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Abstract. Problem definition. Many problems of a mathematical task give to a task definitions of own values
and own functions of differential operators and decomposition of any function in a row (or integral) on own func-
tions. So, for example, to such questions come always, applying Fourier's method to finding of the solution of the
differential equation in private derivatives meeting these entry and regional conditions. Therefore differential
operators attracted, both draw great attention and there are many works by it devoted.

Despite the fundamental results received so far the problem of spectral decomposition of differential operators
still can't be considered settled. Here first of all it is necessary to point to a problem of determination of frequency
rate of a range of the differential operator depending on properties of his coefficients [1].

Let Gilbert's space, - the operator Shturma-Liuvillya determined by conditions:

Ly = —y"(x) + q(x)y(x) = zy(x), (1.1)
{anJ/(O) + a12y,(0) +a;3y(1) + a14y'(1) =0,
a;Y(0) + a,,y'(0) + ay3y(1) + ay,y' (1) = 0.

If for some own value of this operator there correspond two own functions, such own value is called multiple.
It is asked what have to be coefficients of a regional condition (1.2) that the operator (1.1)-(1.2) had at least one
multiple own value.

(1.2)
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Ob OIHOM HEOBXOJINUMOM ITPU3HAKE KPATHOCTH
COBCTBEHHBIX 3HAUEHU OITEPATOPA IITYPMA-JINYBULIA

A. b. Uman6aesa, C. T. AxmeTona, A. L11. Illangantaes
IOxn0-Kazaxcranckuif rocy1apcTBeHHbIH yHUBEpcuTeT M. M. Ayesosa, [lIemvkent, Kazaxcran

KroueBbie cioBa: cOOCTBEHHBIC 3HAUCHHUS, KPATHOCTH CIEKTpa, oneparop Lrypma-Jlnysumms.
Annotanmusi. B HacTosmel paboTe yCTAHOBICH OJUH IMPH3HAK KPATHOCTH COOCTBEHHOTO 3HAYCHHS OTIEPaTopa
IMIrypma-JInyBums.

1. Beenenue.

IHocTanoBka 3agaun. MHOrHe 3a1a4l MaTeMaTHIECKON 3a0a9d NPUBOIAT K 3a7a4€ ONPCIACICHHUS
COOCTBCHHBIX 3HAUCHHH W COOCTBEHHBIX (GVHKUMHA Ju(PepeHIHANBHEIX ONEPaTOPOB U PA3IOKCHUS
MPOU3BOIBHON (PYHKIMU B psad (WM HHTErpan) Mo cOOCTBCHHBIM (YHKUMAM. Tak, HAIpUMEp, K TAKOro
poda BompocaM NPUXOIAT BCEraa, mpuUMeHsst Mmeron Dypee mias HaxokacHHs pericHus auddepeH-
LUATFHOTO YPABHCHUS B YACTHBIX MPOU3BOTHBIX, VAOBICTBOPSIOIIETO NAHHBIM HAYAIBHBIM U KPAaCBBIM
yenosusiM. Tlostomy auddepeHipansHbie OnepaTopsl MPUBICKAIN, U MPHUBICKAIOT 00IbINIOSC BHUMAHHE U
HMEETCS MHOTO PabOT MM TOCBALICHHBIX.
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Hecmotps Ha QyHmaMeHTanbHBIC PEe3ynbTaThl MOJYUYCHHBIC IO HACTOAIICTO BPEMCHH, MPOOIeMy
CHICKTPAIBHOTO pa3ioxkeHus JU(HEPCHINATBHBIX ONEPATOPOB CIIEC HENb3s CYMTATh HCUCPIAHHOU. 3aech
B MEPBYIO OYCPEAb CICAYET YKa3aTh HA 337a4y ONPEACICHHUS KPATHOCTH CHEKTpa IudepeHIHATBHOTO
oTIepaToOpa B 3aBUCHMOCTH OT CBOUCTB ero koa3ddurmentos [1].

Iycts H = L?(0,1) mpoctpancteo I'mmsbepra, L- omeparop Lltypma-JInyBumns, ompeaeTeHHBIH
YCIIOBUAMMU:

Ly = =y"(x) + q()y(x) = zy(x), (1.1)
{‘1113’(0) + ‘1123’,(0) +a;3y(1) + ‘1143’,(1) =0, (12)
a21¥(0) + azy (0) + azzy(1) + azsy (1) = 0. '

Ecnu a1 HEKOTOPOro COOCTBEHHOTO 3HAYCHUS Ay TOrO OMEPaTopa COOTBETCTBYIOT ABE COOCTBCH-
HbIC (DYHKIIMH, TO TAKOS COOCTBCHHOC 3HAYCHUC HAZBIBACTCS KpaTHbIM, CHPAlIMBACTCs, KAKUMH JOJDKHBI
ObiTh KOO dULHEHTH KpacBoro yciaoBus (1.2), utobwer omepatop (1.1)-(1.2) umen xorst Obl OgHOTO
KPaTHOTO COOCTBCHHOI'O 3HAYCHUS.

2. Metoap nccaenosanmii. Paccmorpum B mpoctpanctse L2 (0,1) ciekTpanbHyIO 33124y

Ly =y'(1—x) = Ay(x),x € (0,1) .1
ay(0) + py(1) =0, (2.2)

rIe &, - MPOU3BOIbHBIC KOMIUICKCHBIC YHCTa. A- ¢ mekTpanbHbi napaverp. CHauana Haiinem obmero
pewenus ypasHeHus (2.1) u uzyunm ee cpolicta. MMeer mecto cneayiomas temma [2].

Jlemma 2.1.

(a) IpoctpancTBo pewennii ypasaeHud (2.1) oAHOMEPHO;

(0) OGiee pemenue ypapaeHus (2.1) UMEET CIICAYIOLIHEI BU

y(x,1)=C [cosﬂ (x - %) + sinA (x - %)] ,C — const. (2.3)

(8) st 1r000T0 HETPUBHAIBHOTO pelueHus ypaBueHus (2.1) umeer mecro dopmyaa

y(1—x,4) =y, —A1). 24
(r) Ecm y(x, 1) ecte pemenne ypasaeHus (2.1) u

z(x, ) =y(1 —x, 1),

TO
z'(1 —x) = —Az(x). 2.5)
(m) Ecniu A= 0, To mapa @ (x, A), ¢(x, —A) obpasyer Gazuc percuuii ypapuenus [Itypma-JTuysumns:
—y"(x) = Ay(x),x € (0,1), 2.6)
e
1 . 1
@(x, A1) = cosA (x - 5) + sinA (x - 5), 2.7
¢cth peneHue ypasHeHus (2.1). BpoHCkHaH 370 napsl BEIMUCIICTCS 110 hOPMYIC
Wlp(x, ), o(x, —D)] = =24 (2.8)
(e) Ecnn Y(x, 1) = ¢(x, —A), T0 mapa
Z (x, /1) = (p(x; /1) - lp(x; /1)) Zy (x, /1) = (p(x; /1) + lp(x; /1) (29)

oOpazyer 6a3uc B mpocTpaHcTse perueHui ypasHenus Lrypma-Jlnysumns (2.6), npuaem
z1(1 —x,4) = —z1(x, 4); 21(0) = —2z1(1), z'1(0) = z'1(1);
7;(1—x,4) = z3(x, 1); 22(0) = z,(1), 2',(0) = —2z',(1). (2.10)

ITa neMMa UrpacT KIKYCBYIO POJIb BO BCEX HAINMX JANBHCUIINX UCCICAOBAHUAX, OMHUM U3 CICI-
CTBUH 3TOM JIEMMBI SIBIAETCA CICAYIOA
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Jlemma 2.2. Ecmm onieparop I rypma-Jlnysunnsa
Ly = —y"(x) = Ay(x), (2.11)

{‘1113’(0) +a;2y'(0) + a;3y(1) + a4y’ (1) =0,

az1Y(0) + az2y (0) + az3y(1) + azy (1) = 0.

MMEET XOTSI OBl OJHOTO KPATHOTO COOCTBCHHOIO 3HAYCHUS, OTIMYHOTO OT HYJS, T.€. Ag # 0, TO umeer
MECTO PaBEHCTBA

(2.12)

A1y —A34= 0,014, + Ap3=0, (2.13)

rae A;j - MEHOD COCTABJICHHBIN U3 -TO H J-r0 CTOIOLOB MaTPHLIBI

((111 Q12 013 a14)’ (2.14)

ayq1 @22 Q23 U4
COCTaBJICHHBIH U K03 HUIMCHTOB IPAHUYHOTO yeaoBud (2.12).
C nomompro apyroro Gazuca MOTYUCHA CIACAYIOMA AeMMa 2.3, KOTOPHIC YTOYHSIOT TPEIbIIYIIYIO
aemMmy 2.2.
Jlemma 2.3. Ecnu oneparop Lrypma-JInysumns (2.11)«(2.12) mvmeer xots Ob1 0JHO KpaTHOE COO-
CTBEHHOE 3HAYEHHE A3, OTIIUHOE OT HyJIsl, TO HIMEET MECTO PABEHCTBA

1) Ay —A3,=0;
2) Ay +Ay3=0; (2.15)
3) A3-Ayp+A3=0.
IMpeamonoskum, uro omeparop Llrypma-JluyBuiis uMeeT HE MEHEE ABYX KPATHBIX COOCTBCHHBIX
3Ha‘{CHHI>'I, OTJIUYHBIX OT HyJ‘IH, TOTAAa U3 paBeHCTB

A Dgp +D13=0,2F-Ayy +A3=0

BBIBOANM, uTO (A3 — A2)A,,= 0,2 Ayy=0,A,3= 0.

Takxum 00pa3om, IMEET MECTO cleayromas nemma 2.4.

Jemma 2.4. Eciu oneparop Llrypma-JluyBumis uMeer HE MEHEE JABYX KPATHBIX COOCTBCHHBIX
3HAYCHUH, OTTHYHBIX OT HYJIS, TO HIMECT MECTO PABECHCTBA

1) Ay —Az=0;
2) Ap +A53=0; (2.16)
3) Ag=A713=0.

Onpeaenenne 2.1. Oneparop Ltypma-JInysrnns (2.11)-(2.12) HazeiBacTCs BHIPOKACHHBIM, €CJIH €€
CHICKTP MYCT WU BCSI KOMILICKCHAS A- TIOCKOCTb.
Jemma 2.5 [3]. Oneparop Lrypma-Jluysumis (2.11)-(2.12) BeipokaeH TOTAa U TOJIBKO TOTAQ, KOT1a

|Agz| + [A14 + Asz| + |Ag3] = 0. (2.17)

3. Pe3ynbTaThl HCCJIE0BAHHIT
Teopema 3.1. Ecan oneparop HIrypma-JInysmmist

Ly = —y"(x) = Ay(x), x € (0,1),
{‘1113’(0) +ay,y'(0) + a;3y(1) + a4y’ (1) =0,
a21¥(0) + az,y'(0) + azzy(1) + azy' (1) =0

€ JMHEWHO HE3aBMCHMBIMH KPAacBBIMH VCIOBHAMH, HMEET HE MEHEE JABYX, OTIIHUHBIX OT HYIA, KPATHBIX
COOCTBCHHBIX 3HAYCHUH, TO IPAHUYHOC YCIOBUE TAKOTO ONEPATOPA UMECT BHI

y(0) = ky(1),y'(0) = ky'(1), (2.18)
roe k= 1.

— 169 ——



H3zeecmua Hayuonanvroti akademuu Hayk Pecny6nuxu Kasaxcman

HokazatensctBo. [lo Hammemy mpeamonoxenuto onepatop Ltypma-JInyBuias umeeT HE MCHEE
JBYX KPaTHBIX COOCTBCHHBIX 3HAYCHUH. MI3BECTHO, YTO CIICKTP BBIPOXKACHHOIO OMEparopa JiOo MmycCT,
J'II/I6O BCA KOMIIICKCHAA /1 IIOCKOCTb, MNMPUYUCM BCC OHU ABJIAIOTCA OAHOKPATHBIMH CO6CTBCHHLIMI/I
sHaucHUsIMH. Takum o6pazom,

|Ay4 + Agy| # 0. (2.19)

CnenoBaTe/IbHO, HU OJUH U3 A4y, Az; HE 00pAIIACTCS B HYJIb.
BrIBOAMM rpaHUYHOTO YCIOBUS, YIOBICTBOPSIOLICTO BceM 3THM TpebosanmsaM. U3 yemosusa A4+ 0
CIICAYET, UTO

{‘1113’(0) +ay,y'(0) + a;3y(1) + a4y’ (1) =0,

a21¥(0) + az,y'(0) + azzy(1) + azy (1) = 0;
{‘1113’(0) + a14y' (1) = —ay2y'(0) — ay3y(1),
a21Y(0) + a4y (1) = —az,y'(0) — axy(1).

Pernm sty cuctemy ypasaeHuit otHocuTenbHO y(0), v (1), Metogom Kpamepa.

A1= _a12y,(0) - a13y(1)' Q14 = A42y,(0) + y(l)A43;
—ay3y (0) — azzy(1), ap,
a1, —a1,y (0) —a L ’

A= "1 12}/,( ) — a3y (1) = 251y @ + y(DAs;.
A1, —0z2Y (0) — az3y(1)

CJ'IG,Z[OBaTGJ'ILHO, HUMECCT MCCTO paBCHCTBa
Ayy | Ay
y(0) = R4 0) + 1 y(1),
A14- A14-
, 21, 31
y(1)= 4 0) + 1 y(1).
14 14

B nameti curyammm Ay, = Ai3= 0, mosromy

— A43 ' — % '
y(0) = A—My(l),y (1) = .Y (0).

B cuy nyukra 1) memmer 2.3 uMeeT MECTO PaBSHCTBO Aqp= Az, O3TOMY

Az _Ba_
Aty Agy '
CrienoBaTebHO, FPAHUYHOE YCIOBHE IPUMET BUI
y(0) = ky(1),y'(1) = ky'(0), (2.20)
AHaATOTHYHO U3 YCIOBUS A,z # 0 BEIBOANM, YTO
y'(0) = ky'(1), (1) = ky(0). 2.21)

Cpasuusas popmy.a (2.20) u (2.21), noayuanm
y(0) = ky(1) = k%(0), y'(1) = ky'(0) = k?y'(1).

Eciu k =0, o ¥(0) = y'(0) = 0, Torga mo teopeme ¢IMHCTBEHHOCTH peIicHus 3amauu Komw,
nonyyuM y = 0, MOCKOIBKY Peub WACT O HETPUBHUAIBHBIX pelIcHUIX, To k = 0 m k% = 1.

4. BeiBoabl. Pesynberarel gaHHOH paOOTEI MOTYT OBITh HCHONB30BaHBl B CHCKTPAIBHOU TCOPHH
onepatopos [2-15].
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MTYPM-JINYBHJLUI ONEPATOPBIHBIH MEHIINIKTI MOHIEPIHIH
ECEJI BOJYBIHBIH BIP BEJIT'ICI TYPAJIBI

A. B. Aman6aeBa, C. T. AxmeroBa, A. 111. lllaaganoaen
M. O. Oyesos arsirgarsl OHTYCTiIK Ka3akcran MeMekerTik yauBepeuteTi, [smvkenT, Kasakcran

Tipek ce3aep: MCHIIIKTI MOHAED,CIIEKTPAiH eceiri, rypm-JInyBumt oneparopst.
Annortanus. By eHOekTe mekapapiblK mapTTapsl e3apa tayencis Ly = —y"(x) = A2y (x) Htypm-JTuyBumt
OTIEPATOPHIHBIH, MEHIIIKTI MOHCPIHIH €CEiK OOIYBIHbIH Oip Oemrici TaOBIIIbL.
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Abstract. With the emergence of a new direction in functional analysis - "embedding theorems of the func-
tional spaces" - it turned out that study of the many qualitative properties of differential and integral operators is
equivalent to the determination of appropriate embedding theorems with certain properties. Particularly, this
approach gives productive results in establishing the properties of singular operators and embedding theorems of
weighted spaces. In this article are discussed embedding of weighted spaces, embedding of functions with absolute-
ly - continuous derivatives of a certain order in the Lebesgue space or score weighted inequality of Hardy. Obtained
the necessary and sufficient conditions for the weighted inequality of Hardy or investments mentioned spaces.
Founded matching two-sided estimates in order. Criterion for compactness of the embedding operator was given. It
uses the method of localization based on a detailed study of the objects in the "characteristic" range, introduced in
addictive behavior factors. One productive approach in studies of this kind belongs to M. Otelbacv which we use
too.At the same time the results of this work are the results of the Oynarova’saddition.
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O BECOBbBIX ®YHKIHNOHAJIBHBIX HEPABEHCTBAX

III. buaag, A. b, /lapxkanosa
WHcrntyT MatemaTuku 1 MaTeMaTmdeckoro moxemmposanust MOH PK, Anmarsl, Kazaxcran

KioueBbie c10Ba: BECOBbIC, HEPABCHCTBA, BIOXKCHUE, KOMIIAKTHOCTB, IIPOCTPAHCTBA.

Annotamusi. C BO3HHKHOBEHHEM HOBOTO HAIIPABJICHUSA B (DYHKIMOHAJILHOM AHAJHM3E - «TCOPEMBI BIOKCHHUS
()YHKIIMOHANBHBIX MMPOCTPAHCTB» - BBUICHWIIOCH, YTO M3YUCHHE MHOTHX KAUCCTBCHHBIX CBOWCTB AU(epeHIHAND-
HBIX M HHTETPANBHBIX ONEPATOPOB SKBUBAJICHTHO YCTAHOBICHUIO COOTBETCTBYIOIIMX TCOPEM BIIOKCHUS C TEMH HITH
uHBIMH cBoiicTBaMH. OCOOEHHO, TAKOHM IMOAXOA JACT IUIOJOTBOPHBIC PE3YJIBTATHI B YCTAHOBJICHWH CBOMCTB CHH-
TYJUIPHBIX ONIEPAaTOPOB W TEOPEM BIIOKCHHH BECOBBIX IMMPOCTPAHCTB. B JaHHOM CTaThe PaCCMATPHUBACTCS BIOKCHHC
BECOBBIX MPOCTPAHCTB, BIOKCHHC IMPOCTPAHCTBA (DYHKIUH, MMCIOIMUX aOCOOTHO-HETIPEPHIBHBIC IPOU3BOIHBIC
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