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Toqdim olunan isds nazik I6vhonin rogslorvi tonliyi iiciin kvadratik meyarli optimal
idaraetma moasalasino baxilmisdir. Ovvalca baxilan masalada hor bir geyd olunmus miimkiin
idaraedici iiciin sorhod masalosinin  hallinin varligt vo yeganaliyi oyronilmis, optimal
idaraedicinin varliq teoremi isbat edilmis va optimalliq iiciin inteqral barabarsizlik saklindo
zoruri va kafi sort ¢ixarilmisdir.

Acar sozlar: nazik 16vho, optimal idaroetmo, optimalliq sorti.

Molumdur ki, praktikada bir sira real proseslor dordtortibli xiisusi toro-
moli diferensial tonliklorls tosvir olunur. Bunlardan ¢ubugun, kamertonun, tig-
layli 16vhalorin, elastiki 16vholorin, nazik 16vhoalorin vo s. rogslori tonliklorini
misal gostormok olar [1], [2], [3]. Ona goro do belo tonliklorlo tosvir olunan
proseslords optimal idarsetmo masalslorinin dyronilmasi mithiim ohamiyyat
kosb edir. Qeyd edok ki, son dovrlordo belo proseslor iiglin optimal idaroetmo
maosalolori intensiv tadqiq edilir [4]-[8].

Xiisusi toromali tonliklor ti¢lin, xiisusi halda, nazik l6vhonin ragslori ton-
liyi ticlin tors masalalorin tadqiqi do boyiik nozari vo praktik shomiyyat kasb
edir. Tors mosalalori holl etmak iigiin yanagmalardan biri optimallagdirma tisu-
ludur [9]. Bu iisulun mahiyysti ondan ibarotdir ki, tors mosalo optimal idars-
etmo masoalasing gatirilir vo yeni mosalo optimal idaroetma nozoriyyasinin lisul-
lar1 ils toadqiq olunur.

Mosalonin qoyulusu. (U(x,y,t),v(t))e W,”' (Q)xL,(0,T) funksiyalar
clitiinii agsagidaki1 miinasibatlordon toyin edok:

pgt—?w(DAu) —a(k y)o(). (xy.0e Q. (1)
WX, Y.0) = 9y (X, Y) W= a(%Y). (LY)eQ, @)



00,9, =050 g, ux0. =0, MEED _g, 0<x<a 0st<T,
X y
3)
u@,y,t) = Q@zom(x,b,t) = O,M: 0,0<y<h, 0<t<T,
JK Oy, bu(x, y, Hdxdy = g(b), (4)
Q
burada Q=Qx(0,T), Q=(0,a)x(0,b), a, b, T>0 misbot ododlor,
3
u(x,y,t)-lévhanin yerdoyismasi, D = %-lévhenin oyilms mdhkamliyi,
-V

h(x,y) -16vhonin qalmhigidir, 0 < g, <h(X,y) < u,, 4,, M,-verilmis ododlor-
dir vo h(x,y)-in Q-da iki tortiba qodor kosilmoz téromalori var, E (E >0)-

Yunq modulu, v (0<V <%J-Puasson omsalidir, A-Laplas operatorudur,

p(X,y)- ldvhonin (x,y) noqtosinde sixligidir, o, Q-da kesilmozdir vo
p(X,y)=y>0, y-verilmis ododdir, a(x,y)e L,(Q), ¢,eW,(Q),
9 €L, (Q), K(x,y,t)e L_(Q), 9(t)e L,(0,T)-verilmis funksiyalardir.

Qeyd edok ki, goyulan masalo tors mosaladir.
Bu mosoloni asagidaki optimal idaroetmo mosolosina gatirak: U,, cL,(0,T)-

dan els funksiya tapmali ki, o, (1)-(3) masalasinin halli ils birlikdo

J,(v) = % | [j Kudxdy — g(t)] dt (5)

funksionalina minimum qiymat verisn, burada U, -qapali, gabariq ¢oxluqdur.

v(t) funksiyasin1 miimkiin idarsedici adlandiraq, u = u(Xx, y,t;v) ilo v(t)
idarsedicisine uygun (1)-(3) masalasinin iimumilasmis hollini isars edok.

Tors mosalo ilo optimal idaroetmo masalasi arasinda six olaqe var. Belo
ki, agar (5) funksionalinin minimum qiymati sifira barabardirss, onda (4) slave
sorti 6donilir.

Hor bir v(t) miimkiin idaroedicisino uygun (1)-(3) mosalosinin halli de-

dikdo elo u(x, y,t)ve’l(Q) funksiyas1 basa diisiilir ki, o ixtiyari
n(x,y,teW,” (Q),
720.y.6)= 0,910 _o s 0.y =0,970.0 _ o
X ay

n@y. =022V _ o bty =0, 220D
X y

funksiyas1 ti¢lin



j[—p?;g’f+DAuAn+}dxdydt—jp<ol<x,y)n(x,y,O)dxdy=Ja(x,y)v(t)n(x,y,t)dxdydt (©6)
Q Q Q

integral eyniliyini vo u(x,y,0)=¢,(X,y) sortini 6dosin. Burada W>'(Q) ilo

W,*'(Q)-don olan vo t=T -do sifra borabor olan funksiyalar sinfi isaro

olunmusdur.
(1)-(3), (5) masalasini agsagidaki sakilds requlyarlasdiraq:

OKT 2
Ja(v)=J0(0)+5‘0[v (tdt, (7)

funksionalinin (1)-(3) maosalosinin holli ilo birlikdo minimumunu tapmali,
burada o >0 verilmis miisbot odaddir.

(1)-(3) masalasinin hallinin varhg: va yeganoaliyi

Teorem 1. Hor bir geyd olunmus v(t) miimkiin idaraedcisi ti¢lin (1)-(3)
mosalosinin W, (Q) fozasinda yegano hall var.

Isbati. Hollin varligim gostormok ii¢iin Faedo-Qalyorkin iisulunu totbiq
edok.

W, (Q) ilo W, (Q)-nin elo alt fozast isars edilir ki, homin alt fozada six
coxluq olaraq €Q-da iki dofs kesilmoz diferensiallanan, 6zli vo X,Yy-o goro

birinci tortib toromolori € -nin sorhadinde sifra ¢evrilon biitiin funksiyalar
gotiirtiliirsiin.

W, (Q)-don olan {a)i (X, y)}:; bazis funksiyalar1 gotlirok vo (1)-(3)
masalasinin taqribi hallini
N
u § (Xa yat) = zCiN (t)a)l (Xs y)
i-1

soklindo asagidaki boraborliklordon axtaraq:
2, N

Jp%wj(x, y)dxdy+jDAuNAa)j (X, y)dxdy = '[a(x, yultho;(x,y)dxdy, 1<j<N, (8)
Q Q Q

:lBiNa

burada &' vo B", @,(X,y) vo ¢,(X,y) funksiyalarmi N — e oldugda uygun

¢ (0)=a’, %c ®)

t=0

olaraq W,’ () va L, (Q) -do aproksimasiya edon

o0 (V) =Y o o (% y), o (x.y) = Blao(xy)

i=1 i=1
comlorin omsallaridir.



(8) barabarliyinin har iki torafini %CJN (t)-yo vurub, j goro I-don N -o

qador comlasak, alariq:
J' azu N a N
P
20 ot ot

Buradan alinir ki,

1d » ou™
I ot

2dt

J +D(Au" ) }dxdy = Ja(x, y)v(t)a;tN

ou™
t
()at

Bu boraborliyi t-yo gors inteqrallasaq verilonlor tizorino qoyulmus sortlor

daxilinds asagidaki miinasibati alariq:

Q

f[(%) +(au )]dxdy<0ﬂ|allum+llv

Lz(Q)]+

L,(0,T) +||¢0 WS (Q) ”(01

N 2+ ou™ 2+ ou™
dy ot

o] i[(uw)u(agx

MR
+
) ( ox*

2 2N )2 2, N\
J 4—(8 u ] 4—[8 UZ ] ]dxdydt,
oxay ady

vie [0,T],
burada vo bundan sonra C ilo giymatlondirilon komiyyatlordon vo miimkiin
idaraedicilordon asili olmayan miixtoalif sabitlori isare edocoyik.

W, (Q) fozasindaki normalarin ekvivalentliyino gora

i)

o

ool ok

ody<clal , +b o+l

j [auN
+
ot

[10, soh.117]-doki malum

<A ({5

olar.

J. 92 2+ 92uM
21 ox? oxay

barabarsizliyine gors alariq:

L
+
)5

2 az N 2
] 4-( " J dxdydt
y

2, N T3
8 } dxdy

S (kMY (9"
H—=—| +
ox oxdy

2
o’uM
dxdy <
} g i[ ox’

-5

<claf} , +lv

2 auNZ
+ +
%)

iz(O,T) + ”¢0 .

8y

2 2 N 2

] +[8 J]dxdy<
dy’

+

Y (97"
— |+
ox oxay

o]
L, (Q)

W (Q) + ”¢1



t N NV N 2, N\ 2N Y 2, N Y
+C” (u”)2+ o + ou + o + J u2 + Ju + d u2 dxdydt .
00 ox ay ot ox oxay ay
Bu borabarsizliys Qronuoll lemmasini totbiq etsok,
N\ N ) N ) 2, N Y 2, N Y 2, N Y
J(u”)2+ au +au +au +8u2 +8u +8u2 dxdy <
2 ox ay ot ox oxdy dy
2 2 2
= Cma L, (Q) L,(0.T) +||¢0 W2 (Q) +||¢1 J’ Vte [O’T] )

vo ya t-yo goro inteqrallamaqla

e (Y (MY ('Y (onuMY (oMY (oMY
| ) + + + o |+ + | [dxdy <
2 ox ay ot ox dxdy ay (10)

2 2 2
< Cma L,(Q) +||U||L2(O,T) +||(/’0 W (Q) +||¢1
qiymatlondirmasini alariq.
(10) giymatlondirmesindon alinir ki, {UN} ardicilligt W,>' (Q)-do moh-

+|v

2
L, (Q)

ol
L (Q)

duddur. Ona gore do {uN }-dan elo alt ardicilliq ayirmaq olar ki, (hamin ardi-
cilligr da {u N } kimi igaro edacayik), N — o olduqda
ou™ ou ou" ou oau“ au
T A e S i d
ot ot~ ox ox oy ay
o’u™  9’u o’u™ 9%u 9%uM Q%
2 - 2 - 2 2 - 2
oX oX”  oxdy  oxdy oy ay
Onda kompaktliq teoremino goro [10, soh.83-84], N — < olduqda
N N
T U T M Q) -do giicli
oX ox ay oy
Hilbert fozasinda norma asagidan zoif yarimkosilmoz oldugundan (10)-
dan alinir ki, u(x,y,t) limit funksiyasi tiglin

W2(Q) < Cma L, (Q) + ”1) L,(0,T) +||¢0
qiymatlondirmasi dogrudur.
(8)-nin her torofini d,(t)e W, [0;T]d,(T)=0 funksiyasina vurub, |-o

gora comloyib vo t-yo goro 0-dan T -ya godor inteqrallasaq, sol torofdo birinci
hadds hisso-hissa inteqrallama diisturunu totbiq etsak, alariq:

au" 9
| {‘phﬁa_?+ DAu“An}dxdydt— [ ol 0y y.0)ddy = [a(x yyolth(e y,toxdyt, (12)
Q Q Q

u® >u,

L,(Q)-do zoif.

u" >u,

Lz(Q)J (11)

W, (Q) + ”¢1

u

N
burada 77(x, y,t) funksiyasi Zd, (D, (X, y) sokilli ixtiyari funksiyadir.

1=1



Belo n(x,y,t) funksiyalar kiilliisiinii M, ilo isaro edok. (12)-do 77-n1 her
hanst M - ¢oxlugunda qeyd etmokls yuxarida secilmis alt ardicilliq tGizro limits

kegmok olar. Bu V7(x,y,t)e M olduqda u(X,y,t) limit funksiyasi ti¢iin (6)

eyniliyino gotirir. Lakin 'EOJ;MN coxlugu W2'(Q) fozasinda sixdir [11,
soh.169] vo u(x,y,t)e W, (Q), demali (6) eyniliyi u(x,y,t) funksiyasi iigiin
n(x,y,t)e W' (Q) oldugda 6donir.

Sonuncu barabaorlikdo N — e sortindo limito kegsok, Vn(x, y,t)e\/\Alzl’0 Q)
funksiyas1 ti¢lin

J[— pg—l:%—? - DAuAn]dxdydt ~ [ (%, yyn(x, y.0)dxdy = [a(x, yyolt)r(x, y, tidxdydt
Q Q Q

inteqral eyniliyi 8donar. Belalikla, aliriq ki, u(x,y,t)e W,>' (Q) funksiyasi (1)-
(3) mosaloasinin iimumilosmis hollidir.

Hollin yeganoliyini standart tisulla gostormok olar, yoni hor bir miimkiin
idarsediciys uygun (1)-(3) mosolosinin iki U,, U, hollinin oldugunu forz et-
soydik, onlarin forqi olan U =u, —u, lg¢iin (9)-a analoji olaraq

2 2 2 P 2 P 2 ) 2
J (u)2+(8_uj NE +[a—u) + alj A9y a—lj dxdy <0,
2 oX oy ot oX oxay oy
vie[0,T]
qiymatlondirmosini alardiq. Buradan iso U =u, —u, =0 oldugu alinir, yoni
u,=u,.
Optimal idarsedicinin varhgi va yeganaliyi
Teorem 2. (1)-(4) mosalosinin verilonlori iizorino yuxarida qoyulan
sortlor daxilinde homin masslads yegano optimal idarosedici var.
Isbati. (1)-(3) xotti masalo oldugundan ixtiyari v,(t), v,(t) vo AeR
uclin

u((x, y,t; Ao, + (1= )v,) = Au(x, y,t;0,) + (1 - Hu(x, y,t;v,)
miinasibati dogrudur. (5) funksionali kvadratik oldugundan o, v-ys goro
gabariq funksionaldir. Onda (7) funksionali v-yo goro ciddi gabariq funk-
sionaldir. Ona goro [12, soh.13]-dok1 malum teorema asason (7) funksionalina
U, qapali, gabariq ¢oxlugunda (1)-(3) sorti daxilindo minimum veran yegano
optimal idaroedici var.

Funksionalin diferensiallanmasi va optimalligin zaruri sarti
Verilmis miimkiin v(t) idaroedicisi iigiin asagidaki qogsma mosaloni daxil
edak:

10



2

P aatz” +A(DAY) =—K(X, y,t)j[Kudxdy— g, (x,y,H)eQ, (13

vx(o,y,o:o,ww,w(x,o,t):o,wzo, 0<x<a 0<t<T,
X y

(14)
p@,y.t) = 0,M=O,v/(x,b,t) - O,M= 0, 0<y<h, 0<t<T,
ox ay
pxyTy=0, WEYD o yyeq. (15)

ot
(1)-(3) masalasinds oldugu kimi gostormok olar ki, (13)-(15) gosma mo-

solosinin do W,>' (Q) -don olan yeganos {imumilosmis holli var vo bu hall iigiin

”W wA(Q) = CMU L, (Q) +||g Lz(O,T)J (16)
qiymatlondirmasi dogrudur.

Funksionalin diferensiallanan olmasint gostormok {ciin ixtiyari iki
v(t)eU, va v(t)+ov(t)e U,, mimkin idarsedicisini gotiirok. Bu idare-

edicilora uygun (1)-(3) masalasinin hallorini u(x, y,t;v) vo u(x,y,t;v+dv) ilo
isara edok. Onda du(x,y,t) =u(X,y,t;v+dov)—u(Xx,y,t;v) funksiyasi

2

T 1 ADAW@) =a(x YD) (% 1.DE Q. (17)

(0, y,t):O,W:O,&J(X,O,t):a%};m))zo, 0<x<a, 0<t<T,
(18)

Sua,y.0)= 0, 2 H@YD) o gy 20 BB ooy e p<ter,

ox dy
a0 y.0) =0, LHEID o yye 0 (19)
sarhod moasalasinin holli olar.
IT hissads oldugu kimi (17)-(19) masalasinin halli iigiin

”&J W' (Q) = C”&) L, (0,T) (20)

qiymatlondirmasini almaq olar.
J (V) funksionalinin artimini hesablayaq:

AN,v)=J,v+)-J,0)=

i[gle(u +5u)dxdy—g(t)] dt—;l[iKudxdy—g(t)J dt+§j;[(v+§v)2 _vht= 2D

N | —

T

T 2 T T
= jl(J Kudxdy — g(t)l[ K&dedy}dt + ;j[j Ké‘udxdyJ dt + ajv&vdt + % j (Sv)*dt,
Q 0\Q 0 0

0
burada

11



T 2 T
R=—]| [Keudxdy | dt+< [(5v)ct
2 o\Q 2 0
ila qaliq hadd isars etsak,
T T
AJ(v) = I(J Kudxdy — g(t) l[ K dudxdydt + a_[ voudt + R
0o\ Q 0

alariq.
(20) giymatlondirmasini vo K(X,y,t)e L_(Q) oldugunu nazors alsaq,

R < Clov]] (22)

L,(0,T)

olar.
ou  funksiyast (17)-(19) sorhod mosolosinin  imumilogmis  halli

oldugundan ixtiyari 77(X, y,t)e W,”'(Q), n(x,y,T) =0,
n(0,y,t)= OM =0,7(x,0,t) = OM =0,

ox dy
1@y =022V o bty =0, 2D
oX dy

funksiyas1 ti¢lin

.[[— p%%—?+ DA(é‘u)An]dxdydt — Ja(x, y)ov(t)n(x,y,t)dxdydt =0 (23)
Q Q

inteqral eyniliyi dogrudur.
v (X, y,t) funksiyast (13)-(15) qosma masoalesinin limumilogmis holli

oldugundan ixtiyari y(X,y,t)e W,”'(Q), x(X,y,0)=0,
x(0,y,t) = OM =0, 7(x,0,t) = OM =0,
ox ay

2@y, =0, 2@V o i1y =0, ZEDD
oX ay
funksiyasi ticiin

j[— pa_y/a_;g + DA y/A;(]dxdydt + J K(x,y,t) j Kudxdy — g(t) |ydxdydt=0 (24)
5 ot ot 5 5
inteqral eyniliyi dogrudur.

(23)-do n=w, (22)-do y=0du gotiriib onlart torof-torofo ¢ixsagq,
asagidaki miinasiboti alariq:

_[ K(X, y,t)(j Kudxdy — g(t))ﬁidxdydt = —_[ a(x, y)ov(t)w(x,y,t)dxdydt  (25)
Q Q Q

(25) boraborliyini funksionalin (21) artim diisturunda nozors alsaq,
funksionalin artimi

12



Al (v)= j[— Ja0x, yyw(x,y,tydxdy + m)(t)]av(t)dt +R (26)

soklino diisor.
(22) qiymatlondirmasini nozors alsaq funksionalin artiminin (26) diistu-

rundan ¢ixir ki, baxilan massalodos (7) funksionalinin diferensiali
T

(3"(),60) = j[— Ja0x, yyw(x,y,tydxdy + av(t)]év(t)dt (27)
diisturu ilo hesab({amr,

J(v)=- j a(x, Y)w(x, y,tydxdy + ao(t)

iso funksionalin qradiyentidir, yoni (7) funksionali L,(0,T)-do diferensial-
lanandr.

Indi gostarak ki, (7) funksional1 kasilmaz diferensiallanandir.

(16) va (11)-don
”l// W2(Q) < Cma L, (Q) + ”l)
qiymatlondirmasini alariq.

Indi géstorok ki, v — J’(v) inikasi L, (0,T)-do kesilmozdir.

(13)-(15) gosma masalosinin v(t) vo wv(t)+ ov(t)-yo uygun hollorini
w(X,Y,t0) vo w(xY,tu+dv) kimi isara edok. dw (X, y,t) =y (X, Y,t;0+0v)-w(X,Y,t;0)
olsun. Onda (16)-5 uygun olaraq dy liglin

”51// W (Q) < C”aJ L(Q)
giymatlondirmasi dogrudur. Ogor burada (20) giymoatlondirmasini nozors alsaq,

L,(0,T) J

L,(0,T) +||¢0 W7 (Q) +||¢1 L, (Q) +||g

”51/1 w(Q) s C”&) L,(0,T) (28)
olar.
Onda (27) vo (28)-don alinir ki,
J(v+6v)-J'(v)| < CM&// Lot |l6v Lon JS C|ov Lom-
Buradan almnir ki, ||0v) Lon =0 olduqda |J'(v+ dv)—J '(v)||L2 on 0

Beloliklo, gostordik ki, J,(v) funksionali L,(0,T)-do Frese monada
kosilmoz diferensiallanandir.
Onda [13, soh. 28]-doki molum teoremo goro wv,(t) idarsedicisinin

baxilan masolado optimal idarasedici olmast tiglin zoruri sort
T

J-|:_ J.a(xa y)Wx (Xa yst)dXdy +av, (t)}(v(t) -V, (t))dt 20 s VveU ad (29)
0 Q
boraborsizliyinin 6donmaosidir.

13



(7) funksionali U, -do ciddi qabariq oldugundan (29) sorti wv,(t)

idarsedicisinin optimallig1 liclin ham ds kafi sortdir.

Beloliklo, asagidaki teoremi isbat etmis olurugq:

Teorem 3. Mosalonin verilonlori {izerino yuxarida qoyulmus sortlor
daxilindo v, (t) idarsedicisinin (1)-(3), (7) maosalosindo optimal idarsedici
olmast ii¢iin zoruri vo kafi sort (29) barabarsizliyinin 6donmasidir.

Misal. Tutaq ki, (1)-(3), (7) masalasinin verilonlori asagidaki sortlori
odoyir:

a=1, g(t):ét, K =100t, T =1, Q= (0,1)x(0,]),

a(x,y)=24(y* =2y° + y?) +8(6x* —6x+1)(6y* =6y +1)+24(x* —2x° +x?),
Miimkiin idaroedicilor sinfi olaraq
U = {0 o e L,0,1), 1< ot) <2, [0,1]-do s.huy. }

gotiirak.
Onda funksional
1 L[L 1 2 17
J,(v) = —I[J' 100t(x* —2x> + x*)(y* =2y’ + y*)dxdy — —t | dt +—Ivz(t)dt
25009 ? 23
soklindo olur.
Baxilan misalda v, (t) =1 idarsedicisino uygun (1)-(4) masolonin hoalli

u. (% y,t) =(x* =2x° +x*)(y* =2y’ +y?)
Vo

KOy, bu.(x, y,tydxdy = g (1)

sorti 6dondiyindon (13) tonliyinin sag torofi sifira borabordir. Onda (13)-(15)
qosma masalasinin hallinin yegansliyina gors i, (X, Y,t) =0 olur.
Bu halda (29) barabarsizliyi

j v.(OEE) -0, ()t =0, Yot)e U,
vo ya
j @t)-Ddt >0, Yot)eU,,

soklino diisiir. (29) berabersizliyi Vo(t)e U,, liglin 6donildiyindon vo hom do

bu borabarsizlik optimalliq ii¢iin kafi sort oldugundan v,(t)=1 idaroedicisi
baxilan misalda optimal idarsedicidir.
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OJIHA 3AJTIAYA OIITUMAJIBHOT' O YIIPABJEHUS 1JIs1 YPABHEHUSL
KOJEBAHMI TOHKOH MJIACTUHBI
I.®.KYJIMEB, X.1.CEN®DYJLJTAEBA
PE3IOME
B mpencraBneHHO paboTe paccMOTpeHa 3ajada  ONTHMANBHOTO YIPABICHUS C
KBQJIpATUYHBIM KPUTEPHEM Ui JIMHEWHOTO YpaBHEHMs KOJIeOAHWI TOHKOW IUTaCTUHBEI. B
paboTe cHayalla M3y4aeTcsl CYIICCTBOBAHUS W CIUHCTBEHHOCTh PCHICHHS KPacBOW 3amadw,
Jlanee JI0Ka3blBaeTcsi TEOpeMa CYLIECTBOBAHMS ONTHUMAJIbHOTO YIPABJICHUS, BBIBOAUTCS

HCO6XOZ[I/IMOC 1 10CTAaTOYHOC YCIIOBUEC ONITUMAJILHOCTH B BUAC UHTCIPAJIbHOTO HEPABCHCTBA.

KaroueBble ciioBa: TOHKAs IJIaCTHHA, ONITUMAJIBLHOC YIPAaBJICHUE, YCIOBUC OINTUMAJIb-
HOCTH.
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AN OPTIMAL CONTROL PROBLEM
FOR EQUATION OF VIBRATIONS FOR THIN PLATE

H.F.QULIYEV, Kh.L.SEYFULLAYEVA
SUMMARY
At the work considered optimal control problem for linear equation of vibrations for thin
plate with quadratic cost. The first for every fixed admissable control learned existense and
uniqueness of solution of boundary value problem. Next, proved the teorem of existence
optimal control and obtanied necessary and sufficient condition of optimality at the form

inteqral inequality.

Key word: thin plate, optimal control, optimality condition.

Redaksiyaya daxil oldu: 24.05.2019-cu il
Capa imzalandi: 16.10.2019-cu il.

16



BAKI UNIVERSITETININ XOBORLORI
Ne2 Fizika-riyaziyyat elmlori seriyasi 2019

YAK 517.95

O PASPEIIMMOCTH HAYAJIBHO-KPAEBOM 3AJTAUN
JIJI1 OTHOMEPHOTI'O JIMHEMHOTI'O MAPABOJIMYECKOI'O
YPABHEHUSA C UHTEI'PAJIBHBIM 'PAHUYHbBIM YCJIOBUEM

P.K.TATUEB, LI.U.LMATEPPAMJIN
bakunckuii I'ocyoapcmeennwtit Ynueepcumem
r.tagiyev@list.ru, semedli.shehla@gmail.com

B oanmnoii pabome ucciredyemcs paspemumocms HA4aibHO-KPaesol 3a0aiu o1 00-
HOMEPHO20 UHEUHO20 NAPADOIUYECKO20 VPAGHEHUSI ¢ UHMESPAIbHbIM SPAHUYHBIM YCI0BUEM,
COO0epIAHCAUUM UHMESPATL OM UCKOMO20 peutenusi. JloKa3ano cyujecmgosanue eOuHCmMEeHH020
0000WeHN020 peleHUs PaACCMAMPUBAEMOU 3a0a4U U UCCIe008AHO ee 2IA0KOCHIb.

KaioueBbie ciioBa: napaboiiMueckoe ypaBHEHHE, HHTEIPAIbHOE TPAHIMYHOE YCIIOBUE,
0000IIeHHOE pelIeHne

[Tpu mMaTremMaTH4ecKOM MOJEIMPOBAHUM MHOTOYMCIEHHBIX MPOILIECCOB
MPaKTUKHA BO3HUKAIOT KpaeBble 3aJaud C HEJIOKAJIbHBIMM I'PAaHUYHBIMHU YCIIO-
BUSIMU JUTS UG depeHIMaTbHBIX YPAaBHEHUH B YaCTHBIX NMPOU3BOAHBIX. Hero-
KaJIbHbI€ T'PAHUYHBIE YCIIOBUSI IPEJCTABISIOT COOTHOLICHHS, CBS3bIBAIOIINE
3HA4YEeHUs UCKOMOTO PEIICHUS B TPAaHMYHBIX U BHYTPEHHUX TOYKAX OOJIACTH.
Cpeny HENOKaJIbHBIX T'PAaHUYHBIX YCJIOBUH 0CO0O€ MECTO 3aHUMAIOT HHTE-
rpanbHble ycioBus. HenokanbHble KpaeBble 3afaud i MapabOoIMYecKUX
YpaBHEHUI C MHTETpaJIbHBIMHU YCIOBUSIMU M3y4yeHbI B paboTax [1-5] u ap. Or-
METHM, YTO TaKHE KpaeBble 33/1a4M B Kjaccax 0OOOIIEHHBIX pEeIIeHU HauMe-
Hee U3YUECHBI.

B nannoit pabote paccmaTpuBaeTcs OJHA HEJIOKalbHas KpaeBas 3ajaya
JUIsL OJJHOMEPHOTO JIMHEHHOro MapaboInyecKoro ypaBHEHHs! C MHTETPAIbHBIM
I'PAaHUYHBIM YCIIOBHEM. DTO MHTETPAJIbHOE YCIOBHE CBSI3BIBAET 3HAYEHUE NPO-
W3BOJHOM HMCKOMOTO pEIIeHHs B IPAaHUYHOW TOYKE U 3HAUEHHME PELIECHUs BO
BHYTPEHHUX TOYKax oOsacTu. Jloka3aHO CyIIeCTBOBaHHWE €AMHCTBEHHOIO
0000IIEHHOTO PENICHHS] pacCMaTpUBAaeMON HEJIOKAIBHOW KpaeBOW 3a7aud U
UCCIIEZIOBAHO TJIJIKOCTh 0O0OIIEHHOTO peIIeHus.

ITocTtaHoBKa 3agaun
Pacemorpum B onactn Qr ={(X,t):0< x<1,0<t <T} napaGomu-
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YEeCKOE ypaBHEHHE

u, = (k(x,thu ), +alx,tu=f(xt), (xt)eQr, (1)
C HA4YaJIbHBIM YCJIOBHUEM
u(x,0)=p(x), 0<x<lI, 2)
U I'paHUYHBIMHU YCIIOBUAMU
u(0,t)=0, 0<t<T, 3)
|
k(1,thu, (1,t)= [H(x,thu(x,t)dx, 0<t<T. (4)
0

31ech k(X,t), q(x,t), f(X,t), ¢(X), H(X,t) - 3aaHHbEIe QYHKIUH, yIOB-
JIETBOPAIOLINE YCIOBUIM

0<v<k(xt)<ulg(x,t)< u,H (X,t){ < U, nena Qr, (5)
f(xt)e Ly, (Qr ) p(x)e Ly(0.1), (6)

e V, 1, (1 >0, - HekoTopbIe NOCTOSHHBIE.

Omnpenenum o06o0meHHoe pemerane U =U (X,'[) 3amaun (1)-(4) us
V)% (Q; ) xax onement V;g Q)= {u eV, Q) u(0,t)=0,0<t<T }, YJI0B-

JICTB OpﬂIOH.ICfI HUHTCIPAJIbBHOMY TOXKACCTBY

[(=un, +ku,m, +qu)dxdt - Tj|:| H (x,t)u(x,t)dx]n(l,t)dt =

Q 0Lo

|

= [en(x,0)dx + | frdxdt . (7)
0 Qr

npu 1000 GyHKIMU

n=n(x1)e W, (Q )=7:7eW," (Q; ) 7(0.t) =0,
0<t<T,n(x,T)=0,0<x<I}.

Pazpemmmocts 3agauu (1)-(4)
Teopema 1. [lycts BrimonHens! yciosus (5),(6). Toraa 3amaya (1)-(4)

1,0
OJHO3HAYHO paspemmnma B Kiacce V, (QT ) ¥ CIIpaBE/IINBA OLIEHKA

‘U‘Q‘ = Hu V1(Q,) <M, M¢Hz,(o,|) + 2” f HZ,I,QI J’ (8)

B KOTOPOM ITIOJIOKUTCIIbHAS ITOCTOSAHHAs M 1 HC 3aBHCHUT OT ¢ n f .

Hoxka3arenbcrBo. 11 10Ka3aTenbCcTBa UCHONIb3yeM Meron ['amepku-
Ha. [lycTs {l//k (X)} - IpOU3BOJIbHAs (DyHIIAMEHTaIbHAsA cucTeMa (PyHKIUH 13
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Wzl’o (0,1)= {l// e W21 (0,1), w(0)= 0} u opronopmuposannas 8 L, (0,1).

[Tpubnuxennsie pemenns U N (X,t) 3agaun (1)-(4) Oynem uckath B BUJE
N
" (xt)= 3 cn (U (x),
m=1

N o
rac Cm (t)HO,Z[J'IC)KaTB OIIPCACIICHUIO U3 YCIIOBHUU:

U (.t (00 + TR (e () -+ [a0x ™ Gy (X)k -

~HOGU™ (v )= F ot 00k, k=LN,  ©

|
2 (0)= (X, (x)dx, k=LN. (10)
0

YcnoBus (9) npeAcTaBisOT co00i cucTeMy TMHEHHBIX 0OBIKHOBEHHBIX
ﬂnq)(i)epeHuHanLHHx YpaBHEHUH BUJA

dc;“ ZAkm(t)c (t)+F, ()=0, k=LN. (1)

rae
|

A (£)= [Tk OO (XM () + a0,y (3 (x) = H (D (s (Db, ko m= 1N,

0

[t (), k=L

U3 ycnoswuit (5),(6) crenyer, uro ¢pyukimu Ay, (t) u F (t) CYMMH-
pyemsl o t Ha [O,T]. Torma o u3BecTHOM TeopeMe u3 [6, ¢.27] 3akmouaem,
yto 3agauu (11), (10) uMeroT enMHCTBEHHOE a0COIIOTHO HEMPEPHIBHOE pelle-

HME Ha [O,T]. Taxum o6pasom, byrkmms U (X,t) npu mobom N omnpene-
JIAFOTCS OJIHO3HAYHO.

N
HOKa)KeM, YTO JJIA TOCIE€A0BATCIIbHOCTH {u } CIIpaBCJIMBa OICHKA

‘u“ o <M (12)

wis Beex N =1,2,..., rme nocrosunas M, 3aBHCHT TOJNBKO OT BXOAHBIX

nauHbIX ¥ He 3aBucut ot N . Jlns storo ymHokuM Kaxmoe u3 (9) Ha cBoe
Cy (t), nojydeHHbIe paBeHcTBa pocymmupyem o K or 1 no N u pesymbrar

npounterpupyeM o t or 0 o t <T. Toraga monyunm paBeHCTBO
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;uN( ’ Hz,(o,l)

+ C{k(uf J dxdt = ;u N (X’Oﬁ,(o,u - C{q(u N ¥ dxdt + [ fuMdxdt +

+ [HOGHU™ (x,t)u™ (1, t)dxdt. (13)
Q
rie Q, ={(x,7):0<x<1,0<7<t}.
OtmeruMm, omupasice Ha [7, c.77], 4ro nns 000  GyHKIUA
ue W, (Q; ) cripaBe/uTMBO HEPAaBEHCTBO

u*(l,t)< Ij[,sui(x,t)+ cguz(x,t)]dx (14)

UIS  TIOYTH Bcex L€ [O,T], rne €>0 - mnpousBonbHOE 4HMCIO,

c
C. = C(4— + 1) C > 0 - mocrosHnas B Hepasenctse (6.23) u3 [7, ¢.77].
E

Torma  wucmomb3ys  ycioBus  (5), OUEBHIHOE  HEPABEHCTBO
Vv
ab < (a2 +b? )/2 u(14) mpu € = T u3 (13) momyurm HepaBeHCTBA

2 1

;uN (X’t)Hj,(o,l) v u”‘\l 2.Q, SEHUN (X’sz +,LLHUNH +H HZlQ {)Efzg . (X’T)Hz,(o,l) *
1 2 |t 2 1% 2
+EHHUNH2,Q‘ t 0( (I t)) dt<_Hu 2,(0.1) E ”(\l 2,Q
+l(,u2 +1d +2,u]‘u“ HZ’Q‘ +| f HNQ max|u (x,r)sz(O,l), (15)
rme d = C(%+l

[Tpumem o6o03HaueHue Y N ('[) = max

0<z<t
Hu " Hz,q < t(yN (t))z’ u" (X’O)Hz,(o,l) < H¢H2,(0,|)’

N
u (X,7 H . OueBuaHO, YTO
( )2,(0,I) !

N 2 N N
Hu (x.0) 2,(0,1) =Y (t)Hu (X’O)Hz,(o,l)' (16)
YmuOx)as 00e yactu HepaBeHCTBa (15) Ha 2 1 yunThiBas (16) umeem
2 2
HU " (X’tx 2,(0,1) v N S yN t)ﬂ¢H2
+ (,ulz +1d +2ﬂ)t(y ) +2H HZIQ y(t) (17)
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Torma u3 (17), kak O6b110 AOKa3aHO B padote [7, ¢.167], cnmeayer Hepa-
BEHCTBO
N J
| <cOlel, o)+ 2 g | 13
crpaBeuIMBoOe s Jirodoro U w3 [O,T]. OyHKIHS C(t) OTIpE/ICIIACTCS BEJIH-
4yuHOH | M MOCTOSIHHBIMU vV, U, i, |, C.

CrnenoBarenbHO, cripaBeiuBa orieHka (12).

N
B cuny (12) u3 nocnenposarensroctr U } MOYHO BBIJICITUTH MOIOC-
N o
JenoBaTenbHOCTh U " [  KOTOpas CXOAUTCA K HEKOTOpoW (yHKIMHU
1,0 N
ue W2”0 (QT ) cinabo B L2 (QT ) BMECTE C IPOU3BOTHBIMU {ux " } U CXOOUTCsA
k U cma6o B L, (0,|) paBHOMEPHO OTHOCHTENBHO € [O,T]. bes orpannue-

N
HUA 06II_IHOCTI/I 6y,[[CM CUHUTATbh, YTO BCA IMOCJIICAOBATCIbHOCTD {u } CXOOUTCA

kK U Takum oOpa3om. B cuity u3BeCTHOTO CBOWCTBA C1ab0OW CXOAMMOCTH ISt
npenenabHol GyHKIMM U coxpanHutcs HepaBeHCTBO (18) u, cinenoBatensHo, U

OyzeT arIeMeHTOM Vz1 ’8 (QT ) Kpowme Toro, mis pynkinuu U Oyner crpaBen-

muBa oreHka (8). Ilokaxem, uro mpenenbHass GyHKius U = U(X,t) yIIOBJIE-
TBOpsieT TOXAECTBY (7), T.€. siBsieTcs: 0000IeHHBIM perieHueM 3anaqu (1)-(4).
Jlis 5TOrO BO3BMEM TPOHM3BOJIbHBIE a0CONIIOTHO HEMPEPHIBHBIE (PYHKIHH

dy (t), k =I,N ¢ dy (t) us L, (O,T) u pasubie Hymo npu { =T . YMuoxum

Kaxnoe ypasHenue (9) mis U N=uMN Ha croro dynxumo d, (t), MOJTy4eH-
Hble paBeHcTBa ca0xuM 110 BceM K oT 1 1o N u pesymbrar npounTerpupyem
no t or 0 mo T . Dro naer ToxmecTBO

|
j(— N +kulrdY +qutdN )dxdt— [jH Xt (x, t)dx} N(1,t)dt =
Q 0

|
= [u™ (x,0)0" (x,0)dx + | fo"dxdt,
0 Q

e BN (x,)= 3 d (O (x). (19)

k=1

Eciu HepeﬁTH K mOpeaeciny Io BBI6paHHOﬁ IOAIIOCIC10OBATCIIbHOCTH

N
{u " } B paBeHCTBE (19) moaydum HHTETpaTbHOE TOXKIECTBO
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Tl I
j(— ud! +ku, @) +qud" )dxdt -~ j[jH (x,t)u(x,t)dx}d)N (I,t)dt =
Q oLo

p(x)d" (x,0)dx + [ fd"dxdt (20)
Q

Il
o -

KOTOPOE CIPABEIUBO IS JIF00OH (yHKIUU oN (X,t) IIPEICTaBUMON B BUIE

N(x,t>=§dk<t>wk<x>.

O0o03HaunM yepe3 €2, MHOXKECTBO BCeX (YHKLUUH IpEICTaBUMBIX B

oo

N
puge O (X,t) = Z d, (t )l//k (X) CewmeiictBo ynkumii (<2, BCIOIY MIOT-

p=1

HO B W21 0 (QT ) [Mycts GpyHKIHUs 7] = U(X,t) ABJISETCS MPEIEIOM MOCIIEN0-
BaTEILHOCTH {CI)N } u3 (<2, B HOpME Wz1 ’I(QT ) [TokaxeM, 4TO CHpaBe-

JIMBO PaBEHCTBO
Tl T
lim [ IH(x,t)U(x,t)dx] t=| [ JHxu(x, t)dx} (I,t)dt- 1)
N—eo [ 0
CornacHo Teopeme o cienax [8, ¢.140] umeeT MecTo HepaBEHCTBO

oM (1,t)-n(1.t)], )SM3H<I>N(x,t)—77(x,t)ﬂ(l’l), 22)

2,(0,T 2,0

rze nocrosiaast M ; > 0 we 3aucur ot N .

Torma wucmonb3yst HepaBeHCTBO Komm-byHsikoBCKoro, ycnmoButo (5) st
Gysxkmm H (X, t) , OIIeHKH (8) 1 HepaBeHCTBO (22) nMeeM
T(1

| { | H(x,t>u(x,t)dx}q>N (1,t) = n(1,t)kt <

0\ 0

I 3 % . %
{IUH XtU(Xt)dx} } {I[(DN(lat)—ﬂ(l,t)]zdt} _

o =l < aniv o, #2111, H e -t o

<l

npu N — oo, CnenoBarensHo, CipaBeInBo PaBeHCTBO (21).
Torna npu nepexoze k nepepeny npu N —> oo B pasenctse (20) no-

H2,QT '

12!
JIy9HM, 9TO OHO BbImonusiercst ;s modoro e W, (QT ) [Toaromy dyHKIIUSA

U(X,t) YIOBIIETBOPSIET HHTETPAIbHOMY TOXJAeCTBY (7) W3 ompeaeneHus
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0606menHoro pemenus 3anayuu (1)-(4). CrenoBarenbHo, 0000IIEHHOE pEIICHNE
3amaui (1)-(4) cymecTByer.
[Toxaxem, uto 3anaya (1)-(4) He MOXKET UMET JBYX pa3IU4HbIX 0000-

o 1,0 o
LICHHBIX pemreHnit u3 kimacca V, ', (QT ) JlelicTBUTENIEHO, €clii ObI OHA UMeITa
ABa Takux pemenuid U, u U,, To ux pasHocts U=U; —U, Obuia 661 0000-

HIeHHBbIM pereHueM 3anaun (1)-(4) u3 kiacca V21 ’8 (QT ), COOTBETCBYIOLIUM
dynxmam @ =0, f =0. Torma cornacno (8) mansa dynxkumun U umeem

OIICHKY: \u <0, uro o3Hauaer coBnozeHne pemenuit U; u U,. Teopema 1

o
JI0Ka3aHa.

I'nagkocTb 00001IEHHOTO pelIeHNsI
[TokaxkeM, 4TO TIPU HECKOJIBKO 0OJIee CUITbHBIX TIPEANOJI0KEHUSI O JaH-

HbIX 3amaud (1)-(4) 0000IeHHBIE pelieHus: u3 Vz1 ’8 (QT) MIPUHAJUIEKAT

Wzlé (QT ) [Tycts momumo ycnoBwuit (5) u (6) BBIMOTHSIOTCS CICTYIOIIHE YC-

JIOBUA:

‘kt (X,t){ < Uy, Ht(X,t)‘ < Uy ne.na Qq, (23)
p(x)e W, (0,1), f(x.t)e L,(Qr), (24)

rae U,, U, >0- HEKOTOPBIC IIOCTOSIHHBIC.

Teopema 2. [TycTh BbINIONHEHHI yenoBus (5), (6), (23), (24). Toraa 3a-
nada (1)-(4) ogHO3HAYHO pa3pemMa B KIacce WZI(I) (QT) U CIIpaBeJjInBa
OIICHKA

2 2
o, O ) B <Ml S +17EG | e

A€ MOCTOsSTHHAsA M4He 3aBUCUT OT ¢ u f .
Joka3zaTenbcTBo. /(1151 10Ka3aTenbCTBa CHOBA UCIOJIb3yeM Meton ['a-

de,’ (t)

nepkuHa. Kaxnoe u3 ypaBHeHMH (9) yMHOXKHM Ha CBOE T, BCE IOITY-

yeHHBIe paBeHcTBa cokuM 110 K ot 1 10 N u maTerpupyem no t or myns
mo t. D10 gacTe COOTHOLIEHUE
jl(ut'\' FkuMul +quu }jxdt — JHx U™ (x,u (1,t)dxdt = [ fu dxdt. (26)
Q Q Q
Ucnonb3yss  (GOpMysibl MHTETPUPOBAHUS 110 YACTSAM IOJIy4aeM Clie-
JYIOIINE PABEHCTBA:
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" dx ——jk( Y dxat,

t=0

[kuugy dxdt _—jk( i
Q

JHtu™ (x,t)u (I,t)dxdtsz x,tu™ (x,tuN(l, t)‘t dx —

Q
- J[ (U™ (x,8)+ H, (6 u™ (™ 1, ).
HO,Z[CTaBJ'IHSI 5TH paBeHCTBa B (26), MOJYYUM COOTHOIICHHE

[ [
ljk(u)'(“ J dx + j(utN f dxdt = ljk(x,o)(uf (x,0)) dx + 1 [k, () dxdt -
25 Q 29 2 Q
[ |

— Jqu™utdxdt + [H(x,t)u™ (x,t)u™ (1,t)dx — [H(x,0)u™ (x,0)u™ (1,0)dx —

Q 0 0
| [H(x,t)utN (x,t)+ Ht(x,t)uN (x,t)]uN (ILt)dt+ | futN dxdt.

Qt Qt
Otcrona B cuity yenoBwuit (5), (23) u “HepaBencta Komm ¢ € [7, ¢.33] BbiBe-
JIEM TaKO€ HEPABEHCTBO
VI N 2 N2 M| N 2 M|l N
5 IUx (X’t)Hz,(o,l) +Hu‘ Hz,Qt SE Ux (X’O)Hz,(o,l) +7 Ux

1 2 & NP 1 2
* e g +4 51 +—HutNH :
26, " g pJLI Xo) 2Q

2 £
LN

e S o et e, 00
t ] t
+ ul{%“ut'“ z’Qt + ;zo(u N (I,t))2 dtd + u{gu N H2 %!( ) dt} (27)

2
Jlasnee /151 OLIEHKH (u N ,t))z u (u N (|,0)) HCTIOJTb3yeM HEPABEHCTBO
(14) u npuBeneM noto0HbIe wieHbl. Toraa u3 (27) BbIBEEM HEPABEHCTBO

v_mle u)'(\'(x,t)z N I ue ‘UINH2 <
2 2e 2,(0.1) 2e, 2¢ 2 2Q

< ﬂ.,.& N(on)z n ﬁ+ﬂ1|5
2 2 2,00) | 2 2

24




+[&+%+&+’U3—ICSJ‘UNH2 +(%+&)‘UN(X'[)H2 +
2 "2 (01)

le le 2
+ & + ’al_ + /,l3_ )’(\l R (28)
2 2, 2 2.

rae £, & >0,1=14 - nponsBonsHOE KOHCTAHTHL.

| 1
Bo3zsmem g:K, £ =4, & =4u, &, :'u_l, g,=—. Torma (28)
4 2 Hy

Hpeo6pa3yeTc51 B CJICAYIOIIICC HCPABCHCTBO!

vux“'(x,t)ﬂi(o’lﬁuutNHz 32/11(“|CJ“N(X’O)(E,(O,|)+(2ﬂ +ﬂlTIVJ

ul (XOXE +

2Q (0.1)

+20ap® + pitc, + iy + e, Ju E,Ql +(2“2 " ﬂlev +ﬂ3zlv]uXN i,q
+lac, + u M“ ) (X’t)Hz,(o,l) +8f[ o @

Toraa ucnonb3ys ornenku (18) u3 (29) BoIBeIeM OLICHKY

IO ST T T (AT T
s sl b oo (il 1R |

o N
Taxum oOpa3om, A TaJepKUHCKUX MpuOirmxkeHuid U~ BepHa OIeHKa
(30) ¢ xoncranroit M,, He 3aBucsuieil or HoMepa mpubmmkenuit. U3 (30)

CJIEAYET, YTO MpeaeabHast s {U Nn } ¢dbynkumus U Oynetr uMeTh MPOU3BOIHYIO

U, ms L, (QT ), T.e. OyJIeT 2JIeMEHTOM IPOCTPAHCTBA Wzl”é (QT ) Kpowme Toro,

N
B cuy (12) u (30) moamocnenoBaTenbHOCTD {u m} cxoautest K Gpyakuuu U
ci1abo B L2 (QT ) BMECTE C IIPOU3BOIHBIMU {ui\' " }, {UtN"‘ }, a TIOI0CJIeI0Ba-

TEJILHOCTH {u No }, {U)'(\l ”‘} cxomaress k U, U, cma6o B L, (0,|) PaBHOMEPHO

otnocutensro t€ [0,T]. B cuny ussectnoro cpoiicrsa caGoit cxomumocts

Jutst ipenenbHoi pyHkumu U coxpanutcs HepaBeHCTBO (30) u cieqoBaTensHO
Oynet BepHa oreHka (25). Teopema 2 nmokazana.
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INTEQRAL SORHOD $ORTLI BIROLCULU X9TTi PARABOLIK TONLIK UCUN
BASLANGIC-SORHOD MOSOLOSININ HOLLOLUNANLIGI HAQQINDA

R.Q.TAGIYEV, S..MOHORROMLI
XULASO
Bu isdo axtarilan holdon asili inteqralin daxil oldugu inteqral sorhod sortli birdl¢iilii
parabolik tonlik ii¢iin baslangic-sorhod masalosinin hollolunanligr toedqiq olunur. Baxilan
masalonin yegans timumilosmis hollinin varligi isbat edilmis vo onun hamarhigi tedqiq
olunmusdur.
Acar sozlar: parabolik tonlik, inteqral sorhad gorti, imumilosmis hall
ON SOLVABILITY OF THE INITIAL-EDGE PROBLEM
FOR A ONE-DIMENSIONAL LINEAR PARABOLIC EQUATION
WITH AN INTEGRAL BOUNDARY CONDITION
R.K.TAGIEV, SHI.MAGERRAMLI
SUMMARY
In this paper, we investigate the solvability of the initial-boundary value problem for a
one-dimensional linear parabolic equation with an integral boundary condition containing the
integral of the desired solution. The existence of a unique generalized solution of the consid-
ered problem is proved and the smoothness of solution is investigated.

Keywords: parabolic equation, integral boundary condition, generalized solution

Tlocmynuna 6 peoakyuio: 30.09.2019 a.
Tloonucano x newamu: 16.10.2019 2.
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COKILI HOLDER FOZALARINDA KOSI SINQULYAR
INTEQRAL OPERATORU UCUN QiYMOTLONDIRMOLOR

A.9.9KBOROV
Bak: Dovlat Universiteti
asimakbarov@mail.ru

Isda birolciilii Kosi sinqulyar inteqral operatorunun H Z ¢okili Holder fozasimin

birindon digorina mohdud tosir gostormasi iiciin (@, P) ciitlori iizorina zoruri sortlor tayin
edan qiymatlondirmalar alinmisdir.

Acar sozlar: ¢okili Holder fazalari, sinqulyar inteqral operator, kasilmazlik modulu.

Tutaq ki, p,(x), (i=1,2) azalmayan funksiyadir vo p,(0)=0; p(X)=
= p,(x—a)p,(b—Xx), xe [a,b];w(0), 6 € (0,b—a] kasilmozlik moduludur;

H ={ue C(a,b): lim(pu)(x) = lim(pu)(x) = 0,

vl = sup Q(pu)(x»—(pu)(xz)l/wal—le))<+<>°

X1, X, €
X1¢X2

timumilosmis ¢akili Holder fazasidir [1,2].
H? fozalan skalasinda asagidak: singulyar inteqral operatora baxaq:

(AU)(X)—hm[ [ o] |UO%  ye@brueon. O

X0 X+€ (S_X)|X_S

Teorem. Ogor A, operatoru H/ -dan H g -yo mohdud tosir edirsa

) pi(x )+p'(x)m$) p'lg);)fg)((?) dt +

1

<C,(X), Xe 1=12
p.()J (t) t““ (X), [ )( );
2) Ogor p hsm do asagidaki sorti 6doyirsa:
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Axe (0,1), 38, >0, Vye (X=6,,X) = (0,]) (vo ya Vye (X,X+4,) = (0,])), (*)

onda
1

j AL 4t 4 j@dmc@(h), h(o,l].
”‘ t 2
. o 0
Isbati. Umumiliyi pozmadan forz edok ki, p>0, p>0. Asagidaki
kimi toyin olunan funksiyalar ailosino baxaq:

fx (X)'gx (X)a X#0
WISV T 0T o

Burada

(), xe[0,%,/2]

), xe [xo/z,%]

f (X)=
Xo() <“{ _x),x€(1/2,1+xo}
2
0, Xe(1+xo,1:|
2

vo g, (0= (X=X))/|x =%}, x = X, .
Qeyd edok ki, dc,,c, >0 var ki,
C,(0) < o, () <c,w(6), 6>0 )

a)(]x— X,

1+ X,

-1

Xo

1
1y SC VX [0,5], 3)
burada c,c, sabitlori X, vo 0 -dan asil1 deyil.

A, operatoru H/ -dan H 7 _yo mohdud tosir etdiyi ii¢iin

IB>0 Vx e( ] |Alu,, (x)/p(x)]

<B

p
Ha

Onda Vxe (0,%] liclin alariq:

I u,(s)ds |>
PSS —X)(s—X)" |~

x-/[z ues)ds j of|x ~ s|)ds ‘/f u(ls —x|)ds |
0 POx=5"" G pex=s" S p)ls 1"
Sarta gora p(2X) ~ p(X), W(28) ~ () vo w(d)/S azalan oldugundan alariq:

B&(x) 2[p(X)A(u, / p)(X)| 2 cp(X)

> (%)

(4)
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dc>0Vse (i,x) p(s)<cp(x), Vse (X,l) (s —X) > ¢! @.
2 2 S—X s
Buna goro do
-X[ @(x=s)ds ja)(t) lf a(x —s)ds 21./[2 a(s)ds
3 P(S)(X=8)" — p(x) 5 ' P(S)(Xx—35) ~ J p(s)sH
X/2

J- a(s)ds - 1 'X[w(s)ds

2 P(S)(x=8)™ XL p(s)

Bu qiymetleri Nnozora alsaq (4)-don alarlq'
a)(s) p(x) a)(t)dt w(s)ds

Pe )J EORAT x‘“‘J R )J O

w(s)ds 21j ZOLI

 P(S)s™ L p(s)s™

o (x "2 w(s)ds
p(x>~p(5) vo p(x )j oG

CBw(X) >

1+,u

12

1
Ogor X<Z olduqda J

>0; l<X<l oldugda iso
4 2

<c@(x) minasibatlorindon alinir ki,

p(X)<ca(x), Vxe (0,%]. Bunlar1 yuxarida nozors alsaq teoremin 1) bandi

isbat olunar.
Indi iso teoremin 2) bondini isbat edok.

Tutaq ki, (*) 6donir. Xe (0,%) va 0< 4, <%. Burada X vo d,-1 qeyd

edok vo asagidaki funksiyaya baxaq:

u(x) =qao(Xx—=X), X€|:Y,)_(+%:|

Askardir ki, @,(0)<3w(d), Ve (O,%). Buna goro do
u(x)p~'(x)e H”. Onda sorto gora A, (u/p)e HZ . Demoali,

3B >0 Vye (0,) Ba(y—x|)=|(p(y) - B())|- A, (up™)(y) +

+OO(A, up™)(y) = A, (up™ )(X)).
ogor
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3, = BOO(A, wp™)(y) = A, up™)(®));
3, =[B(y) = AX|- A (up™X(Y)

isaro etsok alariq:
3, <Ba(y-x|)+3,. (5)
Indi J, - asagidan qiymotlondirak. Qeyd edok ki, y < X oldugda

1

K=
8

a Ao 4 (s —X)ds
A=A -A 2 :
 (UP)(X) = A, (Up)(Y) ! O — ) — (5= y)"]

Qeyd edok ki, 3 ¢,c, >0
‘(S X)1+,u (S y)l+,tl ( B y)

(S y)(s=%)"*"

y<X<s,

p(s)=c,, se [X,x+ﬂ.

Bunlar1 nozoro alib s — X =t ovozlomosi aparsaq, alariq:
1

|A|> j o) —dt+ (X - y)J OO g |.

1+y 2+/1

Axiriner J, -in ifadosinde nozors alsaq, alariq:

x-y
~ C
> P | [ dt+ (X y)j st (6)
2

Analoji qaydada gdstormok olar ki,
J, <const (X -Y). (7)
(6) va (7)-ni (5)-da nozars alsaq, Vye (X —9,,X) ligiin
1

() j Dt (c-y) [ 2
X=y

dt |<const (X —Y).

P,(Y)= p(X—4,) oldugunu nozors alib X—y=h isara etsok, 0<h < J,liglin

2)-ni isbat etmis olariq. §, <h S% halinda 2)-nin dogrulugu askardir.
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OIIEHKU CUHI'YJIAAPHOI'O HHTET'PAJIBHOI'O OIIEPATOPA KOIIIN
B BECOBBIX ITIPOCTPAHCTBAX I'EJIBJAEPA
A.A.AKIIEPOB
PE3IOME

B paboTte momy4eHs! OIIEHKH CHHTYIISIPHOTO HHTETpaIbHOTO oneparopa Ko, koTopsie
NO3BONSIOT HAaiTH HeOoOXomuMble ycnoBusi Ha mapy (@, 0), NpH KOTOPBIX yKa3aHHBIN

ornepaTrop OrpaHNu4CHHO ﬂeﬁCTByeT N3 OAHOT'O BECOBOT'O MPOCTPAHCTBA Ha'l)) B pyroc.

KuroueBble ci1oBa: BecoBble MpocTpaHCTBA I'enbaepa, CHHTYISPHBIM MHTETPAIbHBII
OIepaTop, MOAYIb HEITPEPHIBHOCTH.

ESTIMATES FOR THE SINGULAR INTEQRAL CAUCHY OPERATOR
iN WEiGHTED HOLDER SPACES

A.A.AKBAROV
SUMMARY

In the paper for the bounded action of the one-dimensional singular integral Cauchy
operator from one H Z weighted Holder space to another, that determine the necessary

conditions for a pair of (@, p) were obtained.

Key words: weighted Holder space, singular integral operator, continuons module.

Redaksiyaya daxil oldu: 11.02.2019-cu il
Capa imzalandi: 16.10.2019-cu il
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O CIIEKTPE OIIEPATOPA IIPEIUHI'EPA
C PACTYIIUM NOTEHIUAJIOM

H.I' MAMEJIOBA*, AX.XAHMAMEJIOB**
*anoncunckuii I'ocyoapcmeennutii Ynugeepcumem
** Hncemumym Ilpuxknaonoi Mamemamuxu, bI'Y
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2
Paccmompen onepamop Ilpeduncepa | — _a + ‘ X‘ Ha gcetl ocu. Hccnedosan cnexmp
dx’

onepamopa. Ilonyuena acumnmomuueckas opmyna 0usi COOCMBEHHbIX 3HAYEHULL.

KuroueBbie cioBa: oneparop lllpenunrepa, ypaBHeHue Diipu, GyHKIIMH DHpH, cOOCT-
BCHHBIC 3HAYCHUA.

BBenenne u 0CHOBHBIE Pe3yJIbTAThI
CriekTpasibHbIe CBOMCTBA omepatopa Jiipu Loy =-y” + Xy, y(O) =0 wm

L,y =-Y"+xy,y(0)=0 usydamuce B paGoTax HOBONEHO MHOTHX aBTOPOB

(em. [1]-[9] i umerommecs Tam mureparypy). MHTepec mpeacTaBiseT Takke
COOTBETCTBYIOILUI ONEpaTOp HA BCEH OCH.

B npocrpanctse L, (— oo,oo) paccMoTpum omepatop L, mopoxaeHHBIH
b depeHIMaTbHBIM BEIPAKEHUEM

I(y)=-y"+[xy
¢ 00J1acThIO ONPEEIICHUS
D(L) = {y € Lz (_ °°a°°) AS V\lzz,loc N (y)e Lz (_ °°a°°)}-

3ameTM, 4TO omnepaTtop L IUIOTHO ompeneneH, Tak Kak ero o0iacTe Ompese-
JeHUs collepKUT OeckoHeuHo nuddepeHnupyemble QYHKINN ¢ KOMIaKTHBIM
HOCHTENIEM Ha MHTEpBaJIe (—o0,00), MHOKECTBO KOTOPHIX IIIOTHO B L, (— o0, 00).

bonee Ttoro, L sBusiercs camocoOmNpsiKEHHbIM onepatopoM. OYeBHUIHO, 4YTO
CrieKTp omeparopa L JHCKpeTeH M COCTOMT W3 COOCTBEHHBIX 3HAYCHUU

A,,n=12,.,rne A, — o npu N — . Hac Oyaer HHTEpecoBaTh aCUMITOTH-
4ecKoe MoBejieHne A, .
Bnauane paccMOTpUM ypaBHEHUE
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—y '+ Xy=A4y, —0<X<oo, AeC. (1)
W3BecTHO, uto ypasuenue (1) nmeer[10] pemenus B Bume Ai(x—A1),Bi(x— 1),
rae Ai(z),Bi(z) - ¢ynaxuuu Difpu TepBOro M BTOPOTO POJA COOTBETCTBEHHO.
OTMeTuM HEKOTOpbIE cBOMcTBa 3THX (QyHKIMKA. Kak m3BecTHO (CM. [8], [10]),
00e ATH (YHKUMU SABISAIOTCA LEIbIMU (QyHKUMAMU mopsanaka 3/2 u tuna 2/3.
MmMeroT MeCcTO aCHMNTOTHYECKHE PABEHCTBA TIPH |Z| —> oo

Ai(z)~ ﬁ_%z_%e ‘i+o(¢ )],|arg 7| < 7,

1
Ai'(z) ~ —ziEZ%e‘g l+o(c )],|arg 7| <,
Ai(-2)~ zz'_%z_% sin(g“+ 7 ]1+O( )l|arg 7| < Tﬂ
1 1

A'(-2)~ — 274 cos(§+ 1 )1+O( )l|arg Z| < Tﬂ

22 V4 .
rae ¢ 2522' B cexrope |Z| <§ Uit pyHKIMU BI(Z)I/IMeeT ACUMIITOTHYE-

CKO€ IIPEJCTABIECHHE
1 1
Bi(z)~ 7 2z 4e§[1+0(§‘1)].
Takum oGpazom, QyHKIHUS Bi(z) HKCIIOHEHIIMAIILHO pacTeT Npu |z| —

o0 Ha JTF060M Tyde 3Toro cexropa. s Bponckuana dysxmmit Ai(z),Bi(z)crpa-
BEJUIMBO PAaBEHCTBO

{Ai(z),Bi(z)} = Ai(z)Bi'(z)- AI"(2)Bi(z)=7"". )
PaccmoTrpuM Teneps ypaBHEHHUE
_y”+|x|y:ﬂ,y,—oo<x<<>o, AeC. (3)

CormacHo o01ei Teopuu (CMm. [1 1]) ypaBHeHUe (3) UMeeT Ba TMHEWHO HEe3aBHU-
cuMBIX permerns ¥, (X, A1), xoTopsie mpu kaxaoM A,ImA >0 ymosrerBops-
10T YCIIOBUSIM ¥/, (X,/l)e L, (O,ioo). Tak xak ypaBHeHue (3) He U3MEHsIETCs IPU
3aMeHe X Ha — X, T0 GyHKIHMA ¥, (— X, A) Takke SBISETCA €ro pPeleHHEM.
CllefloBaTeTbHO, MOKHO CYHTaTh, uTo W_(X,A)=w, (=X, 1).

C gpyroit cropomsr, Tak kak Ai(x—A)e L, (0,00) , To (ynKIHH
v, (x,A), Ai(X— 1) ¢ TO4HOCTBIO 10 MHOKHTES COBHANAKOT. X0/ M3 3THX
coobpaxenuii mpu X = 0 monoxum i, (x,A)= Ai(x—A1) . Jlanee, npu x <0
umeM pemenne ¥, (X, A) B Buje

v, (X, )= oAi(-x— 1)+ BBi(-x- 1),

nockonbky dymkimn  Ai(—x—A),Bi(~x—A4) obpasyor ¢ynIaMeHTaNBHYIO
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cucremy pemennii ypaBHenus (1) mpu X < 0. IlpuHumas Bo BHMMaHHE, 4TO
pemenue , (X,A) u ero npomssomnas ¥’ (X, A1) HenpephIBHBI B TOUke X =0,
st ompenencHus: KodQGUIUCHTOB «, B molydaeM CICAYIOUIYI CHUCTEMY
ypaBHEHUNU
Ai(= )+ Bi(= 1) = Ai(- 1)
{Ai'(— A)a+Bi'(-2)B =—-Ai"(- 1)

Pemasi MOCIEHIO CUCTEMY OTHOCHTEIBHO KOIDPHUIMECHTOB ¢, f U YUUTHI-
Basi paBEHCTBO (2), moiay4yaeM

o = —r(Ai(= A)Bi(- 1)) |

B =—27Ai(- 1)AVI'(- A).
Hrak, Mbl OKa3aau CIEAYIONIYIO TEOPEMY.

Teopema 1. Vpasnenue (3) umeem cneyuanvnvie pewenus Y., (X,/l),

npedcmasumvie 8 uoe

w+(><,ﬂ)={

, Ai(x=21),x >0,
— (Ai(= A)Bi(= 1)) Ai(=x—A)—27Ai(= 1)Ai"(- A)Bi(-x-1),x< 0

Ai(-x-1),x<0
Bepremcsi Tereps K M3y4eHHIO criekTpa omeparopa L. M3 Toro, uto
w.(x,A)e L,(0,2), cremyer, uto ecm A=A, - cOGCTBEHHOE 3HAYEHHE, TO

v (1= {— (A= A)Bi(~ 1)) Ai(x - 1) 27i(~ A)A(= A)Bi(x— A)x > 0,

pewenus ¥, (X,ﬁn) uy. (X, ln) JMHEWHO 3aBUCHUMBI. B caMoMm nene, Tak Kak

. Ai(x—ﬂﬂ),xzo,
v (e h)= {(—1)”1 A= x—2%) x <0,

oD Al(x =20 x>0,
) { Ai(-x -2 ) x <0,
TO UMECT MCCTO PAaBCHCTBO

v () A)= (0" (x4 .

U3 5TuX paccykIeHHMi CIEIyeT, YTo COOCTBEHHBIE 3HAYEHMs oreparopa L
COBIIAJIAIOT C HYJIAMHU (DYHKIHH

A)=1. (x. Ay (x.A)}.

Bocrob30BaBIIKCE TEM, YTO BPOHCKHAH JIBYX PEIICHHUIA HE 3aBUCUT OT X , IOTYYHM
A)={y. () (X D), =2Ai(- A= 2). “)

W3 nocnenneii (opMysibl B H3BECTHBIX CBOMCTB Hymeil pynxumii Ai(1), Ai'(4)

(cm. [10]) BBITeRaer, uTo cobGeTBeHHBIC 3HAUCHMS A,,n=12,... omepatopa L
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PAaCIIOJIOKCHBI TOJIBKO Ha MMOJIOKUTEILHOMN IMOJIyOoCH U CHpaBCIJIMBO CJICOAYIO-
e aCUMMIITOTHYCCKOC PABCHCTBO

2

3

A {@)(Ho(n—z)),n .

JlokaxkxeM, 4TO cOOCTBEHHbIE 3HaueHus omneparopa L mpocteie. Bo-
MM HOPMHPOBOYHBIE yKcaa «,,N =12,...,

a, =\/ [lw. (x4, ) dx. (5)

VcnoBumcest Toukamu 0003Ha4ath aupepeHIrpoBanue mo A , a ITpruxaMu- o X :

, 0
u'=—uu=—u.
ox oA

Tak xak ¥, (X, 1) SKCTIOHeHIMATBHO YOBIBAET MPH X — oo, TO U3 CTAaHAAPT-

HOTO (CM., Hamp., [12]) TOXIECTBA

2 ={f, 1}
u (5) BBITEKAET, UTO

o oo 0
(@) = v (0 A, Jdx = [w? (6,2, )dx + [y (x, 4, )dx =
—oo 0 —oo

={y. (6 2w, (62, + (2, )y (2, =
==, (%A v, (6 A, + W (A4 Ly (4, =
="y (A (4, -

0" (64 (4, =1 A%,)

CnenoBarensro, A(4,)# 0, t.e. coGcTBeHHbIE 3HaueHus omepatopa L mpocTere.
Takum oOpa3om, UMeEeT MECTO
Teopema 2. Spektr operatora L sostoit iz posledovatelgnosti prostix
vehestvennix sobstvennix znageniy A,,N=1, pacnonodxcennvix Ha nonodxcu-

menvHoU nonyocu, pricem spravedliva sleduéhaa asimptoticeskaa formula

2

_(3z(2n-1) 5(
8

A 1+0(n?)hn - co.

n

3ameuanue. B npocrpanctse L, (0,00) paccMoTprM omepatops

y,y(0)=0u Lyy=-y"+[xy,y’(0)=0.
®dopmymna (4) moka3bIBaeT, YTO CHEKTp oneparopa L COCTOUT M3 00bEAMHEHUS
CIIEKTPOB omeparopos Ly u L .

Ly ==y +x
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A

ARTAN POTENSIALLI SREDINGER OPERATORUNUN SPEKTRI HAQQINDA
N.Q.MOMMOIDOVA, A X.XANMIMMOIDOV

XULASO

Biitiin oxda L:—ﬁﬂ

| Sredinger operatoruna baxilmisdir. Bu operatorun spektri
2

aragdirilmisdir. Moxsusi adadlorin sonsuzluqdaki asimptotikasi tapilmisdir.
Acar sozlar: Sredinger operatoru, Eyri tonliyi, Eyri funksiyasi, maxsusi adadlar.

ABOUT THE SPECTRUM OF THE OPERATOR SHREDINGER
WITH GROWING POTENTIAL

N.G.MAMEDOVA, A . Kh. KHANMAMEDOV
SUMMARY

The Schrodinger operator on the entire axis is considered. The spectrum of the operator
is investigated. An asymptotic formula for eigenvalues is obtained.

Keywords: Schrodinger operator, Airy equation, Airy functions, eigenvalues.

Ilocmynuna 6 peoaxyuro. 15.03.2019 e.
ITloonucano k newamu: 16.10.2019 2.
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YPABHEHUE C MUHUMAJIBHOM SHEPTUEM JIJIsI
HEOJHOPOJHOI'O YPABHEHUS KOJIEGAHUSA CTPYHbI
C HEKJIACCHYECKHUMMU KPAEBBIMU Y CJIOBUAMHU

T.M.TACBIMOB, X.T.TYCEMHOBA
bakunckuu I'ocyoapcmeennwiit Ynueepcumem
telman@box.az

Ipu uccrnedosanuu psaoa 3a0ay, ONUCHIBAIOWUX NPOYECC 2AULEHUS. NYTbCAYULE NOMOKOS
2a3a U HCUOKOCMU 8 ONUHHBIX MPYOONpo6oodax, 6 Npoyeccax 2auenus OMKIOHEHUsl 8 HEeKO-
mopotl KonebamenvbHol cpede, 803HUKAEM 3a0a4d ONMUMANLHO20 YNPAsieHus: Olsi 0OHOMED-
HOU Kpaegotl 3a0auu ¢ HeLOKALIbHbIMU SPAHUYHBIMU YCAOGUAMU OJisl 2UNepOOIUYECKO20 YpasHe-
Hus.

B 0annoii pabome uccnedyemcs ynpasienue ¢ MUHUMANbHOU 3Hepeuell OJisd YPAGHeHUs
KONebauus CmpyHbul ¢ HeKAACCUYECKUMU KPAeBbIMU Y CI0BUAMU.

KiroueBble cjioBa: onTHMabHOE YIIPABICHHUE, TPOIECC TalIeH s, KpaeBasl 3a/1a4a, TH-
1epOoIuecKoe ypaBHEHHE.

[TycTs ympaBisieMblil mporiecc onuchiBaeTcs GyHKImen Zz(X,t), KoTo-
past BHyTpH obnactu Q =[0< X <1, 0<t<T] ynoBrierBopsieT ypaBHEHHUIO

Zy = azzxx +b(t) p(x), (1)

a Ha rpaHule Q YAOBJICTBOPSACT HAYAJIbHOMY U I'PAHUYHOMY YCJIIOBUSAM
2(X,0) = @(x), 7,(x,0) =y(X), )
2(0,t)=0, z,(0,t)=z/(Lt), 3)

rae b(t)e L,(0,T), ¢(x)e W, (0,1), ¢(0) =0, (X)e L,(0,1) - 3anannas dynxuus,
a P(X) - ympasisromast QyHKIMSL.

B nasnpHeiiniem, B KauecTBe JOIyCTUMOTO yripasierust P(X) Oymem paccmar-
puBath yHkuun u3 npocrpancrsa L,(0,1).

TTpy 3a1aHHBIX TOMYCTUMBIX yrpasienusx Z(X,t) u dynkmuait (X)€W, (0,1),
@(0)=0,p(x)e L,(0,1), b(t)e L,(0,T), nmox o6061eHHbIM peneHnem 3axaqu (1)-
(3) moummaetcs dynkmmsa Z(X,t)e W, (Q), 2(X,0) = ¢(X), kotopas ymosieTBopser

MHTErpalbHOMY TOXIECTBY [3]:
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[Jrz. (0@, (0 = 2, (D@, (1) + b(t) ()P, 1) Jxdlt +
Q

+ [y o@(x,00dx =0 )

npu moboit D(x,t)e W, (Q), ®(1,t) =d(0,t), ®(X,T)=0.
st HaxokeHust 00o0eHHoro pemenust 3anaun (1)-(3) npuMeHuM MeTo/,
UcIoJb3yeMblid B padote [2]. Torma Oyaem UMeTh:

2(x,1) = [G,(x,8,1)(s)ds + [G(x, 5,y (s)ds +

+ j [G(x.s,t=2)b(2) p(s)p(s)dsd 7, (5)
G(x,5,t) =tY,(5) X, (X)+2|:\/Zsm\/_+Y2k(S)+
(\/_tcos\/_t— sm\/_t}/2k 1(S)} S (X) +

2 \/—sm\/_ Y (9)X o, (), 4 = (27K), k=123,...  (6)

'€ CUCTCMBI

Xo(X) = X, Xy, (X) = XC08~/A X, Xy (X) = sin 4[4, X
SIBJISIFOTCSI COOCTBEHHBIMH Y ITPUCOSTUHEHHBIM M (DYHKIMSMH KpaeBou 3a1aun [2]:
X7(X)+ AX(X) =0, X(0)=0, X'(0) = X'(1).
Cucrema
Yo(X) = 2, Yy, (X) = 4cos/ 4 X, Yoy (X) = 4(1— X)sin /2, X
SIBIISIFOTCSI COOCTBEHHBIMHU M TIPUCOCTMHEHHBIM M (DYHKIHSIMH KPAeBOii 3a1a4H.
ITycts a(X) - 3agannas ¢ynkuus u3 L,(0,1). B BeiOpanHOM Kilacce mormyc-

TUMBIX yIpaBieHHil TpebyeTcs ykasaTh ypaBHeHue P,(X) Takoe, 4TOObI COOTBETCT-

Bytomee emy perierne Z(X,t) 3amaun (1)-(3), mpeacraBnennoe B hopme (5), yaosie-
TBOPSUIO YCIOBHIO
z(x,T)=a(x), (7

U TIPH 3TOM (PYHKIIHOHAI

J(p)=pl;

NprUHUMAJI HAMMEHBIIEE BO3MOXKHOC 3HAYCHUEC, T A€

L, (0,1) Jp (X)dX - po + 2 pzk +z p2k 1> (3

k=1
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R = [ POOY,00dx, k=0,12,.... )

Tak kak, no npeanonoxennto, a(X)e L,(0,1), To B camom obmem ciyuae,
ycinoBue (7) Hy>KHO TIOHUMATh B TOM CMEICIIE, YTO

1
lim [[2(x,T = At) —a(x)Pdx =0.
0
Bo3pmem mponsBoibHOE JomycTUMOE ympasicHHe. COOTBETCTBYIOIIEE €My
pemrenne 3amaqn (1)-(3) mpeacrasum B Buze (5). Torna ycmoBue(7) MOXKHO 3amicaTth B
BHJIC

S S

jG(x,s,T —7)b(7) p(s)dsdz = A(X), (10)
rIe

A(X)=a(x)— _]..Gt(x, s,T)p(s)ds + IIG(X, s, T w(s)ds.

Taxk kak nocienoarenbHocTs GyHkumit X, (X) = X, X,, ,(X) = Xcos/ 4 X,

X, (X) =sin \/Z X, k=1,2,3,... obpasyer 6asuc B npocrparcrse dpynkmii L, (0,1)
[2]; o

A= AX,(X)+ Z(Azkxzum Ay X, (00). (11
e
A = j[A(x)Yk(x)dx, k=123,.. . (12)
Hogcmmmo byrkwio (1) B ypasenye (10) 1 yauTsbas (6), momydaem
poiﬁ ~D)b(z)dz= A, (13)
P ﬁjsin\/z T -o)b(r)dr=A,_,, (14)

- ﬁ!mﬁ (T - ob()dr + pj[ﬁﬁ — 0 cos(T =7) -

0

_iSin\/Z(T _7):|b(z')dz' =A,, k=1,23,... (15)

Teneps 0603HaYNM:
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a, = ﬁ j sin /A (T —7)b(2)d7, k=123,

B, =ﬁla ~7)cos/A (T —D)b(r)d7, k=123,.... (17)

[Moncrasnss (16),(17) B cootnomenue (14),(15) u3z (13)-(15), nonyqaem:

Py =+ AO s Py = AZkl’

j T - 7)b(r)d7 %

AZk + Ao “Bk + Ao , k=123.....
Qo o ak\/z

Teopema 1. IlycTp ynpaBisemblid mporiecc onmuckiBaeTcs 3aaadent (1)-
(3) 1 b®eL,O.T), @(x)eW,(0,1), (0)=0,y(x)e L,(0,1), a(x)€ L,(0,]).
Toraa 3agada 00 ynpaBJIeHUH ¢ MUHUMAJIHHOW SHEPTUEH UMEET eIMHCTBEHHOE
pelieHre, ¥ ONTUMAIbHOE YIIPaBJI€HHE IPEICTABUMO B BH/IE:

P(X) = Py X, (X) + i p22kX2k(X) +i p22k71x2k71(x) =T A Xo(X) +
= = JaT-ob@)dr

0

A2k 1 sz 1(X) +2[A2k Azk 1ﬁk Azk 1 sz(X).

o O A
COOTBeTCTByIOLL[ee MUHUMAaJIbHOE 3HAaYeHHE (YHKIIMOHANA BBIYHCISETCS IO
dhopmyne [1]:

Pak

k=1

2

= p§+2 p;k +z p22k—l: T A +
k=t k=t j(T —)b(r)d7
0
2

ol A A 1:Bk A A
2|: a, ak ak\/_ sz ak .
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KLASSIK OLMAYAN SORHOD SORTLI SIMIN QEYRI-BIRCINS
ROQS TONLiYi UCUN MINIMAL ENERJILi IDAROETMO MOSOLOSI

T.M.QASIMOV, X.T.HUSEYNOVA
XULASO

Uzun borukegiricilordo qaz vo maye oxunun pulsasiyasinin sondiiriilmasi prosesindo,
miloyyon roqs edon miihitlords kenara ¢ixmalarim sondiiriilmoesi proseslorindo qeyri-lokal
sorhad sortli hiperbolik tip tonliklor {igiin idarsetmo masalalori meydana gixir.

Isda bir hiperbolik tip tonlik iigiin minimal enerjili idaroetmo mosalasing baxilir.

Acar sozlori: optimal idaroetmo, sondiiriilmo prosesi, sorhod maosalasi, hiperbolik
tonliklor.

A CONTROL PROBLEM WITH A MINIMAL ENERGY FOR NONHOMOGENEOUS
STRING VIBRATION WITH NONCLASSICAL BOUNDARY CONDITION
T.M.GASIMOYV, Kh.T.GUSEYNOVA
SUMMARY

While investigating a series of problems describing the dampening process of gas or
liquid flow pulsations in long pipelines, in the process of deviation dampening in some vibrat-
ing medium there arises a control problem for non-local boundary conditions for a hyperbolic
equation.

In this paper we study the controllability problem for the hyperbolic type equation.

Key words: optimal control, quenching process, boundary problem, hyperbolic equa-
tion.

Iocmynuna 6 peoaxyuto: 18.03.2019 .
Toonucano xk newamu: 16.10.2019 e.
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OBOBHIEHUE HEKOTOPBIX TEOPEM AIINNPOKCUMALIUN
B KJIACCE OBOBHIEHHBIX AHAJIMTUYECKHUX ®YHKIIUU

M.A.TATUEBA
bakunckun I'ocyoapcmeennwiit Ynueepcumem
mtagiyeva@mail.ru

Hcnonw3ysa obodbwennyro npouzsoouyro 6 cmuiciie Bepca 6 kiacce 0000ujennoix ananu-
muyeckux Qyukyuil, ¢ pabome noiyueHvl 0000UeHUs HEKOMOPbIX meopem 06 oyeHKe CKopo-
CMU HAUTYYUe20 PABHOMEPHO20 NPUOIUNCEHUS 0000 eHHbIX AHATUMUYECKUX DYHKYUL 0600-
WeHHLIMU NOTUHOMAMY 8 OOHOCBA3HOU 001aACTNU.

Karouesnie ciosa: nopoxnatomas napa (F,G), (F,G)-npoussonnas, (F,G) -

muddepenmmpyemocts, (F,G) - nnrerpupyemocts, anmpokcumarus.

Paccmorpum knace U ,(a,b,G), p > 2, peniennii ypasuenus
d,W+aw+bw =0 (1)
B OZIHOCBA3HOH obnactu G, ¢ koapunmentamu a,be L ,(C), p>2, [1].

B pab6ote [1] ycTaHOBIEHO B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXK-
Jty orpanuueHHbIME petnenusimu F(2),G(z) ypasuenus (1) knacca U ,(a,b,C)

u kod3pPurmentamu ypasuenus (1). [Tapa (F,G) Ha3biBaeTcs mopoxaaroien
napoii knacca U ,(a,b,C) [2]. Ona Obina nonoxena bepcom B ocHOBY mo-

CTPOCHHUSI TEOPUH TICEBIOAHATUTUYECKUX (HYyHKIMUA, 00oOmIaromeil kiaccude-
CKOe MoHsATHE AU PepeHTupyeMOCTH U HHTETPUPYEMOCTH [2].
[Tapa (F,G) ynoBneTBOpsET CIEIYIOIIUM YCIOBUSIM:

1) Im(F(2)-G(2)) >k, >0, k, = const, na Bceit mockocT;
2) F,GeC ﬂ(C), f= p-2 , 1 IOMYCKAIOT 0000IIIeHHbIe TPOU3BOHBIE TIO Z U Z .
P

[Tycte ¢ynkmus W(z) ompenenena B obmactu G . U3 ycnosus (1) Ha
napy (F,G) caenyer, uro anst mo6oil Toukn Z,€ G CymecTBYIOT TakHue Be-
mecTBeHHbIE PYHKIMH @(Z) U W(Z) , 9TO

W(Z,) = (7)) F(z,) +¥(2,)G(2,) .
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@ynkuus W(z) nmeer B Touke z, (F,G) - mpousBonnyo W(z,), eciu cyue-
CTBYET KOHEYHBIN MPEEI
lim W(Z) - ¢(ZO)F (Z) - W(ZO)G(Z)

21 -1,

=W(Z,) =W 6)(Z)) - (2)

Jns cymectBoBanust W(Z,) HEOOXOAMMO U JOCTaTOYHO, YTOOBI B TOUKE
ZO HUMCJIO MCCTO PABCHCTBO
Wz(zo) + aW(Zo) + b(zo)W(zo) =0,

rae @ U b yJnoBIeTBOpSIOT yCIOBUAM

FG,-F,G F-G,-FG
a=—2=——-2*-— b=—=—"—-%. 3)
FG -FG FG -FG
Cornacno bepcy, dyHkmus W(z) Ha3bIBaeTCs MCEBI0AHATMTHYCCKON B

obmactu G wumu (F,G) - nceBnoaHaauTHUECKOM, €CIIM OHA HENPEPHIBHA U MMEET
nouTH By B 9toi obnactu (F,G) - mpou3BoaHYyIO.

Takum o6pazom, Kiacc TMCEBAOAHATUTUYECKUX (YHKIUI, COOTBETCT-
Byromux mape (F,G), coBmamaer ¢ kigaccoM OOOOIIEHHBIX aHAIUTUYECKUX
¢ynxmuii knacca U ,(a,b,G) - perynspubix pemiennii ypasnenus (1).

[lanee B HamieM HM3J0KEHUU Mbl OyaeM MpernosiaraTb, 4YTo (yHKIUU
F(z) u G(z) umeroT renbaepoBoO-HENIPEPhIBHbIE YaCTHBIE MPOU3BOIHBIE TIO Z
U Z U 4TO

F,|+|G,| < oc>1,ze C.

_M_

1+z[ ’
ITycts (F,G) u (F,G,) - nBe nopoxnaromue napsl. Ilapa (F,G,) Ha-

3pIBaeTcs mocnenytouieit s mapel (F,G) u (F,G) - npeamectByromei s

(F,G,)), ecnu

b

(F.G) ~

a(Fl’Gl) =a B

(F.G)» (F.G)>
rie
Bg = 22 O
T FG-FG
Eciu W(z) sBisiercs (F,G) - nceBnoananutudeckoit ¢pyukuueir B obmactu G, to
W(z) asmstercst (F,,G,) -nceBnoananurudeckoii B obmactu G .
[TocnenoBarensHocTh mopoxkaatomux nap {(F,,G,)} Ha3pBaeTcs mo-

poxaronei nocnenosarenbHocThio, eciu (F,,,,G,,,) cnenyer 3a (F,,G,).

+1°
Kaxxgas noposxxnatoriast mapa (F,G) mMoxkeT ObITh BIOKEHA B MOPOXK-

JAIOMIYIO TTOCIIeI0BATEIFHOCTD
s (F,,G)),(F,,Gy),(F,,G),...
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Tak, uro (F,G)=(F,,G,) [2].
C MOMOUIbI0 MOPOKIAIOMIEH OCIEN0BATENBLHOCTH — ONPEENSIOTCS
BBICIIIUE ITPOU3BOIHBIC OT GYHKIMH W(Z) pPEKKYpEHTHBIMU (hopMynaMu
[n]
[0] el A g

w
wW=w, w=—22_—" n=012,..,
dz

T.€. TICEBJOAHATUTHYECKAsT (PYHKIHUS SBISETCA B ONPEICICHHOM CMBICIE Oec-
KOHEYHO nu(depeHIupyeMOoH.
(F,G) - unrerpan ot pyHKIMA W(Z), HEMIPEPHIBHOW Ha CIPSIMIIIEMOMN

KpuBOil I', coeuHsIONIEN TOUKU Z, U Z , ONpelenseTcs GopMyoi
2Gw 2Fw
_[W(z)d(F 2 =F(2)Re J'—

———0z
FG FG - FG
U3 onpenenenus cienyer, 4To
J‘(/?’WI + ILNVZ)d(F,G)Z = ﬂj‘wld(F,G)z + ﬂJWZd(F,G)Z )
r r r

dz - G(2)Re j

rac Au A BEHICCTBCHHBIC ITOCTOSIHHEIC,

de(F,G)
r

rae M - nocrosnHas, 3aBucsmas ot (F,G).

HenpepbiBHast GyHKIus W(z), onpeneneHHas B oonactu G , Ha3bIBaeT-
ca (F,G) - unTerpupyemoid, ecnu Juist Jir000W 3aMKHYTOM KpuBoM [, pacmo-
JIOKEHHOM B OTHOCB3HOU oOnactu G

J.W(Z)d(F’G)Z =0
r

(F,G) - mpousBonmHas W(Z) OT mceBroaHalIUTH4YeCKOW (QyHKIMU W(Z) sBIS-
ercs (F,G) - unTerpupyemoii u

z

[Wd ¢ 62 = W(2) - (2,)F(2) - ¥(2,)G(2).

Zy
(2]

Hamuuue (F,G) - mpousBomHOM 11000r0 mopsiika MoKeT ObITh HUC-
MOJIb30BAHO JUIS YCUJICHHsI HEKOTOPBIX PE3yIbTAaTOB M3 TEOPHH amlpOKCHUMa-
ITUU 00OOIICHHBIX aHATUTHYECKUX (PYHKIMI 0000IEHHBIMH MTOJIMHOMAMH.

B [4] noka3zaHbl cieayronme TeOpEMBI.

Teopema 1. IIycts rpanuma I" obmactu G yAOBIETBOPSET YCIOBHUIO
Anbnepa. Ecnmu wW(z) aBnsercs 0000IIeHHON aHaIUTHYECKON (yHKIMEH B 00-

mactu G wm HempepbiBHOH B G, TO CyIIECTBYeT IOCIEIOBATEIbHOCTh
{D,(z,w)} 0600menHbIX nomuHOMOB Pabepa Taxas, YTO UMEET MECTO Hepa-
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BCHCTBO

1
W(z) - D,(z,w)| < Ca{—, f ) 4)
n
rae a)(5 , f ) - MOAYJIb HETIPEPHIBHOCTH (PYHKIHU f (2), onpeneneHHON paBEHCTBOM

_ L rw(e)dd =
f(z)_zﬂil Pz 2e G,

f(2) - pynxums ronomopduas 8 G u nenpepsiras 8 G [1].
CaencrBue. [Ipu ycnoBusx TeopeMsl AJisi HaWIydIlEro paBHOMEPHOIO INpH-
ommwxenns E (W,G) ¢dyukumn W(Z) o600meHHbMHE nonnHoMamu dabepa mo-

psiiKa HE BbIIIEC N, CIIPABCAJIMBO HEPABCHCTBO

E,(w,G)< Ca{% f J (5)

Teopema 2. Ilycts rpanuna I' obmactn G yIOBIETBOPSIET YCIOBHUIO
Anbriepa, a 0600meHHas aHamuTHYecKas B oonactu G yHKIms W(Z) ynoB-

neTBopsieT ycnosuio Ienpaepa mopaaka o, 0<a <1 B G, Torma crupasein-
Ba OLIEHKa

|w(z)—Dn(z,w)|sn%, 7¢G, ©6)

En(w,c?)sn%,

rae C - moCTOsIHHAs, 3aBUcsIas ot obmactu G .
B cuiy Bblle M37I0)KEHHOTO, MBI OyleM paccMarpuBath QyHKLHIO W(Z) H

KaK TICEB0AHATUTHYECKYIO0 oTHOcHTeNnbHO mapbl (F,G), cBsA3aHHOU ¢ K03(-
¢unrentamu a,b ypasaenus (1) popmysoit (2), 0600meHHbIe TOTMHOMBI Da-
o6epa O,(z,G) kxak (F,G) - nceBmOMOIMHOMBI, KOTOPBIE IMPEICTABISAIOTCS

CJIETYIOINM 00pa3oM.
B [5] nokazano, uto 0606mennabpie momrnHoMbl dDabepa At 0HOCBA3HON 00-
gacti G MOryT OBITh PECTABICHBI B BHIE

0.,(2.0) =5[22 EOP I - QLSOO ()

0.44(2.0) =5 - [2,2.£ GNP (O -2, (2.£ GNP, (8)

rae 17(z)=®(z2) - byHkusa, KOHPOPMHO M OJAHOJIUCTHO OTOOpaxkaromias 00-
nacte D Ha {|77|>1}.

Sapa Q,(z2,£,G),Q,(2,£,G) cesizanbl ¢ (HOPMATBHBIMU CTEIICHAMU
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VAR —l,f,z VAR —i_, ,Z | popmymnamn
2 2i

_oenf_1 Senf_ 1
Q(z,£,6)=Z ( 2,5,2)+|Z ( Zi,é‘,z)

— 7D _l _i7z GOl = !
Q,(2,£,6)=2 ( 2,5,2) iz ( 2i,§,z)
[5].

[oxcrasmss ux BeipakeHus B popmydsl (7) u (8), COOTBETCTBEHHO TOTYIHM

OZk(ZaG) = %J[Z(l)(_%’é’z)"_ iz“)(_%,g,z)}pk(g)dg_

—(z“{—%,f,z)— iZ‘”(—%,f,Z) o (&rde -

-] z<D(‘%’f’z)(q’k@)d&¢k<f>df)+

27id
+ iZ(‘”(—%,gﬁ z }cbk(é)déf + <I>k(§)d§)=

:i jz<-l>(—1,5,z)-<Imc1>k(f)d§>+z<‘“(—%,§,z)(Recbk(§>d5)=

:ljz<-”(—1mq>k(§)d§,§,z)+ Z(iRe®* (£)dE,E,7)=

27y
=L [zo0ok¢)0e.é.2). ©)
2
AHanoru4Ho
0.0 (2,8) = [Z(-0"E)4EE,2). (10)
7 T

O06001IEHHBIN NOJIUHOM

D,(z,G) = ZZEU)CZkOZk(Z:G) + 24°¢105,1(2,6)
k=0

B (4) MBI Oyznem paccmatpuBath u kak (F,G) - ncespomonmunom, rae O,, u
O,,,, onpenenens popmyramu (9), (10), A - xorddumments cymMmmmuposa-
HUSL.

CrnpaBenuBhI cienyrone 00600meHus Teopem 1,2.

Teopema 3. Ilycts rpanuma I" obmactu G yAOBIETBOPSET YCIOBHUIO
Anpnepa. Ecnu o0oOmiennas ananutudeckas GyHkius W(Z) B obmactu G
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[m] ~

umeet HenpepbiBHyI0 (F,G,) - mpousBognyto W B G, TO cripaBeuIuBO He-

= _ M 1
E,(w,G)< n_ma{ﬁ’ f ),
rae @(o, f,) - MOayNb HENPEPBIBHOCTU (PYHKIIHH
_ I[\Tv](f)df
27y §-1
B SaMKHYTOﬁ obnactu G , a M - IMOCTOsIHHAsA, 3aBUCAIIAs OT IMOPOKAAOIINX
nap (F,,G,), v=0,m-1.

Joka3aTeabcTBo. 13 HepaBeHctBa (4) cienyer, uro ans (F.,G.,)

PaBEHCTBO
fn(2)

. Lm]
npousBonHo W cymectByer (F,,G,) - ncesnononunom D, (Z) creneHu He

BBIIIIC N, YTO BBIMOJHACTCS HEPABECHCTBO

= E{W,C—T)s c«{% f ) n>m. (12)

[Ipn ¢uxcupoBanHOH Touke Z,€ G pPaccCMOTPUM BCIIOMOTATENIBHYIO
GhyHKIHIO

W(z)- D, (2)

max
eG

w(2)= | ([\7'\/](5)— D, (@}J(Fm& ="W(2)-D,.,(2). (13)

Hua (F,,G,) - npousBoguoit W,(z) ¢ynkuuu (13) B cuy (12) BelmonHsiercs

A 1
nzle%x|wl(z)| < Ca{ﬁ, f ) ,

nosTomy W,(z) ymosierBopsieT ycnoBuio ['enbiepa ¢ mokasarenem S =1 un

YCJIIOBUEC

n
B cuily HepaBeHcTBa (6) cymectsyer (F, ,G, _,)-nomunom D, (z,1), uro cmpa-

. 1
IIOCTOSIHHOM Mm_1“{_a f, |, M,_, 3aBucut ot mapsl (F, .G, ;). Ho Torna

BCJIMBO HCPABCHCTBO

M m-1 l’ fm
max|w,(2) - D, (z.)| < E, (w,G)< n__J (14)
ze n
Jlanee paccMarprBaeM BTOPYIO BCIIOMOTATENIbHYIO (DYHKITHIO
f [m-2]
W,(2) = [(W(§) = Dy(ED)d (e 66 = W (2)=Qpa(2). (15)
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(F

_1,0p_;) - IIpou3BoJHas 3Toi GyHKIMK B cuiy (13) ynoBineTBopsieT Hepa-

maxii, (2)| < 'V'_“{l f, ) (16)
2eG n n

nostoMy cyuiectsyer takoit (F, ,,G, ,)-momunom D, (z;2), 4TO BBINOIHSET-

BEHCTBY

Csl YCIIOBHE
maX|W (z)-D,(z 2)| < —mim? 1 f
€6 | 2 nee n? n ")

[Tponomxkast 3T paccyxkaeHus, aHaiorudHo (yskmusam (12) u (14)
BBOJIMIM BCTIOMOTATEIbHYIO (DYHKIIHUIO

W, (2) = [(W(E) =D, (&, m=1))d e 6,6 = W(2) = Q. (2). (17)
[TpousBoaHas 3TO (HYHKIMU YIOBIETBOPSIET YCIOBUIO

7 M m-1,...,0 1
I?E%X|Wm(z)| < T - fo |,

nosromy cymectsyet Takoil (F,,G,)=(F,G) momunom D, (z,m), uro cmpa-
BE/JTUBO HEPABEHCTBO

M
m@x|wm(z)— Dn(z,m)| < — Ml a{l, f, ) (18)
G n n

Teneps B cuny (16) pacemorpum (F,G) - ncesnononunom P, . (Z) =

=Q,.(2)+D,(z,m). B pezynbrare u3 (17) noiayuuM HepaBeHCTBO
M m

—1,...,0 l f
n" n "
Taxum obpazom, nMeeM

M M
E,.n(W,G) € — M-l “{l’fm)g mt,..0 ! fm]. (19)
n

Teopema oka3ana.
Teopema 4. Ilycts rpanuna I' obmactu G yInoBIETBOPSIET YCIOBUIO

Anbriepa, W(Z) - 0606mIeHHas aHanuTHIecKas QyHKIus B obnactt G u B G

m%x|w(z) —P.. (7)<

[m]

W yznoBiieTBopsieT ycioBuio ['enpaepa nopsaka ¢, 0<a <1, toraa cymect-
ByeT Takas nocrosHHas M , 3aBucsmas ot o0iactu G ¥ NOPOXKAAOLIMX Map
(F,,G,), v=1,m, 4TO BBINOIHSAETCS HEPABEHCTBO

M

m+o °
n

W(z)-D,(2)|<

Jloka3zareabcTBo. [Ipu ycnoBusx teopemsr Gpynknus f.(z), ompene-
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nsiemas popmynoii (11), yanonetBopsieT ycnosuio ['enbaepa ¢ nmokasareiem « .
[1]. Torma u3 HepaBeHcTBa (19) cienyeT yTBepKAECHHUE TEOPEMBI.
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UMUMILOSMIS ANALITIK FUNKSIYALAR SiNIiFINDO YAXINLASMA
NOZORIYYOSININ BOZi TEOREMLORININ UMUMILOSMOLORI

M.O.TAGIYEVA

XULASO

Bu mogqalods Bers monada imumilosmis (F,G) - tdromesindan istifads etmakls

timumilosmis analitik funksiyalar sinifinde yaximlasma nozsriyyssinin bazi teoremlarinin
timumilosmolori alinmisdir.

Acar sozlori: Toradon (F,G) ciiti, (F,G) toromssi, (F,G) diferensiallama,
(F,G) inteqrallama, yaxinlasma.

GENERALIZATIONS SOME THEOREMS OF THEORY OF APPROXIMATION
IN CLASS OF GENERALIZED ANALYTIC FUNCTIONS

M.A.TAGIYEVA

SUMMARY

In this paper, using generalizing (F,G) - derivative in the sense Bers some generaliza-

tions of theorems of approximation theory in the class of generalized analytical functions are
obtained.

Key words: generating pair (F,G), (F,G) - derivative, (F,G) - integrable, ap-
proximation.

Iocmynuna 6 pedaxyuio: 11.02.2019 2.
Ioonucano x neuamu: 16.10.2019 .
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XOTTi PROQRAMLASDIRMANIN BLOK-UCBUCAQ MATRISLI
BiR MOSOLOSI VO ONUN HOLLi UCUN AYRILIS SXEMIi

R.H.HOMIDOV
Baki Doviat Universiteti
Bsu_edu.gov.az

Isd> blok-ticbucaq matrisli boyiik 6lgili bir sinif xatti programlasdirma masalasi iigiin
ayrilis sxemi verilmisdir. Sxemin komayilo masala ham dayisanlorinin, ham do mohdudiyyat-
lorinin sayt daha az olan masalalarin kdmayila hall olunur. Taklif olunan sxemin {i¢ variantda
icra sxemi gostarilir. Bunlar satrlorls icra sxemi, bloklarla icra sxemi va iterasiya yolu ila icra
sxemloridir. Sxemin miifassal sarhi adadi misal Uzarinda niimayis edilmisdir. Isda toklif olunan
sxemin totbiq sahalori da gostorilmisdir.

Acar sozlar: Xotti proqramlasdirma, bazis hall, simpleks iisul, blok proqramlasdirma.

Hollin se¢ilmaosi ilo bagli bir ¢ox masalalor 6zlorino moxsus spesifikaya ma-
lik olur. Bu hal adoton bdyiik masalolords bas verir [1]. Masolonin spesifikasi-
nin strukturunu nozoro almaqla bu ciir masalalor {igiin islonib hazirlanmis hall
alqoritmlori hesablamanin effektivliyini shomiyyatli doracods artirmaga imkan
verir. Belo alqoritmlor real boyiik ol¢iilii mosalolorin standart tisullarla halli
zamant bas vers bilocok bir ¢ox ¢otinliklori aradan qaldirir.

Boytik olgiilii masololorin oksor hissosi xotti proqramlasdirma mosalosi
kimi toqdim olunur. Masolonin 6l¢iisii bu halda doyisonlorin sayindan, bu do-
yisonlori bir-biri ilo baglayan mohdudiyyatlorin sayinin ¢ox olmasindan vo bu
mohdudiyyatlorin xarakterindon asilidir. Belo mosololordon biri miisbat ele-
mentlori diaqonalda yerloson blok-ilighucaq sokilli xatti proqramlagdirma moso-
losidir [2]. Miisbot elementlori diaqonalda yerloson blok-lighucaq sorti qoyul-
madan belo mosaloalor otrafli sokildo [3]-do Oyronilmisdir. [3]-do toklif olunan
alqoritmlor burada baxdigimiz blok-lighucaq hali {igiin do totbiq oluna bilar.
Lakin bloklarin say1 ¢ox oldugda vo har bir blokun 6ziinlin 6lgiisii boyiik ol-
dugda [3]-doki alqoritmlorin totbiqindo hesablama prosesinin togkili vo bu he-
sablamanin aparilmasi ilo bagl bir ¢ox ¢otinliklor qarsiya ¢ixir. Bu ¢aotinliklor
elo boyilik masololori standart yolla hall edon zaman garsiya ¢ixan ¢atinliklor
kimi olur. Toqdim olunan isdo bu problemin aradan galdirilmas1 moagsadilo ay-
rilig sxemi toklif olunur. Sxemin komoyilo masalo onun qoyulusundaki sotr
bloklarin istiraki ilo tortib olunan vo diaqonal bloklarin say1 godor olan alt
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masalonin hollina gatirilir. Hor bir alt masaloni hall edon zaman iso diaqonal
blokdaki sotrlorinin say1 qodor onda olan doyisonlordon yalniz optimal baziso
daxil olan sotrlor {izorindo cevirma icra olunur. Basqa sozlo hor bir alt
mosalonin mohdudlarinin yalniz bir hissosi hesablama prosesino calb olunur vo
bu hisso lazim goldikco miiraciot olunan sortdoki sotrlorin bir-birinin ardinca
hesablamaya colb olunmasindan togkil olunur. Toklif olunan sxemin har bir
addim1 baxilan mosolo ticlin [3]-doki alqoritmlorin hor bir addimindan daha
sadodir vo onun effektivliyini asanligla niimayis etdirmok miimkiindiir. Bu
magsadlo adadi misala baxiriq. Toqdim olunan ayrilis alqoritminin ayri-ayri
detallar1 bu misalda daha gabariq 6zilinii gostorir vo [3]-doki sxemo nozoron
toklif olunan sxemin effektivliyini oyani formada tosdiqloyir.

1. Masalonin qoyulusu
mxm) —plgiilic 41 sayda A tj=10m islori verilmisdir
A

vo onlar tizorina bels sortlor qoyulur: “*ij i=] olduqda diaqonal elementlori
miisbat, diagonal olmayan elemeptlar‘i 1so miisbot deyillor, AU’ L#] oldugda
elementlori miisbot deyil, AU' L<] oldugda elementlori sifira borabordir.
bLi=1,..n verilmis 7 -5l¢iilii manfi olmayan koordinatlara malik siitun
vektorlardir, chi=1..n verilmis M -§lciilii sotr vektorlaridir, xLi=1,..n

M _5l¢iilii namolum koordinath vektorlardir. Vektorlar arasindaki = miina-
sibati koordinatlara gora olan £ miinasibatini ifado edir. Bu isaralomolorin

komoyilo baxacagimiz blok-licbucaq sokilli mosoloni asagidaki kimi yaza
bilorik.

Axt = p!
1 2 2
Ay x*+ A4,,x =b
) . , . ) (1)
n— n n
A x*+A4.,x“+--+4,_,x +A, ., x" =bh
r=0,x*=0,....,x"*=0x"=0
clxt+ et + e+ e ™ 4+ ¢ — max
Olavo olaraq forz olunur ki, A ,1=1,2,...n -nin elementlori manfi deyil.

(1) mosoalosinin matrisini A il isaro edok, onun sag terofini ifado edon
siitun vektoru B, mogsod funksiyasinin omsallarini ifade edon sotr vektoru €,
namoalum doyisonlorin siitun vektorunu iso X ilo isara edok. Onda (1)-1

Ax =b.,x =0, 2)
CX - IMNax s
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kimi yaza bilarik.

m=1 oldugda (2) mosoalasinin halli ii¢lin [3] do hom sonlu vo hom do
iterativ effektiv hoall alqoritmlori islonib hazirlanmigdir. (1) {igiin do, yoni

m = 1 oldugda da bu alqoritmlor istifado oluna bilor. Lakin 7 -in giymoti
boylik oldugda bu alqoritmlor do 6l¢ii ilo bagli problemlori aradan qaldirmaqda
acizdirlor. Ona goro do bu faktla bagli problemin hallini veran proseduranin
islonib hazirlanmasina ehtiyac vardir.

(1) sokilli xotti programlasdirma masalosi ilo bir ¢ox texniki vo iqtisadi
yoniimlii praktiki mosalolorin hollinin ododi realizasiyast zamani qarsilasiriq
(mas., bax [3]). Belo mosololorden birino, masalon, neft yataqlarinin elastik
rejimdo istismarinin optimal rejimdo aparilmasini todqiq edon zaman qarsiya
cixan asagidaki dinamik xotti progqramlagdirma masalasinin adadi realizasiyasi
zamani rast golirik [3]:

T
] = [ coxwat »max,

3)
x@®)-FlxN=b@)x®)=00=t <T.
Burada

Flx(t)] = A(t)x(t) + f; H(t,D)x(t)dt, c(t), b(t),x(t) —n-

olciilii vektor funksiyalardir; AWM, HE, D nXN plciili matris funksiyalardir.
(3)-doki barabarsizliklor vektorun har bir ayri-ayr1 koordinatlari iizro olan

n
barabarsizlik kimi basa diistiliir. c(t),b(t),x(t) eLy [0, T].

F operatoru L2 [0,T]_ 1i 6ziino inikas etdirir.

Basqa bir praktiki mosolo iqtisadi sahadon olan Markovigin timumi golirin
maksimallagdirilmast mosalosidir [3].

dx;
d; I:Zaf.}}fJO 5}’11535[;3 = 11'--'.“"
T i=1

L
ZJ; (x; — v;)dT - max.
=1

[3]-do (3) masolosino golon praktiki maosalolorin otrafli sokildo sistemli
yanasmanin komoyilo tohlili verilmisdir. Verilon tohlil belo mosaloalarin totbiq
sahasinin ham genig, hom do miihiim praktik shamiyyat kasb etdiyini gdstarir.

. 2. 9dadi misal iizarinds ayrilis sxeminin sorhi
Iki blok diagonala malik (1) masolasinoe baxaq:

(AAH {]) x! bt
i: r
a1 Ayn J\ X2 b*
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Clxt 4 0x? — max, xt,x2eEmn,

Burada:

08 -0.1 -03 -0.1 0.7 0 02 -0.1
-0.1 07 -0.1 -04 0 08 -0.1 -05

A= Agp=
-03 -02 08 -0.1 -0.2 -0.1 1 -0.6
-0.1 -04 0.1 1 -0.1 =03 -0.2 1
-1 -04 -05 -0.2 4 1
-0.1 -02 -0.6 -0.1 3 3

A21: bI: b2:
-06 -04 -0.1 -038 5 1
-02 -0.1 -03 -04 2 4

c*=(-2,-6,-10,1) ¢2=(5-10-1-12)

Mosoloni verilonlorin komoyilo yazaq.

0.8x; —0.1x, — 0.3x; — 0.1x, = 4,
—0.1x, + 0.7x, — 0.1x; — 0.4x, = 3,
—0.3x, — 0.2x,+ 0.8x, — 0.1x, =5,

=2,

—x, — 0.4x, — 0.5x, — 0.2x, + 0.7x; — 0x, — 0.2x,— 0.1x* = 1,

—0.1x, — 0.2x, — 0.6x; — 0.1x, — Oxs + 0.8x, — 0.1x, — 0.5x* = 3, (1)
—0.6x; — 0.4x, — 0.1x; — 0.8x, — 0.2x; — 0.1x, + 1x, — 0.6x% = 1,
—0.2x;, — 0.1, — 0.3x; — 0.4x, — 0.1x: — 0.3x, — 0.2x, + 1x® < 4,
206020052020 x201520x20,x20;x=20,
—2x; — 6x, — 10x* + x, + 5x; — 10x, — x, — 12x, — max.

Asagidaki kimi iki (2) vo (3) mosalasino baxacagiq:

0.8x; — 0.1x, —0.3x; — 0.1x, = 4,
—0.1x, 4+ 0.7x, — 0.1x, — 0.4x, =3,

—0.3x; — 0.2x,+ 0.8x; — 0.1x, = b,

—0.1x; — 0.4x, — 0.1x; + 1x, =2,

X, =20, x,=20; x;=20; x, =0,
—2x;, — 6x, —10x; + x, —» max

(2)-nin mogsad funksiyasinin omsallar1 ayrilis sxeminin icrasi zamani
ona miiraciat olundugda mévcud qiymotlordon forqli olacaqglar
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x> =0;x, =0;x, = 0; x5, =0,
5x% — 10x; — x; — 12x, — max.

Maogsad baxilan (1) masalasini diaqonal blokun istiraki ils tortib olunan da-
ha kigikolgiili (2) va (3) kimi mosalonin komayilo hall etmokdir. Yoni (1) mo-
solosini daha kicikdlgiilli, say1 diaqonal bloklarin say1 qodor olan mosalslora
gotiron ayrilis sxemi vermokdir. Sxemin misal iizorindo miifossal sorhini iki

addimda icra edacayik.
1-ci addim

Ovvales axirmer iki Az V2 A2z blokun istirak1 ilo olan asagidaki
mosaloys baxiriq:

—x; —0.4x, —0.5x; —0.2x, + 0.7x%; — 0x, — 0.2, — 0.1x, < 1,
—0.1x, — 0.2x, — 0.6x3 — 0.1x, — Ox5 + 0.8x, — 0.1x, — 0.5x, < 3,
—0.6x; — 0.4%, — 0.1x; — 0.8x, — 0.2x; — 0.1x, + 1x, — 0.6x; = 1,
—0.2x;, —0.1x,—03x;—0.4x, — 0.1x;: —0.3x, — 0.2x, + 1x; = 4,
X120, %20x20x20x20x%x=20x=0x,=0 x>0,
—2x; — 6x, — 10x* + x, + 5x: — 10x; — x; — 12x, — max.

Mogsad funksiyasinin ikinci bloka uygun doyisenlorinin omsallarindan
diizelon

ct=(5-10,-1,-12)

vektorunun koordinatlar1 i¢orisindo miisbot olan1 yoxdursa 2-ci addima kegirik.
Oks halda sagdan sola ilk miisbot amsala malik hodde baxiriq. Baxdigimiz
misalda bu Xs - 1o bagl hoddir. Sonra masslonin sortlori i¢arisindo X5 -in omsali
miisbot olan barabarsizliyi se¢ib onu asagidaki kimi boraborliklo ovoz edirik.
—x; —0.4x, —0.5x; —0.2x, + 0.7 — 0x, — 0.2x, — 0.1, — 1 =10
Boraborliyi *s -in amsali vahid olan hala gotiririk.

Alinan barabarliyin sol torafini (-5)-0 vurub moagsod funksiyasinin iizorino golib
vo X5 -i bu funksiyadan konarlasdiririq.
5.15x; — 3.05x; — 6.45%3 + 2.45%4 4+ 0x5 — 10X, 4+ 0.45%; — 11.3x5 + 7.15 — max

Yeni mogsad funksiyasinin omsallar1 ovvolkilordon miisbot artim almagla
doyisikliyo ugrayir. Ilkin halda amsali monfi olan Xz doyisoni yoxetmo prose-
sindon sonraki miisbat amsala malik olur. Yeno do yeni magsad funksiyasinin

axirinct  diagonal bloka uygun ¢* = (0,—10,0.45,—11,28) omsallar

vektorunun sagdan sola ilk miisbat koordinatini se¢irik. Bu koordinat 0.45 olub
X7 -nin amsalidir. Sartlordon X7 -nin omsali miisbat olani barabarliys ¢eviririk.
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—0.6x; — 0.4x, — 0.1x; — 0.8x, — 0.2x, — 0.1x, + 1x, — 0.6x, — 1 =0 (5)
(1)-in koémoayilo (2)-don Xs-i konarlasdiririq. (1)-in hor iki torofini 0.2-yo
vuraq:
20.29%; — 0.12x, — 0.14x, — 0.06x, + 0.2, — 0x; — 0.06, — 0.03x,— 0.29 = 0
Boraborliyin sol torafini (5)-nin sol torafi ilo toplayaq:
—0.95x, — 0.55x, — 0.26x; — 0.91x, + 0x; — 0.1x, + 1x, — 0.67x, —1.31 =10
Boraborliyin har iki torafini 0.94-9 boliiriik:

—0.95x, — 0.55x, — 0.26x; — 0.91x, + 0x; — 0.1x, + 1x,— 0.67x, — 1.31 =0 (6)

(6)-dan istifado edib X7 -ni mogsad funksiyasindan konarlagdiraq. (6)-nin sol
torofini (-0.45)-0 vuragq:

0.43x;, +0.25%, + 0.12x, + 0.41x, + 0x; + 0.05x, — 045x, + 0.3x, + 059 =10
Baraborliyin sol torafini magsad funksiyasinin iizorino golok

5.58— 2.8x, — 6.33x; + 2.86x, — 0x; — 9.95%, + 0%, — 11y, + 7.74 > max (7)

yenidon €% vektorunu tortib edirik:
€*=(0,-9.95,0, -11)

. ﬂp © ee e rﬂp:{] xﬂp:n - .. 2 .
Masalonin X~ halli tigiin *s » e oldugunu gobul edirik. € -nin
miisbat koordinat1 olmadig {i¢iin kegid edirik 2-ci addima.

2-ci addim
Bu addimda birinci blokla bagli asagidaki masoloya baxiriq:

0.8x; — 0.1x, —0.3x; — 0.1x, < 4,
—0.1x, + 0.7x, — 0.1x; — 0.4x, = 3,
—0.3x, — 0.2x,+ 0.8x, — 0.1x, =5,
—0.1x; — 0.4x, — 0.1x; + 1x, = 2,

Z =05.58—-2.8x, —6.33x; +2.86x,+7.74 = max

I-ci addima analoji olaraq herokat edirik. Magsad funksiyasinin birinci
bloka uygun

ct = (5.58 —2.8,—6.33, 2.86)

omsallar vektorunu tortib edirik. Sagdan ilk miisbat koordinati, yoni *a-iin
omsalini se¢irik vo mosalonin sortlorindon bu doyisonin amsali miisbat olani
secib onu barabarliys ¢eviririk:
cl = (5.58,—-2.8,—6.33,2.86) (8)

olacaq.

(7)-don istifado edib mogsod funksiyasindan Xa-ii konarlagdiririq.
Ovvalca (7)-nin hor iki torafini (-2.86)-ya vuragq.
0.29x, + 1.14x, + 0.29x; — 2.86x, + 5.72 =10
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Baraborliyin sag torafini magsod funksiyasinin iizerina slava edak.

Z =5.87x, —1.66x, —5.04x; + 0x, + 13.36 = max
¢ =(5.87,—1.66,—5.04,0),

c1=587>0.
Onda masalonin birinci sartini

tonliyi ilo ovaz edirik. Bu tonlikdon (8)-in vasitasilo Xa -ii konarlasdiririg. (7)-
nin hor iki torofini 0.1-0 vuragq.

—0.01x;, — 0.04%, — 0.01x, + 0.1x,— 0.2 =0
Boraborliyin sol torafini (9)-un sol torafinin tizorinoe slavo edok
—0.01x, — 0.04x, — 0.01x; + 0.1x,— 0.2 =0

Indi iso X1 -in omsalin1 soldaki ifadedo 1-9 geviron omaliyyat icra edok:

x; —0.18x, — 04x;+0x, —544=10 (10)
(10)-nun komoyile X-i Z-in axirinc1 ifadesinden konarlasdiraq.
Z =0x;, —0.62x, — 3.73x; — 0x, + O0x; + 40.66 — max

C*_in yeni ifadosini yazaq:
cl = (OJ —0.62, —O.TSJO)
. op _ ap _

Cl.l =< 0,1 =1,23,4 oldugundan 2-ci addim1 tamamlayiriq vo x:p =0, -}Cap =0

g . or | 0P 40P 10D ,0p .
gobul edirik. Optimal X hollin qalan *1 -*& +*; -%*s  koordinatlari
(10),(8),(6),(4) ifadslorinin kdmayilo ardicil olaraq asagidaki kimi hesablanir:

o

Xy ¥ =15.32 ( (10)-dan alinq),
_xip = {J.l}cfp + 2 = 2.54 ((8)-don alinq),
.!C.?p = 0.9 5.%’?‘” + ﬂ.gl.rjp + 1.31 = 8.78 ((6)-don aliriq),

P = 1.43x7 + 0.29x°7 + 0.29x%° + 1.43 = 12.09
((4)-don alinq).

Demali,
X0P = (5.32,0,0, 253 12.57.0.9.73 0)
7°7 — 40.66 ’

Beloliklo, diaqonal bloklarin say1 qodor (baxdigimiz misalda bu say ikiyo
borabardir) vo har dofs diaqonal blokun satrlori say1 qodor dayisonlorin bir
hissasindon istifado etmoklo ( bizim halda sotrlorin say1 dorde, istifado olunan
doyisonlorin say1 iso ikidir) sokkiz doyisonli mosaloni iki morholodo hall etdik.
Basqa s6zlo ilkin masoloni iki ki¢ik mosaloys gotirdik. Holl prosesindo bu iki
maosalo arasindaki olago mosalonin kriteriyasi vasitosilo koordina edilirdi.
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3. Ayrilis alqoritminin sarhi
Ayrilis alqortminin misal {izorindo sorhi onu asanligla imumi hala
genislondirmoys imkan verir.
Algoritmin gorhi.
Alqoritmin satr formasinda icrasi

Ay Xt + Az + -+ A X 4 A X < D™, (1)

Ti—-1.,-Tl-1 T - TL

L=+ X x0T a0 X (1)

c™=(cihcd, . Cm) (13)
ifadolorini (1)-don gotiirtib (12)-nin tizorinds (13) vo (12)-don istifado etmoklo
asagidaki ¢evirmoni icra edirik. ©vvalco Me = minfkley,_ > 0,k =01, ..., (- 1)}
adadinin olub olmadigini yoxlayirig. Olmadigda sonraki addima kegirik. e -

n oldugu halda
(Apxt+ At + o Ay x4 Appxm < bﬂ}m,:'ibﬂ)m,

(14)
boraborliyindon Xfhe -1n yerdo galan xq doyisonlori ilo ifadosini (12)-do Clh -
da yerino yaziriq vo bu zaman (12)-nin yeni ifadosini

Z(1) — ey 4 02V yz 4 o g pnriyn-1 | pninyn g (1)

tortib edirik. £ (1) -in omsallart Z -in smsallarmdan yalniz miisbat artim al-
magqla forqlona bilar vo alt) =0 .

Indiiso € n(1) vektoru ii¢iin
m, =min {k|c;‘jiﬂ{ =0k=01,...m— 1}
kimi odadin olub olmadigin1 yoxlayiriq. Olmadiqda sonraki addima kegirik.
Ogor belo adod varsa, onda M1 # Ma vo (14)-don istifado etmoklo
(Anax* + AnaX* + -+ ApnX™),, D, (15)

boraborliyindon Amg yox edirik, sonra iso yeni alinmis (15) borabarliyinin

komoyilo X, -i z -in ifadesindon konarlagdirib z(2) V) al?) -ni hesab-
layirig. € ™ _nin koordinatlarinin say1 sonlu oldugu ti¢iin proses sonlu addimdan
sonra basa catacaqdir. Sonda bloklarin say1 bir vahid az olan (1) masolosini
almis oluruqg. Deyilonlori yeni alinmis (1) masalosi iiclin icra edirik. Beloliklo,
n sayda UTLXMM)- §lciilii matrisin yalniz bir hissosi iizorinde Qaus yoxetmosini
icra etmoklo (1) mosalasini hall etmis oluruqg.

Algoritmin osaslandirilmast [3]-doki xassalordon bilavasite alinir. Toqdim

olunan ayrilis sxeminin [3]-do togdim olunan holl sxemindon {istiinliiyii Aj;
blokundan istifado olunmagqla (14) ilo bagli ¢evirmo prosesindo basqa diaqonal
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bloku olan mohdudiyyatloro miiracioto llizumun olmamasidir. Basqa s6zlo (1)-
in hoall prosesini n-sayda daha kigikol¢iilii mosaloalorin halline gotirmis olurug.

Ayrilis sxeminin blok sakilli icrasi
ovvalco
Apnx™ < b xm = (0, (16)

cx™ o max::
kimi mosoaloyo baxiriq. Algoritmin sotr formasinda olan variantindaki kimi
horakot edirik, lakin bu zaman yalniz xmn doyisonli
E(A:'rm xn)i = bi
borabarliklorindon istifads edib Xi' doayisonlarini uygun olaraq blok soklinda

[3]-dokina uygun olaraq lazim goldikco € "X™ don konarlasdiririq vo sonda
konarlagdirilan doyisonlori (16) masolosinin optimal bazis hollinin bazis
doyisonlori kimi gobul edirik. Bu doyisonlor hom do (1) mosalosinin optimal

bazis hallinin bazis doyisonlori olur. Sadolik ii¢lin bu doyisonlorin
XM= (X XT e X e X)) sirasimm ilk K yerds durdugunu forz edok.
Onda ayrilis alqoritmin is prinsipine asason (1)-in axirinci blok formali sortini

AJ x“) =bPi=1,.,k,
(AT P (17)
sorti ilo ovoz edo bilorik. (17)-doki bazis doyigonlorin bazis olmayan
dayisonlorlo agagidaki ifadssini yaza bilorik:

X0 = AL ARy xnbe AR b 19)
Burada Afn- AR, XM BT poklan XM -ya uygun App. x™
vo B™ = don kasilib ayrilan hissolordir. Onda (12)-don xnb -yo daxil olan

dayisonlori yox etmok tli¢lin AP tors matrisini yox c"PARS i hesablamaq
kifayotdir. Ciinki geyd olunan ¢evirmo (12)-ni

(cr-c"PABZ AR )Xt + - 4 (c™-t - ¢ AL, ARG )x™t+ cPARLD

soklino salir. c"PALS -ni bilmokls bu ¢evirmoni icra eds bilarik.

nbh g2 .. b C
¢ A*rm - N1 189 ‘qﬂ:.rr, tors matrisini tapmadan

b b
Udpn =c" (19)
tonliyinin hoalli kimi tapa bilorik. Tolob olunan hallin tapilmasi bir ¢ox halda
by _
tors matrisin tapilmasindan sados olur. Belaliklo, ayrilis sxemini Api=1..n

bloklarin komayils diizalon ki olgiili (19) kimi tonliklorin hallindan istifads
olunan bir sxem kimi toqdim etmis olurugq.

Bloklarin say1 ¢ox olduqda, Aji Jorin Olciisii iso kicik olduqda ayrilis
alqgoritminin blok goklindoki icrasina {istliinliik vermok magsodouygundur.
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Bloklarin say1 az olduqda iso alqoritmin sotr formasinda olan variantina
istiinliik vermok lazimdir.

Ayrilis alqoritminin iterativ formada icrasi
Ovvalco (1) mosalosinin sortlorindo sado ¢evirmo aparmagla Ann lori

E - Znn kimi toqdim edirik.Burada Enxn jicili vahid matrisdir, Ann iso

monfi olmayan elementli TPXTTL _ §l¢iilii matrisdir. Onda
urt =max(0.c'+u"d;),ur=0,i=1,..

(20)
ardicilliginin kdmayilo
T AP b
udj; =c 21)
tonliklorinin hallorini tapiriq. (21)-in halli (20)-nin hallindon sifir olan
T g
koordinatlar1 atmagqla alinir. (21)-in halli ;L"l W= imi tapilir.

fterativ {isul proqram tominati {i¢iin olverislidir. Ciinki bu halda ayrilis sxemi n
sayda sado iterasiyaya yaxin iterasiyani icra etmoklo toskil oluna bilor.

Qeyd: Ayrilis sxeminin blok vo iterativ formalar1 (1) mosolosina qosma
olan masloni hall edir. Sotrlo olan ayrilis sxemi iso (1) masalosinin optimal hoal-
lini bilavasito tapir. ikinci halda (1)-in optimal hallini qurmagq iigiin alava olaraq

b _ .
n sayda Affxb =bhi=1,..n tonliklori hall etmoli olurug. Lakin elo mosaloalor
var ki, yalniz ikili mosoloni hall etmok kifayst edir. Masalon, bizi qoyulmus
maosalonin optimal qiymati maraglandirirsa onda ikili masalonin holli kifayotdir.
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CXEMA PA3JIOKEHUSA JJIs1 PEIIEHUS OJTHOM BJIOUHO-TUATOHAJIBHOM
®OPMBI 3AJJAYU JTUHEMXHOI'O ITIPOT'PAMMMPOBAHMSI

P.I.-TAMHUIOB
PE3IOME

B pabote mpemraraercsi cxema pasloKEHHs U PEIICHHWs OHOW 3a/1add JIMHEHHOTO
MIPOrpaMMHPOBaHUS OOJIBIION Pa3MEPHOCTHIO OJIOYHO-TpeyroyibHyto (opmbl 3amucu. Cxema
pas3lIoKEeHUsT TpejularaeTcs B TPEX BapHaHTaX CTPOYHBIH OJOYHBIH W HWTEPAlMOHHBIM.
[TpuBoMTCS YKMCIIOBOM NpUMeEp ¢ LENbI0 0oJiee eTaabHO WILTIOCTPUPOBATH OTAEIbHBIC IIark
CXEMBI M IMETh HaTJIAHOE MTPEICTABICHHUE O €€ YUCIOBOH peanu3anun 1 3¢ dekTnBHOCTH.

KaroueBble ciioBa: JIuHeiiHOe nporpaMMUPOBaHUe, 0a3UCHOE PEIlIeHNE, CUMILIICKC Me-
TOJI, OJIOYHOE TIPOrPAMMHUPOBAHHE
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ONE BLOCK-TRIANGLE SHAPE OF LINEAR PROGRAMMING
PROBLEM AND DECOMPOSITION SCHEME FOR ITS SOLUTION

R.H.HAMIDOV
SUMMARY
One block triangle shape linear programming problem is considered and a decom-
position method is suggested to solve the problem by solving a number of problems with less
dimentions. A numerical example is given to illustrate more details each step of decomposition
scheme and its effiency.

Keywords: Linear programming, basis solution, simplex method, block programming
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Kax uszeecniHo, mpaduuuom—tble Memoobl 8bIYUCTICHUS onpeaeﬂem-toeo unmeepajia 3a-
Ko4aromces 6 3ameHe nO()bleeepaJlemZ d)yHKL]uu KaKMM'HM6y()b UHMePnoIAYUOHHbIM MHO-
COYJIEHOM U 6 8blUUCIeHUU UHmezpala om MHO20YIeHO8 U36ECMHbIM cnocooom. Taxkum o6pa-
30M, nojydaem, 4mo mo4vHocnbo M€m0()08, NPUMEHEHHbIX K 6blYUCIEHUIO onpe()eﬂeHHblx unme-
cpanoe, 3asucum om cmeneHu UHmepnoaAyuuU MHO2041€eH08. 30ecwb 0ns ebluucaeHUS onpede-
JIEHHbIX UHmezcpaioe npedﬂaeaiomc;l Memot)bl, 6 nocmpoeruu Komopbvlx He I’lpLDCO()MWIC}Z uc-
nojb306anmb URMEPNOJIAYUOHHbIE MHOCOYJIEHbL. ﬂOKaSCZHO, umo no flpe()]lO.?IC@HHblM 30ecb Mme-
mooam MOINCHO nocmpounto MemoOobl 05l BbIYUCTCHUS 0np€()€ﬂ€HHblx uHmeepaios c BLICOKOIL
MO4YHOCmMbI0. HOC‘mpOEHbl KOHKpemHble Men’lOabl, Komopbsie Oviu UITIOCMPUPOBAHbL C NOMO-
wobro MOOENbHbIX unmezcpaios.

KaroueBble cjioBa: onpeeneHHbIi uaTerpat, 3agada Komm, OJY, MHOTOIIaroBbIii METO/I.

Beruncnennem onpeeneHHbIX MHTETPAIOB YYEHbIE 3aHUMAKOTCS, HaYu-
Has ¢ Hprorona. OqHUM U3 NONYJISIPHBIX METOJOB YHCIEHHOI'O MHTETPUPOBA-
HUS CBSI3aHO ¢ MMeHeM HbloTOHA, KOTOpBIM OOBIYHO HA3BIBAETCS METOJOM
Hrrotona-Korecca. B nmoctpoenun 3Toro MeToja MCIONIb30BaHbl MHTEPIOJIS-
LMOHHbIE MHOTOWIeHb! Hpr0TOHA.

OTmMeTHM, 4TO TOYHOCTh METOJOB, MOCTPOEHHBIX 10 BBIIEYKa3aHHOU
CXeMe, HE IPEBBIIIAECT KOJIMYECTBO TOYEK, NCIIOIb30BAHHBIX B 3TUX METOMAAX.
UYtoObl moCcTpOUTh O0JIee TOUHBIE METO/bI, ['ayce MpeaioKuil UCIoIb30BaTh B
MHTEPIOJSIIUOHHOM MHOTOWJIEHE WHTETpajbHblE TOYKM KaK HEM3BECTHBIE, C
MOMOIIIBIO TTOA00pa KOTOPHIX MOBBICUTCS TOUHOCTh METO/Ia, UCIIOJIb30BAHHOTO
JUIS BBIYMCIICHUS ONPEAEIEHHOr0 HHTerpaia. Kak u3BeCTHO B 3TOM Cilydae IUis
OIpEEICHUs 3HAYCHNUS] UHTEIPAIBHBIX TOYEK CTAJIKMBAEMCS C PELICHUEM He-
JUHEMHON cucTeMbl anreOpandyeckux ypaBHeHHH. J[s ympolueHus Haxoxnie-
HUs 3HAYEHUN JTUX MHTETPAIbHBIX TOYEK, HEKOTOPBIE aBTOPBI IPEIIIOKUIN
HCIIOJIb30BaTh U3BECTHBIE CTAHAAPTHBIE MHOTOYJICHBI.

371ech [UIsl BBIYUCIICHUS 3HAUYEHUI OINPEAEIIEHHOTO MHTErpaia Mpearno-
JIaraeTcsl UCIOIb30BATh HETPAJAMIIMOHHBIA METOJ, C IMOMOIIBI0 KOTOPOTO IO-
CTPOEHBI KOHKPETHBIE METObI, SBIISAOLINEcs 0ojiee TOYHBIMHM, YEM METOMbI
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lNaycca. 3nech Taxke HaiiieHa CBSI3b MeXIy MeTonoM [aycca u ruOpUIHBIM
METOJI0M, KOTOPBIi IOCTPOEH Ha CThIKE MeTOA0B Anamca u Pynre-Kyrra.

Tenepb npeanonaokum, 4To TpeOyeTCsl BHIUUCIUTH 3HAYEHHUE CIIEIYIO-
LIETO OIPE/IETICHHOIO UHTErpaa:

b
1 (b) = j f (s)ds, (1)

3nech, 3aaHHas JOCTATOYHO Tiankas QyHkius f(X) ompeneneHa Ha
oTpeske [a,b].
[lenb maHHOW pabOTHI, KaK OBLIO OTMEYCHO, 3aKJIHOYACTCS B MOCTPOE-

HUM METOJA JJISI BBIYMCIICHHS TPUOMKEHHOTO 3HaueHus uHTerpana (1). C
ATOM LENBI0 PACCMOTPUM CIEAYIOINN HEOTPEACIICHHBIN HHTErpal:

y(X) = j f(s)ds, xela,b]. )

OueBuaHO, yTO QYHKIMA Y(X) TaKxke ABISETCA TMaaAKod (yHKUIMEH, onpese-
neHHoi Ha otpeske [a,b] u y(b)=1(b). Ansa naxoxnenus 3nayenus |(b) or-
pe3ok [a,b] ¢ momormpo uHTErpanbHbix Touek X, =a+ih (i=0,1,..,N) pas-
ouBaem Ha N paBHBIX YacTeil W 3a TpaHUYHBIC WHTETPAIBHBIE TOUKU OepemM
Xou Xy, T.e. X, =a, Xy =Db.3mece h> 0 sBasercs mwarom pazoueHus.

Kak cnenyer u3 onucaHusi, Halia 1ellb 3aKI0YaeTCs B MOCTPOSHUH 00-
Jiee TOYHBIX METO/IOB BhIYMCIICHUs 3HAaueHU QyHkuuu Y(X). [lockonbky co-

OTHoLIEeHUE (2) sBIISIETCS] paBEHCTBOM, TO U3 HETO MOKHO HAIUCATh:

y'(x)=f(x), y@=0. (3)
TakuM 00pa3oM, BBIUKCICHHE OMPECIEHHOTO WHTETpaia CBEIH K PEIICHUIO
3amaun Komm mst OJ1Y nepBoro mopsiaka. Kak n3BectHo, HaunHas ¢ Ditiepa,
pemenue 3anaun Komm nns OY cBenu K pelieHuio MHTErpaIibHOTO ypaBHe-
HUS, B KOTOPOM, 3aMEHsISl MHTETpaJl HEKOTOPBIMU KBaJpaTypHbIMU (hopMmyia-
MU, MOJYYUIIM METOJI pemeHus 3anaun Kommu. 3nech npeanaraeTcsi UCIoJb30-
BaTh 00paTHOE, T.€. C MOMOIIbI0 pereHus 3aaaun Komm mis OJ[Y Beraucnuth
3HAUEHUs OMpPENEJICHHOT0 MHTerpajia. A TakkKe JOKaKeM, YTO TaKOW Crocod
MOKHO CHHUTATh OIlpaBJaHHBIM.

1
§1 IlocTpoeHne MHOrOIIATOBOI0 METO/A
Kak Obu10 OTMEYEHO BBbIIIE, ISl pelIeHus 3a1auu (3) MOKHO MCTOIb30-
BaTh CIEIYIOIIEE PABEHCTBO:

' Jannas paGoma ewinonnena npu gunancosoii noddepicke Ponda Pazeumus Hayku npu
Ipesudenme Asepbaiioacancxoii Pecnyonuxu - I panmMNEIF-KETPL-2-2015-1(25)-56/07/1
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YOO = y(x,)+ [ f(s)ds, y(a)=0. )

Hcnonp3ys kakyro-HUOYAb KBaApaTypHYIO (OpMyTy MOMXHO BBIYHUCIUTH 3HA-
yenue Yy(b). B 3ToM ciyuae B sydiieM BapuaHTE MOXKEM MOJIYYUTb METOJIbI

tuna Anamca. ITockonbKy 1€/ JaHHOM paOOoThI 3aKII0YaeTCsl B BBIYMCICHUN
3HaYeHU’ PyHKIMH Y(X) € BBICOKOM TOYHOCTBIO K peIIeHHIo 3a1auu (3) npu-

MEHUM KOHEYHO-Pa3HOCTHBIN METOJI, KOTOPBI OOBIYHO 3alMCHIBACTCS B Clie-
TYIOIIIEM BUJIE:

2 %Yo =N By YO=100 (N=012..N=k). (5

3nech kodppuumentsr &, B (1=0,1,2,...,K) mogdupaem tak, uroosl MeToz (5)
UMeJl MaKCUMaJIbHBIH MOPSIIOK TOYHOCTH. M3BecTHO, uTO eciu Kod(puireHTs
o, B (1=0,12,.,K) y1oBaeTBopsrOT crenyromeil cucTeMe anrebpandeckux
YpaBHEHUU:

IZO k|:0i i=0 (6)
Yo=Y B (1=23..p)

TO METOJ] IMeeT MOPSIA0K ToOYHOCTH P . OT™MeTHM, uTto ecinu ¢, # 0, To U3 pa-
BEHCTBA (5) MOXeM HaWTH 3HAYEHHE BEIMYMHBI Y, . B 3TOM ciyuae cooTHO-

menne (5) mpeBpamiaeTcs B KOHEUHO-PA3HOCTHOE ypaBHEHUS C MOPAIKOM K .
Kak cnemyer orctoma k sBisieTcsl OPSIIKOM Pa3HOCTHBIX MeTO/MOB. [loaTomy
JUISL OTIpEJICNIeHUs] TOYHOCTH KOHEYHO-Pa3HOCTHOTO MeToAa (5) ucmoib3yem
MOHATHE CTETIEHW METOMA, KOTOPYIO OmpejaessieM B cieayromeM Bupe. Llemo-
YHCJIEHHAsl BEJIMYMHA P SIBISIETCS CTENEHbIo Meroda (5), eciau MMEeT MeCTO

() (513% 011 (S[CK
k
Y (e y(x+ih)—hBy (x+ih) =0(h""), h—0. (7)
i=0

3mech X = X, + N -guxcnpoBanHas Touka.

Jlnst Toro, 9TOOBI UMEJIO MECTO aCUMITOTUYECKOE COoTHOIIeHue (7) He-
00XOAMMBIM U JIOCTATOYHBIM YCIIOBHEM SIBJISIETCS YIIOBJIETBOpeHHE KO u-
LMEHTOB MeTo1a (5) cuctemsl ypaBHeHUH (6).

[Ipeanonaraem, yro kodhduimentsl &, S, (i =0,1,2,....K) ynosnerBopsiror
CIEYIONIUM YCIOBHSAM:
A. Koopduuentsr ¢, B (i =0,1,2,...,K) -nexkoropbie  nelicTBuTensHbIe

qpucia, npudeM o, # 0.
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B. Muorousniesst
k _ K .
pM)=Y ad;  o(A)=) B
i=0 i=0

HC UMCIOT O6HII/IX MHOKHUTEIIEH OTJIMYHEIX OT KOHCTAHTEL.
C. Merox (5) umeer creners P = 1u o(1) #0.

Kak u3BecTHO, OTHUM M3 OCHOBHBIX CBOMCTB MeTona (5) 3aKI04YaeTcs B €ro
YCTOMYMBOCTH, TIOCKOJIBKY YCTOWYHUBOCTh METO1a (5) SIBISIETCS HEOOXOIUMBIM
U JOCTaTOYHBIM YCIIOBHEM €T0 yCTOMUMBOCTH. Metox (5) sBiseTcs yCTOWYH-
BBIM, €CJIM KOpU MHOTowieHa p(A)aexaT BHYTPH €IMHUYHOTO Kpyra, Ha rpa-

HUIIE KOTOPOro HET KpaTHbIX KopHel. 13 ycnosus C canenyer, uro p(1) =0 sB-
asieTcss HeoOXOAUMBIM yclloBHEM ycToitunBoctu. Kak cienyer u3 cucremsl (6),
MaKCHMallbHOE 3HAYE€HHE JIsl CTENCHU paBHo P = 2K . YuursBas, uto kak

TEOPETUUECKUH, TaK U MPAKTUUECKUN MHTEPEC MPEACTABIIAIOT YCTOMUYMBEE Me-
ToABl. JlanbKBUCTOM J0Ka3aHO, UTO €CIu MeTOJ (5) yCTOWYUB, TO UMEET MECTO
p<2[k/2]+2u mist KaXA0TO K CyIIeCTBYIOT YCTOMYHMBBIE METOIBI CO CTETe-
Hpto p=2[k/2]+2,H0 eciu S, =0, 10 p <k (cm. manp. [10], [11], [12]).

[To pesynbpraram [lanbkBUCTa MOJy4aeMm, 4TO JUIsl TIOCTpPOEHUsl Oojee
TOYHBIX YCTOWYUBBIX KOHEYHO-PA3HOCTHBIX METOJIOB HY>KHO MOJIU(UIIMPOBATH
MeTo (5). C 3Tol 1HeNNbI0 MOXKHO HCITOIh30BaTh METOJIBI THIIA 3a0eraHus BIIe-
pell, KOTOPBI B OAHOM BapUaHTE UMEET CIETYIOIINI BU/I;

k—m k
Yy, =hY B, m>0, a_, #0. (8)
i=0 i=0

H3BecTHO, uTO eciu MeTof (8) ycroiuus, TO P <K+ mM+1 U CymecTBYIOT yc-
TOMUMBbIE METOIBI CO cTenenbio P =K+m+1 mis k >3m (cm. mamp. [12]).
OtmeruM, 4TO /I BBIYMCIIEHUS 3HAYEHHH Y, , 10 MeTo] (8) morpedyercs

U3BECTHOCTb 3HAUCHUN Y, .\ niis-e> Ynik » KOTOPBIE SIBISIIOTCS MPUOIMKEHHBIMU

3HaueHussMU pemeHust 3aaaun Komwm (3) B mocnenyromux Toukax. Ecmum
n+k—-m=N, To B ¢opmyse /s BeuucaeHus 3HadyeHu y(b) Oyzner yuact-

BoBaTh 3HaueHue (yHkuuu f(X) BHe oTpe3ka [a,b] B KOTOpBIX (QyHKUIMS
f (X) moxet ObITh He ompeneneHa. [loaTomy Meron (8) MOKHO HUCHIOIB30BATh
B TeX cllydasix, korja f(X) ompezeneHa Ha HEKOTOPOM pacCIIMPEHUHU OTpPE3Ka,
Hanpumep Ha orpeske:[a,b+&], € > 0-HeKoTopbIil mapamerp.
Jlis moctpoeHust 601ee TOUHBIX METOJOB MOXHO HCIOJb30BaTh Cle-
JIyIOTIyio ®2lewy: k k
ZO{i Yoii = hZﬂi ot hz V2 fn+i+vi , (JVi| <Li=0,L,.., k) 9
i=0 i=0

i=0
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OuesuaHo, uto mpu 1=0 u ¥, =0 (i=0,,..,K)u3 popmynst (9) MmoxHO 1O-
nyauth  Mmeton (8), a mpu 1=0,4=0 (i=01..,K) u npu
|}/0|+|}/1|+...+|}/k| #0 u3 ¢popmyinsl (9) MOXKHO MONTYYUTh THOPUAHBIA METO.

OtmeTnM, 4TO THOPUAHBIE METOJBI MOCTPOEHBI HAa CTHIKE METOJ0B A/amMca U
Pynre-Kyrra (cm. Hamp. [13], [14]). OtmeTum, uto nipu | = 0u3 popmymnsl (9)
MoJIy9aeM THOPUIHBIC METOJBI ¢ 3a0eraHWeM BIIEpE] WM Ke METoja THIa
(8).Takum oOpazomMm, momydaem, 4to mMetoxa (9) sBisercs Oonee OOmMUM, YeM
M3BECTHBIC HAM MeToAbl. OTMETHM, YTO METOJIbI, UCIIOJIB30BAHHBIC BBIIIC IO~
HSATHUS YCTOMYUBOCTH U cTeNeHb MeTo10B (8) u (9) ompeaenstoTcs aHAIOTHYHO,
a IMEHHO 3aMEHON aCHMITOTHYECKOTO PaBeHCTBA (7) CO CIETYIOIIM:

Eai y(x+ih)— hi(ﬂi y(x+ih) =y (x+(i+v,)h))=0(h*"), h—0.(10)

i=0 i=0
Otmetum, uto ycrnoBusi A,B u C 1y1st MeTo10B, OMy4eHHBIX U3 (hopmyisl (9),
3aMUCBIBAIOTCSA B CIEAYIOMICH Gopme:
A. Kospduuentst o, (1=012,...k=1),8,7. (i=012,..,k)-
HEKOTOpBIE JICHCTBUTENBHBIC Ynciia, TpudeM ¢, | # 0.

B. Muorousiesbst

9(1)520{,,1', O‘(ﬂ)EZﬂlﬂ" 7(1)Ezy/lﬂ|+vl

HE UMEIOT OOIIMX MHOKUTENIEH OTIUYHBIX OT KOHCTAHTHI.

C. Crenens Meroza ynosieTBopsieT ycinosuo p>1u o(1)+ p(1)#0.
OTmeTHM, 4TO MOCKOJIBKY CBOMCTBA JTMHEHHBIX YacTeW AJIA ATHX METOJOB OIl-
peneNsiFoTC OJHAM M TeM e CIOCOOOM, CIIeOBATEeNbHO, YCTOMYMUBOCTH H
TOYHOCTb JJIs 3TUX METOJIOB OMpEeNseTcs 0 OJUHAKOBOM cxeme. Hampumep
JUIsE TOTO 4TOOBI MeTox (9) uMen cTemneHb P ,ero KO3 UIUEHTHI YIOBIETBO-

PAXOT CICAYIOIIUM YCIIOBUAM:
k—I k—I

Zai =0; ; (5 +7/i)=ziai;

i=0 i i=0

i lﬂ+(i+vi)l _g iH1 o (|—12 _q (11)
T s (E =12..p=1).

i=0 I' I i=0
Taxkum o6pazom, 10kazaHo, 4TO MeTO (9) 0000IIaeT BHIICTIPUBEICHHBIE Me-
TOJIbI M TO3TOMY HCCIIEIOBAHUE €T0 MPEACTABISAET KaK TEOPETUUECKUH, TaK U
MPAaKTUYECKUI UHTEPEC.
Otmerum, uro cucrema (11) sBisercs HENUHEWHBIM B Cllydae

|V0| + |V1 | +..+ |Vk| #0. Kax HN3BCCTHO, HaAlTH TOYHBIC peliCHusd TaKUX CUCTCM

ynaercs He Bcerga. 110oToMy 4acTo s pelIeHus TaKUX HEJIMHEHHBIX CHCTEM
anredpanvyeckux ypaBHEHUH MCMONb3YIOTCS MPUOIMKEHHbIE MeTobl. B cuc-
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teme (11) xonnyecTBO ypaBHEHUH paBHO P+1, a KOJIMYECTBO HEU3BECTHBIX
4k +4—1. MoxuHo oxunmarb, yro cucrema (11) mpu p <4k +2—10yger
uMeTh perieHune. O4eBHUIHO, YTO METOJbI, UMEIOIIME cTeneHb P =4k +2—|

pu k > 2 06b19HO ObIBatOT HeycTOoWuuBBIMU. [loaTOMy cucremy (11) uccneny-
eM B ciydae p <4k +2—1. Orcrona criemyer, 9To METObI TUTIA (9) SBISIOTCS

Gosee ToUHBIMH, YyeM MeToabl THna (5), (8) u (9) mpu B, =0 (i=0,1,...,k).

[TosToMy paccMOTpUM IMPUMEHEHHE METOJIOB, MOJyYeHHBIX U3 (hopmysl (9) K
pemenuto 3a1a4u (3). C aToi 1enpio paccMoTpuM cityuait koraa k = 1. Cnepsa

nocrpoum metox npu S, =3, =0, a 3arem noctpoum meton mis S, =0, a

3arem noctpoum meton korma S, #0, ¥, #0 (t=0,1). Takum o6pasom, 31ech
MOCTPOUM CJIEYIOIINE YCTOUYHUBBIE METOIbI:

Yasi = Yo +N(Vna + Yauro)/ 2o 0 =1/2-4/37/6, (12)

Vo = Yo + 20y, 19+ h(16+46)Y, s, +(16+6)Y) 015, )/36,

o =+/6/10,

Vour = Yo + DY, + Y0 )1+ 50(y) s + Vius )12, B=1/2-5/10.  (14)

Meton (12) siBasieTcsi THOPUAHBIM METOJOM U HUMEET CTENeHb P =4, METOJ

(13)

(13) BxonuT B Ki1acc MeTo0B TUMa (9), UMEeT cTeneHb P =5 U SABIsIeTCA 5B-
HBIM, T.€. IIpaBast YaCTh ITOI'0 METO/1a HE 3aBUCUT OT UCKOMOM BEJIMYMHEI Y, ., .
A wmeton (14) aBnsercs HESBHBIM, UMEET CTeNeHb P =6 u meron (14) umeer
MaKCUMaJbHYl0 TOYHOCTh mpu k =1. OueBuano, yro wmerox (9) mnpu
S.=0 (i=0,L...,K)umeer crenenr u modTOMy Tpu K =1 MMEET CTENEHb
p=4. A meronsl noiaydeHHsle u3 (9) umeer crenenb P <4K+2u crnegosa-
TeJIbHO MpH K =1 uMmeer MecTo p < 6, 4TO UMEET MecTo i MeToza (14).
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MUOYYON INTEQRALLARIN HESABLANMASINA
QEYRIi-ONONOVi USULUN TOTBIiQi

M.N.IMANOVA
XULASO

Molumdur ki, miioyyon inteqrallarin hesablanmasina totbiq olunan ononovi iisullarda,
inteqralaltt funksiyanin hor hansi bir interpolyasiya ¢oxhadlisi ilo ovoz olunmasindan vo alinan
inteqralin malum iisullarla hesablanmasindan ibaratdir. Beloliklo aliriq ki, miioyyan inteqralin
hesablanmasina totbiq olunan {isulun doqiqliyi interpolyasiya ¢oxhadlisinin doracosindon asi-
lidir. Burada miisyyan inteqralin hesablanmasina els iisul tatbiq olunur ki, onun qurulmasinda
interpolyasiya ¢oxhadlisindan istifads olunmasin. Toklif olunan iisulun kdmoyilo miioyyan in-
teqrallarin hesablanmasi ii¢lin yiiksok doqiqliye malik iisullarin qurula bilmesi isbat olun-
musdur. Konkret tisullar qurulmus vo onlar model inteqral kdmoyilo niimayis olunmuslar.

Acar sozlar: miioyyon inteqral, Kosi masalosi, ADT, coxaddimli iisullar.

APPLICATION OF NON-CLASSICAL
METHOD TO THE DEFINITE INTEGRAL

M.N.IMANOVA
SUMMARY

It is known that that the methods applied to calculate the definite integrals are con-
structed by the replacing of sub integral fraction with the interpolation polynomial and one of
the known methods calculate them. Thus receive that the exactness of the method has applied
to calculate the definite integrals depends on the degrees of the interpolation polynomials. Here
was proved that by using the proposed way one can construct the methods with the high exact-
ness. Have constructed concrete methods which have illustrated by using the model integral.

Key words: definite integral, Cauchy problem, ODE, multi-step method.

Hocmynuna 6 pedaxyuro: 30.09.2013 2.
Hoonucano xk nevamu: 16.10.2019 e.
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NCCIEJOBAHUE OJHOI'O KJIACCA 3AJAY OIITUMAJIBHOI'O
YHPABJIEHUA C HETUITIOBBIM KPUTEPUEM KAYECTBA
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Paccmampusaemces 3a0aua onmumanbHo20 YNpagieHus, ONUCLIBAEMAs CUCEMOU
00bIKHOBEHHBIX OUDDEPEeHYUATbHBIX YPAGHEHUTI C HEMUNOBbLIM Kpumepuem Kauecmed npu
Npeononodicenul olNyKIOCmu ooaacmu ynpasienus. JJoxasansl Heobxooumvle YCio8us Onmu-
MANLHOCHU NEPBO20 U BMOPO2O NOPAOKOB.

KoaroueBble ciioBa: 3aja4ya ONTUMAaJIbHOTO YIPaBICHHUS, CIELUAIbHOE MPHUPAIICHUE
(byHKIMOHANA KauecTBa, KBa3noco0oe yIpaBlieHNe, TMHEAPU30BAHHBIN TPUHIIMI MAKCHMYyMa.

HexoTtopsle 3ajaun ONTUMAJIBHOIO YIPABICHHUS ONMUCHIBAIOTCA OOBIK-
HOBEHHBIMU AU(pdepeHlInaIbHbIMU YPAaBHEHUSIMU C HETUIIOBBIM KpUTEPHEM
kadyecTBa. [loo0HOrO THNA 3a7a4ll ONTUMAIBHOIO YIPABJICHUS BIIEPBBIE MO-
craBneHo u uzydeHo H.H.Mowuceessim B [1]. OH B paccMaTpuBaeMbIX 3agadax
YCTaHOBWJI aHAJIOT NMpUHIMNA MakcumyMma [lonTpsaruna [2].

B mpennaraemoii paboTte paccMaTpuBaeTCsl aHAJIOTMYHAs 3ajada Ofl-
TUMAaJILHOTO YIPAaBJICHUS MPHU MPEINOI0KEHUN BBIMYKIOCTH 00JacTH YIpaB-
JeHHs. YCTaHOBJIEH aHaJor JIMHeapu3oBaHHOro (nuddepennuanbHoro) [2]
NPUHIUIIA MAKCUMyMa M UCCIIEZIOBAH CIIy4ail ero BBIPOXKIEHUS (KBa3MOCOOBI
ciyyait [3]).

Llenbto mpencTaBICHHON padOThl SBISETCS J10KA3aTENIbCTBO HEOOXO-
JTUMBIX YCIOBUN ONTUMAJIbHOCTH.

IMocTanoBka 3agaun. PaccmoTpuMm 3a7auy 0 MUHUMYME (YHKIMOHAIA

S(u)=@(x(t,))+ ﬂG(t, s, X(t), x(s),u(t),u(s))ds dt , (1)

to to

IIpU OTpaHUYCHUAX
ult)eU cR", teT=[t,.t], 2)
x=f(t,xu), teT, x(t,)=x,. (3)
3nech G(t, s, a, b, u, V)— 3aJlaHHasl CKalsApHas (PyHKIUS HENpephIB-

Has B TXTXR"XR"XR"XR" BMecTe ¢ 4aCTHBIMH TIPOM3BOAHBIMH 110 (,h,U,V)
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710 BTOPOTO MOPSIIKA BKIIOYUTENBHO, f (t, X, u)— 3alaHHasi N -MepHas BEKTOp-

¢byukuus, HenpepsiBHas T XR"XR"' BMecTe ¢ 4acTHBIMH TPOU3BOIHBIMH 110
(x,u) JI0 BTOPOTO IMOPSI/IKA BKIFOYUTEIBHO, 1, I, 3amansl, X, 3aJaHHBIA IOCTO-
SIHHBIN BEKTOp, (o(x)—3anaHHa;1 JBaXIbI HempepbiBHO nuddepeHupyemas B
R" ckamsipHas (yHKIMS, u(t)— r-MepHBIN KyCOYHO-HETIPEPHIBHBIN (C KOHEY-
HBIM YHCJIOM TOYEK pa3pbiBa MEPBOTO pOJAa) BEKTOP YNPABIAIOMIMX BO3JECHUCT-

Buii, U —3agaHHOE HEMyCTOe OrpaHMUYEHHOE U BBIITYKJIOE MHOXKECTBO (JOITyC-
TUMOE YIPaBIICHUE).

Jlonyctumoe yrpaeienue, U(t), mocTapisiomniee MUHMMAIBHOE 3HAUE-
Hue Qynkuuonany (1) mpu orpanumdenusx (2), (3), Ha30BEM ONTHUMAJIbHBIM
yIpaBJICHUEM.

[Ipennonaraercs, 9To KaxaoMy JOMYCTHMOMY YIPaBICHHIO u(t) COOT-
BETCTBYET SAMHCTBEHHOE KyCOYHO-ITIa/Koe perrenue X(t) 3agaun (3).

CneunuanbHoe mnpupamenue ¢yHKIHOHANa KadecTBa. [lycTh
(u(t),x(t)) duxcupoBannbli, a (T(t)=u(t)+Au(t), X(t)=x(t)+Ax(t)) — mpou3BoIL-
HBII JOITYCTUMBIE MPOLECCHI.

BBens o6osnauenue H(t,x,u,y )=y’ f(t,x,u), Ipupamenne GyHKINOHA-
na xadectBa (1) MOXHO 3amucaTh B BHJIE

AS(u)=8(T)-S(u)=[p(x(t,) - p(x(t )]+ (t ) Ax(t )- ]W’(t)AX(t)dt -

= [[H Ex@).u).y)-HExtul)y)d+ W

3nech W =w(t) moka HemssecTHas N-MepHas BeKTOP-QyHKIMS (BEK-
TOP-(QYHKIUS CONPSKEHHBIX TEPEMEHHBIX ).
Ucnoneiys hopmyny Teitnopa npupaiuenue (4) kpurepus kadectna (1)
MO>KHO MPEJICTaBUTh B BHJIE
, I , to
43 (u) = @ () Aty + - 8x(t o (x(t, ) (e, )+ /() Ax() - [ () Ax(t)dt -
ty
t t 1 t
- [H[tau(t)dt— [H; [t]ax(t)dt —EJ[AX’(t)HXX[t]Ax(t)Jr 2AU(t)H, [t]Ax(t)+

) ) )

+AU'(t)H,, [t]Au(t)]dt + tﬁ[Ga[t, s|+G,[s, t]]Ax(t)ds dt + ﬁ[G [t,s]Au(t)+
tht th b (5)

+G, [t,s]Au(s)]ds dt +%tj‘tj‘[Ax'(t)Gaa [t,s]AX(t)+ AX(t)G,, [t s]AX(s) +

foty
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+AX(3)G,, [t, s]Ax(t) + AX'(s) G, [t, s ] Ax(s)]ds dt +— ” AU(t)G,, [t, s]Au(t)+

+AU’(s)G,, [t,s]Au(s)+2Au'(t)G ua[t,s]Ax(t)+2Xl:0() G, [t,s]Ax(s)+
+2AU'(5)G,,[t,s]AX(t)+ 2 Au’(S)G,, [t, s]AX(s)+ 2 AU (t)G,, [t, s]Au(s)]ds dt + 7, (Au),rme o
OHpGI{GJ‘ICHI/IIO
fltl= .t x(t) u(t))
H,[t]=H, (¢ x(t).u

Ga[t,s] G,(t, s, x(t), x(s), u(t), u(s)),

G,[t,s]=G,(t, s, x(t), x(s), u(t), u(s)),

G.alt.s]=Guu(t, s, x(t), x(s), u(t), u(s)).

Gy [t,5]= Gy, (¢, 5, x(2), x(5), u(t). u(s)),

Golt.s]=Gy(t, s, x(t), x(s), u(t), u(s)),

Gyalt. s]=Ga (t, s, x(t). x(s), u(t), u(s))

m(aw)=0, (A%t - [0, (a2 0] Jot+ [ fo.{acte.s) Jasct,
Az(t)= (Ax(), Au(t)),  Ac(t,s)=(Ax(t), Ax(s), Auft), Au(s)) .

311eCh BEIIMYUHBI O, (), i =1, 3 onpenenstoTcs U3 pa3IoKeHUI

_ , 1,
P(R)— p(x) = ¢ ()4~ X, ()40, (|ax ).
H(t, X, T, w)—H(txu,w)=H.(t X u,p)Ax+H/(t,x,u,py)Au +

)

+—(AXH(t, x,u,p ) AX+2AU"H, (t, x,u, ) Ax+ Au’H , (t, X, u, i) Au )+ 02([

G)NI~

( a,b,u ) G(t,s,a,b,u,v)=G,(t,s,a,b,u,v)Aa+G,(t,s,a,b,u,v)Ab +
+%[Aa’Gaa(t,s,a,b,u,v)Aa+Aa’Gab(t,s,a,b,u,v)Ab+Ab’Gba(t,s,a,b,u,v)Aa+
+AD'G,, (t,5,a,b,u,v)Ab+AU'G, (t,S,a,b,u,v)Au+AVG, (t,s,a,b,u,v)Av +
+2AUG,, (t,s,a,b,u,v)Aa+2Au'G, (t,s,a,b,u,v)Ab+ 2 AVG,, (t,s,a,b,u,v)Aa +

+2AVG, (t,s,a,b,u,v)Ab+2AU'G, (t,s,a,b,u,V)Av]+ o, Q|Ac||2 )
Ecau mpenonoKuTh, 4TO BEKTOP-(DYHKIHS CONpSKEHHBIX MepeMeH-
HBIX Y = y(t) sABMIseTCA pelneHreM 3a1aun

,/',:_Hx(t’x(t),u(t),l//)+]L[Ga[t,s]+Gb[S,t]]dS, w(t)=—¢,(xt). (6

)

To (hopMmyna npupaieHus (5) kpurepus kayectsa (1) mpumer Bua:
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A8 ()= A6 ) () _[H [tlau(t)dt - jAu OH,, [tau()dt+

0

+” G, [t.s]+G,[s,t]Au(t )dsdt——j[Ax() LA +2 A0 () H [t]Ax()]dt +

+= ” AX(t)G,, [t, s]Ax(t)+ AX(t) G, [t, s]AxX(s)+ AX(s)G,, [t, s ] Ax(t)+

to )

+AX(3)G,, [t, s]Ax(s)]ds dt +— ” AU'(t)G, [t, s]Au(t)+ Au’(s)G, [t, s]av(s) +

to to
+2AU'(t)G,, [t, s]Ax(t)+ 2 AU'(t)G,, [t, s]Ax(s)+ 2 Au’(s)G,, [t, s|ax(t)+  (7)
+2AU’(s)G,, [t, s]Ax(s)+ 2 AU’(t)G, [t s]Au(s)]+ 7, (Au).
3aiimemcst mpeobpazoBaHueM GopMyIibl pupareHus (7).

HCHO 4To

J J Au'(s)G, [t,s]Au(s )dsdt—HAu Ws.t]Au(t)dsdt ,
toto to to

”A“ [t s]Ax(t det—”Au wls,t]AX(s)dsdt

to to toty
L'l 'R
”Au G, [t,s]Ax(s)ds dt_”Au G, [s,t]Ax(t)dsdt .
ty toy thto

VYuuteiBas, 3T ToxkaecTBa Gopmyna (7), Ajsd npupamieHus QyHKIHO-
Hana (1), 3anuceIBaeTcs B BUE:

’

AS(u)= —}[Hu[t]—].[Gu [t,s]+G, [s,t]]ds] Au(t)dt+%Ax’(tl)(pXX (x(t,)Ax(t,)—

to

—%IAX’(I [ J;[Gaat s|+G,[s, t]]ds]Ax t)dt+— :J::J:[Ax G, [t,s]Ax(s)+
+Ax’(s)Gba[t,s]Ax(t)]dsdt—%;[Au’(t [ tj t.s]+ G, [s,t]]ds [Au(t)dt -

vt [ - [l6, 5]+ G, [st]]ds]Ax dt+}}Au (G, [s.t]+ G, (5.l

t() tﬂ t() t()

x AX(s)ds dt + ]']'Au’(t)Guv [t,s]Au(s)ds dt +77,(Au). (8)

fhto

CrienuansHOE MPUPALLEHHS I0IYCTUMOro yipasienus U(t) ompeaenim
o opmyne
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Au(t; 4)=pw(t)-ut)], teT )
3necs e [0,1] npoussomsroe uncio, a W(t)e U, te T — npoussos-

HOE JIOIYCTHUMOE YIIPaBICHHUE.
Hepes AX, (t) 0003HaUYNM CHEIUATBHOE MPUPAIICHUE TPACKTOPUU x(t).

[To ananoruu ¢ paboToii [2, 4], AOKa3bIBAETCS CIIPABEIITUBOCTD OIICHKU

t
[ax(®)] < Lf[Autfdt, te T, (10)
tO
rae L HexoTopoe mosiokuTenbHOe OCTOSHHOE.
Hanee mpu momomu popmyner Teitmopa qoka3pIBaeTCs, 4TO Ax(t) SB-
JSI€TCsl pelIeHUEM JTMHEapU30BaHHOW CUCTEMBI

Ax = f(t, x(t),u(t))Ax(t)+ f, (t, x(t),u(t))Au(t)+ an
+o(|ax(t)| +[aut)])

AX(t,)=0. (12)

C yderom ouenku (10) mpu momoru nuHeapu3oBaHHOM 3amaun (11)-

(12) noxassiBaeTcs, 4TO CHELHUATBLHOE MTPUPAILEHHUE Ax(t; ﬂ) TPAeKTOPUU X(t)

oTBeYaromiee npupamieHuto (9) ynpasieHus u(t) JIOTTYCKAET pa3ioKeHNE

AX(t; )= 0(t)+0(u; t). (13)

rae (t)— N -MepHast BEKTOP-PYHKITUS SBJISIONIASCS peleHneM 3anaun Korm

1(t)= f,[tle)+ fltIwt)-u),  «(,)=0. (14)
VYuuteiBas (9), (13) B (8) npuxoanm K pa3inoKeHUIO
AS(u)=S(u(t)+Au(t; #))-S(u(t))=
=—;{]‘ Hu[t]-]'[eu[t,sJ+ev[s,tnds](w(t)—u(t))dt]+‘§{z’(tl>%(x<tl>>z<t1>—
—]'E’(t)[ J'[Gaat s|+G,,[s t]]ds] dt+” )G, [t,s]e(s)

tU
t, [ORN)

+7/(5)Gy,[t.s](t)]ds dit - I(W(t)—u(t))’[Huu [t]_}[euu [t.s]+G, [s,t]]ds]x

ty to

x (wi(t)—u(t))dt —2}(W(t)—u(t)),[Hux [t]—tjl[Gua [t,s]+ G, [s,t]]ds]f(t)dt +

)

’

+ ZJ.J.(W(I)— u(t)) [G,,[s.t]+G,.[s. t]]¢(s)ds dt + (15)

w2 [(w(t)- u(t)) Gy, [t s](w(s)- u(s))ds dt}+ 0(x?) -
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N3 paznoxenus (15), B cuily NpoU3BOJIBHOCTH U € [0,1), clelyeT Heoo-
XOJIMMO€ YCJIOBHE ONTHUMAaJIbHOCTH IEPBOT0 MOPSIKA B BUJIE JIMHEAPU30BAHHO-
IO yCJIOBHSI MAKCUMYMa.

Teopema 1. /[ onTUMaIbHOCTH JOMYCTUMOIO YIIPaBICHUS u(t) B 3a-
nade (1)-(3) Heob6xoauMo, YTOOBI HEPABEHCTBO

’

t, t
J| Hlt]- [lo, [t.s]+ G, [s.tllds | (w(t)-u(t))dt <0, (16)
t, to
BBITOMHsIOCH utst Beex W(t)e U, teT.
HepasenctBo (16) siBnsieTcst aHajaorom JuHeapu30BaHHOTO (muddepeH-
LMATBHOT0) yCI0BHUS MakcumyMa aiis 3agauu (1)-(3).
Kax BunmHo cnemuduka kputepus kadectBa (1) oTpaykaeTcsi B yCIOBUH

(16).

HepasenctBo (16) siBnsieTcss MHTErpagbHbIM HEOOXOJUMBIM YCIOBHEM
ontuManbsHocTu. M3 Hero cienys, Hanpumep, [5, 6] moaydaeTcsi S3KBUBAJICHT-
HOE€ MOTOYEYHOE JINHEApU30BaHHOE HEOOXOJMMOE YCIOBHE ONTUMAIBHOCTU B
BHJIE!

t]

[Hu[e]— [G,[6.5]+6,s, 9]]ds](v—u(¢9))s 0, (17)

t0
BBINOJIHAETCA IS BCeX B € [to,tl) nuvel.

Paznoxenue (15) mo3BosseT uccienoBaTh Cliydyan BBIPOXKACHUS JIMHEa-
pu3oBaHHOTO yciaoBusi makcumyma (17) B 3agade (1)-(3).
Omnpenenenue 1. Ecim s Bcex ve U u fe [to,tl)

1

[Hu [6]- [[G,[6.5]+G,[s. 49]]ds] (v-u(9))=0, (18)

tO
To nomyctuMoe yrpasienne U(t) HazoBeM KBa3HOCOOBIM yIIPABICHHEM.

[Tpu Beimonuenuu (18), u3 paznoxenus (15) cnexyer
Teopema 2. (HessBHOE HEOOXOAMMOE YCIOBHE ONTHUMAIBHOCTH KBa3HO-

coObIX ympaBnenuit). Ecnu u(t) KBa3nocoboe ymnpasnenue B 3aaaue (1)-(3), To
JUISL €70 ONTUMAILHOCTA HEOOXOIUMO, YTOOBI

), jz [ 1[Gl 51+ Gy s tlds |ttt +

)

41

106t s1e(s)+ #(5)Gy . sTettlas ot f it -u () x

thto to
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x[Huu[t]_}[euu[t,s]+ew[s,t]]ds](W(t)_u(t))dt_z]'(w(t)_u(t))'x

ty

t 4 ,
x[Hux[t]—j[Gua[t, s]+G,, [s,t]]ds}f(t)dt +2 [ [ (w(t)-u(t)) x
ty
Ly ,
x[G,[t,s]+G,,[s, t]]¢(s)ds dt + 2”(W(t)—u(t)) G, [t,s](w(s)—u(s))dsdt >0
ty to
BBITOMHsUIOCH uist Beex U(t)eU, teT.
HepaBenctBo (19) siBisieTcst HESIBHBIM HEOOXOIMMBIM YCIIOBHEM OITH-
MaJIbHOCTH KBa3WOCOOBIX YIIpaBICHUH.
Hcnonp3yst 5T0 HEPaBEHCTBO, yIaeTcsl MOJNYYUTh MHTErpajIbHOE HEOO-
XOMMOE yCIIOBHE ONTUMAIIBHOCTH KBa3HOCOOBIX YIIPABICHHUIA.

Pemenue K(t) 3amaun Komm (14) momyckaer (cm. Hampumep [1-6])
MIPE/ICTABICHHE

= [@(t,7) 1, [F]w(e)-u(@))d. (20)

3nech (I)(t,oz') ABIISICTCA PELICHUEM 3a/1a4H
@ (t,7)=-@(t,7)f, (7, x(r),u(r)), 21)
@(t,t)=E, (22)

(E—(nxn) exunuunas MaTpuia).
[Tpu nmomomu npencrasienus (20) goka3bpIBae€TCs CIPaBEATUBOCTD TO-

KIECTB!
(), (X)) ()=

—H o)) 11l @), (<)o (. 5) f,[B1w(B) - u(B)deds, >

tot

jz'(t)[Hxx[t] tjl[G [t,s]+G,, [s.t] ds] dt_ﬂ 't /o lx

t, ty ty

(a.8 ty

x BIw(B)- U(ﬂ))dadﬁ

4t 4t

[ Jlr 06, [t.s]e(s)+ ¢(5)Gya[t. s]e(t)]ds dt =] [ (wler (24)

tty Gty

x[ | d)’(t,a)[HXX[t]—]L[Gaa[t,s]+be[s,t]]ds]qD(t,ﬂ)dt]x
max{a, §)
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ll:] (t, )G, [t,s]® s,,B)dt+;|:(I>’(s,a)Gba[t,s]cp(t,ﬁ)dt}dsx

x f,[8](w(B)-u(B))deds,

}(W(t)—u(t))’[Hux t)- j G.lt.s]+G,, [s,t]]ds]f(t)dt - (25)

=].[)L(W(a)—u(a))’lHux[a]—].[Gua[a,s]+Gvb[s,a]]ds}d)(a,t)da}x

x [t (w(t)-u(t))dt,
[ [w(0)-ut)) Gyt s+ Gy, tT(s)ds ct = (26)
. }]‘<w<t>—u<t>>'[}[ew 4l+G, [ﬂ,t]]cb(ﬂ,S)dﬂ} £ sJowls)-u(s st
- ITonaras
M(e, B)=-0(t,,0)p, (x j (t,a)H  [t]o, g)dt -

max(a,
j{ jcp t,a)G,[t.s]@(t, B) dt] tj[tjcb )G, [t.s]@(s ﬂ)ds:|dt_
- 27

(a B)

Y NPUHUMAs BO BHUMAHHS TOXKIECTBA (23) (26) nepasenctBo (13) 3anucwiBa-
€TCsl B BUJIC

(s,)G,, [t,s]D(s, ﬁ)ds}dt

4

j o)) fleMler, B, [B1w(B)-u(B))derdp+

to ty

{H [t]- _[[G [s,t]+G,, ts]]ds]( w(or)—u(er))dt + (28)
+2-[|;[(W(a) )[ o] J'[G [t,s]+G,,[s, a]]ds] ?[e, t]dajlx
x f [t t))dt — 2” 1) [G,[t.s] +

TGl A1+ GulBho(s.5)1 [skis }w@)—u(s»dsdtso |

Takum oOpa3om, 10Ka3aHa
Teopema 3. [l onTHMaNbHOCTH KBa3MOCOOOro yIpaBiIeHus u(t) B 3a-
nade (1)-(3) HeoOxoaumo, 9TOOBI HEPABEHCTBO (28) BBIMOIHSIOCH IS BCEX
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w(t)eU, teT.
N3 HepaBeHcTBa (28) MOXKHO MOJMYYUTH PSZT OTHOCUTEIBHO JIETKO MPO-
BEPSIEMbIX YCIOBUN ONTUMAIbHOCTH.
Hcnonb3ys mpou3BOIBLHOCTh W(t) ero omnpenenuM 1o Gpopmyie
v, te|f,0+u),
w(t)= 6.6+ 1) (29)
u(t), teT\(6, 6+ p).
3neck Ve U — npou3BonbHBIH BEKTOp, 4 >0 MPOU3BOIBHOE AOCTATOY-
HO MaJjioe 4ucio Takoe, uto 6+ 1 <t,.

[Tpunumast Bo BHuManue (29) B (28), mocie HEKOTOPBIX Mpeodpa3oBa-

HUU, TI0JIy4UM
t1

,u(v—u(é?))’[Huu (6]~ [[G.[s.61+ G, e, s]]ds:|(v—u(0))+0(,u)s 0.

tO
Orcrona cnemyer
Teopema 4. Brons KBa3nocoGoro ontumansHoro ympasienns U(t) B
3anade (1)-(3) HepaBeHCTBO

(v— u(e))'I:H Llel- ]‘[GVV [s,0]+G,,[6, s]]ds] (v—u())<0 (30)

o
BBINOJIHAETCA Ui BeceXx Ve U, fe [to,'[1 ).

B cnyuae BeipoxaeHust ycnoBus ontumanbHocTH (30) U3 HE0OX01UMO-
IO yCIOBHS ONTUMAIBHOCTHU (28) MOKHO IMOJIy4UTh IIOTOYEUHOE YCIOBUE OIl-
TUMaJIbHOCTH.

Omnpenenenune 2. Ecou s Becex VelU u fe [to,tl)

(v=u(8)) [Huu [6]—]1[GW [s,6]+G,[6, s]]ds](v—u(e))z 05 (31

to
TO KBa3mocoboe ympapnerue U(t) HAa30BeM KBA3MOCOOBIM BTOPOTO MOPSIKA
ynpasneHuem B 3aaaue (1)-(3).
VYuureiBas (29), (31) B (28) mociie HEKOTOPBIX MPEOOPa30BAHUN MPUXO-
JIMM K YTBEPKJICHHIO.
Teopema 5. Ecian u(t) KBa310co00e BTOPOTo MOpsKa YIpaBlIeHUE, TO
JUIsL ero onTuManbHOCTH B 3a1aue (1)-(3) Heo6Xxoaumo, 4TOOBI HEPAaBEHCTBO

(v-u(6)) [ f/lolm(6,0)f,[6]+ [Hux [6]- tjl[Gua [6,5]+G,[s, 49]]ds} f, [9]} -
(32)

)

—z[aw 0.61- 16, 6.8+, 6. J0(5.0)05 1, [e]] -ue)<0

BBITTOJTHSIIOCH [yt Bcex Ve U u Qe [to,tl).
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BiR SiNiF QEYRI-TiPiK KEYFiYYOT MEYARLI
OPTIMAL iDAROETMO MOSOLOLORININ TODQIiQi

J.B.OHMODOVA, I.F.NAGIYEVA
XULASO
Isdo keyfiyyot meyar1 heg bir tipa aid olmayan bir optimal idaraetmo mosalosina baxilir.
Optimalliq ticlin ovvalco xattilosdirilmis maksimum sorti formasinda zoruri gort alinmis, sonra

iso bu zoruri sortin cirlasdigi hal dyronilmisdir.

Acar sozlor: optimal idaroetmo mosalosi, keyfiyyat funksionalinin xiisusi artimi,
kvazimoxsusi idaro, xattilogdirilmis maksimum prinsipi.

A STUDY OF A CLASS OF OPTIMAL CONTROL PROBLEMS WITH
AN ATYPICAL QUALITY CRITERION

Zh.B.AHMEDOVA, I.F.NAGIEVA
SUMMARY
We consider the optimal control problem described by a system of ordinary differential
equations with an atypical quality criterion under the assumption of a convex control domain.

The necessary optimality conditions for the first and second orders are proved.

Keywords: optimal control problem, special increment of the quality functional, quasi-
special control, linearized maximum principle.

ITocmynuna 6 pedaxyuro: 26.09.2019 2.
Iloonucano x nevamu: 16.10.2019 .
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MEXANIKA

YK 539.3

YCTOMYUBOCTDH OPTOTPOITHOM IIJIACTUHKH
C YYETOM BJIUSIHUS COIMPOTUBJIEHUS OCHOBAHUS

I''M.I'ACBIMOB
bakunckuii I'ocyoapcmeennwtit Ynueepcumem
husameddingasimov@gmail.com

B pabome pewaemcs 3adaua ycmoiiuueocmu HenpepvléHo HeOOHOPOOHOU NPSAMOY20Tib-
HOU NIACMUHKU CHCAMOU 8 OOHOM HANPABIEHUU, C YYemOoM 8HeuHe20 Ypy2o20 cOnpomusie-
nua. Ilpeononaeaemcs, umo mMoOyau ynpyeocmu, coguzd it yO0envbHas NiOMHOCHb AGIAMCA
9KCNOHEHYUANbHBIMU QYHKYUAMU KOOPOUHAMbI ONUHbI NAACMUHKU. 3adaua pewiaemcs npu-

ONUIICEHHBIM CROCOOAM.

KaoueBsie cioBa: macTuHka, nedopmanus, ycTOHUUBOCTb, OPTOTPOIL.

N3BecTHO, 4TO B CTPOMUTEIHCTBE MH)KEHEPHBIX KOMILUIEKCOB, B YaCTHO-
CTH, IIPY CTPOUTENILCTBE MAruCTPAIBHBIX JKEJIE3HBIX JOPOI IIMPOKO MPUMEHS-
I0TCS DJIEMEHTHI KOHCTPYKIMI THIA IUIACTUH-TI0JI0C, U3TOTOBJIEHHBIX U3 HEO-
HOPOJIHOTO MaTepuaia.

B cuny Toro, 4yTo 3TH 3I€MEHTHl KOHCTPYKIUHN MpeaHa3HadeHbl A pa-
00T B TMHAMUYECKHUX YCIIOBHSIX, a TAK)XE B YCIOBUSAX HEOJHOPOAHOTO MO (hu-
3UKO-MEXaHUYECKUM CBOWCTBAM I'PYHTOB, NPOEKTUPOBAHUE TAKUX HJIEMEHTOB
KOHCTPYKLUH Oa3zupyercs, Kak MPaBUIIO, HA pacueTHHIX (OopMyNax JUHAMUYE-
CKOH YCTOMYMBOCTH HEOJAHOPOIHBIX (OPTOTPONHBIX) Teu [1,2].

Hccnenyemas 3agaua pemaeTcs Npyu CIAEAYIOMUX MPEATOT0KEHHUIX:

— moxymu ynpyroctu (E,,E,) u moxyns caura(G) sBISIOTCS 9KCIO-

HEHIMAJIbHBIMA (DYHKIMSAMH KOOPAMHATH [UIMHBI X . [IpudyeM koopauHaTHast
crcTeMa BBIOMpAETCs CIeIyIOIMM 00pa3oM: ocu X 1 Y HaxOJSITCS Ha CPeaHH-
HOM IUIOCKOCTH, & OCh Z HAIIPaBJIEHA NIEPIEHAUKYISIPHO K HHUM;
— MEXaHUYECKUE XapaKTePUCTUKU HEOJTHOPOAHOTO MaTepHaia MpuHUMa-
ercs B Bune[3]:
E, =E% "W E =El ™ G=G,e '™, (1)

snech E,EY,G, — COOTBETCTBYIOT K OJJHOpOIHOMY ciydato, a f(X) co cBou-
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MU IPOU3BOJHBIMU SIBJISIIOTCS HENPEPBIBHBIMU () YHKIUSIMU;
— IPEAIOIaraeTcs, 4To MIACTUHKA JIEKUT Ha aHU30TPOITHOM OCHOBaHuUU|[ 3 |:

h* 9°w , h?9o’w
F=kw-k,—— -k ——. ()
4 ox 4 oy
3necy F — peaknust ocHoBanwmii; K, K,,K, —XapakTepuCTHKH CONPOTHBICHUS
10 TJIaBHBIMU HAITPAaBJICHUSAMU WU 3aBUCIAT OT CBOMCTB OCHOBaHUS (3TI/I Xapak-

TEPUCTUKH ONPENEISIOTCS SKCIEPUMEHTAIBHO); W —IPOTH0.
I[Ipy >TUX  NPEANoONOKEHHUSIX  CBSI3b  MEXKAY

0,,0,,0,, W JaeQopMalMsiIMu &,,&,,E,, HMeET cleayromui Bua [1]:
_Ele ™ (
I-vy,

EOe— f (X) (
)
l-vy,
—f
0, =Gge (X)glz >
rae Vv,,v, —koddduunents [lyaccona u NpuHUMAIOTCS OCTOSHHBIMH.
HaprI)KGHI/IH n3ruba B IMPOU3BOJIBHOM CJIOC ITIJIACTUHKH, a TAKXKC BbI-

HAIIPpsSKCHUSIMU

o, £ +V,E,),

2 & +V181),

paXxeHuss MOMEHTOB 3aluilieM B Bue [2]:
o - E'e™"™ (9w Y 0°w
n = 2 2 2 b
l-vy, | oXx ay

El '™ (9w  9’w
0-2’"2_1 vy, | oy? V182 ’ )
—Viva y X
9*w
o 2Ge Wz 2=
12,n 0 axay
h h h
2 2 2
M, = jo],nzdz, M, = Jaz’nzdz, M, = J‘o]z’nzdz. 4)

C yuerom (3) u3 (4), nony4dum:

0,—f(x

i )

o[ 0PwW 9w
Mzz_Dge f() a_yz+vla7 ) (5)
2
M,, = 2D ¢~ I W
oXxay

3)16019 Dlo n D;) — U3THOHBIEC KECTKOCTH I10 TJIABHBIMU HaIllpaBJICHUAMUA JIA
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OJIHOPOJIHOTO OPTOTPOIHOTO MaTepuana, D, —KpyTUIIbHAs KEeCTKOCTb.
o_EN e B G
L20-vy,)” T 120-vy,)” ¢ 12

172 172
YPaBHCHI/Ie yCTOfI‘IPIBOCTPI 3aIlMuIeM B CJICAYIOIICM BUAC!

2 2 2 2 32 2 32 2
a'vzll-l-za M‘2+8M2 +kw—k, — how kh—a—VzV+Te”(X)a\iV:0, (6)
ox oxay  dy 4 x° 4 oy ox
31ech T — BHELIHSS CKMMAIOIas HarpysKa.
[Moxacranss (5) B (6), momydnm:
4 4 2
pr YW o'W +(D%, + D, +4D!) 82W2 +D Y ‘:"—Df[d fEX)
ox* T ox X“dy ay dx

oW, oW,
x> 7oy’

3 2 2 2 2
+2d (x)9'w 3] 2(D1 v, +2D;, )df oW —ef® klw—kzh—a—\iv—k3h—a—\iv +
dx ox dx oxay’ 4 ox 4 oy

J’w
ox’
B cuny matemaTtnueckoi cloKHOCTH ypaBHeHUE (7), TOCTPOUM TpH-
OJIMKEHHO aHAIIUTUYECKOE PEIlIeHUE TOCTAaBICHHON 3a/JauH.
[Mpumenum k ypaBHeHuto (7) meron byOHoBa-lI'anepkuna, mpuuem
dynxumo W(X,y) 6yaem HCKaTh B CIEAYIONEM BUE:

:Zk‘,zl‘, Aij F (X)(Dj()’)- 3

i=l j=I
31ech mpeanoaaraeTcs, 4To Kaxaas u3 Gynkuuit F (X),CI) j (y) YJIOBIIETBOPSIIOT

+T

=0. (7)

KPaeBbIM YCIIOBHSIM ITOCTABICHHOM 3a1auu.
[Hoxncrasnss (8) B (7), BBeneM cienyromire 0003HauYeHUs:

dZCI) d4<I)
dF (Dv2+Dv1+4D)dE +DIF — 1
dx> dy’ dy*
d’®. E
P,=D/ S x) d)i +v2F - +2df(x)<l>jd E‘ +
dx dx? dy dx dx
df dF, d’®,
+2(D/v, +2D; ; 9
(B, )dx dx dy’ ®

2 _ 2 d%p.
P =e leicpj—kzh—CD,-d—E'— 3h—Fi—2’ :
4 dx 4 dy
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W3BecTHO, UTO mpu pemieHuu oOuiei 3aaayu, KpUTHYECKas Harpyska
JIOJKHA ONPEAETATHCS U3 CUCTEMBbI JIMHEHHBIX OJTHOPOIHBIX alreOpanyecKux
ypaBHeHuH. IIpudeM U1 CylecTBOBAHMS HETPUBUAIBHOIO PELICHHS 3a1a4d
TJIaBHBIA ONPEIENMTENb 9TOM CUCTEMBI COCTABICHHBIX M3 KOOQQUIMEHTOB A,
JOJKEH PaBHATHCS HYM0. OHAKO MU CO3/1aHUU MHXKEHEPHBIX PACUETOB, Kak

MIPAaBUJIO, OTPAHUYMBAIOTCS NEPBbIM NpHOMKeHHeM. [losToMy Ui mepBoro
MPUOIMHKEHUS, TOJTyYaeM:

ab d’F
_[f PI(FI’CDI)_ Pz(Fl’(Dl)_ PB(Fl’q)l)_Tq)l
00

—21} F,®,dxdy =0,

OTKYyZa I0JY4YaeM BBIPAKECHUE ISl ONPENECIICHUS 3HAYEHUs CXKUMAIOILEH Ha-
IPY3KH B BI/me

_[_[ (F1sq)1)_P3(F1’(D1)]F1q)1dXdy

(10)
”F 1(1) dxdy

B cnyyae He y4era BIUSHHS CONPOTHBIEHHUs ocHOBaHUs (opmyna (10)
NIPUMET cne;[y}omnﬁ YIPOUIECHHBIN BUA:

J.J (FIJ(DI)]qu)ldXdy

(11)
”F 1(1) dxdy

Pemas coBmectHO (10) u (1 1) BbIpa3uM 3Hau€HUE HArpy3ku | , BO3HU-
KaroIui B TOJIOCE C YYETOM BIIUSIHUSI OPTOTPOITHOTO OCHOBAHMS OT HArpy3Ku

TO , BO3HHUKAIOIIUN B I10JIOCE 0e3 BIUSHHS COIIPOTUBJICHUS OCHOBAHUS B BUJC!:

ab
T JJ[R(Flvq)l)_ Pz(Fl’q)l)_P3(Fl’q)l)]qu)ldXdy
00

T =F = ab ’
’ J.J[R (FI’CI)I)_ PZ(FU(I)I)]qu)ldXdy
00
NJIN KC
ab
[[P.(F @, )F® dxdy
T=1- 00 (12)

[P1 (Fl 9(1)1 )_ Pz (Fl ’q)l )]Fl(bldXdy

ct—
O T
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S —

b
[P.(F. @, )F.@ dxdy
0

Beenem o6o3nauenue:  C=—; (13)
[[[P(F.@,)-P,(F.@,)F® dxdy
[Mpuanmas nna F n @, BLIpa)KOe(;II/IH BHJIA:
F =sin%x, D, =sinnTﬂy (14)

v moacrapyas B (9), npu f(x)=1+ eX , IOJTY4UM:
a
P =7z*[D’m* +(Dv, + Dv, +4D" m*n* + DIn* |sin mx sinnzy ;
P, =—2en’ [(Dlov2 +2D; )mn2 +D’m? Jeosmzx sinnzy; (15)

7’h’ "
P, =k + (k,m? +k,n* ) [ sin mzxXsin nzy ;

Xy
X==, y==.
rae a y b

®opmyna (13) ¢ yaerom (15) mo3BoseT OonpeaenuTh 3aBUCUMOCTh TTOCTOSH-
Hoe C OT BCeX BXOJAIIMX KOHCTAHT, B BHJIC:

Co 4k, +hz (k,m? +k;n?) 'e(eg—l)‘ (16)
7' D’m* +(Dv, + Doy, +4D? m*n’ +Dn*|  2¢
VYuureiBas (16) B (12) monydaem:
T‘=1-B-e(e _1), (17)
2¢e
rac
2.2 2 2
B 4k, +h°z (kzm +k;n 2) (18)

74 D’m* +(Dv, + D%, +4D. Jm*n* + Dn* |

— T
Ha pI/IC.l MMpEACTAaBJICHBI rpa(bnqecxa;{ 3aBUCUMOCTDb HArpys3Ku T =— ot cTe-
0

IICHH HCOAHOPOIHOCTH MaTE€pualia ImojJoCkL £ .
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Puc.1. 3aBucuMOCTb HArpy3KU OT CTETICHH HEOAHOPOJHOCTH MaTepHalia MoJIOCHI,
NpH pa3INYHBIX 3HAYEHUSX NPUBEIEHHOTO Kodpdunuenta B .
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OSASIN MUQAVIMOTINI NOZORD ALMAQLA
ORTOTROP LOVHONIN DAYANIQLIGI

H.M.QASIMOV
XULASO

Mogqalodo elastik asasin miigavimoti nozora alinmagla, bir istiqgamotds sixilan kosilmoz
geyri-bircins diizbucaqli 16vhonin dayaniqligi haqqinda mosalo holl olunur. Forz olunur ki,
elastiklik modullar1 vo siiriismo modulu 16vhonin uzunluq koordinatinin eksponensial
funksiyalaridir. Masalo taqribi tisulla hall olunur.

Acar sozlar: 16vho, deformasiya, dayaniqliq, ortotrop.

STABILITY OF ORTHOTROPIC PLATE ALLOWING
FOR FOUNDATION RESISTANCE INFLUENCE

H.M.GASIMOV
SUMMARY

In the paper studies a problem on stability of continuously inhomogeneous rectangular
plate compressed in one direction, allowing for foundation resistance influence. It is assumed
that the elasticity and shear modules are exponential functions of length coordinate of a plate.
The problem is solved by approximate method.

Key words: plate, deformation, stability, orthotropic.
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YK 539.3

CBOBOJHBIE KOJIEBAHUS MOAIIOPHBIX CTEHOK,
COCTOAIUX U3 ITPOJOJIBHO ITOAKPEIIVIEHHBIX
OPTOTPOITHBIX HUJINHAPUYECKHUX OBOJIOYEK,
KOHTAKTHUPYIOIIIUX C HEOJHOPOJIHBIM
BA3ZKOYIIPYT'UM I'PYHTOM

®.CJIATUDOB, I.C.ITAHUEB
A3zepoanioncanckuiit Apxumexkmypno-Cmpoumenvnuiii Ynueepcumem
flatifov@mail.ru

IIpeonacaemas cmamvsi NOCGAWECHA UCCIEO08AHUIO OOHOU U3 OUHAMUYECKUX NPOYU-
HOCIMHBIX XAPAKMEPUCUK-4ACIOMbl COOCMECHHbIX KOJeOaHull NOONOPHOU CMEHKU, COC-
mosiwel Uz 08yx OPMOMPONHBIX YUTUHOPUUECKUX 000104eK, KOHMAKMUPYIOWUX ¢ HEeOOHO-
POOHBIM BA3KOYNPYSUM SPYHMOM U YCULCHHBIX OUCKPEMHO PACAPEOeNeHHLIMU NPOOOIbHbIMU
cmeporcusimu. Ucnonvsys sapuayuonsiti npunyun I amuromona-Ocmpocpadckoeo Osi Haxodic-
OeHusl uacmom KoaeOanuti NOONOPHHLIX CIMEHOK NOCMPOEHO YACTNOMHOe YpasHelue, HatloeHbl
€20 KOPHU U U3VHEHbl GIUAHUSL PUUYECKUX U 2eOMEeMPUYECKUX NAPAMempos, XapaKmepusyo-
wux cucmemy. B kauecmee koHmakmHuIX yca08uUll NPUHUMAIOMCSL Yuem CO8MeCmHOU padombl
Ha TUHUU KOHMAKMAa 08yxX yunuHopuyeckux obonouek. Ilocmpoenvl xapakmepHvie Kpugwle 3a-
BUCUMOCTU.

KaoueBble ciioBa: opToTpornHasi 000JI04YKa, TOANOPHAS CTeHKa, CBOOOJHbBIE KoJieha-
HUSI, HEOTHOPOIHBII TPYHT, IPUHIIUIT BAPUALIMH, YACTOTa KOJeOaHusI.

WzroroBienne n NpUMEHEHNE HOBBIX KOHCTPYKIIHH, 00ECTIEUMBAFOIINX
UX TMPOYHOCTh U YCTOMUYMBOCTB 3a CUET COKpAIICHHUs MOTpeOJIeHUsT MaTepHha-
JIOB, UCTIOJIb3YEMBIX Ha BBICOTHBIX IMOJAMOPHBIX CTEHKAX WMEET OOJIbIIoe 3Ha-
yeHue. B pabounx ycrnoBHsIX OHM MOJBEPraroTcs AMHAMHUYECKUM Harpyskam U
BOBJIEKAIOTCS KOJIEOATENbHBIM MPOLIECCAM.

CrnenyeT oTMETHUTH, YTO B cBouX padorax B.3. Bnacos [1] u3yuun non-
HOpHBIE CTEHKH U THAPOTEXHUYECKHE YCTAHOBKHM, IOJyUYEHHBIE U3 MpPUMEHe-
HUS TpeX TOHKOCTEHHBIX MNPOCTPAHCTBEHHBIX KOHCTPYKIIHHA, 3aIrlOJHEHHBIX
I'PaHyJIMPOBAHHON CPEIOH, JISKAIIMX HA YIIPYTOM OCHOBAHUHU.

AraxanoB E.K., Akae A.W. [2] momyuunu pemieHue i TOAOPHOU
CTEHKH TPEYTOJIbHOTO CEYCHMs C YUETOM JaBJICHMS TPyHTa U OOBEMHBIX CHJI
(GUIBbTpavu Ha BEPTUKATHHON CTOPOHE CTEHKH.

H.M.CHUTKO TmpeiokKUI COBMECTHOE pPACCMOTPEHHME yIepXKaHMS
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nepeMeleHus: CTeHbl U aedopmanuu pynaamenta. Ero pesynbrarsl npuene-
Hbl B [3]. bBUIO pacCMOTpPEHO BIMSHHUE TPYHTa C FOPU3OHTAIBHON IMOBEPX-
HOCTBbIO HAa BEPTUKAJIbHYIO TJIAJKYIO IUIOCKYIO CTEHKY MOJIMOPHON CTEHKH.
H.M. CHuTKO Npeanoaokui, 4To B COCTOSHUU YIIPYTrOoro paBHOBECHS B IPYHTE
MOSIBJISIETCS CKOJIB3S1IIasl MJI0CKOCTh, U 3TO TOX0XKE Ha KYJIOHOBCKYIO TEOPHIO.
st cun, AeHCTBYIONIMX Ha MOANOPHYIO CTEHKY, ObUIM MOCTPOEHBI ypaBHEHUS
MPOEKIMHU MO TOPU30HTAIBLHOM OCH U ypaBHEHHE MOMEHTOB. Tperhe ypas-
HeHHe ObUIO 3alMCaHO KaK YpPaBHEHHE B MPOEKIUSAX Ha IUIOCKOCTh CKOJIb-
*KeHHs. BbU1o NpUHATO, YTO pEeaKTUBHBIE CHJIBI MPOMOPLHMOHAIBHBI CMeELlle-
HUAM, KO3 PUIHMEHT NPOMOPIUOHAIBHOCTH paBeH KO3 (UIIMEHTY MOCTEIH.

B [4] JL.M.EmenbsaHOB paccMoTpen OOOCHOBAHHME YCTOWYHMBOCTH TITy-
OOKHX ONOp B NMPOCTPAHCTBEHHOH cucteme. B pacderax, mOMHUMO HOpMallb-
HBIX, KacaTeJbHbIX JIaBJICHUI IPYyHTa, TAK)KE YUYUTHIBAJIACh peakius Ha qHe. B
OOJNBIIMHCTBE CJIy4aeB NPUBOMAATCS IpaBHJa pacyera HEKOTOPBIX OIIop,
CBSI3aHHBIX C AKOPSMU. BbLIO MOKa3aHO, UTO Pe3yJbTaThl pACYETOB HE 3aBUCAT
OT XapaKTEpUCTHK YNPYTrOCTH I'PYHTA U YTO MOYKHO WTHOPUPOBAThH BIIMSIHHE
TaHT'€HLIMAJIbHOTO CKOJDKEHUS U AaBJICHUS B HU)KHEW YacTU peakuy TPYHTA.

B paborax X.P.CeiipynnaeBa [5-9] Obliu perieHsl nmpoOieMbl coenu-
HEHUSl BOTHYTBIX 000JI0UYEK C KOHTYPHBIMHM KOHCTpyKuusiMuU. [locTpoeHs! pe-
meHus: auddepeHnnanbHbIX ypaBHEHUH MOMEHTHOM TEOPHHM BOTHYTBHIX 000-
JIOYEK MPU MPOU3BOJIBHBIX I'PAHUYHBIX YCIOBUSX, OBLIM PEIICHbI pa3INyYHbIE
3a/la4M JUIsl pa3IMYHBbIX COEAMHEHUN. B KauecTBe MpUMEpOB MOKHO ITPUBECTH
IJIACTUHBI M OOOJIOUKH, OCJIa0JICHHbIE MPSIMOYTOJIbHBIM OTBEPCTHEM, OPTO-
TOHAJIBHBIE pelIeTyaThle peOpUcTbie 000JIOUKM M IUIACTUHBI, PEelICHHE 3aaady
CO CMEIIaHHBIMM TPAaHUYHBIMU YCJIOBUSIMH B KOHType. B paGore [11]
U3YYaIUCh CTaTH4YeckHe AehopMaliy MOANOPHBIX CTEHOK MPOCTPAHCTBEHHO-
CTPOUTENIbHBIX KOHCTPYKIUH, 00pa30BaHHBIX IMJIMHIAPUYECKUMHU 000JI0UKaAMU
13 U30TponHoro mMarepuana. B [12] nan aHanu3 NOANOPHBIX CTEHOK B BUJE
UWIMHIPUYECKONH 000JOYKH, COCTOAILIEH W3 TpeX pa3iNudHbIX H30TPOIHBIX
MaTepHalioOB B IUIOCKOM Ae(OpPMHUPOBAHHOM COCTOSIHHMHU. 3a7ay CBOJAWIACH K
pelIeHn0 OOBIKHOBEHHBIX AUPQPEpeHInanbHbIX YPaBHEHUIN U MOJYYE€HO aHa-
autnueckoe pemnenne. Crarbs [13] Obuta mocBsiieHa pa3paboTke METOIUKH
pacuera IMWIMHIPUYECKUX 000J0YEK M3 HM30TPOIHOTO MarepHaja C y4eToM
paboThl IpyHTa IMpPH CHKATUM U CKOJIBKEHUH B KOHTAKTHOW MOBEPXHOCTH.
Pacuersl u wuccnenoBaHHs TPOBEAEHBI HAa OCHOBE MOMEHTHOW Teopuu
HWINHAPUYECKUX 000JI0ueK. AHAJIN3 BBINOJHEHHBIX padOT MOKa3bIBAET, YTO
P CTPOUTENHCTBE MOJAMOPHBIX CTEHOK MOJKPEIUICHHbIE LUIMHIAPUYECKHE
000JIOYKH HE HCIIOJIb30BAIMCH M peakius TPyHTa HE yuyuThIBanack. B pabore
[14] npuBemeHbI pe3yabTaThl UCCICIOBAHUS OJHOW W3 AUHAMHYCCKHX MPOY-
HOCTHBIX ~XapaKTEPUCTUK-YACTOThI COOCTBEHHBIX KOJEOAHMH MOANOPHON
CTEHKH, COCTOSIIEM M3 JBYX OPTOTPONHBIX IMJIMHAPUYECKUX OOO0JIOUEK,
3all0JIHEHHBIX TPYHTOM M YCHUJIEHHBIX JUCKPETHO paclpeieeHHbIMU
KOJIBIEBBIMU CTEpKHSAMHU. VMcnonb3ys BapuanuoHbIA NpUHIMI ['aMuiIbTOHA-
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OcTporpaZckoro s HaXxOXKIEHHUsS 4YacTOT KoOJIeOaHWM MOJAMOPHBIX CTEHOK
IIOCTPOEHO YaCTOTHOE YpaBHEHHE, HAWJACHBI €r0 KOPHU M HU3Y4YEHBI BIIHSHUS
(U3MYECKUX ¥ T€OMETPUUECKHUX TapaMEeTPOB, XapaKTEPU3YIOIIUX CUCTEMY.

INOCTAHOBKA 3AIAYH

Jns nmpuMeHeHusi BapuauuoHHOro npuniuna ['amunbsToHa-Octporpan-
CKOr'0 3alUIIEM IMOJHYK SHEPIUI0 UCCIEAYEMON MOANOPHON CTEHKH. Tak Kak
ucciexyeMas omopHasi CTEHKa COCTOUT U3 JIBYX 00O0JIOUEK MIJIMHIPUYECKOM
(hopMBI C HE3aMKHYTBIM KOHTYPOM, COEIUWHEHHBIX IO KPOMKE TMOJ MPSMBIM
YIJIOM M IPOJOJIBHO MOAKPEIUIAIOIIUX 3JIEMEHTOB, X YUCJIa KOTOPBIX BapbHU-
pyetca. Kpome Toro, ¢ BHyTpeHHEW 4acTH KOHCTPYKIMSA KOHTAaKTUPYET C TPYH-
ToM (puc.la)).

3anumnieM MOTEHITMATBHYIO U KHHETUYECKYIO SHEPTUHU ITUITUHIPUIECKIX
oboouek [16]:

2 2
hR, au, w oy w; b, [ 08
:TJ;T" by, (a_x,] _2(b11i +b12|) R ox, +?(b11|+2b12|+b22|) R_Iz(a_alJ -
2 2
W, 0} 1 du, 08 1 (au foxos
_2(b12i+b22i)¥a_0i+ 12iR_iza_Xia_0i+ ey +Dgq x
1 08 du
+h dx.dé, (D
“'R o, ae}
2 2 2
KI:L'ZJ.J. ﬂ + % + % dx|d9|
2R(1-v) | at ot ot
3necs 1 =1 cooTBercTByeT mepBoii HMUIMHApHYECKOH oOomouke, | =2 Ko

BTOPOM IMJIMHIPUYECKOW OO0OJIOYKE, COCTABISAIONICH IMOAMOPHBIE CTEHKHU
(puc.1); U;, &%, W; sBsiorest emetuenust pebep, R;, N, ssstores pagnycamu n

TOJIUMHON WHIMHAPHYECKUX 060104eK, D i,05yi,0)5i,04 sBISIOTCSH OCHOB-
HBIM MOJyJIEM YIPYrocTH oprotpornHoro marepuana u E;,E, moxyus
YIPYTOCTH B HAIPABICHUH OCeil KOOPAMHAT X; U 0; COOTBETCTBEHHO, Vi, V,; -
koaduument [Tyaccona, rae Dy ,i,0,,i,0,5;,0¢¢; BoIpaxatores uepes E ;, E,;

E.
u Vii,V, CIeayromuM o0pazom: b, = E, ;bm =—2 i = VyiEy
Loy, 1-v,v, l-vv,,

_ ViEy S; - IPEJCTaBIIAET COOOM MOBEPXHOCTh LIMIMHIPUIECKHX 000JI0UEK,
1-vv,,
COCTABJISIOLIUX MOATIOPHBIE CTEHKH.
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Puc.1. Cxema ycuneHHOH TOANIOPHON CTEHKH, BBIMTOJIHEHHON U3
COCAMHEHHSI OPTOTPOIHBIX HMIMHAPHUECKUX 000JI0UEK

Busane I'pyHTa Ha HOHUJIHHAPUYCCKHC 00O0JIOUYKH 3aMEHSCTCS BHEHIHUMHU
CHJIaMHU qu’qyi’qu . Pa60Ta, BBITIOJIHACMAad 3TUMU CUJIaMU TIPpU CMCIICHUUN

TOYECK IMOKPLITHUA,

aé
—” Ol + 0,2 + 0, W, Jdx,d 6, . )
00

3anumemM MOJIHYIO DHCPIUt0 IMPOAOJIbHBIX pe6ep, HCIOJIB3YCMBIX B YCUJICHUU

[15]:
2][ (auk.) JE, J(G_W] +E, J(G_ﬂJ ‘G, Jkkl{acoxpk,- ) }dxﬁ
2icy oX ox ox L ox
auzazs.zaw.zJ,a(p?
+ F ki ki ki Kpki xpki d
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Cunraercs, 9To YCIOBUS KECTKOTO KOHTAKTa MEKIY 000IOUYKON M CTEPIKHIMH
yJIOBJIETBOPEHBI:
Uy () =U(X, Y )+ @ (X ¥ ) a0 =2(X, Y ) +he@, (X, ¥y ), ()
Wi (X) =W(X, Yig ) B 00 = @(%, Yii)s P (X) = @,(X, ¥,)s i = 0,5 +
1
Hy; ]

B Boipaxenusx (3), (4) 1 =1 coorsercTByer 1epBoil MUIMHAPUYECKOM
o6onouke, | =2 BTOPO HUIMHAPUYECKON 0OO0TOUKE, COCTABIISIONMIEN MTOAIOP-
HBIC CTEHKH, Uy, ki, Wi ABISIOTCS CMEIICHUSI TOYEK CTEPKHEU, MCIOIb3ye-
MBIX TIPH MOJKPEIUICHUH, Fj;BISIOTCS IUIOMIAN MONEPEYHbIX ceueHui k-oro
CTEep>KHS, TMPHUKPEIJICHHOTO K 000JIOUKEe B HalpaBlIeHUH oOpa3zyrouei, Ey;
SBIISIFOTCS. MOJIYJIEM YIIPYTOCTH IPHU PACTSHKEHUU K-0ro CTeprkHs, IpUKPEIIeH-
HOTO K [IMJIMHAPUYECKOH 000I04KE B HATIPABIEHUU 00pa3yromen, Jyy;, [,k 8-
JSIFOTCSL MOMEHTAMHU MHEPIMU K-0To cTepKHSI OTHOCUTEIBHO OCH, IPOXOIsIIeH
4epe3 LEHTP TSKECTH IIONEPEYHOTO CEYEHUS, [jpkiABISAIOTCS MOMEHTAMH
WHEPIUH TIPH KPYIeHUU K-0ro CTepikHs, t- BpeMs,k; peacTaBisieT co0oi Ko-
JIMYECTBO CTEPKHEH, HCTIONb3yeMbIX B MOAKpeNnenut, Hy;- paccTosaue ot k-
Or0 CTEPXHSI JI0 MOBEPXHOCTH NHWJIMHIPUYCCKONH OOOJOYKH, Pj; —SBISAETCS
IUIOTHOCTB MaTepHana k-oro crepikueti, @y (X), @, ,; (X) sBnsores yriamu mo-
BOPOTa M KPYUEHUS IMOTIEPEIHOTO CEUCHHUS KOJIbIIA, Yepe3 CMEUICHHUsT 000JI0UKH
BBIPA)KAIOTCS CIEAYIOIIUM 00pazoMm:

ow ¢
¥ R
y Y=Yi
B pesynbrare nonydaem MOJHYIO SHEPTHIO CUCTEMBI B BUJIE:
2
I=Y (G +K; +H; +A) (5)
i=I
Buemnne cuisl (y;,0y;, 0, ASHCTBYIOIINME HA ATHHAPHIECKHE 000TOUKH

¢kpk| (X) @2()( y|) ==

coJieprKalirecs B BbIpaskeHuu (2), OyyT B3SThI B BUJIE:
t
qxi :qyi :07 qzl = kl(X)Wl _J‘F(I_T)WI(T)dT’
(6)

2 2 t
aW aay ~[r-opm(e)ar

3necs I'(t)=Ae™- sapo pemakcarmm, A, — TOCTOSHHBIE, kl, kz, ks -

_k ,(X)w, — —k J(X)

KO3(1)(I)I/ILII/ICHT JKCCTKOCTU HECOAHOPOJAHOI'O I'pYHTA NPU C)KATUW U CKOJIL)KCHHU,
COOTBETCTBCHHO, U IIPUHATO,YTO 3TU BEJINYHNHBI MECHAIOTCS IO 3aKOHY:

Fr () = Jeyo (1406 2), ky () = koo (1 4+ B5). k() = koo (1 +73) (7)
3nech a, §, Yy —mapaMeTpsl HEOJHOPOAHOCTH, k1o, ko0, kso-
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KOA(PUIMEHT KECTKOCTH OJHOPOAHOTO TPYHTA IMPH CKATUH U CKOJIBKEHHH,
COOTBETCTBEHHO.

K Boipaxkenusim (2) u (5) 1006aBistOTCS KOHTAaKTHBIE M TPaHUYHBIE yC-
noBus. Ilpeanonoxkum, 4yTo IWIMHApPUYECKas 000JOYKA YIPYro CBsi3aHa, TO
€CThb B KOHTaKTe (BoJib IuHuU AB), ycnoBus
W1(x)|91=’9“1 = 792(9C)|(-)2=0;191(75)|¢91=’9“1 = wz(X)]6,=0;

. w1 (x) _ 09:(0)
u1(x)|91=91 = U (%) 0,=0; ox lg,=5, _ ox lg,=o
BBITIOJTHEHBI.

[IpuHsATO CUMTaATh, YTO IMIMHAPHUECKUE OOOJIIOUKM HAIEKHO 3aKper-
JIEHBI Ha UaeanbHbIX auadparmax Ha muausax X =0 m X =a, u Ha o710T pas
I'pPaHUYHBIC YCIOBUS BBIPAXKAIOTCS KaK:

ﬁi:O,WiZO,Tu:O,Mu:O (9)
3nech Ty, Mj; CUIIBI 1 MOMEHTBHI, IEHCTBYIOIIMX HA MONEPEYHbIX cede-
HUSX [MUIUHAPUIECKUX 000souek (puc.lc)).

Hcnonb3ys ycnoBue craunoHapHoctu Octporpaackoro-I'ammibroHa,
ornpezensoliee KojgeOaHHe MOANOPHBIX CTEHOK, CO37aBAEMBIX COEIHMHEHUEM
MWINHAPUIECKUX 000JI0UEK, MOKHO TIOTYYUTh YPABHEHUE YaCTOTHI

W =0. (10)

()

]
3pecs W = J.Hdt neitcrBue I'amunsTona. Eciu B paBenctee OW = 0 Bpimon-
t
HUTh ONEPALMI0 BapHallUM M Y4YUTHIBAas, UYTO HE3aBUCHMBIE BapHallUH
all, 5191, &Nl MPOU3BOJIBHBI, JIJISI HAXOXKIEHHUS 4YaCTOT CBOOOJHBIX KoJieOa-

HUM MOANOPHBIX CTEHOK, MOJYYEHHBIX COEIMHEHUEM LIMIMHIPUYECKUX 000I10-
YeK, JUHAMUYECKH KOHTAaKTUPYIOUIMX C I'PYHTOM, IOJIYy4aeM ypaBHEHHUE yac-
TOThl. TakuM oOpa3oM, penieHre mpobsieMbl KojeOaHUuN MOAMOPHBIX CTEHOK,
MOJTYYEHHBIX COEIUHEHHEM IWIMHAPUYECKUX O000J0YEK, TUHAMUYECKH KOH-
TaKTUPYIOIUX C TPYHTOM, CBOJUTCSI K COBMECTHOMY MHTETPHUPOBAHUIO MOJ-
HOM SHEPruM KOHCTPYKIHMH (5) MPH KOHTAKTHBIX YCIOBUSX (8) M IPaHUYHBIX
ycioBusix (9).

Pemenus 3axauu
CwMerieHue TOUeK WINHAPHUECKUX 000JI0UEK UILEM B BHJIE:
u; = up;cosyéi(cosnb; + sinnb;) sinw,t;
9; = Yg;siny&;(cosnb; + sinnb;) sinw,t; (11)
w; = wy;sinyé;(cosnf; + sinnb;) sinw,t;
3nech Uy ¥, W,; HCH3BECTHBIC KOHCTAHTHI, §; = %, t1 = wo1t, Y, N ABIAIOTCS
BOJIHOBBIMHU YHCJIAMH IMJIMHAPHUUECKOW OOOJIOYKU B HAMpaBJIICHUH 00pa3yro-
e u KPYTrOBOI'O HaIpaBlIeHUS, 0<6,<6,. 0<6,<0,,
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(l_Vlzl)lelzwz
Ell
Ucnonb3yss pemennst (11) wu3 ycnoBus KoHTakTa (8) KOHCTaHTHI

Ugy» Ty » Wy, BeIpaxkaem depes KoHeTauTsl Uy, Ty, W, :
Upp = Ugy(cosnb; + sinnb;)
992 = Wo1(cosnb; + sinnb,)
Woz = 991 (cosnb; + sinnf,)
[ToncraBnss pemenust (11) B (5), yuuThiBas BBIpAKEHHE KOHCTAHTBI
Ugy» Ty, Wy, uepes komctautsr Uy, Uy, Wy, 01t momnmoii sueprum (5),

IIOJTy4aeM ITOJMHOM BTOPOT'O MOPsiiKa OTHOCHTENBHO Uy, 1901 » W :

_ 2 2 2
11 =@, Uy, + @00, + @33 Wy, + @U, T, + @ssUg Wy, + @Dy W,
ITockonbKy BbIpaXeHHS KOYPOUIUEHTOB @), Doy, Py, Py s Pss, Py

TPOMO3/IKH, MbI UX HE TPUBOIUM.
Ecimu mp1 Oymem  BapeupoBath Bhpakenwe Il mo koHcTanTam

Ugy» Uyy» Wy, ¥ TIpMpaBHMBaTE KOX(Q(UUMEHTHl HE3aBUCHMBIX BapHalMi K

HYJI0, MBI TMOJYYUM CIEIYIOIIYI0 CHUCTEMY OIHOPOIHBIX anreOpandecKux
ypaBHEHUU

20Uy + @, 0, + @ssWy, =0
Pyl + 2(”227901 + Qg Wy, =0 (12)
PssUo, + ¢66’901 +2¢,W,, =0

[Tockonbky cucrema (12) siBisieTcss OJHOPOIHOM CHUCTEMON THMHEHHBIX
anreOpanvecKux ypaBHEHHUM, HEOOXOAMMBIM U JOCTATOYHBIM YCIOBHEM CY-
LIECTBOBAHUs €€ HEHYJIEBOTO PELICHUS SIBJIIETCS PABEHCTBO €€ I'JIAaBHOT'O OIl-
penenurens HyIr0. B pe3ynprare nmojsydaeM ciaeayrollee Y4aCTOTHOE YpaBHEHUE

20, Dy Pss
Dy 20, P |=0. (13)
Oss D6 20,

3anuiem ypaBHenue (12) B Buze:

40, P22 Py + PuyPssPss — (0525%2 - (926(011 - (0424(033 =0.(14)
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YUCJIEHHBIE PE3YJIbTATBI

VpaBuenue (14) Obuto paccuMTaH YUCIEHHBIM MeTonoM. [lapamerpsi,

COACprKamuecCsd B pCIICHUU 3aa4H, OBLIU B3ATHI KaK:
6
— — 8 2 — 10°H a _ — — ‘R =
klO — kZO — 7 ¢ 10 H/M ,kso —_— 11 'F,; — 3,V1i — Vzl' — 0,35,Ri —_—
i

160 MM, b11 = 18,3FHa, b12 = 2,77FHa, b22 = ZS,ZFHa, b66 = 3,5 FHa,

l .
E, =6,67-10°N /m*;—*.—=0,8289-10"";
27zR°h

I .
1= 0,5305-10°; W = 0,05;4 == 0,1615;
27R’h
KT
e

Pi=Pki=1850 3;X=1;n=8; hki=1,39MM; k1=k2=15,
Fy; = 0,45MM% h; = 0,45 MM; f =y = 0,5.

& =17
4 w/woq Eai
0,80 _|
0,70 —
0,60 —
0,50 —

NS
T
N

Puc. 2. 3aBUCHUMOCTE 9aCTOTHOTO IMapaMeTpa OT 91 .
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n
>

0,80

0,70 | Ey

0,60

_| = E
0,50 =1 k, =k, =18 B1i
Ey;
n=3
| T T >
1 2 3
Puc 3.

0,80

0,70

0,60

0,50

\ 4

Puc. 4. 3aBucUMOCTb YaCTOTHOTO MapaMeTpa OT
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0,75
0,70
0,65 — 3
92 = T 91 = E
0,60
T | | | g "
0,2 0,4 0,6 0,8 1,0
Puc. 5. 3aBucuMoCTh 4aCTOTHOTO MapamMeTpa oT .
BbBIBO/bI

Pe3ynbTarhl pacueToB ObUIM MPHUBEAEH HA pUC. 2 B BHUJIE 3aBUCHMOCTH
4acTOTHOTO Tapamerpa or @, Ha puc. 3 oT oTHoueHUs a/R;, Ha puc. 4 oT

KOJIMYECTBA CTEP)KHEW Ha MOBEPXHOCTH MEPBOTO IMUIWHApPA, HA PUC. 5 OT Ma-
pameTrpa HeoJHOPOAHOCTH «. Kak BHIHO M3 pHCYHKA 2, IPU YBEIHMYCHHUH YTJIa,
3HAYCHHUC IMapaMcTpa 4aCTOTbl YBCIWMYHWBACTCS. ITo MEpPE YBCIIMYCHUA OJIMHBI
HWIMHIPAYECKUX O0O0JOYEeK, KaK BUIAHO M3 pHUC. 3, 3HAYEHHE YaCTOTHOTO
rapaMmeTpa yMeHbIllaeTcsl. 3HaueHUe 4YacTOTHOIO IapamMeTpa BO3pacTaeT ¢ BO3-
pacTaHreM OPTOTPOIHBIX CBOWCTB IHIMHApPUYECKOW o0omouku. Kak BUAHO U3
puc. 4, 4acToTbl COOCTBEHHBIX KOJI€OaHUM MOIMOPHBIX CTEHOK YBEIMUHUBAIOTCS
C YBEJIMUEHUEM KOJIMUECTBA cTepxHEH. Puc.5 moka3biBaer, 4YTo ¢ yBeIUYEeHUEM
rnapamMeTpa HEOJHOPOJHOCTH YacCTOTHl COOCTBEHHBIX KOJEOAHHWI TMOAMOPHBIX
CTEHOK TOK€ YBEIMYMBaIOTCS. Bo BCceX pUCYHKax CIUIOLIHBIMH JIMHSIMHU COOT-
BETCTBYIOT KOJI€OAHUN MOJAMNOPHBIX CTEHOK C YIPYTUM TPYHTOM, a MYHKTHP-
HBIMH JTUHSIMU KOJIeOaHHUH MOAMOPHBIX CTEHOK C BSI3KOYIPYTUM TPYHTOM.
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OZLU-ELASTIiKi QEYRI-BiRCINS QRUNTLA TOMASDA OLAN
MOHKOMLONDIRILMIiS ORTOTROP SiLiINDRIiK QABIQLARDAN iBAROT
ISTINAD DiVARLARININ SORBOST ROQSLORI

F.S.LOTIiFOV, D.S.QONIYEV
XULASO

Toqdim olunan mogqals 6zlii-elastiki geyri-bircins qruntla tomasda olan boyuna ¢ubug-
larla méhkomlondirilmis ortotrop silindrik qabigdan togkil olunmus istinad divarlarinin sarbast
rogslerinin todqiqine hosr olunmusdur. Hamilton-Ostroqradskinin variyasiya prinsipindon isti-
fado etmoklo Ozlii-elastiki geyri-bircins qruntla tomasda olan boyuna gubuglarla méhkom-
londirilmis ortotrop silindrik qabiqdan toskil olunmus istinad divarlarinin serbast ragslorini
tayin etmoak igiin tezlik tonliyi qurulmus vo kdklari adadi tisulla tapilmigdir. Tapilmis koklera
sistemi xarakterzo edon fiziki vo mexaniki parametrlorin tosiri dyronilmis vo xarakterik ayrilor
qurulmusdur.

Acar sozlar: ortotrop ortiik, istinad divari, sorbost rags, qeyri-bircins qrunt, variyasiya
prinsipi, raqgs tezliyi.

FREE VIBRATIONS OF RETAINING WALLS CONSISTING
OF LONGITUDINALLY SUPPORTED ORTHOTROPIC CULINDRICAL
SHELLS IN CONTACT WITH A HETEROGENEOUS VISCOELASTIC SOLI

F.S.LATIFOV, D.S.GANIEV
SUMMARY

This article is devoted to the study of one of the dynamic strength characteristics of the
frequency of natural oscillations of a retaining wall, consisting of two orthotropic cylindrical
shells in contact with a heterogeneous viscoelastic soil and reinforced with discretely dis-
tributed longitudinal rods. Using the Hamilton-Ostrogradsky variational principle to find the
oscillation frequencies of the retaining walls, a frequency equation was constructed, its roots
were found, and the effects of the physical and geometric parameters characterizing the system
were studied. The contact conditions are taken into account joint work on the contact line of
two cylindrical shells. Built characteristic curves of dependence.

Keywords: orthotropic shell, retaining wall, free oscillations, heterogeneous soil, prin-
ciple of variation, frequency of oscillation.

Iocmynuna 6 pedaxyuro: 15.03.2019 2.
Iloonucano x nevamu: 16.10.2019 .
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B cmamve paccmompeno 2udpoOuHaMuieckylo 3a0ayy 0 npumoke JHCUOKOCMuU K CUC-
meme CK8AJNCUH 8 KYCOUHO-OOHOPOOHOM NOAOCOOOPAZHOM NOCHOSHHOU MOWHOCHU NIdACme,
PazpabamvléaeMom npu paspe3aHul €20 psiooM HASHEMAMENIbHbIX CKEANCUH, PADOMAIOWUX 8
VCA0BUAX OOHO U O8YCMOPOHHe20 numawnus. B 0anHotl pabome npeonodicervl npocmole 2u0po-
OUHAMUYECKUe pacyemtble QOPMYIbL U CXeMbl ONPeOeNeHUsl MEXHOL02ULEeCKUX NOKa3amelell
paspabomxu Hepmanvix mecmopodcoenuu. Co30anvl ynpowenuvie cuoOpooOUHamMuiecKue pac-
yemnvle CXeMbl NPOSHOZUPOBAHUS MEXHOIOSUYECKUX NoKasamenel paspadomu HeOmsHbIX
MECmOPOIUCOHUTE NPU UX PA3PE3AHUL PIOAMU HACHEMAMETbHbIX CKEANCUH U NPUMEHEHUU U0~
popaspviea niacma.

Paccmampueas 3a0aua pewiaemcsi Memooom KOMNIEKCHO20 NOMEHYUATIOM.

KiaroueBbie ciioBa: J1acT, IpOHUIIAEMOCTD, PACXOM, 3aJICKHU, HATHETATCIbHBIC CKBA-
JKUHBI.

Pabotel [1,2] MOCBSIIEHBI TEOPETUUECKOMY HCCIIEI0BAaHUIO U 00OCHO-

BAaHMIO 11E€TIECO00-Pa3HOCTH OTPAOOTKU HArHETATENbHBIX CKBAXKUH HA HEPTH B
OJIHOPOJHOM M HEOJHOPOJHOM IUIACTaX B 3aBHUCHUMOCTH OT TakKuxX (pakTOpOB,
KakK 4uCJio psaaoB )IO6I)IBaI-OHH/IX CKBAXMH B OJIOKOBBIX CHCTEMaX 3aBOJHEHUSI,
TeOMEeTpPHsI PJIEMEHTa U PaCCTaHOBKA CKBAXUH, COOTHOIIICHUE Bs3KOCTEH Hed-
TH W BOJBI, CTCTIICHh HEOJHOPOTHOCTH IIACTa M YIPYTHH 3amac 3ajekK. JDTH
pe3yNbTaThl SABISIOTCS OYEHb BAXXHBIMU MJII TPOEKTUPOBAHUS Pa3pabOTKU
He(TAHBIX MECTOPOXKICHHUM MPH pa3pe3aHuul ¢ TOUYKU 3pEHUs] TeMIia oToopa U
KOHEYHOH He(TeOoTAauu 1IacTa.

3ajada ONTUMAJIBHOTO pa3pe3aHuss HePTIHOW 3alexu B OE3BOTHBIN
nepuos pa3pabOTKU MPU OMPEESIICHHBIX OTpaHUYEHUSIX Ha 3a00iiHbIE /1aBie-
HHUS HArHETATCIIbHbBIX U 2]06I)IBaIOHII/IX CKBa>XHH, C OCJIbIO MaKCUMU3AIIUN CYyM-
MapHOW M0ObIYM HE(PTH B IUIACTE MPU HATUYUM HEMPOHUIIAEMON TPAHMIIBI U

KOHTYpa IMHUTaHUS, pEIlieHa B [3]
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C 1enbio BCECTOPOHHETO M3YYCHHUs MeXaHW3Ma (PHIIbTPAIIHOHHBIX SIBJIC-
HUH, MPOUCXOAIINX B YCIOBUSX pa3pe3aHus 3aliekel pslaMu HarHeTaTelb-
HBIX CKBaXXHH, B JIAHHOW CTaThe MPEUIOKCHBI MPOCTHIC THIPOIUHAMHYCCKHE
pacueTHble (OPMYINBI U CXEMBI OMPEICICHUs TEXHOJIOTUYECKUX TMOKa3aTesen
pa3paboTKku HEPTSIHBIX MECTOPOXKICHUMN, ITO3BOJISIONINE ONMPEACIUTh KOJIHUe-
CTBO BOIbl, BHEJAPEHHOW B 00€ CTOPOHBI OT Pa3pe3aroliero psiaa, ABUKCHHE
IpaHuIlbl HeQTh-BOJA, MPOIIECC OOBOJHEHUS CKBOKUH W WX PETYIIHPOBAHUE C
Y4€TOM KYCOUYHOUW OJTHOPOJHOCTH IUIACTa, TPEIIMHOBATOCTU MOPOJBI M JABYX-
(dazHocTn motoka. JIByx(}a3HOCTh MMOTOKa y4YTeHa MPUMEHEHHEM METOJa He-
W3MEHSIEMBIX TPYOOK TOKA.

IMocranoBka 3aga4un. PaccMOTpUM THIPOAMHAMHYSCKYIO 3a/1a49y C TIPH-
TOKE HJIKOCTH K CHCTEME CKBaKUH B KyCOYHO-OJTHOPOJIHOM TOJI0CO00pa3HOM
MTOCTOSTHHOM MOIITHOCTH IIJIacTe, pa3padaThIBAEMOM TIPH pa3pe3aHyy €ro PSaoM
HarHeTaTeIbHBIX CKBA)XHUH, pa0OTAONINX B YCIOBHUSIX OJHO- M JBYCTOPOHHOTO
nutanus. [Ipu 3TOM mpeanonaraeTcs, 4YTo MIACT COCTOUT M3 N30H C pa3HOU
MIPOHUIIAEMOCTHIO U TI0 ce0€ CTOPOHBI OT pa3pe3aromiero psiia, pacIioI0KeHHO-
ro B S — oif 30He, ACUCTBYIOT Psbl COBEPIICHHBIX MO XapaKTepy U IO CTere-
HU BCKPBITHS JOOBIBAIOIIMX CKBAYKUH, PACTIONIOKEHHBIC TI0 OJHOMY B KaXKIOU
30He (puc.l). [lnact HACBIIEH HEC)KUMAEMOM JKUIKOCTHIO U €€ TeueHHUe MO/I-
YuHsETCS JuHEeHHOMY 3akoHy Jlapcu. CKBaXuHBI paszpesaroiiero psjga pado-
TAIOT MPU MMOCTOSTHHOM 00BEMHOM PacXojie, a CKBaXKUHBI JOOBIBAIOIINX PSIOB
- 00 MpHU peKUME 33aJIaHHBIX TEOUTOB, JINOO 3aJaHHBIX 3a00MHBIX JaBICHUH.

&Y R

hgy

hn

Puc.1. Cxema MHOFOpS{}IHOI\/’I CHUCTEMBI DKCILTYaTallMOHHBIX U HArHETATCJIbHBIX CKBaXWH B
HEOTHOPOIHOH M0 MPOHUIIAEMOCTH IOJI0CO00PA3HON 3ATEHKH.
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Tpebyercs ycTaHOBUTH BIMSIHUE M3MEHEHMs POHMUIIAEMOCTH IJIacTa Ha
NeOuTHl JOOBIBAIOIIMX CKBA)KHMH, HAa 3a00WHBIE AaBICHHUS TOOBIBAIONINX U Ha-
THETAaTEJIbHBIX CKBAXKMH, HAa IEPETOKU KHUAKOCTU Yepe3 KOHTYPHI MUTAHUS U Ha
7071 00BEMOB BHEAPEHHOH BOJBI IO 00€ CTOPOHBI OT pa3pe3aroliero psja, a
TaKk)Ke BIMSIHHE MECTOIOJIOKEHHSI pa3pe3arolero psjia U U3MEHEHUs HalopoB
Ha KOHTYpax MUTAaHUHI HA YIOMSHYThIE XapaKTePUCTUKH Pa3pabOTKH.

Pemenne 3agaum. 113 noctaHOBKY 3a/1a4l BUHO, YTO JUJISl OTIPEENICHUS
MOJISL JIaBJICHUM B IUIACTe, KOTOPOE SABISETCS MCXOIHBIM, YTOOBI OTBETHTH Ha
MIOCTaBJICHHBIE BOIPOCHI, HEOOXOAMMO MOCTPOUTH N aHATUTUYECKHE (YHK-
1, UMEIOLINX Jorapu(MUUIECKUe OCOOCHHOCTH B TOUYKAX, T€ PACIOIOKEHbI
TOUEYHbIE CKBaXXUHBI. 3aJauya MO OINpPEIEICHUI0 KOMIUIEKCHBIX MMOTEHIIMAJIOB
pelaeTcs aHaNIorHYHOM, IPUMEHEHHBIM B [4,5], myTem.

PaccmoTpuM oTaenbHbIE ClTydaH.

a) Ciry4ail IByCTOPOHHETO Haropa.

Jlig 3TOrO ciyyasi KOMIIEKCHBIM MOTEHLMA TeUEHUs! JOJKEH yIOBIIE-
TBOPSTH CIEAYIOINUM YCIOBHSM, 3aJaHHBIM HAa KOHTYpax IMUTAaHUHI U Ha JIMHU-
X pazfiena 30H:

Fl(z)+El(z):2(pOK npu z=X+ih,,
F(2)+F (2)=2¢, upuz=x+ih,
[F,@)+F @k, =[F.@+F, @k,
F/(2)-F/(2)=F/ (2)-F/,(2) mpu z=X+ih, .
3neck F, (2)—xommuekcHblii nmoreHnuan tedenus, h, h u h —coor-

BETCTBEHHO PACCTOSIHUS JIMHUU MEPBOTO U BTOPOrO KOHTYPOB MUTAaHUS U JIU-
HUW paszjesia MeXIy | —OW | (j + 1)— Oil 30HaMHU OT JEHWCTBUTEIBHOU OCH B

KOMIUIEKCHOM T10cKOoCTH (11acte); K —KOd()QUIMEHT MPOHULAEMOCTH; @,
u (an -IIOTCHIOHAJI COOTBETCTBECHHO Ha NIE€PBOM W BTOPOM KOHTYpax HHTaHI/Iﬁ;

F,(2)n Fj'(Z) -KOMIUIEKCHO-COTIPSIKEHHbIE (DYHKIIMM OTHOCUTENBHO (DYHKITHI

’

F (z) u F (Z) COOTBETCTBEHHO; | —HOMEDp 30HBI.
Otmerum, 4TO @, U @, 4Yepe3 KOHTypHbIe AaBinenus P, u P, Bblpaxa-
I0TCS CAEAYIOIMME (POPMYyTIaMU COOTBETCTBEHHO:

¢0k =£P0k a ¢nk = k" Pnk’
u U

rae 4 — BA3KOCTH He(I)TI/I.

[IpeanonaoxumM, YTO CKBaXKUHBI JOOBIBAIOIIMX U Pa3pe3alollero psioB
paboratoT npu 3agaHHOM aebute. [Ipormyckas mpomMeXyTouHbIE BBIKIAJKH pe-
IICHUS 33JIa4M, KOMIUICKCHBIN MOTCHIMAT | —OH 30HBI MPEJCTABISIEM B Clie-

TYIOITIIEM BUJIE:
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k.,

F.(2)= v =@, +0 ;Jilk m “(h,, —h)+(h, +iz)}-
32 tﬂ : M)Z <y “h )]+ = i yj4;‘2%+
+q—ﬂ"h1n251n ﬂ(;()'j +Z [A, exp Z]Z+B exp(——j)]
e
5:ff: 0. Py D o ) Y )

Z (h -h,.)

o=1

A n B, -u3BecTHbIE KOY()UIMEHTHI 5] O, —TIOJypaCTOSHUE MEXIY CKBa-

124

KHHAMH B PSy | —O# 30HBI; N —MOIIHOCTH IJIacTa; (, —eOuT ONHOMN CKBa-

)KMHBI | —OM 30HBI, ipudeM ¢, >0 npu j#s; ¢, <0 mpu j=s.

Torga pacnpeneneHue qaBiaeHUs U 3a00WHOE JaBICHUE CKBOKUHBI B
] —oli 30He, MyTeM BBIIENEHMS JNEHCTBUTENLHOM YacTu F (Z), BbIpaxaroTcs

COOTBCTCTBCHHO B BUJIC:

~ uq, ﬂ(y—yj) f[(X—Xj) Ko,
P(x,y)=P, +4ﬂhkj ln2[Ch cos ) Zk (h,=h,)+(y=h_)|-

0. o

] ]

A, v a9 A 9 _oh )b
2hk, y-h. )2 o, 4hk y+y, -2n,) 2h
kjﬂa B a-l qk qa B
aglkaﬂj [(hx hII+1 ); O_k + i (y h +1 )}9
_ _p A4 Kt
Pci Pi (Xj’yl u rcj)_ Pnk 2ﬂth lnzsh O-J 5[(y hj+l) aglkaluj (ha htzH)

j-1

_L _ J M ILquJ B ] « klu ) ]q_
2hk-(yj h“')ma 2hk o, b= - Zh;Jillk[(h h, )kza

j k

rac rcj — paanyChbl CKBaXXUH pAaad, paCllOJIOKCHHOTO B j — Ol 30HE.
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Tenepr MpeanosoKuM, 4TO CKBaKHUHBI TOOBIBAIONIUX PSIOB pabOTaIOT
B PEXKMME 3a/IaHHBIX 3a00MHBIX NaBICHUH, a CKBRXKHUHBI Pa3pe3aroliero psaa-
3a1aHHBIX 1e0uTOB. Torma mist onpeaeseHus 1eOUTOB TOOBIBAIOIINX U 3a00i-
HBIX [IaBJICHW HArHETaTeNbHBIX CKBAXKWH, HUCHONB3ys (3), mpH Bcex
j=12,....,n moclie HEKOTOPBIX MPeoOpa3OBaHU MOTy4aeM CIEAYIONIYIO CHC-
TeEMY ypaBHeHI/IFI'

S—1 —

Z(p,vq Z(pwq =P, -P,-(P,-P,)
v=S8+1 (4)

-(I—T)—%q ¢ j=12...S-1, S+1, ,n

311ech UCTIOIB30BaHBI CIAEAYIONINEe 0003HAYCHHUS:

a. k. 2

j i i i

0. (xy)=1| 4 Y (F (y )} 2’;; 1n2[ch”(y_y')—cos”(x_x'),v=j

—o,(y,F,(y)v=j+1j+2,...0

TIe

0,(y)=1-(y=h,, )+ 320, 1., )

Fy)=1- 1@, =0 (XY, +1,F =F ().

- M,
St

a=1
[Ipu pa3zpaboTke HeTAHBIX 3ajexeil ¢ pa3pe3aHueM BaKHBIM, C TOUKH
3peHusl PeryJnpoBaHUs IMpoliecca pa3paboTKu , ABJISETCS OIpeaeeHue mnepe-
TOKOB JKHJIKOCTH 4€pe3 KOHTYpPbI MUTaHUA U J0JIU OOBEMOB BHEIPEHHOU BO-
Jbl B KQXJyI0 CTOPOHY OT pa3pe3arouliero psijia MpH 3aJaHHbIX 3a00MHBIX
JIABJICHUSIX B JOOBIBAIOIINX CKBaKUHAX.
Hcronp3yst It IEPETOKOB JKHIKOCTH 4epe3 rpaHunbl Y =h u y=h

(JIMHUU KOHTYPOB MUTAaHMs) COOTBETCTBEHHO (POPMYJIBI

k, oP k, oP
Q=20n 21, Q. = =
y u, oy’
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Y TIOJICTaBJISIS B HUX U3 (2) BhIpaXKEHUS

Y

TUTS @ JP ToJTydaeM )]\ - b
ay "oy 7 ?
é ,4
# 7
y %
n “ ;
Ql =—20‘hdJ, Q2 :20h5+2qk ﬁ C¥ ?

k=1 s

[Ipu 3TOM MPENONAraeTest , 9To 7 | é
0,=0,=..=0, =0 ( COOTBETCTBYIO- i ' 4
1M1 DJIEMEHT TIIACTA TIPEICTABIEH Ha / 4
puc.2). / é
b -
4 ! /
AHAJIOTUYHO, IS IEPETOKOB JKHMIKO- 7 5
ctn wepes rpanuusl h_ u h, (910 rpa- 4 ‘# ﬁ
HUIIBI 30HBI, TJIE PACTIONOKEH Pa3pe3aro- / | ;
MU PSIT) TIOJTYYarOTCS: é C% ?’
1 ”
by L
k. oP 7 4
Q =-20h——| = =20hd6+>0q,, Y 7
ay " = A 7
u, oy B A 0
.
L
/ /
: k, oP. : /] Q 7

Q, =20h— . =—(20hd+ 3 q,). ; " n

H, oy 4
Otcrona X
Ql* + Qz* =—q;. 0 e

Puc.2. Cxema pacueTHoro (HanpuMep, HeOJHOPOJHOCTH,
10 IPOHUIIAEMOCTH, HATIOPOB JJIEMEHTA IIacTa

HCpr,Z[HO MMPOBEPUTDH, YTO IIPU 3TOM BBIITOJHAIOTCA CICAYIOIINC paBCHCTBA

Q+Q =30q. Q+Q=Xq., Q+Q=-d.

v=S+1

Q+Q +Q +Q =Xq,+Xa,,

v=S+1
YTO BBITCKACT U3 NPCAINOIOKCHUSA C HCCOKUMACMOCTU KHUJIKOCTH.
Bennunnsl Q/q, u Q,/q, BeIpaxkaeT 101 BHEAPEHHON BOJBI Yepe3 Ha-
THETATCJIbHBIC CKBA’KUHBI B KAKAYHO CTOPOHY OT Pa3pe3aroniero psaa.
UT0oOB! yCTaHOBUTH BIMUSIHUS HEKOTOPBIX TapaMeTPOB HA KOHTYpE, 00b-
€Ma 3aKavKu, MCCTOIOJIOKCHUS PA3PE3ar0LICTO p;ma) Ha OTACJIBHBIC ITIOKA3aTC-
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7 pa3pabOTKHU 3aJIeKei, MO MOIyYeHHBIM (OpMyJIaM MPOBEACHBI B OOJIBIIOM
00BbEeMe YHCIIEHHBIE PACUETHI ITPH CIETYIOLUINX UCXOIHBIX JTaHHbIX:

n="7;h, =2200a;h =1900;h, 16004z h, =1300a; h, =900 h. =600, . =300m; h. =0
y, =2050m; y, =17500; y, =1450; y, =1100a; Yy, =7500; y, =450Mm; y, =150m
S=4X =X, =....=X, =0y, =4, =...=u =5mPa-c

¥ JUISL Pa3TMYHBIX 3HaUeHnH Kod(pdunmenta mporunaeMoctuk .

6) Ciay4ail OTHOCTOPOHHETO Hamopa.

MaremaTHueckoe OMUCAHUE 3aJ1a4d B 3TOM CJIydae OTIMYAETCS OT ee
ONKCaHMs AJ Cilydas pa3padOTKU IIacTa B YCIOBHSX JBYCTOPOHHEIO IHUTA-
HHS TEM, 9YTO BMECTO YCIIOBHS, 3aJJaHHOTO HA JIMHUU Z = X + ih_, Hy)kHO OpaTh
CJIeZyIOLIee YCIOBHE:

F/(2)-F/(2)=0.

KommiekcHbIl MOTEHLMAN U paciipeesieHue AaBIeHHsI B 3TOM CIIy-
4ae MOoJIy4aroTcs COOTBETCTBEHHO M3 KOMIUIEKCHOIO IOTEHIMAIa U paclpese-
JICHUs! AaBJICHUS, MTOJIYYEHHBIX B MPEABIAYIIEM cllydae Mpu 3amMeHe N Ha N—1
U nepexoie K npezaeny, korna k- — 0.

OHYCKEUI MPOMCIKYTOYHBIC BBIKJIAAKU, TYT IPUBOJAUM TOJIBKO BbIpa-
JKCHUA [UTA paclIpCACIICHUA JaBJICHUS B J —Oi1 30HE:

1
Pj (Xa y)= Puk _EzqrM ir (Xa y)o (5)
rIe
Ll _h) or=12 -1
O-ra:l’(a
LR Y=Y GH . 1 fr(y—y) ;z(x—x) _
Mo y)=d— | Ty By e g oh T g T e
) [k e = il
.y | o
—Y=“(h -h)-=—ly-h) r=j+1 j+2..n,
o 2 ) by r=ien g
h =

a

h, a=12,.,r-1
Y., o=r.
DTO0 ¥ MO3BOJISIET OMPEEIUTh 3a00MHbBIE TaBIeHUS P 3aJaHHBIX Jie-
OuTax WM AeOUTHI TIPH 3aJJaHHBIX 3a00MHBIX JTaBJICHUSX.
W 3axaroueHue OTMETHM, YTO MCIOJb30BaHHAas THAPOAUHAMUYECKAs

MOJIEJTh MIPUTOTHA U JUTSI CITydasi, KOTJia B KyCOYHO-OHOPOHOM IIJIACTe JACHCT-
BYET HECKOJIBKO PsIZIOB HATHETATEIbHBIX CKBAXKHUH.
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ZOLAQVARI YATAQDA MAYENIN QUYULAR SiSTEMINO AXINI
M.M. TAGIYEV, Q.M.SALMANOVA, R.M. TAGIYEV
XULASO

Mogqalodo hisse-hisso bircins zolaqvari sabit qalinliqli yatagda mayenin quyular
sistemino axinina baxilir. Yataq vurucu quyularla kosilorok iki torofli qidalanma soraitindo
texnoloji gostoricilorinin toyini sxemi verilir. Bir sira suvurma quyularinin siralari ilo kosilmis
neft yataqlarinin texnoloji proqnoz gostaricilorinin sadologdirilmis hidrodinamik sxemi
yaradilmigdir vo laym hidrodinamik yayilmasi tetbiq edilmisdir. Baxilan masslo kompleks
potensial iisulu ilo hall olunmusdur.

Agar sozlor: Lay, keciricilik, sorf, yataq, suvurucu quyular.
FLUID FLOW TO THE WELL SYSTEM IN A STRIP DEPOSITS
M.M.TAGIYEV, QM.SALMANOVA, RM.TAGIYEV
SUMMARY
The article discusses the hydrodynamic problem of fluid flow to the well system in a
piecewise-homogeneous strip-like deposits of constant thickness, developed when it is cut by a
series of injection wells operating under single and double feed conditions. In this paper, sim-
ple hydrodynamic calculation formulas and schemes for determining the technological indica-
tors of oil field development are proposed. Simplified hydrodynamic computational schemes
have been created for predicting technological indicators of oil field development when they
are cut by rows of injection wells and the application of hydraulic fracturing. The considered
problem is solved by the method of complex potential.

Key words: reservoir, permeability, consumption, deposits, injection wells.

Ilocmynuna 6 peoaxyuto. 18.03.2019 e.
Tloonucano k newamu: 16.10.2019 2.
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NEFT ARAQATILI QAZKONDENSAT LAYININ iSLONILMOSi
USULLARININ EFFEKTIVLIYININ QIYMOTLONDIRILMOSI

M.S.XOLILOV
Baki Dovlat Universiteti
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Maqalada stizilmanin y¢fazali coxkomponentli modeli nazari baza segilmoklo neft ara-
qatilt qazkondensat layinin neftverma amsalimin artirilmasinda islonilmo disullarinin effektivlik
daracasinin qiymatlondirilmasi todqiq edilmisdir. Hesablama tadgiqatinin naticasina gora
anizotrop layda qaz papagina su, sudoyumlu hissaya gaz ila, izotrop layda isa qaz papagina
gaz, sudoyumlu hissaya su ilo tasir tisullarimin digar Usullar ilo muqayisada daha effektivli
olmasi muayyan edilmisdir.

Acar sozlor: neft araqatili qazkondensat layi, neftvermo omsali, izotrop vo anizotrop
lay, tosir Gisullarinin effektivlik doracasi, nisbi faza kegiriciliklori

Neft aragatili qazkondensat layinin islonilmo tocriibasi gostorir ki, neft
araqatina qazilmis saquli quyular ilo neft ehtiyatlarinin monimsonilmaosi kifayot
qodor az effektivlidir [1-4]. Istismar quyularinda yaradilan depressiyanin arti-
rilmasi hesabina hasilatin artirilmasi quyu mohsulunda gaz vo su amilinin kos-
kin artimina gatirir.

Neft aragatindan neftin istismar1 zamani neftlo doymus intervalda lay toz-
yiqinin azalmas1 baglangic tozyiq sahoasinds olan su vo qazin neftli sahays daxil
olmasia yol agir. Miioyyon islonilmo miiddstindon sonra quyudibi zonadan
neft tamamilo geri itolonir vo quyu mohsulunun gazlagmasi, sulagsmasi bas verir
(lay enerjisinin tiikonmasi iisulu). Noticodo neft araqatindan ¢ixarilan neftin
vermo omsali asagi olur [1-4]. Ona goro do quyudibi zonada siizilmo axinina
tosir tsullarinin axtariginin aparilmasi vo onlarin effektivlik doracasinin qiy-
matlondirilmasi vacib masalalordondir.

Alternativ tisullardan biri neft araqatili gazkondensat layin1 neft, qaz vo
suyun birgo axinini realizo edon, eyni zamanda ayrica vo birgo quyu ilo istis-
marina asaslanir. Eynizamanda ayrica istismar tisulunda neft nasos-kompressor
boru (NKB) ilo, gaz iso boru arxasi foza ilo hasil olunur. Qazin miioyyon hisso-
si 1so NKB-yo neftin quyudaxili gazlift istismari ii¢lin verilo bilor. Eyni zaman-
da birgo istismar tisulunda neft, gaz vo su bircorgoli NKB ilo hasil olunur [5].
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Qaz vo maye sokilli fluidlerin eynizamanda birgs va ya ayrica istismar
iisullar1 gaz, neft vo sudoyma intervallarina qaris1 gotirilmis quyudibi tozyiqinin
baraborliyino gors realizo edilir. Bu yanagsma neft, qaz vo suya géro quyunun
axtarilan debitinin borqorar olmasina vo tonzimlonmasinoe imkan verir [5-7].

Neft araqatili qazkondensat laymin islonilmosindo qaz-neft vo su-neft
kontaktinin lokal deformasiyasinin bas vermomasi vo naticodo biitlin neft ara-
qatinda global deformasiyanin bas vermomasi ii¢lin alternativ lisullardan biri
laya aktiv tosirin gostorilmosi, o climlodon, gazkondensat papagindan hasil
olunan mohsuldan qaz ayrildigdan sonra onun yenidon hamin papaga qaytaril-
mas1 vo homginin neft araqatina, su-neft kontaktindan asagi sudoyumlu hissoyo
su vurulmast ilo bircorgali NKB ilo neft, qaz vo suyun birgs istismari ola bilor
(qaz vo suvurmanin diiz tisulu). Bu {isul qaz papagindan kondensatin vo neft
aragatindan hasil olunan neftin verim omsalinin artirilmast baximindan ef-
fektivli hesab edilo bilor. [8] isindo suyun su-neft kontaktindan asagi sudoyum-
lu hissoyo deyil, neft aragatina vurulmasinin daha effektivli olmasi gostorilir.

Qazkondensat amilinin yiiksok giymaetlorindo lay tozyiqinin saxlanilmasi
ticiin laymn dam hissesindon quru qazin vurulmasi va qazkondensat papagindan
yagli qazin hesabina neftin hasilat quyularina sixisdirilmasi effektiv alternativ
isul (qaz papagina qazin vurulmasi tisulu) kimi toklif edilir [9]. Homg¢inin neft
araqatili gazkondensat layimnda eynizamanda su-neft kontaktinin baslangic
soviyyasindon asagi sudoyumlu hissosino gazla vo gqaz papagina iso su vurma
ilo tozyiqin saxlanilmasi (qaz vo su vurmanin tors tisulu) digor mévciid iisul-
larla miigayisodo perespektiv yanagma hesab olunur [10].

Neft araqatili qazkondensat yataqlarinin islonilmasindo alternativ olaraq
digor tisullar da, o ciimlodon, sudoyumlu zonaya su vurmaqla daban suyunun
aktiv horokoti hesabina neftli araqatinin tiikonmasi (sudoyumlu hissoys su vur-
ma lsulu); qaz papagma su vurma; qaz papagina su vurma vo sonra su-neft
kontaktinin baslangic soviyyasindon asagi hissoyo qaz vurulmasi (qaz vo suyun
ndvboali vurulmasi iisulu) toklif edilir [11-12].

Movcud isullarin totbigindo neftveriminin artirilmasinin  effektivlik
doracosini qiymatlondirmok ii¢lin hidrogazdinamik hesablama modelindon [13]

khf, o, .- khf o, i khf, o,
V| —=21!Vp, + —20|'Vp, + —2=2 |V =
[( M@ Pq M " Pn M Ps H

;Uq q n'Vin s'Vlis

:i mh pqSQ|i+ann |ri]+psss |SI +
ot M. 9 M M

q n s

£ (@, 1)+ Q) 0+ QL )S(x—x,)5(y — y, ).

v=l

I=L,N, (x,y)eD, te(0,T), (1)
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pq (Xa y»t)|t=0 = pqO(X> y)a Sq (Xa yst)‘t=0 - SqO(X’ y)a >

Sn(x’ y’t) t=0 — Sno(xa y)a SS(X’ yat)‘tzo = SSO(Xa y) s (X, y)e D ’ (2)
op, (x, ,1)
—a 2 =0 :

an Q > (X,.Y)E Q ] te (OaT)a (3)
il;:il;:il;:l, S'q-|-sn-|-ss=1> 4)

i=1 i=1 i=1

istifado edilmoklo konkret laymn prognoz hesablamalar1 yerino yetirilmisdir.

Burada p,, p,, p, - uygun olaraq qaz, su vo neft fazalarinin sixhqlari; I;, I,

! - uygun olaraq qaz, su vo neft fazalarinda i -ci komponentin payr; m - mo-

samolik; K -miitloq kegiricilik; s, s, S, - uygun olaraq gaz, su vo neft faza-

larinin doyumlulugu; f_, f , f.- uygun olaraq qaz, neft vo su fazalarmin

q> 'n s
kegiriciliklari; g, i, , (s - uygun olaraq gaz, neft va su fazalarmin 6zliliyd;
M, M, M- - uygun olaraq qaz, neft vo su fazalarinin orta molekulyar ¢akisi;
Pys Py» Py - uygun olaraq qaz, neft vo su fazalarmin tozyiqi; wa(t), Q! (b),
Q!,(t) - I -ci komponento gdro V -ci manboyin qaz, neft vo suya goro debiti;
S - quyularin say1; o(-)-Dirak funksiyasi; X,, Y, - uygun olaraq X, Y -oxlar
lizra quyu kordinatlari; D -siiziilma oblasti; .- D oblastinin xarici sorhadi; T -
islonilmo miiddoati; t-zamandir.
Fazalarin tozyiqi qaz-neft vo neft-su fazalarinin sorhodindoki kapilyar
tozyiq ilo
pn = pq - pcnq’ ps = pn - pcsn’ (6)

soklinds ifads olunur. Burada p,,,, p,,, — qaz-neft vo neft-su fazalarinin sorhs-

dindoki kapilyar tozyiqdir.
(1)-(6) tonliklar sisteminds qaz fazasinin tozyiqi P,, uygun olaraq qaz
vo neft fazalarmin s, s, doyumlulugu axtarilan namolum funksiyalardir.

(1)-(5) tonliklor sistemindo (6) miinasibotini nozoro alsaq, axtarilan
namolum p,, s, vo s, funksiyalarina nazaron tonliklor sistemi alinir. Tonliklor
sisteminin halli {iglin “tozyiqe goro qeyri-askar, doyma funksiyalarina goro
askar” sonlu forqlor sxemindon istifado edilmisdir [13, 14].

Islonilmado geyd olunan mévcud yanasma iisullarinm effektivliyinin
giymatlondirilmosi iizro hesablamalar konkret olaraq secilmis neft araqatili
qazkondensat lay1 (sok.l) timsalinda aparilmigdir. Neft-qaz kontaktindan
yuxart vo homginin neft-su kontaktindan asagi miioyyon mosafodo uygun

106



olaraq iki sayda vurucu quyu isloyir. Neft araqati iso ii¢ sayda quyu ilo morkozi
hissadon istismar olunur.

Laymn {imumi qalinligi 125 m, sahosi toxmini olaraq 6.25 km?, iifiigi
istigamotdo kegiriciliyi 0.5 mkm®, mesamolik omsali 0.2-dir. Layn iifiigi vo
saquli keciriciliklori nisbati 1-don 10-a kimi doyisir. Neft araqatinin, su- va
qazladoyumlu hissasinin qalinligi uygun olaraq 25,40 vo 60 m -dir. Layin
qazladoyumlu hissosinin baslangic tozyiqi 45MPa, temperaturu 102°C, orta-
lasmis torkibi (mol miqdari, %) metan 88.59, etan 4.11, propan 1.47, butan
0.77, pentan plyus yuxar1 qgaynamaya malik karbohidrogenlor Cs,-4.86, karbon
qaz1 0.2 - dir. Homin torkibo uygun baslangic kondensasiya tozyiqi toxminon
38.5 MPa togkil edir. Neft aragatinin ortalasmis torkibi (mol miqdari, %) iso

metan 35.88; etan 2.82; propan 1.69; butan 1.12; pentan 1.05; Ce+ - 56.12; N, -
0.99; CO,-0.33 -dir.

Sok.1. Lay modeli iizra quyularin paylanma sxemi

Hesablamalarda torkibo uygun fluidlorin fiziki xassolori xarakterizo
edon parametrlorin, fazalar arasi kapilyar tozyiqin vo nisbi faza kegciriciliklorin
asagidaki qiymotlorindon istifado edilmisdir[14,15]:

P, =0,636 q/en); ty =0,0252 (mlla-c); p,=0,862(q/cx’);
U, =176 (mlla-c); p, =0,978 (q/cm’); , =0,31(mlla-c);
0209-5,) _ 258
) nq >
(l’z_an)z(zan _anZ) Spt Sq

pcnq(snasq) =11 J(Sn,Sq); J(Sn,Sq)Z
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02(0.9-5,) ¢ _ 255 .

3

pcns(snﬂss) = H"](Snass); J(s,,S;) =

(275,725 —5,) S+,
II1=10°Pa.
3.5
il - 5702 ho<s <1
fq(sq)z[ [+30-5,)] 0155, <1 f(s)=) 08 . ’
0 ,0<s, 0.1 0 ,0<5,<0.2

q
0.85-(s, +5,)
f(s,)= { 0.85
0 ,0.85<s, +5,<1
Islonilma iisullarinin laya vurulan fluidlorin nisbi mosamo hocminin
miloyyon pay hissasino goéro anizotropiya nazors alindiqda vo alinmadiqda tex-

noloji gostaricilari, o climlodon neftvermoa amsali, islonilmo miiddsti vo moh-
sulun sulagma faizi codvaldo toqdim edilir:

28
] [1+(24+16.55,,], 05, +5, <0385

Cadval
No Laya tosir variantlari Kegiri- Vurulan Neft- Islonilmo Mohsulun
ciliklorin fluidlorin nisbi vermd | miiddoti, sulagma
nisboti mosamo hocminin | omsali il faizi, %
pay hissasi
Qaz Su
1 | Tikonmo 1 - - 12.2 8.3 78
2 | Qaz papagina su vurma 1 - 4.2 279 21.2 98
3 | Qaz papagma qaz, sudo-
yumlu hissayo su vurma 1 3.5 3.5 33.7 30.5 94.5
4 | Qaz papagma su, sudo-
yumlu hissays gaz vurma 1 3.5 3.5 334 304 94.1
5 | Qaz papagina gaz vurma 1 2.8 - 28.6 21.7 76
6 | Qaz va suyun novbali
vurulmasi 1 2.4 2.4 313 28.8 92
7 | Sudoyumlu hissays suyun 98
vurulmasi 1 - 2.9 29.1 20.7
8 | Tiikonmo 10 - - 18.9 8.4 54
9 | Qaz papagina su vurma 10 - 33 36.1 30.5 98
10 | Qaz papagina qaz, sudo-
yumlu hissays su vurma 10 1.32 2.64 30.1 18.3 96.2
11 | Qaz papagina su, sudo-
yumlu hisss-yo qaz vurma 10 2.9 2.9 42.8 26.9 94.3
12 | Qaz papagina qaz vurma 10 2.6 - 325 18.3 64
13 | Qaz va suyun novbali
vurulmast 10 1.1 3.7 35.2 279 91.7
14 | Sudoyumlu hissays suyun
vurulmast 10 - 3.4 33.1 28.7 98

Neft araqatili qazkondensat layinin islonilmosinin tilkonma rejimindo
kifayot qodor asag1 neftvermo omsali alinir. Bunun sabobi qaz konusunun neftli
sahoyo daxil olmasi naticoesindo cari qazneft amilinin zaman etibari ilo artimi
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vo quyularin nefto goro debitinin azalmasidir. Neftvermo omsalinin layin
sudoyumlu hissosino su ilo tosir variantinda tiikonmo rejimi ilo miigayisodo
kifayat gqodor boylik olmasi layin qaz papagina todricon neft araqatindan neftin
daxil olmasi1 naticosindo hasilat quyularina gazin daxil olmasinin g¢atinlogsmasi
ilo slagodardir.

Qaz papagma su ilo tosirdo neft aragatinin qalinliginin artimi tiikonmo
rejimi ilo miiqayisado neftvermo omsalinin yliksok artimi tomin edir. Qaz
papagina qaz, sudoyumlu hissayo su ilo tasirdo neftvermo omsalinin yiliksok
arttim1 neft araqatinin kifayot qador stabil voziyyetinin saxlanilmasi hesabina
olds edilir.

Anizotrop layda qaz papagina su, sulu hissoyo qaz ilo tosirde neftvermao
omsal1 digor iisullarla miigayisado kifayot godar yiiksok olur. Izotrop layda iso
qaz papagina qaz, sudoyumlu hissoyo su ilo tosirdo neftvermo omsalinin
giymati digor iisullarla miiqayisodo daha ¢ox alinir.

Laya vurulan gaz vo suyun nisbi masamo hocmlarinin pay hissasi do
islonilmonin texnoloji gostoriciloring koskin tosir edir. Anizotrop layda vurulan
qazin hocminin azaldilmasi izotrop layda analoji prosesin realizasiyasi nati-
colari ilo miigayisodo neftvermo omsalinin artirilmasini tomin edir. Tozyiqin
anizotrop layda saxlanilmasi zamani vurulan gazin nisbi mosamo hocminin pay
hissosinin azaldilmasi sorf olunan enerji mosraflorinin azaldilmasini vo
texnoloji prosesin effektivliyinin artiritlmasina gatirir.

Umumiyyatla, alinan naticolorin tohlili gostorir ki, neft araqatili gazkon-
densat laymin islonilmasinin qaz papagina su, sudoyumlu hissoys qaz vurma
tisulu digor iisullarla miigayisodo neftveriminin artirilmasi baximindan daha
effektivlidir. Belo ki, sudoyumlu hissoys vurulan qazin vo qaz papagma vu-
rulan suyun neft araqatina daxil olmas1 araqatinda ii¢fazli siiziilmonin bas ver-
mosing tokan verir. Noticodo neft araqatinda formalagan qaliq sudoyumluluga
gbro qazin faza kegciriciliyi koskin azalir vo gqazin gaz papagina daxil olmasi
cotinlosir. Sudoyumlu hissadon daxil olan yeni qaz hissasinin saquli istigamot-
do qalxma harokati ¢otinlosir vo noticado {ifiiqi istigamotdo horokats colb olu-
nur. Neft aragatinda qazin horokatliliyi hesadina gaz papagina vurulan su su-
doyumlu hussoys daxil ola bilmir va neftin hasilat quyularina sixisdirilmasinin
olverisli rejimi formalasir.

Natica

Neft aragatili qazkondensat yataglarinin islonilmosi tisullarinin neftvermo
omsalinin va digar texnoloji gostaricilorinin miiqayisali tohlili asagidak: praktik
noticalori imitasiya etmoyo imkan verir:

- izotrop layda tosir iisullarinin effektivliyinin artim sirasi - qaz papagina
su vurma; sudoyumlu hissoyo suyun vurulmasi; qaz papagina qaz vurma; sudo-
yumlu hissoyo suyun vurulmasi; gaz vo suyun névbali vurulmasi; qaz papagina
su, sudoyumlu hissoya qaz vurma; qaz papagina qaz, sudoyumlu hissoya su
vurma - ardicilligr ils identifikasiya olunur.
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- anizotrop layda tosir lisullarinin effektivliyinin artim sirast - qaz pa-
pagina qaz, sudoyumlu hissoys su vurma; qaz papagina qaz vurma; sudoyumlu
hissoys suyun vurulmasi; qaz vo suyun ndvbali vurulmasi; qaz papagina su
vurma; qaz papagma su, sudoyumlu hissoys qaz vurma - ardicilligi ilo iden-
tifikasiya olunur.

- izotrop vo anizotrop layda qaz papagina su, sudoyumlu hissoyo qaz
vurma tisulu digor tisullarla miiqayisado daha perspektivlidir.

- qaz papagma su, sudoyumlu hissoys qaz vurma iisuluna yeni olavalor
edilmokls onun effektivliyinin giiclondirilmasi yeni effektivli innovativ texno-
loji tisullarin yaradilmasina tokan vera bilor.
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OLEHKA D9®®EKTUBHOCTHU METO/JOB PA3PABOTKHA
TA3OKOHJEHCATHBIX 3AJIEXKEN C HEGTAHBIMHA OTOPOUYKAMM

M.C.XAJIMJIOB
PE3IOME

B crarbe BbIOOpa Teoperuueckas 0Oaza Mojenu Tpex(pazHOH MHOTOKOMIIOHEHTHOW
(bubTpaluK UCCIIe0BaHO CTeleHb () (EKTUBHOCTH METO0B pa3pab0TKU Ia30KOH/ICHCATHBIX
3ajexell ¢ He(TSIHBIMU OTOPOYKAMH JUIsl TTOBBIIICHUST HeTeoTnayu. V3 pe3yspraTa pacyeTos
YCTAQHOBJICHO, YTO B aHH30TPOITHOM ILTACTe OJHOBPEMEHHOE HAarHeTaHME ra3a HIDKE Hadaib-
HOTO BOJJOHE(DTSHOTO KOHTAKTA M HarHETAHUE BOABI B TA30BYIO IIAIKY, a B M30TPOITHOM IIIac-
Te TpsiMasi 3aKavKa ra3a ¥ BOJbBI B IUIACT (HATHETAHUE Ta3bl B TA30BYIO IIANKY U BOJBI B BOIS-
HOW dacTW muiacra) sBisgeTcs Oosiee d((GEKTHBHBIMHM I0 CPAaBHEHHUIO C JPYIMMH CYIIECT-
BYIOIIIIMH METO/IaMH Pa3pabOTKH.

KiroueBble cjioBa: He(pTEra30KOHACHCATHBIN MTACT, KOG GUIMEHT He(TCOTAaYH, U30-
TPOMHBII ¥ aHU3O0TPOIHBIN CIOH, 3((HEeKTHBHOCTH YAAPHBIX METOJ0B, OTHOCHUTENbHAS (pa30Bas
MMpOBOAUMOCTD

METHODS OF DEVELOPING GAS-CONDENSATE DISCHARGES
WITH OIL GASBANDS

M.S.KHALILOV
SUMMARY

In the article of choice, the theoretical base of the model of three-phase multicom-
ponent filtration investigated the degree of effectiveness of methods for developing gas
condensate deposits with oil outflows to enhance oil recovery. From the result of the
calculations, it was found that in an anisotropic formation, simultaneous injection of gas below
the initial oil-water contact and injection of water into the gas cap, and in an isotropic
formation, direct injection of gas and water into the formation (injection of gases into the gas
cap and water in the water portion of the formation) is more efficient compared to other
existing development methods.

Keywords: gas condensate reservoir with oil spills, oil recovery coefficient, isotropic

and anisotropic reservoir, degree of efficiency of development methods, relative phase
permeability.
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SU-POLIETILENQLIKOL-NaOH SISTEMLORININ OZLU AXININ
AKTIiVLOSMO PARAMETRLORI VO MOHLULDA
POLIETILENQLIKOLUN PARSIAL MOLYAR HOCMIi
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Isd> su-polietilenglikol-NaOH sistem/orinin 293.15-323.15 K temperatur va polieti-
lenglikolun 0-0,001 molyar hissa konsentrasiyasi intervalinda dinamik ozliliiyii vo sixligt ol-
clilmiigdiir. Polietilenqglikolun 1000, 1500, 3000, 4000 vao 6000 molekulyar kiitloli fraksiyala-
rina baxilmigdir vo NaOH-n konsentrasiyast 0.01 molyar hissa gotiiriilmiisdiir. Tocriibi na-
ticalordon istifads edorok todqiq olunan sistemlorin baxilan temperatur vao konsentrasiya in-
tervalinda ozlii axvmimin aktiviasma parametriori vo mahlulda polietilenglikolun parsial molyar
hacmlori hesablanmisdir. Miiayyan olunmusdur ki, ham konsentrasiyamin artmast ila, hom do
molekulyar kiitlonin artmast ilo mahlul daha strukturlasmis hala kegir.

Acar sozlor: sulu mohlul, polietilenglikol, NaOH, o6zlii axinin aktivlosme para-
metrlori, parsial molyar hacm.

Polietilenglikolun (PEQ) miixtalif molekulyar kiitlali fraksiyalar1 bir
cox sonaye saholorindo (minerallarin zonginlosdirilmasindo, neft kimyasinda,
tibbdo, kosmetologiyada vo s.) mithim maddo olaraq istifado olunur [1]. PEQ-
nin genis totbiq sahasinin olmasina baxmayaraq onun miixtalif molekulyar kiit-
lali fraksiyalarinin sulu mohlullarinin 6zIi axin vo hacmi xassolori az arasdi-
rilmigdir. Homginin elmi adabiyyatin tohlili gostarir ki, istor su-PEQ sisteminda
struktur xiisusiyyatlorinin arasdirilmasina, istorso do bu sistemo miixtolif duz-
larin, asaslarin va s. tasirinin dyronilmasing zorurat var.

Isdo su-PEQ-NaOH sistemlarinin 293.15-323.15 K temperatur vo PEQ-
nin 0-0.001 molyar hisso konsentrasiyasi intervalinda struktur xiisusiyyatlori
viskozimetriya vo piknometriya metodlar1 ilo todqiq olunmusdur. Baxilan
temperatur vo konsentrasiya intervalinda sulu mahlullarin dinamik 6zliilityli vo
sixlig1 Olgiilmiisdiir. Tocriibi naticolordon istifado edorok todqiq olunan sistem-

lorin 6zl axininin aktivlosma Gibbs enerjisinin (AG; ), 6zIi axiinin aktivlog-

mo entalpiyasmin (AH), 6zlii axmnmin aktivlosmo entropiyasmin (AS;) vo
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mohlulda PEQ-nin parsial molyar hocminin (\7) PEQ-nin konsentrasiyasindan
asililiglar1 tohlil olunmusdur.

Tadqiqat obyekti olaraq su-PEQ-NaOH sistemlori gotiiriilmiisdiir. PEQ-
nin 1000, 1500, 3000, 4000 vo 6000 molekulyar kiitloli fraksiyalarina baxil-
migdir, NaOH-1n konsentrasiyas1 0.01 molyar hisso gotiiriilmiisdiir. Istifado
olunmus PEQ-lor vo NaOH kimyovi safdirlar. Mohlullarin hazirlanmasinda
bidistillo edilmis sudan istifado olunmusdur. Isdo &zliiliik kapilyar viskozi-
metrla, sixliq isa piknometrls dl¢tilmiisdiir.

Mayelorin 6zIii axininin Eyrinq nozariyyesina [2-6] gors 0zlii axininin

aktivlosmo Gibbs enerjisi (AG;)

AG; =RT lni (1)
o

ifadasils toyin olunur. Eyring nozariyyesins [2, 3, 4] goro 5 = N."o olur. Bura-
M

da R -universal qaz sabiti, N,-Avoqadro ododi, h-Plank sabitidir.
M ziXiMi -mohlulun molyar kiitlssidir [2]. X, vo M, uygun olaraq i-ci kom-
ponentin molyar hissasi vo molyar kiitlesidir. T miitloq temperaturunda
mayenin dinamik 6zliiliiyii (77) vo sixligt ( p ) tacriibada toyin olunur.

(1) ifadosini termodinamikadan malum olan [2, 3]

AG] =AH -TAS? (2)
ifadosinds nozors alsaq va biitiin hadlari T -yo bolsak alariq:
Rin T =200 s ©)
ny T
(3) ifadesindon goriiniir ki, 6z1i axinin aktivlosmo entalpiyas: (AH;)
AH? =R oln(i/m,) (4)
A(1/T)

olur [2, 3]. (1) ifadesindon AG; vo (4) ifadesindon AH; toyin edildikdon
sonra (2) ifadasilo 6z1ii axinin aktivlosmo entropiyasi (AS;) hesablanir.

Mbohlulda PEQ-in parsial molyar hocmi (\7)

Vv, +<1_X{M) 5)
X Jor

diisturu ilo toyin olunur [2, 3, 7]. Burada V, -mohlulun molyar hocmi olub,

A _M_ 2 %M, diisturu ilo hesablanir.
PP
Miixtolif molyar kiitloli PEQ-lor {igiin su-PEQ-NaOH sistemlorinin
293,15 K temperaturda 6zlii axininin aktivlosmo Gibbs enerjisinin (AG; ) vo
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0zlii aximinin aktivlesmo entalpiyasinin (AH,") PEQ-nin konsentrasiyasindan

(x) asililiglar1 cadval 1 vo cadval 2-do, 6zlii axininin aktivlosmo entropiyasinin
(AS; ) PEQ-nin konsentrasiyasindan ( X ) asililig1 iso sokil 1-do gdstorilmisdir.

Cadval 1
Su-PEQ-NaOH sistemlorinin 6zlii axininin aktivlosma Gibbs enerjisinin ( AG;,C /mol)

PEQ-nin konsentrasiyasindan (X) asithhg (T=293.15K, x . =0.01)

X Mpeo =1000 | Mpgg =1500 | Moy =3000 | M peg = 4000 | Mg = 6000

0 9549 9549 9549 9549 9549
0.0001 9603 9700 9795 9939 10730
0.0002 9691 9881 10086 10376 11534
0.0004 9813 10242 10642 10972 13576
0.0006 9993 10511 11201 11928 14779
0.0008 10172 10984 11635 12824 16297

0.001 10282 11339 12438 13242 17499
Cadvel 2
Su-PEQ-NaOH sistemlorinin 6zlii axininin aktivlosma entalpiyasinin (AH ; ,C/mol)

PEQ-nin konsentrasiyasindan (x) asihihig: (T=293.15 K, x =0.01).

NaOH

x | Mpgg =1000 M e =1500 M peq =3000 M peq = 4000 M pe, = 6000

0 17417 17417 17417 17417 17417
0.0001 17602 17680 17793 17959 18898
0.0002 17690 17951 18179 18529 19788
0.0004 17900 18500 18876 19475 22086
0.0006 18089 18767 19642 20443 23600
0.0008 18387 19392 20262 21677 25271
0.001 18527 19866 21128 22141 26699

Qeyd edok ki, AG; 1 mol sayda molekulun bagli haldan aktiv hala keg-
mosing sorf olunan enerjidir, AH mohlulda yaranan doyismolori enerji baxi-
mindan, AS; iso struktur baximindan xarakterizo edir. Belo ki, konsentrasi-
yanin artmast ilo AG; -nin artmas1 molekulun potensial ¢opari ke¢gmosino daha
cox enerji sorf olunmasini, AH; -in artmasi sistemin daha mohkom struktura

malik olmasini, AS: -in artmasi iso sistemin daha strukturlasmis hala kec-

mosini gostarir [2,8-12]. Ozlii axinin aktivlosmo parametrlorinin konsentra-
siyadan asililiglarina (codval 1, codval 2 vo sokil 1) osason deyo bilorik ki,
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mohlulda PEQ-nin konsentrasiyast artdigca mohlul daha mdéhkom struktura
malik olur vo daha da strukturlagsmis hala kegir.

Codval 1, cadval 2 vo sokil 1-don gdriiniir ki, AG,, AH vo AS” para-

metrlori verilmis temperaturda konsentrasiyanin artmasi ilo artir, verilmis tem-
peratur vo konsentrasiyada iso molyar kiitlonin artmasi ilo artir.

331757, C
7" K -mol

25 : : : : X

0 0,0002 0,0004 0,0006 0,0008 0,001

Sak. 1. Su-PEQ-NaOH sistemlorinda 6zli axinin
aktivlogsmo entropiyasinin PEQ-nin konsentrasiyasindan

asithilign (T=293.15 K, Xy,o4 = 0.01).
1-PEQ (1000), 2-PEQ (1500), 3-PEQ (3000), 4-PEQ (4000), 5-PEQ (6000)

Sulu mohlullarda struktur xiisusiyyetlori mohlulun komponentlorinin
parsial molyar hacmlori ilo do xarakterizo olunur. Malumdur ki, i-ci kompo-
nentin parsial molyar hocmi verilmis torkibli sistema homin komponentdon
I mol alave etdikdo hocmin doyismasine barabardir [2, 3, 7]. Miixtalif molyar
kiitlali PEQ-lor tigiin su-PEQ-NaOH sistemlorindo 293.15 K temperaturda

PEQ-nin parsial molyar hacminin (\7) PEQ-nin konsentrasiyasindan ( X ) asili-

1181 cadval 3-do gostorilmisdir.
Cadval 3

Su-PEQ-NaOH sistemlarindo PEQ-nin parsial molyar hacminin (\7, sm’/mol)
PEQ-nin konsentrasiyasindan ( x) asithhigi (T = 293.15K, x_,, = 0.01).

X M pe =10000 M peq =1500 M oeq =3000 M peq, = 4000 M e = 600C

0 847 1314 2763 3697 4965
0.0001 839 1289 2717 3623 4931
0.0002 831 1266 2675 3553 4899
0.0004 816 1226 2601 3429 4842
0.0006 805 1195 2541 3325 4792
0.0008 795 1173 2496 3241 4750
0.001 789 1159 2465 3176 4715
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V) sm?
404 n | “mol
or

38 1
36

34 1

X

32

0 0,0002 0,0004 0,0006 0,0008 0,001

Sok. 2. Su-PEQ-NaOH sistemlorindo PEQ-nin bir monomers
diison parsial molyar hacminin orta qiymatinin PEQ-nin
konsentrasiyadan asililigi (T=293.15 K, X, =0.01).

Cadval 3-don goriiniir ki, har iki sistem {i¢lin mohlulda PEQ-nin parsial
molyar hocmi verilmis temperaturda konsentrasiyanin artmasi ilo azalir,
verilmis temperatur vo konsentrasiyada iso molyar kiitlonin artmasi ilo artir.
Hesablamalar gostorir ki, verilmis temperatur vo konsentrasiyada PEQ-nin bir

monomers diison parsial molyar hacmi [\7] PEQ-nin molyar kiitlosindaon,
n

demoak olar ki, asili deyil. Sakil 2-do tadqiq olunan miixtalif molyar kiitloli
PEQ-lorin 293.15 K temperaturda bir monomera diison parsial molyar hoc-
minin orta qiymatinin konsentrasiyadan asililig1 gostorilmisdir. Bu asililigi

{Y}J =2106749,5x> —5922,9x +38,7

ifadasilo tosvir edo bilorik. Giiman etmok olar ki, boyiik Olciilii assosiatlarin
fozadaki hocm payi, boliindiikds onun ayri-ayri hissalorinin fozadaki hacm
paylar1 comindan kigik olur vo oksina. Iki strukturlu su modelins [2,3,13] géra
su hidrogen rabitasilo birlosmis miixtolif 6l¢iilii klasterlordon vo klasterlor arasi
sarbast su molekullarindan ibaratdir. Parsial molyar hacmin konsentrasiyadan
asililigina osason ehtimal etmak olar ki, PEQ molekullar1 ilk novbado sorbast
su molekullar1 ilo hidrogen rabitasi vasitasilo birlosirlor. Bu iso konsentra-
siyanin artmast ilo mohlulda PEQ-in parsial molyar hacminin azalmasina sabab
olur. Bu isa PEQ-nin konsentrasiyasinin artmasi ilo moahlulun daha da struk-
turlagsmasini gostorir.

Goriindiiyli kimi, hom 6zIi axinin aktivlosmo entropiyasinin, hom do
mohlulda PEQ-nin parsial molyar hacminin konsentrasiyada asililigir gostorir
ki, verilmis temperaturda hom gétiiriilmiis fraksiyali PEQ tigiin konsentrasiya-
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nin artmast ilo, hom do gotiiriilmiis konsentrasiyali vo miixtalif fraksiyali PEQ-
lor {iglin molekulyar kiitlonin artmasi ilo mohlul daha strukturlagmis hala kegcir.
Ehtimal etmak olar ki, tadqiq olunan sistemds PEQ molekullarinin otrafinda
hidrogen rabitasi vasitesilo su molekullarinin (ilk névboda sorbast su molekul-
lar1) toplanmasi naticosindo miioyyon Olciilii agreqatlar omolo golir. PEQ-in
hoam konsentrasiyasinin, ham do molekulyar kiitlosinin artmasi ilo mohlulda
belo aqreqatlarin say1 artir va dlgiilori boyiiyiir, naticods mohlul daha da struk-

turlasmis hala kegir. Sozsiiz ki, su-PEQ-NaOH sistemindo Na® vo OH™ ion-
lar1 hidratlagmaya moruz qaldiglarindan yaranan struktur, su-PEQ sisteminin
strukturundan forqli olacagq.
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IMAPAMETPBI AKTUBAIIUU BA3KOI'O TEHEHUE B CUCTEMAX
BOJIA- TOJMATUJIEHTJIMKOJb-NaOH U TAPITUAJIHBIN
MOJISAPHBIA OBBEM B PACTBOPE NNOJUATHJIEHTJIUKO.JIb

B.I''ITAIITAEB
PE3IOME

B pabote u3mepeHsl AUHAMHUYECKAs BA3KOCTh W IUIOTHOCTH CHCTEM BOZA-TIOJIMITHIICH-
rmkons-NaOH B unaTepBane temmepatyp 293,15-323,15 K u 0-0,001 monsHOU momu TIOT.
PaccMoTpeHbl Gpakuy MOTUAITHICHTIINKOIL ¢ MOJIsIpHOW Maccoit 1000, 1500, 3000, 4000,
6000 u konuentpauus NaOH B cuctemax Boga- nmomdTuiIeHrMKojb - NaOH cocrasisina 0,01
MosibHOU oy, C UCIOJIb30BaHUEM PE3yJIbTaTOB JKCICPUMEHTA OBUIM BBIYUCIICHBI aKTHBA-
LUOHHBIC MAPAMETPhI BSI3KOTO TECUYCHUS M MAPIHATBHBIC MOJIIPHBIC OOBEMBI MOJIMITHIICHTIIH-
KOJIb, @ TAK)KE MCCIICIOBAHBI 3aBUCHUMOCTH 3TUX MApaMETPOB OT KOHICHTPAIMU TOJIHITHIICH-
[JIMKOJIb B JIAHHOM HHTEpBAJIC TEMIIEPATyp M KOHICHTPAIIMU HCCICAYCMBIX CHCTEM. YCTa-
HOBIICHO, YTO TIPH YBEIUYECHUHM KOHICHTPAIWU KakK M (PaKIUU TONHITHICHIIUKOND MPH
MAHHOM TemmepaType, TaKk W TPH YBEIMYCHWN KOHIICHTPAIIMH MOJICKYJISIPHON MacChl IS
KOHIICHTPUPOBAHHBIX W PA3IMYHBIX (PAKIUOHHBIX ITOJHUATHIICHIIINKONb, PACTBOP CTAHOBUTCS
Ooee CTPYKTYpHUPOBAaHHEIM.

KuroueBble ciioBa: BOJHBIN pacTBOp, MOJIUATUIIEHIVIMKOIL, NaOH, napamerpsl akTuBa-
[IUU BSI3KOTO T€UEHHE, apliUaIbHbIA MOJISIPHBINA 00BEM.

ACTIVATION PARAMETERS OF VISCOUS FLOW OF SYSTEMS
WATER- POLYETHYLENE GLYCOL-NaOH AND PARTIAL
MOLAR VOLUMES OF POLYETHYLENE GLYCOL IN SOLUTIONS

B.G.PASHAYEV
SUMMARY

The dynamic viscosity and density of water- polyethylene glycol -NaOH systems was
measured at the range of temperature 293,15-323,15 K and a concentration of molar fraction of
polyethylene glycol to 0-0.001. Polyethylene glycol molecules with a molecular weight of
1000, 1500, 3000, 4000 were investigated and the concentration of NaOH was taken 0,01
molar fraction. Using experimental results, the temperature and concentration at the range of
investigated systems the activation parameters of the viscous flow and partial molar volumes of
polyethylene glycol in solutions were calculated. It was determined that when concentration
and molecular weight increase, the solution becomes more structured.

Key words: aqueous solutions, polyethylene glycol, NaOH, activation parameters of
viscous flow, partial molar volume.

Redaksiyaya daxil oldu: 17.09.2019-cu il
Capa imzalandi: 16.10.2019-cu il
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Ananuzuposano cospementoe cocmosiHue 6 00aacmu nOIYy4eHUs U Ucciedo8anus cubpuo-
HbIX NOMYNPOBOOHUKOBHIX NOJUMEPHBIX HAHOKOMNO3UMOS. YCMAHOBIEHO, YUMo aKmMusHbie CE0l-
cmea (homomomunecyenmmvie, onmudecKue, GomopezucmusHole, Gomososbmaudeckue u m.o.)
u  aaexmpousuieckue (OUIIeKMpUHecKas NPOHUYACMOCHb, MAHSCHC Yeld OUDICKMPULECKUX
nomepwb, YOeibHOe CONPOMUBICHUE) CEOUCMEA NOJUMEDPHBIX HAHOKOMNO3UMOE CUILHO 3AGUCSIN
OM MEXHONO2UHECKUX VCI08UL (POPMUPOBAHUSL HAHOKOMNOUMOS, USMEHEHUS. HAOMOICKYISAPHOU
CMpPYKMypbl NOTUMEPHLIX HAHOKOMNO3UMOS, MENCPAZHBIX 83AUMOOCUCMBUL  MeANCOY NOTUMe-
POM U HAHOPAZMEPHBIMU YACMUYAMY, NPUPOObL NOJUMEPHOU MAMPUYbL (INEKMpPOOmMpPUYaAmeib-
HOCMb, NONAPHOCHb U M.0.), OM CEOUCMEA U pA3Mepa HANOIHUMENs, OM OUCNEPCHOCU U OOHO-
POOHOCMU pacnpedeienus HAHOHANOIHUMES 8 NOIUMEPHOU Mampuye, a Mmakice om npoyeccos
MENHCMONCKYIAPHO20 NEPEHOCA U MUSPAYUY IHEPSUU INEKIMPOHHO20 B030VIHCOCHUSL.

KiroueBble ciioBa: HAaHOKOMIIO3UT, HAHOYACTHUIBI, ITIOJINUMED, CI)OTOJ'I}OMI/IHCCL[CHHI/I}I

['ubGpuaHbIe HAHOKOMIIO3UTHI MPUBJIEKAIOT K ce0e BHUMaHHE, MPEKIE
BCEro, M3-3a CBOWCTB HEOPraHWYECKUX HAHOYACTHII, BXOJSIIMX B UX COCTaB.
CBolicTBa TaKMX HAHOYACTHIl OTJIMYAOTCS KAK OT CBOWCTB MHIWBUIYaJIbHOIO
aTOMa MJIM MOJIEKYJIbI, TaK U OT OJI0YHOTrOo Marepuana. HaHouacTuisl xapakre-
PU3YIOTCS MAJIBIMHM pa3MepaMu, CII0KHOM BHYTpEHHEH opraHusamnuei, crocoo-
HOCTBIO K OYEHb IJIOTHOM YIAaKOBKE, a TaKKe OYE€Hb BHICOKMM OTHOIICHHEM
IUTOIIAM TIOBEPXHOCTH K 00beMy. I[ToBepXHOCTHBIE aTOMBI BHOCAT OOJBIION
BKJIaJl B TEPMOJAMHAMUYECKHUE XapaKTEPUCTUKU TBEPJOTO Teja U JJs HaHOoYa-
CTHI] B 3HAUUTEJILHON CTENIEHU ONPENEIAIOT CTPYKTYPHBIE IEPEXOIbI U TEMIIE-
patypy miaBneHus. OAHAKO, BaXXHO HE TOJBKO CHHTE3UPOBATh HaHOpPa3Mep-
HbI€ YaCTHUIbl, HO U CTAOUIN3UPOBATH UX, IO3TOMY OJHUM U3 MEPCIEKTUBHBIX
HaIlpaBJICHUH B NOJUMEPHON HayKe U MATEpUATIOBEIEHUU MOCIEIHUX JIET SIB-
asieTcst pa3paboTKa HayYHbIX MPUHLHUIIOB MOJIy4€HHUs HOBOTO Kjlacca MaTrepua-
JIOB - TOJMMEPHBIX HAHOKOMITO3UTOB. Takue HaHOKOMIIO3UTHI 00JagaroT psi-
JIOM YHUKAJIbHBIX CBOWCTB, O0YCJIOBJIEHHBIX HE TOJIBKO YPE3BBIYAITHO MaJIbIMU
pazMepamMu METAUIMYECKUX U IOJIYNPOBOJHUKOBBIX HAHOYACTHUL, HO U OCO-
OCHHOCTSIMU CTPOEHUS MOJUMEPHON MaTpulibl. OTHO U3 TaKUX CBOICTB COCTO-
UT B TOM, YTO IOJIMMEpHAsi MaTpULA MO3BOJIIET OPraHU30BbIBATH HAHOYACTH-
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Lbl B HAJAMOJIEKYJISPHBIE CTPYKTYPbI, YTO 3HAYUTEIILHO YCUIUBAET HEOOBIYHBIE
cBOMCTBa HaHOYACTHUILl. BBICTPHIN mporpecc B afanTanuu pazmepa u Gpopm mo-
JYNPOBOAHUKOB HAHOKPUCTAIJIOB (KBAaHTOBBIE TOUKH) 00ECTIEYUBAET BBICOKYIO
CTENEHb KOHTPOJIS HAJl MX ONTUYECKUMU U IJIEKTPOHHBIMU CBOMCTBAMH. JTOT
KOHTPOJIb MOKHO HCIIOJIb30BaTh JJIsl IPUMEHEHHUS B OMOJIOTMUECKUX aHAJIN3aX,
B 3JIEKTPOHHOM HHTErpajie M B pa3paboTke OecrpoBOAHBIX cucTeM. B omro-
JJIEKTPOHMKE NEPECTPOMKA Pa3MEPOB KBAaHTOBBIX TOYEK MO3BOJISIET KOHTPOJIH-
pOBaTh CIEKTP MOIOIMIEHUS i1 (OTOBOJIBTAUYECKHX M (DOTOIIOMUHECIICHT-
HBIX, CTUMYJIUPOBAHHBIX YMUCCHOHHBIX WU 3JEKTPOJIOMUHECLEHTHBIX MPUJIIO-
KEHUH, Kak B OMOJIOTMYECKUX TMPHIOKEHHUSIX 3TO MO3BOJIAET CIIEKTPaIbHOE
MYJIbTUIUIEKCUPOBAHUE U KOAUpoBaHue| 1].

HanomaTtepuaiiel Ha OCHOBE MOJIyNPOBOAHUKOB (Hampumep, AIIBVI u
AIVBVI) o6nagatoT yHUKaJbHBIMH ONTHYECKMMU CBOMCTBAMHM U SBISIOTCA
NEPCIEKTUBHBIMU MaTepHalaMy JUlsl aKTUBHBIX 2JIEMEHTOB HEJIMHENHOW OINTH-
KM M yCTPONCTB HaHORJIEKTPOHUKH. OJTHUM U3 Hanbosiee UHTEPECHBIX CBOMCTB
HAHOCHCTEM SIBJISIIOTCSI X HEOOBIYHBIE ONTHYECKUE XapaKTEPUCTHKH, KOTOPbIE
3aBUCAT HE TOJIBKO OT MPHUPOJIBI BEIIECTBA, HO OT pa3MEPOB HAHOYACTHUIL M UX
KOHILIEHTpaluu. B psne ciy4yaeB OlMcaHue CBOMCTB HAHOKOMIIO3UTHOI'O Mare-
puana MOKHO IMPOBECTH B paMKax MPUONMKEHUs CIUIOMIHOW cpensl. Hampu-
Mep, [P PaCCMOTPEHUHU ONTUYECKUX CBOMCTB CTEKOJI, OKPALLIEHHBIX MeTalla-
MH, UCHOJIB3YETCS] MPUOIMKEHUE MOHOAMCIIEPCHBIX CHEepUUECKd CUMMETpHY-
HBbIX YaCTHI], PABHOMEPHO PACIpPEICIICHHBIX B CTEKIAHHOW Marpuie. Toraa
s¢dexTUBHAs AUAIEKTPUUYECKas MOCTOSHHAs JUIsl pacCMaTPUBAEMON CHCTEMBI
MOYET OBbITh BBIUMCIIEHA B MPEANOIOKEHUH, YTO pa3Mep YacTUI] MHOTO MEHb-
L€ CPEHErO PACCTOSHUS MEXIy 4aCTULAMHU, KOTOPOE, B CBOKO 0YEpPElb, MHO-
IO MEHBIIIE JJIMHBI BOJIHBI BUAUMOIO CBETA.

st Toro yToOBl OOBSACHUTH ONTHYECKHUE CBOMCTB IMOJIYNPOBOJIHUKOB,
ObUIO M3YYEHO BIMSHHUE pa3Mepa YacTHIl Ha 30HHYIO CTPYKTYPY TBEpPAOIO Te-
na. Kak yxe oTMedanoch BbIIIE, NMPU 0OpPa30BAHUU YACTHIIBI U3 OTAEIBHBIX
aTOMOBaTOMAapHbIE YPOBHH (POPMHUPYIOT 000OIIEHHBIE MOJEKYJSpHbIE OpOU-
Tajy, KOTOPbIE 3aTEM JEJIOKAIU3YIOTCA B 30HHYIO CTPYKTYPY, CBOMCTBEHHYIO
TBepAOoMYy Teiry. [Ipu 3TOM nenokanu3anus BCEraa HAYMHAETCS ¢ LIEHTpa YHEP-
TEeTUYECKOM 30HBI, U IIPU MAJIOM pa3MEPE YaCTHUILl TOJIbKO LEHTPBI 30H UMEIOT
HETIPEPBIBHYIO 3JIEKTPOHHYIO IUIOTHOCTh, B TO BPEMsI KaK MX Kpas COCTOST U3
JMCKPETHBIX ypoBHEW. Takum 00pa3oM, yMEHBIIEHHE pa3MEpPOB YaCTHUI] Me-
TauioB (ypoBeHb DepMHU KOTOPHIX JICKUT B IIEHTPE 30HBI) BIUIOTH 0 3-5 HM
IIPU TEMIIEpAType BbIIIE HECKOJIBKUX IpaaycoB KenbBuHa HE NPUBOIUT K W3-
MEHEHUIO UX JIEKTPUYECKUX U ONTHYECKUX CBOMCTB MO CPaBHEHHIO C 00BEM-
HbIMH MeTayuiaMu. C Ipyroil CTOPOHBI, Y MOJYIIPOBOJHUKOB YpoBeHb Pepmu
JIKUT MEXKIY SHEPTeTUYECKUMH 30HaMH, U UIMEHHO Kpasi 30H OIPENEISIOT OIl-
THYECKUE U AIIEKTpUYeckue cBoiicTBa. Takum 0Opa3oM, ONTHYECKHE MEPEXOIbI
MEXKy 30HAMH OYEHb CHUJIBHO 3aBHUCAT OT Pa3MEpPOB YACTHIL ITOITYIPOBOJIHUKA
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BIUIOTH 110 20-30 HM, ITOCIJIE YEero 30HBI HMEIOT YK€ MOJIHOCTBIO HEIPEPBIBHBIN
SHEPreTUYecKuil cnekTp[2].

Heo0Oxo1nMo OTMETHTH, YTO ONTUYECKHE CBOMCTBA MOJIYNPOBOJHUKO-
BBIX HAHOYACTHIL 3aBUCAT HE TOJIBKO OT UX COCTaBa, CTPYKTYpPBI U pa3zMepa, HO
U OT COCTOSIHHMS MOBEPXHOCTU. BbIIO MokazaHOo, 4TO MHOTHE J1e(heKThl Haro-
BEPXHOCTU HAHOYACTHII (HAaIpUMep, MOCTOPOHHUE aJCOPOMpPOBAHHbBIE ATOMBI
WM TOYEYHbIE N1e(EKThl CTPYKTYPbl) MOTYT BBICTYIATh B POJIU MOTEHIIHAIIb-
HBIX SIM WM O0apbepoB s ABIPOK U 3JIEKTpOHOB. Kak mpaBuiio, 3To MpUBOAMUT
K U3MEHEHHUIO 30HHOW CTPYKTYpPBI U JAETpajallii ONTHYECKUX CBOICTB HAHOCH-
CTEMbI, IPUYEM ITH U3MEHEHMs TEM YyBCTBUTENbHEE K Jie(eKTaM, YeM MEHb-
e pazMep 4actuil. s mpemoTBpalieHus: TOro SBJIEHUS OOBIYHO HCTIOJB3Y-
10T IIPOLECC NTaCCUBALIUU, IPU KOTOPOM IOBEPXHOCTHBIE aTOMBI OKa3bIBAIOTCS
CBSI3aHHBIMHU C aTOMaMH JPYroro BEIECTBa, Y KOTOPOTO LIMpPUHA 3alpelieH-
HOW 30HBI JIOJKHA ObITH Oojble. J[pyruMu ciioBamu, 4acTHIIBI MOKPBIBAIOT
CJIOEM JIPYroro COCIMHEHUS U TOyJaroT TaK Ha3biBaeMble “‘core-shell” (siapo B
o0osouke) HaHoYacTHLbl. Hampumep, yacTuibl cynbduaa KaaMus MOKPbIBAIOT
CJIOEM CeNIeHUa KaaMusi, KOTOPbII SBIAETCS MOJIYINPOBOIHUKOM COObIIEH
IIMPUHOM 3aIMPELeHHON 30HbI, JIMOO UX BHEAPSIOT B TUAIEKTPHUUECKYIO TOJIH-
MEpHYIO OPTaHHYECKYI0 MaTpHIly. DTO 3HAYUTEIbHO YIy4IlIaeT ONTHYECKHE
CBOWCTBA HAHOYACTHIIL, MPUOIMKAs UX K CBOMCTBAM M30JIMPOBAHHBIX HAHOKIIA-
cTepoB. Oco0eHHO pKO ATOT A3G(DEKT NPOSABISAETCS IPU PACCMOTPEHUH JTIFOMHU-
HECIICHTHBIX CBOMCTB HaHOcHCTeM. Tak, /Uil MOKPBITHIX 000JOYKOM HaHOYa-
CTHII Cy/Ib(Haa WIK CeJIeHHUIa KaIMUsl yJaeTCsl 3HAUUTEIbHO (IIOYTH HAIops-
JIOK) YBEJINYUTHh KBAHTOBBIM BBIXOJ JIIOMHUHECLIEHLUU 110 CPAaBHEHHUIO CO CBO-
00JHBIM U HAHOYACTHUIIAMHU.

CB0oeoOpa3HBIMU CBOWCTBAMHU 00J1aal0T MOJUMEPHbIE HAHOKOMITO3HUTHI
B KOTOPBIX HAHOYACTHUIIBI PACIIPEIEIIEHB] B OJIMMEPHbBIE MAaTPHUIIbl B BUJIE KBaH-
TOBBIX TOUYEK. DTO SIBJIEHUE BO3HMKAET Torna korga pasmep HPY nomynposon-
HUKOB WJIM METAJUIOB, BBEIECHHBIX B KECTKHE MATPHUIBI (CTEKJA, MOJUMEPHI U
T.JI.) MHOTO MEHbLIE JJIMHBI BOJIHBI BO30y:xaatomiero noist (<<y/20). ITox Bo3-
JEUCTBUEM HJICKTPUUECKOTO TOJS MOJISPU3AIMs JTOKATN30BAHHBIX CBOOOTHBIX
3apsioB Ha HPY cymectBeHHO MOIuUIIMpyeT KBAHTOBOE COCTOSIHHE DJIEKTPO-
HOB M COOTBETCTBEHHO AMAJIEKTPUYECKYIO IOCTOSHHYIO KOMITO3UIIMOHHOM Cpe-
nbl.  Bo3HukaoT 3¢¢exThl JOKaTbHOTO TMOJS HW3-32  pa3iuuus  DJeK-
TPOPHU3UUECKUX CBOWCTB MEXKy KBAHTOBBIMU TOYKaMH U MOJIMMEPHOW MaTpH-
LI, YTO MPUBOAUT K YBEJIWYECHUIO aKTHUBHBIX CBOMCTB. [Ipu 3TOM C ymeHb-
menueM pasmepa HPY yBennuuBaercss (poToakTHBHBIE CBOMCTB HAaHOKOMITO3H-
LIMH, U3-3a PE3KOr0 POCTa aKTUBHOT'O YJIENBbHOrO MoBepXHOCTU. [lo3Tomy mosnu-
MEpPHbIE HAHOKOMIIO3UThI HA OCHOBE KBAHTOBBIX TOUEK NPEACTABIISAIOT HHTEPEC C
TOYKH 3PEHUS CO3[]aHUsI aKTUBHBIX CJIOE€B B CBETOMCITYCKAIOIMIMX auoaax|3].

B pabote [4] Hanokommo3uTHBIE TUICHKH Ha ocHOBe PbS-TIBA, CdS-
I[IBA u PbS-CdS-IIBA Obutn CHHTE3MpPOBAHbI C UCIOJIB30BAHUEM IN-situ XH-
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Muyeckoro Merona. /{udpakromerpuueckuii aHanu3 BceX HAHOKOMIO3UTHBIX
IUICHOK TOoATBepAwWs, uTo HaHodacTuiel PbS u CdS B I[IBA-marpuiie umeer
KyOonueckyro cTpykTypy. COM mn3obpakeHus noka3ail MOHOAUCIIEPCHOE pac-
npenenenre Hanovactur PbS u CdS B marpuue [IBA. UK uccnenoBanus no-
Ka3aiu CIBUI (PYHKUMOHAJIBHBIX rpymnn B marpuue [IBA, uto ykasesiBaer Ha
CUJIBHOE B3auMoJIelicTBUE HaHOUYacTull 1 noauMepa [IBA. Y ®-cnexkrpockonus
HAaHOKOMIIO3UTHBIX IUIEHOK TMOKa3ajJa CHUHHUM CABUT B CIIEKTPE MOIJIOMICHUS
HAaHOKOMITO3UTHBIX IUIEHOK 110 CPaBHEHHUIO CO CHEKTPaMH IOTJIOLICHUs 00b-
emubix PbS u CdS. Beutn paccuntansl muprHa 3aPEIIEHHON 30HBI IS BCEX
HaHOKOMMO3UTHBIX TuieHoK PbS/TIBA, CdS-TIBA u PbS-CdS-IIBA u ycra-
HOBJIEHO, YTO OHU COOTBETCTBEHHO paBHbI 2,10, 2,84 u 2,22 »B. lllupuna 3a-
NPEIICHHOW 30HBI A1 HAHOKOMIO3UTOB Ha ocHOBe PbS-CdS-IIBA pacnoso-
keHa Mexay HaHokommoszutamu PbS/IIBA u CdS/TIBA u Gnmke k  mmpuHe
3anpenieHHou 306! s wieHkn PbS/TIBA.

B paGorte [5] HaHOKOMMIO3UTHI Ha OCHOBE TosuaHuianH/CdS ObuH 1MO-
Jy4YEHBI C UCII0JIb30BaHNEM MeToAa xumudeckoro okuciaenus. UK uccnenosa-
HHsI HAHOKOMIIO3UTOB NOKA3aJId IPUCYTCTBUE IOJIOCHI MOTJIOMEHUs npu 414
eM™, uTo yKa3bIBaeT Ha npucyrcTBue HaHoyacTull CdS B mommmepHON MaTpu-
ue. JAu@pakiMoHHBIM aHATU3 MOKa3al yBEJIWYEHUE KPUCTAIUIMYHOCTH HAHO-
KOMITO3UTOB ¢ BBefieHneM HaHouacTull CdS. TI'A aHanu3 moka3bplBaeT yBeEH-
YeHHe TePMUYECKON CTaOMIbHOCTH HAaHOKOMITO3UTA C BBEJACHUEM HAaHOYACTHII
cynbduaa xkaamus o cpaBHeHuto ¢ ynucteiM [TAHU. Tloka3zano, uto HaHo4a-
ctunbl CdS yBennuyMBaIOT 3JEKTPONPOBOJHOCTh HAHOKOMIIO3UTA HA OCHOBE
nomaanmtua/CdS o 1,79x107/cm mo cpasuenmio ¢ wmcteiv ITAHH (107
"Cm/cm) n momynpoBogrnkom kpemunem (10*Cwm/cm). Boimo oGHapyxeHo,
YTO IEKTPONPOBOJAHOCT HAHOKOMIIO3UTOB aHAJIOTWYHA CYLIECTBYIOLIUM IIO-
JYIPOBOAHUKOBBIM METAJJIaM.

B paGorte [6]u3yuensl ¢GoTOBOIbTAMYECKHE M ONTHYECKHE CBOMCTBA
HAHOKOMITO3UTOB Ha ocHOBe [IBA+PbS, a Taxke BIMsHUE TEPMHUYECKOTO OT-
YKUTa Ha CBOMCTBA JJaHHBIX HAHOKOMMO3UTOB. Ha crekTpax morioiieHus Obuiu
uaeHTuUIMpPOBaHbl MakcUMyMBI Tipu 1,5, 1,84, 2,41, 3,06 u 3,58 »B. Xapak-
TEPHON 0COOEHHOCTHIO JAHHBIX HAHOKOMIIO3UTHBIX IUICHOK SIBJISIETCS HAJIN4HE
3€JIEHO-CUHEHN JIIOMUHECIICHIIMM C MAaKCUMyMaMH MHTEHCUBHOCTHU IIpH 2,25 U
3,02 3B coorBercTBeHHO. Hambomnblmas MHTEHCHBHOCTDL 3€JICHOM JIFOMHHEC-
LIEHIIMU HaOJIro1aeTcs Mpu Bo30YKIeHUU SHeprueil paBHoit 2,35 3B, Toraa kax
WHTEHCUBHOCTHh TTUKOB CHHEH JIOMUHECIICHIIMN HAOJI0AaeTCsl Tpu BO30YXKIe-
HUM 3Heprueil pasHoi 3,46 3B. Ilocie TepMuYecKOoro oTKuUra HAHOKOMIIO3H-
ToB npu 370K MHTEHCHUBHOCTH 3€JE€HON JTIOMUHECLHEHIIMA YMEHBIIAETCA B HE-
CKOJIBKO pa3, TOr/la KaKk MHTEHCUBHOCTb CMHEW dMucCUU yBenuuuBaercsa. Po-
TOBOJIPTAUYECKHE CBOMCTBA HAHOKOMITO3UTHBIX IJIEHOK PbS 3aBucur ot ycio-
BUI OT)KWTa, JOCTUrasi MAaKCUMyMa I10CJIe OT)KUTa Ha BO3yXe MPUOIU3UTENb-
HO Tipu TemniepaType crekioBanus [IBA pasnoit 370K. CriekTpanbHblil guama-
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30H ()OTOUYBCTBUTEIHLHOCTH HAHOKOMIIO3UTHBIX TJIeHOK PbS mmpe, yem nua-
na3oH (POTOYYBCTBUTEILHOCTH HAHOKOMITO3UTHBIX IUIEHOK HAa OCHOBE IOJIH-
Mep-CdSe- u CulnS,.

B uccnenoBanuu [7] aHanmu3upoBaHa 1L1€1€cO00pPa3HOCTh MCIIOJIB30Ba-
HUs ZnS B Ka4eCcTBE YKYMOPHUBAIOIIET0 MaTepuasa Juisi KBAaHTOBBIX ToueK PbS
C HCHOJb30BAHUEM METOJOB MOCJIEI0BATENbHON aJcOpOIMKU M PEaKLUU HOH-
HOTO MOCJIOMHOTO OCAXKICHUs. Pe3ynbTaThl MOKa3bIBAIOT, YTO €O ZnS o0Jer-
yaeT ocaxjaeHue PbS mocpencTtBoM mporecca HOHHOrO oOMeHa, B TO BpeMs
KaK HaJIO)KCHHBINA CIION ZnS MMeeT TeHSHINIO MOKphIBaTh PbS crocobom, mo-
NOOHBIM (hu3nyeckoMy mporeccy ykiaaaku. [loaromy kBaHTOBbIe TOukH PbS,
MOKPBITEIE aMop(HBIM ZnS, pa3pabaThIBalOTCA C HCHOJb30BAaHUEM TEXHHUKHU
SILAR, xoTopasi MOXeT ObITh MCIIOJIb30BaHA IS 3aIIOJHEHHUSI ME30IOPUCTHIX
cyOCTpaToB U, CIeI0BaTENbHO, 115l IOCTPOEHUSI 00BEMHBIX I€TEPONEPEXO/IOB.

B pa6ote[8] nanokommo3utsl Ha ocHoBe CAS/TIC u ZnS/IIC Obutn mo-
JTY4YEHbI METO/IOM JIMThS MO AABJICHUEM IPH PA3JIMYHBIX MACCOBBIX COJEpKa-
Hus HaHoyacTul CdS u ZnS. D¢ dexkTrBHas TEMIONPOBOJHOCTh MOJUMEPHBIX
HAaHOKOMIIO3MTOB ObliIa U3MEpeHa METOIOM MEPEXOAHBIX INIOCKUX UCTOYHHUKOB
B auamasone Temmeparyp ot 20°C 1o 150°C. DKcIepHMeHTaNbHbIe Pe3yibTa-
ThI [T0Ka3aJIM, YTO TEIUIONPOBOAHOCTh YBEIUYMBAETCS ISl HAHOKOMIIO3UTOB C
4 mac.% HaHOYACTHII, a 3aTeM YMEHbIaeTcs s 6 u 8§ mac.% nanovactur; CdS
u ZnSB marpune [1C.

B pabote [9] momuHecnieHTHbIE HaHOKpUCTaIIbl CdS, BeIpallleHHbIE B
MaTpuLEe TUIIEKTPUIECKOr0 OOPOCUIIMKATHOTO CTEKJa, ObUIM CHHTE3UPOBAHBI
MEeTOJIOM (POpMHPOBAHUS HAHOYACTUIl B pacIliaBe IMOJUMEpa. DJIEKTPOHHO-
MHUKPOCKOIMUYECKHUE HCCIIEI0BaHUS IOKAa3alM, YTO CPEIHUN pa3MEp YacTHIL
MeHseTcsa B auana3oHe 4-40 aM. DOTOTIOMHHECIIEHIINS HAHOKOMITO3MTOBHA
ocHoBe CdS-cTekio moka3bplBaeT pe3KUil 3eJeHbIl IMUCCUOHHBIA MUK (~ 508
HM) Ha CIIEKTpax JOMUHECIEHIIMH U UIMPOKUN CIIEKTP M3JIY4YEHHUs, YTO CBA3a-
HO C TPSIMOH 3JEKTPOHHO-ABIPOYHON peKOMOMHALIUEH.

B pabore [10]y3komnonocHbsle HaHOuacTUIlbl PbS, koTophie obmamaroT
(hOTOTIOMUHECIIEHTHBIMH CBOMCTBaMHM B OirkHell uH(pakpacHON oOiactu,
ObUIM OCaXJEHbl HAa HAHOCTPYKTypax TiO,MeToIOM NOCIEeI0BATENbHOM MO-
CIIOMHOW aacopOIuu [yl pa3paboTKH KBAaHTOBOMOTJIOMIAIONINX COJTHEYHBIX
anemenToB (KBCD). Tonmuubl HaHOTUIEHOK PbS OBLTH ONTUMHU3UPOBAHBI IS
noBellIeHUs oTorekTpuueckux xapakrepuctuk KBCD nHa ocnose PbS. On-
Hopo HbIN cnoit CdS HemocpeICTBEHHO HAHOCUJIM Ha MPEABAPUTEIHHO BBIpa-
meHHbI poroanon PbS-Ti0, mus 3ammTer PbS oT XxuMuueckoro Bo3aecTBust
MOJUCYNIb(UIHBIX AIEKTPOIUTOB. bbla 3aduKcUpoBaHa BBICOKAas IMIIOTHOCTh
(oTOoTOKa KOPOTKOro 3ambikanms (mpubmmsuTensHo 10,4 MA /cM®) ams co-
CEHCHUOUTU3UPOBAHHOTO CcOMIHeYHOro aneMmeHta PbS/CdS, Torma kak mioT-
HOCTb (DOTOTOKA TOJIBKO CEHCUOMIU3UPOBAHHBIX PbS cONMHEUHBIX 371€eMEHTOB
6bu1a HIDKE 3 MA/cM”. DDHEKTHBHOCTH IPE0OPA30BAHMS MOIIHOCTH CO-CEHCH-
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Omm3upoBaHHOTO cosHeyHoro anemenTa PbS/CdS nocturana 1,3%, uro Obu10
BhIlIE apudmMeTHueckoro nodaBieHUsT 3()(HEKTUBHOCTH OTIENbHBIX COCTaB-
nsromux (PbS u CdS). Otu pe3ynbrarhl MOKa3bIBAIOT, YTO CHHEPTETHYECKAs
komOuHaims PbS ¢ CdS moxer obecneunTh cTaOWUIBHBIN M 3((EKTUBHBIN
CEHCUOUIN3aTOp AJIsl MPAKTHUECKUX PUMEHEHUIN COITHEYHBIX JIEMEHTOB.

W3BecTHO, uTO yabTpaduosneroBoe (YP) nznydeHue BIUSET HA JOJITO-
CPOYHYIO CTaOMIILHOCTh MHOTHX OpraHM4eckux MartepuaioB. HemaBHO ObLIO
0o0OHapy’KeHO, YTO CHHEE M3IyYeHUE TaKKe MPeJICTaBIIseT OacHOCTh. B uccie-
noanu [11]0butn pazpaboransl 3mokcu-ZnO/CdS (OI1-ZC) ocHOBHBIE HAHO-
KOMITO3UTHI, CIIOCOOHBIE 3KPAaHUPOBATh KaK YIbTpa(HOIeTOBOE, TaK U CHHEE
n3nydenue. Bo-nepBbix, HaHOYacTHIBI Ha ocHOBe ZnO/CdS ObuM CHHTE3UPO-
BaHbl myTeM pocta CdS Ha roToBIX KBaHTOBBIX Toukax ZnO (ZnO KT). B ot-
muarie oT KT ZnO, xoTopble MOTJIOMIAIOT TOJBKO YacTh YIbTPadrOIETOBOTO
U3JTy4eHusi, HaHouacTHllbl Ha ocHOoBe ZnO/CdS mposBISAIOT CHIBHOE MOIJIO-
1ieHre B 00JacTy JJIMHBI BOJIHBI, TpocTuparomeics ot Y d-u3nyyeHus 10 cu-
Hero. KpoMe Toro, AnanasoH MOIJIOMEHUsI MOXKHO PETYJINPOBATH ITyTEM PETy-
aupoBaHus MoJisipHoro otHomenus Zn/Cd. beina ucnonb3oBaHa in-situ moJu-
mepusanus i nosnydeHus JI1-ZC oCHOBHBIX HAHOKOMIIO3UTOB, KOTOPBIE SIB-
JSIOTCS ONTHYECKH MPO3pauyHbIMK IpU  JTMHAX BosIH Oosee 500 uM. Briio 06-
Hapy>KeHO, YTO HAHOKOMMO3UTHI Ha ocHOBe DII-ZC 061a/1al0T BHICOKO 3aIUT-
HbIMHM CBOMCTBaMH OT Y®-u3myyeHUs ¥ MOTYT MOYTHU MOJHOCTHIO OJOKHpPO-
BaTh YJIbTPa(UONETOBbIM cBET B MHTEpBaie JIMH BOJMH Mexay 200-400 HM u
oonee wem 80% romyboro cBera mexay 400-450 am mpu coxepxkannu 0,3
mac.% coaepxanusa HaHoyactul ZnO/CdS B MaTpuIie SMOKCUIHON CMOJIBL.

B pab6ore [12] manoxommo3uTel Ha ocHoBe CdS/menmpumep ObLIH
cunTesnpoBansl 13 Cd®" i S’HOHOB B METAaHONBLHOM PACTBOPE B IPHCYTCTBHM
CTa0MIIN3aTOpa-aMUHO-aMHUHOBOTO TIOJIMAMUI0AaMHHOBOTOJIeHApruMepa. KoH-
TPOJUPYS YCJIOBUSA CHUHTE3a MOTYT OBITH MOJIy4Y€Hbl HAHOYACTHIIBI C Y3KHM
pacripenenenuem 1o pazmepam-2 HM. Hanouactuust CdS B MaTpule nonumepa
MPOSBIIAIOT CUHIOK (POTOTIOMUHECICHIIMIO MU JyinHE BOJHBI 450 HM. Dop-
MHUPYIOTCS CTaOWIIbHBIE arperaTbl Ha OCHOBE OT ABYX JI0 TPEX MOJIEKYJ JeH/-
pumepa ¢ HecKoJbKUMU HaHouyacThiaMu CdS; yacTuIbl pacnosioKeHbl Ha IOo-
BEPXHOCTH MOJIEKYJ JeHapumepa. ['uapoduibHas npupoja aeHIpUMepa mpu-
BOJUT K c1aOOMy CpOJICTBY MOJIOKKHU- rpauTy, HO K CHIIBHOMY CPOJCTBY K
NOJJIOKKAM € TMIPOKCHJIBHBIM IOKPBITUEM, TAKMM KaK CIIOAA, OKUCIICHHBIE
KpEMHHUEBBIE IJIACTUHBI 1 MOHOCIION C KOHIIEBBIMH KapOOKCHIIaTaMHU.

B pabore[13] momydeHbl HaHOKOMIO3UTHI Ha OcHOBe ZnS/PbS wu
PbS/ZnS ¢ mepectpanBaeMbIMM 3JEKTPOHHBIMHU CBOMCTBAMHU IyTEM B3aUMO-
nerictBust PbS ¢ ZnS u ZnS nHa nanovactumax PbS. B o0eux crpykrypax vac-
tullbl PbS mpucyTcTByIoT B KyOndeckoit ¢popme co CpeIHUM IUAMETPOM OKOJIO
6 um. Jlobasnenne woHos Pb>" (3x10™* moms/av™) B ZnS (1x10™ Moms/nv™)
npu 3ajaHHoM pH npuBoauT K 00pa30BaHUIO HAHOPAa3MEPHBIX (PIyOpecleHT-
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HBIX 9acTul] PbS, MOKpHITEIX THAPOKCHIAMH MeTauioB. [Ipyu  KOHIEHTpanuu
noHoB Pb>" paBroit 1.5x10™*Mons/aM™ B cyOGHAHOCEKYHIHOI BPEMEHHOIH 00-
nmacTu HabOmomanack MexdasHas penakcanus 3apsna u3 ¢assl ZnS B PbS.
Komno3utHsie yacTuibl Ha ocHOoBe PbS/ZnS cunTe3upyroTcs TOIBKO MPU BbI-
COKHX KOHIICHTpalusx ZnS. DTH YacTUIBI HMEIOT BPeMsl )KU3HU H3ITy4CHHS B
WMHTEpBaJie HECKOJIbKUX MUKPOCEKYH]I.

B pa6orte [14] cunre3upoBanbl kBaHTOBbIe Touku (KT) Ha ocHOBe PbS-
CdS (sap0-0007104Ka) KaK 4yBCTBUTEIBHBIC COJTHEYHBIE DJIEMEHTHI MyTEM Tpsi-
Mot ancop6rmu KT Ha sapax o6onouku Ha mezonopuctom TiO; ¢ mocnenyro-
UMM OOMEHOM JIMTaH/A0M 3-MEepKanTONpONUOHOBOM KUCIOTH. CONHEUHbIE Alie-
MeHThl, ceHcnbumsuposanubie KT PbS-CdS, nokaseiBator B 4 pasza Oosnee Bbl-
COKYI0 3((PEKTUBHOCTh TIO CPABHEHUIO C COJTHEYHBIMH JJIEMEHTaMH, CEHCHUOM-
nm3upoBaHHbiME ¢ TioMorbio KT PbS. 3HauuTensHo yBenndeHHOE cpenHee
BpeMsl JKU3HH DJIEKTpOHA W JuHHA AU(Qy3HH 3JIEKTPOHOB SBISIOTCS BaYKHBIM
CBHJICTEIBCTBOM OoJiee BBICOKOM 3((EKTHUBHOCTH NaHHOM sueliku. CpemHee
BpeMsI JKU3HU AJIEKTPOHA YBEIMYUBAECTCS C M3MEHEHHMEM TOJIIMHBI 000JI0UKH
CdS, npuuem o6osouka CdS urpaer BaxxHyI0 posib B NMPEJOTBPAILIEHUH PEKOM-
OouHarmu Hocutenedl. OmHako u3-3a Oapbepa, 00€CIIeYMBAEMOTO CMEIIEHUEM
Mexay 30Hamu nposoaumoctu CdS u simpom PbS, o6onouka CdS takxke mpe-
MATCTBYET WHXXeKIuu Hocuteneil u3 PbS B Ti0O,. Takxke n3y4eHo BIUSHUAE TOJ-
IIMHBl 00O0JOYKHM Ha IMPOU3BOIUTENBHOCTh SYEHKH, MOKa3aB 3((EeKTUBHOCTh
npeodpazoBanus suepruu 1,28% mns KT PbS ¢ 0.5 manomerposoit CdS-o060-
noukoil. Takxke ycTaHoBieHo, uro obonouka CdS addexTrBHO npenoTBpaaer
(hoTtokopposzuto PbS, uTo mpuBOANT K BBICOKOCTAOMIIBHOM (POTOMPOBOAUMOCTH.

B pabote [15] nanouactuiunl PbS, CdS u PbS-CdS, crabunmsupoan-
Hble KpaxManoM Obutu koHbIoruposansl ¢ JIHK Calf-Thymus. Pentrenorpammsl
PbS u CdS moka3piBatoT, 4To Marepuanbl 00NaaloT MOJIMKPUCTAIUIUNYECKON
CTPYKTYpOH1, MpeodiafaroT Kak KyOuuyeckasi, Tak U reKcaroHajibHasi. DJIeKTPOH-
HO-MHMKPOCKOIMYECKUH aHaIM3 MOKa3bIBACT, YTO CPETHHUNA pa3Mep HaHOYACTHIL
PbS cocrasnser 3 uM, a pazmep Hanodactuil CdS -4 um. B cimyqae PbS/CdS oc-
HOBHBIX HAaHOYACTHIl (POPMHUPYIOTCS CTPYKTYphl B Buae HaHoceTeil. CHeKTpsl
yIbTpaduoIETOBOTO Moromenus oopasioB PbS/CdS umeror cunmMii ciBur ¢
COOTBETCTBYIOIIMMHU KpasMU 0ObEMHOIO MOIJIOMEHHS. ITO OOBIICHAETCS CUIIb-
HBIM KBAHTOBBIM OrpaHMYeHHeM B MarepuaniaX. CIeKTpbl MOIJIOLICHUS TaKxke
MOKA3bIBAIOT YBEJIMYEHUE IUPHUHBI 3alPEIIEHHON 30HbI ¢ 2,25 1o 4,35 3B nns
PbS; 2,25-4,2 5B mnsa CdS npu u3menenun koHneHntpaiuu ux ot 0,1 mo 0,001
M Bmecre ¢ konbtorarom JJHK. CriekTpsl ¢pOTOMIOMUHECIIEHIIUN BCEX KOMITO3U-
ToB Ha ocHoBe PbS, CdS u PbS/CdS, cuntesupoBannsix npu ux 0,1 M mossip-
HOW KOHIICHTpAIMHY, TIOKA3bIBAIOT TOMOJHUTEIFHBIN CHHUN CABUT M yCHIICHHE
uHTEeHCUBHOCTH mocie koHbtoraumu ¢ JIHK u oOpathblif 3ddexT nospaeHus
KpPacHOTO CMEILEeHHs] U YMEHbIIIEHHEe UHTEHCUBHOCTH JUIsl 0Opa3LoB C KOHIIEH-
tpauueil 0,01 M. D10 cBs3aHO ¢ ABYMS KOHKYPHUPYIOIIMMH IpOLIECCaMH IO-
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BEPXHOCTHOW MaccHBallMy, a TaKKe CO CTa0WiIn3aluell HaHOKOMITO3UTOB, YII-
paBIsIeMbIX OMOMOJIEKYJIAaMH, U C TIEPEHOCOM 3Hepruu Jlekcrepa ¢ 3 PeKTUBHBIM
paszaeneHureM 3apsia. Taxke MmokazaHo, 4TO JTaHHBIC MaTepUaIbl MOTYT OBITh IIIH-
POKO IPMEHEHBI B pa3pabOTKe OMOIOTHYECKUX METOK U OMOCEHCOPOB.

B pabore [16]cunTe3upoBaHbl THOpHIHBIE KOMIIO3UTHI U3 HEArPETUPO-
BaHHBIX HaHo4dacTHIl PbS co cpeanum pazmepom 5,8+1 HM, BBEJICHHBIH B Mat-
pUIly OKTaaJIKWI3aMEIIEHHOT0, HE COJEpIKaIlero METauIoB (TajolMaHUHA.
OTH HaHOKOMIIO3UTHBIE IUIEHKH JEMOHCTPUPYET HM3KYH 3JIEKTPOIPOBOA-
HOCTb IO CPABHEHUIO C TUIEHKON U3 OKTAaJKMJI3aMEUIEHHOTO HE COJEpPIKAIIEeTo
MeTaul (TasonraHuHa MouTH Ha 65%. OnpeneneHo, YTo MIMPUHA 3aIlpeleH-
HOW 30HBI IJI1 HAHOKOMITO3UTOB COCTABIISET 2,22 3B. N3ydeHsl 2JIeKTpuyecKue
CBOWCTBA HAHOKOMIIO3UTOBH OOHAPYXEH NMPBDKKOBBI MEXaHU3M MPOBOJIUMO-
CTH B HAHOKOMIIO3UTax Ha ocHoBe PbS.

B pabote [17] nHanoctpykrypupoBanHubie CdS u ZnS ObLTM CUHTE3UPO-
BaHbl METOJOM XMMHUUYECKOI0 OCaXKJIeHus ¢ ucnoip3oBanueM JIM® B kauecTBe
cTabunusupyrolero areita. HaHokoMno3uTsl Ha OCHOBE MPOBOJAIIETO MOJH-
anunuHa ¢ HaHoyactuamu CdS/ZnS OblIIM CUHTE3UPOBAHBI METOZOM XMUMUYE-
CKOM OKHCJIMTEIbHON IMOJMMEPHU3AIlMK C MCIOJb30BaHUEM IepcyibdaTra aM-
MOHUS (OKHUCIIUTENS) U CEPHOM KUCIOTHI (Jierupyromeid nmpumecu). Psa HaHo-
KOMITO3UTOB OB CHHTE3UPOBAH IyTEM H3MEHEHUS MAaCcCOBOTO COJEPKAHUS
CdS/ZnS (5, 10, 15, 20%) npu nonumepu3ay aHUIMHA (MOHOMEpa). YcTa-
HOBJIEHO, YTO pa3Mep 4dactul coctaBiseT meHee 10 Hm. [lo mepe yBenuueHus
conepskanust Hanodactuly CdS/ZnS B marpure nonuanuwmna (ITAHN), Temme-
paTypa pa3ioKeHHusl BO3PACTAET, a SHEPIHsl aKTUBALIMU PA3JI0KEHHS YBEIUYH-
BaeTcs. OTHU PE3yIbTaThl CBUAETENBCTBYET O TOM, UYTO MOJUMEPHBIE HAHOKOM-
MO3UTHI TEPMUUYECKU CTAOUIIBHBI 110 cpaBHEHUIO ¢ uncTeiM [TAHU.

B pa6ore [18] omHOMepHBIE HaHOKOMIO3MTHI Ha ocHoBe CAS@ZnS
ObUIM YCHEIIHO CHHTE3UPOBAHBI C MOMOIIBIO JIBYXCTYIEHYATOrO COJIbBOTEP-
muueckoro metoza. IlpeasapurensHo chopmupoBaHHbie HaHONIpoBoJIokH CdS
C IMaMeTPOM OKOJIO 45 HM U JJIMHON /10 HECKOJBKUX JIECATKOB MHUKPOMETPOB
HOKPBITHI cJI0€M 000J04YKH ZnS peakiueil anerara IMHKa 1 THOMOYEBUHBI TIPU
180°C B Teuenne 10 4. beuto oOHapyx)eHO, YTO OAHOPOAHAS 000J0YKa ZnS
COCTOMT M3 HaHOYacTHIl ZnS ¢ JUaMETPOM OKOJIO 4 HM, KOTOpPbIE 3aKPETLJICHbBI
Ha HaHOMPOBOAAX 0€3 MperBapUTEIbHON 00paboTKN MoBepXHOCTH. M3yyanuch
ONTUYECKHE CBOMCTBA U (HOTOKATAIUTHYECKAs] aKTUBHOCTb HAHOKOMITO3UTOB
CdS@ZnS u ycranoBieno, 4to o6osio4ka ZnS MoxeT 3PPEKTUBHO NAaCCUBU-
poBaTh MOBEPXHOCTHBIE AIEKTPOHHBbIE cocTosiHUSA saep CdS, uyro oObsicHsET
YCUJICHHYIO (DOTOKATANUTHYECKYI0 aKTHMBHOCTh HAHOKOMIIO3UTOB Ha OCHOBE
CdS@ZnS no cpaBHeHHIO C HaHOTPOBOAaMHU Oe3 mokpbITHs CdS.

B paGore [19] ocymiecTBisiics CHHTE3 TOHKMX HAHOKOMITO3UTHBIX ILIE-
HOK Ha OcHOBe HaHo4acTull PbSB monumepnoi marpuiie nomuctuposna (I1C) u3
pacTBopa myTeM TepMOJIM3a METOJIOM In-Situ. DIEKTPOHHO-MUKPOCKOITMYECKHUE
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n300pakeHUs MOKA3BIBAIOT, YTO HAHOKPHUCTALIBI PbS umeror pasmep 3-5 Hwm.
HaHOKOMNO3UTHBIE MJIEHKU SBJISAIOTCSA MaTepualaMM p-TUIA C TEMHOU ITPOBO-
nmuMocTheio 106 Cm/em™ u 00J1a71a10T BBICOKOH (POTOMTPOBOIMMOCTHIO C JIMHEH-
HBIMM 3HAQUYEHUSMU TOKa-HANpSOKEHWsS. BpICOKHE aJIeKTpuYecKue CBOMCTBA
HAaHOKOMIIO3UTHBIX IUICHOK OOBSCHSETCS CHJIbHBIM B3aUMOJICHCTBUS MEXIY
PbS u I1C, uro moareepxknaercs MK-cnexkrpockonueit u TT'A ananuzom.

B pa6ote [20]smuccuonnsie Hanociaon PbS/CdS tuma siapo/o6omouka
ObUIM CHHTE3UPOBAHBI METOJOM KAaTHOHHOTO OOMEHa. YCTaHOBJIEHO, YTO B
JAHHBIX HAHOCIOSX HAOIIOAAeTCs] 3HAaUMTEIbHOE CHHEE CMelleHue (OTOoIIo-
MUHECLEHIMH, YTO YKa3bIBaeT Ha 0oJiee CUIIbHOE KBAHTOBOE yJEp>KaHUE B Si1-
pe PbS, mockonbKy TOJNIIMHA HAHOCIOS YMEHbBIIAETCS O BOCBMH aTOMHBIX
cioeB. TOuHBIM aHaN3 TOJIIMHBI KaKJOTO CIJIOSI MOKA3bIBAET CBA3b MEXKIY
SHEPreTUYECKUM 3a30pOM M TOJIIIMHON B YPE3BBIYANHO OJHOMEPHO OTpaHH-
YEHHOW HAaHOCTPYKTYpE.

B pabore [21] pa3pabarbiBaeTcsi METOJI CHHTE3a BBICOKOKAYECTBEHHBIX
CBOOOJTHOCTOSIIIMX CBEPXTOHKUX 2D HanokpuctamioB PbS ¢ tommmuONl ~ 2
HM. Pazmep HaHokpuctamioB PbS MOKHO U3MEHUTH 10 HECKOJIBKUX COTEH Ha-
HOMETPOB, BapbUpPys TOJIKO BPEMsI PEAKIMH OTKHUTa. MUKPOCKOMUYECKUN U
CIEKTPOCKOMMYECKUI aHAJIM3 HA Pa3HbBIX JTalax peakuu OOHApYX HUBaeT 00-
pa3oBaHUE JBYMEPHBIX HAHOKPUCTAJJIOB C MOMOIIBIO MEXaHH3Ma HENpepbIB-
Horo pocra. 2DPbSHaHOKpUCTANIIBI UMEIOT MTOYTH HE 3aBUCSILYIO OT TeMIIepa-
TYypbl U YacTOTY BBICOKYIO AMAJIEKTPUUECKYIO MpoHHUIaeMocTh (>13,4) ¢ ma-
asiMu udniekTpudeckumu norepsmu (0,0006 mpu 20 K u <0,06 npu 350 K s
100 kI'm) B mMpOKHUX TEMIEPAaTypHBIX M YaCTOTHBIX Auana3zoHax. Huzkowac-
TOTHAs AUANIEKTpHUEcKas npoHunaeMocts ot 125 I'm no 1 MI'n, ctabunbHOCTH
IudJIeKTpruueckux notepb npu vacrtotax (<0,03 mpu 100 x['m) ompenenstoT
JIOCTOMHCTBA HAaHOKPUCTAUIOB PbS Kak MOTEHLMAIBHOTO JUAIEKTPUUYECKOTO
Martepuana.

B pabote [22] paccmaTpuBaeTcs MpoCTON HU3KOTEMIIEpaTypHBINA Mpo-
L[ecc JUIs CHHTe3a MaJlbIX M CTaOMIIBbHBIX KBAaHTOBBIX Touek PbS/CdS ¢ smuccu-
et Hiwke npu jumHe 1100 aM. [lng cunTe3a kBaHTOBBIX Touek PbS/CdS wuc-
nosp3oBaiicst pactBop PbCl, B onennamune u 1-nonexantuone. Tonkas o6o-
nouka CdS BelpamuBanack Ha PbS npu koMHaTHON TemriepaType METOJ0M Ka-
THOHHOTO oOOMeHa. MeroJl KAaTHOHHOrO OOMEHa MOJY4YeHHs HaHOYACTHUI]
PbS/CdS obecrnieunBaet B 6-9 pa3 6ojiee HHTEHCUBHOE U3TyYEHHUE, YEM UYHUCThIE
HaHo4acTulbl PbS ¢ mydmeit ontuueckoil ctabmibHOCTBI0. OTKUT KBAHTOBBIX
touek PbS/CdS B TBepmom cocTosiHMM TIpU yMEpeHHBIX Temmeparypax (50-
100°C) ymy4maeT KpUCTALTUYHOCTh YacTuil. OOMEH JUTraHAOB HAa OTOXKEH-
HoM PbS/CdS ¢ 1-moaexanTHoNIOM yCHIIMBAET AOJATOBPEMEHHYIO CTAOMIIBHOCTD
yactul. Takke M3y4eHbl CTPYKTypa, ONTHUYECKHE CBOMCTBA M CTaOMIIBHOCTH
KT PbS/CdS B xnopodopme u Hedrenpoaykrax (Iu3eapHOE TOIUIMBO U O€H-
3MH) JJI1 BO3MOKHOT'O NIPUMEHEHUSI KBAHTOBBIX TOUEK B KaYeCTBE OMTUYECKHX
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MeTok. CrnegoBaTenbHO, ObUT pa3paboTaH MPOCTOM U YIPaBISEMbIH METO ISt
CO3JIaHMsI BBICOKOCTAOMJIBHBIX, YMCTBIX, KOHTPOJUpPYEeMbIX 1o pasmepy KT
PbS/CdS ¢ mmmpokonosocHo# JTIOMUHECIIEHIINEN, IETEKTUPYEMON HEI0pOTH-
MU TOJIYITPOBOJHUKOBBIMH JETEKTOPAMHU.

B pab6ote [23]moka3ano, uro KT PbS sBisiroTcst mepcrneKTHBHBIMH Ma-
TEpUAaMU Ul  MCIOJb30BaHUS UX B KAYECTBE IMOIVIOTUTEIEH COJHEYHOTO
CBETa B CEHCUOMJIM3MPOBAHHBIX COJHEUHBIX AeMeHTax. Kpome toro, O, mim
H,0, npucyrcrBytoume Bo BpeMsi U3rOTOBJIEHHSI CUIJIBHO BIMSIOT Ha IPOU3BO-
JTUTENbHOCTh ycTpoiicTBa. KBaHTOBBIE TOuku PbS neMOHCTpUPYIOT CUIIBHBIN
(oHOHHBIN pexxuM npu 196 em [Ipu yBenuuenuu okucnenus: PbS ysenuue-
HUE€ OTHOCUTENIbHOM MHTEHCUBHOCTHU IOJIOCHI MOXKET HaOIt01aThCsl B 00JacTu
250-380 cm™'. OCHOBBIBAsCH HA JAHHBIX pe3yabTaTtax ObLI CHENaH BHIBOJ O
BO3MO’KHOM HCIIOJIb30BAaHUHU JAHHBIX MaTEpUajOB JUIsl M3TOTOBJIEHUS CIEK-
TPAJIbHBIX MapKEpOB MOBEPXHOCTHO-YCUJIEHHOTO PaMaHOBCKOTO PACCESHMS B
KauecTBE KOHTPOJIbHBIX MHCTPYMEHTOB IPHU H3TOTOBJIECHUH (POTO3JIEKTpHUE-
CKHUX YCTPOMCTB.

ABtopamu B pabote [24] mpencraBieHbl pe3yJbTaThl HCCIEIOBAHMS
HOBBIX THOPHIHBIX THOPUAHBIX MOJMMEPHBIX HAHOKOMIIO3UTOBHA OCHOBE
[IT+PbS/CdS, xapakrepucTuke UX CTPYKTYpbl M HM3YUYE€HUH UX ONTHYECKHX
cBoiictB. COM wuccrnenoBaHus MOKaszalu, YTO CPEAHHM pa3Mep HaHOYACTHII
st tubpuanoro Hanokommnosuta [MI1+PbS/CdS cocrasnser 9-12 am. U3 YO-
CHEKTPOBHAHOKOMIIO3UTOB METOAOM OJKCTpaIoyiiliuyd ObUla OlpeneseHa M-
pUHA 3aIpElEHHON 30Hbl M YCTAaHOBJIEHO, YTO LIMPUHA 3aIllpPEIEHHON 30HbI
Obuta paBHa 1,65 3B ms nanokommnosutos [1I1/PbS, 2,6 3B mns [MIT/CdS u 3,0
3B s manokomnosurtos [I1+PbS/CdS. doTtonromMuHeceHTHBIM aHATU3 Ha-
Hokommo3uToB Ha ocHoBe IITI+PbS/CdS mokassiBaeT ABa JIOMHHECLEHTHBIX
NMKa Ha CHEKTpax JIIOMUHECUEHUUHU MpHU JUIMHAX BOJH paBHOM 680 HM u 715
HM. CrenoBaTellbHO, OBLJIO MOKAa3aHO, YTO JJISl TAKMX CHCTEM CIEKTpajbHas-
YyBCTBHUTEJIbHAs O0JIACTH PACLIMPSETCS M 3TO IO3BOJIAET NPUMEHSATh TaKue
HAaHOKOMIIO3UTHI B PA3JIMYHBIX 00JIACTAX HAYKU U TEXHUKU.

B pabote [25] aBTOpamu mpeacTaBieHbl pPe3yiabTaThl CHHTE3a IOJIH-
MEpHBIX HAHOKOMITO3UTOB Ha OCHOBE HAHOYACTHIIL CyJb(H/1a CBUHIA U U30TaK-
TUYECKOT0 MOJUINponuiIeHa. bbuio ycraHoBIE€HO, 4TO Mpu 00jiee HU3KUX KOH-
HeHTpalMiax HaHoyacTuil PbS B MaTpuie mnonumponusieHa HUrparoT poiib
CTPYKTypooOpa3oBaressi U B ((OpPMUPOBAHHBIX HAHOKOMIIO3UTAaX 00pa30BaINCh
YCTOHNYMBBIE IEKTPUUECKNE JIOBYIIKH IS MOJISPHBIX TPYII U AIEKTPUUECKUX
3apsnoB. dopmupoBaHUE YCTOMUMBBIX 3JEKTPUUECKHUX JIOBYIIEK JIsI HOBBIX
HOJIIPHBIX TPYIII U ANEKTPUUECKUX 3apsA0B IPUBOAUT K YBEIUUEHUIO TUAIIEK-
TPUUECKON MPOHUIIAEMOCTH U YITYUIIEHUIO MOJSIPU3YEMOCTH MOJTYYEHHbBIX Ha-
HOKOMIIO3UTOB. JlanbHeiiee yBelndeHne KOHIEHTpauu HaHoyacTul PbS B
MaTpHlle MOJIMMepa IPUBOJUT K YBEJIMYEHUIO MPOBOAUMOCTU U MOCTETIEHHOE
CHIDKEHHE TMOJIIPU3YIOIIeH CIOCOOHOCTH HAaHOKOMIIO3UTa OOYCIIOBIIEHO TEM,
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YTO HAHOYACTHIIHI BEAYT Ce0s KaK OTIeIbHas AUCTIEpCcHAs ¢aza.

B paGote [26] uccnenoBaHbl onTHueckue U (HOTONOMUHECLIEHTHBIE
CBOMCTBA TMOJIMMEPHBIX HAHOKOMITO3UTOB Ha OCHOBE M30TAKTUYECKOTO TOJIU-
MpOMUJICHA W HAHOYACTHUI] Cydb(puIa CBUHIA. DIEKTPOHHO-MHKPOCKOIH-
YeCKUH aHallu3 MoKasall, 4YTO CPEAHHUI pa3Mep HaHOYACTHULl CyNb(uIa CBUHIIA B
HaHokommo3utax Ha ocHoBe IIII+1%PbS cocraBmger 7-13 um; mia I+
3%PbS cocrasmsger 13—-18 um, ms [II1+5%PbS 11-20 aM, a 111 HAHOKOMIIO-
3utoB Ha ocHOBe [1I1+10% PbS 13-24 M. YcraHOBIEHO, YTO MIKUPUHA 3arpe-
IIEHHON 30HBI I HaHOKOMMIO3uTOB Ha ocHOBe [II1+1%PbS cocrasnster 2,2
5B; ms [TT1+3%PbS-2,1 3B; ms II1+5% PbS-2,3 3B u mis IIT+10% PbS-1,7
3B. HccnenoBanpl GOTOTIOMUHECIICHTHBIE CBOMCTBA HAHOKOMITO3UTOB Ha OC-
Hoe [I[1+PbS u ycraHOBI€HO, YTO MHTEHCHUBHOCTH (HOTOTFOMUHECIICHIINH
YBEJIMYUBAETCS C YBEIMYEHHEM KOHLEHTpauuu HaHouacTui] PbS no 3% co-
JIep>KaHMsl, a 3aTeM yMeHblaercs. M3yueHo Takyke BIMSHHE TEMIIEpaTypHO-
BPEMEHHOW KPUCTAJUIM3AIMN HA CTPYKTYPY U (OTOIFOMUHECIIEHTHBIE CBOMCT-
Ba HAaHOKOMITO3UTOB Ha ocHOBe [II1+PbS u mokazaHo, 4TO B CiTydae oxJax/e-
HUS IUIEHOK HAHOKOMITO3UTOB Ha ocHOBe IITT+PbS B »kuaxomM a3oTe MHTEHCUB-
HOCTH (DOTOTFOMUHECIIEHITMH PE3KO BO3PACTAET MO CPABHEHUIO C OXJIAKICHUEM
B BOJIC ¥ MEJUICHHBIM CIIOHTAHHBIM OXJIAXKICHUEM.

Takum 00pa3oM, Ha OCHOBE BBINIECU3IIOKEHHBIX JTUTEPATYPHBIX JTAHHBIX
MOXHO CJIeJIaTh CJICIYIONINE 3aKITIOUCHUS

aKTHBHBIC CBOWCTBA ((hOTOMOMHHECIICHTHBIE, ONTHYECKHE, (HOTOpE3U-
CTHBHBIE, (DOTOBOJILTAMYECKUE U T.J.) U ANIEKTPODU3HUECKUE (UIIEKTPHUICCKast
MIPOHUIIAEMOCTb, TAHTE€HC YIJIa AUAIEKTPUUECKUX MOTEPh, YIEIbHOE CONPOTUBIIE-
HHE) CBOMCTBA MOJUMEPHBIX aKTUBHBIX HAHOKOMITO3UTOB CHJIBHO 3aBHUCST OT TEX-
HOJIOTMYECKUX YCIOBUM (hOPMHUPOBAHHSI HAHOKOMIIO3UTOB, M3MEHEHHUS HaJMOJIe-
KYJISIPHOW CTPYKTYPBI TTOJIMMEPHBIX HAHOKOMITO3UTOB, MEK(a3HbIX B3aUMOICH-
CTBUM MEXIy KOMIIOHEHTaMH KOMIIO3ULIMHU, TPUPOAbI MOJIMMEPHON MaTpHIlbl
(97EKTPOOTPUIIATEIEHOCTb, MOISIPHOCTH U.T.1), OT CBOICTBA U pa3Mepa HaNOIHHU-
TeJsA, OT JUCIEPCHOCTH W OJAHOPOJHOCTH PaCTpEICiCHUs HAHOHAIIOJHUTETS B
MOJIMMEPHOW MATpHILIE, & TAKKE OT MPOLECCOB MEXMOJEKYISPHOro MepeHoca u
MUTPAIIH SHEPTUHN DJICKTPOHHOTO BO30YKICHHUSI.

JIUTEPATYPA

1. Oszepun Cepreit Anexcanaposud. CHHTE3, CTPYKTYypa M CBOICTBa I'MOPUIHBIX HAHOKOM-
MIO3UTOB Ha OCHOBE cepedpa, Cynb(uia CBUHIIA U NMOJIU-N-KCHiauiIeHa: Juc. ... kana. Gpus.-
Mart. Hayk : 02.00.06. M., 2005 127 c¢. PT'b OJ1, 61:05-1/1134

2.  Jlykammu A.B., EmnceeB A.A. CuHTE3 NOJYNPOBOJHHKOBBIX HAHOYACTHIl CYyJIb(pHIa
cBUHIA U cynbhuaa kagmus. M.: MI'Y, 2008, 38 ¢

3. Kymakosoit 1.U., ®&noporoit O.A., Xopomrytinaa A.B. MeTonsl ONTHIECKONH CHEKTPO-
ckormmu. M., 2015, ¢.117

4. Shanmugam G. And Moses V.G. Isaiah Structural and optical properties of PbS-PVA,
CdS-PVA and PbS-CdS-PVA nanocomposite films International Journal of ChemTech
Research, 2017,10(9): 229-234

129



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bhaiswar].B.,SalunkheM.Y., DongreS.P. Synthesis, characterization and thermal, elec-
trical study of CdS-polyanilinenanocomposite via oxidation polymerization International
Journal of Scientific and Research Publications, Volume 3, Issue 1, January 2013

Lutsyk P., Dzura L., Kutsenko A., Vertsimakha Ya., Sworakowski J. Photovoltaic and
optical properties of a polymer-PbS nanocomposite Semiconductor Physics, Quantum
Electronics & Optoelectronics, 2005. V. 8, N 3. P. 54-59

Lidong Sun Employing ZnS as a capping material for PbS quantum dots and bulk
heterojunction solar cells Sci China Mater 2016, 59(10): 817-824

Agarwal S., Patidar D., Saxena N.S. Effective thermal conductivity of CdS/ZnS nanopar-
ticles embedded polystyrene nanocomposites Heat Mass Transfer (2013) 49:947-953
Chirantan Dey, Atiar Rahaman Molla, Madhumita Goswami, Govind Prasad Kothiyal
and Basudeb Karmakar Synthesis and optical properties of multifunctional CdS
nanostructured dielectric nanocomposites Optical Society of America Vol. 31, Ne8, 2014
Yitan Li, Lin Wei, Xiya Chen, Ruizi Zhang, Xing Sui, Yanxue Chen, Jun Jiao, and
Liangmo Mei Efficient PbS/CdS co-sensitized solar cells based on TiO,nanorod arrays
Nanoscale Research Letters 2013, 8:67

Chunchun Han, Feng Wang, Chong Gao, Peng Liu, Yanfen Ding, Shimin Zhang and
Mingshu Yang Transparent epoxy—ZnO/CdS nanocomposites with tunable UV and blue
light-shielding capabilities J. Mater. Chem. C, 2015, 3, 5065

Wu X.C., Bittner A.M. and Kern K. Synthesis, Photoluminescence, and Adsorption of
CdS/Dendrimer Nanocomposites,J. Phys. Chem. B 2005, 109, 230-239

Anil Kumar, Anshuman Jakhmola Photophysics and charge dynamics of Q-PbS based
mixed ZnS/PbS and PbS/ZnS semiconductor nanoparticles Journal of Colloid and Inter-
face Science 297 (2006) 607-617

Lai-Hung Lai, Loredana Protesescu, Maksym V. Kovalenko and Maria A. Loi Sensitized solar
cells with colloidal PbS—CdS core—shell quantum dots Phys.Chem.Chem.Phys., 2014, 16, 736
Das D., Konwar R. And Kalita P.K. Optical properties of DNA induced starch capped
PbS, CdS and PbS/CdS nanocomposites Indian J Phys, 2015

Chandana Pal, Lydia Sosa-Vargas, Jesus J. Ojeda,, Ashwani K. Sharma, Andrew N.
Cammidge, Michael J. Cook, Asim K. Ray Charge transport in lead sulfide quantum
dots/phthalocyanines hybrid Nanocomposites Organic Electronics 44 (2017) 132-143
Shubhangi D. Bompilwar, Subhash B. Kondawar, Vilas A. Tabhane, Snehal R .Kargirwar
Thermal stability of  CdS/ZnS nanoparticles embedded conducting
polyanilinenanocomposites Advances in Applied Science Research, 2010, 1 (1): 166-173
Le Wang, Hongwei Wei, Yingju Fan, Xinzheng Liu, Jinhua Zhan Synthesis, Optical
Properties, and Photocatalytic Activity of One-Dimensional CdS@ZnS Core-Shell
Nanocomposites Nanoscale Res Lett (2009) 4:558-564

ChaudhuriT K., Kothari A.J., Tiwari D. and Ray A. Photoconducting nanocomposite films of
PbS nanocrystals in insulating polystyrene Phys. Status Solidi A 210, No. 2, 356-360 (2013)
Simeen Khan, Zhoufeng Jiang, Shashini M Premathilka, Jianjun Hu, Andrey Voevodin,
Paul J. Roland, Randy J.Ellingson and Liangfeng Sun Ultrathin Colloidal PbS/CdS
Core/Shell Nanosheets Volume 2, Issue 60 (Nanomaterials) 2017, pp. 3685-3690

Ali Hossain Khan, Somnath Pal, Amit Dalui, Jayita Pradhan, D. D. Sarma and Somobrata
Acharya Solution-Processed Free-Standing Ultrathin Two-Dimensional PbS Nanocrystals
with Efficient and Highly Stable Dielectric Properties Chem.Mater. 29, 3, 1175-1182
Emek G. Durmusoglu, Melike M. Yildizhan, Mehmet A. Gulgun, and Havva Yagci Acar
Production of Small, Stable PbS/CdS Quantum Dots via Room Temperature Cation Ex-
change Followed by a Low Temperature Annealing Processes J. Phys. Chem. C
121, 45, 25520-25530, 2017

Kathrin Stadelmann, Amala Elizabeth, Natalia Martin Sabanés, Katrin F. DomkeThe SERS
signature of PbS quantum dot oxidation Vibrational Spectroscopy 91(2017) 157-162

130



24. Novruzova A., Ramazanov M., Chianese A., Hajiyeva F., Maharramov A., Hasanova U.
Synthesis Structure and Optical Properties of PP+ PbS/CdS Hybrid Nanocomposites

25. Maharramov A.M., Ramazanov M.A., Hajiyeva F.V. A structure and dielectric properties
of polymer nanocomposites on the base of isotactic polypropylene and lead sulphide
nanoparticles Chalcogenide Letters Vol. 13, No. 1, January 2016, p. 35 — 40

26. Ramazanov M.A., Hajiyeva F.V. Influence of Crystallization Temperature—Time Tech-
nological Factors on Structure and Photoluminescent Properties of Polymer Nanocom-
posites on the Base of Isotactic Polypropylene (PP) and Lead Sulphide (PbS) Nanopar-
ticles Journal of Inorganic and Organometallic Polymers and Materials https:
//doi.org/10.1007/s10904-019-01176-2

HiBRID YARIMKECIRICi POLIMER NANOKOMPOZITLOR
VO ONLARIN FORMALASMASI USULLARI

F.V.HACIYEVA
XULASO

Hibrid yarimkegirici polimer nanokompozitlorin alinmasi vo todqiqi istiqamotindoki
miiasir voziyyst analiz olunmugdur. Miioyyon olmusdur ki, polimer nanokompozitlorin aktiv
(fotoliiminessent,optik, fotorezistiv, fotovoltaik vo sair) vo elektrofiziki (dielektrik niifuzlugu,
tangens dielektrik itkisi, xiisusi miiqavimot) xassalori polimer nanokompozitlorin formalagdiril-
masi texnologiyasindan, polimer nanokompozitlorin tistmolekulyar qurulusundan, polimer va
nanodl¢iilii doldurucunun arasindaki fazalararasi qarsiliqli tesirdon, polimer matrisin tobio-
tinden (elektromanfilik, polyarliq va sair, doldurucunun xassalari va 6l¢iisiinden, doldurucunun
polimer matrisde dispersliyinden va bircinsliyindon, hamgininin elektron siialanmasi enerjisi
miqrasiyasindan vo molekullararasi daginma proseslorindon asilidir.

Acar sozlar: nanokompozit, nanohissoik, polimer, fotoliiminessensiya

HYBRID SEMICONDUCTOR POLYMERIC NANOCOMPOSITES
AND METHODS OF THEIR FORMATION.

F.V.HAJIYEVA
SUMMARY

The state of the art in the field of production and research of hybrid semiconductor
polymer nanocomposites is analyzed. It has been established that the active properties
(photoluminescent, optical, photoresistive, photovoltaic, etc.) and electrophysical (dielectric
constant, tangent of dielectric loss angle, specific resistance) properties of polymer
nanocomposites strongly depend on the technological conditions of nanocomposite formation,
changes in the supramolecular structure of polymer nanocomposites, interphase interactions
between the polymer and nanoscale particles, the nature of the polymer matrix
(electronegativity, polarity, etc.), the properties and size of the filler, from the dispersion and
homogeneity of the distribution of nanofiller in the polymer matrix, as well as from the
processes of intermolecular transfer and migration of electronic excitation energy.

Key words: nanocomposite, nanoparticles, polymer, photoluminescence
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LAYLI GESE KRiSTALININ SOTH ELEKTRON Sl.’EI.(TRiNiN
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“3Baki Diviat Universiteti
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GeSe kristalimin laylara perpendikulyar (010) sathinin elektron spektri Atom Orbitalla-
rimin Xotti Kombinasiyasi (AOXK) bazisindan istifado edarak Qrin funksiyast metodu ilo
hesablanmisdir. Sathin yaranmasi naticasinda gadagan zolaginda yaranan enerji saviyyalari,
onlarin genezisi, orbital torkibi, rezonans va hal sixhigimin lokal doayismasi muzakira olun-
musdur.

Acar sozlar: vakansiya, noqtovi defektlor, rezonanslar, antirezonanslar.

Hal-hazirda elektronikada istifado olunan miixtolif elementlorin Olgiisii
cox kicildiyindon soth effektlori onlarin elektrik vo optik xassolorindo 6ziinii
daha qabariq gostorir. Ona goro soth soviyyolorinin dyronilmasi yarimkegirici-
lorin optik xarakteristikalar1 haqqinda mithiim molumat almaga imkan verir.
Yarimkegiricilordo dorin asqar soviyyelorinin, noqtovi defektlorin elektron
strukturunun va soth soviyyslorinin todqiq olunmasinda Qrin funksiyast metodu
genis totbiq olunur.

Bu mogqalodo GeSe kristalinin (010) sothinin elektron spektri Qrin funk-
siyas1 metodu ilo hesablanmisdir. Qrin funksiyasi metodu [1,2] kristala defekt
daxil etdikdo qadagan zolaginda yaranan lokal enerji soviyyolorini, onlarin dal-
ga funksiyasini, elektron ylik paylanmasini birbasa toyin etmoyo imkan verir.
GeSe - tip kristallar kimyavi olagolorin vo fiziki xassolorin giiclii anizatropi-
yasina [3-5], homginin elektron cihazlarinda potensial istifado imkanlarina goro
boyiik elmi maraq kasb edir.

ovvalco, ideal sonsuz kristalin zona qurulusunu va yiik sixliginmi diizgiin
hesablamaga imkan veron AOXK bazisi toyin olunmusdur. Sonra homin funk-

siyalar Qrin operatorunuGO(E) vo V kristal potensialini matris formasinda

gostormok {i¢iin istifado olunmusdur. AOXK ideal kristalda kimyavi slagalori
toyin etmoys imkan verdiyinden, homin funksiyalar defekt soviyyalorini do
aragdirmaga imkan verir. Ideal kristalin vo hoyacanlagmis kristalin enerji spek-
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trinin eyni funksiyalar bazisindon istifade edarok hesablanmas istifads olunan
operatorlarin matris formasinda gostorilmosini asanlagdirir.
AOXK-dan istifado edorok ideal kristalin zona qurulusunu toyin etmok

t¢tin elementar qofosdo lokallasmis @, (-1, V) funksiyalarindan istifado

edok, burada 7, % -elementar qofosdo atomlarin bazis vektorlari, & -s-, p- vo d-
opoOwurallardir. Bu lokallasmis orbitallardan Blox funksiyalar1 [6] diizoldok vo

ideal kristalin H 0 hamiltonianinin maxsusi qiymatlorini vo moxsusi funksiya-
larini toyin edok,
ik-(R.+7,)
r)=—L ye 1 (r—ﬁ.—f ) @
A ") JN % Yo v

Burada Rj qofosin translyasiya vektoru, N -elementar qofoslorin sayidir. Onda
Blox funksiyast,

0 (F)= N (k)¢ (2)
= 3 Sl K

—

< ng IH 0 | Zg'V' > sekulyar matrisini hor bir K noqtesindo diaqonallasdiraraq,

EOIZ moxsusi qiymatlarini vo moxsusi funksiyalarini toyin edirik.
n

Kristalin sothino translyasiya simmetriyasina malik ikiolgilii defekt kimi
baxmaq olar. Soth soviyyolorini toyin etmok iiclin yuxarida gostorilon lokal-
lasmis funksiyalardan lay orbitallar toskil edok. Ikidl¢iilii periodiklik saxlandi-
gindan, ikiolgiilii tors qofosdo  vektorlar yaxsi toyin olunmus kvant adadle-

ridir. Lay orbitallarini asagidaki kimi toyin edok [7],

(%mv(r):Ih%eiﬁ[ﬁjﬂﬁn](pa[r_ﬁj_wj, 3)

Burada pj - iki6lgiilii gofosin translyasiya vektorlari, A, - atomlarm iki6l¢iili
elementar qofosdo bazis vektorlari, N, — ikidlgiilii elementar gofaslorin sayidir.
m indeksi miixtalif atom miistovilorini, v iso bu miistovilordo miixtalif atomlari
gostorir. Sadolik ligiin | =amy - kollektiv indeksini daxil edok. Onda
hayacanlagmis sistem {i¢iin dalga funksiyalari,

Vg F)=3 Ayl ) @

s —( noqtosindo soviyyonin ndmrasidir. Lay orbitallari tosvirindo GO(E) Qrin
funksiyasinin matris elementi,
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- |q\nk><nk |'q>
GO,(E,C]) — < A (5)
Il r%‘z E+—En(k)

|,q > - lay orbitallart. Determinant1 sifra barabor

|n,K > - Blox funksiyasi,

edorok sotho proyeksiyalanmis enerji araliqlarinda vo enerji “cibciklorinds” lo-
kal soviyyalori toyin edok,

D(E )=det GIOI,(E,q’ =0, (6)

b

burada | val’ lazimi sothi almagq ii¢iin uzaqlasdirilmis sothlor iizro doyisir.

GeSe kristalinin s-, p- vo d- bazislorinde AOXK vasitasila, psevdopo-
tensial metodu ilo hesablanmis zona qurulusu sokil 1-do gostorilmisdir. Sokil 1-
don goriindiiyii kimi, GeSe-nin zona qurulusu ii¢ qrupdan ibarotdir. Zonalarin
xarakterik ciit-ciit yerlogmasi kristalin layl1 olmasindan irali golir. Dalga funk-
siyalarinin analizindon alinir ki, diger qruplardan energetik 6 eV masafoda yer-
logon on asagi qrup anionun s- halindan téromisdir. -8 eV otrafinda yerloson
ndvbati qrup Ge atomunun s- hallari ilo baglidir. Valent zonasinin topasindon -
6 eV otrafinda yerloson on iki enerji soviyyasindon toskil olunmus on yuxari
qrup kation vo anionun p-soviyyoalorindon omolo golir. Valent soviyyslorinin
genezisinin analizi fotoemissiya spektri [8] ilo yaxs1 uzlasir.

Ideal kristalda soth omalo gatirdikdo qadagan zolaginda lokal soviyyalor
yaranir, zonalar daxilindo iso energrtik hal sixlig1 doyisir. GeSe kristali {i¢lin
(010) sotho proyeksiyalanmis zona qurulusu sokil 2-do gostorilmisdir. Sokil 2-
don goriindiiyii kimi fundamental qadagan zolaginda lokallasmis bir soth
soviyyasi movcuddur vo demok olar ki, dispersiyasizdir. Sokil 3-do Ge atomu
ilo qurtaran (010) sothindo lokal hal sixlig1 vo ilk alt1 layda lokal hal sixliginin
doyismosi gostorilmisgdir.

Sokil 3-don goriiniir ki, demok olar ki, biitiin hallar yiiksok deracados lo-
kallasmisdir vo iiglincili laydan sonra lokal hal sixligi hocmi ideal kristalin hal
sixligt ilo iist-listo diisiir. Bu ondan irali golir ki, GeSe kristalinda laylar bir-
birindon uzaq yerlogmislor vo zoif Van der Vaals qarsiliqh tosiri ilo slagalidir-
lor. -14.5 eV otrafinda yerloson energetik cibcikdo (sokil 2) soth soviyyalori
meydana golmisdir. ki layda lokallasmis bu saviyyalor oxsar dispersiya nii-
mayis etdirirlor vo tamamilo valent soviyyalorindon omolo golmislor. -7 eV ot-
rafinda Ge atomunun s- orbitalindan omolo golmis iki lokal soviyyos mdvcud-
dur.
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Sok. 1. GeSe-nin a- psevdopotensial, b- AOXK vasitasils hesablanmis zona qurulusu.
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Sak. 2. GeSe kristali ii¢lin (010) sathins proyeksiyalanmig zona qurulusu.
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Sak. 3. Ge atomu ilo gurtaran (010) sothindos a- lokal hal sixlig1 vo b- ilk alt1 layda
lokal hal sixligimin doyigmasi.

Bu bir daha onu gostorir ki, soth soviyyeolorinin xarakteri vo energetik
voziyyeti birinci layda yerlogon atomun tobistindon asilidir. Dalga funksiya-
larinin amplitudlarinin orbital torkibi gostorir ki, -7 eV otrafinda yerloson soth
soviyyoalari ilk {i¢ lay daxilindo giiclii lokallagmigdir vo s- , px- orbitallarindan
toromisdir. Bu ideal kristalda -7 eV otrafindaki soviyyoalorin osason kation
orbitallarindan toskil olunmasi fakti ilo uygunluq toskil edir.

GeSe kristalinin laylara perpendikulyar (010) sothinin elektron spektri
Qrin funksiyasit metodu ilo hesablanmisdir. Dalga funksiyalarinin ayrilisinda
bazis kimi Atom Orbitallarinin Xotti Kombinasiyasindan istifado edilmisdir.
Hesablamalar gostorir ki, fundamental qadagan zolaginda bir soth soviyyosi
movcudur. Bu sath soviyyasi tamamilo soth miistovisindo lokallagsmisdir, azaciq
s- qarigig@l var vo oasason p, tiplidir. Homginin soth defektinin yaranmast
noticasindo meydana golon AN(E) hal sixliginin doyismasi hesablanmisdir.
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UCCJIEJOBAHUE MOBEPXHOCTHBIX JIEKTPOHHBIX COCTOSTHUM
CJIOUCTOI'O KPUCTAJLJIA GESE METO/IOM ®YHKIIWI TPUHA

3.A.JI'KAXAHTUPJIA, C.A.HABUEBA, T.0.FAHPAMOBA
PE3IOME
Meton ¢yukumu ['puHa B 0a3uce JIMHCHHBIX KOMOWHAIIMI aTOMHBIX OpOUTaCi
(LCAO) wucnons30BaH Uil HCCICAOBAHUS 3JEKTPOHHOU CTPYKTYyphl Ge-TepMHHHPOBAHHOM
noBepxHocTH (010). OOCYX)Iat0TCsSI YHEPTETUUECKUE COCTOSHUSI B YHEPTETUYECKUX IETSIX, UX
POUCXOXJIEHHE, OPOMTAIBHBIII COCTAB, PE30HAHCHI M JIOKAJIbHBIE W3MEHEHHs IUIOTHOCTH
COCTOSIHHH, 00YCIIOBICHHBIEC TTOBEPXHOCTHIO.

KaroueBble ci10Ba: BakaHCHs, TOUCUHBIC 1E()EKThI, pe30HAHCHI, AHTUPE30HAHCHI
INVESTIGATION OF SURFACE ELECTRONIC STATES OF LAYERED GESE
CRYSTAL BY GREEN FUNCTION METHOD
Z.A.JAHANGIRLI, S.A.NABIYEVA, T.0O.BAYRAMOVA
SUMMARY

Green’s function method in bases sets of Linear Combinations of Atomic Orbitals
(LCAO) is used to calculate the electronic structure of the Ge-terminated (010) surface of GeSe
semiconductor. The energy states inenergy gaps, their origin, orbital content, resonances and
local changes in the density of states due to the surface are discussed.

Keywords: vacancy, point defects, resonances, antiresonances
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POLIETILENQLIiKOL-LIMON TURSUSUNUN
Na DUZU-SU iKIFAZALI SISTEMININ OMOLO GOLMOSIiNO
KALIUM SULFAT DUZUNUN TOSIiRi

E.D.MOSIMOV, G.M.SAHBAZOVA, A.9.HOSONOV
Baki Déviat Universiteti
masimovspektr@rambler.ru, shahbazova.gunel@mail.ru

Tagdim olunan igda kalium sulfat duzunun polietilenglikol-limon tursusunun Na duzu-su
ikifazali sisteminin amalagalma tasirina baxilmigdir. Taocriiba naticasinda alinmusdir ki, kalium
sulfat duzu PEQ-limon tursusunun Na duzu-su ikifazali sisteminin amalagalmasini suratlon-
dirir. Basqa sozlo desak, ikifazali sistem komponentlarin konsentrasiyasun kigik giymatlorinda
omoalo galir, ikifazali sistemi Xarakterizo edon hal diaqrammin binodali isa koordinant
baslangicina dogru siiriisiiv. MUayYon olunmusdur ki, kalium sulfat duzunun konsentrasiyasi
artdigca bu siiriisma da artir, yoni ikifazali sistemin amala galmasi kalium sulfat duzunun
konsentrasiyasmn artmasi ila Slratlonir. Alinan naticani kalium sulfat duzunun suyu struk-
turlagdirmast ilo izah etmaok olar. Ogar sistema duz alave etdikdo suyun strukturu dagilarsa
fazalara ayrilma ii¢iin daha ¢ox miqdarda polimer olmalidir va aksina duzun alava olunmast
ilo su strukturlasarsa (K,SOy) fazalara ayrilma iigiin daha az polimer talab olunur.

Acar sozlor: kalium sulfat, polietilenglikol, limon tursusunun Na duzu, ikifazal sistem

Moslumdur ki, 2 polimeri imumi hslledicido qarigdirdigda 3 miimkiin
hala rast golmok olur: a) Polimerlorin biitlin konsentrasiyalar1 intervalinda
mohlullar tam garisaraq homogen mohlul amalo gatirirlor; b) Kompleks koaser-
vasiya-sistem fazalara ayrilar vo polimerlorin hor ikisi fazalarin birino y181-
sarlar, digor faza iso praktik olaraq holledicidon ibarat olur; ¢) Polimerlorin
timumi hoalledicido uyusmazligi bas verir, basqa s6zls, sistem polimerlorin
miioyyon konsentrasiyalar1 intervalinda 2 fazaya ayrilir: fazalarin biri bir
polimerls, digeri iso ikinci polimerls zongin olur. Qeyd etmok lazimdir ki, bu
nov fazalara ayrilma yalniz 2 polimer iimumi holledicids hall olduqda deyil,
eyni zamanda bir polimer vo iizvi vo ya qeyri-lizvi duzlarin mohlullarinin
qarisiginda da miisahido olunur.

Miixtolif ciit polimerlorin amalo gotirdiklori polimer-su ikifazali sistem-
lori sistematik olaraq ilk dofo Albertson [8,9] todqiq etmisdir. Albertsonun [9]
monoqrafiyasinda ikifazali sistemlords amalo gotiran ¢oxlu sayda miixtalif po-
limer ciitlori gostorilmisdir. Bu monogqrafiya is1q iizii gordiikdon sonra bio-
loglarin vo biokimyagilarin diqqgstini ¢okmis vo onlar ikifazali sulu polimer
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sistemlorinds bu maddslarin geyri-barabar paylanmasi metodundan miixtalif
bioloji materiallarin ayrilmasi vo tomizlonmasi {igiin yiiksok effektli bir metod
olacagimi gormiislor. Sistemin har iki fazasinda hslledicinin su oldugunu nazars
alsaq bu sistemdo ziilallari, nuklein tursularini, viruslari, hiiceyrslori, miixtalif
hiiceyro organlarini vo s. ayirmaq vo tomizlomak olar.

Qeyd etmok lazimdir ki, son vaxtlar ikifazali sistemlor bioloji hissacik-
lorinin tomizlonmaosi ilo yanasi, tobii birlogsmolorin analitik tohlili iiglin genis
istifado olunur [2] .

Su polimer ikifazali sistemlorini tosvir etmok {i¢lin onun hal diaqramla-
rindan istifadoe olunur. Bir sira todqiqat islorinde miioyysn olunmusdur ki, iki-
fazali sistemin fazalarinin su miihitinin xassasi faza amologatiron polimerlarin
kimyavi tabistindon vo konsentrasiyasindan va eloca do sistemdo olan qgeyri-
iizvi duzlarin va elektrolit olmayan maddslorin tobistindon vo konsentrasiya-
sindan asilidir.

Qeyri-lizvi duzlarin ikifazali su-polimer sistemlorino (dekstran-500 vo
PEQ-6000) tasirinin todqiqine hasr olunmus elmi-tadqiqat islorinds Albertson
[8] gostormisdir ki, duzlarin konsentrasiyasinin c<0,5mol/kq qiymatlorindo
duzlar fazalara ayrilma prosesino nozors carpacaq doracods tosir gostormirlor.
Lakin geyri-iizvi duzlarin suyun strukturuna tesirini vo fazalarayrilmanin suyun
strukturundan koskin asililigi bu istigamotds toadqiqat islorinin geniglondiril-
mosi zoruratini yaratdi [4]. Bu istigamotdo todqiqatlar nozori ohomiyyat kosb
etmoklo yanas1 ¢ox boyiik praktik shomiyyat kosb edir. Belo ki, geyri-lizvi
duzlar bioloji materiallarin su-polimer ikifazali sistemlordo paylanmasi proses-
lorinin idaro olunmasi proseslorinds ¢ox genis istifado olunur.

Polimer makromolekullar1 da mohlulda su molekullar1 dipollar1 ilo ohato
olunmusgdur. Belo sistemdos bir-birinden strukturlar ilo forqlonon iki su struk-
turlart yaranir vo onlar bir-birinds hall olmadiglarindan mohlul iki fazaya ay-
rilir, fazalara ayrilana qodor sistemds hor polimers uygun mikrooblastlardan
ibarot fazalarin riiseymlori yaranir. Bu oblastlarin dl¢iilorinin vo konsentrasiya-
larinin miisyyon kritik qiymatlorinds moahlul fazalara ayrilir. Yeni fazanin ame-
logalmasini iimumi gobul olunmus terminlor ¢or¢ivasinda belo tosvir etmok
olar: ilk novbads fazalarin termodinamik dayanigsiz riiseymlori amals galir,
sonra iso onlarin fliiktuasiya xarakterin miioyyan 6Olciilorinda, dlciilorin sonraki
boyiimasi ilo miisayiot olunan termodinamik dayaniqhi hala kec¢idi bas verir.
Cox ehtimal ki, strukturlar ilo forqlonan su névlorinin riiseymlarinin yaranma
soraiti (sorti) su molekulunun polimer molekulunun otrafinda oturaq halda ya-
sama miiddati ilo toyin olunacaqdir. Basqa sozlo, polimerlo bagli su molekulu
ilo hocmdoki “sorbost” su molekulu arasindaki miibadils tezliyi ilo toyin oluna-
caqdir.

Aydindir ki, todqiq olunan polimerlor suyun strukturunu stabillosdirdik-
lorindon
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9(H20)0—(H20)hid_ < 8(1‘120)0—(1‘120)0 (M

yuxarida qeyd olunan miilahizoloro Samoylov nazoriyyssino oasaslanaraq
duzlarin konsentrasiyasi artdiqda sistemin fazalara ayrilmasi ii¢iin lazzim olan
konsentrasiyalar1 cominin (Cx) neca doyisdiyini izah etmok olar: suyun struktu-
runu dagidan duzlarin (KSCN, KCIO4KJ, KBr, KCl, KNO;) konsentrasiyasi
artdiqda

011,00~ (H,0)ia, ~ 11,00~ (11,00 )
sortini 6doyan (hidrofil hidratasiya, monfi hidratasiya) su molekullarinin say1
artir. Bu zaman fazlarin dayaniqli riiseymlorinin yaranmasi {igiin suyu stabillog-
diron ¢oxlu sayda polimerlar tolob olunur. Basqa sozlo, (2) sortini 6doyon mo-
lekullarin saymi artirilmasina ehtiyac olur. Analoji olaraq, suyu strukturlas-
diran (stabillosdiran) duzlarin (KF, K,SO,) (hidrofob vo ya miisbot hidratasiya)
konsentrasiyas1 artdiqda, polimerlorin sistemin fazalara ayrilmasi {i¢iin lazim
olan konsentrasiyasinin azalmasini da izah etmak olar.

Beloalikla, hesab etmak olar ki, tadqiq olunan ikifazali sistemo duzlar1 da-
xil etdikdo (kation sabit oldugu {i¢lin sohbot anionlardan gedir) kecid tez-
liklarina gora iki ndv su molekullar: yaranir: duzun konsentrasiyasi artdiqda, a)
kecid tezliklori tomiz suda olan kecid tezliklorindon bdyiik olan su molekul-
larinin say1 (pay1) artir ( monfi vo ya hidrofil hidratasiya), b) ke¢id (miibadilo)
tezliklori tomiz suda olan keg¢id tezliklorindan ki¢ik olan su molekullarinin pay1
artir (miisbat vo ya hidrofob hidratsiya).

Toqdim olunan isdo miixtolif konsentrasiyali kalium sulfat duzunun
PEQ-limon tursusunun Na duzu —su ikifazali sistemindo fazalara ayrilma pro-
sesinag tosiri todqiq olunmusdur. Bunun {i¢iin ikifazali sistemin hal diagrami oy-
ronilmis, faza diagraminin binodal oyrilori qurulmusdur. Sistema kalium sulfat
duzunun miixtolif miqdarlarin1 olavo etmoklo binodal oyrilori qurulmusdur.
Alinan naticalor sokil 1-do gostorilmisdir.
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Sak.1. Kalium sulfat duzunun ikifazali sistemin amsls golmasina tasiri
1-0,2M , 2-0,3M, 3-0,4M, 4-0,5M K,SO,
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Tacriibo naticosindo alinmisdir ki, kalium sulfat duzu PEQ-limon tursusu-
nun Na duzu-su ikifazali sisteminin amalogalmasini siiratlondirir. Bagqa sozlo
desak, ikifazali sistem komponentlorin konsentrasiyasinin kicik qiymatlorinds
omolo golir, ikifazali sistemi xarakterizo edon hal diaqraminin binodali iso
koordinant baslangicina dogru stiriisiir. Miioyyon olunmusdur ki, kalium sulfat
duzunun konsentrasiyasi artdiqca bu siiriismo do artir, yoni ikifazali sistemin
omalo golmasi kalium sulfat duzunun konsentrasiyasinin artmasi ilo siiratlonir.
Alman naticoni kalium sulfat duzunun suyu strukturlagdirmasi ilo izah etmok
olar. ©gar sistemo duz slava etdikds suyun strukturu dagilarsa fazalara ayrilma
liclin daha ¢ox miqdarda polimer olmalidir vo oksino duzun slavo olunmast ilo
su strukturlasarsa (K,SO,) fazalara ayrilma {i¢iin daha az polimer talob olunur.
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BJIMSHHUE BPOMUJA KAJIUSL HA ®A30BASI JUATPAMMY
MAIr-HATPUEBAS COJIb TUMOHHOU KUCJIOTBI-BOJA

3. A.MACUMOB, I''M.ITIAXBA30BA, A. AI'ACAHOB
PE3IOME

B aroii paboTe n3ydeHbl BOAHBIC NBYX(a3HbIE CHCTEMBI, COCTOSIIUE M3 TOJUITHIICH-
TJIMKOJIb-HATPUEBOM COJIM JIMMOHHOM KUCIIOTHI M BOABL [IpuBeneHbl SKcniepuMeHTaibHble (a-
30BBIC UAarpaMMbl U BIMsSHHE OpoMuza Kamus Ha (a30ByI0 quarpamMMy. beiio oOHapyskeHO,
4yro (pazoBas auarpamMma OWMHOAANEH B NMPHCYTCTBHM OpoMHIa Kajdus CMELIMBACTCS B HaIl-
paBJICHNU YyBENWYEHHs TeTEpPOreHHOHW obmactu (pa3oBoil amarpammbl, OMHOAANBHAST KpUBAs
pacuieruisieTcss Ha Hadano (BEpXHIOI0) KOOPAMHATHI, APYTMMH CIIOBaMH, pas3zeieHue ¢as
MIPOUCXOIUT MPH HU3KOW (BBHICOKON) KOHLEHTPAIMM TOJMMEpPa W COJIH, KOTOpPBIE 00pas3yroT
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¢asbl. PesynbTaT MOKET OBITH OOBSICHEH CTPYKTYpOii conu cynbdara kanus. Eciam Boga cTpyk-
Typupyercs npu pobasnenus conu (K,SO,), aimst pasnenenus tpedyeTcss MeHbIIE MoJIMepa.

KiaioueBbie cioBa: 6p0MI/I,H KaJiyus, IMOJUITUIICHIJTIUKOJIb, HanPICBOﬁ COJIM JIMMOHHOMU
KHUCJIOTHI, ﬂByX(ba3HBIC CHUCTEMbI

THE INFLUENCE OF POTASSIUM BROMIDE TO AQUEOUS BIPHASIC SYSTEM
POLYETHYLENE GLICOL-SODIUM CITRATE-WATER

E.AMASIMOV, GM.SHAHBAZOVA, A.A.HASANOV
SUMMARY

In this work aqueous two phase systems consisting of polyethylene glycol-sodium salt
of citric acid and water have been studied. Experimental phase diagrams and the influence of
potassium bromide to the phase diagram are presented. . It was found that the phase diagram of
binodals in the presence of potassium bromide are mixed in the direction of increasing the
heterogeneous region of the phase diagram, the binodal curve is splinted to beginning (top) of
coordinate, in other words, the separation of phases process occur at low (high) concentration
of polymer and salt which formed phases. The result can be explained by the structure of
potassium sulfate salt. If water is structured with the addition of salt (K,SO,), for separation
requires less polymer.

Keywords: potassium bromide, polyethylene glycol, sodium salt of citric acid, two
phase systems
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Cd;..Zn,0 NAZiK TOBOQOLORININ ELEKTROKIMYOVI
COKDURULM®O USULU ILO ALINMASI,
KRISTAL QOF9S QURULUSU VO SOTH MORFOLOGIiYASI

V.C.MOMMODOVA
Baki Dovlat Universiteti
mvusala@yandex.ru

Sulu mahluldan elektrokimyavi ¢okdirma tsulu ilo CdyZn,O (0.2<x<0.9) nazik toba-
Qolori alimmisdir. Miiayyan edilmigdir ki, Cdy.Zn,O nazik tabagalarinin kubik va ya vyirsit
kristal qurulusa, habela, nano- va ya mikro- teksturali satha malik olmast elektrokimyavi ¢Ok-
dirtlmanin optimal rejimi (mahlulun temperaturu va ¢okdirilma potensiali) ilo mlayyanlagir.

Acar sozlor: elektrokimyovi ¢okdiirmo, texnoloji rejim, tsiklik voltampermetriya,
kristal qurulus

Umumiyyatlo, ZnO vo CdO nazik tabaqgolorinin ayriligda har birinin
iistiin cohatlorinin artirilmasi vo ¢atismayan cohatlorinin azaldilmasi {igiin elmi
adabiyyatda son dovrler ZnO-CdO sistemi bark mohlullarinin nazik tabagalori
totbiq olunmaga baslanmisdir. Belo ki, torkibin doyismosi ilo Cd;xZnyO nazik
tobogolorinin soffafliq oblastini, miigavimatini vo hom do sindirma omsalini
idaro etmok miimkiindiir. EImi adobiyyatda Cd;xZnO bark mahlullarinin na-
zik tobogolori asason molekulyar siia epitaksiyasi, sol-gel metodu va piroliz ki-
mi metodlarla alinmisdir. Lakin sulu mohluldan elektrokimyavi ¢okdiirmo me-
todu bu metodlardan forqli olaraq daha asan idars edilo bilon vo genis sahoyo
malik nazik tobagolor almaga imkan verir. Elektrokimyavi ¢okdiirme tisulunun
digor tsullardan asas forqi onun vakuumsuz miihitds - kvazineytral maye mii-
hitinde aparilmasidir. Bels ki, bu ciir miihit ionlarin vo neytral atomlarin qari-
sigindan ibaratdir vo nazik tobogo atomar laylardan ibarat olmagla alinir. Mohz
bu xiisusiyyot elektrokimyavi ¢okdiiriilmo metodunun optimal rejimini seg-
mokls talab olunan kristal quruluslu, sath morfologiyali, habels, qalinligli na-
zik tabago almaga imkan verir [1-17].

Sulu mohlulda sulu mohluldan katod elektrokimyoavi ¢okdiirma tisulu ilo
miixtalif torkibli Cd;<ZnO bark mohlullarinin nazik tobogalorini almaq, onla-
rin struktur vo morfoloji xassalarinin texnoloji rejimdon va tobagolorin torki-
bindan asili olaraq tadqiq etmok isinin osas magsadidir.
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Eksperiment

Cd;xZn,O nazik tobogolorinin elektrokimyovi ¢okdiiriilmosi tigiin tig-
elektrodlu sistemdon istifado edilmigdir. Belo ki, anod materiali kimi grafit ¢u-
buglar, komokei elektrod kimi Ag/AgCls; vo katod materiali kimi, Mo,
stisa/SnO,, 0.8 mm qalinliglt 1-1.3 Om-sm xiisusi miiqavimoto malik p-Si 16v-
hoalori vo ya vakuumda buxarlanma tisulu ilo hazirlanmis giisa/Al althiglar: tizo-
rinde alinmig 200 mkm qalinligli va 2.5 Om-sm xiisusi miiqgavimato malik p-Si
nazik tobagolori istifads edilmisdir.

Nazik tabaqolerin ¢okdiiriilmesinds otaq temperaturlu vo 50-80°C tempe-
raturlu sulu mohlullardan istifado edilmisdir. Katod iizorindo barpa olunacaq
ionlarin diffuziya yolunun uzunlugunu kigiltmok mogsadilo ham elektrodlar
arasindaki mosafo kicik gotiirilmiis (2-3 sm), hom do reaksiya zamani mohlul
magqnit qarigdirict ilo miloyyan siiratlo qarigdirilmisdir [18-25]. Istifads olun-
mus althqlar reaksiya mohluluna salinmazdan oavval fiziki vo kimyovi ¢irklon-
molorden tomizlenmisdir. Bels ki, standart dl¢iilora malik (1x1 sm?) siiso/SnO,
altliglar1 asetonda saxlanilmis vo daha sonra bidistillo olunmus su ilo yuyul-
musdur. Mo folqa altliglar iso avvalco 10%-1li HCI tursusunda (24 saat) saxla-
nilmisg, sonra VUP-5 vakuum postunda arqon qazinda ion asilanma tisulu ilo
sothi tomizlonmis vo daha sonra iso spirtlo vo bidistillo olunmus su ilo yuyu-
laraq Cd;xZn,O nazik tobagolorinin alinmasi {igiin istifado olunmus mohlula
salinmisdir.

Cd; xZn,O nazik tobogslorinin alinmasinda reaksiya maddosi olaraq yiik-
sok kimyovi tomizliyo malik (99.95 %) kadmium (Cd(NOs);) vo sink
(Zn(NOs3),) nitrat duzlarmin sulu mohlulundan istifado edilmisdir. Nazik tobo-
galarin elektrokimyoavi tisulla ¢okdiiriilmasi mexanizmini dyronmok vo ¢okdii-
rilmo rejimino nozarot etmok mogsadilo Cd(NO3),+ Zn(NOs),+ KNO3;+H,0
otaq temperaturunda vo 80°C temperaturda sulu mohlullarindaki duzlarin ov-
valca ayri-ayriligda, daha sonra iso avvealki konsentrasiya vo pH-tursuluqda
qarisiginin tsiklik volt-amper xarakteristikalar1 (voltamperometriya) todqiq
edilmisdir.

Sakil 1-do Cd;xZnyO nazik tobagolorinin alinmasi {iciin istifado olunan
mohlullarin komponentlarinin tsiklik voltamper xarakteristikalar: tosvir edil-
migdir. Tsiklik voltamperoqramlar xarici gorginliyin —1.6 =+ +1.1 V intervalinda
cokilmisdir. Xarakteristikalarin dlgiilmosi avvalco katoda totbiq edilon xarici
gorginliyin manfi, sonra iso miisbat qiymatlorinde xarici gorginliyin iki miixte-
lif istigamotlorindo aparilmisdir. Tsiklik volt-amper todqiqatlar: sulu mohluldan
katod ¢okdiirmo metodu ilo siisa/SnO; altliglart iizerindo alinmig Cd;.<ZnO
nazik tabagolar iizorindo aparilmisdir. Anod materiali kimi reaksiyada qrafit
elektrodlardan istifado edilmisdir. Reaksiya mohlulunun tursulugu azot tursu-
sunun alavo edilmosi ilo idars edilsmisdir (pH = 3-5).
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Sokil 1a- dan goriindiiyii kimi Zn(NOs), mahlulunda carayan xarici gor-
ginliyin Uy = — 0.95 V qiymatindo artmaga baglayir vo katod gorginliyinin —

1.2 = — 1.55 V- da althq lizerina Zn ionlarimin reduksiyasi vo natico etibarilo
ZnO nazik tabagolorinin alinmasi asagidaki ardicil reaksiya asasinda bas verir:

Zn(NO3), » Zn** + 2NO3 (1)

NO; + H,0 +2e - NO, + 20H™ 2)

Zn?* 4+ 20H™ - Zn(0OH), » Zn0 + H,0 3)

Belo ki, suya daxil edilmis sink nitrat suda hall olduqda suda NO, vo
OH~ tipli anion qruplar1 amalo golir. Mohluldaki Zn?* kationlarinin OH ™~ ani-
onlar1 ilo birlogsmasi sink hidroksidinin yaranmasina sabab olur. Elektrokimyovi
barpaolunma prosesi naticasinds isa sink hidroksid yekunda ZnO va suya par-
calanir. Onu da qeyd edak ki, sink hidroksidin ZnO-a ¢evrilmasi prosesi otaq
temperaturlu sulu mohlulda yuxari temperaturlu mohlula nisboton daha zoif
stiratlo bag verir. Lakin agiq havada vo oksigen temperaturunda qisamiiddotli
termik islonms sink hidrohsidin ZnO-a ¢evrilmasi problemini hall etmoys im-
kan vermisdir.

Sakil 1b-da siiso/SnO, althigma ¢dkon Cd(NOs), duzunun sulu mohlulu
iclin voltamoqram gostorilmisdir. Sokildon goriindiiyli kimi xarici sahanin
monfi istigamotlorindo CdO nazik toboagolorinin isci elektrod (altliq) lizerino
reduksiyasi gorginliyin —0.25 V qiymatlorindon baslayaraq ZnO nazik tobaqe-
lori kimi asagidaki ardicilligla bas verir:

Cd(NO3), - Cd** + 2NO3 (4)
NO; + H,0 + 2& > NO; + 20H"™ (5)
Cd** + 20H™ - Cd(0OH), - CdO + H,0 (6)

Sokil 1c-don goriindiiyti kimi miixtalif torkibli Cd;ZnsO nazik tobaqgale-
rinin formalagmasi ti¢lin katod gorginliyinin qiymoati —0.8 = —1.46 V interva-
linda dayisdirilmalidir. Voltamperoqramlarin tadqiqi tisulu ile isde Cd;<ZnO
nazik tobogolorinin miixtalif torkiblorde alinmasi ii¢ilin reaksiya duzlarinin mol
miqdart vo ¢okdiirmo carayan: vo gorinliyinin optimal giymatlori miioyyen
edilmisdir (cadval 1).

Codval 1
X Duzlarin mol miqdar1 (mM) Katod ¢okdiiriilma corayani va potensialt
7Zn(NO,), Cd(NO3), J, mA/sm’ U, (V)
0.2 1.22 4.88 5.6 -0.96 —-1.21
0.4 4.13 6.21 5.1 -0.96 —-1.24
0.5 4.91 4.94 4.2 -0.93 —-1.26
0.6 5.92 3.95 3.4 -0.88 —-1.37
0.7 6.34 2.73 3.2 -0.89 —-1.38
0.8 6.5 1.63 2.7 -0.9 —-1.37
0.9 6.85 0.76 2.4 -0.91--1.38
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Sok. 1. 0.67M Zn(NO3), (a), 0.26M Cd(NOs), (b) va (a), (b) mohlullar1 qarisiginin (c) otaq
temperaturunda tsiklik volt-amper xarakteristikalari

Nazik tobogolorin kiitlasi ilo elektrokimyavi ¢okdiiriilmonin elektrik vo
kinetik parametrlori arasindaki slagoni Faradey qanunlart ilo ifads etmok olar.
Ogoar vahid satha diison kiitloni (M/S) bu qanunlar osasinda ifads etsok:

Burada, J- mohluldan kegon corayanin sixligl, t-coroyanin doyismoz
saxlanildigi zaman miiddati, k- katod tizorinds ¢okdiiriilon maddolorin elek-
trokimyavi ekvivalentidir. a- komiyyati 0.5-10 1 arasinda qiymatlar ala bilir vo
coroyanin effektivlik omsali adlanir. Bu komiyyst mohluldan kecon yiikiin
haqiqi qiymatinin, yiikiin nazari olaraq hesablanmis qiymatino olan nisbati ilo
toyin olunur. Miioyyon sado riyazi gevirmolorlo (7) ifadesindon qalinligr |
olan nazik tobaqgonin ¢okdiiriilma siirati I/t liglin asagidaki ifadoni alariq:

1/t =((Jko)/p (8)

Burada p — ¢okdriilon nazik tobogonin sixligidir.

Eksperimental naticalor vo onlarin izahi

Miayyon edilmigdir ki, Cd;«ZnsO nazik toboagalerin sothinin morfo-
logiyas1 vo kristal qurulusu ¢okdiirmo potensialindan aslilidir. Sokil 3-do ¢ok-
diirilmo katod potensialinin -0.9 V (sokil 3a), - 1.2 V (sokil 3b), -1.28 V(sokil
3c¢) vo -1.35 V (sokil 3d) qiymatlorindo alinmis Cdy 4Zng 6O nazik tobagolorinin
sothinin SEM fotosokillari tosvir edilmisdir. SEM todqiqatlar asasinda miioy-
yon edilmisdir ki, katod potensialinin -0.9 V qiymatlorindo alinmis Cdg4Zng O
nazik tobogolorinin sothi hamar qurulusa malik olub, bircins soth niimayis
etdirir. Katod potensialinin -0.9V qgiymotindo ¢okdiiriilmiis nazik tobagolorin
rentgenoqramlarinda zoif intensivlikli vo eni bdyiik olan xatlor miisahido edilir
ki, bu da onlarin polikristal vo oksor hallarda, hotta amorf olmasina dolalot edir
(sokil 3a).
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Sok. 2. Katod potensialinin -0.9 V (a), - 1.2 V (b), -1.28 V(c) vo -1.35 V (d) qiymatlorinda
almmis Cd, 4Zn, O nazik tobagolorinin sothinin SEM fotosakillori.

Intensity (a.u.)

20 (degree)

Sak. 3. Cokdiirmo potensialinin miixtalif qgiymotlorinds otaq temperaturunda (a,b,c), vo
80°C-da (d) alinmis Cdy 4Zn, O nazik tobagolorinin rentgen difraksiya spektrlori: -0.9 V (a);
-1.2V (b); -1.28 V (c); -1.34 V (d)
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Sak. 4. Katod potensialinin -1.28 V giymatinds ¢okdiiriilmiis 500 nm qalinligh
Cd,_.Zn,O nazik tobagalorinds Zn vo Cd atomlarinin
EDS spektrlori asasinda hesablanmis faizlo migdart.

Katod potensialinin qiymatinin ciizi olaraq artmasi (-1.22<U<-1.25 V)
nazik toboagolorin soth qurulusunu koskin olaraq doyisir. Belo ki, sothdoki mo-
samolorin konsentrasiyas1 koaskin olaraq azalir, kristallitlorin dl¢tisii kigilir (5+7
nm) vo nazik tobagolor bircins nanoquruluslu soth niimayis etdirir. Cokdiirmo
gorginliyinin bu qiymetinde alinmis nazik tobogolorin rentgenoqramlarinda
xotlorin intensivliyi artsa da, onlarin eni ¢ox da kicilmir (sokil 3b). Bu da 6z
ndvbasindo homin tobagolorin nanodlgiilii kristallitlordon ibarat oldugunu gos-
torir. Katod ¢okdiirma potensialinin -1.28 + - 1.32 V qiymatlorino godor art-
mast ilo, nazik tobagolorin sothindoki kristallitlorin Sl¢iisiiniin artmasi ilo bora-
bar sothdoki defektlorin konsentrasiyasi da kaskin olaraq azalir. Bu zaman rent-
genoqramlarda piklorin intensivliyi boyliyr, eni iso kigilir ki, bu da onlarin
polikristalliq doracosinin artdigini gostorir (sokil 3c). Qeyd etmok lazimdir ki,
otaq temperaturunda hoyata kecirilmis ¢cokdiiriilmo prosesi noticosindo alinmis
CdoaZngcO nazik tobogolorinin oksoriyyotinin diffraktoqramlarinda biitiin
xotlor ya ciit, ya da tok indekslor niimayis etdirir. Bu da onlarin vyiirsit qofas
qurulusuna malik olduqglarin1 gostorir. Demok olar ki, biitiin niimunalorin rent-
genoqramlarinda ¢ox zaif difraksiya piklori miisahide edilir. Bu piklorin metal
hidroksidlere aid oldugu forz olunur. Lakin mohlulu otaq temperaturundan
80°C-ya qodor qizdirmagla ve mohlulun pH-tursuluguna nazarat etmaklo, kubik
(sfalerit) quruluslu nazik tobagalar do alinir vo bu niimunslarin rentgenoqgram-
larinda hidroksid artigligina aid difraksiya, demak olar ki, miisahids olunmur
(sokil 3d).

Nazik toboagolordo kristallitlorin 6lciilori SEM fotosokillorindon vo rent-
genoqramlardan Debay-Serer ifadosindon istifado etmoklo hesablanmisdir:

D = (mdo)/(ldcos7) 9)
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Burada, A- rentgen dalgasmin uzunlugu (1.54051 A), D- kristallitlorin
orta dlgiisii, I- rentgenoqramdaki pikin yarimhiindiirlitytine uygun golon eni, -
difraksiya bucagi, k=0.9.

Hor iki tisul osasinda hesablamalardan alinmis naticalora asasaon, kristal-
litlorin 6l¢iisti 5-7 nm intervalinda doyisir.

Lakin potensialin sonraki artimi1 U>-1.34 V sothds yenidon geyri-bircins-
lik doracasini artirir. Qeyd edak ki, katod potensialinin U>-1.34 V qiymatlorin-
ds alinmis nazik tobagolorin althiga adgeziyasi ¢ox zaif olur. Bels ki, bu gorgin-
liklor do yalniz 0.5 nm qalinhiqlara qader zoruri adgeziyaya malik Cd;<ZnsO
nazik tobagelori almaq miimkiindiir. Katod potensialinin qiymatindon asilt ola-
raq Cd;xZn4O nazik tobagalarinin optik buraxma amsalinin da qiymati dayisir.

Cd; xZn,O nazik tobogolorinin torkibi MQA-915 tipli atom-absorbsion
spektrometrindo vo ARL Quant’X tipli rentgen- fliiorosensiya spektrometrindo
yoxlanilmigdir. ©vvalco nazik tabagalar liciin hazirlanmis reaksiya mohlulunda
Cd va Zn-in element miqdar1 atom-absorbsion spektrometrindo yoxlanilmigdir
(cadval 2). Cokdiiriilmo basa ¢atdigdan sonra iso althqlar tizorindo alinmis
nazik tabagolordon miioyyan olunmus miqdarda ovuntu hazirlanmis vo ovun-
tuda elementlorin miqdar1 yenidon spektrometrdo yoxlanilmisdir (codval 2.2).
Mohlulda oksigenin miqdar1 sonda alinmig timumi kiitloye nazoron hesablan-
misdir. Bork mohluldaki kimyavi elementlorin miqdari analizi, homg¢inin rent-
gen-fliiorosensiya spektrometrindo (EDS) da hayata kegirilmisdir (sokil 4).

Cadval 2
X (mol) Atom absorbsion Rentgen Kubik modofikasiyal
(hesablanmis qiymoat) | spektrometrinda fliirosensiya nazik tobaqgalorin qafos
n alinmis spektrometrindon parametri
naticalar alinmis naticalor (,&)
(mol) (mol)
X X
0.2 0.203 0.201 3.541
0.4 0.401 0.406 3.828
0.6 0.604 0.608 4.115
0.7 0.701 0.702 4.258
0.9 0.903 0.904 4.545
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SJIEKTPOXUMHUYECKOE OCAXKIEHUE, KPUCTAJIVIMUECKASA CTPYKTYPA
U MOP®OJIOTI'US MTIOBEPXHOCTU INVIEHOK Cd,_,Zn,0
B.I:x.MAMEJOBA
PE3IOME

Mnenkn CdiZn,O (0.2<x<0.9) ObUIM TOTYYCHBI METOIOM DIICKTPOXUMHUYECKOTO
OCaXKJICHHUsI M3 BOJHOIO PacTBOpPa. YCTAHOBJCHO, YTO KyOMUYECKasl WIIM BIOPIUTHAST KPHCTAJI-
JMYECKasi CTPYKTypa, a TaKKe HAHO- WJIH MHKPOCTPYKTYPHPOBAHHBIC MOBEPXHOCTH IUICHOK
Cd;4Zn,O ompenensioTcss ONTHUMAIbHBIMH PEXKUMaMU JJIEKTPOXUMUYECKOTO OCaXICHUS

(TeMmepaTypa 1 TOTSHIINAJ OCAXKICHUS).

KiaioueBbie cioBa: QJICKTPOXUMHUYCCKOE OCAXKIACHUEC, TEXHOJIOTHYCCKUN PEKUM,
HUKIINYECKas BOJIbTAMIICPOMETPUS, KPUCTAIIINYCCKAA CTPYKTYpa.
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ELECTROCHEMICAL DEPOSITION, CRYSTAL STRUCTURE
AND SURFACE MORPHOLOGY OF FILMS Cd;,Zn,O

V.J. MAMEDOVA
SUMMARY
Films of Cd;Zn,O (0.2<x<0.9) were deposited by the method of electrochemical
deposition from aqueous solution. It has been established that the cubic or wurtzite crystalline
structure, as well as the nano- or microstructured surfaces of Cd,_Zn,O films are determined
by the optimal regimes of electrochemical deposition (temperature and deposition potential).
Keywords: electrochemical deposition, technological regime, cyclic voltammetry,

crystalline structure.
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