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M.F.MEHD LOVA

T qdim olunan m qal eni vahid olan müst vi zolaqda birinci t rtib hiperbolik tip t nlik 
üçün s rh d m s l sinin qlobal (inteqral) s rh rtl ri daxilind h llinin t dqiqin h sr 

Z rtl rin köm yil s l ikinci növ bircins Fredholm inteqral 
t nliyin g tirilir, bu zaman m s l .

Açar sözl r: Steklov m s l si, spektral m s l , fundamental h ll, inteqral s rh rti,
z rt, m xsusi qiym tl r, m xsusi funksiyalar.
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THE STEKLOV PROBLEM FOR A HYPERBOLIC EQUATION 
OF THE FIRST ORDER ON A PLANE UNIT WIDTH BAND

M.F.MEKHTIYEV, N.A.ALIYEV, L.F.FATULLAEVA, L.H.KHALILOVA

SUMMARY

This article is devoted to the study of solutions to the boundary value problem for a 
first-order hyperbolic equation on a flat strip of unit width with global (integral) boundary con-
ditions. With the help of the necessary conditions, the problem is reduced to a homogeneous 
Fredholm integral equation of the second kind, which is investigated in the case of degeneracy 
of the kernel.

Keywords: Steklov problem, spectral problem, fundamental solution, integral bound-
ary condition, necessary condition, eigenvalues, eigenfunctions.
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Besse

ON THE ORTHOGONALITY FORMULA OF THE MODIFIED BESSEL 
FUNCTIONS OF THE FIRST KIND 

A.Kh.KHANMAMMADOV, M.F.MURADOV 

SUMMARY 

A modified Bessel equation is considered. Using the spectral theory of the one-
dimensional Schrödinger operator with exponential potential, the orthogonality property of 
modified Bessel functions of the first kind is proved.

Keywords: Bessel equation, Macdonald function, Schrödinger equation, expansion 
formula.
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INVERSE BOUNDARY VALUE PROBLEM FOR THE SIXTH-ORDER                                   
BOUSSINESQ EQUATION WITH DOUBLE VARIANCE

A.S.FARAJOV

SUMMARY

An inverse boundary value problem for the sixth-order double dispersion Boussinesq 
equation with Neumann-type boundary conditions is investigated. Firstly, the original problem 
is reduced to an equivalent problem for which a theorem on the existence and uniqueness of a 
solution is proved. Furthernore, using these facts, the existence and uniqueness of the classical 
solution of the original problem is proved.

Keywords: inverse problem, Boussinesq equations, existence, uniqueness, classical 
solution.
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T.E.

ümumil avtoreqression sxeml t svir olunan Markov t
s viyy ni birinci d f k sm si üçün gücl d dl r qanunu v by ail nin 
münt z

Açar sözl r: avtoreqression sxem, Markov t f k sm

ON THE FAMILY OF FIRST PASSAGE TIMES FOR LEVEL 
BY THE MARKOV RANDOM WALK, DESCRIBED BY THE GENERALIZATION 

OF THE AUTOREGRESSIVE ON SCHEME

T.E.HASHIMOVA

SUMMARY

In this article are proved strong law of large numbers of the family of the first passage 
times for level by the Markov random walk, described by the generalization of autoregressive 
scheme and theorem on the inifomly integrebility for the family of this first passage times.

Keywords: autoregressive on scheme, Markov random walk, first passage time.
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TÜK NM

- n VII 

min-
-
-

-
sat

OPTIMIZATION OF THE DEVELOPMENT 
OF GAS CONDENSATE DEPOSITS IN THE DEPLETION MODE

Kh.A.FEYZULLAEV, G.E.SAMEDOVA, N.M.FEYZULLAEVA

SUMMARY

A hydrodynamic model is proposed for optimizing the development of gas condensate 
fields in depletion mode and, on its basis, minimization of condensate loss is investigated on 
the example of horizon VII of the Bulladeniz gas condensate field, due to the redistribution of 
gas flow rates among individual wells. It is shown that, as an optimal option, by reducing intra-
reservoir flows and preventing additional condensate loss associated with them in the depletion 
development mode, it is possible to significantly increase condensate production compared to 
the depletion development mode of the field.

Keywords: gas condensate field, minimization of condensate losses, condensate-gas 
factor, regulation of production wells flow rate, calculated and actual development data.
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3 Fizika-riyaziyyat elml 2021

UOT 004:681.3:629.73

Ü.M

ulkeralizadeh@gmail.com

n -
-
-

miyy -
miyy miy-
y xas olan c h tl rd
t min olunma insana t l m k üçün bir vasit dir. C miyy tin 

kompüterl si informasiya texnologiyala-
tbiqin s b

Hal- insan f aliy-
y tinin bütün sah l rin t

l rd sin d müsb t t sir göst rir. Bu 
r telem sl h tl rin verilm si, real zamanda x st nin 

v ziyy si v n zar ti, fizioloji parametrl rin m saf d n fiks
edilm si, müxt lif müalic mü ssis l st l
mübadil si, real zamanda m s. t bab ti keyfiyy tc
yeni s viyy y l rd n, o 
cüml d n laborator analizl r, funksional diaqnostikadan istifad olunur. 
Laborator analizl r orqanizmd ged n fiziki-kimy vi prosesl ri ks etdirir. 

etm k üçün diaqnostik 
aparatlardan istifad olunur. Bu aparatlardan ultras s, rentgen, kompüter to-

- s. göst rm k olar [2]. 
Süni intellekt n z riyy rind t svir-

l rl m k üçün müxt lif metodlar mövcuddur v bu s pkid t dqiqatlar 
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davam etdirilir. Lakin s l l rind universal h ll yox-
dur. Çünki h r bir t svirin öz xarakter lam tl obrazlar bir-birind n
bu lam tl r gör f rql nir, t snifat olunur, sisteml

T svirl rl m tibb sah sind iqam tl rd ndir. 
Buraya elektrokardioqramlar, rentgen, ultras s, maqnit-rezonans müayin si v
s. t svirl ri aid etm k olar. M s l n, tibb sah sind rentgen t svirl rinin emal 
edilm si üçün müxt lif metodlar t tbiq olunur. Bu cür proqramlardan istifad
edilm h kiml r x st liyin erk n m rh l sind
Rentgen t svirl r orqanizmin anatomik strukturunu göst rir, sümüyün struk-
turunu v sini d qiql y imkan 

s müayin sidir. 
irinin yara-

-

-
-

- -
ni

y r -
- nür. Orqa-

rünür. 
r

-

Ultras s müayin insan orqanizminin t hlü-
k informativ müayin metodudur. 

- -SAL-38B cihazla -

2. M s l h lli. Robert Teylorun “Ç tin diaqnoz” 
qeyri-mü yy n simptomlar toplusu 

mliyi m s l si sas yer tutur. 
T qdim olunan i sil svirl rd simp-
tom raitd yin 

sr olunub. Bu sinif m s l l r ç tin diaqnoz qoyulan m s l l r
sinfin aid edilir ki, onu n erk n diaqnostik k.1).  
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k. 1. n erk n diaqnostika

Bu m s l nin h llinin n klind
m yi üstün tutaraq, a klif edirik:

k.2. Proqram paketinin konseptual modeli

Software 
package 

1. k-nearest neighbor 

10.Mathematical 
morphology  

9. Kenni Non-
Maximum 

Suppression  

8. Grayscole 
image  

7. Sobel 

6. Saussion blur  

5. Watershed  

4. Gradient 

3. Canny edge 
defection  

2. Threshold 

Diaqnostika

Erk n
diaqnostika

Mü yy n simptomlar 
toplusu

Simptomsuz v ya 
qeyri mü yy n

simptomlar toplusu
X st lik

n erk n
diaqnostika

Qeyri mü yy n
simptomun 

predikatorunun 
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1. Obyektl saslanan "k-nearest neighbor" (“k- .
2. S rh d qiym tl rin saslanaraq t svirin iki v daha çox hiss l r bölün-

m sind sas rol oynayan Threshold (s rh d) metodu. 
3. S rh dl rin mü yy n edilm si üçün diskriminant meyar ll 

edil n Canny edge defection (s rh dl si) metodu. 
4. Qradiyent metodu s rh d piksell rinin vektoru istiqam tind lokal 

edil n Gradient metod (qradiyent 
metodu). Bu metod rh dl -
siy r pikseld rin 

m -
m yil yerin yetirilir.

5. si v aradan götürülm si; s rh -
l rin e ks etdir n Watershed (suyun 

metodu. 
6. Saussion blur (küyd n t mizl nm üsulu). t svird

aradan götürülm si t svirin filtrl nm si dem kdir, bu is t svrin ist nil n
z rd rastr t -

svirin küyd n filtrl nm si 
lir. Küyün filtrl nm si real t svir üz rind mü yy n alqoritml rl

“t mizl m “küyl nm
ilkin t svir nm ” real obyektl rin t s-
virind t hrifl

7. T svirl sind s rh dl olunan, çox 
vaxt daha mür kk b v d

Sobel (s rh dl .
8. svirin boz r ngin qradi ng modelin çevrilm si 

üçün istifad olunan RGB r ng modeli.
9. S rh d piksell ri qradiyent vektoru istiqam tind olan qradiyentin lokal 

maksimumuna çatan nöqt l rini mü yy n ed n Kenni Non-Maximum 
odu [3,4,5]. 

10. Riyazi morfologiyada emal m rh l sind istifad olunan naziltm , -
maraq k sb edir. Riyazi morfologiyada ilkin 

binar t svir ikilik qara- l rin (piksell rin) v 0 v 1-l rin çoxlu-
nl ri kimi iki 

t svir olur: emal olunan v m n v h ll olunan m s l d n
dir. Bu cür xüsusi t svir primitiv v ya struktur 

ikilik t svir kimi (h nd si) göst rilir. Bu element emal 
olunan t svird n kiçik olur v ist nil n struktur v ölçüy malik ola bil r.  

struktur elementi BOX[H4,W4] –
seçilib. Riyazi morfologiyada sas baza m
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k.3. m

svirin sah sini ndirir, eroziya onu kiçildir, qapanma 
sah nin daxili hiss l rini qapayaraq s rh

svirin s rh rd n
hamarlanma m yata keçirir.

Müasir tibbi , y
toplusu vasit sil birqiym tli q rar verm k v erk n diaqnostikaya, y ni nata-
mam simptomatika s l sinin h l-
lin yön n erk n diaqnostika dövrünü hat edir. Y ni 
h svirl rind kiçik ölçülü 

raitind m s l y
müdaxil d n ibar ya qapanmaya meyilli kontur tibbi nöqteyi-
n z rd n simptomsuz keç zar td
saxlamaq üçün h l b olunur. Bu m qs dl

lam t t klif olunur. Bunlar 
yrix t sinin ölçüsü, yrix r-

k zinin t yini v qapanmaya meylli sah ngidir [6].
rk rk zinin t yin edil-

m si riyazi morfologiya üsulu il yeni müst vid -
t vid yy n etm k üçün t
m rk rtl r daxilind hesablamaq mümkündür:

T svir müst vi üz rind dir;
Bütün nöqt l rin kütl si bir-birin b rab rdir;
Fiqur s t ni vahid sah kütl si sabitdir).

0XY koordinat oxunda kütl l ri m1, m2,… mn..olan A1(x1 ,y1); A2(x2, y2);
...An(xn,yn) nöqt l rl t rk -

hesablanacaq: 

∑
=

∑
==

+++
+++

=
n

i
im

n

i
imix

nmmm
nmnxmxmx

X

1

1
...21

...2211
0

(1)

∑
=

∑
==

+++
+++

=
n

i
im

n

i
imiy

nmmm
nmnymymy

Y

1

1
...21

...2211
0

Burada   Xixmi (i= n,1 ), - 0Y oxuna nisb t n mi kütl Yixmi is
0X oxuna   nisb t n mi kütl

Köçürülm   Eroziya Qapanma 
ksi)  
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OX oxu üzr v 0Y üzr – y= f1(x) v y= f2(x) 
x tl ri il m . S δ il ed k. [a,b n hiss -
y böl k

a=x1,  <x2 ,<x3, …< xn
Onda fiqur eni Δx1, Δx2, Δx3, ... Δxn b rab r olan n r: xi = xi+1 =
xi+2 = …= xn=b, h r si b rab rdir mi = Siδ (Si – i si,
δ - f1(x) v f2(x)-d r zolaq yrix tli fiqurdur. 
H Ai Bi Ci Di v z ed k, burada Δxi  

h= f2(ξ)-f1(ξ) – hündürlüyüdür,  ξ=
2

1 ii xx +− . Bel si 

b rab rdir 
Δmi ≈ δ [ f2 ( ξi )-f1( ξi ),] Δxi     (i= n,1 ).

qiqliyi üçün limit keç k: 

dxxfxf

dxxfxfx
x b

a

b

a

xi )]()([

)]()([
lim

12

12

00 −∫

−∫
=

→Δ
(2)

dxxfxf

dxxfxfxfxf
y b

a

b

a

xi )]()([

)]()()][()([
2
1

lim
12

1212

00 −∫

−∫ +
=

→Δ

.                     (3)

Sah Sah yrix tli s rh dl hat
düsturu il daha d qiq cavab verir.

Fiqur OX oxu üz rind x=a v x=b düz x tl
y=f(x) v y=g(x) k. 4). 

k.4. 

USM t svirind n t z koordinatlarda filtrl m d n v binar morfologiya üsulu-
nun t tbiqind hat olunan fiqurun sah si   sad
düsturla =  ( ) ( )

R ng modeli. Fiqurun r nginin t yini informativ lam tl rd n biri sa-
ng modeli ideal fiqurun bütün s thi boyunca d zdir. Lakin prak-

y=f(x)

y=g(x)

y

a b x
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tikada real obyektl rd svirl rd obyektd r ideal 
olmur, r ngl ngi onun informativ lam t
kimi mü yy n edilm sind v sind vacib-

- q d r boz r
svirl crüb göst ngin ça-

- q d r olan t svirl rd obyektl kild olur. R ng
-dan 255- q d r d si t svirl

t sviri boz r ks edildiy
sinin r

diyin gör RGB r
RGB f rqli r ngl r yaratmaq üçün üç r ngd n (red- -

blue-mavi) f rqli miqdarda lav saslanaraq, bir lav r ng spektri 
ng modelind (255, 255, 255), qara r ng (0, 0, 0) il kod -

- - -mavi r ngl rinin b rab r
qiym tl ri il tünd bozdan aç d r d ng RGB modelinin 
r ng kubunda diaqonal boyunca yerl onun h r bir t rkib hiss si boz 
r rab r olan eyni qiym tl

nginin parametrl ri burada mü yy n zaman 
rzind n d ri izl m y imkan verir v t svirin informativ 
lam tl rind n biri kimi fiks olunur.

T svird lam tl ri t yin edildikd n sonra 
diaqnostika m s l si öz h tic
Növb ti ölçm l rd bu üç lam tl rd n heç olmasa birind növb ti ölçm za-

olunarsa, dem ona n za-
r t mütl qdir. T klif olunan üsul diaqnozu t yin etmir, lakin h kimin diqq tini 
g l c kd bil n problem yön ldir v qoyulma-

sl h t görür. Biz burada xüsusi diqq t yön ldirik erk n v n erk n
diaqnostika v ziyy tl rin , y ni natamam indikatorun v ya prediktorun möv-

ti bilavasit USM t svirl ri üz rind
140-dan çox hadis -

C qalxanvari v zinin US müayin sind
t protokolda m

Burada sah nin ölçül rind ki f rq n z r 14,8 
b rab r, sistemd is sah rk
v r ngin RGB modelind ölçül
mü yy n edil n monitorinqin tezliyi h kim t r find n mü yy n olunur. 

N tic : Müst vid kk b t svirl rd
n üsullar 

vasit si il t svir küyl rd n t mizl nir, filtrl nm m yetirilir, 
s rh dl r d qiql ed r k riyazi mor-
fologiya üsulu il
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Yeni xarakteristikalar t tli kontur il qapanan sah
rk zi t yin edil for-

masiya- rtib edilib v USM h kimin verdiyi 
n tic d n lav yeni xarakteristikalar da t qdim edilir. Sistem, tör m l rin ya-
ranma prosesini v rh l l rini izl m y imkan yaradan al t-
dir. Yeni xarakteristikalar biomolerulyar s viyy d elmi-t
aliml r v d r.

1. / . ,
2006,

2.
// ., 2015, .65-70.

3. Gonzales R.,  Woods R. Digital Image Processing (3rd Edition)/ - Pearson, 2008, 976 p.
4.

, s.221.
5.

, 2007, c.87-97.
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6. Abdullayeva G.G., Alizade U.M. An Information Recognition System for Complex Ima-
ges / ADCAIJ: Advances in Distributed Computing and Artificial Intelligence Journal 
Regular Issue, v. 8 N. 3 (2019), 79-93.

.

: , ,
.

THE ROLE OF PREDICTORS IN EARLY DIAGNOSIS

U.M.ALIZADEH

SUMMARY

To trace the state of the detected growths, a predictor is considered in dynamics dur-
ing ultrasound examination, which consists of three signs: area of the growth, the center of 
gravity, and the color model. A software package for the recognition and monitoring of gravity 
have been developed. The obtained results of image processing are confirmed by experiments 
and protocols.

Keywords: ultrasound irradiation, pattern recognition, predictor, closed contour.
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BARYERL D
MEXAN ZM

L.K.ABDULLAYEVA, 

T mexa-
nizmin t siri öyr - ç n pro-
sesl rd n z r n daha aktiv t r olunan n tic l r mür kk b
sisteml r n z riyy sin gör

Açar sözl r: Metal- ç p rin hündürlüyü, mikro-
rh ddi, qeyri-bircinslik, mür kk b sistem

INVESTIGATION OF THE MECHANISM OF BREAKDOWN OF SCHOTTKY 
DIODES DEPENDING ON THE METAL MICROSTRUCTURE

Sh.G.ASKEROV, I.M.AFANDIYEVA,  L.K.ABDULLAEVA, 
M.G.GASANOV, L.F.AGAMALIEVA

SUMMARY

This article studies influence of metal microstructure on mechanism of geometric 
breakdown of diodes with a Schottky barrier.

It is shown that in electronic processes, occurring in the contact between a metal and a 
semiconductor, the metal plays a very active role and is a more important contact partner than a 
semiconductor. The results are explained according to the theory of complex systems.

Keywords: metal-semiconductor contact, Schottky diode, barrier height, microstruc-
ture, interfaces, heterogeneity, complex systems.
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ed r
he rginlik tenzoru v ya enerji-

-

Açar sözl r: AdS/ KS s rt-divar modeli, nuklon.

Anti-de Sitter f - -nin s rt 
divar modelind n istifad ed r tor-

tqiqi üçün h miy-
y tlidir.

- sir n z riyy l rind ki 
qeyri-perturbativ k miyy tl ri, 5-ölçülü n z riyy d ki qravitasiya perturbativ 
k miyy tl r il birl yi t klif edir [1]. Bu birl nin bir neç t t-
biql ri var; [2,3,4,5,6,7,8,9,10,11,12,13]. 

si ümumil
(ÜPP- olan laq sin gör dir. ÜPP-

strukturunun vacib bir k miyy tl ridir. ÜPP- ri qravitasiya 
laq lidir. Xüsusil

partonlar t r find ölçür. 
sir  il birl

, 4-ölçülü konformal sah n z riyy si il 5-ölçülü AdS f if qar-
siri qravitasiya n z riyy sin laq l m

siml r n z riyy sind m d
5-ölçülü qravitasiya dual n z riyy sini qurmaq üçün KXD-nin xüsusiyy tl rini 
istifad ed [5,6,7,8,9] öyr nil

AdS/KXD-nin s rt divar modelind 5-ölçülü AdS f y -

71



= ,           < < .                  (1)
Burada = (1, 1, 1, 1). 0-da = -nin ultrab -

yi (UB) s rh ddin lir v = 1 -d yerl n divar, 
sind KXD-

yy nl r. [Kiçik Yunan indeksl ri 0-dan 3-
indeksl ri is 0,1,2,3,5-d AdS/KSN daxilind 4-ölçülü sah
n z riyy sind ki h r ( ) operatoru, 5-ölçülü AdS f ki m nb
sah sin ( , ) lir. [5, 6]-da t qdim olunan model gör luq-

kild olur( ) ( , ),   ( ) ( , ). (2)
Burada = v = kiral rayih c r

Ümumi nisbiliyin Laqranj formalizmind g rginlik tenzoru üçün 
m nb variasiya h ddin gör dir. Randall-Sundrum
kabrl sind -d n istifad ed c yik, burada enin v
eyni zamanda = = 0 öd sind ki metrik tenzorun 
va sad c kalibrl tenzorunun enin -izsiz hiss sini ver -
c kdir. 

Gravitasiya sektoru
5-ölçülü AdS f kild dir:= + 12 + Tr | | + 3| | ( + ) .         (3)

Burada = [ , ], , = , , Tr( ) = 2
v = + . Bu m s l l ri 
göst rdik v Dirixle s rh rtl rini s rh ddin qoyuruq.

T sirin qravitasiya hiss si bel olur:= ( + 12). (4)
Burada AdS f h y := + ,     0 < < . (5)= 0, = 0 kalibrl seçiml rind n istifad ttil -

nlikl rinin , v komponentl kild dir:0 = , + , + , 2 ( , ) + , ,, + , + , 0 = , ,0 = , + , , .                                (6)
-nün izi il göst rilir. Enin -izsiz kalibrl d , , = 0 v = 0-

H r k t t kil :

72



+ = 0. (7)
H llin 4-ölçülü Furye çevrilm si ( , ) = ( , ) ( ) kimi ya-( , ) = 1 olma l b edirik, bel likl ( ) qravitonun UB s rh d

qiym tinin Furye çevrilm rh rti ( , ) = 0 olur. Bu s rh d
rti il t siri d rk n ld edil rh rtind n s th h ddi yox olur. 

(7) t nliyind : ( , ) = ( )( ) ( ) ( ) . (8)

ki indeksli tenzorunun simmetrikliyind -
tic sin g lirik. Enerji- = 0 bunu 

endirir. rb st komponentli enin izsiz 
hiss sin parçalaya bilir. Bu is öz növb sind , enin -izsiz hiss ni = ( / ) il veril -

rada  kild t yin olunur:= + ( ) .                                    (9)
Bu saxlanan operator enin m nb operatoruna vurulur. Enin v izsiz 

kc il sird ola bil r.

Vektor sektoru

T sirin ifad sind ki = ( + ) 2 vektor sah si v =( ) 2 aksial vektor sah kild t vektor 
z rr ciy kc vektor hiss ni n z r
t sirin ifad si: = .                                 (10)

olur. Burada ( ) = t sird ikinci t rtib q d rdir. Bu hiss d
istifad olunan metrika dinamik deyldir, y ni sad c t nlik (5)-in h y -

sidir.= 0 kalibrl sind vektor sah nin enin hiss r k t
t nliyini öd yir: ( ( , ) + ) = 0.                           (11)
Bu h r k t t nliyinin h :( , ) = ( , ) ( ),                                       (12)
burada ( ) 4-ölçülü vektor c r yan operatoru = -nün m nb sinin 
Furye çevrilm sidir. C r = 0, m nb nin enin olma-

min edir. Buna gör t kc 5-ölçülü vektor sah nin enin hiss si UB 
s rh ddind ki -nun m nb si kimi hesab olunur.
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( , ) vektor sah üçün daxild n s rh dd
onun üçün s rh rtl ri ( , ) = 1 v ( , ) = 0-
daxild n s rh dd kild olur:( , ) = ( )( ) ( ) ( ) .                      (13)

Vektor sah üçün UB s rh dd t sirin ifad sind bu h lli n z r
s th h ll := ( ) ( ) ( )( ( , )) .                     (14)

mezonun Kaluza-Klein (KK) toplusu (12) t nliyinin = il
ll rind r. n- ( , ) üçün s rh rtl ri  ( = 0) = 0 v  ( ) =0 klind dir. Bu moda üçün h ll r bel dir:= ( ) ( ), (15)

v ( ) ( ) = 1 rtini öd yir.
(10)-ci t nliyin h ed r k, 

daxild n s rh dd propoqatorunun 
üz rind yekun ol c yini göst rm k olar( , ) = ( ).                                      (16)

Burada, = (1 ) ( ( )) - -
r tic l r ld edil bil r. sabiti 

vektor mezonun parçalanma sabitidir v kild mü yy n edilir:0 (0) ( ) = ( ).                               (17)
Bunu vektor c r k
olar.(14) t nliyind ki 5-ölçülü t siri -a gör funksional tör m l r alaraq v

- ed r k - il v z edirik:0 ( ) (0) 0 = ( ) ,                   (18)
Burada, = ( / ) enin proyektordur v ( ) -
kild t yin olunur: ( ) = ( , ) = ( ( ) ) .                      (19)

(17) b rab rliyind n istifad ed r k t nlik (18)- r
yaza bil rik: 0 ( ) (0) 0 = ,              (20)
Bu t nlik (16)-d ki -nin rh edilm sini 
t stiql yir. 

Spini 1 olan z rr cikl rin g rginlik tenzorunun matris elementl ri 
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( )| ( )| ( ) il t yin edilir v 3 nöqt r:0 ( ( ) ( ) ( ) 0 .                                 (21)
si ( ) ( ) ( )

olaraq ifad edil bil r. G rilm tenzorunun matris elementl rini tapark n
rtind n iki d f istifad edirik:

( ) | ( ) ( )| = 1 (22)
v sonra ( , ) ( , )( )( ) ,                    (23)
ifad sin vururuq v v limiti götürürük.

Tam t k, (3) b rab rliyi= (24)

olur. Bu ifad d t kc h ddl ri 3 nöqt li funksiyalara lav verir,0 ( ) ( ) 0 = ( ) ( ) ( ),                   (25)

harada ki, funksional tör m = = 0 qiym tind
3 nöqt li funksiyaya lav ver n t sird ki münasib h ddl kild := + ,             (26)

(25) b rab rliyind ki enerji-impuls tenzoru enin v
enin -izsiz proyektor t tbiq edil bil r, bu zaman

(27)
olur.

Funksional tör m l li funksiyadan qravitasiya 
form faktorunun ifad rab kl :( , ) ( ) ( , ) = (2 ) ( )( + ) ×  ( ) 4 [ ]( ) + 2 ( ) ( ) +( ) ( ) 2 ( ) ) + ( ) ( ) . (28)
Burada, = ( + )/2, = , [ ] = ( )/2 v( ) = ( + )/2.

zaya b nz r im-
puls ötürülm kild olur:( ) = ,( ) = + ,( ) = + 1 ,( ) = ( ),                                        (29)
il v kild :
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= ( , ) ,= ( , ) .                                       (30)
F zaya b nz r impuls ötürülm si üçün = < 0 (8) h llin

:( , ) = 12 ( )( ) ( ) + ( ) .= 1 parametiri = 0.77 mezonun kütl sinin t crübi qiym ti
il mü yy nl 3.1 qiym

k. 1. , (

k. 2. ( ), ( ), ( ), ( ) (
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GRAVITATIONAL FORM FACTORS OF VECTOR MESONS
IN AN AdS/QCD MODEL

Sh.A.MAMEDOV, M.N.ALLAHVERDIYEVA

SUMMARY

We calculated the gravitational form factors of vector mesons using AdS / CFT corre-
spondence. We have given sum rules linking gravitational form factors to vector meson GPDs,
which can also be called stress tensor or energy-momentum tensor form factors.

Keywords: AdS/CFT correspondence, hard-wall model, nucleon.
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R.M.

Yüks k optik h y -x tti optik xass l ri t crübi 
olaraq öyr nb =532 
nm) lazerd n istifad
istiliy çevrilir v qeyri-x cmli kristallardan f rqli 

-x ttililiyin istilik mexanizmi, eyni 
zamanda yüks k enerji t r f si il spektrin udma k ahid edil
bil r.

Açar sözl r: InSe, lazer, qeyri-x tti optik udma, udma k .
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NONLINEAR ABSORPTION IN InSe UNDER THE ACTION OF LASER RADIATION

R.M.MAMEDOV

SUMMARY

The nonlinear optical properties of InSe crystals are investigated at high levels of opti-
cal excitation.
shown that in InSe crystals, all the released energy is converted into heat, and a thermal non-
linearity mechanism takes place. In contrast to bulk crystals in ultrathin, optically homogene-
ous InSe layers, an optical mechanism of nonlinearity, bleaching of the absorption band edge, 
with its simultaneous shift to the high-energy region of the spectrum, can be observed.

Keywords: InSe, laser, nonlinear absorption, bleaching of the absorption band edge.
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TUTUMU D Y BORU BOYUNCA

G.M.SADIXZAD , N.H.C F ROVA 

ilk d f qeyri-
rin tutumun t

c bh sinin sür tin ciddi t sir göst rm diyi gös-
t rilir. M lum olub ki, q0 h miyy tli d r c d d -

n bütün t rtl ri, prosesin özün h miyy tli t sir göst rmir v
m l g lm lledici 

rtl r saxl .

Açar sözl r: ti.

FRONT OF IONIZATION OF A VARIABLE DISTRIBUTED 
CAPACITY SPREADING INTO A TUBE

G.M.SADIKH - ZADE, M.N.AGAEV, N.H.JAFAROVA

SUMMARY

In this work, we first study the parameters of an ionization wave along a long dischar-
ge tube with a nonmonotonically distributed capacitance. It is shown that a change in the 
distributed capacitance along the length of the tube has no significant effect on the velocity of 
the ionization front. It was found that, for all the studied discharge conditions, significantly 
changing the distribution of the charge q0 along the length, does not have a significant effect 
on the process itself and retains the discharge conditions that take place during the formation of 
a wave near the PE as decisive for its dynamics.

Keywords: gas breakdown, ionization wave, ionization front velocity.
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Q.M.EYVAZOVA AXUNDOV

Biz müxt lif tezlikl rd , cminin d sind dielektrik
(seolit) v keçirici (qrafitin) keçiriciliyin v t-
l rini t dqiq -keçiricilik keçidi mü yy
2% d keçiriciliyin 400 d f

, perkolyasiya n z riyy si n keyfiyy tli bir model t klif olunur.

Açar sözl r: ti, müxt

CONDUCTIVITY AND DIELECTRIC CONSTANT IN MIXTURES OF ZEOLITE 
DIELECTRIC POWDERS AND GRAPHITE CONDUCTOR 

G.M.EYVAZOVA, V.I.ORBUKH, N.N.LEBEDEVA, Ch.G.AKHUNDOV

SUMMARY

We studied the results of experimental studies of the bulk conductivity and dielectric 
constant at different frequencies. In a mixture of a dielectric (zeolite) and a conductor (graph-
ite), depending on the volume content of the latter. A dielectric-conductor transition was de-
tected (an increase in conductivity by 400 times when concentration of graphite change by 
2%). We have proposed A qualitative model explains the obtained dependences on the basis of 
the percolation theory with the use of the concept of fractals.

Keywords: Zeolit, graphite, mixture resistance, various concentrations of grafite
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Qeyri-fermentativ sensor sisteml rinin tibbd t tbiqi il ld ti-
c l r nanom sam
ki, bel elektrodlarda nanom sam m sam l rin kiçik ölçüsü qeyri-fermen-

v l
M qal qeyri- sam -

trodlardan istifad sistemd ged n elektrokimy vi oksidl prosesinin xüsusiyy tl -
rinin t hlilin h sr ed

Açar sözl r: vi 
oksidl

Qeyri- -
n ma-

raq dair sin malikdirl r [1-5]. Bel hesab edilir ki, m hz qeyri-fermentativ 
xass l rinin t kmill si dig

kk bliyi v m
qiym ti kimi probleml rin h llin c kdir. M hz bu, qeyri-fermen-
tativ biosensorlar sah si il rin h qal l rin 

s b b olur. Nanotexnologiya v nanomateriallar istiqa-
m tind ld olunan n tic l rin sensorlar sah sin t tbiqi is onun daha da 
mür kk bl si v müxt lifliyin g [6-8].  

Müxt −nanohiss cik, nanonaqil, nanoçubuq, nano-
boru, nano v mezom sam li hiss cik v t b q l rin elektrokataliz [9-16], t t-
biqi enerji [9, 11-20] v sensorlar [21-25] sah sind
bar d d rin rast g lm

tl ri üç müxt lif istiqam td xarakteriz
oluna bil r ki, bura elektrokatalitik aktiv m rk zl r, s th sah sinin böyüm si v
keçirici s thl hat

M sind s thi adsorbsiya m rk zl ri 
v yaxud reaksiyaya girm qabiliyy h r iki 
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hal z vi oksidl prosesinin 
s l n, 

kvant nöqt l ri v cikl ya 
s th enerjisinin qiym tin gör kifay t q d r f rqli xüsusiyy tl
etdirirl r [27]. Bel f rqli xüsusiyy tl r elektrod s thind elektrokatalitik aktiv 
m rk zl vi oksidl si 
prosesinin effektiv formada getm sin s b b ola bil r.

Dig r t r fd thininin k l -kötürlüyü elektrokimy vi 
c k elektrod s thinin sah sinin böyüm sin s b b olur. 

vi aktiv s th sah sin malik 
olur ki, bu da müvafiq olaraq yüks k c r b b olur. Bel

tl rin gör üstünlüy malik 
olurlar [28, 29]. Lakin h kild

k deyildir v th 
sah sinin böyüm si tutum c r tinin d b b olur. 

h miyy tli 
rk zl r v yaxud elektrokimy vi aktiv s th 

sah ndir bilsin. Bu s b bd n, ad t n,
xüsus n d bu proses mane tör d n s b bl rin 

kçi funksiya v ya metodlardan istifad t l b
olunur ki, elektrod s thind
Sad nanom sam li elektrod ona aktiv m rk zl r daxil edilm d n bel qlü-

tinin 
sir göst r bilm l hesab edilir [30, 31].

Nanom sam daxilind thl
laq si v ya onun h sin t sir etm kl kataliz 

üçün b b olur. Seolit v ya karbon nanobo-
i heterogen nanom sam l r -

rdikl ri mük mm l katalitik aktivliyi il seçilirl r [32, 33]. 
Elektrokataliz g ldikd is nanom sam liliy malik elektroda t
elektrik sah si m sam nin daxilind sah

qiym ti il müqayis olunacaq s viyy d olur. Bel sah qradiyenti mezom -
sam li mühitd bunu da oksigen 

etm k mümkündür [34].
M sam l rin ölçüsü v sam li elektrodun 

bütün s min edir. Qeyd etm k la-
hz bu xüsusiyy t elektrokatalitik aktiv s th sah sinin görün n

s th nisb tinin maksimum qiym tin sas n m sam ölçül rinin mü yy n
edilm si üçün m sa-
m l tind n kiçik olan s th-
l rd ti kifay t q d
oksidl prosesinin h sam l
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mü yy n qiym tind maksimum olur. Elektrodun elektrokatalitik aktiv s th 
sah sinin onun görün n s th sah sin nisb sam l rin ölçüsünd n
deyil, h mçinin nanom sam

sam elek-
trokatalitik aktiv s th sah sinin görün n s th nisb ti d ki, 

tör d 4-asetamidofenol kimi mo-
lekullar qlükoza il müqayis d daha sür tl oksidl n mühitd

c r yüks k qiym b .
Bu s b bd n bir çox hallarda c r k qiym ti qlükoza il deyil, 
analiz mane tör d -

si elektrodun elektrokatalitik aktiv s th sah sinin onun gö-
rün n s th nisb tinin qiym ti tör d n mo-

b r
ist nil n dig r elektroaktiv reagentl r nisb t
qlükozaya aid c r yan qiym sin s b b olur ki, bu da 
onun t yin edilm sini mümkün edir.

Bir qrup t -
de sam li Pt elektrodu (k l -kötürlük faktoru 
(RF)=72) v l -kötürlük faktoru (RF)=2
Pt elektrodu il müqayis kild öyr r. Nanom sam li elektrodun 
xarici s thi il laq d olan bütün reagentl r oksidl n hamar 
v nanom sam li elektrodlardan g l n c r tl ri bir-
birind n f rql nm r find k
elektrokinetikaya malik mane tör d n molekullarla yaranan Faradey 
c r elektrodun elektrokatalitik aktiv s th sah si il deyil, görün n
h nd si sah si il müt nasiblik t [31, 35]. Qeyd edilm lidir ki, 
t crüb l -duz bufer m
bunlar da Pt v Au kimi qiym tli metallar 

n elektrokataliz prosesin mane tör d n sas ionlardan sa-
likl , bu t dqiqatlar, eyni zamanda, nanom sam

istifad l rin
Bu gün q d r n crübi n tic l rin heç d

aktiv m rk zl r v elektrodun elektrokatalitik aktiv s th sah sinin onun görü-
n n s thin nisb rtl nm sam li elektrod-

sam ölçül rin sam -
si üçün c r n qiym ti elektrokatalitik aktiv s th sa-

h sin gör mü yy n edil n qiym tind n yüks kdir. Ola bil r ki, bu, qlü-
si kimi kiçik sür tl ged n elektrokimy

sür tl ndir -41]. Bel
tl r elektrod s thini hat ed n nanof

mümkün olur ki, bu da m sam ölçül ri böyük olmayan mezom sam li elek-
edilir. Bel mühitl rd h lledicinin dielektrik xas-

s l ri, güclü elektrik sah sinin qradiyenti, yüks k d r c d m hdud dinamik 
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diffuziya v s. xüsusiyy tl
yini il

b zi funksional m s l l rin izah edilm sind yy n
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FUNCTIONAL CHARACTERISTICS OF NANOPOROUS ELECTRODES FOR NON-
ENZYMATIC GLUCOSE SENSORS

A.H.KARIMOVA, S.G.NURIYEVA, A.M.RAHIMLI

SUMMARY

Successful application of the non-enzymatic glucose sensor systems in medicine is 
related to the development of nanoporous electrodes. It is found that the small pore size of 
these electrodes and the certain thickness values of the nanoporous layers allow achieving 
effective results in concentrated human plasma or blood medium.

The article is devoted to the analysis of the electrochemical oxidation process of 
glucose that occurs in the non-enzymatic sensor systems via using nanoporous electrodes.

Keywords: glucose, sensor, nanostructured electrodes, electrocatalysis, electroche-
mical oxidation
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Within the framework of the Minimal Supersymmetric Standard Model, the decay chan-
nels of , , Higgs bosons into a pair of chargino ( ; ) ; a pair of neutralino ( ; ) were considered. Taking into account the polarization states of the chargino 
and neutralino, analytical expressions for these decay widths are obtained and the degree of 
the longitudinal and transverse polarizations of the chargino and neutralino, as well as the 
dependence of the decay width on the Higgs boson mass are studied in detail.

Keywords: Minimal Supersymmetric Standard Model, Standard Model,  Higgs boson, 
chargino, neutralino, spirality, decay width.

1.Introduction

The Standard Model (SM), based on the local gauge symmetry (3) ×(2) × (1), satisfactorily describes the physics of electroweak and strong 
interactions of leptons, quarks and gauge bosons[1-4]. The scalar field doublet 

⎟⎟⎠

⎞
⎜⎜⎝

⎛
= 0

+

ϕ
ϕϕ , the neutral component of which possesses a nonzero vacuum value, 

has been introduced into theory. The Higgs boson appears as a result of 
spontaneous symmetry breaking due to quantum excitations of the scalar field, 
and, due to its interaction with this field, the gauge bosons ( ± and ), 
charged leptons, and quarks acquire mass. This mechanism of generation of 
particle masses is known as the Higgs mechanism of spontaneous symmetry 
breaking. The Higgs boson with characteristics corresponding to the predic-
tions of the SM was discovered by the ATLAS and CMS collaborations in 
2012 at the Large Hadron Collider (LHC) at CERN [5,6] (see also review [7-
9]). With the discovery of the Higgs boson with a mass of around 125 GeV, a 
missing brick in the structure of the SM was found and the mechanism for gen-
erating masses of fundamental particles, the mechanism of spontaneous break-
ing of the Braut – Englert – Higgs symmetry, was experimentally confirmed 
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[7,8]. It should be noted that the path to the discovery of the Higgs boson was a 
long one; at the same time, there has been a tremendous burst of interest, both 
theoretical and experimental, in the various channels of decay and production 
of the Higgs boson . The various decay channels of the standard Higgs 
boson has been examined in a number of works [6,11,12,13-17].

The Feynman diagrams of various processes and compare with the corre-
sponding experimental data are calculated accurately in the SM. The agreement 
between the SM and the experience is strikingly good. Nevertheless, SM has its 
own difficulties. Many of them are connected with the fact that this model de-
scribes a lot, but is not able to explain where it came from, does not allow it to 
be deduced from deeper principles.

According to SM, neutrinos ( , , ) are massless particles. However, it 
has been experimentally proved that neutrinos have mass, and they are actively 
mixed with each other. The masses and mixing of neutrinos is not due to the 
Higgs mechanism, but due to a phenomenon of a different nature. In the SM 
there are no such phenomena, and in theories outside the SM such mechanisms 
exist.

One of the difficulties of SM is related to the problem of hierarchy. It is 
known that according to quantum field theory, vacuum is not an absolute void, 
but a sea of virtual particles. All real particles of our world are particles dressed 
in a virtual fur coat. Masses, charges and other characteristics of the observed 
particles are the characteristics of particles dressed in a fur coat. Theorists take 
this phenomenon into account using a mathematical procedure called renormal-
ization. The fact is that renormalization works well for all particles, but in the 
case of the Higgs boson, a problem arises: the influence of virtual particles on 
the Higgs boson mass is too strong, as a result, the boson mass increases tril-
lions of times, and such a particle can no longer play the role of the Higgs bos-
on. This difficulty is called the hierarchy problem. This way out of this situa-
tion is possible. If in nature there are some other particles that do not exist in 
the SM, then in a virtual form they can compensate for the influence of the 
boson on the Higgs mass. The most important thing here is that in 
supersymmetric theories such compensation itself arises from the construction 
of the theory. It is such a supersymmetric theory that most attracts theorists.

Another important difficulty of SM is the lack of dark matter particles in it. 
In astrophysics, it is believed that in the Universe, in addition to ordinary mat-
ter in the form of stars, black holes, planets, gas and dust clouds, and. etc., 
there are particles of a completely different nature. These are particles of dark 
matter, we do not see them, they practically do not interact with ordinary mat-
ter and radiation. Possible candidates for dark matter particles may be 
neutralino, sneytrino, gluino, gravitino, the existence of which is assumed in 
the Minimal Supersymmetric Standard Model (MSSM) [12-14].

Note that in contrast to the Standard Model, two doublets of a complex 
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scalar field are introduced: = ,   = .

In order to obtain the physical fields of the Higgs boson, the fields 1ϕ and 
2ϕ are represented in the form= + + , = + + .

Here , , and are fields describing excitations of the system relative 
to the vacuum states    = and = . By mixing the fields 
and one obtains the CP-even Higgs bosons and (mixing angle ):= .

Similarly mixing and , as well as  ± and ±, are obtains Goldstone 
bosons and ± , CP-odd Higgs boson and charged Higgs bosons ± (
mixing angle ):= ,

±± = ±± ,

Thus, after spontaneous symmetry breaking in the MSSM five Higgs particles 
appear: the scalar  - and -bosons, the pseudoscalar -boson, and charged ±-bosons. 

The Higgs sector of the MSSM is characterized by six parameters , , , ± , and . Of these six parameters only two are free: the ones 
that are usually chosen and . The parameter varies within 1 = 35.5, here = 173,2 GeV and = 4.88 GeV of masses 
of t- and b- quarks. 

The masses of the - and - ( ±) bosons are expressed as and (
and ): ( ) =+ ± ( + ) 4 2 ,

± = + .
The mixing angles of the fields, and are related by the equation 2 = 2 , < 0 .

Higgs bosons , , and ± can decay through different channels (see [8,11-
18]). Along with decays of these bosons into ordinary particles, their decay into 
supersymmetric ones is also possible ( SUSY) particles: Chargino, neutralino, 
and scalar fermions (sfermions) are such particles. In the present paper, the de-
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cay channels of the Higgs bosons , and in the MSSM into a pair of 
supersymmetric particles ( ; ) +  ,        (  , = 1,2) , (1)( ; ) +  ,        (  , = 1 ÷ 4) . (2)
Within the framework of the Minimal Supersymmetric Standard Model and 
taking into account the polarization states of the chargino and neutralino, ana-
lytical expressions for the width of the investigated decays are obtained and the 
degrees of the longitudinal and transverse polarizations of the chargino and 
neutralino are determined, the dependence of these characteristics and the 
width of the decays on the mass of Higgs bosons is studied. 

2. The decay channels of Higgs boson into a pair of chargino

The supersymmetric parameters of the gauge ± and Higgs ± - bosons 
are gaugino (vino) ± and Higgsino ±. The mass matrix of these spinor 
fields is off-diagonal, which leads to their mixing. Chargino ± is a four-
component Dirac fermion that occurs when vino ± and Higgsino ±are 
mixed. The masses and coupling constants of the chargino with the Higgs bos-
ons , , , ± are determined by the mass matrix.

± = 22 ,

where and - mass parameters of vino and Higgsino. This matrix is 
diagonalized by two real two-row and matrices.

± = and =  ,   det ± > 0 ,    det ± < 0 ,  
where is the Pauli matrix, which makes the chargino mass positive, ±are 
the rotation matrices with angles ±:

± = ± ±± ± ,

and the angles and are defined as

2 = 2 2 ( + )+ 2   ,   2
= 2 2 ( + )2  .

After diagonalizing the matrix ± , new states of chargino with masses are 
obtained

,± = { + + 2
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[( + ) + 4 ( 2 + + 2  2 )] / } (3)

With a very large value of the parameter μ ( ∞→μ ), light chargino 
corresponds to the state of vino with mass 2~

1
Mm ≅±χ , and heavy chargino 

corresponds to the state of Higgsino with mass μχ ≅±
2

~m . However, for 

μ>>2M and ZM~μ , the charginos ±
1

~χ and ±
2

~χ exchange roles: μχ ≅±
1

~m ,

2~
2

Mm ≅±χ .

In fig. 1 the dependence of the chargino masses ±
1

~χm and ±
2

~χm on the pa-

rameter μ are shown at 3=βtg and 1502 =M GeV. As follows from the figure, 
with an increase in the parameter μ , the mass of both charginos first decreases 
and reaches a minimum near 0=μ , and with a further increase in the parame-
ter μ , the masses ±

1
~χm and ±

2
~χm begin to grow. The minimum value of the 

chargino mass  ± and  ± is observed at a zero value of the parameter .

a) b)

Fig.1. Chargino masses  ± (a) and  ± (b) as a function of the parameter 

The Feynman diagram of the Higgs boson decay +− +⇒ jikH χχ ~~ is shown 
in fig. 2 (the 3,2,1=k index corresponds to the neutral Higgs bosons H , h , A
and the 2,1, =ji indexes correspond to the chargino).

H (p)k

( ,s )p2 2

( ,s )p1 1
~

χ+
j

~

χ-
I

Fig. 2. Feynman diagram for +−⇒ jikH χχ ~~ decay

In the figure p , 1p and 2p denote 4 - momenta of Higgs boson kH , −
iχ~ and 
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+
jχ~ chargino, 1s and 2s 4 - polarization vectors of chargino.
According to the MSSM, the amplitude corresponding to the diagram in fig. 

2 can be written in the following form:=  [ ( , ) ( , ) + ( , ) ( , )],
(4)

here g is a constant determining the mass of the gauge W - boson =( + ) ; = ( ) , = ( ) are chirality matrices, and 
is interaction constants of the Higgs boson with chargino [12,14]= ,= , (5)

Here = = = 1 ; the coefficients and are equal to:= , = , = ,= , = , = . (6)

To find the width of the Higgs boson decay into a pair of chargino, the 
amplitude modules ( ) are squared. In the standard way the 
squared amplitude module is represented in the form:( ) = ( ) + ( ) ( ) + ( ) +( ) ( ) ×× ( ) + ( ) + 2 ( )( ) +( )( ) . (7)

In the Higgs boson rest system kH the energy and the modules of the 
three-dimensional chargino momentums are determined by the expressions: = 1 + ,   = (1 + ),| | = | | = | | = 1 4 ,
here the notation = ± , = ±

.

Given the polarization states of the chargino and , the decay width + has the form:( , ) = 1 4 + (1)(1 ( )( )) + 2 × ( + ( )( )) +×
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× 1 4 4 × [ 1
1 ( ( )( ))] , (8)

where n is the unit vector, in the direction of the momentum of the chargino 
−
iχ~ , 1ξ and 2ξ are the unit vectors characterizing the polarization of the 

chargino −
iχ~ and +

jχ~ in the rest systems of each of these particles, respectively. ( , ) = 1 4 is kinematic function of a two-particle phase 
volume.

Particular cases of the decay width are considered. First, suppose that the 
chargino is polarized longitudinally, while=  , = ,,
where and are the spiralities of the chargino and 

In this case, the decay width + is determined by the expres-
sion: ( , ) = [1 + + ( + ) ], (9)
here = 1 4 +1 4 (10)
is the decay width in the case of unpolarized chargino, and P is the degree of 
longitudinal polarization of chargino, defined by the formula= . (11)

As can be seen from the formula for the decay width (9), the charginos −
iχ~

and +
jχ~ should have the same spiralities 121 ±== λλ . Consequently, in the de-

cays of the Higgs bosons AhH ,, the charginos −
iχ~ and +

jχ~ are polarized either 
to the right ( +−

jRiRχχ ~~ ) or to the left ( +−
jLiLχχ ~~ ). This is a consequence of the con-

servation of the total angular momentum in the +− +⇒ jikH χχ ~~ decays.
Now consider the case when the charginos are transversely polarized. 

Where in = ( ) = 0, = ( ) = 0= ( ) =
here 1η and 2η are the transverse components of the chargino vectors −

iχ~ and 
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+
jχ~ , ϕ is the angle between these vectors. In this case, the decay width 

+− +⇒ jikH χχ ~~ is ( ) = ( ) [1 + ], (12)
where( ) = ( , ) + 14 (13)

is the decay width for unpolarized chargino, and ⊥P is the degree of transverse 
polarization of chargino : = .. (14)

At = 1 due to the equality of the interaction constants R
ijk

L
ijk gg = the 

degree of transverse polarization depends only on the cosinus of the angle be-
tween the spin vectors 1η and 2η : = (15)

At 0=ϕ the degree of transverse polarization of the chargino is +1, with 
increasing angle ϕ , the degree of transverse polarization decreases and vanish-
es at an angle 90=ϕ . Then, the degree of transverse polarization changes sign 
and decreases to –1 at 180=ϕ . A further increase in the angle ϕ from 180 to 
360 leads to an increase in the degree of transverse polarization from –1 to 
+1.

It should be noted that in the approximation 2M>>μ or μ>>2M the de-
cays of the Higgs bosons into a pair of identical chargino )~~(~~

2211
++−− ++⇒ χχχχkH

are suppressed.
Figure 3 shows the dependence of the degree of transverse polarization of 

the chargino on the azimuthal angle ϕ .
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Fig.3. Dependence of the degree of transverse polarization of the chargino on the angle ϕ

Figure 4 indicates the dependence of decay width +− +⇒ 21
~~ χχH on the Higgs 

boson mass M at 1=βtg , 160=μ GeV, 1502 =M GeV, 385.80=WM GeV, 
1875.91=ZM GeV. With an increase on the Higgs boson mass M the decay 

width increases.

Fig. 4. Dependence of the decay width +−⇒ 21
~~ χχH on the mass HM

2. Higgs boson decays into a pair of neutralino
Neutral wino and bino , as well as Higgsino and interact 

weakly, they are not proper mass states. The four mass states of the neutralino  ( = 1,2,3,4) are alternating combinations of the particles mentioned above. 
Neutralino - Majorana fermions, their antiparticles coincide with their particles. 
The neutralino mass matrix, as in the case of the chargino, depends on the pa-
rameters  , and also on the new mass parameter  of the bino [8, 
11]. As in the case of the chargino, with a large value of one of the parameters 

or  , two neutralino correspond to a pure gaugino-like state, and the other 
neutralino ones correspond to a pure Higgsino-like state. In these limiting 
states, the neutralino masses are equal to: 
at  | |  ,  ~    ~    ,  ~  ,      | | ,
at | | ~  ,  :,    | | ,      ,      .

The decay width of the Higgs bosons  into a neutralino pair for arbitrar-
ily polarized particles is determined by a formula similar to formula (8). In a 
particular case, the decay width  + in the case of the production of 
a longitudinally polarized neutralino pair is determined by the expression:( , ) = [1 + + ( + ) ], (16)
Here = 2 2 , ×
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× + 1 4 (17)
is the width of this decay in the case of unpolarized neutralino, and P is the 
degree of longitudinal polarization of neutralino, defined by the expression= ,

; (18)

the factor δ in formula (17) is equal to ⎟
⎠
⎞⎜

⎝
⎛

2
11 , if a pair of different (identical) 

neutralinos are born, iε and jε determine the sign of the parameter μ , L
ijkg and 

R
ijkg are the interaction constants of the Higgs boson kH with a pair of 

neutralino [12,14] : = ( )( + ) + ,= ( )( + ) +  ; (19)

Z - 4x4 matrix diagonalizing the neutralino mass matrix; 1321 =−== εεε ; the 
coefficients ke and kd are given by expressions (6); Wθ is the Weinberg angle.

The simplest neutralino, which is denoted by 0~χ can be the easiest SUSY 
particle. Then all other SUSY particles will decay into 0~χ and ordinary SM 
particles. Table 1 shows the upper bounds on the masses of SUSY particles for 
various values of the parameter . In the table, τ~ and t~ are sfermions -
stau lepton and stop quark.

T ble 1
Upper Boundaries for SUSY Particle Masses      10 155 280 170 58015 168 300 185 64020 220 400 236 81230 260 470 280 990

Calculations show that the decay widths of the heavy Higgs bosons H and A 
into a pair of different neutralinos , ,  and are prevailed. 
The width of these decays are shown in Table 2 (in units of ).

T ble 2
Decay widths of H and A into a neutralino pair

Neutralino pair ( ) ( )  (1 + 2 ) (1 2 )(1 2 ) (1 + 2 )(1 + 2 ) (1 2 )(1 2 ) (1 + 2 )
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In fig. 5 and 6 the dependence of the decay width + and + on the Higgs boson mass and for = 3 , =0.2315 are illustrated. These figures indicates that with increasing the and 
Higgs boson masses the decay width + and + in-

creases, respectively.

Fig. 5. Dependence of the decay width + on the mass 

Fig. 6. Dependence of the decay width + on the mass 

3.Conclusion
Thus, the decay channels of the Higgs bosons , , into supersymmetric 

particles are discussed, precisely, decays into a pair of chargino ( ; )+ , decays into a pair of neutralino ( ; ) + . In the frame-
work of the MSSM, analytical expressions are obtained for the decay width 
and the dependence of the decay width on the Higgs boson mass is determined. 
The research results are illustrated by graphs.
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n-CuIn5S8 p-Si  H TEROQURU
ENERJ N N FOTOELEKTR K Ç

X

n-CuIn5S8   p-Si heteroqur fotoelektrik xass sinin 
t dqiqi göst n-CuIn5S8 nazik t b q nin fotoh
diapazonu mü yy u -
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faktorunu raitind 56% t

Açar sözl r: fotoelektrik çevricil CuIn5S8, nazik t b q , n-CuIn5S8   
p-Si  

PHOTOVOLTAIC ENERGY CONVERTERS BASED 
ON n-CuIn5S p-Si HETEROSTRUCTURE

A.I.BAYRAMOVA 

SUMMARY

This article presents the methods of obtaining and the results of studying the photo-
electric properties of the n-CuIn5S p-Si heterostructure. The range of the photosensitivity 
energy of n-CuIn5S8 thin films and heterostructures has been determined. The filling factor of 
the volt-ampere characteristic of the illuminated one under the condition AM0 is 56%.

Keywords: photoelectric converter, heterostructure, CuIn5S8, thin film, n-CuIn5S p-
Si.
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Hilambatin molekulu struktur xüsusiyy tl rin v funksional t sirin gör taxikinin 
neyropeptidl rin aiddir. Molekulun fraqmentl
fraqmentl rin stabil konformasiya v ziyy tl rind rini v fraq-
mentl rin qal yin etm y imkan 
verir. Fraqmentl ziyy tl rind ncirl rinin 

sirl ri v hidrogen rabit l ri d qiql amalar göst rir 
ki, C-sonlu pentapeptid molekulun k nar qrup gen rabit l rinin 

- rin m l g tirir. 
tl da hilambatin molekulunun fraqment-

l rinin energetik ziyy tl

Açar sözl r: hilambatin, taxikinin, fraqment, konformasiya, molekulyar mexanika metodu.

Bioloji f al taxikinin sinfin m nsub v t
olan hilambatin molekulu v onun fraqmentl ri orqanizmd bir çox mühüm 

yetir n v sirl r malik olan peptidl rdir.  Bu 
peptidl r hamar z l l k-damar sisteminin f aliyy tind
v orqanizmin t zyiqinin t nziml nm sind damar- ndirici v t zyiqi 
salan t sirl r nziml yici kimi iltihaba 
v l aliyy t göst rir. Taxikininl rd n f rqli 
olaraq hilambatin molekulu C-t r finin sonunda bioloji f al L-Met-L-Met di-

insulinin s viy-
y nziml m -
sind nun v onun fraqmentl rin aktivliyinin 
v spesifikliyinin s b bl rinin mü yy nl m
xusüsiyy tl rinin v -molekulyar s viyy sind
t dqiqi n tic sind za qurulu
t sir mexanizml lledici rol oynamaqla 

yan t sirsiz d
edir. M lumdur ki, peptid molekulun h m xsus 
elektron parametrl rl ri il xarakteriz olunur.
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T dqiqat metodu v n tic
molekulyar mexanika metodu il hilambatin molekulunun 

- rinin konformasiya xüsusiyy tl ri t -
tidl potensial funksiyalar sisteminin 
köm yi il

Hilambatin molekulunun fraqmentl
-valent v sir enerjil ri, hidro-

gen rabit si v torsion potensial n z r -
-

si üçün r0=1,8 olduq-
da maksimum enerji  -1,5 kkal/mol  n z rd

Molekulun fraqmentl rinin -

- sas z ncirin 
lum qiym tl ri çilm sinin 

n tic sind h Bu ikiüzlü bucaqlar h r bir monopeptid üçün R, 
B, L v P konformasiya x rit l rinin kiçik enerjili oblast

T -Met-L-Met dipeptid molekulunun konformasiya 
analizi molekulyar mexanika metodu vasit si il -
tensial enerjisi qeyri-
t sir v hidrogen rabit l ri (Eh.r.) enerjil rinin additive c klind seçil-

-valen sir enerjisi Lennard-Consun  «6-
vasit si il Skott v klif etdiyi parametrl rd n istifad etm kl

sir enerjisi su mühitini n z r almaqla 
yy n edil

Hidrogen rabit sinin enerjisini polyar mühitd hesablamaq ücün Morze 
-

H ziyy tini onun sas z ncrinin ϕ ( N-
Cα - ψ (Cα -C/ yan z ncirin χ1,χ2,…(Cα -Cβ , Cβ -
Cγ , … tl ri xarakteriz

ϕψ1 =180 ÷ 00), B (ϕ =-180-00, ψ =0-1800), L 
(ϕ,ψ =0-1800), P(ϕ =0-1800, ψ =-180-00 mü yy n olunur. 

l rin (R,B,L,P) indeksl ri yan z ncirin v ziyy tini xarakteriz edir : 1 
r q mi ∼ 00÷ 1200, 2 r q mi ∼ 1200÷ -1200, 3 r q mi ∼ -1200÷ 00  sah l rin

m tl ndirilm si IUPAC-IUB

ri, 
ri biopolimerl rin elektron 

vi metodun 
köm yi il v t dqiq

kil 1-d hilambatin molekulunun ilkin strukturu t svir 
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k. 1. Hilambatin peptidinin ilkin strukturu.

Hilambatin fraqmentl rinin konformasiya t daxil 
olan s rb st monopeptidl rin kiçik 
N z ri hesablama t t olan L-Met-L-Met 
dipeptidinin polyar mühiti üçün (dielektrik sabiti =10) n stabil konfor-

yy r forma ücün
1 

0, 1800 v -600 qiym tl -
ncirl rinin müxt lif v ziyy tl ri n z r -

ri 0-10,5 kkal/mol enerji 
risind 0-3 kkal/mol enerji in-

n konformasiyalar, onlara qeyri-valent, elektrostatik, torsion qar-
sir enerjil rinin verdikl ri pay, nisbi enerjil ri c dv l 1-d göst ril-

tin mümkün olan f z r almaqla 
molekulun 100- tic d mü yy n

gör diferensiasiya cox cüzidir.
C dv l 1

L-Met-L-
sir qüvv l rinin enerjil ri

Konformasiya Eqey-valent Eel Etors Eümumi Enisbi

f

R22R32 -6.8 1.5 0.6 -4.6 0
R12R32 -5.0 0.9 0.6 -3.8 0.8
R31R31 -4.9 1.3 0.1 -3.6 1.0
R32R12 -5.6 1.5 0.2 -3.0 1.6
B21L32 -4.3 0.9 1.6 -2.2 2.4

e

B21B21 -5.9 0.8 0.6 -4.3 0.3
B33B32 -5.3 0.9 0.5 -3.9 0.7
B22B32 -5.1 0.8 0.5 -3.7 0.8
B22B22 -5.0 0.9 0.5 -3.5 1.1
L23B23 -4.3 0.9 1.0 -2.3 2.3
L21B12 -4.4 1.4 0.9 -2.0 2.6

peptid z ncirin h
r e- - ridir. Phe-

Tyr-Gly-Met-Met C-
göst rir ki, fraqmentin - -
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- -
m nfi azot atomu il

sirl ri stabill dv l 2.-d
hilambatin molekulunun C-sonlu pentapeptid fraqmentinin optimal konfor-

sirl svir edil
C dv l 2

Hilambatin molekulunun C-sonlu pentapeptid fraqmentinin optimal 
sir qüvv l rinin enerjil ri

Konformasiya
Eqey-valent Eel Etors Eümumi Enisbi

1 R2R3RR21R32 -22,9 4,0 3,0 -16,6 0
2 B2R2RR21R32 -22,7 4,5 4,8 -13,4 3,2
3 R2B2PB22B22 -18,3 3,7 2,3 -12,4 4,2
4 B2B3BB21B21 -15,8 3,7 1,6 -10,5 6,1
5 B2B3RB21B21 -15,7 4,0 1,4 -10,3 6,3
6 B2B1BB21R22 -16,8 3,8 3,1 -9,9 6,7
7 R2B1PL32B32 -15,6 3,8 2,2 -9,7 6,9
8 R2B1LB22R22 -14,5 4,0 1,5 -9,0 7,6
9 B2B2 LR22B22 -14,2 3,9 1,4 -8,8 7,8
10 B2B2PL22B32 -13,3 4,0 1,8 -7,7 8,9
11 R2B1BR21B12 -16,8 4,1 2,6 -7,0 9,6
12 R2B1BB22B22 -15,4 3,7 5,5 -6,1 10,5

0- -
tip stabil di- v sirl r m l g tir n konforma-

-
- sir enerjil ri 

t sir enerjil ri is -
tünlük t sin gör nisbi enerjiy o q d r d böyük pay vermir. Tirozin 
v fenilalanin yan z ncirl -

m l g tirir.  
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THE STRUCTURAL AND CONFORMATIONAL 
PARTICULARITIES OF FRAGMENTS OF HYLAMBATIN MOLECULE

G.R.SAFARLI 

SUMMARY

The molecule hylambatin on its structured particularities and physiologic functions 
pertains to tachykinin neuropeptides. The molecule hylambatin on its structured particularities 
and physiologic functions pertains to tachykinin neuropeptides. The spatial structure and con-
formational properties of some fragments of hylambatin tachykinin peptide have been 
investigateby molecular mechanics method. It is khown that this molecule has different dipep-
tide segment L-Met-L-Met at the C-terminus in change from tachykinins. As results of given 
investigation were determined the conformational properties of some dipeptide, tripeptide, 
tetrapeptide and pentapeptide fragments of hylambatin. The calculation of stable 

states of fragments of the molecule has allowed to define the local elements of the 
secondary structure and energy preferred mutual orientation of residues in stable structures. 
Calculations showed that C-terminal pentapeptide of hylambatin molecule preferentially adopt 
the alpha-helical conformation, stabilized by hydrogen bonds between the end groups of mole-
cule. On the base of calculated values of dihedral angles of stable conformations of fragments 
have been constructed their molecular models.

Keywords: hylambatin, tachykinin, fragment, conformation, molecular mechanics 
method.
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