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Hznaeaemas paboma noceswyena UCCie008aHUi0 peuieHus CMewanHou 3a0adu 0as
MPEXMEPHO20 BOJIHOB020 YPAGHEHUSI C HELOKAIbHBIMU SPAHUYHbIMU Yeaosuamu. Tlocie npeo6-
paszosanus Jlaniaca nocmasienHHas CMEWAHHAs 3a0a4a C800UMCS K O8YXMEPHOU ZPAHUUHOLL
3a0aue ¢ HeNOKATbHLIMU SPAHUYHBIMU YCI08UAMU 015 ypagHeHus I envmeonvya. Yemanasnu-
saromest ycnosus DPped2oibMo8oCmu ROIYHUEHHOU 2panudnol 3adauu. Paspewumocms no-
CMABIEHHOU 3a0ayu OOKA3AHA OPUSUHATILHIM MEMOOOM.

KuaroueBbie cioBa. TpexmepHOe ypaBHCHUE THIICPOOIMYCCKOTO THIIA, HEIOKAIBHBIC
rpaHUYHBIC YCJIOBUS, peobpa3oBanue Jlammaca, GyHIaMEHTAIBHBIC PEIICHUS, HCOOXOUMBIC
YCIIOBHSA, PETyIApHU3ays, GpearoIbMOBOCTb.

Mpl uccnenoBanu (peAroibMOBOCTh MHOTHX TPEXMEPHBIX 3aJ]1ad C He-
JIOKQJIbHBIMM TPAHUYHBIMU YCJIOBHSIMHM KakK Ul TUIIOBBIX, TaK U HETHIIOBBIX
muddepeHIMaNbHBIX YpaBHEHUH. B oTinumne oT kiaccuyeckux 3afayd Mbl U3Y-
YWINA ypaBHEHUS KaK YETHOTO, TaK U HEUYETHOI'O MOPAJIKOB. I'paHMYHBIE yCIIO-
BUSI TAaKOBBI, YTO BCSI TPAHUILIA SBJSIETCSI HOCUTENEM JUIsl KaKJIOTO TPAHUYHOTO
YCIIOBUSI.

B 1968-70-x rogax Mbl HHTEPECOBAJIMCh HECYILIECTBOBAHUEM PEILICHUN
rpaHnuHbIX 3a1a4d. [Tocae Gomnbioil paboThl ¢ auTEpaTypoil ObLIO ompexese-
HO, YTO peLIeHHe IPAaHUYHBIX 3a/1a4 MOXKET HE CYIIECTBOBAThH MO CIEIYIOIINM
MIPUYHHAM:

1) u3-3a ypaBHEHUs 3a/1a4H;

2) u3-3a rpaHuIbl 001aCTH;

3) u3-3a TPaHUYHBIX YCIOBHUM 3a7a49H.

Kax Mbl 3HaeM, OJHUM M3 TIIaBHBIX PE3yJIbTaTOB 10 3aga4yaM Kowmwm ais
muddepeHIMaTbHBIX YPaBHEHUN B YAaCTHBIX IPOU3BOJHBIX SBJISETCS Teopema
Komm-Koanesckoit [1]. Ecniu Bce mannbie 3amaun Komm — aHanuTuueckue
(GyHKIMH, TO pelIeHne ITON 3aJauM ABJISIETCS aHATUTUYECKUM.



N.I".IlerpoBckuii B 1946 r. Ha 0HO# U3 KOHPEPEHITHI BbICKA3aJI, «9TO
MOXET OBITh, €CIIM OTKA3aTbCs OT AHAJUTUYHOCTH JaHHBIX». OTBET Ha 3TOT
Borpoc mpuHamiexkuT H.Levi. On B 1957 1. [2] nmpuBen nmpumep, B KOTOPOM
paccmaTpuBaeTCcsi TPEXMEPHOE JIMHEMHOE HEOAHOPOAHOE YpaBHEHHUE IIEPBOTO
MOpAJIKA C aHATUTUYECKUMU KOdPPUIIMEeHTaMU, HO ¢ OeckoHeuHOo nuddepen-
LUPYEMOM, HO HE AHAJTUTHUYECKON IPAaBOM YaCTbIO, I'I€ IPUBEACHHOE ypaBHE-
HUE HE UMEET Ja)Ke JIOKaJbHOro pelleHus. Jlamee 3TUM BOIPOCOM 3aHUMAJICS
Xépmanaep [3],[4] u 3a 5T paboTel nomyuyua B 1962 r. mexans @unpca.

Urto kacaercst BTopoit nmpobsembl, A.Jleber 3aHMMAaNCs 3TUM BOIIPOCOM
B 1913 r. [5]. On nokasain, uto 3aaayda upuxiie mis si610K0-1mog00H0# obmac-
TH He umeet perieHus. [lozxe B 1924 roay, oH gan kimacc obmactei, B KOTO-
pBIX paccMaTpuBaeMas KpaeBas 3ajauda Hepaspemmuma [6]. Jlanee, naHHbIil Bo-
npoc Obw1 paccmorpen H.Bunepowm [7], Eroposeim [8], A.HoBpy3oBbiM [9] u
N.MamenoBeim [10]. Hakonen, TpeTuil Bompoc, MOCTaBICHHBIA BBbIIIE, ObLI
paccmotper A.B.bunianze [11], berepom [12]-[14], A.A.Jle3unsim [15] u H.A.
AnmeBsiM [16]. Bce aTu paboThl onuparoTcs Ha HEKOTOPBIE YCIOBHS U (32 UC-
KitoueHueM [16]) mocesieHsl paHUYHBIM 3adadaMm, a B [15] uccinenoBaHbl
TOJILKO KpaeBble 33Ja4M JUIsl JMHEHHOTOo OOBIKHOBEHHOTO audepeHnnanibHo-
ro ypaBHenus. B [11], rae paccmarpuBaercst ypaBHeHue Jlamnaca, 3TH yCiIoBuUs
Ha3bIBAIOTCSA HEOOXOJUMBIMH U JIOCTaTOYHBIMU. Perynspusanus 3TUX yCI0BUN
JlaHa TOJIBKO B JBYXMEPHOM ciyd4ae. YTBEp)KIEHHUE, UTO PEryisipu3anus B
TPEXMEPHOM Clly4yae 1Mo100Ha IByMEpHOMY CIy4ar0, HEBEPHO.

Urto kacaetcst padot [12]-[14], TOo monydeHHBIE HEOOXOANUMBIC JTOKATh-
HBIE yCJIOBHS HE MCCIIEIOBAHbI, HO TOJBKO MPEATNOIAraeTcs, 4ro B 3anadye u-
puxiie (kotopas 11 ypaBHeHuil Komm-Pumana HexoppekTHa) gaHHasi (QyHK-
LUS YAOBJIETBOPSIET HEOOXOIUMBIM YCIIOBHSIM.

Cnenyer oOpaTuTh BHHMaHUE, YTO JJS JIMHEWHOTO OOBIKHOBEHHOI'O
T QepeHMaibHOr0 ypaBHEHHUS OSTH HEOOXOIUMBIE YCIOBHS SIBIISIOTCS
OOBIYHBIMH I'PAaHUYHBIMU YCJIOBUSMH, a JJIl YPABHEHUH B YaCTHBIX MPOU3BO-
HBIX 3TU YCJIOBUS MMEIOT BUJ CHUHTYJSIPHBIX MHTEIPAJIbHBIX YPAaBHEHUU. OTH
CUHTYJIIPHOCTH MMEIOT CHELMANbHBIM BUA U HE PETYISPHU3YIOTCS, Kak B 00-
mem ciyyae [17], [18].

Kpome Toro, Ha ocHOBE yKa3aHHBIX HEJIOKaJIbHBIX TPAHUYHBIX YCIOBUMI
U PEryJsIpU30BaHHbBIX BBIPRKEHUH, MOJyuYeHHbIE M3 HEOOXOIUMBIX YCIOBHIHA,
MIOJIy4€HBI IOCTATOYHbIE YCIIOBUS ISl GPENroIbMOBOCTH MTOCTABIIEHHBIX Kpae-
BBIX 337a4 Kak /Ui OOBIKHOBEHHBIX IU((epeHIalbHbIX YPaBHEHUH, TaKk U
JUIsl ypaBHEHUN B YaCTHBIX MTPOU3BOIHBIX.

1. IMocTraHoBKa 3a1a4u
Paccmotpum ypaBHeHHE
2 2 2
u(x o°u(xX) 9d°u(x
TUC0 _ paf 37U | ()

=0 1
ox; ox’ X, o

lu(x) =



B TpexMepHOil obmact D = {X=(X,,X,X,),X, >0,(X,X,)=Xe€ScR*}c
HCJIOKAJIbHBIMU I'PaHUYHBIMHA YCIIOBUSMM:

Iiu_z (l)(X )aU(X)

j=1

au(x)

(2)
X2:71(X1) (X ) Xy =72 (%)

ZMmewmmnwm:a

k=1
I=12; x,e[a,b]=pr,S. ()

1 Ha4YaJIbHBIMU YCJIOBUSIMU

U(O, Xl’Xz) = (Po(xloxz) >

ou(x) Xo=0 — (X, %,) (3)

ox,

3mecy obmacth S € OX,X, sBisiercss mpoekimeir obmactu D Ha MmIocKocTh

Ox,X, =0OxX', xoadurenTsI O(i(jk)(xl) ,1L,k=12,j=1,2, y10BIETBOPSIOT yCIIO-
Buto [enmbrepa, o™ (x,), i,k = 1,2, HenpepbiBHBIE QYHKIMH Ha oTpe3ke [a,D].
[Tpumenum K ypaBHeHI/IIO (1) u rpannuHOMYy ycnoBuio (2) mpeobpaso-

Banue Jlammaca 1o X, ( o (2 ) p*T + pu(0,x,X,) — 5 0). Torma mo-
X, 1%~
JTYYUM JABYMEPHOE ypaBHeHI/Ie l'enpMrompua:
AT (p,x)+k*T(p,x)= f(p,x), Xe S, 4
_p du(x)
raek = Q- koHcTaHTa, f(p,X;,X,)=—pu(0,X,X,)+ S =0 ,J TPAaHUYHbIE
Xo 1707

YCIIOBUS:

05(2)(X )

X2=}/|(X|)

22“ 05(1)(X )

_ Xz=72(xl)] +

+Z¢Wmm@mnum=w=umemm0>
k=1

be3 orpanndenust oOUIHOCTH, T0OABUM €I1Ie OJTHO TPAHUYHOE YCIIOBHE HA
MHOXECTBE MEphI HYJIb:

U(p,a,7(a)=A, U(p,b,%(0)=B. (57)
VYpasuenue (4) numeer Q)yHﬂaMeHTanLHoe pemenue[19]

UX'=&)=— H“)(k|x

rae pyHkuus XaHkens



H(x) = ——ln1+ mpu X — 0.
/4

3HauuT, PyHAAMEHTAILHOE PEIlIeHUE ypaBHeHI/m (4) umeer BUA:

i 2 1 1 1
Ux-&)y=——(-—=—In—+..)=——In lk
e = M g ) = T2 Mg T 2 e
(©)
KOTOpOC HNMECT YHaCTHLIC HpOI/I3BOI[HLIe
WU(X—E) 9 1 L L1 k=€),
— 2 = _Ink|x'-
o ax 2 KK e e
1 cos(x f :
— 22 4 1=12.

2. Heo0xogumbie yca0BHs.
YMHO)UM ypaBHeHUE (4) Ha GyHAaMeHTaIbHOE pelieHue (6) U MporH-
TErpupyeM 1o obsactu S:

Jam+kemu (x-¢)dx' = [ £ (p.x U (x-ENdx (8)
S S
ITpounTerpupyeM mo 4acTsM JIEBYIO 4acTb (8):

ZJ-B U(p X)U(X é:)dX+J.kzﬁ(p,X))U(X é:)dX—

i=l's

:i[I%U(X'—é")COS(vX, )dx’ jaU(p,X)aU(X_g)dX'}+
=1 r

j . axj axj

+ j KT (p, XU (X—£")dx' =

X; 0X;

j[a”(p’X)U(x —EY—T(p, x)—au(X ‘f)]cos(vx, dx +
+J'u(p,x)2 U(' x+_[k2ﬁ(p X' DU (X'—ENdx'=
i=1

:ZJ[augs’x)U(x -& - u(p,x)aU( X f)]cos(vx.,xj)dx’+jﬁ(p,x’)cS(x'—f’)dx'.(9)

J=ir j J S
B (9) yurem, uto U(X'=£") - pynnamenTansHoe pelienue ypaHeHus I ensm-
rojblia, T0 eCTh



2 2 [y
3 PPV U (=) = (8, KU (=) = B3
i= j
spisieTcst pyakuuen upaka. Yauteias 310 1 noactasisis (9) B (8), Mbl uMe-
€M COOTHOUIECHUE

j F(p, XU (x'=¢")dx =

iJ{BU(p’.X)U(x -¢')- U(D,X)aU(x' f)]COS(VX’ J)dX+J”(p’X)5(X ~$)x,

=T j
OTKYyJa nojrydacm rnepBoc OCHOBHOC COOTHOMICHUC

Zj[augp’x)u(x ¢~ u(p,x)au( X ﬁ]cos(vxa X' -

j=lr i J
u(p’§)9 g'e S’

— | f(p,xH(x'=&)dX'= | T(p,x")S(X'-E)dX'= 10
! p £ JU(pX)(Xf)X{N(pf)gr (10)

Bropoe u3 cootHomenuii (10) Ha3piBaeTcs 1-bIM HEOOXOAMMBIM YCJIOBHEM
paspemmmMocTH 3aaaqu (1)-(2):

ST(p.E) =~ Zj[a“(p’X)U(x 6 -i(p ) ) ‘f)]cos(vx, '+

j=tr ]

+ j f(p, XU (x=Ex', E'eT.
S
N

1
Eu(p,f')=—j(a“§p’x’u<x ~£)-(px) P 5)}1
! v, V,
+jf(p,x')U(x'—§')dx', EeT. (11)

[Moxacrasnss (6) B (11), momyuum

1o au(p,x)l El—T(p.xX Jd (1 el ] by
2u(p,éf) J( 5 1k|x & u(p,x)avx{zﬂlnk|x §|Ddx+

r

+jf(p,x')Llnk|x'—§‘|dx'+... , CeT. (12)
g 2r



Nurerpans! B (12) umerot cinadyio 0COOEHHOCTb, TO3TOMY SIBJISIOTCS Cl1abo-
CUHTYJISIPHBIMU.

Teopema 1. Heobxooumoe ycnosue (12) sensemcs pecyiapHuim.

Ymuoxas (4) HaM, m =1,2, ¥ UHTETpUPYS MO 00IACTU S, MBI

m

TOJIY4aeM CIEIYIOIIEE:
_[(AU(p,x')+k (p,x))au(x g)dx—'[f(p,x)au(x é:)dx (13)

m m
WuTerpupys (13) mo yactsam, Mbl IOTyUUM:

'[f(pax')aU(+'_§')dX':J(AU(p,X')+k2u(p,X))a (X é:)d'

m m

Ji u(p x") oU (X' f)dx_l_jk 0(p.x aUgX'_é:v)dX':

= X, X
:ij ucp, (GU(X g)cos(vx, J)—au(xv_‘)‘?)cos(vx, m)}i

= ox OX;
J ou(p
r

m J

>

j=1

+

X,
E() )aU( X f)COS(Vx’ J)dX +Jk2ﬁ(p,X)U(x g)COS(VX, m)dX—

]8U(p,><)d .

ox
oTkyma, B cmay Toro, uro AU(X-E)+kU(X-E)=8(x-E') m
iaU(x‘—f) U (x'=¢")

cos(V,., X;) =
j=1 j aVx

jAU(x ~E)+kU (X=&")

m

, MOJYYHUM OCTaJIbHBIC ABa OCHOBHBIX

COOTHOIICHUSL:
PU( p.X) U (X'=¢") 40,
Looox, oV,
+jaU(p’X) aLJ(X_é:)CO (an J) v ( é:)COS(VX, m) dx'+
- an aXm XJ

+J-kzﬁ(p,x')U(x'—f')cos(vx, X, )dX' — jf(p, auo:( =) gy =

m

aﬁggaf') , 5'6 S,

= " =12, 14
laﬁ( p:gv) g'E T : ( )
2 95, ’
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rJie Ynciia m, | o0pa3yroT mepecTaHoBKY unce 1,2.
Bropsie Beipakenus B (14) - 3To ocTanbHbIC 1Ba HEOOXOAMMBIX YCJI0-

susi(nns {'e T,i=1,2):
100(p,¢") _ J-BG(X) aU(X—é:)dxJr
oX

2 9, v,
oU(X)| U (X—¢) U (x-¢)
+l o ox._ cos(V,, Xj) ————= ax cos(V,., X)) [dx +

+ [KAT(P. XU (X~E ) cos(Vy. X, X'~ jf(p,x)au( =D, (15)

rJie Yncia M, j o0pa3yroT MepecTaHOBKY YHCEI 1,2, m#j.
[Toncranss (6) u (7) B (15), nonmyuum

l aq( P, 5') — Iaﬁ( P, X') ou (Xv_gv) dx'+

2 9¢, ox, v,
oU(p,x)| 1 cos(X=¢&',%) 1 cos(x'=&",x
+‘£—3X,- [ 2ﬂ—|x'—§'| cos(V,., X;) + 27£—|x—§| cos(vx, m):|dx+
+jk2u (P.X')(=——In K[x'—& cos(v,., x,, )dx'
2
1 cos(x'-&',x ,
jf(p,x)[ 7r—|x }1X+
N
laﬁ(p,f'): au(p,x") U (x=&")
2 9¢, l X, v, e
+LJ-aﬁ(p,x') cos(x'—f’,xj)cos(vx, X,,)—cos(X'=&', x. ) cos(V,., X J)
2y ox, x-&|
_k_2 i ' £ '_L ' COS(X'_g"Xm) '
2ﬂ£u(p,x)(lnk|x & cos(v,, X, )dx 2”!f(p,x)(—b('_' }1x +.., (16).

WuTerpan nmo HopMalibHON MPOU3BOAHON (YyHIAMEHTAJIBHOIO pELICHUs He
aBisieTcss CUHTYIsIpHBbIM. [locnennuit unrerpan B (16) cxomutes no Kommu npu
ycnosun enbaepa Ha pynkmuro f(p,X'). A Bor Bropoii unTerpan B (16) cun-
TYJSIPHBINM, TaK KAaK MOPSIOK CHHTYJISIPHOCTH COBITAJAET C PA3MEPHOCTBIO WH-
terpana (N=1). 3Ty CUHTYISIpHOCTh OyJeM peryiasipu3upoBaTh ClEHUATBHBIM
OpPUTHHAJILHBIM METOJIOM.

BBoxs o6o3HaueHue
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K (X', &") = cos(X'—&', X, ) cos(V,., X,) — cos(X'=&", X, ) cos(V,., X; ) »
nepenuiieM 2-oe u 3-e HeoOxoaumble ycnoBus (16) B Buze

1au(p &) fau(p,x)awx =) s _jau<p,x>Km,(X 5
2 X, 27y X, X—£]

jf(p,x )(C()Six—{]dx#..., (17).

IJie Yncia M, | o0pa3yroT mepecTaHoBKY uncen 1,2, j #m.

Teopema 2.Heobxooumvie ycnosus (17) asnsaromes cuneyaispubimu.

Breigennm TOIBKO CHHTYIISIPHBIC ClIaraeMble B HEOOXOIUMBIX YCIIOBHSIX
(17) (Mm=1,2 )u pa3noxxuM rpaHUYHbIE HHTErpaibl 10 BepxHei (K=1) u HuxK-

Hell (k=2) nonyrpanunam [, = {/;": (£.&): & ela,bl.é =y, (fl))},k =12:
19u(p,g") _ LIBU(D,X') Koy (X',&")
2 9&, 2 0X; |x'—§'|
_ 1 au(p,x) ij(X',f')dX,+ ou(p,x") Koy (X', 5)
el o gt e ey e

dx'+...=

dx'+... . (18)

X,
VYuuTteiBasi, uro dX'= (—Ha BepxHe# nmonyrpanuie (k=1)u
cos(v

dx,

dx'= ——— L
COS(Vx'a Xz)

Ha HiKHeH monyrpanuie (k=2)B (18 )momyunm:

19u(p,¢")
2 0,

&H=n(x)

. l)k“Z AT (p, X)) e K (X',€") . dx,
Samloxg U e TG cos(vy x,)
|,k_1,2,j¢m. (19)
B (19) octaBuM TOJIBKO CHHTYISIpHBIE ciiaraemble (K =S), ocranbHbIe
ciaraemble 0003HaYMM MHOT'OTOYHEM:

Lau(pe)
2 agm SH=n(%)
a1 pol(p,x' Ko (X',E" dx
(_l)k L ( p )) %=7c (%) J ' [ %= (X)), 1 s (20)
2z an |X _§ | &= (X)) COS(Vx'a XZ)

rne Mk=12;j#m.

Benem 00038aucHUS:

12



(k) _
K (Xl’fl)__ ij(x g)x yk(xl), k 1 2 (21)
fz (&)
2
PaCCMOTpHM|X'—§'| g 52‘ )) ,k=1,2, B 3HaMeHaTeNe MOJBIHTETPATLHBIX
2 =7k (61

BbIpakeHu (21):
1 '2

K=& | = X =& + ) = H(ED) =

E=n (&)

= —&[ [+ G )P +0(x D) (22)
BBenem o0o3HaueHus:

R0 &) =l + (. )+ O, &)

OTKYJ1a MBI MOXKEM TIepenucaTh (22)caeayronmm o0pa3om:
KEhyoney = =ElR 0.6 @3

&= (&)
3ameuanuel. 3amerum, uto 11 & = X, MBI HMeeM:

X

P.(X,X,) = 1+(‘Z7KJ #0, k=12,

[Ipu nomomu o6o3nauenuii (21), (23)Mbl MOXKEM Nepenucarb HE0OXO-
numsble yenosus (19) mam, K =1,2; j # M, cnexyromum o0paszom:

19u(p,g") _
2 agm SH=En(%)
a1 pol(p,x)) K (%, 6) dx
D) — | = e —+ (24)
S |X1 _§1|Pk(xlafl) COS(VX‘JXZ)

2rra oX j
qTO6BI BBIJACJIUTH CI/IHFYJ'IﬂpHI)Ie cliaracMnbI€ B HO)II)IHTerpaJTI)HI)IX BbI-
paKEeHUSIX B HEOOXOIMMBIX YCIOBUAX (24), MBI CHaydana pas3jio’KUM Bce KO-

(uIMEenTHI PU TTPOU3BOAHBIX TI0 popmye Teiinopa B Touke & = X :
K& (x,, K(k) X, X, K& (%, %,
(151 (l )+ (1 ) X—gl)-i-___.
P(X,8)  R(,%) dx| R(x,X)
Ké‘j)( »&)
k Xl’fl

K(k) X, X, X, —
ycioBus (24) U y4uTBIBasi, 4TO CaraeMoe — (%, %) \ ( &)
dx P.(X,X) J27r|x1 -¢

cna6y}o CUHTYJIAPHOCTb, MBI BBIACIMM TOJIBKO CHHTYJISIPHBLIC ClIaracMbIC. To-

IloacraBnsis MOJIYUYCHHOC PA3JIOKCHUC JJIA———F— B HeO6XOZ[I/IMBIe

, IMeeT
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raa HeoOXouMble yciioBUs (24) MpUMyT OKOHYATENbHBIA BUJ AJI PETYIApU-
3alUu:

100(p,g") _
2 agm &=rc(x)
1 9u(p,x)) KS(X,%)  dx,

(_ 1) k+1

+oy (29)

a2z, =& ox; Y B(%,X) cos(Vy,X,)
I71e MHOroToune 0003HAa4YaeT HECUHTYJISIPHBIE CllaraeéMble WM CllaraeéMble CO
cnaboil CHHTYISIPHOCTBIO, @ Yucia M,] o0pa3yloT mepecTaHoBKy uucen 1,2,
j#EmM.

3. Peryasipm3anusiHeo0X0aMMbIXYCJI0BHI

Bepnemcs Teneps k 1-omy HeoOxoauMoMmy ycioBHiO (3) U packpoem
Ka)XJbI TOBEPXHOCTHBIM MHTETpal IO BEPXHEH W HIKHEW IOJYKPUBBIM

I, = {f': &,8):E =0, ¢ e [a,b]} k=1,2, rpanusr I o6mactu S :
IO
Eu(p’g) §2=7k(§1):

N ' i L £ " aU(p’X')L =V
'r[u(p,x)avx(z Ink|x §|]dx l—avx, 2Elnk|x &lx
—Jf(p x) lnk|x ~&ldx'=

d . orou(p,x) 1
=00 5 ( Ink|x 5|]g’2=n<§l)dx j (2. ——Ink|x-&{dx—

=75 (%) T avx' 2

= [a(p)

s=1
s

—Jf(p x) lnk|x lox'=

2 ! '
cos(x'=&'v,.) dx,
Z —J‘U(pax)x2 ys(xl)[ ,_ ! ) ]fz?’k(fl) +

|X %= (X)) COS(VX'BX )

J u(P,X)21 In k|X f|dX Jf(p,x)—lnk|x §|dX EeT,.
i )

PO
Eu(p’é) §2=7k(§1):

cos(x'=&',v,) dx,
X=7s (%) |_€v 5H=1(&)

— 4
|X X=7s(X") COS(Vx'a X2)

2 S 1 N '
g(—n ﬂr[u(p’x)
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Jau(p,x) ! Ink|x'—&'dx'~ _[f(p,x)—lnk|x =&ldx, £eT,. (26)
Lodv, 2«

Ouepunno, xornak # S B (26), COOTBETCTBYIONMIT MHTErPal HECHHTY-
napen. Korma K =S B mepsoit cymme B (26), Torma cooTBETCTBYIONIMI HHTE-
rpaj UMeeT yCTPaHUMYI0 0cOoOeHHOCTh mpu X — & ; BTOpoii uHTerpan B (26)
uMmeeT caadyr 0COOEHHOCTh, TAK KaK IMOPAI0K 0COOEHHOCTh MEHBIIE KPATHO-
CTHM MHTErpaja, a B TPETbeM MHTerpaje Hamaras ycioBue I'enbaepa Ha QyHK-
muto f(p,X'), momydaem Takxke ycrpanumyro ocodennocts.[losTomy, 0603Ha-
yasi HECUHTYJISIpHBIE cilaraeMble MHOTOTOYMeM B (23) u yuutbiBas (18), Mbl
NoJy4aeM nepBoe HeoOxoaumoe ycioBue B Buae (st k=1, 2):

1~ 1
Eu(p,é‘) &=né)
1 ¢ cos(x'-&",v,.) dx
=(=D"— [T(p,x")|, _ 2 X2, 4 =
( )%{ Pk W”( =& R cosv.x,)

cos(X'=¢" V)l e, é,)
Xo =7 (X") dX]

_ +
Xy =7k (X1) |Xl _ §1|Pk(xl’gl) COS(VXv, Xz)

=Dt e Ne%)

HOCTpOI/IM TCIICPb HHHeﬁHYIO KOM6I/IHaLII/IIO HCO6XO,Z[I/IMBIX }/CJ'IOBI/Iﬁ

(25) (i,j =1,2; k=1,2):

1 ou 5 ou
()(51 (gé:) ‘fz:}’](fl ( )(é:l (25) 52:7’2(51) =
2 . 1 3u(p,x)) Kin (%) dx
BY(EN (=1 1 _
2 L 27 =& ax, T R(x,%) cos(v,,%,)
_ et o 2 00 (P, X)) Kin 065, | dx, )%
J 2”|X _§1|IZ( ) IB 2 X, S R (X, %) COS(Vx"X2)+m’( :

rae m# J
[pubasnss u Berautas S(x,) w3 B{(&), k =1,2, B (28), MbI noTy4a-
au(p.g")
&=1(8) ﬂ(Z)(gl

| )
2( L (&) AH(p.cY) 9 én(é)):

j=1 5
K“)(xl,x)] dx,

c (- l)k+l k) au(p X))
,ZJ 27jx, & [klﬁ' OO 0 B xx) [eostvyx)

EM:
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ij[i A€~ A7 () 3(p.x) K(k)(x"X)]( DU (g9

“Ja | &= X —&| ox, TP (x,x) | 2m  cos(V,,X,)
[Ipennonaras, uro GyHKIIUK ﬁ“‘)(ef]) YIOBJIIETBOPSIIOT YCIOBUIO Féan[epa, MBI
(k)( E)— (k)
MoTy4aeM ciadble 0COOCHHOCTH B MHTETpAJIax C |1 §| OT6poc1/113
Xl 1
ciaraemblie co cIabbIMU 0cOOEHHOCTSAMH B (29), moydnm:
du(p.¢") du(p.¢g")
(1) (2) —
Z (51 &=n(&) ﬁ (51 &H=n&) |~
= J¢; J¢;
J‘ ii( kel (k) 8u(p,x')) (k)(xpx) dx,
g 27r|x =t N, 5T PXuX) | cos(Vy.X,)
N zﬁm( )au<p,x)) Kin(X,%)
27r|x Ak 1 e R %)
Z/)«z)(x)awp,x» K“)(xl,m dx _
' Xo el Py(X, %) [cos(Ve,X,)
Ib Xm
= X
: 2”|X1 _§]|COS(VX'9 X,)
g K (%, %) 9T (p, X' @y Kot (% %) 9T (p, X'
i2 ( 1) X=7 (%) i2 1) X=1 (%)
Pl(xl’ Xl) aXl PZ(XI’ Xl) aXl
(1)(X ) Kl(;)(xlaxl) aﬁ( p: X')) pmi) I(12) K12 (X[JX ) aU( p, X')) . 4. (30)
POGx)  ox, T F’( X,X) oox, T

Jlns peryisipuzaiiuu MHTErpaia B mnpaoi yact (30) mocTaBuUM yciio-
(k) .
BUsL Ha KOY(puLMEeHTI S (X') : IpUpaBHAEM KOI(POUUHMEHTHI IPH IPOU3BOI-

()
HBIX TI0Z 3HakoM uHTerpana (30) k kodpduuuentam of (x,) U3 TPAHUIHBIX
ycnoBuid (2). Torma Mbl MOMTy4MM CHCTEMY ypaBHEHHMH A1 HEU3BECTHBIX
BO(x), 1, j =1,2, kaxaoro k =1,2:

) (k)( X,)
=D B ( 1)#
P (X1, %)
[Ipennonoxum, 4to HeogHOpOAHAs cucTeMa (31) nMeeT eJMHCTBEHHOE
pemenne B (x), BY(X), BY(x), BY(x,), ansa kaxmporo k=1,2. Toraa mox-
CTaBJIsIsl TPaHUYHBIE ycIoBUs (2) B (29), mony4yaewm:

(1) au(pﬁ) ) au(p"f)
S| @R e N

V(%) i, jk=L2m=j. (31

&H=n) 5= (1)
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b

b ¥ e
!2,,|X1_§|[Za (x)u(p,xp?fm(x))] (vx,x)+""' 12.. (32

HoxcTapnss 1-oe Heobxomumoe yciosue (26) nual(p,&') na T, k=1,2, B
au(p.¢") au(p.¢")
Z( (1)(4::1 5 &=1(8) ﬂ(z)(é:l 5 GH=n&) |~
j=1
:_j' dx, |—Zoz(r‘”(x )X

2 27mcos(V,., X, )| 681|L

(32), MBI UMeeM:

cos(&"=X", Vel s o )
Clezeh  dg

r=rm (&) |§1_X1|Pm(xlagl) COS(Vé",é’z)

<" [A(p.4Y) .(33)

Memnsis nopsAoK uHTErpupoBanus B (33), mosydaeMm JABa peryisipHbIX
cootHomrenus (1 =1,2):
&H=r2(8) J:

2 () 2L
(cos(g“’—X'»ng)#;z =In(£) 1 dx,

Jg;
bT(p, M), de b2 ¢
-] (P& N e QIZ 2™ (x,) AT
a 27Z'COS(V§,,;2) am=1 27[‘X1_§1HX1_§1‘Pm(X1’§1 JCOS(Vx'axz)

) d
fmnié) ﬁ()(g) U(al:gé:)

. (34)

BuyTtpennue unTerpaibl B npaBoil yactu (34) sSBASIOTCS CUHTYJSPHBI-
MH, HO OHHU HE CofiepKaT HeusBecTHy0 dynkumio U(P,E')u cxomsres B cMbic-

ne Komm. Takum oOpa3om, MbI perynspusupoBainu cootHorienus (30) u, crue-
JOBATEIILHO, HAMHU YCTAaHOBJICHA CIICAYFOIIAS
Teopema 3.Eciu cucmema (31) umeem eduncmeenunoe peuwieHue

B, B (X)), B (X), B (X'), ona kaocdozo k=1,2, u dyuxyuu B (x,),
Lk =1,2; j =1,2,yooeremeopsiom ycrosuio Ienvoepa, mo coomnowenus (30)
ABNAIOMCS PeSYNAPHbIMU.

4. ®pearoabMoBOCTb

%3 KypCa MaTEMAaTUIYCCKOr'o aHaJin3a U3BECTHO, UYTO
ou(p,x") ou(p,x")

aX Xy =7 (%) aX d}/k(xl) , k:1 o)
1 2

Xy =7 (X)) dx
1

d _

—T(p, X, 7. (X)) =

ix CRWACY),
OTKYI[a MBI UMCCM
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au(p,x")
ox,

_di(px, (%) AT
Xy =7k (X)) Xm 8X2
au(p,x')
ox,

d7 (X))
Xy =7 (X') de : ’ k:1’2
1

(35)

Tak d4to MMpOU3BOAHAA

ou(p,x')
ox,

3Ha4eHus UCKoMoi pynkuu u(x',7,(X')) u u(x',7,(x")).

au(p,x")
ox,

xzzyk(xl)OHpeHeHHCTCﬂ qcpe3 IMPOU3BOAHYIO

X2 =7 (X,) Torma MBI MM€EM TOJIbKO JBE HEU3BECTHHIC: T'paHUYHBIC

IloncraBuM Teneph BBIPAXKEHUS IS %,=7.(x) 13 (35) B neBble

YaCTU TPAaHUYHBIX yCJ‘IOBI/II\/'I (5)

\a EZOt.ﬂk)(X)

k=1

Xo =7k (Xp) 204(;)()( )
Zoa‘“(xl)u(p,xl,mxl)) =
k=1

dy, (X ou
Xy =%, (X") J/k( 1)’}+20{|(2i<)(x1)

— +
Xy =7k (X))
dx ax, e

Xy =7 (X1)

. (k) dﬁ( P, X, >7k(xl )) _ aU(X)
Z‘ (x ){ dx, ox,

+za(k)(x (P, X, % (%)) =

2 k d 1’ k c k k d k\ ™M
Sty HPRROD SO o) - o) P00

1 k= 1

+ 3 X)X, 7 (4)) =0, X, € [a,b], =12 (36)
k=1
BBenem 0003HaueHU:

A(X)) = O{i(zk)(xl) au(lk)(xl)w’ ILk=12.
Xl
Torma cuctema (36) OyneT nepenucana B BUJIE:

A A0 GO =ROI=12 @)

I/ie IpaBble YacTu cUcTeMbl (37) UMEIOT BU:

Fi(Xl) — _ial(lk)(xl) dU( P, Xl’}/k(xl )) +
k=1 Xm
- ai(l)(xl)ﬁ( P, X, 7/1()(')) - ai(z)(xl)ﬁ( P, X, }/2(X1)), (38)
X, €[a,b],1=12.
Mp1 npuenem cuctemy (37) k HOpMalibHOMY BHy. {151 aTOrO0 MBI TpeOyem,
YTOOBI ONPECTUTEh CUCTEMbI OBbLIT HE PaBEH HYIIIO:

Xy =72 (X;)
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A) A
() Au(x)

Ecmu xosbdummentsr o (x,), i, j,k =12, n ypaBHenus rpammn ¥ (X)wu

A(x) = (39)

7,(X,) ynosnerBopsitot yciosuto (39) , roraa mo popmynam Kpamepa nmeem:

u(p,x') 1 [R(X)  AL(x)
Xy = 7I(X)
X, AX) R (%) Ay ()] (40)
BU(p,X') 1 |A(x) F((X)
o, T TAG)|AL(K) Fa(x)

Tak kak onpexnenurens A(X,) HE 3aBUCUT OT HEU3BECTHOW (PYHKLUU U

€e MPOU3BOJHBIX, a F;(X,) UMb OT TPaHUYHBIX 3HAUYCHHI HEM3BECTHON (yHK-

u I
“ (k=1,2), To pe-
1

menne (40) muHeitHON cuctemsl (37) umeeT GpopmMy JTUHEHHOTO QYHKIIMOHATA!

au(p.x) daaly, dly,
X, B dx, T odx

unnﬁ(p,xl,;fk(x,))=ﬁ‘rk, k=1,2, 1 UX IPOU3BOJHBIX

~

Xy =7k (X)) = q)k (U

~

1"19u

2

St + S0 e S e o,

i=1 i=1 3

+Zjd(k)(§l)—é‘,d§1’ =12. (41)
s
BepHeMC}I K PETYJISAPpU3UPOBAHHBIM I'PAHUYHBIM YCJIIOBHUAM (34) H 1I10JACTaBHUM B
(. x') k=12

X,

&=n) ﬂ(Z)(g)aU(gg)

HUX BbIpakeHus (35) 17151 IPOU3BOAHBIX

Xy =7 (X;)?

5H=r($)

dyk(fl)—
S=n(é) d‘fl

oL,
N 5% du(p.&,% (&)  dU(p.&)
=24 (5)[ aé A

k du(p,&")
Zﬂfz)(&f) I

Z[ﬂm(‘f)BU(p 5)

&H=rc(é) =
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(cos(g“ X' Vg)*zy@) ] dx,

tu g ) 5H=1(8) 4/1 (m) X3 =Vm (X)
= +
'!: 27 cos(v,, &) !mzf ( l)27Z'|X1 _§1||X1 _§1|Pm(xl’;l JCOS(VX"XZ)

i=12. (42)
Crpynmnupyem ciaraemble 1 IPUBEIEM COOTHOLICHUs (42) K BUAY:

T [ﬁ“)(fl dfjf) ﬁ”)(él)]:
_ BY(E) dU(p,gzl%(fl)) ﬂ(z)(é)dU(p,jlén(é)) N
T (NP é“ljz £ (x) feos(¢~x Vg)#ij ey ] dx,
) 2meos(v,. () 1A 27jx, = & % = &P (%, £) Jcos(vx,x)
£eS,i=1,2. (43)

Cnaraembie B (43) - nu0o co cnabo CHHTYISpPHBIM JIMOO €  PEryJspHBIM
STPOM.
Torna noixydaem cucremy

au(p,¢') Ju(p,<") :
C..(5) 9E, E=n(&) (&) 3¢, &=y (&) = Bi(&), i=12, (44)
rIe
d
C,&)=A(E) f;(é) DEY. 0L =12,
g
du ,
dci
o \ (cos(é’ X', v )* . W
+j'u(p’§ ) §Z=7k(;1)d§1 -b[i ai(m)(xl) g i2 ?}’/ (f) Xm + . (45)
2”COS(V§'> &) 3 m=l | 1 §1||X1 §1|Pm(xlﬂgl JCOS(Vx',Xz)
Tak xak B MHOTOTOYME B (45) BXOIAT cllaraeMble MHTETPAJIbI, COIECpKaIINe
aU( pa fl) _

MPOU3BOJHBIE ————— k=12, mog maTErpasoM, a TakKe IpaHUY-

aé:z SH=n(§)?
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HbIC 3HAYCHHS G‘ r = U0(p,&,7(&)) uckomoro pemrenus U( p,&') Ha mosepx-

ddl,, _ du(p, S 7(8) |
d¢ de,

k=1,2, To npassie uactu B,, k =1,2, (45) sBastorcst TMHENHBIME (yHKIMOHA-

HOCTAX T, .k=1,2, U IOPOU3BOAHBIC I'PAHUYHBIX 3HAYCHUM
k> <

JaMH OT 3TUX (YHKIMH U, yuuTbiBas (41) UMEIOT BU:
du‘ du ‘rz o
T dx, T odx, T ox,

ou
L X P
2

~

2 2 dﬁr- 2 b | _
=Za§”(gﬁ)ﬁ\n +_2bf'>(¢:> i + 2 el dg+

2 b

+2Jd<”(§ d{ — L+ (&), 1=34. (46)
i=l 3 1
[MoxcraBnsist Beipaxenus (41) ImﬂaUé—?é‘]) E=r (&) k=12,u (46) B cucremy
2

(44), MBI IpUNUIKA K 2-MEPHOU CHUCTEME JIMHEHHBIX MHTETpo-AudQepeHnaib-
HBIX YPaBHEHUN:

PRI RO SR

i=1 3

+§/;“Di(k)(é’1)d—;ld§1+gk(é:1) O k—12 (47)

HpI/IBe,Z[eM CI/ICTeMy (47) k HOpMaJ'IBHOMy BUJY:

dg: ;P“)(é)u\ +§£R<k>(§l>u\ ndg+

7 b
+2jT<k>(§l)Yd§l+G(é) 0, k=12, (48)

i=13

IIpU yCIIOBUU, YTO
B"(&) B(S)

BO(E) BOE)| )

du‘Fi

[IpouHTerpupyem mo 4actsM MHTErpaig oT —— —
1

B JIeBOW yactu (48),

YUUTBIBasi TpaHUYHOE 3HaueHue (5°):
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2 b (k)
dfl ;PW)({;)U‘ ;![Rfk)(ﬁ)—(ﬂid—fl)}ﬁ‘ndﬁJf

2
+ 2T O (0. p)s )=0, k=12, (50)
i=1
[Ipounrerpupyem (50) ot a 1o fl , YIUTBIBasi TpaHUYHOE 3HaueHue (5°):

ERANIEICRACHE p)+2jP<k>(t)u\ dt+2jj[R“>(§1 an (4 }u dg,de+

i=l 3 i=l 34

+Ek(§1):()7 k: , }

NI

D ey U

ijm(t)u\ dt+i

i=1 a i=1

b
[Vou| dgdt+ H (&) =0, k=12. (51)

[Tpeobpazyem (51) k Buay:
U(S, % (51) p)=
b

= > [og -vR* muc, 1 ), p)dt+zju(t 7.0, VO —a)dt+H, (&) =

i=l 3 i=l g

= 2 J0E -0RV O+ OE ~a I A 0. Pt & € [aD), k=12, (52

i=l 3
Wrak, MBI TpUIITH K 2-MEpHOW CHUCTEME JIMHEHHBIX HWHTETPATbHBIX
ypaBHeHuii ®@penronapma 2-ro poaa (52) ¢ rpaHUYHBIMM ycinoBuaAMH [{upuxie
(5°) ma rpanune omHOMepHOI o6mactr[a,b]. Tak kak sTa rpaHuIa Mepsl HyJIb,

TO 3TO ycyioBue J{upuxie He OorpaHUYKUBAET OOLUTHOCTH.

Taxum 06pa3oM, HAMU yCTaHOBJIEHA

Teopema 4. Ilpu evinonnenuu ycnosuii meopemul3, eciu cnpageonusvl
yenosus (39)u (49), mo kpaesas 3adaua (4)-(5) ceooumces k 08ymepHoll cuc-
meme JUHEUHbIX UHMe2panbHblX ypasHeHuil Dpedeorvma 2-eo pooa (50), k
Komopou npumvikaem ycnogue [upuxne (5°).

Takum oOpa3om, ycTaHOBJIEHA CieayIOLIast

Teopema S./Ipu ycnosusx meopemvidc yuemom oecpanuuenus (5°)
Kpaesas 3a0ayda (4), (5) asisemcs Ppedeonrbmosol.

[Tytem ob6parHOoro mpeoOpazoBanus Jlaruiaca momydaem pemenue U(X)

ucxoanou 3amaun (1)-(3).
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QEYRI-LOKAL SORHOD SORTLORI OLAN UCOLCULU HiPERBOLIK TONLIK
UCUN QOYULMUS MOSOLONIN HOLLI

N.9.9LIYEV, Y.YuMUSTAFAYEVA
XULASO
Toqdim olunan moqalo qeyri-lokal sorhod sortlori olan {ig6l¢iilii dalga tonliyi ti¢iin
qarisiq mosolonin hollinin arasdirilmasina hosr olunmusdur. Laplas g¢evrilmosindon sonra,
yaranan qarisiq mosolo Helmholtz tonliyi iiglin qeyri-lokal sorhod sortlori ilo ikidlgiili bir
sorhod doyor mosolasing ¢evrilir. Alinan sorhod masalosinin Fredholm xassosinin — sortlori

miioyyanlosdirilir. Mosolasinin holl olunmasi orijinal iisulla tosdiqlonir.

Acar sozlor Ugblgiilii hiperbolik tonlik, qeyri-lokal sorhad sertlori, Laplas cevrilmasi,
fundamental hallar, zaruri sortlar, requlyarizasiya, Fredholm xassasi.
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SOLVABILITY OF NONLOCAL BOUNDARY PROBLEM
FOR THREE-DIMENSIONAL HYPERBOLIC EQUATION

N.A.ALIEV, Y.Yu.MUSTAFAYEVA
SUMMARY

The present paper is devoted to the study of the solution of a mixed problem for a three-
dimensional wave equation with nonlocal boundary conditions. After the Laplace transform,
the posed mixed problem reduces to a two-dimensional boundary-value problem with non-
local boundary conditions for the Helmholtz equation. The conditions of the Fredholm property
of the obtained boundary problem are established. The solvability of the problem is proved by
the original method.

Keywords. Three-dimensional hyperbolic equation, nonlocal boundary conditions, La-
place transform, fundamental solutions, necessary conditions, regularization, Fredholm proper-

ty.

Hocmynuna 6 pedaxyuro: 16.04.2019 2.
Hoonucano x nevamu: 28.12.2019 .
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ACUMIITOTUHYECKHUE METO/bI PEITEHUSI HEKOTOPBIX
TPAHCHEHJIEHTHBIX YPABHEHUU

9.A.I'ACBIMOB
baxunckuii I'ocyoapcmeennstit Ynueepcumem
gasymov-elmagha@rambler.ru

B nacmosuyeil pabome noxyuaromes: acCuMnmomuyeckue npedCcmasienus KOpHel HeKo-
MOPBIX MPAHCYEHOCHMHBIX YPAGHEHUN U YKA3bIBAOMCsl Hekomopule oyeHku. Cmposmcs no-
Ce008aAMENbHOCTb  PACUUPSIOUUXCSL 3AMKHYMbBIX 21A0OKUX KOHMYPO8 MUNA OKPYICHOCHU,
BKIIIOYEHHBIX Opye 6 Opyed U NO SMUM KOHMYPOM ROIVYAIOMCS NOOXOOsiuyue PasHOMEpPHbLe
oyenKu CcHuzy 011 Mooyaeu QyHKyuu, 6xoosuue 8 paccmMampugaemoe mpaHcyeHOeHmHoe
ypasnenue. Pezynbmamvl pabomei mMo2ym 0Ovlmb UCHOIb306AHbL NPU PEULCHUL HEKOMOPLIX
CMEUanHbIx 3a0a4 075 OUPpepenyuarbublx ypasHenull 8 YaCmMHbIX NPOU3BOOHbIX C Hepeyasp-
HbIMU 2PAHUYHBIMU YCa0suaMU [3].

KuioueBble ciioBa. TpaHCLUEHACHTHBIE YPaBHEHUS, ACUMIITOTUUYECKHE PELIECHUE, OICH-
Ka CHU3Y.

IMocranoBka 3axavyu. HailTu acMMOTOTHYECKUE TPEACTABICHUS KOp-
HEW ypaBHEHUI

A(AD)=e"+0,(1)=0, [A=R, (1.1)
nu
Az(ﬂ)se‘”+;:0, A =R, (1.2)
d,(4)
e ()= By, 6.()=ipr+y+ED; g 1ip,

A A
Y=7 + i}/2 . a(a > O), ,Bk > Yk R -HEKOTOpbI€ BEIICCTBECHHBIC YHCIIA, i= \/—_1 5
A — KOMIUIEKCHOE YHCIT0. 31eCh U B JalbHEHIIEM depes3 E(/l) 0003Ha4ar0TCA
pasznuuHble QYHKIHH (KOHKPETHBIC BBIPAXKCHHS KOTOPBIX HE BAXKHBI) OTpe/Ie-
JICHHBIEC B 00JIacTU |/1| > R, Ans KOTOpBIX |E(ﬁ)| < const, npu |/1| >R, roe R-

JIOCTATOYHO OOJIBIIOE MMOJIOKUTEILHOE YHUCIIO.
1°. Tycts a>0 u B #0.
IHonoxum
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:(2m+1)£+ﬁ_; (|ﬂ| 2m+1) ) By, — b1 :

a a (2m+ljazr | a B em+1)z
ylom=——ln |'8| 2m+1)r L |8 . Pnthr +2ﬂ272 :
a 2m+1)z|a 8
X;)m :—2rn—ﬂ-+g+ 1 In 2|’B|m7z- _ 1 ﬁ17/2 _zﬁz%;

a a 2mar a 2zm |,3|

yo Ly (FBm ) L 16 Brt B |

a a 27m | a |,3|

6 =argff, me. cosezﬁ, sinH:&,

(1.0) _ 0 20
A =X, +|yjm,
(2.0
A =Yin =
[Tonw3ysice [1], [2] moka3biBaeTCs ciiemyronas

m

2

Teopema 1. Ilpu oecpanuuenusx 1 0 ypasnenus (1.x) (k=1,2) 6 kom-

NAEeKCHOU NA0CKOCMU umerom, coomeemcmeeHHo, ose cpynnsl CYHemmHvlx MHO-

mncecme Hyﬂeu { )

(j =1,2), 0151 KOMOPBIX OUHCMEEHHOU NPederbHOI

MOYKOU A61AeMmCsl /1 =co. Omu KOpHU npu oocmamouno boavuwiux M oonyc-

Karom acumnmomudecKkue npedcmaeﬂeﬁuﬂ

A = mk°>+0( )(ma+oo),j=1,2,
mlinm

20e A" u3 (2).

[Tomoxum

QL) = {;L :(-1)’ Re A< 0,ImA <0,

ImA +éln|ﬂ/1|

<h, |4 = R},

Qe = {/1 :(-1)’ImA<0,ReA<0,

Reﬂ+éln|,8/1|

<h,|4|> R},

(k) UQ(k J)'

[Ipsimbre

10 ={/1:Re/1:2ﬂ+g},
a a
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102 :{/I:Reﬂ,:—zﬂ+g+£},
a a a

m=N,, N,+1,...,
(N, — mocratouno 60JbIIOE HATypadbHOE YHCIIO), pa3duBaioT obmacts Q4
Ha KpUBONHMHelHbIe yeThipexyronpauku TV =T (R h) ¢ GokoBsME Tpa-

Hunamu, Jtexarmumu Ha npamex 100 i 189 ocropanmsavm
1
ImA = ——1n|ﬁl| +h,
a

ImA =— 1|82 ~h,
a

a MpsiMbIe
2mz 6
I,(nz'” = A:ImA=—"+ "——14,
a a
2mr 6 &
Irff'z) = A:ImA="——+4+"—}
a a a
pa3buBaroT  00JacTH Q(th'” Ha KPHUBOJIMHEHHBIC YETHIPEXYrOJbHUKU

TV =TED(R,h) ¢ ocHoBanmsamu. nexammmu Ha npameix 130 u |G g

OOKOBBIMH TPAHUIIAMH

Re4=—-In|2] +h,

Rel= —éln|ﬂﬂ|— h.

. _
JUTuHy 1uaroHaiy 4eThlpexyrojibHUKa Tn: D 06o3HaunM depes d.
(ki) _
d,” = sup A-1.
1,ZeTr$1k'J)

HNmeer mecto

Jdemma 1. Ilpu oepanuuenusx 1°, npu durcuposannvin R u h nocue-
dosamenvrocmy A%V ozpanuuena, m.e.

K.j :
d“V<d, (j=12), (k=12), m=N,, N, +L...,
20e d =d(R,h), nekomopoe nonoscumenvroe uucino.
Homnoxum ([#]— uenbrit gacTs *),

S, =1+ [ﬂ]
2w
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P =20 7,
T =T s, (s )
lvl<so
Ss(z,)=1A:|A~2,|< 8},

{,1 A2RImA< h—éln|,8/1|} {,1:|/1|_

1 }’

Q= {/1 4|>R.Red< h—gln|ﬂﬂ|} {/1:|ﬂ,|2R,Re/12h—éln|ﬂ/1|}.

Q5 = { Hﬂ’|<d]\vgos Zkv)}
(01(/1) Iaﬂ_l (02(1) M-l

O0o3nauuM uepe3 y,; u M,; MUHUMYM U MakCUMyM (yHKIHUU |(pk (/1)| B

obmactu 2,5 COOTBETCTBEHHO.

[Tonw3ysick pe3ynbraTaMu  JIEMMBI | 10Ka3bIBAETCS CleAyIOIas
Jlemma 2. [Ipu oepanuuenusx ° cywecmsyrom maxue 00CmamoyHo

bomvuue yucia R,h,N, u 0ocmamouno manoe uucno 6(8 >0) u maxoe no-
nodcumenvroe uucio o, ymo npu K =12 umerom mecmo credyiowue ym-

8EPIHCOCHUSL:

. lim| A | = oo;
M—>o0

(k) (k)
‘ijm \ < \/1

jm+1

A5 - A%< 512;

k k k.0 k.0
A — ;M> =, A0 — 2% >\>——a0,

npu m=1,m,1 > N;
SG) S, (a0)e g
S, 5 (/1(1-';;0) )ﬂ S, s (/1(jf'°) ) =9, (@ -nycmoe MHOd*CECMEO),
S,(40)NS, (A7) =0, mpu m=1;
S, (1) TID, s, (1) T
S, )T =g
S_g(ﬂgf))ﬂTnﬁk'j) =@, npu m=l.
Hcnonb3ysich yTBEPKACHUSIMU TEOPEMBI U JIeMMaMHU | U 2 1OKa3bIBaeT-

sl ceayroast
Teopema 2. [Ipu oepanuuenusix ° cywecmsyrom 00CmamoyHo 00jib-

wiwe wucna R,h,N, u docmamouno manoe uucio 8(8 >0) u nexomopoe no-

noscumenvroe uucio &, (e, >0), umo
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(k.j.8)
Tm

|) npu M > NO MHOoHcCecmea Henycmaole, 00HOC6)Z3Hbl€, 3AMKHYnble ,

o2paHudeHHvle obaacmu,
1) umerom mecmo nepaserncmea

1
g, (X)

2M,s —‘élmA (/1)‘ 550 npu Ae T

oM, >

—A(( )‘ S Xs >0,

‘—A (/1) 0!0 5

()
€A, ()2 o, npu Ae Qp;

2M,, >

>[6*A,(A)| =~ S 75 >0,

1 .
2M;5 2 |q2(ﬂ)A2(ﬂ)| - El’zaa npu A€ T30

e%A, (D) 2 a,
|q2 (DA, (/1)| 2, npu A€ Qg
Cywecmayiom nocied08ameibHOCMu Muna OKPYICHOCMU 3AMKHYMbIX
pacuupsiowuxcs xonmypos T (sxniouennvie opye 6 opyea) ¢ paduycamu

R\fk) U YeHmpamu 8 Hauaie KOOPOUHAM Ymo
1) R<R®<RM<.... 1imR™® = oo,
i) wumerom mecmo nepasencmesa
1
q,(4)
€A M|z, ppu ATV
02 (DA, ()] 2 e,
e%A, ()2 ppu AT,

A (ﬂ)‘ Q>
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BOZi TRANSENDENT TONLIKLORIN
ASIMPTOTIK HOLL USULLARI

E.A.QASIMOV
XULASO

Moqalads bazi transendent tonliklorin koklarinin asimptotik ifadslori alinir vo miioyyon
qiymatlondirmelor gostorilir. Bir-birino daxil olan genislonon qapali ¢cevravari hamar konturlar
ardicilligr qurulur vo bu konturlar {izro baxilan tonliklors daxil olan transendent funksiyalarin
miitloq qiymetlori liclin asagidan miintozom qiymotlondirmolor alinir. Alinmis naticolorden
xisusi toromali diferensial tonliklor iigiin qeyri-requlyar sorhad sortli qarisiq masalslerin
hallinds istifads etmok olar [3].

Acar sozlar: transendent tonliklor, asimptotik holl, agagidan qiymotlondirmo.

ASYMPTOTIK METHODS FOR SOLVING
SOME TRANSCENDENTAL EQUATIONS

E.A.GASYMOV
SUMMARY

In the paper we obtain asymptotic representations of the roots of some transcendental
equations and give some estimations. We constant a sequense of examding cricle type closed
smooth contours of included to each other and obtain along these contous approriate uniform
lower bounds for the modulus of functions included in the considered transcendental eqution.
The results of the paper may be used when solving some mixed problems for partial
differential equations with irregular boundary conditions [3].

Keywords: transcendental equations, asymptotic solution, lower bounds.

Ilocmynuaa 6 peoakyuto: 14.10.2019 e.
IHoonucano xk newamu: 28.12.2019 e.
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NPUMEHEHUE METOJA UHTETPAJIbHBIX YPABHEHUI
K4YUCJIEHHOMY UCCIIEAOBAHUIO 3ATAYU TUPPAKIIUN
ITOJIAA TOYEYHOI'O HICTOYHUKA HA PEHIETKE ITPO3PAYHbBIX
KPYTI'OBbIX U DJIVMIMIITUYECKUX HUJIUNHIPOB

O®.M.I'ACAHOB
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
feyruz.hasanov@inbox.ru

B pabome c npumeHnenuem memooa UHMeZpaibHbIX YPAGHEHUU YUCTEHHO UCCe0VIOMCs
3a0auu Ougpakyuu MmoyeuHo2o0 UCMOYHUKA 8 OdlbHell 30He HA CMPYKmype Npo3payHbuIX ne-
puUoOutecKux YUIUHOpo8, nonepeunvle ceuenus KOmopuix eCmb Kpye U dJIUNC.

KuroueBble cjioBa: YpaBHeHUs: [elbMroiiniia, JUCKpeTHOE INpeoOpasoBanne Dypbe,
HWHTETpajJbHOE ypaBHEHHE, popmyna I'pruHa, 3amava qudpaxiyy, 1uarpaMmMa HalpaBIeHHOCTH.

Pemenne 3agaun qudpakiiui JIEKTPOMArHUTHONW BOJHBI Ha MEPHOIU-
YECKOM MPO3pAavyHON PEIIETKE MMEET BaKHOE 3HAYEHHUE JJIS pacyeTa MHOTHX
YCTPOMCTB, IPUMEHSEMbIX Ha MPAKTUKE.

Hac Oyner untepecoBaTh “pe30HAHCHBIN CiTy4yai, KOTJa JIJTAHA BOJHBI
10 BEJIMYMHE CPaBHUMA C MEPUOJOM PELIETKH, a TAK)KE CpaBHUMA C TOJILUHON
HEOIHOPOJHOTO ClIosi. B 3TOM ciyuae, pemieHrne MOXKET OBITh TOJY4EHO, Kak
MPaBUJIO, TOJIBKO YUCJICHHBIMU MeToAaMH. bosee clioxxHOM siBieTcs 3a/1aya o
BO30YKJIEHUH MEPUOANUECKOMN pelIeTKH TOYEUHOro NCTOYHUKA (K Takoil 3aja-
4ye OYEBUIHBIM 00pa3oM MPUBOJIUTCS 3a/a4a O BO3OYKIACHUU pacIpe- JeJeH-
HBIM UCTOYHUKOM C (PMHUTHOM TIOTHOCTHIO).

31ech HEOOXOIMMO paccMaTpUBAThH YK€ IMOJIE BO BCEM IPOCTPAHCTBE.
MeTton pelieHrs Takux 3aad ¢ IPUMEHEHUEM METO]a HHTErpaJIbHbIX ypaBHe-
HU ObLT mpeuiokeH B [1]. MeToa WHTErpanbHBIX YPaBHEHH MO3BOJISIET I1O-
JYYUTh UCUEPHBIBAIOILYIO HH(pOpManuio o nudpakunoHHoM mnose. OHa Mo3Bo-
JISIeT UCCIIEZIOBATh MOJIe Ha MOBEPXHOCTHU Teja (TOKH), MO B ONMKHEH 30HE U
HHTErpaibHble XapaKTEPUCTUKHU MOJIEH B JaIbHEN 30HE.

Paccmotpum 3amady o qudpakiiny mosst TOYeYHOro UCTOYHUKA Ha Oec-
KOHEYHOW MPO3pavyHOil EepHOIUUECKOM CTPYKTYpe ¢ NMEPUOIOM a, 0Opa3oBaH-
HbIM MapajyielbHbIM MEPEHOCOM LMJIMHApPA CeueHUs MU D;, OrpaHHYE€HHOTO
KOHTYpPOM ), , Biosib ocu OX. JIjist OnpeiesIEeHHOCTH PaCCMOTPUM DIIEKTPOMAr-
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HUTHOE I10JI€, MMEIOIIee KOMIOHCHTBI Ey, H, u H,, 1.e. E- nonsgpuzanmmu.

3anava o nudpakuuy Ha OECKOHEUHOM MPO3payHOU CTPYKType, BO30Y-
JKJICHHOW TOYEYHBIM MCTOYHUKOM, CBOIUTCS K OTBHICKAHUIO PEUICHUS ypaBHE-
Hud ['enbMmrombia

Ay ,u(x, z) + K2(M)u(x, z) = —2n8(My, My) €Y
BO BCEM HpOCTpaHCTBe Di —_ De C YC.IIOBI/ISIMI/I HCHpepBIBHOCTI/I Ha Z
_ <6u) _ <6u) @
Wi = ter\Gy . \on/,

nu yCJ'IOBI/ISIMI/I HSJIy‘IGHI/ISI, HUCKIIIOYAKIINMH BOJIHBI, npnxo;[;mme nu3 6€CKO-
HEYHOCTHU.
3nech U = Ey, D,- nononbHseT D; 10 MOJHOTO NPOCTPAHCTBA, a

2 .
KZ(M) _ {ki,MED

L kE o+ k2
2 ' e
ks, MeD,
U 1I- BHyTpEHHAasi HopMaJib K obnactu D;.
Kak nokazano B [1], B cuty quckpeTHoro npeodpasoBanus Oypre
[ee]

V(t,x,z) = Z u(x + na,z)e”m"t
n=-—oo
MaTeMaTHueckas 3ajada JuQpakiid B JAHHOM CIydae CBOAMTCA K ONpeeie-
HHIO B ITOJIOCE

D:{—%Sxﬁ%,—oo<z<+oo}

peuICHUA YPaBHCHUSA
AX,ZV(tJ M) + KZ (M)V(t, M) =

=27 z 5(x — xy +na)s(z — zy)e ™ 3)
n=—oo
C YCIIOBHSIMH HETIPEPHIBHOCTH Ha KOHTYPE Y.
— (6V> _ (6V> 4
t= % \on/; ~ \on/, )

U YCIIOBMSIMH M3JIydeHHs: Ha GeckoneuHocTH. Dyukuums V (t,x,z) ymoBiIeTBO-
psiet ycnosuio ®@ioke ¢ mapamerpom t ipu x = 0, a:

V(t,x +a,z)=e'V(tx,2). (5)
Pemenne ncxoanoii 3amaun u(x,z) Beipaxkaercs 4yepes dynkuuo V(t,x,z) ¢

MTOMOIIIBIO 00pPaTHOTO TIPEOOPa30BAHUS
2T

1
u(x,z) =— 1\ V(t,x,z)dt. (6)
21
0
Takum oOpa3oM, 3agava JUGPPAKIMKM TOUYEYHOTO HCTOYHUKA Ha IPO-
3payHbIX MEPUOAMYECKUX CTPYKTYpaxX CBOJUTCS K OINPEAENCHUIO PpEHIeHUS
ypaBHeHUs (3) ¢ ycrnoBUsAMH (4) U yCIOBUSMU M3IIy4€HHs B ITOJIOCE
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D:{—%stg,—oo<z<+oo}.

YcnoBus U3NnydeHus Ul TaHHOM 3afauu cHOpMyIHUpyeM CIeAYIOIIM
o0Opa3om [2]: paccMOTpUM CeYeHHs TOJOCHI Z; U Z,, BBLACTSIONUE 001acTh,
COAEPIKAIILYI0 TOYEYHBIN MCTOYHUK U TeNo D;. YuurthiBas, 4TO TOUEHHBIN UC-
TOYHHUK HAXOJIUTCA CIIPaBa OT PELIETKU, IPU Z < Z{ U Z = Z, MOXKHO 3aI1caTh

[ee]

V(t,x,z2) = Z T, (t) e" 22y (t,x), z <z, (7

n=-—oo

Vit xz7) = Z R, (1) e 2W (¢, %) + G, (t, M, M), z3>72,  (8)

n=-—o
1 . t+2nm
P, (t,x) = \/_aelﬂnx’ Ay = a Vi = kE— A3,

imy¢ > 0; Imy? = 0,10 Rey? > 0.
Ge(t,M, M,)- pemenue ypasuenus (3) B monoce D npu k? = k2 = const ¢
YCIOBUSIMH M3JTy4EeHHUS] Ha OECKOHEYHOCTH, KOTOPOE MOXKET OBITh MPEICTaBIIe-
HO B cienytomeit hopme [3]:

S )Pt x) .
Ge(t;M;Mo) =T Z n( ) n( )eVn|Z_Zo|_

S —iYn
®opmynsl (7) u (8) MOKHO paccMaTpUBaTh Kak aHATUTUYECKYIO (hopMy
ycioBuit uznyuenus, R, (t) u T, (t) HeusBecTHBIC KOIDPHUIHUEHTHI OTPAKCHUS
U TIPOXO’KACHUS, TTOAJISKAIINE ONPEICIICHUIO.
B [1] moka3aHo, 4to ecnu peuienue 3aaa4un s yukuuu V(t, x, z) cy-
IIECTBYET M JOMyCKaeT mpuMeHeHue ¢opmyn ['puHaA, TO OHa YHOBIETBOpPSET
CHCTEME UHTETPAIBHBIX YPABHEHHH 110 KOHTYPY ), :

@(t, Py) + JKn(t,Po;P)(P(t;P)dlp + JK12(t;P0;P)lP(t;P)dlp = F,(t, Py),

¥(t, Po) + JK21(t; Py, P)op(t, P)dl, + JKzz(t; Py, PY¥(t, P)dl, = F,(t, Py),
% %
rae

9]
P(6P) = Vi(t, P),¥(6,P) = (-V(5,P)),

Kin(t,Po,P) = =5~ [Gi(t, Py, P) = G (&, Po, )],

2m on,

1
Ki,(t, PO'P)— [G (t, Po, P) — G.(t, Py, P)],
2

Ky (t, Py, P) = — =

(t, Py, P) — G, (t, Py, P
27T6npanp [Gl(t' 0 ) Ge(t, 0 )]r
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Fl(t'PO) = Ge(t'PO'MO)'Fl(t'PO) = G(t'PO'MO)'

onp,
3necy G;(t,M,P)u G,(t,M,P)- ¢byuxuun I'puna ypaBHenusi ['eqpMronsia B
obnactu D ¢ kosddurmentamu kZ u k? ynosnetsopsromux ycnosusim djioke
npu x = 0, a.

Snpa MHTErpaJIbHBIX ypaBHEHUH (9) UMErOT cabyto 0COOSHHOCTH MPH
P - Py. UccnenoBanusi, CBSI3aHHBIE CO CIIOCOOOM BBIACICHUS OCOOCHHOCTH

1 4MCIEeHHOro pelIeHs] CHUCTEMBbl WHTETPAIbHBIX YPaBHEHUH WC-
nosns3yercss meto, KpsuioBa-boromo6oBa, B KOTOpOM Heu3BecTHast (GyHKLUSA
ANIpPOKCUMHUPYETCSI KYCOUHO-TIOCTOSIHHON (DYHKLMEH U MHTErpajibHOE ypaBHE-
HHUE CBOJIUTCS K alre0Opanyeckoil cucTteme JIMHEHHbIX ypaBHeHUH. Pemas cuc-

o o o 0
TeMy JIMHEHHBIX ypaBHCeHUH, Haiaem V (t,x,z) u EV(L‘, X,z) B Toukax ), . C

nomornsio Gopmyist ['puna, Haiinem V (t, X, z) BHyTpeHHElH Touke mosockl D, a
ucrons3ys (5) u(6) ompenenum mosHoe mone uU(x,z) B I000# TOYKE Mpo-

a a
ctpancTBe. Hac Oyner uHtepecoBarts mosie B o0siactu {— SSXS0,71SZ<

Zz}, a TakKe aCHMIITOTHYECKOE TIOBeIeHNE 10N pu 12 = x2 + y? — oo,

B [4], ¢ mOMOIIBI0 METO/a MHTErPajbHBIX YPAaBHEHWH, BIIEPBHIE pac-
CUHUTAHBI U HpOﬂHaJ'H/I?;I/IpOBaHBI ITIOJIHBIC 3HAYCHUA 3HeKTpI/I'-IeCKOF0 U MardmT-
HOT'O IMOJIEH Ha TOBEPXHOCTSAX ILEHTPAIBLHOTO U COCEIHUX C LEHTPAIbLHBIMU
HI/IJ'II/IHJIPOB, HOHepeqHBIe CCUCHUA KOTOpBIX prr M DJIJIUIIC.

Kaxk mokasano B [5], mpu r — oo moie u(x, z) HMEET CIIEAYIONIEE aCHM-
NTOTUYECKOE NPEICTABICHHE:

1
u(r, @) = (2wk\er) 2Fr(p)exp {ike\/gr + i%},z <z,

1
_1 T
u(r, @) = u(r, @) + (2nkoVer) 2Fg(p)exp {ike\/Er + iZ}’Z > 7,,

rae Fr(@) v Fr(@)- auarpaMMbl HampaBIEHHOCTH PACCESTHHOTO HW3JTyYCHHS.
OHH OTNPEAEISIFOTCS TApMOHUKAMU

Va T, (k, asm(p—Zmn) 2rm < k,asing < k,a

Fr(p) = \/_To(k asm(p)O kasmg0<27r

k\/_T_m(k asm<p+27rm) —k.a<k a51n<p< an
r;lem=[%j],;<(p<7,—kea<keasm(p<kea.
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(VaR,,(k, asm(p—Zmn) 2mm < kpasing < k,a

Fr(p) = J \/_Ro(k asmcp) 0 <k easing <2T[

\/_R_m(k asm(p + 27tm) —koa < k .asing < 27Tm
raem = [ ] I« ) < —ko.a < kpasingp < k.a.
quTBIBaﬂ OpTOHOpMHpOBaHHOCTL CHCTEMBI COOCTBEHHBIX (YHKIIUIA

a a
{W,(t,x)}mpu xe [— > E]' KOMILJIEKCHBIE aMIUIUTYbl OTPAKEHHBIX U IPO-
HIEIIMX BOJIH MOKHO OTIPENIEINUTh CIEAYIOMHUMU (GOPMYIIaMu:
a

2

R,(t) = e~ ¥z f V(t, x,2)¥ (t, x)dx —
a
2

G.(t, M, My)¥, (t,x)dx,

T, (t) = eiz [ V(t,x,2)¥: (¢, x)dx,t = kpasin .

|
N~ NmNIQ\. INTES)

*_03HaUaeT KOMIIJICKCHO-COIIPAKCHHYIO BCJIMYUHY.

He TO1BKO XapakTEepUCTUKHU I10JISA B JajdbHEH 30HE, HO U IOJHBIN IIOTOK IIPO-
mieed ¥ OTpakeHHOW SHEPruM B OONACTAX Z < Z; U Z = Z, OIpPENeNsoT
pacnpoCTPaHsIOIIUECST TAPMOHUKH.

Ha puc. 1, 2, 3 u 4 npezacrasieHa guarpamma HarpasieHHOCTH. OHa
XapaKTEepU3yeTCsl YITIOBBIMU PACIpPEIEICHUsIMH U3JIy4eHUs. B Bugy cummer-
pUM IIOJIYYEHHBIX JMarpaMM, Ha PUCYHKaX IPUBEIEHBI PE3YJIbTAaThl PACYETOB
JU1st oTpaskeHHoro noJig npu 0 < ¢ < %, a 1 IPOLIEAIIETr0 — IIPU I< @ <.

X1 |F(@)] IF:(@)l X
2\,

G

Jge

Puc. 1 Puc. 2
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Puc. 1 wm 2 COOTBETCTBYIOT IapaMeTpaM KpYIJIbIX ILIWJIMHIPOB

Ked==,e=5==25=2=02=1
e_ZJg_Jd_JJd_Jd_'

Ha mmarpamme Fr(¢) nemectok, COOTBETCTBYOMmHU yriy ¢ = 90°,
OOBSICHACTCS OTPAKEHUEM OT BCEil COBOKYITHOCTH IMJIMHIPOB, YIAJICHHBIX OT
HCTOYHHUKA, TIPH CKOJB3SIIEM MaJCHHH BO30YKAAIoIIero moisi. JIenecTok mpu
@ = 33° TaKke OOBSICHSICTCS CKONB3SIIUM MaJCHUEM BO30YXKIAIOLIETO MOJIS
Ha PEIIETKY B 00JIACTH yJaJCHHBIX [IUIXH/POB.

[TpOBOIMIOCH CPABHEHUE PE3YIILTATOB, MOJTYYCHHBIX C TIOMOIIBIO OTIH-
CaHHOTO aJTrOPUTMA, TTOIYYEHO XOPOIIIee COBMAZCHHE C Pe3yabTaTaMu paboTh
[6] (ananoruunslii Meton ['anepkuna).

X4 |Fa(e)l

IFi(@)l § X

6o

Puc. 3 Puc. 4

Puc. 3 1 4 cOOTBETCTBYIOT T€OMETPUHN PELLETKU

T by by X Zy

Kby ==,—=2,—=04,e=5—=0,—=
€17 2°p, a b, b,

VYrnoBoe pacmpeneieHre COOTBETCTBYET ciiydairo (OpPMHUPOBAHUS TO-

BEPXHOCTHOM BOJIHBI, O€TYIIEH BIOJIb CTPYKTYPHI.
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DAIROVI VO ELLIPTIiK SOFFAF SILINDIRLOR STRUKTURUNDA NOQTOVi
MONBOYIN DIFRAKSIYA MOSOLISININ UZAQ ZONADA 9DODI TODQIQINO
INTEQRAL TONLIiKLOR USULUNUN TOTBIQi
F.M.HOSONOV
XULASO

Mogqalodo inteqral tisulunun totbiqi ilo en kosiyi dairo vo ellips olan soffaf silindirlor
strukturunda ndqtovi menbayin difraksiya masalasi uzaq zonada adadi tadqiq olunur.

Acar sozlor: Helmhols tonliyi, diskret Furye ¢evirmesi, inteqral tonlik, Qrin diisturu,

difraksiya masalosi, yonalma diaqrami.

APPLICATION OF THE METHOD OF INTEGRAL EQUATIONS TO NUMERICAL
INVESTIGATION OF THE PROBLEM OF DEFRACTION OF THE POINT
SOURCE FIELD ON THE GRID OF TRANSPARANT
CIRCULAR AND ELLIPTIC CYLINDERS

F.M. GASANOV
SUMMARY
In the paper the problem of defraction of point source is numerically investigated with
application of the method of integral equations in the remote zone on the structure of transpar-

ent periodic cylinders whose cross sections are a circle and an ellipse.

Key words: Helmholtz equation, discrete Fourier transformations, integral equation,
Green’s formula, problem of defrection, focus diagram.

Ilocmynuna 6 peoaxyuio.: 16.09.2019 e.
Iloonucano xk newamu: 28.12.2019 2.
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YAK 517.9

OTCYTCTBME I''TOBAJIbHBIX PEHIEHUHA MTOJTYJUHEAHOT' O
IMAPABOJIMYECKOI'O YPABHEHUSA C BUTAPMOHUYECKUM
OIIEPATOPOM B I'VIABHOM YACTH

HI.I'BAT'BIPOB
bakunckuii I'ocyoapcmeennwiit Ynugepcumem,
Hucmumym Mamemamuxu u Mexanuxu HAH A3epoaitosncana
sh_bagirov@yahoo.com

Bo eénewnocmu wapa paccmampugaemcs: ROLYIUHEHOE NAPABOIUYECKOe YPAGHEHUE C
OULAPMOHUYECKUM ONEPAMOPOM 8 2ILAGHOU HACTU U UCCIEOVIOMCS GONPOCHL OMCYMCMEUSL 210-
banvrbix pewenuil amozo ypaenenus. Ilonyueno docmamounoe yciosue Omcymcmeust 2io-
banvhvlx pewtenuil. JJokazamenbcmeo 0CHOBAHO HA Memode NPOOHLIX YHKYuUL.

KuoueBbie cjoBa; IlomynmHeliHoe mapaboinueckoe ypaBHEHHE, To0ambHOe perine-
HUE, KpUTHYCCKHIIA MTOKa3aTeb, METOA MPOOHBIX (PYHKITHIA.

Beegem crhenyrommx — obo3HadeHuit:x = (xq,...,x,) € R", n >4,

r= |x| = Vx12+"'+x7217 BR = {x; |x| < R}s BIIZ = {x; |x| > R}a BRl,RZ =
{x;Ry < |x| <R}, Qr=BgXx(0;4+»), Qp=BgXx(0;4+0), 0B;=

a a o
{x;|x| =R}, Vu = (%, s ,%), C;'tl(QI’?)-MHOH(eCTBO (bYHKIHIA, 9eTBIPEXKIE
1 n !
HENPEPBHIBHO TH(PEPEHIIMPYEMBIX 110 X M HENPEPHIBHO TH(DHEPEHIIUPYEMBIX
o t.

B o6nactu Qi paccCMOTPHM CIIEAYIOLIYIO 3a/1a9Y:

(1312 2% = —p2up + 0P 4 117 ulf 11
x Fri u |x|4u x|7u (1.1
) Ulizg = Up(x) =0 (1.2)
f f udxdt = 0, f f AuPdxdt <0, (1.3)
\ 0 0BRr 0 6BR
n(n—4) 2 ’ 2
me q>1, 0<Co<(®52), 0> -4, ue(x) € C(BR), Nu=A(Au),
a2y
Au =), o7

i=1
bynem u3ydarh BOmpoc 0 CyIIeCTBOBAaHHUHM HETOPUIATENbHBIX TJ100ab-
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HbIX pemieHui 3aaaun (1.1)-(1.3). Pemenne 3agaun Oynem NoHUMAaTh B KJIACCH-
geckoM cMmbiciie. Dyrakmuio u(x,t) € C;_',}(Q,’;) N C(Bg X [0, +o0) Oymem Ha-
3b1BaTh perenueM 3amaun (1.1)-(1.3), ecou u(x, t) yaoBIeTBOpSET YPAaBHCHHIO
(1.1) B kaxmoit Touke Qp, ycmoBuro (1.2) mpu t = 0 u ycinosuro (1.3) npu
|x| = R.
[TpoGiembl cymiecTBOBaHUS M HE CYHIECTBOBAHMS INI0OATBHBIX PELICHUM
JUIS Pa3IMYHOrO Kiacca quddepeHanbHbIX YPaBHEHU U HEPaBEHCTB UTpa-
10T BOXXHYIO POJIb B TEOPUH U TPHIIOKEHUSX, TIOATOMY TPUBJICKAIOT MTOCTOSH-
HOE BHMMaHUE MaTeMaTHKOB M MM IOCBSIIEHBI 00JbIIOe Ynuciao pador(cm.[2 ],
(3], [4], [ SLITLL[12]).
Pesynpratsl pabotsl @ymkuThl [1] BeI3BaIM 00IbIION MHTEPEC K MPOO-
JeMe OTCYTCTBHE TI00aBbHBIX PEUICHUH, U OHU OBUIH PaCIIMPEHBI B HECKOJIb-

KuX HampasieHusx. Hampumep, BMecto R" paccMOTpeHBI pa3indHbie OrpaHu-
YeHHBIE U HEOTPAaHUYEHHBbIE 00JacTH, WU OBLIM PAacCMOTpPEHBI Oojee oOIue
orepaTopsl, ueM onepartop Jlamnaca u HenmuHeitHOocTH MHOTrO TUmna. O030p Ta-
KHX paboT mMmeercs B crathe [6], B MoHOrpaduu [9] u B kuure [7]. Cnabo He-
JUHEHHbIE ypaBHEHHsS] ¢ OMTapMOHMYECKHUM OIEpaTOPOM TOXKE HCCIEI0BAHBI
paznuaHbiME aBTopamu (cm.[8],[13],[14])

B npencraBnenHoit paboTe UCHONB3ys TEXHUKY MPOOHBIX (YHKIUH, pa3-
pabortanuslii Mutuauepu u IloxoxkaeBeiM B paborax [9],[10], Mbpl Haxogum
KPUTUYECKHUI IMOKa3aTellb OTCYTCTBHE II00anbHOro pemnieHus 3axauu (1.1)-

(1.3).

1. BcnomoraresbHbIe (paKkTbl

B R™\{0} paccmoTpum nuHeiiHOE ypaBHEHHE

A2y — 2y =0, 2.1)

x|*

Haiinem pamuanbHoe permenne storo ypaBHenus. Ecmu u(x) = u(r)
paauanpHOE pelieHue ypasHenus (2.1), To

X Co <62 n—16><62u n—16u> Co
ANMu———u= + — + =0 =

or? r o0r)\or? r or _|x|4 B

_64u+2(n—1)63u+(n—1)(n—3)62u m—-1)(n-3)ou C, 0
~ ort T or3 r? or? r3 or =

DTO ecTh ypaBHEHHE ODWJEpa M €ro XapakTepUCTUUYECKOE YpaBHEHUE
AMEET CIEAYIOIINNA BUL;

AA-1D)A=-2)A=-3)+2(n—-1DAA-1)(1-2) +

+(n—1Dn-3)(A2=21) — C, = 0. (2.2)
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Jlerko npoBepuTh, 4TO

n—2

_ 2
/1=—n74i\/(7) +14+.(n—2)2%+C,,

_ o2
a=—"74iJ("72) +1-(n—-22+C,

BCE KOpPHHU ypaBHeHus (2.2).
JI71s1 KpaTKOCTH 3amucH 0003HAYNM:

2
(n—2)2+Cy, =D, \/(”72) +1+VD = a,.

PaccmoTpuM GyHKIHIO

1 VD- el
g =3 (14+2") x| 72 "+

n—4 n—4
21 = ) [ T T
Oueuano, uto ¢ (|x|) pagnansHoe pemenune ypasuenus (2.1) B R™\{0}.
IMokaxxeM, uto & (x) YIOBIETBOPSIET CIAEAYIOIINX YCIOBHIA:

_ 9% _ a(A%)
§lxi=1 =0, i 20, Alix=1=0, — i < 0. (2.3)

E@mr =3 (1+52) 43 (1-2) 1 =0,

9¢
ar

[x|=1
(- (- a) - (-5 ) =
=%(a_+\/5—a+)—%(a_—\/5+a+)+a+=\/520.

Ml = (55 +7575)

r odr

[x]=1

ST () (e
(1B (2 ) o) - (-0 Ga) -

=-(1+ ‘/5“”) (-2 + a2 +2a_) +




+%(1 —@) (—@+a3 —2a_) - (—71(71_4)+()(_2F — 2a+) =

a_ 4

:_M(1(1+@)+%(1_@)_1)+

4 2 a_ a_
+a?—a?2+a_+VD—a, —a_+VD —a, +2a, =
=—VD—-vVD++VD ++D =0.

%(Af)| :(ﬁ+”_‘162_5_"_‘16_5)

lx|=1 or3 r or? r2 or

S (5 e -)

lx|=1

- ) [ (1) (3 )+




=(2-n- \/_)( Ryl (a +VD—a, —a_++D - a+))+
+(2-n+VD)(Z*+a,)=(2-n-VD) (- =2 +VD —a,) +

+(2—n+\/_)(—+a+)——(2—n \/_)(—+a+)+
+(2—n)VD — D+(2—n+\/_)(—+a+)

—\/_——a+(2—n)+\/5a++(2—n)\/5—D+
+\/_—+(2—n)a++\/5a+=2\/5a+—2\/5—D=
=VD(2a, —VD - 2) < 0.

Ha camom nene, nockonsky Cy = 0, TO
n-22<m-2)?+C,=D.

Torna
44+4V/D+(n—-2)2<4+44VD +D.
Otcrona
n-2\2 2
4((7) +1+\/5) < (2+D)
4a? < (2+VD)’,
. <2++D.
3HaunuT
—-vD-2<0.

2. ®opMyJIMPOBKA OCHOBHOIO Pe3yJIbTaTa M J0KA3aTeJbCTBO
OCHOBHBIM PE3yJbTAaTOM ITON PaOOTHI SABJISIETCS CeAYIOIIasi TeOpeMa.

Teopema Ilyemvb n >4, 0> —4, 1<p<q, 0<C0<(n(” 4))
q=p+ —W+/'l+a . Ecnu u(x, t) pewenue 3adauu (1.1)-(1.3), mo u(x,t) = 0.
2

JlokazaTenbCcTBO.

Jns mpoctatsl 3amucu BozbMeM R = 1. Ilpeanonoxum, uto u(x) = 0
pemrenwe 3amaqn (1.1)-(1.3) B Qf .

Paccmotpum cremyromux yHKITHMA:
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(1, mpu  1<|x|<p

(p(x)—{;cos(ﬂ'( —1))+%)T,npu p<|x<2p
\

0, npu  |X=2p

npu0<t<p
T,(t) = —COS(?Z'(p “t—1)+— )” npu p* <t<2p

npu t>2p"
rze [5, 4 OoNbIIre MOIOKUTETBHBIE YUCIIA, IPHYEM [ TaKkoe, 9To MpH |x| = 2p
9%y 93y
Yy=—=—==—=0, (3.1)

or or2 ors
aK OIpCACIIMM IIOTOM.

YMmuoxuMm ypaBHenue (1.1) Ha GpyHKIHIIO
Y(x,t) =T, () e(x)
U HHTETPHPYEM 110 00acTu Q.
[Tocne uHTETpUpPOBAHUE 110 YACTSAM MOTYUUM
f ul|x|°T,¢pdxdt = —f le’lufgo dxdt +
Q1 Q1

+f uPT,A?(Ep)dxdt Sy g
Q1 Q1

—uPT,épdxdt —

s lxl*

-/ le’luo(x)s‘(x)w(x)dx+f T,(t)dt x
o

14
0B12p v 03129

+ f %A(Ew)ds— J up%(A(&p))ds (3.2)

Bl 2P 0B 1‘2p

OueHum uHTErpanbl B KBajapaTHOW ckoOke, yuutbiBas (2.3), (3.1) u
ycnosuto (1.3). Ilomyuum:

O(Au )
J =—%pds
0B12p
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 oBuap e v xitzp OV

= [ Aup(g—i<p+fg)ds— f Au”(afcp+€ ) =

lx|=1 lx|=2p

= | Aupg—idszx/ﬁ [ AuPds <0
[x|=1 [x|=1
B cuny (1.3),
ouP ouP
[ SoAG@ds= [ ——(A&p +2(VE, Vo) + EAp)ds =

0B1,2p 0B1,2p

=— [ Zagds =0
lx|=1 7
o ycioButo (2,3)
[ uP < (AGEp))ds = — f u”—(A&p +2(V¢, Vo) +

aB12P

$Ap)ds =

= | up%ds=\/5(2a+—\/5—2) f uPds < 0.

[x|=1
Hocxonmcyf |2 | u ()& (x)p(x)dx = 0, f T,(t)dt > 0, To u3 (3.2)
Bl

fuqlxl"T Epdxdt < — f le’lufrp pdxdt+
Q1 Q1

+f uPT,A?(Ep)dxdt Sy .
Q1 Q1

—uPT ¢pdxdt =

r lxl*

=—fup€(p dxdt+fup (p(A2 _W )dxdt+

1

+ [ uPT,[4(V(48), Vo) + 4(VE, V(A9)) + 2000 +
Q1

n

02
+4
l]Z 1 0x;0x; 6xl ox;j

] dxdt <

2p* 2p%
<- fuf(p dxdt+f | uPT,J(, p)dxdt, (3.3)

p¥ Q1 0 Bp 2p
rae uepes J (€, ¢) 0003HauMIN BEIpaKEHHE B KBaJPaTHON CKOOKE, T.€.
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JG, 9) = 4(V(A8), Vo) + 4(VE, V(Ag)) + 2480 + 4 Z T

=1 0x;0xj 0x; Oxj

Hcnonb3ys HepaBeHcTBO ['enbaepa u3 (3.3) noaydum, 4yTo

26 a
J ul|x|°T,&pdxdt < (f fuqlxl"T fqodxdt) X
Q1 P* Q1

20" |"T”| T

x\ [ J

P* Q1

’—Tq T 1)dxdt +

1

zet gl UEDI'T, g
+ [ [ uwilx|°T,épdxdt f ffﬁ,_l(pﬁ,_llxlo(ﬁ,_l)dxdt ,

| =

0 Bpap 0 Bap
(3.4)
11z —a1,.1_
rae + p” 1,p '3 + I 1. Orcrona, moayuum |
ullxle 2ot d;fq x4 £
<
5 |x|°T,épdxdt < Cy fk f T — dxdt +
UEp)IF
e f B;{prﬂ’—lwﬂ’—l|x|"(ﬁ’—1> dxdt. (3

CnenaB 3ameny t = p¥s, r = p#f, T(s) T,(p*s), EB) =E(pB), p(O) =
@ (p0), olleHNM HHTETPAJIBI B TIPABO YaCTH (3 5)

205 4T g,

L= [ [%% - dxdt <

2pk dT p

dt ! — I_
< [ Sdt [ 1x] |x] o(d'-Vegpdx <
Tp B1,2p
ql
§ e dT &l 2p _n- 4+a_ Aq'-a(q'-1) n-14, <
Cp (q = sf r r r"ldr <

< Cp'f@-q')—%a-w-a(q'-nmAl(T) _
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’ n+4 12 12 -
= Cpk(l_q )+T+a_+lq _G(q _1)A1(T),
Irac

2pk i
L= f [T,
S Bp.zpfﬁ"lwﬁ"llxl"(ﬁ"l)

2pk

Bz §F 0P x| 7P )

Onenum kaxoe ciaraemoe J (&, ¢) B OTIEIBHOCTH.
a (02 -198)\ 0
|(V(8), V)l = |2, = (S + 225 22| =

i=1a_xi or? r dr/ ox;

= |(E8 4 n2 g _nratyoe)

or3 r or? r2 or/ or
n-4
<Crz te-3%2
ar

9%  n-1 65) (62(p n-1 6<p)
= (&L 2L %) (e noloe) |

|A€A(p| |(6T2 + r or/) \or? + r or/Jl —

Tt 21029 | n—-1d¢
< —+a_-2|9%¢ | n-10¢
= Gsr or? + r orl
|(VE, v(ap))| <

n-4 3 2

L ha -1 (0% n—1|0%¢ n—1|de )
< 2 - e el —_— =
< Gt ( or3 r lor2 r2 lorl)’

n_ 0% 0% | _
Lj=1 6xiaxj 6xi6x]-

(%) 0 (o)
Lj=1 oxj\or r) oxj\or r

625 XiX i af (5.. x-x~)
n S ISy v
Lj=1 <6r2 r2 t or\r r3 X
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— f Tp(t)dt f DACEDI dx.
0
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az(p XiXj dp (5,_] xix]-)
X|l—m———t——|———= <
<6r2 r2 + or \r r3 -

< G, (|28 + 2 2]) (|22 + 2 22)) <

= 7 \|ar2 rlor or? riorl/) —
n-4 2
——+a_-2(|0°¢| , 1|09

< Cgr 2 (6r2 ;E)

Hcnonb3ys Bee 310, U3 (3.6) noayyum

2p ( n— 4+a_—4)ﬁ ( |+r‘
I < Cp* [
P

6r2 ’ )

r( nd )(B’ -1)+a(B'-1) B'

Otcrona

063

27
< ‘O(p +92|392

ﬁ’
[53H)

+a_—4,8 -a(B'-1)+n
I < Clop fl 0z R +ap'+o(B -1)-n+1 . (p’ 1)

< Cuop* 5 e A g (g, (3.7
rae depe3 A, () 0603HAYMIN TTOCTEAHUI HHTETPAT.
OueBnHO, 4To npu Gomblunx p 1 T, A1 (T) < 00, A, (P) < 0.
K BO3bMEM TaK, YTOOBI
k—4B —oc(B'—1)=x(1—-q")+Aq' —a(q' — 1).
Orcrona K—O'Z 1+43 ;+A

Tornma
k(1—-q") +n—+4+a +Aq' —o(q' —1) = —(0%+4Z—:;+
Nt ta it —o—=-T0 4 b e+
q-1 2 q-1 q-p 2
Ucnonwzys (3.6), (3.7)u (3 5) nonyuum
o+4 n+4
f lul?]x|°T,épdxdt < (CAl(T) + CzAz(go))p 2 Tt (3.8)
Q1
ITycTs Teneps
0'_+4- — n_+4- —a_—21>0
a-p 2
Tornma
ST a4+
q-p 2
u
< +—4
<P e

B sTom ciyuae yctpemus p Kk +00 u3 (3.8) moiaydum, 4yTo
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[ lul?|x|?édxdt < 0.
Q1
910 3"HauuT, uro U = 0.
IIycts Teneps % - nTH —a_—1=0.
Torma u3 (3.6), (3.8) nonyuum, uro I; < C, I, < C u cienoBaTeIbHO
[ ul|x|?&dxdt < C.
Q1
W3 cBoiicTBa MHTETpaa MOIyYUM, Y9TO

}of wl|x|?édxdt - 0, (3.9)

0 Bpap
u
2p*
[ [ ui|x|°&dxdt - 0. (3.10)
r* Q1
Torna us (3.4)
2p* %1
J ulx|°T,épdxdt < | [ [ ullx|?¢T,pdxdt | I +
Q1 r* Q1
1
2p* B 1
+| [ J ulx|°T,épdxdt | IJ <
0 Bpap
1

20" 11 e 5L
<| J [ uilx|°&dxdt | 17 + (f | u‘ﬂxl"fdxdt) ¥ -0
p* Qi 0 Bp2p
pu p — +oo B cuny (3.9), (3.10).
Orcrona cnenyet, utou = 0.
OTUM Teopema MOTHOCTHIO TI0Ka3aHO.
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BAS HiSSODO BIHARMONIK OPERATOR OLAN 5
YARIMXOTTIi PARABOLIK TONLiYiN QLOBAL HOLLININ YOXLUGU

S.Q.BAGIROV
XULASO

Sarmn xarici olan oblastda bas hissado bigarmonik operator olan yarimxatti parabolik

tonliya baxilir va global hallin yoxlugu masalasi dyranilir. Qlobal hallarin yoxlugu iiciin kafi
sort tapilmigdir. Isbat sinaq funksiyalar {isulundan istifade edorok aparilmisdir.

Acar sozlor: yarimxotti parabolik tonlik, global holl, kritik qlivvet, sinaq funksiyalar

tisulu.

THE ABSENCE OF GLOBAL SOLUTIONS OF A SEMILINEAR PARABOLIC
EQUATION WITH A BIHARMONIC OPERATOR IN THE MAIN PART

Sh.H.BAGIROV
SUMMARY

In the exterior of the ball, a semilinear parabolic equation with a biharmonic operator in

the main part is considered, and the absence of global solutions of this equation is investigated.
A sufficient condition for the absence of global solutions is obtained. The proof is based on the
test function method.

Keywords: Semilinear parabolic equation, global solution, critical exponent, method of

test functions.

Iocmynuna 6 pedaxyuro: 16.05.2019 a.
IHoonucano k nevamu: 28.12.2019 2.
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CYHIECTBOBAHHE 1 ACUMIITOTHKA I'VIOBAJIbHBIX
PEHIEHUU CUCTEM YPABHEHUU KIIEUHA-I'OPIOHA
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baxkunckuii I'ocyoapcmeennwtit Ynueepcumem,
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Paccmompena 3a0aua Kowu ons nonyaunetinvix cucmem ypasnenuti Knetina-I opoona
¢ obwetl goxycupyrowel neauneunocmoio. Mcciedosana nomenyuaiohas ama u 2100aivHas
paspewumocms coomeemcmeyiowell 3adaqu Kowu, a maxoice acumnmomuka noiHot sHepeuu
npu t — oo,

KuoueBbie cioBa. Cucrema Kieiina-I'opnona, 3agaua Koy, moTeHIanbHas sMa,
riio0anbHas pa3penuMoCTb.

B nanHOl cTaThe paccmaTpuBaeTcs clienyromas 3agada Komm s cuc-
TeM ypaBHeHull Kneiina-I'opnona:

p+1

Uj

m p-1
i=1

u (0,x)=¢.(x), u (0,x)=w,(x), i=1,..,m, (2)
e o; >0, p=0, 3;€R, te [O,oo), xe R".

Cnywait, korna m=2, a; =-0;, i,j=12 cucrema (1) onmceiBaer
JABVIKCHUC 3aPsSKCHHBIX ME30HOB B JJICKTPOMArHUTHOM I10JIC, U UCCIICAOBAaH B
pabote [1].

A B cydae, korna m=2, a; =0, i,j=12 3amaga (1), (2) mmpoko

I
uccneaoBana B paborax [2,3].
Kpome Toro, uccieqoBanus B 3TOM HaIlpaBJIeHUH TPOBOIAMINCH U ObLITH
pa3BUTHI BO MHOTUX padoTax, Cpeu KOTOPbIX MOKHO OTMETHTH paboThl [4-
10]. B ywactHOCTH, B pabore [6] mis cucteMbl U3 IByX ypaBHeHuid KieitHa-

Tl'opnona

Uy — AU +MU, +U, = |ul|p71|u2|p+lu1
p+l

Upe — AU, + MU, + Uy, =u| |u2|p_1u2
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uccienoBaHa noTeHuuanbHas ssMa. Jlanee, B 370l ke paboTe UCHOB3YS MOJTY-
YeHHBIE PE3YNbTAThI, UCCIENOBaHa TIJI00ATbHAS Pa3pElIMMOCTh, IMOBEACHHE
TII00ANBHBIX PEIICHUN MPHU t — oo, a TaKKe HE CYIIECTBOBAHUE TI00ABHBIX
penieHnid. AHaAIOTUYHBIE BOMPOCHI MCCIEAOBAaHBI B padore [8] Ansi CHCTEMBI
ypaBHEHUH

Uy — AU, +Mmu, +U, =|u |Pv1| py+1 1
Uyy —AU, +M,U, +U,, = |u |p1+1| p2—1u2 )
B pabore [9] s cucTeMb
Uy —AU +Mu, +U,, :|U1|pl_l|u2 p2+1| 3|p3+1 1
Uy — AUy + M3y + Uy, :|u1|p]+l|uz p2+1| 3 p3_1U3

a B padote [10] anst cuctemsl U3 N —ypaBHEHUH

p+1 .. . .
uj‘ U, ILJ=L.,n, 1#]

B nanHoit paboTe uccienoBaHa MOTeHIMAIbHAS siMa U II100aIbHas pas-
pemmmMocTs 3anaun (1), (2). Ha ocHoBaHMM mOSTydyeHHBIX pe3yJbTaToB JoKa3a-
HO, 4TO IOJIHAS SHEPTHUsl cucTeMbl (1) SKCIIOHEHIIMAIbHO YObIBAET.

bynem uccnenosats 3aaauy (1), (2) npu BBINOJIHEHUHU CIIETYIOIUX YC-
JIOBMIA:

p-1
Ui — AU + MU, +u; =|u;|

[. p=1 nopu n =2 1 1ONOJHUTENBHO P <

, korga n = 3;

. a;eR, a;=a;, i,j=L..m u msa V(&,...&, )e R"\{0,..,0)}

m
BEPHO HEPABEHCTBO z a,;6.&, >0.
ivj=1
1. IlpeaBapureiibHbIe CBEICHUS.

Hopmy B mpoctpaHcTse Lq(R") 0003HaUMM uepe3 ‘ o> TPAHeM TpH
g =2 NOJ0XUM Hq = H Yepes <,> 0003HA4YNM CKaJIIpPHOE TPOU3BE/ICHHE B

L,(R"). Hopmy e B npoctpanctee CoGonesa H 1(R”) 060

1
T.C. ||u|| = MVUF +|U|ZF, rae VU -rpaguent GyHkimu U.
Onpenenum cnez[onmHe q)yHKHI/IOHaJ'IBI'

[ 2||¢ |- >.3,/09,

|r

p+1

p+l
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0>0.

5 (0158 52||¢|| za.,w

i,j=1
[Tonoxxum |1(¢1,...,¢m)= (¢1,...,¢m).
Jdemma 1. Iycts (@,,....4, )e (Hl)m \{0,...,0}, Torma cmpaBemmBHI cremyro-

p+1

1K€ YTBEPIKICHHS:
(JT1i) lim I (24,..... 49, ) =0, lim J(9..... Ag, )= —o=;
(J11ii) Cymecryer takoe A =1 (@,,....4, ), aronpu 0< A< A J(Ag,,..,19,)

He yObIBaeT, a pu A < A < +oo He BO3PACTaeT;
(JTliii) Ecrm 0< A< A',t0 1(A4,,...,A4,)<0, a ecmu A <A<+oo, TO

1(A,,.... 44, )>0.
SAnpo ¢pyukumonana | 5(¢1,...,¢m) o6ozuaunm gepes N, T.e.
N, ={#....0,): 6, € H'(R"),i=1,....m, 1 ;(¢,,....4,) =0}
IMonoxum N, = N. [lomycrum, (@,,....0, )e N, Torma merko BHIETH,

qTo

3@, r) 2||¢ ">

Ipeamonoxum, d =d (1) , TIe

d(6)= , inf  I(@00),

,,,,,

2(|0

TOT/1a, UCTIONB3YysI METOT CI/IMMeTpI/ISaIII/II/I [[IBapma, kak 3TO OBUIO ClETAHO B
[11, 12], noka3siBaercs, uto d >0.
Ilycts
pu=infn,

¢ 7] —MOJIOKUTCIBHOEC YUCIIO TAKOE, YTO

S a0 <n[25k} ,

i,j=1
npu o0bix &, >0, k=1,...,m

Yepes C. 0603HAYMM HOpMY omeparopa BioxkeHus H' B Lypsrys T-€-
C. =infC, rze < Cul-
Lo(p+)
[Tpumem:

1
o )
0~{ % |

Jlemma 2. Ilycts BeinosniHeHs! yenoBus I, II. Torma cnpaBeyinBel clienyronime
YTBEPKICHUSA:
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(J12i) Eemnt (u,,...,u )0 [H']"\{o,....0} Z”u I <r@), 10 ;U )>0
u HaoGopot, eciu 1 4(U,,...,u )< 0, TO Znu,” > r(0);
i=1

(i) EBem  (u..u,)e[H' V0,08 w  1,(u,..u)=0, 1o

12°°*>~'m

Y =@y
(2iii) d(5)= a(d)-r(S), rae d(8)=5° Lp‘%, a(5)= g;p:‘)s d;
(J12iv) }Lrilod(g)=0, d(p+1)=0, d(1)=d, d’(5)>0, s (0,1), d’(5)<0,

Se(l,p+1)

2. OcCHOBHBIE pe3yabTaThl.

Teopema 1. Ilycts BbeimonHens! ycnoBus I, II. Torma st mro0ObIx
(Uygsens Uy ) O [Hl]m, (TR In [LZ(R”)]m cymectByer T’e (0,+00) Taxoe,
4TO 3a1aya (1),(2) MeEeT €UHCTBEHHOE penieHue

(U, ) C(OT [H] hc (OT][L (R" )]’“)

Ecmu T, =supT’, T.e., ecu T, JUIMHA MAKCUMAJIBHOTO I/IHTepBaHa cy-

max

IECTBOBaHUs Cc1aboro peuteHus (u,,..u, ) C(OT HHT hC (OT L, )

max max
TO CIpaBe/INBa aJbTePHATUBA:
-mbo T = +oo;

) - 2
-nu6o 11m_0§nui(t,.)| +u; (t.-)
Onpenenum YHEPreTHIECKYIO q)yHKumo E(t) CJIEAYIOIHUM 00pa3oM:

E(t):%iﬁui(t,-l + us (¢ ] Z il

i=1 | j=1

rl
= 400,

p+l

: €)

p+l

a TaKXKC CICAYIOINE MHOXKCCTBA:
W, ={(u1,...,um)D [Hl]m,I(S(ul,...,um)>O,J(ul,...,um <d 5)U{(OO)}}
V5:{(ul,...,um)D[H‘]m,lg(ul, LU )<0,3(uy,...,u, )<d(5)} 0<d<p+l.

Teopema 2. Tpeanonoxum, 4to (U,,,....U, )0 [ ] (T .,ulm)u[Lz(R”)m, u
BoinosiHeHb! yeaosust I, I Jlomyctum, 0 <e<d, u J, <8, KOpHH ypaBHEHUSI

d (5 ) = €, TOrJia CIIPaBeINBbI CIEIYIONINE YTBEPKICHUS:
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(T2i) Ecru 1(uyy,...,U,,0 ) >0 witm ||u10|| =.= ||um0|| =0, To cnaboe penieHue 3a-
maun (1), (2) ¢ HayanmbHOUM SHeprueit E(O)e (O,e] npuHagne:xxut Wy, rue
0,<0<0,;
(T2ii) Ecim 1(uyy,...,U, ) < 0, To ciaboe pemenue 3anaun (1), (2) ¢ HavanbHoi
sueprueii E(0)e (0,e] mpumamnexur V, rae 8, <8< 6,.

Teopema 3. Ilpeanonoxum, uro BbimosiHeHbl ycioBus [, I, u
(THNTIN [Hl]m, (VRTINS I [L (R”)]m. Ecu 0<E(0)<e u §,,6,
xopun ypasuenns d(6)=e, To muoxecrsa Wy, = (JW; n V 5, UV

5<6<8, 5,<6<5,

WHBApUAHTHBI OTHOCUTEIHHO TPACKTOPHH MOPOKIACHHOW TUHAMUYECKOW CHC-
temotii (1), (2).
Teopema 4. Ilpeanonioxum, uto BbiMoJHEHBI YycimoBus [, I, u

Uyt ) [H' T (Ui, )0 L, (R Ecom E(0)<0,

10

m
torna pemrerue 3anaun (1), (2) ymoBieTBOpsieT HEPABEHCTBY Z‘HUi (t,

i=1
1
p+1 p
rae r, = [Q#C—pﬂ} .

Teopema 5. Ilpeanonoxum, uto BbimoJgHEeHbl ycimoBus [, I, u
Uyt ) HT (Ut ) 7 (LR, E(0)<0. Ecnmt (u, (ty ).t (t)) € W,
B HEKOTOPOii Touke t =T, € [O,Tmax], To T =c0 U s (ul (t, X),..., u, (t, X))
MMEEeT MECTO alpUOpHAs OIICHKA

2T,

m

te [O,Tmax ]

o, +Ju 6 <

i=l

]< 2d(p+1)
—p

Teopema 6. TTycts Bemonnens! ycnosus I, 11, u (u,y,...,u, ) [H l]m,
[L ( ”)]m. Ecmu 0< E(0)<d u I5l(u10,...,um0)>0 WU ||u10||+...+||um0||:0,
rae 6, <8, xopru ypauerus d(5)=E(0), To 3a)1aqa (1)-(2) mmeer eJII/IHCTBeH-
Hoe  peumenne (U, (t,),...,u, (t,))e C([O hC ([O ) u
(U, (t, ), (t)) e Wy, 8, <O <,.

Teopema 7. IlpenmnonoxxuMm, yto BeimoaHeHb! ycinoBusa I, II. Ilycrts
Uyt ) O HT (Ut )0 [LRY)T, 0<E(0)<d, 1{Ujgsensliyg)>0
U]+ U

11’ " m1

=0. Torma cymectByror Takue K >0, K >0, uro umeer

MECTO OII€HKa
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E(t)< Ke™, te[0,400)

3. Jloka3aTeJbCTBO.

Hoxka3zarenbcTBo Jlemm 1 u 2, a takxke Teopem 1-6 mpoBoauTCst aHAJO-
THUYHO, KaK 3TO ObLIO cienano B padore [9].

[oxa3arensctBo Teopemsl 7.

Iycts (u,(t,x),...,u, (t,x)) rmo6amsHoe pemenne 3amaun (1), (2). B cu-
ny Teopemst 2 (U, (t,)....,u, (t,)e Wy, 6, <5< 38,, 0<t < 4o, THE &,,5, KOp-
uu ypasuenus d(5)=E(0). Tax kax

HNMCEEM

%(eﬂE(t))+ e"22|ui (t,-)|2 =1 E(t)

Otcrona, UHTErpupys, HOJTy4YUM

B cuity Toro, uto (U, (t,).... um(t,-)) W;

=3 30,0 +5 P Sl 5 )

i=1 p + 1
CrnenoBareabHO, UMEEM

m

()2 Yoo ) +

i=l
C YUCeTOM (1) CIIpaBCJIMBO TOXKIACCTBO

Upsees U ZW

C npyroii CTOpOHBI

H(u,,.... U, 1<52WH+5ZWH—
Ya, 1«$2WM+I Ul ) (6)

i,j=1
Tak kak (ul(t,),...,um(t,~))eW5, 0,<0<0,, 0<t<+oo, sAcHO, uTO

I ) (ul 2000 m ) 2 0.
U3 (6) cnenyer, uto

I (5)

I - 2l S

=1

i7]



Uyt > (1= 33 7)

VYuursiBas (3) u (7), umeem
t

Je”E(T)dT < %iz:’j;e’” ﬂui (r,-)|2 +u; (z.)

2(1 _51) i=1
m t
V4 vl /- N AR
aitle [0 ) e o
ITocite onpeeaeHHBIX OMEHOK OTCIOIA ITOJTYYHM
t m
je}”E(r)dTS uu,1|2 +2Juy | ]+ ! Ze7‘ﬁu,(t,)|2 +2|u,(t,)|2]+

e"E(t)+ Zi:;[e”ﬂui (r,-)|2dr]s E(0)+ 4(17_/51)ﬁu“|2 + 2|ui0|2]+

e” ﬂui (6 ) +2¢,|u; t) 2]+

2(1}/_ 51)% o) +220,u () b ©)

IJie C, HOpMa omepaTtopa Bioskenns H' c L, (R“)

+
3
-
IS
I
N—
MB

BeibupaeM y Tak 4T00ObI

r 1
4(1_51)32. (10)

Torna, ¢ yaetom, (8) u (9) momyuum
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e”E(t)S(§+2)E(O)+ 72clleﬂ5(f)df,

rae C, He 3aBucut oT t >0 u 6 > 0.
IIpumenss Jlemmy I'ponyona umeem
e*E(t) < c,E(0)e™"",
T.€.
E(t)<c,E(0)e 7=, Y

y+4

rae c, :T, C, =Clyz.

Ecmu BRIOpath ¥ < min{c,,2(1—4,)}, 1o u3 (10) u (11) nomyaum yr-

BepxkaeHue Teopemsr 7.

N —

JUTEPATYPA

. Segal I. Non-linear semi-groups. Annals of Mathematics, vol.78, no.2, 1963, pp.339-364.
. Medeiros L.A., Miranda M.M. Weak solutions for a system of nonlinear Klein- Gordon

equations. Annali di Mathematica, Pura ed Applicata, vol.146, no.1, 1986, pp.173-183.

. Medeiros L.A., Perla Menzala G. On a mixed problem for a class of nonlinear Klein-Gordon

equations. Acta Mathematica Hungarica, vol.52, no.1, 1988, pp.61-69.

. Makhankov V.G. Dynamics of classical solutions (in non-integrable systems) Physics Re-

ports, vol.35, 1978, pp.1-128.

. Zhang J. On the standing wave in coupled non-linear Klein-Gordon equations. Mathematical

Methods in the Applied Sciences, vol.26, no.1, 2003, pp.11-25.

. Liu W. Global Existence, Asymptotic Behavior and Blow-up of Solutions for Coupled

Klein—Gordon Equations with Damping Terms. Nonlinear Anal., vol.73, no.1, 2010,
pp.244-255.

. Aliev A.B., Kazimov A.A. Nonexistence of global solutions of the Cauchy problem for sys-

tems of Klein-Gordon equations with positive initial energy. Difererential Equations,
vol.51, no.12, 2015, pp.1563-1568.

. AmneB A.b., KasumoB A.A. CymiecTBoBaHHE W HE CYIISCTBOBaHHE TIIOOATHHBIX PEIICHUN

3anaun Komwm nns cucrem Kneitna—Topnona. Joknanet AH Poccun, 214, 1.459, Ne2, ¢.1-3.

. Aliev A.B., Yusifova G.I. The Existence and Nonexistence of Global Solutions of the Cau-

chy Problem for Systems of Three Semilinear Klein-Gordon Equations. Azerbaijan Journal
of Mathematics, vol.8, no.1, 2018.

10. Aliev A.B., Shafiyeva G.Kh. On potential wells and global solvability of the Cauchy prob-

lem for system of semi-linear Klein-Gordon equations with dissipation. Proceedings of the
Institute of Mathematics and Mechanics, National Academy of Sciences of Azerbaijan,
vol.45, no.1, 2019, pp. 119-136.

11. Alvino A., Trombetti G., Lions P.-L. Comparison results for elliptic and parabolic equations via

Schwarz symmetrization. Annales de I'.H.P., section C, vol.7, no.2, 1990, pp.37-65.

12 Kesavan S. Symmetrization and applications. Series in Analysis, vol.3, 2006, 160pp.

57



KLEIN-QORDON TONLIKLOR SISTEMLORININ
QLOBAL HOLLININ VARLIGI VO ASIMPTOTIKASI

G.SOFIYEVA
XULASO

Isdo qeyri-xotti {imumi fokuslasmis yarimxotti Klein-Qordon tonliklor sistemi ti¢iin Kosi
maosalosine baxilmigdir. Potensial ¢uxur vo uygun Kosi mosslasinin global hollolunanligi,

hamginin =+ tam enerjinin asimptotik davranisi tadqiq olunur.

Acar sozlar: Klein-Qordon sistemi, Kosi masalasi, potensial ¢uxur, global hallolunanliq

EXISTENCE AND ASYMPTOTIC OF GLOBAL SOLUTIONS
OF THE SYSTEMS OF KLEIN-GORDON EQUATIONS
G.SHAFIYEVA
SUMMARY

The Cauchy problem for semilinear systems of Klein-Gordon equations with a common
focusing nonlinearity is considered. The potential hole and the global solvability of the corre-
sponding Cauchy problem are investigated, as well as the asymptotic behavior of the total en-
ergy as t — 4oo.

Keywords: systems of Klein-Gordon, Cauchy problem, potential hole, global solvability

TIlocmynuna 6 peoaxyuio: 10.09.2019 e.
Tloonucano k newamu: 28.12.2019 2.
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HEOBXOJMUMBIE YCJIOBUS ONITUMAJIBHOCTH B OJTHOI
JTUCKPETHOM 3AJIAYE OIITUMAJIBHOI'O YIIPABJIEHUS
C 3AIIA3bIBAHUEM

K.B.AXMEJIOBA", 1.®.HATUEBA™
“Baxunckuii T ocyoapcmeeHHvlil Yuugepcumem
**Hucmumym Cucmem Ynpaenenus HAH Azepoaiioncana
akja@rambler.ru, ilaha_21@mail.ru

B pabome paccmampusaemcsa oOHa 3a0a4a ONMUMATLHOSO YNPABGIEHUSA OUCKPEmHbl-
MU cucmemamu ¢ 3anazovieanuem. [Jokazanvl Heobxooumvle YCao8us ONMUMAIbHOCIU Nep8o-
20 NOPAOKA NPU PA3TUYHBIX NPEONONOHCEHUSAX.

KaroueBbie cmoBa: Anayor 3amauun H.H.Mowuceesa, hopmyna npupanieHus, GyHKIIAO-
HAaJl Ka4eCcTBa, HEOOXOIUMOE YCIOBHE ONTUMAIIBHOCTH, TUCKPETHBII MPHHITAIT MAKCUMYMA.

Beenenne. B pabore [1] H.H.MouceeB paccMoTpen 0HYy HETHIIOBYIO
3a/la4y ONTUMAJIBHOIO YIPaBJICHUS, OMKChIBAeéMasi CUCTEMONW OOBIKHOBEHHBIX
muddepeHManbHbBIX ypaBHEeHHH. B mpenaraemoil pabore u3yuyaercs Iuc-
KPETHBI BapHWaHT 3aja4yu w3 [1], mpu HaIWYUU B ypaBHEHHH OMHUCHIBAIOLITUN
MpoIeCC 3ama3/IbIBaHUs 10 COCTOSHHUIO. Y CTAaHOBJICHBI HEOOXOAMMBbIE YCIOBUS
ONTUMAJIBHOCTH IIEPBOTO MOPSIAKA.

IHocranoBka 3axa4yu. PaccMOTpUM yIIpaBisieMbli ITPOLIECC, ONUCHIBAEMBII
CIIEYIOIIEN CUCTEMOM HEJTMHEMHBIX PA3HOCTHBIX YPAaBHEHHH C 3aI1a3/IbIBAHUEM

X(t+1)= f(t, x(t),xt=N),ut)), tet,t, +t,..t, =1, (1)
C HayaJIbHBIM yCIOBUEM
X(ty = N) =%, _yseer X(t)) = X, (2)
3nece N —3amaHHOE HATypaJbHOE YHCIIO, f(t,X, y,u)— 3amaHHas N -
MepHasi BEKTOP-(QyHKIHsS, HEIPEpbIBHAS 110 (X, y,u) BMECTE C YaCTHBIMH IPO-
MU3BOJHBIMH TI0 (X, y) npu Beex tt),t,X _y,....,X, 3a1aHBI, a u(t)— r-
MEpHBII BEKTOp YIPABISAIOMIMX BO3AEHCTBHM CO 3HAYEHUSMM W3 3aJJaHHOIO
HEIyCTOro u orpaHndenHoro Mmaoxectsa U c R", T.e.
ult)eU cR", teT. (3)
Taxue ynpasnenust Oy/ieM Ha3bIBaTh IOMYCTUMBIMU YIPABICHUSIMHU.
PaccmoTpum 3agauy o MUHUMYME (DyHKIOHAIA
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St -

s(u D+ T s, x(t), x(6)) (4)

t=t, s=t,
npu orpannueHusx (1)-(3), npu npeanogokeHuu, 4To ONTUMaIbHOE yIpaBlie-
HUE CYILIECTBYET. 311€Ch go(X) 3aJaHHas HenpepbiBHO uddepeHuupyemas

ckansipHas Gynkmms, a F(t, s, a,b) sagammas ckamspHas QyHKIWSA, Hempe-
peiuast o (@, b) mpu Beex t, S

Jlomyctimoe ympasierne U(t), mocrapmsioniee MHHHMATBHOE 3HAYE-
Hue ¢yHkiuonany (4), npu orpannyeHusx (1)-(3) HazoBeM oNTUMAaIBLHBIM
YIIPaBJIEHUEM.

Llenbto paboOTHI ABISETCS BBIBOJ HEOOXOIMMBIX YCIOBUN ONTHMAILHO-
CTH IIEPBOTO MOPSAJKA B pacCCMaTpPUBAEMOM 3ajaue.

®opmyJia npupaueHus kadecrsa. [lycts u(t),U(t): u(t)+Au(t) JBa
JOIYCTUMBIX YIPaBJIEHUs, a X(t) u )_((t)z X(t)+ Ax(t) COOTBETCTBYIOIIAE MM
TPAeKTOPUH OCHOBHOM HauanbHOU 3amauu (1)-(2). Torna npupamenue ¢pyHk-
[IMOHaJIa KauecTBa (4) OyaeT uMeTh BUJ

AS(u)=S(@)- S(u) =[p(x(t,))- p(x(t, )]+
+Zz F(t, s, X(t), X(s))-F(t, s, x(t), x(s))} )

t=t, s=t,

a npnpameHHe Ax(t) TPAaeKTOPUU X(t) OyZIeT yAOBIETBOPATH YPAaBHEHUIO

Ax(t+1)= f(t, X(0).x(t=N). a(t)- £t x(t). x(t = N)u(t). (©)
AX(t,—~N)=0,...,Ax(t,)=0. (7)
Cuuras l//(t) IIOKa HEU3BECTHOM N -MepHOIl BeKTOP-(hyHKLIKEH MOI0KUM

H(t, x, y,u,p)=wi(tx y,u).
[IpuHuMas Bo BHHMaHue BbipakeHue (yHkimu ['amuiabrona-IIoHTps-

TUHA, NONYYUM
t,-1

Y wt)Axt+1)=

t=t,

= 3 RO, XE - N)TOWE)- HEXEO - NLuOwO)

t=t,
[Toatomy, mpunumast Bo BHUMaHue (6), (7) u BBeieHHOE 0003HAaYEHHE

u3 (5) Oynem umethb
t,-1

AS(u)=le(x(t ) - o(x(t )]+t —DAx(E )+ Dy t-1)ax(t)+

t=t,
t-1t,-1

+ 2, 2R (s x(0). x(s)- F(t. s. x(t). x(s))]-

t=t, s=t,
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[Tonoxum 1o OIPCACIICHUIO

H[ty = [H (6x(t),x(E - N o)y () - H e xEx(t - N)ul)p ()
N)u(tkw(t))
N).u(t).y (b))
)
)

aty H

tw]=H, (L x(t) (-
Jwl=H (b x(t)x(t -
[t]= £, X xE-N).u(t)),
f,lt]= f, (& x(E). x(t = N)u(t))
Fa[t,S]E (6.8, x(t). x(5)),
F[t,s]=F (t,s,x(t),x(s))

VYuuTeiBasg BBeleHHbIE 0003HAUCHHMsS C MOMOIIbIO (Gopmynsl Teinopa
npupauienue (8) pyHkoHana kauectsa (4) 3anuceiBaeTcs B BUJE

AS(0)= gL ((0 ) Ax(t)+ /(- DAXE)+ S lt-1) Ax()-

t=t,

—ZA Ht 2 ;[t,w]Ax(t)—t':ZlH;[t,w]Ax(t—N)— Q)

t=t, t=t,

9

~ I TP

t, -1 t, -1

- ; [Aﬁ(t)H;([t’ l//] AX(t)+ Aﬁ(t)H ; [t,l//] AX(t -N )]+ g, Fa,[ta S]AX(t)
t, -1

3 FLs]axs)+ o (ax( ))- 3 o, (ax)]+ |Ax(t-N))-

s=t, t=t,

—3 S o ax(t)+|ax(s),

t=t, s=t,

31ech U B AajbHENIIEM ||0{ || 03Ha4aeT HOpMY BEKTOpa (¢ , ONIpeAeIumMast

(@) ecth BenmumHa Gosee BEICOKOTO

n
popwyaoii fer|= 3 fr.
i=1

nopska, ueM ¢, T.e. o(a)/a — 0, npu o — 0.

YqHTLIBa;[ HavanbHOe ycioBue (7) HETPYIHO TOKA3aTh, YTO
t;—1-N

zH Tylt-N)='S H, [+ Ny ax()

t=t, t=t,
[ToaTOoMy, ecnu mpenrnonaratb, YTo BEKTOP-PYHKITUS (//(t) ABJISIETCA pe-
IEHUEM 3a/1a4i(COTPSHKEHHAsI CHCTEMA)

wit —1)=-¢,(x(t),
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-1
w(t—1 Z t,s]+F,[s,t]] t=t —N,..t, -1,

-1

pt-1)=H,[ty]+H [t+N, yx]+2[ Flt,s]+F[st]] t=t,..t,—N,

s=t,

To (hopMmyna npupaieHus (9) pyHkuroHana kauecTna (4) mpuMeT BUA

t, -1 \
= _ZAU(t)H [t,l//]— z [AU(t)H ; [t,l//]+ AU(t)H ;,[t,l//]]AX(t -N )+

t=t, t=t,

+o,(|axt)))- Zoz(IIAX i+ [Axe-N))- 3 S0 (axt) faxts) 10

t=t, s=t,
Hpe,[[l’IOJ'IO)KI/IM, YTO MHOXECTBO (MHOXKECTBO JOMYCTHUMBIX CKOpPOCTEH
paccMaTpuBaeMon CHCTEMBI)

ft,x(t)xt-N))U)={a:a=f(txt)x{t-N)v)veU} (11)
BBIITYKJIO IIpH BCeX t.
Torga cnenmanpHOE MNpUpPAIEHUE AOMYCTHMOIO YIPAaBICHUS u(t)
MOJKHO ONPEAETUTH 10 (hopMyIie

Au,(t)=v(t,e)-ult) teT, (12)
rae £ [0,1] MMPOU3BOJILHOC YHCJIIO, a V(t,e‘) TaKOU BEKTOP, YTO
Ao Flt]= A Tt (13)

3necn u(t)e U,te T mpou3BOJIBHBIN TOMYCTUMBII BEKTOP.
(DTO BO3MOXKHO B CHITY BBITYKJIOCTH MHOKecTBa(11))

Yepes AX, (t) 0003HAYUM CIELUAIbHOE IPUPALIEHUE TPAEKTOPUU x(t),
oTBeyvarolee npupaiieHuto (12) ynpasieHus.

[Tpumensist ananor semmsel ['ponyosuta-bennmmvana (cm. Hamp. [4]) moiy-
YUM CIIPaBEJIMBOCTh OLIEHKH

Ax. () < Le.te T, (14)

rae L, =const >0 HekoTOpoe NOCTOSHHOE.

Heo0xonnmoe yceaoBue ontumanbHocTH. C yuetom (12)-(13) u3 (10)
IIOJIyYUM CIPaBEIMBOCTD Pa3JI0KEHUS

S(u+Au,)- —eEA Ht,w]+o(e)
t=t,
N3 mony4eHHOro pasyioKeHus: B CHITy IPOU3BOIBHOCTH £ U V(t) cpasy
cienyer
Teopema 1. (aHanor JUCKPETHOTO NMpUHLMIA MakcuMyMma). Ecin MHO-
xecTBo (11) BbITYKIIO, TO JUIsl ONITUMAIBHOCTHU JOMYCTUMOIO YIPaBICHUS u(t)
He00X0IMMO, YTOOBI HEPABEHCTBO
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t,-1

Y AH[tLy]<0 (15)

t=t,
BemmonHsnock s Beex V(t)e U, te T .

HepasenctBo (15) sBisieTcss aHAIOrOM JMCKPETHOTO YCIOBUS MaKCH-
MyMa JiJIs pacCMaTpPUBAEMOM 3a/1auH.

HenocpencTBeHHBIM clieICTBUEM TEOPEMBI | SIBIISIETCSA

Caeacrue. [Ipu BbIOTHEHUHU YCIOBHUI T€OpEMBI 1, Isi ONTUMAIBHO-

CTH JOIYCTUMOTO yIPaBIICHUS u(t) HE00X0aUMO, YTOOBI HEPABEHCTBO
AMH[6.p]<0 (16)
BBITIONHSUTOCH it Bcex We U,8e T . HepaBenctBo (16) mpencraBuseT co0oit

MIOTOYEYHBIM aHAJIOr JUCKPETHOIO NMpUHIMIA MakcumyMa. HeTpynHo BuUaeTs,
YTO HEOOXOUMbIE YCIOBUS ONTUMANLHOCTH (15), (16) SKBUBaNIEHTHBI.
JInHeapu30BaHHBIM NPUHIHUI MaKkcuMyMa. [Ipeanonoxum, 410 MHO-

xectBo U BeImykioe, a f(t,X, y,u) HENPEPBIBHO TI0 (X, y,u) BMECTE C
YaCTHBIMHU IIPOU3BOJHBIMH 11O (X, y,u) Ipu BceX f.

[Tpu 3THX peanoNoKEeHUIX IpUpallleHne KpuTepus KadecTBa () MOXKET
OBITH MTPEJICTABICHO B BUJIE

=S Wy hut)+ o, (A x()])-
T t-1t-1 (17

S o ([AxO] [N s ) - 3 3o (ax()] o))

t=t, t=t, s=t,
Ilycte e [0,1] MPOU3BOJILHOC YHCIIO, a V(t)e,te T npowusBonbHOE
ILOHyCTI/IMoe yl'lpaBJ'IeHI/Ie.
Torna CIICIIUAJIBHOC HpI/IpaIHeHI/Ie I[OHYCTI/IMOFO praBJ‘IeHI/ISI u (t)
MO’KHO OTIPEEIHTH 0 hopMmyIie
Au,, (t) = pv(t)-u()]. (18)
Yepes AX# (t) 0003HAYUM CIEIMATIbHOE MPUPALIEHUE TPACKTOPUU X(t)

oTBeyvarolee npuparienuto (18) ynpasnenus u(t)
U3 (1) sicHo, uTO
t
Ax(t+1)= Y [Ax(z+1)-Ax(z)]. (19)
7=t,
[Tpu nomomu (19) mpumensst auckperHslil ananor I'ponyosuta-beni-
MaHa MoJIy4yuM, 4To

|ax, () < Lu. teT, (20)

rae L, =const >0 HekoTOpoe MocTOsSHHOE.
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Torga yuurtsiBas (18), (20) B dopmyne npupamenus (17) nmonydaem
CIPaBEAJTUBOCTD PA3TIOKECHUS

t,-1
S(u+au, )= S(u)=-u Y H, [ty vt -u)]+ olu)
t=t,
[TosToMy cripaBeBa
Teorema 2. (anajsor J1MHEapu30BaHHOTO YCJIOBUS Makcumyma). Ecim
MHOecTBO U BBINyKIIOE, TO Ul ONTHUMAJIBHOCTH JAONYCTHUMOIO YIPAaBJICHUS

u(t) B 3aaaue (1)-(4) Heobxoammo, 4ToOBI HEPABEHCTBO

S He oy Iv() - u)]<0 o

t=t,
BhImonHsnock st Beex V(t)e U, te T .
HepasenctBo (21) ecTb aHanor JuHeapu30BaHHOTO MPUHIUIIA MAKCUMYMA.
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_ GECIKMOYO MALIK BiR DISKRET OPTIMAL
IDARDETMO MOSOLOSINDD OPTIMALLIQ UCUN ZORURI SORTLOR

J.B.OHMODOVA, i.F.NAGIYEVA
XULASO

Isdo gecikmoya malik bir diskret optimal idaraetmo mosalesing baxilmisdir. Miixtalif
hamarliq sortlori daxilinds optimalliq iigiin birinci tortib zoruri sortlor isbat olunmusdur.

Acar sozlar: N.N.Moiseyev mosalosinin analoqu, artim disturu, keyfiyyot funksio-
nali, optimalliq ii¢iin zoruri gort, diskret maksimum prinsipi.

NECESSARY CONDITIONS FOR OPTIMALITY IN ONE DISCRETE OPTIMAL
CONTROL PROBLEM WITH DELAY

Zh.B.AHMEDOVA, I.F.NAGIEVA
SUMMARY

The paper considers one problem of optimal control of discrete systems with delay.
The necessary first-order optimality conditions are proved under various assumptions.

Keywords: An analogue of the problem of N.N. Moiseev, increment formula, quality
functional, necessary optimality condition, discrete maximum principle.

Hocmynuna 6 pedaxyuro: 26.09.2019 2.
Tloonucano x newamu: 28.12.2019 a.
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FASILOSIZ AXINDA KARBOHIDROGENLORIN
HIDROTOMIZLOMO PROSESLORININ QEYRI-STASIONAR
TOSIRLI iDARO STRATEGIYASI

H.O.NAGIYEV*, F.A.aLiYE_VA**
*AMEA Riyaziyyat va Mexanika Institutu;
**Baki Doviat Universiteti

Neft mansali yaglarin va miiharrik yanacaqlarinin hidrotomizloma proseslarinin riyazi
modeli asasinda mahsulun keyfiyyat gostoricilori meyarli geyri-stasionar idara strategiyasi
toklif olunur. Gostorilir ki, iiCfazalr miihitda yaradilan filtrasiyali axin saraitinda fazalararasi
absorbsiya, adsorbsiya va desorbsiya proseslorinin paralel movcudlugu qeyri-stasionar idara
strategiyasimn  Gstiinliklorini xeyli doracads artinr. Impulsiv va harmonik funksiyalar
sinfindan gotiiriilmiis idaro tasirlorindon ald> olunan dinamik rejimlor model iizorinda
hesablama eksperimenti aprmagla tadgiq edilir. Bu funksiyalar bilavasito xammalin keyfiyyati
va reaktorun mahsuldarligi kimi miihiim texnoloji parametrlorla alagadar oyronilir.

Acar sozlar: Dinamik sistem, qeyri-stasionar idaroetmo strategiyasi, karbohidrogenlorin
hidrotomizlonma prosesi, optimal keyfiyyat kriterisi.

1. Fasilasiz axinda hayata kecirilon texnoloji proseslor vo qeyri-sta-
sionar tasirli idaraetma

Fasilosiz axinda hayata kegirilon texnoloji proseslorin miithiim bir xassasi
idaraetmo praktikasi {i¢iin bir ¢ox hallarda miistosna shomiyyot dasiyir. Bu xas-
so miiloyyon zaman miqyasi ¢arcivasindo yaradilan qgeyri-stasionar rejimlorin
miisbat noticolors sobab ola bilmosidir. Dinamik obyektlori xarakterik vaxt ad-
lanan bir movhum xarakterizo eds bilir ki, bu kecid proseslorinin osas hisso-
sinin miivazinotlogsmis oldugu miiddotdir. Bu miiddotdon sonraki proseslor ya
ohomiyyatsiz doracads zaif olduqglarindan xarici kiiylors vo daxili fluktuasiya-
lara garisaraq, hiss olunmurlar, ya da sénmo naticesindo azalmis meyletmalor
ol¢ii cihazlarinin 6lgma daqiqliyi ¢argivesindon asagi oldugu iiclin diqqgati calb
etmirlor. Masalon, xatti sistemlords aperiodik vo ya ragsi xarakterli kecid pro-
seslori eksponensial sonmo omsali vo ya sonmo dekrementi [1] adlanan para-
metrlordo 6z oksini tapmis olurlar. Qeyri-xatti sistemlor tigiin analoji terminlor
riyazi solisliyini saxlaya bilmosolor do, otalot gecikmosini ifade edon xarakterik
vaxt anlam1 yena da 6z gliciinds qalir.

Fasilosiz proseslordo geyri-stasionar rejimlorin idarsetmo baximindan
diqgat moarkazinds olmast asason onunla baghdir ki, bu proseslords miisahido
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miiddati kifayat qodar genis intervali ohato edir, yoni t € (0,0). Aydindir ki,

idaro funksiyasi yalniz mohdud zaman c¢or¢ivosindo, basqa sozlo, dinamik
obyektin xarakterik vaxt miqyasinda hoyata kecirilo bilor. Bu o demokdir ki,
idaro funksiyas1 ya xarici tosir faktorunun doyismo tempino uygun sabit
saxlanilmali, ya da xarakterik vaxt miqyas1 ¢ar¢ivoesinde periodik funksiyalar
sinfindon gotiiriilmalidir. Doyismaz idars strategiyasindan daha genis imkanlar
coxluguna malik olan periodik funksiyalar, agkardir ki, optimalliq baximindan
daha mogsodouygn olacaqdir.

Xarici tosir faktorunun spektrindo asagi tezliklorin osas rol oynadigi

A@, vs onlarin bu baximdan prosesin xarakterik tezlik zolagi Aa@),ilo miiqa-

yiso oluna bilmadiyi, yoni Ag, :_|1_> Aw, barabarsizliyinin 6denildiyi oksor

hallarda idars funksiyasinin periodik funksiyalar sinfindo y(t)=u(t+7) kimi

axtarilmasinin potensial iistiinliiyii siibho dogurmur.
Fasilosiz prosesdo optimal geyri-stasionar idaro funksiyasi termini isti-
fado etdikdo elo periodik u(t)=a+ ¢(t+nT);n=1,2,3.. funksiya nozards tuta-

cayiq ki, onunla idaro olunan prosesdo asagidaki inteqral ekstremal qiymot al-
mis olsun.

1" = ext T[F[xo,x(t),u(t)]dt

u(t)eG 0
harada ki, X, X;,U —dinamik sistemin voziyyat doyisoni, sistemin baslangic
voziyyati vektoru va idars tesiridir; F () —idaroetms prosesinin keyfiyyat gos-

toricisi, G —totbiq iiciin nozords tutulan periodik idaro tosirlori ¢oxlugunu
ifados edir.
Sak. 1-da bels periodik idars tasirlari olaraq bir ne¢o niimuno gostarilmisir.

JUATATAVA
A

A "\"x h“-. LY \.
e | = b b

o LT
YNy |

Sok.1. Qeyri-stasionar rejim yaratmaq maqgsadi dasiyan
periodik (impulsiv) funksiyalar.
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Aydindir ki, sakilds gostarilon periodik (hom do impuls xarakterli) idars
tasirlorinin riyazi qurulusunu xeyli artirmaq miimkiindiir. Bu vo ya digor for-
mali idars tosirlorinin konkret masala ilo olagoli sokildo miioyyon edilmoasi gey-
ri-stasionar rejimli idara strategiyasinin secilmasinda tabii yoldur. Bu masalo
bilavasito obyektlorin fiziki mahiyyati vo texnoloji mozmunu ilo bagl hall
edilmali olur. Lakin bununla yanasi olaraq texnoloji aspektlori ehtiva etmoyan
secimlor do bir ¢ox hallarda 6ziino haqq qazandira bilir. Bu zaman gabaqcadan
nozards tutulmus periodik funksiyalar coxlugu miioyyanlosdirilir, bu funksi-
yalarin parametrlorinin doyigsma oblastlar1 toyin edilir. Sonraki morhale kompii-
ter eksperimenti metodlarinin tatbiqi asasinda ilk ndvbado nozords tutulmus hor
nov periodik funksiya {li¢lin optimal parametrlor toyin edilir. Yalniz bundan
sonra optimal natico yadda saxlanilaraq diger variant periodik tesir funksiysi
hamin qaydada todqiq olunur.

Qeyd edok ki, agor optimallasdirma sads se¢gmo tisulu asasinda hoyata ke-
cirilocok olursa va diskretlosdirmo M sayda variant1 ohato edirso, digor toraf-
don periodik funksiylar ¢oxlugu N saylidirsa, moasalonin holli M X N sayda
variant i¢orisindo se¢im hoyata kec¢irmo sayasindo oldo oluna bilocokdir. Maso-
lonin olgiiliirinin ¢ox boylik olmadigr hallarda masalonin hallino bu ciir yanas-
ma 6zilinii dogrulda bilor.

Lakin hesab edirik ki, konkret masalonin fiziki (texnoloji) mahiyyasti no-
zord alinan hallarda toklif etdiyimiz metod daha ¢ox miisbat noticalors yol aga
biler.

Sokillordo gostorilmis periodik funksiyalarin kompiiter hesablama pro-
seslarindo istifado edilmasino xidmot edon riyazi yazilislar1 asagidaki formada
geyd edo bilorik:

ut)=a+@t—nT);n=t//T;

harada ki, “// > isarasi kosr adodin tam hissosini ifads edir.

Konkret periodik funksiyalara goldikds asagidaki funksiyalari qeyd eds
bilorik:

1. Sinusoidal formal1 periodik tosir:

uty=a+Bsin(at + f); n=t//T,;

harada ki, @ — bucaq tezliyi, B —amplituda, ,3 — siirlismo bucagidir.

2. Pillovari impulslar ardicillig::

uit)=a+ B—tg(TE}t—nT); n=t//T;

3.u(t)=a+Bexp(-kt); n=t//T;

4. Diizbucaqli impulslar ardicillig1:

Xevisayd funksiyasindan istifado etmoklo [2] odadi lisullar osasinda
masalonin halli ti¢lin miisbat sorait yaranir:
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0, t=nT >t)&(t—nT <T); n=t/T;
utt)=a+B-
I, t—nT>0)&(({t—-nT <t));

Qeyd edok ki, gdstorilon periodik funksiyalardan 1, 2 vo 3-cii ifadolor
tic parametrli, 4-cii funksiya iso dord parametrlidir.

2. Karbohidrogenlorin hidrotomizlams proseslorinin
iimumi riyazi modeli vo impulsiv dinamik tasir

Karbohidrogenlorin hidrotomizloma proseslari texnoloji cohatdon az forg-
lidirlor. Riyazi model etibari ilo bir-birindon prosesin asas torkib hissosini togkil
edon desulfurlagma reaksiyalarimin surat omsalari ilo forqlonirlor. Hidrotomizles-
mao proselarinds hadaf tokca kiikiirddon tomizloms olmayib, bir sira keyfiyyato
manfi tesirlorden do, masalon, metal qarisiqlardan tomizloma ds 6ziins yer tapa
bilor. Lakin belo hadoflor iimumi hodof xarakteri dasiyir vo idaroetmodo onlara
maraq aparici rol oynamir [3].

Motor yanacaqlarinin hidrotomizlomo proseslori Respublikamizin neft
emali sonayesinin aparici sahoalorindon birini togkil edir. Istehsal texnologiya-
sina goro fasilosiz prosesdirlor. Ciddi suratdo xarici tosirlorin mdévcudlugu ilo
xarakterizo olunsalar da, bu tosirlor qurgularin istismar1 zamani asagi siiratlo
doyisirlor [4]. Xammal keyfiyyotinin doyismosi xammal ¢onlorinin bosalms1 vo
yeni ¢ona kecilmasi sobabi ilo bag vera bilir. Proses nominal faaliyyast soraitin-
do stasionar proses olaraq diggati colb edir.

Texnoloji proses stasionar katalizator tobagosindo hidrogen torkibli qaz
vo maye yanacaq (siirtgli yagi) fazalarinda hidrogen istiraki ilo kimyavi proses-
lori hayata keciran reaktor — xiisusi toromoli diferensial tonliklorlo tosvir oluna
bilir. Reaktorun foza koordinatina goro bir 6l¢iilii model yazilisinin praktiki
olaraq 0zilinli tomamils dogrultdugunu nozors alaraq, hamin yazilis tadqiqati-
mizda osas konstruktiv riyazi aparat olaraq qobul edilmisdir. Reaktorun diffuzi-
yanin nazoro alinmamast ilo ligfazali filtrasiyali axin modeli asagidaki kimi
tortib olunmusdur:

) V ) P
B Vo By [P b )20 i=131-H2-S3-H,S
adt So,p, ox ki (T)

ol s

((jjz:;/k(vyan); (1
E’;TH_Wyk(aykyH —2,)+22, 2k, exp(-E/RT)=0

aaits_vvyk(aykyS ~2, )+ 2,25k, exp(~E /RT) =0

aza”tzs Wy (@, Yirs — 26 )=0
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Bu model tonliklorinds asagidaki isarolomalor gobul edilmisdir:
S

o, = > —yagdaxili gaz qabarciglarinin tutdugu nisbi sahs; o, =?0-
(1-0)S

reaktorun en kosiyindo katalizatorun tutdugu nisbi sahs; 0, =1-0, - yag fa-

zasmin tutdugu nisbi saho; Py, Ps, Pyy,s —qaz fazasinda hidrogenin, kiikirdin
vo hidrogen-sulfidin parsial tozyiqlari; Yy, Ys, Y, s —yag fazasinda holl olmus
hidrogenin, kiikiirdiin vo hidrogen-sulfidin qatiliglar1; z,,z; —hidrogen, kiikiird
va hidrogen-sulfid maddalari ilo zabt olunmus aktiv morkazlorin nisbi miqdart;
V, - qazin hacm siirati; V, - yagin hocm siiroti; P —reaktorda tozyiq; S,S,,S, —
uygun olaraq reaktorun en kosiyinin {imumi sahasi, reaktorun en kosiyindo
katalizatorun tutdugu saho vo reaktorun en kosiyindo bosluglarda qalan (yag

vo qaz fazasi Ugiin qalmig) sahalor; p.,p, —qaz vo yag fazalarnin sixliglari,

y —filtrasiyali axinda miigavimot omsali; W; Wiyk —qaz-yag vo yag-katalizator

vo
fazalari iigiin maddo kogiiriilma siirat omsallari; k (T) =k (T —=273)+& ;i= 13
-i= l,_3; uygun olaraq hidrogenin, sulfidli birlosmalorin va hidrogen-sulfidin
yagda holl olmasmin temperatur asililigi; b;,b;k,b;,'js —hidrogen, kiikiird va
hidrogen-sulfidin yag miihitindon katalizator sothino adsorbsiya omsallari;
E.R,k,,T —sulfidlosma reaksiyasinin aktivlosma enerjisi, qaz sabiti, reaksiya

stirot amsal1 vo reaksiyanin hoyata keg¢irildiyi temperaturdur.
Baslangic vo sorhad sortlori asagidaki kimi verilir:

t=0 olduqda
Pi(%,0) = Pips  Yi(X%,0) =Y Z;(x,0) = 7;;;
X=0  olduqda

Pi(0,1)=pip(1);  Yi(0,1) =y, (1) Z(0,1) = Z;(1);

Bu riyazi models periodik idars tasirlorindon yaranan reaksiyani oks et-
dirmok imkan1 vermok tigiin madds vo istilik balans tonliklorinin yaziligina agi-
gidaki slavolor edilmisdir:

ap, Vg, [1+u;sin(at)] op, W ( P

ki(T)y‘_pi)=0; i=13

¥, Vyo [1+u, sin(at + )] dy, o
ot So,p, ox Pl k(@)

harada ki, Z, — doyisonlori (1) tonliklor sistemi ilo miisyyan olunurlar.

Yi— b )+W;k (bi/k Yi _Zi):O
(2)
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Qeyd edok ki, (2) tonliklorindo slave olaraq dord variasiya oluna bilocok
parametr istirak edir: - U, U,, ®, ¢ . Bu parametrlor sinusoidal idars tosirini hom

hidrogen torkibli qaz, hom do xammal {izro eyni tezlikls, lakin miixtalif ampli-
tuda vo faza siiriigmosi ilo hoyata kegirmoyo imkan verirlor.

Dordnoqtali agkar sxem asasinda sonlu forglor sisteminin hesablanmasina
asasan model masals hall edilmis vo temperatur vo kiikiirdliiliik gostaricisinin
reaktor boyu paylanmasinin zaman {izro tokamiiliinii oks etdiron hollor olda
edilmisdir.

m.p+l

m-1.p m.p m+1.p
Sak. 2. Askar sxem iizrs isloyon dordnoqtali sablon.

Sok.2-do modelin diferensial tonliklorin hesablama tisulu ilo halli {igiin is-
tifado olunmus sablon gostorilmigdir. Bu sablon diffuziya ilo maddo kogii-
riilmasi prosesini aks etdiron modellarin hesablanmasinda 6ziinii yaxs1 gostarir.

Qeyd edok ki, yalniz iimumi miilahizalore istinad edon belo bir mévqe
tam osasli sayila bilor ki, qeyri-stasionar rejimlorin, basqa s6zlo dinamik sis-
temlorin zaman iizro macburi horaketlorinin tadqiginden irali golon optimalliq
daha mohdud c¢orcivads, yoni yalniz stasionar rejimlor ¢orcivosindo axtarilan
optimalligdan askar ustiinlilys malik olmalidirlar. Nozori baximdan xiisusi is-
bata ehtiyact olmayan bu miiddsanin konkret olaraq bu vo ya digor fiziki ef-
fektlo alagalondirmak hor zaman miimkiin olmasa da bels izahlarin (fiziki ce-
hotdon interpretasiyanin) verilmosino homigo xiisui maraq movcud olmusdur
[5]. Kimya texnologiyasi proses vo aparatlari sahosindo ¢alisan miitoxossislor
ir1 sonaye obyektlorinin igo buraxilmasi, dayandirilmasi zamani meydana ¢ixan
qeyri-stasionar rejimlorin modellasdirilmasine yonoltdiklori diqqgeti sonralar
optimal idarsemo maqsadi dastyan vo maqgsadyonlii surotdo dinamik rejimlorin
yaradimasina yonoltmis oldular [6] .

Apardigimiz todqiqatda katalitik sistemdo maddokoéciiriilmo proseslori-
nin ¢ox miirokkab mexanizm iizro, yoni adsorbsiya, desorbsiya, kimyavi reak-
siya aktlarinin parael vo olagoli inkisafi ilo hoyata ke¢diyini nozars alsaq, deyo
bilorik ki, optimal rejimlorin dinamikada axtarigi bu proseslor {igiin imumon
cox perspektivli olmalidir.
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Sok.3-do hidrotomizloms reaktorunun girisino verilon xammalin hacm
stirotinin periodik olaraq doyisdirilmesindon alinan geyri-stasionar rejim oks
olunmusdur.

Y5
051
04 ]
0.46
04
042

0.4

0.38 -
0

Sok.3. Kiikiirdlii birlosmalerin parsial tazyiginin geyri-stasionar rejims uygun
reaktorboyu paylanmasi.

Sok. 4-do emal olunan xammalin kiikiirdliliik derocasinin impulsiv do-
yismasindan yaranan qeyri-stasionar rejim gostorilmisdir. Diffuziyanin méveud
oldugu sobobindon reaktorun girisindo impuls formasi dasiyan kiikiirdliiliik fai-
zi reaktorun orta hissaosinds xeyli hamarlasmisdir.

KikOmdln konsanirassyas:, %

Sok. 4. Girisdo emal olunan xammalin kiikiirdliiliik derocesinin impulsiv
doyismasindon yaranan qeyri-stasionar rejim.

Reaktora verilon xammalin sorfinin doyisdirilmasi idareetma baximindan
daha ¢ox maraq dogurur. Sakilde impuls derinliyi 2-ys barabar olan periodik
tasirdon oldos edilmis kegid prosesi qrafik olaraq gostorilmigdir.

Beloliklo, karbohidrogenlorin hidrotomizlomo proseslori {i¢iin hoyata ke-
cirdiyimiz model tadqiqi gostarir ki, qeyri-stasionar (impulsiv) tesirli idaro stra-
tegiyast optimalliq amilinin hoyata kecirilmasi baximindan yiiksok somaraliliys
malikdir.
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Notica

Fasilosiz axinda hoyata kecirilon dinamik proseslorin geyri-stasionar re-
jimlari sahasinds apardigimiz tohlil faktlar ssasnda o qoenasto golmoys asas ver-
misdir ki, bels rejimlorin siini surotds yaradilmasi miisbat naticalor verir. Yara-
dilmasi texniki baximdan problemsiz hayata kegirilo bilon bu tip idars todbiri
fasilosiz axinda hoyata kegirilon bir ¢ox dinamik proseslorin idaro olunmasina
asanligla tatbiq oluna bilar.

Hidrotomizloms reaktorunda xammalla yiiklomoni periodik vo impulsiv
rejimds hoyata kegirmaolar, siini geyri-stasionar rejimlor yaradaraq, obyektin di-
namik xassoalorini agkar etmok qarsiya qoyulan problem baximindan magsads-
uygundur. Miixtalif amplituda va tezliklorls yaradilan geyri-stasionar rejimlorin
yekun gostaricilorinin hiss olunacaq deracads yiiksaldiyi askar olunmusdur.
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CTPATEI'usi HECTAIIMOHAPHOT' O YIIPABJIEHUS ITPOECCAMMU
IT'HIaAPOOYUCTKH YIVIEBOJOPOAOB, OCYIECTBJ/IAIOINXCSA
B HEITPEPBIBHOM ITOTOKE

I''A.HATUEB, ®.A.AJIMEBA
PE3IOME

[Ipemraraercss METOA HECTAIIMOHAPHOTO YIIPABIICHHS 10 KPUTEPHIO KA4ECTBA BBIXOIHO-
ro TPOJYKTa TEXHOJIOTHYECKOTO MpOIlecca THIPOOYHCTKU YIICBOAOPOIOB HEPTSHOTO MpO-
ncxokeHus. [1oka3pIBaeTCs, YTO MapajlieIbHOE COCYIIIECTBOBAHUE MPOIECCOB a0COpOIHH, aj-
copOIu 1 gecopOIuu B Tpex(a3sHoW CHCTEME B YCIOBUAX (UIBTPAIMOHHOTO TEYCHHS OYH-
[IIAEMOT0 CHIPbSl Yepe3 HEMOJBMKHBIN CJIOl TBEpJOro Karain3aTopa HOBBIIACT PPEeKTHB-
HOCTh Hpoliecca. BpIaucanTenbHbIe SKCIIEPUMEHTHI, IIPOBE/ICHHBIC ¢ MCIIOIb30BAaHUEM MEPHO-
JIMYECKH JCHCTBYIONIMX MMIYJIbCHBIX U TAPMOHHYECKUX BO3/CHCTBHUIL, MOXKET MOBBICHTH (-
(heKTBHOCTh HECTAIMOHAPHBIX YIPABICHUHN 110 KPUTEPUIO KA4ECTBa BBIXOJHOTO MPOAYKTA I'H/I-
POOYKCTKH yTIIEBOJIOPOJIOB.

KiroueBble ciioBa: I[I/IHaMI/I‘-IeCKaﬂ CUCTEMA, CTpaTeTrysd HECTAUMOHAPHOTO YyIHpaBJic-
HUs, IPOUECC TUAPOOYNCTKH, KpI/ITepI/Iﬁ OIITUMU3AlIUH Ka4CCTBA.
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STRATEGY FOR NON-STATIONARY CONTROL OF THE PROCESSES
OF HYDROCARBON TREATMENT CARRIED OUT IN A CONTINUOUS
FLOWANNOTATION

H.A.NAGIEV, F.A.ALIEVA
SUMMARY

A method of non-stationary control according to the quality criterion of the output
product of the technological process of hydrotreating of petroleum origin hydrocarbons is
proposed. It is shown that the parallel coexistence of absorption, adsorption and desorption
processes in a three-phase system under conditions of filtration flow of the purified raw
material through a fixed bed of solid catalyst increases the efficiency of the process. Com-
putational experiments carried out with the use of periodically acting impulse and harmonic
actions can increase the efficiency of non-stationary controls in terms of the quality criterion of
the output product of hydrocarbon hydrotreating.

Key words: Dynamic system, non-stationary control strategy, hydrotreating process,
quality optimization criterion.

Redaksiyaya daxil oldu: 02.07.2019-cu il
Capa imzalandi: 28.12.2019-cu il
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B smoui cmamve uccnedyemcs nyibcupylowuil ROMOK COHCUMAEMO20 08YX(PaA3HO20 ny-
3bIPLKA BA3KOU HCUOKOCTIU, COOEPAHCAULe2oCs 8 Ynpyeou mpybe ¢ npsamotl ocvlo. B pabome 6vi-
JIU UCRONB306AHbL 0OHOMEPHbIE UHelinble ypasHenus. [Ipednonazaemes, umo mpyora sHcecmro
3aKpenyiena Kk onpedenennol cpede. B ciyuae xoneunotl OnuHbl 0agienue npuxiaobléaemcs Ha
mopywl e2o epaneil. B ocpanuuennom npoyecce OmHoueHUss NOIYYAIOMCs OISl OYeHb ONUHHOL
mpyoxu. Taxoe onucanue 8 HEKOMOPOM CMbICIie 060bWaem u ycuiusaem pabomy maxko2o mu-
na. B yucneHHom SKCnepuMenme paccmampueaemcst noryOeckoneynas mpyoka ¢ npomoyHoll
60001, codepaicaueli HebOIbULOe KOIUUeCmB0 NY3blpbKo8 6030yxa. OnpedeneHo érusHue 00b-
EeMHO20 COOePICaHUsl NY3bIPbKOS HA 60HOGble Xapakmepucmuku. Tlocmasnennas 3adaya pe-
waemcs npumeHeHuem meopuu PYHKyull KOMIIEKCHbIX NEPEMEHHbIX.

KiaroueBble ciioBa: [[ByX(l)aBHaH KUAKOCTD; BA3KOCTD, IIYJIbCUPYIOIIIEC TCUHCHUEC,; BOJIHA.

Beenenne. IIpobrema pacrnpocTpaHeHHs BOJH B Ae(QOpPMUPYEMBIX
000JI0uKax ¢ TeKy4el cpeiod B HUX MOJOCTAX JOCTAaTOYHO momyisipHa. [lpu
pPacCMOTPEHUM 3aJ]a4M TaKOTO poJia CIEAYEeT MOOLIPITh PACCMOTPEHUE YypaB-
HEHUH JABUKCHUS O60J'IO‘IKI/I, YUYUTBIBAIOIIUX BJIUAHUEC ABUKCHUA KUJIKOCTU B
Hem. IIpenmnonaraercs, 4Tto OJHOMEpHOE MPHUONMKEHHE MPUMEHMMO, KOrna
JUInHA TpyOKHM HaMHOro Oouiblie ee paauyca. Takoe npuOInKEeHNEe OMUChIBAET
OCHOBHBIE CBOMCTBA CUCTEMBI «000JI0UKa-)KUIKOCTb». Ha cerogusmHuii 1eHp
B COBOKYITHOCTH TaKHX MPOOJIEM XOpOIIO pa3BHTa 00JIACTh THAPOJAMHAMHUKH.
OpHako MexaHW3M SIBICHMH, CBA3aHHBIX C OJHOBPEMEHHBIM PacCMOTPEHHEM
)IByX(l)aSHOfI KHUIKOCTHU B OTCCKE C YYETOM €€ C)KMMACMOCTH, BA3KOCTHU U OPTO-
TpPONHMM MaTepuaia TpyOKu, He coBceM MoHATeH. MHTepec k mpobiemam BOII-
HOBOW JTWHAMHUKH TY3BIPHKOBBIX JKHUIKOCTEH, MPOTEKAIMUX B nedopmupye-
MBIX TpYyOKaX, 00YyCIIOBJIEH Ba)KHOCTBIO IPUMEHEHHUS PE3yJIbTaTOB HCCIe10Ba-
HUHM K 337lauaM pacueTa T'MJIpaBIMYECKUX CHUCTEM B CaMOJETOCTPOEHUH, Hed-
TEra30BOW MPOMBIIIJIEHHOCTH, XUMUYECKON TEXHOJIOTUH, TEPMOJAMHAMUKE.
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METO/. OcHoBHbIe MP00JIEeMBI.

3aMKHyTas CUCTEMa YpaBHEHHUI COCTOMT M3 TMIPABINYECKUX ypaBHE-
HUHN JBUKEHUS )KUJKOCTH U TPYOOK, a TaKKe HEMPEPHIBHOCTU CKOPOCTEI KOM-
MIOHEHTOB YpaBHEHUH Ha rpaHUIIe pa3jesa KHUIKOCTb-TPYOKH.

* [1y3bIpbKU MPUCYTCTBYIOT B popMe cheprUuecKrX BKIIOUEHUN OMHA-
KOBOT'O pajsinyca g B KaXJIOM 3JIeMEeHTapHOM Makpoooseme. Kpome Toro, 00b-
€M KOHLIEHTPALIUU IY3bIPbKOB d29 HEBEIHUK (CMECh MOHOJUCIIEPCHAS) U 3HAYE-
HHE ) HAMHOT'O MEHBIIIE, YEM XapaKTEepPHBII pa3Mep paccMaTpUBacMOM CHUCTe-
MBI,

* [Ipsimoe B3aMMOIENUCTBUE U CTOJIKHOBEHHUE ITY3BbIPBKOB JPYT C APYyroM
MOYXHO UTHOPHPOBATH;

* MIPOLECCHI CAUSHUA (KOAryJsiliuK) U 0Opa30BaHUsl HOBBIX My3bIPHKOB
OTCYTCTBYIOT;

* CKOpOCTb Iy3BIPHKOB U HecyIel (a3bl 0IMHAKOBBI;

* [Iy3bIppKM UMEIOT HEUTPAIBHYIO IIJIABYYECTh, TO €CTh HE OCEAIOT U
HE BCILIBIBAIOT;

* BsizkocTh Hecymelt (ha3bl HAMHOTO OO0JIbIIIE, YEM BSI3KOCTh MTY3BIPHKOB
rasa (Hampumep, BS3KOCTb BoJbl B 10 pa3 Oosblie, yeM BA3KOCTh BO3/yXa) H,
CJIEIOBATENbHO, BSI3KOCTh CMECH MPAKTUYECKH HE 3aBUCHUT OT OOBEMHOIO CO-
JepIKaHMS TY3BIPBKOB.

Teopernyeckue 0CHOBBI. B paMkax caeigaHHBIX JOMYIIECHHH, ypaBHE-
HUS TUAPOJUHAMUKH COCTOSAT U3 YPABHEHUS UMITYJIbCOB

P M+ ® g n
ot ox

YPaBHEHUs HEPA3PBIBHOCTH [ 1, 2, 4]

28_W+8_U+La_p:0 (2)
Rt ax  p, ot

U PEOJIOTMYECKOT0 ypaBHEHUs cMmecH [2, 3]

% 3

=a’p+
p=a’pt

B ypasuernusax (1) — (3) u(x,t) — ckopocTh Teuenus cmecu, p(x,t) —
TUIPOJMHAMUYECKOE JaBleHue, p(X,t) — IIOTHOCTH cMecH

2
a? = 1 Pio Po (4)
0520(1_0520) Pio =P | Pio
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KBaJIpaT CKOPOCTHU PacpOCTPAHEHUS 3BYKa,

Po = Pro + OhoPog (alo +ay = 1) 5 ®)
a
fzéll'l(l_azo) (6)
4 oy

00BeMHas BI3KOCTh, B KOTOPOH f — AWHAMHYECKAs BS3KOCTh Hecymiel (a3pbl.
3nech @, — 00BEMHOE COJIEpKaHHUE ITY3bIPBKOB, L, P, — COOTBETCTBEHHO
IUIOTHOCTHU HECYILEH U AUCTIepCHOM (a3bl, P, — 3a7aBaeMOE CTATHUECKOE JaB-

nenue. Mapekc 0 BHHM3Y O3Ha4aeT 3HAYCHHME IapamMeTpa B PAaBHOBECHOM CO-
crostHuu. Heo6XoauMo 3aMeTHTh, UYTO B JIMHEHHOI IOCTaHOBKE BMECTO TEKY-
el 00bEMHON KOHIIEHTPALMH ¢, UCIIOJIb3YETCsl PABHOBECHAS 1y, A JIAHHBIN

MOJXO0J] APHOPH TIOAPA3yMEBAET HAJUYKE TY3BIPHKOB (az,, #0). Eciiu 06bem-
HOE COJIEpP)KAHKE IMy3bIPHKOB JOCTATOYHO Majo, (o, <<1), TO cpeaa MOXKeT

paccmarpuBaThCs Kak ogHOponaHas. OCOOEHHOCTBIO TaKOH MKMJIKOCTH IpU
Do << Py SBISETCSA TO, UTO

Po = Pro t Ay Pag = Xy Pro = Pro - (7

DTO OOCTOATENHCTBO MO3BOJSET C JOCTATOYHOW CTEMEHbIO TOYHOCTHU
niepenucath Gopmyisl (4) u (6) creayronm o0pa3oM:

4
at=—P, g2t (®)
P10 3oy

[Ipu sTOM, Kak 3TO cieayer u3 nepBoi dopmynsl (8), cxkatue cMecH
IIPOMCXOIUT TOJIBKO 32 CYET €€ Ta30BOM COCTaBIISAIOLIEH.

YpaBHeHHEe ABHKEHHSA 000109KH.

IIpenmosnoxum, 4TO0 B HEBO3MYLIEHHOM COCTOSIHUM MMEETCS LWJIMHI-
puueckas mpsIMOJIMHelHas TpyOka ¢ paauycoMm R u Tommmuou h. Jlanee 3amu-
IIeM ypaBHEHUE ABMKEHHs TPYOKH, IIpeanosaras, 4To MaTepral CTeHKU yIpy-
ruii oprorporneH, ¢ppakiwst h / R << 1, u TpyOKa KecTKO MPUKPEIIeHa K OTpe-
JIEJIEHHOH cpene. B 3TUX yCIIOBHSX OCTaTOYHO MCIIOJb30BaTh CIEAYHOLIEE
ypaBHEHHUE:

hE, o'w

*

=2 _w+ph—-,
PR P e ©)
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rne p, - MIOTHOCTh CTEHKH, Ep — TaHrencansusiii Mmogyns fOnra, v, u v, -
koaddunmentsr Ilyaccona, rae Eovi=Ejv,. Bropoit wien B (9) - 310 nHepmus
TpyOKu. Ero BIusiHME Kak MPaBUIIO, CUUTACTCS] HE3HAUNUTEIHHBIM:

_ 2
JEHAL 00)
2

Taxkum 00pa3zom, MBI MOXKEM TMPEATNON0XKHUTh, uTO ypaBHenue (1) - (3) u
(10) mpencTaBisitoT cOOOM 3aMKHYTYIO CHCTEMY THAPOYIPYTOCTH, KOTOPYIO
MO>KHO HCIIOJIB30BaTh ISl OMUCAHUS SBOJIIONMU MaJIbIX BO3MYIIEHHUH B TpyOe,
coJiepKallei ra3 v *KHUJIKUE CPebl.

[TonyuyeHHbIE ypaBHEHUS peIaeM C TOMOIIbIO p(x,t). [ns sToro nmocry-

UM CJIeYIOIIMM 00pa3oM: ¢ moMolbio ypaBHeHu# (1) u (2) uckimroyas QyHk-
o U(X,t), momyuaem:
20w, 19p 19°p_
Rat> p, ot p, oX
VYuureiBas (10) u (3) MOy YHUM:
a’ d’p 0’ 0’ 0’
I+ D5 P P dP 9P g (a1
at®  c,p, ot ox~  p, oxot

rie c; :L :
2p,(I-vv,)R

Tenepp nanpHEMIINN X0 aHAIW3a 3aKJIIOYAETCS B YMEHBIIEHUU pellie-
Hus TuddepeHanbHOr0 ypaBHEHUSI B YaCTHBIX Npou3BoAHbIX (11) Kk pere-
HUIO OOBIKHOBEHHOTO M (epeHINaTbHOTO YPaBHEHHUS.

PesyabTaTsl. PelieHue BOJTHOBOIO ypaBHeHUs.

'apMoHMueckuii aHaIN3 HCHOJB3YETCS UIsl ONMUCAHUS CIOKHBIX HM-
MyJIbCOB, XapaKTEPHBIX ISl BOJIHOBBIX JBM)KEHUMN, TO €CTh UMITYJIbCHI CIOXK-
HOW CTPYKTYpHI pa30MBalOTCs HA CUHYCOUAAIbHbIE KOMIIOHEHTHI, KOTOpBIE 00-
pasytor psan ®Dypbe. M3-3a NTMHEHHOCTH M OJHOPOJIHOCTH OIPENEISIOIETO
YPaBHEHHUS IIPOCIIEKNUBAETCS MPOUCXOKIEHUE KaKIOM FTApMOHUKHU C YaCTOTOM
N@. 3nece N HaTypainbHOE yucio. [103TOMy MBI MOXKEM 3aKJIFOUUTH, YTO pac-

CMOTpEHHUE YHUCTO CHHYCOMJAIBHBIX KOJeOaHuM ¢ 3aJlaHHOM 4acTOTONH @ sB-
JSI€TCSl KPUTHUUECKH BaXkHBbIM. [lo3TOMy, MCIOnb3ys METOJ pasieieHus Iepe-
MEHHBIX, Mbl MOXKEM HUCKaTh penieHue ypaBHeHus (10) B cienyromiem kiacce

GyHKUIMI:
p(X,t) = y(x)exp(iat). (12)

3nech Y(X) - HEM3BECTHBIM, B O0IIEM Cliydae KOMILUICKCHAs (QYHKIIHS, a

| =+/—1 - MmuuMas eguanna. [oxcrasss (12) B (11), BBOASI 0003HAYEHUS:

m, +1im
o= (13)
a“+im,
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B KOTOPOM

2 3
a () @
m1:w2(1+ 2)5m2:§ 2am3:§
CO pOCO IOO

B pC3yJIbTAaTC HAXOAUM:

" 2y,
y'+0°y=0. (14)
3nech Y"- BTOpasi MpOM3BOJHAS OT Y Mo KoopauHaTe x. OTaenss ypaBHEHUE

AUCIICPCHHU Ha HeﬁCTBHTCHLHYIO U MHUMYIO YaCTH, HaAIIUIICM CJICAYIOMICC:
2 2
_Mma +mm, .mm —ma

d at+m; at+m] =k —lk,
Orcrona cinenyer
5:i(50 _i51)a
5 = /rJ;k] 5= /r—zk1 ’
rae,
(r =k +k2).

Ob6mee pemenue ypaBaeHus (14) uMeeT BUJ XOPOIIO U3BECTEH U 3aMUCHIBACT-
s KaK:

—iox ik
y=Ae “ +Be
Irac A, B - mocTosHHBIE HUHTCIpUPOBAHUSA B 06I_I_ICM CJIydac KOMIIJICKCHBIC, KO-

TOPBIE ONPENEIAIOTCS U3 TPAHUYHBIX YCIIOBHM 3a1a4d. Tenepb, O4EBHIHO,
HMEEM:

p(x,t) ={Ae 7 + Be" Jexp(iat)

Cnenys ypaBuenusM (3) u (10), mepenuieM OTHOIIECHHUS:

P(x,t) = (a> +im,){Ae " + Be'* fexp(iat)

W(X,t) :%(a2 + im3){Ae“5‘ +Be'* }exp(iwt)
u(x,t) = M{Ae‘i& + Be'* }exp(ia)t).

Jlis odeHb JUIMHHBIX TPYOOK ({0 ﬂewoo), HEU3BECTHBIE MapaMeTpPbl MPH-
HUMAIOT CJIEJYIOUIYIO IPeeNbHYI0 (hopMy

p(x.t)=crexp|(i(at — 5],
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p(x,t)= (a2+im3)exp[(i(ax—63<)],
( ) _a5/po ( Im3)exp[((al—&()],
=a{(1-v,v,)R)/(hE, a® +im, Jexp[(i(at - &)].

Otcrona, B COOTBETCTBUM C (hopMysoi Ditnepa, Aas aMIUIUTY]] UCKO-
MBIX (DYHKIIUH MOYKHO 3alucaTth

B pve—(ilx
=T

|p|=p"e ™,
(15)

VA—OX
e 1

R LR

0
2
|\N| — pve—élx (l + VIVZ )R
hE,
CDOpMyJ'H)I, KOTOPBIC MBI IMOJTYYHJIU 3AC€Ch, MOKHO HCIIOJIb30BAThH B Ka-

. 0]
yecTBe 0a3bl /Ui pacyeTa HCKOMBIX (PYHKIMIA CKOPOCTH BOJIHBI C=-— U 3aTy-
0

XaHWA O, B 3aBUCUMOCTH OT &y .

3AK/IFOYEHMUME. TakuMm o0pa3oM, UCXOJs W3 BHIOPAaHHBIX MapamMer-
POB U pekuMa 0 paboTe CUCTEMBI, Mbl MOKEM CJIeIaTh CIEAYIOIIUNA BBIBOJI:
* [To mepe yBenuueHus 3Ha4€HUsl ,, CKOPOCTh PACIIPOCTPAHEHUE BOJIHBI 3HA-
YUTEJIBHO YMEHBIIIAETCS;
* AMIuinTya 6e3pasmMepHasi IJIOTHOCTh YBEIMUMBACTCS C YBEIIMUCHUEM () ;

* AMIIIUTYJ]a CKOPOCTH CMECH YBEIMUNBAETCS;
* BszkocTh HE3HAUUTEIBHO BIUSET HA XapaKTep MOTOKa.

B 3akimroueHue cienyer OTMETUTb, YTO CKOPOCTh MOTOKA >KUJKOCTH,
MOJXKET OBITh YBEITMUMBATHCS (YMEHBIIATCS) C U3MEHEHHEM O0bEMHON KOHIIEH-
TpalUU MY3bIPEKOB U, CII€AOBATENbHO, (DYHKIIMOHAIBHOCTh CHUCTEMBI MOXKET
OBITH ONITUMU3UPOBAHA.
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QABARCIQLI OZLU MAYENIN OZLU-ELASTIKIi
BORUDA DALGALIVARI HOROKOTI

E.T.KiYASBOYLI, R.S.OKBORLI
XULASO

Bu mogqalodo diizoxlu elastik boruda sixilan mayenin ikifazali qabarciqli 6zlii mayenin
pulsvari axini aragdirilir. Isdo birdlgiilii xotti tonliklorden istifado olunmusdur. Forz edilir ki,
boru otraf mihito sort borkidilmisdir. Sonlu uzunluq halinda tozyiq borunun uclarina totbiq
olunur. Mahdud prosesds ¢ox uzun boru ii¢iin miinasibatlor olde edilmisdir. Miioyyon monada
bu ciir yanagma belo tip islori imumilosdirir vo giiclondirir. ©dadi eksperimentds torkibindo az
miqdarda hava gabarcigi olan suyun yarim sonsuz boruda horskstine baxilmigdir. Dalganin
xiisusiyyatlorina qabarciglarin hocminin miqdarmin tesiri miisyysn edilmisdir. Qoyulmus
masale kompleks doyisonlor funksiyalar1 nazariyyasini totbiq etmakls hall olunur.

Acar sozlar: ikifazali maye, 6zliliik, doyiinon axin, dalgalar

WAVE MOTION OF A VISCOUS BUBBLE LIQUID IN A VISCOELASTIC PIPE
E.T.KIYASBEYLI, R.S.AKPERLI
SUMMARY

This article examines the pulsating flow of a compressible two-phase bubble of a vis-
cous fluid contained in an elastic pipe with a straight axis of the orthotropic. In this work, one-
dimensional linear equations were used. It is assumed that the tube is rigidly attached to a spe-
cific environment. In the case of a finite length, pressure is applied to the ends of its faces. In a
limited process, relationships are obtained for a very long tube. Such a description in a sense
generalizes and strengthens the work of this type. In a numerical experiment, a semi-infinite
tube with flowing water containing a small amount of air bubbles is considered. The influence
of the volume fraction of bubbles on the wave characteristics is determined. The problem is
solved by applying the theory of functions of complex variables.

Keywords: two-phase liquid, viscosity, pulsating flow, wave.

Tocmynuna 6 pedaxyuro.: 19.04.2019 2.
Tloonucano k newamu: 28.12.2019 e.
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BOCCTAHOBJIEHUE XAPAKTEPUCTUYECKON ®YHKIINU
KPAEBOW 3AIAYM 11O CBOUM HYJISIM

Y.I''TAPUBEPIUEBA
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
ibadzadecinare@gmail.com

B cmamve paccmampusaemces kpaesas 3adaua, noposicoennas ypasuenuem Lllmypma-
Jluysunns u HepasOeneHHbiMU SPAHUYHBIMU YCAOBUAMU, OOHO U3 KOMOPBIX JUHEUHO 3A6UCUM
om cnexkmpaibHo2o napamempa. Ilonyueno npedcmasienue xapakmepucmuyeckou QyHKyuu
Mol Kpaesoul 3a0ayu 6 sude OeCKOHeuH020 NPOU3BEOeHUsl C NOMOWDBIO COOCMBEHHbIX 3HAYE-
HUL.

KiroueBbie ciaoBa: ypaBHenue lltypma-JImyBuiis, xapakTepucThueckas (QYHKIIHSI,
COOCTBEHHBIC 3HAUCHUSI.

PaccmoTpuM KpaeByro 3aaady, NOpOXJIEHHYI0 Ha oTpe3ke [0,7] ypas-
HenueM Ilrypma-JInysuinins
2
-y +q(x)y = Ay (1)
Y Hepa3JIeJICHHBIMU TPAHUYHBIMH YCJIOBUSIMU BHIA
y'(0)+ (a2 + B)y(0)+ay(z)=0,
, 2
y'(z)+ 7 ylr)-ay(0)=0,
rae  ((X) — BemecTBeHHas (GYHKIUS, MpHHAIJIESKAIIAs MPOCTPAHCTBY
L,[0,7], A— cnekTpaibHblii mapameTp, «, @, [, ¥ — BElIECTBEHHbIC YHCIIA,
npudeM ow # 0. DTy 3amagy Oyaem o0o3HayaTh yepes P.
O6o3naunm uepe3z W, [0,7[] npoctpanctBo C.JI. Cobonesa, cocrosiiee
U3 3amaHHBIX Ha oTpeske |0,77] KOMIUIeKCHO3HAYHBIX (YHKIHH, KOTOpBIE
nMerT N—1 abCoNMIOTHO HENPEPHIBHBIX MPOU3BOAHBIX M MPOU3BOAHYIO N -TO
OpsiKa, CyMMHpyeMylo ¢ kBampatom Ha |0,7]. Ecmm mms Bcex (yHKumid
y(x)e W, [O, 7[], y(x) £0, ynoBneTBOpSIOMMX yCIOBHSAM (2), BBIIOMHAETCS
HEPAaBEHCTBO
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7|y(ﬂ')|2 _2a)Re[W6) y(ﬂ-)]_ﬂ|y(0)|2 N
+T{ Y () +q (X)|Y(X)|2}dx >0,

TO Oy/ZIeM TOBOPHTH, YTO BBIMOTHIETCS ycioBue (A) (3TO yCIOBHE 3aBEIOMO

BeImonHsiercs, ecmu <0,y > 0,|a)| < 1/|,B , q(x) >0).

O603naunm uepes C(X,A), S(X,A) dynmamenTansHyio cucteMy pelie-

Hull ypaBHenus (1), onpenensieMyr0 Ha4albHBIMU YCIOBUSIMH
c(0,4) =s'(0,4) =1, ¢'(0,4) = 5(0,1) = 0.
Jlerko yOenuThCs, YTO XapaKTepUCTUUYECKOW (QyHKUMEW KpaeBod 3amaun P
Oyzner
(1) =20-n(1)+ &’s(z, 1)+ (A + B)o(A), 3)
rje
n(A)=c'(z,2)+yc(r,A), o(A)=5s"(m,A)+ys(x,A) .

Hym dyukmmn §(A) ABISIOTCS COBCTBEHHBIME 3HAYCHHAMH 3aj1aqn P
(oTMeTuM, 4TO B OTIIMYME OT ciydas ¢ = (0 3TH cOOCTBEHHBbIE 3HAYCHUS Tepe-
MellasiCch, PaclpoCTpaHsIIOTCA B 00€ CTOPOHBI 10 OeckoHeuHocTH). B pabote
[1] (cM. Takxe [2-3]) ycTaHOBIEHO, YTO MPH BBIMOJIHEHUU yCcIoBUS (A) cobCT-
BEHHBIE 3HAYEHHUs KpAaeBOM 3a7auM P BEIIECTBEHHBI U OTJIMYHBI OT HYJA. B
9TOi paboTe TakkKe JO0Ka3aHO, YTO [UIsi COOCTBEHHBIX 3HAYCHHM
12 (k =+0,£1,+ 2,...) 3amaun P mpu |k| —> oo HMEET MECTO CIEAYHoLIas
acuMnToTH4eckas popmyna

(-1)'bw-B 7,

—k+at+-—L P297P Tk 4
Yo =Kt+a+ o i “4)
rae a:—larctga, B= ’Bz—y—A,
T l+o
=2, A=L]q(x, {lel,.
Vi+a? 2y

Hacrosmmas paGoTta mocBAleHa NPEACTaBICHUIO XapaKTePUCTHUECKOU
¢ynkuun (3) kpaeBoit 3agaun P B BUIe OECKOHEYHOTO MPOM3BEACHUS C IO-
MOIIIbIO COOCTBEHHBIX 3HaueHMH. Takoe mpencTaBieHHe UTPAET BaXKHYIO POJIb
IpU peUIeHnH OOpaTHBIX 3a/lad CHEKTPalIbHOTO aHanmuza s auddepeHun-
QJIBHBIX OIIEPaTOPOB.

Teopema. 3adanue cnexmpa {yk} (k=%0,£1,£2,...) o00ownoszuauno on-

pedensiem xapakmepucmuueckyro gynxyuio 8(1) kpaesoii 3a0auu P no gop-
myne
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S(A) =1+ (y = A) (7.0 - 1‘[” (5)

K=—co
k0

20e o =-limtgy, 7.
k—oo

JlokazaTenberso. M3pectHo [4, c. 38], uro mis dynkrmit o(r,), ¢(r,1) , s(z,4)
s’(, A) cripaBe/UTHBBI ClleyIONIIHE MPEICTABICHHS:
c(m,A)=cos Az + Asmﬂﬂ +M,
A A
¢'(z,A)=-Asin Az + Acos Az + f,(4),

s(7.4)= sm;t/lﬂ Acosﬂ.;z N f,(1)

V5 27
s'(7,A)=cos Az + Asmjﬁ n f4/gi)’

rne f (A1) (m=1,2,3,4) — uenas GyHKIUS SKCIOHEHIHATEHOTO THIIA HE BBIIITE
T, CyMMUpyeMasi C KBaJ[paTOM Ha BEIIECTBEHHOH OCHU. YUUTBIBAs 3TU MPE-
CTaBJIEHUs U UCTIONB3Ys Teopemy llenu-Bunepa [5, c. 47], u3 (3) momydaewm,
YTO XapakTepucThuuyeckas GyHKIUS KpaeBoi 3ajaun P umeeT BU
5(A)= 2w+ Alsin Az + acos Am )+ (y+ A)asin A + (B -y — A)cos Ar + £ (1), (6)
T
rie f(1)= J f(tedt, f(t)eL,[-7, x|
=T
[TockoabKy GYHKIUS O (/1) sBIIETCS 1enoi ¢pyHkuei kinacca C, To mo
u3BecTHOMY (akty (cM. [5, c. 94]) oHa OAHO3HAYHO OMPEAEINSETCS CBOUMHU
HYJSIMUA C TOYHOCTBIO IO HEKOTOPOTO MOCTOSITHHOTO MHOXKUTeNss M :

S(E) =M (7, -, —z)ﬁ[l—i} M2 - ﬁ[l__Il__] o
e\ Tk k= If 7«
U3 (4) momyyaem, 4To

a= 1im(;/k - k), o =—tgar.

kK —oo
O0o3HaYNM

8,(A)= Alsin Ax + arcos Arr). (8)

A)=Al+a’ Asin(A—a)r. 9)

Vcnonb3ys U3BECTHYIO GOpMYITY

sinAr=Ar H(l—ij

ScHo, uTO

k=—c0

k#0

(cm., HammpumMmep, [5, c. 22]), u3 (9) noxyyaem
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=nmﬂ(ﬂ—a)ﬁ(1—%) (10)

K=—o0

k=0
[Ipunumas Bo BHUMaHue cootHomenus (7) u (10), umeem

A
! e e

(1) 2+ AA - ﬁ( A- a)

k

K=—oo

k=0

= A A
M (-4, -2) Hl‘n}_m} _
wire?  Ald-a) ﬁl—HIl+H)

ki k k

__ M (7_0—1)(7+0—/1)ﬁ—k2ﬁ( VR V)

1+ o’ ﬂ(ﬂ_a) k=1 Yk ¥« k- /1+a)( k_ﬂ*'a)_

M (o= A =Dy =K &L 7atk—al(, . % k-
- + 1+ 1+— - (1)
1+ o’ /1()'_3-) lk:!yky—klk} -k-2A+a fi k-4+

Jlerko 3aMeT1/m, qT0

(7—0_2)(70 7/k+k a - }/k_k_a
1 + =15 1+ 1, i 1 =1
M -a) im] i1

Ao

C npyroii cropossl, u3 (6) u (8) cnexyer, 4To

lim——*% s(4) =1.
5, ()
Torma mepexons k mpezeny B paBeHcTse (11) mpu A — oo, umeeM

M = -k’

T+ o’ lkgyk}/k.
M :m/1+a2ﬁ}/k—}l:‘2k.
k=1 —

[Toacrasmnsst aTo 3HaueHwue B (7), monyuum (5). Teopema mokazana.

1=

Otrcroma HaxoouM

JIUTEPATYPA
Wbanzane Y.I'., Habue .M. CaoiictBa cnekrpa omneparopa lltypma-JlnyBmmis co
CIIEKTPAILHBIM TIapaMeTpoM B rpaHndHoM yciioBuu / Akademik M.L. Rasulovun 100 illik
yubileyino hosr olunmus «Nozori vo totbiqi riyaziyyatin aktual masololori» elmi
konfransinin materiallar1 (28-29 oktyabr 2016), s. 162-165.
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SORHOD MOISOLOISININ XéRAKTERiSTiK FUNKSIYASININ
SIFIRLARINA GORD BORPASI

C.Q.TARIVERDIiYEVA
XULASO
Mogqalado ayrilmayan sorhod sortlorindon biri spektral parametrdon xotti asilt olan
Sturm-Liuvill masalasine baxilir. Bu sarhad masaloasinin moxsusi adadlari vasitasilo xarakteris-
tik funksiyanin sonsuz hasil soklindo gostorilisi alinir.
Acar sozlar: Sturm-Liuvil tonliyi, xarakteristik funksiya, moxsusi adodlor.
RECONSTRUCTION OF THE CHARACTERISTIC FUNCTION
OF THE BOUNDARY VALUE PROBLEM AT ITS ZERO
Ch.G.TARIVERDIYEVA
SUMMARY
In this paper a boundary value problem is considered generated by the Sturm-Liouville
equation and non-separated boundary conditions, one of which linearly depends on the spectral
parameter. The representation of the characteristic function of this boundary value problem is
obtained in the form of an infinite product using eigenvalues.
Key words: Sturm-Liouville equation, characteristic function, eigenvalues.

Hocmynuna 6 pedaxyuro: 10.09.2019 2.
Hoonucano xk nevamu: 28.12.2019 .
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OB OJTHOM OBPATHOM 3AJIAYE B CMBICJIE
TUXOHOBA-JIABPEHTBEBA
IJIS1 YPABHEHUS KOILIN-PUMAHA HA KBAJIPATE

H.A.AJIUEB, J1.®.®PATYJIJIAEBA
bakunckuii I'ocyoapcmeennwtit Ynueepcumem

laura_fat@rambler.ru

Hznaeaemas paboma nocesujena ucciedo8anuio peueHus 0oOpamHoll 3a0aiu 8 CMvicie
Tuxonosa-Jlaepenmoesa 05l ypasHeHust SJIUNMULECKO20 MUNA Nepeo2o NopsoKa HA Keaopd-
me. [[ns onpedenenuspeulenust NOCMAIeHHOU PAHUYHOU 3a0aiy NOIYYEHO COOMHOUEHUE.

KiaroueBblie cioBa: 06paTHa$1 3agadya B CMBICJIC TI/IXOHOBa-HaBpCHTLCBa, YpaBHCHUC
KOIHI/I-PI/IMaHa, yciaoBue KapneMaHa, CUHTYJIAPHOC CJIaracMoeC, peryjisipHOC BbIpaKCHUC.

BBenenne

B pabGore [1] uccinenyercs rpaHuyHas 3amada i ypaBHEHHUS DILTUII-
TUYECKOTO THIIA IEPBOTO MOPsIKa, T.€. s ypaBHeHus Komu-Pumana. Pabota
[2] mocBsieHa MOCTPOCHUIO aHATUTUYECKOUW (DYHKITMH, KOTOpasi sIBISETCS pe-
[ICHHEeM TPAaHUYHOH 3a/1a4uM, TTOCTABJICHHON JIJIsl IBYMEPHOTO AJUTUNITUIECKOTO
ypaBHEHHUS IEPBOro MOpsijKa B BEIIECTBEHHON IUIOCKOM oOmactu. B pabote
[3]paccmaTpuBaeTcst oOpaTHas 3aj1ada, KOTOpas COAepKUT ypaBHeHue Komm-
Pumana ¢ 1ByMsl HETIOKaJIbHBIMU TPAaHUYHBIMH YCIOBUSMHE. [loMUMO HCKOMOM
(yHKIIMM, TIpaBas 4acTh BTOPOTO TPAHMYHOTO YCIOBHUS HEU3BECTHA. UTOOBI
pemuTh 3Ty TpoOJeMy, CHadala MOJy4aroTcs HEOOXOTUMBIE YCIOBHUS JUIS
(dbyHmaMeHTanbpHOTO pemieHus ypaBuenus Komm-Pumana, a 3areM nmpuBoasTcs
JIOCTaTOYHBIC YCIIOBHSI JJISi CBEACHUS STOW 3a/laud K WHTETPaIbHOMY YpaB-
HeHuto Ppearonsma BToporo poja. B pabore [4] uccnenyercs rpaHuyHas 3a-
Jada il ypaBHEHHsSI SJUTMIITHYECKOTO THTIA TIEPBOTO TIOPSIIKA BHYTPH OCTPOTO
yIi1a mIockocTH. B ctarbe [5] pacmmpsiercs 3amada, KOTopasi COCTOUT U3 CMe-
IIAaHHBIX YPAaBHEHHWW B YaCTHBIX MPOM3BOJIHBIX B 00acTH D ¢ HeloKalbHBIMU
I'PaHUYHBIMU yCIOBUSAMU. Mcrionb3yst Teopuio 0O00OIIEHHBIX PEIIeHHUH, Moy-
YarTCsSs HEOOXOJWMBIC W JIOCTaTOYHBIE YCIOBHUS JJISl TPUBEICHHOH (OPMBI
9TOM 3aJjaud B MHTErpajbHble ypaBHeHUs Dpenronbma co cinabbIMU OCOOEH-
HOCTSIMHU.
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IlocTanoBka 3aga4u
PaCCMOTpI/IM CJICAYIOUIYIO TPAHUYHYIO 3a/1avy:

ou(x) . ou(x)
=0, 0,), k=1,2, 1
2%, +1 2% ¢ € (0,1) (1

o (HU(t,0) + ogr (HuU(l,1-1) + g3 (Hu(l —t,1) +
+ o4 (OU0,D) =@ (X), te[0,1], k=14,
rae i=~/—1, oj(X) u ¢ (t) mpu k=1,4; j=1,_4; te[0,1] HempepnIBHBIC

2)

¢byHkuy, U(X) - ananutudeckass GyHkuus. ['pannunblie yciaoBus (2) nuHENHHO
He3aBUCUMBI. Heus3BecTHble SBIAIOTCA cienyromue Tpu QyHKIuH U(X),

o) =apnt)=o3() =g =0at) 1 (1) =@4(t)=¢(t), a ocranbHbIe
JaHHbIE TPAHUYHOTO YCJIOBHS (2) CUMTAIOTCS 3aJaHHBIMH HENPEPHIBHBIMU
GYHKIIUSMU.

Kak BugHO M3 ycnoBus (2), yeTblpe TOUKH, KOTOpPbIE OJHOBPEMEHHO
JIBUTAIOTCS BAOJIb IPaHUIIAMU KBajparta, coomoatoT ycnosus Kapnemana, T.e.
3a/laya XOpOoILO MOCTaBJICHA.

Ilosry4yeHne OCHOBHOI'O COOTHOIICHUS VISl PeLICHHS 3a1a4H

YuuteiBas, 4To

U(x=&)=—— L 3)
27 Xy =&y +i(x —&))
ABIsieTCS pyHIaMeHTallbHOe pelienue ypaBHeHus: Komu-Pumana (1) [6], ner-
KO II0JIy4a€M OCHOBHOE COOTHOILIEHUE, T.€.

1 1au(x) 1o
'[dxlj U(x—f)dx2+|de2J
o 0 % 0 0

J

ux), _
5 % U(x-=&)dx; =0

NnIn
1 1
Juoux-¢) /1(2:0 dx; +i [uCOU (x =) /;1:0 dxy =
0 0

u(§), é_’,:ke((),l), k=1,2
- %U(é), Lel0.1], &=0 um &=1 u

526 [0,1], 51 =0 wiu 51 =1.
Otnensist HeoOX0AMMBIE YCIIOBUS U3 (4), IMeeM:

4)
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1
51’ IJ' U(Xl 1) dx

i -&) 21 -4

i } u,xy) dx _Liu(o,xz)dx

+—
2 X2+i(1—§1) 2 27[0X2—i§1

]
: __ 1 putx,D) i_ u(x;,0)
U(§1 275'([ Xl—fl '[—1+i(X1—§1)
1 o
L) i u0,x)
27r£x2 —1+i(1-&) o 2n£x2_1_i§1dxz’ ©)

1 ( '52)— J- u(x;,1) dx IJU(XI ,0) dx, +

21-6+ix "o Ty -o2tix
1 -
Q[ uly) H0.%9)
+271'.[X2—¢fz+idx2 275'[X2 §2d
| 1
G NV B
( )= ,[1 & +i(x-1) 27[{ & +i(x - 1) X1+

.1 .
1 cud,x I ¢ u0,x
+_J (1, Z)dXZ__J ( 2)_dX
27'[0X2—é:2 2ﬂ'OX2—§2—|
Kaxxmoe U3 COOTHOIIEHNH COAEPIKUT OJMH CHHTY/ISIPHOE ClTaraeMoe.

OcTaBIsis TOJIBKO CUHT'YJIAPHBIC ClIaracMbIC, HCO6XO,Z[I/IMBIG YCJIOBUA (5)
HaHI/IHIeM B BHUJC:

u(tO)_—j“(TO)dH LU=t = ﬂf%d ,
0

u(o, t)_——j“(o Dz . ull-t)= ——j“(“ Ddrs.. |

(6)

/1€ MHOTOTOYHEM 0603HaquH CYMMBI HECUHTYJIIPHBIX CJIaracMbIX.
Tenepp, ucxons u3 (6) U yyuThIBasi TpaHUYHbIE YCIIOBUSA (2), cO31aauM
CJICAYIOIIYIO JINHEHHYI0 KOMOMHAIINIO:
o1 (DU(E, 0) — atr (HU(L, 1= 1) + 3 (DU(I—t,1) 24 (DU(0, 1) =

.
:ﬂ% (01 (0~ 1 (D) + 2 (D(T,0) Hle 2 (1)~ 2 (D) + 2 (D1, 1-7) +
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+[(en3 (1) — o3 () + oz (DA = 7,1) + (a4 (1) — o4 (D) + 4 (D (0, D) }+ ... =

i Ldr

:;j:[akl(r)u(f,O)+akz(r)u(l,l—7)+ak3(r)u(l—1',1)+0(k4(z')u(0,7)]+...=
0
j("kmd +.., k=14 7)
7Z'

Herxo BUJIHO, YTO NpU MoxydeHuu (7) ObUIO yUYTE€HO TPaHUYHOE YCIIO-
Bue (2). YuutsiBas, yTo mnpaas 4acTh (7) HE COAEPKUT HEU3BECTHYIO (YHK-
LI1I0, TO OHO CyHIECTBYET B cMblcie Kommn.

Ecnu nmeet mecto ycnoBue

aeCP011, a0 =p =0, k=14, ®)
TO MHTErpaj B mnpaBoi yacTu (7) cymecTByeT B 0ObIYHOM cMbicie. [loaTomy
MBI [TOJTy4aeM YEeThIpe PEryJsIpHbIX COOTHOLEHUH (7), eciu

aj(tye HA(0,1), pe(0.1), k=1,4; j=1,4, 9)

rje H# )(0,1) - kacc ['enpaepa u cripaBeiiinBo ycioBue (8).
BosBpamasich k rpaHUYHOMY yCIIOBHIO (2), pearnonaras, 4To
o1(t) o) ag3(t) a4(t)

Aty = o1(1) () op3(t) opq(t) 20, (10)
o31(D) a3 () o33(t) a34(1)
041 (1) Qg (V) 0u3(t) 0gq(t)
o npasuity Kpamepa onpeznensem
uct,0), ud,I-t), u(l-t,1) u u(0,t) (11)
OZIHO3HAYHO 4epe3 g (1), k=1,4. YuutsiBad, 4to ¢ (t) u ¢;3(t) 3agaHHBIC He-

MpepbIBHbIE (QYHKIIUU U3 PETYISIPHOTO BeIpaxeHus (7), BbioepeM k=1 1 k =3.

[ToncraBnss onpeneneHusle GyHkuu (11) B ABYM BBIpaKEHHMH, KO-
TOpbIe BbIOpaHbl U3 (7), ModydaeM ABa PETYJISIpHbIC BhIpakeHus. U3 3TUX BBI-
pakeHMii omnpexaenstoTcs Heu3BecTHble QyHKIMH () U ¢@(t). Uto kacaercs
PELICHUIO OCTaBIeHHOMN TpaHndHo 3a1auu (1)-(2) u(X), To OHO ompeaenseT-
Csl U3 OCHOBHOT'O COOTHOLIEHMS (4), €ClU B JIEBYIO YacCTh MOACTABUT HaWICH-
Hele ¢pynkuuu (11) u onpenenennsie GpyHkmu o(t) u @(t).
3akiao4enue

Teopema. Ilycte nanubie 3amauun(l)-(2) sBASAIOTCA HENPEPHIBHBIMU
¢byHKIMAME, yciaoBHe (2) JIMHEHHO HEe3aBUCUMO U BBIMOJIHSIOTCS ycaoBUA (8)-
(10). Torna obpatHas 3anaya B cMmbicie TuxoHoBa-JIaBpeHnTheBa (1)-(2) umeer
pelieHue, KOTopoe onpeessieTcs U3 OCHOBHOIO COOTHOIIEHUS (4), a HEM3BECT-
Hele QyHKIMH o(t) U @(t) ompenensoTcs U3 PErysipHbIX BbIpakeHHi (7)

npu K =1 u Kk =3, KoTopbie moTy4aroTCs U3 HEOOXOIUMBIX YCIOBHIA (5).
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KVADRAT UZORINDO KOSIi-RIMAN TONLIiYi UCUN
TiXONOV-LAVRENTYEV MONADA BiR TORS MOSOLO HAQQINDA

N.9.OLIYEV, L.F.FOTULLAYEVA
XULASO
Toqdim olunan is kvadrat {izorindo birinci tortib elliptik tip tonlik {igiin Tixonov-
Lavrentyev monada tors mosalonin hollinin todqiqine hasr olunmusdur. Qoyulmus sorhod
masaloasinin hallinin tayini liglin ifado alinmisdir.
Acar sozlor: Tixonov-Lavrentyev monada tors mosalo, Kosi-Riman tonliyi, Karleman
sarti, sinqulyar toplanan, requlyar ifadas.
ON ONE INVERSE PROBLEM IN THE MEANING OF TIKHONOV-LAVRENTIEV
FOR EQUATION OF KOSHI-ROMAN ON A SQUARE
N.A.ALIYEV, L.F.FATULLAYEVA
SUMMARY
The present work is devoted to the study of the solution of the inverse problem in the
sense of Tikhonov-Lavrentiev for a first-order elliptic type equation on a square. To determine

the solution of the posed boundary problem, the relation is obtained.

Keywords: inverse problem in the sense of Tikhonov-Lavrentiev, Cauchy-Riemann
equation, Carleman condition, singular term, regular expression.

Iocmynuna 6 pedaxyuro: 09.10.2019 2.
Iloonucano x nevamu: 28.12.2019 .
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IDEAL SIXILMAYAN MAYENIN
ELASTIiKi BORUDA PULSASIYALI HOROKOTI

A.B.OLIYEV, K.R.ROHIMOVA, TM.MAHMUDZADO
Baki Dovlat Universiteti
alialiev.b@gmail.com

Bu isdo> boru va atraf mihiti ayiran sarhadds elastiki sUrtUnmoanin ox boyu koor-
dinatlardan asul olan ideal sixilmayan mayenin pulsasiyali axm hagqinda masaloya baxilir.
Xususi hallarda 6I¢UsUz sartlik parametrlorinin dalga xUsusiyyatlorine (xarakteristkalarina)
tasiri mlayyanlasdirilir.

Acar sozlor: xarici sortlik, miintezom Sturm-Luivill masalesi, Veyerstras xiisusiyyati,
dalga siirati, sénma.

Deformasiya olunan borularda axidilan mayeds dalgalarin yayilmasi ma-
solasi bir ¢ox cahatdon maraqlidir. Nozari cohatdon bu riyazi-fizikanin masalo-
si, totbiqi cohatdon iss dinamik tasirs maruz qalan bir sistemin hesablamali ol-
dugu mosoladir. Bu giino godar L.Eyler, I.Qromeki, N.Jukovskinin asas osarle-
rinds tadqiq olunmus belo masalalar hidroelastikliyin genis yayilmis sahasini
toskil edir. [1], [2], [3], [4] Lakin otraf miihitin sortliyini nazars alaraq bir sira xii-

susiyyatlor kifayot godor dyronilmomisdir. Bu baximdan hazirki is xarici sartlik
ox boyu koordinatlarin funksiyasi olduqda sabit dairavi kasikli elastiki boruda
axan ideal mayeds ki¢ik amplitudlu dalgalarin yayilmasmin bir6lgiilii mosalosi-
nin formalagdirilmast va riyazi osaslandirilmasina hosr olunmusdur. Masalo
Sturm-Luivill miintozom sorhad masalasinin hallino gotirilir. Xiisusi halda, sort-
lik sabit olduqda dalga siirati vo sonmonin miioyyan edilmasi liciin formullar
oldo edilir.

1. Mexanikanin bir ¢ox masalolorinds deformasiyalanan sistemin xiisu-
siyyatlorini shats olundugu miihitlo-maye ilo qarsiligh tosirde dyronmok lazim
golir. Bu mosolodo sistemin xarakteristik xiisusiyyatlorini nozoro alaraq, 6zli
maye va boru kimi sads modeli tohlil etmok lazimdir. Buna gors do burada ra-
diusu R, uzunlugu | vo qalinligr h olan nazik divarli elastiki boruda ideal si-
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x1lmayan mayenin axinini tosvir edan tonliklor quraq. Horakastin hidrodinamik
va kasilmazlik tonliyi asagidaki kimi olacaq: [1]

g—:+lg—s:0
P (1)
Ju 2 dw
i E =0
ox R ox

Burada p(x,t)-hidrodinamik tozyiq, u(x,t)-maye axminin ox boyu siirati, p -
sixlig, w(x,t)-divarm radial yerdoyismosi, X e [O.I]-ox boyu koordinatdir. Bu
yanagsmada R << | barabarsizliyi nozors alinir. Divarin otalotino baxmayaragq,
yaza bilarik: [4]
o= Eh w
(1-v*)R?

Burada E -elastiklik modulu, v -Puasson omsalidir. Daha sonra nazars aliriq ki,
o komiyyaeti 2 ndv gorginlikdon ibaratdir: p —hidrodinamik vo —G aa—\iv - Xari-
ci miihit sortliyinin yaratdigi gorginlik;

o= p—GE

Ogor burada G =G(x)=G,g (X)aa—\iv qabul etsak, onda alariq:

Eh ow
= G,9(x)— 2
p=r W Ga() 2)

Beloliklo, gapali hidroelastiki tonliklor sistemi (1) vo (2) ilo tosvir olunur. Son-
raki miilahizalords tonliklordoki funksiyalarin hamarliq sortlorini 6dadiklorini
gobul edacayik. Ogar (1) vo (2) tonliklorini birlogdirsok vo

C =£, n =£(1—v2)_1
2p R
isarolomosini daxil etsok, W ilo bagl alariq:
2 2 3 2
cin S F g S+ 2 g2 e B () S O
oX 2p ot P oxot  2p ox“ot ot
Burada ¢ (X) =1 qgiymati bircins xarici sartlik halina uygundur.
2. Dayisonlorine ayirma tisulunu totbiq edorok (3) tonliyini adi diferensial ton-
lik kimi holl edirik. w funksiyasmnin zamanla artan exp(iat) ilo miitonasib ol-
dugunu forz etsok, yaza bilorik:

3)

w=w, (x)exp(iat) 4)
Burada @—bucaq tezliyinin hoqiqi qiymoti, W, —istonilon funksiyadir. (4)-ii
(3)-da yerina yazsaq, asagidaki tonliyi alariq:
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W1”+;u1 (X)Wl, T U, (X)Wl =0 Q)

Burada
2ig.0"(x
1(X): g_og ( )
n+1ig,9(x)
2 2 - ”
(x)=2 /e +igy (x)
1+1ig,9(x)

G . o . . .
g, = a)R?O—élgﬁsﬁz sortlik parametridir. Strixlor iso X —0 nozoron diferen-

siallamani1 gostorir. Luivill avozlomasindon istifads edorok, [5]

1
y=w, eszjﬂl (X)dX = l(X)W1 (6)
dalga tonliyini asagidaki formada alariq:
y'+1(x)y=0 (7
Burada |(x)— invariant olub
1 1,
1(6)= 200~ L2220~ () ®)

kimi toyin edilir. (7) tonliyini

1(x)
a(x)=1- 57
ovazlamasinin komayils cevirsak, qoyulmus masalonin tonliyini asagidaki kimi
alariq:

y’+8%y =87q(x)y )

q(x) potensiali {i¢lin inteqrallama sortini yazaq:
|
_ﬂq(x)dx < ool (10)
0

g(x)=1 oldugda (9) tenliyindo 1(x)—in qiymoti &7 ilo ifade olunur. Buna
goro do (8)-2 uygun olaraq

2

w . _
6’ :C_2(77+|go)1

0
Burada ifadeni kvadrat kokdon azad etsak, 6 = §, —id, alariq. Bu ifadedo

s - w/c,\n \/1/1+g§/n2 +1
Co I +g 2

5 _ w/c,\n \/w/1+g§/772 ~1
BRURETT 2
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(9) tonliyina X =0 vo X =1 oldugda sorhad sortlori do slavo olunmalidir.

Beloliklo, mosalonin holli miintozom Sturm-Luivill sarhod masolasinin
hallina gotirildi.

3. Baxilan (9) tonliyi sag torafi qeyri-bircins tonlik oldugundan sabitlarin
variyasiyast metodunu tatbiq edorak onu inteqral tonliyin hallino gatiririk:

y = o™ + e +8[sin 8¢ - x)a(§)y(§)dg (12)

X
Burada ¢;,o, —miivafiq sorhod sortlori osasinda miioyyon olunacaq inteqral

sabitloridir. (12) tanliyi Volterin inteqral tonliyi olub, ardicil yaxinlasma meto-
du ila hall edilir. ©gor

Y, = e +a,e7*
isaralomosini gobul etsok, onda n =1 {i¢iin alarq:

Yo = Yo + 6 [ sin 8 = x)a(€)y, (£)dg

(10) barabarsizliyino asasan Veyerstras xiisusiyyatini nozara alaraq [6], [7] (12)
ilo ifads edilon inteqral tonliyin yegana halli asagidaki kimi toyin edilir:

Y(%,8) = ¥y (%, 8)+ Sy, (x,8)- v, , (x, O}

n=1
ogor
Yn (X’ 5)_ Yoo (X’ 5) =0" fn (X9 5)
isaralomasini qobul etsok, homin tonliyi basqa formada asagidaki kimi yaza bi-
larik:

y(x,8)= e +a,e* + ) 5" f (x,6) (13)
n=1
(13) formulunda asagidaki rekiirrent alagalor var:
|

f,(x.6)= [sin6(& ~x)a€)y, ()¢ ....

*, (14)

f,(x,8)= [sin 8(£ - x)a(€)y, , (£)d¢

Beloliklo, yuxarida gostorilon molumatlara osason (9) tonliklorinin holli ¢, vo
o, -nin istonilon qiymatlorindoe (12) tonliyini 6dayir. (13) sirast hisse-hisso dife-
rensiallamagla miintozom yigilar vo (4) ilo slagodar olaraq (13) ifadasinin ovo-
zing asagidaki kimi gostorils bilar:

L
A(x)

Bu ifadoni (2) boraborliyindoe yerino yazsaq, alariq:

=

{ozle“sX +a,e” %+ 5" (x, 5)}exp(ia)t) (15)

n=1

w(x,t) =
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(00 = £+ 0,000} {5 re e+ 307, .0 exolan) 16

n=1
o, vo o, ilo olagadar olan tozyiqin, maye siirotinin vo yerdoyismonin sonraki

tosviri iglin X =0 vo X =1 olduqda miixtolif sorhad sortlori gqobul edils bilor.
Eyni bir voziyyot borunun ucunda pulsasiya tozyiqinin toyin olundugu vo-
ziyyatds do movcuddur.

p(0,t)= p, expliat), p(l,t)= p, explict) (17)
Burada p,, p, —emprik sabitlordir. Indi iso biz @, vo @,-nin toyin olunmasina
kegok. Bunun iicilin (16) va (17) ifadslorinin birbasa miiqayisosindon asagidaki
cabri tonliklar sistemini aliriq:
o +o,=a
ae +a,e =b
Bu giymatlordon istifads edarak alariq:
— Rﬂ’( _ 2 5n
~ E(n+ig,9(0
R
. ﬂ_ S
E(7+ig,g(
Indi @, vo @, —nin qiymatlorini toyin etdlkdan sonra vo Eyler formulundan
istifado edorak (15) vo (16)-da miirokkob hesablamalar aparsaq alariq:

p(00) = £ +ig,a(0) 2 NI S v (1 o) (19

1 [asind(l—x)+bsink :
w(x,t)= o"f expliat 20
()= {5 g (k) exlian) )
Siirati toyin etmak ticlin ndvbati miilahizolors kegak. Yuxaridaki kimi doyison-
larina ayirma tisulundan istifads edarak alariq:

u(x,t)=U(x)exp(iat)
Homginin ®(x) funksiyasmi daxil etsok,
: 1 [asind(l—-x)+bsindx &
d(x)=+ig,9(x o"f
()=l 1,90} 2 5 ()
onda (1) tonliklor sisteminin birinci tonliyindon asanligla siiratin paylanmasini
asagidaki kimi tapmaq olar:

(18)

u(x.t)= 2i %(I)'(X)exp(ia)t) @1

Alinan (19)-(21) formullar1 goyulan masalonin halli hesab edilo bilor. Belolik-
lo, (13) vo (14) ifadslori istonilon hallin konstruktiv sokildo toqdim edilmoasini
tomin edir.
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4. Otraf miihitin sortliyi sabit olduqda (yoni g(x)=1 oldugda) borunun
sag ucunda olan tozyiq sifir olur.( p, = 0) Homg¢inin
b=0, a=Po R R (D(X):&smé(l—x)
E n+ig,’ E sind
oldugda A(x)=1 vo q(x)=0 olur. Onda molum ifadolori asagidak: kimi yaza
bilorik:

p(t)= po S0 o ian), wix )= o R snOU=X) gy
sin dl E n—-ig, sind 22)
u(x,t)=-2i Po 5% Mexp(lwt)
E ® sind

Miihitin sartliyinin tasirini nazars almadiqda ¢ = @/ J, -dalga siirati ilo §, son-
monin (11) asililiglarini yenidon asagidaki kimi yazmagq olar:

1+9; 1
L _ \/n(n J\/‘/ +9o
Co n’ 2

5 Co 1 (Jdl+g§/n2—l
1
)

o \nll+g2/n’ 2

-1

(23)

Burada g, /n <<1 olduqda
C — C
_— , 5 —O =
C, T 0y

g,/n >>1 olduqda iso

C 1
iz 290’5 -

Cy ‘o g,
soklindo qgoabul edilir. Qeyd edok ki, sonraki rogomsal hesablamalarin naticolori
yuxarida gdstarilon ifadslorls uygundur.
Indi (23) formuluna asason 77:067 qiymetine uygun olan h/R=5-107,v=05

qobul edarak, g, € e [0,1] olduqda — Vo 5 % komiyyatlorinin g, —dan adadi
C w

0
asililiqlart sakil 1 vo 2-do gostorilmisdir.
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Birinci gokils asason, sartlik parametrinin artmasi ilo sistemds dalganin
yayilma siirati artir vo toyin edilmis araliqda g, = 1,37 qiymotino yaxinlasir.

Ikinci sokilin malumatina géro qobul edilon 7 iigiin sénmo zamam g, = 0,25

oldugunu diisiino bilorik.

Belalikls, bu maqgalads elastiki boru igarisinds ideal sixilmayan mayenin
dalga axi probleminin analitik holli olds edilmigdir. Xiisusi halda, bircins
vaziyyatds sortlik parametrinin sistemin dalga xiisusiyyatloring tosiri tohlil
edilir. Gostorildiyi kimi, burada g, —dan asili olaraq sonmo hali miimkiindiir.
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UMIIYJIbCHOE TEYUEHUE
B YIIPYI'OH TPYBE UJIEAJIBHOM HECKATOM KUJIKOCTH

®.5.AJINEB, K.P.PATUMOBA, TM.MAXMY JI3AJIE

PE3IOME

B sTom ciydae paccmaTpuBaeTcs BOMPOC 00 MUMIYJIBCHOM TEUYCHHWH HJICATHHON He-
CKATOM >KUJKOCTH, 3aBUCAIIEH OT KOOPAMHATHI YIPYIOro TPEHUsI HA I'PaHULE, pa3lelstollen
TpyOy M OKpy’Karomyto cpenay. B ocoObIX ciydasx ompenensieTcsi BIUSHNE TapaMeTPOB HeCTa-
HHOHapHOﬁ KECTKOCTH Ha BOJTHOBBIC XapaKTCPUCTUKU.

KutroueBble cJioBa: BHENIHSS JKECTKOCTh, perynspHas npobnema lltypma-Jlyusuiia,
xapakTepucTrka Beliepmtpacce, ckopocTh BOJIHbBI, 3aTyXaHHUE.
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PULSE FLOW IN ELASTIC PIPE OF IDEAL NON-SQUEEZED LIQUID
A.B.ALIYEV, K.R.RAHIMOVA, TM.MAHMUDZADE
SUMMARY
In this case, the question of the pulse flow of the ideal non-squeezed fluid, which
depends on the coordinate of the elastic friction at the boundary separating the pipe and
the environment, is considered. In special cases, the effect of the unsteady rigidity

parameters on the wave characteristics determined.

Key words: external hardness, regular Sturm-Luivill issue, Veyerstrasse feature,
wave velocity, switches.
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Verilmis isdo modul texnologiyalarina asaslanan tohsilda modul programin bélmalari
Vo taskili 6z oksini tapmisdir. Informatika darslarinda modul programin tatbigini gostarmak
tglin Veb programlasdirma sahasi Uzra “HTML dilinin asaslart” adli niimuna hazirlanmigdir.
Hor bir dyranmo faaliyyatinin va modulun sonunda giymatlondirma aparilmast iigiin niimuna
moaqsadli testlor 0z aksini tapmisdir.

Acar sozlar: modul tohsil texnologiyasi, modul program, dyronmo foaliyyatlori, modul
qiymatlondirma.

Inkisaf edon igtisadiyyat vo texnologiyalar is sahosinda yeni kompetensi-
yalar tolob edir. Bu kompetensiyalarin aldo edilmosindo peso tohsili vacib rol
oynayir. Ganclorin pesolori ilo olaqgoli gozlontilori getdikco doyisilmokdadir.
Bir ¢ox Avropa dlkalorinds sagirdlor akademik vo ya iimumi tohsili peso tohsi-
lindan istiin tuturlar. Bunun da naticosindo pesoyo yiyslonmokdos vo is tapmaq-
da problemlarlo garsilagirlar. Lakin ganclor pesa tohsilinin iistiinliiylinii dork et-
molidirlar.

Modul todris anlayist ilk dofs ikinci diinya miiharibasinin sonlarinda qisa
miiddat orzindo siiratlo yiiksok ixtisasl kadrlarin hazirlanmasi ilo slagodar ola-
raq yaranmis vo bu ideya Berres Fredrik Ckinerin asorlorindo 6z oksini tapmius,
sonralar D.Rassel, M.Qoldsmit, K.Kurxun vo Q.Ouensin asarlorindo inkisaf
etdirilmisdir [2].

Miixtalif todqiqatgilarin modul tohsildo maraglart miixtalif mogsadlors nail
olmaq arzusudur. Bozilori (M.Goldschmid, J.Russell) sagirdin rahat bir islo to-
min olunmasini, miioyyan bir soxs li¢lin uygun bir tohsil isulunu se¢cmoayi tov-
siyo edir; ikinci (J.Klingsted, S.Kiir¢) - sagirdloro giiclii vo zoif toroflorini
miloyyonlosdirmok, 6zlorini hazirlamaq, diizoldici modullardan istifado etmok
imkan1 vermayi tovsiya edir; iiciincii (V.M.Qareev, E.M.Durko, S.1.Qulikov,
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G.Ouens) - miixtalif metod va todris formalarini birlagdirir; dordiincii (V.B.Za-
koryukin, VI Panchenko vo s.) - tohsilin mozmununu yaradilmis tohsil mate-
riallarindan birbasa qurmagq; digorlori (I.Prokopenko, M.A.Choshanov, P.Yut-
syavic) - sagird vo toloboalorin pesokar foaliyyoto hazir olmalaria yiiksok so-
viyyado nail olmaq; V.V.Karpov, M.N.Katxanov, M.A.Andenko - fonlorarasi
linsiyyat qurmaq vo xiisusi ali vo orta tohsil miiossisolori arasinda qarsiligl
problemi hall etmok kimi moagsadlori qoyur [4].

1974-cii ildo Parisdo YUNESKO-nun rohborliyi altinda kegirilon kon-
fransda modul texnologiyanin totbiqi ilo tohsilin keyfiyystini artirmaq tii¢lin
modul todrisin totbiqi tovsiys olunmusdur.

Osas moagsadi golocoyin keyfiyyatli is giiciinii yetisdirmok olan modul tex-
nologiyalarina osaslanan tohsilin genis bazali, peso kompetensiyalarina osasla-
nan, yenilonon va ya doyison ixtisaslara uygun sokildo, sagirdlorin davamli ola-
raq tohsili ligiin tomal qoymas1 vacibdir. Hazirda pesolorin doyisilmo ilo liz-iizo
olmas1 va daha qarisiq bir strukturda olmasi sababi ils, peso kompetensiyalari-
nin da genis bazali biliklore, bacariq vo davranislara osaslana olmasini vo prog-
ramlarin buna goro tokmillogdirilmasini vacib hala gotirmokdadir. Programlar
modula osaslanaraq biitov sokildo, pesolor — peso qruplarina, peso sahoalorine vo
peso qollarma gors tosnif edilmolidir. Modul texnologiyasina osaslanan tohsil
Oyronon fordloro 6z qavrama siirotlorino goro iroalilomok imkani verir. Modul
tohsilin asasinda modul proqramlar durur ki, bu da tolobonin fordi is planini
miloyyon edir [7].

Modulun torkibi asagidaki elementlorden ibaratdir:

1) Miindoricat

2) Aciglamalar (izahatlar)

3) Giris

4) Oyronmo foaliyyatlori

5) Modul giymotlondirmo

6) Cavablar

7) ©Odabiyyat siyahisi.

Agiqlamalar bélmosi. Bu bolmodo ixtisasin sifri (kodu), elm sahosi, ix-
tisaslasmanin adi, modulun tosviri, modulun miiddati, modula baslamaq ti¢lin
zaruri olan baglangic sortlor, modul ilo alde olunacaq bilik va bacariglar, mo-
dulun mogsadi, tolim miihiti vo avadanliglari, 6lgmo vo qiymaotlondirmo, to-
limgilor (misllimlor vo ya maslohatgilor), iisul vo vasitalor, todqiqat yerlori sorh
olunur. Agiglamalar bélmosinin strukturunu agagidaki kimi gostora bilorik:

KOD Ixtisasin kodu yazilir

SAHO Modulun aid oldugu sahos yazilir

IXTISASLASMA Modulun aid oldugu peso (ixtisaslasma) yazilir

MODULUN ADI Modul vasitasilo aldo olunacaq bilik vo bacariglart ifads edon
qisa vo konkret bir ad yazilir

MODULUN TOSVIRI Modulun mozmunu hagqinda molumatlari 6ziinds ehtiva edir

MUDDOT 40/8 —40/16 — 40/24 — 40/32 — 40/40
Burada 1-ci hisso modula sorf olunan {imumi saatlarin miqda-
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rint, 2-ci hisso miiollimin rohborliyi altinda sinifdo, emalatxa-
nada, laboratoriyada, yaxinligdaki moktoblorin emalatxanala-
rinda hoyata kecirilon tolim vo tohsilo ayrilan zamani gostorir.
Arada qalan forq iso tolobonin moktobds vo ya moktob xaricindo
sorbost sokilds icra etdiyi fordi vo qrup c¢aligmalari, todqiqatlar,
ekskursiyalar, layiho hazirligi, ev tapsirigt vo s. fordi dyronmo
foaliyyotino ayrilan saatlarin migdarini bildirir.

BASLANGIC SORT

Modulu baslamaq t¢iin ovvoalcodon Gyronilmasi tolob olunan
modul (modullar) adlart va tslebenin hazirliq sortlori qeyd
olunur.

MODUL IL® 8LDO Modul ilo tolobonin hanst bilik vo bacariqlara yiyslonocayi qeyd
OLUNACAQ BILIK V& olunur

BACARIQLAR

MODULUN M8QSODI Umumi mogsad: modul ilo qazandirilan bilik vo bacariglari

ohato edon timumi bir magsod climlosi yazilir
Mogsadlor: moduldak: foaliyyatlor ilo olagadar olan moaqgsadlor
omoliyyatlara osaslanaraq yazilir.

TOLIM — TOHSIL
MUHITI VO
AVADANLIQLARI

Modulda tovsiyys edilon miihit, avadanlig, tolim vasitolori vo
materiallar tomin olunmalidir

OLCMO VO
QIYMOTLONDIRMO

Modullarda modulun tolobslar torafindon lazimi bilik vo baca-
riglarin monimsonilmasini 6lgon vasitolor vo qiymaetlondirms
kriteriyalar1 6z oksini tapmalidir. Har bir dyronma foaliyyatinin
sonunda talabanin bu bélmani na deracade monimsadiyini 6lgan
miixtolif tipli tapsiriglar olur. Ogor tolobs tapsiriglara tolab
olunan sayda dogru cavab verarso ndvboti 6yronmo foaliyyatino
kegid edir, oks halda homin bélmoni tokrar edir.

Hor bir modulun sonunda iss modul qiymstlondirms tapsiriqlari
yer alir. ©nonovi tohsildon forqli olaraq modulda tolobs 6z
qiymatini 6zii miioyyon edo bilir. Modul giymstlondirmonin
neco aparilacagi ovvolcodon miiallim torofindon elan edilir.

TOLIMCILOR

Modulun totbiqi uygun sahado tohsili vo tocriibasi olan miial-
limloro hovalo olunmalidir.

USUL VO VASITOLOR

Todqiqat, s6hbot, miisahids, layiho hazirlama, sual -cavab, dis-
kussiya, konfrans vo s. kimi miixtslif tisul vo vasitolordon isti-
fads oluna bilar.

TODQIQAT YERLORI

Modulu totbiq edocok miiollim, omokdasliq edilocok digor saho
miiallimlari, uygun sahs ilo slagadar sirkstlor, todqiqatlar apa-
rilacaq emalatxanalar vo s. yerlori burada qeyd edorak toloboni
istiqgamatlondirmalidir.

Giris hissa. Bu hissonin osas moagsadi tolobado motivasiya yaratmaqdir.
Toaloba qavramalidir ki, o bu modulu niys 6yronmalidir vo bu modul onun {i¢iin
hans1 ohomiyyati dasiyir. Bu vozifoni giris hisso yerino yetirir. Bu mogsadlo
toloboni giris hissoni oxumasi ti¢lin miitloq yonsltmok lazimdir.

Tolobado motivasiya yaratmaq moaqsadilo:

- Ixtisas sahosinin hal — hazirdaki vo golocokdoki voziyyeti haqqinda
- Modulun ixtisas sahasinda yeri vo rolu haqqinda

101




Modul naticasinds aldo olunan bilik vo bacariglarin giindslik hoyatda
istifadasi vo perstiji hagqinda Molumatlar verils bilor.
Xiisusilo do, tolim materiallarinda sos vo vizual vasitalordon istifado

edilmasi tolobolorin maragini artira bilar.

Oyronmo faaliyyati. Bu hisso 6z — Ozlilyiindo bir nego elementdon

toskil olunur:

Mogsad — burada foaliyystin sonunda tolobonin qazanacag bilik vo ba-
cariqlar, davraniglar oks olunur.
Tadqgiqat — bu hisso foaliyyoto hazirliq moagsadilo toloboni mdvzu ilo
olagodar informasiya toplamaga yonoltmok vozifosi dasiyir. Todgigat
Oyronmao foaliyyatini dostoklomolidir vo tolobado todqiqat, motivasiya,
giymatlondirma, roy verma bacariqlarini inkisaf etdirmolidir. Todqgiqat
zamani uzunmiiddotli tapsiriqlardan yaymmali, todqiqatin qisa zaman-
da vo asan oldo oluna bilon molumatlara yonoldilmis olmasina fikir ve-
rilmoalidir.
Mo6vzu — mdvzu basliglart modulun miindoricatindaki basliglarla eyni
olmalidir. Mévzularin sistemli gokilda bir-birini izlomasina diqqot edil-
molidir. ©lavo molumatlardan yaymmali, qisa vo konkret molumatlara
yer verilmalidir. Har bir yas dovriindaki tolobonin mdvzunu baga diisiib
gavramasi Ug¢ilin daha anlasigh sozlordon istifado olunmalidir. Molu-
matlar asandan ¢otino dogru siralanmalidir. Ixtisasa aid terminlorin vo
beynolxalq sozlorin izahatlar1 geyd olunmalidir.
Praktika — burada tolobo mdvzu lizro qazandigi bilik vo bacariglart
praktikaya totbiq edir. Buradaki tapsiriqlar 6yronmao foaliyyotinds geyd
olunan moagsadlora osaslanmalidir. Praktikanin osas hadofi tolobayo
movzuya aid bilik vo bacariglar1 agilamaqdir. Tolobo praktiki foaliyyot-
ds tolob olunan miihit vo avadanliqlarla tomin olunmalidir. Praktikanin
iistiin cohoti ondan ibaratdir ki, tolobonin miistaqil sokildo dyronib tot-
biq etdiyi bilik vo bacariglar enanavi tohsilds alds olunan bilik vo baca-
riqlardan daha qalicidir. Praktiki hissodo toloboyo verilon tapsiriglar vo
homin tapsirigin holling aid tovsiyalor geyd olunur.
Olgmo vo giymatlondirmo (8lgmo suallari, praktiki test, praktikanin qiy-
motlondirilmasi)—tolobalor, 6yronmo foaliyyatinds oldo etdiklori bilik vo
bacariqglar1 6l¢gma vasitalorilo dl¢iirlor. Olgmo suallart ilo bilik soviyyosi
olciiliir. Praktiki testlor bacariqlarin &lgiilmasi funksiyasini dasiyir. Olg-
mo naticasindo toloba dyronmo foaliyyatinin sonunda oldo etdiklori bilik
va bacariglart miioyyan edarak 6zlorini giymatlondirirlor. Qiymatlondir-
mo naticasinda tolobo mogbul notico aldo etmissa, ndvbati foaliyyot vo
ya modula keco bilor.
Olg¢mo suallari — toloba buradaki suallara cavab vermaklo aldo etdiyi bi-
liklori giymotlondirir. Ol¢gma suallar1 hazirlayarken asagidakilara digqot
etmok lazimdir:

* Sual olave izah tolob etmomoalidir
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= Miixtolif tipli sual metodlarindan istifado etmok miimkiindiir
(se¢im, dogru — yanlis, miiqayiso, forqli varianti tapma vo s.)

= Sual hazirlanarkon agiq sozlordon istifado olunmali, abrevia-
turalardan istifade olunmamalidir.

Olgmo suallarinim qiymatlondirilmosini taloboe 6zii hayata kegirir. Belo ki,
modulun sonunda yerlogon cavablardan istifado etmoklo dogru vo sohv cavab-
lar1 miioyyonlogdirir, verilmis kriteriyalara osason 6z qiymatini toyin edir. Talo-
bonin zoif oldugu hissolor miiollimin komoyilo yenidon tokrar edilir. Ogor
taloba magbul natica alds etmisdirss, praktiki foaliyysts kegir.

Praktikanin 06l¢iilmosi vo giymotlondirilmosi {i¢lin ovvalcodon tortib
olunmus tapsiriglar vo giymotlondirmo kriteriyalari geyd olunur. Ogor tolobo
praktiki hissoni miivoffoqiyyotlo basa vurmusdursa, novboti foaliyyoto istiqa-
matlondirilir. Oks halda, faaliyyatin tokrarlanmasi tomin olunmalidir.

Modul giymoatlondirmas. Tolobo modulun sonundaki suallara cavab
vermaklo bu modul naticasinda alds etdiyi bilik va bacariglart qiymatlondirir:

*  Ol¢mo suallart — modulu tam ohats edon biliklorin gqiymatlondirilmosini
tomin edir. Toloba modulun sonundaki cavablarla 6z cavablarini tutus-
durub sohv vo dogru cavablarin1 miioyyonlosdirir. Tolobonin zoif oldu-
gu hissalor miiallimin kdmayils tokrarlanmali, lazim goalorss, modul tok-
rar edilmoalidir. Toloba moagbul natico alds etdikdo ndvbati modula kegid
edir.

= Praktiki 6lgmo - modulun sonunda tolobonin lazim olan bilik vo baca-
riglart olds edib etmomasi miioyyan edilir. Buna bazon “performans”
testi do deyilir. Cilinki bu 6l¢gmo modulla sldo olunmus bilik vo bacariq-
lar, vordis vo davranislari tamamilo ohato edir.

= Praktikanin qiymotlondirilmasi — bu bélmados tolobonin vaziyyati miioy-
yanlosdirilir: ya novbati modula kecid edir, ya da modulun tokrarina.

Cavablar. Tolobonin cavablarinin sohv vo ya dogrulugunu yoxla-
maga imkan verir. Lazim golorso, miisllim vo toloba cavablart birgo
yoxlaya bilor.

Modul texnologiyasmin Informatika dorslorino totbigini arasdirmagq
iictin Web proqramlasdirma iizro modul programin hazirlanmasina baxaq. Web
programlagdirmaya baglamazdan avval taloba saboko brauzerlorini tanimali vo
onlarla isi bacarmalidir. Homcinin domen adlar, IP iinvanlar, URL iinvanlar
hagqinda molumata sahib olmali vo onlarin is prinsiplarini dyronmolidir. Web
programlasdirma HTML, CSS, JavaScript vo s. dillori ohato edir. Tortib olu-
nacaq modulda dillorin mitkommaol sokilde dyronilmasi va tatbiqi ti¢iin bu dills-
rin hor biri iiglin ayr1 modul hazirlamaq daha moagsadouygundur.

Modul niimunasini HTML dili {izerindo hazirlayaq. Modulun miindaricatini
tortib edok:

Miindaricat

1. agiglamalar

2. giris
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3. dyronma faaliyyati -1
3.1. Mogsad
3.2. Todqgiqgat
1. HTML dilinin asas teqlori

1.1.  HTML dilinin sintaksisi
1.1.1. <html>teqi

1.1.2. <head>teqi

1.1.3. <body>teqi

1.1.4. <title>teqi

1.2.  Siyahi teqlori
1.2.1. <ol>teqi
1.2.2. <ul>teqi
1.2.3. <li>teqi
3.3. Praktiki foaliyyot
3.4. Praktiki foaliyyato nozarat
3.5. Olgmo vo giymotlondirmo
4. Oyronmo faaliyyati — 2
4.1. Mogsad
4.2. Todqgiqat
2. Moatnlar va onlarin formatlasdirilmasi
2.1. Motn formatlagdirma teqlori
2.1.1. <h1>..<h6>teqlori
2.1.2.<B>
2.1.3.<U>
2.1.4. <>
2.1.5. <BR>
2.1.6. <P>
2.1.7. <Font>teqi
2.1.8. <hr>teqi
4.3. Praktiki foaliyyot
4.4. Praktiki foaliyyato nozarat
4.5. Olgmo vo giymatlondirma

1) Modul hazirlamaq {igiin ilk morholo agiqlamalar (izahatlar) morholasi-

dir:

KOD Ixtisasin kodu yazilir

SAHO Kompiiter elmlori

IXTISASLASMA Web proglasdirma

MODULUN ADI HTML dili ilo sado amoliyyatlar

MODULUN TOSVIRI Bu modul HTML vasitosilo sado sohifalorin ha-
zirlanmasi ii¢lin lazim olan bilik vo bacariqlar olds
etmak li¢lin vacib olan materialdir.

MUDDOT 40/24
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BASLANGIC SORT

Vebbrauzerlorls tanighq

MODUL IL® 8LDd HTML kodlar ils sads veb sohifalor hazirlamaq
OLUNACAQ BILIK VO

BACARIQLAR

MODULUN M&QS8&Di Umumi moqsad: HTML ilo sado veb sohifalori ha-

zirlaya bilmok
Maogsadloar:
1. HTML dilinin asas teqlari ilo tanighq
2. HTML vasitssilo motnlorin yaradilmasi vo
formatlagdirilmasi
3. HTML ilo cadvallorin yaradilmasi
4. HTML — da siyahilar

TOLIM — TOHSIL MUHITI

Miihit: kompiiter laboratoriyast

VO AVADANLIQLARI Avadanlq: kompiiter, internet olagosi
OLCMS . VO | Modul daxilinds olan Oyrenmo foaliyystlorinin so-
QIYMOTLONDIRMO nundaki 6lgmo vo qiymetlondirme vasitolorinden

istifads etmaklo, 6ziliniizii qiymetlondirin.

Modulun sonundaki modul giymatlondirms ilo mo-
dul tizra olde etdiyiniz bilik vo bacariglart giymat-
londirin. Natico magbuldursa ndvbati modula kecin,
oks halda modulun tokrari tovsiyys olunur.

2) Modulun togkili zamani 2 — ci hisso Giris hissosidir:
“HTML (HyperTextMarkupLanguage) veb sohifalorin hazirlanmasinda
istifado olunan nisanlama dilidir. HTML kodlari ilo siz veb sohifo ha-
zirlaya, arxa fonu diizonloya, sohifoyo miixtolif obyektlor alavo edib on-
lar1 redakta edo bilarsiniz. Bu modulun sonunda siz HTML dilinin kod-
larindan istifads etmoklo sado veb sohifonizi hazirlaya bilocoksiniz”

3) Novbati hisso - “Oyronmo faaliyyati”dir:
Mogsad: HTML dilinin osas teqlorini dyronacoksiniz.
Tadqiqat: vebbrauzerlor hansilardir? Daha hansi vebprogramlasdirma
dillorini taniyirsiniz?
2. HTML dilinin asas teqlori
2.1.  HTML dilinin sintaksisi
2.1.1. <html>teqi
2.1.2. <head>teqi
2.1.3. <body>teqi
2.1.4. <title>teqi
2.2.  Siyahi teqlori

2.2.1. <ol>teqi
2.2.2. <ul>teqi
2.2.3. <li>teqi

4) Praktiki foaliyyat (niimuno)
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omoliyyatlar Tovsiyalor

“modul texnologiyalar1” adli  sads | Notepad Matn redaktorunu agin.
HTML fayh yaradin. Fayl yaratdigdan sonra File/Save
as omri ilo fayl adina “modul_tex-
nologiyalar1”, tipina iso .htm geyd
edin.

Asagidaki goriintiinii oldo etmok ticiin | Siyahi teqlorinden istifads edin
hansi teqlor istifadoe olunmalidir?
1. Matn redaktorlari

e Notepad

e  Wordpad

e Lexicon
2. Cadval redaktorlari

e [ otus
e QuattroPro
e FExcel

Praktiki foaliyyoto nozarot — burada tolobonin praktiki foaliyyoti neco
icra etdiyino nozarat olunur. HTML teqlorindon diizgiin istifado edib-
etmadiyi yoxlanilir.

Qiymoatlondirmo - praktiki foaliyyotdo tolobonin yerino yetiro bilmadiyi
vo ya c¢atinlik ¢okdiyi hissolor tokrar edilir. ©gor biitiin tapsiriglart ye-
ring yetirmisso, 6lgmo vo qiymotlondirmo bolmasina kegilir.

5) 6lgma vo giymatlondirma (niimuna)

Asagidaki1 miilahizalorin dogru vo ya yanlislhigini miioyyon edin. Dogru
isa TRUE, yanlis iso False qeyd edin.

a. <title>teqi web sohifonin adin1 toyin edir.

b. <ol>teqi nizaml1 siyahi yaradir.

c. <ul>teqi nizamli siyahi1 yaradir.

d. <table>teqi motni codvalo salir.

e. <tr>teqi cadvalin satirlorini toyin edir.

Qiymotlondirma. Cavablar bélmosindon istifado etmoklo cavablarinizi
yoxlayir. ©gor toraddiid etdiyiniz sual varsa, tokrar edin. Biitiin cavab-
lariniz dogrudursa, novbati dyronma foaliyyatine kegin.

6) Oyronmo foaliyyati — 2

Mogsad — HTML dilindo motnlor vo onlarin formatlagdirilmasi gay-
dalarin1 6yronmok

Todqigat — motnlorin goriinlisiinii doyismok {i¢lin hansi teqlorin istifads
olundugunu aragdirin.

2. Moatnlar va onlarin formatlasdirilmasi

2.1. Matn formatlagdirma teqlori

2.1.1. <h1>..<h6>teqlori
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2.1.2. <B>
2.1.3.<U>
2.1.4.<I>

2.1.5. <BR>

2.1.6. <P>

2.1.7. <Font>teqi
2.1.8. <hr>teqi

7) Praktiki foaliyyot

Omoliyyatlar Tovsiyalor

Brauzerdo asagidaki goriintlinii oldo | <i>,<b>,<u>,<font
etmak iiciin hansi kodlar y1gilmalidir? color>teqlorini istifado edin
Modul texnologiyalarin tatbiqi

Superscript vo sbscriptlordon
X | Css istifado edin

PHP | javascrirT

Praktiki foaliyyoto nozarot - burada tolobonin praktiki foaliyyoti neco
icra etdiyino nozarat olunur. HTML teqlorindon diizgiin istifado edib-et-
madiyi yoxlanilir.

Qiymoatlondirmo - praktiki foaliyyotdo tolobonin yerino yetiro bilmadiyi
vo ya ¢otinlik ¢okdiyi hissolor tokrar edilir. ©gor biitiin tapsiriglart ye-
ring yetirmisso, 6lgmo vo qiymotlondirmo bolmasinag kegilir.

8) Olgma vo giymatlondirmo

Asagidaki suallara cavab verin

1. Motni altdan xottli yazmagq ii¢iin hansi teq istifado olunmalidir?

a) <p>

b) <i>

c) <u>

d) <hr>

2. Motni galin yazmagq tigiin hansi teq istifado olunmalidir?

a) <b>

b) <i>

c) <br>

d) <u>

3. Yaz1 tipi hansi amrlos toyin edilir?

a) <font size>

b) <font color>

¢) <font face>

d) <font name>

4. <hr align="center”>kodunun vozifasi nadir?

a) yazini morkozo dogru yazdirir
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b) yazini saga dogru yazdirir

¢) sohifonin ortasina iifliqi xott ¢okir

d) sohifonin ortasina saquli xott ¢okir

Qiymoatlondirmo Cavablar bélmosindon istifado etmoklo cavablarmizi
yoxlayir. ©gor toraddiid etdiyiniz sual varsa, tokrar edin. Biitlin cavab-
lariiz dogrudursa, ndvbati Oyronmo foaliyyatine kegin.

Modul giymotlondirma

Asagidaki suallar1 cavablayin.

1. Matni qalin (bold) yazmagq ii¢iin hansi teqden istifads olunur?

a) <hl>

b) <b>

c) <{>

d) <u>

e) <p>

2. Yazinin srifini 5 toyin etmok {igiin hansi yazilis dogrudur?

a) <font name="5">

b) <font width="5">

c¢) <font height="5">

d) <font size="5">

e) font="5"

3. Cadvalds yeni bir siitun yaratmagq iigiin hansi teq istifado olunur?
a) <tr>

b) <table>

c) <td>

d) <th>

e) <column>

4. Asagidaki target parametrlorindon hansi linki yeni pancarados agir?
a) blank

b) self

c) parent

d) top

€) new

5. Motni yeni sotrdon yazmaq l¢iin hansi teqdon istifado olunur?
a) <hr>

b) <p>

¢) </n>

d) <head>

e) <br>

Cavablar

Oyronmo foaliyyati — 1

A | TRUE

B | TRUE
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9.

C | FALSE
D | FALSE
E | TRUE

Oyronma foaliyyoti — 2
1

TNV
Qg|»> 0

odul giymatlondirmonin cavablari

Lh-lkb)[\.)»—tz
o> Q0w
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COCTABJIEHHUE MOAYJBbHBIX ITPOI'PAMM 110 NIPEJMETY HTH®OPMATHKHU
ML.A.AJIBIIIIOB, HA.MMAHOBA, M.C.XAJINJIOB
PE3IOME

B nmamHOW paboTe u3ydeHBl NPHUMEHEHWS MOIYIBHBIX TEXHOJIOTHH Ha YypoKax
UHPOPMATHKH. AKTYalbHOCTh TaHHOW pabOTHI 3aKII0OYAeTCS B TOM, YTO OBICTPOpPA3BHBAIO-
muiicsd TEXHUUECKHUH MPOTPEcc AUKTYET HOBBIE YCIOBHS Ul OOyUCHUS U MPEABSBISACT HOBBIE
TpeboBaHus B mpodeccuu. B pamkax oOydeHHS ydYAIIHMHACS YACTUYHO WA IIOJTHOCTHIO
CaMOCTOSATENILHO MOXKET padoTaTh € MPEATI0KEHHOH eMy yueOHOH NHporpamMMoi, Kotopas
COJICP)KUT B cebe IeJeByI0 MporpamMmy JEHCTBHH, 0a3bl MH(QOpPMAIMU M METOJHYECKOE
PYKOBOJCTBO JUISl AOCTH)KEHHS TIOCTABJICHHBIX JIMJIAKTHYECKUX IIeTIeH.

KiroueBble cjoBa: TexHONOTHS MOIYIHHOTO OOYydYEHHsS, MOIYJIbHBIC IPOTPAMMEI,
JeSITeIbHOCTD N3YUCHUSI, MOIYJIbHOE OIICHUBAHHE.

DEVELOPMENT OF MODULAR PROGRAMS
ON THE SUBJECT OF INFORMATICS

M.A. ALYSHOV, N.A.IMANOVA, M.S.KHALILOV
SUMMARY

In this paper, studied the use of modular technology in the classroom informatics. The
relevance of this work lies in the fact that the rapidly developing technical progress dictates
new conditions for learning and makes new demands in the profession. As part of the training,
the student can, partially or fully independently, work with the curriculum offered to him,
which contains a targeted action program, databases and methodological guidelines for
achieving the set didactic goals.

Key word: modular learning technology, modular programs, learning activities,
modular assessment.
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POLIETILENQLIKOL-LIMON TURSUSUNUN Na DUZU- SU
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Toqdim olunan isda polietilenglikol-limon tursusunun Na duzu -su ikifazali sistemina
bazi alavalarin (duzlarin , spirtlorin) va temperaturun tasirina baxilmigdir. Baxilan ikifazali
sistemin aywrdetma qabiliyyati toyin olunmus va ona alavalorin tosiri Oyronilmisdir.
Temperaturun va alavalarin tosiri ilo binodallarin bazilori homogen oblast, digorlori isa
heterogen oblast istiqamatinda siiriigiirlor.

9gar binodal koordinat baslangicindan uzaqlasirsa, yani homogen oblast boyuyiirsa,
demali alava olunan madda komponentlorin suya harisliklarinin forqini azaldir, sistemdas suyun
strukturunu dagidir vo fazalara ayrilma c¢aotinlagiv vo fazaamalagotiron komponentlorin
konsentrasiyalarimin daha boyiik qgiymatlorinda bas verir va aksina.

Acar sozlor: ikifazali sistemlor, polietilenglikol, limon tursusunun Na duzu, ayirdetmo
qabiliyyati

Bioloji aktiv hissaciklor qarisiglarinin ayrilmasi, tomizlonmasi va tod-
qiqi ¢ox vacib tibbi-bioloji problemlardan hesab olunur. Tasadiifi deyil ki, tibb,
farmakoloji vo yeyinti sonayelorinin bu sahanin qarsisinda qoydugu toloblor
giindon-giino artir.

Qeyd edak ki, kimyavi maddalerin ayrilmasi {igiin ¢oxlu sayda metodlar
movcuddur. Bioloji materiallarin ayrilmast vo tomizlonmasi iiglin do xiisusi
metodlar islonib hazirlanmigdir, lakin bu metodlar miirokkob agir hocmli ava-
danliglar tolob edir vo ¢cox baha basa golirlor.

Kegon osrin axirlarinda Isveg alimi Albertson | 1 bioloji obyektlorin ay-
rilmast vo tomizlonmosi {igiin yeni, ucuz basa golon, sado, “yumsaq” metod is-
layib hazirlamisdir. Bu metod, maddslorin su-polimer ikifazali sistemindo gey-
ri-borabar paylanmasina asaslanmigdir.

Bu metodun mahiyyati ondan ibaratdir ki, iki miixtalif tobiatli polimerin
va ya bir polimerin vo bozi lizvi vo geyri-lizvi kigikmolekullu birlogmalorin su-
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da mohlullart (qarisiglart), komponentlarin konsentrasiyalarinin miioyyan qiy-
matlorindon boylik giymatlorinds tarazliqda olan vo bir-birinds hall olmayan
iki maye fazaya ayrilirlar, homogen — geterogen faza kecidi bas verir (sokil 1).

1 Pol 1+FPol 245u 1 I Pol + duz 4501
I Pol 24Pol 1+5u 11 n duz +Pol. +5u 1l
Sak. 1.

Sistemin fazalarinin biri komponentlorin biri ilo, digori iso basqa kom-
ponentls zongin olur. Hor iki fazanin asasini su toskil edir (70+90%-a qodor).

Belo sistemo bioloji obyektlor (ziilallar, hiiceyralor, viruslar vo c.) qari-
s181 daxil edildikdo onlarin har bir ndvii sistemin bu vo ya digor fazasinda top-
lanirlar. Biomateriallarin ikifazali sistemdo paylanmasi onlarin fordi xiisusiy-
yatlarindon, fazasmologatiron komponentlarinin tobistindon vo konsentrasiya-
sindan, sistemo edilon olavalorin konsentrasiyasindan vo tobiotindon asilidir.
Ikifazali sistemlordo maddolorin paylanmasi, paylanma omsali ilo xarakterizo

olunurlar K :C—'; Ci vo Cy I vo II fazalarda paylanan maddonin
1

konsentrasiyalaridir. Paylanma prosesindo biomateriallarin strukturlar1 zad-

olonmir, bioloji aktivliklorini itirmirlor, ¢iinki ikifazali sistemin osasini bioob-

yektlorin dogma miihiti olan su togkil edir.

Bu metodun ¢ox vacib olan iistlin cohatlorinden biri odur ki, paylanma
prosesi laboratoriya soraitindon kasilmaz rejimds biotexnoloji sonaye goraitino
asanligla kogtiriilo bilir. Qeyd etmok lazimdir ki, paylanmadan alinan mohsul-
larin keyfiyyoti baximindan bu metodun analoqu yoxdur.

Hal-hazirda bu metod siirotlo inkisaf etmis vo totbiq saholori xeyli ge-
nislonmisdir. Onlarin bazilorini sadalamaq maraqli olar:

1. biomateriallarin ayrilmasi vo tomizlonmasi.

2. yiiksokmolekullu birlagmalorin (polimerlarin) fraksiyalara ayrilmasi

3. suda holl olan istonilon maddslorin, xiisuson polimerlorin vo bioob-
yektlorin heg¢ bir iisulla toyin oluna bilmayan nisbi hidrofobluqglarinin
komiyyatca qiymatlondirilmasi.

4. Miioyyan olunmusdur ki, maddonin ikifazali sistemdo paylanma amsa-
linin dayismasi, xarici amillarin (radiasiya va s.) tasiri naticasinds canli
orqanizmdo bas veran patoloji doyisikliklorin gostoricisi kimi qgabul
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edilo bilor. Basqa sozlo, bu metod ilkin tibbi diagnostikada istifado olu-
na bilor vo ugurla olunur.

5. Bu metod maddslorin canli orqanizmlords paylanmasinin (maddolor
miibadilosinin) mexanizmini basa diigmoys imkan verir vo canli orqa-
nizma ¢oxfazali, coxkomponentli sistem kimi baxmaq tasovviiriine gati-
rib ¢ixarir. Masalon, gan — toxuma mayesi, toxuma mayesi — hiiceyra
mayesi va s.

Ikifazali su — polimer sistemlorini todqiq etmok iigiin sistemin hal diagra-
mindan istifado olunur. Sokildo togdim olunan diaqramin koordinatlarinda fa-
zaomologatiron komponentlorinin konsentrasiyalar1 gostorilmisdir (sokil 2).

T=298,15K temperaturda PEQ- kahraba turgusunun natrium duzu ikifazal su
sisteminin binadal avrisi va bidesdirici xath

Sak. 2.

Sokil 2-daki ayri (binodal ayrisi) sistemin tarazligda olan homogen (bir-
fazal1) vo heterogen (ikifazali) oblastlarini bir-birindon ayiran noqtalorin hon-
dasi yeridir. Komponentlorinin B ndqtasine uygun timumi konsentrasiyalarinda
sistem iki fazaya ayrilir vo bu fazalarda komponentlorin konsentrasiyalart A
(yuxar1 vo ya I faza) vo C (asag1 vo ya Il faza) noqtolorinin koordinatlar ilo
miioyyanlosir. Birlogdirici xott (BX) vo ya nod adlanan AC xattinin {izorindo
olan istonilon ndéqtoys (torkibo) uygun timumi konsentrasiyaya malik sistemin
fazalarinda komponentlorin konsentrasiyalar: da A vo C ndqtslorinin koordinat-
larma uygun olur. BX iizorindo ndqtonin voziyyoti (koordinatlari) tarazligda
olan fazalarin hocmlarinin nisbotini gostorir.

Fazalarin hacmloari va torkiblori eyni olan va binodalin {izerinds olan K
ndqtasi hipotetik ikifazali sistemin kritik ndqtasi adlanir.
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Sistemin fazalara ayrilmasinin mexanizmi ¢oxlu sayda todqiqat¢ilar toro-
findon Syronilmis vo gostorilmisdir ki, | 2-4] polimer ciitiiniin suda mohlullarin-
da hor bir komponentin suya strukturlasdirict vo dagidici tosirlorinin, hidrofil
va hidrofob hidratasiya mexanizmlorinin, bir s6zlo, su ilo g/tasirlorinin miixto-
lifliyi naticasinds sistemds iki miixtalif termodinamik hala malik su strukturlar
omoalo galir ki, bu da sistemin fazalarina uygun olur. Bu sabobdan ikifazali sis-
tema daxil edilmis maddslor iki miixtalif strukturlu su miihitins olan forqli ho-
risliklori, forqli qarsiligh tesirlori naticosindo sistemdo geyri-barabar paylanirlar
vo bu paylanma, paylanma omsal1 ilo xarakterizo olunur:

K=C'/C"

Umumiyyatlo, istonilon maddonin su ilo qarsiligh tosirini xarakterizo et-
mak {iglin hidrofob vo hidrofil hidratasiya anlayislarindan genis istifade olunur.
Bu terminlora aydinliq gotirmok tigiin su ilo bagli bazi maogamlara toxunag.

Molum oldugu kimi, mdciizali su, canli alomin asasini togkil edir, canli
orqanizmlords gedan, istinasiz, biitiin proseslords aktiv istirak edir va bu pro-
sesloro 6z koklii tesirini gostorir. Suyu xarakterizo edon oksor xassolords ano-
malliglar miisahido olunur. Bu anomalliglar suyun molekullar1 arasinda, ener-
jilorinin qiymati kimyavi rabits enerjilari ilo fiziki qarsiligh tosirlerin enerjilori
arasinda olan, hidrogen rabitslorinin mdévcudlugu ils slagadardir.

Suyun spesifik xiisusiyyastlorindon on maraqli tozahiirii, suya geyri-polyar
gruplar saxlayan maddoslor daxil edildikdo, miisahido olunan “hidrofob” ef-
fektdir. Qeyri-polyar qruplar su torofindon itolonir. Qeyd etmok lazimdir ki, el-
mi adabiyyatda “hidrofobluq”, “hidrofillik”, hidrofob qarsiligh tesirlor kimi an-
layislarin diizgiin basa diisiilmasindo uzun miiddot miixtslif ¢atinliklor méveud
olmugdur. Miiasir tosovviirloro goro hidrofobluq maddonin (atomun, uonun,
molekulun va s.) sothinin su ilo qarsiliqlt tosiri sorbast enerjisi ilo xarakterizo
olunur (AQG), “hidrofillik” hidrofoblugun tarsidir. Biitiin yiiklii vo polyar qrup-
lar hidrofildirlor, suya harisdirlor, suda yaxsi hall olurlar vo olduglari molekul-
larin suda hall olmasini asanlagdirirlar, geyri-polyar maddolor iso hidrofobdur-
lar, suda pis holl olurlar vo ya heg hall olmurlar. Oziindo hom polyar, hom do
geyri-polyar qruplar saxlayan bifil bioloji molekullarin iso suda hall olmasi bu
iki nov qruplarin su ils qarsiligh tasirlarinin ince balansi ilo miiayyan olunur.

Belolikla, tobiidir ki, elmi odobiyyatda maddenin (sokil 3-do A maddasi)
suya horisliyini, basqa s6zlo, nisbi hilrofoblugunu, onu sonsuzlugdan su miihi-
tino va geyri-polyar miihits koglirmak iliclin lazim olan sorbast enerjilorin forqi
ila va ya sudan geyri-polyar miihito ko¢iirmak iigiin lazim olan sorbast enerji ilo
xarakterizo etmok gobul olunmusdur vo asagidaki kimi ifads olunur.

Maddanin vo onun suda mohlulunun hidrofoblugunu toyin etmok tigiin,
markerlar adlanan, polyar qrupu doyismoyen, alifatik zoncirlori iso karbon
atomlarmin (vo ya metilen qruplarinin) say1 ne, ilo forqlonan dinitrofenillos-

dirilmis (DNF) amin tursular1 sirasim1 (markerlori) ikifazali sistemdo (su —
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geyri-polyar miihit vo ya ikifazali polimer-su sistemlorindo) paylanmasi toklif
olunmusdur | 5-6| .

] |J|.
LA
w5 =k J'1"".""-'9'-I'-'F.'l--w:J---
Cevm-polvar mithit
= ~ul Oitanol '
4Gy, yoican = Q/polyar miihit
. A _ A A
ﬂb.: e ﬁﬁm—}m = &Gm—p;-p.

sktawel- CH,(CH, ),CH,OH

Sak. 3.

Sokil 4-do su-oktanol ikifazali sistemindo markerlarin paylanmasindan alinan
naticalar - Ink —ng,, asihiligi kimi gostorilmisdir.

Ln K

n('I')

DNF amin tursularimin paylanma amsah logarifinin yan zancirdaki
melilen qruplarmmn saymdan asihilig

Sak. 4.

Goriindiiyl kimi bu asililiq
In=C+E-ng, (1)
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xotti tonliyi ilo tosvir olunur. Burada C vo E fiziki monalar1 asagida gostorilon
sabitlordir, My, - paylanan sirada karbon atomlarinin sayidir. Paylanmanin
Bolsman paylanmasina uygun oldugunu nazars alsaq, (AG<<kT)

C _AG
K = — = f kT (2)
I
va (2)-in har torofini RT-ys vursaq asagidaki ifadslori yaza bilorik:

RT InK =—RTC —RTE - ng,,_

RT InK = —AG"3, (3)
AG.™2 — —RTE (4)
RTC = —AG,_, (5)

Burada (3) ifadosi biitov molekulun sistemin I fazasindan II fazasina
kegmasi ticlin lazim olan sarbast enerjini, (4) ifadasi bir metilen qrupunun faza-
lararas1 kegid sorbost enerjisini vo (5) ifadosi iso DNF amin tursulart mole-
kullarinda sabit polyar qrupun fazalararasi keg¢id sorbost enerjisini xarakterizo
edir. Basqa s6zlo, C parametri DNF amin tursulari sirasinda olan sabit polyar
hilrofil qrupunun fazalardaki su miihitlorinds hidrofil hidratlasmada istirak
etma qabiliyyatlorinin forqini, E-parametri iso, bir metilen qrupunun fazalarin
su miihitlorinds hidrofob hidratlasma qabiliyyatlorinin forqini xarakterizs edir.

Qeyd etdiyimiz kimi, geyri-polyar maddoslor su miihitino daxil edildikdo,
onlar su torofindon itolonirlor. Bu effekt “hidrofob” effekt adlanir.

InK
.

In'K =0 =””E3
// ("\I :['In
/]

e C4E. . c
Ink +E-n n=-%

1,2, 3, 4 sistemda fazaamalagatiran komponentlarin miixtalif
konsentrasiyalarina uygundur

Sak.S.
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Hidrofob effekt naticosinds sudan itslonan geyri-polyar qruplar bir-birina
cox yaxin mosafalora toplanaraq hidrofob qarsiligh tasirlords olurlar, bu hid-
rofob hidratasiyadir. Qeyri-polyar hissociklorin suya harisliyinin kigik olmasi,
yani onlarin nisbi hidrofoblugu, hallolma prosesinds sistemin entropiyasinin
azalmas1 (AS<O0) sorbast enerjisinin is9 artmasi ilo slagedardir (AG>0). Bu iso
energetik cohatdon alverisli olmadigindan geyri-polyar hissaciklor sudan itals-
nirlor. Bu zaman su daha da strukturlasir vo su ilo kontaktda az olmasini tomin
edon kompakt strukturlar yaranir vo belo sistemdo (miihitdo) biostrukturlarin
aktiv konformasiyalar1 daha da stabillogir.

Tadqiqatlar gostormisdir ki, | 4] ikifazali sistemlori tam, birqiymotli xa-
rakterizo etmok liclin C vo E parametrlorindon istifads etmok korrekt deyil,
clinki 5-ci gokildon goriindiiyli kimi bu parametrlorin qiymatlori fazasmalo-
gotiron polimerlorin sistemdoki timumi konsentrasiyalarindan asilidir vo veril-
mis ikifazali sistemi birqiymatli xarakterizo eds bilmoaz.

Lakin gorlindiiyli kimi, komponentlorin sistemdoki marker maddslorda
metilen qruplarinin sayin1 miioyyon n* qiymotinds biitiin konsentrasiyalar {i¢iin

Ink=0, k=1; C=Cy va n*=% olur. Beloliklo, n* - metilen qruplarinin elo

hipotetik sayidir ki, paylanan madds sistemdo borabor paylanir, yoni n=n*
oldugda paylanan maddenin molekulunun hidrofob fragmenti ils hidrofil frag-
mentinin InK-ya verdiyi paylar bir-birini tam kompensa edirlor. Dediklorimiz-
don aydin olur ki, n* - parametri verilmis sistemi tam xarakterizo eds bilor vo
onu ikifazali sistemin fazalariin su miihitlorinin strukturlarinin forqinin gos-
toricisi kimi gobul etmok olar, n*-un qiymaoti bdyiik oldugda fazalarin su mii-
hitlori daha ¢ox farqlonirlor va sistem daha bdyiik ayirma qabiliyyatine malik
olur. Ona gora do bu parametr ikifazali sistemin ayirdetma qabiliyysti adlan-
dirilmusdir |4,5] .

Aydindir ki, n* parametrlorinin qiymatini doyisdirmak vo idara etmok,
miixtalif tobiatli bioobyektlorin qarisiglarini ayirmaq ¢ox vacibdir vo bunun
ticlin sistema hansi yollasa tasir etmok lazimdir. O yollardan biri temperaturun
doyismaosi yolu, digar yol iso, sistemo paylanma prosesindo miixtolif maneedici
tosirlori olmayan oslavoalorin edilmasidir.

Isdo todqiq edilon PEQ-limon tursusunun natrium duzu-su ikifazali
sistemino miixtalif kimyavi tobiatli kicikmolekullu birlosmalori slave etmaklo
n*-parametrinin qiymotlori toyin edilmisdir. Sozsiiz ki, bu olavalor ikifazali
sistemin hal diaqramina da 6z tosirini gostormalidir [7,8]. Cadval 1-do vo 6,7,8-
ci sokillordo miixtalif olavelorin vo temperaturun PEQ-Na jimon-su ikifazali sis-
teminin ayirdetma qabiliyyatlori verilmisdir.
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Sak. 6. Kalium sulfat duzunun ikifazali PEQ-limon tursusunun
Na duzu-su sisteminin binodal oyrisins tosiri
1-0,2M , 2-0,3M, 3-0,4M, 4-0,5M K,SO,

Sakil 6-dan goriindiiyii kimi, K;SO4 duzunun tasiri ilo ikifazali sistemin
binodal ayrisi koordinant baslangicina dogru siiriislir vo hal diagraminin hete-
rogen oblast1 boyiiyiir. Duzun konsentrasiyasi artdigca bu siirlisma do boyiiyiir.
Alinan natico onu gdstorir ki, K,SO4 duzu suyu strukturlasdrir. ikifazal sis-
temin komponentlarinin suda hall olmasi vo uygun olaraq uyusmalar: ¢otinlogir
va sistemin fazalara ayrilmasi komponentlorin daha kicik konsentrasiyalarinda
bas verir.

Cadval 1
Olavo n*
karbamid 1 mol/I 5,52
karbamid 1,25 mol/l 5,20
saxaroza 0,196 mol/l 8,36
qlyukoza 0,37 mol/l 7,19
Su 9,3
NaNO; (4,67 mol/l) 12,6
Na,CO; (3,76 mol/l) 13,5
Na,SO, (1,79 mol/l) 14,6
K,S0O, 14,35
KCI (5,5mol/1) 7,19
KBr (3,53 mol/l) 6,98
KJ 10,6
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Sak. 7.
PEQ-limon tursusunun Na duzu-su ikifazali sisteminin
miixtolif temperaturlarda binodal ayrisi
1- 60°C; 2-40°C; 3-25°C; 4-10°C.

Qeyd edak ki, biitlin istifado olunan sistemlorain hal diagramina tempe-
raturun tasiri eynidir. Temperaturun artmasi ilo binodal oyrilori koordinant bas-
langicindan uzaqlasir, homogen oblastin sahasi artir.

Bu onunla slagadardir ki, temperaturun artmasi molekullarin istilik harokat-
lorinin intensivlogsmosi naticasinda sistemdo suyun strukturu dagilir, polimerlorin
suda hall olmast vo uyusmalar artir va sistemin fazalara ayrilmasi suya struktur-
lagdirici tosir gostoran polimerlorin daha kigik konsentrasiyalarinda bas verir.

Crea% 40
3B,
30 ¢
25 .’
®
20 A
321 A
15 % 12
3
10 - K:QQ
N
S $ § *e o
| 0 B R R Lduz’%
-10 0 10 20 30 40

Sak. 8. PEQ-limon tursusunun Na duzu-su ikifazali sisteminin
binodal ayrisina 1-NaNO; —iin tasiri, 2-Na,COj3-iin tasiri, 3- binodala Na,SO,-un tasiri
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Natrium duzlarinin ikifazali PEQ-limon tursusunun Na duzu-su ikifazali
sistemin hal diaqramina tesirinin tadqiqi gosterir ki, (sokil 10) kationlar1 do-
yismayan bu duzlarin

Anionlarinin tesiri naticasinds binodal heterogen oblastin artmasi istiqa-
motinds siirlistir. Bu sulfat tursusu duzlarinin suyu strukturlasdirdigi tssirinin
naticasidir vo sokil 6-da K,SO4 duzunun binodala tasiri bu naticoni bir daha
tosdiq edir. K;SO4 duzunun konsentrasiyasini artirdiqgda bu effekt (binodalin
koordinant baglangicina dogru siirligmosi) daha da boytik olar.

w0 C],['-Qr%

20 -
15 -
10 -

Cduz.%

0 - T T T T T T T 1
0 -] 10 13 20 Fi 30 35 40

Sak. 9. PEQ-limon tursusunun Na duzu-su ikifazali sisteminin 1
binodal ayrisina 2-metanol ( CH3;OH)—un tasiri tasiri , 3-etanol (CH;CH,OH)
-un tosiri, 4-propanol (CH;CH,CH,OH) (0,3mol/1), 5-propanol (0,5 mol/l)-un tesiri

Sakil 9-da bir sira biratomlu spirtlorin PEQ-limon tursusunun Na duzu-su
ikifazali sistemin hal diaqramina tosiri gostorilmisdir. Alinan naticolor gostorir
ki, metanol vo etanol binodal ayrisini homogen oblastin sahasinin artmasi
istigamatindo, propanol iso oks istiqamotds siiriisdiiriir.

Hesab etmok olar ki, hidroksil qrupunun su ilo qarsiligl tosiri, onun suya
dagidic tosiri, etanol vo metanolun hidrofob qruplarinin suya strukturlasdirici
tosirini iistaloyir. Noticads fazalara ayrilma komponentlorin daha boyiik kon-
sentrasiyasinda bas verir. Propanolun daha ¢ox sayda hidrofob qruplari iso
hidroksil qrupunun dagidici tasirini iistsladiyindon fazalara ayrilma kompo-
nentlorin daha kicik konsentrasiyalarinda bas verir.

Dogrudan da, alinan naticolordon goriindiiyii kimi, temperaturun vo ola-
volorin tosiri ilo binodallarin bazilori homogen oblast, digorlori iso heterogen
oblast istiqgamatindo stiriisiirlor.

Ogoar binodal koordinat baglangicindan uzaqlasirsa, yoni homogen oblast
boyuylirsa, demali, alavo olunan madds komponentlorin suya harisliklorinin
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forqini azaldir, sistemds suyun strukturunu dagidir vo fazalara ayrilma ¢otin-
losir vo fazaomologotiron komponentlorin konsentrasiyalarinin daha boyiik
qiymatlorinds bas verir vo aksina.

Sokildon vo coadvaldon goriindiiyii kimi Na;SO4, NaNO; vo Na,CO; duz-
lariin ikifazali sistemo olavo edilmasi noticasindo binodallarin heterogen ob-
lastlarinin sahalorinin daha bdyiik olmasina, fazasmalagatiron polimerlorin fa-
zalarin su miihitloring olan harisliklorinin forqinin artmasina vo natica olaraq
sistemin ayirdetma qabiliyyatinin boylimasing gatirib ¢ixarir.
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DN B W=

BJMSAHHUE HU3KOMOJIEKYJISIPHBIX BEHIECTB HA PA3JIEJIMTEJIBHYIO
CHHOCOBHOCTD JBYX®A3HOU CUCTEMBI II3I' - HATPUEBAS COJIb
JIUMOHHOMU KUCJIOTHI - BOJA

3.A.MACHUMOB, I M.IIAXBA30BA, C.i1.0/I’KATBEP/IUEBA
PE3IOME

B mpencraBinenHo#l pabore ObUIM  HCCIEIOBaHBI  (Pa30BbIC AHATPAMMBI  BOIHO-
mouMepHoi aByx(dasHoit cuctembl [I917 — HaTpueBas coOJb JTUMOHHON KHCJIOTHI — BOJa B
NPUCYTCTBHHM HEKOTOPBIX JT00aBOK (COJIeH, CIMPTOB) M TeMIIEpaTyphl. BBIIO MOKa3aHo, 4TO
BIUSHUE JO0ABOK TPOSBISETCS B CMENICHHMH OWHOMAIBHBIX KPUBBIX, T.€. B H3MECHEHHUH
COOTHOIIIEHUS TUIOMIaNIed TeTEePOTCHHBIX M TOMOTCHHBIX oOiacteid (a3oBOi auarpaMMbl.
OmnpeneneHpl BIUSHUE J00ABOK Ha pa3IeUTENIbHYIO CITIOCOOHOCTh ABYX(a3Hou cuctemsbl [101
— HaTpHWeBasl COJb JMMOHHOM KHCIIOTHI — BoJa. AHAJM3 MPHUBEICHHBIX TAHHBIX MTOKAa3BIBACT,
YTO W3MEHEHHE MapaMeTpoB (ha3oBOW AnWarpaMM W pa3iIM4yHBIC 3HAYCHHS DPa3IeIUTEIFHON
CrocoOHOCTh N*  nByX(a3HOW CHCTEMbl B 3aBHCHMOCTH OT IPHUPOIBI T00ABOK CBSI3aHO
HM3MEHCHHEM CTPYKTYPBI BOJBI IO/ BIUSHUEM YKa3aHHBIX (PaKTOPOB U B COOTBETCTBHU C dTHM
W3MCHCHHEM B3aUMOJICHCTBUS (Pa3000pa3yroNMX KOMIIOHEHTOB JBYX(a3HOH CHCTEMBI C
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BOJIO, 00YCIIOBIMBAIOIINE pa3Hyks (DPUIUKO-XUMHICCKHX CBOMCTB, B YaCTHOCTH OTHOCH-
TENBHBIX TUIPOPOOHOCTEH NBYX(Da3HOM CUCTEMBI.

KaoueBsbie cioBa: 1ByX(a3Hble CHCTEMBI, MMOJIMITHICHIINKOIb, Na-coib JIMMOHHOM
KHCJIOTBI, CIIOCOOHOCTH TU(PEePEHIIUPOBATHCS.

THE INFLUENCE OF LOW MOLECULAR WEIGHT SUBSTANCES
TO THE SEPERATION ABILITY OF THE AQUEOUS TWO-PHASE SYSTEM
PEG — SODIUM SALT OF CITRIC ACID — WATER

E.A.MASIMOV, GM.SHAHBAZOVA, S.Y.OJAGVERDIEVA
SUMMARY

In this work, we studied the phase diagrams of the aqueous two-phase system PEG —
sodium salt of citric acid — water in the presence of some additives (salts, alcohols) and
temperature. It was shown that the effect of additives is manifested in the mixing of binodal
curves, i.e. in changing the ratio of areas of heterogeneous and homogeneous regions of the
phase diagram. The effect of additives on the separation ability of a two-phase system is
determined. An analysis of the data presented shows that a change in the parameters of the
phase diagram and different values of the separation ability n * of the two-phase system
depending on the nature of the additives is due to a change in the structure of water under the
influence of these factors and in accordance with this change in the interaction of the phase-
forming components of the two-phase system with water, which cause differences in the
physical chemical properties, in particular the relative hydrophobicity of a two-phase system.

Keywords: biphasic systems, polyethylnglycol, Na salt of citric acid, ability to
differentiate
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Suratlondiricilor texnikasinin tokmillogdirilmasi va inkisafi yiiksok enerjili zarraciklorin
madda ilo garsiligh tasirinin ham nazari, ham da tacribi todqigine tokan verir. Isdo ka-
nallagmus zarraciklarin tasiri ilo qamma —kvantlarin siialanmasi nazori tadqiq edilir.

Acar sozlar: kanallasma, pozitron, siilalanma

Yiiklii zorrociklorin madds ils qarsiligh tasiri hom nazariyye¢i fiziklorin, ham
do bu sahads calisan eksperimentatorlar ii¢clin maraq kosb edir. Yiiklii zorrociklorin
va ya qamma-kvantlarin maddodon kegarkon yaranan sirf elektromagqnit proseslorin
Oyranilmasi son zamanlar genis viisot almisdir. Bels proseslora misal olaraq: yiiksak
enerjili elektronlarin elastiki sopilmasi, tormozlanma stialanmasi, lepton-antilepton
clitiiniin fotodogulmasi, tors tormozlanma siialanmasi, Cerenkov siialanmasi, yiikli
zarrociklorin kanallagmasi, kecgid stialanmasi vo s. gdstormok olar.

Son zamanlar elektronlarin va ya pozitronlarin monokristallarda kanallagma
rejiminda horaki zamani yaranan siialanmanin dyronilmasi boyiik maraq kasb edir.

Kanallagsma effektindos yiiklii zorracik atom miistovilori vo ya atom zancirlori
arasinda bir név “kanala” salinmis olur (miistovi kanallasma vo ya ox kanallagsma-
s1). Siibut olunur ki, yiiklii zorraciyin kristallik miistovilorlo vo ya kristallik oxla
omolo gotirdiyi bucaq Lindxard bucagindan (6,) ki¢ikdirso, kanallagsma miisahido

olunur. Lindxard bucagi asagidaki kimi toyin olunur.
0, = (27Ze’ | ya’E)"?
y =me”*Z""” -ekranlasmanin tors radiusu, a-monokristalin qofos sabiti, Z-
atom nomrosidir. Silisium kristali halinda E=1 QeV oldugda 6, =10"*rad bo-

rabor olur.

Bu zaman zarracik kifayst qodor bdyiik zaman intervalinda kristallik miis-
tovilorin vo ya kristallik oxlarin amlo gotirdiyi kanallar boyunca harokat edir vo bu
halda kristalda zarraciyin qarsiligli tosirinin potensial enerjisi minimum olur. No-
ticado zorraciyin horokati finit oblastda bas verir. Kvant fizikasi ndqtoyi noze-
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rindon harakat finitdirss, diskret enerji saviyyalori yaranir. Kanallagsma rejiminda
harokat edon zarraciyin enerjisi artdiqca, zarraciyin harokati klassik mexanika ilo
daha yaxst tosvir olunur. Kanallasma rejiminds horokot edon ultrarelyativistik
elektronun atom miistavilori vo ya atom zancirlori torafinden trayektoriyasi ayildi-
yindon siialandirir. Bilirik ki, yliklii zarraciyin istonilon oyrixatli harokati tocilli
harokat oldugundan bels zarrocik stialandirmalidir.

Kristallik oxa ¢ox ki¢ik bucaq altinda diison yiiklii zorrocik bu oxda yerlo-
son miixtolif atomlardan koherent sopilir. Bu zaman kristalda olan biitiin atomlarin
yaratdig1 tam potensiali ¢ox bdyiik doqgiqglikle kristal ox boyunca diiziilmiis atom-
larin yaratdig1 potensial ilo ovoz etmok olar.Bu ciir daxil edilmis potensial yalniz
oxdan olan masafodon asili olacaq vo kanallagsma rejiminds zorraciyin harokatinin
Oyranilmoasi sadalosacok. Biz Lindxard potensialli sahods zarraciyin horokatino
baxacagiq.

V(x)=27Z,Z,e*Nd [(x* +C’a*)""? - x] (1.1)

Burada y- mistoviden olan masafs, d -kanalin eni, N-atomlarin konsentra-
siyasidir.

Z.e vo Z,e-uygun olaraq zorraciyin vo atom hodofinin yiikii, C = V3, a-
Tomas-Fermi modelindo ekranlagsma parametridir. Kanallasma ii¢lin potensial
enerjinin ifadasi kifayot qodor miirokkobdir. Kanal zarraciklorinin siialanma spek-
trinin analitik ifadasini tapmagq {iciin potensialin bu ifadesi ¢atinlik yaradir. Bir ¢ox
hallarda bu ifadoni boylik doqiqliklo daha sado ifadolors approksimasiya etmok
olur. Masalon, pozitronlarin miistovi kanallagsmasinda potensiali birinci yaxinlag-
mada parabola soklinds se¢gmok olar.
4V, x*

d°2 (1.2)

(1.2) potensialina anharmonik diizalislor ¢ox ciiz1 olavo verir vo bu olavalari
hayacanlanma nazariyyasinin kdmayils nazars ala bilarik. Elektronlar ii¢lin poten-
sialin ifadasi boylik daqiqlikle asagidaki kimi secilo bilor.

V(x)=-V,ch? >

V(x)=

(1.3)

V,vod parametrlori modelo uygun secilir. Masolon, Si kristali {i¢iin
V,=13,1eV, d =0,245A° segilir.

Umumi halda kanallasmis zorrociklorin horokotino kvant mexanikasi me-
todlarini totbiq etmoklo baxilmalidir, ¢iinki zarraciyin enina horakatinin de-Broyl
dalgasinin uzunlugu enins harokat oblastinin xarakteristik ol¢iilori ilo eyni tortib-
dadir. Lakin ¢ox boylik enerjilords zarraciyin horaketini klassik fizika qanunlari ilo
tosvir etmok olar.Ona goro biz zorrociyin horokotini ovvolco klassik fizika ga-
nunlart ilo dyronacoyik.

Z oxunu pozitronun siiritinin uzununa komponenti istiqgamatindo yonoldok.
Parabolik potensialli sahada pozitronun harokat tonliyi asagidaki kimi olur:
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d mv _ 8Vyx

X

el = 1.3
dt fi-v; +v)  d° -

Kanallagma rejimindo horokot zamani v, <<V, . Ona goro do moxracdoki v,

. o dx
komponentini nazors almaya bilarik. v, = ot oldugunu nozors alsaq, onda (1.3)

tonliyi asagidaki soklo diisor:
m d’x_ 8Vyx
1—y? dt’ d?

Asagidaki ovoazlomalorls bu tonliyin soklini sadslosdirak.

8V,
w’ = d°2 J1-V; . Onda tonliyimiz
m
d’x
+w'x=0 1.4
dt? (1.4
soklina diisor. Bu tonliyin hollini
x(t) = Ae*' + Be™!' (1.5)

soklindo axtaraq. A,,4, (1.4) tonliyino uygun xarakteristik tonliyin kokloridir.
Xarakteristik tonlik A* + @° =0 soklindo olur. Buradan A,, A, -ni tapiriq.
A, =tiw

A -nin bu qiymatlorini (1.5) —do yerina qoyagq.

X(t) = Ae'* + Be (1.6)
Eyler diisturlarini totbiq etmoklo (1.6) ifadosini
X(t) = x,,coxat (1.7)

soklindo yaza bilorik. Burada X, -baslangic amplituddur. Qeyd etdik ki, zorracik

atom miistovisinin potensialinin tasiri ilo trayektoriyasini ayir. Bu zaman zarracik
stialandirir. Bu stialanmanin intensivliyini (gliciinii) tapaq.

Ixtiyari horoket edon relyativistik zorraciyin vahid gecikmo zamaninda
stialanma intensivliyinin sixligs tigtin molum ifadeden istifads edak:

- dw) ¢ o |
PETTAQ 4ne (1-Bi)

(1.8)

Bu diistur [, vo B vektorlarinin ixtiyari yonaldiyi halda siialanma in-

tensivliyinin bucaqlara gore tam paylanmasini tosvir edir.
Yuxaridaki diisturda ikigat vektor hasili acaraq, onu asagidaki sokildo
yaza bilorik:
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eZ

=— X
4me(1-Pii)’

x{(1-B1)’B* +2(BB)ER)(1 - Bii) — (1-B*)(EP)’}. (1.9)
Bucagqlara goro asililigr todqiq etmok iigiin f vektoru polyar oxu boyunca

yonalmis sferik koordinat sistemindon istifado etmok daha slverislidir (sokil 1).
Vektorlarin yuxarida istirak edon skalyar hasillorini aciq yazaq:
Bii =PBcosO, PP =PPcos®’, iiP = P(cosBcosO’ +sin Bsin 6" cos(¢— ¢'))
Indi diferensial intensivliyin bucaqlardan askar asilili1 asagidaki sokildo

yazilir:

ISIX (t,)

1

di(t) =1 (t)dQ = <P’ {

SIX +
' 4me | (1—-Bcos6)’
+2Boose’ cosBcos®’+sinBsin O’ cos(p—¢’)
(1-BcosB)*
_R2
_%[cosecose%sinesine'cos((p—(p')]2}dQ. (1.10)
—Bcos
~7Z
By
il .
. Y.
:9/ '
0/
e ~Y
S 1Tl
Y : ' B .
¢/
X
Sak. 1.

Yuxarida fiqurlu motorizodoki adsiz funksiyani £(6,6,¢,¢") ilo isaro
edarak (1.10) diisturunu asagidaki sokilds yaziriq:

CZBZ ’
dI(t) =——1(6,6",¢,¢)dQ - (1.10%)
4mc

£(0,0,¢,9") funksiyasi siialanmanin bucaqlara goro tam paylanmasini

tosvir edir.
Ogor f-o sferik koordinat kimi baxsaq, onda £(6,6’,¢,¢") asililig: verilmis

koordinat sistemindo hondasi olaraq har hansi sathi tosvir edocokdir. Bu sotha
stialanmamnin indikatrisasi deyilir.
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Umumi (0,0",¢,¢’) funksiyasinda xiisusi hallara kegsok, yoni 1)
0=0,¢'=0vo2) 0= g, ¢ =0 yazsaq, biz boyuna (uzununa) siiratlonmis vo

ening siiratlonmis elektronun siialanma intensivliyinin bucaqlara gora paylan-
ma diisturlarini alariq:
) 2 s 2 2
- sin” 0 o= 1 : 1_(1 B”sin Gcoj 9) o (111
(1-PBcosB) (1-PBcos6) (1-PBcosB)
Indi bu xiisusi hallarla mosgul olmayaraq istonilon siirot vo tocilo malik
elektronun timumi halda stialanmasinin inteqral intensivliyini hesablayacagiq.

(1.10) diisturunda avvalco @-yo goro inteqrallama apararaq ifadoni sadslos-
diririk. Malumdur ki,

["cos(o-¢)dg =0,

2T , 1 2T , 1 2T
jo cos’(9—¢')de = E'[) [1+cos2(9—¢)|do ZEJO do=m.
Bu omoliyyati (1.10) diisturunda aparsaq, asagidaki ifadoni alariq:

22 2 o/
I(t'):eB Jsinede 1 3_’_2[3005 600s46_

2¢ b (1-PBcosB) (1-PBcosB)

2
—&)S[COSZ 6 cos’ 0+ sin’ sin’ 9] . (1.12)
(1-BcosH) 2
Burada asagidaki sado inteqrallar istirak edir:
rﬂ,m=3,4,5. (1.13)
o (1-BcosH)™

Bu inteqrallar1 on sads tisulla agsaq
Jn sin6d® J'« —dcos® J- d(1-BcosB) 0) _

0 (1-Bcos®)™ o (1-PcosH)™ (1—BcosO)™
_ -l I 1 -
Bm~1) (1-Beos®)™"| ~ B(m-1) (1-p)™" o+mm1
L +p™ =a-p™ (1.14)

CBm-n  (A-pH™
alariq. Bu ifadolori (1.12) diisturunda noazors aliriq. Molumat {i¢iin (1.12) diis-
turunda istirak edon 4 adad toplananln inteqralinin ifadassini veririk.

. 2 . 16B%cos’ 0 . 2cos” @ . 2sin” @’

11 2 2 B 3 3 +5B2), 14:——2 7
(1-p* 3(1-p° ) 3B 3(1-p%)

Bunlar toplayaraq sadolosdirsok relyativistik zorrociyin stialanmasinin inteqral

intensivliyi ii¢lin ¢ox sado diistur alariq:

I(t ) _ ZB2

2eB

(B ~(1-B*sin’0).  (1.15)

—(,+i,+1,+Hi) =————
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Bu relyativistik ndqtovi yiikiin vahid gecikmo zamaninda stialandirdig inteqral
intensivliyin on timumi diisturudur. Burada zarraciyin tocili onun siiratile iste-
nilon 6" bucag omolo gotirir. Bu diistur ¢ox bdyiik totbiq edilmo oblastina ma-
likdir. Onu maqnit sahasinds dairavi horokot edon elektronlarin sinxrotron stia-
lanmasina, elektronlarin niivo sahosindo tormozlanma siialanmasina vo digor
slialanmalara totbiq etmok olar. Burada klassik doqiq ifado almaq tiigiin elektro-
nun tocilinin zamandan no sokildo asili olmasini bilmaliyik. (1.15) diisturunda

0" bucagma miixtolif qiymotlor, mosalon, 6':0°;g vo s. vermoklo digor
muslliflorin aldig1 naticalori xiisusi hal kimi ala bilorik.
Bizim diisturumuzda 6'=g yazaraq, maqnit sahosindo hor hansi R ra-

diuslu ¢evro boyunca horokot edon relyativistik elektronun sinxrotron siialan-

masinin tam inteqral intensivliyini ala bilorik. Dogrudan da /’;:l’i Vo
cR

.o T - o
s1n25=1 oldugunu nozoro alsaq vo elektronun relyativistik _E _ 1

enerjisindon istifado etsok (1.15) diisturu asagidak: soklo diisor:

() = 2e’cs’ :2e2C,B4( E )4‘ (1.16)

S 3(1-4%)°R*> 3R* | mc?
Bu diistur relyativistik elektronun sinxrotron slialanmasi enerjinin tam
ifadosidir.
Burada R- ayrilik radiusu, E-zarraciyin enerjisidir. Zarracik ayrixatli tra-

yektoriya boyunca harakat etdiyi zaman yaranan morkozogagma tocili
2

a= VH ifadasi ilo tayin olunur. Bu zaman ani ayrilik radiusu asagidakl

kimi toyin olunur.

Vv
R=—
a (1.17)
dv, . 9 . . . . .
a= ot =V, oldugunu nozoro alsaq, burada V, -enino siirotin doyigmosidir.
onda (1.17) ifadosi
V2
R=— (1.18)
VL

kimi yazila bilor. Bizim halda Vv, = —@’x’ cosat . Bunu (1.18)-ds, (1.18)
ifadosini (1.16)-da nazoro alsaq,
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2.4
= (1.19)

alariq. Burada E =7, cos’ at =1/2oldugu nozoro alinmigdir. y= -
mc

Lorens faktor, [ :X. Bunlar1 (1.19) —da nazore alsaq, miistovi kanallagma
C

rejiminda harokat pozitronun siialanmasinin intensivliyi {igiin agsagidaki ifadoni
almis olariq:
2 42 4,4
1=2 D 7 (1.10)
3c
Gorilindiiyli kimi stialanmanin intensivliyi tezliyin dordiincii doracesi ilo
miitonasibdir.
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Isda su-PEQ-KI sistem/arinin 293.15-323.15 K temperatur vo PEQ-in 0-0,001 molyar
hissa konsentrasiyasi intervalinda dinamik ozliliiyii vo sixligr olgiilmiisdiir. PEQ-in 1000,
1500, 3000, 4000 va 6000 molekulyar kiitloli fraksiyalarina baxilmisdir vo K1-in konsentrasi-
yast 0.01 molyar hissa gotiiriilmiisdiir. Tacriibi naticalordan istifada edorak tadqiq olunan sis-
temlorin baxilan temperatur va konsentrasiya intervalinda ozIlii aximimin aktivlasma parametr-
lori vo mahlulda PEQ-in parsial molyar hacmlori hesablanmisdir. Miiayyan olunmusdur ki,
ham konsentrasiyanin artmasi ila, hom da molekulyar kiitlonin artmasi ilo mahlul daha struk-
turlagmis hala kegir.

PACS: 61.20.Ne, 66.20.+d, 82.60.Lf, 61.25.Hq.
Agar sozlor: sulu mohlul, PEQ, KI, 6zlii axmin aktivlosmo parametrlori, parsial
molyar hacm

Polietilenglikol (PEQ) bir ¢ox sonaye saholorindo (farmakologiyada,
kasmetologiyada, biotexnologiyada, qida sanayesinds vo s.) genis istifado olun-
dugundan, on ¢ox Oyronilon polimerlordondir [1-6]. PEQ-in genis istifado im-
kanlarinin olmasina bir sobab do onun ¢oxlu molekulyar kiitlali fraksiyalarinin
olmasidir. PEQ organizmin immun sistemino monfi tosir gostormir, toksik
xtisusiyyotloro malik deyil vo badondon siiratlo tomizlonir [3]. PEQ-in bdyiik
molekulyar kiitloli fraksiyalar istiliyo davamlidir vo atmosfer nomino yaxsi
miigavimat gostorir. PEQ-in biitiin molekulyar kiitlali fraksiyalar suda yaxs1 hall
olur. Hesab edilir ki, buna sobob PEQ makromolekulunda olan (OH)
gruplarinin, —O — vo —H atomlarinin su molekulu ils hidrogen rabitasi yarada
bilmosidir. PEQ makromolekulunda olan CH, qruplarnt iso hidrofob effekti

yaradirlar [1, 5]. PEQ-in oksor funksiyalar1 osason su miihitindo bas verir. Bu
sobabdon su-PEQ sistemlorindo struktur xiisusiyyatlorinin dyronilmasi va tigiincii
komponentin daxil edilmosi ilo mohlulda yaranan struktur doyisikliklarinin
Oyranilmasi ham elmi, ham ds praktiki cahatdon boylik shomiyyats malikdir.
Isdo su-PEQ-KI sistemlorinin 293.15-323.15 K temperatur vo PEQ-in 0-
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0.001 molyar hisso konsentrasiyasi intervalinda struktur xiisusiyyatlori visko-
zimetriya vo piknometriya metodlart ile todqiq olunmusdur. Baxilan temperatur
va konsentrasiya intervalinda sulu mohlullarin dinamik ozliiliiyli vo sixlig
Ol¢iilmiigdiir. Tocriibi naticolordon istifade edorok todqiq olunan sistemlorin

0zl axininin aktivlosmo Gibbs enerjisinin (AG; ), 0zIii axminin aktivlogsmo
entalpiyasinin  (AH), 6zli aximim aktivlosmo entropiyasinin (AS;) vo

mohlulda PEQ-in parsial molyar hacminin (\7) PEQ-in konsentrasiyasindan
asililiglart tohlil olunmusdur.

Tacriibi vo nazari hissa

Taodgiqat obyekti va metodlar:. Todqiqat obyekti olaraq su-PEQ-KI
sistemlori gotiiriilmiisdiir. PEQ-in 1000, 1500, 3000, 4000 vo 6000 molekulyar
kiitloli fraksiyalarina baxilmisdir vo Kl-in konsentrasiyasi 0.01 molyar hisso
gotiiriilmiisdiir. istifado olunmus PEQ-lar vo Kl kimyavi safdirlar. Moahlullarin
hazirlanmasinda bidistillo edilmis sudan istifade olunmusdur. Isdo ozliiliik
kapilyar viskozimetrls, sixliq isa piknometrls dl¢lilmiisdiir.

Mayelorin 6zl aximninin Eyring nazariyyesine [5, 7, 8] gora 6zli axi-

ninin aktivlosmo Gibbs enerjisi (AG; )
AG? =RTIn-L (1)
U
ifadasilo toyin olunur. Eyring nozariyyasina [5, 7] gora 17, =N,hp/M olur.
Burada R -universal qaz sabiti, N,-Avoqadro odadi, h-Plank sabitidir. M -

mohlulun molyar kiitlesi olub, =iXiMi ifadosilo toyin olunur [5]. X, vo M,
uygun olaraq i-ci komponentin molyar hissasi vo molyar kiitlosidir. T miitloq
temperaturunda mayenin dinamik 6zliliyli (77) vo sixligt (o) tacriibadoe tayin
olunur.
Ozlii axinm aktivlosma entalpiyasini (AH; )
AH? = RM (2)
A(1/T)

ifadosilo toyin edo bilorik [5]. (1) ifadesindon AG; va (2) ifadosindon AH;
toyin edildikdon sonra

AG; =AH; ~TAS; 3)
ifadosino [5] osason 6zli axinin aktivlosmo entropiyasini (AS: ) toyin edo
bilorik.

Mohlulda hallolan maddonin (PEQ-in) parsial molyar hacmi (\7)
\7=Vm+(l—x{avm) )
X Jor
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diisturu ilo toyin olunur [5, 9, 10]. Burada V _ -mohlulun molyar hacmi olub,
v, =M=liXiMi diisturu ilo hesablanur.
P

i=l

Alinmis naticalorin miizakirasi
Miixtolif molyar kiitloli PEQ-lor {igiin su-PEQ-KI sistemlorinin

293,15 K temperaturda 6zlii axmimin aktivlosmo Gibbs enerjisinin (AG;) vo
Ozlii axminin aktivlosmo entalpiyasmin (AH;") PEQ-in konsentrasiyasindan
(x) asililiglar1 cadval 1 vo cadval 2-do, 6zlii axininin aktivlosmo entropiyasinin

(AS: ) PEQ-in konsentrasiyasindan ( X ) asililig1 iso sokil 1-do gostorilmisdir.
Codval 1, cadval 2 va 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.

Cadval 1

Su-PEQ-KI sistemlorinin 6zlii axininin aktivlasmo Gibbs enerjisinin ( AG;,C/ mol)

PEQ-in konsentrasiyasindan (x) asithhg (X, =0.01, T =293.15K)
X Mpgg =1000 | Mg =1500 | Mg =3000 | M e = 4000 | M peq = 6000

0 9180 9180 9180 9180 9180
0.0001 9258 9352 9455 9611 10459
0.0002 9343 9550 9768 10079 11618
0.0004 9506 9939 10563 11124 12994
0.0006 9583 10437 10946 11502 14527
0.0008 9864 10623 11291 12410 16150

0.001 9975 11096 12015 13047 16899
Cadval 2

Su-PEQ-KI sistemlorinin 6zIi axininin aktivlosme entalpiyasinin ( AH ; ,C/mol)

PEQ-in konsentrasiyasindan (x) asilihigi (X,, =0.01, T =293.15K)
X Mg =1000 | Mpe =1500 | Mpgq =3000 | M peq = 4000 | M g = 6000

0 16400 16400 16400 16400 16400
0.0001 16586 16712 16849 17026 18050
0.0002 16734 17010 17314 17707 19326
0.0004 17015 17709 18286 18969 21089
0.0006 17288 18216 18974 19632 22926
0.0008 17549 18590 19414 20715 24896
0.001 17663 19212 20272 21585 25721
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Sok. 1. Su-PEQ-KI sistemlorindo 6zIii axinin
aktivlasma entropiyasinin PEQ-in konsentrasiyasindan

asthilig (X, =0.01, T =293.15K).
1-PEQ (1000), 2-PEQ (1500), 3-PEQ (3000), 4-PEQ (4000), 5-PEQ (6000)

Qeyd edok ki, AG; 1 mol sayda molekulun bagl haldan aktiv hala keg-
mosing sorf olunan enerjidir, AH; mohlulda yaranan doyismolori enerji baxi-
mindan, AS; iso struktur baximindan xarakterizo edir. Belo ki, konsentrasiya-
nin artmasi ilo AG; -nin artmas1 molekulun potensial ¢opari kegmosino daha
cox enerji sorf olunmasini, AH; -in artmasi sistemin daha mohkom struktura

malik olmasini, AS; -in artmasi iso sistemin daha strukturlasmis hala kec-

mosini gostorir [5, 11-13]. Ozlii aximin aktivlosmo parametrlorinin konsen-
trasiyadan asililiglarina (codval 1, codval 2 vo sokil 1) asason deys bilorik ki,
mohlulda PEQ-in konsentrasiyas: artdigca mohlul daha mohkom struktura
malik olur vo daha da strukturlagsmis hala kegir.

Sulu mohlullarda strurtur xiisusiyyatlori mohlulun komponentlorinin
parsial molyar hacmlori ilo do xarakterizo olunur. Malumdur ki, i-ci kompo-
nentin parsial molyar hocmi verilmis torkibli sistemo homin komponentdon
1 mol slava etdikdo hacmin doyismasina barabordir [5, 9, 10]. Miixtalif molyar
kiitloli PEQ-lor tigiin su-PEQ-KI sistemlorindo 293.15 K temperaturda PEQ-in

parsial molyar hocminin (\7) PEQ-in konsentrasiyasindan ( x) asililig1 codval
3-do gostorilmigdir.
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Coadval 3

Su-PEQ-KI sistemlorinds PEQ-in parsial molyar hacminin (\V/, sm® / mol )
PEQ-in konsentrasiyasindan (x) astihgi (X, =0.01, T =293.15K).

M peq = 1000 M peg = 1500 M peq = 3000 M peq = 4000 M pEQ = 6000

0.0001
0.0002
0.0004
0.0006
0.0008
0.001

804
795
787
772
760
750
743

Sak. 2. Su-PEQ-KBr sistemlorindo PEQ-in bir monomers
diison parsial molyar hocminin orta qiymatinin PEQ-in
konsentrasiyadan asililigi ( X, = 0.01, T =293.15K).

37 A

35

33 1

31

1247
1224
1203
1164
1131
1104
1082

sm?

n ] "mol
or

2558
2514
2474
2407
2357
2325
2311

3444
3376
3312
3198
3102
3023
2962

X

0

0,0002 0,0004 0,0006 0,0008 0,001

4799
4752
4711
4642
4592
4562
4551

Cadval 3-don goriiniir ki, hor iki sistem {i¢iin mohlulda PEQ-in 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-in bir

monomerd diison parsial molyar hocmi (V

n

J PEQ-in molyar kiitlosindan, de-

mok olar ki, asili deyil. Sakil 2-ds tadqiq olunan miixtslif molyar kiitlali PEQ-
lorin 293.15 K temperaturda bir monomers diison parsial molyar hacminin orta

qiymatinin konsentrasiyadan asililig1 gostorilmisdir. Bu asililiqlart

~

\Y

n

=2145252,6x> —5795,6Xx+36,5

or



ifadasilo tosvir edo bilorik. Gliman etmok olar ki, boyiik 6l¢iilii assosiatlarin
fozadaki hocm payi, boliindiikds onun ayri-ayri hissalorinin fozadaki hacm
paylar1 comindan kigik olur vo oksina. Iki strukturlu su modelino [14, 15] géro
su hidrogen rabitasilo birlosmis miixtolif 6l¢iilii klasterlordon vo klasterlor arasi
sarbast su molekullarindan ibaratdir. Parsial molyar hacmin konsentrasiyadan
asililigina oasason ehtimal etmoak olar ki, PEQ molekullar1 ilk novbado sorbast
su molekullar1 ilo hidrogen rabitosi vasitosilo birlosirlor. Bu iso konsentrasi-
yanin artmast ilo mohlulda PEQ-in parsial molyar hocminin azalmasina sabab
olur. Bu isa PEQ-in konsentrasiyasinin artmasi ilo mohlulun daha da struk-
turlagsmasini gostorir.

Gortindiiyli kimi, ham 6zIli axinin aktivlosma entropiyasinin, ham do
mohlulda PEQ-in parsial molyar hacminin konsentrasiyada asililig1 gosterir ki,
verilmis temperaturda hom gotiiriilmis fraksiyali PEQ {iclin konsentrasiyanin
artmasi ilo, hom do goétiiriilmiis konsentrasiyali vo miixtalif fraksiyali PEQ-lor
ticlin molekulyar kiitlonin artmasi ilo mohlul daha strukturlasmis hala kegir.
Ehtimal etmak olar ki, tadqiq olunan sistemds PEQ molekullarinin strafinda
hidrogen rabitasi vasitesilo su molekullarinin (ilk névbada sarbast su mole-
kullar1) toplanmasi naticosindo miioyyan 0l¢iilii aqreqatlar omolo golir. PEQ-in
hom konsentrasiyasinin, hom do molekulyar kiitlasinin artmasi ilo mohlulda
belo aqreqatlarin say1 artir vo dlgiilori boyiiyiir, noticodo mohlul daha da struk-

turlasmis hala kecir. Sozsiiz ki, su-PEQ-KI sistemindo K™ vo |~ ionlar1 hid-
ratlagmaya moruz qaldiglarindan yaranan struktur, su-PEQ sisteminin struk-
turundan forqli olacaq.
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MMAPAMETPBI AKTUBAIIUM BSI3KOI'O TEHEHHUE
B CUCTEMAX BOJA-IIOI'-KI U ITAPITUAJIbHBIN
MOJIAPHBIM OB BEM B PACTBOPE II3T

B.I'ITAIITAEB
PE3IOME

B pabGote m3aMepeHbl TuHaAMUYECKas BS3KOCTh M IUIOTHOCTH cuctem Boaa-IID2T-KI B
unTepBasie Temnepatyp 293,15-323,15 K u 0-0,001 monsnoit gomm IIDIT. PaccmoTpensl
¢paxmuu [13I° ¢ momsaproit maccoit 1000, 1500, 3000, 4000, 6000 u xonmentpanus KI B
cuctemax Boga-II9I-KI cocraBnsina 0,01 monbHOM gonu. C HCNONB30BAHMEM PE3YJIbTATOB
OKCICPUMCHTA OBUIM BBIYUCICHBI AKTHUBAIIMOHHBIC ITAPAMETPHl BSA3KOTO TCUCHHS W
napruaitbHble MoJisipHble 00beMbl [1017, a Takke ncciae[0BaHbl 3aBUCMMOCTH ATHX MTapaMeTPOB
oT koHneHtpauuu I3 B maHHOM MHTepBaje TeMIepaTyp M KOHLEHTPAIMH HCCIETyEeMbIX
CHCTEM. YCTaHOBJIEHO, YTO MNpPU YBEIMYCHUHM KOHLEHTpanuu kKak st ¢paxkumu 100 mpu
JAHHOM TemmepaType, TaKk M NPH YBEIMYCHHH KOHIIEHTPAI[MM MOJICKYJISPHOM Macchl JUis
KOHIIGHTPHPOBAHHBIX W pasNuyHBIX (¢paknnoHHex [I3I°, pactBop craHoBHTCS OoJee
CTPYKTYPUPOBAHHBIM.

KuiroueBblie ciaoBa: BogHbll pactBop, [191°, KI, mapameTpsl akTUBaLlMK BSI3KOTO Teye-
HUe, NapLUUaIbHBINA MOJISPHBINA 00bEM.

ACTIVATION PARAMETERS OF VISCOUS FLOW OF SYSTEMS
WATER-PEG-KI AND PARTIAL MOLAR VOLUMES
OF POLYETHYLENE GLYCOL IN SOLUTIONS

B.G.PASHAYEV
SUMMARY

The dynamic viscosity and density of water-PEG-KI 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. PEG molecules with a molecular weight of 1000, 1500, 3000, 4000, 6000
were investigated and the concentration of KI was taken 0,01 molar fraction. Using experimen-
tal results, the temperature and concentration at the range of investigated systems the activation
parameters of the viscous flow and partial molar volumes of PEG in solutions were calculated.
It was determined that when concentration and molecular weight increase, the solution
becomes more structured.

Key words: aqueous solutions, PEG, KI, activation parameters of viscous flow,
partial molar volume.
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BIOMOLEKULLARIN FOZA QURULUSUNUN TODQIiQINDO
iISTIFADO OLUNAN USULLAR

L.i.VOLIYEVA, 0.G.GULOHMODOV
Baki Doviat Universiteti
Lala_Veliyeva@rambler.ru

Isd> biomolekullarin foza qurulusunun tadgiginda istifads olunan tacriibi vo nazori
hesablama tisullarinin bir swra aspektlari nazordon kegirilmisdir.

Acar sozlor: spektroskopik tsullar, qurulusun todqiqi, konformasiya, nozori konfor-
masiya analizi lisulu, molekulyar dinamika tisulu

Bioloji foal molekullar dedikds, ziilal vo kigik peptid molekullari, onla-
rin toskil olunduglart amin tursular1 nozords tutulur. Malumdur ki, bu molekul-
larin funksional aktivliklorindoki miixtalifliliklor onlarin foza quruluslarinin
miixtalifliyi ilo birbasa slaqedardir. Bu da 6z ndvbesindo biomolekullarin bi-
rinci qurulusundan, yaoni ziilal va kicik peptid molekullarinin tagkil olundugu
amin tursular ardicilligindan asilidir.

Umumiyyatlo, amintursu qaliglarindan ibarot molekullar otraf miihito
qarst ¢cox hossasdirlar. Buna goro do onlar fozada bir konformasiya voziyye-
tinds olmurlar vo miihitin tasiri naticasinda bir konformasiya halindan digsrine
asanligla kegirlor. Basqa sozlo desok, biomolekullar kicikenerjili konformasiya
hallar1 toplusundan ibarat olur ki, bu kigikenerjili konformasiya hallarinin ta-
pilmasi onlarin bioloji aktivliyinin spesifikliyinin izah edilmasi yolunda atilan
osas addimdir.

Biomolekullariin foza quruluslar osason iki ndv tisullarla - tocriibi vo
nazori isullarla tadqiq olunur [3,4]. Biz 6z hesablamalarimizda nozori hesab-
lama tisullarina xiisusi yer veririk vo onlarin biomolekullarin todqiqinds rolunu
yiiksok giymatlondiririk. Onu geyd etmok lazimdir ki, tocriibi iisullarin coxun-
da alinan naticalor ortalanmis, birqiymatli olmayan naticalor verir. Ciinki toc-
riibads biomolekulun oldugu real miihiti yaratmaq homiso miimkiin olmur.

Bu baximdan son illor nozori hesablama tisullarina daha ¢ox iistiinliik
verilir.
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Tacriibi tadqiqat iisullar:

Biomolekullarin konformasiya hallarinin miihitdo 6yronilmasi {igiin
istifada edilon tocriibi lisullara asagidakilart misal gostormak olar: infraqirmizi
spektroskopiya (IQ), niive maqnit rezonansi iisulu (NMR), elektron paramaqnit
rezonansi isulu (EPR), rentgen qurulus analiz (RQA) tiisulu vo firlanma
dixroizmi (FD) iisulu.

Spektroskopik iisullar ilo biomolekullarin kimyavi qurulusu vo torkibi
haqqinda genis molumat oldo etmok miimkiindiir [9,11]. Bels ki, miihitdo Q-
spektrlor vasitasila 1) biitiin amid rabitslarinin sis- va trans-konfiqurasiyalarini
tam aydinlig1 ilo bir-birindon ayirmaq miimkiin olur; 2) disulfid rabitalorinin
movcudlugunu miioyyonlosdirmok olur; 3) yan zoncirin hidrogen rabitalori
yaratmaq imkanlar1 haqqinda genis molumat almaq olur.

NMR isulu ila bir sira neyropeptid tobistli molekullarin foza qurulusla-
11, o climlodon temperaturun miixtalif qiymatlorinds onlarin asas v yan zancir-
larinin pH fizioloji torkibi miioyyon edilmis, dinamik xarakteristikalari, fozada
yerlogsmolorinin miixtolif oriyentasiyalar1 barodo moalumat olds edilmisdir [1].

Biomolekullarin todqiqi tigiin istifads edilon tsullar igarisinds rent-
genqurulus analiz (RQA) lisuluna daha ¢ox tstiinliik verilir. RQA-tadqiq olu-
nan niimunodon sopilmis rentgen siialarinin fozada paylanmasina vo inten-
sivliyino osason maddoslorin qurulusunu dyronaon iisuldur. Qeyd etmok lazimdir
ki, bu tisul ziilal molekullarinin tadqiqinds bir sira naticalorin alinmasi {iigiin
effektiv iisul hesab edilsa do, ziilallardan forqli olaraq peptid molekullarinin
daha cox miitohorrikliyi hesabina, RQA iisulu ilo aydin fikso olunmus qu-
ruluslart almaq miimkiin olmamisdir. Bu da 6z ndvbasindo, bioloji foal quru-
lusun se¢ilmasini, yoni konkret bioloji funksiyani yerino yetirmoys cavabdeh
olan qurulusun tapilmasini ¢atinlogdirir.

FD spektrlori vasitasilo isa kicik peptid tabiotli molekullarin konfor-
masiya doyisikliklorini, yani bir konformasiya halindan digor hala ke¢cmasini
tohlil etmok miimkiindiir.

Noazari hesablama iisullan

Nozori hesablama iisullart dedikds son illar biomolekullarin tadqiqinde
genis istifado olunan nozori konformasiya analizi iisulu vo molekulyar dina-
mika tisullarin1 misal ¢okmok olar [2,5].

Nozori konformasiya analizi Gisulunun asast XX asrin 50-ci illorindo
qoyulmusdur. Burada istifade olunan yarimempirik potensial funksiyalar vo
onlarin parametrlori [6,7,8] islorindon gotiiriilmiisdiir, naticolori sorh etmok
liclin iso standart identifikatorlar sistemindon istifado olunmusdur [10].

Noazari konformasiya analizi isuluna asason ixtiyari biomolekul aomlar
sistemi kimi gotiiriiliir vo bu zaman onun niive-elektron qurulusu nozers alin-
mir. Hom nazari konformasiya analizi tisulunda, hom ds molekulyar dinamika
isulunda tam enerji asagidaki enerjilorin additiv comi soklinde ifads olunur:

Etam:Eq.v.+Eel.st..+Etor.+Eh.r.
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Burada E, - qeyri-valent, vo ya Van —der-Vals qarsiligh tosir enerjisidir;
onu hesablamagq ii¢iin Lennard-Consun "6-12" — Eq.VZ-A,-jrij'6+Bijr,-j'12 poten-
sialindan istifads edilir (potensialdaki A vo B parametrlori eksperimentdon
tapilan qiymotlordir. rj; - 1 vo j atomlar1 arasinda mosafodir);

E.1st - elektrostatik qarsiligli tosir enerjisini tomsil edir; onun qiymoti Ku-

lon qanunu ilo hesablanir: Eel_stZ% (qi gj - noqtovi yiiklor , 13- 1 vo j atomlari
1)

arasindaki mosafs, e-dielektrik niifuzlugu adlanir vo H,O (su) miihiti iigiin
e=10 gotiiriildiikdos tocriibi noticalor nozori hesablamalarin naticolori ilo list-listo
diisiir);

Ei- torsion vo ya valent rabitolor otrafinda firlanma enerjisidir vo onu
hesablamaq ti¢lin Et0r=§E0(l-cosn(p) diisturundan istifads edilir (E,- potensial

¢oparin hiindiirliiyii, ¢-ikiiizlii bucaq, n-iso molekulun simmetriya elementino
uygun olan parametrdir. Masolon, 3-cii tortib simmetriya oxuna malik molekul
ticlin n=3 olur);

En,- hidrogen rabitalorinin yaranma enerjisidir. Bu enerjini hesablamaq
ii¢lin osason Eh_rZD(l-e'“Ar)z-D Morze potensialindan istifado olunur (D-dis-
sosiasiya enerjisidir vo onun qiymati 1.5 kkal/mol tertibindadir, Ar=r-ry, r-hid-
rogen rabitolori arasindaki mosafa, r,=1.8 A°(NH...OC) - hidrogen rabitslorinin
tarazliq mosafosi, n ise empirik parametrdir (n=3(A°)™).

Hesablamalar apararkon ikilizlii bucaqglarin qiymatlori standart nomen-
klaturaya uygun gotiiriiliir.

Molekulyar dinamika tisulu. Makmolekullarin daxili miitsharrikliyinin
modellogdirilmasinda genis istifado olunan nazari tisullardan biri do molekulyar
dinamika tisuludur [7,12]. Bu tisulun asasin1t makromolekulu toskil edon atom-
larin koordinat vo impulslarinin faza fozasinda klassik (nyuton) harokot trayek-
toriyasinin hesablanmasi togkil edir [13]. Molekulyar dinamika tisulunda bio-
molekula garsiligl tosirds olan kigik hissaciklor sistemi kimi baxilir vo atom-
larin klassik horokot trayektoriyalar1t empirik atom-atom potensialinin qlivve
sahasinda hesablanir. Bu iisulla makromolekulun daxili mikroskopik istilik ha-
rokoti subnanodoqiqo intervalinda modellosdirilir. Otraf miihitlo enerji miiba-
dilesi effektlorini nazors almaq va sistemin temperaturunu sabit saxlamaq moq-
sadilo xiisusi alqoritmdon - Berendsen termostatindan istifado olunur. Tem-
peraturun tarazliq qiymotindon konara ¢ixmalar1 Landau-Teller tonliyi vasi-
tosilo korreksiya edilir.

Molekulyar dinamika tisulunda tadqiq edilon molekulun konformasiya
miitohaorrikliyina otraf miihitin tosiri sistema su molekullarinin daxil edilmasi
va sarhad sortlorinin qoyulmasi ilo hayata kegirilir. Bu tisulla ilk addimda biitiin
zarraciklarin koordinat va siiratlorini vermokla, sonraki addimlarda zarraciklora
tosir edon biitlin qiivvalari, onlarin koordinatlarini vo siirotlorini hesablamaq
miimkiin olur.
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Deyilonlori timumilosdirarok o naticoys golmok olar ki, nazari kom-

formasiya vo molekulyar dinamika tisullarinin tocriibi tisullarla miiqayisado bir
sira uistiinliikloring baxnayaraq, biomolekullarin faza quruluslarini tadqiq etmok
lictin, hom tocriibi yolla tapilmis qiymatlordon, hom do nozori hesablamalardan
birgo istifado edilorso, todqiq edocoyimiz molekulun molekuldaxili garsiliqh
tosir enerjisinin  minimum qiymotine uygun golon dayanmiqli halmi —
konformasiyasini daha doqiq miisyyonlonlogdirmok miimkiin olar.

N —

W

10.

11.

12.

13.
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METO/IbI HCITIOJIb3YEMBIE ITPA U3YYEHUE MPOCTPAHCTBEHHOM
CTPYKTYPbI BUOMOJIEKYJI

JLU.BEJIUEBA, O.I' T'YJIEXMEJOB
PE3IOME

B paGote Ob11 paccMOTpeH HEKOTOPBIE ACTIEKThI SKCTIEPUMEHTAIBLHBIX U TEOPETHUECKUX

METOIOB, HCIIOJIB3yEMBIX IPH M3YICHUH NMPOCTPAHCTBEHHON CTPYKTYPHI OMOMOJIEKYI.

KiaioueBble cJjioBa: CIEKTPOCKONUYECKHE METO/bI, KOH(OpMalus, TeOopeTHUeCKUn

KOH(i)OpMaIII/IOHHHﬁ aHaJiu3, CTPYKTypa, METO MOJ'[CKyJ'ISIpHOﬁ JUHAMHUKH
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METHODS USED IN THE STUDY OF THE SPATIAL STRUCTURE
OF BIOMOLECULES

L.ILVELIYEVA, O.G.GULEXMEDOV
SUMMARY

In this paper, some aspects of experimental and theoretical methods used in the study of
the spatial structure of biomolecules were considered.

Keywords: spectroscopic methods, conformation, theoretical conformational analysis,
structure, molecular dynamics method

Redaksiyaya daxil oldu: 09.10.2019-cu il
Capa imzalandy: 28.12.2019-cu il

141



BAKI UNIVERSITETININ XOBORLORI
Ne3 Fizika-riyaziyyat elmlari seriyasi 2019

XAOS VO ONUN iDARO OLUNMASI

R.A.NURIYEV
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Bu moaqalada magsad dinamik Sistemlords deterministik xaos, xaosun idara olunmasi
tisullart haqqinda, o ciimlodon Xxaotik ragslorin sinxronlagmasi barads malumatlarm qisa
icmalint tagdim etmoakdir.

Acar sozlor: sinxronlagsma, xaotik ossilyatorlar, Ot-Greboji-York metodu, De-
terministik xaos.

1. Deterministik xaos

Deterministik xaos [1-3] deyonds no basa diisiiliir? ©vvalco ayri-ayrilig-
da cavab vermoys calisaq ki, deterministiklik vo xaos no demokdir, sonra iso
deterministik xaos ifadasinin mazmununa aydinliq gatirak. Deterministiklik de-
yanda tabiatdo sobab va notico arasinda qarsiligl birmenali olaqe basa diisiiliir.

Basqa s6zlo, ogor hor hansi bir sistemin baslangic voziyyati hor hansi bir t =1,

zaman aninda molumdursa, bu sistemin istonilon t > t, zaman aninda voziyyati

bir manali olaraq toyin edilir.
Indi iso gisaca xaos nadir sualina cavab vermoyo ¢alisag. Bu mogsadlo

moshur Broun hissociklorinin horokotini xatirlayaq. Bu hissociyi t =1, aninda

maye mohlula yerlosdirok vo mikroskop vasitasilo onun koordinatlarini barabor
zaman anindan sonra fiksasiya edok. Asanligla miisahido etmok olar ki, maye
molekullarinin tosadiifi zarbolori naticasinds Braun hissaciyi miixtalif istiqa-
matlorda geyri-requlyar horokot edocok vo horokot trayektoriyasi da ¢ox miirok-
kab olacaq. Eksperimenti hissaciyin baglangic voziyyatini miimkiin qader daqiq
tokrar etmoklo bir nego dofs do hoyata kecirok. iki osas noticoya golmok olar:
birinci natica — hor dofa alinir ki, hissociyin trayektoriyast miirokkobdir vo qey-
ri-periodikdir; ikinci natico — eksperimentds hissaciyin baslangic voziyyatinin
miimkiin godor doaqiq fiksasiya edilmasino baxmayaraq hor dofo yeni trayek-
toriya alinir. Braun hissociyinin horokoti xaotik trayektoriyalar haqqinda kifa-
yot gador dolgun molumat verir: hissocik gabagcadan hesablanmasi miimkiin
olmayan trayektoriyalar boyunca tosadiifi horokot edir. Bu monada Braun his-
sociyinin harakatini xaotik adlandirmaq olar. Yoni xaos, xaotik horokot deyi-
londos ilk ndvbads trayektoriyanin qabaqcadan hesablana bilmomasi vo eyni
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baslangic sortloro baxmayaraq trayektoriyanin tokrar oluna bilmomaosi basa dii-
stliir. Beloliklo, o naticoys golirik ki, deterministlik vo xaos bir-birina oks qiitb-
lordos yerloson anlayislardir [3-7]. Belo ki, deterministlik sistemin trayektoriya-
siin avvalcadan hesablana bilmasi va eyni baslangic sortlori altinda trayektori-
yanin tokrarlanmasi anlamina galirse, xaotiklik bunun tam oksini 6ziinds ehtiva
edir. Belo halda bir-birina aks qiitblorde yerloson iki konsepsiyani-determinist-
lik va xaotiklik anlayislarini neco birlogdirmak olar? Bu suala cavab vermok
liciin avvalca trayektoriyanin stabillik vo ya qeyri-stabillik anlayislarint daxil
edok.

2. Stabillik, geyri-stabillik va qeyri-xattilik

Sistemin tarazliq vo ya siikunot voziyyotindo oldugunu forz edok. ©gor
sistemi bu vaziyyotdon ¢ixarsaq, bazi hallarda sistem miioyyon relaksasiya vax-
tindan sonra yena do tarazliq voziyyetina qayidir. Bu halda qobul olunur ki, sis-
temin voziyyati stabildir, yoni dayanighdir: sistemin baslangic voziyyatinin ki-
¢ik hayacanlanmalar1 zaman kegdikca soniir. ©gar kicik hayocanlamalar zaman
kecdikco artirsa, sistem dayanigligini itirir vo bu halda onun vaziyyati geyri-
stabildir.

Qeyd edildiyi kimi, geyri-stabil sistemlordo kicik hoyacanlanmalardan
sonra sistem tarazliq voziyyatindon uzaqlasir, basqa s6zlo hayacanlanmalar get-
dikca artir. Sual olunur ki, belo artim no qador davam edos bilor. Aydindir ki,
belo voziyyat sonsuzluga qodor davam edo bilmoz, ¢iinki real hoyatda bu bas
vera bilmaz. Belo ki, hor hans1 prosesin amplitudunun artmasi sonsuzluga geds
bilmoz. Demali, gec-tez bu artim1 mohdudlasdira bilon bir geyri-xatti mexa-
nizm igo diigocok. Sistemin enerji resurslari1 sonsuz deyil deya, bir miiddst son-
ra amplitudun artmasi ya dayanmali, ya da azalmalidir. Boyiik amplitudlarda
159 sistemdo geyri-xottiliyin tozahiirlori 6ziinii bununla biiruzs verir. Basqa s6z-
lo, geyri-xatti sistemin 6zlinli neco aparmasi onun vaziyyetindon asilidir. Tutaq
ki, sistemin tarazliq voziyyatindon uzaqlagsma amplitudu

dX _ 4y 3
OIt—ax bx (1)

tonliyi ilo hesablana bilor. Burada @ va b miioyyan miisbot omsallardir.

Bu halda X-in vahidden ¢ox kicik giymatlorindo bx® hoddini nozero
almamagq olar, yoni belo vaziyyatdo halledici hall xotti aX olur ki, bu da am-
plitudun geyri-mohdud artmasina gotirib ¢ixarir. Amma nazors almaq lazimdir

ki, amplitud artanda artiq qeyri-xotti bx® hoddi ohomiyyat kosb etmaya basla-
yir vo ona goro do oslindo zamanin boylik giymotlorinds amplitud stasionar
halls yaxinlasir, yoni amplitudun doyismasi dayanir. Belsliklo, proses yenidon
tokrar oluna bilor va bu clir sistemlor dinamikalarini 6z-6ziins idars eds bilmak
qabiliyyatino malikdirlor. Sistemin dinamikast onun cari vaziyyetindon asasl
doracado asilidir [4-10].
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Belalikls, geyri-xattilik hesabina sistemin trayektoriyasinin mahdudlasdi-
rilmasi sistemi avvalki vaziyyeting qaytara bilor, daha dogrusu o vaziyyatin ya-
xin ortafina, ¢linki sistemin baslangic voziyyati geyri-stabildir. Sonra proses
yenidon tokrarlanir.

Dinamik sistemlorin nazariyyassindon aydindir ki, bu halda ikidl¢iilii fo-
zada yalniz stabil periodik trayektoriyalar movcud ola bilor. Digor hallarda iso
sistemin dinamikas1 ona gotirib ¢ixarir ki, sistemin trayektoriyalar1 kosisir, bu
189 verilmis baslangic sortlor daxilinds hallin yeganslik teoremino ziddir.

3. Deterministik xaos va qarisdirma

Bu fakti nozoro alaraq sistemin dinamikasina ii¢6l¢iilii fozada baxaq. Bu
halda da iki variant m&vcuddur. Birinci halda sistemin trayektoriyast miirokkob
oyrilor lizro horokot etdikdon sonra baslangic voziyyoto qayidir vo sistemin
dinamikas1 qapali, amma miirokkob oyri iizro hoyata kegir. Basqa sozlo,
sistemin dinamikas1 periodikdir. Ikinci halda iso trayektoriyanin qapanmasi bas
vermir, dinamika iso qeyri-periodikdir [1-3]. Bu hal iso deterministik xaos reji-
mina uygun galir. Dogrudan da bu halda sistem deterministikdir, ¢iinki sis-
temin golacayi birmonali olaraq onun baglangic voziyyati ils toyin olunur; eyni
zamanda sistemin dinamikas1 geyri-periodikdir, miirokkobdir. Bu hal daha ¢ox
tosadiifi, ehtimal proseslora oxsayir. Bununla belo bu sistemlor tosadiifi sistem-
lordon miihiim bir xarakteristikasi ilo forqlonir: deterministik xaos prosesi tok-
rar olunandir! Dogrudan da sistemin baslangic sortlorini daqiq tokrar etmoklo
sistemin, no qodor miirokkab olursa-olsun trayektoriyasini da tokrar etmok olar.

Deterministik xaos niimay1s etdiron sistemlorin digor mithiim bir xiisusiy-
yoti iso onun trayektoriyalarinin fozanin verilmis hissosindo yayilaraq onu dol-
durmasidir. Belo proses daha ¢ox xirda miirokkeb damcisinin stokandaki suyu
qasigla qarigdirdigda onun hacmini barabor sokildo yiingiil boyamasina bon-
zayir. Bu xiisusiyyat do sistemds olan geyri-stabillik ilo six baglidir. Bu proses
dissipativ, yani enerji itkisinin oldugu sistemlords 6ziinli qabariq sokilds biiru-
Z9 Verir.

Beloliklo, geyri-stabil deterministik geyri-xaotti sistemlordo sistemin golo-
cok trayektoriyasini qabaqcadan sdylomok miimkiindiir, bir sortlo ki, baslangic
voziyyat doqiq molum olsun. ©gor baslangic voziyyotin toyin olunmasinda
miioyyan geyri-daqiqlik varsa bels prognozlar 6ziinii dogrultmur. Yuxarida go-
tirdiyimiz stokandaki su vo miirakkab damcisi eksperimentinde miirokkab dam-
cisini xirda gay qarasi ilo avoz etsok dediyimizin monasi daha da aydinlagar.
Cay qarasi baglangic sortlorinin doqiq verilmasi anlamina golir; bu halda suyu
qatigdirdiqda cay qarasinin trayektoriyasini mayenin istonilon ndqtasinde doqiq
hesablamaq olar. Xirda miirokkob damcisi iso baslangic sortlorinin verilmo-
sindo geyri-doqiqliyin niimunssidir. Mayeni qarisdirdiqda alinan dinamika asl
xaosa uygun golir. Bu proses daha ¢ox tosadiifi, ehtimal hadisalorino uygun go-
lir. Beloliklo, deterministik xaos nlimayis etdiron dinamik sistemlorin asas xii-
susiyyoti belo sistemlorin baslangic sortlorinin verilmosindoki ¢ox ciizi qeyri-
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doqiqliys yiiksok hossasliq niimayis etdirmasidir. Mohz bels bir hossasliq siste-
min trayektoriyasinin prognozlasdirilmasinin monasizligina vo dinamik sistem-
larin Gyranilmasinds ehtimal nazariyyasinin totbiqine imkan yaradir. Bu mona-
da deterministik xaos hadisasi o anlama galir ki, bu zaman deterministik qa-
nunlarla idars olunan sistemlords tesadiifi, kiiyabanzaor vo ehtimal nazariyyasi-
nin predmeti olan xaos yaranir.

Qeyd edak ki, sistemin baslangic sortlorinin verilmasindoki geyri-miioy-
yanlik fiziki proseslor baximindan realistik hadisadir. Dogrudan da, istonilon
Olcmoa cihazi bu 6lgmolori miioyyon xotalarla hoyata kegirir. Bu iso o demokdir
ki, baglangic sort kimi aslinds baslangic ndqte yox, onun otrafinda bu xotaya
uygun xirda oblast gotiiriilmoalidir. Bu iso stokandaki suya atilmis xirda miirok-
kob damecis1 kimi osl xaosa gatirib ¢ixarir.

Beloliklo, belo naticoya golmok olar ki, dissipativ geyri-xatti sistemlordo
deterministik xaos miimkiindiir vo bu hal kifayst qodor iimumilogsmis hadiso
olmalidir. Hal-hazirda bu hadisonin méhkom nozori biindvrasi var vo elmin
miixtalif sahalorindo, mosolon, fizikada, kimyada, biologiyada, iqtisadiyyatda,
sosiologiyada, tibbdo ¢oxsayli eksperimentlor xaosun movcudluguna dolalot
edir [11-22]. Basqa sozlo deterministik xaos riyazi ekzotika deyil, real diinyada
genis miisahido olunan bir hadisodir.

Qeyd edak ki, deterministik xaos ilk dofs meteorologiya elminds hava
prognozu ils baglt arasdirmalar hols 1963-cii ilde Lorenz torafindon kosf olunsa
da, bu kosfo vaxtinda bir ¢ox hallarda oldugu kimi lazimi diqqot yetirilmomis-
di. Bunun oasas sobablorindon biri miioyyon monada elmi aragsdirmalarda o vaxt-
lar xotti yanagmanin hakim olmasi ils bagli idi. O vaxtlar hor hansi bir 6l¢ii ke-
miyyatinin 06ziinii xaotik aparmasini fluktuasiyalarla, 6lgmalarin geyri-daqiqliyi
ilo va sair sobablorlo izah edirdilor. He¢ kim qobul etmirdi ki, bu xaotiklik gey-
ri-xatti sistemin daxili dinamikasinin tozahiirii ola bilor. Yalmiz XX asrin
sonlarina yaxin elmi aragdirmalarda qeyri-xattilik prinsipinin genis yayilmasin-
dan sonra xaotik dinamika istisnasiz olaraq elmin biitiin sahalorinds 6ziiniin la-
yiqli yerini tutdu. Riyazi cohatdon dissipativ sistemlarin trayektoriyalari zaman
sonsuzluga yaxinlaganda attraktorda comlonir. Stabil sistemlor licilin attraktor
rolunu torpanmoz ndqto oynayir; stabil periodik sistemlor iicilin attraktor limit
siklina ¢evrilir. ©vvallar bels hesab olunurdu ki, attraktor anlayist yalniz stabil
sistemlora aid edilo bilor. Indi molum olur ki, bu anlayis hom do deterministik
xaos nlimayis etdiron geyri-xatta sistemlora do samil oluna bilor. Bu fakt ondan
irali galir ki, bels sistemlordo do trayektoriyalar zaman kecdikco fozanin moh-
dud oblastinda yerlosirlor. Amma geyd etmok lazimdir ki, deterministik xaos
sistemlorindo attraktor miioyyon qoriba xiisusiyyetlora malikdir. Belo ki, bu
attraktorlarin trayektoriyasi geyri-periodikdir, yani trayektoriyalar gapanmairlar
vo onlar geyri-stabil soraitdo 6zlorini gostorirlor. Bu soboblordon deterministik
xaos sistemlorinds attraktoru qoribe attraktor adlandirirlar. Belo garibalik 6zii-
nii bir sira komiyyatlords biiruzs verir.

Bels ki, geyd olundugu kimi, goribaliyin an asas meyarlarindan biri siste-
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min trayektoriyalarinin eksponensial geyri-stabilliyidir. Basqa sozls trayektori-
yalarin ki¢ik hoyacanlanmasi zaman kegdikco eksponensial sokildo artmalidir.
Bu iso o demokdir ki, trayektoriyalarin hoyacanlanma tempini gostoron ekspo-
nensial omsal miisbot olmalidir.

Riyazi cohotdon, trayektoriyanin baslangic hayacanlanmasi X(0) zaman
kecdikco

X(t) = x(0)exp(At)

qanunu ilo artmalidir. Burada A eksponensial omsaldir. Bir ¢ox hallarda iso
ona Lyapunov amsal1 da deyirlor. Bu amsalin miisbat olmasit deterministik xao-
sun omolo golmasi iiclin osas sortdir. Deterministik xaos sistemlorinin trayek-
toriyasinin geyri-periodik olmasi ona gotirib ¢ixarir ki, belo sistemlorin spektri
biitov olur; molumdur ki, periodik trayektoriyalar {igiin spektr asas tezlikdon vo
onun harmonikalarindan ibarat xatlordon toskil olunmusdur. Deterministik xaos
sistemlorinin trayektoriyasi qeyri-periodik oldugundan bu trayektoriyalarin
miixtalif hissalori arasinda korrelyasiya ¢ox asagidir. Deterministik xaos sis-
temlorinin goribaliklorindon biri ds onlarin attraktorunun Sl¢iisiiniin tam odad-
lorla deyil, kasr adadlarle ifads olunmasidir. Niimunas ii¢iin xatirladaq ki, ndq-
tovi attraktorun oOl¢iist sifir, xottin 6l¢iisii 1, miistovinin Ol¢iisti 2-dir vo s. De-
terministik xaos sistemlorinin an moshur niimunslorindon biri olan Lorens
attraktorunun ol¢iisii (sistemin parametrlorinin ¢ox tez-tez istifado olunan qiy-
matlorindo) iso 2.06-ya borabordir. Deterministik xaos sistemlorinin yuxarida
qisa sokildo sadalanan sociyyovi xiisusiyyatlori belo sistemlori ehtimal nozoriy-
yasindo, statistikada Gyronilon tosadiifi sistemlora bonzodir. Bu monada deter-
ministik xaos sistemlori tosadiifi ododlor, kiiy yarada bilocok generatorlar kimi
do gobul edils bilor.

4. Xaosun idars olunmasi

Xaosun idaro olunmasi ideyasi [23-29] haqqinda qisaca molumat veri-
locok. Xaosun zororli vo ya xeyirli bir hadiso olmasin1 avvalcadon sdylomok
diizgiin olmaz. Bu, belo dinamikadan hansi kontekstdo sohbot getmasindon
asilidir. Mosalon, xaos kimyavi reaksiyalarin siiratinin artirilmasinda, bir sira
hallarda istilik vo kiitlo miibadilosinin artirilmasinda miisbot rol oynaya bilor.
Bozi hallarda iso xaotik dinamika arzuolunmazdir. Masalon, konstuksiyalarin
geyri-requlyar, xaotik vibrasiyasi onlarin zodslonmosindo vo siradan ¢ixmasin-
da olavo monfi rol oynaya bilor. Bundan olavo, folsofi anlamda xaotik sistem-
larin geyri-miiayyanliyi psixoloji durumda olava garginlik monbayi ola bilor.

Bu sabablordon xaosun idare olunmasinin, yani xaotik dinamikanin daha
intensiv olmasinin va ya onun aradan qaldirilmasinin miithiim praktiki vo nozori
ohomiyyati var. Praktiki monada xaosun idaro olunmasi xaotik rogslorin kva-
ziperiodik, periodik ragslera vo ya stasionar vaziyyato ¢evrilmasini ehtiva edir.
Bozi hallarda xaotik dinamikanin intensivlosdirilmasi xaosun anti-kontrolu ad-
lanir.
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Son illor intensiv sokildo arasdirilan bu elm sahosinin baslangict kegon
asrin 90-c1 illoring tosadiif edir. Xaosun idaro olunmasi faktiki olaraq 1990-c1
ildon hoyata kecirilir. Bu nazariyyonin baslangict amerikan fiziklori Ot-Gre-
boji-York (OGY) torofindon qoyulmusdur [23,30]. O vaxtdan xaosun idaro
olunmasi termini fundamental sokildo elmi leksikona daxil olmusdur. Qeyd
olundugu kimi, xaotik dinamikada sistem baglangic sortlorine xiisusi hossasliq
nliimayis etdirir. Basqa sozlo, sistemin parametrlorinin xaos yaradan qiymot-
lorinda baslangic sortlorinin ciizi hayacanlanmasi zaman kec¢dikco eksponensial
sokildo artmaga baslayir. Mohz bu ciir hiperhassasliq xaosun idars olunmasinda
kritik shamiyyato malikdir. OGY metodu els bu ciir hassasliga soykonir. Hal-
hazirda bu metod vo onun variasiyalar1 elmin miixtalif sahslorindoki, o climlo-
don iirok vo beyindo miimkiin olan xaotik dinamikanin idars olunmasinda mii-
voffoqiyyatlo totbiq olunur. Riyazi monada xaosun idaro olunmasi bir ¢ox di-
namik sistemlords sinaqdan ¢ixarilmigdir. Zamana gore xaotiklik niimayis et-
dirilon sistemlor totbiq liglin daha tez-tez istifado olunur. Bu sistemlor adoton
adi toromoli diferensial tonliklorla tasvir olunur vo faza dl¢iisti sonludur. Mox-
susi toromoli diferensial tonliklor sistemi hom zamana, hom do fozaya goro xao-
tik dinamikanin tosvir olunmasinda tatbiq edilir. Bu ciir sistemlor sonsuz foza
Olciistino malikdir. Qeyd etmok lazimdir ki, funksional diferensial tonliklorin
bir qolu olan zamana gora gecikon sistemlor do sonsuz foza dl¢iisiine malik sis-
temlorin tosvir olunmasinda genis istifade olunur. Bu moagalo mohz belo sistem-
lords xaotik dinamikanin idaro olunmasinin bir névii olan xaotik sistemlor
arasinda sinxronlagsmaya hosr olunub.

Xaosun idaro olunmasina dair ilk yanagsma olan OGY metoduna qayi-
daraq qeyd edok ki, istonilon idars olunmada mogsad olan obyektin stabillos-
dirilmasi ¢ox vacibdir. Tutaq ki, maqsad 6zlinds xaotik dinamikanin periodik
rogso cevirilmosini vo bu ragsin stabillogdirilmasini ehtiva edir. Xaotik dinami-
kanin idars olunmasinda mosolonin bu clir qoyulusu tobiidir, ¢iinki belo dina-
mika oaslindo sonsuz sayda periodik rogslorin toplumudur. Basqa sozlo, belo
rogslor xaotik dinamikanin karkasini (arxitekturasini) toskil edir vo sistemin
xaotik oblastda harokati bu periodik ragslor arasinda kegidlari do 6ziinds ehtiva
edir. Sozsiiz ki, geyri-xotti sistemin bu periodik orbitlor {izro performansi
(miioyyan kriteriyalara goro) forglonacak. Situasiyadan asili olaraq sistemin bu
va ya digor periodik orbit lizro horokoti olverisli ola bilor. Basqa s6zlo, sistemin
foaliyyatini miioayyan meyarlara gora optimallasdirmaq olar. Bunun ii¢iin tolob
olunan iso sistemi bu vo ya digor «lazimi» periodik orbitlor tizra harokot etmo-
ya «macbur etmakdir». Belalikls, OGY metod geyri-xatti sistemin foaliyyatini
optimallagdirmaga imkan verir. Tutaq ki, sistemin foaliyyoati miioyyon orbit
iizro miisahidogini gane edir. Onda qarsida duran osas mogsad homin orbit {izro
sistemin stabil horokotini tomin etmokdir. Erqodik nozoriyyoyo goéro sistem
gec-tez «sorfali» orbito yaxinlasacaq vo kecid edocok. Bu kecid bas veron kimi
sistemin parametrlorinin vo ya dinamik doyisonlorin kigik hayacanlanmalarinin
komayils sistemi homin trayektoriya tizro harokoto macbur etmak olar. Qeyd
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edok ki, periodik orbitlor arasindaki kecidlori do kicik hoyacanlanma iisulu ilo
stirotlondirmok olar. Ogor sistemdo kily, xarici stoxastiklik varsa bu amaliy-
yatlar1 bir ne¢o dofo tokrar etmok lazim golocok. Goriindiiyii kimi, OGY metod
cox genis yayilmis qeyri-xatti sistemlorin faaliyystinin optimallagdirilmasinda
boylik imkanlara malikdir. ©lavs olaraq qeyd etmak lazimdir ki, xaosun idaras
olunmasinda istifads olunan OGY metodda geyri-xatti sistemin harokat tonlik-
lorini bilmok tolob olunmur. Bu fakt totbiq noqteyi-nozorindon ¢ox bdyiik oho-
miyyato malikdir, ¢iinki real eksperimentdo vo ya miirokkab sistemlorin idars
olunmasinda bels tonliklorin tortib olmasi haddon artiq ¢otindir, bazi hallarda
1sa demak olar ki, geyri-miimkiindiir.

Tocriibalor gostorir ki, OGY metod osason diskret dinamik sistemlords
daha yaxs1 naticalor verir. OGY metodu A7 >>1 sortinin ddonildiyi periodik
orbitlor tigiin daha effektivdir. Burada A stabillosdirilon periodik orbit iigiin
maksimal Lyapunov omsalidir; 7 iso sistemin idars olunmasi zamani para-
metrlorin doyismosi arasindaki zaman intervalidir. Parametrlorin diskret doyis-
mosi zamani idaro olunmanin effektliyi kiiyli do nozors aldigda azala bilor, hot-
ta idaroetmo noticasiz qala bilor. OGY metodunun bu ciir fundamental catis-
mazliqlart ona gotirib ¢ixardi ki, fasilasiz oks-slaga rabitosine malik idaroetma
metodlar1 genis yayilmaga basladi. ilk dofo belo yanasma Pyragasin islorindo
totbiq olunmusdur [31-33]. Burada sistemin parametrlorinin ki¢ik hayoacanlan-
malar fasilosiz totbiq olunur. So6zsiiz ki, izafi xorc baximindan fasilasiz yanas-
ma effektiv olmaya bilor, amma osas mogsod — idaroetmo hoyata kegirilir. Fa-
silosiz hoyocanlanmalar metodunun OGY metodundan prinsipial bir forqini do
geyd etmok yerina diisor. OGY metodunda geyri-xatti sistemin trayektoriyasi-
nin lazimi periodik orbito yaxinlasmasini gdzlomok lazim golir ki, bu yaxinlas-
madan sonra kicik hoyacanlanmalari totbiq edo bileson. Fasilosiz hoyacanlan-
malar metodunda isa belo gézlomaya ehtiyac yoxdur, hayacanlanmalar istoni-
lon zaman aninda totbiq oluna bilor.

5. Xaotik raqgslorin sinxronlagmasi

Avtoragslorin sinxronlagmasi geyri-xatti fizikada fundamental problem-
lardon biridir vo artiq Hiiygensin vaxtindan bir ne¢o yiiz ildir ki, todqiqatgilarin
diqqatini calb edir. Xatirlayaq ki, Hiiygens ilk dofo bu hadisoni bir-bir il ala-
goli mexaniki sistemlorin-rogqqas saatlarin timsalinda aragdirmigdi. Son onillik-
lor bu sahoads aragdirmalarin morkozi xaotik rogslorin sinxronlagsmasina yonal-
dilmisdir ki, bu da geyri-xatti fizikada deterministik xaosa vo onun miixtalif sa-
halorda tatbiqi ilo baglh diggetden irali golir. Bu monada xaotik rogslerin sin-
xronlagmas1 sahosi dinamik xaos nazariyyosinin davami olaraq meydana ¢ix-
migdir. Bu sahonin intensiv inkisafi onun hom fundamental, hom do praktiki
ohomiyyati ilo baglidir [34]. Belo ki, xaotik rogslorin sinxronlagmasi moxfi in-
formasiya miibadilasindo, bir sira bioloji, fizioloji, kimyavi proseslords asas rol
oynayir [34]. Bu saha hom ds xaosun idars olunmasi néqteyi-nazarindon mii-
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hiim ohomiyyosto malikdir. Bir s6zlo, xaotik rogslorin sinxronlasmasi hom fiziki
alomda, hom do canli alomds miihiim rola malikdir. Burada canli orqanizmlor-
do nofosalma va tlirok-damar sistemi arasinda olage, beyindo neyronlarin sin-
xronlagmasinin bir sira hallarda, masalon, epilepsiya xostoliyinds rolu, xarici
stimullarin beyina tosiri vo s. proseslori xatirlamaq olar. Amma yadda saxla-
maq lazimdir ki, bu sadalananlar xaotik ragslorin sinxronlagsmasinin aid oldugu
sahalorin ¢ox ciizi bir hissasidir. Son illor geyd olunan sahslarlo yanasi xaotik
rogslorin sinxronlagsmasinin maxfi informasiya emali sistemlorindo totbiqi do
intensiv tadqiq olunan sahslordondir. Qeyd etmok zoruridir ki, bu sahads islor
artiq nozori, modellosdirmo miistovisindon praktiki miistoviys ke¢gmokdadir.
Ozii do bu yeni yanasma osasinda movcud infrastukturdan bohroalonorok moxfi
informasiyanin otiiriicti stansiyada onlarla kilometr masafoys kodlasdirilaraq
otiirtilmoasi vo gobuledici stansiyada iso stansiyalar arasinda sinxronlagsma he-
sabina moxfi informasiyanin dekodlasdirilmasi artiq realliqdir. Bir ¢cox hallarda
belo yanagma 6tiiriicii vo gobuledici stansiyalar arasinda identik (tam) sinxron-
lasmaya osaslanir [34-35]. Bu iso 6tiiriicii vo gobuledici sistemlor arasinda pa-
rametr doqiqliyino olan toloblori daha sortlosdirir. Bu monada xaotik rogslorin
sinxronlagmasinin yeni novlorinin kosfi bu ciir sort toloblori yumsalda bilmis-
dir. Yeni sinxronlasma novlari arasinda asagidakilar1 qeyd etmak olar: faza sin-
xronlagmasi [36-37], imumilosmis sinxronlagsma [38], gecikon sinxronlagsma
[37], gabaqglayict sinxronlasma [39], kiiy hesabina sinxronlasma [40]. Yeni sin-
xronlagsma novlorindon istifado xaos osasinda kommunikasiya sistemlorindo
informasiya miibadilasi proseslorini daha da tokmillosdirmays imkan veracak.
Qeyd etmok yerino diisor ki, xaos osasinda Otiiriilon informasiyanin maskalan-
mast informasiyanin qorunmasinin stenoqrafik metoduna aid edils bilor. Belo
metodda kriptoqrafik informasiya miidafiosi metodundan forqli olaraq, infor-
masiyanin 6zl yox, onun Gtiiriilmasi fakti gizladilir.

Indi iso yuxarida geyd edilon bir sira sinxronlasma névlaori haqqinda bir az
genis molumat verok. Tam (identik) sinxronlasma rejimi birtorafli vo ya qarsiligl
tosirdo olan sistemlorin dinamikasinin tam tist-iisto diismosi ilo xarakterizo olu-
nur: x(t) = y(t) [34-35]. Ona goro do adoton belo sinxronlagma sinxronlasan sis-
temlorin parametrlorinin identik qiymatlorinds bas verir. Ogar sistemlorin para-
metrlori bir az forqglonirso, o halda gecikon sinxronlagsma rejimi [37] mdvcud ola
bilor. Bu halda sinxronlasan sistemlorin dinamikas bir-biri ilo x(t) = y(t+17)
miinasibati ilo baglhdir. Burada 7 gecikmo zamanidir. Qeyd edak ki, sistemlor
arasinda olago intensivliyini artirsaq gecikmo zamam 7 sifra yaximlasir vo
belalikla, gecikon sinxronlagma rejimi tam sinxronlasma rejimind gevrilir.

Diagnostik mogsadlar {i¢iin tam sinxronlagsma zamani adoton sinxronlag-
ma xotasi adlanan

(&)= J[jx(t) - yco)at @)
0
komiyyoti hesablayirlar. Bir ¢ox hallarda iso sinxronlasma xotast kimi elo
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e(t) = x(t) — y(t) gaobul edilir.
Umiimilosmis sinxronlasmada [38] isa kegici proseslordon sonra sinxron-
lasan sistemlorin dinamikasi arasinda funksional olaqs yaranir:
y(t) =F(X(t))- 3)
Umumi halda F(x(t)) funksiyasinin formasi ¢ox miirakkab ola bilor vo

onun miloyyanlosdirilmosi iso kifayot qodor vaxt aparan prosedurdur. Xaotik
rogslor arasinda {imumilogmis sinxronlagsma rejimini diagnostika etmok {i¢iin
odobiyyatda bir neco metod movcuddur: yaxin qonsuluq metodu, sorti
Lyapunov omsallarinin hesablanmasi metodu vo s. Amma praktikada adoton bir
az sado yanagma-komokg¢i sistem metodu daha genis istifado olunur. Bu
metodun mahiyyatini asagidaki kimi tesvir etmak olar. Idaro olunan y(t) sis-

temi ilo barabar ona identik olan kémokg¢i z(t) sistemi do aragdirilir. Baglangic

sortlori har iki sistem ii¢iin forqli se¢ilir. Bu, masalon, fluktuasiya noticosindo
bas vera bilor. Belo miixtalifliys baxmayaraq agor kegici proseslordon sonra
idars olunan y(t) vo komakgi z(t) sistemlorin dinamikasi tist-iisto diisiirss qo-

bul olunur ki, idars edon x(t) vo idars olunan y(t) sistemlor arasinda imu-
milogmis sinxronlasma movcuddur: y(t) = F(x(t)). Qeyd edak ki, idars edan
x(t) sistemi ham ds idars olunan y(t) sisteminin kopiyasini z(t) da idars edir.
Basqa sozlo ham do z(t) = F(x(t)) funksional miinasibati movcuddur. Bir

s0zla, idarsolunan vo komokgei sistemlorin dinamikasinin ekvivalentliyi iimu-
milogmis sinxronlagsmanin mévcudlugu {i¢iin osas sortdir.

Sinxronlagma rejiminin analizini hom do sorti Lyapunov omsalinin
hesablanmasi vasitasils do hoyata kecirmok olar: ©gar idaroedan (drive system)
va idarsedilon (response system) sistemlorin foza fazasinin 6lgiilori Ng vo N; —
dirse, birtatofli baglantiya malik olaqgali xaotik ossilyatorlarin dinamikas1 Lya-
punov amsallarinin spekteri ilo xarakterizo oluna bilor. Birtorofli baglantida
idarsedon sistemin dinamikasi idaroedilon sistemin voziyyotindon asili olma-
digindan, Lyapunov spektrlori iki yera boliino bilor: idaroedon sistemin Lya-
punov spektri vo idaraedilon sistemin sorti Lyapunov spektri. Bu halda timu-
milogmis sinxronlagmanin varliq meyar1 olaraq idaroedilon sistemin sorti Lya-
punov amsallarinin on boyiiyiiniin monfi olmasi gobul edilir. Qeyd etmok olar
ki, birtarafli baglantiya malik xaotik ossilyatorlar arasinda tam sinxronlagma vo
gecikon sinxronlagsma rejimi iimumilogmis sinxronlasma rejiminin xiisusi hali
kimi gabul edils bilor.

Faza sinxronlagmasinda [36-37] olaqgoli xaotik rogslorin fazalar1 arasinda
miioyyan korrelyasiya yaranir, amplitudlari iso 6zlorini tam sarbast vo xaotik
aparirlar vo heg bir korrelyasiyaya moruz galmirlar. Komiyyat cohotdon belo
sinxronlagmani xarakterizo etmak liglin ani faza g(t) anlayisindan istifads edi-

lir. Umumi halda iso el bir universal iisul yoxdur ki, onun kémayilo biitiin di-
namik sistemlor tiglin adekvat olan faza anlayis1 daxil etmok miimkiin olsun.
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Beloliklo, faza sinxronlagmasi zamani on genis yayilmis yanasmada qo-
bul edildiyi kimi xaotik siqnallarin xt) vo y(t)-nin fazalar forqi zamana gors

mohduddur:

() —9, (t)‘ <const. 4)

Belo sinxronlagma adaton sistemlorin birtorafli vo ya qarsiligh olagolori hesa-
bina bas verir.

Indi iso xaosun daha bir konstruktiv rolunu geyd edok. Bu rol xaotik
rogslorin kiiylin vasitosilo sinxronlagsmasidir. Hadisonin mahiyyoti ondadir ki,
kifayat qador yliksak intensivliye malik kiiylin bir-biri ilo slagasi olmayan sis-
temlora slava olunmasi naticasindo bu sistemlor kiiyilin hesabina 6z dinamika-
larin1 sinxronlagdirir. Bu ciir sinxronlagma ilk baxisda intuitiv yanagmaya zidd
olsa da bas vera bilir. Adaton intuitiv olaraq diistiniiliir ki, kily yalniz destruktiv
rola malik ola bilor. Gatirilon niimuns ona dolalat edir ki, he¢ do homiso
intuitiv yanasma diizgiin gorarlara asas ola bilmoz [40].

Kily hesabina sinxronlagmanin qisa, amma maraqli tarixcesi var. Kiiyiin
nizamlayici rolunu arasdiran todqiqatcilar miisahids etdilor ki, kiiyiin tosiri ilo
sistemin xaotikliyi azala bilor. Bu notico geyri-xotti fizikada boyiik polemika-
lara sobob oldu. Miislliflor todqiqat obyekti kimi diskret logistik sistemi aras-
dirdilar [40]

Xn 41 =4Xn(1_xn)+§na (5)
Your =4Ya(1=Yp) + &, (6)
Burada fn [-W, W] intervalinda paylanmis kiiyli gostorir. Arasdirmalar noti-

cosinda miuslliflor bels noaticoys goaldilor ki, W-nin boyiik qiymatlorindo miix-
tolif baslangic sortlorindon baslayan trayektoriyalar eyni tobisto malik kiiyiin
tosirindon 6z dinamikalarini eynilosdirirlor. Miislliflor daha sonra niimayis et-
dirdiler ki, belo voziyyat ham diskret, hom do kasilmoz sistemlor, masalon, Lo-
renz modeli ii¢lin do miimkiindiir. Bu noatico, yuxarida geyd edildiyi kimi odo-
biyyatda boyiik polemikalara meydan ag¢di. Belo ki, moveud baxislara gors iki
sistemin sinxronlagmasi ti¢lin an boylik Lyapunov amsalt manfi olmalidir. Lo-
gistik sistem iiclin bu omsal miisbot oldugundan bas veron sinxronlasmant
kompiiter hesablamalarinin naticosinin yuvarlaglagsmasi hesabina oldugunu id-
dia edonlor do var idi. Uzun polemikalardan sonra todqiqatgilar belo bir ortaq
moxracd goldilar ki, bas veron sinxronlagma haqigaton do kiiyiin hesabina hoyata
kegir. Sadoco gobul etmok lazimdir ki, kilyiin tosiri noticosindo sinxronlagan
sistemlordo yenidonqurma bas verir, sonra iso sistemlor 6z vaxtlarnin ¢ox
hissasini osason stabillik oblastinda (bu oblastda Lyapunov amsalt manfidir) ke-
cirirlar va naticada global monada Lyapunov amsalinin manfiliyi tomin edilir.
Sinxronlagmanin digoer novii iso proyeksiya sinxronlagmasidir [41-42].
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Bu sinxronlasma zamani idaroedon X vo idaro edilon Y sistemlor asagidaki
miinasibati 6doyirlor:
kx —y| —0. (7)

Sinxronlagmanin bu n6vii ilk dofs klassik Lorenz modelinds hoyata kegirilib.

Bir daha xaotik sinxronlagsmanin asas totbiq sahslorindon olan xaos osa-
sinda moxfi informasiyanin 6tiirilmosi problemlori iizorindo dayanaq. Qeyd
edok ki, osas sinxronlagma novii kimi adston tam (identik) sinxronlagma toklif
olunur. Bu ciir sinxronlasmada minimal talab kimi azi1 iki identik generatorlarin
(Otiirticti vo gobuledici generatorlarin) olmasi vacibdir. Elmi adabiyyatda infor-
masiyanin maskalanmasinin bir ¢ox tisullar1 tadqiq olunub. Bura xaos hesabina
maskalanma, xaotik rejimlorin doyismasi, informasiya signalinin xaotik siqnal-
la geyri-xatti qarigdirilmasi, Gtiiriicli generatorlarin parametrlorinin informasiya
signal1 ilo modulyasiya olunmasi va sair kimi tisullar daxildir. Son illor bu ma-
solonin praktiki shomiyyatino hasr olunan bir sira dorc olunmus moqalolordo
[43-44] xaos osasinda informasiya emalinin optik diapazonda miiasir mévcud
fiber-optik sistemlorinin istifadosi osasinda perspektivliyindon sohbot gedir
(sok. 1.1). Bu fakt — movcud infrasrtukturdan istifads oluna bilmosi praktiki co-
hatdon ¢ox bdyiik shomiyyats malikdir. Bazi ¢atigsmazliglara galinco iso xiisusi
olaraq vurgulamaq yerino diisor ki, asas problem informasiya emalinda holl-
edici rola malik sinxronlagsmanin borqorar olmasi vaxti ilo baghdir. Bu vaxt
xaotik sistemlor arasinda parametr uygunsuzluguna, informasiya kanalinda kii-
yiin tasiring va sair bu kimi real eksperimentin tasirloring ¢ox hassasdir.

Yarimsaffaf
guzgu

Otlirlict sbuledici
Q [ Xaos
lazer lazer
Xaos +
informasiya
Xaos + X
. . —
informasiya 208
Informasiya

Sok. 1. Xaosun kommunikasiya sistemlorinds totbiqi: otiiriicii sistemdo xaosla
maskalanmig mesaj 6tiiriicii vo gobuledici sistemlorin sinxronlagmasi hesabina
gobuledici sistemdo desifro oluna bilor. Sokildoki yarimsoffaf giizgii stia boliiciisii
kimi istifado olunur.
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Yeni mirakkab Cu;IN,S, monokristali alinmis, onun fotoelektrik xassalori tadgiq

olunmug va bu halda moanfi fotokegiricilik miisahido olunmusdur. Cox az miisahids olunan
hadisa baxilan kristalin g8yardilmasi zaman: yaranan defektlorin varlig: ilo izah olunmugsdur.

Acar sozlar: monfi fotokeciricilik, defektlor, vakansiyalar.

Cu;In,S, birlosmosi I-III-VI qrup elementlori osasinda alinmis mii-

rokkob halkogenidlordon biri olub, A'B"'C)' —B,"C}" kvazibinar sistemin hal

diagraminin dyronilmasi naticesinde miisahids olunmusdur.
Cu,In,S,; monokristalinin sintezi vo alinma rejiminin miioyyonlosdiril-

moasi Uglin CulnS, —1In,S, kosiyindo faza tarazligi arasdirilib. 1080 °C tempe-

raturunda Cu,In,S, birlosmosi alnmusdir vo o, 800 °C temperaturda modifi-

kasiya keg¢idino malikdir. Tadqiq olunan kristalin torkibinde tez buxarlanan
kiikiird oldugundan, sintezin aparilmasi liglin xiisusi texnologiyadan istifado
edilmisdir. Monokristal yavas soyutma tisulu ilo gdyardilmisdir. Bu tisulla lay-
vari qurulusa malik iri kristal alinmisdir. Cu,lIn,S, monoklin sinqoniyada kris-
tallasir vo parametrlori a=6,60; b=6,91; c=8,12 AO; 52890; z=1[1].

Cu,In,S, monokristalinin optik vo fotoelektrik xassalorinin arasdirilma-
s1 gdstormisdir ki, kristalin fotohassasligi 0,85+2,5 eV oblastini ohato edir [2].

Biitlin halkogenid birlosmolorindo oldugu kimi, Cu,lIn,S, monokris-
talinda da ¢ox boyiik konsentrasiyaya malik defektlorin ehtimali var. Bu anion va
kationlarin diiziiliisii zaman1 anion va kation vakansiyalarin yaranmasi nati-
cosindo miimkiindiir. Bela struktur defektlori vo asqar atomlar1 kimi qofasin ayri-
ayr1 diiylinlori arasinda kimyovi olagonin diizgiin paylanmasina gatirir vo ne-
ticodo qadagan olunmus zonada lokal soviyyolor meydana c¢ixir. Vakansiya
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struktur defektlorin on sado tipidir (Sottki defektlori) vo gofasin diiyiinlorinds
bosluglardan ibarotdir. Cox zaman forz olunur ki, vakansiya yarimkeg¢iricinin
sothino yaxin atomlarin sotho ¢ixmasi noticosindo yaranir, sonradan kristalin
daxilindoki vakansiya satha yaxin diiyiline kegir vo belalikla, biitdvliikds kristalin
daxilinde vakansiya yaranir, kristalin biitiin hacminds paylanir. Bozon diiyiin-
lordon qopmus atomun yerinde vakansiya yaranir, atomun 0zii iso dilytlinlor
arasinda galir vo birlikdo Frenkel defektlori yaradir. Yaranmis defektlor kristalin
biitiin xassaloring tosir edir.

Baxilan i1sdo Cu,In,S, monokristalinda fotokeg¢iriciliyin todqiqi zamani

monfi fotokeciricilik miisahido olunmus vo tocriibonin naticolori vakansiyalarla
izah edilmisdir. Fotoelektrik xassolorini 6yronmok ii¢lin layvari quruluslu tok-
mil monokristaldan Slgiilori 4x2x0,5 mm® olan niimunslor kosilmis, laylarin
lizoring giimiis pastasindan kontaktlar qoyulmusdur. 300 K temperaturda yiik-
dastyicilarin konsentrasiyast vo yiirikliyii, uygun olaraq n=10' sm™ vo
u=10+30 sm’/V-san olmusdur. Olgmo zamam elektrik sahosi laylara perpen-
dikulyar istigamotds totbiq edilmisdir. Olgmalor 77 K temperaturunda apa-
rilmisdir.

Fotoelektrik xassolorini dyronon zaman monfi fotokeciricilik miisahido
olunmugdur. Bels ki, niimunslorde VAX Oyronildikde nisbaton kigik gorgin-
liklordo (U<2 V), xotti asililiq miisahido olunur, gorginliyin sonraki artmasi ilo
superxatti asililiq (1~U% goriintir (sokil 1, 1 oyrisi).

Sok. 1. Cu,In S, monokristalinin VAX-1. 1 — qaranliqda; 2 — A=0,85 mkm; 3 — 2=1,35 mkm.

Belo asililiq injeksiya coroyanlarin yaranmasi ilo izah olunur. Niimu-
na moxsusi udma oblastindan olan isiqla isiqlandirildiqgda (A=0,85 mkm) yiik-
sok kegiricilik miisahido olunur (sakil 1, 2 ayrisi), coroyanin qiymati gorginlik-
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don xatti asili olur. Niimunani A>0,85 mkm dalga uzunluqlu isiqla isiqlandir-
digda nisbaton asag1 gorginliklorda, zaif fotokegiricilik miisahide olunur, VAX-
1 geyri-xatti oblastinda iso monfi keg¢iricilik miisahido olunur (sokil 1, 3 ay-
risi), yoni injeksiya corayani soniir. Gorginliyin sonraki artmasi ilo fotocorayan
gorginlikdon asili olaraq artir (sokil 2). Monfi fotokegiriciliyi izah etmok {iciin
miixtolif mexanizmlor toklif olunmusdur. [3] isindo gostorilmisdir ki, isigin
tosiri ilo eksitonlar yaranir ki, onlar termik ionlasmis asqar atomlar ilo tog-
qusur va elektronlarini valent soviyyasindan asqar soviyyalorine kegirmasino vo
noticado desiklorin yaranmasina sabob olur. Noticodo sorbost elektronlarin re-
kombinasiya siirati artir vo elektrokegiriciliyi qaranliq qiymatindon kigik qiy-
matlors qodor azalir.

(=}

12

-l6 |

20

Sak. 2. CU3 |I‘ISS9 monokristalinda fotocerayanin garginlikden asililigi.

Germanium kristalinda miixtalif tobiotli dorin asqgar soviyyolari oldugda
monfi fotokeciricilik doqiqglikls izah olunur [3], belo ki, bu halda asqar mor-
kozlorin fotoionizasiyasi noticosindo qgeyri-osas yiikdasiyicilar yaranir, osas
yiikdasiyicilarin rekombinasiya siirati artir vo kegiricilik azalir.

Sokil 3-do monfi fotokegiricilik halinda elektron kecidlori gostorilmis-
dir, tutma morkozi nozors alinmir vo qadagan olunmus zonada 1 dorin vo 2 da-
yaz morkozlori var vo niimuns siialandirildigda asagidaki sortlor 6donmolidir:
a) 2 soviyyeasindon termik ionlagma siiroti, 2 soviyyosindo elektron vo desiklo-
rin rekombinasiya siirotindon kigikdir; b) 2 soviyyesinda desiklor elektronlarla
rekombinasiya edo bilmaz; €) 2 soviyyasi Fermi soviyyasindon yuxarida yerlos-
molidir; d) asas yiikdasiyicilarin 2 saviyyasi torafindon tutma en kasiyi 1 saviy-
yasi do tutma en kasiyindon ¢ox kicik olmalidir; €) 1 saviyyesinin konsentra-
siyas1 vo onlarin qeyri-osas yiikdasiyicilar1 tutma en kosiyi ki¢ik olmamalidir.
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Sak. 3. Monfi fotokegiricilik halinda elektron kegidlori.

Deyilon sortlorin biitliin yarimkegiricilordo eyni zamanda 6donmosi az
ehtimallidir, ona géro monfi fotokeciricilik adi halda az miisahido olunan ha-
disadir.

[4] isindo ¢ox algaq temperaturlarda (He temperaturunda), giiclii asqar-
lanmis germanium kristalinda monfi fotokegiricilik miisahido olunmus vo onu
izah etmok ii¢lin forz olunmusdur ki, nlimuns isiglandirilan zaman donor saviy-
yalarinin dolmas: ils elektrikkeciriciliyi azalir, ¢linki tocriibs soraitindo elek-
tronlar neytron donorlardan «sigrayiglay ytliklii soviyyalora kecir vo bos qalmis
yerlards yiikdasiyicilarin rekombinasiyasi bas verir.
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FEATURES OF PHOTOCONDUCTIVITY IN A SINGLE CRYSTAL Cu,In,S,

L.G.HASANOVA, A ZMAHAMMADOYV, S.A.DJAHANGIROVA
SUMMARY

The photoconductivity in a single crystal of a new triple semiconductor compound
CU3|HSS9 is investigated. The current — voltage characteristics measured at 77 K in the dark

and under illumination showed that negative photoconductivity is observed. This is due to the
presence of a large concentration of defects inherent in many chalcogenides.

Keywords: negative photoconductivity, defects, vacant
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