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B pabome ucnonvsys xnacc S — (e, f,v,0,0) u S—(f,0) r0karvno runwuyesvix

omoobpaicenuil 8 MouKe NOJYYeHbl He0OXO0UMbLE YCI0GUS NEPBO20 U BMOPO20 NOPAOKOE 6
He2Na0Kux IKCMpPeMAaIbHblX 3a0a4ax ¢ 02panuieHueM.

KaioueBble cj10Ba: BbITYKIOE MHOXKECTBO, JIUIIIHUIEBAs QYHKIHS, JIOKAJIBHO JIUII-
IIUIIEBOE 0TOOpaKeHHe, 6aHAXOBO MTPOCTPAHCTBO.

B [1] onpenenensl («,f,v,8) U ¢—(e,,v,8) JOKAIBHO JIUIILINLIEBbIE
GyHKIIMM B TOYKE B OAHAXOBOM MPOCTPAHCTBE, U3YUEH PAJl UX CBONCTB U
PacCMOTPEHBI SKCTPEMaNIbHBIC 33/1a4u ¢ orpaHuyeHusiMu. B [2] B meTpuue-
CKOM IIPOCTPAHCTBE OIPEAECIICHBI TAKKE S —(a, S,V,d, ®) - JTUIIIULEBBIX OTO-
Opa’keHHIl B TOYKe, U3Y4eH Al UX CBOMCTB. B [3] ucmone3ys dyHKIHIO
paccTosiHus B Kiaccax ¢—(«,p,v,d,w) JTOKAIbHO JUMIIUALEBHIX (YHKINN B
TOYKE, MOJTYYCHBI PSA TEOPEM O TOYHOM ITpade, a TaKKe MOTydeHbl He0O-
XOJIUMBIE U JOCTATOYHBIE YCJIOBHUS BBICOKOTO MOPSIKA IIPU HAIMYUU Orpa-
HUYECHUM.

[Tycte X u Y -0aHaxoBbI pOCTpaHcTBa, Cc X, F: X =Y, S: X -V,
f:X >R, op: X >R, >0, v>0, fzav, 6>0 U w:R, >R _, rme w(0)=0,
R, =[0,+c0).

[onoxum B(x,5)={ye X Jy—x|< 5}, B={yex :||y||£1}.

OtoOpakenue F HazoBeM S —(a,f,v,5,w) JTOKAIBHO JUMIIUIIEBBIM C
noctossHHOM K B Touke X e X, ecnmu F yJIOBIETBOPSIET YCIOBUIO



_ B—av
PG+ x4 ~FG+2-86o4)+ S0 < K| W+l e o) (1)

mpu x,ye B. Ecnmun w(t)=0, To oTobpaxxenne F HazoBeM S-(a,p,v,5) Io-
KaJbHO JIMIIIIMIEBBIM ¢ TTocTossHHOM K B Touke X . Eciium a(t)=0 U S(x)=0,
TO otoOpakeHue FHazoBeM (a,3,v,5) JOKAIBHO JIUIIIUIEBBIM C ITOCTOSH-
Hoii K B Touke X.

Ecmu cymecrByer ¢yHkuus o:R, —R,, Tae 1&3‘1@20 Takas, 4To
a)(||X||):0(||X||'B ), TO S—(a,3,v,8,w) JOKAIBHO JIMIIIMIEBOE C MOCTOSHHON
K B Touke X otoOpaxkenue F HazoBeM S —(a,f,v,d,0(S)) JOKAIBHO JIUTIIIIH-
LEeBBIM ¢ mocTogsHHOM K B Touke X.

Ecmu F(x)=f(x), S(x)=¢@(x) U oToOpaxkeHue F sBusercs S-(o,f,v,d,0)
JIOKAJIBHO JIUIIIUIIEBBIM ¢ ocTOssHHOM K B Touke X, To GyHKIHMIO f HA30-
BeM ¢—(a, f3,v,0,w) JIOKAJIbHO JIMIIIIUIEBON C MOCTOosiHHOM K B TOuke X.
Ecmn w(t)=0, To dynkuuio f HazoBeM ¢—(«,/3,v,5) JTOKAIBHO JIMIIIUIIE-
BOi1 ¢ moctossHHOM K B Touke X. Ecin a(t)=0 u @(x) =0, To pynknuio f
Ha3oBeM (o, [3,Vv,0) JOKaIbHO JIMIIIUIEBON ¢ MOCTOssHHOM K B TOuke X .

Hanee cuuraem, uro S(0)=0 u @(0)=0 (ecnu S(0)#0, TO CIEAYET
paccMoTpeTh GYHKIHIO S(X) = S(X)—S(0)).

Jlemma 1. Eciu otobpaxenue F:X —Y sBusercs S +S,-(1,4,v,6,0) J0-
KaJbHO JIMIIIUIEBBIM C TIOCTOssHHOM K B Touke X, S, sBisiercss (1,8,v,6,d)
JIOKaJIbHO JIMILIMLEBLIM C 1OcTosHHON K B Touke Hymb, rae B2/ >0,
0<06<l1, TO 0T06pa>KeH1/1e F ynosiuerBopseT S, —(l, ,E,v,é,w+ @) JOKaJIbHO

JUIIIXLEBY YCIOBUIO € OCTOsAHHOM 2K B TOUKe X .
IToncraBuB x=0 u =1 u3 (1) umeem, uto

[F&+y)-F®)-S)] <Ky )
npu ye B . OTMeTuM, 4To M0 YCIOBUIO S>0.
OtoOpaxkeHue F:X —Y YIOBJICTBOPSIOIIEE YCIOBUIO (2) MpU ye B,
HAa30BEM S —(/3,5) JOKaIbHO JIUIIIULEBBIM C TOCTOAHHONW K B TOuke X.
Ecmn F(x)=f(x), S(x)=¢(x) u oTtoOpaxenue F sBisercs S-—(f,9)
JIOKAJIBHO JIMIIIMIIEBBIM ¢ ocTOssHHOM K B Touke X, To ¢yHKumio f Haz30-
BEM ¢ —(f3,5) JIOKAJIbHO JIMIIIUIEBOU ¢ ocTossHHOM K B Touke X.

Eciu Qynkuust f:X — R yIOBJIETBOPSIET YCIOBHIO f(x+y)-f(X)-¢(y)< KHyHﬁ

(- KHyHﬂ <X +y) - F®)-9))



npu ye B, To pyHkiuo f Ha3oBeM ¢—(f,6) JOKaIbHO (HWKHHM) HOJY-

JIMITIIAIEBOH ¢ TocTossHHOM K B Touke X.
Ecnu st mo6oro € >0 cymectByeT a>0,rae o <dJ, Takoe, 4To

i +y)- 1@-pm<eyl’  (—elylf <ty - 1@-0m)
npu ye oB, To pyHkuuio f Ha30BeM ¢ —(f3,5) aNmpOKCHUMATHBHO JIOKAJIBEHO
(HDKHMM) TIOTYJTUIIIHUIIEBON B TOYKE X .

()

Ecnu cymectByer pyHKuus o:R, — R, , T1ae hm =0 Takas, 4TO

[FG+y)-F® -S| <o(lyl’)
nmpu ye B, TO OToOOpaxkeHHe F:X —Y Ha3oBeM S —(o(f3),d) JIOKAJIbHO

JIMTIIIUIICBBIM B TOYKE X .
Ecin F(x)= f(x), TO MOJIOXKUM S(X) = ¢(X).

()

Eciu cymectByer ¢yHKuus o:R, - R,, TIe lim——==0 TaKas, 4TO

fx +y)- f®-¢(y)SO(||y||ﬁ) npu ye B, 10 Qpynakuuo f HazoBeM ¢—(0(5),6)
JIOKAJIbHO BEPXHEH MOITYJIUIIIINIEBOM B TOYKE X.

B nemme 2.4.2 [1] goka3aHo, 4yTo eciu f(x) yAOBJIECTBOPSET YCIOBHIO
JUNmuMLa B B(X,d), To GyHkuus f(x) sBisercs ¢-(l,6) annpoKCHUMAaTUBHO
JIOKANIbHO MHOJIYNMIIIMIEBOH B TOUKe X, TAe ¢(x)=sup{(p,x):ped. f(X)},
d.f(X) cybmuddepennnan Knapka (cm.[4]) yukiuu f B ToUKe X .

CaeacrBue 1. Eciiu otoOpaxkenue F:X —Y sBusiercs S +S,—(43,6)
JIOKQJIBHO JIMIIIIMLEBBIM C NOCTOsIHHOW K B Touke X, S, sABiseTcs (,E, 0)
JIOKaIbHO JIMILIMLEBBIM C NOCTOsHHOM K B Touke Hynb, rae S2=4>0,
0<d <1, To oToOpakeHue F YIOBJIETBOPSET S, —(f3,6) JIOKAJILHO JIMIIILIHK-

LIEBY YCJIOBHUIO € IOCTOSIHHOM 2K B TOUKE X.

Ilycte Cc X u x,e C. BekTop X Ha3bIBaeTcs JOIYCTHUMBIM HAaIIPaB-
nenreM MHOecTBa C B TOYKE X,, €CJIM HAWAETCS TaKOE YUCIO ¢, >0, UTO
X, +oxe C ansa noboro «e (0,¢,]. COBOKYIHOCTh BCEX JONYCTUMBIX Ha-
MPaBJICHUN B TOUKE X, MHOXkecTBa C 0003HAYuM depe3 y(x,;C). 3ambIka-
HUE MHOXeCTBa ¥(X;C) B X o00o03HauuM yepe3 %,(X,;C), T.e. IMOJOKHUM

7.(%,;C)=cl y(x,;C). Ecnmu C c X BBINYKJIOE MHOXECTBO, TO ¥(X,;C)= Uﬂ u

A>0

§(x,:C)=T. (x) =cl U =%
>0 ﬂ,

Ecin Cc X BBIIYKIIOE MHOKECTBO, TO MOIOKUM N, (X)) =T.(X,),



T.€. N (X,) HOpMaJIbHbIN KOHYC K C B TOUKe X, (cM.[5]).
PaccMmotpuM MunuMu3anuio GyHkuuu f,(x) Ha MHOXKECTBE
{xeC: f,(x)<0, j=12,...,m, AX+y, =0}, 3)
rie f:X—->R, jel={0L...,m}, A:X—Y, Y 0aHaxoBO IPOCTPAHCTBO,
y,eY u CcX.

[Tonoxum 1(x,)={ie{1,2,....m}: f(x,)=0}, KerA={xe X : Ax=0}. [lanee
JJ1s1 IPOCTOTHI CUUTaeM, 410 1(X,) ={1,2,...,m}, T.€. BC€ HUHACKCHI i€ {1,2,....m}
aKTHBHBI B TOUKE X, (cM. [6]).

Jlemma 2. Econ X, - TOYKa JIOKaJlbHOrO MHMHUMyMa B 3azade (3),
Gynkuuu f, yIOBIETBOPAIOT ¢, —(f3,5) JIOKAJIBHO HOIYJIUIIIUIEBY YCIO-
BUIO C nocTosHHOM K B Touke x, mpu ie |, @, HOJIO0KUTEIBHO OJHOPOL-
Has (yHKuMA crenenu S, tae B>B>0, f(x)=0 npu ie{l2,...m},
A:X —Y JMHEHHBI ONepaTop, T0 max¢,(X) 20 NpH xe {z€ y(%;C): Az=0}.

CaencrBue 2. Ecinu BBITIOJNHIETCS YCIOBUE JIEMMBI 2, ¢ HEIPEPHIB-

Hasi pyHKUMA OpU iel U A:X —Y JIMHEHHBIH HENPEPHIBHBIN orepaTop,
TO ror<1_e<1x(pi(x)20 npu xecl{ze y(x,;;C): Az=0} .

[Tonoxum K (x,)={xe X :31, >0,3o(x,4):[0,4]— X, rAe — 0 1mOpu

o(x,A)
A

A4 0,9ro x, +Ax+o(x,A)eC} (eM.[7]).

JlemMma 3. Eciiu x,- TOuKa JOKaJIbHOrO MUHMMYMa B 3ajade (3), rue
A=0, y,=0, yHkuuu f, yIOBIETBOPSAIOT JIUIILIUIEBY YCIOBUIO B B(X,,0)
¢ nmoctosiHHON K 1 ¢ —(2,5) JOKaIbHO MOJMYIUMIINUILIEBY YCIOBHUIO C MOCTO-
saHHOM K B Touke x, IpH ie |, ¢ IOJOKUTEIBHO OJHOPOAHAS (DYHKIIMS,
fi(x)=0 Tpu ie {.2,....m},T0 maxg(x)=0 mpu X€ K.(x,).

Ormetum, uto ecmu C={xe X :F(x)=0}, rme oToOpaxkeHue F:X —Y
cTporo nuddepeHupyemMo B ToUKe x, U F(x)X =Y, To K (x)={ze X :F'(x,)z=0}.

Teopema 1. Eciiu X =R" u Y =R*, X - TOYKa JJOKQJILHOIO MUHUMYMa
B 3anaue (3), pyHkuus f, yIOBIETBOPSIET ¢ —(2,5) JIOKAJIbHO IMOJIYJIUIIIIH-

LEBY YCJIOBHIO ¢ moctostHHoM K B Touke x,, rne iel, ¢:R"—R cy0Omu-

0°
HelHble QyHKUUU TpH ie |, f(x)=0 0OpHu ie {1,2,....m}, A:X —Y JIUHEH-
HBIN OIlepaTop U y(X,;C) BBIIYKJIOE€ MHOXECTBO, TO CYLIECTBYIOT OJHOBpE-

MEHHO HE paBHbIE HYIHO ¢, >0, 20,..,0,20 U Y €Y Takue, 4YTO

ia,(o,(x)+<y*,/\x>20 opu xe y(x,;C).



OtmMeTruMm, 4TO €claM X, - TOYKa JIOKAJIBHOI0O MUHUMYyMa B 3ajaue (3),
byHKIUU f, YIOBJIETBOPSIOT ¢ —(f3,5) allPOKCUMATUBHO MOTYJIUIIIUILIEBY
YCIIOBUIO B TOYKE X, HPH ie |, ¢ TOJIOXKUTEIHHO OJHOPOIHAS (YHKIIHS
creneHd B, rae B> >0, A:X —Y IMHEHHBIH ONEPaToOp, TO CUCTEMA
@(X)<0 Opu iel U Ax=0 HE UMEET pewmeHus B y(x,;C). [loaTtomy Teope-
Ma 1 ocraeTcst BepHOH, eciu B Teopeme 1 ycnoBue: GyHKIus f, yAOBIETBO-
pseT @ —(2,6) JOKAJIbHO NOJIYJMIIIINLEBY YCIOBUIO C NOCTOAHHOU K B TOU-
K€ X,, 3aMEHUTb yCIOBHEM: QYHKIHs f, YIOBIETBOPSAET ¢ —(1,5) alIpOK-
CHMMAaTUBHO IOJIYJIMIIIIHIIEBY YCIIOBHIO B TOUKE X .

PaccMmoTpum MuHuMHM3anuio GyHKIuu f,(x) Ha MHOXECTBE

f.(x)<0, j=12,....m F(x)=0, 4)
rae f,:B(x,0) >R, jel={0L...,m}, F:B(x,,6) >Y omneparop.

Teopema 2. Ilycte X u Y 0aHaxoBBI IPOCTPAHCTBA, X,- TOYKA JIO-
KaJlbHOTO MHHMMYMa B 3ajaue (4), GyHKIus f, yIOBIETBOPSIET ¢ —(2,5)
JIOKaJIbHO TOJYJIUIILINLEBY YCIOBUIO € TOCTOAHHOM K B TOuke x,, rae iel ,
@, : X = R cyOnuHeiiHble HelpepbIBHbIE PYHKIMU NpHU ie |l , f(x,)=0 mpH
ie{1,2,..,m} , oroOpakeHne F:X —Y crporo auddepeHupyemMo B TOUKE
X, U F(x)X =Y, TO CyIIeCTBYIOT ¢, 20, @ 20,...,0,20 1 Yy €Y OmHOBpE-
MEHHO HE PABHBIE HYIIIO U BEKTOPHI X € d¢,(X,) TAKHUE, UTO %a,xw F(x,)y =0.

B pabote ucnons3ys teopemsl Jlrocrepuuka-I'peitBca (cMm. [8]) unu
teopeMbl banaxa 06 otkpbiToM ortoOpaxkenun (cm. [11]) mokazana Gecko-
HEYHBIN BapuaHT TeopeMbl DaHa, KOTOpas Jajee MPUMEHSETCS K Mojy4e-

HUIO HEOOXOUMBIX YCIOBHI B SKCTpEMalIbHOM 3a/1aye.
PaccmoTpum mMmunuMm3anuio GyHKIUU f (x) HA MHOXKECTBE

f.0<0, j=12,...m, [F(0|<e, xeC, (5)
rae fj:B(x0,5)—> R, je 1 ={01,...,m}, F:B(x,0) =Y omeparop, Y 06aHaxoBO

pocTpaHcTBo, C < X .
Jlemma 4. Ecinu cymiectByer € >0 Takoe, YTO X, - TOUYKA JIOKAJIIbHOTI'O

MUHHMYMa B 337a4ue (5) u F(x,)=0, QyHKIUH f, yIOBIETBOPSIOT ¢ —(f3,5)
JIOKQJIBHO MOJIYJIMIIIIMIIEBY YCIOBUIO € MOCTOAHHOM K B Touke x, mpu i€l
@, TOJOXHUTEIbHO OJHOPOJAHAs (YHKIUS CTENCHH ,[7, , f(x,)=0 mpu
ie{l,...,m} , oToOpaxeHue F:X —Y YIOBIETBOpPAET S—(f,,5) JIOKaJIbHO
JIMIIIIMIIEBY YCIOBHUIO € MOCTOsAHHOM K B TOuke X, S IOJIOXKHUTENBLHO OJ-

HOPOJHBINA OIEpaTop CreneHu f,, rae S>>0 npu iel , TO CHCTEMA



P(X)<0 TIpU iel U S(x)=0 HE UMCET pCHICHUA B y(X,;C).

OTmeTHnM, 4TO, €CH @ (X) MPU ie | BBIMYKIbIe QYHKIHH, S(X) JIH-
HEWHBIN oneparop U ¥(x,;C) BBIIYKJIbIA KOHYC, TO IpUMEHss TeopeMy Da-
Ha mpu X =R", a KpoMe TOro, eciau inty(X;C)#<, ImS=Y, S(x) Helpe-
PBIBHBIN orepaTop, aHajior treopemy ®ana (cm.[9]) npu ycnoBun nemmsl 4
MO>KHO MOJIY4YUTh HEOOXO0IMMOE YCIOBHE JIOKATHbHOTO MUHUMYMa Ui 3aja-
g (5).

Jlemma 5. Eciu A: X —Y JMHEHHBIN HENPEPBIBHBIA CIOPBEKTUBHBIN
orepaTop, ¢ : X —R CyOJIUHEIHbIC HEMTPEPhIBHBIC (PYHKIIMH TIPH i€ {0,1,...,m} ,

C c X BBIIYKJIO€ MHOXECTBO, X, €C, r(ggxgoi(x) 20 mpu xe {ze T (x,):Az=0},
TO
inf  max(@(X)+3a): ecmu T, (X,)NA'(-y)# D,
g(y, a) — XeTe (X,), Ax+y=0  0<i<m
+oo: eciu T, (X)NA'(-y)=C

cyonuHeiHas GyHKuus B Y xR™', a eciu kpome TorointT, (x,) N KerA =@, TO
T.x,)NA'(-y)#D 1pu yeY U g(y,a) CyOJHUHEHHas HeMpepbIBHAS (QYHK-
uust B Y XR™, rrie KerA ={xe X : Ax=0}.

O603HaunM C=intCu{x}, S.(x)= UC :1
A>0
rae ae R™, a=(ay,a,,...,a,), 1 ={0L...m}, g:(p)=sug{(p,X)—ga(X)}, rae pe X',

XO 1
> ga (X) = I};%%((Q (X) + a'i ) + 5Tc(x”)ﬂKem(X) 5

Teopema 3. Eciu X u Y 0aHaxoBbl IPOCTPAHCTBA, X,- TOYKA JIO-
KaJlbHOTO MUHUMYyMa B 3aaaue (3), f>2, dyHKIUuU f,, ie |, yIOBICTBOPS-
0T @ +¢’ —(f,5) JOKAIBHO IOJYJIUIIINIEBY YCIOBUIO C IOCTOssHHOU K B
TOYKEe X,, ¢ :X —>R cyOnuHelHble HenpepbiBHbIE QyHKIMUA U f(X,)=0
npu iel, ¢’ :X — R TOJOXUTEIbHBIE OJHOPOAHbBIC CTENEHU 2 (YHKIMH
IpU ie | Y YAOBIETBOPAIOT (1,2,1,8,0(2)) JIOKAJIBHO JUIIIKLEBY YCIOBHUIO C
noctostHHOM K B TOYke HylIb, A:X —Y JIMHEHHBIA HEIPEPHIBHBIN CIOPbB-
eKTUBHBIN omnepaTop, C BBITYKJIOE MHOXECTBO, intT.(X,)\KerA=QJ u

d9.(0)=@ mpu ae R™, TO CyWIECTBYIOT «, >0, &, >0,...,c0, >0, T1€ iai =1,
i=0

X €dp'(0) mpu iel, y €Y u X eN.(X) Takue, 4T0 Sax + Ay +X =0 H

i=0

E(h) =sup{3Ag(h): 4 >0,

=

T
)

A=1Xe@0),yeY,
X" € N.(%,), iﬁ,,xfﬂ\* y'+x =020
npu he D={xe X : ¢/ (x)<0,i=0,,...m, Ax=0, xe S_(X,)}.

O6o3HauuM @, (x) = max(¢/(x)+a,), Tae ae R™ .

10



Teopema 4. Eciu X 0aHaXxoBO MPOCTPAHCTBO, X, - TOYKA JIOKAJILHOIO
MuUHUMyMa B 3amade (3), rme A=0, y,=0, C=X, f(x)=0mpu iel,
bynkuus f,, iel, yIOBICTBOPACT ¢ +¢’ —(0(2),5) JIOKAIBbHO BEpXHEU MO-
JAYJIUNIIULEBY YCIOBHIO B TOYKE X, ¢ :X — R CyOJIMHEHHBIC HENPEPHIB-
Hble QYHKIUY TIpH ie | , ¢’ : X — R yaosiaerBopsoT (1,2,1,0,0(2)) J0KaIb-
HO JIMIIIIXIIEBY YCJIOBUIO B TOYKE HYJb, U MOJIOKUTEIbHBIE OJHOPOIHBIC
crenieHn 2 (YHKIUU TIpH ie | , d7.(0)#< mpu ae R™, TO CyIIECTBYIOT

0,20,0 20,...,0,20,T1C iai =1 U X € d¢'(0) TAaKUE, YTO iaixf =0 u
i=0 i=0
E(h)=sup{X 4¢>(h): 4 20, 4 =1, X € ¢/(0), XL A% =0} >0
npu he D, ={xe X: ¢ (x)<0,i=0,,...m} .
PaccMmoTpuMm MunuMm3anuio GyHKIUU f (x) HA MHOXKECTBE
f,(x)<0, j=12,...m, F(x)=0, xe C (6)
rae f,:B(x,20) >R, je I ={01,...,m}, F:B(x,,26) »Y omeparop,C c B(x,,20) .

MHOKECTBO TUIEPKACATENbHBIX (KacaTelbHBIX) BEKTOPOB K MHOMXE-
CTBy C B TOYke X,€C oOo3Haumm depe3 I.(x,) (cm.[4], ¢.59) (T.(x)) .

O603HaunM N, (x,)=T.(X,) (cMm.[4], c.54).

[Tosioxkum H={xe X:@(X)<0, i=0,1,...m, F'(x)x=0, xe I.(x,)},
g(a,y)(x):rorsléri((gq‘(x)+ai)+é‘Tc(xmA,.(_y)(x), rie  (a,y)e R™xY, a=(a,a,...,a,),
AX=F'(x,)X.

Teopema 5. Eciu X u Y 0OaHaxoBbl IPOCTPAHCTBA, X,- TOYKA JIO-
KaJlbHOTO MHUHUMYMa B 3aaaue (6), f(x,)=0 mpu iel , pyHkuuu f,, iel,
YAOBIIETBOPSIOT @' + ¢’ —(0(2),5) JOKAIbHO BEPXHEH MOIYIUIIIUIEBY YyC-
JIOBHIO B TOUKE X,, ¢ :X =R cyONMHeHbIe HenpepbIBHbIE GYHKLINU TPH
iel, ¢ :X —R TIOJOXHUTEIbHBIE OJHOPOJIHBIC CTENEHU 2 (YHKIUH U
YAOBIETBOPSIOT (1,4,1,8), TA€ wu>1, (Min (1,2,1,5,0(2)) ) TOKAJIbHO JMIIIIHUIIE-
By yCJOBUIO ¢ moctosHHOM K B Touke Hynab mpu iel , oToOpaxkeHHe
F:X —»Y crporo nupdepeHuupyeMo B Touke x,, F'(x,)X =Y u F ynos-
neTBopsaeT F'(x,)X+S(X)—(0(2),8) JOKAJIBHO JIUIIIMIIEBY YCIOBUIO B TOUYKE
X,, S:X —Y IOJOKUTEIbHBIA OJHOPOJIHBIN CTENICHH 2 ONEPaTOp U yIOB-
netBopsieT (1,u,1,6) (wm (1,2,1,6,6(2)) ) JIOKAJIBHO JIMIIIULEBY YCIOBHUIO C
nocrosHHoi K B Touke Hymb, dg,.,(0)#Q npu (a,y)eR™xY, CcX u

Ic(xg)NKerA=@, tne Ax=F’(x,)x, TO
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E(h) =sup{3 4, () +(y",S(M): 4 20, 34 =1, p € 39 (0), X' € N (x,),

y'eY’, %/1, p+AY +x =0}20
npu he HU{0}.

Joxka3zarenberBo. [Tycts t20,t 20, t, >0. Tak kak ¢’ : X — R ynosie-
tBOpsieT (1,u,1,0) JOKaIbHO JMIIIMIIEBY YCIOBHUIO C TOCTOsIHHON K B TOuKe
HYJIb, TO

07 (tx +tox) = @700 < K e+ fex )

npu x,x,€ X, t[x|<d, t|x]<s. Hoaromy

g | <Kv'|x|" mpu t|x|<5, iel,
rae x>1. Tlo yenosuto Gyukuuu f,, ie 1, ynosuerBopsior @, +@; —(0(2),0)
JIOKAJILHO TIOJTYJIUIIIIUIIEBY YCIOBUIO B TOUKE X,. [loaTOMY
f,(%, +1X) < @ () + 07 () + o (X[ < @ (x) + Kt“|X[* + o’ X[ )
npu xe X, t|x|<é u iel. Tak kak S:X —Y ynosnersopser (I,u.1,8) mo-
KaJIbHO JIMIIIIUIIEBY YCIOBHUIO C MOCTOsIHHOW K B TOUKe HYJIb, 1€ £ >1, TO
ISctx +t,x,) = Sctx)| < K, x|/ +tx ]

npH XX, € X, t|x[|<d, t]x]<s. [losromy

s3] < Kt“[x|" mpm xe X, t[x|< 6.

13 HepaBeHCTBa |F(x, +1x) - F(x,)— F'(x,)tx— S(tx)| < ot’|x[) mpu xe X,
tx| <& umeem, a0 ||F(x, +x) - F'(x,)tx - F(x,)| < K[| +o®’|x[) mpu xe X,
t|x|< . Torna us sameuanns Teopemst 4.3[9] ciexyer, 4T0 max ¢/ (x) 20 npu
xe T.(X,) N Ker A.

IIycte he H. PaccmoTpuM 3agauy
max (¢, () +¢'(M) >inf ,  xeT.(x,), Ax+S(h)=0.

[Tonmoxxum a =¢’(h), y=S(hy U g(y,a)= oinf max(¢ (x) +4,). "3
nemMmsbl 1.4 [10] cienyer, 4to (y',b)e dg(0,0) B TOM M TOJIBKO B TOM Clly4ae,
KOrzza CyIIECTBYIOT ¢, 20, gai =1 Takue, 4T0 —-A'y' e iaiaq);(ow N.(x,) H
b=(e,,,...,a,). lloaTomy 7

ag(oao):{(y*ﬁﬂ’onﬂ’p“':ﬂ’ ): /7'1 209

m

M=

A =1, p,€99/(0), X" € Ne(x,),

I
)

yey’, ﬁﬂ,lpi+x*+1\*y* =0}.

I[To Teopeme Xepmangepa (cm.[11, ¢.203]) wmmeem, dTO

g(v.a)= sup ({y.y)+34a).

(y",A)ag(0,0) i=0

Tak xax dg,,(0)#Q mnpu (a,y)e R™xY, TO CymeCTBYeT TouKa x=¢£(h),
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rae xeT.(X,), Ax+S(h)=0 Takasdi, 4To
g(y.a)=__ inf  max(¢/(x)+a,)=max(¢/(5(h)+g¢(h) =

XeTe (X)), Ax+y=0  0<i<

= sup ((y, y>+2/1a)—sup{<y y>+2/1a A 20, 22,—1

(y",2)€ag(0,0)
p€ 09/ (0). X' € N(X,).y €Y', SAp +X +Ay =0}.
[Toatomy
E(h) = g(S(h). ¢ (1) = max(¢ (£(h) + 7 () =sup{(y .S (W) + 3 A7 () :4, 20,

0<ism i=

%2,, =1, pedp(0), X e N.(X,), y eV, 2“/1 p,+X +Ay =0},
rae ¢'(h)=(g;(h). ¢ (h),....o,(h), A&(h)+S(h)=0.
Tak kak F ynoBnerBopsier F’(x,)x+S(X)—(0(2),5) JOKaJbHO JIUIMIIHUIIEBY

YCIIOBUIO ¢ IocTosiHHOM K B TOUke X, TO

[F(x, +th+18) = F(x,) - Ath+18) - Sth+ &) < o(|th + &)
npu te[0,t], rae t,=min{l, prts [TosToMy U3 cooTHOmIeHUst Ah=0 u
A&+S(h)=0 BBITEKAET, YTO

[F(x, +th+&) = F(x,)+S(th) - S(th+ &) < ofth + 2]
pu te [0,t,]. OTcroga uMeeM, 4To

[F(x, +th+t28)| < [|S(th+18) - S(th)| +o(fth+t4[) <

< Kefefqen™ +

npu te[0,t,], rae 1( ) —0 npu tl0. ITo reopeme Jlrocrepruka [12, ¢.33]

CYLIECTBYIOT r:R+—>X U 4yucio m>0 Takue, uyTto F(X, +th+t’S+r(t))=0,
[r] < mlF(x, +th+t&| = 0,(t*) mpu te[0,t,], Tae r(t)=x(x,+th+t), o,(H)=mo,(t),

0 (t)—>0 npu tl0.

Kpome Toro mmeem, 4to CymiecTByeT 4uciio t >0, rue t <t,, Takoe,
4TO
f.(x, +th+EE+r(D) - f,(x,) — @ (th+ P& +r (1) - @ (th+E+r) < o(fth+ & +r )
npu te[0,t]. [To ycrnoBuio ¢ (x) cyOonuHeiHas HenpepbiBHast QyHKIUS B X .
Torya CymecTByeT YuciIo ¢>0 Takoe, uto |¢/(x)|<c|X| mpu xe X u iel.

[Toaromy ltifontiz(/’il(r(t)) = 1&1}1(/}3 (tlzr(t)) =0, T.6. @ (r(t)=o0,t’), rme O3T(t) -0
npu t 0. Toraa oTcroaa ciaeayer, 4To
f.(x, +th+tE+r(t)— f(x) <@ th+E+r)+ @’ (th+t*S+r(t))— @’ (th)+
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+ @ (th) +o(th+ &+ 1)) < ¢! (th) + ¢ () + @ (r®) +o(fth+ &+ r(v) ) +
+K[EE+r@|(t] " +[eE+r ) + @ th) <@ (&) + g () +o,(t)

0,(t)
t
YTO f(x0+th+t2§+r(t))=1£i§n>n< f.(x, +th+t’S+r(t) <t° Iolgi%(qyf(f)+gql(h))+04(tz) pu te[0,t].

nopu te[0,t], roe

—0 npu tlo0. [Tomoxus f(x)=max f,(x) umeeM,

Tak xkak he I (x,), TO IO ONpeAeNeHUt0 | (X,) CyIIECTBYET ¢, >0 Ta-
Koe, 4To X, +th+t’S+r(t)e C mnpu te[0,¢,].

Ecnu nonyctuth, yto E(h)<0, To uMeeM f(x,+th+t’S+r(t))<0 mpu
Manbix t>0. Tak kak x,- TOYKa JIOKaJbHOIO MUHUMyMa B 3aaaue (2), To
IIOJIy4uM IIpoTHUBOpedne. Teopema noka3aHa.
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MOHDUDIYYOTLI EKSTREMAL MOSOLODO ZORURI
SORTLOR HAQQINDA

M.A.CAJBIT'OB
XULASO
Isdo néqtado S —(ax, B,v,5,0) vo S—(3,5) lokal lipsis sortini ddoyan inikaslar
sinfindon istifads edilorak, Banax fozasinda mohdudiyyatli ekstremal masslads birinct va
ikinci tortib zoruri gortlor alinmisdir.
Acar sozlar: qabariq ¢coxlug, lipsis funksiya, lokal lipsis inikas, banax fozast.
ON THE NECESSARY CONDITIONS
IN EXTREMUM PROBLEMS WITH CONSTRAINT
M.A.SADYGOV

SUMMARY

In the work using S —(e, 5,v,d,w) and S —(f,9) local Lipschitz mappings at the

point, first and second order necessary extremum conditions are obtained for nonsmooth
extreme problems with constraint in the Banach space.

Keywords: convex set, lipschitz function, local Lipschitz mapping, Banach space.
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CYUIECTBOBAHUE JIOKAJIbHBIX PEIIEHUI
JIJIA HEJIMHEHHBIX CWJIBHO JUCCUITATUBHBIX
BOJIHOBBIX YPABHEHUI C HEJIMHEMHBIMU
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B 0annoii pabome paccmampusaemcs cMewanHas 3a0a4a 05l HeIUHEHbIX CUb-
HO OUCCUNATNUBHBIX BOJHOBHIX YPAGHEHULl ¢ HETUHEUHBIMU AKYCIMUYeCKUMU YCIO0BUAMU CO-
npscenus. JJoxazana meopema o CywecmeosaHuy U eOUHCIMEEeHHOCMU TOKATbHBIX pelie-
HULL OJIs pACCMampusaemon 3a0a4u.

KiroueBnie cioBa: CHIIBHO AUCCUIIATHBHOE BOJHOBOE YpaBHEHHE, HEJIMHEHHbIE aKy-
CTUYECKHUE YCIIOBUS COIPSIKECHUS, JIOKAJILHOE PELIEHHUE, TEOpPEMa O HEIIOIBUIKHOM TOUKE.

IIycte Q c R"(n>1) —orpannyeHHas 007acTh C TJIAJKON I'PaHULECH

I, Q,cQ — mogobnacts ¢ riaakol rpanunei T, u Q =Q\(Q, UT,) —no-

nobnacte ¢ rpanuneit I'=T UT,, npuuem I'NT, =0. B obnactu Q pac-
CMOTPHM CJICIYIOIIYIO HEJIMHEHHYIO 33/1auy C aKyCTHYCCKUMH YCIOBHSIMHU
COTIPSDKCHUSL:

un—Aut—Au+|ut|q‘_luI:fl(u) B Q x(0,0), (D
U Ay ~Av+p [ v =1, (v) B Q,x(0,0) 2
M6, +D6,+Kd=-u,  ma I,x(0,00), (3)
u=0 ma I x(0,), 4)

Ju dv adu, JV
_p, 5 =M v U ou r,x(0,00), (5
”“‘avavavavp(t)HaZ() ©)
u(x,0)=u,(x), u (x,0)=u,(x), xe Q,, (6)
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v(x,0)=1,(x), v, (x,0)=1,(x), XeQ,, (7)

5(%,0)=8,(x), 5, (x,0)= Lo _9% U 9

— =0 r 8
v ov ov v pu)=d, xely,  (§)

rae V — BHeWwHss HopMais rpanuusl I f, f,, pi(—eoj+e0) = (—eos+00),
M,D,K:T', = (—e0;+00), Uy,U, 1 Q —(—e0;+00), 1,1 Q, = (—o0;+00),
0y: T, = (—o0;+00) —3amannsie pynkuum, g 21,i=12.

3amauu CcompshKEHUs] U3ydeHbl, Hanpumep, B [1-4]. B [5] aBTopsl
CPaBHUJIM HEKOTOPbIE T'PAHUYHBIC YCJIOBUS, CPElIU KOTOPHIX HUMEIOTCA U
aKyCTHYECKHE TpaHW4HbIC YCiIoBHUs. [HumepOonnyeckue ypaBHEHHS C aKy-
CTUYECKUMH I'PAaHUYHBIMU YCJIOBUSMH BIIEPBBIE PACCMOTPEHBI B padoTe [6]
U U3y4eHbI B paboTax pa3anyHbIX aBTOPOB (CM., Hampumep, [7-11]).

B »T0li paboTte noka3bIBaeTCs TeOpeMa O CYIIECTBOBAHUU U €IMHCT-
BEHHOCTHU JIOKAJIbHBIX pemieHuit 3anaun (1)-(8) manga HeNMHEHMHBIX CHUIIbHO
JUCCUTIATUBHBIX BOJIHOBBIX YpPaBHEHUH C HEJIMHEHHBIMU aKyCTHYECKHUMHU
YCIIOBUSIMU COTIPSIKEHUSL.

Bgenem crnenyromue 0603HaueHUS.

CkansipHoe npoussezieHre u HopMa B L'(Q,) (i=1,2) n 2(r,) 0603Ha-
YaroTCsl, COOTBETCTBEHHO, KaK

(0. = fulular, ] :( (a6 dx)m, =12,

T,

(5.0), = [500)ar, o], ( () d )

[
Beenem 3amkHyTOE MoanpocTpaicTo H I(Ql) IIPOCTPAHCTBA Hl(Ql),

KakK
H;‘(Q])z{ue H'(Q,):7,(u)=0 m.B.Ha 1"1} ,

rae 7,: H'(Q)—>H" () - omepatop cnema mynesoro mopsaka u H'?(T)

ecThb npoctpancTBo CoboseBa mopsiaka % (cm. [12]). 3ameTuMm uTO HOpMA B

bl [z( ]d]

v HOpMa B H'(Q,) 3KBUBAJIEHTHBI, TaK KaK HEpPAaBEHCTBO [lyaHkape yioBie-

HL(Q):
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TBOPSICTCS B H1L1 (Q1). Takum obpasom, paccmarpuaeM H/ (Q,) ¢ Bbiie-
YKa3aHHON HOPMOM.
Otobpaxenue 7 : H(A,Q)UH(A,Q,)—>H"*(T,) - oneparop
cnena Helimana na H(A,Q,)UH(A,Q,), rie npocTpancTBa
H(A,Q)={ueH'(Q):aue '(Q)}, i=1,2
CHa0XEeHbI HOPMaMH
ol =l 0 ) 5 =12,

Onpexneaenue 1. Tpoiiky gpynxumii (U(xt),v(x,t),5(x,t)), rne
u:Qx[0,T]>R, v:Qx[0,T]>R, §:T,x[0,T]— R, HazoBem ciabbim
pemenuem 3anaun (1)-(8), ecnu

ue LM(O,T ; HE (Ql)), ve °(0,T;H'(Q,)), %,)=7,) m. 8. Ha T,x(0,T),
U e L7(0,T;L(@)NL"(Q x(0,T)), ve L7(0,T;L@,)N L (@, x(0,T)),
8,6,€L°(0.T;L(T,))
1 BBIIIOJIHCHBI CJICAYIOIIHWEC PaBCHCTBA!
4 (u, @), +(Vu, V@) +(Vu, Vo) +(|ut|ql_1 U, ,CD)1 +

+%(vt’l}l)2 +(Vvt’VlP)2 +(VU’V\P)Z +(|Ut

+(p(7o (ut))=70 <(D))r2 _(5'(570 (q))>r2 = ( f, (u)’q))l +( f, (U)=‘P)2

st Ve HL (Q,), V¥e HI(QZ) Takux, 90 ® =¥ Ha I,, B CMbICJIE pacmpe-

-1
K vt,‘P) +
2

nenennii 8 D’(0,T) u
&)+ M e). +(DS, +K,e), =0
s Vee L'(T,), B eMbicite pacpeerneHuii B D’(0,T), a Taxxe:
u(x,0)=u,(x), u(x0)=u,(x) m.s.5Q,
v(x,0)=1,(x), v,(x,0)=v,(x) mB.BQ,,
3(x,0)=3,(x), 6,(x0)=6,(x) m. B na T,.
Teopema 1. [Iycts
M,D,KeC(T,),M >0,D>0,K>0 gz VxeT,; 9)
f,, f, € C'(—o0;+00) u cymecTByrOT nOCTOSIHHBIE C; >0 (i = 1,2,3,4)
TaKue, 4To

If.(s)|<c s’ ",

f(s) <cl

JOIS

fz'(s)‘Sc4|s|‘H; (10)
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lsps%,ecnn n>3u p=>l,ecnu n=1,2; (11)

1<qg < — > ec n>3,q =1, ectu n=1,2. (12)
peC' p(s)|<cds” (e, >0); (13)

(S) ~MOHOTOHHO Bo3pacTaromas GyHKIHUS Ha (—eo;+ oo) . (14)
Torma s V(Uy,0,,6,)€ Hr, (Q)xH'(Q,)xL*(T,),

V(u,v,,6)e L (Q)x xL* (Q,)xL*(T,) cymecrsyer uncio T >0 Ta-

koe, 4yro 3azaya (1)-(8) mmeer eauHCTBEHHOE ci1aboe peLIeHHE (u,v, 5),
YIIOBJIETBOPSIIONIEE YCIOBUAM

ue C([0.T]:H}. (€)), u e C([0.T]; 7 (Q,)) L (,x(0.T)),
ve C([0.T]:H'(Q,)), n.e C([0.T]:L*(Q,))nL*" (Q,%x(0,T)),
5,6, L7(0,T;12(T,));
KpOME€ TOro, €Cjin Tmax >0 - JAJIMHA MaKCUMaJIbHOT'O MHTEpBaJa CyleCTBO-
BaHU pEIICHUS (u,v, 0 ), TO CHpaBeInBa CIEAYIOLIas aJIbTEPHATUBA:

mbo T =0,
2
— oo .
FZ

m

6o  lim (”Ut”f + ||Ut||j

t - Tmux - 0

HokaszareabcTBo Teopemsr 1.

PaccMopum crienyromnyto 3aady:

U,—AU, -AU+U,[""U, =F B Qx(0,T), (15)
Ve —AV, —AV +V "V, =F, B Q,x(0,T), (16)
MG, +D6, +Kd=-U, ma T,x(0,T), (17)
U=0 ma Lx(0,T), (18)

U=V, 4 —a—U—a—V+aL—%+p(Ut) Ha sz(O,T), (19)

U(x,0)=u,(x), U, (x,0)=u,(x), xe Q,, (20)
V(x,0)=1,(x), V,(x0)=1,(x), xeQ,, 21)
5(x,0)=6,(x), &(x0)=5,(x), xeT,; (22)
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rie T>0; F=F(xt) u F,=F (x,t) - HexoTopsie (uKCHpOBaHHbIE
dynxumn, onpenenennsie Ha Q, x(0,T) u Q,x(0,T), coorBercTBEHHO.

YroOwl nokazate Teopemy 1, HaMm MOHAA00ATCS ABE JeMMBbI: JleMma
1 u Jlemma 2.
Jlemma 1. [Tycth BeimoaHeHb! yeiaoBus (9), (12)-(14) u

FeH'(0,T;(Q)), F,e H'(0,T;2(Q,)), (23)
u,e HL(Q)NH(Q,),u, e H! (Q)NH*(Q,)NL*(,), (24)
v, e HX(Q,),v e H(Q,)NL*(Q,), (25)
5,6 € X(T,). (26)

Torma 3amaua (15)-(22) umeer emuWHCTBEHHOE ciaboe pelieHue
(U.,V,5), YAOBIETBOPSIOLLEE YCIOBUAM
Uel(0T;HL(Q)), U e L"(0,T;H (@ )N (@, x(0,T)),

U,eL(0,T;5(,)), 27)
Vel (0,T;H'(Q,)), Ve L"(0,T;H'(Q,))NL*"(Q, x(0,T)),
Ve LI°(0,T:12(Q,)), (28)
Fau+u v )be @), Fav+V Vv e (@) n e ma (0,T), (29)
5.6,,6,e L°(0,T;3(T,)). (30)

HoxazareabcTBo Jlemmbl 1. Annpoxcumayuu ®Daszoo-1 arepkuna.
Mycrs {(@,,%,)} u {e, } (je N) 1uHeHHO He3aBUCHMbIE, TIONHBIE CHCTE-
MBI B IIPOCTPAHCTaX
W = {(u,v)e (H}I(Q])ﬂ H 2(Ql))x H2(Q,),7,u)=7%() H.B.Harz} u (),
coorBerctBerHo. Tak kak I, u I, sBasiorcst mocrarouno rmagkumm, T0
@ e H (Q)NH(Q)NL(Q,) u ¥, e H*(Q,)NL(Q,) ans moboro jeN. Bynem
UCKaTh “npuONMKEHHOE” pellIeHne paccMaTpUBaeMOM 3aJjaul B BUJIE
ULV, (x,0) = £, 0@, ), 8,00 = $ 4,0, men,
e o, (t) u B, (t) onpenensoTcs u3 paBeHCTB:
(Uns®,), +(VU,0. V@, ) +(VU, V0 ) + (U U@ ) +

mt > mt >

mt >

_(5mt >0 <cDj))r2 +(p(Umt)’70 ((I)j>)rz Z(Fl’cbj)l +(F2’\PJ')2 ’

V), + (V0 V) (W, )+ (V) - GD)

(M5mn+D5mt+K5mae;)r2 =_(;/0(Umt),ej)r2, 1<j<m, (32)
u. oV oU oV

5 — m _ m mt mt U F , 33

™9y 8v+ v IV +PUn),  xel (33)

20



U, (x,0)V, (x,0)=U,,.V,, )= ga (@,,%¥,)— u,,v,) BW, (34)
V)=

U, (x,0),v, (x,0)=U,, b, (®,,¥,) =
(35)
- (u.y) 5 (H(@)NL* (Q )X (H (Q,)NLre(e,)),
5 (x,0)=5, zc.me,—>5 B L( )), (36)
5mt(X’0):71(U0m_V +U, )
7 (p(U,)) = Zd,me,—>5 B L'(I) (37)

npu M —> co, OOIIKE Pe3ysbTaThl O HEIMHEHHBIX CHCTEMaX rapaHTHPYIOT
cymecrpopanue pemenns (U _,V .5 ) (m € N) 3agaun (31)-(37) Ha uHTEP-

BaJIe [O T, ] (onenka 1 mokaseiBaer, uto T, =T ). U3 (1.5.31), (32) umeem

(Upo @), +(VU, V), +(VU,,, V), +(|U,,[*'U cp)

mt > mt °

(Voo ®), + (VW V), + (W, V), (|vml|‘“ml, ),~(8

+(P(Un).7(®)), =(F.®) +(F,.¥),,
(Mg, +D6, +K5 e) (7 U,.), )F, (39)

mtt

s ‘v’d)eSpan{(I)l,CI)z,...,CI)m,...}, VW e Span{¥,,¥,..... ¥, ..},
Vee Span{e.e,.,...e, ...}

Ouenka 1. Ilonaras @® =2U

o7 (@) + B8

¥ =2V, B(38) ue=25, B(39),

mt 2

moJrydyacM paBCHCTBA
%IIUmtIIf+2||VUmt||f+%IIVUmII2+2(|Umt|ql Upe U ) +

mt >

th 7V ) _(§mt770 (2Umt))1—2+
+2(p(Un). % (Un)),, =2(R.U, )+2(F Nint),

;+2H\/55mt VK, +(( )26, =

CKJIa/IbIBasi KOTOPBIX U UCTIONB3Y4 (33), umeem
%(IIU ol + VU Vol + PV [VM S|4V,

i +2(|uml|“‘”, 1)1 +2(|va

Vol + 29V [+ &9V + 2( Vo

mt dt

2
- Je2lvunf 2pvv -

2> ' mt

+2(p(Uy).U, ), +2|ND8,

) =2(F U ), +2(Fa Vi), -
2

win Tax Kak B cuy (13): p(s)s = 0,Vse (= oo, +o00) , momyuaem

21



1 [V VR VA A

WMS,

t i 2" 1) +2( Ve

Wnrerpupys pasenctso (40) or Omo t (t<T, ), ucnomssys (34)-

r, * ”\/Rd"

g+l , 1)2 :2(F]’Umt )1 +2(F2,th )2-

2 2
Jradvunf+ o)

2|V, [} +2[VDs,

(37) u nepaBenctBo lOHra, nonyuaem
U} + IV U+ Nl + 9V, +

M,
; )dS+2;’:[ ( |Um1|q]+1 ’ 1)1 +(|th|qz+1 , 1)2] ds<

<JVinli + VU anlf +Vinll + [V Vonl +

r, * ”\/Ré‘m

2
+
I

t
#2]{[VU [ Ve +[VD3,
0

2

‘N% (UOm _VOm +Ulm _V]m)+ % (p(Ulm))

+
Iy

2

t t L
VK| + IR ds+ I dst (Ul +Ve s

oTKyna, cornacHo (9), (12), (23)-(26) u nepaBenctBy [ ponyosuia, moaydaem
Ouenky 1:

Wl + VUl + Vo, + 9Vl 0,

q1+1
? 1)1 + (Nmt

rae C, - NOJOXKUTENbHAs KOHCTAaHTa, He 3aBucsmas or M . OTcrona ciaenyer,

. +|8,

-
1—‘2

|

A 1)2] ds<C, ,

b 2 2 2 b
[P0+ o o+ Lo
0 0

4910 T, =T .

Onenka 2. O1ieHUM HOPMBI U e (OX‘IZ’ ‘MH(O)HE 15 O - Ucnonb3ys
(33) B (38) umeem
oU
(U ) (70,50, (70, 70) (e (@)| o G 0)] 4

mt >

+(aavv ,70(‘1’)12 (Vo

[onarast o=y, 1 ¥=v, B(41), e=5,, B(39) u t=0 B noIy4eH-

HUnl" U @) (Y ¥), +(VV V‘I‘)2+(va,Vly)2+[ant’},0(\11)1+(41)

mtt > mt> aV

quvmt ’\P)z :(F],(I))l+(F2,‘~P)2,

HBIX paB€HCTBAX, I10JIy4acM
U (0) [+ Vi (0) [, = (AU + AU = U [ U + F (%,0), Uy (0)) i+

"V + By (%,0), Vg (0)) <

> Tmtt

+(AV,, + AV, M

<

AV, + AV, M,

AU, + AU, U, [ U, 4 (1,0)] +
Vit B (6 0)],) (U (0)], +V (001, )
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VM8, (0) = (=D (% Uy ~Ven +U —vlm)m(p(ulm)))—wm ~7(U1n):8,0(0)), <
<D (% Uan ~Vin +U10 Vi) + 7% (£(U,1))) - K&, = 7 (U ©)],..
0TKyza, coraacHo (9), (12), (23)-(26), umeem
W s O + Vo O, + 85 O <. (42)

rae C, - momoxuTenbHasi KOHCTaHTa, HE 3aBUCsIas oT M .
Huddepennmpys paserctBa (38), (39) u mnomaras & =2U
Y =2V, e=24,, , nodydaem
2 2
mtl +“\/E5mt )+
r, r,

#{Iol; +||vumt|| +
+( ,(Umt)Umtlﬂ %o (2Umtt ))1-2 +

+2|[VU
+2q1 j |Umt|qrl U;tt dX+2q2 _[ l\/mt|q2 let dX _2( F U ) +2( 2t mtt)
Q Q,

mtt >

mtt mt

(43)

mtt || mtt |2 mtt

Hcnonw3ys HepaBencTBo OHTa B (43), nMeeM

& (Uael} VUL +N: +IIVthII +[Wma,

+2[VU [} +2([VVo - +2Hf

ke )+

(p,(Umt )Umtn 7o (2U mtt ))Fz +

8q, P Kl 8q, ]
+—— || =Y.l 2 U, || IX+——= nt dx <
e e o [
<Rl +IFll # 1Vl Vo -

MHTCTPHPYsI TOCIICAHEe HEPABEHCTBO BIOJb (0,t) M HCIOJIB3Ys TOT (aKT,
yro B ey (13): p'(s)=0,Vse (—oo,+00), nmeem

e AP o O e LA

+ ZJ(
+ (qlgjll)z i! ( ~ (IU NENTH D dxds " 8q2 I Qj [at ([vmt| DZ dxds <

= "Umn (0) ”12 +||VU1m ”12 +"an

+H\/E(7/1 (UOm —Von *Uin _Vlm)+70 ('O(U "‘)))

IR IR (0l Nl ),

mtt

mtt mtt mtt

)ds+

im 2+

2
+
I,
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OTKyna, ucroib3ys (23)-(26) u (42), cormacHo HepaBeHCTBY [ 'poHyosia
nostyyaeM OneHky 2:

[V 17Ul + W + 9V, +

mtt +H\/E5mt 2
)ds+ 84, “( (|Umt|2 U, )]zdxds+
0Q

q1+1

quzl ”(at([\’mf| D dxds<C,i,

rae C, - momokuTenbHas KOHCTAHTa, HE 3aBHcsAmIas ot M.

[+

mtt rrltt

) j (VU e} +vv

J0Ka3aTenbCTBO CYLIECTBOBAHMS PEIICHUN 3aBEPIIACTCS TAKUM IKE
obpaszom, kak B Teopeme 2.1 u3 [13].
Eouncmeennocme. Ilycts (U,V,,6) u (U,,V,,d,) - ABa pemeHus 3a-

nauu (15)-(22). Torma nns U, -U, =U, VvV, -V, :\7,5 0, =5 umeem
- - oU oU
vy, ve) | £
(Un,tb)]+( J,, cp)] (av’%( )lﬁ (VU, ch) (a"%(q))lz+

+(Vie, ), +(VVL V), + (? % (¥ )l +(V\7,V‘I’)Z+(g—\i,;/0(‘1’))r +

+ J.(|Un|qlilun _|U2t|QI71U21)chX+ _[ (lvn quvn _|V21 qFlVZt)\dezoa
Q Q,
1501058
(Un,q>)l+(vut,vq>)l+(vu Vo) + (Vi ‘P) +(VV,, V‘P)2+(V\7,V‘P)2+
+J‘(|U1t|q]_lult_|u2t|ql_ 2t)q)dx+_[( 1t " Vlt tqz_lvzt)\lldx_ (44)
Q
~(a+pUL)-p(U,). 7 (@) =
(M3, +D5, +K&.e), =—(r,(0 l) (45)
17151 II000ro  (¢,¥,e)eW , II. B. Ha (O,T),
U=0 mBB I x(0,T), (46)
0=V, 5= W O N y,)p(u,) man TxOT), @)
U(x0)=0, U(x0)=0  xeQ,, (48)
V(%0)=0, Vi(x0)=0  xeQ,, (49)
5(x0)=0, &(x0)=0  xeT,. (50)
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Honarass ®=20,, ¥ =2V B (44) u e=26, B (45) nomydaem
e S e VA Y R N W

- B - (D
+2“\/65t“12_2 +2(p(Un)—p(U21),U“ -U, ),—z +2(|Un|q 1Un _|U2t|q 1U2t’Ull -U,, )] *

| JraAvO 2w+

+2( |V“|qz_l Vi _[\lzt'qz_l Vi Vi =y )2 =0.
Tak xax

(|Un|ql_1U1t _|U2t|ql_1U2t’Ult _Uzt )1 20, ([Vlt
u B cuny (13):

,—1 ,-1
! Vlt _[VZt ’ V2t9V1t _V2t )2 20

(IO(Ult)_p(UZt)’Ult _U2t )Fz 2 0,

To U3 (51) umeem
C (S o N M e W
Hcnonszys (48)-(50) B mociaeaHeM HEpaBEeHCTBE, MOJIy4aeM
G|+ VO[]« N[+ + W3]+
Orcrona nveem U =0, v =0, 5=0.

Jlemma 1 noka3zaHna.
JIist 3aaHHBIX U e C([O,T]; HE(QI))OC‘([O,T]; LQ(Ql)) ve C([O,T]; H 1(Qz))ﬂ

<0.

2
I,

NC'([0,T];*(,)), KOTOPBIE YIOBIETBOPSIOT YCIOBUIO u|rz =), , paccmoT-
PUM CIIEYIONIYIO 33129y
U, —AU, —AU +[U["'U, = f,(u) B @ x(0,T),
V, —AV, —AV + V"V, = f,(v) B Q,%(0,T),
M3, + D6, +KS=-U, naT,x(0,T),
U=0 na Ix(0,T), (52)

U (x,0)=u,(x),U,(x,0)=u,(x), xe Q,,
V (x.0) =1, (x). V, (x.0) =7 (x).
10(%,0)=06,(x), 6,(x,0)=6,(x), xe T,.

—~

Jlemma 2. Tlycts sbionnenst ycnosus (9)-(13) u u e H:(Q,),

uel’(Q), yeH'(Q,), yel™@,), §el’[,), 6 eL(T,). Torna cymect-
ByeT unciao T >0 Takoe, 4To 3amaya (52) UMEET IUHCTBEHHOE Cci1aboe pe-
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LICHHE (U V.0 ) , VIOBJIETBOPSIOILEE YCIAOBUAM
uec(foTH: @) Uec(fo Tl @)NL (@ x(0,T))
Vec([0oThH(Q,)), V,ec(foThL(@,)N L@, x(0,T))
5.6, L°(0,T;2(r,)).

Hoxa3zarenbcTBO JIeMMbl 2 U 3aBepllIeHHE JI0Ka3aTelbcTBa Teopembl

1 ocymecTBisieM TakuM ke 0Opa3oM, kak B Teopeme 2.1 u3 [13].

10.

11.

12.

13.

Teopema 1 noka3zana.
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QEYRI-XOTTi AKUSTIiK QOSMALIQ SORTLI
QEYRI-XOTTi GUCLU DiSSiPATiV DALGA TONLIKLORi UCUN
LOKAL HOLLORIN VARLIGI
S.E.ISAYEVA
XULASO

Baxilan igdo geyri-xotti akustik qosmaliq sortli qeyri-xotti giiclii dissipativ dalga
tonliklori {iglin qarisiq mosoloys baxilib. Homin mosalo {iglin lokal hoallin varligt vo
yeganoliyi haqqinda teorem isbat olunub.

Acar sozlar. Giiclii dissipativ dalga tonliyi, qeyri-xatti akustik qosmaliq sortlor,

lokal hall, torponmaz noqte haqqinda teorem.

EXISTENCE OF LOCAL SOLUTIONS FOR NONLINEAR STRONGLY
DISSIPATIVE WAVE EQUATIONS WITH NONLINEAR TRANSMISSION
ACOUSTIC CONDITIONS
S.E.ISAYEVA
SUMMARY

In this work we consider the mixed problem for nonlinear strongly dissipative
wave equations with nonlinear transmission acoustic conditions. We prove the existence

and uniqueness of local solutions for this problem.

Keywords. Strongly dissipative wave equation, nonlinear transmission acoustic
condition, local solution, fixed point theorem.
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PARAMETRIK XOTTi PROQRAMLASDIRMANIN BOYUK
OLCULU BIR MOSOLOSI VO ONUN HOLLI

R.H.HOMIDOV, N.K.ALLAHVERDIYEVA
Baki Doviat Universiteti
shakihamidov@gmail.com

Parametrik masalonin boyiik dl¢iilii olmast onun holli Gi¢lin standart olmayan xtsusi
yanasmalar tolob edir. Oksar hallarda belo yanasmalar hall olunacaq masalanin xtsusi
strukturunu nazara almagla islonir. Isda Xotti programlasdirmanin totbiqi shamiyyat dagi-
yan boyuk 6l¢ull parametrik masalasi tadqiq olunur. Masalonin asasinda Leontyevin malum
coxsahali dinamik balans modeli dayanir.

Acar sozlor: Leontyev modeli, xatti proqramlagdirma mosalosi, parametrik masala,
Pareto hall, Pareto sorhadi.

1. Giris

Parametrik xotti proqramlasdirma boyiik ol¢iilii masalo oldugda 6l¢ii-
niin yaratdig1 problemlori onun standart yolla halli zaman1 aradan qaldirmaq
daha da ¢otin olur. Isdo belo mosalolordon birino baxilir. Masolonin bdyiik
oOl¢iilii olmast iki sobabdondir. Birinci sabab dayisonlarinin saymin ¢ox ol-
masidir vo bu doyisonlorin omsallarinin mosslonin matrisindoki mévcud du-
rumunun standart ayrilis sxemlorinin mosalonin hallinds goézlonilon effektin
almmasi iiciin olverisli olmamasidir. Ikinci sobab iso doyisonlorin zamanin
funksiyasi olmasidir. Masoloni diskret hala gotiron zaman yeni alinan mase-
lodoki doyisonlorin say1 avvolki sayla zamanin bolgii noqtolorinin saymin
hasilino barabor olur. Naticads ¢ox boylik dl¢iilii parametrik xotti program-
lasdirma maosoalosini hall etmoali olurug. Bu zaman holl prosesindo qurulmasi
tolob olunan optimal bazis hallarin say1 kaskin artir. Hor bir bels hall iso 6z
ndvbasindo bdyiik Ol¢iilii xotti programlasdirma mosslosinin hallini tolob
edir, yoni ¢cox boyiik ol¢iilii simpleks codvolin Jourda-Qauss yoxetmasi ilo
ardicil olaraq ¢ox sayda ¢evrilmosini tolob edir. Togdim olunan isdo mogsad
bu ciir ¢evirmadon yan kegmoklo masalonin daha effektiv hoall yolunu gos-
tormokdir. Toklif olunan holl sxeminds tolob olunan hesablamalarin osas
hissasini sados iterasiyadan ¢ox da forqlonmoyan iterativ yolla icra edirik. Bu
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yol iso biitiin tolob olunan informasiyanin islomosini paralel alqoritmlo icra
etmays imkan verir. Toklif olunan hall sxeminin odadi misal iizorinds icrasi
niimayis etdirilir. Baxilan misal istifado olunan holl sxeminin standart yolla
hall sxemindon neca forqlondiyi vo onun daha effektiv olmasi hagda miiay-
yon miisbat fikir yaratmaga imkan verir.

2. Masalonin qoyulusu

Asagidaki formada toqdim olunan mosaloys baxiriq:

x' < Alxt 4+ B (xt — x'71) + b1 + 2b7,
xt < d' + Ad%, (1)
T
x'>0, i=1,r0<1<1,0(x)= Zcixi - max.

i=1

Burada [ € R™™- vahid matrisdir; A%, Bt € R™", ¢t dY, d?, b, b% x' € R™,

i=1,r.

Asagidaki sortlorin 6donilmasi tolob olunur:

1) Al + BU>0; 2) (I — Al — BY) ™ > 0; 3) Bi(dY + Ad?) < b + Ab%;

4)bY 4+ Ab? > 0; 5)dY¥ +Ad* > 0;ct>0;i=1,7, 0<A1< 1.

Masalo (1)-o saholorarasi dinamik balans modeli osasinda qurulan
xatti programlagdirmanin parametrik masalasi kimi do baxila biler. Bu halda
A- parametri saholor iizro istehsalin intensivliyino qoyulan mohdudiyyatlo vo
son mohsula tolabatla bagli geyri-miisyyonliyi oks etdirir. Statik halda vo
A = 0 olduqda masals (1) [2]-ds otrafli Gyronilmisdir.

3. Hall sxeminin sorhi

Masala (1)-0 qosma olan masalays baxagq:

y(I—Al—B)+z‘>c yLz!>0,i=1r 2

Zy(b1‘+/1b2‘ Bixi- 1)+Z {(dt + Ad?0) > min

x(A) = (xl(/l) %2(A), .., X" (1)) moasalo (1) 1n optimal halli olsun, yani isto-
nilon A° € [0, 1] {iglin x(AO) moasalo (1)-in A = A, olduqda optimal hallidir.
Forz edok ki, optimal x(A1),A € [0, 1] hallorinin hamisinin koordinat-
lar1 miisbotdir vo onlar bazis doyigonlordir. Basqa sozlo x(1), A € [0, 1] nég-
tolori masals (1)-in miimkiin hallor ¢oxlugu X-in tops noqtoloridir.
(x4, x%, .., x")=x'€X, i=1k ilo bu tops ndqtolorini isars edok.
A; € [0,1] ilo X' —ni optimal edon A € [0,1] qiymatlori ¢coxlugunu isaro
edok.
Onda yaza bilorik:

[0,1] = UX, A;.
Forz edacayik ki,
Ai = [Ai,l“_l), l = 1, k, ().1 = 0,/1]{4_1 = 1 )
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Onda masalo (1)-in hallini (%%, A;),i = 1,k kimi do togdim eds bilarik. Mag-
sodimiz masalo (1)-in x(4),2 € [0,1] hallini (x%,A;), i =1,k kimi gostor-
mokdir. x* >0, i = 1,k oldugundan moasalo (2)-ni ona ekvivalent formada
xotti programlasdirmanin ikinci teoremino osaslanaraq asagidaki kimi yaza
bilorik:
yi(l—Al— BY) +zi =i, yizl >0,

T r

Z y'(b' 4+ 2b% — Bx'"1) + z z'(dY + Ad?") - min
i=1 =

Yeni almmus mosolodon z%,i = 1,7 doyisonlorini konarlasdiraq:
y(l—Al—B)<c yi>0i— T,

Zy(b“ Bix'~ 1+/1b2‘)+26 —y'(1 — A' — BY)(d" + 2d*") - min.

i=1 i=1
Bu mosoloni asagidaki kimi ds yaza bilorik:

y(l—Al—B)<c yi>0i 17, (3)
,
F(y,l)—Zylel+z ld“+/12y‘fl+z ctd? - max,0 <1 < 1.
i= i=1

Burada e'= (I—Al - B! )d“ T pixit — b, ft = (I — A" — B")d?* — b7,
i=1,r.

A° € [0,1] iiglin mosala (3)-iin bazis optimal topa noqtosini Y ilo
isaro edok: Y° = (31,92, ..,5"). Onda A = 1° oldugda mosalo (1)-in asagida-
ki sistemdon optimal tope ndqtasini toyin eds bilarik (ikili teoremo oasasla-
naraq).

x} = (Alx" + B(x' —x) + b1 + AObZi)j, y; >0 olduqda,

xh = (d' + AdZi)n, Vi =0 olduqdai =17, j,n=1n.

Belalikla, masala (1)-in hallini masals (3)-iin hallina gatirmis olurug.
Iki kriteriyali

yi(I—A— BY) < ci, y'=0 i=1r

yl—fl(y)—z'yeamax y2—fz(y)—ZJ'(e+f)—>max @

mosoalosing baxaq Maselsnm miimkiin hallor (;oxlugunu Y ilo isara edok. Onun
Pareto sorhadini iso Y? kimi isaro edok. Y? sorhodi miistovida ¢okiik ciddi aza-
lan funksiyanin grafikini ifads edir. Bu qrafikin sol ucunu L(y},y?), sag ucunu
iso S(y{, y5) kimi isars edok. Onda asagidaki dogrudur.

yZp = maxyey f2(¥), y7 = maxyey f1(¥).
Y? hisso-hisso simiq xottdir. Onun smma ndqtalorini A%, A2, ..., A kimi isaro
edok. A' stnma ndqtosini toyin edon bazis Y* tope ndqtasini gotiirek. Onda
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A! sinma noqtesine goro Yi-ni optimal edon A-nin [0, 1]-doki biitiin A; qiy-
moatlori ¢oxlugunu asanligla toyin eds bilorik:
Ay ={a + (1 —-Dnitto<a <1}

=i

n

1

Sak. 1.

Burada 7it = (n},n}) von! +n} = 1.

Pareto sorhaddi Y”-nin qurulma sxeminin qrafiki sorhi.

Sadoalik iigiin Y* sorhoddini hamar, ¢okiik azalan funksiyanin qrafiki
soklindo asagidaki kimi gotiirok vo onun iizorindo Y?-nin qurulma sxemini
sorh edok (bax sokil 2).

Ovvalea f,(y) » max,y € Y masalasini hall edib onun optimal y,?

hallinin komoyi ilo A = ( A7) (v p)) ndqtosini qururuq. Anoloji olaraq

fi(y) » max,y € Y mosalosini holl etmoklo B ndqtesini qururuq. Y sor-
haddini qgorar gabul edoni razi salan € doqiqlikle quracagiq. e- doqiqlik iki
monada toklif oluna bilor — miintozom yaxinlasma monasinda va inteqral
monada [1]. Birinci monaya gors sorhimizi davam etdirocoyik.

AYZ \ YP
Y2
A

Sak. 2.
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Addim 1. AB-yas perpendikulyar va Y7 -yo torof yonalon n(¥) = (ngl), ngl)) Vo

ngl),ngl) >0, ngl) + ngl) = 1 vektorunu gotiiriib, onun osasinda

nPAG) + 15 () - max,y €Y

masaloasinin y™ optimal hollinin kémoayi ilo Y* iizerindoki noqtolordon AB-
don on uzaqda yerlosonini toyin edirik. Sok.2-do bu A néqtosidir. d; < &
olarsa, onda AA'B smiq xottini Y? —nin ¢ doqiqliklo aproksimasiyasini
qobul edocoyik vo onu Y kimi isars edacoyik. d; > & olduqda iso AA* va
A'B parcalarmi AB kimi gotiiriib, addim 2-y» kegid aliriq.
Addim 2. AA* —don maksimum uzaqliqda vo Y? —da yerloson A? ndqtesini
vo bu xassayo malik A!B {iciin A3 ndqtalorini qururuq (bax sok. 2). A% —nin
AA' —don, A% —iin A'B —don mosafalorini uygun olaraq d; vo d, kimi
adlandiraq. ©gor d; vo d, qiymetlorindon hor hansi biri € —nu asmazsa,
onda bu hissoni Y —nun bir hissasi kimi qobul edirik. Oks halda addim 1-i
odonilmayan hisso iiciin davam etdiririk. max(d,, d3) < & oldugda Y?
olaraq AA%2A*A3B siniq xottini gqobul edacoyik. Sokildon do goriiniir ki, d;
qiymatlori addimdan addima azalir vo bu azalma siiratla bas verir. ¥ —nun
sinma A' néqtolori diciin A; € [0,1], A; N Aj4; = @ kimi goxluglari tortib
edib, sinma noqtolorini toqdim edon ¥! € Y bazis topo noqtaleri ilo birlikdo
diizolon (7%, A;), i = 1,k giitlor ¢oxlugunu verilmis mosalonin holli kimi
qobul edirik. ¥P —nun smma ndqtaleri no gador az olsa, mosalo bir o qodar
az hesablama tolob edacokdir. Bu say iso € —da asili olaraq doyise bilor.
4. 9dadi misal
Masalo (1) tigiin odadi verilonlori agagidaki kimi gotiirok:

0.1 0.2 0.1 0.2 0.1 01
At=A*=A= (0.3 0.1 0.0), B'=B*=B = (0.1 0.2 0.1)

0.0 02 03 0.1 0.0 0.2

40 10 10 20
d' = (10), d"? = (50) bt = (10) b1 = (30) :
30 30 10 15
10 50 10 5
d*' = (30>,d22 -~ (10) b = (10) ,b?? = ( 5 ) :
40 50 10 10

cl=0@ 1 2), ¢*=3B 2 1.
(1)- (4) sortlorinin 6donildiyi asanliqla yoxlanilir.
Verilonlora uygun mosalo (1)-0 qosma olan mosalo (3)-ii tortib edok. Bu
masolodo asagidaki ifadslori ilkin verilonlors asason hesablayag.
1 0 0 0.1 02 01 02 01 01
I—A—-B= (0 1 0) - (0.3 0.1 0.1) - (0.1 0.2 0.1) =

0 0 1 0.0 02 0.3 0.1 00 0.2
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07 —03 -0.2
= (—0.4 0.7 —0.1)
-0.1 —02 05
el=(I—-A"- BYA"" +B'x° - b = (I —-A~- B)d'' - b'' =

0.7 =03 =0.2\ /40 10 9 9
= (—0.4 0.7 —0.1) (10) - (10) = (—22), x°=0, el= (—22).
-0.1 —-0.2 0.5/\30 10 -1 -1

0.7 -03 -0.2\ /10 20 —34
e?=(-04 07 -01|(50]—(30|+Bx*=| -2 |+ Bx™.
-01 -0.2 05 30 15 -11

x! —in hesablanmasi. X! —i hesablamaq ii¢iin 2 = 0 olmaqla masalo (3)-
don alinan

yl=(U—-A'-BY <ct yt=0,  ylel »max

masolosini hall edirik vo onun optimal bazisini qururugq.

0.7yf — 0.4y3 — 0.1y} < 4,

—0.3y1 +0.7y3 — 0.2y3 <1,

—0.2y{ = 0.1y3 + 0.5y3 < 2,

yi20, y;20, y320,

9yl — 22y} — y1 - max.

yi,yi,ys doyisenlorinds yi,y3 doyisonlori optimal bazis doyisonlordir.
Optimal ¥ hollin y;, y3 kordinatlar1 isa

0.7y{ —0.1y3 = 4,

—0.2y1 + 0.5y3 = 2.

sistemindon yi = ?, yi = ? olaraq aliriq. Xotti programlasmanin ikinci

ikili teoremino asason x* —in koordinatlarini
0.7x] — 0.2x3 = 3 + 10,
—0.2x} +0.5x =2+ 10

sistemindon x; = 25;, x3 =10, x3 = 24 olaraq tapiriq. Onda

—34 02 01 0.1\ /252 —34 8.46 —25.54
e? = ( —2 > + (0.1 0.2 0.1) 107 = ( 2 ) + (6.93) = ( 4.93 )
—11 01 0.0 02 ~11 7.33 —367

24
f1 vo f, —ni hesablayaq:

0.7 —03 -0.2\ /10 10
fl=(U—-A-B)d* —bp?' = (—0.4 0.7 —0.1) (30) - (10) =
-0.1 -02 0.5/\40 10

(2)-()-()
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0.7 -0.3 -0.2\ /50 5
f?=(U—-A-B)d?** —b?? = (—0.4 0.7 —0.1) (10) - ( 5 ) =
-0.1 -02 0.5 /1\50 10

(o) (3)- ()

Beloalikls, adadi verilonlorlo masals (3)-ii asagidaki kimi yaza bilorik:
0.7y —0.4y; —0.1y3 <4, yi =0

—03yl 4+ 0.7y — 02yt <1, yi>0

—0.2y] — 0.1y2 +0.5y: <2, yi1 >0

0.7y? — 0.4y — 01y <3, y£=>0

—03y2+0.7y — 02y <2, y=>0

—0.2y? — 0.1y + 05y <1, y=>0

9yl — 22y} — y} — 25.54y2 4+ 4.93y2 — 3.67y2 +
+A(=20yi + 3y2 + 3y} + 17y% — 23y + 8y2) - max
Indi iso mosala (4)-iin adadi verilonlorls ifadosini yazaq:
Ovvalco el + f ti=1,2 ifadolorini hesablayiriq:

9 —20 -11
-1 3 2

—25.54 17 —8.54
e+ f2= ( 493 >+ (—23) = (—18.73)
—3.67 8 4.33

Onda mosalo (4) asagidaki kimi iki kriteriyali masalo olacaqdir.
0.7yt —0.4y: —0.1y3 <4, yi >0
—03yl 4+ 0.7y - 02yt <1, yi>0
—0.2y] — 0.1y2 +0.5y: <2, yi1 >0 5)
0.7y? — 0.4y — 0.1y <3, y£=>0
—03y2+ 0.7y —02y2 <2, y2>0
—0.2y7 —0.1y? +0.5y2 <1, y2>0
v, = fi(y) = 9yl — 22y3 — y1 — 25.54y2 + 4.93y% — 3.67y% - max,
v, = fo(y) = =11y} — 19y} + 2y} — 8.54y? — 18.73y% + 4.33y% - max.
Y masals (5)-in miimkiin hallari ¢oxlugu olsun. Masalonin qiymatlondirmas-
lor ¢coxlugu

Z={uy)Iy1 = i), y2 = /),y €Y} c R?
miistovido ¢oxbucaqli toyin edocokdir. Bu g¢oxbucaqlinin sorhadinin bir
hissesi (y,v,) € Z,y; = max,y, — max mosalosinin Pareto sorhodi Z” —ni
ifado edocokdir. Bu sarhad hissa-hisso xatti, kosilmoz, ciddi azalan va ¢okiik
funksiyanin grafikini toqgdim edocokdir. Bu grafikin sag ucunu A4, sol ucunu
B kimi isaro edok vo bu noqgtalori quraqg.
maxyez f1(y) = A% =y1, maxyex f2(y) = f(y") =y; olsun.
Onda f,(y°) =3, f1(y") =i oldugunu gobul etsok A = (7, y2),
B = (y1,¥3) uc noqtalorini qurmus olurugq.
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maxy,cz f1(y) mosolosinin optimal y© hollini asagidaki tonliklor sisteminin
hollindon tapiriq:

0.7y{ —0.1y3 = 4,

—0.2y{ + 0.5y3 = 2,

y; =0,
0.7y2 =2
yi =0,
y5 =0,
0_(20020020 0)
y_ 3! I3I !7r .

y% —1n ifadasini f;(y) va f,(y) —do y —in yerinoa yazib A(yy?) noqtosinin
R? —doki yerini toyin edok.

o _920 20+49320 . 4
VI =73 T3 TR =005

0 = 1120+220 18 7320 = 11318
1= 3 3 o= 35’
A= (68 4 113 18)

- 21’ 35)°
maxy ez f>(y) mosalosinin optimal y* hollini
0.5y1 =2,
yi =0,
y; =0,
0.5y2 =1
yi =0,
y3 =0,

sisteminin hoallindon tapiriqg.
y*=1(0,04,0,0,2).

Onda,
yi=f@)=-4-367-2=-1134,
y; = f(y) =2-4+433-2=11.06
B = (—11.34, 11.06).

35



y2

A va B noqtolorini qurmagla hoall prosesinin ilk addimini bitmis hesab
edacoyik. Novboti addimda Pareto serhoddi Z” iizorinds olub AB —don mak-
simum uzaqliqda olan A! ndqtosini quracagiq. Qurmani [2]-doki sxemo no-

zaron icra edocoyik. Ovvalca
4

— 18

AB = (—11,34 - 685, 11,06 + 113£) = (=79.5 124.6)

Sonra is9

yEZ, 124,6 - y; + 79,5y, = max

mosolosinin optimal y°P hollindon istifado edorok Al ndqtesi alaraq

(fl ("), f2 (y0p)> noqtosini gotiirtiriik.

124,6 - y; + 79,5y, = 124,6(9yi — 22y} — y} — 25.54y2) +

+4.93y2 — 3.67y2 + 79,5(—11y} — 19y} + 2y} — 8.54y2 —

—18.73y2 + 4.33y2) = 247y} — 4252y} + 34,4y} —

—3861y? — 874y% — 113y2.

Beloaliklos,

y€Z 247yl —4252y} + 34,4y} — 3861y% — 874y% — 113y2 - max

mosalosinin optimal  y° = (?,0,%, 0,0, 0) hollini (fl(yOp),fz (yOP)) —do
yerino yazib A = (53 é, —60) noqtosini qururug.
Indi iso AB —ni A'B ilo ovoz edib AB iigiin olan omoliyyat1 A'B
ti¢lin icra edirik.
AAT = (531 68— 60+11318) = (-15 531)
U3 21’ 35/ )
Pareto sorhadinin névbeoti sinma ndqtosini tapmagq {li¢iin
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53.5y; + 15y, - max, (yy2) EZ
mosalasinin optimal hallini hesablasaq alariq:
yOpz(@ 0E 000)
3’737
¥ —nin bu ifadasini (f,(y*), f,(y"")) —da yerina yazib yeni
A? = (41.5,-51.3) aliriq. Sonraki hesablamalarin yeni sinma noqtasi
verilmodiyindon Z” —nin BAZA'A siniq xottindon toskil olundugunu aliriq.
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OB OJTHOM BOJIbINOM 3A/IAYE
IAPAMETPHYECKOI'O ITPOITPAMMMUPOBAHMS U EE PEIIEHUE

P.I'TAMUJ0B, H.K.AJINTAXBEP/IUEBA
PE3IOME

Bommpoii pazmMepHOCTh MapaMeTpUdIecKoil 3amadu TpeOyeT HecTaHIapTHEBIE, CIie-
UaNbHBIE MOAXOMABI Uil e€ perieHus. YacTo, Takoi MOAXo7 pa3pabaThiBaeTCs C y4eTOM
CHeaIbHON CTPYKTYpHI penraeMoi 3anaun. B paGore mccnenyercst 6ospiuas mapamMeTpu-
Yyeckas 3ajada JIMHEHHOro MpOorpaMMHpOBAHUS, KOTOpas MMeEEeT IMpakTH4YecKas 3aJadu-
MocTh. Ha ocHOBe 3a1aun JIEKCHT M3BECTHAs JUHAMHYECKAasi MOJICNIb MEKOTPACIEBOroO Oa-
naHca JIeoHTheBa.

KaroueBbie ciaoBa: mMozenb JIeoHTheBa, 3a/1a4a JTHHEHHOTO MMPOTPAMMHPOBAHUS,
mapameTpuueckas 3amadqa, [lapato pemenue, [lapaTo rpaHnIs!.

ON SOLUTION OF ONE LARGE-SCALE PARAMETRIC PROGRAMMING
R.H.HAMIDOV, N.K.ALLAHVERDIYEVA
SUMMARY
The large parametric programming problems requires non-standart special
approaches to its solution. In most cases such an approach is implemented taking into
account the specific structure of the problem to be solved. One large-scale linear
parametric problem of the practical application is considered. The issue is based on

Leontiyev’s well known inter- sectoral dynamic balance model.

Keywords: Leontiyev’s model, linear programming problem, parametric problem,
Pareto solution, Pareto boundary
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(0,2) TIPLI TENZOR REPERLORININ LAYLANMASINDA
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Isda (0,2) tipli tenzor reperlorinin laylanmast tayin olunur, bazada verilon vektor
meydanlarmmin bu laylanma fozasina tam va horizontal liftlori qurulur, onlarin asas
xassalori va aralarindaki asas miinasibat 6yranilir.

Acgar sozlor: tenzor reperi, afin rabito, laylanma, horizontal lift, oyrilik tenzoru,
kommutator.

1. Giris

Diferensiallanan ¢oxobrazli iizorindo reperlorin vo koreperlorin, o
cimlodon afinor ((1,1) tipli tenzor) reperlorinin laylanmalarinda miixtalif
strukturlarin todqiqi Mok, Kordero, de Leok, Salimov, Fottayev vo basqala-
rinin iglorindo aparilmisdir (bax, masolon, [1],[2],[3],[4]). Toqdim olunan
isin asas mogsadi (0,2) tipli tenzor reperlorinin laylanmasinin toyin olunmasi
vo bu laylanmada vektor meydanlarinin liftlorini 6yronmokdon ibaratdir.

Ikinci bdlmosindoe diferenillanan ¢coxobrazli iizorinda (0,2) tipli tenzor
reperlorinin laylanmasi tayin olunur. Ugiinciido vektor meydanlarmin (0,2)
tipli tenzor reperlorinin laylanmasina tam lifti ilo bagli masaloyo baxilir, tam
liftin xassalori Oyranilir. Dordiincli bdlmade bazada verilon vektor meydan-
lariin (0,2) tipli tenzor reperlorinin laylanmasinin horizontal lifti qurulur,
xassolori todqiq olunur.

Magalada baxilan goxobrazlilarin va onlar tizarindaki strukturlarin C
sinifindon olmas1 nozords tutulur. A,B,C,... indekslorinin birdon n + n*-o
qadar, i,j,k, ..., a, B, Y, ... indekslarinin 1-don n-5 qadar, iy, a,, jg, g, Ky y, -
indekslorinin iso n + 1-don n + n*-o qodar giymatlor alirlar. M goxobrazlis
lizorindo lokal koordinat sistemi (U,x') soklinde yazilir, burada U —

koordinat otrafidir, x!- lokal koordinatdur. % xlisusi diferensiallanma qisa-

xl
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liq xatirino 0; soklindo yazilir. V,W vektor meydanlarinin kommutatoru
[V, W] kimi isars olunur.

2. (0,2) tipli tenzor reperlorinin laylanmasi

C* sinfindon olan hamar M c¢oxobrazlisina baxaq va forz edok ki,
TP (x)- xeM ndqtosinda (0,2) tipli tenzorlar fazasidir. Ty (x) xotti fazasinin
(X1, . xtn, L xm L X)) = A, bazisini (0,2) tipli tenzor reperi adlandi-
rirtlq. M hamar ¢oxobrazlismin biitlin ndqtelerinde biitiin (0,2) tipli tenzor
reperlarinin ¢oxlugunu LS (M) simvoli il isars edirik. Tobii 7: LS (M) — M pro-
yeksiyasi A, — x soklindo tayin olunur. L (M) ¢oxlugunda n + n* dlgiilii, C*
sinfindon olan hamar ¢oxobrazli strukturu asagidaki kimi daxil edilir.

Forz edok ki, (U,x") M hamar ¢oxobrazlisi iizorindo lokal koordinat
sistemidir. Onda LY (U) = n~1(U) ¢oxlugu U otrafinin biitiin ndqtolorindoki
biitiin (0,2) tipli tenzor reperlorini 6z daxilinde saxlayir. A,.€L3(U) tenzor
reperini birqiymatli olaraq

XXtz — 0‘1“2(dx11) ®(dx‘2)

soklindo ayirmaq olar. Buradan belo bir noticoyo golirik ki,
(LS(U), (x4, X “1“2)} LY (U) goxlugu iizorindo lokal koordinat sistemidir. Bu
koordinat sistemini dogrulmus koordinat sistemi adlandiririq. Tutaq ki,
(U, x") vo (U, x")- M hamar ¢oxobrazlisi iizarindo U N U’ kosismoasinda

x = xl(x, ..., x™) (2.1
cevrilmosi ilo oalagoli olan lokal koordinat sistemloridir. Onda LS(U) N
Ly(U") kesismoasindo {L3(U), (x', X[\ 1" *)}ve {L3(U"), (x i’ X“laz)} dogrulmus
koordinat sistemlori

Xl = x"(x ,x™)
a1 __ A11A12X“10‘2 (22)
iris i1l

cevrilmolori ilo olagoali olar, burada Aﬁl = ;Txil, - (2.1) gevrilmasinin torsi olan
xt = xi(xll, ...,xn')

cevrilmoasinin Yakobi matrisinin elementloridir. Aparilan miihakimolorden
aydin olur ki, LY(M) - (n +n*) — olgiilii , € sinfindon olan hamar ¢ox-
obrazlidir, (LY(M),n, M) liglityii iso laylanmadir. Bu laylanmani (0,2) tipli
tenzor reperlorinin laylanmasi adlandiririq.

Sadolik tigiin (x!) = (xf, x'ma2) = (x', X{.1"%) isarolomasini daxil edi-
rik. Buradan aydin olur ki,

Lk, .,a,B,7,..=12,..,n ialaz'jﬁlﬁz'khn'

=n+1n+2,..,n+n%LJ K, ..=12,..,n+n"

(2.2) ¢evrilmosinin Yakobi matrisi asagidaki struktura malikdir:
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(,41 ) = (ax ) B AY 0 03)
1) \on (agag ) Xiie Aagosog; |

L1l

3. Vektor meydanlarimin tam lifti

Tutaq ki, V — M hamar ¢oxobrazlisinin iizorindo verilmis vektor mey-
danidir vo V = V!9;, yoni V! — U koordinat otrafinda V vektor meydaninin
komponentloridir.

Teorem 3.1.

V= (VE Vima) = (Vi —Xmi@0, V™ - X0, V™) 3.1)
obyekti (0,2) tipli LY(M) tenzor reperlorinin laylanmas: iizarinda vektor
ganunu ila cevrilir.

Isbati. Gostormaliyik ki, (2.2) ¢evrilmosi zamani
Cyl' = 4l’ cyt (3.2)
barabarliyi 6danilir. Ovvalca I' =i’ halina nozor yetirok. Bu halda (3.2)
berabsrliyinin sag torofindoki ifadoni asagidaki kimi ¢evirmok olar:
A V= Al Vi Al Vi = ATV =V = Oy
Basqa so6zlo desok, (3.2) boraborliyi 6donilir.
I' = i, 4, halinda iso (3.2) baraborliyinin sol torafi ii¢iin yaza bilorik:

CVU=(WQWZ:_Xﬁ%awmﬂ_X%%awmﬂ:_ %%Oavmym
Xalanma Am _ 051052(6 Vm)Am X“1“2Vma,Am
m’ itm’ indm
4
Y
k=1
burada
a, ==X 572(0; vm)An,
a = xj;“zvma (AT
az = —X;"*(0; vm)am,
a, = —Xg;:,zvmaizAm .

Digor torofdon, baxilan halda (3.2) berabaorliyinin sag torofindoki ifadeni
asagidaki kimi ¢evirmok olar:

! l l
Ayl = Alalaz Cyt 4 4 %1% CYloyo,

1‘71‘72
= 0; (A;iAz)XZ%Z“Z Vi+ AllAlz 50615062 (_ Tc;*llloza Vm)

+ A AL 55 5% (—Xx o0, V™) Zbl,
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burada
b1 — 051052 (a All)Alzvl
aa i 2
b, = Xll;z At (342 ) VY,
b3 — XT‘:lll;zzAhAlz a Vm
aa i i
by = —X{ AL AG 0, V™
isaro olunmusdur. Asanligla yoxlanilir ki,
al = b3, az = bl' a3 = b4, a4 = bz. (3.3)
(3.3) miinasibatlori (3.2) boraborliyinin 6donildiyini gostorir. Beloliklo,
€y — LY (M) laylanmasinin iizarindo toyin olunmus tenzor meydanidir. Teo-
rem isbat olundu.
“V vektor meydanima V vektor meydaninin LY(M) laylanmasmna V
vektor meydaninin tam lifti deyacoyik.

Teorem 3.2. Istonilon V, W € T¢ (M) vektor meydanlart iigiin
‘v,wl=1[°, ‘w] (3.4)
barabarliyi dogrudur.
Isbati. Gostoracayik ki,
‘wv,w) =[°%v, ‘wy. (3.5)
[ = i halinda (3.5) borabarliyinin sag torafi agagidaki kimi gevrilar:
[V, ‘W] = [V, ‘W] = ‘vio, ‘wi - ‘wla, CVi
= vlg, ‘wi + Cvlmzalm2 ‘wi— ‘wig, cvi
— CWthzalym Cvi=viowi—-wtovi=[v,W]
— C[V, W]i,
yoni baxilan halda (3.5) boraborliyi 6donilir.
I =4, q, halma baxaq. Bu halda (3.5) barabarliyinin sol torofi asagidaki
ifadoyo ¢evrilmis olur:
‘wowl = v, wlae =
=X 20, (VIO W™ — W™ — X020, (VIO W™ — W v ™),
Asanligla miioyyon etmak olur ki, sonuncu ifade asagidaki hadlerin comina
borabordir:
1 = =X (0, vh)owm,
¢ = =Xy Vio oW,
c3 = “1“2(allwm)a vm,
¢ = X (0, 0,V ™)WY,

Cs = f;,‘fZ(alzvl)a wm,
C6 = ’Z;:IZZV alza W )
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Cy; = Xg;gz(aizwl)ale,
Cg = Xi 1 W'D, 0,V™.
Digor torofdon (3.5) barabarliyinin sag torofindoki ifadeni asagidaki sokildo
yazmaq miimkiindiir:
v, Wl =V, ‘Wme = Vig, ‘Wime — CWly, Viae,
[V, " W] ="V, "W] L L
= Cyl, ‘Wime 4 CVl“VZazym CWiaar — Cylg, Ciaa
— CWlYﬂ’zaly , CVia1a2
1r2
= V40, (~ X0, W™ — X{1520, W)
Y1V Y1V @y o oly ¢l
+ (X220, VT - x0T ) (~6y iy o820, W
ay oy ol ol aa a;a
— 81852801620, W™) — Woy (— Xm0, V™ — X0, ™)
Y1V Y1V aq oy oly ol
= (=X0720, W — X1V20, W) (=650 6726136120, V™
— 881828518,20, V™).
Y1 7Yz i mTl
Sonuncu ifads asagidaki hodlorin comindon ibaratdir:
dy = —V'X 1 "20,0, W™,
d, = —Xg;;fzvla,aizwm,
ds = X;";Z“Zamvrailwm,
dy = Xy 20, VIO, W™,
ds = X290, Vo, W™,
dg = Xg;“zamwaizwm,
d, = Xg;ijzwla,ailvm,
dg = X W'9,0,V"™,
dy = —X1 0, W9, V™,
a
dig = _Xmlrazaizwraile,
dy, = —X1%20, W0, V™
Iur 2 '
Asanligla yoxlamagq olur ki,
c1 = do, c; = dy, c3 = d3, €y = dy, s = di,
Ce = dz, Cy; = d6' Cg = d8’ d4_ + d11 = 0, Cs + d10 = 0.
Sonuncu miinasibatlor gostarir ki, baxilan halda da (3.5) barabarliyi 6denilir.
Belolikla, isbat olundu.

4. Vektor meydanlarinin horizontal lifti

Forz edoki ki, V= (I‘i’j) — M hamar ¢oxobrazlisinin iizorindo verilmis
afin rabitadir, V = V'0; iso har hans1 vektor meydanidir.

42



Teorem 4.1.

Ay = (HVE, Hytee ) = (Vi Xm@rm yr 4+ Xt yr)

obyekti (0,2) tipli LS(M) tenzor reperlorinin laylanmas: iizarinda vektor

ganunu ila cevrilir.

Isbati. ©saslandirmaq lazimdir ki, (2.2) ¢evrilmasi zamani

Hyl' = af Hy!

boraborliyi ddonilir. Ik névboedo I’ = i’ halim1 nazordon kegirok. Bu halda

4.1) beraberliyinin sag torofindoki ifadoni asagidaki kimi ¢eviririk:
AT = ATy A Yl = ATy v = YT

yoni (4.2) baraborliyi 6donilir.

I' = iy 4, halinda (4.2) barabarliyinin sol torafi bu sekilda cevrilir:

! i’ aa aia
Hyl' — Hylgja, — Xml,l,2 ,VT -|-X,1 ZF /Vr
2

T h
“1“2Am AT,A”FJ? v+ X“l“ZAm 9, ,Amv
+X ,1“2Am Ar,Alem v+ X"fl“ZAm ARV
burada
e, = “1“2Am Ar,A‘lr;;l v,
e, = “1“2Am a, AmV
e3 = X; ,1“2Am Ar,Alz r;';z v,
ax
e, = Xii;n 24m' 9 AZ‘W

isaro olunmusdur.

Digor torofdon baxilan halda (4.2) boraborliyinin sag torofindoki ifa-

doni asagidaki kimi ¢evirmok olar:
A YT = gl iyt g gl By e,

0102

— al (AiiAiZ) a1a2 VL + AllAlz 6a16a2X010'2 F.Z:ler

+ A AL SRR TI YT = Z fi

riy

burada
fl 0—’1“2 (a Ah)Alel
_ a ay 40 i i
f, = ll;ZZAl(aAZ)V
f3 ‘11‘12A11A12 FrleVr

051052 11 lz mysr
fo=Xin AGAGTIEVT.

Miivafiq hesablamalar vasitosilo asagidaki miinasibatlori aliriq:

43

S



e1=f3 e =f1, e3=fa, e, = fo. (4.3)

Beloliklo, (4.3) miinasibotlorindon goriiniir ki, (4.2) baraborliyi I' = iy g,
halinda da 6donilir. Bu iso o demokdir ki, 7V obyekti L3(M) laylanmasi
tizorinds vektor meydanidir. Bununla teoremin isbati basa ¢atmis olur.
"y vektor meydanini V vektor meydanmin LY (M) laylanmasina horizontal
lifti adlandirirg.

Asagidaki teorem vektor meydaninin (0,2) tipli tenzor reperlorinin
LS (M) laylanmasina tam va horizontal liftlorinin arasindaki alagoni miioyyon
edir.

Teorem 4.2. V € T (M) vektor meydant iigiin
Cv-Hy=v
boraborlivi  dogrudur, burada V = (0,V'wez), Vi = —X PV V™ —
X{220, V™, V isa omsallar [} = [;f olan afin rabitadir.

Isbati. (3.1) vo (4.1) boraborliklorindon miioyyen edirik ki, ‘v v #v
vektor meydanlari yalniz C¢V'eiez p #yicica komponentlor seriyalari ilo
forqlonirlar.

V = v — "V isaro edok. Onda
(V) = (V! Vimaz) = (0, Viaez),
Buradan alinir ki,
Viciaz = —Xf,‘;ljza VM — X0,V = X TR VT = X P T T
X2 (0, V™ + TR VT) — X"‘l“2 (0,V™+ TR V")
X2 (0, V™ + IVT) - X"‘l“2 (0,V™+InVT)
= =X 2V, V= X R, v,
I"j = Fk isara olunmusdur Sonuncu muna51b9t teoremin isbat olundugunu
gostarlr.

Teorem 4.3. Ixtiyari V,W € TO (M) vektor meydanlari ti¢iin
[V, fw] = "[v,w] +R(v, W)
barabarliyi dogrudur, burada R(V,W) = X — LY(M) laylanmas iizorinda ela
saquli vektor meydanmdir ki,
Xtaee = VIWT (X V2R + X{ P R)
burada R;'cﬂ — I afin rabitasinin ayrilik tenzorunun komponentlaridir.
Asagidaki isarolomoni daxil edok:
Zt =1V, W]' V™o, Wt —wma,, V'
Z = (ZY vektor meydanmin L3(M) laylanmasina horizontal liftini toyin

edok. #Z vektor meydaninin komponentlori ticiin iki hal miimkiindiir:
1) I = i, bu halda
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fzi ="y, w)t = [v,w].
Digar torofdon,
[y, Hw]i = Hylg, Hwi — Hwtg, Hyt = vigwi — wia,vi = Hz
= v, wy
2) I = ig,q,, bu halda (4.1) barabarloyini nozars almagla yaza bilarik:
Hlaras = H[ v, W]lerez = X 12T 70 + X102 T8 77

mi, “Tiy Tiy
— 77 a102 +vm a0z rm
=7 (Xml.2 O+ X rn.z).

Digor torofdon,
[HV, Hw]ialaz — HvLaL HWiMaz _ HWLaL HVialaz
= Hvlal HWia1a2 + HVlY1Y2 al HWialaZ _ leal HVialaZ
i Y1Y2
— HWlYﬂ/z al HVlalaz
Y1Y2
= Vlal(Xy‘j‘jijz LEW” + Xi‘j;r‘fzrm Wr)

riy
Y1V Y1V ay oy oly olong
+ (Xmllzz VX TZ?ZVT)( 8y, 6y, 8q 6 Ty, WP
+ 8661 SPTL WP) = Wiay(XE e T VT + X Ty )

Y1 TV2 Tip 0 q Tpiz mip Ty
I ol
— (xprermwr + xprrmwn)( o5y 52T VP
aq otz olq clorq
+ 8,018,268, 82T VP)
= Viowr - WlalVT)(X‘xl.“zrm + X

miy Tl im ‘r'lz)
a1 aa aa
+ X VWO + X PVIWTO + X PTGV TS WP

Tl
+ X "L VTS WP+ X 2T VTF;’;WP

+ Xj TV T, WP — X WO IT, — X7 WV oI,
— X PTIAW TS, VP — X TR WIT, VP

— X 2T WTTL VP — X[ T T, vP

=7 (Xgllig‘zrr’ﬁ + Xi‘ﬁr‘fz rmlz)

+ XL ViwT (9T, — 6, + TS, — Iard )

+ X VW (A7, — 0,107, + DT, — DL,

Tri

= TV, W)ieee + VW (XESRT, + XIERT, )

iy iim “Mrip

burada
i = 00} — 0, Iy + Ty T — TTer]
V afin rabitosinin oyrilik tenzorunun komponentloridir. Teorem isbat olundu.
Qeyd etmok lazimdir ki, teorem 4.3-iin kotoxunan laylanma, reper-

lorin laylanmasi, afinor laylanmasi hallarindaki analoqglar1 [5], [2], [6] isle-

45



rindo isbat olunmusdur. Teorem 4.3 onu gostorir ki, vektor meydanlarinin
tam liftinin qurulmas1 amalindan forqli olaraq, vektor meydaninin horizontal
liftinin qurulmas1 amoali M hamar goxobrazlist va L3 (M) laylanmasi iizarin-
doki vektor meydanlarinin Li cobrlorinin homomorfizmi deyildir.
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NCCIHEJOBAHUE HEKOTOPBIX CTPYKTYP B PACCJIOEHHUE
TEH3OPHBIX PEIIEPOB THIIA (0,2)

I'"’1.®ATTAEB, ®.5.5ALIUPJIN
PE3IOME
B pabote onpenensiercst paccioenue TeH30pHbIX periepos tumna (0,2), cTposiTas moi-
HBIA ¥ TOPU3OHTAIBHBIN TH(TH BEKTOPHBIX MMOJICH, 3aJaHHBIX Ha 0a3e pacciIoeHs, H3yda-
FOTCSI UX OCHOBHBIC CBOMCTBA M COOTHOIIICHUS MECXKIAYy HUMH.
KaroueBble cioBa: TeH30pHBIH penep, apduHas CBSI3HOCTb, paccioeHHe, FOPU3aH-
TaJIbHBIA TUQT, TEH30p KPUBU3HBI, KOMMYTATOP.
STUDY OF SOME STRUCTURES iN THE BUNDLE
OF TENSOR FRAMES OF TYPE (0,2)
H.D.FATTAYEV, A.B.BASHIRLI
SUMMARY
In the paper the bundle of (0,2) type tensor frames is defined, the complete and
horizontal lifts of vector fields given on the base of the bundle are constructed, its main

properties and the relation between them are studied.

Keywords: tensor frame, affine connection, bundle, horizontal lift, curvature tensor,
commutator.
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The article discusses the existence and uniqueness of solutions for a system of
nonlinear integro-differential equations of the first order with two-point boundary
conditions. The Green function is constructed, and the problem under consideration
reduces to equivalent integral equation. Existence and uniqueness of a solution to this
problem analyzed using the Banach the contraction mapping principle. Schaefer's fixed
point theorem used to prove the existence of solutions.

Keywords: Two-point boundary conditions, impulsive systems, existence and
uniqueness solutions, fixed point theorems, first order differential equation

1. Introduction and Problem Statement

A lot of problems of physics, engineering, biology and economy are
described by differential and integro-differential equations. Such differential
equations were studied rather well in [1]- [8]. In the above mentioned pa-
pers, mainly the differential equations with local conditions are studied. Ho-
wever, the last years there is a great interest to differential and integro-dif-
ferential equations with nonlocal boundary conditions, by which a number
of practical processes are described. Today, there exist a great number of
works devoted to ordinary differential and integro-differential equations
with nonlocal boundary conditions in which the theorem on the existence of
solutions are proved for different types of nonlocal conditions [9]- [33].

Note that numerical methods for multipoint and integral boundary
problems for first-order ordinary differential equations were developed in
[34,35].

In this work for the Green function is constructed for the two-point
boundary value problem and the considered problem is reduced to the
equivalent integral equations. Then the existence and uniqueness of the
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solutions is studied using the Banach contraction mapping principle. The
existence of the solution is also proved by applying Schaefer’s fixed point
theorem.

In this paper, we study the existence and uniqueness of solutions of
nonlinear integro-differential equations of the type

%= f(t,xox(t)ex(), te[0TLi#t i=12,..p, (1)
with two-point boundary conditions
x(0)+Bx(T)=«, (2)
and impulsive conditions
Ax(t)=1,(xt)), i=12,..,p, 0=t <t<..<t <T =T, 3)

where Bare constant square matrices of order n such thatdetN =0,
N=E+B; f:[0,TIXR"XR"XR" - R" and 1 :R"—>R"i=12,.,p, are a given

function and ¢x(t)=tj,u(t,s)x(s)ds,(m(t):}y(t,s)x(s)ds where ,7:RxR —R™,
with ¢, = }E%H(/ﬁ(t,s)ﬂ <o, Y, = EE[%}‘]"N’S)” < oo}

AX(t)=x(t)-x(t,), i=12,...p

where
x(t")=1limx(t, +h), x(t")=limx(t, +h)
h—0" h—0

are the right- and left-hand limits of x(t)) at t=t. , respectively.

The purpose of this paper is to prove new existence and uniqueness
results using Banach contraction principle and Schaefer’s fixed point
theorem.

This paper is organized as follows. In Section 2, we introduce
definition and lemmas which are the key tools for our main result. Section 3
focuses the theorems on the existence and uniqueness of the solution of
problem (1) -(3) established under some sufficient conditions on the
nonlinear terms.

2. Preliminaries
In this section, we present some basic definitions and preliminary

facts which are used throughout the paper. We denote byC([0,T}R") the
Banach space of all continuous functions from [0,T] into R" with the norm

||X|| = maxﬂx(t)| ite [O,T]},
where H is the norm in the space R".

We define the linear space
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PC((0,.TER")={x:[0,T]> R":x(t)e C(t.t,, R} i=12.... p,
x(t )and x(t Jexist,i = 0.1,..., pand x(t; )= x(t, )}
Obviosly, PC([O,T 3 R”) is a Banach space with norm
X =max{x|,, .i=0l..pj

For the sake of simplicity, we can consider the following problem:

XO=y@®), te[0,T] 4)
x(0)+Bx(T)=« (5)
AX(t)=a, i=12,.,p. (6)

Lemma2.1Let ye C((0,T}R") and a e R". The unique solution
x(t)e PC((0,TER") of the boundary value problem for differential equation
(3) with boundary conditions (4) and impulsive conditions (6) is given by
X(t) = N’10(+T£G(t,r)y(r)dz'+MZJG(t,,tk B, (7)

for te(t.t,]i=0,]1,..,p, where
N, 0<7<t

G(t,7) = sign(t -
ft.7)=sign( T){—NlB, t<z<T.

Proof. If function x = x() is a solution of the differential equation (4), then
forte (0,T),

y(s)ds = [x(s)ds = [xct) = x(0) ]+ [t = x(t) et by —xe )
= —x(0) - [x(t") - xt)|-[x(t)) - xct) ] =[xy - xt) [+ xeo.

where X, is an arbitrary constant vector. Using this formula and condition
(6), we can write

X(t) = x(0)+ [ y(s)ds + T3, 8)
Now we define x so that, the function in equality (8) satisfies condition (5).
Then we have

(E+B)x(0)=cr—B[y{t)dt—B Y a,.

This obviously implies
XO:N“a—N“Bij(z’)dT—N‘IB Ya,. 9)

Now in (6) we take into account the value X, determined from the equality
(9) and yield
x(t)= Nz~ N"Bfy(r)}dz—N"'B Sa +]y(s)ds+ Sa. (10)

0<t, <T 0
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Since equality
(E-N"'B)=N"
is true, then we can introduce the following function:
. N™, 0<r<t

G(t’T)_S"‘]m(t_T){—N-'B, t<z<T. (D
Using this function, equality (11) can be written as an impulsive integral
equation (7).
Lemma 2.2. Assume that f e C((0,T|xR";R").Then the function x(t) is a
solution of boundary-value problem (1)-(3) if and only if X(t) is a solution of
the impulsive integral equation

X(t) = N+ [G(t,7)  (7,X(z). gx(c). px(z)d 7+ SG(t,.t, )1, (X(t,) (10)

Proof: Let X(t) be a solution of the boundary value problem (1) -(3).

This lemma can be derived by a similar argument to Lemma 2.1. By
checking directly, we make sure that the solution of integral equation (10)
satisfies the boundary value problem (1) -(3). Lemma 2.2 is proved
3. Main Results

We introduce the following conditions:
(H1) The functions f :[0,T]xR"XR"XR" - R" and I,:R" ->R"i=12,.,p are
continuous;
(H2) There exist a constants M >0andl, >0,i=12,..,p such that

[F %%, %)= F(t.Y, Y.,y | <M (]x1 =y [% = v +]x, —y3|)
[Lx)= Ly <Ux = y]i=12...p,
for eachte [0,T]and all X, X,, X5, Y,,Y,,Y; € R";
(H3) There exists a constants K, Ksuch that|f(t,x) <K, |[J,(x| <k, i=12,..p

for eachte [0,T] and all xe R".
Theorem 3.1. Assume that, assumptions (H1) and (H2) holds and

L=5(TM(1+T(/10+%))+§L)<1, (11)
where S = max ]||G(t,r)||.

Then boundary-value problem (1)-(3) has a unique solution on[0,T].
Proof: Transform the boundary value problem (1)— (3) into a fixed point
problem. Consider the operator F:PC((0,TER")— PC([0,TER") defined by

(FxX =N+ Jo (0t (x(ekadehone)drs SOLANGE)  (12)

Clearly, the fixed points of the operator F are solutions of the boundary
problem (1)— (3).
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Setting max, | (t,0,0,0) =M maxJI (0)=m and let us select

2 i
> ||N"a||+MfTS+mp
B 1-L

. We show that FB, c B, where

B, ={xe PC([0, TIR"): || < r}.
Forxe B,, using (H1) and (H2), we get

[Fx®)] <N "of + l|G(t,r)|(| f (2, x(2),8x(z), ,(z)) - £ (,0,0,0)| + | f (2,0,0.0)| iz +
+;:|G( e )1, (x(t, )-1, (0) +[1,(0)) <

< N+ S +fe )M e+ S, i, ) +mp <

< [N +-+SMT (4T (] }+ 72[x)+ M, TS + S|+ mp
S||N‘a||+S(MT(l+T(¢O+7/O +k2"1| )|x||+|v| TS+mp<r

In order to show that the operator F is a contraction, let for any X,y e B,
we have

|Fx—Fy|< T£|G<t,r)(f (@ x(@), ox(t), k(b)) — f (7, y(2), gy (t), x(t)|d 7 +
#[£6(.L )0, (0 )-1.(v(0)| <
< M3 (x(0) = y O] +/0e(t)- 9y (0)+(t) - (0] Jie+ ST 1t ) - yit. ) <

< S(MT(I+T(¢0 +7,))+

31, |max|x(t)- y(t)
or
[Fx=Fyl < Lx-y].

It is seen that, F is contraction by condition (11). So, the boundary-
value problem (1) -(3) has a unique solution.

Theorem 3.2. Assume conditions(H1)-(H3) hold. Then boundary-
value problem (1)- (3) has at least one solution on [0,T].

Proof. Let F be the operator defined in (12). We shall use Schaefer’s
fixed point theorem to prove that F has a fixed point. The proof will be
given in several steps.

Step 1: F is continuous. Let {X,}be a sequence such that x, —x in

PC((0,TER"). Then, for each te (t,t, ] i=01,..p

|(Fx)t) - (Fx, Xt =\th,r (2, x(0), ox(t). (1)~ £ (z.%,(2),0, () %, (L) 2] +
#5600, 061,04 0) <
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P

< s(m (4T, +7)+ 3, ]x(t)—xn(t)| <Ux-x,

From here we get |(Fx)(t)-(Fx, t)] = 0 asn — <, which implies that the
operator F is continuous.

Step 2: F maps bounded sets into bounded sets in PC([O,T];R”). Indeed, it is
enough to show that for any 7 >0 there exists a positive constant @ such
that for each xe B, ={xe PC([0,TER"):|x|<n} we have|F(x)|<w We have for
each te[0,T]

|(Fx)(t) <N "'ef + S(TK + pk).
This implies that
[F ()| <[N"of +S(TK + pk) =,
Step 3: F maps bounded sets into equicontinuous sets of PC([0,T}R"). Let
£.£el0T] & <&, B, be abounded set of PC(0,TER") as in Step 2, and let
xeB, .
Then, we have

F(x(&.)-F(d(&)=
=N 1 (#.x(0).gu(e) (e)dT N Bi (. x(@),x(z). (e )d 7 -

~NT 1 X0 (o) de N B] 1 (X2 gk ) o) =

&

= [ f(z,x(z)dz.

As t, >t , the right-hand side of the above equalities tends to zero. As a
consequence of Steps 1 to 3 together with the Ascoli—Arzela theorem, we
can conclude that F:PC([0,T}R")— PC((0,T}R") is completely continuous.
Step 4: A priori bounds. Now, it remains to show that the set
A={xe PC([0,T}R"): x= AF(x) forsome0< A<1} is bounded. Let xeA . Then,
x=AF(x) for some 0<A<1. Thus, for each te(t,t ]i=0]1..,p we have

2 T+l

X(t) = AN "o+ A[G(t. ) F(2.x(0).ox(2). (0 )d T + A3 Gt )1, (2, )

From here
¥l < |N"ef|+ S(TK + pk).

Therefore, the set Ais bounded. The conclusion of Schaefer’s fixed point
theorem applies and the operator F has at least one fixed point. So, there
exists at least one solution for the problems (1)-(3) on [0,T].
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4. Conclusion

The boundary conditions considered in this paper are general enough
and can be used extensively in a wide class of problems. In this work, the
existence and uniqueness of the solutions for the first-order nonlinear
impulsive differential equations with two-point conditions are established
under sufficient conditions. Note that, given here methods can be used in
similar multi-point problems for the ordinary differential equations as fol-
lows:

X(t)=f (&, x(t) () x(t), te[0,T],
with multi-point and integral boundary conditions

m T

Sx(t )+ [n(tx(t)dt = e

i=0 0
Here 0=t <t <..<t <t =T;n(t)eR™ is a given function;
I e R™,i=1,2,.,mare given matrices; ae R"is a given vector and

detN #0, N =31 +]n(t)dt.
i=0 0
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IMPULS TOSIRLI QEYRI-XOTTi BIRINCi TORTIB QEYRIi-LOKAL SORHOD
SORTLI INTEQRO-DIiFERENSIAL TONLIKLORIN HOLLINIiN VARLIGI
VO YEGANOLIYIN NOTiCOLORI

S.I.COBRAYILOV, N.B.MOMMODOVA, Y.O.SORIFOV
XULASO

Maqalads impuls tasirli qeyri-xatti birinci tortib geyri-lokal sortli inteqro-diferensial
tonliklorin hollinin varligt vo yeganoliyi arasdirilmigdir. Qrin funksiyasi qurulmugdur vo
baxilan sarhad masalasi inteqral tonliys gatirilmisdir. Serhad masalasinin hallinin varlig1 va
yeganoliyi Banaxin sixilmis inikas prinsipinin komayi ilo aragdirilmigdir. Seferin torponmoz
noqto haqqinda teoreminin komoyi ilo sorhod maosolosinin on azi bir hallinin varlig
haqqinda teorem isbat edilmisdir.

Acar sozlar: Ikindqtoli sorhod sortlori, impuls tesirli sistemlor, hallin varligi vo
yeganoliyi, torponmoz ndqte haqqinda teorem, birinci tortib diferensial tonlik.
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CYHIECTBOBAHUE U EJMHCTBEHHOCTbD PE3YJIbTATOB JJIAA
HEJMHEWHBIX UMITYJIbCHBIX UHTEIPO-IU®D®EPEHIIAAJIBHBIX
YPABHEHHWM ITEPBOI'O MOPSIJIKA
C HEJIOKAJIBHBIMU T'PAHUYHBIMHA YCJIIOBUAMHU

L. KABPANJIOB, HB.MAMEJIOBA, S1.A.IIAPUDOB
PE3IOME

B cratee o6cyxmaeTcsi CyIIECTBOBAaHUE U €MHCTBEHHOCTh PELICHUI CHCTEMBI He-
JMHEWHBIX UHTETPO-Tu(epeHIHANBHEIX YPaBHEHHI NEPBOTO HOPSAKA C JBYXTOYCYHBIMH
TPaHUYHBIMH YCIIOBHSIMH IIPH MMITYJIbCHBIX BO3JeHCTBUX. [locTpoeHa ¢pyHkuus ['puna, u
paccmarpuBaeMasi 3aj1a4a CBOJMTCS K DKBUBAJICHTHOMY MHTErpajbHOMY ypaBHeHuto. Cy-
IIECTBOBAHUE M E€IMHCTBEHHOCTh PEISHHUS] TOH 3a/laud MPOAHATM3MPOBAHO C MOMOUIBIO
OaHaxoBa MpUHIMIA CxKUMarolero oroopaxenus. Teopema llledepa o HenoABMKHOM TOY-
K€ UCIIOIb30BaNach AJIs J0Ka3aTeIbCTBA CYIECTBOBAHUS PEIICHUH.

KiroueBble ciioBa: J[ByxTouedHbIC TPAaHUYIHBIC YCIOBHS, HMITYJIBCHBIE CHCTEMBI, O

CYLIECTBOBAHMU U CAWMHCTBCHHOCTH PCHICHUA, TCOPEMbBI O HGHOZ[BH)I(HOﬁ TOYKE, ,I[I/Iq)q)e-
PCHIMAJIBHOC YPAaBHCHUC IICPBOT'0 MOPAAKA.
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O PACHPEJEJIEHAU HYJEA MOJIUGUIIUPOBAHHON .
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M.I"'MAXMYJIOBA I''M.MACMAJIMEB

*baxkunckuu I'ocyoapcmeennwtii Ynusepcumem
hacimasmaliyev@hotmail.com

Hccredyromesa nyau aunetinoii komounayuu mooupuyuposannou gyukyuu Beccens
nepeoeo pooa IV(Z) U ee NpouzBoOHOU, paccMampueaemou Kax Qynkyus om nopaokaV .

Joxasano, umo npu  urcuposannonz,z >0, gyucyus  al (z)+ bI;(Z), 20e

a’+b*>0,ab >0 e umeem nyneii 6 npasoii nonynnockocmu Rev =0.

KaioueBnie ciioBa: dpynkuun beccens, Hynu ¢ynkuuit beccens, ciekTpanbHas 3a-
Jlada, COOCTBEHHbBIC 3HAUCHHS.

BBesieHne 1 OCHOBHO¥ pe3yJbTaT

AHanu3 MHOTUX (PU3UYECKHUX MpobieM TpeOyeT ucciieJoBaHus Hylel
KOHKPETHBIX TPAaHCUEHIEHTHbIX (YyHKUMH. B curyanmm c kpyroBoil mim
chepuueckoil CUMMETPUN YacTO UCIONb3yIoTcs pyHkuuu beccens mnmm ux
komOuHamu. Cresyer OTMETHUTh, YTO BOMpOC O HyJsX QyHKuuil beccens
u3ydyeH Oosiee AeTaabHO, KOTJja OHM paccMaTpUBAIOTCA KakK (YHKIUU OT
CBOMX apryMeHTOB, T.e. IIpu (uKcupoBaHHOM Hopsiake (cM. [1]-[5] umuTn-
pOBaHHYIO B HUX JuTeparypy). C Ipyroil CTOpOHbI, pa3NTU4HbIe KBAHTOBO-
MEXaHUYECKHUE MPHIOKEHUS CTUMYIUPYIOT TakKKe€ HHTEpeC K KOPHAM
¢bynkuuit beccens, paccMarpruBaeMbIX Kak (PyHKIMU OT UX Hopsiaka. B aTom
HaNpaBJIeHUH OTMETHM PaboThi[6][7], B KOTOpHIX 118 MOMOKUTENBHBIX 2
uccienoBanuch Hynmu V, Gyakuun beccens nepsoro poaa J,(z).

[Tonob6uast 3agaua it MoauGUIIMPOBaHHON GyHKINMKH beccens BTopo-
ro poza m3ydamack B pabore [8](cm. Taxxke [9], [10]). Kpome Toro, HekoTo-
pble MPHUKIAIHBIC 3a]a4d TPeOyIOT M3ydeHHs HyJel JUHEHHBIX KOMOWHa-
Uit 6ecceneBbIX (YHKIUN M UX MPOU3BOJHBIX. B CBS3M € 3TUM OTMETUM
pa6ory|[11], koTOpas mocBsleHa HCCIe0BaHUIO HYNell TMHEeHHOH KOMOM-
Hanuu (GpyHKIMU ["aHKeNs ¥ ee MPOU3BOTHOM.

57



B pa6otax [1][2] nokazano, uro mMomuduimposannas pynkuus bec-
censt BToporo pogal (z), kak GyHKIUs OT TMOpsiaKa V , He UMEeT HyJei B
[IpaBOM IOJYIJIOCKOCTH. VIHTEepec NpeacTaBiseT TaKKe aHAIU3 V -HyJeu

o . . d
JIMHEWHON KOMOWHAIMU caMoil (yHKIHH |,(z) ¥ ee MPOM3BOIHOM d_IV(Z)'
z
OnHako mcrons3oBanHas B [1][2]MeTonuka He mo3BONAET MCCIEa0BATE HY-
. . . d
Jieil TMHEHHOW KOMOUHAIMU(DYHKIUH |,(z) U €€ IPOM3BOIHON = 1,(z).
z

Paccmotpum MoandunmpoBanHoe ypasaenue becces
20+ 20 (2 +vi =0, (1)
rie v SBISETCS KOMIUIEKCHBIM MapamMeTpoM. XOpomo H3BecTHO [12], 4o
9TO ypaBHEHHE MMEET perienue | (z), mpeacraBuMoe B BUjie

2k
LL
7Y\ = 2
1,(z)=|= 2
@) [2)k§k!l"(v+k+1)’ @)
rae T()-Tamma pynkuus. Oyaxuus |, (z)HasbBaeTCss MOIU(DUIUMPOBAHHOM

¢ynkuueit beccenst mepsoro pona.
B macrosmieidt pabore M3ydeH BOMPOC O paCHpECICHUU HYJICH

dl,(z .

byHKIIH alv(z)+b%, paccMaTpuBaeMoOl Kak (yHKUUS OT Hopsiika V,
z

rae au b peiictButensHbl U z > 0. [IpuBiIeUeHne K 3TOMY BOIPOCY HEKOTO-

pOH CIIEKTpalIbHOW 33Ja4M SBJSIETCS OCOOEHHOCTBIO NaHHOH paboTsl. Oc-

HOBHBIM PE3yJIbTaTOM JaHHOH paboThl SBJIAETCS Cielyolas Teopema.

Teopema. [lpu xasxcoom guxcuposarnrom z>0 u 015 100ObIX Oelicm-

dl, (2)

sumenvuoix au b, 20e a’+b*>0,ab>0, gynxyus alv(z)+bT He umeem

Hynel 8 npasou noayniockocmu Rev >0 .

Jloka3aTebCTBO TEOpPeMbI
PaccmoTrpum ypaBHEHUE (1). Ecmu MBI MOJIOKUM
z=e"",y(x)=ule*)v=i1, rme C—moboe KOHEYHOE YUCIO, TO ypaBHEHHE
(1) mpumeT Bu
-y +q(x)y = Fy.q(x)=e*" A3)
PaccMmoTpuM criekTpanibHyI0 331a49y, TOpOXkKaaeMyro Ha onyocu 0 < X < oo
mudepeHaIbHbIM YpaBHEHUEM (3) B KPaeBbIM YCIOBHEM

oy(0)-By'(0)=0, 4)
r€ ACHUCTBUTENBHBIE YUCIa o U S TaKOBBI, UTO «’ + 4’ > 0,0 20. U3 yka-
3aHHBIX BBIIIE MTOJICTAHOBOK CIEAYET, 4TO (PYHKIIUS
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fxA)=1,(") )
aBIsieTcs pelieHneM ypaBHeHus (3). M3BectHo [13], uro |,(z) ms pukcu-

pPOBaHHOTO z >0 sBseTcs 1eyioi Gpynkuuer ot A. Torma B cuiy (5) mpu
KaKIOM (PUKCUPOBAHHOM X,0< X < +oo, pemienne f(x,4) ypaBnenus (3) ciy-

JKUT LeIoi (yHKIueit oTHOCcuTensHO A . W3 ussectHoro [12] cooTHOmEHMS

|V<z)=(§jvr1<v+1>(1+o<1)>,zeo,

cIenyer
f(x,A)=2"e™e” T (1-id)(1+0(1)),x —+oo. (6)
C npyroii croponsl, kak m3BectHo [13][14], ypaBHenme (3) mmeer
eIMHCTBEHHOE pemenne e(x,A) ¢ acuMnToTUKOH e(x,4)=e"(1+0(1)),x —+oo .
Bosiee TOro, CrpaBeyInBo CIEAYIOIIEE TPEYTOILHOE MPEICTABIEHHE
e(x,4)=e” + [K(x,t)e"dt, (7)

rae sapo K(x,t)seasiercss HenpepsiBHO auddepeHiupyeMoil GyHKIMER u
YIIOBJIETBOPSIET COOTHOLICHUIO
K(x,t)= 0™ ), X+t — +oo. (8)
U3 (5)-(8) cnenyer, uto
e(x,4)=2"e“T(1-iA)l_,(e). 9)
CormacHo o0mieit Teopun (cwm. [13]) rpannyHas 3amada (3)-(4) umeer
HENPEPBIBHBIN CIIEKTP, 3allONHAIOIMI M0JIyoch [0,+e). COOCTBEHHBIE 3HA-

YeHHs OTOM 3aJaud COBIIANAIOT C KBaapaTaMu Hyled (QyHKIMU
02(0,4)- Be’(0,1),, pacroNOkKEHHBIX B BEPXHEH monymiockocTu. Kak u3Bect-

Ho [13], mpuA>0 ¢ynxmus ce(0,1)-’(0,4) HE MOKET 0OPaTUTBCA B HYIIb.
Jlanee, M3BECTHO, YTO B OOIIEM Cllydae, T.€. Ul BENIECTBEHHOrO MOTEHIINA-

na q(x) u3 koacca +fx|q(x)|dx <oo, pynkmusa ce(0,1)- fe’(0,4) B moNymIockocTu

Im A > 0 MOKET MMETb JIMIIb KOHEYHOE YKCIIO MPOCTHIX HyJel A, nexammx

Ha MHUMOH ocH: A, =i6,,6, >0. [Ipu 3TOM uncia -6 ciry>kaT COOCTBCHHBI-
MU 3HAYCHUSMHU IpaHUIHOM 3a1auu (3)-(4). OmHako BBUY MOJOKHUTEIBHO-
cti morteHnuana q(x)=e’*'u ycimoBus ¢f >00HepaTop, MOPOXKIECHHBIH B
L,(0,00)3amaueii (3)-(4), ABIAETCA MOJOKMTEIBHBIM. 1103TOMyrpaHudHas
3amaua (3)-(4) He MoxkeT UMeTh[15] OTpHIATENBHBIX COOCTBEHHBIX 3HaUE-
nuii. CnenosarensHo, oe(0,4)-3(0,4)#0 npu ImA>0,A#0. Jlanee, B rpa-
HUYHOM YCIIOBUH (4) BEIMYUHBI ¢, f MOTYT OBITh MPOW3BOJILHBIMHU YHCIIA-
MU, YIOBJICTBOPSIONIMMHU YCIOBUSM ¢ + 3 > 0,08 >0 . O4EeBUIHO, YTO ITUM
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CBOIMCTBOM 00jamaeT W 4ucia a=a,b=/Fe’. Ilomaras Tormaz=e’,v=-iiu
yuuTBIBasA, 4T0 2 *e“T(1-il)#0mpu ImA>0 u3 (9) Haxomum, 4T0  (YHK-
st al,(z)+bl’/(z)He umeer mymeit mpu Rev = 0,v #0. Kpome Ttoro, u3
dopmyiner (2) chaemyer, uTo npu (HUKCHpPOBAHHOM Z >0 (yHKIms 1/(z)He
onpesenena B Touke v =0. CiemoBarensHo, GyHkus al,(z)+bl’(z) He umeer
HyJIeW B 3aMKHYTOW IpaBoil miockoctu Rev > 0. Temcambim 3aBepiiaercs
JIOKa3aTelIbCTBO TEOPEMBI.

3ameuanne. Tak KaK JUIs LEIbIX 3HaYeHHi Numeer Mmecto [12] pa-
BeHCTBO | (z)=1_(z), TO M3 JOKa3aHHOMN TEOPEMBI CIIEAYET, YTO IIPH YCIOBH-
sx a’+b’>0,ab>0nynu dyHkiumal,(z)+bl’(z) pacmonokeHbl B JIEBOH TO-
JYIDIOCKOCTH Rev <0 C BBIKOJIOTBIMH TOYKaMu v =-n,n=1,2,.... bojee Toro,
IpU OTCYTCTBHHU YCIOBHs ab >0 ¢yHkuusal,(z)+bl/(z) MOKET UMETh B pa-

BOH ITIOCKOCTH Rev >0 JIMIITb KOHEYHOE YUCIIO MPOCTHIX BEIIECTBEHHBIX HY-
JIEH.
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MODIFiKASiYA OLUNMUS BiRiNCi NOV BESSEL FUNKSiYASININ VO
ONUN TOROMOSININ SIFIRLARININ PAYLANMASI

M.H.MAHMUDOVA, HM.MOSMOLIYEV
XULASO

Modifikasiya olunmus birinci név 1 (z) Bessel funksiyasinin vo onun tdromosinin
V indeksindon asili funksiya kimi sifirlarmin paylanmasi arasdirilmisdir. isbat olunmusdur
ki, geyd olunmus z, Z > 0 giymatlori {igina’ +b’ > 0,ab > 0 olduqda al , (z)+ bl (z) funksi-
yasinin Rev > 0 sag yarimmiistovisinds sifirlar1 yoxdur.

Acar sozlor: Bessel funksiyasi, Bessel funksiyasinin sifirlari, spektral masala,
moxsusi ododlor.

ON THE DISTRIBUTION OF ZEROS OF A MODIFIED BESSEL FUNCTION
OF THE FIRST KIND AND ITS DERIVATIVE

M.G.MAKHMUDOVA, HM.MASMALIYEV
SUMMARY

The zeros of a linear combination of a modified Bessel function of the first kind
I (z)and its derivative considered as a function of order V are studied. It is proved that for

a fixed z,z >0, the function al (z)+bl/(z), where a’+hb” >0,ab >0, has no zeros in the
right half-plane Rev >0.

Keywords: Bessel functions, zeros of Bessel functions, spectral problem,
eigenvalues.
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PARABOLIK TONLiYIN SORBOST HODDINIiN TAPILMASI
HAQQINDA INTEQRAL SORTLORLO VARIASIONAL FORMADA
TORS MOSOLONIN FORQ APROKSIMASIYASI VO
REQULYARLASDIRILMASI

S.I.MOHORROMLI
Baki Doviat Universiteti
semedli.shehla@gmail.com

Isda parabolik tonliyin sarbast haddinin toyini haqqinda inteqral sortlorls tors
masalanin variasional goyulusuna baxilir. Masalanin forq aproksimasiyalarinin vaziyyata va
Sfunksionala géra yigilma stirati ticiin qgiymatlondirmalor alinmigdr.

Acar sozlar: parabolik tonlik, inteqral sortlor, tors mosolo, forq approksimasiyasi

Xiisusi toromoli diferensial tonliklor tiglin tors masololor variasional
goyulusda, yoni uygun sistemlor ii¢iin optimal idaroetmo masolalori kimi do
ifado oluna bilir. Belo qoyuluglarda baxilan tonliklorin axtarilan sorbast
hoddi vo ya omsallar1 idaroedici rolunu oynayir vo mogsad funksionali
verilmig olava sortlorin asasinda tortib olunur [1-3].

Variasional formada qoyulmus tors mosalolorin toqribi holli {icilin
istifado olunan effektiv tisullardan biri sonlu forqlor tisuludur. Parabolik
tonliklor {iciin inteqral sortlorlo optimal idarsetmo masolalorinin, o climlodon
da variasional formada tors mosololorin forq aproksimasiyalarinin yigilmasi
mosaloalori az tadqiq olunmusdur [4, 5].

Isdo parabolik tonliyin sorbast haddinin toyini haqqinda inteqral sort-
lorlo variasional formada tors maosaloyo baxilir. Masalonin forq aproksima-
siyalarinin vaziyyoto vo funksionala goro yigilma siirati iiclin qiymotlon-
dirmolor alinmais, idaraediciyos goro zoif y1gilma isbat olunmusdur.

1. Mbosalonin qoyulusu vo onun korrektliyi

Parabolik tonliyin sorbost hoddinin tapilmasi haqqinda tors moso-
lonin variasional qoyulusuna baxaq: tutaq ki,
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3(0)= [l bl ot~ /z(x)(dx (1)

funksionalini  minimallagdiran ~ vo  asagidaki  sortlori  6doyon
{v=v(x)u=u(x,t)=u(x,t;v)} funksiyalar ciitiinii tapmagq tolob olunur:

aa—:—%[k(x,t)%)+ alxu = f () +o(X)gl) (xt)eQ, )
u(x,0)=g(x),0< x<I, (3)
4(0.t)=0. k(l,t)au(l’t)=IjH(x,t)u(x,t)dx,0<tST , )
v=0(x)eV ={fu=10(x )eL ©0.1):]], ., <R}- 5

Burada 1,7,rR>o0-verilmis ododlor; Q, ={(x,t):0<x<l,0<t<T}-diizbucaqls;
k(xt),a(xt), f(xt), H(xt),edt), B(x), o(x)g(t) -asagidaki sortlori 6doyon verilmis
olgiilon funksiyalardir:

oevsKesa I akz())t( ) < e faet) < H () < 1
‘% SU s Q‘r -do sanki hor yerdg’ Vol 1, = const >0 ,

f(xt)e L(Q hol)e s, 0.1), alt)e W) (0.T). lx)e W, (0,1) g(t)e W, (0.T). (6)
Qeyd edok ki, (1)-(5) masalosi (2) tonliyi tiglin (3)-(5) sortlorini vo
olavo

la(t)u(x,t;v)dt = B(x), xe(0,)

inteqral sortini 6doyon {v(x),u(x,t;v)} funksiyalar ciitliniin tapilmasi haqqinda
tors mosalonin variasional formada qoyulusudur.

Isdo istifado olunan funksional fazalar vo onlarin normalar1 {iciin [6,
s. 23]-do qobul edilmis isarolomolordon istifado olunur. Bundan basqa,
qiymatlondirilon kemiyyatlorden, miimkiin idarsedicilorden vo asagida daxil
olunan sobokolorin addimlarindan asili olmayan miisbot sabitlori M ilo isaro
edacoyik.

Hor bir geyd olunmus v:v(x)eV iclin (2)-(4) sorhod mosalosinin
V,*(Q,) fazasindan olan iimumilosmis halliv?(Q,)={u:ueVv}*(Q.)u(0,t)=0,0<t<T}
sinfindon olan elo u=u(xt)=u(xt;v) funksiyasina deyilir ki, ixtiyari
n=n(xt)eW"(Q )={n=neW"(Q,).7(0,t)=0,0<t<T, 7(x,T)=0,0< x <1 }iiciin
asagidaki inteqral eyniliyi 6dssin:

j(— aa—? kg—ug—n+aun)dxdt—}[le(x,t)u(x,t)dx]n(l,t)dt:
QT oLo
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= [pn(x0)x+ J(f +uvgndxdt .
‘ Q,

[7] isinin noticolorindon alimir ki, hor bir qeyd olunmus
v=v(x)e L,(0,1)iigiin (2)-(4) sorhod mosolasinin V,*(Q,)-don olan yegano
tiimumilosmis holli vardir vo asagidaki qiymoatlondirmo dogrudur:

|u|QT = ||u||V3""(Q,) <M m¢”2,(0.|) +||v||2,(o_|)||g||1,(o_T) +|| f ||2,|.QT J (7)
Bundan basqa, (2)-(4) sorhad masaloasininV."(Q, )-don olan iimumilosmis
hallori hom do W,"'(Q, ) fazasina daxildir vo
+

ou ou I
L B L A B

gwr
qiymatlondirmosi dogrudur.
Nohayot, [8] isinin noticolorindon almir ki, (1)-(5) mosolosinin
optimal idarsedicilor ¢oxlugu V, ={v, =v.(x)eV : J(1,)=J. =inf{J (v): ve V}} bos

deyil, L, (0,1)-do zaif kompakt ¢oxluqdur vo ixtiyari minimallasdirici folcv

max
0<t<T

ardicilligr V, ¢oxlugunal, (O,I) -do zoif y1gilir.
2. Moasalanin farq aproksimasiyasi vo onun korrektliyi
(1)-(5) masolasinin aproksimasiyasi {i¢lin 0,1][0,T] parcalarinda vo
aT diizbucaqlisinda asagidaki sobokolori daxil edok:
on={x =ihe[0,1]:i=0,1,..N,Nh=1}, &, =0 " (0,]), @& = (0,1]
=t,=irel0T]:j=12,..L,Le=T} @ =0,X0,, 0 =0 x0,, Or = O:X O,
o = x{t' =127, thtew, .
Tutaq ki, X€ @, olduqda f=h(x)=h va £(0)=A(1)=0.5h. Bundan basqa,
asagidaki elementar oyuqlar daxil edok:
e (x)={&:x-h<é<x} xew:;e(0)={6:0<E<0.5h}
e (x)={£:x-05h<E<x+0.5h}, xe @, e(l)={£:1-0.5h<é<I};
e,(t)={0:t-t<é<t] tem; e (xt)=e(X)xe,t) (xt)ew;
e(xt)=e (x)xe,(t) (xt)e or.
Asagidaki Steklov monada S*,S*,S' ortalagsdirma operatorlarindan
istifado edocoyik:
ulxt)= ulxt)= L (xt)=1
S*u(x,t)= h(x)e,{xlf(g’t)df’ S*u(x,t)= he;{xl)J(;-’,t)df, S'u(x,t) hj(t%u(x,e)de.

S* vo S' operatorlarmin hasilini S* ilo isaro edok: S*=S'S".

Uygun sobokolordo verilmis funksiyalar {i¢iin asagidaki skalyar
hasillari vo normalar1 daxil edok:
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=(y,y)2,
= (ygﬂ y; ):)/? 9

(y, Z)w; = %hyZ, = (y’ y)li)/h% ’ (y, Z)w, = Zzyz’ 2.0,

Y, =y Y (v,.2.), =xhyz,

(y: Z)w; = ;T(ya Z)w; >

||y||1a) = 21,05 :Tg‘”y(x’t)“z,wg’
(v;-2,),, Zf(y 2), Vil =0 v )2
|y|a)[ E||y||vz“’(w;) ZIOI;?;( y(X,t X|2a4‘ + y; 20 te @,

olt.y)=lyl, +~|y:(x
(1)-(5) masalosini asagidak: forq sxemi ilo approksimasiya edok:
3.(0)= 2 ez Oyixtin)- () ©)

soboko funksionalint  minimallasdiran vo asagidaki sortlori 6doyon
{vh =, (x), y=y(xt)= y(X,’[;vh ) soboko funksiyalar ciitlinii tapmagq tolob olunur:

y, -k, (x=0.5h,t)y,) +a, (xtly= 1, (xt)+v,(x)g,() (xt)ew, (10)

t)||2w te w,.

y(x,0)=9,(x), Xe o, (11)
000,k (1-03n0)y, )= 5 ( Oylx0)-
—O.Sh[yi(l,t)+a (Lt)y(,t)- £, (1Lt)-v,0)g. ()l te o, (12)
v, =v,(x)eV, ={v, =v,(x)e L, (o ): ||v ||2% <R} (13)

Burada k,,a,,f .H,.¢,.8.2.,0 soboko funksiyalar: asagidaki baraborlik-
lorlo toyin olunur: k_(x-0.5h,t)=Sk(x-0.5ht), a, (x.t)=S"a(xt), f, (xt)=S"f(xt)
H,, (xt)=S"H(xt) (xt)e @, ¢,(x)=8"p(x). xe @, f,(x)=8"B(x), xe oy,

af(t)z Sia(t)’ gf(t): Sig(t)’ te wf '
(10)-(12) mosalosini asagidaki sokildo gostora bilorik:

y.=Ay+F, (xt), (xt)e o, (14)
y(x,0)=9,(x), xe an, (15)
y(0,)=0, tea, (16)

burada
(k,(x—0.5h,t)y. ) —a, (xt)y, (xt)e e,

_%km(l -0.5h,t)y. (I,t)- ah,(l,t)y(l,t)+%; hH,.(x,t)y(x,t), tew,

F(x0)= 1, (xt)+9,(x)g, () (xt)eo.
Teorem 1. Tutaq ki, (6) sortlori 6donilir vo

Ay =
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r<10:%[2y+,ufl+l+ﬂ (2+v%)_2 (17)
|4
barabarsizliyi dogrudur. Onda har bir geyd olunmus v, €V, ig¢iin (10)-(12)

mosalasinin  yegano holli vardir vo asagidaki apriori qiymotlondirmo
dogrudur:
[y0etv i+ Vel etn ), <
<wmlp, o, | (18)

Isbati. Miloyyon te @, noqtesini gotiirok. (14) tonliyinin hor iki

+2|

fhr

+2uil..,

2,0,

2,1,0;

torafini (,)% skalyar hasili soklindo 1y(x,t';vh) funksiyasina vuraq vo alinan

boraborliyi t'=z-dan t'=t-ya qodor comloyok. Onda asagidaki boraborliyi
aling:

50, (), = £y + S b))

burada y(x,t):y(x,t;vh). Bu Dboraborlikdo A operatorunun vo F,
funksiyasinin ifadolorini nozors alsaq, sonra y{y=0.5(y2){+0.51yf,(x,t)ecar+
boraborliyini vo X-o goro hisso-hisso comlomo diisturunu istifado etsok,
asagidaki boraborliyi alariq:

%"y(x,t)";w; + Téhxgﬂ— k. (x—0.5h,t")y2(x,t')+ %z’zz‘;"y{ (x,t’)|

2
2,0y

1
~Liytro)

;w; —rtg(ahr(x,t’), yz(x,t’))zy%‘ +T§T(Hh,(X,t'), y(x.t),.. y(Lt')+

+73(0, (09, )+ 1, 0Ly Ot ),,, - (19)
(19) borabarliyinin sol vo sag torafindoki hadlori qiymotlondirorok vo
y(x,t), xe @» soboko funksiyast iigiin

v, <ely. () +(l+l)|y(x,t)||z Le>0 (20)
* 2.0 e | 2o

alingq:
s e

’ ZTEQM (.. l9. @) +|
burada c=m[%+¢(1+1ﬂ,

2e e |

y. (x,t’)| :w; < ||y(x,0)||z’w; +2(u+ c)ré"y(x,t’]

2
.+
2,0,

f,.(xt)

. )X max
2,0 0<t’<t

y(x,t’]L,w; , (21)

1

Ogor (21)-do e=v, & =ul segsok, 7(t) = max|y(x.t’),,. kimi isaro

etsok  vo ri"y(x,t'] zw <tyA(t), ly(x0) . <7)fy(x0),, barabarsizliklorini

66



nozors alsaq, asagidaki qiymotlondirmeni aliriq:
Iy(x.t); +vr§||y; (x,t’)|2 * +rzt§

2.0y 2,0,

< ;/(t)["y(x,o)ﬂm +2Jo, (X)), 730, W)+ 273

burada ¢, =2u+u1+v" +17".
(22)-don natico kimi agagidaki tli¢ barabarsizliyi aliriq:

7 (t)<d(t), 1g”y; (x.) :m,; <v5(t), 7 g||y{(x,t’)| L Sdlthteo,

Bu borabarsizliklorin hor iki torofindon kvadrat kok alag, alinan
borabarsizliklori toplayaq vo sag torofi agagidaki sokildo qiymotlondirok:

y(x,t’)||2’wh‘ +(r§"yx (x,t’j yi(x,t’j ;; f <
<l+v A% )< v oo y)+ R+v 4 A y)x

t t ) JA
x[||y(x,0]|w #2Jo, ()., 750, 0]+ 27 L1, () } tew,.
Onda (17) sortini istifado edorok t<27, asagidaki giymotlondirmoni aliriq:

o(t,y)< [1—(2+v%)\/ar(2+v%)z X
x[||y(x,0)| +2|v, (x) ‘rt§|gr(t’)|+2rt§| f._(x.t)) z’wh_ ], tew,. (23)

[0.7] pargasint  uzunluglar 7,-dan  boyilk  olmayan

<

Y. (x,t’)| T <

2,0,

fh,(x,t’)ﬂw]+clt}/2(t)55(t), tew,, (22)

2
2,

6(t, y)=max

0<t'<t

12 t
| T TY
h t'=r

2
2,0,

2,0,

A =[0,T0],A2 = 2'0,22'0],...,An pargalarina ayiraq. Bu parcalarin hor biri {igiin
(23) soklindo giymotlondirmo dogrudur. Homin qiymotlondirmalordon vo
ly(t),.. <|y],..te @,  borabarsizliyindon istifado  edorok  asagidaki

giymotlondirmeni aliriq:
olt,y)<c(t)x ["y(x,o)"wh, +2Jo, (x)],.. (Téjg[(t’)' )+ 212” f,.(xt)

c(t) funksiyast v,u,u,1,T kemiyyatlori ilo toyin olunur. Bu boraborsizlikdo

s } te w , burada

t=T segarak (18) qiymatlondirmasini aliriq. Teorem 1 isbat olundu.
(18) giymotlondirmasindon istifado edorak gostormak olar ki, hor bir geyd

olunmus (h,z) ictin (10)-(12) mosalosininV,, ={v, €V, :J,.(v,)=1,.. =inf{J, (v, ):0,€V, }
optimal idaroedicilor ¢oxlugu bos deyildir.
3. Sonlu farqlar iisulunun vaziyyata gors xata qiymatlondirmasi
Forz edok ki, hor bir qeyd olunmus v(£)eV iigiin (2)-(4) sorhod
mosalasinin V,”(Q, )-don olan iimumilosmis halli W} (Q,) sinfins daxildir.
Tutaq ki, v(£)eV,v,(x)eV, -ixtiyari idarsedicilor, U(&,8)=u(£,6;v),
y(xt)=y(xtv,)-2)-4) vo (10)-(12) mosalolorinin V() vo  ,(x)
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idaraedicilorino uygun holloridir. y(x,t;vh) soboko funksiyasini (2)-(4)
maosalasinin hallinin
Stu(x,t), (xt)ea,
u(x,t)=<5"p(x), xe wn,t=0, (24)
0, Xx=0, tew,

boraborliyi ilo toyin olunan u(xt)=u(x,t;v) ortalagdirilmast ilo miiqayiso
edocoyik.

Tutaq ki, z(x.t)=z(xt;v,0,)=y(x.t;v,)-u(x,t;v) sonlu farqlor iisulunun
voziyyato gors xotasidir.(14)-(16) sortlorini istifado edorok 7(x,t) funksiyasi
ticiin asagidaki masaloni aliriq:

z.=Az+y, (xt), (xt)e o), (25)

2(x,0)=0, xe n, (26)

2(0,t)=0, tew,, (27)

burada v, (xt)=F_(xt)+Au-ui, (xt)ear-(14)-(16) mosalasinin

aproksimasiya xotasidir.

(2) tonliyino (x.t)e a diiylin noqtelorinds  S™  ortalagdirma
operatorunu totbiq etsok, miioyyon ¢evirmalorin kdmoyi ilo ¥, funksiyasi
ticlin asagidaki ifadoni aliriq:

1! (%) + 7% (%) + 77 () + 79 (1), (xt)e @,
vl t)_{—%n“’(x,t)+n(”(x,t)+77 7+ 2070 x=Ltea,
burada
79 (x.t)= " (k(x—0.5h.)1 [ X—0.5h t)auanSh ‘)J (e ar, (29)
7% t)= 8" (al(x,th(xt)) - 8%( ( Hu(xt), (xt)e oy, (30)
790xt)=Sulx.t)-u(xt), (xt)e o (1)
7(xt)=1,(x)s'g(t)- " (v(x)g ()) (xt)e @, (32)
79 (t)= z hsj(H (x,t)ﬁ(x,t))— sﬁ(! H (x,t)u(x,t)dx} te w, . (33)

Teorem 2. Tutaq ki, (6), (17) sortlori 6danilir va (2)-(4) masalasinin
V,*(Q,)-don olan iimumilosmis halli W./(Q;) sinfins daxildir. Onda (25)-(27)
mosalasinin hoalli tigiin asagidaki giymoatlondirmo dogrudur:

|z(x.t)], +\/_||z xtﬂ| oS
v
< M|‘"n(l)”2.w; + . +(tw: (3)(X’t)":m;) + 77(4) + 77(5) zw] . (34)

77(2)

2.0f
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isbat1.(25) tonliyinin hor iki torofini (), skalyar hasili soklindo

o
z(x,t) funksiyasina vuraq vo alinan boraborliyi t”-o gors t'=7z-dan t'=t-yo
godor comloyok, burada te @, -miioyyon noqtodir. Sonra (19) barabarliyinin

alimmasi zamani istifado olunan miilahizolordon istifado edorok asagidaki
barabarliyi aliriq:

%"z(x,t)";w; + réh > k. (x— 0.5h,t')z§(x,t)+%7221”2{ (x,t')|

2
2.0

=3 (a,, (0t} 2° (), +72(H,, () 2000),,, 20072l )z, (1), +

t'=r

+73 (0?0200 =730 ()2 ()., + 07 (08 206, +
+72 ()20, + T )20LE) te o, (35)
Bu boraborliyin sol vo sag toroflorini giymoatlondirok. Com {i¢iin

Kosi-Bunyakovski borabarsizliyindon, € -la Kosi barabarsizliyindon, 7(x,t)

funksiyas1  {igiin  (20)  borabarsizliyindon  istifado  edorok  (21)
giymotlondirmasinin analoqu olan asagidaki boraborsizliyi aliriq:

Jex), ”{”‘1” % ]’z,llzxx,t'ﬂ S

<g, té‘;||z(x,t’)|

<

2 2 t
+7°)
2,0, t'=7

o H2maxfz(x b, x

X{ﬁ{(ri 77(2)()(,'['1 :M )% +(z’i n(4)(x,t'j|;; )%]4_ ﬂ(B)(X’th,m; }+
), ) (8l bl ) ool ) (e, )
t RV t 2 1 1 ) %
+2(rg 7o) r{r2[8|zx(x,t’)| " +(;+I—)|z(x,t’)| ur ]} , tewm,, (36)
burada ¢, =2(u+c), c=,u|\/l_[i+L(l+lﬂ.

2 2le |

t'=r

+2(Tﬁ

Bu borabarlikde e=v,¢ =u/1 se¢ok vo onun sag torofine daxil olan
hadlor tigiin

t

Ty Z(X,t'm:w; St(max

t=r o<t'st Z(X’t,mz,w; )z’
¢ 2 11 " %
TZ,T V|Z;(X,'[ )|M; +(;+T)|z(x,t )|z’w; <

)
2 (xt') JA + /T(l+lJmax
X 2,0, Vv | o<t’s<t
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+(T§||z;(x,tf>|

C,= max{\/;, T(l+%J]
v

barabarsizliklarini istifads edok. Onda
X’t’)uz,w,j

#(t) = max|z
kimi isars edorok (36)-dan asagidaki qiymotlondirmoni aliriq:
Jz(x.t); l z,(x.t) z 4T ﬁ”z1 (x.t) z <ty (t)+ert)x

] ]
(e, ) (bl ) ol
+ 2(12 n(‘>(x,t’]|iw"‘ f(rtﬁ z.(x.t') jw f + 2( :0 7 (x.) ;)n‘ f(rzz z.(x.t)
e2e e ) )%{}/(t%(ri"zx(x,t')ﬁ | ﬂza(t), tea,
t=r t'=r N

burada c, =max(\/? ;1).
Bu barabarsizlikdon notico kimi asagidaki {i¢ borabarsizlik alinir:
y(t)<dt), tew, ,Ti”z;(x,t’)ﬁw <vot), te a)r,rir"zi(x,t’jzd <6t) tew,.

Bu borabarsizliklorin hor iki torafindon kvadrat kok alsaq, alinan
boraborsizliklori toplasaq vo teorem 1-doki miilahizolordon istifado edorok
(34) gqiymatlondirmosini alariq. Teorem 2 isbat olundu.

(34) qiymotlondirmosinin sag torofindoki hadlorin qiymotlondir-
molori liclin asagidaki lemmanin hokmii dogrudur.

Lemma 1. Tutaq ki, (6) sortlori 6donilir vo (2)-(4) masalosinin timu-
milogmis halli W,%(Q,) sinfino daxildir. Onda (29)-(33) kemiyyatlori iigiin

]

1
2 2
+
2,07

asagidaki qiymotlondirmolor dogrudur'

7], <v2(h+ )K" H - (37)

2,07 af 20,
Jau

) |, 38

ol [rf2] 4 | G8)

[w, <M[—+ J = (39)

(2 IO RGOSR CC) [ -] (40)

o z,ﬂ,sm[h%a—“ b, | @

2.0,
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Isbati. (37)-(41) giymotlondirmolorinin isbat1 texniki cohotdon mii-
rokkab vo boylik hocmli oldugundan yalniz (38) berabarsizliyini isbat et-
moklo kifayotlonok.

(30) borabarliyi ilo toyin olunan 7”(xt) funksiyasii asagidaki so-

kildo gostors bilorik:

7O )=— | [a(&,0)x

T e (1) (%)
x{fwdg LI | R By T (S e +TMd§]da}d§de, (x.t)e @

X aél I Ttr[; afz : 6, 392 : X 853

Bu ifadani istifado edorok asagidaki barabarsizliyi aliriq:
. 3[ou(&,0)|  1|au(£,0)| X
Ol x,t) < = - d&de, (x.t .
sl [ ][22 oo, e
Bu barabarsizlikdan (38) qiymatlondirmasi alinir.

Teorem 2 vo lemma 1-don (25)-(27) masalasinin xaota qiymotlondir-
masi ticlin agagidaki teoremin hokmiiniin dogrulugu alinir.

Teorem 3. Tutaq ki, teorem 2-nin sortlori 6donilir vo veV va y,€V,
ixtiyari idaroedicilordir. Onda (10)-(12) masalosinin xota qiymotlondirmosi
ticlin asagidaki borabarsizlik dogrudur:

“y(x,t;vh)—ﬁ(x,t;v)ﬂ " +\/_Hy x,t,) xtv)ﬂ e S

(o)

-5 [=ME(hz,0,0,),
Tz 2,

burada E(h,7,0,0,)= h+g+r +||v
T
Natico 1. Tutaq ki, v,(x)=S"v(x), xew@ . Onda (10)-(12) forq sxe-
minin halli (2)-(4) mosslasinin hallino V, ( ) fozasinin soboke normasinda
T ~h" olduqdao(hﬂ), T~hvoya 7T ~h’ olduqdao(hé), T~h>voya T~
h/ olduqda o(h% ) stirati ilo y1gilir.
4. Aproksimasiyalarin funksionala goro xata qiymatlondirmasi

va yigilma siirati
Teorem 4. Tutaq ki, teorem 2-nin sortlori 6donilir. Onda ixtiyari

veV va U,€eV, idarsedicilori tiglin (9) sobako funksionalinin xatasi {igiin
asagidaki giymotlondirmo dogrudur:

I@w)-3,. @, J<Mlh+z+E(hz0.0,)]. (43)

Bu teoremin isbati (1), (9) boraborliklorindon vo (42) qiymot-

(42)
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londirmosindon istifado etmoklo aparilir.
Asagidaki  qaydalarla toyin olunan iki Q,:L(0)>L(a) vo
P:L, (a)h+ )= L,(0,1) inikaslarini daxil edok:
Q,v(x)=S"v(x), xe &, (44)
P, (E)=1,(x) Ee e (x) xe @, Py, (£)=0,c¢0). (45)
Asanliqla yoxlamaq olar ki, ixtiyari v(€)e L,(0,1) va v,(x)eL, (a)h* )
idaroedicilori tiglin
[Quva),., <[wle). s [P0 N, =0 N, -
Buradan alinir ki, ixtiyari v(€)eV, v,(x)eV, iciin Qu(x)eV,, Pu,()eV .
Lemma 2. Tutaq ki, teorem 2-nin sortlori 6donilir. Onda ixtiyari
veV , v,€eV, idaroedicilori tigiin asagidaki qiymotlondirmalor dogrudur:

9()-3,,Qu) <M [h i) +h_/} (46)
TZ

|J(thh)—JhT(vhj£M[h+TA+hy}. (47)
TZ

(46) vo (47) giymotlondirmalorinin dogrulugu (49), (50) borabor-
liklorini nazara almagla (43) barabarsizliyinden birbaga alinir.
Teorem 5. Tutaq ki, teorem 2-nin sortlori 6donilir. Onda

Jhﬁ_—Jw|£M{h+TA+hy] (48)

o
giymotlondirmasi dogrudur.
Isbati. Hor hans1 v,€V, idaroedicisini gotiirok. Onda askardir ki,
Q,v. €V, . Buradan va (46)-dan aliriq ki,
J,.<3,.(Q0)<3()+M [h+r% + h%r%Jz J.+M [h+r% + h%T%J. (49)
Hor hansi v,,€V,, idaroedicisini gotiirok. Askardir ki, Pu, €V,.
Buradan vo (47)-don alinq ki,
J.<3(Pp, )<, (v,)+M [h+r% + h%r’%J: I +M [h +77 4 h%r%]. (50)
Teorem 5 isbat olundu.

Natico 2. (48) boraborsizliyindon istifado edorok (10)-(13) moso-
lalorinin funksionala goro miixtalif yi§ilma siiratlori alina bilor. Masoalon, 7~

h’2 oldugda |3, -3 |<mn* giymatlondirmoasi, 7~h vo ya 7~h* olduqda
|9, —J.]< Mh’z gqiymotlondirmosi  vo T~ h  va ya T~ K oldugda
|4,.. - 3.| < Mh* qiymatlondirmasi dogrudur.

Aproksimasiyalarin requlyarlagdirma prosesini apararaq vo alinmis
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noticolordon istifado edorok giiclii yigilan minimallagdiric1 ardicilligin
qurulma qaydasini gostormok olar [11, s. 325].

ODOBIYYAT

1. Uckennepo A.Jl. O BapualMOHHBIX MOCTAHOBKaX MHOTOMEPHBIX OOpPATHBIX 3ajad
MaTtemaruueckoit ¢pusuku // JAH CCCP, - 1984, - 1. 274, - N3, - ¢. 531-533.

2. AmudanoB O.A., AptioxuH E.A., Pymsuues C. B. DkcTpemanbHble METO/BI PEIICHUS
HEKOPPEKTHBIX 3aj1ad. - Mocksa: Hayxka, - 1988, - 285 c.

3. Kabanuxun C.H. OOparHble M HEKOppekTHble 3amaud. - HoocuOupck: Cubupckoe
Hayunoe U3narenscTBo, - 2009, - 457 c.

4. Tarmes P.K., T'abuGoB B.M. Pa3HOoCTHas ammpoKCHMAaIist W peryJBIpU3aIs 3a1aqn
ONTHMAJIBHOTO YINPABICHUS Ui MapabOJIMUecKOro ypaBHEHHS C WHTETPajbHBIM
ycnoBueM // BectHuk TOMCKOro rocyaapcTBEHHOTO yHHUBepcuTeTa. Maremarnka |
MexaHuka. - 2017, - Ne50, - ¢.30-44.

5. TarmeB P.K., Tabu6oB B.M. CxomuMOCTh Pa3HOCTHBIX AaNIPOKCHMAIIMA W Peryis-
pu3amus 3a7add ONTHMAIBHOTO YIPABIEHHUSA Ul YPaBHEHHS TEIUIONPOBOAHOCTH C
MHTETpaJbHBIM I'paHUYHBIM ycioBueM // BectHuk baxunckoro Yumusepcurera. Cep.
¢us.-matem. Hayk. - 2017, - N2, - ¢.27-43.

6. Jlameokenckas O.A. Kpaepbie 3amaun maremaTwueckonl (usuku. - Mockea: Hayka, -
1973, - 408 c.

7. Tarues P.K.,Mareppamau .. O pa3pemmMocTy HadaabHO-KpaeBOM 3agauu JUis Of-
HOMEPHOTO JITHEHHOTO 1apaboIMuecKoro ypaBHEHHSI C HHTETPaIbHBIM TPAaHUIHBIM YC-
noBueM // BectHuk bakmuckoro YuuBepcurera. Cepusi: ®U3nKo-MaTeMaTHICCKUX Ha-
YK, - 2019, - Ne2, - c. 17-26.

8. Tagiyev R.K., Maharramli Sh.I. Variational method of solving inverse problem for a
parabolic equation with integral conditions // The 6th International Conference on
Control and Optimization withIndustrial Applications. 11-13 July, - 2018, - pp. 286-
288.

9. Camapckuii A.A., AuapeeB B.b. Pa3zHOoCTHBIE METOIBI AJIsT SJUITMIITUIECKUX YPAaBHEHUH.
-Mocksa: Hayka, - 1976, - 325 c.

10. JIyopimie ®@. B. Pa3HoCTHBIE anmpOKCHMAIMK W PETYJISpU3aIis 3a7ad ONTHMAILHOTO
yIpaBlIeHUs I MapaboJNIecKUX ypaBHEHUH C YIpaBJICHUSAMH B KOdQduiueHTax //
JKypH. BbIUnC. MaTeM. 1 MaTeM.pus., - 1995, - 1.35, - Ne9, - ¢.1313-1333.

11. Bacunses @.I1. Merosl pemieHus 3KCTpeManbHbIX 3a7ad. - Mocksa, 1981, - 400 c.

73



PABHOCTHASIATIIPOKCUMAILMS U PETYJISIPU3ALIAA OBPATHOM
3AJIAYUM B BAPUAIIMOHHOM ®OPME O HAXOXKJIEHUS CBOBOJHOI'O
YJIEHA ITAPABOJIMYECKOI'O YPABHEHHUSA C UHTEI'PAJIBHBIMU
YCJIOBUAMHA

.U.MATEPPAMJIN
PE3IOME

B nannoii pabore paccMaTpuBaeTCs BapHAIllMOHHAS ITOCTAHOBKA OOpaTHOM 3amadn
00 ompezaeneHNH CBOOOAHOTO WICHA MapabOINIECKOT0 YPaBHEHHS C MHTETPAIBHBIMH YC-
JIOBUSIMH. Y CTaHOBJIEHBI OLEHKH CKOPOCTH CXOJMMOCTH Pa3sHOCTHBIX alNpOKCHMAIHi 3a-

JTAYH 110 COCTOSHUIO U ()yHKIIMOHATY.

KunroueBble ciioBa: mapaboinyeckoe ypaBHEHHE, WHTETpaibHBIC YCIOBHs, 00par-
Hast 3aj1a4a, pa3HOCTHASK ATNPOKCHUMALIHSI

DIFFERENCE APPROXIMATION AND REGULARIZATION
OF THE VARIATIONAL STATEMENT OF THE INVERSE PROBLEM
OF DETERMINING THE FREE TERM OF A PARABOLIC EQUATION
WITH INTEGRAL CONDITIONS

Sh.I.MAHARRAMLI
SUMMARY

In this paper, we consider thevariational statement of the inverse problem of
determining the free term of a parabolic equationwith integral conditions. We establish
estimates for the rate of convergenceof difference approximations of the problem with

respect to the state and functional.

Keywords: parabolic equation, integral boundary condition, inverse problem,
difference approximation
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V]IK 517.956

O 3AJAYAX THUITA KON U I'YPCA HA JIMHUAX
C XAPAKTEPUCTUYECKHUMMU U
HE XAPAKTEPUCTUYECKUMU KYCKAMM JJIA
THIEPBOJIMYECKUX YPABHEHHMI TPETHEI'O MOPSJIKA

O.M.'YCEHHOB, T.I. MAMEJIOB
Ianoscunckuii 'ocyoapcmeennstii Ynueepcumem
Bsu.edu.az

B pabome ona eecoma crabvix 0epanuyueHusx muna 02paHuieHHOCmU U Cymmupye-
MOcmu  HA KOdduyuenmol 2unepoOIUYECcKo20 YPagHe s mpembe2o NopaoKka 0OHOU 3a-
Odauu, muna Kowu u I'ypca oaxkazono cyujecmgosanue u eounucmeesHnocms 6 - ¢ynoa-
MeHmanvHoe peuleHus U HaluoeHo UHmMezpalbHoe NPeoCcmasieHue peuenus HeoOHOPOOHOT
3a0auu.

KiioueBble cI0Ba: TUNepOONTMYECKOr0 yPaBHEHHS TPEThEro ToOpsAnka, 6-
(2,1
dynnamentanbHoe pemenne, npoctpanctso W (G), sanaun Komm u I'ypea.

B paborte a5 Becbma craOblX OrpaHUYEHUSIX TUIIA OTPAHUYEHHOCTH U
CYMMHPYEMOCTH Ha K03 PHUIHUEHTHI TUIIEPOOTMUECKOTO YPaBHEHHS TPEThE-
ro MopsJiKa OAHOW 3aJlauM, BBEJICHO MOHATHE B-PyHIaMEHTAIBLHOTO pelie-
HUS, KOTOPOE €CTECTBEHHBIM 00pa3oM, 00o0maeT nmouarue GpyHkuuu Puma-
Ha Ha CiIy4aid TUnepOOIMYECKUX YPAaBHEHUH TPETHEro MopsaKa ¢ Heriaj-
KUMH KO3 (UIIMEHTaMH U TO3BOJISICT HAUTU HUHTETPajIbHOE MPEICTaBICHUE
peuieHuss HeOJHOPOAHOU 3anayu. Kpome TOro, HalJieHbl JOCTaTOYHbIE YC-
JIOBUSI, TIPU KOTOPBIX 9Ta 3a/laya Be3/€ KOPPEKTHO paspelirMa BMECTE CO
CBOCH COMPSHKCHHOW CHCTEMON W CYIIECTBYET €IUHCTBeHHOe EG-pyHma-
MEHTAJILHOE pEIICHHUE.

Ha npsimoyronsHO# 00macTi

G=G,xG,,G =(x,.%).G,=(y,,y,)
wiockoctd XOY paccMOTpUM HEmpepbiBHYIO JuHUIO ', KOTOpas pacmoio-

KEHa Ha G, COEJMHAET TOUKH (X,,Y,) u (X,Y,) u YIOBJICTBOPSET YCIIOBHUSIM
CO BCEMH IIPAMBIMH BUa
X=a=const U vy =ﬁ=const(ae al,ﬁe 62)
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auHus [ MMeeT eIMHCTBEHHYIO TOUYKY IepeceueHus, 3a BO3MOXKHBIM HC-
KITFOUYEHUEM KOHEUHOTO YHCIIA TIPSIMBIX
x=o,, k=12, N uy=8,k=12,.N,, (o:k €G.f e Gzl
KOTOphIMH [’ MOXKET mepecekarbCs BAOJb HEKOTOPBIX OTPE3KOB. Bcesikyro
TAKYIO JIMHUIO Ha30BEM MOHOTOHHOM JMHUEN. byzieM paccmaTpuBarh MOHO-
TOHHBIE JIMHUU, KOTOPbIE MOTYT OBITH ONpeeNieHbl Kak 00beIUHEHUE
{(x,sr(x)j Xe 51-} u {(vr(y), y)| ye 62«}‘
rpaUKOB HEKOTOPOH Tapbl MOHOTOHHO HEBO3pPACTAIOMUX (QYHKIIHN
y=S.(x) 1 x=v(y) SBIAIOIMXCSA HENPEPHIBHBIMU HA G, u G., 38 BO3MOX-
HBIM UCKIIFOUEHUN KOHEUHOTO YUCHIA Toyek
x=a,e€G:,k=12,.,N, U y=8ecG,k=12,..N,,

B U3 KOTOPBIX OHU MOT'YT UMETh Pa3pbIBbl IEPBOro pojia (B TOUKAX pa3pbiBa
WX 3HAYCHUS CUYUTAIOTCS PaBHBIMH OJHOMY W3 IPENEIOB B ITOH TOYKE
ClipaBa WJIA cneBa). HpI/I 9TOM q)yHKI_[I/IIO x=vr(y) MOKHO paccMaTpHUBaTh
KaKk 0000LIeHHYI0 00paTHyIo 1 GyHKIMU Y =S, (X) n 06paTHO.

Takue MOHOTOHHBIC JHHHH, B YaCTHOCTHU, MOTYT OBITh COCTaBJICHBI
KaK 00bEIMHEHUSI KOHEUHOTO YHUCJIa KYCKOB MPSMBIX JTHHHUH, apaeIbHBIX
KOOPJIMHATHBIM OCSIM.

[ycts W(G). 1< p<ee— mpocTpancTBO Bcex Ue L,(G) mmerommx B
cmeiciie C.JI.CobosieBa 000011IEeHHBIC TTPOU3BOIHBIC

DiD/ue L,(G),i=0.12; j=0.1,

rae D, =ai. I[IpocTpancTBo W/ *"(G) 6aHaxoBO B HOpME
z

— I J
1Ul6= I DD,

0<j<l
PaccmoTrpum ypaBHEHHE
(Lu)(x,y)=D;D,u(x,y)+a,,(x, y)Du(x,y)+
+a,,(x,y)D,D,u(x, y)+a,,(x,y)Du(x,y)+ (1)

+2,,(x y)D,u(x y)+a,,(x ylu(x y)=¢"(x.y). (x.y)e G,
rae ¢°e L (G)
IIycte a, (x,y)(i=0,12; j=0,1) U3MEPUMBI a G u
a,eL.(G)a,,.a,eL.(G) (i=01)
IIpu HanokeHHBIX ycioBUAX omneparop L ypaBHeHus (1) pelicTByer ux
W(G) ¢ L,(G) n orpannuen. 3agaaum i ypaBHenus (1) Ha HEKOTOPOW
MOHOTOHHOM JIUHUHM [ yciioBus
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(L, u)x)= D2u(x, y)| 0= ?,,(x), xe G,
(Lu)y)=D,D,u(x, y)x w=0.(y), ye G,
(L, uXy)=Dulx.y),, ,, =2.(y)

2)

x=v,(y)

Ll,ou = DXU(X, y)‘ x=x, ¢1,09 Lo,ou = U(X, y* x=x, wnvo;

Y=Y, Y=Yi
rae ¢,, € L,(G,), ¢, €L,(G,), ¢, €R, (i=0,1) 3a1aHHBIE 2JIEMEHTBI.

Onepaunu L, L, L, B3ATHS CIENOB HENPEPHIBHBI U3 W (G
L

1,0

) B
L,(G,)L,(G,)R, cootBercTBeHHO. [loaToMy omepatop L[=(L,L,,.L, ,L,,.L,.L,)
3anauu (1), (2) neiictByeT u3

W (G)sEM =L (G)xL,(G)xL,(G,) xL,(G,)xRxR
Y OTpaHUYEH.
3amauy (1), (2) MOXKHO HanmKMCcaTh TAaK)KE B BUJC SKBUBAJIEHTHOTO OIlE-

paTOpPHOTrO ypaBHEHHUS

>

=@ (3)
rac
(b = (¢, ¢2,o > ¢1,1 s q)(u s ¢1‘0 > q)o,o )G E;()ZJ)

Pemenuem 3anaun (1), (2) 6yaeM HasbiBath QyHKIMI0 UeW . *(G) nusa ko-
TOPOM BBITIOJIHSIOTCS paBeHCTBO (1) moutn Bcrogy Ha G, mepBoe, BTOpoe U
TpeTbe paBeHcTBa U3 (2) moutH Bcioay Ha G; u G,, a Takke yeTBepTOe U
MATOE PABEHCTBO U3 (2), B OOBIYHOM CMBICIIE.

3amauy (1), (2) wnazoBem 3amaueiri Komm wu TI'ypca. Ecmu

I'= {(X’V(X))(XG 61} To 3ama4a (1), (2) sxBuBanenTHa 3aaade Ko kinaccuye-

ckoro Buaa, riae v(x) - mempepsiBHO-mu(depenupyemas GyHKIus Ha G
V(%) <0, v(x,)=y,, v(x)=Y, (B aTOM ciyyae JuHuUA [ BIsSIE€TCS HE XapaKTepH-
CTHUYECKOM).
Ecimn
r={xy)y=5.()=y,.xe [x.x J{xy)x=v.(y)=x. yely,. v, }
WIH
r={xy)y=5,(x)=y.xe [x.xo{x y)x=v,(y)=x.yely,. ]}
To 3anay4a (1), (2) sxBuBaneHTHa 3aja4e ['ypca kinaccuueckoro Buja (B 3Tom
cinydae [” siBisieTcss XapakTepUCTUYECKOM MHUEeH) B 3ToM cmbiciie, 3a1ava
(1), (2) BirouaeT B ce0st Kak YacTHBIN cirydaii 3amaun Komu u ['ypca.
Ecmu 3anaga (1), (2) mna moboro ge ES MMEET €AMHCTBEHHOE pe-

meHne ue W " (G) ¥ IIpu 3TOM

||u||Wp’2'”(G)

.19
E

rac
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"(b" = ||¢||LP(G) + ) -’-”(phl L +|¢‘>0| +
M- TIOJIOKUTENIbHOE MOCTOSIHHOE HE 3aBHCAILICE OT ¢, TO OyJIeM TOBOPHTH,
yT0 3a7a4a (1), (2) Be3ae kKoppekTHO pazpemmuma. OTMETHM, YTO Be3/e Kop-
peKTHas pa3pemnMocTtsb 3a1auu (1), (2) sxkBuUBaJIEHTHAsE TOMY, YTO €€ OIe-

patop L nmeeT orpanudenHslit o6patHeiii L™ onpenenennsiii Ha ECO.

¢2,ﬂ Lp(G )+ ¢0,I Lp(G) ¢0,0

s oneparopa L 3amauu (1), (2) HaliieH SABHBIA BU COMPSHKEHHOTO

~ o 2 1 1
oneparopa L. BosbmeM Hexoropbli QyHkuuonan feE(Y, —+—=1 orpa-
P q

HUYCHHBIA Ha E".
Torga f umeer BUA
f=(F0ay) £, (), (y) £, (y) Fo B,

riue
fel,(G)f,,eL,(G)f, eL(G,) f,,eL,(G,).f,eR,f

> 71,0 > 00

H 110 ONIPEACTICHUIO UMECT MECTO
f(Cu)= [1(Lu)x y)f (x, y)axdy + [ D7u(x. S, ()F,, (x)oc+
+ [D,Du (Y y)F, (y)dy+ [Dul (L y)f,, (Y)dy+  (4)
+ Dxu(XO’ yl )fLO + u(x(i yl )f0,0

VYuutsiBas 371ech BeipakeHue orneparopa L u3 (1) npuBenem npaByro 4yacThb
paBeHCTBO (4) K BUAY

f(Cu)= 1A o:o,utx, ey + [, F ozt y, ey, +

+j6/11fXxl,y )D,D,u(x,y) dy+j§/01f)Dyu(xl,y)dy+

(\/ f)Du x,,yl (\/Oof)J xl,yl

B pabote nokasana cienyromas
Teopema. 3amaua (1), (2) umeer enuHCTBEHHO 6 (yHIaMEHTAIBHBIM
pemwenue E(G).
fooy)=(fm&xy) % y),
fl,l (6’ X’ y)’ fO,l (é; X’ y)’ fl,()( X’ y)’ f0,0 (X’ y))
U3 E, W IIpH 3TOM peureHue ueW'(G) 3amaum (1), (2) mpeacrapusercs B
BUJIE
uly)= (w8 x ylple,cldads +
H o Ex Yl (T + 1 (6 x v, (§)dE+

+(-;[ fU,l (f’ X’ y}po,l (X’ y)d§ + fl,(J (X’ y)¢l,0 + fO,[) (X’ y)¢0,0

78



JIUTEPATYPA
Axwues C.C. IAH CCCP, - 1980, - 1.251, - Ne5, - ¢.1037-1040
2. Axues C.C., I'yceitnoB O.M. Bectuuk bakunckoro Yuusepcuteta. M3a. bak.Yuusepc.,
- 1992, - Nel, - ¢.152-155
3. Huseynov O., Ismayilov N., Mamedov R., Kubishev 1., Gasimova A. THERMAN 2015
and 4nd Rostocker Internfsional symposium. 2015. - Baku, Azerbaijan. - Pp. 77-78

—_

UCUNCU TORTIB HIiPERBOLIK TiP TONLIKLOR UCUN XARAKTERISTIiK
VO XARAKTERISTiK OLMAYAN XOTT HiSSOLORI UZORINDO
KOSIi VO QURSA TiPLi MOSOLOLOR
0.M.HUSEYNOV, T.C.MOMMODOV
XULASO

Mogqaloads 6l¢iilon mohdud omsallara malik {igiincii tortib hiperbolik tonliklor {igiin
Kosi vo Qursa tipli mosolalor tgiin 8- fundamental hollin varligi vo yegansliyi isbat
edilmis vo onun kdmayi ilo hallin inteqral tosviri tapilmigdir.

Acar sézlar: Ugiincii tortib hiperbolik tip tonliklor, € - fundamental hall, Wp(z")(G)

fozalari, Kosi vo Qursa tipli mosalolor.

FUNDAMENTAL SOLUTION OF COUCHY AND GURSA PROBLEMS FOR THE
HIPERBOLIC EQUATIONS OF THE THIRD ORDER
O.M.HUSEYNOV, T.CMAMMADOV
SUMMARY

In the paper it is proved existence and uniqueness of the - fundamental solution of
Cauchy and Gursa problems with measurable and bounded coefficients for one type of
hyperbolic equation of third order and found an integral representation of the solution for

the considered equation, by using of them.

Key words: hyperbolic equation of third order, € -fundamental solution, W *(G)

spaces, Cauchy and Gursa problems
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PROQNOZLASDIRMA METODLARININ DOQIQLIYI,
MODELLORIN ADEKVATLIGINI EKONOMETRIK USULLARLA
QiYMOTLONDIRMO METODIKALARI

G.9.ROHIMOVA
Baki Doviat Universiteti
gularaisayeva@mail.ru

Umumi halda prognoz dedikds, obyektin galocakda miimkiin vaziyyati, onun hayata
kecgirilmasinda alternativ yollar va miiddatlor haqqinda elmi cahatdon asaslandirilmis mii-
lahiza nazorda tutulur. Prognoz - galacakda bas veracak hadisa va ya prosesin elmi mo-
delidir. Prognoz - model asasinda, verilmis amilloro nazoran, qeyri-malum iqtisadi gos-
toricilorin hesablanmasidir. Modellasdirma - tabii (stiurlu va ya aksina) prognozlasdirma
alatidir. Prognozlasdirma prognozun hazirlanmasi prosesidir; dar manada — har hansi bir
prosesin konkret perspektiv inkisafimin xiisusi elmi tadgiqidir. Prognozlarda zoruri asas
sort — ilkin verilonlarin ¢atismazligi problemidir. Galacayin oncadan séylonmasi iigiin ve-
rilonlar hamisa ¢atmur. Verilonlor na qadar ¢atmirsa, onlart barpa etmak va prognoz vermak
bir o gadar ¢atindir. Prognozun daqiqliyinin qiymatlondirilmasi — yiiksak saviyyali prognoz-
lasdirma prosedurunun ayrilmaz hissasidir. Bu moagsadla, adaton, asililiglarin qurulmast
Ugln ehtimal-statistik modellardon istifada olunur, masalan, an yaxst prognozu maksimum
haqigatouygun tisuldan istifads etmaklo qururlar. Prognozlarin daqiqliyi va onun etibarl
sarhaddinin tapilmast iiciin parametrik (adaton, normal sahviar (meyllor) modeli asasinda)
va qeyri-parametrik qiymoatlondirmalor isloanmisdir (Ehtimal nazoriyyasinin Moarkazi Limit
Teoreminin asasinda).

Agar sozlor: ckonometrik metodlar, ekonometrik modellogdirmo, prognozlasdirma,
risk, prognoz sohvlari (meyllor) .

Moasalonin qoyulusu. Prognozlasdirmanin 6ncodon sdylomokdon for-
qi ¢ox sadadir. Prognoz elmi naticalarin xiisusiyyatlorine malikdir: onu asas-
landirmaq vo miiollifsiz tokrar etmok olar vo lazimdir. Oncodon sdylomok
iso inanc kimi qobul edilir. Mohz prognozlagsdirma ilo 6ncodon sdylomok
arasinda ekspert qiymotlondirmo durur. Ekspert qiymotlondirmo, verilmis
konkret sahodo, miitoxossisin prognozlasdirilan prosesin miimkiin inkisafi
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haqqinda arqumentli tosovviirling asaslanir. Adoton, belo prognoz 6l¢iilmoasi
va formal tasviri ¢atin olan az vo ya ¢ox monada agkar olan vo ya ekspertin
izahindan sonra agkar olan bir ¢ox amillori nozors alir. Adoton, prognoz-
lagdirmanin qarsisinda iki mosolo durur: real hadisonin analizi vo sintezi.
Analiz prosesin sobob — notico strukturunun arasdirilmasina komok edir,
sintezin miimkiin variantlarindan biri iso ndvbati anda vo ya novbati dovrds
prosesin parametrlorini prognozlagdirmaqdan ibaratdir.

Qoyulmus masoalonin mahiyyatini basa diismok {i¢iin 6ncodon bozi
anlayislarin, xiisusi halda metod, metodika, metodologiya anlayislarinin
torifini bilmok lazimdir.

Soziin genis monasinda - metod (yunanca methodos) :

1) Tabist va ictimai hadisalorin todqiqi;

2) Miioyyon foaliyyot (yaradiciliq) sahosindo {isul (vasito) vo ya

usullar sistemidir;

Iqtisadiyyat elmi vo praktikasinda metod - bu :

1) Tobiat, comiyyat vo tofokkiiriin ganunauygunluglari vo hadisslorin
Oyronilmasindo yanasmalarin qanun va tisullar sistemidir.

2) Elm vo praktikada miioyyon naticalora nail olmaq iiciin iisul,
vasita, yoldur;

3) Obyektiv hoaqigatlorden vo todqiq olunan predmet, hadiso vo pro-
seslordon dogan biliklorin nozori todqiqat vo ya praktiki hoyata kegiril-
mosidir.

Metodika — bu:

1) Noyinsa praktiki icrasi li¢lin metodlar va tisullar toplusu;

2) Bu va ya digor elmin todrisi metodlar1 haqqinda elmdir.

Bu anlayislar1 prognozlagdirmaya aid etsok niimuns ii¢iin (1-ci ya-
nasma) asagidakilari géstormok olar: Satis vo tolobin prognozlasdirma me-
todikas1, miiassisonin maliyys vaziyyatini proqnozlasdirma metodikasi va s..

Metodologiya- bu:

1) Metod haqqinda elmdir;

2) Hor hansi bir elmdo totbiq olunan totqiqat tisullariin osas
prinsiplari va ya tisullar1 toplusudur.

Vahid, universal prognozlasdirma metodu mévcud deyil. Prognozlas-
dirllan ¢oxsayli situasiyalarin miixtalifliyi ilo alagedar olaraq ¢oxsayli miix-
tolif prognozlagdirma metodlart mévcuddur (150-don yuxari). Sokil 1-do in-
duktiv vo deduktiv yanagmalara osaslanan prognozlagma metodlarinin
miimkiin variantlarindan birinin tosnifati verilib. Sokildon goériindiiyli kimi
biitiin prognozlasdirma metodlar1 toplusu onlarin homcinslik doracesindon
asili olaraq iki qrup soklindo toqdim oluna bilor:

1) sado metodlar;

2) kompleks metodlar [2].
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Sado metodlar qrupu mozmununa v istifado olunan instrumentariyo
goro homcins prognozlagdirma metodlarini 6ziindo birlosdirir. (Masolon,
tendensiyalarin ekstrepolyasiyasi, morfoloji analiz vo s.). Kompleks me-
todlar — ¢ox zaman xiisusi prognostik sistemlorlo realizo olunan (mosalon,
prognoz qrafi metodu, “Pattern” sistemi vo s.) metodlar kombinasiyasidir.

Bundan basqa biitiin progqnozlagdirma metodlari ii¢ sinfo boliiniir:
1) faktoqrafik metodlar;

2) ekspert metodlar (Delfi metodu);

3) kombins olunmus metodlar.

Prognozlarin dagiqliyi.

Modelin effektliyi qiymotlondirilorkon prognozlasdirmada istifads
olunan osas kriteriyalar prognozun doqiqliyi vo miiossisonin golocok ma-
liyys voziyyoti hagqinda tam tosovviir yaratmaqdir. Todqiqatlar gostorir ki,
prognozun tamlig1 (biitlinliiyii) ndqteyi-nazorindan, proqnoz formali hesa-
batlar tortib etmoyo imkan veron metodlar, sortsiz ki, on yaxs1 metodlar he-
sab olunur. Bu halda, miiassisonin golocok vaziyyatinin indiki vaziyyatindon
he¢ do geri qalmayan tofsilath analizini vermok miimkiindiir. Prognozun
doqiqliyi masoalasi daha miirokkobdir vo xiisusi diqqgat tolob edir. Dagiglik va
ya prognozun sahvi faktiki vo proqnoz qiymaotlori arasindaki forqdir. Hor bir
konkret modelds bu komiyyat bir sira faktorlardan asilidir.

Prognozlasdirma modeli hazirlanarkon istifado olunan “tarixi” veri-
lonlar miihiim rol oynayir. Ideal sokildo boyiik zaman kosiyini ohato edon
coxsayli verilonlordon istifado etmok arzu olunan haldir. Bundan basqa isti-
fada olunan verilonlor situasiya ndqteyi-nozordon “sociyyavi” olmalidir [3].

Riyazi statistika aparatindan istifado edon stoxastik metodlar tarixi veri-
lonlors tamamilo konkret toloblor qoyur vo bu toloblor icra olunmursa, prog-
nozun doqigliyino zomanat verilmir. Verilonlor doqiq, miigayiso oluna bilon,
ganunauygunlugu diizgiin tozahiir etdiro bilmok {i¢iin homcins vo dayaniglt
olmalidir. Prognozun doqiqliyi bu vo ya digor konkret halda prognozlasdirma
metodunun diizgiin se¢ilmasindon birmanali asilidir. Lakin bu o demak deyil ki,
har bir halda yalniz bir model totbiq oluna bilor. Tamamilo miimkiindiir ki, bir
sira hallarda miixtolif modellor nisboton etibarli naticalor versin.

Ixtiyari prognozlasdirma modelinin osas elementi trend vo ya zaman
strasinin 9sas doyismo tendensiyasini gostoron xotdir. Modellorin boyiik ok-
soriyyatinds forz olunur ki, trend xottidir, lakin belo forziyys heg¢ do hor za-
man ganunauygun deyil vo prognozun daqiqliyina manfi tosir gostora bilor.

Prognozun doqiqliyine eyni zamanda trenddon moévsiim doyismolorini
ayirmagq iiclin (toplama vo ya vurma yolu ilo) istifads olunan metod da tosir
edir. Reqressiya metodlarindan istifado edorkon miixtolif faktorlar arasin-
daki sobab-natico rabitolorini diizglin segmok vo bu miinasibatlori modelo
daxil etmok miihiim ohomiyyat kosb edir.
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Sak. 1. Prognozlagdirma metodlarinin tosnifat sxemi
(AQSUM-arqumentlarin qrup sokilli ugotu metodu)

83



Yadda saxlamaq lazimdir ki, hesabat satirlorinin prognoz sshvlori vo
natico gostoricilorinin (maliyyo omsallar1)) miioyyon olunmasinda ortaya
¢ixan sohvlor cox zaman {ist-listo diismiir. Dogrudan da, tutaq ki, hor hansi
F omsal1 asagidaki kimi toyin edilir:

X+Y
F=22) 1
: ®
harada ki, X, y, Z — miihasibat vo ya analitik balansin hor hansi sotirloridir.
Satirlorin miitloq prognoz sohvlari uygun olaraq dx, dy, dz teskil edir. Onda,
prognozun miitloq F sohvi asagidaki ifadoys barabor olur:
oF JoF oF

OF =—O0X+—0y+—98z . 2
ox X+8y y+8z : 2)

Nisbi sohvi hesablamagq ticiin (1) vo (2) ifadolorino osason asagidaki

ifadoni alariq:
oF _ OX+ 0y N oz 3)
F X+Yy z

Bagqa s6zlo, agar, masalon, har bir X, Y, Z sotirlorinin prognoz daqiq-
liyi 10% toskil edirss, onda X=Yy ovozlomasi etmokls (3) diisturundan F-in
doqgiq giymatini miioyyon etmok olar:

5—F=§+ﬂ+£=20%.
F 2x 2y z

Beloalikla, alinir ki, prognoz hesabatlarina osaslanan metodlarda ma-
liyyo omsallarinin prognozunun doqiqliyi, hesabat satirlorinin prognoz qiy-
matlorini miioyyan edon doqiqlikdon homise asagidir. Buna gora do, ogor
analitik ifado maliyyo omsallarinin miioyyon edilmasinin doqiqliyino miioy-
yan tolablor qoyarsa (bu belo do olmalidir), onda hesabat satirlorinin progno-
zunun yliksok doqiqliyini tolim edon metod se¢ilmolidir [4].

Real prognozlari tortib etmak {igiin modeldaon istifads etmakdon 6nco
doqiq prognozu tomin etmok ii¢lin modelin obyektivliyini yoxlamaq lazim-
dir. Buna iki miixtolif yolla nail olmaq miimkiindiir:

1. Modelin komoyilo alinmig naticolor miioyyan zaman intervalindan
sonra faktiki qiymatlorlo miiqayiso olunur. Bu ciir yanasmanin ¢atismazligi
ondan ibaratdir ki, modelin “qlisursuz” oldugunu yoxlamaq ¢ox vaxt tolob
edo bilor. Belo ki, asl hoqigotdo modeli yalniz uzunmiiddotli zaman kosi-
yindo yoxlamaq olar.

2. Model aldo olan tarixi verilonlorin se¢ilmis toplusu iizorindo qu-
rulur. Qalan verilonlori bu modelin kdmaoyilo alinmis prognoz gostaricilori
ilo miiqayiso etmok tigiin istifado etmok olar. Bu ciir yoxlama daha realdir,
belo ki, o faktiki olaraq prognozlasdirilan situasiyant modellogdirir. Bu me-
todun ¢atigmayan cohoti ondan ibaratdir ki, on axirinci vo uygun olaraq daha
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ohomiyyatli gostoricilor ilkin modelin formalasdirilmasi prosesindon
konarda qalir.

Modelin yoxlanmasi ilo bagli yuxarida sdylodiyimiz miilahizolordon
aydin olur ki, gozlonilon sohvlori azaltmagq tigiin artiq mévcud modeldo do-
yisikliklor etmok zorurati ortaya ¢ixir. Bu ciir doyisikliklor modelin real ho-
yatda totbiq edildiyi biitiin dovr orzinds hoyata kegirilir. Kasilmoz suratds
hoyata kecirilon bu ciir doyisikliklor trend, movsiimi vo dévrii meylloro vo
homginin ixtiyari istifadoe olunan sabab-notico miinasibatlorine aiddir. Be-
laliklo, modelin tortib olunmasi prosesi bir neco morholoni 6ziindo birlos-
dirir: verilonlorin y1gilmasi, ilkin modelin hazirlanmasi, yoxlama, doqiqlos-
dirmo vo yenidon, miiossisonin maliyys voziyyatinin prognozlasdirilmasinin
informasiya monbayi olan, modelin etibarligini tomin etmak ii¢lin kasilmaz
suratdo olavo verilonlorin y18ilmasi.

Ixtiyari prognozlasdirma modeli tortib olunarken farz olunur ki, go-
locokdo situasiya indikindon c¢ox da forglonmoyocok. Basqa sozlo, hesab
olunur ki, shomiyyat kosb edon faktorlarin hamisi prognozlagdirma mode-
lindo nazors alinib vo yaxud da modelin istifado olundugu miiddotdo doyis-
maz qalir.

Lakin model — sonsuz sayda foaliyyotds olan faktorlarin mohdud bir
hissasini segmoklo real situasiyanin kobudlasdirilmis formasidir. Qurulmus
modelin doqiqliyi vo effektliyi birbasa diizgiin vo osaslandirilmis faktorlarin
secimindon asilidir. Yadda saxlamaq lazimdir ki, prognozlasdirma {igiin is-
tifado olunan modellords siiurlu vo ya geyri-stiurlu surotdo modelo daxil
edilmomis faktorlar mévcud olur vo bunlar miiossisonin maliyyo gosto-
ricilorinin prognozlasdirilmasina tosir gostorir.

Modellorin adekvatliginin givmatlondirilmasi metodikalart

Miixtolif alternativ prognozlari miigayiso etmok {i¢iin prognozun
keyfiyyatini qiymatlondiron kriteriyalarin olmasi zoruridir. Bu magsadls
asagidaki kriteriyalardan istifado olunur:

1. Teyl torofindon toklif olunmus, oncadan séylanilon retrospektiv P;
qiymatilo miisahido olunan A;j giymatlorinin {ist-listo diismomasi omsali

[ rﬂi(e—/x)z}

J 2 J 2
[ ~2(R) H n;(A)]
- “)
Bu omsal asanligla hesablanir vo qiymatlori [0,1] pargasinda doyisir.
Par¢anin sorhod ndqtolorindo bu omsalin asagidaki mozmunlu interpretasi-

yasl var:
ogor

L=

&5



_J0, ela  keyfiyyetli prognoz
_{1, pis keyfiyyetli prognoz
Bu omsal hom statistik vo eyni zamanda keyfiyyot progqnoz-
lagdirilmasinda totbiq oluna bilor [5].
Standart meyl. Tutaq ki,

€& =Y.~ 9r
prognoz sohvidir vo y; # 0, ¥,— prognozdur. e; sohvlorini eksponensial
sokildo hamarlamagla sohvin orta miitloq meylini - MAD; toyin edok:
MAD= afe |+ (1-2)MAD, , (5)

Gorlindiiyli kimi MAD; monfi deyil, demak olar ki, paylanmalarin
boyiik oksoriyyot sinfi {i¢iin standart meylin qiymoti orta miitloq meyldon
boyiikdiir vo ona miitonasibdir.

Miixtolif paylanmalar iigiin miitonasiblik omsali 1,2 vo 1,3 arasinda
doyisir (normal paylanma ii¢lin - /z/2 ). Basqa s6zlo o, =1,25MAD,. Progno-
zun keyfiyyatini qiymatlondirmok {i¢lin asagidaki proseduradan istifado edi-
rik:

1. Prognozun e;— sohvini hesablayagq. '

2. MAD; —nin qiymatini (5) diisturuna goro hesablayaq. Iqtisadi gos-
toricilorin prognozu iigiin MADy = 0,1Sy qiymoti gonastboxs (kafi) hesab
edilir. Harada ki, So —siranin eksponensial orta qiymatidir.

3. Orta miitloq faiz xotas1 (sohvi) (Mean Absolute Percentage Error)):

n-1|@
MAPE = lZM*IOO% (6)
n t=1 y[

MAPE - gostaricisi adaton, proqnozlasdirilan miixtalif név obyekt-
lorin proqnoz daqiqgliyini miiqayiso etmok {i¢iin istifads olunur.

Yiiksok daqiqlikli prognozlar iiciin MAPE <10%, yaxs1 prognozlar
ticiin —10 % < MAPE <20 %, kafi prognozlar ti¢iin - MAPE >50 % olmal:-
dr.

4. Orta faiz xotas1 (Mean Percentage Error - MPE) vo orta sohv
(Mean Error - ME). MPE-prognozun nisbi siiriismo doracosini xarakterizo
edir.

Ideal prognoz siiriison olmamalidir (yoni proqnozlasdirma zamani
golocok faktiki gqiymatlorin yiliksoldilmasilo bagli bas veran itkilor, sonradan
qiymatlorin agag1 salinmasi ilo tarazlasdirilirsa, bu prognozun siirtiskonliyi
adlanir vo hor iki todbir 0-a yaxinlagsmalidir).

Qeyd edok ki, orta faiz xotasi sifir verilonlor {igiin toyin olunmayib
va 5%-1 asmamalidir [6].
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MAPE = 1§ & 1009 )
n = yt
Miitloq siiriigmoni orta sohv xarakterizo edir:
MPE =1 ¥'e
e (®)

5. Orta kvadratik meyletmo (Mean Square Error -MSE) vo kvadratlar
comi (Sum Square Error -SSE) uygun olaraq,

MSE = L'e’

e ©)
SSE=Ye?

- (10)

kimi ifads olunur.
Natica. 1. Optimal prognozlasdirma metodunun se¢imi zaman1 MSE
va SSE gostaricilorindon miitloq istifads olunmalidir.
2. Prognozlasdirmaya aid proqram paketlorindo mohz bu iki gosto-
rici modelin optimal parametrlorinin sec¢ilmasinds asas kriteriya
kimi qobul olunur.
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TOYHOCTH METOJOB ITPOI'HA3BUPOBAHUSA, METOJUKA OIIEHKH
AJIEKBATHOCTH MOJIEJIEM C SKOHOMETPUYECKUM METOJIOM

I''A.PATUMOBA
PE3IOME

Ilpoero3 - 3TO BEPOSTHOCTHOE CY)KIEHHE O OYIYIIeM COCTOSHHH 0OBEKTa UCCIIEI0-
BaHUA. [IpoeHo3 - 3TO Hay9IHAS MOJIENb OYAYIIEro COOBITHS, BICHUH U T.IL.. [[po2Ho3 - 3TO
pacueT HEeM3BECTHOTO SKOHOMUYECKOTO TI0KA3aTels 10 3aJaHHBIM (pakTopaM Ha OCHOBaHHH
Moenu. [IpoeHo3uposanue - 3T0 pa3paboTKa MPOTHO3a; B Y3KOM 3HAUCHUM - CIICIHaIbHOE
HayJHOE WCCIIeJOBaHUEC KOHKPETHBIX TEPCIEKTHB Pa3BUTHS Kakoro-mmbo mporecca. Oc-
HOBHOE YCJIOBHUE HEOOXOAMMOCTH B IPOTHO3aX - ATO HEJIOCTATOK MCXOJHBIX NaHHBIX. Jlys
npescKa3aHus OyAyIiero JaHHBIX BCET/la HE XBATAeT, OJHAKO U MPHU pEIIeHHH 3a/1a4 B Ha-
CTOSAIIEM BPEMEHHU JAaHHBIX OU€Hb YaCTO HE XBaTaeT. UeM OoibIlle JaHHBIX OTCYTBYET, TEM
CIIO’KHEE WX BOCCTAHABIHMBATh U JAeTaTh MporHo3. [lo mepe cokpaiieHus o0bEeMOB HEIO0C-
TAIOMIMX JAHHBIX NMPOTHO3BI YTOYHSIOTCA, P MOJHOTE MCXOMHBIX JAHHBIX IIPOTHO3 3aMe-
I1aeTCs1 OOBIYHBIM PACYETOM C HEKOTOPOH IMOTPEIIHOCTHIO.

OreHHBaHUE TOYHOCTH TPOTHO3a - HEOOXOJUMAs YaCTh MPOICTYPHl KBATH(DHUIHPO-
BaHHOTO TPOTHO3UPOBaHUs. [IpH 3TOM OOBIYHO WCIONB3YIOT BEPOSTHOCTHO-CTATHCTH-
YECKHE MOJIETIN BOCCTAHOBJICHUS 3aBUCMOCTH, HAIPUMED, CTPOSAT HAWIIYUILUH IPOTHO3 110
METOJy MaKCHMaJbHOTO IpaBaomnoaoOus. Pa3zpaboraHpl mapamerpudeckue (OOBIYHO Ha
OCHOBE MOJIEIH HOPMAaJIbHBIX OIIMOOK) U HelapaMeTpUYeCKHE OIIEHKH TOYHOCTH IPOTHO3a
W JIOBEpUTENIbHBIE TpaHUIBl Ui Hero (Ha ocHoBe llentpanpHoii IlpemensHoit TeopeMbl
TEOPHUH BEPOSTHOCTEH).

B craThe onmyOIMKOBAHO TOYHOCTE METOAOB IIPOTHA3HMPOBAHUS M METOJMKA OICH-
KM aJIEKBATHOCTH MOJEJIEN C 3KOHOMETPUYECKUM METOIOM.

KnaroueBble cj10Ba: 5KOHOMETPHUECKHE METObI, SIKOHOMETPUUECKOE MOAEIUPOBa-
HHE, TPOTHO3UPOBAHUE, PUCK, OIIMOKH ITPOTHO3UPOBAHUS (TPEH/IbI).

ACCURACY OF METHODS OF FORECASTING, TECHNIQUE
OF THE ASSESSMENT OF ADEQUACY
OF MODELS WITH ECONOMETRIC THE METHOD

G.A.RAHIMOVA
SUMMARY

The forecast is a likelihood judgment about future condition of object of research.
The forecast is a scientific model of future event, the phenomena, etc. The forecast is a
calculation of an unknown economic indicator for the set factors on the basis of model.
Forecasting is a development of a forecast; in narrow value - special scientific research of
concrete prospects of development of any process. The main condition of need for forecasts
is a lack of basic data. For a prediction of the future of data always doesn't suffice, however
and at the solution of tasks in the present of data very often doesn't suffice. The more data
orcytByer, the it is more difficult to restore and do them a forecast. In process of reduction
of volumes of missing data forecasts are specified, at completeness of basic data the
forecast is replaced with usual calculation with some error.
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Estimation of accuracy of a forecast - a necessary part of procedure of the qualified
forecasting. Thus usually use likelihood and statistical models of restoration of dependence,
for example, build the best forecast on a method of the maximum credibility. Are deve-
loped parametrical (usually on the basis of model of normal mistakes) and nonparametric
estimates of accuracy of a forecast and confidential borders for it (on the basis of the
Central Limiting Theorem of probability theory).

In article it is published accuracy of methods of forecasting and a technique of an
assessment of adequacy of models with an econometric method.

Keywords: econometric methods, econometric modeling, forecasting, risk,
forecasting errors (trends).
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PU3NKO-XUMHUNYECKOE UCCJIEJOBAHUE
BOJHBIX PACTBOPOB JEKCTPAHA
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Memooamu eontomomempuu, peppakmomempuu, nOAAPUMEMpUl, cnekmpogomo-
mempuu u suckosumempuu npu 298, 15K uzyuenvl 600Hble pacmeopsl 0eKCmpana ¢ moJe-
kyaapuot maccoul 40000 e/mons. Tlokazano, umo Hanruyue MUHUMYMA HA KPUBOU 3A8UCUMO-
CMu NAPYUAIbHO20 MOJLHO2O 00beMd OM KOHUEHMPAYUU MONCEM CIYHCUMb NPUSHAKOM
00pazosanusi 6 pacmeopax Oonee CMpPYKmypupoSanHblX 00PA306aHUll, Ymo noOmMeepiHcod-
emcsl pe3yibmamamu. Opysux mMemooos QUUKO-XUMUYECKO20 ananusda. Ananus sxcnepu-
MEHMANbHBIX OAHHBIX NO3GOAIOM YMBEPIUCOAmb O CYUECMBOBAHUU CLe0YIoWell SpaHuybl
pazbasnennvix pacmeopos - W< 5%, @ ciyuae 600HbIX pacmeopos 0eKCmpana ¢ yKa3auHou
MONEKYNIAPHOU MACCOU.

KiamoueBble ciioBa: HapHHaJ’ILHLIfI MOJIbHBIM O6’B€M, OIITHYCCKasA aKTHUBHOCTbH, OII-
THUYCCKaAA IJIOTHOCTD, XapaKTCPUCTUICCKAA BA3ZKOCTb.

XO0Ts UCCIEIOBAaHUIO PEOJIOTHYECKUX U OOBEMHBIX CBOMCTB BOJHBIX
pPacTBOPOB JEKCTPAHOB YJIENsETCA JO0CTaToyHOe BHUMaHue [1-4], Heko-
TOpBIE APYTUE CBOMCTBA ATUX PACTBOPOB, TAKUE KAK ITOKA3aTelb IIPEIOMIIE-
Hust (Np), BEMMYMHA yriia BPAIICHHs IUIOCKOCTH mossipusanun (ap ), dJIeK-
TPOHHBIE CHEKTPbI MOIJIOLIEHHs (ONTHYECKas INIOTHOCTh PACTBOPOB) U T.J.,
HEZ0CTaTOYHO XOpouio u3ydyeHsl. Ilpu uccnenoBanun pacTBOpoOB, ISl IO-
Jy4eHHUs] KOMIUIEKCA B3aMMOCOIVIACOBAHHBIX JAHHBIX, Ba)KHO HMCIIOJIb30BaTh
CPAaBHUTENBHO LIMPOKHHA CHEKTP pa3IMYHBIX METONOB (U3UKO-XHUMHUYEC-
KOro aHanusa. JlanHast paboTta MOCBsIEHa UCCIIEJOBAHUIO BOJHBIX PACTBO-
poB aekcrpana (M=40000 r/mMosb) MeTOJaMH BOJIOMOMETPHHU, pedpaKTo-
METpUH, MOJSIPUMETPUH, CIEKTPOPOTOMETPUM U BUCKO3UMETpuU. B oTHO-
CUTEJIbHO IIMPOKOM MHTepBasie KoHUeHTpauuid (W < 10Bec.%) 1npu
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298,15K 6butu ompesenensl miotHocTs (p2°), mokasatens mpenomsieHus
(nZDS), BEJIMYMHA yIja BpalllEHUs IUIOCKOCTH MOJSpU3aLUU (OLZDS), CHSITBI
3JIEKTPOHHBIE CIEKTPBI MOIJIOLIEHHUS BOAHBIX PACTBOPOB JEKCTpaHa, a TaK-
’Ke N3MepEHa IMHAMUYecKas BA3KOCTh (172°) BOJIHBIX pacTBOPOB JICKCTPaHa.

Matepuajibl M MeTO/IbI HCCJIETOBAHUS

PacTBopbI roTOBHIN Ha OUAUCTHIUTMPOBAHHON BOJIE B MEPHBIX KOJIOAX
Ha 25 MJ, C NpeaBAapUTEIbHO YCTAaHOBJIECHHBIMU OO0BbEMaMU C TOYHOCTHIO
+0,005 mu, mpu temneparype 298,15+0,02K. B paboTe ucnonb30BaH JEKCT-
pan npou3BojcTBa benbrus (Chem-Lab NV). 3mepenus BSI3KoCTH pacTBO-
pOB JieKcTpaHa mpoBoawiuch Ha mpudope SVM 3000/G2 Stabinger Vis-
kometr, Anton Paar (ABcTpus). DIEKTPOHHBIE CIIEKTPHI MOTJIONIEHUS BOJI-
HBIX PacTBOPOB JIeKCTpaHa ObLIM CHATH Ha criekrpodoTomerpe SPEKORD
200 plus B uaTepBasie miuuH BosH 190-1000 M. [TokazaTens npenomiieHHs
pacTBOpOB ompeAessiin Ha pedpakromerpe Mapku NPD-454b ¢ TouyHOCTEIO
+0,0002, a BeMYMHY yIJla BPAILIEHUS IUIOCKOCTH MOJSPU3ALUUA PACTBOPOB
JeKkcTpana u3Mepstiu npu D nuauun Hatpus (A = 589,3HM) Ha aBTOMaTHuE-
ckoM mnossipumeTpe Mapku Autopol III mpomsBoacTtBa Rudolph Analitikal
(USA) ¢ Tounoctero m3mepenus £0,001. Bputn BEIYUCICHB MOJIBHBI 00beM
(V25) pacTBOpOB, MapuMaIbHBIA MOJBHBIH 0OBEM JEKCTpaHa B BOJHBIX
pactBopax (Vp), onTuueckast TIOTHOCTh NPH Ag, = 278HM, yienbHOE
BpaleHue [aZDS] U MPUBEJICHHAS BSI3KOCTh (nﬁg_ MPUTOTOBIICHHBIX BOJHBIX
pPacTBOPOB JIEKCTpaHa.

Pe3yabTaThl Hccie10BaHus U UX 00CYKIeHHe
IIpesxae BCero, OTMETHM, YTO 3aBHMCUMOCTH IUIOTHOCTH (p) M ITOKa-
3aTess NpeJoMIIEHUS BOIHBIX (Np) pacTBOPOB JIEKCTpaHa OT KOHLIEHTPALH,
BBIpa)I(eHHOfI B BCCOBLIX HpOL[eHTaX, XOpOH_IO OIIHNCBHIBAKOTCA ypaBHeHI/IeM
THIIA

p = po +AWS (1)
KOTOPOE MOYXHO IIPUBECTH K JIMHEMHOMN 3aBUCUMOCTH
InAp = InA + BInW), (2)

rae Ap = p — po (po-TUIOTHOCTH YUCTOTO pacTBoputens), Wp- Beco-
Bas JI0JIs IGKCTpaHa B pacTBOPE.

Ora 3aBucumMocTh [nAp = f(InW)p) npencraiena Ha pucyHke 1 u sB-
nsieTcs JIMHeWHoU. Hainensl koHCTaHThI 3TOro ypaBHeHus: A = 0,002775
ubB=11791 (R2=0,9989). Taxum 00pazom, 3aBUCUMOCTb INIOTHOCTH BOJI-
HBIX PacTBOPOB JeKcTpaHa oT KoureHtpauuu (W) Moker ObITh ONMUcaHa
CJIEYIOIIUM COOTHOLICHUEM

p =0,9971 + 2,755-1073 . WD1,1791 3)
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2 4
y=1.1791x-5.8944
3] R'=0.9989

_4.
-5 4

7
InAp

-7 4

Puc.1. 3asucumocts InAp = f(InWp) mis BOOHBIX pacTBOPOB JIEKCTpaHa TIPH
298,15K.

AHaJOTUYHO, 7S 3aBHCHUMOCTH IOKa3aTelsi MPeJOMJICHUS BOJHBIX

pPacTBOPOB OT KOHLIEHTPAIMH ACKCTPaHa ObUIO IMOJIyY€HO COOTHOIICHUE
n2% = 1,3325 + 1,75 - 1073w, >*%% (R? = 0,9995) 4)

rne Wp — BecoBast 10J1s1 IGKCTpaHa B pacTBOPE.

boun paccunTaHbl MOJIbHBIE O0BEMBI yKa3aHHBIX PAcTBOPOB (VﬁS),
3aBHCHUMOCTh KOTOPOTO OT KOHIIEHTPAILIUH JIEKCTPaHa, BBIPAKEHHON B MOJIb-
HBIX goisix (Xp), npeacrasineHa Ha puc.2. Kak BUAHO U3 PHCYHKa, 3aBHUCH-
mocth V2% = f(xp) sBISeTcsS MpakTUYeCKM IMHEHHOH M yIOBJIETBODH-
TEJILHO ONMMCHIBAETCS ypaBHeHueM mpsmoii (R = 0,9988)

V2> = 18,085 + 24802x, (5)
25
Vi
19.4 q y=24802x+18.085
R*=0.9988
19.2 1
19 4
18.8 4
18.6 4
18.4 1
18.2 4
X,
18 T T T T T T
0 0.00001 0.00002  0.00003 0.00004 0.00005  0.00006

Puc.2. 3aBUCHIMOCTD MOJIBHOTO 00'béMa BOIHBIX PAaCTBOPOB
OT MOJIBHOM JI0JIM J€KCTPaHa.
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JluneliHas 3aBUCMMOCTb MOJIBHOTO 00BEMa pacTBOpa OT COCTaBa I10-
3BOJIIET TPUHATH MApUUATbHBIA MOJBHBIA 00beM Boabl B pactBopax (V)
paBHbIM 18,085 Mi/MONB M paccuuTaTh yepe3 KaKyluecs MOJIbHbIE 00be-
MBI MaplHHUaTIbHBIE MOJIbHBIE 00BEMBI JEKCTpaHa B BOJHBIX pacTBopax [5].
Ha pucynke 3 npezacraBieHa 3aBUCUMOCTh MapIHUaIbHOTO MOJBHOTO 00be-
Ma jekcrpana (Vp) B BOJHBIX pacTBOpaxX OT KOHIEHTPALUM HOJIUCAXapuia
(xpuBas Vp = f(m), m-MoiAIBLHOCTE PAcTBOpPA), KOTOPAsk XOPOIIO OMKCHI-
BaeTCsl ypaBHEHUEM

Vp =A+ Bm+ Cm? 4)
rae A=30686, B=1270,910%, C=52,49 10* (R*=0,9998)

?n MII/MOJTB

35000 -
y=52.491x’-1270.9x+30686

30000 9 Ri=1

25000 v
20000 {
15000 A
10000 A

5000 A
]

0 5 10 15 20 25
m-10*
MOITB/KT

Puc.3. 3aBucHMOCTh TAPIHAIHFHOTO MOJIBHOTO 00BeMa JeKCTpaHa
B BOJIHBIX PacTBOpax OT KOHIICHTpAIUK rmojucaxapuaa mpu 298, 15K

Kak Obuto mokazaHo B pabote [3], i CHIBHO pa30aBIIEHHBIX pac-
TBOpOB (10 1 Bec.%) mapuuanbHbIl MOJBHBIA 00BEM JEKCTpaHa B BOAHBIX
pacTBOpax JIMHEWHO YMEHBINAETCS ¢ KOHLEHTpauuei. Kak BUIHO U3 pUCyH-
Ka 3, B 00J1aCTU CPaBHUTEIILHO MaJbIX KOHILIEHTPALM NapUuaibHbIA MOJIb-
HBI 00BEM JEKCTpaHa TaKXKe JIMHEHHO YMEHBLIAETCS C YBEIMYCHHEM CO-
JIep>KaHusl TOCTEAHEro. YMEHbBIICHHE MNaplUHUaIbHOTO MOJBHOrO o0bema
JIEKCTpaHa ¢ KOHLIEHTpAIMel pacTBOpa JOHKHO OBITH CBA3aHO C MPOLIECCOM
CTPYKTYpUPOBaHHUS pacTBOpUTENS — BoAbl. Kak BHAHO U3 pUCYHKa 3, KpH-
Bast Vp = f(m) npoxoaur yepes Mmunumym. B paGote [6] yka3biBaeTcs Ha
TO, YTO BO3PACTAHHWE PHEPIHU aKTHBAIWH Bsi3koro teuenust (E,) ¢ KOHIICH-
Tpaluei CBA3aHO C POCTOM CTPYKTYPHUPOBAHHOCTH PACTBOPOB IOJIMMEPOB
10 CPaBHEHHUIO ¢ pacTBoputeneM (Boaoii). Kak Obuio mokazano B pabortax
[7-8], yBenu4eHue coliepKaHus MOJUMEpPA B paCTBOPE MPUBOAUT HE TOJIBKO
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K POCTY HEPI'UU aKTUBAIIMU BSI3KOT'O TEUEHHUsI, HO TAaK)KE MOXKET IPUBECTHU K
U3MCHEHHIO HakIoHa kpuBoi E, = f (W), a nosiBieHre MUHUMYMa Ha KPH-
BOM 3aBMCHMMOCTH NapIHAIILHOTO MOJIBHOIO 00beMa OT KOHIICHTPALIMU MO-
KET CIIY>)KUTh MPU3HAKOM BO3HUKHOBEHHS B BOJIHBIX PAaCTBOpPax MOJIMMEPOB
0osee CTPYKTYpUPOBAHHBIX OOpa30BaHMiA, YTO, IO BCEH BEPOSTHOCTH, SIB-
JISieTCsl IPUYUHON YBEIMUEHUS MaplHaIbHOTO MOJIBLHOTO 00beMa JeKcTpaHa
I[P TIOBBIIICHHBIX KOHIEHTpanusax. CKa3aHHOE TaKXe MOJTBEPKIAACTCS
aHAJIM30M KPUBBIX 3aBHCHUMOCTEH ONTUYECKOM IIOTHOCTU U MPUBEIECHHOU
BSI3KOCTU PACTBOPOB OT KOHIIEHTPAIUH MOJUMEpa.

154
o
k=
i
e —— e

3 2 4808 e Ll o Bma 002 10m.2 wm

T nnameftenc s

Puc.4. DreKTpOHHBIH CIIEKTP NOTIJIOIIEHHS BOJHBIX PACTBOPOB JIEKCTpaHa.
Konuenrpamuu gekcTpana B pactBope (B Bec. %) CBepXy BHH3:
1,03; 1,683; 3,27; 4.834; 7,71; 10,54. Appax= 278 HM

KpuBasi 3aBHCHMOCTH OINTHYECKOW TUIOTHOCTH BOJHBIX PACTBOPOB
nexcTpana oT koHueHTparuu (kpusast D = f(Cyy) 1pu Apax = 278 HM) Mo-
JKET OBITh OMKCaHa B 3aBUCHMOCTH OT O0JIACTH KOHIIEHTPAIUU JBYMS JIH-
HEHHBIMY YPaBHEHHSIMH:

Cy <1-1073momp/n R?=10,9999 D =0,0891+ 325,68Cy, (5)

Cy =1-103 mons/n R%?=10,9995 D =0,1424 +293,56Cy  (6)

CrnenoBarenbHO, U3MEHEHHE MOJIIPHOTO KO3 (UIIMEeHTa MOTIOMICHUS
BOJHBIX PacTBOPOB JIEKCTPaHa B 3aBUCHMOCTH OT OOJAaCTH KOHIICHTpPAIHH
MOJITBEPK/IAET BHIBOBI BOJTIOMOMETPUH O BO3HUKHOBEHUH MPOCTPAHCTBEH-
HBIX CTPYKTYPHBIX 00pa3oBaHUi B Ooyiee KOHIIEHTPUPOBAHHBIX PACTBOPAX.
bbuta Takke mM3ydeHa BSI3KOCTb BOJTHBIX PAacTBOPOB jAekcTpana. [lomyueHo
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ypaBHEHHE, KOTOPOE XOPOIIO OMUCHIBAET 3aBUCUMOCTh JHHAMUYECKOHN BsI3-
KOCTU OT KOHIEHTpaIuu JekcTpana B pactBope (W-Bec. % aexcrpana) npu
298,15 K

n25 — 0,892680’1712W (7)

Hwuxe, Ha pucyHke 5 npencraBieHa 3aBUCUMOCTb IIPUBEICHHOMN BsI3-

KOCTU BOJHBIX PacTBOPOB OT KOHIEHTpAIMU JACKCTpaHa, BBIPAXKEHHOU B
yucaax rpaMmoB gekctpana B 100 mur pactBopa

MNap.
0.5 1
od. y=0.0014x"+0.0105x+0.1786
: R*=0.9996
0.3 4
0.2 r
0.1 -
0 . . - T T
2 4 6 8 10
C

Puc.5. 3aBucUMOCTb IpUBEACHHON BI3KOCTH BOJHBIX PACTBOPOB JEKCTpaHa MpU
298,15K ot xonnenTpauuu pacteopa (C — yucno rpamMmoB Jekctpana B 100 mi pactBopa).

Otmerum, uto Ui OoJiee KOHLIEHTPUPOBAHHBIX BOIHBIX PACTBOPOB
3aBHCHUMOCTh IPUBEJIECHHOM BSI3KOCTH OT KOHLEHTPALUU JEKCTpaHa
(W > 4,76) moxeT ObITh OIMCAHA ypaBHEHHEM IIPSAMOM, HAKIOH KOTOPOIi
MPEBBILIACT TAKOBOW JUIsi MEHEEe KOHIIEHTPUPOBAHHBIX pacTBOpOB. M3BecT-
HO, 4TO ypaBHeHHE Mapka-XayBHHKA Ul 3aBUCUMOCTH XapaKTepUCTHYE-
CKOI1 BA3KOCTH OT MOJISIPHOM Macchl IeKCTpaHa, IpUBeIeHHOE B padboTe (1o
nanueiM panara) [9] |n| = 3,5-1073M%37, naer mna monspHoii Maccel
40000 r/™MoONb 3HAUEHHE XapPAKTEPUCTHUYECKOW Bsi3KocTH, paBHOU 0,1765,
4TO XOPOIIO COTJAacyeTcs CO 3Ha4YeHHeM, mnonydeHHbiM Hamu (|n| =
0,1786)

Nup. = 0,1786 4+ 0,0105C + 0,0014C* (7)

(R?=0,9996). 3HaueHne KOHCTAHTHI XarruHca coriacHo (7) pasro Kj,
=0,329.

Hamu taxoke Obula M3ydeHa ONTHYecKas akTUBHOCTh BOJHBIX PacTBO-
pOB jeKcTpaHa. beun M3MepeHsl BeTUYMHA yIila BPAICHHUs TUIOCKOCTH T10-
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NAPU3ALUN PACTBOPOB @2 H BBHIMHCIEHO yAelbHOE Bpamenue [a3°] mexct-

paHa B 3THUX pacTBOpax. 3aBUCHMOCTh BEIMYMHBI yIjia BPAIICHUS IJIOCKO-
CTH TIOJISIPU3AIMH CBETAa BOJIHBIX PACTBOPOB JACKCTPAHA SBIISCTCS MMPAKTUYC-
CKM JIMHEHHOW (hYHKIIMEH KOHIIEHTpAIMU pacTBopa (CM. puc.6), 4To yKa3bl-
BaeT Ha MPAKTUYECKOE MOCTOSHCTBO YACIBLHOTO BPAIIICHUS PACTBOPOB.

oy
20 -

y=1.9427x-0.0138
R=1

15

10

2 4 6 8 10
C

.5

Puc.6. 3aBUCHMOCTD BETMYHMHBI BPAIICHNS BOJHBIX PACTBOPOB OT KOHLICHTPALUH
nekctpana (C - grcno rpaMMoB nekctpana B 100 M1 pactBopa).

M3BecTHO, YTO ONTHYECKAash aKTHMBHOCTh BEChbMa YYBCTBHUTEIbHA K
TOHKHMM JIETAJISIM CTPYKTYPBI, MEKMOJIEKYJIIPHOMY B3aUMOJICHCTBHIO, BIIHSI-
Huto cpenabl (pactBoputensi) [10-12]. Tor ¢axT, yTo BeIUYHWHA YAEITHHOTO
BpAILCHUs MPAKTHYECKH HE 3aBHCUT OT KOHLIEHTPAIMH JEKCTpaHa B pac-
TBOpE, YKa3bIBaCT HA HEM3MEHHOCTh COCTOSIHHS THAPOKCHIIBHBIX TPYIIT Y 2,
3 1 4-ro acHMMETPUUYECKUX YIJIEPOJIHBIX aTOMOB, a TaK)Ke Kuciaopoaa o-1,6-
TIIIOKO3UIHBIX CBsi3ei. Takash HEM3MEHHOCTb OKPY)KEHHUS THIIPOKCHIIBHBIX
TPYIII MOXET OBITh 00BSICHEHA, TEM 00CTOATEIBCTBOM, YTO B CPABHUTEIILHO
pa30aBICHHBIX BOJHBIX PACTBOPAX JACKCTpaHa, HAPSAY C BOJOPOIHBIMH CBsI-
35MH, 00pa3yeMbIMH MEXIy TUIPOKCHIBHBIMUA TPYIIAMH O-TJIFOKO3HIHOTO
3BEHa M CBOOOHBIMH MOJICKYJIaMH BOJIbI, UMEET MECTO 00pa30BaHUE BHYT-
PUMOJIEKYIISIPHBIX BOJOPOAHBIX CBSA3EH MEXKIY THAPOKCUIBHBIMH TPYIIIAMU
pa3IMYHBIX 3BCHBEB MAaKPOMOJIEKYJIbI, TPUBOASIIEE K OOpa30BaHUIO MaK-
POMOJIEKYJISIPHBIX KITYyOKOB. [Io Mepe yBelM4eHus: KOHIIEHTPAIH JIeKCTpa-
Ha B paCTBOPE U BOSHUKHOBEHHSI KOHTAKTOB MEXy MaKpPOMOJIEKYJIaMH I10-
Jrcaxapuia, BHYTPHUMOJICKYJISIPHBIE BOJOPOJHBIC CBS3HM 3aMEMIAIOTCS Ha
BOJIOPOJIHBIE CBSI3U, 00pa3yeMble MEXIY TMIPOKCUIBHBIMH TPYIIIAMU Pa3-
JMYHBIX MAaKPOMOJIEKYJI, YTO B KOHEYHOM UTOI'€ MOXKET MPUBOIUTH K 00pa-
30BAaHHUIO CPABHUTEIIBHO YCTOWYHMBBIX MPOCTPAHCTBEHHBIX CTPYKTYpP C MEXK-
MOJICKYJISIPHBIMH BOJOPOJHBIMH CBs3sIMH. CIieyeT Takke OTMETHUTh, YTO

96



IPaJIMCHT IMOKa3aTels MPEJOMIICHUSI BOAHBIX PAacTBOPOB JekcTpaHa (dn/dc)
TaKXe MEHSETCs C KOHIIEHTpaluel, OCTaBasiCh MPAKTHYECKH MOCTOSHHBIM
npH TOBBICHHBIX KOHIeHTparmsax (W = 5 Bec. %). Takum oOpazom, 00-
MK aHAJIM3 Pe3yJIbTATOB PA3IMYHBIX METOJIOB (PU3UKO-XMMHUYECKOTO aHa-
JM3a: BOJIOMOMETPUH, pePaKTOMETPHH, CIIEKTPOPOTOMETPUU U BUCKO3U-
METpHUH, YKa3bIBaeT Ha 00Opa30BaHUH B CPABHUTEILHO KOHIIEHTPUPOBAHHBIX
BOJIHBIX PacTBOpPax JEKCTpaHa OTHOCHTEIBHO CTAOMIBHBIX MPOCTPAHCTBEH-
HBIX CTPYKTYpP C KOOIIEPaTUBHBIMU BOJOPOJHBIMH CBsI3siMU. B pa3OaiieH-
HBIX PACTBOPOB MOJUMEPOB XapaKTEPUCTUYECKAsI BA3KOCTh UCIOIb3YETCs B
Ka4yecTBE KPUTEPUS TPU OLIEHKE KOHIICHTPAIMU PacTBOpa: pPacTBOP CUUTA-

1
ercs pa3baBieHHbIM, eciu C < o [13]. B ciy4yae BOJHBIX PacTBOPOB JEK-

cTpaHa ¢ moJiekysipHoi maccoir 40.000 r/monb, BenuynHa oOpaTHas Xa-
. 1

PAKTEPUCTHIECKOH BASKOCTH 1 M Pe3yIbTATl BOTIOMOMETPHUH, pedpakTo-

METPHUH U CIEKTPOPOTOMETPUU TIO3BOJISIOT YTBEPKAATh O CYNIECTBOBAHUH

TaKoi rpaHMIipl pa3baBieHHbIX pactBopoB (W < 5 Bec. %) B ciayuae BOI-
HBIX PACTBOPOB JIEKCTpaHa ¢ MoyieKyJsipHOi maccoit 40.000 r/mMoIb.
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DEKSTRANIN SULU MOHLULLARININ FiZiKi-KiMY9Vi ToDQIiQi

E.9.MOSIiMOV, S.Y.OCAQVERDIYEVA, F.8.COFOROVA,
N.C.MUSAYEVA, Y.X.SAHVERDIYEV

XULASO

298,15 K temperaturda molyar kiitlasi 40000 g/mol olan dekstranin sulu mohlullart
volumometriya, refraktometriya, spektrofotometriya, polyarimetriya vo viskozimetriya
armetodlar1 ilo Syronilmisdir. Gostorilmigdir ki, parsial molyar hocmin qatiliqgdan asililiq
oyrisindo minimumun olmasi mohlullarda strukturlasdirilma prosesinin bag vermosinin
olamoti kimi gobul edilo bilor, buda digor fiziki-kimyavi metodlarin naticolori ilo tosdiq
olunur. Tocriibi noticolorin analizi geyd olunan molyar kiitlosi olan dekstranin sulu
mohlullarinda duru mohlullarinin serhadinin méveudlugunu (W<5%) geyd etmoys imkan
verir.

Acar sozlar: parsial molyar hacm, optiki aktivlik, optiki sixliq, xarakteristik 6zliiliik.
PHYSICO-CHEMICAL STUDY OF DEXTRAN AQUEOUS SOLUTIONS

E.A.MASIMOYV, S.Ya.OJAGVERDIEVA, F.A.JAFAROVA,
N.J.MUSAYEVA, Ya. Kh.SHAKHVERDIEV

SUMMARY

Aqueous dextran solutions with a molecular weight of 40,000 g/mol were studied by
volumometry, refractometry, polarimetry, spectrophotometry, and viscometry at 298.15 K.
It is shown that the presence of a minimum in the curve of dependence of the partial molar
volume on concentration can serve as a sign of the formation of more structured formations
in solutions, which is confirmed by the results of other methods of physicochemical
analysis. An analysis of the experimental data allows us to assert the existence of the
following boundary of dilute solutions -W<5%, in the case of aqueous dextran solutions
with the indicated molecular weight.

Keywords: partial molar volume, optical activity, optical density, characteristic
viscometry.
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PEJIAKCAIIMOHHBIE ITPOLHECCHI B CBEPXPEHIETKAX
B CUJIbHBIX MATTHUTHBIX I1OJIAX ITPU PACCESAHUH
HA HOHU3UPOBAHHBIX IIPUMECAX

C.P.OUTAPOBA, M M.MAXMY OB
bakunckuii I'ocyoapcmeennwtit Ynueepcumem
mehdimahmudov@bsu.edu.az

B pabome onpedensemcs epems peraxcayuu npu GHympunoO30HHbIX U MENCHOO30H-
HbIX nepexooax O paccesanuss Hocumenel MoKa Had UOHAX NPUMECU 8 CEEPXPeUlemKax 6
CUNbHOM MASHUMHOM NOJie U U3YYAemCs GUAHUE MASHUMHO20 NOJS HA MO paccesHue.
Iokazano, umo 6 nonax 0o 2 T npu paccesnuu Ha UOHAX NPUMECU OCHOGHOU BKIAO 8 pac-
cesnue 0aiom 6HympunoO30HHble nepexoovl, 8 Mo épems KaK 6 NpedeibHO CUTbHBIX Mae-
HUMHBIX NOJIAX 6HYMPUNOO30HHOE BPEMs PeNaKCayul YMEeHbWAemcs ¢ MAcHUMHbIM HOJeM
U npesanupyem mMeicno030HHoe paccesHue.

KaroueBble cioBa: BpEMs peilakCaliuv, CBEPXPCUICTKA, BHYTPUIIOJA30HHOC U MCK-
MOJA30HHOC pacCesIHUC, NOHBI IIPUMCCH.

1. Beaenue. [Ipu HU3KUX TeMIiepaTypax B CTPYKTypax ¢ ABYMEPHBIM
¥ KBa3HUJBYMEPHBIM JIEKTPOHHBIM ra30M 3(P(EKTUBHBIMHU PACCEUBAIOIIUMU
LEHTPaMHU 3JIEKTPOHOB SIBIIIOTCS MOHU3MPOBaHHbIE npuMecu. OnHaKo, He-
00XOUMO YUYHUTHIBATH KAKOUW BKJIAJ BHOCST B PACCESIHHE BHYTPHUIIO30HHBIC
Y MEKIIOA30HbIE MEPEXO/Ibl.

CuiibHOE, KBAaHTYIOIEE MAarHUTHOE TOJIE BIUSET Ha IMPOIECC peaK-
caluu HocuTesed 3apsiia B kuHetwdeckux dddexrax [1]. Tloaromy, npwu
HCCJIEI0BAaHUM KUHETUYECKUX U ONTUYECKHUX SIBJICHUN B CBEPXpEIIETKAaX B
CHJIBHOM MarHUTHOM I10JIe HEOOXOANMO Y4eCTh BIMSIHHE MarHUTHOTO MOJIs
Ha paccesHue. JJOMUHUPYIOIIUM MEXaHU3MOM PACCESHUS B CBEPXpEIIeTKaX
IpU HU3KHUX TEMIEpaTypax, BIUSIONIMM Ha MOJBMKHOCTb U APyrue KUHe-
THYecKue Kod(DPUIMEHTHI, SBISETCS paccessHHEe HAa MOHAX NMPUMECH M Kak
MOKa3aHOo B [2] HU3KOTeMIlepaTypHas MOJBUKHOCTh B F€TEPOCTPYKTYpax B
OOJIBIIION CTENEHU OMPEENIIeTCS KOHIICHTPAIMEH 3apsKCHHBIX IIECHTPOB Ha
rpanuie. B oTcyTCTBMM MarHMTHOTO IOJSI BpeMsl peiakcalli B CBEpXpe-
IIETKaX JIOBOJBHO XOPOIIO U3y4yeHo [3-8], B TO BpeMs KaKk B CHJIILHOM Mar-
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HUTHOM I10JI€, KOTOPOE CYIIECTBEHHO BJIMET Ha paccesHue 3JIEKTPOHOB Ta-
KHMX HCCIIEJOBaHUM HE3HAUUTEIbHO. MarHuTHOE 110JI€ KBAaHTYET ABU)KECHUE
HOCHUTEJIEH U BIIMAET HA pacCesHue, YTO MPUBOIUT K TAKUM SIBJICHHSIM Kak
OTPHULATENILHOE IPOJIOJIBHOE MAarHUTOCOIIPOTUBIEHUE M MarHUTOTpaHC-
MMOPTHBIM OCIIMLIALIMSIM B HU3KOpa3MepHBIX cuctemax [9-15]. Tak, B pabo-
Te [14] mokazaHo, 4YTO B J-JIETUPOBAHHOM CJIO€ aPCEHUA TaJuIUs TPOIOIIb-
HO€ OTPHIATEIbHOE MAarHUTOCOMPOTHBIICHHUE CBA3aHO C MEXIOJ30HHBIMU
nepexofaMy B CHJIIBHOM MAarHUTHOM mouie. [1oaToMy, HE0OX0AUMO YUHTHI-
BaTh KaKOM BKJIAJl KaX[bI U3 MepexoJ0B (BHYTPUIOI30HHBIA M MEXKIIOA-
30HHBII) BHOCHUT B PAcCESHUE.

Llenbto naHHOM pabOTHI ABIAETCS OINpe/eeHHe BPEMEHH pellakcaluu
IIPY BHYTPUIIOJ30HHBIX U MEXKIIOJI30HHBIX [I€PEX0/1ax I pacCesiHUS HOCH-
TeJel TOKa Ha MOHAX MPUMECH B CBEPXPEUICTKaX B CHJIBHOM MarHUTHOM
II0JIE U U3YYMTh BIMSIHME MAarHUTHOIO IOJIsI Ha 3TO paccesHue. [lokazaHo,
YTO C POCTOM MAarHUTHOTO MOJSl IPU BHYTPUIIOJ30HHBIX MEPEX0/1aX BpeMs
pesakcalyy JJisl paccesiHUs IEKTPOHOB IPOBOJIMMOCTH Ha MOHAX IPUMECH
YMEHBILIAETCSl IO CPABHEHUIO C MEXIOA30HHBIMU Nepexoaamu. [lomyueno,
YTO 3HAYEHMUE IO0JIs, MPU KOTOPOM HAYMHAET IPEBAIMPOBATH MEXKIIOI30H-
HOE paccesHUe 3aBUCUT OT pajnyca 3KpaHUPOBaHHS (KOHIICHTpAILUHU TPH-
Meceil), nepuoja CBEpXpELIeTKH U OT CTENIEHHU 3aIll0JIHEHUSI MUHU3OHBI.

2. DHepreTu4ecKkuii CNeKTpP, BOTHOBAas (PYHKIUSI CBepPXpPelIETOK B
CHJIBHOM MATHHTHOM I10JIe M 00lllee BbIpakKeHHe /IS BPeMeHH peJiak-
caluu.

B cuibHOM MarHUTHOM MoOJie€ B, MapajuIeIbHOM OCH CBEPXPELIETKU
Z, IMEET MeCTO KBaHTOBaHME JlaHIay B TUIOCKOCTH CIIOS, a y4eT CIIMHA
9JIEKTPOHA TMPHUBOAHUT K 3€EMAaHOBCKOMY PACHICIUICHHUIO HEPreTHUECKUX
ypoBHe#. [Ipu 3TOM 3aKOH AHCTIEPCHH SJEKTPOHOB MPOBOAMMOCTH B OC-
HOBHOH (HWKHEH) MHUHH30HE CBEPXPEIICTKH B MPUOIMKEHUH C1abo B3au-
MOJICHCTBYIOIIMX KBAHTOBBIX SIM B MArHUTHOM I10JIC UMEET BUI:

e(N,k,,0)=(@2N +1)uB+¢,(1—cos(ak,)+ g ou,B, (1)
rae N =0,1,2,..- OCIMJULITOPHOE KBaHTOBoe umcio Jlanmay, k, - Z kKomrmo-
HEHTa BOJIHOBOTO BEKTOpa, O - ONEPATOp CIIHHA ¢ COOCTBEHHBIM 3HAYCHHEM

£1/2, p=(m,/m)y,, M,,M, - Macca CBOOOAHOIO JIEKTPOHA U €r0 Macca B
IUIOCKOCTHU CJI0S1 CBEPXPEILIETKHU, COOTBETCTBEHHO, i, =e/i/2m - MardHeTOH
bopa, g’ - gakTop COMHOBOTO pacuIeIICHHUs, m, = g,a’h”cos(ak,), m, - IPO-

JIOJIbHAsT KOMITIOHEHTa 3(h(hEeKTUBHOM MacChl, &£;- MOIYIIUPUHA MHHU30HBI

CBEPXPEIIETKH, a - MOCTOSIHHAsI CBEPXPEILIECTKH.
[110THOCTB COCTOSIHUI PHEPreTUYecKOro crnekTpa (1) umeer BUA:
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— P *1/22 P Kk 2
—z(ﬂRB)zaN%(zeoez £) EATTS Tsin”(ak,) , (2)

31€ech k, =k, (&,N,0), & =&(N,k,,0)—(2N+1)uB—g'ou,B, R, =(i/eB)” - MarHut-
Haida JJINHA.

9:(&)

o h
IIpy BbINONHEHUHU yCHOBUH —<g, <k T M kT <uB, MOKHO BBECTH

BpeMs penakcanuu [2], 3mech 7, -3(p(deKTuBHOE BpeMs paccesHue, COOT-

BETCTBYIOIINE JABM)KEHUIO IEKTPOHA BJIOJIb OCHU CBEPXPELIETKU. DTH yCIIO-
BUS MPENoJarapT ciiaboe paccesiHiue U OOJbIIYIO UTMHY CBOOOIHOIO MpO-
Oera BJIOJIb OCH CBEPXPEUIETKH, YTO HEOOXOIUMO Ui (hOpMUPOBAHUS MHU-
HU30HBL. DHEPreTHYECKHUM CIIEKTP CBEPXPEIIETOK aHU30TPOIHBIHN, TOITOMY
CIIEyeT OXHUAAaTh, YTO BpPEMs pellakcallud Takke OYyJeT aHU30TPOIHBIM.
Jl71st aHU30TPOMHOrO paccestHus 0011ee BhIPAKEHHUE ISl KOMIIOHEHT TEH30-
pa 00paTHOro BpeMEeHHU pejlakcanuu ', Braucisercs no gopmyse [16]

I K/
1- k_i’w/kk’ ’ (3)

= z
7, ¥
rae W, - BEpOsITHOCTh IIEPEX0/1a AJIEKTPOHA IPOBOAUMOCTH U3 K - cocTosI-

HUA B K’ - COCTOSIHUE, K, - KOMIIOHEHTHI BOJIHOBOI'O BEKTOPA.

N3 dbopmynbl (3) BUIHO, UTO MPU BBIYUCICHUU BBIPAKCHHUA KOMIIO-
HEHT TEeH30pa 00paTHOrO0 BPEMEHM pellaKCallid M ONPEeICHUs UX 3aBHCH-
MOCTEW OT KOMIIOHEHT BOJIHOBOTO BEKTOpa K HEOOXOAMMO HCIIOJIb30BaTh
SIBHBIM BUJ] BEPOSTHOCTHU Tiepexona W (k,k') .

BeposiTHOCTh paccessHUsI BBIYMCIISIETCSI KBAHTOBO-MEXAHUYECKHU I10
W3BECTHOH opMyIie:

2r

R 2
W, = 2%k Hlk >‘ Se,—£,), (4)
rae H - omepaTop nepexoia, PaBHbII:
2
H :L(A+EAJ “HEBruny,2), ®)
2m c S

rae §- omeparop CruHa, f - OmepaTrop UMITYJIbCa, A-BEKTOPHBIM ITOTEHIIU-
aJ1, KanuOpOBKa KOTOPOro BeIOpaHa B BUIE A =-By,A =A =0.
OrpaHn4YrMcs HU3IIMM TIOPSIIKOM TEOPUH BO3MYIIeHHs (OOpPHOBCKOE
pUOIMKEHHE) KOra H COBIAJIET C ONEPATOPOM BO3MYLIEHHs U , OTBETCT-
BEHHBIM 32 repexoJl. Jlis BeIYUCICHHST MATPHYHOTO SJIEMEHTa HaJ0 3HATh

BOJIHOBBIE (DYHKIIMH JIEKTPOHA IMPOBOJUMOCTH, COOTBETCTBYIOIINE dHEpre-
TUYECKOMY CHEKTPY (1), KOTOpble B MAarHUTHOM I10JIE UMEIOT BUJIL:

() = p(x—x)o(2)e" 1, (6)
371eCh
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(p(x_xo):ﬁHN(x;xo )exp{_%(x_Rxo ):|’ (7)

hk
rae H, - nonuHoM Opmuta N - nopsaka, x, = —Q—y, 00yCIoBJIEHa KBaHTO-
m

n

BaHHEM B MAarHUTHOM II0JIC
a ik,an
#(2) =,/VZekZa g(z—an), (8)
I7ie ¢(z) - BOJIHOBas (YHKIIUS JIEKTPOHA B CBEPXPEIIETKH C OChIO B HaIlpaB-

b e’sina, 0<f <27

C p acmCIUICHHUEM CIIMHA B MAarHUTHOM II0JIC, a + b- nepruoa CBCPXpECUICT-
KH.

a cosa, O<a<rm/2
JICHUH Z, y =S5, = - BOJIHOBas (byHKuI/Iﬂ, CBsA3aHHAaA

Creunguka cBepXpelieToK 3aKJI0YaeTcsi B TOM, YTO B CHJIY 3aKOHa
COXpAaHEHMs YHEPrUM YacTHLA C BOJHOBBIM BEKTOPOM K, MOMKET yIPYro

paccenBaThCsl TOJIBKO B COCTOSIHME - k,, IPUYEM B CBEPXPEIIETKAX 3aKOH
JMcrepcun e(k,) HekBaapatudeH. Iloacrasnsas ¢popmyssl (4-8) B (3) u ne-

pexoas OT CyMMHpOBAHHUS K HWHTEIPUPOBAHUIO, JIJIsI 0OpATHOrO BpPEMEHH
penakcaluuu noiayqum:

L _27 e Rr Tqdg [ LRg . (-Rq?)
’Z'Z(kz) - h g F B OqJ_ QJ. 2 BqJ_ p BqJ.

l1-€./¢
3aech k! :arccos[#} U - @ypbe-KOMIIOHEHTA PACCEUBAIOLLIETO I10-
a

; 9)

U g, -2k

N-N
RZ 2
TCHIMaJ1a, MHOXUTCIIb (BT% - OTBETCTBCHCH 3a MCXKIIOA30HHBIC IICPEXO-
IBL.
IIpu paccesHun Ha HOHU3UPOBAHHBIX IPUMECAX AJII PACCEUBAIOIIETO
HNOTCHIMaJla UMCEM.:

N e’
u = exp(-2q7k.?), 10
U(a,)| 2| 2xxq | @+k) p(=20.k.") (10)
k e’'m
K,- JUAJIEKTpUYECKas NOCTOsHHAA, K, =1+—, k =——— - KOdQPUIHEHT
q, 7h” KK,

skpanupoBanus Jlebas, k- AudIIeKTpUUecKas IPOHUIIAEMOCTb.

27hna
es

s=123,... ), HMCKJIIOUMTEIbHO 3a CYCT CUHIYJLIPHOCTH IJIOTHOCTHU COCTOSIHUU

1 BOJIM3M TOYEK Nepexoja. B ycmoBUU CHIILHOTO KBAHTOBAaHUSI B MArHUTHOM

T0JIC MPHU BBIYUCICHUN MAaTPUYHOTO AJIEMEHTA Ha BOJTHOBBIX (yHKIUsX (7),

Bpemst penakcanuu oOpaiiaercsi B Hy/b, Korja B=B = (roe
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HallZIeHHOTO U3 peuleHus ypaBHeHus Llpenunrepa, B BhIpa)KeHUU AJIs Bpe-
MEHU pEeJaKCalMU TOSBISETCS OMOJHUTEIbHBI MHOXHUTENb, KOTOPBII

2
3. BpeMﬂ pelakcanui INpu pacCesiHUU HA NOHAX IPUMECH.

. R’ [ Réqi)
[PONOPLUOHATBHBIN = e |

3aBUCUMOCTh BPEMEHH peNIaKCallii OT MAarHUTHOTO TOJsI BXOJUT Ye-
pe3 IUNIOTHOCTb COCTOSIHUNA U UMIYIBC q, = p, (T p, ONpenensieTcsi u3 Bbl-
paxenus ki =p.2N+1), p,=R."). [Ipu kaxa0M aKkTe paccessHus JIEKTPOH
CMelaeTcs oNepeK MarHUTHOr O 1oJisi B Ha paccrosiHue nopsiika R, .

PaccMoTpuM MHIYLIMPOBAHHOE paccesiHUE Ha 3apsDKEHHBIX MPUMECHX,
KOTOpOE MpeodiaaeT B 00JaCTH a30THBIX TEMIIEPATyp B CHIIBHBIX MarHuT-

HbIX nosisix 710 30 71. [Moacrasisis Beipaxenue (10) B popmyiny (9) mist 06-
paTHOTO BPEMEHH peTaKcalliy MPU BHYTPHUIIO30HHBIX ITEPEX0IaX UMEEM:

1 Ra
;:Al7g(gr)¢(§)7 (1T)
0
(27)'h*Nea™” amen)
TS A =" s = e - paauyc SKpaHUpOBaHus, N,- KOHIEH-

0
Tparus mpumMecei, a QyHKIUsS IKPAHUPOBAHKS UIMEET BUJI;
= e7dx
) =]—5- (12)
o (x+¢)
Ctporo roBopsi, 5KpaHUPOBAHUE B KBAHTYIOIIEM I0JI€ JTOJHDKHO 3aBH-
CeThb OT q, , OJHAKO IPHU aKTyaJIbHBIX IJIA PacCEesIHUA Ha NpUMECIX nepena-

yax g, <k, U q, <R;' JJIMHY 3KpaHUPOBAHUSA MOXHO CUMTATh HE3aBUCSILEH

OT BOJIHOBOI'O BeKTopa. B aToMm cityuae, ucrnonb3yst npuoOIMKeHHOE BBIYHC-
nenue uHrerpana (12) npu paccessHuM Ha 3apsyKEHHBIX IPUMECSAX I BHYT-
PHUIIOA30HHBIX MEPEXOI0B MPHU CIa0OM IKPAHUPOBAHUM HOCHUTENEH ToKa (
k,r,>>1) uz dopmyn (11) u (12) monydum, 4To BpeMs pelakcaluu (r;'),,
3aBHCUT OT Kk, U onpezeinsercs Gopmyoii:

I aR; 1
! - B~ 1 3
( B )gnz 4T0 roz Zz ( )
1 m(r)" o o
rae Z=ak,, 7, = sNanlal r,= el boposckuii paguyc.

[Ipu MexIOA30HHBIX MEpexoiax g, =~ R;' MOATOMY BOIPOC, CBA3aHHbBIN

C KYJOHOBCKMM DPAaCXO0KJIEHUEM HE BO3ZHUKAET M SKPAHUPOBAHUEM MOXKHO
npeHeOpeub. Hanbonee cyiiecTBeHHBIMH SIBISETCS MEPEXO] U3 JTHA 30HBI
N=1B30Hy N=0 (1-0) n u3 3086l N =0 Ha 1HO 30HBI N =1 (0—1). Ilep-
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BbIl TIEpEeX0Jl Ba)KEH M3-32 CPABHUTEJIBHO OOJBIIOrO YHUCJIa HOCUTENEH B
HAYaJIbHOM COCTOSIHUH, & BTOPOU - M3-32 OOJBIIION BEPOSTHOCTH MEPEXoa,
yeM Hao0opoT. [Ipn Mex30HHBIX mepexoaax Tumna 1—0 Bpems penakcaruu
(7", UMEET BUN:

] 1(R, )1
=% 7 (14)
0
a s Tuna 0—1
3 —1/2
@231 £ (15)
0
IIPY BBIIIOJIHEHUU YCIIOBUSA kR, >1 U3 (15) nonyuum
1 (R )1
), =— = | =. 16
@5 3 (16)
B[ T ¥ T T
& -
¥,
b
- b

Puc.1. 3aBHCHMOCTD MEXKITOA30HHOTO (2) U BHYTpHITIOA30HHOTO (D) BpeMeHH penakcannu
OT MarHUTHOTO IOJIS TIPH PacCesTHUM HA HOHAX MPUMECH.

OTHOLIEHNE BHYTPHUIIOA30HHOTO BPEMEHHU peEJIaKCaluu K MEXIO.I-
30HHOMY IIPU PACCESIHUU HA SKPAHUPOBAHHBIX HOHAX IPUMECH PABHO:
2
(TB)zms :&(&J Z. (17)
(7)., ala
N3 (17) cnemyer, 4Tro € POCTOM MArHUTHOIO TIOJSl OTHOLICHHE
(T5)/(T5),,, YMEHBILIAETCS, TAK KAK B IIPEACIbHO CUIBHBIX MAaTHUTHBIX IOJIEH,

Koraa B>2zhna/e AJIsl BBIPOJKIGHHOTO AJIEKTPOHHOTO Taza Z=ak =2nar’R’ [15],

CJIEIOBATENILHO BHYTPHUIIOA30HHOE BPEMs pellakcallii YMEHBIIAeTcs 0 CpaB-
HEHHIO C MEXKIIOJI30HHBIM (puc.l), mpuuemM 3HaYeHue Mojsi MpyU KOTOPOM Ha-
YUHAET MPEBATUPOBATh MEXKIIOJ30HHOE PACCEsSHHE 3aBUCHT OT COOTHOIICHUS
MEXIy PaaIUyCcoOM OHKPAaHUPOBaHUS (KOHLIEHTPALMM MPUMECEH), MEepUoIoM
CBEPXPELIETKU U CTETICHbIO 3alI0JTHEHUS] MUHU30HBI CBEPXPEIICTKH.
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[TonydeHo, YTO C YBEJIMYCHHWEM CTCIICHU 3allOJHCHUS MUHH3OHBI
CBEPXPEIIETKH OTHOLICHUE BPEMEHM pelIaKCalUy IIPA BHYTPIIOAU3OHHBIX
nepexoaax K BPeMEHH PeJlakCcaluy MPH MEKIOI30HHBIX TePeX0/iaX YMEHb-
maetcs (puc. 2).

(Tohene (T )oms

B, Ta

Puc.2. 3aBUCUMOCTD OTHOLICHUSI BpEMEHU PEIAKCALMH [IPH BHY TPHIIOI30HHBIX
nepexo/ax K BpEMEHH PEeNakCaluy MPH MEKIOA30HHbIX TIEPEX0IaX OT MATHUTHOTO
mons: a-npu Z=x,b-npu Z=7/2.

B ynbrpakBanToBOM npeaene (Z =ak, =2naz’R’) B CBEpXCUJIbHBIX Mar-

HHUTHBIX MOJISIX BPEMSI PEIAKCAIIMN YMEHBIIIAETCA C POCTOM MAarHUTHOTO TOJIS
KaK 7o B™? - U1l BHYTPUIIOA30HHOTO U 7 o< B™? - IIJI1 MEXKIIOA30HHOTO.
Hannune MeXNoI30HHBIX NEPEXOJ0B JTOJHKHO IPUBECTH K OCLIMII-
JALUSAM TPOAOJBHOW MPOBOAMMOCTH C Pa3HbIMU MEPUOJAMHU OJIHOTO IO-
psAAKa WK Pa3MbIBaTh OCLUIUISALIUN.
B ciydae cuimbHOro SKpaHUpOBaHMS BPEMSI PelakCalliK ONPEIEISIeTCs KakK:

@) = A2 g(e). (18)

N3 dhopmymnet (18) BUAHO, YTO TP CHIIHHOM DKPAHUPOBAHUH 3aBUCH-
MOCTb BPEMEHHM PEIAKCALUU OT YHEPIUU AHAIOIMYHA BPEMEHH peJlaKkcaluu
IPU PAcCEeSTHUU Ha aKyCTHUECKUX (POHOHAX, KOTOpas ONpPEIeseTcs IIIOT-
HOCTBIO cocTOsiHMM [17].

3akiiouenue. B pabore m3yuaercs BIMSHHE BHYTPHUIIOA30HHBIX H
MEXITO/I30HHBIX IIEPEX0/I0B Ha BpeMs pejaKcallid CBEpXpEIIeTOK C KOCH-
HYCOUJAJIBHBIM 3aKOHOM JHUCIEPCUU IIPU PACCEIHUM HOCUTENIEW TOKa Ha
MOHAaX MMPUMECH B CHJIbHBIX MAarHUTHBIX MoJIsiX. [Tokazano, 4To B momsx 7o 2
Tn npu paccesiHUM Ha MOHAX MPUMECH OCHOBHOM BKJIAJ B pacCesHUE Jar0T
BHYTPHIIO/I30HHBIE TIEPEXO/IbI, B TO BPEMsl KaK B IPEJCIbHO CHIIBHBIX Mar-
HUTHBIX TOJSX BHYTPUIIOJ30HHOE BPEMS pelaKkcallid YMEHbIIAeTCs C Mar-
HUTHBIM I10JIEM U NPEBAJIUPYET MEKIIOI30HHOE paccesiHue (puc.l).
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GUCLU MAQNIT SAHOSINDO iIFRATQOFOSLORDO iON ASQARLARINDAN
SOPILMO ZAMANI RELAKSASiYA PROSESLORI

S.R.FIQAROVA, M.M.MAHMUDOV
XULASO

Isdo giiclii maqnit sahosindo ifratqofaslorde yiikdasiyicilarin ion asqarlarindan
sopilmasi zamani altzonalardaxili vo altzonalararasi kecidlor iiciin relaksasiya miiddati toyin
edilmis vo bu sopilmoys maqnit sahosinin tosiri Oyronilmisdir. Gostorilmisdir ki, ion
agqarlarindan sopilme zamani sahonin 2 Tl giymatino godor sopilmoys osas pay1 altzona-
lararast kegidlor verdiyi halda, maqnit sahasini ifratbdyiik qiymotlorindo sahonin bdyiimasi
ilo altzonalararasi relaksasiya miiddsti azalir vo altzonalararasi sapilma tstiinliik togkil edir.

Acar sozlor: relaksasiya miiddoti, ifratqofos, altzonalararasi vo altzonalardaxili
sopilma, hal sixlig1.

RELAXATION PROCESSES IN SUPERLATTICES IN STRONG MAGNETIC
FIELDS DURING SCATTERING BY IONIZED IMPURITIES

S.RFIGAROVA, M. M.MAHMUDOV
SUMMARY

In this paper the relaxation time for intrasubband and intersubband transitions for the
scattering of charge carriers by impurity ions in superlattices in a strong magnetic field are
studied and takes into account the influence of the magnetic field on this scattering. It has
been determined that with an increasing the magnetic field the role of intrasubband
transitions on the relaxation time in comparison with intersubband transitions decreases. It
was also found that the value of the field at which intersubband scattering begins to prevail
depends on the screening radius, the period of the superlattice, and the degree of filling of
the miniband.

Keywords: relaxation time, superlattice, intrasubband and intersubband scattering,
impurity ions.
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SILAR USULU iL® ALINMIS Cd,Zn.,S 9SASINDA
NANOMATERIALLARIN FiZiKi XASSOLORI

M.B.MURADOV, Q.M.EYVAZOVA, L. R.QOHRIOMANLI
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gahramanli.lala@mail.ru

Cd,Zn .S yarmmkegirici birlagsmoalarinin fiziki xassalarina istifado edilan texnoloji
sorait,reaksiya parametrlori asash sakilda tasir gostarir. Taqdim edilon isds SILAR sintez
Usulu ilo alinan bu birlogmalarin fiziki xassalari ilo reaksiya parametrlori arasinda asililig
arasdwrilmigdir.

Acar sozlor: Cd,Zn, S nanomateriallar1, gqadagan olunmus zona, fiziki xassolor.

GIRIS

Hal-hazirda, ikili va ti¢lii yarimkegirici metal halkogenidlori miixtalif
iisullarla sintez olunurlar. Bu materiallar CdS, ZnS olmagla yanasi, CdxZn; xS
birlogmosinds x-in miixtalif qiymatlorinds miixtalif kombinasiyalar soklindo
oldo olunurlar. Onlar fotonika, optoelektronika, fotovoltaiklordo, giinos bata-
reyalarinda, katot siia borusu {iigiin elektroliiminessans cihazlar, emissiya
displeylorindo, sintilator kimi istifads li¢lin nisboton olverisli metal sulfidlori
hesab olunur.

SILAR sintez iisulundan istifada etmoklo belo materiallarin aldo edil-
masi asan basa golir. Eyni zamanda, bu ciir materiallarin fiziki xassalarini do
genis diapazonda variasiya etmok imkani movcuddur. Belo ki, CdyZn;«S
birlosmoalorinin fiziki xassolorino reaksiya parametrlorinin tosiri hagqqinda
odobiyyat analizi aparilmigdir.

Toqdim olunan isdo CdS ikili birlosmasinin optik, elektrik xassalori,
morfologiyasi reaksiya parametrindon asili olaraq doyisir. Dovrlorin sayi
artdigca Cd/Zn nisbati artmis (40 dovrds-0.93; 70 dovrds-0.96), daha sonra
azalmis (100 dovrde-0.92), tobagolorin qalinligr artmisdir (18 nm; 44 nm; 78
nm). Dovrlorin say1 40-dan 100-0 dogru artdiqca, E,=2.35 eV, 2.28 eV, 2.2
eV kimi doyisir [1].

Tabogalarin fotoliiminissensiya xassolori otaq temperaturunda, udulma
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spektri miixtolif temperaturlarda todqiq edilmisdir. Adi soraitdo CdS-in E,
qiymati 2.22 eV olmusdur. Temperatur artdiqca, Eg-nin qiymoti azalmisdir
(T=10K-E,=2.22 eV; T=100K-E,=2.21 eV; T=200K-E,=2.19 eV; T=300K-
Eg=1.92 eV). Sindirma omsali vo Eg-nin qiymoti yarimkegiricilor {igiin
onlarin totbiq sahoasinds fundamental rol oynayirlar. Bu iki parametr bir-biri
ilo Moss barabarliyi ilo olagolenirlor. Temperatur artdiqca sindirma omsali-
nin qiymoti artmisdir (2.43-don 2.74-5 godor). Sindirma omsalinin qiymati
E, ilo six bagli oldugundan kigik Eg-si olan materiallarin sindirma omsalinin
qiymati boytikdiir [2].

Stabillosdirici kimi trietanolamin (TEA) istifado etdikdo CdS tobo-
golorinin qalinlig1 artmis vo nahamarliq effektiv sokildo azalmisdir [3].

Kompleks agent kimi heksametilenetetramindon istifado etdikdo ali-
nan CdS nazik tobagolorinin SEM tosvirlorindon goriiniir ki, tobago siigo alt-
ligda yaxs1 kristallagsmis nizamli sokildo diiziilmiis hissociklor formasinda-
dir. Rentgen noticolorine asason 2-3 nm-li hissociklor agqlomerasiya etmislor
[4]. Burada, konsentrasiyanin artmast ilo E, azalmis (2.32-2.24eV), udma fo-
ton enerjisi azalmis, udulma omsal1 artmigdir. Absorbsiya omsalindaki bu ar-
tim CdS hissaciyinin Ol¢iisiiniin artmasi ilo olagoedardir. Dislokasiya sixligi
konsentrasiya artdiqca azalmisdir (1.6780 2197140  1316.1879 )0
Kristalliq xassalari vo kristallitlorin 6lgiilori konsentrasiya artdiqca artmig-
dir. AFM-o osason formalasan tobogonin nahamarligi, toboagolorin hiindiirlii-
yii vo gofas dlgiilori konsentrasiya artdiqda artmisdir [4].

SEM-don Si altligda formalasan CdS toboagolorinin yaxsi kristallasmis
hissaciklordon ibarat oldugu, bircins, barabor paylandigi goriinmiisdiir. Ele-
ment analizindon Cd va S elementlorinin atom faiz nisbati 20.82:9.81, ZnS
ticlin Zn va S elementlorinin nisbati iso 23.44:11.4 kimi toyin edilmisdir.
SEM tosvirlorindon ZnS-in nano diapazonda formalasdigr miioyyon edil-
misdir [5].

Element analizino géro Cd:S nisboti 59:41 kimi toyin edilmisdir. SEM
tasvirlarindon hissaciklorin orta 6l¢iistiniin 20 nm oldugu toyin edilmisdir.
E,-nin giymotindo mavi siirlismo miisahido edilmisdir. Siirismo dovrlorin
sayina goro azalmisdir. 2, 4, 6, 8 dovrlordo aldo edilmis niimunalorin E,-nin
qiymati uygun olaraq 2.97eV; 2.49¢V; 2.42eV; 2.33eV kimi azalmisdir [6].

Dovrlerin say1r 10, 15, 20 artdiqca Eq-nin qiymoti uygun olaraq 2.49
eV; 2.46 eV; 2.44 eV azalmisdir. Dovrlorin say1 artdigda formalasan niimu-
nado hissaciklorin dlgiisiiniin boyiimasilo baglidir [7]. Dovrlorin sayini sabit
saxlamaqla CdS nazik toboqgosindo S/Cd-nin ~1:1, 3:1, 5:1, 7:1 nisbatindo,
uygun olaraq, hissociklorin 6l¢iisii 2.5 nm; 3.0 nm; 4.1 nm; 4.3 nm kimi art-
migdir. Eyni zamanda nisboti sabit saxlamagla dovrlorin saymin 15, 30, 45
qiymatinda hissaciklorin 6l¢iisti 2.3 nm; 2.5 nm; 2.7 nm olmusdur. S/Cd nis-
bati artdiqca E,-nin qiymati 2.53 eV; 2.50 eV; 2.40 eV azalmisdir [8].
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Tablama zamam Olgiilor artdiqda E, 2.45 eV-dan 2.42 eV-a qodor
azalmisdir. Qofos olgiilori boylimiis, Eg-nin qiymati azalmisdir. Tablanmis
niimunslords (71%) fotohossasliq ilkin niimunslordon (58%) daha yiiksok-
dir. Niimunolorin aktivlosma enerjisi ilkin niimunads 0.5053 eV, tablanmis
niimunalordo 0.3594 eV olmusdur. Yoni temperatur artdiqda aktivlosmo
enerjisi azalmisdir [9].

SEM-o asason hissaciklor kicik vo boyiik sferik formada omolo golmis
vo bircins, hamar sokildo paylanmiglar. Hall 6lgmalorindon Zn ionlarmin
konsentrasiyas1 6% artdiqda, niimunalorin miigavimati azalmis, sonra nisbo-
ton artmigdir. Zn ionunun konsentrasiyasi 6%-o godor oldugda miigavimot
giiciiniin azalmasi, Cd*" ionlarmm Zn*" ionlar1 ilo svozlonmasi sobabindsn
tobagalarin yilikdastyicilarinin konsentrasiyasinin artmasi miimkiin olmusdur
[10].

TiO, tabagosinin lizarinde hazirlanan CdS kvant ndqtslorinin rekom-
binasiyasinin qarsisini almagq ticlin 3 doq miiddatindo kation vo anion mon-
bolorindo saxlanaraq ZnS passiv qati yaradilmigdir. Tomiz TiO, tobagosinin
vo CdS hissaciklori adsorbsiya edilmis TiO, tobagosinin SEM tosvirlorinin
miiqayisesindon goriiniir ki, adsorbsiya miiddstinin artmasi ilo CdS hisse-
ciklori mosamolordo adsorbsiya olaraq boylik 6l¢iilii hissaciklor omolo go-
tirir. SEM-o asason 40 doq miiddatinde sintez olunan CdS hissaciklori daha
cox aqlomerasiya etmisdir. Sorbsiya miiddoti 5 doq oldugda hissaciyin orta
radiusu 2 nm hesablanmigdir. Sorbsiya miiddati artdiqca hissaciklorin ol¢iisii
todricon artmisdir (t=5 doq 2.00 nm; t=10 doq 2.86 nm; t=20 doq 2.95 nm;
t=30 doq 3.05 nm; t=40 doq 3.21 nm). Sorbsiya miiddoti 40 doq olduqda
hissaciyin 6l¢iisli ~3.21 nm olmusdur. Miiddat artdigca hissociklorin 6l¢tisii
boylimiis, E, ki¢ilmisdir. Udulma spektrindo hocmi kristallarla miiqayisodo
mavi siiriismo (512.7 nm) bas vermisdir. Formalasan hissaciklorin dlgiilori-
nin hocmi kristallarin 6l¢iilorindon kigikdir. Sorbsiya miiddstinin 5-40 doq
intervalinda doyismasi naticosindo qisa gapanma cari sixlig artir, agiq dovro
gorginliyi isa bir qader artir [11].

SEM-o asason CdS tobaqgosindo hissaciklor 5-15 nm 6lgiilii polikristal-
lik struktura malikdir. TEM vo SEM-o asason CdS nanohissociklorinin aqlo-
merasiya etdiyi vo Ol¢iilorin 5-15 nm oldugu toyin edilmisdir. Udulma spek-
trindon mavi siiriismo miisahido olunmusdur vo E,=2.56 eV hesablanmisdir.
E,-nin qiymotinin artim1 kvant 6l¢iilii effetlorlo izah olunmusdur.

CdS nazik tobagosinin udulma spektrlorino osason hissaciklorin 6l¢ii-
lori artdiqca E, azalmisdir. Spektrdo mavi siirlismonin bas vermosi ikinci
dovrds kicik nanohissaciklorin emala golmasile baghdir. Kicik dovrlords vo
hissaciyin Olgtilarinin kigik qiymotlorinde CdS-in E, hocmi kristallarin E,-
don kigikdir. Bu nanohissaciklords olan kvant 6l¢iilii effektlorlo izah olunur.
SEM-o asason ddvrlorin say1 artdiqda kigik 6l¢iilii nanohissaciklor aglome-
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rasiya edorok daha boyiik 6l¢iilii hissaciklor omoalo gatirirlor [8].

SEM-os asason hissaciklorin bircins sokildo nukleasiyast bas vermisdir.
Orta buraxma spektrinin intensivliyi 10 dovrde 90%-don bdyiik, 60 dovrds
iso 77%-9 qodor azalir. Dovrlorin say: artdiqda E, 2.49 eV-dan 2.44 eV-a
godor azalmisdir [7].

Ti0,/CdS/ZnS quruluslart giic ¢evirmo somoraliliyino goro istifado
edilir. CdS kvant noqtolori miixtolif holledicilords sintez edilmisdir. Bu za-
man giic ¢gevirmo somaraliliyino goro 2.8%-dan 3.7%-a godor artirilmigdir.
Holledici etanol, yuyucu reagent metanoldan istifado edilmisdir. Buna iki
miixtolif holledicidon istifado etmokls nail olunmusdur. Bunun ovozino hoall-
edici kimi etanol vo ya metanoldan istifado edilmisdir. Halledici vo yuyucu
agentlor olaraq eyni mohluldan istifado etmoklo yiiksok hossasligi olan mo-
samoli TiO, aldo etmok miimkiindiir. E, TiO; ii¢iin 3.28 eV, mohlul olaraq
etanol vo sudan istifads etdikdo E,=2.4 eV, etanol vo etanol istifado etdikdo
E,=2.31 eV, metanol vo metanol istifado etdikdo E,=2.28 eV, etanol vo
metanol istifado etdikdo E,=2.24 eV qiymatini almisdir. Mohlul olaraq
etanol-metanol istifado etdikds giic ¢cevirmo somoraliliyi 3.23% artmisdir,
etanol-etanol istifado etdikdo giic ¢cevirmo somaraliliyindon 14% ¢oxdur. Bu
metoddan istifado edorok giic ¢evirma somoraliliyi 3.7% artmusdir. Istifado
edilon halledicilordon asili olaraq aliman niimunslorin fiziki xassaleri do-
yismisdir [12].

Kation monboyi kadmium asetat istifado etdikdo gilinos batareyala-
rinda enerji ¢evirma effektivliyi 2.15%, kadmium nitrat istifado etdikdo
onun effektivliyi 1.44% olmusdur. Kadmium asetatla alinan niimunonin
effektivliyi kadmium nitratla alinan niimunonin effektivliyindon 40% cox
olmusgdur. Farqli manbalarin istifadesinde pH daracesinin miixtalifliyi udul-
ma doracosi vo batareya gostoricilorinds forglori ortaya ¢ixarmisdir. Aydin
olmusdur ki, eyni miqdarda kadmium asetat vo kadmium nitratdan istifado
etdikdo on ¢ox udulma kadmium asetat monboyindon istifado etdikdo mii-
sahido olunur. 24-cti dovrdo CdS nanohissaciklori TiO, daxilinds kigik mo-
samolordo formalasmis vo E,= 2.03 eV olmusdur. Spektrloro asason dovr-
lorin saymin artmasi udulmani bdyiik dalga uzunluguna dogru stiriisdiiriir.
Dovrlorin say1 6 oldugda mavi siiriismo bas vermisdir. Bu kvant 6lgiilii
effektlorlo izah olunur. pH qiymatinin doyismasi ilo udulma dorocasi doyisir,
belsliklo fotoanoda ¢okdiiriilon kvant noqtolorinin migdarina tosir edir. Bu
pH dayarinin va CdS nanohissaciklorinin udulma doracesinin bdyiik olmasi
ilo olagadardir. Cd ionunun miqdarinin artdiqda udulma spektrinds qirmizi
stiriismo miisahido olunmusdur [13].

Temperaturun artmast ilo E, vo elektrik miigavimoti azalmigdir (0.419
Q'sm’; 0.24 Q%sm’; 0.192 Q%sm’; 0.186 Q*sm’; 0.125Q"sm’). SEM tos-
virlori sothin homogen vo barabar paylanmasini gostorir [14].
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S/Cd nisbatinin qiymati artdiqda (1:1; 7:1) element analizindo nisbotin
qiymati 0.8308-don 1.04-0 qodar artmigdir. S/Cd nisbeti artdiqda E, artmis-
dir [15]. Nisbot artdiqca E, 2.35 e¢V; 2.39 eV; 2.40 eV; 2.46 eV kimi art-
migdir. Element analizino osason nisbotin artdiqda stexiometrik torkibdo
element nisboti 0.8308; 0.9264; 1.03;1.04 olaraq artmisdir [15].

CdS nazik tobogolorindo sorbsiya miiddati doyisdikds hissaciklorin
Olciilori 14.1 nm-don 5.6 nm-o qodor doyismisdir. Buraxma spektrino osason
sorbsiya miiddoti artdiqca buraxma doyori azalmisdir. Anion monboynin
sorbsiya vaxtinin artmasi ilo tobagonin kristalliq dorocasi azalmis, amorf fa-
za omolo golmigdir. Sorbsiya miiddati artdigca Cd/S nisbati azalmigdir. SEM
tosvirloring asason sorbsiya miiddoti artdiqda (5 san; 10 san) nanonagqillorin
uzunlugu uygun olaraq 25 nm, 38 nm vo 15 san-do kubik vo heksoqonal fa-
zada formalasan hissociklorin 150 nm 6l¢iilii nanonaqillordon ibarat oldugu
askar olunmusdur. CdS nazik tobagolori anion monboyindo miixtalif sorb-
siya miiddotlorindo (5 san, 10 san, 15 san) sintez edildikdo E, avvalco artir
(2.1 eV-dan 2.62 eV-a godor) daha sonra azalir (2.62 eV-dan 2.20 eV-a
qodar). Demoali, E,-yo hom tobogonin qalinligi, hom do sulfid ionlarinin
miqdar tasir gostarir. Bu doyisiklik kiikiird komponentindan yaranan yeni
olagolorin nisbatinin artmasi ilo izah edilmisdir [16].

Adi soraitdo sintez edilmis niimunolordo S/Cd nisbati artdiqda E,
qiymoti artmigdir. Tablamada nisbotin artmasi ilo E, qiymoti artmisdir. SEM
tosvirlorindon hissaciklor sferik yetismis vo mohlulda S:Cd nisbeti artdigda
hissaciklorin diametri azalmisdir (120 nm-don 50 nm-o godor). Tablanmig
niimunolords nisbat artdiqgca hissociklorin Olgiilori artmigdir. Hissociklorin
forma vo Olgiilori miixtalif olmaqla 80 nm-don 350 nm-o qodor doyismisdir.
Element analizindon S:Cd nisbati 0.8325 kimi hesablanmisdir. Lakin nisbat
artdiqda elementlorin atom faiz nisboti 1.0508-0 godor artmigdir. Tablanmis
niimunalords bu nisbat artmisdir.

Ti0O; altligda CdS nazik tobagesinin sintezindo dovrlorin say1 12 ol-
dugda miisahido olunan optik diapazon, 9 vo 15-ci dovrlordoki optik dia-
pazondan daha genis olmusdur. TiO,/CdS-in 9 dovrdo udulma zolagi 470
nm-dir. 12 dovrdo udma zolagi 470 nm-don 545 nm-o godor genislonmis vo
15 dovrdo 520 nm-o enmisdir. Dovrlorin say1 artdigca qirmizi siirlismo basg
vermigdir. TEM tosvirloring asason CdS nanohissociklorinin 6l¢iilori 10 nm
olmusdur. Dévrlorin say1 artdigca tobagonin galinligr xatti artmisdir.

Tablanmis materiallarin fotohoassasligi daha yaxsi gostericilora malik-
dirlor. Soth dagilmalar1 vo kolo-kotiirliiyii sobobindon temperatur artdigca
buraxma spektindo doyisme miisahide edilmisdir. 373K, 573K, 673K-ds
tablanmis niimunolorin E, qiymati uygun olaraq 2.2 eV, 2.1 eV, 1.9 eV
kimi hesablanmisdir. Alinan CdS tobagosindo Cd:S atom faiz nisboti 52:48
olaraq hesablanmisdir. Olgmolor gdstormisdir ki, temperatur artdiqca mii-
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qavimot vo aktivlosmo enerjisi azalmis, kegiricilik artmisdir. Alinmig CdS
nazik tabagolori n-tip kegiriciliys malikdirlor [17].

CdS nanohissaciklari TiO,-nin sothino ¢okdiiriildiikdo Eg-nin qiymoti
3.0 eV-dan 2.4 eV-a qodor azalmisdir. Tiolla Ortiilmiis sothds ion-soth gar-
siligh tosiri yaxsi noticolonmisdir. Dovrlorin say1 artdigca CdS nazik tobo-
qosindo E,=2.37 €V olmus, udulma artmisdir [18].

Element analizindon CdS/TiO; birlosmasinin Cd:S nisbati 1:1 olmus-
dur. SEM-3 asasan toboaganin sathi homogen, hissaciklorin dlctilori 7 dovrde
3.6 nm, 9 dovrdo 4.7 nm olmusdur. CdS birlosmosindo dovrlorin say1 art-
diqca E, azalmus, hissociklorin olgiilori artmisdir. 1 dovrdon 11 dévro qalx-
digda Egnin qiymati 2.65 eV-dan 2.37 eV-a qodor azalmigdir. 9 dovrdoki
niimunalords kvant 6l¢iili effektlor miisahido olunmusdur [19].

ZnS nazik tobogosinin fiziki xassolorinin reaksiya parametrlorindon
asili olaraq variasiyast da todqiqat¢ilarin digqotini colb etmisdir.

Burada, sindirma omsali ilo E, arasindaki olaqo todqiq edilmisdir.
Tabogonin qalinligr artdiqca Eg-nin qiymoti 3.87 eV-3.58 eV intervalinda
doyismisdir. E, azalanda sindirma omsal1 artmigdir [20].

ZnS niimunasi kation vo anion monbayinin konsentrasiyasinin 0.1M,
pH~10, sorbsiya miiddoti 40 san, yuyulma miiddoti 60 san, dovrlorin say1 50
va temperaturun 300K olduqda alinmigdir. Niimunodo E,=3.93 eV, sathinin
morfologiyasinin iso hamar oldugu miioyyon edilmisdir. SEM tosvirlorindon
hissaciklor kigik, bozi yerlordo aqlomerasiya miisahido edilmisdir. S/Zn
elementlorinin atom faiz nisbati 1.06-a borabor olmusdur. Dovrlorin say1
artdiqca E, azalmigdir, tobagonin qalinligr artmis, kristalliq doracesi azal-
migdir. E,=3.83 eV olan niimunanin tablanmasi1 400°C-do aparilmisdir. Tab-
lanmadan sonra niimunanin strukturu vo E, qiymati doyismisdir. Sobab tem-
peratur artdiqca kristallitlorin Olgililorinin vo qofos daxili mosafonin do-
yismosidir. E,-nin doyismosi toboqodo defekt strukturlardan, torkibdon, qo-
fosdaxili vo kristallit xassolordon asilidir. Boyiikk E, qiymotino malik nii-
munolor giinog batareyalarinda istifado oluna bilor [21].

SEM tosvirlorindo 80 dovrdo sintez edilmis ZnS nazik tobogolori
hamar sotho malikdir. Element analizindon nisbetin 1:1-o yaxin, E,- nin iso
3.55 eV-a borabor oldugu miioyyon edilmisdir. ©dobiyyatla miiqayisodo
heksoqonal stukturlu ZnS {iglin E,=3.5-3.7, kubik quruluslu ZnS {igilin
E,=3.7-3.9 eV-dur. Demali, formalasan ZnS nazik toboqosi kubik qurulusa
malikdir.

Dovrlorin say1 doyisdikde E, kigik diapazonda doyismisdir (3.8-4.0
eV). Dovrlorin say1 artdiqca udulma artmis, E, azalmis, giic cevirmo effek-
tivliyi doyismisdir. Bu giinos batareyalarinin effektivliyino tosir gostorir.
Naticalor gostordi ki, dovrlorin sayinin doyisdirilmasi fotovoltaik batareya-
larin xassolorini yaxsilasdirmigdir. Belo ki, say 6 olduqda yiiksok effektivlik
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miisahids edilmisdir (3.25%). Forz edilir ki, dovrlorin say1 artdiqca qalinliq
artmig, bununla elektron-desik rekombinasiyasi azalmis vo maksimal doyor
gostorilmisdir. Dovrlorin sayinin sonraki artiminda giymot azalmisdir. SEM-o
osason dovrlorin sayinin artmasi ils hissaciklorin 6l¢iisii vo tobagenin galin-
lig1 artmisdir. Dovrlorin sayr glinog batareyalarinin is somoraliliyino tosir
edir.

Adi soraitdo vo 100°C; 150°C; 200°C; 250°C-do tablamis ZnS bir-
losmosindo E, uygun olaraq 3.66 eV, 3.57 eV, 3.50 eV, 3.48 eV kimi azal-
misdir. Otaq temperaturunda alinmis toboqodo E,=3.74 eV olmusdur. Demo-
li, tablamadan sonra E, azalir. Sindirma omsali otaq temperaturunda 2.16,
tablama temperaturu 100°C, 150°C, 200°C, 250°C olduqda, uygun olaraq
2.17; 2.15; 2.14; 2.12 olaraq hesablanmisdir. Tablanmis tobagolorin elektrik
xassolori otaq temperaturunda alinmis niimunslorin elektrik xassolorindon
daha davamlidir. Temperaturun artmast ilo coroyan azalmisdir. Molumdur
ki, miigavimot vo coroyan temperaturdan asili olan funksiya soklindodir.
Temperatur artdigca corayan azalmis vo tobagonin miiqavimaoti artmigdir.

Udulma spektrinin naticolorindon Eg-nin qiymati 3.92 eV olaraq he-
sablanmigdir. Elektrik xassolorine osason igigin intensivliyi artdigca corayan
artmigdir. Tablanmis ZnS tobogosindo coroyanin qiymati alinmis ZnS-in co-
royan qiymotindon kicikdir. Tablama 400°C-do aparilmis vo optimal tab-
lama miiddoati 3 doqiqo olmusdur. Tobogolorin strukturu 400°C-don sonra
dagilmisdir. Temperatur artdiqca niimunslorin kristalliq dorocasi artmisdir.
Tablama temperaturu artdiqda E, azalmisdir. Bu yarimkeciricilorin xarak-
terik xiisusiyyatlorindondir (T=200°C-do E,=3.84; T=300°C-do E;=3.67;
T=400°C-do E,=3.47). SEM-0 osason ZnS toboqosinds paylanma bircinsliyi
zoifdir vo kristallarin dlgtilori boyiikdiir. Coroyanin qiymati 10'°A olaraq to-
yin edilmisdir. Tablanmis ZnS toboqgosindo coroyan daha azdir. Temperatur
artdiqgca hossasliq azalmis, isigin intensivliyi artdiqca hossasliq artmisdir
[22].

Miixtalif dovrlords (50, 100, 150) siiso altligda formalasdirilmis ZnS
nazik tobagasindo E,=3.5 eV-a yaxin qiymatlor almisdir [23]. Dovrlorin say1
20, 40, 60, 80 artdiqca siiso altliqgda alinmis ZnS nazik toboqoesindo E,nin
qiymoti 3.42 eV; 3.41 eV; 3.40 eV; 3.38 eV-a qodor azalmisdir. Eg-nin
azalmasi dovrlorin say1 artdiqca, kristallit 6lgiilorinin artmast naticosindadir
[24].

Kation manbayinin konsentrasiyasini sabit saxlamagqla, sulfur ionunun
5 miixtalif konsentrasiyasinda ZnS toboqosini sintez etdikds, S/Zn nisboti
artmis, Egnin qiymoti 3.0 eV-dan 3.75 eV-a qodor doyismis, fotoliimmo-
nisensiya spektrlorindo emissiya intensivliyi azalmigdir. Bu niimunoadoki
defekt strukturlarin istirakinin azalmasi ils izah olunur [25].

Toboagonin qalinligr 35 nm, 136 nm olduqda, sindirma omsalinin qiy-
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moti uygun olaraq, 1.63, 2.17 olmusdur. Kristalliq doracasi artdiqda sindir-
ma omsalinin qiymati do artmigdir [26].

Polikorbanat altligda formalasan ZnS nazik tobsgosindo Zn vo S-in
atom faizi uygun olaraq 42% vo 36% olmusdur. Polivinilxlorid altligda bu
faiz 40% va 43%-dir. Bu iki elementin bir-birine nisbati 1:0.9-dur. SEM-o
osason sath hamar vo hissaciklor ardicil yerlogsmisdir. Hor iki altliqda tobs-
gonin galinligr 50-70 nm intervalindadir [27].

Yetisma prosesinin siirati 0.16 nm/dovr olmusdur. ilkin reagentlorin
miqdarin1 eyni godor artirmaqla prosesin siirotinin 0.22 nm/dévr vo 0.30
nm/dovr oldugu tayin edilmigdir. Dovrlorin say1 500 oldugda qalinliq dayis-
mir. Rentgeno osason polisterdo formalasdirilmis ZnS tobaqosi amorf quru-
lusa malikdir. Qalinliq 250 nm olduqda, kristalliq miisahido edilmisdir. Ele-
ment analizindon faiz nisboti 1.05-1.23-0 kimi doyisir. SEM tosvirlorindon
sothin hamar oldugu miioyyon edilmisdir. ZnS iiciin E,=3.44 eV olaraq
hesablanmisdir.

Holledici TEA olduqda yetigsmo siirati 0.13 nm/ddvr, etilenediamin ol-
dugda 0.27 nm/dévr olmusdur. Indium qalay oksidi {izorindo ZnCl,/TEA
sisteminin yetismo siiroti 0.13 nm/dovr, ZnCl,/EN sistemi {igiin 0.19
nm/dovrdiir. Sindirma omsal1 1.95-don 2.23-5 godor, yigilma sixligr 72%-
don 90%-o kimi doyigmigdir. ©n yiiksak sindirma omsali va yigilma sixlig1
indium qalay oksid iizorindo sink xloridin trietanolamindo holl edilmis
kompleksindon istifado edildikdo miisahido olunur. Zn vo S elementlorinin
bir-birino olan nisbati 0.89-dan 1.08-0 kimi doyisir. Rentgeno osason tobo-
qgolar polikristallik vo kubik qurulusa malikdir.

SILAR optoelektronika cihazlarinin totbigindo vo optoelektronika ge-
virmo effektivliyino goro daha effektiv {isul hesab olunur. ZnS tobogolorinin
qalinlig1 artdiqca ZnS tobogolorinin gorilmosi azalmigdir. SEM tosvirlorin-
dan hissaciklorin nanodl¢iide oldugu miioyyanlosdirilmisdir. Miixtalif qalin-
ligda Zn va S elementlorinin atom faiz nisbati (330 nm-do 0.99, 440 nm-do
0.98, 550 nm-do 0.97) todqiq edilmisdir. Qalinlq artdiqda E,, elektrik mii-
gavimoti, Zn vo S elementlorinin atom faiz nisboti azalmais, yiikdasiyicilarin
konsentrasiyasi vo yiiriiklilyli artmigdir [28].

SEM tasvirlorindon dovrlorin saymnin artdigda (20, 40, 60) hissocik-
lorin 6lgiilori 77 nm, 100 nm, 124 nm vo E, 3.76 €V; 3.72 eV; 3.67 eV ol-
musdur. Olgiilorin boyiimasi hissociklorin agqlomerasiyasi noticosinde mey-
dana golmisdir.

CdyZn; S tg¢lii birlosmosi hor iki birlosmonin xassalorini 6ziinda
comlayir. Birlosma aralig mévqgeds oldugundan sintez olunan kombinasiya-
dan asili olaraq miixtolif xassolor gostoro bilor. Miixtolif torkibdo sintez
olunan CdyZn;«S nazik tobagosindo molekullar arasindaki rabito uzunlugu
torkibdon asili olaraq doyismisdir. Cd-S ii¢lin molekularasi rabito uzunlugu
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2.52 A, Zn-S diciin 2.34 A-dir. Uglii birlosmado rabito uzunlugu bu inter-
valda dayisir. Absorbsiya omsali vo foton enerjisinin spektral asililigr Urbax
empirik ganunu ilo toyin edilir. CdyZn;«S nazik tobagosinin udulma spektri-
nd osason niimunslorin Urbax enerjisi hesablanmisdir. Nisbatin doyismasin-
don asili olaraq Urbax enerjisinin qiymoti doyismisdir. CdxZn;S nazik
toboqosindo x=0.2; 0.4; 0.6; 0.8 olduqda uygun olaraq E,=1.74 eV; 1.96 eV;
1.90 eV; 1.82 eV-dur [29].

x-in qiymatindon asili olaraq vo Cd/Zn nisbatine asason miixtalif bir-
losmolor alinmigdir vo xassoalori todqiq edilmisdir. Bu sistemlordo maksi-
mum fotovoltaik artim x-in 1,0-dan 0,62-0,67-ya (280 mV) enmasi ilo mii-
sahido olunur. CdyZn;«S nanokristallarinda Zn (II) molar fraksiyasinin art-
mas1 ilo kegiricilik zolag1 potensialinin artimina (220 mV) sabab olur. in-
dium qalay oksid/ZnO/CdxZn; S tobogolorini ag isigla isiglandirdiqda ya-
ratdigt fotoselin sixligr 1,0-dan 0,62-0,67-yo diison Cd (II) fraksiya ilo
CdxZn «S nanokristallarinin kegirici zolaq potensialinin miivafiq artirilmasi
ilo dord dofo artir. Demali, kadmium sulfidlo miigayisado CdyZn; S spektral
hassasliq araliginin daralmasina baxmayaraq kadmium-sink sulfid qati moh-
lullarina osaslanan sistemlordo fotoaktivlikdo xeyli qazanc alina bilor. No-
ticoloro osason CdyZn;«S qatt mohlullari, giinos batareyalarinin hossasliq
doracosi (400-450nm) qisa dalga uzunluglu hissasi li¢lin sorti olaraq istifado
olunan kadmium sulfiddon daha sorfali materiallardir [30]. Indium galay
oksid/sink oksid/CdyZn;«S heterostrukturunda CdyZn;S birlosmasi Cd(II)
hissaciyinin vo mohlulda kadmium va sink nisbatino osason SILAR-la sintez
edilmisdir. Magsad bu tip strukturlarla fotoelektrokimyovi aktivliyi artir-
maqdir. x-in qiymoti artdiqda E, 2.69 eV-dan 2.40 eV-a qodor azalmisdir.

Cd;«Zn,S nanohissaciyi x=3% qiymatinds sintez edildikdo E;=7,6 eV
olaraq hesablanmigdir. Cd, Zn vo S-in element faiz nisboti uygun olaraq,
47.27%, 1.61% va 51.12% olmusdur [31].

CdS nazik tobogosine Zn ionlarini asqgarlamaqla, CdyZn; S toboqosi
sintez edilmis, Zn ionlarinin konsentrasiyasi artdigda mavi siirlismo bas ver-
misdir. Zn ionlar1 artdigda miigavimot azalmis, keciricilik vo Hall mobilliyi
artmigdir. Zn ionunun 6% qiymotindo yiiksok dasiyici konsentrasiya, yiiksok
kegciricilik vo kigik miigavimot miisahido olunmusdur. Nimunolor 1 saat
miiddatinde 200°C-ds havada tablanmisdir. Optik 6lgmalors asason Zn ionu-
nun konsentrasiyasi (0.006) artdiqda, E, artmis vo maksimum qiymati 2.66
eV olmusdur. Konsentrasiyanin 0.009 giymotindo E, azalmisdir (2.5 eV).
CdS tobogalorini Zn elementilo asqarlamaqla E,-nin artmasi, kristallitlorin
Olgiilorinin azalmasi ilo ylikdasiyicilarin kvant Olciilii effekti hadisasino
osaslanir. Bu formalagmis materialin qurulusunun va stexiometrik torkibinin
orientasiyasina sobab ola bilor [10].

Parametrlorin doyisdirilmoasilo siigo altligda CdyZn;«S birlosmasindo
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Eq-nin doyismosi analiz edilmisdir. Burada iki forqli ciit monbolordon isti-
fado olunmusdur. Ilkin olaraq, reagentlorin miixtolif konsentrasiyali mohlul-
lar1 tigiin E, 2.4 eV-3.5 eV intervalinda doyismisdir. Belo birlosmalor giinog
batareyalarinda va optoelektronika cihazlari ii¢iin totbiqdo ideal materiallar-
dir. Qiymatin sonraki doyisimlori li¢iin ilkin reagentin bir-birino nisboti do-
yisdirilmisdir.

Cihazlarn effektivliyini artirmaq ticiin ticlii birlosmo TiO,/CdxZng.1S/ZnS
torkibli qurulus soklindo sintez olunmusdur. Bu birlosmo TiO;-lo kvant
noqtolori arasinda passivasiya effekti yaradirlar. Bu tosir cihazdaki elektron-
desik ciitlorinin rekombinasiya doracasini azaldir. Cevirmo effektivliyinin
artirtlmasi iiglin quruluglarin miixtolif névlori alinmis vo todqiq edilmisdir.
Uclii birlosmalorin giinas batareyalara daxil edilmosi onlarin effektivliyini
artirmaqla noticolonmisdir. TiO,/Cdg75Zn¢25S1/ZnS konfiqurasiyali mate-
riallarin ¢evirmo effektivliyi 3.6% olmusdur. Cevirmo effektivliyindoki ar-
tim, agiq dovrali gorginliyin 0,517 V-dan 0,725 V-dok artmasi ilo olage-
londirilir. Miivafiq fotocorayan sixligi 12.1566 mA/sm*-don 11.66mA/cm*-o
endirilmisdir. Effektivliyin bu clir artmasi1 CdZnS iiglii birlogsmosinin sathdo
passivasiya effektini yaratmasi ilo baglidir. Nohayot, nisboton yiiksok tok-
sikliyo malik olan TiO,/CdS/ZnS konfiqurasiyasina malik cihazlarin toksik-
liyi azaldaraq ¢evirma effektivliyini artiran CdyZny;S kvant ndqtalorinin tot-
biqi ilo doyisdirilo bilocoyi gostorilmisdir. Element analizindon kadmiumun
atom faizi 21.3%, sink tigiin 4.9%, sulfid ti¢iin 8.8% olmusdur. Cdg sZngsS
vo CdonsZng7sS birlosmolorindo Zn ionlarinin miqdarinin artmasi uygun
olaraq, birlogsmolorde kadmiumun 50% vo 75% azalmasi demokdir.
Ti0,/Cd ZneS/ZnS birlosmoasindo E,=2.15 eV, Ti0,/Cdg 75Zn9255/ZnS bir-
losmosindo Eg=2.3 eV, TiO,/CdysZnosS/ZnS birlosmasindo E,=2.5 eV,
Ti0,/Cdo25Zn75S/ZnS  birlosmosinde E,=2.75 eV, TiO,/CdoZn;S/ZnS
birlosmosindo E,=3.2 eV olaraq hesablanmisdir [32].

NOTICO

Dovrlorin sayinin artmasi toboagoalorin qalinliginin vo ya hissaciklorin
Olciilorinin artmasima sobob olur. Bu Eg-nin ki¢ilmasino gotirir. Yuxarida
gostarilon noticolori Brus boraborliyino asason izah etmok olar. Dovrlorin
say1 artdiqda diffuz sindirma amsalinin qiymati azalir. Temperatur artdiqca
kristallagsma siirotinin artmasi, hissaciklorin koalesensiya proseslorinin siirot-
lonmosi vo kigik hissociklorin boytlik hissociklor torafindon udulma prose-
sinin siiratlonmasi bas verir. Bu faktorlarin naticasinds hissoaciklorin Olgiilori
daha artir. Temperaturun tasiri naticasinda yetisma prosesi daha yaxsi gedir.
Dovrlorin sayr artdiqda hissaciklorin Olgiilori do artir vo Eg-nin qiymoti
azalir. CdyZn;S birlosmosindo x-in qiymoti artdiqda E, azalir. Yoni, Ccd**
ionunun miqdari artir vo CdyZn;S birlosmasinds E, qiymati CdS birlosmo-
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sinin E,-nin qiymoting yaxinlasir. ©dabiyyat analizi gostorir ki, formalasan
niimunalorin sindirma omsali, Ey, miigavimati tablama temperaturundan asi-
lidir. Bu tablama zamani niimunalorin kristallik strukturu, struktur defektlori
vo Olgiilorin doyismosilo baglidir.
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®U3NUYECKUE CBOMCTBA HAHOMATEPUAJIOB
Cd,Zn,.S IIO METOJY SiLAR

M.B.MYPAJIOB, . M.2MBA30OBA, J1.P.”AXPAMAH.IbI
PE3IOME
TexHoIOTHMYECKNE YCIIOBUS 1 TTAPAMETPhI PEAKIIUH BIMSAIOT Ha (PU3NUECKHE CBOICT-
Ba MOJIYIIPOBOIHUKOBBIX Marepuanos Cd,Zn,S. B HacTosmem nccaeqoBaHUN H3ydeHa
B3aUMOCBSI3b MEXAY (PU3NUECKUMHU CBOMCTBAMHU 3TUX COCTMHEHHH, TOTYYEHHBIX METOI0M

cunre3a SILAR, u mapaMeTpamu peaxiuu.

KaroueBble cioBa: HaHomatepuaisl Cd,Zn, S, mmprHa 3anpeIieHHON 30HbI, (Hu-
3U4ECKHE CBOWCTBA.

PHYSICAL PROPERTIES OF CdyxZn,.S
NANOMATERIALS BY SiLAR METHOD

M.B.MURADOV, GM.EYVAZOVA, L. R.GAHRAMANLI
SUMMARY
The technological condition and reaction parameters are affected to the physical
properties of CdyZn;,S semiconductor materials. In the present study, the relationship
between the physical properties of these compounds obtained by the SILAR synthesis

method and the reaction parameters was investigated.

Keywords: Cd,Zn, S nanomaterials, bandgap, physical properties.
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Cu,In,s, MONOKRISTALINDA ASQAR UDMA

L.HHO9SONOVA, 9.Z.MOHOMMoODOV
Baki DOvlat Universiteti
ludmilahasanova@mail.ru

Murakkab yarimkegirici birlasma Cu,In,S, monokristalinda asgar udma Oyranil-

migdir. Baxilan kristal, analoqu oldugu A"B)' kristallar: kimi, defekt qurulusludur, kris-

taldaki defektlor yiiksak konsentrasiyaya malik oldugundan, qadagan olunmus zonada
miiayyan saviyyalar yaradir, onlar da rekombinasiya prosesinda giiclii tasir etdiyindan ya-
rimkegiricinin fotokegiriciliyinda va fotolUminissensiyasinda miihiim rol oynayir.

Acar sozlar: asqarlar, deffektlor, optik udma.

Almazabonzor yarimkegiricilor bir sira fiziki xassolorinog, ylikdasiyi-
cilarin, ylriikliyiin boylik olmasina, homginin fotoelektrik vo termoelektrik
xassolorino goro todqiqatcilarin diqgetini colb edir. Sfalerit vo wviirsit tipli
normal struktura malik yarimkegirici birlosmolorlo yanasi defekt quruluslu
yarimkegirici birlogmolorin dyronilmosino do boylik diqqget yetirilir. Belo
yarimkecirici birlosmalordon biri do A/B!"C) tip maddslordir [1].

Baxilan igdo Cu,In.S, birlosmasindo asqar udma dyronilmisdir. Birlog-
mo ona gora maraq kaosb edir ki, xalkogen atomlar1 boyiik oldugundan he-
misa n-tip kegiriciliyo malik olur, giinos spektri diapazonunda bdyiik udma
omsalina malikdir ki, bu da Cu,In,S, nlimunalorinin tizorins diison giinos slia-
lariin udulmasini olverisli edir. Bundan basqa defektlorin konsentrasiya-
siin boylikliiyi kristalin yliksok radiasiya doziimliiyiine sabab olur.

Cu,In.S, kristalinin omolo golmosini asagidaki reaksiyalarla tosvir
etmak olar:

2Cu,S +5In,S, =2Cu,In.S,
Vo ya
3CulnS, +In,S, =Cu,In.S,.

Adoton, ikigat vo iigqat xalkogenid birlogsmoalorin sintezi zaman1 onlar

asan ucucu komponentloro malik oldugundan sintez olunan ampulanin
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daxilinds boylik buxar tozyiqi yaranir vo tozyiqi azaltmaq ii¢iin ampulanin
soyuduldugu xiisusi sobalardan istifado olunur.

Istifado olunan monokristallar iso yavas soyutma iisulu ilo goyerdil-
migdir. Bu tisulun istiinliiyli ondan ibarotdir ki, baxilan halda no soba, na do
ampula horokot etmir vo gdyormo prosesindo ampulanin mexaniki silkolon-
masinin qarsist alinir, doyison yalniz sobani qidalandiran coroyan olur. Ba-
xilan tisulla iri, tokmil metallik pariltiya vo layvari qurulusa malik Cu,In,S,
monokristallart alinmisdir, o monoklin struktura malik olub, parametrlori
a=6,60; b=6,96; c=8,12 A"; p=89°; z=1.

Cu,In.;S, monokristalinda asqar udma 0,8 + 1,5 mkm oblastda todqiq
olunmusdur. Udma omsali miixtolif gqalinliglt niimunoslordo soffafligi ol¢-
moklo toyin olunmusdur. Madds layvari oldugundan eyni niimunodon ardicil
qopartma tsulu ilo miixtalif qalinliglar1 almaq olar. Baxilan oblastda asqar

udma miisahido olunur (sokil 1). Tacriibi naticolor o~ (hv— E,+ E.)? asi-
liligina asason arasdirilmisdir.

10 14
I 1%
» g
= o
g g
. 5k A o
£ P 7
]
L 41 =

L L 0

0,5 0,6 0,7 0.8

hv, eV

Sak. 1. Cu,In,S, monokristalinda asqar udmanin (1 oyrisi)
va asqar fotoliiminessensiyanin (2 ayrisi) enerjidon asililigi.

Belo ki, [2] isindo gostorilmisdir ki, elektronlarin valent zonasindan
bos donor saviyyasino kesid asagidaki diisturla xarakterizo olunur:

N, (v-g,-E,)*

(EF—EDJ hv
1+exp, T
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Bu ifads kegirici zona parabolik qurulusa, m, >>m_ vo Er Fermi soviy-

yasi Ep otrafinda yerlosdiyi halda dogrudur. A — sabit, Np — donor asqarlarin
konsentrasiyasidir.

Verilmis diisturdan goriiniir ki, enerji skalasinda udmani qabaqlayan
asqar udmanin enerjidon asililig1 icazo verilmis zonalararast moxsusi diiz
kecidlords oldugu kimidir. Lakin asqar udma halinda udma omsal1 moxsusi
udma halindakina nisbaton xeyli kicikdir. Udma spektrinde alinmis xattin
absis oxuna qodor ekstrapolyasiyasindan 0,65 eV qiymoti alinmisdir. Asqar
udma temperaturdan ¢ox asili olur. Bu xiisusiyyetini arasdirmaq ti¢iin nii-
munodlor 6lgmoalordon ovval 77 K temperaturlarda qaranliqda saxlanilmigdir.
Bu halda praktiki olaraq asqar udma miisahido olunmamisdir. Lakin niimu-
nolari hv>>E, enerjili isiqlandirdiqda asqar udma miisahids olunur vo qag-

ranligda saxlama miiddoti artdiqca udma zoifloyir. Bu onunla izah olunur ki,
qaranligda saxlanilmis niimunolorin qadagan olunmus zolaginin ortasina ya-
xin yerlosmis asqar saviyyslori 77 K-da, demak olar ki, bosdur. Miisahida
olunan hadiso homin dalga uzunlugunda Cu,In,S, monokristalinda macburi
asqar fotokeciriciliyin, infraqirmizi sénmenin, temperatur sénmasinin miiga-
hido olunmasi fakt1 ilo uygunlasir [3].

Qeyd etmok lazimdir ki, Cu,In,S, monokristalinin udma sorhaddinds
moxsusi liminessensiya miisahido olunmur, lakin 77 K temperaturda asqar
fotoliiminessensiya miisahido olunur vo onun maksimumu 0,65 eV enerjiya
uygundur. Beloliklo, asgar udma vo fotoliiminessensiyanin todqiqindon belo
noticoya golmak olur ki, uzunlugunda Cu,In,S, monokristalinda Fermi soviy-
yosi ilo bagli dorin asar soviyyasi var. Bu soviyyo todqiq olunan biitiin nii-
munalords o goriindiiyiindon, soviyyonin monokristalin strukturundaki de-
fektlorlo olagadar oldugunu demok olar.
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NPUMECHOE INOI'VIOIEHUE B MOHOKPUCTAJLJIE Cu,In,S,

JL.I'TACAHOBA, A.3.MATOMEJ1IOB
PE3IOME

I/ICCJIC,HOBEIHO TIIPUMECHOE TIOTJIOIEHUE B MOHOKPHUCTAJIIIE CJIOKHOTO IIOJYIPOBOI-
HHUKOBOT'O COCAWHCHUS CU3|n559 . PaCCManPIBaeMLIfI KpuCTaJlyl, KaKk U aHaJIOTUYHBIC EMY

kpuctaisl A''BY', uMeeT He(QeKTHYI CTPYKTypy, U HOCKOJIbKY Ae(eKTbl B KPHCTasIe

MMEIOT BBICOKYIO KOHIIGHTPANNIO OHU CO3AAI0T B 3aIPEIICHHON 30HE OIIPEAEICHHbBIC YPOB-
HH, UTPaIOIIie BAXKHYIO pOJb B (POTONMPOBOAMMOCTH M (POTONOMHHECIEHIIMU II0JIYNPO-
BOJIHUKA.

KaroueBnble ciioBa: ImpuMecHu, Ile(i)eKTbl, ONITHYCCKOC MOITIONICHUE.

IMPURITY ABSORPTION IN A Cu,In,S; SINGLE CRYSTAL

L.G. HASANOVA, A.Z. MAHAMMADOV
SUMMARY

Impurity absorption in a single crystal of a complex semiconductor compound
Cu,In,S, has been studied. The crystal under consideration, like similar A"B)' crystals,

has a defect structure, and since the defects in the crystal are highly concentrated, they
create certain levels in the band gap, which play an important role in the photoconductivity
and photoluminescence of the semiconductor.

Keywords: impurities, defects, optical absorption
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STUDY OF ZH, H » bb EVENTS SELECTIiON CONDITIiONS
USING DIiFFERENT EVENT GENERATORS

F.N.AHMADOV'?, M. A.MANASHOVA'?
1Joint Institute for Nuclear Research, Dubna, Russia
?Institute of Physics of ANAS, Baku, Azerbaijan
3The Institute of Nuclear Physics, Almaty, Kazakhstan
fahmadov@jinr.ru , munira.manashova@mail.ru

In this paper, we analyze the process of associative production of the Higgs boson
with the Z-boson and its main background processes ZZ and Zbb at the level of event
generation. Signal and background events are generated using the CompHEP, POWHEG
and PYTHIA generators. The distributions of some kinematic variables for the signal
process obtained from these three generators were compared. It was found that the shape
of these distributions is similar for different generators. The slight deviation of the
POWHEG distributions from other generators can be explained by the fact that it uses the
next-to-leading order of perturbation theory for the cross section, while other generators
use the leading order. Also, new spin-dependent angular variables for signal and
background processes were defined and compared. The signal-to-background ratio can be
significantly improved by cutting off the side region of the distribution of the angular
variables, where the number of signal events decreases but the number of background
events increases rapidly.

Keywords: Higgs boson, event generator, associative production.

Introduction

The Higgs boson was discovered in 2012 by the collaboration of
ATLAS and CMS at the LHC [1, 2]. The measured mass of the Higgs boson
produced in proton-proton collisions is about 125 GeV. The Standard Model
Higgs boson is searched for at the LHC in various decay channels (yy, ZZ,
WW, z, bb). The predominant decay of the Higgs boson in the SM occurs
with a probability of ~ 58% for a pair of bb quarks [3]. The dominance of
the background leads to difficulties in studying and describing the properties
of the Higgs boson. The object of research in this work is the associated
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production of the Higgs boson with the Z-boson. In associative production,
angular variables of final particles are very useful for analysis. Z- and W-
bosons do not differ in spin magnitude. The Higgs boson has spin 0, the Z
boson has spin 1. Due to the difference in spin, there is a difference in the
distribution of the angular variables. This effect can improve the signal-to-
background ratio.

Samples and event simulation

Physics processes have been simulated with the PYTHIA [4],
CompHEP [5], and POWHEG [6] Monte Carlo programs.

In this work latest version (v8) of the PYTHIA are used. Leading
order (LO) corrections were used when generating events with the
PYTHIAS, as in the CompHEP generator.

CompHEDP is designed as a universal program for calculating collision
and decay processes with up to 8 particles in the final state.

POWHEG is a method that uses the POWHEG BOX computing
environment to implement next to leading order (NLO) perturbation theory
computations.

In this study, pp —» ZH — llbb was considered as a signal process,
p = ZZ - llbb and pp — Zbb — llbb as a background processes, where
I = e* or u*. The energies of protons were set to 6.5 TeV. We use the
same number of events and order of corrections as in [7] when generating
signal and background samples. CTEQG611 was used as the structure function
of the proton in the PYTHIA8 and CompHEP generators, and CTEQ6M
was used in the POWHEG. The difference in the distribution of the
transverse momentum for the pp — ZH — llbb process between LO and
NLO event generators can be seen in Figure 1.
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Fig. 1. Distribution of the transverse momentum of the lepton.
Bottom plot shows the distribution ratios PY THIA8/POWHEG and CompHEP/POWHEG.
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Events selection and analysis

Some selection conditions from the experimental analysis [8] were
used in the present work.

e The transverse momentum pr of leptons, b- and b- quarks are
required to be greater than 25 GeV.

e The pseudorapidity for final particles should be |n|<2.5

e The transverse momentum of the Z boson must be greater than 150
GeV.

Figure 1 shows a comparison of the lepton’s transverse momentum
distributions for the signal process obtained from different generators. In
this figure, the difference in distributions between the event generators can
be explained by the fact that the generators use different corrections to
calculate the cross section (LO or NLO).

We suggest to use two angular variables (01, 6Z) in order to improve
background suppression. The variable 0, is the angle of the negatively
charged lepton in the Z rest frame relative to the Z direction in the qg
center of mass system. 6, is the angle between the direction of the Z-boson
and the colliding particles in the center of mass system in ZH. Figure 2
shows a comparison of the distributions of these angular variables.

Results

We compare the signal and background distributions over some va-
riables for different event generators. This procedure was repeated for
events simulated by the PYTHIAS and CompHEP generators. These com-
parisons are presented in Figures 3 and 4.
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Fig. 2. Distribution of the cosine of the charged lepton (a) angle in the Z rest frame relative
to the Z direction in the qq c.m.f. and (b) the cosine of the Z-boson polar angle from the
collision axis in the qq c.m.f. for different generators.
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Fig. 3. Distributions of the transverse momentum and pseudorapidity of the charged lepton
for signal and background processes obtained from CompHEP (a, c¢) and from PYTHIAS
(b, d).

Figure 3 shows the distributions of the transverse momentum and
pseudorapidity of the charged lepton. In the Figure 4, the distributions on
cos and cosfz are given. It can be seen from the distributions of the
charged lepton pseudorapidity that the distribution for the signal does not
differ much from the distribution for the background. Therefore, this
variable is not useful to select signal events. From the Figure 4 one can
conclude, that the selection requirements -0.6<cos6<0.6 and -0.7<cos67<0.7
could significantly improve the signal-to-background ratio. Unlike the WH
process, in the ZH process all particles in the final state can be fully
reconstructed in the detector. Therefore, despite the decrease in efficiency
after the simulation and reconstruction of the process in the detector, these
variables will remain effective for event selection. And the difference in
distribution for different generators can be used as a systematic error in
modeling this process.
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Fig. 4. Distributions of the cosine of the charged lepton angle in the Z rest frame relative to
the Z direction in the gg c.m.f. and the cosine of the Z-boson polar angle from the collision
axis in the qg c.m.f. for ZH, ZZ and Zbb events obtained from CompHEP (a, c) and from
PYTHIAS (b, d).

Conclusion

From figure 2 and 3, it can be seen that the forms of distributions of
variables for different generators are similar. The slight difference between
POWHEG and the other two generators can be explained by the difference
in the level of corrections (NLO and LO) that are taken into account when
generating an event. As can be seen from the results, there is a similarity
between the distributions obtained from the CompHEP and PYTHIAS
generators. This similarity confirms the correctness of the event generation
process and obtaining the distribution of variables and allows us to use these
variables in the event selection process. Figure 4 illustrates that the
distribution of variables for signal and background processes is quite
different. These differences can be used in further analysis to reduce the
large background contribution.

129



REFERENCES

1. ATLAS collaboration, Observation of a new particle in the search for the Standard
Model Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B 716 (2012)
1[arXiv:1207.7214] [INSPIRE].

2. CMS collaboration, Observation of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC, Phys. Lett. B 716 (2012) 30 [arXiv:1207.7235] [INSPIRE].

3. A.Djouadi, J. Kalinowski, M. Spira, HDECAY: a program for Higgs boson de-cays in
the Standard Model and its supersymmetric extension, Comput. Phys. Commun. 108
(1998) 56, arXiv:hep -ph /9704448[hep -ph].

4. T.Sjostrand, P. Skands. PYTHIA 8.2 Worksheet, January 2015.

5. A.Pukhov, E. Boos, M. Dubinin, V. Edneral, V. Ilyin, D. Kovalenko, A. Kryukov, V.
Savrin. CompHEP - a package for evaluation of Feynman diagrams and integration
over multiparticle phase space. User’s manual for version 33, 2000 [arXiv:hep-
ph/9908288].

6. S.Frixione, P. Nason and C. Oleari. Matching NLO QCD computations with Parton
Shower simulations: the POWHEG method, JHEP 11, 2007, 070 [arXiv:0709.2092].

7. Ahmadov F.N., Manashova M.A., Study of WH production at LHC using different
event generators, AJP FIZIKA, p.3-7 (2021).

8. ATLAS Collaboration, Observation of H — bbdecays and VH production with the
ATLAS detector, Phys. Lett. B 786, 2018, 59.

MUXTOLIF HADiSO GENERATORLARINDAN iSTiFADO EDOROK
ZH, H - bb HADiSOLORIN SECILMO SORTLORININ TODQiQi

F.N.OHMODOV, M.A.MANASOVA
XULASO

Bu igdo Hiqgs bozonunun Z-bozonu ilo assosiativ yaranma prosesi vo onun asas fon
proseslori olan ZZ vo Zbb proseslori, yaradilmis hadisolor soviyyasinds todqiq edilmisdir.
Signal vo fon hadisslori CompHEP, POWHEG va PYTHIA generatorlarindan istifads
etmoklo yaradilmigdir. Bu ii¢ generatordan alinan siqnal prosesi iigiin bazi kinematik
dayisenlerin paylanmasi miiqayiss edilmisdir. Miioyyen edilmigdir ki, bu paylanmalarin
formasi miixtolif generatorlar {i¢iin oxsardir. POWHEG paylanmalarinin digor generator-
lardan ciizi konaragixmasi onunla izah oluna biler ki, o, effektiv kosik iigiin perturbativ
nazariyyanin ikinci tortib diizolisindon istifads etdiyi halda, digor generatorlar birinci tortib
diizolisdon istifado edir. Homginin, siqnal vo fon proseslori {iglin spindon asili yeni bucaq
doyisonlori miioyyon edilmis vo miiqayise edilmisdir. Bucaq doyigonlorinin paylanmasinda
signal hadisolorinin saymin azaldigi, lakin fon hadisalorinin saymnin siirstlo artdigi yan
bolgalari kosmoklo siqnal/fon nisbatini ochomiyyatli doracades yaxsilasdirmaq miimkiindiir.

Acar sozlar: Higgs bozonu, hadiso generatoru, assosiativ yaranma.
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HCCJIEJOBAHUE YCJIOBUM BBIBOPA COBBITUM ZH, H — bb
C HCIIOJIb30OBAHHUEM PA3JIMYHBIX TEHEPATOPOB COBBITHIA

®.H.AXMAJIOB, M.AMAHAIIIOBA
PE3IOME

B nannOli pabore aHamu3upyeTcs HPOLECC ACCOLMATUBHOIO POXKICHUS 0030HA
Xurrca ¢ Z-6030HOM H €ro 0CHOBHBIE (hOHOBBIE TIporiecchl ZZ u Zbb Ha ypoBHE reHeparuy
coObITuii. CurHasmbHble ¥ (DOHOBBIE COOBITHSI T€HEPUPYIOTCS C IMOMOIIBIO T'€HEPaTopoB
CompHEP, POWHEG u PYTHIA. IIpoBeaeHo cpaBHEHHE paclpeaesieHHH HEKOTOPBIX
KMHEMaTHYEeCKUX IEPEMEHHBIX U CHTHAJIBHOTO IPOIECcCa, MOIYYCHHBIX OT 3THUX Tpex
resepaTopoB. bputo ycTaHOBIEHO, 4TO (popMa 3THUX pacHpeAeIeHHH OJMHAKOBA U pas-
HBIX TeHepaTopoB. Hebompimoe otkinonenue pacnpenenenuiit POWHEG ot npyrux renepa-
TOPOB MOYXHO OOBSICHUTH TE€M, YTO OH MCIOJIB3YET CIEAYIONMH 3a BEAYIINM TOPSIO0K TEO-
pHM BO3MYIIEHHUH JUIsl CEUYEHHs, TOT/Ia KaK Jpyrue TeHepaTophl HCIONIB3YIOT BEAYIIN Mo-
psinok. Taxke ObUTH OTIpe/IeNICHbI ¥ CPaBHEHBI HOBBIE YIJIOBBIE IIEPEMEHHbIC, 3aBUCAIINE OT
CIMHA, JJIsl CUTHANBHBIX U (pOHOBBIX mporeccoB. OTHOLICHWE CUTHA/(OH MOXKHO 3HAYH-
TENBHO yIy4IINTh, OTPe3aB OOKOBYIO 00JaCTh pacrpeieieHNs YITIOBBIX IEPEMEHHBIX, /e
YHCJIO CUTHAJIBHBIX COOBITHH YMEHBILACTCS, HO YUCIO (POHOBBIX COOBITHI OBICTPO YBEIH-
YHBAETCS.

KutoueBbie ciioBa: 6030H XUTTCa, TEHEPATOP COOBITHI, ACCOIMATUBHOE POXKIECHUSI.
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NANOHISSOCIKLOR VO BIOLOJI SISTEMLORARASI
QARSILIQLI OLAQOLORIN UMUMI XARAKTERISTIKASI
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Mbaqalada nanohissaciklar va bioloji sistemlararast alagalorin timumi xarakteris-
tikasina dair adabiyyat analizi aparilmisdir. Eyni zamanda, bu sistemlarda nanomaterial va
bioloji komponentlararasi qarsiliql alagalorin fiziki-kimyavi va bioloji xiisusiyyatlarinin
adabiyyat tahlili yerina yetirilmisdir. Belo ki, nanohissaciklor va bioloji sistemlorarasi
qarsiligl alaqanin hissaciklorin 6l¢ii va formasi, kimyavi torkibi, hidrofillik/hidrofobluq xii-
susiyyatlari, morfologiyasi, sathinin yiikii vo aglomerasiya daracasi kimi parametrilaorindan
astliligr tadqiq edilmis vo bu zaman yaranan qarsiliqh tasir qiivvalorinin tabiati va protein
koronanin formalagmasi prosesi izah edilmisdir.

Acgar sozlar: proteinkorona, nanohissocik, ziilal, membran, toksiklik, hiiceyra,
funksional qrup, qarsiliqli tasir, hidrofil, hidrofob, bioloji miihit.

GIRIS

Unikal xassoloro malik olan nanomateriallar [1, 2] tibbin yalniz diag-
nostika sahoasino gotirdiklori yeniliklorlo deyil, bir ¢ox xostoliklorin miiali-
cosindo effektivliyi ilo do digqgoet morkozindadirlor [3, 4, 5]. Miiasir dovrdo
nanotexnologiyanin imkanlarindan tibbin miixtalif saholorindo genis istifado
edilmasi miioyyan saholorin inkisafi ilo yanas1 bir sira problemlarin yaran-
masina da sobab olmusdur [6, 7]. Belo ki, dl¢iilori bioloji obyektlorlo (ziilal,
membran, fosfolipid, orqanel, DNT va s.) eyni olan nanohissaciklorin mani-
pulyasiya proseslorinin tohliikosizliyli masolosi, hazirda, elmin garsisinda
duran aktual problemlordon hesab edilir.

Molumdur ki, nanohissaciklor mikro- vo makroskopik analoglarindan
asaslt sokilds forglonan fiziki vo kimyavi xassalor niimayis etdirir. Bu isa, 6z
novbosindo, onlarin digor sistemlorlo, mosalon, insan orqanizmins daxil ol-
dugda tamamils yeni vo ovvallor molum olmayan qarsiligl tasirlorin ortaya
¢ixmasina sabob olur. Miioyyon monada, insan orqanizmindoki miirokkob
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quruluslu miitosokkil molekullarin (masolon, ribosomlarin) tobii nanoobyekt
kimi xarakterizo edilmosi miimkiindiir. Mohz bu sobobdon nanohissaciklor
biomiihitdo asanligla adaptasiya edo bilo, mosalon, hiiceyro “divarlarindan”
niifuz eds va tobii nanoobyektlordon olan sitoskeletal elementlorlo miixtalif
nov qarsiligh tosirlords ola bilorlor.

Icmal moaqalo nanoobyektlarin qurulus vo xassalorinin onlarin bioloji
sistemlorlo qarsiliglt slagosing tosirinin aragdirilmasina hosr edilmisdir. Eyni
zamanda, bu sistemlordo nanomaterial va bioloji komponentlor arasi qarsi-
liglt olagelarin fiziki-kimyovi v bioloji xiisusiyyatlorinin odobiyyat tohlili
apartlmisdir.

1. Nanohissaciklorin xiisusiyyatlorinin bioloji sistemlarls qarsihiqh
dlaqaya tasiri

Nanohissocik vo bioloji sistem arasindaki qarsiligli alago vo onun osas
xtlisusiyyatlori, ilk ndvbado, nanohissociyin 6ziiniin fiziki-kimyoavi xassolo-
rindon asilidir [8] (sokil 1). Bu xassalora hissociklorin 6l¢ii vo formast, ortiik
materialinin xassasi, morfologiyasi, sothinin yiikli vo onda funksional qrup-
larin moévcudlugu, hidrofillik/hidrofobluq xiisusiyyastlori, kimyavi torkibi,
kristallik qurulusu vo nohayot, aglomerasiya doracosi daxildir. Qeyd etmok
lazimdir ki, nanohissaciklarin hiiceyra soviyyasindo biouygunluq mexanizmi
do sadalanan xassolordon ohomiyyatli dorocods asilidir.

IR AT v

==l
el bgand

-
sathe yu -

——

Sak. 1. Bioloji sistemlorla qarsiliqli alagayas tesir edon asas nanohissacik xiisusiyyatlori.

1.1. Olg¢ii

Orqganizmin nanohissaciklorlo garsiliqh olagosi birbasa olaraq onlarin
olgiilori ilo xarakteriza olunur [9]. Belos ki, nanohissaciklorin bioloji obyekt-
lorlo bagli biitiin garsiligh tosir mexanizmlori, masalon, hiiceyro sothlorindo
onlarin yigilmasi vo eloco do udulma proseslori 6l¢ii parametrindon koskin
sokildo asilidir [10]. Belo ki, hissociyin olgiisii kigildikco onun hiiceyra
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membrani ilo qarsiliglt olago qiivvasi boyiiyiir [11]. Bu fakt nanohissocik
Ol¢iisiiniin kigilmosi ilo onun sothinin hocma olan nisbatinin artmasi vo bu
da, 6z névbosindo, hissociklordo kontakt sothinin bdylimosi, reaksiyaya gir-
ma qabiliyyatinin artmasi ilo izah olunur. Malumdur ki, 6l¢iilori toqribon 50
nm-don ki¢ik olan nanohissaciklor organizmo daha rahat sokildo daxil ola vo
siiratli sokildo toxumalarla birlogo bilir ki, bu da onlarin daha ¢ox toksik
xilisusiyyatlorinin 1izo ¢ixmasina sabob olur [12]. Masolon, Kim vo omok-
daslar1 [13] torofindon {i¢ miixtolif Sl¢iido (~10 nm, 50 nm, 100 nm) sintez
edilmis glimiis nanohissociklorinin MC3T3-E1 vo PC12 do daxil olmagla bir
ne¢a hiiceyra xatlorinds toksikliyi todqiq edilmisdir. Miiayyon edilmisdir ki,
10 nm olg¢iilii giimiis nanohissaciklori digor boyiik 6l¢iilii hissociklorlo mii-
qayisado daha ¢ox hiiceyrs apoptozuna sabob olmusdur.

Nanohissocik Ol¢iisii onlarin in vivo paylanmasi vo ya farmakoloji
xiisusiyyatlorine, homginin fizioloji aktivliklorino do birbasa tosir gostora
bilir [14]. Olgiilori 1 mkm-don bdyiik olan nanohissaciklor hiiceyroys asan-
ligla daxil ola bilmir, lakin hiiceyrs torafindon absorbsiya olunan ziilallarla
qarsiliglt tosirdo ola bilir. 6 nm-don bdylik Slgiiloro malik olan nanohisso-
ciklor iso boyroklordon siiziilmiir vo spesifik orqanlarda toplanir [15]. Sona-
van vo digorlori [16] torafindon miioyyon edilmisdir ki, qizil nanohissacik-
lorinin miixtolif toxumalarda toplanmasi bilavasits onlarin dl¢iilorinden asilt
olmusdur. Belo ki, ol¢iilori togribon 15 nm olan qizil nanohissaciklorinin
qan, qaraciyar, agciyar, dalag, boyrok, beyin, iirok vo madodo qatiligi daha
boyiik ol¢iilii (50 nm, 100 nm vo 200 nm) qizil nanohissaciklorinin qatili-
gindan dofalarls ¢ox olmusdur. Homginin beyinds bu hissociklorin miioyyon
edilmasi onlarin hematoensefalik baryeri (qan-beyin baryerini) asa bilmasini
do niimayis etdirmisdir.

1.2. Forma

Nanomateriallarin toksikliyino tosir edon fiziki-kimyovi xassolordon
biri onlarin formasidir [17]. Nanohissociklorin miixtolif struktur vo forma-
larda sintezi miimkiindiir ki, bura, boru, lif, sferik, miistovi vo s. quruluglar
aiddir. Nanohissaciyin formasi, homginin onlarin biomiihitdo endositoz,
paylanma va secicilik xassolorino tosir edir [18]. Bunun osas sobablorindon
biri iso miixtalif formali hissociklords forqli qurulus ayriliklorinin olmasidir.
Belo ki, eyni 6lgiilii boru sokilli, bagqa sézlo desok, silindrik formali nano-
hissaciklorin membranla ortiilma miiddati sferik quruluslu hissaciklorlo mii-
qayisado daha ¢coxdur. Mohz buna goro do sferik formali nanohissaciklor da-
ha asan vo siiratli sokildo hiiceyra torofindon “tanina” bilirlor [19]. Bununla
yanasi, mioyyon edilmisdir ki, belo formali hissociklor daha az toksiklik
niimayis etdirirlor. Belo ki, bir qrup toedqiqatcilar torafinden mikro-, nano6l-
cllii vo ¢cubuqvari Fe,Os hissociklori sintez edilmis vo onlarin sitotoksiklik
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xtlisusiyyotlori tadqiq edilmisdir [20]. Malum olmusdur ki, miigayisodo mak-
rofaq hiiceyrolords daha yiiksok doracodo nekrozun yaranmasi mohz ¢ubug-
vari nanohissaciklorin istiraki zamani miisahido edilmisdir. Bu, membranin
cubuqvari Fe,O3 nanohissociklori torafindon daha ¢ox zodslonmosi vo aktiv
forma oksigenin sintez olunmasi ilo bagli olmusdur.

1.3. Sathin modifikasiyasi

Nanohissocik sathinin xiisusiyyatlori onlarin hiiceyralarlo qarsiliqh
olagasina tosir edon oasas parametrlordondir. Sath ortiiyiiniin doyisilmasi his-
saciyin maqnit, elektrik, kimyavi va optik xassalarinin doyisilmosina sabab
olur ki, bu da onlarin farmokinetik, paylanma, akkumilyasiya vo toksiklik
xassaloring chomiyyatli doracads tasir edir [21, 22, 23].

Sothin yiikii vo onun sixlig1 nanohissaciklorin hiiceyro torafindon udul-
ma daracasing, homginin, biomolekullarla qarsiligh slagesing tesir eds bilir
[24, 25]. Belo ki, monfi yiiklii strukturlarin hiiceyro sothi ilo birlogsmasi
neytral vo ya miisbat yiiklii hissaciklorlo miiqayisade daha zsifdir ki, bu da
onlarin daha kigik endositoz udulma ilo xarakterizo olunmasina sabab olur.
Bir qrup tadqiqatgilar [26] torafindon miioyyan edilmisdir ki, miisbot yiikli
qizil nanohissaciklori orqanizmdon daha tez filtrasiya olunur. Belo ki, or-
ganizmo neytral, miisbot vo monfi yiiklii hissaciklorin daxil edilmasindon
sonra qaraciyorin optik vo LA-ICP-MS komiyyot analizi aparilmis vo miis-
bat yiiklii nanohissaciklarin Kupfer hiiceyralarindo olmamas: siibut edilmis-
dir. Bununla yanas1 miioyyon edilmisdir ki, neytral nanohissociklor asason
immun sistema cavabdeh olan toxumalarda toplanmigdir. Muolliflorin fik-
rinco, buna sobob neytral nanohissociklorin daha ¢ox IgG vo ya fibrinogen
ziilallar saxlayan immun ziilal korona ilo Ortiilmasidir. Monfi yiiklonmis qi-
z1l nanohissaciklor neytral strukturlarla miigayisodo immun sistemlo daha az
qarsiligh alagods olur, lakin miisbot yiiklonmis hissaciklor kimi orqanizm-
don tez tomizlonmir. Homg¢inin nanohissocik sothinin yiikii artdigca onlarin
sitotoksiklik xassasi do artir [27]. Belo ki, miisbot yiiklii hissociklor hiicey-
rolorlo elektrostatik qarsiligli slagolorinin artmasina vo naticodo daha yiiksok
endositik udulmaya sobob olurlar [28]. Miisbot yiiklii hissociklorin
miiqayisodo interstisial miihitdo daha asanligla ayrila bilmosi onlarin sis
hiiceyralorindo daha ¢ox toplanmaga meyilli olmasina sobab olur [14]. An-
timikrob, katalitik, yarimkegirici vo magnit xassolorino malik olan sink
oksid (ZnO) nanohissociklorinin toksiklik xassalorinin sothinin yiikiindon
asililig1 Baek vo s. torofindon arasdirilmisdir [29]. Miisbat vo monfi yiikli
sothlore malik nanohissaciklorin hiiceyra xatlorinin hom qisa, ham do uzun-
miiddatli perspektivlordo yasama qabiliyyatlori, membranlarinin zodslon-
masi vo aktiv oksigen formasinin yaranmasi faktorlar1 todqiq edilmisdir.
Biitiin hallarda miisbot yiiklii sotho malik ZnO nanohissociklorinin monfi
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yiiklii plazmatik membran ilo qiivvotli qarsiliglt tosiri daha ¢ox toksik
effektlorin meydana golmosinag sabab olmusdur.

Nanohissociklorin hidrofoblug/hidrofillik xassolori onlarin biomole-
kullar vo hiiceyralorlo garsiligh olagesine tesir edon digor fiziki-kimyovi
parametrlordondir. Maraqli todqiqat islorindon birindo hidrofob vo yarim-
hidrofil nanohissaciklorin biomembranla qarsiligli slage mexanizminin mo-
dellosdirilmosi aparilmisdir [30]. Alinmis naticolora asason miioyyon edil-
misdir ki, hidrofob nanohissacikler bilaya daxil ola bildiklori halda, yarim-
hidrofil nanohissaciklor yalniz membranin iist gatinda miisahido edilmisdir.
Hiiceyro membrani torofindon daha ¢ox hidrofob nanohissociklorin udulmasi
onlarin lipid quyruqlar ilo daha ¢ox olagoya girmok meyilliyi ilo izah edilir
[31] (sakil 2).
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Sak. 2. Hidrofob sotho malik nanohissaciyin membrandan daxil olma prosesi.

Umumiyyatla, sathin kimyovi modifikasiyas1 biotibbi magsadlor {iciin
istifado edilon nanohissaciklorin toksikliyinin azaldilmasina, hiiceyroyo da-
xil olmanin idara edilmasi vo modullasdirilmasina imkan yaradir [32]. Bu-
nunla yanasi, yiiksok ion qiivvasina malik olan bioloji mayelorde nanohisse-
ciklorin aqreqasiyasi bas verir ki, bu zaman sothin modifikasiyasi bu proble-
min hallinds vacib rol oynaya bilir. Homg¢inin biomolekullarda boyiik mig-
darda lipid, sokar, nuklein tursular1 vo xiisuson do ziilallarin istiraki nanohis-
saciklarin fizioloji miihitde stabilliyina ohomiyyastli deracado tosir gosterir
[33]. Digor bir isdo [34] sintez olunmus maqnetit (Fe;O4) nanohissociklorin
sathi kovalent olaqo vasitasilo polietilenglikol (PEQ-COOH) vo ya karboksi-
metil dekstran (KMD) ilo Ortiilmiisdiir. Analiz zaman1 miioyyon edilmis zeta
potensialin qiymoti PEQ vo ya KMD ils 6rtiilme zamani1 pH=7 va elaca do,
mosalon, NaCl kimi elektrolit miihitindo maqnit nanohissaciklorinin stabil
galmasini gdstormisdir. Bu iso modifikasiya olunmus maqnit nanohissacik-
lorinin xorgong xostaliyinin miialicosinds totbiq olunan hipertermiya iisu-
lunda vo ya maqnit rezonans tomoqrafiya metodunda kontrast agentlor kimi
istifado olunmasinda genis perspektivlor yaradir.

Bundan basga sothin kimyovi modifikasiyasi nanohissociklorin hiicey-
rolor torofindon geyri-spesifik udulmasinin, masalon, qaraciyardo makrofaq-
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lar torofindon faqositoz prosesinin qarsisinin alimmasi {i¢lin vacibdir [35].
Sothin kimyovi modifikasiyasi eyni zamanda nanohissociklorin toksiklik
xassolorinin azalmasina sabob olur ki, bu da onlarin potensial totbiqi tigiin
olduqca vacibdir. Nguyen vo homkarlari torofindon [36] miixtolif ol¢iilii or-
tiikksiiz vo polivinilpirolidon (PVP) ilo Ortiilmiis giimiis nanohissociklorinin
J774A.1 makrofaq vo HT29 epitel hiiceyralords toksiklik xiisusiyyatlori
arasdirilmisdir. Molum olmusdur ki, test aparilan hiiceyrolordo ortiiksiiz gii-
miis nanohissaciklori immun reaksiyalarin qarsisini almaqla barabar oksi-
dativ stresin boylimosino sobab oldugu halda, 6rtiiyo malik nanohissociklor
sitokinlorin soviyyasini artirmaqla toksiklik effektlorini tonzimloya bilmis-
dir.

2. Nanohissacik va bioloji sistemlararasi qarsiliqh tasir qiivvalori
[k baxisdan belo gobul oluna bilar ki, nanohissaciklar bioloji sistem-
lora daxil edilorkon onlar vo bioloji obyektlor arasinda bas veron qarsiliqh
tasir qiivvalari klassik kolloid kimyanin qanunlari ils xarakterizo oluna biler.
Oslindo, belo sistemlordo Van-der-Vaals va elektrostatik qiivvolor, halledici-
nin tosiri, hidrofob effektlor miisahidos edilir (codval 1).

Cadval 1
Nanoobyektlor va bioloji sistemlar arasinda bas veran
bazi qarshqh tasir qiivvalari [37]
. Bas verdiyi
Qarsg‘l 1qh t.9s1r Toabiati ol¢ii hoddi Osas xiisusiyyatlori
qilvvosi (nm)
Nanoskopik 6lgiilords
Hidrodinamik deforma.s1ya.quvvalsr1, L Hlsssc1k19rara.51. .
N broun diffuziyasi ¢ox 1010 toqqusma tezliyinin
qiivvalor S
zaman ¢atinlogir vo ya artmasi
oksina qlivvatlonir.
Qarsiliqlt olagods olan Sulu m@hh.lllard'a .
. . . . oo - cozbetmoni tomin edir;
Elektrodinamik hissaciklor vo miihit L
. 1-100 Bioloji miihitdes
qarsiliqlt tesirler arasinda Van-der-Vaals S .
.. . qarsiligl tosir qiivvasi
qiivvaleri S
zaifloyir
Tkigat elektrostatik
Yiiklonmis soth oks yiiklii tobagolor oksor
Elektrostatik }onlan fzslb e.dlr, eyniyiiklii hallar.da bir-birini
arsilial; tosi ionlart italayir va sothds 1-100 itolayir. Buna sabab
qarsihq ikiqat elektrostatik tobaqgo mohlulda bir ¢ox
omolo golir. materiallarin monfi
ionlagmasidir.
- . . | Hidrofob materiallar Hidrofob materiallar
Holledicinin tosiri halledicidon “qorunmaga” 1-10 halledicidon
vo hidrofob effekt q & . .
calisir. qorunmaga” ¢aligir.
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Lakin nanoskopik o6l¢iiniin nozoro alinmasi ilo bir sira diizalislorin
aparilmasi kifayot qodor vacib mosaloya gevrilir [38, 39]. Nanosistemlorin
Oziinomoxsuslugu onlarin az sayda atomlardan toskil olunmasi vo bu atom-
larin osason sothdo yerlogmosidir. Mohz bu sobobdon nanohissociklor arast
qarsiligh slagolor onlarin soth atomlarinin oriyentasiyasi vo dielektrik xasso-
lorindon asili olacaqdir. Nano-bio interfeysinin xiisusiyyatlorini vurgulamaq
ticlin iki nanohissacik arasinda bas veron garsiligli alago vo nanohissaciklo
canli hiiceyrs arasi qarsiligl tosirin miigayisosinin aparilmasi vacibdir.

Iki, masalon, geyri-iizvi nanohissacik mohlulda bir-birilorini Van-der-
Vaals qiivvalari ilo calb edir va elektrostatik qarsiligl tesirds olurlar. Van-
der-Vaals qarsiligh tosir qiivvolori elektronlarin kvant mexaniki rogsi ho-
rokotlori hesabina hissociklords kicik dipolun yaranmasia vo bu da qonsu
atomlarda dipol momentinin omolo golmasi vo onlar arasinda cozbetmo
qiivvesinin meydana ¢ixmasina sobab olur. Elektrostatik qarsiliqlt tosiro
sobob iso hor iki hissociyin mohlulda ionlasmasi vo sothlorinin monfi yiik-
lonmosi ilo baglidir. Belo garsiliglt olagoys ohomiyyatli doracads tosir gos-
toron digor faktorlar iso solvatlagsma vo hidrofob effektloridir [40].

Nanohissociyin bioloji obyektlo, masalon, fibroplastla qarsiliglt slago
qlivvasi, prinsipco yuxarida tosvir edilon iki geyri-lizvi nanohissocik arasi
qarsiligh tesir qiivvasi ilo eynidir. Lakin asaslt forq nanohissaciyin hiiceyra
membraninin sothino yaxinlasdig1 zaman miisahido edilir. Ilk ndvbado, no-
zora alimmalidir ki, hiiceyro membrani deformasiyaya ugraya vo daima 6z
formasini doyiso bilon bir xiisusiyyato malikdir [41]. Bununla yanasi, alavo
cotinliklor membranin heterogen qurulusa malik olmasi ilo do baghdir ki,
bura hom ziilal, hom do lipidlor daxildir. ©On osasi iso hiiceyralor passiv ob-
yektlor deyildir vo onlar fasilosiz olaraq ionlarin dasinmasi, ziilallarin vo
eloco do digor bioloji obyektlorin sekresiyasi vo s. proseslori hoyata kegir-
maklo nanohissaciklori ilkin olaraq sistemo daxil oldugundan forqli sotha
malik olan qurulusa ¢evirirlor. Bu fenomen zamandan asili olan dinamik in-
terfeys konsepsiyasini omolo gotirir [42]. Ogor nanohissociklorin geometrik
parametrlor, fiziki-kimyovi xassolor vo kristallik xassolorino goéro do bir-
birindon forqlonmasini nozors alsaq, bu zaman, nanohissaciklor va bioloji
obyektlor arasinda praktik olaraq sonsuz sayda “interfeys” formalarinin
yarana bilmaosi fakt1 ilo garsilasacayiq. Bu halda iso har bir név nanohissacik
liclin ayri-ayriligda bioloji sistemlo qarsiliglt olagonin xiisusiyyatlorinin
Oyronilmosi demok olar ki, geyri-miimkiin olacaqdir. Qarsiligl tosir zamani
endositozun bas vermo ehtimalinin olmasi iso nano-bio qarsiligl olage-
lorinin nazori olaraq prognozlasdirilmasi mosslosini ¢otinlosdirir. Hissocik-
lorin faqositoz prosesi li¢lin xiisusi reseptor-ligand qarsiligh tosirlor vo di-
gorlori do, masalon, elektrostatik, sterik itoloma vo Van-der-Vaals cozbetmo
qiivvolori daxil olmaqla nano-bio sistemin qarsiligh olagesinin modellos-
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dirilmosi cohdlori olmusdur [43]. Umumiyyatls, nanohissacikler vo bioloji
obyektloraras1 qarsiliqht tosirlorin xiisusiyyatlori aparilan eksperimentlora
goro doyisilir ki, bunun osas soboblori kimi hiiceyra ndvlorinin miixto-
lifliyini, onlarin differensiyasiya morhaloalorini, hiiceyrs miihitinin torkibi vo
forqli islonmo yollarini aid etmok olar.

3. Protein korona

Bioloji miihitin osas xiisusiyyatlorindon biri nanohissaciklorin qan,
plazma vo ya hiiceyralorarast mayeyo daxil oldugda onlarin sothindo ziilal-
dan ibarat tobogoni — “koronan1” omolo gotirmasidir [44, 45]. Belo protein
tobogo vo ya bioloji makromolekul nanohissociklorin bir sira fiziki-kimyavi
xassalorini (sothin yiikii, hallolma vo s.) doyiso bilmok vo eyni zamanda,
onlart miixtolif hiiceyro vo toxumalar {i¢lin “taninan” edo bilmok xiisusiy-
yotino malik olur [46]. Nanohissociklorin ziilallarla Ortiilmasi, miioyyon
monada onlarin golocok taleyini - toxumalar vo orqanlarda paylanmasini,
orqanizmdaon ¢ixma siiratini vo opsonizasiyasini (membran reseptorlarinin
istiraki ilo faqositoz)miioyyon edir. Goriindiiyli kimi, mohz bu proses in
Vvitro va in vivotadgiqatlar1 zamani forqli naticolorin alinmasinin sababidir.
Belo ki, nanohissociklor hiiceyra xatlorindo yaxs1 naticolor gostordiyi halda,
canli orqanizmlards heg¢ bir effektivliys malik olmaya bilir [47, 48, 49].
Mahl vo omokdaslar1 [50] torofindon aparilmis todqigat isindo polisaxarid-
nanohissacik sistemi bronxial epitel hiiceyra xotlorino daxil edilerken seru-
mun istiraki zaman1 onlarin bioloji miihitdon tomizlonmosi miisahido edil-
misdir. Natica olaraq bioloji effektlorin nanohissacik sathinds ziilal layindan
birbasa asililig1 miioyyon edilmisdir. Nanohissocik sothindoki protein koro-
na onlarin biomiihitdo 6zilinlii aparmasina tasir etmoklo barabor 6zlori do
miioyyon doyisikliklora ugrayirlar. Belo modifikasiyalarin bas vermo sobobi
protein korona ilo nanohissaciklorin qarsiliglt olagesi hesabinadir [51, 52].
Makromolekul tobagosinin torkibi, sixligi vo formalasma mexanizmi nano-
hissaciklorin fiziki-kimyovi xassalori ilo yanasi, assosiasiya/dissosiasiya sa-
bitlori, bioloji miihitdo olan ziilallarin ndévlori, miihitin pH vo temperaturu,
nanohissociyin lokasiyasi kimi proseslordon do asili olur.

Vroman effektino [53] asason nanohissocik sothing ilk ndvbado yiik-
sok qatiliga vo kicik oxsarliga malik proteinlor birlegir vo sonradan todricon
kicik gatiliga, lakin boyiik bonzorliye malik proteinlorlo oavoz olunurlar. Di-
namik bir proses olaraq protein koronanin omolo golmosi adoton oxsarliq
xtlisusiyyatlori vo proteinin miibadilo zamanina gors iki sinfo ayrilir ki, bura
sart (donmayon) vo yumsaq (donon) formalar aid edilir [54] (sokil 3).
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Sak. 3. Nanohissacik sathindo protein koronanin omolo golmosi

Sort koronada ziilallar sotho daha ¢ox oxsarlifi vo daha uzun miibadilo
vaxti ilo xarakterizo olunurlar. Burada ziilallar nanohissacik sathine on yaxin
mosafodo yerlosdiyine goro nanohissaciyin funksionalligindan, hidrofob vo ya
hidrofilliyindon, bioloji mayenin tobisti vo temperaturundan asili olaraq
termodinamiki doyisikliklora (dénmoyon) daha hassas olurlar [55]. Yumsaq
korona tobogosinin sotho oxsarligi kigik, lakin miibadilo periodu qisadir.
Homginin, miioyyon edilmisdir ki, sort korona tobagosi sotho daha qiivvetli so-
kilds baglandig1 halda, yumsaq korona nanohissaciyin sathi ilo birbaga bagh
olmur vo burada yalniz zoif qarsiligh tosir qiivvelori 6ziinii gostorir [49].

Hiiceyralor biomiihito daxil olmus nanohissaciyi deyil, nanohissacik-
protein tobogosini “gdriir” vo bu sobobdon do nanoquruluslarin bioloji ob-
yektlarla qarsiliqh slagasinin miioyyan edilmasinda bu protein tobagasi she-
miyyatli rol oynayir [56]. Oksor hallarda nanohissaciklorin hiiceyralor tors-
findan zabti sart korona ilo korrelyasiya olunur va nanohissaciklarin ziilallar,
fosfolipidlor, membranlar, DNT va s. olagosinin yaxsilasdirilmasinda rol oy-
naya bilir [57]. Basqa sozlo desok, korona biomolekul ndvlorinin vo qarsi-
ligl1 alagoe formalarinin secilmosini “idara” edo bilmok xiisusiyyatino malik-
dir. Bununla yanasi, protein korona orqanizmin immun reaksiyasini [58] sti-
mullagdira vo ya zoiflodo bilmok xassosino malikdir ki, bu da 6z névbasindo
sitotoksiklik xassalorinin dyronilmasinds kifayot qodor vacib faktordur [59].
Sannahan vo digorlori [57] torofindon aparilmis todqiqat isindo miixtolif
Ol¢iilora malik giimiis nanohissaciklori sintez edilmis vo sothlorindon protein
korona ayrildigdan sonra faqosit hiiceyroloro tosiri arasdirilmisdir. Molum
olmusdur ki, ziilal tobaqasi olmayan nanohissociklor Ag™ toksik ionlarimi
omolo gotirmis vo hiiceyralorin mohvinoa sobab olmusdur.

Beloalikla, protein koronanin amolo golmasi, xassalorinin idars edil-
mosi, nanohissacik sothi vo digor bioloji materiallarla garsiligh slagosinin
aragdirtlmast nanoquruluslarin biotibbi totbiqi {iglin vacib masololordondir
[60, 61].
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Natica

Nanohissacik istirakina bioloji miihitin reaksiyasinin toadqiqinin hoyata
kecirilmosi nanohissocik dizaynindan asili olan nano-bio qarsiliglt tosirin
oyranilmasi ils paralel sokilds aparilir. Bir ¢cox tadqiqatlar nanohissaciklorin
insan organizmind daxil ola bilmasini siibut etmisdir. Beloaliklo, bioloji sis-
temlordo nanohissaciklorin fiziki-kimyavi xassolorinin (6l¢ii, forma, sothin
yiikii, kimyavi torkib vo s.), onlar1 ohato edon biomolekullarin novii vo na-
nohissacik sathinds yaranan protein koronanin biooxsarligi kimi masalslorin
arasdirilmasi kifayot qodor vacib problemlordondir. Belo ki, mohz geyd olu-
nan xiisusiyyatlor nanohissaciklorin hiiceyralor vo toxumalarla qarsiliqlt
olagasini miioyyon etmoyo, onlarin bioloji miihitdo 6ziinli neco aparmasini
tadqiq etmays imkan verir. Mahz bu istiqamotds aparilmis bir sira todqiqat
islori nanohissociklorin tibbi mogsodlor iigiin biouygunluq doracosini vo
bioloji mikromiihitde toksiklik xassolorini ayird etmays imkan yaratmigdir.
Nanohissaciklorin belo xassolorinin idars edilmasi onlarin tibbin miixtalif
sahalarinda, xiisusilo do, immunoterapiyada genis sokildo istifadesine im-
kanlar yarada bilor. Belo ki, immunoterapiyanin nanotibblo kombinasiyasi
0z novbosinds bir sira xastoliklorin, masolon, xor¢ongin miixtolif ndvlorinin
miialicasindo effektiv rol oynaya bilar.
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OBIIIASI XAPAKTEPUCTUKA B3AUMO/IEVCTBUSA HAHOYACTHI]
C BUOJIOTHYECKUMHU CUCTEMAMHU

A X.KAPUMOBA, HX.I'YPBAHOBA,
B.IL.AT'YBOB, C.K.HYPHUEBA, X.A.IINPUHOBA

PE3IOME

B crarbe npezacTaBiieH JUTEpaTypHbIA 0030p OOIMIMX XapaKTEPUCTUK B3aHUMOJIECH-
CTBHSI HAHOYACTUIl U OHoslornyeckux cucreM. [lapauiesibHO ObLT IPOBE/ICH JINTEPATYPHBIN
aHaIM3 (U3MKO-XMMUYECKUX M OMOJIOTMYECKMX CBOWCTB B3aUMOJECHCTBHI HaHOMarepua-
JIOB C OMOJIOTMYECKUMH KOMIIOHEHTaMHu. TakuMm o0Opa3om, Oblia M3ydeHa 3aBUCHMOCTD
B3aUMO/ICHCTBUSI HAHOYACTHI C OMOJIOTHYECKUMH CHCTEMaMM OT TaKHX MapaMeTpoB, Kak
pasMep ¥ Gopma YacTHI], XUMUYCCKHHA COCTaB, THIPOQPIIEHBIC/THAPOPOOHEIE CBOHCTBA,
MOpPQOIIOTHsl, TOBEPXHOCTHAS HATPY3Ka U CTETIEHb arjloMepaliny, a Takxke Obuia 0ObsICHEHA
IpUpOJIa CHJI B3aUMOJICHCTBHS.

KawueBble ciioBa: OekoBasi KOPOHA, HAHOYACTHIIBI, OCJIKH, MeMOpaHa, TOKCHY-

HOCTb, KJI€TKa, ()yHKIHMOHAJIbHAS TPYIINa, B3aUMOACHCTBUE, THAPO(UILHOCTD, THAPOHOO-
HOCTb, OMOJIOTHYECKasl cpeia.
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GENERAL CHARACTERISTICS OF INTERACTIONS BETWEEN
NANOPARTICLES AND BIOLOGICAL SYSTEMS

A.H. KARIMOVA, NNKh.GURBANOVA, V.Sh.YAQUBOYV,
S.G.NURIYEVA, H.A.SHIRINOVA

SUMMARY

In this article a literature review of the general characteristics of the interaction
between nanoparticles and biological systems was carried out. At the same time, a literature
analysis of the physicochemical and biological properties of the interactions between
nanomaterials and biological components in these systems was conducted. Thus, the
dependence of the interaction between nanoparticles and biological systems on parameters
such as particle size and shape, chemical composition, hydrophilic/hydrophobic properties,
morphology, surface load and degree of agglomeration was studied, and the nature of the
interaction forces and protein corona formation process were explained.

Keywords: proteincorona, nanoparticles, proteins, membranes, toxicity, cell,
functional group, interactions, hydrophilic, hydrophobic, biological environment.

145



BAKI UNIVERSITETININ XOBORLORI
Ne2 Fizika-riyaziyyat elmlari seriyasi 2022

YK.541.122:535.568
PACS: 61.20.Ne, 66.20.+d, 82.60.Lf, 61.25.Hq.

PEOJJOI'HYECKOE HCCIEJOBAHUE BOJIHBIX PACTBOPOB
MOJIEKYJIAPHO-MACCOBBIX ®PAKIIUU
IHOJIMBUHUIIIUPPOJIMIOHA

C.P. BATUPOBA
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Hucmumym @usuueckux Ilpoonem
sbagirova2019@gmail.com

B oannoii pabome uccredosanace memnepamypnas 3a6UCUMOCHb XApAKmMepucmu-
ueckou easkocmu [n], nocmosnnou Xazeunca ( k), xapaxmepusyiowasn conpomuense-
MOCb MAKPOMONEKYIAPHBIX KIYOKO8 K NPOHUKHOBEHUIO 8 HUX MOAEKY]l pacmeopumens u
emopoti eupuanvhol koappuyuenm (A, ). Kax uzeecmno, xoncmanma Xazeunca k" sena-

emcs ewé 0OHOU KOHCMAHMOU, KOMOPAs HAPSIOY ¢ XaApaKmepucmuieckoll 6513K0CmMvlo Xd-
pakmepuszyem peonosudeckue ceotcmea pasdasieHHo2o pacmeopa, npudem onpeoeisiemcs
pasmepom, popmoii u c8oUCMBAMU Ce2MEHMO08 MONEKYl NOAUMepd U C8OUCMBOM PACMBO-
pumess.

KiaroueBble cioBa: MOJIMBUHUIINIUPPOIUIAOH, BA3ZKOCTb, XapaKTCPUCTHUUCCKAsA BA3-
KOCTb, IIOCTOSAHHAA Xarrusca.

1. BBenenue

Kaxk m3BectHO, Bece ¢pakuuu nomuBuHuianupponunona (I1BII) ¢ pas-
JUYHBIMH MOJICKYJIIPHBIMU MaccaMu XOPOIIO PAacTBOPUMBI B BOJAE. XOpO-
mast pactBopumocTs [IBII B Bosie 00yciioBiieHa BOAOPOIHON CBS3BIO MOJIC-
KyJbl BOAbl ¢ 3¢upHbIMU atoMamu kuciopoxaa. IIBII 3To cBoeoOpasHbIii
noymmMep obagaronuii 0COOCHHBIMUA CBOMCTBAMHU B BOJHOM cpene. ITH Xa-
PAKTEpUCTUKU B OCHOBHOM OIIPENENAI0TCS KOHKypeHuuen Boael u IIBII
npu 00pa30BaHUM BOJOPOJHBIX CBA3ECH MEXIy MOJEKyJaMH BOJa-Boja U
Boaa- IIBII. C poctom temmneparypsl B cucreMe Boga-IIBII mpoucxoaur
YMEHBILIEHUE YKCIIa BOJOPOAHBIX CBA3EH M B3aUMOJCHCTBUNA MEXKIY MAK-
pomonekynsipapiMu TienisiMu.  [lockonpky TIBIT obnamaer MHOTMMHU YHH-
KaJIbHBIMM CBOMCTBaMH (HETOKCHUYEH, HE OKA3bIBACT HETaTUBHOT'O BIIMSHUS
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HA UMMYHHYIO CUCTEMY U T.[I.), U3y4Y€HHUE ero (U3NKO-XUMUYECKUX CBOWCTB
B BOJIHBIX CHCTEMaX UTPACT BAKHYIO POJIb B MEAUIIMHE (3aMEHUTEIN TUIa3-
MBI KpOBH, OMoOMarepuaibl), hapMakaIoruu(TabaeTki), B KOCMETHKE, IH-
IIEBOM MPOMBIIUIEHHOCTH T.1. [ 1-6].

Bucko3umetpus — oauH U3 HauboJiee 4acTO MCIONIb3yEeMbIX METO/I0B
JUTSL OTIPEICTICHUS] MHOTUX XapaKTEPUCTUK TMOJIMMEPHBIX pacTBOpoB. C mo-
MOIIIbIO BUCKO3UMETPA MOKHO OINPEACTUTH Psi/l BEIMYHUH (XapakTepucTuye-
CKasl BA3KOCTh, MOCTOsSIHHAS XarruHca, KoddduuueHT HaOyxaHus u T. 1),
XapaKTepU3YIOIIUX MaKpPOMOJIEKYJIbl MOJMMEPOB B pacTBope (pa3MepoB U
KOH(OpPMAaLIMU MaKpoOMOoJeKyn) [7-8].

Kaxk m3BecTHO, pacTBOpPBI BEICOKOMOJICKYJIApHBIX coenaunHeHuit (BMC)
B OTJIMYUU OT PAaCTBOPOB HHU3KOMOJICKYJSPHBIX COCIUHEHUN CUIBHO 3aBH-
CAT OT TeMIepaTypbl U KOHIEHTpAlUHU, 00Jaal0T aHOMaJIbHO OOJBIIMMU
3Ha4YEeHUSIMU BA3KOCTH [9, 11]

[To umeromuMes B HacTOsIIEEe BpeMs MPEACTABICHUSIM B pa30aBiieH-
HBIX pacTBopax BMC nnuHHBIE THOKHE MaKpOMOJIEKYIIBI CBOPAUYUBAIOTCS B
KITyOOK pa3HOW CTENEeHH MPOHUMAEMBIH JIJIsl pACTBOPUTEIIS.

[Ipu onpeneneHHOM rpaJii€HTe CKOPOCTH BO BpEeMs JIAMUHAPHOTO T10-
TOKa pa3HbIE YACTH MAaKPOMOJIEKYJIbI IBUXKYTCS C Pa3HBIMU CKOpOCTsIMH. B
pe3yibTaTe Ha MaKpOMOJIEKYJIbI IEUCTBYET Mapa CUJI , KOTOPasi BHI3bIBAET €€
BpaieHue. Bo Bpemst BparieHuss MakKpOMOJIEKYJIbl MEX]y €€ CeTMEHTaMu U
MOJIEKYJION pacTBOPUTENISE BO3HUKACT CHJIA TPEHUE, KOTOpasl TaK:Ke YBEIHU-
YHBAET BS3KOCTh PaCTBOPA OTHOCUTEIILHO PACTBOPUTEIIS.

Kak wm3BecTHO, KOHCTaHTa Xarru"ca K sBisercs emé OJHOM KOH-
CTAaHTOM, KOTOpas Hapsily ¢ XapaKTePUCTHYECKUIl BA3KOCThIO [77] ompene-

JSIET PEeoJIOrMYecKre CBOWMCTBA pa30aBICHHOIO pacTBOpa, MpPUYEM OIpe/e-
asieTcst pa3mMepom, GOpMOI U CBOMCTBAMHU CETMEHTOB MOJICKYII ITOJIMMEPA U
MOJIEKYJ PACTBOPUTEIIS.

B koneunom urore k’ onpezenser (XapakTepusyeT) cTpeMIIEHHE pac-
TBOPUTENS B KIYOOK, WJIM CONPOTHBIISIEMOCTh MOJUMEPHOIO KiyOKa pac-
TBOpHUTENIO [12-13].

B pabote uccienoBanack TemrepaTypHas 3aBUCUMOCTb XapaKTEpH-
CTUYECKOM BsA3KOCTH, mocTtosHHas Xarruuca (k'), xapakrepusyromas co-
MPOTUBIISIEMOCTh MAaKPOMOJIEKYJIPHBIX KIYOKOB K MPOHUKHOBEHHUIO B HHUX
MOJIEKYJI PAaCTBOPUTENS U BTOPON BUPUAJIbHBIN K03 duuent ( 4, ) onpene-
JSIOUMI TEPMOJIMHAMUYECKOE KaueCTBO PAacCTBOPUTEINS, T.€. CPOJICTBO pac-
TBOpUTENS K mnonumepy McnonpzoBanu nonusuHuinupponuaod (IIBIT)
Pa3IMYHBIX MOJIEKYJIIpHO-MaccoBbIX (pakmuit (10000, 12000, 25000,
44000, 45000) nemeukoit ¢pupmbr Alfa Aesar, KOTOpbIe IIMPOKO MPUMEHS-
I0TCS B MEAUIMHE, (PapMOKOJIOTHH U T..
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Hexotopas uHdopmManus 0o NpOUCXOKACHUU U YUCTOTE HNOJUBUHUII-
NUPPOJIMIOHA TIPUBEACHBI B Tabmuie 1.

Tabnuua 1
Ne mo
Peakrus KaTatory ®upma ®opmyiia ®opma
[TomMBHHUIIAPPOTUIOH 9003-39-8 | Alfa (C¢HyNO) TTOPOIIIOK

(TIBIT) Aesar \H/\lin

XapakTepucTU4ecKas BSI3KOCTb pa30aBICHHBIX BOJHBIX PAaCTBOPOB
IIBII onpenensny U3 KOHLIEHTPALMOHHON 3aBUCUMOCTH NPUBEICHHON Bs3-

) o
KOCTH, | —— | OT KOHCEHTpAIIMU HOJIMMEPA MPEAI0KEHHOM XarrTuHCOM M-

c

IMPUYECKOM YPABHEHHUEM:
%":[nhk’[n]z ¢ 1)

’
I'ne ¢ — koHnenTpanus noaumepa B 1/100m1, K" _ mocrosumas Xarrusca,
[1] xapakTepucTuueckas BI3KOCTb, ONPEIEIIIACH BBIPAXKEHUEM

. nva
[77] = hmc—>0 - (2)
Jlns onpenenenue [77] HCITOJIB30BAIM BUCKO3UMETD Y Oeruioe.
3. Pe3yabTarbl
Pesynbrath! s ogHOrO 00pasma 5%-Horo pacTBopa mojmMepa ¢ MOJICKY-
nsipHOM Maccoit 25 000 nmpuBeneHb B TabauIie 2.

Tabmuna 2
t,°C | Puomas @M | NMoopas MPA'CER | Tyorn €K | Pracrss UM | Tpacrss C€K | Tpacrs, MPacex
15 0.99862 1.1383 13.36 0.996226 29.1 2.473067
20 0.99823 1.0020 12.36 0.995988 27.2 2.200968
25 0.99681 0.8902 11.34 0.995962 23.5 1.842876
30 0.99568 0.7973 10.51 0.995742 20.8 1.577108
35 0.99372 0.7191 9.6 0.995478 18.8 1.409554
40 0.99225 0.6527 9.15 0.995214 17 1.215227
45 0.98898 0.5961 8.7 0.994906 15.7 1.082167
50 0.9881 0.5471 8.39 0.994599 14.4 0.944504

Ha pucynke 1 u 2 npencraBnena reMnepaTypHasi 3aBUCMOCTb XapaKTepUCTH-
YEeCKOM BSI3KOCTH U MOCTOSTHHOM XarruHca BoaHbIX pactBopos [1BII [14]).
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07 1[1] mPatsan 425000
06 -
05 -
04 -
03 - 44000
0.2 1 25000.\.\l~.\,‘
0,1 - 120 :
O T 100 T T T 1
0 10 20 30 40 50 60
t,°C

Puc. 1. TemnepaTypHas 3aBUCUMOCTb XapaKTEPUCTUUECKOH BA3KOCTU BOIHBIX PAaCTBOPOB
IIBII pa3nu4HbIX MOJIEKYJISIPHBIX Macc

Kak BugHO 13 pucyHkoB 1 1 2 ¢ pocTOM TeMIlepaTrypbl XapaKT€pUCTH-
YecKas BSI3KOCTb JUI BCEX MCCIIEJOBAHHBIX (PAKLUNA MOHOTOHHO YMEHbIIIA-
eTcsl, a MoCTostHHas Xarruuca k' yBenmnuuBaercs.

XapakTep 3TOW 3aBMCHUMOCTH CBHJAETEIBCTBYET O TOM, YTO CHUCTEMA
[1BII-Boga o6namaeT HWKHOW KPUTUYECKOH TeMIepaTypoll pacCllOCHHUs
(HKTP). O6 sTOM CBHUIETEILCTBYET TaK)K€ MOHOTOHHOE YBEJIWYEHHUE I10-
CTOSIHHOW XarruHca XapaKkTepU3yIoniel KaKk yxe ObUIO OTMEUEHO BBIIIE CO-
IPOTHUBIIAEMOCTh IPOHUKHOBEHUS BOJIbI B KIIYOOK C pOCTOM TeMIepaTyphbl
(puc 2) [12, 13].

l -
k'(r2/mn?)
0,8 -
4‘5500000
0.6 1 2500
12000
0.4 1 10000
0,2 -
0 T T T T T 1
0 10 20 30 o 40 50 60

Puc.2. 3aBHCUMOCTD IMOCTOSIHOI XarruHca ot TEMICPATYPhbI AJI PA3JIMYHBIX [TOJIUMCEPOB
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Broporo BupuansHOro ko3d@uiienta 4, ONpPEeAesid C UCIOIb30-

BaHUEM I[OJYIMIIMPUYECKOTO YpaBHEHMs IpeluioxkeHHoro Kpurbaymom
[10] st 3aBUCMMOCTH XapaKTEPUCTUYECKOM BSA3KOCTU OT MOJIEKYJISIPHOM
Macchl MOJIMBUHUINUPPOIIUIOHA:

[n]=[n],+0,504,-M . 3)

3nech [n7], xapakTepucTHUYECKas BA3KOCTb CUCTEMbI B 6 PacTBOpHTE-
Jie. 3HaueHue BTOPOro BUPHATIHLHOIO KOA(D(PUIIMEHTA HAXOAUIOCHh U3 HAKIIO-
Ha yIJia MpsIMOJIMHeHO# 3aBucumoctu (7|0 M [15].

B nonp3y BhIIENPUBEACHHBIX PACCYKICHUN FOBOPUT U TEMIIEpATyp-

Has 3aBUCUMOCTb BTOPOTO BUPHAIBHOTO K03 duiimenta (puc. 3).
25

2 .
—~—
~—
15 T—
—
—
1 y = -0 057x + 262 T
RE = 0,8B46
05
]
20 25 an a5 40 45 50

L, o
Puc. 3. TemneparypHas 3aBHCHMOCTh BTOPOTO BHPHAIBFHOTO K03 duiinenTa

JIeCTBUTEIbHO U3MEHEHHE XapaKTePUCTUYECKOU BA3KOCTH OT TEM-
nepaTypbl HAXOAMUTCS B MPSMOU CBSI3U 3aBUCUMOCTH OT TEPMOJIMHAMUYC-
CKOT'O Ka4ecTBa pacTBOpUTeNs. Ecim KadyecTBO pacTBOPUTENS YIYYIIACTCS C
pocToM TemnepaTypsl ( 4, Bo3pacTaeT), KiiyOok pa3dyxaeT Oosblie, COIpo-

TUBJICHHE K [IOTOKY yBenuuuBaercs, [77] Bospacraer [14]. A eciu KauecTBo
pacTBOpUTEN YXYALIAETCA C POCTOM TeMnepaTypbl ( A4, YMEHBIIAETCS)

B3aMMOJICHICTBHE CETMEHTOB MaKpPOMOJIEKYJIbl MEXIy COOOW MpeBaIupyeT
HaJl B3aUMOJICHCTBHEM MOJIEKYJI BOJABI C CETMEHTAaMH, TOTJa MPOHUKHOBE-
HUE BOJBI B KIyOOK yxymmaeTcs (MOCTOsSHHas XarruHca pacreT), KiIyOok

cKUMaeTcst, [77] yMeHbluaercs.
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MUXTOLIF MOLEKUL KUTLOLI POLiVINILPIRROLIDONUN SULU
MOHLULLARININ REOLOJI TODQIQi
S.R.BAGIROVA
XULASO

Toqdim olunan igds xarakteristik dzliiliyiin [77], polimer mohlulunda halledicinin

molekulyar yumaga niifuzuna miiqavimoti xarakterizo edon k’- Xaqgins sabitinin vo A,
ikinci virial omsalin temperatur asililig1 todqiq edilmisdir.

Molum oldugu kimi K’- Xaqgins sabiti, xarakteristik ozliiliklo yanasi, duru
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moahlullarin reoloji xiisusiyystini xarakterizo edon, homginin halledici va polimer
molekullarinin seqmentlarinin 6l¢ii vo formasini tayin eden daha bir sabitdir.

Acar sozlar: polivinilpirrolidon, 6zliiliik, xarakteristik 6zliiliik, Xaqqins sabiti.

RHEOLOGICAL STUDY OF WATER SOLUTIONS MOLECULAR MASS
FRACTIONS (PVP) OF POLYVINYLPYRROLIDONE

S.R.BAGIROVA
SUMMARY
In this work, we studied the temperature dependence of the intrinsic viscosity, the
Huggins constant, which characterizes the resistance of macromolecular coils to the
penetration of solvent molecules and the second virial coefficient (A2) into them. As is
known, the Huggins constant K is another constant that, along with the intrinsic viscosity
[n], characterizes the rheological properties of a diluted solution, and is determined by the

size, shape and properties of segments of polymer molecules and solvent molecules.

Keywords: polyvinylpyrrolidone, intrinsic viscosity, Huggins constant.
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BY SOLUTiION-PROCESSING TECHNIQUES
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We have explored various solution- processing techniques to produce ZnS thin
films on conducting (ITO) and silicon substrates along with ZnS-porous silicon compo-
site films. All these samples obtained from different methods and chemical recipes were
annealed under fixed ambient conditions and characterized by scanning electron mi-
croscopy (SEM), X-ray diffraction (XRD), and ultraviolet photocurrent response. Vari-
ous characterizations reveal that the fabrication conditions and intrinsic defects of ZnS
play a vital role in optoelectronic performance.

Keywords: Photoconductivity of ZnS, optoelectronic properties, Fabricaton
method, semiconductor.

1. Introduction

ZnS has attracted increasing attention as a potential material for opto-
electronic devices such as low threshold blue/UV lasers, solar cells, LEDs,
sensors, display devices and photodetectors. In recent years, various at-
tempts were made to fabricate nano/mesa-scaled ZnS for further enhancing
opto/electrical performance[1-3]. While many top-down fab- rication ap-
proaches were followed, solution-based techniques turned out to be the
most efficient and low-cost for the pro duction of high quality nano and mi-
cro structured ZnS thin films. Electrochemical deposition is a true bottom-
up technique, with the convenience of completely filling the interstitial
spaces of templates, such as polymer microsphere templates, liquid crystal
templates and porous (such as porous alumina) templates, from metal to
semiconductor varieties. Similarly, electrospinning has been widely recog-
nized as an electro- hydrodynamic method to produce nano to micro sized
fibers from solutions containing the desired materials. However, the optoe-
lectronic properties of ZnS are critically affected by the preparation condi-
tions such as the fabrication method, types of substrates, thickness and an-
nealing conditions. Therefore, it is necessary to optimise the fabrication
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conditions of the aforementioned techniques for desired applications [4-6]

The direct electrochemical deposition of semiconductors, such as
ZnS, on a silicon substrate is difficult due to conductivity issues as well as a
large mismatch in thermal expansion coefficients and the high reactivity of
silicon toward oxygen [7]. Porous silicon (PS) has been established as the
most fascinating material for diverse optoelectronic appli cations, especially
for photonic composites where the nano sized pores can be filled with dif-
ferent materials using simple solution-processing techniques [8].

In this paper, we have explored various solution- processing tech-
niques to produce ZnS thin films on conducting (ITO) and silicon sub-
strates along with ZnS-porous silicon composite films. All these samples
obtained from different methods and chemical recipes were annealed under
fixed ambient conditions and characterized by scanning electron microsco-
py (SEM), X-ray diffraction (XRD), and ultraviolet photocurrent response.
All films obtained from various chemical recipes were essentially in the
form of Zn(OH), after preparation, and to obtain ZnS, the samples were
annealed at 400°C for 12 h under ambient conditions. Various characteriza-
tions reveal that the fabrication conditions and intrinsic defects of ZnS play
a vital role in optoelectronic performance.

2. Experimental

In the literature, brief information is given about the technology of
obtainment of ZnS thin layers only precipitated from the aqueous solution
and about some properties. A complex physical-technological study of these
layers, their the energy spectrum of local centersand purposeful manage-
ment of the recombination process, depending on the technological environ-
ment, a comprehensive study of photoelectric properties is not provided.
Negative photoeffects were not studied in ZnS thin layers. Metal-semi-
conductor obtained by the method of chemicaldeposition, Complex studies
of MDR and isotope heterocycles have not been performed. The obtainment
of materials under investigation,the technology of producing various
structures of electric transition on their basis,as well as structure of the
samples and the methods of investigation of parameters were studied.

The technological mode of removal of thin layers by chemical de-
position method has a significant impact on their physical properties.
Selection of the deposition regime of the thin layers is determined by their
composition, concentration of components and molar ratios, as well as
temperature and duration of deposition. Here in this work are the impro-
vements in the method of obtaining thin layers. Thermodynamic calcula-
tions show that as the temperature of the solution increases, the amount of
alkali in the solution should be reduced and temperature should be within
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80° C. However, it has been used ammonium as a complex creator in the
case of recombination editing; As the ammonia is alkaline, it reduces the
rate of disintegration of the components. The addition of 3-5 ml of ammonia
in the solution leads to an increase in the concentration of small dispersion
particles. It also increases the thickness of the precipitated layer. Thus, the
concentration of Zn>" ions in the solution decreases due to the increase of
concentration of Zn (NH,), complex ions. As a result, the amount of matter
in the layer decreases with the speed of the reaction, which in turn increases
the thickness of the layer.

The thin layers of different chemical and percentage composition,
depending on the properties (crystallographic, electrical, photoelectric and
optical)and where they are applied (in the preparation of resistors, diode
structures, photocell), have been obtained on different types of surface
morphology, orientation and type(metal, semiconductor or oxide) pallets(
Al, sital, glass/SnO,, glass/In,0O3).

The synthesis of nanocrystals of A"™B" type compounds is carried out
in the teflon cell. For this purpose, the pre-prepared solutions are added to
the silica in turn and mixed continuously. Synthesis is carried out on the
following reactions:

ZnCl, + (NH;), CS+H,0 = ZnS + 2NH4CI+CO,

The ZnS thin films were deposited by Chemical Bath Deposition
Technique on glass substrate. The glass substrates were first washed with
liquid detergent and rinsed thoroughly in double distilled water and then it is
placed in boiled water for a few minutes. They were finally immersed into
acetone for 15 minutes and then dried in an oven. The materials used for
deposition of ZnS nanocrystalline thin films are lead acetate as source
material of lead ion, thiourea as the source of Sulphur ion and cadmium
acetate as the source of cadmium ion respectively. The lead acetate solution
of 0.1M was prepared with double distilled water stirring separately at S00C
until a clear solution is obtained. The pH value of lead acetate solution is
maintained at 10 by adding the ammonia solution to it drop by drop slowly.

The p-Si plaques and layers, which are used as a base, during use in
next step (when thin layers are precipitated) before entering the reaction
KOH +KNO, at a room temperature in (1:4) solution stored for 1-2 hours,

and after it is washed with bidistyle chloride and dried with nitrogen and
quickly absorbed in the cold iodine solution. It was then introduced into the
chemical solution as extracted therefrom. Used as a base and mainly used

for the study of optical properties of thin layers glass/n- In,0, (1 smx1 sm or
0.5 smx1 sm measure), glass/ITO (In,0,and SnO, system solid solution) (1

smxl sm or 0.4 smx0.6 sm measure), glass/n-SnO, and (1smxlsm or
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0.4smx0.6sm measure) ~100-500 nm thickness thin layers 4-10* -8-107
Om-sm had special resistance. The oxide pallets were cleaned from physical
and chemical contamination.

3. Results and discussion

The obtained ZnS thin films from various solution processing meth-
ods show considerable variation in structural, optical and optoelectronic
properties on deposition parameters and conditions. Since the annealing
condition for all the films was same (400 °C for 12 h in air), in the present
study the structural and optical properties of various films are com- pared
and analyzed. As shown in Fig. 1, the XRD patterns were recorded for all
annealed ZnS thin films obtained from (1) electrodeposition from ZnCl,
onto a silicon substrate, (2) electrodeposition from Zn(NOs), solutions onto
an ITO substrate, (3) chemical deposited ZnS from a Zn(Ac), solution onto
an ITO substrate, and (4) a ZnS-PS nanocomposite. Asterisks (*) indicate
the XRD peaks of silicon. All the films were showing strong XRD peaks of
wurtzite crystalline structure, with traces of substrate (Si) related diffraction
peaks.

Counts
()

30 40 50 6l 70
20

Fig.1 (a) XRD patterns of ZnS (1) electrodeposited from ZnCl, and
(2) electrodeposited from Zn(NOs), solutions, (3) chemical deposited
ZnS from Zn(Ac), solution and (4) ZnS-PS nanocomposite/ The asterisk
(*) indicates XRD peaks of silicon.

Steady-state and transient photocurrent measurements were per-
formed on all ZnS films made from different solution processing tech-
niques. Here the ZnS films were exposed to a UV laser (2 mW, 337 nm)
and the photocurrent was monitored using the wet electrode method. Fig-
ure 2(a) shows the normalised photocurrent response, when the illuminated
light was switched ON and OFF at different bias conditions. The data rep-
resents the ZnS thin films obtained from (1) electrochemical deposition
from ZnCl,, (2) electrochemical deposi- tion from Zn(NO3), solutions, (3)
chemical deposited film from a Zn(Ac), solution and (4) a ZnS-PS
nanocomposite. As seen, the photocurrent varies linearly with the increase
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in the bias voltage. While all films show more or less similar responses, the
photocurrent efficiencies measured under similar conditions are different.
Here, the photocurrent efficiency is defined as QE Iphoto ldark =ldark, Where
the Ljark and Ipnoto are the photocurrents when the light is OFF and ON, re-
spectively. The QE for ZnS obtained from chemical deposited film from
Zn(Ac), solution is 50 whereas for ZnS-PS the nanocomposite is only

) ON
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| ]

OFF GQFF

ON

Normalised phatocirrent

OFF OFF
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OFF
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Fig. 2. (a) Normalised photocurrent ON-OFF response of ZnS films prepared from
various methods. (b) Transient photocurrent response of ZnS deposited
from various methods, the Si detector response is shown as a reference.
Labels 1-4 represent the same as Fig. 1(a).

To study the transient photocurrent behaviour, the resultant photocur-
rent response obtained from the excitation of a nanosecond UV laser (337
nm, 5 ns, 100 Hz) was monitored through a digital oscilloscope using a
commercial silicon detector as a photocurrent response reference (Fig.
2(b)). Essentially all films show a fast photocurrent rise followed by an
oscillatory decay. The photocurrent decay is composed of two compo-
nents: a fast fall followed by slow fall of an oscillatory nature.

While ZnS obtained from electrodeposition shows both exciton as
well as defect related PL, the ZnS obtained from chemical deposited
shows dominant excitonic related features in both absorption as well as
PL, indicating the minimum influence of defects (Fig. 3).

Therefore, the transient photocurrent response rise time is due to the
desorption of O,. Whereas, the photocurrent fast fall is due to the transit
time taken by the carriers, which is inversely proportional to the electron
mobility and bias voltage. The oscillatory slow decay phenomenon is the
result of persistent photoconductivity effects attributed to the presence of
oxygen-related hole-trap states at the surface, which prevent charge-carrier
re- combination and prolongs the photocarrier lifetime. Similar behavior has

157



been observed for the ZnS fabricated from various other methods. While the
ZnS grown from various aforementioned methods shows a good crystalline
quality, the origin of oxygen defects on the surfaces could be from both
deposition conditions as well as annealing in an air at mosphere. However,
in the present case, though solution processing recipes are different, the ob-
tained ZnS may be compared since the annealing conditions for all the ZnS
films are the same. Hence, these results broadly suggest that the photocur-
rent response of ZnS could be related to its structural and surface properties,
essentially to the process induced intrinsic defects of ZnS. Figure 3 shows
the wavelength (200— 500 nm) dependent photocurrent characteristics of
ZnS thin films fabricated from various precursors. The spectral respon
sivity shows a distinct broad peak centred at about 360 nm, which corre-
spond to the band gap of ZnS.

1.0F =
—n(NO,), 3

— Zn(AC),

— ZnCl,

===+ 8i detector

08 F

ne6f

04F

Normalised photocurrent

anek
250 300 350 400 450 00

Wavelength (nm)

Fig. 3. Wavelength dependent photocurrent response
of ZnS electrodeposited thin films obtained from Zn(NO;), Zn(Ac), and ZnCl, solutions.

4. Conclusion

We have explored various solution- processing techniques to pro-
duce ZnS thin films on conducting (ITO) and silicon substrates along with
ZnS-porous silicon composite films. All these samples obtained from dif-
ferent methods and chemical recipes were annealed under fixed ambient
conditions and characterized by scanning electron microscopy (SEM), X-
ray diffraction (XRD), and ultraviolet photocurrent response. Various
characterizations reveal that the fabrication conditions and intrinsic defects
of ZnS play a vital role in optoelectronic performance.
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HOLLI-EMAL TEXNiKASI iLE DONDURON
ZnS INCE PILMLORIN FOTOKECIRILMOSi

R.S.COFORLI
XULASO

ZnS-mosamoli silikon kompozit filmlorlo birlikde kegirici (ITO) vo silisium
substratlarinda ZnS nazik filmlori istehsal etmok {igiin miixtolif mohlul emal iisullarin
aragdirdiq. Miixtalif iisullardan va kimyavi reseptlordon alds edilon biitiin bu niimunalor
sabit miihit soraitinde tavlanmis vo skan edon elektron mikroskopiya (SEM), rentgen
stalarinin difraksiyast (XRD) va ultrabandvsoyi foto caroyan reaksiyasi ilo xarakteriza
edilmisdir. Miixtolif xarakteristikalar gostorir ki, ZnS-nin istehsal sortlori vo daxili qiisurlari
optoelektronik performansda miihiim rol oynayir.

Agar sozlor: ZnS-nin fotokeciriciliyi, optoelektronik xassolor, Fabrikaton metodu,
yarimkegirici.

OOTOIMMPOBOJHOCTD TOHKHUX IIVIEHOK ZnS, HAHECEHHBIX
C IIOMOIIBIO METOJOB OBPABOTKH PACTBOPA

P.C.JI’KA®APJIbBI
PE3IOME

MbI nccienoBan pasIMYHbIE METOIbl 00pabOTKM pacTBOPOB Uil NPOW3BOJICTBA
TOHKHX TuleHOK ZnS Ha mpoBomamux (ITO) m KpeMHHEBBIX MOAJOXKKAX, a TaKkKe KOM-
MO3UTHBIX TUICHOK ZnS-TIOPHUCTHIN KpeMHuil. Bee 3T 00pasibl, MOTydeHHBIE ¢ TIOMOIIHIO
Pa3INYHBIX METO/MOB M XHMHMYECKHX PELENTOB, OBUIM OTOXOKEHBI NMPH (UKCHPOBAHHBIX
YCIIOBHSAX OKpY’KaloIleld cpeasl U OXapaKTepHU30BaHBI C MOMOIIbI0 CKaHUPYIOUIEH 31eK-
TpoHHOU MuKpockornuu (COM), pentrenoBckoit nudpaxiuu (P/]) u peakium Ha ynbrpa-
¢buoseToBbIi (HOTOTOK. PaznuuHble XapakTEpUCTUKH ITOKAa3bIBAIOT, YTO YCJIOBUSI U3TOTOB-
JICHUS] U BHYTPEHHHE Je(eKThl ZnS UrparoT )KU3HEHHO BaXKHYIO POJIb B XapaKTEPHCTHKAX
ONTO3JICKTPOHUKH.

KaroueBbie cioBa: GoTonpoBoauMOCTh ZnS, ONTOAIEKTPOHHBIE CBOWCTBA, METO.
M3TOTOBIICHHMS, ITOTYIPOBOIHUK.
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