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Abstract. Definition 1.1. Densely certain operator A in Hilbert space is called symmetric, if 4 = A", that
D(4)c D(A*) isif Ap = A" forallp € D(A).

Definition 1.2. The operator is called self-conjugate, if 4 = A, that is in only case when . 4 when it is
symmetric and D(A) = D(A* )

The symmetric operator always allows short circuit, as D(A) - D(A* ) so, area densely century. If 4 < A”,

it is symmetric, A" - the closed expansion A .. Therefore the smallest closed expansion A~ o of the operator A
has to containin A", so for the symmetric operator we have

AcA™ c A",
For the closed symmetric operator we have
A=A c A",
and for the self-conjugate operator
From here it is visible that the closed symmetric operator is self-conjugate in only case when when it is
symmetric.
Definition 1.3. The symmetric operator is called in essential self-conjugate if his short circuit is self-conjugate.
If close, the subset is called as essential range of definition of the operator if short circuit of narrowing of the
operator on coincides page.
If in the essential it is self-conjugate, it imt one and only one self-conjugate expansion. Really, if to assume that
- self-conjugate expansion, it is closed and from it is received. From here. Therefore.
Fairly and the converse, namely if the operator has one and only one self-conjugate expansion, - it is self-
conjugate in the essential.
We will note that the symmetric operator can have many self-conjugate expansions or absolutely not have
them.
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PROBLEM DEFINITION. We will consider in Hilbert space of operators of Storm Liouville Ly = —3"(x).,
xe(0,1). (1.1)

{al 1y(0)+ alZy'(O) + a13y(l)+ a14y'(1) =0, (1.2)
a21y(0) + azzy'(o) + 0!23y(1) + a24y'(l) =0.
where - any complex numbers.

It is asked, under what conditions on coefficients these operators will be self-conjugate in essential?

Due to the objective we will note the following known results.

Theorem 1.1 [1]. If coefficients of boundary conditions real numbers, a problem of Storm Liouville (or the

operator Shturma-Liuvillya) it is self-conjugate, in only case when, when equality takes place

A=A, (1.3)
where - the minors made from - ro and - ro matrix columns
A :(all a12 a13 Cl14 j, (14)
Cl21 Cl22 Cl23 Cl24

made of coefficients of a boundary condition (1.2).
If kompleksnoznachna coefficients, criteria of self-conjugacy has the following appearance [2].
Theorem 1.2 [2]. Let, where - it is positive, the derivative is absolutely continuous on an interval, and function -

is continuous and valid. Let
Uy — mll lej(y'(O)j_i_(nll anj(y'(l)j (15)
my, My N\ (O) My Ay \Y (1)

Forms are self-conjugate in only case when, when
mym, —my,m, _ 0,y — Ry

p0) p) 7

My My, =My My, Ny, = 0y 1,

= , (1.6)
o0 p0)
MMy, — My My, ANy, — 01y,

p0) P

We will note that if coefficients - are valid, only the last condition is required.
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O ITPU3HAKAX CAMOCOIIPAKEHHOCTHN
B CYINECTBEHHOM OIIEPATOPA HITYPMA-JINYBWJIA
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IOxn0-Kazaxcranckuif rocy1apcTBeHHbIH yHUBEpcuTeT M. M. Ayesosa, [lIemvkent, Kazaxcran

Kmoderbie ¢JI0Ba: CaMOCOMPSKCHOCTE B CYIICCTBCHHOM oTmeparopa , oneparop Lrypma-JInyBumia.
AnHoTtammsi. B Hacrosmei paboTe YCTAaHOBICH OJHMH KPHTCPHH CAMOCONPSDKCHOCTH B CYIICCTBEHHOM OIIC-
paropa ltypma-JInyBHIILA.

1. Beeaenue.
Onpenenenne 1.1. IlnotHo ompeaeneHHbl omepatop 4 B ruiab0epTOBOM MpocTpaHcTee H Ha-

3pIBacTCs cummeTprueckiM, ecmn A < A, To ectb ecnm D(A)CD(A*) u Ap=A"p nna Beex

Qe D(A).
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Onpenenenne 1.2. Oneparop A HaseiBaeTcs camoconpsukeHHBIM, ecain A = A™ | To ecth Toraa u
TOJIBKO TOTA, KOraa A CHMMETPUUCH U D(A) = D(A*).

CHUMMETpPUICCKHI ONEpaTop BCErAa AOMYCKACT 3aMBIKAHUE, MOCKOIBKY D(A) c D(A*), a 3HAUHUT,
00macTh D(A*) miotHo B H . Ecnim A cumvetpruen, 1o A” - 3amxnyToe pactmpenne A . Tlostomy

HauMeHbIIEE 3aMKHyTOe pacmmperne A~ omepatopa A aomxHO coaepxathes B A, WTak a1
CHMMETPHUYECKOTO ONIEpaTopa UMEEM

AcA™ c A",
JIjis 3aMKHYTOTO CHMMETPUYECKOTO OTICPATOPa UMEEM
A=A c A",
a 1S CAMOCOIIPSDKEHHOTO ONepaTopa
A=A"=4".

Orcrona BHAHO, YTO 3aMKHYTBIH CHMMETPHUCCKUH omepatop A caMOCONpsKEH TOrAA H TOJBKO

torga, koraa A cumMeTpuucH.
Onpenenenne 1.3. Cummerpuueckuii omeparop A HA3BBACTCI B CYIECTBCHHOM  CaMOCO-

OPSDKCHHBIM, ¢CliM €ro 3ambikanue A camoconpsbkeno. Eciu A 3amkHyT, TO moaMuoxkecTBo 1) C D(A)
Ha3bIBACTCS CYLICCTBCHHON 00IACTBIO ONPEACICHHUS ONepaTopa A, ©CIIM 3aMBIKAHHE CYKEHHUS OTepaTopa

A wa D cosmamactc A .
Ecnn A B CYIICCTBCHHOM CaMOCOIPSDKEH, TO OH MMET OJHO U TOJBKO OJHO CaMOCOTPSIKCHHOC
pacmupenue. JelcTBUTEABHO, €CIH NMPEANONOKUTD, YTO 5 - CAMOCONPSKEHHOE paciupenue A, to B

samMkHyT B U3 B O A monywaem B > A™ . Orcroma B=B" (A** )* =A™ Tlostomy B=A".

CrpaseuBo U 00pPaTHOE YTBEPIKACHHE, & MIMCHHO, CCITU OnepaTop A HMMEeT OJHO U TOIBKO OJHO
CaMOCOMPSDKEHHOE PACIIUPEHHE, TO A - CAMOCOMPSIKEH B CYLIECTBEHHOM.

OTMeTHM, YTO CHMMETPHUYCCKHH OMEPaTOp MOMXET UMETh MHOTO CAMOCOMNPSDKCHHBIX PacIIUpEHUN
WJIH COBCEM HMX HE UMETH.

IMocranoBka 3agaun. Paccmotpum B ruasOeproBom mpoctpanctse H = L?(0,1) omeparopos
MIrypma-JInysrmis

Ly=-y"(x). xe(0,1). (1.1)
a, 1y(0) + alZy'(O) + CIBy(l) + a14y'(l) =0,
a21y(0) + azzy'(o) + azsy(l) + a24y'(1) =0.

rae a, (i =12, j= 1,2,3,4)- MPOU3BOJIBHBIC KOMIUICKCHBIC YHCIA.

(12)

CropammuBacTcs, NpU KaKUX YCIOBHAX Ha KOS(M(UIMCHTB 3TH ONEPATOPbl OKAXKYTCI CaMOCO-
MPSUKEHHBIMA B CYIIECTBEHHOM ?
B cBa3u ¢ mocTaBieHHOH 3a1a9cii OTMETUM CIICAYIOIINE U3BECTHBIC PE3YIbTATHL.

Teopema 1.1 [1]. Ecin xosdduuueHTsl ,; rpaHIMHBIX yCIOBHH ACHCTBUTC/IbHBIC YHCIIA, TO 33242

Itypma-JInysumns (nmn onepatop Ltypma-JInyBunist) caMoconpspkeHa, TOrAa | TOABKO TOTAa, KOTAa
HMEET MECTO PABEHCTBO

A, =A,, (1.3)

rae A ; = MMHOPBI COCTABJICHHBIC H3 i-TOHU j-Tr0 cTONOLOB MATPHULIEI

A — all a12 Cl13 Cl14 (14)
Cl21 Cl22 Cl23 Cl24
COCTaBJICHHOM U3 K03 uumeHToB rpanuuHoro yeaosus (1.2).
Ecmu koo duuueHTE ¢, KOMIUICKCHO3HAMHBL, TO KPUTCPUU CAMOCONPSDKCHHOCTH UMCCT CIICAYIO-

i Bug [2].
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Teopema 1.2 [2]. Ilycts Ly:—(py')' +qy, TIe p(x)- MTOJIO’KUTENBHA, MPOU3BOIHASL p'(x)

abCOMFOTHO HENPEPBIBHA HA HHTEPBAJIC [O,l] , & GVHKLUA q(x) - HeTrpeprIBHA U AeiicteuTenbHA. [IycTs

o, e PO )

®opmer U/ caMOCONPSKEHBI TOTAA M TOJBKO TOTAA, KOTAa

n_111m12 _n_112m11 — ﬁllnlz _ﬁlznn
o0 p)
my,my, —m,,m,, Ny, 1y, — 1y 1y,
= , (1.6)
op0)  p)
mymy, —m,,m, — nyny, —nyh,
() (1)

OrvetnM, 9TO eciii KO3 PUIUCHTHI M, , N, - NCHCTBUTCIBHBL, TO TpeOyeTCs TOJIBKO MOC/CIHES

VCIIOBHE.
2. Mertoabl wuccaegoBanmii. Jl1si BBIBOJA OCHOBHOTO PE3yNbTaTa HACTOSIICH padOThl Oblnu
WCHOIb30BaHbI CICAYIOLINE, IETKO JOKA3BIBACMBIC TEMMBIL.

Jlemma 2.1. Ecnu f (x) HCTIPEPHIBHA B CCTMCHTE [O,l] U
Ly=-y"(x)= f(x). @1
{ ally(0)+ alZy'(O) + a13y(1)+ a14y'(1) =0 22)
a21y(0) + azzy'(o) + 0!23y(1) + a24y'(l) =0 .
TO TPH
AL +AL+A L +AL+A,,#0

9] -1 <~
CYIIECTBYET 00paTHsblii oreparop [, KOTOPBI HMEET BHA

. AL — (A, A (A, FA ALY+ AL, A
X :Ll x)= 13 12 32 12 13 14 32 42 7/
y( ) f( ) .([ A12 + A13 + A14 + A32 + A34 f( V

1

I —AX (A, A+ (AB +A14+A34)x FAn Ay f(l)dl.
x A12 +A13 +A14 +A32 +A34

Jlemma 2.2. ViHTerpansHeii onepatop
Kg()= [ K (e o) 04
TR COMAREHHBIM OTEPATOPOM K HITTETpTIHON OTEPATOPY
K1)~ [ KCe)r)r,

B mpoctpancTee L2(0,1) Toraa u ToibKO TOraa, Koraa

K*(x,0)=K(t, x). (2.5)

Crexyet OTMETHTD, 9TO s1p0 K (x, 1 ) u3 kiacca ['mmsoepra-llImuara.

2.3)

Jdemma 2.3. Ecm A, + A+ A, + A, + A, # 0 cymectsyer o6parbiii onepatop L ' k onepa-
topy typma-JIuyeums (1.1)-(1.2), conpspkeHHBIH K KOTOPOMY UMEET BHJ,

(1) £()= [ 6" (x.0)elor 06

rac
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—Avsxt —(Ay, + Ay x+ (A13 +A,,+ A34> + A5+ A
AL FALHA L FAL A,
— At —\A, +A32>+(A12 +A, +A145+x+Z32 +A,,
A, +AL+A,+A,, +A,, ’

G (x,1)= 2.7)

x<t<l1.

Jlemma 2.4. Ecu onepatop Lrypma-JInyeumna (1.1)-(1.2) sBnsercs oOpaTHMBIM B POCTPAHCTBE
L*(0,1), To conpsiKeHHBIH omepatop L MMeeT cl1e Iy orHii BUa

L'z=-z"(x). (2.8)
P Z13y(0)_ (A34 + A32)y'(0) B Z13)/(1)_ (AIZ + A14))/(1) = O> (2.9)
(B A+ A O)- (B + 2, b 0)+ B + B b0+ B + B )y )=0,

Jlemma 2.5. Ecmu A, +A + A, +A,, +A,, #0, 10 onmeparop typma-TTnysuwis (1.1)-(1.2)

CUMMCTPUYICH TOrAA U TOJIBKO TOr'la, KOrga

A - A,
Ap+ A+ AL +AL+A, A +AL+A, A, +A,,
A A, _ Ay +A, , (2.10)
AL +AL+ALFAL+A, AL+AL+AL+FAL A,
Ay, +A,, A, +A,,

Ap+AL+AL+AL A, AL+AL+HAL+AL +A,,
Jlemma 2.6. Ecmu A, +A+A, +A,, +A,, #0, 10 omeparop rypma-TTnysuwis (1.1)-(1.2)
obparuM, 3aMBIKaeM U HMEET MeCTO hopmya
ZI:Qf3 @2.11)
Jemma 2.7. Ecru A c A*"u R(A) =H,T0A=A".

3. Pe3ynbTaThl HCCJIEI0BAHHIT
Teopema 3.1. Eciu

a) Ap+AL+AL+AL+A,, 70, 3.1
A _ KB
Ap+As+AL+A, A, Ap+As+AL+A;, +A,,
6) A, +A;, _ A+ A ’ 3.2)
Ap+ALs+AL+A,+HA, Ap+ A +AL+A +A,,
A, +A,, Ay, +A,

Ap+As+A+An+As AL +AL+A +AL+A,
10 omeparop IIrypma-TTaysmmzs (1.1)-(1.2) caMOCOMpSIKEH B CYIMECTBEHHOM B POCTPaHCcTBe L (O,l).

HokaszarenscrBo. B cuny yenoswit (3.1), (3.2) u aemmer 2.5 oneparop Llrypma-Jluysuwiis (1.1)-
(1.2) cummetpuueH, a B cuiay Jemmbl (2.6) OH 3aMbikacM. 3aMbIKAHHC THOOOTO CHMMETPHYCCKOTO
oneparopa OyJIeT CHMMETPUICCKUAM OIEPATOPOM.

Takum o6pasom, 3ameikanue onepartopa Ltypma-Jlnyeumig L saBigeTcss CHMMETPHUSCKHM OIepa-

TOPOM, 00JIACTh 3HAUCHHIA, KOTOPOTO R(Z) coemagaet co BceM mpoctpancteoM H = L2(0,1) (em.2.11).

L —
Torza B crty nemmbl 2.7 HIMEET MECTO PABEHCTBO (L) =L, 1c. omeparop L camoconpspKeH, uTo
Y YTBEPIKJATOCH TeOpeMoi 3. 1.
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4. BeiBoabl. Pesynberarel gaHHOH pabOTEI MOTYT OBITh HCHONB30BaHBl B CHCKTPAIBHOU TCOPHH
omeparopos [3-14].
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Abstract. The method of generalized functions for the solution of stationary boundary value problem of the
dynamics of transverse vibrations of the drill-string is considered. The drill string is modeled as an elastic rod
rotating with constant angular speed and compressed by constant axial force. By means of the theory of generalized
functions a generalized solution of the boundary value problem is constructed, which in case of regularity and
differentiability coincides with the classical solution of the problem. Using the generalized Fourier transforms a
fundamental solution is obtained and its propertics, as propertics of its first three derivatives, are studied. The
methods of construction of resolving equations needed to determine the missing boundary conditions is shown,
which allows to solve not only the direct boundary value problems, but also semi-inverse and inverse boundary
value problems. Which in turn is very important for practical applications in the manufacture of a variety of
controllers for measuring devices of constructions working in the conditions of variable dynamic impacts. The
obtained solutions allows to determine stressed state of rod structures under a variety of geometric dimensions and
elastic parameters, as well as throughout the entire range of vibration frequencies.
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