation, also it was proved that the solution of obtained boundary-value
problem coincides with the volume potential. In this paper we investigate Tricomi type degenerated elliptic
equations. Boundary conditions for this equation in elliptic domain are obtained here. Also we show that the obtained
non-local problem for the Tricomi degenerated elliptic equation has a unique solution which coincides with the
volume potential in the definition domain of the operator. For the visualization we also consider an example.

Keywords: volume potential, elliptic equation, fundamental solution, Tricomi equation.
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ELECTRON DENSITY OF STATES AND LOCALIZATION
OF TWO-DIMENSIONAL DISORDERED SYSTEMS
IN QUANTIZED MAGNETIC FIELDS

Summary

We study numerically non-interacting electrons moving on a two-dimensional lattice with a uniform magnetic
field and a random site potential. The electron localization and the density of states are investigated by using the
method of transfer-matrices and by the direct diagonalization technique. For numerical simulations the Ando model
with the diagonal disorder is used. The first preliminary data have been obtained for different sizes of the system and
various values of the magnetic field. The localization length exhibits Shubnikov-de-Haas oscillations. The density of
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states shows several Landau bands separated by the energy gaps. With increasing the disorder the Landau bands
becomes broader and overlap with each other. The application of the obtained results to the integer quantum Hall
effect is discussed.

Keywords: electron conductivity, critical phenomena, two-dimensional electron gas, quantum Hall effect,
electron localization.

Kiar ce3mep: 3JeKTPOHIBIK OTKI3TIIITIK, KPUTHKAIBIK KYOBLIBIC, CKi OJIIEMIET] JIEKTPOHIBIK a3, XOJIIIbIH
KBaHTTBIK 3QPEKTICi, DIEKTPOH/IBIK JIOKATH3ALIUSICHI.

KiroueBble cjI0Ba: 3JIEKTPOHHAs INPOBOAUMOCTb, KPUTHYECKHE SIBICHUS, ABYMEPHBIH AJIEKTPOHHBIN Ta3,
KBaHTOBBIH ekt XoIia, 31eKTpOHHAs JOKAIU3aLus.

Introduction. The prediction of the absence of the delocalized states for non-interacting electrons in a
disordered two-dimensional system in the limit of the vanishing magnetic field has been made in a seminal
paper of “gang of four” [1]. This has been a birth of the celebrating scaling theory in condensed matter
physics. Later on Klaus von Klitzing and coworkers have discovered a quantum Hall effect [2]. The key
point of this phenomenon is a quantization of the Hall resistance occurring at very low temperatures close
to the absolute zero and in an extremely high magnetic field. For this discovery von Klitzing has been
honored by the Nobel price for physics in 1984.

This latter event has been followed by the discovery of the fractional quantum Hall effect (FQHE),
observed experimentally by Tsui, Stormer and Gossard [3]. The FQHE has also won the Nobel Price in
1999 jointed by a theoretician Prof. Robert Laughlin who has elaborated an analytical explanation for the
fractional version of the effect. That is why the discovery made by K. von Klitzing is referred to as the
integer quantum Hall effect, i.e. IQHE (or ordinary QHE, respectively). IQHE was found in two-dimen-
sional (2D) electron or hole layers of the spatial charge in the metal-insulator-semiconductor structures
(MIS) and in the heterojunctions with modulated doping.

The quintessence of the effect is that in the low temperature Hall conductivity oy of the 2D degene-
rated electron gas in a strong magnetic field B, which is measured as a function of magnetic field intensity
B or of the concentration of the two-dimensional carriers Ny, one can observe a number of plateaus. This is
shown in Fig. 1 as an example of the dependence of the Hall resistance Ry on the concentration N;. The
relation Ry =1/0y is valid in the region of a plateau. Exactly on the plateau we have

op=ve’/h. (1)
Here e and / are fundamental constants, i.e. the elementary charge and Planck’s constant, respectively, v is
filling factor which is equal to v = N/ N;, with N, being the number of the electron states in the Landau
level measured per square unit.
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Figure 1 — The quantum Hall effect in the GaAs heterostructure. The dependence of the tensor of the Hall resistance:
the transversal pyy, (on the top) and the longitudinal py, (on the bottom) on the strength of the external magnetic field B.
The temperature is equal to 7=8 mK [5]
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N, =1/2m)* = eBlch = B/®,, )
where ¢ is the light speed and A=(ch/eB)” is the magnetic length and @, = ch/e is the magnetic flow
quantum. Fo the first time the observation of the quantum Hall plateaus have been observed and measured
in the Si-MOS right-angle structure at the temperature T=1.5 K [1] as a function of the gate voltage V.
The latter is proportional to the filling factor N;.The similar “jumping” picture has been obtained later on
the heterostuctures GaAs/Alj3Gay;As as a direct field dependence of the Hall resistance tensor py, at the
temperature 7=8 mK [4, 5].

Model of the numerical simulations. The study of electronic states in disordered systems is inevi-
table to understand electronic transport properties in conducting materials. Most directly the electronic
states are described by their wave functions. Since the wave functions and the energies are both obtained
by solving the eigenvalue problem for the disordered Hamiltonian, it is quite natural to expect that the
energy spectrum involves some information on the eigenfunctions. In disordered systems the spatial sym-
metries which exist in pure systems are completely lifted. The fundamental symmetries under the
operation of the time reversal can persist. The importance of them in the problem of the Anderson
localization were first pointed out by Wegner [6,7] in the treatment of weakly localized regime. The link
between the level statistics and the fundamental symmetry was originally proposed in nuclear physics in
order to explain complicated energy spectra in some heavy nuclei [8-11], and then it has been applied to
the problems of metallic fine particles [12, 13] and quantum chaos [14,15].

Although substantial progress in the understanding of critical behaviour at the disorder-induced IQHE-
to-insulator transition has been achieved, nevertheless several issues are still considered as being open and
unsolved. The first issue of them is knowledge of the density of states. The second one is the electron
localization in the centre of the Landau bands. We use the famous Ando model with the diagonal disorder
[16]

H:Zer |r >< r|+Zt”+A|r ><r+A 3)
r A

The onsite energies are measured in units of the hopping integral #.,.,, while the length scale is
measured in the units of the lattice constant, i.e. a=1. The electron states denoted by |r> correspond to the
lattice sites of the simple square lattice. The random energies €, are governed by the following distribution
law

4)

,1‘
Ple)= {W . Mwie,

0, v >w /2.

The hopping elements between neighboring states r and r+A are considered and have the following
form [17, 18]:

exp(F2roz), Aeyte |
r,r+A = { { y} (5)

1, Ae{ie +ez}

x>

. B .
where the magnetic field B enters the problem through the factor o = N, = Z—, for simplicity we choose
c

the standard gauge, namely A= (0,—BZ ,0).

The density of states. We study the single-electron density of states of two-dimensional disordered
systems in the presence of quantized magnetic field under various conditions. According to the definition
of the density of states

1
p(E)=E§,5(E—e,,), (6)

Here p(E) is a global quantity, which is averaged of the whole surface of the two-dimensional electron
gas. The discrete energies have been calculated by the straightforward diagonalisation of the Ando
Hamiltonian (3). Figures 1 and 2 demonstrate the spectral density of states p(E) at various disorder W of
the random potential for the 2D system of linear size L=50 with fixed magnetic filed 0=0.1 and 0=0.01,
respectively. The plots exhibit periodic behaviour, which is typical for the discrete lattice model. In both
figures one observes the oscillating behaviour of the density of states. Close to the band edge the Landau
bands are well separated by the energy gaps. With increasing the disorder W the Landau bands start to




Uszeecmus Hayuonanvuot akademuu nayx Pecnyonuxu Kaszaxcman

0.6
0.6 r r r v B —
05 F
0.5
0.4
0.4t =
- Z 03
203 A -
c / b)
A 0.2
0.2
0.1 / 0.1
"’
0 - 0
5 4 3 2 1 0 5
E E
Figure 2 — Density of states p(E) of two-dimensional Figure 3 — Density of states p(E) of two-dimensional electron gas
electron gas in a quantized magnetic field of the magnitude  in a quantized magnetic field of the magnitude 0=0.01 for various
0=0.1 for various disorder degree disorder degree W:1-0.7;2—-1.0;3-1.5;4-2.0; 5-5.0.
- 1-07;2-2.0;3-3.0;4-5.0. The size of the square sample is L x L = 50 x 50.
The size of the Square sample is L x L =50 X 50. The results are obtained after ensemble averaging over
The results are obtained after ensemble averaging over 200 realizations. The density of states of the tight-binding model
200 realizations. The density of states of the tight-binding (W=0) is also shown by a non-oscillating line. The inset shows
model (/#=0) is also shown by a non-oscillating line the enlarged area of the density of states marked by the red circle

overlap with each other, their heights diminish. Finally, for larger W the gaps disappear entirely. Although
the shapes of the density of states in Figure 1 and in the inset of Figure 2 are similar to each other,
nevertheless p(E) can not be mapped by a scaling transformation f{a, ).

The localization length. The proposed numerical technique for calculation of the localization of the
electronic states is based on the evaluating the Green's functions gg(L) within the single particle
approximation. Here the electron transport occurs with energy £ in a bar-shaped disordered system of a
length L and of a finite width M. Our system should be in a thermodynamic equilibrium. For that it is
connected to the two semi-infinite perfect leads (thermal baths).

The localization length A can be obtained in the quasi-1D limit of a long 2D stripe with the length
L>>1, using the Oseledec's theorem. Then one has the following definition:

LIl @) -
AW,E) 1= L

Thus, the inverse localization length is simply the exponential decay rate of the spatial extension of
gi(L). In practice, the study of the Green's functions is mapped into the equivalent transfer-matrix
calculations. The latter yields the smallest positive Lyapunov exponent identified as A4™. Due to the
convergence process of the underlying iteration procedure in the limit of large L, the statistical quantity A
becomes self-averaging [19]. We use the transfer-matrix method developed in the paper [18], which has
been successfully applied for three-dimensional disordered systems subject under high magnetic fields. In
contrast to the method of calculation of the density of states performed in the previous section, which is
based on the eigenvalue solvers, here we apply the scattering approach for computing the transport of the
electron waves through the disordered region. While the quest for the eigenvalues requires the square
geometry of the system (i.e. finite in both directions), the transfer matrix method operates on a single
spatial scale, namely on the width L of the quasi-one-dimensional stripe, whose length tends to infinity.
This approach provides more convenient conditions for the thermodynamic limit, rather than direct
diagonalisation technique.

All the data for the reduced localization length 4 obtained by the transfer-matrix-method have
accuracy between 0.1% and 0.3% for the size L ranging from 20 up to 200. Further increase of the system
size above L = 400 requires an improvement of the statistical accuracy of the raw data. In fact, the
computing time increases as L’/g?, where & = k 84/, is the relative statistical accuracy. The coefficient of
proportionality k depends on the type of the boundary conditions and on computing details (that are the
efficiency of the computer and the optimization of the algorithm).
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Figure 4 — Renormalized localization length A as a function of a magnetic field a at the disorder degree W =2 for various energy
E =0;-0.2; 2.0. Data correspond to the energy £ = 0 for size L x L = 8 x 8 of a two-dimensional disordered system
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Figure 5 — Renormalized localization length A as a function of the electron energy E in a fixed magnetic field 0=0.001

in the vicinity of the lowest Landau level at the disorder degree = 0.7 for various system size L :
1-10,2-20,3—50,4—100,5—200

In this paper we have proposed the numerical method for the calculation of the density of states and
the localization length. The first raw results have been obtained for different sizes and the magnetic field.
Although the preliminary data are given without detailed analysis and physical discussion, these will be
provided elsewhere. Concerning the level statistics we show that the compressability of the electron
spectrum is connected to the multifractal properties of the wave functions [20]. We shift these and other
relations to the problem of the quantum Hall effect for the nearest future.
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Pesrome
H. X Kopekeuwies
(On-dapabu arpiHgarsl Kazak ynTTeik yHuBepeuteti, Aiamatsl, Kazakcran Pecy0Osukacel. Email: isa2020@mail.ru)

KBAHTTUIETIH MATHUAT ©OPICTEPZIEI'T SJIEKTPOH/IBIK KYWJIEPIHIH, ThIFbI3/bIFbI
JKOHE EKIOJIIHEMI PETTEJIMETEH XXYUWEJIEPIHIH, JIOKAJIM3ALIUACHI

Bi3 OipTekti MarHUT epici Oap KoHEe Ke3[NeHCOK TYHIHAI MOTeHIHAaNbl Oap eKiemmeMIi Topaa KO3FalaTeH Oip-
OipiMeH ocep eTIEHTIH IMEKTPOHIAPIB 3epTTeiMi3. DIEKTPOHIBIK JTOKATU3AIMSCH J)KOHE KYHISPiHIH THIFBI3IBIFBI
Tpacdep-MaTpHlia JKOHE JAWaroHalu3auus oliciMeH 3epTreneii. KoMObIOTEpIiK MOJENbJEY YIIIH JAWArOHAIIBIK
perrenMereH AHIO MOZE MaiiganaHblIAbl. 3€PTTEIIIN OTBHIPFAH JKYHe MEH MarHUT ©pici IIaMachIHBIH OPTYPJIi
eJILeM/Iepl YIIIH aJFallIKpl ajlblH aa MaJiMeTTep aibiHbl. Jlokaou3sanust y3biHbFb! [1lyOHMKOB-1e-1"a3 ocmis-
nusiIapbIiH aﬁKbIH[laﬁTblHHbIFbI Ta6I>IJ'IZlI>I. aﬂeKTpOHIlbIK KYﬁﬂepﬂiH TBIFBI3ABIFBI SHEPIETHUKAJIBIK CaHbLIaYyJIapMCH
Oeninren JlanmayneiH OipHelle 30HalapbiH Kepceredi. Kocma MOTEHIMANABIH peTTeIMeyl ockeH caitbiH Jlanmay
30HAJIAPBIHBIH €Hi YJIKEHe TyCce/li jKoHe oJiap e3apa Kaira xalbuia 0acraiinel. Ko )KeTKi3UIreH KOPBITHIHIbLIAPIBIH
XOoJUIIBIH TOJBIKECENTI KBAHTTHIK dQEKTiciHe MaliaanyFa OONaThIH BBl TATKBUTAHFAH.

KinT ce3mep: 2/1eKTPOHIBIK OTKI3TIIITIK, KDUTHKAIBIK KYOBUIBIC, €Ki OJIIeMAEri 3JIEKTPOHIBIK a3, XOJUIIbIH
KBaHTTBIK 3Q(EKTICi, HIEKTPOH/IBIK JIOKATH3ALUSICHI.

Pe3rome
U. X. XKaperewes

(Kazaxckuii HAIMOHANBHBIN YHUBEPCUTET UM. ainb-Papabu, Anmatsl, Pecrybnuka Kazaxcras.
Email: isa2020@mail.ru)

[IJIOTHOCTb DJIEKTPOHHBIX COCTOSHUI 1 JIOKAJIN3ALIMA
JABYMEPHbBIX HEVIIOPANOUYEHHBIX CUCTEM B KBAHTVYIOIINX MATHUTHBIX ITOJIAX

Msl uccnenyeM HEB3aMMOJCHCTBYIOIINE 3JICKTPOHBI, IBIXKYIIMECS B JBYMEPHOH pEmIETKE C OXHOPOIHBIM
MarHUTHBIM TOJEM M CIyYailHBIM Y3€JbHBIM MOTEHIMATIOM. V3ydaroTcs 37€KTpOHHAs JOKaJIU3alus WU IJIOTHOCTh
COCTOSIHHH METOZOM Tpacep-MaTpHLl K METOJIOM MPSIMOH AWaroHaIn3anuuy. st KOMITBIOTEPHOTO MOAEIHPOBAHUS
UCTIONB30BaIach MOJIETh AHJO C IMAroHaIbHBIM OecriopsakoM. IlepBble IpeBapUTENbHBIC JAHHBIC MOTYYEHBI IS
Pa3HBIX Pa3MEpPOB HCCIIEAYEMON CUCTEMBI U BEIMYMH MAarHUTHOTO noiis. HaiineHo, 4To [uInHa JIOKannu3ayuy mposiB-
nser ocumnrinuu 1ly6rnkoBa-ne-I'a3a. [IIOTHOCTD AJIEKTPOHHBIX COCTOSIHUH MOKa3bIBaeT HECKONBKO 30H Jlanmay,
Ppa3aCJICHHBIX JSHCPIrCTUYCCKUMU 1ICIAMU. C YBEJIMYCHUEM 6ecnopam<a MPUMECHOTO MOTCHUHAaJIa IHWPUHA 30H
Jlangay craHOBUTCS OOJbIllE W OHM HA4YMHAIOT ITIEPEKPBIBATHCS MexAy cobol. OOcyxnmaercss MPUMEHUMOCTb
MOJTY4EHHBIX PE3YJIbTATOB K IEJI0UYMCICHHOMY KBaHTOBOMY 3 dexTy Xoiuia.

KiioueBble cjioBa: 31€KTPOHHAsI POBOJUMOCTb, KPUTUYECKUE SIBICHUS, IBYMEPHBIA 3JIEKTPOHHBIN a3, KBaH-
TOBBIH 3 dexT Xosia, NEeKTPOHHAS JIOKATIU3AIIHSL.

Hocmynuna 10.04.201 3.
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M. XK. JKYMABAEB, I'.C. THJIECOBA

(K. A. flcaym aTtbiHDarsl XanbIKapaliblK Ka3aK-TYPiK YHHBepcHTeTi, TypkicTaH, Ka3zakctan PecmyOmukacsr)

KACHUETTEPI TEMIIEPATYPAT A TOYEJLAI HUJINMHAPJIIK
JAEHEJIEPATH OCECUMMETPUSAJIBIK KEPHEYJIIK KYU ECEBI

Pe3rome

Temmeparypaiblk epicTe OpHAJAaCKaH O0CECMMMETPHSIIBIK KYPhUIFbUIApAAFbl Naiaa OoNMaThIH TeMIIepaTypajblK
KEepHEyJIep/li aHBIKTAy AJTOPUTMI KYPbUIFaH. AJITOPUTM KOMETIMEH KYPBUIFbI KACHETI (HM3MKAIBIK CBHI3BIKTHI €MEC
3aH/IBUIBIKIICH ©3repreHjie naiaa OojraH KepHeyIliK-IeopMalMsuIbIK Ky aHbIKTanaabl. JKeUDKy Momyii opTypai
TeMIepaTypa JACHICHiHAe aJlbIHFAH CO3y auarpamMMachiHad, an IlyaccoH ko3((HUIMEHTI KOHE TeMIIepaTypabIK
WIFalo KOdQQUIMEHT] IKCTIEPUMEHT HOTHKECIHJIE allbIHFaH rpaUKTepeH aHbIKTanaabl. Ecen jxa3blk nedopmarys
JKOHE JKa3blK KepPHEYJI KYH jKaFaainapbl YIIiH IIEeNIireH. AJNbIHFaH CaHABIK HATIKenep rpaduk Typinge Oepimim,
TaJAAy KYpri3ijirex.

Kiar ce3aep: epic, kepHey, TemnepaTypa, IuHAp, [lyaccor ko3¢ UIIEHT], BIFFICY MO, TEMIIEPaTyPAITBIK,
wiFaro K03 GUIHMEHTI, o3y Auarpammachl, tuddepeHnnanapK TeHaey, reopManus, alropuTM.

KnrodeBble cioBa: 1oisl, HampsDKeHUE, TeMueparypa, LiIHHAp, Koddduuuent Ilyaccona, Monyns ciBwra,
JHarpaMMBl pacTspkeHus, TuddepeHnanbHbe ypaBHeHUs, 1e(opMariys, aJIrOPUTM.

Keywords: fields, tension, temperature, cylinder, coefficient Puasson’s, shear modulus, stretching chart,
differential equations, deformation, algorithm.

TemmepaTypalibiK 6pic 9CepiHIC KYMBIC KACAUTHIH UIHHIAP (HOPMaIbl KYPhUIFbLIAP/IBIH KEPHEYITIK-
nedopMaIVsUTBIK KYHIH aHBIKTaFaHJa TEMIIepaTypaliblK KepPHEYIl €CKepy KaXKeTTiri TyblHmanmsl [1-9].
CoH/IBIKTaH TeMIIepaTypaliblK OpiCTe OpHAlAaCKaH KYPBUIFbLIapAa maiima OoNaThIH TEPMOCEPIIMILTIK
KEepHEYJIepAl ecenTeyre MyMKIHAIK OSpeTiH oficTep MEH aJFOPUTMIIEP KYPY KbI3BIFYIIBUIBIK TYFBI3aIbl.
KypbuiFbl KacHMETTEpiHIH TeMmrepaTypara TOYCNIUIriH SKCIEPUMEHT HOTHXKECIHJC alblHFaH KUCBIKTap
OoWBIHIIIA eCKepeTiH 0oJica, OH/Ia €CENTiH aHATUTHKANIBIK IIENIIMIH aTyJa MaTeMaTHKAIbIK KABIHBIKTAP
Ke3zgeceni. by skarmalina, KYpBUIFBI MaTepHaliap KaCHETTEPiHIH TeMIIepaTypara ToyeIUTIriH, YKCIIePH-
MEHTTIK CaHJIBIK CHITaTTaMaJIapbIH MailaaHa OTBIPBIN, €CENTi IICHIYiH CaHbIK aJTOPUTMICPIH XKacay
KaXXeTTiri maiima 6onmaapl. TepMocepmiMi KepHEeY TEH30pbIH aHBIKTAY IbIH TOMEHETIeH IKCIIEPUMEHTTIK
xonmapsl oenrimi. Omap: 1) Jlroramens sxoHe Heiiman ykcacTeIFbIHA HeTi3nenreH ofic; 2) B. M. Maiizens
ycbiaFaH afic; 3) H. M. MycxenumBmim yCcbIHFaH 9/ic; 4) OpTyplli MaTepraiiapian TaibIHIAIFaH, KbI3-
JIBIPBUIFAH JKOHE KBI3JBIPhUIMAFaH JICHENEP apachlHIAaFbl KEPHEYJIEP/l CalbICThIpy aici [4-9]. Kypbuirbl
nedopMaIvsiChl CBI3BIKTBI eMec 00Nybl MyMKiH. TemeHnme HMUIUHAP GopMallbl JeHeNep/IiH, (HU3NKAIBIK
CBI3BIKTHI €MEC KACHETI €CKEpUIe OTBIPBIN, KepHEYJIK-Ae(GOpMalUsIbIK KYHIH aHBIKTayIblH CaHIBIK
aITOPUTMI YCBIHBLIFaH.

UunuHapaiy imki pagnychl 7| JKOHE CBIPTKBI PAAMYCHI 7. LIMIMHOP OCECMMMETPHSIIBIK TeMmIepa-
TypanblK epicre opHanackad, sfrHu I = T(r). Ilyaccon ko3dduuuenTi Vv, TemnepaTypalblK YIIFaro
ko duimenTi & Temmepartypa JeHreline Toyeni

v=v(T), a=a(T). (D)

Oynxrusaap (1) skcmepuMeHT HoTHXKeciHae anpkTanansl (1-cyper). XKenkKy MOAYIIi 4, OPTYPITL TEM-
reparypa MoHiHe 0aiIaHBICTBI ABIHFAH CO3Y JUarpaMMaliapbliHad o = f (8) aHbIKTanaasl (2-cyper) [10].

Tene-TeHaikTiH qudhepeHranapK TeHaeyi [1]

d c. 0,-0,

+ =0 2
dr r @

MyHza O, — KepHEYy TCH30PBIHBIH pajHalbJblK KYPayLIbIChl, O, — KCPHEY TCH3OPBIHBIH JOHICICKTIK
KYpayIIbICHI.

Jledopmaiiusi TEH30PBIHBIH KypaylIbUIAphl JKOHE PalUalbIbIK OPBIH ayBICTBIPY KYPayIIBICHI U
TOMEH/IErime OalIaHbICKAH:
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T°C
0.602, 0.;)1 €
1-cyper 2-cyper
du u
E ="y E,=— 3)
dr r
Kepney nesuaTop Kypaymbuiapsl O, — 040, 0,,,0,—0,, nedopmarus JEeBUATOPHI KYPayIIbi-

napel €, —&,,,€,—&,,,E, —&,, ~TeMenjeriue Gaiinansickat [1]:
o,-0,, = 2,u(g, — 50,,) c,—0,, = Z,u(gq) — 50,,) c.-0,, = 2/1(52 — 50,,) @)
O-()p EC . .o . .
Mynna €,, = e +al, K= o E, — xuiowsl cepimMainik Moy, o,, = (Gr +o,+ GZ)/ 3.
—2v
Keneci enmemci3 napamerpiiep €Hri3ijrex:
__r u l-v _  1-v l-v
r=—, 4y=—, U=—-0,, 0,=——0,, O, =——0, ®)]
7, 7, 2u 2u 2u

Mynna xbeunKy Momymi 4, Tlyaccon koddduumenti V° MoHIEpi KaTbITh TEMIIEPATypaaa aHBIKTATFaH
M, V MoHIepiHe colikec kenmeni. XKa3yra bIHFaiIel 0Oy YIIiH eIIeMci3 iaManap YCTiHIETi CBhI3BIKIIA
AJIBII TaCTAJILIHAIBI.

Tenneynep (1)—(4)-tepai

Vz{ul,uz}:AV-i-ET (6)
g depeHIMANIBIK TSHACYIIEP XKYyHeci xoHe
u
g, = 71, o, =Cu, +Cyu, +C,T. (7

anreOpaiblK KaTblHacTapra Kentipyre Oomaapl. MyHJa A MaTpULACBIHBIH JKOHE b  BEKTOPBIHBIH
Kypayusuiapsl xone Cy (k= 1,2,3) koappuuneHTTepi TOMEHIETi TeHAIKTepMEH

v _ u(1-2v) o _ (1-2v)
METAS) T Lo (=v) T T T
_al+v) o pm(+v)a
N EY R
Ay __Vv __a(l‘H/)/ul
(- “Ta=y) ©7 7 (o) ®)

o, =v(u2 +G¢)—,ul(1+v)aT, e =0

¢ =

YKa3bIK AehopMaIius KarF albIHIa, ajl
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v l-v I+v l-v
an=-—- a12:_(—)’ a21:L2)’ azzz_lu( )a
r m r r
b =(1+v)a, l)2:M ()]
r
Lm0
r H
o, =0, 32:—‘/(uz—+6"’)+aT
(v )y
(1+v)u

’Ka3bIK KepHEY KyHiH/e aHbIKTananapl. MyHna 4, =

*

Conya, MOMSIPIBIK-0CECUMMETPHSUITBIK KYi/Ie OpHallaCKaH TePMOCEpITMII MUIUHAP (popmansl aeHe-
JIEPIiH KepHEYIiK-n1eGopMarsUTBIK Ky ece0iH menty yiIiH aifHpIMansl ko3 duruenTTi nuddepenimai-
JIBIK TEHACYJIEp xKyieci (6) albIHIbL.

R . . . .
umusapain imki #* = -1 sxoHe CBIpTKBI 7 = 1 GeTTepiHae opTYpHi MeKapalblK IapTTap Gepinei.

r
MyMKiH OoNaThIH OapIIBIK IIEKAPAITBIK MAPTTAP.IbI
yul(r)=p, pu(l)=¢q (10)
TypiHze ka3yra Gonafabl. MyHIa BEKTOpP U KypaylIbLIapbl-pagdaibIblK OPbIH aybICTHIPY JKOHE KEPHEY.
— . 7
Erep (10)-ma ¥ = {0,1}, f = {1,0}, p = ¢ = 0 Gouca, onna uuaneApin imki Geri »” = -1 kepueynen
r

00c, al CHIPTKBI 6€Ti KaTThl OEKIiTiNreH IIeKapaiblK mapTTapabl kepceTedi. Ecen mapTeiHa coiikec ¥, ﬁ
BEKTOPJAPHIHBIH KYPaYyIIbLIaphI XOHE p MEH ¢ TapaMeTpiepiHiH MOH/IEPi aHBIKTAJIBI Oepiiei.

CoHBIMEH, MTWIMHAPIIH TepMocepIiMIiIiKk ecebin menry, (10) mekapanblk MmapTTapabl KaHaFaTTaH-
IbIpaThiH, (6) aliHBIMaNbBl KO3QPUUUEHTTI AuddepeHInaNIbIK TeHACYIep KYHECiH, SFHU MIETTIK ecemnTi
IIETITyTe abIl KeJeni. EH/i OChl MIeTTIK ecenTi menry alrOpuTMiH KapacThIpaibIK,.

Aneraran mudepeHInanaplK TeHISyIep KYWECIHIH IIemIiMi, €Ki ChI3BIKTHIK-TOYeNICI3 MenTiMAepIiH
CYNEPHO3HUIHUACHl TYPIHIE aHbIKTadaabl. [[WIMHADP KalbIHIBIFBI €3apa TCH n KeciHaiaepre OeiHeml.
Conma < p, <P, <1, myana k = 0,1,2,...n—1. Opbip KeciHIl yIITapbIHAAFEl TEMIEPATypa MoHI
€CKepilie OTBIPHIN, TEeMIeparypa KeCiHAi[e CBI3BIKTHIK TYPAE OpHAJIACKaH JAeM ecenTeNiHeAl. OpTyp:ii
TeMIIepaTypa JeHreiiine colikec Oepinred o = f (8) CO3y AMarpamMMaiapblHaH, aHBIKTaJIFaH TeMIlepaTypa
JIeHreline colikec 0~ E KHUCBIFBI TYprbi3buIafel. OChl Mpolece TOMEHAErIIe xypriziteai. T Temmepa-
TYpachIHBIH ACHTEHIHE COWKeC, dKCIIepUMEHTANIbl 1| koHe 71, TeMIepaTypaiapblHa COWKEC CabIHFaH
co3y amarpammanapsl aHbIKTanelHamel. Mynma 7, <7 <7, mmaprtel opblHAamnybl THiC. CBI3BIKTBIK
anmnpoKcuManusiay

O':O'z"'[(o-l_O'z)(Tl_Tz)]/(Tl_Tz) (11)
apKBUIBI & TYpPaKThl MOHI ymiiH, T TemmeparypacblHa COWKeC KeJETIH ¢ KepHEyHiH MOHI TaOBUIaIbI.
OcpiHzail amangap >Kyprisy HoTmwxkecinae T TemmepaTypachHbIH [CHreiHe CoWKec KeseTiH O™~ &
auarpammacsl aibiHabel. OChl CO3y AMAarpaMMAachlHaH KbUDKY MOJYJNi f/, aHBIKTaNaibl, al V = V(T ),
a= a(T ) SKCIICPUMEHTANBABI ChI3BIKTapaaH, T TemMneparypa neHreiiine coiikec [lyaccon xoaddurmenti
MEH TeMIIepaTypalblK yiiFalo koddduuuenTrepi anbikTanaasl. TaObuFan L, V KoHE & KoddduimeHt-

TEpiHiH KOMeriMeH, A MaTpULACBHIHBIH, b BeKTOPBIHBIH Kypaymbuiapsl xone Ci (k = 1,2,3) koaddu-
oUeHTTepl aHbIKTanansl. Hotmxkecinae (6) muddepeHnuannslk TeHaeynep xyieciHiH, (7) aareOpaibik
KaThIHACTApJbIH KO3(GQUIIMEHTTEPI TYpPaKTHl MoHIep KaObuimaimel. uddepeHnuaniplk TeHAeyIep
xyieci Pyare-Kyrtra omicimen memrinieni [11]. Mysaa muauHAPAIH imKi OETiHAEC €Ki CHI3BIKTHIK TOYeCi3
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mapTTap yuriH auddepeHnuansiK TeHaeysep Kykeci eki peT caHIbIK dficieH memnriteni. Hotmxkecinae
eKi CBI3BIKTBIK-TAyenci3 memim V)V, anbmHagsl. CoHa TeHIEYNep SKYHECIHIH JKaiImbl MIemiMi
V= CJ71 + C2172 Typiaae ansiHanel. MyHmarel C; MeH C, TYpPaKThUIAphl IIeKapajblK ITapTTapaaH
aHBIKTaJaabl. AHBIKTAIFaH KepHEyNiK-aehopMauusiablK KYH, . = 4, (T ) KBUDKY MOJYJIiHE Ccolkec
ecenrenineni. An 4, (T ) mMomyii, T TeMmmepaTypachlHa COMKEC TYPFBI3BUIFAH O = f (8) KHCBHIFbIHAH

tabbutrad. Lnnuaap MaTepuansid cunattaiiTeia cei3bIKTap: Cyperte 1-chi3bIK — 20°C, 2-cb3bik — 2000°C,
3-ce3bik — 3000°C, 4-cbi3bik — 4000°C, 5-cbi3pik — 5000°C TemnepaTypajiapbl JCHreiiepiHe coikec
IKCIICPUMEHT HOTIDKECIHIE alblHFaH. EcenTey HOTIDKEeCIHIE albIHFaH KepHey MeH nedopmarnus
TEH30PJIAPBIHBIH KYPayIIbUIAPBIH €CKePe OTBHIPHII

o, =\/2[(0, —0'(/))2 +(0'¢ —02)2 +(o. —Jr)_zj/Z
& =\/2l(8r —%)Z +(€w —gz)z +(e. —gr)ZJ/2

ecenreninesi. MyHia O; — KepHey MHTEHCHUBTLIIT, & — JAeopMalus HHTEHCUBTLIIrN. MelHa O, = O

7o
g = 2(1 + V)/ 3 KaThIHACTApBIH MalIananein o = f (8) KUCHIFBIHAH O, COMKeC KEJEeTiH & TabbuIabl.

TabbulFan O, €cenTey HOTUKECIH/E ATBIHFAH O KEPHEY MHTEHCUBTLIINMEH CalbICThIpbUIabL. Erep on

MOHJIEp ©3apa Coiikec KeJeTiH 0ojica, OHIA CEepIIMIUTIKTIH afHBIMAIBl MapaMmeTpiep omici OOWBIHIIA,
mienriM anelHARl gen ecenrtemineni [12]. Erep omap e3apa coiikec keiMece, OHIA JKaHa IMapamerp

E =0 /& ecenteninin, xana xbunky moxyni p=E/ 2(1 + v) TayBIIl ecen KalTanaH meurineai. by
Ke3eHJle co3y auarpaMmachkl, IlyaccoH koa¢dduimeHTi V >KoHE CBI3BIKTHIK YiIFal KodhduiueHti o,

aFbIMIBIK TeMmIeparypa eHreifine coiikec Goiysl Tuic. Ecemnrtey HOTHXKeCiHIE alblHFaH O, IKOHE

DKCMIEPUMEHTTIK TypJle IbIHFAH O, MOHIEpPi COWKECTEHIEHIIE, €CENTey ANrOPUTMi IHUKIIBIK Type

OPBIH/IATAIBL.

Oy, MIIa G, MIla
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Ecen sa3bIk aehopManus xaHe jKa3blK KePHEYIK KYH jKarmainapsl yinid memiared. EcenTi menry e
TOMEHJIETiIeH JkaFraaiiap KapacTepbuiabl: 1) LlumrHIp MaTeprabiHBIH KacHeTi TeMIepaTrypa IeHTeHine
Toyenai emec. by skarnaiina aneiHFaH KUCBIKTap | apkputel Oenrinenai; 2) Tek kKaHa >KbUDKY MOy
TeMIepaTypara TOyesi el €CeNTereH e alblHFaH KUCHIKTap 2 apKbuibl Oenrinenmi; 3) Xeunky mMomysi
xoHe [lyaccoH koa(duIMeHTI Temmeparypa ACHreWiHe TOyelai JEH eCEeNTereHNe AalbIHFAH KHCHIKTAp
3 apkputsl OenrineHmi; 4) XXeUmKy MOyl dKoHE CHI3BIKTHIK YIFa0 KOAQGUIINEHTI TeMIlepaTypa AeHreHine
TOYEIl JIeN eCenTereHAe ajlblHFaH KUCHIKTap 4 apKbUibl Oenrinenai; 5) XKeunky monyni, [Tyaccon sxoHe

CBI3BIKTHIK YWIFal0 KOd()QUIMEHTTEP] TEMIIEpaTypa JAeHreliHe Toyeli JAecek, KbUDKY Moyl o = f (8)
C03y nuarpaMmachiHaH, an IlyaccoH koHE CHI3BIKTHIK YIFar0 KodhduIueHTTepi vV = V(T ), a= a(T ),

OKCTIIEPUMEHTAIIBI TYPFhI3bUIFAH KUCHIKTApJaH aHBIKTaNla bl. byJl jkaFjaija anblHFaH CBI3BIKTap 5 ap-
KBbUIBI O€JIT1JIEHIeH.

[umuHap KaTbIHABIFBIHIAFEl PAIHATIBIK KEPHEY KOMIIOHSHTTEPIHIH 03repyi )KoHe CAKMHAIBIK KEpHEY
KOMITOHEHTTEPiHIH ©3repyi 3, 4-cyperrepac KepceTulreH. AJBIHFaH CaHABIK HOTIDKEIICPAl Taimacak,
JKBUDKY MOJIYJiHIH AehopManHsuIbIK KYHTe acepi a3, al KepHEYJIiK KyHre ocepiHiH YJIKeH eKeH I KepiHin
Typ. Op THUITETI IIEKAPAIBIK MMAPTTAp XKOHE KACHETTEpl TeMIepaTypara TOyel[i apTypili MaTrepuaiiap
YIIiH e, KYPBUIFaH alrOpUTMI Naianana OThIPBIN TANAAy KYMBICTAPBIH JKYprizyre 6omansl. Kypeiiran
CaH/IBIK-aHATUTHKAIBIK o/iCc (PM3WKAIBIK CBI3BIKTHI €MEeC, 3aHABUIBIKKA OarblHATHIH TEPMOCEPITIMIL
MWIMHAPIIK JISHEeNeperi [UINHIP KaIBIHABIFE OOMBIHIIIA TEeMIepaTypa Ke3 KeJreH 3aHIbUIBIKICH
OpHalacKaH >KaFfaija, KepHeylik-gedopMalusiblk Kyiiai Oaranayra, Tajmayra >KOHE HOTHIKENIEp
OOMBIHIIIA YCHIHBICTAP JKacayFa MYMKIHIIIK Oepei.
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Pesrome
M. K. XKymabaes, I'.C. Tunecosa
(MexmyHapOoIHBII Ka3axCKO-Typenkuii yauepcuteT uM. X. A. Scasu, TypkecraH, Pecriy6nmka Kazaxcran)

3AJTIAHYA OCECMMMETPHQHOﬁ HAIIPSDKEHHOCTU TWJIMHAPUYECKOI'O TEJIA
CO CBOUCTBAMU 3ABUCAIIINMU OT TEMIIEPATYPHI

PazpaboTan ainroput™m omnpeneneHus] TEMIIEPaTyPHBIX HaNpsHKCHUH B OCECMMMETPHUYECKMX KOHCTPYKLHUSX,
YCTAQHOBJICHHBIX B TeMIlepaTypHOM Imoje. C IMOMOIIbI0 aJrOpUTMa OIPEAEssieTCs HanpsHKEHHO-Ie(opMUpOBaHHOE
COCTOSIHHE, BO3HHKAOLIee MPU M3MEHEHUSX (PH3NYECKUX CBOMCTB IO HENMHEHHOMY 3akoHy. [Ipu TOM MOmyib
CIBUra OmpeneisieTcs M3 AuWarpaMMbl PACTSHKCHHS INPU PAa3IMYHBIX YPOBHSX TEMIeEpaTypel, a Kod3((HIHEHT
ITyaccoHa M TeMIepaTypHOrO pacHIMpeHUs] U3 rpauKoB, MOCTPOCHHBIX IO PE3YJIBTATOM IKCIEPHMEHTA. 3agada
pelieHa Ui ciry4daeB IUIOCKOH nedopMaluy M IUIOCKOTO HAIPSHKEHHOTO cocTosHMA. [lomydeHHbBIe 4HCIeHHBIE
pe3yabTaThl IPeACTaBIeHb! B BUE ITpadMKOB U IPOAHATN3HPOBAHBL.

KiroueBble ciioBa: 1moJisi, HANpsHKCHUE, TEMIIEparypa, WHIHHADP, KoddduuueHT IlyaccoHna, MOIynb CIBUTa,
JMarpaMMBbl pacTshkeHust, AnddepeHnraibHble ypaBHeHus, ne(opManusi, alropuTM.

Summary
M. Zh. Zhumabayev, G. S. Tilessova
(International Kazakh-Turkish University named by Kh. A. Yassavi, Turkestan, Republic of Kazakhstan)

THE PROBLEM OF ASYMMETRIC INTENSITY OF A CYLINDRICAL BODY
WITH PROPERTIES DEPENDING ON TEMPERATURE

The algorithm of determination of axisymmetric thermal stresses in the strectures established in the temperature
field. Using the algorithm condition arising on changes of the physical properties of a nonlinear law. The shear
modulus is determined from the chart, stretching across different levels of temperature and thermal expansion
coefficient of Poisson and graphs based on the result of the experiment. The problem is solved for the case of flat
deformation and stress state of flat. Numerical results of tained are presented in the form of sharts and analysed.

Keywords: fields, tension, temperature, cylinder, coefficient Puasson’s, shear modulus, stretching chart,
differential equations, deformation, algorithm.
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V]IK 62-982:621.316.728

B. H. JIHCUL]BIH, IO. K. TVJIIEVIIIEB, A. b. ACAHOB

(UuctutyT sinepHoit ¢pusuku, Anmatsl, Peciyonuka Kazaxcran)

YJIBTPATOHKASA ®OJbI'A U3 BEPNJIVINA

AHHOTAINA

Onucansl ycioBust GOPMHUPOBAHUS YIIBTPATOHKOM OEPHILTHEBOH (HOJIBI'M MarHETPOHHBIM OCAXJICHUEM OCpHILTHS
Ha MOJUIOKKY M3 CTaji, KOTOPYIO 3aTeM DPacTBOPSIOT, OCTaBiisisi cBOOOMHYIO (onbry. [IpodHOCTh M Tra3onpoHH-
LIaeMOCTh Takoil (OJBI'M CHJIBHO 3aBHCAT OT CTAaOWJILHOCTH pa3psja B MarHeTpOHHOM pacnbuiutesne. [loatomy
pa3paboTaH MCTOYHUK INUTAHUS C BO3MOXKHOCTHIO HA/IEKHOTO OTpPaHMYCHHUS TOKAa MarHeTpoHa B Clydae, KOrja
HapymaeTcs CTabMIBHOCT paspsiza.

VICTOUHMK NUTaHWsT MarHeTpoHa H3TOTOBJIEH IO CXEME THUPUCTOPHOTO LIMPOTHO-UMITYJIBCHOTO PEryJsiTopa
MoIHOCTH. POpPMHPOBATENh HMITYJIHCOB YIIPABICHUS COAEPIKUT JIETEKTOP HYyJIS CETH C HAKONHMTEIBHBIM KOHJICH-
CaToOpOM M MOPOTOBBIM 3JIEMEHTOM. BBIIPSAMHUTENb IS MUTAaHUS HATPY3KH HETIOCPEACTBEHHO OT CETH BBIIIOJIHEH I10
cxeMe yABOeHHs HampspkeHus. K BempsMuTento nobapiieHa CEKUWS YTPOCHHUS HANpPSDKEHHs, KOTOpas NOIOJHHU-
TENBHO CTAOMIM3UPYET Pa3psa B MarHETPOHe.

PazpabotanHbIii GecTpaHCchHOPMATOPHBIM UCTOYHHUK MUTAHUS MOKa3all CBOIO 3¢ (EKTUBHOCTL MpHU (popMupoBa-
HHUU OJHOPOJHBIX TOHKOIUICHOYHBIX MATEPHaJIOB M MO3BOJMI M3TOTOBHUTH IIPOYHBIE W T'€PMETHYHbIE OCpHILIHEBBIE
OKHa TOJIIIMHOM OT 8 710 12 MKM M JMaMeTpoM OT 5 /10 7 MM ISl MATKOT'O PEHTI€HOBCKOT'O M3JTy4EHHS.

KaroueBble ci1oBa: GepriuineBoe OKHO, Ia30MPOHULIAEMOCTh, MPOYHOCTh, MATHETPOHHBIN PACIIBLIUTEINb, PETy-
JISITOP MOIITHOCTH, OTPaHHYHUTEIb TOKA.

KinT ce3nep: Oepmumiiiik Tepese, ra3eTKi3rMTiIIK, OEpiKTIK, MArHETPOHIBI TO3aHJIATKBII, KyaTThl PETTETIl,
TOK LIEKTETIII.

Keywords: beryllium window, gas permeability, strength, magnetron sputtering gun, power regulator, current
limiter.

bepummeByto $onpry TommuHON 10 50 MKM TOTy9ar0T METOJaMH IIACTHIECKOH 00paboTKH MeTall-
JIOB, KOTOPBIC NPU AAJbHEHIIEM YMEHBIICHUU TONIIUHBI (OJIBIM OKas3biBaloTCs Hed(hdekTuBHbIMU [1].
[pencraBnser uHTepec GOpMHUPOBAHUE YIBTPATOHKOW OCPUILTHEBON (DOJIBI'M MOHHO-TUIA3MEHHBIM METO-
JIOM TIOCPEJCTBOM YBEIMYEHUS TOJIIMHBI OCaXKIaeMOT0 TOHKOIUIEHOYHOTO MOKPHITHS W3 OepHILIHSL.
[IpenmoyTHTENHHBIM SIBIISIETCS WCMOIB30BAaHME METOJa MAarHeTPOHHOTO OCaXKIEHHs, KOTOPBIH obecrie-
YUBAET BHICOKYIO IPOW3BOIUTEIHHOCTD, MOJICPKUBACT B MOKPBHITUAX BHICOKYI0 XMMHUYECKYIO YHCTOTY
pacmpUIIEMOT0 MaTepHana, a TaKke yI00eH B YIIPaBICHUH IMapaMeTpaMH rpoiecca [2].

YMeHbIIIeHNe TOJNIMHBI OepriUTHeBO (HOIBIH TOBBIMIAET TPeOOBaHMS K yCTOMYMBOCTH M PaBHO-
MEPHOCTH TPOLIECCca PACHbIICHUS OSpUIUIUS B IJIa3Me HU3KOTO JaBJICHHS. Y CTAHOBJICHO, UTO CPBIB B IyTy
paspsia B MarHeTpoOHE MOBPEXKAAET HE TOJBKO MOBEPXHOCTh MUIIICHU, HO TaK)KE€ HApYyIIaeT OMHOPOTHOCTD
(hoNbrH, MPUBOANT K TOSBICHUIO Ha HEW JIOKATBHBIX MHKPOMOBPEXKICHUH CTPYKTYPHI, KOTOPBIE YMEHb-
IIAFOT MPOYHOCTh (POJBIY M YBEIMYUBAIOT €€ ra30MpPOHUIIaeMOCTh. OUYEBUIHO, YTO JJIS TOJIYUYCHHS YIlb-
TPATOHKOW (DOJIBIM M3 XPYNKOTO MeETala, KaKUM SBISETCS OepH/UIMN, HEOOXOIUMO MaKCUMAIbHO
OTPaHUYHUTH TOK pa3psla B MarHeTpoOHE B CIydae ero rmepexoja B IyroBoil paspsa. Takyro BO3MOXHOCTh
MIPEeIOCTaBIsAET OecTpaHcHopMaTOPHOE MMUTAHKE MArHETPOHHOTO PACIBUIATENS MOCTOSHHOTO Toka (MP)
OT CeTH MEPEeMEHHOTr0 TOKa [3], B KOTOPOM, OJHAKO, HEOOXOIMMO TOBBICUTh YCTOHYHBOCTH (POpMUpPOBa-
HUS UMITYJILCOB YIPABJICHUS, & TAKXKE YCHWIUTh (DYHKIIMIO OTPAaHUYCHHS TOKA B Harpyske. JlJis 3Toil menu
paspaboTaH creruanbHBI HCTOYHUK muTanuss MP.

Wcrounuk mnutanus MP usroroBineH mo OecTpaHchOpMATOPHOH CXEME THPHCTOPHOTO INHPOTHO-
HMITYJIbCHOT'O PEryJIsiTOpa MOIIHOCTH, BKJIIOUEHHOTO B CETh NMEPEMEHHOIr0 TOKa HampsbkeHuem 220 B.
®DopMHUpOBaTENh UMITYJIBCOB YIPABICHUS ONTOCHMHICTOPOM COJIEPKUT JETEKTOpP HYJS CETH C HaKOIIHU-
TETbHBIM KOHJIEHCATOPOM W TIOPOTOBBIM 3JIEMEHTOM, KOTODPBIM OTKPBIBAET KITIOY, MPOIYCKAIOIINI
HMITYJIbCHl YIIPaBJICHUS HAa ONTOCUMUCTOp. Brimpsamurens nns nutanus MP HemocpeICTBEHHO OT ceTu
BEITIOJTHEH TI0 CXEME€ YJIBOCHHS HANPSDKEHHs, K KOTOPOW J00aBIIEHBI AJIIEMEHTHI IO CXEME YTPOSHUS
HanpsoKeHusl. J[omonHnTeNbHAsS CeKIrs IMOANEePKHBAeT CIaOblii TOK IOBBIMIEHHOTO HATPSKEHHS IS
YCTOMYMBOCTH pa3psga B MP B MOMEHT ero BKJIIOUCHHS, a TaKXKe MPU MOHIKEHHOM JIaBJICHUHU ra3a B
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BaKyyMHOH kamepe. Mcrounnk nutanuss MP npu BO3MOKHOCTH pe3KOTO HapacTaHUs TOKA OTPaHMYUBAECT
€ro CpeIHIOI BENWYMHY M CO3[JaeT TOKOBYIO May3y, KOTopas 3amuiiaer ¢opMupyemyro (omery ot
MTOBPEXKICHUN.

Cxema ucrounuka nuranuss MP npuBenena Ha pucyHke 1. @opMupoBarenb UMITYJILCOB YIPABICHHS
ONTOCUMHCTOPOM BBITIONHEH Ha TpaH3ucropax 1, T, mMoporoBoM »ieMeHTe M; W THUTaeTcs OT MOHHU-
xarorero (mo 12 B x2) cereBoro tpanchopmatopa 7p. Hamuume cpemHeii TOYKA BO BTOPUIHOW 0OMOTKE
Tpancopmaropa 7p TO3BOISIECT BBIICIUTH HUMITYJIBCHI ceTH 4actoTod 100 [y s cuHXpOHM3auu
YaCTOTHl HAIpPSsDKEHUS, KOTOPOE T'eHEPUPYET JETEKTOp HYJS CETH, BBHIMOIHEHHBI Ha TpaH3ucTtope 7).
HaxonurensHpiit xkoHmeHcatop Cs NOeTEKTOpa HYINS CETH 3apsDKaeTcsl CTaOMIM3MPOBaHHBIM CTaOu-
JIMTPOHOM /[y HAIIPSKEHUEM U Pa3psKaeTCs 4epe3 TPaH3UCTop 7; B MOMEHTHI €r0 OTKPBIBAHHUS.

TCO
u@aaan C C 40 ﬂp
/F;I\ ! ||3 |—|K 7=
CT/ 124 II I A V\ﬂl
" 50 -+ 50
\\4 7~ Ny S 4
~220 Pt 47T Ca A, 8 4 _900
T || 50 T
HOH 100 L
T
Jii 600 100k -
) —
14 1.5¢ | | 3
I~ ’ K
N e TA
~220 I T Y
g 2200 p | [ 1.5¢ 1 Cs 1
L~ == —
N A, 160H
B [

Pucynox 1 — [IpunnunuansHas cxema UCTOYHHMKA UTaHus MP.
TCO - TCO142-40-12; [, + [, — KO20211; Js + [s — K1226; JJo — A8141"; T) — KT315b; T, — KT815;
M;—-K561JI12; C, + C;—K75-17 -1000 B; Tp — 12 B x2; [ip — 1YBH-40/220-B

OTtpunarenbHbIe UMITYJIBCHI ceTH gacToToi 100 ['11 yepe3 nenurtens MOCTymaroT Ha 6a3y TpaH3UCTOpa
T'; ¥ 3aKpbIBaIOT €T0, MpHU 3TOM KoHAeHcaTop Cs 3apsxkaercd. [Ipu nepexosie ceTeBoro HampspKEHUS depes
HYJIb TPAH3UCTOP 1; OTKPBIBAETCS Ha KOPOTKOe BpeMs. Uepe3 oTKpbIThIM Tpansuctop 1; konaeHcarop Cs
OnICTpO paspskaerca. Hapactanue BeMUYMHBI OTPUIIATETIHFHOTO UMITYJIbCA CETH 3aKPBIBAET TpaH3ucTop 77
1 KoHJieHcaTop Cs 3apspKaeTcs.

[Ipu yBenuuennn HampsKeHHs Ha KoHaeHcatope Cs 10 BeNWYHMHBI NepekimoueHus (= 6 B) cpabatsl-
BaeT MOPOTOBBIM 3MeMEHT M, B KaueCTBE KOTOPOTO HMCIIOJIb30BaH JIOTHYECKUM 3EMEHT «UCKII0YaIoIee
WNJINy». CurHan ¢ Beixoma M; moctymnaeTr Ha 0a3y Tpan3uctopa 75, KOTOPBIA OTKPHIBACTCS W MPOITyCKaeT
UMITYJIbC, oTnuparomuii ontocumuctop 7CO. B MOMEHT mepexoja CEeTeBOT0 HANPsKEHHUS 4depe3 HyJb
TCO 3axpeiBaercs. Bpems 3apspkanust konaeHcaropa Cs cTaOWIM3MPOBAaHHBIM HaNpsDKEHHEM 3ajaeT
JUTUTENIBHOCTh UMITYJIbCOB YIPABICHUS ONTOCMMUCTOPOM U CpelHEee 3HaueHHE Toka B Harpyske. Ilepe-
MEHHBIM PE3UCTOPOM PETYIHPYIOT BENIWYMHY BpeMeHH 3apspkaHusi Cs W MOMEHT OTIHPAaHHS OITOCH-
MHCTOpA.

Onrocumuctop 7CO BKIIOYEH HEMOCPEACTBEHHO B CETh NMEPEMEHHOro ToKa HampspkeHuem 220 B ¢
3a3eMJICHHOM HeiTpasibto. HanpskeHue ¢ Hero moJlaHo Ha BBHINPAMUTENb, BBIIIOJIHEHHBIN IO CXeMe yIBOe-
HUs HanpspkeHus Ha auonax /{; u /[,. Konnencatopsl C; u C, ABASIOTCS MPOMEXYTOUYHBIMH HAKOMHTE-
JIIMH HEPTUU COOTBETCTBEHHO B MOJOXHUTEIBHOM U OTPUIATEILHOM IOJyepHOJaX HANpPsKEHHs CeTH, a
TaKk)Ke OTPaHUYHUTEISIMH TOKa, morpebisiemoro u3 cetd. [lynbpcanmu Toka B Harpyske JOTOTHHTEIHHO
OTpaHMYMBAET Jpoccenb /[p, B KayecTBe KOTOPOTO HCHOJb30BaH JAPOCCETh ITyCKOPETYIHPYIONIEro
anmapaTa OT ceTeBOH rasopaspsnHoil nammbl. K cxeme ynBoeHus uepe3 pasieiauTendbHBbIA auon /[,
nmobaBieHa cekius Beipsimutens /[5—C;, KOTopas yTpauBaeT ceTeBoe HarpsbkeHue. [lobaBouHOe Hampsi-
KEHHE ITON CEeKINH ¢ OAJUTACTHBIM PE3UCTOPOM MOAIEPKUBAET CIa0bIil TOK OBHIIIEHHOTO HAMIPSDKEHUS B
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MP, xoTopblii obecrieunBaeT yYCTOWYMBOCTh pa3psAla, HO MPAKTUYECKH HE YBEIUYHBAET MOIIHOCTh
paspsiia B MP.

Hamnbonee Ba)KHBIM JOCTOMHCTBOM HMCTOYHHMKA NUTAHUS SIBISIETCS €ro CIOCOOHOCTh OrpaHUYHMBATH
CpedHee 3HAYCHHWE TOKAa B HArpy3ke M MOJaBISATh AYrOBOM pas3psl B MarHeTpoHe. TOK Ayru TpH
OTPaHHYEHHON MOIIHOCTH, MOTPEOIIeMON U3 CeTH, OBICTPO pa3psiKaeT HAKOIUTENbHbBIE KOHAeHCATOPHI C;
n C, M0 HampsDKEHHUS, KOTOpOoe HIDKEe HampspkeHHs paspsga B MP. 3apsnm kormencatopoB C; u C,
MPOMCXOANT B TEUCHHE CIEAYIOIIEro NeproAa MEPEMEHHOTO HANPSHKEHUS CETH, 00pa3yIouascsi Ipu 3TOM
TOKOBas Tlay3a JINTENIbHOCThI0 He MeHee 20 Mc HalexxHo racut Ayry. OrpaHu4eHne CpeHero 3HaueHUs
TOKa JyroBoro paspsana B MP coBMECTHO ¢ TOKOBOM may30# MpH 3apsie HAaKOMUTEIbHBIX KOHAEHCATOPOB
HE JIOMYCKaIOT CHIKECHHUS KadecTBa (hopMupyeMoil (oJIbI'u OrpaHnYeHHBIMHI IO MOITHOCTH M KPaTKOBpe-
MEHHBIMU JIyTOBBIMU pa3psigamu B MP.

PazpaboTannsii uctounuk nutanus MP mo GectpanchopMaTopHOl cXeMe SBISETCS CaMOCTOSITEITb-
HBIM YCTPOWCTBOM, HECIIO)KEH B HW3TOTOBJICHWH, ymoOeH B sKkcruryarand. OH TIO3BOJIMII HalEKHO
OTPaHUYUTh TOK, YCTaHOBJICHHBIH B MP, 1 3amuTuth opmMupyemyto (oJbry OT MOBPEXKICHUN TyTOBBIMH
paspsinaMu. JTO CYIIECTBEHHO MOBBICHIIO OJHOPOIHOCTh U MPOYHOCTh TOHKOIUIGHOYHBIX MAaTEpHAIIOB U
JAJI0  BO3MOXXHOCTh H3TOTOBUTH T'e€PMETHYHBIE YIBTPATOHKHE OepHIUTHEBBIE OKHA I JETEKTOPOB
MSITKOTO PEHTT€HOBCKOTO M3IyUYCHHSI.

bepunnuessle okna TommmHOM 8, 10 M 12 MKM AJii MSTKOTO PEHTT€HOBCKOTO H3ITyYeHUS OBLTH
W3TOTOBJIGHHI B JBa dTama. Ha mepBoMm sTame momydminn OepHIDIHEBBIE TOKPBHITHS COOTBETCTBYIOIIEH
TOJIIIMHBI, OCAXIEHHBIE MarHETPOHHBIM CITIOCOOOM Ha TOJIMPOBAHHbIE MOJUTOKKH U3 CTalU cT.3. Y 3TOTO
Martepuana u 'y Oepwuius Onu3kue KOo3()(UIMEHTH TEPMHUYECKOTO pacIIMpeHHs B WHTEpBajie TeMile-
patypsl ot 20 go 200°C. B 3ToM uHTEpBalle U3MEHSETCS TEMIIEPATypa MOAJI0KKN B IPOLECCE OCAXKICHUA
Ha Hee OepHIITHUS, TOITOMY TEPMUYECKUE HANIPSHKCHUST B OSpHILTUEBOH (oibre cBeJeHb K MUHUMYMY. Ha
BTOPOM 3Tafe MOJIOKKY IOJHOCTHIO PacTBOPSIOT B a30THOM KHCJIOTE, a CBOOOAHYIO OEpHIUIMEBYIO
(oNBTY IPOMBIBAIOT B AUCTUILTUPOBAHHON BOJIE M OOCYIINBAIOT.

Juis ucnpitanus Qonbru Ha TePMETHYHOCTh OBUTA MPHUTOTOB- Be Kneli
JneHbl 3 oOpasua GepuinreBoid Gonbru TommuHoM 8, 10 1 12 MkM [T N
JUTSE PEHTTEHOBCKHUX OKOH C JMaMeTpaMH COOTBETCTBEHHO 5, 6 |
7 mMm. Tommmua Qompru ompeneneHa TpemMs METOJUKAMH: U3 \ \
B3BEIIMBaHUSA 00paslia, ¢ MCIOJb30BAHUEM MUKPOMETPUYECKOTO
unaukaropa 2 MUI ¢ nieHoit neiaeHus 2 MKM, a Takxke Mo u3Mepe- N
HUIO TONEPEYHOTO CEYCHHs CIIOMAaHHOH (oIlbrm Ha ero m3obpa-
KEHHH, KOTOPOE€ TIIONy4eHO Ha JJIEKTPOHHOM MHKPOCKOTIIE. N
OO6pa3upl  (oybru  3aKpenuiv  KieeM B CIElHaIbHO H3rOo-

TOBJICHHBIX JIep)KaTelsiX, KaK IMOKa3aHO Ha pucyHke 2. B ocHo- l
BaHWU Jepkartesieil (oIbI MpenBapUTEIbHO OBUIM MPOTOYKH C
JUaMeTpaMH, COOTBETCTBYIOIIUMH JuUaMeTpaM OKoH. [lpu
OTKaYMBaHUM BO3/AyXa M3-NOA (OJBIM K HEel NPHUKIAIbIBAIACH PucyHok 2 — Cxema 3aKpervieHus
BHEIIHSS Harpy3Kka OT Tiepernaja JaBieHus Bo3Ayxa Ha (OJBIy C YIIbTPATOHKOM OePHILIIEBOI QONbIH
JIBYX CTOPOH. Ha JiepiKarese

Bruto ycraHOBJIEHO, YTO MPH OBICTPOM HapacTaHUH Iepenana aTMoc(hepHOro JaBiICHHS CO CKOPOCTBIO
0,3 Ila/c ymeTpaToHKas OepwiutueBas (oibra paspymaeTcsl IMOJA BO3ACWCTBHEM PE3KOT0 CMEIIEHUS
¢oybru 0T HadanbHOTO OpocKa JaBiieHHs. MeIeHHOe HapacTaHue aTMOC(hEpHOTO NaBlIeHUS Ha (HOIBTY
co ckopocteio 3 Mlla/c Bce oOpasusl (oneru BbiIepkamu 0e3 pa3pylIeHUs. 3akpbIThIA (DOIBIoi
BaKyyMHBIIl 00beM OBLT OTKa4aH 10 octaTouHoro nasienus 0,1 mlla u mpoBepeH Ha ra30MPOHUIIAEMOCTh
C HcroJib30BaHHeM renueBoro tedeuckarens TU1-14. [IpoBepka mokaszana OTCYTCTBHE HATEKaHHUS U
BBICOKYIO T€PMETHYHOCTh PEHTTCHOBCKHX OKOH U3 YJIBTPATOHKOM (POIIBIH.

PazpaOoTaHHbIif MCTOYHHK MUTAaHUS MO Oe3TpaHCHOPMATOPHOI cXeMe Ha NpUMepe H3TOTOBJICHUS
YIBTPATOHKOW OepriuTueBOoi (OJIBIH MOKa3all CBOK 3((HEeKTHBHOCTh NpHU (HOPMUPOBAHUH OJHOPOIHBIX
TOHKOIUICHOYHBIX MaTepraiioB. C ero MCHoib30BaHHEM IMPHUTOTOBICHBI 00pa3mbl OCpHIUINEBON (OIBIH
TONMIMHONH OT 8 MKM 10 12 MKkM. JlOCTUTHYTas MPOYHOCTh M T€PMETHYHOCTh OEpHIUIMEBOW (ONBIH
MO3BOJISIET MUCIONB30BaTh €€ B KAa4eCTBE OKOH JUaMETPOM OT 5 0 7 MM Il MATKOTO PEHTI€HOBCKOTO
n3nydeHus. Bce okHa M3 yIbTpaTOHKON OepriuineBOi (hOJBIH BBLAEP)KUBAIOT HATPYy3Ky aTMOoc(hepHBIM
JABJICHUEM TIPH MEIJICHHOM OTKaYMBaHUH BaKyyMHOTO 00beMa.
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Pesome
B. H. Jlucuywvin, IO. )K. Tyneywes, A. b. Acanos
(Anpoinsik ¢pusrka nHCTUTYTH, AnMaThl, Kazakcran Pecry0imkacsr)
BEPUJUTMIMJIEH )KACAJIFAH VJIBTPAXKYKA ®OJIBIA

bonarran xacairaH TeceHilTe OSPUIUIMIII MAarHETPOHIBIK TYHABIPYMEH YJIbTPaXKyKa OepHiUIHIIIK (GobraHbH
KaJIbIITacy LIapThl CHNATTANbI, OHBI €pKiH (oJIbraHbl KajIblpa OTBIPBIN, COHAaH COH epiteni. MyHal ¢oibranbsiy
OEpIKTIri >KoHE Ta3eTKI3TIIUTUIIIT MarHeTPOHIBIK TO3aHAATKBILTAFBl Pa3pSAThIH TYPaKThUIBIFBIHAH OTE TIYeJs i
Oonanpl. COHABIKTaH pa3pSATHIH TYPAaKTBUIBIFBI Oy3bUIFaH JKarjaia MarHeTpOHHBIH TOTBIH CEHIMJI HIEKTEey
MYMKIH/IT 6ap KOpPEeKTEeHAIpY Ke31 )Kacaibl.

MarHeTpoHHBIH KOpPEKTEHIpY KO3l KyaTTbl THPHUCTOPJIBIK CH/I-UMITYJILCTIK peTTerill cyj0acel OOMbIHIIA XKa-
canrad. backapy MMITyJIbcTepiH KYpacThIPFBILIBIH/A KHHAKTAFBII KOHAECHCATOPHI JKOHE TaOaIBIPBIKTHIK 3JIEMEHTI
Oap >KeliHiH HOJ IeTeKTOpHI Oomaabl. Tikemel kemieH KYKTeMeHi KOPEeKTeHyTe apHallFaH TY3€TKIll KepHEeyi eKi
eceney cyrbacel OOMBIHINIA OpBIHAANFAaH. Ty3eTKIOIKe KepHEYli YII ecelley CEKIHACH KOCBUIFaH, OJ MarHeTPOHIA
KOCBIMIIIA PA3psAATHI TYPAaKTaHIBIPAIBL.

TpancdopmaTopchl3 skacanFaH KOpeKTeHIIpY Ke3i OipTeKTi jKYKaIIeHKalbl MaTepHaliapAbl KalbIITacThIpyna
O3IHIH THIMIUTICIH KOPCETTI JKOHE KAJBIHIBIFBI 8-O¢H 12 MKM apajbifblHIAFbl JKOHE MM JHAMETPi S5-meH 7 MM
apabIFbIHIAFB OEpIK KOHE FepMETHKAJIBIK OSpUIUTHIIIIK PEHTIeH Tepe3eNepil naspiayra MYMKIHIIK Oepi.

KinT ce3nep: Gepriummiiiik Tepese, ra3eTKI3rilITiIiK, OEpPIKTIK, MArHETPOH/IbI TO3aHIATKBIII, KyaTThl PETTETILI,
TOK LIEKTETIII.

Summary
V. N. Lisitsyn, Yu. Zh. Tuleushev, A. B. Asanov
(Institute of Nuclear Physics, Almaty, Republic of Kazakhstan)
ULTRATHIN BERYLLIUM FOIL

The conditions are described for formation of ultra-thin beryllium foil by magnetron beryllium deposition on a
steel substrate, which is further dissolved, leaving a loose foil. Strength and gas permeability of this foil strongly
depend on stability of the discharge in the magnetron sputtering gun. Therefore, the power supply unit is designed to
provide reliable magnetron current limitation in case of disturbance of discharge stability.

The power unit of the magnetron is designed according to the scheme of thyristor PWM power regulator.
The control pulse shaper contains the network null detector with the reservoir capacity and the threshold element.
The rectifier of load power supply directly from the network is configured according to voltage doubling circuit.
The section of voltage tripling is added to the rectifier, which additionally stabilizes the discharge in the magnetron.

The designed no-transformer power supply unit has shown its effectiveness in formation of homogeneous thin
film material and allowed us to produce strong and hermetic beryllium X-ray windows 8-12 mkm thick and 5-7 mm
in diameter.

Keywords: beryllium window, gas permeability, strength, magnetron sputtering gun, power regulator, current
limiter.

Tlocmynuna 07.07.2013 e.
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VK 517.948.34
A. E. MUP3AKYJIOBA, M. K. JJAYBIJIFAEB

(onm-Dapabu aTeiHmars! Kazak YITTHIK yHUBepcuTeTi, Anmatsl, Kazakcran PecryOnnkacer)

CHUHTYJISIPJIBI AYBITKBIFAH UHTETPAJIBI-
JTU®OEPEHIUANIBIK TEHJIEYTE APHAJIFAH LIEKAPAJIBIK
ECEI INEIIIMIHIH ACUMIOTOTHUKAJIBIK )KUHAKTBLIBIFbI

AHHOTAIHNA

By sxyMBIcTa €Ki YIKEH TYBIHABICBIHBIH aJIIBIHAA Killli MapaMeTpi 0ap YIIiHII PETTi CHHTYISIPIBI ayBITKBIFaH
CBI3BIKTHI MHTETpAIAb-Iu(PepeHInaNIBIK TeHAeY YIIiH KOChIMINA CHITATTAYIIbl TeHACYAIH TYOipiepiHiH TaHOackl
opTyp:i OoFaH KaFgaiia eKiHyKTell MIeKapallblK ecen KapacThpbuiFaH. OCBI CHHTYISPIBI AYBITKBIFAH MIEKAPAIBIK,
€CeTIKe COIKeC ©3TrepTUIreH ayBITKhIMaraH ecell KypbUInbl. OChl aybITKBIMaraH €CeNTiH IemriMi anbiHAasl. CHHTY-
JISIPIIBI AYBITKBIFAH IIEKapaJIbIK €Cell MIeMIiMi MEH ©3TepTUINeH aybITKBIMaFaH €Cell MIeHTIMiHIH apachIHIaFbl albIPBIM
Garamanapl. MHTErpanaslk MYIISHIH 0acTamnKpl CEKipiCiHIH IIaMachl TaOBUIIBL. bepiareH CHHTYISpIibl ayBITKbIFAH
HIEKapaJIbIK €Cel MICIIIMIHIH 63repTIITeH aybITKbIMAaFaH MICKaPANIbIK €Cell MESIIIMiHE YMTBUIATHIHBI JOJCIIACH]I.

KinT ce3nep: cuHIyIsipiibl aybITKY, Killll TapameTp, OacTarnkpl CeKipic, aCHMTOTHKA.

Ki1roueBble ¢j10Ba: CHHTYJISIPHOE BO3MYILIEHHE, MAJIBII ITapaMeTp, Ha4aJIbHBIH CKaY0K, aCHMITOTHKA.

Keywords: singular indignation, small parameter, initial jump, asimptotica.

CUHTYISPIIBI AYBITKBIFAH CBHI3BIKTHI HHTETPaNIbl-Iu( dhepeHINAIIbIK

11 :
2 " " !
Loy =e®y"+ ey + 40y + 4Oy =FO) + ] LH 6.0y e (1)
0i=0
TEHJICYIH Kelleci IeKapaliblK [apTTapMEH KapacThIpailbIK:
hly(t’g) = y(O,S) =a, h2y(tag) = y!(o’g) = ﬂi h3y(t,€) = y(l,g) =7 (2)
MYHJIaFBI £ > 0 — Kimni mapamerp, an @, f, y— oenrini Typaktsl mamanap. Juddepenuuanapik renaeynep
VIIIiH MYHJAH TMIeKapaliblK €Cen™ )KYMBICHIHIA KapacThIPBUTFaH €.
Kerneci maprrap opbIHIAICHIH:
L A4,(¢),i=0,2, F(t) dyuxumsinaper 0 < ¢ < 1 apansirbinga, an H (¢,x), H,(¢,x) dysxumsnapst

D= {0 <t<L10<x< l} 00IBICHIHA Y3imicei3 auddepeHuananaisl.
I. 4,(t)#0, 0<t<1.

1. yz + Ay ()i + Ay (1) = 0 tenueyinin Ty6ipiepi w(¢) <—y1 <O0,uy(¢) > 7o >0 TeHciznikTepin

KaHaFaTTaHZ[BIpCLIH.
IV. 1 caunl
_ 4, (x) 2(p) H,(t,s)
HO”IA({%“” m“”muJ (Imw)J“+Aw>

©3€riHiH MEHIIIKTI MoHI 6OJ1MaCLIH
_ J‘ AZ (x)
H 1 oA
0 A(s) (S)

ds;tO,

I 1
mynnarsl Hy(s,1) = H{(s,1)+ [ R(s, p)H{(p,1)dp, an R(t,s)— H(t,s) e3eriHiH pe30IbBEHTACHI.
0

* KaceimoB K.A., XKakun6ekosa J[.A., Hypra6eun JI.H. IIpencraBnenue pemieHust KpacBoil 3amadu Ajis JIHHEHHOTO Iub-
(hepeHIMANBEHOTO ypaBHEHHUS C MaJbIM ITapaMeTPOM MpH cTapmmx npou3BoaHbIX // Bectauk KasHY um. anp-®apadu. Cep. mar.,
MeX., uH}. —2001. — Ne 3. — C. 73-78.
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(1), (2) mekapaibIK ecer MmIemIiMi YIIiH KelieCi aCHMITOTHKAJBIK Oarallay/IbIH OpPBIHAaTaThIHIBIFbI
Oenrimi:

0] C o
‘ y (z,g)‘ < C(la] + || + |7 max |Hy ()| + max|F()+——Ce ¢ (a]+|4]+ 3)
0<t<1 0<t<1 &
1-¢
+|}/| max |H1 @D+ max|F(t)|)+£.e 72 (|a|+8|ﬂ|+|;/| max|H1(t,1) + max|F(t) ), i=0,1,2,
0<t<l1 0<t<l1 &l 0<t<l1 0<t<l1

myHnarel C > 0 — g-HaH TOyesci3 TYpaKTHI.
bepinren cunTymspibl ayeITKeIFaH (1), (2) mekapaiblK ecenke Kejleci aybITKhIMaraH €CeNTi COMKec
KOSIABIK:

- = - e —()
Lyy=A(0)y +4,(0)y =F(O)+ [ 2 H,(t,x)y (x)dx+A(0), (4)
0 i=0
yO)=a, yl)=y+A,, Q)
MyHAarbel A(f), A; — a3ipre Oenrici3 MHTErpasAblK MYIICHIH XOHE IIEIIiMHIH OacTamlkbl CeKipicTepi.

Benriciz A(f) pyHKUMsICHIH Taly yiriH CHHTYISpIbl aybiTkbiran (1), (2) ecentin  y(¢,&) mwemimi mMeH (4),

(5)aybiTKpIMaFaH ecentiy y(f) mienMiHiH albIpbIMbl (7, £) YIIIH KeJeci TYpIeri ecenTi anambI3:

Lu=&u"+eA,Ou"+ A + A, (tH)u = J.i H,(t,x)u"” (x,&)dx—A(t) -’ Y" —£4,(t)y",  (6)

0 i=0

u(0,6)=0, u'(0,&)= ,B—;(O) =0, u(l,e)=-A,. (7)

(6) Tennmeyneri }H (&, x)u'(x,€)dx wunTerpanapik Mymecin Genikren wunrerpanpan, (7) wapThiH
eCKepceK, HQTI/I)KeCiH(;[e KeJieci TeHIEY ajlaMbl3:

Lyu= i (Ho(t.x) = Hi (1) dx = (A0 + H (DA ) = &7 y" = ey (1) ®)

(8), (7) ecentiy Typi (1), (2) ecentiH TypiHaeH OONFaHIBIKTAH OFaH (3) aCUMITOTHKAIBIK OaranayblH
KOJIIAHBIII,

ju(t, &)| < Cél |+ CIAG) + H (1) A | + Ce + Ce exp(— a ij(j B+ & +|A@) + Hy (6,)A )+
&

¥ Cexp(— 72 1%}(4 B+ |AG@) + H (6)A | + &)

GaranaybiH amambi3. Exi Genricis A(7) dyakuusicein & — 0 6onrannaa (8), (7) ecebinin u(t, &) memrimi
HOJIre YMTBUIATBIHIAM eTil TaHIaiMBbI3,FHH

A@t) =—H, (t.DA, ©)
Texairi opeiHganranga (1), (2) ecenrtin menriminig (4), (5) aybITKbIMaraH €CENTIH MICHIIMIHE YMTbhLIA-
ThIHBIH ajambl3. COHBIMEH, HHTETPAJIBIK MYIICHIH A(f) OacTankel cexipici (9) TeHIIKIIEH aHbIKTaJIFaH I
(1), (2) ecen mwemiMiHiH KeJeci aybITKbIMAaFaH €CENTIiH MIeNTiMiHEe YMTBUIATHIHBI IIBIFaIbL:

_ _, _ 11 —(i)
Loyy= 4Oy + AA0)y=F@O)+ ] XH;(t,x)y " (x)dx - H{(t,)A], (10)
0i=0
yO) =a, y1)=y+A, (1)
Enni menrimuig A, 0actanks! cekipicid tadaibik. O yirid (10) TeHaeyin anasiMeH
Y0)=«a (12)

mapTeIMeH KapacTeipambi3. (10), (12) ecebiHiH memiMia Keneci Type i3menmis:
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}(r):aexp(—jﬂd] O p(—jAz(x)dxjds, (13)

0 4, (%) 0 4,(s) ¢ A (x)
MYHJaFbl Oenrici3 z(f) ¢yHKuuschl ymriH keneci @penronbMAiK eKiHIII THITI WHTETPANIBIK TEHIEYTe
KeJleMi3:

z(t) = o(t) + .I[H(t, s)z(s)ds, (14)
MYHJarbl
! Az(X)J ( AP) , J
= F(t)— Hy(t,DA Ho(t,x)— H,(t, d 15
p(t) = F(t) - H(1.]) 1+a(f)[ 0(t,x)—H,(t x)Al(x) (I)Al(p) X (15)

Onpa IV maptTeig kymiMeH (14) WHTErpanasiK TeHALYIIH MIeniMi 0ap, )KaaFbI3 0oJaIbl )KoHe KeJeci
TYpZie OpHEKTEIe i

z(t) = p(1) + [ R(t,5)p(s)ds , (16)

myHaarel R(t,s)— H(t,s) eseriniH pe3onBenTachl, an ¢(t) ¢ynkmmsce (15) GopMyaaceiMeH aHbIKTa-
nanel.(16) dopmynamen epuekrenreH z(f) dyHkuusaceiH (13) dopmynara koiwm, (15) Oenrinmeynepmi
eckepcek, (10), (12) eceOinin menrimi yuid keueci q)opMynaHLI aJambl3:
Az(x) n Az(x)
() = ae Tao + j I i [F(s)—f_ll(s,l)Al +

0

(17

4,(p)

+a_[ H,(s,x)— H,(s, )A () IA'(p) pdx ds
(X)

MYHJIarbl

_ 1 _ 1
F(s)=F(s)+[R(s, p)F(p)dp, H;(s,x)=H;(s,x)+ [R(s, p)H;(p,x)dpi = 0,l.
0 0
Memimuin A; 6actankel cekipicin aHblKTay yuriH(17) ¢opmynaMeH aHBIKTalIFaH ;(t) (YHKUUSCHIH
(11) mwexapanbIK mWapTTapIbIH eKiHLuiciHe 6aFI>IH,E[LIpaMI>I3
[A® Az(x) "
y+A =ae 4w +j i [ F(s)=H,(s,DA, +x

0

A(s

L),

+a_[ H,(s,x)—H,(s, x)A () |, IA'(”) "dx | ds
4,(x)

Bynan V mapTThiH KeMeTiMeH IIeIiMHIH A; 0acTanKbl CEKIpiCiH aHBIKTalMbI3:

4 (X)

I F(S) J.A](x)
4 (s)

ds—y+

| (18)
—jmtﬁr 1

+ale o —I ! e
oA1(S)

jAz(;‘)d B B _:fAz(P)dp
4 .[ Ho(s,x)—Hl(s,x)Az—(x) e " dxds
4,(x)

0

CoHbIMEH, KeJIeCl IEKTIK KOy TypaJibl TeopemMa IYPhIC 001abl.
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Teopema. Erep I-V maprrap opsiranca, ouna (1), (2) mekapanbik eceOiHid memimMi )(f,€) yuriH
KeJieCl MEKTIK TeHIKTEeP OPbIHAaJIa bl

lim y(t,&) = y(¢), 0<t <L lim y'(¢,&) = y'(t), 0 <t <1, 1im y"(¢,&) = y"(¢), 0 <t <1,

>0 -0 >0

myHaarel () ¢yskmusicer (10), (11) ecebinin menrimi xoHe on (17) dopmynamen, an A, GacTamkbi
cekipici (18) popmynamen epHekTeneni.

REFERENCES

Kasymov K.A., Zhakipbekova D.A., Nurgabyl D.N. Predstavlenie reshenija kraevoj zadachi dlja linejnogo differencial'nogo
uravnenija s malym parametrom pri starshih proizvodnyh // Vestnik KazNU im. al'-Farabi. Ser. mat., meh., inf. — 2001. — Ne 3. —
S. 73-78.

Pesiome
A. E. Mup3zaxynosa, M. K. /laysinibaes
(Kazaxckuii HAIMOHAIBHEIN YHUBEPCHTET UM. aib-DPapadbu, Anmmatsl, Pecryonuka Kazaxcran)

ACHUMIITOTUYECKA I CXOJIMMOCTbD PELIEHUSA KPAEBO! 3AJIAUM
JJI CUHT'YJIIPHO BOSMYIIEHHOI'O UHTEI'PO-JJUODEPEHIIMAJIBHOI'O YPABHEHU A

B nanHoit paGore paccMOTpeHa ABYXTOYEYHAs KpaeBas 3ajada Uil CHHTYJSIPHO BO3MYILIEHHOTO JIMHEHHOTO
uHTErpo-1uddepeHnanbHOro ypaBHEHHs TPETHEro MOpsiIKa ¢ MalbIM TapaMeTPOM IPU JIBYX CTAapLIMX ITPOM3BO-
HBIX, UMEIOIIUE KOPHH PAa3HOr0 3HAaKa XapaKTepPHCTUYECKOro ypaBHEHHA. IlocTpoeHa H3MeHEHHAs HEBO3MYILEHHAas
KpaeBas 3afaua. HalineHo pelieHre HeBO3MYILIEHHOM 3aaaun. [lonydeHa oLieHKa pa3HOCTH PELIEHUH BO3MYIECHHOMN
U U3MEHEHHOI HEBO3MYILEHHOM KpaeBbIX 3aaad. OnpejeneHa BeINYMHA HA4aabHOIO CKauKa MHTErPAJIbHOTO UJIEHA.
JloxazaHa CXOAMMOCTbH PELICHHS CHUHTYJSPHO BO3MYLIEHHONW KpaeBOM 3aJauM K PELIEHUI0 U3MEHEHHOW HEBO3MY-
LIEHHOW KpaeBoil 3a1auu.

KaroueBble c10Ba: CHHTYIIPHOE BO3MYILCHUE, MaJIbIil TapaMeTp, HAa4aJIbHbII CKa4OK, ACHMITOTHKA.

Summary
A. E. Myrzakulova, M. K. Dauylbaev
(Al-Farabi Kazakh national university, Almaty, Republic of Kazakhstan)

ASYMPTOTIC CONVERGENCE OF SOLUTIONS OF BOUNDARY VALUE PROBLEM
FOR SINGULARLY PERTURBED INTEGRO-DIFFERENTIAL EQUATIONS

The work deals withthe singularlyperturbed boundary value problemfor third order linearintegro-differential
equationwith a smallparameter in the highestderivatives, provided that the rootsof additional distinctive equationhave
opposite signs. It was built a unperturbed boundary value problem. We find the solution of the unperturbed problem.
An estimate difference of the solutions of the perturbed and unperturbed modified boundary value problems.
Determined by the value of the initial jump of the integral term.The convergence of solutions of singularly perturbed
boundary value problem to the solution of the modified perturbed boundary value problem.

Keywords: singular indignation, small parameter, initial jump, asimptotica.

Tlocmynuna 15.05.2013 e.
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VK 517.948

H. VIECKEHKBI3bBI, b. E. KAHT'Y)KUH

(on-Dapabu aterHIarsl Kazak yITTHIK yHEBEpcHTeTi, AnMarsl, Kasakcran PecyOnukacer)

JIOKAJIBJBI EMEC IIEKAPAJIBIK INAPTTHI EKI ECEJI
TN ®DPEPEHIUATIIBIK ONEPATOPIBLIH T'PUH ®YHKIIASICHI

AHHOTANNA

Kymeicra L,[0,7] kenicriringe exi eceni auddepeHunanabl TEHAEY MEH JIOKAIbAbl €EMEC LIEKAPAJBIK IIapT-
o T T .
TapJaH TYBIHAAWTBIH [ ONEpaTopbl KapacThIPbLIAMBL. (0°E]U(5’”j OWBUIFaH apajbIFbIHAA [ ONEPATOPBIHBIH
I'puH QYHKUMSACHIHBIH aiiKbIH (hOPMYJIACHI Ka3bUIIbI.
KinT ce3nep: ['puH QyHKIMACHI, JOKAIBABI EMEC IIEKapaIbIK IapT.

KaroueBsble ciioBa: GyHKuus ['pruHa, HeJIOKaIbHbIC KPAeBbIe YCIOBHSL.
Keywords: Green's function, not local regional conditions.

L,[0,7] xeHicTirinae eKiHII PeTTi ONepaTOpIbIH JIOKAIbIbl eMec IeKapanblK eceOiniH I'pun
¢dbysKuuaceH [ 1] KapacTeIpambI3.
L & OTEPATOPBIH KEJECi eCENKe COUKECTEHIIPII alaMbl3:

~ "0 = () + f(x), 0<x<§,%<x<ﬂ'. (1)
»(0)=0, y(g_ 0) = y(§+ 0] - £ (=" () (x)dx,

y’[l - OJ = y'(ﬁ + OJ + ay(z - Oj, y(ﬂ) =0 )

2 2 2
wysnarst o(x)e L, [0,7[], f(x)e L,[0,7] , a@— Ke3 kenren can.
Jlemma. (1)-TeHneynin aepOec ImIentiMi KeJieci Typ/ie aHbIKTaIa Ibl;

X . \/I(t %)
()= [T Var, 3)
—1

Jonenney. (3)-hopMynaHbl HaiinanaHelm, y'(x) JKOHE y"(x) TabalbIK.
X
y'(x)= —J-cosﬁ(t —x)f(t)dt, 4)

()= VEsin 2 x)e)- () ®

(5)-hbopMynanblH OH KarbiHa v/ A KeOeHTin 6oy apKbUIbI KEIECi OPHEKTI alaMbl3:

() = [NZsinVT (1-x) £(0)+ /)= i{f%ﬂtw} () = Ap(0)+ £ ().

Jlemma nonengesmi.
Teopema. Ke3 kenren f (x)e L,[0,7] ymin (1),(2)-ecentiy memimi 6ap (;Kalfbl3) 5KOHE Kejeci
Typae Oonaabr:
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VA
JGI (x,t,A)f(¢)dt, ecep 0<x< %,
y(x,2)=10 6)
'[GZ (x,t,A)f(t)dt, ecep % <x<m,

0

MYH/IaFbl HHTErpaIblK oneparopasiH e3ektepi G (x,t,ﬂ), G, (x,t,/l) colikeciHIe xe[O,—j,

T .
X € [5, ﬂj apaNbIFBIHAAFEl L onepaTopbIHBIH ['puH (yHKIMSCHIH aHBIKTalIbI KOHE

s1n\/\77(x t) 5/13\/(7)6)(E (t,A)+E,(t, /1)) ezep te(O,x),
G, (x,t,ﬂ.)z \S/IEZ{)C)(E (t,AD)+E,(t, i)) ezcep te(x,;fj, 7
sm\/7x T
\ T (/1)(E (LA ES (1,2)), ezcep te(z,ﬂ),
Smf}” )(F (t,A)+F,(1,1)), ezep 16(0,72[),
_ sinv/A(7—x) r
Gz(x,t,/l)— \/M(Fl(t,ﬂhﬂ(t,/i)), ecep te %) (8)
_sin */jz(t ), Sinjg(& _)")(E (tLA)+F,(LA)), ecep  te(x,m),

TYpiHIIe OpHEKTENe i, MYH/IAFbI

E, (t,/1)= M—aﬂcos \/zﬂ —ﬁcosﬂ[i—%)?sinﬁ(ﬁ—f)@f,

2 ;
2
sin Ax g
Ez(t,/l):asin\/z(t—;[) [sinyA(7—&)o(EME+ —\/Zcos\/gﬁ [ sinv/A(t—&)o(EME,
z t
2

E3(t,/l)=\/zcos\/; ?mx/_( )7_}1
2

T

Fi(t,2)= ﬂcosﬁ(f—%ﬁ.sinﬁg.@f+(cos \/zﬂ _ j%sin \/z”}a;)vt

+ smﬁt —gsin—ﬁ” -sin\/z(t _f}
N 2 2

— 112 ——



Cepus gusuxo-wamemamuueckas. Ne 4. 2013

ﬁﬂ
sin

+4/A cos

A (ENz + YA i o -

S o |y

Fy(t,4)= asin\/z(t—%]

T

Jix fsm Va(t-&)o(Epe,
ax Ism\/_(t— T}lcf \/Zcos\/_ jsinﬁ(f—f)-@f. )

z z
2 2

—asin

F,(t,1)=asin

v

. 2 7
Sm\/\/zzﬂ ++/ 2 cos \/zﬁ ‘([sin\/zx-m)dx— J-sinﬁ(ﬁ—x)-%dx +

A(L) =

2

\/_72'

+ asin

7z_ﬂ'
J.sm 7 —x)o(x x—zsm

2
HManenney. Kes kenren f ( )e L,[0,7] dynxumscer yumin (1),(2)-ecentid memiMid Keieci Typie
KapacThIPaMbI3:

Xsin/A(t-x) sinv/Ax  cos+/Ax
j 7 f(e)dt+c N

y(x,2)= (10)

_”M 4 Sin\/z(ﬂ—XL cos\/z(yr—x)
)-[C \/E f(t)dt Dy \/Z D, \/Z ,

(10)-popmynanst y(0) = 0 xone y(7) = 0 meKapalblK MAapTTapblHa amapbll KoHcak, oHaa ¢; = 0 koHe
D, =0 6omnaner na, (10)-hopmyna keneci Typae 6onambr:
sin/Ax

xsin\/z(t—x) N
= fle)dt+e, 7

NEVIES I | (an
Ism\/;é )f(t)dt+D1%, ezep %<x<7z,

V2
ezcep 0<x<3,

T
ezep E<x<7r,

T
ezcep 0<x<5,

Keneci eprekri (11)-popmynachkin naiigaaaHbI eCeNTeHiK:
v

[y eo)o(x = ﬂjy a;)mjf Yolx

0
oy 5
=2 ! { %%f@)ﬁdx+ﬂcl [ *fx ok -

J”Sin*/— RE)f( dtdx + wljsm*/;_” X)WHT f(x)o(x ). (12)

0

2 2
Enni (11), (12)-popmynanapasl KadFaH €Ki MeKapaiblK MapTKa KoHcak:
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Ny i . Nar

sin o) T sin
a1 \/Zz +\/z(j) sinﬁx-aixkix +D1 ﬁf sinﬁ(ﬂ—x)aixbx— —A(/l)’ (13)
V4
2
< (cos Az ~ % §in ﬂﬂj + Dy cos oz = B(1), (14)
2 A 2 2

MYHJarbl

2)= zﬁ% f(tmtdx—ii‘j%%f(t)dtd -

_% 2JI 2J 1) _j 1o, (15)

S ) £(¢)dr . (16)

(13), (14)-epuekTeri ¢, D TypakThl IaManapsiH Ta0y yiriH Kpamep omiciH maigaaHbIN, KeJleci OpHEKTI
anambI3:

A(/l)cos\/_ﬂ \/_JSIH\/_E x)a;) : sm\/?[

¢ = A(ﬂ) ) (17)
z
2
B(A \/I(j)sin\/zx-ax x+\/lzsin\/§7Z +A(/1{j%sin\/§ﬁ—cos ;EJ
Dl = A(/l) s (18)
MYHJIarbl
A(ﬂ)_sm*/_” JAco L J.sm\/_x o (x)dx — jsinﬁ(z—xy@dx +

z )
Jin” :Vin

J sin(z — x)- O'(X)dx — Z sin

T

2
Enni ocer (17), (18)-popmymnanapast (11)-hopmynara anapsin Koicak:

+ ¢ sin
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- ax
xsinﬁ( t=x) N sin~/Ax ( Jar sin ) T _ z
| T f(t)dr T 4) A(A)eos— +B(2) 7 —J2 [sinv/A(z—x)o(x Mx O<x<s
y(x,2) = i 2
Zsin /A (1-x) in</( )( 2 sinﬁ” asin 1
SInV AY—x L A sin~/Ax-o(x )dx 2 —cos™2Z 2 ex<n
_){ 7 £ (t)dt+ TIa) LB(Z) \/Z(j) Vax-o(xx+ ot (1) 77 <x<

. T . V4 .
Oomagel. y, (x,/l) el LIEHIIMHIH X € [O,zj apajbIFbIHAAFbl MOHIH, Al X € [2,7r] apaJibIFbIHAAFbl MOHIH

¥, (x,ﬁv) nen Oenriney enrizeitik. ConbiMen katap (15), (16)-hbopMmynanapeiH ecKkepe OTHIPHIN, €Ki eceli
WHTETPaIapALI TYPIACHAIPY HOTIKECIHIE TOMEHIETI OpHEKTEPl aJlaMbI3;

yl(x,ﬂ)zj{:%f(t)dﬂ-j;@x) ZEI (t,/i)f(t)dt+JjE2(t,/l)f(t)dt+]['E3(t,ﬂ,)f(t)dt ,

2

T

Vs
O<x<—, 19
> (19)

g z(m)zjfmf (e +—="~= sin 2z - 172 dr+i ()t +

X \/z */ZA(Z) 0

F,(t,2)f ()t | §<x<7r, 20)

N‘N'—..}I

MyHJaFbl £, (t,/l), i=13, F, (t,/i), j= ,3 ¢yskuusnaps! (9)-GpopMynaMeH aHbIKTaIa bl

. T
Hewmex, (18)-popmynanbl maiiganaHsIm, X € (O,Ej apanbIFeIHAAFE [ pUH QYHKINACH:

sin *%(x" ), j%g/éx)(a (LA)VFEy(t.2)), eeep  1e(0,x),
G,(x,t,1)= j%(a (t,A)+E, (1, 1)), ezep te[x,Zj,
j%(a (t,A)+E(1, 1)), ecep l‘E(Z,ﬂ'j,
Gomanpi. An (19)-hopMmynazan x e (Zﬁj apanbIFbIHAFE [ PUH (pyHKLHACKL:
sinyA{r=x) %”‘x)(ﬂ (LA)+F,(t,A)), eeep te(O,Zj,
G,(x,t,1)= W(E (L A)+F, (1)), ecep te(;r,x),
sin ‘/\/é(t _x)+Sin\/‘/;A(& S’C)(F1 (LA)+E(LA)), ecep  te(x,m),
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oomanpl. bynan (6)-popmynanbl anambi3. Enai kepi skopeIn MIEHIMII eKey Jer, eKiHII ImemriMai y*(x)

TYPZAE aJlblll, €Ki MIeITIMHIH albIPMachlH KapacThIPAHBIK:

ulx) = y(x)-y"(x)
)= 1) 1y (x)]

oenrini. OHma Kemeci TEHIIKTEP OPBIHIBI:

Lu(x)]= Ly(x)]- Ly (x)]=0, 1)
u(0)=1(0)- ' (0)=0, u[j—oj:y[j—oj—y*@- jo

ur[z_oj :y'(g —oj _y*'[g —0) _0, ulr)=y(x)— " (z)=0, )

f(x),

2

(22) GiprekTi TeHIEYiHIH OipTEKTI MIAPTTApPBIH KaHAFATTaHILIPATHIH HOJIIIK KaHa MIetimMi 00ma sl

[G,(x,1,2)-0d1 =0, 0<x<Z,

u(x)=1° 2
[G,(x,t,2)-0dt =0 %<x<7r,
0

dpran u(x) = ¥(x)~ " (£)=0, zewe, y(x)= " (x).

TeopeMa nonenaeHmi.
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Pe3rome
H. Hneckenxwizvl, b. E. Kanzysicun

(Kazaxckuit HallMOHANBHBIM yHUBEpCHTET UM. anb-DPapabu, Anmarsl, Pecriyonika Kazaxcran)

OYHKIIMA I'PUHA OITEPATOPA JIBYXKPATHOI'O IO OEPEHIIMPOBAHUA
C HEJIOKAJIBHBIMI KPAEBBIMHU Y CJIOBUAMU

B osroii pabore B mpocrpancte L,[0,7] paccmarpusaercs omeparop L, KoTOpblil IOpoXkgaercs depes

JABYKPATHOC ,HI/I(l)(bepeHHI/IaJ'H)HLIe YpaBHCHUC U C HCJIIOKAJIbHBIMH KPACBbLIMH YCJIOBHUSAMHU. B IIPOKOJIOTOM OTPE3KE

/4 p/d
(0, 2} V) (2 , JZJ BBIIIMCAH B sIBHOM Brze opmysa GyHkiuu I'puna st oneparopa L .

Kuarouesbie cioBa: Gynkuus ['prHa, HellOKaIbHbIE KPAaeBbIe YCIOBHS.
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Summary
N. lleskenkyzy, B. E. Kanguzhin
(Al-Farabi Kazakh national university, Almaty, Republic of Kazakhstan)

GREEN'S FUNCTION OF THE TWO-FOLD DIFFERENTIATION OPERATOR
WITH NONLOCAL BOUNDARY CONDITIONS

In this paper, in the space of L,[0,7] is considered the operator L, which is generated through a two-fold
b4 V4
differential equation with nonlocal boundary conditions. In the punctured segment (O,Zju[z,ﬂj issued an

explicit formula for the Green function of the operator L .

Keywords: Green's function, not local regional conditions.

Tocmynuna 15.05.2013 .

YJK 519.633.6:532.546

A. C. A’KUBEKOBA

(Kazaxcrancko-bpuranckuil TeXHHUECKUI yHUBEpcHUTET, AnMatsl, Pecrrybimka Kazaxcran)

UTEPAIIMOHHBIA METOJI PACUETA KOD®®UIIMEHTA
YIIPYTOEMKOCTHU HE®TAHOI'O MECTOPOXKAEHUA

AHHOTAIINA

B pabore paccMmaTpuBaeTcs MateMaTHYeCKasi MOJeIb HECTALIMOHAPHOM (UIbTpaluu HEYTH K CKBaXXKUHE B KPY-
roBOM pesepByape. [iist onpenenenus ko3¢hdunneHTa ynpyroeMKOCTH IUIacTa pemaercs: ooparHas Ko3hduunueHTHas
3aga4a. [IpeioykeH BBIYMCIUTENBHBIN aNrOpUTM pacdeTa Kod(hQHIMEeHTa yIpyroeMKkocTH Iiacra. JlokasaHna orpa-
HUYEHHOCTb MPUOIMKEHHOTO 3HAa4eHUs KO3((HUIMEHTa YNPYroeMKOCTH IUIacTa ¥ MOHOTOHHOCTb MHHUMH3UpYE-
Moro (hyHKIIHOHAJIA.

KiroueBsie ciioBa: ko3hduimeHTHAas 00paTHas 3a1a4a, QIITBTPALHS, UTCPAIIHOHHBIA METO,.

Kiar ce3nep: ko3 duimmenTTiK Kepi ecemn, Cy3iTy, HTepanrsuIbIK dIic.

Keywords: coefficient inverse problem, filtration, iterative method.

U3 cymecTByOmUX IMAPOIUHAMUYECKUX METON0B Hanbojee TOUYHBIMHU SABISIFOTCS METOJbI OIpere-
JeHust QUIBTPALMOHHBIX MAapaMeTPOB IUIACTOB M CKBaXKMH [0 HAOJIOJEHUSAM HEYCTaHOBHBIIMXCS pe-
JKUMOB MX pa0boThl U B3auMoneicTBus [1]. MeToabl nccnenoBaHus MIacToOB U CKBa)KHMH, OCHOBAHHbBIE Ha
U3yYeHUH HEYyCTAHOBUBIIMXCSA IMPOLIECCOB H3MEHEHHUs 3a00HHOIO MABJIEHUS B CKBAXHMHAX CBSA3aHBI C
TEOpUell ymnpyroro pexxuma JOOBIYH HepTH. 3HAUMTENbHBIH BKJIAJ B Pa3BUTHE ATHX METOJOB BHECIH
M. Macker, I'. U. Bapen6natr, K. C. bacaues, 1. A. Yapnsiii, B. H. lllenkaueB u ap. Pazpabotka u
000CHOBaHHE MaTeMaTHYECKUX MoOJeNeH (HU3MYECKUX MPOLECCOB TECHO CBSA3aHA C PELIEHHEM OOpaTHBIX
3amgau s auddepennuanbHpIX ypaBHeHnd. OOpaTHble 3aa4l MaTeMaTH4eCKOW (H3MKH 4acTO OKa3bl-
BAIOTCSI B KJIACCHYECKOM CMBICIIE TMOCTABIEHHBIMI HEKOPPEKTHO. C 3TOH 0COOEHHOCTHIO 0OpaTHBIX 33134
CBSI3aHBl OCHOBHBIE TPYIHOCTH MOCTPOEHUS 3P PEKTUBHBIX BEIUMCIUTEIBHBIX aITOPUTMOB. B 3101 padote
paccMaTpuBaeTcs 3ajada HECTAalMOHApHOW (uibTpanuu He)TH K CKBa)XXKMHE B KPYTOBOM pe3epByape
[2-4]. YUToObl ompenenuTh (GUIBTPAIIMOHHBIC MapaMeTPhl, B YACTHOCTH, KOP(OUIMEHTa YIPYyrOeMKOCTH
IUIaCTa, pelIaeM OOpaTHYI KO3(GGHUUMEHTHYIO 3aJady MUHUMM3AaLMH (QYHKIHOHANa HEBA3KH MEXKIY
HaO0JIFOTaeMBIMA 1 PACUYETHBIMY 3HAUCHHUSIMH TaBIICHUS [S].
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B stoii paboTe paccmarpuBaeTcs 3agada HECTALMOHAPHOW (MIbTpanuu HEPTH K CKBAXKHUHE B
KpyTroBOM pe3epByape. UToOBI onpenenuTs (GUIbTPaOHHBIE TTapaMeTphl, B YaCTHOCTH, Kodddummenta
YIPYTOEMKOCTH TUIacTa, pemraeM oOpaTHYI0 KO3(PQHUIMEHTHYIO 3a/Ja4y MUHHMHU3AIHMKA (QYHKIHOHAIa
HEBS3KM MEXIy HAOJI0AaeMbIMH U pAaCUeTHBIMU 3HAUYECHUAMH JaBieHus [1].

1. HecranuonapHasi puiabTpanus HeTu K CKBaKUHe B KPYrOBOM pe3epByape [3] onuchIBaeTcs
muddepeHnaIbHBIM YpaBHEHUEM:

P _10frkoPnt)) . . R o<i<r, (1)
ot ror or
C TPaHUYHBIME YCTOBHAMH:
k oP(r.1) =2 q() , P(R,t)=P,,0<t<T, )
i or ¢ 2alr,

Y HaYaJIbHBIM YCIIOBUEM:

P(r0)=F(r), r.<r<R. 3)
rae P = P(r,t) naBnenue, q(f) neOUT CKBaXMHBI, kK MPOHULIAEMOCTD TIacTa, H TonmuHa miacrta, £ Kodg-
(GUIMEHT yNPYroeMKOCTH, L/ BSI3KOCTh He(TH, Py TIaCTOBOE NaBieHHe, 1 BpeMs dKCIepuMeHTa, Py(7)

HAYaIbHOE PACTIPE/ICIICHUE ABIICHUS B TUIACTE, /', U R PalyChl CKBOKUHBI U TJIACTa, COOTBETCTBEHHO.
3amaua (1)—~(3) pemaercs MeTOAOM KOHEUHBIX pasHocTedl [6]. B muckperHoit obmacTu:

Oy =i{r,=r.+i-Ar, t,=j-Ati=12,.,N;j=0,L..,m} crpourcss HesBHas KOHEYHas Pa3HOCTHa:
cxema, anmpokcuMupyrormas 3amgaqgy (1)—(3):
JZE ZA I B EAE AN £

! L =1 Bl ) i:l,...,N—l, :0,1,,7”1_1, 4
g At rou Ar ’ Y
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Pesrome
O. C. Oocibexosa
(Kasakcran-bpuran TeXHUKaJIBIK yHUBEpCcHTET, AiMaThl, Kazakcran Pecry0inkacst)

MYHAW KEH OPHBIHBIH KATAH/IBUIBIK ChIMbIM/IBLUIBIFIHBIH KODPDUIUEHTIH
NHTETPALIUAJIBIK ©JICIIEH ECEIITEY

Ocbl KyMbICTa MYHAH/IBIH JOHIeNIeK KaybI3[arbl YHFbIFA CTALMOHAP eMeC CYy3UIyiHIH MaTeMaTHKAJIbIK HYCKAChI
KapacTbIpbutraH. KaTaHabUIbIK ChIABIMIIBUIBIFBIHBIH KOI((QHUIUESHTIH aHbIKTAY YIIIH KO3 UIIMEHTTIK Kepi ecerr Lie-
nriseni. KaranapuiblK ChIABIMIBUIBIFBIHBIH KO3(D(UIMCHTIH ecenTeyre apHaaFaH eCereTeriil ajJrOPUTM YChIHBLIFaH.
KaraHapuUiblK CHIABIMABUIBIFBIHBIH KO3()(UIIMECHTIHIH HMIEKTEYJi eKeHIIr, MUHUMH3AIUIaHATHIH () YHKIIMOHAIIBIH
OipKAJIBINTHUIBIFBI XKOHE UTEPALUSIIBIK KaTapAbIH KUHAKTHUIBIFBI JOJICIICHT CH.

KinaT ce3nep: koadduimeHTTiK Kepi ecern, Cy3iny, HTepalysIbIK dIicC.

Summary
A.S. Azhibekova
(Kazakh-British technical university, Almaty, Republic of Kazakhstan)

ITERATIVE METHOD OF CALCULATION
OF FACTOR ELASTICCAPACITY OF THE OIL DEPOSIT

In this paper the mathematical model of the nonstationary filtration of oil to a well in a circular reservoir is
considered. To determine the total reservoir compressibility, we solve the coefficient inverse problem. A compu-
tational algorithm to calculate the total reservoir compressibility is proposed. Boundedness of an approximate value
of the reservoir compressibility and monotonicity of the minimized functional are proved.

Keywords: coefficient inverse problem, filtration, iterative method.

Tocmynuna 17.05.2013 .
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('Kazakh National Technical University after K. I. Satpayev, Almaty, Republic of Kazakhstan)
“Suleyman Demirel University, Kaskelen, Republic of Kazakhstan)

INNOVATIVE APPROACH TO SOCIAL MEDIA IN EDUCATION

Summary

The current paper reviews the usage of social resource such as VKontakte and microlearning technique for
educational purposes. The problem is that students in Kazakhstan spend a lot of time in social networks, therefore,
the lack of motivation drives to critical results on their academic performance. In order to solve this problem, the
research was applied on CSS 216 Mobile Programming (Android) course at Suleyman Demirel University (Kazakh-
stan). The collected results show that in a modern world of emerging mobile technologies, we are as educators
should improve the way of teaching by adding electronically supported learning methods. In this study, the
significance of microlearning technique is proposed.

Keywords: social media, microlearning, Vkontakte, education.

KinaT ce3nep: conmanabik Menna, MUKpooky, BKonTakre, 6imim Oepy.

KiroueBble cjioBa: connanbHble Meana, MukpooOydenne, BKonrakre, o6pa3zoBanue.

Introduction. Today organizations consider how to systematically use micro-sharing, made possible
using tools like VKontakte to connect with people. It allows organizations to reach people’s desktops,
laptops, and devices already in pockets without any dependency of local email servers or a phone tree.
Because this is the beginning of the mobile era, where people will be able to communicate, work, share
the information, make easier their lives by using mobile devices in their pockets [1].

As it is mentioned above, Vkontakte is a public social network used all over the world which has
become an integral part of people's own professional practice or personal point of view. They use it to
connect, share, and discover information far beyond any other networks. As a consequence, users finally
start to understand that Vkontakte can be used for educational field as a microlearning.

VKontakte — is a social network service available in several languages but popular particularly among
Russian-speaking users around the world, especially in Russia, Ukraine, Kazakhstan, Moldova, Belarus,
and Israel. Like other social networks, VK allows users to message contacts publicly or privately, create
groups, public pages and events, share and tag images, audio and video, and play browser-based games.

As with most social networks, the site's core functionality is based around private messaging and
sharing photos, status updates and links with friends. VKontakte also has tools for managing online
communities and celebrity pages. The site allows its users to upload, search and stream media content,
such as videos and music. VKontakte features an advanced search engine, which allows complex queries
for finding friends as well as a real-time news search.

VKontakte users can post on their profile walls, each post may contain up to 10 attachments — media
files, maps and documents (see above). VKontakte features two types of communities. Groups are better
suited for decentralised communities (discussion-boards, wiki-style articles, editable by all members
etc.). Liked content doesn't get automatically pushed to the user's wall, but is saved in the (private)
Favorites section instead. The user has to press a second 'share with friends' button to share an item on
their wall.

Ubiquitous technology can be usefully applied for microlearning because it reaches users throughout
the day, when they have idle time. Users can look through and revise subscribed course's data while
spending time in public transport, waiting in line, or in the brief transition periods between activities. Brief
interactions allow users to chip away at a larger learning goal and may serve a priming role by repeatedly
bringing the learning task to their attention; users may then be more mentally prepared to take an ad-
vantage of richer learning opportunities, such as those that occur naturally during actual social events [2].

How much time does an average human-being spend in social network? How much time do we waste,
how much do we use for self-development? According to statistics of International Network for Social
Network Analysis (INSNA) our young generation live in virtual world. They always stay connected. The
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aim of this research is to combine what they like and what they need. As far as Vkontakte is an online
network service with elements of microlearning[3], it enables users to learn anywhere and anytime.

Methods. There is a CSS 216 Mobile Programming (Android) course in Suleyman Demirel
University, which is mostly oriented on sophomore students. As an experimental tool Vkontakte was
chosen to teach Android with microlearning technique [4].

The main idea of connecting VKontakte with programming languages was to improve knowledge of
students. As a learning method, microlearning was chosen. In order to collect data for this research, we
interviewed sophomore students from different groups and faculties using questionnaires, which consisted
of 7 questions.

The most important questions are specified below:

Do you use VKontakte? What do you want to learn using microlearning approach? How much of your
time would you spend for educational purposes while implementing VKontakte and microlearning
technique?

The results of this questionnaire are provided below:

Total number of students, who participated, is 77. Number of students, who use VKontakte is 76, don't
use — 1.

The question concerned with time has shown the most interesting results:

14 students want to spend 10-20 minutes, 45 students — 1 hour and 18 students — 2 hours per day to
learn using social media.

According to the results of this questionnaire, students are unwilling to learn programming language
using VKontakte or they don't know how to use social media for educational purposes.

Course materials were processed and compressed into more brief and comprehensive data. Later this
data was uploaded to instructor's website and other web resources such as Youtube. As a next step, we
prepared a list of links which corresponded to earlier prepared syllabus for Android course. In order to
have tweets sent on specific time and date according to the syllabus, we used tweet scheduler to keep the
data updated and sent regularly without instructor’s control. Students subscribe for Android group, created
for this experimental course, which enables getting messages and notifications anywhere, anytime on their
mobile phones [5]. This keeps students informed about which topic should be studied, revised and
rehearsed.

Data analyzes of students’ performance evaluation. There is students’ performance evaluation test
assigned for the topic from Android Programming Course — Broadcast Receivers. Test consists of some
problems which were firstly done on sophomore students during the special lesson devoted to broadcast
receivers. Cronbach’s alfa mean, item mean and standard deviation was calculated.

The pre and post test results of students’ performance evaluation tests were compared and the results
were analyzed by SPSS program. The means and standard deviations of the pre and post tests are shown in
tables and can be observed on the graphs. Tests were initially applied for sophomore students in order to
calculate their Cronbach’s alfa coefficients.

Performance evaluation test for sophomore students

Stages of the study | Type of testing topic Subjects Type of the test Mean Item mean Std. Deviation
CS Content Providers Sophomore | Pre-evaluation 10,200 3,4 2,14476
ES Broadcast Receivers students Post-evaluation 12,900 4,3 1,74416

Pre and Post performance evaluation tests results are shown on the figure and in the table. One can
observe that during the CS stage students showed lower performance in solving problems than during the
ES stage where Broadcast Receivers method was instructed.

It is remarkable that even though problems were comparatively easier than in other tests, the mean and
item mean for sophomore students that were tested on Broadcast receivers are higher than mean. But it
should be noticed that the number of students was different and education level was also different.

Conclusions. Students were able to access study material outside university. This data was
compressed and sliced into small chunks of information. Students subscribed for mobile notifications, that
allowed receiving tweets anytime and anywhere, which is the main principle of micro-learning.
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Moreover, information is nested on students' phones and VKontakte accounts, which they can easily
access via Internet.

The mobile technology is spreading very fast. Each second the tons of bytes of information are
created. There is a need for learning technique, such as micro-learning. This paper demonstrates a simple
example how to use Vkontakte and microlearning technique for educational purposes, but enterprises can
use this approach as well. There is a necessity for researching this field of study, which is not yet
complete. Many sections are under work and will be expanded in future
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OJIEYMETTIK MEJIUAJIAP APKBIJIBI BUIIM BEPY KYUECIH/IET
MHHOBALMSUJIBIK KO3KAPAC

KapacTblppuibin oTeipraH sxyMblc, BKoHTaKTe CHSKTBI Qi1eyMeTTiK jKeniiepli KoijgaHy MeH OuriM Oepy Mak-
caTelHIa OarJapiamMalblK OpPTaJa MHKPOOKY/BIH TEXHOJOTHSIAPBIH KapacThipaabl. Byil »KYMBICTBIH HeTi3ri Mace-
Jeepi aHATUTUKAJIBIK OPTAIBIKTApABIH 3epTTeyJiepl aHbIKTaraHAail, CTyJEHTTEp MEH OKYIIBUIAPABIH OJIEyMETTIK
Kenigepre Oipmama yakpITTapblH KiOepyi Oonbim TaObanel. IHTEpHETTE OTBHIPHIN MIEKTEH THIC YaKBITTHI OTKI3Y
nepbec OKBIN-yiipeHyne Oipmama Mocenenep MeH Ko3FaMaaMaHBIH (MOTHBAIMs) OOJIMaraHIBIFBIHA OKEIl COFaJIbI.
Ocbl MoceneHiH IeniMia Tabya YHUBEPCUTETTIH eKiHII Kypc CcTyJeHTTepiHe «MoOwibai Oarmapiamanay IoHi-
HEH 3epTTeyJiep XKYpri3iireH OonarbiH. 3epTTey HOTHXKEIepl KOPCEeTKeHACH, Ka3ipri MOOIIbII TEXHOIOTHSIAPIbIH
JlaMbIFaH 3aMaHbIHAA 013, SFHU OKBITYLIBUIAD AJIEKTPOHIBIK-ECENTey JKyHenepi 0a3achlHAarbl OKBITY OIICTEpiH
KOJIJaHYBIMbI3 KaXKECT.

KiaT ce3nep: cornuanabik Meaua, MUKpooky, BKonTakTe, O6u1imM Oepy.
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Pe3iome
b. X Aiimuanos, A. b. Camabanoues, A. B. boeoanuuxos, K. H. Jlamyma

(lKaSaXCKI/Iﬁ HAIlMOHAJBHBIN TexHndeckuil yuusepcutet uM. K. 1. CarnaeBa, Anmartsl, Peciyonuka Kazaxcran,
Y HUBEPCHTET HM. Cymneiimana Jlemupens, Kackenen, Pecry6iimka Kazaxcram)

MHHOBAITMOHHBII MOJXO/
K UCITIOJIb30BAHUIO COLIMAJIBHBIX MEJIMA B OBPA30BAHUU

Jannas paboTa paccMaTpUBaeT IPUMEHEHHE COLMANIBHBIX CeTeH, TAKUX KaK — BKOHTaKTe, M TEXHOJIOTUH MUKPO-
o0y4eHus B pOrpaMMHOH cpeJie Uit 00pa3oBaTeIbHbIX Heneid. OCHOBHOM MpoOIeMoi SBIISIETCS TO, YTO CTYACHTHI U
IIKOJFHUKH TPATAT OTPOMHOE KOJIMYECTBO BPEMEHHU B COIMATBHBIX CETSIX, O YeM CBHICTEIBCTBYIOT HCCIIEIOBAHUS
psima aHAJUTUYECKUX LEHTPOB. becmone3Hoe MpOoCKUBaHWE B WHTEPHETE MPUBOIUT K CEPHE3HBIM IMpodiieMaM U
OTCYTCTBUIO MOTHBALIMM B IIEPCOHATBHOM o0OydeHWH. [l YacTHYHOTO pemieHHus MTaHHOW NpoOIeMbl OBLIO
MIPOBE/ICHO HMCCIIEAOBAHIE B YHUBEPCHTETE HA CTYACHTaX BTOPHIX KyPCOB IO AUCHHITINHE «MOOMIBHOE TPOTpaMMu-
poBanuey. MccienoBaHne mOKa3ajio, 9TO B COBPEMEHHOM MHPE Pa3BUBAIOIINXCS MOOWMIBHBIX TEXHOJOTHH, MBI, KaK
MIPEero1aBaTe , JODKHBI IPUMEHATH METOIbI 00yUeHHs Ha 0a3e 3JIeKTPOHHO-BBEIUNCIUTEFHBIX CUCTEM.

KuaioueBble ci1oBa: counanbHbeie Meaua, Mukpoooyuenue, BKonrakre, oopasoBanue.

Tlocmynuna 5.07.201 32.

VK 517.9

A. L HTAJJJAHBAEB, C. M. HIAJIEHOBA

(FOxxn0-Kazaxcranckuii rocynapcTBeHHBIH yHIBepcHTeT M. M. Aye3oBa, llIsiMkenT, PecriyOnmka Kazaxcran)

O BABUCHOCTH COBCTBEHHBIX
N ITPUCOEJMHEHHBIX ®YHKIIUU OIIEPATOPA
ITYPMA-JINYBUJUIA C KPATHBIM CIHEKTPOM

AHHOTAINA

B HacTosmielt pabote, ¢ momormpio npu3Haka B. A. MibnHa, ycraHOBIeHa 6a3UCHOCTH COOCTBEHHBIX M IIPHCO-
€JMHEHHBIX BEKTOpOB oneparopa lltypma-JInyBuiLIs ¢ KpaTHBIM CIIEKTPOM.

Karouesnie ciioBa: oneparop Lltypma-JInyBuiist, coOcTBeHHbIE (DYHKLU, TPUCOSIMHEHHbIE (QYHKIIMH.

KinT ce3nep: LlTypma-JInyBuit onepaTopbl, MEHIIIKTI PYHKINS, TIPKECKEH (DYHKIIHS.

Keywords: the operator of Sturm-Liuvillay, own the functions, attached functions.

Paccmorpum B poctpanctee H = L*(0,1) oneparop Illtypma-JInyBuis
Ly =-y"=@): xeq@l (L
UiVl = apy@+ a,y @+ agym+a,y =0 (i=1,2) (2)
¢ mBymst (i = 1,2) NTMHEWHO HE3aBHCHMBIMHU KPAaeBbIMH yCIOBHAMH. JTO YCIOBHE O3HAYAET, YTO U3 IIECTH
JIETEPMUHAHTOB Aj = (445 — A4, (L) = 1,2,3,4) comepxammuxcs B MaTpuIe
.:‘-1=(§11 Ay; Ay, {114)
21 Qz; @y Gz,

HE BCE PaBHBI HYJIIO.
3amaua Ha cCOOCTBEHHBIC 3HAUYCHMSI 11 orepaTopa (1)-(2) mMmeer Bux
Ly = 1y, (3)
Uivl=10 (i = 1,2). {4)
CoOcTBeHHBIE 3HAYCHMsSI 3TOW 3a/a4M COBHANAIOT C KBaJpaTaMH KOpPHEH ee XapaKTepHUCTHYECKON
¢bynkumii [1, c. 33]
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ﬂ(ﬂ.) = A, + A3, +Aq4 Sl:(_—1ﬂ + (-_";14 + _".32]-'.:05?"1 - ﬂ4=\"f.r_ln Sinﬁ, (5)
A
rae Bj;= Q0,5 — Aya,; (1.j = 1,2,3,4) munoper marpupr 4.

ITOCTAHOBKA 3AJJAYU. Ilpeamnonoxum, 94T0 Xapakrepuctuieckas QyHkuus 3anaun (3)-(4), T.e.
¢yHKIUs (5), IMEET CUETHOE MHOKECTBO KpaTHBIX HyJeil. CrpaimnuBaercsi, Kakoil BUJI IMEET TPaHUYHbIC
YCIIOBHSI TAKOTO OIepaTopa M, B YaCTHOCTH, 00pa3yroT Ju 6azuc Pucca coOCTBEeHHBIEC U MPUCOCANHEHHBIE
¢byHKUMI TakoW 3amayd. Mbl OMYYHIN YTBEPAUTENbHBI OTBET, HAa 3TOT BOIPOC, C MIOMOIIBIO TEOPEMBI
Nneuaa B.A [2, ¢. 1049-1050] u cxembr Morkuna H.U [3, ¢. 297]. OcHaBHas uaes HACTOSAIIEH pabOTHI
cocTOMT B crneayiomeM. PaccmaTpuBaemMble HaMH OIEpaTopbl MOAOOHBI K HEKOTOPBIM MOJEIBHBIM
oneparopam IlItypma-JlnyBuiis, 0a3ucCHOCTb COOCTBEHHBIX M MPUCOSAWHEHHBIX (DYHKIHMH KOTOPBIX
JIETKO YCTaHABIMBAETCS C TIOMOIIBI0 TeopeMbl Mitbnaa B.A. [2, ¢. 1049-1050].

2. BCTIOMOT'ATEJIbHBIE TTPEJJIOXKEHU A

JIEMMA 1.

(a) Eciu a x d # 0, TO ypaBHEeHUE
n(ﬂ]:a+(%+dﬂ)sinﬁ+c><msﬂ=ﬂ, (6)
A
rne a, b, c. d — const, MOXXeT UMeTh He OoIee YeThIpeX KPATHBIX HyJIeH, OTIMYHBIX OT HyJIS;
(6) Ecmu a = 0, d # 0, To ypaBHeHue (6) MOXXEeT UMeTh He OoJiee BYX KPAaTHBIX HYJEH, OTIMYHBIX OT
HYJIS,
(B8) Eciu d =0, b # 0, To ypaBHeHUE (6) MOKET UMETh He OojIee MBYXKpPaTHBIX HYJICH.
CJIEJICTBME 1. Ecru d = 0.b # 0,c*(a* - ¢*) = 0,To ypasuenue (6) Mmoxker umets He Gonee
OJTHOTO KPaTHOTO HYJIS.
CJIEJCTBUE 2. Eciu d =0, 2bcla®*-c*-2c*+a*bh* =0,
bi@3-c*)-b*-2b*c # 0,

TO ypaBHeHue (6) HEe UMETh KpaTHBIX HyJIel, HapuMep, MpH
JIEMMA 2. Eciu ¢ # 0 u yHKIIHS

a(A)=a +£Sinﬂ+ ¢ x cosVA.
¥
rae a, b, ¢ — const, umeer Ooee ABYX KPaTHBIX HyJeH, T0 b =0, a=c.

JIEMMA 3. Ecmu xapakrtepuctudeckas ¢ynkuus (5), xpaeBoit 3amauu (3)-(4) uMmeeT cueTHOE
MHO>XECTBO KPaTHBIX HYJIEH, TO KpaeBble yCIIOBUSA (4) HE YCHIEHHO peryisipHs! [4, c. 71].

JIEMMA 4. Ecim xapaktepuctuueckas (yHkuus (5), kpaeBoil 3amaun (3)-(4) umeer cueTHoe
KOJIMYECTBO KpaTHBIX HyJeH, To onepatop LlITypma-JInyBusis, COOTBETCTBYIOLINI 3TOM KpaeBou 3agaue,
IPUHUMAET OUH U3 CIEAYIOIINX BUIOB

La kyy ==y x): x € 0.1),
v+ ya=0, ke, k+—1
yoy+ kym=0;
Ladoy =—y™@): x € 01)
kv-ya=0, kec, k+—1
vio-yvl=o
WIN UM COIPSKECHHBIX, I1I€ kK IPUHAUIEKUT K PACIIMPEHHON KOMIUIEKCHOM IIIOCKOCTH.

JIEMMA 5. Ecin &> # 1, T0 BMeeT MecTo hopMyITsl

a) Ly (k) = P ()L, P (k), P(kyo =y + ky(l - x)

6) La(k) = Q*(k)L.=)Q(k); Q(K)y () =kye)+y(1 -x).

3.0CHOBHBIE PE3VYJIBTATHBI

TEOPEMA 1. Ecii k # —1, To cOOCTBeHHBIE U IPUCOSANHECHHBIC (DYHKIMIA OTIepaTopa

L2y =—y'x): x € 0.1)
ky@-yw=0, k Ee

— 127 ——



Uszeecmus Hayuonanvhot akademuu nayx Pecnyonuxu Kaszaxcman

vio-yvl=o
o6pasyror 6aszuc Pucca mpoctpanctee L*(0,1).
TEOPEMA 2. Cuctema coOOCTBEHHBIX U IPUCOCIUHEHHBIX (DyHKIHI onepaTopa IlITypma-JInyBuiis
Ly =-y™ @) x e(,]l)
yio) = 0,
yo+y@a=o
o6pasyer 6a3uc Pucca B npoctpanctee L*(0,1).
DTa TeopeMa sABIIIETCA CleAcTBreM TeopeMbl mbnaa B.A, u Teopemsr Morkunaa H.U.
TEOPEMA 3. Cuctema coOOCTBEHHBIX U IPUCOCIUHEHHBIX (hyHKIHI onepaTopa IlITypma-JInyBuiiis
Ladoy =—y"™ ): x € (0.1)
v+ ya=0, kec, k+—
yiol+ kytd=0
o6pasyer Gasuc Pucca B npoctpancrae L*(0,1).
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CIIEKTPI ECEJIIK IITYPM-JINYBUJIJI OIIEPATOPBIHBIH MEHIIIKTI
’KOHE TIPKECKEH ®YHKIUWAIIAPBIHBIH BA3UCTII'T TYPAJIBI

byn enbekre, B. A. UnbunHiH Oenrici OoiibiHia, criiektpi ecenik [ITypm-JInyBuiia onepatopbiHbIH MEHIIIKTI
JKOHE TipKeCcKeH (pyHKUMSUIapbIHBIH L#(0,1) kenicririnze 6asuc KYPaWTBIHBI TIQJIEIACH/II.
KinT ce3nep: LlITypma-JInyBuin onepaTopbl, MEHIIIKTI QYHKINS, TIPKECKEH (DYHKIIHS.

Summary
A. Sh. Shaldanbaev, S. M. Shalenova
(M. Auezov South-Kazakhstan State University, Shymkent, Republic of Kazakhstan)

ON THE BASIS PROPERTY AND ASSOCIATED FUNCTIONS
OF THE STURM-LIOUVILLE PROBLEM WITH A MULTIPLE SPECTRUM

In the true work, by means of an attribute of Century of A.lIlyin, it is installed bases own and attached vectors of
the operator of Sturm-Liouville with a multiple spectrum.
Keywords: the operator of Sturm-Liuvillay, own the functions, attached functions.
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ITPABMJIA JUIS1 ABTOPOB ) KYPHAJIOB HAH PK

B xypHanax myOIMKYIOTCS Hay4HBIC CTaTBH M 3aMETKH, SKCIPECC-COOOIICHNS O Pe3yNIbTaTax HCCIeJOBaHUH B
Pa3IMYHBIX 00NACTIX €CTECTBEHHO-TEXHUYECKUX W OOIIECTBEHHBIX HAYK.

Kypnaner myonukytoT coobmenus akagemukoB HAH PK, a taxke craTeu Apyrux y4eHBIX, HpeIcTaBIeHHbIE
neiicteurensHbiMu wieHamMun HAH PK (akamemukammn HAH PK), Hecymmmu 0TBETCTBEHHOCTH 32 JOCTOBEPHOCTH U
3HAYUMOCTh HAYYHBIX PE3YJIBTAaTOB U AKTYAJIbHOCTh HAYYHOTO COICPIKaHUS PEKOMEHAYEMBIX PadoT.

[IpencraBneHnble It Oy OIMKOBAaHUS MaTepHAITbl JOJKHBI YIOBIETBOPSTE CIEAYIOIINM TPEOOBAHHUIM:

1. Conepxath pe3yabTaThl OPUIMHAIBHBIX HAYYHBIX MCCIIEIOBAHUI 110 aKTyalbHBIM NpobiieMaM B obnactu ¢u-
3UKH, MATEMATHKH, MEXaHUKU, HHGOPMATUKY, OMOJIOTUH, MEIUIUHBI, T€OJIOTHH, XUMHUH, IKOJIOTUH, OOIIECTBCHHBIX
W TYMaHUTapHBIX HayK, paHee He ONMyOJMKOBaHHBIC M HE INpeJHAa3HAuYCHHbIE K MyOJNMKAalWH B JIPYTUX H3JaHUSIX.
Cratbsl CONPOBOKAACTCS pa3pelieHHEM Ha OIyOJIMKOBaHUE OT YUPEKACHHSI, B KOTOPOM BBITIOJIHEHO HCCIICAOBAHUE U
npeacrasjienueM ot akagemuka HAH PK.

2. CraTpsl IPENCTABIIETCS B OJHOM dK3eMIUIIpe. PazMep cTaTbu He NOJDKEH MPEBBIMIATh 5-7 CTpaHHIl (CTaThU
0030pHOTO XapakTepa — A0 15 cTp.), BKIfOYass aHHOTAIMIO B Hayalle CTaThH Iepel OCHOBHBIM TEKCTOM, KOTOpast
IOJDKHA OTpakaTh IeNb PaOOThI, METOJ] WIIM METOIOJOTHIO NPOBEINCHUS pabOoTHI, pe3ymbTaThl pabOTH, 001acTh
MPUMEHEHHUsI Pe3yJIbTaTOB, BBIBOZBI (AHHOTAUsI He MeHee 1/3 cTp. uepe3 1 KOMMBIOTEpHbIA MHTEpBan, 12 0T ),
TaOIUIIBI, PUCYHKH, CIUCOK JUTeparypsl (12 nr yepe3 1 KOMIBIOTEPHBIN MHTEpBall), HallCYaTaHHBIX B PEIaKTOpe
Word 2003, mipudrom Times New Roman 14 T, ¢ npoGesiom Mexay cTpok 1,5 KOMITBIOTEpPHBIX HHTEpBaJa, MO —
BEpXHEE M HIDKHEE 2 cM, JieBoe 3 cM, mpaBoe 1,5 cMm. KonudecTBo pucyHKOB — He Oojiee msaTU. B Hauane cratbu
BBEpXY clieBa ciienyer ykazath nHuekc YJAK. Jlanee mocepeanHe cTpaHUIbl NPONUCHBIME OyKBaMH (KypCUBOM) —
WHUIIKMAJIbI K (baMl/IJ'll/II/I aBTOPOB, HOJDKHOCTb, CTCICHbL, 3aTCM IMOCCPCANHC CTPOYHBIMU 6yKBaMI/l — Ha3BaHUC
opraHuzanuu(uii), B KOTOPOH BBHINOJHEHa padoTa W TOpOJA, HW)KE TakXKe IIOCepelIrHE 3ariiaBHbIMH OyKBamu
(mory>KMpHBIM DIPUQTOM) — Ha3BaHUE CTaTbu; AHHOTAlWS Ha A3bIKE CTaThbH, KJIKOYeBble cJI0Ba. B KoHIE craThn
JIAFOTCS pe3IoMe Ha JIBYX SI3bIKaX (PyCcCKOM (Ka3axCKOM), aHTJIMHCKOM, TIEPEBO/] Ha3BaHUs CTAThH, TAKXKE Ha 3-X S3bI-
Kax JaHHbIe aBTOpa). [lociemHss cTpaHUIIa TOANMKUCHIBACTCS BCEMH aBTOopaMH. [IpuaraeTcs 37eKTpOHHBIA BapUaHT
Ha CD-mucke.

3. CraThl MyOJHMKYIOTCS Ha PYCCKOM, Ka3aXxCKOM, aHTJIMHCKOM si3bIKaX. K cTaThe HEOOXOIMMO TPHIIOKUTH Ha
otnensHOM crpannie D.J1.0. aBTopoB, Ha3BaHWE CTAaThH, HAMMEHOBAHNE OPTaHMU3ALNH, TOPOJ, AHHOTAIIMH Ha JBYX
SI3BIKAX (Ha Ka3aXCKOM M aHTJIMHCKOM, WIIA PYyCCKOM M aHTJIMHACKOM, WM Ka3aXCKOM M PYCCKOM), a TaK)Ke CBEACHUS
00 aBTOpax (y4.CTENECHb U 3BaHHE, aJIpec, MECTO paboThI, Tell., (hakc, e-mail).

4. CcbUIKM Ha JIUTepaTypHbIe UCTOYHUKHU JatoTcs HudpaMu B MPSIMBIX CKOOKax 1o Mepe ynomuHaHus. CIUCOK
JIUTEPATypPhbl 0POPMIIICTCS CIICAYIOIIMM 00pa3oM:

1. Aoamoe A.A. Ilponeccel nporanBanus rpyHra // Jokmaast HAH PK. 2007. Nel. C. 16-19.

2. Yyonoeckuii A.®. TeroobMen B aucnepcHbIX cpenax. M.: ['ocrexuznar, 1994. 444 c.

3. B ciydae mepepaOOTKM CTaTby IO MPOChOE PEAAKIMOHHOW KOJJIETMH >KypHajla AaTOH IOCTYIUICHUS
CUMTaeTCs JaTa MOJTyYCeHHUS pedaKIneil OKOHJATeIFHOTO BapuaHTa. ECITi cTaThs OTKIOHEHA, peIaKIHs COXPaHsIET 3a
co00if IpaBo HE BECTH AUCKYCCHIO TI0O MOTHBAM OTKJIIOHEHHSI.

BHUMAHUE!!!
C 1 uroas1 2011 ropa BBOASITCS caaeqyromue fonoaHenus k Ilpasmnam:

IMocne criucka nuTepaTypbl MPUBOAUTCS CIIMCOK JINTEPATYphl B pomanckoM ajidasute (References) mist SCOPUS u
npyrux BA3 JIAHHBIX monHOCTBIO OTACIBHBIM OJIOKOM, MOBTOPSIS CIIMCOK JIMTEPATYPhl K PYCCKOSI3BIYHON YacTH,
HE3aBHCUMO OT TOTO, IMEIOTCSI WJIM HET B HEM MHOCTPaHHbIE HCTOYHHMKH. ECiM B CIIMCKe €CTh CCBUIKM Ha HHOCTpaH-
HBIC TTYOJUKAINH, OHU TIOJIHOCTHIO TIOBTOPSIIOTCSI B CITUCKE, TOTOBSIIEMCSI B POMaHCKOM ay(aBuTe (JTATHHHIIA).

B References He HCIONB3YIOTCS pa3feiWTENbHbIC 3HAKHA («//» W «—»). Ha3BaHWe WCTOYHHMKA W BBIXOIHEIC
JTAaHHBIE OTIEJSTIOTCS OT aBTOPOB TUTIOM IIpH(]TAa, Yale BCET0 KYpCHBOM, TOUKOH HITH 3aIITOM.

Crpykrypa Oubamorpadmueckoi CChUIKH: aBTOPHI (TPaHCIUTEPAIns), Ha3BaHHE MCTOYHUKA (TPaHCIUTEPAIls),
BBIXOJIHBIC TaHHBIC, YKa3aHHUE Ha S3BIK CTaThU B CKOOKAX.

[IprMep CCBIIKM HA CTAaTBHIO U3 POCCUICKOTO EPEBOTHOTO JKypHAaIa:

Gromov S.P., Fedorova O.A., Ushakov E.N., Stanislavskii O.B., Lednev LK., Alfimov M.V. Dokl. Akad. Nauk
SSSR, 1991, 317, 1134-1139 (in Russ.).

Ha caiire http://www.translit.ru/ MO>XKHO OECIIaTHO BOCIIOJIB30BATHCS MPOrPAMMON TPAHCIUTEPALUH PYCCKOTO
TEKCTa B JIATUHHUILY, MCIOJB3YS pasziWdHble cucTeMbl. [Iporpamma oueHb IpocTasi, €e JIErKO HCIIOJIb30BaTh VIS
roToBeIx ccbulok. K mpumepy, BbiOpaB BapuaHT cucteMbl bubmmorexn Konrpecca CIHA (LC), Mbl mosydaem
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n3o0pakeHne BceX OyKBEHHBIX COOTBETCTBHU. BcTaBisieM B cIleIuaibHOE IOJIE BECh TEKCT OmOmMorpadum Ha
PYCCKOM SI3bIKE M HA)KUMAeM KHOIIKY «B TPAHCIIHTY.

[IpeobpazyeM TpaHCIUTEPUPOBAHHYIO CCBUIKY:

1) ybupaeM TpaHCIUTEPALHIO 3arIaBUsl CTAThH;

2) yOupaeM criequaibHble pa3ienuTend Mex iy noiasamu (“//7, “—);

3) BBIAETSIEM KypCHBOM Ha3BaHHE MCTOYHHKA;

4) BbIIEIISIEM TOJI TIOJTY>KUPHBIM HIpH(TOM;

5) yka3biBaeM s3bIK crathy (in Russ.).

IIpoceba k aBTOpam craTell NpeNCTaBIATh BECh MaTepHal B OJHOM JIOKYMeHTe (oaHOM caife) M TOYHO
cienoBath [IpaBuiam npu oopMIIEHUH Havaia CTaThi: MOCEPEIHHE CTPAHUIIBI IPOIMCHBIMU OyKBaMH (KypCHBOM)
— (amunM ¥ MHUOMAIBI aBTOPOB, 3aTeM IIOCEPEAMHE CTPOYHBIMH OyKBaMHM — Ha3BaHWE OpraHu3auuu (uif), B
KOTOPOH BEHITTOJIHEHA padoTa, ¥ TOPOJI, HIKE TaKXKe MOCEPEIMHE 3arIaBHBIMHA OyKBaMH| (IIOTY>KUPHBIM MIPH(TOM) —
Ha3BaHUE CTaThH. 3aTEM CIelyeT aHHOTAIHsA, KJIFOYEBbIE CJIOBA Ha 3-X A3BIKAX M J1aJIee TeKCT CTAThH.

TouHO B Takoi ke MOCIIEOBATENBHOCTH CIEAYET MPEICTABIATh PE3IOME Ha JBYX APYIUX S3BIKAX B_TOM JKE
(daiine Tompko Ha oTmenbHOW crpanmie (D.M.O. aBTOpOB, Ha3BaHWE CTATHU C MEPEBOJOB HAa 2 JPYTUX S3BIKA,
HaVMEHOBAHUE OPraHU3alliU, TOpoA, pestome). Jlanee B ToM ke daiine Ha OTAENbPHON CTPAaHHULE MPEACTABILIFOTCS
cBeZieHUs 00 aBTOpax.

Ten. Penaximm 272-13-19
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TOO Uccnenoatensckuil nentp HAH PK
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KZ 44319A010000460573
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3a my6mukanuio B )xypHaiue 1. Jloxmagst HAH PK, Bectauk HAH PK, M3Bectus HAH PK. Cepus 5000
TEHTe

Caiit HAH PK:http://akademiyanauk.kz/



