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In this paper, we consider an iterative process for an infinite family of bounded linear
operators on a Banach space. Boundedness and convergence of the considered iterative pro-
cess are established in Banach spaces. We also apply the main result presented in this paper
for certain spectral problems in summability theory.
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1. Introduction
Throughout this paper, we assume that X is a real or complex Banach
space. The Banach algebra of all bounded linear operators on X is denoted by
B(X ). By N we denote the set of all nonnegative integers, i.e., N ={0,1,2,...} .

We shall write co for the space of all null sequences. By ¢ (T) we denote the
spectrum of the operator T on X.

A linear operator T on a Banach space X is called a strictly contractive if
[T |<1. Many authors have investigated some iteration processes for a finite

family of nonexpansive operators [1,2,3].

This paper is motivated by some problems in the study of the spectrum and
the fine spectrum of some linear operators defined by some particular limita-
tion matrices (cf. [4,5,6]). The following lemma will be used in the next section

(cf. [7]).

Lemma 1.1. Let (c,) and (d,) be two sequences of complex numbers such
that limc, =c and [c|<1. Define the sequence (z,) of complex numbers such

n—o0

that z,,, =c,,z, +d,,,. Then we have:

n+l — ¥n+lcn

(1) ,) isbounded, iff (z,) is bounded,



(if) (d,) is convergent, iff (z,) is convergent,
(ii1) (d,) is null sequence, iff (z,) is null sequence.
In this paper we consider the following iterative process for an infinite fam-
ily of bounded linear operators:
z,eX, z,,=T,2,+Y,, neN, (1.1)
where T, : X — X is a bounded linear operator on X, for each neN , and (y,)

is a sequence in X.
The purpose of this paper is to study the boundedness and the convergence
of the sequence (z,) which is generated by the iterative process (1.1) for an

infinite family of bounded linear operators on an arbitrary real or complex Ba-
nach space. More precisely, we prove under conditions that the sequence (z )

is bounded if and only if the sequence (y,) is bounded. Also, we prove under
conditions that the sequence (z,) converges to a unique fixed point of a linear
operator W which is defined by Wz =Tz +y, z €eX, where y, >y, as n > o
and T, »T uniformly on X. The result presented in this paper may be applied
to certain problems in summability theory.

2. Main Results
In this section, we are going to prove the following main result
Theorem 2.1. Let X be a real or complex Banach space and T, eB(X ), for

each neN , and (y,) is any sequence in X. Also, (z,) be a sequence generat-
ed by (1.1). If T, >T uniformly on X and T is a strictly contractive operator,

then we have the following:
(1) The sequence (z,) is bounded if and only if (y,) is bounded.

(2) If (y,) isconvergentand limy, =y, then the sequence (z,) converges
to unique fixed point x e FW ), where W is given by
Wz =Tz +vy , zeX
and x has the form x =iT "y .

n=0
In order to prove this result, we need the following lemma.
Lemma 2.2 Let T eB(X) be a strictly contractive operator on a Banach

space X, and y eX. Then the sequence (x,) which is generated by
X, =TX, +Yy, converges to the limit

X =iT "y
n=0

and the limit x is the unique fixed point of the operator W which is given by
Wz =Tz +vy , zeX.

Proof. It is clear that W is a contractive operator. Indeed, if z, and z, are any
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elements of X, then

|VV21 _W22"=”T21 —TZz||S|F ””21 _22"’

and the operator W has unique fixed point x € X , and also x =limx,.

n—o

Since
Xo =T "%, +(1+T +..+T "y,

we have
x=>T"y.
n=0
This completes the proof of the lemma.

We are now ready to prove Theorem 2.1.
Proof of Theorem 2.1. (1) Since [T|<1, then there exist a real number

n, €N, such that | | <q <1 forall n=n,. From (1.1), we have

L e
TogelPowea] - ol [+l a1y o

forall n>n,.If (y,) is a bounded sequence, then there exists a real number K
such that |y, [|<K , forall n €N . Then,

2. <a™™

J2.]1< +

Znu

+

>

+q" 'K +...+0K +K =

z
Ny

z

n-n
— q 0 n

+1_1q K (=M),
for all n>n,. This implies that the sequence (z,) is bounded. The reverse of

the assertion is obvious.
(2) Consider the sequence (x,) which is generated by

X n+1 :TX n + y >
where y =limy, . In Lemma 2.2, we have shown that the sequence (x,) con-
n—o

verges to the element
X = iT "y.
n=0
In order to show that (z,) is convergent sequence with the limit X, it is suf-
ficient to prove that
r11i_>n30||zn =X, |=0.
Indeed,
HZn+l _Xn+lH:HTnZn +Y, _Txn _yH:
=Tz, -Tz, +Tz, -Tx, +y, -y|<
<o =T llzall+I7 Mo =xal+lya -y <
<M, =T+ 2, o[ +ly. -y

>



where M =sup(||zn||) (the boundedness of (z,) follows from the first asser-

tion).
From the conditions of the theorem, it follows that

im(M T, =T |y, v [)=0.

n—oo

Then for any ¢ >0, there is a number n, such that

MT, =T [+]y. -y <e.
for all n>n,_. Therefore

200 =%l <7 [l20 =%, [+ &
for all n>n_. Then it is easy to see that

O B Sy PO B T [ P
< n-n,+1 N E
1 R

forall n>n,.But [T -0 as n > . So, we have

Z, —X,

an —Xng

lim|z, -x, =0,
n—oo

and so,
lim|z, —x|=0.
Nn—oo

This completes the proof of the theorem.
Remark 2.3 The results in Theorem 2.1 are generalization of the results in
Lemma 1.1.

3. Application

In this section we apply Theorem 2.1 for certain spectral problems.

It is known that the infinite real matrices as operators acting on sequence
spaces play main role in summability theory, among them the difference opera-
tor-matrices and their generalizations (cf. [5-16]).

Now, let (a,) be either constant or strictly decreasing sequence of positive
real numbers such that

lima, =a>0

n—o0

and
sup(a, )<2a.
k

It is easy to see that sup(a, ) =4a,.
k

In [5], the authors introduced new generalized difference operator



and investigated the spectrum of the operator A, over the sequence space c, .

In order to determine the spectrum of the operator A

an’

it is required to

study the resolvent operator (A, —A1)™", where | is the identity operator on the

Banach space c, .

If [1-a|>a, then (A, —Al) is triangle and hence (A, — A1) exists. Calcu-

lating (A, — A1), we get

(A, =) =(s,) =

1
(ao - j~)
a,

(@ -A)@ -4)

el

0

1
(a] - /1)
a

1

(ao - //i’)(al - /1)(32 - /1) (al - ﬂ)(az - j’) (az - ﬂ*)

In order to prove the boundedness of the resolvent (A, — 1) on c, it is neces-

sary to establish the boundedness of the sequence
a,a, ...a,

S, = ot + ,
la, — Alja, = 4]...[a, =2 la,_, = Alla, = 4] |a, = 4

[5]. Suppose that

a a
= lim =% <1,
e
It is easy to show that
lim =£
nxla -4 a
and also,
5,= g 4 L
BV N
Denote
a 1
f = n-1 —
A T A

a

n-1

(3.1)

(3.2)

(3.3)

(3.4)

From (3.2) and (3.3), it follows that the sequences (f,,) and (g,) belong to C.

Let us introduce the following operators

T x=fx,

neN

where x ec . From (3.2), we have



n—oo

. a
limT, =T, |rr||=ﬂ<1

Now, by applying Theorem 2.1, we get that the sequence (S,) in (3.4) is
bounded.

Thus we have proved the following theorem.
Theorem 3.1. Suppose that |2 —a|>a. Then, the following assertions are true

(1) The sequence (S,) is bounded if and only if the sequence [ 1 J is bounded.
a, -4

(2) The sequence (S,) is convergent if the sequence [ 1 ] IS convergent.

‘an 71‘

(3) If imS, =s , then s =
n— |2-a|-a

4) o(da) ={1: |2 -a|<a}

Remark 3.2. Note that, in [5], the authors used the convergence of the se-
quence (S,) without proof.

REFERENCES
1. Chidume C. E., Shahzad N. Strong convergence of an implicit iteration process for a finite
family of nonexpansive mappings // Nonlinear Anal., 2005, 62, no. 6, p. 1149-1156.
. Plubtieng S., Ungchittrakool K., Wangkeeree R. Implicit iterations of two finite families for
nonexpansive mappings in Banach spaces / Numer. Funct. Anal. Optim., 2007, 28, no. 5-
6, p. 737-749.
3. Xu H. K., Ori R. G. An implicit iteration process for nonexpansive mappings // Numer.
Funct. Anal. Optim., 2001, 22, no. 5-6, p. 767-773.
4. Akhmedov A.M., El-Shabrawy S.R. On the fine spectrum of the operator A, over the se-

quence space € // Comput. Math. Appl., 2011, 61, p. 2994-3002.

5. Srivastava P.D., Kumar S. On the fine spectrum of the generalized difference operator A,

N

over the sequence space C,// Commun. Math. Anal., 2009, 6, no.1, p. 8-21.

(o)

. Srivastava P.D., Kumar S. Fine spectrum of the generalized difference operator A, on se-
quence space |,/ Thai J. Math., 2010, 8, no. 2, p. 221-233.

7. Akhmedov A.M., Babayev R. M., On the convergence of an iterative process for an infinite
family of bounded linear operators with application, Baki Universiteti Xoborleori, Nel,
fiz.- riy. elmlori seriyasi, 2012, soh. 5-12

8. Akhmedov A.M., Basar F. On the fine spectra of the difference operator A over the sequence

space lp, (1< p <o0)// Demonstratio Math., 2006, 39, no. 3, p. 585-595.

9. Akhmedov A.M., Basar F. The fine spectra of the difference operator A over the sequence
space bvp, (1< p <o)/ Acta Math. Sin. Engl. Ser., 2007, 23, no. 10, p. 1757-1768.

10. Akhmedov A.M. On the spectrum of the generalized difference operator A, over the se-
quence space |, (1< p <o0)// Baku Univ. News J., Phys. Math. Sci. Ser., 2009, 3, p. 34-39.

11. Akhmedov A.M., El-Shabrawy S.R. On the fine spectrum of the operator A, over the se-
quence spaces € and lp, (1< p <o0) // Appl. Math. Inf. Sci., 2011, 5, no. 3, p. 635-654.

10



12. Akhmedov A.M., El-Shabrawy S.R. The spectrum of the generalized lower triangle double-
band matrix A, over the sequence space ¢// Al-Azhar Univ. Eng. J., JAUES (special issue),

Dec. 2010, 5, no. 9, p. 54-63.
13. Akhmedov A.M., El-Shabrawy S.R. On the spectrum of the generalized difference operator

A, over the sequence space C, // Baku Univ. News J., Phys. Math. Sci. Ser., 2010, no.
4,p. 12-21.
14. Altay B., Basar F. On the fine spectrum of the difference operator A on C,and c// Inform.

Sci., 2004, 168, p. 217-224.
15. Altay B., Basar F. On the fine spectrum of the generalized difference operator B(r, S) over

the sequence spaces C, and ¢// Internat. J. Math. Math. Sci., 2005, 18, p. 3005-3013.

16. Altay B., Karakus M. On the spectrum and the fine spectrum of the Zweier matrix as an
operator on some sequence spaces// Thai J. Math., 2005, 3, no. 2, p. 153-162.

17. Bilgi¢ H., Furkan H. On the fine spectrum of the generalized difference operator
B(r, s) over the sequence spaces |, and bvp, (1< p <o0)// Nonlinear Anal., 2008, 68, p.

499-506.

XOTTi MOHDUD OPERATORLARIN
BiR ITERATV ARDICILLIQLARI VO TOTBIiQi HAQQINDA

9.M.OHMODOV, RM.BABAYEV
XULASO
Isdo Banax fozasinda tosir edon xotti mohdud operatorlarin sonsuz ailesinin bozi ite-
rative ardicilliglart todqiq olunur. Bu ardicilliglarin Banax fozasinda yigilmasi vo mohdudlugu
gOstorilmis vo xatti operatorlarin spektral nozoriyyasinin bozi masalsloring totbiq olunmusdur.
Acar sozlori: iterativ proses, yigilma, mohdud xotti operator, Banax fozasi
OB OJTHOM MOCJIEJOBATEJIbHOCTH JIMHEMHBIX OIrPAHUYEHHBIX
OINEPATOPOB U UX NPUJIOKEHUUN
AM.AXMEJOB, P.M.FAGAEB
PE3IOME
B paGote uncciemyroTcs HEKOTOpPBIE HTEPATHBHBIE IIOCIEAOBATEIBHOCTH JIMHEHHBIX
OTPaHUYCHHBIX OMEPaTOPOB, JCHCTBYIOIIMX B 0aHAXOBOM mpocTpaHcTBe. CXOAUMOCTh U OT-
PAaHUYCHHOCTDb OTUX HUTEPATHBHBLIX HOCHG[[OBaTCHBHOCTCﬁ TAKKC YCTAaHOBJICHBI. HonyquHHe

PE3yJIbTAThI ObLIH IMPUMCHCHBI K OI[HOﬁ CHeKTpaHLHOfI 3agavuc TCOpHU OIICPaTOpOB.

KuioueBble cjioBa: UTEPaTUBHBIA MPOIECC, CXOAUMOCTb, OTPAHUYEHHBIN JTUHEHHBIN
oneparop, baHaxoBo npocTpaHCTBO
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Hccnedyemes obpamnas HenuHelinas Kpaesas 3adaua 01 00H020 ypagHeHus Byccun-
CKa 4emeépmoeo NnopsioKa ¢ HelOKATbHbIMU YCI08UAMU. 3a0aua paccmampusaemcs 8 npsamo-
yeonvHot obnacmu. Ilpu pewenuu ucxoOHoU 06pamMHOU Kpaegou 3a0ayu OCYUecmeisemcs
nepexo0 om ucxooHol 0OPAmHoU 3a0auu K HeKOMopoU 8CNOMO2AMenbHOU 00pamuol 3adaue.
C nomowpio corcamvix omoodpadicenull 00KA3bl8AIOMC s CYUWeCme08anue 1 eOUHCMEEeHHOCb
PpelieHusi 6CnOMO2amellbHol 3a0ayu. 3amem 6HO8b NPOU3BOOUMCs Nepexod K UCXOOHOU 00-
pamnoil 3a0ave, 8 pe3yibmame 0eidemcst 6bl800 0 PA3PEUUMOCHU UCXOOHOU 0OpamHol 3a-
Oaue.

KiioueBble ciioBa: oOpaTHasi KpaeBas 3aja4a, ypaBHeHus1 ByccuHcka, Meton Dypsbe,
KITACCHYECKOE PEIICHNUE.

B nacrosiiee BpeMs Teopus HEJTOKAJIbHBIX 3a/lad UHTEHCUBHO pa3BHBa-
eTCsl U TPEACTaBISAIOT COO0O0M BayKHBINM pazaen Teopuu auddepeHIHaTbHbIX
YpaBHEHUH C YaCTHBIMH INPOU3BOJAHBIMU. bonbioil nHTEpec B 3T0M 00nacTu
MPEACTABIAIOT 33/1a4d C HEJIOKAJIbHBIMU MHTErPajJbHbIMU yCI0BUsAMHU. [losB-
JIEHHE WHTETrpajbHbIX YCIOBUH CBSI3HO C TEM, YTO MPHU U3YyUYEHUH HEKOTOPBIX
(bu3MYECKUX TPOIECCOB IPaHMIIBI 00JacTel UX MPOTEKAaHUS MOTYT OKa3aThCs
HEJOCTYIHBIMU Il HEMOCPEJCTBEHHBIX H3MEPEHMH, HO H3BECTHO CpEIHEe
3HaUYE€HHE UCKOMBIX BEJIMYMH. Y CIIOBHS TAKOTO BH/Ia MOTYT MOSBUTHCS MPU Ma-
TEMaTUYECKOM MOJICTUPOBAHUY SIBJICHHUM, CBS3aHHBIX ¢ (DU3UKOM muia3mel [1],
pacrpocTpaHeHueM Teria [2,3], mpoleccoM BIIAronepeHoca B KamWIsipHO —
MOPUCTBIX cpenax [4], Bompocamu aemorpaduu U MaTeMaTHYECKOH OnoIIo-
TUH.

B nocnennee Bpems ynensercst 00/1bl10€ BHUMAHUE MU3YyUYEHUIO pasziny-
HbIX HEJIMHEWHBIX 3BOJIOLMOHHBIX YPaBHEHUW, OMHUCHIBAIOLIUX BOJIHOBBHIE
IpoLEecChl B cpefax ¢ aucnepcueil. OqHUM U3 HUX sBIsieTCsl ypaBHeHue byc-
CHUHECKA, BBIBEJIEHHOE aBTOPOM B [5] M ONMCHIBAIOLIEE PACIPOCTPAHEHUE
JUIMHHBIX BOJIH Ha MEJKOH BoJe. DTO ypaBHEHUE MHTEPECHO Kak ¢ (usnye-
CKOMH, TaK U C MaTEMAaTUYECKON TOUKH 3PEHUs
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OOpatupiMu 3amauamMu s qudGepeHInaTbHbIX YpaBHEHUN TPHUHATO
Ha3bIBATh 3a/1a4U OonpeeeHus AU GepeHInaTIbHbIX YPAaBHEHUN TI0 JTOTIOTHU-
TEIHLHON HHPOPMAIH 00 UX PEIICHUSX.

enpro maHHO#W pabOTHI SBISETCS TOKA3aTEIHCTBO EAMHCTBEHHOCTH WU
CYIIECTBOBaHUS pENICHUN OOpaTHOM KpaeBOW 3a1ayu ISl OJHOTO YPaBHEHHS
Byccuncka yeTBEPTOro mopsika ¢ MEpUOANUYECKUM U MHTETPATIbHBIM yCJIOBH-
eM.

1.ITocTaHoBKa 321241 U €€ cBeJeHNe K DKBUBAJEHTHOM 3a1a4e.

PaccmoTpum juis ypaBuenus [5-7].

Uge (X, 1) = 200U (X, 1) + Bl (X, 1) = @(OU(X, 1) + DO G (X, 1) + T (x,1) (D
B o0mactu D, ={(xt): 0<x<1, 0<t<T} oOpaTHyIO KpaeBylo 3aJauy ¢ Hayaib-
HBIMH yCJIOBUSIMH

T T
U(x0) = () + [ P, UK DAL U, (x0) =y (X)+ [ p,BU(K DL (0<x<1), (2)
0 0
NEpUOANICCKUMU yCIIOBUAMUA

HEJIOKATbHBIM HHTETPAIBHBIM YCIOBHEM

_[u(x,t)dx:o (0<t<T) 4)

U C JIOTIOJTHUTEIBHBIM yYCIIOBHEM
ulx;,t)=h;(t) O<x; <L i=L2, X, #x,,0<t<T), %)
rae X; €(0,1) (i =12)- ¢dukcupoBanHoe umcio, «>0,53> o’ 3amaHHbBIC

yucia , f(x,t), gaxt), ox), w(x), p;t),h t)i=1L2) - 3ananasie QyHKIHH,

a u(xt), a(t) u b(t) - uckompie GyHKIHH.

O603HaunM

C2(Dp) = UK 1) : U D) € C (D )yl (K1), Uy (X, 1)Uy (X,1) € C(Dy ).
Onpeoenenue Tpouky . {U(x,t),a(t),b(t)} ¢pyuxyui ux,t) , at)u b(t), 6y-

0eM HA3b16aMb KIACCUYCCKUM peulenuem obpammuotl kpaesoil sadaqu (1)-(5),

ecnu u(x,t) e C4?(Dy), a(t) e C[0,T], b(t) e C[0,T]u

{u(x,t),a(t),b(t)} yoosremsopsem (1)-(5) 6 o6viunom cmwicre.

C uenbto uccnenoanus 3anaun (1)-( 5) cHauana paccMOTpUM CIEAYIO-

HIyIO 3a7a4y:
y't=at)yt) (O0<t<T), (6)

y(0) = [ p,®y®dt, y'(0)= [ p,®y(t)dt, (7)

rne p,(t), p,(t),a(t)3anannsie pynkuum, a y = y(t) —uckomas GpyHKIwms,

13



MpuYeM Mo pereHneM 3aaaun (6), (7) monnmaem pynkiuto Y(t) npuHamie-
xamyro C*[0,T] u yIoBIeTBOPSIONTYIO ycIoBusM (6), (7) B 0GBIYHOM CMbIC-
Te.

CnpaBeuiiBa CieIyromias

Jlemma 1[8].. [lycmov pynxyuu
p,(t) e C[0,T], p,(t) €C[0,T], a(t) eC[0,T] u

|a(t)||C[O,T] <R =const.

Kpome moeo

T
[T” P, (t)“C[O,T] +[py (t)”C[O’T] " 2 RjT <t

Toecoa 3a0aua (6), (7) umeem moabko mpusuaibHoe peuieHue.
Hapsiny ¢ oOpatHoil kpaeBoit 3anmaueit (1)- (5) paccMoTpum cremyro-
IO BCTIOMOTaTENFHYIO 00paTHYIO KPaeBYIo 3a1auy: TpeOyercst ompene-

muTh Tpoiky {U(X,t),a(t),b(t)} dynkumit u(x,t) e c“2 (Dy) »
a(t) eC[0,T], b(t) eC[0,T], u3 coornomenuii (1)-(3),
Uy, (0,t) =u,, (L) (0<t<T), (8)
althy (t)+b(t)g(x;, 1)+ f (1) = hlt)— 20y (X, 1) + Mo (6i,1)  (i=1,2;0<t<T).(9)
CnpaBennuBa cieayronias
Teopema 1. Ilyctpb

f (1), 9(x,t) € C(Dr), p(X), w(x) € C[0.1], p;(t) e C[0,T] (i=12),
h(t) € C*[0,T] (i =1,2), h(t) = h; ()g(X,,1) = h, () g(x;,1) # O,
I f(x,t)dx = O,I g(x,t)dx=0 (0 <t <T) u svinonnsiomest yciogus co-

2NACOBAHUA

jgp(x)dx =0, iy/(x)dx =0, (10)
0 0

(%) + [ p (O (DAt =, (0), w(x)+ [ p,ON Ot =h/(©0) (=12).  (11)

Toeoa cnpasednuswvl ciedyoujue ymeepuHcoeHus:

Kaowcooe knaccuueckoe pewenue {u(x,t),a(t),b(t)} saoauu (1)-(5) se-
nsiemes u pewernuem 3aoavu (1)-(3), (8), (9);

Kaorcooe pewenue {U(x,t),a(t),b(t)} saoauu (1)-(3), (8), (9), maxoe,

qmo

i
(TP Oler, IOl + ol T <1 (12

sensiemes kiaccuveckum pewenuem (1)-('5).
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JokazarenbctBo. Ilycts {U(X,t),a(t),b(t)} sBasercs kmaccuyeckum pe-
menueM 3anaun (1)-(5). Uarerpupys ypasaenue (1) mo X ot 0 1o 1, umeem:

%j.u(x’t)dx - 2a(utx (l’t) - utx (Oat)) + ﬂ(u xxx(lat) - uxxx(oat)) =

0

= a(t)ju(x,t)dx + b(t)j[ g(x,t)dx + JL f(x,t)dx (0<t<T). (13)

1 1
Jlomyckasi, 94To I f(x,t)dx=0, J. g(x,t)dx =0 (0<t<T)wu c yu€rom (3), ( 4),
0 0

JIETKO IPUXOJIUM K BBITOTHEHHIO (8).
[loxcraBnsis B ypaBHeHue (1), X =X; Haxoaum:
Uy (X, 1) = 20U, (X, 1) + SU, 0, (X, 1) = a)u(x;, t) +b(t) g (X, t) + F(x,1)(0<t<T) . (14)
Jlanee, cautas h. (t) e C*[0,T] (i =1,2) u mubdepenuupys nsa pasa (5),
HMEEeM:
U, (X;,t)=h'(t) (i=L2;0<t<T) (15)
U3 (14), c yaerom (5) u (15), mpuxonum k BeimomaHeHue (9).
Teneps, npeanoioxum, uro {U(X,t),a(t),b(t)} sBusercs pemeHuem 3a-
nauau (1)-(3), (8), (9). Torna u3 (13), ¢ yuerom

1 1
j f(x,t)dx =0, J.g(x,t)dx =0(0<t<T)u(3), (8), HaxomuM:
0 0

éiu(x,t)dx = a(t)ju(x,t)dx 0<t<T). (16)

B cuny (2), c yuerom (10), HETpyiHO BUAETH, UTO
1

ju(x,O)dx —j[ P, (t)Uu(x,t)dedt = J.(u(x,O) —j[ P, (t)u(x,t)dtde = j.go(x)dx =0,

0

jut(x,O)dx —] pz(t)[ju(x,t)dx]dt = j[ut(x,O) —} pz(t)u(x,t)dt]dx = jy/(x)dx =0.(17)

0 0 0 0 0 0
Tak kak, B cuny Jlemmsl 1, 3amaga (16), (17) uMeeT TOIBKO TPUBHAIBHOE

1
pernieHue, To J u(x,t)dx =0 (0 <t <T), T.e BeImosHACTCS ycIoBHE (4).
0

Hanee, u3 (9) u (14) Haxonum:
%(u(xi,t)—hi (t) =at)(u(x,H-h®) (=12 0<t<T). (I8)

B cuny (2) u ycnosuii cornacoBanus (11), umeem:
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00%,.0) -1, (0) [ P, (OUx,, )~y ()t =U(x,.0) - [ Py (DK, Dt -
—{hi - m(t)h&t)dt} = p(x)) —(hi 0)-[ p, (0 (t)dtj =0(i=12).

u, (x;,0) = {(0) = [ p, (OU(x;, 1) = hy (D)t = u, (x,,0) - [ p, UK, tydt -

—(h;(m— [ p.(0h, <t>dtJ - w(xi)—(h;m) - [ p.(0h <t>dtj =0(i=12).

19
N3 (18) u (19), B crty ﬂeMMLI(l, )?>aKJ'II-O‘IaeM, YTO BBITIOTHSIOTCS YCII0-
Bue (5). Teopema nokaszana.
2. PazpemimMocTh 00paTHOI KpaeBoii 3a1a4n
M3BectHO [9], uTO cuctema
1,coSA, X, Sin A X,...,cO8 A, X, 8in A, X,... (20)
oOpa3yer 6a3uc B L,(0,1), rae A, =2kr (k=12,...).

Tak xak cuctema (20) obpasyer 6a3uc B L,(0,1), TO OYEBUIAHO, UYTO JJIS KaXK-
JI0T0 Kjaccuueckoro pemenust {U(X,t),a(t),b(t)} zamaum (1)-(3),(8),(9) ero
nepBasg KOMIIOHEHTa U(X,t) UMEET BU:

u(x,t) = iulk (t)cosh, X+ iuﬂ( (t)sinA, x (A, =27k), 21)
k=0 k=1

rac

1 1
Uy (H) = Iu(x,t)dx,ulk(t) = 2J'u(x,t)cosﬂkxdx (k=12,.),
0 0

1
Uy () = 2ju(x,t)sin Axdx (k=12,...).
0

[Mpumensiss popmanbHyto cxemy Metona Dypwe, A ONpeesieHHs] UCKO-
MBIX KO3PGUIUEHTOB U, (t) (k=0,1,...) ¥ U, (t) (k=12,...) dyHKIHK u(x,t), u3 (1)
u (2) nonyyaem:

uj,(t) = F(t;u,a,b) (0<t<T), (22)

ul, () + 2aAul, () + Sl () = Fy (u,a,b) (k=12,...0<t<T), (23)

U, (0) = @y + [ P (DU, (DDLU} (0) =y + [ P, (DU (Dt (k=0,1,...), (24)

uj, () + 24Uy (V) + BAius, () = Fyy (u,a,b) (K=12,...0<t<T), (25)
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Uy (0) = @y + [ P (DU (DD, U4 (0) =y + [ P OUL DT, (k=12,..),  (26)

rae
Flk (ta U, a: b) = a(t)ulk (t) + b(t)glk (t) + flk (t)a (k = 0919) )
flo(t):j f(x,t)dx, flk(t):zj f(x,t)cos, xdx (k =12,...),
1 1

910 = [g(x,)dx, gy (1) =2[ g(x,H)cosA xdx (k =12,...),

’ 1 01 |
Do = J.go(x)dx, Vio = IV/(X)dX7 P = ZI(P(X) cosh, xdx,

0 0 0

Yy = 2_‘-\|/(X)cos7\.kxdx (k=1.2,..)
Fox (tu,a,b) = a(t)u,, (1) +b(t)g,, (V) + fy () (k=1,2,.),

1 1
fop () = 2[ £(x,t)sin 4 xdX, g, (1) = 2[ g(x,t)sin A xdx (k =1,2,...),
0 0

1 1
Py =2[ PO sin A xdx, yry, =2[p(X)sin L xdx (k=1.2,...).
0 0
Hanee, u3 (22)-(26) Haxoaum:

U,(t) =9, + _[ p,(Hu,, (tH)dt + t[‘/’w + I P, (DU, (t)dtJ +

+j(t—r)F10(r;u,a,b)dr (0<t<T), 27)

Uy (1) = e l:(cosﬂkt - % sin ﬂktj((gik t ,[ P, (D (t)dt] + %(V/ik t ,[ P, (D (t)dtﬂ +

k 0 k 0

t
+ﬂij Fi (z;u,a,b)sin 5, (t —T)E‘ak(tif)df (i=12k=12,..;0<t<T), (28)

k0
rie
o =—ak, fo Zﬂi\/ﬂ_az' .
[Tocne moacTaHOBKH BBIpaXeHUW U, (t) (K=0,1,...) U uy,(t)(k=12,..) B (9),

JUISS  ONPENENICHHUS  KOMIIOHEHTBI  U(X,t)  KJIACCHYECKOTO  pEICHHS
{u(x,t),a(t),b(t)} samauu (1)-(3),(6),(7) momyuaem:

17



u(x,t) =g, +I p, (Hu,, (H)dt +t[‘//10 +_[ P, (t)ulo(t)dtj +

+ j)-(t -7)F,(7;u,a,b)dz + g{e%t [(cosﬁkt - % sin ﬂktJ[(Pm + 2[ p, (Hu,, (t)dtJ +

k

in Bt
+ sin f3,

B [l//lk jpz(t)um(t)dtﬂ _[F (7;u, ab)smﬂkt T)?ak df}coslkx—}-

+ i{eakt [[Cosﬂkt - % sin ﬁktj[ J P, (U, (t)dtj + Sinﬂﬁkt [V/zk + j P, (U, (t)dtj:l +

k=1 k k

t
+ﬁif sz<r;u,a,b>sinﬁk(t—r)e“k“”dr}sinﬂkx - (29

k 0
Teneps, u3 (9), ¢ yuerom (21), umeem:

a(t) = [h®)] " {g 0%, () = T (x,,1))~g(x,, (5 () — F(x,, 1))+
n kiﬂi (aui, (€)+ B2 Uy (N9 D c0s A X, — GO, c0s A X, )+
=1
- kiﬂi (2l (£)+ AR (9%, Dsin X, — 9(X,,D)sin 4X, )} ., (30)
=]
b(t) = [h@®]™ {h (5 @) = F (x,. 1)~ ON(E) - T (%, 1)+

+ iiﬁ (2au{k (t)+ ﬂﬂ.ﬁulk (t)Xh1 (t)cosA, X, —h, (t)cosA, x, )+
k=1

+k§ﬂ»ﬁ (2013, (6)+ B2 U, () ®)sin A%, —hz(t)sinﬂkxl)} . (D
=1

rae
h(t) = h (1) g(x,,t) —h, (1) g(x;,t) # 0,
Huddepenuupys (28) momyanm:
Ui (t) = e {_ ﬂi (a’k2 + ,Bkz {(pik +J- P, (H)u; (t)dt]sinﬁkt +
k 0

k

+ (%sm B t+cos ﬁktJ(l//ik +] p, (b, (t)dtﬂ +

18



t

j,k(ruab)aksmﬂk(t 7)+ B cos B (t— r))e“k”dr(l 1,2, 0<t<T). (32)
k0

Hanee, u3 (28) u (32), nomydaem:
2o, (t)"'ﬂ/ﬁuik (t):

_ e K i cos it _ﬂl(miak +2ala? + 7 )Jsin ﬂktj[coik [p0u, <t)dtj +

k

+ [ﬂi (,B/Lf +2aa, )sin Bl+2a cosﬁktj(wik +] P, (HHu,, (t)dtﬂ +

+ﬁi} Fu (r2u,a,b)(20ray, + 22 Jsin B (t - )+ 20, cos i [t - r))a“k(“”dr}. (33)
k 0

Torma u3 (30), (31) ¢ yuetom (33), COOTBETCTBEHHO HAXOMM:

a(t) = [h®)] ™ {g (. () — f (%, 1) -g(x,, (M5 (1) — F %y, 1)+

Y {eakt [[ BE cosfit— ﬁi (B2at, +2ala? + B2))sin ﬂkt](@k +[py (b, (t)dtj "
k=1 0

k

+ [,BL (ﬂ/lﬁ +2aa, )sin Blt+2a cosﬂkt](t//lk +]. P, (Hu,, (t)dtﬂ +
k 0

t
+ ﬁij Fi(z:u,a, b)((2aak + A )sin Bt —7)+2ap, cosf (t - r))eak(t_’)d z} X
k0

X (g(Xz,t)cosﬁ.kx] —g(X;,t)cos A, X, )+

(870t + 20l + p fsin ﬁktj(%k +] J <t)u2k<t>dt]+

k 0

+ iﬂ,ﬁ {e“k‘ l[ﬂﬂﬁ cos 3t _L
= B
1 . f
+ [ﬂ— (ﬂlk +2aa, )sm Ll+2a cosﬁkt](wzk + I p, (U, (t)dtﬂ +

+ ﬁij‘ F, (z;u,a, b)((zaak + B )sin Bt - r)+ 2a.f3, cos B (t - T))eak (t)g T} "

x(9(x,,t)sin A x, —g(x,Osin 4%, )}, (34)
bet) =[h®] " {hy (5 @) — f(x,. 1)~ h, O — T (%, 1)+
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k

Y {eakt [[ B2 cos Bt - ﬂi (B2 a, +20la + B2 )sin ﬁktj((p,k ¥ ] b, (), (t)dt] ¥
k=1 0

+ (ﬁi (ﬂ/lﬁ +2a0, )sin B t+2a cosﬂktJ(z//lk + j P, (U, (t)dt]] +

k

+ ﬁij. Fi (z;u, a)((2aak + Bl )sin B (t - z')+ 203, cos fy (t - z'))eak(t_f)d z‘} X

k 0
x (h, (t)cos 4 X, —h, (t)cos A, X, )+

k 0

Y {e l[/ui cos it —ﬂi(ﬂﬁiak +2ala} + 2 )Jsin ﬂktj[%k +] P (U, (t)dt]+

k

+ (ﬂl (ﬂ%ﬁ +2aa, )sin Bt+2a cosﬂktj£t//2k + ] P, (DU, (t)dtﬂ +

+ ,Bij F, (z;u, a)((Zaak + ,B/Iﬁ )sin yop (t - z‘)+ 2af, cosp, (t - z-))e"‘k(“f)d r} x

x (h, (t)sin A, x, —h, (t)sin 4, x,)}.  (35)

Takum obOpazom, pemenue 3amauu (1)-(3),(8),(9) cBeneHO K pelieHUIO CH-
crembl (29), (34) ,(35) OTHOCUTENBHO HEW3BECTHBIX (DYHKUIUU u(x,t) , at)u
b(t).

Jnst u3ydeHust Borpoca €auHCTBEHHOCTH pemreHus 3anadu (1)-(3),(8),(9)
BaYKHYIO POJIb UTPACT CIICAYIOMIast

Jdemma 2. Eciu  {u(x.t),at)} - moboe pewenue 3adauu (1)-(3),(6) ,(7), mo

@yHryuu
1 1
() = _[u(x,t)dx,ulk(t) = 2ju(x,t)cosxkxdx k=12,..),
1] 0

1
Uy (1) = 2ju(x,t) sind xdx  (k=12,...)
0

yoosnemeopsirom cucmeme (27), (28).

3ameuanue. U3 nemmol 2 ciedyem, umo 0iisi O0OKA3amMenbCmed eOUHCmeeH -
nocmu pewenust 3adaqu (1)-(3), (8), (9) docmamouno ookaszame eourncmeen-
Hocmb pewienusi cucmemsl (29), (34) ,(35).

Tenepb pacCMOTPUM CIIETYIOIINE TPOCTPAHCTBRA:

OGosHaunm uepes By, [9], coBoKymHOCTS Beex ByHKIMIT BHIa
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u(X, t) = D Uy (1) cosA X+ D Uy (t)sin 4, X (n, =27k),
k=0 k=0

paccmaTpuBaeMbIX B D, , Tae Kaxmas u3 QYHKOHA U, (t) (K=0,...) H U, (t)
(k =1,2,...)HenpepsiBHA Ha [0,T] U

N | =
N | =

I ) = 0O o7, + [i(zi Juye <t>||cm])2J +@mﬁ ™ (t)||c[0,n)2]

HopMy B 5TOM MHOKECTBE ONPENEIUM TaK:
U Oy = Jr ().
2T

Yepes E; 0003HauuM MPOCTPAHCTBO st,T x C[0,T]xC[0,T] BexTop-
byukmmii  Z(X,t) = {u(xt),a(t),b(t)} ¢ Hopmoii
”Z”ET5 = |u(X°t)”B§,T +||a(t)”c[o,T] +||b(t)”c[o,T]'

OueBnaHO, 9T0 B, W E; ABIAKOTCS GAHAXOBBIMH IIPOCTPAHCTBAMH.

Teneps paccMOTPUM B POCTPaHCTBE E; omeparop

®(u,a,b) = {d,(u,a,b),d,(u,a,b),d,(u,a,b)},
rae

@, (u,a,b) =T(x,t) = DU, (H)cosA X+ DU, (t)sin 4, X,
k=0 k=1
@, (u,a,b) = a(t),P5(u,a,b) =b(t),
rae U,t), Ut (i=12; k=12,.),a(t) u B(t) paBHBI COOTBETCTBEHHO Tpa-

BbIM "acTsM (27), (28), (34) u (35).
O4eBUIHO, YTO

cosﬁkt—a—ksinﬂkt £1+ngl,
k \B-a
Lpde L1
2 o> %
A2 cos it — oy +2alal + B2 )sin At <| 2% 1|2 =&, 22,
ﬂk \ﬁ—a2
2
ﬁl)(ﬂ/iﬁ +2aak)sinﬁkt+2acos,8kt < p+2a +2a=¢,.
k

< 7? —
ﬂl(Zaak + B, )sin B (t - z')+ 2af, cos fy (t - z’)‘ <&y

k
Torza ¢ MOMOIBIO HETPYIHBIX TPE0OPA30BAHUN HAXOIUM:
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”UIO (t)”C[O,T] < |(P10| +T|l//10| +T(” P, (t)”C[O,T] +T” P> (t)”qo,ﬂ)”ulo (t)”C[O,T] +

+Tﬁ[j fm(r)2dr] +T2a(t)cm]um(t)C[O’T]+Tﬁb(t)c[m['f gm(r)zer , (36)

[i(zi ., (t>||qo,n)2j2 <7, (i(ﬂim |>2]2 +ﬁel(§ui v |>2J2 -

+ﬁ0pla>m+pz<t>cm,n)r(iw RO ] ﬁ[{ iuifmfdrj .

TSI Ol | 0T 0L, [ e
i=12) ,(37)

JEO]cgor, < [POT - 0t DK — £06.0) - 504 DO — T 06D gy, +

N
|C[0T] |: 12 32

l9(x,.t

S| 32 a3(Samh |+

k=1 i=1 \ k=l

O]+

1

+lgx, 0]+

n %(53 +é, )T(“ P, (t)”cw,T] +[p (t)"c[O’T] JZ(Z(

=1 \ k=1

2 Too 3 2 ] »\/g 5
ey | IR R TS 5 I TR
0

k=1

8

1
+\ﬁfflelb(t)llqOT (I > (A9 (@)? drj ] , (38)

oo, <ol om0 1060)-h OO - F00)g +

Cl0,T]

2 S\&

cmn[[ E[Zwlw.kb j +£s42(2<z3|w.k|> j

O]+

i=1

+ %(«93 +&, )T[" P (t)”C[O,T] + || P> (t)”c[o,T]]Z(i (ﬂi
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1
T 2(T o
+€S4Z[Imm>zdr] ATl 0] 3 (W“'k“)cw e
0

i=l k=1
1
T o 5
+\/16T 84Hb(t)HC[on (jz ,13gik(f))sz]2] . (39
0 k=1

[Tpenmonoxum, yto nanueie 3amadu (1)-(3),(8) ,(9) ymoBieTBOPSIOT
CIICTYFOIIUM yCIIOBHUSIM:
1. (x) eC*[0,1], ' (x) e L,(0,1) m
0(0) = (1), ¢'(0) = @'(1), ¢"(0) = ¢"(1), 0" (0) = 9" (1), (0) = (1),
2. y()eCOIL () e L) 1 w(0)=w (), ¥'(0) =y (D), ¥"(0) =y"(1).
3. F(x0), f (), T (xt)eC(Dy), f (xt)eLl, (D)
u f(0,t)=f({,1),f,(0,t)=f (1L1), f (0,t)=f, (Lt) (O<t<T).
4. g(Xb), G, (1), Gy () € C(Dy), Gy (X,1) € L, (Dy)
n g0, =gt ,0,(0.0) =g, (L1, g (O, = g, (L) (O<t<T).
5. h(1) €C[0.T] (i =1.2), h(t) = b, (I(X,. D) —h, (HY(x,. ) £ 0,
p,(t)eC[0,T](I=12) (0<t<T).
Torma u3 (36)- (39) nonyyaem:

+C,(M)u(x.t)

B + Dl(T)Hb(t)HC[O,T] > (40)

B2T

k0, < AT)+B a0k

+C, Mg, + DMty > 1)

5
Bir

Ha(t)HC[O,T] < AZ(T) * BZ(T)Ha(t)HC[o,T]HU(X’t)

PO, < AT+ B RO, U]y, +C D]y, +DyMfb®)]g,, - (42)

rac

AM) = ”q)(x)”L (0,1 +T”W(X) L, (0.1)
+ 247, |y © (X)HL2<0,1> +2e,NTT

BI(T) :(T +2\/782)T>
C\(D) =T+ 297N Ol o7, +TT +2VDP2 Ol

D,(T) = (T +2¢, V5T g,
A =[ln] o000 F0x,0)- 3000050 - F 00,0 gy +

+247. El”q) (x)H

L, (Dr) L(Ol)

XXX
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+|||g(x t)| |g(X t)|||c[0T]|:£g3“¢ ( )HL(O 1) \/_83”1//’”()() L, (0,1)
B (T)=£84 ] Hcm 90,0 +90¢ O, T -

C,(T) = ﬁ(& +&)|hol’|

D (T)—£e4 ho]|

H‘g(XZ ’t)‘ + ‘g(xl ’t)mqo;] T(H pl (t)HC[o,T] + H p2 (t)HC[O,T] )"

Clo.T]

l90x. O] +g0x D), 19,00 (%

C[0,T]

am=|hol"_ {Ih OO = 106,0) = OO = 04,0 +

J6
0T]|:_83H§0 ()HL(OI) _83

Vet | }}
6 L) |[°

3(r)_fe4u ol InCol+h O, T

clo, T]

y"(X)

Lon T

XXX >

C,(T) =f(e4 +e))[hal’|
JeTr

H‘hz(’t)‘ +‘h1 (t)mc[o:] T(le (t)HC[O,T] +Hp2 (t)HC[O,T] )"

C[0,T]

D,(M) =~ & [lhol|

W3 HepaBeHCTB (40) (42) 3aKJTI0YaeM:

cro.T] H cro,T] ”g"xx ’

or POl o, <

<AT)+ B(T)||a(t>||cm||u(x,t> oz, + DOy, - (43)

rac

. C(T)||u(x,t)

AT)=A(T)+A,(T)+ A (T),B(T)=B,(T)+B,(T)+B,(T)
C(T)=C,(T)+C,(T)+C ,(T), D(T) = D,(T) + D,(T)+ D ,(T).

Hrak, MOXHO 10Ka3aTh CIEIYIONIYI0 TEOPEMY.
Teopema 2. [lycmsb gvinonnenst yciosus 1-5 u

(B(T((AM)+2)+C(T) + DT)(A(T) +2) <1. (44)
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Tozoa 3aoaua (1)-(3),(8) ,(9) umeem 6 wape K =Kg(|z|., <R=AT)+2) u3

HET5
ET5 eOUHCMBEHHOE pelleHue.

JlokazaTeabeTBo. B npocTpanctBe E; paccMOTpUM ypaBHEHHE
z2=0z, (45)
rae zZ ={u,a,b}, a kommonentsr ®; (i =1,2,3) oneparopa d(u,a,b) ompene-
JIeHbI paBbIMK YacTsMH (29), (34), (35) COOTBETCTBEHHO.
Paccmotpum, onepatop ®(U,a,b) B mape K =K, u3 E;. Ananorudno (43)
HOJTy4aeM, 4To JJIs IIOObIX Z,Z;,Z, € K cIpaBeAINBbI OLIEHKU:

‘ E? < AM)+ B(T)Ha(t)HC[O’T]HU(X,'[) BSr +C(T)HU(X,t)‘B§,T + D(T)Hb(t)HC[O,T] <AM)+
+B(T)R* + C(T)R+ D(T)R = AT) + (B(T)(A(T) +2) + C(T) + D(T))(A(T) +2), (46)

[0z, ~@2,[ . <BMR(a, O -2, +u -], )+
+C(T)Ju, (%, ) —u, (X, t) o, F Db =b,®) [ gor,- 47

Torma u3 onenok (46) u (47), ¢ yuetom (44), ciaemyer, 4ro omneparop @
nercteyer B mape K=K, u aBiasgercsa cxumaromuM. [looromy B mape K=K,

Dz

omeparop @ WMeeT eIMHCTBCHHYIO HEMOJBIDKHYIO TOYKy {U,a,b} , xoTopas
saBigeTcs equHCTBEeHHBIM B 1mape K =Ky pemennem (35), T.e. siBisieTcs eIuH-
CTBEHHBIM B 1ape K =K pemeHuem cucteMsl (29), (34), (35).
OyHKIHS  U(x,t), KaK SJIEMEHT MPOCTPAHCTBA B, HEMPEpBIBHA U HMECT
HENPEPBIBHBIE IPOU3BOAHBIE U, (X,t), Uy, (X,1), U (X,1), Uy (X,t) B D
AnamornyHo [l1].MOkHO  1OKa3bIBaeT, d4TO U (X,t), Uy (X, 1), Uy (X,1),
Uy (X,t) HerpepeiBEbl B Dy .

Jlerko mpoBepuTh, uTo ypaBHenue (1) u ycnous (2), (3), (8) u (9) ynosine-
TBOPSIFOTCS B OOBIYHOM cMbIciie. 3HauuT, {U(X,t),a(t),b(t)} sBasercs kmaccu-

yeckuM pemenueM 3amadn (1)-(3),(8), (9) u B cwiy jaemMMBbI 2 3TO pelieHue
€IMHCTBEHHO. TeopeMa J0Ka3aHa.

C nomo1pbio TeopeMsbI 1, JIETKO T0Ka3bIBAETCS CIAETYIOMIAs

Teopema 3. [lycmuv gvinonnenul ace ycinosus meopemvl 1 u

jf(x,t)dx:o,jg(x,t)dx:o (0<t<T), jgo(x)dx:(), }y/(x)dx:o,
0 0 0 0

(%) + | O, ®dt =, 0), w(x)+ [ p, O (Hdt =hi(0) (i =12).

Toz0a 3aoaua (1)-(5) umeem 6 wape K=Kg(fzl., <R=AT)+2) us E

eOUHCINGEEHHOE KIACCUYECKOe peuieHue.
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QEYRI -LOKAL SOTRLORLI BiR DORD TORTIBLI BUSSINESK TONLiYi UCUN
QEYRI-XOTTi TORS SORHOD MOSOLOSININ HOLL OLUNMASI HAQQIiNDA

Y. T.MEHROLIYEV, F.H.ALiZADO
XULASO

Qeyri-lokal sortlorli bir dord tortibli Bussinesk tonliyi {iclin qeyri-xotti tors sorhod

masalasi todqiq olunur. Moasaloys diizbucaqli oblastda baxilir. Verilmis tors sarhod masalosinin
halli kdmokgi tors masaloys gatirilir. Sixilmis inikas prinsipinin kdmayi ilo komokei masalonin
hallinin varliq vo yeganaliyi isbat olunur. Daha sonra iso verilmig tors mosalonin hollinin varliq
vo yeganaliyi isbat olunur.

Acar sozlar: tors sorhod mosolosi, Bussinesk tonliyi, Furye metodu, klassik holl.
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ON THE SOLVABILITY OF A NONLINEAR INVERSE BOUNDARY VALUE
PROBLEM FOR A SINGLE FOURTH-ORDER BUSSINSK EQUATION WITH
NONLOCAL CONDITIONS

Y.T.MEHRALIYEV, F.Kh.ALIZADE
SUMMARY

An nonlinear inverse boundary value problem for one fourth-order Boussinski
equation with nonlocal conditions is investigated .The problem is considered in a rectangular
domain. To investigate the solvability of the inverse problem, we perform a conversion from
the original problem to some auxiliary inverse problem with trivial boundary conditions. By
the contraction mapping principle we prove the existence and uniqueness of solutions of the
auxiliary problem. Then we make a conversion to the stated problem again and, as a result, we
obtain the solvability of the inverse problem.

Key words: inverse boundary value problem, Boussinesq equation, Fourier method,
classical solution
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KOSR TORTIBLI 20 TORTIBDON iINTEQRO-DIFFERENSIAL
TONLIK UCUN UC NOQTOLi SORHOD MOSOLOISI

N.O.O9LIYEV, V.0.0SMANOV
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Baxilan igda Kasr tortib adi, 2o tartibdon Xatti inteqro-differensial tonlik iigiin iis nogtali
sarhad moasalasing baxilmisdir. Bu masala ozii ham Volterra, ham do Fredholm hadli ikinci nov
requlyar niivali inteqral tonliya gatirilmigdir.

Bu ciir tonliklorin arasdiriimasi isa ardicil yerino yazma tisuludur. Belo ki, bu iisul
biitiin hadlorda aparilarsa, proses miirakkablasar. Ona gora da ardicil yerino yazma tisulu
ancaq Volterra haddinda aparilmagla bu haddin niivasi istanilan qadar kigik edilo bildiyindan,
bu hadd xata kimi atilir vo alinan ikinci név Fredholm tonliyi iigiin Rezolvent sirast qurulur.

Acar sézlor: Ug noqtali mosolo, Sorhod masalasi, Inteqro—differensial tonlik, Kosr
tortibli tonlik

Burada 2a tortibdon kasr tortibli inteqro-differensial tonlik tigiin ii¢ ndq-
toli sorhod masalasine baxilir. Bu masalonin hallinds Riman-Liuvill manada
kosr tortibdon inteqrallamadan istifado olunur. Masosloni holl edorkon, masalo
ikinci ndv, requlyar niivali Volterra-Fredholm hadli inteqral tonliya gotirilir.
Volterra-Fredholm tipli inteqral tonliyi holl etmak {i¢iin toqribi hesablama iisu-
lu olan arddicil yerino yazma tisulundan istifads olunur. Bu tisulu biitiin hod-
lords aparsaq mosalo miirokkoblogor. Ona gora iteraiya iisulunu ancaq Volterra
haddinds aparmaqla bu haddi kifayst qador kigiltmok miimiikiindiir. Vo sonda
bu hoddi xota kimi gobul edorok atilir vo alinan ikinci név Fredholm tonliyi
iictin Rezolvent siras1 qurulur. Alinan hall taqribi hall kimi gabul olunur.

Mbolumdur ki, adi differensial tonliklar ii¢iin baxilan sarhod masalalaorinin
aragdirilmasi ¢ox zaman bu masalalori ikinci ndv inteqral tonliys gotirmoklo
aparilir [1], [2]. Bozan bu ciir masalalor Y.Mommaodovun arasdirdigi ikinci név
volterra-Fredholm tipli inteqral tonliyo gotirilork arasdirirlar [3], [4]. Biz bu-
rada toromasi kasr tortibdon olan adi inteqro-differensial tonlik {i¢iin qoyulmus
iic noqtali sorhad mososlosini 6ziindo hom Volterra, hom do Fredholm hodlori
tutan ikinci nov inteqral tonliys gotirmoklo kifaystlonmisik.

Bu ciir tonliklorin arasdirilmasi iso ardicil yerino yazma tsuludur. Belo
ki, bu iisul biitiin hodlordo aparilarsa, proses miirokkoblogor. Ona gors do ar-
dic1l yerino yazma {iisulu ancaq Volterra hoddinds aparilmagla bu haddin nii-

28



vasi istonilon godor kigik edilo bildiyindon, bu hadd xota kimi atilir vo alinan
ikinci n6v Fredholm tonliyi ii¢ilin rezolvent sirasi qurulur.

Masalonin qoyulusu: Asagidaki kimi o tortibdon kosr tortibli inteqro-dif-
ferensial tonliyo baxilur. Bu tonliyi holl etmok {i¢iin ovvolco tonlik hor iki
torofdon Riman-Liuvill monada inteqrallanir. Bu masalonin halli zaman1 Dira-

kin-Delta funksiyasindan istifads olunur.
X

D?%y(x) + a; D%y (x) + a,y(x) + fl((x, Hy®)dt =0, 0<xy<x; <<2x, (1)

X0

an)D“y(x) |x —xo T+ all)D“y(x) |x x1 + all)D“y(x) ‘x —x, T

+aDy(xo) + Py () + aVy(xy) =

”Dw@ﬂx%+a“0%@ﬂxm+aﬁ0w@ﬂxh

+q® 0)

(2)
y(x0) + az; y(x1) + 0»’ Y(xz) = a’z

1% D2y (x) + ay 1€ D¥y(x) + a1 y(x) + 1% f Ko Oy(Mdt =0  (3)

—1+a —1+}:; (x — &) 1
D%y(x) + C1m +a;y(x) + a,C; it +a, fﬁ (©)d¢
. 3 ’
(x =&t
+ fmdf fK(f,t)y(t)dt =0 (4)
0 —-1+a
D“y(x) + C1 m + aly(x) +
xo1ta x (x — E)a—l
+a1C2( 1+ a) t+a; m)’(f)df
x ° X a1
+ [ywae [EE k@ oyas =0 ®)
Xo t

X-in yerina x, yazsaq vo 1-ci haddon basqa qalan hodlori boraborliyin sag
torofing kegirtsok alariq:

—1+a
D%y(x) |x—x0 =—( %— a;y(xo) —
alczm f— (E)df
o o a-1
- [ yoa [ Sk oy =0 (©)
Xo t
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Burada sonucu iki hadd 0 olur, onda alariq:

| 1+a x0—1+a
a f— — _—
‘ D%y (x) lx=x, = C1( 1+ Y — a;y(xo) a1C2( 1+a) (7)
Indi iso x-1n yerins x; yazsaq, alariq:
-1+a
D%wﬂxh=— G ey~ ) -
—1+a ( S;)a 1
X1
St T f “a-nr YO

a—1
—fy®Mf9%i%rK®ﬂﬂa&=o ®)
t

Xo
Daha sonra iso 1so x —1n yerind X, yazaq:
3 | xylte
D¥y(x) ly=x, = —C1m —a;y(x;) —
X2
—1+a -1
X2 (x; — &)
—a, G, —1+a) —az ﬁ y(§)d¢
Xo
X5 X5
(e =9 _
- | y(@®)dt WK(S, t)y()ds =0 9)
Xo t
(5)-don alariq:
—1+a

IF D%y (x) + G, 1, it + a I y(x) +

Tlra _ fya-1
+a,C, xoﬁ‘}‘ zlxo f% (&)d¢
- — a-1
+ I3, f}’(t)dtt %K(f, H)y(&)dé =0 (10)
x_1+a x (x _ g)a—l 6(1_1 x (x B {:)a-l

J’(x)+52m+clf @ =Dl (a_l)!df"'al W)’(f)df
(=9« gt
(@—1! (a— 1!

Qx—ﬂ“ld (-9t

+ a,C,

dg§

+ a, TRl CEY y(&)dé
x(x —‘[)“_1 H x(x _E)a—l
+ —(a—l)! dt fy(t)dtt WK(f,t)df= 0 11



x0—1+a B *o (xo_f)a_l ga—l
(-1+a) (a—-1)! (a—D!

a—-1 a—-1 a—-1
f(o ) Y(E)de — Czj(o §) 4 de

y(x9) = —C; as

1)! D! (a—1)!
(x —7)% 1 (o — !
—daz ( _ 1)' f 1)| (f)df
R (o —
- f Wd‘[ fy(t)dtfﬁl((f' t)dé (12)
Burada da sonuncu 0iki hadd sifir oluriJ Onda alariq:
x.—1ta
y(xo) = —C; (_(1 T a) (13)
B -1+a ! (xl _ E)a_l fa_l
y() = _sz_ v Twm o e ®
= e (G-t g
f —1)! y(§)ds - G (a —1)! (a—1)!df
(x - )% 1 (e =
—a [ BES f e TREAS

_ a-1 a—-1
f(xl ) drf (t)dtj(l O ke nde (4

—1)! —1)!
3 x2—1+a 2 (xz _ f)a—l Ea—l
y(2) = —C 7 )I_Cl CEEVC R
G5z — £ [ —pet gt
f —1)! y§)ds = G (@ —1)! (a—1)!d€

Xo

o GO D
f(—l)' fz D Y@

_ _~a-1 a-1
(xz Ti), dr f y(0)dt f (x; = ?)' K@ OdE  (15)
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Indi y(xy), y(x1),y(x,) iigiin alinmus ifadalori sarhad sortlorindon birincisinda
yering yerina yazagq:

o ot a1
“8)[ i~ ) - “162(;0—1)]”9[ i )
ae f @D o
j y(©)dt f Gl i;,lx(svt)df]w“)[ G, (xg i)!

- @) - by j(z ?‘;,1 ()ds
fy(t)dtf (1—?;11((5 t)df]+a(0)[ 52%]
tal=G ((fli_i)!‘ ' [ (x(la_—ti;_l*(of 0:)!"1ér
f ("(a‘_fi; : f Gl i), (6
%dr fy(t)dtf%l((é t)d¢]
+ayg =G, (cj ii_i)! — } | (x(la_—ti;! - ((j 0:)! %
~a, [ a‘_?; : f G fi; @)t
_ T%dr fy(t)dtf%m& t)d¢] = ay
Xo Xo t

Analoji olaraq ikinci sorhad sortindo do homin ifadslori yerino yazmagqla
asagidaki kimi cobri tonliklor sistemi almis olariq:
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{A11C1 + A0 = Ay
Az1Cy + A Gy = A
A Ar # 0 oldugda cabri tonliklor sistemindon C; vo
A1 Ay
C, sabitlorini tapib (11) ifadssinda yerino yazmagqla verilmis bircins, kaosr
tortibli, tic noqtoli sorhad masoalasinin hallini almis olariq.

Beloliklo qoyulmus kosr tortibli inteqro-differensial tonlik {i¢iin iig
noqtali sorhod mosolosi Volterra vo Fredholm hadli ikinci nov inteqral tonliyo
gotirilmis oldu.

Teoreml: ©gor a€ (0,1),a,a,, b; va c; verilmis sabit adadlor olmagqla,
0< xg <x1 <x, K(x,t) vo f(x) verilmis kosilmoz funksiyalardirsa, onda
(1)-(2) sarhad masalasi (10) ikinci ndv inteqral tonliyo gatirilir.

Qeyd. Alinmig (10) inteqral tonliyindo Volterra hoddine nazoren iterasiyalar aparmagqla
bu haddin niivasini kafi qoder kigiltmak miimkiindiir. Onda bu haddi xata kimi qobul etmaklo
alman ikinci név Fredholm tipli inteqral tonlik holl olunur. Bu ciir alinmig holl goyulmus
masalonin toqribi halli kimi qabul edils bilar.

Burada A =
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TPEXTOYEYHAS KPAEBAS 3ATAYA UISI APOBHBIX
HUHTEI'POJU®PEPEHIIUAJIBHBIX YPABHEHUHU

H.A.AJIMEB, B.A.OCMAHOB
PE3IOME

B nanHoMm ciiydyae paccMmaTpuBaeTCsi HA O TPEXTOUEUHOM TPaHWYHOM 3a7ade JJisi poc-
TOTO JIMHEWHOTO WHTETPO-Tu((hHepeHIIMaTBLHOTO ypaBHEHUS ¢ ApOoOHBIMU Topsiakamu. Cama
npoOJjieMa CBOAMTCS K YPaBHCHHIO BTOPOTO THIA PEryJsipHOro siupa Bombrepom u ®pen-
TOJIBMOM.

V3ydenue Takux ypaBHEHHI MpeACTaBIsieT cO00 METOJ MOC/eA0BAaTeIbHON MOICTa-
HOBKH. Tak 4TO, €CJIM UCIOJIE30BaTh ATOT METOJ BO BCEX WICHAX , MPOIEcC OYAET CIOKHBIM.
CrnemoBatenbHO, MOCKOIBKY SAPO 3TOTO WIEHA MOXHO CIIENIaTh CKOJb YTOIHO MaJlbiM IyTeM
BEITIOJTHEHUSI METOJ]a ITOCIICIOBATEIbHOM IMOJICTAHOBKU TOJIEKO Ha WicHe BombTeppa, 3TOT
4IIeH OTOpachIBaeTCs KaK MOTPEIIHOCTh, M CTPOHUTCS MOCIEIOBATEIEHOCTh Pa3pPEIICHUs IS
BTOPOTO THITAa IOTYYCHHOTO ypaBHeHNsT Dpenroiapma.

KiaroueBble ciioBa: Tpexroueunas 3amada, KpaeBas 3amada, MuTerpo-muddepen-
LUaJIbHOE ypaBHEHHE, Y paBHEHUE APOOHOTO TOPSIKA.
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THREE-POINT BOUNDARY VALUE PROBLEM FOR FRACTIONAL
INTEQRO-DIFFERENTIAL EQUATIONS

N.A.ALIYEVY, V.9.0SMANOV
SUMMARY

In the present case, the problem of a three-point boundary for a Elementary, linear
integro-differential equation with a fraction is considered. This problem itself is brought to the
equation of the second type of regular nucleus by both Voltaire and Fredholm.

The study of such equations is a method of sequential substitution. Thus, if this method
is carried out to the fullest term, the process becomes more complicated. Therefore, since the
nucleus of this equation can be made as small as desired by performing the sequential
substitution method only at the Volterra term, this equation is discarded as an error and a
resolution sequence is constructed for the second type of Fredholm equation obtained.

Key words: Three -point problem, Boundary value problem, Inteqro-differential
equation, Fractional-order differential equation, global boundary conditions.
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ADIi BIRTORTIBLI XOTTi DIFERENSIAL TONLIKLOR SiSTEMi
UCUN YARIMOXDA SOPILMO MOSOLOSI
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Isda n sayda adi birtortibli xatti diferensial tonliklor sistemi iiciin yarimoxda n-2 galon
2 sapilon dalga halinda diiz sapilma masalasi dyranilmis, sapilmo matrisi tayin olunmusdur.

Acar sozlor: sopilmo mosolosi, sopilmo matrisi, sorhod sortlori, Volter tonliklor, tors
sopilmo mosolosi

Yarimoxda (x = 0) asagidaki adi birtortibli xotti diferensial tonliklor
sistemino baxaq:

dy (%) c
SR Y 6y @) = 60n@ L k=Tn ©
j=1
Burada i* = —1, ¢;(x) (k,j =1,7) funksiyalari kompleks giymotli, 6lgii-
lon, ¢ (x) =0, k=T, nva|Cj(x)| < ce™™, c>0,e>0 (2)
sortlorini 6dayirlor; & > -+ > &,_, > 0> &, > &, sorti ddonilir; A —spektral
parametrdir.
(1) sisteminin halli dedikde miitloq kosilmoz vo sanki hor yerds (1)
tonliklor sistemini 6doyon funksiya baga diisiiliir.
(1) tonliklor sistemi tigiin yarimoxda n — 2 masaloys birlikds baxilir.
Burada k —c1 mosalo(k = 1,2, ...,n — 2) dedikds (1) sisteminin elo

YD) =

rCe ), .y ()} €)
halli basa diistiliir ki,

yE(x, ) = Ae™K* +0(1), pk=1n-2 (4)
asimptotik gostarilisine malik olsun vo

YLD = Y O, (5)

ie{1,..,n—2}
i%k
yEO0,1) =yk0,), k=12.,n-2 6)

sorhad sortlori 6dansin.
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Baxilan n — 2 sayda (1) — (4) - (5) - (6) mosalalori (1) tonliklor
sistemi li¢lin yarimoxda sopilma masalosi adlanir.

Dirak adi diferensial tonliklor sistemi {i¢iin biitiin oxda vo yarimoxda
sopilmonin vo spektral analizin diiz vo tors mosalolori M.Q.Kreyn [1],
M.G.Qasimov [2], M.G.Qasimov vo B.M.Levitan [3], L.P.Nijnik vo F.L.Vu
[4], F.Q.Magsudov va S.Q.Valiyev [5], I.M.Hiiseynov [6], va s. torafindon
Oyranilmisdir.

Birtortibli adi diferensial tonliklor sistemi {iclin golon vo oks olunan
dalgalar miixtalif siirotli oldugda biitiin oxda tors sopilmo maosolosi D.Kaup
[7], A.B.Sabat [8], R.Bils vo R.R.Kaufman [9], vo s. torofindon todqiq
edilmisdir. Dérd golon iki sopilon dalga hali N.S.Isganderov vo L.N.Cofarova
[10] torafindon dyronilmisdir. Burada masalo daha timumi, n — 2 galon va iki
sopilon dalga halinda todqiq edilmisdir.

Teorem: Tutaq ki, (1) sisteminin Cy;(x), k,j = 1,n omsallar 8lciilon
funksiyalardir, L, (0, ) fozasina daxildir vo (2) sortlorini ddayirler. A — haqiqi
ododdir (ImA=0). Onda (1) —(4)— (5) - (6) sopilmo mosolosinin
verilmis golon A;e%1% | .. A, _,en-2% dalgalari iigiin Lo, (0, 0) fozasinda
yegana holli var. Burada, homginin L (0,0) fozasinda asagidaki asimptotik
gostorilis dogrudur.
yE(x,2) = Bke™»* + 0(1), x >+ ,p=n—1,n;k=1n-2. (7

Isbati. (1) sistemi {iciin qoyulmus sopilmo mosalesi, yoni (1) — (4) —

(5) - (6) mosalosi asagldakl inteqral tonliklor sisteminoa ekvivalentdir:

vy (6, 2) = Aper - Z f Cpi(@Dyf(r, Ve X dr ,p=Tn=12 ,

vy (x, 2)
— Bk iAépx

= LZ j Coi(@Dyf (T, De™r* Ddr ,p=n—1,n,  (8)

burada B,‘;‘ (p=n—-1,n;k=1,n-2) omsallar1 (5) vo (6) vasitosi ilo
tapilir:

B mE[ Coer (O} (3, Do~ M =

n too
= Z Ay — iZfO ij(r)y]l‘(r, De HrTdr
j=1

pe{l,..,n—2}
p*k
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nioe
Bk — LZJ Co (DY) (1, T)e " HnTdr
—i Jo
=1 .
+00 .
= Ay — LZJ Cij Oyf (r, Ve Hrrdr
—i Jo
j=1

Buradan

n e
B =i [ Gy @yf@pe Mt +
: 0
j=1

niw
) a-iy fo C,, (Dy*(r, De~Hértdr
=1

pe{1,..,n-2}
p*k
n to
BE =1y [ [0y = Gy (e 2] yf (e ),
j=10
k=1n-2. 9)

Baxilan (8) sistemi Volter tip inteqral tonlikdir. Onda (2) sortindon va
ImA = 0 oldugundan L (0, +o0) fozasinda sistemin yegana hallinin varligi
alinir. Ona gora (1) sistemi liglin Ly (0,00) fozasinda sopilmo masoalosinin
yegand holli var.

Digor torofdon (8) —don

n

2.

j=1

n e
<3 [l @l lle5e] ar <
X

+00
|y (e, 1) = Bjev¥| = f Cpj (@S (1, De Dz | <
X

—&X
)

+o00 ncM
=—%0
X £

+co 1
< f ce ¥ TMdt = ncM —e ™" l
X

Buradan x — +oo olduqda (7) asimptotik gosterilisi alinir. Yuxarida
nazars aldiq ki, |e»*= 0| =1 va y}‘(r, A) € Ly (0, ) oldugundan IM > 0
vardir ki, sanki har yerdo

|y}‘(r, /1)| <M
barabarsizliyi ddanilir.

Onda teoremo oasason hor bir {Aleilflx ) e An_zeilfn-zx} vektor-funk-
siyast ligiin yegana holl var vo bu hall (7) asimptotikasina malikdir. Belsliklo,

S(D): B - Biy k=1n-2 10
0\ an-a Bk ) (10)
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matris funksiyasi toyin olunur. Bu funksiya

k k
S, () = (511(1) 51,n—2(/1)

Jk=1,n-—2 11
S5 Q) . séin_z(@) n-z (1D

sokilds olur.
S =(5,4),...,S,-5,(1)) matris-funksiyasona (1) sisyemi tgiin
yarimoxda sopilma matrisi deyacayik.
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THE SCATTERING PROBLEM FOR SYSTEMS OF LINEAR FIRST-ORDER
ORDINARY DIFFERENTIAL EQUATIONS ON THE SEMI-AXIS

E.M.AHMADOV
SUMMARY
In this paper , the direct scattering problem are studied on a semi-axis for a first order
ordinary differential equations system for n-2 number incident and two scattering wave. Is

determined scattering matrices on a semi-axis.

Key words: scattering problems, scattering matrices, boundary conditions, Volters
equations.
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In this work, we study the behavior of the sequence (an) of complex numbers satisfying
the relation an«= gian+ Q2an+1+ ... +qk@s+x—1, Where gy is a fixed sequence of complex num-
bers. Such kind of sequences arise in problems of analysis, fixed point theory, dynamical sys-
tems, theory of chaos, etc. ([1]-[5]).

Studying the spectra of triple and more than triple band triangle operator- matrices, the
behavior of such sequence required. From the point of application, the proved results and for-
mulas in the literature for the spectra of the operator-matrices look like very complicated. In
this work we apply receiving results to some natural processes and to some spectral problems
for the generalized difference operator - matrices.

Keywords: spectrum, sequence, returned sequence, population, population size.

1. Introduction

1.1. Overview of work on the spectra of difference operator - matrices
and their generalizations.

In this subsection, we summarize the important concepts and results in the
existing literature concerning the spectra of difference operator - matrices and
their generalizations. The spectrum and fine spectrum of the difference opera-
tor-matrix A over the sequences spaces cO and ¢ have been studied by Altay
and Basar [6]. Akhmedov and Basar ([1], [2]) have studied the fine spectrum of
the difference operator-matrix Ay over the sequences spaces lp and bop, where 1
<p < o . Note that the sequence space bvp, (1 < p < o) was studied by Basar
and Altay [7] and Akhmedov and Basar [2]. The fine spectrum of the double
band operator — matrices have been studied by many mathematicians.

The fine spectrum of the Zweirer operator-matrix Z* s over the spaces I1
and bv has been investigated by Altay and Karakush [8]. Now we give results
concerning the spectra of some generalizations of difference operator-matrices.
The fine spectrum of the generalized double-band operator B(r, S) over the se-
quence spaces Co and C has been studied by Altay and Basar [9]. Also, the fine
spectrum of the operator B(r, S) over the sequence spaces lp and bvp has been
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examined by Furkan et al. [10]. The fine spectrum of the operator B(r, S) over
the sequence spaces lp and bvp , where (1 < p < ). The fine spectrum of the
generalized difference operator Av over the sequences spaces Co and |1 investi-
gated by Srivastava and Kumar ([11,12]). In ([3], [4]) The fine spectrum of the
operator Ay over the sequence space C has been examined by Akhmedov and
El-Shabrawy [5]. Akhmedov and El-Shabrawy [6] have modified the definition
the operator Av and have obtained the fine spectrum of the modified operator
Av over the sequence spaces € and lp , where (1 < p < o) . The fine spectrum of
the generalized difference operator A ap over the sequences spaces Co, € and l1
has also been studied by Akhmedov and El-Shabrawy ([3], [4], [7]). The spec-
trum of the upper triangular double-band matrices over the sequence spaces Co
and C has been determined by Karakaya and Altun [13]. The fine spectrum of
the triple-band matrices B(r, S, t) over Co and ¢ has been examined by Furkan
and et al. [14, 15], over the sequence spaces |1 and bv by Bilgi,c and Furkan
[15] and over the sequence spaces lp and bvp (1 < p < ) by Furkan and et al.
[16]. The spectrum of the triangular operator-matrix D(r, 0, s, 0, t) has 2 been
examined by Tripathy and Paul [17], the spectrum and fine spectrum of gener-
alized second order forward difference operator 42 u,v,w on the sequence spac-
es |1 have been studied by Panigrahi and Srivastava [18], and others. Note that
the formulas of spectrum for double-band matrices usually describe circular
domains. But for triple and more triple-band matrices, the obtained formulas of
spectra look like very complicated. We will discuss this issue in the section 4.

2. Preliminaries

We recall some basic concepts of spectral theory which are needed for our
work ([6], pp. 370 - 372).

Let X be a Banach space and T : X — X be a bounded linear operator.

By R (T) we denote the range of T, i.e., R(T) ={y e X1y =Tx, X € X}.

By B (X) we denote the set of all bounded linear operators on X into it-
self. If T € B(X) , then the adjoint T" of T is a bounded linear operator on the
topological dual X" of X defined by (T*f)(x) = f(T x) for all f € X" and x € X.

Let X #{0} be a complex normed space and if D(T) is a domain of defini-
tion of the linear operator 7': D(T) — X, D(T) € X, with T we associate the
operator T, = T — Al , where A is a complex number and | is the identity opera-
tor on D(T). If T» has an inverse which is linear, we denote it by = (7 — AI) ~*
and call it the resolvent operator T. Many properties of T, and T ; ~* depend on
A, and spectral theory is concerned with those properties.

Definition 1.1. Let X # {0} be a complex normed space and 7' . D(T) —
X be a linear operator with domain D(T) € X. A regular value A of T is a com-
plex number such that
(R1) T2 " exists,
(R2) T 2! is bounded,
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(R3) T2 'is defined on a set which is dense in X.

The resolvent set of T , denoted by p(7) is the set of all regular values A
of T . Its complement (7, X) = C/p(T, X) in the complex plane C is called the
spectrum of T . Furthermore, the spectrum of ¢(7, X) is partitioned into three
disjoint sets as follows:

The point (discrete) spectrum o(7, X) is a set such that T 2 =/ does not ex-
ist. Any such 4 €ap(T, X) is called an eigenvalue of T.

The continuous spectrum o¢(T, X) is a set such that T ; ~/ exists and satis-
fies (R3) but not (R2), that is T 7~/ is unbounded.

The residual spectrum or (T, X) is a set such that T ; ~/ (may be bounded
or not) but does not satisfy (R3), that is, the domain of T 2~/ is not dense in X.

3. On the returned sequences
In this section we shall use the special class of iterative processes [2]
which is called returned sequences of real or complex numbers. By returned
sequence of order kK we mean the sequence whose every term is subordinates
with k number preceding terms. In other words,
an+k=q1an+q2an+i+...+qkan+k-1 (1)
where (an) is a sequence of complex numbers, J1,02.....0k are the giving complex
numbers.
For example,
an+2=01ant+02an+1 (2)
In order to study the behavior of the sequence represented by (2) connected by
its characteristic equation
L2—qg2L—0q1=0,
where

L= _l'ul:u el

The sequence of the form (2) is a second order returned sequence. The

arithmetic progression

an+1= ant d
is a second order returned sequence. Really, from relations an+2 = an+1 + d ,
an+1= antd we get that ant2= —an+2an+1. Another example, (n?) is a third order
returned sequence. Really,

an+3 = an + 3an+1 + 3an+2 , where an = n”.

From the point of view the returned sequence of the order K is a solution
of the linear homogeneous diference equation order k with constant coeficients.
Setting first k terms of returned sequence is equivalent to setting initial condi-
tions of the Cauchy problem of the diference equation.

Theory of linear homogeneous equations with constant coeficients so-
metimes allows to find the general term of the returned sequence. But in many
cases to do it is very difficult.
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The last equation is called a characteristic equation of (2). There were at-
tempts to study the behavior of the sequence (an) for the case (2), where every
term (beginning from third step) subordinates with two preceding terms. If the
number of subordinated numbers are three, the order of the characteristic equa-
tion will be three, and if four, then order will be four, and so on. But for these
cases we can use this method for not more than forth order equation excluding
some special cases. The fact is that in the beginning from the fifth order in gen-
eral cases we don’t have any general forms for the roots in radical of the char-
acteristic equation. Even for second order equation to analyze the roots is very
hard.

Taking into account above eliminations we offer a new method for the
investigation the behavior of the sequence (an) with condition (1) not using
characteristic equation.

The following theorem is important and will be used in the next section.

Theorem 1[2]. Let (an) be a sequence of complex numbers, K be a natural
number and q1,03.....gk be given complex numbers such that |qi] + |02| + ... +|0K|
<1 and an+= Qiant Qean+1+ ... t0k-1@8n+k-2+Qkan+k-1. Then (an)Elp (1 <p < ).

4. Applications

4.1. On some problems of the stability of biological community.

It is known that in mathematical models development of the population is
considered in discrete case ([19]). The population size is usually represented of
quantity Nt, which takes some value at fixed time.

The difference equation of order K is represented by

Ni=F (Nt-1Nt2, ..., Nik; t)
where parameters of function F in general case depends on that, on which step t
the calculation is being produced. For the population it means the change of
external and internal facts over the time, which defines its development.

If we suppose that, these facts are the same over the considered period of
time, then we come to the equation which is presented in the following
form.Such a scheme accurately represents the process of census of real popula-
tions which is implemented as rule in discrete moment of time. In this case cor-
responding difference equation of the order k has the form

Ne=F(N¢-1,Ni-2,...,Nik) 3)

Here the number of population in the moment t depends only on number
of preceding moments.
Instead of the formula (3) we will use the next linearized formula

Nm=01Nm-1+02Nm-2 4)

Theorem 2. If | qi| +]qz2| < 1, then {Nm} €lp (1 <p < ).
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4.2 The spectrum of some generalized difference operator-matrices
in space l1.

In this subsection as an example we investigate the spectrum of the dif-
ference operator-matrix

[r 0 0 0 0O
s r 000

B(I', S. -':l —_ t 5 r ﬂ ﬂ'

in space 1.

The next theorem is proved.

Theorem 3. For the operator B (r,s,t) : 1 — |1 the following assertions hold:
L) (B (r, s, Ol = [r] +[s| + ]t];

2)o(B(r,s, t)=D,

where

D={AeC:|r-r1|<|s| +[t]}.

Proof.

The first assertion is proved in [6].

Now, let’s prove the second assertion of the theorem. First, we prove that (B (r,
s, t) - M) exists and is bounded for A & D and the operator B (r, s, t) — Al is not
invertible for A € D.

We can calculate that

a; 0O 0 0 0
as 0O 0 0
(B ] }uf]_] = |ag a2 1y 0 0
ay Saz daz 0

where B =B (r,s,t) ,
ai=1/r-%L,
a2=-s/(r-n?,
azs=s>—(r—A)t/(r-1)>%,

ér;‘: -S/(r-2) an1—t/(r—») an2

fbr alln > 3.
Let us denote
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qu=-s/(r-1)
Qe=-t/(r-1)
Then we have

an=(1an2 + (ean1, n=>3

We see that the sequence (an) is a second order returned sequence. Applying
theorem 1 we may see that

o oo

| |(B - ";“I)_j” - S”I})n enN Z |anx| - Z |am| = o0,

if|q;| + lg,| < 1.

m=rn m=1

This shows that (B - A1) is a bounded linear operator on l1.
And this statement proves the second assertions of the theorem.
The theorem has now been proved completely.

10.
11.
12.
13.
14.
15.
16.

17.
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BiR REKURENT ARDICILLIQ VO ONUN TOTBiQi HAQQINDA
9.M.OHMODOV, i.V.SOFORLI
XULASO

Isdo rekurrent ardicilliglarin miihiim bir sinifi olan qayidan ardicilliglar vo onlarn &z-

lorini neco aparmasi haqqinda molumat verilir. Alinan naticolor bozi tobii proseslora vo iimumi-
losmis forq operator - matrislor ti¢iin spektral problemlors totbiq edilmisdir.

Acar sozlari: spektr, ardicilliq, populyasiya, populyasiyanin sayi.

OB OJIHOM PEKYPPEHTHOM IMOCJIEJOBATEJBHOCTHU U EE IPUMEHEHUE

AM.AXMEJOB, U.B.CAD®APJIN
PE3IOME

B pabote natorcs cBeneHus o0 OJHOM KJIacce UTEPATUBHBIX IOCIEIOBATEIBHOCTSX

(Bo3BpaTHas MOCIENIOBATEIBHOCTD) M UX TOBEACHUIL, a Takke MOJyYCHHBIE Pe3yIbTaThl MPH-
MEHSIOTCS K HEKOTOPBIM €CTECTBEHHBIM IIPOLIECCAM U HEKOTOPBIM CIIEKTPAJIBHBIM 3aJadaM I
000OIIEHHBIX PA3HOCTHBIX ONIEPATOPHBIX MATPHII.

KiroueBble ciioBa: CIHCKTpP, MOCJICAOBATCIBHOCTD, BO3BpAaTHASA IMOCICAOBATCIIBHOCTD,

nonyJsinus, YUCJICHHOCTD IMMOITYJIALIUN.
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YARIMOXDA iKiINCi TORTIB DIFERENSIAL OPERATORLARIN
MONFIi MOXSUSIi ODODLORININ PAYLANMA FUNKSIYASI iLO
BAGLI BOZi BORZBORSIZLIKLOR

G.M.EYVAZLI
Sumgqayit Déviat Universiteti
aliyeva_gunel193@mail.ru

Mogqalada yarimoxda verilmis ikinci tortib diferensial operatorun manfi spektri tadgiq
edilmisdir. Monfi spektrin diskretliyi sortlori miiayyon edilmis, monfi moxsusi adadlorin
paylanma funksiyast tigiin bazi qiymoatlondirmalar alinmisdir.

Acar sozlor: Diferensial operator, spektr, moxsusi adadlar, paylanma funksiyasi, 6z-
6ziino qosma operator, agagidan mohdud operator, Hilbert fozast.

Molum oldugu kimi diskret spektro malik olan operatorlarin kvant
mexanikasinda vo nozori fizikanin bir ¢ox maosalalorinin dyronilmosinds
mithiim ohohmiyyati vo rolu vardir. Ona goro do verilmis operatorun moxsusi
odadlorinin  xassolorinin  Oyronilmasi va asimptotik paylanmasinin tadqiqi
xiisusi maraq doduran masalalordir.

Ik dafs C.Titcmars [9] biitiin hoqiqi oxda verilmis sonsuzluqda artan
potensiala malik Sturm-Liuvill operatorunun moxsusi adadlorinin asimptotik
paylanma diisturunu almigdir. Daha sonra onun torofindon Sredinger opera-
torunun moxsusi addlorinin paylanma funksiyasi li¢iin asimptotik diistur isbat
edilmisdir. Maxsusi adadlorin asimptotik paylanma diisturunun alinmasi ii¢lin
Titcmars metodu B.M.Levitan [5] torofindon tokmillosdirilmigdir.

Diferensial operatorlarin moxsusi adadlorinin asimptotik paylanmasini
Oyronmok ii¢iin G.Veyl vo R.Kurant [2] torofindon daxil edilmis variasiya lisu-
lundan da istifado olunur. Bu lisul M.S.Birman [1] torofindon inkisaf etdiril-
misdir. Bu B.Y.Skacekin [7] qiymatli tadqiqatlart vardir. Bazi hallarda verilmis
mosalonin spektri yalniz yegano limit ndqtosi sifir olan monfi moxsusi
adodlorden ibarat olur. Bu halda (- 8) dan ki¢ik olan maxsusi adadlor sayinin
asimptotikasinin tapilmasi xiisusi shahmiyyoto malikdir. M.S.Birman yuxarida
geyd olunan mogqalosindo yarimoxda verilmis ikinci tortib diferensial tonliyin
monfi moxsusi adoadlorinin paylanmasi tigiin qiymatlondirmolor alinmigdir.
Sinqulyar diferensial operatorlarin monfi moxsusi adodlori {iglin asimptotik
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diisturlar B.Y.Skacek [7], Q.Rozenblyum [6], A.Laptev [3], A.laptev vo
M.Z.Solomyak [4] torafindon alinmigdir.

1. Mbosalonin qoyulusu.Masalonin moxsusi adadlari ilo bagh bazi
barzbarsizliklor.
L,[0,00) fozasinda

I(y) ==y"=a(x)y ()
diferensial ifadosi vo
y'(0)=0 (2)
sorhad sortlori il toyin olunmusg L operatoruna baxagq.
Forz edilir ki, q(x) funksiyas1 asagidaki sortlori 6doyir:

1) q(x) funksiyasi [0,00) intervalinda kosilmoz, monoton azalan, miisbot
funksiyadir.
2) lLim q(x)=0.

X—>00

L operatorunun toyin oblasti D(L) elo y(X)el, [0,00) funksiyalarin-
dan ibaratdir ki, y'(X) har bir [a, b] c [0, 00) parcasinda miitloq kosilmoz olsun,
I(y)==y"—a(X)Vy,I(y) e L, [0, ) vo Y'(0)=0 sorti ddonilsin. Bu halda L
operatoru D(L)—dan L, [0,00) fozasina Ly =I1(y) kimi tasir edon operatordur:

L:D(L)— L,[0,0)

Bu qayda ils toyin edilmis L operatoru 0z-6ziina qosma, asagidan
mohduddur vo spektrinin monfi hissosi diskretdir [1]. L operatorunun maonfi
moaxsusi adadlorini 4, < A4, <--- < A4, < kimi isars edok.

g(X) funksiyast lizerino qoyulan sortlordon onun tors funksiyasinin
varligt alinir. Bu tors funksiyan1 p(X) ilo isars edok. ¢ € (O,q(O)) adadini go-

tiirok vo asagidaki operatorlar toyin edok:
1) Lz[p(g), OO) fozasinda

I(y) ==y" —a(x)y
diferensial ifadosi vo y'(p(g))=0 sorhod sorti ilo toyin olunmus

operatoru L' ilo isara edok.
2) L, [0, p(¢)) fozasmda 1(y)=-y"—q(x)y diferensial ifadosi vo

uygun olaraq y(0)=y(p(g))=0 vo y'(0)=y'(p(¢))=0 sorhad sortlori ilo
tayin olunan operatorlart L, vo L, ilo isars edok.

3) Ly[x,.%]| fozasinda (1) diferensial ifadosi vo uygun olaraq
Y(Xi_)=Y(X)=0 vo Y'(X_)=Y'(X;)=1 sorhad sortlori ilo toyin olunmus
operatorlar1 Ly; vo L;; ilo isars edirik.

4) L,[%_,.%] fozasinda (1) I(y)=—y" —q(x,)y(x) diferensial ifadosi
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va (Y(X)) =Y(X;)=0 sorhod sorti ilo toyin olunmus operatoru E()i ilo,
I(y) =-y"—q(x_,)y(x) diferensial ifadasi vo (Y'(X_;)) =Y'(x;) =0 sorhad
sorti ilo tayin olunan operatoru iss L;; ilo isars edok.

Ovvolco asagidaki teoremi isbat edok:

Teorem 1. Ogor ((X) funksiyast 1) sortini 6doyorso, onda istonilon
y € D(L') iigiin

(LYy,y)=—&(y.y) 3)

barabarsizliyi dogrudur.

isbat1. istonilon y € D(L') iiciin asagidaki boraborliklori yaza bilerik:

o0

(Ly.y)= [[-y"0-a()y(] y(dx = -y )y +

Pe) p(e)
+ [ Y0y 00dx— [a00y*(0dx= [ (y(0)dx— [q0y’(odx  (4)
p(e) p(e) p(s) p(e)
sorto goro q(X) funksiyasi monoton azalan oldugundan [p(g),oo) intervalinda
() <d(p(e)) =2 (5)

borabarsizliyi dogrudur. Onda (4), (5) miinasibatlorindo istonilon Yy € D(L')
tiglin (L’y, y)Z—g(y, y) oldugunu aliriq; N(«), Ny(a) vo N,(a) ilo uygun
olaraq L,L, vo L' operatorlarmin —a —dan « €(0,0) kigik olan monfi

moxsusi adadlorinin sayini isars edok.
L operatorunun A4;,4,,...,4,,... moxsusi adadlorino uygun ortonormal

moxsusi vektorlarint U;,U,,...,U,,... ilo isaro edak.
T=L+oE,Ty=L,+aE, T, =L, +aE isaro edok. Burada E ilo uygun
olaraq L, [O, ) vo Lz[p(g), ) fozalarinda vahid operatorlari isaro edirik.
Aydindir ki,
A SAh <A S Ay S0 Ay >~ (6)
oldugundan T operatorunun moxsusi adadlori
u=4+a (i=12,..) olar.
Onda (6) miinasibatino gors
Sy oS iy <05 fiyggyn 20
olar.
Buradan T operatorunun monfi moxsusi adadlorinin saymin N(a)—ya

borabor olmasi alinir.
T, operatorunun o —dan kicik olan moxsusi adodlori saymi Ny(«), T,

operatorunun « — dan kicik moxsusi adadlori saymn1 N, () ilo isaro edok.

49



T, vo T operatorlarinin manfi maxsusi adadlarini uygun olaraq

Hoy < Hoyz <. < HOo)Ny(a) (8)
\C)
Hayt < Haya <= BNy (a) )
ilo, bu moxsusi adadlors uygun ortonormal moxsusi vektorlarini iso
P> Posee s Prg(a) (10)
\6)
VisWas s ¥N(a) (11)

ilo isaro edok.

2. Osas naticalar.
Teorem 2. Ogor ((X) funksiyasi 1), 2) sortlorini 6doyarss, bu halda

istonilon ¢ € (0, 0) {igiin
N(@) 2 Ny (@) (12)
barabarsizliyi dogrudur.
Isbati. Oksini forz edok. Yoni forz edok ki, N(a)<Nj(a).

Pi> P s Py (o) Tunksiyalarin hor birine ortoqonal olan, yeni p(e)

p(s)
(@.0)= [@(0p()dx=0, i=12,...Ny,, (13)
0
sortini ddoyon
Ng(a)
Q= Zﬂi(ﬁi (14)
i=1
elementini gotiirok.
No(a) No(a)
(Top.0)=|To| 2Aoi | LA |=
Ng(e) Ng(a) 5
ZIBHU(O)I¢|7 Zﬂl(ol /J(O)i|ﬂi| =y <0. (15)

[2]-don molumdur ki, bu halda (o(x) funksiyas1 vardir ki, asagidaki
sortlor 6donilir:

a) @(x) funksiyasinin [0, p(g)] pargasinda ikinci tortib kosilmoz
toromasi vardir;

b) Ela [a, b] c (0, p(e)) parcasdi vardir ki, bu parga xaricindo @(x)=0.

V) |(TO¢’ (;)_ (TO¢’ (p) < _g
e) (¢,9)=0, i=12,...N(a)
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Molum oldugu kimi [ ],

mf(Ty, Y) = HN(a)yr
=1 (18)
yLleg, i=12,...N(a)

[T{%}EJ:[T[(’?J (’7} HN(ays 20 (19)

(106.5)20 (20)
alirig. (15) va (20) miinasibatlorindon
(To(;a 5)_ (Togo, (/’) = (To(ﬁa (5)_ yz-y
alinng. Bu iso v) sortino ziddir. Demoli, N(a)< N,(a) ola bilmoz,
N(a) 2 Ny(a) olmalidir. Teorem 2 isbat olundu.

Teorem 3. ((X) funksiyast 1), 2) sortlorini 0dodikdo istonilon
e [8,00) ugln

Buradan

N(a) < N;(a) (21)
barabarsizliyi dogrudur.
Isbati. Oksini forz edok; forz edok ki, N(a)>N,(2) Onda

P> Prs- - P funksiyalarna ortoqonal olan sifirdan forqli elo

N(a)
o= 2.dig (22)
i=1
funksiyasi1 vardir ki,
N(a) N(a)
To.0)=| T| 2digy | 2o
N(a) N(a) N(a)
=| 2 diug, D dig |= Z ﬂ||d | <0. (23)
i=1 i=1
Bu ifadoni asagidaki kimi gostors bilorik:
p(s) o
(Te.p)= [(To(x)-p(0)dx+ [(Te(x))-@(x)dx <0 (24)
0 p(e)
Gostarak ki,
p(s) B
[(Tp(x)-7(x)dx >0 (25)

0
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p(s)
Ogor j' |go(x)|2dx =0 olarsa, onda
0

o0

1/2 1/2
[ (To())p (x)dx { | |T¢(x)|2dx} { | |gp(x)|2dx} =0 (27
p(e) p(e) p(e)
olar.
Buradan
[Te(x) - p(x)dx =0 (28)
p(e)
p(e)

alariq. Indi iso (25) borabarsizliyini J |g0(x)|2 dx > 0 oldugu halda gostarak.
0

Oksini forz edak. Tutaq ki,

0

[Te(x)- p(x)dx < 0 (29)
p(e)
yel, [0,00) tgiin
IV = [lyoofdx (30)
p(e)
gdtiirak. (29) borabarsizliyindon ¢ixir ki,
inf T -y(x)dx <0 1
ot [(T00)- yeodx < 3D
Ivl=1 P
Digor torofdon

inf  [(Ty(0)-yoodx=_inf — [(Ty(0))-y(odx  (32)

yeD(T), yeD(T),p(e)
¥laceo. PO b=t P
¢

oldugu molumdur. Onda (31) va (32)-don alariq:

yeglngf)(L,)((L +aE)y.y)<0
y =

Vo ya

. , o
yeér(lTlf;(Ll)(Ly,y)< a<-—¢. (33)
Y=

Alignmig bu barzbarsizlik iso teorem 1-o ziddir. Yoni (25) boraborsizliyi
doorudur.
Naticoda
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p(e)

[T(y(0)-y00dx <0 (34)
0
oldugunu aliriq.
ogor
p(e)
(Y.wi)=" [ yOow; (xdx (35)
0
oldugunu noazors alsaq (34) borabarsizliyindon alariq:
p(s) -
inf T(y(X))- y(x)dx <0 36
jnf { (y()- y(x) (36)
yl=t.
YLy (i=1.2,...N; (@)
Burada
o(e) . 1/2
Ivl, =| ] lyooldx (37)
0
(36) borabarsizliyindon asagidaki borabarsizlik alinir
p(e) -
‘ i JT(0e0)- yOodx <0
y 2:1

Y (0)=y'(p(e)).
yLyi(i=1.2... Ny (a)

Burada iss asagidaki borabarsizlik alinir:

p(e) o
inf T(y(x)) y(x)dx <0 38
e JT(y00)-¥00 (38)

Tk

yLyi(i=1,2,...Ny(a))
Digor torafdon iso

p(e)
inf (T, (y(x y(x)dx = _ >0 39
yﬁ)m):o £ {(Y00))- Y00 Hn(Ni(ery+1) (39)

y[=1,

YLy (i=1,2,.. -Nl (@)

(38) vo (39) borabarsizliklori ziddiyyat toskil edir.
Onda aling ki, N(a) > N;(a), ae [8,00) ola bilmoz. Yoni istonilon

ae [g,oo) iicin N(a) < N;(a) olmalidir. Teorem 3 isbat edildi.

Mosalonin qoyulusuna va isin yerino yetirilmosindo gostordiyi komoya
goro elmi rohborim professor Homidulla Aslanova 6z dorin tosokkiiriimii
bildirirom.

53



ODOBIYYAT

1. bupman M.II. O cnekrpe CHHTYJISAPHBIX TPaHUYHBIX 3a1ad. Marem. cOopH. (Ne5), 55(97),
1961, c.125-174.

2. Kypasr P., I'nne6ept JI. Metonsr matematndeckoit ¢pusuku. M.-JL.Tocrexuznar, 1951, 1.1,
476 c.

3. Laptev N.A. Asymptotics of the negative discrete spectrum of a class of Schrodinger
operators with large coupling constant. Proc. Am. Math. Soc. 119 (2), 1993, p.481-488.

4. Laptev A.A., Solomyak M.Z. On the negative spectrum of the two-dimensional
Schrodinger operator with radial potential. Commun. Math. Phys. 314 (1), 2012, p.229-241.

5. JleButan b.M. O paznoxeHuu 110 coOCTBeHHBIM (yHKIHsM oreparopa Illpeaunrepa B ciy-
yae HeorpaHndeHHoro pacryiero norenuuania. JJAH CCCP, 1955, 1.103, Ne2, ¢.191-194.

6. Rozenbloom G.V. An asymptotics of the negative discrete spectrum of the Schrodinger
operators. Math. Notes 21(3), 1977, p.222-227.

7. Ckauek Bb.SI. O0 acuMnTOTHKE OTPHLATENBHONW YacTH CIIEKTpAa MHOTOMEpHBIX angde-
peHumanbHbIX oneparopoB. Jomobigi AH YPCP, 1964, Nel, c.14-17.

8. CmmproB B.M. Kypc Breicmieit maremaTtuku. 1.5, M3a-Bo ¢pus-mat. nmurepatypsi, M.1959,
655c.

9. Turumapm E.Y. Paznoxenns mo coOCTBEHHBIM (YHKIUSAM, CBs3aHHBIE ¢ auddepen-
[MaTbHBIMU YpaBHEHUSIMU BTOpPOTO mopsiika, T.2, M. NJI, 1961, 565c.

HEKOTOPBIE HEPABEHCTBA, CBSI3AHHBIMH C ®YHKIMIMHA
PACHPEAEJEHUS OTPULATEJBHBIX COBCTBEHHbBIX 3HAYEHNHU
JUODOEPEHIIUAJIBHBIX OITEPATOPOB HA ITOJIYOCH

I .M.DHBA3JIbI
PE3IOME

B nmamHO# crTaThe WCCIIEOBAaH OTPHUIATEIBHBIA CHEKTp AU QPEepeHINATEHOTO
oriepaTopa BTOPOTo MOpsiaKa Ha 1moiyocH. [1oiaydeHbl yCIIOBHs AUCKPETHOCTH OTPHIIATEIBHOTO
CIEKTpa M JIOKa3aHbl HEKOTOpbIE OLEHKH sl (YHKIMHM paClpeeieHUs] OTPUIATEbHBIX
COOCTBEHHBIX 3HAYCHHH.

KunroueBsbie ciaoBa: J{nddepeHipansHplil onepaTop, CrekTp, COOCTBECHHbBIC 3HAYCHHS,
(GYHKIMST pacipeiesieHust, CaMOCONPSUKEHHBINA OIepaTop, OrpaHUYEHHBIA CHU3Y OIEeparop,
rHIb0EPTOBO MPOCTPAHCTRO.

SOME INEQUALITIES RELATED TO DISTRIBUTION FUNCTIONS

OF NEGATIVE EIGEN VALUES OF DIFFERENTIAL OPERATORS

ON THE SEMI-AXIS
G.MLEYVAZLI
SUMMARY

In this paper we study the negative spectrum of a second-order differential operator on

the semi-axis. Discreteness conditions of the negative spectrum are obtained and some

estimates are proved for the distribution function of negative eigenvalues.

Keywords: Differential operator, spectrum, eigen values, distribution function,
selfadjoint operator, lower bounded operator, Hilbert space
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KOSR TORTIBLI INTEQRO-DIFFERENSIAL TONLIK UCUN
KOSI MOSOLOSININ ARASDIRILMASI

N.O.OLIYEV, V.0.0SMANOV
Baki Doviat Universiteti
Saracli@mail.ru

Isdo % addimi ilo % tortib toramoali Xotti, adi inteqro-differensial tanlik iiciin Kosi maso-

lasina baxilmuigdir. Baxilan Kosi maSalasi ikinci nov Volterra tipli integral tonliya gatirilmisdir.
Sonra alinan ikinci nov Volterra tipli integral tonliyin halli ardicil yerino yazma tisulu ilo
Neyman swrasi saklinda axtarilir. Alinan tonlik volterra tipli oldugundan, Neyman sirasinda
moaxracda faktoriallar yaranir vo bu neyman sirasi yigilir.

Acar sozlor: Kosr tortibden toromo, Inteqro-differensial tonlik, Kosi mosalosi, ikinci
ndv Volterra tipli inteqral tonlik, Ardicil yerins yazma tsulu.

Moalumdur ki, inteqro-differensial tonliklor iiglin masololor yaxsi arasdi-
rilmigdir. [1]-[3]. Kasr tortib téromali tonliklor tigiin do mgxtalif masalolors ba-
xilmisdir [4]-[5]. Artiq kosr tortibli inteqro-differensial tonliklor iigiin do mo-
sololora baxilir [6]. Burada da kosr tortib, adi, xatti inteqro-differensial tonlik

ticlin Kosi masalasing baxilir. Qoyulmus masalonin tonliyi i addimu ilo % tortib

toromali inteqro-differensial tonlikdir. Bu inteqro-differensial tonlik iki dofo i

tortibdon inteqrallanmagla ikinci név Volterra tipli inteqral tonliyo gotirilir.
Sonra isa ardicil yerina yazma iisulu ils bu inteqral tonliyin halli Neyman

siras1 soklinda almir.inteqral tonlik Volterra tipli oldugundan vo Neyman

sirasinda maxracda faktoriallar yarandigindan bu Neyman sirast hamiso y1gilir.

Masalonin qoyulusu:
X
1 1
D2y(x) + aD3y(x) + by(x) + jK(x, t)y(t)dt =0 (D
X0
1
yo) =yor DY) by =y 0<xo<x @)

Burada a,b,yy, y; € R, K(x,t) iso kasilmaz funksiyadir.
Bu masaloni hall etmak iigiin ovvalco tonliyi hor iki torafdon i tortibdon
inteqrallayiriq:
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X
1 4 1 4 1 1

I} D2y(x) + al Day(x) + bI} y(x) + I} J K(x, t)y(t)dt = 0 (3)

Diy(x) + C i + ayy(0) + a,C ot
ay(x —+tay(x) + 0, C, ————
AR T A G )]
+bf( _f) (f)df+f( _f) dff}((x )y(t)dt

(z-1)! (z-1)!
=0 (4)

Yeno i tortibdon inteqrallayariq:

-3
1 4 1 3 1

= 1 - x =
I} Day(x) + CiI} — arl} y(x)

(-3)!

3 x 3
1 -7 1 _ a2
FayGold bl f G0 e

e D

X
1
— x —_—
+ j yode [ E=2 ki pae
X0 t (__ '
=0 5)
Bu zaman asagidaki ifadoni alarlq
1 3
x 1tz X — 4 T4
Y + G+ G ( Ot 53 dé

(1+2) G- (9! 3
—_— — 1 2
ta 1f(( 2 (f)df+alczf( OF L

0. L

+b f&lid focl—iy@df

o (rl) i (1—1)

f(x_ )) dr f (t)dtf(f_ )) K(E,t)dé
Xo 4

=0 (6)
Burada C;, C, va C5 sabitlorini agagidaki kimi toyin etmok olar:
1
C; = —D2y(x) |x=x0
Cy = —y(x0)
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C3 = —y(x) = C;
Bu ovazlomoadan sonra asagldakl kimi ifads alinar:

_3
y(x)+a1f( x—8) (s‘)d€+bjy(€)d€f(x_r) (G R

o (—T o 42! (_%)!

fxy(t)dtf( 2l drj(r_:? * K(E e

%o ] 4)- ¢ (—xz)!

3 3
Y(0) =+ Diy(x) |y, [SZE ST
0 (—%)’ e (-3 (-3
+ a4y (o) f (=97 ¢ d @

3
S CHINCHI
Ogor burada biitiin t-lori & ilo ovaz elosok vo miioyyon ¢evirmoalor aparsaq
alarq:

drt

X 3 X
y(x)+f al( x—§&)* bf(x_T) 4(x—€) 1

LG G

E -
f(x—f) d (-0 “ K, )t y(s‘)d€=J’(xo)x—34

T )t

_3

3 3
1 (x—f) 4 &4
+ DAy () |my, d

W (- 4)- (—%)!
x—=&) 1 ¢ 1

+ a;y(xo) d¢
o f (-2 (-3)!
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HNCCIEJOBAHUE 3AJAYN KON AJIA
JPOBHO-UHTEIPAJIBHO-IU®®EPEHIIUAJILHBIX YPABHEHUI

H.A.AJIUEB, B.A.OCMAHOB
PE3IOME

B nanHoit pabote paccmarpuBaetcs 3aaada Ko it OOBIKHOBEHHOTO HHTETPajibHO-
muddepeHnanIbHOr0 ypaBHEHHUs, JIMHEWHOH NHpon3BogHON c maroMm 1/4 m 1/2 mopsnaxa.
PaccmaTpuBaemas 3amada Komm cBOAMTCSI KO BTOPOMY THITY HHTETPAJIBbHBIX yPaBHEHHUH THIIA
Bonpreppa. 3areM perieHHe BTOPOTO THIIA WHTETPAILHOTO YypaBHEHHsI THra Boibreppa
WIIeTcs B BHJE MOCIEAOBAaTeNbHOCTH HeiimMana myTeM mHOCIIEOBATENBHOM IOJCTAaHOBKH.
[TockonmbKy TOMydeHHOE ypaBHEHHE OTHOCHTCS K Tuly BouseTeppa, daxropuanst ¢dop-
MHUpPYIOTCSl Ha 3HaMeHarene psaa Helimana, u atot psa Helimana cxoaures.

KiroueBble c¢jioBa: TpoW3BOAHAS APOOHOTO MOpsIKa, HHTErpo-auddepeHnaipHoe
ypaBHeHHe, 3ana4ya Koiu, nHTerpalibHOe ypaBHeHHe THIla BoJjbreppa BTOPOro THIIA, METOJ
IOCIIeI0BATENLHOM MTOJICTAHOBKH.

INVESTIGATION OF THE CAUCHY PROBLEM FOR FRACTIONAL
INTEGRAL DIFFERENTIAL EQUATIONS

N.A.ALIYEV, V.A.OSMANOV
SUMMARY

In this work, the Cauchy problem for a Elementary integro-differential equation, a
linear derivative with a 1/4 step and a 1/2 order, is considered. The Cauchy problem under
consideration is reduced to a second type of Volteire-type integral equation. The solution of the
second type of Volteire-type integral equation is then sought in the form of a Neumann
sequence by sequential substitution. Since the resulting equation is of the Volteire type,
factorials are formed on the denominator in the Neumann series, and this Neumann series
converge.

Key words: Derivative of fractional order, Integro-differential equation, Cauchy
problem, Volteire type integral equation of the second type, Sequential substitution method.
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Ha 6a3ze mpexgasnoii MHO20KOMNOHEeHMHOU MOOenu gurbmpayuu iroud08 8binoIHEHO
MoOenuposaHue npoyecca 800024308020 8030€UCMBUA HA 2AUHUCMBIN HeQMAHOU NAACH, NO3-
gonAIOWee YUUmvleams 6ce NPOUCXooAujie Gu3UKo-xumuyeckue npoyeccol. Ha ocnose mode-
JUPOBAHUSA UCCTIE008AHBL BOZMONCHOCIU NOBbIULEHUA KOIPDUYyUenma u3eieduenus He@mu 3a
cyem pocma KoIpuyuenma vlmecHeHus ¢ yeeaueHuem noO8UICHOCU NAACMO60U Hedhmi,
a maxokce 3a cuem nosvlueHue Kodhouyuenma oxeama Ha OCHOBAHUY YUKTUUHOCTU MEMOOA.

KioueBbie ci1oBa: BoJora3oBoe Bo3zeiicTeue, TpexdasHas cMech, IITMHUCTBIN HedTs-
HOH I1acT, K03 UINEHT U3BICUSHNST HEPTH, TaBJICHHE.

ITpu pa3paboTke MecTOpOXXaeHHUs He(PTH U raza 0osiee MOJOBUHBI 3ara-
COB OCTaeTCsl HE MU3BJICYCHHBIM. B CBSA3M C 3TUM, BeCbMa AKTYaJIbHBIM NPE.-
CTaBJISICTCS BHEPEHUE HOBBIX 3(PPEKTUBHBIX CLIOCOOOB ONTHUMU3ALNH IPOLIEC-
ca pa3paOOTKH M 3aKaukKd HOBBIX areHTOB B IUIACT JJISi yBEIUYEHUS 00HEMOB
U3BJIeKaeMbIX 3anacoB. OJHUM U3 TaKUX CIIOCOOOB SIBISETCS NPUMEHEHHUE BO-
nora3oBoro Bo3zzaencTus (BI'B) st moBbiieHne BEIpaOOTKH HE M3BJIEKAEMbIX
3amacoB HETH.

BonoraszoBoe BO3AEHCTBHE SBISETCS OJHMM M3 METOJOB IIO YBEIH-
YEHUIO0 HeTEOTAauM NMPOAYKTUBHBIX IJIACTOB. DTOT METOA 00BEAUHAET B cebe
BCE KJIIOYEBBIE NPEUMYIIECTBA DPA3/AEIbHONO HArHeTaHWs BOAbI M Traza. A
UMEHHO, J1OCTUraeTCsl BICOKUN KO (UIIMEHT BHITECHEHHSI HEPTH, IPUCYILUI
HarHETaHMIO ra3a B IUIACT, a MAJIbIH KOA(P(UIIMEHT OXBaTa BHITECHEHHUEM HHU-
BEJIUPYETCS 3aKa4KOW BOJBI, KpPOME TOTO, TIPU 3aKa4Ke BOJOTa30BOM CMECH HE
IIPOMCXOAUT IMPOPBIBA ra3a MO BBICOKOIPOHUIIAEMBIM IporuiacTkam. Takxke
npu ucnons3oBaHuu BI'B mpoucxoaut BelpaBHHBaHUE NPOQUIIS MPHUEMUCTO-
CTHM NPUCKBRXXMHHOM 4YacTW IUIacTa BOJIM3M HAarHeTaTeNIbHOM CKBAa)KHHBI.
YcnemHocTh pean3aluuy crnocoda BoJ0ra30BOro BO3IACHCTBUS OINpeseNseTcs
HE TOJBKO I'€OJIOTMYECKUMHU KPUTEPHUSIMHU €ro IPUMEHUMOCTH, HO U, BO MHO-
I'OM, 3aBUCUT OT CBOWCTB M COCTaBa areHTa BO3AEWUCTBUS, crioco0a ero moaro-
TOBKH, COTJIACOBAaHHOCTH PEKXMMOB HarHETaHWs W OTOOpa MO pearupyromemMy
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yuacTtky. Kpome Toro, npu HaiiMmumuy rasa pasHoro cOCTaBa, 3aKauyMBaeMasi BO-
7I0ra3oBas CMEChb MOXET HW3MEHATh HE(TEBBITECHSIOIYI0 CIIOCOOHOCTD,
Hanpumep, MyTeM MoJa4M CyXOro WIH KUPHOTo rasa [1-4].

IIpu paccMoTpeHHM BOIpOca MHTEHCH(MKALMK BHIPAOOTKH 3alacoB
He(TH BOJIOTa30BbIM BO3/IEHCTBHEM Ha IIACT CYLIECTBYET PsJl HEPEHICHHBIX
3aJa4, OJJHa U3 KOTOPBIX CBsA3aHa C ompenesneHueM 3((HEeKTUBHOCTH BBITECHE-
HUSL HEPTH Ha TOCTOSHHBIX U IUKIMYECKHX PEKUMaX 3aKauku BOJOTa30BOM
CMECH.

Lenbto paboThl SIBIISIETCS MOJECIUPOBAHUE BOJIOTA30BOI0 BO3JIEHCTBUS
Ha TTIMHUCTBHIA He(TSIHOM IUIACT U HA €r0 OCHOBE OMNpEeNICHHE BO3MOXKHOCTEH
WHTEeHCU(UKAIUKA BBIPAOOTKH 3aracoB HE(PTH Ha Pa3IMYHBIX PEKUMax 3aKad-
KH.

IMocTranoBka 3agauu. PaccMoTpuM 3a1auy BeITeCHEHUS] HEDTH U3 TIIH-
HHUCTOTO IJIACTa BOJOIa30BOM CMECHIO, B KOTOPOM BOJa UMEET Pa3IMYHbIN MHU-
HEepaJIOTUYEeCKUI cocTaB, a ra3 100aBjieH B ONTUMaJIbHOM OOBEMHOM COOTHO-
menuu. [IlpuHumaem, 4To B TUIacTe pa3MelIeHbl JOOBIBAIOIINE U HATHETATENb-
Hble CKBaXXMHBI. Ha HarHeTaTenbHOM CKBa)XMHE 331aHO KOJIMYECTBO 3aKaynBa-
eMOii BOJOra30BOM cMecH, a Ha JOOBIBAIOLICH CKBAKMHE 33aJaH CyMMAapHBIH
ot0op 1o TpeM ¢a3zam. [1o U3BeCTHBIM COCTOSIHUSIM TUIacTa TpeOyeTcs onpeje-
JUTh TEXHUKO-TEXHOJIOTMYECKUX IOKa3aTesel pa3padOTKU B peXUME IpoLec-
ca BBITECHEHHUSI.

N3orepmuueckoe TeueHue TpexdazHoil cMecH B OPUCTOU Cpejie OIH-
ChIBaeTCs cienyroulei cucrtemoil nuddepeHInanbHbIX YPaBHEHUH, MOTyYeH-
HBIX OOBEIMHEHHEM YPAaBHEHUH HEPa3phIBHOCTU IO KaXKIBIM Tpex (a3 u
0000meHHoro 3akoHa Jlapcu, ucnomnp3ys AOMYIIEHHE O JIOKATbHOM TEPMOIM-
HaMU4ecKoM paBHoBecuu (a3 [5-7]:

\Y k fH(SH’SZ)pHIinH +Mnglvpz :g[hm(loHSHII +peszgl)]+
u, H. a

+ZI(Q:¢,(t)+Q;J(t))§(X_X79 y_ yi)a I = 1929"'9N 5 (X>y) € D9 tE(O,T), (1)
j=1

f (s, 0
pp, + 228 5 g 9p | |= L lhm(p,s, + p.5.0, + pa)]+
H, H. ot

+3 Q0 +Q,MNSX =Xy =y + Y QX=X y =),
I=1 j=1

V k fg(sg,c)

N

N
SL=1Yg+g,=15,+s +s, =L (xyeD, teT), )

1=1 1=1

\V/ kthVpg +g[h(mCSg+a),0@]=
H, ot
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=V(hp,D(s,.00VC)+ > cQ, (DS(X— X"y = yi) (3)

P, =P, = Pews Py =P, = P »(XY)€D, te(0T), “4)
pg(x’ yat)|t:0 = ng(X7 y) > Zi (X7 yat)L:O = ZiO(X7 y) ’ I = 1’ N +19
(X, ¥, 0, =Co(%,¥), (% Y)€D, )
% — % — @ — 0’ 0< y < I ,
X x=0,l, X x=0,1, X x=0,l, ’
L ) =0,0<x<l,, (6)
ay y=0,1, ay y=0.1, ay y=0,1,

rue p,,pP,, P, - MIOTHOCTb BOJSHOM, HE(QTIHOM M Ta30BOM (a3bl COOTBET-
CTBEHHO; |;, J; - MOJIBHBIE JOJHM | -rO KOMIIOHEHTA B He(TSHOH U ra3oBoil (da-
3bl; ,-BOJXHBIH KOMIIOHEHT B CMECH ; C-KOHIICGHTPAIMs COJH; Z;- MOJIbHbIE
70U | -T0 KOMIIOHEHTa B cMecH; M = M(c,S, ) -mopuctocts ; K = K(C, S, )-ab-
COJIFOTHAsl MPOHUIIAEMOCTH; S, ,S, ,S,- HACHIIMIEHHOCTh BOAAHOH, He(TAHONW M
ra3oBoii (asoii coorBerctBenHo; f,(S,), f,(S,), f.(S,)- orHOCHTEenBHAS (a3o-

Basg IPOHUIAEMOCTb BOJSHOW, HEPTIHOW U Ta30BOH (a3bl COOTBETCTBEH-
HO; [, , 1, , [, - BA3KOCTb BOJISIHOM, HEQTSIHOW U ra3oBOil (ha3bl COOTBETCTBEH-

HO; P,, P,, P,-AaBlieHWE B BOJSHOW, HEPTSIHOW M Tra3oBoil (haze COOTBET-
CTBEHHO; P.,., P, —KaIWUIIPHOE JaBJICHWE HAa KOHTaKTe He(Th-ra3 M BoOja-
ra3; = w(c,S,)- TMapaMmeTp, XapaKTEepU3YyIOIIee KOJIMYECTBO MOTJIOMIEHHON
IJIMHAMM  BOJIBI ; A -KOJIMUECTBO COpOMpOBaHHBIX codeil; D(S,,C) -koaddu-

et guddysunm; |, | - momaa w mmpuHa maacta; h- tommmua TUTA-

)
cra; Q,(t), Q,()uQ,(t)- neduter noGbiBatoUIMX CKBAKKUH MO BOASHOMH, HedTs-
HOMl W Ta30BOil (a3el cooTBeTcTBeHHO; Q, (t)I/IQZJ (t)- o6wbemmubie pacxoss
HATHETATEIbHBIX CKBAXKUHIIO BOJISTHOM W Ta30BOW a3kl COOTBETCTBEHHO; N,
u N, - 4ncIo HKCIITyaTallMOHHBIX U HAarHETaTEeNIbHBIX CKBAXKUH ; O (-)-pYHKLUSA
Hupaka; (X;,y))n (X', Y,') - KoOpAHHATSI j -oit skcrutyaranuonHoit u | -oi
HATHETATENbHON CKBaXUHbI; V- onepatop Iamunbrona; D - o6macts ¢uis-

Tpamum; | - Bpems paspaGoTKi; t -BpeMsl.
HewusBectubiMu B cucteme ypaBHenwii (1)-(6) SBISrOTCS JaBleHHUE B BO-
IsTHOH (aze P, , MosibHBIC oM B cMecH Z; (1 =1, N +1) u KOHIIEHTpalus coJin

B BOJHOH ¢asze C.
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Metoa pemeHust 3ajJaavu. C Y4€TOM  BBIIIOJIHCHUC  YCJIOBUS

N N
Zli =1, Zgi +0, =1, cymmnposanuem ypasuenuii cucrembr (1) u (2) mo
= =

BceM 1, MOJTydYaeM ciieyrolee ypaBHEHUE COXPAHEHHUS MACChl CMECH:

0 N — )
Vikher-Vp, 1+ Vikhy - Vp,, j=Vikhy - Vi, j==—mhel+ 3 Q, (0=}, y-y})
j=1

+ Zzl(ng ) +Q,M)(X=X", Yy =¥/), Q,(t)= ZN:(Q,L- O +Qy ) +Q, ). (7)
I=1 i=1

Torna cucrema (1)-(4) 6yner sKkBUBaleHTa CJIEAYIOUIEH CUCTEME:

V{kha-Vpg}w{khn'Vpc&}—v{khy-m}:%[mhwhi@(t)é(x—x;,y—y;)
+IHZZI(Q8, ()+Q, X=Xy - y). Q1) =§:(Q;j(t)+Q;. ©)+Q,0). ()
Vikha,z, -Vp, }+ Vikhnz, -Vp. ) - Vikhyz, 'pre}=§[mh<0i2i] N
+:Z]1:(Qfg(t)+Qij(t))5(X—Xf,y—y'j),i=1,2 ..... N (y)<D. te(@T). ©)
VIKN(Z, + a2V, 1 VRN 2,0) -pr}:g[mh(lg Q)+ P00+
2@+ QOB Ky )+ 10, 05,y D, (10
Vlkhez,vp, ]+ -2 [h(mes, + a)p,]-

= V(hp,D(s,.0VE) + 3 cQ, (S(X— X,y — Vi), (11)

1=1

1

3nech o = (/IH +kPA, + /16);

@
ki

&)
F.A-k")+ Fg(@

kDY 4 kO

PR P
/Llll /Llé‘
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f N
ﬂ’s :6—106; mn = 1 1) (/IH_*_ki(l)/Ie);a:zai;
Hs F- k(l)) +F (k(z) ki(l)) + ki(l) =
N 1 N
77:an97/|_ k(l) 2/,,57/:27”
= ( k(l))+ F ( (2) ki(l))+ ki(l) =
¢=0%%+m%+p§u1uﬂ
P = 1 KD (’OHSH +kps, );

F, (- WW+F(m kD) + k"

z, =l,F, +gF +09.F,; zy.,=0,;
1

AN = KD kl(\ll-)i—lﬂ’z ;
k(R (=Kl +FLC T =k + k)
N+1
< - (I-F,-F)p. ,
© (I=F,=F)o, +(I-F.=F)p, +(I-F,-F )p.”
(I-F.-F)p,

*(F.—F)p, +(-F.—F)p, +(1-F,—F))

k®u k® -ko>pdunmenTsr pacnpesenenus i-ro KOMIOHEHTa MEXIy (hazamu

2

He(dTh-Ta3 u Boja-ras; F ,F ,F -mMomnspuas nons HedTsHOIN, BOASHON U ra3o-

BOi1 (pa3el B cMecH.

Hns pemenus ruapoauHamudeckor 3amadn (8)-(11), (5)-(6) Oputa nc-
MOJIb30BaHA CXeMa “‘HesiIBHAs MO JaBJICHUIO B BOJSHOM (ha3e U siBHAS MO COCTa-
By CMECH M KOHIICHTpAIMIO CONM B BoAHOW (haze”. U3 ypaBHeHue (8)

P, (X, Y,t) onpenensercs uTepallHOHHBIM IOTOYEUHBIM METOOM SIK0OH, a U3
cucremel  (9) u  (10)z;(x,y,t), Z,,(X,¥Y,t)m wm3  ypaBHeHue
(11)c(X,Y,t) ompenensrorcs meromom Diinepa[8]. Ha ocnose Z;(X,Y,1),
Zy, (X, Y, 1) paccuntsiBaercs |;,0;,0,, U, ¢ HUCMOIB30BaHHEM yPaBHEHHH CO-

crosiHus (a3 [9], unenrudunupyeres p, , p, , £, U oNpenensress,,s, ,s

62 HoTe"
IIporno3upoBanue HedTeoTHaAUM NpoLEcCcA BbITeCHEHUs HeQTH BO-
JA0Ta30BOii cMechbIOB IJIMHOCO/Iep:KaINX KoJuleKkTopax. Ha ocHoBe mpesio-
KEHHBIX (PMIBTPALMOHHBIX MOZENEH OBbLIM MPOBEICHBI PACUEThl MO BBHITECHE-
HUIO HEPTH BOJOra30BON CMEChIO U3 INIMHUCTBIX IJIACTaX, B KOTOPBIX padboTa-
€T OJHa Har"uerarcjibHadad U OJHa I[O6LIBaIOH_[a$I CKBa’XHHa. Pa3Mep51 MOACIN -
250m - 250m. HavanbHble 3HAY€HUS TUIACTOBBIX TEMIIEPATYP U JABJICHUN paB-
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Hbl 90 °C u 26 Mlla, coorBeTcTBEHHO. MoaenupyeMblid y4acTOK IPEACTABIISET
co00if uncto HedTAHYIO 30HY. [[TOTHOCTE HEPTH B MOBEPXHOCTHBIX YCIOBHSIX
3aaHa pasHoit 0,857 T/M°. BA3kocTh He(TH B MIACTOBBIX YCIOBHAX COCTABIIS-
er 10,4 mIla-c, a razoconepsxanue- 18,5 m>/m>. TonuHa muacrta cocTapiser
20 M, a k03¢ HUIMEHTHI TeCYaHUCTOCTH U TIuHUCTOCTH - 0,6 1 0,12 1 K03(-
GUIUEHT HAYaTbHOW HedTeHACHIIICHHOCTH - (,8. B HarHeTaTenbHYI0 CKBaXKH-
Hy 3aKauMBaJlach CMECh BOJBI U Ta3a c 3a0oiHbIM maBieHueM 35 MIla. Co-
Jiep’KaHue raza B CMeCH OK0J0 25 % B IUIaCTOBBIX YCIOBHSIX.

[TnacroBas HeTh MacTa XapakTepHU30Balach CIEIYIOIINM HaYyalbHBIM
YCpPEeIHEHHBIM COCTaBOM (MoJisipHas 10iist, %): metan 20,88; stan 2,82; npomnax
1,69; 6ytan 1,12; menran 1,05; Ce+- 66,12; N,-0,99; CO,-0,33.

B pacuerax s 3HaueHUi mapaMeTpoB MOJIENH IUIacTa U XapaKTepH-
3yromuX (PU3NIECKUX CBOKCTB (ha3, COOTBETCTBYIONIMX Ha O KOMIIOHEHTOB,
OBLTH HCIIOJIb30BaHbI CIEAYIONINE UCX0AHbIe naHHbie [10,11]:

I, =250m; |, =250m. M, = 0.2; k,=0,034mxm>;
m=m,(1-Bs,);k=K,(1-Bs,);B=0,4;¢,(x,y)=0.15; S,,(X,y)=0.2;

3
fH(SH’SZ):(M : f2(32)=0.9-(52)2'89;
0.6
ctl(s —02Y c+l
f (s,c)= J ; =y=46;
+(5,,C) | 03 =7
D(s,,c)=D,-(2-5s,); D, =107 m%cek.
0.2(0.9-5,)
s)=11-3(s); J(s)= ! : (I=mn,6);
pcle( I) ( I) ( I) (lz_sl)z(zsl _SI2) )
I1=10°I1a .

OObeMbl 3aKaykd BOJBI W Ta3a, COOTBETCTBEHHO, MPUHUMAIHCH:
Q, =30mM*/cyt., Q. =7,5M%/cyT. - IpU MOCTOSAHHOM (CTALIUOHAPHOM) PEKUME

sakauku 1 Q, =60M*/cyT., Q, = 15 M>/CyT. - pH LUKIMYECKOM PEKHUME 3a-

Kadku (C meproioM HarHeTanus 15 cyTox/mecsi). Ha oboux pexxumax B mpo-
TYKTHUBHBIN TUIACT 3aKaUYMBAINCh OJJUHAKOBBIE 00BEMBI BOJIOTa30BOI CMECH.

PesynbpTarel pacueToB npeacTaBiieHbl Ha puc.1-4. Ha puc.l npuBeneHsl
rpaduKy H3MEHEHUS BA3KOCTH HE()TH BO BPEMEHH IO BapUaHTaM MOCTOSTHHOTO
U [UKJIMYECKOTO BO3AEUCTBUA. BUAHO, 4TO MpH CTal[MOHAPHON 3aKayke BOJIO-
ra3oBOi CMeCH IPOUCXOAMUT MOCTOSIHHOE HachllleHne Hedtu razoM. [Ipu atom
MIPOUCXOJUT KPATKOBPEMEHHOE IMepeHachilieHrne HeTu ra3oBoil ¢a3oil, uTo
00yCIaBIMBAET MEAJICHHOE CHIDKEHHE BA3KOCTH HE(PTH B MPOJYKTUBHOM ILIA-
cTe.

[Ipr TWKIMYECKOM BO3CHCTBUU HACBHIINIEHHE B IIacTe HE(PTH ra3oM
HOCHUT UMITYJIbCHBIM XapakTep, U MPolecc MePeHaChIeHNs He()TH MTPOUCXOAUT
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3HAYUTENbHO Mo3aHee. KpoMe Toro, B Xo/1e IUKINYECKOTo BO3AecTBHS pabo-
TAeT MEXaHU3M BOBJICYCHHUS B Pa3pabOTKy 3armacoB He(TH HU3KOPOHUIIAEMbIX
30H miacta (pocT kKoddduimenTa oxpaTa IjacTa), B pe3yjabTaTe Yero yBelH-
guBaeTCsl 00bEMHAs COCTABIISAIONIAs, ITOABEpracMasi BO3JICHCTBHUIO ra30BOM (a-
31, KOTOPBIH CIIOCOOCTBYET YBEITUYCHUIO TTOABIKHOCTH HE(DTH.

Ha puc.2 mnpexacraBieHa 3aBHCUMOCTh KOX(PQHUIMEHTa BBITECHEHHUS
HEPTH OT €€ MOJBMKHOCTH IS Pa3IHYHBIX PEKUMOB 3aKauyKd BOJOTa30BOM
cMecu. BuaHo, 4T0 KOX(QUIMEHT BBITECHEHUE B Mpeleiax 3HAueHUH Io-
newkHocTH HedTr oT 0,001 mo 0,005 mim2/MIIa - ¢ UHTEHCHBHO pacTteT, a 3a-
TEM, C YBCIIMYCHUECM IMOABUKHOCTHU He(i)TI/I, HWHTCHCHUBHOCTL PpOCTa CHUKACTCH.

—
—_

Bsizkocts Hedru, mIla*c
—_
o

t, roabl

—eo— [{uximuaeckoe Bo3AeiCTBHE

—8— CranquoHapHOE BO3JICHCTBHE

Puc.1. /[unamuka n3MEHEHHS BSI3KOCTH HE()TH BOJIOTAa30BOIO
BO3JICHCTBUS B CTAIIMIOHAPHOM U IIUKJIMYECKOM pexKUMax
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HoaBuxHocTs HeTH, KB. MKM/MITa*c

—&— [lukiMyeckoe BO3ASHCTBHE HA TIJIACT
—8— CrarpoHap HOe BO3/ICHCTBHE Ha IUIACT
—a— BrITecHeHne Bo10M

Puc.2. 3aBucumocTs K03 GHUIMeHTa BEITECHEHHS HE()TH BOJIOTa30BOM CMECHIO HA PA3IIMIHBIX
peXnMax M BOAOH OT KOd(pPHUIHEHTa MOIBHKHOCTH HEPTH

Korna gunbrpyercst ToibKO BOJa, TO HHTEHCUBHOCTh 0TOOpa 00yCI0B-
JIeHa TOJILKO BBITECHSIOIIMMHU CBOMCTBAMH BOJBI, KOT/Ia K€ B MPOLIECC BBITEC-
HEHUs T0OaBIIAETCS ra3, TO MPOUCXOIUT U3MEHEHUE IMOJIBIKHOCTH HEPTH 32
CUeT HACBIIICHHs €€ ra3oM. bojee MHTEHCMBHOE W3MEHEHHE MOJBHKHOCTU
He(TU B cllydyae LMKIMYECKOTO BO3JEHCTBHUS 0OyciaBIuBaeT 0ojiee MOJHOE
BbITeCHEHHE. [Ipyu MUKIUYECKOM BO3JEHCTBUM HA IJIACT MPOUCXOIUT HAWUTYY-
Iee BBITECHEHUE HE(TH, KOTJa YHCICHHOE MPEBOCXOJCTBO, MO CPABHEHUIO C
CTallMOHAPHBIM BO3/ICUCTBUEM, BBIPAXKACTCS BEIMUMHOMN 0K0J10 6,7 %0.

Ha puc.3 npencraBneHsl TMHAMUKHA U3MEHEHHSI B 3aBUCIMOCTH OT Bpe-
MeHHU 1e0UTOB U KOX(P(UIMEHTOB H3BJICUECHHE HE(PTH HA CTALIMOHAPHOM H
[UKITNIECKOM PeKUMaX 3aKauku. AHAIIN3 TPEJICTABICHHBIX JUHAMUK MTOKA3bI-
BAIOT, YTO JIYYIIUE MMOKA3aTEIN XapaKTEPHBI JJIsl IIUKIHYECKOTO BO3JACHCTBHS.
D} PeKTUBHOCTH BOJOTAa30BOTO BO3JEHCTBUS, OOYCIIOBICHHAS YBEIUYCHHEM
koa(duimenta BeITECHEHUS, B OOJbIIECH Mepe, oOecreunBaeTcsi Kak 3a CUeT
CHIDKEHHUE BA3KOCTH He(PTH, B TO BpeMs Kak 3a CUeT yBeJIUYeHHe K0P PHUIeH-
Ta 0XBaTa, MMPU KOTOPOM OOJIBIIYIO POJIb MTPAET IUKIMYHOCTh BO3JCHCTBUS H
HaOyxaHHe MIMHUCTOTO MaTepHalia KOJIEKTopa.
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—&—— JleOut He()TH NP U LIMKIINUECKOM BO3/ICHCTBUN
—8—— J[eOuT He()TH NP U CTALMOHAP HOM BO3/ICHCTBUI
—a— Koo puupent u3pnedenue HedTv np v LUKIMIECKOM BO3ICHCTBUI

- - & - - Koadpument m3BieueHne He(hTH P U CTAIIHOHAP HOM BO3ICHCTBUN

Puc.3./luHaMuKa OCHOBHBIX MTOKa3aTeNnel SKCILTyaTaluu
10 BapHaHTaM CTAlMOHAPHOTO U IIUKIMICCKOTO BO3ICHCTBUS

Ha puc.4 npencraBieHbl TMHAMUKH U3MEHEHUS 0OBOJHEHHOCTH B 3a-
BUCHUMOCTH OT BPEMEHM IO BapUaHTaM CTALIMOHAPHOTO M LHUKJIMYECKOTO BO3-
AeicTBUs. AHaJIU3 NPEICTaBICHHBIX JUHAMMK IOKa3bIBalOT, YTO HA CTAlMO-
HAapHOM peXHME 3aKauku HaOJI0aeTcsl CKOPOTEUHOE MPOPBHIBHOE 0OBOJHEHHE
CKBa)XXHMHBI U OoJiee caepKaHHOEe OOBOHEHHE MPH IIUKIMYECKOM pexkume. O0-
BOJIHEHUE MPU LHUKJIMYECKOM PEKHUME POUCXOIUT MEHEE NHTEHCHUBHO B CBS3U
C MOJKIOYEHUEM HU3KOIIPOHUIIAEMBIX TJIMHUCTBIX YYacTKOB ILJIacTa.
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Puc4. I[I/IHaMI/IKI/I HN3MCHCHHA 06BOI[H6HHOCTI/I B 3aBUCUMOCTH
OT BPEMEHMU 110 BapuaHTaM CTallTHOHAPHOTO U HMUKIINIECKOTO BO3Z[CﬁCTBPI§I

Taxkum 06pa3zoM, yCTaHOBIIEHO, YTO [IMKJINYECKOE BOJIOTA30BOE BO3/ACH-
CTBUE HOCHUT KOMIUIEKCHBIN 3((EKT MOBBIMICHUS KO3PPUIIMEHTa U3BICUECHUE
He(TH 3a cueT pocTa K0d(h(UIIMEHTa BHITECHEHUS C YBEIMUCHUEM IOABHKHO-
CTH TIJIACTOBOM HE(TH, a TAK)KE 3a CUET MOBBIICHUE KoddpuieHTa oxpara Ha
OCHOBAHUU IIUKIMYHOCTH METO/1A.
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GILLi NEFT LAYINA SU-QAZ QARISIGI iLO TOSiR PROSESININ
MODELLONDIRILMOSI

S.V.AGALAROVA
XULASO

Fluidlorin siiziilmosinin ii¢ fazali goxkomponentli modeli bazasinda gil saxlayan neftli
laya su-qaz qaris181 ilo tosirinbas veran biitiin fiziki - kimyovi proseslorini nozoro almaga imkan
veron modellosdirilmoasi yerino yetirilmis vo onun osasindalay neftinin horokatliliyinin artiril-
masl1 hesabina sixigdirilma omsalinin, hamginin tosir tisulunun névbeliyino osason ohato om-
saliin artirilmasina hesabina neftin ¢ixarilma omsalinin artirtlmasi imkanlart aragdirilmisdir.

Acar sozlor: su-qazla tosir, ligfazali qarisiq, gilli neft layi, neftin ¢ixarilma omsall,
tozyiq.

MODELLING OF THE PROCESS OF WATER-GAS STIMULATION
ON A CLAY BEARING OIL LAYER

S.V.AGHALAROVA
SUMMARY

Modellingof the process of water-gas stimulation on a clay bearing oil layer has been
carried out within the scope of a three-phase multi-component model of fluid filtration, which
allows taking into account all ongoing physical and chemical processes. Based on this, the
possibilities of the increase of oil recovery coefficient due to growth of displacement efficiency
by improving of formation oil mobility and the coverage factor due to method cyclicity are
investigated.

Keywords: water-gas stimulation, three-phase mixture, clay bearing oil layer,
oilrecovery coefficient, pressure.
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GEOMETRIC STRUCTURE PARAMETERS
OF TRIPEPTIDE MOLECULE

G.D.ABBASOVA, L.S.HAJIYEVA, G.R.SAFARLI
Baku State University
abbasoval962@mail.ru

Arginylglycyl aspartic acid, consisting of L-arginine, glycine and L-aspartic acid, is a
component of cellular proteins and is a common element of recognition and protein-protein
interaction. In cell biology and biotechnology, the free molecule arginine, glycine, aspartic
acid is widely used to inhibit intercellular bonds, as it has the ability to specifically bind to
integrins and block intercellular bonds.

Key words: Arginylglycyl aspartic acid, spatial structure, conformation, molecular dy-
namics.

Introduction

The study of the conformational properties of peptide molecules has been
a promising object for researchers for several decades. This happenedsince
amino acid sequence in each peptide molecule is determined by its own spatial
structure. Conformational changes in a molecule play an important role in the
structure and binding of peptide molecules. It is known that the biological
properties of peptide molecules are determined by their chemical and spatial
structure. Currently, three classes of peptide molecules are known that are in-
volved in the processes of immunoregulation - these are synthetic peptides that
stimulate regeneration processes that accelerate wound healing, contribute to
the restoration of cellular metabolism in lymphocytes, and inhibit the develop-
ment of spontaneous tumors. Advances in the theoretical study of the structure
and properties of peptide molecules are associated with the availability and ac-
cessibility of numerous computer programs based on various approximations
of molecular mechanics methods, on empirical and semi-empirical approxima-
tions of quantum chemistry methods [1-3]. The results obtained using these
methods, in some cases, are not inferior to the data of experimental studies. At
the same time, in most cases, they are a necessary supplement for the interpre-
tation of experimental data.

In addition, it should be noted that good performance can be obtained us-
ing semi-empirical quantum-chemical calculations in the study of the electron-
ic structure of modified peptides and dipeptides. Such calculations are per-
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formed for low-energy conformational states of peptide structures, calculated
by the method of theoretical conformational analysis.

In this article, the methods of theoretical modeling using modern com-
puter programs based on the approximation of atom-atom potential functions
analyze the influence of molecular dynamics rearrangements on the electronic
properties of peptides arginine, glycine, aspartic acid.The simulation included
the search for stable conformational states of the peptide by minimizing the
total conformational energy, studying molecular dynamics in an aqueous envi-
ronment, and calculating electronic parameters in low-energy states of the
tripeptide. For calculations, the methods and approaches shown in the work
were used [3,4].

Calculation method

The spatial structure and conformational properties of Arginylglycyl as-
partic acid molecules were investigated by searching for local minima of the
total conformational energy according to the previously used technique [5-6].
When calculating energy, non-valent (E,.,) and electrostatic (Eer) atomic interac-
tions, hydrogen bonds (En) and torsion contributions (Etrs), for the description
of which semiempirical potential functions were used [7].The calculations were
carried out as part of a rigid valence scheme. The criterion for the selection of
stable structures was the minimum values of conformational energy, the con-
tributions of inter-residual interactions, as well as a system of hydrogen bonds
stabilizing the low-energy conformational states of the peptide. To model the
water environment, the parameterization proposed in the article was used [7].
The hydrogen bond energy was estimated using the Morse potential at a hydro-
gen bond dissociation energy of 1.5 kcal/mol, corresponding to the NH ... OC
bond distance r = 1.8 A for aqueous solutions. The value of the dielectric con-
stant is taken to be 10. When discussing the calculation results, the generally
accepted classification of peptide structures was used. The choice of structural
variants when calculating the conformations of individual peptides was carried
out based on the known values of dihedral angles (¢ and ) corresponding to
the low-energy regions of the conformational map R, B, L, and P for each
monopeptide. Diagonal angles were counted according to international nomen-
clature.

Results and discussion

Thelow-energy conformational states of the Arg-Gly-Asp molecule, cor-
responding to the minimum values of the total conformational energy and vari-
ous types of spatial structure, are shown in Table 1.
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Table 1
Energy components of stable tripeptide conformations

Ne | Peptidechainshape | Total energy and its components *, kcal/mol
En-v Eel Etors Elolal
1 | Detailed -6,4 -3,5 1,4 -8,6
2 | Semirolledup -8,6 -4,2 1,3 -11,5
3 | Rolledup -7,1 -3,8 1,5 -9,4

*Note: E,. is the contribution of the energy of non-valent interactions; E¢ — contribution of
energy of electrostatic interactions; Ers — contribution of the energy of torsion interactions;
Eotaiis the total conformational energy.

In order to study the effect of conformational rearrangements on the elec-
tronic characteristics of the tripeptide, molecular dynamics was performed un-
der conditions simulating an aqueous environment and its electronic character-
istics were analyzed. The generalized results of the study are given in Table.2.

Table 2
The values of charges on atoms of optimized conformations
Arg-Gly-Asp peptide
Aminoacid Atom Peptidechainshape
Detailed Semirolledup Rolledup
N 0.79 0.75 0.74
c* -0.24 -0.26 -0.27
Arg CP 0.22 0.18 0.20
Cr -0.36 -0.24 -0.29
Cc° -0.06 -0.12 -0.11
N° -0.17 -0.14 -0.13
C* -0.02 -0.04 -0.05
c -0.09 -0.07 -0.02
N -0.05 -0.46 -0.45
Gly c* 0.23 0.11 0.10
c 0.21 0.28 0.18
N -0.39 -0.31 -0.29
Asp c* -0.08 -0.09 -0.12
CP -0.07 -0.08 -0.13
Cr 0.34 0.28 0.32
0 -0.57 -0.51 -0.63
C -0.07 -0.10 -0.02

At this stage of the calculation, it was revealed that the side chains of ar-
ginylglycylaspartic acid are oriented to the medium in the lowest-energy spatial
structures of the molecule. This means that they take positions that are favora-
ble for intermolecular interactions. This suggests that these residues can partic-
ipate in the physiological functions of the molecule and should not be replaced
when creating artificial analogs of a natural molecule.
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The results will be used to model the structure of complex compounds
formed upon binding of the Arg-Gly-Asp peptide to integrins.
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IFEOMETPUYECKHUE ITAPAMETPBI CTPYKTYPbI
TPUIENTUIHOU MOJIEKY JIbI

I'.’T.ABBACOBA, JI.C.I'AIZKUEBA, I'.P.CA®APJIN
PE3IOME

APrUHUITIHIWIACTIAPATMHOBAST KUCIOTA COCTOSAMIMI U3 L-apruHuna, raununa u L-ac-
HapaFHHOBOﬁ KHUCJIOTBI, BXOOAUT B COCTAB KJICTOYHBIX 6CJ'IKOB U ABJISICTCS paCHpOCTpaHéHHBIM
3JIEMEHTOM PACIIO3HABAHUS U OEJIOK-OCIIKOBOrO B3aMMOJACHCTBHs. B KjeTouHOW OHOJOTMH U
OMOTEXHOJIOTUH CBOOOHBIN MOJIEKYJIbl aprUHKH, TIIUIMH, aclapariHOBOW KHCIIOTBI HIMPOKO
HCTIOJIB3YETCs JUIT MHTHOUPOBAHUS MEKKIICTOYHBIX CBsI3¢il, TaK KaK 00JIaJaeT CIIOCOOHOCTHIO
criel(pUYECKH CBS3BIBATHCS C HHTCTPHHAMU M OJIOKHMPOBATH MEKKIICTOUHBIC CBSI3H.

KoaroueBble ciioBa: ApruHWINTHIAIACIAPATHHOBAsS KHCJIOTA, IPOCTPAHCTBEHHAS
CTPYKTYpa, KOH(pOpMALHsi, MOJICKYJISIpHAsT TUHAMHKA
TRIPEPTID MOLEKULUN STRUKTUR PARAMETRLORI
G.C.ABBASOVA, L.S.HACIYEVA, G.R.SOF9RLI
XULASO
Arginilglisilasparaqin tursusu L-arginin, glisin va L-asparagin tursusundan ibarat olub,
hiiceyrolorinin torkibino daxildir v ziilal-ziilal qarsiliqlt tesirinin dyronilmesinds rolu boytik-
diir. Hiiceyra biologiyasinda vo biotexnologiyada sarbast arginin, qlisin, asparagin tursusu
hiiceyrlaraarasi rabitalorin yaranmasinda va elace do bu rabitslorin qirilmasinda genis istifado

olunur.

Acar sozlor: Arginilqlisilasparaqin tursusu, foza qurulusu, konformasiya, molekulyar
dinamika
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PABPABOTKA BAPUALIUOHHOI'O METOJA USMEPEHUSA
JTADJIEKTPUUECKUX TAPAMETPOB MOJIAPHBIX ’KUJIKOCTEM
B IUATTA30OHE CBEPXBBICOKUX YACTOT
4. AHAJIM3 NOTPEIIHOCTel U3MEepeHusl INIeKTPHYEeCKUX
IapaMeTPOB MOJSAPHBIX KUAKOCTEH BAPMALMOHHBIM METO10M

C.M.YCEMHOBA
baxunckuii I'ocyoapcmeennstii Ynueepcumem
nushana_kasimova@yahoo.com

Io numepamypHbiM OaHHBIM NPUMEHEHUE CYUeCBYIOUUX Memo008 UCCLe008AHUS.
OUDTIEKMPUHECKUX CBOUCME NOJAPHBIX JHCUOKOCMEN 8 OUANA30He CBEPXEbICOKUX HACIOMm
(CBY) secbma ocpanuyeno. [losmomy 6vLn pazpaboman HOGbII 6apUAYUOHHBII MEMOO, KOMO-
Pblil NO360J51eMm CHAMb 8Ce DMU 02panuyenus: ousiekmpuyeckue napavempol (&' u ') ecex
NONAPHBIX HCUOKOCMEL U UX PACMBEOPO8 MO2Ym Oblmb ONpedeneHbl NPUMEHSIS SMON Memoo.
Ha ocnose meopemuueckux npunyunos 6apuayuoHHO20 Memood Obliu peuteHbl UCXOOHbLe
ypasHenus u paspaboman zpagpuieckull Memoo pewenus U asmoMamu3upo8aHHan Memoouxa
pacuema &'u &' Jlannas cmamovs nocesujeHa MamemMamuieckoMmy paciemy 6cex 603MOHCHbIX
noepewnocmeti npu onpedenrenuu &' u ' nonsapuvix scuokocmeti danHvim memooom. Crnedyem
ommemumy, umo onu munumanviol (1,5-2%) npu cpasnenuu co écemu cywecmsyiowumu me-
mooamu.

KaroueBble cioBa: BapI/IaHI/IOHHHﬁ METOHA, JUDJICKTPHUICCKUEC NTAPpaMETPHhI, IMOJAPHLIC
KHUIKOCTH, TCOpeTI/I‘IeCKI/Iﬁ OPpUHOUIT METOZA, TOIPCIHIHOCTHU.

s mocTpoeHuss TEOpUM KUAKUX BELIECTB MOXKHO ONMPATHCS Ha COBO-
KyIHOCTh IKCHEPUMEHTANbHBIX JaHHBIX (PU3MUECKUX HCCIEIOBAaHUH MaKpo-
CKOIMYECKUX XapaKTEPUCTUK, KOTOPBIE HEPA3PBIBHO CBA3AHBI C MOJIEKYJISIP-
HBIMM ITapaMeTpamMH U WUIKOCTPUPYIOT CTPYKTYpPY U JABHKEHUE MOJEKYJI, CBsI-
3aHHBIX C NPUPOAOH U MEXaHU3MOM IPOSBICHHS CIEUU(PUIECKUX U YHUBEP-
CaJIbHBIX B3aUMOJICHCTBUH, a TAKXKE XapaKTEPOM OJIMXKHEro OKPY KEHUs MoJie-
KYJI B )KUJKOCTH.

K unciy 3 peKTUBHBIX METOJIOB HCCIIEI0BaHUA KUAKOCTEH COBPEMEH-
HOW (pU3MKH, 3aHUMAIOIIMXCS U3YYCHHEM CTPYKTYPHBIX OCOOCHHOCTEH U MO-
JIEKYJISIPHOTO JBYDKCHMS Hapsily ¢ TAKUMHU METOAAMM KaK PEJIEEBCKOE pacceu-
BaHUe cBeTa, HHPpakpacHas u AMP-crieKTpocKonust MOTYT OBITh IPHYUCIICHBI
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METO/IbI TUAIEKTPUIECKON PAMOCKOTIHH.

JvsiekTpudeckue METO/bI MCCIeI0OBaHNs BEIIECTBA 00O0CHOBBIBAIOTCS
Ha W3YYEHUH BOSHUKHOBEHHSI AUAICKTPUUYECKOM MOISpU3AIMH U TPOIIECCOB €€
YCTQHOBJICHHS BO BPEMEHH O] JICHCTBHEM BHEIIHETO AJIEKTPHUYECKOTO TIOJIS.
[Ipu Tom, ecnu paBHOBECHBIE (CTATUYECKUE) TUAIIEKTPUUYECKHE CBOICTBA OT-
pakarOT CyMMAapHBIA BKJIQJ BCEX KUHETUYECKUX €IUHUI], COCTABISIONIUX Be-
IIECTBO, TO TUHAMHYECKHE AUAJICKTPUUYECKHE CBOWCTBA HATJISIAHO JEMOHCTPH-
PYIOT OO KaX/JI0TO M3 HUX, 00YCIOBIEHHOTO CTPYKTYPHBIMH, (Da30BBIMU U
KOH(OPMAaIMOHHBIMU OCOOCHHOCTSIMH U arperaTHbIM COCTOSTHHEM BEILECTBA.

[Tpu mprMeHEeHUU TUAIEKTPUIECKIX METOJ/IOB HCCIIEI0BAaHUH, KOTOPBIC
0a3upyroTCsS Ha B3aUMOCBSI3U MEXKIY MHKPOCKONMMYECKHMMH MapaMeTpaMu HC-
ClIeTyeMOM KHUAKOCTH - BPEMEHEM pelakcaluu (T), XapaKTepu3ylomei cko-
POCTh PEAKIIMU MOJIEKYJIIPHOTO TOJIsl, B COOTBETCTBUU C €€ pa3MepamMH M Mac-
COM, a TakKe OKPYKAIOIIEeH ee OMMKHEW Cpeoi, B TEIJIOBOM JIBH)KCHHH H
MaKpPOCKOITMYECKUMU JUAIEKTPHUESCKUMH CBOMCTBAMU BEIIECTBA, OTyUYCHHBIC
JTaHHBIE MOTYT CTaTh OCHOBOW MOCTPOEHHUS MOJIEKYJISIPHON MOJIENIN BELIECTBA.

[IpumeHeHHE TUAIEKTPUIECKIX METOJIOB K HCCIICIOBAHUIO KUIKOCTEH
MO3BOJIIOT MMYTEM OIICHKU MOBEICHHUS YAaCTOTHBIX M TEMIEPATypPHBIX 3aBUCH-
MOCTEH JTUANIEKTPUUECKONW MpoHUIaeMoctu (§) W AUDIEKTPUUECKUX TMOTEPh
(§'"') ompenensiTh 3HaYCHHUE IUIMOJIBHBIX MOMEHTOB ([L) MOJISPHBIX MOJEKYJI, MO-
TSPU3YyeMOCTH (0), SHEPTrUU aKTUBAIMU AWIONBHON pelaKkcalliu, XapakTep
OpUEHTALMK JTUIOJIEH U Psii IPYTUX Ba)KHBIX XapaKTEPUCTHK BEILIECTBA, BpPE-
MEHH peJlakcaiuu (T), BEpHEe pachlpeelicHue BPEeMEHH peaKcaluu, BOIU3U
HauOoJee BEPOSATHOTO €ro 3HAYCHHsI, KOTOpasi TAK)KEe CHIIBHO MEHSETCS C TEM-
nepaTypoi, MOXKeT OBbITh OIpeseieHa JIM00 U3 YaCTOTHBIX, JIMOO U3 TeMIiepa-
TYpHOUW 3aBHCHMOCTH TUAJIEKTpUYEeCKHX KodpdumnuentoB. Ho mis mocrosep-
HOCTU TIPEACTABICHUN O MOJIEKYJISIPHOM CTPYKTYpE M XapaKTepe B3auMOICH-
CTBUI B BEIIECTBE IMOJIb3YIOTCS COBOKYIMHOCTBIO JAHHBIX OOOHMX 3aBUCHUMO-
CTeH, CHATBIX B JOCTATOYHO MIMPOKUX MPEJEIax YaCTOThl BHEUIHETO AJIEKTPHU-
4eCKOro nosist ¥ remneparypsl (14-17).

K HacTosiemMy BpeMeHH HAKOIUIEH JOCTATOYHO OOUIMPHBIN SKCIepH-
MeHTalbHbIH Matepuan (5,8,9,10) u audIeKTpUueCKUX CBOMCTBAX U pelakca-
LMOHHBIX XapaKTEPUCTUKAX LIEJOTr0 psifia YUCTHIX KUIKOCTEH, K KOTOPBIM JIeT-
KO IpUMEHNMa MoJieKysipHast Mojens Jlebas. Ho 00beKThl B KOTOPBIX MPeod-
JaaeT THTl MEKMOJICKYJSIPHOTO B3aMMOJICHCTBUS B MCXOJHBIX KOMIIOHEHTAaX
(OuHapHbBIEe U APyTHe CUCTEMBI PACTBOPOB MOJSPHBIX JKUIKOCTEH), MONISAPHBIC
XKHUJKOCTH W PACTBOPHI, OOIAIAIONINE 3aMETHBIMU JTUAJICKTPUUYCCKAMH ITOTE-
PSAMU U3YUYEHBI CPABHUTEIBHO MAJl0 M MCTOJKOBAHUE CTENEHU BIUSHUS HA 00-
Y0 PEIIAKCAIIMOHHYI0 XapaKTEPUCTHKY OTACITbHBIX KHHETHUSCKHUX CIIUHUI] U
CHJI MEXMOJIEKYJISIPHOTO B3aUMOJICHCTBUS MO CPABHEHUIO C YUCTHIMH JKUIAKO-
CTSIMH JOBOJIbHA OrpaHWyeHa. IMEHHO STH OCOOCHHOCTH CTajaM MPHYUHON
BO3ZHUKAIOIINX TEXHUYECKUX TPYJHOCTEH U HE TO3BOJISIOT MPUMEHSTH U3BECT-
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HBIE METObI AUIIEKTPHUUECKUX MAapaMeTPOB, OCHOBAHHBIX Ha aHAIU3€ HKCIIe-
PUMEHTAIBHO CHHUMAaeMOH 3aBUCHUMOCTH KOX(QUIMEHTa CTOSYEH BOJHBI
(KCB~1) OT TONmMHBI UCCIEAYEMOH KHIKOCTH B W3MEPUTEIBHOHN sYCHKE.
VYkazaHHOe 0OCTOSITETBCTBO MPHUBENIO K HEOOXOIUMOCTH pa3pabdOTKe HOBOTO,
yIn00HOrO "BapHaIlMOHHOTO MeToja", HOMyCKAIOUIero U3MEepEeHUe TUAIIEKTPH-
YECKHX MapaMeTpOB MOJSIPHBIX KUAKOCTEH U pacTBOPOB, 00JIAIAIONINX BBICO-
KHM JTURJIEKTPUUYECKUMHU MOTEPSMHU B Hana3oHe cBepxBbicokux yacToT (CBY).

JUisi OLIEHKH TOTPEIIHOCTH W3MEPEHHUs JUAJIEKTPHUUYECKUX IapamMeTpoB

KHUIKOCTH, pPa3pabOTaHHBIM BapHAIMOHHBIM METOJOM, ypaBHeHus (4.1) u
(4.2):

1-y
Si=——; 4.1)
2y
&2: u—z 5 (4.2)
MIPOBEIS CIICIYIOIIHNE TPEOOPa30BaAHMS,
_&-P _ &
=T 9T
rae u = A—g;y = tgé; A= arctgf—z;
Ab 2 1 N
— (A2,
P - (AO) >
nanee

§ = (% (O (Lga2);
— (Ay2iad
§'= (E)ztgg,

rae, & —IudNIeKTpuUYecKas MPOHUIIAEMOCTh, &" — AMAIEKTPUUECKUE MTOTEPH HC-
ClIeyeMON XKHUAKOCTH; A — JUIMHA 3JIEKTPOMAarHUTHOH BOJIHBI B CBOOOIHOM
MIPOCTPAHCTBE MPH OTCYTCTBHU CPEIBI; Ay — KPUTHUECKAs [UIMHA BOJHBI, OIIpE-
nensiemMasi pazMepaMu BosHOBoAA (Ag = 2a, a — BHYTPEHHSAS LIMPUHA BOJTHOBO-

o A
na), Ag — JJIMHA 3JIEKTPOMArHUTHOW BOJHBI B BOJTHOBOAE; A= Tp - AUMHA

. pl
3JIEKTPOMArHUTHOM BOJIHBI B ITyCTOM BOJHOBOJE, TIIE, PZ(A—)Z; [B cimyuae pac-
0

npoctpanenus: BoiH tuna TEM A, — oo u P=0]. [Ipoxomxkas mpeobpa3oBa-
HUs, B UTOTE, ypaBHeHus (4.1) u (4.2) npeacTaBuM B BHJIE:

£= G (o =22 (43)
g= (222 (44
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l .
3nech X= ™/ 1 l,, — ToNIUWHA CIOS KUIKOCTH, MPU KOTOPOH MMEET MECTO
b

MUHUMYM U1 MAaKCUMYM aMIUTUTYbl OTPaKEHHOU BOJTHBIL.
Tak xak A, Ay, Ayu3MepsieTcsi ¢ BBICOKOM TOYHOCTBIO, TO TIPHU yCIOBUU

yl '
&> /1—2 OTHOCHUTEIIbHbIE OTKJIOHeHUs BennuuH &', &' no ypaBHeHusm (4.3) u
0

(4.4) mpu U3MepeHUuu MmapameTpoB X,Y,V, ONpeaessieTcs: CIeAYIOLUMHU JIBYMs
BBIPAXKCHUSAMU:

ASr_ 5 Bv Ax Ay .
AR A e L (4.5)
A _ 5 8v Ax o, Ay
T2 Zay R (4.6)
_
rnea—l_yz,

OKCIIEPUMEHTAIBHO HM3MEPEHHBIMU BEJIMYMHAMU B PACCMaTPUBAEMOM
BapHALlMOHHOM METOJE SBISIOTCA KO3(pPUIIMEHT cTOsSUel BOTHBI 1), B TOUKE

l
MHHEMYMa 3aBHCHMOCTH 7) oT | n v=""/ 1> 1A - l,, — u3Mepsiemas TONIIU-
b

Ha KUJKOCTH B sUEHKe, MPH KOTOPOM OTpa)kKeHHE BOJHBI MUHUManbHO. Kak
cnenyet u3 Homorpammbl (puc. 1) (15,16) 3aBUCHUMOCTH L OT X AJIT TIEPBOTO
MUHHMYMa (QYHKIUH 1| OT |, paccuuTanubie 10 ypaBHeHUIO (4.8) B IIHPOKOM
MHTEpBAJIC BapbHPYEMOTro MapaMeTpa Y, Majo OTIMYAeTCs APYyr OT Apyra u
OJIM3KYU B MPOIOJIBHOMN 3aBUCUMOCTH L OT X mipu y=0.

W3BecTHO, 4TO B TOUKE 3KCTpeMyMa (pyHKImuU 1 wiH 6 or |,

S T T
LbRUKKHBFRIKIN
1
Puc. 1. 3aBucumMocTh KO PHUIHEHTA CTOSICH BOJTHEI 1 B BOJIHOBOJE OT TOJIIMHBI OTpaskaro-

mero CJ1osga | HCCHCZ[yeMOﬁ JKUAKOCTH IIPHU HAJINYNH B Hel JAUBJICKTPUICCKUX IMMOTECPh

u= (14y?) Rz (4.7)
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1
v=x(1+y?)R 2z ; (4.8)

1-ch (47xy)cos(47x)

; (4.9)

R=1-y?- 2y

sh (4zxy)sin(4zx)

paccuMTaHHbIe 1O ypaBHEHHIO (4.8) B IIMPOKOM HMHTEpBaJie BAPbUPYEMOTO Ma-
pameTtpay.

C yueTom 3T0oro 00CTOATENbCTBA, PA3IoKuM (yHKIHIO (4.8) B paa 1o y 1
OTPaHMYHMMCS JIMIIB NTEPBBIM YWICHOM 3TOro psaa. [lomydnm, 4ro
X

V== (4.10)
tgoa
riue AZT‘ ;o oL,= 21X,
~ 8v, _ 81m OMmp o, -
TaK Kak A= 6xAx, AN S Ax+ By Ay ; (4.11)
T0, moactanisis (4.11) B (4.5) u (4.6) umeem
(Y280 (B aBy) + 2214B;, (4.12)
&1 v NMm
(898 (B 4 By) + 2B, (4.13)
&1 v NMm
rae
Snm
Bi=1-—%  Ba=—5ii; By= —;
x_a Sy &x (S‘_y

[Tocne mpeoOpazoBanust ypasHeHuit (4.7) u (4.8), cnemyer, 4To IKCTpe-
MaJlbHbIEe 3HaUeHHs K03 (PUIMeHTa cTossueii BOIHBI B BOJTHOBOJIE 1), MIPH TOJI-
ITUHE CJI0OA )XKUJIKOCTU B BOJ'IHOBO[[HOﬁ CCKIIUHN paBHOﬁ Im OIMUCBIBACTCA ABYMS
YPaBHCHHUSMHU:

_[cth mxy)+yctg(2axy)
Mm = \/ th (Qmxy)+ytg(ax) ° 19
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_ |th@my)-ytg@mxy) |
Thm = \/Cth (mxy)+yctg(2mx) (549)

IIpu n,, = 1 oba ypaBHEHHUS MPUBOIAATCS K BHIPAXKEHUIO BUIA
sh(mxy)= - ysinnc; (4.16)

KOTOpOE OINHUCHIBAET B IJIOCKOCTH KOOPJAHMHAT X, Y(YHKIHIO, ONPEAEISIIONIyI0
IpaHulbl pUMeHsieMocT! ypaBHeHu (4.14), (4.15). YpaBHenue 4.15 oxazbl-
BaeTCs CIIPABEATUBBIM IS 3HAYCHHUI X U Y, TIE X>X1 U Y<YI ONPEACISAIOTCS U3
IpaHUYHOrO ycioBus (4.16).

C yderom npou3BoAHbIX (hyHKIUH (4.14), (4.15), (4.16) momyunm:

_ Acos? o )
1+(2-3A4)cos? oy’

B 2 1-A sin20q (Yki+ky )+ sh2aq y(ki—yky) .
) =—

A1+(2 3A)COSZ aq Zalyk1+ 2kza1 - Sh2a1 yk3 ’
Bi= sh2ay 2yk,+ (1-y? )k,

3 y Zalyk1+ 204 kz— Sh2a1 yk3 >
rae:

ki=tg? aqy - tg? ay;
k2=2tg? aqy - tg? ay;
ki=tg? ayy+ tg? oy;

s ynporenust (4.12) u (4.13) npumem, 4to Im 1ocTaTouHo OM3Ka MO BEIH-
YUHE K V4.

Bo=- B3=-2b :
b= [1 +

sh(m) ]_ :

nonacrasisieM (4.14) B (4.12) u (4.13) u yuuThIBasi, 4T0 A—: =All—m, MOJYy4YHUM BBI-
m

pakeHue I CTy4ailHOW OTHOCUTENLHOU OMMOKH B omnpeesneHnu &' u &'":

Ag—f’ 22 (1+ 2ab) + "4ab (4.17)
A;j’ o o . (1-2b) + A’72b (4.18)

[Tpu maneix motepsx y=0, 3nauenue a, b 6nmsku x egunuue. [losTomy
JUIsL ATOTO citydasi BeipakeHus (4.15) u (4.16) cBOIATCS K CIEIYIONIUM COOT-
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HOIICHHUAM:

Af—f’=2“7m : (4.19)
A&rr Al An

—_— = -2—= +2—; 4.20
& ln n -’ ( )

W3 ypaBuenwmii (4.15) u (4.16) cnemyeT, 4To MOTpenIHOCTh B &' onpenernsi-
€TCs OIIMOKOM B M3MEPEHHUH JIUIID Im. J{7st MONSIPHBIX KUAKOCTEH CO 3HAYECHHU-
em £'=10+20 n3mepsieMbIX B quana3one A=3,21cM, Benmuuuna Im= nexur B npe-
nenax 2,5-1,0mm. Tak kak aOcoitoTHasi OmMOKa B M3MEPEHUW JUTHHBI CTaH-
JapTHBIMM MHUKpomeTpaMu coctasisieT 0,01MM, TO pe3ynbTupyromas OTHOCH-
TeJbHAsl OTPELIHOCTh B omnpeneneHun &' Oyner nexats B npenenax 1-2%, B
3aBHCUMOCTH OT THIIa M3MepseMON KUAKOCTH. s c1abomospHbIX KUAKO-
cTelt ommoOKa B onpeaenenun &' nocturaet menee 0,5%. Ommbka B onpenerne-
HuM &' omperensemMas MOrPeIHOCTBI0 B M3MepeHuu Im B 2 pasa Beimie, 4eM y
&'. Uz-3a morpemnoctu mamepenus KCB, nocturaromieit 3-5%, pe3ynbTupyro-
mas omuobka B u3MepeHun &" MoxeT gocturath 5%, XOTs B ciIydae clabomno-
JISIPHBIX JKUIKOCTEH OHA MOXET omyckaThesi 10 1-2%, u3-3a yMEHbILIEHUS OT-
HOCHTEIbHOW OMIMOKM B M3MEPEHUH Im W TMOBBIMICHHH TOYHOCTH OTCYETa
oompimx 3naueHuii KCB.

Jns coydas KHUAKOCTEH CO 3HAUUTENBHBIMU JAMAJICKTPUUECKUMHU TMOTE-
psmu, ommoOka B onpeneneann &' u £" Bo3pacraer. Jlyig ee OIEeHKH paccMOT-
pum KpaiiHui cinydail y=0,%, COOTBETCTBYIOIIEMY MaKCUMaJIbHO BO3MOKHOM
BenmuuHe /go=1,2. Torna:

Ay Ay An
EA— _ 4+ — .
S=3m 4 4.21)
A& Ay An

= — + — .
=04 72 1270 (4.22)

[Ipu yka3aHHBIX BBIIIE MOTPEUIHOCTIX U3MEPCHUS Im U #jm pe3ybTUpy-
fo1as omuoKa B onpeneneHuu &' U §" g ciydasi CHIIBHOTIOJISIPHBIX JKHJIKO-
cteit co 3HaueHusmu £'= 10420 cocraBnsier coorBeTcTBeHHO 5% 1 7%. s
C1a0O0MOJISIPHBIX JKUJIKOCTEH CO 3HaUCHUAMHM &'=2-4, pe3yIbTHPYIOIas OmmroKa
YMEHBILAETCS U COCTABIISIET COOTBETCTBEHHO 2% 1 4%.

B TaGmuie 1 mpuBeneHsl pe3ynbTaThl H3MEpEHUN &' U " HEKOTOPBIX TO-
JSIPHBIX KUJIKOCTEH, BBHITIOJHEHHBIX YKa3aHHBIM METOJOM MpPH JJIMHE BOJHBI
A=3,21cm n temmepatype t=20°C . Tam e npuBeieHbI 3HaueHHs &' U E" Tex
XKUJKOCTEH, KOTOpBIE MOJYYEHbl METOJIOM mnepeMeHHbIX ToiauuH (1,2). Kak
clenyeT u3 TabauIlbl, MKy BETUYMHAMU &', TOIyYEHHBIMU ATUMHU JIBYMS Me-
TOJIaMU UMEETCS XOPOIllee Coracue, TOrAa Kak 3HadeHue & onpeaenseMbIX Mo
HalIeMy METOJY CKa3bIBA€TCSl HECKOJIBKO HUXKE MO BEIUYHMHE &', MOIyYEHHBIX
o metony (1,2).
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Tab6muma 1
Pe3yabTaThl H3MepeHUI AUIJIEKTPUYECKOH NMPOHUIaeMocTH &' M JaudJIeK-
TPUYECKHUX NMOTePb &' HEKOTOPBIX MOJSPHBIX KUAKOCTEH NP JINHE BOJI-
Hbl A = 3,21 cM u t=20°C.

Ne BemectBo Jmina MeTtonom [Ipennaraembim
BOJIHBI [Tomu-Maroga (2) BapHaLlMOHHBIM METOJIOM
A (B cm) g g g g
1 Aneron 3,21 20,8 3,56 20,6 3,50
2 Aneron 0,71 12,3 9,65 12,4 9,38
3 Iukmonentanon 3,21 12,4 3,75 11,8 3,73
4 Tuxkimonentanon 0,71 4,68 490 4,70 4,76

Pacuer &" mo (2,6,11,12) mpoBoauTCs ¢ MCHOJIB30BAaHUEM JIaHHBIX O
MakcuMaibHbIX KCB cOOTBETCTBYIOIIMX TOJIIMHAM XKHUIKOCTH B siueiike MmpH-
ONMU3UTENBHO KPATHBIM Ag/2. IIpM 3THUX TOMIIMHAX KUIKOCTU B SYEHKE OUYEHBb
CYLIECTBEHEH yuYeT cucTeMaTudeckoi ommoku B onpeneneHuu KCB, BbI3biBa-
€MBIX Napa3UTHBIMH OTPAKEHUSIMU OT CIIOJSHOW MPOKJIAJKU U HE HIEaJbHO-
CTBhIO KOPOTKO3aMKHYTOI'O MOPIIHS B sAueiike. B npemnaraemom merone KCB
M3MEpPSETCS TIPU TOJIIIMHE KUIKOCTH B sTUCHKe OJIM3KOU K Ag/4. DTUM caMbIM
3HAYUTENbHO CHUXKAIOTCA cHcTeMaTHyeckue omuoOku B omnpenenenun KCB,
BbI3bIBAEMbIE YKa3aHHBIMU BbIlIe NpudnHamMu. Habmomaembie B Tabmune |
pacxoxzaeHus B &", mo Bceil BUIMMOCTH, BBI3BAHBI HE yUETOM CHCTeMaTHhye-
ckux ommoOok B onpeaenenun KCB B metone (1,2).

B mpakTuke BBICOKOYACTOTHBIX M3MEPEHUH IUAJIEKTPUUYECKUX Mapa-
METPOB MOJISIPHBIX KUAKOCTEW U pacTBOPOB YACTO HUCIIOJIb3YIOTCS METObI, OC-
HOBAaHHBIE HAa U3MEPEHUM OTPAKEHUS JIEKTPOMATHUTHOM BOJIHBI OT KOPOTKO-
3aMKHYTOM Ha KOHIIE BOJIHOBOJHOW MJIM KJIIOKCHAJIBHOM STYEHKH C UCCIIEAYEMOMN
AKHJIKOCTBIO, TIPH YCIIOBUM, YTO TOJIIMHA B siueiike perynupyema (1-9). OGna-
Jlasi CPaBHUTEJIBHO BBICOKOM TOYHOCTBIO HM3MEPEHUS, BO3MOXKHOCTHIO y4YeTa
CHUCTEMaTHYECKUX OMIMOOK U PSAAOM JIPYIMX JOCTOMHCTB 3TH METObI, OJHAKO
BECbMa TPYJIOEMKHU U TPEOYIOT HaXOXKJIEHHUS BCEHW 3KCIEPUMEHTAIbHON 3aBU-
CUMOCTH MOAYJA KO3(p(UIMEHTa OTPAXKEHHUS SJIEKTPOMArHUTHOW BOJIHBI (p)
WM KO3PPUITUEHTA CTOSTYCH BOHBI (1)) OT TOJNIIUHBI CJIOS KUAKOCTH B STUCH-
kel, 4TO TeXHHWYeCKH He BcerJa BO3MOXKHO, B OCOOCHHOCTH B JHAla30HE
cBepxBbIcOkMX yacToT (CBY) — caHTHMETpOBbIE U MUJUIUMETPOBBIE BOJIHBI.
Kpome Toro, MeToasl mepeMeHHON TONIIMHBI UMEIOT OrpaHUYEHHYIO chepy
MPUMEHEHHS; OHHU yJTOOHBI JINIIb JUI U3MEPEHUS TUAIIEKTPHUUECKUX TapameT-
POB XKHUJIKOCTEH, 00JIaAaI0NMX B AUANA30HE CBEPXBBICOKUX YAaCTOT CPEIHUMU
U MaJIbIMH 1oTepsMU. [Ipu 3aMETHBIX JUAIEKTPUUYECKUX MOTEPSIX B KUIKOCTH
3aBUCUMOCTH (p) WiH 7 OT | uMeeT muiib OAMH SKCTPeMyM (MaKCHMyM WU
MUHHUMYM) B CBOEM XOJI€, UTO €CTECTBEHHO, UCKIIIOYAET BO3MOXKHOCTh ITPUMeE-
HEHMsI MeToJa NepeMeHHbIX ToimuH (1,2,4), 6a3upylomero Ha HW3MEpPEeHUU
PacCTOSHUS MEXIy MUHUMYMaMH 3aBUCUMOCTH (p) wiu 1 oT | u oTHOmIECHUS
(p)unu M B TOYKaX MakCUMyMa 3Toi 3aBucUMOocTH. Kak mokasano B (9), uz-3a
0O0JIBIINX CUCTEMATHYECKUX OIIMOOK yKazaHHble MeTojsl (1,2,4) Henpuemie-
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MBI TaKKe U I U3MEPEHUS TUDICKTPUIECKHIX TTapaMeTPOB CIA0O0MONSPHBIX JKHUI-
KOCTEi, 00JIa/IAFOIINX B JUAITA30HE CBEPXBBICOKMX YACTOT MAJTBIMH TIOTEPSIMHU.

Pa3paboTanHblii HOBBIM BapUAIMOHHBIN METOJ U3MEPEHUS TUAIIEKTPU-
YECKOW MPOHUIAEMOCTH &' M JAMAIIEKTPUUYECKUX MOTEPh &" MONAPHBIX JKHJIKO-
cTelt cBOOOICH OT MEePEYNCIICHHBIX BBIIE HeMOCTaTKOB. OH OCHOBAH Ha M3Me-
peHI/II/I TOJIIIIUHBI CJIOA KUJIKOCTU B SI‘-Ief/'IKe, HpI/I KOTOpOM NMEECT MECTO MHUHU-
MyM aMIUTUTY/bl OTPAKEHHON BOJHBI (p) WK KOIPPUIIMEHTA CTOSUEH BOIHBI
1, ¥ BEJIMYUHBI /m TIPH 3TOM TOJIIMHE XUIKOCTH. BapuaHT mogoOHOrO MeToaa
paccmarpuBaics B (13); ognako, BBeaeHHoe B (13) mpeanosnokenne 06 aKTHB-
HOﬁ BCIIMYHUHEC HNCXOIHOI'O COHpOTI/IBJICHI/ISI BOHHOBOHHOﬁ CCKIIMU C XKHUIKO-
CTBIO TIPU TOJIIIMHE CJIOSI, COOTBETCTBYIOMIEMY MUHIUMYMY BEJIUYUHBI () WIN
7, 000CHOBAHO JIMIIb JJIS CITy4asi TOJSAPHBIX KUAKOCTEH, 00JIaJaloIIUX MaJIbl-
MHA )II/ISJ'IeKTpI/I'-IeCKI/IMI/I HOTepflMI/I.

Takum 00pa3oM, MOJISIPHBIC JKUIAKOCTH - IUKIONEHTAHOI, IUKJIONCHTA-
HOH U UX KOHHGHTpI/IpOBaHHBIe paCTBOpBI B )Ipyr ﬂpyre, IIUKJIOIICHTAHE U allc-
TOHE HCCJICJIOBAIMCh BIIEPBBIC, M KaK MOKA3aJId Pe3yJbTaThl BapUAI[HOHHBIN
METO/I HaIlrea cebe JOCTOWHOE PUMEHEHHE.
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MAYELORIN DIELEKTRIK XARAKTERISTIKALARININ iFRAT YUKSOK
TEZLiKLOR DIAPAZONUNDA VARIASiION OLCM® METODUNUN
NOZORIi PRINSIPLORI
4. Polyar mayelorin dielektrik parametrlorinin variasion metodla
toyininds miimkiin olan xatalarin analizi

S.M.USEYNOVA
XULASO

Bdobi monbolordon molumdur ki, ifrat yiiksok tezlilker (IYT) diapazonunda polyar
mayelorin dielektrik xassolorinin molum olan metodlarla todqiqi xeyli mohduddur. Mohz bu
sabadan yeni variasion metod islonib hazirlanmigdir ki, bu metodun totbigi biitiin polyar
mayelarin vo mahlullarin dielektrik parametrlarini (dielektrik niifiizlugu &' va dielektrik itkilori
&"), onlarm qiymatindon asili olmayaraq, toyin etmoys imkan verir. Variasion metodun nazari
prinsiplori osasinda riyazi tonliklorin hesablanmig vo tonliklorin hallinin qrafik metodu islonib
hazirlanmis, & vo &" qiymotlorinin hesablanmasi avtomatlagdirilmig metod ilo hoyota
kecirilmigdir.

Maogals variasion metodla biitiin polyar mayelorin dielektrik parametrlorinin (&' vo &")
toyini zamani miimkiin ola bilocok biitiin xotalarinin riyazi osaslarla hesablanmasina hasr
olunmusdur. Qeyd etmok lazimdir ki, bu xatalarim qiymoti (1,5-2%) diger miiveud metodlarin
totbiqi zaman1 buraxilan xotalardan xeyli kigikdir.

Acar sozlor: variasion todqiqat metodu, dielektrik parametrlor, polyar mayelor,
metodun teoretik asaslari, xatalar

DEVELOPMENT OF VARIATIONAL METHOD FOR MEASURING
OF DIELECTRIC PARAMETERS OF POLAR LIQUIDS AT MICROWAVE
FREQUENCIES
4. Analysis of errors in measuring of the dielectric parameters
of polar liquids by the variation method

S.M.USEYNOVA
SUMMARY

Use of existing methods for studying the dielectric properties of polar liquids in the
ultra-high frequency range is very limited according to the references. So, a new variational
method was developed and allows one to remove of all these restrictions: the dielectric
parameters (& 'and &' ") of all polar liquids and their solutions can be determined by using this
method. The original equations were solved on the basis of the theoretical principles of the
variational method and graphical solution method and an automated method for calculating of
&' and &£" were developed.

Mathematical calculation of all possible errors in the determination of polar liquids by
this method have been shown in these paper. It should be noted that these errors are minimal
(1.5-2%) under compared with all existing methods.

Key words: variational method, dielectric parameters, polar liquids, theoretical
principle of methods, errors.
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UOT 532
PACS: 77.22.Ej, 64.75 Bc, 31.70. Dk, 61.70 Og

AQAROZANIN SUDA MOHLULLARININ
OZLU AXININ AKTiVLOSMO PARAMETRLORININ
TEMPERATURDAN ASILILIGI

A.H.9SODOVA
Baki Doviat Universiteti
aynuramrahova@gmail.com

Isd> aqarozanmin (M=120000g/mol) sulu moahlullarimn 288+323 K temperatur va
0.01%-0.09% konsentrasiya intervalinda dinamik ozliliiyii vo sixhigr olgiilmiisdiir. Tacriibi
naticalordan istifado edarak verilon temperatur intervalinda verilmis konsentrasiyalar tigiin
ozlii aximn aktivlosma parametrlori (AG,, AH,, AS, ) hesablanmisdir. Alinan naticalar géstarir

ki, ozlii aximin aktivlosmo parametrlori temperaturdan asili olub mohlulun strukturuna ¢ox
hassasdiriar.

Acar sozlor: aqaroza, 6zIUi axinin aktivlogsmo parametrlori

Molumdur ki, yiiksok molekullu birlosmalorin mohlullari, xiisuson do
sulu mohlullar praktikada totbiqi ndqteyi-nozordon bdyiik ohomiyyat kosb edir.
Mohlullarin totbiqi onlarin xassolori ilo, xassalori iso 6z ndvbasindo mohlulun
biitiin komponentlorinin birbirilori ilo qarsiligh tasirlori naticasinds formalasan
strukturu ilo six olagodardir. Miixtalif xarici tosirlor noticoesindo (temperatur,
tozyiq, olavalor va.s) mohlulun strukturunda (eyni zamanda xassosindo) bas
veran doayisikliklor onu xarakterizo edon fiziki-kimyavi parametrlorin qiymatlo-
rinds 6zilinii biruzs verir [1; 2]. Bu kamiyyatlorin oan vaciblari sirasinda mahlu-
lun reoloji xassolorini xarakterizo edon 6zIii axinin aktivlosmo parametrloridir.
Ozlii axmin aktivlosmo parametrlori 6zlii axinin aktivlosma entalpiyasi, aktiv-
loagsmo entropiyasi vo aktivlosmo sorbast Gibbs enerjisi mohlulun 6zliiliyiiniin
vo sixligimin temperaturdan asililiglarinin tacriibade toyin edilmosi asasinda
hesablanmasidir. Mohlulun dinamik 6zliiliiyii Ubellohde kapilyar viskozimetri
[3], sixliq piknometr vasitasi ilo dl¢lilmiisdiir [4]. Todqiqat obyekti olaraq aqa-
roza (CONDA firmas1t M=120000g/mol) se¢ilmisdir, mohlullar bidistillo olun-
mus suda hazirlanmigdir. Eyring [5] nozariyyasina gora 6zl axinin aktivlosma
Gibbs enerjisi asagidaki ifads ilo toyin olunur:

84



AG, = RT In-- (1)

No

NAhp, R-universal qaz sabiti, Na-Avagadro sabiti, h- Plank

M ..
sabiti, M-polimerin molekulyar kiitlosidir. Ozlii axiin aktivlosmo entalpiyast

(Hn)

Burada,n, =

6lr1(17—0
.. R
OzIi axinin aktivlogsmo entropiyast is9,
AG, = AH, —TAS, 3)

Molum termodinamik asililigindan istifads edorok hesablanmisdir. Sokil
1-ds aqarozanin 0.05%-1i sulu mohlulunun 6zliiliiyiliniin temperaturun tors qiy-

motindon asililigr gostorilmisdir. Sakildon goriindilyti kimi (lnnl — %) asililig
0

oyri xatli xarakter dasiyir vo bu xattin bucaq amsali néqtodon-néqtoyo doyisir.

Inn/n0
4,9 -

4,8 -
4,7 -
4,6 -
4,5 -
4,4 -
43 -
4,2 -

4' 1 T T T T 1
0,003 0,0031 0,0032 0,0033 0,0034 0,0035

T, K!

Sak. 1. Aqarozanin 0.05%-1i sulu mohlulunun 6zliilityliniin
temperaturun tors qiymatindon asililig1

Bu asliligin diizxotli olmamasi struktursuz mayelor iiclin verilmis
Frenkel-Eyring nozariyyasine tabe olmamasi onu gostorir ki, aqarozanin sulu
mohlullarinda giiclii miixtolif xarakterli garsiligh tosirlor (H-rabitasi, ion-dipol

va.s) mévcuddur. Aktivlosma entalpiyasi (lnnl - %) asilliginin har bir néqtosine
0
¢okilon toxunanin bucaq omsali vasitosilo toyin edilmigdir. Kompiiter vasitosi

ilo asanligla tapmaq olar ki, bu tocriibi ndqtolordon kegon oyriyo uygun olan
funksiya

o 1 12 1.3
In o ap+ aq (T) +a, (T) + a; (T) @))
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kimidir [6]. Burada ao, a1, a2 vo a3 temperaturdan asili olmayan komiyyatlor
olub riyazi optimallagsma tisulu ils toyin olunur. (4)-i (2)-do nazors alsaq AH
ugln
1 1
AH, = R(ay + 20, (1) + 3a5()%) (5)

ifadoasini alariq. Beloliklo, (1) ifadasino goro AGy, (5) ifadosine goro AHn he-
sablanmigdir. AGq vo AHy molum oldugdan sonra iso (3) ifadosino osason 6zlii
axinin aktivlosmo entropiyasi (ASy) toyin edilmisdir. Alinan naticolor gostorir
ki, 6zl axmin aktivlosmo entropiyasi vo aktivlogmo entalpiyasi temperaturdan
asihidir (sokil 2; 3). Sokil 2-do agarozanin miixtolif konsentrasiyalari iigiin 6zIi
axmin aktivlosma enerjilorinin temperaturdan asililiglar1 verilmisdir. Molum
oldugu kimi 6zlii axinin aktivlegsmao parametrlori mohlulun strukturuna ¢ox has-
sasdirlar: aktivlogsmo entalpiyast mohlulun daxilindoki qarsiligh tesirlorlo
mioyyon olunan mohkomliyini, aktivlosmo entropiyasi iso mohlulun nizam-
liligin1 xarakterizs edir.

30 1 AH,, kC/mol

25 A

20 -

15 -

10 -

0 T T T T 1
280 290 300 310 320 330
T, K

Sok. 2. Aqarozanin miixtolif konsentrasiyalari {i¢iin 6zl axinin aktivlosmo
entalpiyasinin temperaturdan asililig1.
1.0.05%-li, 2.0.07%-1i, 3.0.09%-1i agarozanin sulu mohlulu

Sokil 2-don goriindilyili kimi 6zli axinin aktivlosma entalpiyasinin tem-
peratur asililiginda AH,, kigik temperaturlarda miioyyan enli maksimuma qadar
artir sonra iso azalir. Alinan noticoni basa diismok {iclin geyd edok ki, tomiz
mayelordon forqli olaraq mohlulun méhlomliyina ve uygun olaraq 6zliiliyiine
iki faktor tosir edir: birinci amil odur ki, temperaturun artmasi ilo istilik horo-
katinin intensivliyi artir vo movcud zaif rabitolor qirilir, mohlulun méhkomliyi
azalir vo AH, azalr, ikinci faktor iso odur ki, temperaturun artmasi ilo
halledicinin polimers harisliyini, termodinamik keyfiyyatini xarakteriza edon
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ikinci virial omsal (A2) doyisir vo mohlulun strukturuna 6z tosirini gostorir.
Lakin miixtolif sistemlordo ikinci virial omsal temperaturdan asili olaraq
mixtolif ciir doyisir. Agarozanin duru sulu mohlullarinin xarakteristik 6zlii-

Ngoatirilmis

liylinlin vo — C asililigindan toyin olunan Haqqins sabitinin tempe-

raturdan asililig1 gostorir ki, [7] temperatur artdiqca [n] artir, uygun olaraq k'-
azalir. Bu komiyyatin temperatur asililiglart ikinci virial amsalin temperatur
artdiqca artdigini gostorir,yoni holledicinin termodinamik keyfiyyoti yaxsilasir.
Bu iso temperatur artdiqca suyun mohlulda mévcud olan statistik yumaga
niifuz etmosinin asanlagsmas1 demokdir. Su yumaga daxil olaraq makromo-
lekulun seqmentlori ilo miisyyan rabitolor yaradaraq mohlulun mdéhkamliyini
artira bilor vo AH,-in qiymati artar. Lakin bu nisbaton kigik temperaturlarda
temperaturun strukturu dagitma effektina Ustiin gals bilar. Ola bilsin ki, AH,-T
asliliginda T-artdigca suyun polimers harisliyinin artmasi naticasinde onun
strukturlagdirict effekti, T-nin nisboton kicik qiymotlorinds onun artmasi
noticasindos mohlulun dagidici tosirini tistaloyir.

AST, (C/K-mol)
0,12 -

0,1 -
0,08 -
0,06 -
0,04 -

0,02 -

O T T T T 1
280 290 300 310 320 330

T, K

Sok. 3. Aqarozanin miixtolif konsentrasiyalari {i¢iin 6zIii axinin aktivlosmo
entropiyasinin temperaturdan asililigi.
1.0.05%-li, 2.0.07%-1i, 3.0.09%-1i agarozanin sulu mohlulu

Lakin temperaturun miisyyon qiymsatindon sonraki qiymatlorinds onun
dagidict tosiri ustiinliik togkil edir vo temperatur artdigca AH,-in giymati azal-
maga baslayir. Ozlii axinin aktivlosmo entropiyasimin temperaturdan asililig
yuxaridaki miilahizolorlo uzlasir. Dogrudan da suyun yumaga daxil olaraq po-
limerin seqmentlari ilo miisyyon miixtalif rabitolorin yaranmasi naticesinda ki-
¢ik temperaturlarda mohlulda nizamlliq artir (AS, azalir), sonra iso istilik
harakatinin intensivlonmasi naticosindo rabitolor qirilir bu seqmentlor sorbast-
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lonir, miloyyan makroskopik hala uygun makroskopik hallarin yaranmasi im-
kanlar1 artir vo AS, -artmaga baglayir (sokil 3).

AG,, kC/mol
37 ~

35 - 3
33 A
31 - 2

=

27 A

25 T T T T 1
280 290 300 310 320 330

T,K

Sok 4. Aqarozanin miixtalif konsentrasiyalari {iglin 6zlii axinin aktivlesmo Gibbs
enerjisinin temperaturdan asililigt. 1.0.05%-1i, 2.0.07%-1i, 3.0.09%-1i agarozanin sulu mohlulu

Ozlii axinin aktivlosmo sarbest Gibbs enerjisi iso molekullarin har hansi
halinda rabitolorin qirilmasi iigiin aldo etdiklori alavo enerjinin rabito enerji-
sindon artiq qalan va ig gorarok digor hala kegmasina sarf olunan sorbast ener-
jinin temperatur asililigi iso sokil 4-do gostorilmisdir.
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TEMIIEPATYPHAS 3ABUCUMOCTb AKTUBAIIMOHHBIX ITAPAMETPOB
JJIS BA3KOI'O TEHEHHSA BUJHBIX PACTBOPOB AI'APO3bI

AT''ACAJIOBA
PE3IOME

W3yuensl koHmeHTpammonHsle (B wuHTepBaie 0,01+0,09%) wu TemmeparypHbie
(288+323K) 3aBUCHMMOCTH TUHAMUYECKOH BSI3KOCTM U IUIOTHOCTH BOJHBIX PAacTBOPOB
(M=120000 r/mo71b). C HCHOIB30BaHUEM KCIIEPUMEHTAIBHBIM JJAHHBIX OBUTH BBHIYECICHN 3HA-
YEeHUsI aKTUBAIIMOHHBIX MapaMeTpoB (CBOOOJHON €HEPrHu, SHTPOIHMH W SHTAJBIINU) JUIS BSI3-
KOTO TEUYCHHUS! B 33JaHHOM WHTEpBajle TEMIIEpPaTypbl M KOHIEHTpauuu. [lonmyueHnn TaHHBIX
ITOKA3bIBAIOT, YTO PACTBOPOB OUYCHb UyBCTBUTEIBHBI K N3MEHEHUEM 3THX ITapaMETpPOB.

KiroueBble ciioBa: araposa, akTUBAIMOHHBIC TapaMETPbI

THE DEPENDENCE OF ACTIVATION PARAMETERS ON TEMPERATURE
FOR VISCOUS FLOW OF LIQUID SOLUTIONS OF AGAROSE

A.H.ASADOVA
SUMMARY
In the present work the dynamic viscosity and density of the liquid solutions of agarose
(M=120000 g/mol) in 0.01%+0.09% concentration interval and 288+323K temperature interval
were determined. Due to the experimental results the activation parameters (free energy,
entropy and enthalpy) for viscous flow were determined in given temperature and con-
centration interval. The results show that the activation parameters are depend on the

temperature and very sensitive to the structure of solution.

Key words: agarose, activation parameters
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